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Abstract: As the penetration of digital technologies in agriculture deepens, farm advisors have to
cope with new roles, which generate the need for updating already possessed and developing new
competencies. Although in-service advisors can build such skills through their involvement with the
practice of digital agriculture, students of agronomy (and related) departments who will undertake
the role of advisors in the future are expected to develop relevant competencies during their university
education. Do current curricula supply them with such competencies? In pursuing this question,
in the present study, we developed a theoretical scheme involving eight sets of competencies. After
constructing a scale for each set, we collected data from students enrolled in an agronomy department
of a Greek university. Our findings revealed that participants” overall competency in dealing with
digital agriculture was considerably low. Among the eight sets of competencies, the highest scores
were observed for empathy and future orientation, while students had low levels of technology
exploitation, technology integration, and transition facilitation competencies. A regression analysis
indicated that the two last sets shape students’ overall competency. These results point out the need
to integrate a farmer-centered philosophy in digitalization-related higher agronomic education and
consider the critical role that social science can play in equipping future advisors with competencies
needed to facilitate the digital agricultural transition.

Keywords: agricultural digitalization; advisers; competencies; skills; agricultural education; smart
farming; precision agriculture; digital transition; digital technology; advisory services

1. Introduction

The transition to digital agriculture requires changes in the practices and ways of doing
business by the actors involved in the farming nexus. The introduction of new technologies
at the farm level leads to a reallocation of activities and resources, while the need to develop
new skills and competencies is pressing [1]. In this vein, support from other actors is
necessary to facilitate adoption [2] and help farmers build new competencies [3]. In most
cases, farm advisors have the challenging task of undertaking this role. Nevertheless, to
guide—or at least facilitate—the smooth transition towards digital agriculture, advisors
should occupy the competencies needed to introduce technologies into everyday farming
practices and extract value from this mixing.

In-service advisors build these capacities by actively participating in the digital tran-
sition process through job experimentation and trial-and-error learning [4]. Of course,
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many, if not most, advisors whooperate today in the field received their education before
digital technologies came into public view. For instance, deep learning applications and the
Internet of Things were introduced into agriculture after 2010, penetrating the curricula of
agronomy and/or polytechnic universities as a topic of study much later. Hence, advisors
who finished their studies before the agri-digital boom did not have the opportunity to
be exposed to these technologies during their education. Today, most higher education
institutes realize the importance of preparing future professionals to face the challenge of
digitalization [5]. However, little is known about the degree to which agricultural univer-
sities supply those who study to become advisors with the competencies needed to deal
with the transition towards a digitalized farming future.

This study focuses on Greece, a country where the digitalization of agriculture is
proceeding slowly and often in an ill-designed fashion [6]. Previous work indicates that
Greek agricultural universities emphasize theory over practice and technical mastery
over soft skills [7,8], thus not supplying students with the competencies needed to co-
shape transitions with farmers and other actors [9]. The study aims to uncover the levels
offuture advisors’ competencies in three different general areas. The first area concerns
technocentric competencies, which represent capabilities related to digital technologies,
their integration into farms, and their efficient and responsible exploitation. The second
refers to future-oriented competencies, which help farm advisors to forecast and deal
with the future trajectories of digital agriculture, thus improving their capacity to foresee
potential impacts, minimize potential risks, and orient themselves and farm enterprises
toward a digitalized future. The last category involves competencies centered on the
adopters of digital technologies, namely the ability to facilitate the transition from process-
driven to data-driven and technology-enabled digital farming, and the empathy necessary
to navigate this transition.

To what extent do students in agronomy departments in Greece possess such compe-
tencies, and which of these sets determine their overall level of competency in dealing with
digital agriculture? To pursue these questions, we first developed a theoretical framework
(presented in the next section) and performed a study based on a quantitative research
design, detailed in Section 3. Section 4 of the article presents the results derived from our
analysis. The article closes by discussing the implications of our findings and proposing
future research paths.

2. Theoretical Framework
2.1. Defining Digitalization and Digital Agriculture

Although the term “digitalization” is widely used, it is still open to varying definitions
because of its dynamic character and the multiple angles from which it can be grasped [10].
In this work, combining definitional elements from several studies [11-13], we designate
digitalization as the application of digital technologies across different sectors of economic
activity and areas of social life with the aim of turning “analog” signals into fragments
of information available in the form of digital language. However, digitalization is not
a purely sectoral activity with clear boundaries. Digital innovations from different sec-
tors of the economy and society converge to shape the scene of digitalization [14], thus
transforming—at multiple levels—industries and actors that participate in them.

A common denominator in digitalization literature is the emphasis on the transforma-
tive potential of digital technologies. Gong and Ribiere [15] define digital transformation
as a digital technology-enabled change process that brings the characteristics of radical
innovation and has the potential to positively alter social units (individuals, organiza-
tions, networks, communities, or even society as a whole) by opening up new value
creation opportunities [16]. Digital artifacts indeed change individuals’ lifestyles, every-
day routines [17], ways of interaction [18], work processes [19], professional values, and
identities [20], to mention just a few.

However, not all transformations are positive. Uncertainty and possible adverse effects
accompany digitalization. Agriculture is one of the few areas of study in which the potential
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negative impacts of digitalization have received considerable attention. Agricultural digital-
ization (i.e., the process of using data-rich software, hardware, and services to increase farm
productivity and efficiency while reducing costs, labor effort needed, and environmental
externalities of farming [21,22]) and the consequent rise of a new form of high-tech and
data-driven agriculture—known as digital agriculture [23,24], smart farming [25,26], or
Agriculture 4.0 [27,28]—are followed by several risks and open issues.

2.2. Farm Advisors’ Digitalization-Related Competencies

From seminal works in the field [29-31] to more recent studies [32,33], there is an
agreement that the irruption of digital technologies into the farming sector has a strong
effect on farming and food systems. Prior work focusing on farm-level challenges has
provided many insights into the difficulties faced by adopters. Before adoption, producers
must choose among the many alternative offerings [34,35] without always being able to
shift the design of these technologies to their needs [36] or to assess the benefits and risks
associated with each digital artifact [37]. In the post-adoption phase, farmers have to
learn how to work with new technologies [38], bundle them with older technologies [39],
and adapt them to conventionally used farming practices [40], thus facing difficulties in
extracting value from their use [41] and receive the full range of benefits that they can
offer [42].

To overcome these challenges and achieve the main aim of digital agriculture, which
is to use digital artifacts to produce actionable knowledge [43], farmers need support
from advisory services. In this vein, the transition to digital agriculture also affects the
work of advisors, who, according to Hansen et al. [44], represent the “next users” of
technologies that assist end-users (farmers) in transforming technologies into productive
tools. To perform this role, advisors need to develop new (or enhance already processed)
technical skills and competencies in envisioning the future of digitalized farms and helping
farmers effectively navigate it [4,22] while maintaining and improving their capacity to
show empathetic behaviors toward their clients [45] and facilitate their transition to digital
agriculture [6].

Given that, to date, a general framework for determining the competencies needed
to effectively perform the profession of an advisor in a rapidly digitalized world does not
exist, we have built a scheme consisting of the three above-mentioned general competency
clusters, divided into eight sets (Figure 1). The first cluster includes technocentric compe-
tencies, i.e., capacities that help advisors effectively interact with technologies and mediate
farmer-technology interaction [4,46]. This category accommodates competencies related to
“technology understanding”, which involves basic skills and abilities to understand the
potential of technologies for farming and efficiently use them [47].

