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Abstract

The article discusses the methods of developing research skills among future teachers of mathematics and
physics in the process of studying analytical and projective geometry at the university using interactive learning
tools. Let us note that research competencies are a component of the professional competencies of bachelors
in the areas of training “Mathematics” and “Mathematics and Physics”. Therefore, in the course of the study,
we developed and tested the educational and methodological complex “Analytical and Projective Geometry”
using interactive programs, and also proposed methods, forms and criteria for assessing the research abilities
of future mathematics and physics teachers. Methods of problem-based learning, practice-oriented learning,
methods of analysis and synthesis, and observation methods were used. The relevance of the research topic
lies in the problem of developing the research skills of future mathematics and physics teachers, and their use
of such interactive programs as living geometry and geogeography can be used by them to create a research
lesson. The methodological approach to teaching analytical and projective geometry presented in the article
was implemented in the educational process in the course of “Analytical and projective geometry” in Pavlodar
Pedagogical University named after A.Margulan during training of future bachelors of ‘“Mathematics”,
“Mathematics and Physics” and allowed to achieve positive results in teaching.

Keywords: analytical and projective geometry, research ability, development of research competence,
future teacher, GeoGebra.
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AHAJIMTUKAJIBIK ) KOHE IPOEKTUBTIK TEOMETPUSAHBI OKBITY BAPBICBIHIA
CTYAEHTTEPAIH 3EPTTEY KY3bIPETTIVIEPIH JAMBITY

Anoamna
Makarnaja UHTEpPaKTUBTI OKBITY KYpajJlapblH MaiajiaHa OTHIPHIN, YHUBEPCUTETTE aHAMTUKAIBIK JKOHE
MPOSKTUBTIK TEOMETPHUSHBI OKy OapbIChiHIa OoamiaKk MareMaThka >KoHe (U3MKa MYFaliMIepPiHIH
3epTTEYIIUIIK JaFAbUIapBIH  JaMBITY OJICTepi KapacThIPbUIFaH. TBUIBIMH-3epTTEY KY3BIPETTLIIKTEPI
«MatemaTrka» xoHe «Maremarruka xoHe (U3UKa» MaMaHABIKTapbl OOWBIHIIA OakataBpiapblH KociOH
KY3BIPETTUTIKTEPiHIH KypaMaac 0eiri OoJbi Ta0bUIaThIHBIH atan eTeiik. COHIBIKTaH 3epTTey OaphIChIHIA
013 uWHTEepaKkTHUBTI Oarfapiamanap apKblUibl «AHAJIMTHUKAIBIK OHE MPOEKUHMSIIBIK TE€OMETPUS» OKY-
oicTeMeNiK KelIeHiH )XoHe OoJalak MaTeMaTHKa XoHe (pr3rKa MyFalliMAepiHiH 3epTTEYIILTK KabieTTepin
OaranayJIblH YCHIHBUIFaH OJiCTepiH, QopManapbl MeH KpPUTEPHIIEpIH o3ipiiel, ChIHAKTaH OTKI3JmiK.
[IpoGiieManbIK OKBITY oMicTepi, TOXKiprOere OarbpITTAIFAH OKBITY, Tallflay JKOHE CHHTE3 dficTepi, Oakpuiay
ozicTepi KOJNAHBULABI. 3€pTTEy TAaKbIPBIOBIHBIH ©3CKTUIIrt Ooylallak MaTreMaThka >KoHE (H3HKa
MYFaIIIMJIEPIHIH 3ePTTEYIIUNK JaFAbUIapblH JIAMBITY MOCENIECiHJIe OHE Tipi TeoMeTpHs jXKoHe reoredpa
CUSIKThI MHTEPAKTHBTI OarmapiiaManapibl KOJIIaHy apKbUIbl cabak — 3epTTey Kypyra Oomanusl. Makananaa
KETIPUITeH aHAJUTUKAJIBIK KOHE MPOEKTHBTIK T€OMETPHSIHBI OKBITYIBIH OIIiCTEMENiK Tacin Mapryian
YHUBEPCUTETIH/IE « AHAIMTHKAIBIK YKOHE TPOCKTUBTIK T€OMETPHUS» KYPChIH OKY YaAepiciHiae «MareMaTHKay,
«Martemartnka xoHe Qu3MKa» Oarmapiiamanapbl OOWBIHIIA OoJramiak OakajaBpiapabl MalbIHAAyAA JKY3ere
ACBIPBUIZIBI )KOHE OH HOTHIKEIIEpTre KOJ JKETKI3yTre MyMKIHIIK Oep/i.
Tyiiin ce3nep: aHATUTUKANBIK OHE IPOCKTHBTIK TEOMETPUS, 3€PTTEYIIUNK KadileTi, 3epTTrey
KY3BIPETTUIITH KaJbIITACTBIPY, OONaIiak MyFalim, reoreopa.
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PA3BUTHUE UCCJEJIOBATEJABCKUX KOMIETEHLIMMA CTYJAEHTOB [TIPU U3YYEHUU
AHAJIMTUYECKOM U TPOEKTUBHOM TEOMETPUA

