0.1, 2019
[ (o L, =
VL Ty IN




Ndazov / Title
Acta Mathematica Nitriensia

Vseobecne o ¢asopise

ISSN 2453-6083 (online)

On-line elektronicky vedecky ¢asopis venovany
otdzkam tedrie vyucovania matematiky
Periodicita: 2x rocne

Otvoreny pristup

Pokyny pre autorov
http://www.amn.fpv.ukf.sk/authors.php
http://www.amn.fpv.ukf.sk/ethics.php
Recenzné konanie

Casopis uskutoériuje dvojité anonymné a nezavislé
recenzné konanie zaslanych prispevkov.
Dostupnost

www.amn.fpv.ukf.sk

Vydavatel’

Katedra matematiky

Fakulta prirodnych vied

Univerzita Konstantina Filozofa v Nitre
Tr. A. Hlinku 1

949 74 Nitra

Slovensko

Redakéna rada / Editorial Board
Séfredaktor / Editor in Chief: Dusan Vallo
Vedecki editori / Associate editors:

General information

ISSN 2453-6083 (online)

Free electronic scientific journal focused to current
problems in mathematical education theory
Periodicity: twice a year

Open Access

Guidelines for authors
http://www.amn.fpv.ukf.sk/authors.php
http://www.amn.fpv.ukf.sk/ethics.php

Review process

The journal carries out a double -blind peer review
evaluation of drafts of contributions.

Available from

www.amn.fpv.ukf.sk

Publisher

Department of Mathematics

Faculty of Natural Sciences

Constantine the Philosopher University in Nitra
Tr. A. Hlinku 1

949 74 Nitra

Slovakia

prof. RNDr. Jozef Fulier, CSc., prof. RNDr. Jan Chvalina, DrSc. , Gergely Wintsche, PhD., prof. RNDr. Anna

Tirpakova, CSc.

Editori / Editors: doc. RNDr. Jaroslav Beranek, CSc., doc. PaedDr. Sofia Ceretkova, PhD., Blanka Glyde,
doc. PaedDr. Toma$ Lengyelfalusy, PhD., PaedDr. Sirka Péchouckovd, PhD., doc. PaedDr. Gabriela
Pavlovi¢ova, PhD., doc. RNDr. Iveta Scholtzova, PhD., doc. RNDr. Peter Vrdbel, CSc., Mgr. Vlastimil Chytry,

PhD., PhDr. Roman Kroufek, Ph.D.

Technicki editori/Manuscript editors: RNDr. Kitti Palenikova,PhD.

Jazykovy editor / Language editor: Mgr. Viktor Duri$

Editor webu / Web page editor: RNDr. Viliam Duri$, PhD.

Udaje k aktudlnemu éislu
Rocnik: 5

Cislo: 1

Rok: 2019

Datum vydania: 15. 4. 2019

Obsah

Chytry V., Hlavackova A.: Vliv vyuZiti programu
GeoGebra na rozvoj rovinné a prostorové
predstavivosti 7aku 5. tiid ZS 1-7
Vréabel P.: Vzajomné vztahy kvatifikovanych vyrokov
s viacnasobnym pouZzitim kvantifikatorov 8-13

Duri$ V., Rumanova L., Vallo D., Zdhorska J.:
Fibonacci Numbers and Selected Practical
Applications in The Matlab Computing Environment
14-22

Rumanova L., Zdhorska J., Duri$ V., Vallo D.: Inquiry-
based Mathematics Education: Examples of Solved

Tasks of Primary School 23-28
Svecova V.: Meranie matematickej Uzkosti
u vysokoskolskych Studentov 29-33

Information to current issue
Volume: 5

No.: 1

Year: 2019

Publication date: April 15, 2019

Content

Chytry V., Hlavackova A.: Effect of the Use of
GeoGebra Software on the Development of Plane
and Spatial Imaginations of Pupils of 5th Grades of

Elementary School 1-7
Vrabel P.: The Mutual Relations of Quantified
Statements with the Multiple Applications of
Quantifiers 8-13

Duri$ V., Rumanova L., Vallo D., Zdhorska J.:
Fibonacci Numbers and Selected Practical
Applications in The Matlab Computing Environment
14-22

Rumanova L., Zdhorska J., Duri$ V., Vallo D.: Inquiry-
based Mathematics Education: Examples of Solved
Tasks of Primary School 23-28
Svecova V.: Measurement of Math Anxiety in

University Students 29-33


http://www.amn.fpv.ukf.sk/authors.php
http://www.amn.fpv.ukf.sk/ethics.php
http://www.amn.fpv.ukf.sk/authors.php
http://www.amn.fpv.ukf.sk/ethics.php
http://www.amn.fpv.ukf.sk/
http://www.amn.fpv.ukf.sk/

Acta Mathematica Nitriensia
Vol.5,No.1,p.1-7

Mikriecnsia ISSN 2453-6083

Vliv vyuziti programu GeoGebra na rozvoj rovinné a prostorové
predstavivosti zaka 5. tiid ZS
Effect of the Use of GeoGebra Software on the Development of

Plane and Spatial Imaginations of Pupils of 5th Grades of
Elementary School
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Abstract

The presented article deals with the development of plane and spatial imaginations in the teaching of
geometry of the 5th year of primary schools supported by the GeoGebra software. The results of the IT tests on
plane and spatial imagination were compared at the two primary schools in Teplice, of which only geometry
teaching will take place within ICT hours - using GeoGebra. The design of the research was a classic experiment
with pretest and posttest. Testing was carried out in two stages - at the beginning and at the end of the school
year 2017/2018. The aim of the research is to evaluate the effectiveness of the GeoGebra software and to
verify the hypothesis that this program is important for the development of flat and spatial imagination in
primary school pupils. The results showed no difference between classes that worked with GeoGebra software
and those who don’t.

Keywords: GeoGebra, plane geometry, plane imaging, spatial geometry, spatial imagination.

Classification: D40, U50, N60, N80, U70

Uvod

Vseobecna encyklopedie definuje predstavivost jako ,schopnost jedince vytvaret
predstavy a operovat s nimi.” (BeneSova, 1999, s. 284). Je vSak také mozné ji vnimat jako
hlavni predpoklad tvorivych Cinnosti a feSeni problémovych situaci. V ramci predloZzeného
prispévku je nutné odliSovat mezi predstavivosti / predstavami jako obecnym pojmem a jeji
restrikci ve smyslu rovinné a prostorové predstavivosti.

Zatimco z obecného hlediska se dané problematice (predstav) vénovalo znacné
mnoZstvi autord, mezi které je moiné zaradit napfiklad Kujala (1967), Capa (1980) nebo
Singuleho (1990), v pfipadé rovinné a prostorové predstavivosti neni zastoupeni autord tak
Siroké. Perencaj a Repas (1985) o prostorové predstavivosti hovofi nasledovné:
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»Mohli bychom rici, Ze je to jakési vidéni prostoru. Ale ten preci musi vidét kaZdy,
kdo vidi. Problém je v tom, Ze nestali prostor vidét, ale je nutné si ho i
uvédomovat.”

Perny (2004), upozornuje, Ze se Casto v literature, ale nékdy i mezi matematickou
verejnosti, chape predstavivost vice méné geometricky, coz je pojeti pfilis Uzké. Sdm ji pak
déli na tridy: i) matematickou, ii) geometrickou, iii) prostorovou.

Oproti nému napfiklad Kos¢ (1972) déli matematickou predstavivost na reprodukéni a
tvaréi. Za nutné povazujeme zminit, Ze se jedna se o konstrukt (prostorova predstavivost a
predstavivost obecné), ktery je mozné urcitymi ¢innostmi rozvijet. Casteéné se tak dotykame
problematiky existujicich mytQ u laické verejnosti o stabilnim ,,vrozeném* plvodu nékterych
konstruktd (viz podobné napt. metakognice — Ri¢an, 2016).

Z nejobecnéjsiho pohledu je mozné tvrdit, Ze od narozeni se ¢lovék pohybuje v
prostoru. VSechno, co vidi, ¢eho se dotyka, co vnim3, je trojrozmérné. K rozvoji prostorové
predstavivost tak dochazi na zakladé prirozeného vyvoje jedince.

Molnar (2004) uvadi, Ze prostorovou predstavivost pomahaiji rozvijet jiz v pfedskolnim
véku vSechny aktivity, pti kterych dité prichdzi do styku s geometrickymi objekty, a to
predevsim prostrednictvim didaktické hry.

Metodologie

V ramci vyzkumného Setfeni bylo feseno hned nékolik vyzkumnych problém( (VP)
tykajicich se GeoGebry (dale jen GG) a rovinné/prostorové predstavivosti, které byly nadale
precizovany na zakladé hypotéz:

VP1: Jaky vliv md pouZivani programu GG na rozvoj rovinné a prostorové
pfedstavivosti 7dki 5. tiid ZS?

VP2: Jaky je vztah mezi pohlavim Zdk( a jejich uspésnosti v testech?

VP3: Jaky je vztah mezi rovinnou a prostorovou predstavivosti Zdki 4. ¢i 5. tfid ZS a
jejich prospéchem v predmétu Matematika?

VP4: Jaky je vztah mezi lateralitou Zdki 5. tfid ZS a jejich rovinnou a prostorovou
predstavivosti?

Témto vyzkumnym problém0m byly vidy formulovany pfislusné hypotézy véetné nulovych
hypotéz.

e HI1: U Zdkd, ktefi pracovali s programem GG, dojde k rozvoji rovinné a prostorové
pfedstavivosti.

H10: Prdace s programem GeoGebra nemd na rovinnou a prostorovou predstavivost
viv.

e H2: Existuje vyznamny rozdil mezi vysledky chlapci a divek v urovni rovinné a
prostorové predstavivosti.

H20: Rovinnd a prostorovad predstavivost je stejna pro chlapce i divky.
e H3: Zdci s lepsim prospéchem maji lepsi rovinnou a prostorovou predstavivost.

