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Abstract

Inmodernconditionsof marketeconomydevelopment,
the role of the agri-food sector in ensuring national
security is growth. After all, enterprises in the agri-food
sector provide a significant share of exports and affect
the level of food security of the country. Despite the
significant number of competitive advantages, national
agri-food enterprises face considerable challenges,
especially with increasing competition in both
domestic and foreign markets. Therefore, agricultural
enterprises are constantly forced to look for ways to
ensure a high level of competitiveness and sustainable
development. The sustainable development of
these enterprises currently depends on the speed of
business processes digitalization, as the introduction
of digital technologies allows achieving productivity
growth and ensuring competitiveness. One of the
necessary stages of digitalization is to determine
the level of digital maturity of the enterprise, which
makes it possible to increase the speed and efficiency
of digitalization of business processes of agri-food
enterprises. The purpose of the research is to develop

tools to determine the level of digital maturity of agri-
food enterprises in Ukraine.

In order to assess the digital maturity of the information
subsystem of agri-food enterprises management in
the context of digitalization, we have proposed model
consists of the four components assessment: strategic,
technological, analytical, and competence (STAC
model). The assessment results of four components
allowed to distribute digital maturity at the following
levels: zero, initialization, conscious, controlled, and
optimization. This model for assessing the digital
maturity of the information subsystem of agri-food
enterprises managementin the context of digitalization
is developed using the following methods: sequential
approximation (Kohonen Network), observation,
mathematical modeling, questionnaires, and statistical
generalization. Reporting documents of 77 enterprises
of the agricultural sector of Ukraine located in
Luhansk, Cherkasy, Donetsk, Kyiv, Poltava, Sumy,
Dnipropetrovsk, Mpykolaiv, Zaporizhzhia, Kharkiv,
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Zhytomyr, Kirovohrad, Zakarpattia oblasts and the city
of Kyiv served as an information base.

The results of approbation of the STAC model for
assessing the digital maturity of the information
subsystem of management of agri-food enterprises
in the context of digitalization made it possible to
determine the digital maturity of 77 agricultural
enterprises. The research shows a disbalance in the
development of individual components and some
differences in digital maturity among these enterprises.
The analysis of the discrete components of digital
maturity reveals the reserves of their development. So,
gaining the balance between the discrete components
can accelerate the process of digitalization. Also,
according to digital maturity indicators, the agri-food
enterprises were clustered into three clusters. As a
result of the analysis, it was determined that 2.6% of
the enterprises belong to the cluster with a controlled
level of digital maturity, 46.8% of the enterprises
belong to the cluster with the initial level of digital
maturity. The cluster with a conscious level of digital
maturity is the largest in number and includes 50.6%
of the agri-food enterprises. Therefore, a significant
number of enterprises should pay attention to the
formation of digitalization strategy, the development
of enterprise information infrastructure, and the
creation of staff training system. The influence of
individual components of the model on the level of
digital maturity may be the subject of further research.

The method tested by the authors made it possible to
assess the level of digital maturity and the readiness
of 77 agricultural enterprises to implement innovative
types of information technologies. The use of the
Kohonen network made it possible to distribute these
enterprises into clusters and visually show the level of
digital maturity of enterprises. The model proposed by
the authors is suitable for practical use by agricultural
enterprises in order to diagnose digital maturity and on
this basis to develop proposals to improve information
security in the context of digitalization.

Key words: Digitization, Digital transformation, Digital
maturity, Business-processes, Smart-farming.

1. Introduction

In modern conditions, the role of the agri-food sector
in the national economy is growing. According to
World Bank'’s statistics, the share of the agri-food sector
in Ukraine’s GDP is 9.268 percent, and the number of
enterprises is more than 46 thousand [1]. With many
competitive advantages due to geographical and
climatic conditions, including: a significant share of soils
with high productivity, favorable location relative to
markets in Europe, Asia and the Middle East, Ukrainian
agri-food enterprises face specific problems, namely:
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legal insecurity and turbulent legal environment,
inefficient state program to support agricultural
enterprises, low rates of implementation of innovative
technologies, inefficiency of the system of training
highly qualified personnel and lack of adequate
training system for employees. Businesses are also
facing challenges as a result of globalization, such as
the need to harmonize product quality standards and
complicate competition in both domestic and foreign
markets. Under such conditions, digitalization can
become a tool that will significantly increase the level
of efficiency of agricultural enterprises and ensure
their sustainable development.

