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The article presents the possibilities of the Gdn&e
dynamic geometry environment which can be used
for conducting experimental research work. Comput-
er experiment as a method of research serves-to dis
cover new knowledge, to test hypotheses, to involve
students in the active process of learning new rinate
al. Freely-distributed GeoGebra's dynamic geometry
environment which has a Russian version and a
friendly interface that can be conveniently usethbo
in classrooms and at home, is chosen as a computer
technology for implementing a computer experiment.
There are described possibilities of the tools ueed
implement the computer experiment. Among them
are tools for detecting the metric and positioealf
tures of the object, obtaining information abow th
relationship between metric and positional featafes
objects, a parametrical task of changes of siag-cr
tion of experimental data tables. The experimental
capabilities of the GeoGebra dynamic geometry envi-
ronment are revealed by the examples of solving
some elementary geometry problems about the sim-
plest of polygons - a triangle that attracted tthera

tion of both ancient scientists (Menelaus and ather
and scientists who are closer to our time (Eulen-P
celet et al. ). Capabilities of the system for tirep
dynamic drawings, tables of experimental data and
their application in conducting research work are
demonstrated on the example of Menelaus' theorem
presented in a more accessible form than in the tex
book of geometry 10-11" forms (authors L.S. At-
anasyan, V. F. Butuzov, etc.)
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1. Introduction

One of the requirements of the Federal State EnunadtStandard of the
general education of the new generation is theactse ideas of design and re-
search training in secondary school which can @amented at the expense of
extracurricular activities of pupils in the prepsrya and implementation of edu-
cational and research projects as well as throbghricorporation of research
training elements in subject preparation [1].

In a pattern basic educational program of basicaiihn Mathematics is
regarded not only as the main subject in mastehegoasics of theoretical re-
search but also as an area for formation of stallsonduct experiments and re-
search in virtual laboratories, acquisition of Iskiprocessing and analysis of
empirical data knowledge-based statistical elemdifitgs, the new requirements
of the of the Federal State Educational Standarde®re the general mathe-
matical education system a problem of formatiorth®/students some research
experience both theoretical mathematician and madhieian-experimenter.

The idea of a research approach in training mattiesns not new. One
of the first M.V. Lomonosov realized this idea iragtice. In the middle of the
XVIII century he introduced the «experimental methon teaching Physics and
Mathematics for gymnasium pupils at the Academysoiences of St. Peters-
burg and then at the University of Moscow justifyithe need for its use with
the fact that the whole process of human knowledgketermined by the needs
of practical activity.

M.V. Lomonosov proposed to begin explanation ofrieev material with
setting special demonstration experiments makimgtthth of scientific state-
ments visual that would encourage the developmemiterest and demand on
knowledge [2¢. 23].

The idea of research training in mathematics was lrothe XVIII centu-
ry as an idea of rapprochement with elements afitr@ of scientific research.
Then it was developed in the XIX and XX centurigsitmproving the forms,
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methods and means of its implementation in educaltipractice [3¢. 40].

In 1960 our national well-known pedagogue B.E. Baigroposed a new
term «research method» as @ method of reasoning from particular facts, in-
dependently observed and studied by schoolchildféne. 328]. He identified
the following stages in the application of the egsb method:

1) observation and statement of questions;

2) construction of assumed decisions;

3) research of assumed decisions and choice one afdkeverisimilar;

4) verification of the hypothesis and its final stagmn

Recent years new research training models of tegeahathematics began
to appear due to the implementation of internatiaegentific and educational
projects. Among these projects we can draw atteritdhe project «Fibonacci»
[5], the project «Developing Key Competences byhéatatics Education» [6],
the project «Mathematics and Science for Life» {li§ Russian-Bulgarian pro-
ject «<Methods and Information Technologies in Edioce [8].

To implement the idea of a research approach iohteg mathematics
one start to use computer technology widely. Eadigperiments were time-
consuming to implement them in practice of math&sataching but with the
advent of computer technology the feasibility oinputing and graphics exper-
iments has become not only possible but also excfor pupils.

