STUDIA SCIENTIFICA
FACULTATIS PAEDAGOGICAE

P

1 2014



KATOLICKA UNIVERZITA V RUZOMBERKU

STUDIA SCIENTIFICA
FACULTATIS PAEDAGOGICAE

UNIVERSITAS CATHOLICA RUZOMBEROK

VERBUM

RuZomberok 2014



STUDIA SCIENTIFICA FACULTATIS PAEDAGOGICAE
UNIVERSITAS CATHOLICA RUZOMBEROK
Cislo 1, februar 2014, roénik XIII.

Séfredaktor: doc. PaedDr. Tomés Jablonsky, PhD., m. prof. KU

Edi¢na rada:

doc. PaedDr. Tomas Jablonsky, PhD., m. prof. KU
prof. PhDr. ThDr. Amantius Akimjak, PhD.

prof. dr. hab. Stanislaw Juszczyk, PhD.

prof. PaedDr. ThDr. Jozef Les¢insky, PhD.

prof. dr hab. Adam Stankowski, PhD.

doc. PhDr. PaedDr. Miroslav Gejdos, PhD.

doc. PhDr. Daniela Kolibova, CSc.

doc. ThLic. PaedDr. Alojz Kostelansky, PhD.

doc. PhDr. Anténia Tisovicova, PhD., m. prof. KU
PhDr. Gabriela Sarnikovéa, PhD.

Dusan Kovac-Petrovsky, PhD.

doc. PhDr. Ing. Emilia Janigova, PhD.

doc. PhDr. Markéta Rusnakova, PhD.

Ing. Zuzana Gejdosova, PhD.

PhDr. Angela Almasiova, PhD.

Mgr. Daniel Markovi¢, PhD.

Zostavovatel’: RNDr. Janka Kopacova, CSc.

Obalka: doc. ak. mal Pavol Rusko
Jazykova uprava: PaedDr. Ol'ga Drobna

Sadzba: Mgr. Anna Barokova

EV 4416/11

© Katolicka univerzita v Ruzomberku

VERBUM - vydavatel'stvo Katolickej univerzity v Ruzomberku
Hrabovska cesta 5512/1A, 034 01 RuZomberok

http://uv.ku.sk, verboum@Kku.sk

ICO 37-801-279

ISSN 1336-2232



Obsah

Predhovor

Jan Guncaga, Janka KOPACOVA ........ccccveiiiiiiiine e 7
Vytvareni matematickych piedstav v piredSkolnim véku

RZENa BIaZKOVA.......oiiiiiiiiiiciiiie et 8
Tri oblasti predmatematickych predstav

HANA LISKOVA .ottt 24
Od dialogu do wiedzy w matematyce
JOIANEA NOWEK .......eeeeeee ettt et et e e st e e e et e e e et e e e rreeeeeaenes 45

Zmena naroc¢nosti ulohy a princip primeranosti
Dagmar MaliOVA .........coviiieiiiieieie e 56

Rozpravka ako nastroj na rozvoj matematickych predstav deti
predskolského veku

VALETIA SVECOVA 1.vveeereeeeeereeeeeereeeeeser et eeeeesetetessesesaesseseseeesssaneessesesenens 65

Vytvorenie zmysluplného matematického vzdelavania:
prileZitosti pre malé deti v kontexte hry

ASIYE IVIENAT ... e 74
Podpora zruénosti triedit’ u deti predSkolského veku

ReNAtA RECHK ..o 83
Statistika pre deti?

Matgorzata Skura, Michat LISICKI...........ccccooiiiiiiiiiic 90

MozZnosti rozvijeni matematickych pojmi v ramci Montessori
predskolniho vzdélavani

Tr€Na BUAINOVA ...eeviiiiiiieieieiieeieteeeteeeeee ettt eeaasasasasasasaesssssssnnees 107

Dienesov logicky blok — zaznavana alebo zabudnuta pomécka
na rozvijanie matematickych predstayv

Katarina Zilkova, OLIVer ZIideK .........coccvvveveeeeieeeeeeeeeesseseeeenssveseins 116
Déti a geometrie

FrantiSek Kufina........cocoiiuiiiiiiieiiiin e 124
R-princip v detskej kresbe

Marie KUPCAKOVA ......cceeiiiiiieiiisiie et e 134

Podnetné &innosti k propedeutike pojmov obvod a obsah v MS
Jana CaChOVA........ccuveiiec e 142



Propedeutika merania dizky
Janka KOPACOVA ......oviviiiiicic s 150

Podpora kauzilneho myslenia pre tvorbu matematickych predstav
u deti predskolského veku

JAN GUNCAZA ....ecviiiiiiic s 155

Rozvoj matematickej intuicie predskolskych deti v kontexte
pripravenosti na zaciatok Skolskej dochadzky

EwWa JedrzejowWsKa .......cccoiiiiiiiiieiene e s 163
Uvedenie Ziakov tretieho rocnika do sveta trojrozmernej geometrie

Marta PYLIaK...........coiiiiiiice e 171
Rozvoj matematickej gramotnosti v priprave $tudentov
predskolskej pedagogiky

Jaroslava BrinCKOVA .......ccooviiiiiiii i 187

Zaklady elementarnej teérie mnoZin v matematickej priprave
studentov pedagogickej fakulty

Edita Sim¢ikova, Blanka TOMKOVA..........coeuevieiereieeeeesessseesess s 203

Hra ,,Pokazeny telefon" ako nastroj na zlepSenie geometrickych
a pedagogickych vedomosti buducich ucitel’ov pre matersku skolu

K ONSEANTINOS TAESIS ..vvvereeetsieiteeeeeee e e s e eeee et e e e e e sese e ereeeesseaesrnrereeesssannnnes 210

Zmeny V obsahu predskolského matematického vzdelavania
Vv Skolskych dokumentoch

Edita PartOVA .....c.coiiiiiiiiiiii ettt 223
AULOTT PISPEVKOV ..o e 245



Contents

Developing mathematical imaginations at pre-school age

RUZeNa BIaZKOVA.......cociviiiiiiiiie ettt et 8
Three areas of mathematical notions

Hana LiSKOVA .....ccuviiiiiiie ettt e 24
From dialogue to knowledge in mathematics

JOIANTA NOWEK........ecuviiiiiiic et st 45

Regulation of Difficulty of the Task and the Principle
of Proportionality

Dagmar MaliNOVA .......cooiiiiiiiiiiieee e 56

A Fairy-Tale as the Tool to Develop Mathematical Concepts
of Preschool Children

VALETIA SVECOVA cv.vvveveeeeeeeeeseeseeeseseeeseseeeeesesssesesesesasesesesasaseseseseseseseeesenes 65

Creating Meaningful Mathematics Learning: Opportunities
for Young Children in the Context of Play

ASIYE IVIENAT ... e 74

Supporting the development of the skill of classifying in children
at the pre-school age

Renata RECHK ........ccoiiiiiiiiiii s 83
Statistic for children?
Matgorzata Skura, Michal Lisicki........c.ccociiiiiiiniii e 90

The Possibilities of Development of The Mathematical Constructs
in The Frame of Montessori Preschool Education

Irena BUAINOVA.....covvviiiiiiiiiiiiiiiiiiiieieieeeeeetteee ettt eeeaeeeaeeseeaesessassseneees 107

Dienes’ Logic Blocks — underrated or forgotten learning
material for development of mathematical ideas

Katarina Zilkova, OIVer ZIdeK ........oovveeeeeeeeeeeeeeseeeeeseeeeseseeeeseenns 116
Children and Geometry

FrantiSek KUFINa.........cccooiiiiiiiii ittt sane e 124
R-principle in child’s drawing

Marie KUPCAKOVA ........ooiriiriiiicisese e 134

Stimulating activities to develop propaedeutic of circuit
and content in kindergarten

Y o b W O T) s Lo \ Vo TR 142



Propaedeutic of length measurement
Janka KOPACOVA ......oviviiiiicic s

Unterstiitzung der Kausaldenken und mathematischen
Vorstellungen bei Kindern im Kindergarten

JAN GUNCAZA ....ecviiiiiiic s

Developing mathematical intuition of pre-school children
in the context of their readiness to commence school education

Ewa JedrzejowsKa ......c.cooviiiiiiicrie e

Introducing 3rd grade students to the world of three-
dimensional eometry

Marta PYLIaK..........c.coiiiiiiice e s

Developing Mathematical Literacy at Student Preparation
of Pre-school Pedagogy

JaroSlava BriNCKOVA .......uuviviiiiiiiiiiiiiiiiiiiiiiiieiiiieeeeeeeeeeseeeeeeeeeeeeeessesssssssneees

Fundamentals of elementary sets theory in mathematical
preparation of students Faculty of Education

Edita Sim&ikova, Blanka TOMKOVA.........ceeeeeveveeeeereereseesseeeeeseeeeeesens

The “Broken phone” game as a tool to improve preservice
kindergarten teachers’ geometrical and pedagogical knowledge

K ONSEANTINOS TALSIS ..eeeiivveeeeeiteeee e sttt e e st e e e st e e s st e e s st eeesserreeessereeeessns

Changes in the content of pre-school mathematical education
in school documents

Edita PartOVA........ccoeeiiiiiiee ettt e e re et e e
AUTNOTS OF PAPEIS ..ottt



STUDIA SCIENTIFICA FACULTATIS PAEDAGOGICAE
UNIVERSITAS CATHOLICA RUZOMBEROK 2014, ¢. 1

Predhovor

Viazené Citatel’ky a Citatelia,

vporadi prvé tohtorotné cislo Casopisu Studia Scientifica Facultatis
Paedagogicae, ktoré drzite v ruke, je monotematické. Je volnym pokracovani
monografie Dieta a matematika, zaobera sa problematikou vyucovania matematiky
deti predskolského veku z viacerych aspektov. Prezentuje vedecké zistenia autorov
zroznych krajin. Niektoré prispevky st venované vytvaraniu matematickych
predstav pomocou rdéznych nastrojov ako rozpravka, hra ainé separované
i univerzalne modely. Autori si v8imaju aj poznavaci proces deti pri tvorbe
aritmetickych a geometrickych predstav. Pri implementacii matematickych pojmov
a suvislosti do poznatkového systému deti zohravaja dblezita tlohu aj viaceré druhy
klasifikacie ako triedenie a porovnavanie.