The modern world is experiencing the fourth industrial
revolution, which is reflected in almost all aspects
of public life, changing the technological way of life,
living environment, labor market, political systems
and more. According to Schwab, [2], digitalization is a
manifestation of the fourth industrial revolution, and,
unlike digitalization, involves a set of processes aimed
at increasing the use of digital technologies in various
spheres of public life, including economic activity. In
the process of economic activity, the manifestation
of digitalization is a holistic rethinking of business
models, implementation of digital technologies and
the introduction of data management to improve
the efficiency and competitiveness of the enterprise.
Businesses are active agents of digitalization, as it allows
businesses to gain a competitive advantage and achieve
sustainable development. In turn, for the effective
implementation of digitalization an important step is to
determine the digital maturity of the enterprise.

Digital maturity is the ability of an entity to respond to
technological innovations that emerge in the market
and use them effectively to achieve long-term goals of
the enterprise.

Almost all agricultural enterprises face a global trend
of digitalization, but each individual enterprise is at
a unique point in this transformation. This leads to
the existence of various models of digital maturity,
which are largely shaped by a unique set of factors,
such as: industry, enterprise size, measurement focus,
and so on. Determining the level of digital maturity
is an extremely important tool, as it allows enterprise
management to adapt digital strategy and accelerate
the digitalization of business processes.

Such a global trend as digitalization has been the
focus of much attention among many scholars. Many
works are devoted to the study of various aspects of
digitalization, which indicates the complexity of the
process, its significance for society and a fairly new
genesis. One of the aspects studied by researchers is
digital maturity. Westermann et al, [3], in their article
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consider digital maturity as a bilateral process of
integration of organizational operations, human capital
and digital processes. Yilmaz, [4], considers digital
maturity as a degree of readiness for constant digital
change and analyzes inhibitors and catalysts of digital
maturity. In his work, Yilmaz notes that achieving digital
maturity is a permanent process, as companies operate
in an environment of continuous improvement of
technology, implementation of new business models
and market fluctuations. The study of digital maturity is
taking place in many areas. Beulen, [5], examines digital
maturity at the national level and identifies factors that
slow down the process of digitalization. In their work,
Kupilas and Montequin, [6], explore key elements of
the digital maturity model of research organizations
and emphasizes the relationship between digital
maturity and the fourth industrial revolution, noting
the need and benefits of digitalization in the long
run, determining the impact of digital maturity on
the level of digitalization of the enterprise. Assessing
the level of digital maturity is an important issue, as
determining the level of digital maturity can help
accelerate the digitalization of business processes. llin et
al., [7], in their work analyze the existing approaches to
assessing the level of digital maturity of the enterprise
and the possibility of their application in the project
management process, noting some advantages and
disadvantages. Ochoa-Urrego and Pena-Reyes, [8],
conducted a systematic review of existing models of
digital maturity and identified more than twenty models
that have been implemented by service enterprises. The
authors compared the implemented models and levels
of enterprise architecture and concluded that the digital
maturity model is significantly influenced by the digital
strategy and architecture of the business model of the
enterprise. In their work, Schwer et. al, [9], analyze the
variables of digital maturity depending on the level
of enterprise architecture and identify fifteen models
that co-opt more than one hundred variables. The
authors identified the impact of individual digitization
variables on enterprise architecture: strategy,
business environment, applications, technologies,
implementation and migration, which, according to
the authors, allows building an optimal model of digital
maturity in accordance with enterprise goals. According
to Jovanovic et. al, [10], Colli et. al., [11], the selected
model allows to determine the level of maturity, and at
the next stage to form measures to increase the level of
maturity and digitalization.

Many studies have focused on the features of digital
maturity of small and medium enterprises. Thus,
Schallmo et. al, [12], provide a comparative analysis
of existing models of digital maturity used by small
and medium-sized enterprises, noting the diversity of
models and the lack of consensus on their components.
Schallmo et. al., [12], offer to use as components of the

model the following: digital strategy, business processes,
partner interface, customer interface, products and
services, employees and technology. In their article,
Borstnar and Pucihar, [13], emphasize the differences
between the digital maturity of small and medium-sized
enterprises and investigate the features of using the
model of maturity assessment with multiple attributes.

