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Abstract

In the field of agroecology, on-farm experimentation often involves ‘co-design’ activities. This
participatory openness exacerbates the challenges associated with the researcher’s stance and the
use and goals of experimental approaches. To shed light on this situation and improve upon it,
we conducted a reflective and comparative analysis of five agroecological projects involving
co-design that were carried out by the co-authors. The aim was to identify and discuss how the
use of co-design expanded and diversified the role of on-farm experimentation in scientific
research. Three main themes arose from the analysis; each encompassed findings, lessons
learned, and considerations to clarify the framework of collaborative on-farm experimentation.
The first theme was related to the adaptable, contingent, and transdisciplinary nature of the
examined projects. The projects followed a step-by-step design framework. The different phases
of each project were completed using various methods and participation modalities, either
sequentially or jointly. Farm fields and ponds were important places for social interactions and
observations that fueled the ongoing processes of diagnosis, technique adaptation, and evaluation,
and the development of shared assumptions and statements among academics and non-
academics. The second theme addressed the different experimental approaches used and their
relationships to scientific demonstration, depending on the objective of diagnosis and evaluation.
We identified and conceptualized three approaches that were taken in the analyzed projects:
practice-centered, ecosystem services-centered, and product-centered approaches. The third theme
emphasized elements related to the transformative capacity of co-design activities with on-farm
experimentation. It emphasized the influence of technical feasibility, expected gain, perceived risk,
and the degree of systemic innovation required. Transformative capacity was associated with the
conditions and development of the learning process, rather than the success of the innovative
practices. This implies changes in farming practices that extend well beyond the project’s duration
and are inadequately documented.

Introduction

Research in agroecology is at the heart of significant sustainability issues linked to natural
resource management, climate change, and socioeconomic fairness. These challenges underscore
the limitations of specialized knowledge in understanding and managing complex, dynamic
production systems. In response, the last half-century has seen an increase in interdisciplinary,
systemic, and clinical approaches to the understanding of the multitude of interactions and
feedback effects that comprise system complexity. Furthermore, the management of farming
systems requires practitioner experience and situational knowledge of heterogeneous and local
conditions; thus, transdisciplinarity becomes an essential approach for the development of science
that is both grounded and goal-oriented. Here, we use Cardona et al.’s (2024) definition of
transdisciplinarity as ‘a process of integrating plural knowledge from academic and non-academic
stakeholders’. This process links interests, values, and knowledge to produce ‘socially robust’
knowledge (Gibbons and Nowotny, 2001) and solve complex, tangible problems. For scientific
research aiming to drive or support agroecological transitions on farms, transdisciplinarity with
farmers is an essential part of the co-creation of knowledge, understood as ‘a collaborative process
involving two or more actors, who are intentionally integrating their knowledge and learning,
resulting in the development of insights and solutions that would not otherwise be reached
independently’ (Utter et al., 2021). Transdisciplinarity is seen as a methodological emergence
and necessity to improve the ecological and social sustainability of agricultural production systems
(Barrios et al., 2020; López-García et al., 2021; Méndez et al., 2017).

In farming systems, solutions to identified and shared problems require the design of a set of
actions, all of which employ specific means and techniques, organized in space and time. The use
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of a transdisciplinary approach to this design process entails
the undertaking of ‘collaborative design activities’ or ‘co-design’
(Zamenopoulos and Alexiou, 2018). With roots in design sciences
(Hatchuel and Weil, 2009; Le Masson et al., 2017; Meynard et al.,
2012), co-design aims at ‘ensuring that those with the life experi-
ences, expertise and knowledge are actively involved in these mak-
ing new tools, products and services’ (Zamenopoulos and Alexiou,
2018). In farming situations, it calls for farmers’ participation and
expertise in the design of various objects, such as living entities (e.g.,
plant varieties, animal breeds), landscapes (e.g., arrangements of
crops, grasslands, and semi-natural elements), practices, inputs,
decision support systems, and evaluation tools (Lacombe et al.,
2018; Prost et al., 2017).

The co-design approach strongly links theory and practice
(Béguin and Cerf, 2009). Practice brings up problems, intentions,
and hypothesis verifications, and research activities transform the
flow of experience and interpretations into scientific statements. As
the co-design process moves forward, the knowledge is debated and
improved with the aim of reaching minimum levels of consensus
and reliability. However, the strong connection between theory and
practice means that knowledge is assessed more according to its
‘feasibility’ and ‘relevance’ in a farming context than according to its
ability to convey an objective, universal truth. ‘Relevance’ refers to
the degree to which the produced knowledge meets the expressed
needs of farms and society, and ‘feasibility’ refers to the possibility
of practical use and application. Thus, co-design is linked to the
concepts of ‘transformative’ and ‘engaged’ sciences; it is a process
that goes beyond merely advancing scientific understanding or
theory and seeks actionable knowledge (Moser, 2016; Rossing
et al., 2022).

Different methods are used to foster participants’ creativity,
organize and converge ideas, and develop particular designs for
testing. Prototyping, knowledge-concept-practice and design
workshops, modeling, surveys, serious games, and scenario narra-
tives are among the best-known and most commonly used meth-
odologies (Dernat et al., 2025; Ditzler et al., 2018; Jeuffroy et al.,
2022; Le Gal et al., 2011). Each participant has specific expectations
and constraints; the identification of shared intentions is a pre-
requisite for the building of a coherent, legitimate project in which
everyone can act in the group’s best interest while staying true to
themselves (Leeuwis, 2000). However, stakeholder participation in
co-design has been predominantly discussed in terms of generating
ideas and innovative designs. Experimentation and implementa-
tion in farming systems are often disregarded (Prost et al., 2018).

Achieving greater sustainability through changes in farming
systems depends on the linking of design processes with transition
pathways (Rossing et al., 2023). Farming situations are complex
socioecological systems that are subjected to multiple strong stres-
ses, as well as significant risks and uncertainties, making their
futures difficult to predict. Thus, co-design endeavors must involve
the embracing of open and indeterminate design processes and
should leverage incremental learning fueled by action, evaluation,
and feedback loops (Meynard et al., 2023; Rossing et al., 2021).
Whereas the design process targets something desirable, the for-
mulation, exploration, and experimentation processes progres-
sively reveal the nature, shape, and attributes of the new object.
The necessary knowledge and expectations regarding the designed
object cannot be defined fully before the design process begins.
Thus, ‘step-by-step design’ has been formulated to acknowledge
and describe the ‘strong and dynamic links between the motivation
to change, formalized in an evolutionary target, and the way of
changing, relying on a dialogue between the exploration of new

techniques and the learnings derived from their implementation’
(Meynard et al., 2023). In the farming context design, this means
that on-farm experimentation is the hinge between ideas and
learning for change.

