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Abstract

This study is based on the observation that many digital tools and services for agriculture do not put farmers’ expectations and
interests first, resulting in top-down research and development. On-Farm Experimentation (OFE) contributes to overcoming
these limitations because it places farmers at the center of innovation processes, while ensuring rich interactions with various
value chain actors. The richness of OFE is in part explained by the diversity of stakeholders involved and the co-learning that
results from their interactions. Studies in management and social sciences show that such open innovation processes can be
difficult to manage. Aligning the visions and interests of the different stakeholders, fostering the sharing of resources and knowl-
edge to produce value, and sharing the value created in an equitable manner remain a real challenge. Although these issues can
refine the understanding of the mechanisms that condition the success of OFE, they have yet to be sufficiently analyzed. Recent
publications underline the need to explore the organizational and managerial aspects of OFE to facilitate its implementation in
various contexts. This work proposes to fill this gap by providing ten key lessons for conducting OFE with the aim of creating
shared value, i.e., developing innovative technologies and practices that benefit all parties but, first and foremost, farmers. These
ten key lessons stem from the reflexive monitoring of an OFE process aimed at developing the SoYield® decision support system
for helping mango value chain actors to estimate fruit production in Africa. This reflexive monitoring was conducted by the
main actors involved in this process, namely, farmers, a private firm and research centers. These key lessons lay the foundations
for strengthening a community of practice on OFE implementation and for facilitating its development worldwide. This study
also provides insights into the contributions and limitations of digital tools for conducting OFE.

Keywords User-centered design - Value creation and capture - Open innovation - Digital agriculture - Fruit value chain -
Mango

1 Introduction and other value chain actors (input suppliers, buyers, trans-
formers, technical advisors, policy-makers) in their decision-
Recent technological developments and analytical break-  making and management of their activities. Digitalization

throughs have generated high expectations about the role  of agriculture is expected to provide technical optimization
of digital applications and services for supporting farmers  of agricultural production systems, value chains, and food
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systems (Klerkx et al. 2019; Sarron et al. 2022), and enhance
agroecological transitions (Bellon-Maurel and Huyghe 2017).
At the farmer’s level, digital tools are expected to improve
their access to personalized information and to facilitate the
exchange of information and knowledge with other farmers,
traders, transformers, extension agents, and researchers. For
example, the RiceAdvice smartphone app allows rice farm-
ers to obtain personalized recommendations for optimizing
fertilizer application (Saito et al. 2015). Digital platforms can
also help to solve complex problems such as the identification
and management of crop diseases (Plantix app, BXW-App)
by helping farmers to exchange information and knowledge
with their peers and by making real-time data and contextual-
ized information available across the system (McCampbell
etal. 2021).

However, the last decade of experience with digital
tools and services designed for farmers in industrialized
and developing countries has demonstrated that they are
not a panacea (Steinke et al. 2020; Klerkx et al. 2019;
Alexandre 2023). The potential of digital technologies is
not fully exploited to meet users’ expectations. In devel-
oping countries, the effects of digital solutions on farm-
ers’ decision-making have often been limited (Baumiil-
ler 2018). For example, digital tools designed to advise
farmers frequently suffer from mismatches with farmers’
information needs, technological capabilities, and habits
(Aker et al. 2016; Fabregas et al. 2019). They also suffer
from inadequate timing of information delivery and insuf-
ficient trust in information sources (ibid.). In addition,
coming to grips with these digital tools comes at a cost
to farmers. This learning cost is sometimes higher than
the actual benefit of these tools, which can lead farm-
ers to lose interest in digital technologies (Mendes et al.
2020). Finally, many digital applications and services
are not sustained after initial funding ends since they fail
to develop into viable and appropriate business models
(Steinke et al. 2020). User-centered design approaches
are increasingly being used to develop digital tools that
are useful, usable, and used by farmers. Nonetheless, the
challenges presented above remain common (Steinke et al.
2020). In industrialized countries, the value of digital
applications and services for farmers is also questioned. In
the absence of clear regulatory frameworks on data own-
ership and privacy, recent works question the net value
that farmers receive from these digital applications and
services (Klerkx et al. 2019). Among others, Lioutas et al.
(2019) underline the power imbalances concerning access
to the value derived from the use of big data. This is cor-
roborated by the survey conducted in Ireland by Wiseman
et al. (2019), which reveals that farmers who use digital
tools and services generally fear that their data is traded
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or disclosed to third parties, leaving them unaware of who
knows the details of their business enterprises. They are
also concerned that advisors and agribusinesses will be
the main financial beneficiaries of their agricultural data.
In turn, this lack of trust and reciprocity reduces their
willingness to use digital applications and services, and
to share their data.

On-Farm Experimentation (OFE) initiatives can help
to produce digital services and tools that overcome the
technical, social, and institutional shortcomings men-
tioned above. In keeping with Lacoste et al. (2022), we
define OFE as “an innovation process that brings agri-
cultural stakeholders together around mutually beneficial
experimentation to support farmers’ own management
decisions” (p. 12). This process of joint experimentation
follows action research recommendations that encour-
age participants to plan, act, observe, reflect, and repeat
(ibid.). Because of their open, iterative, and user-centered
nature, OFE initiatives could contribute to the develop-
ment of responsible digital applications and services by
increasing understanding among all actors and gathering
complementary capabilities, while promoting data privacy
and proactive governance (Fabregas et al. 2019). OFE
processes that place farmers’ needs and knowledge at the
center would indeed actively rebalance the control of data
and ownership of innovation processes in favor of farmers
(Cook et al. 2021).

However, managing open innovation processes such as
OFE initiatives constitutes an ongoing challenge (Ollila
and Elmquist 2011). As noted by McGahan et al. (2021,
p. 4), “at the core, open innovation depends on relation-
ships among actors who are asymmetric in ways that make
the collaboration fruitful, but that also introduce competi-
tion, power, communication, and coordination challenges.
‘Open’ does not mean a level playing field.” Open innova-
tion is therefore a source of considerable tension, result-
ing mainly from the diversity of the actors involved, who
differ in terms of their expertise, their level of resources,
and their interests and their incentives to participate in
the innovation process (Chesbrough 2019; Alexandre et al.
2022).

A key issue is therefore to succeed in aligning the inter-
ests of these different actors and to encourage them to share
their resources, skills, and capabilities to create shared value
(Chaurasia et al. 2020; Porter and Kramer 2011). For Ches-
brough et al. (2018), leading a successful open innovation
process requires, among other things, managing the tensions
between value creation (requiring that organizations open
their boundaries to share resources and knowledge) and
value capture (to ensure that every actor involved, even the
least endowed, benefits from the OFE process).
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Although management science studies have investi-
gated managerial practices and tools that make it possible
to overcome the challenges of open innovation (for exam-
ple, Rouyre and Fernandez 2019; Stefan et al. 2020), to our
knowledge, this issue remains little explored in the literature
on OFE processes. Several studies undeniably emphasize the
need to reflect on OFE practices (Cook et al. 2013; de Roo
et al. 2019) in order to improve the implementation of these
processes and their worldwide development.

