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ARTICLE INFO ABSTRACT

Keywords: Many transitions scholars underscore the importance of learning in sustainability transitions, but
Sustainability transition the associated learning processes have hardly been conceptualised. The diverse, well-established
Collaborative learning research fields related to learning are broadly ignored or loosely applied. In this paper, we

Social learning
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systematically explore four interesting learning traditions in terms of their value for gaining an
in-depth understanding of learning in sustainability transitions and their relevance for fostering
learning, by connecting them to key features of transitions. The selected learning traditions from
different disciplinary backgrounds provide valuable insights. None of them sufficiently addresses
the complexity of transitions. They include, however, a diversity of relevant learning contexts.
We conclude that they have value for investigating new areas such as learning in socio-techno-
logical regimes and in later phases of a transition, while enlightening forms of learning that have
not yet been fully recognised in transition studies, such as superficial learning, unlearning, and
learning to resist change.

1. Introduction

An unfortunate gap exists between diverse learning traditions and sustainability transition studies. Although many transitions
scholars underscore the importance of learning for both the understanding and the governance of sustainability transitions (Loorbach
and Rotmans, 2006; Raven et al., 2008), the associated learning processes have hardly been conceptualised, discussed, and elaborated
within the field.

A specific transition perspective on learning has been developed: by sharing experiences with a novelty in practice in multiple
pilot projects, knowledge is aggregated and generic rules are developed that influence the organisation of later pilot projects (Geels
and Deuten, 2006). Other learning, for instance between niches and regimes and within regimes, gets very little attention and is
hardly investigated empirically.

Moreover, the diverse, well-established research fields related to learning are broadly ignored or loosely applied. Early strategic
niche management for example, elaborated learning as the articulation of needs, problems, and possibilities in experiments with a
sustainable novelty and implicitly used notions of organisational learning (Kemp et al., 1998). In this paper, we therefore investigate
the extent to which and how conceptualisations of learning relate to the specifics of sustainability transitions and what their value
could be for these transitions. For instance, how do perspectives on learning in homogeneous groups mesh with transition processes
that straddle social levels and multiple constituencies? For learning theories to be salient to transition studies, they need to be
meaningful in the light of key characteristics of sustainability transitions.
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In this paper, we systematically explore four well-established learning traditions on their value for gaining an in-depth under-
standing of learning in transitions and their relevance for fostering learning, because 1) ideas from diverse traditions appear in
sustainability transitions studies and 2) multiple types of learning processes can be expected to take place in transitions, given their
complexity. In this way, we aim to bridge the gap between learning approaches and sustainability transition thinking. We hope to
inspire transition scholars to consider their perspective on learning more explicitly and to make better use of valuable insights from
established traditions. Likewise, we aim to inspire learning scholars to make a greater effort to contribute to sustainability transition
studies by acknowledging and adding to the basic ideas on which these studies build.

2. Methodology
2.1. Identifying learning traditions

Well-known learning concepts and theories appear in diverse scientific fields with different meanings depending on the context in
which they are used. Instead of conducting a rigorous conceptual analysis showing the diversity of meanings and the development of,
and the relations between, concepts, the focus of our analysis is on well-established research fields. By identifying their basic ideas,
rather than highlighting the crossovers, we can acknowledge their unique features and hence their specific potential value for
transition studies.

To analyse well-established research fields, we selected a few scholarly learning traditions that exhibit the characteristics of a
research programme in the sense of Lakatos (1968-1969). According to Lakatos, any scientific research programme consists of a hard
core that cannot be rejected within that programme. Research programmes are successful when they 1) develop auxiliary hypotheses
and touchstone theories that save the theoretical hard core from refutation by inconsistent empirical evidence and 2) become in-
creasingly complicated to more accurately simulate reality. In other words, we can speak of a research programme when scholars
recognise it as a tradition with a more or less stable core and when its progress is documented — it has to exhibit some conceptual and
empirical development beyond being often used. This is considered to be the case if review articles exist, because these entail the
acknowledgement of a body of research as a tradition, document its basic tenets, and often describe the progress in the field.

In order to show the potential value of well-established learning traditions and connect them to transition thinking, we selected
four out of a wealth of some tens of research programmes. These four programmes: 1) are analytical and descriptive rather than
normative; 2) consider learning as a process among a plurality of persons or actors; 3) display broad differences between them,
basically because they have unique disciplinary backgrounds. The following traditions were thus selected:

o Collaborative learning (educational sciences)

e Organisational learning (management studies)

e Social learning in natural resource management (complex system thinking)
o Interactive learning in the learning economy (institutional economics)

Completeness in the sense of acknowledging all potentially relevant traditions would be a sheer impossibility. We mention a few
interesting ones in Section 4, hoping to inspire others to undertake a similar effort to analyse their value for the transitions context.

The analytical level of the traditions varies as a consequence of our methodology. We turned to the key sources of the most
influential scholars to analyse the core features of each research programme.

2.2. Systematic assessment

The learning traditions are expected to both reveal and conceal aspects of sustainability transitions (compare Framing: Goffman,
1974). Their value for understanding learning in transitions is systematically assessed by examining their core features in the light of
salient dimensions of transitions.

In a review of the emerging field of sustainability transitions, Markard et al. (2012) identify transition management, strategic
niche management, the multi-level perspective, and technological innovation systems as the four most prominent frameworks.
Sustainability transitions are basically “long-term, multi-dimensional, and fundamental transformation processes through which
established socio-technical systems shift to more sustainable modes of production and consumption” (Markard et al., 2012, p. 956).
The two key concepts connecting the four strands are socio-technological regime and niche, which are the basis of the core model of
transition studies: the multi-level perspective. For a description of these key concepts see Box 1.

In transition studies, learning is usually assumed to take place in an early phase of transitions in and around niches or, from a
slightly different angle, a technological innovation system (see among others Geels and Raven, 2006; Hekkert et al., 2007; Hoogma
et al., 2002; Loorbach and Rotmans, 2006; Smith and Raven, 2012; van Mierlo, 2012).

In the most elaborated perspective on learning in transitions specifically, learning is seen to take place at different places in
different phases (see Fig. 1):

e among actors located within a local experiment, pilot project, or initiative (‘Local practices’ in Fig. 1);
® between local experiments;

e from local experiments to an emerging niche or field (‘Cosmopolitan level’ in Fig. 1); and

e in interactions between experiments and niche (once the niche has formed).
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In this ideal-typical model, learning is the translation of experiences in local projects into general knowledge, rules, and norms,
thus creating knowledge flows between these places (Geels and Deuten, 2006; Geels and Raven, 2006; Smith and Raven, 2012). It
requires interaction between actors and dedicated knowledge aggregation activities by intermediary actors. Scientific accounts of
learning by and among incumbent actors, of learning that is not conducive to sustainability transitions, and of unlearning are largely
absent from the domain of transition studies. Also, conflicts, which abound in transitions, are hardly addressed as a potential source
of learning (Cuppen et al., 2016).

Box 1
The regime and niche concepts

A socio-technological regime is the configuration of technology, knowledge, infrastructure, symbolic values, and role di-
vision that has emerged around social practices (Rip and Kemp, 1998; Tukker et al., 2008). Hence, it is regarded as the
existing, dominant system that fulfils a specific societal function, like the provision of energy or food. A regime is stabilised
through various self-reinforcing or lock-in mechanisms. Geels (2004) discerns three kinds of stabilising mechanisms. First,
the rules in the system, including cognitive heuristics, normative rules, and formal regulations, provide stability because
they guide actions and perceptions. They are deep structures on which knowledgeable actors draw in their actions and
therefore provide the action context (Giddens, 1984). In their actions, they also adapt or redefine these structures. Given
that rules are aligned within a system, it is hardly possible to change one rule without altering others. Second, the mutual
dependence between actors contributes to the stability of a system. Once networks have formed around a policy issue,
market, or programme, the actions of the actors involved (including the suppliers, traders, and buyers from a value chain)
become increasingly intertwined. In such networks, actors can become locked into their relationships, thus blocking new
ideas from outside and discouraging other potentially fruitful collaborations (Klein Woolthuis et al., 2005). Finally, long
lifetimes of the material components of a system add to its stability, as well as the investments sunk in infrastructure and the
complementarities of material components of technologies. These mechanisms explain why regime changes tend to follow
certain pathways and consist of predominantly incremental innovation.

Niches are protected spaces of small application domains in which radical, novel ideas and incipient social and technical
innovations have the opportunity to mature. In this process, new ideas evolve about the meaning and value of these
innovations, as well as user preferences, desirable product development, and the needed policy and infrastructure. The
development and specification of these ideas are called learning processes. Although the novelties in the niches essentially
compete with the regime, interactions between empowered niches and regimes are essential for sustainability transitions to
ensue (Beers and van Mierlo, 2017).

Cosmopohitan - -
level ~ - -
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Fig. 1. Places and phases of learning according to Geels and Deuten, 2006.

