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A B S T R A C T

Sustainability Transition Experiments (STEs), leveraging a transdisciplinary research approach, have recently
been proposed as a method to accelerate sustainability transitions. This paper outlines a proposed three-part
evaluation framework to assess the process, societal effects, and sustainability transition impacts of STEs. The
paper extracts the key insights from multiple literatures, generating a set of indicators to be used in assessing
sustainability transition experiments. Particular emphasis is placed on the assessment of longer-term sustain-
ability impacts. We propose a development pathway approach to organize elements of sustainability transition
impact into a coherent framework that highlights the inter-relationships between levels of scales in systems
transition and foregrounds the role of changes in governance roles and relationships and the role of politics in
transitions. The paper offers insights into the challenge of evaluating the sustainability transition impacts of a
transdisciplinary research project and provides an important bridge between the evaluation of processes, societal
effects, and their link to sustainability transition impacts.

1. Introduction

Fostering sustainability transition is a pressing global societal
challenge. Socio-technical approaches characterize transitions as

major, long-term technological changes in the way societal functions
are fulfilled. Technological transitions do not only involve changes
in technology, but also changes in user practices, regulation, in-
dustrial networks, infrastructure, and symbolic meaning or culture
(Geels, 2002, p. 1257).

Sustainability Transition Experiments (STEs) leveraging a transdis-
ciplinary research approach have recently been proposed as a method
to accelerate such sustainability transitions (Wiek et al., 2014; Schäpke
et al., 2018a,b). However, there is a presumption in the literature and
by practitioners that STEs will lead, as a result of societal effects, to
sustainability transition. We need methods by which to evaluate this
causal claim, to understand what is happening within transition pro-
cesses, and to provide insight, not just to researchers, but also to STE
designers and facilitators as to the efficacy of their processes.
There have long been collaborative projects between citizens and

local governments focused on sustainability issues but we focus here on
STEs which are “characterized by cross-organizational collaboration

between actors from academia and society (government, industry and
citizenry) with the aim of collaboratively fostering transformational
change and progress towards greater sustainability” (Luederitz et al.,
2016, p. 1). Transition experiments may be focused on low-carbon
outcomes (Rosenbloom et al. 2018), energy (Grübler, 2012), climate
governance (Turnheim et al., 2018), or the urban context (Schäpke
et al., 2018a). Cherp et al. note that “‘sustainability’ transitions may
also include changes in food systems, distribution of wealth, human
rights, governance and conflicts” (2018, p. 176). STEs commonly focus
on experimentation, innovation, and learning and represent a new form
of collaboration to foster sustainability transition (Loorbach et al.,
2017).
Evaluating sustainability transition experiments poses several

challenges beyond those of evaluating sustainability projects such as
public awareness campaigns, home retrofit programs, or deployment of
renewable energy technologies. As numerous authors have pointed out,
transitions are inherently boundary-spanning and affect multiple do-
mains (e.g. social, political, cultural and technical) (Hölscher et al.,
2017). Developing tools and methods to capture change across such
wide-ranging domains is difficult both conceptually and practically. In
addition, transitions occur within complex systems which implies in-
terdependence between system elements, emergent phenomena that
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cannot be predicted a priori, and discontinuous or non-linear effects of
systems interventions (Andersson, 2014; Westley et al., 2011). Arnold
et al. note, “complexity introduces a big problem for theory-based in-
tervention design and evaluation: since the system involved changes its
characteristics over time, the intervention logic and its components do
not necessarily remain stable” (2018, p. 17).
Not only do such changes pose significant attribution challenges,

system transitions tend to take place over long time periods (Schot and
Kanger, 2018). Capturing the long-term contribution of an intervention
that runs for a period of months or even years is very difficult; even
more so given that, due to finite resources, evaluations will usually
focus on only part of an STE lifecycle. Finally, there is a tension be-
tween the need for evaluation that generates learning for those de-
signing and managing sustainability transition experiments and eva-
luation to provide accountability for ‘results’ driven by funders and
governments. A finding of “’we had a good process and learnt things’
does little to address the need for accountability in government inter-
ventions” (Arnold et al., 2018, p. 39). This tension is especially acute
for low-carbon and sustainability transition experiments that have a
specific goal of, for example, reducing GHG emissions in a given sector,
geographic area, or target population due to short-term funding and
reporting requirements (Rosenbloom et al., 2018, Potvin et al., 2018).
Despite these challenges, it is crucial to evaluate STEs in order to

evaluate their actual effects and consequences. We need methods that
will enable us to understand what is happening within transition pro-
cesses, and to provide insight to STE designers and facilitators as to the
efficacy of their processes. Although transitions take time, are
boundary-spanning, and take place within complex systems, transitions
work is happening now – and needs to happen now – and evaluation of
STEs can support and guide this work. This leads to the research
question we explore in this paper: How can we conceptualize, and
evaluate, the contributions to sustainability transitions of STEs? We
note that while the focus of this paper is on assessing STEs, we believe
the framework developed here may also be applied in other domains as
well as to projects operating at different scales.

1.1. Evaluating sustainability transition experiments

Evaluating transdisciplinary research processes is a necessary com-
ponent of the evaluation framework as a key element of STEs is enga-
ging stakeholders and how that is done matters. In addition, several
literatures point to the link between process and outcomes, i.e. the
design and execution of a process influences the kinds and qualities of
outcomes expected. Evaluating societal effects captures the short-term
outputs and medium-term outcomes of an STE that, presumably, will
lead to sustainability transitions. However, these societal effects do not
capture such sustainability transition impacts. As a result, in order to
support STE evaluation efforts, we propose a tripartite evaluation fra-
mework that examines STE processes, societal effects, and sustainability
transitions impacts. The first two parts, discussed in this section, build
on existing evaluation literatures, while the third requires development
of a new framework, and will be discussed in a separate section.

1.2. Process evaluation

Transition experiments are participatory by nature (Frantzeskaki
and Loorbach, 2012; Luederitz et al., 2016; Schäpke et al., 2018a).
Labs, transition arenas, low-carbon, and sustainability transition ex-
periments all have elements where multiple stakeholders are engaged
in transition processes (Schäpke et al., 2018b). A fruitful start for our
investigation was the literature on evaluation of participatory processes
for insights into evaluating sustainability transition experiments. These
evaluations tend to focus on either the design and procedural elements
of the process itself or on the outcomes of the process. Procedural
evaluation looks at whether processes are inclusive, fair, and present
unbiased information (Abelson et al., 2003; Black et al., 2008). Rowe
and Frewer (2005), following Ableson et al. (2003), propose a frame-
work of fairness and competence/efficiency to measure the effective-
ness of public engagement processes. Fairness is a measure of percep-
tion - do participants (and the wider public) believe the exercise was
designed and conducted in a fair and representative manner. However,
Rowe and Frewer extend the definition of competence to include how
efficient the information flow is and how well that information is
processed (i.e. into policy or other outcomes and objectives).
STEs are also characterized by a strong reliance on the transdisci-

plinary co-production of knowledge and co-creation of research pro-
jects (Pregernig et al., 2018; Schäpke et al., 2018a, 2017). There has
been important work done on the evaluation of co-production processes
themselves (e.g. understandings of co-production, roles of participants
collaboratively developing research objectives and questions), re-
commendations for successful projects (Hansson and Polk, 2017) and
the extent to which evaluations themselves are co-developed (Wanner
et al., 2018). This literature points to the need for co-production pro-
cesses to be iterative, interactive and reflexive, provide transparent
discourse and collaboration, and embed broad and diverse participation
and engagement. Note that co-production approaches also have im-
plications for societal effects evaluation. Table 1 below presents the
Process evaluation level of our framework.2