This study proposes to fill this gap by analyzing the OFE
process that led to the creation of the SoYield® Digital
Decision Support System (DSS) that allows different value
chain actors to estimate, analyze, and share data on mango
yields (see Fig. 1 for pictures of the development process).

Objective assessments and productivity monitoring of
mango orchards are key elements for farmers to forecast
their practices (pruning, harvest, labor requirements) and
to sell their production. The development of the SoYield®
DSS involved many partners (including farmers, research
centers, and a private firm) whose resources, interests, and
agendas varied. This diversity of partners has generated
tensions regarding the creation of shared value and the
capture of this value. However, the design and partnership
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Fig. 1 Field pictures of the iterative co-conception and user-centered
design approach at various steps of the development of the SoYield®
decision support system. a Feedback on research activities to a
farmer. b Interviews on needs and expectations with a mango whole-
saler. ¢ Testing the user flow experience with a paper storyboard with

management approaches that were used in this project
have allowed the partners to overcome these tensions and
develop a digital tool that benefits all the partners involved,
including farmers.

In this study, we mobilized a reflexive monitoring
approach to pinpoint and analyze the issues that have been
overcome to achieve the development and early-deployment
of the SoYield® DSS in Africa. On the basis of this reflex-
ive approach, we identified ten key lessons for the success-
ful implementation of OFE processes and, more specifically,
for creating shared value in OFE. It is hoped that these key
lessons on OFE implementation will facilitate the develop-
ment of other decision support tools and services for farm-
ers. Furthermore, they are sufficiently generic (and therefore
replicable in a diversity of contexts) to provide information
to the actors in charge of implementing various OFE initia-
tives, thus contributing to promoting OFE worldwide. In
the following, we first describe the nature of the SoYield®
DSS and present the main steps of its development process.
We also present the reflexive monitoring approach used.
In a second section, we then present the ten key lessons
practices that led to the development of the SoYield® DSS
in an OFE process, which emerged during the reflective

2

harvest technicians. d Guided testing of the SoYield® smartapp pro-
totype. e Beta-test of the operational beta-version of the SoYield®
smartapp by a farmer on his own. Credits: CIRAD, E. Faye, CNRA,
J.M. Koffi, and SOWIT, H.R. Chaham.
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monitoring approach. We mobilize the existing literature
on open innovation and OFE to discuss the validity of these
findings and lessons for other OFE initiatives.

2 Material and methods

2.1 Describing the development process
of the SoYield® decision support system

2.1.1 What is the SoYield® decision support system?

Measuring and predicting yield are major challenges for
agriculture and, more especially, for fruit crops. The asso-
ciated uncertainty of such evaluations has multiple reper-
cussions that affect the development of entire value chains,
including farmers who do not know their annual yield (usu-
ally estimated through tedious manual counting), buyers and
wholesalers who struggle to forecast their supplies, local
authorities who are unable to design agricultural policies
adapted to the value chain issues in their regions, and even
scientists who are constantly waiting for reliable quantita-
tive data (Carletto et al. 2015; Burke and Lobell 2017). This
is particularly the case for smallholders and agroecological
farmers that sell less than 50% of their crop outputs and tend
to be more exposed to the negative consequences of produc-
tion and market information asymmetry (Sarron et al. 2022).

The development of fruit value chains in Africa is
severely hampered by the lack of factual or predictive
advisory tools to map the state of production over time
and space. Today, fruit tree farmers have no other means
to monitor their fruit production than performing a rough
visual estimate or extrapolating the number of fruits from
a visual count performed on a limited number of trees
in their orchards. In both cases, yield estimation requires

Support services | . =.
Stakeholders q p‘
A /]

ik Js

Fig.2 Schematic workflow of
the SoYield® decision support
system as conceived by the OFE
processes with the actors of the
mango value chains in Africa.
The SoYield® decision sup-
port system is a scientifically-
backed, user needs-centered,

N\

considerable effort and provides low accuracy (the relative
error is often above 30%) with weak repeatability (non-
objective assessments) (Anderson et al. 2021). Fruit tree
farmers lack tools to efficiently assess their fruit yields,
leading them to struggle with planning, managing, har-
vesting and selling their production. Consequently, provid-
ing these farmers with a way to objectively and accurately
estimate their yields offers a more rational basis for the
discussion and more leverage to seize market opportuni-
ties, while anticipating and planning the harvest in order
to mitigate eventual losses.

In this context, the general ambition of the SoYield® DSS
is to provide the actors of the fruit value chains in Africa
with an innovative digital solution for the acquisition, analy-
sis, and sharing of fruit production data. Moreover, while
meeting the operational needs of the stakeholders of the
value chains, the SoYield® DSS helps to address research
and development issues by providing objective field data in a
‘data collection in return for services provision’ framework.
It contributes as such to the structuring of the fruit value
chains and the strengthening of food security in Africa. The
SoYield® DSS is a fruit production data management tool
(Fig. 2) that is defined by three core ideas:

— (1) a smartphone app for data acquisition based on
embedding AT algorithms that predict the orchard’s yield
with high accuracy (< 10% relative error) through a sam-
pling of the orchard built on an agronomical model using
easily findable parameters such as orchard boundary, tree
density, cultural practices, etc.;

— (2) a multiscale analysis and extrapolation of yields per-
formed by agro-statistical models on remote sensing-
based land-use mapping on a remote server;

— (3) adata visualization web app for the analysis and shar-
ing of the high value-added data outputs (e.g., orchard

SoYield, a participative and digital tool for multi-
scale estimations of fruit tree productions in Africa

\

scalable imagery-based artificial SmartApp
intelligence (AI) solution for - WebApp

real-time analysis and the shar- g K s Growers

ing of mango fruit production ¢ Rraa

data. H Buyers
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productions, average yields in the area, production poten-
tial, fruit availability) through an informative geoportal
service available for the actors of the value chains (e.g.,
farmers, buyers, exporters, support services, politicians,
scientists).

The objective of the SoYield® DSS is threefold: (1) to
inform farmers about their actual yields in order to guide
their decision-making through data monitoring and analysis,
(2) to facilitate relationships between the actors of the sec-
tor based on objectively measured yields, and (3) to build
an enriched and spatialized database for fruit production in
Africa.

