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3acrocyBaHHSI CHCTEMH YIIPABJIHHA HABYAHHAM VI (POPMYBaHHA
arpoeKoJIOriYHOI KOMIIETEHTHOCTI Mail0yTHIX IH/KeHepiB

Anomayia. Bemyn. Cyuachuii aepapHuti cekmop 8umazae 8i0 MaubymHix iHceHepis He
Jquwe 21UOOKUX MEXHIYHUX 3HAHb, a U CHOPMOBAHOI AcpOEKONI02TUHOI KOMNEeMeHmHOCMI, WO
nepedbavac inmeepayilo eKOoN02IYHUX NPUHYUNIE V NpPoghecitiny OIiANbHICMb IHJCeHepis, Wo
3abe3neyumsv iXH0O 30AMHICMb PO3POOIAMU MA 8NPOBAONCYBAMU MEXHONO2I, CNPAMOBAHI HA
30epedxceHts 006K Ma payioHAlbHe BUKOPUCMAHHA NpUpooHux pecypcis. Qouum i3
ehekmuenux HCMpyMeHmie O PO3BUMKY UYIEi KOMNEMeHMHOCMI € cucmema YNnpaeiiHHs
HABUAHHAM, KA HAOAE MOJCIUBICMb CMBOPIOGAMU [HMEPAKMUBHI HA8UANbHI Mamepian,
OpeaHizo8ysamu OUCMAHYilHe HAB8YAHHS, 30TUCHIO8AMU MOHIMOPUHE YCNIUHOCIE CTYOeHmie ma
CIUMYTIO8AMU IXHIO CAMOCMIUHY HABUANbH) OUSLILHICb.

Mema. Y cmammi onucano 0cobIu8ocmi 3acmocy8anHs Cucmemu YnpasiiHHs Hag4aHHAM
0151 hOPMYBAHHS ACPOEKONIOCIUHOI KOMNEMEHMHOCME MAUOYMHIX [HICEeHeDIE.

Pezynomamu. OxpeciieHo 0CHOBHI XapakmepucmuKky azpoeKoio2iynoi KOMNemeHmHOCmI
maubymuix  indcenepis, saxa gopmyemocs 3acobamu LMS. [lpedcmaenena mexnonozis
3aCMOCY8aHHA  cUcCmeMU YAPAGIIHHA HABUAHHAM 3 Memow (QOPMYBAHHA aA2POEKON02IUHOT
KOMNemenmHoOCmi MaubymHix iHX#CeHepis, sIKa KII0YAE [HHCeHEePHUL ma Yuppoull KOMHOHEHM
3acmocysannsa incmpymenmie LMS. B Oocnidocenni oxpecineno 3acobu HAGUAHHA Ol
dopmysanHs yux KOMHOHEHMI8 OKpeCcleHOoi mexHON02li. 30ilUcHeHo eKchnepumMeHmanbHe
00Cni0JCeH s, 8 X00i K020 3000y8ayi GUWOI 0C8IMU  THIICEHEPHUX CcheyiaibHocmell
3acmocoeysany  cucmemy  YNPAGNiHHA — HAGYAHHAM  ONsl  (DOPMYBAHHA — A2POEKONOIUHOT
komnemenmuocmi. Ompumani pesynromamu 00 ma RICIL eKCHEPUMEHMY nepesipsnu  3a
donomozor cmamucmuyro2o kpumepiio Ilipcona. Busnauerno, wo 3000y8aui uuoi oceimu, sKi
3acmoco8ysanu OKpecieny mexHonioz2io, Mams Ui pe3yibmamu AKOCmi 3HaHb.

Bucnoexu. Oxpecnena mexunonozis (opmyeanHs azpoekonoiunoi KOMnemeHmHocmi 6
ymoeax LMS 3axnadie euwoi oceéimu epaxosye cneyughiky aspapHoi eanysi ma cnpuse



OpP2aHIYHOMY IHMe2PY8AHHIO AYOUMOPHO20 HABYAHHA MA BUKOPUCAHHA YUPPOBO20 HABUATLHO20
cepedoguwa 3 Memolo HiBeNOBAHHA OCBIMHIX GUKIUKIE Cb0200eHHA. Pesynvmamom
3aNPONOHOBAHOI MEXHON02I € Habymms SKICHUX 3HAHb Ma QOPMYBAHHA ASPOEKOOCIUHOT
KOMNEMeHmHOCMI 8 YMOBAX CUCTEeMU YNPAGNIHHA HABUAHHAM 8UU020 HABYATLHO20 3AKAAOY.

