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Annotation. This study focuses on the development of methodological competence in students
majoring in mathematics through the teaching of differential and integral calculus. The relevance of the
research lies in the insufficient integration of pedagogical and methodological training in university-level
mathematics education. The purpose of the study is to design and justify a model for methodological training
and to identify pedagogical conditions that enhance its effectiveness. The research methods include literature
analysis, observation, surveys, pedagogical experiments, and statistical analysis. The implementation of the
proposed model demonstrated positive results in improving students’ methodological thinking, preparing
them for future professional activities in the educational field.

The results of the control work and the test give approximately the same percentage distribution of
students by the levels of formation of the content-procedural component of the subject competence of the
future mathematics teacher. The conducted research does not exhaust the whole variety of the problem of the
formation of methodological readiness of a future mathematics teacher in the process of studying at a
university.
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Introduction. In modern higher education, the preparation of future specialists in
mathematics requires not only mastery of theoretical knowledge but also the development of strong
methodological competencies. The ongoing transformation of the educational landscape, driven by
digitalization, interdisciplinary integration, and the increasing demand for innovative teaching
strategies, necessitates a reevaluation of how core mathematical subjects—such as differential and
integral calculus—are taught to students majoring in mathematics. In this context, the
methodological training of mathematics students becomes a crucial component in shaping their
readiness for professional practice, especially in educational and research environments.

Relevance of the Research: The relevance of this study arises from the growing need to
fundamentalize the content of university-level mathematical disciplines and to align them with the
professional tasks that future mathematics graduates are expected to perform. One of the key issues
is the insufficient theoretical and practical development related to the formation of methodological
competence among mathematics students. While differential and integral calculus forms the
foundation for many applied and theoretical branches of mathematics, its effective teaching requires
not only mathematical rigor but also a pedagogical framework that promotes methodological
thinking and reflective practice. This gap highlights the need to design a pedagogically sound model
that supports the development of students' methodological training through the process of learning
calculus.The challenge is further compounded by the observed disconnect between the abstract
nature of higher mathematics and the practical skills necessary for applying mathematical
knowledge in real-world or teaching contexts. To bridge this gap, there is a pressing need for
models that integrate both content and pedagogy—models that equip students not only to
understand calculus deeply but also to convey that understanding to others with clarity and
methodological precision.

Purpose of the Research: The primary objective of this study is to develop and
theoretically justify a comprehensive model for the formation of methodological training in students
majoring in mathematics. The research also aims to identify and define the pedagogical conditions
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that enhance the effectiveness of this model, particularly within the framework of teaching
differential and integral calculus. The model seeks to serve as a bridge between mathematical
theory and teaching practice, thereby contributing to the formation of a new generation of
mathematics specialists who are not only knowledgeable but also methodologically competent.

Research Methods: To achieve these goals, the research employs a combination of
qualitative and quantitative methodologies. These include the study and critical analysis of
psychological, pedagogical, mathematical, and methodological literature; direct observation of
student learning processes; surveys and structured interviews; formative and summative testing; and
the implementation of a pedagogical experiment. For statistical analysis and validation of results,
tools such as Spearman’s rank correlation coefficient, the chi-square test, and the Wilcoxon-Mann-
Whitney criterion are used. These methods ensure the reliability of the findings and support the
empirical validation of the proposed model.

Research Results: The study presents a scientifically grounded model for the formation of
methodological training among mathematics students. This model is designed to be implemented
within the structure of a core mathematics curriculum, specifically targeting the units of differential
and integral calculus, as well as elements of differential equations. The introduction of the model is
expected to enhance the pedagogical effectiveness of instruction and contribute to the development
of critical thinking and analytical skills among students.

Practical Significance: The proposed model carries substantial practical value, as it is
geared toward helping students adapt to the evolving demands of professional activity in the field of
education. It also supports the creation of scientific and methodological frameworks for evaluating
and improving the quality of mathematics education. Furthermore, the model can serve as a
reference point for curriculum developers, teacher educators, and academic researchers interested in
aligning content knowledge with methodological expertise in mathematics education.

Relevance of the study.The sustainable development of our country in the XXI century, its
innovative economy, defense capability depend on the level of mathematical education received by
a student from school. It is from the mathematics student, who is not only a source of new subject
knowledge for the student at school, but also a conductor of modern ideas, methods, technologies
that ensure the formation and development of competencies among students, orienting them to more
effective ways of activity in the calculus of differential and integral functions, ultimately depends
on the training of qualified personnel for modern societies [1].

In this regard, the mathematical education of a mathematics student currently requires
qualitative changes. These changes should take into account current trends in education — changes
in methods and methods of providing educational services and organizing training in the system of
higher professional education.

In the system of priorities of pedagogical education, scientists highlight the personal
potential of the teacher, his ability to be a competent subject of professional activity. The main goal
of pedagogical education is to reveal the essential forces, the activity abilities of a person, his
capabilities of competent and responsible performance of professional and social roles, the
production of new ideas, solutions, the creation of real prerequisites for the self-development of the
personality of the mathematics student [2].