The overarching intention of this study was to further enlighten
the role and aspects of ‘collaborative’ on-farm experimentation,
that is, on-farm experiments embedded in a co-design process, by
investigating the projects conducted by the co-authors. The
co-authors are affiliated with a research unit that is part of a French
agronomic engineering school and has historically conducted
research through on-farm experiments. The research aims to
develop expertise related to the feasibility and performance of
‘agroecological practices’ (Wezel et al., 2014) in diverse and low-
input farming situations. The progressive use of co-design over the
last decade has further opened up the unit’s scientific work to non-
academic stakeholders. This corresponded to the desire to promote
the relevance and transformative capacity of research in the field.
However, this participatory openness in the research unit has
exacerbated the challenges associated with the roles and postures
of researchers and their work. Notably, it has intensified the inher-
ent tensions in the daily pursuit of effective and recognized scien-
tific activity that seeks to be useful for agriculture and its
practitioners while also being compliant with the academic and
institutional frameworks in which it is embedded. The adaptation
and evolution of experimental and analytical procedures—hall-
marks of the scientific and engineering-based approaches to the
understanding of biophysical systems—particularly reflect these
tensions, challenging researchers’ epistemological and methodo-
logical canons. These developments and challenges are not con-
fined to a few situations; they reflect a general situation in
agricultural research and are a resounding call for researchers to
reflect on their stance (Hazard et al., 2019; Rossing et al., 2023). A
research stance is understood as ‘the strategy used to deal with an
indeterminate situation, and influences choices at all steps in
knowledge production, such as defining a problem in scientific
terms or selecting methods’ (Hazard et al., 2019).

To shed light on this situation and make better use of it, this
paper describes a comparative and reflective analysis of five projects
carried out by the co-authors and, more broadly, our research unit.
Focusing on epistemological and methodological dimensions, the
co-authors aimed to use situated experiences to characterize key
aspects of the problematicity of co-design as it appears in the flow of
on-farm experimentation and partnerships with farmers. First, we
conducted an analysis to determine the outlines and forms of the
project associated with collaborative on-farm experimentation.
Then, we assessed how the co-design approaches supported or
renewed the role of on-farm experimentation for scientific demon-
stration and examined the transformative capacity of these types of
projects. The projects examined involved mainly agronomists and
ecologists and addressed cropping and fish pond farming systems
in France; they were implemented between 2013 and 2024.

Material and methods

Case selection and description

Before case selection, nine semi-structured interviews (lasting
20–60 minutes) were conducted with researchers involved in
agroecological projects addressing cropping and fish pond farming
systems that involved co-design and on-farm experimentation prac-
tices. These exploratory interviews were conducted to gather infor-
mation on: i) researchers’ perceptions of the definition, context, and
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objectives of co-design; ii) the history and context of the projects that
have involved co-designmethods in our research unit; iii) the advan-
tages, limits, and barriers associated with the use of co-design in
on-farm experimentation; and iv) the relevance of co-design to the
projects’ objectives and the outcomes achieved. This informationwas

used to create an overview and shared understanding among the
research teammembers regarding the co-design approach, the ques-
tions that it raises, and the perspectives that it conveys.

Then, five research projectswere selected as case studies (Table 1).
They were conducted in our unit over the past 10 years and involved

Table 1. Overview of the research projects examined

Project
acronym

Duration
in years
(starting
year) Research intentions

Design scale –

localization

Numbers of
researcher

and
academic

staff involved
in total

Numbers
of

farmers
involved

Number of
on-farm

experimentations
involved

The project followed previous
projects that built a first
expertise on the topic and
exchanges with non-academic
stakeholders (Yes/No)

TERRAE 6 (2015) The project was initiated by farmers
who wanted to improve their soil’s
fertility, as well as by researchers
and advisors who wanted to
evaluate cropping systems that
incorporate agroecological
practices to preserve soil fertility
on a territorial scale. The project
aimed to monitor the on-farm
experimentation of innovative
cropping systems. The effects of
these systems on soil fertility, as
well as their technical,
environmental, and economic
performance, were assessed.

Cropping system –

agricultural
territories
neighboring the
Lyon
metropolis

6 18 4 Yes

CASTOR 3 (2021) The project aimed at tracking existing
knowledge on farms and creating
new references to improve the
relay intercropping of legume
service crop into grain systems.
The ambition was to quantify the
provision of ecosystem services
and improve the chances of
successful practice in a context of
climate change.

Crop farming
practices –
agricultural
territories
neighboring the
Lyon
metropolis

8 32 21 Yes

CERPET 4 (2019) The project was initiated to
experiment on farm in various
conditions a perennial crop. As the
crop was unknown from farmers
and still little information was
available to researchers, the aim
was to grow it with contrasting
management, pedo-climatic
conditions and for either grain or
forage production, as to
accumulate experience and
knowledge.

Crop farming
products –
various
agricultural
territories
spread in
France

6 23 20 No

CARASSO 3 (2013) The project aimed at quantifying the
effect of fish farming management
practices on the functioning of the
fishpond (trophic status,
biodiversity) and on the economic
result of the activity. The main
practices studied are feed
supplementation, fertilisation,
liming and drying out.

Fish farming
practices –
agricultural
territories of
Dombes

11 15 78 Yes

SEPURE 3 (2020) The project aimed at testing the effect
of new scenarios for polyculture
fish assemblages in pond fish
farming, with or without new
species. The impacts are studied at
4 levels: economy, resilience to
climate change, biodiversity
conservation and life cycle
assessment.

Fish farming
products –
agricultural
territories of
Dombes

24 15 22 No
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on-farm experimentation and approaches that the researchers in
charge identified as co-design. All of the projects focused on agroe-
cological practices, which are understood as undertaken in the
attempt to secure the production and profitability of farming systems
while fostering beneficial ecological processes and preventing envir-
onmental degradation. The contents of these projects and the
researchers involved in their implementation informed the analytical
and reflective work that is presented here.