In an effort to come to a sufficiently diverse as well as specific set of questions regarding the value of well-established learning
approaches for a better understanding of learning in sustainability transitions, we started from the following key characteristics:

e Actor diversity and interaction. Regimes consist of multiple networks (Geels, 2002) with an extreme diversity of actors (public
authorities, producers, suppliers, consumers, citizen groups, financiers, and so on) fulfilling specific roles and bringing in specific
knowledge, interests, values, and cultural and organisational backgrounds. Whereas some actors involved in a transition process
may interact on a daily basis, especially in an experiment, many actors relevant for regime change meet and exchange rarely or
only indirectly. Moreover, interactions are often presented as conflictual, as tensions during experimental, socio-technological
design processes in niche development on the one hand, and as the competition between niches and regimes that may destabilise
regimes on the other hand. This raises the following questions: What kind of diversity is acknowledged? Under what conditions is
diversity a source of learning or a barrier to it? What types of interactions are conducive to or hinder learning? What is the role of
conflicts and tensions?
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® Social levels. The levels proposed in the multi-level perspective are levels of structuration of local practices. As a consequence,
niche developments can be ‘overruled’ by regimes, and regimes by the landscape. The higher the level, the more abstract and the
harder to investigate empirically. This is perhaps the reason why learning at regime level is rarely the subject of scientific study.
Although the whole idea of levels is increasingly criticised, and flat models have been proposed instead (Elzen et al., 2012), the
multi-level perspective has shown great value as a heuristic, especially in the practice of transition efforts. The related questions
regarding the learning traditions are: What social levels are discerned and on what basis? Can these be connected to the ‘levels’ of
the multi-level perspective? What kind of additional insights could the learning traditions yield?

e Timeframe. Sustainability transitions cover change processes in many diverging timeframes. They range from (part of) a day in the
form of meetings or workshops, to a few months or years in the form of, for instance, a system innovation programme, to two or
three generations, which is a rule of thumb for the time needed for a full transition from beginning to end. A complicating factor
for understanding the role of learning is that the transformative character of an innovation process can only be assessed in
hindsight. Questions arising are thus: What are the timeframes of the learning traditions? To what extent do the traditions appear
to be relevant for specific timeframes and related phases in a sustainability transition?

e Direction of change. By definition, sustainability transitions have a direction, in the form of an emerging pathway towards a system
that provides societal functions in a more sustainable way (Elzen et al., 2011; Stirling, 2009). In addition to the normativity of the
direction of change, the direction of change implies that the new pathway(s) should break through lock-ins, for which trans-
formative processes are required. Do the learning traditions pursue a kind of normative goal (whether explicitly mentioned or
implicitly suggested)? To what extent do they assume that achieving such a goal would imply a restructuration of the systems?

2.3. Analysis
To analyse the value of the learning traditions, we followed three steps for each tradition:

1 We identified its theoretical core. This is described in general terms of basic characteristics, area of application, and current
progress.

2 We interpreted the core and, if needed, additional theoretical elements in the light of the four key sustainability transition
characteristics. In addition, we identified the conditions under which learning is supposed or proven to take place and the kind of
interventions that have proved effective, insofar as this is explicated in the literature.

3 To come to conclusions about the value of the traditions for the governance of sustainability transitions, we sought to answer a)
where in a sustainability transition the kind of learning addressed could be positioned and hence be relevant, b) how it could
increase the understanding of learning in sustainability transitions, and c) what suggestions it provides for triggering, supporting,
and stimulating learning in transition processes.

Finally, the findings for all the traditions were compared and integrated to get an overview of the (potential) contribution of the
learning traditions to the elucidation of learning in sustainability transitions and to define what gaps still remain.

3. The learning traditions

In this section, per learning tradition, we first describe their core features. Secondly, we analyse whether and how they are
relevant for transitions. For an overview, see Table 1. On the basis of these steps, we arrive at conclusions about their value for
understanding learning in sustainability transitions.

3.1. Collaborative learning

3.1.1. Core features

Scholars in the educational or learning sciences have concentrated on understanding learning processes in individuals and in
groups. In this field, the social side of learning is present in a broad range of situations, from teacher-learner interaction to learning
social entities and everything in-between (Salomon and Perkins, 1998). In a review study, the term collaborative learning is defined as
“a situation in which two or more people learn or attempt to learn something together” (Dillenbourg, 1999, p. 1).

The concept of collaborative learning appears to be applicable to any social situation in which learning plays a role, be it
educational, professional, and/or informal. Empirical work ranges from laboratory and classroom contexts to learning in the
workplace and interdisciplinary learning. The concept has drawn scholarly attention because individual learning approaches rarely, if
ever, take into account how social and cultural interactions shape learning (Salomon and Perkins, 1998; Akkerman et al., 2007).
Furthermore, collaborative learning helps to interpret the effects of social aspects on learning. Interaction in heterogeneous groups,
for instance, sometimes leads to more competence in individual learners than interaction in homogeneous groups (Sullivan Palincsar,
1998). The learning sciences include a broad variety of theoretical perspectives on learning but, to identify its value for under-
standing learning in transitions, we concentrate on the work related to learning in collaborative settings in which persons have mostly
an equal status.

Two dominant perspectives on collaborative learning are the cognitivist and the constructivist orientation (Akkerman et al.,
2007). The cognitivist orientation starts from a conceptual model of the learning individual and reasons how this model can be
applied to a social situation and what this means for collaborative learning. The constructivist orientation takes the social (group)
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Table 1

Comparison of the features of the learning traditions regarding transition aspects.
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Collaborative learning

Organisational learning

Social learning in natural
resource management

Interactive learning in the
learning economy

Diversity and
interaction

Social levels

Timeframe

Direction of
change

Conditions

Mostly equal status in
the learning process
Different cognitive
perspectives

Individuals and groups
of learners

From meetings to
projects

Task-specific group
performance

Teacher as coach
Breaking task into pieces
to support task
performance

ICTs as both task
support and
communication support

Shared daily routines, diverse knowledge,
competences, organisational roles, interests,
and values

Individuals (practitioners) and
organisations
(environment)

Continuous learning in loops of
action-reflection-adaptation

Effective adaptation of organisational
routines to changes in context

Deliberation to explicate theories-in-action
Systems thinking

Trust

Urgency and interdependence

Diverse knowledge, histories,
and values, as well as diverse
social roles

Individuals (stakeholders)
and groups/networks of
actors involved in a complex
issue

From (facilitated) meetings to
ongoing social learning

Novel solutions and
collaboration to address
complex issues

Interdependence

Trust

Neutral facilitation
Interactive problem analysis
and development of solutions

Departments and organisations
differ in competences,
organisational culture, and
cognitive frameworks

Innovation systems
Organisations — departments
Agents

Continuous

Survival of firms in learning
economy
Economic growth

Knowledge arrangements
Government interventions
Project teams, job rotation, and
the like

Intermediary agents

Trust

Shared language

level as the starting point because it cannot (easily) be reduced to its individual constituents. The constructivist orientation also
regards the role of the teacher differently. Instead of being an instructor, giving his/her knowledge to the learners, the teacher is a
facilitator who supports collaborative learning (Jonassen, 1991).

Different as they may be, both orientations emphasise learning as a process of sense-making or negotiation of meaning (Baker
et al., 1999; Dillenbourg, 1999). In this process, people iteratively voice their own understandings, interpret others’ contributions,
and negotiate a new, shared understanding of a learning task (problem). As this is seen as a socially and culturally situated process,
neither shared understandings in teams nor individual learning can be analysed without taking into account the social context and
interaction that co-produced them.

Researchers link the necessity for collaborative learning to the complexity of learning tasks. They suggest selecting learning tasks
that resemble real-world tasks (so-called authentic tasks: Hmelo-Silver, 2003) and simplifying those to connect to the learners’
knowledge and experiences while keeping the structure of the problem intact. The fact that complex problem solving is usually a
group effort is therefore sufficient reason for the researchers to let group work be part of a learning task (Sullivan Palincsar, 1998).

Communication in groups is seen as crucial for learning. A key topic of research is how to influence communication in order to
produce specific collaborative learning results. This could be done for example with specific procedures for specific learning tasks, as
exemplified by problem-based learning (Hmelo-Silver, 2003) and reciprocal teaching (Sullivan Palincsar, 1998). In the subfield of
computer-supported collaborative learning (CSCL), information and communication technology (ICT) is used to support specific
collaborative learning tasks, such as design (Buckingham Shum et al., 1997) and argumentation (Conklin and Begeman, 1987,
Suthers, 2001). For instance, CSCL tools have been used to foster argumentation by structuring communication. Users with CSCL
support have been found to be better able to elaborate on evidence for and against certain claims than users without such support
(Suthers, 2001). And collaborative sense-making has been shown to benefit from making mutual misunderstandings explicit as soon
as they arise (Beers et al., 2006).

The CSCL subfield also supplements the general perception of collaborative learning taking place in face-to-face communication,
for instance in classroom situations. The rise of ICT has enabled distance learning, with learners communicating online either syn-
chronously, meaning that the learners collaborate through chat-like conversations, or asynchronously, meaning that learners are free
to choose when to communicate.

3.1.2. Relation with transition characteristics

Diversity and interaction:With regard to diversity and interaction, collaborative learning researchers focus mainly on individual
differences, especially cognitive differences (knowing different things). These differences can be a source for learning, for instance
when learners collaborate on a task. Indeed, scholars often draw a relation between complex issues and the necessity for collaborative
learning; task complexity requires learners to combine multiple sources of knowledge. Conflicts can arise as a consequence of dif-
ferent understandings within a group process or when individual understandings do not fit a shared endeavour. Such conflicts are
predominantly seen as something to be overcome in the learning process, sometimes even as conducive to the learning process:
constructive cognitive friction refers to creating a learning task that stretches a learner sufficiently (but not too far) beyond his/her
current abilities to result in learning (Vermunt and Verloop, 1999). Conflicts thus are hardly, if ever, seen as a threat to learning.

Another aspect of diversity concerns the roles of learners in a group task context, for instance when the learning task is divided
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into multiple responsibilities (for example, chairperson or notetaker). However, learners are usually presumed to be of equal status,
perhaps apart from the specific status of the teacher (Baker et al., 1999).

Social levels:With regard to social levels, collaborative learning research often distinguishes between the group of learners and
the individual. The performance of the learners related to the learning task at hand, is assessed at either the individual or the group
level.

Timeframe: With regard to duration, collaborative learning researchers focus on various timeframes, ranging from a meeting
(Koschmann and LeBaron, 2003), to meeting sessions (often classroom or laboratory) of one or several hours (Beers et al., 2006), to
sometimes the duration of a project (Akkerman et al., 2008).

Direction: In terms of direction of learning, collaborative learning scholars seemingly offer little in the way of a normative point
of view. Rather, they sometimes include outcome indicators such as group performance/individual performance on a task. Ideally,
the learning task is typical of an existing real-world task in the learners’ domain. The specifics differ between types of tasks. So, the
performance criteria for a design task are different from those for an argumentation task.

