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Executive summary

Fundamental to pursuing an effective strategy of scaling up DATS usage amongst the European farming
population to reach sustainability goals is understanding how farmers’ behaviour interacts with these
DATSs, and how true DATS adoption in the farming operation comes about. Coming to this
understanding is the goal of Work Package 1, followed by translation of this insight into guidelines for
others on how to then best support farmers to make decisions about whether or not to adopt (a) DATS(S)
on their farm.

The first phase of QuantiFarm Work Package 1 focused on building a solid research body around the
behavioural determinants of DATS adoption. Afterwards, deep dives into three topics that were
distinguished as particularly relevant for DATSs adoption (i.e., gender; autonomy; culture) were
conducted. To this end, several activities were undertaken:

e A broad literature study on technology adoption, DATSs adoption, and farmer decision-
making;

e Test Case farm visits to 15 of the 30 QuantiFarm Test Cases;
e 2 surveys amongst the whole Test Case population, one for DATSs adopters and for DATSs
non-adopters;
e A separate study on non-adoption outside of the QuantiFarm population, to gain more
understanding of our wider audience;
e Three deep dives on gender differences, autonomy and technology, and culture to understand
how these relate to DATS adoption specifically;
e All our research findings together, resulted in a novel framework that connects both the
adoption process of DATSs with the determinants present during this process (this framework
is elaborated upon in chapter 4 of this deliverable):
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QuantiFarm integrated DATS adoption framework

QuantiFarm Integrated DATS Adoption Framework
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To make this collection of data come alive, five farmer stories have been created of anonymous
archetypes. These archetypes are generalised representations of farmers (with certain traits, in certain
contexts), yet they very much inspired by the findings of the Test Case visits, surveys and extra non-
adoption research. These stories portray several specific situations, that can be traced back to
determinants in the integrated framework, ranging from farm and family factors, to attitudes, worries,
motivations and experiences. They include a story on securing the farm legacy through digitalisation, a
story on digital autonomy, a story of an ardent and prudent pig farmer, a story of farmer with a keen
business mentality, and a farmer in doubt about digitalisation.

With all the data collected, this deliverable has served as a reference work for the development of
comprehensible guidelines (in a separate document) for all partners and stakeholders and is intended to
serve others working in related fields, united in their ambition to support farmers in their decision-
making process and adoption of DATSs.
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1. Introduction

The QuantiFarm project focuses on supporting the further development of Digital Agriculture
Technology Solutions (DATSS) as a key factor for improving the sustainability performance (economic,
environmental and social) and competitiveness of the agricultural sector. To this end, QuantiFarm
introduces a comprehensive Assessment Framework for independent qualitative and quantitative
assessments of the multiple costs and benefits of digital agriculture technologies. Ensuring replicability
and uptake of digital technologies by deploying innovative tools, services, recommendations and
making them relevant and of practical use to farmers, advisors, and policy makers across Europe.
QuantiFarm is building the project activities around 30 Test Cases (TCs) which span over 20 countries
in 10 Biogeographical regions across Europe, capturing multiple geo-political and financial settings.
More than 100 farms of different types, sizes, ownership and operating conditions, committed to
participate in the project, both directly but also through cooperatives and large umbrella organisations.
The TCs actively engage farmers, advisors, DIHSs, researchers/scientists, DATSs providers, certification
experts and policy makers. Moreover, QuantiFarm Digital Innovation Academy will be established as
the main capacity building mechanism for advisors and other AKIS actors on the various types of digital
technologies available, their costs, benefits and impact on sustainability and will offer training sessions
for advisors. QuantiFarm comprises 32 partners, representing all relevant stakeholders, including 8
scientific organisations and 12 farmer representatives and consultants.

Central in Work Package 1 (WP1) is the identification of determinants of Digital Agriculture
Technology Solution (DATS) adoption in agricultural practices, in order to understand why and how
DATSs are adopted with different farmers in different contexts, and the accompanying decision-making
process.

Material and immaterial drivers, short and long term goals, and attitude towards technology: these are
just some of many factors -to be elaborated upon on more in chapter 3- that may play a (key) role in
how a farm is perceived and managed (e.g. Huang et al., 2010; Van Velthoven, 2012; Mankad, 2016;
The farming podcast, 2018; Boerenverstand, 2021, etc.). These factors can partially be explained on a
generic level, but may also differ per farmer. For instance, as for some farmers the “love for their job”
and “being outside” is central to their identity as a farmer, for some it is the opportunity to create an
“optimal business”, that can be ‘scaled up sustainably, supported by relevant technology’ (these are
insights from interactions with Test Cases in the first year of the project). The range and impact of such
behavioural factors influences DATS adoption. In the end, this knowledge of DATS adoption is
fundamental to develop behaviour intervention recommendations that can enhance DATS uptake; a
main goal of the QuantiFarm project.

To collect the needed insights, different types of research have been conducted in WP1 (literature study;
surveys; 23 farm visits; a non-adoption study; and specific deep dives on gender, autonomy and culture)
and discussed with the QuantiFarm internal and external stakeholders. All our research, and the
outcomes, are further explained in chapter 2 and 3. The resulting findings on behavioural determinants
have been integrated with the findings on farmers’ decision-making processes, together leading to the
integrated QuantiFarm framework of DATS adoption of chapter 4. This framework helps to recognise
specific ‘threads’, here called ‘farmer stories’, describing how, step by step, DATS adoption comes
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about. In sum, the scope of this deliverable is to conjugate all the findings from the behavioural research
in QuantiFarm so far, to serve as a reference work for further activities.

Next to this reference work, WP1 translated the findings into guidelines for creating interventions in
such a way that DATSs uptake in the EU can be supported: from informed behavioural interventions to
smoothen the adoption process for advisors; to how tooling is being set-up (in cooperation with WP3),
and how policy makers can design scaling programs (in cooperation with WP5). An introduction to
these guidelines is given in chapter 5 of this deliverable; the guidelines themselves are provided
separately in document QuantiFarm_WP1 Guidelines DATS adoption via the QuantiFarm website.

This document is comprised of the following chapters:

= Chapter 1 presents an introduction to the project and the document.

= Chapter 2 describes the research approach, followed by a literature review on known
determinants of technology adoption and agriculture-related technology adoption (as this body
of work has guided the initial steps in WP1). The chapter concludes with the research approach
of the extra research deep-dives that were conducted in 2024.

= Chapter 3 outlines the determinants found in the QuantiFarm project itself will be outlined,
per research activity outcomes. This includes determinants based on Test Case visits and
surveys.

= Chapter 4 goes into the resulting “Integrated DATSs adoption framework™ in which all found
determinants are comprehensively clustered.

= Chapter 5 introduces the consequent stories of farmers that connect these determinants to
actual decision-making and practices on the farm, to vivify the found data.

= Chapter 6 introduces the guidelines that were created based on this deliverable.

= Chapter 7 serves as a comprehensive conclusion to the work in this deliverable.

= Chapter 8 contains the overview references we utilised in the research process.

= Chapter 9 lastly contains appendices for background information in the content.
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2. Approach

An important driver of the design of WP1 activities was the awareness that earlier research on DATS
adoption was, albeit highly relevant, often based on either questionnaires or structured interviews (e.g.,
this is the case in many of the references of chapter 7). These methods inherently leave less room for
spontaneous observations. In fact, directly asking about one’s behavioural drivers is prone to lead to
suboptimal insights, as this is often hard for people to express. Therefore, to genuinely grasp as many
factors influencing DATS adoption as we could, we chose to employ a more observational approach
first. This was then followed by surveys, to get a feel for which findings from the observational study
we could generalise to the wider population.

For the deep dives in the second phase of the behavioural research of WP1, we visited (mostly other)
Test Case farms and farm sites outside of the project to conduct semi-structured interviews focused
around three main topics: gender, autonomy, and culture (expanded upon in section 2.1.5 (deep dive
approach), 2.2 (deep dive literature), and 3.2 (deep dive outcomes). These deep dives allowed us to get
more qualitative insights into these topics that showed up as relevant earlier, and get a feel for how
these topics are connected to DATS adoption.

Furthermore, QuantiFarm adds to the existing knowledge base of previous research on DATSs in a few
ways:

e Concerning the objective and design of the project:

o The objective is to support the further deployment of those DATSs that add to the
sustainability of the agricultural sector;

o The QuantiFarm Test Cases vary a lot in their context and the digital technology
applied (e.g. DSS, robotics) making it possible to compare several situations;

o QuantiFarm is a multi-year project, which gives the behavioural research work the
outstanding opportunity to study variations in (behavioural) dynamics over time;

e Concerning the objective and design of the behavioural work in the project:

o Following from the above, the ultimate goal of the behavioural research in QuantiFarm
is to inform stakeholders on ways to optimise the adoption of truly sustainable digital
agriculture technology solutions;

o By ‘adoption’, we chose to follow a definition tailored to the QuantiFarm project:
adoption of a DATS in our case means that the DATS is applied in the daily and/or
cyclical farming practice, as part of the farmer toolset to undertake sustainability-
oriented operational and/or managerial practices;

o Our focus is also on decision-making and adoption as a process over time, as we know
that adopting a DATS is not a binary yes/no decision, but rather influenced and shaped
by many factors during a longer time span;

o We sharpen our results by giving specific attention to non-adoption to provide a deeper
and more balanced view on DATS adoption;

o And lastly, to be effective in our outcomes, we take a targeted approach to identify
those enablers that can be scaled, and the barriers that can be overcome.

Our approach to gain the insights specific to QuantiFarm is comprised of a combination of literature
research, Test Case farm visits, surveys and workshops. With this mixed method research, we aimed to
collect a wide spectrum of data, allowing us to find patterns in farmers’ decision-making around DATS
adoption. Below, all steps in our approach are described shortly.

10
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Good practice in the research domain is to scan the literature that is already available, and that either
contains directly applicable data, or can inspire ways to collect new data. A literature study also prevents
too much overlap between research thereby ensuring that the current research truly adds to what is
already there. Therefore, WP1 started with a literature study at the beginning of the project. However,
the integration of existing research remains a basic activity, even in the upcoming stages of the project,
so this will be continued whenever relevant.

The main outcomes of our literature study are described in this chapter (paragraph 2.2). In the third
chapter we consequently add all the findings from the QuantiFarm project itself.

Central to QuantiFarm are the farm visits undertaken to the Test Case (TC) farms, and farmers, of the
project. Conducting field visits helps to truly engage with farmers, ensuring that a dialogue can take
place in a trusted environment and thereby increase the chances that meaningful stories of adoption
(with uncertainties, attitudes, etc.) are expressed. It also gives researchers a better understanding of the
context in which farmer decision-making takes place. The research team employed “participatory
observation” (Sirris et al., 2022) during the field visits, which means a researcher observes a
participant—in this case, a farmer — during longer stretches of time during their daily activities,
simultaneously exchanging on what is going on and why.

After walking the field and visiting the premises, the researchers and farmer (and others present, such
as the advisor or TC manager) continued to a different location for a semi-structured interview. Ideally,
this was held at their home or canteen. This served the dual purpose of creating a safe and comfortable
setting to speak freely, and of allowing us to get an idea of the more informal processes, habits and
family influences on the farm, all of which contribute to how innovations find their way onto farms.
The entire visits usually lasted a couple of hours and without exception the researchers felt cordially
received and were given a thorough insight into daily farm practice.

The researchers recorded the main aspects of the field visit by taking notes and pictures; interviews in
turn were recorded via notes and sometimes audio recordings. Reports per TC (with photos, a short
recap and main insights/take-aways) are available in two separate documents (the Reports on Test Case
visits on the QuantiFarm website).

A second round of TC visits, and also visits to farms outside of the project, was conducted at a later
stage of the research. These visits are described separately to most accurately illustrate that they served
a different purpose (i.e., delving into the deep dive themes that emerged from the findings of the first
round of TC visits and from the survey results). In total, 23 farm visits have been conducted all over
Europe (Portugal; Spain; Italy; the Netherlands, Belgium; Germany, Ireland; Finland; Greece; Croatia;
Romania).

In this deliverable, all aggregated findings are elaborated upon in chapter 3.

Given the goal of the project to support the uptake of DATSs Europe-wide, a logical next step in the
research is to gather the surfaced insights from the individual visits and have them reflect upon by a
larger population. The survey conducted in April of 2023, targeted towards all the adopter TC farmers
that are deploying the DATS under assessment in the project and have a say in the decision-making,
was aimed to do just that. The survey consisted of a few components: open questions to distil the

11
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respondents’ own stories (e.g., by reflecting on two anonymised TC farm visit stories); prioritising
determinants; and indicating how the relationship with the DATS on the farm is perceived. The whole
survey can be found in appendix B. The survey was filled in by 24 Test Cases and 40 farmers (some
TCs have more farmers working with the DATS who responded to the survey).

End of May / beginning of June of 2023, this survey was followed by a largely comparable survey, this
time specifically targeted towards the so-called non-adopter farmers linked to the TCs that do not
employ the assessed DATS. The goal of this survey was to find out where significant behavioural
differences can be distinguished between the two groups. This helps to both deepen the understanding
of the dynamics, and ensures that consequent steps, such as the development of guidelines, are even
more fine-tuned. In the end, 15 out of 30 TCs responded to this non-adopter survey, with 17 respondents
in total (2 TCs had 2 respondents).

Lastly, for even broader coverage, we also turned our scope to farmers outside of the QuantiFarm
project who are not (yet) adopters of DATSs, as they are in the end a target audience for the project
outcomes. We did that in cooperation with the Dutch branch of the Slow Food Youth Network (SFYN?).
SFYN stems from the Slow Food movement, an organisation with communities worldwide to “prevent
the disappearance of local food cultures and traditions™ as a counteract on “fast food”. The Slow Food
movement aims to ensure everyone has access to “good, clean and fair food”. The related SFYN
Academy works with a selection of 26 experts studying or working within the foodchain who follow a
half-year program. During this time, themes such as culture, politics, agricultural technologies and the
environment and their effect on the food chain are researched, taking into account the whole chain from
production to consumer. SFYN’s additional research has added value in two ways. First, the process
and methodology brought insights into useful research approaches, making it possible to evaluate what
method of research works for this target group and context. Second, the outcomes of the research gave
a first glance and better understanding of non-adopters, not involved in the project but certainly a target
group of the project, in the Netherlands. The research approach itself is described in detail in appendix
D. The outcomes can be found in chapter 3.4.

The findings from the previous phases of the research (i.e., literature study, test case visits, surveys, and
additional research on non-adopters) gave us a general overview of the literature on technology adoption
in agriculture, provided insights into the population of farmers, including non-adopters, and showed
gaps in the knowledge on behaviour innovation in agriculture. These results supplied the basis for the
second part of the research and highlighted the need for addressing three gaps in the knowledge through
a series of so-called deep dives, i.e., gender, autonomy, and culture.

e Gender came up from the test case visits, where the interactions between men and women on
the farm (usually as the farmer and his wife) raised questions about work divisions,
opportunities for women, and decision-making responsibilities.

e Autonomy was an evident theme throughout: for istance, the focus on self-reliance in the
conversations with farmers, and the survey results (see chapter 3) that point towards a
preference for DATSs that are not fully autonomous, motivate an extra study into this topic.

e Culture is an obvious choice for a deep dive, as a European project inherently includes different
countries and cultures.

The three deep dives were undertaken in a series of steps. First, background research was gathered by
reviewing findings from previous phases of research and by scanning the literature. Then, farm visits
were planned with 14 farms across 6 countries. These visits were conducted as semi-structured

1 More information about SFYN: https://www.slowfood.com/about-us/
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interviews in order to lead the conversation along the three topics while still leaving ample room for
spontaneous input and observations. We prepared for the semi-structured interviews by sending out a
pre-visit questionnaire and integrated elements of a behavioural coding protocol (Malik & Lindahl,
2004) and relational mapping. These approaches are briefly explained below.

Semi-structured interviews (SSIs) are a robust, qualitative research method well-suited to situations
where closed questions alone may be insufficient to achieve in-depth insights (Adams, 2015).
Compared to more structured interviews, SSIs use probing follow-up questions (such as how and why)
to maximize understanding of the respondent’s experience, and they allow the conversation to wander
naturally to capture topics relevant to the respondent rather than those prescribed by the interviewers
(Adams, 2015). They are especially suitable in situations where respondents might not feel comfortable
speaking candidly in front of others, where the aim is to understand “independent thoughts of each
individual in a group”, and where the particular subject matter is relatively unexplored meaning that
freedom to explore new leads that may emerge is highly valuable (Adams, 2015).

The current study matches all three characteristics, which motivated the choice of SSI as one of the
methods utilised. Our SSls included both a dyadic (“duo™) interview as well as individual interviews
with each of the repondents. The decision to interview the dyad individually was made due to the
sensitivity of some of the topics, such as gender and relationship dynamics (e.g., in relation to joint
decision-making). It was imperative to create an opportunity for both people not only to speak freely,
but also simply to have their own ‘airtime’ in case one was more talkative. It also allowed each
repondent a break to avoid fatigue, which was critical in such a long interview.

Approximately two weeks before each deep dive TC visit, a short questionnaire was sent to be
completed by both repondents. The questionnaire asked basic information (e.g., name, role on farm,
relation to other repondent), logisitical information (e.g., will you be comfortable conducting the
interview in English or Dutch or would you like us to provide an interpreter?), and a few questions on
each deep dive topic. The questions were adapted from established measures for each topic. This
provided us with a preliminary insight into the repondents but also served the important purpose of
giving the repondents an idea of the types of topics that we would be discussing during the visits. The
topics of gender, autonomy and culture are complex and abstract, and may well be unexpected in farm
visits from an agriculture- and technology-focused research project. Therefore, for the success of the
visit, it was beneficial to have the farmers expect such a discussion (also for deciding whether or not an
interpreter would be needed). The topics were also front-loaded in our invitation emails for extra clarity.

During the deep dive farm visits, we broke up the extensive conversation (semi-structured interviews)
with a creative activity called relational mapping. In this activity, respondents use sticky notes to map
out how they see themselves, their farm, their DATS, and other relevant people, things, and concepts
as relating to each other. Where the participant places a sticky note in relation to another sticky note
indicates something about the relationship they perceive between the two things. For example, if a
farmer writes down their spouse's name first and places it overlapping with their “me” note, this would
indicate perceived closeness and the spouse playing a bigger role in the farm “world” than a farmer who
did not mention their spouse at all in this brain map and instead included only business-related ideas.
As another example, a farmer who puts “the farm” above “me” might be feeling the burden of the farm
upon them. This should not be guessed or assumed. Participants can explain their reasoning as they go,
and researchers can ask questions. In the present research, participants started with three sticky notes:
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me”, “the farm”, and “technology”. After that, they were free to write down any and as many other
things (people, values, ideas, etc.) as they wanted on additional sticky notes and place them down too.

Relational mapping is a type of graphic elicitation technique. These techniques allow participants to
create a visual representation of a concept (Copeland & Agosto, 2012), in this case their farm. This
often helps participants to express complex ideas (Copeland & Agosto, 2012). The technique also helps
participants to maintain their train of thought (because they can quickly jot something down then return
to explain it later) and helps them to develop their ideas further because they can look at their map to
spark new ideas, leading to richer data overall (Copeland & Agosto, 2012). This technique works well
with semi-structured interviews because the combination of mapping and open questioning allows
researchers and participants to ensure they are understanding each other correctly, generating more
accurate and consistent data (Copeland & Agosto, 2012). For experimental control, sticky notes were
placed down on a square cloth (approximately 90cm long and wide) provided by the researchers. This
created the same “blank slate” for all respondents despite the fact that the interview locations varied
greatly.

