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Abstract: The global community faces the challenge of feeding a growing population with declin-
ing resources, making transformation to sustainable agriculture and food systems all the more im-
perative and ‘innovation’ all the more crucial. In this study, agro-food system innovation (re)defines
sustainability transition with a complexity construct of cross-scale interaction and an adaptive cycle
of system change. By taking a panarchical view, top-down and bottom-up pathways to innovation
can be reconciled and are not contradictory, enabling and constraining innovation at every level.
This study breaks down the structure of the agricultural innovation system into four components
based on multi-level perspectives of sustainability transition, namely: actors and communities, in-
teraction and intermediaries, coherence and connectedness and regimes rules and landscape. Mean-
while, this research frames the functional construct of system innovation for food and agriculture
with five perspectives drawing on broad inputs from different schools of thought, namely:
knowledge management, user sophistication, entrepreneurial activities” directionality and reflexive
evaluation. This research advocates for an ecosystem approach to agricultural innovation that gives
full play to niche-regime interactions using social-technical perspectives.

Keywords: agricultural innovation systems; pathways; food systems; entrepreneurship; niche;
agroecology

1. Introduction

The global community faces great pressure to feed a growing population. By the end
of the 21st century, the world population is projected to reach 11 billion. As the population
grows, so will the associated challenges, such as inequality, environmental degradation,
disease, social conflicts and hunger [1]. Globally, one in three people were malnourished
in 2018 and, if the current trend continues, one in two people could be malnourished by
2030 [2]. Despite the rising urgency to address global hunger, growth in agricultural
productivity has halted since the start of the 21st century, partly due to dampened invest-
ment in agriculture and development. Sustainability scholars have called the dominant
model of agricultural development that has been in use since the 1960s the ‘productivist’
model—a system failure for intensifying input use and promoting excessive dependence
on trade [3]. To move away from the ‘productivist model’ towards a more sustainable
system that can guarantee global food security in the context of climate change, greater
investment is needed. The United Nations Food and Agriculture Organization (FAO), In-
ternational Fund for Agricultural Development (IFAD) and Women's Empowerment
Principles (WEPS) estimate there is an average investment gap of 1.4 trillion USD annu-
ally [1].

The ability to transition from the “productivist’ model to a new system is constrained
by ‘lock in” in a social context. “Transitioning’ to sustainability is still an emerging research
field. For a long time, agricultural innovations were viewed as applications of scientific
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research and knowledge to be achieved by educators disseminating knowledge to farm-
ers. The belief in this knowledge hierarchy shaped agricultural development programs
and agricultural policies in developing countries [4,5]. However, the success of the agri-
cultural extension model is contingent on having a homogenous production environment,
large commercial farm units and stable economic conditions. These conditions are increas-
ingly difficult to guarantee because modern agriculture is no longer used just for produc-
tion, but also for consumption and environmental purposes. Modern agriculture is also
increasingly dependent on external actors like agribusiness firms, finance providers and
agencies [6]. Food and agriculture systems therefore cannot be reconfigured by control-
ling processes, planning, standardization, constancy and predictability. They are dy-
namic, adaptive, uncertain and complex and require socio-technical interaction and cross-
sectorial applications, which is now known as an approach termed agro-food system in-
novation towards agroecological transitions [7-10]. Research has been conducted on sim-
ilar transition ‘lock-in’ in other sectors such as energy, the environment and social media,
leading to the development of another emerging term called sustainability transition [11-
14]. The analysis in this article combines the emerging concepts of ‘agro-food system in-
novation’ and ‘sustainability transition’, which are similar in meaning but vary in appli-
cation.

Research and policy institutions continue to characterize agro-food system innova-
tion and sustainability transition as structured and controllable, despite the emerging
recognition that they should be flexible and dynamic. While a number of scholars concep-
tualize them using prescriptive [15] or ontological perspectives [16], others argue that a
normative construct is needed to take into account and highlight social needs and respon-
sibility [17]. While the concepts are emerging in the research community, they have not
been recognized or used to study agro-food systems and alternatives [18]. At the policy
level, policymakers have not yet formulated effective policies to put them into practice
[19]. In practice, alternative agrifood initiatives are dismissed as local struggles in the
niche and failed attempts at scaling up that have not managed to achieve regime influence
or a real ‘transition’ [20].

This research aims to join the emerging global debate on this topic and fill the
knowledge gap. In Section 2, it firstly reviews the evolving framings of sustainability tran-
sition from which agro-innovation well represents solutions to the manifested problems,
such as food crises, malnutrition, environmental and resource degradation, and associ-
ated societal turmoil. In Section 3, agro-food innovation is conceptualized as social-tech-
nical complexity of system attributes; panarchical views on agro-food innovation and sus-
tainability transition reconcile opposing ideas about top-down and bottom-up pathways.
In Section 4 and 5, agro-food innovation and sustainability transition are constructed
through structural and functional perspectives, as a multi-level interactive system and co-
learning processes.

The research has applied value and offers concrete recommendations for policy for-
mulation, normative constructions of agricultural innovation systems (AIS), and analytic
tools for capacity building and assessment. Examples of potential applications of this
study include the Tropical Agriculture Platform, a G20 initiative to strengthen national
innovation systems in developing countries, and the pilot programs of agricultural inno-
vation system (AIS) at the national and territorial levels [21].

2. Evolving Framings of Innovation and System Perspectives

There are two established and dominant frameworks that coexist in contemporary
innovation literature. The first framework assumes that knowledge derived from science
and technology is the driving force of economic growth and innovation [22]. It dates back
to the post-Second World War period when policymakers advocated for public invest-
ment in research and development (R&D) and the sponsorship of mission-oriented re-
search to address market failure. This resulted in large-scale, government-funded scien-
tific projects. The science-lead regime caused a divide between developed and developing
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countries as the latter were disadvantaged by their lack of capability, infrastructure and
enabling context [23]. The disparity led scholars and policymakers to reflect, and in the
1980s the second innovation framework emerged. The second framework emphasizes the
building of competitiveness and capacity and is shaped by the concept of a national inno-
vation system for knowledge creation and commercialization [24,25]. It focuses on ena-
bling entrepreneurship and knowledge sharing, encouraging business incubators and ac-
celerators, clusters and networks. However, the academic community has not reached a
consensus on what interventions that should be made under the second framework,
meaning that policies and results have been mixed globally.

The two frameworks vary in their conceptualization of innovation and their contri-
bution to development. The model of innovation in the first framework is a linear
knowledge transfer process. It presumes that a wide range of stakeholders can coordinate
and achieve coherence despite their different objectives and responsibilities [26,27]. The
model expects the science-led process will contribute substantially to long-term economic
growth and provide numerous business opportunities. The model of innovation in the
second framework takes a more functional view and considers the effect of the social-
historical context on innovation. Instead of viewing the innovation system as consisting
of multiple stakeholders, the second framework places user-entrepreneur relationships at
the heart of the system. The roles of other agencies are recognized but limited to facilitat-
ing the dissemination of information and knowledge to support entrepreneurial decision-
making [28]. Instead of conceptualizing innovation as a linear flow from science to applied
R&D and to commercialization, the model in the second framework focuses on the inter-
active nature of innovation across different networks. The second framework assumes
that knowledge is tacit and built up cumulatively [29].