Project selection did not take into account whether the initial
agronomic objective was achieved, to enable reporting not only on
successes, but also on challenges and barriers. They directly targeted
the redesign of farming activities and practices and aimed to alleviate
the negative environmental and socioeconomic externalities of the
prevailing practices used in these systems. In the cropping systems
category, the TERRAE project focused on the improvement of soil
fertility through a combination of management practices and crop
rotation, the CASTOR project was undertaken to reduce fertilizer
and herbicide/weeding use through the introduction of cover crops
in relay cropping, and the CERPET project focused on the diversi-
fication of rotation with a proto-perennial grain crop. In the fish
pond farming category, the CARASSO project aimed to achieve
better management of feed supplementation and pond fertilization
and liming, and the SEPURE project was undertaken to test and
promote polyculture fish assemblages in ponds with various under-
utilized fish species.

Cross-case analysis

The authors of the present paper are the leaders of the projects
analyzed, and thus the suppliers of the data for the cross-case
analysis. Discussions among authors were instrumental for the
identification of points of convergence and divergence between
projects and the dimensions to be studied, for agreement on the
terms used, and for the re-evaluation of initial perceptions and
findings in light of other project leaders’ experiences and feedback.

As a first step, the co-authors collectively designed a descriptive
grid for detailing the project contexts, objectives, stakeholders, activ-
ities, and outcomes. The grid encompassed 23 items in four dimen-
sions. The first dimensionwas the overall project description: context
and stakes, duration, type of system (cropping or fish pond farming),
scale of study, object of design, stakeholders involved, and how the
group was formed. The second dimension pertained to project
activities: formalization of the issue, diagnosis of the situation, farmer
interviews, formalization of the design object, knowledge sharing,
designworkshopping, experimentation, scientific data analysis, feed-
back, redesign, and adaptation of the objects and methods. The
activity descriptions included details of the individuals responsible
and the project stage duringwhich theywere undertaken. In the third
dimension, the outcomes of the individual and collective phases of
the projectswere described, togetherwith their links and interactions.
Finally, the fourth dimension was dedicated to project evaluation.
Expected and achievedoutcomes, preliminary evaluations conducted
by researchers, and the criteria on which the evaluations were based
were delineated.

The project leaders individually entered data into the descriptive
grid based on written documents (e.g., deliverables, working docu-
ments, notes), as well as their perceptions and initial reflective
efforts for the projects in which they had experience. During the
restitution phase, each project leader presented their project to the
others and clarified any points requested.

Based on the descriptive grid data, a content analysis was
conducted. A comparative approach was then taken to characterize

the similarities and differences among the projects. Following
collective discussion and the definition of analytical criteria, this
comparative analysis was applied to 18 items in 4 dimensions
(Table 2): i) the intentions and sequencing of project activities,
ii) group formation and management, iii) the design objects, and
iv) the scientific approach. Two or three hypotheses per dimension
were formulated to guide the analysis, and each item was further
described to ensure that all authors were discussing the same
concepts (Table 2). The authors then divided up the comparative
analysis work according to the four main dimensions identified.
Results were shared during a session attended by all co-authors,
which allowed for the identification and ranking of themajor points
for discussion.

Results and discussion

The analysis yielded three major themes: the adaptable, contingent,
and transdisciplinary nature of the examined projects; the different
experimental approaches used and their relationships to scientific
demonstration; and the transformative capacity of research pro-
jects. Each theme brings together findings and lessons arising from
the comparative and reflective analysis.

The adaptable, contingent, and transdisciplinary nature of the
examined projects

Diagnosis-design-implementation-evaluation: complementary
and transitive phases that are fulfilled in different ways
Meynard et al. (2023) indicated that the design of and transition
toward new farming systems are structured by an open and iterative
process intertwining individual and collective dimensions, and
involving a series of phases: the diagnosis of the situation and its
problems, the exploration of ideas anddesign of possible solutions, the
implementation of a designed solution, and evaluation of the solu-
tion’s performance and success in the field. The cases examined
confirmed the presence of all of these phases, their complementary
and transitive roles, and the flexibility with which they are performed
in terms of methods, duration, and the participation of non-
academic stakeholders (Figure 1). This flexibility reflects the
deeply adaptable nature of co-design (Cardona et al., 2024), which
emerges from the need to accommodate the specific configur-
ations of networks and power dynamics among stakeholders
(Fritz and Meinherz, 2020). In all of the projects considered in
this work, the administrative and academic frameworks conveyed
by the researchers notably determined the timing of activities and
the need to collect sufficient and commensurable data within
the project timeframes. The research objects were determined
by the natural extension of the researchers’ activities, as well as
the demand and interest expressed by farmers.

The TERRAE and CARASSO projects followed a preliminary
field/pond diagnosis phase, whereas the three others based their
initial diagnosis on individual farmer surveys (Figure 1). All these
diagnoses resulted in the formalization of design objectives and, in
some cases, the creation of a design draft. Unlike the building of a
collective diagnosis, this method was favored due to its organiza-
tional flexibility and because it enabled privileged interaction with
each farmer. It allowed initial contact to be established and rela-
tionships of trust, reciprocity, and symmetry in exchanges to be
formed. This approach also encouraged the description of the
particularities of each situation. However, the use of the individual
survey method delayed the formation of groups with shared inten-
tions and the recognition of themselves as such. This disadvantage
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Table 2. Analytical dimensions and criteria used for the cross-case analysis

Dimensions Hypotheses Items Descriptions

Intentions and
sequencing of
activities

1. The same activities were used in all the projects but with different intentions and at
different stages

2. The degree of rupture of the practice influences the sequencing and the intentions of the
methods used

3. The field directly influences the intentions of the researchers and therefore the sequen-
cing of the project.

Timeline and
sequencing of
projects

Construction of a timeline: number and order of activities What
differences can be noted between projects?

Links between design
and field
experimentation

How are the on-farm experiments placed in relation to the design process
itself (before, after, at the same time) and how this is justified?

Links between
individual and
collective phases

What is the alternation between individual and collective phases, and how
are they justified? Is the majority of the project collective or individual?

Loops and adaptations Are there non-linear processes and adaptations in the projects? And are
they adaptations of objectives or methods?

Group formation
and
management

1. The fact that stakeholders already knoweach other before the start of the project, or even
that they are engaged in a long-term collaboration, facilitates the establishment of a
collective

2. The level of mobilization of players depends on the ‘strength’ of the collective
3. The nature of the collective is decisive in the emergence of bottom-up (farmers to

researchers) versus top-down (researchers to farmers) proposals.

Group formation How has the group been formed and to what extent did it impact the
dynamics and results of the project?

Formal interactions What types of interaction between researchers and between farmers and
researchers? And what frequency?