All of the above about the current state of affairs in the field of professional pedagogical
education is also characteristic of the training of future teachers of mathematics. Their education
does not fully correspond to the new trends in the improvement and development of modern
mathematical education, which is manifested, for example, in the inability of many graduates of the
pedagogical university to work productively in conditions of level and profile differentiation,
variability of programs and textbooks, the development of new information and educational
technologies. The current requirements do not meet the level of knowledge of students and
graduates of pedagogical institutes and universities of the school course of mathematics, methods of
its teaching, connections of school mathematics with university mathematical courses. They are
characterized by insufficient knowledge of that part of the mathematical content that provides



confidence in solving non-standard problems in elementary mathematics and teaching
schoolchildren to find approaches to solving difficult mathematical problems [3].

We can also talk about the low general and mathematical culture of graduates of pedagogical
universities, about the insufficient development of their mathematical and heuristic thinking, about
the lack of proper experience in mathematical activity, about the prescription of methodological
knowledge on teaching a school course of mathematics, about weak methodological skills and the
formalism of subject knowledge. Students often have a lack of need to comprehend new
mathematical facts, criticality in choosing methods and approaches used to prove statements.
Almost all of these students have no real experience in finding new scientific information in
mathematics.

In a mass secondary school today, the professional level of a mathematics teacher of non-
retirement age does not meet the requirements imposed by society and the state on a teacher as a
professional [4].

It should be said that in different years, the state of mathematical and methodological
training of current teachers of mathematics and students of mathematical specialties has been
studied by many authors. However, to date, no systematic research has been conducted in the field
of subject training of secondary school mathematics teachers based on the ideas of the
fundamentalization of mathematical education and focused on the creation of such methodological
systems for teaching higher mathematics disciplines to pedagogical university students, in which
students are introduced to real research work from the first courses of their studies at the university
[5].

These problems define the scientific problem of research, which consists in the insufficient
development of methodological systems for teaching university students mathematical courses
based on the ideas of fundamentalization of education. In the study, it is supposed to be solved in
relation to the fundamental section of mathematical science and higher mathematical education -
differential and integral calculus of functions. The solution of the problem aims at conducting a
holistic pedagogical research devoted to the study of the influence of the ideas of the
fundamentalization of mathematical education on teaching students the basics of analysis,
developing a course of differential and integral calculus of functions based on these ideas,
identifying the role of students' research in the areas of mathematical analysis in their mathematical
and professional training. It is important to note that the main section of mathematical analysis
"Differential and integral calculus of functions" is the most important component in the professional
education of a mathematics teacher, it determines the entire mathematical training of a student of
the Faculty of Mathematics of a pedagogical university. This section finds many directions of its
application, since it studies mathematical structures that model the real processes of the world
around us; its development is objectively important. The course of differential and integral calculus
implements deep interdisciplinary connections of the disciplines of the natural science cycle, plays
an essential role in the methodological training of teachers, has a general cultural significance in the
education of students. In addition, representing a developing field of mathematical science,
differential and integral calculus has rich potential opportunities for organizing student scientific
research.

The object of the research is the process of teaching mathematical disciplines to university
students, in particular mathematical analysis, and its subject is a methodological system for teaching
future mathematics teachers differential and integral calculus of functions in the conditions of
fundamentalization of education, including goals, content, methods, forms and means of teaching.

Literature Review. The essence and basic concepts of the competence approach in the
education system are disclosed in detail in general pedagogical and psychological studies Brauer,
(2021) [6]. The issues of improving the professional training of a future mathematics teacher at a
pedagogical university have been the subject of research by many leading scientists in the field of
methods of teaching mathematics throughout the history of the development of mathematical
education [7-8].



There are various approaches to improving the professional training of a future mathematics
teacher, we will consider two areas closest to our research.

The first direction (methodological) is associated with the implementation of a coordinated
interaction of the fundamental and professional components in the general structure of teacher
training through: the foundation of the basic educational elements of school and university
mathematics, followed by a theoretical generalization of structural units in the direction of
professionalization of knowledge and the formation of the teacher's personality [9]; professional
and pedagogical orientation of teaching basic fundamental mathematical disciplines, establishing
their links with the relevant courses of school mathematics in all components of the methodical
system of teaching mathematics and increasing the volume of mathematical courses, special
courses, elective courses [10].

The second direction (technological) is associated with the qualitative transformation of all
components of the methodological system of training a future mathematics teacher at a pedagogical
university through electives [11].

The basis of many studies that raise issues of improving the special, methodological training
of a future mathematics teacher is a holistic and comprehensive concept of the professional and
pedagogical orientation of the special training of a future mathematics teacher, based on the
principles of rational fundamentality, binary, continuity and the leading idea. Questions of the
professional orientation of teaching mathematics to future teachers are considered in the works of
Appova & Taylor, (2019) [12].

Ideas and approaches in the formation of individual components of methodological
knowledge and skills in the system of professional, subject and methodological training of future
teachers and teachers of mathematics were considered in the works of Toibazarov et al., (2021);
Ovchinnikova et al., (2020) [13-14].

Al-Mahdi, (2019) to clarify the content and set of methodological training of a mathematics
teacher uses the concept of "professional teacher action" and defines three levels of formation of
these actions. In accordance with the selected levels, their subject complexity and the specifics of
their application in the practice of teaching mathematics, the author defines the types of
methodological skills and divides them into three groups, respectively, describing the content of
skills in each group, without assigning a name to these groups [15].

