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AKCIOMATHUKO-JAEAYKTUBHA CUCTEMA OHTOJIOTTI HA 3ACAJIAX STEM-OCBITHU

Cmanuti po36umox cycninbemea ma, 3a2aiom, 006po6ym mooeii 3a0e3neuyemucs po3eUMKOM MeXHIKU, THXCeHepil, MameMamuKkuy ma
ingopmayiiinux mexnonozii. Li cghepu nompebyroms cheyianicmis, nonum Ha AKUX CMabibHO 3pOCMAE, WO POOUMb QOCTIONCEHHS PO3BUMK)
ocsimnboeo cepedosuwa 3 suxopucmanmsim STEM-mexnonoeiti akmyanbHum.

Bionogiono 0o cyuacnux menoenyiti po3gumKy iHHOGAYIUHOI napaoueMu oceimu ma OCHOGHI HANPAMU B0OCKOHANCHHS OCEINHbO2O
npoyecy 3axnadié euwjoi oceimu, po3podieHd axKCioMaAmMuKo-0eOyKmueHa CUCMEeMAa OHMONOR2IU HABYAHMA (QI3UKU MA MAMEMAMUKY, o
IPYHMYEMbCA HA NPUHYUNAx akciomamuxu ma ingpopmamuxu na sacaoax STEM-oceimu. Cucmema 3abesneuye epexmuene 03HANUOMAEHH
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3006y6auie 0ceimu 3 Op2aHizayiclo MemaouCyunIiHapHOCMi 102iKO-CEMAHMUYHO20 10PA OHMON02IH, W0 NOMPIOHO Ol NOOATLULO20 GUGUEHHSL
oucyuniin npogecitinozo HaAnNpamy 3 ypaxy8aHHAM HPUKIAOHO20 ACHeKMY (HAGYAHHA [HICUMIDUHZY, pAOIOeNeKMPOHIKU, eleKMPOMexHiKu,
0CHO8 0e3NINOMHUX NIMATbHUX anapamie, poOOMOMEXHIKU ma THWUX) | CApsAMOGAHA He MITbKU HA SKICHE, HAYKOBO Md MemOOUYHO
00IpyHmosane GUKIAOAHHS 3MICHy OHMONOZIN, WO 3abe3neuyemvcs HAGYANLHOIO OIANLHICIIO 6UKIA0ayd, a U, 20J06HUM HUHOM, HA
aKMuUBI3ayir camocmiiHol HA84YAILHO-NOULYKOBOI QISAIbHOCHE CIMYOeHmig.

Tinomesa docridoicenns: 3abesneuenns egpexmugnocmi popmysannsi STEM-skills ¢ matibymuix ¢haxisyie mexuiunux cneyianvnocmeu
MOJICIUBE 3a PAXYHOK HAYK06020 00IpyHmysanns ma no6yoosu AACO, sxa cnpusmume po3eumxy 20MoSHOCHI 00 PO36 A3aHH NPOQDeCiinux
3a60aHb Y MAOYMHbOMY.

Memoro cmammi ¢ meopemuyune 0OIPYHMYSAHHS AKCIOMAMUKO-0EOYKMUBHOI CUCmeMu OHMON02II HAgUanHs i3uku ma inghopmamuxu
na sacadax STEM-oceimu.

06’exmom Oocniodcents € npoyec MOOe08aHHA Md PO3POONCHH AKCIOMAMUKO-0eOYKMUGHOI cucmemu OHMON02il Ol HAGUAHHS
¢hisuxu ma inghopmamuku 3a UMO2aMU MPAHCOUCYUNTTHAPHOCTIL.

Ipeomemom docriodcents € MOOeNOBAHHA, CUMYISAYLL, OHMOOPIEHMOBAHT THGHOPMAYIIHI cucmemu O HAGUAHHS (i3uKU, IHGoOpMamuKu
6 3BO0.