The framing of innovation has been further developed by integrating the concept of
sustainability transition. The science-led innovation regime under the first framework is
top-down and technocratic. It does not integrate broader societal issues into interventions.
The second framework, as described by Schot and Steinmueller [30] (p. 1561), is one that
“explicitly introduces participatory and inclusive processes that are empowered to iden-
tify alternatives and to influence or take decisions regarding all possible options. This is
not a process which should be left entirely to the scientific community”. Both of the exist-
ing frameworks have been overly optimistic about the benefit of innovation to social wel-
fare as more and more countries and individuals have been left behind in terms of devel-
opment. The third, alternative framing of innovation, which integrates the idea of sustain-
ability transition, focuses on directionality (what future do we want?), legitimacy (why do
we want this future? Who defines it and why them?) and responsibility (transformation
by and for whom?) [17]. This third framework does not offer a model of best practices and
regulations but “focuses on innovation as search process on the system level, guided by
social and environmental objectives, informed by experience and the learning that accom-
panies that experience, and a willingness to revisit existing arrangements to de-routinize
them in order to address societal challenges.” according to Schot and Steinmueller [30] (p.
1563).

Agro-food system innovations are socio-technical changes that occur in response to
a number of persistent problems confronting contemporary food and agricultural sys-
tems. These manifested problems, such as food crises, malnutrition, environmental and
resource degradation, are persistent, non-cyclical and worsen as time progresses; some of
them lead to profound societal turmoil and tension [1]. Yet the search for sustainability
has been locked in by existing socio-economic-technical regimes that advocate for stabil-
ity. System innovation and sustainability transition necessitate a different approach that
creates shifts across regimes on a large scale [12].
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3. Innovation as Complexity Constructs of System Change
3.1. The Social-Technical Construct of Complexity

Food and agriculture are often conceptualized as complex systems. However, as a
conceptual term, complexity is often used to describe situations rhetorically without being
clearly differentiated from those which are simple or complicated. A simple situation is
one where there is a widespread agreement about what to do and it is possible for top-
down intervention to involve detailed planning and controlled execution [31]. In compli-
cated situations, the desired outcomes are less predictable and certain but what needs to
be done can be identified and achieved with technological breakthroughs and social com-
munication. However, in complex situations the outcomes of interventions aimed at solv-
ing problems are unpredictable and uncontrollable. A large number of factors and varia-
bles interact with one each other and many are unknown and even “unknowable”, given
the limited number of tools and approaches available [32] (pp. 137-139). The core distinc-
tion between complicated and complex situations is the extent to which there is (or can
be) causality. A system (such as farming) involving different stakeholders (or actors) who
articulate competing values and propose conflicting solutions is a complex issue rather
than a complicated one.

It is useful and important to distinguish social and technical complications for inno-
vation. Michael Quinn Patton [33] developed a matrix that makes this distinction by map-
ping situations along two dimensions. One dimension scales the degree of certainty about
what should be done to solve a problem. The author defines this as the technical implica-
tions. The second dimension depicts the degree of agreement (or conflict) among various
stakeholders about an intervention. This dimension is characterized as social complica-
tions. Combining these two dimensions creates a matrix where the horizontal axis cap-
tures the degree of certainty about how to solve a problem and the vertical axis displays
the degree of agreement about what to do.

In socially complicated situations (such as farming systems or anti-poverty pro-
grams), it is not just the fact that people disagree that matters, but the depth and source of
disagreements [34]. What makes agricultural innovation especially complex (instead of
complicated) and challenging is that those involved have fundamentally different per-
spectives and values or operate on different paradigms about how the world works and
what is important [35]. Their differences are constantly evolving and intertwined with
communities of great diversity.

3.2. An Adaptive Cycle of Innovation and System Changes

While complexity has been considered by some as a source of uncertainty, an alter-
native view suggests the complexity of living systems emerges from a small number of
controlling processes. Drawing from an example from agro-forestry ecology, Gunderson
and Holling [36] propose a framework to understand the complexity of economic, ecolog-
ical and social systems. In a complex system, transformations at the system level are de-
veloped through four phases that make up a recurring adaptive cycle: release, reorgani-
zation, exploitation and conservation. The adaptive cycle takes the form of an infinity loop
mapped along a two-dimensional matrix (Figure 1). The horizontal dimension measures
the diversity of the system along a “connectedness” continuum that measures variability
(such as biodiversity in ecological systems or heterogeneity in social systems); it reflects
the conformity or controllability of a system. The vertical dimension measures the extent
to which the inherent potential and resources in a system are released or stored. In a social-
economic system, the accumulated potential for value creation is derived from capital,
skills, networks of human relationships, and mutual trust that are developed incremen-
tally.

The different possible combinations in the four quadrants are the system dynamics.
The upper-right quadrant (K, for kappa) represents the conservation phase of a mature
system, such as a stable ecosystem with relatively low biodiversity where the system’s
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resources are mostly taken up by the dominating species. Social and economic K-types
are incumbents like large transnational companies (TNCs) or public entities (such as state-
owned companies or public institutions). In a regime at this phase, the ruling variables
are forced standardization, emphasis on accountability, bureaucracy, rigidity and re-
sistance to necessary change. The lower-right quadrant (€, for omega) represents the re-
lease phase when resources that have been locked up in the mainstream are set loose, as
occurs when a fire ravages a forest, a large business fails or a financial crisis occurs. This
phase was coined for use in social-economic systems by economist Alfred Schumpeter in
the 1940s when he studied economic cycles and argued for the importance of and rationale
for “creative destruction” to topple the old regime (that is dominated by K) and unleash
innovation and creativity.

The upper-left quadrant (a, for alpha) depicts a niche that departs from the main-
stream and explores reorganizations. In an ecosystem that suffered a crisis (such as fire in
a forest), a large number of new plants or animals start to emerge and compete for re-
sources. In a post-crisis economy, these are entrepreneurial start-ups (or similar social or-
ganizations) that experiment with innovations. For an economic or social system, skills,
networks of human relationships, and mutual trust accumulate and reorganize during the
progression from Q to a. In a social-economic system, the transition phase from Q to « is
characterized by scarce resources, downsizing organizations, high stress, and identity
confusion in both individuals and groups. It is a time of disparate experimentation and
much failure, but a small number of successes start to emerge and attract resources.