Corredor-Garcia & Bailey-Moreno, (2020) defines methodical skills as "the conscious
application of students' existing knowledge and skills necessary to perform more complex activities
in various conditions of teaching students mathematics" [16].

Methodological training and competence of a future mathematics teacher is the readiness of
a student on the basis of his methodological (theoretical and practical) training to independently and
effectively solve professional and methodological tasks formulated by himself or by the educational
and methodological situation of the educational process in conditions of uncertainty and
unpredictability. The methodological competence of a future mathematics teacher is considered by
us as a complex dynamic system, and its research is carried out in two planes: subject and
functional.

The studies of these scientists make a significant contribution to the training of secondary
school mathematics teachers, solve many problems of improving professional pedagogical
education through the formation and introduction of new advanced psychological and pedagogical
concepts, the use of productive methods of knowledge transfer, the design of innovative
methodological systems and teaching technologies.

Despite a wide range of studies devoted to the preparation of future mathematics teachers at
the university, the least studied are the issues of updating the goals, content, forms, methods and
means of teaching mathematics in the context of widespread new methods, in particular, the study
of methodological aspects of the introduction of innovative technologies in the process of
mathematical training of future teachers and the formation of their methodological literacy when
teaching differential and integral calculus of functions.



These arguments and the need to eliminate the above contradictions through the
development of a methodological system for teaching students of the pedagogical university
differential and integral calculus in the context of the fundamentalization of mathematical education
confirm the relevance of the research topic.

The goals and main methods of research.

To solve the tasks, the following research methods were used: - theoretical: study and
analysis of psychological and pedagogical, mathematical, methodological literature on the subject
of research; - empirical: observation, questioning, testing, analysis of the results of control work by
students; pedagogical experiment; - mathematical methods: Spearman rank correlation, x-square
criterion, the Wilcoxon-Mann-Whitney criterion, et al.

The study was conceived as the construction of a new experience in experimental
conditions. The following types of analysis were used in the study: complex - identification and
tracking of the formation and development of components included in the structure of the subject
competence of a future mathematics teacher; level - identification of the formation of each
structural component; comparative - identification of the levels of formation of components in the
conditions of traditional and experimental learning.

Experimental base of the study and the stages of the study

The study was conducted in three stages. In order to test the formulated hypothesis, a
pedagogical experiment was conducted on the basis of the Kyzylorda Uversity named after Korkyt
ata (2023-2025), which included three stages: ascertaining, searching and forming. A total of 63
students participated in the experiment.The ascertaining stage of the experiment was conducted
during the 2023-2025 academic year. The purpose of this stage was to determine the content and
structure of methodological training of a future mathematics teacher; to identify criteria, indicators
characterizing the levels of formation of methodological training of a future mathematics teacher; to
develop a model for the formation of methodological training of a future mathematics teacher. For
this purpose, the analysis of scientific, psychological and pedagogical literature, normative
documentation was carried out, observation was carried out, regular conversations were held
between students and teachers of mathematical and methodological disciplines.

The search and formative stage of the experiment was conducted in the 2023-2024 and
2024-2025 academic years. The purpose of the search stage of the experiment was to establish the
levels of formation of the methodological preparation of the future mathematics teacher; to
determine the pedagogical conditions for the formation of the methodological readiness of the
future mathematics teacher.

The purpose of the formative stage was to check the effectiveness of pedagogical conditions
for the formation of methodological training of a future mathematics teacher; to establish the levels,
the formation of methodological readiness of a future mathematics teacher.

At the formative stage of the experiment, the implementation of a certain set of necessary
pedagogical conditions for the formation of methodological readiness of a future mathematics
teacher was carried out. The experiment was carried out on two streams of students (2023-2024
academic year - 33 students, 2024-2025 academic year - 30 students), who made up two
experimental groups. At the formative stage of the experiment, statistical processing of the results
of the survey, control work and testing was carried out, the results obtained in the control and
experimental groups were compared.

Pedagogical conditions and the model of the formation of methodological training of a
future mathematics teacher

For the effective implementation of the model of the formation of methodological training of
the future mathematics teacher, a set of pedagogical conditions was determined.

Under the pedagogical conditions of the formation of the methodological training of the
future mathematics teacher, we will understand the subjective and objective requirements and
prerequisites, the implementation of which ensures the formation of the methodological training of
the future mathematics teacher with the most rational use of forces and means.



We have identified the following set of pedagogical conditions for the formation of
methodological training of a future mathematics teacher: integration of the content of mathematical
courses; development of a positive motivational sphere of the personality of a future mathematics
teacher based on pedagogical values; ensuring the assimilation of mathematical knowledge in the
unity of their subject and operational aspects; ensuring regular monitoring and evaluation of
learning outcomes by both the teacher and the student.

The proposed set of pedagogical conditions is necessary and sufficient for the formation of
methodological readiness of a future mathematics teacher. The sufficiency of the proposed set of
pedagogical conditions will be checked during the pedagogical experiment conducted within the
framework of this study. The criteria and indicators of formation and the model of formation of
methodological readiness of the future mathematics teacher of the future mathematics teacher are
given in Table 1 and in Figure 1.

