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Abstract
Transitions towards more sustainable agricultural systems are often characterised by ‘lock-ins’, understood as self-reinforcing
mechanisms that reproduce the status quo and impede change. While socioeconomic, technological and institutional lock-ins
have been widely used to understand processes of sustainable transitions in agri-food systems, the role of so-called cognitive
lock-ins is still under-investigated. In this study, we focus on how institutional settings create cognitive lock-ins in farmers’
decision-making related to the adoption of sustainable agricultural practices. We apply goal framing for environmental behaviour and transition theory in explaining how socio-technical conditions may shape farmer’s decision-making. Empirically,
we focus on the example of diversifying crop rotations with legumes as an established strategy to increase biodiversity and
soil health, and reduce agrochemical use, emissions and pollution, which still remains rare in European agriculture. We use
two cases in the Atlantic pedo-climatic region, Cornwall, UK, and Gelderland, Netherlands. Using in-depth interview data
with farmers and extensive supplementary secondary data, we explore how context-specific socio-technical settings interact
with farmers’ normative, gain-oriented and hedonic goal frames to shape the (un-)desirability of crop diversification with
legumes. This creates conditions recognisable as cognitive lock-ins: the context of farmers’ decision-making creates cognitive
processes that drastically reduce the perceived viability of alternative agricultural practices. Our findings in this case suggest
the framework developed for this study may help to identify regionally specific, as well as common, barriers and solutions
to crop diversification and comparable practices that are relevant to transitions towards sustainability in agri-food systems.
Keywords Sustainability transition · Legumes · Crop diversification · Lock-in · Goal framing
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Agricultural practices in contemporary agri-food systems are
now recognised as major drivers of climate change, biodiversity loss, soil erosion, and pollution, requiring fundamental
and urgent shifts to more sustainable production, distribution and consumption (Campbell et al. 2017; Davies 2017;
Rockström et al. 2020). Changing agricultural practices to
enhance soil health and agro-ecological diversity, while
mitigating and combating climate change and ensuring fair
access to affordable and nutritious diets, are only a few of the
transitions widely accepted as necessary (Böhm et al. 2020;
Springmann et al. 2018). Despite agreement on the need
for and nature of required transitions, change is happening
far too slowly (Pretty et al. 2018; Rockström et al. 2020).
Self-reinforcing mechanisms that reproduce the status quo
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and impede change, so-called lock ins, have been found to
delay the needed changes (Geels 2019; Magrini et al. 2016;
Meynard et al. 2018). While extant literature has explored
factors relevant to lock-ins, such as technologies, economic
mechanisms, institutional rules, and political dynamics, the
role of cognitive processes as impediments, recognised as
relevant to sustainability transitions, has only partially been
explored (Geels 2019; Louah et al. 2017). Given that transitions in agri-food systems are complex and non-linear processes (Geels 2011), it is relevant to also consider potential
cognitive mechanisms impeding change.
The context in which we have studied cognitive lockins is that of crop diversification in Europe. The focus on
major, high-productivity crops, large-scale production, specialisation and monocropping is known to contribute to the
damaging ecological conditions in agricultural systems, and
diversifying cropping systems is an essential step in achieving sustainability in the agri-food system (Davies 2017; Gurr
et al. 2016; Hammond and Dubé 2012). Introducing legumes1 in extended crop rotations, particularly, is well known
to increase agro-biodiversity, reduce pests and diseases,
improve soil structure and increase soil fertility through
nitrogen fixation, which is known to reduce the impacts of
chemical fertilisation, pollution and eutrophication associated with intensive monocultural farming (Bedoussac et al.
2015; Magrini et al. 2016; Voisin et al. 2014; Watson et al.
2017). Also, the emergent debate on “protein transitions”
has added to calls for their re-introduction, to support the
necessary shift to more plant-based diets which reduces the
substantial greenhouse gas emissions from meat production
(Manners et al. 2020; Springmann et al. 2018; Willett et al.
2019). On a policy level, the EU strategy on climate and
biodiversity has increasingly focused on stimulating crop
diversification and increasing the production of plant proteins (European Commission 2018, 2021b). Despite these
well-known benefits and support, the use of extended crop
rotations with legumes remains limited (Voisin et al. 2014;
Zander et al. 2016), and factors relevant to crop diversification, also within conventional farming systems, are less studied than other sustainable practices such as organic farming,
especially in the European context (Morel et al. 2020).
In this study, we explore the role of cognitive lock-ins
within two parallel case studies of crop diversification,
informed by literature that attempts to explain the cognitive processes relevant to the adoption of pro-environmental

1
Legumes refer to a group of plants, including crops such as beans,
peas and lentils, which have broad applications in both human consumption and animal feed due to their high protein content. They also
fix nitrogen into the soil from the air through biological processes,
reducing the need for nitrogen fertilisation for the next crop in rotation. For further discussion of legume benefits see e.g. Watson et al.
(2017) and Bedoussac et al. (2015).
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behaviour (Lindenberg and Steg 2007). The identification
of cognitive lock-ins requires understanding of how those
queried make sense of their environment. We, therefore,
used in-depth interviews supported by secondary data to
investigate farmers’ decision-making processes related to
the introduction of legumes in rotations in two farming communities, one located in Gelderland in the Netherlands, and
the other located in Cornwall (UK). We then used an abductive methodological strategy to support iteration between
evidence and theory (Gioia et al. 2013).
In the following, “Sustainability transitions and lock-ins”
presents a brief discussion of the literature that frames our
conceptual approach in “Conceptual framework”. Then,
we describe the methodology used for this study, followed
by the related findings. We then discuss our results and the
concept of cognitive lock-ins within the context of transition research. Finally, we conclude and suggest avenues for
further research.

Sustainability transitions and lock‑ins
Sustainability transitions are fundamental, purposive
changes to fulfil societally necessary functions more sustainably (Geels et al. 2016; Vermunt et al. 2020). Transition
processes include, but are not limited to, technical, political, market and cognitive dimensions (Dumont et al. 2020;
Geels 2019), and literature discussing them often focusses
on meso- and macro-level processes (e.g. Bui et al. 2016;
Ingram 2015, 2018; Meynard et al. 2017). When one or
more of these dimensions intersect and reinforce the status quo, “lock-ins” may emerge which constrain actors’
choices (Magrini et al. 2016). Boonstra et al. (2016) call
these “social–ecological traps”: a situation in which circumstances trigger a decision-maker’s behavioural response that
leads to the reproduction of the structural conditions within
which that decision makes sense, i.e. the status quo. Several dimensions of lock-ins have been previously considered
(Geels 2019), as reported in Table 1 below.
The literature on sustainability transitions, particularly
that examining agri-food systems, makes frequent use of
the concept of “lock-ins”, particularly when examining institutional, technical and economic dimensions (e.g. Magrini
et al. 2016; Plumecocq et al. 2018; Vanloqueren and Baret
2009). Studies discuss, for example, actors’ technical knowledge and experience being limited to monocultural production systems (Kuokkanen et al. 2018; Morel et al. 2020), as
well as the monoculture focus in public policies and research
(Magrini et al. 2016; Meynard et al. 2018; Vanloqueren and
Baret 2009). Sunk cost and economies of scale related to
existing technologies have also been explored (Magrini et al.
2016; Meynard et al. 2018). Kuokkanen et al. (2018) and
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Table 1  Overview of lock-ins
Dimensions of lock-in

Description

Technological
Economic

Infrastructure and (applied) know-how organised around existing technologies and practices
Existing economies of scale, sunk investments creating costs and benefits biased towards
current technologies and practices
Existing regulations, standards, and policy networks create an uneven playing field biased
towards the status quo
Vested interests and power relations that favour the status quo
Existing alignments, relations and social capital between social groups
Routines and mindsets that “blind” actors to (the benefits of) other alternatives

Institutional
Political
Social
Cognitive
Source: Adapted from Geels (2019)

Morel et al. (2020) discuss power imbalances in agricultural
value chains with their economic and political implications.
While less prominent so far, cognitive processes are also
starting to be recognised as relevant in the transition literature. For instance, Vanloqueren and Baret (2009) describe
the “cognitive routines” keeping agricultural scientists
focussed on using monocultures and agro-chemicals. Morel
et al. (2020, p. 11) briefly mention lock-in resulting from
farmers’ inability “to develop systemic thinking” in their
decision-making, thus preventing complex changes in practices. Similarly, Louah et al. (2017) explicitly describe cognitive lock-ins when exploring the necessity for “holistic
thinking patterns” for the adoption of agro-forestry. While
highlighting the relevance of cognitive processes in lock-ins,
these studies do not provide a clear framework adequate to
analyse cognitive lock-ins. Given that cognitive processes
and their related behavioural responses in decision-makers
are central to lock-ins (Boonstra et al. 2016), more attention
needs to be paid to the conceptualisation of cognitive lockins, in order to complement our understanding of the role of
structural and institutional conditions in transitions (Geels
2020; Hassink et al. 2018).
Outside of transition literature, and confirming the relevance of cognitive lock-in, farmers’ decision-making has
long been discussed as part of adoption processes. Here,
farmers’ adoption of, for example, sustainable practices
is commonly linked to farm-level economic, socio-demographic and farm structure factors, such as costs and benefits, age and education, and land size and tenure, respectively
(Brown et al. 2021; Jones-Garcia and Krishna 2021). Additionally, there is a growing body of studies that takes farmers’ attitudinal, behavioural and (to a certain degree) cognitive variables into account (see e.g. Bartkowski and Bartke
2018; Brown et al. 2021; Dessart et al. 2019 for reviews). It
has been pointed out that the different motivations driving
farmers’ decision-making should be considered (Han et al.
2021). We build on these streams of literature on lock-ins
and farmer decision-making by providing a first conceptualisation of cognitive lock-ins within sustainability transitions.

