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Abstract. The article considers the urgency of the problem of interrelation of teaching physics and professionally-
oriented disciplines based on STEM-technologies in the conditions of ontological approach in the process of
training students in engineering and technical education according to the educational-professional program of
speciality 272 “Air Transport”. Developed and proposed methods of teaching physics based on STEM-technologies,
taking into account the definition of ontology aimed at forming STEM skills in subjects, due to the statement
before educational institutions significantly improve the quality of students’ knowledge, the role of learning in
shaping student’s thinking and cognitive abilities development of STEM education. It is determined that one of
the innovative directions of modern education is the introduction of STEM education, which involves the integration
of sciences aimed at the development of STEM technologies, innovative thinking and meeting the need for well-
trained engineering and technical specialists. The methodical features of professionally-oriented teaching of physical
engineering disciplines based on STEM technologies taking into account the ontological approach are substantiated.
In the process of conducting a pedagogical experiment, theoretical and empirical research methods were used. In
particular, the analysis of philosophical, psychological-pedagogical, educational-methodical literature, recommended
textbooks and manuals on methods of teaching physics in the context of the development of STEM education was
carried out. Observations, questionnaires, testing, surveys, interviews with scientists and students were conducted.
These experimental results were comprehensively analyzed and processed, quantitative data using the methods of
mathematical statistics. The results of a comparative experiment to identify the effectiveness of the proposed method
of teaching physics in the context of STEM education showed that the level of physical knowledge, skills and abilities
of students in control groups is lower than the corresponding level in experimental groups.

Keywords: physics, features of methods of teaching physics, STEM education, ontological approach, pedagogical
experiment, professionally-oriented and engineering disciplines.

Problem statement in general and its connec-  gies in educational institutions is based on applied
tion with important scientific or practical tasks. aspects and fundamentals of teaching physical
The modern educational process in physical en- and mathematical sciences and should take into
gineering disciplines based on STEM-technolo- account the optimal combination of innovative
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approaches, including ontological. Therefore, re-
gardless of the method of cognition, which is the
basis of the learning process of physical engineer-
ing disciplines, it is necessary to outline methodo-
logical professionally oriented features of teaching
students in an ontological approach, taking into
account the concept of STEM education [1; 2].

The relevance of our study is determined by
the need to reorient traditional teaching methods
and the introduction of STEM-technologies in the
teaching of physical engineering, which is due to
the following contradictions:

e outlined material of working curricula (http://
www.glau.kr.ua/index.php/ua/17-ukrainian/
2466-2021) and syllabuses (http://www.glau.
kr.ua/images/docs/Silabusi/Silabus_fizika_ukrl.
pdf;http://www.glau.kr.ua/images/docs/Silabusi/
Silabus_fizika_engl.pdf) in the discipline “Physics”,
as well as the multiplicity of introduced teaching
methods, STEM-technologies, innovative approa-
ches, including ontological, is the foundation for
the study of engineering disciplines, but at the
same time in terms of volume, and according to
the teaching methods and types of educational
activities should be presented in educational pro-
grams in the specialty 272 “Aviation Transport”;
in the educational process in physics there is a
need for widespread introduction of STEM-tech-
nologies, but the proposed options are general-
ized and do not fully meet the educational and
practical objectives of the general course of phy-
sics (focus on applied and professionally oriented
aspects of fundamental disciplines);
physics laboratories in educational institutions, insuf-
ficiently provided or completely absent STEM-tech-
nologies (STEM-tools, devices for 3D printing, robotic
kits, information and communication technologies,
elements of real and augmented reality, etc.), in-
cluding their kits for ensuring the applicability of
physics education to engineering disciplines (radio
electronics, electrical engineering, avionics, etc.),
where there is an urgent need for staging different in
complexity and quality of educational experiments,
students perform physical workshop, which involves
the intensification of their independent activities
and requires modern methodological and logistics
based on STEM-technologies, taking into account the
ontological approach.

Thus, taking into account the above contradic-
tions, it is important to further study the problem
of teaching physics and engineering disciplines on

the basis of the developed teaching methods with

the introduction of STEM technologies in the onto-

logical approach.

An analysis of recent research and publications
that have begun to address this issue. General pro-
visions of didactics of methods of teaching physics
are revealed in the works of P. Atamanchuka, O. Bu-
haiova, S. Velychka, V.Vovkotruba, S. Goncha-
renka, E. Korshaka, O. Liashenka, M. Marytyniuka,
M. Sadovoho, I. Salnyk, O. Serhieieva, N. Podopry-
hory, V. Sharko, M. Shuta.