It also contains a set related to the capacity to assist farmers in integrating technologies
into their farms (technology integration competencies). Given that farmers face difficulties
in selecting suitable technologies for their enterprises [48,49] and lack the expertise to adapt
their farms to the new modus operandi of digital agriculture [50,51], the role of advisors
in integrating digital artifacts into currently followed production paradigms is pivotal.
In addition, since digital and legacy technologies are expected to co-exist on adopters’
farms, advisors have the critical task of bundling high-tech digital artifacts with analog
technologies that, as observed by Klerx and Rose [52], have not yet fully unfolded their
potential in many cases.

A final set belonging to this category is “technology exploitation” competencies. It con-
cerns advisors’ capability to uncover and realize the value proposition of technologies [53],
and help farmers deal with the complexity of digital tools, translate the data offered by
decision support systems and other applications into valuable insights, and derive benefits
from them, which, as research indicates [46,50,54], is a challenge for adopters.
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Figure 1. Categories and sets of digitalization-related competencies.

The second cluster incorporates competencies associated with advisors” ability to
envision the future trajectories of digital agriculture. Such “techno-visioning competencies”
allow professionals to improve their offered services and design new ones to target potential
future needs and demands of adopters [55]. The capacity to forecast the consequences of
digital technology adoption—herein labeled “impact forecasting competency”—is crucial
in this respect, since it permits advisors to anticipate how technologies will affect not only
farms but also farming systems and farmers’ lives. Research confirms that digitalization
may have mixed impacts on how farmers work, learn, and live [54,56,57], while the im-
plications of their adoption for the broader agrifood systems can also affect the context in
which farm enterprises operate [58]. Advisors with the capacity to anticipate these impacts
can effectively drive the digital transition by adapting themselves and facilitating the adap-
tation of their clients’ enterprises to external changes through promoting transformational
changes when needed and bundling solutions to achieve that purpose.

Another set within this cluster concerns “risk reduction competencies”. The risks
associated with the digitalization of agriculture are well-documented in the relevant litera-
ture. These risks directly—when talking about financial perils [30,59]—or indirectl—as in
the case of social [60,61], environmental [62,63], and ethical risks [41,50,64]—influence the
sustainability of farms. By being capable of reducing these risks, advisors can help farm
enterprises survive and achieve their desired goals.

Finally, “future orientation competencies” include the ability to foresee potential future
states, conceive of, and adjust to varying future scenarios [65]. Future orientation also
involves advisors’ capability to translate their transition experience into usable knowledge,
or, in Mulder’s words [66], their “integrative learning competence”. This competency
impels individuals to develop goals and set strategies to achieve them [67]. Moreover,
by affecting advisors’ perceptions of the future, future orientation can influence other
competencies and their professional responses to digitalization [4].
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The final cluster comprises “farmer-centered competencies”, which describe the ca-
pabilities to empathize with adopters and facilitate their transition to digital agriculture.
Building upon classic definitions of the term [68-70], in our framework, we conceptualize
empathy as an advisor’s capacity to understand how adopters experience the transition
process and to recognize farmers’ feelings while differentiating themselves from clients.
Empathy is a vital competency—especially for the farm advisor profession [71]—since it can
improve interpersonal communication and enhance the quality of the service offered [72].
On the other hand, transition facilitation competencies involve making the transition to
a new status easier by designing and implementing effective plans [73] in collaboration
with farmers [74] and, in the case of digital agriculture, resolving the frequently emerging
human-technology conflicts [6].

3. Methods
3.1. Participants and Procedure

Participants in this study were students enrolled in an agronomy department at a
large Greek university. After developing the research instrument, we released a recruitment
announcement which included a link directing potential respondents to an electronic ques-
tionnaire. Then, we asked some students to post the announcement on their personal pages.
The data collection process lasted seven weeks (29 November 2022 to 17 January 2023).

The questionnaire began with a compulsory open-ended question asking participants
to define digital agriculture. Then, a series of closed-ended questions followed. We
analytically present the scales used in the next section. After collecting data, the first
three authors evaluated the answers to ensure that the participants understood what
digital agriculture is. Overly general statements (e.g., “digital agriculture is a step towards
sustainable farming”) led us to exclude corresponding questionnaires.

The final sample for this study was 108 students. Among them, 55.6% were women.
The mean age of the respondents was 23.5 years (S.D. = 4.1). Most of them (94.7%) were
either in their fourth year of study or their graduation year.

3.2. Measures
3.2.1. Technocentric Competencies

To assess students’ technocentric competencies, we built three new scales (Table 1).
The first one refers to basic technology understanding skills, i.e., the participants’ ability
to use digital technologies and understand their operating principles and potential. Since
research has shown that advisors do not always possess such skills [6], we considered it
crucial to estimate the levels of future advisors’ elementary competencies in dealing with
and understanding technologies.

The second scale concerns the capacity to integrate digital technologies into farm
enterprises by selecting appropriate technologies, estimating their efficiency by evaluating
the pros and cons of digitalization, and taking actions to facilitate their post-adoption usage
through, for instance, bundling digital and “analog” technologies and solving problems
that may arise due to the introduction of digital artifacts into farms.

Finally, the third scale includes seven items that describe technology exploitation
competencies, like developing plans to exploit technologies and extract value from them.
Such competencies allow advisors to unlock the full potential of technologies and facilitate
the translation of their value propositions into value-in-use, which is not an easily solved
issue [44,75].

During the item generation process for these three scales, we exploited theoretical
contributions and research findings from studies that variously refer to the scientific com-
petencies needed to deal with agricultural digitalization [4,43,46,76]. For all items, we
asked students to determine the extent to which they have each of the corresponding
competencies, utilizing a scale ranging from 1 (not at all) to 5 (very much).
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Table 1. Technocentric competencies: scales, items, results of factor analyses, and Cronbach’s «.

Explained  Cronbach’s

] .
Scale/Items Eigenvalue Variance Alpha

Basic technology understanding competencies 2.09 69.6% 0.86
Understanding how technologies work

Understanding the potential of technologies

Handling/using technologies

Technology integration competencies 541 67.6% 0.94
Choosing appropriate technologies for farms

Estimating the costs and benefits of new technologies for farms

Introducing new technologies to farms

Properly using technologies

Reorganizing work after technology adoption

Solving problems associated with newly introduced technologies on the farms

Connecting digital agriculture technologies with traditionally used technologies

Integrating technologies in current production systems

Technology exploitation competencies 4.29 61.3% 0.91
Exploiting technologies

Creating value from technologies

Transforming technologies to productive resources

Designing effective technology exploitation plans

Using technologies for improving farm production

Using technologies for improving farming systems

Using technologies for making work easier for farmers

! The term “technology” refers to any digital agricultural technology.

To test if the items belong to the expected factors, we performed a series of principal
axis factor analyses. In all cases, the procedure confirmed single-factor solutions with
eigenvalues higher than 1.0 (Table 1). For each of the scales, we calculated a total score by
averaging the relevant items. Cronbach’s alphas were high for all sets of variables.

3.2.2. Techno-Visioning Competencies

For the techno-visioning competencies, we developed three sets of items, each mea-
sured on a five-point scale, ranging from 1 (not at all) to 5 (very much). Participants were
instructed to choose the option that best described their level of competency for each of the
topics reflected by the items.

The first three items relate to students’ capability to predict the impacts of digital
technologies. Relevant work [41,77] has indicated that farmers, farms, and farming sys-
tems absorb (or are expected to absorb) a series of direct positive and negative outcomes
of digitalization. Hence, we created items reflecting future advisors’ competencies in
forecasting how digitalization will transform adopters’ lives, their farm enterprises, and
farming systems.