Many scholars are researching industry aspects of digital
maturity. Thus, Purek et al., [14], developed a model
of digital maturity for higher education. Mettler and
Pinto, [15], examine digital maturity in health care and
note that investing in hardware and software is more
effective in a hospital setting than in staff development
and support. Burmann and Meister, [16], in their work
analyze the problems of implementation of various
models of maturity in the process of digitalization of
hospitals. The authors [17-21] have identified innovative
models that should be implemented to increase the
level of digital maturity of enterprises. Digital maturity in
the agri-food sector is studied by Biyik et. al., [22], and
they propose a model for assessing the level of digital
maturity of agri-food enterprises using the Best-Worst
method. Zos-Kior et al., [23], Rossokha et al., [24], explore
the need to introduce innovative technologies in the
agricultural sector.

Despite the large number of scientific papers devoted
to the study of various aspects of digital maturity, the
digital maturity of agri-food enterprises remains poorly
covered and requires more detailed research.

The purpose of the study is to develop methods for
assessing and analyzing the level of digital maturity of
national agri-food enterprises.

In order to achieve the purpose of the research, a
survey was conducted at 77 agri-food enterprises using
the developed questionnaire. Using Kohonen maps,
clustering of agricultural enterprises was obtained in
accordance with the level of digital maturity. The analysis
of the obtained data resulted in recommendations for
the introduction of digital technologies.

2. Materials and Methods

Examining the digital maturity of agri-food enterprises,
it is expedient to single out the following model of
digital maturity, which consists of four components.
The components of digital maturity are the following:
strategic component, technological component,
analytical component, competence component. The
structure of the proposed model of digital maturity is
shown in Figure 1.

Digitalization is one of the priorities of modern
agricultural enterprises, so the strategic component
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focuses on the principles of digital strategy, which
provides an action plan for digitalization of business
processes. A clearly defined digital strategy allows
ensuring the effective transition of the enterprise
into the digital future through the implementation
of digital technologies and automation of processes.
Creation of an internal environment that stimulates
the introduction of innovative technologies is essential
for success.

| Strategic Component |
[
Competence Component H Digital Maturity H Technological Companent |

I
l Analytical Component ‘

Figure 1. The structure of the digital maturity model
(Source: Author’s development)

The technological component involves the
development and implementation of information
and communication infrastructure, a set of digital
technologies that ensure the functioning of business
processes in the enterprise, as well as the latest
technologies presented on the market that can be used
in the future. Given the high level of digital maturity,
the technological component is a set of digital
technologies used in business processes efficiently
and infrastructure, which fully ensures their support
in the agri-food enterprise, and agricultural specialists
are informed about the latest technologies and able to
make decisions on theirimplementation in accordance
with the needs of the enterprise.

The analytical component is responsible for the
collection, circulation, use and security of information,
as well as analytical tools to ensure an effective
decision-making process at all levels. The information
system of an agricultural enterprise with a high level
of maturity collects high-quality information that
thoroughly characterizes all business processes of
the enterprise, provides quick access to information
and allows integrated solutions to make decisions
involving the necessary data and results.

Competence component reflects the set of knowledge,
skills and abilities required to work with technological
and analytical components, implementation and
use of digital technologies in business processes of
the enterprise, which are owned by the staff of the
agricultural enterprise. The high level of digital maturity
is characterized by the level of knowledge, skills and
abilities that allow full use of digital technologies and
data analysis.

Based ontheabove, itis advisable to distinguish several
levels of digital maturity, which are characterized
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by the degree of implementation of various digital
technologies in the business processes of agri-food
enterprises: zero, initialization, conscious, controlled,
optimization.

Zerolevelischaracterized by thelack ofimplementation
of information technology in the business processes
of the enterprise. The implementation of business
processes is based on “traditional” principles of
management, and digitalization is perceived as
an unnecessary burden on the resource fund.
Management does not have a clear understanding of
what information technology should be implemented
in the enterprise.

