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YBOJAHA PEY

[IpBa Hayuna xoH(epeHIMja Meilioguuxku aciiexitiu Haciiage MattieMaiiuxe
onpkana je 2008. rogune Ha [legaromkom dakynrery y Jaroguan. 300pHUK pajoBa
ca KoH(epeHIHje caapkao je YKymHo 11 pajgoBa CAaoNmIITEHHX HA CAMOM CKYITY.
[IpumapHuu 111k 0Be KOH(pEpeHIHje OHO je OKyIUbamke JoMahux CTPYYmaKa KOju Cy
ce 0aBwIM MpoOIeMUMa M UCTPAKUBAGEM MAaTEMATHYKOT 00pa3oBama U yHanpehu-
BarbCM HACTABE MAaTEMAaTHKE Y OCHOBHOj IIKOJH. 300T BEIHKOT MHTEPECOBAama HE
caMo yYeCHHKA U3 3eMJbe, Beh ¥ M3 HHOCTPAHCTBA, OJIYYCHO je Ja ce KOH(EpeHIH-
ja opranmsyje Ha cBake TpH roauHe. C 003UpoM Ha TO Jia Ha HAIllUM MPOCTOprUMa He
MOCTOJM OKYIUbAKE CIMYHE BpCTe, Mellioguuky acilexkitiu Haciiaée mattematiuxe
NPECTaBIba]y JEMUHCTBEHY NMPWINKY CBHMA KOjU ce MmpodecnoHanHo OaBe mcTpa-
JKUBAaEEM MaTEMaTHYKOT 00pa3oBama Jla pa3MeHe CONCTBEHA MCKYCTBA, ajli U Ja Ce
VIIO3HA]y Ca aKTyeITHUM TPEHIOBUMA U Mpo0IeMUMa CaBpeMEHE HACTaBE MAaTEMaTH-
Ke, ca MoryhHocTHMa pa3BHjama, yHanpehuBama 1 MOJIepHH3AIIN]je HACTABHOT TPO-
1eca U yuewma Matemaruke. Jlpyra meljyHapoaHa koHdbepeHuja Meitioguuku actie-
Kitiu Hactiase matiemaiiuke Il onpxana je 2011. roguae Ha dakynreTy nemaronmi-
KHX Hayka YHHBep3uTera y KparyjeBily, a kao pe3yirtaT pajga oBe KOH(epeHIHje
o0jaBJbeH je 300pHUK pazioBa ca 42 paga cTpaHux u noMahux ayropa.

Beh tpamunnonannau Tpehu ckyn, Mewmioguuku aciiexitiu Hactiiage Mamiemaiiu-
xe I1I, opranusoBad je 2014. rogune Ha dakynTeTy MEAArOMIKUX HayKa YHHBEP3H-
teta y KparyjeBiy. Tana je cBoje pamoBe caonmrTio 51 y4eCHUK U3 3eMJbe€ M UHOC-
TpanctBa. [Iporpamcku oa00p KOoH(DEpeHIMje YMHWIM CYy €MUHEHTHH jaomahu u
CcTpaHu cTpyumanu. OjpxaBambe OBe KOH(eEpeHIje u IyOIuKoBame 300pHHKA
panoBa omoryhuso je u puHAHCH]CKU TIOpkKaio MUHUCTAPCTBO MPOCBETE, HAYKE U
TEXHOJIOMIKOT pa3Boja Penybmuke Cpouje.

300pHuK pamoBa ca Tpehe MehyHapomHe KoH(pepeHIHUje caapKu YKymHO 27
pamoBa, KOju MpeICTaBibajy jelaH Ie0 PagoBa CAOMIITCHUX Y OKBUPY clieaehnx mer
TeMaTcKux rpymna: 1. HoBu mpucTyny, TpeHIOBH M UCTPaXUBaKka y MAaTEMaTHIKOM
oOpazoBamy 2. MyITUANCIMIDIMHAPHOCT Y METOAWIM W HACTaBU MaTeMaTuke,
3. Undopmarrione TEXHOJIOTHjE Y HACTaBH MaTeMaThke, 4. MicTopuja MaTemMaTuke u
MaTeMaTHIKOT 00pa3zoBama M 5. Ileqaromko-mcuxoaonKe aclieKTH MaTeMaTHIKOT
obpaszoBama. OBaj J1eo pajoBa HAIIAo je CBOje MECTO y IMyOIMKalrji UCKIBYYHBO T10