The lower-left quadrant (r) is the exploitation phase when resources are being re-
leased for new growth. The transition from « to r is a converging process when resources
are directed to the most promising possibilities. The frontrunners grow into dominance
and the cycle returns to where the system began—the conservation regime. Resources are
locked up and elements have a low innovative capability.
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Figure 1. Adaptive cycle of complex economic, ecological and social systems. Source: Reused with
permission from reference [37], copyright (2021) by Springer Nature and Copyright Clearance
Center.

At the heart of debates about the complexity construct of transformative innovation
is the direction of innovation. Both of the above theories on system change for sustaina-
bility oppose marginal and incremental changes. Transformation is differentiated from
mere “improvements” or “adjustments”. Rather, it is described as a dramatic and top-
down regime shift [38]. Such an approach to transition management has been criticized,
however, for democratic disconnect and overstating the role of elites and leadership [39].
Nevertheless, alternative views about sustainability transition have been also criticized
for not defining clear pathways between the different levels and a bias towards bottom-
up change [40], neglecting the potential of broader secular changes that create favorable
conditions for revolutionary uprisings and create ‘structural opportunities” [41].
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The idea that sustainability transition can be facilitated and constrained by both top-
down and bottom-up pathways is defined as “Panarchy” —an image borrowed from the
Greek god Pan—who was the epitome of unpredictable change—to depict the evolving
nature of complex systems [36]. In a panarchical construct of transformative innovation,
dual top-down and bottom-up pathways are depicted as an adaptive cross-scale interac-
tion that combines experiments and learning with continuity. Both of the pathways can
trap system change into situations that are hard to adapt. On the one hand, the top-down
pathway may have abundant resources and high connectivity, but it is trapped in rigidity.
On the other hand, the bottom-up pathway is impoverished and innovation is trapped by
poverty, even when it survives in the niche. Panarchical views on sustainability transition
and transformative changes reconcile opposing ideas about top-down and bottom-up
pathways, and assert that both of them can be innovative and conservative. Transforma-
tive changes of panarchy views are portrayed using the framework of strategic niche man-
agement for sustainability and innovation [42—-44].

3.3. System and Complexity Inquiry of Agro-Food Innovation: Where Next?

The concepts of innovation and sustainability transition can be used to address a set
of questions that dominant approaches to agricultural research are poorly equipped to
address. Conventional approaches to studying food and agriculture are usually special-
ized into different disciplines (such as commodities or sectors): productivist that seeks
continuous productivity gains, homogeneous and controlling of the production environ-
ment and context [4,45]. As farming systems become increasingly diverse, agricultural
technologies increasingly need to take the environment and social context into considera-
tion [46]. Several analytical approaches based on different theories and epistemology de-
fine innovations in food and agriculture as a knowledge infrastructure that interprets na-
tional or sectoral innovation systems [47,48] as socio-technical systems consisting of mul-
tiple actors and relations [49,50], a set of functions [51-54], a dynamic process of multi-
actor interaction and learning [55-57] and a system to navigate complexity, collaborate,
reflect and learn to engage in processes [58]. How do these views contribute to the framing
of agro-food system innovation and sustainability transition?

4. The Structural Construct of Agro-Food Innovation and Sustainability Transition as
a Multi-Level Interactive System

Structuration theory views that actors are embedded in structures (i.e., resources and
rules) and draw upon structures using concrete actions and local practices [59]. Therefore,
structures are both mediums and outcomes of actions. According to structural views of
innovation systems, actors are not passive rule-followers but knowledgeable agents who
use the rules to interpret and (inter)act through reflexive learning. Similar to neo-institu-
tional sociology, structuration theory distinguishes three kinds of rules/institutions: reg-
ulative, normative/interpretive and cognitive [60]; the rules influence actions through dif-
ferent mechanisms. Rules do not exist individually, but are linked in semi-coherent sets,
forming multiple regimes in areas such as economics, politics, law and culture [61,62].

Nonetheless, systems are different from structures and the distinction is important
for sustainability transition. Structures are the rules and resources that actors draw upon
recursively while acting according to concrete local practices [12]. Systems refer to mutual
dependencies and interactions between actors, such as exchanges, conflicts, coalitions, ne-
gotiations and strategy games. Systems have structural properties, but they are not struc-
tures themselves (op cit.). To study the structuration of a system, such as food and agri-
culture, it is important to “study the ways in which that system, via the application of
generative rules and resources, and in the context of unintended outcomes, is produced
and reproduced in interaction” [59] (pp. 65-66). In other words, structuration approaches
focus on resources and rules that actors draw upon, but system approaches focus on the
(inter)actions of actors. Importantly, the system view of innovation acknowledges the role
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of material and technical elements and therefore frames innovation using socio-technical
perspectives [12].

The construct of sustainability transitions as systems was conceptualized using
multi-level perspectives (MLPs). According to MLPs, system innovations for transforma-
tive change result from the interplay of developments at three analytical levels: niches (the
locus for radical innovations), socio-technical regimes (the locus of established practices
and associated rules that stabilize existing systems) and an exogenous socio-technical
landscape [12,13,63]. The socio-technical landscape forms an external context that actors at
niche and regime levels cannot influence in the short run. Regimes provide stability in the
system but also cause lock-in and hamper innovations. Working on radical innovations
that deviate from existing regimes, niche actors (such as entrepreneurs, start-ups, spinoffs)
articulate expectations and enroll new actors into the system outside the existing regimes.

Regime change is a nexus of several subsystems and it is the principal locus for tran-
sition. According to MLPs, a regime may consist of several sub-regimes or subsystems
that interpenetrate and co-evolve with each other [12]. The notion of a socio-technical re-
gime not only clarifies interactions across different levels and the pathways, but also aims
to capture the meta-coordination between different sub-regimes, and therefore goes be-
yond sectorial systems [62]. According to extant literature about agricultural innovation
systems [58,64,65], agro-food regime has eight sub-regimes or subsystems, namely: pro-
duction, users and markets, supply, R&D, finance, public authorities, civil society and in-
termediaries (Figure 2).

Landscape
(macro) ; \

Regimes
(meso)

Niches
(micro)

Figure 2. Structural construct of agro-food innovation through multi-level perspectives.

Niche-regime interactions are crucial for framing agro-food innovation and sustain-
ability transition. While both niches and regimes provide structure to actions in local prac-
tices, the degree of structuration varies in size, stability and complexity [12]. When it
comes to niche-innovations, networks are unstable and loose, with actors entering and
exiting frequently; rules are vague, imprecise and sometimes conflicting, be them regula-
tory, normative or cognitive. Working on path-breaking innovations that deviate from
existing regimes, niche actors (such as entrepreneurs, start-ups, spinoffs) articulate expec-
tations and enroll new actors into the system from outside the existing regimes. Regime
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rules are well-articulated and relatively stable, and thus provide stronger structuration
and have a greater constraining influence. Regimes provide stability in the system but also
cause lock-in and hamper innovations, given that there are dominant practices guiding
rules and decision-making. Nonetheless, regime change does not come about by bottom-
up processes only and is the sum of niche development [66]. Some other MLPs on the
dynamics of transition assert that niches may also emerge within a regime and not neces-
sarily at the micro level [67]. Niche development, maintained through local initiatives,
requires outward orientation, ‘anchoring’, and focus on the changing interdependency of
the niche and the wider social world [68]. The interaction between niches and regimes is
displayed as two-way arrows in Figure 2.

