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Chkana Ya., Stotskiy I. Modern visualization technologies in the training of future
mathematics teachers: the role of mind maps.

Summary. The article explores the role of the cognitive-visual approach in the preparation
of future mathematics teachers, particularly the use of mind maps as an effective tool for
knowledge structuring and the development of systemic thinking. Scientific and pedagogical
approaches to the implementation of visualization methods in the educational process and their
impact on the quality of learning mathematics are analyzed.

It is shown that the use of mind maps contributes to the formation of logical connections
between mathematical concepts, the development of critical thinking, and the enhancement of
student motivation. The possibilities of using specialized software for creating and editing mind
maps, as well as its role in activating students' cognitive activity, are explored. The significance
of integrating mind maps into various forms of educational interaction, including group and
individual classes, distance learning, and independent work, is emphasized.

A SWOT analysis of the use of mind maps in the professional training of teachers is conducted.
The main advantages of this technology are identified, including the visualization of information,
fostering the development of cognitive skills, and the ability to integrate with digital learning tools. At
the same time, the key challenges of their application are outlined: the need for methodological
support, adaptation of technologies to the content of mathematics education, and the development of
students' digital competence for effective work with the corresponding software.

The prospects for further research include the development of methodological
recommendations for the effective implementation of mind maps in the teaching of mathematics,
evaluating their impact on students' learning outcomes, and integrating other modern
visualization technologies to improve the quality of mathematics education.

Keywords: mind maps, cognitive-visual approach, future mathematics teachers, digital
competence, pedagogical technologies, knowledge visualization, critical thinking.
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FUTURE MATHEMATICS TEACHERS’ TRAINING
TO USE NEW EDUCATIONAL TECHNOLOGIES

Y cmammi npeocmaesneno asmopcoky memoouury po3pooky 3 (opmyeaHHs Yy Maubymuix
yuumeni¢ Mamemamuxu 6MiHb 3ACMOCO8Y8AMU OOHY 3 HOBUX Ne0A202IYHUX MEeXHON02il —
Ckagghonounzy — Ha ypokax mamemamuku, 30Kpema y NpOo@IbHUX KIAcax 3aKiadié 3a2anibHoi
cepeonvoi oceimu. Ilepedycim, aemop 36epmac yeazy wumaua Ha CYMHICMb yi€i mexHonozii ma
OOYINbHICMYb 1T BUKOPUCIAHHA HA YPOKAX Mamemamuku. Biomak, axmyaiwHoro cmae npoonema
nI020MOBKU MAOYMHIX YYUMenie MamemMamuxu 00 peanizayii 3a3Ha4eHoi 0c8imHboi mexHonozii,
OOMPUMAHHS OCHOBHUX NPUHYUNIB iT 3aCMOCY8aHHS, (POPMYBAHHS 6MiHb CMYOeHmi6 A0eK8amHO
dobupamu cucmemy MaAmeMamuyHuX 3a0ad, 30KpeMma 3a0ay 3 NIaHiMempii, 018 OO0CACHEeHHs
nocmaenenoi memu. A8mopom OOKIAOHO NpedCmasieHo NOCTIO08HICMb peanizayii ycix emanie
mexnonoeii Ckagghonouney Ha npuxiadi HA8UAHHA WIKONAPIE 3ACMOCYBAHHS Memood)y 66e0eHHs
OONOMINCHO2O napamempy nio Yac po36 sA3V6aHHs NIAHIMEMPUUHUX 3a0ad NIOBULYEHO20 DIBHs
cknaonocmi. Ilpodemoncmposaro, ki npobiemMHi numanHs cio 062080pumu 3i 3000ysadamu GUOT
neodazoeiuHoi oceimu 3a0isl pO3YMIHHA Humu cymuocmi mexnonoeii Craggonouney ma ymino
epexmueno it 3acmocogysamu. Ilooana memoouuna po3pooxa 3a3Hana anpooayiio Ha GIOKPUMOMY
npaKmuyHoMy 3auammi 3 Kypcy «Memoouka HaeuamHus mamemMamukuy 01 CMYOeHMI8
CReYianbHOCMi «yuUmenb MamemMamuky ma aHeIiuCbKoi Mogwy (3ausammsi 3 Kypcy 015 yux 3000y6a4ie
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APOBOOSMbCA AHTIUCHKOI0 MOB0I0). Peanizayis memoouunoi po3pooKu 3a3HaNA CX8ANbHUX 8IO2YKI6
Kone2 no Kageopi mamemamuxu i MemoouKu il HABYAHHS, A MAKONC NOZUMUBHUX BI03UBIE B0
CcmyO0eHmie, Ki GI03HAYUIU KOPUCHICMb NPOBeOeH0i pobomu 0/l RPOGECitino20 CIAHOBIeHHSL.
Knrwuoei cnosa. mexnonocia Crapgonouney, memoo yseoeHHs OONOMINCHO20 napamempy,
NAGHIMEMPUYHA 3a0a4a, Ni020MOBKA 6YUMEsl, MeMOOUYHA KOMNEMEeHMHICIb yUumens MamemMamuxu.

