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Exploring digitalisation in the agri-food sector and its paradoxes:
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This paper discusses the results of a study on the digitalisation of the agri-food sector in a French region characterised by
small- and medium-sized farms. Our results, which rely on a survey comparing digital practices in the agri-food sector with
other sectors, reveal a paradox. While digitalisation is mostly perceived as a panacea capable of increasing agricultural pro-
ductivity while respecting the planet, it is not widespread in the agri-food sector and even less than in other sectors of the same
size. At the same time, the perceived impact of digitalisation is also lower than in other sectors. To increase the digitalisation
of this sector, two elements emerge from our results: both the implementation of a global digital transformation strategy and
membership of a professional association are required. Here, we refer to a broad definition of digitalisation, which includes
organisational and social aspects, and does not only address technological dimensions. Our study challenges the technocen-
tric and productive vision of digitalisation. It suggests that farmers’ institutional environments and policies need to take a more

holistic view of digitalisation to provide increased sense and generate engagement.
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Introduction

Digitalisation in the agri-food sector takes place in a spe-
cific context that faces “major challenges to feed a growing
world population in a sustainable way, whilst dealing with
major crises such as climate change and resource depletion”
(Klerkx and Rose, 2020, p 1). As such, digitalisation appears
as a solution capable of maintaining high volumes of produc-
tion and to limit the negative impact of intensive agriculture
(Llewellyn, 2018). It could be a solution for many farmers
who are forced to be productive and sustainable.

However, this perspective remains institutional, held by
firms providing digitalised solutions, carried out by political
actors, and by actors from the agricultural sphere. Little is
known about the real impacts of digitalisation (including the
negative impacts) and the real practices of farmers. Ques-
tioning the future of digitalisation in agri-food sector, Lajoie
et al. (2020), for example, frame digitalisation through a
neo-Malthusian and techno-progressive lens as the solution
to future food insecurity. The digital agriculture future is also
described as “one much like the present, ‘tweaked’ rather than
substantively reformed” (Lajoie et al., 2020). Risjwick et al.
(2019) evoke different views on the pace of change and the
level of disruptiveness regarding agriculture digitalisation.
This is in line with the holistic definition of digitalisation
offered by Gong and Ribicre (2021, p 10): “a fundamental
change process enabled by digital technologies that aims to
bring radical improvement and innovation to an entity [...]
to create value for its stakeholders by strategically leverag-
ing its key resources and capabilities.” All these scholars
have opened a debate about what agriculture digitalisation is
today and what it should be.

Indeed, whatever the point of view and the vision of
digital agriculture, many works have emerged in this field
(Lajoie et al., 2021), including smart farming (Eastwood et
al., 2019; Klerkx et al., 2019; Newton et al., 2020), Agri-
culture 4.0, or precision agriculture (Trivelli et al., 2019;
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Santos Valle and Kienzle, 2020). They deal with the ben-
efits, risks, and impacts of digitalisation, but there are few
empirical academic articles on the realities of digitalisation
in the agricultural sector. Furthermore, such empirical stud-
ies focus mainly on regions of the world where farms are
intensive, such as Australia (Fleming ef al, 2021; Newton
et al., 2020) or New Zealand (Risjwick et al., 2019). These
studies offer an interesting view of digital agriculture, but it
is not representative of digitalisation all over the world. In
addition, this paper answers in part to a key question asked
by Ehlers et al. (2021, p 11) “whether farms, interest groups
and government are willing and able to cope with the ramifi-
cations of a more encompassing digitalisation of agricultural
policy. This would depend on the capabilities and the will-
ingness of government, farms and the other actors involved
to use digital technologies”. The focus here is mainly on
farms’ digitalisation; in this way, it completes the work of
Ehlers et al. (2021).

The aim of this paper is to explore the reality of digitali-
sation in a traditional agricultural territory — the Normandy —
a French region characterised by farms of an average size
(around 165 acres) and well known for their production of
milk, beef, cider, or flax. We also compare the situation of
the agri-food sector there to other sectors. In doing so, we
complement existing studies, which often focus on large
farms, and which do not provide a correct assessment of the
digitization across the entire agri-food sector and neglect any
comparison with the global economy. Through the regional
lens of digital practices in Normandy, the article proposes
an inventory of the digitalisation of the agricultural sector
by addressing the following question: What is the reality of
digitalisation and its perceived impacts in the agri-food sec-
tor compared with other sectors?

We relied on a survey about digital practices in Nor-
man entities. We obtained 2,046 completed questionnaires,
including 222 in the agri-food sector. The questions focused
on the use of digital tools and perceived impacts, and more
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general questions about the characteristics of managers and
their digital strategies were posed. To analyse the resulting
database, we adopted an exploratory approach based on
descriptive statistics and data visualisation. We focused our
attention on companies with less than 10 employees, which
represent the majority of the agricultural sector in Normandy.

Our results show that farmers are weakly digitalised and
use digital tools at a level below other sectors of the same
size. We also show that farmers are not interested in using
digital tools because of a lack of vision about the interests of
the digitalisation agenda in general. This point suggests that
the digital discourse of institutional actors must not be too
technical and must rather provide sense, generate engage-
ment, and present a holistic view of digitalisation.

Our contribution is threefold. First, while the literature
mainly focuses on digitalisation in terms of production, our
work adopts a more holistic view by including the organi-
sational aspects of digitalisation and considering a variety
of digital management tools. Second, our research adds to
previous works by providing an empirical demonstration of
digital practices in the agri-food sector that have not been
sufficiently explored (Schnebelin et al., 2021). Thirdly,
our study suggests various public policy options to spread
digitalisation more widely within agriculture, based on this
holistic vision.

After a synthetic presentation of the academic literature
on digitalisation in the agricultural sector, we detail the
emerging results of our database. These are then discussed,
giving rise to managerial recommendations.

Literature review

Digitalisation can be defined either through a techno-
centric view or in a much more holistic way (see section 1
below). The issues and the positive or negative impacts of
the digitalisation of the agricultural sector have also been
studied from economic and societal perspectives. The organ-
isational impacts need to be further investigated (see section
2 below).

Digital agriculture: What are we talking about?

