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INTRODUCTION

The proceedings book XXX DIDMATTECH 2017 consists of selected contri-
butions from the conference with the same name which took place on June
22m4-23r4 2017 at the Faculty of Education of Trnava University in Trnava.
The publication covers several basic current research fields, the results of
which were presented in five sections of the conference. The purpose of these
scientific contributions of notable authors - scientists and specialists mostly
from Czech, Hungarian, Polish and Slovak universities - is to present the lat-
estresults, ideas and innovations from various fields of science and research.
The main emphasis is being placed on the scientific disciplines of materials
and technologies, including education, information and communication tech-
nologies. The topics of the conference are divided in two separated parts.

The presented first part the NEwW METHODS AND TECHNOLOGIES IN EDUCATION
AND PRACTICE contains five chapters with the names of conference sections.

The chapter Materials and Technologies deals with results in the field of
materials science from the educational point of view. It includes not only new
knowledge and its implementation into subjects of instruction, but also its
transformation to the field of specialist training. The technologies are inter-
preted in the widest sense, and there is also discussed the problematics of
research techniques, measurement, analysis and didactic technologies. In
this chapter articles focused on logistic and robotic systems and robotic tech-
nologies are also included.

The chapter Algorithms, Programming and Application Creation focuses
on effective teaching and learning programming on several levels of educa-
tional systems. It also includes problems of algorithms, didactics of program-
ming, game learning of programming, creativity, interactivity, visualization
in programming and development of algorithmic thinking. In this chapter ar-
ticles focused on didactic applications and program environments creation
are also included.

The chapter New Technologies and ICT in Education presents the most re-
cent knowledge and experience in the field of electronic and other modern
forms of education which appeared in the field of research, theory and praxis
of education with the aim to achieve the best results and effectiveness with
the benefit of the new processes, forms and technologies in education. This
chapter also contains articles focused on e-learning materials, active learning



environment creation, computer-aided design, using of multimedia and spe-
cial teaching tools in education.

The chapter Modern Teaching of Mathematics is devoted to the innovation
of the contents, methods, forms and technologies of teaching subject mathe-
matics on different stages of education system and to use the potentiality of
new digital technologies to improve the effectiveness of teaching mathemat-
ics not only within the universities, but also the primary and secondary
schools and colleges. There are also research-oriented articles in the field of
mathematics teaching and measuring the math anxiety.

The final chapter, Specific Problems of Modern Education, presents the
problems, recent situation, phenomena and results in the field of special ed-
ucation technologies and tools, digital, reading and economic literacy, social
media, communication and language competences in digital age - in infor-
mation- and knowledge-based society.

The proceedings could be recommended primarily for teachers, who teach
subjects focused on the fields of materials and technologies, and who possi-
bly use modern didactic digital technologies and ICT in education. The pro-
ceedings content could be also useful for research workers in the above-men-
tioned fields, and for Ph.D., postgraduate and gifted students, who can find
here interesting information and inspiration for their research and pedagog-
ical activities.

The contributions published in the proceedings are revised by two reviewers
whose names are listed in the list of the reviewers included in this publica-
tion. The name of external reviewer is listed explicitly at the end of each
study.

Trnava, 6 June 2017 Veronika Stoffova
scientific guarantor



I Materials and Technologies

MERANIE TVRDOSTI SHOREHO METODOU
Marek MANIK, Filip OBERT, Jan ONDRUSKA, Igor STUBNA, SK

Abstrakt: Bol navrhnuty a skonstruovany skleroskop na meranie tvrdosti
keramiky podl'a Shoreho metddy. Indentor je ocel'ova kalena gul’ka priemeru
5 mm, ktord dopada vol'nym padom z vySky h, na vzorku a od nej sa odraza
do vysky h;. Tato vysSka je merana nepriamo cez dobu medzi dvomi dopadmi
indentora na vzorku. Dopady su registrované mikrofénom. Program v MAT-
LABe sluzi na vypocet Shoreho tvrdosti z casového rozdielu medzi dopadmi
indentora. Analyza neist6t vzala do ivahy reprodukovatel'nost merania, cit-
livost' pristrojov, odpor vzduchu, odklon roviny vzorky od vodorovnej hla-
diny a energiu na rozkmitanie vzorky. Relativna rozsirena kombinovana ne-
istota merania tvrdosti na opisanom skleroskope je 9,3 %.

KI'iéové slova: tvrdost, keramika, Shoreho metdda, neistota merania.
MEASUREMENT OF HARDNESS BY SHORE METHOD

Abstract: A scleroscope was designed and constructed to measure the hard-
ness of the ceramic materials per the Shore method. Indentor is a steel hard-
ened ball of diameter 5 mm, which falls off the free fall from the height h, on
the sample and is reflected from it up to the height h;. This height is measured
indirectly over the time between two indentor impacts on the sample. The
impacts are recorded by the microphone. The MATLAB program is used to
calculate Shore hardness from the time difference between indentor impacts.
The uncertainty analysis considered measurement reproducibility, instru-
ment sensitivity, air resistance, slope of the sample plane from the horizontal
plane and the sample propagation energy. The relative expanded combined
uncertainty of hardness measurement on the described scleroscope is 9.3%.

Keywords: hardness, ceramics, Shore method, uncertainty of measurement.

1 Uvod

Tvrdost je definovana ako odpor materialu proti vnikaniu cudzieho tvrd-
Sieho telesa do meraného materialu. Vo vSeobecnosti sa tvrdost da merat
statickymi alebo dynamickymi metédami. Statické metddy sa zakladaji na
vnikani skiSobného telieska zatlacaného statickou silou do skimanej vzorky
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a meranim velkosti vtlacku. Plati, Ze ¢im mensi vtlacok skuSobné teleso za-
necha, tym vyssia je tvrdost skimanej vzorky. Medzi statické metddy mera-
nia tvrdosti patria skusky podl'a Brinella, Rockwella, Vickersa a Knoopa. Dy-
namické metddy su nepriame, vyuzivaju suvis tvrdosti so stratou Kinetickej
energie skiSobného telesa, ktoré bolo vrhnuté na skiimanu vzorku. Sledova-
nym parametrom je zmena rychlosti skiSobného telesa pri naraze na vzorku.
Medzi dynamické met6dy patria najma Shoreho metdda a Poldiho kladivko
[1]- Z tohto nepriamo vyplyva, Ze stupnica hodnét tvrdosti materialu vyrazne
zavisi od sposobu merania, preto tvrdost sa povaZuje za technicku veli¢inu
a nie za fyzikalnu.

Na zaklade vzajomnej zavislosti tvrdosti a pevnosti materialov je mozné od-
hadnit pevnost skiimaného materialu, bez zdihavej vyroby testovacich vzo-
riek na zistenie mechanickej pevnosti [1]. V praci [2] je ukazana zavislost
oteruvzdornosti a lomovej huZevnatosti od Vickersovej tvrdosti a zavislost
lomovej htzevnatosti od Shoreho tvrdosti pre rdézne porcelany a porovnanie
Vickersovej a Shoreho tvrdosti je uvedené v [3]. Tato zavislost nie je line-
arna, ¢o je pravdepodobne spdsobené roznym vplyvom tychto met6d na me-
ranu vzorku. Pri Vickersovom teste mame nevratné zmeny v materiali (pre-
skupenie Castic a vznik textiry vo vtlacku). V Shoreho teste prebehnu v ma-
teriali vac¢Sinou vratné zmeny - material v mieste dopadu indentora sa najprv
stla¢i a potom uvol'ni ako pruzina. Preto Shoreho tvrdost stuvisi s modulom
pruZnosti v tahu, napr. podl'a vzorca SC = 100 erf(3,186.107* E¥/?), [4].

