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Abstract. The development of innovativeness affects the modernization of higher education, in particular, technical in
the context of STEM education. It was noted that the modernization of higher education in Ukraine needs to
take into account the general trends in the development of higher education systems in the context of globalization
and European integration processes. The expediency of the structural-functional model of teaching physical and
technical disciplines on the basis of STEM education in the conditions of transdisciplinarity is substantiated. It has been
established that a change in the field of higher education, in particular technical, taking into account the development
of STEM education, involves a review of the concept of training specialists in each specific field of activity, therefore,
the modernization of the content of education requires updating the educational and methodological base (goals,
content, methods, forms and means), through which modern innovative approaches will be implemented in the future.
The experimental component of the study of physical phenomena has developed due to an increase in the number
of different types of experiments (quantitative and qualitative) in physical experiments using STEM technologies (new
physical kits, ICT, 3-D modeling, etc.). Taking into account modern trends and the main directions of improvement of
the educational process, a methodology for teaching physical and technical disciplines was created, which is aimed at
effectively familiarizing students with the basics of physics, which is necessary for further study of the disciplines of a
professional direction and should be aimed not only at high-quality, scientifically and methodologically justified teaching
of the content of its basics, which is provided by the educational activity of the teacher but also mainly at the activation
of independent educational and research activities of students. Such a method should develop and stimulate interest in
knowledge and understanding of Physics, their application in explaining the phenomena and processes of the microcosm
and the surrounding world as a whole, and give students an effective system of knowledge, skills and abilities, and
form a scientific outlook. The results of the conducted comparative experiment to identify the effectiveness of the
proposed method of teaching physical and technical disciplines in the context of STEM education showed that the level
of formation of physical knowledge, abilities and skills of students of higher education in the control groups is lower
than the corresponding level in the experimental groups. The critical value determined according to the table X ? for
the level of significance accepted in pedagogical research is ot =0,05; .., =12,59, )(zexp_ =13,3, that is Xep > X o,
and on the basis of the Kolmogorov-Smirnov criterion leads to the conclusion T , > W,_., that is (0.035 > 0.0003),
that is, the developed method of teaching physical and technical disciplines in the conditions of the development of
STEM education is more effective than the existing one.

Keywords: transdisciplinarity, STEM education, physical and technical disciplines, structural-functional model, educational
process.
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Problem statement in general and its connec-
tion with important scientific or practical tasks.

The tasks facing higher education require shif-
ting the emphasis in the educational process from
the progressive accumulation of knowledge to the
formation of a creative and active personality of
the student during education, the formation of in-
dustriousness and the development of his indivi-
dual abilities and talent, the formation of readiness
for self-education. These priority directions for the
development of physical education in technical ins-
titutions of higher education (hereinafter — HEI)
are implemented through the improvement of the
educational process in physical and technical disci-
plines, the improvement and development of new
teaching aids, technologies (STEM, robot technical
kits, elements of virtual and augmented reality, ar-
tificial intelligence, etc.).

Analyzing the identified problems through the
prism of associative and activity theory of lear-
ning [1-2] taking into account the requirements
of transdisciplinary, integrated, competence and
systemic approaches to the study of educational
phenomena and processes, generalization of the
pedagogical experience of teachers of Physics and
technical disciplines in HEI based on STEM tech-
nologies outlined the contradictions that arose be-
tween:
¢ theneedsofsociety for highly qualified specialists

who can quickly adapt to the requirements of
the modern labor market and the incomplete
compliance of the domestic education system
with regard to the content of the professional
training of specialists in the technical field of
study in the context of state requirements for
the development of STEM education;

¢ thetraditional methodologyofteachingphysicsin
technical HEI and the potential opportunities of
the direction in the methodology of teaching
Physics, which is based on the means of STEM-
education technology;

e introduction of innovative approaches to teaching
physical and technical disciplines and their frag-
mentation in the process of formation of profes-
sional competence, which is formed in the condi-
tions of the development of STEM education.

In our opinion, such a task can be implemented
to a large extent using implementation of STEM edu-
cation technologies into the educational process.

This approach to solving the problem meets
the requirements of ensuring the competitiveness

of Ukrainian higher school graduates among spe-
cialists from the countries of the European Union.
Under modern conditions, it is important to imple-
ment modern technologies, which is provided by
the training of specialists in the field of informa-
tion technologies, mechatronics, automation, etc.,
in particular, in the process of teaching physical
and technical disciplines of technical HEI students
based on STEM education technologies [3-5].

