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ABSTRACT

The agricultural sector faces great sustainability challenges due to issues like soil degradation, water
pollution, biodiversity loss, and climate change, hindering the achievement of Sustainable Development
Goals. It is important to address these issues to balance sustainable agriculture with food security. To
achieve this goal, solutions like intensifying sustainable agriculture via digital technologies (Agriculture

4.0) have emerged.

One such technology is precision agriculture. Precision Agriculture Technologies (PATs) offer
significant potential for enhancing sustainable agriculture by optimizing crop yields and fertilizer use.
However, their adoption faces challenges due to potential drawbacks such as high investment, which is
often overlooked when assuming universal adoption. This study aims to explore public perceptions of

PATs in the Netherlands, essential for aligning technology with societal needs.

This exploration was done by analyzing Dutch newspaper articles, using Klerkx et al.’s (2019)
framework on agricultural digitalization for categorization. The primary finding unveiled that the public
leans positively towards PATs, but not unconditionally. Analysis revealed alignment between the Dutch
public and Klerkx et al.'s identified societal implications, yet unveiled additional aspects regarding trust
issues on technological effectiveness that were previously unacknowledged. Moreover, it uncovered

conditions necessary for successful PAT adoption and integration within the agricultural system.

These conditions guide PAT developers to incorporate public needs, enhancing technology acceptance,
and aligning innovations with societal values. Public perceptions of PATs can influence policy-making,
aiding policymakers in crafting inclusive technology adoption policies, thereby boosting adoption rates,
addressing environmental sustainability, and food security challenges. This study pioneers
understanding public views on PATs in the Netherlands, extending agricultural tech perception studies.
It addresses prior misconceptions and informs precision agriculture-specific innovation models,

contributing to the acceleration of technology adoption on farms.
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1. INTRODUCTION

The agricultural sector is currently not sustainable and therefore faces major challenges in achieving the
Sustainability Development Goals (SDGs). Soil degradation, water pollution, biodiversity loss, rapid
growing global population and climate change are examples of problems that need to be addressed
(Firbank et al., 2018; Klerkx & Rose, 2020). Supporting food security while at the same time
maintaining biodiversity is key to achieve these goals (Ortiz et al., 2021). The intensification of
sustainable agriculture is proposed as a solution to increase productivity and minimize environmental

impacts, while at the same time providing social benefits (Firbank et al., 2018; Barrett & Rose, 2020).

One way to intensify sustainable agriculture is through the implementation of digital technologies
(Rijswijk et al., 2021). The transformation of agri-food systems through the implementation of digital
technologies is often referred to as the fourth agricultural revolution, or Agriculture 4.0 (Zhai et al.,
2020). The first agricultural revolution involves the transition from hunting and gathering to agriculture
through animal domestication. The second agricultural revolution implies the industrialization of
farming. The third revolution mainly focused on agricultural commercialization (Herrera & Garcia-
Bertrand, 2018). The fourth revolution in the farming technology is characterized by “high-tech, radical,
and potentially game-changing technologies” (Klerkx & Rose, 2020). The goal of the digitalization of
agricultural systems lies in the technological optimization of value chains, food systems, and production,
as well as minimizing the negative effects of agriculture on the environment (Klerkx et al., 2019; Zhang

et al., 2021).

A country that experiences many challenges in reaching sustainable agriculture, as it is one of the world
leaders in the agricultural sector, is the Netherlands. One such challenge is nitrogen pollution (Erisman,
2021). The Netherlands has been the European nitrogen hotspot since the 1980’s, with agriculture being
the dominant source, contributing 46% to nitrogen deposition (Vrolijk et al., 2020). Synthetic nitrogen
fertilizer has played an important role in improving food production and keeping people all over the
world adequately fed. However, in many parts of the world N fertilizer has been overused for decades.
This has resulted in soil, water, and air pollution, since much of the N applied to cropland escapes the
agricultural system. This disrupts aquatic and terrestrial ecosystems, which exacerbates global climate
change (Zhang et al., 2013). Digital technologies are proposed to help face challenges like the nitrogen
pollution (Barret & Rose, 2020).

One such a technology that can help face sustainable agriculture challenges is Precision Agriculture
(PA). The goal of PA is to improve crop yields and assist management decisions, using high technology

sensors and analysis tools. Additionally, large amounts of data and information are used, for example to




ensure the effective management of fertilizers (Singh et al., 2020). Robotics, farm management
information systems and agricultural automation are examples of digital technologies that are used in
PA (Balafoutis et al., 2020; Klerkx, 2019; Rose et al., 2018). The Netherlands is, besides one of the
world leaders in agriculture, also a leader in high-tech agriculture and currently intensively
experimenting with Precision Agriculture Technologies (PATs) (Bellon-Maurel et al., 2023;
Korotchenya, 2019).

These PATs do not only have benefits, like improving crop yields, but also hold potential drawbacks.
An example of such a drawback is the costs of implementing PATs. In other words, it is not self-evident
that these technologies will be accepted by the public. When it is assumed that PATs are adopted without
considering the problems they might create, this may result in controversy around the technologies or

even them being rejected entirely (Chivers & Rose, 2020).

In order to allow for the technology to be better aligned with the needs and concerns of the public, it is
important to study the public perception of PATs. Listening to the public and tailoring the technologies
to their needs can not only help to improve the reputation of specific innovations, but can also help to
improve their development (Yuan et al., 2017). Moreover, the inclusion of the perception of the public
in the development process is in line with insights in Science and Technologies Studies on
democratization, and Responsible Research and Innovation, which involves the democratization of
science and technology through the active partaking of the public (Scheibein et al., 2022). This study
will focus on perceptions in the Netherlands, since especially in the Netherlands different public
perceptions on PATs are likely to be present because of their intense experimentation with PATs

(Bellon-Maurel et al., 2023; Korotchenya, 2019).

Klerkx et al. (2019) already conducted an extensive systematical review of social science literature on
PATs using a bottom-up approach, in which they summarized themes about different social aspects of
PATs into five clusters. However, in this study a more structured approach was applied, using Klerkx
et al.s’ framework to organize Dutch perceptions on PATs. The research question and sub questions that

guided this study were:

1. What are the perceptions of the Dutch public on the main societal implications of precision
agriculture technologies that should be taken into account when developing these technologies?
1.1: Which representations on precision agriculture technologies that the public mentions in the
media are also mentioned in the framework of Klerkx et al. (2019) and which representations are
not?
1.2: Which conditions for successful adoption of precision agriculture technologies can be derived

from these representations?




This question was answered by utilizing a qualitative research design using an analysis of Dutch
newspaper articles, to analyze the public perception of PATs mentioned in the public debate. Klerkx’
five thematic clusters of extant social science literature on digitalization in agriculture (2019) were used

as a theoretical framework and classification model during the identification of the public perception.

On a social level, this is relevant because it enables PAT developers to incorporate public needs and
concerns when developing the technology. This increases the changes of the technology being accepted,
and results in technologies that are better aligned with, and more responsive to, societal
values. Moreover, the public perception of PATs can influence policy-making and regulation.
Understanding concerns or acceptance levels can guide policymakers in formulating effective and
inclusive policies for technology adoption. This would result a higher adoption rate, which in turn

contributes to solving the environmental sustainability challenges and food security challenges.

Academically, this is relevant because, next to it enabling better innovations that are informed by public
needs and concerns, this study is to the best of our knowledge the first study of public perception on this
potentially revolutionary topic in the Netherlands. Moreover, this study contributes to studies on public
perceptions of other agricultural technologies (Brossard & Nisbet, 2006; Cui & Shoemaker, 2018;
Juanillo, 2001; Maris, 2001; Shanahan et al., 2001; Sparks et al., 1994). These studies all found that the
public had a low level of knowledge, confusion, and wrong information about the agricultural
technology in question. Moreover, they showed that the public perceived low benefits, high risks, low
needs and a lot of ethical issues concerning certain agricultural technologies. In this research it was
studied whether this is also the case for PATs, thereby further contributing to academic understanding
of public perceptions of agricultural technologies. Moreover, insights from the public perception on
PATs contribute to the creation of innovation adoption models specific to precision agriculture.
Understanding the dynamics of technology adoption helps in formulating strategies to accelerate the

uptake of innovative practices on farms.

2. THEORY

2.1 Literature on PATs

Multiple studies have already investigated different aspects of PATs. On the one hand, several types of
benefits of PATs are discussed in the literature. For instance, PA uses technologies like GPS, drones,
and satellite images. These technologies make it possible to collect various data from the land and

provide farmers with other important information on all kinds of key issues, like weather forecasts, crop




status and environmental changes. PATs are aimed at producing immediate benefits through
environmental awareness (Yost et al., 2017). The use of PATs contributes to adequate decision-making,

from a technical-productive, economic, and environmental point of view.

Another benefit of using PATs is that it allows farmers to recognize spatial and temporal variations in
the production resources, which allows the application of the necessary treatments with greater precision
(Aubert et al., 2012). This is more desirable than managing an entire land based on a hypothetical
average condition, which may not exist anywhere in the field in the first place (Paxton et al., 2011;

Rodriguez et al., 2017).

Moreover, the use of PATs can increase crop yields and reduce variability and input costs, while at the
same time increasing production (Yost et al., 2017). Reducing costs can for example be done by applying
fertilizer only where needed. This is done based on soil samples and analysis of yield data. Additionally,
water resource management can be improved, thereby optimizing performance through automated
harvesting practices (Mintert et al., 2016). PATs can help to maximize water, soil, and other resources

with the aim of minimizing losses and waste, addressing the concerns about long-term use effects.

Lastly, Narra et al. (2020) state that PATs help with monitoring market dynamics more efficiently, PATs
improve the planning of agricultural activities over a longer period of time and adjust the real-time

strategy in case of force majeure.

