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O KOH®EPEHILIN

[dpyra xoHdepeHIja 0 HacTaBu MareMaTuke 1 mHopmaTuke (The
Second Conference on Mathematics and Computer Science Teaching,
TEMATCOM 2026) je nHaumoHasiHa KoHdepeHIMja ca MebyHapomHMUM
yuerthem. Hakon m3ysetHo ycreniiHe mpse TEMATCOM 2024 xoHpepeHIje,
Koja je okymwia 97 mpepasava 1 AoHesa 61 wmsnarame, M Ha Taj HayMH
HajMalllla CBa O4YeKMBara OpraHusaTopa, ca pajolhy HacTaB/baMoO
peayn3aliyjy IIpBOOMTHE Mjieje O peIoBHOM Oflp>KaBarby OBOT CKyTIa.

Hacrapaunm u capagauum IlpuponHo-maTeMaTukor dakysiTeTa, a
npe cgera VIHCTUTYT 3a MaTeMaTHKy 1 MHQOPMaTUKY, Ka0 MHCTUTYIIMja Koja
BUIIIe OfI I10J1a BeKa IIIKOJTyje HacTaBHMKe MaTeMaTlKe 1 MHOpMaTKe, HacToje
Ja Ha OBaj HauMH OKyIle IIojeduHIle mocBeheHe yHampebuBamy HacTaBHe
npakce. CMaTpaMo [1a je of u3y3eTHe BaXKHOCTM II0Be3VBambe MCTpaKuBava y
oOacTi MaTeMaTU4KOT M MHQOPMaTUUKOr obOpaszoBarba M pedIIeKCHBHMX
IpakTu4Japa, pajy pasMeHe HayuyHMX pe3yJiTaTa 3aCHOBaHVX Ha TeOPUjCKUM U
eMIIMPUjCKMM MCTpaXXuBarbliMa, Kao ¥ IpuMepa I00pe Ipakce, Kako O ce
HacTaBa MaTeMaTuKe ¥ WHGOpMaTUKe KOHTMHYMpaHO yHampebwBasa Ha
HuBOY PerryOimke CpbOwuje, pervioHa u mmpe.

3BaHWYHY je3ULIV KOHepeHIje Cy CPIICKM Y eHIJIeCKIA.

OpabpaHm pamoBu y IIeJIOCTV, HaKOH IIpolleca pelleH3uparka, oOuhe
o0jaerbeHn y uacommcy Journal of Educational Studies in Mathematics and
Computer Science (JESMAC) umju je m3gasau IIpuponHo-maTeMaTiukm da-
KyJsreT YHUBep3urera y Kparyjesiy.

ITporpam Kondepennmje oOyxsaTa Tpu IleHapHa IIpefaBarba, Kao u
yCMeHa CaoIIlTera 1 II0CTepe OpraHn30BaHe y OKBUPY Be CeKlIluje:

e VcTpaxmBama y HacTaBy MaTeMaTVKe 1 MHPOPMaTHIKe,
e I[IIkoscka mmpakca.



O KOH®EPEHLIV]V

OPTAHMU3ALINJA

OpranmsaTtop xoHdepenumje je [IpuponHo-maTemaTiukm dakyiaTer y
Kparyjesity, a cyopranmsarop je MHpymrso wMartemarndapa CpbOuje -

IMonpyxumnita Kparyjesar.

=
Kl

Opranmsanyjy  Kondepennuje — dmmaHcujcku  je  momgprKaio
MuHucTapcTBO HayKe, TeXHOJIOIIKOT pa3Boja 1 MHOBaIja.

HAYYHW OObOP
IIpod. np bpanucias INonosuh, [Tpuponao-MaTemaTuky pakysiTeT,
Yuusepsurer y Kparyjesny, KPAT'YJEBALI, CPBVJA
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Yuusepsurer y Kparyjesny, KPAT'YJEBALI, CPBVJA

ITpod. np 3opana Jlyxxanus, ITpupogHo-mMaTemMaTyky daxyIiTer,
Yuusepsurer y Hosom Capy, HOBV CAJI, CPBUJA

ITpod. np Jacmmaa Mummakosuh, @akysnreT 3a oOpa3oBarbe yunTesba 1
BacnuTava, YHuBepsuteT y beorpany, BEOI'PAI, CPEVJA

ITpod. np Hebojita VMkogmaoBh, Martematiaku daxysirer, YHUBEp3UTET y
beorpany, BEOI'PAI, CPBUJA

ITpod. np Mupocias Mapuh, Matematnukm dakysirer, YHUBEp3UTET ¥
beorpany, BEOI'PAL, CPBUJA

ITpod. np Henan Byosuh, daxysireT memaromkmx Hayka, YHUBEP3UTET y
Kparyjesny, JATOOVIHA, CPBUJA
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Kparyjesity, KPAI'YJEBALI, CPBUJA

O Aupgpuh, IpupogHo-MaTeMaTiaky dakysaTeT, YHUBEP3UTET y
Kparyjesiry, KPAI'YJEBALI, CPBUMJA

ITpod. np Anuna I'mobosuh, ITpuponHo-MaTemMaTuky pakyJiTeT,
Yuusepsurer y Kparyjesny, KPAT'YJEBALI, CPBEVJA

Mwuomup Kosauesuh, ITpuponHo-maTemaTiiuku dakysaTeT, YHUBEP3UTET y
Kparyjesy, KPAT'YJEBALI, CPBUJA
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[JIEHAPHA TIPE[JIABAA

KAJIA TIPABWIA 3ABAPAJVY: KAKO PAHE
TEHEPAJIM3ALIMJE OBJIVKYJY TPAJHE
MATEMATWYKE 3ABJTVIIE

3opana Jlyxanun

Yausepsuretr y Hosom Cany, ITpuponHo-matemaTtiuku dakysret, Hosu Cap,
Cpbuija, zorana@dmi.uns.ac.rs

OsBaj pam pasmaTpa yjory reHepajmsalnyje Kao jeqHOr Of K/by4YHWX
MexaHM3aMa MaTeMaTUYKOr MUIIUbera, ajli M Kao TpajHOr M3Bopa 3aliyda
TOKOM MaTeMaTUJKoT obpasoBarsa. O HajpaHMjIIX CycpeTa ca MaTeMaTUYKIIM
cagpXKajyiMa, yUYeHUIIM aKTMBHO M3rpabyjy 3Harbe IperiosHajyhu mpaBiIHOCTI
u popmupajyhmu renepanmsanuje. MebyTnmM, Kaja ce TakBe reHepasmsaryje
IIpVIMelbYjy M3BaH CBOT JIOMeHa BaKekba, OHe MOI'y JOBECTV 10 CUCTeMAaTCKUX U
OTIOPHWMjUX 3a0IIy/1a.

ITonasehn of, TeopujcKix OKBIMpa KOji ce OJJHOCe Ha KOHIIeNTyaJIHO U
IIpolie/ly paJTHO 3Hak-e, Kao 1 Ha ITpollece KOHIIeNTyaslHe IIpoMeHe, 3a0iTyie ce
He IocMaTpajy Kao M30jI0BaHe Tpelllke, Bel Kao KOXepeHTHe KOIHUTWUBHE
KOHCTPYKIIMje 3acHOBaHe Ha ITPeTXOLHO YCIIeIIHOM yderby. Y TOM CMWCIY,
IpeTepaHa ¥ Heoprosapajyha renepaimsaliija pasyMmejy ce Kao IIpUpOHa
Hocjeua TeXibe y4YeHMKa Ka JOCJIEAHOCTM, jedHOCTaBHOCTM U
npenBubBocT y MaremaTuin. IloceOHa maxma mnocseheHa je Tome fda
MareMaTVuUKa IIpaBila Koja Cy WCIIpaBHaA Yy jeJHOM KOHTeKCTYy He MOpajy
BXUTU y IIWpPeM CKYIly CUTyalyja, HapOuWTO HpW IpeJacky U3 jegHOr
KOHTeKCTa y JIpyru, Ha NpuMep M3 paja ca OpUpogHUM OpojeBrMa Ha
pa3JIoMKe WIN 13 KOHAUHMX Ha OecKoHauHe IIporiece.

13



TUIEHAPHA ITPEJJABAIbA

Y pamy ce pasmarpajy pasauuuTe BpcTe 3a0ily/a Koje IIpOUCTHUYY U3
IIpeyparbeHNX 1 HealeKBaTHO IIPVIMeH-eHVX FeHepaIr3anyja, ca HarJackoM Ha
o0paciie MUIIIbeFba KOji TaKBe 3a0JTyIe UYiHe YBePIbVUBVIM U IIOCTOjaHVIM TOKOM
BpeMeHa. YMecTo poKycupara Ha IojefliHaYHe HeTauHe O[IrOBOpe, IlaXka ce
ycMepaBa Ha CTPYKTYPY MUIIUbeHa Koja X o p KaBa.

ViMiunkanyje 3a HacTaBy pasMaTpajy ce Kpo3 HOJAPIIKY KOHIIENTYaJIHOj
IIPOMEHN: eKCIUIMIIUTHO yKasuBarbe Ha YyCoJIoBe W TpaHuile BaXKerba
reHepajMsanyja, YKbydmBarbe Y4YeHMKa Yy aHaJIu3y KOHTpalpuMmepa W
rpaHMYHMX CJIy4ajeBa, Kao U NoACTuUllambe pedriekcuje 0 JOMeTY U CTPYKTypu
MaTeMaTUUKMx mpeja. Takas mpucTyn momepa ¢oKyc ca vcIlpaBbarba rperlaka
Ha TpaHcdOopMaIjy HauHa MUIIUbeHa KOjU 1O VX TOBOJINAL.

Ha xpajy, m3HOCH ce cTaB Jja HajOTHIOpHMje 3a0iTy/ie y MaTeMaTUIIV HUCY
rocjieflnila HefoCTaTKa pasyMeBarba, Beh pasymeBarsa Koje je IIpeBuMIle
reHepajIn30BaHO — Te Ja edpMKacHa HacTaBa Mopa Jia ce OaBlM He caMO OHVUM
IITO y4YeHUIIM 3Hajy, Beh ” TuMe [IOKIe ce MXOBO 3Hame MOXe
reHepan30BaTHL.

Kibyune peun: Mamemamuuku koHyenmu, eeHepaiusayuja, 3ao1yoe

WHEN PATTERNS MISLEAD: HOW EARLY
GENERALIZATIONS SHAPE PERSISTENT
MATHEMATICAL MISCONCEPTIONS -

Zorana LuZanin+

University of Novi Sad, Faculty of Sciences, Novi Sad, Serbia,
zorana@dmi.uns.ac.rs

This paper examines the role of generalization as both a fundamental
mechanism of mathematical thinking and a persistent source of misconceptions
throughout mathematics education. From early encounters with mathematical
ideas, learners actively construct knowledge by identifying regularities and
forming generalizations. However, when such generalizations are extended
beyond their domain of validity, they may give rise to systematic and resilient
misconceptions.

Building perspectives from research on conceptual and procedural
knowledge, as well as frameworks of conceptual change, misconceptions are
understood not as isolated errors, but as coherent cognitive constructions
grounded in prior successful learning. In this sense, overgeneralization and
misapplied generalization are seen as natural outcomes of learners” attempts to
achieve consistency, simplicity, and predictability in mathematics. Particular
attention is given to the fact that mathematical rules valid in one context may
not hold in a broader range of situations, especially when learners move
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between contexts, such as from natural numbers to fractions or from finite to
infinite processes.

The presentation examines different types of misconceptions that
emerge from premature and misapplied generalizations, with a focus on the
underlying reasoning patterns that make such misconceptions convincing and
persistent over time. Rather than focusing on specific incorrect answers, the
emphasis is placed on the structure of reasoning that supports them.

Implications for teaching are discussed in terms of supporting
conceptual change: making the conditions and limits of generalizations explicit,
engaging learners in examining counterexamples and boundary cases, and
fostering reflection on the scope and structure of mathematical ideas. Such an
approach shifts the focus from correcting errors to transforming the reasoning
that produces them.

Ultimately, the talk argues that the most persistent misconceptions in
mathematics are not the result of a lack of understanding, but of understanding
that has been generalized too far - and that effective teaching must therefore
address not only what students know, but also how far their knowledge can be
generalized.

Key words: mathematical concepts, generalization, misconceptions-+

ITOJIOKA]J] HACTABE ITPOTPAMUPAIHA'Y
ITPUCYCTBY CABPEMEHWX AJIATA BEIIITAYKE
MHTEJIMT'EHLIVJE

Quaun Mapuh

Yausepsuret y beorpamy, Marematiukm daxyrret, beorpan, Cpbuja,
filip@matf.bg.ac.rs

Pa3Boj BellITauke MHTENMIeHITje 1 MojaBa cycTeMa ronyT Claude code
1 Codex mogetkom 2026. ToviHe IOBEIV CY 10 TEKTOHCKMX IIPOMEHA Y 00J1acT
pasBoja codTeepa. bymyhHocT pyuHor mmcama IporpaMcKor Kofja y CKIIOMy
npodpecoHaIHOT pa3Boja codTBepa je IPIWINYHO Hen3BecHa 1 4YMHM ce 11a he
Beh1HY IIporpaMcKor Kojla yMecTo ImporpaMepa y OyayhHocTy mycatu aaTm
BellITauke MHTeJIMIeHIyje. Y TaKBOj CUTyallMjiI Cce IIOCTaB/ba BEJIMKO MMTaHe
KaKO OpraHmM30BaTV HacTaBy MHQoOpMaTuke, Koja je y CpOuju on HemaBHO
o0OaBe3HI IIpeMeT M Yy OCHOBHMM IIIKOJIaMa M y T'MMHasMjaMa, ca BeJIVKUM
doHmoM uacoBa rtoceeheHNM yIIpaBo BELITVHY IIpOrpaMyparha.

Jenna MoryhHoOCT je IpocTO UTHOpWMCame peasIHOCTH 1 IIOCTOjakba ajlaTa
BellITauke MHTemreHIje. O6pa3oBHM cucTeMu yMejy ga Oyamy Tpomm. Ha
IpuMep, HacTaBa MaTeMaTMKe 4YeCTO WTHOpWUIle IIOCTOjalbe HallpeqHujer
oOpa3oBHOr codTBepa, a YaK M OOMYHMX KaJIKyJIaTOpa, HacTaBa reorpaduije
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YCIIeIITHO UTHOPUIIe IIOCTojare AUTMTaJIHMX Malla, a I1eo0 00pa3soBHM CUCTeM
UecTo M Jajbe VIHCUCTMPAa Ha MEeMOPWCarhy UMILeHWIA VI PenpOodyKTVBHOM
3Hamy, WIHOPMINYyhM TaKo IIOCTOjarbe WMHTepHeTa M BeOa Kao W3BOpa
nHpopmanmja. Pedpopme ycrasbeHMX 00pa3oBHMX IIpaKcu Tpeba CIIpOBOANTH
orpe3Ho, MebyTVM, IIOTIIYHO UTHOPWCarbe PeasTHOCTY YeCTO IOBOAV 10 cJ1abe
MOTMBalLMje y4YeHuKa. MoTuBaumja mvpe IomyJlanyje Ka yderby BellTyHe
KOIMpama, Koja OOjeKTMBHO HUje jeHOCTaBHa, He MOXe OWTWM BUCOKa Yy
CUTyalujyuI Kaga Cy YYeHWMIV CacBMM CBeCHU [a IOCTOje CUCTeMM Koje MCTe
3ajlaTKe pelllaBajy ca HeyIopeaVBO Makbe Tpyja, a BellTMHa Koauparba
Ipectaje fa Oyde BeIITMHA Koja Ha TPXWUINTY paja JAOBOAM 0 BeJIMKe
KOMITapaTVBHe IIpeqHOCTN. [laKile, jelHa Te3a, KOjy Huje TeIIKo OpaHWUTI je TO
Jla HacTaBa Mopa [la IIOCTaHe CBeCHa peaJIHOCTM M Jja YYeHMIMa IOHYIM
Moryhuoct kopuinhera asaTa Koju omoryhasa IlocTm3arbe IITO OO0JbUIX
pesyJiTaTa ca IITO Mame Tpy/a.

Ca gpyre cTpaHe, 3aj1aTak oOpa30BHOI IIpolieca Mopa OUTU 1 pa3Boj
KOTHUTUBHMX CIIOCOOHOCTM y4eHMKa, KPUTUUYKOI M aJIfOPUTaMCKOT HauMHa
pasMuIIUbakka ¥ IPelM3HOr M3pakaBama. Teza Kojy Takobe Huje Terko
OpaHUTH je [1a BeIITHHA KJIaCMYHOT IIporpaMiparbka yIIpaBo JOIPUHOCK OBUM
IwbeBMMa 1, Kao TakBa, MOXe 1 Tpeba y HeKOj Mepu jla ocTaHe cacTaBHMU J1e0
oOpasoBama. ITporpamuparme Moxe OUTH omIMYaH ajlaT 3a IIPOayOIbUBarbe
3Harba 13 JPpyTUX IUCHUIUIVHA, @ HApOYUTO U3 MaTeMaTuKe 1 pusmke. YpaBo
m3pakaBajyhu ce KOHCTPYKTMBHO, KPO3 IIPOrPaMCKM KOJI, YUeHUIIV, HApOUUTO
OHV HaJlapeHM 3a IPVPOHe, MaTeMaTUIKe M TeXHWYKe AVICIUIUIVIHE, Pa3Bujajy
OIIlITe KoMIleTeHIIMje Koje he mm momohm y 3aHMMamMMa 3a Koja y OBOM
TPeHyTKY He MOXeMO HM Jla HacJIyTUMO Kako he msmienatn y oyayhaocTn.

Y Bpemeny cMo, [1aKiie, y KOM je ITyHO HEeM3BeCHOCTM 1 y KOM MOpaMo Ja
NaXxJbMBo OasaHcMpamo m3MeDy cympoTcTaB/beHMX Te3a M npucryna. Oso
IpefaBambe he IOKyIIaTH Ja Kpo3 AVCKyCHjy M HU3 IIpuMepa IIOKyIla fa
IIOHYIM HeKe HauMHe [la CBaKO/JHeBHa HacTaBHA IIpaKca yroTpebu caBpeMeHy
TeXHOJIOTMjy, ajli Ha HauMH KOjiI He HapylIllaBa OCHOBHe I[/JbeBe ¥ ITOCTyJjlaTe
TpaAuIIMOHAIHOT 0Opa3oBarba 1 pa3Bija OIIITe KOMIIeTeHIIVje YUeHVKa, a He
caMO KOHKpeTHe BellITVHe.

Kipyune peunt: Hacmaba npoepamuparea, Bewimauxa unmeny2eHyuja, aeeHmu 3a npo-
epamuparee, A120PUMamcko pasmuLbaroe, pasboj KoeHumubHux cnocooHocmu
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THE POSITION OF PROGRAMMING EDUCATION IN
THE PRESENCE OF MODERN ARTIFICIAL
INTELLIGENCE TOOLS

Filip Maric-

University of Belgrade, Faculty of Mathematics, Belgrade, Serbia,
filip@matf.bg.ac.rs

The development of artificial intelligence and the emergence of systems
such as Claude Code and Codex in early 2026 have led to tectonic changes in
the field of software development. The future of manually written program
code as part of professional software development is highly uncertain, and it
seems that in the future most program codes will be written by artificial
intelligence tools rather than by programmers. In such a situation, a major
question arises as to how to organize the teaching of computer science, which
in Serbia has recently become a compulsory subject both in primary schools and
in grammar schools, with a substantial number of teaching hours devoted
precisely to the skill of programming.

One possible approach is simply to ignore reality and the existence of
artificial intelligence tools. Educational systems can be prone to slow change.
For example, mathematics education often ignores the existence of more
advanced educational software, and even ordinary calculators; geography
education successfully ignores the existence of digital maps; and the entire
educational system still often insists on memorizing facts and reproductive
knowledge, thus ignoring the existence of the Internet and the Web as sources
of information. Reforms of established educational practices should indeed be
implemented cautiously; however, completely ignoring reality often leads to
weak student motivation. The motivation of the wider population to learn the
skill of coding, which is objectively not simple, cannot remain high in a situation
where students are fully aware that there are systems capable of solving the
same tasks with incomparably less effort, while the skill of coding ceases to be
one that provides a major comparative advantage in the labor market.
Therefore, one thesis that is not difficult to defend is that teaching must become
aware of reality and offer students the opportunity to use tools that make it
possible to achieve the best possible results with the least possible effort.

On the other hand, the task of the educational process must also be the
development of students” cognitive abilities, critical and algorithmic thinking,
and precise expression. Another thesis that is also not difficult to defend is that
the skill of classical programming contributes precisely to these goals and, as
such, can and should remain, to some extent, an integral part of education.
Programming can be an excellent tool for deepening knowledge in other
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disciplines, especially mathematics and physics. It is precisely through
constructive expression, through program code, that students, particularly
those gifted in natural sciences, mathematics, and technical disciplines, develop
general competencies that will help them in professions whose future form we
cannot even begin to foresee at this moment.

We are therefore living in a time of great uncertainty, in which we must
carefully balance between opposing theses and approaches. Through discussion
and a series of examples, this lecture will attempt to offer some ways in which
contemporary technology can be used in everyday teaching practice, but in a
manner that does not undermine the basic goals and postulates of traditional
education, and that develops students” general competencies rather than only
specific skills.

Key words: programming education, artificial intelligence, agentic programming, al-
gorithmic thinking, developing cognitive abilities +

HEM3BECHOCT KAO ITOKPETAY KPEATMBHOCTM:
CIIVUHA] MATEMATWVIKE

Bharath Sriraman

Ynusepsurer MonTaHa, MonTtana, CjenureHe Amepuuke [Ipxase,
SriramanB@mso.umt.edu

Y oBOoM wusnaramy pasMarpa ce KOHCTPYKT ,HeusBecHOCTH 'y
npodecroHaIHOj MaTeMaTUIM y OJHOCY Ha MaTeMaTU4YKy KpeaTVBHOCT.
ITocebHa mnaxma mnocseheHa je cxBaTamliMa BPXYHCKMX MaTeMaTu4apa
UcTpaXuBada, Tako3BaHux ,Big C” maTemaTtndapa, o ToMe IIITa HEM3BECHOCT
3Ha4M ¥ Ha KOj/I HauMH yTU4Ye Ha HbVXOB UCTpaXuBauku paf. Y mnataramy he
OuTH mpescTaB/beHN pe3yJITaTy YeTBOPOTOIMIIIber VCTpaXuBama Koje je
obyxsatwio 18 mMaTeMmaTuuapa wcTpaXuBaua, Kojui Cy OWIM y camMoM BpXY
CBOjUX WCTpaXXmBaukmx oOsacTu. VicTpaXxuBarme je II0Ka3ajlo IIOCTOjar-e
AvjaJieKTVKe, OIHOCHO HarmeToct wsMmeby: (1) Jjormke m XeypucTuke
(QHaJTMTUYKOT ¥ CMHTETUYKOT), (2) IIpesiacka 13 yJIore yueHtKa y MCTpaXyBayda
U U3 UCTpaXkmBayda y y4eHUKa, 1 (3) MognduKoBama akcrioMa 1 orpaH/4erba.
Harasu cy Takobe ykasanu fja y1i0eHMIIM, HeOYeKMBaHU TPeHYIIN, CIIPeMHOCT
Ha PV3MK U 3ajeJHIIIA ITOPIIKe VMajy KJbyUYHY yJIOTY U OIJIVKY]y IIpOXMMarbe
HeWM3BeCHOCTM W MaTeMaTnuke KpeaTuBHocTh. (Cxema 3a pasyMeBarbe
AvjajieKTKe HeusBecHOCTM Oalla HOBO CBeTJIO Ha [I0 cajla HeJ0BOJbHO
VICTpakeH acIeKT MaTeMaTUJYKe KpeaTVBHOCTH, a TO je YIIpaBO HeM3BeCHOCT,
KOja je of] CyLITMHCKOI 3Haydaja 3a pa3Boj MaTeMaTn4Japa Kao MCTpakuBayda, Kao
¥ 3a HalpeJlaK caMe OVICLVIUIVHE,
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Kspyune peun: axcuomu, Big C kpeamuBrocm, oujarekmuxa 3Harea, MamemMamuuxa
kpeamuBrocm, HeusbecHocm

UNCERTAINTY AS A CATALYST FOR CREATIVITY:
THE CASE OF MATHEMATICS

Bharath Sriraman-

University of Montana, Montana, United States,
SriramanB@mso.umt.edu

In this talk, the construct of “uncertainty” in professional mathematics is
investigated in relation to mathematical creativity. Specific focus is on ‘Big C’
research mathematicians” conceptions of what uncertainty means and ways in
which it influences their research. The talk will report on a 4-year study
involving 18 research mathematicians who were at the forefront of their
research domains. The study revealed a dialectic or tension between (1) logic
versus heuristics (analytic versus synthetic), (2) learner-researcher and
researcher-learner transition, (3) axiom tweaking versus constraints. The
findings also indicated that textbooks, unexpected moments, risk taking, and a
community of support play a crucial role and characterize the interplay of
uncertainty with mathematical creativity. A schema for understanding the
dialectics of uncertainty sheds new light on an hitherto unexplored aspect of
mathematical creativity, namely, uncertainty, vital for the development of
mathematicians as researchers in addition to the growth of their discipline.

Key words: axioms, big ¢ — creativity, dialectics of knowledge, mathematical
creativity, uncertainty
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CEKLIVJA 1:
MCTPAXKVIBAIHA Y
HACTABV MATEMATUKE
MHD®OPMATUKE

A JIN JE HACTABA MATEMATWVKE YV CPBUJU 3PEJIA
3A BHAYAJHE CTPATEI'NJCKE ITPOMEHE?

Bojucaab Andpuhi

Martematiuxu xi1y6 , Anodant”, Bameso, Cpbuja, voja.andric@gmail.com

[Tocnentpa 3HauajHa pedpopMa HacTase MaTeMatuke y CpOuju maTmpa
U3 cefaMieceTVX TOfAVHA IIPOIUIOr BeKa, Kaja Cy, IapajleJIHO ca He Oarm
cpehHuM yBODemeM cpemer ycMepeHOT oOpasoBarka, Y HacTaBy MaTeMaTuKe
Ha CKOPO CBVIM HMBOVIMa yBe[leHU cajlpKajy Be3aH! 3a MaTeMaTUJKY JIOTMIKY U
CKyIIOBe M Kajia je Ta YMIbeHMIla y IPWINYHOj Mepu JeduHucasa 1 HOBU
IIPUCTYII HacTaBy MaTeMaTuKe.

Hanac, memecer m Bullle roauHa KacHuje y CpbOuju ce y HacTasu
MaTeMaTVKe Hyje JecyIo HUIITa 3HadajHO HOBO, CeM IIITO CMO YBeJIy HacTaBHe
cTaHzapse, wmcxope, oOpa3oBHe HMBOE .. M TOMIWIY APYyrux dopmaHmx
MHOBaIlMja IIpU YeMy ce CYIITMHCKM HUINTa Huje IIPOMEHWIO, jep yBoberme
IIPETXOQHO CIIOMEeHYTUX HOBMHAa HMKO HUje KOHTPOJIVICAO HUTU Cy BpIIeHa
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ajZilekBaTHa eMIIMpMjcKa MCTpaXKuBarba Koja Ou Iokasaja edekTe yBeIeHMX
,IIpomeHa”.

Y mebyspemeHy cy BpIiieHe IIoBpeMeHe ITpOMeHe HacTaBHMX IIporpaMa
(TaHac cy TO mporpaMm HacTaBe M yuera) KOju Cy y CYIITMHU Owim camo
npebanyBame IIOjeIMHUX cagpXaja W3 jegHOr Ppaspeda y IOpyrMm u y
CYIITMHCKOM CMVIC/Iy HUILITA HUCY MerbaJIu.

Aym y mebyBpeMeHy ce fgecnia ¥ OIIITa TeXHOJIONIKA peBoIyLyja Koja
je mpoucTeKsIa U3 OrpOMHMX MOTYNHOCTI caBpeMeHe padyHapcKe TeXHOJIOrmje,
a BelllTayKa MHTeJIUreHIIMja y31Ma 3aMax 1 y cpepu MaTeMaTyKe, IIITO Hujje Oe3
yTullagja ¥ Ha HacTtaBy MaTeMaTuke. MebyHapornHa wcTpaxuBama w3
IIPeTXOAHMX TOOVHA HaM Iajby jacHe CUTHajle Ja II0JIaKO, ajli CUTYyPHO
3a0CTajeMO 3a HajOOBMMa U CBe je TO, YMHWM MM Ce, JOBOJbaH Ppasjior Aa
pasMMUCIMMO ¥ O0jeKTMBHO OLIEHVMMO TPeHyTHO CTambe, ajli M y3poKe U
IIoc/IeInLIe.

I[Tpe HexoyMKO Meceln 3aBoy, 3a BpeTHOBarbe KBaJInTeTa oOpasoBarba U
BacIlMTama je IIOHYIMO AOKyMeHT Iion HasusoM ,IIpemror Hamyonamxor
IIporpaMa 3a pasBoj M BpedHOBarbe MaTeMaTuuke IMcMmeHocTn”. He Oux ma
rOBOPMM O TOM JOKyMeHTy, ajau Oux Ja KOHCTaTyjeM Ja je IIpo0siem
MaTeMaTWJKe IIMCMEeHOCTV CaMO jeJHO Of, MHOIITBa IMTarba HEeOIIXOJHVIX
IIpoMeHa y HacTaBy MaTteMaTuke y CpOuju.

AyTop He mpeTeHjyje Ha yJIOIy apOuTpa, HUTM Ha paclojarame
cBeoOyXBaTHMM eMIMPUjCKMM IofalliMa O OIINTeM CTakby HacTaBe
MaTematvke y Cpbuju. CxopHo TOMe, pajl TeXxu ms3lOeraBarby KaTeropuUuKmMX
3aKJby4aka, pokycupajyhu ce Ha aHanm3sy criendUIHNX acrieKaTa yMecTo Ha
AOHOIIehe KOHAYHVX BpeqHOCHMX cyfoBa. Llwe caommrera je rocrapbarbe
mMTara 3a Hac MareMmaTudape, ajll ¥ 3a OHe Koju OpuHy o OymyhnocTm
obpasoBama 1 BacrinTama y Cpouju. Moxa he Hac Ta muTama IMOKpeHyTH /1a
KOHCTPYKTVBHO, 00jeKTMBHO 1 (PYHKIIMOHAIHO pa3sMUIIbaMo O OyayhHocT
HactaBe MaTemaruke y CpOwju ¥ [1a 3a TakBO pasMMIIUbarbe ITpMOaBMO
oarosapajyha, a curypas cam, 11 HEOIIXO[JHA VCTpaXXVBarba.

Kibyune peun: nacmaba mamemamuxe y Cpouju, 0bpasoBre pegpopme, mamemamunxa
nucmeHocm, ucmpaxubara y Hacmabu mamemamuxe
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IS MATHEMATICS EDUCATION IN SERBIA READY FOR
SIGNIFICANT STRATEGIC CHANGES? -

Vojislav Andric-

Mathematics Club “Diophantus”, Valjevo, Serbia, voja.andric@gmail.com

The last significant reform of mathematics education in Serbia dates
back to the 1970s, when, alongside the rather unfortunate introduction of
vocational secondary education, the content related to mathematical logic and
set theory was introduced into mathematics teaching at almost all levels, and
this fact largely defined a new approach to mathematics education.

Today, more than fifty years later, nothing substantially new has
happened in mathematics teaching in Serbia, except that we have introduced
educational standards, learning outcomes, educational levels, and a multitude
of other formal innovations, while in essence nothing has changed, because no
one has monitored the implementation of these changes, nor have adequate
empirical studies been conducted to demonstrate the effects of the introduced
“reforms”.

In the meantime, there have been occasional changes in the curricula
(today referred to as teaching and learning programs), which essentially have
amounted only to moving certain topics from one grade to another and have
not changed anything in a substantive sense.

However, in the meantime, a general technological revolution has also
taken place, arising from the enormous possibilities of modern computer
technology, while artificial intelligence has been gaining momentum in the field
of mathematics as well, which inevitably affects mathematics teaching.
International studies from recent years have been sending us clear signals that
we are slowly but surely falling behind the best, and all of this, it seems to me,
is reason enough to reflect and objectively assess the current situation, as well
as its causes and consequences.

A few months ago, the Institute for Education Quality and Evaluation
offered a document entitled Proposal for a National Program for the Development
and Evaluation of Mathematical Literacy. I do not wish to discuss that document,
but I would like to note that the issue of mathematical literacy is only one among
many questions concerning the necessary changes in mathematics teaching in
Serbia.

The author does not claim the role of an arbiter, nor claim the possession
of comprehensive empirical data on the general state of mathematics education
in Serbia. Accordingly, the paper seeks to avoid categorical conclusions,
focusing instead on the analysis of specific aspects rather than on making final
value judgments. The aim of the presentation is to raise questions for us
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mathematicians, but also for those concerned with the future of education in
Serbia. Perhaps these questions will encourage us to think constructively,
objectively, and functionally about the future of mathematics education in
Serbia, and to obtain the appropriate, and I am sure necessary, research to
support such reflection.

Key words: mathematics education in Serbia, educational reforms, mathematical
literacy, mathematics education research

OIITUMW3AINJA OBPA3OBHUX CTPYKTYPA
ITIPUMEHOM TOIIOJIOIIKOTI YPEBEIbA 'Y
YCMEPEHUM ALIVMKIIMMHUM I'PA®OBVIMA

Suzana Antunovié

Faculty of Science, University of Split, Croatia, suzana@pmfst.hr

Yemepenu anyximmynu rpadosu (DAG) npencrasibajy BakaH ajiaT 3a
MojleJIoBam-e CJIOKEeHMX CucTeMa, yKbydyjyhmu oOpasoBHe KypuKyjiayme U
CTPYKType IIpeaycIoBa. Y OBOM pagy pasMaTrpa ce ONTHMM3aIija TOIIOJIOIIKOT
ypebera MuHMMM3aIMjOM pacTojarba wm3Meby uBOpoBa, IITO ce MoOXe
INIPUMEHUT paAy CMamberba CI0XKeHOCTV IIyTeBa yuera u IIpobsieMa
pacniopebuBama. Pany Basiiaryje Teopujckmx Hajlasa, pa3BujeH je aropmraM
KOjU je TeCTupaH Ha peaJIHM MpeXama KypuKyJryMa. Pesysratu cy mokasanm
BUCOKY MaTeMaTW4Ky [OCJIeHOCT, a [OJaTHO Cy IIOTBpbeHU Of cTpaHe
cTpyumbaka 13 obstactu obpasoBama. ITopen MaTemaTukor oksupa, y pazy ce
pasMaTpa ¥ HauMH Ha KOjiI Ce OBM YBUAM MOTY HPUMeHUTHU 3a Iopeberse
ajropuramMa pacriopebuBara 1 yHarpebere au3ajHa MpeXa KypuKyJIyMa.
ITosesyjyhu Teopujy rpadosa n obpaszosarse y 001acTi pauyHapcKuUx Hayka,
OBO VCTpaXVBam-e IIpyXXa OCHOBY 3a pa3Boj edUKacCHUjUX IIefaroIIKmx
aKTMBHOCTV W allpOKCUMAIIMOHMX aJIfOpuTaMa 3a Tellke padyHapcke
rpobsieMe y 0Opa30BHOM IUIaHUpPay.

Kibyune peun: ycmepenu ayuxiuunu epagpobu, monosouiko ypeberse, cA0KeHOCH
mpexe, npobaemu pacnopebubarba, Mpexe KypuxyAyma
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OPTIMIZING EDUCATIONAL STRUCTURES
THROUGH TOPOLOGICAL ORDERING IN DIRECTED
ACYCLIC GRAPHS

Suzana Antunovié

Faculty of Science, University of Split, Croatia, suzana@pmfst.hr

Directed acyclic graphs (DAGs) are essential tools for modeling complex
systems, including educational curricula and prerequisite structures. This paper
explores the optimization of topological ordering by minimizing distances
between vertices, a process that can be used to reduce the complexity of learning
paths and scheduling problems. To validate theoretical findings, an algorithm
was developed and tested on real-world curriculum networks. The results
showed strong mathematical consistency and were further validated by
educational experts. Beyond the mathematical framework, we discuss how
these insights can be applied to benchmark scheduling algorithms and improve
the design of curriculum networks. By bridging graph theory and computer
science education, this research provides a foundation for developing more
efficient pedagogical sequences and approximation algorithms for hard
computational problems in educational planning.

Key words: directed acyclic graphs, topological ordering, network complexity,
scheduling problems, curriculum networks

References

[1] S. Antunovié, D. Vukicevié, Evaluating Topological Ordering in Directed Acyclic
Graphs, Electronic Journal of Graph Theory and Applications, 9(1), 2021, 213-223.

[2] B. Karrer, M. Newman, Random Graph Model for Directed Acyclic Networks, Physical
Review E, 80, 2009.

[3] H.Ke, B. Liu, Project Scheduling Problem with Stochastic Activity Duration Times, Ap-
plied Mathematics and Computation, 168, 2005, 342-353.

[4] M.]. Golin, Y. C. Leung, Y. Wang, X. Deng, On the Complexity of Speed-Scaling with
Precedence Constraints, Information Processing Letters, 108(3), 2008, 142-146.

[5] J. G. Morris, J. P. Musumeci, Scheduling Continuous Activities with Precedence Con-
straints, Naval Research Logistics, 48(3), 2001, 247-266.

25



CEKLWUJA 1: UICTPAXKINBAIbA Y HACTABVM MATEMATVIKE V1 UHOOPMATHVKE

OVNOAKTUYKU M3A30BV KOHLEIITA HVYJIE: O[],
MEXAHMWYKE PYTUHE 10 JIOTMTYKOI 3ACHVBAIbA

bojana Apambawuhl, Cyzana Arexcuh?

10M ,ITerap Bparommih”, Jby6osuja, CpOuja, 2 Yuusepsuret y Kparyjesiy, [Tpu-
ponHo-MaTeMaTiuku dakysrer, Kparyjesar, Cpbuja,
bojana.gajic14@gmail.com, suzana.aleksic@pmf.kg.ac.rs

KomnuenT Hys1e mipeicTassba jeHy Of, Haj3aXTeBHMjX HaCTaBHUX TeMa y
OCHOBHOIIKOJICKO] MaTeMaTMIIV, jep Of Yy4YeHMKa 3axTeBa WCTOBPEeMEeHO
IovIMarbe HyJie Kao dyBapa MecTa y IIO3UIIMOHOM CUCTEMY U Kao CIIeUIHOr
ejleMeHTa ajirebapckmx CTpyKTypa. Vak, rmemaromka mpakca Iokasyje fa ce
OBOM CafIpKajy 4ecTo MPUCTYIIa IIOBPIIHO W IIa0JIOHCKN, ITpU YyeMy ce poKyc
CTaB/ba Ha Iamherbe M30JI0BaHMX MpaBlla YMECTO Ha HbUXOBO CYINTUHCKO
JIOTVYKO yTeMeJberbe.

Y oBoM pany ce, Ha OCHOBY eMIVPUjCKOT MICTPaXMBarba CIIPOBEIEHOT
Meby ydeHuMIIMMa W HaCTaBHMUIIVIMA, aHaIM3Mpajy K/bydHe KOHIIeITyaIHe
IIperpeKe Koje HacTajy ycies JOMUHALVje MeXaHJIKe IPVIMeHe MaTeMaTUIKOT
araparta. Pesynratn ykasyjy Ha TO [a y4YeHWIV YCIIEIIHO BJIafajy HyJIOM Y
OKBUPY agWUTUBHMX OIlepaluja, aa IOKasyjy 3HadajHy HeCUIYPHOCT KOf,
MHOXeHa W [e/bera, INTO MOTBpDhyje Ja ce 3Hambe OcCjlarba Ha HaydeHe
mabsione. Kpos aHammsy yueHMUKIX rpelllaka ¥ cTaBoBa HaCTaBHMKa, O KOjX
sehnHa n3Baja Jejberbe HyJIOM Kao Hajsehnt IUIakTUuKy 13a30B, pajl yKasyje
Ha HeOIIXOJHOCT mpoMmeHe mpucTymna. Llwe pama je Oa ykKaxe Ha 3Hauaj
MaTeMaTUYKOr pacybuBama Kpo3 yBobere JIOrMUKIX JToKa3a ¥ MHTepaKTUBHMX
BU3yesI3allija, urme O ce CipeumsIo cTBapare IyOOKMX 1 TpajHuX 3abi1yda y
pasymMeBarby I10jMa HyJIe.

Kibyune peun: xonyenm nyse, oudakmuuxy u3asobu, mamemamuuxo pacybubarse,
yuenuuke 3ab4y0e, onepayuje ca HyA0M, Ouumalte cCumyayuje
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DIDACTIC CHALLENGES OF THE CONCEPT OF ZERO:
FROM MECHANICAL ROUTINE TO LOGICAL
FOUNDATION

Bojana Arambasic?, Suzana Aleksic?

1 Primary School “Petar Vragolic”, Ljubovija, Serbia,
2University of Kragujevac, Faculty of Science, Kragujevac, Serbia,
bojana.gajic14@gmail.com, suzana.aleksic@pmf.kg.ac.rs

The concept of zero represents one of the most demanding teaching
topics in elementary mathematics, as it requires students to simultaneously
perceive zero as a placeholder in the positional system and as a specific element
of algebraic structures. However, pedagogical practice reveals that this topic is
often approached in a superficial and formulaic manner, with a primary focus
on memorizing isolated rules rather than establishing their essential logical
foundation.

Based on empirical research conducted among students and teachers,
this paper analyzes key conceptual obstacles arising from the dominant
mechanical application of the mathematical apparatus. The results indicate that
while students successfully master zero in additive operations, they exhibit
significant uncertainty regarding multiplication and division, confirming that
their knowledge relies on learned patterns. Through an analysis of student
errors and teacher perspectives, the majority of whom identify division by zero
as the primary didactic challenge, the study highlights the necessity for a shift
in approach. The objective of this paper is to emphasize the importance of
mathematical reasoning through the introduction of logical proofs and
interactive visualizations, aiming to prevent the development of deep-seated
and lasting misconceptions in understanding the concept of zero.

Key words: concept of zero, didactic challenges, mathematical reasoning, student
misconceptions, operations with zero, digital simulations
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ITACKAJIOB TPOYI'AO KPO3 IIPEBPOJABAIHE

Ljiljana Arambasic!, Bharath Sriraman?, Anda Valent?

1 University of Zagreb, Faculty of Science, Department of Mathematics, Zagreb,
Croatia, 2 University of Montana, Department of Mathematical Sciences, Missoula,
USA, 3 Zagreb University of Applied Sciences, Department of Electrical Engineering,
Zagreb, Croatia, arambas@math.hr, SriramanB@mso.umt.edu, avalent@tvz.hr

Y oBom panmy mpukasyje ce HM3 HaCcTaBHWMX aKTMBHOCTM Yy KOjOj Cy
Oynmyhw HacTaBHUIIV MaTeMaTVKe, KPO3 CHCTeMATCKO aHTaXKOBarhe ca MOJIeJIOM
npebpojaBarba IyTeBa y IlackasoBoM TpoOyIily, OTKpuBa/iM OVHOMHe
uaeHTuTeTe, yKbyuyjyhu m BampgepmonmoBy dopmyiry 30upa Ksagparta.
CrygeHTit cy TOKOM [Be Hee/be HalpedoBaIi Of [JOKas3VBarba ITO3HATUX
VIeHTUTeTa 10 caMOCTajIHOI dopmynmcarsa HoBux. Kama je jeman crymeHT
BanpepMonioB meHTUTET HasBao ,JjlenuM’ ¥ OfMax IIOCTaBUO IUTame O
F-eTOBVIM YOIIITaBak-VIMa, IIOCTaJIOo je jacCHO Jia je 0Baj MPUCTYII 01O ycIelaH.
Hamasu nokasyjy ga mMaremMaTiuka KpeaTMBHOCT He IIPOU3JIa3u U3 U3Y3eTHOT
TajleHTa, Beh 13 IaX/bMBO OCMUIIUBEHMX MCKyCTaBa KOja CKyIIOBe MCXOia
II0CTaB/bajy Kao IpuMapHe o0jeKTe cTpaXuBama, IpeoKpehy TpaguiyoHaIHe
IIPUCTyIIe y KOjuMa ce HajIIpe I1ojiasu of, hopmyJie 1 YuHe J1a , MUCTePUO3HMU
anrebapcky  pesysTaTu  JIelyjy Kao HeusOexHe IIOCIedulle BU3yeIHe

CTPYKTYPe.

Kspyune peun: [lackaro8 mpoyeao, npebpojabarse nymeBa, bUHOMHU UOeHMUMEMU,
nocmabparse 0kBupa, KOMOUHAMOPHO pe3oHoBarve

PASCAL’S TRIANGLE THROUGH COUNTING

Ljiljana Arambasic!, Bharath Sriraman?, Anda Valent?