Digital agriculture is often conceived from a technical
perspective. As Ehlers et al. (2021) mention, “digitalisa-
tion is expected to transform the food and farming industry
radically as, for example, it assists production with precision
agriculture and trade through online platforms and traceabil-
ity systems. ” Shepherd et al. (2018) show that digitalisation
in agriculture is a long process that began in the late 1980s
with GPS on tractors and yield mapping. Little by little, con-
nected tools have been developed, which is now called preci-
sion agriculture (PA). Agriculture 4.0, a part of digitalisation,
is composed of “different already operational or developing
technologies such as robotics, nanotechnology, synthetic pro-
tein, cellular agriculture, gene editing technology, artificial
intelligence, blockchain, and machine learning, which have
pervasive effects on future agriculture and food systems and
major transformation potential.” It can dramatically “affect
the way food is produced, processed, traded and consumed”

(Klerlx and Rose, 2020). In sum, digital agriculture is “often
defined in a farm-centric way, referring to the on-farm use of
digital tools such as drones, sensors and GPS, i.e., automa-
tion and efficiency improvements” (Rijswick et al., 2019).

However, in a general context that includes all the eco-
nomic sectors, digitalisation is “much more than mere pro-
cess redesign” (Liu et al., 2011). It is a context for strategy
change (Warner and Wiger, 2018) that “involves companies,
business models, processes, relationships, products, etc.”
(Schallmo et al., 2017). In other words, the digital transfor-
mation is not just a renewal of tools, but a renewal of the
organisation, as new digital tools impact the way farmers
work.

According to Rijswick et al. (2019), “digitalisation is
often used to describe the socio technical processes sur-
rounding the use of digital technologies that impact on social
and institutional context that require and increasingly rely on
digital technologies.” Reis et al. (2018) categorise the defini-
tion of digital transformation into the following three distinct
elements:

» Technological (use of new digital technologies such
as social media, mobile, analytics or embedded
devices)

» Organisational (a change of organisational process or
the creation of a new business model)

» Social (a phenomenon that is influencing all aspects
of human life, e.g. enhancing customer experience)

Therefore, digitalisation in agriculture refers to a large
spectrum of activities, including not only the use of new
technologies but also a reflection and an implementation of
organisational changes on the farm. Digitalisation also refers
to the generation of data, the creation of business oppor-
tunities from those data, and how the data will be used at
all stages of the agri-food value chain (Bucci ef al., 2018),
such as farm production, the processing industry, packaging,
sales, and marketing, logistics and distribution, and con-
sumers (Ramundo et al., 2016). The common definition of
digitalisation in agriculture lies somewhere in between and
consists of being more connected, of using modern technolo-
gies such as drones and sensors to collect more data, and of
sharing these data for better decision making. In fact, digi-
talisation impacts not only the organisation of the farm but
also the relations between the farmer and his/her partners.

The challenges of agricultural digitalisation

In the literature, the challenges of digitalisation in the
agricultural sector are mainly approached from an economic
and societal perspective. From an economic point of view,
digitalisation allows for gains in productivity and efficiency
in the use of resources (Fleming et al., 2021; Lajoie et al.,
2020; Risjwick et al., 2019). Production quantity and quality
are improved, and costs are optimised (Trivelli et al., 2019).
For example, the use of drones (or PA in general) allows for
better crop and breeding monitoring and the early detec-
tion of pest problems and water shortages (Ayamga et al.,
2021). Similarly, agrobots offer labour and input savings and
improved yields (Santos Valle and Kienzle, 2020). In gen-
eral, this gain in productivity and yield due to digital technol-
ogy allows agricultural enterprises to be more profitable and
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competitive due to improved adaptability and responsive-
ness (Trivelli ef al., 2019). Likewise, data-driven agriculture
increases forecasting capacity, minimises risks associated
with production, and creates more value (Lajoie et al., 2020;
Santos Valle and Kienzle, 2020). Digitalisation is perceived
as a solution to food shortages: it allows farmers to address
the problem of inefficiency through optimisation thanks to
precision agricultural digital tools. They now have the ability
to monitor, make visible (i.e. map), and predict environmen-
tal and agricultural systems. Rijswicks et al. (2019) mention
the analytical possibilities and new sorts of decision support
tools for farmers’ advisors as well as new services. Digitali-
sation also allows a better treatment of risk and uncertainty:
“For the World Bank, the risk and uncertainty, particularly
within the context of a changing climate, means that conven-
tional knowledge about agriculture is no longer adequate”.
Thus, “data driven agriculture is seen as helping mitigate the
risks to farm productivity caused by a lack of predictability”
(Lajoie et al., 2020, p 8).

From a societal point of view, in the context of popu-
lation growth and sustainability, digitalisation appears as a
solution to increase production volumes while limiting the
negative impacts of intensive agriculture (Llewellyn, 2018).
Digital agriculture is thus part of the perspective of ecologi-
cal intensification (Pretty, 2011) or “sustainable production
intensification” (Santos Valle and Kienzle, 2020). This
means improving livelihoods with quality nutrition, mini-
mal inputs, and a low impact on soils and natural resources
(Santos Valle and Kienzle, 2020). According to Shepherd et
al. (2018), digitalisation also meets the needs of consumers
who demand information regarding, for example, the quality
of the products they eat, their origin, the use of pesticides,
and the conditions of slaughter and treatment of animals.
Beyond this “food sovereignty” and the requirements of
this information age, digitalisation allows us to improve
the working conditions of the farmer and to offer him/her
decent work opportunities with an increase in technological
skills. Agricultural activity is becoming more attractive, and
the phenomenon of rural exodus is being mitigated (Santos
Valle and Kienzle, 2020). Finally, for Bucci et al. (2018),
another reason for introducing digitalisation in agriculture
is to expand herds and improve productivity with livestock
while preserving animal welfare.

