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Abstract
In this article, a model is developed for the formation of the research competence of undergraduate
mathematicians at a pedagogical university. Purposeful formation of research competence in the
conditions of digitalization, development of theoretical approaches to the use of ICT tools in order
to: develop the trainee's personality by involving the trainee in experimental research, forming
cognitive interest is one of the most important goals of higher pedagogical education. The purpose
of the study is to develop a model for the formation of research competence of studentsmathematicians of a pedagogical university, including the forms, means and methods of its
formation; The research uses research methods as a theoretical analysis of domestic and foreign
scientific literature on the research problem; observation, generalization; As a result, we
determined the essence of research competence and developed a model for the formation of
research competence (IC) of mathematics students of a pedagogical university, including the
forms, means and methods of its formation; To effectively implement the model for the formation
of the research competence of the future mathematics teacher, pedagogical conditions have been
created that are of great importance for the formation of the research competence of the
mathematics teacher. Formation of the IC was conducted through psychological, informativecognitive, practical training.
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1. Introduction
The main objective of educational programs in a pedagogical university is to deepen specialization
in a certain professional direction. Education in a pedagogical university is an important stage in
the formation of a professional researcher, a step leading a young scientist to a project, thesis and
dissertational research. That is why research work is of great importance for students enrolled in
bachelor's and master's programs at a pedagogical university.
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At present, the issues of the formation of research competence (IR) of students are actively
researched by scientists. However, the existing educational practice does not promote the
maximum stimulation of the research orientation of the pedagogical work of the future specialist,
which makes it necessary to study the theoretical aspects of such a phenomenon as the "research
competence" of the future teacher and the methods of its formation. In order to reveal the essence
of the term "research competence" it was necessary to study such concepts as "competence",
"competence" and "research".
Research in the broadest sense - the search for new knowledge or a systematic investigation to
establish facts. In a narrower sense, research is a scientific method (process) of studying
something. Scientific research, based on the application of the scientific method, provides
scientific information and theories to explain the nature and properties of the surrounding world.
Such a study may have practical application [30].
The relevance of the research on the scientific and theoretical level is determined by the materials
of UNESCO [24], the Law of the RK "On Education" [25], the Concept of the State Youth Policy
of the Republic of Kazakhstan until 2020 "Kazakhstan 2020: the way to the future" [26], the State
Educational Standard [23] ] and scientific research, in which the expected result of modern
education, based on a competence approach, are constructs from universal and professional
competences. Of great importance in this regard are the works of the scientists I.S. Sergeeva [20],
V.I. Bidenko [2], A.A. Verbitsky [29], I.A. Winter [32], G.I. Ibragimov [9], A.V. Khutorskogo
[4], and psychological and pedagogical studies of VS. Elagina [7], A.M. Derkach [6], G.N. Lobova
[15], revealing the main points of the competence approach.
To the interpretation of the concept of "research competence" there are different approaches. Let's
dwell on some of them. Research competence from the position of the knowledge-operational
approach (MA Danilov, EF Sezer, M.A. Choshanov and others) is defined as the totality of
knowledge and skills necessary for carrying out research activities [5, 31, 3];
Research competence manifests itself in theoretical literacy, possession of methods of
psychological and pedagogical research, the ability to statistically process empirical data,
formulate conclusions, and present the results of research. "Research competence" from the
viewpoint of the procedural and technological approach (A.V. Khutorskaya) is regarded as the
possession of a person with the relevant research competence, which should be understood as
knowledge as a result of the cognitive activity of a person in a certain field of science, methods,
research methods that he must master, to carry out research activities, as well as the motivation
and position of the researcher, his value orientations [4; 327]. The concept of "research
competence" - from the position of the functional-activity approach (N.V. Kuzmina, A.K. Markov,
V.D. Shadrikov, etc.) is considered as a set of personal qualities necessary for effective research
activities [13, 17, 21]. V.D. Shadrikov defines "competence as a systemic manifestation of
knowledge, skills, abilities, and personal qualities. Research competence from the position of the
system approach (LA Golub, VS Lazarev, etc.) is considered as a component of professional
competence [8, 14]. In our study, based on a systematic approach, we consider the research
competence of the teacher as the main component of professional competence.
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VA Slastenin emphasizes that the structural components of research competence must coincide
with the components of research activity, and the unity of theoretical and practical research skills
constitute a model of students' research competence [22, p. 83]. Research competence is the key,
the basis for the development of other more specific and subject-oriented competencies, since it
helps the student to learn, allows him to become more flexible, competitive, helps to be more
successful in later life, which determines the significance of its formation.
In connection with the reform in the education system, it becomes necessary to create a model for