Table 1 — Criteria and indicators of the formation of methodological readiness of a future mathematics
teacher

Criteria Indicators (by levels)
Motivational | Threshold:the presence of a social attitude to the study of mathematics; the presence of
and value a social attitude to teaching mathematics.
Standard: having an interest in mathematics; having an interest in learning
mathematics.

Reference: the need to study mathematics; the need to teach mathematics.

Substantive and | Threshold: to know and understand the basic terms of mathematics;

procedural Be able to find the necessary information in mathematics; Ready to use mathematical
knowledge in professional activities.
Standard: to know and understand the interdisciplinary foundations of mathematics; To
be able to analyze and synthesize the information received in mathematics; Ready to
use mathematical methods outside of mathematics.
Reference: to know the ways and methods of conducting mathematically reasoned
scientific discussion; To be able to critically evaluate and interpret scientific
mathematical experience; Ready to build mathematical models of various processes
occurring in modern society and nature.

Reflexive Threshold: the ability to exercise self-control and self-assessment of mathematical
knowledge and skills.
Standard: periodic self-monitoring and self-assessment of mathematical knowledge and
skills.
Reference: regular exercise of self-control and self-assessment of mathematical
knowledge and skills.

The learning process in the conditions of the developed model of formation.

In the conditions of the fundamentalization of mathematical education, in our opinion, when
teaching students of mathematics differential and integral calculus of functions, it is important to
pay due attention to their heuristic training. A teacher of mathematical analysis working with such
students should not only acquaint students with facts important for a mathematician, but also take
care of the development of mathematical intuition of the wards, instilling in them the skills of
independently finding solutions to a difficult problem, proving a new theorem, discovering an
unknown mathematical fact or some kind of regularity.

One of the most common heuristics in mathematics is the likelihood test, which, in
particular, includes:

a) checking for compliance with the properties of a mathematical object;

b) construction of counterexamples;

¢) checking for symmetry;

¢) checking by dimension, etc.
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Possession of such a technique allows you to reject erroneous hypotheses that arise when
solving a difficult problem or when conducting research, to detect erroneous and incorrect
formulations of statements, incorrect answers to solved problems. Here are some examples.

1. It is required to calculate the integral.

JJnZ Vx2+1+x-1 X (1)
—In2Vx2+1+x+1

Note that the definite integral proposed for calculation is the integral of the irrational

. v 2 - . . . .
function f(x)= % but along a segment symmetrical with respect to the beginning. The

latter circumstance prompts the problem solver to "take a risk" — to check the function f(x) for
parity-odd. Since,
) H( )= VRZiT4x—1 VaZii-x—1_(VaZ+1)2—(x-1)2+(VaZ+ 1+x—1) = (x+1)2 _ )
VaZ+1+x+1 VaZ+1-x+1 (VaZr1+1) —x2

__x2+1—x2+2x—1+x2+1—x2—2x—1_0
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we conclude that the function f(x) is odd. Therefore, the integral in question is zero.

Thus, we were helped to calculate the original integral by referring to the properties of
certain integrals from even and odd functions.

The considered integral, of course, could be tried to calculate using the Newton-Leibniz
formula, which would require finding the primitive function f(x). Such, obviously, would have to be
found either with the help of a suitable Euler substitution, or with the help of a trigonometric
substitution. Any of the substitutions mentioned would lead to cumbersome calculations.

Consider the heuristics associated with the use of induction. "Induction is the process of
cognition of general laws by observing the comparison of particular cases." In Latin, "induction" is
"guidance". It often happens that considering particular cases of a problem leads to obtaining a
solution in the general case. First, the problem solver can consider the simplest particular cases,
then — more complicated particular situations, and so on, until the solution of the problem is found
in the original formulation.

To illustrate the application of induction in the proof of inequalities , we reproduce the
inequality from:

FG)  An  FO 3)
F(s) — al, — F(®)
Where F(x) is the weighted power — law average of positive numbers a4, ,,,,,, a, from the
interval (0; 0.5) with weights, p1,,,,,,,,,Pn, Xie1P1 — 1, is the analogous power - law average of
numbers

In the cited paper, we present two ways to prove this inequality by means of differential and
integral calculus of functions of one variable, but we emphasize that they did not appear
immediately. Previously, we carried out many checks on the fulfillment of the inequality in question
for specific sets of numbers {ai} and weights {pi}, taking a very different number of numbers in
such sets and very different values of s and t, until a hypothesis arose: under these conditions,
inequality (3) holds. Only then did the mentioned evidence appear. Note that when checking the
fairness of inequality (3) in particular cases, we often resorted to using computers. A computer in
modern conditions is really a means of studying mathematical problems.

Let us now focus on the heuristics that go back to the transition from a given problem (a
given statement) to a more general problem (a more general statement). The mentioned transition
sometimes allows you to find a solution to the original problem, Let's give examples.

1. To prove the Lagrange formula of finite increments.

f(b) = f(a)=f(§)(b-a) (4)
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it is enough to establish the Cauchy formula of finite increments.
f)—f@ _ f/(© 5)
gd-g@  g/(§)

or the Taylor formula of the function f of the nth order.

f(x) = f(a) + f(a)(x — a) 4+ ot f_(’:!(a) (x — a)n—1 ©)

Obviously, the Lagrange formula is obtained from the Cauchy formula if in the latter we put

=" it is also obtained from the Taylor formula, if in this formula we take.

