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A B S T R A C T

The Multi-Level Perspective (MLP) is a prominent framework to understand socio-technical transitions, but its
micro-foundations have remained under-developed. The paper's first aim is therefore to develop the MLP's
theoretical micro-foundations, which are rooted in Social Construction of Technology, evolutionary economics
and neoinstitutional theory. The second aim is to further identify crossovers between these theories. To achieve
these goals, the paper analytically reviews the three theories, focusing on: (1) the relevance of each theory for
transitions and the MLP, (2) the theory's conceptualisation of agency, (3) criticisms of each theory and sub-
sequent conceptual elaborations (which prepare the ground for potential crossovers between them). Mobilizing
insights from the analytical reviews, the paper articulates a multi-dimensional model of agency, which also
provides a relational and processual conceptualization of ongoing trajectories in which actors are embedded.
Specific conceptual linking points between the three theories are identified, leading to an understanding of socio-
technical transitions as evolutionary, interpretive and conflictual processes.

1. Introduction

The Multi-Level Perspective (MLP) has become a popular frame-
work to analyse socio-technical transitions, which are shifts to new
kinds of (energy, mobility, housing, agro-food) systems that involve not
just technological innovations, but also changes in consumer practices,
policies, cultural meanings, infrastructures and business models
(Elzen et al., 2004; Smith et al., 2010; Markard et al., 2012). The MLP
has been used to analyze both historical transitions (Geels, 2002, 2005;
Geels and Schot, 2007; Berkers and Geels, 2011) and contemporary and
future sustainability transitions (Nykvist and Whitmarsh, 2008;
Van Bree et al., 2010;Morrissey et al., 2014; Hynes, 2016;
Osunmuyiwa et al., 2018; Moradi and Vagoni, 2018). It has become one
of the core frameworks in the Sustainability Transitions Research Net-
work (Köhler et al., 2019), which (in March 2019) had more than 1750
members from across the world.

The MLP is a useful framework to analyze transitions (Rip and
Kemp, 1998; Geels, 2002), because its concepts accommodate both
radical change (through the concept of niches as locus of radical no-
velty) and dynamic stability (through the concept of socio-technical

regimes, representing the institutional structuring of tangible socio-
technical systems) and influences from broader contexts (through the
landscape concept), which are unlikely to remain constant over decades-
long processes. As a processual framework, the MLP suggests that socio-
technical transitions come about through alignments of trajectories and
ongoing processes within and between these three analytical levels. In a
nutshell, these dynamics can be summarized as: (a) niche-innovations
gradually build up internal momentum (e.g. through learning pro-
cesses, price/performance improvements, expanding social networks),
(b) changes at the landscape level create pressure on the regime, (c)
destabilisation of the regime creates windows of opportunity for the
diffusion of niche-innovations, which aligns with ongoing regime pro-
cesses leading to substantial transformation and disruption (Fig. 1).1

Poole and Van de Ven (1989) suggest that process theories of a
phenomenon should have two complementing components: a global (or
outside-in) model and a local (or inside-out) model: "The global (macro,
long-run) model depicts the overall course of development of an in-
novation and its influences, while the local (micro, short-run) model
depicts the immediate action processes that create short-run develop-
mental patterns. (…) A global model takes as its unit of analysis the
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overall trajectories, paths, phases, or stages in the development of an
innovation, whereas a local model focuses on the micro ideas, deci-
sions, actions or events of particular developmental episodes" (p. 643).

Geels and Schot (2007) argue that the MLP was initially developed
as a ‘global’ model to provide a big picture understanding of long-
itudinal socio-technical transition processes. As indicated by previous
appreciative theorizing (Rip and Kemp, 1998; Geels, 2004; Geels and
Schot, 2007; 2010), this global model combined core concepts from
Social Construction of Technology (SCOT), evolutionary economics
(EE), and neoinstitutional theory, e.g. regimes, niches, landscape,
technological trajectories, institutional structures, radical innovation,
social networks, interpretations, visions, learning processes, alignment,
co-construction, seamless web, societal embedding (see also Fig. 1).

Although the MLP-processes and trajectories are always enacted,2

Geels and Schot (2007) acknowledged that the MLP's local model had
remained under-developed. They suggested that the MLP's underlying
theories implied a “multi-dimensional model of agency”, but only in-
dicated the bare outlines: “We assume that actors are self-interested, act
strategically, and try to calculate which actions will best achieve their

goals. But cognitive capabilities and time are limited (bounded ra-
tionality). Hence, actors use cognitive rules and schemas, some of
which are shared with others. Formal rules, role relationships and
normative ties also enter in decisions and actions, because actors are
embedded in regulatory structures and social networks” (Geels and
Schot, 2007: 403).

This article aims to make the next step by articulating the micro-
foundations of the MLP's local model. To that end, the first goal is to
elaborate the multi-dimensional model of agency, alluded to by
Geels and Schot (2007). Weber (1978/1922) famously distinguished
four types of social action: instrumental goal-oriented action, value-
rational action (norm-orientation), traditional action (routines, habits,
customs), and affective action (emotions). Emirbayer and
Mische (1998) also proposed a multi-dimensional typology, which
distinguishes iterational (repetition, habitual), projective (envisioning
new possibilities, articulating goals, plans and objectives) and practical-
evaluative (deliberation, judgment, choice, decision-making, execu-
tion) dimensions of agency, based on orientations towards the past,
present, and future. To achieve the first goal, the paper's strategy is to
provide a foundational discussion of the conceptualisation of agency in
the MLP's underlying theories (and how these are relevant for the MLP
and socio-technical transitions), and interpret the results with Emir-
bayer and Mische's general typology.

This development of a multi-dimensional model of agency not only
articulates the MLP's local model, but also provides a response to the
often-repeated criticism that the MLP insufficiently addresses agency.
Smith et al. (2005: 1492), for instance, portray the MLP as “dominated

Fig. 1. Multi-level perspective on transitions (Geels and Schot, 2007: 401).

2 “Because the linkages between processes at different levels are made by
actors in their cognitions and activities, the dynamics are not mechanical, but
socially constructed. (…) Transitions (…) are emergent outcomes of interac-
tions between social groups with myopic views and differing interests, strate-
gies and resources. (…) These social groups try to navigate a transition, find
their way through searching and learning, interact in power struggles, con-
troversies, and debates” (Geels, 2005: 453).
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by rational action” and “too descriptive and structural, leaving room for
greater analysis of agency". Genus and Coles (2008: 1440) state that the
MLP “undervalues the role of agency and politics” and ask for more
“concern for actors and alternative representations that could otherwise
remain silent” (p. 1441). Fuenfschilling and Truffer (2014: 773) simply
state that the MLP has a “flawed conceptualization of agency” without
further specification. Other papers repeat the lack-of-agency criticism,
sometimes leading to ‘straw man’ framings that use broad-brush criti-
cism to position their own research (e.g. Avelino and Wittmayer, 2016).

While the early lack-of-agency criticisms were understandable
(since there were initially only a few case studies of transitions to
support the generic MLP-framework), the later criticisms are a bit
‘surprising’, because conceptual and empirical MLP-studies have sub-
stantially progressed since the mid-2000s, both in the form of ontolo-
gical discussions (Geels, 2010; Geels and Schot, 2010) and identifica-
tions of many kinds of social actions in transitions, e.g. learning,
network building, visioning (Schot and Geels, 2008), shielding, nur-
turing, empowering (Smith and Raven, 2012), selective translations
between niche and regime (Smith, 2007), intermediation and boundary
spanning between niche and regime (Kivimaa, 2014; Smink et al.,
2015a), political struggles between niche and regime actors
(Hess, 2016; Roberts and Geels, 2019), active resistance by regime in-
cumbents (Geels, 2014a; Smink et al., 2015b), discursive framing
struggles (Roberts and Geels, 2018), strategic reorientations of incum-
bent firms towards niche-innovations (Berggren et al., 2015; Geels and
Penna, 2015).

Nevertheless, the development of the MLP's micro-foundations and
local model may help address the concerns about agency, which is
defined as the capacity of an actor to act (Giddens and Sutton, 2014)
which may instantiate itself in concrete actions in specific contexts.
Agency is thus more foundational than action, because it refers to core
characteristics or properties of actors (i.e. the ontological model of the
actor). I briefly unpack three aspects of the above definition to con-
textualize the analyses in subsequent sections.

First, the capacity to act can be related to many different char-
acteristics or properties (e.g. routines, capabilities, resources, positions,
interpretations, goals, interests, templates), which have given rise to
many social science theories that tend to focus on only a few char-
acteristics. The result of this specialisation is that many theories only
address a slice of social realities, which is unfortunate since “real
human social behaviour is a complex mix of commitments, loyalties,
emotions, solidarities, as well as purposes and goals” (Little, 2016: 47).
The paper's first goal of developing a multi-dimensional model of
agency may go some way in addressing this problem, even if focused on
the MLP and socio-technical transitions.

