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1. Introduction

The notion of ‘experimentation’ occupies a central position within
the academic field that investigates transformations towards
czorek@tue.nl (A.J. Wieczorek),
sustainable socio-technical systems. It is the focus on experimentation
as a key agent of change that sets this Sustainability Transitions field
apart from the wider literature of social change and policy theory
(Markard et al., 2012; Meadowcroft, 2011; Van den Bergh, 2012). This
idea of ‘socio-technical experimentation’ can be contrastedwith the no-
tion of experimentation used in the natural sciences. Natural science ex-
periments can broadly be interpreted as a practice that take place in the
confines of a laboratory or an otherwise strictly controlled environment
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2 This is a deliberate choice. Over the last decade this field of study has given rise to a
fairly cohesive and integrated community of scholars, whomeet each other at workshops
and conferences, and read and cite each other's work (Geels, 2013a, b; Chappin and
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as a way to find hard objective truths about material reality. Socio-
technical experimentation, on the other hand, implies a more engaged
and social constructivist position: society is itself a laboratory and a
variety of real-world actors commit to the messy experimental processes
tied up with the introduction of alternative technologies and practices in
order to purposively re-shape social and material realities. In the context
of transitions, socio-technical experiments are seen as important seeds of
change that may eventually lead to a profound shift in the way a human
need or societal function – such as the provision of energy ormobility – is
being met. As precious yet-to-germinate microcosms of sustainable sys-
tems and practices, the alternative socio-technical configurations embod-
ied in experiments emerge in real-life contexts with the aim of
technological, social and institutional learning. The promise is that learn-
ing and demonstration effects of experiments add to the momentum of
emerging sustainable configurations, which are geared to transform un-
sustainable socio-technical systems.

While it is clear that experimentation is one of the central concepts in
the Sustainability Transitions literature, it is unclear what transition
scholars exactly mean when they evoke this term. Given that the litera-
ture on experimentation in the field of Sustainability Transitions is grow-
ing rapidly and quickly giving rise to a diversity of additional
perspectives,1 we feel that there is nowmore than ever a need to provide
a clear and up-to-date overview of the research that has been conducted
in our field under the banner of the experiment. As such, the goal of this
paper is to interrogate the salient terms in the academic transition studies
debate on experimenting for sustainability as well as the conceptual rela-
tionship between these terms. Because the use of concept of the experi-
ment in the Sustainability Transitions literature is on the one hand
highly central, but on the other hand also highlywide-ranging,webelieve
that reviewing this literature warrants a thorough and systematic ap-
proach. Following the guidelines of a ‘systematic literature review’
(Petticrew and Roberts, 2006) our efforts are conducted with a defined
research question in mind: How have scholars in the field of Sustainability
Transitions conceived of and addressed the concept of the experiment? In ad-
dressing this question, ourmain aim is to provide a clear overview of var-
ious lines of thought and to come up with a useful definition of an
experiment in the context of this field of research. Additionally, we also
aim to point out promising avenues for further exploration and – in line
with the main topic of this special issue – to reflect on experimentation
in the context of sustainability transitions in welfare states.

The paper is structured as follows. Section 2 describes themethodo-
logical approach. Section 3 traces the roots of thinking about experi-
mentation through time and highlights where different conceptual
variations of this notion come in and branch off, as well as what the
various conceptualizations suggest about the specific role of experi-
ments. Section 4 provides discussion and reflection as well as a useful
defintion of experimentation. Section 5 briefly concludes and sketches
out an agenda for future research.
Ligtvoet, 2014). Asmembers of the Sustainability Transitions community we are in a good
position to write about developments within our field.We hope, however, that the contri-
bution of this paper is not limited to this field. Our aim is indeed to present a comprehen-
sive up-to-date overview to insiders as well as scholars from other research communities
by showing how a relatively coherent body of work has made sense of experimentation.

3 See Geels 2013a. The current 2013 version of this list contains 643 publications
(mainly journal articles, but also books, book chapters and viewpoints).

4 Chappin and Ligtvoet (2014) sketched out the contours of the transition studies field
by identifying a set of publications based on the terms ‘transition’ and ‘transformation’
within the Scopus Database (http://www.scopus.com/). The search query we used is
based on the same idea, butmodified in order to find the articles in the sustainability tran-
sitions field which are specifically about experimentation. The following Boolean search
query was used: TITLE-ABS-KEY(experiment* AND (transition OR transformation) AND
2. Methods

Within the social sciences, systematic reviewing has been developed
as a specific method for identifying and synthesizing research findings
(Petticrew and Roberts, 2006). The systematic review is considered par-
ticularly useful to disseminate the key findings of large and complex
bodies of research literature and it employs a transparent and rigorous
(more or less protocol-driven) approach to identify and synthesize all
the available research findings of sufficient quality concerning a specific
1 Especially at a time when important new conceptual contributions on experimenta-
tion are stacking up (e.g. Bulkeley et al., 2015), when the rapidly growing scholarly com-
munity of Sustainability Transitions is moving out of its initial innovation studies niche to
have an impact on wider sustainability research (Geels, 2013a, b), and when more re-
searchers from other fields of enquiry (e.g. geography, urban studies) and other parts of
the world (e.g. non-OECD countries) are moving in.
research question or subject (Higgins and Green, 2008). Instead of just
rigidly applying an inflexible and restricted procedure, systematic re-
views should be guided by a set of clear principles in order to highlight
opportunities for further research (Briner and Denyer, 2010). Victor
(2008: 1) argues that the systematic literature review can be distin-
guished from a traditional literature review by a particular emphasis
upon the following features: “(1) as far as possible, it should be compre-
hensive in its coverage of the literature; (2) pay careful attention to the
quality of included evidence; (3) take a clear, systematic approach to
the synthesis of the data; and (4) generally follow transparent and rig-
orous processes”.

Taking these four features to heart,we selected a comprehensive set of
contributions that adequately represent the body of work published
within the field of Sustainability Transitions (we limit ourselves to how
the role of experiments is conceptualizedby this community of scholars2).
Regarding the ‘quality of the evidence’wehave to extend the ideaof a sys-
tematic review beyond the positivist methodological realm of evidence-
based medicine fromwhere it emerged and fit it to a more constructivist
approach to scientific knowledge that underlies much of the work about
sustainability transitions. But we agree that the findings upon which we
build our analysis should be of high-quality (with a preference for highly
cited books and peer reviewed journal articles). For the sake of rigor and
transparency, the process of identifying the set of publications, which
serves as the basis for this review, is discussed below.