This positive perception of connected agriculture as a
solution to the food crisis is far from unanimously shared.
According to Klerkx and Rose (2020) and Lajoie et al.
(2020), the work associated with food security is techno-
progressive, dominated by a Malthusian rationale that sees
the rapidly growing population as the central problem and
technology as the solution. However, limited access to food
is rarely due to a lack of production; rather, it is often due to
its unequal distribution. Agriculture 4.0 should not be seen
as a panacea (Lajoie ef al., 2020). “The solution is not nec-
essarily to produce more food but to distribute food more
equitably” (Sen, 1982). The massification of agricultural
production raises some questions about its social and ethical
impacts. For example, the decrease in human involvement
in favour of machines and artificial intelligence (Rijswick et
al., 2019) has changed the nature of rural employment and
replaced small family farms with fewer, larger, and more
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commercial farms. Power within the value chain is being
strengthened to the benefit of multinationals, including new
entrants, such as Google (Birner et al., 2021). Finally, digital
technologies require an infrastructure, a level of skills, or,
failing that, training and financial investments (Trivelli et
al., 2019) that go beyond the means of small- or medium-
sized operations. Indeed, a sufficient market size is needed
to invest in and make these investments profitable. In short,
the unequal access to technologies can reinforce the social
divide and inequalities (Birner ef al., 2021) at several levels,
including rural/urban, small/large farms, female/male agri-
culture, and industrialised countries/developing countries.

Furthermore, in line with the thinking of Klerkx and
Rose (2020) and Lajoie et al. (2020), we note a technocentric
vision that focuses attention mainly on production tools and
obscures administrative tools and support functions. Simi-
larly, the impacts studied remain focused strictly on societal
and economic dimensions. To our knowledge, no research
has closely studied the organisational impacts that could also
contribute to economic and social performance.

Data and methods

Sample and data collection

This research is based on data from a survey initiated by
the Regional Council of Normandy and conducted as part
of an observatory of digital transformations. This observa-
tory is made up of various actors: chambers of commerce,
agriculture and trades, a prefecture, a bank of territories, and
academics (including one of the authors of this paper). The
questionnaire was developed during several working meet-
ings between May 2019 and February 2021. It was drawn
from the field and reflects the concerns of the main stakehold-
ers, including political actors in the region. It was adminis-
tered to 2,046 companies (in agri-food, services, industry,
construction, and trade) located in Normandy in February
2021. The quota sampling method was used. Thus, the sam-
ple retains the same characteristics as the population in terms
of sectors of activity, distribution in the various departments
of Normandy, and size of companies.

The objective of the questionnaire is to evaluate the
level of digitalisation of companies from different sectors. It
includes 39 questions on the presence of digital tools in the
company, the impact of digital technology on the company,
and digital strategies. This questionnaire is intended for sev-
eral sectors of activity and does not refer to tools specific to
a sector. It focuses on the presence and the perceived impact
of various digital management tools (in communication,
production, project management, finance, customer relation-
ship management, etc.). This list emerged from the steering
committees and is comprised of researchers, members of the
Regional Council, and representatives of each sector (includ-
ing the agri-food sector) during the construction of the ques-
tionnaire. Most of the questions are closed (i.e. respondents
have to choose one answer from several choices), while
others are semi-open, leaving the possibility for respond-
ents to add an answer that is not among those proposed.
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Appendix A provides a summary of the variables (from the
questionnaire) used in this research.

In this study, we focus only on 1,159 entities with fewer
than 10 employees. This choice is motivated by the desire to
compare agri-food companies to companies of the same size
in terms of number of employees from other sectors. Indeed,
of the 222 agri-food entities in the sample, 213 have fewer
than 10 employees.

Figure 1 and Figure 2 give details of the composition of
the sample. Proportions represented are close to the sectoral
classification of the National Institute of Statistics and Eco-
nomic Studies (INSEE).

Agri-food is an important sector in the French eco-
nomic fabric' and particularly in certain regions, including
Normandy. According to the INSEE, in 2020, Normandy
represented 4.3% of the Gross Domestic Product (GDP) of
the French metropolitan area. This region is of great interest
for our study because it comprises diverse agricultural activi-
ties: cow’s milk cheese, butter, cream, cider products, textile
flax, and leeks. It also ranks first in the number of horses.
Moreover, its proximity to the sea allows the development of
activities related to fishing and oyster farming.

The distribution of agricultural entities in our sample is
presented in Figure 3.

Breeding activity alone is the most common, accounting
for 42% of the sample, followed by crop production (20%).
Associated crop and breeding activities represent 17% of
our sample. 14% of the entities are support activities (e.g.
agricultural contractors) for a third party in either breeding
or crop production, and 8% have various activities such as
fishing, forestry, and logging. All these activities constitute
the core of the agri-food sector.

Methods

Our research is inductive and is based on exploratory
data analysis; it is an approach based on “discovery, explora-
tion and empirical detection of phenomena in the data” (Jebb
et al., 2017, p 265). Since the literature on the agricultural
sector remains mostly conceptual, adopting an exploratory
analysis responds to the need to discover phenomena previ-
ously unknown or very little addressed. According to Jebb et
al. (2017), data mining promotes the detection of phenomena
within organisations.

Although this methodology is not widely used in man-
agement science, it meets the objectives of our study. It is
a matter of exploring a database without first defining the
problem. “Researchers may conduct analyses that contain
exploratory elements but then package them within a final
confirmatory product. This mixing of exploratory behav-
iours within confirmatory settings allows the data to simul-
taneously generate and test the analytic plan, leading to
hypothesising after the results are known and immunising
scientific hypotheses from falsification” (Jebb et al., 2017, p
266). According to Behrens (1997), exploratory data analy-
sis answers the question “what is going on here?”” and allows

' Itrepresents 1.7% of GDP, while it represents less than 1% of GDP in the United
States and Germany and 1.4% of GDP for all OECD countries according to the lat-
est available data from the World Bank (2020). (https://data.worldbank.org/indicator/
NV.AGR.TOTL.ZS)

5%

18%

67%

Il 0 employee Il 1 to 2 employees

W 3 to 5 employees 6 to 9 employees

Figure 1: Distribution of the 1,159 companies by number
of employees.

Source: Own composition
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Figure 2: Distribution of the 1,159 companies by sector of activity.

Source: Own composition
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Figure 3: Distribution of 213 farm businesses by activity.

Source: Own composition

47


https://data.worldbank.org/indicator/NV.AGR.TOTL.ZS
https://data.worldbank.org/indicator/NV.AGR.TOTL.ZS

Mathilde Aubry, Zouhour Ben Hamadi, Roland Condor, Nazik Fadil and Christine Fournes

for the construction of a rich mental model of the data. This
is the core of our present research.