Annomayus

B craTthe paccMaTpuBaroTcs crocoObl OpraHu3aluy y4eOHO-HCCIe0BATEILCKON AEATEIbHOCTH CTYIEHTOB
¥ METOJbI Pa3BUTHS HCCIENOBATENCKAX YMEHUN OyIyIIuX Y4YUTeNel MaTeMaTHKd W (U3UKH B TpoIiecce
VM3YYCHHS aHAUTHYECKOM W TPOEKTHBHON TreoMeTpud B By3e. OTMETHM, HYTO HWCCIEI0BATENHCKHES
KOMIIETEHIINU SIBJISIFOTCSl COCTABILIONICH MPOQecCHOHANBHBIX KOMIETCHIMH OakalaBpOB MO HAIPaBICHUIO
MOAroToBKH «MatemaTnka» W «Matematuka U ¢usuka». [losTomy B Xonme uccienoBaHus HamMH ObLI
pa3paboTaH 1 anpoOHPOBaH YIEOHO-METOTUICCKHN KOMIUIEKC « AHATUTHYICCKAS U IPOSKTHBHAS TEOMETPHSD
C WCHOJb30BAHHEM WHTCPAKTUBHBIX NPOTPaMM, IMPEIJIOKEHBI METOABI, (OPMBI, KPUTCPHUH OICHKU
HCCIICIOBATCICKUX YMEHUN OyIymuxX yuuTeled MaTeMaTHKH W (Qu3ukd. [IpUMEHSIIUCh METOIIbI
mpo0IeMHOTO0 00y4YeHUs], MPAaKTHKO-OPUEHTHPOBAHHOTO OOyUYEHUs, METOAbl aHAIM3a W CHHTE3a, METOIBI
HaOIO/IeHNsI. AKTYallbHOCTD TEMBI MCCIIEOBAHUS 3aKITI0YAETCs B MPOOIeMe Pa3sBUTHSI HCCIIEIOBATEIBCKUX
yMEHUI OyIylmuX yuyuTeaeld MaTeMaTiKy U (PU3HKH, a UCIIOIb30BAHNE TAKUX UHTEPAKTUBHBIX POTPaMM Kak
JKHBass reoMeTpusd, reore6pa MOT'yT 6LITL HCIIOJIb30BaHbl MU MJIsI COCTABJICHUA YpOKa - HUCCICOOBAaHUA.
[IpencraBneHHbIN B CTaThe METOMWICCKUN IMOIX0 ] K O0YUCHHIO aHAINTHYSCKON U IMTPOCKTUBHON T€OMETPHH
OBLI peaTu30BaH B yueOHOM Mpoliecce Ha 3aHITUSX TI0 KypCy «AHAIMTHYECKAss M IPOCKTHBHAS TEOMETPHS» B
[laBnomapckoM TiearorHuecKOM YHHBEpPCHUTETe HWMeHH A.MapryinaHa TmpH TOATOTOBKE Oyaylimx
OakamaBpuaToB 1O HampaBieHms M «MartemaTtnkay, «MaremaTnka W (pU3MKa» W TIO3BOJMI JTOOUTHCS
TTOJIO’KUATENBHBIX Pe3yIhTaTOB B O0YICHUH.

KioueBbie cjioBa: aHanuTHuYecKass M TMPOSKTHBHAS T'€OMETPHS, HCCIEIOBATENIbCKAs CIOCOOHOCTS,
(hopMHpOBaHUE HCCIETOBATETHLCKOW KOMIIETEHIINH, Oy IyIINH YUUTEh, Teoredpa.