On the other hand, several drawbacks of PATs can be found in the literature, of which a lack of
knowledge from farmers about the use of PATs is one of the most important ones. Examples of lack of
knowledge are that the farmer may have a tendency to invest in other technologies in the assumption
that it would matter more than precision agriculture, which might not be true, and that it is hard to
adequately select the right digital solutions for the needs of the farmer (Higgins et al., 2017;
Schimmelpfennig and Ebel, 2011). The complexity of the new technologies used in precision agriculture
implies a greater degree of learning skills for its proper adoption and management, which differs from
person to person and thus may affect appropriate implementation (Orozco & Ramirez, 2016; Pathak et
al., 2019). There are multiple technological solutions on the market that fulfill different functions and
can be combined with one another. However, farmers need to have quite some knowledge to correctly

select the right combinations from the available IT (Higgins et al., 2017).

Another drawback of PATs, especially for small-scale level farmers, is that some technologies require
a significant investment (Reichardt & Jiirgens, 2009; Schimmelpfennig and Ebel, 2011). In general, the

main motive for the adoption of PATs appears to be increased profit. However, the costs of PATs may




outweigh the benefits, since the investment required to implement a PAT is often significant and a long-

term investment (Batte & Arnold, 2003; Pathak et al., 2019).

At the small-scale level, this investment risk is aggravated by four other constraints of PATs: small land
size, technology-related difficulties, lack of supporting policy and lack of professional support. Small
land can be a constraint, since most PATs are being developed for larger lands. Technology related
difficulties often have to do with some small-scale farmers not having the knowledge or education to
deploy PATs, since small scale farmers often were taught how to farm by an older generation. Lack of
supporting policy refers to there not being adequate regulations, policy-initiated investments, or
supportive policies for precision agriculture on the small-scale level. Lack of professional support means
that there are fewer professional vendors, advisors, and agricultural contractor servicers for PATs in

small scale agriculture (Mizik, 2022).

Moreover, most farming systems are currently conventional and market oriented. These farming systems
are responsible for many of farmers’ problems since they are often not sustainable. Most of the systems
are based on a kind of disciplinary management style for the whole field, but to implement PATs a shift
to an individualizing, informative system of sub-field control is needed. This needed shift has already
created new problems in conventional farming, from concerns about rights to data, to automation, to

farm consolidation (Carolan, 2017; MacDonald et al., 2013; Murray, 2018).

Other drawbacks of PATs are some social consequences of these technologies (Klerkx & Rose, 2020;
Chivers & Rose, 2020). Social impacts, such as shifting power relations, workforce, the autonomy of
the farmer and farmer identity may emerge after implementing PATs. Most of these social impacts relate
to issues like food traceability, diets, public acceptance, safety, food security, or employment
opportunities in the farming sector, but may also relate to less studied issues, like inequality (Carbonell,

2016; Chivers & Rose, 2020; Rijswijk et al., 2021; Sparrow & Howard, 2021).

Lastly, Miles (2019) states that calling the implementation of PATs the fourth agricultural revolution
has the effect of normalizing the intensive, destructive industrial production of agricultural commodities,
even though they are largely responsible for the social and environmental problems that the technologies

are supposed to solve.

Despite of these studies that look into the benefits and drawbacks of PATs, it has, to the best of our
knowledge, never been determined what the public perception of PATs in the Netherlands is. This might

be a consequence of something known as “pro-innovation bias”.




2.2 Pro-innovation bias and techno-optimism

Pro-innovation bias is a concept that describes how an innovation’s rapid diffusion and adoption is
needed among all members of a social system with few iterations to the innovation itself. However, the
diffusion and implementation of innovations to fix a certain problem, often leads to bigger
socioeconomic gaps within the particular social system. This happens because the unintended

consequences of the innovations create new problems (Sadras, 2020).

In the discourse surrounding Agriculture 4.0, pro-innovation bias is often discussed and mostly referred
to as ‘techno-optimism’ (Dentzman et al., 2016). From an agricultural point of view this implies that
technology developers often focus on the benefits of PATs, using a techno-optimism perspective that
seems to ignore eventual drawbacks (Barrett & Rose, 2020). ). As mentioned in section 1, PATs have
benefits, but also potential drawbacks. Assuming that PATs are adopted without considering the
drawbacks they might create, may result in controversy around the technologies or even them being

rejected entirely (Chivers & Rose, 2020).

Moreover, by only using a techno-optimism frame for the development of PATs, the risk of already
present societal inequalities is aggravated (Chivers & Rose, 2020). A focus on techno-optimistic
solutions to help address divergent global challenges may exclude benefits or drawbacks that are not
technology-based, as for instance inequality. A more multi-pronged solution could be more appropriate

in these situations (Klerkx & Rose, 2020).

PATs certainly have the potential to be of great importance in solving agricultural global challenges.
However, to prevent techno-optimism it has been claimed that, in order to reach effective adoption, the
public perception is crucial input for the development process of innovations (Barret & Rose, 2020;
Klerkx et al., 2018; Lazzaro et al., 2018, Vecchio, 2022). Listening to the public and tailoring the
technologies to their needs can not only help to improve the development of these particular innovations,
but can also help to improve the reputation of specific innovations (Yuan et al., 2017). It increases the
changes of the technology to be accepted, and results in technologies that are better aligned to societal
values (Chivers & Rose, 2020). Therefore, in this research the public perception on PATs of the Dutch

public is identified and classified.

2.3 Klerkx et al.s’ thematic clusters of extant social science literature on

digitalization in agriculture
A common way to study public perceptions via newspapers, is to use grounded theory in combination

with open coding (Hu et al., 2023; Knopp, 2017; Mustonen-Ollila et al., 2020; Zhang et al., 2022). In such

approaches, the public needs and concerns are identified from the bottom up, without any prior




theoretical framework to organize these. However, in this study a more structured approach is used by
applying a framework by Klerkx et al. (2019). Klerkx et al. systematically reviewed social science
literature on PATs. They found that literature has covered different themes involving different societal
aspects of PATs. They summarized these themes in five clusters. The five clusters are: 1) Adoption,
uses and adaptation of digital technologies on farms; 2) Effects of digitalization on farmer identity,
farmer skills, and farm work; 3) Power, ownership, privacy and ethics in digitalizing agricultural
production systems and value chains; 4) Digitalization and agricultural knowledge and innovation
systems (AKIS); and 5) Economics and management of digitalized agricultural production systems and

value chains.

These clusters helped to categorize and structure the public perception of PATs and discover what the
public perception is of these different types of societal implications that have already been identified in
social science literature. Does the public identify the same societal implications — i.e.. does the public
think these implications are important or not? And if so, does the public think these implications are

problematic or beneficial?

In addition, the study remained open to the possibility that some public perceptions of PATs do not fit
in any of the societal implications that have been identified in the social science literature. Coding was
done in such a way that possible other themes, beyond the five from Klerkx, were also allowed to

emerge. A summary of the five clusters is given below (Table 1).

2.3.1 Adoption, uses and adaptation of digital technologies on farms

In the cluster of adoption, uses, and adaptation of digital technologies on farms, perceptions regarding
PAT adoption on farms are placed. These are perceptions are on both behavioral and economic aspects.
Additionally, perceptions regarding the use of PATs and how it influences farming practices and post-

adoption adaptation processes are placed in this cluster.

2.3.2 Effects of digitalization on farmer identity, farmer skills, and farm work

In the cluster of effects of digitalization on farmer identity, farmer skills, and farm work, perceptions
regarding the method of farming are placed, since the use of PATs requires different knowledge, skills,
and labor management of farmers. Additionally, topics on changes in what it means to be a farmer, its
impact on the cultural fabric of rural areas and the identity of farmers belong here, for example that
farming culture can change from using a ‘hands-on’ and experience-driven management style to a data-

driven approach.




Furthermore, perceptions on the influence of digitalization on farmers’ autonomy, for instance farmers
becoming ‘data laborers’, and how the adoption of PATs might affect gender identities on farms belong

within this cluster.

In addition, this cluster holds issues that have to do with how digitalization might displace or deskill
farmers and their employees and how it might discriminate against or exclude those who are not digitally

literate. This might for example affect marginalized groups, like migrants.

Lastly, practical issues of human-robot interaction, such as health and safety and ergonomics, belong

within this cluster.

2.3.3 Power, ownership, privacy, and ethics in digitalizing agricultural production systems
and value chains

In the cluster of effects of power, ownership, privacy, and ethics in digitalizing agricultural production
systems and value chains, belong perceptions regarding the political ecologies and political economies
of digital agriculture. Core issues include issues of data ownership, power, privacy, inclusion, and
exclusion, and how it is ethically dealt with these issues. Within this theme, the lens of corporate
structures in relation to production systems and supply chains is used. Other important perceptions relate

to institutions, rules and power relations that govern these structures.

Moreover, a theme in this cluster looks how different actors are affected by digitalization and what
reactions or resistances emerge, and how ethical problems, such as those around data ownership and

privacy, arise and are addressed.

Other important perceptions within this theme have to do with interventions to address the digital divide
produced by rapid, unregulated technological change, as well as the power imbalances that could hinder
the integration of societal issues and how risks, for example cyber-attacks, can destabilize digitalized

precision agriculture systems.

Additionally, also issues affecting animals belong in this theme. An example of this can be seen in the
adoption of robotic milking technologies, where it has been shown that this involves a diverse range of
factors, and thus diverse outcomes for animals, humans, and the environment. This has led to
philosophical and ethical perspectives, in which animal autonomy and human-animal relationships of

farms have been affected by ethical challenges.




2.3.4 Digitalization and agricultural knowledge and innovation systems (AKIS)

In the cluster of effects of digitalization and agriculture knowledge and innovation systems (AKIS),
belong perceptions on the facilitation of digitalization by structures that support innovations, for
example through big data analysis incorporation. Moreover, perceptions on the shaping of AKIS for
Precision Agriculture by a diversity of existing and new actors in these systems belongs here. For

example, service companies, high-tech companies, and multinational companies producing agricultural

equipment, such as automated milking machines and self-driving tractors.