H30: Uroveri rovinné a prostorové predstavivosti Zdka neni zdvisld na jeho skolnim
hodnoceni z matematiky.
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e H4: Mezi vysledky testt levorukych a pravorukych Zdku nejsou rozdily v trovni rovinné
a prostorové predstavivosti.

H40: Uroveri rovinné a prostorové predstavivosti neni zdvisld na lateralité.

Popis testovaného souboru

Respondenty byli 74ci 5. roénik( dvou zakladnich $kol v Teplicich v Usti nad Labem
(Ceska republika), jez dosahuji pfi rdznych $etfenich a soutéZich obdobné vysledky (neni
mezi nimi statisticky vyznamny rozdil). Komparace téchto dvou skupin je tak z
metodologického hlediska mozna.

Experimentalni skupina je tvofena 7aky ZS U Novych lazni, s 504 7aky, ve které byla
realizovand kromé standardni vyuky geometrie i vyuka s podporou GG. Roli kontrolni
skupiny, u niz probihala vyuka geometrie bez GG, zastavala ZS Buzuluckd (ZS s rozsifenym
vyucovanim matematiky a prirodovédnych predmétl), o poctu 749 zak(. Do Setieni se
zapojilo celkem N=114 73kd (tab. 1). V p¥ipadé ZS U Novych lazni je pomér zastoupeni 40 %
divek a 60 % chlapcd. U ZS Buzulucka je to 44 % divek a 56 % chlapcd. Z hlediska pohlavi se
tak jednd o srovnatelné soubory.

Tabulka 1 - Pocet respondentt

Experimentalni skupina | Kontrolni skupina | Celkem Zaka
Celkem zaka 59 55 114
Z toho divek 24 24 48
Z toho chlapct 35 31 66

Pouzity nastroj ke sbéru dat

Sbér dat byl proveden za pomoci dvou nestandardizovanych nastroji a to z toho
d@ivodu Ze na ,zméfeni“ Grovné rovinné a prostorové predstavivosti neni v CR dosud zadny
nastroj validizovan. U téchto testl nebyly realizovany vSechny kroky obvyklé pfi pfipravé a
ovérovani testl standardizovanych (Chraska, 2007).

Z tohoto dlivodu byl pro ucely testovani rovinné a prostorové predstavivosti
sestrojen novy nastroj, ktery byl diskutovan s experty na poli didaktiky matematiky
vénujicimi se geometrii.

PFfi sestavovani testovych otdzek pro rovinnou a prostorovou predstavivost byla
kladena maximalni dikce na to, aby byly zapojeny veSkeré mozné manipulace s obrazci v
roviné i prostoru, do nichz miZzeme zahrnout ulohy:

i) preklapéni plosnych obrazcu,

ii) rotaci plosSnych obrazcq,

iii) doplnovani ¢asti plosnych obrazcl,

iv) uréovani poctu geometrickych tvarda,

v) skladani sité téles,

vi) rozkladani sité téles,

vii) rotaci téles.

Z dtvodu ¢asové narocnosti byla nutna redukce poctu oblasti. Na zakladé rozhovoru s
experty byly nakonec zapojeny kategorie: i) skladani sité téles, ii) rozkladani sité téles, iii)
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rotace krychlovych téles, iv) skldadani sité krychlovych téles s doplnénim poctu tecek, tzv.
»pomalované kostky“. Cely nastroj je prezentovany v praci Hlavackové (2019).

Takto sestaveny ndstroj byl pouzit dvakrat. Jednou jako pretest a v drobné uUpravé
pak také jako posttest. Casova dotace pro vyie$eni viech polozek byla 20 minut. Celkem byly
do testu zahrnuty Ctyfi polozky, kde kazdd odpovidala vyse zminéné kategorii. Vzhledem k
véku respondentl byly vyuZity primarné ulohy na pfifazeni spravné odpovédi. Jednotlivé
polozky byly hodnoceny dichotomicky 1 — spravna odpovéd, 0 — Spatnd odpovéd. Celkem tak
zak mohl ziskat 0 — 4 body a pro testovani hypotéz bylo vyuZito neparametrickych
statistickych metod (vzhledem k ordinalité dat).

Deskriptivni analyza

Vlastni deskripce byla provedena na zakladé uspésnosti v jednotlivych polozkach (tab.
2) a také na zakladé celkového skére, kterého mohl zak dosdhnout (tab. 3).

Tab. 2: Uspésnost v jednotlivych polozkdch.

Spravné Spravné Spravné Spravné
Skola Pohlavi odpovédi odpovédi odpovédi odpovédi
1.ulohy [%] | 2.ulohy[%] | 3.dlohy[%)] | 4.ulohy[%)]
. Divky 50 63 54 63
ZS U Novych lazni
Chlapci 51 32 36 24
. Divky 79 58 54 25
ZS Buzulucka
Chlapci 42 33 35 20

Vzhledem ke zjisténym hodnotam je nutné se zaméfit zvlast na chlapce a zvlast na
divky. Zatimco u chlapcl se jako nejvice problematicka jevila Uloha Cislo 4 se zamérenim na
skladani sité krychlovych téles s doplnénim poctu tecek, tzv. ,,pomalované kostky“, dévcéata
méla problémy s tdlohou cislo zamérenou na rotace krychlovych téles. Z tohoto ddvodu byla
také nasledna deskriptivni analyza provedena zvlast pro obé pohlavi.

Tab. 3: zdkladni deskriptiva ve vztahu k pohlavi

Experimentalni Pretest Posttest
skupina Chlapci Divky | Chlapci | Divky
median 2,00 2,00 3,00 2,00
modus 2,00 2,00 3,00 3,00

Kontrolni Pretest Posttest
Chlapci Divky | Chlapci | Divky
median 3,00 2,00 2,00 2,00
modus 3,00 2,00 2,00 3,00

Z tabulky 3 je patrné, Ze neni mozné ocekavat rozdil mezi pohlavim a to jak v pripadé
pretestu, tak také u posttestu. Ke stejnému zavéru bychom dospéli i v pfipadé porovnani
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experimentalni a kontrolni skupiny. Jediny rozdil je moZné sledovat u posttestu. Této nuanci
se budeme nadale vénovat v ramci induktivni analyzy.

Induktivni analyza

Pro ucely testovani hypotézy Hi byl pouzit Wilcoxonlv parovy U test, kdy testujeme
proti nulové hypotéze fikajici, Ze mediany pro prvni a druhé méreni jsou si rovny a to zvlast
pro experimentalni a kontrolni skupinu.

Zjisténé hodnoty p-level jsou p = 0,52 pro experimentdlni skupinu a p = 0,35 pro
kontrolni skupinu. Neni tak mozné zamitnou Ho1 a dochazime k zavéru, ze vyuziti programu
Geogebra nevede k rozvoji rovinné a prostorové predstavivosti.

Tato skutecnot byla ovérfena také u kontrolni skupiny ztoho dlvodu, abychom
vyloucili moZnost, Ze napfiklad dojde ke statisticky vyznamnému zhorSeni nebo bude
ani ke zvySeni oblibenosti vyuky matematiky (Hlavackova, 2019).

Druha hypotéza (Hz) byla testovana na zakladé Mann — Whitney U testu a to zvlast
pro pretest a posttest.

Zjisténé hodnoty byly p = 0,36 pro pretest a p = 0,007 pro posttest. V rdmci posttestu
se tak ukdzal statisticky vyznamny rozdil mezi chlapci a dévcéaty ve prospéch chlapcq, jak je
patrné z tabulky 4.

Tabulka 4 - Porovndni uspésnosti prvniho a druhého testu z hlediska pohlavi

1. otazka 2. otazka 3. otazka 4. otazka

1.test | 2.test | 1.test | 2.test | 1.test | 2.test | 1.test | 2.test

divky 50% | 67% | 63% | 79% | 54% | 71% | 63% 42 %

Z5 U Novych lazni | chlapci 88% | 82% | 56% | 82% | 62% | 71% | 41% 59 %

divky 79% | 58% | 58% | 46% | 54% | 83% | 25% 25%

ZS Buzulucka chlapci 74% | 45% | 58% | 61% | 61% | 65% | 35% 19%

Na zakladé jednoduché korelacni analyzy byla testovana zavislost Urovné rovinné a
prostorové predstavivosti na Skolnim hodnoceni z matematiky Hs. Toto Setfeni probéhlo
pred aplikaci GeoGebry. Bylo vyuZito Spearmanova korelacniho koeficientu (Spearman,
1904), kdy testujeme oproti nulové hypotézy hovofici o nulovém korelaénim koeficientu.
Cisté z diivodu precizace bylo toto $etfeni rozdéleno zvlast pro ¢tvrty a paty ro¢nik, kdy pro
¢tvrty rocnik byla zjisténa hodnota r = -0,445 (p=0,000) a pro paty rocnik pak r = 0,18
(p=0,21).

V pripadé C¢tvrtého rocniku je moziné hovofit o stfedné silné zavislosti a zamitnuti
nulové hypotézy. V pfipadé patého roéniku o nizkém korelacnim koeficientu, kdy nebylo
mozné nulovou hypotézu o nulovém korelaénim koeficientu zamitnout. (Hendl, 2012;
Chrastka, 2016).

JelikoZ pro Skolni hodnoceni plati, Ze ¢&im vyssi je jeho hodnota, tim horsi jsou Zakovo
schopnosti a u didaktického testu je toto hodnoceni opaéné, znaci zdporna hodnota
korelaéniho koeficientu skutecnost, Zze ¢im horsi je skolni hodnoceni Zaka, tim nizsich hodnot
dosahuje v didaktickém testu.

Posledni testovana hypotéza byla Setfena opét na zakladé Mann — Whitney U testu a
to zvlast v ramci pretestu a posttestu. Zjisténé hodnoty p-level byly p = 0,88 pro pretesta p =
0,65 pro posttest. Ani v jednom pripadé tak neni mozné zamitnut nulovou hypotézu Hos a je




6 Acta Mathematica Nitriensia, Vol. 5, No. 1, p. 1-7

tak moiné tvrdit, Ze levaci i pravaci maji obdobnou uroven rovinné a prostorové
predstavivosti.

