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Abstract: The industrialization of farming has significantly threatened cultivated biodiversity. 
Participatory breeding endeavours to overcome this issue by enabling farmers to select a wide range 
of crop varieties in different conditions, and to foster genetic mixing through seed exchanges, 
crosses or mixtures. This necessitates the design of new forms of coordination and organization for 
the farmers and partners involved. This article reports on an ongoing initiative, aiming to facilitate 
the participatory design of such forms of coordination and organization. It first outlines the method 
used (Knowledge–Concept–Proposals or KCP®), and how it has been tailored to this highly 
decentralized context involving politically engaged actors on a quest for autonomy. It then presents 
the exploratory results of the first two workshops: these include group consolidation, the sharing of 
heterogeneous knowledge, the generation of innovative ideas, and the elaboration of preliminary 
projects. Finally, this empirical case is compared with other initiatives supporting the participatory 
design of natural resource management strategies and tools. Its key original dimensions and 
benefits are that the workshop protocol is replicable, the data produced can be easily exploited, and 
it allows for testing hypotheses in the field of design science.  

Keywords: participatory plant breeding; farmers’ population-varieties; innovative design; dynamic 
on-farm management; agrobiodiversity; design workshops; participatory research 

 

1. Introduction 
1.1. Context of the Study: A Pioneering Initiative to Regenerate Cultivated Biodiversity 

Since the domestication of wheat about 10,000 years ago, humans had selected seeds mainly 
through mass selection [1]. This method involves farmers selecting individual plants from a 
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heterogeneous population on the basis of desirable characteristics, then pooling their seeds and using 
them to grow the next generation. The majority of cereals grown were thus made up of population 
varieties, that is, heterogeneous populations locally adapted by farmers. Hence, over the centuries, 
farmers maintained a high level of cultivated biodiversity and adapted their crops to both their 
farming strategies and environment. 

In France, however, as in many other countries worldwide, from the late 19th century, crop 
improvement started to be professionalized with the creation of major breeding companies [2]. The 
system whereby farmers bred and managed genetic diversity on farms was gradually replaced with 
a clear division of labour: crop genetic diversity came to be managed mainly through static ex situ 
conservation in gene banks and with “elite” homogeneous varieties created by plant breeders, while 
farmers became end-users of such innovations. Nowadays, crop selection is centralized and seeks to 
develop varieties showing high potential in environments where the growing conditions are 
standardized through the use of chemical inputs [3]. Distinction, uniformity and stability (DUS) are 
considered crucial criteria for supporting the modernization of farming and the development of the 
agri-food industry. 

This innovation regime has not only excluded population varieties from research, the market 
and agricultural production sites, as these heterogeneous varieties do not comply with the DUS 
criteria governing registration in the official seed catalogue and therefore seed marketing, but also 
excluded farmers from the breeding process [4]. This situation has largely contributed to a worldwide 
reduction of cultivated diversity in agriculture [5,6], leading to greater vulnerability in global crop 
production [7]. 

Agricultural industrialization has contributed to both environmental and social crises through 
the expansion, intensification and specialization of farms, and also through farmers’ loss of 
autonomy. As a result, alternative approaches have emerged to promote more sustainable and fairer 
agricultural models. Decentralized on-farm crop breeding, although still marginal in Europe and the 
USA, has been attracting renewed interest since the 1980s, and especially since the early 2000s. 
Initiatives involving “alternative” farmers, amateurs, gardeners and consumers have been launched 
to promote a cultivated biodiversity better suited to the variety of agro-ecological systems that exist. 
These initiatives have a lot in common with so-called traditional agricultural systems. They are based 
on the reproduction and selection of genetically heterogeneous populations on farms, therefore 
allowing for a continuous evolution and adaptation of the populations in response to both natural 
selection and selection by farmers. Moreover, seed exchanges among actors ensure the large-scale 
and long-term maintenance of genetic diversity. These populations of cultivated species managed 
within collectives or networks of actors have been referred to as crop metapopulations [8,9]. 

In France, in 2003, pioneering actors of participatory breeding joined forces to found the farmer 
seed network Réseau Semences Paysannes (RSP). This network now includes about 90 organizations. It 
is organized into species-based groups, as well as transversal groups in charge of sanitary or legal 
questions, for instance. The working group on wheat and small grains is particularly active. In 2006, 
farmers and actors from different RSP organizations involved in wheat growing, milling and baking, 
facilitators from these organizations and RSP, as well as researchers from INRAE’s Diversity, 
Evolution and Adaptation of Populations (DEAP) team, launched a research programme for the 
participatory breeding of bread wheat. 

The initial objective of this collaboration between the RSP group and the DEAP research team 
was to develop a methodology for selection and evolutionary management, based on 
decentralization and co-construction by farmers and researchers. This methodology aimed to (i) 
foster the creation of population varieties suited to local conditions and farmers’ practices, (ii) 
develop operational methods and tools for on-farm diversity management and selection, and (iii) 
support actors’ learning and strengthen their autonomy in seed management and selection [10,11]. 
Over the years, a series of different research programmes has allowed for the development of 
experimental frameworks tailored to small-scale on-farm trials, of statistical methods to analyze 
them, and of tools to implement them [12,13]. Furthermore, many population varieties have been 
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created and are now grown for production in farmers’ fields. Finally, tools and methods to organize 
the collective management of seeds by farmers have also been developed.  