Meranie tvrdosti Shoreho metdédou je pohodIné a rychle. Postup pre meranie
tvrdosti Shoreho met6dou je nasledujuci: kalibrované skusobné teleso sa ne-
cha dopadnut z vysky h, na testovany material. Po dopade sa sleduje vyska
odrazu. Pomer vysky odrazu h; ku vyske h, urcuje tvrdost materialu podla
Shoreho [5]. Tento vztah je matematicky formulovany v rovniciach (1) a (2),
kde ¢iselné koeficienty st urc¢ené vol'bou stupnice. Pre meranie tvrdych ma-
teridlov (kovy, keramika a pod.) sa v praxi najcastejSie pouZzivaju stupnice
HSC a HSD [5].

h

HSD =140—, (@8]
0
4 h

Hsc =10 Ml (2)
65 h,

11
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Vyska odskoku je vZdy mensia ako vyska vol'ného padu, pretoze dopad in-
dentora na vzorku nie je idealne pruzny. Su tu straty energie na plasticku de-
formaciu indentora a vzorky v mieste dopadu (toto u keramickej vzorky ne-
hra vel’ka dlohu, lebo keramika sa plasticky nedeformuje) a na rozkmitanie
vzorky a indentora. Kinetickd energia dopadu indentora sa moZe ¢iasto¢ne
rozptylit na poruchach vo vzorke, ¢o je pravdepodobné pre keramiku.

V technickej praxi sa na meranie Shoreho tvrdosti pouziva Shoreho skle-
roskop. Sklada sa z vertikalnej kalibrovanej rurky, v ktorej sa pohybuje in-
dentor, ¢o je malé valcové teleso s hmotnostou m = 2,5 g zakoncéené na dol-
nom konci gul'ovito zabridsenym diamantom. Indentor vol'ne pada z vysky
hy = 25,4 cm, ktora je rozdelena na 140 dielikov (pre rovnicu (1)). Stupnica
pristroja je zvolena tak, Ze hodnota HSD = 100 zodpoveda tvrdosti kalenej
oceli [6].

Zrovnic (1) a (2) vidime, Ze merana veli€ina je vySka odskoku h;. VySka h, sa
odmeria raz a je spolo¢na pre vSetky merania. Odmerat vysku odskoku mo-
Zeme nepriamo, napr. nechame indentor dopadnut na vzorku dva krat
az doby medzi dopadmi mézeme tdato vysku vypocitat z rovnic volného
padu. Vpraci [3] je opisany pristroj, v ktorom indentor (ocelova kalena
gul'ka) dopada na Sikmo poloZenu vzorku a od nej sa indentor odraza vodo-
rovnym smerom a dopadne na makkd podlozku (napr. plastelinu, alebo
vlhky piesok), kde zanecha vtlacok. Z polohy vtlacku sa d& pomocou rovnic
vodorovného vrhu vypocitat veli¢ina h;, ktord sa dosadi do (1) alebo (2). Tato
aparatura je jednoducha a neobsahuje nijaké elektronické prvky.

Ciel'om tejto prace je navrhnuat a zostrojit pristroj na meranie Shoreho tvr-
dosti a urcit neistotu merania zostrojenej aparatury.

2 Characteristics of experimental tests

Aparatira pouzita v [3] nezodpoveda definicii vySky odskoku v Shoreho
skleroskope pri kolmom dopade indentora na vzorku po vol'nom pade. V uve-
denej aparatire indentor dopadne na vzorku $ikmo a méZe po nej skiznut.
Nie je zname ako tento kratky sklz ovplyvni vysledok merania. Preto sme sa
rozhodli pre aparaturu, kde by indentor dopadol kolmo na vzorku a odrazil
sa zvislo nahor. V tomto pripade musime mat elektronicky zaznam ¢asového
intervalu medzi dvomi zvolenymi udalostami.

Najjednoduchsie je zvolit' si okamih prvého dopadu indentora, v naSom pri-
pade ocel'ovej kalenej gul’ky s priemerom 5 mm, a okamih druhého dopadu
po prvom dopade. Blizko bodu dopadu sa umiestni mikrofdén a ten sa pripoji
k pocitacu. Experiment je riadeny programom vytvorenym v prostredi MAT-

12
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LAB. Program zaznamenava zvukovu stopu dopadov indentora so vzorkova-
cou frekvenciou 8000 Hz. Nasledne vyhl'ada prvé dve maxima intenzit zvu-
kového signalu, ktoré zodpovedajii prvym dvom dopadom indentora. Dal$im
spracovanim tychto udajov sa ziska doba medzi dopadmi a z nej vyska od-
razu indentora. Priklad zvukového zaznamu spolu s grafickym rozhranim vy-
tvoreného programu je vyobrazeny na obrazku 1.

Shore_GUL1_2 - bd
%R =R >

Measured signal Start measurement

[ingatictatie

Bounce height [cm]
1 12,6059

6000 7000 8000 9000 10000 11000 12000

Indentor weight[ma]  Intial height
Tem) Energy diference [mJ]

Clearing Factor Bounce height [em] Time between bounce [ms]

100 100 20 12.6080 728381 220625

Obrazok 1: Zvukovy zaznam prvych dvoch dopadov indentora.

Indentor je zachyteny pomocou elektromagnetu vo vyske hy, pozri obrazok 2.
Aby sa ocelovy indentor nezmagnetizoval, v elektromagnete pouzivame
striedavy prud. Po vypnuti elektromagnetu indentor dopadne na vzorku
a odrazi sa v zvislom smere do vysky h;a znovu dopadne na vzorku. Mikrofén
pripojeny k pocitacu zaznamena narazy indentora. Zaznam predstavuje po-
stupne tlmeny zvuk vydavany vzorkou.

Po odraze (prvy zvukovy impulz) indentor vystupi do vysky hf = gtz /2,
a znej dopadne opat na vzorku (druhy zvukovy impulz) pricom prejde ta
istd drahu. TiaZové zrychlenie je g = 9,81 m/s% Doba medzi zvukovymi im-
2
pulzmi je 2t = At, potom Ny =9(At)"/8 . po dosadeni do rovnice (2)
dostaneme
10* g(At)? At)? | (At)?
Hsc =10 980" _ 1gg 654 (A" _ 1 (AD°
65 8h, h, hy

Tu poznamenavame, Ze zo zvukového zaznamu timenych kmitov (obrazok 1)
je moZné urcit frekvenciu kmitania vzorky a koeficient vntitorného tlmenia.

(3)

13
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Ak ma vzorka tvar valca s kruhovou zakladiiou, alebo hranola s pravouhlou
zakladnou, potom je mozné zistit Youngov modul pruznosti. V tomto pripade
ide 0o metédu impulzného budenia mechanickych kmitov pouzivani na me-
ranie modulu pruznosti [7]. Takéto kombinované meranie bolo pouzité napr.
v [8] a pre rozsirenie moznosti aparatiry by mohli byt vyuzité skiisenosti

opisané v [9].
T fl

| |
v %

Obrazok 2: Schéma aparatury. A - stojan, B - vzorka, C - mikrofén,
D - indentor, E - elektromagnet.

3 Neistota merania

V sucasnosti sa presadzuje nahradenie chyby merania neistotou, ktora
zohl'adiuje aj zdroje chyb, ktoré nemaju pévod v ndhodnom rozptyle mera-
nych hodnot. Neistoty sa delia na dve skupiny - neistoty typu A (vyhodnocuju
sa na zaklade Statistiky opakovanych merani) a neistoty typu B (maja rézny
povod avyhodnocujii sa expertnym posudzovanim). Standardna neistota
meranej veliciny x; je [10]

S

4
UA(Xi): = ®

5
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kde s je smerodajna odchylka a n je po¢et merani. Ciselné hodnoty meranych
velicin, ktoré su Casovy interval (At) a vyska h, su v tabul'ke 1.

Tabul'ka 1: Neistoty typu A.

veli¢ina | priemer | Standardna odchylka u, (x,) rovnica (4)
t/s 0,304 0,0054 0,00121
hy / m 0,254 0,0002 0,000063

Ked'Ze nie je priama korelacia medzi meraniami tychto veliCin, plati rovnica
pre celkovu neistotu typu A

U, (SC) = AU (At) + AZu} (hy) (5)
Veliciny A, a 4, su citlivostné koeficienty definované ako parcialne derivacie
vztahu (3) podl'a meranych velicin. V (3) je Ciselny koeficient pochadzajuci
z vol'by stupnice tvrdosti a hodnoty tiazového zrychlenia a tento koeficient
nema vplyv na neistotu merania. Preto pri analyze neistoty merania ho ne-
budeme uvaZovat.