Diskuze a zavér

Jiz Gardner (1999) upozornuje na malé mnozstvi vyzkuma, které by se zbyvaly
problematikou prostorové predstavivosti u déti v porovnani s testovanim jazykovych ¢i
logickych schopnosti. Jednd se tak o opomijenou oblast a to jiz naptiklad z hlediska
skutecnosti, ze béhem lidské ontogeneze je mozné typy predstavivosti rozvijet a dotvaret. V
ramci diskuze a zavéru se budeme odvolavat na zavéry, ke kterym dospéla Charvatova (2017,
s. 94) a tedy, ze

»Cilené plisobeni na Zaky ma vliv na uroven jejich prostorové predstavivosti,
projevuje se vsak odlisné u rtiznych typa uloh”.

Povazujeme za nutné zminit, Ze Skola by neméla opomijet na rozvoj predstavivosti u
svych zaka (Hejny 1990; Zilcher, 2013). Uvazime-li, Ze predstavy v sobé obsahuji samotny cil
¢innosti (Svingalova, 1995), pak plati, ze cokoliv chceme udélat, musime si umét predstavit.
Tyto predstavy nasledné souvisi s cilem a zplsobem, jakym toho dosahnout. Je tedy zfejmé,
Ze predstavy ovliviuji cely nds budouci postup tvorby.

V ramci predloZzeného ¢lanku bylo nastinéno, Ze rozvoj rovinné a prostorové
pfedstavivosti nemusi probihat pouze na zdkladé béznych Cinnosti pfipadné manipulace s
pfedméty, ale je mozné jej docilit také na zakladé Cinnosti v programu GeoGebra. V pretestu
a posttestu vSak nebyl sledovan statisticky vyznamny rozdil. Je tak mozné tvrdit, Ze vyuZiti
programu GeoGebry nevedlo sice ke zlepSeni rovinné/prostorové predstavivosti, nedoslo
vSak ani k jejimu zhorseni.

Na to, aby bylo mozné tyto zavéry s jistotou potvrdit, bylo by nutné pracovat s vétsim
souborem respondentll. M(iZe totiz dojit ke skutecnosti, Ze prace s programem GeoGebra
vede k rozvoji rovinné/prostorové predstavivosti, avSak v pribéhu experimentu nebyly
pouzity vhodné aktivity.

Pfipadné je také mozné pracovat pouze s nékterymi tfidami predstavivosti tak, jak
jsou zminény v Uvodu a ty se snaZit rozvijet tak, jak napfiklad popisuje Novakova (2018) pro
védecké mysleni.

Pro zajimavost také uvadime pfiklad vyuzZiti virtudlni reality, jakoZzto prostfedku
rozvoje kognitivnich funkci s ohledem na orientaci a prostorovou predstavivost u klient( s
poruchou intelektu. Na toto vyuZiti poukazuje Vostry (2018), ktery u experimentdlni skupiny
probandd s poruchou intelektu vyuZil volné dostupné komercéni produkty (hry na herni
konzole) a v pripadé komparace pretestu a posttestu zaznamenal zlepseni v testovanych
oblastech.
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Abstract

The accurate understanding of quantified statements with the multiple applications of quantifiers is for
students very important. Failings along this line lead up to difficulties with factual apprehension and
acquirement fundamental notions of some mathematical theory. The didactic aspects of application quantified
statements and their mutual relations are studied in the paper.
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Uvod

Pri formulacii matematickych viet iich dbékazoch c¢asto vystupuju kvantifikované vyroky
s viacndsobnym pouzitim kvantifikatorov. V tomto smere ziadna matematicka disciplina nie
je vynimkou. Spravne chapanie kvantifikovanych vyrokov so zmieSanym pouZitim
kvantifikatorov je skutocne velmi doélezité. Nedostatky v tomto pripade vedu k tomu, Ze
Studenti maju problémy uz so skutocnym pochopenim a osvojenim si zakladnych pojmov
nejakej matematickej tedrie (Vrabel, [3], 2018 ). Markantne sa to prejavuje aj v ddkazoch
a kontraprikladoch, napriklad v matematickej analyze pri argumentacii, Ze dana postupnost
nema limitu alebo, Ze dand funkcia nie je rovnomerne spojitd na nejakom intervale.
V predloZzenom prispevku sa budeme zaoberat samozrejme len ,logickou” strankou veci,
teda spravnym pochopenim kvantifikovanych vyrokov, ich negaciou a predovsetkym ich
vzajomnymi vztahmi. Pri bezproblémove] praci s kvantifikovanymi vyrokmi vsak zohravaju
dolezitu ulohu aj poznatky o vyrokovych funkciach.

Didaktické aspekty pouzivania kvantifikovanych vyrokov

Kvantifikované vyroky budeme oznacovat nasledovne: Vx € AV(x), Ix € AV(x), Vx €
A3y e BV(x,y), -+, kde V(x) (V(x,y)) je vyrokova funkcia jednej (dvoch) premennych,
ktora je definovand na mnoZine A (A X B). Vychadzame pritom z matematickej terminoldgie
(Medek, [1], 1975). Treba poznamenat, 7e vo viacerych publikacidch autori pisu pred
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vyrokovu funkciu dvojbodku. V sSkolskej matematike vyrokové funkcie (najcastejsSie ide
o rovnice anerovnice) sa nazyvaju aj vyrokové formy. Zakladom vztahov akychkolvek
kvantifikovanych vyrokov su nasledujuce implikacie, ktoré platia pre neprazdne mnoziny
A, B:

Vx €EAV(x) = 3Ix € AV (x), (1)
dx € AVYy€EBV(x,y)>Vy€B3Ix € AV(x,y). (2)

Poznamenajme, Ze predpoklad neprazdnosti mnozin A,B nemoino vynechat, pretoze
formalny vyrok Vx € @ V(x) je pravdivy aformdlny vyrok 3x € @ V(x) je nepravdivy.
Priblizme si oba vyroky vystupujuce v implikacii (2). Vo vyroku

dx e AVy € BV(x,y)

sa tvrdi, Ze existuje taky pevny prvok x, € A spolo¢ny (rovnaky) pre vietky prvky mnoZiny B,
Ze plati Vy € B V(x,y). Napriklad vyroky

dx €{1,2,3}Vye{2,3,4}x <y, IxeNVye{2,3,4}y<x

su pravdivé. V prvom vyroku existuje jediné x, s poZadovanou vlastnostou a to je Cislo 1,
v druhom vyroku za x, staci vziat fubovolné prirodzené cislo vacsie ako Cislo 4. Na druhej
strane napriklad vyrok 3x € { 2,3} Vy € {2,3,4} x < y je nepravdivy.
Vo vyroku

Vy€eB3ax e AV(x,y)

sa tvrdi, Ze ku kazdému prvku y € B existuje taky prvok x € A v zavislosti od y (teda
s kazdym y prislusny prvok x moze byt iny), Ze plati V(x,y). Napriklad vyrok Vy € N 3x €
N y < x je pravdivy, pretoZe pre [ubovolné prirodzené cislo y staci zvolit za x napriklad cislo
y + 1. V uvedenom vyroku sa teda vlastne tvrdi, ze ku kazdému prirodzenému Cislu existuje
prirodzené Cislo od neho vacsie. Na druhej strane vo vyroku dx € NVy € Ny < x sa tvrdi,
Ze existuje prirodzené (islo, ktoré je vacsie ako vSetky prirodzené (isla, ¢o je zrejme
nepravdivy vyrok. Zdévodnime teraz implikaciu (2). Ak teda vyrok 3x € AVy € BV (x,y) je
pravdivy, tak vyrok Vy € B V(x,, y) plati pre nejaky pevny prvok x, € A, to ale znamen3, Ze
je pravdivy aj vyrok Vy € B 3x € AV (x,y) ( pre kazdé y € B staci zvolit to isté x € A a sice
X = Xp).

Negaciu vyroku p budeme oznacovat symbolom —p. Pristipme teraz k negacii
kvantifikovanych vyrokov. Ak V(x) je vyrokova funkcia definovand na mnoZine A, tak
symbolom (=V)(x) oznatme vyrokovu funkciu, ktord je definovand takto: (=V)(xg)
oznacuje vyrok —=V(x,) pre lubovolne zvoleny pevny prvok x, € A. Pre negaciu
vSeobecného a existen¢ného vyroku potom platia tieto zdkladné pravidla (de Morganove):

- (Vx €AV(x)) © Ix € A(AV)(v), (3)
- (Ix€eAV(x)) © Vx € A (AV)(x). (4)

Pri negécii vyrokov sviacnasobnym pouzitim kvantifikdtorov pouzZivame opakovane
de Morganove pravidla pre negaciu vSeobecného a existencného vyroku. Tak napriklad plati:

- (VvxeAd3dyeBV(xy)) @ -(VxeA@y e BV(xy))
©3dxeA —|(Ely €B V(x,y)) © Ix € AVy € B (=) (x,y).

Treba si uvedomit, Ze 3y € B V(x,y) je vyrokovd funkcia volnej premennej x (premenna y
je viazand kvantifikdtorom) definovana na mnozine A a pre fubovolné ale pevné x € A je to



10 Acta Mathematica Nitriensia, Vol. 5, No. 1, p. 8-13

existencny vyrok. Pri negacii kvantifikovaného vyroku strojndsobnym pouzitim
kvantifikatorov vyuZijeme poznatky s negovanim kvantifikovanych vyrokov, v ktorych
vystupuje vyrokova funkcia s dvomi premennymi. Tak napriklad plati:

~(Vx€eAIyeBVze(CV(xy,2) e -(VxeA(IyEBVzEeCV(xY, 2))
©3Ix€A-(3yeBVzeCV(xy,2)) ©Ix€EAVY€EBIzEC (-V)(x,y,2).