In recent years, thanks to growing interest in farmers’ seed autonomy and decentralized 
participatory breeding, the number of RSP member organizations and participating farmers has 
grown considerably [14]. The network has started to face new challenges associated with new needs: 
supporting newcomers, exploiting and disseminating a large body of knowledge and skills to a 
growing number of actors, overcoming new kinds of risk (for instance, surrounding production, the 
law, property rights, etc.). Issues around collective action (how to coordinate the maintenance of 
genetic diversity, how to avoid free riding, etc.) have also become increasingly salient. Moreover, 
farmers are seeking to develop new practices, such as mixtures of wheat populations that raise new 
seed management issues. 

1.2. The Challenge of Decentralizing the Management of Agricultural Biodiversity 

The decentralization movement witnessed in the field of crop breeding echoes the growing 
interest in decentralizing natural resource management (NRM). Many scholars have stressed that the 
failure of approaches, based on the centralized allocation of resources between potential users or on 
end-of-pipe solutions, is mostly due to the complex and adaptive nature of socio-ecological systems 
[15,16]. They have also identified approaches involving local users as often more suitable and 
sustainable than those relying mainly on expert knowledge [17–20]. 

Furthermore, although the NRM literature tends to posit resources as a given, and actions to 
manage them as a known variable, this field is often confronted with a multiplicity of questions and 
challenges, concerning the nature of these resources, their management, the organization of 
stakeholders, the changing context, etc. [21]. In the specific case of crop varieties, the latters’ identity 
as a resource has been called into question: they are no longer homogeneous elite varieties for which 
the environment is standardized, but mixtures of varieties adapted to specific production conditions. 
Hence, managing population varieties raises new issues, to do with evolutionary processes, for 
example, but also with organization and coordination (for instance for the management of crop 
metapopulations). Beyond its complexity, the management of cultivated biodiversity must contend 
with many unknowns [22] and unpredictability, such as the behavior of a variety mixture on the 
middle-term. It thus seems particularly relevant to involve stakeholders, not only to leverage their 
experience to identify the most appropriate management and collective action strategies, but also 
because including different stakeholders’ knowledge in a structured way helps to unleash creativity 
and to design new solutions ([23] quoted by [24]).  

Attention has therefore been directed at approaches with multiple actors involved in NRM 
design processes to varying degrees. However, empirical and scientific evidence suggests that joint 
natural resource management and governance processes are often difficult to achieve in practice (see 
for example [17,25,26]. Such decentralized approaches operate on the assumption that actors agree 
on common rules and practices, engage in conflict resolution, share information, and coordinate 
usage [20,27]. Scholars have stressed the limits of existing methods for facilitating participation (see 
for example [25,28]). First, such methods generally do not include stakeholders in all stages of the 
process [29]. Second, they are often considered inadequate for making efficient use of the participants’ 
time and effectively achieving objectives [30]. Third, the credibility of participatory approaches can 
suffer if decisions are rejected by a higher-level decision-making entity or if the participants do not 
have sufficient expertise to meaningfully engage in the technical debates [25]. Finally, the outcomes 
of such approaches may not be lasting, especially when the processes involved are not appropriated 
by stakeholders or not institutionalized [25].  

Most participatory methods primarily focus on dialogue and communication as the keys to 
better collaboration between stakeholders [31]. They are particularly concerned with the issues 
associated with collective problem farming, which is often seen as a prerequisite to the successful 
implementation of a collaborative process [32]; with social learning [33]; and with power asymmetries 
and conflicts between stakeholders [34]. Yet, in the case of participatory wheat breeding in France, 
conflict resolution and collective problem farming were not so much of an issue as fostering social 
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learning and designing new solutions to enhance interactions between participatory breeding 
stakeholders. While most participatory approaches endeavour to involve stakeholders in the process 
of deciding between different options, design approaches focus rather on the generation of new 
options [24,35]. 

In line with research focused on developing participatory design methods in the field of natural 
resource management (see for instance [24,36,37]), researchers on the INRAE DEAP team, in 
partnership with a design science researcher (INRAE SADAPT team), proposed to adapt and apply a 
collective design method to the specific context of participatory wheat breeding. This initiative was 
launched in response to the partners’ call for new approaches that would allow the research team to 
support local collectives in mobilizing knowledge to design wheat mixture selection and management 
methods tailored to their specific context. This request was formulated following recent findings from 
the evaluation of on-farm wheat mixture selection methods [38]. The main goal was to co-design highly 
concrete and operational methods for the design and management of population mixtures over time 
that were tailored to local contexts and farmers’ objectives. The proposed approach had to incorporate 
the very strong collective dimension of the management of cultivated diversity. 

After presenting how the design methodology was adapted to the specific case of participatory 
wheat breeding in France, we present the preliminary findings of this ongoing research. We discuss 
these in relation to the literature on participatory design methods for supporting NRM 
decentralization and innovation. This research highlights that the results of the first applications of 
the collective design method to this context are very encouraging, particularly pointing to the 
participants’ strong engagement in the workshop activities, positive feedback about the knowledge 
sharing stage, and project ideas that seem interesting for the actors. Furthermore, an interesting and 
novel aspect of this method is that as well as supporting the collective design process, it allows the 
research team to raise and study new research questions in both genetics and design science.  

2. Materials and Methods 
In order to meet the actors’ expectations of both enhanced social learning and the design of new 

tools, methods and strategies for managing cultivated biodiversity, the researchers proposed to apply 
a collective design method. From the range of existing methods (see [24,35]), they chose the KCP® 
(Knowledge–Concept–Proposals) method [39,40]. This collective design method seemed particularly 
suitable: first, it was designed to lead a large group to collectively build an innovation strategy; and 
second, it relies on collective design workshops that foster knowledge sharing, the identification of 
knowledge gaps, and the exploration of innovative ideas. 