The appearance of automated scientific researd¢baragan the late 70s of
the 20th century led to the spread of an experiateagproach in mathematics
that brought the mathematics methodology closénéanethodology of the nat-
ural sciences. The concept of «computer experimappeared.

Computer experiment was originally understood a®del experiment in
which the object of research is completely modatedigital form on a comput-
er. The term «computer experiment» came into ththodelogical science in
connection with the solution of the problem of imf@tional support of educa-

tion. Most researchers consider it as a kind of ehedperiment where a virtual
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model acts as a substitute for a real object ocge®. There is also a point of
view for a computer experiment asax experiment with data on the results of
monitoring the behavior of the system being studstdred in electronic work
sheets in order to predict the behavior of gived similar systems outside the
observation area» [, 68].

Computer experiments have many advantages ovendheal experi-
ment:

— low cost of computer experiment (computer / compusee needed);

— possibility of multiple repetition of the researtask for various initial
data;

— possibility of obtaining a large amount of data @tihe behavior and
features of the object for a short period of time;

— possibility of performing the experiment both irethcademic and ex-
tra-curricular time.

Relating to the method of teaching mathematics care consider that a
computer experiment is the manipulation with vilto@dels of mathematical
objects regardless of their complexity and scalepmpanied by either the data
gathering of the objects features being studiet Wieir setting or by observing
the nature of the change of these features ondh®guter screen with subse-
guent analysis of the received results. In vievinef fact that computer mathe-
matical experimentation supposes the practice tHiming knowledge about the
object of research, identifying features and depanigs in this object, comput-
er experiment can be a means of obtaining and magtienowledge in mathe-
matics [10c. 458].

Thus, a computer experiment allows (Fig. 1):

— to determine the characteristics of the objectcicoedance with given
conditions;

— to reveal the features and dependencies in thetoljeler certain ad-

ditional conditions;
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— to confirm or refute the hypothesis of the resegtdhc. 23].

In mathematical science the relation to comput@earents is ambigu-
ous. Despite the possibility of obtaining a viscahfirmation of the truth of the
scientific factors, there remain doubts about &ialbility of the obtained results
and the importance of their logical proof.

As I.F. Sharygin marked: «... a computer is a wegful tool in geometric
researches. With its help it is possible to discavew interesting geometric
facts experimentally. The most important role tovar these facts (only!) re-
mains for a person» [12, 51].

Construction of the object under study

h 4
,| Research of object behavior under given
construction conditions

h 4

Setting of recerved results

h A

Conclugion of object features

should construction
conditions be changed?

Analysis of received results

Fig. 1 Computer experiment

2. Materials and methods

Target of research: to demonstrate the experimexaadbilities of Dy-
namic Geometry Environment GeoGebra. Main sourca® wthe journal publi-
cations and GeoGebra software.

During the experimental work on the issue of thelarwere used: theo-

retical methods (collection and analysis of materaa research problem); ex-
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perimental methods (the computer experiment).

3.Discussion

Computer experiment conducted by means of Dynaneiont&try Envi-
ronment is a kind of model experiment in which aalyic drawing (model) of a
geometric configuration occur as an object of st{iBj c. 42]. The ability to
apply not only traditional instruments, (a ruleganpasses, a protractor, etc.) in
mathematical practice but also to use universaparcial purpose software is
one of the important instrumental research skiilstodents.

The didactic possibilities of Dynamic Geometry BEoniment GeoGebra
are described in details in works [14,117; 15, c. 46; 16, c. 561]. Let us con-
sider the methodical and graphical capabilitieshef system from the point of
view of realization of a computer experiment.

The list of computer tools in Dynamic Geometry Eomiment GeoGebra
includes:

— a standard set of tools that allows to create bgsametric objects
such as a point, a line, a circle, a vector, aguhy an angle;

— a set of tools that perform additional operationsgeometric objects
(dividing a segment in half, dividing an angle imtof equal parts and others);

— tools that allow performing experimental and reskarork (measur-
ing the length of a segment,

— measuring the size of an angle, etc.);

- input of data, commands and functions in the irtipet

— ability to create animations - automatic movingrpeialong specified
trajectories.

