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ONTOLOGICAL MODELING OF THE TEACHER TRAINING PROCESS
WITH ELEMENTS OF STEM EDUCATION

STEM-BIJIIM BEPY DJIEMEHTTEPI BAP OKbITYIIBIJIAPABIH BIJIKTIJIITTH
APTTBIPY ITPOLECIH OHTOJIOI'UAJIBIK MOAEJIBAEY

OHTOJIOI'NTYECKOE MOJEJIMPOBAHHUE ITPOLECCA INOBBIIIEHUSA
KBAJIM®UKALIMUA NPENOJABATEJIEN C 3JIEMEHTAMM STEM-OBPA3OBAHUSI

Abstract. The article discusses the construction of an "Ontological model of the teacher training process with the
integration of STEM education.” The scope of ontological modeling of the teacher training process with elements of
STEM education is determined by several factors.

Firstly, in recent years, attention to STEM education (science, technology, engineering and mathematics) has been
increasing around the world, as these areas of knowledge are key to the development of innovation and economics.
Secondly, the development of information and communication technologies leads to the emergence of new teaching
methods and educational models. Thirdly, the existence of an ontological model of the teacher training process with
elements of STEM education can significantly facilitate the creation and implementation of individual educational
programs.

The implementation of the results of the study "Ontological model of the teacher training process with the
integration of STEM education™ in educational institutions and universities of the Republic of Kazakhstan will provide
online support for the educational process, as well as organize collaboration and communication between students and
teachers.

The use of ontological engineering and the STEAM approach in the professional development of teachers will help
in the development of curricula, assessment of their competencies, improvement of the quality of education and
personalization of training.

Keywords: knowledge, ontology, ontological engineering, knowledge base, ontological model.

Anoamna. Maxanaoa «STEM-6inim bepy ummespayuscol 6ap oKbImywblIapObly OLIKMIiniciH apmmuipy
npoyeciniy  OHMONO2UATLIK  MOOeni»  Kypulivicblh  Kapacmouipaovl. STEM-6inim  bepy snemenmmepi  Oap
OKbIMYWbLIAPObIY GLIIKMINIZIH apmmulpy NPOYECiH OHMONOSUSLIbIK, MOOeNbOey canaiapvl Oipneuie gaxmopiapaa
oatinanvicmul.

Bipinwioen, conzvl orcolnoapvl Oyxin onemoe STEM 6inimine (SblivlM, MEXHONO2US, UHICEHEPUS JiCIHE
MameMamuka) Hazap ayoapoliyod, otumkeni Oyn OiliM caianiapbl UHHOBAYUSL MEH IKOHOMUKAHbL OAMbIMYObLY Kiimi
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60abin madwvLIaowl. EXiHwioen, aknapammuolk HeaHe KOMMYHUKAYUSIBIK MEeXHOI02UAAAPObIH 0aMYbl OKbINYObLH HCAHA
20icmepi men 6inim bepy modenvoepiniy naioa boayvina axenedi. Yuiinwioen, STEM-6inim 6epy snemenmmepi 6ap
OKLIMYWBLIAPObIY  OLIIKMINICIH  apmmulpy NPOYECIHIY OHMONO2USbIK MOOeNiHiy 0oyl Jiceke Oinim  Gepy
bazoapramanapsii KYpyowl HcaHe icke acvlpyovl e0ayip sceninoemedi.

Kasaxcman Pecnyb6nuxaceinviy Binim 6epy yiimoapul men dcozapul oKy opuinoapuinoa «STEM-6inim 6epydin
uHmezpayuacsl 0ap OKbIMYWbLIAPOblY OILIKMINi2iH  apmmulpy NPOYeCiHiy OHMONOSUANBIK MOOeniy 3epmmey
Homudicenepin Konoamy Oinim bepy npoyecine OHIAUH-KOIOAYObl, OKbIMYWbLIAPMEH OiliM anyubiHbIY OiprecKeH
JHCYMBICHL MEH KAPLIM-KAMBIHACHIH YULIMOACMbIPYObl KAMMAMACHL3 emeoL.

Oxbimywbliapovly Oinikminiein apmmulpy npoyecinoe onmonocusiblk unxcunuputne new STEAM-macindi konoany
0Ky 6agdapramanapviy a3ipreyee, OKbIMywbliapobly Ky3vlpemmepin 6a2anayea, Oinim canacblh apmmulpyad HCoHe
OKbIMYWBLIAPObIY OLIIKMINIZIH apmmulpy Ke3iHOe OKblmyObl dceKeleHIIpyee KomeKkmeceol.

