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Abstract — The article deals with application of 

educational information systems in professional training of 

agricultural engineers studying physics with an emphasis on 

practice-oriented teaching methods. Physics is a key 

discipline that ensures the formation of engineering 

competencies that are necessary for solving problems of an 

agro-industrial complex. The modern digital technologies 

make it possible to significantly improve the quality of 

education, making the learning process more interactive, 

visual and closer to real professional activity. Particular 

attention is paid to application of practice-oriented 

methods, such as professional tests, case methods and digital 

simulators. Professional tests allow the students to simulate 

real engineering activities by solving practical problems, 

related to physical processes in agricultural engineering. 

The case method promotes the development of analytical 

and critical thinking, offering the students an opportunity to 

analyse real situations and engineering problems, followed 

by a search for optimal solutions. Application of digital 

simulators makes it possible to model complex physical 

phenomena and technological processes, conduct virtual 

experiments and analyse the results, which is especially 

important in conditions of a limited access to the laboratory 

equipment. There is an analysis made of the integration 

efficiency of the educational information systems into the 

educational process. The obtained results show that the use 

of these technologies helps to increase the level of mastering 

the educational material by 20–30%; it increases the degree 

of the students’ involvement in the educational process and 

improves the indicators of independent work. In addition, 

the students develop practical skills, related to the analysis 

of the engineering problems and the use of digital tools. A 

conclusion is made that application of practice-oriented 

methods in combination with the possibilities of the 

educational information systems allows not only to improve 

the quality of studying physics but also to create conditions 

for the development of the students’ engineering thinking, 

the skills to work with digital tools and competencies, 

necessary for efficient operation in a modern agro-

industrial complex.  

Keywords — agricultural engineers, agricultural 

machinery, agro-industrial complex, engineering 

competencies, innovative technologies, interdisciplinary 

approach, physics, professional training. 

I. INTRODUCTION 

The modern agricultural and technical industry places 
high demands on professional training of engineers, who 
must master not only deep theoretical knowledge but also 
practical skills, and be ready to use innovative 
technologies. Traditional approaches to training often fail 
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to fully ensure the development of the competencies that 
are necessary for the work in the context of digital 
transformation of the agricultural sector.  

The main problems that need to be solved: 

1. Insufficient digitalization of the educational 
process: the lack of a holistic information environment, 
capable of combining learning, practical training and data 
analysis, which creates a gap between theoretical 
knowledge and its practical application. 

2. Limited personalization of learning: the diversity 
of the students’ levels of raining, interests and individual 
characteristics remains without due attention due to the 
lack of adaptive tools, which negatively affects the 
efficiency of the educational process. 

3. The lack of resources for practical training: 
Limited access to modern equipment, specialized software 
and simulators makes it difficult to develop practical 
skills, necessary for the future professional activities.  

4. Insufficient integration of interdisciplinary 
approach: Traditional educational programs do not take 
into account the need to integrate knowledge from 
different fields, such as engineering, agronomy, 
information technology and management. 

5. Difficulties in communication between the 
students and the teachers: outdated methods of interaction 
and insufficient feedback reduce the quality of 
communication and hinder the development of 
independence and the responsibility skills in the students. 

6. The lack of tools for the analysis of the educational 
process: the lack of systems for monitoring and analysing 
the students’ performance limits the ability to timely 
adjust the curricula and an individual approach to 
learning. 

To solve these problems, it is necessary to create and 
implement an educational information environment that 
will combine modern technologies, methods and 
organizational approaches. Such an environment should 
be focused on developing the professional competencies 
of engineers in the agricultural and technical sector, 
adapting to the changing market requirements and 
ensuring high-quality training of specialists. 

The issues, related to the educational information 
environment in the higher education system, have 
remained the key topic of scientific discussions already 
over the past decades. A significant number of 
investigations have been devoted to the analysis of both 
positive and negative effects of using digital technologies 
in the educational process. 