A= A(SC) _2(At) ~ 9(SC)  (At)?

] - - 2 .

O(At) h, oh, h

Po dosadeni priemernych hodnot z tabul’ky 1 ziskame citlivostné koeficienty
A;=2,393s/maA,=-1,432s*/m2
Neistoty typu B st spojené s citlivostou pristrojov a s vplyvmi rézneho po-
vodu, ktoré mézu ovplyvnit presnost merania. V naSom pripade je to od-
chylka od zvislého odskoku, odpor vzduchu a podskocenie vzorky narazom
indentora. Tieto vplyvy sa nedaju vyhodnotit' Statisticky. Ked'Ze tieto vplyvy
su vzajomne od seba nezavislé, celkova neistota typu B bude

s = | S AU X,). ?

Hodnota m znamena pocet zdrojov neistot typu B, x; je i-ta merana velicina.
Jedna skupina tychto neistot pochddza z meracich pristrojov. Ak sa pouziva
digitalny pristroj, potom

Ug (%) = MAE /+/3, 8)

kde MAE je maximalna pripustna chyba (je to dielik digitalneho pristroja). Ak
sa pouziva analdgovy pristroj, potom

(6)
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Us(x)=r/~12, )

kde r je dielik analégového pristroja. Druha skupina neistét typu B pochadza
z inych zdrojov, ktoré musi experimentator odhalit a vyhodnotit. Takéto
zdroje v naSom pripade mdZu byt

Vplyv odporu vzduchu: Vypoctovy vztah (3) bol odvodeny pre pohyb telesa
vo vakuu. Vplyv odporu vzduchu na dobu a rychlost vol'ného padu bol poci-
tany v [11]. Pri takej malej vyske h, akd pouzivame v naSom experimente sa
odpor vzduchu esSte neprejavi, a preto tento vplyv nebudeme uvazovat.

Vplyv sklonu vzorky: Ak nie je horny povrch vzorky vodorovny, indentor sa
odrazi $ikmo a zvisly vrh sa zmeni na Sikmy. Bez libely vieme nastavit' vodo-
rovnost vzorky s odchylkou 5°. Vypocet Sikmého vrhu s eleva¢nym uhlom
85° dava dobu Sikmého vrhu indentora o 0,3 ms kratSiu aka je pri zvislom
vrhu.

Vplyv podskocenia vzorky: Ak je vzorka len poloZena na podlozku, méze pri
dopade indentora podskocit. Na toto sa spotrebuje cast kinetickej energie
indentora. Nech mame kruhovu vzorku s priemerom 5 cm a hribkou 1 cm
z keramiky s objemovou hustotou 2,5 g/cm?3, t. j. hmotnost vzorky je 50 g. Ak
vzorka podsko¢i o 0,1 mm, nadobudne tym potencialnu energiu 5.107° ]. Toto
je strata energie, ktora sa prejavi v mensej pociato¢nej rychlosti odrazu in-
dentora. Tymto sa doba zvislého vrhu skrati o 7 ms.

Tabul'ka 2: Neistoty typu A a B.

Zdroi neistot T Citlivostny Standardna Au(x)
) y YP | Kkoeficient A; neistota u(x;) [s%.m]
1| Opakovatelnost A | 2393s/m | 121.10%s |289.10°
merania ¢asu
2| Opakovatelnost A | -1432%/m? | 6310°m | 9,0210°
merania vySky
3| Celkova neistota typu A, rovnica (5) 2,89.10°3
Casovy interval,
4| MAE =125 ps B 2,393s/m | 7,222.10°s | 1,73.10*
ug( 1) 12510 °/4/3
Vyska hy, r= 1 mm - \ .
5 w,(hy) 110 N B -1,432 s°/m 2,887.10™* m 4,13.10
6 | Podskocenie vzorky B 2,393 s/m -0,007 s -0,0167
7 | Sklon vzorky B 2,393 s/m -0,0003 s 0,00072
8| Celkova neistota typu B, rovnica (7) 0,0162
9| Kombinovana neistota, rovnica (10) 0,017
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Neistoty typu A a B st v tabul'ke 2. Kombinovana neistota je definovana po-
mocou neistot typu A a B

U, (SC) = /U2 (SC) +UuZ(SC) (10)

Rozsirena neistota je kombinovana neistota nasobena Cinitelom prekrytia,
ktory sa zvycajne voli rovny 2. To znamena, Ze spravna hodnota sa nachadza

v intervale SC + 2u_(SC) s pravdepodobnostou 95 %. Vysledok analyzy

neistot sa zapise ako
SC =SC+2u_(SC). (11)

Z tabul'ky 2 vidime, Ze kombinovana neistota je 0,017 s>.m a roz$irena neis-
tota je 0,034 s2.m. Strednt hodnotu Shoreho tvrdosti (¢iselny koeficient
k =1) ziskame zo strednych hodnét casového intervalu At a vysky hy, ktoré
si v tabulke 1, t. j. 0,364 s2.m. Relativna roz$irena neistota merania Shoreho
tvrdosti na zostrojenom pristroji je 9,3 %.

4 Zaver

Bol navrhnuty a skonstruovany skleroskop na meranie tvrdosti keramiky
podl'a Shoreho metédy. Indentor je ocel'ova kalend gulka priemeru 5 mm,
ktora dopada vol'nym padom z vysky h, na vzorku a od nej sa odraza do vysky
h;. Tato vyska je merand nepriamo cez dobu medzi dvomi dopadmi indentora
na vzorku. Dopady su registrované mikrofénom. Program v MATLABe sluzi
na vypocet Shoreho tvrdosti z ¢asového rozdielu medzi dopadmi indentora.
Analyza neistot vzala do uvahy reprodukovatelnost merania, citlivost pri-
strojov, odpor vzduchu, odklon roviny vzorky od vodorovnej hladiny a ener-
giu na rozkmitanie vzorky. Relativna roz8irena kombinovana neistota mera-
nia tvrdosti na opisanom skleroskope je 9,3 %.

Experimentdlne vysledky pre tento prispevok boli dosiahnuté
v ramci projektu podporovaného grantom VEGA 1/0162/15.
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SPEKTRALNA ANALYZA JESENNYCH LISTOV
S IMPLEMENTACIOU SKOLSKEHO MERACIEHO
SYSTEMU

Zita JENISOVA, Jana BRANISA, SK

SPECTRAL ANALYSIS OF AUTUMN LEAVES DETERMINED BY
SCHOOL MEASUREMENT SYSTEM

Abstract: The autumn is the season of the year which is closely connected with
the visualization or different colour spectra ranging from strong red through
brown, orange up to yellow. Where is the green color of leaves lost? What pig-
ments replaced the green dye? Answers to these and other questions related to
colours of autumn are presented in the following paper. We are presenting ex-
periment of everyday chemistry which is realized with implementation of digital
technologies, specifically Vernier school measuring system - with an interface
spectrophotometer connection. The experiment is addressed to students of nat-
ural sciences subjects at secondary school or university. The aim is to increase
scientific and mathematical key competence by means of reading and interpreta-
tion of graphical outputs for leaves samples containing various colour pigments,
e.g. chlorophyll a chlorophyll b, anthocyanin, carotenes etc. Qualitative measure-
ments are carried out on samples of colourful autumn leaves using optical meth-
ods of the analysis. Particularly we focused on the analysis and interpretation of
visible absorption spectrum. The proposal is designed to ensure the development
of higher levels of understanding and the natural thinking of students.

Keywords: spectrometer, pigments, autumn leaves, school measuring system.