On most farms, couples (usually husband and wife) work together to run the farm and their family. This
requires complementing each other both in farm-related as well as family-related tasks, and making
decisions together. In order to add depth of understanding of this relationship, we drew from a
behavioural coding protocol to gauge the hushand-wife interaction with each other. Such a protocol
helps researchers to code, for example, how often one of the partners interrupts the other, how often
they look at each other, and how often they finish each other’s sentences. Behavioural coding protocols
are used across different research domains, such as team functioning and relationship research. For our
Test Case visits we made a selection from the System for Coding Interactions in Dyads (SCID) by
Malik and Lindahl (2004). Although not all dyads in our study were married couples, the majority were.
For those who were not, the coding protocol may still stand to offer insight into the close dyadic
relationship between the two people and to broaden the scope of our attention and deepen understanding
of the dynamic between the farm decision-makers.

The diversity of the countries visited during the deep dive research was considered in terms of their
scores on Hofstede’s cultural dimensions (Hofstede, 2022). While it can never be assumed that a small
number of individuals represent their entire culture, this consideration at least implied that the research
was not pre-emptively limited to an overly narrow national cultural sample. Nevertheless, the six
countries visited (Spain; The Netherlands; Belgium; Finland; Ireland; and Romania) do a good job at
representing the full range of the twenty European countries involved in QuantiFarm, according to
Hofstede’s dimensions. For example, on the measure of power distance, referring to the level of
hierarchy that people in a country accept, of all twenty QuantiFarm countries, the highest and lowest
scoring are Romania and Ireland, respectively. Thus, Romania is a country in which people are used to
and accept high levels of hierarchy between, for example, a boss and subordinates, whereas Irish people
prefer a more egalitarian way of working and communicating. Both countries were visited during the
deep dives, meaning that data in this respect was as widely representative as possible. In all six
dimensions, i.e., power distance, masculinity-femininity (more or less distinct gender roles), uncertainty
avoidance (more or less risk averse), long-/short-term orientation (focus on future vs. present),
individualism-collectivism (focus on self vs. group), and indulgence-restraint (more or less freedom for

14



D1.2: Behavioural Determinants for DATS Adoption - final version

enjoyment), our visited countries came extremely close to capturing both the maximum and minimum
QuantiFarm country scores (if not actually being the maximum or minimum)?,

As the attention for digital technologies to support sustainable innovations in agriculture grows, so has
the amount of research on the dynamics around their adoption (e.g., Rose, et al., 2016; Barnesa et al.,
2019). Technology adoption in general has already been researched for many decades, with models
being continuously refined based on new insights (e.g., Davis, 1989; Venkatesh et al., 2003) and
systematic literature reviews compiling the evidence (e.g., Rizzo et al., 2023). This makes that
QuantiFarm has a great body of work to start with for understanding behavioural determinants in our
current practice. Adoption of agricultural technology however, even more specifically digital
technology in agriculture, can be regarded as a subsection of these more general frameworks, and as a
result has been researched less than general technology adoption. In the following paragraphs, we report
on the main findings of the literature research, for both generic and agricultural technology adoption?®.

In order for technology to be adopted, acceptance of it by the intended user of the technology is key.
When and how people accept technology has been researched extensively, leading to multiple
technology acceptance/adoption models, some of them comprehensively put together by Taherdoost
(2018) who aimed to support information system developers with this overview (see figure 1 below).
Rather well-known examples included in the overview are the Technology Acceptance Model (Davis,
1986; Davis, 1989; Davis, Bagozzi & Warshaw, 1989); the Theory of Planned Behavior (Ajzen, 1985);
the Diffusion of Innovation theory (Rogers, 2003); the Theory of Reasoned Action (Fishbein & Ajzen,
1975), Model of PC Utilization (Thompson, et al., 1991); and the Unified Theory of Acceptance and
Use of Technology or UTUAT (Venkatesh, et al., 2003).

Theory of Interpersonal
Behavior (TIB)

Theory of Planned ]

Behavior (TPB)

Theory of Reasoned Action
(TRA)

Igbaria’s Madel (IM)

Technology Acceptance

Social Cognitive Theory
iy Model (TAM)

(SCT)

N . . Acceptance Model
Diffusion of Innovations Perceived Characteristics
Theory (DOT) of Innovating Theory

Extension of Technology

Adoption Motivational Model
i (MM
Models

Uses and Gratification

Theory (U&G)

The Model of PC
Utilization (MPCL)

Unified Theory of Acceptance and - e T
Use of Technolagy H Compatibility UTAUT J

Figure 1: Adoption model overview (Taherdoost, 2018)

2 The range of scores of all twenty QuantiFarm countries versus of the six countries visited in the deep dives,
respectively, are as follows: power distance: full 28-90, deep dives 28-90; masculinity-femininity: full 9-70, deep
dives 14-68; uncertainty avoidance: full 35-112, deep dives 35-94; long-/short-term orientation: full 24-83, deep
dives 24-82; individualism-collectivism: full 25-89, deep dives 30-80; indulgence-restraint: full 13-70, deep
dives 20-68.

3 Not all studied documents are reported here; for the entire overview, please contact the authors.
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For the QuantiFarm research the latter one, the UTAUT framework, was employed as a starting point,
as this model in itself is unification of different models that incorporate aspects that are estimated to be
relevant in DATS adoption, too, such as social influences. We will thus elaborate a bit more on UTUAT
below.

Unified Theory of Acceptance and Use of Technology (UTUAT) identifies four key factors that can
influence the intention to use technology, and therefore actual use:

e Performance expectancy: this refers to the extent to which an individual believes that using a
technology will help them to perform their job or task more effectively or efficiently. This can
be influenced by factors such as the perceived usefulness of the technology and the extent to
which it aligns with the individual's goals and needs.

o Effort expectancy: this refers to the perceived ease of use of the technology. This can be
influenced by factors such as the perceived complexity, the level of user support and training
available, and the individual's prior experience with similar technologies. Social influence:
social influence refers to the extent to which an individual is influenced by the opinions and
behaviours of others when deciding whether to adopt and use a technology. This can be
influenced by factors such as the perceived norms of the individual's peers or colleagues, and
the extent to which the individual values social acceptance and approval.

o Facilitating conditions: these refer to the external factors that can either facilitate or hinder the
use of technology. These can include factors such as the availability of resources and
infrastructure, organisational policies and culture, and regulatory frameworks. The UTAUT
model also recognises that individual differences can influence technology acceptance and use,
such as gender, age, and experience.

e Additionally, the model suggests that the relationship between intention to use and actual use
may be influenced by other variables, such as external barriers and constraints (Venkatesh, et
al., 2003).

Although it is comprehensive and rather complete, UTAUT is a general adoption model whereas we
are most interested in digital technology adoption in agriculture. Our literature study has therefore also
focused on existing research on DATS adoption. In the literature, we roughly distinguish a difference
between precision-related technologies, and decision-support systems.

Precision agricultural technologies (PATs) ensure “plants (or animals) get precisely the treatment they
need, determined with great accuracy™. From previous research (e.g., Barnesa et al., 2019) we find that
farmer attitudes towards precision technology can differ: non-adopters without adoptive intention, often
perceive that the technology takes too long to see a return on their investment, and the upfront costs are
perceived as too high. Farmers who did adopt PATS, but do not wish to invest further, are predominantly
uncertain of the outcomes and how effective they truly are. Evaluation of the benefits and payback is
extra complicated by the diverse application areas and geographical contexts of PATs. Next to the
financial considerations, a PAT may challenge ecological-identity principles of some farmers: as PATs
are mostly known to support systems focused on intensive farming, this may create a barrier for farmers
who could benefit from them, but are highly reluctant to compromise on their attitude and image as an
ecological farmer (Barnesa et al., 2019). Specifically in the context of organic farmers, this finding has
also been confirmed by Naspetti et al. (2016); organic farmers are motivated first by environmental
concerns, and by (other) economic concerns secondarily. They demonstrate a desire to produce healthy
products and avoid chemical use, motivated mainly by protecting the environment, and will make their
adoption decisions accordingly.

“ https://www.wur.nl/en/Dossiers/file/dossier-precision-agriculture.htm

16



D1.2: Behavioural Determinants for DATS Adoption - final version

Also age, education, scale of agricultural area, income, farm specialisation, and current farm
technologies play a role in the adoption of PATS, at least in the five European countries this same
research was conducted (UK, Germany, The Netherlands, Belgium and Greece). Younger, higher-
educated farmers managing larger agricultural areas with higher incomes, are indeed more likely to
adopt PATs, compared to older and lesser (“informally”) educated farmers, as found by other research
(e.g. Schimmelpfennig, 2016; Miller et al., 2017). Furthermore, labour seems to play a role: adopters
have more regular employees (Paustian and Theuvsen, 2016), while unpaid farm labour, such as family,
may actually slow down the adoption (Schemmelpfenning, 2016), perhaps because of the unwillingness
to break with the family traditions. There are also signs that owner-occupied farmers are more likely to
adopt, due to access to capital for machine investment (Paustian and Theuvsen, 2016). And, when a
farmer has access to support, advice and/or information from peers, this will positively influence PAT
adoption by reducing uncertainties (Miller et al., 2017).

PATSs are now usually considered to be an extra pair of eyes. However, PATs do have the potential to
accelerate so-called smart farming, where precision technologies not only secure access to (real-time)
information, but also play a key role in the decision-making. To get to this point though, the PATSs need
to be quicker than manual labour; more energy efficient; and be supported by better internet (Moysiadis
etal., 2021).

Other research has turned attention to more psychologically-driven adoption determinants that are not
necessarily focused on PATs or DATSs, but more on sustainable farming measures in general that are
worth mentioning. For instance, fulfilment of basic psychological needs (e.g., safety, security, good
health, feeling socially connected) motivates farmers’ implementation of sustainable measures
(Meierové and Chvatalova, 2022). In other words, if these are not in place, it is hard to consider
investing in new solutions. But also, farmers adopt new practices when they perceive clear and tangible
financial and practical benefits. Why? Because farmers contend with complex daily decisions that
consume their attention and emotional capacity, leaving limited cognitive capacity for decisions that
seem less urgent, such as considering to implement something new (Mankad, 2016).

The use of decision support tools on the farm are aimed to give farmers evidence-based guidance in
their farming decisions. Often, they are targeted towards supporting productivity and making financial
decisions, but more and more they focus on supporting with sustainable/environmental decision-
making. In many cases in fact these go hand in hand (e.g., when decision-support is given on minimising
the use of inputs).

The Theory of Uptake and Use of Digital Support Tools (DSTSs) in agriculture (Rose et al., 2016) has
proven to be a useful tool for understanding the adoption and application of digital technologies in
agricultural contexts, and has therefore also inspired our research. It is largely comparable to the earlier-
mentioned UTAUT model, but the main difference is their scope, where the DST model focuses on the
agricultural context. Furthermore, the DST model does acknowledge the UTUAT factors of
expectations (on performance and ease of use), social influences and facilitating conditions, but it also
highlights the critical role of technology characteristics and external factors, such as policy and
regulatory frameworks, in influencing the successful adoption and use of DSTs. Interestingly, as the
model clearly distinguishes between uptake and actual use of the decision-support tool, it is only the
factor of “compliance” (e.g., to legislative measures) that will directly influence use, as most other
factors will influence uptake, but not necessarily (proper) usage. This difference between uptake and
use is a relevant distinction we will also incorporate in our further work.

The DST model also mentions the importance of the trust, and compatibility between the farm advisor
and the farmer as determinants of adoption, which acknowledges the fact that many decisions of farmers
take place in agreement with other trusted parties, not in the least decisions on new investing in new
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technologies. Lastly, the model by Rose et al. (2016), illustrated in Figure 2, points out how the
marketing of digital support tools is actually a driving factor of the uptake of them.

Compliance Level of
Performance (legislation) marketing

R?c:elrzgrce Support Tools in

Farmer- Agriculture
adviser
compatibility

Scale of Farming IT Modifying
business type Education factors

Figure 2 Theory of uptake and use of DST in agriculture. From Rose et al. (2016)

2.2.1. Digital agriculture technology adoption

As we have already concluded that DATS adoption is not a binary yes/no decision taking place in
isolation, an important objective for WP1 is to capture farmers’ experience of DATS adoption from
start to finish. Such a broad scope is crucial to align with the mission of QuantiFarm, which follows
farmers and measures experience over time. Support for this perspective has been found in the literature,
where it is recognised that technological change is not a simple, linear, dichotomous switch but rather
a complex, interactive process situated within a broader context. Glover et al. (2019) put forth a
framework to capture this complexity, characterising technology change in four components that may
be placed on a decision-timeline: first, what are the key elements of the proposition, or the technological
solution on offer; then, in what way can a farmer encounter the technology; next, how does this
encounter and the proposition itself shape the dispositions of the farmer and the disposition of the
farmer’s social context such as the family (attitude, perceptions, uncertainties, etc) towards the
technology; and, lastly, how does a farmer then in fact respond (i.e. is there a willingness to try it out
and what happens during the trial; is there a refusal altogether, or immediate enthusiasm to implement?).
Of course, this is not yet the complete story. Even after the DATS has reached the stage that it is actually
implemented, still a lot can take place, or in fact, go wrong. For instance, decision-support tools can be
used in a different way than originally intended: e.g., at what moment they are used; which applications
are used; and how the given data is interpreted. This can lead to suboptimal use of the tools and thus
sub-optimal results (Glover, 2019).

Resulting from all of the above, we can safely say that the determinants of DATS adoption vary greatly,
and the implications of how farmers actually come to a choice to invest in DATSs and use them
effectively is a domain to explore further. In the following chapter, we add to this body of research with
the results of our own research in the QuantiFarm context.
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This deep dive focuses on disentangling the effects of gender on technology adoption among farmers.
In general, men and women still face stigma and stereotyping in occupations traditionally dominated
by the other gender, such as farming (Van Veelen & Veldman, 2020).

Social scientists have been addressing the disadvantaged position that women have in male-dominated
domains, for example in the field of medicine, the energy transition and peacekeeping missions.
Disadvantages for girls emerge from a young age and continue through adolescence and beyond
(Mackin, 2006; Carter, 2014). Girls and boys are socialised in different ways, such that fewer
opportunities arise for girls than for boys in, for example, STEMM (science, technology, engineering,
mathematics and medicine) fields (Mackin, 2006). These sentiments — starting at the age of 6 years old
- such as the construction that science is “for boys” and seen as “unfeminine” (Macking, 2006) -
contribute to the gap between girls and their full potential. These differences impact the educational and
career choices that girls/'women make later on, illustrated by the statistic that only half the women who
chose to do a beta study in STEMM stay in the field, meaning that the other half leaves the sector. Such
cultivation occurs both private (home) and public (educational institutes) spaces and is harmful not only
for girls and women, but also for boys and men (Clowes, 2013). Working to recognise, unpack, and
mitigate the opportunities that girls and women miss over the course of their lifetimes due to our
collective (unconscious) biases is essential, as doing so has the potential to enhance our society on
social, economic, political and environmental levels.

It is not uncommon for certain fields to transition from being dominated by one social group—in this
case, women—to being predominantly occupied by men. A notable example can be found in the history
of programming, where women initially played a central role as "computers," performing complex
mathematical calculations and foundational work in the field (Lockheed, 1985; Light, 1999) . Similarly,
fields such as clerical work, teaching, and telephone operating were once considered highly suitable for
women but shifted towards male dominance or greater gender parity as their perceived importance or
professional status grew. Another example is the medical profession, particularly in the 19th century,
where nursing was primarily women's work, while surgery and other high-status medical roles were
dominated by men (Salles et al., 2019), a trend that persists in some specializations today (Lim et al.,
2021). These shifts often reflect broader societal dynamics and the changing valuation of labor within
these domains

This occurred also within agriculture, which is now thought of as masculine despite the fact that it was
women who first cultivated and worked the land (Inhetveen, 1998). This discrepancy limits the
conversation about women on the farm and their influence, then and now. Indeed, it is still debated
whether the role commonly believed to be played by men was actually played (only) by men. Recent
revelations about the hunter-gatherer theory, which focuses on the time before settling on one piece of
land (farming), raised new questions about (gender) role division, when it was found that women
actually made the first tools and also hunted (Anderson et al., 2023).

Another pattern seen within such shifts of dominated gender change, is that women are
underrepresented in cultural stories. In fields such as STEMM, literature & arts and even in our street
scene (think of statues) (Su & Rounds, 2015; Oliver, 2017; Nelson & Seager, 2008), men’s
contributions are not only portrayed more dominantly, but significant contributions made by women
are, by contrast, overlooked (Schaffer, 2000; Tsjeng & Tsjeng, 2018; Jung & O’Brien, 2019).

Also, agriculture is still a male-dominated domain and, similar to the examples above, women were and
still are overlooked (Brandth, 2002). Because of this, it is likely to assume that also in innovation
processes women are unrecognised.
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Such gender dynamics throughout the innovation process are prone to result in gender differences in
the last phase of innovation, namely in technology adoption and in the actual usage of technological
systems. These dynamics mean that innovation itself may neglect the full range of perspectives,
resulting in an incomplete and less thoroughly thought-through process and product that serves all.

Although consensus about the influence of gender on technology adoption has not yet been reached
(Rizzo et al., 2024), this deep dive sheds light on women and their role on the farm. In our results as
discussed in the next chapter, we attempt to portray a more complete (gender) picture of the agrisector
and how women experience DATSs.

In the first phase of the WP1 collection, it was identified that a farmer’s sense of autonomy in relation
to DATS adoption is an important theme. This inspired this deep dive topic. The research team noticed
that farmers would comment that they enjoyed working for themselves and that they were frustrated by
the government telling them how to run their farms. In discussions about technology, another emerging
sentiment was that they know what is best for their crops and want to be in control of that (as opposed
to having crop care decisions be automated). These comments indicate a common theme being placed
upon personal autonomy.

Given the focus of WP1 on the behavioural and psychological determinants of DATS adoption, this
research adopts a psychological definition of autonomy as one of the three basic psychological needs
outlined by the well-known “Self-determination theory” (SDT). SDT conceptualises “basic
psychological needs for autonomy, competence, and relatedness as innate and essential for ongoing
psychological growth, internalisation, and well-being” (van den Broek et al., 2016). For research
purposes and relevance, we will only focus on the need for autonomy.

A strong body of research has shown that the need for autonomy is universal, although there is also a
selection of literature which suggests that there may be cultural differences in the degree to which
people value autonomy (van den Broek et al., 2016). Satisfaction of one’s need for autonomy increases
intrinsic motivation and engagement, which in turn increase one’s sense of well-being (Karimi &
Sotoodeh, 2020). People who feel that they have sufficient autonomy (i.e., whose need for autonomy is
met) tend to experience lower workload and fewer emotional demands (van den Broek et al., 2016).
Two distinctions for this concept of autonomy should be made. First, the need for autonomy refers to
the need to act with ownership and choice over one’s behaviour (van den Broek et al., 2016). It does
not necessarily mean choosing to act independently of the wishes of others; it involves having the
psychological freedom and ability to choose how to act, whether the chosen behaviour is in compliance
with the wishes of others or not (van den Broek et al., 2016). Second, our definition of autonomy refers
to the basic psychological need and not to autonomous technology.

The Harvard Business Review (2023) made the recommendation to avoid targetting fully automated
products to identity-motivated consumers. It also made the recommendation to communicate
technology as a complement rathen than as a replacement, based on the finding that identity-
motivated consumers had more positive attitudes to an appliance described as letting them use their
skills than to an appliance described as handling the task completely. These recommendations are
based on the principle that automation of an activity can be perceived as a threat by people who
identify with that activity. This can be understood in terms of autonomy, in that a person’s need for
autonomy is satisfied by performing a task that they feel represents them (i.e., that they identify with)
and that automation of this task would remove that sense of fulfilment.