As is known, in the course of ordinary differential equations, the proof of the first statement
is reduced to the establishment of the second, while using the fundamental theorem of the theory of
metric spaces — the Banach principle of the compressive mapping of the complete metric space
into itself.

When solving problems of differential and integral calculus of functions, the heuristic
method of replacing the original problem with an equivalent one has to be used very, very often.
This is especially true for integral calculus problems.

Calculate the integral.

1 s

fy —ze=dx (7)
0 cos=—

Decision. Integrand function

in the integral under consideration, it has a non-standard (for integration) form, so we will

replace the variable, assuming. y = x — %, Then the original integral will be reduced to the integral

. 1 sin (y+l)
j=JA—=%dy (8)
2

cosy

We have obtained an equivalent problem that is successfully solved
1 1
= (2 1 CRE A |
] = f_% cos - tgydy + f_%sm . dy — sin > 9)

because,
1

2
1
2

cos % tgydy =0 (10)
due to the odd function tgx and the symmetry of the segment [—% ; % ] regarding the beginning.

When solving problems of differential and integral calculus, when establishing the validity
of any fact of this section of analysis, it is necessary to use not only geometric or graphical
considerations, but also physical, mechanical, economic, etc. The latter should also be attributed to
the appropriate heuristics in teaching analysis.

Describing the analogy above, we mentioned the approach in substantiating the formula for
calculating the triple integral, based precisely on mechanical considerations. In this case, we
consider the integrand function as a quantity expressing density. But especially often we use the
affected heuristics when solving problems in the course of mathematical analysis. The above
applies to many tasks with physical, mechanical, economic, etc. content.

Describing the above-mentioned basic heuristics separately, we must remember that in some
specific situations we sometimes have to use several at once. It often happens that when solving a
problem, several heuristic techniques are involved. As a matter of fact, what is being noted can even
be traced in a number of illustrative examples discussed above. So, in the problem with a parameter
about two equations, in addition to varying the parameter, we, of course, attracted geometric
(graphical) considerations, properties of the corresponding classes of functions (bounded,
monotonic), and general methods for solving problems with parameters.

We have considered a number of heuristics that can be useful and effective in solving
problems and establishing theoretical facts in the course of differential and integral calculus of



functions for students of mathematical specialties. Naturally, we have not exhausted the full list of
possible heuristic techniques, but the ones presented, we think, are the main ones. Once again, we
emphasize that heuristics in teaching university students differential and integral calculus of
functions should be included in the content of training, since the skills of using heuristics will be
useful to future specialists in their professional activities.

Results of the pedagogical experiment.The level of formation of the motivational and
value component of the methodological readiness of the future mathematics teacher among students
of control and experimental groups was assessed based on the results of a survey of expert teachers.
The results obtained are presented in the table (Table 2).

Table 2-Survey results (in control and experimental groups)

Grou | Survey period Percentage of Percentage of Percentage of The motivation
p students with a | students with a | students witha | coefficient of the
threshold level standard level reference level group
K1 | Before studying 44 49 7 63
the discipline
After studying the 28 58 14 86
discipline
K2 | Before studying 42 50 8 66
the discipline
After studying the 35 46 19 84
discipline
El | Before studying 55 39 6 51
the discipline
After studying the 24 49 27 103
discipline
E2 | Before studying 43 50 7 64
the discipline
After studying the 23 50 27 104
discipline

The results of the survey before studying the disciplines of "Differential and integral
calculus of functions" and after studying it in control and experimental groups are presented in
Figures 1, 2.
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students witha students witha students witha coefficient of
thresholdlevel standardlevel referencelevel  the group
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Fig. 1 — The results of the survey before and after studying the discipline ' Differential and
integral calculus of functions" in the first control and experimental groups
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Fig. 2 — The results of the survey before and after studying the discipline " Differential and
integral calculus of functions" in thesecond control and experimental groups

The analysis of the results showed that before studying the discipline "Differential and
integral calculus of functions", the motivation coefficients of the three groups (KI, K2 and E2) are
almost the same (63, 66 and 64), only the motivation coefficient of the first experimental group is
significantly lower (51). After studying the discipline "Numerical Systems", the motivation
coefficient of the control groups increases by one third, and the experimental groups - almost twice.
At the same time, students with a standard level of formation of the motivational and value
component make up about half both before studying the discipline "Differential and integral
calculus of functions " and after studying it. The motivation coefficient of groups increases due to a
change in the ratio between the number of students with a threshold level of formation of the
motivational and value component and the reference one. Students with a threshold level before
studying the discipline make up from 43 to 55 percent. After studying the discipline "Differential
and integral calculus of functions" in the control groups K1 and K2, such students become 28% and
35%, respectively, and in the experimental groups E1 and E2 - 24% and 23%, respectively.

Students with a reference level before studying the discipline make up from 6 to 8 percent.
After studying the discipline "Differential and integral calculus of functions" in the control groups
K1 and K2, such students become 14% and 19%, respectively, and in the experimental groups El
and E2 - 27%. Thus, in the control groups before and after studying the discipline "Differential and
integral calculus of functions", there are more students with a threshold level of formation of a
motivational and value component than students with a reference level, and in experimental groups
after studying the discipline, there are more students with a reference level than students with a
threshold level.