the formation of the research competence of undergraduate mathematicians at a pedagogical
university. Before the higher school the task is set to raise a new generation of professionally
competent teachers in accordance with the modern model of RK education under conditions of
digitalization [27].
To date, there has been insufficiently developed a methodology for developing the research
competence of mathematical students. In this connection, there arises the need to develop a model
for the formation of research competence of students-mathematicians of a pedagogical university,
including the forms, means and methods of its formation, which predetermined the relevance of
this topic.
The subject of the study is the professional preparation of students for research activities
The purpose of the research: the development of a model for the formation of research competence
of students-mathematicians of a pedagogical university, including the forms, means and methods
of its formation.
Research hypothesis: if the model of forming the research competence of studentsmathematicians of a pedagogical university, including the forms, means and methods of its
formation will be applied in the preparation of future mathematics teachers, it will increase the
readiness of the future mathematics teacher to professional activity.
Research methods: theoretical analysis of domestic and foreign scientific literature on the
research problem; observation, generalization;
2. Materials and Methods
Determining effective ways of training future educators in the Republic of Kazakhstan, creating a
national model of the education system is the most important and complex issue. “At the moment,
we have begun to raise the economy, the social sphere, ... it's time to pay attention to the problems
of education. It is here, ... it is necessary to complete the reform of secondary and higher education”
[12]. The development of the education system in our country since the day of gaining
independence is mainly conducted in two directions. They are: 1) the preservation of all the
positive results accumulated during the years of Soviet power; 2) the search for ways to create a
new model of the Kazakhstani education system, taking into account the prevailing political,
economic, social conditions.
“Vocational training is the process of acquiring the skills that are necessary for the performance
of certain duties related to work or a group of works” [1]. The main components of the teacher's
professionalism, his pedagogical skills are professional competence, creativity, culture,
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technology, individual style, innovative and research approach to activities, and its productivity.
The higher stage of professional competence is manifested in a teacher with experience, but the
prerequisites for it and individual components are formed during the period of education in a
pedagogical college [28].
The professional competence of the teacher is a multifactorial phenomenon that includes the
system of theoretical knowledge of the teacher and the ways of using them in specific pedagogical
situations, the teacher's value orientations, as well as integrative indicators of his culture (speech,
communication, attitude to himself and his activities, to related fields knowledge, etc.).
By professional competence is understood the totality of professional and personal qualities
necessary for successful pedagogical activity. Professional competent can be called a teacher who
at a sufficiently high level carries out pedagogical activity, pedagogical communication, achieves
consistently high results in development and upbringing [19].
The final milestone in the professional training of future specialists is the formation of their
professional competence. The research competence of the teacher, as we see, is a component of
professional competence, and ensures its effectiveness.
Research competence is a characteristic of a teacher's personality, who possess professional
knowledge, skills and research methods, perseverance in search work until a scientific result is
obtained.
We conducted an analysis of the psychological and pedagogical scientific literature of the concept
and its content, the theoretical foundations of the formation of research competence in the
professional training of the teacher of mathematics.
In the study of research competence, we relied on the theoretical basis of professional competence.
Since it is the main component of professional competence.
As a result of the analysis and study of the works of scientists devoted to research, we defined the
term "research competence" as "an integral, integral characteristic of the personality of the future
teacher of mathematics, manifested in his willingness to take an active creative research position
in relation to educational mathematical activity and enabling the obtaining of the best research
results "[10]. Earlier we have defined pedagogical conditions of formation of research competence
of graduates - teachers of mathematics of pedagogical University [11].
One of the most important directions in the formation of research competence of students in the
conditions of a higher school is properly organized research activity. Its organization and
implementation in the university's teaching process is one of the main conditions for achieving a
high level of research competence.
The essence of research competence of students is manifested through the interrelation of its main
components: value-motivational, cognitive-active, communicative.
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The value-motivational component is determined by: the presence of interest in research activities
and vocational education; understanding of the importance of research work in life and the
importance of studying the disciplines studied in the development of students' research qualities;
the focus on achieving its results;
The cognitive-activity component is represented by the students' abilities to use the acquired
knowledge in various non-standard life situations; the development of students' self-organization,
self-reliance, self-learning and self-development. And also the possession of a system of
knowledge about research activities, its norms and values in modern society.
The communicative component is determined by the skills of students to extract and process