The identified contradictions outlined the prob-
lem, which consists in the lack of a methodological
rationale, a theoretical and methodological basis
for the introduction of STEM technologies to the
education of technical HEI students; in the lack of
formation of the methodology of teaching physical
and technical disciplines of technical HEI graduates
on the basis of STEM-education technologies.

An analysis of recent research and publications
that have begun to solve this issue.

Reforming modern education and updating the
methodology of teaching physical and technical
disciplines based on STEM technologies is con-
nected with a change in the educational paradigm,
which reflects a set of theoretical principles for the
entire process of pedagogical activity.

The purpose of the research is to create and jus-
tify a structural-functional model of teaching phys-
ical and technical disciplines and, based on it, to
develop a methodology for teaching physical and
technical disciplines to students of technical HEI
based on STEM education technologies, which will
allow ensuring their active cognitive-searching, in-
dependent activity throughout life, while ensuring
high availability and quality of education for the
training of next-generation specialists.

The concept of the research is determined by the
fact that the physical and technical training of future
specialists in engineering and technology in techni-
cal HEIl is the foundation for the further formation
of personal and professional qualities of the future
competitive specialist in the subjects of training,
his ability and readiness for the appropriate type
of professional activity, taking into account modern
trends in the development of education (digitaliza-
tion, elements of artificial intelligence, STEM tech-
nologies). The concept proposed by the authors of
the study is based on the leading idea that the for-
mation and development of STEM soft skills of fu-
ture specialists in physical and technical disciplines
of the technical direction of education is based on
the principles of the unity of fundamentalization and
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transdisciplinary, integrated, competence-based,

professionally oriented approaches, which ensures

the readiness of subjects of training to solve educa-
tional and research tasks in preparation for effective
professional activity.

In their research, the authors outlined concepts
that reflect the relevance and importance of scien-
tific work:

e the methodological concept reveals the rela-
tionship and interaction of certain approaches
to solving the problem of the formation and
development of STEM soft skills from physical
and technical disciplines;

e the theoretical concept defines a system of basic
legal provisions, the latest scientific concepts laid
as a basis for understanding STEM education in
the process of learning physical and technical
disciplines; peculiarities of the educational and
cognitive activity of education seekers in the
conditions of a transdisciplinary approach to the
teaching of physical and technical disciplines,
taking into account STEM technologies in
technical HEl; professional qualifications, key
professional STEM competencies;

e the methodical concept involves the develop-
ment, substantiation and description of the
structural-functional model and methodical sys-
tem of teaching physical and technical disciplines
based on STEM technologies in technical HEI,
determining the stages of its transdisciplinarity
and interdisciplinary integration of implemen-
tation in the practice of education.

In accordance with the purpose of the research,
the research tasks were formulated:

1. To perform an analysis of scientific research
and scientific-methodical literature of domestic
and foreign researchers designing and forming
the main directions of development of theory and
practice regarding the creation of a structural-func-
tional model of teaching physical and technical dis-
ciplines based on STEM-education and methods
of teaching physical-technical disciplines using
STEM-education in technical HEI.

2. To investigate the problem of ensuring the ef-
fective integration of Physics and technical discip-
lines in the educational process of technical HEI
based on the concept of STEM education.

3. To create and substantiate a model of a struc-
tural-functional model of teaching physical and
technical disciplines based on STEM education in
conditions of transdisciplinarity.

4. To develop and implement methodical sup-
port in physical and technical disciplines, taking
into account the trends in the development of
STEM education for HEI, which will be reflected in
the formation of the appropriate professional com-
petence of the students of education.

5. To experimentally verify the effectiveness of
the structural-functional model of teaching physi-
cal and technical disciplines on the basis of STEM
education and the methodology of teaching phy-
sical and technical disciplines based on STEM tech-
nologies in HEI.

The object of the research is the educational
process in physical and technical disciplines in HEI.

The subject is the creation of a structural-func-
tional model of teaching physical and technical dis-
ciplines research based on STEM education in the
conditions of a transdisciplinary approach.

