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Abstract. This article is devoted to researching the relevance and justifying
the effectiveness of using visualization in the training of agronomy students. In
today's educational environment, where the volume and complexity of agronomic
knowledge is constantly growing, and given the visually-oriented type of
information perception by the current generation, traditional teaching methods are

becoming less effective. The problem of insufficient focus, difficulties in
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memorizing and systematically understanding the material requires the
introduction of innovative didactic approaches.

As part of the study, an anonymous sociological survey was conducted
among 80 students (40 junior bachelors and 40 bachelors), which made it possible
to determine their subjective perception of various visual formats. The survey
results revealed significant support for visualization: 67.5% of junior bachelors
and 82.5% of bachelors believe that the combination of images (photos, Al-
generated images), infographics, diagrams, mind maps, block diagrams and data
charts forms a concise, structured and easier to remember and understand system
for studying disciplines. Only a small proportion of students prefer the classic text
format or consider visualization unimportant. A comparative analysis confirmed
an increase in awareness of the effectiveness of complex visual methods as
learning progressed.

In addition, the article describes the practical experience of implementing
visualization in the learning process, which included the development of
presentations with diagrams and images for each lecture, the creation of short
visualized information extracts (infographics, mind maps, flowcharts) for effective
repetition and preparation for practical work, as well as updating lecture notes
with the integration of tables and photos. The use of such a comprehensive
approach demonstrated a noticeable increase in student focus and interest, which,
in turn, led to an improvement in the quality of knowledge acquisition and overall
academic performance.

It was concluded that visualization is a powerful didactic tool capable of
significantly improving the learning process for future agronomists, promoting a
deeper understanding of the material and the formation of practical skills.

Prospects for further development were identified, including the integration of
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interactive visualizations, content personalization, and longitudinal studies of the
impact of visualization on the formation of professional competencies.

Keywords: Visualization, agronomic education, learning effectiveness,
infographics, mental maps, diagrams, flowcharts, agronomy students, knowledge

acquisition, pedagogical technologies

Problem statement. The modern world is developing rapidly, and the
agronomic industry is no exception. It is undergoing transformational changes due
to the introduction of new technologies, genetics, precision agriculture, and climate
challenges. This requires future agronomists to have not just knowledge of
individual facts, but a deep, systematic understanding of the complex biological,
chemical and economic processes that occur in agricultural systems. However,
traditional teaching methods, which rely heavily on verbal presentation and textual
materials, are often not effective enough to achieve these goals. Students face
significant difficulties in perceiving and retaining huge amounts of new
information, understanding the interrelationships between different disciplines -
from soil science and plant physiology to agribusiness economics and ecology.

This problem is exacerbated by the fact that today's youth, Generation Z and
beyond, have a visual type of information perception. They grew up in an era
dominated by visual media - social media, video content, graphical interfaces. This
creates special requirements for the educational process: passive perception of
long, continuous texts becomes less effective, and attention retention becomes
more difficult. As a result, students may experience a lack of motivation and
decreased concentration during lectures, which negatively affects the quality of
learning and their overall performance. A lack of understanding of the theoretical

foundations, in turn, hinders the effective application of knowledge in practice,
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which is critical for an agronomist, as their decisions directly affect yields, product
quality, and economic performance.

Given these challenges, there is an urgent need to modernize the educational
process in agronomic higher education institutions. It is necessary to introduce
innovative methods of presenting material that would not only promote effective
memorization, but also develop critical thinking, skills in analyzing and
synthesizing information, and the ability to solve complex production problems.
Visualization of information - through the use of infographics, diagrams, mind
maps, flowcharts, visuals (photos, Al-generated images) - can potentially become a
key tool in this process. It allows you to present complex concepts in a concise,
structured, and easy-to-understand form, which contributes to better understanding
and long-term memorization. However, the question of its relevance and
effectiveness in the context of training future agronomists, as well as the subjective
perception of different visual formats by students, requires in-depth study and
justification, which is the basis of this article.