information, skills to work with modern computer, multimedia and other equipment; the ability to
find and see non-standard ways of solving problems; willingness to represent the results of his
research work and the ability to work in a team with mutual understanding. Thus, research
competence consists of three components: value-motivational, cognitive-active, communicative.
From the above definition of "research competence of the future teacher of mathematics" and on
the basis of the model of vocational training of the teacher of mathematics, G.L. Lukankin, we
posed the question of creating a model for the formation of the research competence of the future
teacher of mathematics.
The vocational training model of GL Lukankin [16] consists of three blocks:
• formation of the personality of the citizen-teacher;
• the formation of a teacher-teacher;
• the formation of a competent specialist - the teacher of the subject.
The composition of competence is as follows:
1) the methodological focus of training;
2) the professional-pedagogical orientation of socio-political disciplines;
3) the vocational and subject orientation of psychological and pedagogical training;
4) the professional orientation of mathematical training;
5) the scientific-theoretical and practical orientation of research training;
6) increase the scientific-theoretical and scientific-research level of continuous pedagogical
practice of students;
7) realization of the personality-activity approach in the training of specialists;
8) arming future specialists with new pedagogical and information technologies;
9) implementation of continuous computer training of teachers;
10) development of educational-scientific-industrial-pedagogical complex [16, c.59].
To create a meaningful model for the formation of the research competence of the teacher, it was
first of all necessary to consider the following issues:
• Definition of pedagogical conditions for the formation of research competence in the
system of teacher education;
• Creation of a model for the formation of the research competence of the mathematics
teacher and its implementation in vocational training;
• Definition of the characteristics of a competent teacher of mathematics (model building).
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Formation of research competence in the professional training of the future teacher is fruitfully
carried out with the help of psychological, informative-cognitive, practical readiness, which are an
integral part of the professional preparation of the future teacher. The significance of the model of
the process of forming research competence is to increase the importance of mastering the
methodology of research activities and the formation of personal cognitive qualities and the
creation of individual experience on the basis of continuous pedagogical practice. It consists of
three stages: psychological, content-cognitive, practical. At the stage of psychological preparation,
motivation is directed toward cognitive activity, during which pedagogical, psychological, and
mathematical knowledge is mastered; formation of personal-professional, cultural, motivational,
reflective qualities, stimulation to research work. For this, a motivational-cognitive and valuable
meaningful choice is carried out.
At the stage of content-cognitive training, scientific bases for the realization of the subjective
direction of the student as a teacher are created. For this, an exchange of views, self-knowledge,
search, critical analysis of information is used. Didactic and educational-research skills are formed,
as well as the ability to use the acquired knowledge in various non-standard life situations; is
conditioned by the system of knowledge about research activity, its norms and values in modern
society.
At the stage of practical preparation of students, students are replenished and updated with new
forms and methods of forming all three components of research competence: value-motivational,
cognitive-activity, communicative competence. Students are given guidance on professional selfimprovement. During the pedagogical practice, the following is observed:
1) for the educational process;
2) for research activities of students;
3) for the organization and independent fulfillment of creative research projects of students
with the purpose of forming their research skills.
3. Results and Discussions
Thus, the research competence of the future teacher of mathematics is determined, consisting of
the value-motivational, cognitive-activity, communicative components and their full description
is given.
On the basis of scientific analysis and diagnostics, the structure of research competence is
determined and a model is developed that shows a holistic picture of the formation of research
competence, which includes these components (figure-1). In the process of forming the research
competence of the future mathematics teacher on the proposed model, the following work with
students should be conducted:
1) to provide a quality education with the use of modern innovative methods, tools and
technologies;
2) stimulation of research activities, personal development and development of new
technologies; mastering the methods of pedagogical diagnostics;
3) forming the skills of professional self-improvement;
4) train the abilities for professional-research activities;
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5) organize and observe the development of the pedagogy of mathematics, psychology,
mathematics and new teaching technologies;
6) be able to put forward hypotheses, justify them; to see and isolate problems, to cost
assumptions about their resolution, to be able to set a task, to reveal in it its conditions;
7) the formation of research competence of students in connection with the research
capabilities of the content of mathematics itself;
The emergence of components of research competence is due to the fact that its properties are
formed as part of a unified system.
In pedagogical universities the model of the formation of the research competence of the teacher
of mathematics in their professional training was conducted through psychological training;
informative-cognitive; practical training.
The model of the formation of the IR includes: the purpose, objectives, principles, content of
