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KOSOCTVEREC V PREDSTAVACH STUDENTU UCITELSTVI PRO
1. ST. ZS

Rendta ZEMANOVA
Ostravska univerzita, Pedagogicka fakulta (Ceska republika)
renata.zemanova@osu.cz

Abstrakt

V &lanku analyzujeme piedstavy budoucich uditeld 1. st. ZS o kosodtverci, a to
prostiednictvim feSeni konstrukéni ulohy uréené zaktim 3.—5. roéniku ZS. Gradovana tloha
ve dvou obtiznostnich variantach zadava dva nesousedni vrcholy kosoctverce uzitim
zjednoduseného zapisu kartézskych soutfadnic a pozaduje takto zadany kosocltverec
sestrojit. Pfed zadanim testu studentim jsme popsali grada¢ni parametry Ulohy, mozné
strategie feSeni a predikovali strategie, které studenti pouziji. Studentskd feSeni
analyzujeme s ohledem na volbu obtiznostni varianty, po€et nalezenych feSeni, spravnost
feSeni a strategie feSeni. Zvlastni pozornost vénujeme tvartim, které studenti povazuji za
kosoctverec — vyskytuje se zde kromé kosoctverce Ctverec, obdélnik a kosodélnik. Cilem
studie je poukézat na klicové miskoncepce, které studenti i po absolvovani zékladniho kurzu
planimetrie stale maji.

Klic¢ova slova: 1. st. ZS, geometrie, kosoctverec, geometrické konstrukce, ¢tvercova mftiz,
kartézska soustava soutadnic, gradovana tloha

RHOMBUS IN IMAGES OF STUDENT TEACHERS FOR 15T GRADE OF
ELEMENTARY SCHOOLS

Abstract

In the article, we analyze the ideas of the future 1" of grade elementary school teachers
about a rhombus, through the solution of a construction problem intended for students in
grades 3-5 of elementary school. The graded problem in two difficulty variants specifies
two non-adjacent vertices of a rhombus using simplified notation of Cartesian coordinates
and requires the construction of the rhombus thus specified. Before assigning the test to the
students, we described the gradation parameters of the problem, possible solution strategies,
and predicted the strategies that the students would use. We analyze the students' solutions
with respect to the choice of difficulty variant, the number of solutions found, the
correctness of the solution, and the solution strategy. We pay special attention to the shapes
that the students consider to be a rhombus - in addition to the rhombus, there are also
squares, rectangles, and rhombuses. The aim of the study is to point out key misconceptions
that students still have even after completing a basic course in planimetry.

Keywords: 1% grade of elementary school, geometry, thombus, geometric constructions,
square lattice, Cartesian system, graded problem
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1. Uvod

Budouci ucitelé oboru Ucitelstvi pro 1. st. na Pedagogické fakulté¢ Ostravské univerzity
studuji geometrii ve dvou semestrech 2. ro¢niku, ve 4. ro¢niku pak navazuji jednim semestrem
didaktiky geometrie. Vstupni znalosti a dovednosti studentti se v této oblasti velmi lisi, zejména
v zavislosti na typu absolvované stiedni Skoly (Zemanova, 2024) a dobé¢, ktera od ukonceni
studia stfedni Skoly ubéhla. V pfedmétu geometrie se jak teoreticky, tak prakticky veénuji
kompletnimu geometrickému obsahu v souladu s vystupem danym RVP ZV po 5. rocniku,
vcetné piesahll na vyssi stupeil. Soucasti obsahu zimniho semestru 2. ro¢niku je planimetrie,
tedy i ujasnéni ¢i doplnéni mentalniho schématu n-thelniki v posloupnosti n-uhelnik —
konvexni n-thelnik — ¢tyfuhelnik — rovnobéznik — kosoctverec, a to véetné vlastnosti téchto
utvard. Soucasné¢ mame zkusenost, Ze nejen zéci, studenti, ale i mnoho ostatnich dospélych ma
o kosoctverci chybnou nebo nedostatecnou piedstavu. Mnohdy si predstavuji kosoctverec jako
»pootoceny* ¢tverec, setkali jsme se dokonce se souhlasnym tvrzenim celé skupiny ucastnika
seminafe pro ucitele matetskych skol, kdyz jsme model kosoctverce pied nimi otaceli, ze ,,ted’
je to Ctverec a ted je to kosoctverec™. Jsme si védomi uskali rovinné geometrie, jejiz pojmy
neni mozné v redlném prostoru modelovat. Nicméné se mizeme alespont pokusit didakticky
daslednymi postupy zabranit nejcastéjSim miskoncepcim. Spravny a zdivodnény postup
budovani mentalniho schématu kosodélniku, resp. vSech rovnobé&znik, je jednou moznosti.

Tym autord v publikaci Kriticka mista matematiky zékladni skoly (Vondrova, N. a kol.,
2015) vymezuje kritickd mista jako ,,0blasti, v nichz Zaci casto a opakované selhavaji, jinak
Feceno, které nezvladnou na takové urovni, aby se jejich matematicka gramotnost produktivné
rozvijela a také aby mohla byt tvorivé uzivana v kazdodennim Zivoté“ (Vondrova, N. a kol.,
2015, s. 5). Vyzkumem ovéfili, ze jednim z takovych kritickych mist jsou konstrukéni tlohy.
Nezabyvaji se sice konkrétné konstrukci kosoctverce, nicméné identifikuji ptic¢iny zakovskych
probléma behem feSeni ulohy, z nichz nékteré souvisely i s feSitelskymi strategiemi naSich
studentll, napt. ,,Zdk neumi pracovat s nekonkrétnim rozmérem, nechdpe, co u konstrukcni
ulohy znamend slovo libovolny ¢i obecny™ (Vondrova, N. a kol., 2015, s. 24), ,.Zdk je v zajeti
prototypii geometrickych objektii, diky cemuz je v reseni uilohy neuspésny** (Vondrova, N. akol.,
2015, s. 25).

2. Metodologie

Vyuzili jsme gradovanou ulohu z Baterie gradovanych uloh (Kralové, M. a kol., 2023, str.
138), autory ur¢enou pro 3.-5. ro¢nik ZS:

Narysujte kosoctverec ABCD, kdyz je dana jeho uhlopricka AC
e varianta a (lehci) — A (0, 2)), C (0, 21),
e varianta b (obtiznejsi) — A (2«<—, 11), C(2—, 1))

Tuto tlohu jsme zadali studentim 2. ro¢niku oboru Ugitelstvi pro 1. st. ZS jako souéast
zaverecného testu v predmétu Geometrie. Studenti feSili tlohu 15.1.2025, celkem 25 studentt.
Volili pravé jednu ze dvou nabizenych variant, pficemz varianta a) byla hodnocena 3 body,
varianta b) byla hodnocena 5 body. Zvolenou troveit méli do prace vyznacit. Mohli pracovat
s pravouhlym trojuhelnikem s ryskou, kruzitkem, psacimi potiebami a méli k dispozici
¢tvercovou miiz.

Ob¢ varianty ulohy zadavaji kosoctverec miiZovou uhlopfickou (krajni body lezi
v prusecicich ptfimek ctvercové miize), jejiz stied lezi v pocatku soustavy. Gradacnim
parametrem je uhel, ktery svira Ghlopticka s osami soustavy. Uhlopiicka koso&tverce varianty
a) lezi v oséach, uhlopticka kosoctverce varianty b) svird s osami jiny thel nez 90°, resp. 0.

Ob¢ varianty ulohy maji nekonecné mnoho feSeni. Vrcholy B a D se posouvaji po
uhlopficee, kterd je kolma k uhlopticce AC (respektive lezi na ose usecky 4C). Kazda dvojice
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bodl B a D je osoveé soumérna podle primky, v niz lezi hlopticka AC, resp. sttedoveé soumérna
podle stiedu thlopticky AC. Resenim varianty a) je kosoétverec ABCD, kde B (0, y), D (0, —y),
feSenim varianty b) je kosoc¢tverec ABCD, kde B (—x, —2x), D (x, 2x), pro x, y € Z, pokud ma
byt vysledny kosoc¢tverec miizovy, nebo pro x, y € R, pokud tato podminka splnéna byt nemusi.
Obrazky 1, 2.
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P
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: :n ~ i“ “L‘h’\ “\ | /\‘
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Obrazek 2. Reseni ulohy, varianta b)

Ptedpokladali jsme, Ze studenti pouziji n€kterou ze tii fesitelskych strategii:

e zkusmo* s naslednou kontrolou, zda se jedna o kosoc¢tverec, zna¢ime strategie A,

e s vyuzitim znalosti, ze thlopticky kosoctverce se pili, jsou kolmé a nejsou shodné
vést sttedem usecky AC kolmici, vyloucit na ni vrcholy ¢tverce (thlopticky shodné)
a vSechny dvojice navzajem stiedové soumérnych boda se stiedem soumérnosti
v bodé€ O jsou hledané vrcholy B, D kosoctverce ABCD, znacime strategie B,

e svyuzitim znalosti, Ze hledané vrcholy B, D jsou vrcholy navzijem shodnych
rovnoramennych trojuhelniki ACD, ACB sestrojit pruniky kruznic se stfedy
v bodech 4, C a shodnymi poloméry vétsimi nez polovina Usecky AC, vyloucit
z nich vrcholy ¢tverce (thly ADC, ABC jsou pravé) a vSechny ostatni priniky jsou
hledané vrcholy B, D kosoctverce ABCD, znafime strategie C.
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Analyzu feSeni jednotlivych respondentt (studenti a zakt) budeme provadét s ohledem na
nasledujici jevy:
e fesSena obtiznost (a / b),
e pocet spravnych fesenti,
e strategie feSeni (A / B/ C).

3. Analyza vysledku

vvvvvv

zbyvajicich 24 studentli. VSechna spravna feseni nenasel zadny student, n¢kolik spravnych
feSeni naSel jeden student (01) a pravé jedno spravné feseni naslo 16 studentd (02—17). Student
01, ktery jako jediny naSel vice spravnych feseni, popisuje ,,Kosoctverec Ize sestrojit z nékolika
bodu, krome bodii G, H, protoze to by vznikl ¢tverec.* Jeho konstrukci uvadime na obrazku 3,
pro analyzu pocitame Ctyti feSeni, jak vyznacil body na poloptimce GB. Zbyvajicich 8 studenta
(18-25) uvedlo chybna feseni, vzdy pravé jedno, a to kosodélnik, ¢tverec nebo obdélnik.
Vsechny kosodélniky, které byly feSenim Ctyt studentli 18-21 vypadaly stejné, viz obrazek 5
(ilustruje i bezradnost studenta pii feseni ilohy). Oba ¢tverce, které byly feSenim dvou studentti
22 a 25, vypadaly stejné, viz obrazky 4, 7. Obdélnik, ktery byl feSenim jednoho studenta 24,
uvadime na obrazku 6.

Wpiesia1) ¢ (2 49)
Nirwds LYY e )
3655 741, 0(652,17)

Bir ), 0 (45 731) . o J bl il snech

j
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Obrazek 3. Spravné feSeni, student 01 ———

=

Obrazek 4. Chybné feseni — Ctverec, student 22 Obrazek 5. Chybné feseni — kosodélnik, student 20

10
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Obrazek 6. Chybné feseni — obdélnik, student 24 Obrézek 7. Chybné feseni — obdélnik, student 25

Ve strategiich feSeni tlohy identifikujeme vSechny predpokladané zptsoby feseni (A,
B, C). Zptusob A byl nejobtiznéji identifikovatelny, nicméné je pravdépodobny ve dvou
chybnych feSenich (24 — obr. 4, 25 — obr. 7). Zpiisob B pouZilo nebo se snazilo pouzit 14
studentti (spravné 9 studentti 03—11, chybné 5 studentt 18, 19, 21-23, chyba byla dana omylem
ve vlastnostech uhlopfticek), zptisob C pouzilo 8 studentt (01, 02, 12—17). Identifikaci jsme
provedli pozorovanim pouzité konstrukce, obzvlasté jsme si v§imali vyuziti kruznic, které bylo
v testech snadno rozpoznatelné. Skupina studentll, ktera tuto strategii pouZzivala, navic nasla ve
veétsing piipadli nemiizové feseni ulohy, tedy vrcholy B, D nebyly v miizovych bodech. Pouze
2 studenti (14, 15) z této skupiny volili mfiZové vrcholy B, D. Strategii studenta 20, obr. 5, jsme
nedokazali identifikovat.

V tabulce 1 uvadime vSechny vysledky piehledné. Ve sloupcich postupné identifikaci
studenta (01-25), obtiznost (varianta a, b), pocet feseni, spravnost feseni (ano, ne), strategie
feseni (A, B, C, ? — neidentifikovano).

Tabulka 1. Analyza vysledkt

student | obtiZnost | pocet feseni | spravnost feSeni | vysledny tvar | strategie fesSeni
01 b 4 ano kosocltverec C
02 b 1 ano kosocCtverec C
03 b 1 ano kosocltverec B
04 b 1 ano kosocCtverec B
05 b 1 ano kosocltverec B
06 b 1 ano kosocCtverec B
07 b 1 ano kosocCtverec B
08 b 1 ano kosocltverec B
09 b 1 ano kosocCtverec B
10 b 1 ano kosocltverec B
11 b 1 ano kosocltverec B
12 b 1 ano kosocCtverec C
13 b 1 ano kosoctverec C
14 b 1 ano kosocltverec C
15 b 1 ano kosoctverec C
16 b 1 ano kosocltverec C
17 b 1 ano kosocCtverec C
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18 b 1 ne kosodélnik B
19 b 1 ne kosodélnik B
20 b 1 ne kosodélnik ?
21 b 1 ne kosodélnik B
22 b 1 ne Ctverec B
23 b 1 ne kosodélnik B
24 a 1 ne obdélnik A
25 b 1 ne Ctverec A
4. Zavér

Studenti, ktefi nenalezli zadné spravné feseni, pouzivali bud’ metodu ,,zkusmo* nebo se
snazili vyuzit vlastnosti thlopficek kosoctverce, které neznali spravné. Za kosoctverec
povazovali kosodélnik, ptip. ¢tverec nebo obdélnik v nevodorovné poloze. Pfedpokladame,
ze vlastnosti kosoctverce (vSechny strany shodné, zadny vnitini thel pravy) neovéfovali. Zde
spatifujeme moznost napravy v dusledné praci s rovnobézniky v nevodorovnych polohéch,
zobecnovani vlastnosti rovnobéznikli véetné vlastnosti jejich uhlopticek a dliiraz na ovérovani
vysledki — zkousku, kterd ma v geometrickych tlohach jiny charakter nez v aritmetickych.

Ukazujeme, ze studenti nejsou zdatni v diskuzich geometrickych feSeni, spokoji se
s jedinym nalezenym feSenim. To by bylo mozné tolerovat u zaki 1. stupné, nikoli vSak jejich
budoucich uciteli. Moznost napravy vidime ve vétSim zastoupeni (jakychkoli, nejen
geometrickych) tiloh v uéebnich materialech od 1. st. ZS, které nemaji zadné nebo naopak
vice feSeni, pozdé€ji nekonecné¢ mnoho feSeni a v nasledné diskuzi feSeni. Vyzvy pro zaky /
studenty a souvisejici argumentace by méla byt rozvijena od pocatku jejich vzdélavaciho
procesu tak, aby se pozdéji naucili feSeni zobecnit pomoci formalniho jazyka a dobie mu
porozumét.

Oba zavéry koresponduji se zjisténimi a doporuc¢enimi tymu autori (Vondrova a kol.,
2015), aby ucitele (1) ,,predchadzeli tendencim Zakii upinat se na prototypy a nabizeli jim
utvary v riznych polohach, s riznymi rozmeéry, riizné znacené tak dlouho, dokud nepochopi,
které vlastnosti utvaru jsou nutné a které jsou nadbytecné* (Vondrova a kol., 2015, s. 26), (2)
kladli explicitni diraz na odliSnost geometrickych objektti jako obecnych (abstraktnich)
pojmi a jejich reprezentaci obrazky. Zatimco v aritmetice ,,jakékoli ¢islo* 1ze zapsat obecné
pomoci pismene a nasledné s nim takto pracovat, v geometrii ,,jakykoli objekt* nakreslit
obecné nelze, vZzdy pouzijeme jen reprezentanta.

Vysledky Setfeni vyuzijeme ve vyuce vysokoskolskych predméti Didaktika geometrie
a Pribézna profesni praxe z matematiky, jez jsou povinnou soucasti studijniho planu oboru
Ugitelstvi pro 1. st. ZS. Také s nimi budeme pracovat v dal§im vzdélavani uéitelt 1. st. ZS,
zejména provazejicich ucliteld, jejichZz pribézné studium zabezpecujeme. Nicméné tyto
vysledky mohou byt dobrym vychodiskem jakéhokoliv vzdélavani budoucich 1 soucasnych
uciteld a dal$iho vyzkumu.
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Abstrakt

Ryze klokani tlohou rozumime takovou tlohu ze soutéze Matematicky klokan, ktera ve
svém zadani obsahuje motiv klokana.

Bude nés zajimat vyskyt ryze klokanich tloh jak s ohledem na jednotlivé kategorie soutéze
(Cvrcek, Klokanek, Benjamin, Kadet, Junior a Student), tak i na jejich bodové ohodnoceni
(trojbodové, ctytbodové a pétibodove).

V ptispévku ukdzeme piiklady ryze klokanich uloh z nejmladsich kategorii (Cvréek
a Klokanek).

Klic¢ova slova: souté¢Z Matematicky klokan, Cvréek, Klokanek, ryze klokani Glohy.

AUTHENTIC KANGAROO PROBLEMS

Abstract

We define authentic kangaroo problems as problems from the Mathematical Kangaroo
competition that explicitly feature a kangaroo motif in their wording.

We will be interested in the occurrence of authentic kangaroo problems both about the
individual categories of the competition (Pre-Ecolier, Ecolier, Benajmin, Cadet, Junior, and
Student) and their point evaluation (three-point, four-point, and five-point).

The paper presents examples of such problems from the youngest categories (Pre-Ecolier
and Ecolier).

Keywords: Mathematical Kangaroo competition, Pre-Ecolier, Ecolier, authentic kangaroo
problems.

1. Uvod

Matematicky klokan je mezinarodni matematickd soutéz, které se ti€astni velké mnoZstvi
zakl zakladnich a stfednich skol, naptiklad v roce 2025 jich bylo 420 653 (Matematicky klokan,
2025). Pocet soutéZicich koresponduje s jednim ze dvou hlavnich cilii soutéZe (Molnar, 2019),
kterym je popularizace matematiky. Dlvody, pro¢ je soutéZ tak oblibena, byly jiz nékolikrat
popsany, viz napiiklad (Novéak et al., 2005), (Molnar, 2019) nebo (Vanék et al., 2018).
Ptipomenime, Ze i slabsi Z4ci pfi této soutéZi zazivaji radost ze spravné vyfeSeného piikladu, at’
uz se k nému doberou spravnou uvahou, vypoctem nebo odhadem, ktera z péti nabizenych
moznosti by mohla byt feSenim.

Pro ulohy ptedkladané soutézicim se vzil ndzev ,klokanské* (Novak et al., 2005). Jak
uvadéji autofi Clanku (Vanék et al., 2018, s. 340), ,klokanské tlohy by mély spliiovat
nasledujici podminky:
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e jsou pifimétené veéku fesitel,

e museji zaujmout, byt motivujici,

e nejednd se o typicky Skolské ulohy,

e pro jejich feSeni neni potfeba znalosti slozit¢tho matematického aparatu, staci
Skolské znalosti a dobry napad, tzn. existuje velmi kratké a elegantni feSeni,

e najejich vyfeseni postaci nejvyse 5 minut, tiibodové je mozné vétsSinou fesit tzv.
,,Z hlavy*®,

e Ize je formulovat jako tlohu s vybérem odpovédi,

e zadani musi byt jednoznaéné a co nejkratsi.*

Druhou podminku, tedy aby uloha zaujala, 1ze jist¢ naplnit riznymi zptisoby. Jednim z nich
muze byt pritomnost klokana v textu ulohy. Na takové tlohy se v nasem ¢lanku zamétime
amimo jin¢ budeme sledovat jejich vyskyt v jednotlivych kategoriich soutéze Matematicky
klokan v CR.

Ryze klokani ulohou rozumime takovou ulohu ze soutéze Matematicky klokan, kterd ve

svém zadani obsahuje motiv klokana — at’ uz jako zvitete, slova, nebo soucasti ndzvu objektu
¢1 udalosti. Tento motiv mize byt vyjadien slovné nebo obrazové.

2. Statistiky

Budeme analyzovat viechny dosavadni roéniky soutdZe Matematicky klokan, které v Ceské
republice probéhly v letech 1995-2025. Ulohy z let 1995 az 1999 je mozné najit v publikacich
vydanych v roce 2000 nebo 2001 (Calébek et al., 2001; Emanovsky et al., 2001; Horensky et
al., 2001; Novak et al., 2000; Ruzickova et al., 2000). Ulohy z let 2000 az 2004 Ize najit
v (Calabek & Svréek, 2007; Hodatiova et al., 2007; Horensky et al., 2007; Novak & Kubatova,
2007; Uhlifova, 2007). Na oficialnim webu soutéze (Matematicky klokan, 2025) je pak mozné
dohledat soutézni tlohy z let 2004 az 2025.

V tabulce 1 je uvedeno, kolik uloh se teSilo v jednotlivych kategoriich a v jednotlivych
letech. Mlizeme si vSimnout, ze pocty uloh se postupné ménily a Zze od roku 2013 méame
soucasnou podobu, kdy v kategorii Cvrcek soutézici fesi 18 uloh a ve zbyvajicich kategoriich
24 uloh.

Tabulka 1. Pocty soutéznich tloh v jednotlivych letech

1995 1996 1997 | 1998-2001 | 2002-2004 | 2005-2012 | 2013-2025
Cvréek - - - - - 12 18
Klokanek 30 25 15 24 24 24 24
Benjamin 30 30 30 30 24 24 24
Kadet 30 30 30 30 24 24 24
Junior 30 30 30 30 24 24 24
Student 30 30 30 30 24 24 24

S vyjimkou kategorie Klokanek v letech 1996 a 2000 byla v kazdé kategorii soutéze
Matematicky klokan tfetina lloh ohodnocena 3 body, tfetina tloh 4 body a tfetina tiloh 5 body.
Ve zminovaném roce 1996 bylo v kategorii Klokdnek zaddano 10 trojbodovych uloh, 10
¢tytbodovych a 5 pétibodovych uloh, v roce 2000 pak 8 trojbodovych, 10 ¢tytbodovych a 6
petibodovych uloh.
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V tabulce 2 jsou uvedeny vsechny ryze klokani tlohy, pfi¢emz jsou rozdéleny podle toho,
v jaké kategorii se vyskytly a kolika body byly ohodnoceny. Naptiklad udaj 4 (2005) znamena,
ze se jedna o ulohu ¢islo 4 z roku 2005.
Tabulka 2. Ryze klokani ulohy

3 body

4 body

5 bodu

Cvrcek

4 (2005),
3(2019),
2 (2023),

3(2015),
3 (2020),
1(2025),

5(2018),
1(2021),
3 (2025)

7 (2006), 5 (2007),
6 (2009), 10 (2014),
11 (2016), 11 (2017),
11 (2021), 8(2022),
9 (2022)

15 (2015)

Klokanek

1(1996),
8 (2000),
4 (2005),
2 (2009),
1(2013),
2 (2017),
5(2022),

3(1998),
1(2002),
6 (2006),
1(2011),
8 (2015),
1(2018),
8 (2024),

1 (2000),
3 (2003),
3 (2007),
3 (2011),
3 (2016),
7 (2018),
7 (2025)

12 (1996), 14 (1996),
10 (1997), 15 (1999),
11 (2001), 14 (2002),
13 (2003), 15 (2014),
13 (2020), 10 (2022),
10 (2025)

29 (1995), 19 (1999),
20 (2003), 23 (2003),
19 (2005), 18 (2008),
19 (2014), 21 (2014),
22 (2020), 24 (2020),
17 (2023), 17 (2024)

Benjamin

26 (1995), 1(1996), 5 (1997),
1(1998), 2(1998), 1(2001),

3(2002),
4 (2007),
7 (2012),
7 (2019),

2 (2003),
1(2012),
1(2014),
8 (2024)

7 (2005),
2 (2012),
1(2015),

12 (1997), 13 (1998),
12 (1999), 17 (1999),
19 (2000), 14 (2007),
9 (2011), 15 (2012),
12 (2015), 16 (2015),
12 (2018)

24 (1996), 23 (2004),
23 (2005), 24 (2009),
22 (2015), 19 (2017)

Kadet

1(1995),
3(1997),
6 (1998),

10 (2000), 5 (2001),

1 (2005),
8 (2005),
2 (2010),
2 (2020),

4 (1995),
1(1998),
2 (1999),

5 (2005),
1 (2006),
3(2010),
3(2022)

1(1997),
2 (1998),
3 (1999),
4 (2002),
6 (2005),
5 (2006),
1(2014),

12 (1996), 14 (1999),
14 (2005), 12 (2006),
14 (2016), 14 (2019),
12 (2024)

22 (2001), 20 (2004),
22 (2005), 17 (2008),
21 (2010), 20 (2015),
17 (2017), 21 (2021),
24 (2022), 22 (2023)

Junior

2 (1995),
9 (1999),

5 (1995),
1 (2005),

7 (2007), 7 (2017),

1(1998),
2 (2005),
5(2019)

18 (1998), 12 (2006),
9 (2012), 10 (2019),
11 (2024)

17 (2007), 22 (2008),
23 (2009), 24 (2016)

Student

1(1995), 3 (2005),
8 (2019), 6 (2023)

12 (2009), 16 (2011),
16 (2012), 14 (2025)

18 (2014), 24 (2015),
21 (2021)

Ptedchozi informace miizeme déle zpracovat do tii nasledujicich tabulek. Tabulka 3
ukazuje pocty vSech dosavadnich soutéznich uloh a ryze klokanich uloh podle jednotlivych
kategorii. Tabulka 4 pak tyto pocty blize specifikuje s ohledem na bodové ohodnoceni tloh
a tabulka 5 podle roku vyskytu.

V tabulce 3 si miizeme vSimnout, Ze ryze klokani ulohy nejsou v jednotlivych kategoriich
zastoupeny rovnomérné (piislusnd p-hodnota chi-kvadrat testu dobré shody vychazi
0,0000075). Procentualné jsou ryze klokani ulohy zastoupeny nejvice v kategorii Cvréek
anejméné v kategorii Student. Nejvice ryze klokanich uloh soutéZici fteSili v kategorii

Klokanek.
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Jak je vidét v tabulce 4, mezi ryze klokanimi illohami jsou nejvice zastoupeny ulohy, které
jsou ohodnoceny 3 body a nejméné se vyskytuji pétibodové ulohy. V kategorii Student ma
rozdéleni uloh podle bodového ohodnoceni ze vSech kategorii nejblize k rovhomérnému.

Tabulka 3. Souhrnné pocty uloh v jednotlivych kategoriich

pocet vSech uloh pocet ryze klokanich uloh
Cvréek 330 19 (11,45 %)
Klokanek 742 44 (5,93 %)
Benjamin 786 34 (4,33 %)
Kadet 786 40 (5,09 %)
Junior 786 18 (2,29 %)
Student 786 11 (1,40 %)
Soucet 4216 166 (3,94 %)

Tabulka 4. Pocet ryze klokanich uloh podle bodového ohodnoceni

ulohy za 3 body ulohy za 4 body ulohy za 5 bod(
Cvrcek 9 9 1
Klokanek 21 11 12
Benjamin 17 11 6
Kadet 23 7 10
Junior 9 5 4
Student 4 4 3
Soucet 83 47 36

Tabulka 5. Pocet ryze klokanich uloh podle roku vyskytu

1995 7 2003 5 2011 4 2019 6
1996 6 2004 2 2012 6 2020 5
1997 5 2005 14 2013 1 2021 4
1998 9 2006 6 2014 7 2022 6
1999 8 2007 6 2015 9 2023 4
2000 4 2008 3 2016 4 2024 5
2001 4 2009 5 2017 5 2025 5
2002 4 2010 3 2018 4

Tabulka 2 udava, Ze v Sesti roc¢nicich jak kategorie Klokdnek, tak kategorie Kadet se
soutéZici s ryze klokani Gllohou setkali hned na zacatku soutéze, tj. v uloze 1.