Another theme within this cluster is focused on the opinions of learning networks to facilitate

agricultural innovation. For instance, how social media and online platforms enable global and local

information sharing and peer learning and what the consequences of this are.

A last theme looks at opinions about digital decision support systems and engagement of advisors with

farmers to connect famers knowledge systems to digital knowledge systems.

2.3.5 Economics and management of digitalized agricultural production

systems and value chains

In the cluster of effects of economics and management of digitalized agricultural production systems
and value chains, belong effects of business models, investment decisions, effects on productivity,

potential economic impacts of big data services and analysis and digitalized supply chains, the economic

impact of PATs on markets, and the use patterns of information.

Table 1: The five clusters of Klerkx et al. (2019) on social aspects of digitalization of agriculture.

Cluster

1. Adoption, uses and adaptation of digital
technologies on farms

2. Effects of digitalization on farmer identity,
farmer skills, and farm work

Perceptions regarding

- Behavioral and economical aspects on
adoption, uses and adaption

- Influences of using PATs

- Post-adoption adaption processes

- Farmer identity

- Farmer skills

- Farm work

- Method of farming
- Knowledge

- Skills




- Labor management
- Impacts on cultural fabric or rural areas
- Human-robot interaction (health, safety,

etc.)
3. Power, ownership, privacy and ethics in - Data ownership
digitalizing agricultural production systems - Power
and value chains - Privacy

- Inclusion and exclusion
- Corporate issues

- Supply chains

- Institutions and rules

- Digital divide

- Risks

- Issues affecting animals

4. Digitalization and agricultural knowledge - Structures that support innovation systems
and innovation systems (AKIS) - Shaping of AKIS

- Learning networks

- Information sharing

- Peer learning

- Social media and online platforms

- Local information sharing

- Global information sharing

- Decision support systems

- Engagement of advisors

- Connecting farmers knowledge to digital
knowledge systems

5. Economics and management of digitalized - Business models
agricultural production systems and value - Investment decisions
chains - Effects on productivity

- Potential economic impacts
- Impact on markets
- Impact on use patterns of information

3. METHODS

The public perception of a technology can be studied using different methods, including, for example

surveys, public workshops, or qualitative interviews. Newspaper analysis is perhaps the most often used




method to study public perceptions (Hoffman & Slater, 2007; Schwartz, 1984). This method was also
used in this study.

Newspaper analyses are highly suitable to study the public perception for different reasons (Hoftfman &
Slater, 2007; Schwartz, 1996). Firstly, newspapers embody the opinion of different social groups. They
are a channel for discussions that take place within a democracy. Some researchers have argued that
perceptions expressed in newspapers serve as “a place where democracy blossoms because regular
citizens are allowed a voice of their own” (Wahl-Jorgensen, 2004). Secondly, newspapers are generally
not limited by a specialized topic and therefore contain all kinds of perceptions of large numbers of the
public. Lastly, because of the limited space in newspapers, writers have to focus on things that are most
valuable. Therefore, writers have to transform their ideas succinctly and clearly, in order to correctly
convey their message. This is in contrast to, for example, interviews where the perception might be

expressed in a less succinct and clear way.

However, newspaper analysis also has its limitations, for example that most of the time it involves some
level of subjective interpretation. This might affect the reliability and validity of the results and
conclusions. However, the method is still very suitable, as is evidenced by its wide usage in public

perception studies (Macnamara, 2005).

3.1 Data Collection

This study used newspaper articles as unit of analysis. The articles are collected from the NexisUni
database. NexisUni is a platform that holds complete texts of every national and international article. In
this study only Dutch newspapers were used since this study focused on the Dutch public opinion. To
make sure the complete picture of discourse happening within this subject is represented, no distinctions
have been made in the publishers or sources of the newspapers. The search string was as broad as
possible, while at the same time yielding a realistic amount of data. This resulted in the following search
string: “precisie landbouw OR precisielandbouw OR digitalisering van landbouw AND technologie”.
After filtering on only ‘newspapers’ and grouping the double documents, 293 documents were left. The

timespan of the articles reaches from 1997 to 2023, which means all existing articles were included.

3.2 Data Analysis

The collected news articles were coded using Excel. The approach that was used for coding the articles
is abductive coding, which is a combination of inductive and deductive coding. This means that part of

the coding tree was pre-determined by Klerkx’ framework, explained in section 2.3, but the formation




of codes was done during the coding process (Bryman, 2016). This approach made it possible to iterate

between the theory, data, and emerging patterns to create a coding tree.

To create the coding tree with which the coding process was started, Klerkx’ themes were written down
in excel, for example “Adoption, uses and digital technologies on farms”. Different representations of
PATs that were found in the articles were classified through the perspective of the five thematic clusters
to see which themes were represented in the texts. When a representation was found, the quote was
copied and placed under the corresponding theme in the coding tree, including who the speaker is, the
year of publication and the name of the publisher. Additionally, a code to describe the quote was written
down next to it. These codes became more advanced through the study. Lastly, it was written down
whether the representation was positive, negative, or neutral, and whether it was based on the technology

itself or based on the agricultural system (see Appendix AFout! Verwijzingsbron niet gevonden.).

After all articles were coded, the tree was checked for patterns, for example in the codes themselves,
publishers, or years of publication. Based on this information, conclusions were drawn about how PATs
are being portrayed in newspapers, what the public perception of PATs is and what conditions are that

PATs or the agricultural system should meet to enable successful adoption.

3.3 Reliability

To increase reliability of this study, the sources of data (NexisUni), timeframe, and search string used
are given. With this information it can be made sure that this research is repeatable under the same
conditions, resulting in the same data set of articles. However, a potential flaw can be found in the
coding process. This study was performed by only one researcher, which makes it hard to check for
inter-coder reliability. To encounter this flaw, pieces of data were coded by fellow students to check
for other interpretations. When the coded pieces matched, it would be stated that the reliability of the
coding process is high. Per contra, when they interpreted the pieces of text to belong to different codes,

discussions were held in order to come to an agreement.

3.4 Validity

In order to ensure the validity of this study, the four different concepts important for validity are

discussed below.

Representativeness: To ensure the data was representative for the field of study, it was important to

define boundaries of the research and find sources that fit them. This study used all available Dutch




news articles, covering different actors and all possible critical moments on the topic of PATs.

Therefore, this data is representative.

Temporal consistency: The data sources that were used were consistent with the research question.
According to Miomer (2022), when a field with emerging developments, like precision agriculture, is
studied, the data coverage of the research should grow and vary as time passes. With the mentioned
search string, this is the case. The variation in coverage of the data over time can translate in critical

moments, meaning they are useful to include in this research.
Homogeneity: Concepts may have been framed differently in scientific articles versus newspapers. It is

important to acknowledge this and the problems this may bring. This difference in concept framing has

been taken into account in the development of the search string.

4. RESULTS

4.1 Overview of findings

In total 296 articles were identified. Out of these, exactly 100 articles included one or more
representations of perceptions of PATs. The articles not used often only very shortly mentioned PATs
as an example without any further information, which made it impossible to analyze any representations
of PATs. For example, an article on the installation of a 5G network in Groningen mentioned PATs in
the sentence “This will change with 5G, making things like precision agriculture possible”. While it
mentions PATs, it does not include a perception regarding the technology. The 100 articles that were
used are all from between 1997 and 2023. The number of articles is increasing over time, with two peaks

in the time periods 2016 until 2017 and 2019 until 2021.

The remaining articles were coded for distinct representations of PATs, resulting in 384 coded
statements that represent perceptions on PATs. These representations were then categorized into the 5
clusters of Klerkx et al.’s framework as explained in section 3.2. In addition, a sixth cluster emerged to

encompass several representations of PATs that did not fit in one Klerkx et al.’s clusters.

A total of 54 distinct representations of PATs emerged from the analysis, with three being notably more
prevalent. The most frequent representation highlighted that PATs offer environmental benefits
compared to conventional farming. This representation appeared 41 times out of 384 instances (Figure
1). The second common representation suggested that using PATs facilitates cost savings in areas such

as water and fertilizers. This representation was found 31 times. The third most common representation




indicated that using PATs provides farm work advantages, like making farm work more efficient or

easier. This representation was found 30 times.

Among these representations, a clear difference in positive and negative representations emerged (53%
vs. 47%). The most common positive representations mirror those mentioned earlier: how PATs are
better for the environment, help reduce costs and have farm work advantages. Controversially, the most
common negative representations revolve around investment problems (like PATs being too expensive),
trust issues on the usefulness of PATs (whether they do what they claim to do) and the need for change

in farmer thinking (because of a different way of farming).

These positive and negative representations translate into conditions: essential qualities or criteria that
PATs or the agricultural system must possess for successful adoption. For instance, in case of conditions
that can be extracted from positive representations, figure 1 shows that, the most common positive
representation is that PATs are better for the environment (Figure 1). Put differently, this means the
PATs are represented in a positive light because they contribute to the environment. One can thus derive
from this that PATs are perceived in a positive light by the public under the condition that PATs indeed

offer an environmental advantage compared to conventional farming.

As an example of a condition extracted from a negative representation, figure 1 shows that the most
common negative representation is that the public perceives investment problems for PATs (Figure 1).
This means that the PATs are represented in a negative light because they are, for example, too
expensive. One can thus derive from this that PATs are perceived in a positive light by the public, when
they are under the condition that they are less expensive. These and more conditions will be discussed

in more depth in the later sections.
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Figure 1: Top 15 most common representations and whether they are positive or negative.

A noteworthy distinction found in the data is the categorization of positive and negative representations
into either technology-based or system-based aspects. This distinction is intriguing as it helps distinguish
representations that solely pertain to the technology itself and those that relate to the system relations
from the agricultural system PATs are located in. With this information it becomes clearer whether it is
mostly the technology itself that needs improvement, or whether it is the system that needs to be

changed, and which actors can help solve these issues.