Tyiiin co30ep: 6inim, oHmMoONI02UA, OHMONOUANBIK UHICEHEPUs, OiniM 0A3aChbl, OHMOIOSUANBIK MOOEIb.

Annomayusn. B cmamve paccmampusaemcs nocmpoerue «Onmono2udeckas MoOelb npoyecca NOGbIUleHUs!
Keanuguxayuu npenooasamenei ¢ unmeepayueii STEM-obpasosanusay. Cehepbl oHmMonI02UUECKO20 MOOTUPOBAHUS
npoyecca noevlulenusi Keamugukayuu npenooagamenei ¢ onemenmamu STEM-obpazosanus obycnosiena
HECKONbKUMU (parmopamu.

Bo-nepesvix, 6 nocneonue 2o0vl enumanue k STEM-o6paszosanuio (Hayka, MexXHONO2UU, UHMCEHEPUs U
MAMEMAamuKa) y8eaudueaemcs o 6cemy Mupy, max KaxK osmu 001acmu 3HaHUll A61AI0MCA KII0YesblMU OJisl pa3gumusl
UHHOBAYULL U IKOHOMUKU. Bo-6mopbix, paszgumue uHGOPMAYUOHHBIX U KOMMYHUKAYUOHHBIX MEXHOIOUL NPUGOOUM K
NOABNIEHUIO HOBLIX Memo008 o0OyueHus u moodereud obpazosanus. B-mpemvux, cywecmeogsanue onmonozuueckoul
Modenu mnpoyecca nogviuteHus Keanuguxkayuu npenodasameneii c¢ snemenmamu STEM-o6pazoeanus modcem
3HAUUMENbHO 00e2YUMb CO30AHUE U PEaTU3aAYUI0 UHOUBUOYAILHBIX 00PA308AMENbHBIX NPOSPAMM.

Bueopenue pezynomamog ucciedoganus «Onmonozuveckas Mmooenb npoyecca NoGululeHUs Kearu@purayuu
npenodasameneti ¢ unmezpayuei STEM-o6pazoseanusy 6 obpazosamenvHvle yupescoenus u 6yswl Pecnybauxu
Kaszaxcman nozeonum obecneyums oHAAUH-NO00EPIUCKY YHeOHO20 npoyeccad, a makice OpeaHu308ams COBMECMHYIO
pabomy u odujeHue 00YYaArWUXCsL ¢ NPEn0Oa8ameIsiMu.

Hcnonvzosanue  oumonocuveckoeo  undcunupunea u STEAM-nooxoda 6 nogvlutenuu — Keanugukayuu
npenooasameneii. NOMONiCem 8 pazpadomKe Y4eOHbIX NPOSPAMM, OYEHKe UX KOMNeMeHYUll, YIVYUEeHUU Kayecmed
00pa3z068anUs U NEPCOHANUZAYUU OOYHEHUSL.

Kniouesnle cnosa: snanue, 0HMONO2UsL, OHMOLOSULECKUTL UHICUHUPUHE, 6a3a 3HAHUTI, OHMONIOSUYECKasl MOOETb.

Introduction. In the State Program for the Development of Education and Science of the
Republic of Kazakhstan for 2020-2025 and in the program “Digital Kazakhstan” President
Kassym-Jomart Tokayev focuses on the importance of digitalization of all spheres of life, as well
as on the continuous education of students and improving the professional competence of
teachers.

The Law on Education in the Republic of Kazakhstan, the national educational standard and
the Education Development program for 2022-2025 define new targets for the country's
educational system aimed at meeting the challenges of the 21st century, the requirements of
international law, innovative economic development and modern needs of society. One of the key
areas is the development of human individuality and competitiveness in an ever-changing world.
In the modern world, the problem of the formation of a creative personality capable of
independently replenishing knowledge, extracting benefits, and realizing their own goals and
values in life is very relevant. This can be achieved through the cognitive-research activities of
students in various key academic areas such as science, mathematics, technology, and
engineering. For this purpose, it is planned to introduce STEAM elements into the educational
program, aimed at developing new technologies, scientific innovations, and mathematical
modeling.

STEAM education is the bridge that connects learning and careers. The need for innovators in
education in the modern world leads to a shift in existing priorities. It is necessary to develop
critical thinking skills, digital skills that are important for innovation, and find ways to develop
them.