Asmopamu 6UoKpemaeHo OCHOBHI NPUHYUNU 3ACMOCYBAHHA KOMN I0MEPHUX MoOeiell HA 3aHAMMAX 3 Qisuku ma iHgopmamuxu 6
axciomamuxo-0edykmuenii cucmemi onmonoeiu ha 3acadax STEM-ocsimu. Egexmugnicms po3podaenoi akciomamuro-0edyKmughoi cucmemu
onmoaozii ¢izuxu ma ingpopmayitinux mexnonoeiu Ha sacadax STEM-oceimu niomeepounace excnepmmuoio OyiHKoio.

Key words: onmonoeii, STEM, ¢isuxa ma ingpopmamuxa, cucmema.
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AXIOMATIC-DEDUCTIVE SYSTEM OF ONTOLOGY BASED
ON THE FUNDAMENTALS OF STEM EDUCATION

Sustainable development of society and general well-being of people is ensured by the development of technology, engineering,
mathematics and information technologies. These areas require specialists, the demand for which is steadily growing, this makes the study of
the educational environment development using STEM technologies relevant.

In accordance with the current trends in the development of the innovative paradigm of education and the main directions of improving
the educational process of higher education institutions, an axiomatic-deductive system of ontologies for teaching physics and mathematics has
been developed, which is based on the principles of axiomatics and computer science on the basis of STEM education. The system provides
effective familiarization of students with the organization of the metadisciplinarity of the logical-semantic core of ontologies, which is
necessary for further study of disciplines of the professional direction taking into account the applied aspect (teaching engineering, radio
electronics, electrical engineering, the basics of unmanned aerial vehicles, robotics, and others) and is aimed not only at high-quality,
scientifically and methodically substantiated teaching of the content of ontologies, which is provided by the teacher’s educational activities, but
also, mainly, at activating the independent educational and search activities of students.
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Research hypothesis: ensuring the effectiveness of STEM-skills formation in future specialists of technical specialties is possible due to
scientific substantiation and the construction of ADOS, which will contribute to the development of readiness to solve professional tasks in the

future.

The purpose of the article is the theoretical substantiation of the axiomatic-deductive ontology system of teaching physics and computer

science on the basis of STEM education.

The object of the study is the process of modeling and development of axiomatic-deductive ontology system for teaching physics and

computer science according to the requirements of transdisciplinarity.

The subject of the research is modeling, simulations, onto-oriented information systems for teaching physics, informatics in higher

education establishments.

The authors identified the main principles of using computer models in physics and computer science classes in the axiomatic-deductive
system of ontologies based on STEM education. The effectiveness of the developed axiomatic-deductive system of ontologies of physics and
information technologies based on STEM education was confirmed by expert evaluation.

Key words: ontologies, STEM, physics and informatics, system.

Statement and justification of the relevance of
the problem. Education in the epoch of the fourth
Industrial Revolution is the driver of social
development. Therefore, it acquires the status of a
leading institution for the implementation of a
consistent state policy, aimed at the activation of
innovative processes, in particular digitalization, the
introduction of STEM technologies, the development of
artificial intelligence, which will interest students in
studying physical, technical, engineering disciplines in
institutions of higher education.

Taking into account the technological nature of
the development, operating knowledge of physics and
information technologies based on virtual simulation
(use of STEM technologies, robotic kits, elements of a
virtual experiment, 3D printing, use of PhET
Interactive Simulations, etc.), is the foundation for
using the definition of end-to-end generative nature,
based on STEM technologies.

Purpose of the article is the theoretical
substantiation of the axiomatic-deductive ontology
system of teaching physics and computer science on the
basis of STEM education.

The object of the study is the process of modeling
and development of an axiomatic-deductive ontology
system (hereinafter — ADOS) for teaching physics and
computer science, according to the requirements of the
transdisciplinary methodological approach.

The subject of the research is modeling,
simulations, onto-oriented information systems for
teaching physics, informatics in higher education
establishments.

The concept of the study is that the creation of
ADOS in physics and informatics is the foundation for
the further formation in a new generation of specialists
of personal and professional qualities, as well as
readiness for the appropriate type of professional
activity, taking into account modern trends in the
development of STEM education.

The leading idea of the study is the assertion that
the formation and development of STEM-skills in
future technical and engineering specialists in the
process of teaching physics at ADOS is based on the
principles of fundamentalization, transdisciplinarity,
which ensure in the subjects of training readiness to
solve educational tasks, which are necessary for their
training in the professional field of study.