Conditions and governance: Learning is supported by concentrating on meaning making and structuring communication. The
role of the teacher is predominantly that of a coach for learning processes. The differences among approaches are myriad, but they
appear to share the idea that a collaborative task can be broken down into more manageable pieces that can be used to scaffold
learning. In other words, the communication process is pre-structured (‘scripted’) so that the inexperienced group can learn how to
complete a complex task (Dillenbourg, 1999; Sullivan Palincsar, 1998). The different ways of supporting collaborative learning are
many and, as mentioned above, they are usually specific to the task at hand.

3.1.3. Relevance for understanding learning in transitions

Collaborative learning research has seldom appeared in the transitions literature, apart from some notable exceptions (Beers et al.,
2016). This tradition, however, includes some notions that may well have value for sustainability transitions.

In transitions, the contexts that feature groups working together on a task can be thought of in terms of collaborative learning.
Such tasks comprise the development of a niche experiment and a system innovation initiative, the development of normative future
visions or transition pathways with diverse actors, and the translation of lessons learned in a pilot project to the context of a niche or
regime. And of course, incumbent organisations often feature team work that entails collaborative learning processes.

The potential contribution of collaborative learning research is threefold. First, support for collaborative learning requires a task
analysis and work division. It is possible to apply this principle to specific challenges in transition contexts in order to facilitate
stakeholders’ learning processes. This applies best to structured processes of reflexive governance, such as transition management and
reflexive monitoring. Indeed, the latter approach already provides support for specific subtasks in system innovation initiatives, such
as conducting a system analysis, keeping track of a dynamic learning agenda, and organising eye-opener workshops to stimulate
learning between pilot projects (van Mierlo et al., 2010b).

Second, conceiving of collaborative learning as negotiation of meaning seems helpful. In transition contexts, stakeholders have
very differing knowledge. In order for them to arrive at a common understanding (common ground) they need to be able to overcome
differences in perspectives that influence how a person’s contribution is understood (or misunderstood) by others. Misunderstandings
may in particular occur when the learning actors have radically different backgrounds, which in a sustainability transition is likely to
be the case when actors from a niche and the regime meet and collaborate. Some studies offer specific suggestions to support
negotiation of meaning (e.g., Baker et al., 1999; Beers et al., 2006), such as explicitly verifying one’s own understanding of another’s
contribution, delaying opinionated responses, and accepting disagreement. In other words, differences in perspective are seen as a
challenge to be overcome in collaborative learning, whereas transition scholars usually see multiple perspectives mainly as a resource
for dealing with societal complexity (Beers et al., 2016).

Third, learning through asynchronous communication may be relevant for learning in transition processes, for instance in the
interactions between actors from niches and regimes. The time gaps and distance inherent in communication in transitions may
provide room for facilitators to train actors in argumentation and communication skills as well as to urge them to reflect on their own
and others’ contributions before responding. Transition programmes may provide a structured context for organising such activities.
If the actors involved in these programmes are willing and able to communicate, facilitators could design a collaborative process of
learning as meaning making.

3.2. Organisational learning

3.2.1. Core features

The first literature on organisational learning, which is strongly rooted in management studies, appeared in the 1980s (Wang and
Ahmed, 2003). For the purposes of this article, we are predominantly interested in what review studies call the normative strand in
that it describes the necessary interventions to establish the conditions to operate as a learning organisation (Robinson, 2001). The
most prominent scholars in this field are Argyris and Schon (1996), who distinguish multiple loops of learning, and Senge (1990),
who introduced systems thinking into the field. All three influenced many other domains including policy learning, natural resource
management, and innovation studies.

Organisational learning may occur when individuals within an organisation experience a problematic situation in the sense of a
mismatch between expected, desired, and actual results of actions. This could be due to unexpected external developments and events
or tensions with organisational standards. In response, people adapt their actions while reflecting on this mismatch (conduct ‘in-
quiry’: Argyris and Schon, 1996). Feedback or information about outcomes, characteristics, and/or consequences of actions are
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considered to be the crucial mechanism in human learning and an influential element in the shaping of human practices (see also
Leeuwis and van den Ban, 2004).

In organisational learning processes, individuals modify their images of the organisation and their understandings of organisa-
tional phenomena. In order to become organisational, the learning that results from organisational inquiry “must become embedded
in the images of organisation held in its members’ minds, and/or in the epistemological artefacts (the maps, memories and programs)
embedded in the organisational environment” (Argyris and Schon, 1996, p. 16). In Argyris and Schon’s (1996) terms, this means that,
in order to perform tasks in a coordinated way, the ‘theory-in-use’ is changed; the theory-in-use consists of the frequently implicit
reasons and assumptions underlying organisational behaviour.

Many authors distinguish levels of learning. When inquiry focuses on strategies for realising existing goals and does not call into
question the underlying assumptions and phenomena, the associated learning is qualified as single-loop, that is, conducive to su-
perficial and strategic change. When the learning involves changes in underlying assumptions, values, and goals, the learning is
qualified as double-loop, that is, conducive to deeper change (Argyris and Schon, 1996). Such learning is accompanied by unlearning,
which means that obsolete practices are abandoned.

In the case of societal/organisational complexity, effective learning seldom takes place due to 1) limited cognitive abilities, 2)
defensive attitudes and reasoning (in the case of threats or embarrassment), and 3) lack of accurate feedback. The feedback that
practitioners experience in their learning concerns mainly direct and close outcomes of their actions, and much less (if at all) the far-
off and long-term consequences and impacts that are the hallmark of real-world complexity (Senge, 1990). Such feedbacks are
available in the form of symbolic representations and interpretations rather than real-world phenomena. Hence, organisational
problem solutions often evolve and are put into practice without their accuracy having been examined. These reasons limit an
organisation’s capacity to redesign its routines.

3.2.2. Relation with transition characteristics

Diversity and interaction: Organisational learning takes place among individuals with different backgrounds who develop and
share common practices within an organisation or another setting with which they identify (a sports association for example).
Diversity may consist of different knowledge, competences, and organisational roles. Although interests and values may differ be-
tween practitioners, the mere existence of the organisation is generally accepted. The additional conditions required for double-loop
learning to take place are fundamentally social, see further below under “Conditions and governance”.

Social levels: The key distinction in the organisational learning literature is between individual learning and organisational
learning. Authors such as Argyris and Schon (1996) conceive of the relation between an individual and the organisational setting in
which s/he operates as interwoven, whereas others such as Senge (1990) and Wenger (1998) view the organisation itself as a learning
entity. Perceiving learning as a social event thus draws attention to the relationship between learning individuals and the organi-
sational setting in which they operate, the notion of which shows some similarities with the concept of structuration of local practices
in the multi-level perspective.

In addition to the individual and the organisational, a third social level that can be distinguished in this type of research, is the
environment in which the organisation operates. The environment is usually regarded as the market, but may also be the supply chain
and the political environment. It could hence be seen as part of what is supposed to constitute a socio-technological regime. The
complexity of this environment may cause crises and surprises and ineffective performance, which again may prompt the organi-
sations to adapt their actions. This is the dominant view of the relation between organisation and environment, but Robinson (2001)
warns that the reverse might also be true. Organisations may well influence and transform their environments in the generic process
of selecting those dimensions of the environment perceived as relevant to act upon.

Timeframe: Learning is seen as a more or less continuous process that evolves over time, across meetings and actions. The
timeframe needs to be sufficiently long to include feedback from actions in a cyclical process of action(s), outcome(s), reflection, and
adaptation (so, at least a couple of weeks, up to several years). Single-loop learning is a common practice every time mismatches
occur; double-loop learning takes place more rarely.

Direction: In essence, the desirable direction of learning constitutes an organisation’s effective adaptation, through changing
organisational routines and the status quo, to changes in its context. This means that organisations apply what Argyris and Schon
(1996) have named model II inquiry, meaning that views are held openly, differences are welcomed as opportunities to test the
validity of assumptions, problem-solving is considered more important than maintaining the status quo, and difficulties of change,
including emotional difficulties, can be discussed openly.

Conditions and governance: The main strategy suggested by Argyris and Schon (1996) to facilitate double-loop learning is
essentially to make explicit what is implicit in people’s practices. They suggest complementing inquiry with deliberation (reflection-
on-action), in addition to the regular reflection-in-action. This could be done by identifying and discussing dilemmas with ineffective
practitioners and by showing them how they have contributed to the status quo. In this way, practitioners may be stimulated to
develop improved theories-in-use. Double-loop learning is likely to occur only in those situations where a person is no longer able to
shut out dissonant information. In general however, people tend to ignore information that does not match their understanding of a
situation, or to dismiss it as unimportant or untrue. Such defensive attitudes and reasoning could be overcome in exchanges with
other practitioners with different perspectives if they contribute new and possibly counter-intuitive information. For Argyris and
Schon (1996), the main inputs for such deliberation consist of detailed analyses of verbal accounts of organisational life (espoused
theories). Others, however, propose eliciting the theories underlying real practices (the theories-in-use) on the basis of an ethno-
graphic investigation of daily, routine practices and comparing these with the espoused theories (Kouévi et al., 2011). Identified
incongruities between an espoused theory and a theory-in-use may then stimulate double-loop learning.
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Senge (1990) identifies five basic competences (disciplines) as the prerequisites for organisations to successfully and effectively
adapt to, and anticipate, a changing environment. They include an organisation’s ability to help employees elicit their deeply held
images and assumptions so as to open them up to the influence of others, and the organisation’s capacity to have employees develop a
joint understanding of a desirable future that fosters genuine commitment and engagement (rather than mere compliance). The
possibility of successfully applying these disciplinary requirements hinges crucially on an organisation’s ability to master the ‘fifth
discipline’, that is, the capacity to view and appreciate the organisation as a whole rather than as an accumulation of its constituent
parts (systems thinking).