Z tabulky 5 plyne, Ze ve vSech dosavadnich ro¢nicich soutéze Matematicky klokan se
vyskytla alespont jedna ryze klokani tloha. Nejvice jich bylo v roce 2005 a nejméné v roce
2013, kdy se jedina ryze klokani uloha objevila v kategorii Klokanek.
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3. ReSené piiklady

V této kapitole vyresime nékolik ryze klokanich tilloh pro kategorie 1. stupné¢ ohodnocenych
5 body. Jak vyplyvéa z tabulky 2, v kategorii Cvréek se soutézici dosud setkali s jedinou takovou
ulohou.

Priklad 1 (kategorie Cvréek, rok 2015, tloha 15). Klokan Jirka umi skékat vzdy jen na

sousedni policko a nesmi se vracet. Kolika riznymi cestami se mohl dostat ctyfmi skoky ze S
do C?

A)3 B) 4 Q)5 D)6 E)7

Reseni. Pro nazornost popiseme vSechna policka.

Budeme hledat v§echny moznosti. Klokan Jirka ma tfi moznosti, jak zahdjit svou cestu.
e Skocinapolicko A. Vzhledem k tomu, Ze se nesmi vracet, musi dale vstoupit na policko
B a pak jeho cesta bud’ pokracuje ptes policko D do C nebo ptes policko E do C.
e Skocina policko F. Vzhledem k tomu, Ze se nesmi vracet, musi dale vstoupit na policko
G a pak jeho cesta bud’ pokracuje ptes policko E do C nebo pies policko H do C.
e Skocina poli¢ko E. V dal§im skoku ma dvé moznosti: bud’ sko¢i na policko B a pak se
na policko C dostane pres policko D nebo skoci na poli¢ko G a poté se na policko C
dostane ptes policko H.
Postupné jsme ziskali 6 moZnosti, které miizeme schematicky zapsat: S-A-B-D-C, S-A-B-E-C,
S-F-G-E-C, S-F-G-H-C, S-E-B-D-C, S-E-G-H-C. Spravnou odpovédi je D).

Pétibodovych ryze klokanich tloh fesSili soutézici kategorie Klokdnek v historii soutéze
Matematicky klokan celkem 12, podivejme se na tfi z nich.

Priklad 2 (kategorie Klokanek, rok 2023, tloha 17). V tadé¢ stoji vedle sebe 6 jezur
a 2 klokani. Maji ptidélena ¢isla 1 az 8. Mezi libovolnymi tifemi vedle sebe stojicimi zvitaty je
vzdy pravé jeden klokan. Které ¢islo ma pridélené jeden z klokand?

COOOEEO®®

A1 B)2 0)3 D) 4 E)5
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Resent. Jelikoz mezi libovolnymi tiemi vedle sebe stojicimi zvifaty je vzdy pravé jeden
klokan, musi mit klokan ptidélené jedno z ¢isel 1, 2, 3 a také jedno z Cisel 6, 7, 8. Klokani jsou
pouze dva, tedy ¢isla 4 a 5 musi mit jezury. Vzhledem k tomu, ze mezi zvitaty s pridélenymi
Cisly 3, 4 a 5 musi byt klokan, ma jeden z klokanti pfidé€lené ¢islo 3. Obdobné, mezi zviraty
s pridélenymi Cisly 4, 5 a 6 musi byt klokan, tedy druhy klokan ma ptidélené ¢islo 6. Spravnou
odpovedi je C).

Priklad 3 (kategorie Klokanek, rok 2020, uloha 22). Olomouckého Béhu s klokanem se
zcastnilo nékolik tymul. Kazdy tym mél 5 nebo 6 bézci. Celkem se zavodu zucastnilo 43
zavodniki. Kolik tymu se do soutéze zapojilo?

A) 4 B) 6 Q)7 D)8 E)9

Reseni. Ulohu miizeme vyiesit rozborem, kolik Sesti¢lennych tymd je mozné ze 43
zavodnikd vytvofit tak, aby zbyvajici zadvodnici mohli vytvofit péticlenné tymy.

Jelikoz 43 — 0 - 6 neni d¢litelné 5, situace s zadnym vytvofenym Sesticlennym tymem by
zadani ulohy nevyhovovala. Stejné tak délitelné 5 nejsou vyrazy 43 —1-6 a 43 — 2 - 6, tedy
nemohl byt vytvoien jeden Sesti¢lenny tym a ani dva Sesticlenné tymy. OvSem 43 — 3 - 6 = 25,
coz je Cislo délitelné 5 beze zbytku. Ze 43 zadvodniki je tak mozné vytvofit 3 Sesti¢lenné tymy
a 5 péti¢lennych tym, coz je dohromady 8 tymii. Tato moZnost je i v nabidce odpovédi a jelikoz
vime, ze pravé jedna odpovéd’ je spravnd, mizeme feSeni Ulohy ukoncit a konstatovat, ze
spravnou odpovédi je D).

Priklad 4 (kategorie Klokanek, rok 2020, uloha 24). Adam nahrazoval v zdpise KAN —
ROO + GA stejna pismena stejnymi Cislicemi a rlizna pismena riiznymi ¢islicemi od 1 do 9.
Ur¢i, kterou nejvétsi hodnotu vypoctu mohl ziskat.

A) 925 B) 933 C) 939 D) 942 E) 948

Resent. Vidime, e KAN a GA by mély byt co nejvétsi. Na misto stovek v KAN dosadime
nejvetsi moznou Cislici, tedy 9. Déale bychom méli na misto desitek v KAN a GA dosadit dvé
dalsi nejvetsi Cislice, t). 8 a 7. Jelikoz na misté jednotek v GA se vyskytuje stejné pismeno jako
na misté€ desitek v KAN, zvolime pro A Cislici 8 a pro G ¢islici 7. Z dosud nepouzitych Eislic je
nyni nejvyssi 6, proto ji dosadime na misto jednotek v KAN.

Naopak ROO by mélo byt co nejmensi, proto za R dosadime 1 a za O dosadime 2.
Dostavame tak ¢iselny vyraz 986 — 122 + 78 = 942, spravnou odpovédi je D).

4. Zavér

Definovali jsme ryze klokani ulohy, které maji potencial svou pfitomnosti motivu klokana
soutéZici zaujmout, coZ je jedna z podminek ,klokanskych uloh“. Po pfislusném statistickém
Setfeni jsme dospéli k pozndni, Ze ryze klokanich tloh se procentualné dosud nejvice vyskytlo
v kategorii Cvrcek a ze (v ramci celé soutéze Matematicky klokan) se nejvice vyskytuji mezi
ulohami tiibodovymi. Predlozili jsme nékolik feSenych ryze klokanich uloh, pfi¢emz jsme se
zaméfili na nejmladsi kategorie.

Nabizi se otazka, kolik ryze klokanich uloh by se mohlo v zadani soutéZe jednotlivych
kategorii objevit, aby se zvysSila jeho atraktivita. Podle ndzoru autora by se v zaddni mohly
objevit jedna ¢i dvé takové tlohy, coz odpovida dosavadnimu stavu.
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Abstract

Learning mathematics should lead toward the enhancement of the mathematical literacy of
students, which refers to the use of mathematics in real-life situations. As a means, contextual
problems in mathematics education incorporate various contexts to demonstrate how
mathematics relates to real life. Those problems are presented in textbooks or designed by
teachers, who should be proficient in posing proper contextual problems. To do so, they should
undergo training on teaching mathematics within the real-life context. The paper investigates
the relevance of real-life contexts in the views of 58 prospective primary school teachers. The
results indicate that the teacher trainees have a high preference for contexts like finance, nature
and low preference for contexts like arts and construction, suggesting that the participants tend
to prefer more general and familiar contexts than those that require specialized knowledge.
Based on the results, the study proposes learning activities grounded in specific situations; thus,
following the Realistic Mathematics Education (RME) approach. The designed learning
activities, as a part of a training course developmental process, serve as the foundation for
further research.

Keywords: teacher training, RME, interdisciplinary education, sport activities, contextual
problems

1. Introduction

The purpose of mathematics education is to equip students with the ability to solve
quantitative problems, teach them to identify various patterns, and stimulate their thinking
skills. To give students a purpose for learning mathematics, it should be connected to a familiar
context so that they can see the usefulness of mathematics in the world. The primary method
for achieving this goal involves solving word problems. These problems refer to existing or
imaginable contexts, are associated with the school setting, take the form of a combination of
written or spoken text, and may be coupled with other forms of information, such as pictures,
tables, graphs, etc. (Verschaffel et al., 2000). Besides word problems, contextualization of
mathematics can be achieved by applying dramatization in education through role-playing or
by working on projects. The educational approaches that highlight the importance of
interconnecting the content to be learned with students' real-life experiences share a common
philosophy rooted in situated learning. The situated learning frames learning as participation in
socially organised practices rather than the mere acquisition of decontextualised knowledge
(Lave & Wenger, 1991). In this view, context is not an “add-on” but constitutive of what is
learned, because concepts and strategies develop through participation in communities of
practice. Steaming from the same philosophy, two frameworks emerged, namely contextual
teaching and learning (CTL) and realistic mathematics education (RME).
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Contextual teaching and learning is an educational approach based on activities related to
contexts pupils may have experience with or that are relevant to students. Similarly, the
Realistic Mathematics Education emphasises learning mathematics as a human activity, using
contexts which pupils can imagine (Freudenthal, 1991; Gravemeijer, 1999). The RME approach
has been adapted in many countries, but slightly differing in details (Revina & Leung, 2019),
while still declaring six distinguishable principles for teaching mathematics (Van den Heuvel-
Panhuizen & Drijvers, 2014), namely the activity principle, the reality principle, the level
principle, the intertwinement principle, the interactivity principle, and the guidance principle.

The RME approach makes learners more likely to become active participants in the learning
process (Poki¢, 2019) and understand mathematics compared to a conventional approach
(Oksiiz et al., 2022; Remiswal & Dorisno, 2021) and prepares them to tackle real-world
problems (Koerunnisa et al., 2025). Moreover, connecting mathematics with a real-life context
may help students to gain knowledge about that context (Jannah et al., 2021).

Over the years, a myriad of research on the RME approach has been carried out. The
findings indicate a positive influence of the RME on primary school students, particularly in:

e Developing problem-solving skills in students (Nurjamaludin et al., 2021; Sutarni &
Aryuana, 2023; Tumangger et al., 2024; Widana, 2021),

¢ Enhancing the learning outcomes of students in mathematics (Alim et al., 2024; Irdawati
et al., 2019; Isnaintri et al., 2024; Simamora et al., 2024)

e Enhancing mathematical abilities (Juandi et al., 2022; Tamur et al., 2020), particularly
by enhancing higher-order thinking skills (Ariati & Juandi, 2022), critical thinking skills
(Cahyaningsih & Nahdi, 2021; D. Jannah et al., 2024; Koerunnisa et al., 2025),
mathematical reasoning ability (Ariati et al., 2023), and communication abilities in
mathematics (Putri et al., 2022),

e Developing mathematical literacy (Fauzan et al., 2024; Taqiya & Juandi, 2023),

e Increasing confidence of students in learning mathematics (Abdurohim et al., 2025;
Karaca & Ozkaya, 2017).

The research mentions applying the RME approach across the primary mathematics
curriculum (Kurnaedi et al., 2024; Prahmana et al., 2020). Namely, the application of the RME
approach was specified in teaching fractions (Halimah & Kurniawati, 2022; Sembiring et al.,
2008; Solomon et al., 2021), multiplication and division (Duyen & Loc, 2022; Setiadi, 2020;
Trisnani & Sari, 2021), common divisor and multiple (Fachrurazi, 2017), ratio and proportion
(Risdiyanti et al., 2024), addition and subtraction (Fauzi et al., 2021; Lubis, 2023; Zaranis,
2016), basic statistics (Hakim & Setyaningrum, 2024), and geometry (Trimurtini et al., 2020).

The RME is an approach that can be applied in primary mathematics using various means,
such as board games with contextual problems (Fauzi et al., 2021; Laurens et al., 2017),
traditional physical games (Peni, 2017), e-comics (Yulaichah et al., 2024), digital stories (Copur
& Tiimkaya, 2024; Risdiyanti & Prahmana, 2021), ICT (Zaranis, 2016), textbooks (Van Zanten
& Van den Heuvel-Panhuizen, 2021) and other emerging methods, such as audiobooks (Sari et
al., 2023).

Regarding the context used in the RME when applied in primary mathematics, some studies
are available. In arithmetic, mathematics is often delivered integrating buying-selling and
banking activities (Rahayu et al., 2021). Besides, numeracy may be developed by integration
of activities with an agricultural context (Cahyadewi et al., 2025). Another frequent context in
teaching primary mathematics is culinary activities (Umasugi et al., 2022) that provide various
opportunities for integrating arithmetic, geometry, and data handling.

Generally, any context imaginable for students can be used when applying the RME
approach. However, the context may limit the mathematical topics to be learned and affect the
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motivation level among different learners. This study aims to investigate the proper contexts
applicable to the RME approach in training prospective primary school teachers as a base for
designing a training course in teaching mathematics via the RME approach.

2. Methods

The purpose of this study is to investigate prospective primary school teachers’ preferences
for contexts that facilitate mathematics learning through the RME approach. Based on the
results, learning activities based on a relevant context will be proposed. These can be viewed
as a form of hypothetical learning trajectories, as they will consist of learning objectives and
hypothesised learning processes expected from students (Simon, 1995). The initiative is part of
a process to develop a training course for prospective primary school teachers, aiming to
enhance their knowledge of applying the RME approach in primary mathematics education (see
Chart 7).

INITIAL INQUIRY ,
L ) . IMPLEMENTATION OF THE
’ TRAINING COURSE ON RME
v .
DESIGNING THE :
ACTIVITIES y
. / POTENTIAL ADAPTING RME
y IN PRIMARY EDUCATION
TESTING THE
ACTIVITIES

Chart 1. The course developmental process

The study covers the initial investigation, selection of the learning content, and
development of activities. Two main research questions were formed beforehand:

e What real-based contexts are the most relevant for teacher trainees in terms of

mathematics education?

e What kind of learning environment associated with a relevant context may be developed

to support the learning of mathematics of teacher trainees, while simultaneously arming

them with methods applicable in their future educational careers?

To investigate the context relevant to teacher trainees, a simple questionnaire with 10 items
associated with different contexts was designed and shared among 58 prospective primary
school teachers. The participation in the study was voluntary, and participants were informed
about the purpose of the data collection. All participants whose data have been collected and
analysed expressed their consent to process their answers for scientific purposes. The
questionnaire was administered online via Google Forms. Participants were allowed to select
any number of items offered. Moreover, they were given the option to list other contexts not
included in the questionnaire provided.

The data collected by the form were exported and analysed in MS Excel software, using
tools of simple descriptive statistics. Initially, the data was manually checked for any outliers.
That resulted in the exclusion of three answers from further analysis because they included all
options provided; thus, they did not show a particular preference among the options at all. The
remaining 55 answers were coded, and a frequency table was created to serve as a basis for
statistical analysis.
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3. Results

The results show that participants express distinct preferences towards different contexts,
which ought to be incorporated in teaching and learning mathematics (see Chart 2).
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Chart 2. Context preference among prospective teachers in mathematics education

The overwhelming preference for Finance (74.55%) suggests that prospective teachers
recognize financial literacy as both a key life skill and an accessible source of mathematical
tasks. Everyday situations such as managing pocket money, shopping, or budgeting offer
straightforward problem contexts for children, which may explain the high score. Also, these
contexts are familiar to children and can be easily translated into classroom problem situations.
The second most frequently selected context, Nature (52.73%), offers multiple natural contexts
(e.g., animals, plants, landscape, weather) that may be associated with mathematical problem-
solving activities in schools. Such context is likely familiar to pupils through their out-of-school
experiences. The context of nature could also be linked to sustainability trends, increased
environmental awareness, and the integration of science and mathematics in outdoor learning
activities. Travel (40%) was selected by over two-fifths of respondents. This may be due to
inherent mathematical affordances, such as measuring distances, planning routes, or working
with time and cost (also related to the Finance context). In addition, travel-related contexts are
often engaging for pupils, who may enjoy the imaginative aspect of “journeys” in problem
tasks. The moderate representation of Sport and Cooking (both 34.55%) suggests that
prospective teachers acknowledge the motivational power of these contexts, as both are
concrete, experiential, and linked to measurement, counting, and proportional reasoning. Sport
offers opportunities for elementary data handling and performance comparison, while cooking
naturally involves fractions, proportions, and measurement. Gardening (21.82%) was less
frequently chosen, which may reflect differences in personal experience. While gardening
provides rich mathematical opportunities (growth rates, geometry of planting, measurement), it
may not be perceived as universally relevant for teachers and pupils living in modern urban
settings. On the other hand, gardening and farming are gaining popularity due to the search for
organically grown products. Similarly, Fashion (18.18%), Events (16.36%), and Arts (14.55%)
were ranked low. These areas might be undervalued because they are primarily associated with
creativity and social activities rather than mathematics. However, each offers untapped
potential: symmetry and patterns in fashion and arts, or scheduling and resource allocation in
events. Finally, Construction was the least frequently chosen context (10.91%). This result
could be attributed to limited familiarity or confidence with technical and spatial mathematics
among participants. While construction contexts are rich in geometry and measurement,
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prospective teachers may feel less prepared to integrate such content into primary-level
mathematics teaching.

In summary, the results show a clear preference for contexts that are perceived as highly
practical (finance, travel) or directly observable in everyday life (nature, sport, cooking).
Contexts requiring more specialized knowledge or less present in daily routines (construction,
arts, fashion) were given limited preference. The results indicated that not all contexts are
equally favourable. Applying the Pareto principle (the 80:20 rule), based on the participants’
answers, the vital contexts for learning mathematics using the RME approach are finance,
nature, travel, sport, and cooking (see Chart 3).
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Chart 3. The Pareto chart of the obtained results

Based on the results, the study proposes learning activities using the concept of sport, one
of the vital ones. For the general popularity, suitability for a wide range of population, and
technical availability, the following activities have been proposed, combining mathematics and
realistic situations occurring in table tennis.

3.1. Activities design

Professional training for prospective primary school teachers differs worldwide. The
general requirements, however, ask for earning contextual and pedagogical knowledge,
whereas the contextual knowledge should be greater than that of the primary school students.
The teachers should be mathematically literate, thus operate with whole numbers, decimals,
fractions, percentages, and be able to solve problems involving these and elementary equations,
measurement and geometry, combinatorics, probability, and statistics. Based on this premise,
the following activities have been designed.

Learning activity 1: Players engage in a rally, bouncing a ball on the table from one side to
the other. They aim to keep the ball on the table as long as possible, counting the number of
times the ball passes over the net in the middle of the table. Players individually count the
number of successful strokes aloud or by inner voice. If they are tasked with recording the total
number of strokes, the estimate can be obtained by multiplying the number of their own
successful strokes by 2. The activity can also be a basis for further data recording and handling,
involving probability and statistics.

Learning objectives: Count numbers starting from 1. Multiply the whole number by 2.

Learning activity 2: In a match based on the official rules, players are supposed to switch
serving every two serves. Sometimes players may lose track of who is supposed to serve next.
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This can be determined by the divisibility of the sum of the score in the game by 4. If the sum
of the scores is divisible by 4 or yields a remainder of 1, the next serving player is the one who
started serving in the game. Players sum up the score and must determine the remainder after
dividing the sum by 4. Doing so should enhance their arithmetic knowledge and demonstrate
a direct use of mathematics in solving a real-life situation. Further, potential methods can be
discussed with students if players switch in serving after three, four, or more serves.

Learning objectives: Add two whole numbers. Divide whole numbers by 4.

Learning activity 3: Players in the group stage of the tournament play against each other. The
progress of players into the K.O. stage is determined by the number of wins and the rate of
winning and losing games in the matches played. Considering the second situation, it must be
compared to determine which rate yields the greater coefficient. To compare the ratio of won
and lost games, they may be instructed to look for the simplest form, find a common
denominator (possibly the least common multiple), and convert them to equivalent fractions.
Further, the scores of players can be compared considering the games, sets, and points, which
provide much material for mathematical activities.

Learning objectives: Construct a ratio to compare quantities. Compare ratios (fractions) using
various methods.

Learning activity 4: Players engaged in long-term contests are rated based on the percentage
of games won. Similarly, the players can be assessed after each match by the percentage of
rallies won. This suggests recording the scores of their games and matches, which can also be
utilised in various data handling activities.

Learning objectives: Convert between fractions, decimals, and percentages. Visualise and
interpret data that uses percentages.

Learning activity 5: The players are divided into multiple groups based on their success rate.
After they play each other in the groups, the percentage of matches won is calculated. To create
a ranking of all players based on the results, each group is allocated a particular coefficient that
is further used to produce the final combined ranking. Players compute it using linear functions
to determine how good a player must be in a lower league to match the ranking of a player from
a higher league. During the learning process, they learn how to visualise functions and interpret
line charts.

Learning objectives: Find the value of y in a simple linear function when x is known. Draw
a function line. Find the critical values (intercepts of graphs) comparing two or more functions.

Learning activity 6: After each player has played enough matches for their ranking to be
determined, they can calculate the probability of winning against any player by applying the
Bradley-Terry model or the Elo rating. During a tournament, some students pretend to be
analysts. Their role is, among other possible things, to determine the probability of winning for
players. In their calculations, they use the ratings of players when inserting them into formulas.
Learning objectives: Calculate formulas using two variables. Determine probability.
Understand the function concept.

Learning activity 7: Players attempt to complete a specific task, e.g. hit the target positioned
on the table. They have a certain number of attempts. Each player may have a different number
of attempts. Expressing who was more precise in shooting cannot be obtained from absolute
numbers, but they must come with another option — the ratio. To compare the success of players,
they need to express their successful attempts using ratios and percentages. Further, data can be
visualised and probability can be determined.
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Learning objectives: Construct a ratio to compare quantities. Compare ratios (fractions) using
various methods. Graphically visualise data involving percentages.

Learning activity 8: Players are asked to hit the target on the table from different distances. At
each distance, they are given the same number of attempts, and their successful shots are
recorded. Next, the discussion on proportionality between the distance and the successful shots
can be held. Namely, questions like “how many shots would you score if you were twice the
current distance from the target?” can be addressed to students. This would lead to creating
functions, making predictions, evaluating these predictions and so on.

Learning objectives: Graphing functions. Identifying trends. Making predictions and
evaluating predictions.

4. Conclusion

Research findings over the years demonstrate the effectiveness of the RME approach in
enabling meaningful mathematics learning, as the literature review in this paper presents. The
approach proposes that students’ understanding should originate from contexts that are relevant
to them. The present study examined the preferences of prospective primary school teachers for
relevant contexts in the RME approach (research question 1). The vital contexts were revealed,
namely finance, nature, travel, sports, and cooking. Therefore, these contexts may be proper for
training prospective teachers to apply the RME in teaching mathematics. The training may
consist of two parts: experiencing curriculum materials and developing curriculum materials,
as teachers praise using the RME approach when they participate in developing curriculum
materials (Sembiring et al., 2008). To familiarise trainees with the RME approach, several
activities stemming from situations occurring in sports, particularly table tennis, were proposed,
which will be further tested for feasibility in a teacher training course on the RME (research
question 2). The proposed learning activities are hands-on or directly linked to physical
activities that students would participate in. Designing them also fills a gap, as there is a lack
of research documenting the use of sports activities for learning mathematics. The learning
activities tend to be authentic; therefore, they may enhance the motivation and interest of
students in learning mathematics. It is also believed that the potentially successful application
of the learning activities among prospective teachers would teach them a strategy for using the
RME approach and foster their appreciation and understanding of mathematics.
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Abstract

Academic self-concept shapes pupils’ attitude toward individual subjects and overall
academic performance. The study analyses the relationship between self-concept in
mathematics and other domains of academic performance. Data were collected using the
standardized SPAS questionnaire (Student’s Perception of Ability Scale, Matéjcek, Vagnerova,
1992) and administered to Grade 5 and Grade 6 pupils. In Grade 5, self-concept in mathematics
is significantly associated with higher self-confidence. In Grade 6, this link weakens and there
is a gradual decline in self-concept across all examined domains. The transition from primary
to lower-secondary education thus may lead not only to reduced confidence in mathematics but
to lower academic performance and a diminished overall academic self-concept.

Keywords: Academic self-concept, Self-concept in mathematics, SPAS questionnaire,
Transition to lower secondary school, Academic achievement, School performance

1. Introduction

Self-concept and academic achievement are two closely interrelated constructs that have
gained an increasing attention in Czech education policy in recent years. The emphasis on
supporting pupils’ individual development and emotional well-being is evident both in the
government’s lead educational strategy document Strategy 2030+ (MSMT, 2020) and in the
curriculum-reform materials that articulate the future shape of the national curriculum and
highlight factors influencing children’s long-term relationship to learning (MSMT, 2022).
Recent surveys (MSMT, 2020; OECD, 2019) further indicate a decline in pupils’ willingness
to attend school, a trend closely linked to self-concept, which in turn affects performance and
academic success (Havlinova, Chmatalovd, Slunecko, 2023). Self-concept is also tightly
connected to pupils’ motivation: a positive self-concept supports persistence, the approach to
problem solving, and analytical thinking, which are the key aspects underpinning, among other
things, the development of critical thinking (MSMT, 2020).

Self-concept in mathematics, as one segment of the complex construct of academic self-
concept, has increasingly drawn researchers’ attention (e.g., Pajares, 2005; Usher, Pajares,
2009; Burnham, 2011; Smetackova, 2016). In this area, a gradual decline has been observed
alongside worsening overall academic outcomes (Eccles, Wigfield, 2000). Moreover, the Usti
nad Labem Region, where our study was conducted, is characterized by high rates of
underachievement, grade repetition, and pronounced absenteeism (PAQ, 2023). All these
factors are linked not only to academic self-concept but also to academic results and self-
concept specifically in mathematics. A decline in self-concept in mathematics may also
contribute to reduced pupils interested in STEM subjects (Rokos, Koldova, 2024), a concern
echoed by other authors who indicate declining student interest in these fields (Trna, Trnova,
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2015; Haskova, Bilek, Cakmakci, 2024; Skiivanova, 2025). Mathematics is a particularly
salient component of STEM and underpins one of the two key literacies; logical-mathematical

literacy is now assessed through expected learning outcomes in Grades 3, 5, and 9 (MSMT,
2025).

2. Self-Concept of Academic Achievement in Mathematics

The construct of self-concept is a major research topic and is key to understanding the
internal processes that shape human behaviour, action, and decision-making in specific
situations. It is regarded as a foundation of the self (Smékal, 2009), has a dynamic nature
through which it is continuously formed (Helus, 2018), and can be viewed as a summary of
one’s knowledge and beliefs about oneself (Vyrost, Slaménik, 2008). Some authors treat self-
concept as equivalent to self-reflection (Hartl, Hartlova, 2000) or as a term closely related to
self-knowledge and self-evaluation (Macek, Sulcova, Koneéna, 2009; Koneéna, 2010; Priicha,
Walterova, Mares, 2013). Despite the diversity of these approaches, a common core emerges:
a hypothetical construct describing self-concept as the content of consciousness primarily
related to one’s representation of the self (Priicha, Walterova, Mares, 2013; Svoboda, Smolik,
Tirpak, Uhrinova, 2020).