The theoretical significance of the expected results
is:

1) conducting of theoretical and logical-
methodological analysis of the problem of the ontology
applicatiom in teaching of physics and computer
science on the basis of STEM education;
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2) creation and substantiation of ADOS teaching
of physics and informatics;

3) development of the methods of physics
teaching, using PhET Interactive Simulations.

The practical significance of the expected results
is the introduction of physics and computer science on
the basis of STEM education into the educational
process of ADOS; approval and conducting a
pedagogical experimen, regarding the effectiveness of
the proposed ADOS.

The following methods were wused in the
conducted research by the authors: systematic and
comparative analysis to justify the relevance and setting
of a scientific task regarding the implementation of the
ADOS system; methods of the theory of sets, relations
and formal systems for building onto-oriented
knowledge bases for the development and
implementation of the ontology of teaching physics and
computer science on the basis of STEM education.

Analysis of recent research and publications.
Today, the most frequently used and popular are
several models of knowledge representation, developed
within the framework of the empirical approach, which
is based on the study of the principles of human
memory organization for modeling problem-solving
mechanisms.

Production models — knowledge is represented as
a set of facts and rules, based on the production (rule)
IF <condition> THEN <action>. By "condition" we
mean the pattern according to which the search is
carried out in the knowledge base, and by "action" we
mean the actions performed as a result of a successful
search.

Frame models are defined as a flexible data
structure for presenting stereotypical situations that can
(or should) be described by a set of concepts and
entities.

Logical models of knowledge representation are a
structured set of relevant sentences (judgments) of
natural language, presented in the form of logical
formulas for counting predicates of the first order. The
logical model is based on a formal system given in the
form: M= <T, P, A, B>, where T is a set of basic
linguistic elements, P is a set of syntactic rules, A is a
set of axioms, and B is a set of derivation rules.

Semantic networks are oriented graphs, the
vertices of which reflect some concepts, facts, objects,
and the arcs represent relationships between them.

Network models are given in the form H = <I, C,,
C,, ..., C,, G>, where I is a set of information units; C;,
Cy, ... , C, — set of types of connections between
information units; G is a mapping specifying
connections from a given set of connection types
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between the information units included in I. Common
to all semantic networks is a declarative graphical
representation that can be used to represent knowledge
or create automated decision-making systems based on
knowledge.

Ontological models represent the structural
specification of knowledge of a certain subject area,
their formalized presentation, which contains a
structured dictionary of terms of the subject area and
logical expressions that describe the relationship
between them.

In terms of digitalization, the authors of the study
share the opinion of A. Gomez-Perez, M. Fernandez-
Lopez, O. Corcho regarding the definition of
ontological engineering, which outlines "a set of
actions related to the process of developing an
ontology, the life cycle of an ontology, methods and
methodologies for building ontologies, and as well as
sets of tools and languages that support them" [3]. In
the scientific study by N. Guarino [4], distinctive and
common features of the term "ontology" in use in the
philosophical community and by specialists in artificial
intelligence were analyzed.

The authors H. 1. Zhang, M. Y. Choi proposed an
ontology of classical mechanics, which is formulated
by dynamic theory, that is an important aspect when
considering the motion process for determining
definitions from physics, professionally oriented
disciplines of technical and engineering profiles [7].
The proposed author's ontology is based on two
processes, regarding the delineation of the concept of

assumptions of quantum mechanics (quantum state,
Hilbert space and self-adjoint operators) are very easily
derived.

Accordingly, comparing the concept of ontology
with physical, mathematical and technical sciences, we
found interdisciplinary features, which is a significant
aspect for revealing the peculiarities of the application
of ontology in the educational process of higher
education. These features include: hierarchy,
conceptualization, structuring, joint use; application of
ontology as knowledge structures of STEM education,
which will help predict the direction of the
development of reality.

