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EFFECTIVE TOOLS THAT INFLUENCE THE DEVELOPMENT OF STUDENTS'
RESEARCH ABILITIES IN MATHEMATICS

MATEMATUKAOAH OKYLWUbINAPAObIH 3EPTTEY KABIJIETIH OAMbITYFA
bIKNAIN ETETIH TUIMAI K¥PAINOAP

QO DEKTUBHbLIE MHCTPYMEHTDBI, CMNOCOBCTBYOLWUE K PA3BUTUIO
WUCCNEOQOBATENIbCKUX CMNOCOBHOCTEW LUKOJNIbHUKOB MO MATEMATUKE

Abstract. Currently, much attention is paid to the developmentof mathematical abilities, analytical and
systemic thinking skills, the foundations of schoolchildren and students. Ensuring the continuity of
educational programs of secondary and higher education is the "core" of successful education of
schoolchildren to form research competence, instill search and justification skills, and a fundamental attitude
fowards mathematics. The practical significance of the work is that by transforming problems in higher
mathematics, it is possible to bring school mathematics and mathematics closer together in higher
educational institutions, thereby forming students' research search skills, the desire for knowledge outside
the framework ofthe program. The analysis ofthe results obtained is reasonable and shows that it will make
objective changes in the pedagogical activities of mathematics teachers in search of ways to improve in
applied research.

Keywords: research skills; mathematical thinking; research abilities; approaches; geometric problems.

AHOamna. Kasipai yakeimma mMamemamukasnbiKk Kabinemmepdi, mandamarnbsik XeHe Xylesi ounay
OarldblnapbiH, OKywblnap MeH cmydeHmmepdiH Heeiz0epiH OaMbimyra Kern KeHin 6eniHyde. Opma xoHe
JKofapebl 6inim 6epy 6ardapnamanapbiHbiH cabakmacmblifblH KaMmamachi3 emy 3epmmey Ky3bipemmiriaiH
Kansinmacmeipy, i3decmipy xeHe Hezizdey OarlbinapbiH, MameMamukara ipeerni KapbiM-Kam bIHacmb!
ylpemy ywiH okywsbinap0bi mabbicmbl 0KbimyObiH «e3e2i» 6071bin mabbinadbl. Kymbicm bIH IpakmukarbsiK
MaHbI30blIbIfFbl XXOFapbl Mamemamuka 6olbiHwa marcsipmanaposl ©32epmy apKbliibl Xofapbl OKY OPbiH-
OapbiHOa Mekmen MameMamuKkachl MEH MamemamuKachlH XakbiHOacmbipyra 6051a0bl, COl apKblibl CMy-
deHmmepde 3epmmey isdecmipy OardbinapbiH, bardapnama weHbepiHeH mbic biniMee YMM bifbiCMbI
Kanbinmacmaipyra 60nadbl. AnbiHFaH Homuxenepdi manday Hez2i30i 601bin mabbinadbl XoHe 051 KordaH-
barnbl 3epmmeynepde xemindipy xondapbiH i30ecmipyde Mamemamuka MyFaiMOepiHiH nedazoaukarbiK
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KbI3MemiHe obbekmuemi e3zepicmep eHaizemiHiH kepcemeai.
Tylin ce3dep: 3epmmey OarOblnapbl, MamemMamukanbik olinay, 3epmmey kabinemmepi, mocindepi,
2eomempusinibiK MiHOemmepi.