Knrwowuosi cnoea. 3000ysaui suwoi oceimu iHJCEHEpHUX cheyiarbHocmel, cucmemda
VAPAGNIHHA HAGUAHHAM, 3AKAA0U U0 OCBIMU, A2POEKON02IYHA KOMNEMEeHMHICMb.
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Application of a learning management system for the formation of
agroecological competence of future engineers

Abstract. Introduction. The modern agricultural sector requires future engineers not only
deep technical knowledge, but also a well-established agroecological competence, which involves
the integration of environmental principles into the professional activities of engineers, which will
ensure their ability to develop and implement technologies aimed at preserving the environment
and rational use of natural resources. One of the effective tools for the development of this
competence is a learning management system, which provides the opportunity to create interactive
educational materials, organize distance learning, monitor student success and stimulate their
independent learning activities.

Purpose. The article describes the features of using a learning management system to form
agroecological competence of future engineers.

Results. The main characteristics of agroecological competence of future engineers, which
is formed by LMS tools, are outlined. The technology of using a learning management system to
form agroecological competence of future engineers is presented, which includes the engineering
and digital component of the use of LMS tools. The study outlines the means of training for the
formation of these components of the outlined technology. An experimental study was conducted
in which higher education students in engineering specialties used a learning management system
to form agroecological competence. The results obtained before and after the experiment were
checked using the Pearson statistical criterion. It was determined that higher education students
who used the outlined technology have higher knowledge quality results.

Conclusions. The outlined technology for forming agroecological competence in the
conditions of LMS of higher education institutions takes into account the specifics of the
agricultural industry and contributes to the organic integration of classroom learning and the use
of a digital learning environment in order to level today's educational challenges. The result of
the proposed technology is the acquisition of high-quality knowledge and the formation of
agroecological competence in the conditions of the learning management system of a higher
education institution.

Keywords: higher education applicants in engineering specialties, learning management
system, higher education institutions, agroecological competence.



JEL Classification: A22; C13; 120; 121

Formulation of the problem. In modern conditions, agricultural higher
education institutions are faced with the need to implement innovative teaching
methods that combine traditional approaches with the latest digital technologies.
This contributes to the training of competitive specialists who are able to work
effectively in conditions of constant technological changes and challenges facing the
agricultural sector. The development of digital technologies significantly affects all
spheres of life, including education. The introduction of digital tools in teaching
engineering opens up new opportunities for optimizing the educational process,
improving access to knowledge and improving the quality of specialist training. This
is especially important for the agricultural sector, where modern technical solutions
play a key role in increasing production efficiency, rational use of resources and
ensuring sustainable development.

Modern challenges in the agricultural sector, in particular the need to maintain
ecological balance, introduce sustainable technologies and increase production
efficiency, require high-quality training of future engineers. The formation of
agroecological competence is a key task of education, as it ensures the ability of
future specialists to integrate environmental principles into their professional
activities. The use of a learning management system (LMS) significantly increases
the efficiency of this process due to access to interactive content, personalized
learning with the ability to adapt courses to the individual needs of students, real-
time monitoring and assessment of knowledge, which contributes to prompt
feedback, the formation of digital competencies that are necessary for a modern
agricultural engineer, and ensuring access to modern scientific data and innovative
solutions in the field of agroecology. Thus, the implementation of LMS in the
training of agricultural engineers allows you to improve the quality of education,
make it more flexible, technological and focused on solving real environmental

problems of the agricultural sector.



Analysis of recent research and publications. The main goal of modern
education is to introduce new information technologies into the educational process
and the management of educational institutions, to create free access to cultural,
educational and scientific information [1]. Authors [2] describe the peculiarities
informatization of education that contributes to the development of a system of
continuous education, which provides for an individual learning trajectory. Access
of higher education students to various sources of information develops critical
thinking and independence, and ensures a creative approach to learning [3].
Integration of the content of the digital learning environment into the training of
higher education students is an effective way to solve the problems of higher
education associated with the pandemic and full-scale invasion [4].