1 Uvod

Studenti ako nastupujiica generacia, ktora bude musiet vykonavat’ délezité roz-
hodnutia sa musi naucit prirodné vedy pochopit a ocenit vysledky a dopady,
ktoré maju na nas kazdodenny Zivot a na svet v ktorom Zijeme. Tym rozvinu
svoju schopnost aplikovat prirodné vedy a ziskat' v tychto odboroch hlbsie po-
rozumenie, a to vd'aka prepojeniu s beznou realitou a aj so svetom prace. Ked' si
Studenti uvedomia relevanciu prirodnych vied, vytvara sa u nich voci tymto vyu-
¢ovacim predmetom aj pozitivny vztah.
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2 Badatel'sky orientovana vyucba

Pred viac ako dvomi desatrociami sa vzdelavacou reformou nastavili nové prio-
rity vzdelavania a do modernych vzdelavacich programov prirodovednych pred-
metov sa dostavaju prvky ucenia sa objavovanim a badanim. Badanie predsta-
vuje celé spektrum cinnosti, ktoré je inSpirované vedeckymi vyskumnymi po-
stupmi. Didaktickd komunita definuje badanie ako proces identifikacie otazok
a kontinualneho hl'adania odpovedi a vysvetleni, pri ktorom sa vyuziva kritické,
logické a tvorivé myslenie [1, 2]. Do popredia pri vyucovani sa dostavaja prvky
konStruktivizmu a uprednostiiuje sa proces zvySovania kognitivnych schopnosti.
Pocas tradi¢ného pristupu vyucovania nie st Studenti zvyknuti zasahovat do vy-
kladu, nedavaju pedagégom otazky, skor sa zameriavaji na proces naucenia sa
a memorovania ziskanych vedomosti. Po dlhodobom tradi¢cnom vyucovani, ne-
moZeme ocakavat od ziakov, Ze budd schopni samostatne okamzite navrhnut, ¢i
realizovat’ skiimanie so vSetkym, €o k tomu patri. Rozvijanie badatel'skych zruc¢-
nosti u Studentov nie je jednoduché. Implementacia badatel'skych aktivit je po-
stavena na predpoklade, Ze pedagbgovia, maju skiisenosti s realizaciou badatel-
skych aktivit. Prakticka schopnost robit' experimenty a analyzu dat je zvycajne
ziskana dlhodobou praxou zameranou na realiziciu laboratérnych cviceni a z nej
vstrebanymi skidsenostami.

Absentujice skusenosti s badatel'skymi aktivitami, m6zu byt jednou z vaznych
prekazok nerealizacie badatel'skych aktivit so Studentmi pocas ich pedagogicke;j
praxe. Na Katedre chémie UKF v Nitre sa uZ niekol'ko rokov venujeme inovacii
experimentov. Pracovné postupy modifikujeme a v¢letiujeme do nich grafické vy-
hodnotenie nameranych dat [3, 4, 5, 6]. Nasou snahou je, aby primarnym ciel'om
laboratérnych cvi¢eni nebolo len mechanické precitanie a nasledné zrealizovanie
pracovnych postupov experimentov, ale predovsetkym rozvijanie vyssich drovni
kognitivneho myslenia u Studentov.

2.1 Poc¢itacom podporovany experiment

Mnohé z vyskumov zameranych na implementacia informac¢no-komunikacnych
technolégii do vzdelavania potvrdzuju, Ze pocitace mozu byt pri spravnom vcle-
neni i¢innym nastrojom rozvijania vyssich urovni kritického myslenia Studentov
vd'aka svojej interaktivite a okamzitej spatnej vazbe [7, 8, 9].

Chemicky experiment ma nezastupitel'nu tlohu vo vyucovani chémie a je jednou
z ciest ako odstranit formalizmus vo vyucovani. Je zabavnym nahliadnutim do
Struktury latok a tajov mikrosveta. Experimentovanie vedie Studentov k objave-
niu problému a formulovaniu hypotéz. Touto metédou nadobudaju vedomosti
a vytvara sa u nich zasoba zmyslovych skiisenosti do d’alSieho ucenia, resp. Zivota
[10].
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Spojenim modernych technoldgii a Skolského chemického experimentu s imple-
mentaciou Skolskych meracich systémov sa otvaraju dvere inovativnemu spo-
sobu interpretacii vedomosti na vSetkych drovniach $kél. Laboratérne cvicenia
su z pohl'adu studentov Casto kritizované za to, Ze pracovné postupy su predpi-
sané, neosobné, chyba im prileZitost pre subjektivne rozhodnutie a kreativitu.
Pocas laboratérnych cviceni ¢asto opakuju relativne bezvyznamné zrucnosti [11,
12]. Studenti by mali manipulovat' s réznymi meracimi nastrojmi, zhromazd ovat
data a analyzovat ich vo svetle uz ziskanych i novo nadobudnutych vedomosti.

V predkladanom prispevku prezentujeme Skolsky experiment, v ktorom vyuzi-
vame analyticku optickd metédu UV-vis spektrofotometriu, realizovanud na skol-
skom meracom systéme Vernier s interfejsom spektrometrom. Konkrétne sa za-
meriavame na sledovanie obsahu pigmentov v rastlinnych vzorkach - listoch
stromov, sfarbenych vplyvom vegetacnych obdobi.

Tento experiment mdZze byt implementovany do vyucovania ako riadeny bada-
tel'sky experiment, kde pedagdg prezentuje Studentom problém s jasne formulo-
vanymi ulohami.

3 Farba jesennych listov

Kazdu jesen sa na severnej Casti pologule stromy zhadzuju listie a pripravuju sa
na zimu. Nadherny farebny vzhl'ad opadavajiceho jesenného listia je vysledkom
synchronizovanej transformdcie listovych farbiv. Tieto farebné zmeny ku ktorym
dochadza v priebehu starnutia listov s priamo imerné koncentracii pigmentov
v listoch. V letnych mesiacov, ked' je dostatok slne¢ného svetla si dominujticimi
pigmentmi zelené chlorofyly. Molekuly chlorofylu patria do skupiny porfyrino-
vych derivatov, ktorych hlavny skelet je tvoreny zo Styroch pyrolovych kruhov
obsahujucich v strede ién horcika. Vyssie rastliny obsahujt dva druhy chlorofy-
lovych pigmentov - zelenomodry chlorofyl a a zelenozlty chlorofyl b. Chlorofyl
a pohlcuje ¢ervené a fialovomodré svetlo z viditel'nej oblasti slne¢ného spektra.
Chlorofyl b, ktory sa svojou Strukturou len nepatrne lisi od chlorofylu a, absorbuje
modré a oranzovocervené luce svetelného spektra [13].

Prvym viditenym znakom degradacie chlorofylov je Zltnutie listov. Cesta degra-
dacia chlorofylov je pomerne dobre znama. Jej prvym krokom je odstranenie fy-
tolového chvosta. Tento dej je katalyzovany enzymom chlorofylaza transformu-
juca chlorofyl na fytol a chlorofylidin. Nasledne je odstraneny centralny atém
hor¢ika a chlorofylidin sa konvertuje na feoforbid [14]. Degradacia chlorofylov je
vel'mi ddlezitd pocas starnutia listov a dozrievania plodov, pretoZe umoziuje
v prirode recyklaciu dusika a d'al$ich Zivin. TieZ chrani rastlinu pred nahromade-
nim fototoxickymi chlorofylovych medziproduktov [15]. ZIté aZ oranZové sfarbe-
nie jesenného listia suvisi s pritomnostou karotenoidov v listoch, ktoré boli do-
vtedy ,maskované“ dominujtcimi zelenymi chlorofylmi. Proces degradécia chlo-
rofylov a karotenoidov zacina v rovnakom obdobi, avsak u chlorofylov prebieha
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rychlejsie. Napriklad v Zltych listov osiky sa obsah chlorofylovych pigmentov
zniZi o0 75 %, hladina karotenoidov len o 50 % v porovnani s obsahom fotosynte-
tizujdcich pigmentov pocas vegetacného obdobia [16].