1 University of Zagreb, Faculty of Science, Department of Mathematics, Zagreb,
Croatia, 2 University of Montana, Department of Mathematical Sciences, Missoula,
USA, 3 Zagreb University of Applied Sciences, Department of Electrical Engineering,
Zagreb, Croatia, arambas@math.hr, SriramanB@mso.umt.edu, avalent@tvz.hr

We report on an instructional sequence where prospective mathematics
teachers discovered binomial identities, including Vandermonde's sum-of-
squares formula, through systematic engagement with a path-counting model
of Pascal's triangle. Students progressed from proving known identities to
independently formulating new ones within two weeks. When one student
called Vandermonde's identity “beautiful” and immediately asked about
generalizations, we knew the approach had succeeded. Our findings
demonstrate that mathematical creativity emerges not from exceptional talent
but through carefully sequenced experiences that position outcome sets as
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primary objects of investigation, invert traditional formula-first approaches,
and make “mysterious” algebraic results appear as inevitable consequences of
visual structure.

Key words: Pascal's triangle, path-counting, binomial identities, uniframing,
combinatorial reasoning
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15 TOOVMHA MAJA, MECEITA MATEMATWKE

Bopbe baparuh

Martematiakn naCTUTYT CAHY, Beorpan, Cpbmja, djbaralic@mi.sanu.ac.rs

Y 2026. rogmHmM, mnopen olernexaBara 80 TromMHaA IIOCTOjaba,
Matematnuku mHctuTyT CAHY oOOennexxaBa m 15 rogmHa HalyoOHaIHe
MaHUecTanmje 1ocBeheHe  mpomoluju  MaTeMmaTuke ,Maj,  Mecerr
Mmartematuke”, ckpaheno M3. ITokpenyrta Ha wmHUNMjaTMBY Tnpod. 30panHa
Mapxkosuha, Haller Jyroroauilser InupeKkTopa, oBa MaHMdecTalyja ce cBake
roaviHe opraHusyje y capanby ca Llentpom 3a mpomonjy Hayke. bpojue jaBHe
13710k0e, IIpefaBarba, paayoHmIle, 00yKe, (PMIIMCKe 1 KEbVDKEBHE IIPOMOLIVje
TroceTmsIe Cy CTOTVHE Xwhara Jbyau mmpom Cpouje. M3 je sHauajHo momputeo
MOAM3aky CBeCTM jaBHOCTM O MaTeMaTuIV, MHQOpPMATUIM ¥ HUXOBUM
npumenHama y CpOuju, u mpencrasba IpuMep AoOpe Ipakce 3a TO KaKo
VCTpaXXMBa4l ¥ HayYHUIIM MOTY J1a ce IIOBeXY ca jaBHoIINy 11 ogpyKe peloBHe
HacTaBHe aKTMBHOCT.

Y oBom usnarary ocspHyhemo ce Ha ucropujat M3, kao 1 Ha M3asoBe 1
IepcrieKTVBe 3a HapeIHy JelleHljy.

Kibyune peun: M3, npomoyuja mamemamuxe, 15 eoduna, dobpa npaxca, cBecm
jabuocmu
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15 YEARS OF MAY, MONTH OF MATHEMATICS

Dorde Baralic¢

Mathematical Institute SANU, Belgrade, Serbia, djbaralic@mi.sanu.ac.rs

In 2026, besides its 80th anniversary, the Mathematical Institute SANU
celebrates 15 years of the national manifestation promoting mathematics, May,
Month of Mathematics, or M3, for short. Started on the initiative of Prof. Zoran
Markovi¢, our long-term director, it has been organised annually in
collaboration with the Centre for Science Promotion. Numerous public
exhibitions, lectures, workshops, training sessions, movies and book
presentations were attended by hundreds of thousands of people across Serbia.
M3 significantly contributed to raising public awareness of mathematics and
computer science and their applications in Serbia, and it is an example of good
practice for how researchers and scientists can engage with the public and
support regular teaching activities.

In this talk, we reflect on the history of M3, the challenges and
perspectives for the next decade.

Key words: M3, maths promotion, 15 years, good practice, public awareness

BEIITAUKA MHTEJIMTEHILINJA UIBMEBY
ITOEHKAPEA 1 PACEJIA: AIMOJAKTUYKN M3A30BNY
HACTABVI MATEMATWKE

Padocaab Boxuh

Yausepsurer Enykonc, Yunrerscku dakyirrer, Cpemcka Kamennia,
Axagemuja crpykoBHUx cryamja Cupmujym, Cpemcka Murposuia, Cpbuja, rado-
slav.bozic@gmail.com

Cse Behe mpucycrTBo Bemrtauke mHTermreHIuje (BU) y pasmranriv
CerMeHTVMa MaTeMaTHUUYKOr o0pa3oBaka JIOHETIO je OpojHe 13a30Be, ca KojuMa
ce CyouaBajy CBM aKTepy oOpa3oBHOT mporieca. FbeHnM pasBojem [osiasu [0
uspaxaja criop Iloenkapea u Pacesia o mpuponay MaTeMaTHUUKOT casHamba, Koju
HMKazla Hyje IIpectao ga Oyne akryesiaH. Hanme, 3a BV anaTke ce moxe pehu
Ja IIpeficTaB/bajy TeXHOJIOMIKY peaym3anyjy PacesoBor JOTrMIIMCTUYKOT
cranHosuiTa. MebytumM, xopumtherwe BV amaTkmu, HapoumMTo of cTpaHe
y4eHMKa, CBOIM ce Hajuemthe Ha M3padyHaBame 1 JoJIaKere 10 pelllera, 0e3
nyOsber KOTHUTMBHOT aHTakmaHa. Ha oBaj HaumH, mporiec ydersa O Morao
IIOCTaTV MeXaHW4Ka perpoayKIiiyja Kopaka, IIITo OV ce HeraTMBHO OJIpa3iJIo Ha
CIocoOHOCT yueHMKa Ja ce cHaDy y HerosHaToj mpoOseMmckoj curyaumju. Ca
AOpyre cTpaHe, OpojHa wWCTpaXmuBarma Cy IOKasajla [Ja je, 3a YCIeIIHO
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caBJlaJlaBaFbe MaTeMaTWUJKOI TpajyBa, IOXeJbHO Jla YUYeHWIIV CaMOCTaJIHO
KOHCTPYUIITy 3Harbe, Ha OCHOBY J100MjeHX MH@OpMaIiija, a BobeHm of1 cTpaHe
HacTaBHMKA. 3a YCIeIIHO pelllaBale IIpo0jieMa, YecTo je IOTpeOHO
IPVIMEHUTV MaTeMaTUuKy WHTYUIIMjy, Yy KoMOMHamuju ca dQopMaHUM
Ipolieflypama, IIITO je y carylacHocTu ca IToeHKapeoByM 1oryIejoM Ha IIpUpoLy
MaTeMaTW4YKOI casHama. Y3 ajeKBaTaH IWIaKTUUKy npuctym, Bl anatke 6u
MorJIe JONPUHETU PasBojy MHTYUIIMje M KPUTUUYKOI MUIIbeHa, YMecTo jJa
Oyny mmpernpeka 3a KOHIIENITyaJTHO OBJIaJ/laBarbe MaTeMaTUUKUM cajipKajiiMa.

Kibyune peun: Bewimauxa unmenuzenyuja, oudaxmuuku u3asobu, KoHYyenmyaiHo
pasymebarbe, MAMeMAMu4Ka UKMYUuyuja, Hacmaba Mamemamuie

ARTIFICIAL INTELLIGENCE BETWEEN POINCARE
AND RUSSELL: DIDACTIC CHALLENGES IN
MATHEMATICS TEACHING

Radoslav BoZié

Educons University, Faculty of Teacher Training, Sremska Kamenica, Serbia,
Academy of Applied Studies Sirmium, Sremska Mitrovica, Serbia,
radoslav.bozic@gmail.com

The increasing presence of Artificial Intelligence (AI) in various
segments of mathematics education has introduced numerous challenges faced
by all stakeholders in the educational process. Its development highlights the
debate between Poincaré and Russell regarding the nature of mathematical
knowledge - a dispute that has never ceased to be relevant. Namely, Al tools
can be described as a technological realization of Russell's logicist perspective.
However, the use of Al tools, particularly by students, is most often reduced to
computation and reaching solutions without deeper cognitive engagement. In
this way, the learning process could become a mechanical reproduction of steps,
which would negatively impact students' ability to navigate unfamiliar problem
situations. On the other hand, numerous studies have shown that for the
successful mastery of mathematical material, it is desirable for students to
independently construct knowledge based on information received, guided by
the teacher. Successful problem-solving often requires the application of
mathematical intuition in combination with formal procedures, which is in
accordance with Poincaré’s view on the nature of mathematical knowledge.
With an adequate didactic approach, Al tools could contribute to the
development of intuition and critical thinking, rather than being an obstacle to
the conceptual mastery of mathematical content.

Key words: artificial intelligence, conceptual understanding, didactic challenges,
mathematical intuition, mathematics education
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ITIE JE TPAHUIIA?

Muna BackoBuhi JoBanoBulil, Jbyouya Myopuhi-Cmanuwxobekul,
Ana CmanxoBuh?

1 Yuuep3utet y Kparyjesity, dakysrrer nmxemepcknx Hayka, Kparyjesar, Cp6uja,
2 [1pBa xparyjeBauka riuMHa3uja, Kparyjesan, Cpbmja, mina.vaskovic.jovano-
vic@uni.kg.ac.rs, ljubica.mudric.staniskovski@fink.rs,
ana.stankovic@prvagimnazija.edu.rs

Ilojam TrpaHuUIle mpencTab/ba jeJaH Ol OCHOBHMX KOHIleIlaTa
MaTeMaTW4Ke aHasIv3e, ajli ¥ caMOl' MVMCAOHOT OKBUpa y KoMe ce mperumhy
dopMasTHM ¥ MHTepIIpeTaTMBHY aclleKTH. Y OBOM pajly pasMaTpa ce HUTarbe
,I'me je rpanmma?’ kpo3 MaremMaTWdke IIOjMOBe JIMMeca, CylpeMyMa WU
MHPUMyMa, Kao " eKcTpeMHUX BpenHocTn dyHKIMja. [locebHa mnaxma
niocseheHa je pasiIMKoBamwy JOCTUTHYTUX BPEIHOCTU (MaKCVMyM 1 MUHVIMYM)
07l TPaHUYHMX BPEIHOCTH, KOje He Mopajy OwuTum ocTBapeHe, ainm ompebyjy
IIOHaIame PyHKIMja 1 ckyroBa. Kpo3 omabpane mpumMepe Mokasyje ce 3Ha4aj
orpaHnYer-a Kao ycjIoBa 3a IIOCTOjarbe MaKCMMyMa ¥ MUHMMYyMa. Takobe ce
pasMaTpa " acMMITOTCKO IIOHalIame QyHKIIMja, ca IM/beM IOTIIyHMjer
pasyMeBamba rpanuiia. Ilopen dopmasHOr MaTeMaTWMUKOI IIPWUCTyIla, pafl
yKI/by4dyje 1 MHTepIIpeTaTUBHY HUBO, I7le ce HaBeeH! II0jMOBY II0CMaTpajy Kao
MOJIeIM 3a pasyMeBambe TpaHMIlAa y IIMpeM KOHTEeKCTy. 3ak/bydyje ce ma
rpaHulle He IIpe[CTaB/bajy CaMO OrpaHMYera, Beh M HeolxomaH OKBUP 3a
neduHVICabe, CTAOVIIHOCT M ONTHMM3ALIN]y MaTeMAaTUYKIX CTPYKTypa, Kao
3a pasyMeBarbe CJIOKeHMX ITpolieca y IIpeM CMUCITY.

Kspyune peunt: epanuya, aumec, ekcmpemra Bpeorocm
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WHERE IS THE BOUNDARY?

Mina Vaskovi¢ Jovanovi¢', Ljubica Mudric-Staniskovski!, Ana Stankovic?

! University of Kragujevac, Faculty of Engineering, Kragujevac, Serbia
2 First Grammar School of Kragujevac, Kragujevac, Serbia
mina.vaskovic.jovanovic@uni.kg.ac.rs, ljubica.mudric.staniskovski@fink.rs,
ana.stankovic@prvagimnazija.edu.rs

The concept of a boundary represents one of the fundamental ideas in
mathematical analysis, as well as in the broader cognitive framework in which
formal and interpretative aspects are intertwined. This paper examines the
question “Where is the boundary?” through the mathematical notions of limit,
supremum, and infimum, as well as extreme values of functions. Special
attention is given to distinguishing between attained values (maximum and
minimum) and boundary values, which do not necessarily have to be achieved,
but determine the behavior of functions and sets. Through selected examples,
the importance of boundedness as a condition for the existence of maxima and
minima is demonstrated. The asymptotic behavior of functions is also
considered, with the aim of achieving a more complete understanding of
boundaries. In addition to the formal mathematical approach, the paper
includes an interpretative level, where the mentioned concepts are viewed as
models for understanding boundaries in a broader context. It is concluded that
boundaries do not represent only limitations, but also a necessary framework
for defining, stability, and optimization of mathematical structures, as well as
for understanding complex processes in a wider sense.

Key words: boundary, limit, extreme value
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MN3A30B1N Y HACTABU MATEMATHUYKE JIOTUKE Y
CPEOIBOILIKOJICKOM OBPA3OBABY
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MatemaTriuka JIOIMKa 3ay3uMMa II0ceOHO MeCcTO Y  IIKOJICKOM
MaTeMaTMYKOM OOpas3oBamy jep HOIPMHOCK Pa3Bojy IPely3HOr MUIIUbeHha,
apryMeHTallyje M pasyMeBarba MaTeMaTUUKOT je3uKa. Vmak, »eHo yBobeme y
CPebOLIKOJICKY HacTaBy 4ecTo je ImpaheHo Tellrkohama Koje He ITpomsiiase 13
dopmaiHe ci1oXKeHOCTM cafpkaja, Beh 13 HeckiIiaga m3MeDy cBaKOIHEBHOT
jesvka 1 pOpMaIHOr je3MKa JIOTMKe. YIIpaBO TO AOBOMAM IO CUCTEMaTCKMX
rpelllaka ¥ CHaXXHO yTM4Ye Ha HauMH Ha KOjM YYeHWIIM pa3yMejy OCHOBHe
jgornuke nojMmose. Llywb panga je ma ykaxe Ha Hajuemrhe 13asoBe y HacTaBu
MaTeMaTW4Ke JIOTMKe ¥ Ja ce, Kopmcrehn maxsemBo omabpaHe Ipmmepe,
aHa/IV3UpPajy TUIIMYHE IPellke VM MOrpellHa TyMaderba Koja ce jaBibajy KO[I
y4deHUKa. Y pajy ce NpuMerbyje aHaJIMTUYKO-MeTOIWYKY IIPUCTYII 3aCHOBaH
Ha pasMaTpamy KapaKTepuUCTMYHMX 3a7aTaka M CUTyallMja M3 HacTaBHe
npakce. [Tocebna nmaxmsa rocseheHa je pasyMmeBarby MMIDUIVKaIje, Heraryje
CJIOKEHMX VICKas3a, JIOTMYKOI Be3HMKa ,WIn”, KBaHTMUdMKaTOopa, Kao u
pas3/IMKoOBary CHMHTaKCe M ceMaHTMKe. AHa/IM3a yKasyje Ha TO Jla yYeHWULIN
dopMaTHe JIOTMUKe CTPYKType 4ecTo TyMade MHTYUTUBHO, OciIamajyhn ce Ha
oOpacile CBaKOIHEBHOT je3MKa, IITO [JOBOAM [0 IIOTPelIHOr pa3yMeBarba
3Hauera MCKa3a, HUXOBUX Herauyja M CTPYKType JlOoKasa. 3ak/byuyje ce da
HacTaBa MaTeMaTu4Ke JIOIMKe 3axTeBa IaXJbMBO OCMMUIIUbEHe IIpUMepe,
nopebeme cBakOgHeBHOr ¥ (POpPMaTHOT 3Hauera ¥ IIOCTelleHO Boberbe
y4eHMKa Ka IIpely3HIjeM MaTeMaTIKOM MUIIUberby. Takas IIpUCTyII MOXe [1a
mompuHece yHampebery HacTaBHe IIpakce U YCIIEITHMjeM YCBajarby JIOTMUKIMX
cafip’kaja y CpeIbOIIKOJICKOM O0pa3oBamy.

Kibyune peun: mamemamuuka 102uxa, (hopmMasHu jesux, 102Uk nojmobu
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CHALLENGES IN TEACHING MATHEMATICAL LOGIC
IN SECONDARY SCHOOLS
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Mathematical logic occupies a special place in school mathematics
education because it contributes to the development of precise thinking,
argumentation, and the understanding of mathematical language. However, its
introduction into secondary school teaching is often accompanied by difficulties
that do not arise from the formal complexity of the content itself, but rather from
the mismatch between everyday language and the formal language of logic.
This gives rise to systematic errors and strongly affects the way students
understand basic logical concepts.

The aim of this paper is to point out the most common challenges in
teaching mathematical logic and, by using carefully selected examples, to
analyze the typical errors and misconceptions that occur among students. The
paper uses an analytical-methodological approach based on the consideration
of characteristic tasks and situations from teaching practice. Special attention is
devoted to the understanding of implication, the negation of complex
statements, the logical connective “or”, quantifiers, as well as the distinction
between syntax and semantics.

The analysis indicates that students often interpret formal logical
structures intuitively, relying on patterns of everyday language, which leads to
misunderstandings of the meaning of statements, their negations, and the
structure of proofs. It is concluded that teaching mathematical logic requires
carefully designed examples, a comparison of everyday and formal meanings,
and the gradual guidance of students toward more precise mathematical
thinking. Such an approach can contribute to the improvement of teaching
practice and to the more successful acquisition of logical content in secondary
school education.

Key words: mathematical logic, formal language, logical concepts
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AxpenuTaliinono onrtepehere HacTaBHIKA YHVBEpP3UTeTa YIJIaBHOM Ce
3acHMBa Ha popMaTHOM Opojy JacoBa 1 IpojeKToBaHOM Opojy cTyjeHaTa, Ipu
ueMy ce 3aHeMapyje CTBapHa CJIOXe€HOCT HacTaBHOI Ipoleca Y BeJIVKUM
rpynamMa. OBakBa Hpakca JIOBOAM [I0 HecpasMmepe M3Meby HOpMaTMBHOI U
peaytHor onrepehersa, IITO MOXe yTUIIATV Ha KBaJIUTeT HacTase. Y pajiy ce
aHaJIM3Mpajy 1M3a30B1 y peainsaliijyi HacTape Ha PaKyJITeTy TeXHMYKMX HayKa
y Yauky, Ha akajleMCKMM ¥ CTPYKOBHMM CTy/i1jaMa, I7le ce OMIITeoOpa3oBHM
IpefiMeTVI M3BOJe Yy BeJIMKMM, XeTeporeHuM TIpyllama, 0K ce CTPyYHU
IpeMeTy peasInsyjy y MamiM, poduiIncaHM IpyliamMa CTyjieHaTa.

Kspyune peun: nacmaba, Bucoxo obpasoBarse, axpedumayuotro onmepelhierse, Beaununa
epyne

NORMATIVE AND REALISTIC TEACHING
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The accreditation workload of university teachers is mainly based on the
formal number of classes and the projected number of students, while ignoring
the real complexity of the teaching process in large groups. This practice leads
to a disproportion between the normative and real workload, which can affect
the quality of teaching. The paper analyzes the challenges in the
implementation of teaching at the Faculty of Technical Sciences in Cacak, in
academic and vocational studies, where general education subjects are taught
in large, heterogeneous groups, while vocational subjects are taught in smaller,
profiled groups of students.

Key words: teaching, higher education, accreditation workload, group size
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Herepmunanra kBampatHe Matpunie A = (a;), i,j=1,2,..,n Han
riosbeM F, 00m4HO ce yBoay moMohy eKcIuImimuTHe popmysie

PESy

rge je S, ckym mepmyrauuja ckyma {1,2,...,n}, a In(p) Opoj mHBepsuja y
nepMmyTauuju p. JlokasuBame cBojcTaBa [leTepMMHaHTW 3axTeBa opjpebeHa
HeeJleMeHTapHa KOMOMHATOpHa CBOjcTBa mHepMyTarija. To ce MHOrUM
KOPUCHUIIMMA YMHYU TelkyM. Ekcrummiraa popmyiia je Takobe HelmpakTuaHa
3a pauyHame, jep YK/byuyje BeJIMKM Opoj omeparyja. 3060r Tora HeKV ayTopu
(Bumern, Ha mnpumep, [1]) yBome nerepmmHaHTe momohy oxpebennx
KapaKTepUCTUYHMX cBojcTaBa. MebyTum, [oka3 [a IIOCTOjU jedMHCTBeHa
dyHKIIMja Koja MX 3amoBoJbaBa y HacTaBM ce OOMYHO wm3o0cTaBsba. Tpehm
NPUCTYII TedVHMCaRky AeTePMIUHAHTH jecTe peKyp3MBHO, 110 pefly MaTpulia.

Y oBoM pajiy 1okasyjeMo fia ce yBobemeM JeTepMUHaHTV PeKypP3UBHO
II0 FVIXOBOM pefly, KopuithemeMm JlarutacoBor passoja 110 ITpBoOj KOJIOHM, MOT'Y
Ha ejleMeHTapaH HauMH JI00MTM cCBa CBOjcTBa, YK/bydyjyhm yormrmrenu
Jlariacos pasBoj n Komm-buneosy dpopMyily, Ha HauMH IIOTOJIaH 3a HacTaBy.
Jenumo moTpebGHO mped3Hame jecy MaTeMaTW4Ka MHAYKIIMja ¥ jeJHOCTaBHa
cBOjcTBa KOHauHMX cyMa. OBaj IpucTynr Moxe OWTM BeoMa KOpUCTaH y
OCHOBHVIM YHVBEP3UTETCKVM KypCeBIMa.

Kspyune peun: demepmunanme, Jlanaaco8 pasboj, Kowu-bureoba ghopmyaa
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A NEW DIDACTICAL APPROACH ON DETERMINANTS
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Determinant as function of quadratic matrices A = (a;;), i,j = 1,2,..,n
over a field F are usually introduced using explicit formula

detAd = z (_1)]11 ® alp(l)azp(z) anp(n)
PESH

where S, is a set of permutations over {1,2,...,n} and In(p) is number of
inversions in p. Proving properties of determinants demands some non-
elementary combinatorial properties of permutations. That seems to be hard for
many users. Certain nonformula is also unpractical for calculation, since it
involves a huge number of computations. Therefore, some authors (see for
instance [1]) introduced determinants using some characteristic properties. But
the proof that there is a unique function which satisfies them is usually omitted
in teaching. The third approach to define determinants is recursively over the
order of matrices.

In this paper we show that by introducing determinants recursively in
their order using Laplace expansion along the first column, one can obtain all
properties, including generalized Laplace expansion and Cauchy-Binet
formula, on an elementary way, suitable in teaching. The only required
knowledge is mathematical induction and simple properties of finite sums. This
approach can be very useful in undergraduate courses.

Key words: determinants, Laplace expansion, Cauchy-Binet formula
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Y pany ce ucrpaxyje ynorpeba BelTauke MHTe/IUTeHIIVje Y HacTaBu
MaTeMaTVKe Ha TeXHWYKMM ¢aKysITeTrMa, Kao ¥ MOIyhHOCTHM ¥ OorpaHuJersa
IbeHe HpuMeHe. AHajam3upajy ce pasmvunTyt oOimmmy mpumene Al asara,
yxbydyjyhm ajlaTe 3acHOBaHe Ha TeHepaTMBHO] BeITaukoj VIHTeIVIeHIIjV,
VIHTEJINTeHTHe TyTOPCKe CUCTeMe, aJanTuBHEe CUCTeMe 3a y4ere U apyre
obimke Al-ompskaHor yuersa. YodeHe Cy ITOTeHIMjaIHe TIPEIHOCTY, Kao IIITO
Cy MHOVBUAyaIu3allija ydera, Opka IoBpaTHa wHdopMalija 1 gofaTHa
IIOJIpIIKA CTyAeHTUMa, aJlvl ¥ M3a30BU KOjy Cce OJHOCe Ha Ta4HOCT OJroBopa,
IIpeKoMepHO ocyiarsarbe Ha Al ayate m akageMcku mHTerpureT. Y pamy ce
pasmarpa 1 MOryhHOCT IporieHe pas/iMunTiX o0ymKa rpuMeHe Al ajiata Ha
OCHOBY KapaKTepVCTVKa Kao IIITO Cy KOPMCHOCT, PU3VK 1 HeofgpebeHoCT, unme
ce 1oO6Mja OCHOBA 3a HUXOBO MTopebere y KOHTeKCTy HacTaBe MaTeMaTlKe.

Kibyune peun: Bewimauxa unmesueenyuja, nacmaba mamemamuxe, Al-nodpxaro
yHetve, UHMeAUeHMHU MYMOPCKU CUCTIEMU.

ARTIFICIAL INTELLIGENCE IN MATHEMATICS
TEACHING AT TECHNICAL FACULTIES:
POSSIBILITIES AND CHALLENGES

Marija Dukic!, Nada Damljanovic?, Vucelja Lekic!, Andela Dukic?
1 University of Kragujevac, Faculty of Technical Sciences in Cac¢ak, Cacak, Serbia,

2University of Primorska, FAMNIT, Koper, Slovenia, marija.djukic@ftn.kg.ac.rs,
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This paper investigates the use of artificial intelligence in mathematics
teaching at technical faculties, as well as the possibilities and limitations of its
application. Different forms of Al tool implementation are analyzed, including
tools based on generative artificial intelligence, intelligent tutoring systems,
adaptive learning systems, and other forms of Al-supported learning. Potential
advantages are identified, such as individualized learning, faster feedback, and
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additional support for students, as well as challenges related to the accuracy of
responses, excessive reliance on Al tools, and academic integrity. The paper also
considers the possibility of evaluating different forms of Al tool implementation
based on characteristics such as usefulness, risk, and uncertainty, providing a
basis for their comparison in the context of mathematics teaching.

Key words: artificial intelligence, mathematics teaching, Al-supported learning,
intelligent tutoring systems
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NOKA3VIBAE TEOPEMA Y ITIPVIPOHOJ
AEAYKLIUNN
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ITosHatn mokasmBaum Teopema nomnyT Isabelle i Cog-a mipy>kajy Mohue
MexaHM3Me 3a opmasiHy BepuduKaryjy. MebyTum, muxoBa BUCOKa
aricTpakiija M ocjlamkarbe Ha ayToMaTu3OBaHe TaKTVKe 4YeCcTO OTeXXaBajy
IIe/JaroIIKO yCBajakbe OCHOBHYX IIPUHIINIIA CTPYKTYpaIHe Teopwuje gJokasa. Kao
OZIrOBOP Ha OBaj IpoldsieM, y pamy yBommmo HoBU IojaMm, Natural Deduction
Language (NDL). NDL neduHwuieMo Kao KjIacy JOMEHCKM CIeIMUIHIX
jesVika Koju ce oOcCJlam-ajy Ha WMHTepaKTMBHe WIVM ayTOMaTcke JIOKasyuBaue
yTeMeJbeHe IIPYMapHO Ha IIpaBiIMa NpupoaHe Aenykiyje. Kao pedepenrny
VIMIUIeMeHTaIlijy OBOI KOHIlelTa IHpescTaBbaMo Theodore, MHTepaKTVBHU
mokasusad Teopema u mpatehn NDL jesuk. I'mtaBHa npensHoct Theodore jesvika
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JIEXV Y FberoBOj TpaHCIapeHTHOj, TPOAWjeJIHO] apXUTeKTypy Koja CTPUKTHO
ofiBaja Wb, XMIIOTe3e U Kopake m3Bobera. 3a pasiuKy Off KOMIUIEKCHUX
cucrema, Theodore 3axTjeBa Ol KOPVCHMKA eKCIUIUIIUTHY IIPUMMjeHY ITpaBuia
yBobera ¥ eJMMMHaIMje, YMMe ce AeMUCTUEUKyje ITpoliec KOHCTPYKIIuje
nokasa. Ilopen crpore epaslyallje cMHTaKcHe WcCIpaBHOCTM ¥ Ipahersa
Be3VBarba XWUIIOTe3a, CHara CuUcTeMa ce orjlefla M y Herosom Irpatehem
eKOCUCTeMy: MHTerpucaHoM pagHoM okpyxemy (VS Code ekcreHsuja) koje
Ipy>Ka MoBpaTHe MHQOpMalyje y pealHOM BpeMeHy, Kao VM MexaHU3My 3a
ayToMaTcko TeHepucare dQopmanHmux LaTeX crabaza mokasa (bussproofs).
OpakaB IpucTyn He caMO Ja OJIaKlllaBa yCBajarbe VI CaBJlajlaBarbe ITpaBUIa
IpUpoaHe JeAyKiuje, Beh mpesacras/ba M UBPCT TeMesb 3a ITpOIIVperba Ha
ocCTaJie 3HaYajHe JelyKTUBHE CVCTeMe, Kao ITO Cy ['eHIleHOB padyH ceKBeHaTa
u Metop, Tabnoa. Taksa mpommpera, IOceOHO Yy IpaBlly aIrOpUTaMcKe
IpeTpare [0Kasa, VIMajy BeJIVKM 3Hayaj M ca TeOPUjCKOT M ca IIPaKTUYHOI
CTaHOBMIIITA.

Kipyune peun: npupoona dedyxyuja, npupoonu jesux O0edyxyuje, cmpyxmypaina
meopuja  dokasa, Be3ubawe xunomesa, aymomamcko Ookazubawe Mmeopema,
unmepaxmubro dokasubarse meopema

PROVING THEOREMS IN NATURAL DEDUCTION

Gordan Duri¢, Milos Pavlovié, Andrija Urosevic, Sana Stojanovic-Durdevic,
Nebojsa Ikodinovi¢

University of Belgrade, Faculty of Mathematics, Belgrade, Serbia, +
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Well-known theorem provers, such as Isabelle and Coq, provide
powerful mechanisms for formal verification; however, their high level of
abstraction and reliance on automated tactics often hinder the pedagogical
acquisition of the fundamental principles of structural proof theory. To address
this issue, this paper introduces a new concept: Natural Deduction Language
(NDL). We define NDL as a class of domain-specific languages that rely on
interactive or automated provers based primarily on the rules of natural
deduction. As a reference implementation of this concept, we present Theodore,
an interactive theorem prover and its accompanying NDL language. The
primary advantage of the Theodore language lies in its transparent, three-part
architecture that strictly separates the goal, hypotheses, and derivation steps.
Unlike complex systems, Theodore requires users to explicitly apply
introduction and elimination rules, thereby demystifying the process of proof
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construction. Beyond rigorous syntax validation and hypothesis binding
tracking, the system’s strength is reflected in its supporting ecosystem: an
integrated development environment (VS Code extension) providing real-time
feedback, and a mechanism for the automatic generation of formal LaTeX proof
trees (using the bussproofs package). Such an approach not only facilitates the
mastery of natural deduction rules but also establishes a solid foundation for
extensions to other significant deductive systems, such as Gentzen’s sequent
calculus and the tableau method. Such extensions, particularly in the direction
of algorithmic proof search, hold great significance from both a theoretical and
practical standpoint.

Key words: natural deduction, natural deduction language, structural proof theory,
hypothesis binding, automated theorem proving, interactive theorem proving
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VNCTA UOEJA, ABE ITEPCITEKTVBE: IIITA 3AIIPABO
3HAMO O H31 1 H3C?

Jbybuya Bypobuh, Musuya Byuuhiebuli, Henao Cmojanobuhi

Ynusepsurer y Kparyjesiy, [Ipupogno-maTematiraku daxysret, Kparyjesarr,
Cpbuja, ljubica.milevic@pmf.kg.ac.rs, milica.vucicevic@pmf.kg.ac.rs,
nenad.stojanovic@pmf . kg.ac.rs

YV pamy ce pasmaTpa mojaM Hajseher sajeqHuuxor genvoua (H3M) u
HajMamer 3ajemHMukor cagpxkaona (H3C) w3 pgBe KomIuleMeHTapHe
IepcrieKTuBe: y CKYIy IIpupoaHMX OpojeBa 1 y mpcTeHy mosiamHoMa. Vako ce
panu o popMaIHO VMCTO] Meju, ITOKasyje ce [1a FbeHa MHTepIIpeTaliyja y oBa JiBa
OKpy>keFba HUje TIOTIIYHO aHaJIorTHa. [I0K je y ckyry mpupogHaux 6pojesa H3/1
jenvHCTBeHO onpebeH, y cIydajy IOJIMHOMa TO BUILle HUje TakKo, jep Cy CBU
acolVpaHV HOJIMHOMM (KOj/ ce pasjIMKYyjy 3a MYJITUIUIMKATUMBHY KOHCTaHTY)
paBHOIIpaBHM KaHAMAATH. YIIPKOC TOMe, y HacTaBHOj JIUTepaTypyu ce YecTo
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VIMIUIVIIATHO VIV eKCIUIMIIUTHO MHCUCTUpa Ha jeaguHcTBeHocTrt H3/1 1 H3C
IIOJIVHOMA, INTO [IOBOAM [0 MeTOHOJIOMKMUX HemociaemHocTn. I[loceGan
rpobsieM HacTaje Kafa ce, mpuinkoM oxapebusarmwa H3/1 1 H3C nmoymmmoMa ca
OpojuaHyM KoeduIlMjeHTUMa, IapajejIHO HPUMemYjy IOCTYHIM U3
aputMeTuke, Ia ce padyHajy H3Jl m H3C cammx koedurmjeHara. Takas
HNPUCTYIl, MaKO WMHTYWUTMBHO IIpWMBJIadyaH, HUje y CKJIady ca CTPYKTypoM
IIOJIMHOMCKOI IIpCTeHa ¥ MOXe [J0BecTM A0 IIOIpellHMX 3aK/bydaka o
jeIVHCTBEHOCTM U IPUPOAM OBUX IOjMOBa. Y pajly ce yKasyje Ha moTpeOy
jacHOr paspgBajarba OBMX IIepCHeKTVBa W IHpeluusHor dopMyJncamba
medpuHMIIMja KOje yBaXaBajy ajrebapcka cBojcTBa mHoimMHOMa. /[lomaTHoO,
pasmaTrpa ce MoryhHoct mnpommpera mnojmosa H3Jl m H3C BHa HuBO
IIOJIMHOMCKMX WM3pasa, Ifge OuM M HyMepuuku KoedUIIVjeHTU Wrpaimn
CYIITMHCKY yyory. OBakas IIPUCTYI ce MOKas3yje HapO4uUTO peJleBaHTHUM Y
KOHTeKCTy cpebuBama W IOjeJHOCTaB/bMBarba WM3pas3a, IJe CTaHgapaHa
Teopujcka pAedpumuija H3Jl nommHoMa He oOyxBaTa y HOTIyHOCTU
npakTuHe norpebe. Ha Taj HaumH, pag mMMa 3a IIW/b Ja yKake Ha pasjIvKy
msmeby dopmanHe Teopuje M padyHCKe IIpakce, Kao ¥ [la IOfCTaKHe
IpenysHuje 1 JOCJIeHMje PasyMeBarbe OBUX OCHOBHMX ITOjMOBA.

Kipyune peun: uajbeliu sajednuuxu Oesusay, HajMarsu 3aje0HU4KU CaopKasay,
noAuHoMu, jedurcmeberocm

ONE IDEA, TWO PERSPECTIVES: WHAT DO WE
REALLY KNOW ABOUT THE GCD AND LCM?

Ljubica Purovié, Milica Vucicevi¢, Nenad Stojanovi¢

University of Kragujevac, Faculty of Science, Kragujevac, Serbia
ljubica.milevic@pmf.kg.ac.rs, milica.vucicevic@pmf.kg.ac.rs,
nenad.stojanovic@pmf.kg.ac.rs

This paper examines the concept of the greatest common divisor (GCD)
and the least common multiple (LCM) from two complementary perspectives:
within the set of natural numbers and within polynomial rings. Although the
underlying idea is formally the same, its interpretation in these two settings is
not fully analogous. While in the natural numbers the GCD is uniquely
determined, in the case of polynomials this is no longer true, since all associate
polynomials (differing by a multiplicative constant) are equally valid
candidates. Nevertheless, many textbooks implicitly or explicitly insist on the
uniqueness of the GCD and LCM of polynomials, which leads to
methodological inconsistencies. A particular issue arises when determining the
GCD and LCM of polynomials with numerical coefficients by simultaneously
applying arithmetic procedures, such as computing the GCD and LCM of the
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coefficients themselves. Although intuitively appealing, this approach is not
consistent with the algebraic structure of polynomial rings and may result in
incorrect conclusions regarding the nature and uniqueness of these concepts.
The paper highlights the need to clearly distinguish between these perspectives
and to formulate definitions that properly reflect the algebraic properties of
polynomials. Furthermore, the paper considers a possible extension of the
notions of GCD and LCM to the level of polynomial expressions, where
numerical coefficients would play an essential role. This approach appears
particularly relevant in the context of simplifying expressions, where the
standard theoretical definition of the GCD of polynomials does not fully capture
practical computational needs. In this way, the paper aims to emphasize the gap
between formal theory and computational practice, and to encourage a more
precise and consistent understanding of these fundamental concepts.

Key words: GCD, LCM, polynomials, uniqueness
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MOJKE JI1 BELHITAYKA MHTEJIMTEHLINJA A IIPEBE
MATAPERU MOCT?

Hebojuwa Uxodunobuhi, Cana CmojarnoBuli-Bypbebuhi

Yausepsuret y beorpanmy, Maremariukm daxyirret, beorpan, Cpouja,
nebojsa.ikodinovic@matf.bg.ac.rs, sana.stojanovic.djurdjevic@matf.bg.ac.rs

Marapehn MocT je Ha3uB 3a UyBeHy TeopeMy reoMeTpwuje O jellHaKOCTM
yIjloBa Ha OCHOBUIM jeJHaKoKpakor Tpoymia. Vako y Eyxmmosum
EnemeHTNMa 10Ka3 oBe TeopeMe 3alCTa IIpaTu CJIMKa Koja mopceha Ha MocT,
MHOIO je IIOIyJIapHUje MeTapOpUUYKO 3Hauere jJa yIIpaBo OBa TeopeMa
IIpeJicTaB/ba MHTeJIeKTYyaJIH 113a30B KOji TecTupa pacybuBarbe 1 pasyMeBarbe,
Tj. CBOjeBpCHY IpPeKpeTHUILy U3 HIDKeT Ka BUIIleM pacybuBarmy 1 pasyMeBamby.
Kpo3 anaimsy /1okasa oBe TeopeMme y jelHOM MajioM (pparMeHTy reomerpuje
6uhe mpencraB/beH cucTeM NpuUponHe HedykKuwmje. Taj cucrteM je MHMIIMjaIHO
crBopmo ['eHtieH kao MocT nsMeby dpopmasHor 1 HedpopMasTHOT JJOKas3MBaa,
msMmeDy aHa/MTUUYKe TIIOTpare 3a JOKa3oM W ojrosapajyhe cuHTeTHuke
peKoHcTpyKIuje. YIIpaBo Ccy TO MecTa Ha KOja ce OJJHOCe Hallla VICTpaX1Barba,
U ca METOOWYKOT ¥ Ca padyHapCKOI acleKkTa, a y KOHTeKCTy U INPUpOIHe U
BelTauke wHTenurenuyje. Llwe npemasama je 1Ja ce WCTaKHy HeKHU
KOHIIETITYJTHV M3a30BU U 1ajy HeKe MeTOA0JIOIIKe CMePHUIIE VICTPaK/Barba.

Kipyune peun: eyxaudcka ecomempuja, npupooua dedykyuja
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CAN AI CROSS THE DONKEY’S BRIDGE?

Nebojsa Ikodinovié, Sana Stojanovié-Durdevic

University of Belgrade, Faculty of Mathematics, Belgrade, Serbia,
nebojsa.ikodinovic@matf.bg.ac.rs, sana.stojanovic.djurdjevic @matf.bg.ac.rs

The “Donkey’s Bridge” is the name of the famous theorem stating the
equality of the base angles in an isosceles triangle. In addition to the fact that
the proof of this theorem in Euclid’s Elements is accompanied by a diagram that
indeed resembles a bridge, it is often used metaphorically to denote an
intellectual challenge that tests reasoning and understanding. Through an
analysis of the proof of this theorem within a small fragment of geometry, a
system of natural deduction will be presented. The system was originally
created by Gentzen as a bridge between formal and informal reasoning,
between the analytic search for the proof and the corresponding synthetic
reconstruction. These are precisely the points addressed by our research, both
from a methodological and computational perspective, in the context of both
natural and artificial intelligence.

Key words: Euclidean geometry, natural deduction
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AIIAIITUBHO VYUEIHE YV STEM ObPA3OBABY
3ACHOBAHO HA BEHITAUKOJ MHTEJIMTEHLIN]JW:
ITEPUEIIIVJE CTYJEHATA O MHTEJIMTTEHTHOM
TYTOPCKOM CUCTEMY ALEKS

Jenena Mauh

Yausepsurer y Hosom Cany, ITpuponHo-matematiuku dakysret, Hosu Cap,
Cpb1ja, ilicjelena3105@gmail.com

O6mact STEM obpasoBarba cBe ce MHTeH3VBHMje UCTpaXxyje, IIoceOHO y
Be3V ca pa3BojeM BelllTauKe MHTeJINreHnyje. Y by MOTMBUCarba CTyAeHaTa 1
yHampebuBama HBuUxoBor McKycTBa y yuerwsy STEM canmpikaja, y HacTaBHO]
Ipakcyu cBe yelthe ce KOpucTe ajlaliTVBHe TeXHOJIOTMje ydera 3acCHOBaHe Ha
BEILITa4YKOj VIHTEJIMT€HLIVj .

OBa cTyauja wcomuTyje Ilepleniyje cTygeHata O edUKacHOCTU
vHTeMreHTHOr TyTopckor cucrema ALEKS, ca dokycom Ha meros yTuiiaj Ha
y4erse, MOTMBaLIWjy ¥ aHraKOBAHOCT. Y WCTpaXuBarby je ydecTBoBasio 380
CTyJeHaTa KoOjuI Cy IONYHWINM aHKeTy KpeupaHy 3a IoTpebe oOBOT
ucTpaxubama. Kopuirhen je BaymanpaH yIUTHUK ca cTaBkaMa Ha JIkepToBoj
CKaJIM Kako Om ce yTBpOWIO MUIUbEHe CTyJeHaTa O BaXHUM
KapaKTepuCTVKaMa aJlallTMBHOI CUCTeMa, Kao IITO Cy IIepCOHaJIM30BaHU
IlyTeBM Yyd4era, TpeHyTHa IIOBpaTHa WHdopMalyja u HpwiarobaBame
cajipxaja. [JleckpunTuBHa cTaTUCTHMYKa aHajM3a CIOpoOBeleHa je paau
yTBpbVBama ONIITIX TPeHAO0Ba Y OArOBOpMMa CTy IeHaTa.

Pesysrratnt ykasyjy Ha To fa cryaenTu cucreM ALEKS noxmsipaBajy kao
KOpWCTaH ajiaT 3a yuerbe y STEM obnactvma. VlctimraHmim ¢y HaBesIu 1a M je
OBaj MPUCTYH MoMorao ja Oojbe pasyMejy I'paauBo, IOJCTaKao Mx Ha Behe
aHTaXkoBarme 1 mosehao mUXxoBy MoTuBalyjy omoryhasajyhm mm fma yue
COIICTBEHVM TeMIIOM ¥ J[100Mjajy KOHTMHYMpaHy IIOBpaTHy MHOpMaljy.
PesysrraTi mokasyjy fa diiekcubuiHa oKpykeka 3a yuere MOy yHaIlpeuTu
VICKyCTBa CTy/leHaTa y yuery, IIITO ITOTBpDYyjy Iofaly 3aCHOBaHM Ha HMXOBUM
camorporieHama. Vak, vicTpaxuBarbe je OrpaH/YeHO YIIOTpeOOM MCKI/bYUMBO
cyOjekTMBHUX KpuTepujyMa, Oynyhm npa Hucy xopumrheHu 00jeKTMBHNU
IoKasaTe/by IocTurHyha (Hmop. pesysTaTu cTaHZapAM30BaHMX TecTOBa) 3a
IpoIleHy edMKaCHOCTM OBaKBOI MPUCTyIla ydery. YIIPKOC HaBeIeHOM
OrpaHM4ery, O4eKyje ce [1a OBO MCTpaXkuBarbe JOIIPUHeCe CBe IIMPO]j paclpaBy
O IIpMMEeHM TeXHMKa BelllTauke MHTeJIMTeHIyje y IIpoliecy yuera. [loceGHo ce
VICTMYe 3Hauaj IepcleKTHBe CTyjeHaTa y IpoleHn epMKacCHOCTU aJlallTUBHMX
TeXHOJIOTVja.

Kibyune peun: Bewimauxa unmerueenyuja y obpasoBarsy, adanmubuu cucmemu
yuewa, ALEKS, nepyenyuje cmyoenama, STEM obpasoBarse
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AI-DRIVEN ADAPTIVE LEARNING IN STEM
EDUCATION: STUDENT PERCEPTIONS OF THE ALEKS
INTELLIGENT TUTORING SYSTEM

Jelena 1li¢

University of Novi Sad, Faculty of Sciences, Novi Sad, Serbia,
ilicjelena3105@gmail.com

The field of STEM education is increasingly being researched,
particularly in relation to the advancement of artificial intelligence. In order to
motivate students and enhance their STEM learning experiences, adaptive
learning technologies using artificial intelligence are increasingly being used in
teaching practice.