AHHOMauusi. B Hacmoswee spemsi 60nbWoOe 8HUMaHUe yOesisemcsi pa3sumuto Mamemam U4eckux
crnocobHocmell, HagbIKO8 aHaIuMUYeCcKo20 U CUCM eMHO20 MbILWIIEHUS], OCHO8 WKOJIbHUKO8 U cmydeHmMOoe.
Ob6ecneyeHue npeemMcmeeHHOCMU obpa3osameribHbIX MpoepamMmM cpedHez0 U 8biclieao obpa3oeaHus s6-
Jisemcsi «cmepXxHeM» ycreuwHo20 06y4YeHUs WKOIbHUKO8 0111 GhopMUpOosaHUsi uccriedos8am eslbCKol KOM-
nemeHmMHocmu, MpUBUMUSi Ha8blKO8 roucka U 060CHO8aHUs, hyHOaMeHM arlbHO20 OMHOWEHUST K Mam e-
mamuke. [pakmuyeckasi 3Ha4uMocmb pabombl 3aK04Yaemcsi 8 mom, Ymo rnymem rnpeobpasosaHus 3adady
o ebicweli MamemamuKe MOXHO CO/IU3UMb WKOTbHYH MameMamuky U MameMamuKy 8 8bICUIUX y4e bHbIX
3ase0eHUsIx, popMupyst meM caMbiM y cmyOeHm 08 HasbiKU UCCriedoeame ibCKo20 NoucKa, CmpemrieHue K
3HaHUSIM 8HE paMOK npoepamMmbl. AHanu3 rnosyqyeHHbIX pe3yibmamos siersiem csi 060CHO8aHHbLIM U 10Ka-
3bigaem, 4Ymo OH BHeCemM 06BEKM UBHbIE U3MEHEHUST 8 NedazoauyecKyto desim eslbHOCMb yYumenel Mame-
Mamuku 8 MouckKax nymedu coeepuieHCmMeo8aHUsl 8 MPUKIadHbIX UCC/1ed08aHUSIX.

Knroueeblie cnoea: ucciiedosameribCKue HasbiKu, MamemMamu4yeckoe MbiluieHue, uccriedosamersis-
cKkue crnocobHocmu, nodxo0bl, ceoMempuyeckue 3adayul.

Introduction. Paragraph: use this for the first paragraph in a section, or to continue after an
extract.

This paper suggests approaches to the formation and development of research skills in high
school students. It should be noted that methods of solving geometric problems, geometric inter-
pretation of the problem are one of the main approaches to the formation of mathematical thinking
in students. Itis interesting that the approaches of ensuring the continuity of school mathematics
and mathematics in higher education within the framework of the transformation of tasks, focus-
ing on the knowledge of the school course of mathematics can be taken as one of the main meth-
ods. This will allow instilling research skills, fundamental knowledge and conclusions of remark-
able properties of geometric objects. The concept of "differential equations" describes mathemat-
ical models of some geometric problems related to the tangent to the curve. The transformation
of geometric problems leading to the compilation of differential equations can be easily applied
to determine the particular properties of second-order curves and their derivation based on math-
ematical knowledge on the basis of a school course. Using the example of one problem, it is
possible to characterize and prove many interesting properties of second-order curves defined
using a tangent. In this regard, it is important to study second-order curves as curves with an
extended mechanical application. Determination of particular properties of second-order curves,
which are proved analytically only on the basis of a function tangent to the graph, have important
applications in determining the trajectories of moving celestial bodies, the construction of projec-
tion apparatuses, solar installations. The purpose of the work is to develop analytical abilities and
mstill aresearch character in students by transforming problems of higher mathematics into prop-
erties using methods of mathematical analysis, geometry. Within the framework of the formulated
goal , the following tasks are set and solved:

— Conversion of applied problems to standard mathematical problems of the school course;

— Analysis of the impact of the applied methodology on the development of students' research
abilities.

Review of the research. In the works of [1-4] conducted research in the field of transfor-
mation of mathematical knowledge based on geometric interpretations. These transformations
have their advantages in determining the applicability of a particular method associated with
the visualization of a geometric object, modeling. The importance of visualization of these
objects is that they make their reasonable contribution to the development of mathematical
abilities of students, to the formation of mathematical thinking skills in the development of
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algorithms and the acquisition of the ability of accurate reasoning. In these studies, visual
representation is used to increase the indicators of mathematical representation abilities,
which symbolize a mathematical statement. In this direction, the application of project-based
learning is explained and justified as one of the special methods that have an impact on the
mathematical representation of the student from both psychological and mathematical points
of view. The use of mathematical representation and correct connection will help students to
concretize mathematical ideas and link one concept with another concept in order to form a
view of mathematics as an integration in general.

In the works of [5-6], the importance of understanding problems, drawing diagrams, correctly
reading diagrams of mathematical understanding and solving mathematical problems is noted to
improve the understanding of visual thinking abilities. This, in turn, can affect the development
of research skills, data interpretation skills in students, which is very important for understanding
the modern world and scientific literacy.