training, methods, tools, methodologies and technologies.
The study specifies the pedagogical conditions necessary for the formation of research
competence; the principles of forming the research competence of the mathematics teacher are
defined; criteria are determined reflecting the level of the development of research competence
Specific features of the phased development of the properties of the research competence of the
future teacher are determined. At the first stage of preparation of students in higher pedagogical
educational institutions for the future profession of the teacher of mathematics, didactic methods
and means of formation of infrared radiation are considered. In the process of formation of
qualities, depending on the complexity of the issue, changes were made.
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Figure 1: Model of formation of research competence of the future teacher of mathematics.
To effectively implement the model for the formation of the research competence of the future
teacher of mathematics, the following pedagogical conditions are created:
• The presence of a graduate's competence model, which reflects its basic functions and
competencies.
• Defining a specific learning objective.
• Identify specific ways to achieve the goal.
• Formulation of specific learning outcomes in the form of specific competences.
• The presence in the educational institution of an appropriate educational environment and
qualified teachers in competence training.
• The content of education is focused on forming readiness of students studying mathematics
to research activity and satisfies the reality principle aimed at the development of universal
methods of cognitive activity;
• The organization of the educational process puts the student in the active position of the
researcher, the acquisition of universal methods of cognitive activity, involves the critical
analysis, selection and design of the personally significant content of research activity;
• The teacher conducts the management of research activities of students studying
mathematics and psychological and pedagogical support, based on the preparedness of his
preparedness for such work.
We used the following forms, tools, methods and technologies. Forms: psychological and
pedagogical trainings, problem lectures, discussions, talks, seminars, scientific and practical
conferences, coursework, practical classes in game and competition form, pedagogical practice,
industrial practice, thesis. Means: textbooks, tutorials, methodical recommendations, computer,
interactive whiteboard, ICT, didactic materials, educational programs, mathematical models.
Methods: research methods, competence approach, activity approach, project method, interactive
method, mathematical modeling, brainstorming, visual-active method, motivational methods of
teaching mathematics. The basic technologies supporting the competence approach in training are:
Http://www.granthaalayah.com ©International Journal of Research - GRANTHAALAYAH
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technology of problem training; project training; development of critical thinking; cognitive
learning; training in the global information community.
4. Conclusions and Recommendations
Thus, a model has been developed for the formation of the research competence of the mathematics
teacher, consisting of three main components: value-motivational, cognitive-activity,
communicative. The model of the formation of the IR includes the purpose, objectives, principles,
content of training, methods, tools, techniques, technologies and the following three preparations:
psychological; of content-cognitive; practical.
The study specifies the pedagogical conditions necessary for the formation of research
competence; the principles of forming the research competence of the mathematics teacher are
defined; criteria are determined reflecting the level of the development of research competence.
Formation of research competence of the teacher of mathematics was carried out through
psychological; of content-cognitive; practical training. Specific features of the phased
development of the properties of the research competence of the future teacher are determined.
Appendices
In the system of higher pedagogical education, psychological and pedagogical trainings, problem
lectures, discussions, talks, seminars, scientific and practical conferences, term papers, practical
exercises in game and competition form, pedagogical practice, industrial practice, graduate work.
Research required the connection of the process of preparing future teachers with life and
pedagogical practice. Therefore, they always acquainted students with the current state of school
practice.
A systematic work was carried out to unite the psychological, of content-cognitive and practical
training of future teachers. Students receive general information about the essence of research
competence, systematize knowledge obtained in other subjects.
In pedagogical universities in the process of professional training of the teacher of mathematics
the following types of search and independent work were used:
• scientific and methodical work of students;
• project implementation;
• drafting and solution of search problems;
• participation of students in scientific and practical conferences;
• game and search forms of employment, trainings;
• execution by students of course and diploma papers;
• Pedagogical and industrial practice of students.
In practice, students consolidate the knowledge gained in special courses, carry out project, course
and diploma work with the help of a manager, develop skills necessary for search and independent
work. At the last stage of the experimental work the students master the technologies of scientific
research work.
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At the beginning and the end of the experimental experiment with the help of surveys and tests,
the level of professional preparation of students for research work was studied, the results of which
were presented in Table 1. The results obtained at each stage of the mathematics teacher's
professional training process, by analyzing students' answers, and subject tests, independent work
of students, were presented in Figure 2.
Table 1: level of professional training of the future teacher of mathematics
Types of
training

