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Abstract

Relevance. The modern stage of socio-economic changes in the society of the Republic of Kazakhstan and the need for
transition of higher education to a new level, the issue of updating the system of methodological training of future
specialists capable of developing new and optimising existing solutions in the field of mathematics and physics determine
the research relevance.

Purpose. The study aims to develop pedagogical conditions for the implementation of the methodological system of
teaching mathematics and physics students based on professional orientation in higher education as a guarantee of
competitive specialists in the labour market.

Methodology. The following methods were used in the process of experimentation: analysis, synthesis, comparison,
systematisation, classification, generalisation, and experimentation: establishing, forming, and controlling, as well as
methods of mathematical statistics.

Results. Development and introduction, based on Narxoz University and Asfendiyarov Kazakh National Medical
University, of the methodology of organisation of professionally directed teaching of mathematics and physics in the
context of professional training of future specialists of the technical direction of higher educational institutions of the
Republic of Kazakhstan is carried out. The results of the obtained data in the process of experimental research conclude
that the proposed methodology is effective because it allowed to increase in the level of learning physics and mathematics
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in the process of professionally directed training of students of higher educational institutions. The study presents
pedagogical conditions for the implementation of the proposed methodology: the development of motivation to study
mathematics and physics, the development and implementation of the methodology of professionally oriented teaching
of mathematics and physics, and the use of effective computer technologies.

Conclusions. The practical value of the study consists of the developed methodical system and computer programs, which
are recommended to be used in the organisation of independent work of students, preparation of educational programs,
syllabuses, and educational-methodical complexes for various technical specialities.

Keywords: technical education; computer programs; motivation; non-standard lectures; seminars; independent study.

Introduction

Physics and mathematics education has the most important
role in the training of future specialists of the technical
sphere, as the increase of the potential of the Republic of
Kazakhstan in the technical direction requires
improvement of the efficiency and development of
professional training of specialists in higher educational
institutions. The place of physics and mathematics in the
system of specialist training is an important component in
the development of intelligence, social and moral
development of personality, introduction of scientific and
technical ideas, and expansion of world outlook positions
[1].

The State Programme for the Development of
Education and Science of the Republic of Kazakhstan for
2020-2025 [2] notes that the priority directions of
development of physics and mathematics education should
be the personal orientation of education, holistic
representation of physics and mathematics components in
the context of higher education, implementation of an
updated methodological system of teaching mathematics
and physics in higher education institutions. Updating the
methodological system of professionally oriented teaching
of mathematics and physics allows students of higher
education institutions of Kazakhstan to form professional
competencies necessary for the implementation of future
activities following the updated requirements to the system
of training of future specialists in higher education
institutions [3-5]. The principle of cross-disciplinarity
applies on the way to realising the potential of such
disciplines as mathematics and physics. For this reason, the
proposed methodological system of teaching mathematics
and physics is aimed at creating opportunities for the
development of visual and intuitive foundations and
practical orientation in a particular subject area.
Insufficient development of the problem in terms of
systematic study of methodological features of
implementation of professionally oriented teaching of
mathematics and physics, the existing contradictions
between the need to teach these disciplines in the context
of professional orientation and the lack of a clear
methodology for the implementation of such a process
necessitated the study.

According to Zh.A. Kalybekova [6], the strategic
direction of the development of physics and mathematics
education is to ensure its high quality in the context of
using professionally oriented learning. That is why an
important task in the system of training specialists of
higher educational institutions of technical profile is the
creation of a system of teaching physics and mathematics,
based on the professional orientation in training.
Professional orientation in training, according to the

definition of J. Bergmann [7], requires the development of
a system of motivations to carry out professional tasks and
tasks aimed at professional development. According to
scientists, such motivational components should include a
set of needs, interests, attitudes, beliefs, ideals, and other
psychological formations of a person. Concerning the
results obtained in these studies, in the context of the
development of professional orientation one should see
interest in the profession and inclination to engage in it.

The modern methodological system of professionally
oriented teaching of mathematics and physics to university
students in the Republic of Kazakhstan requires teachers
the active use of technical and research approaches.
According to A.E. Abylkassymova et al. [8], it is necessary
to ensure a high level of motivation to study mathematics
and physics by solving professionally oriented tasks aimed
at increasing interest in the study of these disciplines. Since
researchers do not provide examples of the use of
professionally directed tasks, there is a need to develop
them. The use of professionally directed learning in
mathematics and physics occupies an important place in
the educational process of higher education institutions.
According to researchers, the use of such training is aimed
at activating the educational process, ensuring the
improvement of the level of learning of mathematics and
physics by future specialists, and establishing close links
with future professional activities. However, the outlined
works do not consider the specific methodology of
implementation of professionally oriented teaching of
mathematics and physics in higher education institutions
of Kazakhstan.

J. Konig et al. [9] in their numerous scientific
achievements investigated the issues of methodology of
teaching mathematics and physics in higher education
institutions. The researchers proved that in the process of
teaching mathematics and physics in higher education
institutions, it is necessary to consider the specific features
that characterise physical and mathematical disciplines,
namely: the logic of teaching and the practical direction of
the teaching material. It is proved that the methodology of
teaching physics and mathematics in higher education
should solve the following problems, namely: clarification
of the goals and objectives of physics and mathematics
training depending on the profile; development of special
courses in physics and mathematics to study them in the
framework of electives, development, and implementation
of methodological tools for teaching physics and
mathematics. However, the presented scientific works lack
a clear methodological component with the help of which
it is possible to carry out professionally oriented training.

The study aims to develop the structure and content of
methodological approaches to professionally oriented
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teaching of mathematics and physics to students of higher
education institutions. The study aim includes the
following objectives:

1. Analysis of the current state of the methodology
of professionally oriented teaching of mathematics and
physics to students in higher education institutions of
Kazakhstan.

2. Development of a methodology of professionally
oriented teaching of mathematics and physics to students
of higher educational institutions.

3. Development of pedagogical conditions for the
implementation of the methodology of professionally
oriented teaching of mathematics and physics to students
of higher educational institutions.