Conceptual framework
Cognitive processes and decision‑making: goal
framing theory
To connect context-specific cognitive processes to behavioural change within sustainability transitions, we draw on
goal framing theory (GFT) (Etienne 2011; Lindenberg and
Steg 2007). GFT is often used to study pro-environmental
behaviour in the agri-food sector (e.g. Djenontin et al. 2020;
Lemken et al. 2017; Thøgersen and Alfinito 2020; Veisi
et al. 2017). Since GFT fits our purposes of investigating
and theorising the role of cognitive processes in transitions,
and since it has been used in similar conditions, we found it
appropriate for our study.
GFT starts from decision-makers’ consideration of multiple relevant goals in their decision-making. While the focal
goal receives most attention, decision-makers continue to
attend to other goals, and the rise and fall of the importance
of these background goals alter the salience of the focal goal
(Etienne 2011; Lindenberg and Steg 2007). Background
goals may reinforce or contradict the focal goal and change
the order of preference among options that satisfy the focal
goal (Lindenberg and Steg 2007). For example, a farmer’s
main goal in farm management may be to make a living, thus
he or she may be guided by gain-oriented goals. Gain goals
focus on preserving and improving one’s personal resources
(Etienne 2011; Lindenberg and Steg 2007). So, in the situation of buying new machinery, budget and effectiveness considerations are likely guiding. Yet, within the set of suitable
options, one may select the more environmentally friendly
option, thus being swayed by a normative background goal.
Following normative goals means doing what is appropriate and contributing to collective goals (Lindenberg 2017).
Farmers may also be motivated to get more enjoyment out
of the everyday job activities, such that a farmer might opt
for manual over mechanical weeding to create a more social
work environment (a hedonic goal). When hedonic goals
are in focus, we pursue immediate pleasure, try to avoid
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negative emotions and seek to feel better in the current
moment (Etienne 2011; Lindenberg and Steg 2007).
Goals need not conflict. If the most environmentally
sound option is also the most profitable, gain and normative goals can strengthen each other (Lindenberg and Steg
2007). Yet, only providing financial incentives, such as subsidising an ecological focus area on a farm, can undermine
the subsidy-independent sustainability of that initiative by
reinforcing the salience of the gain goal frame and crowding out intrinsic motivation based on hedonic or normative
frames (Steg et al. 2014). The salience and contents of goal
frames are, in part, contextually determined (Foss and Lindenberg 2013; Gkargkavouzi et al. 2019; Steg et al. 2014).
For example, as a farmer nears retirement, their goal frame
may switch from making a living (gain -oriented) to transferring something worthwhile to their heir (normative). The
possibility to influence goal frames brings us to the next
aspect: the relationship between an individual decisionmaker’s goal frames and the contextual conditions of sustainability transitions.

Goal framing in the context of sustainability
transitions
Decision-making in transitions entails a constant (re-)negotiation between goals. Once taken, decisions, then, contribute to either the reproduction or transformation of the overall
system which creates interdependence between individuals’
goals, the decisions they make and the institutional context
to which these decisions in part contribute (Geels 2004,
2020). Institutions interact with individuals’ goal frames,
create incentives and disincentives for certain behaviours,
and delimit decision-makers’ autonomy (Lindenberg 2017;
Steg et al. 2014).
These interactions between institutions and actors are
shaped by power. Transitions are contested processes in
which not all actors have compatible goals or the same
amount of control over their actions (Geels et al. 2016; Hinrichs 2014). Relations of power mediate between institutions and individuals’ goal frames and decisions. We, thus,
assume that the more power an individual has, the lesser the
degree to which their decisions are determined by contextual factors and the higher the degree of influence over the
institutions that surround them and others. While an in-depth
investigation of the effects of different degrees of power is
beyond the scope of this paper, we assume that, given market
concentration in processing and retail (Morel et al. 2020),
farmers tend to be relatively less powerful actors in the agrifood system, and their business-related decisions are thus
assumed to be highly influenced by their institutional context. Moreover, actors’ definition of goals, and their hierarchical salience, is influenced by these power relations, often
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embedded in the social and institutionalised norms of the
given context (Lindenberg 2017).
Promotion of environmentally friendly decisions often
requires hedonic and gain goals to be restrained and normative goals to be supported (Steg et al. 2014). When actors
operate in institutional contexts where hedonic or gainoriented goals are dominant, normative goals will be less
relevant and achievable (Lindenberg 2017). The interplay
between institutional conditions (e.g. rules, systems and
regimes) and actors’ goal frames is key to understanding
cognitive lock-ins (Geels 2004; Hassink et al. 2018). When
barriers in the institutional context are stronger than drivers
promoting change, the current focal goal of decision-makers
will be strengthened, their actions will gravitate around the
status quo, and the institutional setting will be reproduced,
creating a lock-in, as shown in Fig. 1.
However, Steg et al. (2014) explain how interventions
that alter the institutional context can trigger or displace
focal goal frames. Such a ‘frame displacement’ involves
shifting the relative salience of goal frames (Etienne 2011;
Lindenberg and Foss 2011). Changes at institutional and
societal level can lead to changes in the wider decisionmaking setting in which the salience of goals that support
environmental transitions increases (Steg et al. 2014) which,
in turn, can lead to different outcomes that then may provoke
institutional transformations. These dynamics of reproduction and transformation imply that, while individuals may
adopt different practices, despite unfavourable conditions
and due to their own personal goals, broader transition processes require the alignment of the institutional context and
the dominant goal frame of a substantial share of decisionmakers (Geels et al. 2016; Geels 2020; Kuokkanen et al.
2018). Figure 2 illustrates this process.

Data and methodology
Research context and methodological strategy
The context in which we investigated cognitive lock-ins is
that of crop diversification with legumes. While once commonly part of farmers’ rotations, legume production in
Europe is low and decreasing (Watson et al. 2017; Zander
et al. 2016). According to the latest available data, legumes
covered only about 1.3% of agricultural land in the EU in
2016 (DG Agriculture and Rural Development 2018, 2021).
In Europe, farmers are reported to be reluctant to re-introduce legumes due to the pressure to stick to monocultureoriented practices, now embedded in established policy,
subsidy and regulatory regimes, indicating the presence of
lock-ins (Magrini et al. 2016; Meynard et al. 2018; Voisin
et al. 2014; Zander et al. 2016). Additionally, the adoption
of legumes broaches several dimensions of the agri-food
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Fig. 1  Institutions, goal frames
and lock-ins, adapted from
Geels (2020), Lindenberg
(2017), and Steg et al. (2014)

Fig. 2  Institutions, goal frames
and transitions, adapted from
Geels (2020), Lindenberg
(2017), and Steg et al. (2014)

system such as climate, agronomy, markets and value chains,
as well as policies and trade (Magrini et al. 2016; Morel
et al. 2020). This inserts complexity into a farmer’s decisionmaking process, which makes it a useful case within which
to investigate cognitive lock-ins.
Our efforts to conceptualise cognitive lock-ins are based
on rich case studies (Eisenhardt and Graebner 2007). The
research team had the opportunity to conduct field work in
two farming communities located in the Atlantic pedo-climatic region, both affected by low adoption rates of legumes
despite the presence of public support for their adoption.

