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Abstract

Digital technologies in the agricultural sector, such as automation, the Internet of Things, big data, drone
technologies, artificial intelligence, and others, provide opportunities for significantly increasing the
productivity and sustainability of agricultural production. In view of this, the article is devoted to
determining the role of digital influence on the transformation of human capital in the agricultural sector.
However, in order for digital technologies to become an effective tool for development, an important
condition is the ability of human capital to adapt to changes, improving its skills and competencies. Also,
mathematical research methods were used to achieve the goal, which made it possible to propose a model
of the impact of digital transformation on human capital, where the impact of artificial intelligence and
machine learning is taken into account in digital transformation. It is studied that the transformation of
human capital in the agricultural sector involves not only updating the knowledge and skills of
employees, but also developing new management approaches and forms of labor organization that meet
modern requirements. An important element of this transformation is increasing the level of education
and professional training, implementing retraining and advanced training programs, which also take into
account artificial intelligence tools to facilitate the learning process, allowing farmers to be competitive in
the labor market and ready for rapid changes in the agricultural sector.
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1. Introduction

The agricultural sector is one of the key elements of the economy of each country, ensuring food
security, rural development and job creation. However, with the development of globalization and
technological innovation, the agricultural sector faces a number of new challenges, among which
the introduction of digital technologies is particularly important. Digitalization in the agricultural
sector not only affects the efficiency of production processes, but also significantly changes the
requirements for human capital, which becomes the main factor in the success of agricultural
enterprises [1].

The transformation of the human capital of the agricultural sector in the context of
digitalization includes several important aspects. Firstly, this is the need for new skills and
knowledge. Specialists must master new digital tools for the effective use of technologies, such as
data-driven agricultural management, work with drone systems, big data analysis and the use of

The Second International Conference of Young Scientists on Artificial Intelligence for Sustainable Development (YAISD), May
8-9, 2025, Ternopil, Ukraine

* Corresponding author.

T These authors contributed equally.

@) o.ptashchenko@wunu.edu.ua (O. Ptashchenko); tkachyk.fp@gmail.com (F. Tkachyk); BohdanaShulyuk@i.ua (B.
Shuliuk); i.krysovatyy@wunu.edu.ua (I. Krysovatyy); katrinkors8@gmail.com (K. Korsunova)

® 0000-0002-2413-7648 (0. Ptashchenko); 0000-0002-4783-6919 (F. Tkachyk); 0000-0001-8692-1983 (B. Shuliuk); 0000~
0002-4063-6324 (I. Krysovatyy); 0000-0003-4980-2015 (K. Korsunova)

© 2025 Copyright for this paper by its authors. Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).
By




geographic information systems [2]. Secondly, this is a change in management approaches.
Digitalization requires more flexible and dynamic management solutions based on data, as well as
the ability to quickly adapt and introduce innovations into work.

It should be noted that in modern conditions, traditional knowledge and skills are no longer
enough for agricultural workers. They must constantly update their qualifications, master new
technologies and become more adaptable to constant changes in the market.

Accordingly, an important part of this transformation is the creation of new educational
programs and courses, as well as the promotion of constant retraining and upgrading of personnel
skills. This will allow maintaining competitiveness in the labor market and ensuring sustainable
development of the agricultural industry.

Despite the fact that the agrosphere is actively implementing innovations today, the problem of
adapting human capital to the latest technological realities remains one of the most urgent. It is
very valuable to take into account when studying the digital impact on the transformation of
human capital in the agrosphere a systemic approach that ensures the effective use of the latest
technologies in agriculture.

In the context of the study, attention is focused on the fact that the agricultural sector is
gradually implementing innovative digital solutions that significantly change traditional
approaches to farming. Technologies such as automation of production processes, the use of drones
for monitoring, precision farming systems, big data, artificial intelligence, the Internet of Things
and geographic information systems that provide greater efficiency, accuracy and speed of
agricultural work, reducing costs and optimizing resources [3, 4, 5].