2.1.2 What was the development process of this decision
support system?

The first step of the development process of the SoYield®
DSS was an academic step driven by research questions.
The research focused on determining the drivers of the mul-
tiscale variability observed in mango yields in West Africa
(at the tree, orchard, and regional levels). Researchers began
to build a network of more than 55 orchards representing
the mango-based cropping systems and their associated pro-
duction variability in Senegal and Ivory Coast. From the
beginning, the researchers worked with farmers to investi-
gate the drivers of the fruit production in their orchards. The
researchers presented their objectives and hypotheses, and
confirmed the farmers’ interests in these research topics,
without initially telling them about the potential applicabil-
ity of that research. Then, after informing them about the
project objectives and with their agreement to contribute to
the project, researchers gathered the farmers’ knowledge on
yield estimates based on their long-term field experience.
One main insight from farmers at this step was the proce-
dures and methods they used to perform yield estimations
in their orchards (how, where and when) and the perfor-
mances of this estimation (precision and time cost). Based
on the results of these interviews and scientific knowledge,
researchers designed and conducted various on-field experi-
ments (including more common quantitative interviews on
agronomical practices) in the 55 orchards from 2016 to
2018. Thus, during this period, a large amount of data was
acquired in the studied orchards (e.g., agronomical prac-
tices, climate, orchard land uses, tree production, orchard
yields, tree images, fruit annotations). These first academic
works allowed researchers to produce agro-statistical mod-
els combined with artificial intelligence (AI) algorithms for
image analysis that estimate the biological yield of a tree
(total number of fruits per tree), depending of the cultivar
and cropping system (Borianne et al. 2019), and a high-
tech toolbox to achieve mango yield mapping at the orchard
scale (Sarron et al. 2018). A tipping point in the process of

SoYield® DSS development was to provide feedback to the
farmers on the results of the research activities conducted
in their orchards. While presenting and discussing these
results on the basis of an orchard-specific report provided
to each farmer, researchers realized that the conventional
statistics that validated the performances of their models
were of no interest to the farmers, who were instead inter-
ested in the potential applicability of this research and the
applied results of the models (i.e., comparing the estimated
vs. observed yields, orchard yield between orchards). These
discussions helped researchers to pinpoint the way to ideate
the SoYield® DSS and made them aware of the needs of the
farmers faced with the problem of estimating their yields.
The second step of the SoYield® DSS development
was a pre-maturation step. During this step, participants
focused on the ideation and co-design of a tool that could
fulfill the needs of the variety of actors involved in the
fruit value chains who have expectations in terms of
yield estimation, including farmers as well as harvesters,
wholesalers, support services, etc. In order to maximize
adoption, researchers and developers were willing to
place the end-users at the center of the research and devel-
opment processes. Applying this user-centered design
approach helped to develop and scale the SoYield® DSS
(Abras et al. 2004). So as to involve the end-users in the
ideation process, researchers invited two farmers who
represented proto-personas (see below) to participate in
a first workshop in 2019. Farmers had the opportunity
to exchange their field expertise and needs with a team
of experts (researchers, developers, computer scientists,
engineers) in the fields of agro-physiology, statistics and
modeling, software development, Al and machine vision,
digital agronomy, and fruit value chains in Africa. Sup-
port services such as the mango interprofessional organi-
zation were also consulted. One of the objectives here was
to bring the experts closer to the constraints and expec-
tations of different types of users (e.g., type of farmers,
fruit buyers). Researchers then used a large user-centered
survey in Africa in order to better understand the con-
text, constraints, and needs expressed or deduced from
the potential users of the SoYield® DSS. The five group
profiles interviewed in Senegal and Ivory Coast were
smallholder farmers (17), intensive commercial farmers
(10), trackers and harvest technicians (13), transport and
packaging factories (6), and support services. The lat-
ter included national institutes for agricultural research
(3), national mango interprofessional organizations (8),
non-governmental organizations (6), technical institutes
(3), and governmental organizations (3). These surveys
confirmed the actors’ interest in such a DSS and demon-
strated the need for informative data with different levels
of analysis at various tie points in the value chain. It also
highlighted some key issues to focus on to enhance the
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adoption of the SoYield® DSS (e.g., illiteracy, use of
digital technology, smartphone penetration rate). Thus,
the results of these surveys strongly influenced the devel-
opment of the SoYield® DSS (Table 1) and the establish-
ment of an innovative business model (see point 5 of the
“Results and discussion” section).

The third step in the development of the SoYield®
DSS consisted in prototyping and iterative beta-test-
ing, while still respecting the user-centered design
approach. The first on-field prototype, aimed at test-
ing the user flow experience and the understanding of
the SoYield® DSS, was tested in the form of a paper
storyboard with farmers, harvesters, and exporters
(Fig. 1c). In 2021, a second series of beta-tests con-
sisted of guided tests of the first beta-version of the
smartphone app of the SoYield® DSS. These beta-tests
were conducted by field experts of the project team
with over 50 farmers, trackers, and harvest technicians
in Senegal and Ivory Coast. Results of these bera-tests
permitted the refinement of the user experience and
strongly improved the functioning of the SoYield®
DSS (critical back-end functioning decisions had to
be taken at that time). On-field beta-testing validated
the embedding of the computer vision models in the
solution (by performing an extensive comparison of
the measured/observed yields). Finally, last but not
least, in 2022, a test of the actual beta-version of the
SoYield® smartphone application was performed with
35 farmers (among the 150 end-users of the smartphone
application in 2022) that used the SoYield® smart-
phone application on their own (Fig. le) and then gave
their feedback during interviews. These iterative tests
are to be continued for the operational and release ver-
sions of the SoYield® DSS to further improve and bet-
ter adapt it to the needs and expectations of the users.

2.2 Developing the SoYield® decision support
system as an OFE process

- Table 2 below summarizes the characteristics of the
SoYield® DSS development, allowing us to identify this
case study as an OFE process since it follows the five prin-
ciples presented by Lacoste et al. (2022).

2.3 Data collection and analysis

We mobilized a reflexive approach to assess the develop-
ment process of the SoYield® DSS in order to identify key
prerequisites for creating shared value in an OFE process.
This approach invites practitioners to take their own actions
and mental functioning as an object of analysis (Schon
1984). Schon (1984) differentiates two processes of reflexive
analysis: reflection-in-action, which allows a practitioner to
think consciously as events unfold and to react to unexpected
situations, and reflection-on-action, in which a practitioner
analyzes what has happened and evaluates the effects of his
or her action. Reflexive monitoring approaches are, among
other disciplines, commonly used in educational sciences
and management sciences (see, e.g., Minshall et al. (2010)).
The objective is for practitioners to analyze their own actions
in order to identify blockages on a specific topic and work on
improving them. Reflexive monitoring is also increasingly
used in agricultural development and innovation (Arkesteijn
et al. 2015). Nevertheless, these approaches generally aim
to determine whether the innovation project in question is
achieving its intended effects and impacts, e.g., by ensur-
ing that the assumptions made about theories of change are
correct (Millstone et al. 2010). Reflexive approaches that
allow actors developing an agricultural innovation project
to identify and correct the collaborative challenges that arise
are less common, especially in the context of OFE processes.

Table 1 Main results of the end-user surveys that influenced the development of the SoYield® DSS. Respondents were smallholder farmers
(17), intensive commercial farmers (10), trackers and harvest technicians (13), transport and packaging factories (6), and support services (23).

Main points raised by interviewed

Consequences on the development of the SoYield® DSS

Users with various level of facilities and ease with ICTs.
Most of the users do not have internet connection when on-field.

The added value of such tool is unclear for most of the smallholder
farmers.

Working with or within a network of orchards, with different access
rights to the data.

Sensitive to data sharing: need for explanation on how the data will be
used

Yield estimation is expected but other aspects are important for the
users (yield forecast, fruitsize, maturity, aspect...)

Make friendly user and mutli-language interfaces which recall the main
apps already used.

Tool must work without internet connection. Embed the models into the
smartphone app.

Highlight the connecting farmers with buyers through the SoYield®
DSS, helping them to sell their production.

Design a user management system with a multilevel hierarchy of
accesses.