IBa kpuTepujyma. [IpBu KpUTEpHjyM je KBAITUTET, YeMY CYy 3HAUajaH JOIPUHOC AU
peuensentu n3 CpOuje U MHOCTPAHCTBA, a APYTH je OO Be3aH 32 caMy TEMaTHKY U
aKTYeIHOCT pajgoBa. PamoBu cy mocBeheHn pa3nuiuTHM TEOPHjCKUM M IPAKTHIHUM
OUTakIMa MaTEMaTHYKOT 00pa3oBama M HACTABE MAaTEeMaTHKE, Pa3TUUUTHM pUa-
3UMa ¥ MOTYhHOCTHMa METOJINYKe TpaHChopMallje MaTeMaTHUKUX CcallpKaja, pH-
MEHH CaBPEMEHUX WH(POPMAIIMOHUX TEXHOJOTH]ja, KA0 ¥ BE3H Ca OCTAJIMM HACTaB-
HUM TpEAMETHMA.

O06jaBipHBame OBOT 300pHUKA MPECTaBba Takohe ycremaH Kopak Ka odyBa-
By W TOJICTHUIIAKY Ccapaliibe ca Kojierama M HaydyHHUM HHCTUTyIHjama u3 CpOuje u
WHOCTpaHCTBA. Heku oJ1 pajoBa Be3aHH Cy 3a pa3BOjHE MPOjEeKTe, 0]l KOjUX moceOHO
uctruemo mehynapomanu nporpam Komenujyc Improving educational effectiveness
of primary schools (538992-LLP-1-2013-1-RS-COMENIUS-CMP) xoju je ycme-
peH Ha yHanpehuBame kBauTeTa 00pa3oBama y HAIlOj 3¢MJBH.

Unak, najehu monctuiaj 3a opraHu30Bame OBOT CKYIIA jecTe yBepeme na he
pe3yiTaTH KOjU Cy INpel Hama OOOTaTHTH W YHAIPEAUTH KaKO TEOPH]y, Tako U
IIKOJICKY TIPAaKCy, W IOCIYXXHUTH Kao MHCIHpAIHja 3a HEKa Jajba H3ydaBarma OBHX
npobiiema u ojctahu Heka Oyayha ucTpakuBama.

Homu. np Anekcanapa Muxajinosuh
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USE OF FREE SOFTWARE IN MATHEMATICS CLASSES AND
PRESENTING THE RESULTS OF THE RESEARCH

Summary. Does the technical equipment of the classrooms bring better results in mastering
the teaching program by the students?

To answer this question we conducted a research which will be presented in this paper, and
will determine the quality of knowledge which the students get, when learning the topic “Con-
struction of triangle and quadrangle”, with use of free software Geogebra and informatics-
mathematics approach, by comparing the achieved results on the diagnostic and the final test, of
the experimental and the control group. The experimental group of students is learning the topic
with use of free software and constructions made on computer, and the control group on classic
way with ruler and caliper and constructions made in notebook. By now, this kind of research was
successfully made on one generation of students. Now with the use of online tests we are expand-
ing the research on new generation of students. The results that we will get from the research, we
will summarize in statistical tests, which can help to compare the results obtained on the testing
between the two groups of students, and also to compare with the results obtained from the past
researches.

Key words: free software, construction, ICT, online test, compare.

Introduction

Good technical equipment of the educational institutions in Republic of Mace-
donia and permanent education of the teaching staff for using of ICT in education,
lead to positive climate for the using of ICT in teaching, both from the teachers, and
from the students. But for us to have real applying of ICT in the teaching, we need
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to use informatics — mathematics access for performing of the teaching, where the
preparations are made from active educators who are good IT specialists and
mathematicians, and the students are actively included in performing the teaching
with use of ICT.

Why to apply ICT in the teaching of mathematics?

Because the students and the teachers use and communicate between each other
with computers, mobiles, tablets... so it’s good to use them in the teaching; because
it develops creative thinking by the students, helped by the teachers; because the
proofs for the theorems and the tasks with use of free softwares, we can visually
show them on a monitor; because the IT is our reality that we live in.

With the use of the free software Geogebra, we will present one characteristic
example from the theme “Construction of a triangle” which can be resolved practi-
cally and shown visually (Stojanovska L, Trifunov Z, 2010), and then we will pre-
sent the results that are acquired from the research, in which are included two
groups, one group uses Geogebra for realization of the teaching contents from the
same theme (Ligelfjard T, 2011), and the other group uses classical way without
applying of ICT.

Goal of the research

Main goal of the research that is conducted and presented in this topic is de-
termining the quality of the knowledge gained by the students, while learning the
theme “Construction of a triangle”, with the applying of ICT and informatics —
mathematics access, opposite to the classical way of processing the theme and the
knowledge gained by the students, through comparing the results achieved on the
diagnostic online test and the final test, of the experimental and control group, which
are sublimated in statistical tests and evaluation of the hypothesis for the mathemati-
cal expectation when known dispersion of the data.

