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ABSTRACT

The purpose of the article is to substantiate
the possibilities of wusing fractals in
vocational training for higher education
students.

Methodology. In the research process,
general scientific and pedagogical research
methods were used: theoretical analysis,
synthesis, classification, systematization,
generalization, systematicity, survey and
modelling.

Results. A model for using fractals to design
the educational process in a higher
education institution has been developed. It
has been substantiated how fractals act in
the components of this model. It has also
been substantiated on the basis of the
specialties of labour protection and
transport logistics, that for the design and
structuring of the educational process it is
necessary that the competencies
developed are consolidated in the following
bachelor's or master's courses with
additional competencies in accordance
with the Standard of Higher Education of
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MeToio crarri € 06rpyHTYBAHHS
MOX/TINBOCTEN BUKOPUCTAHHSA GPAKTANIB Y
npogeciviHivi MigroToBLi 3406yBA4YiB BULLOI
oCBITH.

MeTtopgonoria. Y npoieci gocnimxeHHS 6y/10
BUKOPMCTAHO 3QrasibHOHAyKOBI m
negaroriyHi metoau OOCIIKEHHS:
TEOPETUYHI: QHQI3, CUHTE3, KIACUPIiKALlig,
cucTemMaTM3allis, y3arasibHeHHS,
CUCTEMHICTb, OMUTYBAHHS, MOAE/TIOBAHHS.

Pe3ynbrarTun. Po3pobrieHo mopfesib
BUKOPUCTAHHSA QPAKTAIB A1 MOAE/TIOBAHHS
OCBITHbOIO MpPoLEecy 3AakK/1a4y BMLOI OCBITH.
O6rpyHTOBAHO 9K ¢pakTanun OilnTs B
CKIaQOBMX Uiei Mogdesni Ha CreuiasibHOCTaX 3
OXOPOHM MpALyl, TPAQHCMOPTHOI SIOFICTUKM, LLIO
AN MPOEeKTYBAHHA T4  CTPYKTYPYBAHHS
OCBITHBOrO  ripouecy  HeobxigHo,  ujo6
CHOPMOBAHI KOMMAETEHTHOCTI 3QKPIr/ItOBA/INCH
HQ HOCTYyrHuWX Kypcax 6akaaaBpara  4yum
MaricTpaTypu 3 A00QTKOBUMM
KOMMETEHTHOCTAMM BiAgrnoBigHo Ao CtagapTty
BULLIOI OCBITW YKpQiHu, OCBITHbOI Mporpamm
nigroToBKku 3406yBadYiB, cnieyianisauii,
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Ukraine, the educational program for
preparing applicants, specialization, and
work program. Patterns, as well as fractals,
can be used to identify recurring concepts in
various disciplines, simplifying learning.
During the implementation of fractals in the
educational process for vocational higher
professional education students, it was
confirmed that fractals, as well as recurring
patterns, were rationally used in the design
of training modules, in assessing the
individual trajectory of a student during
professional training, as well as in the study
of complex systems, which helped to
structure the educational process.

Conclusions. During the fractal use in the
vocational professional training for higher
education students, it was confirmed that
fractals, as well as repeating patterns, were
rationally used in research, in the design of
training modules, as well as in the study of
complex systems, which helped to structure
the educational process. The result of the
developed model allows us to provide
higher-quality and safer education in
difficult conditions, in particular in the fields
of transport, professional and technological
education.