Theoretical and methodological problems of
studying physics in the Free Economic Zone were
reflected in the doctoral dissertations of Yu. Ben-
des, G. Bushka, S. Velychko, V. Serhihenko, A. Syl-
vester, M. Sadovyi, N.Podopryhora, V. Sharko
and in the candidate dissertations of I. Bohdanoy,
L. Vovk, D. Somenko, O. Slobodyannyk and others.

Scientific research on the relevance of the in-
troduction of the ontological approach and the
definition of ontology is outlined in the works of
leading scientists O. StrHzhaka [3; 4], V. Demyanen-
ko, I. Savchenko, O. Ovdii, Ye. Shapoval and others.

Thus, analyzing the scientific works of the above
scientists, we support the purpose of the article
which identifies the selection of methodological
features of professionally oriented teaching of
physical engineering disciplines based on STEM
technologies in the ontological approach.

According to the stated purpose of our research,
the following research methods were used:

e theoretical: analysis of research on methods of
teaching physics, STEM-technologies, ontological ap-
proach, as well as educational programs in the spe-
ciality 272 “Air Transport”, working curricula in the
discipline “Physics”, textbooks, manuals and publica-
tions, reflecting the problem of research, to identify
modern physical scientific positions and achieve-
ments, trends in the development of methods of
teaching physics based on STEM-technologies;

e empirical: diagnostic methods (questionnaires,
surveys, etc.) to determine the level of interest
and activity of subjects in the process of teaching
physics based on STEM-technologies;

e experimental methods: pedagogical experiment
and experimental verification of research results
on methods of teaching physics based on techno-
logies of STEM-education, taking into account
the ontological approach;

e statistical methods: mathematical processing of
results of pedagogical experiment for revealing
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Fig. 1. Images of the installation for the study of Newton’s laws:
a) the scheme of the installation; b) graph of force versus time [11]

of efficiency of the offered technique of training
of physics on the basis of STEM technologies in
the conditions of the ontological approach.

The main material of the study. One of the
effective directions that allow solving these prob-
lems is the widespread introduction of STEM tech-
nologies in the educational process and their im-
plementation in the educational process of the
Flight Academy of the National Aviation Univer-
sity (FA NAU) and the National Center “Junior
Academy of Sciences of Ukraine”.

The need to implement modern equipment
and STEM technologies in teaching physics and the
development of their implementation stems from
the fact that more than twenty years of supply of
educational institutions with any teaching aids has
stopped altogether because in Ukraine there is
no industry for manufacturing educational equip-
ment or it is expensive.

However, it should be noted that it is important
and significant to address the development of crea-
tive activity of students is to involve them in the
design and manufacture of homemade equipment,
which allows you to effectively perform indepen-
dent observations, studying and researching phy-
sical phenomena that are professionally oriented.

Along with this, the analysis of the current
state of physics teaching methods and profes-
sionally-oriented learning based on STEM-tech-
nologies [5; 6; 7] indicates that there is a signif-
icant update and widespread introduction into
the educational physical experiment elements of

3D modelling, robotics, reveals concepts related
to mechatronics and technology.

In this regard, we have developed guidelines for
the work of the physics workshop on the basis of
STEM technologies [8; 9; 10], which is tested on the
basis of FA NAU. Thus, the interdisciplinary integra-
tion of the discipline “Physics” with subjects of pro-
fessional orientation in FA NAU in the context of the
development of STEM-education is outlined in table
1 (fragment), according to specialization 272 “Avia-
tion” and Educational Profesional Program (EPP) “Air
Traffic Management”, “Flight operation of aircraft”,
“Maintenance and repair of aircraft”, etc.

Consider some research tasks performed by
students of FA NAU.

1. Verification of Newton’s laws.

Equipment: Smart Cart (red) ME-1240; Smart
Cart (blue) ME-1241; PAScar Cart Mass (set of
2) ME-6757A; track ME-8972; set for masses
ME-8979; elastic bumper ME-8998; pulley with
clamp ME-9448B; 1.2 m aluminum dynamic track
ME-9493; friction unit — IDS ME-9807.

Students were asked to use this equipment
to detect or experimentally determine Newton’s
three laws (fig. 1). Newton’s first law is that stu-
dents study the motion of an object to see if it will
change as a force acts.

Newton’s second law is that students use the
Smart Cart to identify the relationship between
force, mass, and acceleration.

Newton’s third law — using two Smart Cart
force sensors, students prove that the forces
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Table 1

The theme
of the discipline
“Physics”

The section on the subject
of professional orientation, which is focused
on this topic according to the EPP

A fragment of topics for the first semester

Kinematics
of a classical
particle

Air navigation (general navigation).