Informal interactions What types of informal interaction have been observed by researchers?

Design object 1. The design object lies at the heart of articulating project activities, temporarily fixing
working hypotheses and providing support for activities involving experimentation,
improvement, adaptation and evaluation.

2. Due to its own characteristics and those of the co-designers, the design object deter-
mines: i) shared knowledge and skills, and ii) the learning process.

3. The generic nature of the design depends on the scale of the object (practice, ITK or
system) and the post-design experimentation phase.

Limits and scale What is the nature and the scale of the object (e.g., practice, cropping
system, crop management)?

Genericity Has the object been designed for broad application (with adaptations) or
for a particular situation?

Evolution of the object
of design

Did the design object evolve over the course of the project with several
phases of conception/conception/adaptation? How did the actors
appropriate the design object?

Diffusion/transfer Has the object been transferred/disseminated to other stakeholders or
contexts?

Scientific
approach

1. Codesign implies a high degree of epistemic openness, requiring interdisciplinary
research into its tools and transdisciplinary research into its implementation.

2. Similar to the engineering sciences, codesign also requires an axiological and teleological
consideration: what is the purpose of knowledge?

Position of the
researcher

What are the roles played by the researcher and at what stages of the
project (expert, scientist, coordinator, learner etc.)?

Process adaptations The research process has it evolved linearly or with loops and
adaptations?

Transformative
property

Has the codesign process lead to transformations of the on-farm systems
at the origin of the project? For the researcher, has it generated other
projects?

Evaluation of the
design and the
knowledge
produced

How are the outputs of the design evaluated (true, doable, desirable,
situated or generalizable insights etc.)? What kind of analysis used?

Evaluation of the
approach and
dealing with failures

How is the success/failure of the project evaluated by the researcher?
What are the consequences of failures?
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could be mitigated in cases of pre-existing groups of farmers who
knew each other and already shared situations and ideas.

In two projects (CASTOR and SEPURE), the design phase was
performed without the direct presence of farmers. However, the
work conducted during this phase in these projects was based on
information gathered during surveys and tracking on-farm innov-
ations, and the resulting designs were submitted to farmers. The
designs were then refined according to the feedback obtained. In the
other projects, various methods (e.g., concept–knowledge method-
ology, prototyping, design workshops) were employed, depending
on the objectives, the innovations under consideration, the mod-
erators’ habits, the number of participants, and the time available
for this phase. The design phase was used to develop specific
practices and combinations thereof prior to implementation. One
notable feature of the CARASSO project was that the design phase
took place over several sessions, which enabled the dedication of
more time to the exploration of ideas and fostering of creativity
before the refinement and finalization of the design to be tested in
the final session.

Whereas the other phases were brief and punctual, the imple-
mentation phase, consisting of on-farm experimentation and cen-
tral to the projects, was generally the longest. It involved primarily
individual farmers’ performance and observation of experiments,
with researchers visiting and monitoring the experiments in pro-
gress. The TERRAE project was special, as it involved a collective

approach to experimentation. Not all farmers were experimenters,
but they would get together to observe and discuss the experiments
conducted by only some of them. All projects showed that on-farm
experimentation was not just about doing the ‘implementation
phase’. It was also about discussing and gaining experience, which
helped with the continued refinement of diagnosis, adapting tech-
niques, and evaluating them, outside of specific, formalized times
dedicated to these phases.

The CERPET project was unique in its revelation of a methodo-
logical heterodoxy, as the on-farm experimentation was an integral
part of the diagnosis phase rather than the implementation of a
co-designed solution (Figure 1). This approach was taken due to the
highly disruptive nature of the innovation involved: the cultivation
of an unknown, partially domesticated, perennial grain. The experi-
mentation was thus an ‘acculturation’ phase, for both researchers
and farmers, and involved the cultivation of the plant according to
each farmer’s wishes and methods, with the aim of producing as
much varied knowledge and as many diverse observations as pos-
sible. The knowledge and observations allowed for an initial diag-
nosis of the crop’s difficulties and interests. These were then
considered in subsequent workshops to inform the design of the
best possible uses and practices. In practice, this acculturation phase
took a lot of time, so the implementation and evaluation phases
could not be completed within the project’s timeframe. In the other
cases studied, the acculturation phase was unnecessary because

Figure 1. Description of the projects’ phases and main methods. The ‘A’, ‘B’, and ‘C’ letters refer, respectively, to the practice-centered, ecosystem services, and product-centered
experimental approaches that have been identified in Section “Different experimental approaches and their relationships to scientific demonstration”.
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farmers were experimenting to improve or adapt systems that they
already managed in their daily practices.

The reporting of results from measurements and analyses by
researchers was typically a collective moment that formed a
co-evaluation phase. In the CASTOR project, however, feedback
and discussion sessions were held with individual farmers
(Figure 1). This approach allowed for the occurrence of more
in-depth and extended exchanges, which limited the overrepre-
sentation of extroverted individuals’ perspectives in group settings
and enabled a deeper understanding of individual cases. However,
it limited confrontation among different points of view and
experiences, and consequently, creative output. The CASTOR
project best illustrates the existence of a ‘collective’ only indirectly,
through links with and information shared by researchers. This
type of project organization involves the adoption of more indi-
vidualized interactive approaches across all phases. This situation
has been described in the literature among all possible collective
configurations (de Sainte Agathe et al., 2026). It implies that
researchers taking this approach occupy central positions and give
ample consideration to their own questions andmethods, favoring
efficiency in the addressing of specific questions. The co-design
nature of such projects stems from the emphasis placed on farm-
ers’ contributions during all interactive activities (e.g., surveys,
experiments) and the encouragement, rather than control, of their
initiatives.

Group formation and continuity of exchange
In all five cases examined, researchers gathered groups of farmers,
generally with the support of local extension agents. They identified
farmers who were interested in the research themes and general
intentions, had previous experience with innovation and collective
action, and were willing to share their knowledge and expertise. In
all but one case, the farmers were localized in restricted areas
defined by specific farming orientations (e.g., pond aquaculture
in the Dombes region in the CARASSO and SEPURE projects) or
belonging to given territories or networks of exchange or logistics
(i.e., in the CASTOR and TERRAE projects). These projects thus
benefited from long-term collaborations and/or territorial anchor-
ing. Farmers were often familiar with some of the researchers,
sometimes knew each other, and usually faced similar sociotechni-
cal issues. These pre-existing networks and territorial anchoring
fostered good understanding among farmers, more confidence in
researchers, reliable dynamics, and trust in the collective. The
CERPET project is a notable exception, as it involved a group of
farmers dispersed throughout mainland France that was estab-
lished ex nihilo. The farmers were identified based on their spon-
taneous decisions to contact the researchers and experiment with
perennial grains. In this case, the critical tasks of group formation
and management were much more difficult and time-consuming.