This study examines students' perceptions of the effectiveness of the
intelligent tutoring system ALEKS, focusing on its impact on learning,
motivation, and engagement. The study involved 80 students who completed a
survey designed for it. We used a validated questionnaire with Likert-scale
items to find out what students thought about important features of the
adaptive system, such as personalized learning paths, instant feedback, and
content customisation. Descriptive statistical analysis was conducted to identify
general trends in students' responses. The results indicate that students perceive
the ALEKS system as a useful tool for learning in STEM fields. Participants
reported that the method helped them better understand the material,
encouraged them to engage, and increased their motivation by allowing them
to set their pace and receive ongoing feedback. The results show that flexible
learning settings can enhance students’ learning experiences, as evidenced by
self-reported data. Nonetheless, the research is limited by the usage of
subjective criteria only since no objective performance indicators (e.g.,
standardized test results) were used to evaluate the effectiveness of the flexible
learning approach. Despite the aforementioned limitation, the current study is
expected to contribute to the ever-growing discussion on the implementation of
Al techniques in the learning process. It specifically highlights the relevance of
using the student-oriented perspective for assessing the effectiveness of the
adaptive technologies in question.

Key words: artificial intelligence in education, adaptive learning systems, ALEKS,
students' perceptions, STEM education
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CYOOKY KAO MOCT M3MEDBY JIOITNYKOTI
MUIIJbEIbA 1 HACTABE MATEMATWMKE: O/
OJJIEPOBUX KBAIIPATA 1O CY3bBUJAIBA
MATEMATWUYKE AHKCMO3HOCTMU

Crexana Mauh

Texuvraka mkora, MageHosart, Cp6uja, snezailic78@gmail.com

CaBpemeHa HacTaBa MaTeMaTVKe YeCTO ce CBOAV Ha MeXaHWYKIM PadyH,
IITO KOJI yUeHVKa cTBapa OTIOp M T3B. ,CTpax of rpemke y pauyny”. OBaj pag,
ucrpaxyje mnoreHuyjaji urpe CygoKy Kao cpefcTsa 3a pexaOwnTamyjy
MaTeMaTUYKOI MUIIUberba 0e3 IMpUTHCcKa apUTMeTHUUKIX oIlepanyja. Y IIpBoM
Aeily, paji ocBeT/baBa MCTOPUjcKO-priio30deKy reHesy rmpobrema, mosesyjyhn
Cymoky ca pamosuma Jleonapma Ojmepa o0 JIaTMHCKMM KBagpaTuMa Kao
CTpyKTypama pefia v cumerpuje. [Ipyru meo paga dokycupa ce Ha AMOAKTIYKY
IIpVMeHy Yy IIeCTOM paspedy OCHOBHe INKOJe, aHaM3upajyhu crparteruje
AeIyKTVBHOI 3aK/by4MBarba U eJIMMUHAlIVje KOoje YYeHMUIV KOPWCTe TOKOM
pemaBara. [locebaH Hamlacak cTaB/beH je Ha pa3BOj MeTaKOTHUTMBHUX
BeIlITVHA; KPO3 CBECT O COIICTBEHOM ITPOLIeCy pasMuIIUbarba, YYeHWLIV Jo0ujajy
KOHTPOJIy HaJl Mpo0jeMoM, IITO AMPEKTHO yMarbyje aHKCMO3HOCT VI Mekba
IepUenyjy MaTeMaTVKe W3 CKyla ajJropuraMa y II0Jbe VCTpaXuBarba U
JIOTMYKOT OTKpBamba. 3aksbyuyje ce ga CyqoKy Ipefcras/ba edyKacaH MOJIel
3a IpVUIMeHY Wieja u3 ucropuje u prstoszoduje MaTeMaTHKe y Wby MOTUBaLIVje
I pa3Boja IO3UTVUBHOT CTaBa IIpeMa MaTeMaTYKO] HayLu.

Kipyune peun: Cydoky, samuncku «Badpamu, Mamemamuuka aAHKCUOSHOCH,
0e0yKmubHO MUULbEHe, MEMAKOZHUYU]A
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SUDOKU AS A BRIDGE BETWEEN LOGICAL
THINKING AND MATHEMATICS TEACHING: FROM
EULER’S SQUARES TO OVERCOMING MATHEMATICS
ANXIETY

Snezana Ilic-

Technical School, Mladenovac, Serbia, snezailic7Z8@gmail.com

Modern mathematics education is often reduced to mechanical
calculation, which creates resistance among students and a so-called “fear of
calculation errors”. This paper explores the potential of Sudoku as a means to
rehabilitate mathematical thinking without the pressure of arithmetic
operations. In the first part, the paper illuminates the historical and
philosophical genesis of the problem, linking Sudoku to Leonhard Euler’s work
on Latin squares as structures of order and symmetry. The second part of the
research focuses on didactic application in the sixth grade of primary school,
analyzing strategies of deductive reasoning and elimination that students
employ during problem-solving. A particular emphasis is placed on the
development of metacognitive skills; through awareness of their own thinking
process, students gain control over the problem, which directly reduces anxiety
and shifts the perception of mathematics from a set of algorithms to a field of
exploration and logical discovery. The paper concludes that Sudoku represents
an effective model for applying ideas from the history and philosophy of
mathematics to motivate students and develop a positive attitude towards
mathematical science.+

Key words: Sudoku, Latin squares, mathematics anxiety, deductive reasoning,
metacognition+
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OLEBLVNBAIBE 3SACHOBAHO HA ITOOALIVIMA'Y
BMCOKOM OBPA3OBABY PAUYHAPCKHMNX HAYVKA:
ITPAREIHE 1 EBAJIYAIIMJA CTYOEHTCKMX
CODPTBEPCKMX ITPOJEKATA Y3 ITPUIMEHY OBPA/IE
ITPPOOHOTI JE3MKA

Musow Jorobulil, Arexcandap JoxcumoBulil, Ilemap JlyxoBay!,
Caba Yabowixu?

1YHauBepsuret y beorpamy, ®axysreTr opranmM3anonmx Hayka, beorpan, Cpouja,
2YausepsureT YHMOH, Pauynapcku dakysret, beorpan, Cpouja,
milos.jolovic@fon.bg.ac.rs, aleksandar.joksimovic@fon.bg.ac.rs,
petar.lukovac@fon.bg.ac.rs, Scavoski@raf.rs

TpanumyoHaHe MeTo/Ie eBaTyallyje CTyleHaTa He yCIleBajy fa VcIIpaTe
AVHaMI4aH pa3Boj OUTMTAIHMX TEXHOJIOTMja y peaylHOM BpeMeHy. IlojaBom
BEJIMKMIX je3VYKIX MOJIela, VI CBe BehnM cTelleHOM ayToMaTu3allje Kpevparba
M3BOITHOT KOJIa, eBasTyallvja cTyZeHaTa MHPOpMaTHKe II0CTaje cBe Behm 13a30B
- moceOHO umajyhm y Buay mnpebalyBarbe KOTHUTMBHOI onrTepehema u
IIPEKOMEPHO OCJIalbalbe CTyZleHaTa Ha ajlaTe TeHepaTWBHe BeIllTadke
unTesmrexiyje [1] [2] [3]. TlpeameT ncTpaxkuBarba ce orlefa y Kopuiihemy
MeToJla MaIllTHCKOT y4erba, CITeInWIHO 3a 00pazy IPUPOIHOT je3rKa, Kako
6u ce m3BpuIwIa aHaM3a codpTBepckmx pernosuropujyma ca GitHub Education
wiardopMe Koje CTYHeHTM KOpHCTe Kpo3 pefoBaH paj Ha IpeiMeTrMa
Karerpe 3a errexTpoHcKo mocsioBarbe ca dakysiTeTa opraHM3allOHMX HayKa.
[maBHM 1IWbB OBOr paja je pasBoj Mopella 3a ayTOMaTWU30BaHy eBalyamujy
CTeTleHa pasyMeBarba COTBEPCKMX ITpojeKaTa Kofl CTy[AeHaTa Kpo3 aHasm3y
yckiiabeHOCTM TexHWMUYKe J[OKyMeHTalluje IIpojeKTa ¥ VIMIUIeMeHTHpPaHOT
V3BOpHOr Kopa. PesynraT wcTpaXmBarka YyKasyjy Ha jacaH CTelleH
nofyaapHOCTY n3MeDy onmcaHVX v U3BeeHNX pelllersa, IIPU YeMy Cy 3HaudajHa
OfiCTyIama WAeHTUdMKOBaHa Ha MpojeKTMMa KOjiI  CUTHaJIU3UPajy
HEeKPUTUYKO Kopwuinhere ajlaTa IeHepaTVBHe BellTauke WHTeIUTeHIyje.
I'maBHM OIPUHOC pajia je cMamerbe onrepehersa HacTaBHMKa 1 oMoryhasare
KOHTMHYMpaHor Ipahema u eBajlyalluje pajga cTyjgeHaTta. IlpakTuune
VIMIDIVIKaIlvje OrJIefiajy ce y eayKaluji CTy[eHaTa O ajlaTMa IeHepaTVUBHe
BeIllTauKe VHTeJINTeHIIje, Kao Y CABeCHVM, KPUTIUYIHVIM 1 €TMYKIM HauvHIMa
3a Kopuiitheme IOMEeHyTHX ajlaTa.

Kipyune peun: anasumuxa yuersa, 06paoa npupooHoe jesuka, MAuiuHCKoO yuerse
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DATA-DRIVEN ASSESSMENT IN COMPUTER SCIENCE
HIGHER EDUCATION: MONITORING AND
EVALUATION OF STUDENTS' SOFITWARE PROJECTS
LEVERAGING NATURAL LANGUAGE PROCESSING

Milos Jolovicl, Aleksandar Joksimovicl, Petar Lukovacl, Sava Cavoski?

T University of Belgrade, Faculty of Organizational Sciences, Belgrade, Serbia,
2Union University, School of Computing, Belgrade, Serbia,
milos.jolovic@fon.bg.ac.rs, aleksandar.joksimovic@fon.bg.ac.rs, petar.luko-
vac@fon.bg.ac.rs, Scavoski@raf.rs

Traditional student evaluation methods are failing to keep pace with the
dynamic, real-time development of digital technologies. With the emergence of
Large Language Models and the increasing automation of source code
generation, assessing computer science students has become a significant
challenge - particularly regarding the shift in cognitive load and students’
possible overreliance on generative artificial intelligence tools [1] [2] [3]. The
subject of this research involves utilizing machine learning methods,
specifically Natural Language Processing (NLP), to analyze software
repositories from the GitHub Education platform used by students during
regular coursework at the Department of E-Business, Faculty of Organizational
Sciences. The primary objective of this paper is the development of a model for
the automated evaluation of students” comprehension of software projects by
analyzing the consistency between technical project documentation and the
implemented source code. Research results indicate a clear degree of alignment
between the described and implemented solutions, while significant
discrepancies were identified in projects signaling a misuse of generative Al
tools. The main contribution of this work is the reduction of teacher workload
and the enabling of continuous monitoring and evaluation of student
performance. Practical implications are reflected in the education of students
regarding generative Al tools, emphasizing conscious, critical, and ethical
approaches to their utilization. +

Key words: learning analytics, natural language processing, machine learning -+

References

[1] M.N. Alam, M. A. Islam, M. O. A. Babiker, M. S. Siddiqui, M. Bin Amin, J. Olah, AI-
assisted learning tools and student learning outcomes: A cognitive load theory perspective,
Computers in Human Behavior Reports 21, 2026, 100986.

[2] L.-V. Herm, Impact of Explainable Al on Cognitive Load: Insights from an Empirical
Study, arXiv, 2023.

51



CEKLWUJA 1: UICTPAXKINBAIbA Y HACTABVM MATEMATVIKE V1 UHOOPMATHVKE

[3] C.Zhai, S. Wibowo, L. D. Li, The effects of over-reliance on Al dialogue systems on stu-
dents’ cognitive abilities: a systematic review, Smart Learning Environments 11(1), 2024.

OJ1 INJAJIOTA I3BMEBY CTYIEHTA Y LLM-A 10O
AHAJIUTUKE YUEWA: VHAIIPEBEILE SPARK_AI
KPO3 OKBVIP 3A AHAJIUTMKY MHTEPAKIIMJE

Mapuja Kanaap, Cebacmujan Kanaap

Yuusepsurer y Hosom Cany, Hosu Cag, Cpbuja,
marija.kaplar@uns.ac.rs, kaplar@uns.ac.rs

SPARK_AI (Socratic-Polya Adaptive Reasoning Kit) mpencraspa
IwIaTdOpMy 3a yuere y3 IOOPIIKY BelllTauke MHTEJIUTEHIIVje peal30BaHy
Kpo3 ueTOOT. 3a pas/MKy Off CTaHJApIHMX BeIVKMX je3MUKMx Mojesia,
ycMepeHUX Ha AWpeKTHO naBarbe onarosopa, SPARK_AI wmma 3a mwsb fga
KOpPMCHMKa BOIAM KOpaK II0 KOpaK Kpo3 IIpollec pelllaBara ITpo0iieMa,
noactuuyhu  pesonosarwe u  pediiexcujy. SPARK_AI je 3acHoBaH Ha
afanTabwIHO] apXWUTEKTYypW MPWIArod/bUBOj pas/IMuUTHUM [OMeHMuMa Koja
4JyBa KOHTEKCT M CTarbe Kpo3 ysactonHe mHTepakiyje. SPARK_AI_MATH je
jenan ox mozysia SPARK_AI a HamerbeH 3a pelllaBar-e MaTeMaTUUKIMX 3a/iaTaka
Koju ce TeMesbu Ha Cokparckoj Metomu wn IlosbumHuMM ¢pasama pellaBarba
npobiiema. Y tom cmuciry, SPARK_AI dpyHKIMOHMIIIE He caMO Kao TyTOPCKO
OKpyXerbe, Beh 11 Kao KOHTpoJIMcaHa apXUTeKTypa 3a IIpoydaBaibe IIpolieca
ydema ITIoCpeloBaHMX BellITaYKOM VMHTeJIUTeHIIjoM. Y 0BOM pajly IIpefiaxe ce
yHampebeme cucTreMa Kpo3 OKBUpP 3a KOIMpame ¥ aHalu3y WHTepakilyje
usmeby crynmenta wm uerbora. IlpemioxeHu mnpuctyn TpaHcOpMUIIe
3aberte)keHe MHTEPaKIIMje Y CTPYKTypupaHe IlefIaromke ojgaTKe KOoAypambeM
CTY[IeHTCKMX TI0Te3a, TUIIOBa I'pelllaka, O0JIMKa CrcTeMCKe MOPIIKe M MCXofa
HaKOH MHTepBeHIMje. YMecTo fa ce Aujajior IocMaTpa Kao HeCTPYKTyupaH
TeKCT, OBaj OKBUP WHTepaKlWjy KOHIeNITyalu3yje Kao HU3 aHaJIUTUYKN
cMucieHnx forabaja y yuerwy. TakBo yHampebere mMa ¥ TearoIku u
UCTpaXMBaUKy 3Hadvaj: HacTaBHMIIMMA MOXe IoMohM Yy IIpero3HaBamby
IIOHaBJbajyNMX MMUCKOHIIeMIIMja ¥ KPUTUYHMX TpeHyTaKa TOKOM pelllaBarba
3a7laTaka, YK/bydyjyhu pasimkoBarse IPpOLyKTVMBHOT 3acToja, KOjy IOACTIYe
Jajbe MUIIUBEFse ¥ HallpefaK, Of HeIpoAyKTMBHOI, KOji AOBOAM MO
IIOHaBJbakba I'Pelllaka M M30CTaHKa HallpeTKa.

Kspyune peun: SPARK Al, Al-nodpsxano yuerve, cmyoenm—-uembom uxmepaxyuja,
AHAAU3A NPOYECa Yuerba, AHAAUSA 2PeuiaKa
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FROM STUDENT-LLM DIALOGUE TO LEARNING
ANALYTICS: ENHANCING SPARK AI THROUGH AN
INTERACTION ANALYTICS FRAMEWORK -

Marija Kaplar, Sebastijan Kaplar +

University of Novi Sad, Novi Sad, Serbia,
marija.kaplar@uns.ac.rs, kaplar@uns.ac.rs

SPARK_AI (Socratic-Polya Adaptive Reasoning Kit) is an Al-supported
learning platform implemented through a chatbot. Unlike standard large
language models oriented toward the direct provision of answers, SPARK_AI
is designed to guide users step by step through the problem-solving process,
fostering reasoning and reflection. SPARK_AI is based on an adaptable
architecture that can be applied across different domains and that preserves
context and system state across successive interactions. SPARK_AI_MATH is
one of the SPARK_AI modules (chatbots) intended for solving mathematical
problems and is grounded in the Socratic method and Pdlya’s phases of
problem solving. In this sense, SPARK_AI functions not only as a tutoring
environment, but also as a controlled architecture for examining Al-mediated
learning processes. This paper proposes an enhancement of the system through
a framework for coding and analyzing student-chatbot interaction. The
proposed approach transforms recorded interactions into structured
pedagogical data by coding student moves, error types, forms of system
support, and outcomes following intervention. Rather than treating dialogue as
unstructured text, the framework conceptualizes interaction as a sequence of
analytically meaningful learning events. Such an enhancement has both
pedagogical and research significance: it can help teachers identify recurring
misconceptions and critical moments during problem solving, including the
distinction between productive struggle, which promotes further thinking and
progress, and unproductive struggle, which leads to repeated errors and the
absence of progress.

Key words: SPARK Al, Al-supported learning, student-chatbot interaction, learning
analytics, error analysis
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VUEIbE MATEMATUKE 3ACHOBAHO HA VTPY:
IV3AJH, UMIUTEMEHTALIVIJA Y TIEPLIETILIUJE
VUEHUKA

Muxaow KoBau?, IT'opan Padoje6?, Mupjana bpoap?
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Y oBoM pagy wcTpaxyje ce ymorpeba obOpasoBHe Buieo-UTpe ca
eJleMeHTVMa UTrpaka yJlora Kao IUJaKTUUKOT CpeJICTBa 3a yuerbe JIMHeapHMX
jelHauMHa WM CUCTeMa JIMHeapHUX jeqHaumHa. MaremaTnuku caapKaju
VIHTeTPVICAHM Cy Y MIHTePaKTMBHO OKpYKekhe 3aCHOBaHO Ha HapaTWBY, Y KOjeM
yYeHUIM pelllaBajy 3ajaTKe Kao [eo Urpe, 4ymMe ce IOACTUYe aKTUBHO WU
KOHTEKCTya/IM30BaHO yUeHe.

IIpucty1 je 3acHOBaH Ha NPMHIMIIMMA HacTaBe yCMepeHe Ha y4eHMKa
VI VICKyCTBEHOI Yyd4era, IIpV YeMy ce IIOACTUYY ayTOHOMUja, KPUTUYKO
MUIIUberbe 1 pelllaBarbe IpobiieMa Kpo3 HelloCpeIHy IoBpaTHy MHQopMaIijy
VI BUICOK HVBO aHTa)kOBarba.

ITopen Tora, paj mpukasyje m pesyirare aHkeTe Mmeby yudeHwmima
cIpoBefleHe TOKOM IpuMeHe wrpe. Hamasw mpyxajy yBupg y MOTMBaIugjy
y4eHMKa, IbMXOBe CTaBOBe W OIaXeHy edUKacHOCT OBOI IIPUCTYyIIa,
nongpxXapajyhm ykbyumBarbe ydera 3acHOBAaHOI Ha WIPM Yy HacTaBy
MaTeMaTVKe.

Kipyune peum: yuewe 3acnoBano Ha uepu, AureapHe jeOHauuwe, aneaxobawocm
yHeHuKa

GAME-BASED MATHEMATICS LEARNING: DESIGN,
IMPLEMENTATION, AND STUDENT PERCEPTIONS

Miklos Kovac!, Goran Radojev?, Mirjana Brdar3

1 Electrotechnical School “Mihajlo Pupin”, Novi Sad, Serbia, 2 Faculty of Sciences,
University of Novi Sad, Novi Sad, Serbia, 3 Faculty of Technology Novi Sad,
University of Novi Sad, Novi Sad, Serbia, kovac.miklos@gmail.com,
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This paper investigates the use of an educational role-playing video
game as a didactical tool for learning linear equations and systems of linear
equations. Mathematical content is embedded within an interactive, narrative-
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based environment, where students solve problems as part of the gameplay,
promoting active and contextualized learning.

The approach is based on student-centered and experiential learning
principles, encouraging autonomy, critical thinking, and problem-solving
through immediate feedback and engagement.

In addition, the paper presents the results of student surveys conducted
during the implementation of the game. The findings provide insight into
students” motivation, attitudes, and perceived effectiveness of this approach,
supporting the integration of game-based learning into mathematics education.

Key words: game-based learning, linear equations, student engagement
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EOUMKACHO MATEMATUYKO TOKA3VBAIBE KPO3
KOHIIEIITE 1 MOIEJIE 13 ®U3VKE
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Y oBom pamy wucTpaxyje ce HNPUCTYI edWUKACHOM MaTeMaTUYKOM
JI0Ka3MBamy KOji ce 3acHMBa Ha YIOTpeOw KOHIIenaTa M Mofera u3 dusuke.
IIpomec mokasuBarba mocMaTpa ce Kao aKTMBHOCT KoOja Ccé MOXKe IIPUPOIHO
YyTpaguTU y KOHTEKCT (PU3MUKMX II0jaBa IIO3HATUX y4YeHWUIIVIMa, 4uMe ce
aricTpakTHe MaTeMaTW4YKe CTPYKType IIoBe3yjy ca (PU3MYKOM VMHTYWIIVOM.
OU3MYKY ITPVHLVIIN 13 00J1aCTV CTaTVKe, Kao IIITO CY jeMHCTBeHOCT TeXMIITa
cucTeMa Maca, IIPUHIMII IOJIyre W IPUHIWII 3aMeHe CUCTeMa Maca
eKB/BaJIEHTHOM MacoM Yy IbeHOM TeXMUINTY, KOpUCTe ce Kao IoJjia3He
IIPETIIOCTaBKe 3a KOHCTpyucare MaTreMaTW4KMX Jokasa. Kao wirycrpatusan
IIpyMep, IOKa3yje ce KakKo ce HaBedeHVM (U3MUYKVM IIPUHLNINMA MOXe
J0Ka3aTV FeOMeTpujcka TeopeMa O IIpeceKy TeXWUIIHWX YK/ TPOyTJIa y jefIHOj

55



CEKLWUJA 1: UICTPAXKINBAIbA Y HACTABVM MATEMATVIKE V1 UHOOPMATHVKE

TauKy, IPV YeMy ce Tadka ITpeceka HaJla3yl Ha CBAKOj TeXXMIIHO]j IyXX/ Ha J1Be
TpehnHe meHe myXyuHe MepeHO of TeMeHa. Ha oBaj HauuH, mojam TexwuinTa
Tpoyrya gobuja 1 jacHO PU3MYKO TyMauere, IIITO oMoryhasa ydyeHuIMMa Ja
J0Ka3 JOXMBe Kao JIOTMYHY IMOCJIeAuIly OMITHX (PU3NUKMX 3aKOHa, a He
VCK/bYYMBO Kao popMasiHy MaHuIynanyjy cumbonmma. Kao momatHa
WwiycTpalja NpeyIoKeHOr IpuUcTyda, y pafdy ce pasMmaTpa U JoKa3s
[Inraropune Teopeme 3acHOBaH Ha OCHOBHVM 3aKOHVMa MexaHuKe. ITomasehn
of1, ycJIoBa paBHOTeXe, TeOMeTpujcKa perlanyja n3Meby cTpaHmiia mpaBoyIsior
TPOyTJIia M3BOAM ce U3 PU3NUKMX pasMaTpara, 0e3 HelmtocpeTHOT oc/Iarbarba Ha
KJlacuHe TeoMeTpujcke aprymeHTe. OBakBo dopMyincarme foKas3a I0Kasyje
KaKo (PU3MUKM 3aKOHM MOIy TIOCIYXXUTM Kao KOHIleNTyajlHa OCHOBa 3a
MaTeMaTUYKO 3aK/byuMBam-e ¥ JONpPUHeTH AyOibeM pasyMeBamby ITO3HATUX
Teopema.

Kibyune peun: mpoyeao, mexuuina 0yok, mexuuimne, CmpyKmypaiHa Mamemamuxa,
ITumaeopuna meopema

EFFECTIVE MATHEMATICAL PROOF THROUGH
CONCEPTS AND MODELS FROM PHYSICS

Milan Kovacevicl, Damira Jantassova?

1 University of Kragujevac, Faculty of Science, Kragujevac, Serbia
2Foreign Languages Department, Abylkas Saginov Karaganda Technical University,
Karaganda, Kazakhstan, kovac@kg.ac.rs, damira.jantassova@gmail.com

This paper explores an approach to effective mathematical proving
based on the use of concepts and models from physics. The process of proving
is viewed as an activity that can be naturally embedded in the context of
physical phenomena familiar to students, thereby linking abstract mathematical
structures with physical intuition. Physical principles from statics such as the
uniqueness of the center of gravity of a system of masses, the lever principle,
and the principle of substitution of a system of masses by an equivalent mass
located at its center of gravity are employed as foundational assumptions for
constructing mathematical proofs. As an illustrative example, the paper
demonstrates how these physical principles can be used to prove the geometric
theorem stating that the centroidal lines (medians) of a triangle intersect at a
single point, and that this point lies on each median at two-thirds of its length
measured from the vertex. In this way, the concept of the triangle’s centroid
acquires a clear physical interpretation, enabling students to perceive the proof
as a logical consequence of general physics laws rather than merely as a formal
manipulation of symbols. As an additional illustration of the proposed
approach, the paper considers the proof of the Pythagorean theorem based on
fundamental laws of mechanics. Starting from conditions of mechanical

56



TEMATCOM 2026 - [Ipyra KoHdepeHIija 0 HacTaBy MaTeMaTVKe ¥ MH(PopMaTuKe

equilibrium, the geometric relationship between the sides of a right triangle is
derived from physical considerations, without direct reliance on classical
geometric arguments. Such a formulation demonstrates how physical laws can
serve as a conceptual foundation for mathematical reasoning and contribute to
a deeper understanding of well-known theorems.

Key words: triangle, median, centroid, structural mathematics, Pythagorean theorem
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VMHTEIPALINJA EBSI INTAT®OPME VY ITPOLECE
BEPUPVKALWJE HE®OOPMAJIHOI YUEHA Y
BMCOKOM OBPA3OBABY
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YV mwey mpeBaswiakera packopaka m3Meby BucOKOr oOpasoBarba U
norpeba WHOyCTpUje, eBUOEHTHpa ce IIoTpeba 3a YCIIOCTaB/bakbeM
CTPYKTYpPUpaHOT eKocucTeMa 3a dopMaym3aiijy HedOpMaIHO CTeYeHVIX
xommerenityja [1]. Crymentn ce gecto cycpehy ca mpobriemom Oerexersa 1
npahera JIMUYHMX BaHHACTAaBHMX AOCTUTHyha, IITO IMPEKTHO OTeXaBa
JOKa3MBame FbMXOBOI VICKYCTBa ¥ CTeUeHMX 3Hama Yy KOHKYPEeHTHOM
OKpYyXemy TpxwuilTa paga [1]. Llwe oBor pana je mpemarame TeopujcKor
aIruIMKaTYBHOT Mojesia 3a MHTerpanujy esporicke blockchain vHdpacTpyKType
(EBSI) y miporiece BMCOKOIIKOJICKMX YCTaHOBA paiy AUTUTaIHe BepuduKaliyje
HedopMasTHOr oOpasoBarba [2]. MeTomosomky mpucTynn oOyxBaTa [geTajbHY
aHayM3y TexHWUKux KaranureTa EBSI torardopme pagyu nedpuHmcarma okBupa
3a BepudmKalyjy credeHnX KoMITeTeHIIMja. YIIopeIo ca TeXHMYKOM aHaIN30M,
CIIpOBeJIeHO  je  Mamupare ucxofa HedOpMaJIHOI  yuera IIpeMa
CTaHJapAM30BaHMM OKBUpMMa [3], unMe je TIOCTaB/beHa OCHOBA 3a ITPer3HO
CTPYKTypUpame 1 BpeJHOBare KOMITeTeHIIja YHyTap IpeiIoKeHOT MolesIa.
PesynraTtut obyxsaTajy medrHmcarme apXUTeKType IUTUTaTHOT eKOCVCTeMa 7
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pasBoj mportoruma EBSI-kommatubwine — arivkalije  moMohy  Koje
BIVICOKOIIIKOJICKe yCTaHOBe KopucTehu AelleHTpa3oBaHe MIeHTUUKATOpe,
M3Majy mpoBepsbuBe KpeleHIrjajle 3a CTedeHe KOMIIeTeHIIMje CTyneHara [2].
OsakaB Mopen omoryhaBa TpaHcdopmallMjy CTYHeHTCKMX BaHHaCTaBHMX
aKTMBHOCTV Yy CTaHOapAu30BaHe MUKpOKpedeHIIMjajle KOju Cy Jlako
IIpOBepJbMBY Ol CTpaHe Iocsiomasara [4]. EBanyanmja Mopena je cripoBemeHa
KpPO3 TeCTHM ClleHapuo BepuduKallije KoOMIIeTeHIIja CTedeHX TOKOM Kypca y
OKBUpY JIeTHbe IIIKOJIe Ha BMCOKOIIKOJICKOj ycTaHoBM. Ha ocHOBY criposenene
eBaJlyallyje, 3aKJby4aK pajia yKasyje Ha TO [1a IIp¥MeHa Mojlejla 3aCHOBaHOI' Ha
EBSI wmdpacTpykrypm omoryhaBa cTygeHTMMa IIYHY KOHTPOJIy Hal
IpoliecMa BepudmKalyje COICTBEHMX IOCTUTHyha, JOK M3 IepCleKTHBe
BVICOKOIIKOJICKMX YCTaHOBa M3/laBar-e AUTUTAIHNX KpeleHIIyjasla IIpefcTaBiba
MexaHM3aM M3rpajiibe ¥ IOTBpie IoBepera Koje Ipou3uiIasi U3 HUXOBOT
VHCTUTYLVIOHAIHOT jlernTtuMuTeTa [5]. TriMe ce Takobe mogoke kpeamOvmiTer
BaHHACTAaBHMX IIporpaMa y OKBUPY MHCTUTYILIMje M HOCTiKe ce Behwm crereH
yckiiabeHOCTH ca 3axTeBVMa caBpeMeHe MHIyCcTpuje.

Kspyune peun: EBSI, blockchain, nepopmasno yuere, kommnemeHyuje, Bucoko
00pasobare

INTEGRATION OF THE EBSI PLATFORM INTO THE
VERIFICATION PROCESSES OF NON-FORMAL
LEARNING IN HIGHER EDUCATION

Dusan Kostic!, Tamara Naumovic!, Milica Simic!, Marija Jankovic?
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In order to overcome the gap between higher education and the needs
of industry, there is a need to establish a structured ecosystem for the
formalization of non-formally acquired competencies [1]. Students often face
the problem of recording and tracking personal extracurricular achievements,
which directly makes it difficult to prove their experience and acquired
knowledge in the competitive labor market environment [1]. The aim of this
paper is to propose a theoretical and application model for the integration of the
European blockchain infrastructure (EBSI) into the processes of higher
education institutions for the purpose of digital verification of non-formal
education [2]. The methodological approach includes a detailed analysis of the
technical capacities of the EBSI platform in order to define a framework for the
verification of acquired competences. In parallel with the technical analysis, a
mapping of non-formal learning outcomes to standardized frameworks was
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carried out [3], thereby laying the foundation for the precise structuring and
assessment of competencies within the proposed model. The results include
defining the architecture of the digital ecosystem and developing a prototype of
an EBSI-compatible application through which higher education institutions,
using decentralized identifiers, issue verifiable credentials for students'
acquired competencies [2]. This model enables the transformation of students'
extracurricular activities into standardized microcredentials that are easily
verifiable by employers [4]. The evaluation of the model was conducted through
a test scenario of verification of competencies acquired during a summer school
course at a higher education institution. Based on the evaluation conducted, the
conclusion of the paper indicates that the implementation of a model based on
the EBSI platform allows students to have full control over the processes of
verification of their own achievements, while from the perspective of higher
education institutions, the issuance of digital credentials represents a
mechanism for building and confirming trust that stems from their institutional
legitimacy [5]. This also increases the credibility of extracurricular programs
within the institution and achieves a greater degree of compliance with the
requirements of modern industry.

Key words: EBSI, blockchain, non-formal learning, competencies, higher education
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N3A30BN AKAJEMCKOTI MHTEIPUTETA Y
OUTUTAIIHOM JOBY: IIPAKTUYAH ITPUCTYVYII 3A
VICIIVUTE 13 PAUYHAPCTBA

Jlazap Kpcmuh

Yuusepsurer y Kparyjesiy, [Ipupogro-maremaTimuku daxkysiret, Kparyjesarr, Perry-
6rmxa CpOuja, lazar.krstic@pmf.kg.ac.rs

Baparmse Ha ncnimTiiMa 13 pauyHapCcTBa KOjU ce O pKaBajy y>KIBO U Jajbe
IpeficTaB/ba 3HadajaH M3a30B, jep NaMeTHM TejlePOHM M ITaMeTHM CaTOBU
oMmoryhasajy IpucTyIl ClOJbHMM MHQOpMalyjaMa 4ak M y KOHTPOJIMCAaHUM
ycrmosuMa. Hujenna mojemyiiauna mepa Huje moBosbHa. OBa cTyauja mpesjiaxe
IpaKTHYaH, BUILIECJIOjHM OKBUP 3a ClIIpevyaBarbe M OTKpMBarbe Bapara Ha
YHUBep3UTeTVMa Cpeflibe BeJIndnHe y EBpomny ca orpaHuyeHM pecypcuma, y3
Hamlacak Ha (pu3uyke KOHTpOJIe, AM3ajH VCINUTa ¥ aKaJeMCKV MHTerpuTeT.
ITpucTym oGyxBaTa MOJIMTUKY MCIIMTa Oe3 eJleKTpOHCKMX ypebaja, Hu3ak ofHOC
Opoja cTymeHara M AeXypHMX HacTaBHMKa (*1:35), kao m Om3ajH mcomTa ca
HaCyMMYHMM BapujalljaMa YHyTap 3ajaTaka (HIIp. M3MeHeHU Ha3uBu
IIPOMeHJbVBUX, TTapaMeTpy WIN CKyIIOBM MofjaTaka), Y3 BuIlle Bep3uja UCIINTA.
Takobe yxibydyje celleKTMBHY ycMeHY IIpoBepy, ajlaTe OTBOPeHOr Koja 3a
OTKpMBame IUlarvjaTa y IIporpaMepcKuM 3ajalyMa, aHaIn3y oHallama Ipu
KyLlaky pajiyi youaBarba aHOMasIvja Koje yKa3yjy Ha KOIparbe pellera, Kao 1
u3jaBe O IOIITOBakY aKaJeMcKor Kopekca. HacymiaHocT n ycMmeHe mposepe
orpaHMYaBajy capajiby, JOK OrpaHMuYera y Besu ca ypebajuma m Hagzop
pemaBajy mpoOsieM HeoplamtheHOr IpucTylia uHpoOpManyjama. AjaTu 3a
JeTeKlVjy IUlarvjaTa AOJATHO jadajy BaJvalyjy HakoH mcnura. PesynraTn
IOKa3yjy Ja cJIojeBUTe CTpaTervje HaaMallyjy wmsosnosaHe Mepe. Cryauja
3aK/bydyje Ja MHCTUTyLuje Tpeba [Ja 1ajy NpUOpUTET OM3ajHy MCOUTa U
IpakcaMa Ha/i30pa, Y3 MOJPIIKY jaCHMUX MOJIMTUKA MHTerpuTeTa, Kako 0u ce
yHalpefwila IIPaBUYHOCT W IIOY3AHOCT y oOpasoBary w3 obiacTu
padyHapcTBa.

Kipyune peun: akademcku unmeepumem, Oemekyuja nidaeujama, pavyHapcKu
ucnumu, npeBenyuja npenucubarsa, UCNUMHU HAO30pP
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ACADEMIC INTEGRITY CHALLENGES IN THE
DIGITAL AGE: A PRACTICAL APPROACH FOR
COMPUTER SCIENCE EXAMS

Lazar Krstic

University of Kragujevac, Faculty of Science, Kragujevac, Republic of Serbia,
lazar krstic@pmf.ke.ac.rs

Cheating in in-person computer science exams remains a significant
challenge, as smartphones and smartwatches enable access to external
information even in controlled environments. No single measure is sufficient.
This study proposes a practical, multi-layered framework for preventing and
detecting cheating in mid-sized European universities with limited resources,
emphasizing physical controls, assessment design, and academic integrity. The
approach integrates device-free exam policies, low student-to-proctor ratios
(=1:35), and exam designs with randomized variations within tasks (e.g. altered
variable names, parameters, or data instances), as well as multiple exam
versions. It further includes selective oral verification, open-source plagiarism
detection tools for programming tasks, analysis of typing behavior to detect
anomalies indicative of copy-pasted solutions, and honor code statements. This
integrated approach effectively reduces opportunities for cheating while
remaining feasible to implement. Randomization and oral checks limit
collaboration, while device restrictions and proctoring address unauthorized
access to information. Plagiarism detection tools further strengthen post-exam
validation. The findings demonstrate that layered strategies outperform
isolated measures. The study concludes that institutions should prioritize
assessment design and invigilation practices, supported by clear integrity
policies, to improve fairness and reliability in computer science education.

Key words: academic integrity, plagiarism detection, computer-based exams, cheating
prevention, exam proctoring

References

[1] L. Zhao, J. Peng, X. Yang, W. Yan, S. Ke, L. D. Dong, Y. Li, ]. Ma, K. Lee, Effects of
honor code reminders on university students’ cheating in unproctored exams: A double-
blind randomized controlled field study, Contemporary Educational Psychology 75
(2023), 102213.

[2] G. Rusak, L. Yan, Unique Exams: Designing assessments for integrity and fairness,
arXiv:2009.01713, 2020.

61



CEKLWUJA 1: UICTPAXKINBAIbA Y HACTABVM MATEMATVIKE V1 UHOOPMATHVKE

[3] R. Dillon, M. De Marsico, Behavioral Biometrics for Remote Exam Integrity: Continuous
Authenticity Assessment via Keystroke Dynamics, Procedia Computer Science 274
(2025), 402-411.

[4] A. Fenton, Reconsidering the Use of Oral Exams and Assessments: An Old Way to Move
Into a New Future, Educational Researcher 54 (7), 2025, 430-436.

[5] A.Migicovsky, Z. Durumeric, J. Ringenberg, J. A. Halderman, Outsmarting Proctors
with Smartwatches: A Case Study on Wearable Computing Security, Financial Cryptog-
raphy and Data Security, Lecture Notes in Computer Science 8437, Springer, Berlin,
Heidelberg, 2014, 89-96.

KPUTUYKUN ITPWJIOTI EJIEMEHTAPHOJ] HACTABU
IT'EOMETPUJE

Auexcanoap JlunkoBexu

Yausepsurer y beorpamy, MaTtemarirakm daxysret, beorpan, Cpouja
aleksandar.lipkovski@matf.bg.ac.rs

Beh surme of mBe xwbajie ToIMHa ce HacTaBa reoMeTpuje Oocarka Ha
Eyxmnose ZTOIXEIA, of, oko IV Beka mpe Xpucra kaga cy Hamvcanu. To je
HajcTaOWIHMjM IIIKOJICKM IIpeIMeT y WCTOpuju obOpasoBara W HeroB
HajBakHUj1 Heo. On BpeMeHa IIitaToHOBe AKazeMuje 1 H-eroBOT JlereHJapHOT
ATEQMETPHTOXZ MHEIX EIZITQ, paHux cpeamnOBeKOBHUX II€PCUjCKO-
aparickux Ipesosia Eremenara n3 IX Beka mpe Xpucra, yrorpeOe jIaTMHCKIX
npesopa ca aparickor 13 XII Beka y cpes-0BeKOBHVIM MaHaCTUPCKNM IIKOJIaMa
VI KOHAYHO Y MOJEPHO] epy IpXaBHMX IKosa, nodes o, Komenckor y XVII
BEKy.

Y XX Bexy je HacTaBa reoMmeTrpwje IIpeTpliesia [iBe BeJIVKe IIPOMeHe.
,OcHoBe reomerpumje” [laBuma Xwibepra, oOjasbeHe 1899. romume, y
eHmieckoM npesony Epuka L. Tayncenga 1902. rogune, obestexmie cy pasBoj
IIIKOJICKMX ITpOoTpaMa y IIpBOj II0JIOBUHM BeKa. Y 11yxy , Enemenara” yseneno je
AyOoKo ¥ MaTeMaTWM4KM WCIPaBHO aKCMOMATCKO yTeMesbere eyK/INIcKe
reomerpuje. Limtupajmo Tayrncenmos npenrosop: ,,OBa paciipaBa 0O OCHOBHVM
IIPVHIOVIVIMA TeoMeTpuje Huje caMo Off MaTeMaTudkor Beh m o nedazouikoe
snauaja. Hamajyhu ce ma he kpo3 eHIyiecko m3garse OBM BaXkKHWM pe3ysITaTu
UCTpaXMBama IIpodecopa XwiOepTa IocTaTy HPVUCTYIIAYHWjM CTYIeHTMA T
HaCTaBHMIIVIMA TeOMeTpuje KOju rOBOpe eHIJVIECKM je3UK, MIpey3eo cam, Y3
F-eTOBY J103BOJTy, 0Baj mpesox”. V 3amcTa, 6wia je. Kypcesu reomeTpuje Ha cBIIM
HMBOVIMa y CBVIM 3eMJbaMa CBeTa OvUIM Cy 3aCHOBaHM Ha OBOj Kibwsu. Pa3Boj
HacTaBe TeoMeTpuje IIpaTuo je Ty JIMHWjy cBe mo 60-mx roguHa, Kaja je rmodesia
rocsiefiba 1y0oKa 1 BeJInKa IMpoMeHa. I J1aBHM passior 3a To je yBoberbe Teopuje
CKYTIOBa ¥ CKYIIOBHMX OCHOBa y MareMaTuKy. ITodesio je mpuOIKHO y 1CTO
BpeMe Kama m XwibepTtoBa reoMmerpwmja, PaceroBom kmuroMm ,IlpuHimmm
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MaTeMaTvKe”, mpBu IyT objaBbeHoM 1903. rogmHe, a KyJIMMHUPAJIO je Y ey
Hwukosne bypb6akmnja , EnemenTnt MmaTemaTnke”, kxoje je moueso ma ce objaBibyje
1938. roguue. I'ogmae 1957. jeman oxn Bomehmx wiaHoBa bypOakwujeBe rpyrme,
Xan [jemone, mpomitacuo je: ,I'eomerpmja je mptBa. [dore Tpoyriosu!”
OxkotHOCTM M HOCIIeAuIle OBOTr IIpomiaca Omhe oOjalimeHe y IIpefaBamy, a
6uhe mpescraB/beHN M aHaJIM3MpPaHW IPUMEPU U3 CPICKMX YIIOeHMKa 3a
ocHoBHe ImKosle. OBu norabaju cy mMmaiM BeoMa JIOII yTwIlaj Ha HacTaBy
reoMeTrpuje, Kao0 M Ha IeOMeTPUjCKY MHTYMUIVy M 3Hame y CaBpeMeHUM
mkostama y CpOuju, Kao 1 CKOpo CBy/ia y CBeTy.

Kspyune peunt: nouemna nacmaba eeomempuje, Xuabepm u Iljedore

TEACHING OF GEOMETRY: A CRITICAL APPROACH

Aleksandar Lipkovski

University of Belgrade, Faculty of Mathematics, Belgrade, Serbia,
aleksandar.lipkovski@matf.bg.ac.rs

For more than two thousand years, the teaching of geometry has relied
on Euclid's XTOIXEIA, from around the 4th century BC when it was written. It
is the most stable school subject in the history of education and its most
important part: from the time of Plato's Academy and his legendary
ATEQMETPHTOX MHEIX EIZITQ, to the early medieval Persian-Arabic
translations of the Elements from the 9th century BC, to the use of Latin
translations from Arabic in the medieval monastery schools from the 12th
century, and finally to the modern era of public schools, starting with Comenius
in the 17th century.

In the 20th century, the teaching of geometry underwent two major
changes. David Hilbert's "Foundations of Geometry", published in 1899
(English translation by Eric J. Townsend in 1902), marked the development of
school curricula in the first half of the century. In the spirit of “Elements”, a
profound and mathematically sound axiomatic foundation of Euclidean
geometry was introduced. Let us quote Townsend's preface: "This development
and discussion of the foundation principles of geometry is not only of
mathematical but of pedagogical importance. Hoping that through an English
edition these important results of Professor Hilbert’s investigation may be made
more accessible to English speaking students and teachers of geometry, 1 have
undertaken, with his permission, this translation." And indeed, it was.
Geometry courses at all levels in all countries of the world were based on this
book. The development of geometry teaching followed this line until the 1960s,
when the last deep change began. The main reason for this is the introduction
of set theory into mathematics, at about the same time as Hilbert's geometry,
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with Russell's book '"Principia Mathematica" first published in 1903, and
culminated in Nicolas Bourbaki's work "Elements of Mathematics", which
began to be published in 1938. In 1957, one of the leading members of Bourbaki
group, Jean Dieudonne, declared: "Geometry is dead. Down with triangles!" The
circumstances and consequences of this proclamation will be explained in the
lecture, and examples from Serbian elementary school textbooks will be
presented and analyzed. These events had a very bad impact on the teaching of
geometry, as well as on geometric intuition and knowledge in contemporary
schools in Serbia, as well as almost everywhere in the world.