Mathematical self-concept is closely linked to self-evaluation, grounded not only in
comparisons with individuals we admire and regard as embodying our aspirations (Haysova,
2009; Helus, 2018), but also in contrasts between our actual performance and an ideal
performance (Smetackova, 2016). It can be understood as an individual’s belief in their
capacities to solve specific mathematical problems and to do so successfully (Pajares, 2005;
Smetackova, 2016). Mathematical self-concept develops and forms mainly through four
sources: repeated experiences of success; vicarious experiences of others’ success, especially
by close or similar others; persuasive feedback affirming one’s capability; and the management
of situational factors, notably emotions, stress, and somatic states (Bandura, 1997; Smetackova,
2016). Key mathematical competencies are correlated with this form of self-concept, within
these competencies, the aim is that, over the course of mathematics education, the pupils
increase confidence in their abilities, deepen interest in mathematical applications, and develop
a positive attitude towards mathematics (MSMT, 2025). A positive self-concept in mathematics
subsequently supports desirable academic outcomes: pupils then tend to approach new tasks
with greater confidence and achieve higher success rates (Wigfield, Karpathian, 1991; Stringer,
Heath, 2008; Helus, 2018).

A specific form of self-concept is academic self-concept, defined as the way a pupil
perceives and evaluates themself in comparison with peers (Mertin, Krej¢ova et al., 2016). Self-
concept in mathematics is therefore strongly shaped by this academic dimension and is reflected
in pupils’ overall approach to mathematics. With increasing age, school outcomes become more
closely tied to academic self-concept and thus influence overall performance (Vagnerova,
2012). This is also captured by the Big-Fish—Little-Pond Effect (BFLPE): exposure to higher-
achieving classmates is associated with lower academic self-concept, whereas exposure to
lower-achieving classmates is associated with higher academic self-concept (Keller, Kim,
Elwert, 2023). Accordingly, pupils surrounded by more successful classmates tend to report
lower self-concept - even when their own performance is not poor (Marsh, 1984, as cited in
Keller, Kim, Elwert, 2023). On the other hand, subject-specific academic self-concept fosters
higher motivation, achievement, and supports pupil’s broader personal development in the
school environment (Mertin, Krejcova, 2016).

The article presents findings from a study conducted with the SPAS questionnaire
(Student’s Perception of Ability Scale; Matéjek & Vagnerova, 1992). The research focuses on
changes in academic self-concept in mathematics during the transition to lower secondary
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education (Grade 6). The aim is to analyse the relationship between self-concept in mathematics
and other domains of school performance—reading, orthography, writing, general abilities, and
self-confidence - with the attention to differences by grade, gender, and between students with
special educational needs (SEN) and their non-SEN peers. Data were collected from the same
group of pupils in Grade 5 in the 2023/2024 school year and again in Grade 6 in 2024/2025.

3. Methodology

The study used the SPAS questionnaire (Matéjcek & Vagnerova, 1992). Data collection
and analysis were conducted in consultation with an experienced child psychologist, who also
provided training on scoring, interpretation, and reporting. The instrument assesses six domains
- general abilities, mathematics, reading, orthography, writing, and self-confidence - addressing
pupils’ perceptions of their abilities, their performance in specific subjects, and their position
within the peer group. Items in the test are dichotomous (Yes/No).

For the statistical analysis, nonparametric tests were used, specifically the Wilcoxon
signed-rank test, the Wilcoxon rank-sum test, and the Kruskal-Wallis test. In addition, a Linear
Mixed Model (LMM) was used to reflect that each pupil was assessed twice (in Grade 5 and
Grade 6).

The research sample consisted of pupils in Grade 5 in the 2023/2024 school year. We
obtained completed questionnaires from 215 children (111 boys, 104 girls). At the second
administration one year later (2024/2025), involving the classes with same pupils now in Grade
6, data were obtained for 177 children (92 boys, 85 girls). For analytic purposes, the key group
comprised only pupils with data from both administrations, enabling direct comparisons. In
total, 145 pupils were present at both tests.

The raw scores were converted using the standardized ten-point STEN scale. STEN values
were then derived from conversion tables that differ for boys and girls determined by age and
total raw score. Higher STEN scores on the 1-10 scale indicate a higher level of self-concept
in mathematics. Table 1 presents the percentage distribution of pupils together with their gender
composition.

Table 1. The research sample

First Administration (2023/2024) Second Administration (2024/2025)
Boys 111 (52 %) Boys 92 (52 %)
Girls 104 (48 %) Girls 85 (48 %)
Total 215 Total 177
4. Results

The results are presented as follows: comparisons of self-concept across all tested domains
between grades; differences in pupils’ self-concept in mathematics after the transition to lower
secondary school; grade-specific results by gender; comparisons between pupils with special
educational needs (SEN) and those without SEN; and comparison of self-concept in
mathematics with the other tested domains.

Figure 1 shows that Grade 5 pupils reported higher mean scores across all domains than the
same pupils one year later, after the transition to lower secondary school. While the difference
in academic self-concept was statistically significant (p < .05), the difference in self-concept in
mathematics was not (p > .05). Nevertheless, there was a very small age-related decrease of
0.23 STEN points in self-concept in mathematics. Pupils in both grades rated their self-concept
in mathematics at approximately the same (upper-average) level on the STEN scale.
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Mathematics exhibits the highest mean scores in both grades, indicating a generally positive
self-concept of pupils in this domain.
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Chart 1. The mean scores in self-concept in all domains for both grades

In addition to Chart 1, Chart 2 depicts differences in pupils’ self-concept in mathematics
during the transition to lower secondary school. Specifically, it plots Grade 6 values against
pupils’ own Grade 5 values (i.e., Grade 6 — Grade 5). The chart displays, for each pupil, whether
their self-concept in mathematics improved or declined in comparison with their younger self.
Among the 145 pupils with matched observations, 36 obtained the same STEN value at both
time points. The remaining scores span almost the full scale, indicating substantial
heterogeneity: while some pupils showed marked decreases in self-concept in mathematics,
others exhibited notable increases.
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Chart 2. Differences between Grade 6 and Grade 5 responses in mathematics.
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The next charts (3 and 4) present mean values by gender in Grades 5 and 6. In both grades,
girls report a slightly more negative self-concept in mathematics than boys, and they show
a more pronounced decline after the transition to lower secondary school (the mean decreased
by 0.42 STEN points). On the contrary, boys exhibit a modest increase after the transition, with
their mean rising by 0.14 STEN points. However, for neither group was the grade-to-grade
change statistically significant at o = .05 (girls: p =.19352; boys: p =.37515).

The charts also reveal domain-specific differences in which boys and girls excel. Boys
achieved the highest STEN scores in mathematics (Grade 5: 7.20; Grade 6: 7.34), whereas girls
recorded their highest mean STEN values in writing in both grades. In mathematics, girls’ mean
STEN values were in the average range (Grade 5: 6.14; Grade 6: 5.72). These differences were
examined using the Wilcoxon rank-sum test; in the mathematics domain, a statistically
significant difference between boys and girls was observed within each grade (p <.05).

Mean scores, boys vs. girls, Grade 5
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Chart 3. Gender differences in mean scores of self-concept, Grade 5
Mean scores, boys vs. girls, Grade 6
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Chart 4. Gender differences in mean scores of self-concept, Grade 6

Comparisons of mean scores for pupils without SEN (non-SEN) and pupils with SEN
(SEN) are shown in Charts 5 and 6. Although no statistically significant differences were
detected between the groups across the transition to lower secondary school, the data suggest
that pupils with SEN reported a more negative self-concept in mathematics than their peers
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without SEN. After the transition, the between-group difference in self-concept in mathematics
shifted in a more negative direction relative to Grade 5; on average, self-concept in mathematics
declined by about 0.20 STEN points. The same pattern held when examining each group
separately: both pupils with SEN and those without SEN showed small declines, neither of
which was statistically significant.

However, in all SPAS domains - with the sole exception of mathematics in Grade 6 -
statistically significant differences (p <.05) between pupils with SEN (SEN) and those without
SEN (non-SEN) were observed when grades were analysed separately. This pattern is
consistent with Chart 5 and 6, which likewise indicate between-group differences.

The comparison of mean scores in Grade 5 (2023/2024)
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Chart 5. Means SEN (N=32) vs non-SEN (N=145) Grade 5
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The final analysis examines how self-concept in mathematics across the primary-to-lower-
secondary transition relates to the other SPAS scales. As shown in Table 2, statistically
significant differences (p <.05) were found for nearly all domains relative to mathematics, with
the sole exception of general abilities. The results indicate that the higher a pupil’s STEN score
on the academic self-concept scale, the higher their self-concept in mathematics. Academic
self-concept thus emerged as the strongest predictor (p <.05). The language-related scales, such
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as reading (p <.05), orthography (p <.05), and writing (p <.05), were also significant and each
displayed a negative association with self-concept in mathematics. In other words, pupils who
view their language abilities as stronger tend to rate their mathematical abilities somewhat
lower, consistent with internal cross-domain comparison (e.g., “strong in Czech” versus
“weaker in mathematics”).

On contrary, no significant effects were found for gender, grade, special educational needs
(SEN), self-confidence, or any interactions among these variables. In other words, when
comparing self-concept in mathematics with the other scales, neither the transition from Grade
5 to Grade 6 nor a pupil’s gender or SEN status had a significant impact on how pupils perceive
their mathematical ability. On the other hand, the previously interpreted results point to the
observed questionnaire scores themselves and indicate potential factors that may underlie more
positive or negative constructions of self-concept in mathematics.

Table 2. Correlation between self-concept in mathematics and other scales.

Relationship to
Domain F — statistics p-value self-concept in
mathematics
Reading 46,1570 p<0,001 Negative
Orthography 43,3651 p<0,001 Negative
Writing 14,8761 p<0,001 Negative
Academic self-concept | 113,0492 p<0,001 Negative

5. Conclusion

The aim of the study was to determine how pupils’ academic self-concept in mathematics
changes across the transition to lower secondary school and how selected factors affect this
change. The analysed factors were age, gender, special educational needs (SEN), and self-
concept in other domains. The key finding is that the transition is associated with a decline in
academic self-concept (p < .05). For self-concept in mathematics, the data suggested a slight
decrease after the transition; however, this difference was not statistically significant. The
pattern held across all examined groups except boys in the gender comparison, with a more
pronounced decline observed among girls on all variables considered. Whereas boys showed
higher levels in both grades, girls’ mean levels were lower; moreover, boys’ self-concept in
mathematics increased slightly after the transition, while girls’ self-concept in mathematics
declined, pointing to a possible gender-related difference in the perception of one’s
mathematical ability.

Another focus of the study was differences in self-concept in mathematics between pupils
without SEN and those with SEN. Pupils with SEN displayed lower levels of self-concept
across all examined domains compared with their non-SEN peers. This difference was evident
in both Grade 5 and Grade 6. However, the results for pupils with SEN remained within the
average range of self-concept in mathematics, suggesting a certain stability.

The final area we examined was the direct comparison between mathematical self-concept
and the other domains. The analysis indicated a positive association between pupils’ academic
self-concept and their self-concept in mathematics: the higher the global score, the higher the
mathematics-specific score. At the same time, higher self-concept on language domains,
particularly reading, orthography, and writing, were associated with lower values on
mathematical self-concept.
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Abstract

This study examined the impact of parental attitude on students’ motivation to learn

mathematics, focusing on the mediating role of parental involvement and the moderating effects
of socioeconomic status (SES) and school context. A descriptive correlational design was used
with a sample of 400 parent—student pairs from public and private secondary schools (pupils
aged 11-14) in the Ogbomoso, Education Zone, Oyo State, Nigeria. Data were collected using
the Parental Mathematics Attitude Scale (PMAS), Parental Involvement Index (PII), and
Mathematics Motivation Inventory (MMI), and analyzed through correlation, multiple
regression, and mediation—moderation analysis.
Results revealed a significant positive relationship between parental attitude and students’
motivation (r = 0.61, p < 0.01). Parental attitude and involvement jointly predicted 46% of the
variance in motivation, while mediation analysis confirmed that parental involvement partially
mediates this relationship. SES and school context also moderated the effect, with stronger
outcomes observed among urban and higher-SES families.

The study concludes that enhancing parents’ positive beliefs and active participation in
mathematics learning fosters students’ motivation, self-efficacy, and task value. It recommends
parental workshops and strengthened school and home collaboration to promote supportive
mathematical learning environments in Nigeria.

Keywords: Parental attitude, Parental involvement, Student motivation, Mathematics
education, Socio-economic status, Nigeria.

1. Introduction

Mathematics is widely recognized as a gateway discipline that underpins STEM
education, technological competence, and many high-value career pathways. Persistent low
participation and attainment in mathematics across many regions have prompted
investigations into the multi-layered determinants of student engagement, achievement, and
persistence (Eccles & Wigfield, 2002). While classroom instruction, curriculum, and teacher
expertise are central to learning outcomes, the role of the home environment, particularly
parents’ attitudes and behaviors, has emerged as a crucial influence on students’ motivational
trajectories (Bandura, 1997; Wang, 2024).

Parental attitudes toward mathematics are comprised of cognitive beliefs (e.g., perceived
utility of mathematics), affective dispositions (enjoyment, anxiety), and normative
expectations (beliefs about appropriate levels of effort and future utility). These attitudes
shape parental behaviors, such as the frequency and quality of homework help, the amount of
“math talk” in everyday life, and the encouragement offered when students face difficulty,
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that in turn affect student motivation (Hoover-Dempsey & Sandler, 1997; Charitaki, 2023).
The study of Issaka et al. (2024) concluded that parental engagement and support had
a substantial influence on students’attitudes towards studying mathematics, especially at
home. Empirical evidence indicates that positive parental beliefs and constructive
involvement are associated with higher student self-efficacy, greater intrinsic interest, and
improved task value for mathematics (Wang, 2024; Simmons et al., 2024). Conversely,
parental math anxiety or dismissive beliefs about mathematics can transmit negative
expectancies that undermine students’ persistence and performance (Peixoto et al., 2024).

Recent meta-analytic and large-scale cross-national studies underscore both the potency
and complexity of parental influence. A meta-analysis focused specifically on mathematics
shows that the effect of parental involvement is heterogeneous: the type of involvement
(cognitive engagement vs. controlling help), family socioeconomic status (SES), and the
broader school context moderate the magnitude and direction of effects (Wang, 2024). Large-
scale data from multiple countries similarly reveal that parental beliefs and numeracy
practices at home predict children’s motivation and achievement, but the nature of these
relations varies across cultural and policy environments (Peixoto et al., 2024). In addition,
domain-specific parental attitudes (parents’ attitudes toward mathematics specifically, rather
than toward school more generally) appear to have unique predictive power for children’s
mathematics interest and self-concept, highlighting the need for subject-specific investigation
(Charitaki, 2023).

At the same time, contemporary research highlights important contextual moderators.
Urban or rural differences, resource constraints, and SES influence both the extent to which
parents can act on their beliefs and how effective those actions are. In better-resourced
settings, parents who value mathematics tend to provide more learning opportunities, access
to tutoring, and enriched numeracy activities; in under-resourced contexts, favorable beliefs
may not translate automatically into effective involvement because of structural barriers
(Salido et al., 2024; Muhammad, 2024). Moreover, gendered parental expectations and biases
remain salient: recent findings suggest parents often overestimate boys’ mathematical ability
relative to girls, which can amplify gender disparities via differential encouragement and
opportunities (The Guardian report summarizing Tonei et al., 2024). This evidence
underscores the importance of investigating parental attitudes not only as direct predictors but
also as elements embedded in a broader socioeconomic and cultural ecology.

In the Nigerian context, research on parental influence in mathematics is growing but still
limited in scope and methodological depth. Several studies document correlations between
parental involvement and student attainment in mathematics at primary and secondary levels,
but fewer have combined multi-informant designs, validated psychometric instruments, and
mediation/moderation analyses to explain how parental attitudes translate into student
motivation (Akindipe, 2025). Given persistent concerns about mathematics performance in
national examinations and the policy emphasis on STEM capacity building, clarifying the
mechanisms by which parents affect students’ mathematics motivation is both timely and
policy relevant.

Parental attitudes and involvement have long been identified as significant determinants
of students’ academic motivation and success, particularly in mathematics. Wang (2024)
conducted a large-scale meta-analysis on parental involvement and mathematics performance
and reported that supportive parental behaviors positively influence students’ intrinsic
motivation, self-efficacy, and persistence. However, the study also found that the strength of
these effects varies depending on the type and quality of involvement, as well as contextual
factors such as socioeconomic background and learning environment.

43



Elementary Mathematics Education Journal 2025, Vol. 7, No. 2
ISSN 2694-8133

Similarly, Simmons et al., (2024) examined longitudinal data and discovered that positive
parental beliefs about mathematics consistently predict children’s enthusiasm and willingness
to engage with mathematical tasks. The study emphasized that parents who express
confidence in mathematics create a motivational climate that encourages their children to
value effort and develop resilience when faced with academic challenges.

In a related study, Charitaki (2023) explored the role of the home numeracy environment
and revealed that parents’ constructive engagement such as discussing numbers, problem-
solving, and linking mathematics to everyday situations, greatly enhances students’ interest
and task value in mathematics. Conversely, parents who exhibit math anxiety or frustration
tend to pass these negative attitudes to their children, leading to decreased motivation.

Muhammad et al., (2024) investigated urban—rural disparities in mathematics
achievement and observed that urban parents are more likely to engage in mathematics related
activities due to better access to resources and exposure, whereas rural parents, though often
supportive, face economic and structural barriers that limit active participation. Similarly,
Salido et al., (2024) conducted a bibliometric review and concluded that socioeconomic status
(SES) and contextual differences strongly moderate the effect of parental involvement on
student motivation and achievement.

Participation involving parent has been known as one major reference affecting the
academic excellence of students in all subjects, which include mathematics and chemistry
(Esho et al.). It is widly recognized that parents and families are a critical part of children’s
education and they are responsible for laying down the behavioural foundations relevant to
learning and development (Samuel & Sunday, 2021).

Gender remains another significant dimension. Tonei et al. (2024) found that many
parents unintentionally overestimate their sons’ mathematical abilities while underestimating
their daughters’, a bias that may contribute to enduring gender gaps in mathematics
confidence and participation.

Focusing on the Nigerian context, Akindipe (2025) carried out an experimental study on
parental involvement interventions and discovered that structured parental training
significantly improved students’ self-efficacy and mathematics achievement.

Despite these valuable contributions, most previous studies are cross-sectional and
descriptive, offering limited insights into the underlying mechanisms through which parental
attitudes translate into student motivation. Few studies have jointly analyzed the mediating
effect of parental involvement and the moderating roles of SES and school context. Moreover,
there remains a dearth of recent empirical evidence from developing countries like Nigeria,
where cultural, economic, and infrastructural factors may alter these relationships.

Therefore, this study seeks to address these gaps by integrating attitudinal and behavioral
parental factors within a single model and analyzing how parental attitudes, involvement, and
socioeconomic context jointly influence students’ motivation to learn mathematics. This
approach contributes to a more comprehensive understanding of the home—school dynamics
shaping mathematical engagement among students in Nigerian educational settings.

2. Research Design

This study adopted a descriptive correlational survey design with an embedded
explanatory (mediational) analysis. The design was suitable because it allowed the researcher
to examine both the direct and indirect effects of parental attitude on students’ motivation
toward mathematics learning. Quantitative methods were employed to measure the
relationships among Parental Mathematics Attitude (PMAS), Parental Involvement Index (PII),
and Mathematics Motivation Inventory (MMI).
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2.1. Population and Sampling Technique

The population consisted of senior secondary students and their parents from both public
and private secondary schools within Ogbomoso Education Zone, Oyo State, Nigeria.
A multi-stage sampling procedure was used:
1. Four Local Government Areas were randomly selected.
2. From each, two schools (one public, one private) were chosen.
3. From the selected schools, 400 parent—student pairs were randomly sampled.

Table 1: Sample distribution by school location

Category | Population | Sample | Percentage
Urban 520 240 60 %

Rural 360 160 40 %

Total 880 400 100 %

2.2. Instrumentation

Data were collected using three validated instruments:

Table 2: Data instrumentation

Instrument Purpose Reliability (a)
Parental Mathematics Measures parents’ beliefs, value, and 0.86
Attitude Scale (PMAS) emotional orientation toward mathematics
Parental Involvement Assesses cognitive, affective, and practical | 0.82
Index (PII) involvement in children’s mathematics

learning

Mathematics Motivation Captures students’ intrinsic/extrinsic 0.88
Inventory (MMI) motivation, self-efficacy, and task value

All instruments used a 5-point Likert scale (1 = Strongly Disagree to 5 = Strongly Agree).
Construct validity was verified through confirmatory factor analysis (CFA); all loadings
exceeded 0.60.

2.3. Data Collection Procedure

Permission was obtained from school principals and parents. Questionnaires were
administered to students (aged 11-14) during mathematics periods, while parents completed
their forms at home. Matched codes were used to link parent—student pairs. Completed
questionnaires totalled 392 valid responses (98 % return rate).

2.4. Data Analysis Techniques

Data were analyzed using SPSS 29 and AMOS 26:

Descriptive statistics (mean, SD, frequency) to summarize demographic variables.
Pearson correlation to determine relationships among PMAS, PII, and MMI.
Multiple regression analysis to predict MMI from PMAS and PIL

Mediation analysis (using Baron & Kenny, 1986 steps and Sobel test).
Moderation analysis (using SES and school context as moderators).

All tests employed 0.05 significance level.

SNk W=
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2.5. Descriptive Statistics of Major Variables

Table 3: Descriptive statistics of main constructs

Variable Mean | SD | Min | Max
Parental Attitude (PMAS) |3.52 [0.63 | 1.80 | 4.90
Parental Involvement (PII) | 3.30 | 0.58 | 1.70 | 4.85
Student Motivation (MMI) | 3.45 | 0.67 | 1.90 | 4.95
2.6. Correlation Matrix
Table 4: Correlation among key variables
Variables 1 2 3
1 PMAS | 1.00
2 PII 0.59** | 1.00
3 MMI 0.61** | 0.55** | 1.00
*p<0.01
2.7. Regression and Mediation Analysis
Table 5: Multiple regression results
Predictor B | t-value p
PMAS — MMI 0.48 | 8.21 0.000
PII — MMI 0.36 | 6.74 0.000

R>=0.46 F = 72.15 (p < 0.001)

Mediation test:

PMAS — PII (a = 0.59, p < 0.01)
PII — MMI (b =0.36, p < 0.01)

Indirect effect=a x b

=0.21

Sobel z=4.19 (p <0.001)
= Partial mediation confirmed.

46



Elementary Mathematics Education Journal 2025, Vol. 7, No. 2
ISSN 2694-8133

2.8. Graphical Representation
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Figure 1. Mean Scores by School Context
(Bar chart illustrating higher PMAS, PII, and MMI among urban schools compared with
rural counterparts.)
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(Shows a strong positive linear relationship, r = 0.61.)
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Figure 3. Mediation Model Diagram
(Depicts paths a, b, and c' demonstrating partial mediation of PII between PMAS and MMI.)

2.9. Ethical Considerations

Participation was voluntary; respondents’ anonymity and confidentiality were ensured.
Consent forms were obtained from both students and parents. The study adhered to ethical
research standards of the Federal University Wukari Research Ethics Committee.

3. Results and Analysis

Descriptive statistics indicate that parental attitude (PMAS) averaged 3.4 (SD = 0.6) on
a 5-point scale, showing generally positive dispositions. Parental involvement (PII) averaged
3.1, and student motivation indices averaged around 3.3. Table 6 presents descriptive statistics,
while Table 7 displays correlation coefficients among key variables.

Table 6: Descriptive Statistics

Variable Mean SD Min Max
PMAS 34 0.6 1.2 5.0
PII 3.1 0.7 1.0 5.0
Self-Efficacy 3.5 0.5 1.5 5.0
Intrinsic 33 0.6 1.0 5.0
Motivation

Table 7: Correlation Matrix

PMAS PII Self-Efficacy Motivation
PMAS 1.00 0.52 0.61 0.58
PII 0.52 1.00 0.55 0.49
Self-Efficacy 0.61 0.55 1.00 0.66
Motivation 0.58 0.49 0.66 1.00
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Table 7 shows correlations among parental attitude, involvement, and motivation variables.
Regression analysis indicated that PMAS significantly predicted student self-efficacy (f = 0.48,
p <0.01) and intrinsic motivation (f = 0.42, p <0.01). A mediation model showed that parental
involvement (PII) partially mediated the relationship between PMAS and overall motivation,
accounting for approximately 22% of the total effect.

4. Discussion

The findings of this study provide clear empirical evidence that parental attitude
significantly influences students’ motivation to learn mathematics. The strong positive
correlation (r = 0.61, p < 0.01) between Parental Mathematics Attitude (PMAS) and
Mathematics Motivation Inventory (MMI) aligns with previous research by Wang (2024) and
Simmons (2024), who observed that students’ motivation and persistence in mathematics
increase when parents express confidence, enthusiasm, and value for the subject. This outcome
reinforces the principle of Social Cognitive Theory (Bandura, 1997), which posits that positive
verbal persuasion and modeling from parents enhance students’ self-efficacy beliefs.

The regression results further reveal that parental attitude and involvement jointly predicted
46% of the variance in student motivation, confirming that both cognitive beliefs and behavioral
engagement from parents play vital roles. This supports the findings of Akindipe (2025), who
demonstrated that structured parental involvement programs improve students’ mathematics
achievement through heightened self-efficacy. It also agrees with Expectancy—Value Theory
(Eccles & Wigfield, 2002), which emphasizes the importance of perceived task value and
expectations of success in motivating learners.

The mediation analysis provides deeper insight: parental involvement partially mediates
the relationship between parental attitude and student motivation. This means that while
positive attitudes directly affect students’ motivation, they also exert an indirect influence
through the level of parental engagement in children’s learning. Parents with constructive
mathematical beliefs are more likely to assist with homework, encourage effort, and model
persistence—behaviors that strengthen students’ internal motivation. Similar mediating effects
have been reported by Charitaki (2023) and Peixoto et al. (2024), who found that parents’ daily
interactions translate attitudes into motivational gains for their children.

The moderation analysis revealed that socioeconomic status (SES) and school context
(urban versus rural) significantly affect the magnitude of these relationships. Urban and higher-
SES parents displayed stronger positive effects of both attitude and involvement on motivation,
consistent with Muhammad (2024) and Salido et al., (2024). This outcome reflects the influence
of resource availability, exposure, and educational support systems, which enable urban and
affluent parents to convert positive beliefs into meaningful engagement. In contrast, rural or
lower-SES parents, though often supportive, face barriers such as limited time, income, or
access to educational materials, which may weaken the practical impact of their attitudes.

These findings also highlight persistent contextual inequalities in Nigerian education. They
suggest that interventions aimed at improving students’ mathematics motivation must address
structural challenges faced by families in disadvantaged settings. School-community
collaborations could help bridge this gap by offering parent education programs and outreach that
equip all parents with effective engagement strategies, regardless of socioeconomic background.

Overall, the results affirm that students’ motivation in mathematics is shaped by a triadic
relationship among parental attitudes, parental involvement, and contextual factors. The
evidence strengthens global literature on parental influence and extends it to the Nigerian
context, where empirical studies remain limited. By integrating both attitudinal and behavioral
variables, this study contributes to a more holistic understanding of how family dynamics shape
students’ mathematical motivation.
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5. Conclusion and Recommendations

This research explored how parents’ attitudes toward mathematics influence students’
motivation to learn the subject, taking into account the roles of parental involvement,
socioeconomic status (SES), and school setting. The findings clearly showed that students
whose parents hold positive beliefs and provide consistent encouragement display stronger
motivation, confidence, and persistence in mathematics learning. Together, parental attitude
and involvement explained a significant portion of the differences in students’ motivation
levels.

The mediation analysis demonstrated that parental involvement partly explains how
positive attitudes lead to improved motivation. Parents who actively assist, encourage, and
communicate positive messages about mathematics enhance their children’s enthusiasm and
self-belief. Furthermore, differences in family income and school context shaped the strength
of this relationship. Urban and higher-SES families were able to translate their beliefs into
practical engagement more effectively than rural or lower-income parents.