4.1. Actors and Communities

Agro-food systems are characterized by multi-actor structures. It has been widely
agreed that agricultural innovations are multi-actor and multi-facetted processes involv-
ing a wide range of stakeholders, such as consumers, farmers, firms, universities and
knowledge institutes and public authorities [49,64,69]. Depending on the underlying as-
sumptions, these actors are conceptualized and framed as autonomous agents [70], hybrid
and network-like organizations between hierarchy and the market [71,72] or intermedi-
ated through innovation brokers [73]. Despite the consensus that there are multiple actors,
the discourse about them has become rhetorical. The development of multi-actor struc-
tures into ‘partnerships’ is widely advocated but confused in practices [74].

The structural construct of system innovation with regards to food and agriculture is
constituted of individual actors and dedicated communities that permit individual
knowledge to be combined with shared views and collective action, to the extent that the
interests and activities of individual actors are aligned. Dedicated communities vary
greatly, ranging from loosely organized farmer groups that are driven by economic ben-
efits (‘functionalism’) to civil society organizations with deep-seated values and beliefs,
or industrial and academic consortia with organizational charts (‘structuralism” and ‘rela-
tionalism”) [16]. Communities and federations are important for autonomous decisions
and interaction processes in which information and resources are exchanged. While most
agro-food communities are bounded in locale [75,76], digitalization transforms geo-
graphic borders and facilitates ‘socialized’” communities [77], such as various alternative
food networks and supportive community agriculture [2]. The constituents of communi-
ties (as actors) in the system introduce not only global-actors but also “meso-rules’ because
these community actors stipulate intra-rules and sometime influence the (regime) rules
through direct action or through facilitating communications (such as social media, con-
ferences and journals). They actively use, interpret and implement the rules but also con-
trol and reform the rules, forming a “social rule system” [78].

The epistemology of various approaches to framing multi-actors in agro-food sys-
tems is fundamentally different. In neo-classical economics or realist approaches, actors
(such as farmers or consumers) are represented as having a fixed set of preferences as part
of (quasi-)rational agency and having some kind of formula in their mind to make optimal
adoption choices [79]. The process of innovation is perceived as “alertness and discovery”
of opportunities by agents with particular subjective localized knowledge [80]. Different
from the opportunity-alertness perspectives, another strand of thinking views innovation
as individual phenomena. In this constructionist view on innovations, ‘opportunities’ are
formed by Schumpterian entrepreneurs or individuals who have unlimited resources and
freedom and then mold their actions to realities [81,82]. Building on the strengths and
limitations of both realist and constructionist approaches, the evolutionary and socio-
technical approach agrees that knowledge and ‘reality’ is constructed by individuals but
validated through socio cross-validation, blind-variation and the selection-retention pro-
cess; trials and errors are unavoidable and necessitate social interactions [83,84]. Accord-
ing to this third approach, actors are embedded in wider structures, which configure their
preferences, aims, strategies and capabilities.
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The analytical approaches to actors and communities in various perspectives is cen-
tral to frame agro-food innovation. Geels suggests to making an analytical distinction be-
tween systems and the actors involved in them [62]. Such a distinction is greatly useful
because a large number of heterogeneous actors in agro-food systems confound the
boundaries, leading to the descriptive feature called “pluralism” [50,85]. To frame agro-
food innovation for sustainability transition, the analysis should go beyond sectorial per-
spectives, focusing on interactions of actors within and across (sub-)regimes [7]. Such in-
teractions in system innovations are open-ended and co-evolving processes of individual
actions (in the private sphere), organizational/community practices of shared rules (in the
collective sphere) and unintended influence (in the public sphere).

4.2. Interaction and Intermediary

Rather than mapping actors by delineating identities, transformative innovations
and sustainability transition are characterized by interactions among actors [86]. Unlike
interactions within the levels (or subsystems) that maintain adaptive opportunities, inter-
actions across levels (between technology, policy, economic and public discourse) hold
the structure together and promote system innovations [28,36]. For example, the process
of niche-regime interactions enrolls new actors and constructs shared visions of associated
agrifood network actors, which eventually leads to the reconfiguration of the regime [87].

Intermediary bodies have been widely recognized as important system constituents
to facilitate interactions, but the conceptual views of the roles of intermediary bodies are
not well aligned with real-life practice. A general definition of their role is to facilitate,
mediate and advocate [88]. Some narrowly define intermediaries as “agricultural exten-
sions” between agronomy-science and farming practices in a top-down knowledge man-
agement regime. However, the idea of extension agencies does not take into account in-
termediaries’ interaction with and social learning from a wider range of actors (such as
users and civil society) [54,89]. Another school of thought views intermediaries in inno-
vations as participatory processes that “support the work of different types of teams in
solving mostly complex problems and in developing decision solutions” [90] p. 139, and
facilitate group formation and communicating dialogue [73,91]. Embedding intermediar-
ies in agro-food innovations using system perspectives remains challenging and outside
the mainstream body of thinking; many assume the legal identity of non-governmental
organizations (NGOs) instead of having their own independent professionalism [74].

Only recently were the presence and function of intermediaries in agricultural inno-
vation systems framed in sustainability transition. Panarchical systems of food and agri-
culture do not see top-down and bottom-up innovation as contradictory. Rather, they al-
low for interactions and coordination between different actors involved in transformative
innovations to achieve learning and practices at different levels [87,92,93]. For example,
some intermediaries help articulate government policies and ‘vision” and transfer them
from the landscape and regime levels to local practices. Once verified, niche innovations
and experiments need facilitation to interact with other actors in the regime in order to
scale up. Intermediaries act as ‘innovation brokers’ to build linkages and facilitate inter-
actions [73,74].

4.3. Coherence and Connectedness

Coherence and connectedness are determinants of the stability and rigidity of re-
gimes. Coherence indicates diversity, shared rules and alignment among (sub-)regimes
[36]. Connectedness measures the internal controllability of the regime by its own density
and reflects the degree of flexibility or rigidity of established rules and controls within a
regime (op. cit.). When a regime exhibits a high degree of stability and rigidity, it becomes
hard for innovation to emerge within the regime, and a new socio-technical configuration
outside the regime (such as in niches) faces resistance and lock-in. Transition is prevented
by rigidity.
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The coherence and connectedness of each regime depends on its adaptive capacity
(or resilience). The adaptive capacity of a regime is in turn related to its ability to recognize
its vulnerability to competitive threats from other regime members and reorganize im-
provements in the face of the competitive selection pressures [94] (p. 64). Coherence and
connectedness can be formed and enforced through political or market powers and the
formation of social order with ‘guiding visions’ [95]. However, ‘societal consensus’ or
‘public interest’ which are formed in this way are not very adaptive as they are formulated
with few interactions within and across the regimes.