Key words: teaching geometry, Hilbert and Dieudonne
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BPIIIIbAUKO OLIEFbMBAFHE Y BUCOKOM
OBPA3OBAIbY: ITEPLIEITLIVJE CTYIEHATA U
VTULIA] HA VUEIBE

Jeaena Mamejufi, Jeaena Ueramobuh

Yausepsurer y Humty, I[Tpuponto-matemartiakn daxysret, Hur, Cp6ugja, jelena.ma-
tejic@pmf.edu.rs, jelena.ignjatovic@pmf.edu.rs

Bpuimauko onemuBame cBe BuMIlle [JoOMja Ha 3Ha4dajy y BUCOKOM
oOpasoBarby, HapOUYWTO y HacTaBM yCMepeHOj Ka IIpaKTWYHOM paiy, jep
oMmoryhapa cTyzmeHTVMMa [a pasBujajy KpUTWYKO MUIUberbe, pediekcujy u
npodecroHaiHe KoMmIleTeHIMje. VIcTpaXuBarmbe je peajn3oBaHO y OKBUPY
CTy[IeHTCKMX IIpojeKaTa Ha Kypcy YBom y Be® mnporpamuparse. Hakon
3aBpIIIeTKa IIpojeKarta, CIIpoBe/leHa je BpllFbadka eBajlyaliyja, a caM Ipollec je
J0IIaTHO VICIIUTVBAH IIyTeM aHKeTHOT YIIUTHMKA. YIIUTHUK je 00yXBaTHO BuIIIe
acriekaTa: TeXHUWYKe M BU3yeslHe KapaKTepuCTuKe IIpojeKaTa, KBaJIMTeT W
caJipkaj KOMeHTapa, IIpe3eHTalliOHe BelllTVHe, Kao 1 eMOIIVIOHaJIHe peaKliyje
U cTerleH pedJIeKCUMBHOTI aHraXkoBakba CTy/leHaTa.

Pesynratn mcTpaXuBara IIOKasyjy Aa CTyAeHTU BWUCOKO BpemHYjy W
IpyUM/beHe U JlaTe KOMeHTape, IIpero3Hajyhm mwiuxoB 3Hauaj 3a yHamnpeberse
KBaJIUTeTa IIpojeKaTa ¥ pa3Boj eBaJIyallOHNMX BelllTHa. BehmHa mcnmtanmka
je, Ha OCHOBY J100MjeHMX TOBpaTHMX MHGOpMalyja, U3BpIIWIa KOHKpeTHe
V3MeHe, IITO yKasyje Ha IIpaKTUYHy NPUMEeHJBMBOCT OBOr Iipucryna. Ilopen
TOra, TOTBpDeHO je /1a BPIIH-auKo OllekBae JIOITPMHOCK Pa3Bojy KPUTUUYKOT
MUIUbEHa, CAMOIIOY3/1akha ¥ KOHCTPYKTUBHE aKaJeMcKe KOMYyHMKalyje.

64



TEMATCOM 2026 - [Ipyra KoHdepeHIrja 0 HacTaBy MaTeMaTuKe ¥ MH(PopMaTuKe

3aK/pyulln yKa3yjy /a BpIIHauko OIlerblBa-e IpericTaBba edrKacaH
TIe/TarollKy ajIaT Kojyi IOACTIYe aKTUBHO yUehe 1 Pa3Boj MeTaKOTHUTUBHUX U
npodecoHasIHMX BelnTHHA. Takobe, ykasyje ce Ha MoryhHocTm Ivpe
IIpVIMeHe OBOTI IPUCTyTIa Y HacTaBy padyyHapCcKMX HayKa ¥ CpOIHMX 001acTy,
y3 yHanpebeme CTpyKTypa U CMepHMIIA 3a JlaBarbe KBaJIMTeTHe IIOBpaTHe
nHpopMalyje.

Kipyune peunt: Bpuirauko oyerubare, cmydenmcku npojexmu, 6ucoxo obpazobarse
PEER ASSESSMENT IN HIGHER EDUCATION:

STUDENTS’ PERCEPTIONS AND IMPACT ON
LEARNING

Jelena Matejic, Jelena Ignjatovic

University of Ni8, Faculty of Sciences and Mathematics, Nis, Serbia,
jelena.matejic@pmf.edu.rs, jelena.ignjatovic@pmf.edu.rs

Peer assessment is becoming increasingly significant in higher
education, particularly in practice-oriented teaching, as it enables students to
develop critical thinking, reflection, and professional competencies. The study
was conducted within student projects in the course Introduction to Web
Programming. After the completion of the projects, peer assessment was carried
out, and the process itself was further examined through a survey
questionnaire. The questionnaire covered multiple aspects, including technical
and visual characteristics of the projects, the quality and content of feedback,
presentation skills, as well as students’ emotional responses and level of
reflective engagement.

The results indicate that students highly value both received and
provided feedback, recognizing its importance for improving project quality
and developing evaluative skills. The majority of participants made concrete
revisions to their projects based on the feedback received, highlighting the
practical applicability of this approach. Furthermore, peer assessment was
found to contribute to the development of critical thinking, self-confidence, and
constructive academic communication.

The findings suggest that peer assessment represents an effective
pedagogical tool that promotes active learning and the development of
metacognitive and professional skills. Additionally, the results point to
opportunities for broader implementation of this approach in computer science
education and related fields, along with the need to further improve structures
and guidelines for providing high-quality feedback.

Key words: peer assessment, student projects, higher education
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NCIIUTUBAKBE OCITOCOBJBEHOCTU BYAYRUX

VYUUTEJbA 3A ®OPMVYJIMCABE TEKCTYAJIHOI

MATEMATUNYKOI 3AJATKA HA OCHOBY OATE
JINMHEAPHE JEIHAYVHE

Munan Muauxuli, Henad ByaoBuhi, Asexcanopa Muxajro6uhi

Yausepsurer y Kparyjesiry, @axyrireT rearomkmx Hayka, Jaroguaa, Cpouja,
milikic.milan@yahoo.com, vlnenad@gmail.com, aleksandra.mihajlovic@pefija.kg.ac.rs

3a pasBoj MaTeMaTW4Ke HVCMEHOCTV HUje TOBOJbHO Aa yYeHWIN
VICKJbYUMBO MOfIeslyjy IIpo0JieMe 3a/iaTe y TeKCTyaIHOM OOJIMKY Y MaTeMaTdKe
uspase, Beh 1 Ja usBpIlaBajy MHBep3He IOCTyIIKe IIpeBoberba MaTeMaTUUKIX
uspasza y mpobieMcke curyaityje. OBakBy IIOCTYIILV 3aXTeBajy Off yueHMKa
BIICOKO pa3BUjeHe je3ruke 1 MaTeMaTWJke KOMIIeTeHIuje. 3aTo je M3y3eTHO
Ba)KHO Ha BpeMe OOyumnTH CTyzeHTe - Oyayhe yumrerbe ga Oyy cripeMHM /1a
OBaKBe 3axTeBe Kopwcre y cBoM Oymyhem pamy. Y pamy ce mpemcrasiba
UCTpaXuBakbe Yiujii je IWb OMo Ja ce yTBpPOM CTelleH OCIOCOO/beHOCTH
cTyJeHaTa [la 3a JiaTe JIMHeapHe jegHauuHe QopMysmily ozarosapajyhe
TeKCTyaJlHe ITpoOsieMe. Y3opak wMcTpaXyuBarba YMHWIW Cy CTYHeHTU IIecT
daxynrera Ha KojMa ce 00pasyjy yumuressu (y Combopy, beorpany, Jarommsm,
Yxuy, Jlenocasuhy n Bpamy), koju cy y mapty 2026. romyiHe IOy HaBajiv
YIIUTHMK JJOCTYIIaH y eJIEKTPOHCKOM 00mKy. Of1 McmuTaHMKa ce TpakmIo fa
3a [IBe 3ajaTe jegHaunHe QOPMYJIMINY TeKCTyaJlHe 3ajlaTKe IpuMepeHe
y4eHUIIMa HIDKMUX Ppaspeda ocHoBHe 1kosie. [IpukyrmwbeHm mnopaim
aHaIM3MpaHN Cy IpeMa cjledehmMm KpuTepujymmma: y KOjoj Mepu cCy
VICIIUTaHUIML MaTeMaTWYKM KOPEeKTHO IIpeBe/IM JIMHeapHy jeqHauMHy Yy
TeKCTyaIHM 3ajaTak Bojehm padyHa o payyHCKMM oIlepallyjama; /1a JIi Cy
IIPWIVKOM cacTaB/bak-a TeKCTa BOOWIN padyHa O BPeIHOCTMMA Koje ce jaBIbajy
y jeAHaurHaMa 1 y KOjoj Mepy Cy OHe pealHO IIpeJiCTaB/beHe; KOJIVKO Cy TeMe
O KOjMa Cy IIMCaJli Pa3sHOBPCHe; Kao M KOju je CTeleH OPUIMHaIHOCTU
rpo0sieMa Koj1 ce jaBjbajy Y TeKCTOBMMa 3ajiaTaka. PesyraTy aHamse yKasyjy
Ha To fa Oynyhu yumnresbu mMajy notemkoha fa jelHaunHe ca JIBe padyHCKe
orepanyje MaTeMaTWUK/ KOPEeKTHO ITpeBely y TeKCTyaslHe IIpobsieme, BPJIo
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yecTo He BOfe padyHa O peaJMCTUYHOCTY KOHTeKCTa, Hajuelthe mnminy
rpobJsieMe Ha VICTe TeMe ¥ He TeXe ToMe fia Ipobsiemn Oyay opurnHaiaau. Ha
OCHOBY A0OMjeHVX pe3ysTaTa MOXe ce 3aK/byuuTW [a CTyJeHTU HUCY Y
JI0OBOJbHOj MepU OCIIOCOOJbeHM /1a, Ha OCHOBY JIaTUX KpUTepujyMa, CaMOCTaJTHO
dopmynmIy TeKcTyasiHe MaTeMaTHuKe Ipobsieme, Te 61 Tpebajio paauTy Ha
pa3Bojy HUXOBUX KOMeTeHIIMja Kajla je OBaj acIeKT HacTaBe MaTeMaTuKe y
MUTamy.

Kibyune peun: 6yoyhiu yuumenu, sureape jeOnauue, mexcmyainu MamemMamuixu
npobaemu, mamemamuuxo mooesoBarse

EXAMINING PRE-SERVICE TEACHERS’” ABILITY TO
FORMULATE A MATHEMATICAL WORD PROBLEM
BASED ON A GIVEN LINEAR EQUATION -

Milan Miliki¢, Nenad Vulovié, Aleksandra Mihajlovic -

University of Kragujevac, Faculty of Education, Jagodina, Serbia,
milikic.milan@vahoo.com, vlnenad@gmail.com, aleksandra.mihajlovic@pefija.kg.ac.rs

For the development of mathematical literacy, it is not sufficient for
students to only model problems presented in textual form into mathematical
expressions; they also need to perform inverse processes: translating
mathematical expressions into problem situations. Such processes require
highly developed linguistic and mathematical competencies. Therefore, it is of
great importance to prepare students —future teachers —in a timely manner so
that they are ready to incorporate such demands into their future practice. This
paper presents a study aimed at determining the level of students” ability to
formulate appropriate word problems based on given linear equations. The
research sample consisted of students from six teacher education faculties (in
Sombor, Belgrade, Jagodina, Uzice, Leposavi¢, and Vranje), who completed an
online questionnaire in March 2026. The participants were asked to formulate
word problems suitable for lower primary school students based on two given
equations. The collected data were analyzed according to the following criteria:
the extent to which participants correctly translated a linear equation into a
word problem while taking into account arithmetic operations; whether they
considered the values appearing in the equations and the degree to which these
were realistically represented; the diversity of the topics they used; and the level
of originality of the problems formulated. The results indicate that future
teachers experience difficulties in correctly translating equations involving two
arithmetic operations into word problems. They often neglect the realism of the
context, tend to construct problems on similar topics, and do not strive for
originality. Based on these findings, it can be concluded that students are not
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sufficiently prepared to independently formulate mathematical word problems
according to the given criteria, and that greater attention should be devoted to
developing their competencies in this aspect of teaching mathematics.+

Key words: pre-service teachers, linear equations, mathematical word problems,
mathematical modeling-
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M3PAUYHABAKE HECBOJCTBEHMX MHTEIPAJIA:
AHAJIM3A KOTHUTUBHMX KOH®JIMKATA
VUEHMKA

Hpaeuya Muaunxobuhil, Padocaa8 Boxuhi?, Caabana Werwamobuhi!

1Yausepsuret y Victourom Capajesy, Ilenaromkm daxymrer, bujessuta, bocHa 1
XepiierosuHa, 2 YHusepsuteT EnykoHc, Yunrerbcku dpakyinret, Cpemcka Kamenmiia,
Hosu Cagn, Cpbwja, dragica.milinkovic@pfb.ues.rs.ba, radoslav.bozic@gmail.com,
sladjana.mitrovic@pfb.ues.rs.ba

Panuja mcTpaxmBara yKasyjy Ha TO Ja ce KO, yUeHMKa jaBJbajy ofpe-
bene norerkohe 1 KOrHUTUMBHY KOHMIIMKTY IIPU M3padyHaBamwy ofpebeHnx
VHTerpaJia, IIpy yeMy ce 3HadajaH J1e0 TVX IIoTelIkoha ofHOCH Ha HeCBOjCTBeHe
uHTerpajie. Y oBoM pajiy mnoceOHa mHaxiba nocseheHa je KOTHUTMBHUM KOH-
drmmKTIMa Koju ce jaBibajy KOJ, YUeHMKa IIpY ycBajarby OeduHMIIMje HeCBOj-
CTBEHVX MHTerpajia ¥ H/XOBOM M3padyHaBarby. Y30paK MCIIUTaHMKa YVHWIIO
je 20 yueHmKa ca MoceOHVMM CKJIOHOCTMMA 3a MaTeMaTWKY, 3aBPIIHOI pa3pera
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ruMHasyje , JoaH Josarosuh 3Maj” y HoBom Camy, Koju cy 3aaTKe pellaBain
y OKBUPY IMCMEHOT 3ajlaTKa. YUYeHWIIM Cy HacTaBy Ioxabamm y ckiamy ca
HaCTaBHVIM IIpOTrpaMoM IIpefiMeTa AHaim3a ca ajireOpom. [lobujeHn pesysraTi
ynopebeHN cy ca pesysiTaTuMa UCTpaXuBara Koje cy craposesin Rasslan 1 Tall
(2002). 3a mopebeme mporieHaTa TauHMX Ofarosopa m3Meby gBe He3aBUCHe
rpylie y IIpBOM IpUMepy IpVMemeH je TeCT pasjiiKe JBe IIporopiiyje (two-
proportion z-test), 10K je y ApyroMm mpumepy npuMereH duillepos erzakTHU
TecT. AHaJIu3a pesyJsiTaTa ITOKasala je Ja y4eHWIIM IPWIMKOM M3padyHaBaa
ofipebeHOr MHTerpasia YyecTo He IIpoBepaBajy a JIu je IoAMHTerpajiHa pyHK-
1yja fedrHNcaHa Ha ITIocMaTpaHOM MHTepBasly, OJJHOCHO J1a JIV je ped O HecBOoj-
CTBEHOM WMHTerpajly [pyre BpcTe (ca KOHauHWMM IpaHMIlaMa MHTerparyje u
HPeKMAOM y PYHKIIjI).

Kipyune peun: koenumubnu konesukmu, Hecbojcmbenu umnmeepas, oopebenu
uHmeepaL

THE COMPUTATION OF IMPROPER INTEGRALS: AN
ANALYSIS OF STUDENTS’ COGNITIVE CONFLICTS-

Dragica Milinkovic!, Radoslav BoZic?, Sladana Ignjatovic! +

1 University of East Sarajevo, Faculty of Education, Bijeljina, Bosnia and Herzegovina,
2Faculty of Teacher Training, Educons University, Sremska Kamenica, Novi Sad, Ser-
bia, dragica.milinkovic@pfb.ues.rs.ba, radoslav.bozic@gmail.com,
sladjana.mitrovic@pfb.ues.rs.ba

Previous research indicates that students encounter certain difficulties
and cognitive conflicts when computing definite integrals, a significant portion
of which relate to improper integrals. This study focuses particularly on the cog-
nitive conflicts that arise when students learn the definition of improper inte-
grals and perform their computation. The sample consisted of 20 mathemati-
cally gifted students in the final grade of “Jovan Jovanovi¢ Zmaj” High School
in Novi Sad, who completed tasks as part of a written assignment. The students
followed the curriculum of the course Analysis with Algebra. The obtained results
were compared with those from the study conducted by Rasslan and Tall (2002).
To compare the percentages of correct responses between two independent stu-
dent groups, a two-proportion z-test was applied in the first example, while
Fisher’s exact test was used in the second example. Analysis of the results showed
that, when computing definite integrals, students often fail to check whether the
integrand is defined on the given interval, i.e., whether the integral represents
an improper integral of the second kind (with finite bounds but a discontinuity
in the integrand).

Key words: cognitive conflicts, definite integral, improper integral+
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MOZIEJIM BPOJEBHE IIPABE KAO AJIATN Y
HACTABUA

Jacmuna Muaunkobuh

Yausepsuret y beorpanmy, ®akyiireT 3a oOpasoBarbe yunTesba 11 Bacmrada, beorparn,
Cpb6ugja, milinkovic.jasmina@yahoo.com

Osga cTyauja ncnimryje Mopest OpojeBHe IIpaBe Kao HaCTaBHO CPeICTBO y
HacTaBM MaTeMaTuke. bpojeBHa mpasa je mperosHaTa y HaCTaBHOM ITporpamy
Kao 3HaYajHV BU3YeJIHM IOACTUIAj 3a Pa3Boj HyMePUYKOI pasyMeBarba Ha
CBVM HUMBOVMa OCHOBHOIIIKOJICKOT oOpasoBamba. IlojaBibyje ce y pasimumTiim
ob/mMIMMa ¥ KOPUCTM ce Yy pasImunTuM ¢aszamMa oOpasoBHOT IIpolieca.
[TpumapHU LIWB OBe CTyauje je [la ce aHaJIM3Mpa Kako ce Mojenn OpojeBHe
IIpaBe KOPUCTe Yy IOACTUIIAbY KOHIIENTYyaJIHOI pasyMeBarba OpojeBa U
apurMeTnukux onepanuja. CripoBefieHa je KBaIuMTaTUBHA aHa/IM3a cafpikKaja
ofabpaHux ylibeHnKa MaTeMaTHKe, ca (POKycoM Ha HaulHe Ha Koje ce Mo
GpojeBHe 1IpaBe yBoOJie, CTPYKTYPUpPajy ¥ KOPUCTe Y OCTBapBamy 00pa3soBHMX
3apaTaka. [laxma je mocseheHa HWVXOBO] yJI03M Y HMOJApXKaBaky yUeHUUIKOT
pe3oHOBama 1 pelllaBara Ipobsiema. PesysrraTi mokasyjy /1a ce OpojesHa Iipasa
JOMMHAHTHO KOPWUCTM Kao ajJaT Yy KOHIeNTyaJmsaluju Opojesa,
CTPYKTYypUparky HyMepuUK/X OJHOCA U pas3Bujamy cTpareruja pauyHarma. Kao
KJbYYHM MOJIeJI 3a CKyIIoBe OpojeBa, OpojeBHa IIpaBa ce IIOCTEIEeHO , II0ITyHaBa”
HIpUpOHUM OpojeBrMa 1 ITpaByM pasjioMIMa y Milabum paspeyma, a 3aTuMm
LeM OpojeBrMa 1 paljioHaJIHMM OpojeBrMa y BUIIIMM paspe/iyiMa OCHOBHOT
obpasoBama. Kopuiihemwe pasmmuanTix Mopesia OpojeBHe IrpaBe ofipakaBa
K/by4He IIPUHIIMIIe PeaIICTUYHOI MaTeMaTHM4KOr oOpasoBarba, IOCceOHO y
IOBe3MBarby MaTeMaTMUKMX II0jMOBa Ca CMUCJIEHVUM  PpeaiCTUYHUM
koHTekcTnMa. CTyAuja ykasyje Ha IIpUCTyIle y CaBpeMeHWUM YyIIOeHMIIMa,
HarylaliaBajyhm BaXXHOCT CBpPCHMCXOIHe ¥ KOXepeHTHe yImoTpeOe OpojeBHe
IpaBe Kao HaCTaBHOI cpercTBa. Pasmarpajy ce mMIUIMKaluje 3a HacTaBHY
npakcy u Oyayha mcrpaxmsara, ToceOHO y TIOIJIe[ly yTHIlaja Ha PpasBoj
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MaTeMaTW4YKOT pe30HOBama, PJIyeHTHOCTH M3Boherba orepaliyja Kofl yueHMKa
U pelllaBarba Ipobiema.

Kibyune peun: dudaxmuuxu modes, koHyenmyasusayuja, opoj, apummemuuxe one-
payuje, Busyeausayuja

NUMBER LINE MODELS AS A TOOL IN TEACHING

Jasmina Milinkovi¢

University of Belgrade, Faculty of Education, Belgrade, Serbia,
milinkovic.jasmina@yahoo.com

This study examines the number line model as an instructional tool in
mathematics teaching. The number line is recognized in curriculum as a
powerful didactical model that supports the development of numerical
understanding across grade level. It appears in various forms and serves in
diverse parts of instructions. The primary aim of this study is to analyze how
the number line models are used in fostering conceptual understanding of
numbers and arithmetic operations. A qualitative content analysis of selected
mathematics textbooks was conducted, focusing on the ways number line
models are introduced, structured, and utilized in instructional tasks. Attention
was given to their role in supporting students’ reasoning and problem-solving.
The findings reveal that the number line is dominantly used as a tool in
conceptualization of numbers, structuring numerical relationships, and guiding
procedural strategies. As a key model for number sets, number line is gradually
“filled in” with whole numbers and proper fractions in early grades, and
integers and rational numbers in higher grades of elementary education. Usage
of various number line models reflects key principles of Realistic Mathematics
Education, especially in connecting mathematical concepts to meaningful
contexts. The study highlights current textbook approaches, emphasizing the
importance of purposeful and coherent use of the number line as a teaching tool.
Implications for teaching practice and future research are discussed,
particularly regarding its impact on students’ mathematical reasoning,
operational fluency, and problem solving,.

Key words: didactic model, conceptualization, number, arithmetic operations,
visualization
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OPUTAMN Y HACTABU TEOMETPUJE Y OCHOBHO] 1
CPEOBHOJ HIKOJIN

Hapa Muojkobuhi

Yausepsuret y beorpany, MaremaTirakm dakyirrer, beorpan, Cpowja,
dara.milojkovic@matf.bg.ac.rs

Opwuramu, yMeTHOCT caBujarba Ianmpa, IIoTeKao je M3 TpaauiyioHaIHe
jarmaHCKe cTBapaslauke BeLITVHEe U Pa3BMO ce y 3HaydajaH MaTeMaTWYKM MeTOJ
3a KOHCTpyWcame TeOMeTpujckux ¢urypa, Hapo4YuTO HaKOH CBoOje
dopmammsamje 'y 20. Bexy. Hberoso mpoyuasame TecHO je IIOBe3aHO ca
EyxmmaoBuM KOHCTpyKIIMjama, Iokpehyhm BakHa mmTarsa O TOMe KaKoO ce
reoMeTpUjcK O0jeKTV MOTy KOHCTpymcaTu mostasehm on gaTmx Tadaka u
nipasux [1]. Opuramm je sHavajaH 1 3a yHarIpebuBame reomeTpuje Kao Hay4dHe
obimact M 3a 1obosbllIatbe HacTaBe MaTeMaTWYKOr 3aK/byuMBarba WU
BU3yesm3anyje.

Lnse oBor pasia je /1a ce cTeKHe JIyOsbM yBUJL y aKCOMe opuraMmuja
aHa/IM3Mpa HMXOB OOHOC ca KOHCTpPyKIMjama JICHMPOM WU IIecTapoM Y
Eyxmosoj pasHu. ITopeberse oBa jBa IipucTyIia ycMepeHo je Ha ajaredbapcky
VHTepIIpeTalyjy U jefHaunHe Koje mx ofgpebyjy. 3aHUMI/BUBO je IPUMeTUTH fa
ce Kpyr, Kao IIPUMUTUBHIU ObjeKaT y KOHCTPYKIIMjaMa JIEHUPOM U IIIeCTapoM,
MOJKe OIMCaTH WMCK/bydMBO IOMONy IIpaBMX M Tadaka, Koje 4MHe OCHOBHe
IIPUMUTVIBE OpUraMy KOHCTpYKIuja [2].

HoOpo je mo3HaTO 1a opuramym KOHCTPYKIMje, Kao ¥ KOHCTpYKIIuje
JIEFVIPOM U IIlecTapoM, oMmoryhaBajy pelllaBarbe JIMHeApHMX M KBaJpaTHMX
jelmHauMHa, aji U jefHadMHa BUILETr CTelleHa, duMe ce o0jalllrbaBajy HIXoBe
npormpeHe reomerpujcke Mmoryhsaoctu [3].

Opuramm crora IIpeAcTaB/ba CHaXXHO MPOLIVpPere KIaCMYHUX
reoMeTPUjCKMX MeToJla M MOXe ce epuKacHO KOPUCTUTHU 3a yBobeme Imper
CIieKTpa IpobieMa reoMeTpUjCKMX KOHCTPYKIIMja YUYeHMIIIMa Y OCHOBHOM U
cpenreM oOpasoBamby.

Kibyune peunt: opueamu, opueamu koncmpyxyuje, XysumuHnu akcuomu
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ORIGAMI IN ELEMENTARY AND HIGH SCHOOL
GEOMETRY CLASSES

Dara Milojkovié

University of Belgrade, Faculty of Mathematics, Belgrade, Serbia,
dara.milojkovic@matf.bg.ac.rs

Origami, the art of paper folding, originated from a traditional Japanese
creative skill and developed into a notable mathematical method for
constructing geometric figures, particularly since its formalization in the 20th
century. Its study is closely connected to Euclidean constructions, raising
important questions about how geometric objects can be constructed from given
points and lines [1]. It is relevant both for advancing the geometric field of
research and improving the teaching of mathematical reasoning and
visualization.

The aim of this paper is to gain deeper insight into origami axioms and
analyze their relationship with ruler and compass constructions in the
Euclidean plane. The comparison of the two approaches focuses on algebraic
interpretation and the equations that define them. It is interesting to note that
the circle, a primitive object in ruler and compass constructions, can be
described solely in terms of lines and points, which constitute the fundamental
primitives of origami constructions [2].

It is well known that origami constructions allow both solving linear and
quadratic equations, as in ruler and compass constructions, and equations of
higher degree, thereby explaining their extended geometric capabilities [3].

Origami therefore represents a powerful extension of classical geometric
methods and can be effectively used to introduce a broader range of geometric
construction problems to students in elementary and high school education.

Key words: origami, origami constructions, Huzita’s axioms
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INPEABBAIBE HAMEPE YUEHUKA IT'MMTMHA3WJA [TA
KOPUCTE CHATGPT YV YUEIbY MATEMATUKE

Bepuya Muaymunobuli , U6ana Obpadobufi , Cysana Bophebuli

Yausepsurer y Kparyjesiry, @axysreT Imeqaromkmx HayKa, Jarogyaa, Cpouja,
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bpsu passoj remepaTuBHe BelllTauke MHTeIMIeHIIVje 3HA4ajHO Merba
oOpasoBHY IIpakcy, YKbydyjyhum u yuerwe wMaTemaTuke. ILlwb oBor
UCTpaXuBama Ouo je ma ce mcnmuTajy dakxTopu Koju mpensubajy Hamepy
ydeHnKa rumHasmja ga kopucte ChatGPT y yuery maTemaTuike. VicTpaxiBame
je cIIpoBezleHO Ha Y30pKy of, 286 yueHuka rumHasuja y Cpouju. [Tpemioxenn
Mojies1 oOyxBaTa Bapujaliie 3acHOBaHe Ha MOJIe/IMa IIpyXBaTaHa TeXHOJIOrvje
y oOpasoBamy: OYeKMBaHy KOPUCHOCT, OueKMBaHy Jiakohy kopuirherma,
onakiaBajyhe ycjioBe, cTaB, YHyTpalllby W CHObAllby MOTUBAIIM]Y,
VHOVBUyaJIHe 3axTeBe Yuela, W3a30Be U pe3epBe y4YeHUKa, JINYHY
VIHOBAaTMBHOCT W COLMjaJIHM yTuIaj. PesynraTi BuIlleCTpyke perpecroHe
aHaJIM3e IT0Ka3aJIM Cy Jla MoziesI o0jalllaBa BIUCOK IIpOlleHaT BapujaHce HaMepe
kopuithemwa ChatGPT-a (R? = 0.764). OuexkuBaHa KOPWCHOCT, O4YeKuBaHa
nakoha xopwirhersa, colMjaIHM yTUIIA] W JIMYHA MHOBATUBHOCT V3IBOjUIIN CY
ce Kao 3HayajHM AUPEKTHU IpeaukTopu Hamepe kopumiherwa ChatGPT-a y
ydemy MaTeMaTuke. [lofaTHe aHayM3e IOKasajle Cy Jia je ouyeKuBaHa Jlakoha
Kopumthera IIpe cBera oOjalllFbeHa CTaBOM y4YeHWKa, oOJjlaKilaBajyhvm
yCJIOBMMA U IHAVIBUJIy aJIHVIM 3aXTeBVMa y4derba, JJOK je OueKrBaHa KOPVCHOCT
OwIa ycIOB/beHa CTaBOM, YHYTPAIbOM W CIIOJbAIIFbOM MOTHMBAIIVjOM,
ouekyBaHOM JiakohoMm Kopwuihera ¥ M3a30BMMa ¥ pe3epBaMa y4YeHMKa.
Hajrasum vctudy I1ieHTpajIHy YJIOIy OuYeKMBaHe KOPVCHOCTM WM OueKuBaHe
nakohe kopumthera, aaM ¥ 3Hadaj COLMjaJIHOT yTUIlaja W JIMYHe
VIHOBAaTMBHOCTU y IIpuxBaTamy reHepatuBHux Al anata. Pesynraty npyxajy
eMIINPUjCKYy OCHOBY 3a MHTerpalyjy reHepaTuBHe BellTauke VHTeIUIeHIyje Y
HacCTaBy MaTeMaTlKe y cpe/li-eM oOpa3oBamby.

Kipyune peun: ChatGPT, eenepamubua Bewmauxa uumesueeHyuja, Hacmaba
mamemamuxke, YueHUUU UMHA3U]A, npuxBamarse mexHoi02uje
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PREDICTING GRAMMAR SCHOOL STUDENTS’
BEHAVIORAL INTENTION TO USE CHATGPT FOR
LEARNING MATHEMATICS

Verica Milutinovié, Ivana Obradovié, Suzana Dordevic¢

University of Kragujevac, Faculty of Education, Jagodina, Serbia,
verica.milutinovic@pefja.kg.ac.rs, ivana.obradovic@pefija.kg.ac.rs,
suzana.djordjevic@pefja.kg.ac.rs

The rapid emergence of generative artificial intelligence has significantly
transformed educational practices, including mathematics learning. This study
examines factors that predict grammar school students” behavioral intention to
use ChatGPT for learning mathematics. The research was conducted on a
sample of 286 grammar school students in Serbia. The proposed model
integrates constructs derived from technology acceptance research, including
performance expectancy, effort expectancy, facilitating conditions, attitude,
intrinsic and extrinsic motivation, individual learning demands, students’
perceived challenges and reservations, personal innovativeness, and social
influence. Multiple regression analysis showed that the model explains a
substantial proportion of variance in students” behavioral intention (R? = 0.764).
Performance expectancy, effort expectancy, social influence, and personal
innovativeness emerged as significant direct predictors of students” intention to
use ChatGPT for learning mathematics. Further analyses revealed that effort
expectancy was primarily predicted by students’ attitude, facilitating
conditions, and individual learning demands. Performance expectancy was
predicted by students’ attitude, intrinsic and extrinsic motivation, effort
expectancy, and challenges and reservations toward using ChatGPT. The
findings highlight the central role of performance expectancy and effort
expectancy, while also emphasizing the importance of social influence and
students” personal innovativeness in the adoption of generative Al tools. The
study provides empirical evidence supporting the integration of generative Al
tools into secondary mathematics education.

Key words: ChatGPT, generative artificial intelligence, mathematics education,
grammar school students, technology acceptance
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O KOHKPETHOTI KA AIICTPAKTHOM:
MHTEI'PALINJA BAH XMJIEOBMX HUBOA MUILILIJBEIbA
M CPA IIPVICTVIIA Y HACTABU MATEMATUKE

Kamapuna IlepoBuhi

OIll , JoBaHn JoBanosuh 3maj”, Kpymesar, Cpbwuja, Katarina.perovic70@gmail.com

CaBpemeHa HacTaBa MaTeMaTVKe CyodaBa Ce cCa WM3a30BOM KakKoO
yYeHUIIVIMa Y CTapyjuIM pa3peiiMa OCHOBHe IIIKoJIe objacHUTY offpebeHe HoBe
riojMoBe. Y 00J1acTvi reoMeTpuje, TPaauIIMIOHAIHY aKCMOMATCKV IIPVICTYTI 9eCTO
HYje y CKJIaJly ca KOTHUTMBHVM pa3BojeM y4eHMKa, IITO JOBOM [0 IOBPIITHOT
pasymeBarba IojMoBa. Pan monasu on Pierre van Hiele-oBe Teopwmje HmBoa
reoMeTpUjcKOr MuIlUbersa 1 Jerome Bruner-osor Concrete-Pictorial-Abstract
(CPA) mopmerna Kao TeOPMjCKMX OKBMpa Koju oMoryhasajy IOCTYIIHO BoDere
y4eHMKa Of MHTYUTUBHOT Ka (popMaJTHOM MUIIbelbY, a Takobe BUIlle aHTaxyjy
y4eHUKe 11 T000sbIIIaBajy HBIIXOBY MOTHBAIIN]Y.

Lws paja je 1a npukaxe ofgpebeHe mpyMepe 13 HacTaBHe IIpaKce, Kao
u ujeje Koje Ou MoIVle [ja ce MCKOPHUCTe, a Koje Cy 3acHOBaHe Ha OBa JIBa
IIPVIHIINIIA.

Pesynratm ykasyjy [1a CHUCTeMaTCKO IIOBe3VMBarbe KOHKPeTHWX
MaTepujajla, CJIMKOBHMX peIlpe3eHTallyja M CUMMOOJIMYKOT 3aIlica MofpiKaBa
Ipejla3ak y4eHMKa Cca HVDKMX Ha BUIIe HUBOe I'eOMeTPUjCKOr MUIIUbea U
IOJICTVYe MaTeMaTUUYKO pe30HOBambe. YOUeHO je Ja MCcToBpeMeHa yIoTpeba
payIMuUTHX perpe3eHTalja JOIPUHOCK J1y0ibeM pasyMeBamby pPas/IMumUTIX
MaTeMaTUYKMX KOHIleraTa.

3axbyuyje ce 1a uHTerpanyja Ban Xwieose Teopuje m CPA npucryna
IIpeICTaB/ba METOAMYKN yTeMeJbeH OKBUP 3a IUIaHVparbe HacTaBe yCMepeHe Ka
KOHIIeNTyaJIHOM pasyMeBamy. VIMIUIMKanuje ce opHoce Ha 1HOTpedy
cucTeMaTcKe IpUIMeHe pellpe3eHTallyja y HacTaBHO] IpaKcy M ycKilabuBarme
HaCTaBHMX CTpaTervja ca pa3sBojHMM HMBOOM YYeHVIKA.
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Kibyune peum: Ban Xuseoba meopuja, CPA npucmyn, penpesenmayuje,
KOHYUenmyaito pasymebatoe

FROM CONCRETE TO ABSTRACT: INTEGRATING VAN
HIELE'S LEVELS OF THINKING AND THE CPA
APPROACH IN MATHEMATICS TEACHING

Katarina Perovi¢

Primary School “Jovan Jovanovi¢ Zmaj”, Krusevac, Serbia,
Katarina.perovic70@gmail.com

Modern mathematics education faces the challenge of explaining certain
new concepts to students in the older grades of primary school. In the field of
geometry, the traditional axiomatic approach is often not in line with the
cognitive development of students, which leads to a superficial understanding
of the concepts. The paper starts from Pierre van Hiele's theory of levels of
geometric thinking and Jerome Bruner's Concrete-Pictorial-Abstract (CPA)
model as theoretical frameworks that allow for the gradual guidance of students
from intuitive to formal thinking, while also engaging students more and
improving their motivation.

The aim of the paper is to present certain examples from teaching
practice, as well as ideas that could be used, which are based on these two
principles.

The results indicate that the systematic connection of concrete materials,
pictorial representations, and symbolic notation supports students' transition
from lower to higher levels of geometric thinking and encourages mathematical
reasoning. It has been observed that the simultaneous use of different
representations contributes to a deeper understanding of different
mathematical concepts.

It is concluded that the integration of Van Hyle's theory and the CPA
approach represents a methodologically sound framework for planning lessons
aimed at conceptual understanding. The implications relate to the need for the
systematic application of representations in teaching practice and the alignment
of teaching strategies with the developmental level of students. +

Key words: Van Hile's theory, CPA approach, representations, conceptual
understanding+
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G. F. Agustin, Concrete Pictorial Abstract (CPA) Approach in Mathematics Problem Solving,
International Advanced Research Journal in Science, Engineering and Technology 10(7),
2023.

MOI'YRHOCTW IITPUMEHE

YACOIIMCA ,,MATEMATUYKW JIUCT” Y HACTABU
MATEMATMKE Y OCHOBHOJ IIKOJIV:
OUOAKTUUKO-METOOMUYKA AHAJIVM3A

Amnbeaxa Cumuhi Muaubojebuhi’, Bewxo Bupobuh?

1T'mmuasmja , bparncias Ilerpornjesnh”, Y6, CpOugja, 2 Barbescka rumHasmja, Basseso,
Cpbwja, simic.andjelka@gmail.com, cirovic@gmail.com

Pag pasmarpa MoryhsocTm wm  3Hauaj ymnorpebe —dacomwica
,MaremaTnukmu jmMcT” Kao AMAAKTUUYKOI CpeficCTBa y HacTaBy MaTeMaTuKe Y
OCHOBHO] IIIKOJIVL. Y OKBUPY CaBpeMeHMX JUAaKTUIKO-MeTOINYKMX [IPUCTYIIa,
KOj/ HarJIalllaBajy aKTWMBHY YyJIOTy ydeHMKa, AudepeHLMjalljy HacTaBe U
pa3Boj PyHKIMOHAJIHMX 3Hakba, TocebHa ce Iaxkrba Iocsehyje n30opy 3agaTaka
U JOAATHMX M3BOPa 3a pajl y HacTaBM MaTeMaTuke. Y TOM KOHTEeKCTY, y OBOM
pafy ce aHa/IM3Mpajy 3adaly 3a PeOBHY HacTaBy, KOHKYPCHU ¥ HarpaJHu
3a7any, 3a1amny ca TaKMUYerha, HayYHO-TIOITyJIapHY TeKCTOBY V1 MaTeMaTidKa
eHurMarvika. Merogom ananmse cagprkaja MCIIMTY]y ce BpCTe 3ajaTaKa, H/xXoBa
MeTOoAMYKa BPeJHOCT M MOIyhHOCTM IpvMeHe y pasIMuUTUM OOJIMIMMa
HacTaBe, y3 KjlacuduKalyjy mmpemMa cJI0XXeHOCTV, KOTHUTUBHUM 3axTeBuMa U
IOTeHIIMjajly 3a Pas3Boj JIOITMUKOL, IPOOJIEMCKOr U KpeaTMBHOI MUIIUbeHa.
Pesynratt  mokasyjy mna ,MaTtemaruku Jmmct”  mOpejcTas/ba  3HadajaH
AMAAKTUUKKM pecypc Koju omoryhasa nudepeHumjanyjy HacTase, IIOACTIYE
MUIIUbEHe  OPMjeHTMCAaHO Ha pelllaBambe IIpoOjemMa WU JIOIPUHOCKU
poyO/bMBarby 3Hara, Te yKasyjy Ha IoTpedy cucTeMaTU4IHIje MHTerpalyje
EbEerOBUX CafpXKaja y PemoBHY M IOAaTHY HacTaBy MaTeMaTuKe.

Kibyune peun: nacmaba mamemamuxe, Oucpepenyujayuja nacmabe, npobiemcku
3a0ayu, (PYHKYUOHAAHO 3HAE, KPearnuBHO MUULbEtbe
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POSSIBILITIES FOR USING THE JOURNAL
“MATEMATICKI LIST” IN PRIMARY SCHOOL
MATHEMATICS TEACHING: A DIDACTIC-
METHODOLOGICAL ANALYSIS

Andelka Simi¢ Milivojevicl, Veljko Cirovic?

1Grammar school “Branislav Petronijevi¢”, Ub, Serbia, 2Grammar school Valjevo,
Valjevo, Serbia, simic.andjelka@gmail.com, cirovic@gmail.com

This paper examines the possibilities and significance of using the
journal Matematicki list as a didactic resource in primary school mathematics
teaching. Within contemporary didactic and methodological approaches that
emphasize the active role of students, differentiated instruction, and the
development of functional knowledge, special attention is given to the selection
of tasks and supplementary resources for use in mathematics teaching. In this
context, the present paper analyzes tasks intended for regular classroom
instruction, competition and award problems, problems from mathematical
contests, popular-science texts, and mathematical puzzles. Using the method of
content analysis, the paper investigates the types of tasks, their methodological
value, and their potential application in various forms of teaching, with
classification according to complexity, cognitive demands, and their potential
to foster logical, problem-solving, and creative thinking. The results indicate
that Matematicki list represents a valuable didactic resource that supports
differentiation in teaching, encourages problem-oriented thinking, and
contributes to deeper understanding. They also point to the need for a more
systematic integration of its content into both regular and supplementary
mathematics instruction.

Key words: mathematics teaching, differentiated instruction, problem tasks, functional
knowledge, creative thinking
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MY3WUKE TOHCKE JIECTBUIIE O[] IIUTATOPE 10
ITAHAC

Topan Cogpujanuhi

Texmmraka mxona, Iloxera, Cp6mja, sofijanicgoran@gmail.com

Tema oBor pama je objammmerse Bese M3Meby MaremaTvKe, My3WKe
(My3udKe TOHCKe JIeTBUIle KPO3 VICTOPMjy, CBe 3aCHOBaHe Ha MaTeMaTU4K/M
npvHIMIMMa), ¢usuke (dppekBeHIMja 3ByYHOI Tajlaca) m Iluraropejcke
Jwtozodmje (y OCHOBU cBeTa je y3ajaMHM OTHOC OpojeBa).

3ayeTHMK My3M4YKe Teopuje je IIO3HATU CTaporpukm ¢dumosod
ITnraropa Koju je mocTaBmo prI030PCKy MIIEjY O XapMoHuju cghepa, 1o K0joj Cy
KpeTara HeOecKMX Tejla y caBpIIIeHOj MaTeMaTWUYKOj M MY3UYKOj XapMOHWjI,
jep cBako TejIo Koje ce Kpehe Mopa ITpou3BOANTH 3BYK KOjU 3aBUCH O Op3uiHe,
BeJIUMHe U pasfa/buHe ofpebenor Tena. [InTtaropejcko ydeme fia je y OCHOBU
cgera Opoj ofiroBapa My3MUKOj TeOPVjy1 OCHOBaHOj Ha OfHOCY OpojeBa.

Ilosan mmraropejai, Apxura m3 TapaHTa, 3HadajHO je yHaIpeauo
HvaToHCKy TOHCKy JlecTBully, Koja je Haciaemwia I[luraropmmy ectsuily,
yBobemeM Tpu cpeyHe y My3MKY: apWUTMeTUUKy, TIeOMeTpUjcKy WU
XapMOHMjcKy. ApxuTa je ocTao 3aramheH 1 110 ToMe IIITO je OpojyaHe ofHOCe
VIMIUIeMeHTUpao y oOaB/barbe [Ip)KaBHUUKMX IIOCJIOBa 300r uera je Owuo
nHcnutauyja I naTony.

Otkpuhe nparmonaaHmx Opojesa npurnmcyje ce jamuHo ITuraropu, mro
je 11 ¥era caMor Y3HeMIUPWIO jep je JOBesIo A0 KoJIu3uje ca TBphereM ca ce cBe
MOXe W3pasuUTu pa3IoMKoM. VIMIuleMeHTallja wpalMOHaJIHMUX OpojeBa
JOXVBeJIa je CBOj YCIIOH yIIpaBo Kpo3 My3uky. OHm cy y ocHOBM XpoMaTcKe
TeMIlepoBaHe TOHCKe JIECTBIIIE Koja je JaHac JOMMUHAHTHO Y YIOTpeOmn.