Introduction

The relevance of the topic of the article is justified by the modern requirement for the training of
future teachers of mathematics and physics, namely the ability to conduct research activities at school.
The purpose and objectives of the lesson are to develop research skills in lessons on analytical and
projective geometry using an interactive program. The methodology proposed in the article is based
on the need to use such programs as living geometry and geoalgebra in practical and independent
classes. The main conclusions are the need to develop research competencies, develop modern
teaching tools and improve practical training for effective work. The importance of emphasizing the
use of interactive programs for solving and proving geometric problems is also emphasized, which
contributes to the development of research competencies of future mathematics and physics teachers.

Due to transition to a credit-unit system of education, projective geometry is not a separate
discipline, it is as one of the modules of the discipline “Analytical and projective geometry”.
Therefore, to avoid deterioration in quality of geometric training of students of physics and
mathematics direction we use computers, interactive means of support in the study of the discipline.
Note that by the concept of “ability to use interactive teaching tools” we mean the ability to use ready-
made programs for conducting experiments and solving problems on a plane and in space such as
“Living Geometry” [1] and GeoGebra [2], “Cabri Geometry”, “C.a.R.”, “GeoNext”, “Mathematical
Constructor”. Among these interactive aids we often used the GeoGebra program, because unlike
other programs for dynamic manipulation of geometric objects, the idea of the GeoGebra
environment lies on an interactive combination of geometric, algebraic and numeric representation.
GeoGebra is a free program that provides the ability to create geometrical constructions. The use of
computer technology in the geometry course during training of a teacher of mathematics and physics
can significantly improve the quality of teaching material absorption. In addition, it sets a certain
direction of students’ mathematical training.

Analyzing domestic and foreign experience in using a computer as one of the means of teaching
geometry, we can conclude that universities and pedagogical institutions have accumulated certain
experience and obtained profound results that have theoretical and practical significance in the field
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of computerization of geometry [3-8]. Abroad, two software products of dynamic geometry enjoy the
greatest popularity in the process of geometric training of students. One of them (Cabri geometry) is
developed in France (J.-M. Laborde, F. Bellemain, etc.), the other (Geometer’s Sketchpad) - in the
USA (J. King, D. Sher, etc.).

The most complete and interesting results in the field of computerization of the basic geometry
course, supported by a large number of publications and implementation in the educational process
[9-10].

Materials and methods

We will begin the description of the educational and methodological complex we have developed
with the course of lectures we have developed “Analytical and Projective Geometry. It consists of
thirty lectures on major additional topics; examples of standard and non-standard tasks for the
development of creative thinking; problem questions are focused on the ability to perform research
actions. The difficulty of studying this discipline is that students have been studying Euclidean
geometry all their conscious life and are used to its standards. Therefore, when studying projective
geometry, it becomes difficult for them to understand its structure and basic elements.

When preparing a lecture and delivering it, problem-based teaching methods are used. Experience
shows that problem lectures are perceived by students with interest and understanding [11].
Therefore, the use of problem situations in lectures can promote a creative approach to problem
solving. Tasks should be structured in such a way that students can propose their own ways to solve
the problem. Let’s look at some projective geometry questions that require creativity. For example,
the intersection of parallel lines. From the school course of geometry students know that parallel lines
are lines that do not have a common point. In reality, it turns out that Euclidean geometry is not the
only option of this science, that there are non-Euclidean types of geometry such as Lobachevsky
geometry, spherical, projective, etc.

Table 1. Structure of a problem lecture on projective geometry on the example of the topic “Desargues
Theorem”.

Staigeecstu(;j;the Teacher’s objective Techniques and methods of teacher’s activity
Introduction Cultivate student interest in | Task: parallel lines do not intersect. Why do we see
the topic and capture the | train tracks crossing in the distance at one point?
attention of the audience
Setting  of  a | Determine the goal, | Projective geometry radically extends the well-
problem objectives of the problem, | known duality principle. Compare. Students should
show relevance, find out | gain a deeper understanding of the notion of an
where contradictions appear | incidence relation, or the belonging of one
subspace to another. Realize that in projective
geometry, lines are treated as points and three-
dimensional spaces as lines. They then discover an
unexpected connection between the generalized
Desargues theorem and the triangle altitude
theorem.
Break a  big | Clearly identify key issues | The study of the Desargues’ configuration in
problem into | and create an action plan. various options and modifications, contributes to a
small tasks better understanding of perspective theory.
Give examples on the use of Desargues’
generalized theorem. Students give examples of use
in architecture, design, fine arts, etc.
Explanation  of | Compare  your  solution | It is reasonable to demonstrate that the Desargues
your solution, | method with others and | configuration is not only fundamental to projective
method, method analyze geometry, being the basic configuration of
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projection and perspective correspondence of
series of points and lines, but also has very
numerous applications in architecture and design.
Students justify evidence, judgments, arguments
and use methods of critical analysis and

