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ABSTRACT

The relevance of this study is determined by the problem of developing various
methods and techniques of analytic and synthetic activity with the aim of finding
solutions to problems that involve the use of analysis and synthesis processes. Analytic
and synthetic activity plays an important role in the process of cognition. The purpose
of the study is to single out types of work aimed at forming analytic and synthetic
activity skills in teaching the algebra course. The results of the study: the skills included
in the analytic and synthetic activity are distinguished: to dismember the whole into its
component parts; to establish relationships between parts of the whole (to distinguish
the general and the different, the known and the unknown, the essential and the
nonessential); to make up the whole from the parts, a new object from the individual
elements; to draw up an action plan for solving the problem (task); to find errors and
explain their reasons. Appropriate content-related components are revealed which are
required for working with concepts, theorems, and tasks, and should be used to form
analytic and synthetic activity skills in schoolchildren when studying algebra. The
significance of the study: the materials of the article can be useful for heads of
educational structures at various levels, school teachers, gymnasiums, lyceums, and
parents.

Keywords: teaching algebra in the 7t grade, analytic and synthetic activity of students,
analytic and synthetic activity skills, types of work on the formation of analytic and
synthetic activity

INTRODUCTION

Analytic and synthetic activity plays an important role in the process of cognition and is carried out at all its levels;
therefore at school, pupils should definitely receive experience of its application. However, educational practice
was faced with insufficiently developed questions concerning the types of work on the formation of analytic and
synthetic activity skills in the methodical aspect.

G. Aksu, and N. Koruklu (2015), G. Jase¢kovaand N. Krivonakové, (2016), A. A. In’am (2016), H. G. Seyhan
(2015), A. Walsh (2002), R. W. While (1959) and others were engaged in the development and implementation of
instructional technique for the formation of analytic and synthetic activity skills in schoolchildren during the study
of mathematics.

The studies of such authors as G. Battilotti (2015), O. Sadi, and J. Cakiroglu (2015), J. Chen, Q. Jiang, Y. Wang,
and ]. Tang (2016), A. Dhatsuwan and M. Precharattana (2016), K. Godel (1967) and others are devoted to the
problems of the inseparability of analysis and synthesis in the process of studying the laws of objective reality.

The purpose of our study was to identify the types of work aimed at forming analytic and synthetic activity
skills in teaching the algebra course.
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Contribution of this paper to the literature

e  The article highlights the skills that are part of the analytic and synthetic activity in teaching the algebra
course in order to identify the most effective types of work aimed at their formation.

e To comprehensively form intellectual operations of analysis, synthesis, comparison, which are the basis of
analytic and synthetic activity, when working with concepts, theorems, and problems, appropriate
content-related components have been identified.

e  Also, levels and corresponding criteria and indicators of formedness of the skills that are part of the
analytic and synthetic activity.

Achievement of the set goal is conditioned by the solution of the following tasks: to distinguish the skills that
are part of the analytic and synthetic activity; to reveal the appropriate content-related components for working
with concepts, theorems, and problems that are expedient to use to form the analytic and synthetic activity skills in
schoolchildren while studying algebra; to carry out experimental work to identify the levels of formedness for skills
that are part of the analytic and synthetic activity.

The research hypothesis is stated as follows: the process of forming the analytic and synthetic activity skills in
schoolchildren during the study of algebra will be most effective with the use of focused efforts with concepts,
theorems and problems related to the development of basic intellectual operations of analysis and synthesis.

LITERATURE REVIEW

Various aspects of analytic and synthetic activity are considered in the works of such authors as L. L.
Antsyferova (1969), L. S. Vygotsky (1991), Z. . Kalmykova (1954) and others, who understand this activity as the
processes of analysis, synthesis and their combinations. It is emphasized in the studies of I. D. Koldunova (2015),
L. N. Landa (1975), O. K. Pivovarkin (2015), N. N. Pospelov (1989), Y. A. Samarin (1962) and other scholars that the
processes of comparison are the basis for other intellectual operations and serve as an essential prerequisite for the
implementation of analytic and synthetic activity.