Treba si zasa uvedomit, Zze 3y € B Vz € C V(x, y, z) je vyrokova funkcia volnej premennej x
(premenné y,z su viazané kvantifikdtormi) definovana na mnozine A a pre fubovolné ale
pevné x € A je to kvantifikovany vyrok s dvojndasobnym pouzitim kvantifikatorov., ktorého
negaciu uz vieme vyjadrit. Uvedme na uvedenu negaciu kvantifikovaného vyroku priklad zo
zakladov matematickej analyzy, konkrétne definicie vlastnej limity postupnosti redlnych
Cisel{a,}n=1 (711_{1010 a, = a,a je reélne ¢islo) :

VveeR*ImeNVn>mla, —al < e.

Symbolom R* oznadujeme mnoZinu vietkych kladnych reélnych &isel.
Potom redlne Cislo a nie je limitou postupnosti {a, }n=, prave vtedy, ked

JeeRtYvmeNIn>mla, —al = ¢.

Lahko nahliadneme, Ze redlne Cislo a nie je limitou danej postupnosti prave vtedy, ked
existuje také okolie (a —¢&,a + €) bodu a, do ktorého nepatri nekonecne vela ¢lenov
postupnosti {a, }y=1.

Pozndmka. V definicii vlastnej limity postupnosti sme pouZili jednoduchsiu variantu

kvantifikovaného vyroku. Ekvivalentna definicia je vyjadrena aj zapisom
VeceER*ImeNVnReEN m<n=|a,—al| <sg,

ktory je v suhlase s vyssSie uvedenymi vseobecnymi zapismi kvantifikovanych vyrokov.

Zovseobecnenim predchadzajucich dvah mozno teda uzavriet, Ze negaciu kvantifikovaného
vyroku dostaneme tak, Ze vSetky kvantifikdtory v nom vystupujice sa zmenia v opacné (teda
vSeobecné v existenéné a existenctné vo vseobecné) avyrokovd funkcia V(xq,x5,...,X5,)
definovand napriklad na mnozine A; X A, XX A,, sa zameni vyrokovou formou
(= V) (x1, %, ey x3), kde (=V)(aq,ay, ..., a,) oznaCuje vyrok =V(aq,ay, ..., a,) pre kazdy
prvok (aq,a,, ...,a,) € A; X Ay X -+ X A,,.

Vzajomné vztahy kvantifikovanych vyrokov

Teraz vysetrime vzajomné vztahy kvantifikovanych vyrokov, v ktorych vystupujd vyrokové
funkcie sdvomi alebo tromi premennymi. UkadZeme, Ze vsetky vztahy tychto
kvantifikovanych vyrokov vyplyvaju zimplikacii (1) a (2). Najskér vyrieSme vztahy
kvantifikovanych vyrokov s dvojnasobnym pouzitim kvantifikatorov. Takychto vyrokov je
osem:

P;:Vx € AVyeBV(x,y), Ps:VyeBVxeAV(x,y),
P,:Vx€ A3y e BV(x,y), Pg:Ay€EBVYx€eEAV(x,y),

P;:3x € AVyeBV(x,y), P;:VyeB3axeAV(x,y),
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P,:3x€ A3y e€BV(x,y), Pg:3y€B3Ix € AV(x,y).
Pre vyroky P; aZ Pg plati nasledujuci vztahovy diagram (Salat, [2],1986):

P, =>P;=>P,=> P
) ) (5)

Ps = Pg = P, = P,.

Z tautoldgie ((p = q) A (q > 1)) = (p = r) dostdvame, Ze z vyroku P;(Ps) vyplyva nielen
vyrok Ps, ale aj vyroky P, Pg a P,. Podobne z vyroku P; vyplyva nielen vyrok P, ale aj vyroky
Pg a P, atd. Implikacie P; = P5;, P, = Pg vyplyvaju z implikacie (1), pretoze formalny vyraz
Vy€eBV(x,y) (3x € AV(x,y)) je vyrokova funkcia premennej x (y) definovanad na
mnozine A(B). Implikacia P; = P, je priamo uZ zdévodnena implikacia (2). Podobne mozno
zd6vodnit ,,spodnu“ cestu diagramu. Treba poznamenat, Ze Ziadnu implikaciu uvedenud vo
vztahovom diagrame nemozZno obrétit (a teda nahradit ekvivalenciou). TaktieZ zo Ziadneho
vyroku z vyrokov P; a P; nevyplyva vo vSeobecnosti ani jeden z vyrokov Pg, P, a taktieZ zo
Ziadneho z vyrokov Pz, P, nevyplyva vo vSeobecnosti ani jeden z vyrokov P; a P,. Uvedme
napriklad, Ze z vyroku P; nevyplyva vo vSeobecnosti vyrok Pg ani P, a taktiez ani naopak..
Zvolme za P; vyrok 3x € {2,3,5} Vy € {3,4} x < y, ktory je pravdivy. Vyroky P; a P,, teda
vyroky

dy € {34} Vx € {2,3,5} x <y,
vx € {2,3,5}3y € {34} x < y,

su nepravdivé.
Na druhej strane vyroky

dyeNVxeNy|x,
Vx eN3IyeNy|x

(oznalenie y | x znamena, Ze prirodzené Cislo y deli prirodzené Cislo x) su pravdivé, prvy je
typu Pg adruhy typu P,. Prislusny vyrok P; teda vyrok 3x e NVy e Ny|x, je vsak
nepravdivy.

Pristipme teraz ku kvantifikovaniu vyrokovych funkcii V(x,y,z) stromi premennymi a ku
analyze ich vzajomnych vztahov. Vietkych takychto typov vyrokov je 48. Kazdy typ je uréeny
vlastne poradim premennych x, y, z a druhom kvantifikatora viazuceho premennu. Vsetkych
poradi premennych x,y, z je Sest a pri kaZzdej premennej su dve moznosti vyskytujuceho sa
kvantifikatora. Takto jednému poradiu premennych x,y,z odpoveda osem typov
kvantifikovanych vyrokov. Pri vzajomnych vztahoch tychto 48 vyrokov mézeme mnoziny a
vyrokovu funkciu V(x,y,z) kvoli struénejSiemu zdpisu vynechavat a teda napriklad vyrok
Vz€e€ C3Ix € AVy € BV(x,y,z) oznatime ako Vz 3x Vy. Priblizme si postupne jednotlivé
typy ztychto vyrokov. Zrejme pri trojnasobnom pouziti toho istého kvantifikdtora
dostaneme 6 ekvivalentnych vyrokov. TaktieZ je zrejmé, Ze z vyroku Vx Yy Vz (a z dalSich
piatich s nim ekvivalentnych ) vyplyvaju vsetky ostatné. Staci vysvetlit vyroky tychto typov:
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VxVy3dz, Vx3AyVz, AxVy Vz, Vx 3y dz;Ax Vy Iz, dx Iy Vz.

Vsetky ostatné su zhladiska objasnenia analogické a dostaneme ich iba zdmenou
premennych. Napriklad k prvému vyroku Vx Vy 3z mbieme este priradit z hladiska
objasnenia tieto analogické vyroky:

VyVx3z;VxVz 3y, VzVx 3y, VyVz3Ax; VzVy Ix.

S vyrokom Vx Vy 3z je to podobne ako s vyrokom P,, ibaze z volime v zavislosti od x aj y.
Vo vyroku Vx 3y Vz volime y v zdvislosti od x ale tak, Ze je pevné pre vSetky z. Teda
napriklad vyrok Vx € N3y e NVz € N 10x — y < z je pravdivy (staci zvolit y tak, aby y >
10x) avyrok Vx €eN3IyeNVzeNx+y <z je nepravdivy (1<x+1<x+y pre
lubovolné x € N ajy € N).

Svyrokom Ix Vy Vz je to podobne ako svyrokom P;, ibaZze musi existovat pevné x,
spolo¢né pre vsetky y aj z. Teda napriklad vyrok 3x e N VyeNVzeNx—-1<y+zje
pravdivy (staci zvolit za x, Cislo 1 alebo 2)avyrok 3x EN VyeNVzeENx+2<y+zje
nepravdivy (prey =z = 1platix + 2 >y + z = 2 pre kazdé prirodzené Cislo x).

S vyrokom Vx 3y 3z je to podobne ako s vyrokom P,, ibaZe nielen y ale aj z volime v
zavislosti od x. Teda napriklad vyrok Vx € N 3y e N3z e Nx < % je pravdivy (staci zvolit

y,z v zévislosti od x napriklad takto: y = x + 1, z = 1 alebo y = 2x? a z = x) a vyrok Vx €
N 3y e N3z e Ny +z <x je nepravdivy (k Cislu x = 1 neexistuju také prirodzené Cisla
y,z,aby platiloy + z < 1).

Vyrok 3x Vy 3z V(x,y, z) je pravdivy, ak existuje taky prvok x, pevny pre vietky y , Ze vyrok
Yy V(xy,¥,2) je pravdivy pre nejaké z,. Teda napriklad vyrok 3x e N vy e N3z € Nx +
z < 3y je pravdivy (vyrok Yy € N xy + z, < 3y je pravdivy pre x, = 1 = z,) avyrok 3Ix €
N Vye N3z e Nx +z <y je nepravdivy (vyrok Vy € Nx, + z, <y je nepravdivy pre
akékolvek prirodzené Cisla x, zy).