4.  Approbation of pedagogical conditions and
author’s methodology.

The resolution of the set objectives will allow to build
of the educational process in higher educational
institutions of the Republic of Kazakhstan at the highest
level, using the methodology of professionally directed
training in mathematics and physics, considering the
requirements for specialists of technical profile in the
labour market.

Materials and Methods

The analysis method was wused in the process of
experimental research to study the problems aimed at
professionally oriented teaching of mathematics and
physics. The synthesis method was used to combine
similar thoughts of researchers concerning professionally
oriented  training  described in  philosophical,
psychological, pedagogical, methodological, and physics-
mathematical literature based on state-obligatory standards
of higher education. The comparison method was used to
study educational programs for training future specialists
and to identify what is common and what is different in
them. The systematisation method was used to consolidate
different knowledge about the subjects (phenomena)
presented in the working curricula and educational and
methodical complexes in mathematics and physics for
different specialities into a single scientific system, to
establish their unity. The generalisation method was used
to develop a methodological system for the
implementation of professionally directed training based
on the experience of teaching mathematics and physics in
technical universities. The establishment, forming and
control method of the experiment was used to verify the
proposed methodological system of professionally
oriented teaching of mathematics and physics to students
of higher education institutions.

The experimental study was conducted at Narxoz
University and Asfendiyarov Kazakh National Medical
University during the 2022-2023 academic years. The
experiment involved 162 respondents, whose ages ranged
from 18 to 21 years old. The control group involved 81
respondents and the experimental group involved 81
participants. The participants in the control and
experimental groups were in the same course and
educational programme of study. The results of the
experimental studies were evaluated on high, medium, and
low levels.

The  pedagogical  conditions of  effective
implementation of the methodology of professionally

oriented teaching of mathematics and physics to the
students of higher educational institutions were identified
at the stage of the establishing experiment. The
effectiveness of the methodology of professionally
directed teaching of mathematics and physics to students
of higher educational institutions, studying on the
educational programme 8D01501 “Mathematics”, as well
as the entrance control test to determine the level of
student’s knowledge in physics and mathematics for
previous years was checked. During the test, difficulties in
the perception of educational material and working in a
group were determined. The forming stage of the
experiment, aiming to determine the level of motivation of
the respondents of the control and experimental groups
before studying mathematics and physics, employed a
diagnostic technique of personality on motivation to
success, as per T. Ehlers [10].

To implement the second pedagogical condition — the
development and implementation of the methodology of
professionally oriented training in mathematics and
physics, lectures with problem elements were used, the
development of recommendations on the structure and
blocks of lectures was carried out, namely: formulation of
the base of applied problems, development of a general
mathematical model, mastery of the methodology of
solving different types of problems, non-traditional
lectures on physics and mathematics, in the process of
which the use of information schemes, independent work
was proposed. The methods proposed for use in the
implementation of independent work of students in the
process of professionally oriented training were the
following: independent discussion of educational material
on the topic, work in pairs, tutor support, students’
fulfilment of the role of the teacher, and computer-assisted
questioning.

The third pedagogical condition is recommended to be
realised through the use of computer technologies in the
process of implementation of professionally oriented
training. Those include GeoGebra, Mathcad, Wolfram,
Photomath, 1C Maths Builder, and Living Maths. After the
implementation of the developed methodology and
pedagogical conditions, the initial control test was
conducted to determine the changes in the level and quality
of students’ knowledge. The quality of the control test was
assessed on a 100-point scale. At the control stage, the
analysis of the obtained results was carried out, the
calculation of qualitative and quantitative indicators of the
pedagogical experiment using the Wilcoxon-Mann-
Whitney criterion was worked out, their generalisation was
carried out, conclusions were drawn and prospects for
further research were outlined.

Results

The need to introduce a methodology for organising
professionally oriented teaching of mathematics and
physics to students of higher education institutions
Physics and mathematics in higher education institutions
of the Republic of Kazakhstan are among the normative
disciplines mandatory for study. Since during training
students need to perform learning activities that should
simulate their profession, it is necessary to implement the
approach of professional orientation of disciplines of
mathematics and physics. Providing professionally
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oriented training in the process of selecting tasks for
independent work is one of the most important aspects of
studying physics and mathematics by students of higher
educational institutions of the Republic of Kazakhstan. The
implementation of such an approach will contribute to the
improvement of the quality of learning in these disciplines
by establishing cause-and-effect relationships aimed at
improving the quality of training of future specialists at a
productive level [11; 12].

Due to the differentiation of physics and mathematics
content, changes in the sequence of material study, and
introduction of the latest teaching methods and
technologies into the educational process of higher
education institutions in Kazakhstan, the system of physics
and mathematics training of future specialists is subject to
reorganisation. Higher education in Kazakhstan in the
twentieth century requires renewal of approaches to the
implementation of professionally oriented training [7].
Implementation of reorganisation of educational
components in the curricula of the leading universities of
Kazakhstan leads to a sharp decrease in the classroom load
on the study of physics and mathematics, which requires
updating the methodological system of obtaining
professional competencies of students at the appropriate
level, the formation of skills of independence.

Results of implementation of the methodology of
organising professionally oriented training in
mathematics and physics

Pedagogical conditions of implementation of the
methodology of organisation of professionally directed
training of mathematics and physics are implemented at
Narxoz University and Asfendiyarov Kazakh National
Medical University.

The first teaching condition — the development of
motivation to study mathematics and physics — consisted
of the implementation of a system of motives and needs in
the process of implementation of professionally directed
training in mathematics and physics for university
students. The level of formation of motivation to learning
showed how students are inclined to autonomy in learning,
independent performance of tasks, attitude to the learning
process, the use of tools that contribute to the independent
learning of knowledge, the degree of motivation to fulfil
the tasks of professional direction, the desire for self-
development and self-improvement.