As Quantifarm examines Test Cases across Europe, national, regional, and ethnic culture were
important variables to take into account. As such, the culture deep dive was aimed at identifying cultural
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aspects in DATS adoption®. Behavioural differences between cultures or countries are often described
using the cultural dimensions by Hofstede (1980, 2001). He introduced six dimensions that can help to
explain differences in the way people across countries work and live together:

1. Inidvidualism versus collectivism, i.e., more focussed on individual or group;
Power distance, i.e., more or less hierarchical;

Uncertainty avoidance, more or less risk averse;

Masculinity versus femininity, i.e., more or less distinct gender roles;

Short versus long-term orientation, i.e., focussing on past and present or future;
6. Indulgence, i.e., more or less freedom to enjoy and have fun.

gk~ own

In the domain of technology adoption, these dimensions have proven to be useful for making sense of
differences between the ease and speed with which people, in this case farmers, adopt innovative
technology. In general, technology adoption seems to occur more slowly in collectivistic societies, since
social networks in those societies are more closed and contact with outsiders is not encouraged (Fogli
& Veldkamp, 2019). In individualistic countries, on the other hand, individuals are encouraged to be
more open to outsiders, think of new ideas, stand out, and take risks. Therefore, individualistic societies
have more favorable attitudes towards technology and its adoption (Jayasekara & Fredriksson, 2021).
Even when controlling for economic variables such as GDP, education and level of democracy,
geographic factors (such as temperature and land lockin), and historical factors, the effect of
individualism on technology adoption remains strong and positive. It should be noted that some studies
do not show the relation with individualism and collectivism (Murcia & Whitley, 2007; Ryschka &
Bick, 2013).

The distinction between individualistic and collectivistic societies resembles the distinction proposed
by Lee et al. (2013) between Type | cultures and Type Il cultures, respectively. This research shows
that "in Type | cultures, innovation has a significantly higher level of effect on adoption than it does in
Type Il cultures; and in Type Il cultures, imitation has a higher degree of effect on adoption than it does
in Type | cultures. These findings imply that in individualistic cultures, people tend to seek information
on their own from direct and formal sources, whereas in collectivistic cultures, people rely more on
subjective evaluation of an innovation, conveyed from other-like-minded individuals who already have
adopted the innovation.” (Lee et al., 2013).

Research (e.g., Jacobs-Basadien & Pather, 2022; Jayasekara & Fredriksson, 2021; Syed & Malik, 2014;
Zhang, Weng, & Zhu, 2018) was also conducted on the cross-cultural generalisability of the earlier-
mentioned UTAUT model (2.2.1) across cultures: to what extent do the key factors play a role in
technology acceptance in different countries? It turns out that UTAUT as a model holds across cultures,
but the effect of each variable varies across cultures. This means that performance expectancy, effort
expectancy, social influence, and facilitating conditions all influence behavioural intention, and
consequently, usage behaviour, regardless of culture. However, depending on the degree to which a
country is more collectivistic or individualistic®, these variables are stronger at predicting behavioural
intention, and consequently, usage behaviour. A summary of results from a selection of research papers
is shown in Figure 3. On the top bar, European countries are arranged in terms of their relative score on
the individualism versus collectivism dimension. In the bottom blocks, research results on the relation
between cultural values (individualistic versus collectivistic) are presented. In general, the effects of
effort and performance expectancy, as well as behavioural intention on technological use, are greater in
more individualistic countries, such as the Netherlands, Ireland, and France, than in more collectivistic
countries such as Romania and Greece. On the other hand, use of technology is more influenced by

5 1t should be noted that we did not address farmers as a cultural group.

6 The difference between individualism and collectivism, is that individualism prioritises personal rights and
freedoms, while collectivism prioritises group harmony and coherence. (Collectivism vs. Individualism:
Similarities and Differences (2024) (helpfulprofessor.com)
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social contacts and facilitating conditions in more collectivistic countries. This implies that stimulating
use of technology in Romania or Greece should be more focussed on facilitating the process as well as
contact between farmers, whereas farmers in the Netherlands or France would benefit more from an
outline of what they can expect from the technology.
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Tendency to rely on more subjective evaluation of an innovation, influenced by other like- +  Tendency to seek information on their own from direct and fermal sources.
minded people who already have adopted the innovation. . Greater effect of effort expectancy on behavioral intention.

Greater effect of social influence on behavioral intention. +  Greater effect of performance expectancy on behavioral intention.
Greater effect of facilitating conditions on use behavior. = Greater effect of behavioral intention on use behavior.

Individualism has a positive effect on technology adoption.

Behavioral intervention to raise awareness of community’s adoption, facilitate the process
from intention to action: Workshop for community farmers to share their positive experience Behavioral intervention for each DAT: Workshop for farmers on simple steps to
and tips on “next steps” in technology adoption. adopt it and the improved performance you would expect (success stories).

Figure 3 Country score on Hofstede’s the Collectivism - Individualism scale

Syed and Malik (2014) included the other Hofstede dimensions in their study. They found that
individuals from less hierarchical and more individualistic cultures are less influenced by social norms
compared to more hierarchical and collectivistic cultures. Also, cultures scoring low on uncertainty
avoidance (i.e., cultures that are more risk tolerant) tend to adopt new technology more even if support
infrastructure for this technology is not extensive. However, cultures with high uncertainty avoidance
look for more guarantees and assertions when adopting new technology (see also Jacobs-Basadien et
al., 2022). This finding is very relevant in the context of DATS given the significant financial
investment and complex risks and considerations that often exist for business and family in farming.
Figure 4 shows an overview of the findings on cultural dimensions in relation to technology adoption.

Individualism Collectivism
Low Uncertainty \ / High Uncertainty
Avoidance ) \ Avoidance
Short-term Long-term
Orientation Orientation

Type| Culture Type |l Culture
Innovation Effect > Innovation Effect
Imitation Effect s Imitation Effect

Figure 4 Cultural dimensions and technology adoption (Lee et al., 2013)

Some additional country-level variables can be expected to play a role in whether and how farmers
adopt innovative DATSs. For example, cultural differences in trust (in particular, in the basis for trust)
also impact the process of adopting or not adopting DATSs. Meyer (2016) distinguished countries
where trust is based on confidence in another person’s accomplishments, skills, and reliability versus
on emotional closeness, friendship, and empathy. This has implications for how farmers come to adopt
a new technology and for the role of the farm advisor in this process. A farmer who trusts another person
based on skills, will probably readily trust an advisor who had extensive knowledge on a DATS, even
if they do not know each other very well. On the other hand, a farmer from a country where friendship
is needed in order to trust another person might need a more personal approach and get to know the
advisor before trusting their expertise.

Also here there is a link with political history; in some countries, for example, former USSR countries,
a certain level of suspicion toward outsiders was encouraged. In general, political history, specific
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geography, and climate are all country-level variables that are expected to have an impact on how,
when, and what farmers decide in terms of DATSs adoption.
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3. Determinants of DATSs adoption in QuantiFarm

In this chapter, we outline the findings from the behavioural research conducted in the project itself: the
Test Case farm visits; the survey among the broader group of adopter and non-adopter TC farmers, and
the non-adopter research in the Netherlands.

During the period of June 2022 up and until June 2023, 9 Test Cases have been visited. For every farm
visit the following was reported:

e Date and location;

e Name and type of farm;

e Summary of the visit;

e Reflection on the visit and main take-aways;

e A few photos;

e Main farmer characteristics;

e And contextual factors, relating to the country or area the farm is located in.

The visits have taken place at the following Test Cases (in chronological order of the actual date of the
visit):

25/09/2022 Portugal 2 Precision Irrigation for corn mn continental region
03/10/2022 Ttaly 13 SF DSS/ App for Grapevine in Continental region
21/11/2022 The Netherlands 6 Machinery with VRA, data analytics for wheat, onion

and potato m Continental region

22/11/2022 The Netherlands 16 Drones and soil sensors for Apples in Continental

Region
22/11/2022 Belgium 24 Automated monitoring for pigs in continental region
23/11/2022 Belgium 24(a) Pig Farm PROOF

Sensors for quality assessment for oyster in

15/03/2023 Croatia 30 it e
28/03/2023 Germany 27 Automated monitoring for cows in Continental region
18/04/2023 Greece 4 ‘VRA add-on for old tractors for cotton in

Mediterranean region

Figure 5 List of Test Case farm visits

The background as well as the farm type of the farmers ranges from family businesses to entrepreneurial
new enterprises, in different climatic regions and cultural settings. Without exception, the visited
farmers believe that the DATS they utilise supports in their work. The perception of how much value
the DATS adds varies somewhat though; whereas all agree the DATS is a welcome extra pair of eyes,
some state the DATS is in fact indispensable for the farming operation. The Italian vineyard farmer (a
male of around 30 years of age) for instance had no historical knowledge of the farm and used the DATS
as a support system to bridge this information gap. The Dutch farmers (male, between 46 and 55 years
of age) see the DATS mainly as a management decision tool that helps to validate decisions, whereas
the Croatian (male, around 30 years old) and Portuguese (male, around 50 years old) farmers see the
DATS as a necessity to secure or even grow their business, in parallel to making it more
environmentally sustainable. More specifically, the Croatian sea food farmers see the DATS as a means
to monitor and anticipate upon sea flows and currents affecting the oysters, and as a logging mechanism
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to learn from operational mistakes (e.g. lifting the oysters too late). The Portuguese farmer sees his
precision irrigation system as central to dealing with droughts, while it helps to counter the perceptions
of how corn farming compromises on biodiversity; he observed an increasing number of bees on his
fields since he uses precision farming. This is latter argument is also an example of how the DATS can
also be used for marketing purposes. The Portuguese farmer furthermore stresses how DATSs are his
means to reduce business risks, as he knows precisely what to do where on his field and lowers his costs
of inputs.

A shared view is that all farmers are passionately involved with the farm work (“being a farmer is a
lifestyle not a profession” most farmers agree) but DATSs help to shift the balance a bit of having to
always be on the farm physically, and now being able to observe the farm remotely. This is true for
arable and livestock farmers alike. The young German dairy farmer (male, around 30 years of age) now
checks on his cows while relaxing on his couch, which makes all the difference. Moreover, he knows
far more precisely which cow needs what because the sensors in their intestines. The Greek farmer
(male, around 30 years of age) also pointed out that digitalisation, for the same reason of improved
work-life balance and more precise insights, helps to make the profession of farming more attractive
for younger farmers (although the older generations are often more sceptical). The targeted view on
what needs to happen when and where, is a characteristic of DATSs that is appreciated by all. The
farmer, however, is still ultimately responsible for processing the DATS data towards action
perspective.

Although regulatory frameworks greatly vary (which is remarked as a great barrier to DATS adoption),
what is shared is the sense of pressure on the farming business to farm more sustainably, both on policy
level and increasingly coming from public opinion. All farmers are acutely aware of climate change, so
they are all contributing to more sustainable farming, but some feel the support for this (e.g. through
subsidies) is chaotic and does not match investment timespans. The female pig farmer from Belgium
(around 50 years of age) even feels subsidy schemes are a means to mend a broken market. Adding to
this are the economic fluctuations; the market for most farmers is difficult as the prices the farmers get
for their products can be below cost price, whilst input costs are going up.

Concluding, most farmers agree that their DATS adds value to their farm. Besides their inherent
differences, they all share the experienced pressures on their farming profession.

A detailed report of all TC visits with photos can be found in the document “Report on Test Case farm
visits M1-M12”, available upon request to the authors of this deliverable. More details about the DATSs
in the Test Cases can be found in The QuantiFarm Deliverable 4.1 Testing and Assessment Guidelines.

“We don’t believe in no change” — Test Case farmer in QuantiFarm

“Digital technologies reduce my business risks” — Test Case farmer in QuantiFarm

For the deep dives, data was gathered both through literature search and through farm visit. The next
three sections report on the findings for each domain we researched, and the role that they play in DATS
adoption.

This is the overview of Test Cases, complemented by a few farms outside of the QuantiFarm project,
visited during phase 2:
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Date of visit Country TCH# Interviewee relationship

Sep 2023 (live) &

Feb 2023 (online) Spain 3 Husband-Wife
12/03/2024 The Netherlands / Husband-Wife
13/03/2024 Belgium 24 Husband-Wife
13/03/2024 The Netherlands / Husband-Wife
14/03/2024 The Netherlands / Husband-Wife
15/03/2024 The Netherlands / Father-Daughter
16/04/2024 Finland 21 Father-Son

16/04/2024 Finland 21 Husband (wife absent)
28/05/2024 Ireland 26 Husband-Wife
29/05/2024 Ireland 26 Mother (daughter absent)
11/06/2024 Romania 10 Husband-Wife

11/06/2024 Romania 10 Agronomist

11/06/2024 Romania 17 Husband (wife absent) and DATS supplier
11/06/2024 Romania 28 Brothers

Figure 6 List of deep dives farm visits

Decisions on the farm are often made jointly and, as such, are subject to interpersonal dynamics,
including gender dynamics. Designated to take care of the household, do the paperwork, take care of a
secondary incoming cash flow and help out during high season (often alongside a paid part-time job),
the spouse of the farmer is there. Although in many cases “she does not do anything physical on the
farm” and/or “has no affinity with technology”, she plays a significant role in the introduction of
innovations to the farm.

Knowing that decisions are not made unilaterally, we endeavoured to find out how the secondary
decision maker (our other respondent) plays a role in this. In most cases, this secondary respondent was
the spouse (in all cases in our sample, the wife). In Ireland, she was even assigned a term to this, being
the “laying hen”. The term was described as a farmer’s wife that “everyone knows in Ireland as the
ideal partner for the farmer”. She typically works as a teacher in primary school, giving her extended
time off during summer season — also the busiest season on the farm —, as such being able to provide
(unpaid) labour (described as “to help out”)’. Other than terms, also other facets that facilitate the
designated role of women in the agriculture are observed, from courses on “how to be a farmer’s wife”
to “driving a tractor for female farmers” and financial grants for Women in Agriculture (arranged on
both national and EU levels). The fact that financial aid is being distributed in this way is yet more
evidence that gender differences do exist.

7 The “laying hen” complies to a so-called HEED role (health care, elementary education, and the domestic
sphere) (Croft & Block, 2015; Block et al, 2019), described as a role to be perceived of less value than roles in
the STEM sector (male dominant).

26



D1.2: Behavioural Determinants for DATS Adoption - final version

Key outcomes from our findings are the different gender roles across countries. Generally, countries in
the North and West of Europe endorse more egalitarian gender roles, whereas people in the South and
East endorse more distinct gender roles. During farm visits, policymakers and/or DATS providers could
take this into account, when discussing possibilities of a DATS. Furthermore, on family-led farms, the
female is often responsible for the paperwork, meaning that digital portals and paperwork processes
could be enhanced. In light of DATSs, service providers could thus consider working together with
women more as end-users of possible DATSs, improving working conditions and job enjoyment.
Lastly, the farms we visited and the roles women had or took on the farm were mostly smaller scaled
in comparison to work the main operators (mostly male) did. Women’s ideas on farming show a high
affection towards sustainability, therefore, policies targeted at women should address this, rather than
staging the more industrial nature of farms currently adopting DATSs.

More results from the deep dive on gender are described below, structured by means of categories, and
illustrated by quotes from the interviews.

At most visited farms, males were main operator of the farm, their spouses (all women) described their
tasks as “doing the paperwork™ and doing care work such as “taking care of the children”. Other spouses
had other tasks on the farm such as “running the farm shop” or other farm activities such as running the
campsite and organising educational excursions for primary schools. None of these women explicitly
mentioned their (unpaid) labour, yet this contribution was clearly observed.

In relation to the male dominated settings, such as the agricultural domain, a female Irish farmer
(running the farm alone) outlines the following:

“I feel very unseen in the farm business. Not only because | am a woman, also because | pursue
to farm organically. | always feel that | need to work twice as hard to be heard. We all know it
doesn’t have any benefits being a woman in this sector, why otherwise networks and spaces for
only “Women in Agriculture” exist? If we were with many and without being framed as
exceptional position, these clubs had no purpose. ”

Feelings of being de-valued were shared by several other female repondents. Also, behaviour showed
their own de-valuing of their role in the decision-making process of the farm. For example, whilst
interviewing the Irish farmer, i.e. the male main operator of the farm, his wife occasionally jumped into
the conversation, showing she was all up-to-date about the farmer’s network and main stakeholders of
important processes. At the same time, she left the conversation constantly to take care of the children
and dinner. When asked direct questions, she either laughed or said that her opinion in this does not
matter.

Devaluing oneself in this sense was a pattern observed in most of the spouses of male farm operators.
Administration and work on the farm (either directly contributing to the production, such as harvesting
in high season or other initiatives such as running the farm shop or farm camping) were not recognised
as work. Also, taking care of the children and working in the household, which clearly means time and
space for the male main operator of the farm to focus on tasks on the farm — were not recognised as
labour.

The wife of the male farmer in Limburg described the division of work as follows:

“I studied and | grew up in the city. To learn about the agricultural sector, | decided to join a
network group about farming. I did this in the evening, as | needed to take care of the household
during the day. Once we got children, I could not pursue this activity and | was forced to stop
the network club. ”
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An effect of such limited recognition stems from an example of a farm daughter who explains she does
not want to join fieldtrips or networking events as they are “all male” and she does not want to be “that
female who asks questions”. This apprehension by women, as ones who do not have the knowledge,
seems to be present, as well as a misfit in what is needed for social bonding. She explains:

“Everyone is at some point also drinking beer and it is the way for them to bond. | really want
to go there for gaining knowledge, and by doing so | am normally not prone to ask questions.
In these cases, | decide not to go, even though | will miss information and the opportunity to
gain knowledge on the farming topic.”

The wife of the Irish farmer works as a nurse in school, giving her “plenty of time to take care of the
children as well, due to flexible working hours”. The Irish farmer explained the concept of the laying
hen as follows:

“We have a name for a wife who works in primary school: the laying hen. It is the perfect job
to have because of the summer holiday. During that period, the wife is home to take care of the
kids and to help out during harvesting high season. It is a well-known term in Ireland.”

During the interviews, this stereotype was found in different settings and across countries. The idea of
the concept was confirmed by the Romanian couple running a farm together, stating that “a 14 hour
workday does not leave time for women to take care of the household and the children”, implying two
things. First, that this assumed to be the role of women and second, that a woman having a job that
leaves room for the secondary shift (‘laying hen’ phrase) is favourable. Also in Belgium, where the wife
fulfilled a HEED role, she mentioned that summer holidays were great as she could be of help during
high season of the farm. The same was repeated within the Dutch couple on the farm in the Zeeland
province.

In small decision-making processes on a day-to-day level — such as with known providers of the farm
and business partners, the main farm operator (in most cases men) made decisions about the farm
business. Women were in charge of domestic work, such as running the household and taking care of
the children. In some cases, we heard that the amount of investment was sometimes a metric which in-
or excluded the spouses from decision-making processes. As mentioned by a Dutch married farm
couple:

“Anything above 5000 euros is discussed. Decisions below such investments are made by my
husband. Such a strategy was also mentioned by the other Dutch married couple in Brabant,
also a couple where the female spouse did not help directly on the farm.”

Of all male respondents, only one (out of 12) had a low self-efficacy in relation to technology usage (in
comparison to the female respondents, of which 6 out of 7 mentioned to have low self-efficacy). Even
though he does believe in innovation (thus technology) for a sustainable farming future, he himself was
not interested nor felt qualified to be a technology user for his farm. All other male repondents (all
farmers at their own farm) scored themselves medium on self-efficacy in relation to technology. Also
notable were the tinkering styles, such as ‘trial and error’, a style mostly measured in men in comparison
to a more ‘apprehensive’ tinkering style measured in women. Most of the male repondents indicated
that they mainly used trial and error (8 out of 10), which is typical for men while most of the females
said that they use self-education and research prior to usage. This would assume women have a higher
information need during the adoption process of a DATS.
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Men dominate the agricultural sector. This was not only validated by both men and women in how they
say to divide responsibilities in their farm and marriage, but also by who was designated as the
successor. A phrase much heard throughout several interviews was: “my wife does not want to be
involved in these type of things”, implying it is a man’s task. Also, through observing the couples during
the interview, we found that it was in most cases women who took care of the children while men were
being interviewed.