comparison
Conclusions. Analyze, draw a conclusion However, it should be taken into account that the
Analysis theorem is quite complex, therefore, to master it,

the department uses computer programs that allow
one to become familiar with all the basic invariant
properties of the Desargues configuration.

Thus, the use of a problematic presentation of lecture material when studying the course
“Analytical and Computational Geometry” contributes to the formation of deep knowledge among
students in combination with the development of interest and motivational aspects in the learning
process, and also contributes to the intensification of students’ research activities. Therefore, it is
perceived with interest by students, shows the creative abilities of students, which, in turn, contributes
to a deep understanding of the topic and is an effective way of learning.

In practical classes there is an exchange of knowledge, ideas between students, students and
instructor. To improve research skills, we used interactive programs in practical classes. For example,
the study of analytical geometry at a pedagogical university traditionally ends with the topic “surface
of the second degree.” This topic has great potential for demonstrating the process of exploring the
geometric properties of surfaces using their algebraic equations. Modern digital technologies make it
possible to simulate various geometric structures and show them from convenient angles. For this
purpose, it is proposed to use the GeoGebra program, which successfully combines the ability to
depict three-dimensional figures and perform complex mathematical calculations. In the section of a
conic surface with a plane, an ellipse, a hyperbola and a parabola were obtained, and the type of the
section and the name of the curve changed depending on the angle of inclination of the cutting plane.
In addition, the possibilities of the use of GeoGebra program were considered in all sections of the
theory of the second-degree surface: the method of sections for the study of the surface configuration;
surfaces of rotation; cylindrical and conical surfaces; ellipsoid, hyperboloids and paraboloids;
rectilinear formations of one-sheeted hyperboloid and hyperboloid paraboloid. Special attention was
paid to the problem of classifying surfaces by simplifying their general equation when moving to a
new coordinate system. With the help of GeoGebra it was possible to visualize the dynamics of such
coordinates transformation, presenting it as a result of the corresponding space motion.

For example, when covering topics about surfaces of revolution, single-sheeted, double-sheeted
hyperboloid, hyperbolic paraboloid, the use of GeoGebra made it possible not only to see when
rotating, but also to look when cutting the surface, which made it possible to use it in solving problems
(Figure 1).

Figure 1. Visualization of surfaces of revolution and hyperbolic surfaces using GeoGebra
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Projective geometry is a rather difficult section of geometry for students to understand. As
experience shows, creating videos with solutions to problems and demonstrations of proofs of
theorems contributes to a faster and deeper understanding of the subject and the emergence of interest
in its study. GeoGebra just presents such opportunities, namely, the possibility of step-by-step
viewing of the solution of a problem or proof of a theorem. Therefore, the computer program
GeoGebra was used in practical classes to solve problems in analytical and projective geometry. For
example, when studying the theorem of Desargues which states: On the projective plane there are six
different points C, B, D, E, F, G. The lines BE, DF, CG intersect in one point A if and only if the
intersection points of pairs of lines CB and EG, BD and EF, CD and GF lie on the same line. Students
prove this theorem using the GeoGebra program and obtain the following image (Figure 1). By
moving the triangles students see that the three points are always collinear.

Let us emphasize to students that in projective geometry instead of the words “a point lies on a
line” and “a line passes through a point” we can use the words “a point and a line are incident”. If
we now write down the formulation of the theorem using this artificial turn, then in the resulting text
the words “point” and “line” can be interchanged. As a result of this “linguistic” procedure,
Desargues’ direct theorem can be turned into an inverse theorem and written as: If the points of
intersection of lines CB and EG, BD and EF, CD and GF are collinear, then lines BE, DF, CG intersect
at the same point A. . Students prove this theorem using the GeoGebra program and receive the
following image (Figure 2). By moving the triangles, students see that the three points are always
collinear.