However, these communities also differ on a few significant
characteristics, such as regional and local social norms and
institutional setting, as well as structures and dynamics in
the agricultural and market systems. The farming community, located in the region of Gelderland in the Netherlands
is embedded in an export-oriented agricultural sector, is
well connected to domestic urban centres, and supported by
very active agricultural research and innovation organisations (CBS 2016; European Commission 2020; Food Valley
2021). The farming community in Cornwall, UK, on the
other hand, is more socioeconomically disadvantaged, more
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remote, has poorer infrastructure, and a far more domestically oriented agricultural sector (Cornwall Council 2017;
DEFRA 2018a). Both areas were easy to access and data
sources required for triangulation were readily available,
which provided extensive opportunities for our efforts to
build sound empirical cases. At the time of primary data
collection, the purpose was to understand what explained
the low adoption of legumes in crop rotation in farmers’
own terms. Once data were collected, the research team
developed an interpretive framework by iteratively moving
between our initial frames (presented in Sect. 3) and the
evidence found in our cases. In our analysis, we started from
transition literature (e.g. Geels 2004, 2011) and, guided by
our empirical data, extended our framework with coding
informed by GFT.2

Data collection and analysis
Our primary data comes from semi-structured interviews
held with farmers in 2019.3 We decided that it was appropriate to interview farmers since, while some in our sample
may be bound by production agreements for certain crops,
they declared considerable freedom when it came to crop
selection. Farmers in the two farming communities were
identified through the co-authors’ professional networks
and snowball sampling, in which we deliberately sampled
for heterogeneity as is appropriate in exploratory research
(Eisenhardt and Graebner 2007). We conducted ten interviews with farmers from Gelderland and seven interviews
with farmers in Cornwall. As less supplementary data were
available for the Cornish case, three additional expert interviews were conducted, two of which were also former farmers. Additional interviews in the Dutch case were used to
support the design of our data collection instruments. Secondary data, such as official statistics, government reports,
and scientific literature were used to situate the farmers’
responses in the context of local agriculture in general and
grain legume production in particular. All interviews were
held in the farmer’s native language, recorded and analysed
in Atlas.ti.4 First, in vivo coding highlighted all relevant
information related to inclusion of legumes in rotation.

2

An attempt to apply the transitions theory’s own institutional theory base (Geels 2004, 2020) based on Scott (1995) as the analytical
framework for this study failed due to the difficulty to empirically
distinguish between cultural-cognitive and normative rules. Additionally, the overarching dominance of financial motivation that emerged
from the empirical data could not be sufficiently captured in the three
categories offered by this approach.
3
This means that at the time of the interviews the UK had not yet
left the European Union.
4
Analysis was also done in the native language to avoid the data
losses associated with translation prior to analysis.
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In vivo codes were then summarised into descriptive categories. Finally, these descriptive categories were matched
with goal frames.

Data sources
In this section, we briefly describe the sample of farmers
and list the additional sources of data consulted. To support
comparability, we imposed restrictions on our interviewee
selection. Firstly, arable farming had to be a core activity of
the farm business. On the included mixed crop–livestock
farms, at least 30% of land had to be used for arable farming. Secondly, to exclude hobby farmers, we determined that
income had to be drawn from the farming business. All but
one interviewee were full-time farmers and fully depended
on their farming income. The one exception is a Cornish
farmer who draws income from his arable crops, but has
other additional sources of income.
The Gelderland sample included eight strictly arable
farms and two mixed farms who also reared livestock. Farm
sizes ranged between 35 and 200 hectares. The most commonly grown crops in the sample were sugar beet, maize,
summer grain and potatoes, of which sugar beet, grains and
potatoes are also the most common crops in Dutch arable
farming (Voskuilen 2020). Currently or previously grown
legumes included field beans, peas, green beans, soybeans
and broad beans.
In the Cornwall sample, three farmers were strictly arable
and four were mixed farms, ranging between 53 and 560 ha.
The most common crops among the interviewed Cornish
farmers were: barley, wheat, oats, forage maize and oil seed
rape. This is in line with the most common crops in in the
UK and Cornwall, where 66% of arable land is used to grow
cereals (DEFRA 2018b; National Farmers Union 2014). The
only legume that appeared in this part of the sample were
beans, though others such as lupines were also discussed.
All but one interviewee sold their arable crops off-farm.
The exception was one Cornish farmer who uses his arable
production on-farm as livestock feed, and only sells in case
of overproduction. In both cases, we made sure to include
farmers that are currently using legumes in their rotation,
farmers that previously used legumes but stopped, and farmers that have never grown legumes on their farm. All interviewed farmers were male. Table 2 below shows an overview of all data sources consulted. The appendix provides
an overview of farmers.

Findings
In this section, we start by presenting the main goal frames
identified. We then discuss how these different goal frames
relate to the institutional setting to create cognitive lock-ins.
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Table 2  Overview of data sources
Category

Gelderland, NL

Cornwall, UK

Farmer interviews

Current legume production (2)
Previous legume production (5)
No legume production (3)
Exploratory interviews with legume-growing farmer
Expert interviews
and supplementary CEO of organic vegetable and legume food processing company
material
Participatory observation at lupin supply chain event
Policy documents (5)
Policy documents
Central Statistics Bureau Netherlands (6)
and government
sources
EU policy documents and data (7)
Other secondary data Academic papers (8) Research reports (9) Industry reports (3)

5

Current legume production (2)
Previous legume production (2)
No legume production (3)
Farm advisor on diversification5
Expert on Cornish agriculture and rural development3
Expert on Cornish rural resource management and farm
household behaviour
Department for Environment, Food and Rural Affairs (6)
Cornwall Council (4)

This expert was previously a farmer himself and thus added his own experience of farming in the region.

Table 3  Normative goals—overview of emerging themes
First-order codes

Exemplary quotes

Theme 1: Providing soil health and environmental benefits
Preserving/promoting soil health (NL/UK)
We cannot carry on farming the way we are farming, traditionally the soils are
knackered—UK Farmer g
I strive to get as much balance into the soil as possible. Then peas, beans, grass and
spelt fit a lot better—NL Farmer A
Provide environmental benefits (NL/UK)
[It] is the environmentally right thing to be doing, is growing pollinators—UK
Farmer c
You had a crop that produced pollen in an open flowering way that was attractive to
pollinators such as bees—UK Farmer d
Theme 2: Supporting the local/place-based economy
First-order codes
Exemplary quotes
Improve non-GMO varieties for local conditions (NL)
It is interesting to help bring non-GMO soy to another level—NL Farmer I
Local production more environmentally friendly (UK)
I think we should look also to the environment instead of getting all the stuff from
South America—UK Farmer b
With all the protein beans imported from the amazon and rain forest […] I do think
we should be encouraged as an industry to grow our own protein—UK Farmer b
Theme 3: Preserving traditions and social relations
First-order codes
Exemplary quotes
Trust in the buyer that proposes crop (NL)
I was getting along with him well and you just think, let’s try it—NL Farmer H
Legumes not an “established” crop (UK)
I think it’s an element of education. In the last 50, 60 years, which is all of my
generation, probably most of my father’s generation, who will remember the old
school way of farming—UK Farmer f

Goal frames in decision‑making processes for farm
diversification
Within the themes consistently nominated by farmers as
important, we identified normative, gain-oriented and
hedonic goals, as emerging from farmers’ expressed motivations and decision-making relevant to the introduction of
crop diversification. The first set of findings revolves around
normative goals (Table 3), summarised into three emerging themes: providing soil health and environmental benefits (theme 1), supporting the local economy (theme 2), and
preserving traditions and social relations (theme 3). These

demonstrate recognition of collective goals that go beyond
the farmers’ personal benefit. Farmers link their motivations
to adopt legumes in crop rotation to the recognition of potential collective benefits. This process of recognition extends
to the social and economic dimensions of how they make
sense of their practices.
The second set of findings relate to gain-oriented goals
(see Table 4 below). This set of goals emphasises farmers’ frames that are directly associated with benefits for
their farm business and themselves. Our findings highlight
five main conceptual themes. First, a set of farmers’ gainrelated goals emerges in association with the mitigation
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Table 4  Gain-oriented goals—overview of emerging themes
First-order codes
Theme 4: Dealing with agro-ecological and climate-related risks
Vulnerability to wet climate conditions (NL/UK)