Beginning of the experiment
The end of the experiment
The experimental
Control group
The experimental
Control group
group (EG)
(CG)
group
number
%
number
%
number
%
number
%
of
qualities
of
qualities
of
qualities
of
qualities
students
students
students
students
Psychologists 217
52,9
217
52,9
361
88
265
64,6
Informative
and
informative
Practitioners

289

70,48

289

70,48

361

88

241

58,78

120

29,26

135

32,9

362

88,29

265

64,6

In order to identify the level of professional preparedness of students in the formation of a
component of research competence, a second survey was conducted. The results showed that the
level of professional training of future teachers has increased. Analyzing the results obtained
before and at the end of the experimental work on the quality of the level of professional training,
we were convinced of the effectiveness of the model of the formation of research competence that
we are creating. Increasing the level has led to the fact that students with internal needs have
reached a high level. And students with a special education, not requiring constant selfimprovement, corresponded to a good and average level. To compare the level of professional
training of the mathematics teacher before and after the experimental work, we give the following
tables 2, 3, 4.
Table 2: level of the formation of research competence of students (psychological component)
Level

Beginning of the experiment
The end of the experiment
EG
CG
EG
CG
number of
%
number of
%
number of
%
number of
students
students
students
students
Highest
48
11,707 48
11,707 120
29,4 48
Good
169
41,219 169
41,219 241
58,8 217
Average 193
47,073 193
47,073 49
11,8 145

%
11,7
52,9
35,3

Table 3: The level of content-cognitive training of students
Level

Beginning of the experiment
EG
CG
number of
%
number of
students
students
Highest 48
11,7 48
Good
145
35,4 145
Average 217
52,9 217

The end of the experiment
EG
CG
%
number of
%
number of
students
students
11,7 120
29,4 48
35,4 241
58,8 193
52,9 49
11,8 169
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Table 4: levels of practical training of students
Level

Highest

Beginning of the experiment
EG
CG
number of
%
number of
students
students
48
11,7 48

Good
72
Average 290

17,6 97
70,6 265

The end of the experiment
EG
CG
%
number of
%
number of
students
students
11,7 169
41,2 96

23,4

23,5 193
64,7 48

41,3
35,4

47
169
11,8 145

%

Now, according to tables 2, 3, 4, we show the dynamics of changes in psychological, informative
and practical training for the formation of research competence of future teachers in figures 3, 4,
5.
60
40
Highest
Good
Average

20
0
ЭТбасыЭТсоңыБТбасыБТсоңы

Figure 3: Dynamics of changes in the level of psychological training
60
50
40

Highest
Good
Average

30
20
10
0
ЭТбасы

ЭТсоңы

БТбасы

БТсоңы

Figure 4: Dynamics of changes in the level of content and cognitive training
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Figure 5: Dynamics of changes in the level of practical training
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Indicators of psychological, theoretical and practical training (in 5-point system) in experimental
work are given in table 5.
Table 5: Dynamics of indicators of professional training in experimental work
Training record