The second scale (“risk reduction competencies”) involves items associated with the
competency to minimize the risks that follow agricultural digitalization, which include
financial, socio-ethical, and environmental threats. For the third scale, we developed items
that depict respondents’ ability to anticipate and orient themselves toward potential futures
by learning while undergoing transitions to digitalization. This future orientation affects
professionals’ ability to foresee changes and draw plans to keep up with and co-shape the
future [78,79].

As revealed by our principal axis factor analyses, all scales had unidimensional struc-
tures, with eigenvalues ranging from 2.04 to 2.18 (Table 2). Cronbach’s alphas were sufficient
for all constructs. For each scale, we computed a composite score as the average of its items.
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Table 2. Techno-visioning competencies: scales, items, results of factor analyses, and Cronbach’s «.

Explained  Cronbach’s

] .
Scale/Items Eigenvalue Variance Alpha

Impact forecasting competencies 2.04 68.2% 0.86
Predicting how technologies will transform farms

Predicting how technologies will transform farming systems

Predicting how technologies will change farmers’ lives

Risk reduction competencies 297 74.3% 0.92
Minimizing the financial risks associated with technologies

Minimizing the social risks associated with technologies

Minimizing the environmental risks associated with technologies

Minimizing the ethical risks associated with technologies

Future orientation competencies 2.18 54.6% 0.82
Being able to learn while helping farmers integrate technologies in their farm enterprises

Learning how to learn from technologies

Orienting myself and farm enterprises to the future

Anticipating the potential futures that technologies create

! The term “technology” refers to any digital agricultural technology.

3.2.3. Farmer-Centered Competencies

To depict farmer-centered competencies, we constructed two scales. For measuring
empathy competency, we were inspired by relevant studies [72,80] that focused on the
cognitive and communicational aspects of this construct. Our scale involves items con-
cerning the prioritization of farmers’ interests, the ability to understand farmers’ feelings
toward digital technologies, and future advisors’ capacity to handle their emotions when
interacting with technology adopters.

To illustrate transition facilitation competency, leaning on previous work [4], we
generated items that referred to drawing plans for exploiting the opportunities offered by
digital technologies, facilitating the transition to a new, technologically enabled farm status
quo, and making human-technology collaboration easier.

As with the previous sets of competencies, we used a five-point scale to assess students’
competency levels, ranging from “not at all” to “very much”. The results of the principal
axis factor analyses are presented in Table 3. By averaging item scores, we generated
composite variables for both scales.

Table 3. Farmer-centered competencies: scales, items, results of factor analyses, and Cronbach’s «.

Scale/Items ! Eigenvalue Explained Variance Cronbach’s Alpha

Empathy competency 2.02 67.4% 0.85
Handling emotions when communicating with farmers/technology adopters

Follow a farmer-first approach

Understanding how farmers feel about technologies and resolving potential conflicts

Transition facilitation 173 57.8% 0.80
competency

Planning how to help farmers effectively exploit the opportunities that technologies offer

Facilitating through my collaboration with farmers the technology-enabled transition of farm enterprises
Facilitating the collaboration of human actors and technologies in farm enterprises

! The term “technology” refers to any digital agricultural technology.

3.2.4. Attitude towards Digital Agriculture

To assess attitudes toward digital technologies, we used a seven-point semantic differ-
ential scale derived from Lioutas and Charatsari [81]. Respondents read a statement asking
them to rate digital agriculture using five opposite adjectives (e.g., worthless/valuable).
For each oneof the pairs, the positively worded adjective corresponded to a value of 7, and
the negatively stated adjective had a value of 1. Hence, higher scores on the scale indicate a
more positive attitude.
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A principal axis factoring suggested that the items load on a single factor, accounting
for 64% of the total variance (Eigenvalue = 3.2). The new variable we calculated was the
average of the item scores. Cronbach’s alpha was satisfactory (« = 0.85).

3.2.5. Overall Competency in Digital Agriculture

To measure the overall level of competency in dealing with digital agriculture, we
employed a single item measured on a one-to-ten scale.

3.3. Data Analysis Overview

To provide basic information on our data, we used descriptive statistics. For compar-
isons between sets of competencies, we performed paired-sample ¢-tests. We also employed
Pearson’s correlations to examine relationships between constructs. Gender effects on the
variables of interest were tested using independent samples ¢-tests.

We also developed a hierarchical regression model to examine whether and which of
the eight sets of competencies affected students’ overall competency in dealing with digital
agriculture. Since students’ attitudes towards a concept may impact their competency in
it [82], we added attitude towards digital agriculture as a control variable in the first step of
our model. In the next step, we entered all eight sets of competencies.

4. Results
4.1. Preliminary Results

The mean scores of the variables related to the eight competency sets (Figure 2) indicate
that students have low to moderate levels of technocentric competency. The highest mean
score was observed in technology understanding competencies (M = 3.22, S.D. = 1.05),
while more challenging types of competencies received mean scores below 3.00. The ob-
served differences among technology understanding competencies, technology integration
(t =3.18, p = 0.002), and exploitation competencies (t = 4.61, p < 0.001) were significant.

Basic technology understanding competencies 3.22

Technology integration competencies 2.99

Technology exploitation competencies [N 2,92

Impact forecasting competencies 298
Risk reduction competencies 2.85
Future orientation competencies 353
Empathy competency 331

Transition facilitation competency | NN 293

—
ro
(O8]
'y
w

Figure 2. Mean scores of digitalization-related competencies.

Concerning the cluster of techno-visioning competencies, the mean scores ranged
from 2.85 to 3.53. Future orientation competencies had a significantly higher mean score
than impact forecasting and risk reduction competencies (¢ values were 6.80 and 7.23, re-
spectively, corresponding to p values lower than 0.001). Interestingly, the two sets referring
to impacts and risks associated with agricultural digitalization did not significantly differ
(t =1.89, p = 0.062) despite the lower mean score observed for risk reduction competencies,
which, as Figure 2 highlights, was the lowest among the eight scales used.
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On the other hand, farmer-centered competencies yielded mean scores ranging from
2.93 (S.D. = 0.92) for transition facilitation competency to 3.31 (S.D. = 1.00) for empathy
competency. Paired samples t-tests uncovered significant differences between these sets
of competencies, with empathy yielding a higher mean score than transition facilitation
competency (t = 6.21, p < 0.001).

A notable finding was that students” overall competency in dealing with digital
agriculture was considerably low, receiving a mean score of 4.10 (5.D. = 1.89) on a ten-point
scale. Interestingly, overall competency was found to correlate with all the farmer-centered
competencies. Pearson’s r values were 0.39 (p < 0.001) for empathy and 0.51 (p < 0.001) for
transition facilitation. We observed the same pattern for techno-visioning competencies,
where r values for the correlations of overall competency with impact forecasting (r = 0.28,
p = 0.004), risk reduction (r = 0.25, p = 0.009), and future orientation competencies (r = 0.35,
p < 0.001) were positive and significant. Within the cluster of technocentric competencies,
we also observed positive correlations with technology integration (r = 0.38, p < 0.001),
exploitation (r = 0.37, p < 0.001), and basic understanding of technology (r = 0.26, p = 0.006).

Another remarkable observation was that students’ attitude towards digital agricul-
tural technologies was very positive (M = 5.53, S.D. = 1.29). The attitude score was not
associated with participants” gender (t = 0.40, p = 0.690) and age (r = —0.04, p = 0.662), and
we did not find a significant correlation with the grade year of studies (r = —0.01, p = 0.957).