Cervené zafarbenie jesenného listia je vysledkom de-novo syntézy antokyaninov
[17]. Antokyaniny, starSim nazvom antokyany, su ¢lenmi skupiny flavonoidov
syntetizovanych v cytoplazme, ktoré st nasledne transportované do vakuol [18,
19]. Na rozdiel od chlorofylov a karotenoidov, antokyaniny sa nepodiel'ajt na fo-
tosyntéze. Tieto pigmenty pomahaju chranit listové tkanivo proti nadmernému
slne¢nému Ziareniu, ktoré ho moze poskodit. Nedavna stidia poukazala, Ze anto-
kyaniny nemaju priamy fyziologicky vyznam pre rastliny, ale pdsobia skor ako
,farebné odpudzovace* bylinozravcov [20].

3.1 Realizacia experimentalnej ¢innosti
Pedag6g podnieti v triede diskusiu otazkou:

o Ktoré rastlinné pigmenty davaju listom charakteristické zafarbenie?
e Preco su povodne zelené listy na jesen roznofarebné?

‘ Pre£o st listy na jecseii pekne farebné? |
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Obrazok 1: Ukazka pracovného listu.

Na zaklade diskusie maju Studenti vyslovit rézne hypotézy, ktoré si budu nasle-
dujucim redlnym experimentom prepojenym so Skolskym meracim systémom
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overovat. Tak zistia, Ze vysledné zafarbenie listov zavisi od koncentracie jednot-
livych druhov pigmentov v rastlinnych vzorkach. Pocas realizacie badatel'skej ak-
tivity Studenti pracuju v dvojclennych skupinéch.

Navod realizovaného experimentu je vypracovany formou pracovného listu (ob-
razok 1), ktory obsahuje okrem zakladnych poloziek ako su: pouzity material
a pomdcky, pracovny postup i sibor zadani na uvedenie Studenta do problema-
tiky stanovenia farbiv. Skladba pracovného listu je zostavena tak, aby Student sa-
mostatne vedel vyvodit zavery podloZené dokazmi a interpretovat ich. Po vypra-
covani prvotnych tuloh a ziskani zdkladnych informacii sa prechadza k samostat-
nym aktivitam, ktoré vedu k realizacii pokusu. Neodmyslitel'nou stcastou uve-
deného procesu su aktivity spojené s interpretaciou experimentalne ziskanych
vysledkov. Su poprepajané s tilohami a zadaniami na interpretaciou grafov, ¢im

R

u Studentov podporujeme rozvoj matematickej klicovej kompetencie.
Uloha 1: Priprava rastlinnej vzorky.

Postup: Rastlinné vzorky Studenti zhomogenizuju v trecej miske, odvazia (nava-
zok je priblizne 0,1 g) a po pridani extrakéného rozpustadla (20 ml rozpuistadla)
nechaju extrahovat 20 minut (obrazok 2). Extrakciu mozu zefektivnit' pretrepa-
vanim vzorky. Po ukonceni extrakcie zmes prefiltruju.

L

Obrazok 2: Ukazka pripravy rastlinnej vzorky.

- +20ml zhomogenizujeme
U rozpustadla

Uloha 2: Zmeranie spektra pripravenych vzoriek.

Blank  Vzorka

500 600
Wavslength (nm)

Obrazok 3: Schéma merania spektier.

Postup: Spektrum filtratov vzoriek si Studenti zmeraji na $kolskom meracom
systéme Vernier (obrazok 3) v rozpati vinovych dlzok 360 - 780 nm.
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Ciastkové ulohy $tudentov v tejto ¢asti experimentovania si okrem merania
spektier spojené priamo so sledovanim priebehu chemického deja, kde uz na
prvy pohl'ad mozno zaregistrovat farebnu odliSnost ziskanych vzoriek z listov.
Namerané spektra (obrazok 4) porovnavaju z niekol'kych hladisk. Studenti po-
rovnavali intenzity spektier vo viditel'nej oblasti, kde sa nachadzaju a akd im pri-
sliicha vinova dizka.

Z vysledkoch jednotlivych experimentov moézu dospiet k vSeobecnym zaverom
o degradacii vybranych pigmentov vplyvom vegeta¢ného obdobia. Porovnava-
nim absorp¢nych spektier sa rozvija u Studentov pochopenie vztahu medzi
Struktirou a vlastnostami latok (zmena Struktury molekuly vyvolava zmeny ab-
sorp¢ného spektra latok).

~
zelenylist

\\ I

1,0 -

Abs

o5
i \\\ﬂ o cervenylist (B8

0,0 _|

I T T
400 500 600
Wavelength (nm)

Obrazok 4: Spektra jesennych listov.

3.2 Alternativne pristupy k realizacii experimentov

1. Pri realizacii experimentu moéZe Studenti vyuZivat rozne rozpustadla
(voda, alkoholy a iné).

2. Experimentdlne data m6Zu Studenti vyhodnotit' i kvantitativne. Mnoz-
stvo pigmentov vo vzorkach vypocitajua tak, ze odc¢itaju zodpovedajice
hodnoty absorbancii pre jednotlivé druhy pigmentov (napr. pri
663 nm - chlorofyl a; pri 644 nm - chlorofyl b; pri 536 nm - antokya-
niny a pri 470 nm - karotenoidy) [21]. S vyuZitim prisluSnych rovnic
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pre dany typ extrakéného rozpustadla vypocitaja podl'a pokynov peda-
gbdga mnozstva pigmentov.

3. Vpripade, zZe Skola nedisponuje Skolskym meracim systémom alebo
spektrometrom, je mozné realizovat experiment formou alternativnej
analytickej met6dy, kde zhomogenizované vzorky listov analyzuju Stu-
denti chromatograficky.

4 Zaver

Implementacia metédy objavného vyucovania je pre vyucujuceho ¢asovo na-
roc¢na. Je to zlozita praca spojena s tvorbou podkladovych materialov. Pri koncep-
cii sa musia zohl'adiiovat myslienkové procesy Studentov, ich vedomosti a zruc-
nosti. Tato praca ma ale zmysel, lebo Studenti samostatnou pracou s informa-
ciami v kombindcii s prirodovednym experimentom ziskavaji vedomosti a zruc-
nosti trvalého charakteru.

Praktickym prinosom realizovaného experimentu je viacero aspektov. Jednym je
rozvoj matematickych kompetencii - praca s grafickymi datami, porovnavanie
grafickych zobrazeni, vypocet mnoZstva pigmentov v pouzitych vzorkach. Dru-
hym je sebareflexia Studentov pri postupnom ziskavani ¢iastkovych informacii
a ich skompletizovani do korektnych vysledkov.

Tdto prdca bola podporovand Agentiirou na podporu
vyskumu a vyvoja na zdklade Zmluvy ¢. APVV-15-0368.
Tdto prdca bola podporovand firmou PMS Delta s. r. o. Michalovce.

References

1. HELD, L. a kol. K terminologickym otdzkam metodoldgie vyskumu v prirodovednom
vzdeldvani. Vyskumne ladend koncepcia prirodovedného vzdeldvania. Trnava: Pe-
dagogicka fakulta Trnavskej univerzity v Trnave 2011. S. 138. ISBN 978-8082-
-486-0.

2. GANAJOVA, M. - KIMAKOVA, K. - JESKOVA, Z. - KIRES, M. - KRISTOFOVA, M. 2012.
Metdda aktivneho badania vo vyucbe prirodnych vied. In Aktudlne trendy vo vyu-
covanfi prirodnych vied. Trnava: TU, 2012. Pp. 114-119. ISBN 978-80-8082-541-6.

3. BRANISA, J. - JENISOVA, Z. - JOMOVA, K. VyuZitie digitalnych technolégif pri sta-
noveni prirodnych farbiv. In Aktudine trendy vo vyucovani prirodnych vied.
Trnava : TU, 2012. ISBN 978-80-8082-541-6, s. 189-194.

4. BRANISA, J. - JENISOVA, Z. - JOMOVA, K. Pigment profile of Olive Oils Determined
by School Measurement System Labquest and Spectrometer. In Journal of Tech-
nology and Information Education. Vol. 6, No. 2, 2014, pp. 71-80.