The analysis of the studies shows that the development of main intellectual operations of analysis and synthesis
is carried out in the conditions of overcoming the unevenness in their formation, establishing correspondences
between them, and increasing the development level for each operation (Aksu, and Koruklu, 2015; Sadi, and
Cakiroglu, 2015; Dhatsuwan and Precharattana, 2016; In’am, 2016; Battilotti, 2015; Chen et al., 2016). The works of
K. Godel (1967) are devoted to formally undecidable mathematical judgments.

Analytic and synthetic activity issues in the field of teaching methods for mathematics are covered in the studies
of such authors as P. S. Chan (2016), V. A. Dalinger (1995), Sh. N. K. Fazilova (2015), Ya. I. Grudenov (1990), O. B.
Episheva and V. I. Krupich (1990), A. A. Korostelev and O. N. Yarygin (2011.), E. V. Epova (2000), N. A. Kazachek
and E. V. Epova (2014), P. M. Erdniev and B. P. Erdniev (1986), G. Jaseckovdand N. Krivonakova (2016), H. G.
Seyhan (2015), A. Walsh (2002), R. W. While (1959), K. G. Kozhabaev and R. S. Gabdullin (2016), L. I. Tokareva
(2014) and others. These scholars considered the main techniques of finding problem solution at school, as well as
analysis and synthesis operations in the aspect of their complementarity, use in research activity. In the works of
these authors, the problems of teaching pupils about giving proofs, solving problems, organizing generalized-
repeating lessons are raised, various sets of exercises developed by the authors are given that are partially aimed
at forming analytic and synthetic activity techniques.

MATERIALS AND METHODS

The following methods of research were applied:

1) generalization and analysis of the pedagogical experience described in the psychological-pedagogical and
methodical literature;

2) statistical processing of quantitative data on the levels of formedness for skills that are part of the analytic
and synthetic activity.

To verify the objectivity of the results of the experimental work, the x2 (chi-square) test was used with the
number of degrees of freedom v =1.

The experimental verification of the effectiveness of the types of work presented to form the analytic and
synthetic activity skills in schoolchildren was conducted in 2015-2016 and 2016-2017 academic years in algebra
classes in grade 7. Participation in this experiment was taken by 25 persons from the reference group (13 boys and
12 girls) and 24 persons from the experimental group (12 boys and 12 girls) who had agreed to the study.

7258



EURASIA | Math Sci and Tech Ed

Table 1. Purpose and content of the experimental work stages

Stage Purpose Content
Identification of the initial level of formedness of skills that

are part of the analytic and synthetic activity of Test paper
schoolchildren

Ascertaining assessment
of school students

Use of the selected types of work on
the formation of analytic and synthetic
activity skills in algebra lessons

Formation of the skills that make up the analytic and

Forming stage synthetic activity of schoolchildren

Identification of the initial level of formedness of skills that
are part of the analytic and synthetic activity of Test paper
schoolchildren

Control assessment of
school students

Table 2. Examples of assignments for the ascertaining assessment of school students
Problem type Example

Dismemberment of the whole
problems

How many ways can you find to divide a square into four identical parts?

There are 5 A grade, 20 B grade and 10 C grade pupils in a class. An A grade pupil can get only
Establishment of relationships 5 for an answer, a B grade pupil can get 4 or 5, a C grade pupil can get 3, 4, or 5. The inspector
between parts of the whole came to the class; he does not know any of the students. How many people it is enough for
him to call to the board, so that at least one excellent grade is sure to be given?
Only 4 people can sit simultaneously at a square table, one on each side; 33 of these tables
were placed in a row (close to each other). How many people can sit at the resulting long table?
It took only 1392 figures to number the pages of a book. How many pages are there in this
book?
In one of the 2 riser blocks of flats in a sixteen-storey house there are apartments numbered 65,
66, 67, and 68 on the first floor (4 apartments on each storey landing). In what riser blocks of
flats and on which floor is the apartment numbered 265 located?

Integration by parts problems

Solution planning problems

Error finding problems and
explanation of the error reason

The fundamental requirement for the reference group sampling was that at the stage of ascertaining assessment
of school students, their results were not lower than those of the experimental one. The experiment was conducted
by teachers of the highest category, who have taught children in school for more than 20 years.

The work consisted of three stages: the ascertaining assessment of school students, the forming stage, and the
control assessment, the purposes and content of which are given in Table 1.