Figure 2. GeoGebra illustration of Desargues’ theorem showing collinear intersection points

Students begin to realize that in projective geometry the same “transformation” can be applied to
the text of any theorem. After all, in the projective plane, unlike the Euclidean plane, there are no
parallel lines. That is, “any two lines are incident to one common point”, “any two points are incident
to one common line”. Since there are no distances, angles, or areas in projective geometry, all
theorems refer only to the incidence of points and lines. The condition and conclusion involve mainly
collinear triples of points (three points are incident to one line) and competitive triples of lines (three
lines are incident to one point).

Thus, if a theorem of projective geometry is proved, its dual theorem, which is obtained from it by
swapping points and lines, can also be considered as proved. As an important example, one tries to
construct a theorem dual to the theorem about the projective mapping of one line to another.

While passing the topics on projective geometry students showed their creative and research
abilities by applying linear perspective, shadow theory, Desargue configurations in painting, design,
architecture. Therefore, for independent work, students were given tasks to study the Desargues
configuration in different versions and modifications, the theory of perspective and shadow
(Figure 3). We learned to use a special type of perspective art - anamorphosis (Figure 4).

However, it should be taken into account that many provisions of the theory are quite complicated
and it takes considerable time to master it.
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Figure 3. Students’ independent work on Desargues configurations and
perspective and shadow theory using GeoGebra

Figure 4. Example of applying anamorphosis as a special type of perspective art

By the end of the semester, students knew the basic methods of constructing perspective images
of geometric figures; the basic rules of applying perspective projections in drawing and analyzing
perspective images; solved the problems of constructing shadows of objects in perspective at different
positions of the light source

Results and discussion

When studying the discipline “Analytical and Projective Geometry” with second-year students at
Margulan University, we used pre-developed indicators and test materials to diagnose the level of
development of the research abilities of future mathematics and physics teachers [11]. During the
study, we used the levels we developed: high, sufficient, threshold, low, critical, which made the
assessment more objective [11]. During our study, students were not divided into control and
experimental groups. We carried out diagnostics at the beginning of using the educational and
methodological complex and after. The criteria are shown in Table 2.

Table 2. Criteria of the level of research skills formation

Criterion Level and score of research skills formation
Critical /1 Low /2 Cut-off /3 | Sufficient /4 High/5
A. Ability to see | No  interest | Delves into | Delves into | The problem | Able to research a
the problem shown the problem | as needed is  viewed | problem from
as needed one-sidedly | different angles
B. Ability to | No  interest | Doesn’t Produces a | Can reason | Able to hypothesize
hypothesize shown know how to | hypothesis | logically not only through
hypothesize | during logical  reasoning,
teamwork but also as into-itive
thinking
C. Ability to set | No  interest | Doesn’t Sets goals, | Knows how | Able to independently
a problem and | shown know how to | solves to set a | setsolutions and find
propose ways to put forward | problems problem but | ways to solve it
solve it a task together as | has
a team
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difficulty in

solving it
D. Ability to | No  interest | Doesn’t Makes Able to | Able to  analyze
analyze shown know how to | analysis analyze, has | results, draw
analyze when difficulty in | conclusions
working drawing
with a | conclusions
group
E. Ability to | No interest | Does  not | Makes his | Makes Can not only make
make judgments | shown know how to | judgments | incomplete | judgments but also
speak on the | with statements draw inferences
topic uncertainty
F. Ability to | No interest | Can’t repeat | Observes Draws Not only knows how
observe shown during and conclusions | to observe, but also
observations | understands | from his | draws his
problem observations | conclusions based on
solving those observations
G. Ability to use | No  interest | Does  not | Uses with | Uses in | Uses interactive
interactive shown know how to | the teacher | some cases | programs in problem
programs use solving
H. Classification | No  interest | Does  not | Only when | Able to | Able not only fto
skills shown know how to | working as | classify by | classify by general
divide by | a team common features, by the
common features course of decision,
features etc., but also to

distinguish common
es-sential features in
them

At the beginning of the semester, students showed low indicators, i.e., they were not able to find
and work with information, with literature, did not show persistence in solving problems, were not
able to analyze and correctly formulate the solution and the main points of the research, etc.

Taking into account that the maximum score is 5 and the minimum score is 1 score, we converted
the obtained indicators into scores

X_A+B+C+D+E+F+G+H

8

Subsequently, analyzing the results at the initial stage of the study, where the level of development
of research skills was low, we saw that threshold and low scores predominated. The level of
development of the students’ research skills with the use of the same methodology was repeatedly
diagnosed at the final stage. Let's conduct a statistical analysis using the Wilcoxon T-test and
determine whether there is an intensive shift in indicators in this direction (Table 3).