Analysis of recent research and publications. The issue of the
effectiveness of visualization in the educational process is the subject of numerous
studies in pedagogy, educational psychology, and didactics. It is generally
recognized that a person perceives and memorizes visual information better than
textual information, which is confirmed by numerous psychological theories and
experimental data. Fundamental to understanding this mechanism is Donald Hebb's
principle ("neurons that fire together connect together"), which states that
connections between neurons that fire simultaneously are strengthened. This is the
basis for the formation of stable neural connections during learning, including
when working with visual materials. The use of visualization in learning activates
different parts of the brain, contributing to better retention of information and its

transfer to long-term memory.[1]
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This thesis is supported by N.M. Manko's theory of cognitive visualization,
which indicates that cognitive visualization provides a systematic combination of
figurative and symbolic elements, which contributes to the formation of sustainable
results of knowledge acquisition. Manko emphasizes the importance of
coordinating the work of both hemispheres of the brain for effective learning, and
also identifies hierarchical levels of visualization that provide information
structuring and the formation of associative connections. The works of L.I.
Bilousova, N.M. Manko, A.G. Raputo, T.V. Soroka and modern pedagogical
research by D.S. Bezuglyi and O.V. Slavin have proven that visualization of
educational material contributes to more successful perception and memorization,
as visual images act as a support for the formation of correct ideas and contribute
to a better understanding of educational material (Bilousova, 2017; Manko, 2014).
These researchers point out that visualization activates the emotional and
imaginative components of thinking, provides cognitive structuring of knowledge,
and promotes the formation of associative connections that facilitate access to
information from long-term memory.[2]

Modern pedagogical approaches actively integrate visualization as a key
element of effective learning. In particular, in his cognitive theory of multimedia
learning, Richard Mayer (Mayer, 2001) experimentally proved that the
combination of text and visual elements (images, diagrams, animations)
significantly increases the level of learning compared to purely textual or oral
information. His research, as well as John Hattie's meta-analysis of "Visible
Learning" (Hattie, 2009), emphasize that visualization of knowledge (in the form
of diagrams, charts, drawings) is one of the most effective tools for improving
student achievement.[3]

Many studies in the field of higher education didactics (Mayer, 2001; Hattie,

2009; Bilousova, 2017) demonstrate that the use of presentations with images and
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diagrams increases the level of student engagement, concentration, and
understanding of the material compared to traditional lectures. Experimental
studies (Mayer & Moreno, 2003; Bilousova, 2017) show a statistically significant
increase in academic performance among students who studied using visualized
materials.[4,5]

However, despite the general recognition of the benefits of visualization,
specific studies of its use and effectiveness in agronomic education are less
numerous. The specificity of agronomic disciplines, which include complex
biological cycles, chemical reactions, geographical and climatic factors, requires a
special approach to visualization. Existing publications often focus on specific
aspects of visualization (e.g., the use of GIS technologies in geography), but a
comprehensive analysis of the perception and impact of different types of visual
materials (from photos to Al-generated images and infographics) on the learning of
future agronomists remains insufficiently studied. In addition, the subjective
opinion of students themselves about the effectiveness of different visual formats,
which is important for adapting curricula to their needs, is also not always
sufficiently taken into account in existing studies. This article aims to fill this gap
by analyzing the practical experience and empirical data obtained through a survey
of agronomy students.

Purpose and objectives of the article. The purpose of this article is to
comprehensively substantiate the relevance and comprehensively demonstrate the
increased efficiency of using various visual methods and tools in the modern
educational process aimed at training highly qualified agronomists. We aim not
only to confirm the positive impact of visualization on the quality of learning, but
also to analyze in depth its potential to improve students' overall academic
performance, shape their analytical thinking, and prepare them for effective

application of knowledge in real-life professional activities. Particular attention is
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paid to identifying the most effective visual formats from the point of view of
students themselves, which will allow developing more targeted and student-
centered approaches to teaching.

To achieve this ambitious goal, the following objectives were formulated,
covering both theoretical and practical aspects of the study:

1. In-depth analysis of theoretical foundations and modern approaches to
information visualization in the educational process. This task involves not just a
literature review, but a critical reflection on the leading pedagogical,
psychological, and cognitive studies that explain the mechanisms of visualization's
impact on the processes of perception, processing, and memorization of
information. Concepts related to cognitive load, dual coding theory, and
multimedia learning principles will be discussed, as well as the latest developments
in the use of artificial intelligence for visual content generation.

2. A detailed study of the subjective perception of agronomy students of
different courses (both junior bachelors and bachelors) of the effectiveness of
various visual methods of presenting information. This task will be realized by
conducting a comprehensive questionnaire that will identify students' preferences
for using photos, Al-generated images, infographics, diagrams, mind maps,
flowcharts, and data charts. Particular attention will be paid to analyzing
differences in perception between students of different levels of learning and
justifying these differences.