Vyucovaci proces pri tvorbe matematickych predstav deti predskolského
veku rozvija viaceré schopnosti a zru¢nosti deti, ktoré su dblezité aj v ich neskorsej
Skolskej dochadzke. Predovsetkym je to kreativita, rozvoj priestorového myslenia,
kauzalne myslenie, pochopenie pojmov obvod a obsah rovinnych utvarov, intuitivna
predstava objemu priestorovych Gtvarov.

Pri zlepseni kvality rozvijania matematickych predstav u deti predskolského
veku zohravaju rozhodujucu tlohu ich ucitelia. Preto je potrebné venovat pozornost’
charakteru ich pripravy na pedagogickych fakultach a zamysliet' sa nad tym, ¢i im
tieto fakulty poskytuju také vzdelanie, ktoré im umozni pracovat’ s detmi sposobmi
pre ne vhodnymi. Problémom $tudentov ucitel'stva pre predprimarne vzdelavanie s
Casto aj ich vlastné medzery v spravnom pochopeni matematickych pojmov, preto
ulohou tychto fakult je najprv poskytnut’ Studentom dostatok priestoru a prilezitosti
pre hlbsie pochopenie zakladnych matematickych pojmov a nasledne ukazat’ rdzne
motivacné a tvorivé vyucCovacie sposoby, ktoré st schopné oslovit a zaujat’ deti
predskolského veku.

Rozvijanie matematickych predstav v materskych Skolach je ovplyvnené aj
vzdelavacim programom. V slovenskych podmienkach je to Statny vzdelavaci
program ISCED 0. Tento program podlieha v poslednom obdobi ¢astym
arozsiahlym zmenam, ktoré ucitelia materskych $kol musia implementovat do
vzdelavacieho procesu.

Preto sa domnievame, ze uvedenda monograficka publikacia moZze pomoct’
jednak ucitelom materskych $kol, budiucim ucitel'om predprimarneho vzdelavania,
ako aj odbornikom, ktori v tejto oblasti posobia, lepSie sa orientovat’ v problematike
rozvijania matematickych predstav v predprimarnom vzdelavani. Prispevky mézu
ako aj pre vyskum v oblasti metodiky tvorby tychto predstdv na predprimarnej
urovni, ktora by bola pristupna pre deti predskolského veku a ktora by reSpektovala
moznosti ich vekovej kategorie.

Jan Gunéaga, Janka Kopacova
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Vytvareni matematickych predstav v predSkolnim véku

Developing mathematical imaginations at pre-school age

RiiZena Blazkova

MESC: D10
Abstrakt:

Rozvijanie matematickych pojmov a predstav u deti predskolského
veku je velmi dolezité a narocné, lebo spravne utvorené predstavy
napomahaju v budicnosti detom pri zvladani matematiky na zakladnej
Skole a mobzu predchadzat’ pripadnym problémom pri vyucbe
matematiky. V prispevku je uvedenych niekol’ko nametov, ktoré
prispievaju k postupnému budovaniu pojmu prirodzeného cisla.

Kracové slova: Matematicka gramotnost’, matematické predstavy, prirodzené
¢islo, predprimarna pedagogika

Abstract:
Developing mathematical notions and imaginations in children of pre-
school age is very important and demanding, as correctly formed
imaginations help children in the future cope with mathematics in
elementary school and can prevent potential problems in mathematics
classes. In the contribution, there are several ideas contributing to the
gradual construction of the notion of natural numbers.

Key words: Mathematical literacy, mathematical imaginations, natural
number, pre-primary education

Uvod

Matematické piedstavy se vyvaieji u déti od nejrangjsiho véku v souvislosti
s celkovym rozvojem osobnosti ditéte. Pokud se vyuzije vSech vhodnych podnétt,
mohou se v budoucnu podstatné zmirnit problémy déti v souvislosti s matematikou.
S Cisly i geometrickymi utvary se setkdva kazdy clovék neustile v bézném zivoté
i v profesi, at’ uz je jeho vztah k matematice jakykoliv. Av§ak pochopit spravné, co
vytvorily Ciselné a geometrické piedstavy, je tieba, aby mély od nejutlejsiho véku
dostatek podnétid k jejich vytvareni a aby systém vytvafeni pojmi nebyl narusovan
nekompetentnimi zasahy. Urcitd uroven tzv. matematické gramotnosti patii urcité
mezi klicové kompetence kazdého c¢lovéka. Uved’'me nejprve, co rozumime
matematickou gramotnosti. Nejde jen o schopnost pocitat s Cisly, ale pojem
matematické gramotnosti ma $ir$i dimenzi.
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Co rozumime matematickou gramotnosti:
Schopnost chapat abstraktni matematické pojmy, nebot matematické pojmy
jsou abstrakei reality (napf. nikdy nikdo nevidél Cislo nebo ptfimku, ale jejich
modely v mysli ¢lovéka existuji).

e Schopnost chapat vztahy mezi matematickymi objekty.

e Schopnost prace s matematickymi objekty.

e Schopnost matematizace realné situace (vytvoreni matematického modelu

urcité realné situace).

e Schopnost vyuzivani ziskanych matematickych poznatk v jinych, novych

situacich.

e Aplikace matematickych poznatki v praktickych tlohéch.

Mezi zékladni atributy matematického myS$leni patii zejména provadét
analyzu a syntézu, zobecinovat, abstrahovat, uzivat induktivni a deduktivni postupy,
pracovat se symboly, schopnost odhalit podstatné, provadet klasifikaci (tfidéni)
podle wurcitého pravidla, schopnost vyuzivat poznatki v novych situacich
i v praktickych ¢innostech. Pfitom se vyuziva logického mysleni, intuice, vhledu,
paméti, bystrosti usudku, schopnosti vyjadfit myslenku vlastnimi slovy aj.

Ramcovy vzdélavaci program pro piedikolni vzdélavani v Ceské republice
uvadi v oblasti Dité a jeho psychika ocekavané kompetence a mezi nimi je také
uvedeno, co dit¢ dokaze na konci piedskolniho obdobi:

e chapat zakladni ciselné a matematické pojmy, elementarni matematické
souvislosti a podle potieby je prakticky vyuZzivat (porovnavat, fadit a tfidit soubory
predméti podle urcitého pravidla, orientovat se v elementarnim poctu zhruba do
Sesti, chapat ¢iselnou fadu v rozsahu prvni desitky, poznat vice, stejné, méné, prvni,
posledni apod.),

e chapat prostorové pojmy (vpravo, vlevo, dole, nahote, uprostied, za, pod, nad,

u, vedle, mezi a pod. v prostoru i v roving,
e (aste¢né se orientovat v ¢ase,
resit kognitivni problémy, tlohy a situace, myslet kreativné a vymyslet napady,

e vyjadfovat svou fantazii v tvofivych ¢innostech.

Dulezité je, Ze nejde jen o to, systematicky vzdélavat deti
Vv jednotlivych oborech, ale o integrované vzdélavani, jehoz smyslem je podpora
rozvoje a uceni déti. Pro GspésSnost déti v matematice je tato cesta nejoptimalngjsi.
Pfitom je tfeba respektovat, ze dit€¢ v predSkolnim veéku zpracovava informace
apodnéty jinak, nez dospély Clovék. Matematické piedstavy a jejich vytvareni
nejsou oddéleny od ostatnich Cinnosti déti, které bézné provadéji, ale jsou s nimi
uzce spojeny. Cile predmatematické vychovy jsou piehledné uvedeny napft.
v publikaci M. Kaslové (Kaslova, 2010, s. 5). V tomto ptispévku uvadime, jak se
u déti vytvareji pred¢iselné predstavy.
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2. Vytvai'eni matematickych predstav a pojmu

2.1. Pojem cisla

Pfi zkoumani, jakym zpisobem se vytvaii pojem cisla u déti, je dobré poucit
se z historie, jakym zplsobem se vytvarel pojem piirozeného Cisla v historickém
vyvoji Cloveéka a jakym zpisobem je tento pojem budovan v matematice jako
veédecké discipling, nebot’ oboji je vychodiskem chépani vyvoje Ciselnych ptredstav
u déti od nejrangjsiho veku.

Pojem priirozeného ¢isla se v historickém vyvoji vytvarel slozité, mnoho
rokt a ¢lovek musel ucinit velky pokrok v rozvoji svych myslenkovych procest, aby
byl schopen chapat kvantitu, tj. aby abstrahoval od viditelnych vlastnosti predmétt
a byl schopen pochopit, kolik jich je. Clovék vnimal skupiny predmétd, které ho
obklopovaly, a nejprve pfifazovanim poznaval, zda je pfedméti stejné¢ nebo je
neékterych predmétd je vice ¢i méné (napt. za kazdou ovci ve stadé polozil
kamének). Pocet byl tedy nejprve vyjadfovan piifazovanim, t. j. vytvarenim
ekvivalentnich mnozin stejnych predmétii, napt. prstl na rukou, kaménkd, drivek,
zatezl apod. Dalsi slozity vyvoj prinesl schopnost zapsat tuto skute¢nost a vyjadfit ji
slovem a postupn¢ se tak vyvijely ¢islice, Cislovky a ¢iselné soustavy.

V matematice se pojem piirozeného ¢isla buduje bud® pomoci Eisel
kardinalnich nebo cisel ordinalnich nebo pomoci Peanovy mnoziny. Pii velmi
struéném ptiblizeni mizeme uvést:

Pojem cisla kardinalniho se opird o pojem tfid navzajem ekvivalentnich
mnozin a pfirozena Cisla zavadénd pomoci cCisel kardinalnich déavaji vesmés
odpovéd’ na otdzku ,kolik to je*. Pojem cCisla ordindlniho se opird o usporadané
mnoziny a podobnéd zobrazeni mezi uspofadanymi mnoZinami a pfirozena Cisla
pomoci nich zavadéna davaji vétSinou odpovéd na otazku ,kolikaty“. Ptirozena
¢isla budovand pomoci Peanovy mnoziny vychazeji z prvniho prvku a pomoci
tohoto prvku a pojmu nasledovnika se vybuduje mnozina pfirozenych Cd¢isel.
Teoretické zaklady budovani pojmu pfirozeného ¢isla jsou uvedeny v publikacich
aritmetiky a algebry v uéebnicich matematiky pro vzdélavani uéiteld, didaktické
ptistupy k zavadéni piirozenych Cisel v textech didaktiky matematiky.