Example on Construction of triangle with use of ICT

First, let’s see one example from construction of a triangle how can be resolved
with applying of Geogebra.

To resolve a constructive task, it means to draw some geometric figure with
help of given tools for drawing. Ancient Greeks considered that “real geometric
construction” is the one that can be done only with ruler and calipers (Samardziski
A., 1988). In our schools we learn only constructions with ruler and calipers, that’s
why in this topic we will look only at these constructions. In practice there are con-
structions with one ruler, with two rulers, with one caliper or with other tools, which
won’t be examined here.
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Resolving of one construction task isn’t consisted only of the drawing, con-
structing the figure, but often in the answer of the question how to perform the con-
struction and to proof that the construction is possible, while solution of one con-
struction task we will understand every figure that meets the conditions of the task.

Stages when resolving of construction tasks are: analysis, construction, proof
and discussion. As we have written before, resolving of construction tasks in this
topic we will present with the help of the free software Geogebra. We will look at all
four steps and we will make a comparing of the classical way of construction with
help of ruler and calipers, and construction with help of Geogebra.

Task

Construct right triangle if it has given height 4. and the subtraction of the legs
a-b (a>Db).

Analysis

In this example, we will make the analysis algebraic. Even in many examples
while analyzing we can use the free software and visually determine the dependency
of the given elements.

First step is to determine the hypotenuse c¢ (algebraic way) of the required tri-

angle, and the task will be simplified.
Let a —b=m . Square of the expression a —b=m is a* —2ab+b> =m’ ... (1)
a-b c-h

From the formulas for the area of a rectangular triangleP:T: 5

follows
a-b=c-h ...(2)

If in equation (1) we replace equation (2) and the Pythagorean Theorem
a’+b’=c’, we get ¢ —2ch, =m’, i.e. ¢’ —2ch, —m’ =0. Solution of the quadratic

2h, + (4R +4m’

2

equation through c isc,, = , after settling and review only the

positive solution we get ¢ =h, ++/h’>+m’ =h_+x , where x is the hypotenuse of a
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rectangular triangle with legs /4. and m. Then with intersect of semicircle above the
diameter ¢ and parallel line at a distance A, from c, is formed the third point.

Two lines on which are applied the segments m =a —b and hc
Ray through two points AQ

Circle k; with center 4 and radius m

Intersect of k| and ray AQ, point D

Line d, perpendicular line in point D of a line AD

Circle k, with center D and radius A,

Intersect of kyand ray d, point E

Ray through two points AE and segment AE = x
Circle k; with center E and radius £,
Intersect of kzand ray AE, point B (out of segment AE)

Perpendicular line in point B of a line AE. The procedures are repeated. Circle k, with
center B and radius Ac. Intersect of k, and the normal, point /. Line n, perpendicular
line in point / of a line BI.

Midpoint O on AB

Semicircle with center O and diameter AB

Intersect of semicircle and line n, point C

Triangle ABC

Proof

The Triangle ABC fulfils the set conditions, according to their size and positi-
on.

Discussion

If m >0, then the task has two solutions ABC1 and ABC2.

206



Use of free software in mathematics classes

~

-

If m =0, then the task has one solution ABC (Isosceles right triangle).
n d
Jn=a_b -—-

~
P
hC 4 A

Research

This new way of resolving construction tasks with the help of Geogebra is ap-
plied while realizing of teaching classes for construction of a triangle.

By random choice there are picked two classes with 30 students or 60 students
together on who the research is made. From the first class (experimental group) 26
students and 24 students from the second class (control group) agreed to allow their
results to be used in the survey. Thus, the sample size is 50 students divided into two
target groups.
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s =
SRS
S5 o3
5 2%
ST v O
Total 26 24 O First group Experimental B Second group Control
Table 1. Groups Graph 1. Groups

Students in both groups had studied solving constructive assignments in sixth
grade, elementary school. So first we gave online diagnostic test to determine the
initial knowledge of the students from the "Construction of a triangle" topic. In this
research, the experimental group studied the topic using the free mathematics soft-
ware Geogebra, to which the students were previously introduced, and the informa-
tion — mathematical approach was used throughout the teaching. The second group,
which is the control group, was taught in the traditional way for studying the same
topic, that is, with the help of a ruler and a compass. At the end of the topic, a final
test was made, which determined the newly acquired knowledge of students.