Notwithstanding that there is no clear single way to define which
contributions are ‘in’ and which are ‘out’ of the rapidly growing
field of Sustainability Transitions, there have been at least three earlier
efforts to map these contours and to identify the set of publications
that constitute this field. This includes the most recent list of transition
publications3 compiled by the chairmanof the Sustainability Transitions
Research Network (Geels, 2013a, 2013b) and two bibliometric analyses
using a specific search query in the Scopus database (Chappin and
Ligtvoet, 2014; Markard et al., 2012). As the starting point for our
analysis we have chosen to include all the publications from the incep-
tion of the field in the 1990s up to and including the year 2015 that can
be identified in these three ways and selected only the contributions
(peer reviewed articles, books and book chapters) that mention the
term ‘experiment*’ (that is the word ‘experiment’ and variations, such
as ‘experiments’, ‘experimental’ or ‘experimentation’) in their title,
key-words or abstracts.4 This yielded 150 publications. Using our own
assessment – based on our combined expertise and knowledge of the
transitions field – we identified 20 additional prominent Sustainability
Transitions publications about experimentation, which were not found
by the protocol-driven search of the STRN list and Scopus database,
(socio-technical OR socio-technical OR societal OR technological OR sustainability)). We first
used this search query to find articles about experimentation within a set of the twenty
most highly cited core articles in the sustainability transitions field (see Markard et al.,
2012 for this list). We then expanded the set of articles in which we searched with this
query: first the set of publications which cite at least one of those twenty core articles
and all of the publications in Scopus (though for the latter casewe hand-picked the articles
which we deemed to be part of the sustainability transitions field— this last step was un-
dertaken because the record in Scopus onwhich publication cites which other publication
is incomplete). We did not include publications forthcoming after 2015.

http://www.scopus.com/
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butwhich should be included in our view.5 For this total of 170 key pub-
lications we have identified crucial characteristics of the ways in which
experimentation is conceptualized.6

As an additional exercise to help identify recent developments and
current trends in debates about experimentationwe have also screened
all accepted abstracts that were submitted to the annual International
Sustainability Transitions (IST) conferences.7 In order to trace the onto-
logical foundations of each conceptualization of experiments we have
analyzed themost cited ‘core’ literature from bothwithin aswell as out-
side of the field of Sustainability Transitions.8 Besides studying the liter-
ature and its terminology with regard to experimentation, we have
looked at the descriptions of the actual experiments in order to find
out which domains or ‘societal functions’ were studied (e.g. transport,
energy, water) and where (e.g. an island in the Netherlands, cities in
India, a neighborhood in Boston). Tracing these elements through
time allows us to identify a number of patterns and trends in the
kinds of experimental activities and settings that have been studied
over the years.

Since literature contributions are embedded in their field through ci-
tation (Garfield, 1972), we have also conducted a citation analysis for
these publications. This has been done to get an indication as to which
the key contributions are (i.e. the most highly cited ones) and show
how these relate to one another with time as an additional variable
(i.e. clusters of high internal citation ‘branch off’ from mainstreamed
lines of reasoning over time).
3. Experiments in the sustainability transitions literature

Through the 170 identified publications, starting from the emer-
gence of the field in the 1990s all the way up to recent developments
in 2015, we can trace at least five unique terms that have been coined
and widely mobilized. These terms have been taken up by consecutive
cohorts of transition scholars in order to identify specific types of exper-
iments and to describe the activities on ground with distinctly different
logics in mind. Fig. 1 depicts how the different conceptualizations dif-
fused through time across the literature on the basis of a citation analy-
sis. It shows the main citation paths through the reference sections of
this set of publications and draws a conceptual ‘tree of life’ representing
the lineages and legacies of differentways of thinking about experimen-
tation. In the following section we will first provide a more in-depth re-
flection on the fivemain notions of experimentation and then discuss in
more detail each of these conceptualizations. We illustrate our claims
through canonical examples of actual real-life projects that feature in
empirical literature.
5 The protocol-driven search efforts have certain limitations. Some publication types
(e.g., older journal articles, PhD theses, books and book chapters) are underrepresented
in the STRN and Scopus databases implying that certain key publications were not found
in this way. Other key publications were not found through the protocol driven search ef-
fort because theymobilize other terminology to talk about experimentation in their title or
abstract such as pilot project, initiative and only later in the body text the term ‘experi-
ment’ is used interchangeably. The downside of scoping for the notion of experiment in
the body text and include all publications that mobilize this notion at some point is that
a far too big sample is obtained which includes a lot of contributions not predominantly
about experimentation as such. Because of these limitations, we chose to proceed with
the initial protocol and add additional publications based on our further search efforts
and personal assessment. It could be argued that this type of effort runs the risk of
undermining the ‘systematic’ character of this review, lacksmethodological rigor and is bi-
ased. Nevertheless, we believe that our pragmatic choice has paid off and that the eventual
sample of 170 contributions we obtained through this combination is more comprehen-
sive than any sample that we could have obtained by relying only on either a quantitative
data-driven protocol or an unstructured qualitative search effort.

6 For a schematic overview of our search efforts see Appendix I. For complete overview
of our sample of 170 contributions see Appendix II.

7 For an overview see Appendix III.
8 For an overview see Appendix IV.
3.1. Niche experiments

Much of today's research on sustainability transitions has its roots in
the 1990s with the socio-technical experimentation as a center piece of
the Strategic Niche Management (SNM). With its theoretical founda-
tions in evolutionary economics and constructivists science and
technology studies (i.e. major citations to Dosi, 1982 and Nelson and
Winter, 1982),5 SNM is based on the observation of an abundance of
novel technologies with clear benefits for society being developed in
R&D labs but failing to make it to the market because of interrelated
social and technical factors. The factors decisively shape the selection
environments embodied in so-called regimes (Geels, 2002; Kemp
et al., 1998). These socio-technical regimes are complex configurations
of three interlinked dimensions: network of actors and social groups,
formal, normative and cognitive rules that guide the activities of actors
and material and technical elements (Geels, 2004). They form the core
of socio-economic structure, which shapes stability and continuity, but
also form barriers to structural change towards sustainability. To facili-
tate a shift from an incumbent socio-technical regime to amore sustain-
able one (a transition), SNM assumes that creating new technological
niches through protective policy measures and strategically exploiting
existing market niches can facilitate this innovation journey. Niches
are the loci where radical (as opposed to incremental) innovations can
develop without being subjected to the harsh selection pressures of
the prevailing regime. They are spaces that allow nurturing and exper-
imentation with the co-evolution of technology, user practices, and
regulatory structures (see Schot andGeels, 2008 for an overview). Tech-
nological niches may develop into market niches. The process through
which niche experiments can come to influence regimes is called
‘upscaling’ (Jolly et al., 2012) or ‘empowering’ (Smith and Raven,
2012). This comprises all activities aimed at embedding of the experi-
ment in regime-level structures (or transforming them), gaining struc-
tural support, involving key regime-players, overcoming barriers and
making experiment part of a broader process of change (Jolly et al.,
2012; Wilson, 2012).

The normative orientation of niche experiments is thus the creation
of market niches as part of processes towards broader regime shifts.
Actors who are outsiders to the incumbent regime are considered criti-
cally important. Great emphasis in SNM is put on the role of users in
niche experiments. Nevertheless, the lessons learned about the nature
of experimentation from early empirical research showed that “we
were certainly over-optimistic about the potential of SNM as a tool for
transition …. The experiments were relatively isolated events [and]
there are limits to the power of experiments. Only occasionally will an
experiment be such a big success that it will influence strategic
decisions. Experiments may tip the balance of decision-making,
but they will not change the world in a direct, visible way … Exper-
iments influence the world but do not bring particular futures
about. Their influence is more indirect.” (Hoogma et al., 2002:
195–196). In line with this feat of reflexive criticism, later work on
SNM studied not only individual user-oriented experiments, but
also their relation to broader niche-building activities (Geels and
Raven, 2006).