Integration of modern technologies into education has 
been a strategic priority for many universities in the recent 
years [1]. Since the learning practices and technological 
tools are changing, such a training has to evolve [2]. The 
online technologies, engineering programs, and the 
internet access facilitate the transition to learning in an 
information-educational environment; yet immersion in 
the learning environment goes beyond the learning tools 
[3]. Wang, J., Tigelaar, D., Admiraal, W. consider the use 
of digital educational resources, as well as the integration 

of theoretical and practical aspects of learning [4]. In the 
article by Zalewski, J., Novak, G., Carlson, R. E., 
attention is paid to the identification of the main 
challenges, faced by teachers, and finding optimal 
solutions to improve the quality of the students’ training 
[5]. The efficiency of the content of general technical 
disciplines and the methodology of the teaching 
technology is determined by the performance of 
professional activities [6]. The main features of the 
development and implementation of practice-oriented 
classes, activation and stimulation students’ cognitive 
interest in mastering the necessary profession are 
considered by Ivanov, M., Parnikova, T., Gulyaev, V., & 
Petrov, N. [7].  

However, Lyu et al. [8] noted that the engineering 
students often find it difficult to identify the relevance of 
their disciplines to their future careers, suggesting a need 
for further research in this area. In training of agricultural 
engineers, new approaches are needed that are associated 
with interdisciplinary training and the use of modern 
technologies [9], [10]. 

At the same time the pragmatic approach of many 
modern applicants leads to the fact that they focus on 
studying the disciplines, directly related to their future 
specialty, reducing attention to other subjects that they 
consider less important. In particular, this concerns such a 
scientific and natural discipline as physics [11], [12]. 

Despite the fact that scientific and methodological 
works provide a comprehensive analysis of this issue, they 
often do not offer specific solutions. In this regard it is 
important to develop methodological materials that define 
in detail the system of the teaching methods and tools for 
a particular discipline. Such materials should be aimed at 
the formation and development of professional qualities of 
the students, as well as at the elimination of the existing 
problems. The creation of methodological materials that 
not only analyse the problem but also offer solutions is a 
significant step in improving the quality of education. 

The aim of this research is to develop and implement 
the key areas of development of the digital educational 
technologies and author's content for the physics course, 
providing the teachers with theoretical and practical 
support in training the engineers in a modern information 
and educational environment to improve the quality of 
their professional training. The following methods were 
used to evaluate the developed methodology: digital 
questionnaires to analyse the students' motivation, 
adaptive online testing to assess their knowledge, 
simulation case methods to test practical skills, machine 
learning methods to identify the importance of disciplines, 
and educational analytics for a comparative analysis of 
assignment completion by the students in the experimental 
group (EG) and in the control group (CG). 

II. MATERIALS AND METHODS 

The information and educational environment is a set 
of information resources, technologies, tools and methods 
that ensure the organization, support and improvement of 
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the educational process. It is based on the integration of 
the traditional and digital teaching aids, using modern 
information and communication technologies. The 
information environment provides opportunities for the 
integration of modern technologies into the educational 
process, especially in physics, which requires a high level 
of visualization, modelling and practical work. Modern 
approaches to teaching physics to the engineers include 
the use of practice-oriented methods, such as professional 
tests, case methods and digital simulators. These methods 
allow integrating theoretical knowledge with the real-life 
tasks, developing engineering thinking and forming 
professional competencies, necessary for successful work 
in an agro-industrial complex. 

A. Professional tests 

Training engineers in an agricultural and technical 
sector while studying a course in physics has a number of 
features that are determined by the specifics of their future 
professional activities. A practical orientation of the 
physics course for engineers is the key aspect, as it allows 
the students to understand better how the physical laws 
and principles are applied in their professional activities. 
A practical orientation of the physics course for engineers 
ensures being informed about the knowledge and skills 
that are necessary to solve real problems in agriculture 
and technical engineering. Therefore, an important factor 
for the formation of professional competencies is the use 
of educational tasks that are close to further professional 
or research activities [13] – [17]. In addition, it allows the 
students not only to learn the theoretical laws of physics 
but also to apply them in practical situations that meet the 
specifics of the agricultural sector. Examples of how to 
use information and the educational system in studying 
physics for the engineers:  

1.1. Section “Mechanics”: virtual modelling of the 
operation of agricultural equipment (tractors, ploughs, 
combines); studying the stability of machines on slopes or 
calculating the friction forces between the wheels and the 
ground (Fig. 1). 