Overall, improving students’ motivation to learn mathematics is a shared responsibility.
Teachers, parents, and policymakers must work together to build confidence, interest, and
a positive mindset toward mathematics. Encouraging active and informed parental participation
remains one of the most effective, sustainable ways to enhance mathematics learning outcomes
in Nigeria and similar contexts. Improving students’ motivation to learn mathematics is
a shared responsibility. Teachers, parents, and policymakers must work together to build
confidence, interest, and a positive mindset toward mathematics. Encouraging active and
informed parental participation remains one of the most effective, sustainable ways to enhance
mathematics learning outcomes in Nigeria and similar contexts.
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Abstrakt

Clanek piedstavuje vzdélavaci hru Abaku, kterd rozviji aritmetické dovednosti zaku
prostiednictvim tvofivé prace s ¢isly. Princip hry spoc¢iva v kombinovani ¢islic do matematicky
spravnych rovnosti bez pouziti aritmetickych symbolli, ¢imz hraci intuitivné objevuji
matematické vztahy. Abaku existuje v deskové i digitalni podobé¢ a je vyuzitelnd napii¢ vSemi
stupni vzdélavani diky moznosti pfizplsobit pravidla a uroven obtiznosti. Hra pfirozené
podporuje diferenciaci vyuky, inkluzi a motivaci zakti k matematice.

Kli¢ova slova: Abaku, matematika, aritmetika, didaktickd hra, matematickd gramotnost,
kognitivni rozvoj, diferenciace vyuky

ABAKU

Abstract

The article presents the educational game Abaku, designed to enhance students’ arithmetic
skills through creative work with numbers. The game’s principle is based on combining digits
into mathematically valid equations without using arithmetic symbols, allowing players to
intuitively discover mathematical relationships. Abaku exists in both board and digital versions
and can be used across all levels of education by adjusting the rules and difficulty level. The
game naturally supports differentiated teaching, inclusion, and student motivation toward
mathematics.

Keywords: Abaku, mathematics, arithmetic, educational game, mathematical literacy,
cognitive development, differentiated instruction

1. Uvod

Hra Abaku je primarné urcena k rozvoji a procvi¢ovani aritmetickych dovednosti zak.
Ucitelé, kteti metodu dobie znaji a pouZivaji, vSak v této aktivité nachéazeji SirSi didakticky
potencial, Ize ji vyuzit k nacviku a porozuméni pojmim z oblasti osové soumérnosti,
kombinatoriky, teorie grafl, ale i v ramci prvouky.

Tato hra ziskala mezinarodni ocenéni Academics’ Choice 2022 Brain Toy Winner Award
for Mind-Building Excellence. Cena je prestizni zarukou kvality ve vzdélavani, vyhrazena jen
pro ty nejlepsi hracky a média rozvijejici mySleni. Nezavisly program Academics’ Choice
Award je zarukou vynikajici kvality a je uzndvany po celém svété zdkazniky i1 vzdélavacimi
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institucemi jako oznaceni pro skute¢né efektivni ucebni pomiicky
podporujici mySleni a umoziujici zakim a studentim plné
rozvinout kognitivni dovednosti vyssiho fadu.

Ve Skolnim kontextu je vhodné zacit s Abaku off-line formou
tedy skladanim a ¢tenim piikladi z ¢isel a teprve nasledné prejit
k digitalni (on-line) verzi hry.

Ptiklady se zapisuji jako posloupnost c¢islic, bez pouziti
aritmetickych symbolti a znaku rovnosti. Naptiklad zapis ,,123 1ze
interpretovat jako rovnost 1 + 2 = 3. Pfidanim dalsi ¢islice 4 na =
konec vzniké ,,1234, které lze Cist jako 12 : 3 = 4. V takovém zapisu ziistava ptitomen
i ptivodni vztah 1 +2 = 3.

Z4ci se postupné uéi hledat takovou kombinaci z danych &islic, ktera obsahuje co nejvice
matematicky spravnych rovnosti. Naptiklad ze ctyft ¢islic 1, 2, 3 a 4 je nejvhodnéjsi kombinace
4312, kde lze nalézt tfi platné ptiklady: 4 - 3=12,4—-3=1a3 - 1=2.

Obdobn¢ z cislic 1, 7, 8 a 9 Ize vytvofit optimélni kombinaci ,,9817%, v niz se nachézi
ptiklady: 9-8=1,8-1=7a9+8=17.

Takové priklady jsou srozumitelné i zdkim v nizSich ro¢nicich zékladni $koly. Zatimco
primérni zci pii sezndmendi se s hrou Abaku obvykle pracuji s jednocifernymi piiklady, nadani
zaci dokazi velice rychle identifikovat a pouzivat i viceciferné vztahy. Z pohledu ucitele je
vyhodou, ze vSichni Zéci fesi stejny typ Ulohy, avSak kazdy na trovni odpovidajici jeho
individudlnim schopnostem. Hra tak pfirozen¢ umoznuje diferenciaci vyuky a kazdy zak se
zlepsSuje svym vlastnim tempem.

Metodické materialy ke hie jsou dostupné na strankach abaku.cz/metodika, kde jsou
uvedeny i1 doporucené pomiicky (napft. kostky, karty, kameny a jiné) a aktivity s nimi, které je
vhodné do vyuky zaradit jesté ptfed samotnou hrou.

Samotna hra Abaku je urena pro 1—4 hrace a existuje jak v on-line, tak deskové varianté.
Princip hry je podobny Scrabblu: misto pismen, z nichz se skladaji slova, se pouzivaji Cislice,
které vytvatfeji matematické rovnosti. Kazdy nové poloZeny ptiklad musi navazovat alespon
jednim kamenem na jiz existujici pfiklad.

Zakladni pravidla hry jsou nasledujici:

e Priiklady Ize skladat a Cist pouze zleva doprava a shora dold; zddny jiny smér neni
pfipustny.

e Povolené operace zahrnuji s¢itani, od¢itani, ndsobeni, déleni, druhou a tfeti mocninu
a odmocninu.

¢ Nula se nikdy nevyskytuje samostatné, pouze jako soucast vicecifern¢ho cisla.

e Pii kiizeni fadkl a sloupclh musi vSechny vzniklé piiklady mit matematicky smysl.

Podrobna pravidla hry jsou dostupna na abaku.org/abaku-play-pravidla-hry.

Specifické pravidlo nuly mtize zpoc¢atku plisobit nejasné, avsak po nékolika hrach se stava
intuitivné srozumitelnym. Naptiklad zapis ,,505% je neplatny, nebot’ neni zfejmé, zda znamena
5+ 0=5nebo 5 —0=35 v obou piipadech je nula pouzita nespravné jako samostatny prvek.

Naopak zépis ,,5510* je platny, protoZe ptedstavuje vztah 5 + 5 = 10, kde nula tvoii soucast
¢isla. Soucasné je v tomto zapisu obsazen také piiklad 5 : 5= 1.

Existuji dvé on-line platformy: Abakul.ab.com tato verze je urCena primarn¢ pro Skoly
a AbakuPlay.com verze, ktera je vhodna pro Sirokou vetejnost.
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V nastaveni hry lze zvolit nékolik parametri: typ soupeie (clovék nebo robot), pocet hract
(2—4 na jedné desce), Cas na tah, pocet kament a velikost herniho pole.

Pro zacatecniky lze doporucit nastaveni: 1 minuta na tah, 50 kament a hraci pole 15x15.
Takto nastavena hra trva piiblizn¢ 20-30 minut, coz odpovida jedné vyucovaci hodin¢.

Ve variant¢ hry s robotem je mozné, aby si hra¢ zvolil troven obtiznosti, robot 1 je vhodny
uspéchu, kdyz vyhraje nad robotem dané urovné a souc¢asné¢ ma moznost si v dal$i hie klast
vyssi cile a zvolit vyssi obtiznost.

ZVOL SOUPERE

ROBOT RI RIIL R RUR.

CLOVEK JENTAK M. LIGA LIGA TURNA

ZVOL ZAKLADNI PARAMETRY HRY

HRACI | I ll i
CAS 0,5 min 1 min 1,5 min 2 min
KAMENY 50 73 110 121
POLE 11x11 13x13 15x15 17x17
ZVOL DALSI PARAMETRY HRY A
OPERACE Vse +/- x/+ A
UROVEN - Lehké Stredni Expert
BODOVANI

ZASOBNIK 5 3 7 9

Obrazek 1. Nastaveni hry

Digitalni verze hry umoznuje omezit povolené operace, coz je vhodné pro rizné vé€kové
urovné zakl. Napiiklad pro prvni stupeni 1ze v dal§im nastaveni vypnout mocniny, 1 kdyZ se
v praxi ukazuje, ze je ¢asto vhodné ponechat zaklim moznost samostatného objevovani tohoto
principu. Nadani Zaci Casto intuitivné rozpoznaji strukturu mocnin a plynule zacnou sami
mocniny a odmocniny vyuzivat pii tvorbé piikladi, zatimco ostatni Zaci mocniny pochopi
pozdéji na zdklad¢ ucitelova vysvétleni.
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Pro zaky zékladnich a stfednich $kol se kazdoro¢n¢ kona on-line celostatni soutéz Liga
Abaku, pofadana pod zastitou Ministerstva $kolstvi, mladeze a télovychovy CR. Partnery
soutéZe jsou mimo jiné také Jednota ¢eskych matematikti a fyziktt (JCMF) a Spole¢nost uéiteld
matematiky (SUMA).

2. Ukazka hry

Na herni desce hraci postupné skladaji priklady tak, aby kazdy nové pfidany navazoval
alespoil jednim kamenem na jiz polozeny. Kameny s ¢islicemi maji k dispozici ve svém
zasobniku, kam si je po kazdém tahu zase doplni.

Ptiklady hry:

Zde bylo prvni polozenou kombinaci ,,235%, ktera predstavuje ptiklad 2 + 3 = 5. Hrac za
tento tah ziskal celkem 20 bodl. Nasledné byly pfilozeny kameny ,,540%, ¢imz byl vytvoien
ptiklad 35 + 5 = 40. Hra¢ ziskal 17 bodu.
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Obrazek 2. Hra po 2 tazich
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V dalsim tahu bylo polozeno ,,496, ¢imz byly vytvotreny soucasné dva piiklady:
54:9=6a5+4=9. Hrac ziskal za tento tah celkem 50 bodi.

3. KOoLO ABAKU SAM
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Obrazek 3. Hra po 3 tazich

NiZe je zobrazena hraci deska na konci hry se 110 kameny na plose 15x15 poli. V tomto
pripad¢ hra trvala 29 kol, tedy cca 30 minut. Ctenaf mtize sam hledat vSechny ptiklady, které
byly v pribéhu hry na desku polozeny.
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Za kazdy vytvoteny piiklad hrag ziskava body. Cim vice ptikladii vznikne v rAmci jednoho
tahu, tim vyss$i bodovy zisk. Herni deska obsahuje zvyhodnéna pole podobné¢ jako ve Scrabblu
— pole oznacend dvéma krouzky nédsobi hodnotu dvakrat, tfi krouzky tiikrat; Sedé krouzky
nasobi pouze kamen, zelené krouzky cely piiklad. Systém bodovani hraci obvykle pochopi
intuitivné po nékolika tazich. Hra pokracuje, dokud nejsou postupné pouzity vSechny kameny
v zasobniku.

3. Zavér

Hra Abaku ptedstavuje nastroj, ktery podporuje nejen osvojovani aritmetickych operaci,
ale predev§im rozvoj vysSich kognitivnich procestli, jez jsou zasadni pro uceni a mySleni
v matematice. Na rozdil od tradi¢niho drilového procvi¢ovani operaci (tzv. sloupecki ptikladi)
zaci pii hie aktivné hledaji ptiklady, vytvareji strategie, ovétuji hypotézy a reflektuji spravnost
svych postupti.
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Z kognitivniho hlediska hra ptispiva k posilovani n¢kolika klicovych funkci:

1. Pracovni pamét a kognitivni flexibilita — zdk musi udrzet v paméti vice ¢isel a operaci,
zvazovat rtizné kombinace a soucasn¢ piizplisobovat strategii podle situace na herni
desce. Dochazi tak k rozvoji schopnosti manipulovat s informacemi v realném case,
prepinat mezi lohami a fidit vlastni mentélni procesy.

2. Logicko-matematické mysleni — pfi hledani platnych rovnosti zZak implicitné provadi
operace algebraického a kombinatorického charakteru. Musi rozpoznat matematické
ptiklady, posoudit jejich platnost a vyhodnotit efektivitu jednotlivych taht.

3. Strategické a analytické mysSleni — podobné¢ jako ve hrach typu Scrabble dochazi
i v Abaku k rozvoji schopnosti planovat nékolik kroki doptedu a volit optimalni
umisténi kamenti s ohledem na bodové zisky i1 dalsi herni moznosti.

4. Metakognitivni dovednosti — hra vyzaduje pribézné sebehodnoceni a korekci postupu
., Mohu vytvofit vice ptikladt jinou kombinaci?". Zak tak rozviji schopnost reflektovat
vlastni mysleni a ucebni strategie, coz je v souladu s pozadavky soucasné didaktiky

matematiky.
5. Rozvoj numerického a symbolického porozuméni — diky absenci explicitnich operatorii
(+ = .= 2, 3,3,V )je zak veden k hlubsimu pochopeni struktur &iselnych

vztahti, nikoli pouze k mechanickému pouzivani symbolii. Tento aspekt podporuje
konceptualni porozuméni aritmetice a piispiva k prevenci tzv. proceduralniho mysleni
bez porozumeéni.

6. Podpora exekutivnich funkci a koncentrace pozornosti — hra vyzaduje udrzeni pozornosti
po delsi Cas, planovani tahtl, inhibici impulzivnich reakci a préci s chybou. Tyto funkce
jsou kli¢ové nejen pro matematické ucent, ale i pro Sir$i kognitivni rozvoj ditcte.

Z pedagogického hlediska Abaku ptirozené vytvari prostfedi pro diferenciaci vyuky. Na
jedné herni desce mohou soucasné pracovat zici s riiznou uUrovni matematické zdatnosti,
pficemz kazdy mé moznost dosahovat ispéchu ptfiméfeného svym schopnostem. Tento princip
odpovida pozadavkiim inkluzivniho vzdé€lavani a napliuje cile stanovené revidovanym
Réamcovym vzd€lavacim programem pro zdkladni vzdelavani (RVP ZV, 2023), zejména
v oblasti rozvoje matematické gramotnosti, kompetenci k feSeni problémi a k uceni.

ZkuSenosti uciteltl ukazuji, ze pravidelné zafazovani hry Abaku do vyuky vede k posileni
motivace zakil a ke zvySeni jejich z4jmu o matematiku. Diky hernimu formétu a okamzité
zpétné vazbé zaci matematiku vnimaji nikoli jako izolovany soubor pravidel, ale jako systém
logickych vztahii, s nimiz lze aktivné experimentovat.

Uciteltm, ktefi s nasazenim této aktivity do vyuky vahaji, mohou doporucit videoukazky
z redlné vyuky dostupné na strankach abaku.cz/videa. Videa pochazeji z béZnych zékladnich
Skol a prezentuji autentickou praci Zaka riznych Grovni.
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Abstrakt

Na Slovensku v ostatnom obdobi prebieha kurikuldrna reforma. V skolskom roku
2025/2026 su v procese verifikacie zavdzne kurikuldrne dokumenty, ktoré determinuju
vzdelavaci proces v matematickej oblasti na predprimarnom a primarnom stupni vzdelavania.
Clanok sa zameriava na analyzu tychto dokumentov z pohladu implementacie konceptov
jednoduché geometrické telesa a technoldgia rozsirenej reality do vzdelavacieho procesu deti
predskolského a mladSieho Skolského veku.

Klucové slova: kurikularne dokumenty, geometria, telesd, technoldgia rozsirenej reality (AR)

ANALYSIS OF CONCEPTS OF ELEMENTARY GEOMETRIC SOLIDS
AND AUGMENTED REALITY IN CURRICULUM DOCUMENTS IN
SLOVAKIA

Abstract

Slovakia has recently undergone a curriculum reform. In the 2025/2026 school year,
binding curriculum documents that determine the educational process in mathematics at the
pre-primary and primary levels of education are in the process of verification. This article
focuses on analysing these documents from the perspective of implementing the concepts of
simple geometric solids and augmented reality technology into the educational process for
preschool and early school-age children.

Keywords: curriculum documents, geometry, solids, augmented reality technology (AR)

1. Uvod

Jednoduché geometrické priestorové Utvary (telesd) su integralnou sucastou matematicke;j
(geometrickej) pripravy deti uz od predSkolského veku. Jednoduché geometrické teleso
predstavuje akdkol'vek kocka, kvader, valec (kolmy valec), kuzel' (kolmy kuzel'), ihlan
(kolmy ihlan) a gula. PoZiadavky kladené na deti, resp. Ziakov na Groven vedomosti a zru¢nosti
pri praci stymito geometrickymi objektami s, v podmienkach Slovenska, upravené
prostrednictvom zaviaznych kurikuldrnych dokumentov. Tie vo forme vykonovych
a obsahovych Standardov formuluju poziadavky kladené na vykon Ziaka prisluSnej vekovej
kategorie. Dosiahnutie tychto poZiadaviek je ndpliou price pedagdéga na prisluSnom
stupni vzdeldvania. V tomto kontexte je potrebné, aby ucitel disponoval vedomostami
a spOsobilost’ami v oblasti matematiky a pedagogiky.
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Pri inkorporovani novych pristupov vyuzivajucich digitdlne prostredia st kladené na
pedagogov, okrem poziadaviek na odborné vedomosti a zru¢nosti, aj naroky z technologicke;j
oblasti — koncept TPACK.

TPACK je vo vedeckej komunite vnimany ako potrebny teoreticky ramec pre dizajnovanie
vzdelavania v digitdlnom prostredi. TPACK (resp. TPCK) vyvinuli Misha a Koehler v roku
2006 ako odpoved’ na absenciu tedrie usmeriiujicej integraciu technoldgii do vzdeldvania.
Model konceptovo vychadza z konstruktu Pedagogical Content Knowledge (PCK), ktory bol
vyvinuty Shulmanom. (Mishra et al., 2023; Wang et al., 2018; Rosenberg & Koehler, 2015;
Binti Muhamad, 2014; Harris & Hofer, 2011; Simonova et al., 2010; Doering et al., 2009;
Koehler et al., 2007; Koehler & Mishra, 2005)

Prvotny model integracie technologii do vzdelavania TPCK (Obrazok 1) bol upraveny
na format TPACK (Obrazok 2), v ktorom su prezentované jednotlivé zlozky:

e CK (Content Knowledge) — vedomosti o obsahu vzdelavania,

e PK (Pedagogical Knowledge) — didaktické kompetencie,

e TK (Technological Knowledge) — vedomosti o technoldgii a technologické zru¢nosti,
e PCK (Pedagogical Content Knowledge) — odborovo-didaktické kompetencie,

e TCK (Technological Content Knowledge) — vedomosti a zru¢nosti v technologickej
transformacii obsahu vzdelavania,

e TPK (Technological Pedagogical Knowledge) — vedomosti a zru¢nosti v technologicke;j
transformécii pedagogického procesu,

e TPACK (Technological Pedagogical Content Knowledge) — vedomosti a zru€nosti
v technologickej transformacii didaktickej interpretacie obsahu vzdeldvania.

Content Pedagogical
Knowledge Pedagogical Content Knowledge
Knowledge

Technologica

Technological
Content Knowledge

Pedagogical Knowledge

Technological
Knowledge Technological
Pedagogical Content

Knowledge

Obrazok 1. Model TPCK
zdroj: Koehler et al., 2007, s. 742
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Technological
Pedagogical Content
Knowledge
(TPACK)

Technological Technological Technological
Pedagogical Ec nclr odglca Content
Knowledge nowiedage Knowledge

(TPK) (TCK)

Pedagogical
Knowledge
(PK)

Knowledge
(CK)

Pedagogical
Content
Knowledge
(PCK)

Contexts

Obréazok 2. Model TPACK
zdroj: Rosenberg & Koehler, 2015

Technological Knowledge (T resp. TK) zahtia rozne spdsoby, ktoré poskytuju prezentaciu
informacii od klasickych technologii ako st ucebny text, pracovny list aZ po pokrocilejsie, ako
video, applet a pod.. Content Knowledge (C resp. CK) predstavuje kurikulum predmetu, ktory
sa ma vyucovat’. Pedagogical Knowledge (P resp. PK) zahfiia to, ako riadit, inStruovat’ a viest’
Studentov. Doraz je kladeny na prepojenie a interakciu medzi jednotlivymi zlozkami C, P a T.

V ostatnom obdobi sa do popredia aj vo vzdelavani dostava technologia rozSirenej reality.
Technologia rozSirenej reality (AR) znamena spojenie redlneho sveta s virtudlnymi
prostrediami. Umoziuje vizualizovat’ skuto¢né aj virtualne objekty priamo v redlnom prostredi.
V kontexte vzdelavania ju mozno vnimat’ ako néstroj, ktory pomocou vizualizacie v realnom
prostredi podporuje tvorbu a rozvijanie matematickych konceptov, ¢im zvySuje efektivitu
vzdelavacieho procesu a ucenia sa.(Hnatova et al., 2024; Mokris et al., 2024; Hnatova, 2023;
Liptak, 2023; Mokris et al., 2023; Hnatova, 2022; Pridavkova, 2022; Hnatova, 2021)

Nastrojom, ktory umoziiuje implementovat’ technoldgiu rozsirenej reality do edukac¢ného
procesu je aj softvér Geogebra. Nazornost’ je jednou z kIicovych zasad aj vo vyucovani
matematiky, ktoru je mozné sprostredkovat’ za pomoci tohto softvérového prostredia. (Wossala
et al., 2024; Wossala, 2023)

Aplikacia Geogebra 3D Calculator predstavuje jednu zo zloziek prostredia Geogebra, ktora
okrem iného umoZiluje vytvarat applety zamerané na problematiku budovania predstav
o jednoduchych priestorovych geometrickych utvarov, ich vlastnostiach a vztahoch medzi
nimi. Ak je ambiciou takyto produkt implementovat’ do vyuc€ovacieho procesu, tento proces si
vyzaduje vzajomné prepojenie odbornych (matematickych), pedagogickych a technologickych
vedomosti a zruénosti (model TPACK).
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2. Ciele a dizajn vyskumu

Cielom prispevku je, na zaklade analyzy zavidznych kurikularnych dokumentov pre
predprimarne a primdrne matematické vzdeldvanie na Slovensku, identifikovat’ podmienky na
inkorporaciu technologie rozsirenej reality do aktivit vyuzivajucich jednoduché geometrické
priestorové Utvary v ramci matematickej pripravy ziakov mladSieho Skolského veku, resp. deti
predskolského veku.

Analyze boli podrobené kurikuldrne dokumenty, ktoré v aktudlnom Skolskom roku
2025/2026 st implementované vo vychovno-vzdelavacom procese v Skolskych zariadeniach
na Slovensku, ktoré su zaradené do procesu zavadzania kurikularnych zmien. Pre takéto
Skolské vychovno-vzdelavacie zariadenia plati povinnost' sariadit nasledujicimi
kurikularnymi dokumentami: Statny vzdelavaci program pre predpriméare vzdeldvanie
v materskych §kolach (MSVVaS SR & NIVAM, 2022), Statny vychovny program pre $kolsky
klub deti (NIVAM, 2022), Statny vzdeldvaci program pre zikladné vzdelavanie (NIVAM,
2023a), Statny vzdelavaci program pre zakladné vzdelavanie: Vzdelavacia oblast Matematika
a informatika (NIVAM, 2023b) a Minimalne uéebné vystupy zo vzdelavacich Standardov
(NIVAM, 2025).

Identifikatormi pri analyze vyssie uvedenych dokumentov boli tieto kI'a¢ové pojmy: teleso,
stavba z kociek, stavba z telies, pohl'ad na stavbu, plan stavby, kocka, kvader, valec, gula,
kuzel, ihlan, vrchol, hrana, stena, siet, digitdlne technologie, manipuldcia s telesami
a rozvijanie priestorovej predstavivosti. VolI'ba kI'i€ovych pojmov bola realizovana na zaklade
pojmovej mapy pre tieto skimané koncepty: technoldgia rozsirenej reality, jednoduché
priestorové geometrické Utvary a ziak/dieta mladSieho Skolského, resp. predskolského veku.
Analyzované kl'ucové pojmy boli zoskupené do navzijom disjuktnych mnozin na zaklade
spolocnej vlastnosti. Vytvorené boli tieto zoskupenia: jednoduché telesa a ich charakteristiky
(kocka, kvader, valec, gul'a, kuzel, ihlan, vrchol, hrana, stena, siet)), stavba (stavba z kociek,
stavba ztelies, pohl'ad na stavbu, plan stavby, manipuldcia s telesami, priestorova
predstavivost)) a digitalne technologie.

3. Vyskumné zistenia a ich interpretacia

V predprimadrnom vzdelavani na Slovensku je problematika prace s jednoduchymi
priestorovymi Utvarmi primarne zakomponovana do okruhu Geometria a meranie, kde sa deti
ucia rozpoznavat zdkladné geometrické Utvary ako kocka, gula a valec pomocou zraku
a hmatu. Zaroven ma dieta vediet' tieto jednoduché geometrické telesd pomenovat’
a vymodelovat. NeskOr sa vyuzivaju obrazky a modely na opis ich vlastnosti. Jednym
z pozadovanych vykonov dietat’a je aj postavit’ stavbu z primerané¢ho mnozstva stavebnicovych
dielcov podla predlohy, podla pokynov a na dant tému. Manipulativne Cinnosti s aj
integralnou sucastou tematického okruhu Cisla a vztahy, kde je napr. prostrednictvom
manipulacie potrebné rozdelit’ skupinku na dve alebo tri ¢asti s rovnakym poctom. Okruh Praca
s informaciami uvadza ako jeden z vykonovych Standardov, aby diet'a ovladalo zaklady prace
s digitdlnymi technoldgiami, t. j. vedelo ovladat’ digitalne hry ¢i pouzivat’ digitalne animované
programy uréené pre danu vekovu skupinu.

Pre deti predskolského veku je mozné, vychadzajiuc z taxonomie SAMR (Arantes, 2022;
Blundell et al., 2022; Hamilton et al., 2016; Wijaya et al., 2021), implementovat’ technolégiu
rozsirenej reality ako pomocny nastroj (iroven substitucie) pri identifikacii objektov z redlneho
Zivota. V tomto pripade virtudlny model telesa nahradi (Grovei substiticie) geometricky model
ideélneho telesa, ktory je mozné konfrontovat’ s redlnym objektom z beZného Zivota.
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Obrazok 3. Prototyp valca z realneho zivota (vlavo), doplneny o plastovy model (v strede)
a virtualny model v prostredi s rozsirenou realitou (vpravo)

Hlavnym cielom matematického vzdeldvania ziakov mladSieho Skolského veku je
osvojenie zakladnej matematickej gramotnosti. V ramci prvého cyklu vzdelavania je pozornost’
sustredena na to, aby ziaci mali osvojeny zakladny matematicky obsah, aktivované prvotné
matematické kompetencie, vytvorené zaklady matematickych praktik, matematickej identity
a pozitivneho obrazu o vyzname matematiky. Tieto hlavné ciele maju svoj odraz
vo vykonovych Standardoch a obsahovych komponentoch. Problematika prace s jednoduchymi
priestorovymi  geometrickymi Utvarmi je integrovand v obsahovom komponente
Geometria, v tematickej oblasti Ziklady skimania geometrickych utvarov v priestore
a atomizovana do komponentov: pojmy, vztahy, postupy a matematické praktiky. Pre
absolventov 1. cyklu vzdelavania (1. az 3. ro¢nik) sa vyZaduje, aby aktivne pouZivali pojmy
kocka, kvader (steny, vrcholy a hrany), valec, kuzel’, ihlan, gul’a, hranaty, obly a pasivne: siet’
kocky, kvadra, telesa; pohl'ad zhora, spredu, zboku, plan stavby z kociek. Vzt'ahova rovina
vyzaduje poznanie suvislosti medzi rovinnymi a priestorovymi utvarmi; vzt'ah medzi planom
stavby a poctom kociek v stavbe. Na spristupnenie pojmov a vztahov je vhodné pouzivat
postupy zalozené na urcovani vyznamnych prvkov priestorovych utvarov (vrcholy, hrany,
steny); rozliSovani a triedeni priestorovych ttvarov (podla vyznamnych prvkov a vlastnosti);
stavani stavieb z telies alebo z kociek podla vzoru (redlna stavba alebo stavba na obrazku),
podl’a planu alebo podl'a slovného opisu, tvorbe jednoduchého planu stavby z kociek a tvorbe
modelov priestorovych ttvarov z danej siete. Priestor na implementaciu technoldgie rozsirenej
reality do vzdelavania poskytuju matematické praktiky v kontexte ,,pouzivania roznych technik
na modelovanie priestorovych geometrickych utvarov, korigovanie a kontrolovanie postupu
a spravnosti rieSent, identifikovanie chyby v stavbe alebo pldne a jej opravy, interpretovanie
symbolickych zaznamov stavieb z kociek/telies . (NIVAM, 2023b, s. 14)

Aplikacia roznych technik na modelovanie priestorovych utvarov by mala vychadzat’
z postupov a sklsenosti, ktoré malo dieta moznost’ aplikovat’ po€as svojej predskolskej
pripravy. Ide najméd o modelovanie kocky, valca a gule za pomoci réznych materidlov, napr.
plasteliny. Tento koncept je potom vhodné pouzit' aj na vytvorenie modelu kvadra, ihlana
akuzela. Technoldgia rozsirenej reality je tu vyuzitelnd v podobe kontrolného, resp.
substituéného nastroja, kde stavba z telies vytvorend z redlnych modelov telies je nahradena
stavbou z virtudlnych modelov, ktoré st vlozené do realneho prostredia.