An effect of the persistent narrative in which male dominate this sector, was touched upon by the
daughter of one of the farmers. A farm daughter interviewed in Brabant, successor of her father’s farm
and already working in the farm company, is reluctant to go to field trips and network events, organised
by the local farming community. Such groups exclude women constantly, she mentions. In cases she
did go, she experienced her being the exception and outlier of the group:

“The farmers bond by male-specific social activities, such as drinking beer together. | want to
gain knowledge but every time | ask a question, | feel uncomfortable.”

All women with a more explicit role of future planning, or managing the farm itself, have two things in
common. The first being farming activities taking place on — relative to the other farms — a small scale.
Second, farming organically was prioritised highly. One female farm operator runs her farm organically.
The spouse of another farmer who does not play a role on the farm but does, sometimes, participates in
decision making, dreams of having sustainable farming such as forestry farming, nature inclusive
farming and organic farming as part of their farm business.

Both Romanian female farmers and the farmer’s wife of the Belgian farm ran the orchard. In theory,
this is also part of the farm and its production, however, it was not mentioned or recognised as a
contribution to the farming business.

The self-evidence of such dynamics (women dealing with the orchard and men with the production on
the farm) is observed in broader gender-stereotypical situations; taking care of the household is seen as
obvious, whilst it is significant (unpaid) labour that makes it possible for the men to work on the farm.
The same pattern is seen in most women taking care of administration, probably using technology of
some sort to collect, save and analyse the farm figures.

A particular outcome from the DATS adoption surveys (chapter 3.3) points towards a preference of
farmers for a DATS to ideally be relatively autonomous (for instance attain more of a ‘co-worker’
status), but should not become totally autonomous as farmers want to retain a degree of control over
their operations. In other words, there seems to be a hestistation towards full autonomy by DATSs. This
notion formed the basis for this deep dive on autonomy.

The theme of autonomy struck more of a chord with some farmers than with others. When explicitly
asked “is autonomy important to you?”, there were two general categories of responses. Some
repondents were not particularly affected by the question and answered to the effect that autonomy was
‘somewhat important, like for most people’. Other repondents, by contrast, immediately responded with
great enthusiasm (and, often, a knowing laugh) that, yes, this really describes them. Interestingly, the
enthusiastic response was usually shared between both repondents (when interviewing the couple),
indicating that the trait was noticeably strong and the topic was relevant to the duo. Autonomy was
often linked to hard work through a sense of satisfaction with one’s actions, as illustrated by one
farmer’s observation:
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“Hard work is rewarding and it gives you autonomy. It is a way of life. ”

Feelings of autonomy were most commonly limited by the increasing government regulations and
paperwork. As mentioned by Spanish respondents:

“Lately, Spanish farmers have been protesting again due to our overload of paperwork and
bureaucracy. We have so many things to fill in that the attention shifts from our land to the desk. ”

When asked whether they believed technology facilitates or interferes with their sense of autonomy,
there was a strong consensus among respondents that, depending on how it is used, technology increases
autonomy satisfaction. There was a recurring theme among the farmers that technology has much to
offer in terms of helping them better understand their land. As one of the respondent said:

”I like looking at pictures from above taken by a drone, and comparing these to other seasons
and years. This way, | can keep track of how the soil is doing and how crops grow.
Understanding this helps me in my decision making on all sorts of things, such as what crops
grow well and how to arrange my irrigation systems.”

Many of the benefits of DATS that respondents reported can be understood as satisfying the need for
autonomy. In some examples, benefits that were reported by respondents are related back to decision-
making factors from the Integrated DATSs Adoption Framework (chapter 4) including basic
psychological need fulfillment (in this case, the need for autonomy) and other factors. For instance, one
respondent felt that the information from DATSs empowers him to make better, more autonomous
decisions about how to grow their crops (i.e., gives them autonomy over their farming process; related
to behavioural determinants autonomy satisfaction, self-efficacy expectation, knowledge, etc.). Another
respondent felt that the information allows him to adjust the upcoming work schedule to suit
environmental conditions and empowers him to have more time off to do what they want (i.e., gives
autonomy over the time and work-life balance; related to behavioural determinants autonomy
satisfaction, family characteristics, goals, value motivations, etc.). Another respondent saw a DATS as
a tool for approaching his ideal way-of-working and for having his actions express his true self and
values, for example, by improving working conditions, conditions for their animals, or climate
friendliness (i.e., gives them autonomy in terms of value enactment; related to behavioural determinants
autonomy satisfaction, value motivations, moral obligations, etc.). These benefits could be interpreted
simply as the respondents’ priorities or points of pride, but they can be more deeply understood by
recognising their positive effect on autonomy satisfaction. Given that satisfaction of the need for
autonomy is known to improve motivation and well-being, it is worth examining how DATSs can play
a role in improving farmers’ autonomy satisfaction, especially given the extreme demands of the
industry.

The theme of autonomy also emerged in many other comments heard during the deep dive farm visits,
indicating how autonomy may be a driver for DATSs adoption:

e The government offers subsidies to try to influence which crops we grow, but I look at all my
options and make my own decisions. | am proud of that.

e The repetitive paperwork and specific regulations frustrate me. | want to be out, working with
my animals.

e [don't like to be told what to do. I'm reluctant to follow these new rules because I know my
land. It was passed down to me and [ won’t change everything.

e When demand for our old products was low, we changed our products and got into processing
as well. That put me back in charge.

e The bureaucracy at my corporate job drove me crazy. Nothing ever got done. Here, I can see
my accomplishments.
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o | like experimenting with innovative methods of pest control because it gives me the tools to
run the farm | want successfully in the future.

Referring back to the apprehension indicated in the 2023 surveys, farmers do experience elements of
more autonomous technology that may infringe exactly this autonomy satisfaction, such as:

I chose a semi-automatic milking machine because this way | am still involved in the milking
process and ensure a smoother transition that’s better for my cows.

and
Technology gives me control. | use the technology; it does not use me.

This does not interfere with the above-mentioned comments, rather it complements them. Autonomy
satisfaction takes place when the farmer remains in charge, and the DATS is a means to support that.
Whenever a DATS is destined to take over in area where a farmer finds satisfaction in autonomy, is
where friction can arise.

All in all, taking one’s need for autonomy into account, as well as how a DATS may incluence it, is
likely to be of value when considering DATSs adoption. Is the farmer feeling the weight of a constrained
sense of autonomy or are they content with their autonomy? Is autonomy very important to them or not
something that resonates especially strongly? What goals and frustrations of theirs could be related to
autonomy on a deeper level? Understandably, people rarely describe their goals and frustrations as
“autonomy-related”. Therefore, it is helpful to have an awareness of autonomy as a potential underlying
“root cause” and keep up an antennae for comments that could indicate a need for autonomy. This
awareness can help illuminate underlying motivations and foster better understanding of what should
change, and what not, in order to create a more efficient and fulfilling farm (life).

Cultural aspects of technology adoption among farmers are intuitively relevant when thinking about
different levels of innovative technology in, for example, a Swedish versus a Polish farm. The
stereotype goes something like this: northern European countries have cultures that are more conducive
to innovation (e.g., higher education of the population, more government expenses on innovation) than
eastern European countries (e.g., more focused on traditional ways of doing things, lower GDP).
Although there is a difference in level of education, GDP, governmental expenses on innovation, and a
focus on traditional values between the two countries, this does not necessarily mean that random
Swedish and Polish farmers behave in line with their cultural background. As such, the farm visits
across different countries can be deceptive: differences between farmers in technology adoption and
related factors can be attributed to culture, but also to personality, circumstances, type of farm, and a
host of other variables outlined in the Integrated DATSs Adoption Framework. Still, farm visits allow
for in-depth conversations that zoom in on mechanisms that underlie technology and that probe cultural
patterns that the farmers/respondents observe in their vicinity/community. Therefore, the following
insights do not necessarily concern clear cultural differences between farmers, but rather ways in which
culture can interact with other factors, such as family circumstances, personality, and farm
characteristics.

During the farm visits, we asked farmers how they would describe farmers of their own nationality
compared to other European farmers. In addition, we discussed with them whether there are any cultural
factors in their country that makes EU policy ineffective. Some questions were about cultural
dimensions, such as individualism versus collectivism (When making decisions, how much does it
matter what those around you think? Do you value independence or the needs and goals of those around
you more?), uncertainty avoidance (Do you embrace uncertainty and see it as an opportunity, or do you
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avoid uncertainty and prefer a more predictable outcome?), and power distance (Are you comfortable
when there is a hierarchy (A system where people have different levels of authority or do you prefer an
egalitarian structure?). Also, questions were asked about the basis of trust (When you are building trust
with a new partner or colleague, do you do this by demonstrating that you successfully complete tasks
and responsibilities or by building a personal connection?).

Through all cases, personal autonomy was a relevant thread. As mentioned in the previous paragraph,
the need for autonomy is universal (i.e., not culturally-dependent) but the strength of how it is needed
or desired does show cultural differences. We could not confirm or discard those cultural differences,
because of the limited number of cases, but we can confirm the universal need for autonomy across
cultures.

Another culture-related theme across all cases (i.e., related to the masculinity-femininity dimension)
was in the expression of compatibility between partners. The compatibility in terms of roles, tasks, and
personalities was discussed during all farm visits, and was a given across farms and countries. At the
same time, in line with the masculinity-femininity dimension, cultural differences in gender roles and
how they are compatible might play a role here. For example, farming is a male-dominated industry,
making it harder for female farmers to find their place among other farmers, and encouraging traditional
male-female divisions of labour.

Also, economic factors seemed to play a crucial differentiating role. The Gross Domestic Product (as
an indicator of wealth) and the distribution of resources, influence how farmers work and live. For
example, wealthier countries are generally more technology focused, facilitating DATS adoption for
individual farmers. This became evident in the farm visits.

Attitudes towards migrants are related to this, and they play a role in how farmers do their work. For
example, in countries with a more hesitant attitude towards migrant workers, such as Romania, DATSs
may be appealing as they can help to manage the farm with fewer employees.

Wealthier countries are generally happier as a whole, though this does not say much about individual
happiness. In addition to more contentment, there also seems to be more identification with tech
savviness. This was reflected in the farm visits, in particular in the Netherlands and Finland.

In countries with a larger discrepancy between urban and rural areas, farmers may feel less connected
to governmental policy, having effects on their senses of autonomy and trust. As mentioned before, it
is well-known from research on cultural differences in trust that the basis for trust can differ across
countries (Meyer, 2016). For example, in southern-European countries such as Spain and France, people
are more likely to trust others when they know them (either directly or indirectly), as opposed to norther-
European countries where trust is more based on the practicality of the situation and somebody’s role
(for example, being an advisor). This was probed and observed in the deep dive farm visits, as this
obviously has an impact on the process of adopting or not adopting DATSs. In particular, the farm visits
showed that in some countries, such as Romania, distrust was politicised during the socialist years (until
the 1989 Revolution). The farm visits also showed that in Spain, and even in Belgium and Netherlands
there seems to be a distrust in the government. Ministries of Agriculture seem to be farmers’ opponent
rather than a trustworthy institute, evoking behaviour such as incorrectly filling in subsidy forms, with
the goal to receive more funds than officially justified. In Finland, such behaviour seemed to be out of
the question.

A factor related to culture that emerged from the farm visits was political history. For example, a history
of land owning by farmers can impact their situation compared to state-owned land arrangements. Also,
political history, in particular a former communist system, affects how farmers make decisions. For
example, Romanian farmers still felt the need to demonstrate that they are part of Europe. As was
mentioned by one of the farmers:
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“There is this general feeling of distrust in each other, and to constantly be alert. This is what
living in communist times does to a country. | feel it throughout the whole farmers’ community. ”

Also, growing up in a communist or post-communist society may have effects on the level of autonomy
that farmers seek as well as the general level of trust in authorities and other people that they exhibit
(link with trust). In post-communist societies land owning is only a recent phenomenon.

Finally, the farm visits also showed that geographical location can have an impact in several ways. First,
the location of a farm determines the crop, the size, and climatological aspects; harsh climatological
circumstances, such as extreme high or low temperatures or rainfall, may motivate a farmer to adopt
DATSs in order to deal with these challenges. In addition, being near the border to an unstable region,
such as Ukraine given the ongoing war with Russia, may discourage farmers to make high-risk
investments in DATSs. Further, in some regions, labour is very scarce. For example, the Spanish farmer
mentioned the lack of workers in their area as an incentive for adopting technology.

In this paragraph, we reflect on the interactions found amongst the deep dive topics, as these logically
became prevalent while the research progressed.

Several of the deep dive interviews demonstrated the need for autonomy to interact with gender. Most
female repondents mentioned their drive for education, intellectual stimulation, and personal
development, whilst only few of the men did. Male respondents tended to describe more passively
’rolling into the business’ because of heritage and it being the traditionally expected family role. It is
possible that some of the female respondents felt compelled to emphasise their educations partially due
to the context of being interviewed by female researchers. This possibility is merely conjecture,
however, it would not be unreasonable to expect given the strong social pressures that surround female
gender roles. Although male respondents did not, on the whole, display the same level reflection on
their paths, dreams, sacrifices, and accomplishments, an explanation rooted in gender roles could also
be proposed for this pattern in that it is less common, less socially acceptable, and less trained for men
to openly engage in this type and depth of conversation than it is for women. That is certainly not to
say, however, that pressures on men do not exist (e.g., to take over the family business, to provide for
the family, and to perform the roles that are expected of them).

Another pattern at the interplay of gender and autonomy was detected in the lack of recognition women
receive within the sector. As confirmed by the two female main operators of their farms, the need for
autonomy is relevant (and often challenged) in the course of doing business (e.g., sales, stakeholder
management, relations with their service providers). These female farmers reported that their
accomplishments were not viewed in the same way as those of their male counterparts and that there
was often an element of struggle in order to associate with others in the industry and have their skills,
actions, and volition be recognised and respected.

While there may be some cultural differences in desire for (i.e., stated importance placed upon)
autonomy satisfaction, these differences do not appear to translate into autonomy need satisfaction
being more or less predictive of well-being. In other words, regardless of one's level of desire for
autonomy satisfaction, satisfaction still predicts well-being and frustration still predicts ill-being (Chen
et al., 2015). In practice, this finding can serve as a reminder that autonomy satisfaction is always an
important factor to probe and to aim to facilitate.

Furthermore, while some differences in autonomy valuation were observed (e.g., with respondents from
Spain, the Netherlands, and Ireland seeming to be more vocal about the importance of autonomy), these
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cultural differences were not consistent. This aligns with the notion that cultural differences are
differences in group averages that can only say something when zoomed out; there is significant
individual variation in all cultures and, as such, interactions with individuals cannot be used to draw
conclusions about cultural differences. This means that knowing an individual’s culture does not mean
that you can predict their beliefs, or vice versa. As expected, a variety of positions about the extent to
which one personally values autonomy were observed. Interestingly, similarities in the challenges that
frustrate the respondents’ autonomy (e.g., paperwork, government regulation) and in the behaviours
that satisfy the respondents’ autonomy (e.g., working hard, working for themselves, doing what they
want in terms of crops and processes) were observed, perhaps pointing to a shared culture between
farmers.

While the need for autonomy may be universal, the conversation around autonomy satisfaction may
thus vary from culture to culture. For example, in one culture it may be easier to have a fruitful
discussion about the importance of autonomy if there is a cultural norm that celebrates and encourages
deriving fulfilment from autonomy. In another culture, by contrast, a conversation around autonomy
may not be so easily understood or accepted. Instead, a conversation about autonomy might be more
effective if it centres an individual’s value-based goals (e.g., honouring one's values, achieving stability
and freedom, enjoying a simple and balanced life) that would provide autonomy satisfaction, without
necessarily emphasising the end effect of satisfied autonomy.

Gender roles differ per country (Best & Williams, 2001) and therefore culture and gender are
intertwined in this domain. Countries such as Finland and the Netherlands are known for their gender
equality. This influences decision making but also other aspects, such as, for instance, more gender
neutrality when it comes to successors of the farm. On the contrary, countries with a more traditional
character, often linked to Hofstede’s dimension of masculinity-femininity (1980, 2001) see men as head
of the family (farm) and women as the main care provider. In more “masculine” countries (e.g.,
Romania) differences in approaches towards DATS and the adoption therefore are more distinct and
profound, calling for an even more gendered approach to DATSs adoption.

NB: Given that the deep dive research in itself is a rather new approach in this domain of DATS
adoption, and because of potential sensitivities related to the deep dive topics, the research team also
reflected upon the research techniques applied for the deep dives. These reflections can be found in
Appendix A.

All Test Case farmers that are deploying the DATS under assessment by the project, were approached
to take part in a survey, regarding their DATS adoption. Surveys are a useful way to collect data
amongst a broader population and test findings from the individual cases of the Test Case visits. The
survey was web-based and sent to the Test Case farmers via de Test Case managers with a link per Test
Case. As described in 2.1.3, the survey was conducted in April of 2023 and filled in by 40 farmers
representing 24 Test Cases. It was available in different languages, upon request from the Test Case
managers. As can be seen below, most repondents preferred the English language (40%), followed by
Greek (27%), Spanish (15%), Dutch (10%), Romanian and Swedish (both 3%), and Slovenian (2%).
The survey itself can be found in Appendix A.

Please note that the respondents were, besides closed-answered questions, also asked to answer open
questions. Remarkable quotes that support the data are added to this results overview. In the case these
were originally written in a language other than English, we used Google Translate to translate them.
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The answers that already came back in English were left as such (including language mistakes), to
prevent interpretation errors and, especially, to reflect the respondent’s true words and opinion as much
as possible.

As for the age range, almost half of the famer population is between 30 and 45 years old (47%), followed
by an older category between 46 and 55 (29%), an older category over 56 years old (16%). The smallest
group, with not even 10%, has the lowest age category from of below 30 years old (8%). The age is
asked for descriptive purposes; not yet for statistical correlations as the dataset is limited. This may be
done however when the survey is repeated at a later stage.
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m Dutch 45 and 45 years
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Figure 7: Preferred language Figure 8: Age category

Next, farmers were asked to read stories and select the one they could identify most with. The stories
were created specifically for the survey, yet they were based on the Test Case visits, summing up those
findings in two distinct anonymous, yet relatable farmer stories; those of Peter and Kris.

A sustainable future for farming is digital, Peter says. With the pressures on
resources, technology helps to reduce the risk of losing revenue and to
save costs. Peter spends more time managing than before because of the
DATS, but it does make him feel more confident that he is aware of
everything that needs attention. He invests time in sparring with like-
minded farmers, in- and outside his region.

Kris is @ proud farmer with a solid business, but he is wary about the future
of farming. With his wife he also runs a B&B in order to sustain the family
farm. Digital technology is a necessity, such as for ensuring certifications,

but it also helps to improve the wellbeing of his animals. His family and long-
time advisor are main sparring partners for using DATSs on the farm.

Of the respondents, 79% (31 out of 40) feel most attracted by Peter's story. Mostly because they relate
to the statement that digital resources have an added value for the farm.

Respondents who feel more attracted to Kris' story (21%) are a bit more diffused in their reason why.
The story of Kris has several aspects in itself that can be addressed (concern for the future, running a
B&B together with the spouse, specific opinion on DATS-use). Sometimes people chose Kris' story
because “the future for small farmers is uncertain”; others because "the whole family is involved"
(quotes from the respondents).
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Of the two, which story do you relate
to most?