Research methods: theoretical: analysis of text-
books, methodological manuals and publications
reflecting the problem of research in STEM educa-
tion, to identify modern physical scientific positions
and achievements, trends in the development of
physical and technical disciplines in higher educa-
tion; empirical: questionnaires, surveys of higher
education applicants to find out the level of interest
and activity of students / cadets in learning physical
and technical disciplines using STEM technologies;
experimental: pedagogical experiment (declarative,
formative) and experimental verification of the ef-
fectiveness of the structural-functional model of
physical and technical disciplines and methods of
teaching physical and technical disciplines using
STEM technologies in HEL.

The authors of the research highlighted the
signs of innovations, which are a significant factor
for the creation of a structural-functional model of
physical and technical disciplines based on STEM
education, which is characterized by the scale in
the education system and the innovativeness of
their potential: 1) at the macro level, the transfor-
mation of innovations takes place, which leads to
radical changes and conditions the renewal of the
entire system of education in HEI; 2) at the meso
level, staffing takes place according to the main di-
rections of interrelated innovations in each com-
ponent of the education system: preschool, gener-
al secondary, extracurricular, professional, higher
education, postgraduate; 3) improvement, i.e.,
modernization, modification, and rationalization of
the traditional pedagogical process takes place at

ISSN 2618-0529 (Print)

M



HAYKOBI 3ANUCKW MANOI AKAZEMII HAYK YKPAIHU 2 (27) 2023

the micro level, which determines the locality or
singularity of unrelated innovations, i. e., changes
that lead to elemental modifications.

The main directions of the state education poli-
cy are defined [6]: 1) reform and modernization
of the higher education system with EU require-
ments; 2) activation of the mobility of education
seekers, scientific, scientific-pedagogical and peda-
gogical workers; 3) ensuring availability and conti-
nuity of education throughout life; 4) development
of scientific and innovative activities in education,
improvement of the quality of education on an in-
novative basis; 5) improvement of information
and resource provision of education and science;
6) provision of national monitoring of the educa-
tion system; 7) creation of a modern material and
technical base of the education system.

Based on the identified directions, the updat-
ed strategy for reforming the educational sphere
requires new scientific research, the well-founded
and consistent introduction of modern scientific
and pedagogical technologies, and rational and ef-
fective approaches to the organization of scientific
and innovative activities in education.

I. Chernetskyi and I. Slipukhina point out that
physical and mathematical content is fundamental in
STEM-oriented physics education. However, its im-
plementation involves, first of all, the use of the en-
gineering method of research (engineering design),
which includes such stages as determining the es-
sence of the problem, preliminary research, defining
requirements, brainstorming, developing and testing
a prototype, evaluating the result, making changes
and presenting the obtained result [7, p. 224-225].

Taking into account the modern level of scientif-
ic and technical progress increases the importance
of the technical component in the training of spe-
cialists, which requires: the transfer of the process
of teaching physical and technical disciplines of
higher education to a higher level, especially with
the use of STEM learning technologies to support
and organize the educational and cognitive activi-
ties of the student of education. The use of STEM
technologies as a means of learning in the teaching
methodology of physical and technical disciplines
with a combination of trans-disciplinary and pro-
fessionally oriented approaches makes it possible
to strengthen the professional orientation of the
training of a future technical specialist.

Having analyzed trends in the development of
higher education in Ukraine in the context of STEM

education from the standpoint of innovation and

fundamentality [8—11], the authors singled out:

1) rapid growth of the amount of scientific in-
formation, fundamentalization, provides universal,
system-forming, invariant knowledge by means of
STEM technologies. For this purpose, we propose
to form in subjects of education a fundamental
core of knowledge and ideas about concepts, phe-
nomena, processes in physical and technical dis-
ciplines based on a transdisciplinary approach in
accordance with certain topics of professional di-
rection disciplines, which contributes to the forma-
tion of STEM soft skills of HEI students;

2) psychophysical features of an education
seeker, who is unable to remain in mental stress
for a long time due to the need to process a large
amount of information, the authors propose to im-
plement through a transdisciplinary approach to
teaching physical and technical disciplines based
on STEM technologies at the level of interdisciplin-
ary connections, which changes the view on tradi-
tional education;

3) transdisciplinarity and fundamental training
of a new generation student in Physics is the basis
for professional development and mobility in the
future. This provides an opportunity on the basis
of STEM education for subjects of education to in-
dependently adapt to new professional conditions,
master modern principles of work, new equip-
ment, technologies and perform professionally
significant functions by means of STEM education.