We will separately consider the tools which carubed to implement the
tasks of the computer experiment (Fig. 2):

— tools for detecting the metric and positional feasuof the object

(«Distance or length», «Angle», «Area», «Straigie Inclination»);
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— tools for obtaining data about the ratio of me#imd positional features

of objects («Relation of objects»);

— the possibility of a moving point to leave a trgfsature of the object

«Leave a trace»);

— atool for parametric definition of changes in atity («Slider»);

— creation of  experimental data  tables (menu com-
mand««Type» «Tabley tool «Record in the table»);

— creation of dynamic texts («Text»).
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Fig. 2 Tools for a computer experiment

Let us demonstrate the usage of tools to identiéyretric and positional
features of the object («Distance or length», «Anyla tool for obtaining in-
formation about the relationship between metric poditional features of ob-
jects («Relation of objects») and the creation ywiainic texts «Text» for the
construction of the center of the circle circumised about the triangle .

The theorem (about one of the remarkable points tofangle). The mid-
dle perpendiculars to the sides of the triangle (ttediatrix) are crossed at one
point which is the center of the circle circumsedbabout the triangle [17,
c. 178].

The purpose of the construction: an experimentafigation of the predi-
cating that the middle perpendiculars to the smliethe triangle are crossed at

one point which is the center of the circle circanized about the triangle.
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Algorithm for constructing a dynamic drawing (F8):

Steps of construction

Computer tools

Make an arbitrary the triangle ABC

«Polygon»

Make the middle perpendiculars to t
sides of the triangle.

Mark crossing pointof the middle per
pendiculars O as the intersection of two
jects.

To rename points, use the feature of the
ject «KRename»

neThe median perpendicular»

- «Intersection of two objects»
pb-

ob-

g

Mark crossing pointef middle perpendic
ulars with the sides of the triangle R, S
Construct the segments OR, OS, OP

-«Intersection of two objects»
K¥Two-point segment»

Check properties of the middle perpendictbPistance or length»

lar constructed to the sides of the triangl

e«cAngle»

Check that the point O belongs to the n
dle perpendiculars

Hide perpendicular lines using the obj
property «Show the object»

nicRelation of objects»

Ct

Measure the lengths of the segments
OB, OC.

CAistance or length»
«Relation of objects»

Check the equality of segments

B

O - LleHTp onncaHHOW OKPY»KHOCTU

AO = 9.49
BO = 9.49
CO = 9.49

Fig. 3 The construction of the triangle's mid-perpendicula
and the circle circumscribed t
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For the experimental verification of the statemest use the following
GeoGebra tools:

— tools for detection metric and positional featuoéghe object («Dis-
tance or length», «Angle»);

— tools for obtaining information about the ratioroétric and positional
features of objects («Relation of objects»);

— creation of dynamic texts («Text»).

Usage of the tool «Relation of objects» allowsais\taluate the results of
a geometric construction: belonging of the pointhe pointed segment or the
line, equality of the lengths of two segments @kgments will not be identical
because of their different locations) (Fig. 4). Bymc text displays the charac-

teristics of the examined drawing objects.

GepGebra - DrHome i

1) Touka O nexwur Ha Mpsamaa d || 1) Touka O nexuT Ha MNpsamas e

(4ncneHHoe coenageHue) (YMcneHHoe coBnageHue)
Nk

f \ Geoleebra - Drsome ume

Tl it O lies on il ; The line d is the middle per-
i o ll) ol B 1e:; : 11_ 1‘e 2. Touka O/fexvT ba Tpaman f pendicular of the segment
mesd dhimierical Some (uncnerHoe cosnaperue) between the points A, C
dence)

E_rlpsuaa d: CpeauHHLIR NEpNEHAKKYNAD OTRE3Ka Mexay TouKaMM A, Ci|
?I'lpslmaﬂ e. CpefvHHLIA NepNeHaMKYNApP OTpeska Mexay Toukamd B, A
!r‘lpwavz f: CpeguHrel NepneHguKyNAp oTpeska Mexay Toqkamu C, Bl

Fig. 4 Check that the point O belongs to the middle pedjperars

From the history of mathematics it is known thatngnanathematical re-
sults were obtained during the research, througlerxents and inductive rea-
soning and only later they were proved by a dedachethod.