The second pedagogical condition — improvement of
the methodology of professionally oriented teaching of
mathematics and physics to students of higher education
institutions — includes the choice of forms, methods and
means of teaching. The main method employing which the
principle of professionally oriented learning is realised is
the performance of professionally oriented tasks. The
realisation of the outlined condition is planned to be carried
out by solving professionally oriented tasks. The content of
the tasks was formed based on the principle of complex
differentiation for groups of students. Such tasks include
professionally oriented tasks, tasks for independent work
with the use of application programs and professionally
oriented projects. To increase the effectiveness of such
training, appropriate exercise materials are required,
including lists of physics and mathematics tasks, as well as

methodological instructions, brochures, and appropriate
software.

In the context of the third pedagogical condition — the
use of effective computer technologies — it is recommended
to use packages of mathematical software for
methodological purposes, which were used in laboratory
works and should be classified as follows: training,
simulators, controlling, information and reference,
simulation, modelling. To solve professionally oriented
tasks, the following innovative programs in mathematics
and physics were used: GeoGebra, Mathcad, Wolfram,
Photomath, 1C Maths Builder, and Living Maths. To
determine the state of pedagogical conditions for the
implementation of the method of organising professionally
oriented training in mathematics and physics, an
experiment was conducted. The sample size was 162
students from Narxoz University and Asfendiyarov
Kazakh National Medical University. The control group
consisted of 81 respondents, and the experimental group —
81 participants. The formation of groups within the
experiment was carried out by the method of pair selection.
The experiment was conducted during the 2022-2023
academic years.

To determine the available levels of formation of
pedagogical conditions of the implementation of the
methodology of organising professionally oriented
teaching of mathematics and physics in the outlined
educational institutions, the ascertaining stage of the
experiment was carried out. In the control group of students
studying on the educational programme 8D01501
“Mathematics”, teaching was carried out according to the
traditional method during the study of the subject’s
“Mathematics” and “Physics”, the level of formation of
pedagogical conditions of the implementation of the
methodology of the organisation of professionally directed
teaching of mathematics and physics was carried out. The
purpose of conducting the ascending stage of the
experiment is the following stages: determination of the
level of formed competencies in physics and mathematics,
skills of independent student learning, teamwork,
determination of the quality of teaching physics and
mathematics according to certain criteria and the presence
of difficulties arising in the process of teaching physics and
mathematics.

The methods used at this stage include analysis,
synthesis, comparison, systematisation, classification,
generalisation of theoretical analysis of scientific and
theoretical problems of physics and mathematics teaching,
visits to lecture and practical classes in physics and
mathematics, discussions with students and teachers on
existing problems in the process of mathematics teaching,
checking of control works, analysis of curricula for
specialities. To determine the levels of formation of the
first condition in students the method of diagnostics of
personality on motivation to success per T. Ehlers [10] was
used. To determine the students’ knowledge levels in
physics and mathematics for the previous years, an
entrance control test was conducted, the results of which
were evaluated using a 100-point scale. In the course of the
test, difficulties in the perception of educational material
and group work were determined.

The  methodological system of  organising
professionally oriented teaching of mathematics and
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physics to university students proposed in the framework
of the experiment is set up for the integration of physics
and mathematics knowledge. The central element of the
methodology is the use of professionally oriented tasks,
which are proposed to be performed at all stages of training
in the implementation of the outlined pedagogical
conditions. The solution of professionally directed tasks is
the main method of practical implementation of
interdisciplinary  links in teaching physics and
mathematics. The specified methodological system of
teaching mathematics and physics is a complex approach
based on a combination of individual and organisational
aspects using the following elements: control of tasks for
independent study; use of traditional and non-traditional
forms and methods of teaching; creation of a system of

Control group results
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different forms of organisation of student’s independent
learning; a clear and understandable system of score
control, providing feedback using non-traditional methods
of control.

The ascertaining stage of the experiment revealed that,
as a rule, the solution of professionally directed handovers
from mathematics and physics follows a pattern that blocks
the development of students’ motivation in the learning
process. As a result of the fact that students have no
experience of independent work with new material, its
search and processing, they experience difficulties in
outlining, which requires simultaneous listening and
writing. The results obtained at the formative stage of the
experiment are presented in Figure 1.

Experiment group results

29.9
Third condition 38,4
31,7
27,6
Second condition 35,6
36,8
33,1
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29,8

10 20

(=]

30 40 50
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Source: compiled by the authors.

To form updated approaches to the study of physics and
mathematics, as well as pedagogical conditions for the
implementation of the methodological system based on
professionally oriented learning, the forming stage of the
experiment was conducted. The methodology of
professionally directed learning was proposed, which
included the use of various methods of cognitive and
formal learning, provided for the active activity of students,
quality control at lectures and seminars, as well as the use
of professionally directed tasks and computer programs in
the process of learning the material. In the process of
conducting the formative stage of the experiment in Narxoz
University and Asfendiyarov Kazakh National Medical
University the method of organisation of teaching
mathematics and physics under the outlined pedagogical
conditions was improved and experimentally tested. The
formation of positive motivation to study mathematics and
physics students was carried out through conversations and
analysis of achievements in the field of mathematics and
physics of famous personalities.

The implementation of the second condition consists of
increasing the level of knowledge in physics and
mathematics, including types, ways, methods and
techniques affecting the organisation of independent
learning activity, its implementation and management, the
implementation of ways to optimise and intensify it, to

instil skills in the use of techniques and methods of
implementation of professionally directed learning, the
introduction of its components in the educational process
of higher education institutions. The condition reflects the
level of formation of students’ skills to carry out
independent learning activities in the study of physics and
mathematics. To implement the second condition in the
process of studying physics and mathematics, lectures with
problem elements were used. To ensure a comprehensive
understanding of mathematical concepts and methods and
to establish relationships with the practical features of
certain specialities, recommendations on the structure and
blocks of lectures have been developed, namely:
formulation of the base of applied problems, development
of a general mathematical model, mastery of methods for
solving different types of problems.

The content components of physics and mathematics
have been proven to include information on professional
direction for students of certain specialities, which can be
presented at different stages of their training. It is proposed
to include such questions in lecture materials, internships
and independent work of students, which will ensure the
increase of interest in physics and mathematics and
renewal of professional motives. As a result, students learn
to apply knowledge and skills in the context of real
professional situations, which contributes to avoiding

2491



Kalybekova et al.

formal presentation of material and enhancing
opportunities for interdisciplinary communication. In
lecture and seminar classes, within the framework of the
presented methodology, methods of active interaction of
students were used, and lectures with current control were
held for instant verification of acquired competencies and
correction of made mistakes. Computer programs for
interpreting algebraic concepts were used in seminars; in
the framework of independent work — laboratory practice
on computer programs, practical examples of using
physical and mathematical methods in real life were
considered, which allows students to establish links with
their future professional activity.