Emphasizing the importance of fundamentaliza-
tion as a didactic principle for the design of the con-
tent of teaching physical and technical disciplines in
HEI from the standpoint of the paradigm of STEM
education and taking into account the transdiscipli-
narity and fundamentalization of teaching physical
and technical disciplines based on STEM educa-
tion, relying on the study of the content of teaching
Physics by S. Honcharenko [12], the authors have
defined the following conceptual principles of trans-
disciplinarity of teaching physical and technical dis-
ciplines in based on STEM education technologies:

e STEM-technologies: provide an effective study
of the teaching theory of physical and technical
disciplines not only at the classical level but also
at higher levels, taking into account theoretical
generalizationsandtheuseofdigitaltechnologies,
taking into account didactic requirements for
the organization of various types of classes in
conditions of transdisciplinarity;
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e definition of the content, provided based on
the specifics of the subject field — Physics
and technical field — disciplines of an applied
nature, according to a common transdisciplinary
designation and interdependence of empirical
and theoretical knowledge in the context of
STEM education;

e thetraditional process of forming the concepts of
physical and technical disciplines is uniform and
linear, STEM technologies ensure the transfer
of this process to a non-linear one, where the
mathematical level of generalizations is made in
parallel with the theoretical one;

e the continuity of content lines and theoretical
generalizations of basic STEM-educational edu-
cational elements from physical and technical
disciplines, takes into account the applied orien-
tation and variability of methods of solving edu-
cational and practical tasks, taking into account
their transdisciplinarity;

e STEM learning technologies of physical and tech-
nical disciplines take into account the unity of psy-
chological-pedagogical and content aspects (abst-
ract-logical, divergent, theoretical and critical types
of thinking of education seekers and orientation
to the theoretical level of generalization in
the development of thinking through analysis,
synthesis, comparison, generalization, abstraction,
classification, systematization, specification);

e the use of STEM means of education is determined
by psychological, pedagogical, organizational
and methodical, material and technical, ergo-
nomic conditions, which contributes to the deve-
lopment of research-search and creative activity
of education seekers in the process of solving
educational and professionally-oriented tasks in
the teaching of physical and technical disciplines;

e the creation of adaptive learning systems, which
must contain two important components — the
creation and maintenance of a modern powerful
adaptive hardware and software environment
and filling it with pedagogically appropriate and
methodically balanced subject content.

Based on this approach, the content of physi-
cal and technical disciplines is formed, related to
knowledge about the structuring of the subject
field, as well as to the strategy of the student’s
learning trajectories to support flexible persona-
lized learning. At the same time, a holistic learning
process is formed, which optimizes the mental
development of the student. The psychological

and pedagogical means of implementing the edu-
cational module is a didactically adapted system
of concepts of the subject area in the form of a
knowledge system, with the provision of technolo-
gy for the assimilation of educational content [13].

Based on the established principles, the authors
developed a structural and functional model of
teaching physical and technical disciplines based
on STEM education (Fig. 1).

At the current stage of education, the ability of
teachers to teach students to solve problem situa-
tions related to practical activities using a transdis-
ciplinary approach to teaching physical and techni-
cal disciplines in the context of the development of
STEM education is relevant. It is expedient to con-
sider the interdisciplinary relationships of Physics
with technical disciplines [14], where subject com-
petencies are formed in students.

Thus, innovative activity and the fundamental-
ization of physical and technical education in HEI
using STEM education is an integral and import-
ant component of the professional competence
of education seekers. For these reasons, teaching
Physics involves the formation of a system of fun-
damental physical knowledge and skills in students
during the study of the disciplines of professional
direction and in their life activities. Trends related
to innovation, informatization, and computeriza-
tion have a significant impact on student learning
technologies.

Takingintoaccount the developed structuraland
functional system of teaching physical and techni-
cal disciplines based on STEM education is the ba-
sis for the development of a methodical system of
teaching physical and technical disciplines in the
conditions of the development of STEM education,
which, in our opinion, should ensure the improve-
ment of the quality of their physical and technical
education for further training in the disciplines of
the professional direction of study in HEI.

One of the tasks of our research was to check
the effectiveness of the created structural-func-
tional model of teaching physical and technical
disciplines on the basis of STEM education and the
results of introducing the developed methodology
of teaching physical and technical disciplines into
the practice of teaching HEI, taking into account
the trends in the development of STEM education.