Softvérové prostredie GeoGebra disponuje dostatocne robustnymi nastrojmi, pomocou
ktorych je mozné realizovat matematické praktiky zamerané na korigovanie a kontrolu
spravnosti rieSeni, identifikovanie chyby v stavbe alebo plane a jej opravy (Obrazok 4).
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1:3.25cm

Obrazok 4. Stavba z telies z plastovych modelov (vI'avo) doplnend o virtudlny model stavby
(vpravo) — identifikacia chyb v stavbe z telies s vyuzitim AR technologie

Hlavnym cielom 2. cyklu matematického vzdeldvania je, aby ziaci preukazali zaklady
matematickej gramotnosti, disponovali zdkladnymi matematickymi poznatkami a pouZivali
veku a schopnostiam primerané matematické praktiky na rieSenie problémov. Oblast’ prace
s elementarnymi priestorovymi geometrickymi Gtvarmi na tento hlavny ciel reflektuje vo forme
dvoch vykonovych standardov: analyzovat zlozitejSie geometrické Gitvary v rovine a priestore,
vyuzivat’ polohové a metrické vlastnosti Gtvarov pri rieSeni jednoduchych geometrickych tlloh
a riesit’ ulohy na orientaciu v rovine a v priestore a ulohy rozvijajliice priestorovu predstavivost’.
Je moZné konStatovat, Ze v druhom vzdelavacom cykle dochédza ku gradécii poziadaviek na
sposobilosti ziaka — aktivna praca aj s pojmami ihlan, kuzel’ a na pasivnej urovni ziak pracuje
s pojmami: siet’ kocky, kvadra, telesa, pohl'ad zhora, spredu, zboku, plan stavby z kociek.
V tomto kontexte ziak dokaze rozliSovat’, pomenovat’ a opisat’ priestorové geometrické ttvary
pomocou ich vyznamnych prvkov a charakteristickych vlastnosti, objavovat’ stvislosti medzi
rovinnymi a priestorovymi utvarmi a riesit’ problémy zaznamenavania jednoduchych stavieb
z kociek/telies. Z matematickych praktik vhodnych na tvorbu matematickych reprezentacii je
potrebné aplikovat modelovanie telies, sieti jednoduchych telies a stavieb z kociek a inych telies
pomocou stavebnic alebo inych pomocok (vratane digitalnych) (NIVAM, 2023b, s. 26). Za
digitalnu technoldgiou, ktort je mozné a vhodné uplatnit’ povazujeme aj technologiu rozsirene;j
reality, pomocou ktorej dopiiame redlny svet o digitalne komponenty. Aplikaénym prikladom
je vytvorenie stavby z telies v digitdlnom prostredi s naslednou identifikaciou jednotlivych
pohl'adov na stavbu.

Problematiku konStrukcie sieti jednoduchych telies je vhodné realizovat’ pomocou softvéru
GeoGebra a pomocou nastroja AR preniest do realneho okolia (Obrazok 5). Napriklad
na ziacku lavicu umiestnime digitdlny model jednoduchého geometrického telesa, nasledne
manipuléciou s vybranym bodom telesa demonstrujeme proces vzniku jeho siete. Potom tillohou
ziakov je identifikovat’ jednotlivé rovinné utvary, z ktorych je siet’ daného telesa vytvorend
a vytvorit’ siet’ dan¢ho telesa.
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Obrazok 5. Modelovanie siete telesa s vyuzitim technolédgie rozsirenej reality

4. Zaver

Analyza zaviznych kurikuldrnych dokumentov na Slovensku identifikovala gradaciu
procesu prace sjednoduchymi priestorovymi Utvarmi pocnic predSkolskou pripravou.
Absolvent primarneho stupna vzdeldvania pozna jednoduché priestorové geometrické utvary
(kocka, kvéader, valec, gula, kuZzerl’, ihlan), ich vyznamné prvky (vrchol, hrana, stena), dokdze
modelovat tieto telesa a siete kocky a kvadra, postavit’ stavbu z tychto telies, zaznamenat’ jej
plan a pohlady.

Je mozné konstatovat, ze kurikularne dokumenty vytvaraji dostatoény priestor na
implementéciu didaktickych pomocok na pracu s jednoduchymi priestorovymi geometrickymi
utvarmi (pouzivanie réznych technik na modelovanie priestorovych geometrickych utvarov ...
NIVAM, 2023b, s. 14). Vtomto kontexte je mozné ucivo o geometrickych telesach
spristupnovat’ aj s vyuzitim digitalnych néstrojov, napr. pomocou AR technoldgie, dynamicke;j
geometrie, ... . Technolégiu AR je vSak nutné vnimat ako jednu zrdéznych technik na
modelovanie priestorovych geometrickych utvarov, pricom primarnu ulohu vo vzdeldvani
ziakov mladSieho Skolského veku a zvlast deti predskolského veku by mala predstavovat
fyzicka manipulécia s modelmi telies. Implementaciu a integraciu technologie rozsirenej reality
v praci s jednoduchymi priestorovym utvarmi z pohl'adu podmienok a poziadaviek uvadzanych
v analyzovanych kurikularnych dokumentoch je mozné vidiet' v podobe, ktora technolégiu AR
spristupiiuje ako vizualizany a interaktivny nastroj (identifikdcia jednoduchych telies
v redlnom prostredi, vizualizacia a manipulacia s digitdlnymi atvarmi v redlnom prostredi,
tvorba stavieb z telies, odkryvanie sieti, resp. rozvinutych plastov telies, ... ).

Pouzitie technologie rozsirenej reality vo vyuovani matematiky mozZe byt vel'mi prinosné.
Tato technoldgia pomaha vizualizovat’ abstraktné koncepty, ako su napriklad priestorové
geometrické Utvary a vztahy medzi nimi a tym podporuje interaktivne ucenie, ¢o zvysuje
motivaciu ziakov vzdelavat sa. Na strane druhej si vSak vyzaduje zvladnutie a vzajomné
prepojenie odbornych (matematickych a pedagogickych) a technologickych vedomosti
a zru€nosti. Integracia rozsirenej reality (AR) pri navrhu aktivit s jednoduchymi geometrickymi
priestorovymi Utvarmi na primarnom stupni vzdeldvania na Slovensku pontka inovativne
moznosti pre zmysluplné a personalizované ucenie. Tvorba a inkorporacia vzdeldvacich aktivit
vyuzivajucich technologiu rozsirenej reality vo vyu¢ovani matematiky je oblastou s velkym
potencialom pre edukacnu prax.
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Abstract

This descriptive survey examines pupils’ perception and attitude towards the use of Eko-
Excel Tablet for mathematics learning. With the aid of a self-developed questionnaire, the
study sampled 419 randomly selected primary-six pupils (aged 8—10) from four public
primary schools in Ikorodu Local government area, Lagos State, Nigeria. Cronbach’ Alpha
value of 0.81 was obtained for the questionnaire. Data analysis was done using percentages
and standard deviation. It finds that pupils perceive Eko (Eko-Excel) tablet easy to use but
requires unique classroom arrangements and prevents wandering during lesson; though it
helps teachers to save more time and effort but makes them lazy in class. It also reveals that
pupils are negative in attitude towards the use of the gadget because it makes the teacher to
speak less in class which leads to poor concentration in class. Since pupils do not learn at the
same rate, it was recommended that Lagos State Ministry of Education Quality Assurance
should give teachers more time and fewer topics to be covered; while pupils should be allowed
to access and use the gadget for further practice after the normal school hours.

Keywords: Eko-Excel, Pupils’ Attitude, Pupils’ Perception, Mathematics Learning

1. Introduction

Mathematics is widely regarded by Nigerian primary school teachers as the king of all
subjects because it equips learners with the foundational skills needed for problem-solving,
logical reasoning, and effective decision-making (Nneji & Alio, 2017). At the primary level,
mathematical competence supports pupils’ transition to higher grades and underpins cognitive
and creative development. Scholars emphasize that mathematics explains the relationships
between numerical attributes and real-life situations, helping learners cultivate critical
thinking and practical problem-solving abilities (Malik & Salman, 2018). The rapid
advancement of technology in the twenty-first century has expanded the ways people access
information, communicate, and learn, creating new opportunities to improve the teaching and
learning of mathematics (Imoko & Isa, 2015).

Consequently, Mantoro et al. (2017) recommend integrating information and
communication technology (ICT) into primary education which has become a priority for
educators and policymakers concerned about the quality of mathematics instruction. ICT is
viewed as a tool that enhances cost-effectiveness, improves delivery of mathematics
instruction, supports teacher development, and exposes learners to diverse learning
opportunities (Malik et al., 2020). Studies have shown that ICT can increase classroom
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interaction, provide immediate feedback, and support monitoring of pupils’ progress.
Although Salehi and Salehi (2012) report that ICT does not replace effective teaching, it
serves as an important supplement to classroom instruction and can significantly strengthen
teaching and learning outcomes.

In Lagos State, these insights informed the creation of the Eko Excellence in Child
Education and Learning (Eko-Excel) initiative, launched in 2019 to modernize public primary
school education. Building upon earlier reforms, the program seeks to reposition public
schools by equipping teachers with digital tools, improving classroom management, and
enhancing instructional practices. Central to the initiative is the Eko-Excel tablet, a digital
device used by teachers to deliver structured, grade-appropriate lessons containing graphics
and timed instructional activities. The tablet provides daily schedules, attendance systems,
lesson guides, assessments, and administrative communication. It is connected to the head
teacher’s network and synchronized with the Lagos State Universal Basic Education Board
(SUBEB) dashboard for real-time monitoring of teacher activity, lesson delivery, and pupils’
academic progress.

The primary goals of Eko-Excel are to improve learning outcomes, promote digital
literacy, support inventive teaching, and prepare pupils for the demands of the modern
knowledge-driven world (Olujuwon ef al., 2021). The government has invested significantly
in teacher training to ensure that educators are equipped with digital pedagogical skills, and
over 4,000 teachers from more than 1,000 public basic schools have been trained since 2020.
The initiative of Abubakar and Afebuame (2011) represent one of the most ambitious
educational reforms in Nigeria and aims to ensure that no child is left behind in acquiring
twenty-first-century skills. Perception plays a major role in learning, as pupils’ attitudes
toward mathematics affect their engagement, understanding, and willingness to participate.
Positive engagement describes the level of students’ involvement in teaching and learning
activities in terms of devotion and effort (Salhab & Daher, 2023). Positive affective
engagement refers to how students positively respond to teachers, learning tasks, schools,
classmates, and genuinely treasure acquired knowledge. On the other hand, negative affective
engagement denotes students’ negative reactions in the classroom (Adegbuyi & Sama, 2024).
Positive perceptions of mathematics encourage critical thinking and collaboration, while
negative perceptions may arise from teacher-related factors, instructional methods, or the
learning environment (Hermawan & Tyas, 2018). Despite the adoption of technologies meant
to simplify mathematics, many pupils still perceive the subject as difficult and technical, often
requiring significant assistance to comprehend concepts (Fraser, 2012).

The introduction of Eko-Excel was intended to address long standing challenges in
mathematics education, yet several practical issues persist. Teachers report limitations such
as insufficient instructional time, inadequate classroom interaction, and overreliance on pre-
programmed lessons that restrict creativity. The tablets’ predominantly textual content,
limited use of audio features, and lack of opportunities for students to manipulate or interact
with the devices reduce engagement. Network or connectivity issues delay lesson delivery,
and inaccurate attendance records weaken monitoring. Additionally, instructional radio
broadcasts used in some contexts suffer from low audio quality, electricity constraints, and
poor reach within large school environments. These constraints create learning gaps, weaken
pupil-teacher relationships, and diminish students’ ability to complete classroom tasks
satisfactorily.

Another notable challenge is the lack of differentiated instruction. Nigerian public
schools typically teach large classes with diverse learning abilities, making it difficult to meet
individual learning needs. Research has shown that grouping pupils into smaller, ability-based
units can significantly improve learning outcomes, particularly in mathematics. Hermawam
and Tyas (2018) believe that smaller groups enable teachers to tailor instruction, sustain
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pupils’ attention, and refine individual learning deficiencies. Although Eko-Excel attempts to
standardize instruction across schools, Adu et al. (2014) submit that its rigid structure leaves
limited room for such personalized approaches. Historically, mathematics education in
Nigeria has evolved from informal tallying systems rooted in traditional societies to a formal
curriculum shaped by missionary and colonial influence. Over time, the development of
national education policies and curriculum reforms strengthened the role of mathematics in
primary education. The Nigerian primary mathematics curriculum now aims to equip pupils
with numeracy skills, problem-solving abilities, data interpretation skills, measurement
competencies, and spatial awareness. These objectives align with the broader mission of Eko-
Excel, which seeks to digitize teaching methods and improve instructional outcomes.

Lagos State’s long-standing commitment to educational reform reflects earlier efforts
during the administration of Lateef Jakande, who championed accessible public education.
The Eko-Excel initiative echoes this legacy by attempting to make quality education equitable
through significant investments in teacher development, digital tools, and modernized
pedagogy. Through the provision of tablets, smartphones, and digital learning content, the
state aims to empower teachers and enhance classroom delivery, particularly in mathematics
and literacy. The program also reduces economic barriers to learning through free
instructional materials and digital resources. However, concerns remain regarding the
effectiveness of tablet-based instruction. Some teachers argue that the system forces them to
deliver lessons too quickly, disadvantaging slower learners. Others note that the method does
not promote creativity, deep comprehension, or meaningful interaction. The absence of
adequate textbooks, unreliable connectivity, and insufficient time for complex subjects like
quantitative reasoning further strain instructional quality. Despite these challenges, many
teachers still express positive attitudes toward the tablets and acknowledge their potential to
improve teaching efficiency.

Research consistently shows that gender does not significantly influence pupils’ attitudes
or perceptions toward ICT-based instruction, including the use of Eko-Excel devices Jimoh,
et al (2020). Studies have found no meaningful differences between male and female pupils
in terms of interest, performance, or engagement with digital learning tools (Badmus, 2013;
Lalnunfeli, 2015). This suggests that, when effectively implemented, Eko-Excel can support
inclusive learning by providing equitable digital opportunities to all pupils. In summary, the
Eko-Excel initiative represents a transformative step toward modernizing mathematics
education in Lagos State. While it offers numerous benefits, such as teacher empowerment,
improved monitoring, and expanded digital access, its impact is limited by structural,
technological, and pedagogical constraints. Addressing these challenges is essential for
realizing its goal of raising mathematics achievement and fostering positive perceptions of
the subject among primary school pupils.

2. Objectives of the study

The main objective of this study was to examine pupils' perceptions of the use of Eko-
Excel tablet for effective mathematics learning. It specifically investigates:

i.  Pupils' perceptions of the use of Eko-Excel in learning basic school mathematics.
ii.  Pupils' attitude towards the use of Eko-Excel in basic school mathematics.

iii. Significant gender difference in pupils’ perception of the use of Eko-Excel in learning
basic school mathematics.

iv. Significant gender difference in pupils’ attitude towards the use of Eko-Excel in
learning basic school mathematics
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2.1. Research Questions

The following research questions served as guiding principles for the investigation:
i.  How do pupils perceive the use of Eko-Excel in learning basic school mathematics?
ii. What are pupils' attitude towards the use of Eko-Excel in basic school mathematics?

iii. Do pupils differ in perceptions towards the use of Eko-Excel in learning mathematics
based on gender?

iv. How do pupils differ in attitude towards the use of Eko-Excel in learning mathematics
based on gender?

2.2. Participants and instrument

The study employed a descriptive survey research design. The population included all
the primary-six pupils (aged 8—10) from Ikorodu Local Government Area of Lagos State. 419
pupils were selected at random, that is, 190 males and 229 females. The questionnaire consists
of Sections A, B and C. Section A captured demographic information which include school
name and gender, whereas Section B contains 10 items with options Strongly Agree-SA (5),
Agree-A(4), Undecided-U(3), Disagree-D(2) and Strongly-disagree-SD(1) on pupils’
perception towards Eko-Excel, while C captured 10 items on their attitude towards the use of
Eko-Excel for mathematics learning. Using Cronbach’ Alpha, the instrument's reliability was
evaluated, and an index of 0.81 was obtained, but was validated by three lecturers in
mathematics education at Lagos State University of Education. The data from the
investigation were analysed using simple percentage and standard deviation.

3. Results

Four hundred and twenty questionnaires were distributed, and four hundred nineteen
(419) were successfully retrieved for analysis.

Research Question 1: How do pupils in primary schools perceive using Eko-Excel for
learning mathematics?

As depicted in Table 1, the gadget has 37.83% ability to make mathematics experience
pleasant; 38.16% teachers’ allowance to use marker board; and 37.11% opportunity for
further explanation of mathematics topics which are far below the total mean of 57.03%. It
also revealed that the respondents already have 61.45% familiarity with Eko Excel tablet prior
to its use by their teacher; 62.04% belief that the gadget is easy is to use; 63.03% ability to
determine seating arrangement; and 61.38% capacity to prevent pupils from moving about
during mathematics class, 62.17% ability to helps the teacher save time and effort; and
61.25% capability to increases mathematics workload, which are all around the total mean
score. It further depicted that the tablet has 85.92% ability to make mathematics teachers lazy
which is far above the total mean. This implies that the pupils perceived that the gadget has
low ability to make mathematics experience more pleasant; discourages the teacher from
frequent use of the marker board; and limited time and opportunity for further explanation of
difficult mathematics topics. A good number of the pupils are aware of the gadget before its
introduction to the class perhaps through school announcement of through teachers’ children.
The tablet does not require special training on the part of the teacher before being used. It
helps the teacher to make proper siting arrangement; prevent pupils from wandering about;
and able to manage the allotted time due to increased workload. However, the pupils believe
that it produces lazy teachers, since its contents are read only.
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Research Question 2: What are the attitudes of basic school pupils towards the use of Eko
Excel for learning mathematics?

As shown in table 2, the pupils perceived that Eko-Excel tablet has 38.32% capacity to
make them appreciate learning mathematics with the gadget and 38.87% ability to make them
achieve better than they do with textbooks, which are far below the total mean of 62.04%.
Those within the total mean score include 62.01% capacity to improve concentration among
learners; 62.12% encouragement to learn mathematics; 61.47% ability to make them think
about mathematics; 62.74% motivation to problem-solve mathematics on their own; 61.90%
ability to make them pay more attention to the learning of mathematics; 86.19% ability to
make them fail mathematics; 62.01% perception that Eko-Excel tablet does not diverts their
attention from class but has 84.77% capacity to make them afraid of the subject. It was therefore
concluded that the use of the gadget makes pupils to have low appreciation for mathematics
because it makes the teacher to speak less in class and discourages learners from learning
with mathematics textbooks; and produced fear of mathematics in them.

Research Question 3. Do pupils differ in perceptions towards the use of Eko-Excel in
learning mathematics based on gender?

As depicted in Table 3, the male and female pupils’ respectively perceived 37.63% and
85.26% familiarity with Eko-Excel before being introduced by their class teacher (SD: 0.52
& 0.70); 85.79% and 38.29% belief that it is easy to use for learning Mathematics (SD: 0.70
& 0.51); 87.11% and 38.95% agreement that Eko-Excel mathematics class needs special
seating arrangement (SD: 0.66 % 0.52); 85.39% and 37.37% assurance that Eko-Excel makes
it difficult for pupils to move around in mathematics classroom (SD: 0.66 & 0.51); 85.39%
and 38.95% perception that EkoExcel helps the teacher save time and effort (SD: 0.71
& 0.54); 37.89% and 37.76% awareness that Eko-Excel makes Mathematics experience
pleasant (SD: 0.51 & 0.51); 85.13% and 86.71% belief that Eko-Excel makes mathematics
teachers lazy. (SD 0.70 & 0.68); 37.63% and 84.87% agreement that the use of Eko-Excel
increases mathematics workload (SD: 0.51 & 0.69); 37.89% and 36.32% perception that Eko-
Excel allows for further explanation of mathematics topics (SD: 0.66 & 0.65); and 38.82%
and 37.5% agreement that Eko-Excel allows the use of marker board for learning of
maths (SD: 0.54 & 0.54). Obviously, it was concluded that the male and female pupils equally
perceived that the gadget makes mathematics experience more pleasant, while teachers get
lazier, mathematics topics receive more explanation and marker board is put into use.
However, females are more familiar with the gadget before it was introduced in the class,
with higher perception that it increases mathematics workload. Interestingly, the males have
stronger belief that it is easy to use for learning of mathematics, calls for special class
arrangement, makes it difficult for pupils to leave their seat and helps the teacher to save time.

Research Question 4. How do pupils differ in attitude towards the use of Eko-Excel in
learning mathematics based on gender?

The outcome in Table 4 shows that the male and female pupils respectively have 37.66%
and 86.35% concentration because the teacher talks less while teaching with Eko-Excel (SD:
0.52 & 0.66); 85.70% and 38.54% disposition towards the use of Eko-Excel tablet to
encourage learning of mathematics (SD: 0.67 & 0.53); 84.47% and 38.21% external behavior
towards Eko-Excel tablet makes them think about mathematics (SD: 0.70 & 0.53); 86.03%
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and 39.41% agreement that they prefer Eko-Excel problems solving approach to others when
learning mathematics (SD: 0.70 & 0.52); 85.70% and 38.10% concentration when the teacher
uses Eko-Excel to teach mathematics (SD: 0.69 & 0.50); 37.34% and 39.30 preference to
learn mathematics using Eko-Excel (SD: 0.53 & 0.53); 86.79% and 85.59% agreement that
the use of Eko-Excel for learning makes them fail Mathematics (SD: 0.73 & 0.67); 37.12%
and 86.90% belief that the use of Eko-Excel tablet for learning mathematics diverts their
attention from class (SD: 0.53 & 0.66); 84.55% and 85.04% fear of learning mathematics
with Eko-Excel tablet (SD: 0.74 & 0.72); and 37.99% and 39.74% belief that they learn better
when learning with Eko-Excel tablet than they do when using textbooks (SD: 0.51 & 0.51).

It was concluded that the male and female pupils are both negative in attitude toward
preference to learn mathematics using Eko-Excel and both negative in attitude toward
learning mathematics using the gadget than they do using textbooks, both positive in attitude
toward failure in mathematics due to the use of Eko-Excel tablet and both positive toward
fear of learning mathematics using Eko-Excel. While the males are negative in attitude
towards concentration in class for the fact that they believe the teacher talks less while
teaching with Eko-Excel, the females are positive in attitude towards the use of the gadget
despite having higher belief that the use of Eko-Excel tablet for learning mathematics diverts
attention from class. Moreover, only the males are positive that the tablet encourages them to
learn mathematics, makes them think about mathematics, motivate them to prefer its use in
problem solving and concentrate better in class.

4. Discussions

The findings revealed that male and female elementary school pupils vary in perceptions
of the use of Eko-Excel for mathematics learning. This finding is not consistent with that of
Adu, Galloway and Olaoye (2014), who discovered that traits like interest, ability,
knowledge, attitude, gender and exposure have the potential to boost pupils' positive
achievement in the cognitive, psychomotor, and emotional domains of learning but couldn’t
change their perception and attitude. Jimoh et al. (2020) backed up this finding when they
discovered that government strategies targeted at incorporating Eko-Excel into curricular
delivery frequently failed to account for the influence of the somewhat similar perceptions of
male and female end users. The findings also demonstrated that pupils' perception and
attitudes regarding the use of Eko-Excel for mathematics learning differ based on gender. The
report of Malik et al. (2020); Olujuwon et al. (2021) corresponded with the conclusions that
gender had some influence on pupils' perception and attitudes towards the use of Eko-Excel
application. Although, Badmus (2013) found no significant difference in the attitudes of male
and female students exposed to the Web Quest on Educational Technology Concepts.

5. Conclusion

The study concluded that the Eko-Excel tablet is easy to use in a specific classroom
environment because teachers do not need special training before use; it prevents pupils from
straying during classes. However, most pupils were familiar with tablets before being
introduced by the teachers. It was also reported that pupils were not motivated by the gadget to
appreciate mathematics because it makes the teacher to communicate less in class through the
contents that are read only; makes many pupils to fear the learning of mathematics, and makes
them to prefer textbook approach to Eko-Excel. Lastly, there were no gender-based differences
in the perceptions and attitudes of basic pupils regarding the Eko-Excel tablet.
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6. Recommendations

Based on the findings, it was suggested that:

1. The Lagos State Ministry of Education Quality Assurance should make the use of the
Eko-Excel tablet more pupils centered for teaching and learning of mathematics.

2. The Lagos State Ministry of Education should give teachers more time and fewer
topics to be covered during teaching period, since pupils do not learn at the same rate.