To meet the research objectives, quantitative empirical
techniques and visualisation are central to exploratory data
analysis in that the former maximise the value of the lat-
ter (Jebb et al., 2017). We therefore use statistical tests that
allow us to compare the agricultural sector and other sec-
tors or to compare agricultural activities with each other. We
use chi-squared tests and non-parametric Mann-Whitney
and Kruskal-Wallis tests to determine whether independ-
ent groups come from the same population, which the null
hypothesis confirms.

In a special issue on visualisation in the “Academy of
Management Journal,” the editors consider that “a picture is
worth a thousand words” (Ertug ef al., 2018). It is therefore
important to represent the data, be it with univariate graphs
(such as histograms) or multivariate graphs (such as descrip-
tive plots). Visualisation via these graphs not only allows the
reader to understand the content of a study but also allows
him/her to remember the same (Ertug ez al., 2018). Visualisa-
tion, which is common in management studies, helps reflect
the quality of the data it represents. Illustrations reveal the
characteristics as well as the relationships inherent and
implicit in the data. The same authors believe that illustra-
tions provide a comprehensive and quick visual to the reader.
Visualisation, in the case of the present study, provides an
optimal exploration of the available data.

Overall, to answer our question, we ground ourselves on
the definition of digitalisation given by Gong and Ribiere
(2021, p 10), mentioned in the introduction and work on
management digital tools.

Digitalisation in the agri-food sector

In presenting our results, first we focus on the presence
of digital management tools in the agri-food sector to under-
stand how agri-food entities are equipped and to compare
their levels of equipment with companies in other sectors.
Then, we continue this comparative work by focusing on

the perceived impacts of digitalisation within the company.
Indeed, as we have seen, digitalisation goes beyond the use
of tools; it also includes the perception that digitising com-
panies in general are interested in meeting global challenges.

Presence of tools in agri-food entities

Table 1 shows that, overall, agricultural entities are
underequipped compared to other very small businesses.
However, the differences between the sectors vary, depend-
ing on the tools used.

Chi-squared tests were performed to verify whether the
differences between the agricultural sector and the other sec-
tors were significant. It appears that belonging to the agri-
cultural sector affects the presence of six different types of
digital tools. Agricultural businesses are significantly less
equipped than in other sectors regarding communication
tools, financial management tools, online document storage
and management tools, collaborative work tools, customer
relationship management tools, and project management
tools. The only tools for which the results are not significant
are business management and steering tools, computer-aided
design and/or production tools, and big data management
tools. It should be noted that the latter are not used very much
overall, as they are present in less than 10% of companies.
Regarding computer-aided design and/or production tools,
we are aware that the terms are not particularly well suited
to this sector. This may have been a source of confusion for
the respondents and may explain the low level of responses.

Table 2 shows the percentage of agricultural enterprises
that employ various tools according to their activity. Busi-
nesses involved in crop production and support activities
are the most equipped with digital tools, while businesses in
breeding most often have the lowest rates. A notable excep-
tion is found in the case of design and/or assisted production
tools: the rate of presence is higher in breeding farming than
in other activities. This is probably due to the digitalisation
of the dairy business (e.g. milking robots and the monitor-
ing of animals through connected objects and smartphone
applications).

Table 1: Share of enterprises equipped with different tools in the agri-food sector and in non-agri-food sectors.

) Tools . Agri-food Non agri-food Total Chi-squared
(percentage of companies for which tools are present) Sector sectors

Communication tools 85.0% 93.2% 91.7% 15.607%**
Financial management tools 27.2% 41.3% 38.7% 14.568%**
Online document storage and management tools 18.8% 31.0% 28.7% 12.623***
Collaborative work tools 13.6% 20.0% 18.8% 4.610%*
Management and steering tools for the company 10.3% 9.6% 9.7% 0.099
Customer relationship management tools 6.1% 15.4% 13.7% 12.786%**
Computer-aided design and/or production 4.2% 7.5% 6.9% 2911
Big data management tools 3.3% 5.8% 5.3% 2.194
Project management tools 1.4% 5.0% 4.3% 5.337**

*HEp < 1%, **p < 5%, *p <10%
Source: Own calculations
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Table 2: Share of enterprises equipped with digital tools in the different activities of the agricultural sector.

Too'ls . . Associated crop Support
(percentage of companies for which tools are Crops Breeding and breeding activities Other
present)
Communication tools 92.9% 79.8% 83.3% 88.5% 90.0%
Financial management tools 33.3% 20.2% 25.0% 38.5% 35.0%
Online document storage and management tools 23.8% 13.5% 16.7% 23.1% 30.0%
Collaborative work tools 11.9% 12.4% 19.4% 15.4% 10.0%
Management and steering tools for the company 11.9% 11.2% 11.1% 7.7% 5.0%
Customer relationship management tools 7.1% 6.7% 2.8% 7.7% 5.0%
Big data management tools 4.8% 3.4% 2.8% 0.0% 5.0%
Computer-aided design and/or production 2.4% 6.7% 2.8% 0.0% 5.0%
Project management tools 0.0% 2.2% 0.0% 3.8% 0.0%
Source: Own calculations
Table 3: Perceived impacts of digitalisation.
Impact of digitalisation on: Average Mann—Whitney test
Very positive (2), positive (1), neutral (0), negative (-1), very
negative (-2) Agricultural sector Non-agricultural sector U

The circulation of information with partners 0.64 0.74 79,948*
Organisation and working methods 0.50 0.69 77,018%**
Deadlines 0.50 0.62 78,091*
The visibility of your company 0.41 0.79 59,646%**
Quality of service to customers 0.36 0.64 62,389%%*
Positioning in the sector of activity 0.36 0.63 63,955%**
Quality of life at work 0.35 0.48 75,853%%*
Cost reduction 0.31 0.43 76 424*
The culture of the company 0.27 041 69 668***
Internal information monitoring 0.27 0.44 41 325%**
The evolution of your strategy (business model) 0.25 0.44 63 606%**
Human resources management 0.14 0.26 30 032%*

*HEp < 1%, **p < 5%, *p < 10%.
Source: Own calculations

Perceived impacts of digital
tools on agri-food entities

For each of the proposals listed in Table 3, below, respond-
ents were asked whether they perceived a very positive (2),
positive (1), negative (-1), very negative (-2), or neutral (0)
impact. An average is again taken for each (see Appendix A).