From all representations combined, out of the 202 positive representations, 175 are system-based and
20 are system-based (87% vs 10%) (Table 2). This ratio shows that when the public represented in the
media is positive about PATs, they are mainly positive about the technologies themselves, and not so
much about the agricultural system in which PATs exist. Out of the 181 negative representations, 103
are technology-based and 69 are system-based (57% vs. 38%). Here, the actors represented in the media

who are negative about PATs are both mentioning PATs themselves and the system.

The next section delves into the most common representations within all six clusters using the
information from table 2 (Table 2). It will be explained whether they are technology-based, or system-

based and which conditions can be derived from this.




Table 2: Number of representations per cluster with their polarity and whether they are technology-based or system-based.

Number of representations Polarity

per cluster Positive ~ Negative  Not clear Total

1 Adoption, uses and adaptation of

digital technologies on farms 85 46 131
Technology 77 29 106
Not clear 6 8 14
System

2 9 11
2 Effects of digitalization on farmer

identity, farmer skills, and farm work 46 39 85
Technology 42 6 48
System 3 32 35
Not clear 1 1 2

3 Power, ownership, privacy and ethics

in digitalizing agricultural production

systems and value chains 6 29 1 36
Technology 6 14 20
System 15 15
Not clear 1 1

4 Digitalization and agricultural

knowledge and innovation systems

(AKIS) 16 7 23
System 15 5 20
Technology 1 2 3

5 Economics and management of
digitalized agricultural production

systems and value chains 49 41 90




Technology 49 33 82

System 8 8

6 Technological efficacy 19 19

Technology 19 19

Total 202 181 1 384
4.2 Clusters

The positive and negative representations were categorized into the five thematic clusters following
Klerkx et al.’s framework. These clusters were: 1) Adoption, uses and adaptation of digital technologies
on farms; 2) Effects of digitalization on farmer identity, farmer skills, and farm work; 3) Power,
ownership, privacy and ethics in digitalizing agricultural production systems and value chains; 4)
Digitalization and agricultural knowledge and innovation systems (AKIS); and 5) Economics and

management of digitalized agricultural production systems and value chains.

Moreover, a sixth cluster was created for representations that did not match with one of the other five
clusters. During the analysis of all representations within this cluster, a distinct pattern emerged,
showing the recurring topic of "technological efficacy". This surrounds the topic of one’s believe that a
PAT will not successfully perform its task. It includes representations on trust issues, like not believing
the technology works and not believing it is useful. This results in farmers not (yet) wanting to adopt
PATs. The representation of lack of usefulness of PATs turned out to be the second most common

negative representation (Figure 1).

In table 2 can be seen that cluster 1 is the biggest cluster, followed by cluster 5 and cluster 2 (Table 2).
Then there is a big gap to cluster 3, cluster 4 and lastly cluster 6. The next sections will dive deeper into

the six clusters, looking at which conditions are important to the public per cluster.

4.2.1 Cluster 1: Adoption, uses and adaptation of digital technologies on farms

4.2.1.1 Representations

The first cluster, focused on the adoption and utilization of digital technologies on farms, includes 131
representations out of the total 384, marking the largest share within this study. This cluster delved into
behavioral aspects associated with adoption, usage, and adaptation, along with the influences

surrounding the implementation of PATs. Over half of these representations leaned positively,




accounting for 65% positive and 35% negative representations. This ratio, showing a slightly greater
difference between positive and negative representations compared to the overall clusters' combination
(54% positive versus 46% negative), suggests that the media generally portrays PATs positively, but
that this is not unconditional. Within this cluster, the majority of both positive and negative
representations were technology-based (91% and 63%, respectively). This highlights that within this
first cluster, conditions can be extracted that are qualities the technology needs to have to put the PATs

in a good light, which in turn will enable successful adoption.

A thing that stands out in this cluster is that there are 19 different representations, which is quite a lot
(Figure 2). Half of these were only mentioned once or twice. The representations show that the PATs
bring benefits like increasing the quantity and quality of crops, but at the same time farmers still struggle
with technological issues. Furthermore, there are representations that contradict each other. For
example, it is mentioned that PATs are user friendly almost the same number of times as it is mentioned
that they are not user friendly. The same goes for representations about low adoption rates and high
adoption rates. This large number of representations that sometimes contradict each other shows that
the public perception is still quite scattered within the topic of the adoption and use of digital
technologies on farms. The thing that the public seems to agree on is that PATs need to be good for the

environment and need to increase the quantity of their crops.

4.2.1.2 Conditions

The most found representation revolves around the positive impact of PATs on the environment,
particularly in reducing emissions. This representation emerged 41 times (31%). It is a positive,
technology-based representation. This means that when PATs were portrayed in a positive way in the
media, it was often because of their impact on the environment. Actors discussing PATs in these articles
state that “it is clear that the environment can reap benefits in the form of, for example, a better
distribution of nitrogen and a reduced consumption of crop protection products”. A developer agrees
with this and explains that “precision fertilization increases the efficiency of nutrient use and facilitates
fertilizer replacement” reducing pressure on the environment. This representation shows that the public
finds it important that PATs help to reduce emissions and the pressure on the environment. Therefore,

the condition that is extracted from this representation is that PATs need to be good for the environment.

The second most common representation in the first cluster is that PATs help in producing more yield.
For example, one scientist noted that “this 'precision agriculture' increases the yield of the land. The
potato yield per hectare has increased by four to five percent” and one government official stated with
great certainty that “technology can increase harvests without requiring more inputs in the form of land,

labor or capital.” This representation emerged 20 times (15%). This is also a positive, technology-based




representation. It shows that to the public it is important that PATs produce more yield than ‘normal
farming’ would. Therefore, the extracted condition is that PATs should clearly increase the quantity of

Crops.
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Figure 2: Different types of representations in cluster 1.

4.2.2 Cluster 2: Effects of digitalization on farmer identity, farmer skills, and farm work

4.2.2.1 Representations

With 85 out of 384 representations, the second cluster on the effects of digitalization on farmer identity,
skills and farm work was the third most common cluster. This cluster included topics like skills, labor
management and methods of farming. The number of positive and negative representations were almost
equal, 54% and 46%. Most positive representations were technology-based (91%) and most negative
representations were system-based (82%), which means in this cluster there are a lot more negative,
system-based representations then in cluster 1. This indicates that within this second cluster, the
conditions that are extracted below will not only be qualities that the technology needs to have, but also

things that need to change within the agricultural system in which PATs exist at this moment.

9 different kinds of representations that belonged in this cluster emerged, which is half as many as in
cluster 1 (Figure 3). Again, a few of these contradict each other. For example, the public does not seem

to agree on whether farmer thinking and farmer identity need to change when adopting PATs. A
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researcher explains this problem as that “it is difficult for a professional to outsource work to sensors.
This means you admit that a sensor is better. That's a barrier you have to cross. Some farmers have
more trouble doing this than others”. Moreover, farm work advantages are mentioned quite a lot, but at
the other hand it is also mentioned, mostly by farmers, that using PATs is time consuming, which is not
really an advantage. This smaller number of representations that contradict each other a lot, show that
there is a debate going on in the media on these two topics of what it means to be a farmer and of what
farm work is or what it should be like. The only thing that the public seems to agree on is that using
PATs benefits certain tasks on a farm, but at the same time the farmers lack the skills to perform the

newly created technological tasks that come with it. These tasks and skills will be discussed below.

4.2.2.2 Conditions

The most frequently encountered representation that belongs in this cluster revolve around farm work
advantages. This positive, technology-based representation appears 30 times (35%). This makes it the
third most common representation found in this study, which indicates that the public finds this a very
important quality. There are multiple kinds of farm work advantages, for example, a farmer states that
“pest control and fertilization can be done in the same trip. This way you can achieve maximum results
with minimal input”, illustrating how PATs make farm work more efficient. Moreover, a scientist
explains how a farmer “has a row of lights linked to the GPS receiver in front of him that indicate exactly
then he is in the right position or when he needs to move slightly to the left or right. This also allows
him to work faster, but also eliminates waste”, making clear PATs being efficient is not only about time
efficiency, but also material efficiency. A lot of manufacturers also mention that “smart applications of
smart farming strengthen farmers' knowledge and help them make the right decisions”. There are for
instance solutions for early detection of disease, application of precision techniques for fertilization,
crop optimization, yield prediction and future possibilities. A farmer explains that because of these
technologies they are “constantly supported in their decisions by technological applications, which can
ensure robust and resilient business operations”. There are even farmers that claim that using PATs
“makes the work much more interesting and fun”, because “the boring, monotonous work is done by
robots, the farmer can become a farmer again”. This representation shows that the public finds it
important that PATs help to make farm work easier, more efficient, and more interesting. Therefore, the
condition that is extracted from this representation is that PATs need to have these three positive

qualities.

The second most common representation in this cluster is about farmer skills and knowledge. This is
also the main negative representation in this second cluster. I found this system-based representation 19
times (23%). This representation covers the issues of farmers not having the technological skills and

knowledge required to deal with PATs. Something that stands out is that these problems are mainly




shared by researchers and manufacturers, and not as much by the farmers themselves. This could mean
that this problem is in practice not actually as big as it is made to be in the media. The issues farmers
mention are mostly related to data interpretation. They refer to the data as “a mush” and that “you really
have to be a computer nerd to be able to make anything out of that”, but also that “the data is of good
quality, that’s not the problem”, indicating it is not a technological issue. The issues mentioned by
researchers and manufacturers relate more to the skill-based changes that are needed for a farmer to be
able to work with the technology. For example, a manufacturer states that ‘just having a green thumb
is no longer enough. Today's entrepreneurship also requires other skills: knowledge of ICT, logistics
and personnel management” and that therefore “at the moment many of the technologies are only for
the real pioneers.” Consequently, instead of translating this system-based representation into a
condition for PATs, I translate this representation into a condition for the agricultural system in which
PATs are used. The condition is that there need to be opportunities for farmers to educate themselves

on the technology.
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Figure 3: Different types of representations in cluster 2.