3. Lagos State Government should make the Eko-Excel tablet available for pupils to use
after school hours.

Tables

Table 1. Primary school pupils’ perception on the use of Eko-Excel for learning mathematics

Items Mean SD

1. I am familiar with Eko Excel before being introduced by my class teacher 61.45 0.52
2. Eko Excel is easy to use for learning Mathematics 62.04  0.68
3. Eko Excel mathematics classroom needs special seating arrangement 63.03 0.68
4. Eko Excel makes it difficult for pupils to move around in mathematics class 61.38  0.68
5. Eko Excel helps the teacher save time and effort 62.17 0.70
6. Eko Excel makes Mathematics experience pleasant 37.83 0.52
7. Eko Excel makes mathematics teachers lazy. 85.92 0.72
8. The use of Eko Excel increases mathematics workload 61.25 0.52
9. Application of Eko Excel allows for further explanation of mathematics topics 37.11  0.71
10. The use Eko Excel allows the use of marker board for the learning of maths 38.16 0.52
Avg 57.03  0.63

(Source: Analysis of data from the survey)

Table 2. Primary school pupils’ attitude towards the use of Eko-Excel for learning of maths

Items Mean SD

1. I concentrate because the teacher talks less while using Eko-Excel to teach maths  62.01  0.68
2. The use of Eko-Excel tablet encourages me to learn Mathematics 62.12 0.52
3. Eko-Excel tablet makes me think about mathematics 6147 0.52
4. I prefer Eko-Excel problems solving approach to others when learning maths 62.72 0.52
5.1 concentrate when the teacher uses Eko-Excel to teach mathematics 61.90 0.52
6. I prefer to learn mathematics using Eko-Excel 38.32  0.52
7. The use of Eko-Excel for learning makes me fail Mathematics 86.19 0.67
8. The use of Eko-Excel tablet for learning maths improves my attention in class 62.01 0.67
9.1 am afraid of learning mathematics with Eko-Excel tablet 84.77 0.69
10. I learn better than I do from textbooks when learning with Eko-Excel tablet 38.87 0.53
Avg 62.04 0.58

(Source: Analysis of data from the survey)
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Table 3: Basic school pupils’ perception towards the use of Eko-Excel tablet by gender

Items Male Female
Mean SD Mean SD

1. I am familiar with Eko-Excel before being introduced by my class teacher 37.63 0.52 8526 0.70
2. Eko-Excel is easy to use for learning Mathematics 85.79 0.70 38.29 0.51
3. Eko-Excel mathematics class needs special seating arrangement 87.11 0.66 3895 0.52
4. Eko-Excel makes it difficult for pupils to move around in mathematics class 85.39 0.66 37.37 0.51
5. Eko-Excel helps the teacher save time and effort 8539 0.71 3895 0.54
6. Eko-Excel makes Mathematics experience pleasant 37.89 051 37.76 0.51
7. Eko-Excel makes mathematics teachers lazy. 85.13 0.70 86.71 0.68
8. The use of Eko-Excel increases mathematics workload 37.63 051 84.87 0.69
9. Eko-Excel allows for further explanation of mathematics topics 37.89 0.66 3632 0.65
10. Eko-Excel allows the use of marker board for learning of maths 38.82 0.54 37.50 0.54
Avg 66.87 0.62 57.20 0.59

(Source: Analysis of data from the survey)

Table 4. Primary school pupils’ attitude towards the use of Eko-Excel for learning of mathematic

Items Male Female
Mean SD Mean SD
1. I concentrate because the teacher talks less while teaching with Eko-Excel 37.66 0.52 8635 0.66
2. The use of Eko-Excel tablet encourages me to learn Mathematics 85.70 0.67 38.54 0.53
3. Eko-Excel tablet makes me think about mathematics 84.72 0.70 3821 0.53
4.1 prefer Eko-Excel problems solving approach to others when learning maths 86.03 0.70 3941 0.52
5.1 concentrate when the teacher uses Eko-Excel to teach mathematics 8570 0.69 38.10 0.50
6. I prefer to learn mathematics using Eko-Excel 3734 0.53 3930 0.53
7. The use of Eko-Excel for learning makes me fail Mathematics 86.79 0.73 85.59 0.67
8.. The use of Eko-Excel tablet for learning maths improves my attention in class ~ 37.12  0.53 86.90 0.66
9.1 am afraid of learning mathematics with Eko-Excel tablet 84.50 0.74 85.04 0.72
10. I learn better than I do from textbooks when learning with Eko-Excel tablet 3799 0.51 39.74 0.51
Avg 66.36 0.63 57.72 0.58
(Source: Analysis of data from the survey)
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Abstrakt

V ¢lanku su prezentované Ciastkové vystupy vyskumu orientovaného na analyzu a tvorbu
navrhu didaktického pristupu k rozvoju porozumenia konceptu elementarnej matematiky,
konkrétne rozvinutého zapisu prirodzeného Cisla v desiatkovej ¢iselnej sustave. Za podporné
prostriedky boli zvolené pedagogicka stratégia scaffolding a praca s nastrojmi vyuzivajucimi
technologiu rozsirenej reality (Augmented Reality - AR). Teoretické vychodiské vyskumu su
zakotvené v koncepcii scaffoldingu, Brunerovej kognitivnej tedrii poznania a v principoch
vyuzitia AR v matematickej edukacii. Predstaveny navrh didaktického postupu kombinuje tri
fazy scaffoldingu s tromi urovilami reprezentacii matematickych konceptov. Tento pristup
vyuziva gradaciu a postupnost’ od konkrétnych modelov ku abstraktnym reprezentaciam
pojmu. Navrhovany model demonstruje potencial didaktickej podpory a technoldgie
roz8irenej reality pre efektivne rozvijanie porozumenia abstraktnych matematickych
konceptov.

Krucdové slova: scaffolding, rozsirena realita (AR), matematické koncepty

SCAFFOLDING AND AUGMENTED REALITY AS DIDACTIC
SUPPORT TOOLS FOR UNDERSTANDING MATHEMATICAL
CONCEPTS

Abstract

The article presents partial outcomes of research oriented towards the analysis and
creation of a didactic approach proposal for the development of understanding the concept of
elementary mathematics, specifically the developed notation of a natural number in the
decimal number system. The pedagogical scaffolding strategy and work with tools using
Augmented Reality (AR) technology were chosen as supporting means. The theoretical
foundations of the research are anchored in the scaffolding concept, Bruner's cognitive theory
of knowledge, and the principles of using AR in mathematics education. The presented
proposal of didactic approach combines three scaffolding phases with three levels of
mathematical concept representations. This approach uses gradation and progression from
concrete models to abstract representations of the concept. The proposed model demonstrates
the potential of didactic support and augmented reality technology for the effective
development of understanding of abstract mathematical concepts.

Keywords: scaffolding, augmented reality (AR), mathematical concepts
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1. Uvod

Vyucovanie je, podla konStatovania Wooda (1986, 1991, cit. podl'a Bliss et al., 1996),
komplexny, kognitivne naroény a precizne $truktirovany proces. Ulohou uéitel’a pritom nie je
len sprostredkovat’ informécie a fakty, ale aj oboznamovat’ ziakov so spdsobmi analytického
myslenia a konceptualizacie poznatkov (Bliss et al., 1996).

V kontexte vyucovania matematiky Chechan et al. (2023) zdoraziujt, ze hlavnym cielom
je rozvijat’ schopnosti ziakov porozumiet’ matematickym pojmom a metédam, tvorit’ rozliéné
stratégie rieSenia matematickych problémov a aplikovat’ matematické poznatky v realnych
situdciach. Efektivne osvojovanie tychto kompetencii je zavislé nielen od obsahu vyucovania,
ale aj od sposobu, akym sa ucivo ziakom spristupiiuje.

Jednym z nastrojov efektivneho vyucovania je vyuzivanie rdznych typov reprezentacii
konceptov, ¢o je ukotvené v slovenskom kontexte aj v Statnom vzdeldvacom programe
pre zakladné vzdelavanie z roku 2023. Tento dokument kladie déraz na vyuzivanie réznych
foriem matematickych reprezentacii podla trovne abstrakcie. V pociatoénych fazach
spristupiiovania matematickych pojmov je dolezité vyuzivat’ enaktivne a ikonické reprezentacie
pojmov, ako napriklad konkrétne predmety, pomocky, manipulativne modely, obrazky, ktoré
ziakom umoznuju vytvorit si prvotné predstavy o pojme. Reprezentacie sa postupne posuvaji na
symbolicky stupeii, a to do podoby vyrazov, rovnic, vzorcov a inych foriem abstrakcie.

S tymto pristupom uzko suvisi aj koncept scaffolding, ktory predstavuje formu cielenej
pedagogickej podpory. Jeho zakladnym principom je podla Lewisa (2019) komunikécia
so ziakmi na urovni ich aktualnych schopnosti a postupné rozvijanie ich poznania krok
za krokom. Tento pristup funguje ako riadeny proces napredovania, pri ktorom ucitel’ poskytuje
podporu presne tam, kde Ziak nie je schopny samostatne zvladnut' dany problém, no zaroven
ma potencidl sa k tejto rovni dopracovat’.

2. Scaffolding ako pedagogicka stratégia

Littleton (2013) prezentuje nezvycajnu, no vystiznu charakteristiku procesu ucenia sa,
ktory prirovnava k stavbe obluka. Drevené debnenie, nevyhnutné pri jeho konstrukcii, zohrava
sice dolezitl, no len docCasnt ulohu — po dokonceni stavby musi obluk stat’ samostatne, hoci
bez leSenia by jeho vznik nebol mozny. Podobne aj vo vzdeldvani plni scaffolding funkciu
docasnej podpory a usmernenia, ktoré ucitel’ poskytuje ziakovi. Podpora sa postupne redukuje
a odstrafiuje v momente, ked’ ju ziak uz viac nepotrebuje. Na tito predstavu nadvizuje autor
Boblett (2012), ktory chépe scaffolding podobne ako docasnt konStrukciu. Ta prirovnava
ku konStrukcii podporujucej a ochranujicej stavbu pocas jej vystavby, pri¢om po jej dokoneni
sa tato opora demontuje.

Scaffolding tak predstavuje didakticku stratégiu zaloZenl na cielenej, pruznej a flexibilnej
podpore, ktort ucitel’ alebo iny skuseny partner poskytuje Ziakovi. Podpora tohto typu mu
umoznuje zvladnut’ tlohy, ktoré by bez pomoci nedokézal riesit’ samostatne. Zaroven vytvara
priestor pre postupny rozvoj ziakovej autonomie a jeho ucebnych kompetencii. Koncept
scaffoldingu (v preklade ,,leSenie*) je izko spity s pracou autorov Wooda, Brunera a Rossa
(1976), ktori sa touto tedriou zaoberali vo svojich vyskumoch.

V stadii Wood et al. (1976) skiimali interakciu medzi det'mi vo veku troch az piatich rokov
a dospelymi pri rieSeni problémovych tloh. Na zéklade svojich zisteni identifikovali formu
riadenej podpory, ktort oznacili ako ,,leSenie®. Podla ich definicie predstavuje scaffolding
Struktirovany proces, prostrednictvom ktorého dospely pomaha dietat'u zvladnut’ ulohy, ktoré
presahuju jeho aktudlne schopnosti. Podpora dospelého spociva v tom, Ze prebera alebo
ul’ahcuje tie aspekty ulohy, ktoré su pre dieta prili§ narocné. Vdaka tomu sa dieta moze
sustredit’ na tie Casti ulohy, ktoré su v sulade s jeho aktualnymi kompetenciami. Vysledkom
podpory je postupné zvladnutie celej ulohy a posilnenie samostatnosti ziaka.
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Na tito myslienku nadvizuju aj d’alsi autori, ktori ku konceptu scaffoldingu pristupuju
podobne. Autori Rojas-Drummond & Mercer (2003) a Stone (1998) charakterizujt scaffolding
ako docasntl podporu ziakovi pri rieSeni uloh, ktoré presahuju jeho ramec moznosti. Podobne
ako pri stavebnom leSeni aj tdto pomoc je len docasna, pretoze po zvladnuti urcitej Grovne je
podpora postupne odstranend. Littleton (2013) navySe zdoraznuje, ze scaffolding predstavuje
citlivy a Specificky druh pedagogickej pomoci, ktorej ciel'om je pribliZit’ sa k aktudlnej Grovni
kompetencii ziaka a zaroveit mu umoziuje posunut’ sa k vyssej irovni vyvinu.

V sulade stymto chdpanim autori Van De Pol et al. (2010) povazuju scaffolding
za vyu€ovaciu metddu, ktord sa mdze zamerat’ na rozvoj dietata vo vSetkych jeho aspektoch.
Napriklad, ak ziak pracuje na stibore tloh a ucitel citlivo prispdsobuje mieru podpory podla
porozumenia ziaka, ide o takzvané adaptivne vzdeldvanie. Ak ziak dosiahne porozumenie,
podpora sa mdze postupne zmiernovat. V priebehu znizovania miery podpory ucitel’ prenasa
zodpovednost’ za ucenie sa na ziaka, aby si postupne osvojoval vd¢Siu mieru kontroly
nad vlastnym ucenim.

Na tieto myslienky d’alej nadvézuje autor Reiser (2004) a v ramci konceptu scaffoldingu
v interakcii medzi ucitel'om a Ziakom identifikuje dva kI'i¢ové aspekty:

1. ziakovi je poskytovana pomoc, co mu pomaha uspiet’ v zlozitejSich ulohach, ktoré by

boli pre neho bez podpory prili§ naro¢né;

2. ztejto skusenosti ziak ¢erpa pri zlepSovani sa v porozumeni obsahu alebo v procesnych

zrucnostiach.

Vynimoc¢nost tejto metafory spo¢iva v zdorazneni cielenej a individudlne prispésobenej
podpory, ktord sa redukuje postupne, ked’ ju Ziak uz nepotrebuje (Palincsar, 1986; Stone, 1998).
Vo vSeobecnosti mézeme scaffolding chapat’ ako podporu, ktort ucitel’ poskytuje ziakovi
pri vykonavani uloh, ktoré by sam nedokazal zvladnut. Jednym z jeho charakteristickych
znakov je jeho flexibilita — podpora byva oznacovana ako prisposobiva, diferencovana, citliva
alebo kalibrovana (Van De Pol et al., 2010). Prave tato flexibilita umoziuje ucitel'ovi reagovat’
na meniace sa potreby ziakov a prisposobovat’ mieru podpory ich aktudlnym schopnostiam.

Rozsiahla $tadia realizovand v redlnom Skolskom prostredi (Van De Pol et al., 2015)
poukazala na vyznamné teoretické a praktické suvislosti tykajuce sa implementacie
scaffoldingu vo vyucovani. Podl'a autorov je intervencia medzi u¢itelom a Ziakom, zamerana
na prvky scaffoldingu u¢innym prostriedkom na zvySovanie Urovne prisposobenej podpory
v procese u€enia sa. Zvysenie efektivity scaffoldingu je mozné dosiahnut’ tym, Ze Ziakov najprv
stimulujeme k vlastnému premyslaniu o porozument, este pred samotnym poskytnutim pomoci
zo strany ucitela. Tento pristup spociva v kladeni otdzok, ktoré Ziakov vedu k reflexii
nad uéivom. Vysledky $tadie zaroven naznacuju, ze ucinnost’ scaffoldingu stvisi s mierou
nezavislej prace a s silim, ktoré ziaci vynalozia.

identifikacia
individualnych
potrieb Ziaka

prisposobovanie

podpory
potrebam Ziaka

poskytnutie
podpory

postupné
oslabenie

podpory

samostatné
zvladnutie tilohy

Obrazok 1. Proces scaffoldingu vo vyucovani
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Na rozdiel od scaffoldingu v stavebnictve, kde je mozné opakovane vyuzit' rovnaké
konstrukéné prvky pri vystavbe podobnych stavieb, scaffolding vo vzdelavani
nepredstavuje pevnl, nemennu Struktiru. Ide o flexibiln formu podpory, ktord sa
prispdsobuje pokroku diet'at’a s cielom podporit’ jeho rozvoj smerom k va¢sej samostatnosti
v procese ucenia sa (Gonulal & Loewen, 2018).

Tato podpora méze byt realizovand ré6znymi spdsobmi v zavislosti od konkrétnych
potrieb ziakov. Medzi Casto uplatiiované formy patri modelovanie ako ukazka postupu
rieSenia ulohy a kladenie otazok (Van De Pol et al., 2010), ako aj poskytovanie napovedi,
podnetov, modelov c¢iastoénych rieSeni, priamych instrukcii ¢i hlasné modelovanie
myslenia (Hartman, 2002, ako cituje Wu et al., 2017).

Roézne formy podpory sa liSia nielen sposobom realizacie, napriklad prostrednictvom
digitalnych nastrojov, papierovych materialov alebo priameho vedenia ucitel'om, ale aj
podrla typu podpory, ktora moze byt statickéd alebo dynamicka. Okrem toho sa mdze lisit’ aj
jej zameranie, teda ¢i sa orientuje na kognitivne alebo metakognitivne procesy ziaka
(Molenaar et al., 2012). Zakladné rozdelenie scaffoldingu na staticky a dynamicky nam
umoziuje lepSie porozumiet’ tomu, ako sa podpora prisposobuje alebo neprispdsobuje
individualnym potrebam ziaka. Staticky scaffolding je podla autorov trvaly, nemenny
a rovnaky pre vSetkych (Wu et al., 2017). Prikladom mo6Zze byt podl'a Molenaar et al. (2012)
jednotny stbor pokynov poskytnuty ziakom na vykonanie urcitej ulohy. Takato podpora sa
nemeni v zavislosti od pokroku jednotlivcov. Naopak, dynamicky scaffolding predstavuje
adaptivny pristup, v ktorom st po vybere vhodnej formy podpory priebezne sledované
schopnosti a spravanie ziakov. Na zéklade analyzy sa im nésledne poskytuje primerand
pomoc. Tento proces zahtna tri zékladné fazy: diagnostiku, kalibraciu a znizovanie miery
podpory. Diagnostika umozinuje identifikovat’ aktudlnu Groven vedomosti a potrieb ziaka,
kalibracia zabezpecuje vyber najvhodnejsej formy podpory a nakoniec je to postupné
znizovanie miery pomoci v stlade so zvySujlicou sa samostatnostou Zziaka. Kedze
diagnostika a kalibracia prebiehaju cyklicky, tak aj twrovein podpory sa priebezne
prispdsobuje (Molenaar et al., 2012).

Uvedené pristupy k scaffoldingu uzko suvisia aj s kognitivnym vyvinom Zziaka
a sposobom, akym reprezentuje nové poznatky. V tejto suvislosti poskytuje teoreticku
oporu Brunerova (1968) tedria kognitivneho vyvinu, podla ktorej moéze byt poznanie
reprezentované tromi sposobmi: enaktivnym, ikonickym a symbolickym. Kazdy z tychto
sposobov predstavuje odliSnl Giroven osvojovania poznatkov.

1. Enaktivna reprezentacia

Reprezentacia je zaloZend na vykondvani konkrétnych ¢innosti a manipulécii
s objektmi, prostrednictvom ktorych si ziak vytvara zdkladné mentalne Struktury.
Vo vzdelavacom procese matematiky sa tato Uroven reprezentacie uplatiiuje napriklad
pri matematickych aktivitach, v ktorych ziak manipuluje s konkrétnymi pomockami:
pri s¢itavani a od¢itavani s gul'6¢kami alebo kockami, ktoré manipuldciou pridava alebo
odobera zo skupiny alebo pri rozvoji priestorovych a geometrickych predstav sklada
tvary tangramu.

2. Ikonicka reprezentacia
Je zalozena na vyuzivani vizudlnych obrazov, ndkresov alebo schém, ktoré sluzia
pre zndzornenie matematickych pojmov bez potreby ich explicitného vysvetlenia.
V kontexte matematiky sa tento spdsob reprezentacie prejavuje napriklad pri s€itavani
a odc¢itavani, ktoré su prezentované pomocou Ciselnej osi alebo pri praci
s geometrickymi utvarmi, ktoré su ziakovi sprostredkované v podobe nacrtov.
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3. Symbolicka reprezentacia
Vyuziva jazyk a subor abstraktnych symbolov a vyrokov na vyjadrenie matematickych
pojmov avztahov podla urditych pravidiel. Ziak na tejto urovni pracuje
s matematickymi symbolmi aznakmi bez potreby manipuldcie s objektmi alebo
obrazkami. V matematike moze ist’ napriklad o zapis aritmetickych operacii pomocou
symbolov: 15 + 8 = 23 alebo pri pouziti symbolickych oznaceni v geometrii, ako su
body A, B, C a oznacenie uhlov ¢i tseciek.

Tieto reprezentdcie zohravaju vyznamnu ulohu pri planovani vhodnych foriem
scaffoldingu v stlade s aktualnym skolskym kurikulom, ked’ze umoznuju ucéitelom zohladnit’
rozne vyvinové Stadia pozndvania atym lepSie prisposobovat podporu individudlnym
potrebam ziakov.

2.1. RozSirena realita ako edukacny nastroj

Technolodgie zohravaju v matematickej edukacii ¢oraz dolezitej$iu tlohu, ked’ze poskytuju
nové moznosti pre modelovanie a pracu s abstraktnymi konceptmi. Ich efektivne vyuzitie
vo vyucbe si vSak vyzaduje, aby ucitelia disponovali primeranymi digitdlnymi zru¢nost’ami
a odbornymi vedomost'ami, ktoré im umoznia technoldgie cielene prepajat’ s matematickym
obsahom (Pridavkova, 2022).

Rozsirena realita (AR) predstavuje inovativny edukacny néstroj, ktory ma potencial zasadne
ovplyvnit' spdsob vyucby matematiky. Jej vyuzitie prekraCuje hranice tradiéného
transmisivneho pristupu a umoziuje vytvaranie interaktivneho, vizudlne bohatého
a dynamického prostredia podporujuceho lepsSie porozumenie uciva. AR dokaze vdaka
schopnosti vizualizacii zlozitych a abstraktnych matematickych javov zvysit’ motivaciu Ziakov,
podporit’ ich angazovanost' a zaroveii umoznit' personalizovanej$ie ucenie (Hnatova et al.,
2024).

Potencial AR sa neprejavuje len pri tvorbe gradovanych tloh, ale aj v samotnom procese
ich rieSenia, verifikacie a kontroly spravnosti vysledkov. Didaktické prostriedky vyuZzivajiuce
AR néstroje mozno efektivne integrovat’ do rieSenia matematickych tloh v troch zakladnych
fazach vyucovacieho procesu:

1. vstupnd faza — priprava tloh s r6znou mierou naroc¢nosti podl'a stupiia gradacie;
2. proces rieSenia — vizualizacia a modelovanie rieSitel'ského postupu;

3. vystupnad faza — overenie spravnosti rieSenia a verifikdcia vytvoreného modelu
(Pridavkova, 2022)

V nasledujticej Casti sa zameriame predovSetkym na vyuZitie AR v procesnej faze rieSenia
ulohy, konkrétne prostrednictvom softvéru GeoGebra. Ciel'om je vizualizacia a interaktivne
modelovanie, ktoré moze slizit na podporu pochopenia matematickych vztahov.

3. Podporné stratégie pri budovani porozumenia desiatkovej ¢iselnej sistavy

Ciselna sustava je matematicky systém, ktory vyuziva znaky, symboly a presne stanovené
pravidla, ktoré umoziluju zapis Cisel a vykondvanie aritmetickych operacii (Kuzma &
Reiterova, 2011).

Jej princip moZeme Ziakom jednoducho pribliZit' pomocou modelu, napriklad zoskupenim
prvkov mnoZziny s po¢tom 127. Najskor prvky zoskupime do skupin po desat’; vzniknu tak
desiatky (v danom pripade ich bude 12 a sedem jednotiek ostane nezoskupenych). Desiatky
zoskupime po desat’, ¢im ziskame jednu stovku (dve desiatky ostant nezoskupen¢). Takéto
usporiadanie pomaha Ziakom jednoduchs$ie vnimat’ pocet prvkov a vytvérat’ si jasnej$i obraz
o velkosti mnoziny (Sedivy & Krizalkovi¢, 1990).
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V ramci vyucovania matematiky je zdorazneny rozklad ¢isla. Napriklad ¢islo 127 mdézeme
rozlozit’ na sucet 100 + 20 + 7, teda na stovky, desiatky a jednotky. RieSenie podobnych uloh
ziakom umoziuje lepSie pochopit’ zapis prirodzeného ¢isla v desiatkovej ¢iselnej sustave, teda
ze Cislo je tvorené stovkami, desiatkami a jednotkami.

Zapis prirodzeného ¢isla sa vo vyucovani matematiky realizuje prostrednictvom viacerych
urovni abstrakcie. Uplatiuji sa modely vyuZivajiice manipuldciu s redlnymi predmetmi,
grafické modely az napokon symbolické zapisy (Hnatova et al., 2024). Predtym nez ziak
dosiahne najvyssiu troven abstrakcie, je vhodné aplikovat’ podporné stratégie, ktoré mu ul'ahcia
prechod od konkrétneho k abstraktnému zapisu.

V nasledujicej Casti predstavime ukdzku névrhu aplikécie scaffoldingu vo vyucovani
matematiky. Pozornost’ ststredime na poskytnutie réznych foriem podpory, ktoré tvoria
vychodisko pre dynamicky scaffolding pri zavadzani rozvinutého zépisu prirodzeného cisla
v desiatkovej Ciselnej sustave. Koncept scaffoldingu uplatnime prostrednictvom jeho troch
zakladnych faz: diagnostiky, kalibracie a ndsledného znizovania miery poskytovanej podpory.

V ramci Gvodnej fazy, diagnostiky, bude vyuzitd enaktivna reprezentacia, ktorej
fundamentom je manipulativna ¢innost ziaka. Pocas kalibréacie sa podl'a individualnych potrieb
ziaka presunieme k ikonickej forme podpory sprostredkovanej prostrednictvom softvéru
GeoGebra. Postupné znizovanie miery podpory nasledne vedie k prechodu na symbolicka
reprezentaciu a k narastajucej samostatnosti ziaka pri rieSeni zadanej ulohy.

3.1. Enaktivna reprezentacia a jej didaktické uplatnenie

Ako uvadza Bruner (1968), v prvej fdze poznania sa uplatiluje enaktivna (aktivna)
reprezentacia. Podpora je ziakovi poskytovana vyuzivanim konkrétnych uéebnych pomdcok,
prostrednictvom ktorych si méze matematické koncepty vymodelovat. KIi¢ovou pomdckou
moéze byt pocitadlo, ktoré ziakovi umoziuje hapticki manipuldciu a zaroven vizualizaciu
¢iselnych hodndt v desiatkovej sustave — stovky, desiatky a jednotky prirodzeného Cisla.
Dal§im vyznamnym didaktickym nastrojom si Dienesové bloky, ktoré aktivizuji detska
predstavivost a umoznuji Ziakovi vytvorit' si vizudlnu predstavu cisla. Takto ziskavaju
porozumenie vztahov medzi stovkami, desiatkami a jednotkami.

Ako priklad mozZno uviest’ tllohu, v ktorej Ziak modeluje ¢islo 534 pouZitim troch dosti¢iek
(stovky), dvoch hranolekov (desiatky) a Styroch malych kociek (jednotky). Manipulaciou
s tymito pomockami si ziak vytvara konkrétny a vizualny model daného ¢isla.

Obrazok 2. Ukazka ¢isla 534 prostrednictvom Dienesovych blokov

84



Elementary Mathematics Education Journal 2025, Vol. 7, No. 2
ISSN 2694-8133

Okrem pocitadla a Dienesovych blokov je v rdmci podpornych stratégii na tejto irovni
mozné zaradit' aj rozne matematické hry, karticky, prvky aktivnej matematiky ¢i drobné
predmety, ktoré sliizia na zndzornenie stoviek, desiatok a jednotiek.

3.2. Ikonicka reprezentacia

V prostredi softvéru GeoGebra je mozné prostrednictvom rozSirenej reality (AR)
a vyuzivania appletov vytvarat’ enaktivne reprezentacie matematickych pojmov. Ziaci tak mozu
s konceptmi aktivne manipulovat vo virtudlnom priestore, ¢im sa zvysSuje efektivita
osvojovania poznatkov (Pridavkova, 2022).

Dynamické simulécia rozvinutého zapisu prirodzeného cisla v desiatkovej ¢iselnej sustave,
ktord vyuziva AR technologiu, vychddza z analogického reprezentovania prostrednictvom
Dienesovych blokov (Hnatova et al., 2024). Tento pristup prepdja manipulativnu a graficka
podporu pri osvojovani matematickych konceptov.

Na tvorbu modelov moézu ziaci vyuzivat' rozne objekty, ako napriklad kocky ¢i gul'dcky.
V prostredi aplikacie GeoGebra 3D Graphing Calculator je mozné vytvoreny model zobrazit’
v redlnom priestore, ¢im sa ulahcuje budovanie predstdv o abstraktnych pojmoch. Zaroven
je mozné model integrovat’ do roz§irenej reality a prezerat’ ho z r6znych uhlov pohl'adu, co este
viac podporuje rozvoj koncepéného myslenia.

Obrazok 3. Ukazka vytvoreného modelu ¢isla 534 v aplikacii GeoGebra 3D

3.3. Symbolicka reprezentacia

Na zabezpecenie efektivneho scaffoldingu je nevyhnutné, aby uditel’ vyuzival stratégie
flexibilne prispdsobené reakcidm ziaka. Postupom ¢asu musi byt miera poskytovanej podpory
znizovana, ¢im sa zvySuje miera zodpovednosti ziaka za splnenie zadanych uloh (Van De Pol
et al., 2010).