Problem statement. Training of future mathematics teachers in pedagogical university for
using new educational technologies - in a broad sense - is one of the main tasks of the disciplines
of the psychological and pedagogical cycle, in particular the course "Methodics of Teaching
Mathematics". One example of a modern, promising technology that it is advisable to introduce to
future mathematics teachers and develop skills in its use is Scaffolding technology. It is worth
considering the use of any educational technology in the context of solving problems of the
advanced level, including various ways of solving, demonstrating the use of some general method
for solving mathematical problems, etc. This is precisely what we see as the formation of
mathematical and methodological competence of applicants for higher pedagogical education.

Analysis of current researches. Recently, educators have been paying more and more
attention to Scaffolding technology, which can be applied in educational environments of various
directions and levels. That is, Scaffolding technology is considered as a universal approach to the
implementation of the educational process. The term “scaffolding” refers to the process in which
a student solves a task with the support of a teacher or another more experienced person. In this
case, the task is so complex that the student will definitely not be able to cope with it alone, but
with the support of the teacher, he will be able to do it. It is such supports that best reflect the
metaphor of “scaffolding” in learning. Without them, the arch will not hold until it is completely
finished. This support is referred to as the metaphor of “scaffolding”.

The theory of Scaffolding technology in learning was first formulated in 1976 by American
psychologists J. Bruner, D. Wood, and G. Ross [12]. Later, principles and criteria for the
application of this technology were formulated. Nowadays, Scaffolding technology is
implemented in teaching foreign languages [10], in implementing inclusive education [8], and in
mathematics education [11]. Colleagues O. Zadorina, V. Motorina, I. Mitelman, and O. Papach
explored the problem of applying Scaffolding technology in solving geometric problems of
increased complexity [3]. Developing this idea, the author became interested in the problem of
teaching schoolchildren the auxiliary parameter method using the Scaffolding technology.

It should be noted that in the current curriculum for advanced mathematics in grades 8-9 of
general education institutions in Ukraine [9] the state requirements do not specifically state the
need for students to master the method of introducing an auxiliary parameter (unlike, for example,
the area method). In the current Ukrainian textbooks for grades 8-9, including geometry textbooks
for advanced mathematics [1; 2; 6; 7], we also do not observe any targeted work on mastering the
specified method (there are no demonstration examples and problems in the theoretical parts of
these textbooks). Analyzing the current mathematics curricula for grades 10-11 of general
education institutions in Ukraine (profile and advanced levels) [9] and geometry textbooks for
grade 10 (profile and advanced levels) [4; 5], we can come to the similar conclusion.

The made remarks determine the relevance of the problem. In addition, the question arises
of training future mathematics teachers both in the application of the pedagogical technology of
Scaffolding as one of the universal and promising ones, and in teaching pupils special methods of
solving problems.

The objectives of this research is to demonstrate the methodology for future mathematics
teachers’ training the application of Scaffolding technology by the example of using the auxiliary
parameter method when solving planimetric problems.