4.2.3 Cluster 3: Power, ownership, privacy and ethics in digitalizing agricultural production

systems and value chains

4.2.3.1 Representations

The third cluster on power, privacy and ethics was the fourth most common one. This cluster includes
36 out of the 384 representations. It involves topics like institutions and rules, digital divide, issues
affecting animals and data ownership. The biggest share of representations within this cluster is
negative: 75% negative and 22% positive. This makes this cluster the foremost negative cluster. It means
that there exists a negative image of power, privacy, and ethical topics of PATs in the media. Of the
positive representations, 88% was technology-based. Of the negative representations, 48% was
technology-based. This indicates that within this second cluster, the conditions extracted below will be

both relate to the PATs themselves, as well as to the agricultural system.

There are a lot of different actors discussing this subject. However, farmers and researchers are
represented most often. There are 9 different kinds of representations, of which most have to do with
policy or data issues (Figure 4). This, combined with the fact that most representations are negative,
shows that the public thinks negatively about how the government handles PATs and what can be done
with the data. Notably, privacy is not mentioned once. Moreover, there is only one negative
representation on ethics, all other mentions of ethics are positive. This is not aligned with Klerkx’

research, where it is found that privacy and ethics are popular research topics.

4.2.3.2 Conditions

The representation that occurred most in this cluster is about how (lack of) policy influences farmers in
the adoption process. Out of the total of 37 representations found in this cluster, this one was used 9
times (24%). This is a negative system-based representation about the circumstances surrounding PATs.
A farmer explains that he “was interested in participating at the time. I just felt limited by the
regulations. That's why I put it aside.”, which shows how lack of regulations negatively influenced his
decision-making process. But it is not only farmers who have this need. “Commercial parties and
researchers urgently need clear regulations” too, as a researcher explains. An example he uses are
drones, for which “regulations are still a grey area, which does not help sell those things”. Therefore,
the condition for the agricultural system that is extracted from this representation is that the government
needs to provide more and better policy, rules, and regulations for PATs, in order to support farmers

who want to adopt PATs, commercial parties who want to sell PATs and researchers who want to study.

The second most common representation in this third cluster is that adopting PATs comes with data
ownership issues. These kinds of data issues are mentioned 7 times (19%). This is a negative technology-

based representation. A large consultancy firm argues that “so far, suppliers and technology companies
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in particular have benefited from the farmer's data. The farmer may own the data, but it is the software
suppliers and tech companies that translate the data into advice. These suppliers invest heavily in big
data, unlike farmers. Farmers therefore run the risk that IBM, Google, DuPont or John Deere will soon
know more about farming than they do”. A farmer agrees with this, explaining how he wants “access
to the raw data from soil scanners so that he can draw his own conclusions instead of the manufacturers
doing so”. According to the consultancy firm “it is essential that farmers understand the data and
technology themselves and benefit from it. The first step is to choose a technology supplier that shares
the data with other developers and gives farmers control over the use of the data”. The condition that
can be subtracted here is that PATs need to share their data with other PAT developers and at the same

time need to allow farmers to own and control the data they collect.
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Figure 4: Different types of representations in cluster 3.

4.2.4 Cluster 4: Digitalization and agricultural knowledge and innovation systems (AKIS)

4.2.4.1 Representations

This fourth cluster on digitalization and AKIS includes 23 out of the 384 representations, which made
it the least common cluster. It involved topics like information sharing, learning networks, social media,
and local information sharing. There were more positive representations than negative ones (70% vs.

30%). Most positive and negative representations were non-technology based (94% and 71%), which




means this small cluster is practically entirely non-technology based. This is not a surprise since it is

about sharing knowledge within the system.

In this cluster there are 4 different kinds of representations, which is very few (Figure 5). Two of them
are only mentioned once. They were about collaboration problems (and the need for open innovation)
and supporting innovations (by high-tech firms in order to familiarize farmers with PATs). The other
two contradict each other: knowledge sharing and knowledge sharing problems. However, knowledge
sharing itself is mentioned almost three times as often as the problems of knowledge sharing (65% vs.
26%). These two representations are both system-based. Therefore, the conditions that are derived below

will only be things that need to change within the agricultural system that exists at this moment.

4.2.4.2 Conditions

The positive representations on knowledge sharing hold a very positive public view on topics like
information sharing and learning networks and are most often about de Nationale Proeftuin
Precisielandbouw (NPPL), which is, as a researcher explained, “set up to convince farmers of the added
value of precision agriculture by implementing example cases of precision agriculture in practice.
Farmers are selected for this every year. They are guided and supported for a year. Bottlenecks that
farmers encounter are resolved as quickly as possible”. A farmer calls NPPL “a place where we can
get knowledge and technology that will help us increase our yield and quality". Moreover, NPPL helps
to convince farmers to adopt PATS, as becomes clear from a researcher that states that “NPPL
participants are satisfied with the effectiveness of soil moisture sensors to predict the right time for

wrrigation .

The negative representations on knowledge sharing have one thing in common: the need for more
knowledge sharing. This is however never mentioned by farmers, only by researchers and authors of the
articles. They argue that “there are plenty of possibilities for the application of precision agriculture,
but they are far too largely academic” and are “very concerned about the fact that the enormous
knowledge that is being developed everywhere in all kinds of areas does not sufficiently reach the

farmer”.

These contradicting representations show that farmers are happy with the knowledge sharing options
that are provided for them, but that researcher seem to think there is more knowledge that could be
shared with the farmers. Knowledge that the farmer may not know exists in the first place. Therefore,
the condition that can be extracted from these contradicting representations is that a way must be created
to get academical knowledge to farmers in such a way they understand this information and can use it

in either their decision-making process or during the application of the already adopted PATs.
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Figure 5: Different types of representations in cluster 4.

4.2.5 Cluster 5: Economics and management of digitalized agricultural production systems

and value chains

4.2.5.1 Representations

The fifth cluster on economics and management was the second most common cluster. It included topics
like business models, investment decisions, economic impacts, and markets. It included 90 out of the
384 representations, of which 54% was positive and 46% was negative. This means that opinions about
economics and management of PATs in the media are divided. Of the positive representations, 100%
was technology based and of the negative representations, 80% was technology based, which tells us
that within this fifth cluster the conditions that are extracted below will both relate to the technologies

themselves.

There were a lot of different actors that discussed this subject, like politicians, contractors,
entrepreneurs, and consultancy firms. However, farmers and researchers were once again represented
most often. There are 11 different kinds of representations, of which most have something to do with

money. For instance, costs, investment, and profit (Figure 6). That money is extensively debated in the




media shows that for the public money is an important topic. Moreover, there is only a handful of actors
who mention management: a farmer, a politician and an environment organization talk about how
revenue models and clear goals are missing. The other two mentions are from a politician and an author
who argue that there are possibilities for new business models. Since farmers do not mention
management as much, this might mean that farmers do not have that much trouble implementing PATs

into their way of farming.

4.2.5.2 Conditions

The two representations found the most in this cluster are money related: how using PATs helps to
reduce cost of for example time and materials (34%), and how there are a lot of investment problems
(31%). These two representations tie in well with the almost equal percentages of positive and negative
representation I mentioned above. It shows that on the one hand people who have trouble to invest in
PATs look negatively at PATs, but on the other hand people who have already invested in PATs are

happy about the amount of money they generate and have a more positive view of PATs.

A researcher explains that a farmer reduces costs because he “has to irrigate less quickly to ensure the
correct moisture content on his sandy soil by using sensors. Sometimes this saved a few days, allowing
him to irrigate a larger part of his field with one reel”. In other words, by using PATs he saved a lot of
water, and therefore money. But it is not only water that is saved. This farmer who tells a journalist that
“during the weed control on this plot, ninety percent of crop protection products were saved. In those
places it also concerns root weeds. They stay in the same place. We were able to use the map from the
first year in the other cultivation the following year” explains that he reduced the use of crop protection
products (which is also better for the environment), and by reusing the weeds map, he also reduced time
spend on weed control and therefore reduced labor costs. The condition that can be subtracted here is
that PATs need to reduce costs of either materials or labor.
The negative representation about investment problems is, as a researcher explains, about how “for
many farmers, the expensive investments in technology often prove to be simply too great or simply go
over their heads”. He argues that “the majority of farmers are keen on new technological possibilities,
but do not have the money for them”. A developer agrees that “on a large company with an intensive
construction plan and many employees, it is easier to make precision agriculture profitable”’. Moreover,
a contractor that has already invested in PATs explains that “you need to have enough hectares. A farmer
cannot take the risk of buying an experimental machine that will stand still for most of the time”,
explaining that it is risky for farmers to make big investments like this. Farmers agree that these
investments are major obstacles in the decision-making process of purchasing of PATs. One of them

states that “if you have 400 hectares, you can recoup the investment. The average farmer in the




Netherlands has 100 hectares, which makes it difficult”. The condition that can be subtracted here is

that PATs should be affordable for smaller farms, and not only for bigger farm and contractors.

CLUSTER 5: DIFFERENT REPRESENTATIONS

NUMBER OF REPRESENTATIONS

COSsT INVESTMENT PROFIT ASYMMETRY  VARYING MISSING NEW CHEAP NO PROFIT SECOND MONOPOLY
REDUCTION PROBLEMS IN COSTS RETURNS REVENUE BUSINESS HAND
AND MODEL AND MODELS MARKET
BENEFITS CLEAR GOALS PROBLEMS

REPRESENTATION

Figure 6: Different types of representations in cluster 5.

4.2.6 Cluster 6: Technological efficacy

4.2.6.1 Representations

As explained in section 4.2, a sixth cluster called ‘technological efficacy’ emerged, which included
representations that did not fit in one of the other five clusters (Figure 7). This cluster included only
representations on the believe that a PAT will not successfully perform its task. These are negative
technology-based representations that all have something to do with trust issues from the farmers’ side.
For example, trust issues on whether the technologies do what they claim to do and trust issues on
whether the farmers will be able to handle their technologies. With 19 out of 348 representations, this
sixth cluster has the least representations. However, it is still a very interesting cluster, since Klerkx et
al. did not come across these issues in their literature review on the digitalization of agriculture.
However, these issues are heavily debated in the media and therefore seem to be a significant problem

for the public.