4.2. Regression Analysis

The regression model developed to examine if and how the eight sets of competencies
relate to students’ overall competency in dealing with agricultural digitalization (Table 4)
revealed that the outcome variable was not associated with participants” attitude toward
digital agriculture. The R? change for the first step was not significant (AR? < 0.01, AF = 0.11,
p = 0.740). When we added the eight sets of competencies to the model, we observed a
significant change in R2. As a group, the variables entered in the second block explained
29.7% of the variance in overall competence (AR? = 0.30, AF = 5.17, p < 0.001).

Table 4. Final model of the regression analysis: standardized beta coefficients and p values.

Variable p P

Attitude towards digital agricultural technologies 0.03 0.724
Basic technology understanding competencies —0.10 0.523
Technology integration competencies 0.45 0.046
Technology exploitation competencies -0.23 0.330
Impact forecasting competencies —0.01 0.943
Risk reduction competencies —0.12 0.476
Future orientation competencies 0.05 0.741
Empathy competency -0.09 0.578
Transition facilitation competency 0.56 0.002

Among the examined competencies, transition facilitation ( = 0.56, p = 0.002) and
technology integration capacity (3 = 0.45, p = 0.046) significantly contributed to the total
competency score. The signs of the beta coefficients for these two variables indicate a
positive association, uncovering the pivotal role of transition facilitation and technology
integration competencies in building a total competency associated with digital agriculture.

5. Discussion and Conclusions
5.1. Discussion

The need to equip professionals working in fields undergoing digital transitions with
new competencies is evident in the literature [83,84]. In agriculture, digitalization urges
farm advisors to undertake new duties and roles as they become sense-makers, helping
farmers translate signals and data into actionable information [53] and connecting digital
and practical knowledge [85]. This role reorientation impels them to refresh their palette
of skills. Despite its newness, research in this area has already offered some notable
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insights into the skills and competencies that farm advisors should possess to expedite the
digital transition [4,46,53,86]. Aspiring to add to this body of knowledge, we conducted
a study shifting ourfocus from in-service advisors to future advisors, aiming to assess
their technocentric, techno-visioning, and farmer-centered competencies and evaluate their
overall competency in digital agriculture.

The results revealed a rather disappointing level of overall competency among stu-
dents. Our analysis showed that the competency score for the total sample was rather
low despite the positive attitude expressed by students toward digital agriculture. Re-
garding the eight sets of competencies examined, results indicated that those involving
a high degree of self-regulation and self-direction, i.e., empathy and future orientation,
had the highest mean scores. The data at hand did not allow us to conclude whether this
phenomenon was an outcome of the offered courses or was an attribute associated with
personality traits.

However, the fact that students scored low in competencies related to the potential
negative externalities of agricultural digitalization (impact assessment and risk reduction
competencies) might indicate a narrow emphasis paid by the offered curriculum on the
social dimension of digitalization. Of course, in the early stages of technology development
and social diffusion, limited consideration of negative societal impacts is a common issue
since there is little knowledge of how technology will affect society or specific social
groups [87]. Nevertheless, integrating societal issues into digitalization-related higher
agronomic education is strongly recommended. Such an approach does not lessen the
emphasis placed by curricula on technocentric competencies associated with the tools that
enable digital transitions. Instead, it opens up a parallel line for competency development
that brings the human-centered dimension of digitalization to the fore [88].

Another interesting finding was that technocentric competencies received moderate
mean scores. Although the score was higher for basic technology understanding competen-
cies, our analysis led us to conclude that wide margins for improving students’ technical
competencies exist. The traditional prominence given by the Greek agronomy educa-
tion system to theoretical knowledge over practical and hands-on learning [7,9] probably
reduces the opportunities for students to understand the uses and potential of digital
technologies and, more importantly, to develop competencies in integrating and exploiting
these technologies at the farm level.

Our regression analysis revealed some remarkable findings. Participants’ overall
competency in dealing with digital agriculture was found to be shaped by two sets of
competencies: the ability of future advisors to integrate digital technologies into farms and
their capacity to facilitate the transition to a digitalized farm production model. Technol-
ogy integration represents a challenging task that requires advisors to have a variety of
competencies, ranging from technology selection to their smooth introduction into farms
and bundling them with older technologies. Since in-service advisors in Greece seem to
lack these competencies [4,6], the need to supply students with at least baseline skills in
technology integration seems acute.

Transition facilitation, on the other hand, seems to be a key competency in the new
identity of farm advisors, as supported by theoretical viewpoints [85] and empirical find-
ings [89]. Requiring a thorough understanding of farming systems, the role of farmers
within them, and the tools that initiate transitions, this type of competency is perhaps the
most challenging to develop among the eight examined sets. This might explain its high
contribution to the overall competency score revealed through our regression.

However, how can agricultural universities supply students with these competencies?
This question is challenging and calls for further research on the topic. Given that social
science thinking can lead to more inclusive and responsible digital transitions [90,91],
a better representation of social issues in the current curricula could help students see
digitalization through a different lens and develop socially relevant knowledge associated
with digitalization [92]. Our results also imply that placing more emphasis on practical
education and shifting the focus of higher agronomic education from theoretical knowledge
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to equipping students with the skills to apply this knowledge in authentic farm settings can
improve future advisors’ competencies. Developing digitalization-related competencies
becomes easier when advisors (or, in our case, prospective advisors) and farmers co-
experience digital agriculture where it takes place: on the farm [57]. Building alliances with
the agricultural innovation system (e.g., advisory organizations, public agricultural research
institutes, private companies, etc.) can help universities connect students with farmers and
other actors, understand the difficulties faced by digital technology adopters [93], and adapt
their curricula and teaching methods to meet industry needs. The list of potential strategies
is long, and future research can provide empirically validated insights into this topic.

5.2. Limitations and Future Research Directions

Despite the interesting findings yielded by our analysis, we should acknowledge a
couple of limitations in this study. First, the results are based on a self-rating instrument.
The development and use of other, perhaps more objective assessment techniques by future
investigators can help better capture the levels of prospective advisors” digitalization-
related competencies. Second, emerging from a sample of 108 students from a university
department, our findings reflect the situation within one academic institute. Further
studies can provide data on the preparedness of future advisors to deal with digitalization
in other institutes and countries. Another valuable avenue for future research involves
evaluating the degree to which different teaching approaches and styles can enhance
students” competencies in digital agriculture.

5.3. Conclusions

The present study offers initial results on the digitalization-related competencies of
future advisors. Although, as mentioned above, our research cannot deliver generalizable
findings, it contributes to the literature by exposing gaps in future advisors’ competencies
and discussing the role of university education in facilitating an efficient and responsible
transition to digital agriculture. The competency framework developed in our work is, we
hope, a useful theoretical tool for evaluating in-service and future advisors” digitalization-
related competency. Considering the attention paid to the role of farm advisors in support-
ing agricultural innovation—especially in the European Union [94]—similar tools can be
valuable for assessing the current status of competencies possessed by advisors and devel-
oping plans to enhance their capacity to drive innovation. Suggesting strategies to help
advisors increase their competency in dealing with and guiding agricultural digitalization
is a challenging endeavor that we leave for future work.