Keywords: fractal, pattern, student, higher
education institution, transport logistics,
occupational safety, pedagogy.

pob6o4oi nporpamu. FlatepHu, 9K i ppakTanu,
MOXXHQ BUMKOPMCTOBYBATU A/19 igeHTU@IiKauii
MOBTOPIOBAHMX KOHUenuivi y  PIi3HUX
ANCUMMNIHAX, CIPOLLYIOYM HaBYAHHS. [1ig Yyac
BrpPOBAMKEHHS  GPAKTA/IIB B  OCBITHIN
npouec 3006yBa4YiB  BULLOI  MpogeciviHol
OCBITV MiATBEPAXKEHO, WO GPAKTAAM, FK |
MOBTOPKOBAHI naTepHH, paLioHas1IbHO
BMKOPUCTOBYBA/INCH B MPOEKTYBAHHI
moayniB ~ HABYAHHS,  Apyv  OLIHIOBAHHI
iHOMBIAYAsIbHOI TPAEKTOPIT HABYQHHS
CTyAeHTAa nif 4ac rnpogeciviHoi NigrotoBku, A
TAOKOX Yy BWMBYEHHI CKAQQHWX CUCTEM, LLO
AornomMarasio  CTPYKTYpPyBATHW  HABYA/IbHMM
npotec.

BucHoBKW. DpakTasuv, 9K | MOBTOPHOBAHI
naTepHY, PALiOHA/IbHO BUKOPUCTOBYBATU B
AOC/OXXEHHSAX, B [NPOEKTYBAHHI MoAy/liB
HOBYQHHS, O TAKOX Y BUWBYEHHI CKAOQAHUX
cucTteM, uUe JoromMarasio  CTRPYKTYPYBATH
HQBYQIbHMM npouec. Pe3ynbTaTt
po3pobrieHoi moaesni AAd€ 3MOry OLUIHIOBATU
IHAWBIAYAnbHY TPAEKTOPIIO HOBYQHHS
CTyAeHTa, HaaaTu 6inbll SKICHY | 6e3rneyHy
OCBITY Yy CKAQOHWX YMOBQX, 30KpemMa Yy
rasyssax TPAQHCMOPTHOI, MmpogeciviHoi  Ta
TEXHOJ/IOrMYHOI OCBITH.

Kno4oBi cnoBa: ¢ppaxkTan, rnaTtepH, CTyaeHT,
3aKk/1a40 BULOi  OCBITH, TOAHCIOPTHA
JIOFICTUKQ, OXOPOHA rMpaLli, Negarorika.

INTRODUCTION

In accordance with the National Strategy for the Development of Education in Ukraine,
key areas of state policy in the field of education have been identified, including:
ensuring favourable conditions for learning and development, developing scientific and
innovative activities in education, supporting research and implementing innovations to
improve the quality of education, etc.

In this context, teachers, students and other teaching staff of higher education
institutions need to improve the quality of higher professional education in connection
with the emergence of new modern technologies and methods to improve the
educational process. Among these technologies and methods is the possibility of using,
for example, fractal theory in the educational process of professional training for higher
education students in vocational field has not been studied.

The purpose of the study is to substantiate the possibilities of using fractals in vocational
education during the professional training of future specialists in higher education
institutions.

The problem of using fractals during professional training in higher education
institutions has been studied by many scientists. We agree with Vozniuk (2012) that each
element of the whole is fundamentally necessary, since without it the whole will no
longer be itself; therefore, the whole is ontologically equal to the parts, and the parts to
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the whole. The author substantiates the fractal-holographic principle of integrity, when
the goal of developing the components of the whole, is as if set in advance. As Vozniuk
(2012) rightly points out, the fractal-holographic principle of “all in all” involves the
development of a synergistic approach to building a socio-pedagogical environment,
which reveals the main aspects: the subject-subject nature of relationships in the
educational process; formation of an active, multifaceted educational and pedagogical
environment in the system; restoration of the pedagogical system.

The importance of developing a synergistic approach to building a socio-pedagogical
environment is substantiated by Shvets (2022). She determined that synergistic and
systemic approaches contribute to the formation of an appropriate, adequate
formulation of the essence of the problems under study in specific sciences and the
selection of effective ways to solve them.

As a result of their research, Tkachenko and Krasnobokyi (2020) came to the conclusion
that the process of professional teacher training belongs to dynamic systems that are
actively developing.

The components of such systems, as scientists rightly point out, require constant
improvement: the goal, content and technology of methodological training, the
educational environment, the teacher, the subjects of the educational process.