The KCP® method draws on the Concept–Knowledge (CK) theory [41,42], one of the most recent 
design theories. According to this theory, a design process starts with a concept, a proposal that is 
partly unknown but imaginable. A concept is considered “non-observable” insofar as one does not 
know whether it exists, but it is “desirable” by virtue of at least one desirable property. The objective 
of the design process is to generate at least one object with this desirable property. The theory 
distinguishes between two spaces: the space of concepts and the space of knowledge (see Figure 1). 
These two spaces grow together: formulating a new concept leads to seeking new knowledge, which 
can result in the formulation of another new concept, and so on.  
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Figure 1. Schematic representation of the CK (Concept–Knowledge) theory. The two spaces are linked 
by operators (C→K, K→K, C→C, K→C). The path highlighted in red leads to the design of a new 
object.  

As in other agricultural contexts where the KCP® method was applied, the ongoing design 
process, applied to participatory wheat breeding, works with farmers’ time constraints. However, 
the present KCP® protocol differs from previous ones due to the decentralized nature of participatory 
breeding: a generic protocol for a one-day workshop is replicated in different areas where farmer 
collectives are interested in getting involved. So far, two workshops have been organized: one in 
central France in May 2019 with 18 participants (including the workshop’s organizing team), and 
another in the Rhone-Alpes region of France in July 2019 with 33 participants. Both took place on a 
farm. Other workshops are planned in other areas of France in the coming months. 

Each workshop focuses on the design of “a participatory method for the on-farm selection and 
management of wheat mixtures”, so as to be concrete enough to engage the participants in the design 
process, while steering them to think of useful generic tools, methods and strategies for the 
development of participatory breeding and the collective management of agrobiodiversity. 

The team organizing the design process was comprised of a design science researcher (an expert 
in the KCP® method), two genetics researchers involved in the participatory wheat breeding project 
for several years (experts in the field), two successive trainees in both fields (design and participatory 
breeding), and two RSP national facilitators (also experts in the field). Furthermore, each workshop 
was co-organized with the facilitator(s) of the local group concerned. The local facilitators provided 
knowledge of the local context, thus allowing for the tools to be tailored to the needs of the collective. 
They also contacted potential participants (mainly farmers, bakers and other facilitators) and 
determined the location of the workshop. Generally speaking, 20 to 30 participants are expected to 
attend such workshops, so that the facilitators can split them into subgroups with up to 6 people in 
order to foster exchanges and ensure facilitation. The local facilitators and hosting farmers handled 
most of the logistics around the organization of each workshop. 

The KCP® method has already been described extensively in several articles (see [24,35,37,40]). 
We thus briefly present the different phases of the method and how they were implemented in our 
case (see Figure 2). 
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Figure 2. Comparison between the conventional implementation of the KCP® (Knowledge–Concept–
Proposals) method and our adaptation. For each stage, the differences are highlighted in bold. 

2.1. The Four Stages of the KCP® Process 

2.1.1. Phase D: Diagnosis and Framing of the Design Process 

This phase takes place prior to the workshop and is carried out by the KCP® organizing team. 
Its purpose is twofold: first, to identify the objectives, the workshop participants, and the practical 
organizational details, and second, to develop a range of tools to facilitate both knowledge sharing 
and the design process:  

• Exploratory control maps: These tools were developed and used by the organizing team to 
undertake a first exploration of each spotlight concept (SC). The elaboration of these tools was 
guided by the formalism of the CK theory, which allowed for structuring and extending the 
exploration process (see [42]). The organizing team built them prior to the workshops and then 
completed them with the concepts generated in the workshops, thus creating detailed design maps 
(see Figure 1 and Figures S1–S5 in the Supplementary Materials). 

• Mood boards: These tools aim to facilitate participants’ exploration. One mood board per 
spotlight concept was produced, to boost creativity by presenting inspiring pictures (see Figure 
S6 in the Supplementary Materials).  

• Project canvas: This was prepared to guide participants in writing down their ideas when 
detailing a project idea. It is structured into categories such as innovation project description, 
knowledge and resources needed, actors involved, etc. (see Figure S7 in the Supplementary 
Materials). 

In our case, we included two other steps: The first step was the elaboration of Knowledge synthesis 
sheets that reported knowledge drawn from the participatory research project and other studies. Their 
content was mainly based on research papers and PhD theses [38,43] (see Figure S8 for the index and 
Figure S9 for an example in the Supplementary Materials). These sheets were co-constructed by the 
DEAP team and the RSP prior to the workshop and were handed out to participants during Phase K of 
the workshop [38,43]. The second step was for the KCP® organizing team to formulate “spotlight 
concepts” to steer the creativity phase (see the description of Phase C below). 

2.1.2. Phase K: Knowledge Sharing 

The objectives of this phase are to contribute scientific knowledge, to identify knowledge gaps 
and start filling them, and to share individual knowledge and experience. Phase K generally relies 
on expert presentations. In our case, we used the knowledge synthesis sheets as a medium for 
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knowledge transfer and collective discussion. In each workshop, participants were split into 
subgroups of two to six people. Each subgroup had to read one knowledge synthesis sheet, then 
present it to the rest of the group. For each sheet, after a short presentation, all participants were 
invited to share their thoughts about the topic discussed in the sheet and/or their own experience. 
The research team also received feedback on the knowledge synthesis sheets, which allowed for these 
to be improved from one workshop to the next.  