At the first stage, the schoolchildren were asked to perform 10 tasks, checking the formedness of the skills that
make up the analytic and synthetic activity (2 tasks per each skill), the methodology proposed by L. V. Bochkareva
(2014) was used, adapted to the process of teaching algebra in school. Examples of tasks are presented in Table 2.

The levels and corresponding criteria and indicators of the formedness of the skills that are part of the analytic
and synthetic activity were also highlighted (Table 3).

Each task was evaluated on a 2.5-point scale, then the results were summarized and conclusions were made
about the level of formedness of the skills that make up the analytic and synthetic activity: low - level ranging from
0 to 9 points inclusive, medium - level from 10 to 17 points inclusive, and high level - from 18 up to 25 points. All
calculations were carried out using the MS Excel spreadsheet. It was proposed to solve similar 10 assignments
during the control assessment of school students.
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Table 3. Levels, criteria and indicators of formedness for skills that are part of the analytic and synthetic activity

L. Low level Medium level High level
Criteria -
Indicators
Ability to - distinguishing components in the - seeing the object structure; - possessing the 'structural vision of
dismember the problem situation; - distinguishing numerical the object’;
whole into its - distinguishing the processes in  characteristics of the components - finding non-standard ways to solve
component parts which the components are and processes. the problem.

Ability to

establish - finding dependencies between
relationships the components;
between parts of - expressing some values through
the whole others.

- identifying significant data
relationships in the problem
situation;

- searching for new data through
the correlation of the problem
situation with its requirements.

- identifying features (properties and
relationships) mentally in the objects
under consideration;

- creating fundamentally new
approaches to the solution of the
problem.

- identifying common and
distinctive features in the objects,

Ability to make and the relationships between

up the whole them;
from the parts - finding similarities between the
objects;

- forming connections.

-finding analogies;

- making generalization;
- connecting knowledge
components;

- formulating conclusions
independently.

- connecting abstract concepts with
particular ones;
- operating with fuzzy concepts;
- showing a creative approach to
solving problems.

- demonstrating the understanding
of the problem;
- demonstrating the understanding
of the sequence of actions to solve
the problem;

Ability to draw
an action plan

- formulating the problem with the
help of a teacher;
- having ideas about methods of
problem solving;
- seeing the expected result;

- formulating and analyzing the
problem independently;
- defining a plan for solving the
problem;

for problem - generating an idea of the : . - making analysis of the problem
. - making analysis of the problem .
solving expected outcome of the problem situation: solving methods;
solution; . Y - making an objective analysis of the
. L - making analysis of the problem .
- planning activities to solve the ) results of solving the problem.
solving process.
problem.
- . . . - evaluating the results obtained in . .
Ability to find - adducing arguments that confirm 9 . . - suggesting ways to eliminate
e accordance with the available
errors and availability of errors; errors: errors;
explain their - presenting facts explaining the . o ' . - making analysis of the work results
- identifying the nonessential
reasons reasons of the errors. on the reasons of errors.
moments.
RESULTS

Based on the generalization and analysis of the pedagogical experience described in the psychological-
pedagogical and methodical literature, the skills that make up the analytic and synthetic activity are singled out:

- dismembering the whole into its component parts;

- establishing relationships between parts of the whole (distinguishing between the general and the different,
the known and the unknown, the essential and the nonessential);

- integrating the whole from the parts, making a new object from the individual elements;
- drawing up an action plan to solve the problem (tasks);
- finding errors and explaining their reasons.

The following types of work and their content-related components are distinguished to form analytic and
synthetic activity skills in students in the process of teaching algebra:

Formation of Ideas about Analysis, Synthesis, and Comparison Techniques
The following theoretical material is included in the content under consideration:
e analysis as a general logical method of mental activity, its application and significance in human life;

e types and forms of analysis (dismemberment of the whole into its component parts, establishment of
relationships between the parts of the whole, analysis as the basis for classifying items, retrospective
analysis);

e ways to establish relationships between the parts of the whole;
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Content-related components for
workina with concebts

Analysis of the obiect concepts Translation of the definition from the natural
language to the symbolic one

Analysis and synthesis of the relationships
between the concepts

Making examples enabling to illustrate the
concept

Singling out essential and non-essential
features of the concept

Drawing deductions from the definition of the
Constructing objects satisfying and non- concept —

satisfying the concept

Figure 1. Content-related components for working with concepts

e the essence of retrospective analysis;
e synthesis as a general logical method of mental activity, its application and significance in human life;
e types and forms of synthesis (synthesis as a result of analysis, anticipating synthesis);

e mathematical sophisms, logical tasks.