Additional stimuli to reflect fundamentally on the tacit assumptions underlying common behavioural patterns include a sense of
urgency, an atmosphere of trust, and commitment to reciprocity (Grin and van de Graaf, 1996; Leeuwis and van den Ban, 2004). It
may also be worthwhile to develop a feeling of mutual interdependence among heterogeneous actors, meaning that they can achieve
more together when dealing with a complex situation than on their own (Susskind et al., 1999). This may be a condition for, as well as
an outcome of, learning (Leeuwis and van den Ban, 2004). The same holds for trust.

3.2.3. Relevance for understanding learning in transitions

Argyris and Schon’s (1996) perspective has been very appealing to transition scholars as it addresses the maladaptedness of
organisational behaviour, comparable to the idea of interdependent, incumbent actors resisting change, whereas they should change
their routines in alignment in order to combat sustainability issues. Double-loop learning may be considered of key importance, given
that sustainability transitions involve multiple, deep changes of practices that include the fundamental values that dominate current
ways of life. Senge’s ideas on system dynamics (1990), which build on Forrester’s work (1971), have found a receptive audience
among managers who engage in strategies to help realise sustainable development, e.g., among representatives of corporations that
take their social responsibility seriously (Cramer and Loeber, 2004; Molnar and Mulvihill, 2003). According to Senge (2000, p. 1),
“non-systemic ways of thinking and acting” are at the core of unsustainable practices and can be tackled by “building [learning]
enterprises that operate in greater harmony with larger social and ecological systems.”

Organisational learning also sheds light on the conditions under which undesirable organisational routines may or may not
change and the types of interventions that may trigger double-loop learning. This knowledge may apply to initiatives and niche
experiments in which actors cooperate closely, as well as for transition-relevant contexts, such as grassroots innovations, social
movements, and the constituencies in the incumbent regime or any other context in which individuals share practices with others.

In the pursuit of sustainability transitions, it is useful to conceptualise learning as a string of social events and actions, resulting
from reflection in interaction on feedback. After all, the changes implied require joint action by large numbers of actors. However,
organisational learning applies only to actors interacting on a daily basis in organisations or temporary projects or initiatives; this
may conceal more overt conflicts and detrimental practices playing a role in transitions. Yet again, the organisational learning
literature elucidates why a multi-actor context, as in transitions, can never by fully known. The results of the actions of many non-
participating others appear to the learning individual or organisations mainly in the guise of a deeply uncertain, amorphous en-
vironment, for instance when they become relevant and concrete as crises and surprises. The outcomes of others’ actions will fur-
thermore be experienced via institutional arrangements that either constrain or increase the room for manoeuvre and be known via
mediated, limited information (Loeber et al., 2007).

Organisational learning hence is insightful regarding how organisations may learn to change their daily practices in interaction. In
order to understand learning in sustainability transitions better, it would be important to, in addition, discern the mediated inter-
action between organisations at a distance from one another as a form of learning, feedback, and knowledge generation.

3.3. Social learning in natural resource management

3.3.1. Core features

The term social learning is key for researchers studying learning related to natural resource management (see e.g., the review of
Rodela, 2011). It emphasises the importance of integrating knowledge from multiple perspectives. Social learning occurs when
heterogeneous actors share their knowledge in an interactive process to produce new knowledge and trust, which, in turn, serve as
the basis for joint action (Pahl-Wostl, 2006). Social learning theory treats actor diversity (in terms of knowledge, values, interests,
goals) as an important resource for dealing with complex issues (Ison and Watson, 2007; Wals, 2007).

The main context of interest for social learning scholars consists of natural resource issues situated in socio-ecological systems,
that is, complex real-world systems that combine social and ecological systems. These systems are described in terms of general
behaviours and basic characteristics resembling complex dynamic systems (e.g., feedbacks and delays, nonlinear behaviour, un-
certainties). In that sense, the field of social learning is clearly, although somewhat implicitly, rooted in system dynamics (Forrester,
1971; Sterman, 1994).

The literature typically views social learning in terms of its inputs and outcomes, with stakeholder diversity (knowledge, interests,
values, resources) as input and novel solutions to complex societal problems as outcomes (Beers et al., 2016). Most authors distin-
guish cognitive from relational outcomes of social learning (Pahl-Wostl, 2006). The cognitive outcomes concern, for instance, new
insights and innovative solutions for sustainability issues. These can be seen as the knowledge content of social learning. The re-
lational outcomes refer to, among other things, the emergence of trust among the stakeholders and the new social networks that are
formed when stakeholders become aware of their mutual interdependencies.

Recently, Reed et al. (2010) and several others (e.g., Cundill, 2010; Koutsouris and Papadopoulos, 2003; Rodela, 2011; Scholz
et al., 2014) have criticised earlier social learning studies. In order to progress the conceptual and methodological grounds of social
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learning, they propose, among other things, distinguishing more clearly between process, outcomes, and impacts of social learning.
This is expected to provide a fuller understanding of how to support social learning and what it might bring about. Another sug-
gestion is to pay more attention to naturally occurring processes of social learning rather than the facilitated learning processes that
have been at the core of many empirical studies.

3.3.2. Relation with transition characteristics

Diversity and interaction: Stakeholder diversity, in terms of knowledge, history, values, and interests, is predominantly seen as a
benefit for dealing with natural resource issues, as the complexity of these issues makes it impossible to tackle them from only one
perspective. Rather, actors are bound together in their relation to the issue and can deal with it by bringing their diverse perspectives
and resources together as a basis for joint action.

Social levels: Social learning applies to a group of — potentially dissimilar — stakeholders. Reed et al. (2010) assert that social
learning includes both individual learning and learning across wider networks and systems. The social learning literature often
reports proceedings of facilitated workshops, suggesting that the (organised) group level is an important unit of analysis. Reed et al.
(2010) emphasise that social learning can (should) also be analysed in learning individuals and in wider networks that go beyond the
level of multi-stakeholder groups. While mutual dependency, for instance for effective water shed management, is seen as key to
learning, structuration of local practices by rules and technical artefacts is not recognised in this learning approach.

Timeframe: Conceptually, social learning concerns various timescales. Empirical studies, however, are often limited to single
events rather than longer time spans (Reed et al., 2010). Those studies investigate learning during (workshop) meetings, sometimes
including actions in between meetings. Other studies take a more longitudinal approach, with few or no facilitated events, and
include results and outcomes of social learning occurring over longer timeframes.

Direction: The process of social learning is thought to involve a content aspect and a relational aspect. Successful social learning
yields knowledge and relational outcomes that provide a basis for joint action regarding the natural resource issue, like in an
integrated water management programme.

Conditions and governance: The most important precondition for social learning to take place appears to be mutual dependence
among different actors in a real-world context (Schusler et al., 2003). In such a situation, it is possible to produce innovative solutions
through sharing knowledge, building relationships, and working together. To be successful, social learning requires open commu-
nication in which participants feel free to share their individual perspectives, in which they feel respected by others, and in which
they can freely disagree, to the extent of being able to have a constructive conflict (Schusler et al., 2003; van Bommel et al., 2009).

Both the content and the relational aspect of social learning as distinguished in the literature provide additional conditions and
governance leverage for facilitation. Regarding the content, researchers can provide facilitation to arrive at a shared problem ana-
lysis, for instance with participatory system analyses. In so doing, participants may achieve a better understanding of the problem and
how they and others are related to it and to one another. Pahl-Wostl and Hare (2004), for example, report on a social learning process
that was supported using techniques for knowledge elicitation from soft systems methodology (Checkland, 1981) and group model
building using system dynamics (Vennix, 1996), complemented with model simulations and role playing (Pahl-Wostl and Hare,
2004). In a sense, such a group process may help participants to recognise that their own interests are as legitimate as those of others
(Schusler et al., 2003). Regarding relations, trust is often mentioned as the most important condition for social learning as well as a
potential outcome. Ensor and Harvey (2015) emphasise the importance of facilitating social learning by eliciting stakeholders’
perspectives and issue framings. Facilitation could contribute to trust if facilitators take a relatively neutral role. Furthermore, social
learning can benefit from procedures and institutions that address differences in power, knowledge, and resources.

3.3.3. Relevance for understanding learning in transitions

The term social learning itself has a long history of being theoretically linked to sustainability issues. Nonetheless, theories of
social learning have rarely been applied by transition scholars, despite the fact that the term social learning is mentioned quite often
in transition studies. Moreover, social learning shares with transition science an emphasis on actor diversity (knowledge, values,
interests, goals) and also addresses, to some extent, the fact that this diversity is part and parcel of both learning process and
outcomes. Another shared feature is the focus on action-oriented (learning) outcomes — learning outcomes that form the basis for joint
action and the mutual trust among stakeholders that joint actions require (Pahl-Wostl and Hare, 2004; Pahl-Wostl, 2006). Fur-
thermore, the natural resource management issues that have attracted so much attention from social learning scholars are, in many
respects, similar to transitions in terms of the underlying systemic complexity (see e.g., Rotmans and Loorbach, 2009). Indeed, in both
domains, actor diversity is seen as beneficial, especially because it is seen as a prerequisite for dealing with complexity. Social
learning is about learning in wide, informal networks of actors that meet occasionally because they are addressing an issue of mutual
interest. These similarities might well stem from the fact that both domains are partly rooted in system dynamics.

Most of the social learning literature concentrates on multi-actor collaborations, which, in a sustainability transition, can be
recognised in niche experiments, in facilitated transition arenas, and in specific places in the socio-technological regime, for instance
in collaborations between large companies and environmental NGOs (van Huijstee and Glasbergen, 2010). The main characteristics
of social learning hence appear to be directly applicable to many forms of learning in a sustainability transition. It appears helpful to
differentiate knowledge increased in the exchange between stakeholders from relational networks emerging from the learning
process. This has already been done in, among others, strategic niche management studies (Schot and Geels, 2008).