The analysis of the obtained results allowed us to conclude that the majority of students by
the fourth year of study have a reflexive component of the subject competence of a future
mathematics teacher formed at a standard level. After studying the discipline "Differential and
integral calculus of functions", the number of students with a standard level of formation of the
reflexive component increased. During repeated questioning, both in control and experimental
groups, the number of choices of the answer "I find it difficult to answer" decreased, which
indicates the formation of self-assessment skills within the discipline "Differential and integral
calculus of functions".

To assess the level of formation of the content-procedural component of the subject
competence of the future mathematics teacher in the control and experimental groups and further
compare the data obtained, as indicated above, an input control was carried out. The results of the
input control are presented in an ordinal scale (Table 3).

Table 3 — The average score of exam grades in mathematical disciplines studied by students in 1-3
courses



AAverag | K1 K2 El E2

¢ scores frequency | relates, | frequency | relates, | frequency relates, frequency | relates,
(number of | frequen | (number of | frequen | (number of | frequency | (number of | frequenc
students) cy students) cy students) students) y

33-3,5 12 0,28 4 0,15 17 0,52 11 0,37

33,6-4 12 0,28 11 0,42 7 0,21 7 0,23

44,1-4,5 11 0,26 7 0,27 6 0,18 10 0,33

44,6-5 8 0,19 4 0,15 3 0,09 2 0,07

Total 43 26 33 30

students

To assess the reliability of the coincidences and differences of the results obtained from the
results of the input control in the control and experimental groups, we used a nonparametric
statistical criterion x2. The empirical value of the criterion is calculated using the following

[m m

L AT 1!
- mTm,

formula:

Here N, M are the number of students in the groups being compared, nj,m;are the relative
frequencies in the corresponding groups. The empirical values of the criterion for each of the cases
are presented in the table (Table 4).

Table 4 — Empirical values of the criterion x2

Group El E2
K1 4,6865 2,7800
K2 8,4447 5,0919

The empirical values of the criterion in three cases were lower than the critical value of the
criterion x2, which for a significance level of 0.05 and a given number of degrees of freedom 3 is
equal to - 7.82. Thus; the characteristics of the compared samples coincide with the significance
level of 0.05. Only in one case (groups K2 and E1) the empirical value of the criterion is higher
than the critical value. Thus, the reliability of the differences in the characteristics of these groups of
students according to the statistical criterion x2 is 95%.

The test results are measured in a scale of relationships. To visualize qualitative changes in
the preparation of students, we have translated the data obtained at the school of relations into an
ordinal scale. The results are presented in the table (Table 5).

The proportion of students who received an "unsatisfactory" grade for the test in the control
groups K1 and K2 is 16% and 12%, respectively, whereas in the experimental groups E1 and E2 it
is only 6% and 3%, respectively. The proportion of students who received a grade of "satisfactory",
which corresponds to the threshold level of formation of the content-process component of the
subject competence of a future mathematics teacher, in the control groups is 37% and 31%, while in
the experimental groups it is only 12% and 23%, that is, the percentage of students with a threshold
level in the experimental groups is insignificant, in contrast to control groups, where such students
make up a third of the group. The proportion of students who received a "good" grade, which
corresponds to the standard level of formation of the content-procedural component of the subject
competence of a future mathematics teacher, in the control groups is 37% and 46%, in the
experimental groups — 48% and 43%.

Thus, it can be concluded that the percentage of students with a standard level in the control
and experimental groups is almost the same.



Table 5 — Test results conducted in control and experimental groups

K1 K2 El E2
G
5 5% - > 5.8 - 53 -0 5y > 8 - >
= S 53 .2 253 . 287 | . & 2 B3 .2
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2 00- 7 0,16 3 00,12 2 0,06 1 0,03
14
3 15- 16 0,37 8 00,31 4 0,12 7 0,23
19
4 20- 16 0,37 12 00,46 16 0,48 13 0,43
24
5 25- 4 0,09 3 00,12 11 0,33 9 0,30
30
Total . 43 26 33 30
stude
nts

The proportion of students who received an excellent grade, which corresponds to the
reference level of the content-process component of the subject competence of the future
mathematics teacher, in the control groups is 9% and 12%, in the experimental groups - 33% and
30%, that is, the percentage of students with a reference level in the experimental groups has
increased significantly and began to make up a third of the group.

To assess the reliability of the differences in the test results in the control and experimental
groups, we applied the nonparametric statistical Wilcoxon-Mann-Whitney criterion. There are two
criteria - Wilcoxon and Mann-Whitney. These criteria are uniquely related, so they are often called
the Wilcoxon-Mann-Whitney criterion.

The empirical value of the Mann-Whitney criterion for each of the tested cases is calculated

U= E a
using the following formula: i~

Here N is the number of students in the first group to be compared. The obtained values are
given in the table 6.

Table 6 — Empirical values of the Mann-Whitney criterion

Group El E2
K1 952 865
K2 599 527

The empirical value of the Wilcoxon criterion is determined by the following formula:

N-M

T
¥

i
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Here N, M is the number of students in the groups being compared. The empirical values of
the criterion for each of the cases are presented in the table (Table 7).