In order to ensure the quality of the experi-
ment, when choosing HEI, experimental and
control groups, equalization of conditions was
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Fig. 1. Structural and functional model of teaching physical
and technical disciplines based on STEM education

taken into account, under which the leveling of the
difference between the main subjects of the edu-
cational process in such groups was assumed: en-
suring a relatively equal composition of students in
the control and experimental groups. Participation
of the involved teacher in the experiment of each
type of group.

Study, adjustment and generalization of the effec-
tiveness of the structural-functional model of teach-
ing physical and technical disciplines on the basis of
STEM education; the results of approbation of the
proposed methodology of practical and experimen-
tal tasks by students of physical and technical discip-
lines based on STEM technologies, were carried out
through selective attendance of classes, discussion
with teachers of the possibilities of improving the
learning process during the training of physical and
technical disciplines in experimental groups, analysis
of the effectiveness and efficiency of training in the
context of the development of STEM education.

The analysis of the results obtained in the
course of this pedagogical experiment was aimed

at checking the quality and effectiveness of the
proposed method of teaching physical and tech-
nical disciplines using modern teaching tools ta-
king into account STEM education and comparing
the achievements of the students of the exper-
imental and control groups. In each group that
participated in the experiment, control work was
carried out, as a result of which the level of know-
ledge, abilities and skills during the proposed
methodology of teaching physics was checked, and
a comparison was made with those who studied
according to the traditional methodology. During
the selection of questions for control papers, prefe-
rence was given to the optimal amount of tasks of
different levels, questions, giving answers to which
required knowledge and understanding of the es-
sence of observed phenomena during the study
of Physics and disciplines of a technical profile and
the main regularities of their course: the ability to
explain an experimental fact and justify the neces-
sary conditions under which the course of this or
that physical phenomenon is possible; to explain
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the methods and ways of managing its main regu-
larities of the course of phenomena and processes,
the possibilities of their practical use.

Statistical methods make it possible to establish
the probability of certain events in the pedagogical
process, to predict learning outcomes, to establish
average, critical, and optimal norms and deviations
from norms that the pedagogical process in HEI
should follow.

In order to statistically process the results of
the formative pedagogical experiment, statistical
hypothesis testing methods based on the compa-
rison of measurements of some property in two

independent samples (criterion ,1’2 ) were used.

The criterion was used to compare the distributions
of objects of two populations according to the state of
some property. The effectiveness of test works in the
physical and technical disciplines of experimental (EG)
and control groups (CG), which were implemented in
higher education institutions, namely Vinnytsia Na-
tional Technical University, National Center “Junior
Academy of Sciences of Ukraine” was checked.

The samples of education seekers formed in EG
and CG are respectively random and independent
of each other. The property being measured (the
ability to quickly and correctly answer test ques-
tions when studying physics sections in a short pe-
riod of time) has a continuous distribution and is
measured on an ordinal scale that has 7 categories.

For the pedagogical experiment, 341 students
were selected for the control group (CG) and
353 students for the experimental group (EG), a to-
tal of 694 students from Vinnytsia and Kyiv of the
HEI took part in the pedagogical experiment.

Table 1 shows the results of points scored when
performing physics test tasks in the control and ex-
perimental groups.

To identify statistically significant differences in
the knowledge levels of students of the control and
experimental samples, we use the method of tes-
ting the null and alternative hypotheses according
to the Pearson test (Z2) since all the conditions
necessary for this are met, i. e.: 1) both samples are
random; 2) the samples are independent and the
members of each of the samples are independent
of each other; 3) the scale of measurements is a
scale of names with 7 categories.

The dynamics of changes in the knowledge of
education seekers when performing physics test
tasks are shown in the diagram (Fig. 2).

Table 1
The results of points scored
when performing test tasks in physics
in the control (CG) and experimental (EG) groups

The number of students
who scored a certain number of points
Assessment Confirmatory Formative
experiment experiment
EG CG EG CG
A/90-100/ 15 8 18 8
B/80-89/ 28 35 45 27
C/75-79/ 34 42 64 32
D/60-74/ 41 53 39 41
E/50-59/ 27 44 31 39
FX/35-49/ 2 7 9 5
F/1-34/ 0 0 0 0
147 189 206 152

Let us denote p,, (i=1, 2, 3,4, 5, 6, 7) the sta-
tistical probability of students of the first samp-
le performing the work for the assessment i;
p, (i=1,2,3,4,5,6,7)is the statistical probability
of students of the second sample performing the
work for the assessment i.