Exemplary quotes

You got to be cuckoo to grow combining peas in Cornwall because
we’re just too wet—UK Farmer d
The dependency on the weather makes the pea harvest very risky—NL
Farmer E
Lack of adequate seed varieties for local climate (NL/UK)
I know they have tried to grow soya in the UK […] but I think the problem is having the right varieties. – UK Expert h
[The growing period of] the variety was way too short. […] if the pulses
are ripe and you touch them, they fall […] and the harvest is lost—NL
Farmer C
You actually have to harvest in August, this [growing period] lasts till
October. With the rain and the cold, it does not work—NL Farmer I
Pest and disease management (UK)
[Y]ou got a massive weed problem then, and you got real chocolate spot
diseases around here so […] that was useless—UK Farmer b
Machinery (NL/UK)
Then you got the damage that you do to your combine because peas in
Cornwall in a wet climate are as flat as that table—UK Farmer d
If you have your own machinery, you’re not going to experiment with
something else so quickly—NL Farmer G
Technically, it would be easy since I can use my own combine—NL
Farmer I
Theme 5: Optimising use of subsidies and policy/regulatory support systems
First-order codes
Exemplary quotes
Subsidies were strong motivation while they lasted (NL/UK)
After the subsidy period it was better to grow grain, because in the end
it is about money—NL Farmer B
We were growing it for the subsidy that was on it at the time—UK
Farmer d
Regulations banning planting of GMO soy (NL)
Because we are not allowed to plant GMO here, it takes more time and
effort in weed management compared to abroad—NL Farmer J
Regulations on pest and disease control limit access to subsidies (UK) So, the political masters said: ‘you take that away because we believe
the NGOs are all good people and will stop you horrible farmers putting sprays on your pulses—UK Farmer d (sarcastically)
Theme 6: Avoiding threats from import competition in the feed market
First order codes
Exemplary quotes
Low prices due to global competition (NL/UK)
Certainly in Western Europe, we are not going to be able to compete
with the cost and production of soya that is coming in from the States
and South America—UK Farmer d
[Legumes] disappeared 20 years ago from the farm because they could
get it cheaper from abroad. So there were no more buyers—NL
Farmer D
Low demand due to lack of continuous supply (UK)
The truth is, the mills, […] they don’t want 2 or 300 tonnes of beans,
cause they can’t just keep changing things over and over. […] It is
easier for them to take soya—UK Farmer b
Market uncertainty (NL)
I don’t want to be dependent on the whims of the world market—NL
Farmer A
Value distribution along the chain (UK)
You sell to a middle [who] will use the excuse of logistics. This is me
being a little bit cynical. There is a problem in the system, not the
logistics. […] There is a big bit in the middle going missing—UK
Farmer f
Theme 7: Creating opportunities for local cooperation in the feed market
First order codes
Exemplary quotes
Protein crop for on-farm livestock (NL/UK)
[With the beans] we hence got a regular source of protein that we know.
We haven’t got to rely on the world market or what the price of soya
is—UK Farmer c
Direct cooperation with livestock farmers (NL/UK)
[…] it is increasingly happening I think, where your arable producers
have discussions with local livestock producers. To ask what feed
they need, rather than the market for their crops being global, they are
thinking more local—UK Expert i
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Table 4  (continued)
First-order codes

Exemplary quotes

Create local brands (UK)

You don’t have to compete with [imports]. If the public will pay the
price for identity preserved, GMO free, European produced soya—UK
Farmer d
“[I]f consumers are saying, I want to know where my food is coming
from, I want my food to help pollinators or I want my food to have a
positive effect on the environment […] as a result that is […] what the
farmer grows.”—UK Farmer g
Theme 8: Creating economic advantages by integrating food/seed supply chains
First-order codes
Exemplary quotes
Demand and good prices but with high standards (NL)
Vegetable crops, where quality is very important, a dry period can be a
real problem—NL Farmer E
Niche markets pay more but they also ask more of you—NL Farmer A
Low risk, labour input and investment, secure outlet (NL)
[With this contract] I have not invested anything besides my land lease,
a bit of weeding and making a seedbed—NL Farmer A
Timely payments (NL)
As soon as the peas are gone, 6 weeks later I have my money, that is
very fast— NL Farmer A
Geographic distance to buyers can be prohibitive (NL)
The buyers do not come here, it is too far away. I would like to grow
products for the canned industry, but all buyers are located below the
big rivers and the polder [region in NL]—NL Farmer C

and avoidance of risks related to agro-ecological and climate-related conditions (theme 4). This socio-ecological
dimension captures the struggles to diversify in an uncertain environment, where a lack of socio-technical solutions is coupled with increased uncertainty due to climate
change. The second set of themes associated with gainoriented goals refers to costs and benefits derived from
policy and regulatory instruments and support systems
(theme 5). Finally, three sets of themes directly relate to
market conditions, namely avoiding import competition
in the feed market (theme 6), creating opportunities from
local cooperation in the feed market (theme 7), and creating economic advantages by integrating into food/seed
supply chains (theme 8). While legumes have the potential
to add economic benefits by increasing soil fertility and
reducing costs of fertilisation, they also come with what
this frame recognises as the salient risk of not being easily and profitably marketable. Despite these conditions,
farmers still saw opportunities to overcome these challenges using entrepreneurial logics specific to their local
circumstance. For instance, in more isolated Cornwall,
where almost all grown legumes enter the feed market,
farmers were inclined to cooperate directly with local livestock farmers. In Gelderland, instead, increased integration into food supply chains, along with the associated
support measures, was perceived as a prospective solution.
The last set of themes relates to hedonic goals. Farmers demonstrated a direct association between their sense
of well-being and the adoption of legumes. A more diversified farm was, at times, associated with a change in lifestyle
perceived either as a discomfort (theme 9), or with the joy
of experimentation, the excitement it brings, as well as the

aesthetic value of a diversified farm landscape (theme 10).
Table 5 provides the overview of hedonic goals.

Situating goal frames and cognitive lock‑ins
We used secondary data to triangulate our primary findings,
identifying systemic and contextual factors in each institutional setting relevant to each goal type. We then identified
where misalignments between salient goal frames and the
institutional context were consistent with the production of
cognitive lock-in.
Overall, normative goals seem to align with expressed
collective goals in the institutional context, as indicated in
policy documents for both regions, the national and European context. However, the exception is the preservation of
traditions which aligns, rather, with historical prioritisation
of food security as a collective goal, resulting in policies
focussed on industrialised production of cereals, which
marginalised legumes (Magrini et al. 2016; Zander et al.
2016). While policies change, individuals’ perceptions and
practices may do so more slowly, leading to a ‘historic misalignment trap’ in which current and historically rooted
normative goals are in conflict. For gain-oriented goals, the
institutional context does not appear to be aligned with the
adoption of legumes. Farmers reported underinvestment
in seed development, resulting in a lack of locally adapted
varieties. This, in turn, produced low demand for seeds, justifying continued underinvestment. Despite policy makers’
expressed support for local protein production, their policies
support imports. As for entrepreneurial solutions, partially
adequate institutional support was reported in the form of
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Table 5  Hedonic goals—overview of emerging themes
First-order codes

Exemplary quotes

Theme 9: Dealing with the struggles of changing lifestyles
Change/taking risks is uncomfortable (NL/UK)
I like a simple life, I like to be able to block crop things […] [Growing beans], it’s
making life difficult. It’s making life hard work.”—UK Farmer d
Technically I would participate in such trials […] but on the other hand it costs a
whole lot of effort. […] Not much is known, it is like pioneering—NL Farmer J
Theme 10: Enjoying experimentation
First-order codes
Exemplary quotes
Joy of experimentation (NL)
It was a nice crop, a different crop, simply less boring—UK Farmer B
I always particularly enjoy trying new things, even if it just brings the same money—
NL Farmer H
Beauty of crop and its attraction to insects (NL)
Just the joy to look at it, walking through the field, the humming of all the insects—
NL Farmer A

labelling options and changes in consumer demand. In the
end, these misaligned incentives reinforce gain goals that
discourage adoption. For hedonic goals, there appears to be
a lack of risk management instruments to overcome the discomfort of change and enable the desired level of experimentation for the given circumstances. While this discomfort
persists, adoption is not attractive. However, hedonic goals
were not particularly prominent in farmers’ deliberations in
interviews so they may be less relevant in decision-making.
An overview of the identified lock-ins per goal type and the
associated conditions in the institutional context is given in
Table 6.

Discussion
In this section, we reflect on the potential role of cognitive lock-ins in sustainability transitions. While previous
work has established the role of lock-ins generally (Geels
2019; Magrini et al. 2016), results of our study show the
relevance of cognitive lock-ins, specifically, for our understanding of sustainability transitions. By integrating GFT
to conceptualise cognitive lock-ins as an interplay between
individual-level behaviours and contextual factors, particularly societal norms, regulations, policies and standards, we
have been able to identify key relations between cognitive
lock-ins and transition pathways. First, confirming existing
findings, dominant gain-oriented pathways appear to hamper
transition opportunities, keeping farmers in what we defined
as the ‘incentive misalignment trap’ (see Table 6 above).
While normative goals, related to environmental protection,
and hedonic ones, related to enjoying experimentation, are
favouring transitions, they are outmatched by goals formed
in the gain frame, which seems to be embedded in and reenforced by current institutional conditions. As indicated,
crop rotation with legumes is known to enhance soil health,
increase fertility, and reduce crop losses from pests and
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diseases, and thus may actually reduce long-term costs.
Paradoxically, the dominance of a gain-oriented goal frame,
in combination with adoption of legumes being associated
with normative background goals, may in fact impede farmers’ recognition of crop diversification practices as a potential financial gain. Figure 3 shows this cognitive lock-in,
reinforcing the dominant gain frame and reproducing current practices. This implies that if we fail to recognise the
dynamic of this cognitive lock-in, possible efforts to only
target normative frames to encourage legume adoption, e.g.
by emphasising positive environmental effects without further changes, is unlikely to have an effect, and may even
further entrench the incentive misalignment trap.
Our analysis also identified two alternative mechanisms
for inducing transition using the concept of cognitive lockins. For instance, a re-alignment of financial incentives with
adoption of legumes, through a reintroduction of subsidies,
may compensate for low prices or the extra effort required
for finding suitable outlets. Historically, subsidies were
found to shift practice indicating improved alignment of
gain, normative (and hedonic) goals. However, the framework also explains why subsidies only work while in place:
their use triggers and strengthens the gain-oriented goal
frame, as illustrated in Fig. 4, and they do little to address the
underlying relations of power that delimit farmers’ options
(Morel et al. 2020). Our results on farmers’ responses to
subsidies and their current experimentation with other
crops are consistent with that of flexible optimisation: they
grow what makes financial sense, with a bias in favour of
normative and hedonic goals as long as impacts on gain
goals are negligible. Still, analysing the dynamics of cognitive lock-ins indicates that, by buying into the immediate
response of farmers to non-sustainable financial incentives,
policy makers may reinforce the short-term gain goal frame
whose priority suppresses the relevance of the normative
goals needed for long-term adoption without subsidies. This
could actually hamper long-term sustainability transitions.
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Table 6  Types of goals and related lock-ins
Systemic or contextual conditions