2.1.3. Phase C: The Exploration of Spotlight Concepts 

Phase C is guided by a directed creativity approach. Building on the first two phases, the 
organizing team prepares spotlight concepts and proposes them to the workshop participants. These 
concepts need to be both precise and open enough to allow all the participants to engage with them 
and propose original ideas. In our case, due to limited time, the organizing team prepared five 
spotlight concepts ahead of Phase K that the participants could select or marginally reformulate. 
These concepts were formulated with a view to foster reflection on crucial problems surrounding the 
selection of bread wheat population mixtures. The five spotlight concepts proposed were the 
following: 
1. Disseminating knowledge rather than seeds; 
2. Safely creating and managing mixtures; 
3. Democratizing the creation of a mixture; 
4. A mixture that gets better with time; 
5. A mixture that saves time. 

The participants were split into subgroups of five or six people. The subgroups were composed 
in such a way as to reflect a mix of backgrounds (professionally or within the field of participatory 
breeding). Each subgroup explored one spotlight concept and could use the mood board at its 
convenience. The organizing team’s two experts in charge of methodology acted as facilitators for the 
different subgroups. 

Phase C was conducted as it would in classic implementations of KCP®, though it was shorter 
than usual. After a short period of individual reflection, the participants shared their ideas. On 
paperboards, each subgroup categorized the individual ideas written down on post-its. At the end of 
this phase, the results consisted mainly of a poster compiling the ideas of each group. In the first 
workshop, 40 min were allocated to exploration in subgroups; this was extended to 60 min in the 
second workshop. Each group reported its results to all participants, and discussions ensued. 

2.1.4. Phase P: The Elaboration of Proposals 

The aim of this phase is to build a design strategy for the collective (identify projects for the 
short, middle and long terms, allocate tasks, identify relevant partnerships, etc.). In our case, the main 
objective of Phase P was to elaborate concrete projects (for which suitable means, actors, partnerships, 
etc., would be identified). Each group chose one or two valuable ideas among those they explored in 
Phase C, and filled in the project canvas to flesh out its project. In the first workshop, 30 min were 
allocated to exploration in subgroups; this was extended to 45 min in the second workshop. Again, 
following the subgroup stage, each subgroup reported its results to all the other participants and 
discussions followed.  

Each design workshop was organized, in such a way as to fit in with the participants’ constraints 
and expectations; that is, the workshops had to be held over one day and include times for experience 
sharing that were important to participants. These moments included the discussions in Phase K, the 
lunch break, and the visits of the hosting farmer’s experimental plots as part of the participatory 
wheat breeding programme. 

3. Data Analysis 
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All the workshops were recorded for each phase and each subgroup. Each recording was 
transcribed. 

The exploratory control maps provided the starting point for our analysis. For each spotlight 
concept, the ideas raised during the first workshop were extracted and put on exploratory control 
maps to build the “detailed design maps” (see Figure 3). The organizing team compiled all new data 
on the same detailed design maps, so as to track and exploit the results of each workshop. Moreover, 
the organizing team colour-coded the concepts to identify their degree of originality (according to 
the topic experts). Five categories of concepts were distinguished: 
• Known concepts (KC): These concepts are mentioned on the exploratory control map; they are 

already known and applied by several local farmer groups; 
• Original concepts (OC): These concepts are mentioned on the exploratory control map; they 

exist but are rarely used by local farmer groups;  
• Innovative concepts (IC): These concepts were identified on the exploratory control map, thanks 

to the use of the formalism of the CK theory, but they were unknown to or not used by local 
farmer groups; 

• Known generated concepts (KGC): These concepts were not mentioned on the exploratory 
control map but emerged from the workshops; these concepts were already known and used by 
several local farmer groups; 

• Innovative generated concepts (IGC): These concepts were not mentioned on the exploratory 
control map but emerged from the workshops; these concepts were unknown to or not used by 
local farmer groups.  

The results of each workshop were synthesized in a report. Each report has the same format and 
includes a description of the KCP® design process context and methodology, copies of the posters 
from Phase C and the project canvas completed in Phase P, as well as the completed detailed design 
maps. Each report was sent to all workshop participants (which means that participants of Workshop 
1 can find out the outputs of Workshop 2, and vice versa). The detailed design maps are expected to 
evolve as feedback is received from the contributors.  

4. Results: Main Outputs of the Workshops 
4.1. Knowledge Sharing 

Overall, all workshop phases, even informal ones, gave room for participants to share both 
scientific and empirical knowledge with each other, be it during the collective reading and discussion 
of the knowledge synthesis sheets, the lunch break, the phases of exploration in subgroups, the 
collective presentation of conclusions, the elaboration of projects, or the visits to the experimental plots.  

The knowledge synthesis sheets handed out during the workshops provided the participants 
with various types of knowledge: (i) theoretical scientific knowledge on the selection differential and 
the response to selection, as well as the evolutionary forces at work in the management of populations 
in the field; (ii) information about experimentation protocols and results, such as the evaluation of 
mixture breeding and management practices, or the participatory design of crop mixture ideotypes; 
and (iii) general knowledge, such as the benefits of mixtures of varieties and the collective 
management of crop diversity. 

The collective discussions about these sheets addressed topics such as the traceability of 
components in mixtures, the taste quality of such mixtures, selection praxis and tools. The co-
construction process of knowledge synthesis sheets is valuable in several ways: it makes it possible 
to hybridize scientific knowledge and practitioners’ knowledge, as well as to convey scientific 
knowledge to a large range of people (knowledge is made accessible thanks to simple figures and 
clear examples, and the knowledge synthesis sheets are meant to be available online). It also makes 
it possible to identify missing knowledge that needs to be produced, a key objective of applying the 
KCP® method. For example, workshop participants expressed their need for decision support tools 
for on-farm breeding practices, and for establishing links between the breeding of wheat variety 
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mixtures and bread taste quality. The discussions on the knowledge synthesis sheets allows the 
research team in charge of their elaboration to continuously improve and complete them based on 
the various actors’ expectations (farmers, bakers, facilitators, etc.), and to identify new sheets to 
create. For example, at the start of the participatory breeding project, the farmers, network facilitators 
and researchers co-designed observation criteria to perform selection on wheat populations; but the 
farmers or facilitators who joined more recently were not familiar with the reasons behind these 
choices. The researchers therefore decided to create a new sheet presenting the elaboration context 
and evolution of these criteria.  