The first column of Table 3, below, shows that respond-
ents from the agricultural sector have a positive perception of
the impacts of digitalisation, since the averages obtained are
positive. However, they range from 0.14 to 0.64; therefore,
they never exceed 1. More precisely, in the perceptions of
our respondents, digitalisation has an impact on the flow of
information with partners, organisation and work methods,
and deadlines. In contrast, its effects are limited in the agri-
cultural world on the company’s culture, the monitoring of
information internally, the evolution of its strategy (business
model), and the management of human resources. Respond-
ents in this field seem to view digital technology more as
a means of interacting with the outside world (customers,
suppliers, etc.) than as a means of managing internal flows.

While this can be explained by the size of the companies
for aspects related to human resources, it is surprising that
digitalisation does not seem to be part of the strategy or the
culture of the companies. Agricultural companies do not yet
seem to be deeply concerned with digital technology.

In Table 3, the second column presents the scores of
the perceived impacts of digitalisation in the other sectors
and reveals that they are always higher than in the agricul-
tural sector. We used the non-parametric Mann—Whitney
test on independent samples to assess the differences in
perception. The results are all significant; farmers perceive
a lesser impact compared to companies in other sectors,
regardless of the field. This means that beyond the low use
of the tools, they hardly perceive their positive impacts and
reveal a limited vision of digitalisation: dematerialisation
without real transformation, or the transformation of the
business model.

We constructed an “impact score” variable comprising
the average of all perceived impacts, presented above, for
each company. This impact score variable is presented in
Figure 4.
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Figure 4: A group-means plot depicting impact score across sectors.

Note: The dotted lines represent group means.
Source: Own composition

Group

This plot shows how the impact score differs by sec-
tor (agriculture in green-1 and the other sectors in red-0).
From this plot, we observe that the estimated distributions
of both agriculture and other sectors also do not appear to be
approaching normality. This result is also confirmed by the
Kolmogorov—Smirnov and Shapiro-Wilk normality tests.
These tests are presented in Appendix B. In both cases, we
observe an important asymmetry once again. Most of the
firms in our sample, regardless of their sector, have scores
between 0 and 1. Concerning the agricultural sector, the
scores are mostly concentrated between 0 and 0.5. There are
no scores lower than -1. Moreover, the agriculture distribu-
tion seems to have a smaller mean and variance. The average
impact score is 0.39 for agricultural enterprises and 0.56 for
other sectors. Cohen’s d is again 0.37. The non-parametric

Mann—Whitney test (presented in Appendix C) confirms that
the two distributions are not equal (p < /%,). Firms with low
scores are relatively more numerous in the agricultural sec-
tor than in other sectors. In addition, firms with high scores
are relatively less numerous in the agricultural sector than in
other sectors.

The impact score averages according to the activities
of the agricultural sector are presented, using boxplots, in
Figure 5 below. The box plot whiskers range from no per-
ceived impact to very positive.

The non-parametric Kruskal-Wallis test (presented
in Appendix D) reveals that there is a significant differ-
ence between activities in terms of the perceived impact
of digitalisation on agricultural businesses. The impacts of
digitalisation are particularly and positively felt in support
activities. Alternatively, the perceived impacts of digitalisa-
tion are weak in breeding and associated crop and breeding
and may even be negative. Concerning the dispersion of the
distribution, the size of the boxes shows us that it is par-
ticularly important for the support activities and the “other”
categories, which include forestry and fishing activities. This
can easily be explained by the diversity of the respondents in
each of these categories. The dispersion is also particularly
important in crop activity.

Relationship between usage score
and impact score

Figure 6 shows a scatterplot linking the usage score and
the perceived impact score. Here, we differentiate between
agricultural businesses (shown in red-1) and businesses in
other sectors (shown in blue-0). The usage score allows us to
consider the frequency of use of the digital tools and not only
their presence. Indeed, a company can have tools and not use
them or use them infrequently. The usage score is obtained as
follows: for each tool presented above, we assign a score of 0
if the tools are absent or never used, 0.25 when the tools are
present but rarely used, 0.5 when they are used sometimes,
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Figure 5: Distribution of perceived impacts by agricultural sector activities.
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0.75 when they are used often, and 1 when they are used
very often. To obtain an overall usage score, we average the
nine tools presented in Table 1 and Table 2 above. Thus, for
each respondent, we obtain a score ranging from 0 if none of
the tools mentioned are used to 1 when all the tools are both
present and used very often (see Appendix A). In this study,
tool presence and frequency of use were highly correlated.

First, the graphic confirms that the usage score is lower
in the agri-food sector than in the other sectors. The tools are
not only less present, but also less frequently used. Second,
the correlation coefficient for the agricultural sector between
the two variables is 0.38 (p < 1%). It is 0.44 (p < %) for the
other sectors. Therefore, both coefficients are positive and
significant. Logically, the more frequently tools are present
and used, the greater their perceived impact on the company.
From this point of view, the agricultural sector is no excep-
tion. The lack of tools may explain why the perceived impact
remains low in agriculture.

An attempt to understand the digital
development of the agri-food sector

In this section, we seek to understand which variables
may explain why some companies use digital tools more
than others. Our results show that two variables are signifi-
cant. The first is related to the way in which technologies
are introduced into the company, and the second concerns
the manager and his or her integration into professional net-
works.

In agricultural businesses, regardless of their activity,
digital integration is mostly done on an ad hoc basis as
opportunities arise (for 94.2% of businesses). In non-agricul-
tural sectors, the integration of digital tools is done in 14%
of businesses, according to a global and precise digital trans-
formation plan (compared to 5.8% in the agricultural sector).
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Figure 7: Distribution of the score for the use of digital tools
according to the integration strategy of digital tools implemented
and the initiator.
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Table 4: Kruskal-Wallis tests on the usage score according to the
integration strategy of digital tools.
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Figure 8: Distribution of the frequency of usage score according to
the fat that the entrepreneur is a member of one or more professional
clubs or associations in agriculture and in other sectors.
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Table 5: Kruskal-Wallis tests on the usage score according to the
profile of the manager.