Initialization - the level of digital maturity at which
digitalization is not a high priority, there is a situational
implementation of information technology in business
processes, and the management of the digitalization
process is in the absence of a clear strategy. The
information infrastructure and its support system
are underdeveloped. The data collection system is
inefficient and does not allow the collected data to
be used for analysis in order to make management
decisions. The staff does not have the knowledge and
skills needed to use information technology and data
management, while the enterprise’s management
does not raise the issue of training for digitalization.

Conscious - a level characterized by growing awareness
of the use of information technology, but there is no
strategy for the introduction of information technology
in the business processes of agri-food enterprises. The
information infrastructure is underdeveloped, but
serves the basic needs of information technology,
which begins to implement the enterprise. Data
management does not allow to adequately
characterizing all business processes. Implemented
technologies allow accumulating some relevant data,
but access to them is difficult due to which it does
not have a significant impact on the effectiveness of
management decisions. The staff of the enterprise
does not have sufficient competencies, which does not
allow the use of information technology in full.

Controlled - the level of digital maturity at which
management clearly understands the benefits
and complexities of digitalization of business
processes, developed and implemented a strategy
for the introduction of digital technologies. The
organizational culture of the agricultural enterprise
reflects the perception of digitalization as a factor in
increasing competitiveness, and helps to accelerate
the implementation of relevant innovations. The
information infrastructure of the enterprise provides
effective support for the needs of digitalization of
business processes and operates in conditions of
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adequate technical support. Data management is
based on the system principle, which allows you to
create a data management system that provides
collection and processing of data that relevantly
characterize business processes, access to collected
data occurs at different levels of management and
supports effective management decisions. The staff of
the enterprise has the necessary competencies, which
allows you to effectively use the implemented digital
technologies.

Optimization - the level at which the management
of an agricultural enterprise perceives the digital
transformation of business as a task with the highest
priority, because automation and digitalization of
business processes is the way to increase efficiency,
ensure competitive advantage and sustainable
development in the future. Digitalization is a key
element of the overall strategy of the enterprise, and
organizational culture supports the introduction and

improvement of digital technologies. The information
infrastructure  fully supports all implemented
digital innovations. The agricultural enterprise has
a data management system that allows collecting
relevant data that comprehensively characterize the
enterprise’s business processes in real time, provides
access to collected data at all levels in accordance
with regulations and is an organically integrated
element into the decision-making system. The staff
of the agricultural enterprise has all the necessary
competencies, makes full use of digital technologies
and participates in the development of digitalization
strategy.

The presented model allows to study the level of
digital maturity of agri-food enterprises and to
adapt the digital strategy of the enterprise to its
unique conditions in order to increase the level of
competitiveness and ensure sustainable development
of the enterprise.

Table 1. Classification of questions according to the model of digital maturity and rating scale

) ) ) ) Rating scale
Component Variable Questionnaire questions Most | Least
1 The enterprise has a strategy that clearly and understandably explains how to implement and use 5 1
= digital technologies and data in business processes
g Digitalization of business processes is a key element of organizational culture and strategy of the
8 2 enterprise due to which there is an increase in competitiveness and productivity 3 !
§ The enterprise’s staff participates in the development of digitalization strategy, in particular selects
; 3 technologies that will be implemented in business processes 3 !
g ca The staff of the enterprise systematically analyzes innovative technologies that can be 5 1
g implemented in business processes to increase the efficiency of the enterprise
v s The enterprise has a plan of long-term measures for the introduction of digital technologies and 5 1
attracting staff with the necessary competencies to use innovation and data analysis
T The staff has a good understanding.of current. and evolving digital technologies that can be 5 1
E » _ _ applied to business processes _ .
'g; g ™ The existing digital infrastructure meets all the needs to support the digitalization of business 5 1
58 processes
.g g T3 The enterprise is in a constant process of improving the technological infrastructure 5 1
Qv T4 The use of digital technologies used in business processes is convenient and efficient 5 1
T5 The level of technical support for business processes is high and meets all business needs 5 1
Al All business processes are automated 5 1
. A2 Business decisions are made on the basis of all data collected and processed at the enterprise, 5 1
T < including data from sensors, equipment, satellites
g5 A3 All data is stored in digitized form 5 |1
Tg g’ A4 The enterprise has data management systems that provide quick access to the necessary 5 1
<3 information and data security
A5 Data management systems used in the gnterpri.se allow r.n.aking predictions used in the process of 5 1
making business decisions
K1 The staff is able to effectively use digital technologies (digital equipment and devices, software, 5 1
¥ etc.) used in the enterprise
g K2 The staff is able to solve minor problems arising in the process of using digital technologies, and in 5 1
o other conditions receives competent technical support
g K3 The enterprise has personnel whose responsibilities include creating conditions for the safe use 5 1
g and storage of data
g ka4 The ente.rprise‘ has staff whose rgsponsibil!ties include c.ommunications. ar]d other form§ of 5 1
2 interaction with other companies on the implementation and use of digital technologies
g The enterprise always has the opportunity to participate in trainings and refresher courses, which
v K5 allow more efficient use of digital technologies and increases the efficiency of the decision-making | 5 1
process with the involvement of data management systems