4.4. Regime rules and Landscape

Building on the institutional theory and sociology of technology, ‘regime rules’ dis-
tinguish different kinds of rules (regulative/normative/cognitive) that affect human action
in agricultural innovation systems [60]. Regulative rules refer to explicit and formal spec-
ifications, such as legislation, regulations and standards. Normative rules are social
norms, values, role expectations, duties and responsibilities; these are internalized
through socialization processes. Cognitive rules are the nature of reality and frames
through which meaning or sense is made or symbolized, such as habits, user preferences,
metaphors or beliefs. The rules are linked and are not single autonomous entities, and the
alignment of the different sets of rules deliver regime stability. It is difficult to change one
rule (such as property rights), without altering others (such as labor mobility and migra-
tion regulations). In socio-technical regimes, rules are not just linked within regimes but
also across a variety of sub-systems (like science, technology, policy, users and market,
and culture), playing a meta-coordinating role [62].

The metaphor of a ‘landscape’ is used because of the connotation of relative stability.
‘Landscape’ connotes the ‘hard’ infrastructure and spatial arrangements that constitute it,
such as electricity, infrastructure and urban planning. It defines trans-regime rules (regu-
lative, normative and cognitive) that underlie the foundation of the structure of systems,
such as pressure, politics, power dynamics, perceptions and purpose [96]. A landscape
provides a stronger structuration of activities than regimes; it does not necessarily have
more direct effects on actors than regimes but it channels transition processes and under-
goes shifts slowly in an autonomous way [62,97]. A landscape provides “deep-structural
gradients of force that make some actions easier than others” here or difficult elsewhere
[12] p. 29. The socio-technical landscape of sustainability transition differs from conven-
tional contextual constructs because it includes misalignment and shocks, such as crises
and climate change. External disturbances may create pressure on societal groups and
regimes and affect people’s perceptions.

Understanding the analogy and distinction between the landscape and the ‘enabling
environment'’ is crucial for framing agro-food innovation for a sustainability transition on
a societal scale. Neither the landscape nor the enabling environment can be influenced by
niche or regime actors in the particular domain they are in in the short run. However,
while the enabling environment is relatively static, the landscape is influenced by changes
in the external environment and interactions made by human agency, making it more dy-
namic [12].

The mainstream discourse about enabling environment dismisses the distinction be-
tween landscape and regime rules, and conceptualizes the external environment as part
of the regime in a ‘top-down’ approach. The landscape cannot be affected, meaning the
pre-defined goals of regime actors and the external environment are not sufficient to ena-
ble a transition until a bottom-up response facilitates niche-to-regime processes [97]. In
the structural construct of the landscape-regime, the regime actors are engaged with and
adapt to the external environment, especially when operating under conditions of re-
source-constraints and market failure.

The role of landscape in the structural constructs of agro-food innovation implies a
bricolage approach of mobilizing resources to achieve transformative innovations. Given
that niche innovations mostly operate under conditions of resource-constraints in sectors
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with few economic opportunities or even market failures, the role of resources is often
called into question [82]. While resources enable innovations, they are often locked in ex-
isting regimes and the landscape. Bricolage, the process of mobilizing resources at hand —
be they material, labor and/or skills, allows social entrepreneurs to “make-do” and over-
come project input constraints [98]. A fundamental aspect of bricolage involves the adap-
tive combination and, potentially, recombination of resources to solve problems, rather
than awaiting for enabling resources to become available [99,100]. This “trove” of re-
sources allows entrepreneurs to find creative solutions to social problems and act as a
medium of social change. According to the bricolage approach, innovations do not result
from the ‘enabling environment’ but rather ‘enable’ the environment through cognitive
learning and adaptive practices.

5. The Functional Constructs of Agro-Food Innovation and Sustainability Transition
as Co-Evolved Learning

The other strand of literature frames agricultural innovation systems using func-
tional perspectives. Unlike structuration approaches, which focus on actors, resources and
rules, functional perspectives emphasize how (technological) innovation systems work.
The first school of innovation theory that used functional approaches decomposed and
determined the overall system of function by several sub-functions: the generation, diffu-
sion and use of innovations [51-53]. Scholars of this group later developed specific map-
ping tools to evaluate the internal strengths and weaknesses of these functions and spe-
cific socio-technical trajectories [101,102]. According to functional perspectives, a well-
functioning innovation system is characterized by (a) entrepreneurial activities, (b)
knowledge development, (c) knowledge diffusion in networks, (d) guided search, (e) mar-
ket formation, (f) resource mobilization and (g) creation of legitimacy/overcoming re-
sistance to change [51] (p. 418). After an extensive review of literature that discusses ‘func-
tions’ of technological innovation systems, Jacobbson and Johnson [103] identified five
functions performed by innovation systems, including (a) creation of new knowledge, (b)
search processes among users and suppliers (of technology), (c) supply of resources, (d)
creation of positive external economies and (e) market formation.

The functionalist views of agro-food innovation have been questioned in many re-
spects, from ethics to methodology. It is widely recognized today that innovation goes
beyond its contribution to economic growth and requires more than technological inno-
vation. It delivers higher quality outcomes, i.e., functional changes in eco-efficiency, a
combination of technological, organizational and institutional innovation, the involve-
ment of multiple actors, new guiding principles and sets of goals, and long-term changes
at the micro- and meso-levels [38]. Functional analyses of innovation systems tend to ab-
stract functionality from the totality of the structure. Those that oppose the functionalist
approach propose a long-term perspective and shift in regimes/paradigms, rather than
pursuing the functions in the short run, in order to take into account the complex nature
of system innovation in sustainability transition (which is defined by nonlinearity, emer-
gence and uncertainty) [104,105].

Notwithstanding criticism, functional perspectives appeal to a broad range of insti-
tutions, such as financial institutions, and public administration and development agen-
cies, given the mandates they have to carry out performance evaluations. Patton [33] ar-
gues that, to posit the macro functionality of innovation, micro and static studies are still
needed to validate the value propositions of innovation [33]. In the real world where in-
stitutions have limited tenures and are subject to contractual responsibilities (such as is
the case for development agencies), tools are needed to evaluate the accountability of in-
terventions. This is expected to inform policy by identifying the ‘motors of innovation’
that accelerate development and the constraining factors that hinder innovation [106].
Outcome-based approaches remain practically useful but have not been fully aligned with
the sustainable development goals (SDGs) of the United Nations [107].
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This study proposes an analytical framework to clarify the role that functional anal-
ysis can play in helping agricultural innovation systems transition towards sustainability.
The functional constructs of agro-food innovation and sustainability transition are identi-
fied using five constituents (Figure 3), namely knowledge generation and access, user so-
phistication, entrepreneurial activities, directionality and reflexive evaluation.