The emphasis in the social learning literature on diversity, open communication, room for change, and facilitation seems reflected
in writings about structured processes of reflexive governance, such as transition management and reflexive monitoring. For example,
the transition arena, as a central phenomenon of transition management (Loorbach and Rotmans, 2006; Rotmans and Loorbach,
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2009), uses the diversity among group members as a resource for creativity in terms of forecasting and backcasting (future visioning)
and collaborative problem analysis. Additionally, transition arena members are expected to learn to overcome their differences and
recognise the potential of building on others’ ideas and resources, much like how a sense of mutual interdependence can foster social
learning. However, transition contexts differ in the sense that, although some consensus appears to be necessary for co-ordinated
action, scholars also emphasise the importance of being able to disagree about both current-day problems and preferred future
visions. So, the learning process in a transition arena does not aim for a joint basis for action. Indeed, the term arena, as used in
transition management, invokes the image of a clash of beliefs and convictions to reach future visions. For learning, this means that
important differences of opinion are not addressed as an obstacle to be overcome but as a way to open up the innovation process and
develop multiple options and pathways towards more sustainable production-consumption sectors. This stands in contrast to the
image elicited in social learning writings (Muro and Jeffrey, 2008).

In sum, the social learning literature has many similarities with the transition science literature. One might even argue that they
are conceptually close fields, being grounded on similar scientific roots about systemic complexity. Perhaps it should therefore not
come as a surprise that techniques to foster social learning (e.g., problem analysis, group building) are similar in both nature and aims
to techniques used in transition management. This explains why social learning does not add so many additional insights about
learning in sustainability transitions, beyond better explicating the concept of learning itself.

3.4. Interactive learning in the learning economy

3.4.1. Core features

In innovation science, several scholars deduce that knowledge and learning are at the heart of modern economies (Rosenberg,
1982; Arrow, 1962). Among the different strands in this field, Lundvall is recognised as the most influential scholar (see the reviews
of Hudson, 1999 and MacKinnon et al., 2002). In his seminal works, Lundvall (1992, 2017) speaks of the ‘learning economy’, that is,
an economy in which the pace of the creation and destruction of knowledge has become very fast. As the result of widespread ICT,
flexible specialisation, and innovation, the learning economy has become established firmly; this is when firms start to learn how to
learn.

Key to a learning economy is interactive learning (or ‘learning-by-interacting’), which is essentially a process of increasing
knowledge by creatively combining codified and tacit knowledge (Nelson and Winter, 1985). The latter is abundantly available
according to this perspective. Different kinds of knowledge are distinguished: know-why (general principles and laws) and know-
what (facts), which are codify-able, and know-how (skills) and know-who (who can do what), which are context specific. In a
learning economy, interactions take place not only in science and technology systems, which are specifically organised to increase
knowledge, but also in more anonymous and mundane ways, that are specific to the characteristics of the local context, in and
between companies and their departments (Nelson and Winter, 1985; Neij et al., 2017). Effective interactive learning is accompanied
by the opposite knowledge process: ‘creative forgetting’ (see also ‘creative destruction’: Schumpeter, 1942) — the reduction of
knowledge. Old, ineffective habits have to be left behind in a process of unlearning.

The core notion in this type of work is that of systems of innovation, which consist of networks of actors who interact in the
production, diffusion, and use of new and economically useful knowledge in an institutional context that affects their interaction.
Components of the innovation system, that is, agents, institutions, and technological aspects, reinforce one another in promoting
processes of learning, or they block such processes because of system imperfections. It is argued that the way in which suppliers and
consumers are related, and the institutional set-up within firms, between firms, and in policymaking, greatly define the speed of
learning and innovation. This is in sharp contrast to views in which institutional change is predominantly conceived of as merely
hindering innovation or lagging behind other changes, such as new technological knowledge.

3.4.2. Relation with transition characteristics

Diversity and interaction: In the co-evolutionary economic tradition, firms are assumed to differ in their capabilities, organi-
sation, culture, and cognitive frameworks. Consequently, there are major differences regarding their economic competence, that is,
their capacity to create knowledge and tap into their (tacit) knowledge bases and make them productive (Morgan, 2004). Early work
concentrated on interactive learning between producers and users in an innovation system. Recently, learning at the workplace has
become more prominent, that is, learning within a productive organisation and between producers (Lundvall, 2017). Interactive
learning hence takes place at a variety of interfaces inside and outside firms.

Conflicts do not play a dominant role in the core body of this thinking, apart from the competition between firms in the market,
between different economies, and between user groups. As the producers are interested in disclosing information about new tech-
nologies, products, and process innovations to their potential customers, competition in the market tends to stimulate innovation
(Mytelka, 2000).

Social levels: In innovation system analyses, learning indicators are usually applied at the system level. Whereas national in-
novation systems were the main focus of the earlier work, recent books and studies have turned to discussing the implications of
globalisation and digitalisation for economic development. Simultaneously, there is a revival of interest in the meaning for learning in
regional innovation systems in response to claims that geographical proximity has become less important under the influence of ICTs
(Morgan, 2004). Other types of innovation systems are sectoral and technological. Sectoral innovation systems are “a set of products
and the set of agents carrying out market and non-market interactions for the creation, production and sale of those products”
(Malerba, 2002, p. 247). Technological innovation systems are generally related to a specific technological novelty. The rules guiding
the practices in all these innovation systems, are regarded as a necessity for innovation rather than barriers for desirable change.
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Timeframe: In the current post-Fordist era, learning and innovation take place continuously in well-functioning systems and in
learning organisations (in contrast to static organisations: Lundvall, 2017).

Direction: Ideally, the innovation system is conducive to continuous learning by competent companies that contribute to eco-
nomic growth. Sharing knowledge and synthesising codified and tacit knowledge are essential for the continuous, incremental in-
novation that is needed for the survival of firms: “For instance, the absolute scarcity of certain crucial natural resources can be
overcome when knowledge abundance is exploited through global sharing of technological and organisational knowledge” (Lundvall,
2017, p. 15).

Conditions and governance: Incentives for interactive learning and thus continuous innovation at the diverse interfaces are seen
to consist of: 1) effective arrangements, 2) process conditions, and 3) the emergence of necessary functions of innovation systems.

Formal arrangements for generating knowledge systematically — for example in universities, research institutes, and R&D de-
partments — involve intense and complex forms of interaction. Government interventions are suggested to be oriented primarily
towards shaping the overall system to promote self-organised learning that reduces the need for interventions in the economy.
Arrangements for organisational learning include horizontal flows of knowledge, vertical integration of a value chain, problem-
solving project teams, job and task rotation and broad job descriptions, compensation measures for victims of change, and inter-
mediary agents creating links between knowledge producers and users.

Relevant process conditions concern, among others, reciprocity and the expectation of meeting again, because know-who and
know-how cannot be easily translated into codes that other actors understand (Morgan, 2004). Trust can accelerate interactive
learning because it provides all actors access to thicker and richer information. A mutually understandable language developed in
dialogues or other forms of face-to-face communication makes it possible to build trust, especially if the actors involved in the
exchange of knowledge have diverse cultural backgrounds and thus interpret similar information differently (von Krogh et al., 2000).
Attention to complex communication is especially important in the broader process of interactive learning involving several formally
independent users and producers, as good interaction within a company often comes at the cost of little learning with actors in the
context of the company.

Finally, the fulfilling of specific functions in newly developing technological innovation systems that emerge around promising
sustainable technology is addressed with functionalist approaches (Hekkert et al., 2007). Learning is related to two of the seven
systemic functions that should be fulfilled: knowledge development and knowledge diffusion in networks.

3.4.3. Relevance for understanding learning in transitions

In transition studies, so far, innovation system analyses have been used primarily to study learning in the form of knowledge
development and diffusion in technological innovation systems, comparable to niches, as well as to study learning regarding system
failures (see for instance Negro et al., 2008; van Mierlo et al., 2010a). Transition scholars have also been inspired by this learning
field to develop ideas about the geographical dimensions of transitions (Coenen et al., 2012). Innovation system thinking is, however,
also criticised for being limited for understanding the re-structuring that should take place in the incumbent regime (Loeber et al.,
2007). For transitions to take place, the current pathways of change need to be redirected in a more sustainable direction and lock-ins
within the current systems firmly addressed. The latter has recently been fully acknowledged by Lundvall himself (2017, p. 389):
environmental sustainability “... requires radical changes not only in technologies but also in values, institutions, policies and
consumption patterns. ... Vested interests, nationalism, financialisation, pro-market dogma and political short-termism constitute
barriers for change.”

The co-evolutionary perspective on innovation and learning draws attention to the institutional setting of learning. Transition
studies locate learning predominantly in niches that are shielded from market pressure, in which learning may trigger novel,
emerging institutional contexts, or in technological innovation systems. In contrast, learning in learning economies is seen as the
result of a conducive institutional environment. This raises the question of the extent to which current consumption—-production
systems in specific economic sectors (regimes) can be regarded and analysed as learning economies.

From such a perspective, learning in incumbent systems would become a key issue to investigate. Change among incumbents
would be considered to be taking place in and through (un)learning rather than being ‘merely’ the result of landscape pressure,
interaction with niches, and the resulting system-internal tensions. A co-evolutionary analysis would focus attention on the abundant,
ever present, and important tacit knowledge and the continuous process of codifying knowledge. With the latter, innovation scholars
address not only the (im-)possibility of codifying some kinds of knowledge of which people themselves are not aware, but also the —
often high — transaction costs for doing it (Morgan, 2004). Moreover, the high variation in novelties resulting from interactive
learning in incumbent systems may well enlarge the potential for sector transformations (compare the notion of diversity promoted in
the pathways approach of the STEPS centre: Stirling, 2009). Following up on this thinking would mean loosening up the harsh
dichotomies of incumbent versus niche actors, and of radical and incremental innovation and learning in niches versus conflicts in
and with regimes, as suggested in transition studies that draw on empirical work (see e.g., Elzen et al., 2012).