Source: Author’s development
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In order to survey agri-food enterprises, a
questionnaire was developed to assess digital maturity
for all components. The questionnaire provides for
20 questions, which are divided into groups C, T, A,
K and 5 questions according to the structure of the
components of the digital maturity model. To assess
the answers, the 5-point Likert scale was chosen,
where 1 — absolutely disagree, 2 — disagree, 3 - to a
large extent, 4 - agree, 5 — absolutely agree. The
classification of issues according to the digital maturity
model is shown in Table 1. For the purpose of the
research, 308 questionnaires were distributed among
agri-food enterprises and 237 questionnaires were
received with answers, i.e. the level of answers was
approximately 77%.

3. Results and Discussion

General information on the survey is shown in Figure 2.
The data obtained indicate that the highest score was
given to indicators C1, C3, T1, whose average score is
2.6.Thatis, respondents note the existence of a strategy
of digitalization of the enterprise, and believe that the
enterprise’s staff understands the technologies that
can be used in business processes, and can to some
extent influence the choice of technologies to be used.
However, it is important to note that strategies do not
form a clear enough understanding of the algorithm
of digitalization and ways to influence the formation
of strategy. The lowest score was given to C4, T5 with
an average score of 1.6, and the highest score they
received was 3. Which indicates a lack of practice in
involving staff in the analysis of potentially useful
innovative technologies and the level of technical
support is assessed as underdeveloped. It is worth
noting that none of the indicators received the highest
score. That is, according to respondents, none of the
components of the model of digital maturity reaches
the highest level of development.

o Median
[ 25%-75%
T Mon-Outiier Range
0 o Qutliers
C1 €3 C5 T2 T4 AL A3 A5 KX K4 # Exiremes

Figure 2. Screenshot of the scale diagram (box graph)
with data on the results of the survey of respondents
(Source: Calculated by the authors using the Statistica 10 tools)
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The obtained data make it possible to determine the
level of development of individual components of the
model of digital maturity of agri-food enterprises. For
the purpose of analysis, the integrated indicator of the
level of development of the component of the digital
maturity model according to formula 1 was calculated.

n
D= Byt (1)
j=1

Where: D; is an indicator of the level of development of the i-th
component of the model of digital maturity,

n - the number of indicators that characterize the i-th component of
the model of digital maturity,

F; - j-th indicator, which characterizes the i-th component of the

model of digital maturity.

Based on the obtained data, petal-type diagrams
were constructed for each agricultural enterprise.
The variables presented on the four axes reflect the
components of digital maturity, namely: strategic
(denoted as C), technological (T), analytical (A) and
competence (K). The analysis of the obtained data
showed the differentiation of enterprises according
to the level of development of the components of the
digital maturity model.The result of this analysis is shown
in Figure 3. Visualization of the result allows analyzing
the area of the obtained figures and finding that among
the surveyed agri-food enterprises E6 has the lowest
level of digital maturity, and E45 and E8 have the highest
level of digital maturity. The level of differentiation of
digital maturity of enterprises E6 and E45 is shown in
Figure 4. However, the analysis also reflects the uneven
nature of the development of individual components of
the model in agri-food enterprises. Many companies are
characterized by unbalanced development of individual
components. Enterprises E25, E42, E76 are characterized
by the most balanced development, and enterprises
E37, E40, E62 are characterized by the most unbalanced
development.