Knowledge
Creation &
Access

User
Sophistication

Reflexive
Evaluation

Entrepreneurial
Activities

Directionality

Figure 3. Functional construct of agro-food innovation and sustainability transition as a transform-
ative process.

5.1. Knowledge Management

Knowledge and innovation management distinguish two types of knowledge, ex-
plicit and tacit. Explicit or codified knowledge can be articulated, codified, stored and
transmitted to others without changing the content and format of the knowledge. The
most common forms of explicit knowledge are manuals, documents, programs and data-
bases. Explicit knowledge is often confused with information given neither of them rely
on knowledge derived from experience. Management science disregards the importance
of explicit knowledge relative to tacit knowledge [108]. Tacit knowledge refers to
knowledge that is largely based on practice and is deeply rooted in action, commitment
and involvement [109]. As a result, tacit knowledge is often contextual and personal in
nature. Tacit knowledge is sometimes referred to as know-how and has been considered
essential for innovation and sustained competitiveness [110].

Agriculture as a knowledge system is dominated by tacit knowledge that is deeply
rooted and embedded in social structures (e.g., farmers, informal groups, communes),
posing a great challenge when it comes to interacting with the codified knowledge of sci-
entific disciplines. Tacit knowledge includes skills, capability and expertise, as well as val-
ues, belief and attitudes. As a consequence, knowledge creation in agriculture innovation
systems is embedded in society and locked into processes and social structures, such as
routines and culture [110]. As agro-food innovation requires multi-level actors and insti-
tutions, networking and interaction determine innovation capacity [111]. For tacit
knowledge management, it is essential to strengthen organizational learning capacity that
fosters self-organizing flexibility, trials to reduce uncertainty and effective feedback loops
[112].

Access to knowledge for all depends on a vast network of regime actors (i.e., research
institutes, intellectual property rights regulatory bodies, the private sector and civil soci-
ety) and policy coherence. Agricultural intellectual property includes that of both private
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toll goods (non-rival) and public goods (non-rival and non-exclusive). When protected by
intellectual property rights (IPR), knowledge becomes a toll good that is accessible only
when created for the first time or purchased. This has profound implications for the cost
structure of the research industry that is biased towards large-scale organizations (e.g.,
incumbents, research institutes and universities) and countries [113]. The persistence of
global inequality underscores the need to transmit knowledge across borders and conti-
nents to build capacity in less developed areas [106]. However, at the global and national
level, access to knowledge and R&D capacity still faces challenges when trying to align
with different IPR regimes and development goals [5]. A key issue, as asserted by the
OECD, is the protection of IPR and the difficulty in defining the scope and duration of IPR
to provide enough incentive for private investment in agricultural knowledge and re-
search, without compromising the societal benefits of sharing the knowledge and stimu-
lating innovation.

Given that market failure results from research spillovers and the non-rival nature of
knowledge, innovative public-private partnerships in knowledge management are crucial
for agro-food innovation towards sustainability transition. Public and levy funded re-
search organizations can play an important role in creating efficient agricultural
knowledge systems and ensuring their accessibility to society. Industry-oriented research
has an advantage over public-funded research as it focuses on downstream knowledge
users. Cooperative mechanisms and synergy effects create incentives and returns on in-
vestment by taking advantage of the private sector’s technical expertise, and the public
sector’s ability to direct societal needs [114]. Notwithstanding a handful of successful
cases, a great deal remains to be learned about the operation and practice of aligning ag-
ricultural knowledge and sustainability goals [5].

5.2. User Sophistication

User sophistication distinguishes agro-food innovation from sectorial innovation in
specific fields or technologies. The early school of thought conceptualized sectorial inno-
vation as a ‘triple helix dynamic’ that firms, public authorities and universities work on
together [115,116]. Such an approach mainly looks at the supply-side and the production
of innovations, taking the user sider for granted or simplifying it to ‘the market’ which
functions as a natural section environment. However, agro-food system innovations are
not only influenced by the supply-side, but also by users and unintended groups who are
embedded in the application domains. Users do more than just buy or adopt (new) tech-
nologies but act as ‘agents’ to ‘domesticate’ the use of new products/services and technol-
ogies to fit existing user contexts [117-119]. The domestication fits in the functional do-
main of innovations and involves symbolic and cognitive process (individual nexus),
group learning and behaviors (community nexus) and embedded culture (societal nexus)
[120]. User sophistication implies that system innovations not only involve changes in
technical knowledge and industries, but also changes in user contexts and symbolic mean-
ings.

User sophistication recognizes the fundamental role of human agency in agro-food
innovations and advocates for socio-technical interactions towards sustainability transi-
tion. Technological innovation refers to realizing functionalities in concrete user contexts,
which are made up of users, their competencies, preferences, routines, cultural values and
interpretations [117]. As users interact with new technologies (and possibly undergo
change accordingly), they build up experience and gradually explore new functionalities
through ‘probing and learning’; they develop new cognitions and concepts with which to
make sense of the technologies [121]. User sophistication makes entrepreneurs aware of
the context of regime and landscape because the contexts are shaped by a variety of exist-
ing artefacts and infrastructures (such as transportation, information and communication
technologies, and electricity networks) and regulations. From an evolutionary perspec-
tive, end-user influences are more systemic and preferences and practices can reshape the
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socio-technical configurations of regimes (e.g., regulations, standardization, policies) and
the landscape (e.g., infrastructure, cognitive perception and culture) [117].

User sophistication is essential for change to happen in a complex system. With the
emergence of modern technologies (such as smart technologies), it is easier for discrete
and niche innovations to come to market. Nonetheless, in socio-technical systems that are
non-linear and have dynamic complexity, there are both intended and unintended conse-
quences of the processes in such systems. Stroh [122] positions unintended consequences
at the heart of systems thinking for social change. Surfacing unintended consequences
differentiates the short- and long-term logic model of social change, and gleans insight
into the “emergent properties” of innovation, as seemingly unintended outcomes and us-
ers at a lower scale might emerge higher up on the scale [12] (p.142). However, it is often
easy to over-simplify by not looking beyond the “theory for unintended” outcomes, which
prevents other explanations from being identified [123]. Attempts to create new models
of agriculture often fail because they do not fully understand the informal systems that
they were about to replace or transform [124].

User sophistication is different from market sophistication. Market sophistication—
described as a set of events and activities that constitute marketplace and functions, in-
cluding demand articulation, searching, matching, exchanging, transactions and financ-
ing—is framed as an essential part of functioning innovation systems designed to feed the
world [125]. The domestication of agro-food innovations in sustainability transition is a
sophisticated process as a large number of users are illiterate and risk averse, leading to
high transaction cost for the market paradigm and behaviors are embedded with commu-
nity norms and dominant rules [126,127]. As a consequence, aside from market sophisti-
cation, social movements led by civil society are useful to facilitate such events and activ-
ities.