2.2 Postupné vytvdieni pojmu Cisla

Vsimejme si, jak dvouleté az tfileté dité vnima pocet véci kolem sebe
(samostatné, bez zasahu dospélych). Nejprve ukazuje: tam jsou dvé, tam také jsou
fict, kolik to je a zpravidla fekne: “To je moc”. Postupné vSak vnima dalsi Cisla, az
Vv Sesti letech je schopno urcit pocet prvka ve skupinach, ve kterych je jich Sest az
deset.  Pfi vnimani po¢tu pfedméti musi dit€ ucinit obrovsky pokrok ve svém
mysleni, a to tak, Ze postupné€ pfestava vnimat viditelné vlastnosti predmétt, jako je
barva, tvar, material, ze kterého jsou zhotoveny, zda jsou Zivé ¢i nezivé a v§ima si
pouze toho, kolik jich je. To znamen4, Ze za¢ne vnimat, Ze mezi uréitymi skupinami
objektl existuje néco spolecného, co nesouvisi s jejich viditelnymi vlastnostmi, ale
s tim, Zze obsahuji prvky, které se daji vzajemné jednoznaéné pfifadit, t. j. Ze jich je

10
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stejn€. Pritom se vSak nejde o zadnou cilenou vyuku matematiky, ale v§echny nové
poznatky dité ziskava prostifednictvim her a béznych Einnosti souvisejicich s jeho
zivotem. Soucasn€ se rozviji jeho komunikace verbalni (zdokonaluje se jeho fec)
i nonverbalni (vyuziva napf. své znacky v matefské Skole, kreseb, symboll).
Postupné se zkvalitiiuje jeho vniméni, pamét, predstavivost i pozornost, coz je
nezbytné pro jeho dal$i matematicky rozvoj. Déti jsou pfirozené tvofivé a jejich
tvofivosti je tfeba ucelné vyuzit a davat jim takové podnéty, které pfispivaji
K rozvoji jejich mysleni.

Cislo, podobn¢ jako jiné abstraktni pojmy, nemiizeme vnimat smysly,
vnimame pouze reprezentanty téchto Cisel. Napiiklad reprezentantem Cisla Ctyfi
mohou byt Ctyii auta, Ctyfi déti, Ctyfi jablicka apod. Ale také napf. bydlime ve
¢tvrtém poschodi, na$ ditm ma ¢islo 4, jsou Ctyfi hodiny, mam 4 roky apod. Déti se
seznamuji s kvantitativni strankou jevi v kontaktu s okolnim svétem, pomoci
konkrétnich predméti se postupné propracovavaji k obecnéjSimu chapani az
k pochopeni abstraktniho pojmu ¢isla. Mnohokrat opakovana ¢innost s konkrétnimi
predméty vede k ziskavani zkuSenosti déti, Ze nezalezi na tom, s jakymi predméty
pracuji, ale pouze na tom, Ze je jich stejné. Musi se také naudit ¢islo pojmenovat
a zapsat. K tomu, aby proces vytvareni ¢isla byl pro déti snadny, vyuzivame mnoho
¢innosti, ve velké vét§iné nematematickych. Napft. pti skladani kostek domina, hrani
hry Clovéée, nezlob se apod. Pfitom v$ak se nemtiZe nic uspéchat, protoze k pojmu
Cisla se kazdé dit€¢ dopracuje samostatné vlastni ¢innosti, az mu tzv. ,,svitne®.

Co vSechno miize dit¢ vnimat na konkrétnich pfedmétech? Dejme do
nepruhledného sacku napt. 4 kolde a nechme déti povidat, co vSechno o nich
mohou fict. Sledujme, jaké maji pfedstavy — zrakové, chutové, ¢ichové, hmatové,
¢im jsou kola¢e naplnény, kam je mohou piemistit (napf. na talit). Kolik z déti je
vsak jiz ve ,,svét€ matematiky* a zepta se ,,kolik jich je”?

V prvni fazi se déti nauci chapat Cisla 1 az 5, pozdéji ¢isla do deseti a nulu.
M¢ly by umét vytvofit skupinu o daném poctu prvkl, zapsat pocet prvki dané
skupiny, ¢isla porovnavat. Nez se vSak dospé€je k pojmu ptirozeného Cisla, je tieba
davat détem mnoho podnétd, které souvisi s jejich hrami a ¢innostmi, které bézné
kazdy den provadéji a které s matematikou zdanlivé nesouvisi. Pokud se tato faze
podceni, dochazi u nékterych déti problémtim pii vytvoreni pojmu Cisla.

Pfipometime, ze ¢islo nula ma specifické postaveni. Snulou je tieba
zachazet jako s jakymkoliv jinym ¢islem a neni vhodné spojovat ji se slovem ,,nic*.
Nulu je tfeba chapat jako pocet prvkl prazdné mnoziny (pocet jablicek na prazdném
talifi) nebo jako Cislo, které ziskdme od¢itanim sob& rovnych ¢isel (mél jsem
3 svestky, vSechny jsem snédl). Pokud ¢islo 0 nerespektujeme jako ¢islo rovnocenné
ostatnim, déti je v budoucnu podcenuji i ve vyznamu ¢isla, i ve vyznamu v zapisu
¢isla (napt. 304 chapou jako 34).

2.3. Propedeuticka cviceni k vytvoieni pojmu cCisla vyplyvajici 7 béZnych cinnosti
a her

Sdétmi provadime elementarni cviceni, kterd jsou propedeutikou
k pozdéjsimu chapani pojmu ¢isla. Nejprve se jedna se o bézné ¢innosti s hra¢kami,
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obrazky a dal$imi predméty, vyuZzivaji se pohadky, hry apod., pficemz se vyclenuji
nekteré¢ charakteristické vlastnosti se zapojenim vice smysld. (Podrobnéji napf.
Coufalova, 1997, s. 13.)

Prace s predméty

Détem predkladdme rtizné predméty, které je obklopuji a snazime se o to,
aby uvedly nazvy nebo jména pifedméti — co to je, jak se to jmenuje. Zaroven
zkoumaji viditelné vlastnosti predmétd - jaké jsou, zda jsou zivé, nezivé, jaka je
jejich barva, jaky je jejich tvar, zjakého jsou materidlu. Nejprve pracujeme
s izolovanymi predméty, pozdé&ji s dvojicemi, trojicemi predmétii a skupinami vice
predméta.

Identifikace pfedmétu, osob, zvifat apod.
Déti mohou identifikovat pfedméty, osoby, zvifata pohledem, hmatem,
chuti, ¢ichem apod., tedy svymi smysly.

Charakteristika predméta
Déti provadgji charakteristiku predméta z riznych hledisek, napt. jaké to je,
k ¢emu to je, co déla, kdo to je, kdo néco déla apod.

Diferenciace

Jedna se o hledani shod a rozdilt mezi pfedméty — je to stejné jako..., je to
jiné nez..., ¢im se li§i — napt.:

ktery predmét (obrazek) nepatii mezi ostatni,

ktery predmét (obrazek) ma jinou barvu nez ostatni,

ktery predmét (obrazek) ma jiny tvar nez ostatni,

ktery predmét (obrazek) ma jinou velikost nez ostatni,

ktery ptedmét (obrazek) ma jinou polohu nez ostatni.

Vyhodnoceni situaci
Jde o pohled zpét, utvrzeni spravnosti a rozhodnuti: Je to tak?, Je to
spravne?

Komparace (srovnani)

Porovnavani predmétli probihd z mnoha hledisek. Predméty jsou stejné,
podobné, nejsou stejné, jsou rizné. V Cem se lisi, v Cem jsou stejné (napt. v pohadce
Dlouhy, Siroky a Bystrozraky — porovnavame vysku, tloustku apod.)

Nejprve porovnavame objekty, které dité¢ vidi soucasné, pozdéji s tim, co je
uchovano v paméti (jak to bylo pfed tim, je to tak, jak to bylo pGvodné, jak to ma
byt, co se zménilo)

Pro matematiku je to dilezita ¢innost — napf. pii psani ¢islic porovnava dité
to, co napise, s predlohou, se vzorem na zacatku linky v sesiteé.

Dale se porovnavaji predméty v riznych polohach — vedle sebe, pod sebou,
jinak umisténé.
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Porovnava se mnozstvi — vztahy vice, méné, stejné — pfiprava na
porovnavani ¢isel.

Zpresinovani

Jde o zpfesiiovani ptivodni, vstupni informace, vétSinou s vyuzitim
smyslového vnimani. Vyuzivame otdzek typu: Kdo je to?, Co je to? DalSimi
poskytnutymi informacemi pfiblizujeme pfesny vyznam — napi. hra na femesla,
které zvife myslim, apod. Zde se uplatiiuje orientace na sluch (ptame se slovy) nebo
na zrak (ptedvadime pantomimu), nebo na hmat (hmatem se urcuje predmét). Mize
se také urCovat kvantita nebo vzajemné postaveni objektt.

Negace
Spociva na vyuziti pfedpony ,,ne” — napf. je to Zivé — nezivé, 1éta to, neléta
to, je to modré, neni to modré. Pfitom dbame na jasné vyjadieni, kdy predmét danou

vlastnost ma ¢i nemé (napf. negace vyjadieni ,je to bilé*“ neni ,je to Cerné®, ale
,.neni to bilé®).

Zavislosti

Vyuzivame pravidelného opakovani skupin prvki, rytmizace — vytvareni
dvojic, trojic prvki, které se pravidelné opakuji (navlékani koralkt riznych barev,
stavby hradeb z krychli apod.).

Gradace
Jde o uréeni polohy a poradi prvkl v realité i na obrazku — je to bliz nez, dal
nez, vlevo od, vpravo od, nad, pod, za.

2.4. Cinnosti sméfujici k vytvoieni pojmu piirozeného Cisla

Mezi Cinnosti, které cilené¢ sméfuji k vytvateni predpokladd pro spravné
pochopeni pfirozeného Cisla patii klasifikace, ptitazovani, uspotradani.

2.4.1. Tiidéni (klasifikace)

V matematice souvisi tfidéni s rozkladem mnoziny. Pfi rozkladu mnoziny na
podmnoziny musi byt splnény pozadavky:

1. Kazdy prvek zakladni mnoziny musi byt zafazen do nékteré z podmnozin.

2. Zadny prvek nemiize byt sou¢asné ve dvou podmnozinach.

3 Sjednocenim vSech podmnozin je zakladni mnozina.

Ttidéni se provadi podle urcité charakteristické vlastnosti, déti maji za tikol
rozttidit dané pfedméty na ty, které pozadovanou charakteristickou vlastnost maji
ana ty, které ji nemaji. Pfitom charakteristickd vlastnost musi byt stanovena
jednoznacné (napft. nestaci urcit maly — velky, kdyz se tfidi vice pfedmétt raznych
velikosti). Vzniknou tak dvé, pozdé€ji vice skupin a ptitom kazdy prvek musi byt
zatazen v nékteré ze vzniklych skupin podle daného kriteria. Nejprve se provadi
ttidéni dichotomické (na dvé skupiny), pozdégji trichotomicke (na tfi skupiny), atd.