Second, methodological individualists suggest that only individual
human beings should be considered as actors with the capacity to act
(e.g. Elster, 2007). Such a conceptualisation is practically unworkable,
however, for socio-technical transitions, which involve many thousands
of individuals interacting over many years (Geels, 2010). Macro-so-
ciologists interested in large-scale changes such as state formation, re-
volutions, wars or globalization therefore tend to focus on “socially
coordinated and institutionalized actions of individual actors as well as
actions of organized social groups (e.g. social movements and formal
organizations)” (Kaidesoja, 2013: 312). Collective actors (like firms,
social movements, consumer organizations, Ministries) are also pro-
minent entities in socio-technical transition. Social theorists suggest
that such collective actors can have capacity to act when their “basic
characteristics persist over time”, when they have “an internal struc-
tural-functional organization” (aimed at achieving articulated goals),
when there is “social cohesion among the individuals who constitute
the entity”, and when there is “some sort of regulative social process
that maintains the entity's identity over time” (Little, 2016: 74). Ritzer's
(1992: 568) sociological handbook therefore concludes that: “While
agency generally refers to the micro-level (individual human actors), it
can also refer to (macro) collectivities that act (….) such as organized

groups, organizations and nations” (Ritzer, 1992: 568).
Third, agency is situated in and shaped by structural contexts

(Emirbayer and Mische, 1998), such as cultural contexts (e.g. symbols,
discourses, narratives, categories), social-structural contexts (e.g. social
networks and relations), economic contexts (e.g. transactions, financial
flows, competitors), and regulatory-institutional contexts (e.g. laws,
regulations). This is an antidote to voluntarist micro-theories that as-
sociate agency with free will and heroic actors that shape the social
world at will.3 The paper's development of a multi-dimensional model
of agency will therefore also address the role of structural contexts,
which are conceptualized as recursively related to agency.

The paper's second goal is to articulate complementarities between
the MLP's underlying theories, not with the aim of full integration, but
with the aim of identifying possible crossovers and linking points (see
Geels, 2010, for a meta-theoretical discussion of integration, in-
commensurability, eclecticism, and crossovers). The potential of
crossovers between these theories has long been recognized by scholars
in science and technology studies (e.g. Rip, 1992; MacKenzie, D., 1992;
Garud and Rappa, 1994; Rammert, 1997; Bruun and Hukkinen, 2003)
without achieving integration, as noted by Weber (1997: 83): “A major
convergence can be identified between evolutionary economics and the
sociology of technology. Although they have very different roots, the
basic understanding of the process of technological change is quite si-
milar, and – even more important – sufficiently open to introduce ele-
ments of the other perspective. (…) What is still missing is the actual
integration in a single framework which would allow to investigate
different cases from a wider perspective, and to bridge explicitly be-
tween economics and sociology with regard to technology studies”.

Evolutionary economists have also begun to show an interest in this
crossover agenda. Nelson (2013: 192), for instance, observes that: “Our
present relationships with the historians and sociologists working on
innovation has been perfectly amicable, but not particularly active. (…)
In my view, how well our community fares in the coming years will be
strongly affected by how our relationships with these potential partners
evolve”. Steinmueller (2013) also calls for “a broader and more syn-
thetic approach” (p. 164) and diagnoses that: “We have not done very
well in including the fields of practice from afield such as the history or
sociology of science and technology, policy sciences, or innovation
management” (p. 158).

The mutual enrichment of sociological and evolutionary innovation
theories is thus an important, but unfulfilled agenda. The paper's second
goal is therefore to contribute to this agenda by articulating com-
plementarities and linking points between the MLP's underlying the-
ories.

The paper proceeds as follows. Sections 2, 3 and 4 analytically re-
view SCOT, evolutionary economics and neoinstitutional theory, fo-
cusing on foundational assumptions and relevance for transitions.
Drawing on analytical sociology (Hedström and Swedberg, 1998;
Demeulenare, 2011), this review is also interested in causal processes
and social mechanisms and how these help explain outcomes. The
analytical review is challenging, because each theory is broad and has
internal variations. Because of space constraints, certain nuances and
debates had to be left out. Nevertheless, the paper aims to acknowledge
internal diversity by identifying on-going debates, criticisms and

3 Smelser (1999: 4) argues that that the ‘micro-scopic revolution’ of the late
1960s and 1970s, which “involved the vitalization of social behaviourism,
symbolic interactionism, ethnomethodology, hermeneutics and phenomen-
ology” was an (over)reaction to the hegemony of structural functionalism (often
associated with Parsons), which from the 1930s to the 1960s “was virtually
unchallenged as the dominant sociological theory” (Ritzer, 1992: 258). With
regard to the emphasis in these theories on creative and skilled micro-inter-
actions, Collins (1992: 80) critically diagnosed that “This longing for agency is
part of the romanticism of left intellectuals at the end of the 20th century” (p.
77) and that many “sociological theorists write as if the hippie anti-warrior is a
universal hero”.

F.W. Geels Technological Forecasting & Social Change 152 (2020) 119894

3



responses. The review of each theory is organised along three sub-
headings: (1) relevance of theory for transitions and MLP, (2) under-
standing of agency, (3) criticisms and elaborations of the theory, which
creates potential for crossovers with other theories. Section 5 articulates
the implications of the analytical review for the two goals: developing a
multi-dimensional model of agency in relation to the MLP and articu-
lating crossovers between the theories. Section 6 draws conclusions.

2. Social construction of technology (SCOT)

2.1. Relevance of theory for transitions and MLP

The MLP accommodates several core notions of SCOT, and the field
of Science and Technology Studies (STS) more broadly. First, the MLP
conceptualises technologies as socially constructed, rather than devel-
oping according to an internal technical logic (Bijker, 1995). The
bottom-left corner of Fig. 1 mentions core STS-notions such as and ‘co-
construction’ and ‘seamless webs’ (Hughes, 1983), which indicate that
innovation is a social process of aligning heterogeneous elements,
which involves actors moving between spheres such as science, mar-
kets, regulation and production. Social constructivist ideas are also
visible in the literature on niche-innovation, which emphasizes the role
of social networks, cognition (expectations, visions, beliefs), learning
processes and alignment (Kemp et al., 1998; Smith and Raven, 2012).
The niche-innovation literature suggests that radical innovations are
initially unstable and exist as multiple design variations (indicated by
small, diverging arrows in the bottom-left corner of Fig. 1), which are
developed by different social groups and networks. The initial variety,
divergence and uncertainty gradually give way to convergence and the
stabilization of problem agendas, heuristics, theories, test procedures,
design methods and criteria (Bijker, 1995). The creation of closure and
consensus is a community-wide process involving negotiation, debate,
and social learning (Pinch and Bijker, 1984).

The emergence of a technological trajectory can thus be con-
ceptualized as a socio-cognitive process, where rules are initially fuzzy
and diverse. Circulation (of knowledge and actors between projects)
and aggregation (abstracting generic trans-local rules) gradually lead to
an identifiable trajectory (Fig. 2) as rules become more articulated and
social networks expand and stabilize (Geels and Deuten, 2006). This
stabilization process is accompanied by specialization, differentiation,
and institutionalization of roles and responsibilities.

Second, the MLP shares the broader STS assessment that science and
technology are omnipresent in modern societies, and have contributed
to major transformations in agro-food, energy, transport, housing, en-
tertainment, and communication in the last two centuries. STS-scholars
therefore criticize mainstream sociology for talking abstractly about

agency and structure, while ignoring the pervasive influence of material
and technological dimensions. Since the nineteenth century, technolo-
gical change has acquired an incessant endogenous innovative dynamic
as it became an important way for actors to advance the modernization
process (Schot, 2003). This does not imply technological determinism,
since technologies are potentials that can be used in different ways:
“Social change and economic impact are not things that can be extra-
polated out of a piece of hardware. New technologies are unrealised
potentials: building blocks whose eventual impact will depend on what
is designed and constructed with them” (Rosenberg, 1995: 181). STS-
scholars therefore argue that technology is a fruitful entrance point to
studying societal change (including sustainability transitions).
Callon (1987), for instance, suggests that technology is a way of
studying ‘society in the making’, while Latour (1991) sees technology as
‘society made durable’, arguing that material components provide ways
of anchoring new routines and practices. This does not imply a supply-
side focus, because following technologies over time will bring the
analyst from invention to innovation to diffusion, societal embedding
and actual use (Fischer, 1992; Lie and Sørensen, 1996). In fact, this
analytical strategy is probably more likely to lead to co-evolutionary
and multi-actor analysis than a disciplinary strategy that privileges
certain social groups, asking ‘what is the role of policymakers/firms/
users/NGOs in transitions’.

2.2. Agency

Agency is central in SCOT, because of its strategy to ‘open up the
black box’ of technological change by ‘following the actors’ and their
shifting coalitions and beliefs. Demonstrating the presence of alter-
natives and the contingent choices underlying socio-technical change
enabled STS-scholars to maintain that ‘things could have been dif-
ferent’, which usually refers to the shape and the design of artefacts.