Topic 1. Basics of cartographic support. Path lines. Measure the distances between
points on the map. Calculation of path angles and distances between route points.
Topic 6. The speed of the aircraft. Airspeed and principles of its measurement.
Calculation of the true airspeed of flight on a wide arrow KUS. Calculation of the
required instrument airspeed. Road speed. The procedure for calculating the average
speed in the area with a variable profile TASC.

Topic 7. The influence of wind on the flight of the aircraft. Navigation speed triangle.
Calculation of wind direction and speed.

Air navigation (radio navigation).

Topic 5. Navigation on departure and arrival routes. Calculation of the

minimum vertical speed on takeoff. Minimum safe height in the MSA sector.
Calculation of time and distance of a set of the height of the set echelon. Calculation
of the required vertical speed in the set of heights. Calculation of time and distance
of descent from the flight echelon. Calculation of the required vertical speed for
descent from the flight echelon.

Engineering graphics.

Topic 2. Projections of a point, line and plane. Three coordinate points. Three
coordinates of the radius vector of a point.

Aerodynamics of aircraft flight.

Topic 6. The main stages and modes of flight, flight specifications (FTC) of aircraft.
Rectilinear horizontal flight. Set height and lower. Curvilinear flight of the plane.
Takeoff and landing. Causes and ways to prevent and correct errors.

Dynamics
of a classical
particle

Theoretical mechanics.

Topic 13. The dynamics of the material point. Dynamics as a section of
theoretical physics. Basic concepts of the dynamics of a material point:

force, as a constant and variable from time, coordinates and velocity of the
body, the value of the inertia of the body, body mass. Laws of dynamics

of a material point: the law of inertia (Newton’s 1st law), the basic law

of dynamics (Newton’s 2nd law): in differential form (in scalar and vector
notation), Newton’s 3rd law and the law of independence of forces. Dynamics
problems. Solving the main problem of dynamics with the help of differential
equations of motion in the coordinate and natural way of specifying the motion
of a point.

Aerodynamics of aircraft flight.

Topic 2. Aerodynamic forces acting on the wing of the aircraft and their
characteristics. Topic 3. Forces acting on the aircraft on the ground and in flight,
aerodynamic characteristics of the aircraft. Forces acting on an aeroplane on the
ground and in flight. Equilibrium and a pair of forces.

Topic 17. Theorem on the change in the momentum of the system. The moment of
the amount of motion of a material point relative to the centre and axis. Theorem
on the change in the momentum of a point. The law of conservation of momentum
of a material point. The kinetic moment of a rigid body relative to its axis of rotation.
Differential equation of rotation of a rigid body around a fixed axis.

Aeroplane glider and it’s systems.

Topic 3. Aeroelasticity. Influence of air elasticity on strength, stability and
controllability.
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Continuation of table 1

No The theme
/_n of the discipline
q “Physics”

The section on the subject
of professional orientation, which is focused
on this topic according to the EPP

Theoretical mechanics.

Topic 1. Introduction to solid statics. Power. Axioms of statics. Basic concepts

of statics: force, the system of forces, equivalent and balanced systems of forces,
equivalent. Topic 4. The system of converging forces. Equilibrium conditions.

The concept of a system of converging forces. Finding an equivalent system of
converging forces geometrically and analytically. Equilibrium theorem of a system of
convergent forces: geometric and analytical equilibrium condition. Theorem on three
forces. Topic 5. Theory of couples. A couple of forces. Power pair moment vector.
Theorems on the equivalence of pairs of forces. Assembling pairs of forces.
Principles of aircraft flight.

Topic 4. Aerodynamic characteristics of the aircraft. Aerodynamic quality and ways
to improve it.

Higher mathematics. Topic 6. The concept of vector, actions on vectors. Topic 7.
Scalar, vector and mixed product of vectors. Topic 12. Sequence boundary and
function boundary. Topic 20. Integral. Properties of the integral.

between objects are the same size, but opposite in
direction. These experiments also have problems
with collisions between cars.

The advantage of PASCO over the traditional
method: Smart Cart has all the necessary sensors,
which allows you to quickly and easily make device
settings. The integration between software and
hardware helps students focus on studying physics.

2. Determination of centrifugal force.

Equipment: devices for determining the centri-

sensor PS-2189; photomatics head ME-9498A,;
large rod base ME-8735; stainless steel rod —
90 cm ME-8738; multi-clamp ME-9507; 45 cm
stainless steel rod — 45 cm ME-8736; 5-fold red
cord (5 pcs.) SE-9750.