It is worth noting Donchenko’s (2005) conclusion that his model of the world is fractal in
nature, and that these fractals exhibit rotational properties.

According to Yurzhenko (2012), the comparative characteristics of fractal psychology and
Gestalt psychology make it possible to implement them in modern pedagogical science.
In particular, Yurzhenko came to the correct conclusion that for the fractal concept of
activity, which is built on a dichotomous structure, there are objectively two motivational
aspects: positive and negative.

In another work, Yurzhenko (2014) justifies the fractal approach to determining the
content and structure of learning using the example of the educational field of
“Technology”. He rightly notes that the basis of technical and technological fractal
reflection of personality is develops on the basis of cognitively methodical constructs.

The use of fractal dimension in foundry production was studied by Thinlegged et al,
(2024). They reasonably noted that the fractal type model is based on determining the
self-similarity of the object; the main property of fractal objects is independence from
scale; the results of research on the properties of one of the dimensional levels extend to
other scale levels.

As the researcher of fractal psychology Donchenko (2005) correctly notes, patterns
(repeated elements or structures that can be used for analysis, creation of something or
prediction of events) and any organized structure are combined into a single whole.

Theoretical analysis of promising approaches to the use of scientometric methods based
on the theory of fractals was successfully used by Svyrydiuk (2017). Using scientometric
methods of content analysis, Svyrydiuk, using the Hurst Index and Hausdorff-Bezikovych
dimension, investigated 137 master's theses submitted to the Zhytomyr Institute of
Nursing, He came to the conclusion that the theory of fractals has broad prospects for
applied use in medicine, both social and clinical.

Worthy of note is the research of Bridger (2023), founder of NeuroCo and The Mindlab,
and site director of the NeuroStrata agency, on the interactionist approach to
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understanding design, which involves searching for recurring elements capable of
influencing people.

Vozniuk and Dubaseniuk (2009) came to the same conclusion. They rightly believe that
in modern education an integrative psychological-pedagogical and philosophical-
naturalistic approach to the goals and mechanisms of personality development in the
context of the educational trajectory should be widespread.

However, one should agree with Dubaseniuk and Vozniuk (2022) that in the context of
educational changes, trends in the development of higher education systems in the
context of global integration processes stand out, including the formation of the digital
generation, the development of the network space, an improved structure of the
educational process (which is focused on developing the ability of future teachers to
enhance the differentiation and individualization of the educational space), and the
creation of new generations of curricula taking into account the individual trajectory of
the future teacher's development.

METHODOLOGY

In the process of research, general scientific and pedagogical research methods were
used:

— theoretical: comparative, retrospective analysis of pedagogical literature and
generalization and classification of scientific research in pedagogical sources to
substantiate the possibility of use in pedagogy;

— systematicity: observation of the relationship and interaction of fixed fractals during
the professional training of future teachers among students in different courses;

— synthesis; (general scientific, interdisciplinary, interdisciplinary) when teaching the
disciplines of the transport industry and occupational safety of vocational education
to substantiate the unity of interconnected competencies in higher education
institutions using these specialties. That is, formulating a conclusion; analysis of the
educational and work programs of the bachelor's and master's degree programs in
vocational education (Transport, Occupational Safety) to clarify the state of
professional training of future specialists of the pedagogical direction in the
transport industry and occupational safety;

— method of surveying teachers, students and members of the administration of the
above-mentioned industries to identify problems in consolidating and forming the
following competencies depending on the year of study;

— modelling method to create a model of the use of fractals in higher education
institutions.

RESULTS

Using the theoretical research method, pedagogical scientific works among Ukrainian
scientists and scientists from other countries were analysed. The analysis focused on the
possibilities of using fractals in the educational process. Using fractal theory, students
were assessed when mastering the initial material. Based on the modelling method, a
model of using fractals in pedagogy was developed.