We also note that one of the biggest problems of the agricultural sector on the path to
digitalization is the lack of readiness of human capital for digital changes [2]. Employees who do
not have the proper knowledge and skills to work with digital tools often cannot effectively use
technology, which, in turn, reduces the overall efficiency of agricultural enterprises. To solve this
problem, it is important to create conditions for continuous training and retraining of employees. It
is also necessary to change approaches to managing enterprises based on automated and digital
systems that provide faster and more accurate solutions.

In the context of the study, the emergence of a new type of employee who possesses not only
traditional knowledge in agricultural specialties, but also skills to work with modern digital tools is
highlighted. This means that for effective work in the agricultural sector, it is necessary to have a
wide range of competencies, ranging from technical skills in equipment management to the ability
to work with big data and artificial intelligence algorithms.

It has been studied that for the effective transformation of human capital in the agricultural
sector it is important to focus on creating new development strategies aimed at improving the
digital skills of employees, attracting young personnel and increasing the level of digital literacy
among already working specialists. Only in this way is it possible to achieve maximum efficiency
from the implementation of digital technologies in the agricultural sector.

The aim of the article is to develop a methodological approach to determining the role of digital
influence in the transformation of human capital in the agricultural sector.

2. Materials and Methods

The problem of digital influence in the transformation of human capital in the agricultural sector is
that, despite the powerful technological changes taking place in the agricultural sector, human
capital is often not ready for the effective use of the latest tools and approaches [6-13]. Also worthy
of special attention is the possibility of using artificial intelligence and machine learning in the
process of improving the quality of human capital, improving the skills of specialists and adapting
personnel to transformational changes in the economic space [15-20]. The unpreparedness of the
agricultural sector for changes caused by digitalization, as well as digital influence, creates
significant barriers to achieving maximum efficiency and competitiveness of agricultural



enterprises. To overcome the outlined problem, researchers have determined that it is necessary to
invest in education, retraining and advanced training of employees.

It should be noted that the analysis of the digital impact on the transformation of human capital
in the agrosphere requires a comprehensive and multi-parameter approach that takes into account
various aspects of transformational changes: technological, educational, economic and social. In
this regard, the methodological approach includes several stages, each of which aims to deeply
study the relationship between digital technologies and changes in human capital in the
agricultural sector (Fig. 1).

1. Assessment of the impact of digital technologies on agricultural production

|

2. Analysis of changes in education and vocational training under the influence of artificial
intelligence and machine learning

t

3. Analysis of the changing role of management personnel

|

4. Assessment of the socio-economic effects of digitalization

|

5. Research into barriers and challenges in implementing digital technologies

|

6. Forecasting the impact of digital technologies on human capital development

|

7. Recommendations for human capital development in the context of digitalization

Figure 1: Methodological approach to analyzing the digital impact on the transformation of

human capital in the agrosphere
*author's vision

The methodological approach to analyzing the digital impact on the transformation of human
capital in the agrosphere involves a multi-level approach, including both quantitative and
qualitative methods for assessing the effectiveness of the implementation of digital technologies,
changes in education and professional training, as well as studying the economic and social aspects
of this transformation. Taking into account all these factors allows us to more accurately assess the
opportunities and challenges that human capital in the agrosphere faces in the context of
digitalization. That is why, to analyze the changing role of managerial personnel, we will examine
the features of investing in education. So, the variables y are investments in education; x; are total
expenses per household per month; x, are the volume of scientific and scientific-technical work in
real prices; x; are the volume of industrial products sold (by type of economic activity); x, are GDP.
The data are presented in Table 1.

Table 1
Output data



Volume of scientific | Volume of

Investment in Total average | and scientific- | industrial
Year . monthly  expenses | technical works | products sold (by | GDP

education . :

per household, UAH. | performed in actual | type of economic
prices activity)
y x1 X2 x3 x4
million

million UAH | million UAH million UAH million UAH UAH
2013 1 9976235 3814 11781.1 1322408 1454931
2014 | 9378 654 4048,9 10950.7 1428839 1566728
2015 | 9445 795 4952 12611 1776603 1979458
2016 | 9456754 5720,4 13712 2158030 2383182
2017 | 9567 684 7139.4 14098 2625862 2982920
2018 | 9658 654 73461 15789 25071227 3558706
2019 1 9815795 7765.2 16568 2480308,8 3974564
2020 | 9356724 6754,1 17034 2479337,0 4154102
2021 | 957754 7347 8 17890 3584251,0 5459574
2022 | 16981 57341 16309 2813790,1 5191028
2023 1 47120 6542.2 18934 3274630,1 6537825

* based on source [14]

As a result of the calculations, a pairwise regression was determined and the most influential
factor was identified: x4 — GDP.