Provide sufficient information on how the data will be used, and receive
inform consent in a context of lack of general knowledge on the sub-
ject, illiteracy, or language barriers.

Anticipating the future research and development of the tool.

2 swer INRA@
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Table 2 Five OFE principles that led the development of the SoYield® decision support tool.

Key OFE principles

Characteristics of the case study

User-centered
Real systems

Evidence-driven

Specialist-enabled

Co-learning

Scalable

The SoYield® tool was developed following a user-centered design approach that sought to identify and better respond to
farmers’ needs and expectations.

The experimentation process was mainly held in farmers’ orchards. Field experiments were critical to ensure the calibra-
tion and validation of the models and the relevance of the SoYield® tools.

Essential data were produced based on field experiments and discussions with farmers to (1) develop the models described
above and (2) to develop the SoYield® smartapp (surveys and discussions with farmers and in situ observations and
beta-tests made it possible to refine various prototypes).

The SoYield® decision support tool (smartapp and webapp) allows farmers, retailers, and policy-makers to access high
value data about fruit production to make informed decisions.

Researchers and IT developers coordinated the iterative development of the SoYield® decision support tool.

Thanks to their interactions, all the actors involved learned throughout the development process of the SoYield® decision
support tool.

What researchers and developers learned:

- Farmers’ expectations and constraints

- Intellectual property and data sharing

- Farmers’ perceptions of the yield components

- Growers’ expertise for yield estimations

- New topics of investigation (fruit maturity and sizing)

What farmers learned:

- Agronomic concepts (e.g., within-orchard production variability)

- Agronomic knowledge (e.g., adapting a sampling strategy to the heterogeneity of the orchard)

- Identification of the drivers of tree yields

- Potential uses of digital technology, especially smartapps

- Awareness of the data challenges: data production, sharing, the value of their own data, data protection (personal data
and sensitive data)

- Farmers become data suppliers

While the SoYield® decision support tool was initially designed to fulfill the needs of the stakeholders of the mango value
chains in Senegal and Ivory Coast, the embedded models, part of the PixFruit® expertise of CIRAD, can be adapted to
estimate mango production in other countries, and tuned to fit other fruit value chains with similar expectations (e.g.,
citrus, litchi, avocado, cacao). Moreover, the innovative business model developed in this work ensures an adaptive
scaling-up (see below).

The partners most deeply involved in the development of
the Soyield® DSS have therefore engaged in a process of
reflection on action, with the aim of identifying (1) the dif-
ficulties that can hinder the creation of shared values during
an OFE process and (2) the practices or tools that can be
used to avoid or overcome these difficulties. To facilitate this
reflexive process, they were accompanied by a researcher in
management sciences specialized in open innovation and
familiar with reflexive monitoring approaches.

The reflective monitoring process took place in four

phases (Fig. 3):

— Phase (1): From the beginning of the project in 2016,

beta-tested the SoYield® smartphone application proto-
types (Table 3). Each interviewee was asked more spe-
cifically to identify tensions (past, current, and potential)
related to creating shared values or sharing added-value
in this OFE, and to reflect on practices that allowed them
to overcome these tensions and facilitate the OFE pro-
cess in order to create a digital decision support tool that
benefits all the actors considered. The external researcher
also analyzed secondary data such as meeting minutes
and summaries of surveys with the actors of the value
chains in order to identify potential difficulties in the
OFE process, as well as lessons generated by partners'
interactions. A compiled list of challenges to shared

these partners documented the collaboration difficul-
ties they encountered and those they were able to avoid
thanks to specific collaboration practices or tools.

Phase (2): As of January 2022, the external project
researcher conducted interviews with the key partners
involved in the OFE process. In total, 12 individual semi-
structured interviews were conducted with representa-
tives of the three organizations involved in the develop-
ment of the SoYield® DSS, and with two farmers who

value creation was produced based on the 12 interviews
and secondary data analysis.

Phase (3): Then, in February 2022, a collective workshop
allowed these partners to identify the ten key lessons that
would allow them to avoid these challenges in order to
create shared value from an OFE process.

Phase (4): This workshop resulted in the writing of this
article by the partners involved in the development of the
SoYield DSS and the external researcher.
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Arrival of the external researcher to facilitate the reflexive monitoring process

OFE process

Stage 2: Individual
interviews and secondary

data analysis
(01/22 to 02/22)

Stage 1: Practitioners’
individual reflection
(2016-2021)

The actors involved in the
OFE process identify
collaborative challenges
and practices or tools that
allow them to avoid or
overcome these challenges

Generates a compiled list
of collaborative challenges
identified by the actors
involved in the OFE

Stage 4: Article writing
(02/22 - ongoing)

Stage 3: Collective

workshop
02/22)

By the actors involved in
the OFE process and the
external researcher

Leads to the identification
of 10 key lessons for
creating shared value from
OFE

Fig. 3 A reflexive monitoring approach structured into four phases.

Table 3 Profile of the

. ; Organization/type of stakeholders
interviewees.

Profile of interviewees

Research centers on agronomy and agriculture (CIRAD, France and

CNRA, Ivory Coast)

Private firm specialized in digital agriculture (SOWIT)

Farmers who tested the prototypes

Researcher in digital agriculture

Researcher in agronomy

Researcher in deep learning

Legal support services

Ph.D candidate in the agro-
physiology of mango

CEO

CTO

Product owner

Product manager

R&D Lead

Agrobusiness farmer

Smallholder farmer

3 Results and discussion

On the basis of the SoYield® DSS experience, ten key les-
sons were identified to be able to conduct successful OFE
processes and to create shared value. Each of these lessons
has come into play at different steps in the SoYield® DSS
development process, as shown in Fig. 4.

3.1 Building trust in partnerships

Each partner’s interests and objectives must be brought
together so that they can share a common ambition. While
the interests of each partner may be different, they have
to be compatible. Figure 5 illustrates the different values
for each partner and how the values of the three parties

2 swer INRA@

intersect to create shared value. In our case study, the
research center is interested in sourcing data to produce
science and impacts, as well as to valorize the research
center’s own knowledge via its transfer into the SoYield®
solution, and to perceive returns on investment to amortize
the initial R&D financial efforts. The private firm focuses
mainly on the adoption and/or expansion rate of a product,
its profitability, and impacts. Finally, end-users are more
interested in the actual service provided by the solution,
its reliability, and its costs (cost/benefits approach). How-
ever, all partners agreed on the fact that the SoYield®
DSS must contribute to achieving a societal impact, in
this case, structuring the fruit value chains in Africa to
the benefit of the stakeholders, increasing farmers’ income
and, to a larger extent, improving food security. This com-
mon objective of achieving a societal goal strengthened
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Needs analysis

@®

Societal and
users’ needs

@EO®
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of a solution
(functional or technical)

O

SiAes _ @ On-field
SoYield® DSS ~ @data
(6) acquisition
App release development process
@ after iterations
@G @O
User testing Pevelopment of
improvements
Funds (9) CIRAD and SOWIT partnership (7)@0)
i@ Contracts @) Flexibility 3)

SoYield® environment

Building trust in partnerships

Tackling dataissues
Yes, scienceand OFE are compatible

10 KEY LEARNINGS

Funding OFE research?