For creation of the dynamic drawings saving an rdtigm of creation of
geometrical models in case of the changing valdieme or several values the
Slider tool is used.

Slider is a tool that contains a point-slider fyeglovable along some line.

A value is associated with this point, which isdiss a parameter. In case of re-
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location of an engine of the slider from smallelueato bigger it is also back
possible to watch behind change of properties ®fthdied object depending on
a parameter value.

The characteristics of the tool «Slider» are: theameter type (Number
or Angle), the parameter name, the minimum and maximum \@&fltlee param-
eter (the range of allowed values), the step optrameter change (Fig. 5).

Additional characteristics of the tool «Slidetan be defined in the tab
Slider: the variant of its location (horizontal wertical), the prohibition or per-
mission to move it in the graphics window with thelp of the mouse («check-
box» fixed), the size (the Width window). The animma capabilities of the tool
«Slider» are defined in the Animation tab.

After determining all the characteristics, a slideage appears in the
graphics window and in the object panel appearsa@ dbject (name and value

of the parameter).

Koo pauHaT DanorHuTens“o CueHapum
o Lo Lieer

; WiHTapsan
Yncno i
¥ron - MiAH.: O Maxc.: 3 Lar: 0.1
Lignce Yiene - cnyuamos yueno MonayHox
Memepean MonayHor AHsaayws ARpennEHHLIl TCNYYaRHoE YKCHO ropuIoHTaNbBHEE -
MHH.. -5 Makc. S War;, 0.1 AHHMALMR

MpuMersTs || OTMeR CropotTh: 1 Moatep: = Konebakna

Fig. 5 Characteristics of the Slider tool

The Slider tool is used to perform research wottkhwhe following tools:

-a segment of a given length (one of the ends ofsdggment and its
length— parameter are specified);

- the angle of the set value (one of the sides oatigge, the vertex of the
angle and the value of the angl@arameter are specified);

- -the circle on the center and a radius (the cesfténe circle and a radi-

us— parameter are specified);
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- the homothety about the point (the projected objbet center and a ho-
mothetic coefficient parameter are specified);

- -the turn around the point on an angle (the soobgect, the center of ro-
tation and the angle of rotatienparameter are specified).

The possibilities of the Slider tool will be demtmased on the example of
Menelaus' theorem presented in the book «Spherbghwas written by the
Greek mathematician and astronomer Menelaus ofafilésia (about 100 AD).
This theorem is about the simplest of polygons,uaf@otriangle that attracted
attention of both ancient scientists (Geron, MamgldPtolemy) and scientists
closer to our time (Euler, Poncelet, etc.). With tfelp of it is easy and elegant
to solve a whole class of problems.

The Menelaus theorem is presented in Chapter \Bbmee Information
from Planimetry» of a textbook for the®™@1" grade [18, c. 200], which is not
mandatory for the basic level of preparation budessary for solving the prob-
lems of planimetry of the profile level in a ratf@mplex form, but with math-
ematical precision and completeness. We will carsidin a more accessible
form, conduct a computer experiment.

Theorem 1. If the points,Gand A are taken on the sides AB and BC of
the triangle ABC respectively, and the pointi8 taken on the extension of the
side of the AC, then the pointg,\; and B lie on the same line then and only

then the equality is performed:

AC, B4 BB, _,

CB AC BA
In a more accessible form: when composing the Mersekquality one

make a detour of the triangle in any direction spag from the vertex of the tri-
angle to the other peak vertex through the poimteisection of the cutting line
with the side or its continuation, completing tregalir at the top from which the

movement was started (Fig. 6).
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Teopema MeHenas

ACy
CB =344 AC, BA, CB;

C1B AC BA

=344 %0.95x0.3 =1

Fig. 6 Menelaus theorem

To open the relationship of the theorem we tryde GeoGebra instead of
using traditional tools (a pencil, a ruler, a cosg®s). To verify the truth of the
relation under study, using the «Move» tool fornpd, (or/and point A), we
observe the changes in the numerical characterisfithe objects of the geo-
metric construction having built, while preservitng basic algorithmic features
of the sketch with the help of the created dynateit, for the output of which
we use the «Inscription» tool. We come to the amsioh: changes in the char-
acteristics of the drawing objects (lengths of thsulting segments) do not af-
fect the value of the theorem: it remains uncharagetiequal to 1.