Author Contributions: Conceptualization, C.C. and A.M.; methodology, C.C., A M. and ED.L,;
validation, T.B., E.L., A.P. and D.L.; formal analysis, C.C., AM., ED.L,, TB, E.L., AP. and D.L.; inves-
tigation, A.P. and D.L.; writing—original draft preparation, C.C., A.M. and E.D.L.; writing—review
and editing, C.C., AM,, ED.L,, T.B, EL., AP. and D.L; project administration, A.M.; funding
acquisition, A.M. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the European Union, grant number 101056291.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki. Ethical review and approval were waived for this study since the study was conducted
in accordance with the Declaration of Helsinki and the EU General Data Protection Regulation.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data will be available upon request by the first author after the com-
pletion of the BOOST project.

Acknowledgments: The study is part of an ongoing project titled “BOOSTing agribusiness accel-
eration and digital hub networking by an advanced training program on sustainable Precision
Agriculture”. The research project is co-funded by the European Union. Project Number: 101056291.



Sustainability 2023, 15, 15815 12 of 15

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References

1.  Heitkdmper, K.; Reissig, L.; Bravin, E.; Gliick, S.; Mann, S. Digital technology adoption for plant protection: Assembling the
environmental, labour, economic and social pieces of the puzzle. Smart Agric. Technol. 2023, 4, 100148. [CrossRef]

2. Meng, Y.; Li, WJ,; Shan, J; Jing, C.; Chang, Q.; Glyn, J.; Cao, Y.Y;; Yang, G.J.; Li, Z.H.; Frewer, L.J. Farmers’ precision pesticide
technology adoption and its influencing factors: Evidence from apple production areas in China. J. Integr. Agric. 2023, 22, 292-305.
[CrossRef]

3. Kernecker, M.; Busse, M.; Knierim, A. Exploring actors, their constellations, and roles in digital agricultural innovations. Agric.
Syst. 2021, 186, 102952. [CrossRef]

4. Charatsari, C.; Lioutas, E.D.; Papadaki-Klavdianou, A.; Michailidis, A.; Partalidou, M. Farm advisors amid the transition to
Agriculture 4.0: Professional identity, conceptions of the future and future-specific competencies. Sociol. Rural. 2022, 62, 335-362.
[CrossRef]

5. Soma, T.; Nuckchady, B. Communicating the benefits and risks of digital agriculture technologies: Perspectives on the future of
digital agricultural education and training. Front. Communic. 2021, 6, 259. [CrossRef]

6. Lioutas, E.D.; Charatsari, C. Innovating digitally: The new texture of practices in agriculture 4.0. Sociol. Rural. 2022, 62, 250-278.
[CrossRef]

7. Charatsari, C.; Jonsson, H.; Papadopoulos, P. Looking for the missing link: The multiple meanings of sustainability in agricultural
knowledge and information systems. In Proceedings of the 24th European Seminar on Extension and Education, Acireale, Italy,
18-21 June 2019; Available online: https://www.nextfood-project.eu/wp-content/uploads/2019/09 /nextfood-collection-of-
practice-abstract-for-dissemination-on-your-case-25-september-2019.pdf (accessed on 15 August 2023).

8.  Charatsari, C.; Papadaki-Klavdianou, A.; Koutsouris, A.; Lioutas, E.D. Agronomic education and the quest for sustainability:
Is there a link? In Proceedings of the 13th European Symposium of the International Farming Systems Association, Chania,
Greece, 1-5 July 2018; Available online: https:/ /ifsa.boku.ac.at/cms/fileadmin/Proceeding2018/1_Charatsari.pdf (accessed on
7 June 2023).

9. Papaspyrou, S.; Koutsouris, A. The educational philosophy of Greek extensionists vis-a-vis contemporary extension thinking: A
critical appraisal. J. Agric. Educ. Ext. 2018, 24, 345-360. [CrossRef]

10. Fors, A.C. The beauty of the beast: The matter of meaning in digitalization. AI Soc. 2010, 25, 27-33. [CrossRef]

11. Ritter, T.; Pedersen, C.L. Digitization capability and the digitalization of business models in business-to-business firms: Past,
present, and future. Ind. Mark. Manag. 2020, 86, 180-190. [CrossRef]

12.  Machekhina, O.N. Digitalization of education as a trend of its modernization and reforming. Rev. Espac. 2017, 38, 26-31.

13.  Maxwell, L.; McCain, T.A. Gateway or gatekeeper: The implications of copyright and digitalization on education. Commun. Educ.
1997, 46, 141-157. [CrossRef]

14. Valenduc, G.; Vendramin, P. Digitalisation, between disruption and evolution. Transf. Eur. Rev. Labour Res. 2017, 23, 121-134.
[CrossRef]

15. Gong, C.; Ribiere, V. Developing a unified definition of digital transformation. Technovation 2021, 102, 102217. [CrossRef]

16. Hagberg, J.; Sundstrom, M.; Egels-Zandén, N. The digitalization of retailing: An exploratory framework. Int. |. Retail Distrib.
Manag. 2016, 44, 694-712. [CrossRef]

17. Matt, C.; Trenz, M.; Cheung, C.M.; Turel, O. The digitization of the individual: Conceptual foundations and opportunities for
research. Electron. Mark. 2019, 29, 315-322. [CrossRef]

18.  Van Veldhoven, Z.; Vanthienen, J. Digital transformation as an interaction-driven perspective between business, society, and
technology. Electron. Mark. 2022, 32, 629-644. [CrossRef] [PubMed]

19. Aamer, A,; Sahara, C.R.; Al-Awlaqi, M.A. Digitalization of the supply chain: Transformation factors. J. Sci. Technol. Policy Manag.
2023, 14, 713-733. [CrossRef]

20. Wallin, A.; Nokelainen, P; Kira, M. From thriving developers to stagnant self-doubters: An identity-centered approach to
exploring the relationship between digitalization and professional development. Vocat. Learn. 2022, 15, 285-316. [CrossRef]

21. Charatsari, C.; Lioutas, E.D.; De Rosa, M.; Papadaki-Klavdianou, A. Extension and advisory organizations on the road to the
digitalization of animal farming: An organizational learning perspective. Animals 2020, 10, 2056. [CrossRef]

22. Fielke, S.; Taylor, B.; Jakku, E. Digitalisation of agricultural knowledge and advice networks: A state-of-the-art review. Agric. Syst.
2020, 180, 102763. [CrossRef]

23. Ingram, J.; Maye, D.; Bailye, C.; Barnes, A.; Bear, C.; Bell, M.; Cutress, D.; Davies, L.; de Boon, A.; Dinnie, L.; et al. What are the
priority research questions for digital agriculture? Land Use Policy 2022, 114, 105962. [CrossRef]

24. Yong, L.; Xiushan, L.; Degui, Z.; Fu, L. The main content, technical support and enforcement strategy of digital agriculture.
Geo-Spat. Inf. Sci. 2002, 5, 68-73. [CrossRef]

25. Wolfert, S.; Ge, L.; Verdouw, C.; Bogaardt, M.]. Big data in smart farming—A review. Agric. Syst. 2017, 153, 69-80. [CrossRef]