Digital skills are based on the mastery of information and communication
competencies, they are an important aspect in the acquisition of professional
competencies [5]. When designing the content of education, it is necessary to take
into account the general principles of its construction and updating in accordance
with the requirements of the time [6]. Studies [7], [8] indicate that the development
and implementation of practice-oriented classes activates and stimulates students'
cognitive interest in mastering the necessary general and professional competencies,
which is also important when studying future engineers. Students need practice-
oriented courses that not only provide information, but also facilitate further
professional activity [9]. There are many digital learning tools for engineering
education, such as virtual laboratories, training simulators, etc. [10]. The authors
[11] note that cloud solutions can be used in engineering education for creating and
visualizing technical objects, 3D modelling. However, the widespread distribution
of interactive content on the Internet requires effective methods for integrating this
type of content into LMS and coordinating it with the necessary competencies [12].

In the context of discussing the developed technology for creating educational
content for courses in engineering disciplines into the conditions of LMS and its
implementation in the educational process, it is necessary to note that the educational

horizon has changed with the advent of open educational resources and modern



learning tools [13], [14]. Empirical studies of the use of LMS for formation of
professional competences, particularly in the context of engineering education [15],
[16] outline the impact of the use of digital learning tools on a number of educational
aspects, such as improving the quality of engineering knowledge, developing STEM
skills, etc. The authors [17] note that elements of open educational resources can be
adapted and combined to create new resources that better meet the specific needs of
different types of users. In the course of studying the problem of introducing cloud
technologies into the educational process in the conditions of the LMS of higher
education institutions, the authors conclude that it is necessary to develop skills in
using digital technologies [18]. Open digital resources should be developed for a
specific purpose and be consistent with specialized thematic content [19].

The authors [20] emphasize the importance of implementing pedagogical
models for managing students' educational and creative activities; such models
improve the quality of professional and creative competence of future engineers of
agro-industrial production. Researchers [21] emphasize the need for an organized
and thoughtful approach to training, which allows future engineers to effectively
solve environmental problems at different levels. Development of the creative
potential of future engineers of an agricultural profile, which contributes to the
formation of innovative thinking and the ability to make environmentally friendly
decisions [22]. Courses aimed at increasing environmental awareness and
competence of future specialists are integrated into the curricula of higher education
institutions, which contributes to the formation of environmental consciousness and
responsibility [23]. The learning management system forms systemic thinking in
future engineers, which is key to making environmentally sound decisions in the
agricultural sector [24]. Therefore, the use of learning management systems in
combination with the integration of specialized courses contributes to the effective
formation of agro-ecological competence in future engineers and ensuring high-

quality management of the educational process.



Formulation of research goals. Development and experimental verification
of the effectiveness of application of a learning management system for the
formation of agroecological competence of future engineers.

Outline of the main research material.

Agroecological competence of engineers is a set of knowledge, skills and
value orientations that ensure the ability of specialists in the agricultural engineering
profile to effectively develop, implement and operate technical solutions that
contribute to the environmental sustainability of agricultural systems. It is important
for the sustainable development of the agro-industrial complex and the harmonious
combination of technical progress with environmental protection principles. It is
based on the understanding of environmental processes in agricultural production,
the ability to environmentally sound design and use of agricultural equipment, the
ability to assess and minimize the negative impact of agricultural activities on the
environment, the ability to implement energy-saving and environmentally friendly
technologies in production. Fig.1 presents the application of a learning management
system for the formation of agroecological competence of future engineers.
Application of a learning management system for the formation of agroecological
competence of future engineers consist of the two components: the engineering
component and the digital component. At the first stage there are outlined the
engineering component of the presented technology from the point of view of the

engineering disciplines.



Application of a learning management system for the formation of

agroecological competence of future engineers
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Engineering and computer graphics tasks should be aimed at solving specific
problems that arise in the agricultural sector, for example, designing irrigation
systems, developing plans for growing crops, modeling greenhouse structures, etc.
Educational cases and projects should include situations from the agricultural sector,
which allows students to use engineering graphics to solve real agro-technological
problems. Future engineers also need to adapt graphic tasks to the specifics of
animal and plant processing. This may include creating drawings of technological
equipment, pipelines, developing layouts for equipment in production, as well as
designing various components of production lines. The tasks and examples used in
the course can be taken from real production, which will help students better
understand how theoretical knowledge is applied in practice. Teaching engineering
graphics to students of agricultural higher education institutions in a digital learning
environment has its own specific features, which are determined both by the general
requirements for engineering training.