Inspired by micro-sociological theories (phenomenology and sym-
bolic interactionism), social constructivists often focus on a particular
kind of agency, which highlights the active and creative engagement of
actors in meaning-making. Technological change is conceptualized as an
interpretive process of collective sense-making (Bijker, 1995). When
new technologies emerge, there is much uncertainty about their form
and function. Different social groups have different problem definitions
and interpretations. New technologies are thus characterized by ‘in-
terpretative flexibility’. Over time, actors interact with each other and
with the technology, negotiate, learn and gradually build up shared
meanings. The variety of meanings is thus gradually reduced through
‘closure’, an interactive process of negotiations and coalition building.
One interpretation becomes dominant and others cease to exist. The
selection of a dominant design thus coincides with the build-up of a

Fig. 2.. Emerging niche trajectory carried by local projects (Geels and Raven, 2006: 379).
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shared technological frame (Bijker, 1995).
Although SCOT emphasizes socio-cognitive dimensions, it has evo-

lutionary mechanisms: the initial variety of meanings is reduced
through inter-group selection processes and build-up of a shared cog-
nitive frame. "In SCOT the developmental process of a technological
artifact is described as an alteration of variation and selection"
(Pinch and Bijker, 1984: 411). The evolutionary dynamics in socio-
cognitive processes are played out at the community level: at con-
ferences, in journals, and struggles for research grants. “Researchers
with different beliefs attempt to sway each other with respect to the
routines utilized to judge the technology. It is in this sense that tech-
nological systems are negotiated. Therefore, competition between dif-
ferent paths occurs not only in the market, but also in the institutional
environment” (Garud and Rappa, 1994: 347).

STS-scholars more broadly tend to focus on particular kinds of ac-
tors, often inspired by normative (emancipatory, humanistic) motiva-
tions.

• Social movements and activists have been studied with regard to
protest activities (towards nuclear power, bio-technology, cloning)
or their role in nurturing grassroots innovations (Hess, 2005;
Hargreaves et al., 2013).
• Wider publics have been studied in relation to social acceptance,
public debates and controversies over new technologies. STS-scho-
lars offer both analytical insights on this topic (Nelkin, 1992) and
normative appeals for more public participation and deliberation
(Stirling, 2008).
• Users have been studied, not only as passive adopters of new tech-
nologies, but also as creative contributors and co-constructors
(Fischer, 1992; Oudshoorn and Pinch, 2003). Adoption of radically
new technologies involves ‘domestication’ activities such as symbolic
work to develop the cultural categories that give meaning to new
technologies, practical work through which actors integrate artefacts
in user practices, and cognitive work that includes learning about the
artefact and developing new user routines (Lie and Sørensen 1996).
• STS-scholars also study the effects of (new) technologies on mar-
ginal groups, underdogs, lay people, or the poor (Broerse and
Bunders, 2000). From a critical theory stance, they often criticize
the power structures or procedures that exclude these actors from
decision-making. In this respect, STS-scholars are often critical of
experts, highlighting the risk of technocracy for democratic control
and open debate (Turner, 2001).

2.3. Criticisms and elaborations

Because of its assumptions and orientations, SCOT emphasizes some
dimensions, but backgrounds others, which creates potential for con-
ceptual elaborations. First, the strong focus on agency, local con-
tingency, variability and contextual specificity has been criticized for
voluntarist tendencies, heroic storylines, and a neglect of wider social
structures. “As in most actor-centered accounts, these studies do less
well at illuminating institutions, culture or society. The latter project
calls for an altogether more expansive imagination and a more layered
sensitivity” (Jasanoff, 2012: 439). Misa (1994: 119) also suggests that
STS scholars have over-emphasized micro-studies in their attempt to
debunk rationality and the linear model: “macro studies tend to abstract
from individual case studies, to impute rationality on actor's behalf or
posit functionality for their actions, and to be order driven. (…) Micro
studies tend to focus solely on case studies, to refute rationality (…) and
functionality, and be disorder-respecting”. To overcome this di-
chotomy, Misa (1994: 140–141) suggests that "a focus on meso‑level
institutions and organisations that mediate between the individual and
the cosmos (…) offers a framework for integrating the social shaping of
technology and the technological shaping of society."

The MLP goes some way towards developing Jasanoff's “more
layered sensitivity” and navigating Misa's dilemma by combining

constructivist micro-insights with macro-patterns. Bijker's (1995) no-
tion of technological frames (which structure interactions between re-
levant social groups) and Klein and Kleinman's (2002: 46) efforts to
“bring structures back in” (by proposing notions such as design forum,
access rules, cognitive structures, relations of power and dependency,
resources) also aim to address SCOT's voluntarist tendencies and create
the potential for crossovers between SCOT and neoinstitutional theory.

Second, the STS strategy of ‘opening up the black box’ of technology
has led to an ‘upstream’ focus on early technological development.
Consequently, STS has paid relatively less attention to diffusion, over-
throw of existing technologies, and technological ‘impacts’ on society.
So, while STS scholars rightly emphasize complexity, fluidity and
contingency, they often fail to analyse what happens after stabilization
has occurred. Because of this bias, “questions about the effects and
autonomy of technology are neglected. Important underexplored areas
of inquiry include the study of the political effects of technology, the
inertia of technological systems, the existence of trends and (…) the
historical transformations associated with key technological innova-
tions” (Dafoe, 2015: 1049). The topic of socio-technical transitions (and
the MLP) is a way of reintroducing such longer-term, large-scale
questions.

Third, SCOT privileges socio-cognitive (or ‘ideational’) kinds of
agency (e.g. creative sense-making, social interactions), but downplays
other kinds of agency such as competition, resource allocation, cap-
abilities, and strategic calculation. Martin et al. (2012: 1194) suggests
that “the focus on the capacity of human beings to construct their
world-views, to act and to generate meaning, restricted researchers to
relatively narrow analyses, making many STS practitioners critical of
general theoretical frameworks”. Crossovers with evolutionary eco-
nomics, which emphasizes economic (‘material’) dimensions, therefore
offer potential for developing more comprehensive, less lopsided ex-
planations.

Fourth, STS runs the risk of ideological privileging of certain actors,
thus conflating normative and analytical concerns.4 The normative
literature about public debates has been criticized, for instance, for “an
overly optimistic Enlightenment vision of what can be achieved by
means of ‘free’ debate” (Radder, 2000: 541). Collins and Evans (2002:
263) similarly expressed unease about excessive emphases on public
participation, feeling “a little uncomfortable when every treatment has
the same political recipe, because it makes it all too easy to imagine that
the prime motivation is political rather than analytical”.

Fifth, in terms of theoretical repertoire, Guggenheim and Nowotny
(2003: 232) diagnose that STS “has lost some of its previous links to the
other social sciences”, including general sociology, organizational so-
ciology, history and the economics of research and innovation. They
also suggest that a penchant for critical theory may have weakened
analytical ambitions: “Theory in STS is often understood in the sense of
critique, as a way of questioning the arrangements that one has found
rather than coming up with propositions which would allow us to find
to some regularities to explain different kinds and realms of order and
disorder. (…) This is not to be taken as a plea for any particular theory,
but a general call for integrating social theory into STS” (p. 255).

3. Evolutionary economics

3.1. Relevance of theory for transitions and MLP

Evolutionary economics has two complementary components,
which are relevant for transitions and the MLP. Macro-evolution ad-
dresses long-term techno-economic patterns such as transformation of
core characteristics of a population of firms, speciation (emergence of
radical novelty), competition, replacement (of one population by

4 Purist STS-scholars may, of course, argue that norms and facts cannot be
separated.
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another), extinction, punctuated equilibrium. Schumpeter (1939: 102)
initially developed these ideas, suggesting that economic “evolution is
lopsided, discontinuous, disharmonious by nature (…) studded with
violent outbursts and catastrophes (…) more like a series of explosions
than a gentle, though incessant, transformation.” Later work on tech-
nological discontinuities and disruptive innovation further developed
these ideas.Micro-evolution concerns mechanisms of variation, selection
and retention that underlie genealogical lineages and trajectories. These
ideas were initially developed by Nelson and Winter (1982), and further
elaborated in literatures on routines, capabilities, and learning.

The MLP includes several core concepts from evolutionary eco-
nomics.