Presentation of the main material. Experimental work on teaching students how to use
Scaffolding technology by the example of using the auxiliary parameter method when solving
planimetric problems was performed with students majoring in "mathematics and English
teacher", for whom the course "Methodics of Teaching Mathematics™ is taught in English. First of
all, it is necessary to familiarize students with the essence of Scaffolding technology (Fig. 1).
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How to implement Scaffolding technology?
This technology can be implemented in three stages:
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* The first stage is preparatory
* The second stage is formative
* The third stage is controlling

We will demonstrate

how to implement Scaffolding technology
to teach schoolchildren how to use

the method of inputting

an auxiliary parameter

during solving planimetric problems.

P by Kateryna Niedialkova n

Figure 1. Familiarizing students with the essence of Scaffolding technology

Next, you can move on to implementing Scaffolding technology.

The first stage (preparatory).

I. 1. Actualization of supporting knowledge (according to Scaffolding technology — reliance
on formed knowledge, skills and abilities).

We discuss with students that when working on the method of inputting an auxiliary
parameter, the following can serve as an update of supporting knowledge and skills: activation of
the algorithm for reducing fractions, theoretical information on trigonometric functions, formulas
for finding perimeters, areas and volumes of figures, etc.

I. 2. Acquaintance with the essence of the method of inputting an auxiliary parameter
(according to Scaffolding technology - demonstration of a solution example, model, sample, etc.).

Problem 1.
In right triangle MPN, height and
median are drawn from vertex of right angle
P. Angle B between them is equal to
aI'CCOS%.
M Find ratio of the legs.
M K S N

The problem 1 solution
PK 40

In accordance with the condition of the problem cos = g, or —=—.

Let be PK=h, then PS = %h, KS =+VPS? — PK? = %h. Using the property of right
triangle: MS=PS=NS="h. Then MK = MS — KS = 2h; NK = NS + KS = 2h;

MP = VMK? + PK? = §h2+h2=§\/41;NP=\/NK2+PK2= i—:h2+h2=
%m'SO’MP=h«/H_h«/H=4

N s a5
The answer is 4 : 5.

132



AKmyaabHi numaHHA npupodHuU4o-mamemamu4Hoi oceimu. 2025. Bunyck 1(25)

After solving a teacher should give pupils some comments (Fig. 2).

consider one of the linear elements known,
express the necessary values through it, and
then construct their ratio, after which the
entered element, called the auxiliary parameter,
is shortened.

by Kateryna Niedialkova

Figure 2. Teacher’s comments for using the method of putting an auxiliary parameter

I. 3. Mastering the method.

Problem 2.
B C The diagonal of a rectangle divides its
angle inratiom: n.
Find ratio of perimeter of the rectangle
to its diagonal.
A D

It is necessary to discuss with future teachers of mathematics the methodics of working on
the problem: first of all, we suggest that pupils express ideas for solving this problem (according
to Scaffolding technology - we suggest predicting the further development of events in the context
of what they have heard and perceived). Next, we ask pupils to justify why it is advisable to use
the method of inputting an auxiliary parameter to solve this problem and suggest which linear
element should be considered as known (according to Scaffolding technology - leading questions,
hints, directing the flow of thoughts). Next is a joint work of schoolchildren and a teacher (with
teacher's comments).

The problem 2 solution
Given the circumstances ABCD is a rectangle and 2BAC : £ZDAC =m :n. If a is a

coefficient of proportion, then ma + na = 90" and a = %. It is necessary to find the ratio
P:%. Let be AB=p. From right triangle ABC we have: BC = p - tg ma.
S0, Pygep = 2(p +p - tg ma) = 2p(1 + tg ma).
— 2 2 — 2 2472 — 2 2 — p N
AC =VAB? + BC? = \/p? + p%tg*ma = /p%>(1 + tg?ma) = COSmo{| =—
Pppep  2p(1+tg ma)-cosma 2 cosma(sinma + cosma)

AC p cosma

1 1
=22 (—sinma + —cos ma) = 2v2 cos(45° — ma) =
VZ VZ ( )

= 2v2 cos (45° —m- i) — 2\Zcos 5o
m+n m+n
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The answer is 2v/2cos %.