S vyrokom 3x Iy Vz je to podobne ako s vyrokom Pj, ibaze musi existovat pevné x, aj y,
spolo¢né pre vsetky z. Teda napriklad vyrok 3x e Ndy e NvVz € N g < z je pravdivy (staci

polozit napriklad xp = 1ay, =2)avyrok 3x e NIy e NVz € Nx + y < z je nepravdivy
(2 £ xy + yg a potom neplati vyrok Vz € N x, + y, < z pre Ziadne prirodzené Cisla x,, yo)-

Pristipme teraz ku vztahom kvantifikovanych vyrokov vyrokovych funkcii stromi
premennymi. Vsetky tieto vztahy vyplyvaju so vztahového diagramu kvantifikovanych
vyrokov vyrokovych funkcii s dvomi premennymi. K vyrokom typu Qx € A cy € BV (x,y),
kde Q, ¢ je lubovolny kvantifikator, priradime v diagrame vyrok Qx € A ¢y € Bdz €
CV(x,y,z). Teda napriklad k vyroku Vx € AVy € BV (x,y) priradime vyrok Vx € AVy €
BvzeCV(x,y,z) alebo Vx e AVy e B3iz€ CV(x,y,z). Takto platia tieto zakladné
vztahy pre kvantifikované vyroky vyrokovych funkcii stromi premennymi pre poradie
premennych x,y, z:

VxVyVz=3xVyVz=>VydxVz=3y3xVz = 3ydx 3z

(} () (6)
VyVxVz=3yVxVz=>Vx3yVz=>3Jy3IxVz=>3Jy3Ix 3z
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VxVy3dz=>3xVy Iz > Vydx Iz > 3Jy3Ix 3z

() () (7)
VyVx3dz=>3JyVxIz>VxIy3dz= Jydx 3z

Zdévodnime napriklad implikacie Vx Vy Vz = 3x Vy Vz, Ax Vy Vz = Vy 3x Vz. Prva
implikacia vyplyva z implikacie (1). Totiz
Vx EAVYyEBVzECV(x,y,z) ©Vx€EA(NYy€EBVZzECV(x,y,2)),

kde Vy € BVz € C V(x,y, z) je vyrokova funkcia jednej premennej x (oznacme ju ¢), ktord
je definovana na mnoZine A. Plati teda Vx € A ¢(x) = 3x € A ¢(x). V druhej implikacii
plati:

dx EAVy€EBVYzECV(x,y,z) ©3Ix € AVy€EB (Vz€E€CV(x,y,2)),

kde Vz € CV(x,y,z) je vyrokova funkcia definovand na mnoZine A X B, ozname ju
w(x,y). Potom z implikacie P; = P, zo vztahového diagramu (5) vyplyva:

EIxEAVyEB(VZE CV(x,y,z))@EIxEAVyEBa)(x,y) © Vy€eBIxeAw(x,y)
S VyeEBIx€EA(VzeCV(x,y,z)) ©VyeBIxe AVze CV(x,y,z).

Dalie vztahy analogické vztahom (6), (7) dostaneme tak, e budeme vychadzat z ostatnych
piatich poradi premennych x,y,z: VyVxVz, VyVx 3z, VxVzVy, VxVz3y, VyVzVx,
VyVz3x; VzVxVy, VzVx3y;, VzVyVx, VzVy3x. Ide teda o dalSich 10 analogickych
diagramov.

Zaver

Vyznam kvantifikovanych vyrokov v logickej vystavbe kazdej matematickej discipliny je
dolezity. Velky aj maly kvantifikator si zakladné kamene vedeckého myslenia. Viaceri
vysokoskolski ucitelia matematiky si myslia o Studentoch matematiky, ktori dokonale chapu
zmysel a vztahové relacie kvantifikovanych vyrokov vyrokovych funkcii s tromi premennymi,
e maju uZ matematické myslenie. Takéto myslenie je rozhodujice v hibke poznania
cohokolvek v matematike.
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Abstract

Fibonacci numbers play an important role in mathematics and appear in many places to solve practical problems
even. In fact, many complex publications have been published on this issue. Surprisingly, Fibonacci numbers are
used so extensively that an association dealing with issues related to them was established. Since 1963, it has
issued a specialized scientific journal called Fibonacci Quarterly. The most well-known applications that take
advantage of Fibonacci numbers are in geometry, but when exploring their contexts and methods, the use of
Fibonacci numbers in computer science and in school mathematics has also been addressed.

Keywords: Fibonacci, Matlab, golden ratio, encryption, unit transfers

Classification: 120, C60

Introduction

The Italian mathematician Leonardo da Pisa (also known as Fibonacci), who lived in the early
13th century, became famous in the history of mathematics for unriddling the following task:
“Someone has placed a couple of rabbits in sort of an enclosure to find out how many couples
are born within a year when the couple of rabbits brings another couple into the world on a
monthly basis, considering the rabbits begin to give birth when they are two months old”
(Knott, Quinney, 1997). Fibonacci solved this problem as follows. In the first and second
month, there is only one pair of rabbits. In the third month, it is two couples, because the
original couple brings a new couple (a baby boy rabbit and a baby girl rabbit) after two
months. In the fourth month, there are three couples because it is only the original couple
that still bears offspring. In the fifth month, we have five couples, because two more couples
are added to those that lived in the fourth month, because in the fifth month the couples that
lived in the third month will give birth. In the sixth month, except for the couples that already
existed in the fifth month, three more couples will come in, because the fourth-month couples
will give birth. And that is how it goes (Figure 1) (Fulier, Sedivy, 2001).

Fibonacci realized that the number of couples in a given month was the sum of the number of
couples that lived in the previous month and the number of couples that already lived two
months earlier. He marked the number of couples in the n-th month as a,,. Then the rule he
found could be written as a,, = a,,_1 + a,_,, with only n > 2 allowed under this rule.

*Corresponding author; email: vduris@ukf.sk
DOI: 10.17846/AMN.2019.5.1.14-22
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Fibonacci then easily calculated a; = ag+as =8+5=13, ag=a,+as =13+8=
2l,a9=ag+a; =21+13=34,a,p =a9g+ag=34+21=55,a; =a;g+as =55+
34 = 89 and eventually a element a,, = 144, and thus the answer that there would be 144
rabbits after a year.

2

P / b >

»( T3 — 33

/ Ca—dd a2
339 3
n—a 2 0»

o —ad

Fig. 1: Fibonacci’s rabbit task

2 Fibonacci numbers and the golden ratio in geometry

Let us look at the sequence
1,1,2,3,5,8...
where for every element it is possible to state:
ap =an_1tan,,n>2,a,=a,=1
The Fibonacci sequence could easily be generated, for instance, in the Matlab computing
environment with the following algorithm (Dikovic, 2017):

function £ = fibonacci (n)
f = zeros(n, 1);
£(1) = 1;
£f(2) = 1;
for k = 3:n
f(k) = £(k - 1) + £(k - 2);
end
end

The Fibonacci function in Matlab can also be called recursively. However, a recursive call
prolongs the calculation and often blocks a large memory area by reserving a memory location
to create temporary local variables.

function £ = fibonacci2 (n)
if n==1 ] n== 2
f =1;
return
end
f = fibonacci2(n - 1) + fibonacci2(n - 2);

Between the Fibonacci sequence and the geometric sequence
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b,bq,bq? bq3, ...
there exists an analogy (Znam, 1975), because for the first three elements of the geometric
sequence there can be applied that
b+ bg =bqg? hencel+q=¢q% b +0
Then each element of the sequence bg?, bg3, ... is from the sum of the previous two and there
applies
bq" %+ bq" ' = bq",n =2
Our task is to properly choose a number g to get elements of the Fibonacci sequence.

Let us say that the sequence {Z,,}7" has a property / if u = 3, it holds true that
Zy=Zy1+Zy 5.
If then the following sequences
X1, X9, X3, .
V1, Y2, Y35 o
have the property /, so does the sequence
X1 +YuXa + Y2, X3 + Y3,
have the property /. Then, the sequence {cqt{ + dq}} also has the property /. Therefore, the
numbers c and d have to be chosen the way that the first two elements of this sequence equal
the numbers a; and a, , hence the following equalities are valid
cq; +dg; =a, =1
cg?+dgi=a,=1
From b + bq = bqg? it is valid:

_1+v5  1-+5
T 2T

c(1+v5)+d(1-V5) =2
c(6+2V5) +d(6-2V5) =4
By solving this system of equations we get:
1 1

N

q1
After rearrangement we get:

Cc =

We got a straightforward number a,:

w5 ()]

Then for each natural number n it is valid
a,t+a,++a,=ap,—1
+V/5 1-/5
,B =
2 2

~=—B,A=1— B we get

If we denote A = = , using the relation for the expression a,, and the fact that

1 1

a;++ta,=—=A+4A%++A")——(B+B*+--+B") =

1 n \/g \/g
1 An+1_1 1 Bn+1_1 1 {An+1 Bn+1 1 1}

~Gl=B —a B 2

Vs A-1 Vs B—1 %

1
=E{An+2_Bn+2}_1 =an+2_1

An important finding of the Fibonacci numbers is that two neighbouring Fibonacci numbers
are always relatively prime. We are able to prove it using mathematical induction. For the first
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two Fibonacci numbers, it is valid that they are relatively prime. Let us suppose now that a,,_;
and a,, are relatively prime. Then, from the equality a,,,; = a, + a,_1 there follows that
every common divisor of the numbers a,, and a,; would also have to be a divisor for the
number a,_;, and therefore also a common divisor of the numbers a,, and a,,_;. Hence,

(an, anyq) = 1.

Additionally, it is valid that the number a,, is a divisor of the number a,, only and when n is
a divisor of the number m. We can first prove that if n|m, then a,|a,,. Let us consider n|m
and m = nm,. Let us proceed by induction with respect to m,. If m; = 1, then m = n and
the theorem is valid. Let us suppose that our theorem is valid for m; = k. We can prove that
it also appliestom; = k + 1. If u and v are natural numbers, then a,,,, = a,_1a, + A, 0p41-
By using this relation and by substituting u = mk, v = m we get:

Amk+1) = Amk+m = Amk-19m T Ak Amt1

On the right hand side, both of the addends are divisible by the number a,, based on the
inductive assumption am|am(k+1). Now, we can prove that if a,|a,,, then n|m. Let then
a,la,, andletm =n-s+t,0 <t < n. By substitutingu = ns, v = t we get:

Am = Aps—10¢ + ApsQryq

From this equality, it follows that a,,|a,s_1a;. According to the proven part of the theorem, it
is valid that a,,|a,,; and according to the assumption of the theorem a,|a,,. Furthermore, we
know that (a,, a,s—1) = 1isvalid, therefore a,, + a,;_; (because it is a divisor of the number
a,s). Then a,|a;. However, this is not possible because the Fibonacci numbers form a growing
sequence (from n = 2), and therefore a,, > a;, becausen > t.