In the works of [7-9], the authors of the researchers considered and expanded the elements of
modeling theory as a basis for research and development in the field of mathematics and natural
science education, as approaches to represent the connections between spatial vision and mathe-
matical understanding and thinking. This is due to the fact that knowledge in natural science,
mathematics and everyday life is interpreted with the creation and use of mental models, which
in turn will allow you to describe and understand the nature and quantity of spatial and mathe-
matical skills.

[10] presents the authors' conclusions about the awareness of mathematical learning of stu-
dents, that it is an essential factor and contributes to various aspects of teaching practice.

In the works of [11-12] the authors investigated and noted the abilities of students about the
implementation of translation from one form of representation to another form of representation,
the so-called fundamental abilities to build conceptual and mathematical thinking. Studies have
shown a qualitative result about the process of translation by students from verbal representation
to graphical representation at each stage of translation. These results fit well into the competence
for the formation of research skills in students.

In the works of [13-14] the authors revealed that mathematical representations are the main
tool, also an indicator of mathematical knowledge and abilities. To strengthen mathematical
knowledge, you need to have a deep mastery of mathematical language, mathematical communi-
cation. But the research results show that not many students possess mental models of represen-
tation and interpretation by them, and the authors have suggested ways to improve.

In the work of [15-17] the authors proposed a solid foundation and foundation for future the-
oretical work in the field of mathematical education based on representations and symbol systems
and this process is closely tied to professional practice, as well as knowledge and skills necessary
for work.

The articles [18-19] argue that advanced mathematical thinking should be understood as think-
ing in advanced mathematics. This follows from the factthatthe formation of mathematical think-
ing entails the formation and development of all types of other thinking, including systemic, an-
alytical. The results show that everyone involved in the educational and educational process was
selected and assigned tasks that should lead to the development of students' thinking abilities.

In the works of [20-23] discussed that conventional teaching methods alone cannot affect the
improvement of mathematical creativity and thinking skills needed by a modern child at the pre-
sent time. We need more advanced and modern methods, mixed methods of interdisciplinary re-
search for the formation and development of critical mathematical thinking skills in students. The
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basis of all this is a deep mathematical understanding and mathematical knowledge. In this regard,
the authors offer a number of recommendations for improving mathematical education starting
from primary school and continuing in secondary school.

In the works of [24-26] show that creativity, as one of the keys to success in the developing
world economy, is also a manifestation of fundamental literacy based on mathematical under-
standing of the process, which is absolutely necessary in the 21st century. Also in mathematics,
it is important to develop creativity or creative thinking, since creativity is an integral part of
mathematics. However, the limitation of students' creative abilities leads to a set of skills that are
automated with selection, sometimes not subject to any logic. To avoid this, the authors propose
to consider the tasks and questions of PISA that teachers need to master and remember in order
to form higher-order thinking skills, as the main implementers of ideas for the development of
creativity, creative abilities in students.

[27] present research methods for realistic mathematical education based on the application of
learning approaches aimed at developing competencies using Sketchpad Geometry. Although the
data analysis method used is descriptive analysis, however, the result shows that the implemen-
tation of realistic mathematical education using the Geometry notebook in proportions can im-
prove the critical and creative thinking of students.

In the works of [28-29] presents research among mathematics teachers on the subject of aware-
ness of the influence of students' views, beliefs and views on mathematics on their study and use
of mathematics. Ideas are proposed for introducing novelty into the vocational guidance training
of students, in determining the role of mathematics in solving engineering problems and engi-
neers' perception of the status of mathematics in comparison with other resources and limitations.

Materials and methods of research. Consider the following geometric problem: Find curves
for which the area of the triangle formed by the tangent, the ordinate of the tangent point and the

abscissa axis is a constant value equal to a*. The transformed formulation of this problem is
aimed at obtaining interesting properties of second-order curves associated with the definition of
conic sections. The transformed properties are determined by visual representation of conic sec-
tions. Thus, it is possible to ensure the continuity of secondary and higher education aimed at the
formation and development of analytical and systemic thinking, instilling the research character
of a young scientist.

Property 1. The area of a triangle formed by a tangent and its intersection with the asymptotes

of a hyperbola x? —y? =4, obtained by the intersection of a cone given by x> =y*+z> an
arbitrary plane equation z ==a, is equal to the same constant number a’ (Figure 1).