4.2. Concept Exploration 

The detailed design maps, built from the exploratory control maps completed with the outputs 
of Phase C, provide an overview of the concepts explored by the participants. This tool, used as a CK 
referential [44], makes it possible to distinguish the paths spontaneously explored from the more 
original ones. 

Figure 3 presents the detailed design map for the first spotlight concept (Disseminating 
knowledge rather than seeds), which draws on the results of the first two workshops organized. See 
Supplementary Materials (Figures S1–S5) for the detailed design maps of the five spotlight concepts. 
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Figure 3. Detailed design map for Spotlight Concept 1: “Disseminating knowledge rather than seeds.” This map combines the exploratory control map and the 
concepts that emerged from the first and second workshops (see Concept Space). The Knowledge Space refers to the knowledge needed for the elaboration and the 
exploration of the concepts. The caption provided relates to the categorization of the concepts based on their degree of innovativeness and whether they were on 
the exploratory control map or whether they only arose from the workshops. 
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In total, this detailed design map shows 30 concept exploration paths (a path starts with the 
spotlight concept and finishes with a concept at the end of a branch). These paths are comprised of 
53 concepts: 12 known concepts (KC), 19 original concepts (OC), 18 innovative concepts (IC) and 4 
innovative generated concepts (IGC). Of these 53 concepts, 21 were explored during the exploration 
in subgroups: 5 during the first workshop only, 14 during the second workshop only, and 2 during 
both workshops. Of the 30 concept exploration paths, 12 were explored by the workshop participants. 
A high number of paths means that the exploration was wide; a high number of concepts per path 
means that the exploration was deepened. Lastly, 4 innovative proposals were formulated during the 
second workshop, which led to the creation of 4 new concepts in the detailed design map, considered 
as innovative generated concepts (IGC). 

The main quantitative results of Phase C, in terms of the exploration of all spotlight concepts, 
are summarized in Table 1. 

Table 1. Quantitative results of the exploration in both workshops. 

 Workshop 1 Workshop 2 In Common 

Spotlight Concept 1 
(51 pre-identified 

concepts) 

7 paths explored 
10 proposals 

12 paths explored 
17 proposals 2 explored 

concepts 
KC: 1 / OC: 1 / 

IC: 0 
Explored 

concepts: 7 

KC: 1 / OC: 2 / 
IC: 4 / IGC: 0 / 

KGC: 0 

Explored 
concepts: 16 

KC: 4 / OC: 6 / 
IC: 2 / IGC: 0 / 

KGC: 4 

Spotlight Concept 2  
(64 pre-identified 

concepts) 

15 paths explored 
21 proposals 

19 paths explored 
27 proposals 8 explored 

concepts 
KC: 2 / OC: 6 / 

IC: 0 
Explored 

concepts: 16  

KC: 3 / OC: 7 / 
IC: 2 / IGC: 2 / 

KGC: 2 

Explored 
concepts: 20 

KC: 4 / OC: 10 
/ IC: 4 / IGC: 1 

/ KGC: 1 

Spotlight Concept 3  
(43 pre-identified 

concepts) 

9 paths explored 
27 proposals 

14 paths explored 
34 proposals 9 explored 

concepts 
KC: 4 / OC: 4 / 

IC: 1 
Explored 

concepts: 14 

KC: 5 / OC: 7 / 
IC: 1 / IGC: 1 / 

KGC: 0 

Explored 
concepts: 19 

KC: 7 / OC: 6 / 
IC: 3 / IGC: 3 / 

KGC: 0 

Spotlight Concept 4  
(63 pre-identified 

concepts) 

 
10 paths explored 

26 proposals 
 

 
Explored 

concepts: 11 

KC: 1 / OC: 6 / 
IC: 4 / IGC: 1 / 

KGC: 1 

Spotlight Concept 5  
(45 pre-identified 

concepts) 

 
9 paths explored 

33 proposals 
 

 
Explored 

concepts: 11 

KC: 2 / OC: 3 / 
IC: 6 / IGC: 1 / 

KGC: 0 

For each workshop and each spotlight concept, this table presents the indicators taken from the 
detailed design maps. In the first line of each concept row, the term “path” refers to the entire path, 
from the spotlight concept to a final concept, and the term “proposal” refers to the ideas contributed 
by the participants during the workshops. The second line shows the number of concepts explored 
and their type (KC, OC, IC, KGC, and IGC—see Materials and Methods). 

In all subgroups, a significant number of paths were explored (7 to 19), as well as of concepts (7 
to 20), and innovative concepts, whether previously identified in the exploratory control map or not 
(IC or IGC), were proposed. The number of exploratory paths covered during the workshops, as well 
as the number of original and innovative concepts produced, give an idea of the quality of the 
exploration: Was it broad, thus covering a variety of ideas? Were the ideas proposed original?  

Examples of innovative concepts and proposals generated during the workshops are: “to build 
material links between seeds and knowledge”, with the proposal “a kit containing seed bags with 
information about the farm of origin” (spotlight concept SC1); “[the collective facilitates] access to 
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land”, with the “sharing of crop rotations” (SC2); and “involve actors of the whole supply chain in 
participatory breeding activities”, with “the involvement of distributors in conservation activities” 
(SC3).  