It is advisable to include this material in the topic “Elements of Logic”, informing students about the nature of
techniques for analytic and synthetic activity, the feasibility of their application in different situations.

The place of study for the listed contents depends on the textbook chosen by the teacher. It is more convenient
to do this in the 7t grade, since it is in this time interval that the concepts of an axiom, a theorem, a proof from the
opposite, a hypothesis are formed in schoolchildren.

Working with Concepts

Working with concepts and their definitions has a significant potential for the successful formation of analytic
and synthetic activity skills in schoolchildren at algebra lessons, primarily such as the dismemberment of the whole
into parts and the establishment of relationships between parts of the whole by distinguishing the general and the
different, the essential and the nonessential. It is advisable to include methods of observation and simulation,
exercises for identification of the generic concept and generic difference, independent construction of definitions,
their verification, error correction, drawing up the ‘pedigree’ of the concept, conducting the classification in the
work with the learners.

It is important to study the essence of the definition, its types and rules of construction, essential and non-
essential features, characteristic properties based on the material of mathematical concepts.

Figure 1 shows the content-related components for working with concepts that should be appropriately used
to form the analytic and synthetic activity skills in schoolchildren in the study of algebra.

Working with Theorems

The theorem should be regarded as teaching the analysis of ready-made reasoning, their reproduction,
independent discovery of the fact, search and construction of proofs, and also refutation of the proposed reasoning.
The types of tasks can include:

e the dismemberment of the whole into parts, the establishment of relationships between parts of the whole;

for example, “single out the condition and conclusion of the theorem”, “single out the stages in the proposed
proof”, “draw up a plan for the proposed proof of the theorem”, etc.;

o the integration of the whole from the parts; for example, “restore the formulation of the theorem according
to the proposed fragments”, select statements that make up the formulation of the theorem from the
proposed ones”, etc.;

e drawing up an action plan; for example, “the formulation of the theorem is given; draw up an action plan
to prove it”;
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Content-related components for working
with theorems

Singling out the condition and conclusion Drawing up a plan for proving the theorem  ——

Analysis of the relationships between the data
and requirements of the theorem

Problem-based statement of the theorem
proof

Dismemberment of the theorem into parts

Making analysis of the theorem proof

Translation of the theorem formulation from
the natural language to the symbolic one

Classification of objects for compliance with  —
the theorem

Figure 2. Content-related components for working with theorems

¢ verification of the proof, correction of errors.

Figure 2 shows the content-related components for working with theorems that are useful to form the analytic
and synthetic activity skills in schoolchildren while teaching algebra.

Working with Problems

The following types of work should be envisaged:

First, students should be taught to analyze the text of the problem at the first stage. To do this, the student
should have a good understanding of three main questions that are asked at the first stage (What is the task about?
What is to be found? What is given?), and also the general requirements for their answers. To work out the skills to
ask questions and answer them correctly, it is possible to organize work with several problems (without solving
them), during which the teacher first shows how it can be done, and then the schoolchildren try to do the same
work themselves with a mandatory test of the result.

Secondly, students should be taught to find a way to solve the problem. As in the first case, students need to be
acquainted with the basic methods of search (moving from condition to conclusion, moving from conclusion to
condition, moving from two sides, imperfect analysis) and organize work on their assimilation. This can be done
using a combination of the following forms of organization of learning activities: the search for a solution method
with the entire class, with one student (when the class checks), and independent search (with mandatory
verification of the correctness of the questions posed).

Third, the analytic and synthetic activity skills are actively formed at the last stage of working with a problem,
where it is required to analyze the solution obtained, check the result, generalize the solution method, and so on.
A final, retrospective analysis of the solution should play a special role here in order to identify and assimilate the
general methods of reasoning used in the process of solving the problem.