26. Grogan, A. Smart farming. Eng. Technol. 2012, 7, 38—40. [CrossRef]


https://doi.org/10.1016/j.atech.2022.100148
https://doi.org/10.1016/j.jia.2022.11.002
https://doi.org/10.1016/j.agsy.2020.102952
https://doi.org/10.1111/soru.12364
https://doi.org/10.3389/fcomm.2021.762201
https://doi.org/10.1111/soru.12356
https://www.nextfood-project.eu/wp-content/uploads/2019/09/nextfood-collection-of-practice-abstract-for-dissemination-on-your-case-25-september-2019.pdf
https://www.nextfood-project.eu/wp-content/uploads/2019/09/nextfood-collection-of-practice-abstract-for-dissemination-on-your-case-25-september-2019.pdf
https://ifsa.boku.ac.at/cms/fileadmin/Proceeding2018/1_Charatsari.pdf
https://doi.org/10.1080/1389224X.2018.1465440
https://doi.org/10.1007/s00146-009-0236-z
https://doi.org/10.1016/j.indmarman.2019.11.019
https://doi.org/10.1080/03634529709379087
https://doi.org/10.1177/1024258917701379
https://doi.org/10.1016/j.technovation.2020.102217
https://doi.org/10.1108/IJRDM-09-2015-0140
https://doi.org/10.1007/s12525-019-00348-9
https://doi.org/10.1007/s12525-021-00464-5
https://www.ncbi.nlm.nih.gov/pubmed/35602117
https://doi.org/10.1108/JSTPM-01-2021-0001
https://doi.org/10.1007/s12186-022-09288-6
https://doi.org/10.3390/ani10112056
https://doi.org/10.1016/j.agsy.2019.102763
https://doi.org/10.1016/j.landusepol.2021.105962
https://doi.org/10.1007/BF02863497
https://doi.org/10.1016/j.agsy.2017.01.023
https://doi.org/10.1049/et.2012.0601

Sustainability 2023, 15, 15815 13 of 15

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Da Silveira, F.; Lermen, FH.; Amaral, FG. An overview of agriculture 4.0 development: Systematic review of descriptions,
technologies, barriers, advantages, and disadvantages. Comput. Electron. Agric. 2021, 189, 106405. [CrossRef]

Rose, D.C.; Chilvers, J. Agriculture 4.0: Broadening responsible innovation in an era of smart farming. Front. Sustain. Food Syst.
2018, 2, 87. [CrossRef]

Bronson, K.; Knezevic, I. Big Data in food and agriculture. Big Data Soc. 2016, 3, 2053951716648174. [CrossRef]

Eastwood, C.; Klerkx, L.; Ayre, M.; Dela Rue, B. Managing socio-ethical challenges in the development of smart farming: From a
fragmented to a comprehensive approach for responsible research and innovation. J. Agric. Environ. Ethics 2019, 32, 741-768.
[CrossRef]

Blok, V.; Long, T.B. The role of responsible innovation in the technology assessment of smart farming technologies in Europe. In
Food Futures: Ethics, Science and Culture; Olsson, A.S., Aratjo, S.M., Fatima Vieira, M., Eds.; Wageningen Academic Publishers:
Wageningen, The Netherlands, 2016; pp. 2-10.

Karunathilake, EM.B.M.; Le, A.T.; Heo, S.; Chung, Y.S.; Mansoor, S. The path to smart farming: Innovations and opportunities in
precision agriculture. Agriculture 2023, 13, 1593. [CrossRef]

McGrath, K.; Brown, C.; Regan, A.; Russell, T. Investigating narratives and trends in digital agriculture: A scoping study of social
and behavioural science studies. Agric. Syst. 2023, 207, 103616. [CrossRef]

Klingenberg, C.O.; Junior, ].A.V.A_; Miiller-Seitz, G. Impacts of digitalization on value creation and capture: Evidence from the
agricultural value chain. Agric. Syst. 2022, 201, 103468. [CrossRef]

Bechtet, N. How do advisory suppliers support farmers in evaluating a digital innovation? A case study on decision support
tools for fertilizer application in France. J. Innov. Econ. Manag. 2023, 42, 73-101. [CrossRef]

McCampbell, M.; Schumann, C.; Klerkx, L. Good intentions in complex realities: Challenges for designing responsibly in digital
agriculture in low-income countries. Sociol. Rural. 2022, 62, 279-304. [CrossRef]

Bolfe, E.L.; Jorge, L.A.D.C.; Sanches, I.D.A.; Luchiari Junior, A.; da Costa, C.C.; Victoria, D.D.C.; Inamasu, R.Y.; Grego, C.R.;
Ferreira, V.R.; Ramirez, A.R. Precision and digital agriculture: Adoption of technologies and perception of Brazilian farmers.
Agriculture 2020, 10, 653. [CrossRef]

Jakku, E.; Taylor, B.; Fleming, A.; Mason, C.; Fielke, S.; Sounness, C.; Thorburn, P. “If they don’t tell us what they do with it, why
would we trust them?” Trust, transparency and benefit-sharing in Smart Farming. NJAS-Wagening. J. Life Sci. 2019, 90, 100285.
[CrossRef]

Da Silveira, F; da Silva, S.L.C.; Machado, FM.; Barbedo, ].G.A.; Amaral, F.G. Farmers’ perception of barriers that hinder the
implementation of agriculture 4.0. Agric. Syst. 2023, 208, 103656. [CrossRef]

Higgins, V.; Bryant, M.; Howell, A.; Battersby, J. Ordering adoption: Materiality, knowledge and farmer engagement with
precision agriculture technologies. J. Rural Stud. 2017, 55, 193-202. [CrossRef]

Lioutas, E.D.; Charatsari, C.; De Rosa, M. Digitalization of agriculture: A way to solve the food problem or a trolley dilemma?
Technol. Soc. 2021, 67, 101744. [CrossRef]

Fleming, A.; Jakku, E.; Lim-Camacho, L.; Taylor, B.; Thorburn, P. Is big data for big farming or for everyone? Perceptions in the
Australian grains industry. Agron. Sustain. Dev. 2018, 38, 24. [CrossRef]

Shepherd, M.; Turner, J.A.; Small, B.; Wheeler, D. Priorities for science to overcome hurdles thwarting the full promise of the
‘digital agriculture’ revolution. J. Sci. Food Agric. 2020, 100, 5083-5092. [CrossRef]

Hansen, B.D.; Leonard, E.; Mitchell, M.C.; Easton, J.; Shariati, N.; Mortlock, M.Y.; Schaefer, M.; Lamb, D.W. Current status of and
future opportunities for digital agriculture in Australia. Crop Pasture Sci. 2022, 74, 524-537. [CrossRef]

Faure, G.; Toillier, A.; Havard, M.; Rebuffel, P.; Moumouni, I.M.; Gasselin, P,; Tallon, H. Le conseil aux exploitations agricoles
pour faciliter I'innovation: Entre encadrement et accompagnement. In Innovation et Développement dans Les Systémes Agricoles
et Alimentaires; Faure, G., Chiffoleau, Y., Goulet, F., Temple, L., Touzard, ].M., Eds.; Editions Quae: Versailles, France, 2018;
pp. 163-177.

Ayre, M.; Mc Collum, V.; Waters, W.; Samson, P.; Curro, A.; Nettle, R.; Paschen, J.A.; King, B.; Reichelt, N. Supporting and
practising digital innovation with advisers in smart farming. NJAS-Wageningen ]. Life Sci. 2019, 90, 100302. [CrossRef]
Oberldnder, M.; Beinicke, A.; Bipp, T. Digital competencies: A review of the literature and applications in the workplace. Comput.
Educ. 2020, 146, 103752. [CrossRef]

Zhao, D.; Zhou, H. Livelihoods, technological constraints, and low-carbon agricultural technology preferences of farmers:
Analytical frameworks of technology adoption and farmer livelihoods. Int. ]. Environ. Res. Public Health 2021, 18, 13364.
[CrossRef] [PubMed]

Zheng, X.; Wang, F.; Ying, R. Farmers’ endowment constraints, technical properties and agricultural technology selection
preferences: An analytical framework of farmers’ technology adoption under an incomplete factor market. China Rural Econ.
2018, 34, 105-122.