Po faze manipulativnej a grafickej podpory nasleduje najvyssia uroven, ktorou je
samostatnd praca ziaka spojend so symbolickou reprezentdciou. V tejto fadze sa od Ziaka
ocakava urcita miera samostatnosti, ktora sa prejavuje pri rieSeni tloh v pracovnom zosite,
pracovnom liste alebo ucebnici. Na zéklade predchédzajicej podpory by ziak mal byt’ schopny
spravne zapisat’ prirodzené ¢islo — napriklad ¢islo 534 rozlozit' na 500 + 30 + 4 a zaroven urcit,
ze Cislo obsahuje pét stoviek, tri desiatky a Styri jednotky.

Takto koncipovany postup umoziuje prechod od konkrétnych konceptov k abstraktnym
reprezentaciam prirodzenych cisel.
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4. Zaver

Prispevok ma charakter teoreticko-aplikacnej Studie. Jeho cielom je na zaklade analyzy
odbornej literatiry navrhnut’ didakticky postup vyuziteI'ny pri zavddzani rozvinutého zépisu
prirodzen¢ho cCisla v desiatkovej Ciselnej sustave, prostrednictvom pedagogickej podpory
nazyvanej scaffolding a technoldgie rozsirenej reality.

Vychodiskom bola obsahova analyza domacich a zahrani¢nych odbornych zdrojov,
ktoré sa sustred’uju na tri kI"icové oblasti:

e scaffolding ako forma prispdsobenej pedagogickej podpory,
e Brunerova kognitivna tedria poznania,

e moznosti vyuzitia technologie rozsirenej reality v matematickej edukacii.

Ziskané poznatky boli nésledne syntetizované s cielom vytvorit’ model, ktory prepaja tri
fazy scaffoldingu (diagnostika — kalibracia — znizovanie miery podpory) s tromi uroviiami
reprezentacie poznania (enaktivna, ikonicka, symbolicka).

Modelové situacie boli navrhnuté tak, aby reflektovali proces postupnej abstrakcie pri ucenti
sa matematiky a zarovenn umozinovali ucitelovi flexibilne reagovat’ na individudlne potreby
ziakov prostrednictvom adaptivne poskytovanej podpory.

Pre rozpracovanie navrhované¢ho didaktického postupu bola vybrand tematickd oblast’
prirodzenych cisel v desiatkovej Ciselnej ststave. T4 je vhodna pre gradaciu poskytovanej
podpory, ked’ze vyzaduje prechod od konkrétnej manipulacie k abstraktnému zapisu a zaroven
poskytuje priestor pre efektivne vyuZitie rozSirenej reality pri vizualizdcii matematickych
pojmov. Modelové situacie demonstruju, ako ucitel mdze prepdjat’ manipulativne ¢innosti,
ikonické zobrazenia v prostredi GeoGebry a symbolicky zapis s cielom podporit’ porozumenie
konceptu rozvinutého zapisu prirodzeného ¢isla v desiatkovej Ciselnej sustave.

Scaffolding sa javi ako kI'i¢ova didakticka stratégia vo vyucCovani matematiky, pretoze
umoziiuje ziakom zvladnut' ulohy, ktoré by samostatne nedokézali rieSit a zaroven ich
podporuje vacSiu samostatnost’ v rieSeni. Kombinéacia podpory, primeranych reprezentacii
atechnologii rozSirenej reality moze vyrazne prispiet k porozumeniu abstraktnych
matematickych konceptov.
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Abstrakt

Clanek analyzuje moZnosti a limity vyuziti modeld GPT-40, Microsoft Copilot a Gemini
2.0 Flash v geometrické piipravé budoucich uéitelti 1. stupné ZS. Vyzkum se zaméfil na
schopnost Al generovat metodické podklady v oblastech trojuhelnikové nerovnosti
a inkluzivniho pojeti klasifikace objektii (¢tverec jako obdélnik).

Vysledky potvrzuji vysokou logickou integritu modeli pii detekci logickych nesrovnalosti,
coz z nich ¢ini efektivni nastroj pro brainstorming a pfipravu podkladi. Limitem zistava
didakticka terminologie ovlivnéna anglosaskou symbolikou a potenciélni riziko izolovaného
chépani pojml u méné pokrocilych modelt. Studie zdlraziuje nutnost rozvoje kompetenci
TPACK; role studenta se méni z tviirce na expertniho korektora garantujiciho kvalitu vystupti
pro ¢eskou skolni praxi.

Kli¢ova slova: uméla inteligence (Al), velké jazykové modely (LLM), logickd integrita,
inkluzivni pojeti pojmli, TPACK, geometricka prekoncepce, konstrukéni geometrie

OPPORTUNITIES AND LIMITS OF LLMS IN THE GEOMETRIC
PREPARATION OF PRE-SERVICE PRIMARY SCHOOL TEACHERS

Abstract

The article analyzes the potential and limits of GPT-40, Microsoft Copilot, and Gemini 2.0
Flash in the geometric preparation of pre-service primary teachers. The research focuses on Al's
ability to generate materials for teaching triangle inequality and inclusive concept classification.
Results confirm the high logical integrity of the models in detecting mathematical
contradictions. Limitations include terminology influenced by Anglo-Saxon conventions and
the risk of isolated understanding of concepts. The study emphasizes developing TPACK
competencies; the student's role shifts from creator to expert proofreader ensuring the quality
of Al outputs for Czech educational practice.

Keywords: Artificial Intelligence (Al), Large Language Models (LLM), Logical Integrity,
Inclusive Concept Classification, TPACK Framework, Geometrical Misconceptions,
Constructive Geometry.

1. Uvod

Nastup velkych jazykovych modelti (Large Language Models, LLM) do oblasti vzdélavani
ptredstavuje jednu z nejvyznamnéjSich technologickych zmén v didaktice za posledni desetileti.
V kontextu vysokoskolské ptipravy budoucich uciteld 1. stupné zakladnich Skol se tyto

89



Elementary Mathematics Education Journal 2025, Vol. 7, No. 2
ISSN 2694-8133

nastroje, jako jsou ChatGPT, Copilot, Claude ¢i Gemini, stavaji stale castéji vyuzivanym
doplitkem samostudia a ptipravy na vyuku. Specifikem ucitelstvi pro primarni stupen je pfitom
nutnost transformovat komplexni matematické znalosti do didakticky uchopitelnych a vécné
spravnych forem.

Matematicka slozka ptipravy budoucich ucitelti je v tomto sméru kli¢ova. Geometrie, jako
jedna z hlavnich oblasti primarni matematiky, klade vysoké naroky nejen na precizni
terminologii, ale pfedev§im na schopnost algoritmického mysleni pfi konstrukénich tllohéch.
Zatimco v aritmetickych ulohdch mohou LLM vykazovat vysokou miru uspéSnosti diky
integraci vypocetnich modulll, v oblasti elementarni geometrie nardzeji na své limity. Tyto
limity jsou dany piedevs§im textovou povahou modelt, které postradaji realnou prostorovou
predstavivost a vizualni ukotveni geometrickych objektl v roving.

Predkladany clanek se zaméfuje na kritickou analyzu vécné spravnosti vystupt tii
vybranych LLM modelt pfi generovani materidld pro vyuku elementarni geometrie.
Vyzkumnym zamérem neni pouze zhodnotit aktualni technickou vyspélost téchto néstrojt,
ale pfedevSim upozornit na rizika spojend s jejich nekritickym vyuzivdnim v pregradualni
ptipravé. Pokud budouci ucditelé vyuzivaji Al jako kognitivni néstroj k osvézeni vlastnich
znalosti, stavad se vécnd spravnost (tzv. mathematical correctness) a didaktickd integrita
generovaného obsahu klicovym faktorem pro kvalitu budouci vyuky a prevenci vzniku
matematickych miskoncepci u zaki mladsiho skolniho véku.

Cilem studie je prostfednictvim komparativni obsahové analyzy identifikovat typické
chyby a halucinace, kterych se modely v oblasti elementarni geometrie dopoustéji a navrhnout
doporuceni pro efektivni a bezpecné zapojeni téchto nastroji do didaktické ptipravy studentd
ucitelstvi.

2. Teoreticka vychodiska
2.1. Role technologii v pripravé budoucich uciteli

V procesu pregradualni ptfipravy ucitelii primarniho stupné jiz neni otazkou, zda
technologie vyuZzivat, ale jak je integrovat smysluplné a s ohledem na didaktické cile. Jednim
z nejcitovangjSich teoretickych modelli, ktery tento proces popisuje, je ramec TPACK
(Technological Pedagogical Content Knowledge). Tento model zdlraziuje, Ze efektivni vyuka
s technologiemi nevyzaduje pouze izolované znalosti obsahu (matematiky), pedagogiky
a technologii, ale pfedevsim jejich dynamické propojeni (Koehler et al., 2013).

Ramec TPACK zdlraziuje technologické znalosti (TK), tedy konkrétnich nastroji,
softwaru a hardwaru, pedagogické ¢i didaktické znalosti (PK), tedy zplisobl fizeni vyuky,
vyu€ovani a vedeni zaki, a obsahové znalosti (CK), tedy oboru ¢i vyu€ovaného uciva. Tyto
oblasti se spojuji a vytvaieji technologicko-pedagogické znalosti (TPK), které se tykaji vztahu
mezi technologiemi a pedagogickymi postupy; pedagogicko-obsahové znalosti (PCK),
zamétené na pedagogické postupy a vzdélavaci cile; a technologicko-obsahové znalosti (TCK),
které se tykaji technologii a vzdélavacich cili (Rosenberg & Koehler, 2015).

V kontextu velkych jazykovych modelii (LLM) dochazi k zdsadnimu posunu v nahlizeni
na slozku technologické znalosti (TK). Tradi¢ni digitdlni ndstroje, jako je dynamicky
geometricky software GeoGebra, jsou ve své podstaté stabilni a ,,prithledné®, nebot’ vyzaduji
od ucitele aktivni ovladani specifickych funkci pro rysovani. Naproti tomu digitalni technologie
typu LLM jsou, slovy Koehlera a Mishry (2013), ,,protean, unstable, and opaque* (vSestranné,
nestabilni a neprithledné). LLM modely vystupuji v roli autonomniho generatoru obsahu, ¢imz
zasadné redefinuji prinik technologické a obsahové slozky (TCK).

Zasadnim vychodiskem této prace je, ze efektivita didaktické transformace je pfimo zavisla
na stabilit€ slozky obsahové znalosti (CK). Koehler, Mishra a Cain (2013) dale uvadégji,
ze technologie maji své specifické limity (constraints), které mohou ovlivnit reprezentaci
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obsahu. Pokud budouci uditel vyuzije LLM k ptipravé konstrukéniho postupu, ale model
vygeneruje matematicky chybny krok, dochazi k destabilizaci celého ramce TPACK.
V takovém piipad¢ technologie neusnadnuje uceni, ale aktivné prispiva k tvorbé odbornych
chyb a didaktickych miskoncepci.

Pro budouciho ucitele 1. stupné je tedy kliCovou kompetenci tzv. kriticka technologicko-
obsahova znalost. Ta nespociva pouze v dovednosti vygenerovat pracovni list pomoci promptu,
ale v nasledné wvalidaci vécné spravnosti generovaného obsahu. UCcitel se zde stava
»designérem* kurikula (Koehler et al., 2013), ktery musi identifikovat oblasti, kde technologie
pfestava byt matematicky pfesnd. V praxi to znamena, ze ucitel:

1. Rozumi limitiim nastroje: Vnima LLM jako pravdépodobnostni prediktory textu, které
jsou ze své podstaty nachylné k halucinacim (Frieder et al., 2023).

2. Provadi vécnou validaci: Automaticky podrobuje kazdy vystup expertni kontrole diive,
nez jej predlozi zaktm.
3. Detekuje skryté chyby: ldentifikuje vétsi i drobnd metodicka pochybeni, naptiklad
zaménu inkluzivniho a exkluzivniho vymezeni pojmu, kterd je kriticka pro spravny
vyvoj geometrickych predstav (De Villiers, 1998).
Bez této aktivni valida¢ni faze se uméla inteligence stava zdrojem pedagogického Sumu,
ktery miiZze negativné ovliviiovat kognitivni vyvoj zakl v oblasti geometrické predstavivosti.

2.2. Specifika geometrického vzdélavani na primarnim stupni

Geometrie v primarnim vzdelavani neptfedstavuje pouze soubor poucek o geometrickych
utvarech, ale tvoti zékladni pilit pro rozvoj prostorové ptedstavivosti, logického usuzovani
a schopnosti pracovat s abstraktnimi modely reality. Jak uvadi Polak (2019), didaktika
matematiky 21. stoleti se soustiedi na didaktickou transformaci obsahu tak, aby odpovidala
poznavacim schopnostem zakl, pfiemz efektivni vyuziti digitdlnich technologii se stava
jednim z hlavnich cild. Na rozdil od aritmetiky, ktera je Casto procesem linedrnim, je geometrie
—azejmena jeji konstrukeéni ¢ast — procesem strukturalnim a algoritmickym. Clements a Sarama
(2007) zdiraziuji, ze rozvoj geometrického mySleni uzce souvisi se schopnosti kompozice
a dekompozice objektll, coz détem umoziuje budovat mentalni koncepty vztahl mezi ¢asti
a celkem. Klicovym teoretickym rdmcem pro pochopeni geneze téchto konceptl je teorie
tirovni geometrického mysleni manzeli van Hieleovych. Van Hiele (1986, cit. dle Zilkova,
2013) tvrdi, ze rozvoj geometrického mysleni probihd v nasledujicich péti trovnich:

« Uroven 0: Vizualizace — rozpoznavani a pojmenovavani obrazct.

« Uroveti 1: Analyza — popisovani vlastnosti obrazce.

« Uroveti 2: Neformalni dedukce — klasifikace a téidéni obrazcti podle vlastnosti.

« Uroveti 3: Dedukce — provadéni diikazii za pouziti vét a definic.

« Uroveti 4: Axiomatizace.

Podle Vojktvkové (2012) prochazeji Zaci témito Grovnémi hierarchicky, pticemz kazda
uroven disponuje specifickym jazykem a symbolikou. Zaci na 1. stupni ZS se typicky nachazeji
v prvnich dvou féazich:

o Urovei 0 (Vizualizace): Zaci rozpoznavaji tvary jako celky na zékladé jejich celkového
vzhledu (napf. ,toto je obdélnik, protoze vypada jako dveie®). Na této Grovni jsou
geometrické objekty vnimany bez hlubsi analyzy jejich komponent (Vojkivkova, 2012).

o Urovei 1 (Analyza): Zaci za¢inaji identifikovat jednotlivé vlastnosti utvarti (napf.
,obdélnik ma c¢tyfi pravé thly*), ale zatim mezi témito vlastnostmi nechépou logické
vazby a hierarchické uspotadani.

91



Elementary Mathematics Education Journal 2025, Vol. 7, No. 2
ISSN 2694-8133

Ptechod k vysS$im urovnim vyzaduje tzv. procesudlni spravnost a precizni terminologii.
Zatimco v aritmetice muze byt chyba v mezivypoctu izolovanym jevem, v konstruk¢ni
geometrii ma kazda neptesnost fetézovy efekt. Pokud LLM vygeneruje chybny krok postupu
(napt. opomene specifikovat priseciky kruznic), nejde pouze o technickou chybu, ale
o didaktické selhani. Takovy vystup mize zédka v procesu budovani mentalnich schémat mast
a vést k fixaci miskoncepci. Vzhledem k tomu, Ze LLM pracuji na principu textové predikce,
nikoliv na zékladé prostorové logiky, nemuze se budouci ucitel spoléhat na jejich ,,intuitivni
spravnost™. Tato nebezpecna fixace nespravnych ptedstav je hlavnim divodem, proc je
geometrie v éfe Al kritickym polem pro rozvoj profesnich kompetenci ucitele.

Vyznamnym didaktickym uskalim, na které Setfeni poukazalo, je napéti mezi inkluzivnim
a exkluzivnim vymezenim pojmi. De Villiers (1998) upozoriiuje, ze zaci si ¢asto buduji
tzv. ,.konceptualni obrazy* (concept images), které mohou byt v ptimém rozporu s formalnimi
definicemi. Castym problémem v primarnim vzd&lavani je, Ze Zaci i po seznamenti se s definici
(napt. rovnobézniku) odmitaji do této kategorie zaradit specidlni pfipady jako cCtverec
¢i obdélnik. Jejich vnitini piedstava je pfili§ vdzana na prototypické zobrazeni, coz signalizuje
setrvani na nizSich urovnich geometrického mysleni (Vojkivkova, 2012).

Zatimco moderni didaktika preferuje inkluzivni pfistup (napf. Ctverec je specialnim
pfipadem obdélniku, jehoz vSechny strany maji stejnou délku), v praxi se ucitelé potykaji
s rezistenci zakl preferujicich exkluzivni chépani (étverec v tomto pojeti neni obdélnikem).
Schopnost inkluzivni klasifikace je pfitom znakem dosazeni urovné abstrakce (2. Urovein dle
van Hieleho), kde Zaci zacinaji chépat logické vazby mezi vlastnostmi utvart (De Villiers,
1998). Pokud LLM modely v generovanych metodickych materidlech tyto dva piistupy
nekriticky kombinuji, mohou u budoucich uciteld prohlubovat terminologickou nejasnost. To
potvrzuje naléhavost pozadavku, aby pregraduélni pfiprava kladla diiraz na hlubokou oborové-
didaktickou erudici jako jedinou funkéni pojistku proti technologicky generovanym chybam
(Polak, 2019).

2.3. Limity LLM v matematickém uvaZovani

Aby bylo mozné kriticky zhodnotit kvalitu vystupti generovanych umélou inteligenci, je
nezbytné porozumét kli¢ovému rozdilu mezi lidskym matematickym uvaZovanim a principem
fungovani velkych jazykovych modeld (LLM).

Navzdory schopnosti generovat jazykové kultivované a pfesvédCivé texty, LLM v jadru
nepfedstavuji  systémy zalozen¢ na pravidlech symbolické logiky. Jak uvadéji
Huang et al. (2023), jedna se o pravdépodobnostni prediktory, které generuji obsah na zakladé
statistickych korelaci v trénovacich datech, nikoliv na zaklad¢ vnitiniho porozuméni faktim
nebo logickym zakonitostem. Zatimco lidsky feSitel pfi feSeni geometrické tlohy vychazi
z axiomu a logickych odvozeni, LLM modely konstruuji odpoveéd’ skladanim tokent (Casti
slov). Tento proces je nachylny k selhani zejména v tlohach vyzadujicich tzv. vicekrokové
uvazovani (tzv. logicka integrita).

Frieder et al. (2023) ve své analyze matematickych schopnosti modeli ChatGPT
zdlraznuji, Ze geometricky konstrukéni postup je typickym piikladem fetézce vzajemné
zavislych krokii. V takovém algoritmu mé kazda instrukce striktni névaznost na kroky
ptedchazejici; pokud model chybuje v definici vychoziho bodu nebo vlastnosti tisecky, cela
nasledna struktura postupu se logicky hrouti. Tato dekonstrukce logické cesty se Casto déje pod
povrchem gramaticky bezchybného a terminologicky bohatého textu. Tento nesoulad mezi
formalni kvalitou jazyka a vnitini nelogi¢nosti obsahu se oznacuje jako ,,halucinace®. Huang
etal. (2023) definuji halucinace jako generovani obsahu, ktery je vécné nespravny nebo
v rozporu se zadanym kontextem.
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V geometrii nejde o nahodné generovani slov, ale o neschopnost modelu pracovat
s prostorovymi vztahy, které popisuje. Model postrada ,,vnitini geometricky svét®; muze tedy
s vysokou mirou jistoty tvrdit, ze bod je prasec¢ikem dvou piimek, které jsou vSak podle jeho
vlastniho zadani rovnobézné. Tento fenomén potvrzuje tezi Koehlera a Mishry (2013)
o ,,nepruhlednosti® (opaqueness) modernich technologii, kdy uzivatel snadno podlehne iluzi
kompetence stroje. Pro budouciho ucitele je pochopeni tohoto limitu zasadni pro rozvoj jeho
profesnich kompetenci. Musi si byt védom, ze LLM nevykazuje ,,pochopeni* matematické
pravdy, ale pouze vysokou miru pravdépodobnosti textové shody. Znalost tohoto
technologického omezeni je zakladnim stavebnim kamenem kritické technologicko-obsahové
znalosti (TCK). Umoziuje studentovi pristupovat k néstroji nikoliv jako k neomylné autorite,
ale jako k ,,unstable partnerovi (Koehler et al., 2013), jehoz vystupy vyzaduji permanentni
expertni supervizi.

V kontextu téchto limiti tak paradoxné vyvstava naléhavéjsi potieba hluboké oborove-
didaktické ptipravy. Pravé vysoka uroveinn matematické erudice a schopnost provadét vécnou
validaci (Poldk, 2019) se stavaji nezbytnym ptfedpokladem pro bezpecné a smysluplné
vyuzivani umélé inteligence v primarnim vzdélavani.

2.4. Halucinace a jejich typologie v kontextu matematického uvazovani

Huang et al. (2023) definuji halucinace v prosttedi LLM jako generovani fakticky
nespravnych, nelogickych nebo s kontextem nekonsistentnich tvrzeni, ktera jsou v§ak modelem
prezentovana s vysokou mirou lingvistické sebejistoty.

V oblasti matematického uvazovani se tyto chyby projevuji kriticky zejména v procesech
vicekrokového odvozovani (logicka integrita). Jak wuvadé&ji Frieder et al. (2023),
u geometrickych uloh, kde je vysledek podminén precizni sekvenci logickych operaci, dochdzi
k tzv. kaskddovému selhani — kazdy chybny krok v algoritmu destabilizuje celou naslednou
strukturu. Na zdkladé analyzy geometrického obsahu lze definovat tfi specifické typy
halucinaci:

1. Halucinace logické (axiomalni)

Tento typ predstavuje poruseni zakladnich geometrickych axioml a zékonitosti. Model
naptiklad navrhne konstrukéni postup pro trojuhelnik, jehoz délky stran neodpovidaji
trojuhelnikové nerovnosti, nebo operuje s objekty v euklidovském prostoru, které vykazuji
vnitin€é rozporné vlastnosti. Frieder et al. (2023) upozoriuji, Ze modely casto ,,preskakuji*
logické vazby a nahrazuji je statisticky pravdépodobnymi, le¢ matematicky nemoZnymi
tvrzenimi.

2. Halucinace terminologické (lingvisticke)

Dochazi k nespravnému uziti odbornych pojmil, coz je v geometrii 1. stupné ZS zvlaste
rizikové. Jde napiiklad o zaménu pojmi ,kruznice* a ,kruh* nebo ,usecka” a ,,pfimka®.
Z pohledu van Hieleho teorie (Vojkiivkova, 2012) tyto halucinace naruSuji integritu jazyka
dané trovné mysleni. Pokud model uziva terminologii trovné analyzy (1), ale kombinuje ji
s chybnymi definicemi, vytvaii u budouciho ucitele faleSny dojem odborné spravnosti, ktery
muze vést k fixaci didaktickych chyb (De Villiers, 1998).

3. Halucinace reprezentac¢ni (prostorové)

Tyto chyby se tykaji chybnych popist prostorovych vztahli a vzdjemnych poloh objekti.
Typickym ptikladem je tvrzeni o existenci priseciku u piimek, které model v tomtéz textu
definoval jako rovnobézné. Jelikoz LLM postradaji schopnost vizudlni reprezentace
a prostorové piedstavivosti, kterou Clements a Sarama (2007) povazuji za zéklad
geometrického poznani, jejich ,popis prostoru” je pouze syntaktickou konstrukci bez
sémantického ukotveni v realité. Tato typologie rozSifuje obecnou taxonomii Huang et al.
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(2023) o nezbytnou didaktickou dimenzi. Pro pregradudlni ptipravu ucitelti z toho vyplyva, ze
identifikace halucinaci neni pouze technickou dovednosti, ale vyzaduje vysokou uroven
oborové kompetence. Bez schopnosti rozeznat logickou nekonzistenci od terminologické
nepfesnosti nemuze ucitel efektivné plnit roli tvlirce a validatora vyuky a vyukovych materiala
v digitalnim véku (Koehler et al., 2013).

3. Metodologie a design Setieni

Cilem praktické casti studie je provést komparativni analyzu schopnosti vybranych
systémi umélé inteligence generovat metodicky spravné a vécné bezchybné podklady
pro vyuku konstrukéni geometrie na primarnim stupni. Vyzkumny design reflektuje ramec
TPACK (Koehler et al.,, 2013), pficemz se zaméfuje na kritické posouzeni priniku
technologické a obsahové slozky (TCK) v situaci, kdy technologie (LLM) pfebira roli
autonomniho tviirce didaktického obsahu.

3.1. Vyzkumné otazky

Vzhledem k teoretickym vychodiskiim o limitech matematického uvazovani LLM (Frieder
et al., 2023) a didaktickym specifikim geometrického vzdélavani (Vojktvkova, 2012) jsme si
stanovili nasledujici vyzkumné otazky:

e VOI1: Jakd je mira vécné (matematické¢) spravnosti konstrukénich postupii

generovanych vybranymi modely v kontextu stability slozky Content Knowledge?

e VO2: Jaké typické formy halucinaci (logické, terminologické, reprezentacni) se
v generovanych textech vyskytuji v souladu s taxonomii Huang et al. (2023)?

e VO3: Do jaké miry reflektuji generované vystupy inkluzivni pojeti geometrickych
pojmi (napt. hierarchicky vztah ¢tverce a obdélniku) odpovidajici moderni didaktice
(De Villiers, 1998)?

3.2. Charakteristika zkoumanych LLM nastroji

Pro ucely komparativni analyzy byly vybrany tii reprezentativni systémy, které aktualné
dominuji trhu s generativni umélou inteligenci a vykazuji nejvy$s§i miru integrace
do akademického a Skolniho prostfedi. Vybér reflektuje technologickou variabilitu, kterou
Koehler a Mishra (2013) oznacuji za ,,unstable and opaque®, a zahrnuje rizné pfistupy
k integraci TK:

1. OpenAl ChatGPT (model GPT-40)

Tento model byl zvolen jako globélni referen¢ni standard multimodéalniho systému
s nejvyssi deklarovanou urovni logického uvaZovani. Pro budouci ucitele pfedstavuje primarni
nastroj pro generovani komplexnich struktur, u néhoz se ptredpoklada nejpokrocilejsi schopnost
vicekrokového odvozovani (logickd integrita), kritického pro geometrické konstrukce (Frieder
et al., 2023).

2. Microsoft Copilot (rezim ,,Precise®)

Nastroj byl zafazen jako reprezentant institucionalni sféry, nebot’ je plo$né integrovan do
ekosystému Microsoft 365 na vétsiné Ceskych univerzit a Skol. Z pohledu ramce TPACK
ptredstavuje technologii, se kterou budouci ucitelé pracuji v rameci oficialnich licenci. Nastaveni
na rezim ,,vysoké presnosti bylo zvoleno zamérné, aby bylo mozné sledovat stabilitu obsahové
slozky (CK) pfi potlaceni kreativnich slozek modelu.

3. Google Gemini (model 2.0 Flash)
Reprezentant nejnovéjsi generace agilnich modeld optimalizovanych pro rychlou odezvu
a efektivitu v rdmci Google Workspace. Jeho zatazeni umoziuje sledovat, jak si v ndro¢nych
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ulohach konstrukéni geometrie vedou modely s nizsi vypocetni naro¢nosti, které jsou vSak
masivné rozsifeny mezi 4ky i uéiteli na zakladnich $kolach v CR. Tato trojice nastroji
poskytuje komplexni pohled na aktudlni technologické moznosti a limity. Analyza jejich
vystuptl umozni identifikovat, zda a do jaké miry vyzaduji tyto ,,protean* technologie (Koehler
etal., 2013) od ucitele specifické validacni kompetence pro zachovani didaktické kvality vyuky
geometrie.