3. A systematic description and objective evaluation of practical experience
in implementing an integrated approach to visualizing educational material in the
real educational process. This includes a detailed description of the developed and
tested visualized materials (modernized presentations, short extracts of information

with visualization, updated lecture notes with tables and photos), as well as an
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analysis of methods for integrating them into standard lectures and preparation for
practical classes and exams.

4. Comprehensive assessment of the impact of the use of visualized
materials on key indicators of students' learning activities: the level of their interest
and focus during lectures, the depth of understanding of complex agronomic
concepts, and overall academic performance. This task involves a comparative
analysis of learning outcomes before and after the introduction of visualization, as
well as an assessment of the effectiveness of visual materials in preparing students
for educational practices and their active application of the knowledge gained.

5. Development of reasonable recommendations for the optimal and
systematic use of visualization to improve the quality of training of future
agronomic specialists. These recommendations will be based on empirical data and
research findings and will be of practical value to teachers and curriculum
developers. They will cover not only the choice of specific visual tools, but also
methods of their effective integration into the educational process, taking into
account the specifics of agronomic disciplines and the needs of modern students.

Presentation of the main material. Results of a sociological survey of
students. To objectively assess the relevance and effectiveness of visualization in
agronomic education, an anonymous survey was conducted among agronomy
students of different courses. The study involved 80 students - 40 people each from
the groups of junior bachelors and bachelors. The purpose of the survey was to find
out students' subjective perception of different visual formats and their impact on
the process of learning.

The following results were obtained among junior bachelor students (40
people):

- 27 students (67.5%) expressed a clear opinion that visual images (photos,

pictures generated by artificial intelligence) in combination with infographics,
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diagrams, mind maps, flowcharts, and data charts form a concise, structured, and
much easier to memorize and understand system of studying disciplines. This
indicates a high demand for an integrated approach to visualization among first-
year students.

- 3 students (7.5%) consider photographs and pictures ineffective for
learning, but at the same time recognize the high efficiency of the other listed
visualization methods (infographics, diagrams, mind maps, etc.). This category
probably prefers more abstract and structural visual elements over concrete images.

- 5 students (12.5%) do not see the need for infographics and other complex
visual formats, preferring the classic "text + photo" format as in traditional
textbooks. This may be due to the habit of traditional teaching methods or
individual peculiarities of perception.

- The remaining 5 students (12.5%) expressed the opinion that visualization
of information is not important to them at all. This group may have other dominant
channels of perception or lack of experience with effectively visualized learning
material.

Among the bachelor students (40 people), who are more experienced in
learning, the results are somewhat different:

- 33 students (82.5%) categorically state that visuals (photos, Al-generated
images) along with infographics, diagrams, mind maps, flowcharts, and data charts
create a concise, structured, and easier to remember and understand system for
learning disciplines. This is a significantly higher rate compared to junior
bachelors, which may indicate that senior students are realizing the benefits of
integrated visual methods as they delve into more complex agronomic disciplines.

- 2 students (5%) consider photos and pictures to be ineffective, but the rest
of the visual methods listed are effective. This trend is similar to the junior

bachelors, but represented by a smaller number of students.
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- 2 students (5%) stick to the "text + photo" format and do not see the need
for infographics. This group is also small.

- The remaining 3 students (7.5%) said that visualization of information is
not important to them. This is the smallest group among all surveyed bachelors.

Comparative analysis shows that with the progression of learning and the
increase in the volume and complexity of the material, students' awareness of the
effectiveness of complex visual methods increases significantly. While among
junior bachelors this figure was 67.5%, among bachelors this figure reaches 82.5%.
This underscores the growing need for visualization as a tool to structure and
simplify the learning of complex agronomic knowledge.