5. JENISOVA, Z. - BRANISA, J. - MELUSOVA, J. Implementation of Inquiry-based
Learning Supported by Digital Technologies in Courses of Professional Develop-

25



XXX DIDMATTECH 2017, TRNAVA UNIVERSITY IN TRNAVA, FACULTY OF EDUCATION

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

ment for Chemistry Teachers. In ICAICTE 2013: International Conference on Ad-
vanced Information and Communication Technology for Education. Atlantis Press,
2013.ISBN 978-90786-77-79-6, pp. 237-241.

JENISOVA, Z. - BRANISA, J. - JOMOVA, K. Rastlinné pigmenty a ich degradacia
vplyvom spal'ovania PVC. In ChemZi. Ro¢. 10, ¢. 2,2014. S. 48-49. ISSN 1336-7242.
BRESTENSKA, B. a kol. Premena skoly s vyuZitim informaénych a komunikacnych
technoldgii, VyuZitie IKT v danom predmete: spolo¢nd cast. Vydavatel'stvo ELFA,
Kosice, 2010. ISBN 978-80-8086-143-8.

ROSCHELLE, J. M. - PEA, R. D. - HOADLEY, CH. M. - GORDIN, D. N. - MEANS, B. M.
Changing How and What Children Learn in School with Computer-Based Technol-
ogies. In The Future of Children and Computer Technology. Vol. 10, No. 2, 2000.
Pp. 76-101.

BRANISA, J. - JENISOVA, Z. The use of computer aided experiment in enhancing
the ability of students to understand the graphical presentation of chemical pro-
cesses. In Procedia - Social and Behavioral Sciences: WCES 2015. Pp. 2229-2235.
ISSN 1877-0428.

BRANISA, J. - JENISOVA, Z. - PUCHEROVA, Z. Digital technologies and Solubility of
CO2 in the Water. In Media4u magazine. Ro¢. 8, ¢. 3,2011,s. 177-183.ISSN 1214-
-9187.

MEESTER, M. A. M. - MASKILL, R. First year chemistry practicals at university in
England and Wales: aims and the scientific level of the experiments. In Interna-
tional Journal of Science Education. Vol. 17, 1995a. Pp. 575-588.

MEESTER, M. A. M. - MASKILL, R. First year chemistry practicals at university in
England and Wales: organizational and teaching aspects. In International Journal
of Science Education. Vol. 17, 1995b. Pp. 705-719.

MLODZINSKA, E. Survey of plant pigments: molecular and environmental deter-
minants of plant colors. In Acta Biologica Cracoviensia. Series Botanica. Vol. 51,
20009. Pp. 7-16.

ECKARDT, N. A. A New Chlorophyll Degradation Pathway. In Plant Cell. Vol. 21,
No. 3,2009. Pp. 700.

HORTENSTEINER, S. Degradécia chlorofylu v priebehu starnutia. In Annu. Rev.
Plant Biol. Vol. 57,2006. Pp. 55-77.

KESKITALO, J. - BERGQUIST, G. - GARDESTROM, P. - JANSSON, S. A Cellular Time-
table of Autumn Senescence. In Plant Physiol. Vol. 139, No. 4, 2005. Pp. 1635-
1648.

MATILE, P. Biochemistry of Indian summer: physiology of autumn leaf coloration.
In Exp. Gerontology. Vol. 35, 2000. Pp. 145-158.

MARRS, K. A. - ALFENITO, M.R. - LLOYD, A.M. - WALBOT, V.: A glutathione
S-transferase involved in vaculolar transfer encoded by the maize gene bronze-2.
In Nature. Vol. 375, 1995. Pp. 397-400.

GHOSH, D. - KONISHI, T. Anthocyanins and anthocyanin-rich extracts: role in dia-
betes and eye function. In Asia Pac J Clin Nutr. Vol. 16. No. 2, 2007. Pp. 200-208.
ARCHETTI, M. The origin of autumn colors by coevolution. In / Theor Biol. Vol. 205,
2000. Pp. 625-630.

26



XXX DIDMATTECH 2017, TRNAVA UNIVERSITY IN TRNAVA, FACULTY OF EDUCATION

21. TAULAVUORI, K. A simple method to visualize the mechanism why Alnus gluti-
nosa remains green during autumn colouration of Sorbus aucuparia. In Trees.
Vol. 20, Issue 1, 2006. Pp. 28-33. DOI: 10.1007 /s00468-005-0009-3.

Reviewed by: prof. RNDr. FrantiSek Petrovic, PhD.

Contact address

doc. PaedDr. Zita Jenisova, PhD.
Katedra chémie, FPV UKF Nitra, Tr. A. Hlinku 1, 949 74, Nitra
E-mail: zjenisova@ukf.sk

27



LOGISTICKY RETEZEC A JEHO FUNKCNOST
V LOGISTICKEM SYSTEMU

Miroslav MERENDA, CZ

LOGISTICS CHAIN AND ITS FUNCTIONALITY IN LOGISTIC
SYSTEM

Abstract: For practical reasons, the logistic system can be considered as
a special type of system - as multi-system - set systems defined on one lo-
gistic object per various criteria. These systems cannot be examined inde-
pendently but only in their context and from the visual angle of synergistic
understanding of the final effect at the level of the multisystem as a complex.
The parts of the logistics chain may act as subsystems, i.e. parts of the logistic
system, whose elements interact more with each other than with other ele-
ments of the system, and at the same time they perform a relatively autono-
mous function in the logistic system.

Keywords: Logistic system, synergy effect, logistics chain, potential of logis-
tics performances.

1 Uvod

Logisticky retézec chapeme jako jednotu hmotné a nehmotné stranky, pfi-
¢emz hmotna stranka spociva v premistovani véci (surovin, zdkladniho a po-
mocného materialu, nakupovanych dili, nedokoncenych a hotovych vy-
robkd, oballi a odpadti), popft. energie nebo osob a nehmotna stranka spociva
v premistovani informaci potfebnych k tomu, aby se premisténi véci, energie
¢i osob mohlo uskutecnit.

Logisticky retézec je vizan na konkrétniho zakaznika, vyrobek, druh ¢i sku-
pinu vyrobki, nebo obecné - na konecny efekt.

2 Characteristika logistického retézce

Logisticky tetézec je slozen z dil¢ich materidlovych, informacnich aj.
toki, které probihaji mezi riznymi €lanky (podsystémy) ve vyrobé, v do-
pravé a zasilatelstvi, v obchodé - obrazek ¢. 1. Cesty (kandly), po nichZ se po-
hybuji suroviny, materialy, vyrobky a dalsi prvky vécné povahy a cesty po-
hybu informaci nemusi propojovat tytéz ¢lanky, mohou byt prostorove i ¢a-
sové diferencovany. Za €lanky logistickych Fetézcii povazujeme napi-.:
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e Ve vyrobé: tovarny, resp. Dilny, vyrobni linky, sklady surovin, materialg,
nakupovanych dild, vyrobni a montazni mezisklady, montazni linky,
sklady hotovych vyrobki

o V dopravé: terminaly a pirekladisté, Zelezni¢ni stanice, namoini a ri¢ni
ptistavy, letisté aj.

o V obchodé: velkoobchodni sklady a maloobchodni prodejny.

Pro uspokojeni hmotnych potreb jsou rozhodujici materialové toky a z nich
slozené tetézce. Materidlovy tok je pohyb materiidlu ve vyrobnim procesu
nebo v obéhu, provadény pomoci manipula¢nich, dopravnich a pomocnych
prostredki a zafizeni cilevédomé tak, aby material byl k dispozici na da-
ném misté, v potifebném mnozstvi, v pozadované dobé a s predem urce-
nou spolehlivosti.

[ Panovant o
‘ < | < 7‘!7 2 < | -

I | LLELAL L (s /N | -

PO
v \/
v \

\ | v

DODAVATELE}——» — [[VYROBA } > » [ ZAKAZNICI |

Obrazek 1: Zjednodus$ené schéma materidlového a informaéniho toku.