4.2.6.2 Conditions

The representations were mostly expressed by researchers and farmers. This makes this cluster
interesting too, because this contradicts what was found in the literature (even besides Klerkx et al.s’
review), where no research was done about these kinds of trust issues. There was some research about
farmers missing technological knowledge and them not getting the right information from the
researchers and developers, and therefore not wanting to invest in PATs, but these representations are
not about lack of knowledge of the farmer. They are about them simply not believing the information
and promises the developers present. A researcher explains this through the example of drones: “Use of
drone data has environmental benefits, fewer crop protection products, more efficient use of water and
fertilizers, and therefore in principle leads to lower costs. However, farmers are not convinced of this.
There is a lack of hard figures to provide insight into the benefits for farmers and the environment”. In
other words, before the farmers will invest, PATs need to prove that they do what they claim to do. The
promise of PATs is not taken at face value. This farmer agrees with the researcher and states that “the
added value is only proven when the technology proves its usefulness. And it has not come to that
everywhere yet”. Therefore, the last condition that can be subtracted is that PATs need to actually be

useful and that their usefulness has to be proven.

CLUSTER 6: DIFFERENT REPRESENTATIONS

NUMBER OF REPRESENTATIONS

PATS NEED TO BE USEFUL TECHNOLOGY IS SCARY NATURAL SEEMS BETTER

REPRESENTATION

Figure 7: Different types of representations in cluster 6.




4.3 Overarching findings

From all representations combined and when taken as an indication of the public perception, it can be
concluded that the public is open to purchasing and using PATs. However, effective adoption will only
occur if a number of conditions are met. These conditions have been extracted from the representations
that appeared most often in the media. An overview of these conditions can be found in table 3 (Table

3).

What stands out is that PATs are not discussed in isolation. Some representations are technology based,
while others are about the system in which these technologies exist. Therefore, some of the extracted
conditions are meant for the PATs themselves, and thus important information for the developers and
researchers working on these PATs, while others are focused on the agricultural system, which means
they are problems developers cannot solve. These kind conditions are important information for
different actors in this system, for example government employees that work in the agricultural sector

or academics that hold information about PATs that could help farmers in their decision-making process.

Table 3: Conditions for PATs and the agricultural system to allow for effective adoption of PATs.

Condition Important for
PATs should be good for the environment Developers
PATs should increase the quantity of crops Developers
PATs should be adaptable to their surroundings Developers
PATs should help to make farm work easier, more efficient, and more Developers
interesting

There should be opportunities for farmers to educate themselves on the Government

different technologies

PATs should share their data with other PAT developers Developers

Developers should allow farmers to own and control the data they collect Developers




Better policy, rules and regulations to support farmers, commercial

parties and researchers should be provided for PATs Government

PAT data should be shared with other developers Developers

A way to get academical knowledge about PATs to farmers in such a way Government and

they understand this information should be created academics

PATs should reduce costs of either labor or materials Developers

PATs should be affordable for smaller farms Developers
Developers,

PATs need to actually be useful and their usefulness has to be proven researchers, and
academics

5. CONCLUSION

Precision Agriculture Technologies are highly promising for intensifying sustainable agriculture. By the
implementation of PATs, crop yields can be increased, and the use of fertilizer can be effectively
managed. However, in contrast to these positive qualities, PATs also hold potential drawbacks, as for
example the high investment that is sometimes needed. This means that it is not self-evident that these
PATs are adopted by the users. Nonetheless, it is often assumed that PATs are adopted without
considering the problems they might create. This gives rise to controversy around the technologies or
even to complete rejection. This study focused on better aligning the technologies with the needs and
concerns of the public, since listening to the public and tailoring the technologies to their needs helps to

improve the development, reputation, and adoption rate of these innovations.

The research question guiding this study was: “What are the perceptions of the Dutch public on the main
societal implications of precision agriculture technologies that should be taken into account when
developing these technologies? . These social implications were studied by categorizing representations
of PATs found in the media. These representations were used as an indication of the public perception.
For the categorization of the PATs the framework of Klerkx et al. (2019) on digitalization of agriculture

was used. These representations revealed that the Dutch public largely aligns with the societal




implications of PATs identified by Klerkx et al. However, additional implications on the subject of
technological efficacy emerged that were not previously noted by Klerkx and colleagues. Furthermore,
these representations uncovered multiple conditions that PATs and the agricultural system must fulfill

to facilitate successful adoption.

4.1 The perception of PATs

This study reveals that the Dutch public is equally positive and negative about adopting PATs. On the
one hand, they mention positive things about, for instance, the influence of PATs on the environment, a
higher quantity of crops and farm work. On the other hand, they mention negative things about topics

like investment issues, usefulness of PATs and the need for change in farmer thinking.

In addition to differentiating between positive and negative representations, this study also identified a
distinction between technology-based and system-based representations. The technology-based
representations revolve around benefits and drawbacks of the technology itself, whereas the system-

based representations include benefits and drawbacks of the agricultural system in which PATs exist.

There were more technology-based representations than there were system-based ones. For example,
the representations on investment issues, usefulness of PATs, the influence of PATs on the environment,
the higher quantity of crops and farm work are technology-based. They are all drawbacks and benefits
of the technology itself. However, the representation on the need for change in farmer thinking is
system-based. PATs cannot change this, since it is part of a bigger system. These worries of the public
about the system make it clear that simply changing de technologies itself won’t immediately mean that
the technologies will be successfully adopted. There are changes needed in the agricultural system itself

too.

The combination of the many positive and negative representations and technology-based and system-
based representations shows that the public does not just simply believe all promises that are made by
developers. There are needs, concerns and problems that have to be dealt with if we want successful
adoption. Therefore, the conclusion of this study is that the Dutch public is willing to adopt PATs, but
only if particular conditions are met. These conditions being either on the side of the technology or on

the side of the system.

4.2 Conditions

The conditions are essential qualities or criteria that PATs or the agricultural system must possess for
successful adoption. These conditions were derived from both the positive and negative representations

of the Dutch public found in this study. Conditions that were derived from positive representations
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revolve around about already existing qualities that put PATs in a positive light. Conditions that were
derived from negative representations are about missing qualities which put PATs in a negative light.
When PATSs or the system would have these qualities, it would contribute to resolving the negative

perceptions on these topics.

Conditions could be derived from all social implications of PATs. However, in this study only the social
implications that were mentioned most often in the media were used, since their frequency shows that
these implications are most prevalent among the public. Therefore, these conditions could have more

impact on successful adoption of PATs. The conditions are summarized in table 3 (Table 3: Conditions

for PATs and the agricultural system to allow for effective adoption of PATs. ).

6. DISCUSSION

This section discusses findings on the perception of PATs by reflecting on the framework of Klerkx et
al. that was used, in order to get a broader view perspective of the results. Secondly, it will review the

limitations of this study. Lastly, recommendations for further research will be given.

6.1 Results in a broader perspective

Most conditions matched the societal implications Klerkx et al. mention in their framework on
digitalization of agriculture. This shows that the benefits and drawback that are discussed in the
literature, also exist in practice. However, one issue that existed in practice did not show up in the
literature. This is the problem of how the public feels that some PATs are not as useful as developers
claim them to be., which belongs to the newly emerged cluster of technological efficacy. A lot of actors
doubt the effectiveness of these proposed technologies — whether they actually do what they promise to
do, and whether they are worth the investment. The technology is not accepted at face value. The public
needs to be sure these PATs are useful and that they meet the conditions mentioned in table 3. And they
need proof that these conditions are met. The apparent lack of attention paid by current literature to this

worry of the public underscores the need for academics to further address and explore this aspect.

A second observation is that prominently discussed issues from the framework of Klerkx et al., like
power, privacy and identity, are discussed less in the media. Similar to the previously mentioned
observation, this further suggests a potential discrepancy between what science prioritizes and what
genuinely concerns the public. It hints at the presence of a techno-optimistic frame guiding the
development of PATs, emphasizing a focus that might not fully align with the public's actual priorities

or concerns.




Other academical relevance is that this, to the best of our knowledge, is the first study of public
perception on PATs in the Netherlands, contributes to studies on public perceptions of other agricultural
technologies. As mentioned in section 2.1, these studies found that the public had a low level of
knowledge, confusion, and wrong information about the agricultural technology in question. This turns
out to be the case for PATs, too. Additionally, the studies showed that the public perceived low benefits,
high risks, low needs, and a lot of ethical issues concerning certain agricultural technologies.
Controversially, this was not found for PATs. According to the public, there are certainly benefits, but
also needs for PATs. Moreover, representations on ethics were only mentioned a handful of times and
generally positive. Therefore, this study is an interesting contribution to academic understanding of

public perceptions of agricultural technologies.

Additionally, these insights from the public perception on PATs contribute to the creation of innovation
adoption models specific to precision agriculture. The conditions can help in researching and

formulating strategies that accelerate the uptake of PATs.

The derived conditions help us to better understand society. When developers would comply with these
conditions, the technologies would be better aligned with the needs and concerns of the public, helping
the reputation and development of PATs. This increases the changes of the technology being accepted,

and results in technologies that are better aligned with, and more responsive to, societal values.

Furthermore, the conditions could help policy makers to create better ideas and plans that support
farmers, researchers, academics, and developers that work on and with PATs. Examples of policy
measures are ensuring that there is good communication about benefits and qualities of PATs, providing
information about what PATs are tested on, sharing (positive) experiences of other fellow farmers,
providing knowledge sharing platforms or gatherings, and support small farms that want to invest in

PATs, for example through subsidies.

6.2 Limitations

Although considerable efforts have been made to carry out this research as systematically and

academically well as possible, some limitations should be highlighted.