Early SNM work analyzed niches and niche experiments by
studying the learning processes, network formation and articulation
of expectations. More recently, the analytical emphasis in niche
experiments has expanded to include conceptualizations of protec-
tive space itself (Smith and Raven, 2012). This conceptualization
emphasizes three processes which are key to the protection of
experimentation: shielding (a process that holds off the selection
pressures in an active or passive way), nurturing (a process that
supports the development of path breaking innovation) and
empowering (a process that makes niche innovations competitive
vis-à-vis regimes).

The development of biogas projects in Denmark illustrates how the
notion of niche experiment is put to work for empirical analysis



time

Fig. 1.Visual overview of 170 publications on experimentation through time in the Sustainability Transitions literature. Node sizes are proportional to the number of times a publication is
citedwithin the sample and colors represent the dedicated terms that have been coined to distinguish been various types of experiments: blue=niche experiment; red=bounded socio-
technical experiment; yellow= transition experiment; green= sustainability experiment; purple= grassroots experiment; pink= emerging contributions urban experimentation such
as urban climate change experiment & urban living lab).
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(Raven, 2005). Initially, farmers in the 1970s and 1980s responded to
the global oil crisis by tinkering with biogas technology on their
own farms, but with little success. In the mid-1980s the Danish gov-
ernment started to act more pro-actively as a strategic niche man-
ager when it established a long-term policy program for biogas
technology. This policy initiative shifted attention towards more
centralized forms of biogas technology. The so-called biogas action
program initiated a long-term development program organized
around the establishment of more than 20 centralized biogas plants.
The program orchestrated a heterogeneous network of both out-
siders and insiders to the energy regime, including farmers, biogas
technology suppliers, plant operators, municipalities, academics
and policy actors. Social learning processes were facilitated through
regularmeetings, which increasingly give rise to shared expectations
around socio-technical designs of biogas plants and the ways in
which they could contribute to environmental challenges in energy,
agricultural and waste regimes.

3.2. Bounded socio-technical experiments

Research on bounded socio-technical followed directly from the ear-
lier work on what was then called ‘social experiments’ (Verheul and
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Vergragt, 1995).9 This notion surfaced when the SNM approach was
being developed in the 1990s as a way of criticizing its central focus
on technology. The social experiment and the idea of ‘social niche man-
agement’ emphasize the role of civil society and the process of building
a social network of diverse technical- and non-technical actors. What
followed later under the explicit header of bounded socio-technical ex-
periments (BSTE for short) took the idea of the social experiment a step
further with a clearer and more elaborate set of delineations and case
studies to back it up (Brown et al., 2003). In contrast to the notion of
the niche experiment, which is rooted in evolutionary and STS thinking,
the BSTE draws on the social learning literature withmost references to
Argyris and Schön (1978) and Bandura (1977). To qualify as a BSTE, the
initiative has to be recognized as being an experiment by at least some
of the participants. And, as the name suggests, it attempts to introduce a
new technology or service on scale bounded in space and time. It fea-
tures a small number of users, often a geographically delineated com-
munity, and takes around five years.10

A good example of a BSTE is the set upof a zero-fossil-fuel residential
building in a gentrifying neighborhood in ‘blue collar’ South Boston
(Brown and Vergragt, 2008). The developer's ambition was to innovate
in three areas: product (the building by use of asmany cutting edge en-
ergy efficient technologies as possible), process (design and construc-
tion by assembling heterogeneous team, including potential residents,
who interacted in a creative manner), and end use (life in the building
by planning roof gardens or car sharing). The participants were ex-
pected to acquire a fresh perspective on their occupancy and, as a way
of scaling up, to forward the experiences to others. This initiative qual-
ifies as a BSTE because it is bounded to a specific area and community
and because it emphasizes the importance of higher order learning,
which occurred at the individual- as well as team level at four levels:
problem solving, problem definition, dominant interpretative frame
and worldview. Brown and Vergragt follow the minute details of the
project by mapping and monitoring the interactions between a hetero-
geneous teamof individuals, who play “their roles in a drama of sorts” as
changes in the team's problem definitions and interpretation take place.

3.3. Transition experiments

Transition experiments are defined as a specific type of innovation
projects with the aim to proactively explore radically new ways to
meet societal needs, such as the need for energy, mobility or health
9 Philip Vergragt played a central role in coining both the concept of the social experi-
ment as well as the bounded socio-technical experiment. He notes: “wewrote [the paper
that coins the notion of social experiment] as part of an EU-funded project called SMEC
(Social Management of Environmental Change)”. In those days I came already to the con-
clusion that too much emphasis in SNMwas laid on technological rather than social inno-
vations; so we invented the term “social niche management” as a sort of alternative. Later
we developed that further in our papers of the early 2000s onBounded Socio-technical Ex-
periments; so in a way BSTE developed from Social Niche Management; however we em-
phasized less the “management’ and more the role of social learning” (Vergragt, 2014,
personal correspondence). A good example of an initiative labeled as a social experiment
(the BSTE precursor) is the development of the Greenfreeze refrigerator as portrayed by
Verheul and Vergragt (1995).
10 This ismore specific than in the case of the niche experiment. According to Brown and
Vergragt (2008) existing environmental projects can be ‘turned into’BSTEs,when learning
is enhanced andmonitored as a part of action research. Along similar action research lines,
proponents of Transition Management also argue that technical projects can be turned
into transition experiments when transitions researchers are embedded (Van den Bosch,
2010). In SNM research, on the other hand, definitions on what exactly constitutes an ex-
periment are not so strict (basically the researcher only needs to show convincingly that
the hands-on project to be studied is part of a socio-technical configuration that presents
an alternative to the incumbent socio-technical regime, which is also to be characterized
by the researcher him/herself). But despite some differences, there are also many similar-
ities between BSTEs, niche experiments and transition experiments. Most notably per-
haps, they are explicitly framed as concrete socio-technical projects conducted as part of
an incremental strategy to help overcome the resistance of dominant unsustainable
socio-technical systems or regimes. Reflexive higher order learning is the most important
theme in BSTE analyses, but it also features prominently in SNM's niche experiments
where (learning is one of the three core processes) and in TM's transition experiments (es-
pecially in the process of ‘deepening’ related to social learning).
care (Van den Bosch and Rotmans, 2008). They aim at solving persistent
societal problems and, contrary to much previous work on niche
experiments, are therefore not limited to technological change or envi-
ronmental sustainability (Van den Bosch, 2010). They have been devel-
oped in the context of TransitionManagement approach (TM), which is
aimed at influencing and directing sustainability transitions and has its
roots in the complex system theory and evolutionary theory. The most
references to the non-transition literature are made to Kauffman's
(1995) work on complexity. Although TM consists of a deliberate at-
tempt to bring about structural change in a stepwise manner, it does
not attempt to achieve a particular transition goal at all cost. Rather, it
utilizes the existing dynamics and re-orients it to transition goals cho-
sen by society. The goals and policies to further these goals are not set
into stone but constantly assessed and periodically adjusted in develop-
ment rounds. Transition experiments are thus considered tools of TM.