Fourth, analysis and synthesis, on the one hand, are at the heart of model simulation and transformation actions.
On the other hand, the use of simulation actions contributes to the further development of analytic and synthetic
activities in schoolchildren. As it is easily noticed, these actions will be formed at the stage of translating the text of
the problem into the language of models (short entry, diagram, table, figure, numerical expression, equation) and
vice versa (compilation using the text model). Solving geometric problems by coordinate, vector and other methods
is aimed at the development of the action to transform the model (its analysis and synthesis). Mathematical models,
being a meta-subject content, are used in studying other educational subjects.

In the process of working with mathematical problems, it is necessary to practice the notion of analyzing the
text of the problem (requirements for its representation in the form of a short entry, a table), techniques for finding
the solution method (moving from condition to conclusion, from conclusion to condition, imperfect analysis).

Figure 3 shows the content-related components for the solution of problems that are advisable to use in forming
the analytic and synthetic activity skills in schoolchildren while teaching algebra.
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Content-related components for
working with problems

Identifying the problem situation and Dividing the problem into sub-problems —
requirements

Justifying each stage of solving the problem

Referring the problem to a type with known
method of solution

Analyzing the solution obtained for
compliance with the problem requirements

Drawing up a plan for problem solving

Identifying concepts and theorems that need Making analysis of all possible deductions
to be used for solving the problem arising from the solution of the problem

Figure 3. Content-related components for working with problems

Types of work Analytic and synthetic activity skills
Formation of notions about analysis,
synthesis, and methods of comparison > The dismemberment of the whole into parts
The establishment of relationships between
Work with concepts > P
parts of the whole
Work with theorems o d Integration of the whole from the parts
Work with problems Drawing up a plan for solving the problem
Finding an error and explaining its reasons

Figure 4. The influence of the types of work on the formation of analytic and synthetic activity skills

Table 4. Results of ascertaining and control assessment of school students

2015-2016 academic year (ascertaining 2016-2017 academic year (control assessment
assessment of school students) of school students)
Experimental group Reference group Experimental group Reference group
Low % 72 75 12 41.67
persons 18 18 3 10
. % 28 25 68 58.33
Medium persons 7 6 17 14
. % 0 0 20 0
High persons 0 0 5 0

Figure 4 shows the influence of the identified types of work on the formation of the analytic and synthetic
activity skills in schoolchildren during the study of algebra.

In the process of statistical processing of quantitative data on the levels of formedness for skills that make up
the analytic and synthetic activity, the following results were obtained (Table 4).

Let us illustrate the obtained results by a diagram in % for visual clarity (Figures 5, 6).
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Ascertaining assessment of school
students

80 - L
70
60
50
40
30
20
10

B Experimental group

m Reference group

0 0

Low level Medium level High level

Figure 5. Results of the ascertaining assessment of school students

Controlassessment of school
students

B0
70
60

20 TT 67
40

30
20
10

W Experimental group

B Reference group

a

Low level Medium level High level

Figure 6. Results of control assessment of school students

Table 5. Change in the level of formedness for the analytic and synthetic activity skills

Change in the level of formedness for the analytic and synthetic activity skills

Experimental group Reference group
Low, % 1 by 60 1 by 33.33
Medium, % 1 by 40 1 by 33.33
High, % 1 by 20 Without changes

Changes in the level of formedness of schoolchildren’s skills that make up the analytic and synthetic activity

are given in Table 5.

As shown by the assessment results, formedness of students” analytic and synthetic activity skills increased,
though it did not reach the maximum level. This is explained by the fact that the process of forming the chosen
skills is long and, due to the age characteristics of the school students, is not completed, but will continue in the

future.

Comparison of the students’ results in the reference and experimental groups confirms the effectiveness of the

work done.
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To verify the objectivity of the results of the experimental work, the criterion x2 (chi-square) was used. The
authors hypothesized that the difference in the data in the samples (experimental and reference groups) is
explained by random causes.

According to the table of critical statistic values having the distribution of x2 (chi-square) for the significance
level a = 0.05 and the number of degrees of freedom v = c-1 = 1, where c is the number of levels, Teric = 3.841 (since
the number of schoolchildren having high level of the analytic and synthetic activity skills formedness is zero, the
number of levels was taken as ¢ = 2). Tops = 0.763.

Since Tobs < Tcrit, then according to the rule of decision-making, there are no grounds to reject the hypothesis,
ie. the difference in the level of formedness for analytic and synthetic skills activity in schoolchildren in
experimental and reference groups is determined by random factors.