4. Value of the learning traditions

The findings confirm that current fields of learning provide valuable insights, albeit varying in the extent to which they are
specific to, and informative for, transitions, and in how they are so (see Table 1). Highlights of the added value of the investigated
research programmes are:

e Collaborative learning is a relevant entry point as it regards learning as a process of sense-making rather than knowledge transfer,
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similar to transition scholars’ understanding of learning. Our analysis suggests that transition-specific challenges (such as
translating learning outcomes from a niche to regimes) may be regarded and addressed as complex tasks in the light of the
collaborative learning tradition. They could be handled with an approach of analysing and dividing tasks and responsibilities with
the support of a coach. A specific challenge in sustainability transitions is to deal with conflicts, for which collaborative learning
may provide some assistance as well. Furthermore, collaborative learning highlights the possibilities for synchronous and
asynchronous learning between distant actors. This could be expected to take place during the abundant indirect interactions of
actors involved in ‘transitions in the making’, which outweigh direct interactions in transition experiments.

e Organisational learning has rightly been embraced in transition studies for its distinction between single- and double-loop
learning, or more simply: superficial and deep learning. Deep learning is assumed to be crucial to escape path dependency and
lock-in. This learning tradition provides ample entry points to facilitate deep learning in the organisation of incumbent actors by
instigating reflection on experiences in a process of deliberation and face-to-face communication. It could also serve as a basis to
monitor such learning processes. It remains to be investigated to what extent these insights also apply directly to transition arenas
and niche experiments in which actors do not share an organisational culture. The key value of this field for transition studies,
however, is that it provides a wider perspective on learning in sustainability transitions. It urges a focus not only on those rare
occasions in which deep learning and radical change is hoped or expected to take place, but also on those in which superficial
learning takes place and actors are subject to psychological mechanisms to resist change.

e Social learning in natural resource management has many similarities with the current dominant perspective on learning in
transition studies: the multi-stakeholder character of learning, the focus on transformative change, and the diverse timescales. Its
potential added value is primarily conceptual, as it stems from a long-standing tradition in which learning concepts are discussed
and empirically grounded. The distinctions between the content and the relational aspect of learning, and more recently between
learning process and learning outcomes, seem applicable in the transition context, in instances where multi-stakeholder groups
gather to address an issue of mutual interest and negotiate and take co-ordinated action.

e In contrast to the other investigated learning fields, interactive learning starts its analyses at system level. Thus, it provides
suggestions for investigating learning both within regimes and at a more abstract level, even though it does not distinguish
between incremental and transformative change. The theoretical framework is an interesting entry point and rich source for
studying so far uncovered forms of learning in transitions. It would shift the focus to learning among incumbents and give
attention to the abundant tacit knowledge and the process of codifying this knowledge in relation to the transaction costs for
doing this. In line with this thinking, socio-technological regimes would be investigated as a sectoral innovation system.
Moreover, its ideas about learning as the result of a conducive institutional context seem relevant for transitions in addition to
well-known conditions like trust. A final potential contribution is its proposition to regard learning as a process that coincides with
forgetting and unlearning, which is most relevant in the transition process of actors changing their everyday practices.

Other learning traditions may well provide further valuable insights. Interesting learning traditions that could be investigated on
their merit for transitions include: policy learning grounded in policy sciences (Bennett and Howlett, 1992; Grin and Loeber, 2006);
learning in communities of practices (Brown et al., 1989; Lave and Wenger, 1991) grounded in management studies; and cultural
historical activity theory (CHAT: Engestrom, 1999; Roth and Lee, 2007) and transformative learning (Mezirow, 1997), both grounded
in educational sciences.

5. Discussion

In the following, with the aim of inspiring further research on the topic, we make a first attempt to describe what an elaborated
perspective on learning in transitions could look like. We distinguish two main modes of learning in transitions: discursive interaction
and reflective action.

Learning as discursive interaction takes place in the form of exchanging knowledge, information, and meanings, both within and
between meetings, both face-to-face and asynchronously (Beers et al., 2016). Learning in this sense can be seen as predominantly
cognitive, while being informed by diverse knowledge, values, and interests, in a process of meaning making. At times, this may
result in convergent problem orientations and common ground. At other times, discussion partners may gain a better view of the
grounds upon which their opinions differ. In both cases, the result is a shared cognitive basis.

Beyond discursive interaction, learning takes place in the form of reflective action. This iterative process of action and reflection
involves activities of planning, action, and evaluation, which may give rise to the emergence of changing practices. In that sense, it
necessarily includes discursive interaction. The learning mode of reflective action concerns a search for what works and what does
not work, given the complex problems that inhibit sufficient problem analysis. In that sense, it applies just as well to actors in niches
as to incumbent actors or transition arenas.

Reflective action includes the material commitment to action — actually doing stuff — as well as the experiences that may stem
from that action, not only in the sense of new knowledge, but also in the sense of emerging trust. Thus, learning as reflective action
takes place over longer timeframes and includes notions from organisational learning and social learning about the emergence of
trust and new knowledge through action and reflection. In doing so, communicative exchange and reflective action co-evolve in
transitions, yielding both cognitive and relational capital. The build-up of such capital is normative in the sense that it has a direction
— towards radical systemic change. Furthermore, it strengthens the basis for further actions. In that sense, a successful learning
process has a self-reinforcing capacity.

Any learning in transitions occurs in an existing, changing material and institutional context. This context may influence the
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learning process in the form of setting the agenda and constraining the room for change, but it may also enable learning, for instance
when governments finance transition-oriented innovation programmes. In the longer term, learning groups may reflexively start to
influence their environment so as to make it more conducive to transitions (Beers and van Mierlo, 2017). Together, the environment
and the learning process produce the evolutionary selection processes that characterise transitions in the making (Raven et al., 2008).

Learning in transitions has thus far been studied primarily as a process starting in pilot projects or niches developing systemic
properties, if successful. A learning process conducive to a transition, however, includes developing new knowledge, routines, and
relations as much as doing away with the old (unlearning); includes intensive interaction supposed to stimulate deep learning as well
as distant, extensive, and indirect interactions; and takes place in early phases as well as later phases of a transition. It encompasses a
process of actors seeking change towards sustainability as well as countless others who do not share such intentions. Moreover, a
transition process can be expected to be rife with learning about how to resist change, more specifically to hinder transition efforts
and block a transition pathway.

A better understanding of learning in sustainability transitions ultimately needs to be developed in and through interdisciplinary
empirical studies in which researchers from both transition studies and the learning traditions collaborate, while openly discussing
and overcoming paradigmatic differences. Further theoretical developments and creative crossovers are needed to address the fol-
lowing challenges:

e The gap between the detailed understanding of learning by individuals and the abstract understanding of learning implied in the
generic learning capacities of an organisation and effective institutional arrangements in innovation systems. How is individual
learning conducive, or a barrier, to organisational and system learning? Is it necessary to study and monitor individual learning or
would a focus on organisational and system learning suffice?

e The ambiguity regarding the differences between learning processes and outcomes. Empirical studies tend to focus on either the
process (especially in education studies) or the learning outcomes (most prominently in innovation studies), presuming a positive
relationship. When, where, and how are learning processes and learning outcomes indeed positively related, and conducive, to a
transition process?

e The uncertainty about the relative importance of the numerous conditions suggested by the learning traditions. How important
are, for example, diversity and trust and the role of facilitators, teachers, and the government in the various places and phases of
sustainability transitions?

e The unknown relation between superficial and deep learning. It is common practice in almost all empirical learning studies to
ignore either one or the other. Rather, their relationship should be critically studied with clearly operationalised concepts of the
two learning types. When and how does learning contribute to transformative change and how does it build on, or conflict with,
everyday learning? What is the role of the abundance of tacit knowledge available in both superficial and deep learning?

6. Conclusion

Summing up the heritage of the four learning traditions investigated here in terms of their value for a transition perspective, we
determined that three of them apply to settings in which actors collaborate on a task; collaborative, organisational and social
learning. They hence can be (and have been made already) relevant for learning in pilot projects and, if close interaction takes place,
also between pilot projects, that is, in a niche. In addition, all four traditions (including interactive learning) are promising for
shedding more light on learning in teams, departments, and organisations operating within regimes, while being under pressure from
landscape developments. How do incumbent actors deal with emerging tensions? When and how are they able to restructure their
daily routines rather than just change their espoused theories (‘greenwashing’)? All traditions might aid in increasing such knowledge
on learning by incumbent actors — a neglected area in transition studies.

Overall, the learning approaches analysed here include a diversity of contexts in which learning processes relevant for transitions
are taking place. Hence, we conclude that the investigated learning traditions provide ample opportunity for increasing the un-
derstanding of learning in sustainability transitions and how to foster it. Specific research questions and transition governance
challenges could be addressed by creatively combining salient elements of the wealth of these traditions.

Funding
This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.
Acknowledgements

We are grateful for the constructive feedback to draft versions of this article by Thomas Magnusson, Katrien van Poeck, Geeske
Scholz, and Joanne Vinke-de Kruijf as well as two anonymous reviewers.

References

Akkerman, S., van den Bossche, P., Admiraal, W., Gijselaers, W., Segers, M., Simons, R.J., et al., 2007. Reconsidering group cognition: From conceptual confusion to a
boundary area between cognitive and socio-cultural perspectives? Educ. Res. Rev. 2, 39-63.
Akkerman, S., Admiraal, W., Simons, R.-J., Niessen, T., 2008. Considering diversity: Multivoicedness in international academic collaboration. Cult. Psychol. 12 (4),

13


http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0005
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0005
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0010

B. van Mierlo, P.J. Beers Environmental Innovation and Societal Transitions xxx (XXxXxXx) XXX—XXX

461-485.

Argyris, C., Schon, D.A., 1996. Organizational Learning II: Theory, Method, and Practice. Addison-Wesley, Reading, MA.