Pap je HamemeH ydeHUIMMa Tpehe rofiyiHe cpefirse IIKOJIe y OKBUPY
Teme ['eoMeTpujckm Hw30BM (mpobiiem wmHTeprionanuje). Pag Moxe ma ce
KOPWCTM Kao MaTepujasl 3a JOJaTHY HacTaBy, aJlu je Ipe cBera IIpeyior 3a
IIPOjeKTHY HacTaBy KOja YKJby4yje Kopenaiyjy n3Mmeby nnpenmera MaTtemaTrika,
Mysnuka xynrypa, @wiozodmja 1 Pusmka. Kao pesynrar yaeHmm Ov Morim
caMOCTa/IHO WIM Yy TpynamMa ypaguTtu ciefehe 3amarke: wm3padyHaTu
dpexBeHIIMje CBMX TOHOBa je/lHe OKTaBe aKO 3HaMO (ppeKBeHIIVjy OCHOBHOT
TOHA y pa3/IMYUTVM TOHCKVM JIeCTBUIIaMa; HallpaBUTM MY3WYKM MHCTPYMEHT
MOHOKOpP/,; MepuTn dpeKBeHIIrje TOHOBa IToMOoNy aruIMKaliyje Ha MOOWIHOM
TerlepoHy WM aHaIM3MpaTU OACTyHama y QpeKBeHIjaMa y pasInduTiM
JlecTBMIIaMa; OpraHu3oBaTH /le0aTy Ha TeMy fa JIM Cy Komrosuiiuja, ocehaj
CMMPEHOCTM KOJi 4YoBeKa W IpaBle Yy JApYIITBY W3pasu MaTeMaTudke
Hporopyje vwivt INIHmUxX ocehaja.

Kspyune peunt: ¢ppexbenyuja, okmaba, k6unma, morcka secmbuya

80



TEMATCOM 2026 - [Ipyra KoHdepeHIrja 0 HacTaBy MaTeMaTuKe ¥ MH(PopMaTuKe

MUSICAL SCALES FROM PYTHAGORAS TO THE
PRESENT DAY

Goran Sofijanic

Technical School, Pozega, Serbia, sofijanicgoran@gmail.com

The topic of this paper is the explanation of the connection between
mathematics, music (musical scales throughout history, all based on
mathematical principles), physics (the frequency of a sound wave), and
Pythagorean philosophy (the mutual relationship of numbers lies at the
foundation of the world).

The founder of music theory was the famous ancient Greek philosopher
Pythagoras, who proposed the philosophical idea of the harmony of the
spheres, according to which the movements of celestial bodies are in perfect
mathematical and musical harmony, since every moving body must produce a
sound that depends on its speed, size, and distance. The Pythagorean teaching
that number is at the basis of everything corresponds to music theory founded
on numerical ratios.

The later Pythagorean, Archytas of Tarentum, significantly improved
the diatonic scale, which inherited Pythagoras’s scale, by introducing three
means into music: arithmetic, geometric, and harmonic mean. Archytas is also
remembered for implementing numerical ratios in the conduct of state affairs,
which is why he was an inspiration to Plato.

The discovery of irrational numbers is attributed personally to
Pythagoras, and it disturbed even him, since it led to a collision with the claim
that everything can be expressed as a fraction. The implementation of irrational
numbers experienced its rise precisely through music. They form the basis of
the chromatic tempered scale, which is predominantly in use today.

The paper is intended for third-year high school students within the
topic of geometric sequences (the interpolation problem). It can be used as
material for supplementary classes, but it is primarily proposed as a project-
based teaching unit involving correlation among the subjects of Mathematics,
Music, Philosophy, and Physics. As an outcome, students could independently
or in groups complete the following tasks: calculate the frequencies of all tones
within one octave if the frequency of the fundamental tone is known in different
musical scales; construct a monochord musical instrument; measure tone
frequencies using a mobile phone application and analyze deviations in
frequencies across different scales; organize a debate on whether musical
composition, a sense of calmness in human beings, and justice in society are
expressions of mathematical proportion or of personal feelings.

Key words: frequency, octave, fifth, musical scale
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PASYMEBAIBE MHTEPIIOJTIAIIMJE KO/ YUEHVKA
TPEREI PASPEIA CPEOIHE HIIKOJIE OBJAPEHUX 3A
PAUYHAPCTBO 1 UHOOPMATUKY

Mapuja Cmanuhi?, Tamjana Tomobuhi Maadernobuli!, Huna Vixoounobufi?,
Aunexcanopa Muaocabrebuli!

! Yuusepsuret y Kparyjesity, IIpuponHo-maremaTiraku daxyrer, Kparyjesar,
CpOuija, 2 [Ipsa xparyjesauka rumnasuja, Kparyjesar, Cpouja,
marija.stanic@pmf.kg.ac.rs, tatjana.tomovic@pmf.kg.ac.rs,
nina.ikodinovic@prvagimnazija.edu.rs, aleksandra.milosavljevic@pmf.kg.ac.rs

Y oBoM pamy TpelcTaB/beHUM Cy pe3yJITaTi  I1eTOrOfMIIH-er
VICTpaXMBarba CIIPOBEIeHOr ca ydeHMIMMa Tpeher paspeda operbera 3a
ydeHMuKe objapeHe 3a padyyHapCTBO ¥ MHAOPMATUKY Y TMMHa3Uj/, y OKBUPY
HacTaBHOr 1penmera Ilpumena pauynapa. Vcrpaxusame ce 0Oasu
IeJaroliKiM  13a30BOM yBoDera HamIpegHMX MaTeMaTUYKuX II0jMOBa,
KOHKPeTHO MHTepIIOJIalOHOT OJIMHOMa, y paHoj dasu obpasosama. Llnb je
Omo ma ce mpolleHe Kako eMKaCHOCT HACTaBHMX MeTO[a, TaKo M AyOmHa
YYeHNUKOI pa3yMeBarba MHTepIIojialyje, Kao 1 HeHe IpuMeHe y pelllaBamby
1pobsieMa 13 CTBAPHOT XXMBOTA.

Kibyune peun: 060apenu yuenuyu y euMHa3Uju, UHMEPnoAAUUOHU NOAUHOM
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COMPREHENSION OF INTERPOLATION AMONG
THIRD-YEAR HIGH SCHOOL STUDENTS TALENTED
IN COMPUTER SCIENCE AND INFORMATICS

Marija Stanic!, Tatjana Tomovi¢ Mladenovic!, Nina Ikodinovic?,
Aleksandra Milosavljevic!
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This paper presents the outcomes of a five-year study conducted with
third-grade students from class for talented students in computer science and
informatics at grammar school, within the subject Application of Computers.
The research addresses the pedagogical challenge of introducing advanced
mathematical concepts, specifically interpolating polynomial, at an early stage
of education. The aim was to evaluate both the effectiveness of instructional
methods and the depth of student understanding of interpolation, as well as its
applications in real-world problem solving.

Key words: talented students at grammar school, interpolating polynomial
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VICTPAXKVBAIE KOMIIETEHILIMJA 3A BU U
VIIOTPEBE AJIATA BY KOJI CTYJEHATA
VUUTE/BCKUX CTYOUJA

Mapxo Cmanxobuhi!, Mapuja Tacuh', Asexcanoap MusernkoBuhi?

1Yuusepsurer y Humy, Ilegaromku daxysrer y Bpamy, Bpame, Cpouja,
2Yuusepsuret y Kparyjesiy, [IpuponHo-maTemaTnakn ¢axysirer, Cpouja,
Kparyjesan, Cp6uja, markos@pfvr.ni.ac.rs, marijat@pfvr.ni.ac.rs,
aleksandar.milenkovic@pmf.kg.ac.rs

bp3a ekcransuja Bemrauke mHTeMreHIje (Bl) mosena je mo passoja
OpojHux ajlaTa IIPUMEHJ/BMBUX Yy OOpa3sOBHOM KOHTEKCTy, Hpu dYeMy
VICTpaXkKMBarba YyKa3yjy Kako Ha IbMXOB 3HadajaH IIOTeHLMjal, Tako U Ha
noctojeha orpanndersa. Cse Behe nipucycrtso Bl y obpasosarmy 1okpeHyJio je
BaXHA NWTarba y Be3V ca KOMIIeTeHIIjaMa CTyAeHaTa Vi FbMXOBOM CTBAPHOM
ynorpebom Bl anaTa y akagemMckoM KoHTeKcTy. L{1yb oBor mcTpaxusama 610
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je ma ce mcrnmTa ogHoc m3MeDy AuruTamHMX M KoMieTeHnuja 3a BV kop
cTyjeHaTa ” IuxoBe ynoTpebe amata BV y yuemwy. Vcrpaxusarme je
CITpOBeIeHO aHKeTHVM VCTpaKMBarbeM Ha Y30pKy o1 82 cTyleHTa yUnTeIbCKIX
cryauja 'y Cpb6uju. Tlomanm cy OpuKyIwbeHM IIyTeM aHOHVMMHOT OHJIAjH
yrmTHMKa. PaKTOpCKOM aHaIM30M M3[IBOjeHa Cy 1Ba daKTopa: AUTMTaIHe U
KomreteHije 3a BV, xao m ymnorpeba amara BV y yuemwy. Ananmsa
IIOY3aHOCTH IIOKasaja je IoOpy IO BUCOKY VHYTpaIlllby KOH3VMCTEHTHOCT 3a
oba dakropa (Kporbax @ > 0.87), mTo yKa3syje Ha To 11a cy KopuiheHe cKaje
Ioy3JaHe ¥ IIOrofHe 3a Jajby aHam3y. PesynraTy 1okasyjy f1a CTy[eHTHU
IIPOLIekbYjy CBOje OUIMTa/IHe M KoMmIleTeHIVje 3a Bl kao pasBujeHe, HOK je
IbVIXOBa CTBapHa yroTpeba anaTa BV y akageMckoM KOHTeKCTY 3HaTHO peba.
OBu Hajlasy ykasyjy Ha Heckjlaf, m3Meby IeprumypaHuX KOMIIeTeHIuja U
cTBapHe ymnorpebe, Hamlamasajyhm moTpeOy 3a  cucTeMaTHMUHMjOM
MHTerpanyjoM ajata BVl y obpasosamy. Pesynratn mmajy MMIrmkamnyje 3a
o0pa3oBHYy IpakKcy, MoceOHO y KOHTeKCTy Mojpiike Oymyhum yduressuMa y
edmrKacHO] IIpuMeHM TexHostoruja BUL

Kibyune peun: Bewumauxa unmesueenyuja, oueumaire xomnemenyuje, obpasobaroe
yuumesna, pakmopcka anarusa, aramu B

EXPLORING AI COMPETENCIES AND THE USE OF Al
TOOLS AMONG TEACHER EDUCATION STUDENTS

Marko Stankovicl, Marija Tasi¢!, Aleksandar Milenkovic?

1 University of Ni§, Pedagogical Faculty in Vranje, Vranje, Serbia,
2University of Kragujevac, Faculty of Science, Kragujevac, Serbia,
markos@pfvr.ni.ac.rs, marijat@pfvr.ni.ac.rs, aleksandar.milenkovic@pmf.kg.ac.rs

The rapid expansion of artificial intelligence (AI) has led to the
development of numerous tools applicable in educational contexts, with
research showing both their significant potential and their current limitations.
This increasing presence of Al in education has raised important questions
regarding students’ competencies and their actual use of Al tools in academic
contexts. The aim of this study was to examine the relationship between
students” digital and Al competencies and their use of Al tools in studying. The
study was conducted using a cross-sectional survey design, with a sample of 82
students enrolled in teacher education programs in Serbia. Data were collected
through an anonymous online questionnaire. Factor analysis identified two
dimensions: digital and Al competencies, and the use of Al tools in studying.
Reliability analysis demonstrated good to high internal consistency for both
factors (Cronbach’s @ > 0.87), indicating that the scales used in this study were
reliable and suitable for further analysis. The results showed that students
perceive themselves as highly competent in digital and Al-related skills, while
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their actual use of Al tools in academic contexts is considerably lower. These
findings suggest a discrepancy between perceived competencies and actual use,
highlighting the need for more structured integration of Al tools in education.
The results have implications for educational practice, particularly in the
context of supporting future teachers in the effective use of Al technologies.

Key words: artificial intelligence, digital competencies, teacher education, factor
analysis, Al tools
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INTAXOBCKW ITPOBJIEMU 1 BELITAUKA
MHTEJINTEHLINJA

Tamjana Cmanxobuhil, EOun Jluban?

1 beorpajicka akazemrija IIOCJIOBHMX ¥ YMETHWYKIMX CTPYKOBHMIX CTyAMja, beorpan,
Cpbuja, 2YerBpra rumuasmja Vmria, CapajeBo, bocta n Xepiierosmta,
tatjana.stankovic@bpa.edu.rs, lidan.edin@gmail.com

IMlax kao jemHa of HajcTapuUjUX Wrapa Koja pasBuja JIOTMYKO U
CTpaTerujcko pe3oHoBame MMa BaKHY YJIOTy Y HacTaBHOM IIporiecy. PelaBare
IIIaXOBCKMX IIpo0jieMa [AONPUMHOCK Ppa3Bojy CIIOCOOHOCTM — carjleflaBarba
rpo0JieMa ca pa3IMUMUTHX acliekaTa, HopehaBa KpeaTMBHOCT 1 Pa3Boj BEIITHA
mwianupama [1].  IlocToju cemamM  OCHOBHUMX — IAXOBCKMX — BeIITMHA
(Busyenmmsaliuja, IHpopaudyH, TaKTMKa, IIpolleHa/aHa/M3a, CTpaTervja,
oTBapama U 3aBpiiHuiie) [2]. Ose BemTHe MOTY HONPUHETH I10OOJBIIAHY
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KOTHUTUBHMX CIIOCOOHOCTM Kao INTO Cy pelllaBarbe IpobsemMa, KPUTHUUKO
pasMUIIUbarbe ¥ BeIITHHe IUIaHVpama [3].

Excransmja BemTauke VHTeIUTeHLMje YTUde ¥ Ha Ha4dMH IIPUCTyHa
OIHOCHO pellaBarba Ipobsiema. Y oBoM pagy ocBpHyheMo ce Ha HauMH Ha KOjy
IojeliHM ajlaTyl BelllTauke VHTeJIUTeHIje pellaBajy ogaOpaHe IITaxoBCKe
ripo0steme [4] 1 HanrpaBrhemMo KOMIIapaTUBHY aHAIM3Y HBVIXOBUX pelllerha.

Kibyune peunt: waxobcku npobaemu, aramu Bewimavuke unmesuzenyuje

CHESS PROBLEMS AND ARTIFICIAL INTELLIGENCE -

Tatjana Stankovic!, Edin Lidan?+

1 Belgrade Business and Arts Academy of Applied Studies, Belgrade, Serbia,
2Fourth Gymnasium Ilidza, Sarajevo, Bosnia and Hercegovina,
tatjana.stankovic@bpa.edu.rs, lidan.edin@gmail.com

Chess, as one of the oldest games that develops logical and strategic
reasoning, plays an important role in the teaching and learning process. Solving
chess problems contributes to the development of the ability to see problems
from different aspects, increases creativity and the development of planning
skills [1]. There are seven fundamental chess skills (visualization, calculation,
tactics, evaluation/analysis, strategy, openings and endgames) [2]. These skills
can contribute to improvement of cognitive skills such as problem-solving
critical thinking and planning skills [3].

The expansion of artificial intelligence also affects the way of
approaching and solving problems. In this paper, we will reflect on the way
specific artificial intelligence tools solve selected chess problems [4] and we will
make a comparative analysis of their solutions.

Key words: chess problems, artificial intelligence tools +
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KJIACUYHA JEDPVIHVUIIMJA BEPOBATHORE: ATIOC
AHAJIN3A KYPUKYJIYMA U [IOCTUTHYRA
VUEHMKA M3 CPBUJE
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Pesynratnt MebyHapomHMX KOMITapaTVBHMX VICTpaXXVBarba
KOH3VICTeHTHO yKa3yjy fla yaeHum y Cpouju ocTBapyjy CTaTUCTUMYKY 3HaYajHO
HVDKa ITIocTUrHyha y momeny BeposaTHohe 11 pajia ca ItofaiMa y rnopebemy ca
BpIIFbaIiMa 13 Ipyrux seMasba. OBaj paj, Ma fiBa Ivuba. [ IpBu ivs je ananmsa
3aCTYIUbeHOCTU KJlacu4He AeduHUIMje BepoBaTHONe y HacTaBHOM IIporpamy
kpos npusmy APOS Teopwije, TOK je Ipyru JoBoberbe Hajla3a Te aHajIu3e Y Besy
ca mocturHyhmmMa yuenmka n3 Cpouje y momeny BeposataHohe Ha TIMSS 1 PISA
UCIIUTUBakUMa, y Tnopebery ca omabpaHum 3em/baMa Koje Oestexke BuIlla
rocturayha y oBoM JoMeHy.

AHanMsa KypuKyJlyMa yKasyje [1a Cy y4YeHUIM ITPeTeXHO WM3JI0KeHU
3ajalyMa Koju 3axTeBajy MexXaHWUKy IpuMeHY dopMmysle — INTO OArosapa
HuBoy Axumje npema APOS Teopuju - ca Majo IIpwiIMKa 3a pasBoj
KOHIIEITyaJTHOT pa3yMeBarba HeOIIXO[IHOT 3a paJl ca 0eCKOHauHMM IIPOCTOPOM
Mcxoma WiV aJTepHaTMBHUM HeduHMIMjamMa BeposatHohe. Hasasu TIMSS
UCIIUTMBaa y JOMeHy IojjaTaka M BepoBaTHohe, kao u pesynratu PISA
VICIIUTVIBakba Ha IOfCKa/IV HeM3BeCHOCT W IOaly, JOBOJe ce y AUPeKTHY Be3y
ca OBUM KypUKYJIAPHVMM OIpaHUYEebVMa WU CTaBbajy y KOMIIapaTVBHU
KOHTEeKCT ca opabpaHum oOpaszoBHuMM cucreMumMa. Ha ocHoBy poGujeHmx
Hajla3a yKasyjeMO Ha IIoTpeOy 3a CYIITMHCKMM IIpOMeHama Yy IIPUCTYILy
HacTaBu BepoBaTHOhe y CpOuju 1 uctmuemo noreHuyjair APOS Teopuje kao
OKBMpa 3a OCMUIIUbaBarbe HACTaBHVIX VHTEePBEHIIja.

Kipyune peun: kaacuuna degpunuyuja Bepobammohie, AIIOC meopuja, TMMCC,
IINCA, xypukysapua anaiusa
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CLASSICAL DEFINITION OF PROBABILITY: AN APOS
ANALYSIS OF CURRICULUM AND ACHIEVEMENT OF
SERBIAN STUDENTS-
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International comparative research consistently indicates that students
in Serbia achieve statistically significantly lower results in the domain of
probability and data handling than their peers in other countries. This paper
has two objectives. The first is to analyze the representation of the classical
definition of probability in the mathematics curriculum through the lens of
APOS theory; the second is to relate the findings of that analysis to the
achievements of Serbian students in the domain of probability on the TIMSS
and PISA assessments, in comparison with selected countries that demonstrate
higher performance in this domain.

The curricular analysis indicates that students are predominantly
exposed to tasks requiring mechanical application of the formula -
corresponding to the Action level of APOS theory - with few opportunities to
develop the conceptual understanding needed for work with infinite sample
spaces or alternative definitions of probability. The findings from the TIMSS
assessment in the data and probability domain, as well as the results of the PISA
assessment on the uncertainty and data subscale, are directly linked to these
curricular limitations and are placed in a comparative context with selected
education systems. Based on the findings, we highlight the need for substantial
changes in the approach to teaching probability in Serbia and emphasize the
potential of APOS theory as a framework for designing instructional
interventions.

Keywords: classical definition of probability, APOS theory, TIMSS, PISA, curricular
analysis
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CPEOBHOIIIKOJICKA TEOMETPUJA, EYKIIMIOBU
EJIEMEHTUN 1 AYTOMATCKO JOKA3VBAIBE
TEOPEMA

Cana Cmojanobuhi-Bypbebuli

Yausepsuret y beorpamy, Maremariukm daxyrrret, beorpan, Cpbuja,
sana.stojanovic.djurdjevic@matf.bg.ac.rs

Eyximiicka reomeTpuja je mmpsa o0J1acT Kpo3 Kojy ce bary y ocHOBHUM 1
CpelpVM IIIKOJIaMa YIIO3Hajy ca IIpaBWwiInMa (POpMaIHOT [I0Kas3VBarba,
KpeupameM  J0Kas3a, IaXbMBO  YKIOIUBeHVM  KOHCTpyKIIMjamMa U
apryMeHTalll[joM Koja je ca jejHe cTpaHe JIOBOJbHO HedpopMasIHa /ia He oMeTa
yCBajarbe IpajyBa, a ca Jpyre cTpaHe JOBOJbHO IIpellV3Ha Ja WCKYCHU
MareMaTu4ap (a M Mame MCKYCHM CTY[eHT) MOXe Jia IIperio3Ha Ja JIM Cy Y
JI0Ka3y HaBefleHM CBU HoTpeOHM Kopary. OBakBu J0Kasy decTo cy IpaheHu
KOHCTpyKIIMjaMa ¥ AujarpamMyMa Koju BOe IIOpekyIo jomr w3 Eykimmosux
Enemenara.

Y osom pany hemo ykpaTko IpeficTaBUTH aKCMOMAaTCKO 3acHUBarbe
reomMeTpuje KopullthemeM ayTOMaTCKMX JlOKasyBada TeopeMa M IIpMKasaTu
jenaH HauMH 3aIlVC/Bam-a J0Ka3a reOMeTPpUjCKIX TeopeMa Ha HauuH pa3yM/bUB
VI YOBEKY U padyHapy.

Kibyune peunt: cpedrouikoicka eeomempuja, akcuomanmcko 3acHubaroe eeomempiije, a-
ymomamcko dokasubaree meopema, unmepaxkmubHo 0okasubarse meopema

HIGH SCHOOL GEOMETRY, EUCLID’S ELEMENTS,
AND AUTOMATED THEOREM PROVING

Sana Stojanovié-Durdevic-

University of Belgrade, Faculty of Mathematics, Belgrade, Serbia,
sana.stojanovic.djurdjevic @matf.bg.ac.rs

Euclidean geometry is the first area for students in elementary and
secondary schools to be introduced to the rules of formal proof, the creation of
proofs, specific constructions and argumentation that is informal enough not to
interfere with the knowledge acquisition, but on the other hand precise enough
that an experienced mathematician (and a less experienced student) can
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recognize whether all the necessary steps are listed in the proof. Such proofs are
often accompanied by constructions and diagrams that originate from Euclid's
Elements.

In this paper, we will briefly present the axiomatic foundation of
geometry using automatic theorem provers and show one way of writing proofs
of geometric theorems understandable to both humans and computers.

Key words: high-school geometry, axiomatization of geometry, automated theorem
proving, interactive theorem proving +
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PEKYP3UJA KAO MOCT USBMEBY MATEMATUKE "
MHPOPMATUKE

Mapuja Tpuabay, Mapuna Cuuebuh

Yuusepsuret y Kparyjesity, ITpuponHo-matemaTtiuku dakysrer, Kparyjesati,
Cpb6uja, marija.trnavac@pmf.kg.ac.rs, marina.svicevic@pmf.kg.ac.rs

Pekyp3uja mpencrasba TeXHUKY y KOjoj PYHKIIMja I103MBa caMy cebe
TOKOM pelllaBaiba IIpo0sieMa, umMe ce CJI0KeHM 3a/1ally CBOfle Ha jelTHOCTaBHuje,
CaMOCIMYHe WHCTaHIle, CBe [0 AOoCTM3arba OasHOr ciydaja. OBaj HaumH
pelaBarka IIpo0sieMa ¥Ma 3Ha4dajHy yJIOry KaKO y MaTeMaTWIIV, TaKo U Y
MHMOpMaTHIY, TOCeOHO Yy aJrOpMTaMCKOM MOIeIVpary W MaTeMaTWYKoj
dopmanmzaruju mpobiema.

IIwe oBor pajga je ma IpuKaxe KakoO ce PeKyp3VMBHU MOJIeIV MOTY
MeTOAVYKY IIPUJIarOUTY HacTaBy, ca IIOCeOHMM aKIIeHTOM Ha U3Tpajiiby Bese
m3Meby ajJiropMTaMcKOr M MaTeMaTMYKOr HauMHa pasMMUIIUbamka. Y paay ce
nojasu of MHAOPMaTUUKOI MPUCTyIla, KpO3 aHaJIu3y W3BpllaBarba
pexyp3uMBHUX (yHKIIMja y IHporpaMckoM jesuky Python, mHakon dera ce
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IIOCTeIIeHO YBOAM MaTeMaTwdka dQopMaamsamnija y By pPeKypeHTHMX
peranmja.

ITocebHa naxmba rocseheHa je HacTaBHOM KOHTEKCTY, I7le ce peKyp3uja
npubsIVPKaBa y4eHUIIIMA CPedrbUX IIKOJIa, HAPOYUTO y CIIelVjaIM30BaHNM
UT opemernma, Kao WM CTydeHTHMa, KpoO3 WMHTYWUTMBHE W BU3YeIHO
IperniosHaT/buBe IIpuMepe. Meby mwuma ce usnpaja @uboHaumjes HI3, YKja ce
IojaBa MOXKe yOUUTU y HPUPOAY, Kao IITO Cy pacloper JIMCTOBA U COUpaIHe
CTPYKType IIKO/bKM, INTO [JOIPMHOCH VHTYUTVBHUjEM pa3yMeBarby
PeKyp3UBHOT AedVHMCcaba 1 IIOCTENIeHOT Ipaberba CII0KEHMjUX CTPYKTypa 13
jenHoctaBHUjuX. Ha Taj HaumH, pekypsmja ce IIpefcTas/ba Kao eduKacaH
AVIAKTUYKYM ajlaT Koju oMoryhaBa IpeBaswiakerme ja3a m3Meby HacTase
MaTeMaTHKe 1 MHPOpMaTIKe, 1 pas3Bojy OyOsber pasyMeBara KoJl y4eHMKa.

Kibyune peun: pexypsuja, Qubonauujeb nus, Python, nymepuuxa anaiusa

RECURSION AS A BRIDGE BETWEEN MATHEMATICS
AND COMPUTER SCIENCE

Marija Trnavac, Marina Svicevic

University of Kragujevac, Faculty of Sciences, Kragujevac, Serbia,
marija.trnavac@pmf.kg.ac.rs, marina.svicevic@pmf.kg.ac.rs

Recursion is a technique in which a function calls itself during the
process of solving a problem, thereby reducing complex tasks to simpler, self-
similar instances until a base case is reached. This approach to problem-solving
plays a significant role in both mathematics and computer science, particularly
in algorithmic modeling and the mathematical formalization of problems.

The aim of this paper is to demonstrate how recursive models can be
methodically adapted for teaching purposes, with particular emphasis on
building a connection between algorithmic and mathematical ways of thinking.
The paper begins from a computer science perspective, through an analysis of
the execution of recursive functions in the Python programming language, after
which a mathematical formalization in the form of recurrence relations is
gradually introduced.

Special attention is given to the educational context, where recursion is
made accessible to secondary school students, especially those in specialized IT
programs, as well as to university students, through intuitive and visually
recognizable examples. Among these, the Fibonacci sequence stands out, as its
appearance can be observed in nature, such as in the arrangement of leaves and
the spiral structures of shells, contributes to a more intuitive understanding of
recursive definition and the gradual construction of more complex structures
from simpler ones. In this way, recursion presents itself as an effective didactic
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tool that enables bridging the gap between mathematics and computer science
teaching, and fosters deeper understanding among students.

Key words: recursion, Fibonacci sequence, Python, numerical analysis
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MATEMATWKA M3MEBY OMWBEHOT M TEILIKOT
IIPEIIMETA: KAKO YUEHWMIIV OBJAIIIEbABAJY OBAJ
TIAPATOKC

Bana Loauhl, 3opana Jlyxarum?
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OBaj papm wcnuryje nepLeniyjy MaTeMaTuKe Kao WCTOBpeMeHO
OMIWBEHOT ¥ TeIIKOT IIKOJICKOT ITpeMeTa, ca IIbeM Jia ce pasyMejy HauvH’
Ha Koje y4eHMIIM objalmaBajy oBakse ITporieHe. Vako ce y imrepaTypu obe
AviMeH3je Hajuerhe aHayIM3Mpajy OfIBOjeHO, CaBpeMeHV IIPUCTYIIN YKa3yjy Ha
IBbUXOBY MeDycoOHy IIoBe3aHOCT ¥ 3Haudaj Y4YeHWUYKUX WHTepIlipeTalyja
MCKyCTBa y4emba [1, 2].

VerpaxuBame je 3aCHOBaHO Ha KpOC-HaI[MIOHaJIHOM y30pKY CTy/eHaTa
n3 PenyOmuke Cpbuje mn CjemmmeHmx Awmepuukmx [pkaBa, Koju
peTpPOCeKTMBHO MpOLeHYjy CBoja IIKOJICKa WCKycTBa. IlpuMersen je
MEIIIOBUTM MeTOAOJIOMmKM IipucTynl. KpajmratmBHa aHaam3a OTBOpPEHMX
O[IrOBOpa CIIpOBefleHa je WHAYKTUMBHVM KOAupameM, HOpu dYeMmy Cy
aeHTUdUKOBaHe KaTeropuje opraHu3oBaHe Yy YeTUpU AVIMeH3Uje: JINYHY,
caJip>XajHy, HaCTaBHWUYKY VM VHCTPYKIIVOHY, Y OKBMPY HPOLIVPeHOr Mofesia
OVIAKTUYKOT TpoyIia [3, 4].

Pesynratu mokasyjy /1a MaTeMaTVKa 3ay3VMa CIeHUUHY HO3ULIjY:
VICTOBPEMEeHO ce JI0XKMBJbaBa Ka0 KOTHUTVBHO 3aXTeBHa, aJIi V1 Kao 3aHMMIbMBA
u BpefHa. Objalmera ydeHKa yKasyjy Ha pasimauTe obpaciie aTpubyiinje,
Ol HaIJlIalllaBak-a yJIoTre HacTaBHMKAa VI HacTaBHe IIpaKce 0 MCTULarba JIMYHIX
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MHTepecoBara 1 criocodHocTn. IloceGHO ce m3MBaja 3Ha4yaj HacTaBHUYKE U
MHCTPYKIIMOHe AVIMeH3Mje, Koje 00/MKyjy fa i he ce MaTeMaTVKa HOXMBETH
Kao CMMCIeHa WIM pelnpoayKTMBHa aKTMBHOCT, INTO je y CKJIajay ca
UCTpaKMBamVIMa O yJIO3M IIUTaka ¥ HacTaBHe MHTepakiiyje [5].

Paj mcTuye 3Havaj aHaJM3e YUYeHWUYKMX objallmersa Kao Kbyda 3a
pasyMeBarbe 00pa3oBHMX MCKycTaBa. VIMIUiKanyje cy moceOHO pesieBaHTHe 3a
VHUIIMjaJITHO oOpasoBame HacTaBHMKa, Koje Tpeba /1a omoryhm oOimkoBarme
ITOJICTUIIAJHOT U CMUCJIEHOT yuerha MaTeMaTlKe.

Kibyune peun: mamemamuxka, nepyenyuja yuenuxa, mexuna npeomema, Hacmabna
npaxca

MATHEMATICS BETWEEN FAVORITE AND DIFFICULT
SUBJECT: HOW STUDENTS EXPLAIN THIS PARADOX

Vana Coliél, Zorana LuZanin?

1 Academy of Applied Studies Novi Sad, Department of the Novi Sad School of
Business, Novi Sad, Serbia, 2University of Novi Sad, Faculty of Sciences, Novi Sad,
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This paper examines the perception of mathematics as both a favorite
and a difficult school subject, with the aim of understanding how students
explain such evaluations. Although these dimensions are most often analyzed
separately in the literature, contemporary approaches point to their
interrelatedness and highlight the importance of students’ interpretations of
their learning experiences [1, 2].

The study is based on a cross-national sample of students from the
Republic of Serbia and the United States of America, who retrospectively assess
their school experiences. A mixed-methods approach was employed.
Qualitative analysis of open-ended responses was conducted through inductive
coding, with identified categories organized into four dimensions: personal,
content-related, teacher-related, and instructional, within an expanded model
of the didactic [3, 4].

The results indicate that mathematics occupies a specific position: it is
simultaneously perceived as cognitively demanding, yet also as interesting and
valuable. Students” explanations reveal different patterns of attribution, ranging
from emphasizing the role of teachers and instructional practices to
highlighting personal interests and abilities. In particular, the importance of the
teacher-related and instructional dimensions stands out, as they shape whether
mathematics is experienced as meaningful or merely reproductive activity,
which is consistent with research on the role of questioning and instructional
interaction [5].
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The paper underscores the importance of analyzing students’
explanations as a key to understanding educational experiences. The
implications are particularly relevant for initial teacher education, which should
support the development of stimulating and meaningful mathematics learning.

Key words: mathematics, student perception, difficulty, motivation, teaching practice
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PA3BOJ KYPUKYVJIYMA 3A ObPA3OBAIbBE
HACTABHUWKA MATEMATUKE: MCTOPNJCKO-
KOMITAPATVIBHA AHAJIN3A

Lana Crnobrnja Perencevi¢

VERN University, Zagreb, Croatia, perencevic.math@gmail.com

ObGpasosame Oyayhnx HacTaBHMKa MaTeMaTlHKe TeCHO je TIOBe3aHO ca
CTPYKTYPOM W pPa3BojeM YHWBEP3UTeTCKMX KyPUKYJIyMa, KOju OfpakaBajy
IIMpe IIpoMeHe y 00pa3oBHMM ITapajurMaMa 1 HacTaBHOj ITpakcyt. Pasymesarse
HauyHa Ha KOjU Ce OBU KypPUKYJIYMU pa3Bujajy TOKOM BpeMeHa Off, CYIITYHCKOT
je 3Hadaja 3a yHalpebuBame KpajiMTeTa oOpasoBam-a HacTaBHVKa WM HerOBO
yckiabuBarme ca caBpeMeHMM 00Opas3oBHMM 3axTeBuma. Llwb  osor
VICTpaskMBakba je Jla ce MCINTa pa3Boj KypuKyJIyMa 3a oOpasoBam-e HacTaBHMKA
MaTemaTke Ha ITpupomHo-maremaTmukoMm pakynrery YHuBepsuTera Yy
3arpe0y, Kpo3 MCTOPMjCKO-KOMIIApaTVBHY aHaIM3y Koja oOyxBaTa IIepuofI, Off,
1958. mo 2025. ropguHe. VicTpaxmBame ce 3acHMBA Ha aHaIM3M oOfabpaHmX
KypUKyJIyMa KOju IIpeJCTaB/bajy K/by4uHe IIpeKpeTHuIle, ca OKycoM Ha
Tpajarbe CTyauja, CTPyKTypy IpeaMeTa ¥ pacrofeily MaTeMaTUJKKuX, Kao U
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IIe/JarOIIKMX, IICUXOJIOMIKMX M IWIaKTUUKMX cafprkKaja 10 ToMHaMa CTyauja.
Pesynratu ykasyjy Aa cy paHUju KypUKYJIyMU IOKasVBaJIi MVHVMAaIHe
paziuke usmeby mporpama 3a oOpasoBarbe HacTaBHUMKA W WHXEHePCKU
OpPUjeHTUCaHNX CTyauja MaTeMaTuke. Bpemenom je pomnwio [0 jacHuje
audepeHnyjaiyje, oOejleXeHe javareM IeJarolKMX W AWIAKTUYKMX
KOMITOHEHTV, HapOUNUTO y HocIednuM gereHnjama. OBy Hajla3y UCTUYY CBe
Behu 3Hauaj ycrocTapsbara paBHOTeXe n3MeDy cHakKHOT MaTeMaTUUKOT 3Hakba
M TeJaromkux KomIeTeHIMja y oOpasoBamy Oymyhmx HacTaBHMKa
MaTeMaTVKe, U/Me ce Jiaje JIOIIPMHOC pa3Bojy KypUKyJIyMa U 0Opa3oBHO]
Ipakcy y o01acTi MaTeMaTHUUIKOT oOpasoBarba.

Kipyune peunt: pasboj xypuxysyma, ucmopujcxo-komnapamubra anaiusa, nedazouixe
KoMnemenyije, OUOAKMUKA Mamemamuke

DEVELOPMENT OF THE MATHEMATICS TEACHER
EDUCATION CURRICULUM: A HISTORICAL-
COMPARATIVE ANALYSIS

Lana Crnobrnja Perencevi¢

VERN University, Zagreb, Croatia, perencevic.math@gmail.com

The education of future mathematics teachers is closely linked to the
structure and development of university curricula, reflecting broader changes
in educational paradigms and teaching practices. Understanding how these
curricula evolve over time is essential for improving the quality of teacher
education and aligning it with contemporary educational demands. The aim of
this study is to examine the development of the mathematics teacher education
curriculum at the Faculty of Science, University of Zagreb, through a historical-
comparative analysis covering the period from 1958 to 2025. The research is
based on the analysis of selected curricula representing key turning points, with
a focus on study duration, course structure, and the distribution of
mathematical and pedagogical, psychological, and didactical content across
study years. The results indicate that earlier curricula showed minimal
differences between teacher education and engineering-oriented mathematics
programs. Over time, a clearer differentiation has emerged, marked by the
strengthening of pedagogical and didactical components, particularly in recent
decades. These findings highlight the increasing importance of balancing strong
mathematical knowledge with pedagogical competencies in the education of
future mathematics teachers, contributing to curriculum development and
educational practice in mathematics education.

Key words: curriculum development, historical-comparative analysis, pedagogical
competencies, mathematics didactics+
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CEKLIVJA 2:
[ITKOJICKA TIPAKCA

HEBVIJbVIBA MOR KOMIUIEKCHMX BPOJEBA: O],
JIOTNMYKUX ITAPAOOKCA 1O OUTUTAJIHE
PEAJTHOCTU

Cysana Azexculi

Yausepsurer y Kparyjesny, [Ipupogrno-maTematirakm daxysnret, Kparyjesarr,
CpOwja, suzana.aleksic@pmf.kg.ac.rs

HaumH Ha Koju yBOAMMO KOHIIENIT KOMIUIEKCHUX OpojeBa, decTo
3aHeMapyjyhm jiormdke 3aMKe Koje HacTajy Kajla ce IpaBwIa peajiHe aHaI3e
HEeKPUTWYKI IpeHecy y KOMIUIeKCHM JIOMeH, JIOBOJM JI0 Tora Jla Ce OHU Yy
CPer-OIIIKOJICKOM 00pa3oBarky TpeTHpajy Kao aricTpaKTaH, I1a Yak 1 BeIIITauKu
KOHIIEIIT, IIITO KOl yUeHNKa CTBapa OTIIOpP ¥ HepasyMeBambe.

OBaj papj mpercTaB/ba METOAMYKM IPUCTYH KoOjU TpaHCOpMumIle
JI0KVBJbaj KOMIUIEKCHIX OpojeBa Kpo3 Tpu eTarle: IIperio3HaBarbe yooudajeHmx
3a0iTy/ia, TeOMeTPUjCKy MHTYUIIVjY M MOJIepHYy IIpMMeHy Y IIporpamMupamy
BUIEO urapa.

Anamsupahemo Hajuenthe Jiormyke Tpellke Koje HacTajy yciter,
HEeKPUTUYKOI IpeHOolllera o0coOuHa peasHe KBajpaTHe dyHKIMje Yy
KOMIUIEKCHM JoMeH. YkazaheMO Ha BaXHOCT MHpelu3HOr IeduHUCaHa
oIepanyja M rpaHMuIla IIPUMEeHUBOCTY IIpaBila Ha KojuMa MHCHUCTUPaMO y
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HacTasu. [Tokasahemo kako KoMIIeKCcHM OpojeBu ciTy>ke Kao MOhHa 3aMeHa 3a
TpaJuIVIOHaJIHe TeoMeTpujcKke MeToze, omoryhasajyhm ma ce 1o coxeHmx
pesyrtaTa gobe Kpo3 jemHOCTaBHe airedapcke TpaHcdopMallyje.

Y 3aBpmHoM ferty, mwiycrpoahemo yroTpedy KoMITIeKCHMX OpojeBa y
caBpeMeHOj TeXHOJIOTMjiI Kpo3 Mojlelupame (PU3INUKMX IIpolleca y BUEO
urpama. Kopucrehu nuneapHe nudepeHiyjaite jeqHadnHe ca KOHCTaHTHUM
KoeduimjeHTMa, objacHMheMO Kako Hpupoja pellema Y KOMIUIEKCHOM
JOMeHY AMUPeKTHO Kpeupa BU3yeJIHU WUaeHTuTeT Kapakrepa. IlojacHmhemo
KaKO IPUCYCTBO WMarMHapHUX KOpeHa [aje J>XMBOT WM eJIaCTUYHOCT
KeJITaTMHO3HMM 00jeKTVMa Kpo3 ocInaliyje, 0K HBIXOBO OICYCTBO Y pPeaTHOM
JIOMeHy BepHO CHMYJIMpa OTIIOp M TPOMOCT KpeTama Kpo3 0s1aTo mim rycre
cpenviHe.

Iwpb oBor msjarama je Ja HacTaBHMIIMMAa IIOHYIIM TOTOBe Mojiesle
KOjVIMa MOT'Y MOTMBMCATI YUeHMKe, TIoKa3yjyhu M fa cy KoMITIeKCHYU OpojeBu
HEeBUJUbVBY, aJIl HEOIIXOHV MOTOPM Koju IoKpehy Kako reoMeTpujy, Tako 1
HajMOIlepHMje IUTTaIHe CUMYyJIalyje.

Kibyune peun: komnaexcnu 6pojebu, uikoicka npaxca, A02udxe epeuixe, Oueumaite
cumyaayuje

THE INVISIBLE POWER OF COMPLEX NUMBERS:
FROM LOGICAL PARADOXES TO DIGITAL REALITY

Suzana Aleksié

University of Kragujevac, Faculty of Science, Kragujevac, Serbia,
suzana.aleksic@pmf.kg.ac.rs

The way the concept of complex numbers is introduced, often neglecting
the logical pitfalls that arise when the rules of real analysis are uncritically
transferred to the complex domain, causes them to be treated in secondary
education as an abstract and even artificial concept, leading to student
resistance and misunderstanding. This paper presents a methodological
approach that transforms the experience of complex numbers through three
stages: recognizing common misconceptions, developing geometric intuition,
and exploring modern applications in video game programming.

We analyze the most common logical errors resulting from the uncritical
transfer of the properties of the real quadratic function to the complex domain.
We highlight the importance of precise definitions of operations and the limits
of applicability for the rules emphasized in teaching. Next, we show how
complex numbers serve as a powerful alternative to traditional geometric
methods, allowing complex results to be achieved through simple algebraic
transformations.
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In the final section, we illustrate the use of complex numbers in modern
technology through the modeling of physical processes in video games. Using
linear differential equations with constant coefficients, we explain how the
nature of the solutions in the complex domain directly creates the visual identity
of the characters. We clarify how the presence of imaginary roots imparts life
and elasticity to gelatinous objects through oscillations, while their absence in
the real domain faithfully simulates the resistance and sluggishness of
movement through mud or dense media.

The aim of this presentation is to provide teachers with ready-to-use
models to motivate their students, showing them that complex numbers are the
invisible yet indispensable engines driving both geometry and state-of-the-art
digital simulations.

Key words: complex numbers, teaching practice, logical errors, digital simulations
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JEOAH O MOTI'YVREUX METOONMYKUX ITPVICTVIIA
I'EOMETPNJCKOM JOKA3Y Y HACTABU
MATEMATUKE

Bojucaab Andpuhi

Maremarvakm x1y6 ,Anodant”, Basseo, Cpbuja, voja.andric@gmail.com

MHore cTBapm y HacTaBM MaTeMaTuke he ce BpeMeHOM ITPOMEHWTM
(mporpamu HacTaBe M yuera, HaCTaBHM MCXOIM, HaCcTaBHa CpeficTBa, OO
paja ..), aJiu HeKe BakHe IOjef;MHOCTM he ocTraTm HacTaBHa HoTpeba Kpo3s
BeKOBe V1 JT0KJIe roj] ce Oyzie yuila MaTeMaTHKa. Y Te BeuHe HacTaBHe ITpodJieMe
Crajia M MeTO/IMKa JJ0KasVBama Koja ce 1 y ajirebapcKiM 1 y TeoMeTpUjCKIM
rpobsieMyMa CBOJIM Ha CKOPO MleHTUYHe 3aKOHe 3aK/byulBarba, ajlvi [IOHeKas]
VIMa ¥ cacBUM pasjinunTe IpucTyiie. Telko je nmporHosupary Moh n Hemoh
BelllTauke VHTeJIUTeHIIje y Toj olJyiacTy, ajim Ma KOJIMKO OHa YCIIeITHO
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pelllaBajla JoOKasHe IIpoOjieMe, IMTame je KoiIMKo he To yTumaru Ha
MaTeMaTU4YKy IIMCMEHOCT JbYOV W PpasBUjarbe IbMXOBUX KpeaTUBHMX
CIICOOHOCTM.

Iwe oBor caommTersa je Aa ce CIyllaolyMa IPeyIoXu jemaH oOf,
Moryhmx IpucTyma JegyKTMBHOM IeOMeTPUjCKOM JT0Kasy - Takossanu ITTI[]
IIPUCTYII (IIpeTIIoCTaBKa, TBpherse, JolpTaBame, JJoKa3) 1 yKake Ha BaKHOCT U
MeTO[O0JIOTHjy KBaJIMTETHOT oOpasiiararka JoKasa. buhe peun 1 o rpemxkama
KOje ce y TaKBMM JOKa3HVM IIOCTYIIIMa Hajdelihe 110jaBibyjy.