The study of engineering graphics in a digital environment involves the active
use of computer-aided design (CAD) programs, such as AutoCAD, SolidWorks, or
software packages specific to the agricultural sector. This allows students to create
and edit technical drawings, model parts and assemblies. The use of simulation
programs allows students not only to design, but also to check the performance of
structures in a virtual environment, which is especially important for agricultural
machinery and equipment. Tasks for students should be adapted to the specifics of
agricultural higher education institutions, for example, designing irrigation systems,
structures for agricultural machinery or mechanisms for soil cultivation. This
increases the relevance of training and prepares students for real challenges in their
profession. Students should be able to create 3D models of specific objects, such as
tractors, combines, greenhouses, automatic irrigation systems, etc.

Teaching mechanics of materials and constructions in a digital learning
environment should take into account both the needs of higher education students
and the capabilities of modern technologies. The teaching material should be

adapted in such a way as to demonstrate its practical application. For example,



attention should be paid to the mechanical properties of soils, the design of
agricultural machinery, and the loads on agricultural machinery. Instead of abstract
tasks, students are offered tasks related to real agro-technological scenarios, such as
calculating the strength of parts of soil processing equipment.

Teaching technical and applied mechanics in a digital learning environment
should be focused on the applied use of knowledge in the processes of processing
livestock and crop production. This includes the analysis of mechanical processes in
technological lines, such as grinding, transporting, mixing and pressing products.
Educational materials should contain cases related to real production situations that
demonstrate the application of the laws of mechanics in the processes of processing
agricultural products. Teaching theoretical mechanics should take into account the
specifics of agricultural higher education institutions, in particular, the use of
examples and tasks related to agricultural machinery, greenhouse structures,
irrigation systems and other objects of the agricultural sector. This allows students
to better understand how theoretical knowledge is applied in practice in the specified
field. Teachers can create tasks based on real problems and challenges that engineers
face, so that the training is as applied and relevant as possible.

Teaching materials science in a digital learning environment has features that
take into account the specifics of this discipline and the needs of agricultural
education. For example, studying the properties of materials used in agricultural
production, such as fertilizers, pesticides, and soil structures. The use of real agro-
technological scenarios is used to demonstrate the quality and properties of materials
that affect agricultural processes (for example, the choice of materials for irrigation
systems or greenhouse structures). Special attention is paid to the properties of
materials, such as the water-holding properties of soils, resistance to agrochemicals,
and wear resistance of materials for agricultural equipment. The integration of local
characteristics, such as soil types and climatic conditions, should be taken into
account in the context of teaching materials science. It is also important to include
information on materials used in the processing of livestock products, such as feed

raw materials, protein additives, food additives, packaging, etc. This allows students



to better understand the characteristics of materials in the context of their use. It is
necessary to outline the use of modern examples and trends in processing of
livestock products, including the latest technologies, innovative materials and
methods that affect the quality of the final product. It is important to include
examples and tasks that are directly related to the materials used in agricultural
equipment. This will help students understand how the properties of materials affect
the efficiency and durability of agricultural engineering systems. Another important
aspect is the assessment of the properties of materials in specific conditions of the
agricultural environment (the influence of moisture, aggressive chemical
environments, mechanical loads).

Teaching the course “Details of Mashines” in a digital learning environment
has specific features that must be taken into account to ensure high quality learning.
The content must be adapted to the specifics of agricultural machinery. This includes
the study of machine parts used in agricultural machines, such as tractors, combines,
and other units. It is also necessary to emphasize the use of real examples and cases
related to parts and mechanisms used in agro-industrial complexes.