Thus, the conclusions drawn confirm the hypothesis that the process of forming the analytic and synthetic
activity skills in schoolchildren while studying algebra will be most effective in case of focused efforts in working
with concepts, theorems and problems associated with the development of basic intellectual operations of analysis
and synthesis.

DISCUSSION

As a result of the research, content-related components for working with concepts, theorems, and problems
were identified, which are advisable for use to form the analytic and synthetic activity skills in schoolchildren when
studying algebra:

- when working with concepts: analyzing the object concepts, carrying out analysis and synthesis of the
relationships between the objects of the concept, identifying the essential and nonessential features of the
concept, constructing objects that satisfy and do not satisfy the concept, translating the definition from the
natural language to the symbolic one, making examples that illustrate the concept, drawing deductions from
the definition of the concept;

- when working with theorems: singling out the condition and conclusion of the theorem, analyzing the
relationships between the data and the requirements of the theorem, dismembering the theorem into parts,
translating the theorem formulation from the natural language to the symbolic one, drawing up a plan for
proving the theorem, making a problem-based statement of the theorem proof, making analysis of the
theorem proof, classifying objects for compliance with the theorem;

- when working with problems: identifying the problem situation and requirements, referring the problem to
a type with a known method of solution, drawing up a plan for solving the problem, identifying concepts
and theorems that need to be used for solving the problem, dividing the problem into sub-problems,
justifying each stage of solving the problem, analyzing the solution obtained for compliance with the
problem requirements, making analysis of all possible deductions arising from the solution of the problem.

The results of the research can be used by educators-researchers to develop scientific substantiations and
methodological recommendations on the formation of analytic and synthetic activity skills not only for
schoolchildren, but also for university students, as well as for practitioners in the educational process.

In general, it is possible to speak of a positive trend in the formation of the considered analytic and synthetic
activity skills in the school students, with the help of the selected content and types of work. In the process of
experimental work, it was revealed that the described materials and types of work are effective.

CONCLUSION

The following tasks were posed in the study: to identify the skills that are part of the analytic and synthetic
activity; to identify content-related components for work with concepts, theorems, and problems that are
appropriate to use while forming the analytic and synthetic activity skills in schoolchildren in the study of algebra;
to carry out experimental work to identify the levels of formedness for analytic and synthetic activity skills.

As a result of the work carried out, the skills that are part of the analytic and synthetic activity were singled out,
including the ability to dismember the whole into its component parts; to establish relationships between parts of
the whole to distinguish the general and the different, the known and the unknown, the essential and the
nonessential; to make up the whole from the parts, a new object from the individual elements; to draw up an action
plan for solving the problem (task); to find errors and explain their reasons.

When working with mathematical concepts, it is advisable to include methods of observation and simulation,
exercises for identification of the generic concept and generic difference, independent construction of definitions,
their verification, error correction, drawing up the ‘“pedigree” of the concept, conducting the classification. When
working with the theorem, it is necessary to use tasks for dismemberment of the whole parts, establishment of
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relationships between parts of the whole, integration of the whole from the parts, drawing up of an action plan,
verification of proofs, and correction of errors. When working with the problem, it is necessary to analyze the text
of the task at the first stage, to carry out training in finding a way to solve it, to develop the analytic and synthetic
activity skills at the last stage of working with the problem, to use simulation elements.

Working with the concepts and notions of analysis, synthesis and comparison techniques most effectively
influence the formation of such analytic and synthetic activity skills as the dismemberment of the whole into parts
and the establishment of relationships between parts of the whole, whereas working with theorems and problems
has an impact on drawing up a plan for solving the problem and finding an error, which is explained by the
structure of the corresponding type of work.

It should be noted that focused efforts in formation of techniques for analytic and synthetic activity in
schoolchildren in the process of teaching mathematics has a positive effect on the formation of logical and
mathematical thinking in them, and the ability to use the obtained knowledge in various situations and on various
subject content.

The results of experimental verification of the presented content and types of works for the formation of the
analytic and synthetic activity skills in schoolchildren while teaching algebra have proven their effectiveness.

Directions of further research are related to the identification of analytic and synthetic activity skills in students
of higher educational institutions.
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