The findings about Fibonacci numbers allow us to solve problems related to the golden ratio
in geometry. We say that the sides of the rectangle a, b form the golden ratio if

a+b _a
a b
is applied. After adjusting the last equality, we get a®? = ab + b? or
() -5-1-
b/ b
Let us denote% = C, then
C:—C-1=
hence
1++5 1-+5
| = =A,C, =

Since we only consider a positive number, the golden ratio converges to 1.61803398874989...
(Sen, Agarwal, 2008). The golden ratio can be simulated in the Matlab environment (Figure 2)
with the following code (Mathworks, 2018):

> n = 2:10;

>> ratio = fibonacci(n)./fibonacci(n - 1);
>> plot(n,ratio, '--0');

>> hold on

>> line(xlim, [1.618 1.618]);

>> hold off
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Fig. 2: Convergence to the golden ratio

Various specific geometric visualizations of the Fibonacci numbers and the golden ratio can be
viewed, for example, in the paper (Weiss, Mick, 2014).

3 Fibonacci numbers and cryptography

Fibonacci numbers also have their justification in computer science and cryptography. (Sinha,
2017), (Elfard, 2013) when encoding and decoding messages. Let us consider a message
“word” and a password “abc”.

>> s = 'word';

>> pwd = 'abc';

We will encrypt this message using the Fibonacci sequence as follows:

1. Let usfirst rearrange the letters in the message inversely.
>> s = s(end:-1:1);

By which we get the word ,,drow”

2. Now, we will combine the password ,, albc” with the word we got to obtain the word
,drowabc”.
>> s = [s pwd]

3. Since our password has a length of 3, we will generate the first three numbers in the
Fibonacci sequence: 1, 1, 2.
>> cnt = length (pwd) ;
>> f = fibonacci (cnt);

4. Now, the coding itself will consist in passing the entire length of the word ,,drowabc
in the number of iterations how long the password (or the generated Fibonacci
sequence) is and that each letter in the word is shifted ordinarily within the ASCII table:
a) for odd positions to the right by as many characters as determined by the element

of the Fibonacci sequence in the current iteration
b) for even positions to the left by as many characters as determined by the element
of the Fibonacci sequence in the current iteration

“"
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If we moved behind the letter ,,.z“, while moving in the cycle to the right, we move up
again starting from the letter ,a“. On the contrary, if we moved before the letter ,a“,
while moving in the cycle to the left, we move down again to the letter ,z“ (the
alphabet of characters “a”...”z” is considered as if it were on a circle).

In our specific example, the word ,drowabc” would pass through three times. As
a result, we got this coding sequence:

“egpvbad”, “fpqucze”, “hnssexg”
with the word “hnssexg” being the encoding result; we have thus succeeded in

encrypting the message “word” using the Fibonacci sequence for the password

“" ”

abc”.

We implemented this algorithm into the Matlab computing environment as a batch file (script)

and the entire source text looked as follows:

s = 'word';

pwd = 'abc';

s = s(end:-1:1);

s = [s pwd];

cnt = length (pwd);

f = fibonacci (cnt);
letters = [lal lb' 'CI 'd' 'el |fl lgl lhl 'i'
lnl lol lpl lql lrl ISI ltl lul lvl lwl le lyl

for it = 1l:cnt
for jt = 1l:length(s)
index = find(letters == s(jt)):;
if rem(jt, 2) ==
if index + f(it) > length(letters)
fv = index + f£(it) - length(letters);

else
fv = index + f£(it);
end
s(jt) = letters(fv);
else

if index - f(it) < 1

fv = length(letters) + (index - f(it));

else
fv = index - f£(it);
end
s(jt) = letters(fv);
end
end
end
disp(s);

Decoding works on a precisely inverse principle, so we proceed in the cycle according to the
generated Fibonacci sequence by the number of elements of the password length. For odd
positions, we shift characters to the left, and for the even ones we do so to the right. If the
number of password characters is different, the algorithm will not reach the original inverse
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word combined with the password. Now, let us apply this algorithm to the given coded string
“hnssexg” when we know the password “xyz”.

s = 'hnssexg';
pwd = 'abc';
cnt = length (pwd) ;
f = fibonacci (cnt);
letters — [lal lb' |C| |d| |e| |fl lgl lhl lil ljl lkl lll lml
lnl lol lpl lql lrl lsl ltl lul lVl lwl le lyl 'Z'];
for it = 1l:cnt

for jt = 1l:length(s)

index = find(letters == s(jt)):;

if rem(jt, 2) ==
if index + f(it) > length(letters)

fv = index + f(it) - length(letters);
else

fv = index + f£(it);
end
s(jt) = letters(fv);

else
if index - f(it) < 1
fv = length(letters) + (index - f(it));

else
fv = index - f£(it);
end
s(jt) = letters(fv);
end
end
end
disp(s)

If we had the correct password, the resulting string after having been decoded has been
combined to the right, and we can select the decoded word to be inversely displayed:

if any(strfind(s, pwd)) ==
T

s = strrep (s, pwd, ) ;
s = s(end:-1:1);

end

disp(s);

From the encoded string we got the original “word”.

4 Fibonacci numbers and school mathematics

Fibonacci numbers can also be included in teaching at primary school or within optional
subjects, and they can be applied, for example, to teach the conversion of miles to kilometers
and vice versa. This is an appropriate supplement and a matter of interest in teaching
mathematics or physics using the Fibonacci sequence.
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Let us consider a sequence of Fibonacci numbers (starting with the second element) 1, 2, 3, 5,
8, 13, 21, 34, 55, 89, 144, ... From physics, we know that 1 mile = 1,609344 kilometers. Let us
now take any two consecutive numbers, e.g. 55 and 89, and we can assert that the first
number in the sequence represents miles and the second one stands for kilometers (or vice
versa).

>> mile = 55;

>> km = mile*1.609344
km = 88.5139

>> km = round (km)

km = 89

If we need to convert kilometers (or miles) that are not directly elements of the Fibonacci
sequence, we first make a breakdown of that number into elements already present in the
sequence (such a breakdown can always be made). Let us consider, for example, 15 miles that
we need to convert to kilometers. The number 15 itself is not a element of the Fibonacci
sequence, so we can first find the largest number within the sequence that does not exceed
15. It is 13, and we can make the decomposition in the way that 15 = 13 + 2, with both
elements being elements of the sequence. Based on the previous relationship, 13 miles = 21
km and 2 miles = 3 km. Then 15 miles = 21 + 3 = 24 km. In fact,

>> km = round(15*1.609344)
km = 24

In the case of larger numbers containing series of ten, it is possible to proceed by taking out
the series of ten first, converting a smaller number without a series of ten and then returning
by multiplying by the original number. For example, if we needed to convert 1500 miles, it
may be difficult to look for the appropriate elements of the Fibonacci sequence (unless we use
the Matlab computing environment and the fibonacci function, for example).

However, as the number 1500 miles contains series of ten, namely 102, we can first break
down 1500 = 15 - 102. From the above, we know that 15 miles = 24 km.

Then 1500 = 15 - 102 miles = 24 - 10?2 km = 2400 km.

It should be noted, however, that the approximate value of the golden ratio is 1,618034, so
for any two elements of the Fibonacci sequence, a, = 1,618034 - a,_; applies. While
converting miles to kilometres, there is a constant factor defined as 1,609344. So, if we used
the Fibonacci sequence to convert large numbers that have to be divided into multiple
elements of the sequence where precision is lost when providing the conversion, then the
distances would just be approximate.

Indeed, if we had a direct conversion of 1500 miles, we would get the exact distance of 2414
km and not 2400 km, which would be advisable to point out in teaching this principle.
However, incorporating the Fibonacci principle into elementary school teaching or optional
schooling may be of great interest and a way to get to know the possibilities of this issue.

Conclusion

Fibonacci numbers are an interesting issue, but despite their long history, they have not yet
been scrutinized. We find Fibonacci numbers where we would not normally expect them to
appear. Fibonacci numbers are found in evolution in different biological systems or in different
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phenomena in nature, and for many mathematicians they represent beauty and perfection.
They can be greatly used even today, such as being an indicator for trading with
cryptocurrencies (Fischer, 2009).

Our aim in this paper was mainly to point out selected practical applications of Fibonacci
numbers, such as their inclusion and use in cryptography and, on the other hand, their
inclusion in the school environment where they can be used to teach conversions already at
the lowest level of schools. The issue of Fibonacci numbers is appropriate to model and
present, for example, by way of the Matlab computing environment, which proves to be a
suitable tool for understanding different mathematical relationships and as a suitable
environment for implementing various mathematical algorithms.
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Abstract

In this paper we analyze and discuss about implementation of inquiry-based teaching (IBT) into mathematics
education. Pupils naturally explore and learn through inquiry, different interesting problems or controlled
activities for this inquiry have priority. Also computer technologies (in any form) offer an accessible
environment for such a pupils” work. We describe this education from the perspective of the pupil and the
teacher; also mention its goals and what pupils can learn in this way. Various tasks based on inquiry-based
teaching are presented in the paper, too. These tasks are related to teaching according to educational domains
at lower secondary school in Slovakia.

Keywords: inquiry-based teaching, inquiry, activities, pupils, educational domain.
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Introduction

Generally, in different types of schools, the relationship of pupils to mathematics and other
science subjects is not very positive. That is why we think it can help pupils understand when
we bring the educational process closer to real life. It is also appropriate to motivate pupils
to develop their inquiry skills.

In this way, the pupil can seek answers by experimenting, creating theory, models, looking
for appropriate arguments to explain, formulating conclusions from his findings, etc.

In this paper, we focused on IBT in mathematics; we will also give a look at this education
from the perspective of the pupil as well as the teacher. We present principles of inquiry-
based teaching on specific examples. These examples are related to selected educational
domains according to State Educational Program — Mathematics for the lower secondary
education — ISCED 2 (2014) of Slovak Republic.

Inquiry-based teaching in mathematics education

In pedagogical understanding, the word inquiry occurred with the author Dewey (1997)
while its definition of inquiry is a method of tested discovery that cultivates ,deep-seated
and effective habits of discriminating tested beliefs from mere assertions, guesses and
opinions; to develop a lively, sincere, and open-minded preference for conclusions that are
properly grounded”.