The normative orientation of transition experiments is stimulating
transitions towards societal goals. The analytical emphasis of transition
experiments is on three processes: deepening, broadening and
scaling up. Deepening refers to learning about the experiment and its
(restricting) conditions. Deepening can be stimulated by: providing
(financial, juridical and mental) space for setting up and conducting
transition experiments in specific contexts; facilitating social learning;
providing support, to overcome barriers, stimulating adequatemonitor-
ing and evaluation. Broadening concerns learning from related experi-
ments or similar experiments in new contexts. It can be stimulated
by: providing resources to replicate radically new practices in different
contexts; facilitating interactions between similar experiments; stimu-
lating network building; sharing learning experiences within a domain
and stimulating linkages with adjacent domains. Scaling up relates to
learning about regime change and (use of) broader developments
(such as crises or world debates). It can be stimulated by: selecting
and supporting frontrunners with the motivation and ability to experi-
ment and scale up; balancingbetween providing protection from the re-
gime and directly involving regime-actors who have the willingness
and power to change existing structures (e.g. financial structures,
regulation); realizing agreements with the regime; actively feeding
back learning, experiences to the regime (Van den Bosch, 2010: 187).
Frontrunners are thereby critical in transition management and experi-
ments. The TM literature very specifically prescribes that these should
not be usual stakeholders but individuals that are engaged with the so-
cietal challenge that is driving the experiment (e.g. sustainability), who
have new ideas and are able to transcend organizational boundaries.
Frontrunners should get together in a so-called transition arena, the
outcome of which includes a portfolio of transition experiments that
fit within the developed societal vision and pathways. To operate
optimally the arena needs frontrunners with complementary back-
grounds ranging from business, citizens, NGOs, science, government,
art, media, religion etc. andmatching competencies: mix of networkers,
innovators and communicators.

An example of a transition experiment is the Transition Programme
in Long-term Care (2007–2010) initiated by the Dutch Ministry of
Health, Welfare and Sports and the Dutch care sector organizations.
The programmewas run by the Dutch Research Institute for Transitions
(DRIFT) in collaboration with health care experts (CC Care Advisors)
and organizational management (Ernst & Young). This programme
qualifies as a transition experiment because it was initiated in practice
and the Transition Management (TM) was applied as the central
steering approach. The aimwas to enable the care sector to fulfill the so-
cietal need for long-term care in the Netherlands in a radically different
way. Its central focuswas to explore and learn about radical innovations
in health care, in a real-life context in which the end user is central. A
total of 26 experimental projects were initiated by the frontrunner
care institutes from all over the Netherlands and a transition arena
was set up. The frontrunners participating in this arena developed a
problem definition, a sustainability vision and transition pathways for
long-term care (Transition Arena Care 2009). A number of learning
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experiences regarding deepening, broadening and scaling-up were
drawn and suggested for use by other transition experiments (Van
den Bosch, 2010).
3.4. Grassroots experiments

Grassroots experiments refer to networks of activists and organiza-
tions generating novel bottom–up solutions for sustainable develop-
ment; solutions that respond to the local situation and the interests
and values of the communities involved. They are thereby motivated
by the social needs and ideology. In contrast to mainstream business
greening, grassroots initiatives operate in civil society arenas and
involve committed activists experimenting with social innovations as
well as using greener technologies (Seyfang and Smith, 2007: 585).
The institutional forms for grassroots innovative niches differ from
those of conventional innovations (firms) and include: cooperatives,
voluntary associations, informal community groups or social enter-
prises. According to authors, grassroots innovation may take various
forms: organic gardening cooperatives, low impact housing or farmers'
markets. The concept has been developed using niche based approaches
as proposed by Hoogma et al. (2002) and Schot et al. (1994) and multi-
level socio-technical change (Geels, 2002) but it also has roots in the
non-sustainability transition literature with most references to
Douthwaite (2002). The normative orientation of grassroots innovation
is a more inclusive form of strategic green niche development beyond
the conventional scope of formal policies and markets. There is no
pronounced andwidely used analytical emphasis in studying grassroots
innovations. Earlier, Seyfang and Smith (2007) studied grassroots
innovative potential by evaluating intrinsic benefits (when an experi-
ment is valued for its own sake and does not seek to change regime)
and diffusion benefits (when it is intended to contribute to wider
transformation). More recently Seyfang (2010) proposed the sustain-
able consumption indicators developed based on New Economics
approaches to sustainable consumption11 including: localization;
reduction of ecological footprint, community building, collective action,
new social infrastructure. Other contributions such as by Seyfang and
Haxeltine (2012) use the three niche processes of learning, expectations
and networks to analyze the niche development potential.

An example of grassroots experimentation can be found in the guise
of the Transition Towns movement (TT). In this case each local civil-
society group joining the movement and setting up initiatives and
programs in their own locality can be said to qualify as an experiment
(Seyfang and Haxeltine, 2012). These groups aim to provide a local
response to the challenges of climate change and peak oil and by creat-
ing an alternative niche of new infrastructure and practices, which in-
volves empowering the public and engaging them in a transition to a
low carbon economy (Hopkins, 2008; Seyfang and Haxeltine, 2012).
TTs concern various local activities such as establishing community-
owned renewable energy companies, promoting locally grown food,
garden sharing, encouraging energy conservation, exemplifying low-
carbon living and reusable shopping (Hopkins, 2008). The initial idea
was developed by permaculture teacher Rob Hopkins and his students
in 2005 and is growing ever since. There are a number of TTs which
are supported by a Transition Network Ltd., a formal coordination
body that also endorses local groups that meet their official require-
ments. Strategic achievements of TTs include establishment and
11 An alternative theoretical approach to environmental governance and sustainable
consumption based on combined insights from ecological economics, institutional eco-
nomics, political economy and behavioral economics (Boyle, 1993; Ekins, 1986). It argues
that economics has intrinsic foundations in environmental and social contexts, so sustain-
ability should primarily be aimed at well-being rather than at economic growth (Jackson,
2009). It also emphasizes theusefulness of decentralized social and economic organization
and local self-reliance for protection of local environments and economies from the nega-
tive impacts of globalization (Jacobs, 1984; Schumacher, 1993). New Economics adopts a
‘Spaceship Earth’ view of the environment, which argues that resources are finite, and
functioning ecosystems are critical for our survival.
maintenance of supportive communities around these activities, build-
ing links with other local groups and government, awareness raising
and community engagement activities. Seyfang and Haxeltine (2012)
report that the majority of local groups (89%) are set up by individual
citizens coming together to form a TTwhile 19%had pre-existing groups
involved in getting set up. None were started by local councils, which
validates the claims that TT is a true citizens' movement, generating en-
ergy and action from the grassroots. In the case of this experiment the
SNM theory is deployed to make practical recommendations for this
initiative to move beyond its niche and suggestions for SNM theory re-
finement made. It is argued that to better explain the development and
broader impacts of grassroots innovations, SNM needs to pay more
attention to role of identity and group formation and how social prac-
tices change in grassroots innovations.