If it is necessary to record the observed changeka experimental data
table, one can use the «Slider» tool to changdethgth of the segment AC
which will cause the lengths change of the segm@éiigs CB,, B,A (Fig. 7).

http://ej.kubagro.ru/2017/04/pdf/18.pdf



Hayunsiit sxypHan KyoI'AY, Ne128(04), 201 Fona 13

| A | B C D | E
1 | ACy |k =AC;/CiB ko = BA;/A:C |ks = CB1/B1A| ky * ko * k3
2 | 5 2.11 0.95 0.63 1
3 | 5.1 1.76 0.95 0.6 1
4 | 52 1.86 0.95 0.56 1
5 | 53 1.96 0.95 0.53 1
6 | 54 2.08 0.95 0.5 1
7 | 55 2.2 0.95 0.48 1
8 | 56 2.33 0.95 0.45 1
9 | 57 2.48 0.95 0.42 1
10 | 5.8 2.64 0.95 0.4 1
11| 59 2.81 0.95 0.37 1
12| 6 3 0.95 0.35 1

Fig. 7 Experimental Data Table

If it is necessary to fix data on the observed geann the experimental
data table, then we use the GeoGebra capabilitieslkect the experimental da-
ta, that is the experimental data table that ajgpe@athe graphics window, when
you select the «View» «Table» command.

With the help of the «Write to the Tableool the studied drawing objects
as well as the expressions in which they can bd, e sequentially tabulated
into the columns, what is more the variable, oncllgharacteristics of the ob-
jects under study depend, is tabulated into tis¢ ¢mlumn.

Filling in the experimental data table for the istigated ratios of the
segments and their product is carried out for \eiaalues of the length of the
segment Agin the setting of fixed values of the lengths of gegment8A;
andA;C. It is recommended that the study should beedwut more than once
to verify the truth of the statement.

To demonstrate the proof of the Menelaus theoreencam create a step-
by-step proof in the form of a «live drawing» omsiagle canvas with a sketch
using the «Slider» tool (Fig. 8).
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Teopema MeHemas

AC, BA, CB,
LA S Y 6740.95%0.63 =1
C.B A,C B,A e ED

JokazaTenscTeo® _in=95,
1.MposBegem npamyto Yepes Touky C, napannensHyo AB.
OBo3HauNM TOUKY NepecedeHns 3Tol npsmMoi ¢ npamon C, B,

yepes D.

2.AAC,B,~ACDB, (4B, - o6wuin, 2A=2DCB, COOTBETCTBEHHbIE).
_AG _ ABy AC; (D

+ ﬁ_C_BlHﬂHA_BI_C_Bl( )

3.AC,BA,~AA,DC (£C,A,B=«CA,D BepTuKankHble,
2C,BA,=2£ACD HakpecT nexaLtyne).

__BA;  BG BA; A C

7 R: ﬁwﬂwB_Cl_ﬁ(z)
4.BbINONHWUM MnoyneHHo yMHoxeHue (1) Ha (2):

AC; BA; _CD AC AG BAL  AC  AG BA, (B .
AB;, BC, CB, CD ~AB; BC; CBy ~C;B AC BA

Fig. 8 Menelaus Theorem Proof
4.Conclusion

Widespread use in the practice of teaching compeatémology mathe-
matics allows making the process of computer erpartation less time con-
suming and more exciting.

GeoGebra's freely-distributed dynamic geometry @mvnent, which has
a Russian version and a friendly interface thatm®oonveniently used both in
classrooms and at home, is chosen as a compubeolegy for implementing a
computer experiment.

The presented capabilities of the GeoGebra syséenbe used to conduct
a computer experiment with the aim of discoveriegviknowledge, hypotheses
testing, involving students in the active proceksearning new material. The

obtained results of computer experiments give aa wf the dynamic geometry
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environment GeoGebra as a computer technologywhiabring visibility and

thrill to the practice of teaching mathematics.
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