Vsnarame jemHOr o MOTYhnx MeTOAMYKMX IIOCTYIIaKa 3a JOKasuBambe
y reomeTpuju 6uhe mirycrposaHo cregehnm mpumepnma.

1. Y tpoymiy ABC criosbaliimy yrao TpoyIiia Kom TemeHa B je 60°. Ako je
Ha crpaHuiu AC, nata Tauka M, taksa fa je AM = MB = BC, oHpa je
£BAC = 20°. Iokaxmn.

2. 'Y mpasoymiom Tpoymiy omrrpu yriosu cy 307 u 60°. [Tokaxu ma je
KaTeTa HacIlpaM HajMamber yIJia je[JHaKa II0JIOBMHV XUIIOTeHYy3e.

3. [Har je xBagpatr ABCD. Ha crpanumnu CD pata je Tauka M Tako fa je
£AMD = 60°, a Ha ctpanum BC Tauka N Tako ja je 2CMN = 60°.
Hokaxmu ma je ZBAN = 15°

4. Ha crpanunu AB, Tpoyriia ABC mara je Tauka M Tako 1a je AM = MB.
Axo je ZAMC = 45'v £ABC = 30", oupa je £BAC = 105°. [Jokaxn.

5. 'V jennakokpakom Tpanesy ABCD, nujaronasne tpanesa AC v BD cexy ce
y Taukm S, Tako J1a je LASB = 60°. Joxaxm ma Cy cpemmiTa ayxmu AS,
DS v BC TemeHa jeHAKOCTPaHWUYHOI TPOYIJIA.

Kipyune peun: dokas eeomempujckoe mbpbersa, cpase usbobera Ookasa, Hacmaba
eeomempuije

ONE POSSIBLE METHODOLOGICAL APPROACHTO
GEOMETRIC PROOF IN MATHEMATICS TEACHING

Vojislav Andricé-

Mathematics Club “Diophantus”, Valjevo, Serbia, voja.andric@gmail.com +

Many things in mathematics teaching will change over time (teaching
and learning programs, learning outcomes, teaching aids, forms of work, etc.),
but some important elements will remain an educational necessity for centuries,
as long as mathematics continues to be taught. Among these enduring teaching
issues is the methodology of proof, which in both algebraic and geometric
problems is reduced to almost identical laws of reasoning, but at times also
involves completely different approaches. It is difficult to predict the power and
limitations of artificial intelligence in this area, but no matter how successfully
it solves proof-related problems, the question remains as to how much this will

100



TEMATCOM 2026 - [Ipyra KoHdepeHIrja 0 HacTaBy MaTeMaTuKe ¥ MH(PopMaTuKe

influence people’s mathematical literacy and the development of their creative
abilities.

The aim of this presentation is to propose to the audience one possible
approach to deductive geometric proof - the so-called HCAD approach
(Hypothesis, Claim, Auxiliary Construction, Proof) and to point out the
importance and methodology of high-quality proof explanation. Attention will
also be given to the errors that most frequently occur in such proof procedures.

The presentation of one possible methodological procedure for proving
in geometry will be illustrated by the following examples.

1. Intriangle ABC, the exterior angle at vertex B is 60°. On side AC, a point

M, is given such that AM = MB = BC. Prove that £BAC = 20°.

2. In the right triangle, the acute angles are 30" and 60°. Prove that the leg
opposite the smaller angle is equal to half of the hypotenuse.

3. A square ABCD is given. On side CD a point M is given such that
£AMD = 60’ and on side BC, a point N is given such that ZCMN = 60°.

Prove that ZBAN = 15°.

4. On side AB of triangle ABC, a point M is given such that AM = MB. If
£AMC = 45’and £ABC = 30’, then £BAC = 105’. Prove.

5. In an isosceles trapezoid ABCD, the diagonals AC and BD intersect at
point S, such that ZASB = 60°. Prove that the midpoints of segments AS,

DS, and BC are the vertices of an equilateral triangle.

Key words: proof of a geometric statement, phases of proof construction, geometry
teaching

VMHTEPAMCHUIUVIMHAPHOCT HA HACY
MATEMATUKE: ObPAIIA IIOOJATAKA O
PELIMKJIAKWA

Hanka Anmuhi

Ol ,,Byx Kapanmh”, ITupot, CpOuja, danka.antic@vkpirot.edu.rs

Y caBpemeHO] HacTaBM MaTeMaTMKe CBe je M3paxeHuja IIoTpeba 3a
IOBe3MBambeM MaTeMaTMUKMX cafpkaja ca KOHTEKCTMMa W3 CBaKOIHEBHOT
XMBOTa. Y OBOM pajly IIpefcTaB/beH je IIpuMep JoOpe HacTaBHe IIpaKce — yac
oOpage  mopmaTaka y  Be3uM ca  pelMKIaXoM,  3acHOBaH  Ha
VHTEepAVICIIIDINHAPHOM IPVCTYITy KOjy MHTETpUIle MaTEMATHKY, €KOJIOTH]Y,
rpabaHCKoO BacMTambe 11 [Ipyre CpofgHe mpeamMete. Jac je peasmMsoBaH y OKBUPY
KOHKypca , KoMrteTeHIIMje 3a JeMOKpaTCKy KYJITYpy - IIpVIMeHa Y HacTaBHO]
npaxkcu” v Hajtasu ce y 6asu mprMepa 1oope mpakce 3aBozia 3a yHarpebusarme
oOpa3oBarba 1 BaCIIUTarba.
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Llwpb papa je Oa mpefcTaBy OBaj Yac Kao IpuMep HoOpe IIpakce, ca
1oceOHMM OCBPTOM Ha CUTyallyje yuela, OpraHM3allijy y4eHUUYKOr paja u
MeTOVYKe IIPUCTYIIe.

[TocebHa ommka dYaca jecTe cuMOOIMYKa IIpMMeHa KOHIIEITa
pelKIaXe Ha caMe II0JlaTKe — VICTM CKYII I1ojlaTaKa ce BUIle ITyTa KOPWUCTH,
TpaHcdoOpMMIIe ¥ IIOHOBO TyMadM y pasmvauTuM daszama oOpape, umMe ce
pasBija ujeja 0 MOHOBHOj yIIOTpeOu IlojjaTaka y pas/IMuuTiM aHaJIMTUYKIM
KOHTeKCTVMa.

HacraBa je opraHmsosaHa Kpo3 rpynHm papg no mopeiry REDUCE-
REUSE-RECYCLE. VYuyenumm cy oOpabuBaiu mnomaTke O peLVKIaXM,
NpUKasuBaIM MX y TabelamMa ¥ rpadMKOHMMA, IIOHOBO MX KOPWUCTWIM Ha
pasI4anTe HauMHe ¥ AVCKYTOBa/IM O JOOMjeHM pe3yJITaTiMa, MHTeTrpulryhi
3Hamba 13 BuIlle ITpeaMeTa. HactaBHUK je ycMepaBao pafi ydeHMKa, ofacTruayhm
capaziby ¥ aKTUBHO yuerrthe.

Yac riokasyje KaKo MHTepAUCIUIUIMHAPHY V1 aKTUBHY IIPUCTYIIN YUY€y
MOTy VHAIIpeAUTV aHTaKOBAHOCT YuYeHMKa, II00OJpIIaTiI pasyMeBarbe
CTaTUCTUYKMX II0jMOBa M pa3BujaTy JeMOKpaTcke KoMreTeHIIuje. Takobe 1iMa
3a Wb JJa HOAMUTHe CBeCT YUYeHNKa O 3Haydajy pelKiaxe 1 OArOBOPHOI OHOCa
Ipema XMBOTHO] CPeIVIH.

Kibyune peun: unmepoucyuniunapho yuerwe, peyurxiaxa, Hacmaba mamemamuie,
AHAAU3A N00AMaKa, 0eMOKpamcke KoMmnemeHyuje

INTERDISCIPLINARITY IN A MATHEMATICS LESSON:
PROCESSING RECYCLING DATA

Danka Anti¢

Primary School “Vuk Karadzi¢”, Pirot, Serbia, danka.antic@vkpirot.edu.rs

In contemporary mathematics teaching, there is an increasing need to
connect mathematical content with real-life contexts. This paper presents an
example of good teaching practice - a lesson on data processing related to
recycling, based on an interdisciplinary approach that integrates mathematics,
ecology, civic education, and other related subjects. The lesson was
implemented within the competition “Competences for Democratic Culture -
Application in Teaching Practice” and is included in the database of good
practice examples of the Institute for the Improvement of Education and
Upbringing.

The aim of the paper is to present this lesson as an example of good
practice, with a focus on learning situations, student work organization, and
methodological approaches.

A specific feature of the lesson is the symbolic application of the
recycling concept to data itself - the same dataset is repeatedly used,
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transformed, and reinterpreted at different stages of processing, thereby
developing the idea of data reusage in different analytical contexts.

Teaching was organized through group work following the REDUCE-
REUSE-RECYCLE model. Students processed recycling data, presented it in
tables and graphs, reused it in different ways, and discussed their findings,
integrating knowledge from multiple subjects. The teacher acted as a facilitator,
encouraging collaboration and active student participation.

The lesson demonstrates how interdisciplinary and active learning
approaches can enhance student engagement, improve understanding of
statistical concepts, and develop democratic competences. It also aims to raise
students’” awareness of the importance of recycling and responsible
environmental behavior.

Key words: interdisciplinary learning, recycling, mathematics education, data
analysis, democratic competences
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KOHIEITTU T PA®OBCKNX AJITOPUTAMA 3A
PA3BOJ AJITOPUTAMCKOI PASMUIILJbAIbA
YUEHMNKA OCHOBHMX HIKOJIA

Muaow Apcuhi

Martematiuka rmmHasuja, beorpaz, Cp6uja, milosharsic.matf.bg.ac.rs@gmail.com

Ilojam rpada ce y mporpamy TakMudersa 13 MHGOPMAaTHKe 3a yUeHVKe
OCHOBHMX IIKOJIa eKCIUIMIIMTHO II0jaBjbyje TeK Ha HajBUIIMM HMBOUMA
TakMuderba Kao mro cy Cprcka mHoOpMaTHyKa onvMIvjaga v mu3bopHa
TakMu4derba. MebyTuM, ananmsa cagpikaja mporpamMa Ilokasyje /la cy KibydHe
uzeje rpadOBCKMX aJIrOpUTaMa VMIUIUIIUTHO IIPUCYTHE Uy paHujuM daszama
TaKMI4erba Kpo3 TeMe Kao IITO Cy paj ca MaTpullaMa, IpeTpara IIpocTopa u
UTEePaTUBHU U PeKYP3UBHU aJITOPUTML.

3aany Koju yKJby4yjy pajl ca MaTpuliaMa, aHaIu3y CyceficTaBa y HeKOM
Mofenry win ofpebuBame Hajkpaher myTa y [IMCKPEeTHOM IIPOCTOPY
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IIpeJicTaBlbajy IIPUPOJIaH yBOJ, y KOHIIeIITe KOji ce KacHuje hpopMamnsyjy Kpo3
aJIropuTMe Kao ITO cy HWjKCTpUH ajropuTaMm Wiy MOpeTpara y JayOuHy u
mupuHy. PemmnaBarbe OBUX 3aaTaka mMMa 3HadajHy ysory y oksupy CTEM
obpasoBama, jep omoryhasa mocrerneHo ysobere arcTpakTHUX CTPYKTypa Kao
ITO Cy rpadoBy IIpU pelllaBarby KOHKpeTHUMX ITpo0sieMa y3 MCTOBpeMeHU
Pa3Boj aIrOPUTaMCKOT HauMHa Pa3sMUIIUbarba.

Lwb pana je fa mokaxke METOAWMYKM IIPUCTYII 3a IIOCTEIIEHO YBODere
OCHOBHMX KOHIIeIIaTa ¥ aJIropuTaMa Teopuje rpacdoBa y J01aTHO] HacTaBy
MaTemaTuke u  uH@opmatuke. Ilocebma maxmwa nocsehena je
VaeHTUdUKaIV| 3a/1aTaka ¥ TeMa Koje MOTy IIOCITYXXUTM Kao MOCT m3Meby
OCHOBHUX aJIFOPUTAMCKMX TeXHMKa M HallpeHUjuX rpadoBckmux mpobiema. Y
pany cy JOOaTHO aHaJIM3MpPaHW 3a4al U IIPUMePU ca JpXKaBHMX TecTuparba
13 MHMOPMaTHKe APYIX 3eMasba CBeTa.

Kibyune peunt: epagpobu, areopummu, maxmuersa us uHgpopmamuke, aA20pUMamcKo
pasmuuinsaree, CTEM obpasoBarve

GRAPH ALGORITHMS CONCEPTS FOR THE
DEVELOPMENT OF ALGORITHMIC THINKING IN
PRIMARY SCHOOL STUDENTS-

Milos Arsic

Mathematical Grammar School, Belgrade, Serbia, milosharsic.matf.bg.ac.rs@gmail.com

The concept of a graph in competitive programming for primary school
students appears explicitly only at the highest levels of competition, such as the
Serbian Olympiad in Informatics and selection contests. However, an analysis
of the competition curriculum shows that the key ideas of graph algorithms are
implicitly present in earlier stages of competition through topics such as matrix
operations, space exploration, and iterative and recursive algorithms.

Problems involving matrix operations, the analysis of adjacency in a
given model or determining the shortest path in a discrete space represent a
natural introduction to concepts that are later formalized through algorithms
such as Dijkstra’s algorithm or depth-first and breadth-first search. Solving
these problems plays an important role in STEM education, as it enables the
gradual introduction of abstract structures, such as graphs, for solving concrete
problems, alongside the simultaneous development of algorithmic thinking.

The aim of this paper is to present a methodological approach for the
gradual introduction of basic concepts and algorithms from graph theory in
supplementary mathematics and computer science education. Special attention
is given to identifying tasks and topics that can serve as a bridge between basic
algorithmic techniques and more advanced graph problems. The paper
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additionally analyzes problems and examples from national informatics
examinations in other countries.

Keywords: graphs, algorithms, programming competitions, algorithmic thinking,
STEM education
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3bVIP HMPAPA HA TAKMNYEIBLVIMA U ITPUJEMHUM
NCIIMTUMA OCHOBAILIA

Baadumup barmuh

ATYCC, BULLIEP, beorpan, Cpbwja, balticvladimir@gmail.com

ITpencrasuhemo 5 3amaTaka BesaHmX ca 30mpom nmdapa. Ilpsa 2 cy
Ovn Ha TIpWjeMHUM MCOUTUMAa 3a yrmc y Pauynapcky m Marematiaky rvim-
Hasujy. Hapenna 2 samarka cy Owia Ha CaBesHVM TaKMUUeR-VIMa yUeHUKa 7.
paspera, a IocyIeby je OMo Ha AP>KaBHOM TaKMUYeY yueHMKa 6. paspena.
Hahemo Be3y 30mpa nudapa u octaTaka IIpu Aeberby ca 9 (KpUTepujyMoM fe-
JBUBOCTY ca 9).
1. Kommxo nma Tpoumdpernx OpojeBa koju cy 33 mmyTta Behnt ofg 306mpa cojmx
umndapa?
2. 30up umudapa Opoja n je m, a 30up 1mdapa 6poja m je p. Kommko nma nipu-
ponHMX OpojeBa 1 TakBUX Haje n + m+p = 78?
3. Axocy y TpoumdpeHoM Opojy IeTbUBOM ca 7 [iBe TIOoC/Ieiibe Idpe jeqHaKe,
J0Ka3aTu J1a je 30up 1mdapa Tor Opoja gesbus ca 7.
4. Hexka je S(n) 30up undapa npuponHor Opoja n. OnpenuTit nn ako je:
a)n+ S(n) =2002; 6) n + S(n) + S(S(n)) = 2002.
5. 30up umndapa npupogHor O6poja n jeqHak je 30mpy umndapa 6poja 5n. do-
Kaku fa je Opoj n gerbus ca 9.

Kipyune peunt: 30up yugapa, desubocm ca 9 u 7, makmuverba, NpujeMHu Ucnumu
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SUM OF DIGITS IN PRIMARY SCHOOL
COMPETITIONS AND ENTRANCE EXAMS

Vladimir Balti¢

ATUSS, VISER, Belgrade, Serbia, balticvladimir@gmail.com

We will present 5 problems related to the sum of digits. The first 2 were

on entrance exams for the Computer and Mathematics Gymnasium. The next 2
problems were on the Federal competitions for 7th-grade students, and the last
one was on the National competition for 6th-grade students. We will provide
the connection between the sum of digits and remainders when divided by 9
(the Divisibility rule for 9).

1.

2.

How many 3-digit numbers are there that are 33 times greater than the sum
of their digits?

The sum of the digits of the number n is m, and the sum of the digits of the
number m is p. How many natural numbers n are there such thatn+ m + p
=78?

If in a 3-digit number divisible by 7 the last two digits are equal, prove that
the sum of the digits of that number is divisible by 7.

Let S(n) be the sum of the digits of a natural number n. Determine n if:

a) n + S(n) =2002; b) n + S(n) + S(S(n)) = 2002.

The sum of the digits of a natural number n is equal to the sum of the digits
of the number 5n. Prove that the number n is divisible by 9.

Key words: sum of digits, divisibility by 9 and 7, competitions, entrance exams
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MEBYIIPEIMETHA ITOBE3SAHOCT HACTABE
HOVNCKPETHE MATEMATWKE N ITPOITPAMWVPAIbA
KPO3 TEOPUJY IPA®OBA Y CPEAIHOIIKOJICKOM
OBPA3OBABY

Bojana Bopobuhanun

Yausepsurer y Kparyjesny, [Ipupogrno-maTematirakm daxysnret, Kparyjesarr,
Cpbuija, bojana.borovicanin@pmf.kg.ac.rs

Teopuja rpadosa nipescrasba 3Ha4ajaH Jeo HaCTaBHOT IIporpaMa Kako
y OKBUpY IlpeaMmeTa [lyickpeTHa MaTeMaTMKa, TaKO M y OKBUPY IIpenmeTa
ITporpamupame y Tpehem paspeny ruMMHasuje 3a y4YeHMKe ca ITOCeOHUM
CIIOCOOHOCTMIMA 3a padyHapCTBO M MHGOpMaTHKy. Vlako ce oBM campxkaju
oOpabyjy mapasenHo y OKBUpPY IIBa pas3jdynTa IIpefMeTa, OHWM Ce UecTO
peaymsyjy 0Oe3 10BOJBHO jacHe MeDbyIlpefMeTHe ITOBe3aHOCTV, IITO MOXe
JA0BeCT 10 pparMeHTpaHOTI pasyMeBarba 1 OTeXXaHOTI TpaHcdepa 3Hara Kofj,
y4eHMKa.

Y pany ce aHammsupajy MoryhHocTM IoBesuBarka TeOPUjCKOT U
aJITOPUTaMCKOT IIPUCTyIIa y oOpaau cajipxXaja 13 Teopuje rpacdosa. Y okBupy
HvickpeTHe MaTeMaTVKe aklleHaT je Ha AeduHunMjama 1 BpctaMma rpadosa,
IOBe3aHOCTH, HajkpaheMm myTy, pasamumyhmM crabimvMa ¥ MUHMMAaIHOM
pasarmmmsyhem crabity, 1ok ce y okBupy IIporpammpama ¢okyc cTap/ba Ha
pelipe3eHTaljy rpadosa, mperpare y mmpunHy u ayouny (BFS u DFS),
HujKcTpyH ajiIropuTaM 1 MMILIeMeHTallijy rpadOBCKIX aJlfoOpUTaMa.

[Ipennaxe ce Mopmesl MHTETPVCAHOr MPMCTyIla HAcTaBW 3aCHOBaH Ha
IIOBE3VBarby MaTeMaTWUYKMX IOjMOBa U FbMXOBe aJlfOpUTaMcKe peamsanyje
KpO3 ITpaKTU4He IIpyMepe U IIpodJieMe 13 CBaKOAHeBHOT XMBOTa yYeHMKa, Kao
INTO Cy ApyIITBeHe Mpexe U HaBuraumonm cuctemu. IloceOHa mnaxmsa
roceeheHa je pa3sBojy ajJropuMTaMCKOr MUIDbERa M AyOrbeM pasyMeBamby
rpadpOBCKIMX CTPYKTypa Kpo3 IIpMKas3 MCTOT KOHIIeNTa 13 JIBe KOMIUIeMeHTapHe
IepcrieKTuBe.

Iwpb oBor paja je Ja ykKaXe Ha 3Hadaj MebylperMeTHe Kopesaliyje
MareMaTVKe W IIporpaMuparka ¥ IOHyAM IIpaKTW4dHe CMepHuIle 3a
yHarpeberme HacTaBHOT IIpoIleca y CpeIFOIIIKOJICKOM 00pa3oBamby.

Kipyune peun: meopuja epacgpoba, Ouckpemua mamemamuxa, Hnpoepamuparse,
mebynpeomemua noBe3anocm, a120pUmamcko MULLbere
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INTERDISCIPLINARY CONNECTION BETWEEN
DISCRETE MATHEMATICS AND PROGRAMMING
THROUGH GRAPH THEORY IN SECONDARY SCHOOL
EDUCATION

Bojana Borovicanin

University of Kragujevac, Faculty of Science, Kragujevac, Serbia,
bojana.borovicanin@pmf.keg.ac.rs

Graph theory represents an important part of the curriculum both in the
course Discrete Mathematics and in the course Programming in the third grade
of grammar schools for students with special abilities in computing and
informatics. Although these topics are taught simultaneously within two
different subjects, they are often presented without sufficiently clear
interdisciplinary connection, which may lead to fragmented understanding and
difficulties in knowledge transfer among students.

This paper analyzes the possibilities of connecting theoretical and
algorithmic approaches in teaching graph theory concepts. In Discrete
Mathematics, the focus is placed on graph definitions and types, connectivity,
shortest paths, spanning trees, and minimum spanning trees, while in
Programming the emphasis is on graph representation, breadth-first and depth-
first search (BFS and DFS), Dijkstra’s algorithm, and the implementation of
graph algorithms.

A model of integrated teaching is proposed, based on connecting
mathematical concepts with their algorithmic realization through practical
examples and real-life problems familiar to students, such as social networks
and navigation systems. Special attention is given to the development of
algorithmic thinking and a deeper understanding of graph structures by
presenting the same concept from two complementary perspectives.

The aim of this paper is to highlight the importance of interdisciplinary
correlation between Mathematics and Programming and to offer practical
guidelines for improving the teaching process in secondary school education.

Key words: graph theory, discrete mathematics, programming, interdisciplinary
connection, algorithmic thinking
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IOVMHAMMWUYKA BU3SYEJIIM3ALINJA MATEMATUYKMNX
IIOJMOBA IIPMMEHOM AJIATA MANIM

Hemarwa Byuuhebuhi, Asexcandap MuserkoBuli,
Mapuna Cuuebuh

Yuusepsuret y Kparyjesity, I[TpuponHo-matemaTtiuku dakysrer, Kparyjesati,
Cpbuja, nemanja.vucicevic@pmf.kg.ac.rs, aleksandar.milenkovic@pmf.kg.ac.rs,
marina.svicevic@pmf.kg.ac.rs

Pa3Boj o0OpasoBHMX TexHOJIOIMja OTBOPMO je HOBe MoryhHocTtu 3a
yHampebeme HacTaBe MaTeMaTVHKe, HapO4YMTO Yy [IOMeHy BU3yelIusalyje
arcTpakTHHUX IIOjMOBa M IIpolleca. Y 0oBOM pajly pasMmaTpa ce IIpMMeHa ajlaTa
Manim kao cpepicTsa 3a m3pagy MaTeMaTWUKy IIpelV3HMX aHMMallyja Koje
MOTY VMaT¥ 3HadajHy IWUIAKTWUKY yJIOTy Y HacTaBHOM Impoilecy. IToceGan
aKIleHaT CTaB/ba Cce Ha MOTrYNHOCT AMHAMWYKOT IpMKa3a pa3IMdnuThX cafgprKaja
ulje pasyMeBarbe UecTo 3axTeBa BUIIIe OfI CTaTU4YHe vwIycTpallyje.

b pazia je Aa ce MpuKaxy oOpa3oBHM ITOTEHITVjasIn OBOT ajlaTa, /1a ce
VICTAaKHY IberoBe IIPpeJHOCTM Yy OJHOCY Ha Apyre OUIWTa/IHe IPUCTYyIIe
BU3yeNM3alliju 1 Ja ce yKake Ha H-eTrOB 3Hadaj y OOJIMKOBamy CaBpeMeHOT,
VIHTEPAKTVBHOT ¥  METOMNOJIOIIKM  OCMMIIUBEHOI IPWUCTyIla HacTaBU
MaTeMaTVKe.

Y nopebemy ca gpyrum uecto KopuitheHUM ajlaTMa 3a BU3yeIu3aliyjy
y obOpasoBamy, Manim ce wusasaja Behum crerneHoM diekcMOWIHOCTY,
IIpel3HIjOM KOHTPOJIOM Hajl, IpuKa3oM 1 Moryhnomhy Kpeupama cajpxaja
KOjI1 je y HOTIyHOCTU IpwiarobeH HactaBHUM moTpeGamMa. Ha Taj HaumH, oH
HUje caMO TeXHUUKM aJIaT 3a M3pajdy aHuMallija, eh 1 pecypc Koju nogpxasa
nyO/be KOHIIENTyaJIHO pasyMeBarbe MaTeMaTUUKMX cajpkaja U IIOACThdYe
IoBe3VBame MaTeMaTuKe ca MHGPOPMaTMKOM, Kao U pas3BOj AUIUTaJIHMUX
KOMIIeTeHIIVja.

Kibyune peun: Manim asram, nacmaba mamemamuxe, 00pasobna mexHoaoeuja,
Ounamuuxa Busyesusayuja, OUUMAAHYU AAAMU 30 Yuerbe
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DYNAMIC VISUALIZATION OF MATHEMATICAL
CONCEPTS USING THE MANIM TOOL

Nemanja Vucicevic¢, Aleksandar Milenkovic, Marina Svicevi¢

University of Kragujevac, Faculty of Science, Kragujevac, Serbia,
nemanja.vucicevic@pmf.kg.ac.rs, aleksandar.milenkovic@pmf.kg.ac.rs,
marina.svicevic@pmf.kg.ac.rs

The development of educational technologies has opened up new
possibilities for improving mathematics teaching, particularly in the
visualization of abstract concepts and processes. This paper examines the use of
Manim as a tool for creating mathematically precise animations that can play a
significant didactic role in the teaching process. Special emphasis is placed on
the possibility of dynamically presenting various types of content whose
understanding often requires more than a static illustration.

Compared to other commonly used visualization tools in education,
Manim stands out due to its greater flexibility, more precise control over
presentation, and the ability to create content that is fully tailored to
instructional needs. In this way, it is not merely a technical tool for producing
animations, but also a resource that supports a deeper conceptual
understanding of mathematical content and encourages the integration of
mathematics with informatics, as well as the development of digital
competencies.

The aim of the paper is to present the educational potential of this tool,
to highlight its advantages in relation to other digital approaches to
visualization, and to point out its importance in shaping a modern, interactive,
and methodologically well-designed approach to mathematics teaching.

Key words: Manim tool, mathematics education, educational technology, dynamic
visualization, digital learning tools
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MHOBATVBHW ITPVICTVIILI AYTOMATU3ALIUIN
TABJIMIIE MHO>XEBHA

Mupjana Truwufi , Mapuja I1a6ao6uhi

Ol ,, Op Aparvira Mummosnh” , Yauak, Perry6rmika Cpbwja, glisic.mir-
jana2@gmail.com , marija71.pavlovic@gmail.com

Jeman o TpajHMX M3a30Ba y HacTaBM MaTeMaTuKe jecTe edwmKacHa
ayToMaTu3alyja TaOimile MHOXera. TpagulvOHaIHV IPUCTYNN, 3aCHOBaHM
Ha MexaHW4KoM Hamherby, uecTo J10Bofe /10 HICKe MOTVBaIlyje 1 OTIopa Koj
yuenuka. OBaj paj npukasyje TpaHcdopmalmjy TOr Ipolieca Kpo3 [iBe
KOMIUIeMeHTapHe dase — PU3NYKY ¥ AUTUTAIIHY .

Y npom geiy paja npefcraBbaMo OUAAKTUUKy Urpy ,Pery-xiaxa”.
Kopumihemem wiycTpoBaHMx KapTuila ca orepalyjaMa MHOXeHa, YUeHUIIN
u3BJIade 3aJlaTKe, a TadyaH pe3ysITaT ycMepaBa MX Ka cauiy ompebeHe BpcTe
OTIIaZla KOjy IIOTOM Ppa3BpCTaBajy y KaHTe oxrosapajyhmx 0oja. Tume ce
IIOCTVDKe BUILIECTPYKM edeKaT: MaTeMaTudKa oIlepaliyja IocTaje BU3yejIHa U
ONMIUBMBA, JOK Ce VCTOBpPeMeHO pasBija eKOJIOIIKa CBeCT W BellTKHa
IIpaBWIHOT pa3BpcTaBam-a OTIIaja.

Hdpyru feo paga ycMepeH je Ka OymyhHocTi o6pasoBarba Kpo3 IpUMeHY
AUTUTAJTHUX MaTeMaTUJKux urapa. [Tpukasyjemo n300p MHTepaKTUBHMX ajlaTa
u wiatdopmu (Wordwall, LearningApps, eTwinning pecypcn) KpempaHux ca
1WwbeM Jla Kpo3 reMuduKalyjy JoJaTHO yUBpCTe 3Hare TabJiiile MHOXema.
Hururasine wurpe omoryhasajy TpeHYTHy IIOBpaTHY uHdopMaiujy,
VIHOVIBUyaJIHY TEeMIIO HallpeoBarba M BUCOK CTeleH aHraXXOBaHOCTU Y
AVUTUTATHOM OKPYXerby.

Y 3akbyuky ce mcTuue Ja onTuMalaH pe3ysITaT y IIKOJICKO] IpaKCu
Ipousuiasy U3 KOMOMHalVje ONUITBUBYX, PUSMYKMX CpeficTaBa U caBpeMeHe
TexHosoruje. OBakaB MHTerpaTMBHM IIPUCTYI OJIaKIIaBa IIpejiasak ca
arcTpakTHOI Ha KOHKpeTHO, umHehm ydeme MaTeMaTwke MoTuBuiryhum,
CBPCVCXOIHVIM VI IPVIMEHJBVBVIM Y CBAKOJHEBHOM JXKVBOTY .

Kipyune peunt: mabauya muoxeroa, aymomamusayuja, Peyu-xaaxa, oueumanre uepe,
akmubHo yuerve
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INNOVATIVE APPROACHES TO AUTOMATING THE
MULTIPLICATION TABLE

Mirjana Glisi¢, Marija Pavlovi¢

Primary School “Dr Dragisa Misovi¢”, Cacak, Republic of Serbia,
glisic.mirjana2@gmail.com, marija71.pavlovic@gmail.com

One of the enduring challenges in mathematics teaching is the effective
automation of the multiplication table. Traditional approaches, based on rote
memorization, often lead to low motivation and resistance among students.
This paper presents a transformation of that process through two
complementary phases - a physical one and a digital one.

In the first part of the paper, we present the didactic game “Reci-clage”.
By using illustrated cards with multiplication operations, students draw tasks,
and the correct result directs them to the image of a certain type of waste, which
they then sort into bins of the appropriate colors. In this way, a multiple effect
is achieved: the mathematical operation becomes visual and tangible, while
ecological awareness and the skill of proper waste sorting are simultaneously
developed.

The second part of the paper is oriented toward the future of education
through the use of digital mathematics games. We present a selection of
interactive tools and platforms (Wordwall, LearningApps, eTwinning
resources) created with the aim of further reinforcing multiplication table
knowledge through gamification. Digital games enable immediate feedback, an
individual pace of progress, and a high level of engagement in a digital
environment.

The conclusion emphasizes that the optimal result in school practice
arises from a combination of tangible, physical materials and modern
technology. Such an integrative approach facilitates the transition from the
abstract to the concrete, making mathematics learning motivating, meaningful,
and applicable in everyday life.

Key words: multiplication table, automation, Reci-clage, digital games, active
learning
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YUEHNUKA IIMTABBA KAO MHAVNKATOP
ITOTEHLIKORA Y PEHTABABHY TAKMMWNYAPCKMX
SAODATAKA I3 MATEMATUKE
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Hemara Byuuhebuh
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MatemaTniuka TakKMW4era WMajy BaXHY VYJIOTY V IOACTUIIARY
VMHTepecoBarba yUeHMKa 3a 1y0sbe OaB/berbe MaTeMaTHKOM, Kao M y pas3Bojy
3ApaBOT TaKMM4YapcKor Ayxa. Kpos perrasare cjioxeHUjIIX 3aJaTaka, YIeHUITN
He caMO jda HpoayOsbyjy cBoja MaTeMaTuuka 3Hamba, Beh pasBujajy u
KOMIIeTeHIIMje 3a pelllaBalbe U IpeBasvlakeme M3a30BHUX curyanuja. Lie
OBOT pajia je Ja ce MCIIMTa ca KOjUM BpCTaMa 13a30Ba Ce YUYeHWUI OCHOBHWX
mKoja cycpehy mpwiMkoMm pelllaBarba TaKMWYapCKMX 3ajlaTaka W3
MaTeMaTuKke. VIcTpaXuBame je CIPOBeIeHO IIPUMEeHOM TeMaTCKe aHaIi3e
nuTarmba Koja cy ydenunu op 3. mgo 8. paspena Illymamujckor oxpyra
IIOCTaB/baIi TOKOM OMIITMHCKOI ¥ OKPYXXHOI TaKMUYera Y IIIKOJICKO]
2025/2026. romuHu. PesynTaTM moKasyjy da ce YO4YeHM W3a30BU MOLY
rpynucaTii y BuUIlle KaTeropuja: HepasyMeBare 3aJaTKa M OHoOra IITO ce O]l
y4eHlKa TpaXku; Hello3HaBake TepMIHa 1 MaTeMaTudKe HoTallyje; Telkohe y
TyMadely ycCjIoBa 3a7aTKa; IpobOiaeMy ca MeHTaJIHOM BU3yeIn3allifjoM
MaTeMaTUUYKMX KOHIleraTa ¥ HWUx0BMX MeDycoOHMX ofHOcCa; HeIlocTojarbe
aZleKBaTHMX CTpaTeruja pelllaBarba; CyMiba Yy WCIPaBHOCT WIM CMMCAO
noOujeHor pemerwa. Y pamy he Owrm mpencra/beHM KapaKTepPUCTUYHN
IIpUMepH CBaKe KaTeropuje, Kao 1 aHaJIn3a HbIX0Be 3aCTyIUbeHOCTH Y OHOCY
Ha y3pacT ydeHuKa. [loOujeHm pesysraTy HOpyXajy KOpPUCHE CMepHMIle
HaCTaBHUIIVMa 3a yHalipebeme pefoBHe U [JofaTHe HacTaBe MaTeMaTlKe,
roceGHO y JIOMeHYy pa3Boja pasyMeBama 3ajlaTaka ¥ w3bopa cTpareruja
pelllaBarba, IITO MOXKe IIO3UTMBHO YTMUIIATM Ha IIOCTMTHyha ydeHMKa Ha
MaTeMaTUYKMM TaKMUYerVIMa.

Kibyune peun: mamemamuuka makmuuersa, pewiabare mnpobiema, YueHuuke
nomeuixohie, memamcka aHAAU3A
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STUDENT QUESTIONS AS AN INDICATOR OF
DIFFICULTIES IN SOLVING MATHEMATICAL
COMPETITION PROBLEMS
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Nemanja Vucicevi¢
University of Kragujevac, Faculty of Science, Kragujevac, Serbia,

milica.grbovic@pmf.kg.ac.rs, nenad.stojanovic@pmf.kg.ac.rs,
aleksandar.milenkovic@pmf.kg.ac.rs, nemanja.vucicevic@pmf.kg.ac.rs

Mathematical competitions play an important role in fostering students’
interest in engaging more deeply with mathematics, as well as in developing a
healthy sense of competition among peers. By solving more complex problems,
students not only deepen their mathematical knowledge but also develop
competencies for addressing and overcoming challenging situations. The aim
of this study is to examine the types of challenges primary school students
encounter when solving mathematical competition problems. The research was
conducted through a thematic analysis of questions posed by students from
grades 3 to 8 in the Sumadija District during municipal and regional
competitions in the 2025/2026 school year. The results indicate that the
identified challenges can be grouped into several categories: misunderstanding
of the problem and its requirements; lack of familiarity with mathematical
terminology and notation; difficulties in interpreting problem conditions;
challenges related to the mental visualization of mathematical concepts and
their relationships; absence of appropriate problem-solving strategies; and
uncertainty regarding the correctness or meaning of the obtained solution. The
paper presents representative examples for each category, along with an
analysis of their distribution across different student age groups. The findings
provide useful guidance for teachers in improving both regular and
supplementary mathematics instruction, particularly in fostering students’
understanding of problems and their ability to select appropriate solution
strategies, which may ultimately contribute to better performance in
mathematical competitions.

Key words: mathematical competitions, problem solving, student difficulties, thematic
analysis
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OJ1 CPEOLE BPETHOCTY IO MATEMATUYKOT
OUEKVBAIbA: KA KOHIEIITY AJIHOM
PA3SYMEBAIHY Y3 IIOMO|R MOEJIA IIOJTVTE

Caabana Jumumpujebuh

Yausepsurer y Kparyjesny, [Ipupogrno-maTematirakm daxysnret, Kparyjesarr,
CpOwja, sladjana.dimitrijevic@pmf.kg.ac.rs

Yuenunu gecto ycBajajy IocTyIIKe 3a padyHambe apUTMeTHIKe CpeiiHe
M MaTeMaTMYKOI OdYeKMBara Oe3 pasBUjarba jaCHOT KOHIIEIITYaIHOT
pasyMeBarba. Y OBOM pajly Ipejlaxe ce Mofesl IIojlyre Kao MHTYUTUBaH U
jeNVHCTBEH OKBUP 3a IIOflyyaBare OBMX II0jMOBa 3acHOBaH Ha wejun
paBHOTexXe. Moziesl Tymaun MaTeMaTUUKe OJHOCe KaoO CTarba paBHOTeXe Ha
niostysu. ITpomeHoM mosioXaja ocJIOHIIA U pacriofiesie , TeXxnHa”, omoryhasa ce
IporpecBHO yBobeme rojMoBa. KoHKpeTHO, apuTMeTHYKa CpeiViHa ce YBOAMU
Kao Tadyka paBHOTeXe CUCTeMa jeJlHaKMX TeXWHa pacriopebeHnx Ha OpojeBHOj
IIpaBOj, JOK Ce MaTeMaTUJYKO OYeKVBaH-e HTepIIpeTHpa Kao TeXXNIITe crcTeMa
ca pa3IMYUTUM TeXMHaMa Koje ofiroBapajy BepoaTHohama. OBa CcTpyKTypHa
aHajIoruja omoryhasa KoxepeHTaH ITpeJsia3 of] eJleMeHTapHMX II0jMOBa ITpoceKa
Ka BEpOBAaTHOCHOM MUIULEIbY, IIPY YeMy YUYeHWUIIM pas3Bujajy jeaVHCTBEeH
MEHTaJIHM MOZeJI YMeCTO HeIlOBe3aHMX Nponeaypa. Y pagy ce wmsjnaxe
TeOopMjcKa OCHOBA IIPVCTYIIA VI WIYCTPYje FerOB AVIAaKTVYKY [OTeHIVjaJL.

[Ipenoxenn mMopen IpencTas/ba jedHOCTaBaH, a CHa)kaH, HauMH 3a
yHampebeme KOHIIENTya/IHOI pasyMeBarka apuTMeTH4Ke CpeauHe W
MaTeMaTUUYKOI OueKMBakba, a MOXKe OWTM M OCHOBa 3a Jajba eMIIMpujcKa
VICTpaXKVBarba.

Kipyune peunm: apummemuuka cpeduna, mamemamuuxo ouexubare, HacmabHu
Mmanunysamubu, modea nosyee
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FROM MEAN TO EXPECTATION: A LEVER-BASED
APPROACH TO CONCEPTUAL UNDERSTANDING

Sladana Dimitrijevi¢

University of Kragujevac, Faculty of Science, Kragujevac, Serbia,
sladjana.dimitrijevic@pmf.kg.ac.rs

Students often learn to compute arithmetic mean and expected value
procedurally, without developing a clear conceptual understanding. This paper
proposes a lever-based model as an intuitive and unifying framework for
teaching these concepts through the idea of balance. The model interprets
mathematical relationships as equilibrium states on a lever. By varying the
fulcrum's position and the distribution of weights, it supports the progressive
development of concepts. In particular, the arithmetic mean is introduced as the
balance point of equally weighted positions on a number line, while the
expected value is interpreted as the center of mass of a system with unequal
weights corresponding to probabilities. This structural analogy enables a
coherent transition from elementary notions of averaging to probabilistic
reasoning, allowing students to build on a single mental model. The paper
outlines the theoretical basis of the approach and illustrates its didactical
potential.

The proposed model offers a simple yet powerful way to foster
conceptual understanding of the arithmetic mean and mathematical
expectation, and a foundation for further empirical investigation.

Key words: arithmetic mean, mathematical expectation, teaching manipulatives, lever
model
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HEITPELIIM3HOCTU Y ®OPMVYJIALINJAMA 3AIJATAKA
HA MATEMATUYKVM TAKMNYEIBLVMA YYEHUKA
OCHOBHMX HIKOJIA

Muaow ‘Bopuh

Yausepsuret y beorpamy, Martematiakm daxyiret, beorpan, Cpougja,
milos.djoric@matf.bg.ac.rs

MatemaTiruka TaKMIJYerha HpeJIcTaBIbajy BaKaH o0mK
ronyslapusaliyje MaTeMaTuke, HapounToO Meby ydeHMIIMMa OCHOBHe IIKOJIe.
IIponemyje ce ga ce mpeko 20 xmybajja yueHrKa OCHOBHUX IIKOJIa TAaKMWYM 13
MaTeMaTVKe Ha HajHVDKV/M HMBOVMAa, I1a Ce yIIPaBO 3aTO OBa TaKMIJeHa
cMaTpajy M HajMacoBHUjUM Y 11es10j ApXasy. C 0031poM Ha OBy UMEbeHMUILY,
YCHEIIHOCT pean3anyje OBMX TaKMW4Yera YMHOIOMe cCHaja Ha JIOKaIHe
opraHmsarope TakMiudera. MebyTumM, jorr GuTHMjI daKTOp je KBaUTeT caMmxX
3ajaTaka 1 muxoBa yckiabeHoct ca ITporpamom Ttakmudema. Y mpakcu ce
AelaBajio ja popMyJialyje caMimx 3ajjaTaka cajipke ogpebeHe Helmpel3HOCT
(MaTeMaTuuKe, je3sudke, TEPMMUHOJIOIIKe), KOje caMuM TuM Ko ofpebeHnx
yuYeHMKa yTu4y Ha YCIIeIIHOCT pellaBarba M Kpajiby pesysraT Ha CaMOM
TakMudersy. LInyb oBor paja je ma ykake Ha TaKBe KOHKpeTHe IpuMepe U
Ha4VHe FbVXOBOT ITpeBaswIaXkerma Y IPaKCcH y ITOCTIeAbYIX HEKOJIVIKO TO/IVHA.

Kibyune peun: mamemamuuxa makmuuersa, npo2pam, popmysayuja

IMPRECISIONS IN THE WORDING OF PROBLEMS IN
MATHEMATICS COMPETITIONS FOR PRIMARY
SCHOOL STUDENTS -

Milos Dorié-

University of Belgrade, Faculty of Mathematics, Belgrade, Serbia,
milos.djoric@matf.bg.ac.rs

Mathematics competitions represent an important form of promoting
mathematics, especially among primary school students. It is estimated that
more than 20,000 primary school students participate in mathematics
competitions at the lowest levels, which is why these competitions are
considered the most widespread in the entire country. Given this fact, the
success of organizing these competitions largely depends on local organizers.
However, an even more important factor is the quality of the problems
themselves and their alignment with the competition syllabus. In practice, it has
been observed that the wording of problems sometimes contains certain
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imprecisions (mathematical, linguistic, terminological), which can affect some
students' ability to solve them successfully and, consequently, their final results
in the competition. The aim of this paper is to highlight such specific examples
over the past several years and propose ways to overcome them in practice.

Key words: mathematical competitions, syllabus, wording+
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XUJEPAPXUJCKU IIPUCTYII CUMETPUJNY
HACTABV OOPEBEHE MHTEIPALIUJE

Muaan KuBanobuhi

I'ivuasmja |, Jocnd Iarumh”, bajuna barrrra, CpOuja, mzivanovic@vaspks.edu.rs

Y pamy ce mpeseHTyje MeTOOWMUYKM OKBUP 3a 00pajly HaIlpeHMX
TexXHMKa VHTerpalyje, 3aCHOBaH Ha XMjepapXMjCKOM yodaBaiby CUMeTpuje.
ITontasehn of mpuHITMIIA 1a je Y HacTaBM MaTeMaTVKe HEeOIIXOITHO KpeTaTu ce
Of, BU3YeJIHO yOWBMBMX Ka aIlCTPakTHMM CTPYKTypama, ayTop IIpeijiaxe
perociies] w3jlarama Koju 3anounibe KpasbumHuM IIpaBmjIoM (cuMeTpuja
rpaHuila), HacTaBba ce KpajbeBM ImIpaBWwIOM (CMMeTpuja WHTepBasa), a
KyJIMUHMpa ajirebapcKkoM peluIpoyHoIihy.