3.5. Sustainability experiments

Sustainability experiments are planned initiatives that embody a
highly-novel socio-technical configuration likely to lead to substantial
(environmental) sustainability gains (Berkhout et al., 2009). They are
experimental tests of new sustainability transition ideas. The ideas are
highly novel meaning that they radically differ from the known and
prevailing solutions and ways of providing human needs within a spe-
cific context. They are planned, which implies that they are conscious
choices and not accidents or accidental occurrences. The reference to
socio-technical configuration suggests that they are socio-technical in
nature, not taking place in a lab, but in a societal context. Sustainability
experiments are also strongly goal oriented. They are expected to lead
to substantial sustainability gains, which encompass mostly environ-
mental, but also social and economic aspects of development. By this
sustainability experiments deliberately contribute to a broader vision
of sustainability transition and are associated with alternative sustain-
able development pathways. Finally, sustainability experiments may
result from activities at various societal levels. They may be top-down
governmental actions set to support the process of transition or grass-
roots type of innovations. Hence, sustainability experiments may ex-
hibit features of various types of experiments that have been
described in the system innovation literature (Wieczorek et al., 2015).

The idea of sustainability experiments emerged in the context of
debate about alternative development pathways in developing
countries (Berkhout et al., 2009, 2010, 2011). Conventional develop-
ment paradigms argue that developing countries follow stages of
development of the developed economies and over time converge in
economic structure, growth, productivity and environmental footprint
(Abramovitz, 1986; Gerschenkron, 1962; Kuznets, 1966; Rostow,
1960). Research in Asian developing economies identified a great
number of local innovative projects for sustainability that draw on
transnational flows of knowledge, technology, capital, institutions or
actors. The normative orientation of sustainability experiments is
therefore sustainability gains. Avoidance of environmental convergence
is what is observed theoretically. Analytical emphasis is put on
‘transnational linkages’, which were found important for stimulating
sustainability oriented experimentation by motivating local capability
formation and thereby contributing to development pathways that
defy the traditional growth models theorized in the literature on
catch-up (for a recent overview see Wieczorek et al., 2015).

An example of a sustainability experiment is Aurore Solar Home
Systems (SHS) project in Tamil Nadu, India, in 2004 (Wieczorek et al.,
2015). The main objective of this experiment is combined socio-
economic and environmental sustainability based on replacing the use
of diesel with solar energy. The SHS systems in the project provided
brighter and safer light and they replace unhealthy kerosene lamps
and candles, which results in saving of about 1300 CO2 tons per year.
This experiment was in many ways firmly embedded in a web of trans-
national linkages,which is reflected in the large number of international
actors involved (e.g. software provider WIPRO, infrastructure supplier
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SREI, international NGO Greenpeace, multinational industries Bharat
Heavy Electricals and Tata BP Solar, and even the initiator Auroville
Foundation employs various foreign experts). The project was awarded
a 2004 Ashden Award and recognized by UNDP (an institutional trans-
national linkage). Funds were provided by the National Ministry of Re-
newables and the project was replicated and expanded quantitatively
at a national level. Together with many similar initiatives in SHS it con-
tributes to the emergence of a SHS trajectory in the solar photovoltaics
energy that serves the needs of mainly rural communities. This experi-
ment is an example of locally driven but transnationally informed initia-
tive. The various transnational linkages contribute to the enhancement
of local capabilities and are ways of complementing for missing re-
sources. They may thereby give rise to alternative development path-
ways that defy the convergence models of development envisaged by
the mainstream literature.

3.6. Emerging conceptualizations on urban experimentation

While the experiment types discussed above provide a perspective
on how transition scholars have thought about experimentation and
its role, it is not an exhaustive typology. Although these are the five
most established terms (or at least the most often cited ones), there
are other terms that have not (yet) received as much of attention, but
which are, nonetheless, worth mentioning. This includes terms such
as ‘governance experiments12’ and ‘real-world experiments13’. One set
of promising new terms, which have gained traction in recent years, is
specifically related to urban experimentation. Ideas around ‘urban living
labs’ and the notion of ‘urban climate change experiment’ are important
here. Drawing on Foucault's work on governmentality combined with
ideas from transition studies, STS, policy mobilities and urban political
ecology, Bulkeley et al.(2015) and Castán Broto and Bulkeley (2013)
provide a large sample of ‘interventions’ where the notion of climate
change is put to work locally in a variety of urban settings across the
globe. Defined according to clear criteria, these interventions become
climate change experiments when they are (1) purposive and strategic
while recognizing the open-ended nature of socio-technical processes,
(2) geared towards the mitigation of- or adaption to climate change,
and (3) delivered in the name of an urban community (Bulkeley et al.,
2015: 19). The work on urban living labs reflects the influx of ideas
from urban studies and STS, as well as a large number of recent EU pro-
jects that frame experimental sites in cities in those terms (Karvonen
and Van Heur, 2014; Voytenko et al., 2015). Because the above terms
are rather new and therefore not yet prominently visible within the
wider transitions literature, we have chosen not to include it at length
in our review.

4. Discussion

4.1. Differences: variations along analytical dimensions

The overview of the different experiments presented in the earlier
section reveals that the various terms of this typology differ on the fol-
lowing four dimensions.

First, each of the different terms in the typology has been coined
with a particular normative orientation in mind. While experimenting
for sustainability transitions implies purposive action towards a norma-
tive goal with regard to what a society should strive for, there are
distinct differences in emphasis here. The variety in normative
12 In their conceptualization of governance experiments, Bos and Brown (2012) and Bos
et al. (2013) follow Hoffman (2011) term to highlight the configuration of decision mak-
ing by drawing on collaborative planning-, participation- and social learning literatures as
a way to look beyond ‘the disproportional focus on technical experimentation’ of previous
SNM accounts.
13 In his conceptualization of real-world experiments, Schneidewind (2012) follows
Gross and Hoffman-Riem's (2005) term on urban projects that involve the public in eco-
logical restoration.
orientations reflects not only different ideals, but also different mecha-
nisms through which these laudable goals are to be realized. For
example, while the goal of sustainability experiments is to help achieve
global environmental sustainability by strengthening green technologi-
cal niches in developing countries, the goal of transition experiments is
to stimulate transitions with more broadly defined societal goals in
mind by starting with collective envisioning exercises.

Second, the concepts differ with regard to their theoretical founda-
tions. All terms build on the notion of the original niche experiment as
developed by Kemp et al. (1998) and Hoogma et al. (2002) and thus
they are to a large degree ontologically similar and sharemany underly-
ing assumptions such as those of reflexive governance, the Multi-level
Perspective (Geels, 2002), Strategic Niche Management (Hoogma
et al., 2002; Raven, 2005) and Transition Management (Loorbach and
Rotmans, 2006). They reflect the origins of the ideas in the fields of sci-
ence and technology studies (STS), evolutionary economics, and thehis-
tory of technology. At the same time however, each of the terms also
links to a unique combination of various other literature streams,
analytical approaches, conceptual frameworks and theoretical back-
grounds such as policy studies or development literature. These differ-
ent ontological foundations and discursive focal points enable a
particular, often complementary way of thinking about the role of
experimentation.