At the end of working with this problem, together with the pupils, we derive
an algorithm for applying the method of inputting an auxiliary parameter
(according to Scaffolding technology - providing clear instructions, determining the set of skills
necessary to solve the given problem):

1) choose a linear element that we will consider known (auxiliary parameter), mark it with
a letter;

2) express other necessary quantities through it;

3) make an appropriate ratio; if necessary, simplify a resulting expression;

4) shorten an auxiliary parameter;

5) form an answer to the problem.

The second stage (formative).

I1. 1. Considering the problem.

Problem 3.

B C Define an acute angle of a rhombus in
which a side is geometric mean of its
diagonals.

A D
The first step is to discuss with future teachers of mathematics the methodics of working on
the problem:

» we suggest that pupils determine, firstly, why it is possible to try to solve this problem
by the method of inputting an auxiliary parameter, and, secondly, which linear element
should be chosen as an auxiliary parameter.

» we emphasize to schoolchildren that this is a defining stage of application of this method
(according to Scaffolding technology - we emphasize the important, we find "system-
forming™ moments that determine the success of further actions).

» we give pupils time to think and discuss their ideas. We conclude that a side of the
rhombus will act as an auxiliary parameter.

» further, using the defined algorithm of application of the method, we give
schoolchildren the opportunity to solve the problem at their own pace, while the teacher
provides individual help to everyone who needs it.

The problem 3 solution

In accordance with the condition of the problem AB? = AC - BD.

Let be AB=a. Then from the triangle ABC we have:

AC? = 2a? — 2a? cos(180° — @) = 2a?(1 + cos ) = 4a20052%, where a = 24 (by the

cosine theorem). From the triangle ABD we have:

BD? = 2a? — 2a®? cosa = 2a%(1 — cosa) = 4a25in% (by the cosine theorem).

Given the circumstances 2a sin=- 2a cos= = a?; 2 sin=cos= = a—zz;

2 2 2 2 2a

sina = %; a = 30° (based on the fact that 2A is an acute angle of a rhombus).

The answer is 30°.

It is possible to offer pupils as a homework to find other way to solve this problem, without
using the method of inputting an auxiliary parameter, using the teacher's hint (using the condition
of the problem and some property of diagonals of a parallelogram, solve the problem algebraically,
obtaining a trigonometric equation). At the next stage of work with this problem, a comparative
analysis of solution methods from the point of view of rationality will be conducted.

I1. 2. Solving the problem.

Problem 4.
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B K C An isosceles triangle is inscribed in
square ABCD so that point K lies on the side
P BC, point M is on side CD, and AM=AK.
Find angle MAD if it is known that
tanzZAKM=3.
M
A D

It is necessary to discuss with future teachers of mathematics the methodics of working on
the problem: students of the class are divided into two groups. The first group is offered to solve
the problem using the method of inputting an auxiliary parameter, the second group - in a different
way, without using this method. At this stage of working with Scaffolding technology, its essence
is manifested in mutual support, mutual advice from classmates (due to group work), but not from
the teacher - "fading" support.

The problem 4 solution

The first way
We prove that ZMAD=2KAB; KP=CP; triangle AKP is right-angled. By the condition

tan£ZAKM=3, therefore % = 3. Let be KP=x, then AP=3x, and AC=4x. So, AB = 2+/2x, and

— V10 _ _AB _ 2 _ 2 o _
AK = +10x. Therefore, cos £KAB = cos£MAD TR That is why 2MAD =

2v/5
arccos —-.

) 245
The answer is arccos -

The second way
We prove that ZAKP=2AMP; triangle AMP is right-angled.
£MAD=45" — 2£PAM = 45" — (90" — LAMP) = £AMP — 45" = £AKP — 45’.
tancAKP—tan4s’ _ 3-1 1

Then tanszMAD = tan (LAKP — 45°) = el

Orxe, ZMAD = arctan %

. 1
The answer is arctan >

Further work with schoolchildren on this problem consists in:

1) presentations by each group of their methods of solving the problem;

2) proving the fact that arccos (2V5)/5=arctan 1/2 (collective work of the class);
3) comparison of two ways of solving this problem in terms of rationality.

The third stage (controlling).

II1. 1. Solving the problem.