1.3. Societal effects evaluation

Outcome evaluation in the participatory process literature looks at
both impact of the process on participants (e.g. in terms of increased
knowledge or level of civic participation), on the products of the pro-
cess (e.g. reports) and the use of those products by decision makers
(Barrett et al., 2012; Gaventa and Barrett, 2010). However, sustain-
ability transition experiments are often started outside of government
and may seek to disrupt, rather than engage with, existing governance.
It is therefore important to extend the analysis beyond effects on policy-
making processes. Schäpke et al. (2017) discuss the importance of so-
cial learning effects in transition processes and the literature on co-
production of knowledge provides insights on how to capture these
learning effects. As Walter et al. (2007) point out, there is a strong

Table 1
Process Evaluation Categories (See Supplement 1 for further detail and sources).

Category Elements

Inputs Design and facilitation capacity, funding and partners, participant motivations
External context Political, social, economic context
Enabling conditions Inclusivity, fairness, transparency, trust
Methods Iterative, reflexivity, dialogue, negotiation, collective problem solving
Supporting Transition Niche/regime interaction, aligning innovations, experimentation and learning, conceptualizing sustainability
Scope Scope of process adequately broad
Governance Stakeholder capacities, power relations, engaging future and non-human actors, recognition

2 See Supplement 1 for a full elaboration of the Process level of our evaluation
framework.
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correlation between outcomes and “involvement as measured by the
number of engagement activities that took place during the project”
however more research needs to be done in order to draw strong causal
links between the process elements of a given experiment and out-
comes.
Wiek et al. (2014); Cornish (2013), and others have extended the

literature on the impact of participatory sustainability projects (Talwar
et al., 2011; Walter et al., 2007) to encompass the societal effects of
such projects. The Wiek et al. (2014) framework categorizes societal
effects into first-order effects which are the direct outcomes and outputs
of a project (the short term “splash” from a specific event or process)
such as enhanced capacity, networks and usable products (e.g. action
plans, reports, web sites, new technologies) and second-order effects
(“the ripples” which are consequences of first order effects) such as
institutional changes (e.g. new policies, organizational changes), deci-
sions and actions. Wiek et al.’s approach broadened the categories of
effect from previous work in the field by including structural changes as
potential outcomes. The framework they proposed acknowledges the
challenges of attributing effects due to time delays between processes of
deliberation or other events that have occurred and their effects, and to
the difference between first-order and second-order effects. However,
the definitions and indicators of second-order structural effects are not
precise, for example conflating societal shifts such as norms and be-
haviour change with policy and institutional effects. These are very
different types of effects which should be separately evaluated. Scholz
and Steiner (2015b, p. 539, 2015a) contend that “it is not the decisions
and actions but rather the new knowledge which is integrated in pro-
cesses of mutual learning and consented orientations for making sus-
tainable decisions that is the main outcome of a transdisciplinary pro-
cess.” This conception maps to first and second order effects described
above but does not address sustainability-specific outcomes nor im-
pacts.
Luederitz et al. (2016) attempt to measure impacts of sustainability

transition experiments by asking whether the experiment strengthened
socio-ecological integrity, enhanced livelihood sufficiency and oppor-
tunity and other measures of sustainability. However, this framing is
evaluating specific interventions not the aggregate portfolio of experi-
ments that are part of many STEs. This leads the framework to under-
represent the importance of mutual reinforcement dynamics between
experiments (Grin, 2011; Riddell, 2015) and where the STE fits into a
broader set – or ecology – of processes (Chilvers & Kearnes, 2016). In
addition, this framework does not address how a given process is
contributing to a sustainability transition which is different from eval-
uating specific indicators of sustainability. Lang et al. (2012) describe
as outcomes the (re)-integration of knowledge to further societal and
scientific practice. While referencing measures such as a “correlation
between project involvement and increased decision-making capacity”
(p. 39), the authors do not elaborate on a link between such outcomes
and sustainability transition. Table 2 below elaborates the Societal Ef-
fects categories of our framework.3 Note that while this framework was

developed for projects focussed on climate change and energy, the
framework can be generalized to include other ecological effects.
Societal effects evaluation gives us important information on the

short-term outputs and medium-term outcomes of sustainability tran-
sition experiments. However, these approaches do not explicitly address
the issue of societal transition; instead they typically assume these
impacts will happen as a result of societal effects. For example, Hansson
& Polk note that “transdisciplinary co-production approaches are built
on the assumption that the intermediate or direct effects of participa-
tory research contribute indirectly to transformational societal change”
(2017, p. 134). In the same paper, the authors conclude that “there are
no clear mechanisms that link participatory features to impact; there is
instead a complex web of relationships, institutional cultures, and po-
litical agendas that require that we open up the categories to see how
they are conceived of by different actors internal as well as external to
the project” (p. 141). The literature on societal effects is also vague on
how ‘transformational societal change’ is to be conceptualized, not to
mention how to assess the contribution of an STE to such change, what
we describe as Sustainability Transition Impacts in the following sec-
tion.

2. Sustainability transition impacts and development pathways

We propose a development pathway approach as a framework with
which to characterize transformational societal change and a means to
capture contributions of an STE. A development path was defined in the
IPCC Fourth Assessment Report as the “complex array of technological,
economic, social, institutional, cultural and biophysical characteristics
that determines the interactions between human and natural systems,
including consumption and production patterns, over time at a parti-
cular scale” (Sathaye et al., 2007, p. 700) while Smith et al. (2010)
describe a “dynamic array of reinforcing principles, values, materi-
alities, and collective projects that steer development” (Moore et al.,
2018) and intersect in many ways (Rosenbloom, 2017). As Burch et al.
(2014) point out, the IPCC definition is quite broad and does not move
us very close to being able to conceptualize sustainability transition
impacts. To address this issue, they integrate theories of socio-technical
transition with multi-level governance (MLG) theory. A commonality of
socio-technical approaches is a focus on the inter-connected nature of
socio-technical change. As Wilson and Grubler note, “technologies and
their institutional settings co-evolve. Change in these different areas is
mutually dependent, mutually enhancing and mutually dampening”
(2011, p. 165).
The dominant conceptual framing in the transitions literature is the

multi-level perspective (MLP) which describes the inter-relationships
between the levels of niche, regime, and landscape (Geels, 2011; Smith
et al., 2010). The MLP posits that changes in socio-technical systems
arise mainly from the intersection of two processes. One occurs when
collections of niche innovations align to put pressure on the policy re-
gime, and the second when landscape level changes (e.g. economic
pressures) create windows of opportunity within the regime for niche
innovations to take hold. On the other hand, the MLG literature focuses
on governance processes and “theorizes the reallocation of authority

Table 2
Societal Effects Evaluation Categories (See Supplement 2 for further detail and sources).