The advantage of PASCO over traditional meth-
ods: students explore the relationship between
mass, the radius of rotation, tangential velo-
city and centrifugal force. Constantly measuring
the force as the speed changes, they observe

fugal force ME-8088; high-resolution power the effect of speed on the centripetal force.
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Fig. 2. Image of the installation to determine the centrifugal force:

a) installation diagram; b) graph of force versus velocity [12]
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The influence of changes in mass and radius was
also studied (fig. 2).

Thus, the analysis of works on the problem of
studying the methods of teaching physics allowed
to establish the following features of the methods
of teaching physics and professionally-oriented
disciplines based on technologies of STEM educa-
tion in the ontological approach:

in the educational process of physics and engi-
neering and technical disciplines in educational in-
stitutions outlined applied, professionally-oriented
and ontological aspects in teaching and wide-
spread introduction of integrated disciplines based
on STEM education (physics, electrical engineering
and radio electronics, aeronautics, flight principles
and principles). etc.), as well as for the develop-
ment and implementation of special courses that
take into account not only the interests and wishes
of students but also the preferences and profes-
sional level and capabilities of the teacher;

in the teaching of physics according to the wor-
king curricula according to the EPP in the speciality
272 “Aviation Transport” the ratio and combination
of natural-mathematical and engineering-technical
components of education, the optimal combina-
tion of their theoretical and applied components
are traced (see table 1);

compulsory physical education and all its com-
ponents based on STEM-education, among which
the system of the physical experiment is recognized
as an effective and efficient independent pedago-
gical system that significantly affects the learning
outcomes of students in an ontological approach,
as well as develops activity and interest students
with the appropriate profile of oriented educa-
tion in a technical institution of higher education;

introduction of STEM-learning technologies rai-
ses physics education to a higher level, as their use
helps students to better acquire knowledge of engi-
neering and technical disciplines using ontology;

inexpediency of complicating and overloading
teaching material in physics with its theoretical
content and mathematical elaboration, can not
reject all possible examples of experimental study
of physics content taking into account the concept
of STEM-education, because it is the independent
search activity of the student is the basis of active
knowledge cadets to learn the applied direction of
their field of study;

strengthening the role of independent cog-
nitive and exploratory activities of students and

taking into account their psychological and indivi-
dual characteristics when studying physics based on
STEM technologies for OPP specialty 272 “Aviation”
and working curricula in the disciplines “Physics”
meets modern requirements of the educational
process and the innovative trend of Industry 5.0,
which is outlined in our proposed method of teach-
ing physics in the ontological approach.

To test and identify the effectiveness of the pro-
posed method of teaching physics in the context
of the development of STEM education in higher
education institutions of the technical profile, a
pedagogical experiment was conducted during
2016-2020.

Our assumption about the improvement of
methods of teaching physics in the development of
STEM education was not only the need to form in
students (cadets) a certain system of knowledge,
skills and abilities but also, accordingly, to raise
the role of students and teachers in the study of
physics-cognitive, independent activity; to promote
the development of thinking and creative abilities;
satisfy requests and wishes, inclinations and plans
for the future of each person; to use such practi-
cal and experimental tasks in terms of content and
scope, which will have practical application in the
process of teaching physics in educational institu-
tions of the technical profile of education.

At the first stage of the experiment such higher
education institutions as Vinnytsia National Tech-
nical University, Kremenchuk National University
named after Mykhailo Ostrogradskyi, Flyght Acade-
my of the National Aviation University, National
Aviation University, Cherkasy National University
named after Bohdan Khmelnytskyi, National Cen-
ter “Junior Academy of Sciences of Ukraine” were
selected.

The results of the analysis of this stage of the
pedagogical experiment allowed us to form as-
sumptions about the possibility of improving the
learning process by applying the proposed method
of teaching physics and the formation of exper-
imental skills. At this stage, a plan for further re-
search and testing its effectiveness.

Many measures were aimed at ensuring com-
pliance with the content of practical tasks to the
purpose of each stage, selection and formation of
the corresponding sets of tasks. A significant part
of the tasks are various forms of test tasks, as well
as tasks that were performed using modern lear-
ning technologies, such as a set of L-micro [9],
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which significantly increased students’ attention,
stimulated independence and educational and cog-
nitive activities while studying physics in higher in-
stitutions technical training profile. Methods and
forms of performing tasks with modern equipment
were introduced, namely physical workshop works
and research tasks [10] and the solution of physical
problems using the concept of symmetry, which is
given in the textbook [8].