©EEEEEOOEO

Early establishment of a contractual framework
Adopting a flexible research and development strategy
Designing with the users from start to finish

Fostering scalability with an innovative business model

Forecasting potentialimpacts on society and value-chain functioning

Digital OFE as a boosterof research and innovation

Fig.4 Use of the ten key lessons during the development process of the SoYield® decision support system.

the collaboration between the three partners, despite their
differences in the other objectives.

Thus, a key point is to manage expectations and to set the
rules for participation and the use of data. One way to do this
is to build a productive relationship based on mutual trust.
It however implies a high level of transparency in the com-
munication and actions carried out by the different partners.
Overall, this relationship of trust seems to strongly rely on
the interpersonal skills of the group, especially regarding

compromise and the understanding of the constraints of
the different partners. In the SoYield® DSS case study,
the building of this relationship of trust between partners
relied on the conviction of the leading team (three peo-
ple) in this way of working and on its ability to instill it
in the team. Moreover, spaces for communication and free
expression for everyone were set up using project manage-
ment tools. Presential and virtual meetings were held on
a bi-monthly basis and included open discussion times as
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ﬁor farmers: optimization of production management to increase income; increase in negotiating
power during sales
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Fig.5 Representation of the different values that partners attribute to the SoYield® decision support system experience.
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well as topics specified in advance. Meeting minutes were
held using collaborative text processing tools that allowed
every participant to express concerns and point out details
both verbally and in a written manner. When discussions
reach a certain level of complexity, implicit or verbal agree-
ments are not sufficient since information may be lost and
misunderstandings may occur. At this point, collaboration
programs appear preferable. In practice, flexibility, listen-
ing, and adaptability are essential to building reliable trust
between partners. Still and overall, beyond a certain level
of complexity in the project, or in anticipation of possible
misalignment of the different parts (such as presented in
Roo et al. (2019) between farmers and researchers in the
context of participatory development programs), trust can-
not exist without the support of a contractual framework
that establishes the rules of the game for all of the players
(see point 2 below). In the SoYield® DSS case study, the
built-up trust proved to be beneficial during the negotiation
of the different terms.

3.2 Early establishment of a contractual framework

OFE results in the co-design of new knowledge and/or inno-
vation. Thus, issues concerning the sharing of intellectual
properties, of added-values, and of the products developed
(e.g., models, tools) arise. Asymmetrical technological and
economic valorization of this knowledge must be avoided,
particularly between partners that may be very different in
nature (e.g., private firms, research centers, smallholders) or
in economic size (e.g., companies vs. farmers, agribusiness
farmers vs. smallholders). Thus, the creation and sharing of
values (Fig. 5) must be managed contractually in order to
safeguard the interests of each partner in the project and to
formalize reciprocal commitments. From our perspective,
a healthy and satisfactory partnership stems from finding
a balance between each partner’s inputs and expected out-
comes (whether scientific, financial, reputational, industrial
or commercial), which can be different or prioritized differ-
ently depending on the partner. Regarding the relationship
between the owners and main developers of the innovation,
contracts are notably necessary tools to avoid misunder-
standings before they arise. Internal or external supports
have to be incorporated and associated as early as possible,
all the more when the project depends on seasonal timing
for on-field experiment and data collection.

In the SoYield® DSS case study, attention was first given
to identifying the priorities of each partner and figuring out
the order of said priorities. The partners then focused on
determining the balance between their respective inputs
in the project and the outcomes they expected in light of
said priorities. Both steps presented relative challenges to
overcome. For instance, in the first step when partners con-
fronted their priorities, some came as a surprise to the others

due to a lack of knowledge or to misconceptions about the
other partners’ goals and constraints. In the second step, the
partners faced challenges in agreeing on the balance between
their inputs and expected outcomes due, in particular, to the
difference in each party’s abilities to absorb the risk of not
succeeding in the development and commercialization of a
new product.

These steps took place in a rather constrained context
since when developing a new product in an extremely com-
petitive environment, timing is of the essence. The partners
had to work quickly with much transparency to create a
flexible yet sufficiently safeguarded contractual framework
in order to avoid delaying, as much as possible, the devel-
opment of the innovation. Ultimately, co-building a satis-
factory contractual framework demanded efforts from the
partners to adjust their inputs and expected outcomes with
regard to the interests, priorities, strengths, and constraints
of each partner, therefore stressing the importance of build-
ing a collaboration between partners with compatible goals,
assets and constraints.

Regarding the relationship with the farmers, care must
also be given to define a well-balanced contractual frame-
work. In such cases, the existing legal framework plays an
important role in defining each partner’s rights and safe-
guards (such as consumer rights when defining the terms
of service of the finished product and, notably, data rights
when personal information is collected, whether during the
research and development phase or the exploitation phase;
see point 6). In the SoYield DSS case study, the legal frame-
work pertaining to the use of personal data collected played
an important role during the research and development phase
and for the preparation of the business model and the terms
of services of the innovation.

3.3 Adopting a flexible research and development
strategy

The different partners may evolve in environments defined
by very different time cycles. In our example, agricultural
research in OFE is by nature performed on long cycles
(multiple seasons/years), while the decision support tool
market for the private partner may face various market
opportunities per year, which is a fast time step in compari-
son with horticultural research. In the middle, farmers use
the solution on a season-to-season basis, while also needing
to adapt to rapid environmental and economic changes, add-
ing a third timescale. Thus, a certain amount of flexibility
is required to fill the time gap between the expectations of
applied research, the private sector and users. One solution
is to anticipate as best as possible the research activities
to be performed, keeping in mind that these differences
in development cycles may open opportunities towards
the complementarity of R&D activities. Flexibility and
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adaptability can be reached by a high frequency of return
to the field in order to ensure a regular monitoring of the
context in which the value chain stakeholders evolve. Any
change of context (e.g., climatic events, market variation)
must be identified in order to best adapt the tool for the next
production cycle. At the research level, a research activity is
mainly achieved depending on whether it is being funded or
not. However, a research center can also make a deliberate
choice to dedicate non-funded research time to the devel-
opment of the innovation, based on (i) financial retribution
contingent on the commercial success of the innovation and
(i1) a firm belief in the positive impact of the innovation
on the value chain (i.e., strategic priority) and novelty of
the innovation. Consequently, flexibility can be achieved by
alternating between crucial activities supported by a clus-
ter of funded projects and the self-financing of strategic
research activities or research fronts (i.e., research aimed
at developing new options to the tool such as fruit maturity
assessment and fruit sizing estimation in our case) over a
longer time period.