Exemplary secondary data support

Dutch national protein strategy is motivated by both
Normative goals align with public recognition of soil
environmental reasons, as well as to support the local
health and environmental issues, as well as support
economy and to move away from legume imports
for local economy
(Schouten 2020)
Misalignment on preserving traditions: goals align with
The Cornwall Council (2019) acknowledges the region’s
historic focus on mass production for food security,
issues with soil management and carbon emissions
not the current promotion of sustainable production
There is an overall European push to tackle the plant
protein deficiency in European agriculture (European
Commission 2018; Häusling 2011)
Historic prioritisation of cereals in EU policies lead to
the marginalisation of legumes (Magrini et al. 2016;
Zander et al. 2016)
History of low investment into research on seed varieties
Gain-oriented goals:
Incentives reinforce misaligned gain goals
incentive misalignment trap Underinvestment in local breeding programmes leads to at EU level (Magrini et al. 2016). Available varieties
were not sufficiently adapted to the Dutch cold (Nederlow adoption which leads to underinvestment
landse Akkerbouw Vakbond 2019; Prins et al. 2018)
Lack of (previously effective) subsidies, subsidies
Adoption rates were substantially higher during periods
strengthen gain goals
of subsidies (Voskuilen 2020; Watson et al. 2017)
Unfavourable import policies
International trade agreements set by the EU (e.g. the
Possibility to label local production at EU level, but
GATT and the Blair House Agreement), allow the
lack of collective action for implementation in Cornimport of protein crops on a duty-free basis (Häusling
wall
2011)
Consumer demand is changing in the Netherlands but
Added value for local production is supported through
as of yet insufficient
labelling options (European Commission 2021a), but
local cooperation in Cornwall is still lacking and not
actively encouraged (expert interviews)
Consumer demand for plant proteins and meat replacements on the rise in the Netherlands (Aiking and Boer
2020; Tziva et al. 2020), protein production in Cornwall is almost exclusively for the feed market (expert
interviews)
Hedonic goals:
Discomfort of behavioural change not recognised or
40% of English farmers indicated a lack of appropriate
disregard of discomfort trap
compensated which leads to continued discomfort
risk management tools (DEFRA 2019)
More transparent legume markets are needed to develop
risk management tools (European Commission 2018)

Normative goals:
historic misalignment trap

Fig. 3  Cognitive lock-in on gain
goals: the incentive misalignment trap, inspired by Geels
(2020), Lindenberg (2017) and
Steg et al. (2014)
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Fig. 4  Transition pathway on
gain goals: incentive alignment, inspired by Geels (2020),
Lindenberg (2017) and Steg
et al. (2014)

The naturalisation of gain motivations and the ‘crowding
out’ of normative motivations has been discussed in relation
to several environmental behaviours such as energy conservation and deposit refunds for reusable packaging (Baum
and Gross 2017).
In the absence of a permanent shift of financial incentives, a long-term, lasting adoption of legumes without continued financial support would need a shift away from the
gain-oriented goal frame towards a normative goal frame.
Clear societal recognition of ecological values, in this case
for legumes, and related shifts in markets and consumers
preferences may be essential to increase the salience of
normative goal frames in farmers’ decision-making. In certain innovation niches pushing for change, these alternative
goals are usually the guiding ones (Feola 2020; Koretskaya
and Feola 2020). Such broader considerations of normative
goals would also support the quest for soil health and soil
life, as Krzywoszynska (2019) discusses for English farming. Baum and Gross (2017) also point to the importance of
maintaining normative motivations in policy making, e.g.
by reminding actors of past environmental behaviour and
strengthening self-identification as environmentally motivated, as essential to trigger sustained changes in behaviour.
While not as prominent in our study, emphasising hedonic
goals and reducing emphasis on economic ones could also
be an additional strategy to foster adoption by farmers, as
suggested by Walder et al. (2019).
Placing normative values at the centre has been argued to
be a necessary condition for fundamental sustainability transitions (Nightingale et al. 2020). Yet, as we have illustrated
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using cognitive lock-ins, if the starting point is the incentive
misalignment trap, only focussing on the normative frame
will likely be ineffective. To counter this, Steg et al. (2014)
suggest explicitly linking financial interventions, such as
subsidies, to normative goals, e.g. by stressing their environmental benefits, in order to trigger a frame displacement.
Such an approach would target other goal frames supporting
the adoption of legumes, as well as making their adoption
painless for farmers’ gain goals. If a frame displacement
takes place for a sufficient share of actors, and thus changes
what most actors consider pertinent to their decision-making, it may even shift some of the relevant power relations
and allow for a transformation of the institutional setting.
As illustrated in Fig. 5, it could turn a vicious cycle into a
virtuous one. Thus, while our findings support previous calls
for public investments, for example in legume research or
subsidies (e.g. Magrini et al. 2016; Zander et al. 2016), they
also point to the need for a further consideration of individuals’ goal frames and decision-making which was revealed by
the cognitive lock-in analysis.
Farmers’ decision-making on adopting practices, and thus
supporting sustainability transitions, is known to be driven
by a variety of factors and motivations (Brown et al. 2021;
Dessart et al. 2019; Jones-Garcia and Krishna 2021), and
scholars have come to recognise the complexity of farmers’ motivations (e.g. Marr and Howley 2019). Thus, cognitive processes do not singularly determine the outcome of
farmers’ decision-making. Nonetheless, the study of cognitive lock-ins adds to our understanding of sustainability
transitions and enables us to more carefully consider the
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Fig. 5  Transition pathway on normative and gain goals, inspired by Geels (2020), Lindenberg (2017) and Steg et al. (2014)

role of individuals in transition processes. Further, it is
widely recognised that lock-ins can be multi-dimensional
and interrelated (e.g. Kuokkanen et al. 2018; Meynard et al.
2018; Voisin et al. 2014). We must thus assume that, while
the relative salience of different lock-in mechanisms may
be context-specific, cognitive lock-ins likely play a role in
maintaining the status quo.

Conclusions
The approach presented in this study starts from the wellaccepted position that farmers’ decisions are driven by a
wide range of factors (e.g. Bartkowski and Bartke 2018;
Dessart et al. 2019; Sok et al. 2021). Using GFT permitted us to find that these different drivers and motivations
can interact to create cognitive lock-ins that reproduce the
status quo. Recognition of this complexity is necessary for
understanding farmers’ behaviour (Baum and Gross 2017;
Baur 2020), and thus sustainability transitions in agriculture.
Broader approaches to the study of decision-making that
go beyond simple economic incentives have already been
strongly recommended (Bartkowski and Bartke 2018; Baum