Table 7-Empirical values of the Wilcoxon criterion

Group El E2
K1 2,541358 2,466622
K2 2,595495 2,250746

The empirical values of the Wilcoxon criterion turned out to be higher than the critical value
of the criterion, which for a significance level of 0.05 is equal to 1.96. Thus, the reliability of
differences in the characteristics of experimental and control groups of students according to the
Wilcoxon-Mann-Whitney statistical criterion is 95%.

The results of the control work and the test give approximately the same percentage
distribution of students by the levels of formation of the content-procedural component of the
subject competence of the future mathematics teacher. Thus, students who have reached the
standard level make up about half of both the control and experimental groups. In the control
groups, one third of the group has a threshold level and only a few students have a reference level.
In the experimental groups, one third of the group has a reference level and only a few students
have a threshold level.

Discussions. Analyzing the works of many authors considering the competence approach in
education [17-18], it can be assumed that the meaning of the words "readiness" and "ability" is
embedded in the content of the concept of "competence", to apply a person's personal qualities,
knowledge, skills, skills, experience to solve the problems that have arisen in a new situation.Brady,
(2020) interprets readiness for action as a state of mobilization of all psychophysical systems of the
body, ensuring the effective performance of certain actions [19].

Matiash et al., (2021) identifies subject and metasubject components in the structure of
methodological competence of a mathematics teacher, where the subject consists of subject-
oriented competence, metasubject - professionally oriented competence [20]. The measure of the
formation of the components of methodological competence of a mathematics teacher is the
functional components of pedagogical activity: gnostic, design, constructive, communicative,
organizational.

Alfaro-carvajal et al., (2018) holds the thought: "... the training of engineers and physicists
in differential and integral calculus could be significantly improved if the nature of heuristic
reasoning was better understood, their advantages and limitations were openly recognized and
textbooks would openly state heuristic arguments. A heuristic argument, formulated skillfully and
directly, can be useful, it can prepare an accurate proof, the individual elements of which it
contains." I think this should be borne in mind by teachers of mathematical analysis of pedagogical
colleges and universities, teaching future teachers of mathematics, future specialists of applied
mathematics and engineers, school teachers when submitting the principles of mathematical
analysis to their wards [21].

In contrast to the listed works, our study presents a model for the formation of
methodological training of a future mathematics teacher, the introduction of which will allow the
implementation of the basic mathematical program "Integral Calculus and differential equations".

At the formative stage of the experiment, the effectiveness of the set of pedagogical
conditions defined by us for the formation of methodological readiness of a future mathematics
teacher was tested and thus the sufficiency of these pedagogical conditions was established.

Conclusion. For the effective implementation of the developed model, we have identified
the following set of necessary and sufficient pedagogical conditions for the formation of
methodological readiness of a future mathematics teacher: integration of the content of
mathematical courses; development of a positive motivational sphere of the personality of a future
mathematics teacher based on pedagogical values; ensuring the assimilation of mathematical
knowledge in the unity of their subject and operational aspects; ensuring regular monitoring and
evaluation of learning outcomes as a from the teacher's side, and from the student's side.



The conducted research does not exhaust the whole variety of the problem of the formation
of methodological readiness of a future mathematics teacher in the process of studying at a
university. Further development of the problem may be related to the content, methodological and
didactic support of the process of formation of the subject and methodological competence of the
future mathematics teacher in the study of other mathematical disciplines.
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MATEMATUKA MAMAH/ABITBI CTYJAEHTTEPIHE TIU®®EPEHIINAJIIBIK )KOHE
HHTETI'PAJIABIK ECEIITEYJIEPAI OKBITY AbIH IEJATI'OT'MKAJIBIK INAPTTAPBI

BaiiapsicTtanoB A.O., pusznka-MaremaTrka FhUIBIMAAPBIHBIH KaHIUIATHI, Ipodeccop
Buxirit ZK.E.*, «Matemaruka nefarortepin aaspiay» bbb-HbIH 2-Kypc MarucTpaHTh

JLH. I'vmunes amvinoazel Eypasus ynmmulx yHugepcumemi, Acmana ., Kasaxcman

Angatna. by 3epTrey MaTtemaTMka MaMaHIbIFbI OOHBIHIIA OUTIM aliblll JKaTKaH CTYACHTTEPIIH
Tu(pGEepPeHIIMANIBIK JKOHE HHTETPANABIK €CENTeyJepi OKBITY apKbUIBl OAICTEMENIK Ky3bIPETTUIIrH
JaMbITyFa OarbITTaNFaH. 3epTTEYIiH ©3€KTUIIr — )KOFapbl OKY OpbIHIAphIHAAFEl MATEMaTHKA MTOHIH OKBITYa
MEIarOTUKaIbIK JKOHE OICTEMENiK JMANbIHABIKTBIH JKETKUIIKCI3 BIKNANJACTBIPBUTYBIMEH OaillaHBICTHI.
3epTTeyaiH MakcaThl — OIICTEMENIK MalWbIHABIK MOJCIIH 93Ipiey oHE OHBIH THIMILUIITIH apTThIpaThiH
MeIarorvKaiblK [apTTapabl alKeplHAAy. 3epTTey oficTepiHe oneOuerTepre IIONy jKacay, OakeLiay,
cayaJlHama >KYpri3y, MeJarorukajiblK SKCIEPUMEHTTEp JKOHE CTaTUCTUKAIBIK Tajiay >KaTalbl. ¥ CHIHBUIFaH
MOJIEJIb/II JKY3€ere achlpy CTYJACHTTEPAIH SICTEMEIIK oiiay KaOieTiH JaMBbITHIII, OJIap/IbIH OoJIamaK Kaciou-
TMeIarOrUKaIbIK KbI3METKE JANBIHIIBIFBIH KaKCAPTYFa OH BIKIAI €TTi.