Category Elements

Individual Capacity Understanding and learning, agency and empowerment, reflexivity on role in transition, changed or broadened perceptions
Usable Products Innovative technologies or social innovations, action plans, media, publications, written reports and research
Networks and Relationships Expanded and strengthened networks, sharing with networks, development of social capital
Institutional change – Policy Direct and indirect policy influence, new evidence/information introduced to policymakers
Institutional change – Organizational Shifts in organizational roles, responsibilities or rules of engagement between stakeholders, shifts in investment strategies, changes in

organizational decision making processes and governance
Climate/Energy Effects Carbon emissions reductions or other sustainability effects such as reduced energy demand, increased renewable energy supply, increases

in energy efficiency

3 See Supplement 2 for a full elaboration of the Societal Effects level of our
evaluation framework.
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away from the central state to regional authorities, non-state actors,
and even cross-boundary networks” (Burch et al., 2014, p. 470). This
integration is highly relevant for conceptualizing sustainability transi-
tion impacts as it highlights the inter-relationships between levels of
scales in systems transition and also foregrounds the role of changes in
governance roles and relationships highlighted by scholars such as Grin
et al. (2010) and Kenis et al. (2016) and the role of politics in transi-
tions (Meadowcroft, 2009).
Combining socio-technical systems and MLG approaches, Burch

et al. (2014) argue that development paths

“operate at the scale of socio-technical systems and systems of
governance, which consist of social systems (formal and informal
rules, habits, and norms), networks amongst actors, diverse tech-
nologies, and ecological systems; [are] an emergent property of a
system, imbued with values, norms, rules, and habits rather than a
measurable set of conditions/characteristics; [exhibit] a particular
set of interlinking regime rules and behaviours, including inertia
and cascading effects over time; and [are] reinforced at multiple
levels, with varied capacities and constraints on local agency oc-
curring at each level” (Burch et al., 2014, p. 471).

Moore et al. build on this approach, arguing that a development
path “is a driver of change (linear, nonlinear, and emergent) in in-
extricably coupled ecological and social systems” (2018, p. 13), in ef-
fect encapsulating the regime and landscape concepts from MLP. This
focus on linked social and ecological systems is helpful in ensuring that
sustainability transition is broadly framed. However, these treatments
of development pathways leave open three key questions: how do we
know which development pathway we are on? How do we know
whether development path change is happening? And, how do we know
whether any such change is moving in a more sustainable direction?

2.1. Understanding the pathway we are on

The implication of the wide definition of development pathways
discussed here is that all interconnecting and interdependent elements
of a complex socio-technical-natural system need to be considered.
While it may be possible to characterize constituent elements of a de-
velopment pathway, complex systems are by their very nature emergent
and not reducible to a discrete list of component parts. However, we
would suggest that rising GHG emissions, social and economic in-
equality, and global environmental degradation consequences are all
indicators of an unsustainable pathway. In the words of the recently
released Global Environmental Outlook 6 report from the United
Nations Environment Program:

Unsustainable production and consumption patterns and trends as
well as inequality, combined with population growth-driven in-
crease in resource use, put at risk the healthy planet needed to attain
sustainable development. These trends are deteriorating planetary
health at unprecedented rates with increasingly serious con-
sequences especially for poorer people and regions (UNEP, 2019, p.
2)

How then might we conceptualize changes to this unsustainable
pathway? We suggest that five characteristics of development pathways
provide a framework with which to categorize sustainability transition
elements and the changes that occur within them (see Table 3). In the
following section we elaborate on each of these characteristics (adapted
from Burch et al., 2014; Moore et al., 2018, and literatures cited in
following section) in order to better understand development pathway
change.

2.2. Understanding development pathway change

The five characteristics here emerge from the development path-
ways literature along with integration from transitions, environmental

justice, and transformations literatures. Within each characteristic, we
propose categories of impacts. These categories draw on multiple lit-
eratures such as transition theory, environmental justice, social prac-
tice, and transformations. Each of these literatures speaks to a compo-
nent of development pathway change. The development pathway
framing provides a useful way to integrate these different literatures
and illuminate different dimensions of sustainability transition impacts.

2.2.1. Socio-technical systems and governance
The socio-technical systems and governance characteristic includes

the elements of changes in governance roles and relationships
(Loorbach and Rotmans, 2010; Stirling, 2014) along with reduced
barriers to transition such as institutional inertia and built infra-
structure (Burch et al., 2014; Geels, 2018). Capturing how an STE is
contributing to the reduction of structural and institutional barriers to
transition, and whether those barriers are in fact being reduced, is an
important measure of sustainability transition impact.

2.2.2. Interlinking regime rules and behaviours
Changes in values and norms represent emergent properties of a

system and are captured by assessing regime and collective practices.
Changes in regime rules and behaviours are represented by changes in
regime routines and practices including justice elements such as con-
tribution to the equitable distribution of costs and benefits of transition
(Silveira and Pritchard, 2018; Walker, 2012; Williams and Doyon,
2019) and “normalization” of sustainability embedded within institu-
tions (Shove and Walker, 2010).

2.2.3. Reinforcement at multiple levels
Assessing niche-landscape alignment surfaces both how an STE is

aligning to changing social, cultural, or political trends and how an STE
might be influencing those trends (Geels, 2002; Geels and Schot, 2007).
In addition, the transformations literature highlights the importance of
multi-scale effects of systems transition (Asquith et al., 2018; O’Brien
and Sygna, 2013).

2.2.4. Actors and practices
The embedding of sustainable behaviours in practice, routine, and

cultural norms in both regime institutions and public collectives is a
crucial element of sustainability transition. Changes in values and
norms as embodied by collective practice represent emergent properties
of a system and are captured by assessing collective practices change
(Moore et al., 2018; O’Brien et al., 2018) and the examination of actors
roles, relationships, and agency (Avelino and Wittmayer, 2017; Schot,
2017).