Arrow, K., 1962. The economic implications of learning by doing. Rev. Econ. Stud. 29 (3), 155-173.

Baker, M.J., Hansen, T., Joiner, R., Traum, D., 1999. The role of grounding in collaborative learning tasks. In: Dillenbourg, P. (Ed.), Collaborative Learning: Cognitive
and Computational Approaches. Elsevier Science, New York, pp. 31-63.

Beers, P.J., van Mierlo, B., 2017. Reflexivity and learning in system innovation processes. Sociol. Ruralis 57 (3), 415-436.

Beers, P.J., Boshuizen, H.P.A., Kirschner, P.A., Gijselaers, W., 2006. Common ground, complex problems and decision making. Group Decis. Negot. 15, 529-556.

Beers, P.J., van Mierlo, B., Hoes, A.-C., 2016. Toward an integrative perspective on social learning in system innovation initiatives. Ecol. Soc. 21 (1), 33. https://doi.
org/10.5751/ES-08148-210133.

Bennett, C.J., Howlett, M., 1992. The lessons of learning: reconciling theories of policy learning and policy change. Policy Sci. 25 (3), 275-294.

Brown, J.S., Collins, A., Duguid, P., 1989. Situated cognition and the culture of learning. Educ. Res. 18 (1), 32-42.

Buckingham Shum, S.J., MacLean, A., Bellotti, V.M.E., Hammond, N.V., 1997. Graphical argumentation and design cognition. Hum. Interact. 12, 267-300.

Checkland, P., 1981. Systems Thinking, Systems Practice. Wiley, Chichester, UK.

Coenen, L., Benneworth, P., Truffer, B., 2012. Toward a spatial perspective on sustainability transitions. Res. Policy 41 (6), 968-979.

Conklin, J., Begeman, M.L., 1987. gIBIS: A Hypertext Tool for Team Design Deliberation. Paper Presented at the Hypertext’ 87. November. Chapel Hill, US.

Cramer, J., Loeber, A., 2004. Governance through learning: making corporate social responsibility in Dutch industry effective from a sustainable development
perspective. J. Environ. Plan. Manag. 6 (3/4), 1-17.

Cundill, G., 2010. Monitoring social learning processes in adaptive comanagement: Three case studies from South Africa. Ecol. Soc. 15 (3), 28. http://www.
ecologyandsociety.org/vol15/iss3/art28/.

Cuppen, E., Pesch, U., Remmerswaal, S., Taanman, M., 2016. Normative diversity, conflict and transition: shale gas in the Netherlands. Technological Forecasting and
Social Change. https://doi.org/10.1016/j.techfore.2016.11.004. In Press, available online 29 November 2016.

Dillenbourg, P., 1999. What do you mean by’ collaborative learning’? In: Dillenbourg, P. (Ed.), Collaborative Learning: Cognitive and Computational Approaches.
Elsevier Science, New York, pp. 1-19.

Elzen, B., Geels, F.W., Leeuwis, C., van Mierlo, B., 2011. Normative contestation in transitions ‘in the making”: animal welfare concerns and system innovation in pig
husbandry. Res. Policy 40 (2), 263-275.

Elzen, B., van Mierlo, B., Leeuwis, C., 2012. Anchoring of innovations: assessing Dutch efforts to harvest energy from glasshouses. Environ. Innov. Soc. Transit. 5, 1-18.

Engestrom, Y., 1999. Activity theory and individual and social transformation. In: Engestrom, Y., Miettinen, R., Punaméki, R.L. (Eds.), Perspectives on Activity Theory.
Cambridge University Press, Cambridge, UK, pp. 19-38.

Ensor, J., Harvey, B., 2015. Social learning and climate change adaption: evidence for international development practice. WIREs Climate Change 6, 509-522.

Forrester, J.W., 1971. Counterintuitive behavior of social systems. Technol. Rev. 73 (3), 52-68.

Geels, F.W., 2002. Technological transitions as evolutionary reconfiguration processes: a multi-level perspective and a case-study. Res. Policy 31, 1257-1274.

Geels, F.W., 2004. From sectoral systems of innovation to socio-technical systems. Insights about dynamics and change from sociology and institutional theory. Res.
Policy 33, 897-920.

Geels, F., Deuten, J.J., 2006. Aggregation activities. Local and global dynamics in technological development: a socio-cognitive perspective on knowledge flows and
lessons from reinforced concrete. Sci. Public Policy 33 (4), 265-275.

Geels, F., Raven, R., 2006. Non-linearity and expectations in niche-development trajectories: ups and downs in Dutch biogas development (1973-2003). Technol. Anal.
Strateg. Manag. 18 (3-4), 375-392.

Giddens, A., 1984. The Constitution of Society: Outline of the Theory of Structuration. University of California Press, Berkeley.

Goffman, E., 1974. Frame Analysis: an Essay on the Organization of Experience. Harvard University Press, Cambridge, MA.

Grin, J., Loeber, A., 2006. Theories of policy learning: agency, structure, and change. In: Fisher, F., Miller, G.J., Sidney, M.S. (Eds.), Handbook of Public Policy
Analysis. Theories, Politics, and Methods. CRC Press, Boca Raton, FL, pp. 201-219.

Grin, J., van de Graaf, H., 1996. Implementation as communicative action. Policy Sci. 29 (4), 291-319.

Hekkert, M.P., Suurs, R.A.A., Negro, S.0., Kuhlmann, S., Smits, R.E.H.M., 2007. Functions of innovation systems: A new approach for analysing technological change.
Technol. Forecast. Soc. Change 74 (4), 413-432. https://doi.org/10.1016/j.techfore.2006.03.002.

Hmelo-Silver, C.E., 2003. Problem-based learning: what and how do students learn. Educ. Psychol. Rev. 16 (3), 235-266.

Hoogma, R., Kemp, R., Schot, J., Truffer, B., 2002. Experimenting for Sustainable Transport: the Approach of Strategic Niche Management. Spon Press, London.

Hudson, R., 1999. The learning economy, the learning firm and the learning region’ a sympathetic critique of the limits to learning. Eur. Urban Reg. Stud. 6 (1), 59-72.

Ison, R., Watson, D., 2007. Illuminating the possibilities for social learning in the management of Scotland’s water. Ecol. Soc. 12 (1), 21. http://www.
ecologyandsociety.org/vol12/iss1/art21/.

Jonassen, D.H., 1991. Objectivism versus constructivism: do we need a new philosophical paradigm? Educ. Technol. Res. Dev. 39 (3), 5-14.

Kemp, R., Schot, J., Hoogma, R., 1998. Regime shifts to sustainability through processes of niche formation: the approach of strategic niche management. Technol.
Anal. Strateg. Manag. 10 (2), 175-195.

Klein Woolthuis, R., Lankhuizen, M., Gilsing, V., 2005. A system failure framework for innovation policy design. Technovation 25 (6), 609-619.

Koschmann, T., LeBaron, C.D., 2003. Reconsidering common ground: Clark’s contribution theory in the OR. September. Paper Presented at the Eight European
Conference on Computer-Supported Cooperative Work.

Kouévi, A.T., van Mierlo, B., Leeuwis, C., 2011. Repetitive discrepancy between espoused and in-use action theories for fishery intervention in Grand-Popo, Benin. Int.
J. Learn. Chang. 5 (2), 114-138.

Koutsouris, A., Papadopoulos, D., 2003. What is social about social learning? J. Agric. Educ. Ext. 9 (2), 75-82.

Lakatos, I. (1968-1969). Criticism and the methodology of scientific research programmes. In: The Aristotelian Society (Ed.), Proceedings of the Aristotelian Society (Vol.
69, pp. 149-186). Blackwell Science, Oxford.

Lave, J., Wenger, E., 1991. Situated Learning: Legitimate Peripheral Participation. Cambridge University Press, Cambridge, UK.

Leeuwis, C., van den Ban, A., 2004. Communication for Rural Innovation: Rethinking Agricultural Extension. Blackwell Science, Oxford.

Loeber, A., Van Mierlo, B., Grin, J., Leeuwis, C., 2007. The practical value of theory: learning in the pursuit of a sustainable development. In: Wals, A.E.J. (Ed.), Social
Learning Towards a Sustainable World. Wageningen Academic Publishers, Wageningen, The Netherlands, pp. 83-98.

Loorbach, D., Rotmans, J., 2006. Managing transitions for sustainable development. In: In: Olsthoorn, X., Wieczorek, A.J. (Eds.), Understanding Industrial
Transformation: Views from Different Disciplines, vol. 44. Springer, Dordrecht, The Netherlands, pp. 187-206.

Lundvall, B.-A. (Ed.), 1992. National Systems of Innovation. Towards a Theory of Innovation and Interactive Learning. Pinter, London.

Lundvall, B.-A., 2017. The Learning Economy and the Economics of Hope. Anthem Press, London.

MacKinnon, D., Cumbers, A., Chapman, K., 2002. Learning, innovation and regional development: a critical appraisal of recent debates. Prog. Hum. Geogr. 26 (3),
293-311.

Malerba, F., 2002. Sectoral systems of innovation and production. Res. Policy 31 (2), 247-264.

Markard, J., Raven, R., Truffer, B., 2012. Sustainability transitions: an emerging field of research and its prospects. Res. Policy 41 (6), 955-967.

Mezirow, J., 1997. Transformative learning: theory to practice. New Dir. Adult Contin. Educ. 74, 5-12.

Molnar, E., Mulvihill, P.R., 2003. Sustainability-focused organizational learning: recent experiences and new challenges. J. Environ. Plan. Manag. 46 (2), 167-176.

Morgan, K., 2004. The exaggerated death of geography: learning, proximity and territorial innovation systems. J. Econ. Geogr. 4 (1), 3-21.

Muro, M., Jeffrey, P., 2008. A critical review of the theory and application of social learning in participatory natural resource management processes. J. Environ. Plan.
Manag. 51 (4), 325-344.