Presentation of the main material of the study.
Taking into account the modern trends in the
development of the innovative paradigm of education
and main directions, aimed at the improvement of the
educational process of higher education, ADOS (Fig.
1.) of teaching physics was created, which is oriented
on the principles of axiomatics [1] and informatics on
the basis of STEM education, which is aimed at
efficient familiarization of the students with
organization of the metadisciplinarity of the logico-
semantic core of the ontology, required for the further
study of professional disciplines, taking into account
the applied aspect (teaching engineering, radio
electronics, electrical engineering, the basics of
unmanned aerial vehicles, robotics) and should be
aimed not only at high-quality, scientifically and
methodically based content teaching of ontology [5],
which is provided by the educational activity of the

"state" and the unification of space, position, teacher, but also mainly for the activation of the
momentum into a single entity using Fourier independent educational and research activities of
transforms. So, according to this ontology, the students.
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Fig. 1. Model of the axiomatic-deductive system of ontology based on STEM education

Such ADOS should develop and stimulate interest
in knowledge and understanding of physics and
informatics on the basis of STEM education [2], their
application in explaining the phenomena and processes
of the microcosm and the surrounding world as a
whole, and provide students with an effective system of
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knowledge, skills and abilities and form natural
scientific outlook, form a competitive specialist of the
next generation in the conditions of Industry 4.0.

The components of ADOS are interdependent,
systemically united and determined by general goals of
the educational process of higher education estab-
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lishment. Change in the quality of these components
causes a change in the quality of the innovative
educational and scientific space.

The structure of ADSO proposed by the authors
on the basis of STEM education (Fig. 1) depends on the
psychological and pedagogical factors of its use in the
educational process of physics and informatics teaching
in conditions of transdisciplinarity [6], namely:

1) formation of motivation for teaching physics
and informatics on the basis of STEM education,
provided that the subject of the study fully understands
the purpose of the experiment (using a set of atomic
concepts of ontology, the categorical apparatus of
ontology in physics and informatics, theory of sets and
graphs, the virtual experiment PhET Interactive Simu-
lations, elements of robotics, unmanned aerial vehicles,
etc.);

2) stimulation of cognitive and research activities
of the students in the process of studying physics and
informatics by means of STEM education (introduction
of STEM technologies, digitization, etc.);

3) ensuring compliance with the didactic
principles of clarity regarding methods and forms of
experimental presentation of educational material in
physics classes based on STEM technologies in
conditions of transdisciplinarity;

4) individualization of the process of teaching
physics and informatics using a virtual physical
experiment applying STEM education technologies, as
well as the principles of transdisciplinary and
synergistic approaches;

5) ensuring openness in the selection of STEM
tools for conducting a physical experiment;

6) creation and maintenance of constant feedback
between subjects of training, that reduces to a minimum
the possibility of making mistakes during the
performance of physical practice works using STEM
technologies;

6) formation of STEM competencies, using the
educational tools, aimed at the development of logical
thinking.

The authors developed a methodology for
teaching physics and informatics taking into account
ADOS on the basis of STEM education, as an example
of using the PhET Interactive Simulations program.

PhET Interactive Simulations include research-
based practice in effectively teaching material to
enhance learning of cross-generative physics concepts.
In the author’s method of teaching physics and
informatics based on the principles of STEM education,
the models are intended for the use as lecture
demonstrations and physical practice works.

We will consider the determination of gas
properties when students of study isoprocesses using
PhET simulations.

Gas is pumped into an empty container using a
pump. We choose which gas to supply: light
(LightSpeciels) and heavy (HeavySpecies). A ther-
mometer and a barometer are installed in the container.
In the ConstantParameter function menu, we can
choose which isoprocess we use: isobaric
(Pressure=const),  isochoric =~ (Volume=const) or
isothermal (Temperature=const). We will study the
properties of gas in a vacuum (Gravity=0).
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To demonstrate gas properties, we will use the
PhET simulation GasProperties (Fig. 2).

In the second experiment, we will use an isochoric
process (V = const). Similarly, we inject 100 particles
of heavy gas and 50 particles of light gas. When the
container is cooled, the following is observed: a
decrease in the speed of particles; decrease in kinetic
energy of particles; that as the temperature decreases,
the pressure decreases. Conclusion: in an isochoric
process, V = const, the value of proportionality of
pressure to temperature is a constant value.