Statistical processing of the data

The data that is particularly relevant for the testing of the statistical hypotheses
concerning the main objective of this research in this paper is presented in the table
and graphic (Pachemska S., et al., 2014). Graphical view of the results of the stu-
dents from the experimental and the control group of the online diagnostic test are
shown on Histogram 1 and Histogram 2.

Arithmetic average: 75,38 Arithmetic average: 75,42
Standard deviation: 18,65 Standard deviation: 18,02
Scope: 26 Scope: 24

7 6

6 PL 5

5 ’f \\ 4

4 7 »- 2

3 -

2 o7 2 j

l l _

0 T T T T T T 0 T T T T T T

40 R0 60 70 80 90 100 40 R0 60 70 80 90 100

Histogram 1. Results of the diagnostic test of the Histogram 2. Results of the diagnostic test of
experimental group the control group
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The average results of the diagnostic test of the two groups are approximately
the same. We use the t-test for evaluating the equivalence of the mathematical ex-
pectation.

Zero hypothesis: H,: E (X) = E (Y), where the signifier X is the random
variable "results of the students from the experimental group of the diagnostic test,"
the signifier Y is the random variable "results of the students from the control group
of the diagnostic test". E (X) and E (Y) are their respective mathematical expecta-

tions.

Alternative hypothesis:H, : E(X)#E(Y).

The scope of the samples is n, =26and n, =24 . The standard deviation o
assess based on the adjusted standard deviation of samples s, =19,02 and
s, =18,41. The estimation the standard deviation is ¢, =14,997 . The test value is
t=-0,006.

The level of significance of the testis @=0,05, 7, ., 05 =2,0114.

The critical domain is B=(—0;-2,0114)U(2,0114;4+<). We get
—0,006 >-2,0114 . Thus does not belong to the critical domain and we accept the

null hypothesis and reject the alternative hypothesis.

With probability of 95% we can conclude that both  groups have the
same initial knowledge of the given topic.

The results of the students from the experimental and control group for the fi-
nal test are presented Histogram 3 and Histogram 4. The average result on the final
test of the experimental group is higher than the average score of the control group.
We use the t-test for evaluating the equivalence of the mathematical expectation.

Arithmetic average: 85,38 Arithmetic average: 78,96
Standard deviation: 15,31 Standard deviation: 14,65
Scope: 26 Scope: 24
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Histogram 3. Results of the final test of the Histogram 4. Results of the final test of the
experimental group control group
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Zero hypothesis, H,: E(X)<E(Y), where the random variables are “results

of the students on the final test” with signifier X for the experimental group and

signifier Y for the control group. E(X)and E(Y) are their mathematical expecta-
tions.

Alternative hypothesis, H, : E(X)>E(Y).

Standard deviations of the sample s, =15,62 and s, =14,96. Estimation of
the standard deviation o, =14,997 . The test value is #=2,301.

The level of significance of the test =0,05, 7, ., s =1,6794.

The critical domain is B =(1,6794;+c) . Comparing 2,301>1,6794, we see

that t penetrates deeply into the critical domain, and therefore we reject the null
hypothesis and accept the alternative hypothesis.

This means that with probability 95% we can conclude that the results of the
students after the learning the construction of a triangle with the information -
mathematical approach and the use of GeoGebra, are significantly better than the
results of the students that studied the same content using the classic way.

Does the use of ICT equally affect the quality of the knowledge that students
gain at all phases of solving the constructive tasks?

To answer this question, we compare the mathematical expectations for each of
the phases separately and determined which of the stages in solving constructive
tasks statistically differs from the obtained results. In the first three phases: analysis,

construction and proof, we use zero hypothesis H,: E(X)=E(Y), where the ran-
dom variables are: "results of the students on the final test at the appropriate phase"
with X for the experimental group and Y for the control group and alternative hy-
pothesis H, : E(X)#E(Y). The level of significance of the test & =0,05 giving the

critical domain B =(—0;—2,0141) U (2,0141;4cc) and whether the hypothesis Hgis

rejected or not?

At the analysis, t = 0,062, comparing 0,062 < 2,0141, the zero hypothesis isn’t
rejected,

At the construction, t = 0,085, comparing 0,085 < 2,0141, the zero hypothesis
isn’t rejected,

At the proof, t = — 0,174, comparing — 0,174 > — 2,0141, the zero hypothesis
isn’t rejected.

The fourth phase: discussions, we use zero hypothesis H,: E(X)<E(Y) and
alternative hypothesis H,: E(X)>E(Y). The level of significance of the test
a=0,05 giving the critical domain B = (1,6794;+c) and whether the hypothesisHy

is rejected or not?
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At the discussion, t = 2,828, comparing 2,828 > 1,6794, the zero hypothesis is
rejected.