2.2.5. Social and ecological systems
Finally, the concept of a driver of change in linked social and eco-

logical systems captures impacts beyond climate/energy effects of the
type highlighted in the transformations literature. For example, large-
scale societal change processes involving socio-ecological interactions
(Hölscher et al., 2017), reducing “risk and vulnerability while pro-
tecting the viability and integrity of the atmosphere, biosphere, hy-
drosphere and cryosphere to support the well-being of species, in-
cluding humans, both now and in the future” (O’Brien and Sygna
(2015), and “a range of desirable responses that are considered neces-
sary to meet the broader challenges of global sustainability, including
the targets established under the United Nations Sustainable Develop-
ment Goals (SDGs)” (O’Brien et al., 2018, p. 28).
Collectively, these five characteristics support a broad set of in-

dicators that capture elements of development pathway change.
However, in the context of sustainability transition impacts, we are
interested in not just change, but in change that is moving in a more
sustainable direction. In the development pathways literature concep-
tions of sustainability, Burch et al. highlight “the desirability of in-
tegrating climate policy with broader sustainability goals relating to
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economics, social dimensions, technology, and environment” (Burch
et al., 2014, p. 473; cf. Robinson et al., 2006). The UN Sustainable
Development Goals (United Nations, 2019) provide a mechanism
through which to assess the comprehensiveness of the conceptions of
sustainability in transition impacts. Sustainability is here represented
by 17 integrated and interrelated Sustainable Development Goals,
emphasising the three well-known dimensions of sustainable develop-
ment: the social, the economic and the environmental. While the SDGs
have been critiqued for its perceived top-down approach to governance
(Bowen et al., 2017; Hajer et al., 2015), difficulty in translating goals to
measurable actions (Biermann et al., 2017; Kanter et al., 2016), and the
lack of capacity of developing nations and non-state actors to address
the SDGs (El-Zein et al., 2016), they are generally recognized across
institutions and national governments, and provide a comprehensive set
of goals across the dimensions of social, economic, and environmental
sustainability. We use the SDGs to assess the direction and compre-
hensiveness of development path change in our proposed evaluation
framework.
When they are used in this way, mapping the SDGs to our proposed

evaluation categories becomes a way of undertaking a gap analysis to
assess whether there are elements of sustainability transition that are
missing in the framework. In doing this mapping, it becomes clear that
the sustainability transitions impacts framework proposed here does
have the capacity to reflect all of the SDGs. For example, the ‘justice’
category in our proposed evaluation framework notes the importance of
capturing the equitable costs and benefits of transition (cf. Walker,
2012; Silveira and Pritchard, 2018). The SDGs provide specific areas
where this equity should be found (for example reducing poverty ev-
erywhere (Goal 1), healthy lives and well-being for all (3), inclusive
economic growth and decent work for all (8), and reducing inequality
within and among countries (10)). Goal 16 explicitly refers to the
promotion of peaceful and inclusive societies with access to justice for
all. On the other hand, a key element of environmental justice – re-
cognition of the historical (and current) marginalization of peoples (e.g.
Indigenous peoples in Canada) – is not explicitly mentioned in the
SDGs. In this case, our proposed evaluation framework extends and
deepens the SDG conceptualization of sustainability and justice.
It is perhaps in the category of ‘social and ecological systems’ that

the SDGs provide the most benefit in elaborating details of sustain-
ability transition impacts. Burch et al. (2014), O’Brien & Sygna (2015),
O’Brien et al. (2018), and Moore et al. (2018) all highlight the im-
portance of impacts on linked socio-ecological systems in transition.
The SDGs provide a comprehensive set of areas through which to assess
these systems impacts. The SDGs reference food security and agri-
culture (2), water and sanitation (6), ocean and marine resources (14),
and terrestrial ecosystems (15) as areas for sustainable management
and development. Applying this broad lens is useful in assessing how an
STE that is, for example, focused on energy transition is, or is not, ad-
dressing social and ecological systems impact.

3. Developing and applying the framework

Thus far, we have developed a three-part evaluation framework
based on an extensive literature review. Our next challenge was how to
operationalize this framework and develop indicators and methods that
can be practically applied. Early versions of the framework were ap-
plied, tested, and refined at the operational level through a series of
seven research projects from 2014-2018. Working with practitioners
has provided valuable insights that complement the theoretically de-
rived framework. We are then able to provide a detailed oper-
ationalized framework with indicators and methods based on both
theory and practical experience. Cases included:

• The Local Economic Development Lab (LEDlab) was an STE focused on
developing employment and income generating opportunities for
residents of Vancouver, Canada’s Downtown Eastside. An early
version of the framework was used to assess the LEDlab with a
particular focus on policy impact.
• The TAF Low Carbon Neighbourhoods project assessed the direct and
indirect effects of low-carbon neighbourhood projects in Toronto,
Canada on greenhouse gas emissions reductions, on health, equity
and/or economic objectives, and on contribution to larger sustain-
ability transition goals. We developed and applied a ‘light-touch’
(simplified self-assessment) version of our evaluation framework for
this project.
• A short project investigated how the Suncor Energy Foundation’s
participation in social innovation investments has affected the or-
ganization itself – in other words, what was the social, institutional
or financial return on investment of these investments focusing on
institutional change within the organization.
• In collaboration with Sustainable Canada Dialogues, we adapted our
framework to generate an evaluation approach for assessing projects
that aim to further Canada’s commitments to reduce greenhouse gas
(GHG) emissions and transition to a low-carbon economy.
• Mistra Urban Futures (MUF), headquartered in Gothenburg, Sweden
has a vision of sustainable urbanisation where cities are fair, green
and accessible and a mission to “generate and use knowledge for
transitions towards sustainable urban futures through reflective co-
creation at local and global levels.” (Mistra Urban Futures, 2015).
We developed an evaluation framework to capture the societal ef-
fects of MUF.
• The Institute for Advanced Sustainability Studies (IASS) is a transdis-
ciplinary research institute based in Potsdam, Germany with a focus
on sustainability. An adapted version of this framework was used to
assess the societal effects of IASS.
• The Energy Futures Lab (EFL) in Alberta, Canada is an STE with a goal
of fostering transition to a sustainable energy system in the pro-
vince. The Energy Futures Lab was the focus of Williams’ disserta-
tion and provided a more complex case developing, applying and
testing the framework over a 4 year period. While the goal of this
paper is to present a new framework for assessing STEs, a

Table 3
Five characteristics of development pathways.

Characteristic Description

Socio-technical systems and governance (Burch et al.,
2014)

Governance roles and relationships (Loorbach and Rotmans, 2010; Silveira and Pritchard, 2018)
Institutional and structural barriers to transition (Geels, 2018a; Moser & Ekstrom, 2010; Burch et al., 2014)

Interlinking regime rules and behaviours (Burch et al.,
2014)

Regime rules, behaviours, routines and practices (Walker, 2012; Silveira and Pritchard, 2018; Shove and Walker,
2010)

Reinforcement at multiple levels (Burch et al., 2014) Niche-regime, niche-landscape, landscape-regime interactions (Geels, 2002; Geels and Schot, 2007) and multi-scale
effects of system transition (Folke et al., 2010; O’Brien and Sygna, 2013)

Actors and practice (Moore et al., 2018) Actor roles, relationships and agency (Schot, 2017; Avelino and Wittmayer, 2017)
Collective values and norms embodied in practice (Moore et al., 2018; O’Brien et al., 2018)

Social and ecological systems (Burch et al., 2014; Moore,
et al., 2018)

Sustainability in multiple dimensions
Inter-connected, and interdependent systems (Moore et al., 2018; O’Brien & Sygna, 2015; O’Brien et al., 2018; Burch
et al., 2014)
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forthcoming paper will provide a more in-depth exploration of ap-
plication to the EFL case, describe research methodologies appro-
priate for assessing STEs, and present empirical findings.