*Corresponding author; email: Irumanova@ukf.sk
DOI: 10.17846/AMN.2019.5.1.23-28
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In an inquiry classroom, concepts are introduced in order to illuminate a mathematical
process that all participants have the chance to direct. Yet it is the responsibility of the
teacher as ,,a more experienced knower” to select students’ ideas that provide a link to
mathematical concepts. (Goos, 2004)

A model of learning science thorough inquiry can see in the schema reproduced in Fig. 1.

New experience/question Alternative

ideas

Possible explanation

Bigger
idea

y
y

Existingidea »

Prediction

A
Plan and conduct
investigation

Interpret data

'

Conclusion

Fig. 1: A model of learningscience through inguiry (Artigue — Baptist, 2012)

So as author Blair (2014) state what with this model of teaching pupils can learn to: ask
guestions, make conjectures, plan and monitor their activity, explore ideas in collaboration,
explain their reasoning, identify when they need new knowledge, ask the teacher for an
explanation or prove their results. On the contrary, teachers' goals are harness students’
curiosity, connect concepts and procedures, support student regulation, co-construct open
inquiries, combine different forms of reasoning or develop students” initiative,
independence and leadership.

Educational domain: Numbers, variables and counting with numbers taught by IBT

Now we present an activity for understanding the concepts of prime number and compound
number. We can also develop abilities to find all the divisors given figures. The dominant
method is controlled inquiry for pupils working in groups. This activity is suitable for 6th class
(12 — 13 years old pupils).

Author Semanisinova (2018) states how pupils can play the following game: Each player is
assigned his own color (such as player A blue and player B red). Player A marks any
unmarked number on the game board in blue. Player B then tries in red to mark as many
unmarked divisors as the player has selected A. After player B has marked the unselected
number divisors, he selects the next number for player A and marks it with his color. Player A
then marks his divisor with his color. In the event that a player on the move has selected a
number that has no unmarked divider on the board, the player loses the move. The number
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is marked in black (or crossed out) and the next number is selected by the opponent. The
game ends when only numbers that do not have unmarked divisors are unmarked on the
game board. Each player counts his or her marked numbers on the game board. The player
with the greater total of points wins. Example of one game is shown in Fig. 2.

4 S
6 7 8 10
11 | 12 14 | 15

16 | 17 [ 18 | 19 | 20

21 [ 22 |23 | 24 | 25

28 | 29 | 30

Fig. 2: Possible course of the game (Semanisinovd, 2018)

Each pair of pupils plays games twice (each game starts with a different pupil from the pair).
Intermediate results of pupils are recorded in a table such as we can see Table 1.

Table 1: Selected numbers by pupils (Semanisinovd, 2018)

I have Divisors Unselected Selected
a number of numbers number divisors number

29

28 1,2,4,7,14, 28 2,4,7,14 27

22 1,2,11, 22 11 25

18 1,2,3,6,9, 18 6 30

16 1,2,4,8,16 8 26

24 1,2,3,4,6,8,12,24 12
Counted out 64 137
Counted out 201

Pupils play two games and then together pairs are answering such questions of teacher: ,Is it
preferable to choose 27 or 17 in step 1? Justify what you chose”; ,Which number is
preferred to choose in the first step?”; ,Which number is not a good choice in the first
step?”; ,,Which number has the most divisors?”; ,,Which number has an odd number of
divisors?” or ,Describe how you played the game. What moves do you think are beneficial?”.
In the end, pupils do self-evaluation how to play the game to be successful in it.

Pair pupils present their answers to questions. They together discuss with teacher about
possible answers, also formulate arguments. After this discussion, we define the concepts of
prime number and composite number to the pupils.

Then pupils solve four tasks in worksheets individually (see Table 2):
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Table 2: Tasks in worksheet

Task 1: Fill in the following table:

Number Divisors of number | Prime number/
composite number?

2 1,2 Prime number

30

Task 2: See the picture below. The number is chosen by the red player.

2 3 4

6 7 8 9 | 10

11 | 12 | 13 | 14 | 15

16 [ 17 | 18 | 19 | 20

21 | 22 | 23 | 24

26 | 27 | 28 30

a) What happens if you this player choose a prime number?

b) What composite number should | choose? Explain why.

Task 3: Decide whether the numbers 19, 31, 45, 51, 63, 67, 91 and 99 are prime numbers or
composite numbers.

Task 4: Is there a number that has an odd number of divisors?

Educational domain: Geometry and measurement taught by IBT

Following activity is devoted to geometry for 5th class (10 — 11 years old pupils). Knowledge
and skills acquired by pupils are concepts as cube structure (also its plan) and cube body
(and also its plan). The dominant method is controlled inquiry for pupils working in groups
(possibly pupils can work separately) and working with a computer is also recommended.

The 5E Inquiry-Based Model is used during the lesson of mathematics. In phase Engage
pupils work with the first worksheet called ,What do you remember about cubes structure
from the 4th grade?”. Following the Engage is the Explore and teacher formulates the
problem about cubes structure or cube body, pupils in controlled inquiry proposes a
procedure for drawing a plan of these buildings. During the Explain phase, there is an
explanation of all the examined terms in cooperation of the pupil-teacher. The Elaborate
phase of the 5E Model is meant a solution to another worksheet with problem tasks. The
final phase of this model is the Evaluate, where the teacher formally evaluates pupils' work.

Now we are presenting specific examples of worksheets used during the pupils” inquiry.
Pupils work with that first worksheet and they use given cubes structure (see Fig. 3).
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Fig. 3: Cubes structure for pupils” inquiry

During the pupils' work, the teacher asks the following questions: ,Describe the cube and
cube structure”; ,,What do you mean by coding of cube structure?”; ,What the plan numbers
mean?”; ,What do you mean by column, row, floor? (Point at the cubes structure in front of
you)”; ,Which means top, bottom, front, rear, right, left?”. (Zahorska, 2017)

After the work of pupils with the second worksheet pupils know the difference between
concepts cube structure and cube body. Also, pupils can draw their plan to them (Fig. 4).

1-3

|

1] 1

Fig. 4: Examples from the worksheet 2

Work with the pupils is evaluated during the math lesson. Teacher evaluates the work of the
pupils formatively. The conclusions that pupils have reached must also be highlighted. In
addition to the above formative assessment, the teacher may also use symbols, for example

@ and@.

Conclusion

In this paper we have shared our experiences with IBT. We are looking to increase the
interest of math education and include a more engaging way of teaching by including IBT or
information and communications technology. By working in groups, pupils help each other
and, by presenting the results for a group, inspire individuals who have difficulty presenting
their own results. We share the view that this method is suitable for teaching mathematics
although it is more time-consuming to prepare a teacher or a pupil's work during lesson.
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Abstract

In Slovakia there is no research into mathematical anxiety and its impact on mathematics. Our goal was to create
a tool for measuring mathematical anxiety that would be adapted to Slovak conditions. Our research studied the
relationship between individual need for cognitive structure and three forms of anxiety (math, state, and trait).
The sample comprised 150 students of two specializations from the Faculty of Education (63 students of primary
education — UPV and 87 students of pre-school and elementary education — PEP).

Keywords: math anxiety, university students

Classification: C20

Uvod

Matematicka Uzkost ako negativna afektivna reakcia na situacie suvisiace s matematikou je
v dnesnej dobe redlnym problémom. Ako uvddzaju Richardson a Suinn (in Pradeep, 2011)
matematickd Uzkost zahfria pocity napatia a Uzkosti, ktoré suvisia s manipulaciou s cislami
arieSenim matematickych problémov v Sirokom spektre situacii v beznom Zivote alebo
akademickych situaciach. Matematicka Gzkost je pocit napatia, obavy alebo strachu, ktory sa
krizi s matematickym vykonom (Ashcraft, 2002). Niekolko Studii naznacuje, Ze matematicka
Uzkost zasahuje do kognitivneho spracovania prostrednictvom znizenia kapacity pracovnej
pamate (Ashcraft, 2001). Pradeep (2011) syntetizuje r6zne definicie do jednej a uvadza, zZe ide
o akysi stav diskonfortu, strachu pracovat s Cislami a strachu riesit matematické problémy,
ktory vedie k averzii a vyhybaniu sa matematike a akejkolvek situdcii s matematikou spojenej.

Pricinami vzniku matematickej Uzkosti m6zu byt aj neprijemnosti v skole, ako napriklad
sledovanie spoluziaka, ktory vyriesSi priklad rychlejsie, negativne reakcie uditela na Ziaka,
pricom takyto spOsob zahanbovania sa prendsa do ¢innosti spojenych s matematikou uz len
pri ¢akani na hodinu a pribudajicim vekom matematickd uzkost narasta (Nolting, 2002).
Potencidlne kauzalne faktory mozno rozdelit na environmentalne premenné, ako su negativne
skusenosti vtriede a uclitelove charakteristiky, intelektualne premenné, napr. stupen
abstraktného a logického myslenia a samozrejme aj osobnostné premenné, kde mbézeme
zaradit sebavedomie, uéebny styl, postoje a podobne (Yuksel- Sahin, 2008, Newstead, 1998).
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Premenna sebahodnota si ziskala pozornost v procese nadoblddania matematickych
vedomosti, zrucnosti akompetencii. Od jednotlivcov, ktori sa prejavuju vysokym
sebahodnotenim sa ocakdva, Ze budu disponovat nizkym stupriom matematickej uzkosti, ¢im
mo&zu dosiahnut vacsi ispech (Brown, 2008). Uz aj v predchadzajucich vyskumoch bola zistena
zavislost medzi sebahodnotenim a stereotypmi v socialnych situaciach (Levy,1998). Ako vsak
uvadzaju Ashcraft a Kirk(2001) nimi vytvoreny model deficitu pamate nemusi zachytit
kognitivne procesy, ktoré vplyvaju na to, Ze ani matematicky nadani Studenti nemusia
dosahovat dostatoc¢né vysledky, pokial ich je ich pracovnd pamat docasne ochromena.
V takychto pripadoch moéZe nastat situacia, Ze aj Student s nadanim na matematiku
nadobudne subjektivny pocit, Ze matematike nerozumie, Ze ucivo nezvlada.
V medzinarodnych vyskumoch sa na ako jeden z ndstrojov na meranie matematickej Uzkosti
pouziva Skala MARS (The Mathematics Anxiety Rating Scale) alebo AMAS (The Abbreviated
Math Anxiety Scale). Z uvedeného vyplyva, Ze vplyv matematickej Uzkosti na UspeSnost
v matematike je predmetom medzindrodného vyskumu. Ako uvadza eurdpsky parlament:
Matematicka kompetencia je schopnost rozvijat a pouzivat matematické myslenie na rieSenie
roznych problémov v kazdodennych situacidch. Vychdadzajuc z dobrych numerickych znalosti
sa doraz kladie na postup a aktivitu, ako aj na vedomosti. Matematickd kompetencia zahfiia
na réznych stuprioch schopnost a ochotu pouzivat matematické modely myslenia (logické a
priestorové myslenie) a prezentdcie (vzorce, modely, diagramy, grafy, tabulky).