 

 

 

Fig. 1. Virtual modelling of the tractor movement on slopes, or 

calculation of the friction forces between the wheels and the soil. 

1.2. Section “Hydrodynamics”: modelling of the 
irrigation systems (calculation of the water pressure in the 
pipelines and the pump efficiency) (Fig. 2). 

 

 

Fig. 2. Virtual modelling of the irrigation systems. 

1.3. Section “Thermodynamics”: virtual experiments 
on calculating the heat transfer in the grain drying systems 
or the greenhouse operation; study of the operating 
principles of internal combustion engines.  

1.4. Section “Electromagnetism”: simulation of the 
operation of electric motors, generators and sensors; 
calculation of the parameters of electrical circuits for the 
automation systems. 

Such an approach to studying physics allows the 
engineers not only to master the theoretical foundations 
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but also to apply them in practice, which increases their 
professional readiness to work in the agricultural sector. 

B. The Case method 

The case method involves students who are working 
with real or simulated situations that require analysis and 
decision-making, based on the knowledge of physics. For 
example: 

2.1. Selecting an irrigation system for a specific crop: 
calculating the parameters of a drip irrigation system, 
based on the data about the soil and climate. 

2.2. Optimization of the tractor engine operation: 
analysis of the thermodynamic processes in the engine to 
increase its coefficient of efficiency. 

2.3. Solution of problems in the grain storage: analysis 
of the heat and moisture exchange processes in the storage 
facilities to prevent spoilage of the products. 

As a result of using the case method in studying 
physics for the engineers, the following is achieved: 

1. Increased motivation and engagement: the students 
actively participate in solving practical  

problems, seeing the real importance of physics for 
their profession. For example, a case study on choosing an 
irrigation system, based on hydrodynamic calculations, 
generates interest and stimulates the application of 
knowledge. 

2. Developing analytical thinking: working with 
cases requires deep data analysis, application of physical 
laws and making informed decisions. For example, 
calculating the stability of a tractor on a slope helps to 
understand the practical application of mechanics. 

3. Development of practical skills: the case solution 
involves modeling of processes, calculations and using the 
tools of analysis. For example, calculating the operating 
parameters of a grain dryer helps to master the laws of 
thermodynamics. 

4. Strengthening of interdisciplinary links: the case 
method allows to integrate physics with other disciplines, 
such as mathematics, chemistry and biology. For example, 
calculating the heat losses in greenhouses involves 
knowledge from various fields. 

5. Training for real professional situations: the 
students gain experience in solving problems, similar to 
those they will encounter in their work. For example, the 
analysis of the grain storage problems through the heat 
and moisture exchange processes. 

6. Assessment of the students’ competencies: the case 
method makes it possible to objectively assess the level of 
the students’ training through the quality of solutions and 
proposed approaches. For example, completing a case 
study on optimizing the operation of the internal 
combustion engines allows one to measure the level of 
their knowledge and skills. 

The case method promotes a deeper understanding of 
physics, it develops professional competencies and trains 
the engineers how to solve real problems, making training 
more practice-oriented and efficient. 

C. Digital simulators 

The use of virtual laboratories and software to 
simulate the physical processes, related to engineering. 
For example: 

3.1. Modelling the performance of the agricultural 
equipment: The analysis of the tractor dynamics by using 
the simulators of mechanical systems.  

3.2. A study of hydraulic processes: modelling the 
operation of the pumping systems, calculation of the 
pressure losses in pipelines.  