Experience of implementing visualization in the educational process

This academic year, a variety of innovative formats for presenting and
visualizing information were used in the training of agronomy students, which
became a kind of practical experiment to confirm the assumptions made. The
starting point was standard lectures consisting mainly of structured textual
material. On their basis, the following visualized materials were developed and
integrated:

- Presentations with images and diagrams for each lecture. For each lecture,
detailed presentations were developed that contained not only key theses but also a
large number of relevant visual images (photos of crops, pests, processes; diagrams
of mechanisms, biochemical cycles, and agrotechnologies). These presentations
were shown to the students during each pair. Observations showed that students
showed much greater focus and interest in the material. Visual support helped them
to better understand abstract concepts and associate theoretical knowledge with

real objects and processes. This helped to activate attention and reduce cognitive

load.
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- Short summaries of the main information with visualization for effective
repetition. For each topic studied, concentrated "extracts" of key information were
formed, presented in a visualized format. This included:

- Infographics: to present statistics (e.g., yield dynamics, soil distribution),
sequences of agrotechnological operations.

- Diagrams: to compare data, illustrate processes (e.g., plant development
cycles, chemical reactions).

- Mind maps: for structuring complex topics (e.g., soil classification,
fertilizer systems), allowing students to see the interrelationships and hierarchy of
concepts.

- Flowcharts: to visualize decision-making algorithms (e.g., diagnosing plant
diseases, choosing the best fertilizer).

- Data charts: for visualizing the results of experiments or agronomic
calculations. These visualized "squeezes" proved to be an extremely effective tool
for students to prepare for exams and internships on their own. Students actively
used them to quickly repeat, systematize knowledge and prepare for practical tasks,
which was confirmed by their ability to quickly operate with information during
field work or practical classes.

- Updating lecture notes. In addition to electronic materials, the traditional
lecture notes were significantly updated, supplementing them with relevant tables,
graphs, and photographs, as needed. This allowed students to have visual support
even while working with textual materials, making them more interactive and
understandable.

This integrated approach to visualizing educational material has yielded
tangible results: there has been a significant increase in the quality of knowledge
and overall student performance compared to previous years when visualization

was used to a lesser extent. Students not only memorized facts better, but also
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demonstrated a deeper understanding of interrelationships, systemic thinking, and
the ability to apply their knowledge to solve practical problems in agronomy.

Conclusions and prospects for further development. The conducted
research and analysis of practical experience convincingly confirm the high
relevance and effectiveness of visualization in the training of agronomy students.
The results of the sociological survey clearly demonstrate the growing demand of
students for visualized educational materials. Most respondents, especially senior
students, recognize that visuals, infographics, diagrams, mind maps, and
flowcharts greatly simplify the learning of complex agronomic concepts, make the
material more concise, structured, and easier to memorize. This indicates a
paradigm shift in the way modern students perceive information and the need to
adapt the educational process to it.

The practical implementation of a comprehensive approach to visualizing
educational material - through the development of presentations with diagrams and
images, the creation of short visualized summaries for repetition, and the updating
of lecture notes - has yielded tangible positive results. Observations and
improvements in student performance show that visualization helps to increase
focus and interest during lectures, allows students to prepare more effectively for
exams and internships, and to apply their knowledge more actively in practice. The
quality of knowledge and overall academic performance of students has
significantly increased, which directly correlates with the intensity of the use of
visual learning tools. This suggests that visualization is not just an auxiliary
element, but a powerful tool that dramatically improves the didactic process.

Thus, the purpose of the article - to substantiate the relevance and
demonstrate the effectiveness of visualization - has been fully achieved. The use of

visual methods is not only a tribute to modern trends, but also an objective need
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due to the complexity of agronomic disciplines and the peculiarities of information
perception by the current generation of students.

Prospects for further development of research and practical application of
visualization in agronomic education include

1. Expanding the range and diversification of visual tools: Exploring the
possibilities of integrating interactive visualizations, 3D models of agricultural
machinery and objects, virtual and augmented reality to simulate field work and
laboratory research.

2. Personalization of visual content: Development of systems that would
allow adapting visual material to the individual characteristics of each student's
perception, using, for example, elements of adaptive learning based on artificial
intelligence.

3. Study the long-term impact of visualization: Conducting longitudinal
studies to assess the impact of system visualization on the formation of
professional competencies of agronomists, their ability to innovate and solve non-
standard production problems after graduation.

4. Development of methodological guidelines: Creation of unified
methodological recommendations and manuals for teachers of agronomic
specialties on the effective development and integration of various visual materials
into the educational process.

The systematic implementation and continuous improvement of
visualization of educational material is the key to the quality training of future
agronomists who are able to work effectively in the face of constant change and

innovation in the agricultural sector.
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