Based on the experimental data shown in the
above table, we test the null hypothesis: H: p, = p,
for all categories (C = 7).

An alternative hypothesis for H.: p,; # p,; at
least one of the mentioned seven categories. We
calculate experimental statistics according to the
formula:

T =

1 ‘i(nl.QZi_nZ'Qli) T

Qli + Q2i

According to tabular data a=0,05 and the num-
ber of degrees of freedomv=C-1=7-1=6, we
find the critical value of the criterion T statistic: T:
x,,=12,59,i.e.T . =12.59.

For the control and experimental samples be-
fore the experiment, T .<T . (6.98 < 12.59),
which is the basis for accepting the null hypothesis.

The control sample before and after the expe-
riment also have statistically significant differences

onsors. <V (15.822 > 12.59).

The control and experimental samples after the

experiment have statistically significant differen-

ces, since T >T .. (13.3>12.59).

n-ny, =

observ.
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Fig. 2. Comparative characteristics of educational achievements
of education seekers when performing test tasks in experimental
and control groups in physics based on STEM technologies

The results of experimental statistics calcula-  in this way, it can be concluded that the students of
tions are given in Table 2. the experimental groups during the performance
In accordance with the decision-making rule,  of physics tasks due to the use of the proposed
the obtained results allow rejecting the null hypo-  method of teaching Physics based on STEM tech-
thesis H, and accepting the alternative one H,. So,  nologies showed better results than the students

Table 2
The results of the ascertaining and formative experiment

. 90-100 | 80-89 | 75-79 | 60-74 | 60-59 | 35-49 | 1-34 obsery.

@

E EG Q, 15 28 34 41 27 2 0

%‘J- CG Q, 8 35 42 53 44 7 0

£ Q,-Q, -7 7 8 12 17 5 0

2 T 4,3 0,012 0,03 0,0006 0,94 1,7 0 6,98

£ 90-100 | 80-89 | 75-79 | 60-74 | 60-59 | 35-49 | 1-34 | T,
S
< EG Q, 18 45 64 39 31 9 0
o
s G Q, 8 27 32 41 39 5 0
= Q- | -10 | -18 | -32 2 8 -4 0
[
£ T 145 | 072 | 327 | 253 5,03 03 0 13,3
2 90-100 | 80-89 | 75-79 | 60-74 | 60-59 | 35-49 | 1-34 | T, .
o T
3&8E| G | Q 8 35 42 53 44 7 0
o © &
52| CG,, Q, 8 27 32 4 39 5 0
= O o
S 53 Q,-Q, 0 -8 -10 12 -5 -2 0
4 T 0,19 3,53 4,4 5,3 2,4 | 0,0016 0 15,822
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who studied without the use of the experimental
method.

In the process of the experiment, we have inves-
tigated the definition of creativity among students
of HEI, introducing a structural-functional model
of teaching physical and technical disciplines and
a methodology for teaching physical and technical
disciplines on the basis of STEM education in con-
ditions of transdisciplinarity.

To determine the creativity of beginning sub-
jects in the process of teaching physics based on
technology, we used Johnson’s creativity question-
naire.

Johnson’s questionnaire is an express method
that allows you to quickly diagnose the creativity
of study subjects. It is an objective checklist consis-
ting of eight characteristics of creative thinking and
behavior, which is designed to identify the mani-
festation of creativity in students of education.

To assess creativity according to Johnson’s
questionnaire, we observed the social interaction
of subjects of study in the process of learning phy-
sics using modern means of STEM education. Each
statement of the questionnaire is evaluated on a
scale with five levels: 1 — never, 2 — rarely, 3 —
sometimes, 4 — often, 5 — constantly. The overall
assessment of creativity is the sum of points from
eight points of the above criteria.

The results obtained by us regarding the defini-
tion of creativity in CG and EG are shown in Table 3.

In order to determine the creativity of the sub-
jects of study according to the method of teaching

physical and technical disciplines based on STEM
technologies, in each group we selected subgroups
of students, where their creative abilities were de-
termined (Johnson’s questionnaire) Table 3.