Agri Others Agri Others
Usage score Hof H of Usage score Hoof Hof
Kruskal- Sig. Kruskal- Sig. Kruskal- Sig. Kruskal- Sig.
Wallis Wallis Wallis Wallis
Digital technology 13.870 0.000 51.621 0.000 Membership 5.75%% 0015  28275%**  0.000
integration scheme (Yes/No)

***p<1%, **p<5%,*p<10%
Source: Own composition

According to the graph presented in Figure 7, which rep-
resents the role of the integration strategy of digital tools on
the score of their use, we observe that the score for the use
of digital tools is significantly higher when the integration of
digital tools is done according to a global and precise digi-
tal transformation plan. This result is particularly salient for
the agricultural sector. The usage score is statistically higher
than in other sectors when a global and precise digital trans-
formation plan exists (0.39 for agricultural companies and
0.35 for others), whereas it is lower when this is not the case
(0.16 for agricultural companies and 0.20 for others).

Table 4, below, presenting the results of the non-paramet-
ric Kruskal-Wallis tests, reveals that the digital technology
integration scheme intervenes in the score of the use of digi-
tal tools for all sectors, including agriculture.

Unambiguously, the fact that the manager belongs to a
professional club or association encourages the use of digital
tools in the company: the usage score when the manager is a
member of a club or an association is 0.21 and 0.32, respec-
tively, for agricultural companies and others. It is only 0.14
(agriculture) and 0.20 (others) when the manager is not a
member of a club or association, as shown in Figure 8.

The results of the non-parametric Kruskal-Wallis tests
presented in Table 5 show that the differences are significant
for all sectors.
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***p<1%, **p<5%,*p<10%
Source: Own composition

These results are interesting because they suggest that
farmers will have a greater propensity to adopt digital inno-
vations if innovations are part of a global digital strategy
transformation and if farmers are encouraged to use them by
their network.

Discussion and policy implications

The agri-food sector is poorly digitalised compared to
other sectors and a more holistic vision of digitalisation could
lead this sector to an increased use of digital tools due to a
better perception of its advantages (Section 1). The debate on
the impact of digitalisation must address the organisational
level (Section 2). Public policies could be reoriented with
a focus on farmers and a holistic strategy that includes all
stakeholders (Section 3).

The reality of digitalisation in the agri-food sector

Our study reveals several behaviours from farmers
toward digitalisation. First, we highlight an underutilisation
of digital business tools and, more generally, a weak percep-
tion of the positive impact of digitalisation on performance
and strategy. Except for supporting organisations and some
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farms in crop production, rare are the farms that implement
digitalisation, perceive its positive impact, and so understand
the necessity to change. The comparison with other sectors
(retail, industry, construction, etc.) clearly shows that agri-
food seems to be less digitalised. This result is not explained
by the size of the entities. Even though the questionnaire sent
to farmers did not cover digital and connected tools specific
to agriculture, such as GPS on tractors, milking tools, or var-
ious sensors, one question confirms that, at the production
level, digitalisation is not advanced or perceived as essen-
tial. Indeed, our results show that farmers make little use of
computer-aided production tools and even less use of big
data management tools. The only digital tools broadly used
by farmers are communication tools. This can be explained
by several dimensions, including the small size of the farms
surveyed, the characteristics of the farms, or the discourse
of agricultural political institutions, which is more technical-
oriented than business-oriented.

Second, we suggest that the farmers’ institutional envi-
ronment should have a more holistic view of digitalisation.
Indeed, the dominant vision of agriculture digitalisation is
technocentric and production-oriented (Lajoie, 2020). Digi-
talisation in agriculture is mainly defined as the use of digital
tools such as captors and sensors and as the collection of data
to better monitor agricultural production. Digitalisation con-
sists of much more than its data-driven, technocentric view;
it affects the entire value chain (Bucci et al., 2018; Schallmo
et al., 2017; Sibona et al., 2020). Once again, farmers have
lagged behind and made little use of digital tools for sup-
port functions, while successful digitalisation is based on the
interoperability of all digital tools, from production and com-
mercialisation to support functions. Our point of view is that
a holistic view that integrates a techno-productive and busi-
ness perspective should provide more sense and increased
engagement from farmers in terms of digitalisation.

Opening digitalisation issues to
the organisational level

Even if the literature is not unanimous on the positive
effects of digitalisation in the agricultural world, there is con-
sensus on its ability to foster greater sustainable production
and thus feed more people while optimising inputs (Fleming
et al., 2021; Lajoie et al., 2020; Risjwick et al., 2019). Previ-
ous academic papers exposed in the literature review have
focused on the impacts of digitalisation on the production
itself: growth of production, treatment of uncertainty, and
sustainability. They have scarcely dealt with organisational
impacts, with a few exceptions, which we present below.

Overall, our exploratory study notes a positive but weak
perception of this organisational impact. This confirms some
conclusions from the literature regarding the optimization
of costs and deadlines and the increase of competitiveness
(Trivelli et al., 2019). They are more mitigated, however,
when it comes to the improvement of the quality of working
life (Santos Valle and Kienzle, 2020) and changes in strategy
and business plan (Kolsh ef al., 2017). Other ignored by the
literature, such as the internal and external flow of informa-
tion, corporate culture and marginally human resources man-
agement, are added. The positive perception of the impact of

digitalisation on these aspects of organisational performance
remains common, regardless of the branch of agricultural
activity (e.g. culture and/or livestock). However, it remains
significantly lower compared to the perceptions of managers
in other sectors, such as service, industry, and commerce.
Thus, the best perceived impacts are in line with external
relationships, such as the flow of information about stake-
holders, delays, and the visibility of the company. Internal
impacts are seen by the respondents as less important. For
instance, the impact of digitalisation on the monitoring of
internal flows of information, company culture, and strategy
is not well perceived in the agri-food sector. Thus, our results
give the impression that no link exists between the produc-
tion and management functions of agricultural companies,
while the data potentially made accessible by the production
tools could otherwise be considered in decision-making and
in improving internal management processes.