Fig. 2. View of GasProperties simulation

During the third experiment, we will study the
isothermal process (T = const). Again, we inject 100
particles of heavy and 50 particles of light gas (Fig. 3).

Thus, the authors singled out the main principles
of using computer models in physics and informatics
classes at ADSO on the basis of STEM education:

1)the model of the considered physical
phenomenon must be used when it is not possible to
conduct an experiment or when the phenomenon passes
very quickly and cannot be followed in detail;

2) the computer model should help to understand
the details of the phenomenon under study, or play the
role of illustration of the condition of the problem
proposed for solution;

3)as a result of working with a model of a
physical phenomenon, installation, process, or equip-
ment, students must identify both qualitative and

quantitative  the relationships  between values
characterizing this phenomenon in terms of
transdisciplinarity;

4) when working with the model, it is necessary to
offer students different levels of tasks using STEM
technologies.
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Fig. 3. The container is filled with gas particles during
an isothermal process

The effectiveness of the ADOS physics and
information technologies developed on the basis of
STEM education was confirmed by the expert
assessment of the ADOS during the calculation of:

1) the indicator of generalized opinion by finding
the arithmetic mean value, dispersion, mean square
deviation, coefficient of variation;

2) the degree of agreement of the opinions of
experts regarding the significance of the requirements
for ADOS was confirmed by the calculation of the
concordance coefficient, namely: ontologies of STEM
programs (W = 0.045); knowledge bases of the general
theory of physics and informatics based on STEM
technologies (W = 0.056); sets of atomic concepts (W =
0.0157); ontology of STEM technologies (W =0.31);

3)the degree of agreement of the experts’
opinions was calculated through the coefficient of
concordance to the significance of each of the
requirements: the average value of the coefficient of the
degree of acquaintance, the coefficient of argumen-
tation and the competence of experts.

Conclusions and prospects for further
exploration of the direction. The authors conducted
theoretical and logical-methodological analysis of the
problem of using ontology for the teaching of physics
and computer science on the basis of STEM education;
ADOS was substantiated and created on the basis of
STEM as a fundamental factor for education of the
students and training of specialists of the next
generation; the teaching methodology of physics and
informatics using PhET Interactive Simulations was
developed and tested. ADOS and the teaching
methodology of physics were tested at Donetsk State
University of Internal Affairs, Vinnytsia National
Technical University and National Center "Small
Academy of Sciences of Ukraine", where their
effectiveness was noted and a positive assessment was
given by the experts.

The performed research does not cover all the
aspects of the problem. We see prospects for further
research in the substantiation and development of the
ESO environment of onto-oriented systems based on
STREAM technologies.
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BIZAOMOCTI ITPO ABTOPIB

KY3bMEHKO Oubra — HoKTOp II€faroriyHux Hayk,
npodecop, ydeHHil cekperap cekperapiaTy Buenoi pamm
JloHenpKoro iepKaBHOTO YHIBEPCUTETY BHYTPIIIHIX CIIPAB.

Hayxkosi inmepecu: npodeciiiHa miAroToBka ¢axisiliB
TEXHIYHUX CIIELiaIbHOCTEMN.

JEMBIIBKA Codiss — noxTOp negaroriqyHux Hayk,
npodecop, npodecop kKadenpu OE3NEKH KUTTEMISUIBHOCTI Ta
1e1aroriku Oe3neKku BiHHULIBKOTO HAIiOHAJIBLHOIO
TEXHIYHOTO yHIBEPCUTETY.

Haykogi inmepecu: npodeciitHa maroroBka ¢axisuiB
TEXHIYHUX CIELIaJILHOCTEMN.