Through the implementation and assessment of different versions of
our evaluative framework in practical cases, a number of key insights
emerged that have influenced the design of the framework proposed in
this paper. First was a confirmation of the value of the multi-level
perspective (MLP) of transition theory. Practitioners saw value in this
transition framework in the design and implementation of their pro-
grams. In addition, the MLP becomes a helpful framework with which
to map indicators of systems transition. A second insight is the potential
role of personal transformation in systems change. The SEF case re-
inforced the transformations literature focus on the importance of in-
dividual change in values and worldviews to support systems transition
(O’Brien et al., 2018; Hölscher et al., 2017). The role of personal change
is therefore included in the sustainability transitions impact component
of our framework. A third insight is the concept of ‘markers’ of transi-
tion. This concept provides a way to conceptualize how a given STE is
contributing to sustainability transition even though the transition may
still be underway or may take longer to occur than the STE or research
project lasts. Fourth, several cases foregrounded the co-production
approach to STEs and prompted a deeper investigation of this literature
and inclusion of co-production process and effects indicators in our
framework.
Finally, the biggest insight was in the development of the three-level

framework of process, effects, and sustainability transition impacts. Our
initial framework did not include process elements at all and had a
rudimentary conception of sustainability transition impacts. Through
this series of cases, the importance of the relationship between STE
process (and inputs and external context) and its effects became clear
and, supported by literatures such as transition management and co-
production, possible to include in an evaluation framework. In addition,
the gap between capturing societal effects and how an STE is actually
contributing to sustainability transition in our approach also became
clear. This led to a deeper investigation of additional literatures to more
concretely articulate the concept of sustainability transition impacts.

4. Evaluation framework

Integrating the elements discussed in the previous sections of this
paper leads to our proposed three-part evaluation framework of pro-
cess, societal effects, and sustainability transition impact as follows:

• Process – fairness and inclusivity of the process, the quality and
appropriateness of the tools and methodologies used, and the
adaptive and reflexive capacity of the process
• Societal effects –short term “splash” outputs and medium term
“ripples” or outcomes of the process
• Sustainability transition impacts – longer term impacts that reflect
societal transition such as socio-technical systems and governance,
interlinking regime rules and behaviours, reinforcement at multiple
levels, actors and practice, and socio-ecological systems

As shown in Tables 1 and 2 above, the categories in the first two
levels of this framework are derived from the literature. Since the third
level of sustainability transitions impacts has required the development
of a new set of evaluation categories, it is presented in more detail in
Table 4. For each category, we operationalized the framework with
reported (regular font) and observed (italic font) indicators. Reported
indicators are ones that may be reported by STE participants, design
team members, or other stakeholders that are interviewed or surveyed.
Observed indicators are those assessed by researchers through, for ex-
ample, design document reviews, meeting observations, or review of

publicly available documents such as government policy briefs or an-
nual reports.4

The framework developed here addresses each of the evaluation
challenges raised in our introduction. The use of a development
pathway approach allows inclusion of external context shifts and STE
impacts in multiple domains. The interplay between system elements
can be captured through transition impacts categories such as inter-
linking regime rules and reinforcement at multiple levels. Markers of
transition can be used in the short-term to assess potential or likely
contribution to sustainability transition when direct attribution in a
complex system is difficult if not impossible. Enabling STEs to assess
their own processes, effects, and impacts provides an opportunity for
learning and experimentation within the STE which provides value to
STE designers and practitioners. Finally, the links between process,
effects, and impacts are helpful for STEs in articulating the value of
investing in good process design, facilitation, and delivery.

5. Conclusion

In this paper we have focussed most attention on evaluating sus-
tainability transition impacts since these have been less discussed in the
literature. We plan further research on understandings of development
pathways themselves. For example, worthy of further exploration is the
heterogenous nature of development pathways. In the midst of our
current unsustainable pathway, we also see sustainable trends such as
the dramatic acceleration of electric vehicle adoption, rapid drops in
prices of renewable technologies, and institutional investors divesting
from fossil fuels. Do these represent a changing development pathway?
Is it possible to have a pathway pointing in multiple directions at the
same time? These questions deserve more attention in future research.
A final element we are exploring is the concept of ‘markers of

transition’. System transitions (especially energy system transitions)
occur over periods of years or even decades (Schot and Kanger, 2018).
Given that an STE (and an accompanying research project) may last for
only a small portion of that time, this presents difficulties in assessing
long term sustainability transition impacts. Using the three-part fra-
mework we have developed, we can anticipate (based on process
characteristics and societal effects) certain types of impacts if certain
‘markers’ of transition are present. For example, do reported effects
point to transitions? Do they incorporate features that might be ex-
pected to support transition? We plan to further develop the ‘markers’
concept in an ongoing research collaboration between The Atmospheric
Fund and the University of Toronto.
This paper outlines an approach to evaluating the process, impacts

and effects of STEs as a contribution to ongoing discussion within the
transdisciplinary sustainability community as sustainability transition
experiments continue to generate interest from both researchers and
practitioners. We believe the framework proposed here holds great
promise in supporting evaluation efforts of researchers and practi-
tioners. The framework improves on the literature in several ways: (i) it
is comprehensive, covering multiple relevant dimensions of evaluation;
(ii) it is strongly rooted in the theoretical literature, and provides a clear
theoretical rationale for the evaluation categories we propose; (iii) it
was developed and tested in multiple case studies; and (iv) it provides,
for the first time, a systematic attempt to conceptualize longer term
sustainability impacts, and integrate that into an evaluation framework.
For practitioners, the framework includes a range of transition impacts
and potential markers of transition. A more nuanced understanding of
what contributions to sustainability transition look like in practice will
help STE designers, facilitators, and participants in making decisions
about project scope, process, and implementation. These characteristics

4 Supplement 3 maps keywords and concepts from our literature review along
with the Sustainable Development Goals to our proposed evaluation frame-
work.
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also support the potential to apply the framework beyond STEs and at
multiple project scales. Finally, we hope that, by paying attention to
markers of transition impact, practitioners (working in concert with
transdisciplinary researchers) may adjust their course and navigate
through an ever-changing systems landscape.

Declaration of Competing Interest

The authors declare that there are no conflicts of interest.

Acknowledgements

The authors wish to thank University of Toronto graduate students
Kimberly Slater, Pani Pajouhesh, and Grégoire Benzakin for their con-
tributions to the development of the three-part evaluation framework
referenced in this paper. We also thank our anonymous reviewers for
their valuable critiques and suggestions. Williams gratefully acknowl-
edges the financial support for this research provided by Mitacs Canada,
the Social Sciences and Humanities Research Council of Canada, and
The Natural Step Canada.

Appendix A. Supplementary material

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.envsci.2019.10.012.

References

Abelson, J., Forest, P.-G., Eyles, J., Smith, P., Martin, E., Gauvin, F.-P., 2003.
Deliberations about deliberative methods: issues in the design and evaluation of
public participation processes. Soc. Sci. Med. 57 (2), 239–251. https://doi.org/10.
1016/S0277-9536(02)00343-X.