3 Funkcnost procesnich logistickych retézci

S prihlédnutim ke skutecnosti, Ze vyvojovy trend se odklani stale vice od kon-
kurenc¢niho pojeti logistiky ve prospéch logistiky partnerské, stava se model
procesniho Fetézce Gcinnym nastrojem pro planovani jak novych systémi
vyrobni i nevyrobni povahy, tak pro jejich restrukturalizaci nebo i drobna
zdokonaleni, kde jsou rozhodujici tzv. potencialy logistickych vykoni - obra-
zek ¢. 2.

Logistika zabezpecuje a ridi pohyb objektl (napt. vyrobkd, palet, zakazek aj.)
pres dil¢i procesy procesnich retézct. V jednotlivych procesech probihaji
transformace objektd, tj. obrabéni, skladovani, manipulace, kontrola apod.
Mezi procesy dochazi k vyméné materialt (hmot, latek) a informaci. Ukolem
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logistiky je integrované hmotné a informacni toky ovladat. Funk¢nost vy-
meénnych procest v procesnim Fetézci ovliviiuje trvale kvalitu logistiky.

A

VK - vytizpni kapaeit——
/D"‘“’“’ SDT - spolehlivost dodrzovéni

/\ termint T
g / PD - pritb&Zné

doba
Optimalni]
= rezim
P
>
logistické vykony

Obrazek 2: Potencialy logistickych vykon.

Procesni retézce tak zobrazuji hmotné a informacni toky a umoznuji vizuali-
zaci vSech ¢innosti potirebnych k fizeni urcité zakazky. Pro tento ucel se defi-
nuji dil¢i procesy, jejich posloupnost a parametry (material, manipulaéni jed-
notky a prostredky, informacni toky atd.) pfi vyrizovani zakazky. Procesni
Fetézce by se mély planovat adresné (jmenovité) pro urcity produkt nebo
jeho Casti, pricemz je nutné dil¢i procesy svédomité definovat a ridit se urci-
tymi pravidly. Prvoradym poZadavkem je kvantifikace relevantnich logistic-
kych ukazateld:

e velikost zasob,

e priibézné doby,

e pravdépodobnosti dodrzovani termind,

e vytiZeni kapacit,

o vytiZzeni jednotkovych nakladu.
Rozhrani mezi jednotlivymi subjekty procesi zobrazuji v modelu ,zdroje“
a ,spotiebice”. Na subjekty procest budeme pohliZet jako na ,,dodavatele“
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a ,odbératele” (,zakazniky*“). V obrazku ¢. 3 bude tedy n-ty proces dodava-
telem a n + 1-ni proces zakaznikem. Proces n zasobuje proces n + 1 materia-
lem. Nutnou podminkou dodavek materialu vsak je predchozi dodani infor-
mace z n+1 do n poZadujici specifikovanou dodavku materialu. Po prevzeti
této zakazky doda proces n procesu n+1 pozadovany material podle pred-
chozi specifikace, pricemz jsou objekty hmotného toku doprovazeny infor-
macemi prostfednictvim vhodnych nosi¢i informaci samolepkami s ¢aro-
vym kédem, magnetickymi prvky apod. Vedle toho musi byt predavany dalsi
informace, jako napt. potvrzeni prijmu, reklamace aj.

Obrazek 3: Model procesniho Fetézce.

Kazdy proces tedy vystupuje v procesnim retézci jak ve funkci zakaznika, tak
ve funkci dodavatele a musi zvladnout celou fadu dil¢ich vyménnych pro-
cesl - prenost, které maji charakter obchodnich procesi. Logisticky model,
ktery ma umoziovat hodnoceni jakosti procesnich retézcti a odkryt potenci-
alni rezervy zdokonaleni a zlepSeni stavajictho stavu, musi byt schopen vza-
jemné vztahy mezi dodavatelem a odbératelem kvantifikované popsat. Uve-
deny model tyto pozadavky spliuje.

Odvozeni potenciali

Z hlediska logistickych cili mohou byt procesni retézce, popt. jejich ¢lanky
ovlivnény pouze Ctyimi faktory:

® procesy,
e Fizenim,

e strukturou,
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¢ prostredky.

Z téchto cCinitell lze odvodit soubor 15 potencial(, které jsou stavebnici stra-
tegického logistického planovani. Subjekty procest jsou charakterizovany:

1. Odbérateli (zakazniky, spotiebiteli)
2. Dodavateli (zdroji)

Rizeni v sobé zahrnuje:
3. Normativy
Administrativu
Dispozice
Sité (informacni a komunikacni)

N o s

Vedeni (ovladani)

Prostredky piredstavuji:
8. Personal
9. Plochy
10.Zasoby
11.Pracovni prostredky
12.Pomocné prostiedky
13.0rganizacni prostredky

Struktura je reprezentovana:
14.0rganizacni strukturou
15.Komunikaéni strukturou.

4 Zavér

Ma-li byt dosazeno spolehlivé stability procesnich retézct, ktera je nezbyt-
nym predpokladem tdspéchu podniku na trhu, je nutné trvalé a systematické
zdokonalovani procesnich retézcti cestou zlepSovani jednotlivych ¢lanka s ci-
lem dosahnout globalné ekonomickych efekt a upevnéni pozic podniku na
trhu. V praxi to znamena neustalé zvySovani jakosti ve vSech oblastech a na
vSech trovnich podniku, zvySovani produktivity a snizovani nakladt.
Pfedpokladany model je vhodnym a nezbytnym nastrojem, ktery umoZziiuje
provadéni nezbytnych analyz a exaktni stanoveni vSech informaci potreb-
nych pro planovani, realizaci, fizeni provozu a kontrolu vSech ¢lankd proces-
niho fetézce. M€l by se stat soucasti kazdodenniho Zivota managementu pod-
niku.
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ROBOT, FUTURE INDUSTRIAL PRODUCTION AND
EDUCATION

Peter KOVACIK, SK

Abstract: At present, when there is absence of qualified manpower, it is
needed to realize production by automatic and robotic production lines. Ro-
bots, as technical apparatuses consist of parts that belong to different spe-
cializations: machine industry, electrical engineering, electronics, automa-
tion, information and communication technologies and management also.
Successful encompassment of Industry 4.0 is possible only with suitable level
of education at all specializations, so that development, production process,
maintenance and other related activities are provided by qualified special-
ists. This is reason why article is concerned to characterization and universal
conception of robot from view of required structure of education. It is neces-
sary to dedicate optimal attention to this approach, because it will guarantee
qualification structure of specialists for future expansion of production pro-
cess at following periods.

Keywords: robot, education, production process, specialist.

1 Introduction

Massive deficiency of manpower at different spheres, mostly at industry,
makes itself felt in Slovakia at present time. In respect of orientation of in-
dustry, mostly to production of automobiles and their parts, there is needed
qualified manpower with knowledge and skills at sphere of: machine indus-
try, electrical engineering, electronics, chemistry, information and communi-
cation technologies and other technical specializations. Advanced rising gen-
eration goes to study and stays to work abroad within the frame of free la-
bour market. Elderly, knowing population with expert knowledge goes into
pensionable age and leaves production process. Question, how to supply pro-
duction process rises because of it. There is:

¢ Possibility to import workers from foreign countries - usually from less-
-developed countries

¢ Possibility to supply production process by automation - that means
mostly by technical equipment.

Which possibility is better for Slovakia?

34



XXX DIDMATTECH 2017, TRNAVA UNIVERSITY IN TRNAVA, FACULTY OF EDUCATION

2 Robot
Robot can be imagined by different persons differently (Figure 1).

Figure 1: Visualization of robot by different peoples.

Robot has different shape, dimension and execute different actions at pre-
sent. Usually, it is not a machine which evokes shape of human - humanoid,
but it has structure assimilated to execute assigned tasks. At present, robots
with several degrees of freedom (usually six) predominate, made by different
producers: KUKA Roboter, ABB Robotics, REIS and numbers of other. Degree
of freedom means possibility of robot to rotate round relevant axis. Interac-
tion of separate rotations around axes creates final movement of working de-
vice that robot uses for specific working operation.