During the study of how the use of fractals can influence the educational process and
what competencies should be formed and consolidated, a survey was conducted in the
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form of a questionnaire, in which respondents (teachers and students of transport and
labour protection, members of the administration) were asked the following questions:
“In your opinion, what competencies of first-year undergraduate students should be
consolidated during the assimilation of educational material?” "Why, in your opinion,
should repetitive patterns be used when mastering educational material in different
years of study?" This survey revealed shortcomings in the organization of the formation
of competencies in students.

The survey included 160 respondents from the Faculty of Technological and
Mathematical Education, specialty “O15 Vocational Education (Occupational Safety)” and
students of the transport industry of the Educational and Scientific Centre of the
National Centre of Vocational and Technical Education of the National Academy of
Sciences of Ukraine, as well as members of the administration of the relevant institutions.
All participants in the study were informed about its purpose and content, and they gave
their consent to participate with the assurance of confidentiality and anonymity of their
responses. In accordance with the Code of Ethics of the American Sociological
Association (1997), the data collected were used for scientific purposes and were not
disclosed to anyone.

To the question: “What competencies do you think should be established in first-year
undergraduate students during the acquisition of educational material?” 70% of
respondents noted that in the first year of undergraduate studies, students should
develop general competencies, in particular, the ability to work independently, to carry
out interpersonal interaction, to search, process and analyse information from various
sources, and academic integrity.

Among the specific competencies developed in the first year of the bachelor's degree,
75% of respondents indicated the ability to apply knowledge of legislation, state
standards, and industry regulations.

Regarding the educational results of the educational activities of first-year bachelor’s
degree students, 80% of respondents noted students’ mastery of the basics of
information and digital technologies, integrity, pedagogy, psychology, methodology,
culture, national and patriotic education.

To the question: "WHhy, in your opinion, should repetitive patterns be used when
mastering educational material in different years of study?" 90% of respondents
indicated consolidation of acquired competencies, obtaining additional competencies
in accordance with the Standard of Higher Education of Ukraine, the educational
program for preparing applicants, specialization and the work program.

Therefore, based on the survey results, we can conclude that the use of fractals allows
for better learning of educational material and consolidation of competencies developed
in the educational process.

The development of professional education, in particular in labour protection and
transport logistics, requires adaptive changes in connection with the war. As shown by
the work at Hryhorii Skovoroda University in Pereiaslav at the Departments of Theory
and Methods of Professional Training, Methods of Technological Education and
Computer Graphics, as well as at the Educational and Scientific Centre of the National
Centre of Vocational Training and Technical Education of the National Academy of
Sciences of Ukraine (during the professional training of future specialists in the transport
industry), the development of professional education using the theory of fractals is
shown in Figure 1in the form of a model.
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Figure 1
Fractal model of competence development for higher education students

Fractals in the educational process of a higher education institution

MASTER'S DEGREE

Competencies developed in the sixthyear 1 2 3 4 5 6 7 8 9 10 11 12 13
6 7 8 9 10 1N

N
W
Ul

Competencies developed in the fifth year 1
BACHELOR'S DEGREE

Competencies developed in the fourth 1 2 3 4 5 6 7 8 9
year of higher education

Competencies developed in the thirdyear 1 2 3 4 5 6 7
of higher education

Competencies developed in the second 1 2 3 4 5
year of higher education

Competencies developed in the first year 1 2 3
of higher education

To build the fractal model, the following were used: the educational and professional
programs in “Professional Education (Occupational Safety)” at both the first (bachelor’s)
and second (master’s) levels of higher education within the specialty “015 Professional
Education (Occupational Safety),” which belongs to the field of knowledge “O1 Education
/ Pedagogy.” These programs correspond to the qualifications of Bachelor of Vocational
Education and Master of Vocational Education, with the respective professional titles
Teacher of Vocational Training and Master of Vocational Education.

Also used were the educational and scientific program of the third level (educational and
scientific level) of higher education in the field of knowledge “0O1 Education / Pedagogy”,
in the specialty “015 Professional Education”, leading to the qualification of Doctor of
Philosophy in Vocational Education.