Andersson, C., 2014. Complexity science and sustainability transitions. Environ. Innov.
Soc. Transit. 11, 50–53. https://doi.org/10.1016/j.eist.2014.03.001.

Arnold, E., Åström, T., Glass, C., De Scalzi, M., 2018. How Should We Evaluate Complex
Programmes for Innovation and Socio- Technical Transitions? Technopolis Group,
Brighton, UK.

Asquith, M., Backhaus, J., Geels, F., Kemp, R., Lung, T., OBrien, K., et al., 2018. In:
Asquith, M., Lung, T. (Eds.), Perspectives on Transitions to Sustainability (No. 25/
2017). European Environment Agency.

Avelino, F., Wittmayer, J.M., 2017. A multi-actor perspective on urban sustainability
transitions. In: Frantzeskaki, N., Broto, V.C., Coenen, L., Loorbach, D. (Eds.), Urban
Sustainability Transitions. Routledge, New York, pp. 272–286.

Barrett, G., Wyman, M., Coehlo, V.S.P., 2012. Assessing the policy impacts of deliberative
civic engagement. In: Nabatchi, T., Gastil, J., Leighninger, M., Weiksner, G.M. (Eds.),
Online Deliberation Design: Choices, Criteria, and Evidence. Oxford University Press.
https://doi.org/10.1093/acprof:oso/9780199899265.001.0001.

Biermann, F., Kanie, N., Kim, R.E., 2017. Global governance by goal-setting: the novel
approach of the UN sustainable development goals. Curr. Opin. Environ. Sustain. 26-
27, 26–31. https://doi.org/10.1016/j.cosust.2017.01.010.

Black, L., Burkhalter, S., Gastil, J., Stromer-Galley, J., 2008. Methods for analyzing and
measuring group deliberation. In: Holbert, L. (Ed.), Sourcebook of Political
Communication Research Methods, Measures and Analytical Techniques, New York.

Bowen, K.J., Cradock-Henry, N.A., Koch, F., Patterson, J., Häyhä, T., Vogt, J., Barbi, F.,
2017. Implementing the “Sustainable Development Goals”: towards addressing three
key governance challenges— collective action, trade-offs, and accountability. Curr.
Opin. Environ. Sustain. 26-27, 90–96. https://doi.org/10.1016/j.cosust.2017.05.002.

Burch, S., Shaw, A., Dale, A., Robinson, J., 2014. Triggering transformative change: a
development path approach to climate change response in communities. Clim. Policy
14 (4), 467–487. https://doi.org/10.1080/14693062.2014.876342.

Cherp, A., Vinichenko, V., Jewell, J., Brutschin, E., Sovacool, B., 2018. Integrating
techno-economic, socio-technical and political perspectives on national energy
transitions_ a meta-theoretical framework. Energy Res. Soc. Sci. 37, 175–190.
https://doi.org/10.1016/j.erss.2017.09.015.

Cornish, L., 2013. Can 4D Visioning Foster Community Responses on Climate Change?.
El-Zein, A., DeJong, J., Fargues, P., Salti, N., Hanieh, A., Lackner, H., 2016. Who’s been

left behind? Why sustainable development goals fail the Arab world. Lancet 388
(10040), 207–210. https://doi.org/10.1016/S0140-6736(15)01312-4.

Folke, C., Carpenter, S.R., Walker, B., Scheffer, M., Chapin, T., Rockstrom, J., 2010.
Resilience thinking: integrating resilience, adaptability and transformability. Ecol.
Soc. 15 (4). https://doi.org/10.2307/26268226.

Frantzeskaki, N., Loorbach, D., 2012. Governing societal transitions to sustainability. Int.
J. 15 (1/2), 19.

Gaventa, J., Barrett, G., 2010. So what difference does it make? Mapping the outcomes of
citizen engagement. Ids Work. Pap. 2010 (347), 01–72. https://doi.org/10.1111/j.
2040-0209.2010.00347_2.x.

Geels, F.W., 2002. Technological transitions as evolutionary reconfiguration processes: a

multi-level perspective and a case-study. Res. Policy 31 (8-9), 1257–1274. https://
doi.org/10.1016/S0048-7333(02)00062-8.

Geels, F.W., 2011. The multi-level perspective on sustainability transitions: responses to
seven criticisms. Environ. Innov. Soc. Transit. 1 (1), 24–40. https://doi.org/10.1016/
j.eist.2011.02.002.

Geels, F.W., 2018. Disruption and low-carbon system transformation_ progress and new
challenges in socio-technical transitions research and the multi-level perspective.
Energy Res. Soc. Sci. 37, 224–231. https://doi.org/10.1016/j.erss.2017.10.010.

Geels, F.W., Schot, J., 2007. Typology of sociotechnical transition pathways. Res. Policy
36 (3), 399–417. https://doi.org/10.1016/j.respol.2007.01.003.

Grübler, A., 2012. Energy transitions research: insights and cautionary tales. Energy
Policy 50 (C), 8–16. https://doi.org/10.1016/j.enpol.2012.02.070.

Hajer, M., Nilsson, M., Raworth, K., Bakker, P., Berkhout, F., de Boer, Y., et al., 2015.
Beyond cockpit-ism: four insights to enhance the transformative potential of the
sustainable development goals. Sustain. Account. Manage. Policy J. 7 (2),
1651–1660. https://doi.org/10.3390/su7021651.

Hansson, S., Polk, M., 2017. Evaluation of Knowledge Co-production for Sustainable
Urban Development. Mistra Urban Futures.

Hölscher, K., Wittmayer, J.M., Loorbach, D., 2017. Transition versus transformation:
what’s the difference? Environ. Innov. Soc. Transit. 27, 1–3. https://doi.org/10.
1016/j.eist.2017.10.007.

Kanter, D.R., Schwoob, M.-H., Baethgen, W.E., Bervejillo, J.E., Carriquiry, M.,
Dobermann, A., et al., 2016. Translating the sustainable development goals into ac-
tion_ a participatory backcasting approach for developing national agricultural
transformation pathways. Glob. Food Sec. 10 (C), 71–79. https://doi.org/10.1016/j.
gfs.2016.08.002.

Kenis, A., Bono, F., Mathijs, E., 2016. Unravelling the (post-)political in transition man-
agement: interrogating pathways towards sustainable change. J. Environ. Policy Plan.
18 (5), 568–584. https://doi.org/10.1080/1523908X.2016.1141672.

Lang, D.J., Wiek, A., Bergmann, M., Stauffacher, M., Martens, P., Moll, P., et al., 2012.
Transdisciplinary research in sustainability science: practice, principles, and chal-
lenges. Sustain. Sci. 7 (S1), 25–43. https://doi.org/10.1007/s11625-011-0149-x.

Loorbach, D., Rotmans, J., 2010. The practice of transition management: examples and
lessons from four distinct cases. Futures 42 (3), 237–246. https://doi.org/10.1016/j.
futures.2009.11.009.