W Peter's story

W Kris' story

Peter's
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79%

Figure 9: Most relatable farmer story

In order to paint a picture of the future prospect of the farm (i.e. if the farm has a successor), as this may
influence investment decisions, the farmers are asked whether they have a succession plan in place.
About half of the respondents (49%) does have a succession plan in place. Interestingly, almost all of
them started doing this work themselves because they took over the farm from their father/family.

Age seems to play a role here: the older one is, the more likely it is that there is succession plan (please
note however that this finding is not conclusive as the number of respondents is relatively small).
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Figure 10: Farm size and succession

Next, we asked a few open questions to get a feel for personal motivations and values, in the farmer’s
own words. This helps to understand and give context to the other answers farmers give in the survey.

Most respondents said something in the range of: family business, father to son, raised on farm/rural
area, family tradition, outdoor living.

This also comes forth from the (literal) quotes:
"I liked it since | was little when | accompanied my father to do the work of the field”

"As the main economic activity of the area”

Frequently mentioned aspects that farmers are proud of: feeding people, production, product quality,
sustainability.

This also comes forth from the open answers:

"From being a fundamental part in the value chain of a fundamental thing, feeding humanity trying to
preserve the environment."
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"Belonging to a sector in contact with the earth and the environment."

"l am proud to use precision farming systems that are still new in my country, and | am one of the first
to use them."

Respondents were then asked about their main concerns for their farm. They very often indicated the
following concerns: climate change, changing rules, changing consumer opinions, prices (costs that
production entails, and what the product yields).

The context behind these aspects can also be found in the following quotes:
"I'm always worried about the weather"

"The elimination of powerful pesticides and their non-replacement with equally effective ones results
in the difficulty of dealing with the natural enemies of the crop."”

"Climate change and prices."

"My biggest concern is the profitability of my farm. Since the factors of production are increasingly
more expensive and the value of production cannot compensate for this difference."

"If it will be able to remain profitable so that my son can live on it as | have done so far

Affinity with technology

100%

80%
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40%
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Strongly disagree Disagree Undecided Agree Strongly agree
W | like to occupy myself with digital innovations in general

I have a personal interest in digital innovations in farming

It is enough for me that a digital system works; | don't care how or why

Figure 11: Technology affinity

To get an idea of whether our adopter farmers already have a positive predisposition towards
technology, we used the official ATI (Affinity for Technology Interaction Scale) by Attig et al. (2017).
From this, we see that the vast majority of the QuantiFarm DATS farmers is interested in digital
innovations, both in general (93%) and in digital innovations in farming (83%). Another 48% also wants
to know how or why a DATS works (just that it works is not enough); an indicator for a group that has
indeed an affection towards technology itself, and something to take into account when applying our
findings on a greater scale.

The biggest group invested in the DATS somehow, with 42% investing themselves and 10% together
with others. Another substantial group of 38% does use the DATS, but did not financially invest in it
themselves. Lastly, for 10% of the people other arrangements have been made.

Often the respondents are the ones that use the DATS the most (84%). The way respondents interpreted
their time working with DATS was questioned over 4 tasks: analysing data (31%), decision making
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(26%), collecting data (25%), and following instructions (18%). All 4 tasks require a substantial part of
the time spent on the DATS. It is possible that with more experience working with the DATS (and
confidence that the DATS works well) a reduction in time in analysing and interpreting and making
data-driven decisions is possible.

DAT bought

Invest(ed) in the DAT |
myself | WInvest(ed) in the DAT together

42% with others
Use the DAT, but am not paying
for it (i.e. others invested in it)
B Other

M Invest(ed) in the DAT myself

Use the DAT, but
am not paying
for it (i.e. others

invested in it)
38%
Invest(ed) in the DAT
together with others
10%

Figure 12: DATS financial investment
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Making data- Making data-driven
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Figure 13: DATS use

Below, factors were prioritised by the respondents on how important they are in their consideration to
invest in DATSs or not. Because this question is central to determining which aspects are found to be
most important overall, the detailed figures are given:

When it comes to making a decision to invest in digital agriculture technology solution (DATS), we found
several factors to be important. Some of these are stated below. Can you place them in level of priority
for you, at the time when you made the investment decision for the DATS?

RANKING* ALL bought=1;2 bought=3;4
Factors Average self bought/ not self bought
placescore invested with or invested
others
Performance of the DATS (e.g., improving 2,0 1,8 2,2
yield, reducing costs, ensuring certification)
Ease of use of the DATS (e.g., direct 2,7 2,5 2,8

applicability  of info, understandable
visualisation of data)

Recommendations from my colleagues and/or 4,8 4,6 51
advisors

Trust in the supplier of the DATS 4,6 4,7 4,4
Trust in how the DATS works (e.g., how my 4.4 45 41
data is secured, and that it is up-to-date)

How the DATS fits with my existing farming 472 40 4.4

practices (e.g., interaction with  other
technologies)

Cost of the system 3,8 4,8 2,1
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*the lower the score the higher the ranking

Performance of the DATS is rated as the most important, followed by Ease of use. The other reasons
come after that.

It is interesting to see if there is a difference between the group that has bought / invested itself in the
DATS and the group that has not paid itself. The N is of course a bit thin, but if one looks at “Cost of
the system” for instance, a difference can be seen: for the group that has not paid / invested itself in the
DATS, the “Cost of the system” has apparently been an important factor, obviously in an inverted way
(i.e., because the investment was limited they probably were more inclined to adopt).

When asked if the priorities have changed after using the DATS for a while, most respondents answer
that this is not the case, and they also indicate that they are actually working too short with the DATS
to be able to determine this properly. However, it is indicated that costs may play a more important role
in the future, too.

For most respondents (78 - 88%), the DATS meets their requirements; is easy to use; they are satisfied
with the DATS and believe the DATS helps to sustainably run the farm. 8 - 15% have not decided yet
if they are positive or negative about the DATS. Especially whether the DATS is easy to use is not yet
possible to answer by everyone. About 5 - 8% is negative about the DATS.
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Figure 14: Statements about the DATS

Respondents were then asked to answer what they would need from a DATS to help with (even) more
sustainable farming. Below some of their answers:

"Data to reduce fertilizer, cereals, water, time and other resources. Or data to send farming in a better
perspective for other people"

"To give us a clear instruction on when the fruit should be collected. Issue regional agricultural
warnings for [disease] outbreaks and harvest time advice (such as warnings)."

"Clearer instructions"

"Easy to use and cheap™
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Next, they were asked what the biggest change was the farm went through after implementing the
DATS. Below follow some of their answers:

"Better performance, critical troubleshooting"

"lrrigation water savings and ease of decision making"

"More quality products"

"More resource efficiency."

"it is always a change to go to a supporting system and that | have to trust on such a system"

"We are able to determine the quality and freshness of oysters much faster and less destructive. This
decreased our costs and improved our speed to the market. Also improved the trust of our buyers. "

The question about the biggest differences between deploying a DATS versus not deploying a DATS
resulted in this range of answers:

"Increased speed in our logistics/production and increased trust from consumers with DATS"

"It is true that on the parcel where the telemetry station is installed, there is greater certainty about the
validity of the decision taken "

"Above all, being able to control the plots without having to be there in person, when you detect
something, you move and go to the area in particular, is a great /advantage] ”

“Saving in time and a great advance in the speed to make the appropriate decisions"

"Water efficiency. By using the application, I can get more kilograms of product on the side with a
certain amount of water than if | do without the application.”

These open questions help to understand better the DATS adoption drivers and barriers, in order to
prioritise functions and argumentations for further activities in QuantiFarm.

Respondents were then asked to rate their interactions with DATS now, and their ideal interaction, on
a slider scale (1 being a basic level of operation i.e., the DATS only monitors; and 8 being the highest
level of a fully autonomously operating DATS). This question was added because from dialogues with
TC farmers, we saw that the type of relationship a farmer has with the DATS helps to understand
adoption dynamics, e.g., perceived risks or fear of autonomy loss.
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Figure 15: Level of autonomy of the DATS

The graph shows that most farmers place the DATS in the middle of scale (between monitoring versus
autonomy, i.e. numbers 3, 4 and 5), and only little on the extremes of 1, 6, 7 and 8. The ideal interaction
however is higher than these first scores (on 5, 6, 7, and 8), with a clear preference for position 5. This
points towards a preference of the farmers that the DATS should ideally become more autonomous, and
for instance attain more of a ‘co-worker’ status, but should not become totally autonomous.

How do you perceive your interaction with
the DAT(s) now?

B bought/invested DAT self B Did not investin DAT
60%
50%
40%
30%

20%

10% II

0% n am un ln
2 3 ! 5 6 7 8

0 1
Figure 16: ldeal level of interaction with the DATS

The question on perceived DATS interaction was also compared between farmers who did and did not
invest in the DATS themselves. As can be seen in the figure below, the perception is mostly comparable,
with main scores in the middle of the scale (3, 4 and 5).
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Figure 17: Perceived DATS interaction divided between investment
Below follow some quotes from respondents on the current and ideal DATS autonomy:

"For example, in the NDVI. The TAD can tell me that something is happening in that area, but | know
my plot and | know that it is a dead sand. | know it's a dead sand, but TAD is not.

"As with every technology, | believe, that it is best when it is used with some human interaction, to at
least check and control its operations. Not to be fully autonomous."

"| take into account the advice and instructions provided by the program and in combination with the
knowledge and experience | have | do my best for my farms"

Finally, respondents were asked for some other remarks. Comments are quoted below:

"l think that as the demands are being placed on a farm, Tad [DATS] will become part of the farms as
another tool, they will help us in decision-making and they will facilitate them. Communications with
the administration, there are many people who do not want to give data, but being able to share data
makes us more effective, you can learn a lot from the successes and unwanted results, | never like to
say mistakes or failures.

With Tad [DATS] the data is always stored and accessible. The only problem we have is that we have
to improve communications, data coverage so that new technologies work perfectly and do not end up
despairing, especially in villages with few inhabitants "

"The spread of the use of smart farming in the Greek countryside requires coordinated and targeted
action by all private and public sector stakeholders who will have to take key decisions and develop
strategies that will help in the transition of the new era in the agricultural sector. These actions should
be disseminated to the general public and in particular to those directly concerned (agricultural
consultants, researchers, producers) with the corresponding means of communication (TV, websites,
social media, radio) .

All Test Case farmers that are NOT deploying the DATS under assessment by the project, were
approached to take part in a survey, regarding their reasons not to adopt the DATS (as described in
2.1.3). Again, the survey was web-based, and Test Case managers were asked to send links per Test
Case to their respective farmers. On purpose, to make comparisons possible, we kept the survey largely
comparable to the previous adopter survey, apart from a few specific questions (which we will see later).
The survey was available in 11 different languages (see below). Not all TCs have managed to fully
engage actual non-adopter farmers at this point in the project. This became clear in the returned surveys:
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we had 15 out of 30 TCs responding, with 17 respondents in total (2 TCs had 2 respondents). This
number reflects the fact that it is somewhat harder to engage non-adopter farmers at this point in the
project.

As for the non-adopter survey, wherever we mention quotes these were translated to English where
needed. The answers that already came back in English were left as such (including language mistakes),
to prevent interpretation errors and, especially, to reflect the respondent’s true words and opinion as
much as possible.
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Figure 18: Preferred language

The group of NON-adopters seems to be a bit older than the DATS group in terms of age. 29% is over
45 years old (of the DATS adopters this is 55%); and 41% is over 56 years (of the DATS adopters this
is 16%).
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Figure 20: Age category Figure 19: Most relatable farmer story

Peter, Kris or James?

To reflect a non-adopter profile in the stories, in this survey we did add a third story, the one of “DATS
reluctant” James.

As the fourth generation, James runs his small sized farm. Together with
his partner and sons, James produces meat to sell to supermarkets. Lately,
James is struggling to keep up with the continuously changing policies. The
investment for a DATS seems big for the few pigs, and the financial benefit

is unclear. He is not a huge fan of technology and not sure yet whether one
of his sons will take over the farm

About a third of the non-adopter respondents are attracted to Peter's story, a third to Kris' story, and a
third to James' story.
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Some reasons farmers choose for James are:
“The technology is very complicated to use, it requires a lot of maintenance.”
“The farm is too small to use some expensive technologies”

In comparison, of the DATS adopters, 79% feel most attracted to Peter's story because they share the
view that digital resources have an added value for the farm.
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Figure 21: Farm size and succession

The group of non-adopters seem to own relatively small farms (53 smaller farms than comparable
farms), also in comparison to the adopter group. Interestingly though, 10% more have a succession plan
is place (which is probably related to the older age of the first group).

Also this group of farmers answered the same open questions, with the following answers:

Mentioned often: family business, family tradition, outdoor living
"We had fields in our possession "
"l had a country and with my family | started doing it spontaneously, about ten years ago"

"l married a farmer and grew to love the business"

Mentioned often: feeding people, product quality, sustainability
"To manage my farm"
"For the good quality of my oil "

"The sustainability of the farm"

Mentioned often: regulations, costs
"High costs, low sales prices, fewer and fewer employees™
"Bureaucracy and climate change "

"High cost and too little financial support, especially to implement technology"
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Overall, in their sense of achievement and their concerns, the adopter and non-adopter farmers are rather

alike.

Affinity with technology (NON)

100%
80%

60%

40%
20% I
o []

Strongly disagree Disagree Undecided Agree

B | like to occupy myself with digital innovations in general

I have a personal interest in digital innovations in farming

Strongly agree

It is enough for me that a digital system works; | don't care how or why

Figure 22: Technology affinity

This group adopters seems less interested in digital innovation compared to the DATS adopter farmers;

their interest in digital innovations in general is far lower (59% compared to 93%), and the same for

digital innovations in farming (36% vs 83%). This is telling: for the non-adopters the starting point in
a potential adoption process will surely not be out of an interest in new technology, gadgets or agritech.

When it comes to making a decision to invest in digital agriculture technology solution (DATS), we
found several factors to be important. Some of these are stated below. Can you place them in level of
priority for you, at the time when you made the investment decision for the DATS?

RANKING*

Non-adopters

Factors

Average placescore

Performance of the DATS (e.g., improving yield, reducing

costs, ensuring certification) 2,6
Ease of use of the DATS (e.g., direct applicability of info,

understandable visualisation of data) 3,5
Recommendations from my colleagues and/or advisors 5,6
Trust in the supplier of the DATS 5,3
Trust in how the DATS works (e.g., how my data is secured,

and that it is up-to-date) 4,6
How the DATS fits with my existing farming practices (e.g.,

interaction with other technologies) 3,0
Cost of the system 3,1

*the lower the score the higher the ranking

“Performance of the DATS” is rated as the most important factor to consider investing in DATSs,
followed by “How the DATS fits with my existing farming practices”, “Costs of the system” and “Ease
of use”. A significant difference with the adopter farmers: the non-adopters are far more wary about

how the DATS fits with their existing practices.
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On sustainability, the following questions were asked:
Could you in your own words describe the tools you use to achieve more sustainability on the farm?
Some representative answers:

"Basically, we use the experience transmitted from generation to generation, observing the evolution
of the plantation and checking the soil moisture. We also rely on weather forecasts"

"l don't do unnecessary applications"

"Making observations in the field and anticipating them. Sustainability is not directly linked to
digitization. "

"l don't understand exactly what you mean about the tool. Since | have electricity for pouring in the
field, I use electric pumps, and the work in the greenhouse itself is reduced to manual, with the use of
various aids, some of which we made ourselves. "

"Weather station"

Some representative answers:
"Simple and easy to understand information. For example lack of water, lack of fertilizer, "
"Artificial intelligence"

"Sensors to measure carbon flux, air quality and slurry/manure/soil  analysis.
Handheld NIR device for testing forage crops"

And to delve into the motives for non-adoption more we asked:

Some representative answers:

"Best example is registering calves online"

"Things become manageable when we do deploy DATS"
"Go with trends or stick with traditional practices"

"In a negative sense, you are only behind a screen and you lose the feeling with the crop, the cultivation
and the circumstances "

"Assistance in decision making"

Some representative answers:

"Chemical protection support, autonomous tractors"

"Scouting of the sick and plagues and certain extensions in me climate computer"

"Cultivation registration programs and BOS systems are already being used. I think that's more than

enough. It can be done in the field anyway."
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IINOII
"Water purification, and the process of watering and feeding."”

"Soil condition information"

Some representative answers:
"Cost. Relevance of the technology when | can do things myself. "

"Ease of use and price"

"The feeling with crop, cultivation and circumstances then goes away. And that's the whole point of
being a farmer. "

"The cost of the investment, and perhaps more importantly not the ability to really first convince myself
of the reliability and completeness of the system. "

What surfaces is a view of farmers who feel a DATS will come in between a farmer and his land / field
/ crops / animals. Although many farmers are using digital tools to some degree, venturing towards the
“smarter” applications feels like being replaced. This view is confirmed by the question on the
interaction with the DATS.

Ideally Interaction with DAT(s)

100%
80%
60%
40%

20% I
n "

0%

% respondents

0 1 2 3 4 5 6 7 8
Only monitoring << >> Autonomously

The DAT and | work
together: | learn
from the DAT but |
make adjustments
to the DAT, too

The DAT gives me
advice and
instructions

The DAT works
autonomously

The DAT only
monitors

Figure 23: Ideal level of interaction with a potential DATS

Lastly, the respondents were then asked to rate, if they would deploy a DATS, what their ideal level of
interaction would be, on a slider scale (1 being a basic level of operation i.e. the DATS only monitors;
and 8 being the highest level of a fully autonomously operating DATS). This question was comparable
to the “ideal interaction” question in the adopter survey. Not surprising, the non-adopters would
appreciate some degree of advice, but not much more. Some open answers:

"Some decisions can be fatal to our production so final decisions must be made by a human *

"If it's only as a monitor, there are already so many uses of that and really should offer something extra
that isn't there yet. "
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"The point is to give reliable technology parameters to maintain and upgrade along the way."

Although we offered them the possibility, we received no other open feedback as we did from the
adopter farmers.

3.4. Outcomes in-depth study on non-adoption (SFYN)

The earlier-mentioned organisation SFYN (chapter 2.1.4), in collaboration with TNO, investigated
motivations of farmers who are not adopting DATSs. Through a field visit, followed by a semi-
structured interview and a futuring exercise, eight farmers shared their stories. The method itself,
including the description of futuring, is part of Appendix C.

The visits provided insights in the determinants for not working with any type of (digital) technology.
We hypothesised that non-adoption could either be because farmers can not (e.g., due to financial
reasons) or do not want to adopt technology (e.g. due to ethical reasons).

The target audience for the research was scoped using the following matrix:

Livestock Horticulture Fruit farming

Common FarmerA  FarmerB FarmerC  FamerD
Organic FarmerE  FarmerF  FarmerG  FamerH

Outcomes of the research has led to an estimation of the degree of adoption; reflections on three
archetypes; and lastly an overview of the interviews, summarised in a presentation®.

3.4.1. Degree of adoption

Based on the interviews (and very much aligned with the survey outcomes of the paragraphs above), it
was found that one can discern a degree of DATS adoption, from the basic monitoring solutions to the
fully autonomous ones. In this part of the research, an adoption degree per sector was distinguished,
based on dialogues with the farmers in the research:

, 100%

Figure 24 Adoption degrees per sector

8 Please contact sabine.verdult@tno.nl to get access to this file.
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The interviews with both farmers and experts in the field of agriculture during the half a year program

led into several insights:

3.4.2. Archetypes

DATS adoption is a gradual process, not a binary matter of either ‘yes’ or a ‘no’;
Not only the presence of a DATS was taken into account, but also its role in farmer decision-
making process defines the adoption degree;
There seems to be a correlation between the adoption degree and the input intensity of a sector,
as farmers who stated to by highly reliant on inputs for their production are in practice more
prone to look into supporting DATSSs to decrease this reliance;
And there seems to be less DATS adoption in organic farms in comparison to non-organic
(conventional) farms. Probably because organic farmers are less tempted to focus on profit.