First, there are some limitations on the use of newspapers. Newspapers serve as one source of
information about public perception, but they may not provide a comprehensive view of the entire Dutch
population's attitudes and opinions on precision agriculture technologies. These newspaper articles

represent only a portion of the Dutch population. Not everyone talks to journalists, and those who do




may not be a representative sample of the entire demographic spectrum, including age groups, socio-
economic backgrounds, or geographic regions. Additionally, newspapers do not allow for direct
interaction with the audience. They provide a one-way flow of information, limiting the ability to delve
deeper into nuanced perspectives or engage in a dialogue to understand diverse viewpoints. They are
also subject to editorial decisions that can shape the content and focus of articles. Editors might choose
stories based on their perceived relevance, newsworthiness, or alignment with the publication's agenda,

potentially omitting certain viewpoints or aspects of public opinion.

Second, developers of PATs require more than just an understanding of the public perception to ensure
successful adoption of PATs. The development of technology is controlled by a whole system.
Therefore, other interconnected aspects concerning the adoption of PATs within the agricultural system
need to be considered. An example of such an aspect is that they need to gather insights from industry
experts, agricultural consultants, and research institutions. This helps developers stay updated on the
latest advancements, best practices, and emerging trends within the agricultural sector. Another example
is that keeping abreast of regulatory requirements and compliance standards is vital. Developers still
need to ensure that their technologies align with local, national, and international regulations governing

agriculture, technology, and data usage.

6.3 Recommendations for future research

The findings on the Dutch perception of PATs and the from there derived conditions to enable successful

adoption of PATs lay the basis for recommendations for future research.

First, the contradicting finding of implications that were found in the literature but not or barely
mentioned by the public should be studied in more dept. It would be interesting to see why topics like
power, privacy and identity receive so much attention from academics and researchers but seems to be
less important for the Dutch public. Additionally, the social implications in the new cluster of

technological efficacy, that was not found in the literature, should be further explored.

Second, the two peaks of articles in 2016-2017 and 2019-2021 that could not be explained by the data
found in this study should be further examined. Two considerable events that were mentioned a handful
of times and occurred during this period are Covid-19 and the nitrogen crisis. Both these events have
affected the agricultural sector (Beckman & Countryman, 2021; Stokstad, 2019). It would be very
interesting to see whether these two events have any influence on the perception of PATs, and if so,

what this influence is.




Third, it would be interesting to look into the perception of PATs in other countries. As mentioned, the
Netherlands is a country that experiences many challenges in reaching sustainable agriculture, as it is
one of the world leaders in the agricultural sector. Therefore, the Dutch public may experience different
social implications than people in other parts of the world do. To see whether policy in other countries

should differ from policy in the Netherlands, conditions should be studied per country.

And lastly, as explained in section 6.2, research is needed to find out what other interconnected aspects
concerning PATs there are in the agricultural system. The development of PATs is driven by the whole
agricultural system. By focusing on all of the different system-related aspects of PATs, future research
could support the development of more sustainable, easy-to-use, and contextually relevant PATs that

can be effectively integrated into the evolving and diverse agricultural system.

o 35 °




7. BIBLIOGRAPHY

Aubert, B. A., Schroeder, A., & Grimaudo, J. (2012). IT as enabler of sustainable farming: An empirical analysis
of farmers’ adoption decision of precision agriculture technology. Decision Support Systems, 54(1), 510—

520. https://doi.org/10.1016/j.dss.2012.07.002

Balafoutis, A., Van Evert, F., & Fountas, S. (2020). Smart Farming Technology Trends: Economic and
Environmental  Effects, = Labor  Impact, and  Adoption  Readiness. Agronomy, 10(5),
743. https://doi.org/10.3390/agronomy10050743

Barrett, H., & Rose, D. R. (2020). Perceptions of the Fourth Agricultural Revolution: What’s In, What’s Out, and
What Consequences are Anticipated? Sociologia Ruralis, 62(2), 162-189.
https://doi.org/10.1111/soru.12324

Batte, M. T., & Arnholt, M. W. (2003). Precision farming adoption and use in Ohio: Case studies of six leading-
edge adopters. Computers and Electronics in Agriculture, 38(2), 125-139.

Beckman, J., & Countryman, A. M. (2021). The importance of agriculture in the economy: Impacts from COVID-
19. American Journal of Agricultural Economics, 103(5), 1595—
1611. https://doi.org/10.1111/ajae.12212

Bellon-Maurel, V., Piot-Lepetit, 1., Lachia, N., & Tisseyre, B. (2023). Digital agriculture in Europe and in France:
which organisations can boost adoption levels? Crop & Pasture

Science. https://doi.org/10.1071/cp22065

Brossard, D., & Nisbet, M. C. (2006). Deference to Scientific Authority Among a Low Information Public:
Understanding U.S. Opinion on Agricultural Biotechnology. International Journal of Public Opinion
Research, 19(1), 24-52. https://doi.org/10.1093/ijpor/ed1003

Bryman, A. (2016). Social research methods. Oxford university press.

Carbonell, I. (2016). The ethics of big data in big agriculture. Internet policy review, 5(1).
https://doi.org/10.14763/2016.1.405

Carolan, M. (2017). Publicising food: Big Data, precision agriculture, and co-experimental techniques of

addition. Sociologia Ruralis 57(2): 135-154

Chivers, C. A., & Rose, D. (2020). Viewpoint: Genetics and Al Have Launched an Agricultural Revolution. But

“blind Techno-Optimism” Could Have Harmful Consequences. Available




online: https://geneticliteracyproject.org/2020/12/04/who-will-benefit-from-the-fourth-agricultural-
revolution/ (accessed on 13 March 2023).

Cui, K., & Shoemaker, S. P. (2018). Public perception of genetically-modified (GM) food: A Nationwide Chinese
Consumer Study. Science of Food, 2(1). https://doi.org/10.1038/s41538-018-0018-4

Dentzman, K., Gunderson, R., & Jussaume, R. A. (2016). Techno-optimism as a barrier to overcoming herbicide
resistance: Comparing farmer perceptions of the future potential of herbicides. Journal of Rural Studies,

48, 22-32. https://doi.org/10.1016/j.jrurstud.2016.09.006

Erisman, J. W. (2021). Setting ambitious goals for agriculture to meet environmental targets. One earth, 4(1), 15—

18. https://doi.org/10.1016/j.oneear.2020.12.007

Firbank, L. G., Attwood, S., Eory, V., Gadanakis, Y., Lynch, J., Sonnino, R., & Takahashi, T. (2018). Grand
Challenges in Sustainable Intensification and Ecosystem Services. Frontiers in sustainable food systems,

2. https://doi.org/10.3389/fsufs.2018.00007

Gee, J. P. (2014). An introduction to discourse analysis: Theory and method. Routledge.

Herrera, R. J., & Garcia-Bertrand, R. (2018). The Agricultural Revolutions. https://doi.org/10.1016/b978-0-12-
804124-6.00013-6

Higgins, V., Bryant, M., Howell, A., & Battersby, J. (2017). Ordering adoption: Materiality, knowledge and farmer
engagement with precision agriculture technologies. Journal of Rural Studies, 55, 193-202.

https://doi.org/10.1016/j.jrurstud.2017.08.011

Hoffman, L. H., & Slater, M. D. (2007). Evaluating Public Discourse in Newspaper Opinion Articles: Values-
Framing and Integrative Complexity in Substance and Health Policy Issues. Journalism & Mass

Communication Quarterly, 84(1), 58—74. https://doi.org/10.1177/107769900708400105

Hu, H., Ni, Y., Ding, Y., & Chu, J. (2023). Research on Influencing Factors of Public Opinion Information
Forwarding Behavior of Generation Z Group. Highlights in Science, Engineering and Technology, 42,
298-308. https://doi.org/10.54097/hset.v42i.7109

Juanillo, N. K. (2001). The Risks and Benefits of Agricultural Biotechnology. American Behavioral
Scientist. https://doi.org/10.1177/00027640121956809

Klerkx, L., Aarts, N., & Leeuwis, C. (2010). Adaptive management in agricultural innovation systems: The
interactions between innovation networks and their environment. Agricultural Systems, 103(6), 390—

400. https://doi.org/10.1016/j.agsy.2010.03.012




Klerkx, L., Jakku, E., & Labarthe, P. (2019). A review of social science on digital agriculture, smart farming and
agriculture 4.0: New contributions and a future research agenda. NJAS Wageningen journal of life

sciences, 90-91(1), 1-16. https://doi.org/10.1016/j.njas.2019.100315

Klerkx, L., & Rose, D. R. (2020). Dealing with the game-changing technologies of Agriculture 4.0: How do we
manage diversity and responsibility in food system transition pathways? Global Food Security, 24,

100347. https://doi.org/10.1016/j.2fs.2019.100347

Knopp, E. M. (2017, 1 mei). Psychopathy and the Insanity Defense: A Grounded Theory Exploration of Public
Perception. http://hdl.handle.net/20.500.12087/10

Konigs, P. (2022). What is Techno-Optimism? Philosophy & Technology, 35(3). https://doi.org/10.1007/s13347-
022-00555-x

Korotchenya, V. (2019). Digital agriculture and agricultural production efficiency: exploring prospects for Russia.

Espacios. 40(22), 22-36.

Kutter, T., Tiemann, S., Siebert, R., & Fountas, S. (2011). The role of communication and co-operation in the
adoption of precision farming. Precision Agriculture, 12(1), 2—17. https://doi.org/10.1007/s11119-009-
9150-0

Lazzaro, M., Paree, P., Guidotti, D., Koltsida, P., Benians, S., Barberi, P., & Toli, E. (2018). Digital tools co-
creation to ease the dialog among farmers’ communities with diverse visions. A practical case with

conventional and organic farmers in CAPSELLA’. In Proceedings of the European IFSA Symposia 2018.

MacDonald, J., Korb., P., & Hoppe, R., (2013). Farm size and the organization of U.S. crop farming. Report for
the US Department of Agriculture, Economic Research Service, Report no. ERR-152.