User sophistication suggests promising opportunities. It also implies that it is neces-
sary reconfigure agro-food systems by investigating common public perceptions and ral-
lying user innovation. Agro-food innovations towards sustainability are often designed
to solve problems and achieve better “command and control” in production management;
the knowledge regime favors codified information and technologies [128]. However, ag-
ricultural sustainability is not entirely individual practices but rather social-technical prac-
tice and interaction among multiple actors, involving cognitions, values, habits and
norms. Agro-food innovations are not only influenced by the supply of knowledge, but
also by user domestication. A burgeoning body of examples show user innovations in
alternative forms of agrifood systems, such as community-support-agriculture, farmers
markets and farm-to-school [20,129-131].

5.3. Entrepreneurial Activities

Entrepreneurship constitutes the core of functional views of system innovation.
Scholarly research about innovation and the history of technology highlights the fact that
large incumbent firms often do not succeed in transforming their scientific or industrial
(explicit) knowledge into innovation [132]. Innovation has been viewed as an entrepre-
neurial process of identifying and exploiting opportunities in the marketplace by assem-
bling and organizing resources [80,133]. It is also a cognitive loop in which creative entre-
preneurs build and transform tacit and embedded knowledge and guide experimental
actions [133]. The nature of entrepreneurship is to exploit hidden and tacit knowledge
with a new venture, and entrepreneurs are therefore viewed as the ‘knowledge filter” in
the innovation process [134]. This knowledge-based view of innovation argues that the
competitive difference between firms and nations is the result of the entrepreneurial pro-
cess that creates and applies private sector tacit knowledge [135].

Entrepreneurial activities are crucially important for niche dynamics in sustainability
transition. In niches, entrepreneurs face small and unstable markets, limited resources and
untapped opportunities. The rules are dispersed and there is limited structuration of ac-
tivities and much uncertainty. The selection criteria for small market niches are different
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from the existing regime; new technologies, markets and user preferences needed to be
co-constructed [118]. Entrepreneurial action transforms extant reality into new markets
through a chain of stakeholder commitments over time, and the end-product of the pro-
cess is inherently unpredictable [136].

The role of social entrepreneurship is emerging in agro-food sustainability. Social
entrepreneurship is a global emerging phenomenon focusing on addressing enduring so-
cial and development challenges through innovation [137,138]. Unlike mainstream entre-
preneurial ventures in business, the notion of social entrepreneurship articulates and po-
sitions unmet social needs and problems at the heart of business models [139,140] (p. 68).
Aside from independent entrepreneurship (as in mainstream business), social entrepre-
neurship can also emerge “from the inside out”, leveraging networks, brands and re-
sources from existing public organizations and private incumbents to scale up [141]. Social
entrepreneurship differs from philanthropy because it is an organized process that creates
economic value, although both undertake mission-driven activities. Notwithstanding ac-
ademic debates about the nature of social entrepreneurship and its variety of different
applications [142,143], the concept of social entrepreneurship has been widely shared and
has gained interest and investment from global sustainable development [144] and agri-
cultural transformation communities [145].

The blending of commercial, social and environmental interests constitutes the core
value proposition of the business model of entrepreneurial innovation. When dealing
with sustainability transition of multiple actors, entrepreneurial organizations interact
with not only intended users or clients, but also with third-payers, donors, volunteers and
workers. Entrepreneurs need to have a plausible value proposition for each group they
interact with [140]. When entrepreneurial organizations commit themselves to a sustain-
ability vision —sometimes called ‘ecopreneurs” when they on the environment or ‘social
entrepreneurs’ when they target enduring social problems—they combine business and
social value propositions using a hybrid business model and value creation [146].

5.4. Directionality

Directionality is at the heart of framing agro-food innovation and sustainability tran-
sition. According to the conventional framing of innovation, societal problems are as-
sumed to be addressed directly by productivity enhancements and R&D investment, or
indirectly by strengthened capacities and networking externalities [30]. Nonetheless, the
societal goals of sustainable development and transition are not just identified objectives
to pursue or to leverage, but necessitate experimentation and learning about underlying
assumptions and values. Development and sustainability thinking recognizes a wide
range of global challenges —such as poverty, climate change, energy, mobility, food, water
and healthcare —and proposes global initiatives that call for greener production, increased
social justice, a fairer distribution of welfare, sustainable consumption patterns and alter-
native models of economic growth [147,148].

Given that the concept of sustainability is so formidable, in that it is an all-encom-
passing set of values, directionality advocates that have open and plural choices should
be one of the principles for social appraisal. In the domain of public policy, distributed
pressures may assert the intellect of relatively privileged social actors, such as mainstream
investors, regulators, high-impact entrepreneurs and key opinion leaders [149]. These es-
tablished socio-technical configurations quickly acquire momentum and develop into the
‘regime’ and then in turn come to exercise a degree of ‘autonomy’ at the expense of alter-
native and less privileged configurations, for example in cases like genetic modification
[150] and food additives [151]. Other discourses on ‘sustainability’—such as climate
change and the low carbon economy —are characterized by technology-determinism and
‘no alternatives’ rhetoric [152]. It is in this way that the global discourse on sustainability
is subject to rhetorical processes such as “whatever happens to emerge from dominant
structures of power and privilege in existing institutions and markets is implicitly held to
constitute self-evident ‘progress’” [153] (p. 27). Directionality is proposed as a principle
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for social appraisal, in addition to inclusivity, rigorousness, transparency and accessibility
[154].

When it comes to framing agro-food innovation, directionality underscores the re-
flexive thinking and design of alternative food and farming systems towards sustainabil-
ity and resilience. In the early years of agricultural modernization, techniques were devel-
oped to maximize output, improve production efficiency and ensure consistency and pre-
dictability to achieve better “command and control” [128]. However, farming systems are
open, complex, adaptive and inherently dynamic systems, meaning that such techniques
were not completely appropriate. As a result, alternative views on how to reconfigure
food and agricultural systems were developed over the past 30 years, and agro-food sys-
tem innovations have become emerging and evolving research fields [6].

While some of ‘alternative’ approaches to agricultural modernization were devel-
oped into global programs and even communities, most remain outside or at the fringe of
the existing regime and the ‘mainstream’. One example is ‘agroecology’, which defines
the agro-food system as a co-evolution of nature and societies and reframes the relation-
ship between farming systems and environment [155]. Recently, the notion has entered
the discourse of international organizations and been advocated by Food and Agriculture
Organization of the United Nations (FAO) as a comprehensive approach to the “future of
agriculture” and a pathway to achieving the SDGs [156,157]. In addition to agroecology,
alternative agro-food movements have entered the public consciousness, such as commu-
nity support agriculture [158,159], alternative food networks [130,160] and food sover-
eignty [161-164]. While these notions move beyond a focus on productivity when it comes
to food security and advocate for social justice and knowledge learning for sustainability
[165], they fail to address immediate problems and build lasting and transformative insti-
tutions or social structures when put into practice [166-168]. Some scholars stated that
alternative agro-food movements are internally inconsistent with social justice as they in-
advertently reproduce exclusions and run the risk of “defensive localism” when put into
practice [76]; they are rarely actually put into practice, however, due to the dependence of
civil society and the strong technocratic leaning of capitalist agriculture [169].