Neethirajan, S. The significance and ethics of digital livestock farming. AgriEngineering 2023, 5, 488-505. [CrossRef]

Vecchio, Y.; Di Pasquale, J.; Del Giudice, T.; Pauselli, G.; Masi, M.; Adinolfi, F. Precision farming: What do Italian farmers really
think? An application of the Q methodology. Agric. Syst. 2022, 201, 103466. [CrossRef]

Klerkx, L.; Rose, D. Dealing with the game-changing technologies of Agriculture 4.0: How do we manage diversity and
responsibility in food system transition pathways? Glob. Food Secur. 2020, 24, 100347. [CrossRef]


https://doi.org/10.1016/j.compag.2021.106405
https://doi.org/10.3389/fsufs.2018.00087
https://doi.org/10.1177/2053951716648174
https://doi.org/10.1007/s10806-017-9704-5
https://doi.org/10.3390/agriculture13081593
https://doi.org/10.1016/j.agsy.2023.103616
https://doi.org/10.1016/j.agsy.2022.103468
https://doi.org/10.3917/jie.pr1.0144
https://doi.org/10.1111/soru.12359
https://doi.org/10.3390/agriculture10120653
https://doi.org/10.1016/j.njas.2018.11.002
https://doi.org/10.1016/j.agsy.2023.103656
https://doi.org/10.1016/j.jrurstud.2017.08.011
https://doi.org/10.1016/j.techsoc.2021.101744
https://doi.org/10.1007/s13593-018-0501-y
https://doi.org/10.1002/jsfa.9346
https://doi.org/10.1071/CP21594
https://doi.org/10.1016/j.njas.2019.05.001
https://doi.org/10.1016/j.compedu.2019.103752
https://doi.org/10.3390/ijerph182413364
https://www.ncbi.nlm.nih.gov/pubmed/34948973
https://doi.org/10.3390/agriengineering5010032
https://doi.org/10.1016/j.agsy.2022.103466
https://doi.org/10.1016/j.gfs.2019.100347

Sustainability 2023, 15, 15815 14 of 15

53.

54.

55.

56.

57.

58.
59.

60.

61.

62.

63.

64.

65.

66.
67.

68.
69.

70.

71.

72.

73.

74.

75.
76.

77.

78.

79.

80.

81.

82.

83.

Eastwood, C.; Ayre, M.; Nettle, R.; Rue, B.D. Making sense in the cloud: Farm advisory services in a smart farming future.
NJAS-Wageningen J. Life Sci. 2019, 90, 100298. [CrossRef]

Kernecker, M.; Knierim, A.; Wurbs, A.; Kraus, T.; Borges, F. Experience versus expectation: Farmers’ perceptions of smart farming
technologies for cropping systems across Europe. Precis. Agric. 2020, 21, 34-50. [CrossRef]

Miiller, S.D.; Paske, N.; Rodil, L. Managing ambidexterity in startups pursuing digital innovation. Commun. Assoc. Inform. Syst.
2019, 44, 18. [CrossRef]

Eastwood, C.; Edwards, P.; Dela Rue, B. Managing digital cognitive load for farmers and advisory networks in a digital agriculture
future. In Proceedings of the 26th European Seminar on Extension & Education, Toulouse, France, 10-13 July 2023.

Van Der Velden, D.; Klerkx, L.; Dessein, J.; De Bruyne, L. Cyborg farmers: Embodied understandings of precision agriculture.
Sociol. Rural. 2023, in press. [CrossRef]

Lioutas, E.D.; Charatsari, C. Big data in agriculture: Does the new oil lead to sustainability? Geoforum 2020, 109, 1-3. [CrossRef]
Zaman, N.B.K; Raof, W.IN.A.A ; Saili, A.R.; Aziz, N.N,; Fatah, F.A.; Vaiappuri, S.K. Adoption of smart farming technology among
rice farmers. J. Adv. Res. Appl. Sci. Eng. Technol. 2023, 29, 268-275. [CrossRef]

Bahn, R.A.; Yehya, A.A.K,; Zurayk, R. Digitalization for sustainable agri-food systems: Potential, status, and risks for the MENA
region. Sustainability 2021, 13, 3223. [CrossRef]

Visser, O.; Sippel, S.R.; Thiemann, L. Imprecision farming? Examining the (in) accuracy and risks of digital agriculture. J. Rural
Stud. 2021, 86, 623-632. [CrossRef]

Hidalgo, F.; Quifiones-Ruiz, X.F; Birkenberg, A.; Daum, T; Bosch, C.; Hirsch, P; Birner, R. Digitalization, sustainability, and coffee.
Opportunities and challenges for agricultural development. Agric. Syst. 2023, 208, 103660. [CrossRef]

Clapp, J.; Ruder, S.L. Precision technologies for agriculture: Digital farming, gene-edited crops, and the politics of sustainability.
Glob. Environ. Polit. 2020, 20, 49-69. [CrossRef]

Regan, A. ‘Smart farming’ in Ireland: A risk perception study with key governance actors. NJAS-Wageningen J. Life Sci. 2019,
90, 100292. [CrossRef]

Santilli, S.; Ginevra, M.C.; Sgaramella, T.M.; Nota, L.; Ferrari, L.; Soresi, S. Design my future: An instrument to assess future
orientation and resilience. ]. Career Assess. 2017, 25, 281-295. [CrossRef]

Mulder, M. A five-component future competence (5CFC) model. J. Agric. Educ. Ext. 2017, 23, 99-102. [CrossRef]
Corral-Verdugo, V.; Pinheiro, ].Q. Sustainability, future orientation and water conservation. Eur. Rev. Appl. Psychol. 2006, 56,
191-198. [CrossRef]

Cuff, BM.; Brown, S.J.; Taylor, L.; Howat, D.J. Empathy: A review of the concept. Emot. Rev. 2016, 8, 144-153. [CrossRef]
Coplan, A. Will the real empathy please stand up? A case for a narrow conceptualization. South. ]. Philos. 2011, 49, 40-65.
[CrossRef]

Davis, M.H. Measuring individual differences in empathy: Evidence for a multidimensional approach. J. Person. Soc. Psychol.
1983, 44, 113. [CrossRef]

Rust, N.A.; Stankovics, P; Jarvis, R.M.; Morris-Trainor, Z.; de Vries, ]J.R.; Ingram, J.; Mills, J.; Glikman, J.A.; Parkinson, J.;
Reed, M.S.; et al. Have farmers had enough of experts? Environ. Manag. 2022, 69, 31-44. [CrossRef]

Fuller, M.; Kamans, E.; van Vuuren, M.; Wolfensberger, M.; de Jong, M.D. Conceptualizing empathy competence: A professional
communication perspective. J. Bus. Tech. Commun. 2021, 35, 333-368. [CrossRef]

Charatsari, C.; Lioutas, E.D. Is current agronomy ready to promote sustainable agriculture? Identifying key skills and competen-
cies needed. Int. J. Sustain. Dev. World Ecol. 2019, 26, 232-241. [CrossRef]

Moojen, EG.; Grillot, M.; de Faccio Carvalho, P.C.; Ryschawy, J. Farm advisors play a key role in integrating crop-livestock at the
farm level: Perceptions and experiences in Brazil and France. J. Agric. Educ. Ext. 2023, in press. [CrossRef]

Weltzien, C. Digital agriculture or why agriculture 4.0 still offers only modest returns. Landtechnik 2016, 71, 66—68. [CrossRef]
Cook, S.; Jackson, E.L.; Fisher, M.].; Baker, D.; Diepeveen, D. Embedding digital agriculture into sustainable Australian food
systems: Pathways and pitfalls to value creation. Int. |. Agric. Sustain. 2022, 20, 346-367. [CrossRef]

Zscheischler, J.; Brunsch, R.; Rogga, S.; Scholz, R.W. Perceived risks and vulnerabilities of employing digitalization and digital
data in agriculture—Socially robust orientations from a transdisciplinary process. J. Clean. Produc. 2022, 358, 132034. [CrossRef]
Halinen, A.; Nordberg-Davies, S.; Moéller, K. Time to look forward: Advocating future orientation in business network research.
J. Bus. Ind. Mark. 2023, in press. [CrossRef]

Platou, R.S.; Aspelund, A.; Johansen, N.B.; Malmedal, M.FE. Top managers’ future orientation and corporate strategy under
changing environments. In Proceedings of the XXVII ISPIM Innovation Conference-Blending Tomorrow’s Innovation Vintage,
Porto, Portugal, 19-22 June 2016.