The research proposes the development of non-
traditional physics and mathematics lectures offered to
students at Narxoz University and Asfendiyarov Kazakh
National Medical University. Lectures on pre-planned
errors, lectures with current control, and lecture
visualisation are offered. In the process of using such
lectures, it is possible to use information schemes, which
allow not only to qualitatively organise the lecture material
on a certain topic but also to simplify its perception, while
such schemes can also be used to solve professionally

directed tasks. During laboratory activities and seminars,
computer technologies were used in the process of
professionally oriented training. This approach was used to
optimise the work of the teacher and adapt the learning
process to the needs of students. Packages of mathematical
software for methodological purposes, which were used in
laboratory works, should be classified as follows: training,
simulators, controlling, information and reference,
simulation, and modelling. In the study, the following
innovative programs in mathematics and physics were used
to solve professionally oriented problems: GeoGebra,
Mathcad, Wolfram, Photomath, 1C Maths Builder, and
Living Maths.

An example of a professionally orientated task used as
part of the research. Recode verbal information
(definitions, theorems, rules) into a diagram, picture,
drawing, graph, chart, symbolic record, diagram, table or
matrix, outline, visual aid. How much labour is required to
fill a heap of sand of conical shape, the radius of the base
of which is R (m) and the height H (m)? Make a drawing.
While solving the laboratory works, the following tasks are
suggested for the students on the topic presented in Table
1.

Table 1. Tasks on the topic: “An algorithm for using Kirchhoff’s laws in the calculation of complex electrical circuits”

No. Task Score
1 Calculate the resistances in a complex circuit. 20
2 Calculate the alternating current in complex form. 20
3 Find the equivalent impedance (Angular frequency o= 314 rad/s) 20
4 Calculate the currents in the branch circuit using the loop current method. 20
5 Build a vector diagram of currents in the complex plane. 20

Total 100

Source: compiled by the authors.

The diagram options for solving the assignment are

L

shown in Figure 2.

[

{
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T
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. X4 E1
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Figure 2. Diagram options
Source: compiled by the authors.
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The circuit parameters for solving the problem are
given in Table 2.

Table 2. Circuit parameters

Circuit N, parameters Ri R; R X1 X2 X3 X4 Xs
1 10 5 11 7 4 12 17 11
2 42 21 17 13 17 14 12 9
3 14 12 13 6 4 4 3 2
4 45 58 33 19 23 10 15 22
5 12 17 21 22 9 5 14 4
6 41 41 20 16 16 16 41 34
7 39 52 19 19 14 13 34 12
8 21 16 15 12 13 21 48 32
9 47 58 37 11 9 43 15 27
10 37 78 43 30 34 77 15 14
11 28 20 31 11 40 28 12 9
12 14 19 19 7 12 8 17 16

Source: compiled by the authors.

When studying the topic “Matrices and determinants”,
after familiarising students with the methods of calculating
determinants, students are asked to perform the following
tasks.

1. Calculate the matrix identifiers using Mathcad:

1 2 -1 1 2 -1
A=<4 6 8>,B=<2 3 4),
0 2 -3 0 2 -3
1 -1 -
C=<4 -3 8 |
0 -1 -3
0 2 -3 -1 2 1
D=<4 6 8>,E=<8 6 4),
1 2 -1 -3 2 0
1 4 0
F=<2 6 2).
-1 8 -3

2. Determine and conclude how the transformation of a
matrix affects its determinant.

3. Compare the results obtained with other constructed
examples.

4. Tllustrate the following properties of the determinant
by selecting suitable examples:

a) if in a determinant two rows (columns) are equal to
each other, then such a determinant.. .;

b) if all elements of any row (column) of the
determinant are equal to 0, then such determinant...;

c) if the elements of any row (column) of the
determinant are multiplied by the corresponding elements
of another row (column) of the same determinant, then the
determinant....

Conclude the properties of the determinant. Let’s
consider the independent works aimed at the formation of
professional competence of future engineers. The use of
this approach creates conditions for increasing interest in
learning, stimulates students’ productive thinking, and
promotes active solutions to the outlined problem. The next
form of professionally oriented teaching of physics and
mathematics is the organisation of students’ independent
learning [13]. This type of work is relevant in the process
of preparation for lecture classes and their independent
study; revision of materials in the process of preparation

for internships; writing essays; taking exams; and doing
homework. The study identifies the main forms of
conducting independent work, namely self-organisation,
group, and mass. Methods that are proposed to be used in
the implementation of independent work of students in
professionally oriented training were the following:
independent discussion of the study material on the topic,
work in pairs, tutor support, students’ performance of the
role of the teacher, computer-assisted questioning,
complexes of problem-solving methods, project-based
learning, methods of collective mental activity, methods of
application of the latest digital technologies in learning.

To ensure the continuity between school and university
programmes in physics and mathematics, within the
framework of the experiment, a section “Elementary
Mathematics” is included in the mathematics programme,
where it is planned to consider the basic concepts and
methods of elementary mathematics. The main task of
studying physics and mathematics by students in the
universities of the Republic of Kazakhstan is the process of
qualitative assimilation of basic principles of mathematics
and physics. This process is aimed at the development of
intellectual abilities of the personality, namely the
development of abstract and logical thinking, intuition,
cognitive interest, independence and will, development of
mathematical language, algorithmic and graphic culture.
When designing curricula, it is essential to consider the
intra-subject and interdisciplinary links between physics
and mathematics. At the end of the forming stage of the
experiment, the initial control test was conducted to
determine changes in the level and quality of students’
knowledge. The quality of the control test was assessed on
a 100-point scale.