2.2. Case study

The model has the following representation:

y=-3212+0,0013464  x,

After analyzing the regression coefficients, it can be concluded that with an increase in GDP by
1 million UAH. the level of investment increases by 0.0013464 million UAH.

The level of statistical significance of the regression coefficient is confirmed by the calculated
value of the Student's t-test, which is t (x4)= 8.67237. Since this value exceeds the tabular value
(2.07), we can confidently state the significance of this parameter in the model.

The coefficient of determination is 81.545%, which indicates that 81.545% of the variation in the
level of investment in education in Ukraine can be explained by the studied factor.

The measure of statistical significance of the improvement in the quality of the model, which is
assessed by Fisher's F-test, is 322.11. This value indicates a high level of reliability of the model and
confirms its statistical significance.

Within the framework of econometric modeling, forecasting is also carried out using the
Durbin-Watson criterion. For our model, the Durbin-Watson coefficient is 1.01204. According to
the Durbin-Watson table for n=22 and k=1 (at a significance level of 5%), the comparative values
are 1.24 and 1.43. Since the calculated coefficient is between these values, this indicates the
presence of autocorrelation, which allows us to conclude that forecasts based on this model may be
unreliable.

Thus, the analysis indicates that the model can be used to describe the relationship between
factors and the result. However, it should be noted that 17.3458% of the variation in the result is
explained by other factors that were not taken into account in the model. It is important to




emphasize that the level of investment in education in Ukraine largely depends on GDP. The
resulting econometric model demonstrates that to increase the level of investment in education, it
is necessary to increase GDP.

Based on the presented methodological sequence and calculation of the presented model, it is
possible to identify the key features of human capital transformations under the influence of
digitalization: changing the structure of professions and competencies, increasing the role of digital
literacy, transition to analytical-oriented management, continuous learning, taking into account
the gap between generations and regions, transformation of management culture. The presented
features have a significant impact on the development of human capital in the agricultural sector. It
should also be noted that the use of artificial intelligence tools (for example, Google Cloud Al
Azure Al, IBM Watson, Amazon SageMake) for personnel training in the agricultural sector
becomes a guarantee of competitiveness for agricultural enterprises.

As an alternative to the presented model, it is possible to propose a model of the economic
potential of human capital using artificial intelligence tools in the agricultural sector, which
involves several stages, including the formulation of model parameters, determination of variables,
use of data for forecasting and assessment of the effectiveness of technology implementation. The
sequence of the specified model is presented in Fig. 2.

1. Defining model parameters
The model should take into account the following key parameters: number of employees (e.g. farmers,
agronomists, technical specialists); level of qualification and competence of employees, which affects the
efficiency of using technologies; artificial intelligence technologies used in the agricultural sector;
economic results (productivity, reduced resource costs, improved product quality)

——

2. Formulation of equations for assessing economic potential

-l

3. Model parameters and variables

——

4. Model presentation

Figure. 2. Consistency of the model of economic potential of human capital
*proposed by the authors

The general appearance of the model may look like this:
EP=HC+H+ P+ E¢ocp,

Where EP is the total economic potential of human capital in the agricultural sector, taking into
account the use of Al

E iech is the total economic benefit from the implementation of Al technologies,

P is the total productivity,

HC is the economic potential of human capital.

Here is an example of a model calculation:

Let's calculate the model for an agricultural company with 100 employees, of which 40 are
highly qualified specialists, 30 are medium-skilled, and 30 are low-skilled. The cost of investment in
Alis UAH 1 000 000, which aims to improve efficiency by 15%.