Policy implications

Our results suggest a reorientation of public policies. In
Europe, the digitalisation of the agriculture sector mainly
consists of supporting innovation by favouring transversal
workgroups, including elected representatives of farmers,
academics, start-ups and large farms or cooperatives. It also
contemplates financing innovative projects to transform
ideas into digital products or services that could be sold to
the farmers. The objective of this public policy is to accel-
erate the digitalisation of the agricultural sector and build
sustainable agriculture without altering the productivity
of farms. This public policy is justified by the ecological
transition, the need to feed a growing population, and the
preservation of food sovereignty. However, farmers are not
sufficiently targeted by policies and not sufficiently involved
in local innovative projects.

Our research suggests that farmers should be placed at the
centre of public policies. As we explained previously, most
farmers do not see the interests of digitalisation. For some
of them, digitalisation is comparable to modernisation after
World War II: large firms in equipment and chemistry were the
first beneficiary of the modernisation of the agricultural sec-
tor. Some farmers anticipate the same situation in the case of
digitalisation: they experience the pressure of some start-ups
and large farms trying to impose their solutions on the market.
This research and innovation focus does not attract them in
transversal working groups, even creating mistrust, particu-
larly concerning the use of data (Gardezi and Stock, 2021;
Wiseman et al., 2019). Thus, they see participation in innova-
tive projects more as a constraint than as an opportunity.

Farmers should be attracted by propositions that bring
them immediate value added. As such, it would be interest-
ing to balance the support between innovation and imple-
mentation, i.e. between innovation ecosystems and the farm-
ers themselves. Farmers should be better supported through
investing in digital solutions such as, for example, grants.

These grants could be given to specific farmers who have
a global digital transformation strategy or/and those who
are engaged in deeper sustainable transitions. Encourag-
ing a holistic digital transformation avoids financing digital
tools for production exclusively. The Food and Agriculture
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Organisation (FAO, 2021), for example, explains that in
some countries, investments in infrastructures, e-commerce
or digital food supply chains, farmer training, and social
media are as important as production-related digital tools?.
However, all systems are connected; for example, a farmer
may have an interest in investing in both a captor and soft-
ware to manage his/her production. Encouraging farmers
with a sustainable transition strategy is also preferable, as
there is a need to accelerate the ecological transition of the
agricultural sector. All these propositions allow us to target
the attribution of the grants, control the public expenses, and
cause a catch-up effect in terms of digitalisation of the agri-
food sector compared to other sectors.

A factor that seems to be predominant in the process of
digitalisation in agriculture lies in its affiliations to commu-
nities. The membership of an entrepreneur in one or more
clubs or associations is the most key success factor of digi-
talisation. However, farmers do not seem to look sufficiently
for support from their networks when implementing digital
tools. In this sector, dependence on various stakeholders,
especially regarding administrative issues, is strong. Thus,
it is necessary that decisions, policies, and the promotion
of agricultural digitalisation include all partners. This is the
sine qua non condition for farmers to take full advantage of
holistic digitalisation that integrates and links all their activi-
ties without any technological break.

This is consistent with Rijswick ef al.’s (2019) conclu-
sions that digitalisation in the agricultural sector “requires
an organised reflection, anticipation of and responsiveness
to the consequences of digitalisation in agriculture, for
example including trust in technologies, data ownership and
security, as well as inclusion of all relevant stakeholders to
prevent growing inequality within the agricultural sector,
e.g., the digital divide.” Furthermore, in agricultural busi-
nesses, regardless of their activity, the integration of digital
technology is mostly done on an ad hoc basis according to
opportunities. This situation seems paradoxical because, in
the agricultural sector, a holistic and precise digital integra-
tion plan is an even stronger lever on the score of tool usage
than in other sectors. We thus confirm the need to implement
a holistic strategy that considers the specificities of the sector
and includes all stakeholders.

Conclusions and future research

The aim of this paper is to explore the reality of digitali-
sation in a traditional agricultural territory and to address the
following questions: What is the extent of digitalisation in
the agricultural sector compared with other sectors? What
are its perceived impacts?

First, our results reveal a paradox. Indeed, while digi-
talisation is perceived as a panacea and encouraged by pub-
lic authorities to increase agricultural productivity while
respecting the planet, the reality is that the digitalised agri-
cultural sector is underdeveloped and unequal compared to
other sectors. This gap between actual and desired practices
might originate from a production-oriented and technocen-

2

See also a webinar organized by the FAO in 2021: https://www.youtube.com/
watch?v=it1 3EvasgvY.
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tric vision. A key part of digitalisation is thereby neglected:
digital management tools. An essential link is missing for the
appropriate digitalisation of the sector: the digitalisation of
non-productive functions. It is only under this condition that
digital tools will be able to deliver on their promises, allow
production, optimise all activities, and save resources.

Second, even if the perceived impacts of digitalisation
are positive, their effects remain insignificant. Furthermore,
the actors of the agricultural world seem to privilege the
impacts on external relations and to neglect those on the
internal organisation of firms. We suggest that public poli-
cies should develop a holistic view of digitalisation to bet-
ter engage farmers in this transformation and to include all
stakeholders. The technocentric view seems to be insufficient
for promoting digitalisation in the agri-food sector, and the
organisational issues must be addressed.

The literature on the digitalisation of the agricultural sec-
tor is recent and remains mainly theoretical. Our research
provides a complementary empirical demonstration that
considers organisational issues, going beyond broad eco-
nomic and societal concerns. Thus, it leaves the techno-pro-
gressive framework that is focused on production tools and
decried by certain authors, including Lajoie et al. (2020),
and proceeds to examine management and administration
tools. Admittedly, production is the dominant link in the
agricultural value chain that would benefit from the posi-
tive effects of digitalisation. However, it is also true that all
links in the value chain, including support functions, should
be involved in digitalisation for improved optimisation of
yields (Schallmo et al., 2017) while ensuring sustainability
in the management of all resources.