• It accommodates the macro-evolutionary idea of transitions as in-
volving technological overthrow and disruption, although later
work (Geels and Schot, 2007) also distinguished more gradualist
transition paths. The MLP understands transitions as struggles be-
tween radical niche-innovations and existing systems, which are
reproduced by incumbent actors acting in the context of regimes.
Transitions do not occur easily, because niche-innovations face up-
hill struggles to enter mainstream selection environments (which
are usually aligned with dominant populations). Diffusion of niche-
innovations and replacement of existing regimes therefore depends
on multi-level alignments and regime tensions, which creates ‘win-
dows of opportunity’ (see Fig. 1).
• The MLP's notions of socio-technical regime, technological trajec-
tories, and path dependence trace their origin to evolutionary eco-
nomics. Rip and Kemp (1998) broadened the understanding of
technological regimes from Nelson and Winter's (1982) emphasis on
routines and capabilities to the sociological category of ‘rules’.
Geels (2004) further broadened the concept to socio-technical re-
gimes to include not only engineers/firms, but also other social
groups (policymakers, consumers, NGOs, publics).
• The MLP-notion of niches comes from evolutionary biology, parti-
cularly allopatric speciation theory (Mayr, 1963), which suggests
that new species emerge in geographically isolated niches or in ni-
ches at the periphery of dominant ecosystems. In technological
evolution, niches are also important because they can act as ‘pro-
tective spaces’ where selection criteria are more favourable to new
technologies than in mainstream markets related to dominant re-
gimes (Levinthal; 1998; Schot and Geels, 2007). Such protection is
needed, because radical novelties initially have low price/perfor-
mance characteristics and cannot survive mainstream market se-
lection. Niches thus act as ‘incubation rooms’, where radical in-
novations can be nurtured and gradually improved.
• The MLP accepts that radical innovations initially emerge in a
variety of forms and designs. The initial variety and divergence
gradually gives way to convergence, stabilization and the selection
of a dominant design. Whereas SCOT emphasizes socio-cognitive se-
lection processes, evolutionary economics emphasizes market se-
lection processes and the role of competition, struggle for resources,
and economic performance.
• The MLP also accommodates the notion of punctuated equilibrium,
which suggests that long periods of incremental change (represented
by straight regime arrows in Fig. 1) are alternated by relatively brief
periods of ferment and disruption (represented with diverging ar-
rows). While evolutionary economics attributes this disruption
mostly to the breakthrough of radical innovations (Tushman and
Rosenkopf, 1992), the MLP also accommodates the possibility of
external landscape pressures.

3.2. Agency

Focusing on firms-in-industries, the micro-assumptions of evolu-
tionary economics build on two sources. First, the behavioural theory of
the firm (Cyert and March 1963) conceptualizes actors as boundedly

rational, which means that decisions are guided by routines and stan-
dard-operating procedures as long as performance leads to satisfactory
outcomes (Nelson and Winter, 1982). Second, the resource-based
theory of the firm suggests that technological capabilities, which in-
clude both operational knowledge and search heuristics, are core di-
mensions of strategic and organizational action (Dosi, 1982). When
performance falls below certain thresholds, organizations can activate
search heuristics to explore the knowledge space and develop new in-
novations that allow adaptation to changing selection environments.
These combined assumptions inform a micro-evolutionary perspective
on organizational action and variation, selection and retention me-
chanisms.

In stable situations with satisfactory performance, organizational
actions are shaped by routines, standard-operating procedures and
capabilities, which are metaphorically seen as ‘genes’ that create sta-
bility over time and act as retention (inheritance) mechanism of pre-
viously successful variations (Nelson and Winter, 1982). On the one
hand, firms-in-an-industry differ in their specific routines and cap-
abilities, which leads to some variation in their actions and products.
On the other hand, firms-in-an-industry share general routines and
capabilities, called technological regimes (Nelson and Winter, 1982),
which make them recognizable as belonging to the same population.
Because of these shared routines, engineers in different firms search and
innovate in similar directions, giving rise to technological trajectories
(Dosi, 1982).

Variation in technological products can be understood in two ways.
Firstly, engineers may make lucky discoveries or accidental mistakes or
imitation errors when they reproduce existing routines and search
heuristics, which lead to ‘blind’ or random mutations that in some cases
generate new innovations. Secondly, innovations may result from ‘di-
rected variation’, in which firm-specific routines and capabilities lead
managers and engineers to make deliberate decisions about R&D pro-
jects, resource allocation, and search processes that generate products
variations (Dosi, 1982). In established regimes, these directed varia-
tions do not deviate much from existing trajectories since engineers
engage in localized search, which stays close to what they already
know: "the probability distribution of what is found is concentrated on
techniques close to the current one" (Nelson and Winter, 1982: 211).
Sequences of minor variations add up to technological trajectories that
develop in particular directions within shared technological regimes.

Markets (which are shaped by policies) are the primary selection
environment, in which firms and their product variations compete for
scarce resources. Consumers buy some product variations, thus offering
performance feedback to firms (e.g. via financial resources), allowing
successful firms to learn and replicate their routines and invest in new
rounds of innovation. Successful variations can spread more widely in
an industry through differential growth of successful firms or through
imitation by other firms (Nelson and Winter, 1982).

Fig. 3 schematically summarizes the main causal mechanisms that
underlie technological trajectories in evolutionary economics.

3.3. Criticisms and elaborations

The above conceptualization has been criticized for downplaying
important dimensions, leading to (scope for) elaborations and cross-
overs with regard to each evolutionary mechanism.

Sociologists have long criticized the idea of blind variation for
downplaying agency. But also the idea of directed (routine-based)
variation has been criticized for paying limited attention to cognition
and deliberate strategy (Fagerberg, 2003). “Much theorizing within the
tradition of the behavioural theory of the firm (…) is relatively silent on
the issue of how alternatives are to be evaluated or issues of cognition
more generally. (…) The image of organizational action as largely
driven by routines seems to negate the role of strategic choice”
(Gavetti and Levinthal, 2004: 1314). One elaboration is the dynamic
capability literature, which introduced more purposive roles for

F.W. Geels Technological Forecasting & Social Change 152 (2020) 119894

6



strategic management in stimulating variations (Teece et al., 1997).
Another way of addressing the criticism is to broaden the theory of the
firm, by including cognitive maps (Nelson, 2008), beliefs, values and
strategies (Fig. 4). Whereas evolutionary economics traditionally fo-
cuses on the ‘world of action’ (routines, capabilities, resources), this
broader view also acknowledges a ‘world of cognition’, which allows
beliefs and strategies to shape search processes. This elaboration also
offer potential linkages to institutional theory (discussed below), be-
cause field-level categories and understandings can shape firm-level
beliefs and values.

With regard to selection, evolutionary economics focuses mainly on
markets and policies. It hardly accommodates influences from civil
society, public opinion, cultural discourse, or social movements.
Evolutionary economics also has a limited understanding of institu-
tions. It acknowledges the role of public policies as ‘focusing devices’
(Dosi, 1982), which shape markets (via taxes, subsidies, regulations)
and innovation activities (via technology programs, R&D policies, in-
tellectual property rights). But it does not accommodate broader, in-
formal institutions (templates, categorizations, institutional logics) and
does not have a clear understanding of institutional change, meaning
that institutions typically remain exogenous. Some scholars have tried
to address the role of institutions in evolutionary economics, with
Nelson (2002) conceptualizing institutions as ‘social technologies’ and
‘modes of governance’ that lower transaction costs and Pelikan (2003)
conceptualizing institutions as constraints that reducing the choice-set
of agents. Both attempts, however, only limitedly draw on neoinstitu-
tional theory (discussed below). More systematic crossovers could lead
to deeper understanding of selection as multi-dimensional process in
which firms compete not only in markets, but also in institutional en-
vironments.

Another debate is about what is being selected. While evolutionary

economics mostly focuses on firms and their products in markets,
Mokyr (2000) suggests two additional entities: a) engineering com-
munities that select bodies of knowledge, b) firms that select (intern-
ally) on alternative projects and technologies. Both options refer to
what Dosi (1982) calls ‘ex-ante selection’ (selection of the direction of
mutation) in contrast to Darwinian ‘ex-post selection’ (of products in
markets). Both ex-ante selection options enable crossovers with SCOT
which understands socio-cognitive processes in evolutionary terms
(Pinch and Bijker, 1984; Garud and Rappa, 1994).

While evolutionary economists highlight indirect mechanisms for
the incorporation of selected mutations into the retention structure (via
differential growth and imitation), sociologists focus more on direct
mechanisms of institutionalization process. Intermediary organizations
(branch organizations, professional societies) may formulate and codify
new rules and routines (Geels and Deuten, 2006; Kivimaa, 2014). In-
stitutional entrepreneurs may use political tactics to shape standards
and regulations (Garud et al., 2007).

This discussion shows that the concrete conceptualization of the
evolutionary principles of variation-selection-retention is flexible.
Evolutionary economists tend to focus on tangible, economic dimen-
sions (R&D investments, price/performance competition, market se-
lection, differential growth, imitation). But the evolutionary mechan-
isms can also be operationalized in broader sociological terms
(interpretation, legitimacy, negotiation, institutionalization, codifica-
tion).

4. Neo-institutional theory

4.1. Relevance of theory for transitions and MLP

Institutional theory is important, because “rules, norms, and belief

Fig. 3. Schematic summary of causal logic in evolutionary economics'.

Fig. 4. Organizational hierarchy of mental and physical elements (adapted from Gavetti and Rivkin, 2007: 432).
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systems undergird all stable social systems, including economic sys-
tems” (Scott, 2008: 437). Most transitions will therefore involve
changes in institutions, although the depth of change may vary. Evo-
lutionary economics recognizes the importance of institutions, but fo-
cuses mainly on formal policies and treats them mostly as exogenous.
Neo-institutional theorist in organizational sociology developed
broader and more dynamic understandings. Scott (1995), for instance,
distinguishes three different kinds of institutions (regulative, normative
and cultural-cognitive) with different logics and mechanisms (Table 1).