13



Blazkova, R.:
Vytvareni matematickych predstav v predskolnim véku

Vymezeni charakteristické vlastnosti se provadi na predmétech denni
potteby, napi. vybird se co se ji, co se oblékd, sportovni nacini, pracovni naradi,
dopravni prostiedky apod.

Jidlo se pak dale vymezuje napf. na ovoce, zeleninu, pecivo, mlééné
vyrobky apod., sportovni na¢ini podle jednotlivych sporti atd.

Podobné déti mohou zatazovat pfedméty do skupin podle stejné vlastnosti
(napf.: auta — osobni, nakladni, kostky ze stavebnice, geometrické tvary podle tvaru
nebo barvy aj.).

24.2. Piifazovani

Pti pfifazovani pfedméti poznavaji déti skupiny objektd, které maji
spole¢né to, ze kazdému prvku v jedné skupin€ je pfifazen prave jeden prvek druhé
skupiny a naopak (prvky jsou vzajemné jednoznacéné piifazeny). Pfitom si déti
postupné uvédomuji, ze skupiny, jejichz prvky lze vzajemné jednoznacné ptiradit,
maji stejné prvkll a Ze nezalezi na tom, jakého druhu prvky jsou. Postupné
zvySujeme naro¢nost na abstrakci — od konkrétnich pfedméti k symboliim a k Cislu.
Pfifazujeme tedy:

a) pfedméty predmétim

Pro pochopeni pojmu pfirozeného Cisla je vhodné vyuzivat ¢innosti, kdy

déti prifazuji predméty predmétim (zpocatku tak, aby v obou skupinach bylo
predmétil stejn€ — vytvareji dvojice). Umist'uji napt. panenky do kocarkd, auta do
gardzi, ptitazuji dévcata chlapclim, pomerance détem, hrnicky na podsalky, vajicka
do kalisku, apod.

Velmi vhodnou ¢innosti je prostirani nadobi a piibort na stil — u stolecku
sedi Jirka, Petr, Terezka, Irenka, kazdému ptitadime talitek, 1zicku, sklenicku.

Vyuzivame i pohadkovych postav nebo postav z vecerni¢ki — kdo ke komu
patii:

Hurvinek — Spejbl, Makova panenka — motyl Emanuel, Rumcajs — Manka,
Mach — Sebestova, Kiemilek — Vochomiirka, Jeni¢ek — Mafenka, Zlatovlaska —
Jifik, Bob — Bobek, Aja — Fik, atd.

b) symboly pfedmétim
Vybereme nékolik déti, jindy hracek (do péti), pfifazujeme prsty,
kaminky, ty¢inky, obrazky apod..

¢) symboly symbolim
Obrazkam pfifazujeme napf. puntiky, ty¢inky, ty¢inkam puntiky apod..

d) predmétlim a symbolim ¢isla
Skupinam predmét nebo symbolt ptifadime ¢islo — kolik jich je.
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Symboly: O O

Napf. Déti:

Cislo: 4

Kazda vhodna publikace pro déti predskolniho veéku i dobra ucebnice
matematiky pro prvni tfidu obsahuje dostatek téchto Cinnosti a pted tim, nez uvede
Cislo, dostatecné dlouho procvicuje prostfednictvim obrazkl ptifazovani symbold
pfedmétiim, napi. na obrazku jsou zvifatka, déti kresli tolik puntikt (¢arek apod.),
kolik je na obrazku zviratek.

2.4.3. Usporadani

Uspofadani déti vnimaji zcela pfirozené na naprosto nematematickych
¢innostech, pfi hrach, prostrednictvim pohadek, fikadel aj. Cilem cinnosti je, aby si
déti v budoucnu postupné uvédomily, ze mnozina ptirozenych ¢isel je usporadana,
ze je mozné o kazdych dvou prvcich rozhodnout, ktery je pied kterym. (Toto je vSak
jiz uéivem 1. stupné ZS.)

V obdobi pfedc¢iselnych predstav uvadime pohadky, ve kterych hraje roli
posloupnost dé&jii ¢i usporadani osob. Jsou to napiiklad pohadka O kohoutkovi
a slepicce, pohadka O veliké fepé, Zlatovlaska, aj. DéEti si velmi dobie pomatuji
posloupnost d&ji v pohadkach. Pfitom déti chapou uspotadani v obou smérech.

Soucasné se ujasnuji pojmy ,,prvni prvek”, ,,posledni prvek” v dané skuping.
Zde je tteba spravného zdivodnéni, nebot’ se musi pracovat se vsemi prvky dané
skupiny a prvni nebo posledni prvek je tfeba vymezit vzhledem k ostatnim prvkiim
dané skupiny. Napf. v pohadce O veliké fepé: Pro¢ je dédecek prvni — protoze
vSichni ostatni jsou za nim. Chybné by bylo — protoze pfed nim nikdo neni. Pro¢ je
myska posledni — protoze vSichni ostatni jsou ptfed ni. Opét chybné zdiivodnéni by
bylo — protoZe a ni nikdo neni.
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DalSimi ¢innostmi mohou byt napf. uspotadani déti v fad¢ podle velikosti,
skladani pastelek podle velikosti, navlékani koralkti podle urcitého pravidla, kdy déti
maji pravidlo dodrzet, stavby z krychli podle pravidla, apod.

3. Prirozena lisla
3.1. Vyznam Cisla
Jiz v ptedskolnim véku poznavaji déti Cislo v mnoha jeho vyznamech,
uved’'me tedy nekteré:

a) Oznaceni mnozstvi (poctu prvkl): 5 déti, 3 medvidci, 10 jablek, 4 prsty, apod.

b) Cislo jako operator (pokyn ke zméné): pfidej mi tii bonbony, uber mi dva
knedliky, apod., o kolik mam vic, kolikrat méné, aj.

¢) Cislo jako adresa (pofadi, uspofadani): bydlime v domé &islo 24, ve tietim
poschodi, narodil jsem se 14. 5., apod.

d) Cislo jako kod — napf. kody na zabezpetovacich zafizenich, PIN, telefonni &islo.

e) Cislo jako veli¢ina (mira) — 2 kg banand, moje vyska je 130 cm, aj.

Cisla vriznych vyznamech déti zcela piirozené pouzivaji. V kazdém
ptipad¢ by se vSak mély seznamit nejprve s ¢islem ve vyznamu mnozstvi a teprve
potom ve vyznamu pofadi a s ¢iselnou fadou. Je vSak tfeba si také uvédomit, ze
s Cisly v riiznych vyznamech nelze zachézet stejné, napf. sCitat a od¢itat mizeme
¢isla ve vyznamu mnozstvi — poctu prvkd, ale neni to mozné ve vyznamu cisla jako
adresy nebo kodu.

Pojem ¢isla ve vyznamu poctu prvkl je tfeba vytvairet mnoha riznymi
¢innostmi.
a) Cisla 1 a 2 spojujeme s astmi t&la (Dité a jeho télo): Kolik méas oéi, rukou,
nohou, nosi, brad, apod.
b) Kolik nas je doma?
c) Kolik mam kamaradii nebo kamaradek?

Pti vytvareni Cisla 3 (a dalSich v oboru do péti) umistime na stal tii

predméty (nejprve stejného druhu, pozdéji ptedméty rizné) a davame détem ukoly:

a) Rekni, kolik piedméti (jablicek, kostek, kastanti apod.) vidis na stole.

b) Kde jesté vidis stejné véci jako na stole.

¢) Ukaz tolik prsta.

d) Poloz karti¢ku, na které je stejné puntiki jako jabli¢ek na stole.

e) Dopln, aby byly tfi (kdyZ je na stole mén¢ jablicek nez 3)

f)  Na obrazcich jsou ruzné predméty v rizném poctu (nejprve od 1 do 5).
Vyber ty obrazky, na kterych jsou tfi prvky.

VyuZzivame i pohybovych her, napt.:
a) na zemi nakreslime kruhy, do kazdého zapiSeme nékteré z Cisel 1 az 5 a déti
se maji postavit do kruhii podle vyznacenych ¢isel (je nutné, aby vSechny déti byly
zatazeny v nékterém z kruhti).
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b) umistime détem na zada karticky s puntiky (od jedné do péti) a déti se maji
rozdélit do skupin tak, aby v kazdé skupiné byly déti se stejnym poctem puntikti na
zadech.

c) rozdame détem Kkarti¢ky steCkami od jedné do péti a pozadujeme, aby
vytvortily vzdy fady péti déti tak aby karticky byly uspotadané od jedné do péti.

(Vyuziti zejména v oblastech Dité€ a spole¢nost, Dité a svét.)

Dalsim dilezitym poznatkem je, Ze zménou konfigurace se pocet prvkl
neméni. Détem dame pét tyCinek a vyzveme je, aby z nich néco vytvotily. Déti tak
vytvareji rizné sestavy, napt. sestavuji domecek, Sipku a nejriiznéjsi obrazky podle
vlastni fantazie a tyCinek je stale pét. Podobn¢ sestavuji rizné stavby z péti stejnych
krychli. Déti intuitivné ptichazeji k zaveru, ze zménou tvaru obrazku nebo stavby se
nezmeéni pocet prvki.

Déle vyuzivame pohadky, ve kterych hraje roli pocet osob nebo predméti,
napt. Tii zlaté vlasy déda Vsevéda, Tti ofisky pro Popelku, Sn¢hurka a sedm
trpaslikii, Pohadka o dvanacti mésickach, aj. Témét na kazdé ¢islo od 1 do 12 Ize
vybrat né€jakou pohadku.

Cisla od jedné do péti znazornéna pomoci n&jakych prvka déti zpravidla
poznaji bez pocitani — zejména kdyz jsou ve vhodném seskupeni, jako napt. na
kostce pro hru Clovéée nezlob se.

3. 2. Po’itani po jedné

Uveédomme si, co vlastné délame, kdyz pocitame po jedné. Mame-li skupinu
predmétu, u kterych na prvni pohled nepozname, kolik jich je, zpravidla ukazujeme
na jednotlivé pfedméty prstem (nebo je oznacime tuzkou) a ke kazdému ptiradime
jedno slovo ze znamé tady Cislovek — jedna, dve, tfi, ... az patnact (napt.) a posledni
vyslovena Cislovka udava pocet prvki ve skuping. Timto vlastné skupinu predmétt
usporadame a kazdému predmétu piifadime prvek z uspotradané skupiny ¢islovek.