3.4 Designing with the users from start to finish

The development of DSS often leads to misadapted solu-
tions that are not relevant to the users. In Africa, for several
reasons, including poor technological infrastructure, inap-
propriate policies, and the low level of user skills — espe-
cially of farmers — in using the technologies, DSS devel-
oped without user inputs are quickly abandoned or have
only a minor adoption rate (Ayim et al. 2022). User-centered
design and co-design approaches are key elements of OFE
that enhance the development and scaling-up of digital solu-
tions (Abras et al. 2004). Even if the technological challenge
of developing a relevant solution is essential, it should never
overshadow the efforts of designing a tool that is needed
and usable by the users, especially by farmers in their fields.
Indeed, any technology, regardless of the level of innovation,
is useless if the intended target is unable to handle it or has
no use for it. User adoption is particularly challenging in
Africa where the structure and nature of the farming systems
and smallholders are highly variable. This variability implies
that even at the farmer level, there will be heterogeneity in
the type of users, depending on the economic importance
of the targeted crop (e.g., cash crop, subsistence crop), the
type of market targeted (local or international, fresh or trans-
formed), and the technical and logistical constraints, as well
as access to communication services (smartphone, internet)
(Ayim et al. 2022). To maximize adoption of the SoYield®
DSS, we focused on the user’s experience and involved them
in the processes from the very beginning of the project: as of
the ideation and prototype phase, and then regularly during
the development of the tool, until the beta-testing iteration
phase, and up to the evaluation of the tool.
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First, the long OFE experience acquired by our team
(value chain functioning, mango cropping systems, inter-
views with farmers) can be considered as the first user inputs
in the development of the decision support tool. Then, the
design of key proto-personas assisted by the intervention of
two farmers and one support services institute (see above)
helped to define the features of the tool to be developed. The
presentation of an un-designed draft of the DSS on paper
(Fig. 1c) permitted a first round of feedback from different
users identified as belonging to each group of proto-perso-
nas. This work can be considered as an early bera-test phase
because it provided a critical contribution to the design and
development of the tool. Second, the storyboard of the user
experience of the DSS for each type of user (proto-persona)
was designed in order to anticipate user’ expectations as best
as possible, according to an approach of design thinking
(Urbieta et al. 2021). Moreover, these storyboards made it
possible to “bring the IT developers to the field” in order to
clarify the user experience and validate, through the coher-
ence of the story of the use of the DSS, the relevance of the
proto-persona (Sumberg et al. 2013). Third, multiple surveys
were undertaken to assess the expectations anticipated of the
personas compared to the reality of the interviewees. This
approach avoids deviating too much from field reality in
the definition of the product and is an essential iteration to
consider the users’ opinions and needs. For instance, for the
development of the smartphone application of the SoYield®
DSS, these surveys showed that 97% of farmers declared
that immediate results were critical in adopting such a solu-
tion, and 81% of the respondents reported having access to
a low-cost smartphone. Thus, real-time smartphone-based
yield estimation became a priority for the SoYield® DSS
to upscale. These surveys highlighted the importance of
an innovative free-to-use bundled multilingual smartphone
application designed for low-cost smartphones and low-
connectivity environments, as highlighted in other studies
(Ayim et al. 2022; World Bank 2019).

Once the surveys were carried out and their feedback con-
sidered, the personas were established and the expectations
of the users were clear enough to move on to the design of
a proper prototype. The prototype was designed based on
the results of the surveys and the design thinking delivera-
bles. The fourth user-centering step was the beta-testing of
this prototype. The tool that was just developed was tested
in situ by some pre-identified users, under the watchful eye
and advice of the project team. The purpose of this pro-
cess was to collect as much feedback as possible about the
ability of using the tool by a user. This feedback was then
gathered regarding the personas the users belong to, and the
underlying problems of the feedback were synthesized and
prioritized before being integrated for development in the
next beta-version to be tested. This process was repeated as
many times as necessary to achieve a satisfactory working
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prototype. In the user-centered approach adopted for the
SoYield® DSS, user feedback literally sets the pace for the
design and development of the tool.

Involving the users at all steps is time-consuming for
both the project team and the users. Care should be taken to
appropriately request the users to participate in the research
and development processes. However, iterative conception
at all the steps of the process is essential to either encourage
the design and development or to refine the usability and rel-
evancy of the tool developed (Abras et al. 2004). One way to
overcome this issue is to seek the interest of the users in the
project. In our case, rather than sharing analytical results on
our models’ performances or survey outputs (conventional
statistics are of no use for most farmers), we constantly ask
the users to evaluate if the DSS in development actually
fulfilled their needs by using it in real conditions (i.e., with
in-field mango production estimations).

3.5 Fostering scalability with an innovative
business model

The “Go to Market” of such innovative tools is key to ena-
ble the digital transformation across all the actors of the
value chain, particularly in the African market where the
end-users range from smallholder farmers to big agribusi-
nesses, representing a wide variety of skills (World Bank
2019). Understanding how all these stakeholders function
is crucial in order to propose a targeted business model that
merges high value propositions, profitability for the tool,
and scalability. OFE is a big part of the user research, as
previously mentioned, and makes it possible, through user
surveys, to identify the needs of each actor and to quantify
their potential in terms of investment of money in a digital
solution rather than in inputs for their crops. The objective
is to develop a business model that will (i) be adapted to the
technical capacity of the farmers (use of mobile money, cash
payments, etc.), (ii) optimize the attractiveness of the digital
innovation for farmers, and (iii) allow the DSS to capture
enough inputs (data, field feedbacks, users’ experience and
needs, etc.) to continue its technical development.

The solution implemented by the SoYield® DSS is to
build a freemium business model where the free part is
focused on the smallholder farmers obtaining more data on
their fields, and the premium part on the agribusinesses who
need the consolidated data of these farmers. The idea here
is to create the virtuous circle of data where smallholders
acquire enough information about their yields in order to
have more leverage when faced with intermediaries, and
to consolidate this data so that organizations like agribusi-
nesses, exporters, governments, non-governmental organiza-
tions, and financial institutions acquire valuable information
about where to find the fruit production they need. This in
turn benefits the smallholders who are more visible when

they need to sell their production or to negotiate with the
financial institutions.

This virtuous circle of data is essential for the sustainabil-
ity of the SoYield® DSS since it will build bridges between
farmers, local buyers, research institutes, and governments,
enabling the valorization of large amounts of data through
platforms fed by OFE-based, citizen, and crowdsourced sci-
ence (see point 7). As a result of a caveat regarding the use
and valorization of aggregated personal data, linked with
international and local regulations, this approach requires us
to anonymize these datasets before processing and to provide
aggregated data to the above organizations that would not
allow them to pinpoint a specific farmer, unless the farmer
authorizes it beforehand (see point 6).

The year 2022 was the first year that the SoYield® DSS
was actually used. During that time, it accrued approxi-
mately 150 end-users, 280 orchards, 3500 ha with 32,000
tons of fruits estimated for two crops, and 11 cultivars in
three countries (Senegal, Ivory Coast, Morocco).

3.6 Tackling data issues

The development of digital tools, especially those based on
a data against service business model, raises the issue of
data conformity — a legal obligation for companies operat-
ing under the laws and regulations of countries that have
enforced personal data regulations. In some cases, the digital
tool will fall under the scope of different regulations. For
example, some digital tools will have to be both GDPR-
compliant (European General Data Protection Regulation)
if the company commercializing the tool is established in the
European Union, but also respect the data protection laws of
the country in which the tool will be commercialized if it is
outside the European Union and a specific legislation exists.
Other issues should be closely considered. For instance, the
very definition of what an informed consent is, particularly
among populations less aware of the value of their personal
data and the stakes attached to their consent, can be a chal-
lenge. How to build trust with potential customers that are
wary about the use of their personal data due to general
concern or unsatisfying prior experiences with data against
service business models is also an issue to be addressed. If
these issues are to be considered to ensure compliance with
data regulation laws, they are also crucial for companies that
aim to adopt a more ethical stance on personal data collec-
tion and use. Beyond the moral prism of an ethical stance,
immediate and lasting positive commercial outcomes can
be sought out, such as ensuring better product adoption and
securing customer loyalty over the long term.