Luederitz, C., Schäpke, N., Wiek, A., Lang, D.J., Bergmann, M., Bos, J.J., et al., 2016.
Learning through evaluation – a tentative evaluative scheme for sustainability tran-
sition experiments. J. Clean. Prod. 1–42. https://doi.org/10.1016/j.jclepro.2016.09.
005.

Mistra Urban Futures, 2015. Mistra Urban Futures Strategic Plan 2016–2019. pp. 1–62.
Moore, A.W., King, L., Dale, A., Newell, R., 2018. Toward an integrative framework for

local development path analysis. Ecol. Soc. 23 (2), art13–art14. https://doi.org/10.
5751/ES-10029-230213.

O’Brien, K.L., Sygna, L., Datchoua, A., Pettersen, S., Rada, R., 2018. Transformations in
socio-ecological systems. In: Asquith, M., Lung, T. (Eds.), Perspectives on Transitions
to Sustainability. European Environment Agency., Copenhagen, Denmark, pp. 28–44.

O’Brien, K., Sygna, L., 2013. Responding to climate change - Three spheres of transfor-
mation. Presented at the Transformation in a Changing Climate. pp. 1–11.

Pregernig, M., Rhodius, R., Winkel, G., 2018. Design junctions in real-world laboratories:
analyzing experiences gained from the project knowledge dialogue northern black
forest. Gaia - Ecol. Perspect. Sci. Soc. 27 (1), 32–38. https://doi.org/10.14512/gaia.
27.S1.9.

Rosenbloom, D., 2017. Pathways: an emerging concept for the theory and governance of
low-carbon transitions. Glob. Environ. Chang. Part A 43, 37–50. https://doi.org/10.
1016/j.gloenvcha.2016.12.011.

Rowe, G., Frewer, L.J., 2005. A typology of public engagement mechanisms. Sci. Technol.
Human Values. https://doi.org/10.1177/0162243904271724.

Schäpke, N., Bergmann, M., Stelzer, F., Lang, D.J., 2018a. Labs in the real world: ad-
vancing transdisciplinary research and sustainability transformation: mapping the
field and emerging lines of inquiry. Gaia - Ecol. Perspect. Sci. Soc. 27 (1), 8–11.
https://doi.org/10.14512/gaia.27.S1.4.

Schäpke, N., Omann, I., Wittmayer, J., van Steenbergen, F., Mock, M., 2017. Linking
transitions to sustainability: a study of the societal effects of transition management.
Sustain. Account. Manage. Policy J. 9 (5). https://doi.org/10.3390/su9050737.
737–37.

Schäpke, N., Stelzer, F., Caniglia, G., Bergmann, M., Wanner, M., Singer-Brodowski, M.,
et al., 2018b. Jointly experimenting for transformation? Shaping real-world labora-
tories by comparing them. GAIA - Ecol. Perspect. Sci. Soc. 27 (1), 85–96. https://doi.
org/10.14512/gaia.27.S1.16.

Scholz, R.W., Steiner, G., 2015a. The real type and ideal type of transdisciplinary pro-
cesses: part II—what constraints and obstacles do we meet in practice? Sustain. Sci.
10 (4), 653–671. https://doi.org/10.1007/s11625-015-0327-3.

Scholz, R.W., Steiner, G., 2015b. The real type and ideal type of transdisciplinary pro-
cesses: part I—theoretical foundations. Sustain. Sci. 10 (4), 527–544. https://doi.org/
10.1007/s11625-015-0326-4.

Schot, J., 2017. Deep transitions: emergence, acceleration, stabilization and direction-
ality. In: Presented at the International Sustainabilty Transitions. Gothenburg,
Sweden. pp. 1–33.

Schot, J., Kanger, L., 2018. Deep transitions_ Emergence, acceleration, stabilization and
directionality. Res. Policy 47 (6), 1–15. https://doi.org/10.1016/j.respol.2018.03.
009.

Shove, E., Walker, G., 2010. Governing transitions in the sustainability of everyday life.
Res. Policy 39 (4), 471–476. https://doi.org/10.1016/j.respol.2010.01.019.

Silveira, A., Pritchard, P., 2018. Justice in the Transition to a Low Carbon Economy.
Cambridge Institute for Sustainability Research, pp. 1–37.

Smith, A., VoÃŸ, J.-P., Grin, J., 2010. Innovation studies and sustainability transitions:

S. Williams and J. Robinson Environmental Science and Policy 103 (2020) 58–66

65

https://doi.org/10.1016/j.envsci.2019.10.012
https://doi.org/10.1016/S0277-9536(02)00343-X
https://doi.org/10.1016/S0277-9536(02)00343-X
https://doi.org/10.1016/j.eist.2014.03.001
http://refhub.elsevier.com/S1462-9011(19)30387-9/sbref0015
http://refhub.elsevier.com/S1462-9011(19)30387-9/sbref0015
http://refhub.elsevier.com/S1462-9011(19)30387-9/sbref0015
http://refhub.elsevier.com/S1462-9011(19)30387-9/sbref0020
http://refhub.elsevier.com/S1462-9011(19)30387-9/sbref0020
http://refhub.elsevier.com/S1462-9011(19)30387-9/sbref0020
http://refhub.elsevier.com/S1462-9011(19)30387-9/sbref0025
http://refhub.elsevier.com/S1462-9011(19)30387-9/sbref0025
http://refhub.elsevier.com/S1462-9011(19)30387-9/sbref0025
https://doi.org/10.1093/acprof:oso/9780199899265.001.0001
https://doi.org/10.1016/j.cosust.2017.01.010
http://refhub.elsevier.com/S1462-9011(19)30387-9/sbref0040
http://refhub.elsevier.com/S1462-9011(19)30387-9/sbref0040
http://refhub.elsevier.com/S1462-9011(19)30387-9/sbref0040
https://doi.org/10.1016/j.cosust.2017.05.002
https://doi.org/10.1080/14693062.2014.876342
https://doi.org/10.1016/j.erss.2017.09.015
http://refhub.elsevier.com/S1462-9011(19)30387-9/sbref0060
https://doi.org/10.1016/S0140-6736(15)01312-4
https://doi.org/10.2307/26268226
http://refhub.elsevier.com/S1462-9011(19)30387-9/sbref0075
http://refhub.elsevier.com/S1462-9011(19)30387-9/sbref0075
https://doi.org/10.1111/j.2040-0209.2010.00347_2.x
https://doi.org/10.1111/j.2040-0209.2010.00347_2.x
https://doi.org/10.1016/S0048-7333(02)00062-8
https://doi.org/10.1016/S0048-7333(02)00062-8
https://doi.org/10.1016/j.eist.2011.02.002
https://doi.org/10.1016/j.eist.2011.02.002
https://doi.org/10.1016/j.erss.2017.10.010
https://doi.org/10.1016/j.respol.2007.01.003
https://doi.org/10.1016/j.enpol.2012.02.070
https://doi.org/10.3390/su7021651
http://refhub.elsevier.com/S1462-9011(19)30387-9/sbref0115
http://refhub.elsevier.com/S1462-9011(19)30387-9/sbref0115
https://doi.org/10.1016/j.eist.2017.10.007
https://doi.org/10.1016/j.eist.2017.10.007
https://doi.org/10.1016/j.gfs.2016.08.002
https://doi.org/10.1016/j.gfs.2016.08.002
https://doi.org/10.1080/1523908X.2016.1141672
https://doi.org/10.1007/s11625-011-0149-x
https://doi.org/10.1016/j.futures.2009.11.009
https://doi.org/10.1016/j.futures.2009.11.009
https://doi.org/10.1016/j.jclepro.2016.09.005
https://doi.org/10.1016/j.jclepro.2016.09.005
http://refhub.elsevier.com/S1462-9011(19)30387-9/sbref0150
https://doi.org/10.5751/ES-10029-230213
https://doi.org/10.5751/ES-10029-230213
http://refhub.elsevier.com/S1462-9011(19)30387-9/sbref0160
http://refhub.elsevier.com/S1462-9011(19)30387-9/sbref0160
http://refhub.elsevier.com/S1462-9011(19)30387-9/sbref0160
http://refhub.elsevier.com/S1462-9011(19)30387-9/sbref0165
http://refhub.elsevier.com/S1462-9011(19)30387-9/sbref0165
https://doi.org/10.14512/gaia.27.S1.9
https://doi.org/10.14512/gaia.27.S1.9
https://doi.org/10.1016/j.gloenvcha.2016.12.011
https://doi.org/10.1016/j.gloenvcha.2016.12.011
https://doi.org/10.1177/0162243904271724
https://doi.org/10.14512/gaia.27.S1.4
https://doi.org/10.3390/su9050737
https://doi.org/10.3390/su9050737
https://doi.org/10.14512/gaia.27.S1.16
https://doi.org/10.14512/gaia.27.S1.16
https://doi.org/10.1007/s11625-015-0327-3
https://doi.org/10.1007/s11625-015-0326-4
https://doi.org/10.1007/s11625-015-0326-4
http://refhub.elsevier.com/S1462-9011(19)30387-9/sbref0210
http://refhub.elsevier.com/S1462-9011(19)30387-9/sbref0210
http://refhub.elsevier.com/S1462-9011(19)30387-9/sbref0210
https://doi.org/10.1016/j.respol.2018.03.009
https://doi.org/10.1016/j.respol.2018.03.009
https://doi.org/10.1016/j.respol.2010.01.019
http://refhub.elsevier.com/S1462-9011(19)30387-9/sbref0225
http://refhub.elsevier.com/S1462-9011(19)30387-9/sbref0225