Based on the interviews, three archetypes (generalised representations of farmers, with certain contexts
and traits) were abstracted from the data. This was done by clustering and connecting recurring
behavioural determinants in the data, through which three distinct types surfaced. The archetypes, and
their characteristics, are described below. Interestingly, we see parallels with the data from our non-
adopter survey and the literature review, such as the older (more experienced) farmer with a smaller-
sized farm being the most reluctant, and the ones open to some form of DATSs, but without a
compromise on their autonomy and (image of) being an ecologically driven farmer.

Demographics (objective]

Motivations (subjective)

Efficient farmer

Aims to have a positive
impact on society

Relatively lots of
employeesiinterns
Lotsof diversity (e.g.
types of products)
Relatively low
acoption of DATs

Connection with
communityisimportant
Farm plays arole ina
bigger whole
Technology does not
provice a "one size fits
all” solutions
Technology is not per se
more sustainable in
comparison to
{wolmanpower

Figure 25 Non-adopter archetypes
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4. The integrated DATS adoption framework

As we have seen, to truly understand DATSs adoption, it is essential to capture farmers’ experiences of
DATSs adoption throughout the process of decision-making, from first thought of potential
procurement, up and until full usage of the technology.

All the research conducted by WP1 together produced such a breadth of knowledge around DATS
adoption and revealed such a range of influences that it seemed the most comprehensible way to unite
all of them was via a new integrated framework. The novelty of this particular QuantiFarm framework
stems from its incorporation of different perspectives and literature on behaviour determinants, and
from its simultaneous framing of DATSs adoption as a journey (rather than a singular moment, a simple
binary decision) that begins with an initial encounter and subsequent consideration and ends with
habitual use and total integration of the DATS.

The preliminary framework came about by clustering and structuring the above-described findings in a
few iterations, after which a visual artist supported the concept with an illustration (see figure 25 below).
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Figure 26 Preliminary QuantiFarm integrated DATS adoption framework - overview

The framework tells the story of how the adoption journey starts with an encounter with a DATS, either
by chance, through marketing campaigns, from peers, via research programs, etc. This is followed by
an elongated phase of consideration, in which many determinants are at play that can be clustered into
4 groups, which all come together in the decision sphere of the farmer and his or her farm:
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e Personal factors, which are those factors personal to the farmer such as age, gender, education
level, skills, and time to spend on learning new things;

e External factors, which are not individual determinants as such but do influence the farmer’s
choices and behaviour, such as scale of the farm, farming type, local traditions, and complexity
of the DATS;

e Balancing factors, which are the factors with which a farmer weighs his or her decisions, such
as perceived risks of implementing (or not implementing) a DATS, expected maintenance costs,
and expected returns;

e Decision influencers, which can be regarded as a subjective layer around the balancing factors
and which are not always necessarily based on rational weighing of costs and benefits. In this
category, we fit determinants such as attitude towards the risks in the previous category; how
one perceives their capability of working with technology; life goals; and, crucially, the social
influence of the people around the farmer.

After this process of consideration, which often involves going back and forth between factors, follows
an implementation decision, which may be the decision: not to implement anything (for now); to run a
trial; to do a full-blown roll-out; or variations in between, such as trialling one part of the DATS,
followed by another, etc. Lastly, and critically, is the usage phase, in which many factors still influence
how well a DATS is truly adopted and to what extent it is utilized and can perform optimally. This is
where expectations, e.g., on performance, ease of use, or interactions with other technologies, are met
(or not) in practice. The open boxes in the illustration depict indicators that can be filled in over the
course of the project, by the assessments conducted in WP2 and repeat studies of findings on actual
DATS usage in WPL1. Lastly, dealbreakers to be aware of, that can also cause for a DATS to be no
longer deployed, are items such as the DATS leading to an overload of work, or having overly intrusive
of alerts.

After the deep dives and continued data collections, the framework was revised to achieve its final form
(below, figure 26). The behavioural determinants have been expanded and tweaked to most accurately
and concisely represent the influences on farmers’ decision-making regarding DATS adoption.

One notable addition is of the "culture"” layer at the bottom of the framework. As revealed in the deep
dives, culture is a highly significant theme that exerts its influence in a multitude of complex ways.
Culture filters how we perceive the world, how we think, and how we interact with others. As such, it
was more accurate to include culture as a layer rather than try to artificially list it as a single factor
within the integrated framework. Following are a few examples of how Hofstede’s cultural dimensions
could interact with various framework factors to exemplify the myriad ways in which culture plays a
role in DATS adoption and why it is best understood as a layer. In a collectivist culture, a farmer may
be more likely to encounter a DATS from a peer or associations and may be more heavily influenced
by social norms and pressure, whereas in an individualistic society, a farmer may weight their individual
and recreational goals more heavily. Compared to a farmer from a short-term outlook culture, a farmer
from a long-term outlook culture may be more interested in a growth-oriented DATS may be less
deterred by a steep learning curve (i.e., effort expectancy), and may more readily consider climate
change in their moral obligations. A farmer from an indulgent culture may be more motivated by
hedonic motivations than a farmer from restrained culture. A farmer in a masculine culture may take a
more assertive approach to joint decision-making than someone in a more feminine culture, and may
be more likely to prioritise goals and benefits related to finance and status than to well-being and
balance.
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Figure 27 QuantiFarm integrated DATS adoption framework - with determinants
Explanations and/or examples of each factor can be found below in Section 4.1.

The integrated framework is intended to be applied in several ways. Firstly, it serves as a comprehensive
overview of behavioural determinants which should be used as a reference to ensure that consequent
guidelines are more relevant and complete. Secondly, it is a means to incorporate meaningful and
relevant indicators in the tools and instruments that are being developed by other QuantiFarm Work
Packages, such as the QuantiFarm Assessment Framework and the Recommendation Tool. Thirdly, it
supports the dialogue with stakeholders on what elements are most relevant to consider in regard to
DATS uptake and usage.

The following pages provide a brief explanation or an example of how each factor from the Integrated
Framework might influence DATS adoption for a hypothetical farmer. The examples are not true of
everybody. They serve merely to illustrate one way that a factor could express to influence decision-
making. The examples come from observations made and statements heard during the TC visits.

Source

e Explanation: Farmers first hear of DATSs through a range of mediums. These encounters include
hearing about the DATS from a neighbour, finding it online when researching innovative methods,
learning about it when attending farmer association meetings, being visited by an advisor or
supplier, and being exposed through marketing. Some encounters are more passive on the farmer’s
part (e.g., hearing from a neighbour and being the target of marketing), whereas others are more
active (e.g., participation in association outings and directed research).
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Personal factors

Stable characteristics

Age:

Explanation: Age can be related to many factors, such as affinity for technology and plans for farm
succession.

Example: An older farmer may be reluctant to digitalisation if they have less familiarity with
technology, more intuitive expertise upon which they can rely, and an overall more traditional
approach to farming. Alternatively, aging may be a reason that a farmer becomes more open to
adopt a DATS, for instance because it can reduce the burden of physical or mental labour.
Example: A middle-aged farmer makes an explicit effort to involve DATSs because their child is
considering taking over the family farm and the farmer wants the business to be sustainable and
appealing to their child.

Gender:

Explanation: Gender is related to other factors, such as risk-taking; in general, men tend to take
more financial risks than women, whereas women tend to take more social risks than men. Gender
is also important because female farmers face more barriers and different barriers than male farmers
do, across countries.

Example: A son is more readily assumed to be a successor than a daughter, and as such by default
is socialized more into the farming business (e.g., by being taught to drive a tractor as a child).
Example: A female farmer is less integrated in male-dominated farming associations and needs to
search for information elsewhere.

Example: A female farmer feels that she has less room for error due to a spotlight being on her
because of her gender and different expectations around experimentation, tinkering, and risk-taking.

Ethnic group:

Explanation: A farmer’s ethnicity may be relevant in terms of circumstances such as whether local
associations tend to group according to ethnic lines, whether there are historical tensions in terms
of land ownership or stewardship, whether a farmer is of the ethnic/linguistic majority or minority,
whether a farmer’s farm has generations of heritage, whether a farmer is a newcomer with practices
and crops that are less common in the area, etc.

Personality:

Explanation: Personality is too nuanced to draw clear examples. However, as an advisor, it makes
sense to know your farmer. Keeping these types of personality traits in mind, in conjunction with
other factors, will enhance the relationship between advisor and farmer.

Example: Extroversion. Are they extroverted and willing to talk to other farmers and have regular
visits? Or, are they more comfortable doing their own online searches?

Example: Openness to Experience. Are they open to and curious about new things or do they prefer
familiarity and routine?

Example: Stubbornness. Depending on what the stubbornness pertains to (e.g., being in charge,
being independent, being environmentally friendly, maintaining tradition), the effects on deciding
whether or not to use DATSs differ.

Example: Flexibility. In general, farmers demonstrate flexibility regularly in the sense that they all
experience limitations and obstructions from policy and bureaucracy, and must also continually
adapt to natural and market conditions. That said, some do so much more gladly and effortlessly
than others.
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Technological affinity:

Explanation: A person’s technological affinity refers to their general relationship with technology
and their tendency to either interact with it or avoid it.

Example: A farmer enjoys playing with technology that is new to them, feels fairly competent with
technology overall, and has a generally positive attitude towards technology, so they approach it
more than someone with a more negative relationship with technology who might have feelings of
intimidation, mistrust, stress, or boredom.

Disposition to trust:

Explanation: People have different dispositions to trust. Some people are more likely to trust their
fellow human beings, technology, and/or institutions, such as the government, than other people
are. When building relationships with farmers, advisors should be aware that farmers may want to
build trust in different ways (e.g., by demonstrating a reliable track record of task performance vs.
by building a personal relationship). Advisors should also be aware that farmers may have different
levels of trust (positive expectations), mistrust (cautious uncertainty), and distrust (active negative
expectations) in different actors and objects, such as government, strangers, advisors, suppliers, and
technology (in terms of data security, privacy, reliability, etc.).

Example: Less trusting farmers typically have more hesitancy when adopting a DATS.

Capacity

Explanation: To implement a new DATS, a farmer first needs the time and space to research and
think about the decision. They must also foresee having the time and capacity after purchase to
learn to use the DATS, train staff, and endure the challenges and adjustment period that come with
changing protocol. In addition to time and cognitive capacity, financial and emotional capacity are
also important. They would also need the physical capacity to use the DATS. Alternatively, a farmer
may be motivated to adopt a DATS if it helps them with a task that is currently physically
challenging.

Example: A farmer who is busy with four young children may not have the capacity to explore new
ways of working even though it may improve his efficiency once implemented.

Knowledge

Explanation: Subject knowledge can come from a range of sources, such as hands-on experience,
practical training, formal education, familiarity from general proximity, etc.

Example: A farmer who has formal education and training but who lacks hands-on experience with
a certain crop in a new region may turn to technology to supplement their perceived shortcomings
and gain data insights tailored to the specific environment.

Example: A farmer who has extensive farming experience with farming may feel secure enough in
their expertise and in their ability to have a feel for their crops and for the conditions that additional
data from technology may not be as appealing.

External factors

Farm

Explanation: The farmer will certainly consider the characteristics of their farm (e.g., size, crop,
ownership structure, organic or not) when considering the suitability of a DATS.

Example: A corporate-owned farm has a bigger budget and more financial float than a neighbouring
small family-owned farm.

Example: A certain DATS is differentially suitable (and worthy of investment) to a farm with
diverse crops than to a farm with a single crop.
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Physical environment

Explanation: Because of (a lack of) natural resources, farmers need more or fewer DATSs to assist
them in bringing in the crops. These conditions might include soil salinity, heat for crops and
animals, drought, pests, shifting harvest season, etc.

Example: A farmer experiencing increasing drought conditions sees increasing appeal in water-
saving DATSs.

Example: A farmer in a region where a certain pest has not been eradicated but EU-wide policy
bans a pertinent pesticide sees early detection DATSs as more appealing.

Technology

Explanation: The DATS itself is a critical component. Characteristics of the technology determine
its relevance to the user and to their farm. All these factors should be considered. Whether or not a
farmer chooses to adopt a DATS is influenced by their perception of these DATS features (e.g., it’s
complexity), but whether or not a farmer integrates the DATS into habitual usage is influenced by
their experience of these DATS features.

Complexity, required skills of personnel, ease of use

o Explanation: A more complex DATS costs more time and effort to implement, especially
if it will be used by workers.

Replacement vs. supportive

o explanation: Technologies range in terms of whether they help the human perform the task
(support) or perform the task for the human (replacement). People’s perception of a DATS’
position on the support-replacement spectrum influences their attitude and openness
towards the technology.

o Example: A farmer who identifies strongly as a farmer and with their work may find a
DATS less appealing if it replaces them in doing that task.

o Example: A replacement DATS might be very appealing if it replaces a back-breaking and
repetitive task done by workers who can instead be moved to other tasks.

o Example: A farmer who is keen to hone their skills and increase their knowledge may be
very attracted to a supportive DATS that they can learn from and use to validate their
intuitions.

Protective vs. growth-oriented

o Explanation: Does the DATS protect against losses and uncertainties, or does it offer
potential growth and expansion?

o Example: A farmer more worried about the effects of climate change may see the appeal
of a protective DATS.

o Example: A growth-oriented DATS may be more appealing to a farmer with more financial
resources and entrepreneurial ambitions than a farmer who is uncertain about the future of
their farm’s succession and may therefore be more focused on maintaining what already
exists.

Voluntariness of use

o Explanation: Is the DATS required for compliance with policy or is use entirely voluntary?
If a new standard has been set, the DATS may be one (though not the only) way to meet
the requirement.

Reputation, societal propagation

o Explanation: Does the DATS have a well-established reputation and is it used widely, or is
it relatively unknown?

o Example: It may take a more risk tolerant farmer or one who is confident in their hard
research skills (instead of relying on anecdotal evidence) to be comfortable investing in a
DATS that is less widely used.
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e Performance, technological readiness level, energy efficiency

o Explanation: Technological Readiness Level is a 9-point scale used to rank the maturity of
a technology from concept through to prototype and, finally, to proven usage.

o Example: A farmer with lower technological affinity or lower risk taking may be less
willing to “experiment” with a DATS that is earlier in development and whose performance
has not been as concretely proven.

o Example: A farmer in a region with less reliable energy may be more reluctant to invest in
a DATS with high energy consumption or which could cause harm to the crops in the case
of a disruption.

o Cybersecurity, data protection/privacy

o Explanation; What data does the DATS collect, where are they stored, and who has access
to them? Some people are more concerned with security and privacy than others.

o Example: A farmer who is more concerned with data privacy and security may be more
reluctant to a DATS that collects photographs of his farm and crops.

Balancing Factors

e Explanation: “Balancing factors” refers to the pros and cons that people weigh. Although these
“pros and cons” are often considered a more intentional and objective method of reasoning, the
weight that people attribute to different balancing factors is often emotionally driven. The more
tangible and the more immediate a factor is to a person, the more weight they give to that factor.
“Perceived” precedes all three categories because, in a person’s decision making, it is not the true
costs, risks, and benefits that matter as much as those that they perceive. These factors can be
material or immaterial.

o Costs are cons that will occur.

o Risks are cons that may occur. People have different levels of risk aversion/tolerance.
Moreover, an individual can have different levels of risk tolerance towards different types
of risks. Note: There are also risks associated with not adopting a DATS (e.g., financial:
of not updating; social: of rejecting the ideas and wishes of those around you).

o Benefits are pros that will or are expected occur.

e Financial

o Cost: the price of the DATS.

o Risk: making an investment that doesn’t pay off financially.

o Benefit: futureproofing, added revenue, subsidies, and profitability.

o Cost: the DATS takes time to research and implement.

o Risk: the DATS takes longer to learn to use than anticipated.

o Benefit: the DATS increases efficiency and creates more free time or more flexibility to be
away from the farm.

o Cost: the DATS costs effort to research and implement, especially if it performs a new
capability instead of replacing an existing one on the farm.
o Benefit: once the DATS is implemented, less effort is required.
e Social
o Risk: of upsetting relationships, e.g., with partners, family, other farmers, workers. This
could occur, for example, if the equipment creates unwanted noise for neighbours, upsets
family by altering the traditions of a family farm, or disrupts family life by taking up time
and money.
o Benefit: happier workers
e Personal/Recreational
o Cost: decreasing time enjoyed working hands-on with the crop.
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o Benefit: enjoyment of the DATS’ aesthetic, enjoyment from exploring new and innovative
method (epistemic value), knowledge that farm is more futureproof, sense of mastery or
autonomy, fulfilment of basic psychological needs.

e Health and safety
o Risk:
= Of adopting: accidents, stress associated with investment and learning curve.
= Of not adopting: sun exposure, chemical exposure, old equipment use.

o Benefit: health benefits don’t only refer to reduced sun exposure and back-breaking work.

They also include reduced stress, and more time spent with family.
e Ethical

o Cost: a farmer may resent turning to new methods that involve high-tech solutions from
larger corporations or diverting from traditional ways of farming that were used by previous
generations.

o Benefit: knowledge that you are decreasing your impact on the environment.

e Autonomy
o Cost: the DATS will automate some factors so that the farmer isn’t as involved in every
decision.
o Risk: the DATS may not provide all the raw data that the farmer would like to tinker with
themselves.

e Maintenance and repair
o Cost: the DATS will eventually incur costs related to maintenance and repair.
o Risk: repairs may be greater or more frequent than anticipated, or even permanent.

Decision Influencers

o Explanation: This category of factors relates more to psychological processes and constructs.
Decision-making, like all cognition, is subject to the many filters and falters of the human brain.

Attitudes

e s the farmer’s general evaluation of and feeling toward the DATS positive or negative? Attitudes
have emotional, behavioural, and cognitive components. They are influenced by balancing factors
(left) as well as decision factors (below). Attitudes influence behavioural intention.

Cognitive Biases

e Explanation: Human thinking (including decision-making) occurs through cognitive processes that
are built on recognising patterns and making short cuts. As such, thinking is inherently biased and
prone to some degree of error. Cognition is also heavily influenced by emotion. Awareness of biases
can help mitigate their impact.

o Example: framing effects describe people’s tendency to prefer messages that are framed positively
(i.e., in terms of gains) than messages that are framed negatively (i.e., in terms of losses). For
example, a farmer would likely be more open to a DATS framed as reducing pests (a positive
outcome) than to a DATS that warns of an increase in pests without the DATS (a negative outcome).

e Example: people tend to overvalue and over-rely on emotional information when making decisions.
Additionally, pre-existing emotional associations (positive or negative) can bias people towards or
against things. Emotions are not a bias, per se, but they do exert powerful, complex, and diffuse
influence on decision-making and are therefore worthy of note.

Expectations
e Performance expectancy
o Explanation: the amount of improvement in performance the farmer expects to gain through
using the DATS. Similar to another construct in the literature: outcome efficacy (a belief
about the likelihood of the behavior leading to a specific outcome). Higher performance
expectancy is related to higher behaviour intention.
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o Effort expectancy

O

Explanation: The ease of use or effort that the farmer expects the DATS will require.
Similar to another construct in the literature: perceived behavioural control.

o Facilitating conditions

O
(@)

Explanation: the infrastructure to support using the DATS

Example: The greenhouse having space to house the DATS, the DATS provider being
available for troubleshooting and training, and the workers speaking the language of the
DATS interface.

o Self-efficacy

O

O

Explanation: Self-efficacy refers to how confident a person feels that they have the skills
and abilities necessary to succeed in a certain environment or with a certain task.
Example: A farmer who has high self-efficacy is likely to have a more positive attitude
towards the challenge of integrating a new DATS into their process.