4.3. Project Elaboration 

Regarding the project canvas completed by the participants during Phase P, the first two 
workshops produced nine projects that the organizing team classified into three categories: projects 
around risk pooling, projects relating to the transmission of knowledge, and projects establishing 
rules and practices to facilitate the collective management of wheat mixtures. 

Two projects addressed the issue of risk pooling. The first proposed financial pooling involved 
a range of actors, so that the farmers would not be the only ones to carry the risk. The second 
suggested a form of pooling based on land sharing between farmers, which would entail a 
coordination of practices (around crop rotation, organic farming, etc.). 

The three projects addressing the transmission of knowledge not only stemmed from the first 
spotlight concept, but were explored in various subgroups. The aim of these projects was to redefine 
the collaboration between farmers, so as to expand the practice of participatory breeding and the 
collective management of mixtures. Projects included tutoring for new entrants, drawing up a charter 
to define everyone’s involvement, and creating an “easy mixing kit” containing seeds and 
informational sheets for those wanting to try to make mixtures. The projects also included the 
establishment of rules and principles, such as mutual listening in discussion groups, and the 
integration of new entrants.  

The last category of projects focused on the establishment of rules and practices to facilitate the 
collective management of wheat mixtures. This was a large category, which included the following 
three projects: a pool of rules to enhance seed quality, traceability tools, and the creation of a brand 
to promote crop mixtures. The drafting of a charter to define each contributor’s involvement was also 
mentioned. Two main considerations underpin these projects. First, better structuring the network 
would afford greater visibility for each member; and second, the various actors of participatory wheat 
breeding should be more attentive and involved (for example, consumers could favour flour with a 
label identifying that it is made from a wheat mixture over conventional flour). 

Finally, new tools for collective action were proposed, such as a common charter, the pooling of 
plots and equipment, and the federation of all the actors in the sector around risk management. 

5. Discussion 
5.1. An Empirical Case in Line with Recent Applications of KCP® in NRM Contexts 

This research is part of a body of empirical work aimed at deploying collective design 
approaches articulating KCP® for the development of new natural resource management methods 
(see for instance [24,36,37,45]). Table 2 presents some of the similarities and differences between the 
present case and previous ones. 

Table 2. Main similarities and differences between the case presented and previous applications of 
KCP® in NRM contexts. 

Main Similarities with 
Previous Applications of KCP® 

in NRM Contexts 

• Short and limited number of workshops. 
• An emphasis on hybridizing scientific and empirical 

knowledge. 
• The generation of innovative ideas is central to the 

process; tools are developed to facilitate this: spotlight 
concepts, mood boards. 

• The innovative design phase fostered by the application 
of KCP® is part of a longer-lasting collective process. 
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Main Differences with 
Previous KCP® Applications 

and Originality of the Present 
Case 

• The objective was not so much to build a collective goal 
or shared vision of the issue at stake as to foster 
interpersonal knowledge and the building of collective 
projects. 

• No preliminary interviews were held to establish a 
preliminary diagnosis, but the process fit within a long-
lasting collaboration between researchers and 
practitioners. 

• Phase K was based on knowledge synthesis sheets and 
not expert presentations. 

• The focus is not really on the legitimacy of the 
participatory design process, but on appropriation and 
follow-up by stakeholders. 

• The workshop protocol is replicable in the decentralized 
breeding groups, thus allowing for it to become a 
research protocol in itself and to exploit data on a large 
scale and over the long term. 

• The outputs of the workshops (detailed design maps) 
may be used to steer collective innovation at various 
scales (local and national). 

5.1.1. The Contribution of KCP® to Social Learning 

KCP® is a design method focused on generating ideas, but knowledge sharing and social 
learning are also key aspects of this method. The workshops provide knowledge-sharing spaces for 
actors with heterogeneous knowledge [35]. First, knowledge sharing is crucial, both to getting all 
participants to contribute to the design process and to prepare the generation of ideas. Second, the 
design goal requires knowledge management [46]: The KCP® method aims to build up knowledge, 
sometimes turning tacit knowledge into explicit knowledge. This accumulation, combined with a 
search for novelty, allows for identifying knowledge gaps and thus guiding learning strategies. As 
Roberts [47] stresses, “knowledge of unknowns can help to target and drive explorations for new 
knowledge” (p. 220). Moreover, the detailed design map is an interesting tool to identify poorly 
explored paths. Finally, the KCP® method allows for restructuring knowledge by grouping similar 
ideas or highlighting existing contradictions. 

A main challenge with such participatory approaches is overcoming the dichotomy between 
generic expert knowledge and local practitioner knowledge. To this end, various strategies have been 
adopted across the different cases mentioned in the literature. For instance, Labatut and Hooge [37] 
sought to balance the intervention capabilities of all participants by prioritizing “experience sharing” 
structured around examples, over the sharing of “formalized knowledge” based on conceptual 
models. In our case, the knowledge synthesis sheets replaced the time devoted to expert presentations 
and made room for collective discussions and receiving feedback from practitioners. 