Therefore, data protection is a key value of OFE and DSS
and demands sufficient understanding of data values and
challenges from all stakeholders. Developers must build the
“data against service” business model with these issues in
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mind. The SoYield® DSS requires users to share personal
data to provide its different services. Because the SoYield
DSS will be commercialized by a company established in
the European Union in countries outside of the European
Union, the DSS developed has to be GDPR-compliant in its
collection, storage, management, and use of data, as well as
with the applicable national data protection laws of Senegal
(for the moment, Ivory Coast does not have specific regula-
tions). Moreover, the team aims to tackle the different issues
pertaining to informed consent and building trust with its
future users by seeking the help of data protection officers
and legal experts to better understand and comply with the
regulations, interviewing future users or beta-testers, and
organizing brainstorm meetings where solutions are pro-
posed and analyzed in light of the different stakeholders’
points of views. Analyzed solutions include providing dif-
ferent levels of services compared to a more or less permis-
sive use of each user’s data; identifying different ways of
providing sufficient information to the user on how their data
will be used in order to tackle issues such as lack of general
knowledge on the subject, illiteracy, or language barriers;
seeking alternate solutions where consent may not be given,
such as data anonymization; and determining the appropriate
trade-off between data privacy and market valuation.

3.7 Yes, science and OFE are compatible

At first glance, science may seem incompatible with OFE
because it requires controlled conditions that participatory
experiments in farms do not allow. Similarly, one may think
that the OFE approach has to keep a distance from science
because the innovations that result from science are gener-
ally top-down. However, even if the results of OFE science
might be considered to be of limited value by scientific peers
(Kool et al. 2020), innovative projects must consider the
knowledge, needs, and interests of farmers, while dealing
with real-life environments at the same time that are way
more complex than controlled environments. Facing the
complexity of the real world is a key challenge for agro-
nomical research today. OFE makes it possible to address
this issue by bridging science-based (artificial intelligence
and agronomical models) and farmer-based (field experi-
ences, practices) knowledge together in order to solve the
issues of stakeholders in more scale-relevant, non-top-down
and innovative ways. Thus, the spatio-temporal diversity of
real-world conditions implies that OFE-based research is
more suitable for real-life applications.

OFE has existed for a long time but is starting to gain
popularity in institutional research. The idea is to break the
barrier between the production of knowledge issued from
fundamental science, and the production of innovations
accessible to all and evaluated by participatory methods
and protocols (Stitzlein et al. 2020). In the coming decades,
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citizen and crowdsourced science based on digital data
collection tools (such as PlantNet® or Inaturalist® apps)
already has and will continue to have many opportunities
to prove its efficacy to achieve reliable science (Beza et al.
2017). The experience with the SoYield® DSS supports the
idea that science and OFE are compatible and that each can
benefit from the other. During the project, two Ph.D. theses
were conducted in the field to produce knowledge and to
calibrate and/or validate models based on in situ data, allow-
ing for more effective models adapted to local conditions
(e.g., farmers’ practices, orchard structure, cultivar grown).

During the research process, co-designing with farmers
that have socio-technical knowledge and local experience
of the fields helped to build scientific protocols adapted to
the agro-environmental, social, and value chain context.
For instance, yield estimation based on sampling models in
complex orchards where multiple mango cultivars are grown
implies knowledge of the farmer’s preferences and practices
between estimating the yield of the orchard by cultivar or
all at once. Thus, understanding farmers’ experience is a
prerequisite for developing relevant models, making an inno-
vation functional. However, to incorporate both farmers’ and
researchers’ knowledge into a functional solution can lead
to difficulties since they exist in different reference frames
and require great effort to be seamlessly merged. On the
technological side, having the constraints of in-field use can
lead to innovation breakthroughs (the SoYield® smartphone
application is planned to have an embedded IA in order to
limit white spot issues), as well as to scientific opportunities
(the next models to be developed are fruit sizing, yield fore-
cast, fruit maturity, etc.). Ultimately, OFE is about challeng-
ing current research practices so that they better incorporate
the value chain actors and meet their expectations. Usually,
a top-down approach is used that is reversed in OFE. This
changing paradigm is currently happening and will promote
more applied research and development centered on the
main issues faced by farmers worldwide.

3.8 Forecasting potential impacts on society
and value-chain functioning

When considering impacts, digital innovations differ from
other technological innovations. For example, they are often
not time- and place-restricted (Heeks 2018). They can reduce
or remove existing boundaries and hierarchies in agricultural
systems or create new ones (ibid). Thus, digital technologies
have a strong disruptive potential for agricultural innovation
systems (Ezeomah and Duncombe 2019). They can gener-
ate both positive and negative, direct and indirect effects for
users and non-users. There is indeed a growing recognition
of the “dark side” of digitalization in the agricultural sec-
tor in the global South (see, e.g., Coad et al. 2020; Klerkx
and Rose 2020). Studies in the field of information and
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communication technologies for development have shown,
for example, that data-driven technologies can lead to new
inequalities (Heeks 2018) and even a sort of new colonial-
ism (Schopp et al. 2019). Thus, anticipating these impacts
and their effects on farmers’ livelihoods is critical, but can
be difficult. For example, Iazzolino and Mann (2019) ana-
lyzed the consequences of Kenyan smallholder farmers’
easier access to financial services. They showed that access
to these services initially increased farmers’ inclusion but,
in the long run, led to decreased access to financial services
and increased the vulnerability of farmers who could not
repay their debts. As McCampbell et al. (2021) pointed out,
it is therefore essential to anticipate the short- and long-
term impacts of digital innovations. Indeed, anticipation is
one of the four dimensions of responsible innovation, along
with inclusiveness, reflexivity, and responsiveness (Stilgoe
et al. 2013). This requires, among other things, “defining
who is responsible for anticipation, when and with whom
is present” or “‘considering and understanding the possible
consequences of an innovation with the stakeholders and
defining the moral values and rights involved” (McCampbell
et al. 2021). Several methods, such as the Impress approach
(Blundo-Canto et al. 2019), were developed to reflect on the
impacts of innovations generated by research by actively
involving the various stakeholders and the users who will be
affected. Anticipation and evaluation of the direct and indi-
rect impacts of digital innovation are therefore key issues,
which makes it possible to reflect on their implications for
future users and non-users, and to verify that the initial
objectives and ambitions were achieved (de Roo et al. 2019).