According to formula 1, for the significance of
a = 0.05 and the number of degrees of freedom
v=C—1=5-1 =4, the critical value of the criteri-
on statistic T__ . = 9.48. According to the calculation
result received by us, Too> Toe (20.97 > 9.48). So,
according to the decision-making rules, we rejec-
ted the null hypothesis.

The obtained result makes it possible to con-
clude that the proposed method of teaching phy-
sics based on the technologies of the STEM edu-
cation system gives more effective results than the
traditional one.

Conclusions and prospects for further explora-
tions in this direction. Taking into account modern
trends and the main directions of improvement
of the educational process, the created methodo-
logy for teaching physical and technical disciplines
based on STEM technologies is aimed not only at
high-quality, scientifically and methodologically
grounded teaching of the content of the basics of
Physics, which is provided by the educational ac-
tivity of the teacher, but mainly at the activation
of independent educational and research activities
of the student of education using STEM techno-
logies. Such a technique should develop and sti-
mulate interest in knowledge and understand-
ing of physical and technical disciplines based on
STEM education in conditions of transdisciplinarity,

Table 3

Determining the levels of students’ creativity

in the process of learning Physics based on STEM technologies

Group Veryslg\ﬁllevel Ilé?/\gl Interkre’r:/zcliiate Hizg;_lg\glel Verysfli:gzolevel
15-19 20-26
EG 50 80 125 63 35
(353 respondents)
%, creativity in EG 14,2% 22,7% 35,4% 17,8% 9,9%
CG 73 98 116 41 13
(341 respondents)
%, creativity in CG 21,4% 28,7% 34,01% 12,02% 3,8%
A, the difference between -7,2% —-6% +1,39% +5,78% +6,1%
the value of % creativity
in EG and CG
oo, 5,13 2,5 0,1 3,9 9,34
The general value of Te_xp 20,97
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their application in explaining the phenomena and
processes of the microcosm and the surrounding
world as a whole, and give students of education
an effective system of soft skills and form a natu-
ral and scientific worldview. The results of the for-
mative experiment showed positive changes in all
performance indicators of the proposed structural-
functional model of teaching physical and techni-
cal disciplines based on STEM education and the
developed methodology of teaching physical and
mathematical disciplines using STEM technologies
and confirmed the main provisions of the goal and
the proposed hypothesis.

In the future, research on this problem can be
carried out in the following directions: develop-
ment of a new approach to changing the struc-
ture and content of curricula; improvement of the
content and system of teaching Physics taking into
account new pedagogical technologies; strength-
ening the connection between the teaching of the
physics course and the professional orientation of
students of non-physics majors of technical HEI in
the context of STEM education.
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0. C. Ky3sbmeHKo,
B. b. em’sHeHKo,
I. M. CaB4yeHKo,

B. M. lem’siHeHKO

CTPYKTYPHO-®YHKLUIOHA/IbHA MOAE/b
HABYAHHA ®ISUKO-TEXHIYHUX AUCUUNNIH
HA 3ACAOAX STEM-OCBITU: ACNEKT TPAHCAUCLUUNNIHAPHOCTI