The facilitation of knowledge sharing starts prior to the workshops. In most cases of 
implementation of KCP® for NRM, existing but scattered knowledge was gathered through preliminary 
interviews. For instance, Pluchinotta et al. [24] combined scientific knowledge from the literature with 
expert knowledge gathered through interviews and participatory processes previously carried out in 
the same area, and then wrote down the information collected and shared it with all workshop 
participants. In other cases, relevant experts were identified and briefed before the first Phase K 
workshop [36,45]. In the present case, the workshops were organized as part of a long-standing 
collaboration between researchers and farmers, who had precisely identified knowledge sharing as a 
topical challenge, and had planned the elaboration of knowledge synthesis sheets. 
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5.1.2. A Focus on Structuring Exploration and Generating Novel Ideas 

Traditional participatory approaches generally focus on the identification of problems and the 
collective evaluation of known alternatives. The structuring of exploration (mapping the unknown, 
linking knowledge to concepts, etc.) and the formulation of innovative alternatives are generally not 
put forward or managed explicitly [24]. These objectives are central to the KCP® method, designed to 
help a large collective to develop innovative projects. Phase C of the workshops we organized 
followed the standard rules of KCP® (exploration of spotlight concepts in subgroups). Although this 
phase was very short (about one hour of exploration per subgroup), the workshops generated 
innovative technical and organizational projects, and explored quite uncommon paths such as risk 
pooling between farmers. 

5.1.3. A Lesser Focus on Power Asymmetries and Conflicts 

Compared to other participatory methods, such as ComMod for instance, power asymmetries 
and conflicts are less explicitly at the core of a KCP® process [35]. Nevertheless, in several empirical 
cases [36,37] the KCP® workshops aimed at overcoming a locked-in collaboration situation and 
defining common projects to bring together stakeholders with diverging interests. However, in our 
case, issues of conflicts and power between the workshop participants were all the less taken into 
account that the relations between the stakeholders of participatory breeding are generally not 
conflictual, and the trust between farmers, facilitators and researchers, built over a long-lasting 
collaboration, is solid (besides, the atmosphere at both workshops was very friendly). Hence, in our 
case, although disagreements and tensions with external actors (such as private breeding firms) do 
exist and were often mentioned during the workshop exchanges, it was less at stake to overcome 
conflicts and power asymmetries than to strengthen collective action for the management of 
cultivated biodiversity.  

Generally speaking, for KCP®, the initial diagnosis developed by the researchers helps the 
organizing team to draw up a list of participants in order to include a diverse range of not only 
stakeholders but also perspectives [48]. In our case, for the first workshops, the organizing team invited 
farmers from several generations, as well as bakers, researchers and network facilitators. Other actors, 
such as prescribers (of rules, standards, laws, etc.) and supply chain intermediaries, may have been 
missing, and it could be valuable for future workshops to open up the range of participants. 

5.2. Endeavours to Overcome Participation Pitfalls 

Like other scholars who have applied KCP® for NRM, we strove to overcome various problems 
associated with participatory processes. 

First, in order to work with farmers’ time constraints, we organized a one-day design workshop. 
This matched the strategies adopted by former implementations of KCP® for NRM. However, a core 
difference between this case and previous ones is the highly decentralized context of participatory 
breeding. We chose to organize one workshop per local wheat breeding group and to replicate the 
same protocol in several areas. Thus, each local group is able to contribute to the design process on 
its own, and in turn, the knowledge derived from the multiple workshops benefits all local groups. 

Participatory processes are often seen as time-consuming and inefficient. We planned the 
workshops so that each phase would be quite short, with clear objectives and facilitation tools (such 
as spotlight concepts, mood boards, and a project canvas). The participants interviewed at the end of 
the workshops felt that they had gained new knowledge and had produced concrete outputs using 
an original approach. Another drawback, frequently mentioned in participatory processes, is that 
outputs of such processes are often limited to a collective proposal to reframe a problem. The KCP® 
approach, even when adapted to NRM constraints, results in a range of new ideas, as well as concrete 
proposals and a prioritization of potential actions. 

The issue of the legitimacy of the participatory process and of its organizing team is often seen 
as a challenge and may hinder the success of a project. Labatut and Hooge [37] outlined their efforts 
to build this legitimacy and its importance for the long-term success of their project. The composition 
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of the KCP® organizing team is crucial: It needs to include not only researchers but also 
representatives of a range of stakeholders, and expert(s) both in the design method and in the field, 
etc. In the present case, the strong involvement of researchers who had built trust with both farmers 
and facilitators was very helpful, as were holding the workshops on local farms and involving the 
farmers in their organization. 

5.3. A New Protocol That Fits in with the Ongoing Participatory Research Project 

The whole KCP® protocol was designed to facilitate its replication in different places where 
participatory bread wheat breeding collectives are set up. A range of tools are now ready to use: The 
lists of spotlight concepts and the related mood boards, the detailed design maps, and the project 
canvas. The workshop programme is also established and logistical parameters are now calibrated. 
Thanks to these features, this participatory design process can be deployed on a large scale and allows 
for multiple cumulative explorations. The outputs of the workshops, in particular the detailed design 
maps, because they are comparable and cumulative, become collective innovation steering tools at 
various scales: at the local scales (the local collectives may use them to build their local strategy), but 
also at a national scale (the RSP may use them to identify valuable paths for the whole PPB community). 

Significantly, these tools were co-designed with the various partners involved. Moreover, they 
are relatively open-ended and can be adapted to better fit in with the specific expectations of local 
actors. This is crucial for participatory research, as it conditions its success through the involvement 
of non-research actors. This reflects the concerns of INRAE DEAP researchers to first co-design all 
participatory research tools, and then make these tools both adaptable to local situations and useful 
for answering new research questions. These workshops are thus, both a tool to support practitioners 
in their project to improve the collective management of cultivated biodiversity, and a research tool 
to help address research questions in the field of design science. If several other workshops were to 
be organized, the protocol set up in this research project would make it possible to formulate 
preliminary hypotheses, for instance, about the impact of group composition or of spotlight concept 
formulation on the quality of the exploration. 