In all cases, proximity between researchers and farmers and
continuous exchange throughout project implementation were
critical elements ensuring group cohesion, individuals’ involve-
ment, and the relevance of tasks and project dynamics. In the
TERRAE project, the lack of regular exchange with non-
experimenting farmers resulted in some attrition, which negatively
impacted the collective approach. In the CERPET project, the
difficulty of maintaining frequent exchange, particularly in person,
favored individual farmer dynamics, which sometimesmoved away
from the initial intentions and the field observation protocol. In
both cases, the deterioration of collective dynamics strengthened
the application of a ‘top-down’ research process, moving away from
the original ‘bottom-up’ aim. Conversely, as reported by Cardona

et al. (2024), projects that maximize exchange and proximity favor
‘the readjustment of the scripted method in case of drift’ and
reorientation ‘in order to finalize the scenario and achieve the initial
objectives’. The importance of interpersonal relationships and skills
has thus been highlighted for ensuring a successful process of
knowledge co-creation (Utter et al. 2021).

On-farm experimentation played a crucial role in the sustain-
ment of exchanges with farmers in all of the studied projects.
Collective sessions and individual surveys provided formalized
opportunities for exchange, but researchers’ monitoring visits
during experiment implementation systematically provided add-
itional opportunities for spontaneous, informal exchanges with the
farmer-experimenters. It strengthened discussions about experi-
mental protocols and allowed better use of empirical observations
that extended beyond the formalized indicators andmeasurements.
Importantly, it helped ease power asymmetries and build shared
representations of the agroecosystem between academics and non-
academics. This was considered crucial since sharing representa-
tions is necessary for all project participants to develop common
assumptions and statements when interpreting observations and
results (Barreteau et al., 2014; Étienne, 2014). The importance and
frequency of individual exchanges throughout the experimental
process confirmed Meynard et al.’s (2023) description of the ‘step-
by-step design’, which recognizes that ‘the design dynamics derive
from an articulation between self-centered individual work and
collective work’.

The researchers: embodiment of versatility, project
accountability, and openness to the collective production of
scientific statements
As observed more broadly in the agricultural sciences during the
transition of farming systems toward sustainability (Salembier
et al., 2018), the researchers involved in the projects assumed
multiple roles. In addition to being experts in their fields, they took
on roles as co-designers, facilitators, and learners. They were also
systematically made responsible for the entire projects, including
their organization, progress, and results. During the collective
discussion and design phases, the researchers’ facilitator and expert
roles often overlapped, as the projects were initially based on their
own research perimeters and activities. Conversely, they adopted
the learner role during the survey and design phases, seeking and
capitalizing on the knowledge and ideas provided by farmers about
choices, technical feasibility, and the socioeconomic relevance of
practices. This illustrates the horizontal learning and knowledge
exchange between farmers and researchers in the process of
knowledge co-creation (Frank et al., 2022). This expansion of
researchers’ roles requires thorough preparation and the ability
to adapt to changing needs throughout project implementation,
balancing the requirements of collective direction to achieve
predefined research objectives (e.g., formalization of questions,
diagnosis, design, and production of results) with the need for
freedom of thought and action, creativity, and spontaneity to
leverage collective intelligence, skills, knowledge, and experiences
(Quinio et al., 2022).

Overall, collaborative practices and multi-site on-farm experi-
mentation required the researchers to work with and give common
meaning to heterogeneous data and perspectives. In all of the cases
analyzed, the researchers were the guarantors and operators of the
‘demonstrative heart’ of the scientific process (the production and
impartiality of proof), and the integration of knowledge into
broader, coherent theoretical frameworks remained their preroga-
tive. However, the stages before and after demonstration (e.g., the
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definition of the design object, research question, and hypotheses;
interpretation; diagnosis; contextualization; and adjustment) were
no longer exclusively theirs. Besides serving as co-designers (directly
or indirectly through the survey phase), farmers contributed in three
ways. First, they contributed to the understanding of agroecosystem
functioning and the interpretation of results in their situations, as
farmers have long histories of relationships with their production
systems. Second, they helped to select the criteria or references used
to develop and evaluate the designs, ensuring that the research
processes were relevant to farming activities and improving the
feasibility and performance of the solutions tested for their specific
situations. Finally, farmers played a crucial role in discussing the
innovations’ technical and economic feasibility, as they naturally and
systematically generated creative and reflexive work on their long-
term applicability. Whether or not the researchers had initially
considered this dimension, they certainly addressed it.

Different experimental approaches and their relationships to
scientific demonstration

The analyzed cases reveal the diversity of on-farm experimental
approaches, in contrast to the normative view of repeated experi-
mentation based on factorial designs. In the cases studied, experi-
mentation was considered to be a stage that produced quantitative
data, providing a foundation for impartial agro-environmental
assessment. However, the results generated were not necessarily
standardized or comparable. As de Saint-Agathe (2026) noted, the

diversity of methods for the realization of collective experiments
and production of results is linked to differences in experiments’
objectives and collectives’ consultation methods and organization.
In this cross-case analysis, we identified three experimental
approaches that distinguish and clarify the ambitions and limita-
tions of the scientific demonstration procedure: practice-centered,
ecosystem services-centered, and product-centered approaches
(Figure 2). These three approaches represent increasing levels of
agrifood system integration and reflect farmers’ shift from oper-
ational to strategic questioning (Cowan et al., 2013). Their objects
and levels of innovation echo those of other typologies described in
the literature, such as that distinguishing ‘co-innovation’ and ‘niche
innovation’ (Lacombe et al., 2018). The former approach aims to
produce ‘practice-led innovations through participatory action
research’, and the latter produces ‘niche innovation products at
the farm or market level’. Nevertheless, our typology is narrower
and focuses strictly on differences in experimental approaches and
analytical demonstrations, providing a dedicated view of the epis-
temological and methodological issues involved in research based
on on-farm experimentation. However, it does not characterize the
diversity of design objects, methods, and scales.

The following sections describe the three experimental approaches
in terms of the knowledge they convey and their respective
strengths and weaknesses in relation to their specific analytical
methods and the diagnostic and evaluation purposes they seek to
fulfill. These approaches are not mutually exclusive or hierarch-
ically ordered. They can be combined sequentially or jointly.