Cilem je, aby déti umély vyjmenovat fadu Cisel od jedné do péti, pozdéji do
deseti, a to vzestupné i sestupné. Pfitom vSak za kazdou vyslovenou ¢islovkou by
mély vidét pocet prvkli a fadu Cislovek by nemély odiikavat bezobsazné, bez
vyznamu.

Pti pocitani po jedné je tieba respektovat, aby:

— nebyl vynechan zadny prvek,

—zadny prvek se nepocital dvakrat,

—pfi zméne konfigurace predméti nedoslo k chybnému pocitani, kdy nazvy cisel
jsou vazany tésné na urcité predméty,

—konkrétni predméty nebyly pocitany od nuly.

Pokud bychom ucili déti pouze vyjmenovat fadu slov (¢islovek) od jedné do
deseti a déti vytvorenou nemély predstavu Cisla tak, aby si za kazdym slovem umély
piedstavit pocet prvki, dojde vétSinou k tomu, ze déti napt. pocitaji: jedna, dve, tii,
Styfi, sedm, pét, &tyfi..., tj. fikaji jakasi slova bez obsahu. Ciselna fada je jednou
z ocekavanych kompetenci ditéte v pfedSkolnim véku.

Vyuzivame mnoha fikadel a basnicek, kdy se postupné Ciselna fada opakuje:

Jedna, dvé, Honza jde, nese pytel mouky.
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Jedna, dvé, tii, my jsme bratii.

Jedna, dve, tii, Ctyfti, pét, cos to Janku, cos to snéd.
Jedna, dvé, Honza jde.

Jedna, dv¢, tii, pes ho vétii.

Jedna, dve, tii, Ctyfi, kampak si to mifi?

Vv r

Jedna, dve, tii, Ctyfi, pét, bézi k mame na obéd.

Pro ¢isla do deseti napt. Ote, ofe Jan, priletélo k nému devét vran.
Vyzivame i hadanek (Ctyii rohy, ¢tyfi nohy...).

Vhodnou ¢innosti je dokreslovani obrazkt, kdy déti spojuji postupné body
oznacené Cisly v uspotfadani od nejmensiho k nejvétsimu.

3.3. Cislo a &islice

K zapisu cisel pouzivame znaky — Ccislice neboli cifry. V pozicni desitkové
soustave pouzivame deset znakii (jednicka, dvojka, ..., devitka, nula) a pomoci téchto
deseti znakii zapiseme jakékoliv cislo. Ve vyjadiovani bychom méli rozlisovat pojmy
cislo a cislice jiz v predskolnim véku, usnadnime tim détem chapani téchto pojmii ve
Skolnim véku. Napr. pétka muize byt mensi nez jednicka (ve smyslu cislice — znaku): 5
1, ale cislo 5 je vidy vetsi nez cislo 1. Pojmy jako osmicka, desitka, dvacitka ve
vyznamu c¢isla k vyjadrovani mezi detmi nepatii. Déti se postupné nauci psat vsech
deset cislic, to je vsak ucivem 1. rocniku zdkladni Skoly. Psani cislic se Fidi normou.

Ke snadnéjsimu pochopeni tvarii cislic miizZeme vyuzZivat figurek nebo
polstarkit ve tvaru cislic. Nékteré déti maji problémy s rozliSovanim nékterych cislic
tvarové podobnych (napv. 6, 9), déti, které maji problémy s pravolevou orientaci,
maji problém zapamatovat si, jak se pisi napr. 1, 3, 7. V Soucasné dobé se deti velmi
brzy uci znat i digitalni zapis cislic, zejména proto, zZe se objevuji na nejriiznéjsich
pristrojich.

Pripomernme, Ze v riiznych civilizacich se pouzivaly rizné znaky k zapisu
Cisel a Cislice, které my pouzivime, mély také sviij vyvoj a sviij piivod maji v Indii
a arabskych zemich.

3.4. Desitkova soustava

V historickém vyvoji pouzival Clovék rizné Ciselné soustavy (nepozicni,
pozi¢ni, o zékladech 2, 5, 10, 20, 60), nyni umime pocitat v ¢iselnych soustavach
0 jakémkoliv pfirozeném zakladu. Ze vsech Ciselnych soustav se jako nejvyhodnéjsi
udrzela pozi¢ni soustava desitkova. Deset jednotek nizSiho tadu tvoii vzdy jednu
jednotku tadu o jednu vyssiho (deset jednotek tvoii jednu desitku, deset desitek tvori
jednu stovku, atd.). V pozi¢ni desitkové soustavé pouzivame k zapisu Cisla deseti
znakl (Cislice 0 az 9) a pomoci nich zapiSeme jakékoliv Cislo. Kazda Ccislice
v zapisu ¢isla ma jednak hodnotu vlastni (poCet jednotek piislusného fadu)
a hodnotu mistni (na které pozici se nachazi). Napt. v Cisle 333 je vlastni hodnota
kazdé cislice 3, mistni hodnota zalezi na umisténi v zapisu ¢isla.
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Intuitivni chapani pozi¢ni desitkové soustavy se zacina projevovat pii praci
s ¢isly od 10 do 20, kdy by déti mély postupné chapat, ze napt. v zépisu ¢isla 15 ,, 1%
znamena 10 jednotek.

Pozistatky Sedesatkové soustavy pouZivame pii méfeni ¢asu — 60 minut je
jedna hodina, 60 sekund je jedna minuta. Toto je pro nékteré déti obtizné, avsSak
CasteCna orientace v case je jednou zocekdvanych kompetenci na konci
predskolniho obdobi. U né¢kterych déti postaci Casova orientace ve smyslu diive —
pozd¢ji (vCera, dnes, zitra, rano, poledne, vecer) a potom nenasilné seznamovani
s Casovymi udaji. Velmi vodné je vyuziti Casového snimku dne s piisluSnym
¢asovym udajem.

4, Porovnavani ¢isel

Porovnavani pfirozenych cisel se v matematice opird o pojem zobrazeni,
nebo se pozdéji k porovnavani vyuziva zapisu Cisla (u vicecifernych ¢isel) nebo se
pouziva cCiselna osa. V obdobi vytvareni ¢iselnych predstav je vhodné vyuzit
zobrazeni, avSak nez se zaCnou pfirozena ¢isla porovnavat, je tfeba dodrzet urcity
Vyvoj.

a) Nejprve je tfeba, aby déti pochopily vztahy ,,vice”, ,,méné”, ,,stejné&” (bez Cisel).

K tomu se pouziva mnoho her, konkrétnich cinnosti s predméty, kresleni

obrazkii a vzdy se vyslovi zaver, ceho je vice, ceho je méné a ceho je stejné.

Jde napr. o vytvdreni dvojic déti (dévée — chlapec), dvojic panenka —
kocarek, kyticka — motylek, auto — garadz, aj.

Na danych souborech konkrétnich predméti nebo na obrazcich déti
rozhoduji kterych prvki je vice nebo ménég (event. stejné).

b) Dalsi ¢innosti spocivaji v tom, aby déti ptidaly nebo dokreslily prvky podle
pokynii: Poloz na stolek stejné 1zi¢ek jako je hrnicku, pfines stejné jablicek, jako je
déti, nakresli vice mrkvi, nez je kraliki, nakresli méné vajicek nez je slepic apod.

¢) Teprve po téchto ¢innostech se pfifazuji skupinam prvki ¢isla a porovnavaji
se pfirozena Cisla. Pfitom je nutné dobie vysvétlit znaky pouzivané pro porovnavani
(<, >, =), protoze, a¢ je to malo pochopitelné, mnoha détem ¢ini pouzivani téchto
znakl problémy.

d) AZ se zvladne porovnavani piirozenych &isel, uéi se déti zjistit, o kolik ma
jedna skupina prvk vice ¢i mén€ nez druha.

Pti porovnavani piirozenych Cisel miizeme narazit na urcita uskali. Prvnim
znich je, aby se spravné rozliSovalo mezi porovnavanim velikosti predmétd
a porovnavanim jejich poctu. Déti rozliSuji tvar: napt. velky mi¢ a maly mic, ale
pocet: je jeden velky mi¢ a jeden maly mi¢. Nelze mezi predméty umist'ovat znaky
<, >, =. Tyto znaky lze umistit pouze mezi Cisla.

Dalsim uskalim je, kdyZ se porusuje rozdil mezi skupinami, které maji
stejny pocet prvki, napt. 4 1zicky a 4 vidlicky a skupinami, které se sob& rovnaji
(nepochopeni rovnosti a ekvivalence mnozin). Dité velmi dobie vnima, ze vidlicka
alzicka se nerovnaji, ale ze jich je stejné. Chybné obrazky, ve kterych se umisti
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rovnitko mezi dvé skupiny riznych objektt, které maji stejné prvkl jeho spravné
ptedstavy deformuji. ( viz 2)

Spravné Chybné

XXXX 0000 XXXX = 0000
4 =4

5. Priprava na operace s piirozenymi ¢isly

Jednoduché situace, kdy déti vyuzivaji operaci s pfirozenymi Cisly, se
vyskytuji v jejich kazdodennim Zivoté a déti je chapou zcela piirozené. Je vSak
nutné, aby situace vzdy poskytla prileZitost pro danou operaci, aby byla pro dité
dostatecné dynamicka, aby operace méla smysl. Vyjadieni operaci zapisem pomoci
&isel je u¢ivem 1. stupné Z8S.

5.1. S¢itani

Podnéty pro scitani pfirozenych cisel se naskytnou v ptipad¢, kdy se prvky
pridavaji, davaji dohromady, eventuelné se néco zvetSuje apod. Vzdy musi mit dité
divod ke scitani, vidét smysl operace, nebot’ v opacném pfipadé mutze prvky
spocitat po jedné a nemusi vibec pouzit operaci sCitani. Vesmés se vychazi
z konkrétni manipulace s predméty a v Zzadném piipadé nejde o vyuku scitani, ale
0 pfipravu na pochopeni této operace. V prvni fazi se nejprve pouzivaji predmeéty
stejného druhu, napft. 2 $vestky a 3 $vestky, aby soucet mél stejné pojmenovani jako
oba scitanci a teprve pozdé€ji se vyuziva pfedmétt rizného druhu, napt. 2 hrusky
a 3 jablka, kdy soucet ma jiz nazev nadfazeny nez maji sCitanci). Pokud se vyuziva
obrazkli nebo grafického zndzornéni pomoci symbold, je tfeba dbat na jeho
spravnost.