Directionality advocates for the open-ended formulation of policies and partnerships
among public, private and civil society in AIS. When innovations are conceptualized as a
process of knowledge creation and diffusion (as in Frame 1), policy formulation is mainly
achieved through partnership and interaction between governments and the scientific
community [30]. From the perspective of national innovation systems, while multiple
stakeholders are involved, a reduced form of user-entrepreneur is at the center and other
agents play mostly facilitating roles. In the construction of transformative innovations, a
wide range of stakeholders—users, entrepreneurs, legitimators, technocratic experts and
civil society —come up with new solutions to arrive at the desired outcomes. To democra-
tize the knowledge regime, civil society plays an important role in introducing reflexivity
and guarding directionality [18].

5.5. Reflexive Evaluation

In complex and dynamic systems of sustainability transition (such as evolving farm-
ing systems), reflexivity is at the heart of research, practices and policy analysis. Reflexiv-
ity sensitizes the complex relationship between the processes of knowledge production
and the various contexts of such processes, as well as the involvement of the knowledge
producer and practitioners [170]. Reflexivity does not propose any concrete methods for
transition management but rather focuses on its ontology and epistemology [16]. Reflex-
ive practice focuses on two main forms of action: careful interpretation (first-order pro-
cesses) and reflection (such as interpreting the interpretation, second-order processes)
[14]. Taking agro-food innovation as an example, second-order reflexive practices provide
alternative descriptions and interpretations of the concept, challenging efforts to consoli-
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date a particular orthodox understanding of farming (such as the intensive use of synthe-
sized agro-chemicals or the agrofood system of mass production and extensive distribu-
tion). Reflexivity concerns both “what’ and “why (not)’.

The absence of reflexivity fails the discourse of sustainability and innovation as a
form of normative rhetoric. Reflexivity has been criticized for its “enlightening” nature
but inadequate practical and analytical guidelines [171]. Nonetheless, recent studies
found it has fundamental value for transforming food and agriculture towards sustaina-
bility and resilience [89,172,173]. For example, in a reflexive design that aimed to trans-
form the Dutch livestock industry towards sustainability, researchers discovered a num-
ber of constraints that hampered their efforts, such as the strong influence of research-led
thinking, inadequate participatory design and fragmentation of various home (sub)disci-
plines. The interactions were greatly ingrained and locked in an established regime, but it
was valuable for the researchers to be able to identify them as constraints [89]. Reflexivity
in sustainability transition is more than an “art of facilitation” or “learning architecture’
but a societal need and infrastructure that serves as a coordinating device for collective
sensemaking, imagination and enactment [174].

Reflexive evaluation is an ontological approach to function reflexivity. Given the
characteristics of sustainability transition (namely having multi-actors at different levels
and scales, being dynamic, uncertain, embedded in context and trans-disciplinary and
having vague boundaries), it is difficult to gather indicators and data needed for effective
policy making [19]. Unlike conventional monitoring and evaluation (M&E) approaches
that focus on measuring the attainment of intended outcomes and tracking preconceived
performance indicators (summative or formative), reflexive evaluation frames innova-
tions as a complexity construct and views evaluations as a ‘“double-loop learning’ process.
In essence, a single-loop process follows a problem-detection-correction course. In dou-
ble-loop learning, evaluation goes beyond the linear logic of problem-solving and in-
volves “questioning the assumptions, policies, practices, values, and system dynamics
that led to the problem” in the first place and “intervening in ways that involve the mod-
ification of underlying system relationships and functioning” [33] (p. 11). Just as the com-
plexity-sensitive methodology of evaluation has been echoed by social-psychological
studies: innovation has been found to be a cognitive capability of adaptive learning, be it
individual or collective [175].

As a functional construct of agro-food innovation, reflexive evaluation can be aligned
with other components as a form of governance. Reflexive thinking views agro-food tran-
sition as a form of system innovation, and its evolution is linked to the open-ended nature
of participatory processes and continuous feedback between formulating normative strat-
egies and reflecting on these strategies. This lays foundations for directionality. Mean-
while, entrepreneurial activities that are embedded in reflexive evaluation facilitate ex-
periments and knowledge generation. As transformation reshapes the boundary between
science, policy and civil society, reflexive evaluation plays an important role in coordinat-
ing and orchestrating various actors in ‘dual track’” governance, i.e., top-down in transition
management and bottom-up in strategic niche management [176].

6. Conclusions

Agriculture and food are probably the sectors that are most heavily intertwined with
the sustainable development goals of the United Nations. While the sectors have been
analyzed as both areas for hope and concern, innovation in agriculture and food has
lagged behind innovation in other sectors. To remove lock-ins and to fuel changes at the
societal scale, an appropriate conceptualization of innovation for agriculture and food is
needed.

This research synthesizes a conceptual framework that (re)defines sustainability
transition using a complexity construct of an adaptive cycle of system change. Panarchical
views on sustainability transition reconcile the opposing pathways of top-down and bot-
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tom-up, and consider the system at every level capable of enabling and constraining in-
novation. Built on multi-level perspectives of sustainability transition, the structural con-
struct of agricultural innovation system innovation is framed using four components,
namely actors and communities, interaction and intermediaries, coherence and connect-
edness and regimes rules and landscape. Drawing on broad inputs from different schools
of thought, the functional construct of system innovation for food and agriculture is
framed using five components, namely knowledge management, user sophistication, en-
trepreneurial activities, directionality and reflexive evaluation.

This article has a special value for understanding the system syndromes of lock-ins
and resistance to change in food and agriculture. To overcome inertia and challenge the
status quo, it is imperative to create an ecosystem in which different approaches can be
equitably developed and evolve [177]. This kind of thinking about the ecosystem goes
beyond the architectural construct of the agricultural innovation system as a seamless web
in which various components are combined in order to achieve functionalities. It also goes
beyond the functional roles of networking, standardization or intermediaries. It recog-
nizes and emphasizes the role of power in shaping directionality (and alternatives) in in-
novation communities and facilitates interactions between the niche and socio-technical
regimes. Recent conceptualizations of innovation in food and agriculture started to
acknowledge the social and adaptive processes of sustainability transition, including the
past situation [35,128,178] and capacity development [21]. Some international organiza-
tions, such as FAO and OECD, are reflecting agro-food innovation through systemic per-
spectives [2,179,180]. This article adds value to these global and territorial initiatives by
offering a conceptual framework. Its applied value includes, but is not limited to, policy
formulation, normative constructions of agricultural innovation systems and analytic
tools for capacity building and assessment.
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