Motivations

e Goals

O

Explanation: What is the farmer’s view of the future and what do they want to achieve?
Consider their goals and outlooks regarding personal development, farm expansion, work-
life balance, sustainability, heritage, retirement, (family) succession, etc.

e Values & beliefs

O

Example: A farmer who believes strongly in the value of hard work may be less motivated
to adopt a replacement DATS, if the task is one that they value highly.

Example: A farmer who values time with their family may be more motivated to adopt a
DATS that allows them to do some remote monitoring.

Example: A farmer who holds traditionalist beliefs may be resistant to change in general
but may be more willing to accept a DATS that supports their traditional ways than one
that disrupts and innovates.

e Hedonic motivations (desires & preferences)

O

O

Explanation: the enjoyment, fun, or pleasure that the farmer expects to get out of using (or
not using) the DATS

Example: A farmer who enjoys working in the fields with their crops will be less likely to
adopt a DATS than a farmer who enjoys tinkering with new technology.

e Fulfillment of basic psychological needs

O

Explanation: Psychological research has established a few basic psychological needs that
are universal across cultures: the needs for autonomy, competence, and relatedness. When
these needs are met, wellbeing and motivation increases.

Example: A farmer who gets a sense of satisfaction working with her hands and whose
values prioritize feeding her local community may be less interested in a DATS that reduces
her time in the field and facilitates broader distribution. Her original way of working may
better satisfy her need for autonomy.

Example: A farmer who places heavy value on their sense of independence may be more
resistant to a DATS that will help with compliance with new stringent policies, because the
policies (and the DATS) make the farmer feel that they are not in charge of their decisions
and actions.

Example: A farmer whose work is challenging them at the right level would find it
rewarding and motivating and would have more confidence to take on a new challenge
(such as learning a new DATS). The need for competence speaks to life in general and need
satisfaction can come from many sources.

e Perceived threat

O

Explanation: Is the farmer motivated to consider a DATS because of a specific
problem/threat, or are they simply open to general improvement?
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o Example: A family farmer feeling the weight of the rising cost of living and a challenging
market decides to make more prudent financial choices for the next few years.

o Example: A farmer acutely aware of changing patterns in heat waves and drought
conditions decides to put more time in to researching protective solutions.

Social Elements
e Social influence & incentives:
o Explanation: As social creatures, people are constantly influenced by those around them.
Social influence can be exerted intentionally or unintentionally, as well as felt to differing
degrees of intensity.
o Example: A farmer feels pressure from members of their association to update and
digitalize.
o Example: A farmer is often visited by neighbours who stop by and end up discussing the
farm.
o Example: A farmer feels pressure to invest in an early detection DATS, not only to prevent
pests on their own farm, but also to avoid risking spread with neighbouring farms.
e Social proof:
o Explanation: The tendency of people to look at the behaviour of those around them to
inform their own behaviour (often following what they see).
o Example: A farmer who is not an early adopter of technology waits to see how a DATS
works out for his neighbours before deciding to adopt.
e Social norms:
o Explanations: Whether they are explicitly or implicitly stated, social norms are a strong
source of behavioural influence.
o Example: A farmer’s wife chooses a job that is less demanding in the summer months so
that she can help more on the farm, following a typical local norm.
o Example: A farmer feels compelled to avoid noisy work on Sunday due to local religious
and cultural norms.
e Moral obligations:
o Explanation: People have internal beliefs about what is right and what they are comfortable
doing.
o Example: A farmer whose faith tells them that it is important to feed their community may
be more open to DATS that facilitate that goal.
o Example: A farmer who is concerned about climate change (i.e., problem perception,
perceived threat) and believes it is their duty to try to protect the environment for future
generations is more likely to adopt a DATS that supports sustainability.

Usage Factors

o Explanation: Usage factors describe how the DATS is experienced in practice, and help explain
how quickly and how well a DATS becomes integrated into habitual usage. Not all DATSs that are
purchased go on to be permanent fixtures. Focusing on optimizing these factors is especially
important when the DATS is being used on a trial basis or as part of a pilot, to maximize the
likelihood of adoption.

e Experienced and updated

o Expectations (see left)
= Explanation: In practice, is the DATS smooth and easy to use or is it clunky and
challenging?
o Costs, Risks, and Benefits
= Explanation: What were the actual costs and benefits experienced? Which risks
manifested? What are the perceived costs, risks, and benefits going forward?
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= Example: Were there unexpected fees? Did the change create frustration or
excitement amongst workers? How much free time has the farmer had to dedicate
to the DATS, and how long do they see this continuing?

Habit Building

O

Explanation: To be completely integrated into protocol, DATS usage should be habitual.
Habits are not always easily changed though. The degree to which habit change can occur
relates to factors such as motivation, ease of use, and the DATS itself.

Example: If the DATS provides new information to the farmer, but doesn’t replace their
old methods, habitual usage may come more slowly than a DATS that replaces an old
method and thus is automatically used every day.

Dealbreakers

Explanation: As illustrated in the Advisor part in the Guidelines, where a flowchart is shared to
support a farmer’s DATS adoption journey flowchart, dealbreakers can occur at any time and divert
a farmer from their path to adoption back to non-adoption. This can be temporary (if the farmer
later chooses to reconsider) or permanent.

@)

Example: A farmer is overloaded and overwhelmed. In other words, they do not have
capacity. This would likely be a temporary dealbreaker, until such time as they do have the
capacity to resume consideration.

Example: A farmer has difficulty learning how to use the DATS. This is likely to more
seriously impact the chances of adoption during a trial phase with the DATS than after
significant investment.

Example: Very basic DATS features, such as noisy alarms, can be the difference between
a farmer using the DATS or not.

Example: Price, customer service, and personal matters (e.g., life events/choices) can also
be dealbreakers.
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5. Farmer stories

Data is telling, but often lacks vividness and the capacity to truly empathise with the respondents behind
the data. However, to take next steps such as defining guidelines to support with DATS uptake, this
empathy is crucial. Therefore, to illustrate how an individual farmer’s decision-making process may
unfold, driven by this myriads of factors, a series of short farmer stories are outlined. Different factors
are relevant to different individuals, and these factors change over time and situation to situation. To
demonstrate this, each story introduces a farmer character and highlights the circumstances and
influences that lead them to adopt a DATS (or not). The stories exemplify what a hypothetical farmer’s
“DATS adoption journey” could look like. A second step is to turn the stories into actual visual stories,
or storyboards, to make it even more vivid. For our first story below, such a story has been created
which is added below. These storyboards have formed the basis of interactions with stakeholders on the
implications of the behavioural findings in this project.

The farmer profiles in the stories were informed by all research outcomes of the first phase of the
project, and the consequent framework in Chapter 4, in order to be realistic and representative. Because
the topics of gender, autonomy and culture were already distinguished, subtle references to these are
made in the stories, too. An overview of what the storyboards look like is presented in Appendix F. The
storyboards themselves are part of the Guidelines document®.

The colour codes match the colour codes of the determinants in the DATS adoption framework:

Personal factors;
External factors;
Balancing factors;

We see a 35-year-old male, father of 2 children. He recently began the take-over of the family legacy
farm from his father. The son has a fairly strong affinity with technology (i.e. he is interested in using
technology and understanding how it works); in fact, he is very committed to the family legacy, and
sees technology as a means to achieve this as both may well be intertwined. He experiences a lot of
pressure though: weighed down by the constantly changing regulations, and worried about drought that
bears down on the land, he has to invest in the future despite of these insecurities. Moreover, he feels
the negative public opinion of farmers being big consumers (‘wasting’) of water also is aimed towards
him. Not from the people he knows in the village perse, but from the trends he picks up in the media.

; he grumbles that instead he can smell when crops need to be watered.
Nevertheless, given their shared love for the farm and that sustainability is essential for its future, he
agrees to a trial. The son decides to test a precision irrigation system with decision-support that he
knows and that he has seen on a recent farm visit, so
they can help him to smoothen the implementation process. He gets right into figuring out how to make
the most of the new system, and quite easily manages to . He
prefers to be able to , and with the help of others, he can to
some extent.

° They can also be found here: The power of storytelling: QuantiFarm Storyboards by TNO — QuantiFarm
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A while later, his turns out different than it used to be for his father. The son sees the
DATS as an extra set of eyes; he can now even check on the farm from the comfort of his home. He is
still continuously concerned with this farm, but he feels confident because of the from the
system to make He decides to invest in the system
longer term. Deep in his heart he hopes he leaves the farm in such a way that his son or daughter can
also live a good life being a farmer. He ponders over how they will learn how to farm, as DATSs will
take over parts that were once intuitive, and how the data he is now collecting may serve as the
knowledge base for the children that replaces this while maintaining the love for farming.

The storyboard for this story can be found in appendix E.

We see a farmer in his fifties. He owns a large potato farm in north-west Europe together with his wife.
He is supported by seasonal staff and his trusted advisor that he has known over the years. Seasoned by
many years of expertise, he became a familiar face in government/EU-led research programs on
digitalisation in farming, whilst managing his own farm. He has affinity with innovation and research,
and is thus willing to pilot new things. Besides, by offering his services as a pilot farmer he can generate
an extra income stream. Currently, he was asked by his advisor to join a pilot program on a variable
rate application camera and sensors, that results in advice on the targeted application of inputs for the
crop. It is installed an supported by a DATS provider.

Specifically dealing with data-driven decision-making support, he has seen a few of them come by over
the years. In fact, this experience has increased his reluctance to fully invest in a solution by himself.
He has not seen one yet that could reliably replace his knowledge, which makes that he feels he should
always double-check. Even though he indeed sees that his solution lead to some input reduction, overall
he is wary of being locked in if he chooses to fully invest in this DATS: what will happen to the data
that his farm his collecting, what happens to the decision support if for some reason it does not work,
and in how far will it make him dependent on the specific DATS supplier that works on the basis of his
own data? His own advisor is not fully capable of supporting him on these questions. He, and his wife
who has just as much a say in the farm investments, will need clarity on these matters for him to decide
to invest in such a solution himself.

We see a 55 year old female pig farmer. Her farm is relatively big and although it was run by her
husband’s family for generations, she is now solely managing the pigs as the rest of family is earning
an income in other ways, such as the camp site at the other end of the village. This is a necessity, as the
margins for pig meat are increasingly low. Apprehensive of how the market prices will develop, she is
looking for ways to decrease her costs, especially the use of antibiotics.

She is an avid visitor of fairs and conferences and extremely knowledgeable about her field. At one
such fair she encountered a DATS that can help bring antibiotics use down: a pig welfare monitoring
system. Besides the fact that she is willing to venture into new things to have happier and healthy pigs,
she does estimate this DATS will reduce her costs and maybe even improve her market position with
cleaner pig meat. Moreover, the pressures from government to requlate the pig farms from an ecological
standpoint makes her seek for ways to run her business more sustainably. This in spite of the fact that
her trust in government is low: it seems they mend market failures with complicated subsidies, and also,
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living near the border, it sometimes feels life is far easier just a few kilometres down the road, where
the other country’s regulations are less stringent.

Investing in the DATS right off the bat is not a straightforward matter though: although not afraid to try
new things, she is prudent regarding her investments and she is more afraid of incurring losses in these
risky times than generating extra income or even grow her farm. Given the pressures she feels, and the
fact that she has to do a lot by herself, her emotional ability to cope with big changes is low. Thus, as
fast as she can makes decisions regarding her pigs well-being; all the more time she takes to consider
the options regarding investing in a new DATS.

We see a young entrepreneur, 34 years old, who together with a business partner just bought a middle-
size farm with grapevines, with a winery on location where he started to bottle his own wines and host
tastings. He loves being outside, reaping the fruits of his labour and enjoying his wines, yet at the same
time he is a business man; just the way he was educated as an agronomer at the local university. Despite
occasional civil instability in his country, he, as many younger farmers in his region, has a strong love
for the local heritage. This results in a desire to preserve the country’s nature and local culture. Even
more so than the older farmers it sometimes seems, as they often not open to innovate.

He is currently weighing his options of investing in more DATSs (besides the drone he occasional
employs to map the field), especially sensors and a DSS for soil and plant measurements so he can grow
a variety of local, indigenous grapes. As he is more driven by benefit maximalisation rather than risk
reduction, and is fairly comfortable dealing with digital technologies, he turns most focus to the
performance he expects from the DATS and the potential financial gains (rather than how easy it is to
use, for instance). The price tag is relatively high, but he had the finances ready for this venture, so he
has the funds to invest.

He has the time to do some research on the DATS, for instance by asking peers, because he has
dedicated this period of time to getting his new business off the ground. He does have a slight unease
towards his business partner though, who prefers to keep things more traditional. So, what if the DATS
performance stays behind? And towards his peers: what if a lesser performance seems it is because of
his own incompetence to work well with it?

With his rational mentality, he gets over these doubts and directly contacts a well-known DATS

supplier. They of a soil management system first. Luckily, the farm is not yet
entrenched with old habits, so . He envisions a farm where more and more is

even done autonomously in the future.

This 43-year old farmer has a middle-sized, family owned farm. Together with her partner and
sometimes their two sons, she produces some meat to sell to supermarkets and sells other products
locally in her farm shop. Next to this, the farm works together with a school nearby so children can
come by and learn how a farm works and food is produced. The farm is a much loved place in the local
community. Everyone is welcome on the farm, it operates very transparently and people from around
the area loyally visit the shop.

The farm does not operate organically - although already it uses just a few chemicals- but the farmer
wants to become certified as organic. This feels to her as a moral obligation, and aligns with the
community values: providing them with healthy products, and leaving them a healthy earth.
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The increasing number of rules she needs to adhere to for delivering meat to the supermarket chain, feel
very demanding. Therefore, she is contemplating to adopt a supporting digital technology. An advisor
that she knows via another farmer, mentioned their new measurement instrument that can provide the
metrics she needs for certification. Also, the system helps feeding the livestock in exact amounts, fitting
with their needs in their stage of growth.

The DATS seems it could help her save time, so she can dedicate more time to the other tasks around
the farm and her work in the community. However, her list of negative factors that she weighs is long.
For instance, the investment for the low amount of pigs seems relatively big, and the potential for scaling
is limited. And whether a son will follow in her footsteps on the farm is still too soon to tell, so the time
span for a return on her investment is limited, too. This makes it difficult to do an analysis of what it
will save her, financially and time wise. Furthermore, she questions the longer-term impact such a
DATS may have. She now knows exactly what the animals need, and is afraid to lose that knowledge
and insights on the wellbeing of the pigs if a tool replaces this. Lastly, the technology would perhaps
change the image of the farm towards its community. She decides to do a to at least
experience how the tool works, before she is going to weigh her options further.
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6. Guidelines

Beyond sharing the results of our data collection and analyses, the aim of WP1 is to engage and
empower key stakeholder groups to work with these results. Guidelines therefore serve to, in an
informed way, suggest and implement behavioural interventions that may help the process towards
DATSs adoption. Furthermore, guidelines ensure that stakeholders have a consistent understanding of
the findings, which facilitates transparent communication, and reduces the risk of misinterpretation or
misuse of the found data. (Of course, guidelines are recommendations and not strict rules; they can be
adjusted if the situation so demands). The guidelines created by WP1 are delivered in a separate
document called QuantiFarm_WP1 Guidelines DATS adoption and are available via the QuantiFarm
website.

Our guidelines have been organised according to the main stakeholder groups intended to apply the
insights from the QuantiFarm behavioural analysis: farmer advisors; DATSs developers; and policy
makers. A fourth group we address in the guidelines are the farmers themselves; a question the WP1
team has regularly heard from the farmers was whether the insights from our research could be shared
with them. Given the heavy reliance for our work on what we have heard from the farmers, this request
is nothing more than justified. Also, it is relevant for the farmers themselves to be on the same
knowledge level as those concerned with their innovation processes. Per stakeholder group, the
guidelines have been separated in 2 parts: main insights (from our analyses); and main implications (i.e.
suggestions for behavioural interventions). Logically the insights are comparable per stakeholder, yet
the implications differ.

A last key element that is worth mentioning is the tool (“mnemonic”) that has been created by the WP1
team to facilitate dialogues about DATSs adoption, as the results all together could be rather daunting.
This tool is introduced in the “Advisor” part of the guidelines, and called: WE THRIVE, as we state:

“Using this Quantifarm approach, WE (all, including the environment) THRIVE!”

WE THRIVE consists of the following elements:

Go into the farmer’s world — the farm, the greenhouse, the kitchen table. Meet the farmer, and important

W World people around the farmer, in their space to understand the farmer’s reality.

When you interact, be earnest, sincere, warm, curious, and non-judgmental in order to establish a safe and

= ST trusting relationship.

T Technological Savviness/Training/Tinkering: How tech-forward is the farmer? What is his/her formal training, knowledge,
affinity and education? Does the farmer enjoy learning, problem-solving, and experimenting?
. History: What culture(s) is the farmer from? What is the work culture at the farm? What are guiding

H Heritage 5 ; : ” e
assumptions, perspectives, beliefs, and values e.g. regarding technology usage and sustainability?

R Risks What are the farmer’s concerns, fears, worries? These go beyond financial limitations, to social risks in the
community, climate change, and (free) time concerns?
Consider personal characteristics (e.g. an open personality), gender (which might affect one’s position in the

| Individuality industry), and independence/autonomy (e.g., does the farmer value the connection to animals/crop and resist
constrictive technology, or is technology considered a tool that provides more control, or freedom?

\YJ View forward What are the farmer’s long-term dreams and wishes for the farm, for him/herself, and for the family?

Who else is involved? Consider everyone. Is it a family farm? How are the parents/spouse/children involved?
E Everyone How is impact on the family a consideration in farm decisions? Also note other relationships (e.g., business
partners, advisors).

Figure 28 WE THRIVE items
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These elements are explicated by paying attention to certain indicators, asking questions, and having a
dialogue. Below are examples of such attention points and conversational approaches:

Before your visit

You start with this beforehand; prepare your visit by getting a good idea about the farm (size, workers,

R level of digitalisation, etc).

E  Earnest Read the room: would a more informal approach be ok?

During your visit

Technological With low tech affinity; assure about the support line, low maintenance, impact on other processes
affinity
Is there a lot of legacy on the farm (both in technology and beliefs) that may hinder DATSs adoption?
H Heritage Interactions with and trust in institutions can differ amongst countries. This influences the motivation
with which farmers will want to comply and/or expose their data.

Go through the contractual agreements, data ownership, liability of things go wrong, potential downside

e of the DATSS, etc.

| Individuality What are aspects of the work that the farmer wants to maintain as is? Define together what the
interaction level with the DATSs should be.

V  View forward For instance, the outlook on succession (often by the children) influences the propensity to innovate.

The spouse may have a more signifcant role in decision-making than first assumed. It might be you

E . . . . ]
Sl have to invest in understanding the behavioural determinants for the spouse, too.

Figure 29 WE THRIVE conversational approaches
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7. Conclusion

During the entire QuantiFarm project, thanks to the diligent cooperation of many project partners, WP1
has been able to collect a significant amount of data. This way we have managed to gain a deep
understanding of the behavioural dynamics at play around the phenomenon of DATSs adoption, which
can be used for informing interventions to guide the process of DATSs adoption and serve as a reference
for future research and activities in relation to DATSs adoption.

It is self-evident that DATSs adoption is a complex domain consisting of a myriad of determinants,
surfacing at different times, in different magnitudes. Making things more complicated, determinants
have different impacts across farmers and farming contexts. By means of the Integrated framework on
DATSs adoption and the farmer stories, an attempt was made to create a comprehensive overview of
this complex domain. Three main themes were identified as being crucial in the framework and well
worth a deeper dive into how they affect DATSs adoption: autonomy, gender, and culture.