AHomayjia. Pozsumok iHHosayiliHocmi 8nausae Ha MoOepHI3ayito 8ULWOI 0c8iMU, 30KPeMa MexHiYHOI, 8 KOHMeKcmi
STEM-ocsimu. Bid3Ha4yeHo, ujo ModepHizayia suujoi oceimu 8 YkpaiHi nompebye 8paxy8aHHA 3a2a16HUX MeHOeHYill
po38UMKY cucmem 8uwjoi oceimu y KoHmekcmi enobanizayiliHux ma espoiHmezpauiliHux npoyecie. ObrpyHmosa-
HO 00yinbHICMb CMPYKMYPHO-DYHKYIOHANbHOI MOOesni HABYAHHA (hi3UKO-mexHiYHUX ducyunaiH Ha 3acadax STEM-
ocsimu 8 ymosax mpaHcoucyunaiHapHocmi. YcmaHoeneHo, wo 3miHa 8 cpepi suWj0i oc8imu, 30Kpema mexHi4yHoi,
3 ypaxysaHHAM po3sumky STEM-ocgeimu nepedbayae nepeanad KoHuenuyii nid2comosku creyiasnicmie y KoMcHil
KOHKpemHili 2any3i 0ianbHocmi, momy mMoOepHi3ayis 3micmy oceimu 8UMa2a€e OHOBAEHHA HABYA/bHO-MEmMoouY-
Hoi basu (yinetli, 3micmy, memodis, popm i 3acobis), yepes AKy Hadani byde 30ilicHro8aMUCA peani3ayia cy4acHuUx
iHHosauyiliHux nidxodis. [icmana po3sumky eKcnepumeHmasbHa CKAadoea 8UBYEHHA i3UYHUX ABUW, 30 PAXYHOK
36inbweHHs KinbKocmi pizHux eudie 00cnidie (KinbKiCHUX | AKICHUX) y (hi3UYHOMY eKcrepumeHmi 3 BUKOPUCMAHHAM
STEM-mexHonoeili (Hosi ¢izuyHi Komnaekmu, IKT, 3-D MoOento8aHHA ma iH.). 3 ypaxy8aHHAM Cy4acHUX meHOeHyil
ma OCHOBHUX HAMpPAMI8 YOOCKOHANEHHA 0CBIMHbLO20 MPOYECY 3 MEMOI e(heKmuBHO20 03HAUOMAEHHA cmydeHmis
i3 ocHoBamu ¢pi3uKu cmeopeHa MemoOUKaA HABYAHHA (i3UKO-mexHIYHUX OuCyunaiH, ujo nompibHo 014 N1odasnbwWoz0
8UBYEHHA OucyuniH npogeciliHo2o Hanpamy. Lia memoduKka noguHHaA bymu cripAMOBaHA He MifnbKu HA AKiCHe, Ha-
yK080 Ui MemoOuYHo 0b6rpyHmMosaHe 8UKAAOAHHA, W0 3abe3rneyyemoca Ha84aAbHO QifiAbHICMIO 8uKaadaya, a Ui 2o-
AI08HUM YUHOM HQ KMUBI3ayito camocmiliHoi Hag4as16HO-MoWYyKoeoi dianbHocmi cmydeHmis. [TosuHHa po3susamu
U cmumynrosamu iHmepec 00 Ni3HAHHA MA PO3YMiHHA i3uKuU, 00 3aCMOCYBAHHA i€l HaYKU 01 MOACHEHHA ABUW
i npoyecie mikpocaimy Ui HOBKOAUWHBLO20 c8imy 3a2as10M i dasamu cmydeHmam Biegy cucmemy 3HAHb, YMiHb i Ha-
8UYOK ma hopmysamu npupodHU4o-HayKosuli ceimoanad. Peaynsmamu npogedeHo20 ropieHANbHO20 eKcrepumeH-
my 3 8uAeseHHA eqheKmMuBHOCMI 3arPONOHO8AHOT MEMOOUKU HaBYOHHA Pi3UKO-MEXHIYHUX OUCYUMNAIH Y KOHMeKecmi
STEM-oceimu nokasanu, wo pieeHb chopmosaHocmi Gizu4HUX 3HAHb, yMiHb i HaBUYOK 3006y8auyie suwoi ocgimu
Yy KOHMPObHUX 2PYNaX € HUXYUM 8i0 8i0M08IOHO20 piBHA 8 eKcriepuMeHmasnbHUX epyrnax. BusHayeHe 3a mabauyero

2 3 . . . .
KpumuyHe 3HayeHHa X 0n4 npuliHAmozo 8 nedazoziyHux 0ocnioneHHAxX pieHa 3Hayywocmi o =0,05 cmaHo-
sums ;(zm.,_ =12,59; }(zcxp‘ =13,3, mobmo Zzexp_ > 1., Md Ha OCHO8I Kpumepito Konmozoposa-CmupHosa 00800UMb

0o eucHosky T, > W, , mobmo (0,035 >0,0003), a omie, po3pobaeHa MemoduKa Ha84aHHsA (i3UKO-MexXHIYHUX

bserv. 1

ducyunnid 8 ymosax po3sumky STEM-oceimu € echeKmuBHIW O, HiX YUHHA.

Knarw4oei cnoea: mpaHcoucyunaiHapHicms, STEM-oceima, ¢pizuko-mexHiyHi QucyunaiHu, cmpykmypHo-pyHKyio-
HanbHa modesnb, ocsimHili npouyec.
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