We identify three limitations to our study that may pro-
vide avenues for future research. First, our research focused
on companies with less than 10 employees, the main charac-
teristic of farms in our empirical study. However, it would
be interesting to expand the sample to include larger compa-
nies. These are indeed more digitalised (Birner et al., 2021;
Rijswick et al., 2021), and it would allow us to assess dif-
ferences in practices. Second, the questionnaire used for this
study focused on general tools without considering sector
specificities. This allowed us to compare agriculture to other
environments to put the digitalisation of the agricultural
world into perspective and to compare practices. After high-
lighting the state of digitalisation in the sector and its limits,
particularly in terms of organisational aspects, it would be
interesting to analyse the agricultural sector in greater detail
using a specific questionnaire. Thus, a future study should
deepen the investigation into the digital practices of farmers,
especially including the use of production tools (connected
objects, sensors, etc.).

Finally, our study finds that the agricultural sector is
less digitalised than other sectors as regards the tools used,
which do not seem to be sufficiently anchored in all stages of
the value chain. It would be interesting to explore this aspect
further through a qualitative study to gain a better under-
standing of this situation. Another complementary issue can
also be explored through a qualitative approach: What does
digitalisation change in the farmer’s daily life?


https://www.youtube.com/watch?v=it13EvasgvY
https://www.youtube.com/watch?v=it13EvasgvY
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Appendix

Appendix A: Operationalisation of Study Variables

Operationalisation of the variables characterising the tools

The variables

Nature

Measure

Presence of communication tools (e.g. email, instant messaging)

Presence Collaborative working tools (e.g. intranet, collaborative
communication platform)

Presence Project management tools (Trello, Slack, Microsoft Teams...)

Presence Online document storage and management tools (cloud computing
-cloud/drive, shared document management)

Presence Customer Relationship Management (CRM) tools

Presence of management and steering tools (ERP (Enterprise Resource
Planning), PGI (Progiciel de Gestion Intégré), SAP.,...)

Presence Financial management tools (e.g.: automated estimates and
invoicing, online accounting, etc.)

Presence Big data analysis tools (data and big data)
Presence Computer-aided design and/or production tools

Presence of other tools

V. Dichotomous

The variables take the value of:
0: if the tool is not present
1: if the tool is present

Frequency of use of communication tools V. Multinomial
Frequency of use of collaborative working tools

Frequency of use of Project Management Tools

Frequency of use of online document storage and management tools

Frequency of use of Customer Relationship Management tools

Frequency of use of management and steering tools

Frequency of use of Financial Management Tools

Frequency of use of Big Data Analysis Tools

Frequency of use of Computer Aided Design and/or Production Tools

Frequency of use of other tools

A Likert scale ranging from 0 to 5:
: DK (Don’t know)

1: Never

2: Rarely

3: Sometimes

4: Often

5: Very often

Score for the use of digital tools

authors)

V. continuous (variable
constructed by the

Average frequency of use of all tools with a
scale of 0 to 1:

0 : if the tools are not present or never used
0.25: if the tools are present but rarely used,
0.5 : if the tools are used sometimes

0.75 : if the tools are used often

1: if the tools are used very often

Operationalisation of the variables characterising the impacts

Perceived impacts on : V. Multinomial
Organisation and working methods

Human resources management

Cost reduction

The evolution of your strategy (business model)

Reducing timeframes

Quality of service to customers

Internal information monitoring

The circulation of information with partners (suppliers, administrations, etc.)
Quality of life at work

Corporate culture

The visibility of your company

Your positioning in the sector of activity

A scale of -2 to 2:
-2 : Very negative
-1 : Negative

0 : Neutral

1: Positive

2: Very positive

Impact score of digital tools

authors)

V. continuous (variable
constructed by the

Average perceived impact of digital tools
within the company
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Operationalisation of the variables related to the digital technology integration strategy

The digital technology integration scheme V.Binomial

Variable with a value of:

1: A global and precise digital transformation
plan

2: piecemeal, as opportunities arise

Club/Association Membership V.Binomial

Variable with a value of:
1:Yes
2: No

The initiator of digital technology integration V.Multinomial

Variable with a value of:
1: the leaders

2: Employees

3: an external company

Operationalisation of the contextual variables: description of the companies in the sample

Number of employees V.Multinomial

Variable with a value of:

1: 0 employees

2 : Between 1 and 2 employees
3 : Between 3 and 5 employees
4 : Between 5 and 9 employees

Business sector V.Multinomial

Variable with a value of:
1: Services

: Industry

: Construction

: Agriculture

: Trade

Agricultural business activity V.Multinomial

: Breeding
: Associated crop and breeding
: Supporting companies

2
3
4
5
1: Culture
2
3
4
5 : Other (forestry, fishing, ...)

Source: Own composition

Appendix B: Normality Tests for the Usage Score and Impact Score

Variables for the Agricultural and Non-Agricultural Sectors

Normality tests®

Kolmogorov-Smirnov®

Shapiro-Wilk

Statistics Ddl Sig. Statistics ddl Sig.
Impact_score .088 917 .000 917 .000
Usage score 175 917 .000 917 .000

* sector_agri = Other sectors
® Lilliefors meaning correction
Source: Own composition

Normality tests®

Kolmogorov-Smirnov®

Shapiro-Wilk

Statistics Ddl Sig. Statistics ddl Sig.
Impact_score 144 194 .000 194 .000
Usage score 211 194 .000 194 .000

* sector_agri = Agriculture
® Lilliefors meaning correction
Source: Own composition

Appendix C: Non-parametric Mann-Whitney tests for the variable impact score to
compare two samples (firms in the agricultural sector and firms in other sectors)

Statistical tests?

Impact_score

Mann-Whitney U
Wilcoxon’s W

Z

Sig. asymptotic (bilateral)

68,759.500
87,674.500
-4.981
.000

* Grouping variable: sector_agri
Source: Own composition
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Appendix D: Kruskal-Wallis Tests on Impact Score by Activity and Details of Distribution by Activity

Statistical tests™”

Impact_score

H of Kruskal-Wallis

13.491
Ddl 4
Sig. asymptotic .009
* Kruskal Wallis test
® Grouping variable: NAF_code
Source: Own composition
NAF_code N Average rank:
Impact_score Crop 40 122.51
Breeding 79 86.82
Associated crop and breeding 32 83.81
Support activities 28 106.09
Others 15 100.20
Total 194

Source: Own composition
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