The second stage of the pedagogical experi-
ment included experimental training of students.
Based on the analysis and the put forward concep-
tual bases of development of a technique of training
of physics in higher institution of a technical profile,
the corresponding tasks (research tasks, works of a
physical workshop, and also a selection of physical
tasks), and also the educational equipment and ICT
were developed and checked; the methodology and
technique of their introduction into the educatio-
nal process in the process of teaching physics were
worked out; developed a program of advanced
training courses for teachers in the field of STEM
education in the discipline “Physics”.

At this stage of theoretical and experimental
work, theoretical and empirical research methods
were used. In particular, the analysis of philoso-
phical, psychological-pedagogical, educational-
methodical literature, recommended textbooks
and manuals on methods of teaching physics in
the context of the development of STEM educa-
tion was carried out. Observations, questionnaires,
testing, surveys, interviews with scientists and stu-
dents were conducted. These experimental results
were comprehensively analyzed and quantitative
data were processed using the methods of mathe-
matical statistics.

In order to identify the effectiveness of the
proposed method of teaching physics in the per-
formance of practical and experimental tasks, stu-
dents in experimental and control groups conduc-
ted testing, research and physical work on physics.
The results of the analysis of which gave grounds
for formulating the main working hypothesis of
the study. Much attention is paid to the fact that
many works of the physical workshop have a rather
low grade, or are not performed at all when study-
ing physics in free economic zones of different
types and profiles due to lack of equipment and
methods of its use. The low level of preparation of
students for the performance of works of a work-
shop on physics, characteristic of the existence

of new receptions of performance of component
tasks, achievement of the purpose of a task in the
presence of auxiliary factors, definitions of not
basic sizes, etc. is noted. For experimental groups,
new options and methods of performing a physical
workshop on physics in the context of the develop-
ment of STEM education were proposed.

At the third stage of the pedagogical experi-
ment based on scientific and theoretical analysis
of psychological, pedagogical and methodolog-
ical literature studied opportunities to improve
the quality and efficiency of the educational pro-
cess in physics in higher educational technical pro-
file, taking into account trends in STEM education,
analyzed trends in methodological and material
support. At the same time, during the second and
third stages of the pedagogical experiment, the
results of the whole pedagogical research were
summarized: the results were regularly reported at
all-Ukrainian and International scientific-practical
conferences in Berdyansk, Budapest, Yekater-
inburg, Kyiv, Kropyvnytskyi (Kirovohrad), Lutsk,
Kerch, Kamyanets-Podolskyi, Moscow, Mozyr,
Sumy, Ulyanovsk, Kharkiv, Kherson, Chernihiv, as
well as published materials of these reports.

In the process of pedagogical experiment, we
used the Kolmohorov-Smirnov criterion, which is
determined to be sensitive in application to find
any difference in the distribution function of this
property in some of the considered sets.

In the experimental (EG) and control groups (CG)
laboratory work on optics “Determination of light
wavelength using a Jung interferometer” was per-
formed according to various methods. During this
work in the experimental groups used modern
learning technologies and textbooks developed for
this set and guidelines, which greatly facilitate the
performance of laboratory work in physics in the
context of the development of STEM education,
and in the control, groups used traditional methods.

Students from Kropyvnytskyi, Kyiv, Vinnytsia,
Kremenchuk and Cherkasy took part in the expe-
riment. In the conducted experiment all require-
ments necessary for the performance of the
Kolmokhorov-Smirnov criterion as mathematical
statistics of a nonparametric method in pedago-
gical research for the definition of efficiency of an
experimental technique are fulfilled. The results
of student’s laboratory work were evaluated on
6 levels, aimed at performing experimental and
computational skills.
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In order to determine the performance of labo-
ratory work, we divided the scope and results
of its implementation into 6 levels, which corres-
ponded to its main objectives:

1. Recording and clear formulation of the topic,
purpose of work and equipment.

2. Carrying out and availability of records neces-
sary for measurements and calculations, the cor-
rect filling of the made table.

3. Performance of calculations, measurement
errors with the indication of deviations of sepa-
rate values of one size.

4. Execution of a drawing or graph that accu-
rately illustrates from a physical point of view the
progress of work and the accuracy of the mea-
sured values, the results of calculations.

5. Formulation of the conclusion at which it is ne-
cessary to specify regularities of the investigated size.

6. Execution of an additional task or answer to
controlling questions.

Accordingly, during the pedagogical experi-
ment, the hypothesis H, : F(x)=G(x) or assump-
tion about the uniformity of the functions of distri-
bution of scores on the performance of laboratory
work in physics among students of experimental
and control groups according to traditional and
experimental methods was tested.

For this purpose, 341 students from the num-
ber of students who performed laboratory work in
physics and studied according to different variants
of the methodology were taken to the control
group (CG) and 353 students to the experimental

group (EG). As a result of random selection, two
samples were formed ( f; — students who studied

according to the experimental method; f, — ac-
cording to the traditional method), respectively,
n, =353 and n, =341 the student.