Spravne: Chybné:
000 00 000 + 00 = 00000
3 +2=5 3 +2=5

Pro¢ je druhé znazornéni chybné? Jednak nescitaime predméty, ale jen jejich
pocet. Pfedméty k sob¢ piidavame, piitazujeme apod. Dale by déti by potiebovaly
10 kulicek, aby znazornily soucet 3 + 2. Zde jde pouze o zndzornéni jednotlivych
¢isel, nikoliv operace s¢itani.

5.2. Od¢itani

Odcitani ptirozenych cisel souvisi s ubirdnim, zmensovanim, oddé€lovanim,
je to operace dynamicka. Opét je tieba navodit situaci, aby dit€ melo potiebu od¢itat.
Postupuje se analogicky jako pii vyvozovani s€itdni a je nutné situaci spravné
znazoriovat.
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Spravné: Chybné:
00 666 00000 — 000 = 00
5-3=2 5- 3=2

Déti by opét potiebovaly 10 kuliéek, aby znazornily rozdil 5 — 2. Jde
0 znazornéni jednotlivych ¢isel, nikoliv operace od¢itani. Namisto ubirani déti dalsi
kulicky prikresluji — nakresli pét kuli¢ek, napiSe znaménko minus, piikresli dalsi tfi
kuli¢ky, napiSe rovnitko a jesté prikresli dvé kulicky.

5.3 Propedeutika nasobeni

Nasobeni piirozenych Cisel se v soucasné skole vyvozuje na zaklad¢ scitani
nekolika sobé rovnych sc€itanct a je u¢ivem 1. stupné zakladni Skoly. Propedeutika
nasobeni se vSak objevuje v béznych Cinnostech, napf. kazdém Ctyf déti ma na
talitku dva pomerance, v sit’ce tfi mi¢ky apod. Pro intuitivni vnimani nasobeni je
vhodné umistovani predmétti do fad a sloupcti — napi. broskve — dvé fady po
Ctyfech, nebo do skupin, napft. 4 trsy bananti po tiech, bonbony v krabicce — tii fady
po péti, aj. Vhodné je vyuzit napt. peceni buchet nebo vano¢niho cukrovi, kdy se na
plech umisti do tad a sloupct. Vzdy se jedna pouze o intuitivni chapani operace
nasobeni.

5.4 Propedeutika déleni

S délenim maji  déti predSskolniho v&ku zkuSenosti v souvislosti
s rozdélovanim pifedmétd (napt. bonbonll) mezi ostatni déti. Pii spravném pristupu
k déleni ptirozenych Cisel je tfeba vzit v uvahu, Ze rozdélovat miizeme na nékolik
casti (6 kulicek rozd€l mezi tfi déti tak, aby mély stejné, kolik kulicek bude mit
kazdé dit€?) nebo muzeme rozdélovat podle obsahu (6 kulicek rozdéluj po trech,
kolik déti podélis?). Cinnosti piispivajici k pozd&jsimu chépani operace déleni
mohou byt napft.:

a) Rozd€lujeme predméty (kastany, bonbony, kostky aj.) mezi nékolik déti
tak, aby mély vSechny déti stejn€ a rozdé€lili jsme, pokud to lze, vSechny predméty.
Déleni mtize byt beze zbytku nebo se zbytkem.

b) Rozdélujeme piedméty po nékolika (ofiSky do misek po tfech, kaStany
détem po péti, apod.). Opét muze byt rozdélovani beze zbytku nebo se zbytkem.

6. Zavér

Matematicka fakta se nedaji snadno zapamatovat a déti je vnimaji a uci se
jim prostiednictvim ¢innosti a tvorivosti. Je tfeba, aby dit€ postupovalo podle svych
schopnosti a vlastnim tempem. Jestlize se u¢i samo, objevi nejvice a to si
zapamatuje. Malokdy si zapamatuje to, co mu dospély fekl, tedy poznatek
zprostiedkovany. Dospély by mu mél byt trpélivym pomocnikem v ptipadé, ze dité
pomoc potiebuje a nemél by fidit jeho ¢innost neimérnymi radami a nabidkami. Ne
vzdy vidi dité to, co vidi dospély, ale v mnoha piipadech miize vidét i vice.

Abychom zduraznili, jak dilezity je spravny pfistup k postupnému vytvareni
¢iselnych predstav, uvedeme nékolik piibéhd, které jsou vybrany ze zivota.
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Ptib¢h prvni.

Jedeme v autobuse, prsi a na prednim skle se pohybuji tii stérace. Maly
TomaSek sedi mamince na kliné a znenadéani zvola: ,,Tti”. ,Kde jsou tii”, pta se
maminka. Tomasek ukazuje na pohybujici se stéraCe. Maminka s nadSenim:
,»LTomasku, tys to poznal, ty jsi Sikovny, ty uz to umis.” Stale jej velmi chvélila. Na
mij dotaz, kolik je Tomaskovi rokd, maminka fika: ,,ukaz pani, kolik ti je.”
Tomasek ukazuje tii prsticky. Potom mi maminka sdélila, co to dalo prace, nez se
naucil ukazat, ze jsou mu tfi roky.

Maminka byla nadSena, ze Tomasek pochopil, co znamend 3. Matematik vi,
ze Tomasek dospiva od predstav vazanych na konkrétni predméty k piedstavam
univerzaln&j$im a postupné k abstrakci.

Pfib¢h druhy.
Holcicky si hraji s panenkami. Na mtj dotaz, kolik maji panenek, postupné
odpovidaji:

Maruska: Hodné.

Lucka: Mame Lucinku, Gabinku, Michalku a Karolinku.

Terezka: (pocitd) jedna, dve, ti, Gtyfi. Jsou Etyfi.

Irenka: (fekne hned) Mame ¢tyfi panenky.

Kazda z holcicek je na jiném stupni chapani kvantity — poctu prvkii.

Piibé¢h tieti.

V pokoji si hraji ¢tyfi déti. Poslou nejmladsi z nich — Elisku — do kuchyné
pro buchty. Eliska bere z misy nejprve po jedné a potichu si fika: Filipovi,
Viktorovi, Anicce a mnég. Pak bere jeste jednou po jedné a odndsi osm buchet, aniz
by véd¢la, kolik jich je.

EliSka neumi pocitat, ale pomoci prirazovani dokdze odnést spravny pocet buchet.

Ptibéh Ctvrty.

Jedeme v tramvaji ¢islo 11 a obé ¢islice jsou napsany ponékud jinak, nez se
uci déti psat Cislici 1 v prvni tfidé. Maminka jede s holCickou (dva a pul roku), ktera
ma bratticka v prvni tfidé. HolCicka asi doma ptihlizi pfipraveé bratficka do Skoly.
Ukazuje na ¢islo vtramvaji a fika: “Sedmicka”. Maminka namita: “To neni
sedmicka, ale jednicka”. Hol¢iCka neustale trva na svém, maminka vSak také. Az
maminka fekne: “To jsou dvé€ jednicky”. Jak holc¢icka uslysi “dve”, zacne se velmi
zlobit a podrazdéné zvola: “Ne dvé, sedm”.

U ditete se ukazuje problém zapisu cisel, tvaru cislic a nakonec vztahu cislo —
cislice.

Prib¢h paty.

Triletého Jirku uc¢i dédecek pocitat od jedné do deseti. Jirka pocita: jedna,
dve, tii, Ctyfi,

pet, sedm, devét, Ctyfi, Sest, deset.

Jirka se uci jakousi ,, basnicku” — radu slov, ale nevidi za slovy cislo ve
vyznamu poctu prvkit.
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Ptib¢h Sesty.

Honzik slavi ¢tvrté narozeniny. Na otdzku ,.kolik je ti rokd” ukazuje Ctyii
prstiky, na dortu ma ctyfi svicky, ale vyznam pojmu ,,Ctyfi roky” je mu zatim
neznamy.

Postupné se pripravuje k chapani cisla 4 v jeho ruznych vyznamech.
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Uvedenie Ziakov tretiecho rocnika
do sveta trojrozmernej geometrie

Introducing 3rd grade students
to the world of three-dimensional geometry

Marta Pytlak
MESC: G40, D20

Abstrakt:

Geometria hra délezith ulohu v procese rozvoja a tvorby matematického
myslenia Ziakov. Ale v §kolskom vzdeldvacom programe nie je dostatok
priestoru pre geometrické problémy. Hlavnym problémom je to, ako
zoznamit” mladSich ziakov so svetom geometrie. V tomto ¢lanku su
popisané niektoré epizoédy z hodin matematiky v 3. ro¢niku zakladne;j
Skoly, ktoré boli zamerané na trojrozmerni geometriu. Cielom
prispevku je ukézat’, ako sa ziaci vysporiadali s kockami a ich sietami.
KPacové slova: primarne vzdelavanie, elementarna geometrie, geometria 3-D,
kocky, siet’.

Abstract:

Geometry plays an important role in the process of developing and
creating students‘ mathematical thinking. But in school curriculum there
is not enough space for geometric issues. The main problem is: how to
introduce young students into the world of geometry? In this paper
some episodes from math lesson in 3rd grade of primary school are
described, which focused on three-dimensional geometry. The aim is to
demonstrate how students deal with cubes and their nets.

Key words: primary education, elementary geometry, 3-D geometry, cubes, net.

Introduction

Geometry accompanies human being from the down of history. It was the
first “scientific field in the scope of mathematics”, which was created by humans. Its
meaning for the ancient world was huge. It has the vital position in mathematics.
Initially mathematics wasn't the theoretical science, however, there appeared the
needs and desires of humans to settle the space around themselves, solving many
practical problems — from the building engineering, through travelling, till gaining
ornamentation (Hejny 1990, Kordos 1994).