OsakaB penocien; omoryhasa ydeHuIMMa Ja IpUMapHy MHTYWUIY,
pasBujeHy Ha CUMETPUYHVIM VHTepBaJMMa [—a, a], IIOCTEIIeHO
TpaHcdopmuiry y MohaH ajgaT 3a aHaJIM3y OHINTMUX CiIy4ajeBa [a,b]
OeckoHaYHNX JOMeHa. Y pamy cy HpuKazaHW IpUMepU KOjuI JeMOHCTPUpPajy
KaKO ce IIpero3HaBarbeM YyHYTpalllibe XapMOHMje QYHKIMje CI0XKeH!
pavyHCKM Hpo0JIeMyu CBOfe Ha eJeMeHTapHe oIepariyje, dnMe ce pernyKyje
KOTHUTUBHO onTepehere m pasBuja MCTpaXuBauku ayx. Pan je HamerseH
HacTaBHMIIMMa KOju TeXe Jla HacTaBy aHaJu3e YuMHe KpeaTUBHMjOM U
edmkacHMjoM, cTaBsbajyhyt akileHaT Ha KOHIIENITYaJIHO pa3yMeBarbe HacyIIpoT
MeXaHWYKOM padyHamy.

Kibyune peun: odpebenu uwnmeepas, cumempuja, xpasuuuno npabuso, xpase6o
npabu.io
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HIERARCHICAL APPROACH TO SYMMETRY IN
TEACHING DEFINITE INTEGRATION -

Milan Zivanovic-

Josif Pancic Gymnasium, Bjina Basta, Serbia, mzivanovic@vaspks.edu.rs

This paper presents a methodical framework for teaching advanced
integration techniques, based on the hierarchical identification of symmetry.
Starting from the principle that mathematics education must move from
visually perceptible to abstract structures, the author proposes a sequence of
presentation that begins with the Queen's Rule (symmetry of limits), continues
with the King's Rule (symmetry of the interval), and culminates in algebraic
reciprocity.

This sequence allows students to gradually transform their primary
intuition, developed on symmetric intervals [—a, a], into a powerful tool for
analyzing general cases [a,b] and infinite domains. The paper features
examples demonstrating how recognizing the internal harmony of a function
reduces complex computational problems to elementary operations, thereby
lowering cognitive load and fostering an inquisitive spirit. The work is intended
for teachers who strive to make the teaching of calculus more creative and
efficient, emphasizing conceptual understanding over mechanical calculation.

Key words: definite integrals, symmetry, queen’s property, king’s property
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ITPOJEKAT HAYUHM bPO/]

Munan Kubanobuh, Asexcandpa Bypuh Kapaxauh, Mupjana PaouBojebuhi

I'mvuasuja ,Jocnd Manumh”, bajuna bamra, Cp6ugja,
mzivanovic@vaspks.edu.rs, aleksandradjuric@gimnazijabb.edu.rs,
dorijangrejbbl @gmail.com

CaBpemenn o0OpasoBHM CTaHAApAM 3axTeBajy HaIlyIITame CTPOro
IpeIMeTHO-IIEeHTPUYHOI IIPUCTyIla Y KOPUCT WMHTerpucaHOr yuera Koje
ydeHMIMa omoryhasa carsiefjaBarbe IIpUpPOIHMX PeHOMeHa 13 BuIlle yIJIoBa.
Pap nperncraBba KoHIenT IipojekTa ,Hayunm Opon”, ocMmwmiubeHOr Kao
MOOWIHA jabopaTopmja 3a y4eHMKe I'MMHasMje TOKOM IUIOBM0e KarbOHOM
peke [IpuHe, Ha peranuju nsmeby Ilepyhiia 1 Buierpana.

LIwpb 1pojekTa je ma ce Kpo3 OWPEKTHY OINCepBalyjy W UCTPaKMBAuYKNI
paj, Ha TepeHY IMOBeXY 3Hama U3 Ouosioruje (IpoydaBarbe eHieMuTa IIOMyT
[TanunheBe omopwKe ¥ aHajM3a KBaJuMTeTa Bofe), reorpaduje (aHammsa
reoMopdoJioryje KarmOHa M yTHUIlaja aKyMyJlallyje Ha >KMBOTHY CpeuHYy) U
MaTeMaTuKe (IIpaKTW4YHa IpVMeHa TPUIOHOMeTpUje M CTaTUCTUYKa obpama
IrofiaTaka y peaJJHOM BpeMeHY).

Y pany ce merajbHO ommcyje MeTOAMYKa IIOCTaBKa ITpojeKTa: of cpase
npumipeMe 1 QopMyJncama MCTpaXMBadyKMX MNUTamka, IIPeKo peamsanyje
aKTVBHOCTM Ha caMOM Opojly, 0 dpuHaIHe dpase y K0joj YUeHUIIM CMHTEeTUIITy
nogatke Kopucrehm VIKT asate. IloceGanH ¢okyc cTaB/beH je Ha pasBoj
KPUTHUYKOI MUIIUbeFa M CapaJHWUYKMX BellTHHa Koj, ydeHuka. OdeKuBaHU
pesyJITaTi yKasyjy Ha TO Jla OoBaKaB Buj, aMOujeHTajIHe HacTaBe JpacTUYHO
nopehaBa MoOTMBalMjy 3a y4Yere W TPajHOCT YCBOjeHMX 3Hamba,
TpaHcopmuiyhy IacMBHOr IIOocMaTpada y aKTMBHOI WCTpaXmuBada y
jeIMHCTBEHOM IPUPOSHOM JIabopaTopujyMy KamoHa HpuHe.

Kibyune peunm: unmepoucyuniunapuocm, mepencka Hacmaba, — Ouosoeuja,
eeoepacpuja, mamemamuxa, aKmubHo yuerse

THE SCIENCE BOAT PROJECT

Milan Zivanovié, Aleksandra Djuri¢ Karaklié, Mirjana Radivojevié

Josif Pancic Gymnasium, Bjina Basta, Serbia
mzivanovic@vaspks.edu.rs, aleksandradjuric@gimnazijabb.edu.rs,
dorijangrejbbl@gmail.com

Modern educational standards necessitate a shift from strictly subject-
centric approaches toward integrated learning, enabling students to perceive
natural phenomena from multiple perspectives. This paper presents the concept
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of the "Science Boat" project, designed as a mobile laboratory for high school
(gymnasium) students during a voyage through the Drina River canyon,
specifically along the route between Perucac and Visegrad.

The primary objective of the project is to connect knowledge from
biology (the study of endemic species such as the Panci¢ Spruce and water
quality analysis), geography (analysis of canyon geomorphology and the
environmental impact of artificial reservoirs), and mathematics (practical
application of trigonometry and real-time statistical data processing) through
direct observation and field research.

The paper details the methodological framework of the project: from the
preparation phase and the formulation of research questions to the execution of
activities on the boat and the final synthesis of data using ICT tools. Special
focus is placed on the development of critical thinking and collaborative skills.
Expected outcomes suggest that this form of ambient teaching significantly
increases student motivation and the long-term retention of knowledge,
transforming passive observers into active researchers within the unique
natural laboratory of the Drina canyon.

Key words: interdisciplinarity, field-based learning, biology, geography, mathematics,
active learning
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IT'EOMETPNJCKA MECTA TAYAKA Y PABHWM R?2, KAO
KOHBEKCHM NIV KOMITAKTHW CKYIIOBU

Bbocuwxka JoBanobuhi

OIlI ,Baca Yaparmh”, bermi IToroxk, beorpan Cp6uija, bosiljkajovanovic99@gmail.com

Ogaj paj pasMaTtpa reomeTpujcka MecTa Tadaka y Eykiniickoj paBHM 13
IIepCIIeKTBe KOHBEKCHMX ¥ KOMIIAaKTHMX cKynosa. Llwb pama je ma ce
aHaJIM3Mpa KakKo ce KJIaCM4YHM TeOMeTpUjcKM ITpoOsieMr MOIy TyMauyuTu
IIPVYIMEHOM OCHOBHUX IIOjMOBa 13 TOIOJIOIMje 1 KOHBeKcHe aHaymse. [TocebHa
naxma IlocBeheHa je KapakTepmsallujii CKyIloBa JedWHMCAHUX YCJIOBMMa
pacTojarba, Kao M IbUXOBUM TeOMEeTPUjCKMM M aHJIMTUYKMM CBOjCTBUMA. Y
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pajy ce Takobe pa3MaTpajy ycCJIOBU IIOf, KOjMa Cy TaKBW CKYIIOBU KOHBEKCHW
VI KOMITaKTHM, Kao ¥ IbVXOB 3Hayaj y MOeIOBarby CUTyaluja M3 peatHor
xmBoTa. OBe myeje cy moceGHO MOrofHe 3a IPUMeHy y HacTaBy MaTeMaTVKe,
jep HpyXajy WHTYUTMBHY Be3y u3MeDy reomeTpujcke WHTyuULuje W
aIICTPaKTHMX MaTeMaTUYKIX II0jMOBA.

Kibyune peun: eeomempujcka mecma mauaka, KoHBexcHu Cckynobu, konaxkmHu
ckynobBu, ynanpeberse Hacmabe mamemamuxe

A GEOMETRIC LOCI IN THE PLANE R2AS CONVEX OR
COMPACT SETS

Bosiljka Jovanovic

4

Primary School “Vasa Carapic , Beli Potok, Belgrade, Serbia,
bosilikajovanovic99@gmail.com

This paper considers geometric loci in the Euclidean plane from the
perspective of convex and compact sets. The aim of the paper is to analyze how
classical geometric problems can be interpreted through the application of basic
concepts from topology and convex analysis. Special attention is devoted to the
characterization of sets defined by distance conditions, as well as to their
geometric and analytical properties. The paper also discusses the conditions
under which such sets are convex and compact, as well as their significance in
modeling real-life situations. These ideas are particularly suitable for
application in mathematics teaching, as they provide an intuitive connection
between geometric intuition and abstract mathematical concepts. +

Key words: geometric loci, convex sets, compact sets, improvement of teaching
matehmatics

KYTAK 3A MATEMATUYKW TPEHYTAK

Jesaena Kenuh

Oll , Ap Oparvma Mumosnuh”, Yauak, Perry6ymika Cpbwuja, jecakenic@gmail.com

Y pany je ipencrasibeH pa3Boj 1 00pa3oBHM yTuIlaj IBa MebyHapomgHa
eTwinning mpojekra ,The ABC of mathematicians”, pearn3oBaHa mKoscke
2021/22. wn 2023/24. roguae. Ilpojektn cy oxkymmim 19 HacraBHMKa m3 13
eBPOIICKMX 3eMajba, a FbMXOBM KJ/BYUHM pe3yJsITaT OwIn Cy 3ajeIHUYKM
AUTUTAJIHM PEeYHMK O CJIaBHMM MaTeMaTuyapyMa, KajleHjaap y OOJIMKy
noreKaepa, Kao 1 Kpeuparme 3ajeTHNUKMX eyKaTUBHIUX Mrapa IIyTeM Kojux
Cy YYeHUIIM pasMemUBa/IM 3Hama Ca MHOCTpaHVM BplmaliuMa. Vako cy
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oOyxBaTasi ICTOPUjy MaTeMaTuKe y IIeJIMHM, Y IIKOJIN je JOHeTa CTpaTellKa
OJUIyKa Jla ce MCTpaXkuBauKy POKyC ycMepy Ha JOIIPUHOC )KeHa Y MaTeMaTUIIN,
MHMOPMaTUIIV 1 APYTMIM TeXHUUYKUM HayKaMa, ca IIJbeM Cy30ujarba pOIHMX
npeqpacysia y oBuM obsactuma. Paj JoKyMeHTapHO HpaTy IeTOTOIWUIILY
pa3Boj yueHMKa: of1 u3pa/e TpaaulMoHaIHUX XaMepa y Tpehewm paspeny (2021),
npeko obslafgaBarba Web 2.0 ayatimMa, uspajie ImmpeseHTallMja M JUTUTaIHUX
KaJIeHJlapa Ha €eHIVIECKOM je3uKy y IleToM paspeny (2023), go mnormyHe
y4eHMUYKe ayTOHOMUje y ceaMoM pasperny (2026). [lanac oBa rpyma cegMaka
caMoCTaJIHO Boay M ypebyje mKosckm mopkacT, onHocHO YouTube kxanan
,KyTak 3a MaTematwuku TpeHyTak”, TpaHcdopmuinyhm cBoja casHama O
Hay4yHMIIaMa y TpajHe aurutajHe pecypce. Oba mpojekta cy HarpabeHa
Hanyonamaum 1 EBporickuM o3HakaMa KBaJIuTeTa, IITO HOTBpbyje muxoBy
BPeTHOCT Kao OJIPKMBOT MOJleJla 3a Pa3Boj AUTMTaIHe IIMCMEeHOCTH U yYeHIKe
VIHUIIjaTUBHOCT.

Kipyune peun: xene y mamemamuyu, elTwinning, wkoicku nookacm, yueHuuxa
aymoHoMuja, OUUMaiHa NUCMeHOC

THE MATH MOMENT CORNER

Jelena Kenic

Primary School “Dr Dragisa MiSovi¢”, Cacak, Serbia, jecakenic@gmail.com

This paper presents the development and educational impact of two
international eTwinning projects, “The ABC of mathematicians”, implemented
during the 2021/22 and 2023 /24 school years. The projects involved 19 teachers
from 13 European countries, with key outcomes including a collaborative
digital A-Z dictionary of famous mathematicians, a dodecahedron-shaped
calendar, and the creation of shared educational games through which students
exchanged knowledge with their international peers. Although the projects
covered the history of mathematics as a whole, a strategic decision was made at
the school level to focus research on women's contributions to mathematics,
computer science, and other technical fields, aiming to challenge gender
prejudices in these areas. The paper provides a documentary tracking of the
students' five-year development: from creating traditional posters in the third
grade (2021), through mastering Web 2.0 tools and developing presentations
and digital calendars in English in the fifth grade (2023), to achieving full
student autonomy in the seventh grade (2026). Today, this group of seventh-
graders independently hosts and edits the school podcast - specifically the
YouTube channel “Kutak za matematic¢ki trenutak” - transforming their
insights about female scientists into permanent digital resources. Both projects
were awarded National and European Quality Labels, confirming their value as
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a sustainable model for developing digital literacy and student agency within
the teaching process.

Key words: women in mathematics, eTwinning, school podcast, student autonomy,
digital literacy
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BNY MATEMATUYKO]J TAJTEPUJUN
Jesena Kenuh, Mupjana Inuwiuh

ol , Ap Oparvima Mumosnh”, Yagak, Perry6imka Cp6wja,
jecakenic@gmail.com, glisic.mirjana2@gmail.com

CaBpemeHa HacTaBa MaTeMaTlKe CyodaBa Ce ca M3a30BOM KaKo OjadaTy
MOTMBalMjy y4YeHMKa. Y paiy je INpuKasaHa MHOBaTMBHa pamuoHura ,BU y
MaTeMaTW4KOj Trajepuju”, peajms3oBaHa Kao YIVIEAHM dYac y MeIIOBUTUM
rpynama ydeHwuka (3, 5. u 7. paspen). Llvsb akTBHOCTM OMO je Ta ce MaTeMaTHKa
IpUKaxe Kao ajlaT 3a Kpeupame IWUTMTaJHe YMeTHOCTM IoMohy BelllTauke
vHTeMreHIyje (BI). Yuenuiy cy pemrasaiv 3afaTke u3 reoMeTpuje (o0mM),
neremBoct (H3C/H3[I) u anrebpe (cremeHm), a TauyHe pesysiTate Cy
KOPUCTWIV Kao IlapamMeTpe 3a ,prompt engineering” - mmcame TeKCTyasIHUX
yryTcTasa 3a BV anat DeepAl ITpomiiToBu cy ncanm Ha €HIJIECKOM je3UKY V3
nomoh ayropcke ,Kmure peun” m Google Translate-a, unme je ocTBapeHa
MebyriperiMeTHa IIOBe3aHOCT ca CTpaHUM jesukoM. Crapuju ydeHUI
(cemMary) cy mpeysen yJory MeHTOpa MylabuM ApyrosuMa M HPUCYTHUM
ponurerbuMa. HajpakHuju vicxop, paaoHNIIe je pa3sBoj KpUTUYKOT MUIIUbEba:
YUYEeHWIIN Cy YBUIEeIN fa KBaJIUTeT TeHeplucaHe CIMKe 3aBVICY VICKJBYYMBO Off
FbVIXOBE MaTeMaTW4Ke IIPe3HOCTH, jep CBaKa Ipelllka y IIpopadyHy BOAM Ka
JIoIIVjeM BU3YyeJIHOM pe3yJsItary. Pam Hyay Mofen Koju MaTeMaTUKY M3 CKyIla
IpaBiIla TpaHCOPMMUIIIE y OIIepaTUBHY KO 3a KpeaTBHO M3pakaBarbe.
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Kibyune peun: Bewmauka unmesueeHyuja, npomMnmobu, Mamemamuka, eHeAecku
jesux, Bpuirbanko mermopcmbo

Al IN THE MATHEMATICAL GALLERY
Jelena Keni¢, Mirjana Glisi¢

Primary School “Dr Dragi$a Misovi¢”, Cacak, Serbia,
jecakenic@gmail.com, glisic.mirjana?2@gmail.com

Modern mathematics teaching faces the challenge of strengthening
student motivation. This paper presents an innovative workshop, “Al in the
Mathematical Gallery”, implemented as an exemplary lesson in mixed-age
groups (grades 3, 5, and 7). The goal was to present mathematics as a tool for
creating digital art using artificial intelligence (Al). Students solved problems in
geometry (perimeter), divisibility (LCM/GCD), and algebra (powers), using the
accurate results as parameters for “prompt engineering” - writing instructions
for the DeepAl tool. Prompts were written in English using an original “Word
Book” and Google Translate, establishing a cross curricular connection with
foreign languages. Seventh-graders acted as mentors to younger students and
parents. The most significant outcome was the development of critical thinking:
students realized that the quality of the generated image depends entirely on
their mathematical precision, as any calculation error led to visual degradation.
This work offers a model that transforms mathematics from a set of rules into
an operational code for creative expression.

Key words: artificial intelligence, prompts, mathematics, English language, peer
mentoring
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OVNOAKTUYKU 3HAYA] JIMHEAPHOT
XAPMOHWJCKOI' OCHOUIATOPA 3A YUEIHE
OVOEPEHIINJAJIHVX JEAHAUYMHA

Muaan KoBauebuhil, Mupocaa8 JoBarnobuh?

1 Yausepsuret y Kparyjesiy, Ilpuponao-mareMaTiraku daxyrret, Kparyjesarr,
Cpbuja, 2I'ivuasmja “Jocnd Iamumh” bajuma barrra, Cpbuja
kovac@kg.ac.rs, mjovanovic34@gmail.com

Y npakcu, cBakm mpodpecop mareMatvke u pusvke ce Oap jemHOM
Ccycpeo ca IMTamMMa YyueHMKa: ,300r dera MopamMoO [Ja  Y4MMO
MaTeMaTuky/pmsmuky?”, ,Kakpe Bese ca pealHMM XXMBOTOM ¥Ma OBO IIITO
pagmmo?” u ,I'me ce oBo mpuMemyje?”. Onrosopu Ha OBaKBa IIUTamka, Koju O
y4eHVIKe MOTVBVICAJIV M TIOACTAKIIV FbMIXOBO pasyMeBarbe, HVICY je[THOCTaBHI. Y
OBOM pajly pasMarpa ce OWOAKTMYKM 3Hayaj JIMHEApHOI XapMOHWjCKOT
ocIWIaTOpa y HacTaBM MaTeMaTVKe, ca IIOCEOHVMM aKIIeHTOM Ha y4ere U
pasyMeBarbe AudepeHIjaIHNX jeqHauYMHa ApYyror pera. Vcrpaxyje ce Kako
dvsuUKM  crucTteMy, Kao INTO Cy CI00OAHE, IPUTyIIEHe W IIPUHYIHEe
ocIwIalije, IPUPOLHO BOAE A0 PayIMuuTHX OOIMKa AvidepeHIjaTHmX
jemHauYMHA WM BUXOBUX pellema. [lokasyje ce ma eKkcrepuMeHTaIHa
IIocMaTparba OCIJIATOPHOT KpeTarma oMoryhasajy yueHuITIMa [1a BU3YJI3Yjy
U VIHTepPIIpeTpajy MaTeMaTIJIKe pe3ysiTaTe, unMe ce rmosehasa MoTuBaliija m
pasyMeBame aICTPaKTHMX MaTeMaTWMUKMX KoHIlemaTa. Paj Takobe wcrtide
VHTEepAVCIVIDIMHAPHN HPUCTYI, IoBe3yjyhm ¢usuky m MareMaTuky, u
yKasyje Ha MOTyhHOCTV IpyIMeHe OBOT MeTOIa y HacTaBV pas/IMUNUTIIX y3pacTa
¥ HBOa oOpa3oBarba.

Kipyune peun: dugpepenyujarne jeOnauure, AUHeapHu XAPMOHUJCKU OCUUAATOP,
c10000He U npueyuiere ocyuAayuje

THE DIDACTIC SIGNIFICANCE OF THE LINEAR
HARMONIC OSCILLATOR FOR LEARNING
DIFFERENTIAL EQUATIONS

Milan Kovacevicl, Miroslav Jovanovié?+

1 University of Kragujevac, Faculty of Science, Kragujevac, Serbia,
2 High School “Josif Panci¢”, Bajina Basta, Serbia,
kovac@kg.ac.rs , mjovanovic34@gmail.com

In practice, every mathematics and physics teacher has at some point
encountered students’ questions such as: “Why do we have to learn
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mathematics/physics?”, “What is the connection of this to real life?”, and
“Where is this applied?”. Providing answers that both motivate students and
enhance their understanding is not straightforward. This paper examines the
didactic significance of the linear harmonic oscillator in mathematics education,
with a particular focus on learning and understanding second-order differential
equations. It explores how physical systems, such as free and forced oscillations,
naturally lead to various forms of differential equations and their solutions. It
is shown that experimental observations of oscillator motion allow students to
visualize and interpret mathematical results, thereby increasing motivation and
comprehension of abstract mathematical concepts. The paper also highlights an
interdisciplinary approach that links physics and mathematics and points out
the potential application of this method across different educational levels and
age groups. +

Key words: differential equations, linear harmonic oscillator, free and damped
oscillations+
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OUTUTAJIHA ITMCMEHOCT BACIIMITAYA KAO
HETEPMWVHAHTA KBAJIUTETA CABPEMEHE
BACIIMTHO-OBPA3OBHE ITPAKCE

Mapuja Kpcmuh PadojkoBufi

Yausepsurer y Kparyjepny, @axysnreT regaromkmx Hayka,
Jaronmma, Cpb6uja, marijakrstic016@hotmail.com

CaBpemeHn 00pa3oBHM KOHTEKCT OOeJIleXeH je OUTUTaIHOM
TpaHcdopMaIljoM Koja ycJjIoB/baBa pefeduHMcare OpodecroHaIHMX
KOMITIeTeHIIMja BacluTada. JIMrmrajgHa MMCMEHOCT ce He MOXKe IocMaTpaTiu
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VCKJ/bYUMBO Kao CKYI TeXHWYKMX BelllTMHa, Beh Kao BullleyMeH3VOHaJlaH
KOHCTPYKT Koju oOyxBaTa KpuTHUKe, Oe30eqHOCHe M colMjaIHe acIieKTe
IpUIMeHe TexXHOJIOIVje Y IIPaKCu.

Lwb wmcTpaxuBama je MCOUTHBaFke HUBOA IUIMTAIHE MHMUCMEHOCTU
Bacrimtada y CpOujm wm yTBpbuBame yTuliaja commomeMorpadpckmx wu
npodecroHaIHMX Bapujabayu Ha meHy pasBujeHocT. VicTpaxusame je
caposefieHo y PenryOmmm CpOuju Ha y30pky op, 90 BacnmTada HpIMEHOM
DLAS ckane [1]. Tlomamm cy oOpabenwu y mnporpamy SPSS mnpumMeHOM
Kolmogorov-Smirnov ~ Tecta,  [ecKpuITMBHe  CTaTUCTUKe,  t-TecTa,
jemHOdakTOpcKe aHanmse BapujaHce (ANOVA) u KopesalvoHe aHailuse, y3
nposepy noysnaHocty momohy Cronbach a koeduiijeHTa.

Pesynratm yKasyjy Ha HeyjedHaueHY pasBUjeHOCT OUIMTa/IHe
mcMeHoCTH. Hajuimm HUBO youeH je y [IOMeHY OCHOBHMX TeXHUYKMX
BeIlITVHA, JOK Cy HIVDKM pe3yJsITaTy 3abesieXkeHr y 001acTy KpUTHYKe aHaIn3e
cazipxaja, Oe3begHOCTM Ha MHTepHeTy M CJIOXKeHWje IIpMMeHe TexXHOJIoTuje.
Y1BpbeHe cy 3HauajHe pa3IvKe y OIHOCY Ha oOpa3oBarbe, IToxabare oOyka m
ydecTasiocT Kopuiithera TexHosIoruje.

3abyulld UMCTpaXuBara IIOKasyjy Ada AWruTajiHa IMCMEeHOCT
IpeficTaB/ba BaXkaH (paKTOp KBaJlUTeTa CaBpeMeHe BacIIUMTHO-00pa3oBHe
Ipakce, ajJu WCTOBpPeMeHO yKa3yjy Ha Heclarame wusMeby TexHUUKe
OIPeMJbeHOCTU U CTBapHe KOMIIeTeHTHOCTU BacniuTava. [loceOHo ce youaBajy
13a30BM Y JOMeHy KpUTWUYKe aHa/Iu3e OUTMTaIHUX cajprKaja, Oe30eqHOoCHIX
IIpakcu 1 CJIOKeHUjux oOMKa IIpyMeHe TexHosoruje. JobujeHn pesysraTu
JOJAaTHO YKasyjy Ha 3Hadaj OCMUIUbaBarha M IpUMeHe aKpeduTOBaHMX
IIporpama CTPY4YHOT ycaBplllaBarba Koju cy yckilabeH! ca peajlHUM IHoTpebama
BacIMTada " YyCMepeHM Ka Ppas3Bojy KpwuTuuke u 0Oe3bemHe ymorpebe
AUTUTATHVIX TEXHOJIOTMja Y IIPaKCHL.

Kipyune peun: dueumasna nucmerocm, Bacnumauu, oueumaiue kommnemexyuje,
npeduikoacko obpasoBare, DLAS

DIGITAL LITERACY OF PRESCHOOL TEACHERS AS A
DETERMINANT OF THE QUALITY OF
CONTEMPORARY EDUCATIONAL PRACTICE-

Marija Krsti¢ Radojkovicé

University of Kragujevac, Faculty of Education, Jagodina, Serbia,
marijakrstic016@hotmail.com

The contemporary educational context is marked by digital
transformation, which requires a redefinition of preschool teachers’
professional competencies. Digital literacy cannot be viewed solely as a set of

128



TEMATCOM 2026 - [Ipyra KoHdepeHIija 0 HacTaBy MaTeMaTVKe ¥ MH(PopMaTuKe

technical skills, but rather as a multidimensional construct encompassing
critical, safety-related, and social aspects of the use of technology in practice.

The aim of the study is to examine the level of digital literacy among
preschool teachers in Serbia and to determine the influence of
sociodemographic and professional variables on its development. The study
was conducted in the Republic of Serbia on a sample of 90 preschool teachers
using the DLAS scale (Acar, 2015). The data were processed in SPSS using the
Kolmogorov-Smirnov test, descriptive statistics, the t-test, one-way analysis of
variance (ANOVA), and correlation analysis, with reliability tested by means of
Cronbach’s alpha coefficient.

The results indicate an uneven development of digital literacy. The
highest level was observed in the domain of basic technical skills, while lower
results were recorded in the areas of critical content analysis, internet safety,
and more complex uses of technology. Significant differences were found with
respect to education, attendance at training programs, and frequency of
technology use.

The conclusions of the study show that digital literacy is an important
factor in the quality of contemporary educational practice, but they also point
to a discrepancy between technical equipment and the actual competence of
preschool teachers. Challenges are particularly evident in the domains of critical
analysis of digital content, safety practices, and more complex forms of
technology use. The obtained results further indicate the importance of
designing and implementing accredited professional development programs
aligned with the real needs of preschool teachers and focused on developing the
critical and safe use of digital technologies in practice. +

Key words: digital literacy, preschool teachers, digital competencies, preschool
education, DLAS
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TEMATCKE PAIVIOHULIE Y HACTABU
MATEMATUKE

Mapuja Kysewebulil, Caabuya Geporoa?

1OHI ,, Bopbe Hatomesuh”, Hosu Cam, Cp6muja, 2OIL ,, CrraBko Pogyth”, Kpajumsanxk,
CpOwja, marija.kuzeljevic@dms.rs, slavkavlatko2010@gmail.com

Y caBpemenoMm 100y cBe Behm m3a30B y HacTaBu MaTeMaTuKe
Ipe7icTaB/ba MOTMBaIlMja YUeHMKa 1 HBbX0BO aKTMBHO YK/byUlBame y IIpoliec
ydema. JelaH o7 HauMHa /la ce MareMaTuKa IpUOIVDKM y4YeHUIMMa jecTe
obesleXxaBarbe 3HAYajHMX MaTeMaTMYKMX JaTyMa Kpo3 VHTepaKTVBHe
AKTVBHOCTL.

Y okBupy msnarama 6uhe mpukasaHu IpuMepu J100pe Irpakce Kpo3
TeMaTcKe paanoHwuile nosoxoM [ana Opoja m 1 Pubonaumjesor mana. Kpos
uUrpe, MCTpaXkuBauke WM KpeaTMBHe 3aJaTKe YUYeHWIIV VMajy IPWINKY Ja
MaTeMaTVKy JIOXWBe Ha Jpyraumjyi HauuH, IoBe3yjyhu je ca cBakogHeBHUM
JKMBOTOM, YyMeTHOIINY U IIPUPOJIOM.

IToceban akieHar Ouhe Ha aKTMBHOCTMMA Koje TIOACTUYY TUMCKM pa/l,
JIOTMYKO pasMUIIUbarbe M KPeaTVBHOCT, KaO M Ha HauMHMMa MOTMBVCAFba
ydeHMKa 3a akTuBHO ydemthe. buhe mpukasanu wm mpumepu 3ajgataka u
OpraHu3anyje akTMBHOCTV KOjU Ce JIAKO MOT'Y IIPVIMEHMTH Y HaCTaBHO] ITPAKCIA.

IIwe wsnararsa je J1a yKaXke Ha 3Hadaj TeMaTCKMX paAVOHMUIA Kao
jemHOCTaBHOT 1 eddpMKaCHOT IIPUCTyIIa yHaIIpebuBamy HacTaBe MaTeMaTUKe U
pasByjarby IIO3UTVBHOT OJHOCA YUEHMKa ITpeMa IIpeMeTy.

Kipyune peun: an bpoja m, @ubonaqujed dan, paduonuye

THEMATIC WORKSHOPS IN MATHEMATICS
EDUCATION -

Marija Kuzeljevic!, Slavica Beronja?-

! Primary School “Djordje NatoSevi¢”, Novi Sad, Serbia, 2Primary School “Slavko
Rodi¢”, Krajisnik, Serbia, marija.kuzeljevic@dmes.rs, slavkavlatko2010@gmail.com

In the modern age, one of the growing challenges in mathematics
teaching is motivating students and actively involving them in the learning
process. One way to bring mathematics closer to students is by marking
important mathematical dates through interactive activities.

As part of the presentation, examples of good practice will be shown
through thematic workshops organized on the occasion of m Day and Fibonacci
Day. Through games, exploratory tasks, and creative activities, students have

130



TEMATCOM 2026 - [Ipyra KoHdepeHIija 0 HacTaBy MaTeMaTVKe ¥ MH(PopMaTuKe

the opportunity to experience mathematics in a different way, connecting it
with everyday life, art, and nature.

Special emphasis will be placed on activities that encourage teamwork,
logical thinking, and creativity, as well as on ways of motivating students to
participate actively. Examples of tasks and activity organization that can easily
be applied in teaching practice will also be presented.

The aim of the presentation is to point out the importance of thematic
workshops as a simple and effective approach to improving mathematics
teaching and developing a positive attitude of students toward the subject.

Key words: m Day, Fibonacci Day, workshops
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ITOBPIIMHE Y TEOMETPUJCKVM 3AIOALIVIMA HA
HAIIMOHAJIHUM TAKMWYEILVIMA

Kamapuna Jlyxuh

Yausepsurer y beorpany, MaremaTiruku daxyirrer, beorpan, Perry6mka Cpowja,
katarina.lukic@matf.bg.ac.rs

[Tojam moBpmMHe ITPpaBOYTraOHMKA YYeHMIV YIO3HAjy Yy PemoBHO]
HaCTaBW y HVDKMM paspe/iiiMa OCHOBHe IIIKoJIe. Y IIecToM paspeny ce cycpehy
ca dopmynama 3a M3padyHaBarbe IOBPIIMHA TPOYIJIOBa U 4eTBOPOYIJIOBa
IIONYT IlapaJiejlorpama, Tpamesa W HeaTroupaa. Y OKBUPY pefoBHe HacTaBe
yYeHUIIV YIJIaBHOM pelllaBajy I1abjIoHCKe 3a/laTKe, JMPEKTHOM IIPVIMEHOM
dopmymna. ITpakca nokasyje ga ce KOHIENTY MOBPIIVHA y PeJOBHOj HACTaB He
IIPUCTyTIa TeMeJ/bHO ¥ Ha HallpeJHOM HMBOY KOju je IoTpebaH 3a pelllaBarbe
CJIOXKeHVX TeOMeTPUjCKIX 3a/laTaka Ha HalVIOHaJTHM TaKMUYeH-/Ma.

Y oBom pagy mnoceban akieHaT he OwuTu cTaBbeH Ha PpasBoj
reoMeTpujcKe MHTYWULMje, BU3ye/n3alje, MOTHBalyje 3a JoLpTaBarbe HOBUX
reoMeTpujcKIx objeKkarta 1 BUX0BO yriopebuBbarbe.

Hwes paga je Oa IOKaxe IMyT U HayMH pelllaBarba CIIOXKEHMX
reoMeTPUjCKMX 3a/jaTaka Kpo3 IOBe3VBarbe MOBPIIVHEe Kao TeMe ca OMTHUM
reoMeTPUjCKMM II0jMOBMMa Kao INTO Cy 3HadajHe Tauke TPOyIJIa, TeXXMIIHE
AY>XVI, Cpeflibe JIMHYMje, IIOAyIapHOCT U CJIMYHOCT TpOoymiosa, [Iutaropuna u
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TasecoBa Teopema. OBakas HpUCTYII je KOopucTaH jep nosehasa mocturayhe
ydeHMKa Ha HallMOHaJIHVM TaKMUYe/Ma.

Y pany he 6butn npukasaHa mprMeHa HeKIX Makbe [I03HATHX, ajlii BeoMa
IpUMeRVBUX TBpDera O IOBpIIMHaMa Koja MOTYy OJlaKIlaTy pelllaBarbe
CJIOKEeHMX TeOMeTPUjCKMX 3a/jaTaka Ha HallMOHaJIHMM TakMmuderuma. Paj he
campyKaTy IIpUKa3 CUTyalluje, TeOMeTPUjCKOT MIpobiieMa M MpMKa3 pellerba
KPO3 HEKOJIMKO TOOPpVX ImprMepa 13 IIKOJICKe IIpaKce.

Kibyune peun: ceomempujcku npobaemu, noBpuwiuna, Ododamua Hacmafa U3
mamemamuxe, HAYUOHAAHA MAKMUHUEH(

AREAS IN GEOMETRIC PROBLEMS AT NATIONAL
COMPETITIONS

Katarina Luki¢

University of Belgrade, Faculty of Mathematics, Belgrade, Republic of Serbia,
katarina.lukic@matf.bg.ac.rs

Students are introduced to the concept of the area of a rectangle during
regular mathematics instruction in the lower grades of primary school. In the
sixth grade, they encounter formulas for calculating the areas of triangles and
quadrilaterals, such as parallelograms, trapezoids, and deltoids. Within the
standard curriculum, students predominantly solve routine problems through
the direct application of formulas. Practice indicates that the concept of area is
often not approached with the depth or advanced level required for solving
complex geometric problems encountered in national competitions.

In this paper, a particular emphasis is placed on the development of
geometric intuition, visualization, and the motivation for constructing auxiliary
geometric objects and their comparison. The aim of this work is to demonstrate
methods for solving complex geometric tasks by linking the topic of area with
fundamental geometric concepts, such as centers of a triangle, medians,
midlines, congruence and similarity of triangles, and the Pythagorean and
Thales' theorems. This approach is beneficial as it enhances student
performance in national competitions.

The paper will present the application of several lesser-known but
highly applicable propositions regarding areas that can facilitate the resolution
of intricate geometric problems. Furthermore, the work will include an
overview of specific scenarios and geometric problems, providing solutions
through several illustrative examples from teaching practice.

Key words: geometric problems, area, advanced mathematics classes, national
competitions

132



TEMATCOM 2026 - [Ipyra KoHdepeHIija 0 HacTaBy MaTeMaTVKe ¥ MH(PopMaTuKe

References

[1] B. Barrruh, A. Byxmh, B. Kpruawh, V. Matuh, IIPUIIPEMHW 3AIALIM 3a
mamemMamuuxa makmudersa cpeowouwikoraya y Cpouju. 3bupka pewenux sadamaxa,
Apymreo MmaTemarnaapa Cpomje, beorpam, 2011.

[2] B. Oparosuh, I1. Mnanenosuh, C. Ormwanosuh, [IPUTIPEMHN 3AIALIM 3A MA-
TEMATUYKA TAKMUYEFHA 3A YVYEHMKE CPEIRbMX HIKOJIA, Apyurrso
MaTemaTudapa Cpbuje, beorpan, 1999.

[3] OpxaBHa KoMMCcHja 3a MaTeMaTUYKa TaKMUYeHha yYeHKa OCHOBHMX IIKosa, 1100
3AIATAKA ca mamemamuuxux makmuversa yueHuxa ocHoBHux wixoaa 2015-2024. eo-
oune, [Jpymreo MmaTemarnaapa Cpomje, beorpam, 2024.

[4] Matrepwujasm 3a mitage MateMatudape, PEITYB/IMYKA TAKMUYERBA YYEHUKA
CPEIUX IIIKOJIA U3 MATEMATUKE, 1959-2000, JpymTBo MaTeMaTHdapa
Cp6wje, beorpam, 2000.

[5] B. Crojanosuh, Mrocmpana maxmuuera ocnobaya, Matemaruckon, beorpaz, 2010.

MATEMATWYKV TEHE3VC: O AHAJTIOTHOT
KOPEHA 10 OUTUTATHOT IUIO/IA

Jacmunka Mapuhi-Iauwo6uli

Ol ,Byx Kaparmh®”, Yauak, CpOuja, jasnamaricglisovic@gmail

Ha mn je moryhe oOyxBatuTm OeckoHauHOCT Opoja m OOWYHUM
IIaMYy4YHVM KaHaIloM ¥ IPeTBOPUTM JIedjil KOpak y IIpenysaH anropurtamM? OBaj
pan  [deKOHCTpyuIlle TpadulOHaJIHe OKBUpe HacTaBe, IIpefcTaBibajyhu
MaTeMaTVKy Kao >XMBY, ONWMIUBMBY CWIy KOja IIyJICMpa W3BaH 3WUI0Ba
yumonutie. Kpo3 koHnenr ,MaTemMaTHMuKOr reHesuca”, y4deHUIM IIpoJiase
Pa3BOjHM Iy T KOjyI Cy IpeluIn Hajsehy yMOBY YoBeYaHCTBa: 01, APXMMeI0BIX
KpyroBa WCIPTaHMUX Y IIecKy, IpeKo TaKTWIHOI MCTpaXuBaka Ipupose
,IIITAIIOM ¥ KaHarioM”, 1o codpmcTuimpaHor ceeta QR KomoBa n poboTHKe.

lwpb paga je mpwkas MHOBAaTMBHOI Mojlejla KOju TpaHcopmuIle
alicTpakTHe MaTeMaTV4YKe KOHCTaHTe y 4yJIHO MCKycTBo. ITporiec moummbe
apxauYHVM MepemuMa y amOujeHTaHoj HacTasu (,[lapk 3Hama”), e ce Kpo3
CTEM mnpucryn n HTL npuHiune passuja ¢yHKUMOHa/IHA IIMCMEHOCT.
IToceban dokyc je Ha ,Zero Waste” KoHIleNTy m3pajie HaCTaBHMX CpeICTaBa,
I7le peluVKIMpaHu MaTepujajl M IPUPOAHM IpeMeTH I0CTaj)y IUIaKTUYKN
apredaxTy. KyammHarimja mpoiieca je MMIDIeMeHTaIja MOOIHe pobOTHKeE,
I7le YUeHUIIM IIporpamMupajy IyTame poOoTa Kpo3 MaTeMaTW4dKe JIaBUPVHTE,
nosesyjyhm TuMe aHajlorHO TmOpexsIo ca aurnTajHoMm Oymyhxomrhy.
Epanyanujom je yTepbeHO 1a ommcaHe akTMBHOCTM ITO3UTMBHO YTU4Yy Ha
MOTVBalMjy y4eHMKa, fdokKasyjyhm ga MaremaTwka, Kaja ce BpaTul y pyke
JieTeTa, II0CTaje je3K pasyMeBarba CBeTa.
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Kipyune peun: mamemamuuxu eenesuc, yuewe 0Oe3 3udoBa, Apxumedobu kpyeoBu,
pobomuka, peyuriaxa

MATHEMATICAL GENESIS: FROM ANALOG ROOTS
TO DIGITAL FRUIT -

Jasminka Marié-Glisovic-

Primary School “Vuk Karadzi¢”, Cacak, Serbia, jasnamaricelisovic@email.com +

Is it possible to encompass the infinity of Pi with a simple cotton string
and transform a child's step into a precise algorithm? This paper deconstructs
traditional teaching frameworks, presenting mathematics as a living, tangible
force pulsating beyond the classroom walls. Through the concept of "Mathemat-
ical Genesis", students traverse the developmental path of humanity's greatest
minds: from Archimedes' circles in the sand, through tactile nature exploration
using "sticks and strings", to the sophisticated world of QR codes and robotics.

The aim is to demonstrate an innovative model that transforms abstract
mathematical constants into sensory experiences. The process begins with ar-
chaic measurements in ambient learning settings, utilizing STEM and NTC
principles to develop functional literacy. A special focus is placed on the "Zero
Waste" concept, where recycled and natural materials are repurposed into di-
dactic artifacts. The process culminates in mobile robotics implementation,
where students program robot trajectories through mathematical labyrinths,
bridging analog origins with a digital future. The evaluation found that the de-
scribed activities have a positive impact on student motivation, proving that
mathematics, when returned to a child's hands, becomes the language for un-
derstanding the world.

Key words: mathematical genesis, outdoor learning, Archimedean circles, robotics, re-
cycling +
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KYPUKYJIIYM MATEMATMKE: OJI, ICTOPUJCKMX
OCHOBA 10 CABPEMEHVX M3A30BA 1 HACTABHE
IIPAKCE

Bosxxudap Musarnobuhil, Muaan I'pyjun?

1I'mvHa3mja MitageHoBan, MitageHosan, Cpouja, 2 IlIkosicka ynpasa Hosu Can, Hosu
Cap, Cpbuja, milanovic.boza@gmail.com, milan.grujin@gmail.com

Y pany ce aHanmM3Mpa KypuKY/IyM MaTeMaTuKe Kpo3 IIPU3MY HeroBOT
VICTOPUJCKOT pasBoja, PasIMYMTUX TeOpUjcKmx onpebera ¥ caBpeMeHMX
obpa3oBHMX 3axTeBa. [Tormasehn o KJby4HVIX KOHIIENITMja Ky pUKYJIyMa, Jaje ce
KpaTak IIpersiell eBOJIyIMje HeroBOI pa3yMeBarba, Kao ¥ aHaIM3a OCHOBHWIX
KapaKTepMUCTMKa CaBpPeMEHOI KYPUKyJIyMa y KOHTEKCTY aKTyeJTHMX
oOpasoBHMX ctaHnapa. [Tocebna naxmba mocseheHa je creneny yckiabeHocTn
Baxeher xypukyinyma y PeryOrmmm CpOujur ca caBpeMeHWMM ITeIaroIIKiIM
HNpUCTyIMMa, YKbY4yjyhm maudepeHmupaHy HacTaBy, HPOjeKTHO yUere U
pVIMeHy WMHQOPMAIIOHO-KOMYHVKAIIMOHVX TexHoJIormja. Y pamy ce
pasMatpajy MoryhHoct yHanpebera HacTaBHe IIpakce Kpo3 IIPUMEHY
eJleMeHaTa BellITaukKe VHTeJIWTeHIWje, Kao W IIOBe3VBame calpiKaja
MaTeMaTVKe ca CPOJHMM HacTaBHMUM ItpenMervMa. [ToceGaH cermeHT omHOCH
ce Ha IIpwiIarobaBame KypwKyJIyMa payIM4UTUM TIpyllaMa y4eHWKa,
yKbydyjyhn mapoBuTe ydeHMKe M y4deHUKe KOjy paje MO0 VHAVBUIYaTHOM
obpasosHoM 1miany (MOII3), y3 KOoHKpeTHe IIpemjiore 3a IpwiIarobaBarbe
HaCTaBHNUX canpxaja. Pam Takobe oOyxsaTa KoMmIapaTwBHM OCBPT Ha
IIPVICYCTBO CaBpeMeHVX HacTaBHMX IIPUCTyIla Yy 3eM/baMa pervoHa, Kao U
aHaJIM3y 3aCTyIUbeHOCTY M HaulHa yBobera TeMa BepoBaTHONe 1 CTaTUCTVIKe
U TPUTOHOMeTpPUje y HacTaBHM Ipollec, WIYCTpoBaHy IIpuMepuMa HoOpe
IIpaKce.