Macnamara, J. (2005). Media content analysis: Its uses; benefits andbest practice methodology. Asia Pacific Public
Relations Journal, 6(1), 1-34.

Marris, C. (2001). Public views on GMOs: deconstructing the myths. EMBO Reports, 2(7), 545-
548. https://doi.org/10.1093/embo-reports/kve142

Miles, C. O. (2019). The combine will tell the truth: On precision agriculture and algorithmic rationality. Big Data
& Society, 6(1), 205395171984944. https://doi.org/10.1177/2053951719849444

Mintert, J. R., Widmar, D., Langemeier, M., Boehlje, M., & Erickson, B. (2016). The challenges of precision
agriculture: Is big data the answer? (No. 1376-2016-109588).




Mizik, T. (2022). How can precision farming work on a small scale? A systematic literature review. Precision

Agriculture. https://doi.org/10.1007/s11119-022-09934-y

Murray, N. (2018). Agriculture Wars. Viewpoint Magazine, March 12. Available
at: https://www.viewpointmag.com/2018/03/12/agriculture-wars/ (accessed 21 March 2023).

Mustonen-Ollila,E., & Lehto, M. J., & Heikkonen, J. (2020). Information Influence in Society’s Information
Environment: An Empirical Analysis Using the Grounded Theory. Journal of Information Warfare, 19(4), 70-
88

Narra, N., Nevavuori, P., Linna, P., Lipping, T., Dahanayake, A., Huiskonen, J., & Jaakkola, H. (2020). A data
driven approach to decision support in farming. In Information Modelling and Knowledge Bases

XXXI (Vol. 321, pp. 175-185). Amsterdam, The Netherlands: IOS Press.

Pathak, H. S., Brown, P., & Best, T. (2019). A Systematic Literature Review of the Factors Affecting the Precision
Agriculture Adoption Process, Precision Agriculture, 20(6), 1-25.

Paxton, K. W., Mishra, A. K., Chintawar, S., Roberts, R. K., Larson, J. A., English, B. C., Lambert, D. M., Marra,
M. C,, Larkin, S. L., Reeves, J. M., & Martin, S. (2011). Intensity of Precision Agriculture Technology
Adoption by Cotton Producers. Agricultural and Resource Economics Review, 40(1), 133-144.
https://doi.org/10.1017/s1068280500004561

Orozco, O. A., & Llano Ramirez, G. (2016). Information systems focused on precision agriculture technologies

and applicable to sugarcane, a review. Engineering Magazine University of Medellin, 15(28), 103-124.

Ortiz, A., Outhwaite, C. L., Dalin, C., & Bates, A. E. (2021). A review of the interactions between biodiversity,
agriculture, climate change, and international trade: research and policy priorities. One earth, 4(1), 88—

101. https://doi.org/10.1016/j.oneear.2020.12.008

Reichardt, M., & Jiirgens, C. (2009). Adoption and future perspective of precision farming in Germany: results of
several surveys among different agricultural target groups. Precision Agriculture, 10(1), 73-94.

https://doi.org/10.1007/s11119-008-9101-1

Rijswijk, K., Klerkx, L., Bacco, M., Gheysen, G., Bulten, E., Debruyne, L., Dessein, J., Scotti, I., & Brunori, G.
(2021). Digital transformation of agriculture and rural areas: A socio-cyber-physical system framework
to support responsibilisation. Journal of Rural Studies, 85, 79-90.
https://doi.org/10.1016/j.jrurstud.2021.05.003




Rodriguez, S., Gualotuiia, T., & Grilo, C. (2017). A System for the Monitoring and Predicting of Data in Precision
Agriculture in a Rose Greenhouse Based on Wireless Sensor Networks. Procedia Computer Science, 121,

306-313. https://doi.org/10.1016/j.procs.2017.11.042

Rose, D. R., & Chilvers, J. (2018). Agriculture 4.0: Broadening Responsible Innovation in an Era of Smart
Farming. Frontiers in sustainable food systems, 2. https://doi.org/10.3389/fsufs.2018.00087

Sadras, V. O. (2020). Agricultural technology is unavoidable, directional, combinatory, disruptive, unpredictable
and has unintended consequences. Outlook on Agriculture. https://doi.org/10.1177/0030727020960493

Sanders, C., Mayfield-Smith, K. A., & Lamm, A. J. (2021). Exploring Twitter Discourse around the Use of
Artificial Intelligence to Advance Agricultural Sustainability. Sustainability, 13(21), 12033.
https://doi.org/10.3390/su132112033

Scheibein, F., Donnelly, W., & Wells, J. R. (2022). Assessing open science and citizen science in addictions and
substance use research: A scoping review. International Journal of Drug Policy, 100, 103505.

https://doi.org/10.1016/j.drugpo.2021.103505

Schimmelpfennig, David, and Robert Ebel. (2011). On the Doorstep of the Information Age: Recent Adoption of
Precision Agriculture, EIB-80, U.S. Dept. of Agriculture, Economic Research Service.

Schwartz, S. H. (1984). Universals in the Content and Structure of Values: Theoretical Advances and Empirical

Tests in 20 Countries. Advances in Experimental Social Psychology. 25, 1-65.

Schwartz, S. H. (1996). Value Priorities and Behavior: Applying Theory of Integrated Value Systems. The
Psychology of Values: The Ontario Symposium, 8, 1-23.

Shanahan, J., Scheufele, D., & Lee, E. (2001). Attitudes about Agricultural Biotechnology and Genetically
Modified Organisms. The Public Opinion Quarterly, 65(2), 267-281.
https://www.jstor.org/stable/3078805

Singh, P., Pandey, P. C., Petropoulos, G. P., Pavlides, A., Srivastava, P. K., Koutsias, N., Deng, K. A. K., & Bao,
Y. (2020). Hyperspectral remote sensing in precision agriculture: present status, challenges, and future

trends. Elsevier eBooks, 121-146. https://doi.org/10.1016/b978-0-08-102894-0.00009-7

Sparks, P. B., Shepherd, R., & Frewer, L. J. (1994). Gene technology, food production, and public opinion: A UK
study. Agriculture and Human Values, 11(1), 19-28. https://doi.org/10.1007/bf01534445

Sparrow, R., & Howard, M. E. (2021). Robots in agriculture: prospects, impacts, ethics, and policy. Precision
Agriculture, 22(3), 818-833. https://doi.org/10.1007/s11119-020-09757-9




Strauss, A., & Corbin, J. M. (1990). Basics of qualitative research: Grounded theory procedures and

techniques. Sage Publications, Inc.

Stokstad, E. (2019). Nitrogen crisis threatens Dutch environment—and economy. Science, 366(6470), 1180—
1181. https://doi.org/10.1126/science.366.6470.1180

Thompson, N. M., Bir, C., Widmar, D. A., & Mintert, J. R. (2019). Farmer Perceptions of Precision Agriculture
Technology  Benefits. Journal  of  Agricultural —and  Applied  Economics, 51(1), 142—
163. https://doi.org/10.1017/aae.2018.27

Vecchio, Y., Di Pasquale, J., Del Giudice, T., Pauselli, G., Masi, M., & Adinolfi, F. (2022). Precision farming;:
what do Italian farmers really think? An application of the Q methodology. Agricultural Systems, 201,
103466. https://doi.org/10.1016/j.agsy.2022.103466

Vrolijk, H., Reijs, J., & Dijkshoorn-Dekker, M. (2020). Towards sustainable and circular farming in the
Netherlands: Lessons from the socio-economic perspective. Wageningen Economic Research

https://library.wur.nl/WebQuery/wurpubs/571111

Wahl-Jorgensen, K. (2004). A ‘Legitimate Beef” or ‘Raw Meat?’Civility, Multiculturalism, and Letters to the
Editor. The CommunicationReview, 70(1), 89-105.

Yost, M. A., Kitchen, N., Sudduth, K. A., Sadler, E. M., Drummond, S. T., & Volkmann, M. R. (2017). Long-
term impact of a precision agriculture system on grain crop production. Precision Agriculture, 18(5),

823—842. https://doi.org/10.1007/s11119-016-9490-5

Yuan, S., Oshita, T., AbiGhannam, N., Dudo, A., Besley, J. C., & Koh, H. E. (2017). Two-way communication
between scientists and the public: a view from science communication trainers in North
America. International Jjournal of science education, 7(4), 341-

355. https://doi.org/10.1080/21548455.2017.1350789

Zhai, Z., Martinez, J. L., Beltran, V., & Martinez, N. B. (2020). Decision support systems for agriculture 4.0:
Survey and challenges. Computers and Electronics in  Agriculture, 170, 105256.
https://doi.org/10.1016/j.compag.2020.105256

Zhang, C., Ma, N., & Sun, G. (2022). Using Grounded Theory to Identify Online Public Opinion in China to
Improve Risk Management—The Case of COVID-19. International Journal of Environmental Research

and Public Health, 19(22), 14754. https://doi.org/10.3390/ijerph192214754




Zhang, P., Guo, Z., Ullah, S., Melagraki, G., Afantitis, A., & Lynch, I. (2021). Nanotechnology and artificial
intelligence to enable sustainable and precision agriculture. Nature plants, 7(7), 864—

876. https://doi.org/10.1038/s41477-021-00946-6

Zhang, W., Dou, Z., He, P., Ju, X., Powlson, D. S., Chadwick, D., Norse, D., Lu, Y., Zhang, Y., Wu, L., Chen, X.,
Cassman, K. G., & Zhang, F. (2013). New technologies reduce greenhouse gas emissions from
nitrogenous fertilizer in China. Proceedings of the National Academy of Sciences of the United States of

America, 110(21), 8375-8380. https://doi.org/10.1073/pnas.1210447110

o 42 o




Master’s Thesis Romee A. M. in 't Veld University Utrecht Innovation Sciences

8. APPENDICES

Appendix A. Empty coding scheme in Excel.
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