and Gross 2017; Brown et al. 2021). More generally, this
study supports the advice that policies’ interactions with
farmers’ goals need to be taken into account when designing interventions, to maintain internal drivers that support
desirables behaviours (Baum and Gross 2017; Brown et al.
2021). The analysis of cognitive lock-ins can be instrumental
in such an approach as it allows for the recognition of local
specificities and may avoid some of the de-contextualisation
of farmers’ decisions that has been cautioned in studies on
practice adoption (Jones-Garcia and Krishna 2021). This
local contextualisation is particularly important as separate
policies with singular objectives in the same locale can trigger different, competing goals in the same decision-making
process, despite the best intentions of farmers and policymakers (Baur 2020).
In our empirical context, we found that gain-oriented
goal frames seem to be dominant in farmers’ reported
decision-making. Rooted in the institutional context,
the ‘incentive misalignment trap’ seems to be taken for
granted by farmers so, when they exercise the agency
so often celebrated in studies of innovation, they turn to
local solutions. While legumes are desirable for hedonic
and normative reasons, those goal-frames are easily
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overwhelmed by the perceived risks and lack of profitability found in the gain frame. Similarly, Suvanto et al.
(2020) claim that, even if profitable, the riskiness of legumes and similar crops may entice only the most entrepreneurial farmers which is not enough to precipitate the
broad uptake that is needed. Institutions aiming to alter
practice by reinforcing a gain frame through subsidies may
fail to directly produce the sustained changes required.
Subsidies may need to be accompanied by normative
framings, investments in research on seed development,
financial instruments to mitigate risks and the creation of
markets in which less subsidised European legumes can
actually compete.
Looking ahead, scholars have previously assigned different (salient) goals to different groups of farmers (e.g. Reimer
et al. 2012; Thompson et al. 2015). It is thus advisable to
investigate whether different cognitive lock-in mechanisms
emerge in different categories of farmers, as well as in other
agri-food actors more generally. It would, then, be reasonable to conduct studies that attempt to understand the variables relevant to trade-offs between normative and gain goals
over short and long-term timeframes, as well as the specific
role of power relations within and beyond these trade-offs.
Further, while the limited reported salience of hedonic goals

may not be surprising, given that the decision to adopt sustainable practices is usually presented as a business decision
(Dessart et al. 2019), future applications may want to look
at the interactions of institutions with hedonic goals more
intensively as hedonic goals may be both more tacit and less
easily articulated. Finally, the farmers we interviewed knew
the benefits of legumes. Their demonstrated knowledge is
not compatible with the knowledge deficit often cited as a
barrier to adoption (e.g. Meynard et al. 2018; Zimmer et al.
2016). Further studies should, therefore, test such broadly
held assumptions.

Appendix

Farmer overview
The table below provides an overview of the rotation farmers reported for their most important plot, as described in
the interview guide. Other crops may have been present on
other plots.
See Table 7.

Table 7  Overview of interviewed farmers
Farmer

Farm size

Experience
with legumes

Gelderland, Netherlands
A
35 ha
Yes
B
118 ha
No
C
150 ha
Yes
D
200 ha
Yes
E
90 ha
No
F
120 ha
Yes
G
70 ha
No
H
200 ha
No
I
35 ha
Yes
J
75 ha
No
Cornwall, UK
a
Not given Yes
b
560 ha
Yes
c
113 ha
Yes
d
200 ha
No
e
200 ha
Yes
f
400 ha
No
g
53 ha
No
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Current rotation

Arable vs. mixed

Grass clover, spelled, field bean, partially peas and partially green beans, grass seed
Sugar beet, wheat, potato, corn
Sugar beet, wheat, winter rapeseed, wheat
Wheat, sugar beet, onion, potato (consumption)
Corn, barley, potato (starch), sugar beet
Onion, potato (starch), winter wheat, corn, sugar beet
Sugar beet, corn, potato (experiment), corn
Lily, gladiolus, potato (consumption), grassland (for 5 years)
Summer grain (wheat–barley), potato (starch), corn, sugar beet
Potato (consumption), sugar beet, corn/barley

Mixed (organic)
Arable
Arable
Arable
Arable
Arable
Arable
Mixed
Arable
Arable

Barley, beans, forage maize, oats, wheat, oil seed rape, cover crop
Barley, beans, forage maize, oats, wheat, oil seed rape, grass, stubble turnips
Barley, forage maize, oats, oil seed rape, wheat
Barley, oats, oil seed rape, wheat
Barley, forage maize, oats, cabbages, potatoes
Barley, wheat, potatoes, daffodils, Spanish bluebells
Hemp, borage, calendula, sunflower, roses

Arable
Mixed
Mixed
Mixed
Mixed
Arable
Arable

Sustainability Science
Acknowledgements We would like to thank Mandy van Kemenade
for her support during the data collection in the Cornwall case, and the
participating farmers and experts for their time.
Funding This research was financed through the H2020 project Diverfarming–Grant agreement 728003.
Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References
Aiking H, de Boer J (2020) The next protein transition. Trends Food
Sci Technol 105:515–522. https://doi.org/10.1016/j.tifs.2018.07.
008
Bartkowski B, Bartke S (2018) Leverage points for governing agricultural soils: a review of empirical studies of European farmers’ decision-making. Sustainability (Switzerland). https://doi.
org/10.3390/su10093179
Baum CM, Gross C (2017) Sustainability policy as if people mattered: developing a framework for environmentally significant
behavioral change. J Bioecon 19(1):53–95. https://doi.org/10.
1007/s10818-016-9238-3
Baur P (2020) When farmers are pulled in too many directions:
comparing institutional drivers of food safety and environmental sustainability in California agriculture. Agric Hum Values
37(4):1175–1194. https://doi.org/10.1007/s10460-020-10123-8
Bedoussac L, Journet EP, Hauggaard-Nielsen H, Naudin C, CorreHellou G, Jensen ES, Prieur L, Justes E (2015) Ecological
principles underlying the increase of productivity achieved by
cereal-grain legume intercrops in organic farming. A review.
Agron Sustain Dev 35(3):911–935. https://d oi.o rg/1 0.1 007/
s13593-014-0277-7
Böhm S, Spierenburg M, Lang T (2020) Fruits of our labour: work and
organisation in the global food system. Organization 27(2):195–
212. https://doi.org/10.1177/1350508419888901
Boonstra WJ, Björkvik E, Haider LJ, Masterson V (2016) Human
responses to social-ecological traps. Sustain Sci 11(6):877–889.
https://doi.org/10.1007/s11625-016-0397-x
Brown C, Kovács E, Herzon I, Villamayor-Tomas S, Albizua A,
Galanaki A, Grammatikopoulou I, McCracken D, Olsson JA,
Zinngrebe Y (2021) Simplistic understandings of farmer motivations could undermine the environmental potential of the common
agricultural policy. Land Use Policy. https://doi.org/10.1016/j.
landusepol.2020.105136
Bui S, Cardona A, Lamine C, Cerf M (2016) Sustainability transitions:
insights on processes of niche-regime interaction and regime
reconfiguration in agri-food systems. J Rural Stud 48:92–103.
https://doi.org/10.1016/j.jrurstud.2016.10.003
Campbell BM, Beare DJ, Bennett EM, Hall-Spencer JM, Ingram JSI,
Jaramillo F, Ortiz R, Ramankutty N, Sayer JA, Shindell D (2017)
Agriculture production as a major driver of the earth system

exceeding planetary boundaries. Ecol Soc. https://doi.org/10.
5751/ES-09595-220408
CBS (2016) Export value agricultural products hits new record. Centraal Bureau voor de Statistiek. https://www.cbs.nl/en-gb/news/
2016/23/export-value-agricultural-products-hits-new-record
Cornwall Council (2017) Connecting Cornwall: 2030 Evidence base.
https://www.cornwall.gov.uk/media/22080715/evidence-base-
connecting-cornwall-final-v10-24-06-11.pdf
Cornwall Council (2019) Draft Cornwall council’s farms strategy
2019–2039. https://www.cornwall.gov.uk/media/38860030/draft-
cornwall-council-farms-strategy.pdf
Davies J (2017) The business case for soil. Nature 543(7645):309–311.
https://doi.org/10.1038/543309a
DEFRA (2018a) Agriculture in the United Kingdom 2017. Department
for Environment, Food and Rural Affairs. https://a ssets.p ublis hing.
service.gov.uk/government/uploads/system/uploads/attachment_
data/file/741062/AUK-2017-18sep18.pdf
DEFRA (2018b) Farming statistics provisional crop areas, yield and
livestock populations. National statistics. Department for Environment, Food and Rural Affairs. https://assets.publishing.service.
gov.u k/g overn ment/u pload s/s ystem/u pload s/a ttach ment_d ata/fi
 le/
747210/structure-jun2018prov-UK-11oct18.pdf
DEFRA (2019) Farm practices survey 2018 - England: farm business
practices, soil management and cattle housing. Department for
Environment, Food and Rural Affairs. https://assets.publishing.
service.gov.uk/government/uploads/system/uploads/attachment_
data/file/869054/fps-general-statsnotice-28feb20.pdf
Dessart FJ, Barreiro-Hurlé J, van Bavel R (2019) Behavioural factors
affecting the adoption of sustainable farming practices: a policyoriented review. Eur Rev Agric Econ 46(3):417–471. https://doi.
org/10.1093/erae/jbz019
DG Agriculture and Rural Development (2018) Land cover and land
use. European Union. https://ec.europa.eu/info/sites/default/files/
food-f armin g-fi
 sher ies/f armin g/d ocume nts/l and-c over-u se_e n.p df
DG Agriculture and Rural Development (2021) Oilseed and protein
crops production. European Union. https://agridata.ec.europa.eu/
extensions/DashboardCereals/OilseedProduction.html
Djenontin INS, Zulu LC, Ligmann-Zielinska A (2020) Improving representation of decision rules in LUCC-ABM: an example with an
elicitation of farmers’ decision making for landscape restoration
in Central Malawi. Sustainability (Switzerland). https://doi.org/
10.3390/su12135380
Dumont AM, Gasselin P, Baret PV (2020) Transitions in agriculture:
three frameworks highlighting coexistence between a new agroecological configuration and an old, organic and conventional configuration of vegetable production in Wallonia (Belgium). Geoforum 108:98–109. https://d oi.o rg/1 0.1 016/j.g eofor um.2 019.1 1.0 18
Eisenhardt KM, Graebner ME (2007) Theory building from cases:
opportunities and challenges. Acad Manag J 50(1):25–32
Etienne J (2011) Compliance theory: a goal framing approach. Law
Policy 33(3):305–333. https://doi.org/10.1111/j.1467-9930.2011.
00340.x
European Commission (2018) Report from the commission to the
council and the European parliament on the development of plant
proteins in the European Union. Brussels. https://ec.europa.eu/
info/sites/info/files/food-farming-fisheries/plantsandplantproduc
ts/documents/report-plant-proteins-com2018–757-finalen.pdf
European Commission (2020) Food valley. Regional innovation monitor plus. https://ec.europa.eu/growth/tools-databases/regional-
innovation-monitor/organisation/food-valley
European Commission (2021a) Quality schemes explained. European
Union. https://ec.europa.eu/info/food-farming-fisher ies/food-
safety-and-quality/certification/quality-labels/quality-schemes-
explained_en
European Commission (2021b) EU soil strategy for 2030: reaping
the benefits of healthy soils for people, food, nature and climate.