Kipyune peun: kypukyaym, cmandapou, ougpepenyujayuja, VOII3, npojexmua
Hacmaba
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MATHEMATICS CURRICULUM: FROM HISTORICAL
FOUNDATIONS TO CONTEMPORARY CHALLENGES
AND TEACHING PRACTICE

BoZidar Milanovic¢!, Milan Grujin?

1Gymnasium Mladenovac, Mladenovac, Serbia, 2School Administration Office Novi
Sad, Novi Sad, Serbia, milanovic.boza@gmail.com, milan.grujin@gmail.com

This paper analyzes the mathematics curriculum through the lens of its
historical development, various theoretical definitions, and contemporary
educational demands. Starting from the key curriculum concepts, a brief
overview of the evolution of curriculum understanding is provided, along with
the analysis of the main characteristics of the modern curriculum in the context
of current educational standards. Special attention is given to the degree of
accordance of the current curriculum in the Republic of Serbia with
contemporary pedagogical approaches, including differentiated instruction,
project-based learning, and the use of information and communication
technologies. The paper examines possibilities for improving teaching practice
through the application of Al elements, as well as the integration of
mathematics with related subjects. A particular segment focuses on adapting
the curriculum to different groups of students, including gifted students and
those following an Individualized Education Plan (IEP3), offering concrete
suggestions for adapting teaching content. The paper also includes a
comparative overview of the presence of modern teaching approaches in
countries in the region, as well as an analysis of the representation and
introduction of probability and statistics and trigonometry in the curriculum,
illustrated with examples of good practice.

Key words: curriculum, standards, differentiated instruction, IEP3, project-based
learning
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VHTETPALIMJA AJIATA NOTEBOOKLM V HACTABY
MATEMATMKE KPO3 MOJIEI U3OKPEHYTE
VUMOHMIIE

Ausnexcandap Musenxobuh, Hemaroa Byuuhie6uli,
Mapuna Cuuebuh

Yausepsurer y Kparyjesny, [Ipupogrno-maTematirakm daxysnret, Kparyjesarr,
Cpbwuja, aleksandar.milenkovic@pmf.kg.ac.rs, nemanja.vucicevic@pmf.kg.ac.rs,
marina.svicevic@pmf.kg.ac.rs

Moges1 M30KpeHyTe yulMOHMIe WMHTerpuile [Ba KOMIUIeMeHTapHa
cerMeHTa: KOMIIjyTepPCKM ITIOTIIOMOTHYTe caMOCTaIHe MHCTPYKIIMje BaH IIKOJjIe
¥ KoslabopaTuBHO ydeme yHyTap yumoHwuile. Ilpoliec ce MoXe neTabHMje
IocMaTpaTy Kpo3 TP XPOHOJIOIIKe eTalle: akKTMBHOCTH IIpe, TOKOM U HaKOH
yvaca. Y mpumpemnoj ¢asm (Ipe HacTaBe y YUYMOHWMIINM), yYeHUIIIMa ce
npocsiebyje NaXxbMBO KpenpaH Wint ofadbpaH AUTMTaIHY HacTaBHY MaTepujasl,
IIOIIyT BUJeo-JIeKIja, IOoAKacTa WiIM IHpe3eHTallja KOji OHM CaMOCTaIHO
ucTpaxyjy, 6ernexehn wpyuHe Tauke win nuTama. OBa eTara IIpefcTaBiba
TeMe/b 3a HeNoCpeqHM paj y Y4YMOHWMIM, IAe ce IPeTXOJHO YyCBOjeHe
nHdopMalyje npuMmeryjy. Ha moudeTky waca winm HelocpemHO IIpe dYaca,
HacTaBHMK Tpeba [1a IpolleHN pa3yMeBarbe OHOTa IITO CYy YUeHWIIM HaydIn
Kop, Kyhe. YV mpumpeMmnu noMeHyTwX HacTaBHMX MaTepujaja M dpopMaTuBHe
IpolieHe Hay4deHOI IIpe Yaca MaTeMaTuKe, HacTaBHUIM MOTY KOPWCTUTW
pasiunTe 1wiaTdopMe n anate. O30mwbaH IOTeHIIMjaJI Y OBOM KOHTEKCTY
puIpemMe pasIVuuTuX IUTMTATHUX HacTaBHMX MaTepujajla, 3aCHOBaHMX Ha
KOHKPEeTHVMM caJp KajiMa Koje je HacCTaBHMK W3ABOjUO M OApeamo ha WX
YUYEeHMIIV CaMOCTaJIHO caBjlajjajy, ¥WMa ajaT BellTadke WHTeJIUIeHIyje
NotebookLM. Pan aHammM3mpa TOTeHIMjaJI OBOT ajlaTa  BellTayke
VIHTENIUTeHITje y KOHTEKCTY CIelnUIHMX MaTeMaTUIKMX cajgpikaja, Hydehn
IIpaKTU4YHe CMepHMUIle U IIpUMepe 3a HacTaBHMKe KOji TeXe ONTUMM3aLVju
Mofiella M30KpeHyTe YUMOHUIIe.

Kibyune peum: wusokpenyma yuuonuya, wacmaba mamemamuxe, OUeUMAAHU
nacmabnu mamepujaiu, NotebookLM, Bewimauka unmesueenyuja y obpasobarsy
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INTEGRATING NOTEBOOKLM IN MATHEMATICS
EDUCATION USING THE FLIPPED CLASSROOM
APPROACH

Aleksandar Milenkovié, Nemanja Vucicevié, Marina Svicevi¢

University of Kragujevac, Faculty of Science, Kragujevac, Serbia,
aleksandar.milenkovic@pmf.kg.ac.rs, nemanija.vucicevic@pmf.kg.ac.rs,
marina.svicevic@pmf.kg.ac.rs

The flipped classroom model integrates two complementary segments:
computer-assisted independent instruction outside the school setting and
collaborative learning within the classroom. This process can be examined
through three distinct chronological stages: pre-class, in-class, and post-class
activities. During the preparatory phase (prior to in-class instruction), students
are provided with carefully designed or curated digital learning materials -
such as video lectures, podcasts, or presentations - which they explore
independently while noting key points or questions. This stage serves as the
foundation for direct classroom engagement, where previously acquired
information is applied. At the beginning of the lesson, or preceding it, the
teacher assesses the students' understanding of the material studied at home. In
preparing these instructional materials and conducting formative assessments
for mathematics lessons, teachers can utilize various platforms and tools.
Within this context, the artificial intelligence tool NotebookLM shows
significant potential for developing diverse digital learning materials based on
specific content selected by the teacher for student self-mastery. This paper
analyzes the potential of this Al tool within the framework of specific
mathematical content, offering practical guidelines and examples for educators
striving to optimize the flipped classroom model.

Keywords: flipped classroom, mathematics education, digital learning materials,
NotebookLM, artificial intelligence in education
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ITPOMOILIMNJA MATEMATUKE MHTETPALIVIJOM
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Y oBoMm pany npencrasuheMo MHOBaTMBaH IIPUCTYII IIPOMOLIVjN
MaTeMaTVMKe 3aCHOBaH Ha MHTerpauuju TakMudema ,Kenryp 0e3 rpanuia”,
y4eHMUYKor 4acommca ,MaTemaTnukm jmct”, obpa3oBHe BeO-TuiaTdopme m
YouTube xanaiia ca Bupeo-pememyMa 3agaraka. Llwb oor mpucrymna je
rnosehare WMHTepecoBarka Yy4YeHMKa 3a Yuele MaTeMaTuKe, IO[CTUIlarbe
CaMOCTaJIHOT y4erba ¥ Pa3BOj MaTeMaTW4dKe IVICMEHOCTV Kpo3 KOMOVHOBarbe
dopmanHmx 1 HedpopMaTHMX 00JIMKa 0OpasoBamba.

CaBpemeHnm TpeH[IOBM y oOpasoBarby yKasyjy Ha 3Hadaj XMOpugHOTr
ydema, IUTUTaIHVX ITIaTOPpMU U BUeo-capKaja Kao IO PIIIKe yUery, 10K
TakMuuere  ,Kenryp  06e3  rpaHmma”®  mpencrasba  jemaH  Off
HajpaclpocTpareHMjIIX ~HauMHa IOIyJlapu3alije  MaTeMaTuke  Meby
ydyeHuiiuMa. Ilonasehm op 3Hawaja pasBoja MaTeMaTHuKe IIMICMEHOCTM W
roTpebe 3a BehoM aHrakopaHoIhy ydeHMKa, MHTerpucaIn CMO 3afaTKe Koju
O7IroBapajy KOHIIENTy 3ajaTaka ca TaKMMYeHa ca MHTepaKTMBHVM HadlHOM
pelliaBarsa Ha BeO-TuiaTdpopMu (Y3 ToOMjarbe oBpaTHe MHPOpMaliuje), Kao 1
ca JeTaJbHUM BuJeo-pelleruMa JocTynHMM Ha YouTube kanamy. Ha Taj
HauMH YYeHWIIN VMajy MOTYhHOCT [1a y4ue COIICTBEHVM TeMIIOM U IIPOayOsbyjy
pasymeBambe Kpo3 paszmumnte dopmare. Ilomanm o kxopurnthemy Buseo-
MaTepujasia, YKby4yjyhu Bestmkn Opoj Iperiiefia MojedNHMX pellersa, yKasyjy
Ha TO /Ja OBaKaB IIPUCTYII AOMMpe A0 3Ha4YajHOr Opoja yueHMKa 1 IIpeCcTaBsba
edpukacaH BWJ, TIOApPIIKE yuely MaTeMaTMKe BaH IIKOJICKOT OKpy>Keba.
VIaTerpaiiyja pasmauTx pecypca gonpuHocy Behoj JocTynmHocTr cajipkaja 1
IIOZICTMYe MHTepecoBabe 3a pelllaBaibe MaTeMaT4Kux mpobsema. I itannpana
Jajba UCTpaXyBara yCMepeHa Cy Ha VMCHUTHBaEK-e CTaBOBa YYeHMKa O OBOM
VHTETrpyCaHOM IIPUCTYIy M Ha aHaJIM3y HeroBOI yTuIlaja Ha IIocTUrHyha
y4eHMKa.
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PROMOTION OF MATHEMATICS THROUGH THE
INTEGRATION OF THE MATHEMATICAL KANGAROO
COMPETITION, A STUDENT JOURNAL, A WEB
PLATFORM, AND A YOUTUBE CHANNEL
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This paper presents an innovative approach to the promotion of
mathematics based on the integration of the Mathematical Kangaroo
competition, the student magazine "Matematicki list", an educational web
platform, and a YouTube channel featuring video solutions to mathematical
problems. The primary objective of this approach is to increase students' interest
in learning mathematics, encourage autonomous study, and develop
mathematical literacy by combining formal and informal educational
frameworks.

Contemporary educational trends highlight the significance of hybrid
learning, digital platforms, and video content as learning support tools, while
the Mathematical Kangaroo competition remains one of the most widespread
methods for popularizing mathematics among students. Recognizing the
importance of mathematical literacy and the need for greater student
engagement, we have integrated competition tasks with an interactive problem-
solving method on a web platform — providing immediate feedback — alongside
detailed video solutions available on YouTube. In this manner, students are
given the opportunity to learn at their own pace and deepen their
understanding through various formats. Data regarding the utilization of video
materials, including high view counts for specific solutions, indicate that this
approach reaches a significant number of students and serves as an effective
form of mathematical learning support outside the traditional school
environment. The integration of diverse resources contributes to greater content
accessibility and fosters interest in mathematical problem-solving. Future
research will focus on examining student attitudes toward this integrated
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approach and analyzing its impact on both students' interest and academic
achievement.

Key words: promotion of mathematics, hybrid learning, Mathematical Kangaroo
competition, "Matematicki list", video materials, mathematical literacy

OLOPEBVBAIBE bPOJA m KPO3
MVYITUONCOUIIIMHAPHW STEM IIPUCTYVYII

Harubop PajkoBuhi

I'mvnasuja Rynpuja, hynpuja, Cpouja, d.rajkovicrs@gmail.com

bpoj m mpencrasba jemHy op dyHIAMEHTaIHMX MaTeMaTU4KuX
KOHCTaHTM KOja ce jaBjba Y PasIMuMUTUM oOjlacTuMa MaTeMaTuke, pusuKe U
nHpopMaTHKe 1 padyHapcTBa. Vlako ce y peoBHOj HacTaBy Hajuerthe yBoau
Kpo3 TreoMeTpUjcKe cajipKaje, lberoba IIpyMeHa je 3HaTHO Inupa 1 oMmoryhasa
IoBe3VBare BUIlle Hay4dHMX OVWCHMIDIMHA y OKBUpY caBpemeHor STEM
npucryna. Takas IpucTyIr JonpMHOCH PYHKIMOHATHOM ITOBe3MBamhy 3Hamba 1
PasBojy MCTpaXMBavKOr HaulHa pasMUIIUbak-a KoJl, y4eHNKa.

Y pany je mpukasaH Mofien ofpebusarma 6poja m kpo3 Tpu MebycobHO
IoBe3aHa IIPUCTyNa: eKCIepyMeHTaJIHYM, aHaJIUTUYKY W HYMepUUKN.
ExcriepymMeHTa/IHM DPUCTYII 3aCHMBA Ce Ha IIPVMEHM MaTeMaTWJKOI KJIaTHa,
MepereM Ilepuoja OCHWIOBama 3a pasInuuiTe [IyXXMHe KlIaTHa U
M3padyHaBame BpeHOCT Opoja 1.

ITocebna maxmba rocseheHa je ycjaoBrMa IpyMeHe OBOI Mojlela, Iipe
CBera OrpaHMYerby MajIX yIJIoBa OTKJIOHA, Kao M aHaJIM3/ Ipelllaka Meperba,
Kao IITO cy HeoppebeHOCT AyXMHe KJIaTHa, peaklVIOHO BpeMe IIpW Mepery
IeproAa v yTuilaj oOTopa Basgyxa.

AnaymuTiuky IIpucTynl omoryhasa IoBesuBarbe eKCIepyMeHTaJIHVMX
pesyJjiTaTa ca TEOPMjCKMM MOZeJIOM U IIOKasyje da Opoj m Huje MCK/bY4YMBO
reoMeTpujcka KOHCTaHTa, Beh BejlMuMHa Koja ce IIPMPOIHO jaB/ba M Y ONINCY
nepyoguHMX nojaBa. Hymepnuky npuctyn peaymsyje ce nmpumenom Monte
Carlo meropie, 3acHOBaHe Ha CJIy4YajHOM reHepucarby BeJIMKOr Opoja Tauaka y
KBaZpaTy ca ymmcaHmM KpyroMm. Ha ocHoBy omHOca Opoja Tadaka Koje
IpuIagajy Kpyry ¥ yKymHoOr Opoja TreHepucaHMX Tadaka [o0uja ce
arrpokcumMarnuja 6poj .

ITopeberem BperHOCTY JOOVjeHMX pas/IMUUTIM MeToJaMa U aHaJI30M
arICoOJIyTHUX U PeJIaTUBHIX Ipelllaka yYeHVIIV pa3Bujajy KpUTUYKO MUIIUbEIbe,
pasyMeBarbe OorpaHuyer-a Mojiejla M 3Hadaja allpoKCuMalyje y HPUpOIHUM
Haykama. [IperyioxxeHn Mopen mpesicTaB/ba HpUIMep MYJITUAVCHUIDIMHApHe
STEM HacTaBe y K0jOj ce KpoO3 jedaH MaTeMaTMUKM IIOjaM VCTOBpPeMeHO
pasBujajy excriepyMeHTa/IHe, aHaJIMTUYKe 1 aJIfopuTaMcke KOMIIeTeHIIuje.
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DETERMINING THE NUMBER m THROUGH A
MULTIDISCIPLINARY STEM APPROACH

Dalibor Rajkovic¢

Gymnasium of Cuprija, Cuprija, Serbia, d.rajkovicrs@gmail.com

The number m represents one of the fundamental mathematical
constants that appear in various fields of mathematics, physics, informatics, and
computer science. Although it is most commonly introduced in regular teaching
through geometric concepts, its application is significantly broader and enables
the connection of multiple scientific disciplines within the framework of the
modern STEM approach. Such an approach contributes to the functional
integration of knowledge and the development of students’ research-oriented
way of thinking.

This paper presents a model for determining the value of m through
three interconnected approaches: experimental, analytical, and numerical. The
experimental approach is based on the application of the mathematical
pendulum, by measuring the oscillation period for different pendulum lengths
and calculating the value of m.

Special attention is devoted to the conditions for applying this model,
primarily the limitation of small oscillation angles, as well as the analysis of
measurement errors, such as uncertainty in pendulum length, reaction time
during period measurement, and the influence of air resistance.

The analytical approach enables the connection of experimental results
with the theoretical model and shows that 7 is not exclusively a geometric
constant, but also a quantity that naturally appears in the description of periodic
phenomena.

The numerical approach is implemented using the Monte Carlo method,
based on the random generation of a large number of points inside a square
with an inscribed circle. Based on the ratio between the number of points
belonging to the circle and the total number of generated points, an
approximation of  is obtained.

By comparing the values obtained using different methods and
analyzing absolute and relative errors, students develop critical thinking, an
understanding of model limitations, and the importance of approximation in
natural sciences. The proposed model represents an example of
multidisciplinary STEM teaching in which experimental, analytical, and
algorithmic competencies are simultaneously developed through a single
mathematical concept.
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Key words: Number m, mathematical pendulum, Monte Carlo method, STEM
approach
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O CJTAMUMIIA 1O BECKOHAUHOCTM:
MHOBATUBHA HACTABA MATEMATUKE

Céemaana CaboBuhi, Buosrema [Tyuuya

Ol , Jarwto Kvmm”, Beorpam, Cpbuja,
svetlana.savovic@osdanilokis.edu.rs, violeta.pusica@osdanilokis.edu.rs

Y caBpeMeHOj HacTaBu MaTeMaTwKe IIoce0aH W3a30B IIpeJICTaBsba
MOTMBHCalbe YUeHMKa ¥ IOBe3VBaibe alCTpaKTHMX IIOjMOBa Ca HVIXOBUM
VICKyCTBOM, HAPOUMTO Y IIpeJIa3HNM IeprojiMa Kao IIITO je IeTu pas3peq.

b ucTpakmBama je 1a ce IIpUKaXy M aHaJIM3Mpajy IpuMepu 1odpe
HacTaBHe ITpaKce KOj/I YKJby4yjy IIpOjeKTHY HacTaBy, HpUMeHy uiMcKe
ymetHocty, VIKT anaTa v KpeaTMBHMX aKTMBHOCTHM y HacTaBU MaTeMaTuKe Off
IIeTOT JI0 OCMOT pasperia, Kpo3 HeKoImKo akTusHOCTH: 1) ,CBecka Ha Korkmiie”

- meMoHCcTpaiija; 2) ,V3abu Ha upry!” - mHTepakumja, meMoOHCTpaIivja,
Busyenmsanyja; 3) ,Tpoyrao Ha eHmieckm HaumH” - MebynpenmerHa
Kopenanwuja; 4) EpaTocTteHOBO Mepere obOmMma 3emibe - MebyHaponHu

nipojekat; 5) I'pabeBiHa o1 cjlamumniia - KpeaTuBHa JileMOHCTpariyja; 6) Ouim y
martemaTuiy (ITaja ITatak y cBeTy MaTemaTmike, Mapcosari, Vrpa komosa, Yosek
KOji1 je Bumeo OeckoHauvHOCT ) - Busyenmsanyja; 7) VIKT Ha yacy maTtemartuke
(GeoGebra, Enigma cuMysiaTop) - aJiropuTaMcKO pasMuUIIUbakbe.
Metopoomky OpuUCTyd ce 3acHMBAa Ha KBaJIMTATMBHOj aHAIV3W
HaCTaBHMX aKTMBHOCTV peaJM30BaHMX y HENOCPemHoj IIpakcu. PesyrraTn
II0Ka3yjy JAa OBaKBY IIPVCTYNM 3HadajHO rosehaBajy aHra’)koBaHOCT yUeHMKa 1
pasymeBambe MaTeMaTUukux KoHnenaTa. [loparm mobwjeHu epastyalyjom
yKasyjy Aa suile o 90% yueHMKa ycIlelllHMje ycBaja T'paAMBO Kaja je OHO
IIpUKa3aHO KpoO3 BU3yelIHe, ITpoOsieMcKe ¥ XMBOTHe cuUTyalyje. YdeHUIIN
VICTOBpeMeHO pas3Bujajy BelIMKu Opoj KoMmIleTeHIIMja, IITO je U I[JJb HacTaBe U
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ydera: JIOTMYKO MWIUbEHe, KpeaTMBHOCT, capaimby WM OUTUTaIHe
KOMIIeTeHIIVje.

3aKsbydak je Ja MHTerpauyja pasjimauTiX MeToda U MeIuja y HacTaBu
MaTeMaTVKe JOIPVWHOCK AyOrbeM pasyMmeBarby U TpajHujeM 3Hamy. ITpakca
nokasyje  morpeOy 3a  Behom  sacTympeHomthy — mpojekTHe U
VIHTepOVICLHUIUIVHAaPHe HacTaBe, Kao VI ccTeMCcKoM nompiiukom nprmenn VIKT-
a ¥ MTHOBATMBHMX MOJIejla y4erha y OCHOBHOM 00pasoBarby.

Kibyune peunm: unoBamubne memode, ¢puim y wnacmabu, VKT y wnacmabu,
momubayuja yuenuxa, akmubHo yuerse

FROM STRAWS TO INFINITY: INNOVATIVE
MATHEMATICS EDUCATION-

Svetlana Savovic, Violeta Pusica-

Primary School “Danilo Ki§”, Belgrade, Serbia,
svetlana.savovic@osdanilokis.edu.rs, violeta.pusica@osdanilokis.edu.rs

A particular challenge in contemporary mathematics teaching is
motivating students and connecting abstract concepts with their own
experience, especially during transitional periods such as the fifth grade.

The aim of this study is to present and analyze examples of good
teaching practice involving project-based learning, the use of film art, ICT tools,
and creative activities in mathematics teaching from the fifth to the eighth
grade, through several activities: 1) “Squared Notebook” - demonstration; 2)
“Step Up to the Line!” - interaction, demonstration, visualization; 3) “A
Triangle in the English Way” - interdisciplinary correlation; 4) Eratosthenes’
measurement of the Earth’s circumference - international project; 5) A structure
made of straws - creative demonstration; 6) Film in mathematics (Donald Duck
in Mathmagic Land, The Martian, The Imitation Game, The Man Who Knew
Infinity) - visualization; 7) ICT in the mathematics classroom (GeoGebra,
Enigma simulator) - algorithmic thinking.

The methodological approach is based on the qualitative analysis of
teaching activities implemented in direct practice. The results show that such
approaches significantly increase student engagement and understanding of
mathematical concepts. Data obtained through evaluation indicate that more
than 90% of students acquire the material more successfully when it is presented
through visual, problem-based, and real-life situations. At the same time,
students develop a wide range of competencies, which is also the goal of
teaching and learning: logical thinking, creativity, collaboration, and digital
competencies.

The conclusion is that the integration of different methods and media in
mathematics teaching contributes to deeper understanding and more lasting
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knowledge. Practice shows the need for greater representation of project-based
and interdisciplinary teaching, as well as for systematic support for the use of
ICT and innovative learning models in primary education.

Key words: innovative methods, film in teaching, ICT in teaching, student motivation,
active learning +
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BEYOND RIGHT AND WRONG: BEb INIAT®OPMA 3A
YUEIbE MATEMATWUKE KPO3 AHAJIN3Y TAUHUX N
HETAUHMX PEHIEIbA 3AITATAKA

Mapuna Céuuebuhi, Arexcandap Musenxobuli,
Hemaroa Byuuhebuh, Bopbe Cmanxobuh

Yausepsurer y Kparyjesny, [Ipupogno-maTematirakm daxysnret, Kparyjesarr,
Cpbmja, marina.svicevic@pmf.kg.ac.rs, aleksandar.milenkovic@pmf.kg.ac.rs,
nemanja.vucicevic@pmf.kg.ac.rs, djordjestankovic87@gmail.com

Y pany je npencrasbeHa BeO 1wiatdopma Beyond Right and Wrong,
pasBujeHa y Wby MOApPIIKe HAcTaBM M ydery MaTeMaTuKe KpO3 aHaJIu3y
nonybeHnx perrera 3afaTtaka. Itardopma je sacHoBaHa Ha MPUCTYIy IpeMa
KOMe ce Of] yUeHMKa He TpaXy caMoO ITpelio3HaBarhe TauHOI pelllera, Beh 1
CIIOCOOHOCT yodYaBarka, aHajlM3e W eBajlyalldje Tpelllaka y HeTayHUM
IIOCTYIIIVIMA, IITO IIpeJiCTaB/ba BHIlle KOTHUTMBHE HUBOE ydera I10 birymoBoj
TakcoHoMMju. Ha Taj HaumMH yuyenuim pasBujajy KPUTUYKO MUIIUbEHHE,
CIIOCOOHOCT aHajIM3e Irpelllaka 1 1yOrbe pasymMeBarbe MaTeMaTUUKIX I10jMOBa.

ITnaTtdopma je HaMer-eHa yYeHMIIVIMa OCHOBHMX U CpeIibyX IIKOJIa 1
oOyxBaTa (PYHKIIMOHAJIHOCTM HaMekeHe 1 HaCTaBHUIIMMa ¥ y4YeHWIVMa.
HacraBaym mory pna Kpewupajy HacTaBHe TeMe, YHOCe 3aJaTKe ca BUIIe
noHybeHnx periera, 0O3HauaBajy TauHO pelllerbe, JepVHMIITY TUIIOBe rpellaka
y HeTauHUM pellleMa 1 popMmupajy Bexxbara Koja ce mofesbyjy rpyrama
ydeHMKa. YueHUIIV aHa/M31pajy TToHybeHa perrierba, Ovpajy TauHO peliierse 1
ofpebyjy THIIOBe rpelllaka y IIpeocTa/IIM OITOBOPVMa, TP UeMy ce Yy IIpo1iecy
OomoBarba BpeIHYjy ¥ WCIPaBHO O3HAaYeHO Ta4yHO pellermhe ¥ TadHO
IIpero3HaTy TUIIOBM rpelllaka. HakoH 3aBpIeTka paja, yueHuK 1obuja 6omose
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1 IOBpaTHY MH(OpMalIMjy Koja YKIbydyje TauHO pelllerse, o0jalllberba 1 YBU/L
y WCHpaBHOCT M3abpaHMX TUIIOBa rpelllaka, kao u MoryhsHocr mnpahema
COIICTBEHOT HaIlpeTKa.

IToceOHa BpegHOCT TU1aTOpPMe OrJIefia ce Y TOMe IITO TeXMUIITe ydermba
IoMepa ca caMOr' pe3yJITaTa Ha pasyMeBakbe U aHaIM3y IOCTyIIKa ¥ Ipupojie
HauMibeHMX TIpellaka. 3axBabyjyhm cBojux dyHKUIMjama, IutaTdopMma
IpeficTaB/ba KOPUCTaH OUIUTaJIHM ajaT 3a d¢opMaTtuBHO Ipaheme,
VIHOVBUOyaJIM3alyjy HacTaBe W yHalpebuBame KBaJuTeTa HacTaBe
MaTeMaTVKe.

Kibyune peun: uacmaba mamemamuxe, 6e6 naamgpopma, amasusa epeuiaxa,
Kpumuuko muuiwerse, baymoba maxcornomuja

BEYOND RIGHT AND WRONG: A WEB PLATFORM FOR
LEARNING MATHEMATICS THROUGH THE
ANALYSIS OF CORRECT AND INCORRECT PROBLEM
SOLUTIONS

Marina Svicevic, Aleksandar Milenkovic,
Nemanja Vucicevic, Dorde Stankovic

University of Kragujevac, Faculty of Science, Kragujevac, Serbia,
marina.svicevic@pmf.kg.ac.rs, aleksandar.milenkovic@pmf.kg.ac.rs,
nemanja.vucicevic@pmf.kg.ac.rs, djordjestankovic87@gmail.com

This paper presents the web platform Beyond Right and Wrong,
developed with the aim of supporting mathematics teaching and learning
through the analysis of offered problem solutions. The platform is based on an
approach according to which students are not only required to recognize the
correct solution, but also to identify, analyze, and evaluate errors in incorrect
procedures, which corresponds to higher cognitive levels of learning in Bloom’s
taxonomy. In this way, students develop critical thinking, the ability to analyze
errors, and a deeper understanding of mathematical concepts.

The platform is intended for primary and secondary school students and
includes functionalities designed for both teachers and students. Teachers can
create instructional topics, enter tasks with multiple offered solutions, mark the
correct solution, define the types of errors in incorrect solutions, and create
exercises that are assigned to groups of students. Students analyze the offered
solutions, choose the correct solution, and determine the types of errors in the
remaining answers, while the scoring process evaluates both the correctly
identified correct solution and the accurately recognized error types. After
completing the exercise, the student receives points and feedback that include
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the correct solution, explanations, and insight into the correctness of the selected
error types, as well as the possibility of tracking personal progress.

The particular value of the platform lies in shifting the focus of learning
from the result itself to understanding and analyzing the procedure and the
nature of the errors made. Owing to its functionalities, the platform represents
a useful digital tool for formative assessment, the individualization of teaching,
and the improvement of the quality of mathematics education.

Key words: mathematics education, web platform, error analysis, critical thinking,
Bloom’s taxonomy
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IIPUIMEHA AJIATA BEIITAYKE MHTEJIUTEHIIUNJE Y
PA3BOJY AJITOPUTAMCKOI MULIIVbEW A KO/, IEILE
IIPEAIITKOJICKOTI Y3PACTA - IIPKA3 1 AHAJIN3A

ITPUMEPA M3 IIPAKCE

Hpaeuya Cmanxobuh!, CaaBuya Ipaxobuh Ilepowebuh?

1 YauBep3uTeT beorpany, beorpazcka akameMmja IIOCTIOBHUX VI YMETHITIKMIX
CTPYKOBHUX cTyamja , beorpam, Cpbuja, 2 ITY ,,Pagynosuh M23”, Hauak, CpOugja,
dragica.stankovic90@gmail.com, slavicadrazovicperosevic@gmail.com

CaBpeMeHO IIpeAIIKOJICKO obOpasoBame KapakTepuiile cBe Behe
VIHTerpalyje AUIrMTaJIHUX TeXHOJIOIVja M ajlaTa BelllTaukKe MHTelaureHuyje. Y
TOM KOHTEKCTY, Pa3Boj aJIrOPUTaMCKOT MUIIUbeba ITperio3Haje ce Kao KJby4uHa
KomIleTeHITja 21. Beka, Koja HojpasyMmeBa pelllaBame ITpoOiema ITyTeM
youaBama oOpasalla, CeKBeHIIMparba U IUIaHUpama Kopaka. OBaj pafn
aHaJIM3Mpa IpUMeHY BelllTauke MHTeJIUTeHIIMje M eyKaTuBHe poOOTHKe y
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PasBoOjy aJIrOpUTaMCKOr MUIIUbeH-a KOJII Jielle IIPeJIIIKOJICKOr y3pacTa, Kpo3
IIprMepe Jo0pe Impakce.

IIpukasane cy paguoHuiie y BpTUNKOM OKpYXXekYy, OpraHn3oBaHe Kao
IIOBe3aHe aKTMBHOCTI: YIIO3HaBae Ca TabJIeTVMa U HVIXOBOM elyKaTUBHOM
ymorpeboM, Kopumherse jenHocTaBHMX AVl asaTa pagy pasBoja OUTMTaTHVX
KOMIIETeHIIja, 3aJamy ca abaKycoM 3a jadarbe JIOTMYKOT ¥ aJIfOPUTaMCKOT
MUIIUBbEFba, Te IporpaMmuparse pobora bee-BoT kpo3 wurpy m pemaBarse
mpo0sieMa.

INopgany cy HpUKYIUBeHM IIOCMaTparbeM, peayin3alifjoM M aHaJIM30M
fedjux aKTMBHOCTU. Pe3ynTaTy IOKasyjy BUCOK HMBO aHTaXoBaiba jelle U
MO3UTMBAH yTUIlAj WMHTErpMCAaHOI IIPUCTyIla Ha pa3Boj aJroOpUTaMCKOT
MUIIUBbEHa, JIOTMYKOI 3aK/by4dMBarma ¥ capagHWUUKOr yuema. VIHTerpaiiuja
CaBpeMeHMX TeXHOJIOTHja ca UI'PoM IToBehaBa MOTMBAIVjy ¥ aKTMBHOCT Jelle.
Mako je cTpaxuBarbe CIIPOBeleHO Ha MalbeM Y30pKy, IIpeficTaB/ba OCHOBY 3a
Jajbe WCTpaXuBare ¥ YHallpebere Ipakce y paHOM ¥ IIPEIIIKOJICKOM
oOpasoBamy.

Kipyune peun: npeduikoacko obpasobatrse, Bewimanka unmeau2eHyuja, a120pumamcko
Muuserve, edykamubua pobomuxa, bee-bom, ueumanre komnemenyuje, uepa

APPLICATION OF ARTIFICIAL INTELLIGENCE TOOLS
IN THE DEVELOPMENT OF ALGORITHMIC THINKING
IN PRESCHOOL CHILDREN - PRESENTATION AND
ANALYSIS OF PRACTICAL EXAMPLES

Dragica Stankovic?, Slavica DraZovi¢ Perosevic?

1University of Belgrade, Belgrade Academy of Business and Arts Applied Studies,
Belgrade, Serbia, 2 Preschool Institution “Radulovi¢ M23”, Cacak, Serbia, dragica.sta-
nkovic90@gmail.com, slavicadrazovicperosevic@gmail.com

Contemporary preschool education is increasingly characterized by the
integration of digital technologies and artificial intelligence tools. In this context,
the development of algorithmic thinking is recognized as a key 21st-century
competence, encompassing problem-solving through pattern recognition,
sequencing, and step-by-step planning. This paper analyzes the application of
artificial intelligence and educational robotics in fostering algorithmic thinking
among preschool children through examples of good practice.

The paper presents workshops conducted in a preschool setting,
organized as a series of interconnected activities: introducing children to tablets
and their educational use, applying simple Al tools to develop digital
competencies, engaging in abacus-based tasks to strengthen logical and
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algorithmic thinking, and programming the Bee-Bot robot through play and
problem-solving activities.

Data were collected through observation, implementation, and analysis
of children's activities. The results indicate a high level of children's engagement
and a positive impact of the integrated approach on the development of
algorithmic thinking, logical reasoning, and collaborative learning. The
integration of modern technologies with play increases children's motivation
and active participation. Although the research was conducted on a small
sample, it provides a basis for further research and the improvement of practices
in early and preschool education.

Keywords: preschool education, artificial intelligence, algorithmic thinking,
educational robotics, Bee-Bot, digital competencies, play
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SYNTAXO: MHTEPAKTMBHO VI UTPAMA
IIOJICTAKHYTO VUEILE CUHTAKCE ITPOTPAMCKMX
JE3UKA

Vpow Tamomup, Tamjana CmojaroBuli

Yuusepsuret y Kparyjesity, ITpuponHo-matemaTtiuku dakysrer, Kparyjesati,
Cpbuja, iturostatomir@gmail.com, tatjana.stojanovic@pmf.kg.ac.rs

MortuBalja 3a pasBoj arvIMKallyje IIPOWCTHMYe M3 IIOTpebe ga ce
YYeHUIVIMa ¥ IIOYeTHUIIIMA Y IPOrpaMiuparsy OJIaKilla caBjlafaBarbe CUHTaKCe
PasIMUUTIIX MPOrpPaMcKMX je3uKa. TpaaniroHaHy IIPUCTYII YeCcTO I0BOfIe
[0 OeMOTUBallyje, jep y4ere HOBOT je3VKa 3axXTeBa MICTOBpeMEeHO pa3yMeBarbe
KOHIlernata u cuHTakce. VHcrmpucanm wmoperiom Duolingo, mpemyioxeHna
arIMKamyja omMoryhasa IIOCTelleHO ycBajarbe CHHTaKce Kpo3 Iopeberse
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ImpuMepa y je3suKy Koju KOpUCHWMK Beh IO3Haje wim y IICeydOKOmy, ca
IIpUIMepUMa Yy je3VKY KOjVi XKeJIV Ja Haydmu.

PesynraTit koju ce OueKkyjy oOf, OBakBOI IIpUCTyIla jecy ImosBehana
MOTHMBaIIVja, aKTMBHUje ydemrhe y IIpollecy yuera M OpXke ycBajarse HOBWX
IpOrpaMcKMX jesuMka. 3ajaiy Kao INTO Cy IIpOHaJaXkeme Tpellaka,
JOIyHbaBarbe CUMHTaKce U Ipesoberse JIMHMja Kofa W3 je[HOr je3uKa y Apyru
UlHe yuerbe MHTepPaKTVUBHUM VM OIVHAMWYHUM, JOK urpuduKamnyja copedasa
MOHOTOHW]Y VI HOACTVYE KOHTVHYUPAaHO HAIIpeOBabe.

OuekuBarba Cy [a amMKanyja JONpUHece HacTaBy IIporpamuparba
Kpo3 (pJIeKCMOWITHO V1 IIepCOHAasIN30BaHo yuere, Kao 1 J1a oMoryhm ygeHuimma
Ja PpasBujy BeIUTVHE HEOIXOOHe 3a paj, y MYyJITUje3MYKOM OKpPYXerby.
VImruiukaniyje ce offHoce Ha yHaripebere HacTaBHMX Iporpama U Kpeuparbe
ajlaTa KOjyi MHTerpuily urpudukaimjy Kao MeToy, 3a eprkacHuje yJerse.

Kipyune peun: npoepamuparee, cunmarca, uepupuxayuja, aniukayuja, nceyooxoo

SYNTAXO: INTERACTIVE AND GAME-BASED
LEARNING OF PROGRAMMING LANGUAGE SYNTAX

Uros Tatomir, Tatjana Stojanovic

University of Kragujevac, Faculty of Science, Kragujevac, Serbia
iturostatomir@gmail.com, tatjana.stojanovic@pmf.kg.ac.rs

The motivation for developing the application stems from the need to
help students and novice programmers more easily master the syntax of various
programming languages. Traditional approaches often lead to demotivation, as
learning a new language requires understanding both concepts and syntax
simultaneously. Inspired by the Duolingo model, the proposed application
supports the gradual learning of syntax by comparing examples in a language
the user already knows or in pseudocode, with examples in the language they
wish to learn.

The expected outcomes of this approach include increased motivation,
more active participation in the learning process, and faster acquisition of new
programming languages. Tasks such as finding errors, filling in missing parts
of code, and translating lines of code from one language to another make
learning interactive and dynamic, while gamification helps avoid monotony
and encourages continuous progress.

It is expected that the application will contribute to programming
education through flexible and personalized learning, and that it will enable
students to develop the skills necessary for working in a multilingual
environment. The implications include curriculum improvement and the
creation of tools that integrate gamification as a method for more effective
learning.
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BU3YAJIIM3SALINJA AIICTPAKTHOI KPO3 ETHO
MOTWUBE

Hanuya Ymjewunobuhil, Jacmuna Aauirobuh?

1OHI ,dymran Bykacosuh [duoren”, beumen, Cpbuja,
20l ,Matwmja I'y6err”, YemmHar, XpBatcka,
danautj@gmail.com, jasminaalilovicb@gmail.com

OBgaj paj UcTpaXyje MHTerpaliyjy TpaauloHa/IHe KyJITypHe OarTiHe
U caBpeMeHMX MeTOAMYKMX MPUCTyIla Y HacTaBM MaTeMaTuKe, ca IToceOHVM
doxycoMm Ha CKyCTBeHO yuere Y OCHOBHO] Iikoyin. ITosazehnt op mocraske 1a
Cy eTHO-MOTVBM KOHKpeTu3alyja allcTpakKTHUX Meja, pafl IIpuKasyje Kako ce
apTedakTyi MOITyT GapaH-CKOT IIIOKaUKOI' OpMapa ¥ py4YHUX pajoBa (XeKjIame,
TKambe, Be3) TpaHcpopMuIlly y MohHe eflyKaTUBHe MojieJle.

Y npsoMm miaHy je InpakTHM4Ha IIpMMeHa Kpo3 JBa KJby4YHa CerMeHTa.
ITpBu oByxBaTa McTpaXxuBame cTapor baparmCcKOr opMapa, Ife Y4eHUII Kpo3
Mepeme, M3pady AUruTaHOr Mopena y codtsepy I'eol'ebpa m Kpempame
MakKeTa, CaBjlajjaBajy KOHIIeIITe ITOBPIIVHEe U 3aIllpeMuHe. Ipyri cerMeHT ce
doxycnpa Ha xekame, TKambe 1 Be3 Kao ajlaTe 3a MCTpaXuBarbe TreoMeTpuje
paBHU - cMeTpuje, yIJIoBa 1 nospiHe dpurypa. Opjie ce MaHye/IHe TeXHUKe
IIOCTaBJ/bajy KaO MOAEeIM 3a pasyMeBame aJIfOPUTAMCKMX Kopaka U
reOMeTPUjCKMX HU30Ba.

IToceban mompuHOC pajia je yKasuBarbe Ha pa3Boj MEKIX BEIIITIHA Kpo3
OBaj IIpolec. YueHUIM Kpo3 MHTepAVCHUIUIMHAPHW paf], pasBujajy KPUTUYKO
MUIUBbEHe, IPelN3HOCT, CTPIUbee W OUIUTaJHY IIMCMEHOCT, [IOK
VICTOBPEMEHO jadajy KyJITYPHY CBECT M eCTeTCKe BPeIHOCTM.

Y saBpmmOM [eiy, pasmaTpa ce BepTMKaJHa ITPOXOJHOCT OBMX
aKTMBHOCTM Ka Cpe/b0j IIIKOJIVM, KPO3 MCTpaXuBame dpakTajiHe reoMeTpuje,
TPUTOHOMeTpMje W PpasJIMuUTUX KpUBUX JIMHMja KOje je Hajjlakiie
MaTepujaJ30BaTH yIIpaBO TeXHMKOM xeKIama. OBakaB IIPUCTYI He caMo J1a
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oJlaklllaBa ycBajam-e rpaavsa, Beh 1 pesutanmsyje 3a00papjbeHe BeITIHe Kpo3
IIpU3My caBpeMeHe HaykKe, IIpuIipeMajyhy ydeHmKe 3a KOMIUIeKCHe m3asose 21.
BeKa.

Kibyune peun: matematika, kulturna bastina, etno motiv, algoritam

VISUALIZATION OF THE ABSTRACT THROUGH
ETHNOMOTIFS

Danica Utjesinovic!, Jasmina Alilovic?
1Primary School "Dusan Vukasovi¢ Diogen", Be¢men, Serbia,

2Primary School "Matija Gubec", Ceminac, Croatia,
danautj@gmail.com, jasminaalilovico@gmail.com

This paper explores the integration of traditional cultural heritage and
contemporary methodological approaches in mathematics teaching, with a
special focus on experiential learning in primary school. Starting from the
premise that ethno-motifs are the concretization of abstract ideas, the paper
shows how artifacts such as the Baranja Sokac wardrobe and handicrafts
(crocheting, weaving, embroidery) are transformed into powerful educational
models.

The focus is on practical application through two key segments. The first
includes the research of an old Baranja wardrobe, where students master the
concepts of surface area and volume through measurement, creation of a digital
model in GeoGebra software and creation of a model. The second segment
focuses on crochet, weaving and embroidery as tools for exploring plane
geometry - symmetry, angles and surface area of figures. Here, manual
techniques are set as models for understanding algorithmic steps and geometric
sequences.

A special contribution of the work is the indication of the development
of soft skills through this process. Through interdisciplinary work, students
develop critical thinking, precision, patience and digital literacy, while at the
same time strengthening cultural awareness and aesthetic values.

In the final part, the vertical permeability of these activities towards high
school is discussed, through the research of fractal geometry, trigonometry and
various curved lines that are easiest to materialize precisely through the crochet
technique. Not only does this approach facilitate the acquisition of material, it
also revitalizes forgotten skills through the prism of modern science, preparing
students for the complex challenges of the 21st century.

Key words: mathematics, cultural heritage, ethno motif, algorithm
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