The MLP used institutional theory in its conceptualization of re-
gimes as semi-coherent set of rules and institutions (Geels, 2004).
Fuenfschilling and Truffer (2014) further conceptualised different de-
grees of regime institutionalization, using Tolbert and Zucker's (1999)
notion of successive stages: (a) habitualisation (when new behaviours
or practices are created by a small number of actors without explicit
coordination), (b) objectification (when a degree of social consensus is
formed through framing, persuasion, theorization, alliance building,
resource mobilization), (c) sedimentation (when a new practice has
diffused, become taken-for-granted, and supported by vested inter-
ests).5 To further understand the content of regimes, they introduce the
concept of ‘institutional logics’, which is defined as “the socially con-
structed, historical patterns of cultural symbols and material practices,
including assumptions, values and beliefs, by which individuals and
organizations provide meaning to their daily activity” (Thornton et al.,
2012: 2).

Institutional theory emphasizes that organizations operate not only
in economic environments, but also in institutional environments. "In
institutional environments, organizations compete for social fitness
rather than economic efficiency" (Powell, 1991: 184). The selection
criterion for social fitness is appropriateness or legitimacy, which
Suchman (1995: 574) defines as “a generalized perception or assump-
tion that the actions of an entity are desirable, proper, or appropriate
within some socially constructed system of norms, values, beliefs and
definitions”. Legitimacy is not peripheral, but may influence reputa-
tions, license-to-operate, access to capital and governmental support
(Lounsbury and Glynn, 2001).

Early, organization-centric institutional theory emphasized one-di-
rectional causality, with institutions exerting selection pressures and
organizations conforming to them, leading to relative homogeneity and
isomorphism. In the last 10–15 years analytical attention has shifted
from organizations towards organizational fields, leading to more re-
lational and interactive views of institutions. “The concept of field
identifies an arena (a system of actors, actions, and relations) whose
participants take one another into account as they carry out interrelated
activities” (McAdam and Scott, 2005: 10). Field actors typically include
firms, consumers, government actors, regulatory bodies, lobbying
groups, unions, professional and trade organizations, organized public
opinion and social pressure groups (Beckert, 2010), which conceptually
resonates with the MLP's interest in socio-technical systems and re-
gimes. Field boundaries are not fixed, and “the players that populate

the field and the nature of their play can change over time” (Davis and
Marquis, 2005: 337). An organizational field is relationally differ-
entiated, with different positions providing actors different institutional
opportunities: central actors can use their power to shape institutions to
their advantage (Greenwood et al., 2002); actors in the middle mostly
conform to institutional pressures; peripheral actors may find it easier
to deviate (Leblebici et al., 1991). Institutional causality thus came to
be seen as bi-directional and recursive: institutions differentially in-
fluence field actors (their identities, perceptions, preferences); but ac-
tors also try to shape institutions to suit their interests.

Organizational fields became increasingly conceptualised as sites of
struggle, e.g. between incumbents and challengers (Hoffman, 1999;
Fligstein and McAdam, 2012), which conceptually fits well with the
MLP. Challengers can be peripheral groups or social movements, which
criticize existing institutions. “It is frequently social movements and
challengers that (…) serve as both carriers of new logics and forms, and
platforms for theorization and new policy discourse” (Schneiberg and
Clemens, 2006: 218). Major institutional change is difficult, however,
because incumbents engage in “defensive institutional work”
(Maguire and Hardy, 2009). Challengers and social movements may
also “lack access to the institutional maintenance mechanisms that re-
inforce extant ideas and practices in the field” (Van Wijk et al., 2013:
360), e.g. trade and professional associations, policy advisory bodies.

Because of these difficulties, some institutional scholars emphasize
the role of environmental jolts and external shocks in major institu-
tional change (a notion that resonates well with landscape concept in
the MLP). Examples are terrorist attacks (Corbo et al., 2016), oil crises
(Sine et al., 2003), external social movement protests (Van Wijk et al.,
2013), or imposition of values from outside the field (Maguire and
Hardy, 2009).

4.2. Agency

While early neoinstitutional theory had a relatively passive view of
actors (over-emphasizing conformity and isomorphism), the turn to-
wards organizational fields entailed a more dynamic view. One reason
is that actors in fields are fundamentally oriented towards each other,
leading to a relational view of agency. Actors have different positions in
fields (e.g. central, peripheral, middle), and different interests, re-
sources and interpretations. This heterogeneity means that fields are
characterized by interactions, exchange, debate, struggle, and jock-
eying for position (Hoffman, 1999), leading to a degree of variation and
innovation. “There is constant jockeying going on in fields as a result of
their contentious nature. Actors make moves and other actors have to
interpret them, consider their options, and act in response. (…) Even in
settled fields, constant low-level contention and incremental change are
the norm rather than the image of routine reproduction” (Fligstein and
McAdam, 2012: 12).

A second reason is that the understanding of institutions changed
from monolithic, inert structures (exerting one-directional force) to-
wards more malleable patterns that are reproduced (and gradually
changed) over time. Field actors may face tensions between institutions
(Seo and Creed, 2002) or conflicting institutional logics (Purdy and
Gray, 2009), which lead to varying interpretations and diverging

Table 1
Three pillars of institutions (adapted from Scott, 1995: 52).

Regulative Normative Cultural-cognitive

Basis of compliance Expedience Social obligation Taken-for- grantedness, shared
understanding

Mechanisms Coercive, sanctions, incentives Normative pressure (social sanctions such as
'shaming')

Mimetic, learning, imitation

Basis of legitimacy Legally sanctioned Morally governed Culturally supported, conceptually correct
Examples Laws, regulations, standards, procedures, incentive

structures, governance systems
Roles, values, responsibilities, codes of conduct,
behavioural practice.

Belief systems, models of reality, categories,
guiding principles

5 These stages could quite easily be linked to the phases in the emergence of
niche-innovations (Fig. 2).
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actions. In this more dynamic view, actors not only adapt to institu-
tional pressures, but also act strategically to shape them, using various
forms of ‘institutional entrepreneurship’ (Oliver, 1991; Garud et al.,
2007). Fig. 5 schematically summarizes the notion that the field ap-
proach “permits seeing agents as entangled in a grid of different social
forces that position them in the social space, provides resources for
realizing their goals as well as limitations on their opportunities”
(Beckert, 2010: 619).

Field-approaches have moved from understanding institutions as
things towards institutions as processes, enacted by actors via causal
mechanisms (Davis and Marquis, 2005). Because they accommodate
both diversity/variety in local practices and field-level selection pres-
sures, one can understand them “as a complex evolutionary phenom-
enon that depends on specific mechanisms of variation, selection, and
retention (Jessop, 2001: 1221).

I propose that an expanded and reformulated version of Archer's
(1982; 1995) morphogenetic cycle offers a processual sociological
model of institutional change that has close analogies to the evolu-
tionary mechanisms (variation, selection, retention). This dynamic
conceptualization offers an understanding of trajectories that can op-
erate in tandem to the one provided by evolutionary economics
(Fig. 3).6 Archer's model is based on analytical dualism (instead of
Giddens's duality), which examines structure in relation to action and
action in relation to structure (Jessop, 2001). The four sub-processes of
the morphogenetic cycle accommodate different kinds of agency.

(1) Structural conditioning refers to the ‘downward’ influence from
structures on actors. Institutional structures act as the "carriers of
history" (David, 1994) and logically exist prior to action which they
otherwise cannot influence. Downward influence is not determi-
nistic, because institutional pressures require interpretation, which
varies depending on the field-position of actors and thus gives rise
to (some) variation. However, despite interpretive flexibility, in-
stitutional pressures are not completely malleable. Existing in-
stitutions “may privilege some actors, some identities, some stra-
tegies, some spatial and temporal horizons, some actions over
others” (Jessop, 2001: 1223).

(2) Social interaction refers to the moves and countermoves by field

actors who are oriented towards each other.7 These actions can be
routine-driven (staying close to scripts or logics) or more strategic
and deliberate (Fligstein and Mcadam, 2012). Strategic games are
constrained by formal rules, while the beliefs, norms and interests
of actors are partly constituted by cognitive and normative in-
stitutions (Scott, 1995). Creative actors can deviate (to some de-
gree) from institutions to gain advantage (Oliver, 1991). But var-
iation may also occur unplanned, in response to local conditions or
via improvisations in performances (Lounsbury and
Crumley, 2007). In stable fields, game playing takes form of jock-
eying for position (Fligstein and McAdam, 2012), leading to in-
cremental changes. More heated and foundational struggles may
occur when new institutional logics or practices challenge incum-
bent ones.