The relevance of research in the field of ontological modeling of the process of teacher training
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with elements of STEM education is due to several factors. Firstly, in recent years there has been
a worldwide trend towards increasing attention to STEAM education (science, technology,
engineering and mathematics), as these disciplines play a key role in the development of
innovation and economics. Secondly, the development of information and communication
technologies creates new teaching methods and educational models.Third, the existence of an
ontological model for the process of teacher professional development with elements of STEM
education can significantly facilitate the creation and implementation of individual educational
programs.

Object of study is the process of improving the teacher’s qualifications. Subject of research
are concepts, connections and properties associated with the process of professional development
of teachers with elements of STEM education are crucial. It is advisable to put forward a research
hypothesis that the use of ontological modeling in the process of advanced training of teachers
with elements of STEM education will effectively structure and organize the knowledge and skills
necessary for successful teaching of science, technology, engineering and mathematics subjects,
which will lead to improved quality of education and increasing the professional competence of
teachers.

Obijective of the project: creating a formal model that allows you to describe and structure the
knowledge, concepts and connections associated with the process of professional development of
teachers in the field of STEM education.

Research objectives:

- research of world experience in the field STEAM approach and ontological engineering in
the process of advanced training of teachers;

- development of an information model of the ontological knowledge base of the process of
advanced training of teachers with elements of STEM education;

- performing a semantic description of knowledge about the subject area using ontological
engineering methods;

- building an ontological model of the process of advanced training of teachers with elements
of STEM education.

Ontological modeling allows you to create a formal knowledge structure that reflects the
connections between concepts and the subject area, which in turn allows you to more effectively
organize and standardize the process of training and advanced training for teachers, i.e. process
of teacher training.

Scientific novelty: is to use ontological modeling methods for the process of advanced training
of teachers with elements of STEM education, providing the opportunity to develop new
competencies among teachers, as well as methods of intellectual knowledge processing based on
the use of descriptive logic, statistical classification methods, Text Mining and Semantic Web
technologies.

Practical significance: lies in the possibility of creating an ontological modeling system for the
process of advanced training of teachers with elements of STEM education, providing the
opportunity to develop new competencies among teachers, the learning process implementation
of the STEAM approach in educational institutions and authorized bodies of education and
science of the Republic of Kazakhstan.

Literature review. STEAM education is a mechanism that provides a link between learning
and professional careers. In the modern world, there is a need for innovators in education, which
leads to a change in priorities. One of the important areas of student activity is scientific and
technical creativity, and one of the most innovative areas in this area is educational robotics,
including the study of the fundamentals of technology, information modeling, programming and
information technology.

Developing critical thinking and digital skills, which are essential for innovation, is a must.
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Developments in the application of robotics, artificial intelligence, unmanned vehicles, e-
commerce and big data processing technologies are proving important.

STEAM education offers an integrated approach to solving urgent problems, which is based
on the interaction of various fields such as natural sciences, engineering, mathematics, digital
technologies, as well as the study of networks, blockchain and foresight. The education system is
influenced by the digital revolution and the 1V technological revolution, which combines several
“exponential technologies” such as artificial intelligence, biotechnology and nanomaterials. As a
result, significant changes are needed in data science, artificial intelligence, robotics, and
nanomaterials curricula.

Future jobs in the technology sectors will be related to artificial intelligence, machine learning,
robotics, nanotechnology and 3D printing. New forms of education associated with the IV
technological Revolution cover the development of new technologies and emphasize the
importance of educational robotics as a means of preparing students for innovative technical
activities. Attention is also focused on the formation of students' competencies, such as solving
complex problems, critical thinking, creativity, effective teamwork, leadership and emotional
intelligence, which is achieved through project activities.

Modern artificial intelligence and programming tools (deep neural networks of artificial
intelligence) make it possible to solve complex problems in the field of robotics. Aimed at
creating and analyzing algorithms, artificial intelligence tools are computer programs that
provide a machine with its own intelligence and behavior. Artificial intelligence provides robots
with computer vision capabilities, allowing them to navigate, perceive, and respond
appropriately. Machine learning (as a part of programming) is how robots learn to perform tasks
from humans.

Although the term “knowledge management” originated in the 90s of the XX century, the
issues of developing and implementing knowledge management systems at the basic level of
infrastructure are still relevant and extremely important for involving more participants in the
knowledge transfer process. One of the ways to solve this problem is to create an ontological
model of the teacher training process using the STEAM approach.

Knowledge is a key resource for organizations. Therefore, they need to use and manage their
existing knowledge effectively. In this regard, the importance of knowledge management and
transfer becomes obvious.