The highest level of development of the strategic
component is characterized by the enterprise E45,
which indicates a fairly clear strategy for digitalization
of the enterprise and the availability of opportunities
for staff to influence its formation. The lowest level of
the strategic component characterizes the enterprises
E10,E13,E17,E19,E23,E32,E33,E37,E56,E61,E62,E63,
E64, E68, E70, E72. For these enterprises it is expedient
to develop a clear and understandable strategy of
digitalization of the enterprise, to create a mechanism
for involving staff in the development of the strategy.

The technological component received the highest
rating at the enterprise E8, i.e. the technological
infrastructure of the enterprise meets the needs of
digitalization of the enterprise, and the enterprise has a
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technical support system that makes the use of digital
technologies quite efficient and convenient for staff.
The lowest level of development of this component
is characterized by enterprises E6, E12, E14, E24,
E33, E35, E37, E41, E58, E62, and E64. Increasing the
level of digital maturity requires these companies to
improve their technological infrastructure, implement
an effective system of technical support for business
processes, and synchronize the needs of business
processes and implemented digital technologies.

A\ / N
N\ \\ 7 7 N/
N \ & / -\

Figure 3. Differentiation of enterprises according to the
level of development of the components of the digital
maturity model
(Source: Calculated by the authors using MS Excel tools)

—6

—i5

Figure 4. Level of differentiation of digital maturity of
enterprises E6 and E45
(Source: Calculated by the authors using MS Excel tools)

At the enterprise E29, the highest score was given to
the analytical component, which indicates a significant

number of automated business processes and a fairly
efficient data management system that provides fast,
convenient, secure access to information that allows it
to be used effectively in decision-making. The lowest
level of development of the analytical component is
characterized by enterprises E6, E17, E40, E49, and E74.
In order to increase the level of digital maturity, these
companies should pay attention to the automation
of business processes, including the use of project
management systems, financial management systems,
CRM-systems, time and personnel management
systems, etc. It is important to implement a data
management system that will allow efficient and
secure collection, storage and use of information to
analytically support the decision-making process.

The highest level of development of the competence
component is typical for the enterprise E16, and the
lowest level — for E12. For an enterprise with a low
level of development of this component, it is advisable
to develop and implement a system of training
and retraining of personnel, which will increase the
level of knowledge, skills and abilities to use digital
technologies implemented in the enterprise. It is also
important to have or support outsourced staffing of
digital technologies implemented in the enterprise.

In order to achieve the purpose of the study it is
necessary to cluster the studied enterprises by the
level of digital maturity. Based on the large number
of different characteristics, to build a clustering
of agricultural enterprises by digital maturity, it is
advisable to use a neural network, namely the self-
organizing Kohonen map. The Automated Neural
Networks toolkit of Statistica 10 software was used
to build the Kohonen map. Clustering objects using
Kohonenmapsinvolves usinganeural networklearning
algorithm that transitions input vectors that exist in
multidimensional space into output two-dimensional
space. A feature of the Kohonen network is the use of
the method of uncontrolled learning, i.e. only a set of
input variables is used to teach the network. The neural
network architecture includes only two layers, namely
input and output. The Kohonen network identifies
clusters based on input data, and the next step is to
distribute the data to the appropriate clusters.

In the study, 20 indicators of digital maturity were
selected, i.e. we have 20 neurons at the input layer.
Topological map (source layer), which is a rectangular
two-dimensional lattice, built with the following
parameters: height is 2, width is 2. That is, the source
layer has 4 neurons.

As a result of neural network training, a topological

map with clustered agri-food enterprises was obtained,
which is presented in Figure 5.
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Figure 5. Screenshot of Kohonen map with agri-food
enterprises divided into clusters
Source: Calculated by the authors using the tools of
Automated Neural Networks, Statistica 10

As a result of the training, the neural network divided
77 surveyed enterprises into 3 clusters, namely: cluster
1 with coordinates (1, 1), which includes 39 enterprises,
cluster 2 with coordinates (1, 2), which includes 36
enterprises, cluster 3 with coordinates (2, 1), which
includes 2 agri-food enterprises. It is worth noting that
cluster 4 did not receive objects.