(3) Structural elaboration refers to ‘upward’ actions that reproduce ex-
isting institutions ("morphostasis") or transform them ("morpho-
genesis"). Dedicated macro-actors (Mouzelis, 1995) or intermediary
actors (Geels and Deuten, 2006) directly influence field-level in-
stitutions, e.g. professional societies, industry associations, stan-
dardization organizations. These actors compare experiences in
local practices and extract general lessons for the field as whole
(Geels and Deuten, 2006). Local innovations and initiatives are
unlikely to have broader effects if they are not selected and ad-
vanced at the field-level. "While idiosyncratic deviations from
scripts occur, perhaps even with some frequency, such random
deviations are apt to have only passing impact on social arrange-
ments" (Barley and Tolbert, 1997: 102).
To advance local initiatives and change field-level institutions, ac-
tors need to engage in institutional entrepreneurship, e.g. framing,
persuasion, theorization, alliance building, and resource mobiliza-
tion (Garud et al., 2007; Battilana et al., 2009).8 But field-level
selection and anchoring of initiatives may be resisted by the “de-
fensive institutional work” (Maguire and Hardy, 2009) of

Fig. 5. Bi-directional influences between institutions and actors in organizational fields.
Fig. 5 also suggests that the concept of ‘institutional logics’ (e.g. Thornton et al., 2012) merges cultural-cognitive and normative institutions, with certain advantages
and disadvantages.

6 While Archer's model contains three sub-processes, I follow Barley and
Tolbert (1997) in adding a fourth.

7 This kind of strategic action may apply less to consumers/households than
to firms, policymakers and civil society actors.

8 There is also a broad literature on corporate political strategies, which
analyzes how firms shape political rules and institutions. Social movement
theory also offers relevant insights, suggesting that movement organizations
may shape institutions via framing and resource mobilization, but that these
activities are constrained by the degree of openess/closedness of opportunity
structures.
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incumbents.
(4) Externalization and institutionalization refer to the field-wide accep-

tance and retention of institutional changes. Permanent changes
require not only community-wide selection, but also in-
stitutionalization (in handbooks, training manuals, standards, laws)
and endorsement from authoritative actors (Tolbert and
Zucker, 1999).

Fig. 6 schematically summarizes the four sub-processes in a mor-
phogenetic cycle (Archer, 1982; 1995), with the bold text between
brackets relating them to evolutionary variation, selection, and reten-
tion mechanisms. A single morphogenetic cycle can be analysed as one
‘round of moves’ that reproduces or changes field-level institutions.
Trajectories can then be analysed as sequences of morphogenetic cycles,
which lead to field-level event chains.

4.3. Criticisms and elaborations

One criticism of neoinstitutional theory is a general neglect of the
role of technology in changing organizational fields (Pinch, 2008;
Jones et al., 2013). Although the definition of institutional logics in-
cludes reference to ‘material practices’ (Thornton et al., 2012), tech-
nological innovation is often superficially conceptualized (or seen as
exogenous force). This lacuna creates opportunities for crossovers of
neoinstitutional theory with evolutionary economics and SCOT.
Orlikowski's (2007) work on socio-materiality is promising in that re-
spect, because it understands human action and technology as in-
trinsically entangled. Drawing explicitly on STS and neoinstitutional
theory, she also suggests that technology is both enacted in practice and
has structuring properties that act as institutional templates: “Because
technology-in-practice is a kind of structure, the same recursive con-
stitution applies here too. When people use a technology, they draw on
the properties comprising the technological artifact—those provided by
its constituent materiality, those inscribed by the designers, and those
added on by users through previous interactions. (…) Ongoing enact-
ment of a technology-in-practice reinforces it, so that it becomes reg-
ularized and routinized” (Orlikowski, 2000: 410). Seeing technology as
entangled with both practice and institutional structures fits very well
with the perspective described in section 4.2 and Fig. 6.9

A second criticism is the limited attention for economic processes
(markets, competition, resources). This relative neglect is under-
standable, because organizational sociology initially highlighted the
role of institutions and legitimacy besides economic processes. But as
the analytical attention has moved towards organizational fields, it is
important to investigate both institutional and economic processes
(Oliver, 1997; Geels, 2014b).

Third, formal institutions are under-addressed in neoinstitutional
theory, despite their initial acknowledgement (DiMaggio and
Powell, 1983; Scott, 1995). This is probably due to the ideational/
cognitive focus and the conviction that “cultural-cognitive frameworks
provide the deeper foundations of institutional forms. (…) Although
regulative features are more visible, they can also be more superficial,
"thinner," and less consequential than normative and cultural elements”
(Scott, 2008: 429). The relative neglect of regulatory institutions has
exacerbated with the recent focus on institutional logics. The study of
formal institutions, interest-based politics and agenda control thus
seems increasingly relegated to historical institutionalism, political
science, and institutional economics. This is unfortunate, because it
hinders a comprehensive study of organizational fields (and transi-
tions), which should include multiple kinds institutions (Table 1;
Hoffman, 1999; Beckert, 2010). It also hinders neoinstitutional theory
to engage with broader forms of power and politics (Munir, 2015).
Pleas to combine ‘old’ and ‘new’ institutional theories thus remain
pertinent (Hirsch and Lounsbury, 1997; Lockwood et al., 2017).

5. Discussion

5.1. A multi-dimensional model of agency in the MLP

The three previous sections discussed how insights from three the-
ories are relevant for transitions and the MLP. They also discussed
conceptualisations of agency, thus articulating the theoretical micro-
foundations of the MLP, which particularly for neoinstitutional theory
involved new appreciative theorizing. The sections also discussed cri-
ticisms of each theory, due to foundational assumptions or biases, and
identified elaborations in response to criticisms. Table 2 summarizes
the main strengths and weaknesses of each theory with regard to

Fig. 6. Conceptualizing field-level trajectories as successive morphogenetic cycles (substantially expanded from Barley and Tolbert, 1997: 101).

9 Geels and Deuten (2006) and Geels and Raven (2006) also distinguish local
and global dimensions of technology, the former as ‘artefact-activity’ and the

(footnote continued)
latter as cognitive rules (e.g. search heuristics, abstract theories, technical
models).

F.W. Geels Technological Forecasting & Social Change 152 (2020) 119894

10



transitions and agency.
Table 2 demonstrates that the three theories highlight different di-

mension of agency and transitions. These differences relate to ontolo-
gical assumptions with regard two sociological problems: the problem
of order and the nature of reality (Ritzer, 1980; Alexander, 1982;
Geels, 2010). With regard to the first problem, some ontological posi-
tions assume that order is externally created by collective phenomena
(e.g. cultures, deep structures, structural relations), while others as-
sume that order aggregates from multiple individual micro-actions (e.g.
choices, sense-making). With regard to the second problem, some on-
tological positions assume that reality is objective, that actors having
fixed preferences, and that action is instrumental and motivated by
material interests. Other positions assume that reality is subjective, that
actors have fluid preferences and identities, and that action is moti-
vated by ideas, meanings and norms.

Geels (2009) combined these problems into a 2× 2-matrix which
articulates the theoretical logic of four ontological positions: structur-
alism, interpretivism, rational choice and conflict theory. Fig. 7 sche-
matically positions the three specific theories into this ontological
2× 2-matrix, thus capturing some of the findings from the analytical
review. Evolutionary economics tends to focus on material/objective
dimensions, whereas SCOT and neoinstitutional theory privilege idea-
tional/subjective dimensions. In terms of the collectivism/in-
dividualism dichotomy, SCOT privileges actors, creativity, and
freedom, whereas evolutionary economics acknowledges both collec-
tive structures (technological regimes, selection environments) and
individual action (variation). Neo-institutional theory initially privi-
leged collective structures (isomorphic pressures), but later also ac-
knowledged deviation and creativity. The arrows in Fig. 7 also aim to
indicate that theories are not fixed, monolithic structures, but are in-
stead characterized by (some degree of) debates and disagreement
which may lead to elaborations (to accommodate criticisms or

weaknesses), as the previous analytical reviews showed.10

Following Rueschemeyer (2009), I distinguish between theories
(which are general orientations or ‘ways of looking’ at the world) and
analytical frameworks (which are more focused and aimed at understand
substantive topics). So, while the three theories discussed above offer
specific lenses (which are internally coherent but emphasize only cer-
tain dimensions), the MLP is an analytical framework that pragmati-
cally combines theoretical insights into a more comprehensive per-
spective. Porter (1991: 98) suggests that frameworks are particularly
useful for big, multi-dimensional topics, because “A framework (…)
encompasses many variables and seeks to capture much of the com-
plexity (…). All the interactions among the variables in the frameworks
cannot be rigorously drawn. The frameworks, however, seek to help the
analyst to better think through the problem”.