Currently, ontological knowledge bases are gaining the greatest interest, since they have a
significant advantage over traditionally used relational databases. The ontological approach to the
development of competency models is considered in (Davydenko, 2016; Bova, 2021; Kalimoldaev
et al., 2015; Sutaphan et al., 2019; Hassan, et al., 2021). The STEAM approach to the educational
process is reflected in works (Shahali et al., 2017; Ritz et al., 2015; Ahmadi et al., 2014).

ApproachThe works of foreign scientists are devoted to ontological engineering (Sharef et al.,
2017; Alaa et al., 2021; Reyes-Pefia et al., 2019).

Ontological modeling of the process of advanced training of teachers with elements of STEM
education is of practical importance in several aspects:

1. Curriculum development: Ontological modeling allows us to understand what competencies
teachers need to successfully implement STEM education. Based on this information, appropriate
training programs can be developed, where sufficient attention will be paid to the development of
the necessary competencies.

2. Assessing teacher competencies: the ontology model can be used to assess teacher
competencies. Based on the model, it is possible to determine which competencies the teacher
already has and which ones need to be developed. This allows a more informed competency
development plan to be made and areas where additional training is needed.

3. Improving the quality of education: ontological modeling helps to identify shortcomings in
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the educational system and suggest ways to eliminate them. The analysis of the model makes it
possible to determine which competencies of teachers are insufficiently developed, and how this
may affect the quality of education. Based on these data, measures can be developed to improve
the overall quality of education.

4. Personalization of learning: The ontological model provides an individual assessment of the
competencies of each teacher. Based on this information, you can create personalized training
programs and recommend special courses to develop the necessary competencies.

Materials and methods. Methods for solving scientific research problems: include analysis of
existing approaches to ontological modeling, conducting experiments and research, development
and testing of an ontological model, as well as its use in the process of teacher training using
elements of STEM education, methods of data collection and analysis, as well as conducting
surveys and interviews with teachers and educational specialists.

The methodological and theoretical basis of the project consists of methods and models of
discriminatory logics, which logics allow to describe the axioms and facts of the subject area of
a distributed knowledge base. The technological basis of the work consists of methods for
designing distributed information systems, distributed search algorithms and inference engines.
To implement the search, the principles of Text Mining and Semantic Web are used.

The research tasks were solved using the project method and ontological analysis, an object-
oriented approach to software development, as well as optimization methods and mathematical
and computer modeling.

Now there are professions related to technology at the intersection of natural sciences.
Improving the quality of training is possible through the use of the STEAM approach. The
introduction of STEAM education will facilitate the adaptation of students to higher education
and their future profession, and increasing their STEAM literacy will ensure demand and
competitiveness in the labor market.

Ontologies are created using the Protégé 4.3 Ontology Editor, which is a free, open and cross-
platform knowledge base development tool. The editor can be accessed at
http://protege.stanford.edu. The knowledge base level in the structure of a distributed information
system is presented in OWL/XML and RDF/XML formats.

The principles of scientific ethics, including ethical management procedures, will be observed
during the implementation of the project. This implies maintaining high standards of intellectual
integrity and preventing falsification of scientific data, plagiarism, false co-authorship and the use
of data obtained in the course of collective research, without the consent of other participants.The
interdisciplinary approach in this project allows us to combine knowledge, methods and tools
from different fields to create a comprehensive and effective approach to the development of
teacher competencies using elements of STEM education.

Results and discussion. To build an ontological modeling of the process of advanced training
for teachers with elements of STEM education, you can use the following software:

1. Protege (https://protege.stanford.edu/) is a powerful and flexible platform for creating
ontologies. It allows you to define concepts, connections and attributes that describe the process
of professional development of teachers, as well as use various standards and languages to
formalize the ontology.

2. RDFox (https://www.oxfordsemantic.tech/rfox) is a high-performance system for working
with RDF (Resource Description Framework) and SPARQL (SPARQL Protocol and RDF Query
Language), which are standards for representing knowledge in web semantics. Using RDFox, you
can store and process data describing teacher competencies and their development.

3. OWLAPI (https://github.com/owlcs/owlapi) is a Java API for working with ontologies
formalized in OWL (Web Ontology Language). With this library you can create, modify and
analyze ontologies using the functionality of the OWL language.
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4. Protégé Graph Editor (https://github.com/ncbo/protege-graph) is an extension for Protege
that allows you to visualize ontologies as a graph. This can help in understanding the structure
and connections between teacher competencies, as well as in conducting competency network
analyses.