The origin of the QuantiFarm project was the conviction that DATSs are a means to support farmers
with the pressures they encounter in their work. What the findings in QuantiFarm so far uncover is that
there is a group tiptoeing into (more) DATSs adoption, and that can be supported into venturing into
this domain more with the right levels of transparency, information, and tools that really meet their
individual needs. Furthermore, we found, based on 23 farm visits in 11 countries across Europe, and 2
surveys amongst all Test Cases, that European farmers whom all deal with the significant pressure of
the effects of climate change, more stringent regulations, insecurity about future prospects, and
changing consumer demands, could be considerably supported if they would use DATSs that are
accustomed to their specific individual needs. This means that farmers, advisors, DATSs providers, and
policy makers need to be aligned in their approach across all phases of DATSs adoption, i.e., encounter,
consideration, implementation, and usage. In particular, individual farmers, with their own
circumstances, needs, and characteristics, require technology that feeds into the way they collect
information, make decisions, and do their work. Our actionable guidelines, that encompass the entirety
of the insights gathered in the WP1 work, support the farmers in their decision-making process, uptake
and usage of DATSs.
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9. Appendices

The subjects of our interviews were 24 people from 14 farms in 6 European countries. Building on
previous QuantiFarm findings that it is rarely solely the head farmer who makes decisions about how
to run the farm (including whether to adopt technology/machinery), we aimed to interview two people
from each farm. We requested that these be the two people most involved in making decisions for the
farm and its future (e.g., the farmer and their spouse, the farmer and their succeeding child, the farmer
and their business partner, etc.) The type of relationship we encountered most in our sample was a male
farmer and his wife (who was sometimes also a farmer). This predominance of married couples
underpins the importance of this research on women’s experiences of and opinions on technology.

Although our instructions indicated that we intended to interview two people, the interviews did not
always unfold this way. In some cases, the partner could not attend the meeting at the last minute due
to, for example, a family obligation. Two examples of this were observed in one farmer’s wife, who
needed to drive their son to military duty at the time of the interview, and in another farmer’s daughter,
who had planned to be the secondary respondent but who, at the last minute, had the opportunity to
travel for her own research. In other cases, additional people ended up joining the conversation. For
example, a farm advisor who was in the building dropped in to say hello and ended up contributing to
the discussion. In other cases, when we were interviewing a father-child team, the farmers’ wife brought
us snacks and refreshments and ended up contributing. In all cases, these adjustments were accepted,
but it was indeed welcomed when additional people spontaneously joined the conversation. That is
because, in the authors’ view, this unplanned involvement reflects the reality of how decisions are made
and by whom they are influenced. In all cases, the people joining the conversation were not random
passersby but rather close contacts who indeed make up the farmer’s immediate network. Observing
the natural flow of these interactions was indeed why the choice was made to conduct this series of
interviews in the farmers’ homes and offices rather than in our office. Although allowing and (even
accommaodating) these adaptations could ostensibly be seen to muddy the scientific process, embracing
such complexity is in complete alignment with and is fundamental to the core of such qualitative
research.

The questionnaire sent out before the interviews gave important context for respondents who we would
be meeting. It covered the basics, such as names, age, and roles on the farm, so that we did not have to
waste time orienting ourselves during the visits. It also allowed us to assess the types of duos that we
would be visiting in advance, so that we could plan to focus on certain topics in certain interviews with
relevant characteristics. It also gave the duos a sense of significance and demonstrated our interest. This
helped lay the groundwork for a positive relationship and a fruitful interview. Lastly, the questionnaire
asked a couple of questions about the topics we would be covering: autonomy, culture, trust, and
technological affinity. This served the important function of giving repondents a bit of notice about
what the conversation would entail. Farm visits typically focus much more on the farm itself and
pivoting to somewhat more “academic” questions can be unsettling and challenging, especially when
caught off guard. Therefore, we explained in our initial invitation email that the conversations would
centre on understanding their approach to making decisions about the farm and their experiences with
and opinions of technology. We also requested to speak with not only the farmer but with the two people
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most involved in making decisions about the farm. Then, before the visit, we sent out this to further
illustrate the types of topics that may come up and to kickstart reflection on these themes.

The behavioural coding protocol was a valuable aspect in our interview methodology because it
prevented tunnel vision being put on the words being spoken. The protocol kept our attention open to
non-verbal communication and partner dynamics. After each interview, the researchers would first fill
out the protocol individually and then come together to discuss it and any discrepancies. Typically,
overlap was strong in researchers’ scores with only few minor differences in ratings. Several
observations were made including that women’s body language sometimes opened up during their
individual interview, whereas men’s tended to be more stable across the dual and individual portions.
This could be theorized to be related to gender roles related to taking up space or to men tending to have
a more central role on the farm (as primary farmer). It supports that there may be value in talking to
women individually to ensure equal airtime and freedom to speak. This is, of course, a generalisation
and related to the widespread and well-documented pattern that women tend to spend less time talking
than men in meetings. The behavioural coding protocol also tuned researcher attention to the
compatibility between the partners and to aspects of their collaboration and communication, which
could be further explored in the conversation. Overall, the exercise of including this protocol allowed
us to maximise the opportunity of interviewing in-person, in the respondents’ space, and was
instrumental in gleaning as complete a picture of the decision-making dynamics as possible within the
timeframe of our visits.

The relational map technique was a valuable tool in our deep dive visit toolbox. It allowed us to better
engage with different types of people, some of whom had been shier to speak in the interview portion.
Some seemed more comfortable speaking when they had something concrete to focus on and work with
on the table, rather than sitting with eye contact. Additionally, it sparked motivation in some, who were
in their stride when demonstrating their entrepreneurial spirit through diagram-making and active
presentation. It also allowed us to overcome language barriers by providing visual communication and
context. The technique allowed the conversation to seamlessly transition from discussion of the farm at
present to visions of it in the future, invoking a futuring activity in an approachable way. The technique
propelled conversations by allowing the researchers to probe priorities (e.g., adding workers first,
indicating that they are viewed as central). Interestingly, expected gender differences were observed in
that women tended to focus more on other people, specifically, family, whereas men tended to focus on
other factors (e.g., farm components, business). Importantly, multiple repondents commented that they
had enjoyed the exercise so much and gotten so much insight out of it that they intended to recreate it
with their children as a way of understanding each other’s vision of and for the farm. Research
programs, such as QuantiFarm, that rely upon citizen engagement should strive to create value for the
repondents given their invaluable input and efforts; the relational mapping technique was one way this
was achieved in the current research. This activity, known for use with children, creates a forum for
intergenerational discussions in a creative and low-stakes way. Last, the relational mapping technique
served the simple yet crucial functions of breaking up the hours-long interviews, making them
enjoyable, and renewing repondent attention and energy. The researchers agree that although the
technique was not applied in the traditional sense (in that formal analysis of the maps was not
performed), the technique fully served its function and should be retained as a tool for future such
interviews.
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Survey about the adoption of digital agriculture technology solutions (DATSS)

This survey is meant to be filled out by the farmer, or employee on the farm, that is both familiar with
the DATS and has a say in the decision-making to deploy DATS(s) on the farm.

INFORMED CONSENT

I declare to participate voluntarily in the study, entitled QuantiFarm. I confirm that the intentions of
the research and the approach followed have been explained to my satisfaction. I have had the
opportunity to ask additional questions and these questions have been answered satisfactorily. | have
had sufficient time to think about participation.

I know that my participation in the study is completely voluntary and that | can withdraw my consent
at any time without providing a reason. | give permission to process my personal data for the purposes
described in the information.

I give explicit permission for the processing of special personal data: ideological and generic
economic data. | give permission to reuse my research data for future research in the research area
described, provided that it is coded in such a way that it can no longer be traced back to me as a
person.

I give permission for the data to be stored and for authorized members of the research team and
authorized inspectors to have access to it.

Furthermore, | declare that I have no known impediments to participate in the research.

O Yes, I declare

Below you can read two stories of fictional test case farmers in QuantiFarm, inspired by real stories.
Please read them first.

Of the two, which story do you relate to most?

A sustainable future for farming is digital, Peter
says. With the pressures on resources,
technology helps to reduce the risk of losing
revenue and to save costs. Peter spends more
time managing than before because of the DAT,
but it does make him feel more confident that
he is aware of everything that needs attention.
He invests time in sparring with like-minded
farmers, in- and outside his region.

Kris is a proud farmer with a solid business, but

he is wary about the future of farming. With his
wife he also runs a B&B in order to sustain the
family farm. Digital technology is a necessity,
such as for ensuring certifications, but it also
helps to improve the wellbeing of his animals.

His family and long-time advisor are main

sparring partners for using DATs on the farm.

O Peter's
O Kris' story

story
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Why 2.

If you compare the size of your farm to other farms in the same sector in your region, how would you

estimate the comparative size of your farm?

O Much smaller
Smaller
Average
Bigger

Much bigger

OO0o0OnO

Why did you become a farmer?.....................

What are you most proud of as a farmer?...........ccccceeevenen.

What are your main concerns for your farm?............ccccooevevnnen.

What is your age?

O <30 years

Between 30 and 45 years
Between 46 and 55 years
56 years

O
O
O
O I'd rather not say

Do you have a farm succession plan in place?

O Yes
O No

About your affinity with technology, could you answer the following statements?

Strongly
disagree

Disagree

Undeci
ded

Agree

Strongly
Agree

| like to occupy myself with digital
innovations in general

It is enough for me that a digital system
works; I don’t care how or why

I have a personal interest in digital
innovations in farming

Could you in your own words describe the DATS that is the central DATS for your test case in
QuantiFarm? NB: the remainder of this survey will deal with this DATS.

Please choose: I..

O Invest(ed) in the DATS myself

O Invest(ed) in the DATS together with others
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O Use the DATS, but am not paying for it (i.e. others invested in it)

Are you the one that uses the DATS the most?

O Yes

Several data-related tasks can be linked to working with the DATS. Can you please assign to what
task, in percentages, you devote the most time when working with the DATS?
You can divide 100% over the tasks below.

Task %
Collecting data

Analysing and interpreting data
Making data-driven decisions
Following data-driven decisions
Other:

When it comes to making a decision to invest in digital agricultural technology (DATS), we found
several factors to  be important. Some  of these are  stated below.
Can you place them in level of priority for you, at the time when you made the investment decision for
the DATS?

You have to drag each item to the space above.

Performance of the DATS (e.g. improving yield, reducing costs, ensuring certification)

Ease of use of the DATS (e.g. direct applicability of info, understandable visualisation of data
Recommendations from my colleagues an/or advisors

Trust in the supplier of the DATS

Trust in how the DATS works (e.g. how my data is secured, and that it is up-to-date)

How the DATS fits with my existing farming practices (e.g. interaction with other technologies)
Cost of the system

When using the DATS for a longer time these priorities may change. Did they in your case? And if so,
how and after how long did they occur?..........ccccccevervirnnnenn,

Please indicate to what extent you agree or disagree with these statements.

Strongly Disagree | Unde | Agree Strongly
disagree cided Agree

The DATS meets my requirements

The DATS is easy to use

I am satisfied with the DATS

The DATS helps me to sustainably run
the farm (economic, environmental
and/or social)

What would you need from a DATS to help you (even) more with sustainable farming?............

What was the biggest change your farm went through before and after implementing the
DATS?. i
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What is the biggest difference you see when deploying a DATS versus not deploying a DATS (e.g. on
a different plot)?........ccccoeeviiiinnne

How do you perceive your interaction with the DATS now? You can indicate the most fitting place on
the scale with the slider

The DAT and | work
The DAT gives me together: | learn

The DAT works
autonomously

The DAT only

; advice and from the DAT but |
monitors

instructions make adjustments
to the DAT, too

Click on the black slider bar to place the control handle.
]

Only monitoring Autonomously

How would you ideally interact with the DATS? You can indicate the most fitting place on the scale
with the slider

The DAT and | work
The DAT gives me together: | learn

advice and from the DAT but | The DAT works

The DAT only

monitors : 2 A autonomousl|
instructions make adjustments o y

to the DAT, too

Only monitoring Autonomously

Could you elaborate?.....

[END]
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This survey is meant to be filled out by the farmer, or employee on the farm, that is both familiar with
the DATS and has a say in the decision-making to deploy DATS(s) on the farm.

INFORMED CONSENT

I declare to participate voluntarily in the study, entitled QuantiFarm. I confirm that the intentions of
the research and the approach followed have been explained to my satisfaction. I have had the
opportunity to ask additional questions and these questions have been answered satisfactorily. | have
had sufficient time to think about participation.

I know that my participation in the study is completely voluntary and that | can withdraw my consent
at any time without providing a reason. | give permission to process my personal data for the purposes
described in the information.

I give explicit permission for the processing of special personal data: ideological and generic
economic data. | give permission to reuse my research data for future research in the research area
described, provided that it is coded in such a way that it can no longer be traced back to me as a
person.

I give permission for the data to be stored and for authorized members of the research team and
authorized inspectors to have access to it.

Furthermore, | declare that | have no known impediments to participate in the research.

O Yes, I declare

Below you can read three stories of fictional test case farmers in QuantiFarm, inspired by real stories.
Please read them first.

A sustainable future for farming is digital, Peter says. With the
¥ echnology helps to reduce the risk of losing
ts. Peter spends more time managing than

that he is aware of everything that needs attention. He invests time in
sparring with like-minded farmers, in- and outside his region.

Kris is a proud farmer with a solid business, but he is wary about the
future of farming. With his wife he also runs a B&B in order to sustain
the family farm. Digital technology is a necessity, such as for ensuring

certifications, but it also helps to improve the wellbeing of his animals.
His family and long-time advisor are main sparring partners for using
DATSs on the farm.

As the fourth generation, James runs his small sized farm. Together
with his partner and sons, James produces meat to sell to
supermarkets. Lately, James is struggling to keep up with the
continuously changing policies. The investment for a DAT seems big
for the few pigs he has. Also, it's unclear whether it will be financially
beneficial. He is not a huge fan of technology and not sure yet whether
one of his sons will take over the farm.
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Of the three, which story do you relate to most?

O Peter's story
O Kris' story
O James’ story

Why 2.

If you compare the size of your farm to other farms in the same sector in your region, how would you

estimate the comparative size of your farm?

0O Much smaller
Smaller
Average
Bigger

Much bigger

O0O0Oo

Why did you become a farmer?.....................

What are you most proud of as a farmer?..........cccccccevevvenene.

What are your main concerns for your farm?...........c.ccoceovvvnnnnenn

What is your age?

O <30years

O Between 30 and 45 years
O Between 46 and 55 years
O 56 years

O I'd rather not say

Do you have a farm succession plan in place?

O Yes
O No

About your affinity with technology, could you answer the following statements?

Strongly
disagree

Disagree

Undeci
ded

Agree

Strongly
Agree

I like to occupy myself with digital
innovations in general

It is enough for me that a digital system
works; I don’t care how or why

I have a personal interest in digital
innovations in farming
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Could you in your own words describe the tools you use to achieve more sustainability on the farm?
Are you the one that uses the tool(s) the most?

O Yes

When it comes to making a decision to potentially invest in digital agricultural technology (DATS), we
found several factors to be important. Some of these are stated below.
Can you place them in level of priority for you?

You have to drag each item to the space above.

Performance of the DATS (e.g. improving yield, reducing costs, ensuring certification)

Ease of use of the DATS (e.g. direct applicability of info, understandable visualisation of data
Recommendations from my colleagues an/or advisors

Trust in the supplier of the DATS

Trust in how the DATS works (e.g. how my data is secured, and that it is up-to-date)

How the DATS fits with my existing farming practices (e.g. interaction with other technologies)
Cost of the system

What factors do you find most important for not choosing for DATS(s) on the farm?..........
What would you need from a DATS to help you (even) more with sustainable farming?.............
What is the biggest difference you see when deploying a DATS versus not deploying a DATS?...

In a situation where you would potentially deploy a DATS, how would you ideally interact with the

DATS? You can indicate the most fitting place on the scale with the slider
—_~’j. ‘T'f."

The DAT and | work
The DAT gives me |8 together: | learn

advice and from the DAT but | The DAT works

The DAT only

monitors : 2 A autonomously
instructions make adjustments

to the DAT, too

Only monitoring Autonomously

[END]
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Workshop

Visits to farmers, restaurateurs, entrepreneurs, scientists and politicians are organised during the
academy. Furthermore, the group is divided into five subgroups, working on a case study, in order to
put their knowledge into practice. During the half a year, the research question, method and presentation
of the results are supported by workshops and masterclasses by professional researchers, (pitch) trainers
and/or designers.

Figure 30 SFYN x TNO workshop 18.02.2023 Rotterdam

Based on QuantiFarm’s TCs, SFYN aligned their target audience with the same type of farmers. E.g.
wherein QuantiFarm’s program were TCs of livestock farmers with technology (adopter), SFYN made
sure a livestock farmer without technology (non-adopter) was represented?®.

At the beginning of their field visits, SFYN formulated their mission within the assignment as follows:

“In a world in which efficiency is the new standard, data is the new gold and digital
technology becomes more accessible, we want to understand farmers’ resistance or inability
to adhere to this new standard. This so they will also have a voice in the future of agriculture

SFYN x TNO Group, A. Brouns; J. de Koeijer: P. Van Der Laan; M. Van Lent & L. Bibbe

With the statement above in mind, SFYN planned several field visits, followed by a semi-structured
interview and a futuring assignment. The methodology will be discussed below, per section.

Field visits

After scoping the target audience, farmers were contacted through either SFYN’s own network or with
help of QuantiFarm Test Case manager. A list of seven farmers was made and visits were planned. Prior
to the semi structured interview, farmers were asked to give the researchers a tour. The introduction and
tour on the farm were also meant as *warming up’ for the visit, as we assumed farmers feel most at ease
whilst showing them their farm, rather than starting with a conversation in a different setting than the
farm itself.

10 The QuantiFarm program has both farmers with and without technology. The process of SFYN selecting a target audience was before
farmers without technology in the TCs were known. Furthermore, because of the shorter amount of time, SFYN focused on Dutch farmers
only.
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Figure 31 Field visit farmer in Ossendrecht, NL on 21.04.2023
Semi-structured interviews

During one of the workshops, SFYN worked with experts in the field of innovation consultancy and
attempted to reframe both the problem and possible solution (Hekkert & Van Dijk, 2011). Through this,
SFYN was able to sharpen their goals of this additional research and supported the semi structured
interview protocol by formulating clearer questions.

A few examples of the interview protocol’s focus are type of farm (biological or not); the relationship
with family (e.g. succession, role of family members); DATSs usage yes or no and enjoyment in work
(hedonic motivation). These questions were formulated, based on the UTAUT2 model (Venkatesh,
Morris, Davis, & Davis, 2003) as guidance.

Futuring Techniques

Futuring techniques attempt to ”’shape the space for action by identifying and circulating images of the
future, a process by which relationships between past, present and future are enacted” as explained by
Anderson et al., (2010). With this techniques, actors are enabled to be engaged with images of the future
and to shape opportunities in their current situation.

Applied to this research, SFYN collected images which represented either a data driven farm or a non-
data driven farm.

Figure 32 Futuring technique during farm visit 21.04.2023 in Ossendrecht, NL
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After the semi-structured interview, the farmer(s) were asked to display their future farm of their
dreams. Here, farmers were instructed to select images from a total of 30 (see next section) representing
their future farm in an ideal situation. Also, they were asked to motivate their choice. Notes were taken
during this assignment and integrated into the summary presentation (see chapter 3.3).

Futuring exercise

For the futuring exercise, images were used being either very technology focused or non-technology
focused. Underneath, a selection of these images is displayed.

FARMER 1

Securing the legacy
through digitalisation FAR MER 2
Digital autonomy

FARMER 4

Business
mentality

FARMER 3 |
Ardent and prudent

pig farmer
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