Figure 2. Main features of on-farm experimental approaches in terms of the level at which farmers make decisions, the type of knowledge they aspire to have (generic versus
situational), and flagship methods.
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However, their distinctiveness in our study reflects the reality that,
given the (human, technical, and time) resources allocated to this
type of project, only a limited number of aspects can be meth-
odologically addressed.

Practice-centered approach
The practice-centered approach was used in the CARASSO and
CASTOR projects. These projects aimed to characterize the effects
of specific management practices that are known to be linked to
functions and services in agroecosystems, although the nature,
conditions, and intensity of these links remain unclear. In both
projects, co-designed management practices were implemented
in fields (cover cropping) and ponds (fertilization, liming, and
feeding), with only minor adjustments to the designs to suit the
equipment and capabilities of each farmer. These multi-local
experiments served as a direct continuation of the historical
factorial (reductionist) on-farm experimental method. However,
randomization and replication-based designs were not imposed
on farmers, although they are possible and used in other collect-
ive on-farm experimentation (de Sainte Agathe et al., 2026). This
allows us to get as close as possible to the management practices
that farmers use and to encourage experimentation by limiting
the associated technical constraints. Each field or pond served as
a blocking factor (random effects), and when several measure-
ment points were realized within one experimental practice, they
were considered pseudo-replicates, which were subject to spatial
autocorrelation (Alesso et al., 2019). This was addressed by
analyzing the average value or integrating residual spatial struc-
ture into the statistical model. When possible, incorporating
sources of variation (e.g., soil gradients) into the statistical model
also helps analyze pseudo-replicates (Alesso et al., 2019).

In the CASTOR fields, a strip-plot design was used. As part of
the collaborative research process, farmers could decide to imple-
ment additional experimental practices, such as different cover
crops, in addition to the systematic practices common to all field
experiments. Testing simultaneously different practices was not
possible in ponds (CARASSO), which could not be divided into
subunits. But farmers could experiment with different practices
over the years.

The resulting experimental designs are often unbalanced
because not all farmers or years of experimentation provide all
treatments, and some treatments are unsuccessful. Additionally,
the diversity of application conditions increases the amplitude and
heteroscedasticity of the observed variance. For these reasons, the
use of mixed and generalized statistical models (Gbur et al., 2020),
nonparametric tests, and model assumption checks with residual

diagnostics (Hartig and Hartig, 2017) is inseparable from these
experimental methods and has become a routine statistical proced-
ure. Figure 3 shows an example of a variance analysis graph from
theCARASSOproject. This graph combines a set of pond situations
and several years of experiments. The statistical populations ana-
lyzed were rarely homogeneous, and large numbers of observations
were required for each modality to express informative variance.

This practice-centered approach allowed researchers to identify
consistent (neutral, positive, or negative) effects of practices across
experimental situations and to determine the degree of generaliz-
ability.When using this approach, the challenge is to find situations
with sufficient similarities (i.e., that allow comparison) for the
detection of the average effect of the tested practices despite the
influence of uncontrolled use conditions. Conversely, farmers
benefit from the insightful comparison of their specific practices,
contexts, and production systems with those of their peers, without
having to manage a complex experimental plan that would remain
embedded in a particular site-year context.

As Compagnone et al. (2018) explained, the generalization of
results struggles due to the fact that a given practice is ‘practical’
because of the experience associated with its use. The practice’s
success often stems from the specificities of each case and the small
adjustments performed in it, which are impossible to express in the
form of principles or technical standards. Thus, the practice-
centered approach places situated and systemic views beyond the
analytical core of scientific demonstration. These views were taken
up during post-analysis and in interpretive discussions, and relied
on the ability to diagnose and learn about the conditions under
which the studied practices were applied and effective. Despite its
shortcomings in demonstrating the mechanistic functioning of
biophysical processes, this approach fostered ‘communities of prac-
tice’ (Wenger, 1999) among farmers in the projects in which it was
applied. These communities can influence the acceptance and
desirability of practices and promote the exchange of knowledge
and experience.

In the CASTOR project, when farmers considered cover crop-
ping not just as one management option for dealing with weeds or
soil fertility, but as an integral part of their cropping systems that
needed to be managed and secured like other cash crops, the
experimental approach shifted from practice-centered to product-
centered (see Section “Product-centered approach”). This shift illus-
trates the connection between the farmer’s decision-making level,
ranging from operational (e.g., regarding the use of cover cropping
in a given cropping system) to strategic (regarding the adaptation of
a cropping system to cultivate cover crops), and the chosen experi-
mental approach.

Figure 3. Analysis of the influence of combinations of feeding practices (FD), fertilization (FT), and liming (LI) on the specific diversity of aquatic plants (right panel), fish productivity
(center panel), and algal biomass [chlorophyll-a (CHL) proxy, left panel] in the CARASSO project. n, number of ponds involved. From Vanacker (2016).
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Ecosystem services-centered approach
In the case of the TERRAE project, we identified an experimental
approach focused on ecosystem services. The issue of soil function-
ing and properties (e.g., fertility and water reserves) was central in
this project (Table 1). As many processes and practices influence
soil functioning and properties over different time scales, factorial
and reductionist approaches were abandoned in favor of ‘system’
experiments. Innovative combinations of practices and entire crop
rotations were evaluated over time through strip-plot designs. On
each participating farm, the existing cropping system (‘reference
system’) was compared with a particular co-designed (i.e., adapted
to the farm’s economic, technical, soil, and climate conditions)
cropping system, identified as the ‘innovative system’. Thus, the
tested cropping systems were not identical across farms, but shared
specific features and management strategies, such as the diversifi-
cation of rotation, use of cover cropping, reduction of tillage, and
biomass non-export.

This ecosystem services-centered approach entailed evaluating
cropping systems (innovative or reference) based on various pre-
defined criteria. The systems were compared point-by-point, with-
out analyzing variance. In the case of simple and accessible
indicators (i.e., soil N content), the use of pseudo-replicates allowed
for the verification of the indicators’ consistency within field strips.
The selection of the system’s assessment criteria was based on prior
knowledge of the biophysical processes involved and the feasibility
of the measurements. It was also based on the different stake-
holders’ requests and visions regarding soil quality, and the con-
stant need to compare ‘ecological’ indicators with socio-economic
indicators. In the TERRAE project, questions about soil fertility led
to the use of indicators of soil physical, chemical, and biological
properties and functioning (clay and organic matter contents;
communities of microorganisms, nematodes, and earthworms;
and carbon and nitrogen mineralization potential). Crop system
modeling is also frequently employed to obtain variables and
indicators that are challenging to acquire in the field. In this regard,
models play a pivotal role, as they guide the selection of indicators
based on their capabilities and limitations. In the TERRAE project,

for instance, the ‘SYSTERRE’ model (Estienne et al., 2021) was
employed to estimate the GES emission of various crop systems, as
well as operating expenses.