The respondents of the experimental group after
training in the experimental methodology demonstrated
high motivation for learning physics and mathematics, as
well as a desire to work with the GeoGebra computer
program. In general, students performed professionally
oriented tasks independently, receiving counselling from
the instructor. It should also be noted that students, using
computer programs, had the opportunity to check the
results of solving the problems and compare their answers
with those obtained on the computer. The use of such an
approach in conducting physics and mathematics classes
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increased students’ interest in learning new sections of
physics and mathematics. The respondents constantly
received tasks for independent study of both theoretical and
practical content. The control stage of the experiment,
where the analysis of the results of the experimental
research and the evaluation of the effectiveness of the
proposed method of organising professionally directed
training in mathematics and physics for students of higher
educational institutions was carried out.

Control group results

20
40,6

18.9

34.8

Second condition

19
41,4
0 10 20 30 40 50

Low ® Average ®High

The Wilcoxon-Mann-Whitney test was used to evaluate
the effectiveness of the developed methodology of
implementation of professionally oriented teaching of
physics and mathematics of higher education students and
to calculate qualitative and quantitative indicators of the
pedagogical experiment. The results that were obtained at
the formative stage of the experiment in the control and
experimental groups are presented in Figure 3.

Experiment group results

17,5

43,1

18.9

Second condition _ 41,6
46,3 39,5

18
First condition _40,1
41,9

0 10 20 30 40 50

Low ® Average ®High

Figure 3. Results of the implementation of pedagogical conditions of the method of organising professionally oriented
training in mathematics and physics in the control and experimental groups at the formative stage of the experiment
Source: compiled by the authors.

Based on the study results at the formative stage of the
experiment, it is possible to conclude the effectiveness of
the proposed methodological system, because the quality
of success in the experimental group increased. The
presented results confirm the effectiveness of the
experimental methodology in the respondents of the
experimental group compared to the same indicators of the
control group due to the study of physics and mathematics
courses by the experimental methodology. Thus, the
implementation of the experimental method of organising
professionally oriented teaching of physics and
mathematics to students of higher education institutions is
effective and ensures the successful mastering of
competencies in the disciplines outlined.

Discussion

Providing quality organisation of professionally oriented
teaching of mathematics and physics to university students
is a key task of pedagogical science. An important role in
solving this problem is the use of professionally oriented
tasks. Qualitatively planned professionally oriented
training allows one to form the necessary professional
competencies required in the future professional activity of
a future specialist. The ability to qualitatively plan the
educational process of teaching mathematics and physics
to university students will ensure the rhythm and
intensification of students’ studies at the highest level [14-
16]. Given the reorganisation processes associated with the
transition of higher education institutions to distance
learning, the improvement of the learning process by
searching for modern methods of organising professionally
oriented training, particularly in the disciplines of

mathematics and physics, is of particular relevance.
Therefore, it is an extremely important task for universities
to provide quality training for specialists in the conditions
of distance education [17-19].

In modern conditions, the issue of the organisation of
students’ independent study in mathematics and physics
becomes relevant in the conditions of information and
educational environment. Future specialists studying in
such an environment should have both theoretical and
practical knowledge at a high level. In higher education
institutions of Kazakhstan, independent work is usually
divided into studies involving preparation for classes, tests,
credits, and examinations and is carried out under the
guidance of a teacher [20-22]. The educational process
should be built in such a way as to form in students the
qualities aimed at the independent application of
competencies in professional activity, the ability to self-
assess their results, to ensure constructive study in the
process of solving professionally directed tasks [23; 24].
The study identified the main forms of independent study
in the context of the implementation of professionally
oriented learning, namely self-organisation, group, and
mass. The modern methods of students’ independent study
include problem-solving methods, project-based learning,
methods of collective mental activity, and methods of
applying the latest digital technologies in learning [6; 25].

The process of higher education students’ readiness for
professionally oriented training in mathematics and
physics should correspond to systematicity content and
methodological integrity. It is proposed to consider the
course of physics and higher mathematics as a set of
invariant and variable components. The variable part of the
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physics and mathematics course consists of topics of
professional importance by certain specialisations. The
invariant component includes theoretical and practical
elements necessary for students of all specialisations [26-
28]. The concept of “professionally directed task™ in the
study is interpreted as such type of task, which is an
abstract modelling of a professionally directed situation,
which can be solved by mathematical methods, which take
place in the professional activity of a future specialist and
contribute to personal development.

M. Shirrell et al. [29], researching the implementation
of professionally oriented tasks in the system of training
future specialists, distinguish two main types of tasks,
namely: tasks consisting of professional concepts and
terms used as motivational; tasks that create a certain
professional situation and require the use of mathematical
methods and are designed to develop professional thinking
necessary in future professional activity. The use of the
outlined approach is considered to be correct and, within
the framework of the experiment, the necessity of
including professionally directed tasks in the educational
process of training specialists in higher education
institutions has been proved, considering the following
stages, namely: selection of theoretical material from the
subject area of mathematics and physics and establishment
of interdisciplinary links between the subject and the
subject area of its use.

H.A. Susanto et al. [30], studying the issues of methods
of teaching university students to solve professionally
oriented problems, concluded that it is necessary to
understand the structure of the problem and the sequence
of their solution. This opinion makes sense, but it is
appropriate for every teacher of physics and mathematics
courses to know the methodology of teaching students to
solve typical problems. In this matter, it is important to
understand the algorithm for solving systems of equations
and calculating derivatives and integrals. Based on the
analysis of the goals and results of students’ training in
higher education institutions in the technical direction, the
research proposes the development of a methodological
system of teaching mathematics and physics, focused on
professionally oriented training. This methodological
system classifies various forms and methods of physics and
mathematics education according to the degree of
assimilation.

Z .M. Ozhybayeva and N.N. Nurmuhanbetova [31], in
the process of studying the methodology of solving
professionally directed problems, highlight the following
stages of solving professionally directed problems,
namely: analysing the problem condition, building a
mathematical model, in-model solution, interpretation of
the problem solution. The proposed position is supported;
however, the study proves that the implementation of the
outlined stages of problem-solving should be carried out
based on the requirements for such tasks. The requirements
include the content of the task should relate to the situation
related to the specific activity of a certain specialist, the
task should have the characteristics of a professional object
to be investigated, problem-solving should contribute to
the sustainable learning of knowledge, establishing the
relationship between physics and mathematics and special
disciplines,  problem-solving  should ensure the
professional development of the specialist’s personality.