3.3. Formulace testovacich uloh

Abychom zarucili objektivitu vyzkumu a eliminovali vliv kontextového uceni, vyuzili jsme
metodu tzv. zero-shot promptingu. Tyto prompty byly navrzeny bez dopliujicich napovéd, aby
simulovaly bézny scénaf, kdy student ucitelstvi vyuziva technologii k rychlé ptipraveé na vyuku.

Prompt P1: Test zdakladniho algoritmu a existen¢nich podminek

e Zadani: ,,Ahoj, jsem student ucitelstvi a ptipravuji si podklady pro vyuku geometrie na
1. stupni ZS. Napi§ mi prosim podrobny postup konstrukce trojuhelniku ABC, ktery méa
strany o délkach: a =6 cm, b =3 cm, ¢ =2 cm. Postup pis tak, aby byl srozumitelny pro
zaka 5. tridy.*

« Sledovany didakticky problém: Uloha testuje schopnost modelu identifikovat
poruseni trojuhelnikové nerovnosti (3 + 2 < 6). Spravna odpoveéd’, odpovidajici hluboké
obsahové znalosti (CK), musi obsahovat upozornéni, Ze trojuhelnik nelze sestrojit.
Generovani postupu bez této reflexe je klasifikovano jako logickd halucinace
(Huang et al., 2023) a kritické didaktické selhani.

Prompt P2: Test pojmové hierarchie a inkluzivniho mysleni

e Zadani: ,,Ahoj, jsem student ucitelstvi a pfipravuji si podklady pro svou praxi pro
vyuku geometrie na 1. stupni ZS. Napi§ mi prosim podklad pro Zaky 5. t¥idy na téma
obvod obdélniku. Ukol: Najdi viechny mozné obdélniky, které maji obvod 16 cm
a délky jejich stran jsou cela ¢isla. Pozadavky: 1. Vysvétli zakim postup, jak jsi feSeni
hledal. 2. Uved’, zda jsi vycerpal v§echny moZnosti.*

« Sledovany didakticky problém: Uloha primamé cili na analyzu inkluzivniho
vs. exkluzivniho vymezeni pojmu. Jak uvadi De Villiers (1998), moderni didaktika
vyzaduje, aby byl ¢tverec vniman jako specialni ptipad obdélniku. Sledujeme, zda Al
do vy¢tu variant (1 + 7,2 + 6,3 + 5, 4 + 4) zahrne 1 ¢tverec. Schopnost modelu toto
osetfit indikuje pfipravenost technologie podporovat rozvoj vySSich tUrovni
geometrického mysleni (2. Grovenl — abstrakce dle van Hieleho). Sekundarn¢é uloha
testuje logickou integritu pii hledani vycerpavajiciho poctu feseni.

3.4. Metoda analyzy a testovaci kritéria

Vsechny vygenerované vystupy byly podrobeny expertni analyze, kterd reflektuje prinik
oborové didaktiky a technickych limith LLM. Hodnoceni probihalo ve ctyfech klicovych
dimenzich na Skale 1 (zcela spravné/vhodng) az 3 (zcela chybné/nevhodné). Kritéria byla
navrzena tak, aby identifikovala specifické typy halucinaci definované Huangem et al. (2023)
a uroven didaktické transformace:

1. Vécna (obsahovd) spravnost (CK) — posuzuje stabilitu obsahové znalosti a pfitomnost

logickych halucinaci.
Je podle ndvodu mozné utvar narysovat? Jsou respektovany geometrické axiomy
a existenéni podminky?

2. Terminologicka a jazykova ptesnost — hodnoti pfitomnost terminologickych halucinaci
(Huang et al., 2023).
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Odpovida pouzité ndzvoslovi ceskym zvyklostem (napft. rozdil mezi kruznici a kruhem)
a jazyku odpovidajici urovné dle van Hieleho (Vojkiivkova, 2012)?

3. Didakticka srozumitelnost (PCK) — sleduje kvalitu didaktické transformace obsahu.
Je text srozumitelny pro cilovou skupinu (zdk 5. tfidy)? Neobsahuje metodicky
nevhodné postupy, které by u zakt budovaly miskoncepce?

4. Logicka integrita (Logickéa integrita) — hodnoti schopnost modelu udrzet logickou linku
v celém fetézci kroki (Frieder et al., 2023).
Navazuji instrukce na sebe, nebo model v pribéhu generovani ,,zapomnél* vychozi
parametry zadani?

4. Testovani modelu

V nasledujicich castech textu predkladame relevantni doslovné piepisy generovanych
odpovédi pro kazdy ze zkoumanych modeld. Pro zachovani autenticity a moznosti expertni
validace jsou vystupy ponechany v plvodnim znéni, vcetné piipadnych obsahovych
a terminologickych nepiesnosti.

Je v8ak nutné zduraznit, Ze v pribéhu testovani dochazelo u vSech modell k opakovanym
a kritickym halucinacim v momentech, kdy se systémy pokousSely o vizudlni reprezentaci
geometrickych konceptii (napt. pomoci ASCII artu, schémat nebo generovanych obrazki). Tyto
vizualizace vykazovaly totalni absenci prostorové logiky a absolutné neodpovidaly
geometrické skutecnosti. Tento jev je pfimym dusledkem technologické podstaty LLM, kter¢,
jak bylo uvedeno v teoretické Casti, funguji jako pravdépodobnostni prediktory textovych
tokent, nikoliv jako modely disponujici sémantickym pochopenim prostoru nebo grafickou
piesnosti.

Vzhledem k tomu, Ze tyto grafické vystupy vykazovaly nulovou didaktickou hodnotu
a jejich interpretace by byla pro zdka zavadéjici, byly z popisu vysledki a nasledné analyzy
u viech modelti vylouceny. Setieni se tedy soustiedi vyhradn& na textové konstrukéni postupy
a metodické instrukce, které predstavuji klicovy prvek didaktické transformace obsahu.

4.1. Prompt P1

. Ahoj, jsem student ucitelstvi a pripravuji si podklady pro vyuku geometrie na 1. stupni ZS.
Napis mi prosim podrobny postup konstrukce trojuhelniku ABC, ktery ma strany o délkach:
a=6cm, b=3cm, c=_2cm. Postup pis tak, aby byl srozumitelny pro Zaka 5. tridy.

4.1.1. ChatGPT-40 (doslovny prepis)

Ahoj! Rad ti pomohu s konstrukei trojihelniku. Nicméné, podle trojuhelnikové nerovnosti
nemuZe existovat trojuhelnik s délkami stran @ = 6 cm, b =3 cm a ¢ = 2 cm, protoZe soucet
delek dvou kratSich stran (b + ¢ = 5 cm) musi byt vétsi nez délka nejdelsi strany (a = 6 cm).

Pokud chces$, mohu ti pomoci s konstrukei trojuhelniku s jinymi délkami stran, které spliiuji
trojuihelnikovou nerovnost. Dej mi védét, jaké délky bys chtél pouzit!

4.1.2. Copilot (Precise) (doslovny prepis)
Nejdfiv rychla kontrola: Muze takovy trojuhelnik existovat?
Pravidlo (trojuhelnikova nerovnost):
Soucet dvou kratSich stran musi byt vEtsi nez treti (nejdelsi) strana.
e Mame:a=6cm,b=3cm,c=2cm
e Soucet kratSich: 3cm+2cm=5cm
e Nejdelsi: 6 cm
ProtoZe 5 cm neni vétSi nez 6 cm, takovy trojuhelnik neexistuje.
Zavér: Trojuhelnik s témito délkami nelze sestrojit.
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»Pokus o konstrukci® — krok za krokem (aby zaci vidéli, pro¢ to nejde)
Pomtcky: pravitko, kruzitko, tuzka.
1. Narysuj usecku BC dlouhou 6 cm (to je strana a).
2. Do kruzitka vezmi 2 cm a opi$ kruznici se sttedem v bod¢ B.
(Hledame bod 4 tak, aby 4B =2 cm.)
3. Do kruzitka vezmi 3 cm a opi$ kruznici se stfedem v bodé C.
(Soucasn¢ ma platit AC =3 cm.)
4. Podivej se, zda se kruznice protinaji.
e Vzdalenost sttedii B a C je 6 cm.
e Soucet poloméri kruznic je 2 cm + 3 cm =5 cm.
e KdyzZ je soucet polomérti mensi nez vzdalenost stfedli, kruznice se neprotnou.
5. Kruznice se neprotnou — neexistuje bod 4, ktery by splnil obé podminky (48 =2 cm
aAC=3cm).
Zavér: Trojuhelnik s témito délkami nelze narysovat.
Zakovska pomuicka / analogie:
Predstav si tii Spejle: 6 cm, 3 cm a 2 cm. Z téchto tii Spejli ,,trojuhelnik™ nezavies,
protoze dvé krat§i dohromady nedosahnou na tu nejdelsi.

Jak to zaktim vysvétlit jednoduse
e . Dv¢ kratsi strany dohromady musi byt delsi nez ta dlouhd. Kdyz nejsou, tvar se
nezavie.*
o Kruzitka se musi potkat. Kdyz se dvé kruznice nepotkaji, chybi nam tteti vrchol.*

Tip: Zmén ¢isla a konstrukce plijde
Napt.a=4cm, b=3 cm, ¢ =2 cm (tady 3 + 2 =5 > 4, takze OK).
Postup (SSS — vSechny tfi strany zname):
1. Narysuj useCku 4B dlouhou ¢ =2 cm.
2. Se sttedem v A opi$ kruznici s polomérem b =3 cm.
3. Se stfedem v B opi$§ kruZnici s polomérem a =4 cm.
4. Prusecik kruznic ozna¢ C.
(Pokud jsou dva priseciky, vyber jeden — vzniknou dv¢ ,,zrcadlové* moznosti.)
Spoj AC a BC. Mas trojahelnik ABC.
6. Kontrola: Zméft pravitkem 4B (2 cm), AC (3 cm), BC (4 cm).

b

Didaktické tipy
e Nechte déti nejdiiv zkusit odhad: ,,Bude tohle mozné?* a pouzijte pravidlo secteni
kratSich stran.
e Pak udélejte ,,pokus o konstrukci®, aby vidély, Ze se kruznice nepotkaji.
o Kratka prakticka aktivita: tfi provazky/Spejle (6, 3, 2 cm) a pokusit se je spojit do
trojuhelniku — nejde to.

Pokud chces, pfipravim ti k tomu pracovni list nebo jednoduchy obréazek k vytisténi (PDF),
kde budou:

e pravidlo trojihelnikové nerovnosti,

e ,pokus o konstrukci“ s obrazkem,

e ajeden ,spravny pfiklad k narysovani.
Chces radéji jednu stranku A4 nebo kratkou prezentaci (PowerPoint)?
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4.1.3. Google Gemini 2.0 Flash (doslovny prepis)

Ahoj! Bohuzel, takovy trojuhelnik nelze sestrojit. Soucet dvou kratsich stran (b + ¢) musi
byt vétsi nez délka nejdelsi strany (a). V tomto piipadé 3 cm + 2 cm = 5 cm, coz je méné nez
6 cm. Trojuhelnik se “nespoji”.

Pokud bys chtél/a postup pro trojuhelnik, ktery sestrojit jde, dej mi védéet s novymi délkami
stran!

4.1.4. Diskuse vysledki Setieni P1

Prvni testovaci tilloha (P1) byla zaméfena na schopnost modela identifikovat matematickou
nemoznost konstrukce trojuhelniku v disledku poruseni trojihelnikové nerovnosti (b + ¢ < a).
Z hlediska ramce TPACK tato uloha testovala predevsim stabilitu slozky Content Knowledge
(CK) a schopnost jeji didaktické transformace (PCK).

Vysledky Setfeni ukazuji, ze v této zakladni tirovni geometrického uvazovani vSechny tii
testované modely uspély v detekci chyby. Nedoslo k zadné logické halucinaci, pii které¢ by
model generoval postup pro neexistujici objekt, coz indikuje vyrazny posun oproti star$im
verzim LLM (srov. Frieder et al., 2023).

e ChatGPT-40: Prokézal vysokou troven CK. Chybu identifikoval okamzité a jasné ji
zdtvodnil. Z hlediska PCK je vSak vystup strohy — model pouze konstatuje nemoznost
a nabizi pomoc s jinym zaddnim. Pro studenta ucitelstvi pfedstavuje tento vystup
bezpecnou ,,pojistku®, ale nenabizi zadnou ptidanou didaktickou hodnotu pro vyuku.

e Copilot (Precise): Tento model vykazal nejvyssi uroveil didaktické kompetence.
Nejenze chybu identifikoval, ale v souladu s modernimi trendy v didaktice
(Polék, 2019) ji vyuzil jako ,,teachable moment“. Nabidl ,,pokus o konstrukci®, ktery
zakim vizualizuje, pro¢ kruznice nemohou vytvorit prusecik (tfeti vrchol). Vystup
obsahuje analogii se Spejlemi, kterd odpovidé vizualiza¢ni urovni (0) dle van Hieleho,
a nasledn¢ nabizi i spravny ptiklad pro srovnani. Z hlediska metodiky jde o komplexni
podklad pro vyuc€ovaci hodinu.

¢ Gemini 2.0 Flash: Model reagoval vécné spravné a velmi efektivné. Jeho vysvétleni,
ze se trojuhelnik ,,nespoji®, je srozumitelné pro cilovou skupinu (5. tfida). Stejné jako
ChatGPT se vSak omezil na korekci zadani bez hlubsiho didaktického rozpracovani.

V tabulce nize uvadime primérné skore v jednotlivych dimenzich (1 = nejlepsi, 3 = nejhorsi):

Tabulka 1. primérné skore LLM ve sledovanych dimenzich promptu P1

Kritérium ChatGPT-40 Copilot (Precise) Gemini 2.0 Flash
Vécna spravnost (CK) 1 1 1
Terminologicka p¥esnost” 1 3 2
Didakticka srozumitelnost (PCK) 2 1 2
Logicka integrita 1 1 1

"Hodnoceni terminologické piesnosti jednotlivych LLM je vzhledem k rozdilné délce
vygenerovanych odpovédi velmi obtizné objektivné hodnotit. Odpovéd modelu Copilot byla

vvvvvv

vystupu. Toto kritérium tak nebylo mozné brat zcela v potaz.

Z analyzy zbyvajicich kritérii se ukazuje, Ze pro budouciho ucitele je v této fazi nejvice
pfinosny model Copilot, ktery nejlépe simuluje roli zkuSeného metodika. Modely ChatGPT
a Gemini funguji spiSe jako expertni korektofi, kteti sice zabrani vécné chybé (stabilni CK), ale
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didaktickou transformaci (PCK) ponechévaji plné na uzivateli. Tento nalez potvrzuje, Ze i pii
bezchybném vystupu Al zistava role ucitele jako designéra vyuky (Koehler et al., 2013)
nezastupitelna.

4.2. Prompt P2

Ahoj, jsem student ucitelstvi a pripravuji si podklady pro svou praxi pro vyuku geometrie
na 1. stupni ZS. Napis mi prosim podklad pro ZGky 5. tiidy na téma obvod obdélniku. Ukol:
Najdi vsechny mozné obdélniky, které maji obvod 16 cm a délky jejich stran jsou cela cisla.
Pozadavky: 1. Vysveétli zakiim postup, jak jsi resent hledal. 2. Uved, zda jsi vycerpal vSechny
Moznosti.

4.2.1. ChatGPT-40

Podklad pro zaky: Obvod obdélniku

Ukol: Najdi viechny mozné obdélniky, které maji obvod 16 cm a délky jejich stran jsou
cela cisla.

1. Vysvétleni postupu:

Obvod obdélniku se pocita podle vzorce:

[ O=2\times (a + b) ]

Kde (O) je obvod, (@) je délka jedné strany a ( b ) je délka druhé strany.

V nasem ptipad¢ je obvod (O = 16) cm. Dosadime do vzorce:

[ 16 =2 \times (a + b) ]

Zjednodusime rovnici:

[8=a+Db]

Musime tedy najit v§echny dvojice celych Cisel (a ) a ( b)), které splituji tuto rovnici.

2. Vizualni znazornéni feseni:

Mozné dvojice ( (a, b) ) jsou:

(a=1),(b=T7)
(a=2),(b=6)
(a=3),(b=5)
(a=4),(b=4)

Ano, vycCerpali jsme vSechny moznosti. Pro kazdou dvojici (a )a (b ) plati(a+b=8),
kde (a ) a ( b) jsou cela ¢isla. VSechny mozné kombinace jsme nasli a zndzornili.
4.2.2. Copilot (Precise)

Zde je podklad pro zaky 5. tfidy k tématu obvod obdélniku na zadany ukol. Je psany pfimo
pro déti — muizes ho vytisknout jako pracovni list nebo promitnout.

Pracovni list: Obvod obdélniku — Ukol s obvodem 16 cm
Co je obvod obdélniku?

Obvod obdélniku je délka ,,okraje* (vSech Ctyf stran).
Vzorec: O =2 x (a + b), kde a a b jsou délky stran.

Zadani
Najdi vS§echny mozné obdélniky, které maji obvod 16 cm a délky jejich stran jsou celd ¢isla
(v centimetrech).

Jak na to — postup krok za krokem (vysvétleni pro Zaky)
Pouzij vzorec pro obvod:

O =2 x(a+b). Mame O = 16, tedy

2x(a+b)=16=>a+b=_8.
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Hledame dvé cela kladna cisla, ktera sectena daji 8.

Za¢neme nejmensi moznou celou délkou a = 1 a k ni dopocitame b =8 — a.

Postupuj systematicky:

Zvysujaol(1,2,3,4,...)avzdy spocitej b =8 —a.

Zastav se, jakmile by a ,,pfeskocilo” b (protoze obdélnik s délkami a, b je stejny jako
s délkami b, a).

Zkontroluj kazdou dvojici:

Pro jistotu u kazdé dvojice ovéi: 2 X (a + b) = 16.

Reseni (viechny dvojice celych &isel)
Cela kladna Cislaa, bsa+ b =8:
a=1,b=7—obvod2x(1+7)=16
a=2,b=6—>o0bvod2x(2+6)=16
a=3,b=5—>o0bvod2x(3+5)=16
a=4,b=4 —>obvod2 x(4+4)=16
Poznamka: Dvojice (5, 3), (6, 2), (7, 1) jsou stejné tvary ,,jen otocené. Abychom neméli
stejné obdélniky dvakrat, staci uvést ty s a < b.
Jsou to opravdu vSechny moznosti?
Ano. Vysvétleni:
Vime, ze a + b = 8 a a, b maji byt cela kladna Cisla (strana nemutze byt 0).
Kdyz systematicky projdeme a =1, 2, 3, 4, dostaneme b =7, 6, 5, 4.
Pro a =5, 6, 7 bychom dostali jen stejné obdélniky, ale otocené (b =3, 2, 1).
Proto jsou vSechny rizné tvary (bez ohledu na otoceni) praveé: 1 x 7,2 x 6,3 x 5,4 x 4.

Kontrolni otazky (pro sebe hodnoceni)
Pro¢ jsme rovnost 2 % (a + b) = 16 piepsalinaa + b = 8?
Pro¢ nebereme dvojici (0, 8)?
Ktery z nalezenych obdélnikii je ctverec? Proc?
Dokazal/a bys najit vSechny obdélniky s obvodem 20 cm se stejnym postupem?

Tip (volitelné): Rozsifeni pro zvidavé
Zkus se zamyslet: maji nalezené obdélniky stejny obsah? (Obsah je S = a x b.) Ktery ma
nejvetsi obsah a proc?
4.2.3. Google Gemini 2.0 Flash
Ahoj! Tady mas podklad pro zéky 5. tfidy na téma obvod obdélniku:
Obvod obdélniku — hledaci obdélnikti
Cil: Naucit se vypocitat obvod obdélniku a hledat rlizné obdélniky se stejnym obvodem.
Pomicky: Pravitko, tuzka, papir, (voliteln€) ¢tvereCkovany papir.
Uvod:
Zopakujte si, co je to obdélnik (Ctyifthelnik se 4 pravymi Uhly, protilehlé strany jsou
stejn€ dlouhé).
Zopakujte si, co je obvod (soucet délek vSech stran).
Pfipomerite vzorec pro obvod obdélniku: O =2 * (a + b), kde ‘a’ je délka jedné strany
a ‘b’ je délka druhé strany.
Ukol:
Najdéte vSechny mozné obdélniky, které maji obvod presné 16 cm a délky jejich stran jsou
cela ¢isla.
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Postup:
Zjednoduseni vzorce: Vime, Ze obvod je 16 cm, takZe miizeme vzorec upravit:
16 =2 * (a + b). Kdyz ob¢ strany rovnice vydelime 2, dostaneme: 8 = a + b. To znamena, Ze
soucet délek dvou sousednich stran musi byt 8 cm.
Hledani dvojic ¢isel: Nyni hleddme vSechny dvojice celych ¢isel, které¢ davaji soucet 8.
Zacneme systematicky:
Pokud je @ = 1 cm, pak b =7 cm (protoze 1 + 7 = 8)
Pokud je @ =2 cm, pak b = 6 cm (protoze 2 + 6 = 8)
Pokud je @ =3 cm, pak b =5 cm (protoze 3 + 5 = 8)
Pokud je @ =4 cm, pak b =4 cm (protoze 4 + 4 = 8)
Pokud bychom pokracovali dal (a =5 cm), dostali bychom b =3 cm, coz uz je obdélnik,
ktery jsme nasli (pouze prohozené strany).
Zaver: Nasli jsme 4 rizné obdélniky s obvodem 16 cm a celo¢iselnymi délkami stran:
lecmx 7 cm
2cmx 6 cm
3cmx5cm
4 cm x 4 cm (coz je Ctverec!)
Odpovéd: Nasli jsme vSechny moznosti. Existuji 4 rizné obdélniky, které spliuji zadané
podminky.
Doplitkové aktivity:
Nakreslete si tyto obdélniky na ¢tvereckovany papir.
Zkuste najit obdélniky s jinym obvodem.
Co kdyby délky stran mohly byt i desetinna ¢isla? Kolik by bylo moznosti?
Hodné stésti s praxi!

4.2.4. Diskuse vysledku Seti‘eni P2

Druh4 testovaci uloha (P2) byla navrzena k provéieni pokrocilejSich aspektt ,,Pedagogical
Content Knowledge* (PCK). Cilem bylo zjistit, zda modely pracuji s inkluzivnim pojetim
geometrickych pojml (zda zahrnou c¢tverec mezi obdélniky) a zda dokaZou systematicky
a uplné€ vycerpat stavovy prostor feSeni u ulohy s obvodem 16 cm.

Vsechny tfi zkoumané modely v této Uloze prokéazaly vysokou uroven logické integrity.
Z4dny z modelt se nedopustil logické halucinace typu ,,zapomenuti zadani“ nebo vypoétové
chyby pfi odvozeni vztahu a + b = 8.

e ChatGPT-40: Model zvolil ryze matematicky, analyticky pfistup. Spravné odvodil
zjednoduSeny soucet stran a nalezl vSechny ctyii celo¢iselné kombinace. Z hlediska
didaktiky je vSak jeho vystup neutrdlni; ackoliv Ctverec (4, 4) do seznamu zahrnul
(inkluzivni pfistup), nijak na tento fakt didakticky neupozornil. Pro studenta ucitelstvi
tak vystup predstavuje korektni kli¢ feseni, ale postrada metodicky komentat k pojmové
hierarchii.

o Copilot (Precise): Tento model opét potvrdil svou orientaci na Skolni praxi. Vystup
transformoval do podoby komplexniho pracovniho listu. Velmi cennym prvkem
z hlediska didaktiky je zatfazeni kontrolni otazky: ,Ktery z nalezenych obdélniki je
¢tverec? Proc¢?*. Timto krokem model aktivné podporuje ptechod Zéka na 2. Groven dle
van Hieleho (abstrakce), kde dochazi k pochopeni vztahi mezi vlastnostmi obrazct
(Vojktivkova, 2012). Systém také metodicky spravné vysvétlil, pro€ staci uvést pouze
Ctyti dvojice a vyhnout se duplicitdm vzniklym v disledku komutativity.

e Google Gemini 2.0 Flash: Model Gemini se v této Uloze projevil jako didakticky
nejpresnéjsi. Nejenze nalezl vSechna feSeni, ale u varianty obdélnik o stranach 4 cm a 4
cm explicitné a v kontextu vypoctu uvedl poznamku ,,(coz je ctverec!)“. Tim piimo
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napliuje pozadavek na inkluzivni klasifikaci (De Villiers, 1998). Gemini také jako
jediny model doplnil ,,Dopliikové aktivity* (prace s CtvereCkovanym papirem, tvaha
o desetinnych ¢islech), coz svéd¢i o vysoké trovni didaktické flexibility.

Tabulka 2. primérné skore LLM ve sledovanych dimenzich promptu P2

Kritérium ChatGPT-40 Copilot (Precise) Gemini 2.0 Flash
Vécna spravnost (CK) 2 2 2

Inkluzivni pojeti (VO3) 2 (implicitni) 1 (explicitni v otazce) 1 (explicitni v textu)
Didakticka srozumitelnost

(PCK) 2 1 1

Uplnost FeSeni 1 (4/4) 1 (4/4) 1 (4/4)

Analyza ulohy P2 ukazuje, Ze soucasna generace LLM (v testovanych verzich) jiz netrpi
neschopnosti systematického prohledavani u jednodussich kombinatorickych uloh. Klicovym
nalezem je, ze modely Copilot a Gemini aktivné integruji inkluzivni definice, coz je pro budouci
ucitele zasadni. Pokud by model ¢tverec vynechal, fixoval by u studenta i Z&ka castou
miskoncepci, Ze ¢tverec a obdélnik jsou izolované pojmy bez vzajemného inkluzivniho vztahu.
Z hlediska TPACK modely v této tloze prokazaly efektivni synergii mezi technologickou
formou a hlubokym didaktickym obsahem. U vSech modelti vSak nadale zistava velmi
problematicka symbolicka a terminologicka spravnost odpovédi

5. Zavér

Predkladana studie podrobila kritické analyze tfi dominantni jazykové modely (GPT-4o,
Copilot, Gemini 2.0 Flash) v kontextu piipravy materiald pro konstruk¢ni geometrii na 1. stupni
ZS. Vysledky Setfeni ukazuji na vyznamny posun v matematické spolehlivosti LLM, ale
zaroven odhaluji pretrvavajici limity v oblasti didaktické a kulturni integrity.

Klicova zjisténi 1ze shrnout do dvou stéZejnich bodi:

1. Logickd a pojmova stabilita: Modely vykazuji vysokou uspéSnost v detekci
matematickych spori (trojihelnikova nerovnost) a v modernim inkluzivnim pojeti klasifikace
geometrickych objekti (klasifikace ¢tverce jako obdélniku). V této roviné se LLM stavaji
validnim partnerem pro brainstorming studentt.

2. Terminologicky a kulturni nesoulad: Vystupy jsou siln€¢ ovlivnény anglosaskou
symbolikou a pfi snaze o didaktické zjednoduSeni sklouzavaji k terminologické nepiesnosti,
ktera je v rozporu s Ceskymi zvyklostmi.

Z vyzkumu vyplyva, ze pro budouci ucitele 1. stupné je nezbytné rozvijet tzv. kritickou
technologicko-obsahovou znalost. Umél4 inteligence v soucasné fazi vyvoje nemize slouZit
jako autonomni generator hotovych edukacnich materialt, ale pouze jako ,hruby asistent™,
jehoz vystupy vyzaduji daslednou expertni lokalizaci a validaci.

Hlavnim pfinosem prace je upozornéni na fakt, ze v éfe Al neklesd vyznam hluboké
oborov¢ a didaktické ptipravy studentti; naopak, tato erudice se stdva jedinou funkéni pojistkou
proti Sifeni technologicky generovanych miskoncepci v primarnim vzdélavani. Dalsi vyzkum
by se mél zaméfit na efektivitu cileného promptingu (tzv. chain-of-thought) pfi eliminaci
zjiSténych terminologickych neptesnosti.
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