Bakpulay KyMmMBICBL MEH TeCcT HOTWXKelepi Oonamak MareMaThka MyFaliMiHIH & ITOHAIK
KY3BIPETTUNNHIH ~ Ma3MYHJBIK-TIPOLEYpPAIBIK ~ KOMIIOHEHTIHIH  KanblmTacy —JeHreiyiepi  OoibIHIIA
CTYJCHTTEPIIIH MaHbI3JBIK OOJNIHICIHIH IaMaMeH Oipjed ekeHiH kepcerTi. JKypriziireH 3eprrey OKBITY
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mpoliecinge Ooalrak MaTeMaTHKa MYFaIiMIHIH OJICTEMENIK NaibIHABIFBIH KaJbIITACTBIPY MOCEICCIHIH
0apJIbIK KbIPJIApbIH TOJBIK KAMTHIMAHIbI

Tipek ce3mep: MojeIb, MHHOBAIMIBIK SJICTEP, 9MICTEMEIIK JaHbIHIBIK, MaTeMaTHKa CTYICHTI,
GyHKIUUIapAbIH TU( G EpEeHITHATIBIK XKOHE UHTETPAIABIK eCeNTeyIepi.

HNEJAT'OI'MYECKHUE YCJI0OBUA OBYYEHUSA JU®PEPEHIIMAJIBHBIM U
HNHTEI'PAJIBHBIM 3AJJAYAM CTYJAEHTOB-MATEMATUKOB

BaiiapbicTanoB A.O., kaunuaar (U3UKO-MaTeMaTHIECKUX HayK, Ipodeccop
Buxurur K.E.*, maructpant 2 xypca no OII «Iloaroroska negaroros no MmareMaTHKE

Eepasuiickuti nayuonanvrvii ynueepcumem umenu JI.H. I'ymunésa, o. Acmana, Kasaxcman

AHHOTanus. J[aHHOE HCCIIEOBAaHWE HANpPABICHO HA Pa3BUTHE METOAMYECKON KOMIIETEHTHOCTH
CTYJICHTOB MAaTEeMaTHYECKUX CICIHATbHOCTEH MOCPEICTBOM TpernojaBanus auddepeHIuanb-Horo u
WHTETPATBHOTO WCYKCIICHUS. AKTYalbHOCTh HCCIICIOBAaHUS OOYCIOBIICHa HEJOCTATOYHOW HHTErparuei
MeJarorudeckoil ¥ MeTOMYECKOM MOATOTOBKH B CHCTEME BBICIIEr0 MaTeMaTuieckoro odpaszosanus. Llenb
WCCIIEIOBaHUsI — pa3pabdoTaTh U O0OOCHOBAaTh MOJENTb METOJMUYECKON MOJITOTOBKH, & TAKXKE ONPEICITUTh
MEearornIeckue ycJaoBHUs, CIIOCOOCTBYIONIHME MOBHINICHHIO ¢€ 3()(EeKTUBHOCTH. METOMbl HCCIICAOBAHUS
BKJIFOYAIOT aQHAIM3 JIMTEpaTyphl, HAOJIOJCHUE, aHKCTUPOBAaHHE, IE€JarOTMYECKUi JKCIIEPUMEHT U
CTAaTUCTUYECKHN aHaJIu3. PeaJ'II/I3aHI/IH HpCHHO)KeHHOI\/'I MOZCIIN IIOKa3ajla IOJIOKHUTCIIbHBIC PE3YyJIbTAThl B
(hOpMHUPOBAHUM METOJUYCCKOTO MBIINUICHHUSI CTYJICHTOB U UX TOATOTOBKE K Oyayuied mpogeccCHnoHATbHON
NeSTeILHOCTH B 00pa30BaTeIbHOM chepe.

PesynbraThl KOHTPOJIBHOW pPabOThI M TECTa MOKA3bIBAIOT MPUMEPHO OJUHAKOBOE IPOIICHTHOE
pacmpe/ieNieHie CTYACHTOB 10 YPOBHSIM C(HOPMHPOBAHHOCTH COJIEPKATEILHO-MPOLICAYPHOTO KOMITOHEHTA
MPEeIMETHON KOMIETEHIIMK OYAyIIero yuuTessi MareMatuku. [IpoBenéHHOe UccieoBaHue HEe HCYSPIIBIBACT
Bc€ MHOroo0Opasue npoOieMbl GOPMHUPOBAHUS METOAMUECKON FOTOBHOCTH OYIYIErO YYUTEIST MaTeMaTHKU
B IIpoliecce 00y4eHUs B 00pa3oBaTenbHOM chepe

KawueBbie cjoBa: MoJielb, WHHOBAIIMOHHBIC METOJbI, METOAWYECKAs IOJrOTOBKA, CTYICHT-
MaTeMaTHK, 1uddepeHranbHoe 1 HHTETpalbHOE UCUMCIIeHHE (DYHKINH.
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