S. O’Hara and R.H. Pritchard [32] actively researched
the process of introducing professionally oriented tasks in
the educational process of training future specialists. In
numerous scientific achievements, it is noted that the
solution of such tasks of different types will contribute to
the student’s mastery of basic mathematical concepts in
conjunction with professional terms. It is proved that the
systematic use of mathematical concepts and terms will
deepen the professional orientation in teaching physics and
mathematics. The researchers’ opinion is supported, as it is
proved by the experiment that the study of physics and
mathematics course, where students are offered to solve
professionally  oriented problems, promotes the
establishment of a connection between theory and practice
and acts as one of the most effective teaching methods,
which improves the quality of professional training of
future specialist. The possibilities of wusing digital
technologies in the educational process when studying
physics and mathematics were investigated by F.M. Cavite
and D.E. Marcial [33]. The scientists proved that the use of
digital technologies in the process of teaching physics and
mathematics provides stimulation of motivation to
learning, activation of learning and cognitive activity, and
implementation of the principle of visibility at a higher
level.

A.B. Aitbaeva and Zh.N. Shaigozova [34] believe that
the effective implementation of professionally oriented
teaching of physics and mathematics requires the use of
computer programs. The study supports the opinion of
scientists and considers the peculiarities of the
implementation of the following computer programs:
GeoGebra, Mathcad, Wolfram, Photomath, 1C Maths
Builder, and Living Maths. The process of using this
software proved that the calculation process is well
automated and allows to save time and focus on the
physical content of the result. Certain software will help to
reveal more fully the possibilities of mathematical methods
and prepare specialists for more professional use of
mathematical methods. In the process of the research, the
development of a physics and mathematics laboratory
workshop for independent studies using GeoGebra
software has been carried out. Attempts were made to
review some topics, and on its example to show the
possibilities of presenting theory on digital technologies as
ameans of visual and dynamic presentation of information.

Therefore, ensuring the systematic use of
professionally oriented tasks at all stages of learning
physics and mathematics allows to ensure the maintenance
of students’ learning motivation at a high level by
developing interest in the study of the outlined disciplines.
That is why the digitalisation of the educational process in
higher education institutions of the Republic of Kazakhstan
plays an important role in improving the level of education
and provides opportunities for learning the basics of
sciences and updating the educational process.

Conclusions

The study concludes that the quality professional training
of students of technical universities of the Republic of
Kazakhstan is based on the creation of pedagogical
conditions for the implementation of the methodology of
organising  professionally  oriented teaching of
mathematics and physics.

2495



Kalybekova et al.

The concept of “professionally oriented task” was
defined. Perspective directions of improvement of methods
of organisation of professionally directed training of
mathematics and physics in higher educational institutions
of Kazakhstan were formed. The level of formation of
pedagogical conditions for the implementation of the
methodology of organising professionally oriented
teaching of mathematics and physics was found to be at an
average and low position in the course of the experiment.
This trend demands the creation of necessary
methodological tools based on professionally oriented
training, which will serve to improve the level of training
of future specialists. The following pedagogical conditions
influencing the improvement of the methodology of
professionally oriented teaching of mathematics and
physics to students of higher educational institutions have
been identified: development of motivation to study
mathematics and  physics,  development, and
implementation of the methodology of professionally
oriented teaching of mathematics and physics, application
of effective computer technologies.

The experiment was conducted, in the course of which
a set of non-traditional lectures on physics and
mathematics was developed, the solution of professionally
directed tasks was proposed, and computer technologies
were used in the process of implementation of
professionally directed training. The generalised data of

References

the experimental results after the application of the
proposed methodology can be used to conclude the
effectiveness of the implemented methodological toolkit.
In this regard, the policy of educational institutions of
higher education in Kazakhstan should be aimed at
updating the pedagogical conditions for the
implementation of methods of organising professionally
oriented training in mathematics and physics.

Thus, further research aims to consider modern
programmes of international level for teachers with the
possibility of professional development abroad and the
results of our research. The scientific research, as well as
the conclusions formed based on it, can be used in the
future as an effective basis for improving the training of
future specialists in technical direction, the introduction of
digital resources for the organization of professionally
oriented training, the implementation of professional
activities at a high level, considering the requirements of
the labour market.

Acknowledgements
None.

Conflict of Interest
None.

[1]  Al-Nabae MG, Sammani D. Training methods for developing project team members. Int J Innov Indust Revol.

2019;1(1):1-12.

[2] State Program for the development of education and science of the Republic of Kazakhstan for 2020-2025. 2020.

https://www.kaznpu.kz/en/2378/notice/

[3] Kerimkhulle S, Kerimkulov Z, Aitkozha Z, Saliyeva A, Taberkhan R, Adalbek A. The Classification of
Vegetations Based on Share Reflectance at Spectral Bands. Lect Not Networks Syst. 2023;724:95-100.

[4] Leontyev A, Ketners K. The improvement of decision-making in the Latvian tax system: cases of irreducible
incompatibility taking into account reliability, equity and efficiency criteria. Intell Econ. 2023;17(2):322-343.

[5] Korzhyk V, Illiashenko E, Khaskin V, Peleshenko S, Perepychay A. Forecasting the results of hybrid laser-plasma
cutting of carbon steel. East-Eur J Enter Tech. 2020;2(1-104):6-15.

[6] Kalybekova ZhA. Methodological features of professionally-oriented teaching of mathematics to students of
technical universities. Almaty: Abai Kazakh National Pedagogical University; 2023.

[71  Bergmann J. Solving the homework problem by flipping the learning. Washington: ASCD; 2020.

[8]  Abylkassymova AE, Kalybekova ZhA, Smirnov VA. Implementation of a system of professionally oriented
teaching of mathematics and experimental verification of its effectiveness. Bull Nation Engineer Academ Repub
Kazakh. 2022;2(84):133-138.