13

Sustainability Science
Brussels. European Commission. https://e c.e uropa.e u/e nvir
onment/publications/eu-soil-strategy-2030_en
Feola G (2020) Capitalism in sustainability transitions research: time
for a critical turn? Environ Innov Soc Trans 35:241–250. https://
doi.org/10.1016/j.eist.2019.02.005
Food Valley (2021) Only together we can shape the future of food.
https://www.foodvalley.nl/about-us/
Foss NJ, Lindenberg S (2013) Microfoundations for strategy: a goalframing perspective on the drivers of value creation. Acad Manag
Perspect 27(2):85–102. https://doi.org/10.5465/amp.2012.0103
Geels FW (2004) From sectoral systems of innovation to socio-technical systems. Res Policy 33(6–7):897–920. https://doi.org/10.
1016/j.respol.2004.01.015
Geels FW (2011) The multi-level perspective on sustainability transitions: responses to seven criticisms. Environ Innov Soc Trans
1(1):24–40. https://doi.org/10.1016/j.eist.2011.02.002
Geels FW (2019) Socio-technical transitions to sustainability: a review
of criticisms and elaborations of the multi-level perspective. Curr
Opin Environ Sustain 39:187–201. https://doi.org/10.1016/j.
cosust.2019.06.009
Geels FW (2020) Micro-foundations of the multi-level perspective
on socio-technical transitions: developing a multi-dimensional
model of agency through crossovers between social constructivism, evolutionary economics and neo-institutional theory. Technol
Forecast Soc Chang 152 119894:1–17. https://doi.org/10.1016/j.
techfore.2019.119894
Geels FW, Kern F, Fuchs G, Hinderer N, Kungl G, Mylan J, Neukirch M, Wassermann S (2016) The enactment of socio-technical
transition pathways: a reformulated typology and a comparative
multi-level analysis of the German and UK low-carbon electricity
transitions (1990–2014). Res Policy 45(4):896–913. https://doi.
org/10.1016/j.respol.2016.01.015
Gioia DA, Corley KG, Hamilton AL (2013) Seeking qualitative rigor
in inductive research: notes on the Gioia methodology. Organ Res
Methods 16(1):15–31
Gkargkavouzi A, Halkos G, Matsiori S (2019) How do motives and
knowledge relate to intention to perform environmental behavior?
Assessing the mediating role of constraints. Ecol Econ. https://d oi.
org/10.1016/j.ecolecon.2019.106394
Gurr GM, Lu Z, Zheng X, Xu H, Zhu P, Chen G, Yao X, Cheng J, Zhu
Z, Catindig JL, Villareal S, van Chien H, Le Cuong Q, Channoo
C, Chengwattana N, La Lan P, Le Hai H, Chaiwong J, Nicol HI,
Heong KL (2016) Multi-country evidence that crop diversification promotes ecological intensification of agriculture. Nat Plants
2:16014. https://doi.org/10.1038/nplants.2016.14
Hammond RA, Dubé L (2012) A systems science perspective and
transdisciplinary models for food and nutrition security. Proc
Natl Acad Sci USA 109(31):12356–12363. https://doi.org/10.
1073/pnas.0913003109
Han G, Arbuckle JG, Grudens-Schuck N (2021) Motivations, goals,
and benefits associated with organic grain farming by producers in
Iowa U.S. Agric Syst. https://doi.org/10.1016/j.agsy.2021.103175
Hassink J, Grin J, Hulsink W (2018) Enriching the multi-level perspective by better understanding agency and challenges associated
with interactions across system boundaries. The case of care farming in the Netherlands: multifunctional agriculture meets health
care. J Rural Stud 57:186–196. https://doi.org/10.1016/j.jrurstud.
2017.12.018
Häusling M (2011) The EU protein deficit: what solution for a longstanding problem? ((2010/2111(INI)) (A7-0026/2011).). EU
Parliament: Committee on Agriculture and Rural Development.
https://w
 ww.e uropa rl.e uropa.e u/d oceo/d ocume nt/A-7 -2 011-0 026_
EN.pdf?redirect
Hinrichs CC (2014) Transitions to sustainability: a change in thinking
about food systems change? Agric Hum Values 31(1):143–155.
https://doi.org/10.1007/s10460-014-9479-5

13

Ingram J (2015) Framing niche-regime linkage as adaptation: an analysis of learning and innovation networks for sustainable agriculture
across Europe. J Rural Stud 40:59–75. https://doi.org/10.1016/j.
jrurstud.2015.06.003
Ingram J (2018) Agricultural transition: Niche and regime knowledge
systems’ boundary dynamics. Environ Innov Soc Trans 26:117–
135. https://doi.org/10.1016/j.eist.2017.05.001
Jones-Garcia E, Krishna VV (2021) Farmer adoption of sustainable
intensification technologies in the maize systems of the global
South. A review. Agron Sustain Develop. https://doi.org/10.1007/
s13593-020-00658-9
Koretskaya O, Feola G (2020) A framework for recognizing diversity
beyond capitalism in agri-food systems. J Rural Stud 80:302–313.
https://doi.org/10.1016/j.jrurstud.2020.10.002
Krzywoszynska A (2019) Caring for soil life in the anthropocene: the
role of attentiveness in more-than-human ethics. Trans Inst Br
Geogr 44(4):661–675. https://doi.org/10.1111/tran.12293
Kuokkanen A, Nurmi A, Mikkila M, Kuisma M, Kahiluoto H, Linnanen L (2018) Agency in regime destabilization through the
selection environment: the Finnish food system’s sustainability
transition. Res Policy 47(8):1513–1522. https://d oi.o rg/1 0.1 016/j.
respol.2018.05.006
Lemken D, Spiller A, von Meyer-Höfer M (2017) The case of legumecereal crop mixtures in modern agriculture and the transtheoretical model of gradual adoption. Ecol Econ 137:20–28. https://doi.
org/10.1016/j.ecolecon.2017.02.021
Lindenberg S (2017) The dependence of human cognitive and motivational processes on institutional systems. Social dilemmas, institutions, and the evolution of cooperation. De Gruyter, pp 85–106
Lindenberg S, Foss NJ (2011) Managing joint production motivation:
the role of goal framing and governance mechanisms. Acad
Manag Rev 36(3):500–525. https://doi.org/10.5465/AMR.2011.
61031808
Lindenberg S, Steg L (2007) Normative, gain and hedonic
goal frames guiding environmental behavior. J Soc Issues
63(1):117–137
Louah L, Visser M, Blaimont A, de Canniere C (2017) Barriers to
the development of temperate agroforestry as an example of
agroecological innovation: mainly a matter of cognitive lockin? Land Use Policy 67:86–97. https://doi.org/10.1016/j.landu
sepol.2017.05.001
Magrini MB, Anton M, Cholez C, Corre-Hellou G, Duc G, Jeuffroy
MH, Meynard JM, Pelzer E, VoisinWarlandand ASS (2016)
Why are grain-legumes rarely present in cropping systems
despite their environmental and nutritional benefits? Analyzing
lock-in in the French agrifood system. Ecol Econ 126:152–162.
https://doi.org/10.1016/j.ecolecon.2016.03.024
Manners R, Blanco-Gutiérrez I, Varela-Ortega C, Tarquis AM (2020)
Transitioning European protein-rich food consumption and production towards more sustainable patterns: strategies and policy
suggestions. Sustainability 12(5):1962. https://doi.org/10.3390/
su12051962
Marr EJ, Howley P (2019) The accidental environmentalists: factors
affecting farmers’ adoption of pro-environmental activities in
England and Ontario. J Rural Stud 68:100–111. https://doi.org/
10.1016/j.jrurstud.2019.01.013
Meynard JM, Jeuffroy MH, Le Bail M, Lefevre A, Magrini MB,
Michon C (2017) Designing coupled innovations for the sustainability transition of agrifood systems. Agric Syst 157:330–339.
https://doi.org/10.1016/j.agsy.2016.08.002
Meynard JM, Charrier F, Fares M, Le Bail M, Magrini MB, Charlier A, Messéan A (2018) Socio-technical lock-in hinders crop
diversification in France. Agronr Sustain Dev. https://doi.org/
10.1007/s13593-018-0535-1
Morel K, Revoyron E, San Cristobal M, Baret PV, Philippe V (2020)
Innovating within or outside dominant food systems? Different