So far, only two workshops have been implemented. Moreover, they took place very recently 
(less than six months ago at the time of writing this paper). The interpretation of the results is 
therefore in its early stages, and only offers tentative hypotheses that could be studied in the future. 
Yet, looking at the three spotlight concepts that were explored in both workshops, for instance, we 
can see that in the second workshop, more paths were explored, but fewer original and innovative 
concepts were proposed (see Table 1). What is more, the projects proposed in Phase P were more 
technical and less original in the second workshop than in the first. An exploratory hypothesis we 
formulated, in this respect, is that subgroup composition may have a role to play. In the first 
workshop there were more newcomers, and in the second workshop there were more experienced 
participants. The latter had more knowledge and experience on the subject than the newcomers, 
which may have led to more ideas but also more conventional ones than in the first group, where 
participants may have had fewer barriers to their creativity. Nevertheless, it is important to note that 
there was more time for exploration and a larger number of participants in the second workshop, 
which could have allowed for more ideas to be generated. 

We also compared the different spotlight concepts. Neither workshop produced new concepts 
for the first spotlight concept, compared to the exploratory design map, whereas several were 
generated for the other spotlight concepts. This might be due to the fact that its preliminary 
exploration was more extensive than that of the other concepts. It could also be due to the formulation 
of the spotlight concepts. However, these results are only based on the comparison between two 
workshops; in order to refine and test our hypotheses, it would be necessary to organize and analyze 
other workshops. 

For each spotlight concept, we also compared the overlap between the different explorations 
carried out during the first two workshops, that is, the number of common concepts proposed and 
similar paths explored (Table 1). The first spotlight concept was explored in a very different way by 
the two subgroups, and there were few common paths. There was greater overlap in the exploration 
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results for the second and third spotlight concepts. We suggest two hypotheses in this respect. First, 
the formulation of the concepts might influence the degree of diverging explorations (based on a 
more or less open-ended or focused formulation, etc.). The way the mood boards are prepared may 
also influence the scope of the exploration. Second, the facilitation of the exploration carried out by 
the subgroups plays a role in overcoming fixation effects.  

5.4. Some Limits of and Avenues for the Collective Design Approach Presented 

As mentioned above, the results of this ongoing research are preliminary and the hypotheses 
proposed on the relationships between group composition or spotlight concepts and the quality of 
the exploration would require a larger number of design workshops to be tested. 

The protocol chosen for this research also presents some limitations for the participants.  
First, a one-day exploration workshop is very short: with more time, one could go further in the 

exploration of ideas and the development of concrete projects. Second, the workshop’s syntheses 
capture many of the outputs, but they do not account for the wealth of all the discussions. That being 
said, all discussions were filmed. Third, such a collective design process requires a lot of preparation 
work, as well as robust theoretical and methodological knowledge. It will, therefore, not be easy for 
the wheat breeding collectives to reproduce the workshops without any further support. Fourth, even 
though they take place on farms and catering expenses are kept to a minimum, organizing 
decentralized workshops is quite costly; this participatory design process requires funding to be 
sustained in the long run. Last but not least, these workshops were designed to bring together mainly 
farmers, bakers and participatory breeding facilitators. No institutional actors, who could play a role 
in changing the legislation for instance, take part in the process. A diagnosis of stakeholders could be 
useful to conduct, in order to involve all relevant actors. For the moment, this is an in-house approach, 
which would probably stand to gain in the future by involving outsiders. Yet, this could generate 
conflict, which would require careful consideration during the preparation phase. Finally, it remains 
to be seen how the collectives will appropriate the system put in place. Several avenues may be 
envisioned: to make it an iterative dynamic, with workshops reproduced in the same collectives in 
one or two years; to organize design workshops on other issues; to shift this initiative to a national 
scale with a national workshop to build on all the decentralized workshops, etc.  

6. Conclusions 
Participatory Plant Breeding (PPB), though still marginal in developed countries, is a key 

strategy for maintaining cultivated biodiversity. However, it requires a profound renewal of the 
interactions between farmers, and between farmers and supply chains or extension services. In an 
attempt to foster democratization and empowerment to develop PPB, a partnership between 
practitioners and researchers has adapted a participatory design method, KCP®, to this field. As with 
other cases of KCP® application to NRM, this method was useful to foster valuable dialogue between 
practitioners, to share both scientific and empirical knowledge, to generate a diversity of ideas and 
to propose concrete though preliminary projects. Equally valuable, the protocol designed for the 
implementation of the KCP® method in this particular context allows for its replication, as well as the 
exploitation and sharing of the results. This protocol could thus be used as an important facilitation 
tool for the PPB community. This workshop design could also be used as an experimental tool to test 
hypotheses in design science. This empirical case, though recently launched and still ongoing, thus 
offers a promising example which could promote participatory research and improve the 
collaboration between researchers and practitioners to better manage threatened natural resources. 

Supplementary Materials: The following are available online at www.mdpi.com/2071-1050/12/2/605/s1,  
Figures S1–S5: Detailed design maps for the spotlight concepts 1, 2, 3, 4 and 5: These maps combine the 
exploratory control map and the concepts that emerged from the first and second workshops. The K space refers 
to the knowledge needed for the elaboration and exploration of the concepts. The caption provided relates to the 
categorization of the concepts based on their degree of innovativeness and whether they were on the exploratory 
control map or whether they only arose from the workshops; Figure S6: Mood boards relative to the five spotlight 
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concepts; Figure S7: Project canvas relative to the spotlight concept “Conveying knowledge rather than seeds”, 
completed by a subgroup from the first workshop; Figure S8: Table of contents of the knowledge synthesis 
sheets. Those in bold are already created. The others are under development; Figure S9: An example of 
knowledge synthesis sheet: Evolutionary forces at work in the management of populations in the field (originally 
in French).  
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