The Geels and Schot (2007: 403) quote in the introduction alluded
to a multi-dimensional model of agency that mobilizes insights from all
three theories to acknowledge that human beings have multiple facul-
ties. So, instead of reducing agency to one capacity, actors are con-
ceptualised as having multiple interacting properties (Table 2).
Drawing on evolutionary economics, actors are characterized by ma-
terial properties like interests, goals, financial resources, technical
capabilities, skills, which they use in various activities (e.g. investment,
innovation, competition, behavioural learning). Drawing on SCOT, ac-
tors also have interpretive and socio-cognitive properties (cognition,
ideas, sense-making skills, relations), which shape some of the material
properties (goals and interests need to be defined; investment and in-
novation strategies are guided by beliefs and visions; performance
feedback needs to be interpreted and translated into lessons). But sense-

Table 2
Strengths and weaknesses in SCOT, evolutionary economics and neoinstitutional theory.

Strengths Less elaborated topics and dimensions

SCOT Transitions: Transitions:
- Interest in shape/design of artefacts and patterns of use - Less interest in dynamics after stabilization (diffusion, societal

‘impact’, overthrow of existing system)
- Sophisticated understanding of emergence of radical innovation (social
networks, learning processes, expectations, circulation, aggregation).

- Limited understanding of broader patterns (due to focus on
contingency, complexity, local specificity).
- Limited link to broader social sciences (due to dominance of micro-
interactionism).

Agency: Agency:
- Focus on socio-cognitive processes (content of beliefs/meanings,
disagreement between social groups; controversies; debates, consensus).

- Voluntarist tendencies (limited attention for wider structures).

- Idealist bias (limited attention for competition, markets, financial
resources)

Evolutionary economics Transitions: Transitions:
- Macro-patterns relevant for transitions (trajectories, speciation, radical
novelty, replacement, punctuation, extinction).

-Limited interest in technical details (due to primary interest in
economic implications of technology for firms/sectors).

- Micro-dynamics span local practices (variation) and population level
(selection, retention).

- Narrow view of selection environment (mainly markets). Limited
understanding of institutions (as exogenous regulations).

Agency: Agency:
- Deep understanding of ‘material’ processes (market competition, resources,
performance, investment) and knowledge/capabilities (search, learning).

- Limited attention for strategy and cognition/interpretation.

- Supply side focus (firms, universities, policymakers); less attention
for consumers, wider publics, NGOs.

Neo-institutional theory Transitions: Transitions:
- Relational, processual understandings of institutions. - Limited focus on technology and ‘material’ dimensions.
- Recursive interactions between local practices and organizational fields. - Limited focus on economic processes.

- Limited focus on formal, regulatory institutions (due to ideational
focus)

Agency: Agency:
- Agency in recursive relations to multi-dimensional structures (cognitive,
normative, regulatory).

- Limited focus on technical innovation processes and economic
actions.

- Accommodates struggle, conflict, variation, strategy. - Some (political) dimensions of power are under-developed.

10 Abbott (2001: 138) metaphorically characterizes disciplines and associated
theories as “amoebas putting our pseudopods as they move in a multi-dimen-
sional intellectual space”.
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making is also influenced by deeper templates, cultural categories and
taken-for-granted belief systems, as neoinstitutional theory suggests.
These interactions reinforce the point, quoted in the introduction, that
“real human social behavior is a complex mix” of multiple capacities
and activities (Little, 2016: 47).

Table 3 further systematizes the MLP's model of agency by linking
the different properties and activities from the three theories to
Emirbayer and Mische's (1998) three dimensions, discussed in
Section 1.

The three dimensions of agency are not continuously prevalent, be-
cause the “agentic orientation of actors (along with their capacity for in-
ventive or deliberate response) may vary in dialog with different situa-
tional contexts” (Emirbayer and Mische, 1998: 1004). Iterational, routine-
based actions are prevalent in settled times and stable regimes. But
“during periods of upheaval, other forms of agentic activity may come into
play” (p. 1006), such as projective and practical-evaluative dimensions.

These considerations are clearly relevant for transitions. While
routines and institutional logics may dominate iterational action in
‘eras of incremental change’, transitions are ‘eras of ferment’, where
other kinds of agency are more prevalent: search, visioning, making
plans, strategic maneuvering, debates, deliberations, new capability
development, learning. Socio-political disruption tends to be greater for
large, complex socio-technical systems (Fig. 8), which is why a multi-
dimensional framework (like the MLP) is needed to address both
techno-economic and socio-institutional processes in transitions.

More generally, this means that relations between institutional and
(evolutionary) economic theories vary over time. In settled times, in-
stitutions form taken-for-granted background structures that undergird
the economy so that calculations and routine-based action are possible.
But during transitions, when institutions lose their stability, economic
calculations become more difficult and disagreement becomes more

intense: “In ‘hot’ situations, everything becomes controversial. (…) In
‘cold’ situations, on the other hand, (…) the possible world states are
already known or easy to identify: calculated decisions can be taken”
(Callon, 1998: 261).

5.2. Crossovers between SCOT, evolutionary economics and neoinstitutional
theory

These theoretical differences, summarized in Tables 2 and 3, suggest
there may be complementaries and potential linking points. The MLP
was developed in this crossover spirit (Geels, 2010), i.e. not as a ‘theory
of everything’, but as a middle-range framework. Based on the previous
analytical reviews, I identify several crossovers and linking points be-
tween the different theories:

• Institutions (particularly formal policies such as regulations, taxes,
subsidies) influence market selection processes in evolutionary
economics. (Institutional theorists would go further, however, ar-
guing that markets do not simply exist as ‘things’, but are con-
stituted and undergirded by formal and informal institutions).
• Institutions also shape variation processes in evolutionary eco-
nomics in two ways. Formal policies (R&D subsidies, tax incentives,
collaborative grants) influence the generation of techno-scientific
novelties. But a broader, interpretive view of the firm (Gavetti and
Levinthal, 2004; Nelson, 2008; Fig. 4) also allows institutional logics
to influence perceptions, which, in turn, shape the direction of
search activities.
• There are also conceptual linking points from evolutionary economics
to neoinstitutional theory. First, successful organizations with strong
financial resources and economic positions (which evolutionary eco-
nomics helps explain) have greater possibilities to shape institutions.

Fig. 7. Positioning theories (in circles) with regard to ontological assumptions and characterizing recent conceptual elaborations (as arrows) (substantially adapted
from Geels, 2009: 827).

Table 3
Dimensions of agency in various theories.

Iterational Projective Practical-evaluative

SCOT Action guided by technological frames Sense-making, visions, expectations,
imaginaries.

Interpretations, debates, deliberations.

Evolutionary economics Action guided by routines, standard-operating
procedures, heuristics.

Objectives, performance targets, guided
search, innovate.

Decisions, resource allocations, learning,
capabilities.

Neo-institutional theory Action guided by taken-for-granted categories,
schemas, templates, logics.

Deviation, strategies, plans, maneuvering. Reflexivity, theorization, justification,
aggregation.
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Second, firms generate technologies, which shape institutions en-
dogenously (Nelson, 1994) rather than as exogenous forces.
• SCOT and neoinstitutional theory both focus on ideational/sub-
jective dimensions, which facilitates crossovers between them.
Cultural-cognitive institutions can be seen as providing structural
contexts for interpretive activities in SCOT, whereas the stabiliza-
tion of shared cognitions in SCOT merges into cultural-cognitive
institutions. While neoinstitutional theory often ignores technology
or sees it as exogenous force, SCOT shows that technology can be
endogenised and studied as a socio-cognitive process. Technology
and technological knowledge can be seen institutions (Pinch, 2008).
Stages in institutional theory (habitualisation, objectification/theo-
rization, sedimentation) are very similar to the stages in SCOT (local
tinkering, gradual closure, cognitive consensus).
• There are also possible crossovers between SCOT and evolutionary
economics: search activities can be seen as guided by visions and
expectations; technological development involves not just firms, but
also broader social networks; technological selection occurs not just
in markets, but also through policies, cultural discourses, social
acceptance.

These crossovers are possible, because every theory foregrounds
certain concepts and backgrounds others. A taken-for-granted concept
in one theory (e.g. market, institution, technology) can be ‘opened up’
and endogenised by another theory. This creates the possibility for
linking points between theories, as specified above for the three the-
ories that inform the MLP. This does not mean that the MLP provides a
fully integrated theory of socio-technical transitions. But it does mean
that a comprehensive understanding can be developed by acknowl-
edging two points. First, socio-technical transitions are multi-dimen-
sional, entailing many causal processes which can be fruitfully studied
with different theories. Second, there are crossovers and linking points
between theories, which enable more comprehensive understandings of
co-evolution, spillovers and lateral effects, which are pervasive in
transition processes.

5.3. Relational conceptualization of agency as embedded in unfolding
trajectories

Whiles the MLP always emphasized alignments between ongoing

processes and trajectories, the conceptualization of trajectories has re-
mained under-developed. The appreciative theorizing in sections 3 and
(especially) 4 made advances in that respect, arguing that agency is
always relational (oriented towards other actors) and processual
(through recursive interactions with structures). Trajectories have thus
been conceptualized as successive ‘rounds’ in ongoing games, where
each round involves the interplay of several causal processes: variation-
selection-retention in evolutionary economics (Fig. 3) and structural
conditioning, social interaction, structural elaboration, and ex-
ternalization in neoinstitutional theory (Fig. 6).