In addition, the educational and professional programs in “Secondary Education (Labor
Training and Technologies)” at both the first (bachelor’'s) and second (master’s) levels of
higher education in the specialty “O14 Secondary Education (Technologies)” were used.
These correspond to the qualifications of Teacher of Labor Training and Technologies in
Secondary Education Institutions and Master of Secondary Education, respectively.

The Educational and professional program “Maintenance and repair of automobiles and
engines” for obtaining the educational and qualification level Junior Specialist of the
initial level of higher education in the specialty: “274 Motor transport”, with the
specialization: “Maintenance and repair of automobiles and engines” field of knowledge
“27 Transport” qualification mechanic etc were used too.

According to the model of using fractals in the educational process of a higher education
institution (Fig. 1), the competencies that students develop at the beginning of their
studies are fractally repeated in subsequent courses with the formation of new
competencies, as shown in the model. For example, in the first year of undergraduate
studies in the above-mentioned specialties, students develop general —and particularly
key — competencies such as the ability to work independently, engage in interpersonal
interactions, search for, process, and analyze information from various sources, apply
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knowledge in practical situations, make informed decisions, and demonstrate academic
integrity and personal responsibility.

These include the student's value orientations, moral and spiritual qualities, the
development of patriotism, communicative skills gained during professional training
and internships, the cultivation of culture within the educational environment, mastery
of safety measures in the learning process, the ability to follow an individual educational
trajectory, as well as independence and self-realization. (Vaintraub, 2024a). Among
special professional competencies, for example, in the first year of the bachelor's degree,
the students develop the ability to apply knowledge of legislation, state standards,
industry regulations.

The integral competence of first-year bachelor's degree students is associated with the
ability to solve specialized tasks of a research and innovative nature. Program results of
educational activities of first year bachelor's degree students include the ability to
master the basics of ICT, integrity, pedagogy, psychology, methodology, culture, national
and patriotic education (Vaintraub, 2024b).

All these competencies should be consolidated in subsequent bachelor's or master's
degree courses with additional competencies in accordance with the Standard of Higher
Education of Ukraine, the educational program for preparing applicants, specialization,
and work program.

The competencies considered, repeated and consolidated in the following training
courses, are fractals, which are known to propagate in three main ways. According to the
first method, iterative functions are included using geometric substitutions and
transformations into geometric fractals. Fractals generated using iterative functions
often exhibit exact self-similarity. This occurs when the fractal looks the same at different
magnifications.

It is appropriate to consider the second common method of creating fractals, using
recurrence relations. Fractals using these relations are created at every point in space.
Fractals generated using recurrence relations are usually almost (but not exactly) self-
similar. And, finally, the third method is associated with stochastic processes in which
some parameters change randomly. Probabilistic fractals are examples of fractals that
are statistically, but not almost or exactly, self-similar.

Using these and other methods, fractal theory can help design and structure the
educational process, demonstrating how the acquisition of knowledge and skills at
different levels repeats similar patterns. This approach contributes to a deep
understanding of the educational material and the development of critical thinking in
students.

Patterns can be used to identify recurring concepts, in particular in different disciplines,
simplifying learning, for example, in science for classification, in pedagogy for solving
similar problem situations.

Fractals, like recurring patterns, have been rationally used in practice, in research,
modular learning, and in the study of complex systems, which helped to structure the
educational process. When designing the educational process, students incorporated
recurring modules such as video lectures, tests, interactive tasks, group projects, and
online discussions. This, as practice has shown, helped to consolidate the material and
increase student engagement.
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Fractal learning modules can be implemented through a methodically planned
structure that allows for the breakdown of complex material into smaller, easily
digestible parts. This will promote deeper understanding and active student
engagement in the learning process. Fractal patterns in vocational and technological
education have been revealed through recurring concepts that are deepened at
different levels of the educational process, allowing students to build strong knowledge
by jointly studying similar topics in new contexts.