3.3. Working with thermal systems: virtual study of 
thermal processes in the grain dryers and greenhouses.  

The use of digital simulators in studying a physics 
course makes it possible to study complex processes 
without a risk to damage the equipment; it increases the 
students' interest through the use of modern technologies, 
and also develops their skills in the work with digital 
tools. 

The use of a project-based learning, professional trials, 
case studies and digital simulators in teaching physics to 
the engineers significantly enriches the educational 
process. First, the students gain a deeper understanding of 
theory because the physical laws that they study are 
illustrated through their application to professional 
engineering-related problems. Second, the practical 
orientation of training contributes to the development of 
professional competencies: the students solve real 
problems, create models and complete projects, which 
trains them for the future work. In addition, such methods 
increase motivation and involvement in the learning 
process, as they make knowledge meaningful and useful 
for the future profession. As a result, education becomes 
not only more interesting but also focused on the practical 
implementation of knowledge. 

III. RESULTS AND DISCUSSION 

During the pedagogical experiment the main task was 
to evaluate the efficiency of developing the professional 
competence of the future engineers by using various 
approaches and methods, such as professional tests, the 
case methods and digital simulators.  

A total of 456 students of specialty 208 
“Agroengineering” participated in the experiment. The 
experimental group (EG) is trained, using a new method; 
classes in the control group (CG) were held according to 
the traditional method.  

To study the actual state of the students’ readiness for 
a professional activity, the following tools were 
developed: 

• Questionnaires to determine students’ interest 
in professional activities. 

• Test assignments to assess knowledge of 
special disciplines.  

• Cases for testing practical skills. 

• Criteria for evaluation of the results of design 
and laboratory works.  
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To conduct an initial diagnosis of the level of 
competence, we conducted a survey to identify the level 
of interest and awareness of the importance of the 
professional disciplines (Table 1). 

TABLE 1. SURVEY QUESTIONS TO IDENTIFY THE LEVEL OF INTEREST 

AND AWARENESS OF THE IMPORTANCE OF PROFESSIONAL DISCIPLINES 

Closed questions: Answers 

How interesting is discipline 

"Physics" to you? 

1 – not interesting at all,  

5 – very interesting 

How do you evaluate the 

importance of physics for your 

professional training?  

1 – as insignificant,  

5 – as very significant 

What topics from the physics 
course do you find most useful? 

Select from the list: mechanics, 
hydrodynamics, 

thermodynamics, 

electromagnetism 

Open questions: 

What would you like to change in the methodology of teaching 

physics? 

How can knowledge, gained in the physics classes, be used in 
engineering? 

What practical problems, related to physics, do you find most 

interesting? 

 

Conducting a survey allows us to identify the 
proportion of students with low, medium and high levels 
of interest, as well as to determine the extent to which the 
students understand the link between the professional 
disciplines and the real engineering tasks. This helped us 
also to identify elements of the course or teaching 
methods that stimulate the students’ interest. The results 
of this stage of the experimental work are presented in 
Table 2. 

TABLE 2. RESULTS OF A SURVEY TO IDENTIFY THE LEVEL OF INTEREST 

AND AWARENESS OF THE IMPORTANCE OF PHYSICS 

Parameter Low level 

(1-2) 

Medium level 

(3) 

High level 

(4-5) 

Interest in 
discipline 

"Physics" 

15 45 40 

Awareness of 
the 

importance of 

the discipline 

10 35 55 

Preference to 
practical 

classes  

5 25 70 

 

As regards the students' interest in professional 
competence of the future engineers, we found that the 
majority of the students are aware of the importance of 
physics (55% high level), yet he interest in the discipline 
requires improvement (40% high level), and the students' 
motivation can be increased by the practice-oriented 
teaching methods (preferably, 70%). 

During the pedagogical experiment of the 
experimental group, the following measures were carried 
out to organize the educational process:  

1. Conducting professional tests: performing practical 
tasks in educational laboratories or at agricultural 
enterprises. 
2. Using the case method: analysis and solution of real 
engineering problems. 
3. The work with digital simulators and programs 
(AutoCAD, SolidWorks, modelling systems of hydraulic 
processes). 