Problem 5.
B C The angle at vertex A of trapezoid
ABCD is equal to a, and side AB is twice as
large as its smaller base BC.
Find angle BAC.
A 3 - D

P H

The methodics of work with schoolchildren on this problem is following: it is assumed that
pupils will independently solve this problem, with the following mutual verification. Adhering to
Scaffolding technology, at this stage, as "fading" support, the teacher provides the correct answer
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to the problem at the beginning of its solution by schoolchildren. After pupils have checked each
other, the correct solution to this problem is demonstrated by a teacher on a slide (screen, board).
The problem 5 solution

The first way
Given the circumstances, 24 = «. Let be BC=k, then 4B=2k. £BAC = a — 2£CAD.

tansCAD = tansCAP = = (from triangle ACP).

From triangle ABH we have: BH = 2k sina = CP; AH = 2k cos a;
AP =k + 2k cos a.

2ksina 2sina 2sina
So, tansCAD = = : 2CAD = arctan .
k(2cosa+1) 2cosa+1 2cosa+1
2sina

That iswhy 2£BAC = a — arctan .
2cosa+1

Let us give the answer in the laconic form; it needs to consider tan£BAC.
2sina

2sina tana — 5————~
tan<BAC = tan (a — arctan ) = 2 cos a +1 =
2cosa+1/ 4 oo 2sina
2cosa+1
sina 2sina _ _ ] _
cosa Z2cosaF1 2sinacosa +sina —2sina cosa sina
- 14 sina  2sina B 2cos?a + cos a + 2sin?a T 2+ cosa
cosa 2cosa+1
So, 2BAC = arctan e
2+cosa

sina

The answer is arctan .
- 2+cosa

It should be noted that giving students the correct answer to this problem at the beginning of
the solution directs the course of thought to finding the tangent of 2CAD. Although the solution
can be presented in another way, namely:

from triangle ABC using the cosine theorem we have:

AC? = k? + 4k? — 2 -k - 2k - cos(180° — a) = 5k? + 4k? cos a.

So, AC = kv/5 + 4 cos a (since k is a positive quantity).

From triangle ABP we have: BP = 2ksina = CH. From triangle CAH we have:
. CH 2ksina 2sina 2sina
sin£ZCAH = — = =

= = 150, £CAH = arcsin ——.
AC  kv5+4cosa +5+4cosa’ ' V5+4cosa

. 2sina
Therefore ZBAC = a — arcsin \/ﬁ'

2sina

V5+4cosa

The answer is ¢ — arcsin

I11. 2. The control work.

Problem 6.

A trapezoid with acute angles o and f is described around a circle. Find the ratio of perimeter
of the trapezoid to the length of the circle.

This stage of teaching schoolchildren the method of inputting an auxiliary parameter using
Scaffolding technology involves pupils solving the problem on their own with following check by
a teacher (with evaluation).

If desired, a teacher can offer not one, but several tasks for applying the method of inputting
an auxiliary parameter to evaluate the effectiveness of mastering this method by schoolchildren.

Conclusions and prospects. At the end of such a lesson from the course "Methods of
Teaching Mathematics”, it is necessary to focus the attention of future mathematics teachers on
the following: when pupils work out the method of inputting an auxiliary parameter in this way,
the main principles of Scaffolding technology are observed:

1) immutability of the assigned task (in this case, mastering the specified method of solving
geometric problems) and

2) change in amount of support for schoolchildren from maximum to minimum, with the
subsequent transition to independent problem solving by pupils.
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It is also important to discuss with future teachers of mathematics when, at what stage of
studying the school mathematics course, it is appropriate to propose schoolchildren such the
sequence of the problems, created in the context of the realization of Scaffolding technology, and
for classes of what the mathematical learning level it can be offered. Talking about it, students
mostly marked the following: it is advisable to conduct targeted work on mastering the method of
inputting an auxiliary parameter by schoolchildren of profiled classes at the end of grade 10 (as
part of systematization and generalization), the goals of which are: 1) practicing the method of
solving problems; 2) using the trigonometry apparatus when solving problems (which is relevant
given the content of the algebra and beginnings of analysis course in grade 10 and provides intra-
subject connections of mathematics as an educational subject in a general education school); 3)
preparation for effective solving of problems in the geometry course in grade 11 (for finding the
ratios of surface areas and volumes of geometric bodies).