Third, the terms differ in their analytical emphasis. By this we refer to
the analytical concepts that are deployed by the researchers in studying
particular types of empirical experiments and their role. For example,
while the literature on niche experiments argues for an analysis of
three core nurturing strategies: reflexive learning, alignment of expec-
tations and the formation of actor networks, the literature on transition
experiments features three different strategies for success of experi-
mental projects: deepening, broadening and upscaling.

Fourth, the terms in the typology highlight the roles of differentmain
actors. All concepts foreground certain types of initiators or actors who
are otherwise critical for the success of the experiment. For example,
while the Strategic Niche Management literature on niche experiments
emphasizes the role of ‘regime outsiders’ (Van de Poel, 2000), the
Transition Management literature on transition experiments talks
about the importance of ‘frontrunners’ (Loorbach and Rotmans, 2010).
Table 1 summarizes these findings and presents experiments' chrono-
logical evolution.

Tracing the different experiment-types through time, it could be
argued that two main lines of thought have emerged. The first
‘techno/managerial’ line directly follows the initial work on niche ex-
perimentation, geared towards the creation of markets to upscale new
green technologies — taking into account the importance of new
socio-technical alignments. A second ‘social/civic’ line, which emerged
soon after, then developed in response and emphasizes social innova-
tion by engaged citizens. While the first line runs through the formula-
tions of the notions of the niche experiment and the sustainability
experiment, the second line is especially apparent in the emergence of
the terms bounded socio-technical experiment and grassroots experi-
ment, although individual papers and scholars often take nuanced posi-
tion highlighting both technical and social developments, and taking
into account complex relationships between formal, commercial actors
such as industries and social actors such as NGOs or communities.14

When we look in more detail at the contributions on the various
experiment-types and follow them though time it becomes apparent
that there is an expansion in both scale and scope of the projects stud-
ied. While the earlier work has been characterized as foregrounding
technological innovation and state-or-firm-driven experimentation
14 The irony is perhaps that the most successful case of experimentation described with
the SNM approach – in a way a foundational case study for the approach –was carsharing
in the 1990s (Hoogma et al., 2002). As part of developing the SNM approach, Harms and
Truffer (1998) and Truffer (2003) describe how citizen cooperatives in Switzerland were
crucial for the development of this social innovation.



Table 1
Conceptualizations of experiments in the sustainability transitions literature

Concept Definition Normative orientation
(success factors)

Theoretical foundations Analytical emphasis Main actors

Niche experiment (1998) “A first step towards the development of a niche for new technologies and
concepts. While an experiment is carried out under “laboratory-like”
conditions, developing a niche means exposing the innovation step-by-step to
real-world conditions. It involves a second stage of interaction with users and
learning about constraints and requirements in a less isolated environment
than an experiment … [Experimentation] stretches from the initial diffusion
phase of a new technology to the time when a technology is sufficiently
stabilized to survive without protection, to be replicated or extended and to
induce a transformation of the technological regime” (Weber et al., 1999)

Creation of market niches for
radical innovation in the context
of socio-technical transitions

CTA, STS and evolutionary
economics, part of SNM/MLP

Three niche nurturing
processes: (building
networks, articulating
expectations, second order
learning)

Regime-outsiders,
important role for users

Bounded socio-technical
experiment (2003)

“An attempt to introduce new technology or service on a scale bounded in
space and time; a collective endeavor, carried out by a coalition of diverse
actors, including business, government, technical experts, educational and
research institutions, NGOs and others; a cognitive process in that at least some
of the participants explicitly recognize the effort to be an experiment, in which
learning by doing, trying out new strategies and new technological solutions,
and continuous course correction” (Vergragt and Brown, 2007)

Social learning towards new
socio-technical systems

Social learning theory Social learning processes Civil society (but as part
of a diverse set of
stakeholders)

Grassroots experiment
(2007)

“Innovation is an experimental process …We use the term ‘grassroots
innovations’ to describe networks of activists and organizations generating
novel bottom–up solutions for sustainable development; solutions that respond
to the local situation and the interests and values of the communities involved.
In contrast to mainstream business greening, grassroots initiatives operate in
civil society arenas and involve committed activists experimenting with social
innovations as well as using greener technologies” (Seyfang and Smith, 2007)

Inclusive green niche
development with the potential
for wider transformation of
mainstream society

Social movement theory,
draws on niche based
approaches (i.e. SNM/MLP)

Sustainable consumption
indicators: (localization,
reduction of ecological
footprint, community
building, collective action,
new social infrastructure)

Civil society (especially
local communities,
ecological citizens as
initiators)

Transition experiment
(2008)

“An innovation project with a societal challenge as a starting point for learning
aimed at contributing to a transition” (Van den Bosch and Rotmans, 2008)

Stimulating transitions towards
societal goals

Complex systems theory, part
of TM

Three processes:
(broadening, deepening,
scaling-up)

Frontrunners as
initiators

Sustainability experiment
(2010)

“A planned initiative that embodies a highly novel socio-technical configuration
likely to lead to substantial (environmental) sustainability gains” (Berkhout
et al., 2010)

Sustainability gains, avoiding
environmental convergence

Geography and innovation
studies in developing country
context, influenced by
SNM/MLP

Transnational linkages:
(actors, technology,
knowledge, capital,
institutions)

Multi-scalar innovation
networks
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within nation-states of the West (e.g. Hoogma et al., 2002; Kemp et al.,
1998),more recentwork branched out to include a larger variety of pro-
jects, mostly in urban settings (e.g. Bulkeley et al., 2015; Nevens et al.,
2013), sometimes in the Global South (e.g. Berkhout et al., 2010; Jolly
et al., 2012) and often foregrounding social innovation by engaged
citizens (e.g. Brown and Vergragt, 2008; Seyfang and Haxeltine, 2012).
4.2. Commonalities: towards an overarching definition of experimentation

The overview of the 170 contributions on experiments in the
Sustainability Transitions literature presented in the earlier section
also reveals that a great variety of terms aremobilized to describe differ-
ent types of experiments, pointing to subtle differences in focus and
meaning. The scholars coin new terms on top of the pre-existing ones
arguing that new conceptual vocabulary is required because the charac-
ter of the initiatives they describe and, more importantly, the broader
trend that the string of initiatives represent, is not adequately captured
by the existing conceptual terminology.