Figure 4 is an example of a graph used during a collective
presentation in the TERRAE project. It illustrates how an individual
indicator, deemed too costly to have pseudo-replicates, was used to
compare cropping systems (innovative and reference) and experi-
mental situations (farms). In a pluri-criteria approach, criteria can
be aggregated in multi-criteria decision-aid tools (Sadok et al.,
2008) based on scientific relevance of aggregation choices and
indicators used, as well as socio-political elements that drive choices
in terms of the choice of assessment focus and for what ambitions.
Multivariate ordination and clustering analyses can be performed
on sufficiently large datasets with adequate replications to assess the
covariances and relationships between variables. Such analysis
enhances system functionality comprehension without incorpor-
ating normative or value-based appraisals.

The choice of indicators and the selection of measurement
protocols leveraged researchers’ knowledge of ‘universal’ biophys-
ical processes in agricultural systems (e.g., cycle and dynamics of
organic matter) and the different ways of monitoring and reporting
them. This enabled the construction of a common framework for
assessing and comparing the cropping systems, despite their dif-
ferences. This allows researchers to maintain an approach compat-
ible with the positivist frameworks of the natural sciences, which
aim to develop a general, objective understanding of how nature
functions. However, this stance was part of a dialectic with a
complementary, clinical stance (Kockmann et al., 2019). The
result’s interpretation was made by combining the knowledge of
researchers and farmers, including comparisons with past or par-
allel experiences in similar farming contexts. This approach led to
the characterization of socio-ecological system states, functioning,
and trade-offs in the most informative and plausible way possible.

Consistency of the measures and convergent meaning of the
various available indicators were crucial to ensuring confidence in
the interpretation of the influences of innovative cropping systems
on desired ecosystem services. For instance, in TERRAE, reduced

Figure 4. Figure used in the TERRAE project during a collective presentation held in 2023. It shows a comparative analysis of ‘reference’ and ‘innovative’ cropping systems (first and
second year of use) tested by each farmer, based on the potential for carbonmineralization in the soil. The graph supported the discussion and interpretation of the researcher and
farmer regarding how different practices impacted soil quality and processes.
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tillage and increased organic matter contents generally corres-
ponded with greater earthworm abundance and activity, but clayey
and carbonate soils exhibited more erratic indicator behavior.
Interestingly, this interpretative uncertainty was heuristically valu-
able since it generates new efforts of understanding and hypotheses
(Ison et al., 2013).

Another distinctive feature of the ecosystem services-centered
approach is its emphasis on diachronic assessments covering time
frames longer than 1 or 2 years. These longer time frames are
necessary due to the significant inertia of certain processes and to
increase the reliability of the assessments by relying on repetition
over time rather than in space, as in factorial experiments. In this
regard, the TERRAE project was the longest-running, with an
experimental period of 6 years, compared to a maximum of 2 or
3 years in other projects.

Product-centered approach
For the CERPET and SEPURE projects, we identified an experi-
mental approach focused on product (commodity) selection. Both
projects involved experimenting with production based on non-
standard unspecialized plant or animal species to promote and
diversify species with functional traits that are beneficial for bio-
physical regulation in production systems. Although choosing one
species over another can be considered a ‘practice’, we distinguish it
here from the management practices discussed above. Selecting an
alternative crop or fish for production requires adapting the entire
management strategy and commercial outlet. This distinction is
indicative of a shift in the level of farmers’ decision-making because
it involves the strategic level of farming systems (i.e., farm product
selection) (Cowan et al., 2013; Robert et al., 2016). At the oper-
ational and tactical levels (i.e., one or more management practices
undertaken over space and time), farmers act within a given ‘frame
of reference’ (Flichy, 2007; that is, a production type). At the strategic
level, however, they modify the frame of reference and make new
tactical and operational choices within it.

In the projects analyzed, the researchers were bearers of special-
ized and general knowledge about the new species under consid-
eration for production. They used on-farm experimentation to
verify or improve this knowledge. Analysis of variance or multi-
criteria frameworks were typically used to consider several aspects
of the incorporation of the new species in production. However, the
product-centered approach differs from the others because experi-
mentation yielded results that were primarily used to discuss bar-
riers, conditions, production success frequency, and the risks and
opportunities associated with novel economic outlets. Although the
production processes had possible (social, economic, and ecological)
advantages, their uncertainty was the stumbling block. This is clearly
illustrated in a technical article about the CERPET project, in which
the first andmost important result reportedwas: ‘Inmore than half of
the cases, either the crop disappeared (or almost) during the spring,
or it required several mowing to remove weeds and was therefore
unable to produce grain. These situations show how the crop is
vulnerable during establishment’ (Bathellier et al., 2022). Similarly,
one of the main results of the SEPURE project was the identification
of four convincing, multi-species fish stocking scenarios with limited
logistical (suppliers) and economic (production and outlets) con-
straints out of the 10 initially co-designed.

In this product-centered approach, the role of researchers requires
significant openness to the social sciences, not at the periphery but
within the scientific demonstration procedure. Researchers needed
to gain a deeper understanding of the dynamics of systemic innov-
ation (Midgley and Lindhult, 2017), also characterized as ‘coupled

innovation’ (Meynard et al., 2017), agrifood systems and commodi-
fication processes, and to diagnose the lock-ins to and enablers of
change (Meynard et al., 2018). Their stance was closer to that of a
‘sociotechnical inquiry’ (Casagrande et al., 2024), and more
emphasis was placed on qualitative analyses and the discussion of
farmers’ decision-making processes (see, e.g., Ginot et al. (2024) on
the CERPET project).