Autori Hadfield a McNeil (1994) rozdeluju pri¢iny matematickej Uzkosti do troch oblasti:

1. Prvym zdrojom su faktory prostredia. Patria sem r6zne negativne skusenosti v triede,
natlak na Ziaka zo strany jeho rodicov, popripade tlak od vyucujiceho tohto predmetu.
K faktorom prostredia neodmyslitelne patri aj nevsimavost a neochota ucitela venovat
sa ziakom, ktori ucivu nerozumeju, ¢i napriklad strnuly a jednotvarny pristup k vyucbe
tohto predmetu.

2. Intelektovy faktor uvadzaju autori ako pricinu druhd. Intelektovy faktor pozostava z
toho, Ze ucebny Styl konkrétneho Ziaka nezodpoveda Stylu vyucovania matematiky a
taktiez sem patria Ziakove postoje voci tomuto predmetu (,Matematika je Uplne
zbytoény predmet.”).

3. Poslednym z faktorov, ktoré si moznou pri¢inou vzniku matematickej Uzkosti u Ziakov,
su ich osobnostné faktory. Zahffiaju pochybnosti dietata o sebe, stratu doévery vo
vlastné matematické schopnosti v désledku ¢astého nedspechu. Odmietanie aktivity
je prikladom, kedy sa dieta odmieta pytat, ked nieComu nerozumie, boji sa strapnenia,
hanbi sa, Ze ono ,jediné” tomu nerozumie. K osobnostnym faktorom moéze patrit aj
pohlad na matematiku ako na vyluéne chlapéenskl zalezitost, o mdze u dievcat
vzbudzovat dojem, Ze aj ked' sa budu akokolvek snazit, nedokazu uspiet.

Ked to ale zhrnieme, matematicka Uzkost a jej vznik je urcite kombinaciou viacerych zo
spomenutych faktorov.

Vyskum

Podla ndsho nazoru na Slovensku Standardizovany nastroj na meranie matematickej Uzkosti
absentuje. Preto sme sa rozhodli vytvorit ndastroj na meranie matematickej uzkosti u
vysokoskolskych Studentov. Pri overovani vytvoreného nastroja budeme vyuZivat aj data
ziskané zo Standardizovaného dotaznika na meranie Uzkosti a Uzkostlivosti STAI.
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Dotaznik na meranie uzkosti a Uzkostlivosti STAI

Dotaznik vychadza zo Spielbergerovej koncepcie o rozliSovani medzi Uzkostou ako stavom a
Uzkostlivostou ako vlastnostou osobnosti a moZnosti merania rozdielov medzi nimi, t. j . medzi
docasnym, prechodnym stavom a relativne stdlou predispoziciou. Podla toho je Uroven stavu
uzkosti pod vplyvom stresujucich faktorov vo vyraznej zavislosti na diferencidch v Uzkostlivosti
u jednotlivcov. Nosnym je vzajomny vztah stresujucich podmienok — stav Uzkosti — viaZzuci sa
na diferencie v Uzkostlivosti jednotlivych ludi.

Koncepcia celkove vychadza z predpokladu, Ze vysoko uzkostlivi fudia ( s vysokym sklonom k
Uzkosti) budd vnimat situdcie alebo podmienky, ktoré potencionalne implikuji moznost
neuspechu (zlyhania) alebo ohrozenia seba (ohrozenia “ja“) s va¢Sou intenzitou ako ich mene;j
uzkostlivé protipoly.

Dotaznik pozostava z dvoch 20- polozkovych skal, kde jedna sleduje, ako sa jednotlivec citi
teraz (t. j. sleduje aktudlny stav) a druhd sleduje, ako sa jednotlivec zvyéajne citi, t. j.
Uzkostlivost ako vlastnost osobnosti.

Dotaznik na meranie matematickej uzkosti

Pri tvorbe dotaznika sme vychadzali z dostupnych zahraniénych ndstrojov na meranie
matematickej Uzkosti a prispésobili sme ich nasim podmienkam. Dotaznik sa skladd z 9 —tich
poloZiek, na ktoré participanti odpovedaju pomocou Likertovej skaly v rozmedzi od 1 (Ziadna
Uzkost) po 4 (vysoka uzkost). Celkové skére sa urcuje suctom zvolenych hodnét v polozkach.

Tabulka 1: Polozky z dotaznika na meranie matematickej tzkosti (autori Ivan Sarmdny-Schuller, Valéria Svecovd, 2016 )

nemozZem pri rieSeni Uloh pouZit pripravené vzorce, pripadne kalkulacku

sa zaoberam myslienkami o pisomke z matematiky, ktora ma ¢aka nasledujuci
den

piSem pisomku z matematiky

mam mat Ustnu skasku z matematiky

mam vypracovat seminarnu pracu z matematiky, v ktorej treba riesit viacero
narocnych problémov

sustredene pocdvam prednasku z matematiky a nerozumiem jej

mam ist na seminari/na cvi¢eni z matematiky k tabuli

mam si samostatne doma nastudovat matematicky problém

mam sa zacat ucit novu kapitolu z matematiky

Pri Statistickom spracovani dotaznika sa zistilo, Ze ide o jednodimenzionalny konstrukt, pricom
odhad reliability Cronbachovou alfou je 0.83 (95% Cl [0.74, 0.89]).

Vyskumnu vzorku tvorilo 150 Studentov odboru Predskolska a elementarna pedagogika (87
Studentov) a Ucitelstvo pre primarny stupen (63 Studentov). Pre tychto Studentov nie je
matematika primarnym predmetom, tvori ale neoddelitelni a déleziti sucast pri studiu.
V tabulke 1 uvdadzame korelacie medzi jednotlivymi premennymi — M-Anxiety, S-Anxiety, T-
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Anxiety. Na zaklade koreldcii zistujeme vztah medzi Standardizovanym a nami vytvorenym
dotaznikom.

Tabulka 1. Koreldcie medzi premennymi

PEP

M-Anxiety S-Anxiety  T-Anxiety

M-Anxiety 1 0,25* 0,10

S-Anxiety 0,25* 1 0,53***

T-Anxiety 0,10 0,53*** 1
upv

M-Anxiety S-Anxiety  T-Anxiety

M-Anxiety 1 0,39* 0,10
S-Anxiety 0,39* 1 0,49
T-Anxiety 0,10 0,49 1

(p<0,001 (***), p<0,01 (**), p<0,05 (*))

Nakolko bola preukazand korelacia medzi premennymi matematicka uzkost (M-Anxiety)
a Uzkostou ako trvalou crtou (S - Anxiety), povazujeme dotaznik na meranie matematickej
Uzkosti za spravne vytvoreny.

Mozno konstatovat, Ze Studenti UPV vykazovali nizsiu matematicku uUzkost (M-Anxiety) avsak
vykazovali vacésiu uzkost (S-Anxiety a T-Anxiety). Z celej vyskumnej vzorky az 89 Studentov
(59%) vykazovalo skore viac ako 23, ¢o predstavuje vysoki matematicku Gzkost, 48 studentov
(32%) vykazovalo miernu Uzkost (skére 17-22) a ziadnu Uzkost (skdre 9-16) vykazovalo len 13
Studentov, ¢o predstavuje 9%. Domnievame sa, Ze prave tato matematicka Uzkost prispieva
k tazkostiam Studentov s matematikou.

Zaver

Medzinarodné vyskumy matematickej anxiety u Ziakov strednych skol a starsSich viedli az ku
skusenostiam a spomienkam na vyucovanie elementarnej matematiky v mladSom Skolskom
veku. Matematicka Uzkost moze mat za nasledok problémy suvisiace s u¢enim. Jednym z jej
dopadov su tazkosti spojené s vypracovavanim domacich uloh, ktoré uzkostlivym Ziakom
pripominaju predchadzajlce zlyhania v matematike, ¢o opatovne sposobuje Uzkost a vedie k
Uplnému vyhybaniu sa plneniu domacich uloh. Negativnhe skusenosti s matematikou
vyvolavaju spomienky, v désledku ¢oho sa jej vela Ziakov s matematickou Uzkostou vyhyba.
Slaba priprava vedie k nizkej Uspesnosti, ta sa stdva dalSou negativnou skusenostou, ktord
vyvolava dalsiu Uzkost a posilfiuje nazor, Ze Student je neschopny v matematike.

Vytvorenie nastroja na meranie matematickej Uzkosti v slovenskych podmienkach ako aj
skimanie zdvislosti medzi matematickymi kompetenciami a matematickou uUzkostou,
povazujeme v ramci Slovenska za vysoko origindlne a v medzinarodnom meradle za aktualne.
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V buducnosti by sme radi nasu pozornost upriamili na skimanie matematickej Uzkosti u Ziakov
a Studentov zdkladnych a strednych $kol, ako aj na jej pripadnud elimindciu, napriklad
prostrednictvom vytvoreného intervenéného programu.
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