The presented methodical creation was tested at an open practical lesson on the course
"Methodology of Teaching Mathematics™ for students of the specialty "Teacher of mathematics
and English™ (course classes for these applicants are conducted in English). The implementation
of the methodical creation received favorable reviews from colleagues in the Department of
Mathematics and Methods of Teaching Mathematics, as well as positive feedback from students
who noted the usefulness of the work carried out for professional development.

We see the prospect of further research in this direction in the development of other topics
of the school mathematics course in the context of the application of Scaffolding Technology,
determining the effectiveness of its use; as well as in training future mathematics teachers in other
promising educational technologies.
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K. Niedialkova. Future mathematics teachers’ training to use new educational
technologies.

Summary. The article presents the author's methodical creation on the formation of students
— future mathematics teachers' skills to apply one of the new pedagogical technologies -
Scaffolding technology in mathematics lessons, in particular in profiled classes of secondary
education institutions. First of all, the author draws the reader's attention to the essence of this
technology and the feasibility of its use in mathematics lessons. Therefore, the problem of
preparing future mathematics teachers for the implementation of this educational technology,
adherence to the basic principles of its application, and forming students' skills to adequately
select a system of mathematical problems to achieve the set goal becomes relevant. The author
presents in detail the sequence of implementation of all stages of the Scaffolding technology on
the example of teaching schoolchildren to use the method of inputting an auxiliary parameter when
solving planimetric problems of a high level of complexity. It is demonstrated what problematic
issues should be discussed with applicants for higher pedagogical education in order for them to
understand the essence of the Scaffolding technology and the skills to effectively apply it. The
presented methodical creation was tested at an open practical lesson on the course "Methodology
of Teaching Mathematics" for students of the specialty "teacher of mathematics and English”
(course lessons for these applicants are conducted in English). The implementation of the
methodical development received favorable reviews from colleagues in the Department of
Mathematics and Methods of Teaching Mathematics, as well as positive feedback from students
who noted the usefulness of the work carried out for professional development.

Keywords: Scaffolding technology, method of inputting an auxiliary parameter, planimetric
problem, training of a teacher, methodical competence of a mathematics teacher.
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yHiBepcuTeT iMeHi Onekcanzapa JloxeHka

MOPIBHSIJIBHUI AHAJII3 MPAKTUYHOI MIATOTOBKU MAMBYTHIX
YUUTEJIIB MATEMATHKHU B YKPAIHI TA PECITYBJIILI HOJIBIIA:
KIJIBKICHUM TA IKICHUM BUMIP

Y cmammi npoeederno nopisuanibrull ananiz npakmuyHoi nio2omosKu MatloymHix yuumeinie
Mamemamuxu 8 nedazociynux ynieepcumemax Ykpainu ma Pecnybniku [lonvwa. /locniosceno
cmpykmypy ma o00cse Npakmudnoi nio2omoseKu 8 neddazoliuHux yHieepcumemax Yxpainu
(Inyxiscokuu  Hayionanvhuti nedazociynuil  yHisepcumem imeni Onexcanopa Jloedwcenka,
Hpoecobuyvkuii  OeporcasHuil nedazoziunuti yHieepcumem imeni leana @Ppamka, Ymaucvkuii
Oepoicasnull  neoaeolivnuti  yHieepcumem imeni Ilaena Tuuunu) ma Pecnyonixu Ilonvwa
(Ileoacociynuil ynisepcumem imerni Komicii nayionanvnoi océimu y Kpaxosi). Bcmarnosneno, wo
6 000X Kpainax ni0comosKa MatOymHix yuumenie Mamemamuxu 30ilUCHIOEMbCS 34 0BOPIBHEBOIO
cucmemoro (bakanaspam i macicmpamypa), aie iCHyIOmMb IOMIHHOCII 8 MPUBALOCTT HABYAHHS
ma o06ca3i kpeoumie €KTC. B ykpaincoxkux yHigepcumemax 3azaibHUti 00csie Kpeoumis,
8I08e0eHUX HA NPAKMUKY, 0eujo OLIbWUL, HINC Y NOIbCbKOMY VHIBepcumemi, wo ceioyums npo
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