At the same time, it is important to assess with sufficient probability various aspects of
the educational process. In particular, the Hausdorff-Bezikovitch dimension D (a
guantitative measure of the non-ideality of an object) and the Hurst index H (its
opposite) made it possible to assess the quality of acquired competencies in bachelors
and masters.

This quality was predicted with the appropriate correction for the next year. In this
aspect, the decisive factor is that with the help of fractal theory, the student’s learning
will be monitored by analysing his progress (or regression) and success (or failure) at
different levels with the identification of recurring patterns in his learning habits.

Such studies made it possible to assess, in particular, the individual trajectory of the
student during professional training, as well as to predict his development of acquired
competencies in the future.

This contributed to the correction of the educational process, in particular in the case of
unsuccessful mastering of the educational program. Of course, it was important to
analyse the reasons for failure, provide additional support, adapt teaching materials and
methods, and introduce regular monitoring of student performance.

Thus, fractals in pedagogy, in particular in vocational and technological education, have
the prospect of practical use in the educational process and of improving the quality of
the pedagogical field itself.

DISCUSSION

The relevance and necessity of developing teachers' professional skills in martial law
conditions are substantiated. The model developed of using fractals in the educational
process of a higher education institution determines how to structure the educational
process to form competencies in applicants. The result of this model makes it possible to
provide higher-quality professional education, assess the individual trajectory of a student,
predict the development of acquired competencies and adjust the educational process.

Fractals should be used in the design of training modules when studying complex
systems which helps to structure the educational process. This will help teachers develop
the ability to crisis manage the educational process and educational work with students
when teaching in emergency conditions, in particular during the war in Ukraine. The
possibility of using fractals in education is confirmed by the research of Barnsley (1993).
He rightly emphasized the omnipresence of fractals everywhere, in science, nature, and
the environment. The use of fractals in mathematics, physics, and other natural sciences
has been examined by Falconer (2003), Mandelbrot (1982), and Peitgen et al. (2004).

Providing moral and emotional-psychological support to colleagues and students in
stressful situations is a key aspect of managing the educational process. One of the most
important challenges is maintaining and adjusting the emotional and psychological
state of all participants involved. In this context, it is also worth highlighting the effective
use of information and digital technologies, which was an important focus of the study.
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One cannot but agree with Tkachenko and Krasnobokyi (2020) that the educational
process requires constant improvement, in particular, the goal, content and technology
of methodological training, the educational environment, the teacher, the subjects of
the educational process, etc.

This is especially true in modern conditions, during the consequences of the military,
aggressive actions of the Russian Federation against Ukraine. In this regard, one should
agree with researchers such as Vozniuk and Dubaseniuk (2009) and others about the
importance of improving the educational process in non-standard conditions, and the
spread of an integrative approach to personal development in the context of the
educational trajectory.

CONCLUSIONS

The relevance and necessity of using fractals in the educational process of a higher
education institution, in particular under martial law, is considered. A model for using
fractals in the educational process of a higher education institution in the form of a table
has been developed. The material proposed will be of interest to teachers of higher
education institutions in the following areas: transport, professional and technological
education. It is based on the specialties of labour protection, transport logistics, and
proposes that for the design and structuring of the educational process, it is necessary
that the competencies developed be consolidated in subsequent bachelor's or master's
courses with additional competencies.

It is confirmed that fractals, as well as repeating patterns, are rationally used to identify
repeating concepts in various disciplines, in research, in the design of training modules
and in the study of complex systems. Using the Hausdorff-Bezikovitch dimension
formulas D and the Hurst index H from fractal theory, it is possible to assess the quality
of competencies acquired in bachelor's and master's degree students, correct and
predict this quality, which makes it possible to assess the individual trajectory of the
student, and predict the development of these acquired competencies in the future.

The material proposed will be of interest to teachers of institutions of higher and higher
education in the fields of: transport, professional and technological education. Prospects
for further research in this direction are the development of a model that provides new
aspects of the use of fractals in pedagogy in war and post-war times, examples of the
model, which foresees new components of professional training of scientific and
pedagogical workers of higher education institutions under martial law.
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