Miller, K.I. Compassionate communication in the workplace: Exploring processes of noticing, connecting, and responding. J. Appl.
Commun. Res. 2007, 35, 223-245. [CrossRef]

Lioutas, E.D.; Charatsari, C. Smart farming and short food supply chains: Are they compatible? Land Use Pol. 2020, 94, 104541.
[CrossRef]

Liddell, M.]J.; Davidson, S.K. Student attitudes and their academic performance: Is there any relationship? Med. Teach. 2004, 26,
52-56. [CrossRef]

Bernhard, J.; Russmann, U. Digitalization in public relations—Changing competences: A longitudinal analysis of skills required
in PR job ads. Public Relat. Rev. 2023, 9, 102283. [CrossRef]


https://doi.org/10.1016/j.njas.2019.04.004
https://doi.org/10.1007/s11119-019-09651-z
https://doi.org/10.17705/1CAIS.04418
https://doi.org/10.1111/soru.12456
https://doi.org/10.1016/j.geoforum.2019.12.019
https://doi.org/10.37934/araset.29.2.268275
https://doi.org/10.3390/su13063223
https://doi.org/10.1016/j.jrurstud.2021.07.024
https://doi.org/10.1016/j.agsy.2023.103660
https://doi.org/10.1162/glep_a_00566
https://doi.org/10.1016/j.njas.2019.02.003
https://doi.org/10.1177/1069072715621524
https://doi.org/10.1080/1389224X.2017.1296533
https://doi.org/10.1016/j.erap.2005.09.002
https://doi.org/10.1177/1754073914558466
https://doi.org/10.1111/j.2041-6962.2011.00056.x
https://doi.org/10.1037/0022-3514.44.1.113
https://doi.org/10.1007/s00267-021-01546-y
https://doi.org/10.1177/10506519211001125
https://doi.org/10.1080/13504509.2018.1536683
https://doi.org/10.1080/1389224X.2023.2254308
https://doi.org/10.15150/lt.2015.3123
https://doi.org/10.1080/14735903.2021.1937881
https://doi.org/10.1016/j.jclepro.2022.132034
https://doi.org/10.1108/JBIM-07-2022-0298
https://doi.org/10.1080/00909880701434208
https://doi.org/10.1016/j.landusepol.2020.104541
https://doi.org/10.1080/01421590310001642993
https://doi.org/10.1016/j.pubrev.2022.102283

Sustainability 2023, 15, 15815 15 of 15

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Ivanova, L. A.; Pulyaeva, V.N.; Vlasenko, L.V.; Gibadullin, A.A.; Sadriddinov, M.I. Digitalization of organizations: Current issues,
managerial challenges and socio-economic risks. J. Phys. Conf. Ser. 2019, 1399, 033038. [CrossRef]

Klerkx, L.; Jakku, E.; Labarthe, P. A review of social science on digital agriculture, smart farming and agriculture 4.0: New
contributions and a future research agenda. NJAS-Wageningen |. Life Sci. 2019, 90, 100315. [CrossRef]

McGarth, K.; Regan, A.; Russell, T. Transitioning to Agriculture 4.0: The role of the agricultural advisor. In Proceedings of the
26th European Seminar on Extension & Education, Toulouse, France, 10-13 July 2023.

Reijers, W.; Wright, D.; Brey, P.; Weber, K.; Rodrigues, R.; O’Sullivan, D.; Gordijn, B. Methods for practising ethics in research and
innovation: A literature review, critical analysis and recommendations. Sci. Eng. Ethics 2018, 24, 1437-1481. [CrossRef]
Garay-Rondero, C.L.; Thierry-Aguilera, R.; Schneider, A K.; Bourguet-Diaz, R.E.; Salinas, M.L.; Zavala, G. Designing a cyber-
physical-systems and human factors engineering course for Industry 4.0. In Proceedings of the 2021 Machine Learning-Driven
Digital Technologies for Educational Innovation Workshop IEEE, Monterrey, Mexico, 15-17 December 2021; pp. 1-8. [CrossRef]
Higgins, V.; Bryant, M. Framing agri-digital governance: Industry stakeholders, technological frames and smart farming
implementation. Sociol. Rural. 2020, 60, 438—457. [CrossRef]

Hurst, Z.M.; Spiegal, S. Design thinking for responsible Agriculture 4.0 innovations in rangelands. Rangelands 2023, 45, 68-78.
[CrossRef]

Jakku, E.; Fleming, A.; Espig, M.; Fielke, S.; Finlay-Smits, S5.C.; Turner, J.A. Disruption disrupted? Reflecting on the relationship
between responsible innovation and digital agriculture research and development at multiple levels in Australia and Aotearoa
New Zealand. Agric. Syst. 2023, 204, 103555. [CrossRef]

Ogunyiola, A.; Gardezi, M. Restoring sense out of disorder? Farmers’ changing social identities under big data and algorithms.
Agric. Hum. Values 2022, 39, 1451-1464. [CrossRef]

Adamashvili, N.; Colantuono, F.; Conto, E; Fiore, M. Investigating the role of community of practice for sharing knowledge in
agriculture sector. J. Glob. Bus. Adv. 2020, 13, 162-184. [CrossRef]

Labarthe, P.; Beck, M. CAP and advisory services: From farm advisory systems to innovation support. EuroChoices 2022, 21, 5-14.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1088/1742-6596/1399/3/033038
https://doi.org/10.1016/j.njas.2019.100315
https://doi.org/10.1007/s11948-017-9961-8
https://doi.org/10.1109/IEEECONF53024.2021.9733753
https://doi.org/10.1111/soru.12297
https://doi.org/10.1016/j.rala.2023.03.003
https://doi.org/10.1016/j.agsy.2022.103555
https://doi.org/10.1007/s10460-022-10334-1
https://doi.org/10.1504/JGBA.2020.110612
https://doi.org/10.1111/1746-692X.12354

	Introduction 
	Theoretical Framework 
	Defining Digitalization and Digital Agriculture 
	Farm Advisors’ Digitalization-Related Competencies 

	Methods 
	Participants and Procedure 
	Measures 
	Technocentric Competencies 
	Techno-Visioning Competencies 
	Farmer-Centered Competencies 
	Attitude towards Digital Agriculture 
	Overall Competency in Digital Agriculture 

	Data Analysis Overview 

	Results 
	Preliminary Results 
	Regression Analysis 

	Discussion and Conclusions 
	Discussion 
	Limitations and Future Research Directions 
	Conclusions 

	References