Group

n

Result
Beginning of the
The end of the
experiment
experiment

Х
Psychologists

Experimental
control
Experimental
control
Experimental
control

Informative and
informative
Practitioners

410
410
410
410
410
410

3,8
3,7
3,5
3,5
3,40
3,47

Sх
0,77
0,76
0,69
0,69
0,69
0,69

Х
4,6
3,9
4,2
3,7
4,29
3,88

Sх
0,57
0,68
0,62
0,66
0,66
0,45

t

P

0,2 <0,05
3,3 <0,05
3

<0,05

Analysis of the dynamics of indicators of psychological training in experimental work.
In terms of growth, the indicator of the level of psychological preparation of the experimental
group exceeds the indicator of the observation group. When checking the correctness of the
discrepancy between the growth index, the student's t-test is used to compare the values obtained
from the calculation with the critical values.
Indicators of psychological training at the beginning and end of the experiment are shown in table
6.
Table 6: Dynamics of indicators of psychological training
Group

n

Result
t
P
Beginning of the experiment The end of the experiment
Sх
Sх
Х
Х
Experimental 410 3,8
0,77
4,6
0,57
0,8
410 3,7
0,76
3,9
0,68
0,2 <0,05
Control

The students of the experimental groups with the control groups (B. T.:3,9; Sx = 0,68; V = 16 %)
showed a high result (E. T.:4,6; Sx = 0,57; V = 11 %). At p < 0.05, the growth of indicators of
psychological preparation in the experimental group 0.8; in the control group 0.2..
Now we perform the calculation in the following sequence:
For each group (Х1 и Х2) calculate the arithmetic mean (1), (2) and the variance ( S12 , S22 ) by
formulas (6), (7):
X1 =

X1 =

X

i

=

340
= 0,8
410

(1)

i

=

90
= 0,2
410

(2)

n

X
n
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In terms of growth, the indicator of the level of psychological preparation of the experimental
group exceeds the indicator of the control group. When checking the correctness of the discrepancy
in the growth index, to compare the initial values with numerical values Student's t-criterion was
used. Now we perform the calculation in the following sequence:
We find the sum of the squares of the growth of the experimental group results:
 х12 = 420
We find the sum of the squares of growth of the results of the control group:
 х12 = 90
We find the sum of the increase in the results of the experimental and control groups and square
them:
 х1 = 115600

х

2

= 8100

We calculate the variance:
S =
2
1

n xi2 − ( x) 2
n(n − 1)

=

410  420 − 144400
= 0,35
410(410 − 1)

410  90 − 8100
= 0,18
410(410 − 1)
Check the assumption of equal variance by the F-criterion:
S 22 =

(3)

(4)

S12 = S22 .
S12 0,35
F= 2 =
= 1,95
S 2 0,18
F гр = 2,21; 1,95 < 2,21.

(5)

The value obtained is less than the table value, in which the zero assumption is not excluded. That
is, the variances can be considered equal.
We calculate the standard error of the difference:
S x1 − x2 =

S12 S 22
+
=
n1
n2

0,34 0,18
+
= 3.5
410 410

(6)

We compute the t-criterion and compare the initial result with the tabulated value (P = 0.05) in the
ranked value level and the degree of freedom - f = n1 + n2 -2 = 410+410-2 = 818.
t=

x1 − x 2 0,8 − 0,2
=
= 0.2
S x1 −x2
3.5
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The value found is 0.2 and at the level of 5% (P <0.05) in the degrees of freedom 818 is 1.97.
From this, a reliable decision was made that the difference in sampling checks is statistically
correct. Due to the fact that the results obtained in the calculation exceed the table, it can be
concluded that the level of theoretical preparation of the experimental group exceeds the level of
content-cognitive training in the control group.
Since the process of professional training in the experimental group was provided by a system of
innovative methods and means, new pedagogical and information technologies, an electronic
textbook, a methodology for forming the research competence of the future mathematics teacher.
Analysis of the dynamics of indicators of content-cognitive training of students in experimental
work.
Table-7 shows the indicators of content-cognitive training preparation at the beginning and end of
the experiment.
Table 7: Dynamics of indicators of content-cognitive training preparation
Group

Result
t
P
beginning of the experiment the end of the experiment
Sх
Sх
Х
Х
experimental 410 3,5
0,69
4,2
0,62
0,04 <0,05
control

n

410 3,5

0,69

3,7

0,66

3,3

For each group (Х1 и Х2) calculate the arithmetic mean and variance ( S12 , S22 ) :
X1 =

X1 =

X

i

=

73
= 0,18
410

(8)

i

=

48
= 0,12
410

(9)

n

X
n

We find the sum of the squares of the growth of the results of the experimental group:
 х12 = 73
We find the sum of squares of growth of the results of the control group:
 х12 = 48
We find the sum of the increase in the results of the experimental and control groups and square
them:
 х1 = 5329

х

2

= 2304
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Let us calculate the dispersions:
S =
2
1

S 22 =

n xi2 − ( x) 2
n(n − 1)

=

410  73 − 5329
= 0,15
410(410 − 1)

410  48 − 2304
= 0,10
410(410 − 1)

(10)

(11)

Check the assumption of equal variance by the F-criterion: S12 = S22 .