Despite some shifts and distinctions highlighted so far, there ismuch
more that binds this thinking about experimentation. Indeed, many
real-life transition projects described in the literature as one type of
experiment could easily be described in the terms of any of the other
experiment types. This is apparentwhenwe look, for example, at the lit-
erature on sustainability experiments, some of which are described
with the classic SNM approach reserved for niche experiments
(Verbong et al., 2010). Here we highlight a number of basic characteris-
tics that all the definitions share. First is the interpretation of the exper-
iment as a ‘socio-technical’ entity that has a rather specific meaning
with regard to the introduction of new technologies or novel social
practices into society. Second is the recognition that an experiment is
an initiative in the context of system innovation, thus recognizing the
material, institutional and cognitive obduracy of incumbent socio-
technical systems central to our way of life. In that context experiments
are important for structural change in twoways: to learn about the kind
of structures that are prohibiting wider diffusion; and to act as a vehicle
to actually initiate structural change on a small scale. Third, authors
agree that an experiment is an attempt at trying something novel or dif-
ferent and that it is challenge-led which alludes to overcoming certain
persistent societal problems associated with this obduracy and to the
observation that experimentation in the context of transitionshas a nor-
mative orientation (e.g. sustainability). Fourth, given this long-term and
largely normative context, the transitions literature on experimentation
further generally argues that experiments need to be inclusive of a vari-
ety of engaged social actors with the objective of connected social learn-
ing in relation to a new socio-technical configuration. Finally, whereas
the scientific experiment that features in the natural sciences is geared
to test something new in a taken-for-granted and completely controlled
environment (i.e. a laboratory), the experiments that feature in the Sus-
tainability Transitions literature are practice-based, which can be
interpreted as something that is tested in a metaphorical ‘laboratory’
where a group of diverse social actors team up to test something new
in a dynamic real-life social context with the eventual aim to achieve a
societal transformation.15 These metaphorical laboratories are sites of
experiential learningwhere a course of action tentatively adoptedwith-
out being sure of the outcome and thuswhere the ability to learn aswell
as previously gained experience can help the actors in the art of
15 The sustainability transitions literature is partly informed by earlier Science and Tech-
nology Studies (STS) contributions. STS scholars have long since argued that the ideas of
‘laboratory’ and ‘experiment’ have ventured outside of the their natural science confines
and invaded society at large, thus blurring the strict lines between the privileged scientific
knowledge and the pragmatic knowledge of everyday life (for a comprehensive overview
see Karvonen and Van Heur, 2014). As Bruno Latour (2004:16) argued: “we are all en-
gaged into a set of collective experiments that have spilled over the strict confines of the
laboratories … on matters as different as climate, food, landscape, health, urban design,
technical communication and so on. As consumers, militants, citizens, we are all now
co-researchers”.
introducing a new technology of social practice. Given experiments'
groundbreaking nature, various – sometimes conflicting – views on
their function or meaning may be at play – resting in high levels of un-
predictability about future socio-technical developments (uncertainty),
or in deeper disagreements on the framing of problems and solutions
as well as fundamentally different moral assessments of what is right
and wrong (ambiguity) (see Stirling, 2010).

Based on these commonalities we propose an overarching definition
of experimentation for sustainability transitions. An experiment can be
conceptualized as an inclusive, practice-based and challenge-led initiative
designed to promote system innovation through social learning under
conditions of uncertainty and ambiguity.

4.3. Critical reflections

Overall, the literature on sustainability transitions paints a rosy
picture of the experiments as a great source of hope. Experiments are
often seen as the seeds of sustainable change that should be cherished
and protected since they might flourish to transform incumbent socio-
technical systems. They are geared to engender structural change by
allowing the actors involved to learn about the kind of structures that
are prohibiting wider diffusion of the tested socio-technical configura-
tion by directly initiating change on the small scale of the experiment's
direct environment. However, there are a few ‘bones of contention’ as
well as number critiques that have been leveled against this way think-
ing. Major points of contention include whether to nurture experimen-
tal innovation in a protective space for a long time or to exposure of its
vulnerabilities to regime selection pressures at an early stage (Hommels
et al., 2007); whether to start experimenting straight away or to delib-
erate on a shared vision first (Schot and Geels, 2008); whether to em-
phasize consensus-oriented learning or productive disagreements and
controversies in experiments (Hovell, 2008); and whether to rely on
market-base policy experimentation or grassroots-civil society based
approaches (Smith, 2007).

While experimentation is mostly perceived as something positive,
its profusion should not be uncritically hailed as a sure blessing for
transitions to sustainability. As the early work on SNM made convinc-
ingly clear, experimentation with new socio-technical configurations
is a naturally occurring phenomenon in modern societies obsessed
with progress and new technologies, but is it difficult to modulate –
let alone steer – this overarching project in a sustainable direction
(Schot and Rip, 1997). Too often, sustainability-oriented experiments
are isolated events that fade into oblivion without any effect on incum-
bent regimes (Hoogma et al., 2002). Backed by meaningful and endur-
ing state support, some welfare states (most notably Denmark,
Sweden and Germany) have become world leaders in the manufactur-
ing and adoption of important green technologies, while others feature
low levels of reliable government support and seem to be lost in a laby-
rinth of experimental paths. The Netherlands is a case in point: an
explosion in creative new business models applied in small-scale
green energy initiatives has taken place in the country (Schwenke,
2014), but its renewable energy shares remain much lower than in sur-
rounding countries (IEA, 2014). Those who claim to support transitions
to sustainability should not lose themselves in the rhetoric the creative
profusion of experimentation, but also confront the obduracy of incum-
bent regimes through far less sexy policy- and regulatory measures. If
actors can gain legitimacy by cloaking themselves in experimentation-
speak without taking hard measures to dismantle incumbent regimes
than they are frustrating rather than fostering sustainability transitions.

5. Conclusion: towards a research agenda

This paper provides an overview of how experimentation is
conceptualized in the literature on sustainability transitions. Various
types of experiments were identified in this literature (niche experi-
ments, bounded socio-technical experiments, transition experiments,



16 Recent research on urban transitions features a similar distinction (i.e. experimenting
in the city vs the experimental city as such— see Evans et al., 2016).
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sustainability experiments, grassroots experiments as well as new
conceptualizations of experiments in urban settings) each with their
own normative orientations, theoretical foundations, analytical empha-
ses and corresponding actor coalitions. Despite these differences there is
much more that binds these experiment types and an overarching def-
inition of experimentation in the context of sustainability transitions
was formulated. An experiment can be conceptualized as ‘an inclusive,
practice-based and challenge-led initiative designed to promote system
innovation through social learning under conditions of uncertainty and
ambiguity’. It is clear that experimentation is a long-standing concept
that started with a focus on their role in creating niches for sustainable
technologies and that, more recently, alternative conceptualizations
and promising new lines of thought were developed as scholarly work
on the topic expanded. All of this signals a bourgeoning field of research,
which is likely to expand both conceptually and empirically in the
future.

With the future inmind, wewant to end by sketching out promising
avenues for further exploration. Based on our findings as well as recent
formulations of research agendas for the field of Sustainability Transi-
tions as a whole (STRN, 2010; Markard et al., 2012), a number of
directions can be articulated as part of an emerging research agenda
on the role of experimentation in fostering sustainability transitions.