Data for finding the characteristics of Kolmo-
horov-Smirnov are shown in table 2.

An alternative hypothesis H, :F(x)# G(x) as-
sumes that the functions of distribution of scores
are not the same in the two considered sets of stu-
dents.

The maximum value of the expression for the
difference of accumulated frequencies in samples

land2 XA -2 A is12.
That is:
1 1 .
T :(Z)'maX‘Zfl —Zfz‘:(g)'l =0,034;
1 1
T, =(Z)-ma><\2f] ~Xhl=Gp 2 =003s.
The critical value of the criterion is found by
the formula for relatively large samples (n > 40).

Accordingly, for our case, the experimental values
of n, =353 and n, =341.

W= AmEm)

-a a
n,-n,
For the value & = 0,05 we matter 4, =1,36

Table 2

Table of data for finding statistics
of the Kolmogorov-Smirnov criterion based on the results of laboratory work
“Determination of light wavelength using a Jung interferometer”
in experimental and control groups

The difference
v | ofommeaty | fegeencyn | femnon | emseney | fequency | Ofthesccumulated
a\n completed sample sample in the sample in the sample in samples 1 and 2
tasks 1(EG), f, 2(cq), f, 1 (EG),Zfl 2 (CG),Zf2 ‘Zfl _ZfZ‘
1 6 118 115 353 341 12
2 5 88 86 235 226 9
3 4 67 64 147 140 7
4 3 44 42 80 76 4
5 2 30 30 36 34 2
6 1 6 4 6 4 2
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W =1,36. V694
120373
Thus, the inequality holds:

T yp> W, o that is (0,035 > 0,0003).

=~ 0,0003

Therefore, we conclude that following the rule of
decision on the null hypothesis #, is rejected and
an alternative hypothesis is accepted, which indi-
cates the difference in the distribution of scores for
laboratory work in the process of teaching physics in
the context of STEM education, traditional meth-
ods in educational institutions of technical training.

Accordingly, the increased level of knowledge
and skills of students in experimental groups, we ex-
plain the sufficient effect of the developed methods
of teaching physics using modern teaching aids in
the development of STEM education due to stu-
dent’s practical and experimental tasks in physics.
It is established that the proposed method of teach-
ing physics in higher educational technical profile
of study is appropriate, productive and necessary,
as it promotes the development of educational and
cognitive, independent activities, helps students to
perform more creative tasks, activates search activi-
ties in the implementation of innovative STEM-tech-
nologies learning in terms of ontological approach.

The results of the third stage of the pedagogical
experiment indicate the effectiveness of strength-
ening the role and importance of methods of
teaching physics in the development of STEM edu-
cation, namely the organization of student’s prac-
tical tasks, skills and abilities in laboratory work on
physics and ICT.

Conclusions and prospects for further explora-
tions in this direction. Thus, the introduction of the
STEM training system in Ukrainian technical free
economic zones will contribute to the moderniza-
tion of the system of psychological-pedagogical,
methodological, practical training of future appli-
cants for higher education based on STEM educa-
tion; establishing the production of domestic edu-
cational STEM equipment and didactic tools STEM
teaching physics; application of STEM approach to
the educational process, which involves the deve-
lopment of personality, aimed at active and con-
structive entry into modern innovation processes
and achieving a high level of self-realization in the
teaching of physical and technical disciplines.

The analysis of the best domestic and world expe-
rience confirms the conclusions that the introduction

of methods of teaching physics under these re-
quirements helps to solve the problems currently
facing STEM education, improves the quality of
basic demonstration educational experiments in
physics, activates and expands independent lear-
ning activities students, contributes to the prestige
of physics education in the higher institutions of
technical profile.

Prospects for further research are to study the
problem in terms of developing methods of teach-
ing physics and professionally-oriented discip-
lines in the context of adaptive learning, taking into
account the concept of STEM education.
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0. C. KyabmeHKo,
B. b. lem’siHeHKo,
|. M. CaB4yeHKo,

B. M. lemM’saAHeHKO

METOAMYHI OCOBIUBOCTI MPO®ECIMHO 30PIEHTOBAHOIO HABYAHHA
®I3UKO-IHKEHEPHUX AUCLUN/IH HA OCHOBI STEM-TEXHO/IOTIA: ACNEKT OHTONIOMYHOIO NigXoA4y