KOBWISIHCbKMI  Ouxekcamap —  10KTOp
HeJarorivHuX Hayk, mpodecop, 3aBigyBau Kadeapu Oe3mexu
JKUTTEMISUIBHOCTI  Ta TNEAaroriku  0esnexkd BiHHUIBKOIO
HAI[IOHAJIBHOTO TEXHIYHOTO YHIBEPCUTETY.
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TEOPETUYHI OCHOBH MIATOTOBKH MAMBYTHIX YYUTEJ/IIB IOYATKOBHX KJIACIB
J10 IHHOBALIIITHO| AIA/ILHOCTI

Y cmammi posenanymo meopemuuni ocho6u nio20moeKku MauOymuix yuumenié nOYAmMKOGUX KIACIE 00 IHHOBAYIUHOL OiATbHOCHII.
Jlocniodxceno npunyunu, nioxoou ma mMemoou GOopMy8aHHs 20MOBHOCHI Neda2ozié 00 BNPOBAONCEHH HOBIMHIX OCGIMHIX MEXHONOZIl,
adanmayii 0o 3min y cgepi ocsimu ma egpexmugnoi 63acmo0ii y cyvacnomy oceimuvomy cepedosuwyi. Ocobaugy yeazy npuodiiero
KOMREMEHMHICHOMY mMa O0COOUCMICHO OPICHMOBAHOMY NIOX00aM, IHMEPAKMUSHUM MEXHOLOLIAM HAGYAHHA Ma Op2aizayii nedazociunoi
npakmuku. OKpecieHo 3HavenHs iHHOB8AYiliHOT JiANbHOCHI 0151 PO36UMKY Npogheciiinoi maticmepHocmi ma niouenHs AKOCMI No4amKo8oi
oceimu.

B oocnioocenni poskpumo meopemuuni 0CHO8U NIO20MOGKU MAUOYMHIX YUUMENI8 NOUYAMKOBUX KIACI6 00 IHHOBAYIIHOT OisIbHOCMI, U0
6I0n06I0ac OUHAMIYHUM 3MIHAM CYYACHO20 OCEINMHLO20 Cepedosuwd. AKYeHmosano yeazy Ha 8aANCIUBOCI] 2APMOHIUHO20 NOCOHANHS Mmeopii
ma npakmuku, wo 3abesneyye 30amuicnmes nedacoie aoanmyeamucs 00 6nPOBAONCEHHs HOGIMHIX MeXHONO2I | gopmysamu epekmugny
63aeM00il0 3 yumaAMu. Buceimneno ocnosui xapakmepucmuku npogeciiinoi KomMnemenmHoCcmi, usHayeHi OOCHIOHUKamu npogecitinoi
NOYAMKOBOI OC6IMU, 4 MAKONHC KOMNemeHmHicCHuil nioxio 0o oceimu. Pesymbmamu ananizy nedazoiunozo 00ceidy CHpusiu CMeOpeHHIO
MoOeni hopMyBaAHHS 20MOBHOCE MATIOYMHIX YYUmMenie 00 MIHCKYIbIMYPHOT KOMYHIKayii.

Ilpeocmasneno noemanuuii nioxio 00 GopMyeanHsi 20mMoOGHOCHI MAUOYMHIX YUUMENi8 NOYAMKOBUX KIACIE 00 MIdNCKYIbmMypPHOL
KOMYHIKayii 6 ymoeax inHogayitinoi Oisibnocmi. Posensnymo meopemuyny, npakmuyny nio2omosKy ma iHmezpayilo OmpumManux 3HaHb y
nedacociuny npakmuky. Haconoweno Ha eadxciusocmi 6npo8AONCEHHs CYYACHUX OCGIMHIX MEXHONO02Il, IHMEPAKMUSHUX Memoodie i
mexHoao2iunux kapm. OXapaxmepuzo8ano 0CHOGHI 03HAKU IHHOBAYIUHOT OISLILHOCIE, MAKI SIK PO3GUMOK THmMepecy 00 HAGUANMHSL, POPMYEAHHS
ocobucmocmi yunie ma niouweHHs aKocmi oceimu. Buceimneno eniue mexmiyHux, HA@UAmbHUX | NO3AHAGYATLHUX [HHOGAYIU HA Npoyec
HABUAHHA.

Knrouosi cnoea: innosayiiina Oisibnicmy, meopemuyni OCHOSU, NIO20MOGKA GUUMENi6, NOYAMKO8A WIKOAA, OCGIMHI MeXHON02l,
neoazociuna NPAKmMuKd, KOMNemeHmHicmy, a0anmayis 00 3MiH.
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