For the control group the training was conducted using 
standard methods (lectures, seminars, the traditional 
laboratory work). 

As shown by the results (Table 3) of the pedagogical 
experiment (monitoring the students’ progress in 
completing the assignments, conducting intermediate 
tests, surveys and questionnaires), the implementation of 
the created methodology for the development of the 
professional competence of the future engineers in the 
process of studying physics had a positive impact on the 
level of development of this competence.  

TABLE 3. DYNAMICS OF FORMATION OF PROFESSIONAL COMPETENCE OF 

THE FUTURE ENGINEERS (%) 

Level of 

professional 

competence 

At the beginning of 

the experiment 

At the end of the 

experiment  

EG CG EG CG 

High level 30 28 48 32 

Medium 
level 

40 42 42 43 

Low level 30 30 10 25 

Thus, in the experimental group (EG) 48% of students 
achieved a high level (previously 30%), and 42% of 
students achieved an average level (previously 40%). In 
the control group (CG) 32% of students achieved a high 
level (previously 28%), and 43% achieved an average 
level (previously 42%). 

CONCLUSION 

The results, obtained during the experiment, indicate a 
significant influence of the proposed methodology on 
increasing the level of professional competence of the 
future engineers. An increase in the proportion of the 
students with a high level of readiness in the experimental 
group (48% versus 32% in the control group) and a 
significant decrease in the indicator of a low level of 
formation (by 20% versus 5% in the control group) 
indicate the efficiency of the application of the developed 
digital educational technologies and the corresponding 
methodology.  

Comparison of the data with the results of research by 
other authors confirms the general trend according to 
which the integration of innovative approaches into the 
teaching of fundamental disciplines, in particular physics, 
has a positive effect on the professional training of the 
students. Our work is not limited to a general assessment 
of the impact of innovative methods; we have focused on 
the practical orientation of the tasks specifically in the 
field of engineering and demonstrated the results in 
particular professional contexts. Thus, along with the 
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introduction of virtual laboratories and simulators, we 
developed a series of tasks, related to real production and 
technological processes in agriculture, which allowed the 
students to see immediately the practical significance of 
the knowledge they are gaining. In addition, we created, 
as part of the experiment, a digital educational 
environment in which the training modules were 
supplemented with materials and cases from the partner 
employers, thereby strengthening the professional focus of 
training and motivating the students to study physics in 
depth in the context of their future specialty. It is this 
complex integration of fundamental knowledge and real 
professional tasks that allows us to say that the presented 
experience goes beyond general recommendations and 
provides a specific tool for the improvement of the level 
of training of the future engineers. 

REFERENCES 

[1] C. Glavas and L. Schuster, "Design principles for electronic work 
integrated learning (eWIL) ", Internet High. Educ., vol. 47, p. 
100760, 2020. [Online]. Available: 
https://doi.org/10.1016/j.iheduc.2020.100760 

[2] A. E. Guerrero-Roldán and I. Noguera, "A model for aligning 
assessment with competences and learning activities in online 
courses", Internet High. Educ., vol. 38, pp. 36–46, 2018. 
[Online]. Available: https://doi.org/10.1016/j.iheduc.2018.04.005 

[3] O. G. Romanovskyi, O. V. Kvasnyk, V. M. Moroz, N. V. 
Pidbutska, S. M. Reznik, A. I. Cherkashin, and V. V. Shapolova, 
"Development factors and directions for improving distance 
learning in the higher education system of Ukraine", Inform. 
Technol. Learn. Tools, vol. 74, no. 6, pp. 20–42, 2019. [Online]. 
Available: https://doi.org/10.33407/itlt.v74i6.3185 

[4] J. Wang, D. Tigelaar, and W. Admiraal, Comput. Educ., 2021, p. 
104055. [Online]. Available: 
https://doi.org/10.1016/j.compedu.2020.104055 