AHomayisi. ¥ cmammi po32a1a00embca akmyasbHicme rpobaemu 830eM038°A3KY HABYAHHSA (Pi3UKU i npogbeciliHo 30pieH-
mosaHux ducyunsiH Ha ocHosi STEM-mexHosnoeili 8 ymosax oHMos02iYHo20 nidxody y npouyeci nidzomosku 3006ysa-
Yig 0c8imu 3 iHXEeHepHOo20 Ma MexHiYHO020 HAMpPAMI8 3a 0C8iMHbO-MPogeciliHow npo2pamoro crieyiansHocmi 272
«AeiayiliHuli mpaHcriopm». Po3pobneHa ma 3arporioHo8aHA MemoOUKa HABYAHHSA (hi3uKu Ha ocHosi STEM-mexHoso-
2ili 3 ypaxysaHHAM OeiHiuil oHmosozii cripamosaHa Ha hopMysaHHs y cyb’ekmie HaguyaHHA STEM skills, wo 3ymoeneHo
rnocmassneHum repeod oc8iMHIMU 3aK1a0amu 30800HHAM 3HAYHO MIOBUUWUMU AKICMb 3HOHbL CMydeHmis, posb HaBYAH-
HA 'y hOpMYBAHHI iX cmuso MUcneHHA | nisHasanbHUx 30ibHocmeli 8 ymosax pozsumky STEM-ocsimu. BusHayeHo, wjo
00HUM 3 iIHHOBaYiliIHUX HanpAMis cy4acHoi oceimu € sriposadxeHHa STEM-ocgimu, ska nepedbayae 06’€OHAHHA HAYK,
CrPAMOBAHUX HA po38umok STEM-mexHosoeili, Ha iHHosayiliHe mucneHHs ma 3abe3neyeHHs nompebu 8 dobpe nid2o-
moeseHux iH#eHepHOo-mexHiYHUX ghaxisysax. ObrpyHMosaHo mMmemoodu4Hi ocobausocmi npogeciliHo 3o0pieHMoBaHo20
HQBYAHHSA (PI3UKO-IHHEHepHUX OUCYUNsiH Ha ocHosi STEM-mexHosoeili 3 ypaxy8aHHAM OHMOs102iYHo20 Mioxody. Y npo-
ueci nposedeHHsA nedazo2i4Ho20 eKcriepumMeHmy 3acmocosysasucb MeopemuyHi ma emMmnipu4Hi Memoou 00CNIOHEHHS.
3okpema, 30ilicHeHo aHani3 inocoghcbKoi, ncuxono2o-nedazoeivyHoi, HaBYANLHO-MemoOUYHOI nimepamypu, peKkomeHoo-
BAHUX MiIOPYyYHUKI8 | HABYAI6HUX MOCIOHUKI8 3 MEMOOUKU HABYAHHSA (hi3UKU 8 KOHMeKcmi po3sumky STEM-oceimu. Mpo-
800UNUCA COCMEPEH(EHHS, AHKEMYBAHHSA, Mecmy8aHHs, onumysaHHs, 6eciou 3 Haykosuamu ma cmydeHmamu. Ompu-
MaHi pe3ynbmamu ecebiyHo MpoaHasi308aHI Ma onpaybosaHi 3a 00NOMo200 Memoodie MamemMmamu4yHoi CMamucmukKu.
Pe3yniemamu nposedeH020 NopieHsANbHO20 eKCriepuMeHmy 3 8UAB/EHHA eheKmusHOCMi 3arnpornoHO8AHOI MemoOUKU
HaBYaHHSA hi3uku 8 KoHmeKkcmi STEM-ocgimu nokasasu, wo piseHb chopmMosaHOCMi i3U4HUX 3HAHb, YMIHb | HABUYOK
cmyOeHmi8 y KOHMPOsIbHUX 2PYrax € HUXHYUM, HiX 8i0r08iOHuUl pigeHb 8 eKcriepumMeHmMasbHUX 2pyrax.

Knrouoesi cnosa: ¢izuka, ocobausocmi memoOuKku Has4yaHHA ¢izuxu, STEM-ocsima, oHmonozivHuli nioxio, nedazo-
2iyHuli ekcnepumeHm, NPogeciliHo 30pPiEHMOBAHI Ma iHXeHepHi dUuCYUniHU.