This historical trait shows also the way of the didactical approach to the
school geometry: the geometrical knowledge comes to life in a specific way — by the
action. In the creation of the students‘ geometrical world the important thing is the
acquisition of experience through manipulations and practical solving of problems.
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The meaning of geometry in education of children and young people has
been the subject of reflection of many researchers. There is a belief that geometry
can support the general mathematical development of children's competences. As
E. Swoboda writes:

., ... quasi-geometrical activities can develop widely understood children’s
mathematical competence. On the one hand, since geometrical approach to
mathematics is closer to children than arithmetical one, geometry can open doors to
a world of mathematics. Geometrical cognition starts from a reflection upon the
perceived phenomena and in this way correlates with the basic ways of learning
among children. On the other hand, it gives a chance to develop such ways of
thinking, that are typical for mathematical thinking. Skills like generalization,
abstraction, perceiving relations, understanding rules are the base for this aim.
Early geometry is in-between physical and abstract worlds. By this, it enables to
mathematize this world.” (Swoboda, 2009, p.29)

As a result of changes which took place in Poland in the school curriculum
for the grades 1 — 3 of primary school, there left not enough time to realize the issues
concerning geometry. It is not anything new — geometry for a long time was treated
marginally on this educational level. As much as the teaching of arithmetic is
emphasised, the teaching of geometry is discriminated. Students get acquainted with
the basic geometric figures such as square, rectangle, triangle or circle, they measure
the length of segments and calculate the circumferences of polygons, however, this
is often the end of their adventure with geometry on the early school education level.
Changes in the approach towards teaching mathematics on the level of the grades
1-3 are very slow and they weren't included in all curricula. Among geometric
issues, which become to appear in the early school education are regularity and
symmetry. These new subjects are often rejected by teachers who are not
experienced to work with them. Still the three-dimensional geometry isn't taught. In
what way the ideas of the geometry can be presented to students at this educational
stage? In what way they should be prepared to meet geometry in later grades? These
guestions became the inspiration to carry out a series of lessons devoted to geometry
for the early school students.

Though in school curricula geometry isn't clearly present, students meet the
geometric issues during daily life. Creating the buildings from the blocks or
modelling the figures from plasticine the children move around the three-
dimensional world. They can build the three-dimensional models. Observing the
work of students one can have the impression that they cope with the third-
dimension, they can move around in it, they know the rules and dependencies ruling
there. In a way it is easier for the human being because we live in the three-
dimensional reality. Students are able to render the plane in a very good way.
Composing mosaics and tessellations is a way to demonstrate their abilities in
rendering the plain (Swoboda, 2006). Moving around in only one “type” of space
(3D or 2D) is rather positively received by students. There occur some obstacles
during the trials of connection of these two dimensions, e.g. when we try to present
the 3D element as 2D element and vice versa. So it occurs when we try to “write,
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code” the three-dimensional object on the plane (e.g. on the sheet of paper). While
observing the work of students from the elder classes of primary school (grades 4-6)
| have noticed that in this sphere there is a lot things to explore. Students often have
problems with drawing the models of solids or their nets. Looking at a picture they
are not able to show its three-dimensional equivalent. Unfortunately, the limited
number of the mathematics lessons and the tight curriculum do not give teacher
many possibilities to play with geometry, which can stimulate and improve the
geometric and three-dimensional imagination in students. Asking the question: in
what way can | help in developing the three-dimensional imagination, in what way |
can help transition between 2D and 3 D geometry, | started to look for the solutions.
One of the ideas was to design a series of lessons concerning the development of the
geometric imagination.

The main goal of prepared series of lessons was to test students' abilities in
the selected issues from the three-dimensional geometry. | was interested in
investigating the abilities of the 3" grade students while they were recognising the
properties of a cube. | would like to explore if 8-9-years-old students will be
interested in the proposed tasks, if they will be creative in this subject, and what
strategies of work could be observed. This research was in mostly inspired by the
publication by Jirotkova (2010).

Methodology

| playing a series of lessons with students from the 3™ grade of primary
school (8-9 years old) from the October 2012 till the January 2013. Lessons have
taken place once a week and lasted one lesson hour (45 minutes). The leading
subjects of these meetings were playing with three-dimensional geometry. Students
were getting acquainted with three-dimensional figures via the games and then they
were building their nets. The goal of the meetings was to develop the three-
dimensional imagination, especially introducing the students to the notion of cube
and its net. During classes students could play with wooden cube bricks with the
sides of 3 cm length, pieces of paper in the form of square with the sides of 3 cm
length, scissors, Scotch tape, crayons, and markers. Classes were recorded. Research
report was written after every meeting.

The series of classes had the following course:

1% classes: Subject: We are building a house.

Students got a wooden cube brick with the sides of 3 cm length to play with
them. Their described its shape and particular features in their own words. Then
each student got pieces of paper in the form of a square with the sides of 3 cm
length. The task was to draw on individual pieces of paper the elements of a house
(roof, floor, walls with windows and doors), and then paste them over the brick
which they had got earlier. After completing the task, students presented their
works, they paid attention to the correct position of the elements. The great
emphasis was put on determining the location of individual elements of the house in
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relation to each other (roof directly opposite to the floor, walls connected with the
edges).

2" classes: Subject: Is it a house?

Students got a few models of houses (bricks were pasted over with pieces of
paper) and their task was to decide if they present the models of houses or not.
Students analysed the position of individual elements in relation to each other. They
justified why the given model doesn't represent a house (“because the doors have to
be from the floor, not from the wall””). During this lessons great emphasis was put on
the analysis of connections and relations between the individual elements. The
correct justification of students' own opinion was strongly underlined. This was
conductive for developing the mathematical language.

Picture 1. The exemplary houses, which students were investigating during
2" classes.

3" classes: Subject: Our classroom

Students again pasted the squares over the wooden bricks. This time their
task was to create the model of the classroom, in which they found themselves (it
was their classroom). The cube pasted with the pieces of paper had to be of one-
colour. The whole picture had to be drawn inside the pieces of paper. Students had
to think in what way the individual elements should be connected with each other so
after taking the wooden brick out from the inside of the cube they could see the
model of the classroom. Hence, on their models we can notice the blackboard and
the pictures hanging on the walls.

(R ===

..J

Picture 2. Works prepared by the students during 3" classes.

4™ classes: Subject: House of Winnie the Pooh.

Students again were creating the models of the room. However, this time it was free
work. The task of the students was to create a room according to the description.
Each of them got the description of the room of Winnie the Pooh on the piece of
paper, which they had to create.
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Students got the following description:
Winnie the Pooh lives in the house with three windows. There is one window
opposite the door. There are two windows on the wall on the right side from
the doors are two windows. When we enter the room on the left side next to
the doors we will find the bookshelf. There are two pictures on the adjacent
wall, and there is a cosy bed below them. Between windows’ there is the table
with two chairs.

At the beginning of the lesson the teacher together with students read the
content of the task and then they started its analysis. They singled out the number of
walls, windows, and doors. They paid attention to the elements which were present
inside the house of Winnie the Pooh and their location in relation to each other.
Then students individually prepared the components of the house and glued together
its model. After accomplishment of the task, students checked if the houses which
they prepared are consistent with the description. During this classes the emphasis
was put on the ability of reading with understanding, following the instructions, and
the ability of data analysing.

P . B
Picture 3. Works of students created during 4™ classes: the net and the model of the
house

5" classes: Subject: And we built the house again

During this classes students did not get the cube bricks. They had only nets
of cubes with one wall missing. On the one wall, there was the door drawn. The task
of students was to draw on the squares which left where the window, floor, and
ceiling should be. Students had to answer the question, which element (which of the
walls) is missing. Students compared their works between each other, analysed
them, and justified why, according to their opinion, it is correct or not.

Picture 4. Exemplary nets of houses from 5" classes.
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6" classes: Subject: We prepare the clothing for the cube

The classes consisted of two parts. First, students got the nets of cube with
different letters panted on them. Their task was to colour the nets in such a way that
after putting the cube together the same colours met in the same vertices and edges.

|

Picture 5. Nets using during the first part of the 6" classes

There were carried out the discussion with the students on the subject: what
will be the least number of colours which can we use to colour this net? Are there
any rules? What will be the largest number of colours which can be used? Where
from do we know in what way should we colour the net?

Picture 6. Examples of students’ work

After completing this task students got “clean” nets of cube. This time they
drew the pictures of the net by themselves. There was only one rule: the squares
should be coloured in such a way that after putting the model together the walls
opposite each other have the same pictures. Students have to work with nets put on
the plane. Only after drawing the pictures on the whole net they were able to cut it
off and check if they performed the task correctly.

Picture 7. Some examples of students’ work after the second part of 6 classes
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7" classes: Subject: We design the clothing for the cube

During these classes students tried to find all the possible (different) nets of
the cube. Having at their disposal the squares, their composed from them the net of
the cube. The whole class worked together. Each of them could give his or her own
proposition and present it on the blackboard. The whole class decided if the
presented schema could be new “pattern of the cube clothing”. Students during these
classes not only discovered different nets of the cube, but also learnt reasoning,
putting the hypotheses and their verification.

The common feature of all classes was the movement and the dynamic
approach of students towards solution of individual tasks. Students could manipulate
both with wooden model of cube as well as the created net. Both, during the work,
as well as during presentation of their result or during justification of the
correctness of created model, students referred to the language of gestures.

In the following part of the article I will present the analysis of the work of
the chosen students during 4", 5™ and 6™ classes.

Students’ work during 4™ classes:

The task of students was to create the model of Winnie the Pooh house
according to the received description. It was new situation to them. First, they had to
read the proper information in the text and imagine the described house. Then they
have to create the particular elements of house (four walls: one with the door, two
with the windows, one without any holes, floor, and ceiling). Then they had to
connect all the elements in the appropriate way. Because of this, the task was not
very easy and obvious. It required the abilities of passing from 2D to 3D and back
again.

Students started their work from the preparing six pieces of paper, and they
began to paint them, creating in this way the components of the house. Some of the
students tried to at once stick the following pieces of paper over the cube brick.
Other students t first tried to put the obtained elements in order, and then come to
sticking the house together. Such actions can be referred to as the trial of
mathematization of the situation included in the task. The analysis of the collected
materials allowed on isolation of two dominant strategies of proceedings among this
group of students:

1. Arranging pieces of paper-walls in one line in the order of their occurrence —
students after creation of all the elements of the house were choosing one piece of
paper, and then tried to match it with the adjacent “walls”.

2. Arranging pieces of paper-walls in the form of the cross, around the cube —
students first created the piece of paper-floor which they put under the cube. Then
they created successive walls of the house and put them around the bottom edge of
the base of the cube.
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Example 1. Philip’s work

Philip worked very fast - he finished his work as the first one from the
whole class. Initially he created one of the walls incorrectly — he placed window on
it (the piece of paper pointed by the arrow on the picture 8) the next to the doors and
bookshelf. He noticed his mistake and put the piece of paper aside. Then he created
all the six elements. To check if he has exactly such pieces of paper as he needs he
started to read the content of the task again. Then he put the consecutive walls
around the imaginary floor.