[9] KonigJ, Blomeke S, Jentsch A, Schlesinger L, Nehls CF, Musekamp F, Kaiser G. The links between pedagogical
competence, instructional quality, and mathematics achievement in the lower secondary classroom. Educ Stud
Math. 2021;107:189-212.

[10] T. Ehlers’ personality diagnosis method for motivation to succeed. 2023. http://um.co.ua/14/14-5/14-58142.html

[11] Tsarenko OM, Tsarenko II. Methodological features of training students in professionally oriented disciplines.
Academ Note Series Ped Sci. 2020;191:175-178.

[12] Aggarwal JC. Essentials of education technology. New Delhi: Vikash Publishing House Pvt. Ltd; 2014.

[13] Zhussipbekova Sh, Alimbekova G, Rystygulova V, Shadinova K, Adilbekova A. Methodology of teaching the
fundamentals of electrical engineering and electronics for the pharmaceutical production technology specialty.
Comp Applic Engineer Educ. 2023;31(3), 574-582. https://doi.org/10.1002/cae.22599

[14] Abualrub I, Karseth B, Stensaker B. The various understandings of learning environment in higher education and
its quality implications. Qualit High Educ. 2021;19(1):90-110.

[15] Shahini E, Myalkovsky R, Nebaba K, Ivanyshyn O, Liubytska D. Economic and biological characteristics and

[16]

productivity analysis of sunflower hybrids. Sci Horiz. 2023;26(8):83-95.

Korzhik VN. Theoretical analysis of the conditions required for rendering metallic alloys amorphous during gas-
thermal spraying. III. Transformations in the amorphous layer during the growth process of the coating. Sov Pow
Metall Metal Ceram. 1992;31(11):943-948.

2496


https://www.kaznpu.kz/en/2378/notice/
http://um.co.ua/14/14-5/14-58142.html

[17]

[18]

[19]
[20]

(21]

[22]
(23]

[24]

[25]
[26]
(27]

[28]

[29]
[30]

[31]

Methodological characteristics of professional-oriented teaching of mathematics and physics to...

Trubacheva S, Zamaskina P. Design of the gymnasium educational environment with taking into account the
features of distance learning. Sci Bull Uzhhorod Uni. Series: “Ped. Social Work”. 2020;2(47):195-198.
Kerimkhulle S, Kerimkulov Z, Aitkozha Z, Saliyeva A, Taberkhan R, Adalbek A. The Estimate One-Two-Sided
Confidence Intervals for Mean of Spectral Reflectance of the Vegetation. J Phys Conf Ser. 2022;2388. DOIL:
10.1088/1742-6596/2388

Borisov Y, Korzhyk V. Internal stresses in plasma coatings with an amorphous structure. Proceed Int Therm Spray
Conf. 1998;1:693-697.

Marugkas A, Trussas H, Krouska A, Sguropoulou K. Virtual reality in education: A review of theories, approaches
and learning methodologies over the last decade. Electron. 2023;12(13):2832.

Trusova NV, Karman SV, Tereshchenko MA, Prus YO. Debt burden of the financial system of Ukraine and
countries of the FEurozone: Policy of regulating of the risks. Espac. 2018;39(39).
https://www.revistaespacios.com/al8v39n39/al 8v39n39p30.pdf

Deepak Selvakumar R, Wu J, Ding Y, Alkaabi AK. Melting behavior of an organic phase change material in a
square thermal energy storage capsule with an array of wire electrodes. Appl Therm Eng. 2023;228:120492.
Palais RS. The Visualization of mathematics: Towards a mathematical exploratorium. Notic Am Math Societ.
1999;46(6):647-658.

Kovalchuk V, Marynchenko I, Yashchuk S. Creation of favorable educational environment in the higher education
institutions of Ukraine. In: Proceedings of the International Scientific Conference “Society. Integration.
Education” (pp. 465-480). Rezekne: Rezekne Academy of Technologies; 2020.

Kerimkhulle S, Mukhanova A, Kantureyeva M, Koishybaeva M, Azieva G. Applying a housing construction
model to improve a small town demographic dynamics. AIP Conf Proceed. 2023;2700:040047.

Asaduzzaman A, Asmatulu R, Rahman M. Teaching parallel programming for time-efficient computer
applications. Int J Comp Applic. 2014;90(7):18-25.

Salah J, Rehman HU, Al Buwaiqi I, Al Azab A, Al Hashmi M. Subclasses of spiral-like functions associated with
the modified Caputo’s derivative operator. AIMS Mathem. 2023;8(8):18474-18490.

Afgan I, Kahil Y, Benhamadouche S, Ali M, Alkaabi A, Sofiane Berrouk A, Sagaut P. Cross flow over two heated
cylinders in tandem arrangements at subcritical Reynolds number using large eddy simulations. Int J Heat Fluid
Flow. 2023;100:109115.

Shirrell M, Hopkins M, Spillane JP. Educational infrastructure, professional learning, and changes in teachers’
instructional practices and beliefs. Prof Develop Educ. 2019;45(4):599-613.

Susanto HA, Hobri Nugrahaningsih TK. Developing a handbook on multimedia integration in mathematics
teaching for Indonesian primary school students. Int J Educ Math, Sci, Tech. 2021;9(2):236-251.

Ozhybayeva ZM, Nurmuhanbetova NN. Use of STEM technologies as a way of increasing the motivation of
students in chemistry lessons in the conditions of education update in the Republic of Kazakhstan. Sci Atlas.
2021;4:52-59.

O’Hara S, Pritchard RH. Meeting the challenge of diversity: Professional development of teacher educators. Teach
Educ Quart. 2008;35(1):43-61.

Cavite FA, Marcial DE. Correlates of learning satisfaction and learning engagement in online distance education.
Info Tech Learn Tool. 2022;90(4):118-135.

Aitbaeva AB, Shaigozova ZhN. Re-study of pedagogy in the digital age or issues of teaching design. Ped Sci
Series. 2022;2(71):4-12.

2497


https://doi.org/10.1088/1742-6596/2388
https://doi.org/10.1088/1742-6596/2388
https://www.revistaespacios.com/a18v39n39/a18v39n39p30.pdf

Kalybekova et al.