O. C. Ky3bmeHkKo,
B. b. leMmbAHEHKO,
M. H. CaBueHkKo,

B. M. JembaAHeHKO

METOAUYECKUE OCOBEHHOCTU NPOPECCUOHA/IbHO OPUEHTUPOBAHHOIO OBYYEHUA
®U3UKO-UHKEHEPHBIM AUCLMUNIMHAM HA OCHOBE STEM-TEXHONOMMUM:
ACMNEKT OHTONOIM4YECKOIro noaxoaA

AHHOmMayusa. B cmamose paccmampugaemcs akmyanbHocme npobsembl 83aUMOCeA3u 0bydeHUs pu3uKe U npogec-
CUOHQ/IbHO OPUEHMUPOBAHHbIM OUCYUMNAUHAM Ha ocHoge STEM-mexHosoaull 8 ycrio8usx OHMOI02UYEcKo20 nooxooa
8 npouyecce No020MoeKU caywamenell UH¥EHePHO20 U MexXHU4ecKo2o HarpasaeHull no obpaszosamerbHo-npogec-
CUOHanbHOU npozpamme crieyuansHocmu 272 «AsUAQUUOHHbIU mpaHcrnopmy. Pa3pabomaHHasA U npedsioxeHHas
MemoOuKa oby4eHus ¢usuke Ha ocHose STEM-mexHosozuli ¢ yyemom OeuHUUUU OHMOsI02UU HAMPABAEHA HA ¢hop-
muposaHue y cybvekmos obyyeHus STEM skills, umo obycnoeneHo nocmaesneHHoU neped 06pa308amesibHbIMU Y4 pext-
OeHuaMU 3ada4eli 3HaYUMeNbHO M0BbICUMb KaYecmao 3HaHUL cmyodeHmo8, posb 0by4YeHUs 8 hOPMUPOBAHUU UX CMUSA
MblWIEHUS U No3HasamesbHelx criocobHocmell 8 ycnosusx passumus STEM-06pazosaHus. OnpedesneHo, Ymo 00HUM
U3 UHHOBAUUOHHbIX HAMpaeneHuli cospemeHHo20 06pa3oeaHus sensemcsa eHedpeHue STEM-06pa3o8aHus, Komopoe
npednonazaem ob6vedUHeHUe HAyK, HanpasneHHsIX Ha pazsumue STEM-mexHonoaull, Ha UHHOBAUUOHHOE MbluineHue
u obecrieyeHue nompebHOCMU 8 XOpPOoWwo M0020MOB/EeHHbIX UHHEHEPHO-MeXHUYeCcKux crneyuanucmax. O60CHO8AHbI
Memooduyeckue 0cobeHHOCMU MPOGECcCUOHANbHO OPUEHMUPOBAHHO20 0bYYeHUs (UIUKO-UHMEHEePHbIM Oucyunau-
Ham Ha ocHoee STEM-mexHosoauli ¢ y4emom oHmMoso2u4ecko2o nodxoda. B npouecce nposedeHus nedazo2u4eckoeo
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JKCMepUMEHMA MPUMEHA/UCE meopemuyecKue U amMrupu4eckue Memoobl Ucciedo8aHus. B yacmHocmu, ocywecmeneH
aHanu3 gpunocogckol, rncuxono2o-nedazoauyeckoli, y4ebHo-memooudeckol Aumepamypel, PEKOMeHO0B8AHHbIX y4ebHUKo8
u y4ebHbix nocobuli no memooduke oby4yeHus husuKe 8 KoHmeKcme passumus STEM-obpazosaHus. [Mposodusnucs Habso-
OeHus, aHKemMUposaHuUe, mecmuposaHue, onpocsl, becedsl ¢ yuyeHoIMU U cmydeHmamu. lonyyeHHble pe3ysbmamsi ece-
CMOPOHHE MPOAHAAU3UPOBAHLI U 06pabomMaHbl ¢ MOMOWbI0 Memodos Mamemamu4eckoli cmamucmuku. Pe3ynemamel
MposedeHHO20 CPABHUMENBbHO20 IKCEPUMEHMA M0 8blABAEHUIO 3¢hheKmusHOCMU NPednoxeHHolU MemoduKu 0byYeHuUs
¢usuke 8 KoHmMekcme STEM-0b6pa308aHUA MOKA3AsU, YMO YPOBEHL CHOPMUPOBAHHOCMU (PU3UYECKUX 3HAHUL, yMmeHUll
U HaBbIKOB CMYOeHMOo8 8 KOHMPOsIbHbIX 2PYIIAX HUME COOMBEMCMBYIoUe20 YPOBHS 8 IKCTIEPUMEHMASIbHbIX 2PYrIaX.

Knruesoie cnosa: ¢husuxka, ocobeHHocmu memoOuKku obyyeHua ¢pusuke, STEM-obpazosaHue, oHmMoso2u4yecKull
Modxo0, nedazoau4eckuli sKkcrnepumeHm, MPoGeccUOHANbHO OPUEHMUPOBAHHbIE U UHXEHEePHble OUCYUMUHBI.
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