The location of objects on the Kohonen map reflects
the differentiation of agricultural enterprises according
to the level of digital maturity — the closer the objects
are to each other, the closer they are to the level of
digital maturity. Thus, cluster 2 with coordinates (1,
2) and cluster 3 with coordinates (2, 1) are the most
distant from each other, due to a significant difference
in the level of digital maturity. At the same time, the
objects within the same cluster are quite close to each
other, which emphasizes the slight difference in the
level of maturity. For example, cluster 3 objects visually
look like a single object, reflecting almost the same
level of digital maturity of these enterprises.

The analysis of the obtained results indicates that the
first cluster, which includes 39 agri-food enterprises E1,
E2,E3,E4,E5,E11,E15,E16,E18,E20,E21, E22, E25, E28,
E29, E30, E34 , E38, E39, E42, E43, E47, E48, E49, E50,
E51, E53, E54, E55, E57, E59, E60, E65, E66, E67, E71,
E74, E75, E76, unites enterprises with level of digital
maturity — conscious. The second cluster, which unites
36 agricultural enterprises: E6, E7, E9, E10, E12, E13,
E14, E17, E19, E23, E24, E26, E27, E31, E32, E33, E35,
E36, E37, E40, E41, E44, E46, E52, E56, E58, E61, E62,
E63, E64, E68, E69, E70, E72, E73, E77, is characterized
by an initialization level of digital maturity. The third
cluster includes 2 agri-food enterprises E45, E8 and is
characterized by a controlled level of digital maturity.
The distribution of agri-food enterprises by clusters is
shown in Figure 6.

For agricultural enterprises in the second cluster, in

order to increase the level of digital maturity, it is
advisable to first develop a strategy for digitalization of
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Figure 6. Distribution of agri-food enterprises by
clusters
Source: Author’s development using MS Excel tools

the enterprise, which can form a clear understanding of
the algorithm for achieving the planned level of digital
maturity. At the same time, it is important to create
conditions for training and digital literacy of staff. It is
also important to develop the digital infrastructure in
accordance with the developed strategy.

Enterprises that are grouped into the first cluster and
are characterized by a conscious level of maturity
should pay attention to improving the strategy of
digitalization of the enterprise, which will accelerate
the process of automation of business processes.
It is important to further develop the information
infrastructure, which will allow accumulating better
data and using them more efficiently in the decision-
making process. Also, in order to increase the efficiency
of the use of implemented technologies, it is advisable
to provide various measures for staff training.

Reserves for increasing the level of digital maturity
for third cluster enterprises can be improving the
mechanism of staff participation in the formation
of digitalization strategy, development of data
management system by improving the use of cloud
technologies, raising staff awareness of technologies
that have just appeared on the market and may be
implemented at the enterprise in the future.

4, Conclusions

- In the context of globalization and constant
turbulence of markets, agri-food enterprises face
many challenges, including accelerating the pace
of digitalization. The digitalization of the agri-food
sector allows companies to increase efficiency
and ensure their sustainable development, but
requires companies to radically transform business
processes, which involves a thorough transformation
of technologies, algorithms, infrastructure and the
formation of new staff competencies. An important
stage of digitalization is to determine the level of
digital maturity of the enterprise, which characterizes
the ability of agricultural enterprises to respond to
innovations that emerge in the market, and effectively
implement them to achieve the goals of the enterprise.
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- Digital maturity can be considered as a combination
of four components: strategic, technological,
analytical, and competence. Using this model of
digital maturity, a questionnaire was developed, which
allowed conducting a survey, the results of which were
used to assess both individual components and digital
maturity of agricultural enterprises in general. The
level of digital maturity is characterized by the degree
of implementation of various digital technologies
in the business processes of the enterprise: zero,
initialization, conscious, controlled, optimization.

- As a result of the research, it was found that
agricultural enterprises are largely differentiated by
the level of digital maturity and the level of balanced
development of individual components of the model.
- Clustering of agri-food enterprises according to
digital maturity indicators was also carried out. As a
result of the analysis, it was determined that 2.6% of
agricultural enterprises belong to the cluster with a
controlled level of digital maturity, 46.8% of enterprises
belong to the cluster with the initial level of digital
maturity. The largest in number is the cluster with a
conscious level of digital maturity, which includes
50.6% of enterprises. Therefore, a significant number
of enterprises should pay attention to the formation
of digitalization strategy, the creation of a system
of staff training and development of information
infrastructure of the enterprise.
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