Although not specifically measured yet, the forecast-
ing of potential impacts of the SoYield® DSS was widely
discussed by the researchers and developers of the project.
The project team naturally reflected on the impacts of the
solution, even if finding the forecasting methods to measure
potential impacts was difficult at some point (especially the
indirect ones). Based on the information and needs of the
field users, the project team sought to understand what the
impacts of the solution might be to the value chain actors,
particularly for farmers. For the latter, the effects could be
easily predictable, especially in terms of increased fruit
sales, e.g., by measuring their harvest loss and predicting
the impact of yield prediction on marketing, or by using a
potential market place for mangoes. In this context, OFE
and interaction with end-users interestingly improved the
understanding of potential impacts of the solution. How-
ever, the prediction of benefits is more difficult at higher
and longer-term scales because the solution has not yet
been sufficiently tested. Predicting the negative impacts is
not straightforward either. For example, assessing how the
SoYield® DSS can eventually unbalance the mango market
in Africa will require the implementation of an appropriate
methodology. Measuring impacts is also more complex for

more qualitative criteria such as the benefit of OFE in the
relationship between the research institute and the private
firm.

3.9 Funding OFE research

For agricultural innovation projects, finding funders for an
OFE project can be critical. The implementation of OFE
projects may seem longer due to the multiplicity of par-
ties involved who must find a common synergy. It is almost
impossible to find funders to finance the time needed to
build a solid working relationship and framework, whereas,
as described above, it is one of the key steps for the suc-
cess of such projects. In addition, the scientific basis of
the SoYield® DSS OFE process brought together different
thematics from ecophysiological modeling, agronomy, sta-
tistics, social science, and computer science that require a
variety of experts. In contrast, top-down innovations seem
easier to implement because it is a matter of replicating and
promoting a solution that was developed and works in one
context (e.g., in an experimental station) in a new context.

However, it is important to note that top-down innova-
tions have reached their limit and that their impact remains
limited compared to the investments (Berthet et al. 2018).
This fact constitutes one of the major criticisms of the top-
down approach. The OFE approach allows a more consistent
impact due to its user-centered design. The challenge is to
attract funding for innovations based on the OFE approach.
To do so, it is necessary to demonstrate the benefits and
impact of OFE in terms of science, innovation, impacts, and
return on investment for all actors (from users to develop-
ers). The multiplicity of actors involved in OFE approaches
should make it possible to diversify the sources of financing
and to involve, for example, NGOs, farmer organizations, the
private sector, national and international public institutions,
and research centers.

In the case of the SoYield® DSS, the primary investors
are the research center and private company that developed
the DSS, as well as two national R&D funders (see the
“Funding” section below). However, several other actors
have shown that they would become financially involved
once the beta-test phases are over. These interests highlight
the importance of iteration and field validation included in
the OFE approach. The fact that the SoYield® DSS is a
digital solution developed for and with the stakeholders of
the value chain must be used as arguments to attract funds.

3.10 Digital OFE as a booster of research
and innovation

One of the difficulties for agronomic and environmental

research is to be able to acquire data in sufficient quantity
and with sufficient accuracy to describe the diversity of the
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observed environments. In addition, data can be expensive
to acquire in terms of labor and time if, for example, acquisi-
tion is based on traditional methods of measurement (e.g.,
visual counting of tree yield). Digital tools are seen as an
opportunity to improve research and innovation by improv-
ing the repeatability of data acquisition, analysis and dis-
semination. In the field of agricultural and environmental
research, digital technology can support the characteriza-
tion and understanding of complex systems. Because of their
adaptability and reliability in describing farming contexts,
OFE-based digital solutions facilitate data acquisition and
scaling-up that can be used by researchers. Many digital
solutions were developed to be used in a participatory
mode in order to increase the acquisition and feedback of
data used for research purposes (e.g., PlantNet®, Plantix®,
Inaturalist®).

In the example of the SoYield® DSS, research is moti-
vated by the added value of acquiring data in a more reliable
way and with a higher throughput than traditional methods
of yield assessment. In this specific case, the OFE design
makes it possible to have data and solutions validated in
the field, with the objective of being diffused to the largest
number of users. Eventually, thanks to this tool, a stream of
crowdsourced data will be put in place and made available
for research. User-centered design, field iteration and vali-
dation ensure the reliability of such data upstream. In the
longer term, digital tools can be used to address key agricul-
tural research and development issues (e.g., food security,
climate change) in regions where data is currently still scarce
(Sarron et al. 2022).

4 Limitations of the study and insights
for future research

If the reflexive monitoring exercise conducted allowed to
identify 10 key lessons to facilitate shared value creation in
OFE processes with farmers, it still presents some limita-
tions that open up perspectives for future research. First, it
should be noted that such a reflective monitoring exercise,
even when combining multiple sources of data as is the case
in this article, can be influenced by the subjectivity of the
participants (Mruck and Breuer 2003) or biases in data col-
lection or analysis. For example, it is possible that some
actors did not dare to publicly report certain collaboration
difficulties encountered during the OFE process for fear of
jeopardizing their organization or offending certain partners.
We sought to limit these biases by proposing anonymous
individual interviews where the participants would feel more
comfortable reporting difficulties or failures.

Second, it is necessary to emphasize that the decision
support system created during the OFE process is still
in its infancy, even though it is used by some 150 users.
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Future research could verify in several years whether this
DSS has lasted and produced the expected effects and
impacts; and whether participants identified new chal-
lenges to create shared value in an OFE process.

Third, it should be noted that the list of ten key lessons
practices presented in this article is not intended to be
exhaustive. Other practices that promote shared value cre-
ation have been identified by OFE stakeholders but have
not been included in the list because they appear to be less
of a priority for successfully conducting an OFE process.

Finally, this list of key lessons may need to be adapted
to fit other types of OFE and contexts. Where data on the
organizational aspects of other OFE cases were present
in the existing literature, we discussed them in the pre-
vious section, thus establishing the validity of these key
lessons in other situations. Nevertheless, as pointed out
by Richardson et al. (2021), there is no one-size-fits-all
operational recipe for OFE. We therefore invite OFE prac-
titioners and researchers to test and complement these key
lessons to facilitate the implementation of OFE in order
to create shared value in agriculture in various contexts.

5 Conclusion

OFE processes can become a vehicle for transformational
change in agriculture and contribute to the development
of innovative technologies (including digital technologies)
that meet farmers’ expectations and interests. Moreover,
placing farmers at the center of the research and devel-
opment processes, producing farmers’ demand-driven
research, and involving farmers in the ideation, creation,
development, implementation, and testing processes are
critical to maximize tool adoption and further impacts.
However, these OFE processes are often hampered by
organizational and managerial challenges that stem mainly
from the diversity of the stakeholders involved. Yet, these
challenges remain little studied. The authors of this article
(i.e., employees of the research centers and the private
firm) have therefore mobilized a reflexive monitoring
approach to analyze the development process of an OFE
initiative that they implemented and managed in order to
develop the SoYield® digital DSS. This reflexive moni-
toring process resulted in the identification of ten key les-
sons to facilitate the implementation of OFE processes in
order to create shared value. As such, this article lays the
foundation for reinforcing a community of practices on
OFE implementation and for promoting its development
worldwide, as envisioned by Lacoste et al. (2022). It shows
that when well-managed, the diversity of the stakeholders
involved in OFE offers unique opportunities to co-innovate
and create shared value.
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