1. Human capital assessment:



For example, if the average skill level for highly skilled workers is 0,9, medium-skilled workers
is 0,7, and low-skilled workers is 0,5, then the economic potential of human capital can be
estimated as:

HC=(40-0,9)+(30-0,7)+(30-0,5)=36+21+15=72

2. Productivity after Al implementation:
Assume that for highly skilled workers after using Al, efficiency increases by 20%, for medium-
skilled workers by 15%, and for low-skilled workers by 10%, then:

P=1.2-(40-0,9)+1.15-(30-0,7)+1.1-(30-0,5)= 90,75
3. Economic benefit from Al:
E iecn =1000000-0,15=150000

4. Total economic potential:
EP=72+90,75+150000=150162,75

Thanks to the introduction of Al technologies in the agricultural sector, the total economic
potential of human capital increases significantly. This allows for greater productivity, lower costs
and improve economic results for agricultural enterprises, and also contributes to the development
of employee competencies, which leads to a more sustainable and effective development of the
agricultural sector as a whole.

3. Discussion

Based on the presented research, we note that the adaptation of agricultural workers to digital
changes is a key factor for success in the context of constant innovation, the importance of this
process becomes obvious at all levels. Training of personnel and investing in their continuous
education is becoming a guarantee of long-term competitive advantage in the agricultural sector.

It has been studied that digital technologies can significantly increase the efficiency and
productivity of labor in the agricultural sector. Therefore, it is difficult for business structures that
cannot quickly adapt their employees to new conditions to remain competitive in the market.
Updating hardware and software without appropriate personnel training can lead to a decrease in
efficiency and time costs, which will ultimately affect the financial results of the enterprise.

It should be noted that the use of automated systems, data management software, as well as
modern technologies reduces the number of errors, optimizes work processes and reduces time
costs.

Employees who acquire new digital competencies become more mobile in the labor market,
which contributes to their career stability and development. At the same time, it allows companies
to respond more quickly to changes in the technological environment and adapt their strategies,
while maintaining high qualifications of their personnel.

One of the main barriers in the process of digital transformation is employee resistance to
change. Modern technologies can cause employees to fear the new, low trust in technological
innovations or fear of losing jobs due to automation. Therefore, it is important to ensure adequate
staff training, education and the formation of a positive attitude towards change.

Given the results of the study, we note that digitalization requires employees not only to master
new technologies, but also to constantly update their knowledge. Organizations that create an
environment for continuous development and learning are able to respond effectively to market
changes and technological trends. In this context, the adaptation of personnel to digital changes



becomes a necessary condition for sustainable development and long-term successful operation of
the company.

Therefore, the adaptation of personnel to digital transformation is not just a technical task, but
also an important strategic process that affects the efficiency of the organization, competitiveness
and ability to innovate. Investing in training and retraining employees, developing their digital
skills is the key to success in today's economy, where technologies are rapidly changing and dictate
new requirements for professionals.

4. Conclusions

The digital impact on the agricultural sector requires significant changes not only in technical
processes and production practices, but also in the very essence of human capital, which is an
important factor in the development of the industry.

In the context of digitalization, the agricultural sector is becoming increasingly technologically
dependent, and the ability of employees to quickly adapt to new technologies, master innovative
work and management methods determines the effectiveness of their use and the overall success of
agribusiness. Under such conditions, one of the main opportunities for rapid learning is programs
based on artificial intelligence and machine learning. For example, the use of such programs as
Google Cloud Al IBM Watson, Microsoft Azure ML allows relevant specialists in the agricultural
sector to analyze large data sets, predict trends and build models of customer behavior.

It has been studied that the main areas of human capital transformation are the expansion of
knowledge and skills necessary to work with new digital tools, such as big data, the Internet of
Things, drone technology and process automation. This requires continuous education and
advanced training, as well as adaptation to rapid environmental changes. Educational programs
aimed at training specialists should take into account the current needs of the industry and
contribute to the development of technological competence of agricultural workers. Given global
trends, digital technologies in agriculture can become the basis for the development of sustainable
and efficient models of agricultural production, in particular through precision agriculture, which
optimizes resources and minimizes negative environmental impact. The successful implementation
of these models is also impossible without human capital capable of evaluating and implementing
these new technologies in practice.

Declaration on Generative Al
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