Teaching the theory of mechanisms and machines in the conditions of LMS
is related to both the nature of the discipline and the specifics of agricultural
engineering. In a digital learning environment, it is important to use software
products for modeling and simulating mechanisms and machines. This allows
students to visualize how various mechanisms work in real agricultural production
conditions. The inclusion of real-life cases from agricultural engineering, such as the
design and optimization of agricultural machinery, helps students understand how
theoretical knowledge is applied in practice. Virtual laboratories and mechanism
simulators allow students to experiment with various structures and mechanisms
without the need for physical models. This is especially useful in conditions of
limited access to real laboratories or technical equipment. The use of digital tools to
collect and analyze data, such as the results of experiments or production processes,
helps students better understand the efficiency and productivity of various

mechanisms. Teaching the theory of mechanisms and machines should take into



account the specific features of agricultural machinery, such as work under heavy
loads, contact with the soil, agroclimatic conditions, etc.

At the second stage there are outlined the engineering component of the
presented technology from the point of view of the engineering disciplines. In the
conditions of LMS, teaching of engineering subjects can be organized in a project
format, where students perform complex tasks, such as developing technical
documentation for agricultural equipment. This allows them to apply knowledge in
practical settings. LMS provides the opportunity to create a portfolio of work where
students store their drawings, models and other projects. This is useful for both
assessment and future employment. Engineering subjects can be integrated with
other disciplines, such as agronomy, ecology and agricultural management, which
helps students understand how mechanical systems affect various aspects of
agricultural production. The use of online tools for testing, assignments and
assessing student progress can include automated tests that provide immediate
feedback, as well as the ability to provide comments and recommendations for
improving knowledge. Interactive 3D models and simulations allow students to
study the design of machines and mechanisms, their interaction and functioning in
real-world conditions. Teaching skills in working with modern computer-aided
design (CAD) systems is an important element, as these systems are widely used in
agricultural production for the design and construction of machine parts and
mechanisms. Students can have constant access to online resources, including
textbooks, video tutorials, interactive modules that explain the principles of
engineering graphics, as well as the use of CAD programs. Using learning
management platforms such as Moodle or Canvas to organize the learning process,
upload learning materials, test knowledge and track student progress.

Virtual laboratories and simulations allow students to conduct research and
test parts without physical access to real equipment. Interactive tasks and online
workshops that include project creation, analysis and diagnostics help students
understand the material more deeply. Using online collaboration platforms (e.g.

Google Workspace, Microsoft Teams) allows students to work together on projects,



share files and receive feedback from the teacher in real time. Regular webinars and
consultations, during which the teacher can provide individual advice on completing
graphic tasks, help students better assimilate the material. The use of online forums
and chats to discuss course topics, solve problems and requests, which promotes
active interaction between students and teachers. Regular virtual consultations and
webinars allow teachers to provide feedback and assistance in real time.

The use of systems for automated assessment of tests and tasks allows students
to receive results and feedback faster. The introduction of gamification elements,
such as ratings, points and achievements, can increase students' motivation for active
learning. Integration with real projects or the possibility of internships in agro-
industrial companies can motivate students and provide them with practical
experience. The digital environment allows students to work at their own pace,
repeat the material or take additional courses for in-depth study of general technical
disciplines.

Digital tools and technologies allow for a more interactive and personalized
learning environment, which increases the efficiency of material assimilation. The
use of 3D modeling, simulations, virtual laboratories and online workshops helps
students to understand complex technical concepts more deeply. In the context of
agricultural education, general technical disciplines need to be adapted to the
specifics of agricultural machinery and technologies. It is important to use real
examples from agricultural practice, which allows students to see the direct
interdependence between technical knowledge and its practical application in
agriculture. LMS provides an opportunity for flexible learning, allowing students to
learn at their own pace and at a convenient time. It makes educational materials
available at any time, which is especially important for dual education students who
combine study with practice in the agricultural sector. The introduction of
gamification elements and interactive learning methods increases student
engagement, motivating them to actively study the material. Online forums, chats
and video conferences contribute to the creation of a community of students who

actively exchange experience and knowledge.



Teaching engineering subjects in the conditions of LMS faces certain
challenges, such as the need for a high level of technical support, ensuring quality
access to the Internet, and developing digital skills among teachers and students. The
transition to digital learning requires teachers to constantly improve their skills in
the use of digital technologies, distance learning methods, and the development of
digital learning materials, therefore, higher education institutions should support the
professional development of teachers in this area. LMS allow for more effective
adaptation of the learning process to the individual needs of students, enabling them
to work with the material at a level that matches their knowledge and abilities.
Digital learning requires students to have a high level of independence, self-
discipline and responsibility for their learning. This contributes to the development
of key skills, such as self-management and critical thinking, which are important for
future specialists in the agricultural sector.