In terms of Burns and Flam's (1987) analytical framework, both
conceptualizations of ‘rounds’ can be understood as operating in
tandem but via different loops and through different agentic mechan-
isms (Fig. 9). Evolutionary economics explains trajectories via the
lower-loop (‘actor structuring’), which emphasizes material mechan-
isms (market feedback influencing resource positions and behavioural
learning) and indirect effects on technological regimes (differential
growth, imitation). Institutional theory explains trajectories more via
the upper-loop (‘social learning’), which emphasizes cognitive and in-
stitutional processes that directly shape rules and regimes.

Furthermore, as demonstrated in section 4.2, the institutional sub-
processes in the morphogenetic cycle (Fig. 6) can be understood in
terms of variation, selection, and retention, although the specific causal
mechanisms are conceptualised in social-institutional terms. This sug-
gests that evolutionary theory may potentially act as conceptual meta-
framework, as proposed by Hodgson and Knudsen (2004: 15): “Dar-
winism provides an over-arching framework of explanation, but
without claiming to explain every aspect or detail. (…) Selection is the
general principle, but it operates in different ways. (…) The sources of
variation are very different in different contexts. (…) the transfer of
Darwinian principles from biological to social evolution does not imply
that the detailed mechanisms of selection, variation and inheritance are
similar. (…) there are bound to be many detailed mechanisms in the
social world that are not found in biology”.

This may dismay STS-scholars, who often dislike evolutionary the-
ories, which they (incorrectly) associated with a lack of agency and
teleology. Space constraints prevent addressing these concerns, but it is
worth noting that Pinch and Bijker (1984) characterized the SCOT-
approach as an alteration of variation and selection. Rammert (1997:
171) also suggests that STS can be rethought so that “a constructivist

Fig. 8. Degrees of social influences for different technologies and development stages (adapted from Tushman and Rosenkopf, 1992: 342).
Tushman and Rosenkopf (1992) distinguish four kinds of technology with increasing complexity and geographical span: (1) non-assembled products (cement, glass,
steel), (2) simple assembled products made up of a few subsystems (stoves, skis, guns), (3) closed assembled systems made up of many interacting subsystems
(watches, automobiles), (4) open systems involving combinations of artefacts and extending across geographical areas (television, electric power, telephone).
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explanation of technology's generation on the local level is combined
with a social evolutionary approach of structural selection on the global
[i.e. field] level".

6. Conclusions

The paper has articulated the micro-foundations of the MLP by
further elaborating its theoretical roots in SCOT, evolutionary eco-
nomics and neoinstitutional theory. With regard to the paper's first
goal, the analytical review and appreciative theorizing produced a re-
lational and multi-dimensional understanding of agency, which spans
iterational, projective and practical-evaluative dimensions as well as
material and ideational ones. This local (inside-out) model of the MLP
also provides a processual conceptualisation of trajectories as the out-
come of recursive interactions between agency and structure: actors are
conceptualised as oriented towards other actors and socio-technical
systems and as engaged in ongoing games which are structured by
multi-dimensional institutions. Evolutionary-economic and morphoge-
netic cycles offer two complementary ways of understanding agency as
embedded in on-going processes and trajectories.

The broader implication of this conceptualisation is that analyses of
transitions should not focus on agency as such, but always in relation to
social networks, institutional contexts and on-going processes (see also
King, 2004; Tilly, 2008; Abbott, 2016). “Agency is always agency to-
wards something, by means of which actors enter into relationships
with surrounding persons, places, meanings, and events. Viewed ex-
ternally, agency entails actual interactions with its contexts, in some-
thing like an ongoing conversation” (Emirbayer and Mische, 1998: 973;
emphasis in original). Elsewhere, Emirbayer (1997: 292) suggests that
this “resembles moves in a game, or perhaps even attempts to change
the rules of the game”, and argues that “a ‘sociology of occasions’ is
called for that takes as its unit of analysis a gamelike, unfolding, dy-
namic process” (p. 295). This paper has developed the outlines of such a

framework, building on insights from SCOT, evolutionary economics
and neoinstitutional theory.

With regard to the second goal, the paper has articulated crossovers
and linking points between these three theories, which produced an
analytical framework that goes some way in spanning several di-
chotomies: (a) long-term patterns (at the field/population level) and
local variability, (b) material and ideational dimensions, (c) (dynamic)
stability and change, (d) agency and structure (via recursive interac-
tions), (e) social networks (via relational interactions and game-
playing) and institutional structures (that shape the game and con-
stitute actors). The wider implication of this cross-over analytical fra-
mework is that transitions have the following processual and agentic
characteristics.

• Socio-technical transitions are evolutionary processes, i.e. open-
ended, non-linear, and fundamentally uncertain. For radical niche-
innovations, it is difficult to predict which design variation will
become dominant in 10–20 years’ time, what its price/performance
characteristics are, and how it will be used. If multiple niche-in-
novations exist (as is presently the case in electricity, mobility, heat,
and agro-food domains), it is difficult to predict relative diffusion
rates, meaning that multiple transitions pathways are possible. Both
considerations imply that experimentation, search, trial-and-error,
and learning are crucial agentic processes of socio-technical transi-
tions. Search processes, experiments and diffusion require financial
resources, meaning that resource allocation and investment are also
important agentic processes. More generally, evolution is not only
about variety creation and ‘opening up’, but also about competition,
struggles for resources, selection and ‘closing down’, which implies
that transitions involve ‘losers’ as well as ‘winners’.
• Socio-technical transitions are interpretive and socio-cultural pro-
cesses. Meanings, interpretations, and beliefs shape the motivations
and preferences of actors and their definition of interests. They also

Fig. 9. Actor-rule system dynamics (Geels, 2004: 908; adapted from Burns and Flam, 1987: 4).
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influence the social acceptance of particular innovations and the
legitimacy of policy efforts. “Whatever can be done through the
State will depend upon generating widespread political support
from citizens within the context of democratic rights and freedoms”
(Giddens, 2009: 91). This does not imply that transitions will be
consensual, since different groups have different beliefs and inter-
pretations. In fact, transitions are likely to involve discursive
struggles about the framing of problems and solutions (Roberts and
Geels, 2018). Framing struggles are consequential because it matters
if a problem like climate change is framed as a ‘market failure’
(which would lead to market-based instruments such as a carbon
tax) or as a ‘planetary boundary’ (which may lead to stronger reg-
ulatory or innovation policies with greater urgency). It also matters
how specific innovations are framed: are wind turbines seen as re-
newable energy technologies or as ugly artefacts that spoil the
landscape and kill birds? Are nuclear plants framed as low-carbon
technologies or as existential threats? The implication is that tran-
sitions should not only be seen as techno-economic management
challenges, but also as socio-cultural processes which involve wider
publics and cultural meanings.
• Socio-technical transitions are contested, conflictual processes.
Interactions between niche-innovations and existing regimes may
involve struggles on multiple dimensions: (1) business struggles be-
tween new entrants and incumbents, (2) technological competition
between new and old technologies, (3) discursive struggles about the
framing of problems and solutions, (4) institutional struggles between
dominant logics and new templates (pioneered by challengers or
peripheral actors), and (5) political struggles about agendas, goals,
and policies.11 Consequently, “transitions are not teleological and
deterministic, but continuously enacted by and contested between a
variety of actors. (…) So, transitions are likely to be non-linear; two
steps forward may be followed by one step back (or steps in a dif-
ferent direction if actors change their beliefs and goals or if there is
growing contestation of particular pathways)” (Geels et al., 2016:
900).

In sum, the MLP has become a cumulative, synthetic research pro-
gram for understanding socio-technical system change and sustain-
ability transitions. It also offers a way of making crossovers between
evolutionary economics and STS, which many scholars see as important
for overcoming the institutional fragmentation of the broader STI-field.

The MLP is not without problems or under-developed topics. More
could be done, for instance, to further develop the role of politics and
power in the MLP (and transitions more generally). Some scholars have
started to work on this (Geels, 2014a; Smink et al., 2015b; Hess, 2016;
Markard et al., 2016) and this paper made some efforts by discussing
relevant insights from neoinstitutional theory. But since neoinstitu-
tional theory limitedly engages with formal policies and overt political
conflict, it seems fruitful to explore how ideas from political science and
historical institutionalism can be accommodated in the MLP (see
Kern, 2011, Lockwood et al., 2017, and Roberts and Geels, 2019 for
initial attempts). Future research could also fruitfully focus on the role
of cultural discourses and narratives in transitions and the MLP, and
some scholars have started to work on this (Hermwille, 2016;
Rosenbloom et al., 2016; Roberts, 2017; Roberts and Geels, 2018).
These theoretical problems and under-developed topics will hopefully
further stimulate community-wide efforts in transitions research, since
“problems are more important structurally than solutions, in that they
can better muster the energy and interest of a community of in-
tellectuals” (Collins, 1986: 1346).
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