Picture 8. Philip's work — creating the elements of the house

Reading the description, he pointed with his finger the text and the element
corresponding to it. Having all the elements ready, he decided to stick them one by
one to the cube with the usage of Scotch tape with the picture inwards (pictures 9 a,
b). It seems that the brick has to serve only as stiff trunk, helpful to retain the shape
of the house. This way turned out to be not enough convenient. He decided to
change the way of proceeding. He put the squares representing the walls of the
house in one raw, and then glued them together. Not before having four squares
connected in one raw he used the cube to the further work — he used the ring road”
created from four squares to past them over the cube (picture 9f). Then he stick the
floor to them and the ceiling which constituted opening flap.

Such organisation of work shows that the boy is able to shift in elastic way
from one interpretation to the other. New arrangement of the cube walls required the
change of the view on a net. Now the other dependences are taken into consideration
- the common edges are becoming important, these which are parallel to each other
in the pairs. The boy performs now mental rotations about angle of 90 degrees in
relation to the others axes of rotation.
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Picture 9. Philip's work — sticking the house

Final effect of the boy’s work looked like follows:

Picture 10. Final Philip’s work

The boy was able to made the transition from one cube net to the other. He
was able to connect appropriate elements with each other. He knew, which edges
will be in the contact with each other after the change of the arrangement and which
will stay disconnected. He did not need the physical model of a cube to complete the
task. He was able to imagine how to create three-dimensional figures from the flat
elements.

Example 2. Maciek and Karol’s work

Although they were sitting at one desk, each of them worked in different
way. Karol put the elements in one raw. He was checking all the time if their
position is in accordance with the description. In the case of the noticed mistakes he
moved the given piece of paper to the appropriate place, correcting their order. He
didn't use the cube brick in his work.

Picture 11. Karol’s work

Karol noticed the correlation between the cube net and the position of
individual walls. He noticed that the walls, which are opposite to each other, don't
have common edges. He used this knowledge in his work. The following fragment
of the conversation of the boy with the teacher shows this:
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Teacher: How do you know that these walls will be arranged like this?

Karol: Because opposite the doors there is the wall with one window, so this wall
[he points the first piece of paper in the raw with the doors on it] will be there
[he points one of the cube sides laying on the desk] and this [he points the third
piece of paper, which represents the wall with the window] will be there [he
points the opposite side of the same cube].

The boy can refer, match the flat model to its three-dimensional form. Not before

sticking the four walls in one raw he reached for the cube brick. He used it as

“support” for sticking the remaining elements with each other.

Picture 12. Karol’s work - sticking the house

Such organisation of work can indicate that the boy had some intuition
concerning a cube net. He noticed the correlations between the structure of the cube
and the position of its walls in the net. He has seen that the opposite in the cube
walls cannot touch each other in the net. The squares with the common side are the
neighbouring walls in the three-dimensional model.

Picture 13. Maciek’s work

Maciek also did not use the cube model during his work. He put the created
elements around imaginary basis — floor. The boy made the mental “cut” of the cube
along the perpendicular edges till the basis and then he “separated” the cube flat on
the surface.

Maciek without any problem managed to complete the task. Just as his
friend he has treated the cube model only as the stiff support for creation of the
model of the house. It allowed him to fit the individual packets firmly. He also
attempted to draw the elements, which were present outside the house (windows and
doors). He also kept the same arrangement and the size of the drawn elements as on
the opposite side of the piece of paper.
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Example 3. Natalka’s work

The girl began with the preparation of the floor. Then she made each side of
the house, arranging them around the first square. She did not use at the same time
with a cubic block. She used it only when she was gluing the whole house and
explaining the teacher position of the particular walls.

Picture 14. Natalka presents her work

Teacher: How do you know in which place should be those items?

Natalia: So it is like this: when we stick it together, this wall and this wall
[she points the squares opposite to each other] are opposite to each other [she puts
the squares to the cube to show where they will be placed]. So it is like this ... [she
puts the block aside]. This should be like this, [she points the content of the task],
that opposite the doors, there is the wall with the window, so if here are the doors
[she points the square with the door on it], so here will be the wall with the window
[she holds the elements vertically to show how they will be placed after sticking
them together] — (picture 14).

Natalia orientated very well in the arrangement of the single elements
towards each other. She could make a “net” of house without relating to the physical
three-dimensional model. In justification of the correctness of the task solution she
referred to the relations which took place between the single elements of the
construction. The cube block was the obstacle for her — it did not make the work
easier, but made difficult the justification of the task correctness. Thus the girl put
the cube block aside and in her explanations she used only representation, where the
single elements of house will be placed after putting them together.

Students’ work during 5™ classes:

During the meeting students received only the nets of the cubes, on which in
one place was painted the doors. The task of students was to draw on the other
squares such elements that after putting the net together the model of the room came
into being.

After receiving the nets some of the students asked about cube blocks. All
students started their work from putting the net together into the cube. Students who
had cubes covered them up with the nets. Others bent the net along the borders.
Then they put the model in such a way that the wall with the doors on it was
opposite to them. Then they look at their cube, unfolded it and then they painted the
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windows on one of the walls. Then again they put the net together and checked if the
picture, which they made, is in the correct place. They repeated these actions till
they painted the whole net.

Picture 15. Examples of students' works

The task become easy for the students. The possibility of manipulation of
material on which they work, has really helped them to find the solution. Expand
and collapse the model allowed them to verifying hypotheses connected with keep
putting further characteristic features of the house. Describing their work and
justifying put specific items on each field students referred to the relative position
of the walls in a cube. Here students based on the experience from the previous
classes. Only a few students still need a physical model of the cube to work on
a task. Others referred to the mental model of the solid. They could easily make
a model plane in a cubic shape.

Students’ work during 6" classes:

Students were surprised that this time they worked with the flat objects.
Because they could not bend the nets, as it they did during the previous classes, so
they tried to find another way to complete the task. It was possible to identify three
strategies of students’ work during the first part of the classes:

1. “bendings” of the paper with the net drawn on it in order to check if they
perform the task correctly - students started to colour the received net and when
the pattern ended on the one square and it should be continued on the next
square they bend the paper along the edges of the future cube and checked in
which place the pattern should be continued. Students from this group often
made mistake while they were colouring the first net and they wanted to avoid
it in the next task, they used the described above strategy. It was a group of
students who need the physical experience with the putting the cube together
from the net. They didn't have fully worked out general model for the situation
net-cube.
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Picture 16. Example of ,,bendings” of the paper

2. Helping themselves with gestures — students didn't bend the paper with the net
painted on it, but they showed with gestures where the single elements would
be placed in the three-dimensional model. They clearly pointed the first element
putting the left hand perpendicularly to the table and to the net of the cube
placed on it. They were following with their eyes the elements from the drawn
net and they moved their right hand in such a way to show the placement of
them in the real model. In this way students “found” the element on which the
pattern was continued. This group of students had their own “general model”
which let to build the cube from the net. However, this model was still in the
stage of forming and improvement hence the gestures helped in correct
orientation in three-dimensional reality. It seems that three-dimensional
geometry was for them the dynamical “phenomenon” and because of this they
need the movement to move from the 2D representation to 3D representation.

3. Clear abstraction — students used only their own imagination. They marked
quickly the elements with the same colour. After colouring the whole net the
immediately cut it off and stick the model of cube together. They often limited
their work to marking the “main” pattern ignoring the background. It seems
that the colouring of the whole was the essence of the task. The more important
was to point on which of the walls the pattern would be continued. For this
group of students movement from the two-dimensional representation to three-
dimensional representation wasn't a problem. They were perfectly oriented in
the three-dimensional dependencies and corresponding with them dependencies
on the plane.

Picture 17. Students' works — painting whole net and after that cutting them

Some students used only one strategy during their work. But sometimes they
changed the way of working during the solving the task. After finished the first net
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they noticed a mistake in their work. Therefore, in the further work they began to
control the correctness of execution. Usually students started to fold the paper. In
some cases they tried to repair their mistakes and they coloured the net once again in
the correct way:

Picture 18. Attempt to repair mistakes

During the second part of the 6™ meeting students painted (coloured)
different nest. There was only one rule: the opposite sides should be coloured in the
same way. This time students got eight different nets and they were asked to did not
bend the paper during their work. For many students this task was easy and they
created very interesting nets (Picture 7 and 19):

Picture 19. Nets coloured by students during the second part of the 6™ classes

Only a few students did not understand the rule “opposite sides are the
same”. They understood the “opposite” sides as the neighbouring ones. And that rule
they used in their work.

Picture 20. Mistakes in the students’ works.

Students’ works during the 7" classes

The crowning of the whole series of classes with the students from the 3"
grade was the last meeting, during which they had to create different nets of cube,
here called “pattern of the clothing for the Mr Cube”. Students approached to the
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task spontaneously and creatively. Having six identical squares they tried to place
them in such a way to create the net of the cube. Students checked the propositions
for each other.

They argued if given net fulfils the conditions of the task. They eliminated
alone such nets, which could be received by rotation of the initial net around their
axis, regarding them as the nets of the same kind.

Picture 21. Nets treated by students as the same

As a result of common work students created sixth different nets of the cube.

Picture 22. The nets of the cube created by students during the 7" classes

Summary

For 8-9 years old students the classes were the new form. For the first time
they have seen the net of the cube. They created their own nets basing only on their
own intuition. It turned out that they are able to cope with the task demanding the
usage of three-dimensional imagination in very good way. They could, in fast way,
notice the correlation between the sides and the edges in the cube and use the
perceived earlier correlations in their work. They did not approach the full net of a
cube, however, there appeared two ideas how it should look like. The first one
concerned the structure of the connected elements in one raw, what can be identified
as the ring road of the cube. The second approach was connected with the awareness
of cutting the cube along the perpendicular edges till the basis and putting it flat.

During the classes the students turned out to be open to new challenges.
They approached creatively to the presented to the problem. Care about the details
of the created houses can testify about huge interest in the presented subject.
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At the beginning of classes students did not refer to the reciprocal
arrangement of the walls and while describing the cube they used the colloguial
language (at the top, at the bottom, on the side, corner of the walls). During the last
classes in the description of the reciprocal arrangement they used the terms in more
precise way (opposite, common edge, vertex). It seems that the series of classes can
be good introduction to the work concerning the development the three-dimensional
imagination and connected with it students' mathematical language.

M. Hejny (2004) in his theory of the development of student’s mathematical
knowledge writes that it is very important in the learning process to gain experience,
which are the basis for the creation of formal mathematical knowledge. For third
grade students presented a series of activities has been very good opportunity to gain
just such experiences.
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