Ho: Post-experiment scores are higher than pre-experiment scores. Hi: Post-experiment scores are
less than pre-experiment scores.

The sum of the ranks column is equal to Y =666.

Checking the correctness of the matrix based on checksum calculation:

(1<+n)n

(1+36)36

= = 666

inj = 9

.
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Table 3. Application of the Wilcoxon T-test to determine the reliability of the shift in indicators of the level

of development of students' research skills and abilities

Before measurement, After Difference The absolute Difference rank
No p measurement, (t ) va.lue of the number

before tqfter before~Lafter, d lﬁ’erence
1. 2.8 2.8 0 0 8.5
2. 2.1 2.2 0.1 0.1 26
3. 3.2 3.2 0 0 8.5
4. 2.6 2.7 0.1 0.1 26
5. 3.1 3.2 0.1 0.1 26
6. 4.1 4.2 0.1 0.1 34.5
7. 2.3 2.3 0 0 8.5
8. 2.4 2.5 0.1 0.1 26
9. 3.1 3.1 0 0 8.5
10. 3.2 3.3 0.1 0.1 17.5
11. 4.2 4.2 0 0 8.5
12. 2.8 2.8 0 0 8.5
13. 2.8 2.9 0.1 0.1 26
14. 3.1 3.2 0.1 0.1 26
15. 3.2 3.2 0 0 8.5
16. 4.1 4.2 0.1 0.1 34.5
17. 3.1 3.1 0 0 8.5
18. 2.0 2.1 0.1 0.1 26
19. 3.1 3.2 0.1 0.1 26
20. 2.6 2.5 -0.1 0.1 26
21 2.2 2.4 0.2 0.2 36
22, 2.3 2.4 0.1 0.1 26
23. 3.1 3.1 0 0 8.5
24. 3.2 3.2 0 0 8.5
25. 2.6 2.7 0.1 0.1 26
26. 2.6 2.5 -0.1 0.1 26
27. 3.1 3.2 0.1 0.1 26
28. 3.2 3.2 0 0 8.5
29. 4.0 4.1 0.1 0.1 17.5
30. 4.6 4.6 0 0 8.5
31 2.5 2.6 0.1 0.1 26
32. 2.5 2.5 0 0 8.5
33. 2.1 2.1 0 0 8.5
34. 3.3 3.3 0 0 8.5
35. 3.4 3.4 0 0 8.5
36. 3.4 3.5 0.1 0.1 26

Sum 666

The column sum and the checksum are equal, so the ranking is correct. Now let us mark the
directions that are atypical, in this case, negative. The sum of the ranks of these “rare” directions is
the empirical value of the criterion T: T=) Rt=26+26=52

We use the table to find the critical values for the Wilcoxon T-criterion for n=36: T=185 (p<0.01).
T=227 (p<0.05). The zone of significance in this case extends to the left; indeed, if there were no
“rare”, in this case positive, directions at all, then the sum of their ranks would be zero. In this case,
however, the empirical value of T falls into the zone of significance: Temp<Tc(0.01). Hypothesis Ho
is accepted. Post-experiment indicators exceed the values of pre-experiment indicators.
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A statistically significant positive shift was noted: indicators of the level of development of
research skills at the final stage increased compared to similar indicators at the first defining stage.

The study of the formation of research skills and abilities when studying the module of the
discipline “Analytical and Projective Geometry” showed positive statistics. Thus, the results obtained
from a small sample are reliable. They can be extended to the entire population of subjects and contain
methodological recommendations.

Conclusion

The analysis of the results of our research on the problem of formation of students’ research
abilities allows us to talk about the significance and feasibility of using interactive programs, in
particular, the dynamic system GeoGebra, which favorably affects the students’ understanding of the
educational material in the study of the discipline “Analytical and projective geometry”. The level of
learning on the topic is not reduced if you use computer dynamic drawings instead of paper textbooks
and notebooks. This does not mean that it is necessary to give up writing, but partial replacement of
manual writing with computerized drawings takes place.

This study is aimed at ensuring the purposeful mastering by future teachers of mathematics and
physics of the theoretical foundations of research activity through the formation of their research
skills of a generalized nature and at organizing special training of students to carry out research
activities in geometry lessons.
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