The first promising avenue is concerned with and analysis of the
different forms of micro-politics, power and agency in experimentation.
We believe that there is scope to get under the skin of experimental
projects in more detail and spell out the actual practices in experimen-
tation. This includes the ways in which negotiations and struggles
between actors involved in experimentation unfold and how their
access to resources and respective relational positions shape their abil-
ity to influence the design and outcome of experimentation. This in-
volves political questions of exclusion and social justice. Who becomes
a participant in experimental activities and who is left out, and with
what implications for the socio-technical design and outcome of exper-
imentation in terms of the structural changes they help to shape? Who
decides on who participates in experimentation and what are possible
impacts for ‘stakeholders’ not involved (Shove and Walker, 2007)?

This would imply ethnographic research that unpacks which kind of
social, economic and environmental interpretations of sustainability get
promoted through experimentation and which ones are ignored.
Addressing such questions can also counter-balance the prominent
focus in the experiments literature on consensus-oriented, learning-
based and shared visioning approaches to experimentation. Controver-
sies and tensions are more often than not a central part of transition
processes and experimental initiatives. A key-question is how the exis-
tence of controversies within experimental actor-networksmay or may
not productively generate structural change and what this implies for
the role of experimentation in broader transition processes.

A second promising direction – the polar opposite of zooming in on
themicro politics of one or a few experiments – is to move beyond case-
study based approaches. This could be achieved by zooming out to
engage with very large numbers of projects over multiple empirical
domains, perhapswith the help of more quantitative tools. This may in-
clude research designs around bringing together great numbers of
experiments in databases to find patterns (a few authors have already
started to do this, see Castán Broto and Bulkeley, 2013; Wieczorek
et al., 2015). This might allow us to more comprehensively identify cru-
cial success- and failure factors of experiments (including the gover-
nance and policy conditions that triggered their design and
implementation), conceptualizemultiple experimental pathways (sim-
ilar to the notion of transition pathways) and deploy network analysis
to grasp how experiments are connected across locations and the kind
of flows that go through them.

A third avenue that deserves further exploration is what we could
label the geography of experimentation. This can be seen as part of the
expanding research agenda on the geography of transitions (Truffer
et al., 2015) and may include a variety of topics, some of which are
already explored in more recent publications in the literature. Experi-
mentation in urban contexts is a core topic that is currently explored
by geographers and deserves further scrutiny (Bulkeley et al., 2015;
Hodson and Marvin, 2010). Cities are sites of frantic interaction where
multiple socio-technical systems connect, possibly providing opportu-
nities for radical changes when tensions between multiple systems
create windows of opportunity for agents of change. Conversely, inter-
system alignments can also be sources of additional complexity and
path-dependency, thereby limiting the opportunities for sustaining at-
tempts for radical change. What role can city-officials and other change
agents play in local experimental forms of transitionmanagement given
these path-dependencies and complex settings?

Another geographical topic that deserves attention is the ways in
which experiments are embedded (or fail to become embedded) in
local contexts such as cities and regions. How do proximities in local
and regional networks, infrastructures, resource endowments, political
agendas, market structures, cultural settings and so on influence the
form and outcome of experimental initiatives and, vice versa, how are
these local spatial structures and processes reconfigured through exper-
imentation? Such an agenda, when sensitive to the historical, path-
dependent conditions in local or regional settings, would be able to
improve our understanding of which experiments are more successful
in some place than in others (Coenen et al., 2012).

A related interesting topic to be explored in more detail is the ways
in which experiments become connected across different spatial scales,
perhaps through the connections facilitated by a set of highly mobile
change agents. Research has empirically demonstrated that while local
or national actors often initiate experimentation, transnational linkages
in experimentation are omnipresent in experimentation, in particular in
the context of the Global South (Sengers and Raven, 2015; Wieczorek
et al., 2015). The ways in which these multi-scalar structures influence
experimentation positively or negatively, and the kind of resources
that flow through them, deserves further attention, including a better
understanding of how experimental activity can diffuse across scales.

A fourth promising avenue for further exploration is concernedwith
the role of business in experimentation. Several domains that are core to
transition research on experimentation – such as renewable energy,
electric mobility or organic food – have moved beyond the early phases
of niche creation in the 1990s and are now more established industrial
sectors. An increasingly prominent question is how conventional firms
can generate green growth and benefit from these new ‘clean-tech’ op-
portunities. This includes looking at the role of large incumbents as well
as green challengers (Hockerts and Wüstenhagen, 2010; Smink et al.,
2013; Loorbach and Wijsman, 2013). A key question is also how
(underwhich conditions) incumbent firmsmay benefit fromparticipat-
ing in experimentation, and how – for better or worse – their participa-
tion is changing the nature of experiments (from radical, outsider
experiments to more hybrid forms of experimentation bridging the
niche-regime divide). Besides studying conventional firms, looking at
the business-side of experimenting for sustainability transitions could
include the application of management studies perspectives on the
role of ‘social entrepreneurs’, local communities and engaged citizens
who are organizing themselves in novel ways, coming up with new
‘business models’ and finding new ways of ‘creating shared value’
(Boons and Lüdeke-Freund, 2013; Huijben and Verbong, 2013).

A final avenue for research relates to the theme of this special issue,
namely the welfare state. Based on our findings and suggestions, we can
make a distinction between experimenting for the transformation ‘of’
welfare states versus experimenting for transformations of societal
functions ‘in’ welfare states.16 Most contributions on experimentation
in the transitions literature are geared to address the transformation
of specific societal functions or sectors (mobility, energy, water,
healthcare, etc.) and not the transformation of the welfare state as
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such. But there is nothing inherent in the concept that would limit such
an extension. As we showed, transition scholars already extended the
concept of experimentation from its technology-oriented beginnings
into other social domains. Especially the work on transition experi-
ments and governance experiments might be productively mobilized
to address questions on experimenting for transforming welfare states.

With the welfare state increasingly under pressure, and with
decreasing possibilities (and perhaps ambitions) of national state actors
to shape sustainability transitions, an interesting question can be put
forward: who will be the key actors in future experiments? Recent
work on experimentation in transition studies has started to look be-
yond ‘the national’ (Raven et al., 2012). Instead of providing center
stage to nation-states and national governments, it highlights the role
and re-emergence of the city as an experimental arena to address per-
sistent problems (Hodson and Marvin, 2010; Bulkeley et al., 2011, in
particular see Bulkeley et al., 2015 on urban climate change experi-
ments). Yet, national governments are still crucially important actors
in enabling this experimentation in cities (Sengers and Raven, 2015).

Moreover, although the field of transition studies mostly started out
with the study of experiments in North- and Western European coun-
tries with strong welfare state traditions (most early contributions in
Fig. 1 highlight this), there are plenty of later contributions on experi-
mentation in other nations (a significant part of the later contributions
in Fig. 1, especially the green dots). Parts of the welfare state may
have been dismantled or restructured in the wake of the Regan/
Thatcher era in the US and the UK (Clayton and Pontusson, 1998), but
many transition accounts feature thriving grassroots experiments and
bounded-socio-technical experiments in these two countries to show
how civil society has picked up the baton instead (e.g. Brown and
Vergragt, 2008; Seyfang and Haxeltine, 2012; Seyfang and Longhurst,
2013; Vergragt and Brown, 2012).
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