It is calculated the empirical value of Pearson’s criterion ¥? at the beginning and
at the end of the experiment in control and experimental groups. The amount of the
520 students of the control group took part in the experiment, as well as 520 students
of the experimental group. Table 1 presents a statistical justification of the
effectiveness of the formation of agroecological competence before conducting the
experiment, based on the use of traditional forms of learning. Critical value for 2
for levels of statistical significance p<0.05 (5.993) and p<0.01 (9.212).

Table 1 Levels of quality of knowledge of higher education applicants during
the formation of the agroecological competence in control (CG) and
experimental (EG) groups at the beginning of the experiment

Empirical Empirical

Leve | EG, % | frequency | CG, % frequency (ni- (ni-

I ni (EG) niv (CG) nil)*2 | nil)"2/nil
A 4,42% 23 4,04% 21 4 0,19
B 5,00% 26 5,38% 28 4 0,14
C 15,38% 80 15,96% 83 9 0,11
D 27,88% 145 26,92% 140 25 0,18
E 27,69% 144 27,12% 141 9 0,06
FX |19,62% 102 20,58% 107 25 0,23




100,00
%

Source: authors’ development

520 100,00%

‘ Total ‘

>20 ‘ ‘ 0,91 ‘

As can be seen from Table 1, the value of y2emp = 0.91 and y%emp < (2erit. It
was determined that the statistical differences between the control and experimental
groups are small, it can be concluded that the formation of agroecological
competence requires correction.

Table 2 presents the statistical justification of the effectiveness of the
formation of agroecological competence after the experiment. Higher education
students in the control group studied using traditional methods, while students in the
experimental group studied using the proposed technology for the formation of

agroecological competence using LMS.

Table 2 Levels of quality of knowledge of higher education applicants during
the formation of the agroecological competence in control (CG) and
experimental (EG) groups at the end of the experiment

Empirical Empirical | (ni- | (ni-
EG, % frequency CG, % frequency | nil)™ | nil)"2

Level ni (EG) ni (CG) |2 /nil
A 16,15% 84 7,88% 41 1849 | 45,10
B 19,42% 101 12,50% 65 1296 | 19,94
C 22,50% 117 16,73% 87 900 | 10,34
D 21,15% 110 25,00% 130 400| 3,08
E 12,12% 63 21,15% 110 2209 | 20,08
FX 8,65% 45 16,73% 87 1764 | 20,28
Total 100,00% 520 100,00% 520 118,87

Source: authors’ development

As can be seen from Table 2, the value of y’emp = 118.87 and ¥2emp > ycrit. It
was determined that the statistical differences between the control and experimental
groups have significant differences, based on the comparison of the hypotheses put
forward, it can be concluded that the formation of agroecological competence for
the experimental group, which studied according to the outlined pedagogical
technology in LMS conditions, is effective.

Conclusions.



The inclusion of new technologies in courses on engineering disciplines, such
as automation of agricultural processes, precision farming systems, drones for
monitoring crops, etc., is an important aspect of the digitalization of agricultural
education. Combining classroom classes with courses in the conditions of LMS can
be effective in ensuring a deeper understanding of the theoretical aspects of general
technical disciplines. For example, theoretical classes can be conducted online, and
laboratory work and practical tasks can be performed in the classroom. Organizing
online consultations and discussions to solve problems and clarify material helps
maintain a high level of engagement. Students may be offered project assignments
that require independent research and development of solutions to real-world
agricultural problems. This may include analyzing mechanisms, designing new
machines, or improving existing technical solutions. Providing access to online
resources such as scientific articles, technical documents, and video tutorials helps
students expand their knowledge and supports their independent work.

Learning in the conditions of the LMS of a higher education institution is
intended to support and supplement classroom forms of educational activity, such as
lectures, practical, seminar and laboratory classes. Lectures during learning in the
conditions of the digital learning environment of a higher education institution are
accompanied by graphic and interactive content, experimental tasks and calculation
projects. Quality control of learning involves modular control through testing in the
conditions of the digital learning environment of a higher education institution and
final control during the formation of agroecological competence.
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