the allure of the multi-level perspective and its challenges. Res. Policy 39 (4),
435–448. https://doi.org/10.1016/j.respol.2010.01.023.

Stirling, A., 2014. Transforming power: social science and the politics of energy choices.
Energy Res. Soc. Sci. 1, 83–95. https://doi.org/10.1016/j.erss.2014.02.001.

Talwar, S., Wiek, A., Robinson, J., 2011. User engagement in sustainability research. Sci.
Public Policy 38 (5), 379–390. https://doi.org/10.3152/
030234211X12960315267615.

Turnheim, B., Kivimaa, P., Berkhout, F., 2018. Beyond experiments. In: Turnheim, B.
(Ed.), Innovating Climate Governance, 1st ed. Cambridge University Press,
Cambridge, pp. 1–26. https://doi.org/10.1017/9781108277679.002.

United Nations Environment Assembly of the United Nations Environment Programme,
2019. GEO-6 Key Messages (No. UNEP/EA.4/INF.18). United Nations, Nairobi.

Walker, G., 2012. Environmental Justice: Concepts, Evidence and Politics, 1st ed.
Routledgehttps://doi.org/10.4324/9780203610671.

Walter, A.I., Helgenberger, S., Wiek, A., Scholz, R.W., 2007. Measuring societal effects of
transdisciplinary research projects: design and application of an evaluation method.
Eval. Program Plann. 30 (4), 325–338. https://doi.org/10.1016/j.evalprogplan.2007.

08.002.
Wanner, M., Hilger, A., Westerkowski, J., Rose, M., Stelzer, F., Schäpke, N., 2018.

Towards a cyclical concept of real-world laboratories: a transdisciplinary research
practice for sustainability transitions. DisP - Plan. Rev. 54 (2), 94–114. https://doi.
org/10.1080/02513625.2018.1487651.

Westley, F., Olsson, P., Folke, C., Homer-Dixon, T., Vredenburg, H., Loorbach, D., et al.,
2011. Tipping toward sustainability: emerging pathways of transformation. Ambio
40 (7), 762–780. https://doi.org/10.1007/s13280-011-0186-9.

Wiek, A., Talwar, S., O’Shea, M., Robinson, J., 2014. Toward a methodological scheme for
capturing societal effects of participatory sustainability research. Res. Eval. 23 (2),
117–132. https://doi.org/10.1093/reseval/rvt031.

Williams, S., Doyon, A., 2019. Justice in energy transitions. Environ. Innov. Soc. Transit.
31 (June 2019), 144–153.

Wilson, C., Grübler, A., 2011. Lessons from the history of technological change for clean
energy scenarios and policies. Nat. Resour. Forum 35 (3), 165–184. https://doi.org/
10.1111/j.1477-8947.2011.01386.x.

S. Williams and J. Robinson Environmental Science and Policy 103 (2020) 58–66

66

https://doi.org/10.1016/j.respol.2010.01.023
https://doi.org/10.1016/j.erss.2014.02.001
https://doi.org/10.3152/030234211X12960315267615
https://doi.org/10.3152/030234211X12960315267615
https://doi.org/10.1017/9781108277679.002
http://refhub.elsevier.com/S1462-9011(19)30387-9/sbref0250
http://refhub.elsevier.com/S1462-9011(19)30387-9/sbref0250
https://doi.org/10.4324/9780203610671
https://doi.org/10.1016/j.evalprogplan.2007.08.002
https://doi.org/10.1016/j.evalprogplan.2007.08.002
https://doi.org/10.1080/02513625.2018.1487651
https://doi.org/10.1080/02513625.2018.1487651
https://doi.org/10.1007/s13280-011-0186-9
https://doi.org/10.1093/reseval/rvt031
http://refhub.elsevier.com/S1462-9011(19)30387-9/sbref0280
http://refhub.elsevier.com/S1462-9011(19)30387-9/sbref0280
https://doi.org/10.1111/j.1477-8947.2011.01386.x
https://doi.org/10.1111/j.1477-8947.2011.01386.x

	Measuring sustainability: An evaluation framework for sustainability transition experiments
	Introduction
	Evaluating sustainability transition experiments
	Process evaluation
	Societal effects evaluation

	Sustainability transition impacts and development pathways
	Understanding the pathway we are on
	Understanding development pathway change
	Socio-technical systems and governance
	Interlinking regime rules and behaviours
	Reinforcement at multiple levels
	Actors and practices
	Social and ecological systems


	Developing and applying the framework
	Evaluation framework
	Conclusion
	mk:H1_16
	Acknowledgements
	Supplementary material
	References