In the results that the students scored in the first three phases the zero hypothe-
ses is not rejected and with 95% probability the results statistically do not differ and
depend on the method of teaching. In the fourth phase the null hypothesis is rejected
and with accuracy of 95% the alternative hypothesis is accepted showing that the
results from the first group statistically differ when compared to the results of the
second group. The results achieved in the final test of the experimental group are
better than the results of the control group, which were confirmed by the t-test.

Conclusion

In this topic using the laws of statistics it is shown that, performing the teach-
ing for construction of a triangle with help of informatics technology and free soft-
ware GeoGebra, significantly improved the knowledge of students. Also it con-
firmed the expectations from this research that, the intergraded approach of using
the information — communication technologies in visualizing the problems with
information — mathematics approach for processing of the contents, positively im-
pacts the quality of the knowledge on the students.

Bettering the knowledge can be connected with the gaining of motivation for
learning the subject mathematics with use of the computers, visual assets and anima-
tions which can be made by the students.

After finishing the processing of the teaching content an anonymous survey
was made, on which were asked questions about the way of performing the teaching
and should this way of processing the teaching contents of mathematics continue.
92% from the students were satisfied and showed desire to process the next teaching
contents with informatics — mathematics approach.

Using of informatics technology and free softwares for teaching mathematics,
contribute to have positive changes at the teachers and the students.

Positive changes at the teachers are: motivated teacher for work, a lot of differ-
ent opportunities for achieving the educational goals, more quality made prepara-
tions, more initiatives for self-improvement.

Positive changes at the students are: increased activity of the students while on
class, motivation for learning, opportunity for mutual cooperation, acquiring of per-
manent and applicable knowledge.

Using of informatics technology and informatics — mathematics approach while
realizing the teaching, we can say that leads to, teachers and students use the infor-
matics technology as a learning tool, and not as a goal in itself, because it contrib-
utes for bettering the quality of the knowledge on the students.
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YMNOTPEBA BECTIJTATHOI COPTBEPA Y HACTABN MATEMATUKE
N PESYNTATU NCTPAXUBAHA

Pesume. Jla mu TexHn4Ka omnpema y ydrnoHunu obe3belhyje Oosbe pesynrare y caBiafaBamy
HacTaBHOT nporpama? Jla GMCMO OJArOBOPHIIM Ha OBO MHUTAH-E, CIIPOBEIIM CMO HCTPAXKUBAKE KOje
heMo y OBOM pajy MpeACTaBUTH U Koje fie oKa3aTh KBAaIUTET 3Hama KOje yYCHUIHU cTHYy yuehu
HacTaBHy jenununy “‘Koncrpyucame Tpoyria u uerBopoyria” y3 kopumiheme GecruiaTHOr cod-
TBepa I eoie6pa n nHHOPMATHIKO-MATEMATHYKOT TIPUCTYTIA, ynopehuBameM 100HjeHUX pe3ynTara
0 KapaKTepUCTHUKaMa M (pUHAIHOT TecCTa, KOJ eKCIICPUMEHTAIHE U KOHTposHe rpyne. Excnepu-
MEHTaJIHa Tpyla y4YeHHKa je y4uia OBy HACTaBHY jeMHHIly y3 momoh OecruiatHor codTBepa U
KOHCTpYKIHja ypal)eHHX Ha KOMIIjyTepy, a KOHTPOJIHA Ipylia Ha KJIaCHYaH HauKH, IOMONy JIekHpa
U IIecTapa U KOHCTpyKuuja ypalhenunx y cBecuu. OBaj THI HCTPaKUBama 0 Cajla je YCIELIHO
CIIPOBEJICH Ca jeTHOM IeHepanujoM yuyeHnka. KopunrhemeM ,,0H JajH* TecToBa caja CMO MPOLIHU-
PHIIM UCTPXHUBAE Ha HOBY TeHEpalljy ydeHHKa. Pe3ynTate koje heMo NJOOUTH y MCTpaKHBamy
o0jenuHnheMo y CTaTHCTUYKMM TECTOBHMA KOjU MOTY Jia JONpPHUHECY yrnopehusamwy pesynarara
J0OMjeHNX Ha TecToBMMa U3Mel)y JiBe Ipyrie ydeHHKa, alld U ynopehiBamy ca pe3ynraTima Iper-
XOJIHUX HCTPaXKHUBaIba.

Kmwyune peyu: GecrmatHu copTBep, KOHCTpYHCamke, HH(POpMaIMOHa TEXHOJIOTHja, ,,0H JajH
TecT, ynopehusame.
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