After analyzing the data, comparing the facts, considering possible options, the student will
calculate the area of the triangle and draw conclusions based on the data obtained.
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Figure 1. Graphical representation of the property 1

Property 2. The area of a triangle formed by a tangent and its intersection with an asymptote
and a perpendicular from the tangent point to the asymptotes of a conic section x? - y2 =a’
obtained by x? = y* +z? the intersection of a cone given by an arbitrary plane equation z =+a

2
. a .
is equal to the same number v (Figure 2).

Figure 2. Graphical representation of the property 2

To make a decision, students mentally make a detailed plan. When proving this property, they
will have a feathering on the previous property to obtain complete information about the nature
of the curves.

Property 3. The coordinates of the intersection points of the tangent at the point with the as-

2

ymptotes for the hyperbola x* - y© = a’® obtained by the intersection of the cone given by the

2

equation x*=y*+2z? with an arbitrary plane z=+a, will be equal to the same values

Plxg +:X0 + o) and Oxg — vy, ¥ —X,) (Figure 3).
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Figure 3. Graphical representation ofthe property 3

This property will allow the student to see the whole problem, thereby recognize the curve
completely by the example of their properties and describe the algorithm of their actions:

decompose it into several components,

analyze each element,

highlight positive and negative points,

prioritize;

choose the most appropriate option or method of solving the problem.

Property 4. A triangle formed by tangents drawn to any symmetric points relative to the axis
of symmetry and a straight line passing through the ordinate of the points of a parabola (Figure

4) y? =2 px obtained by the intersection of a cone given by an equation x* = y2 +z% with an
arbitrary plane parallel to one of the generators of the cone with a conventional designation

z = x— p has the coordinates of the center of the circle of nine Euler points equal [%0) .

Figure 4. Graphical representation of the property 4
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To prove the property, we make up the equation of two tangents to the parabola at points
symmetric with respect to the axis of symmetry. Next, to determine the triangle formed by the
condition of the property, you need to find the coordinates of the intersection point of two tan-
gents. This property differs from other properties in that the student will intentionally look for a
connection with previous properties to prove this property. In this case, the student decomposes
the information into components, structures the data and finds out their relationship to each other.
This approach allows the student to make the best of all possible decisions.

Results and discussion. Toanalyze the impact of the applied methodology onthe development
of research abilities of students, the following components of research competence were identi-
fied:

K1. The motivational-value component determines the motivational-value attitude to research
activities

—shows cognitive activity;

—shows a desire for self-improvement;

—striving for creative research activities;

—readiness to identify the problem, forecast;

—the desire to work in a team of researchers.

K2. The cognitive-content component determines knowledge and understanding about the el-
ements of the research:

—knows the sequence of the study;

—knows research methods;

—knows how to work with information;

—knows goal setting, planning, evaluation of results;

—knows communicative ways of expression.

K3. Activity component the level of formation of the student's research skills:

—plans research activities;

—defines the goal, objectives, topic, predicts hypothesis, research;

—makes an overview of sources;

—argues, expresses;

—conducts experiments, proves, justifies;

K4. The evaluation component determines the formation of the student's evaluation skills:

—ranks by significance, optimality, efficiency;

—high level of self-control;

—reflection;

—making critical judgments;

—analyzes, synthesizes, compares, compares.

The weighting coefficients of the components of research competence and indicators were
determined using expert assessments of school mathematics teachers (10 people). Initially, the
experts were asked to rank the listed knowledge, skills, abilities, personality qualities, etc. accord-
ing to the degree of significance for the student's readiness for research activities. The survey
obtained the original data matrix, elements of which are rated expert ranks characterizing the
importance of a component in the process of formation of the research competence: Weighting
factors for each of the components: K1=0,23, K2=0,25, K3=0,26, K4=0,26.

Conclusion. Toidentify the consistency of the opinions of 10 experts as a criterion was defined
as the coefficient of concordance from the formula
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W=SLDW=O,76.

max

The obtained concordance coefficient indicates a high degree of consistency of experts in
ranking criteria. The indicator of the level of formation of students' research abilities depends on
the levels of development of its components.
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