5. JENA (https://jena.apache.org/) is a Java framework for working with data related to
semantic web technologies. It includes tools for storing, querying and processing data describing
teacher competencies, and provides convenient APIs for working with data in RDF and SPARQL
format.

These are just some examples of software that can be used in the project “Ontological
modeling of the process of advanced training of teachers with elements of STEM education.” The
choice of specific tools depends on the requirements and preferences of the project team.

Research methods are based on knowledge management, ontological engineering, service-
oriented programming, description logic and methods of knowledge inference. They also rely on
the theory of sets and graphs, the theory of syntactic analysis and the concept of creating
ontologies (Bazarova et al., 2024; Bazarova et al., 2023).

The main goals of ontology development include improving the integration of information for
management decision-making, improving the efficiency of data retrieval and providing the possi-
bility of joint knowledge processing based on a single semantic description of the subject area.

When creating information systems, the ontological model serves as an extensible and
customizable knowledge system. In the course of the study, an ontological approach was chosen
to form a unified educational environment that takes into account the requirements of the labor
market both at the national and international levels.

Currently, the most common language for representing ontologies is OWL (Web Ontology
Language), which extends the capabilities of XML, RDF and RDF Schema (Glimm et al., 2014;
Ghanim et al., 2021; Abdelghany et al., 2019). An ontological model of the process of advanced
training of teachers with the integration of STEM education has been constructed. The hierarchy
of classes of this ontology is presented in Figure 1.
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Figure 1. Hierarchy of the ontological model of the teacher training process
Note — compiled by the author (Bazarova, 2024)
As an example, consider the advanced training course “Machine Learning”. Figure 2 shows
SubClass - Course_name, Members (individuals) - course topics.

ctatons.
label

Maching lzaming

—
@ Getting a certificate after being employed at the training center.’
@ Machine learning’

#'Studying a new material’

@ 'The correctness
# There is also_Artificial intelligence?_What is this_Artificial intelligence?_What is this Machine learning?"
# They assimilate a new material’

" What did you feel when you completed the tasks?_What did you feel about working as a trainer?’

nswer to the tasks’

@Find_out_what_is_this_machine_learning

@ Learning_response_questions

Figure 2. Advanced training course “Machine Learning”
Note — compiled by the author (Bazarova, 2024)

To create a connection between “Tutor” and “Course”, we create a property of the object
has_leads_the_course (teaches the course), as shown in Figure 3.

Class Annotations || Class Usage
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Kl ITr
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Figure 3. Has_leads_the_course object property
Note — compiled by the author (Bazarova, 2024)

Figure 4 shows the connections and relationships of classes and individuals of the ontology
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for the courseadvanced training “Machine learning”. The has_leads_the course object property
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Figure 4. Fragment of the ontology displaying the Tutor-Course relationship

Note — compiled by the author (Bazarova, 2024)
To create a connection between “Teacher”, taking a course and “Course”, we create a property
of the object has_studying_the_course (studying the course), as shown in Figure 5.
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Figure 5. Property of the object has_studying_the_course

Note — compiled by the author (Bazarova, 2024)

Figure 6 shows the connections and relationships of classes and individuals of the ontology

for the courseadvanced training “Machine

has_studying_the_course is shown in red.
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Figure 6. Fragment of the ontology displaying the teacher-course relationship

Note — compiled by the author (Bazarova, 2024)

property

A fragment of the ontological model of the process of advanced training of teachers with the
integration of STEM education, shown using the Ontograf visualization tool is presented in Figure

7.

Figure 7. Fragment of the ontological model of the process of advanced training
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of teachers with the integration of STEM education
Note — compiled by the author (Bazarova, 2024)

Conclusion. The implementation of the results of the research "Ontological model of the
teacher training process with the integration of STEM education™ in educational institutions
and universities of the Republic of Kazakhstan will provide online support for the educational
process and organize collaboration and communication between students and teachers.

The use of ontological engineering and the STEAM approach in the process of teacher training
contributes to the development of educational programs, assessment of their competencies,
improvement of the quality of education and personalization of learning. This approach will make
it possible to refine and apply data from the ontological model in the process of teacher training.

Filling out the knowledge base helps to identify the relationships between professional
development programs. The use of ontological engineering methods can improve the quality of
pedagogical education through the semantic description of knowledge in the subject area and the
introduction of interdisciplinary and STEM approaches into the educational process.

Conflict of interest. The authors declare that there is no conflict of interest.
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