Sustainability Science
challenges for contrasting crop diversification strategies in
Europe. PLoS One 15(3):1–24. https://doi.org/10.1371/journ
al.pone.0229910
National Farmers Union (2014) Farming figures. https://www.nfuon
line.com/about-us/our-offices/south-west/south-west-key-conte
nt/farming-figures/
Nederlandse Akkerbouw Vakbond (2019) Hoe kansrijk zijn eiwitgewassen? http://www.nav.nl/2019/05/hoe-kansrijk-zijn-eiwit
gewassen/
Nightingale AJ, Eriksen S, Taylor M, Forsyth T, Pelling M, Newsham A, Boyd E, Brown K, Harvey B, Jones L, Bezner Kerr R,
Mehta L, Naess LO, Ockwell D, Scoones I, Tanner T, Whitfield
S (2020) Beyond technical fixes: climate solutions and the great
derangement. Clim Dev 12(4):343–352. https://doi.org/10.1080/
17565529.2019.1624495
Plumecocq G, Debril T, Duru M, Magrini MB, Sarthou JP, Therond O
(2018) The plurality of values in sustainable agriculture models.
Ecol Soc 23(1)
Pretty J, Benton TG, Bharucha ZP, Dicks LV, Flora CB, Godfray
HCJ, Goulson D, Hartley S, Lampkin N, Morris C, Pierzynski G, Prasad PVV, Reganold J, Rockström J, Smith P, Thorne
P, Wratten S (2018) Global assessment of agricultural system
redesign for sustainable intensification. Nat Sustain 1(8):441–
446. https://doi.org/10.1038/s41893-018-0114-0
Prins U, Cuijpers W, and Timmer RD (2018) Kansrijke eiwitgewassen: Eindrapportage veldproeven 2018. Louis Bolk Instituut.
https://edepot.wur.nl/479071
Reimer AP, Thompson AW, Prokopy LS (2012) The multi-dimensional nature of environmental attitudes among farmers in Indiana: implications for conservation adoption. Agric Hum Values
29(1):29–40. https://doi.org/10.1007/s10460-011-9308-z
Rockström J, Edenhofer O, Gaertner J, De Clerck F (2020) Planetproofing the global food system. Nat Food 1(1):3–5. https://doi.
org/10.1038/s43016-019-0010-4
Schouten CJ (2020). Voortgang nationale eiwitstrategie. Den Haag.
Ministerie van Landbouw, Natuur en Voedselkwaliteit. https://
www.tweedekamer.nl/kamerstukken/brieven_regering/detail?id=
2020Z15296anddid=2020D33060
Scott WR (1995) Institutions and organizations: foundations for organizational science. A Sage
Sok J, Borges JR, Schmidt P, Ajzen I (2021) Farmer behaviour as
reasoned action: a critical review of research with the theory of
planned behaviour. J Agric Econ 72(2):388–412. https://doi.org/
10.1111/1477-9552.12408
Springmann M, Clark M, Mason-D’Croz D, Wiebe K, Bodirsky BL,
Lassaletta L, de Vries W, Vermeulen SJ, Herrero M, Carlson KM,
Jonell M, Troell M, DeClerck F, Gordon LJ, Zurayk R, Scarborough P, Rayner M, Loken B, Fanzo J, Willett W (2018) Options
for keeping the food system within environmental limits. Nature
562(7728):519–525. https://doi.org/10.1038/s41586-018-0594-0
Steg L, Bolderdijk JW, Keizer K, Perlaviciute G (2014) An integrated
framework for encouraging pro-environmental behaviour: the
role of values, situational factors and goals. J Environ Psychol
38:104–115. https://doi.org/10.1016/j.jenvp.2014.01.002
Suvanto H, Niemi JK, Lähdesmäki M (2020) Entrepreneurial identity and farmers’ protein crop cultivation choices. J Rural Stud
75:174–184. https://doi.org/10.1016/j.jrurstud.2020.01.022
Thøgersen J, Alfinito S (2020) Goal activation for sustainable consumer choices: a comparative study of Denmark and Brazil. J
Consum Behav 19(6):556–569. https://doi.org/10.1002/cb.1824

Thompson AW, Reimer A, Prokopy LS (2015) Farmers’ views of the
environment: the influence of competing attitude frames on landscape conservation efforts. Agric Hum Values 32(3):385–399.
https://doi.org/10.1007/s10460-014-9555-x
Tziva M, Negro SO, Kalfagianni A, Hekkert MP (2020) Understanding the protein transition: the rise of plant-based meat substitutes.
Environ Innov Soc Trans 35:217–231. https://doi.org/10.1016/j.
eist.2019.09.004
Vanloqueren G, Baret PV (2009) How agricultural research systems
shape a technological regime that develops genetic engineering
but locks out agroecological innovations. Res Policy 38(6):971–
983. https://doi.org/10.1016/j.respol.2009.02.008
Veisi H, Carolan MS, Alipour A (2017) Exploring the motivations and
problems of farmers for conversion to organic farming in Iran. Int
J Agric Sustain 15(3):303–320. https://d oi.o rg/1 0.1 080/1 47359 03.
2017.1312095
Vermunt DA, Negro SO, van Laerhoven F, Verweij PA, Hekkert MP
(2020) Sustainability transitions in the agri-food sector: how
ecology affects transition dynamics. Environ Innov Soc Trans
36:236–249. https://doi.org/10.1016/j.eist.2020.06.003
Voisin A-S, Guéguen J, Huyghe C, Jeuffroy M-H, Magrini M-B,
Meynard J-M, Mougel C, Pellerin S, Pelzer E (2014) Legumes
for feed, food, biomaterials and bioenergy in Europe: a review.
Agron Sustain Dev 34(2):361–380. https://doi.org/10.1007/
s13593-013-0189-y
Voskuilen M (2020) Agrimatie - informatie over de agrosector:
Grondgebruik. https://www.agrimatie.nl/ThemaResultaat.aspx?
subpubID=2232andthemaID=2286andindicatorID=2911
Walder P, Sinabell F, Unterlass F, Niedermayr A, Fulgeanu D, Kapfer
M, Melcher M, Kantelhardt J (2019) Exploring the relationship
between farmers’ innovativeness and their values and aims. Sustainability (Switzerland). https://doi.org/10.3390/su11205571
Watson CA, Reckling M, Preissel S, Bachinger J, Bergkvist G, Kuhlman T, Lindstrom K, Nemecek T, Topp CFE, Vanhatalo A,
Zander P, Murphy-Bokern D, Stoddard FL (2017) Grain legume
production and use in European agricultural systems. Adv Agron
144:235–303. https://doi.org/10.1016/bs.agron.2017.03.003
Willett W, Rockström J, Loken B, Springmann M, Lang T, Vermeulen
S, Garnett T, Tilman D, DeClerck F, Wood A, Jonell M, Clark M,
Gordon LJ, Fanzo J, Hawkes C, Zurayk R, Rivera JA, de Vries W,
Majele Sibanda L, Murray CJL (2019) Food in the anthropocene:
the EAT–lancet commission on healthy diets from sustainable
food systems. Lancet 393(10170):447–492. https://doi.org/10.
1016/S0140-6736(18)31788-4
Zander P, Amjath-Babu TS, Preissel S, Reckling M, Bues A, Schläfke
N, Kuhlman T, Bachinger J, Uthes S, Stoddard F, Murphy-Bokern
D, Watson C (2016) Grain legume decline and potential recovery
in European agriculture: a review. Agron Sustain Dev 36(2):171.
https://doi.org/10.1007/s13593-016-0365-y
Zimmer S, Liebe U, Didier J-P, Heß J (2016) Luxembourgish farmers’
lack of information about grain legume cultivation. Agron Sustain
Dev. https://doi.org/10.1007/s13593-015-0339-5
Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

13