Metoaosoriyni 0co0MBOCTI MPogeciiiHO-OPIECHTOBAHOI0 HABYAHHS MAaTeMATHKHU Ta (izumku
CTY/JAeHTIiB BUIIMX HABYAJIbHHUX 3aKJIA/1IB

Kanap KaimbéexoBa
Vuisepcuter Hapxo3
050035, Byn. XKarmocosa, 55, M. Amvatu, PecrryOmika Kazaxcran

IMosnman XKycunéexosa
Kazaxcpkuii HaioHa IbHUM MeMYHAHN YHiBepcuTeT iM. AcernispoBa
050000, Byn. Tone 6i, 94, M. Ammatu, Pecrry0mika Kazaxctan

Kypanaii Magisposa
VuiBepcuter Hapxo3
050035, Byn. XKarmocosa, 55, M. Amvatu, PecrryOmika Kazaxcran

Aiiryas €n1mmdaeBa
Vuisepcutet Hapxos
050035, Byn. XKarmocosa, 55, M. Ammatu, PecrryOmika Kazaxcran

Yab:xan MeipmaHnoBa
VuiBepcuter Hapxo3
050035, Byn. XKarmocosa, 55, M. Amvatu, PecrryOmika Kazaxcran

AHoOTAaWisA

AkTyajabHicTb. CydacHUH eTan conianbHO-eKOHOMIYHHX 3MiH y cycrinbeTBl PecnyOmiku Kazaxcran i HeoOXimHICTh
TIepexo Ly BUIOI OCBITH Ha SIKICHO HOBHUH piBeHb, MUTAHHs OHOBJIEHHS CHCTEMH METO/I0JIOTIYHOI MiATOTOBKY MaiOyTHIX
(axiBIiB, 3aTHIX PO3POOJIATH HOBI Ta ONTUMI3yBaTH iCHYIOUI pIilIEHHS B Taiy3i MaTeMaTHKH i (I3UKH, BU3HAYAIOTH
AKTYaJIBHICTB JTOCIIiPKEHHSI.

Meta. MeTot0 IOCTIDKEHHS € po3poOKa MejarorivHiX yMOB peaii3allii MeTOAWYHOI CHCTEeMH HaBYaHHS CTY/ICHTIB
MaTeMaTukd 1 Qi3ukn Ha 3acagax mnpodeciiiHoi CIpsSMOBAaHOCTI Yy BHINIH IIKOMI SIK 3aIlOPYKH MiJTOTOBKH
KOHKYPEHTOCIIPOMOXKHHX (axiBIliB Ha PUHKY TIpaLli.

Mertoauka. Y mporeci IOCITIHKCHHS BUKOPUCTAHO TaKi METOMU: aHATi3, CHUHTE3, IOPIBHSHHS, CHUCTEMaTH3aIlisd,
KJIacu(ikaiisi, y3arajibHCHHs, CKCICPUMCHT: KOHCTAaTyBaJbHUMH, (OpPMyBalIbHHIA, KOHTPOJBHUHA, a TaKOX METOIU
MaTeMaTUYHOI CTATUCTHUKH.

Pesyabratn. Po3pobieno Ta BmpoBamkeHo Ha 0a3i YHiBepcurery "Hapkco3" Tta Kaszaxcbkoro HauioHajgbpHOTO
MEIMYHOTO YHiBepcutTeTy iMeHi AcdeHaisipoBa METOOMKY OpraHizamii mpogeciiHo CHpsSMOBaHOTO HaBYaHHS
MaTeMaTuKd Ta (DI3UKH B KOHTEKCTI MpOo¢eciiHOl MiAroToBKM MaifOyTHIX (axiBLiB TEXHIYHOTO CHPSIMYBAaHHS BHUIIMX
HaBYaIbHUX 3akianiB PecryOumiku Kazaxcran. 3a pesynbraraMu OTPHMaHHX JaHHX Y HPOLECI eKCIEPHMEHTAIbHOTO
JOCIIKEHHS 3p00JIEHO BUCHOBOK, IO 3allpOIIOHOBAaHA METOJMKA € €(EeKTHBHONO, OCKINbKH JO3BOJNWIIA IiIBUIIUTH
piBeHb 3aCBOEHHS (HDi3UKH | MATEMATHKH B MpoIieci MpogeciiHO CIpsSMOBAHOI MiATOTOBKH CTY/ACHTIB BUIIMX HABYAIIbHUX
3aKJaiB. Y J0CIiDKEHHI TPeICTaBICHO MeIaroriyHi yMOBH peajti3allii 3arporoHoBaHol METOMKN: PO3BUTOK MOTHBALi i
JI0 BUBYEHHSI MaTeMaTHKH Ta (Di3MKH, po3poOKa Ta BIPOBAPKEHHS METOAMKH NMPOQECIHHO Opi€HTOBAHOTO HABYAHHS
MaTeMaTUKH Ta Qi3UKH, BAKOPUCTAHHS €(PEKTHBHUX KOMII'TOTEPHUX TEXHOJIOTIMH.

BucnoBkun. [IpakTniHa IHHICTD JOCHTIPKEHHS IOJISITA€ B TOMY, 110 pO3pO0JieHa METOAMYHA CHCTEMa Ta KOMI'TOTepHi
MporpaMu peKOMEHIYIOThCS Ui BUKOPUCTAHHS B OpraHizailii caMoCTiiHOT poOOTH CTYJCHTIB, MiJrOTOBII HABYAITEHUX

nporpam, HaB4aJIbHUX IUIaHIB Ta HaB4YaJIbHO-MCTOJUYHHUX KOMILJIEKCIB JJIA pi3HI/IX TEXHIUHUX CHeHiaﬂBHOCTeﬁ.

Karo4oBi ciioBa: TexHiuHa OCBiTa; KOMIT'TOTEPHI MTPOTpaMH; MOTHBALisL; HECTAHIAPTHI JIEKIIi; ceMiHApPChKi 3aHATTS;
camocTiiiHa poboTa.

2498



	Abstract
	Анотація