Mytelka, L.K., 2000. Local systems of innovation in a globalized world economy. Ind. Innov. 7 (1), 15-32.

Negro, S.0., Hekkert, M.P., Smits, R.E., 2008. Stimulating renewable energy technologies by innovation policy. Sci. Public Policy 35 (6), 403-416.

14


http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0010
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0015
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0020
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0025
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0025
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0030
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0035
https://doi.org/10.5751/ES-08148-210133
https://doi.org/10.5751/ES-08148-210133
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0045
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0050
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0055
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0060
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0065
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0070
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0075
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0075
http://www.ecologyandsociety.org/vol15/iss3/art28/
http://www.ecologyandsociety.org/vol15/iss3/art28/
https://doi.org/10.1016/j.techfore.2016.11.004
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0090
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0090
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0095
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0095
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0100
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0105
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0105
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0110
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0115
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0120
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0125
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0125
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0130
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0130
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0135
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0135
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0140
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0145
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0150
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0150
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0155
https://doi.org/10.1016/j.techfore.2006.03.002
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0165
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0170
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0175
http://www.ecologyandsociety.org/vol12/iss1/art21/
http://www.ecologyandsociety.org/vol12/iss1/art21/
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0185
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0190
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0190
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0195
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0200
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0200
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0205
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0205
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0210
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0220
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0225
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0230
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0230
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0235
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0235
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0240
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0245
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0250
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0250
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0255
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0260
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0265
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0270
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0275
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0280
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0280
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0285
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0290

B. van Mierlo, P.J. Beers Environmental Innovation and Societal Transitions xxx (XXxXxXx) XXX—XXX

Neij, L., Heiskanen, E., Strupeit, L., 2017. The deployment of new energy technologies and the need for local learning. Energy Policy 101, 274-283.

Nelson, R.R., Winter, S.G., 1985. An Evolutionary Theory of Economic Change. Harvard University Press, Cambridge, MA.

Pahl-Wostl, C., 2006. The importance of social learning in restoring the multifunctionality of rivers and floodplains. Ecol. Soc. 11 (1). http://www.ecologyandsociety.
org/volll/issl/art10/.

Pahl-Wostl, C., Hare, M., 2004. Processes of social learning in integrated resources management. J. Community Appl. Soc. Psychol. 14, 193-206.

Raven, R.P.J.M., Heiskanen, E., Lovio, R., Brohmann, B., 2008. The contribution of local experiments and negotiation processes to field-level learning in emerging
(niche) technologies: meta-analysis of 27 new energy projects in Europe. Bull. Sci. Technol. Soc. 28 (6), 464-477.

Reed, M.S,, Evely, A.C., Cundill, G., Fazey, L., Glass, J., Laing, A., et al., 2010. What is social learning? Ecol. Soc. 15 (4). http://www.ecologyandsociety.org/voll5/
iss4/respl/.

Rip, A., Kemp, R., 1998. Technical change. In: Rayner, S., Majone, E.L. (Eds.), Human Choice and Climate Change. Batelle Press, Columbus, OH, pp. 327-399.

Robinson, V.M., 2001. Descriptive and normative research on organizational learning: locating the contribution of Argyris and Schon. Int. J. Educ. Manag. 15 (2),
58-67.

Rodela, R., 2011. Social learning and natural resource management: the emergence of three research perspectives. Ecol. Soc. 16 (4), 30. https://doi.org/10.5751/ES-
04554-160430.

Rosenberg, N., 1982. Inside the Black Box. Technology and Economics. Cambridge University Press, Cambridge, UK.

Roth, W.-M., Lee, Y.-J., 2007. “Vygotsky’s neglected legacy”: cultural-historical activity theory. Rev. Educ. Res. 77 (2), 186-232.

Rotmans, J., Loorbach, D., 2009. Complexity and transition management. J. Ind. Ecol. 13 (2), 184-196.

Salomon, G., Perkins, D.N., 1998. Individual and social aspects of learning. Rev. Res. Educ. 23, 1-24.

Scholz, G., Dewulf, A., Pahl-Wostl, C., 2014. An analytical framework of social learning facilitated by participatory methods. Syst. Pract. Action Res. 27, 575. https://
doi.org/10.1007/511213-013-9310-z.

Schot, J., Geels, F.W., 2008. Strategic niche management and sustainable innovation journeys: theory, findings, research agenda, and policy. Technol. Anal. Strateg.
Manag. 20 (5), 537-554.

Schumpeter, J.A., 1942. Socialism, Capitalism and Democracy. Routledge, London.

Schusler, T.M., Decker, D.J., Pfeffer, M.J., 2003. Social learning for collaborative natural resource management. Soc. Nat. Resour. 16 (4), 309-326.

Senge, P.M., 1990. The Fifth Discipline: Art and Practice of the Learning Organization. Doubleday, New York, USA.

Senge, P.M., 2000. Building the SoL sustainability consortium. Emerging applications of system dynamics regarding language, leadership and decision-making.
Presentation at the Society for Organizational Learning International Conference.

Smith, A., Raven, R., 2012. What is protective space? Reconsidering niches in transitions to sustainability. Res. Policy 41 (6), 1025-1036.

Sterman, J.D., 1994. Learning in and about complex systems. Syst. Dyn. Rev. 10 (2-3), 291-330.

Stirling, A., 2009. Direction, Distribution and Diversity! Pluralising Progress in Innovation, Sustainability and Development. ESRC STEPS Centre, Brighton.

Sullivan Palincsar, A., 1998. Social constructivist perspectives on teaching and learning. Annu. Rev. Psychol. 49, 345-375..

The consensus building handbook. In: Susskind, L., McKearnan, S., Thomas-Larmer, J. (Eds.), A Comprehensive Guide to Reaching Agreement. Sage, London.

Suthers, D.D., 2001. Towards a systematic study of representational guidance for collaborative learning discourse. J Univers. Comput Sci 7, 254-277.

Tukker, A., Charter, M., Vezzoli, C., Sto, E., Andersen, M.M., 2008. System Innovation for Sustainability 1. Perspectives on Radical Changes to Sustainable
Consumption and Production. Greenleaf Publishing, Austin.

van Bommel, S., Roling, N., Aarts, N., Turnhout, E., 2009. Social learning for solving complex problems: a promising solution or wishful thinking? A case study of
multi-actor negotiation for the integrated management and sustainable use of the Drentsche Aa area in the Netherlands. Environ. Policy Gov. 19, 400-412.

van Huijstee, M., Glasbergen, P., 2010. Business-NGO interaction in a multi-stakeholder context. Bus. Soc. Rev. 115 (3), 249-284.

van Mierlo, B., 2012. Convergent and divergent learning in photovoltaic pilot projects and subsequent niche development. Sustain. Sci. Pract. Policy 8 (2), 4-18.

van Mierlo, B., Leeuwis, C., Smits, R., Woolthuis, R.K., 2010a. Learning towards system innovation: evaluating a systemic instrument. Technol. Forecast. Soc. Change
77 (2), 318-334.

van Mierlo, B., Regeer, B., Van Amstel, M., Arkesteijn, M., Beekman, V., Bunders, J., et al., 2010b. Reflexive Monitoring in Action: a Guide for Monitoring System
Innovation Projects. Boxpress, Oisterwijk, The Netherlands.

Vennix, J.A.M., 1996. Group Model Building: Facilitating Team Learning Using System Dynamics. Wiley, Chichester, UK.

Vermunt, J.D., Verloop, N., 1999. Congruence and friction between learning and teaching. Learn. Instr. 9 (3), 257-280.

von Krogh, G., Ichijo, K., Nonaka, 1., 2000. Enabling Knowledge Creation: How to Unlock the Mystery of Tacit Knowledge and Release the Power of Innovation. Oxford
University Press, New York, USA.

Wals, A.E.J. (Ed.), 2007. Social Learning Towards a Sustainable World. Wageningen Academic Publishers, Wageningen, The Netherlands.

Wang, C.L., Ahmed, P.K., 2003. Organisational learning: a critical review. Learn. Organ. 10 (1), 8-17.

Wenger, E., 1998. Communities of Practice: Learning, Meaning and Identity. Cambridge University Press, Cambridge, UK.

15


http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0295
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0300
http://www.ecologyandsociety.org/vol11/iss1/art10/
http://www.ecologyandsociety.org/vol11/iss1/art10/
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0310
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0315
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0315
http://www.ecologyandsociety.org/vol15/iss4/resp1/
http://www.ecologyandsociety.org/vol15/iss4/resp1/
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0325
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0330
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0330
https://doi.org/10.5751/ES-04554-160430
https://doi.org/10.5751/ES-04554-160430
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0340
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0345
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0350
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0355
https://doi.org/10.1007/s11213-013-9310-z
https://doi.org/10.1007/s11213-013-9310-z
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0365
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0365
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0370
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0375
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0380
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0385
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0385
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0390
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0395
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0400
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0405
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0410
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0415
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0420
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0420
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0425
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0425
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0430
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0435
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0440
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0440
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0445
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0445
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0450
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0455
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0460
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0460
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0465
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0470
http://refhub.elsevier.com/S2210-4224(17)30198-3/sbref0475

	Understanding and governing learning in sustainability transitions: A review
	Introduction
	Methodology
	Identifying learning traditions
	Systematic assessment
	Analysis

	The learning traditions
	Collaborative learning
	Core features
	Relation with transition characteristics
	Relevance for understanding learning in transitions

	Organisational learning
	Core features
	Relation with transition characteristics
	Relevance for understanding learning in transitions

	Social learning in natural resource management
	Core features
	Relation with transition characteristics
	Relevance for understanding learning in transitions

	Interactive learning in the learning economy
	Core features
	Relation with transition characteristics
	Relevance for understanding learning in transitions


	Value of the learning traditions
	Discussion
	Conclusion
	Funding
	Acknowledgements
	References