F=

S12 0,15
=
= 1,5
S 22 0,10

(12)

F гр = 2,21; 1,5 < 2,21.
The resulting value is less than the table value, in which the zero value does not exclude. That is,
the variances can be considered equal.
Calculate the standard error of the difference (6):
S x1 − x2 =

S12 S 22
+
=
n1
n2

0,15 0,10
+
= 0,02
410 410

(13)

Сalculate the t-criterion and compare the original result with the table value of the degree of
freedom in the selected value (Р = 0,05).
f = n1 + n2 -2 = 410+410-2 = 818.
t=

x1 − x 2 0,18 − 0,12
=
=3
S x1 −x2
0,02

(14)

The value found is 3 and is equal to 2.04 in the tabular 34 degree of freedom at the level of 5% of
the value (P <0.05). The difference between the sample checks is statistically correct. Due to the
fact that the results obtained in the calculation exceed the table, it can be concluded that the level
of theoretical preparation of the experimental group exceeds the level of theoretical training in the
control group.
Analysis of the dynamics of indicators of practical training of students in experimental work table8 shows the indicators of practical training at the beginning and end of the experiment.
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Table 8: Dynamics of indicators of practical training
Group

n

Result
beginning of the experiment the end of the experiment
Sх
Sх
Х
Х
experimental 410 3,40
0,69
4,29
0,66

t

P

<0,05

control

410 3,47

0,69

3,88

0,45

11,7

According to the growth rate, the indicator of the level of psychological preparation of the
experimental group exceeds the indicator of the control group. When checking the correctness of
the discrepancy in the growth rate, the Student's t-test was used to compare the values obtained as
a result of the calculation with critical values. Now we perform the calculation in the following
sequence:
For each group (Х1 и Х2), we calculate the arithmetic mean of (5.4), (5.5) and the variance
(S12 , S22 ) by formulas (6), (7)
X1 =

X1 =

X

i

=

362
= 0,88
410

(15)

i

=

168
= 0,41
410

(16)

n

X
n

In terms of growth, the indicator of the experimental group is higher than that of the control group.
We find the sum of the squares of the growth of the results of the experimental group:
 х12 = 460
We find the sum of squares of growth of the results of the control group:
 х12 = 168
We find the sum of the increase in the results of the experimental and control groups and square
them:
 х1 = 131044

х

2

= 28224

Let us calculate the dispersions:
S12 =

S 22 =

n xi2 − ( x) 2
n(n − 1)

=

410  460 − 131044
= 0,34
410(410 − 1)

410  168 − 28224
= 0,24
410(410 − 1)
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F- we check the assumption that the variance is equal to the criterion:

S12 0,34
F= 2 =
= 1,42
S 2 0,24

(19)

F гр = 2,21; 1,42 < 2,21.
The obtained value is less than the table value, where the zero assumption does not exclude. That
is, the variances can be considered equal.
We calculate the standard error of the difference:
S x1 − x2 =

S12 S 22
+
=
n1
n2

0,34 0,24
+
= 0,04
410 410

(20)

We compute the criterion -t and compare the outgoing result with the tabulated value in the selected
level (Р = 0,05)
f = n1 + n2 -2 = 410+410-2 = 818.
x − x 2 0,88 − 0,41
t= 1
=
= 11.75
S x1 −x2
0,04

(21)

The value found is 11,75 at the level of 5% of the value (P <0.05) of the tabular 818th degree of
freedom is 1, 97. The difference between the sample checks is statistically correct. Due to the fact
that the results obtained in the calculation exceed the table, it can be concluded that the level of
theoretical preparation of the experimental group exceeds the level of theoretical training in the
control group.
Thus, the system of methods and means of forming the research competence of the future teacher
of mathematics presented in higher educational institutions demonstrates the real effectiveness of
modern educational technologies and techniques.
Since the experimental group was provided with a methodology for developing research
competence and innovative methods, tools, new pedagogical technologies
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