[5] J. Zalewski, G. Novak, and R. E. Carlson, "An overview of 
teaching physics for undergraduates in engineering 
environments", Educ. Sci., vol. 9, no. 4, p. 278, 2019. [Online]. 
Available: https://doi.org/10.3390/educsci9040278 

[6] S. Yashchuk, O. Shapran, L. Martirosian, T. Petukhova, I. 
Artemieva, and Y. Kolisnyk-Humenyuk, "Brain", Broad Res. 
Artif. Intell. Neurosci., vol. 12, pp. 278–299, 2021. [Online]. 
Available: https://doi.org/10.18662/brain/12.1/183 

[7] M. Ivanov, T. Parnikova, V. Gulyaev, and N. Petrov, Revista 
Amazonia Investiga, vol. 9, pp. 205–210, 2020. [Online]. 
Available: https://doi.org/10.34069/AI/2020.26.02.23 

[8] Q. Lyu, W. Chen, J. Su, and K. Heng, "Collaborate like expert 
designers: An exploratory study of the role of individual 
preparation activity on students’ collaborative learning", Internet 
High. Educ., vol. 59, p. 100920, 2023. [Online]. Available: 
https://doi.org/10.1016/j.iheduc.2023.100920 

[9] Environmental Science.org, "What is an Agricultural Engineer?", 
2021. [Online]. Available: 
https://www.environmentalscience.org/career/agricultural-
engineer. [Accessed: Nov. 2, 2024]. 

[10] S. K. Howard and D. R. Garrison, "Designing Blended Learning 
Environments: A Framework for Enhancing Educational 
Information Systems", Internet High. Educ., vol. 52, p. 100830, 
2022. 

[11] I. Beloev, O. Bulgakova, O. Zakhutska, M. Bondar, and L. 
Zbaravska, "Formation of professional skills of agricultural 
engineers during laboratory practice when studying fundamental 
science", Strategies Policy Sci. Educ., vol. 32, no. 2, pp. 144–
156, 2024. [Online]. Available: https://doi.org/10.53656/str2024-
2-2-for 

[12] I. Beloev, І. Savytska, O. Bulgakova, I. Yasinetska, and L. 
Zbaravska, "Research of using the system approach to increase 
professional competence of students in the process of studying 
natural sciences", Strategies Policy Sci. Educ., vol. 32, no. 1, pp. 
22–36, 2024. [Online]. Available: 
https://doi.org/10.53656/str2024-1-2-res 

[13]  V. Bulgakov, S. Pascuzzi, S. Ivanovs, F. Santoro, A. S. 
Anifantis, and I. Ihnatiev, "Performance assessment of front-
mounted beet topper machine for biomass harvesting", Energies, 
vol. 13, no. 14, p. 3524, 2020. 

[14] V. Bulgakov, V. Bonchik, I. Holovach, I. Fedosiy, V. Volskiy, Y. 
Ihnatiev, and J. Olt, "Justification of parameters for novel rotary 
potato harvesting machine", Agronomy Research, vol. 19, 
Special Issue 2, pp. 984–1007, 2021. 

[15] V. Bulgakov, V. Adamchuk, S. Ivanovs, and Y. Ihnatiev, 
"Theoretical investigation of aggregation of top removal machine 
frontally mounted on wheeled tractor", Eng. Rural Dev., vol. 16, 
pp. 273–280, 2017. 

[16] V. Bulgakov, I. Sevostianov, G. Kaletnik, I. Babyn, S. Ivanovs, I. 
Holovach, Y. Ihnatiev, "Theoretical Studies of the Vibration 
Process of the Dryer for Waste of Food", Rural Sustainability 
Research, 44(339), pp. 32–45, 2020. 

[17] V. Adamchuk, V. Bulgakov, S. Ivanovs, I. Holovach, Y. 
Ihnatiev, "Theoretical study of pneumatic separation of grain 
mixtures in vortex flow", Engineering for Rural Development, 
vol. 20, pp. 657–664, 2021.

 

https://www.environmentalscience.org/career/agricultural-engineer
https://www.environmentalscience.org/career/agricultural-engineer