Transformative capacity of research projects

From adoption…
Althoughmanagement practices are the primary levers of action for
farmers, they are situated at the lowest level in the decision-making
process and are thus strongly influenced by upper-level decisions
(Cowan et al., 2013). In the projects analyzed, transformative
capacity was associated essentially with three variables linked to
these decision-making levels and each other: 1) the balance between
the technical feasibility and the expected economic or non-
economic benefits of a change, 2) the systemic impacts of the novel
practice on the cropping/fish pond farming system as a whole, and
3) the perceived risks. These variables affect cropping and fish pond
farming systems differently since the former involves a greater
number and variety of management operations over time and
across space, while the latter involves developing higher trophic
levels in lentic environments with fewer management operations.

The balance between feasibility and benefits is a well-known and
long-standing variable in the literature on innovation adoption,
based on the diffusion of innovations model (Rogers, 1962). The
projects analyzed here confirmed that technical feasibility and
expected benefits were important factors for farmers’ adoption.
The availability of equipment (CASTOR and CERPET), the
expected plant or fish supplier (SEPURE and CERPET), and the
value chain (SEPURE and CERPET) were all key drivers of adop-
tion behavior. Furthermore, farmers perceivemodifications to their
practices as risky if they substantially alter the outlets of their
farming systems (SEPURE and CERPET projects) or engender
uncertainty through reliance on biological processes, consequently
diminishing their sense of control (CASTOR and TERRAE pro-
jects). They also perceive modifications that increase production
costs without ensuring additional economic benefits as risky and
difficult to evaluate (CASTOR and TERRAE projects).

The CARASSO and SEPURE projects are particularly eloquent
examples, as they both addressed fish pond farming in the Dombes
region of France, but they demonstrated contrasting transformative
capacities within their timeframes. The CARASSO project exem-
plified a ‘co-innovation’ (Dogliotti et al., 2014; Rossing et al., 2010)
process, involving the governance of a collective to support and
coordinate common and simultaneous changes among several
stakeholders. By the end of the project, all participants had changed
their fertilization practices. This new fertilization method simpli-
fied management and reduced labor, providing promising and
convincing benefits while not endangering existing pond manage-
ment practices. This achievement has been made possible by the
presence and long-term commitment of researchers to forming a
congruent network of stakeholders who manage specific fish pond
farming systems and who may share very similar issues and modes
of action. In contrast, the SEPURE project profoundly challenged
the prevailing fish farmingmodel by changing the fish stock species
composition, which required systemic innovation and the compre-
hensive realignment ofmanagement practices. It introduced uncer-
tainties due to limited knowledge and expertise regarding these
species and their economic value. Consequently, farmers perceived
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it as very risky andmore complex to implement, and not all of them
were ready to experiment.

…to learning and appropriation
Despite the challenges observed in all projects concerning the
modification of cropping/fish farming systems, whether at the
operational or strategic level, farmers showed interest in and com-
mitment to the project dynamics. Regardless of the desire for and
effectiveness of change, the projects and experimental approaches
engaged stakeholders in learning about cropping/fish farming sys-
tems. The researchers regarded the development of knowledge and
skills and the establishment of learning communities as more signifi-
cant achievements than the agronomic success of the experiments.

As explained by Toffolini (2016) for farming transitions, ‘a farmer
who redesigns his/her cropping system acquires knowledge about the
world in a way that is inextricably linked to how he/she transforms it’.
This is in linewith the general findings in the systems literature, where
experimental management is depicted as a technique to examine the
system, disrupting it slightly to trigger a slight, harmless reaction that
offers insight into the system’s functioning (Walters, 1986). Such a
learning process empowers stakeholders and is inextricably linked to
the production of actionable knowledge (Rossing et al., 2022).

This learning process is foundational in the ‘step-by-step design’
framework. The step-by-step design process differs from the innov-
ation diffusion model (Geels, 2002; Rogers, 1962) in that design is
brought closer to use, and the iterative loops between the two,
fostered by learning, are highlighted (Meynard et al., 2023). The
techniques selected and evaluated during this process are initially
unknown and unpredictable; subsequently, improved versions of
farming systems cannot be predicted. Users constantly reinterpret,
reuse, divert, and/or transform techniques in practice as ‘action will
meet resistances, setting the initial ideas in motion’ (Béguin, 2007).
However, the iterative loops that accumulate and exploit the learn-
ing process form over a long timeframe, which was not taken into
account or embraced in the projects that we examined.

As a result, the assessment of projects’ transformative capacity was
difficult in the cases studied, except for the CARASSO project (see
previous section). However, interactions with farmers several years
after the research project conclusion revealed that they had engaged in
ongoing learning and experimentation until they had perfected sat-
isfying practices. For example, a farmer involved in the CASTOR
project introduced relay cover crops into his cereal cropping system
3 years after the project had ended. He continued experimentation to
determine the cover species andwheat sowing density thatmaximized
the practice’s success and benefits for his farm. Rather than a process
of ‘adoption’, in the sense of passive acceptance of innovation,we have
termed this process of learning and local adaptation, leading to regular
and autonomous use, ‘appropriation’. However, changes in farming
practices that extend well beyond the project’s duration are inad-
equately documented in our cases. This should be improved in future
projects, so as to report research activities’ impact on farms and to
foster comparison between what was initially intended and what
actually happens. This echoes Prost et al. (2018)’s insight: ‘Allowing
a conversation with the situation in the long run has implications in
terms of the inputs the research agronomists should produce to equip
those who engage in design processes’.

Conclusion

The reflective and comparative case analysis described here indi-
cates that researchers must understand the epistemological and
methodological challenges of their experimental approaches to

accommodate and guide the highly adaptable co-design process.
We identified significant tension between the evaluation of know-
ledge based on repeatability and generalizability criteria, and the fact
that knowledge is produced in unique and singular situations. Those
who genuinely want to promote the agroecological agenda and
transform farming systems must fully grasp the situational nature
of knowledge in action. It encourages the production of testimonials
and qualitative analytical results, especially to identify, record, and
leverage the crafted solutions that emerge over time in specific action
situations. However, this does not imply the isolation and compart-
mentalization of knowledge. Researchers remain the primary exam-
iners of how the empirical accounts and processes governing
situations share common cogs and can serve theoretical frameworks.

This study was conducted by researchers who form a ‘community
of practice’ within the same lab and wish to clarify and improve their
methods. Complementary and critical studies by other research
groups are therefore necessary and welcome. The satisfaction of
non-academic stakeholders was not formally addressed in any of
the projects we examined. This factor should be systematized during
or after projects. Additionally, researchers oversaw all of the projects
examined; we intend to better explore farmer-led projects when
opportunities arise. Many collective projects are led and driven by
farmers, and it would be beneficial for researchers to ascertain how
they can contribute to these collectives.
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