Figure 2: The scheme of rotation around the individual axes.
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Separate operations should be done with defined requirements, as:

¢ Speed of movement on trajectory doing separate working operations and
locomotion

o Accuracy of movement during working and locomotion also

¢ Load capacity in connection with the carried weight

o Acceleration and deceleration with material of different weight and shape
e Ability to communicate with other technological devices

¢ Quality of communication with human and many other.

Not easy task is determination of robot movement in dependence of weight
of transferred segment because length of robot arm is changing in depend-
ence of it. Considering safeness, it is important to know maximal radius of
robot at different directions, as it is shown in Figure 3.

a) vertical b) horizontal

Figure 3: Maximal radius of robot arm (an example).

Safeness is important parameter because it protects:
o Workers against work injury;
¢ Robot itself against crash;
o Elaborated material again devastation.

Each of mentioned possibilities causes considerable financial, material and
time loses.

3 Education for robots using

Upper mentioned creates motive for qualitative theoretical and practical ed-
ucation destined towards good mastery of all acts that relate with control of
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robot at manual and automatic regime. It is not easy task, because in activity
of robot intersects different specializations:

e Machine industry: robot consists of many parts - arms, gear boxes, bear-
ings, tentacles and others that allows its mechanical movement. Integral
part of robot is pneumatic system for: to improve dynamics of robot
movement and actuation of some parts of robot.

e Electrical engineering and electronics: robot is driven mostly by electric
motors with different performances that are relatively big.

POWER ‘-
SUPPLY e, oL
— CONTROL ELECTRIC
ACTOR
<] SYSTEM CONVERT Mook
t .
D
’
SENSOR 1
)
{SENSOR 3

Figure 4: An example of robot control.

e Motors must provide very precise movement of robot that are achieved
by complex automatic control circuits that belongs to field of automation:
sensors, signal converters, multiple-circuit control that works with differ-
ent physical parameters as: trajectory, velocity, torque, etc. Output con-
trol signal controls power converters that realize drive of motors.

Computing technology: precision control of robot movement with precise
of 0.1 mm and with velocity for example 2 m/s is not possible without
powerful computer. Computer is working at real time on the base of pro-
gram, signals from production process and signals about actual status of
robot.

Information and communication technologies: there is accentuate to com-
munication among separate robots and other technological units, human
and surround world in terms of possibility to control robot from any place
in the Earth, at present time. Because of it there has to be guaranteed high
quality, high speed, and solid communication of a robot. Communication
is necessary from view of safety, so that do not originate crash of separate
technological units because robots can work at the same space (but not at
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the same time). Safety of employees is important also, it is realised by
safety circuits and perspective by active monitoring of surroundings in
radius of robot and tool or material carried by robot.

e Management of service workers who realize installation, adjustment, in-
spection, reparation, exchange of parts or whole robots, supply by mate-
rial and removal of products, supplies by energy and other all other ma-
terials.

Upper are mentioned only basic scientific disciplines that relate with robots.
Necessary is of course further progress, research, analysis of statistical data
from running of robots, implementation of artificial intelligence and other
scientific disciplines that enable continuous raising of productivity, quality of
robot activity and no-failure operation of robots. It has to be remembered
about solution, how to destruct effectively and ecologically rejected and out
of day robots.

Robot as technical device include not only hardware, but software also. Soft-
ware control movement and other activities of robot, as for example: opera-
tion of tool, conditions of actuation, etc. Complexity and demandingness of
created program depends on complexity of used robot but also on complexity
of operation realised by robot. Tendency is to use universal language so that
creation of program is as easy as possible with minimal labour input. To-
gether, it is convenient to get closer maximally to language by which is con-
trolled surrounding technological equipment. Robots use frequently princi-
ples of languages by which are controlled PLC (programmable logic control-
ler) at segments where it is suitable. Programming of robot movement con-
sists frequently from trajectory divided into separate segments. Separate
segments usually use basic shapes of motions that interlock at each other.
Transition between segments can be alternatively elected with fillet because
of smooth transition. Smooth transition has substantial effect to total time
needed for movement realization.

Physical laws allowance affects for example consumption of energy and
stress of separate parts in term of electrical and mechanical also. Neither
specified trajectory can’t be met if velocities and accelerations are big. The
man or working team that create program determinate about everything.
Neither quantity of knowledge and experience do not mean creation of pro-
gram at first step. Following steps are lot of modifications of separate se-
quences of program by specified criteria pending maximal approximation to
optimal activity of robot.
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4 Conclusion

The article deals with need to assure industrial production by robots in Slo-
vakia at following period. Preparation of specialists for mentioned sphere is
complex phenomenon that require adequate education at multiple technical
fields. Range and details of education will continuously increase in respect of
variety of tasks, that will be realised by robots.
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METHODS OF TEACHING PROGRAMMING - STRATEGY

Péter BERNAT, Laszl6 ZSAKO, HU

Abstract: We believe that the problem-type-oriented method should be gener-
ally used for teaching programming [1], but it depends a lot on the chosen prob-
lem types. In this paper, we will discuss the possible advantages and disad-
vantages of the individual choices. We will go through the following strategies:
everyday algorithms, teaching programming using turtle graphics, teaching pro-
gramming by creating animations, teaching programming by developing games,
teaching programming using robots, teaching programming through mathemat-
ical problems.

Keywords: teaching programming, problem-type-oriented method, everyday al-
gorithms, teaching programming with turtle graphics, teaching programming
with animations, teaching programming with game-development, teaching pro-
gramming with robotics, teaching programming with mathematics.

1 Introduction

Programming methodology is one of the oldest fields of informatics, which is why
several different methods have been developed and are being used. Some of them
are effective in primary and secondary education, while others are more suitable
in tertiary education.

At the end of the 70s, the methodology of teaching programming was extended
with a new perspective, now taking into consideration children’s cognition. The
idea was developed mainly by S. Papert [2], but ]J. Hvorecky and J. Kelemen [3]
wrote about a similar approach too, focusing on different problem classes.
Based on their article, the following classification has become widespread:

A. Methodical, algorithm-oriented (this method puts the most emphasis
on planning and understanding an algorithm);

B. Data-oriented (according to this method the essence of the program-
ming process is planning and understanding the data structure, for
which it will create the algorithm and after that the code);

C. Specification-oriented (this method places specification in the center
of the programming process, deriving everything else from it);
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D. Problem-type-oriented (the basicidea of this method is to explain new
programming terms and methods through expanding the programming
problems);

E. Language-oriented (this method aims to teach programming through
the elements of a specific programming language);

F. Instruction-oriented (this method teaches programming through the
class elements of a general programming language);

G. Mathematics-oriented (the core of this method is to present program-
ming tasks for the potential curriculum of another subject, for instance
mathematics, and solves them in exploration-style);

H. Hardware-oriented (the basicidea of this method is that programming
cannot be understood without a programming language, the program-
ming language cannot be understood without assembly language, and
so on, until we reach the physical functioning of the very computer);

I. Model-oriented (this method aims to teach programming by demon-
strating and analyzing already-made programs).

According to P. Szlavi and L. Zsaké [1], the most effective method to teach infor-
matics to a wide variety of people is type D, that is, the problem-type-oriented
method.

2 The problem-type-oriented programming method

The effectiveness of the problem-type-oriented programming method depends
largely on the tasks we choose and the strategies we apply in teaching program-
ming.

Traditionally, mathematical problems, mainly those connected to number theory,
are selected (divisibility, prime numbers, prime factorization, etc.).

It is fair to say that we don’t have to stick to this, but we do need to bear in mind
that we should choose tasks which are built on each other. To advance and solve
the next task, we should need new programming terms and elements, so the in-
troduction of the new knowledge can be justified by the problem itself. It is a
powerful advantage of this method that it is necessity, not arbitrariness that
brings in the new competences. Additionally, the fact that we immediately use
the new knowledge is another good point, because the ability to apply the new
terms, not just know about them, is the highest level of understanding.

In this article, we will examine the following strategies, all based on the problem-
-type-oriented method:

1. Everyday algorithms
2. Teaching programming with turtle graphics
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3. Teaching programming with animation

4 Teaching programming with game-development
5. Teaching programming with robotics

6. Teaching programming with mathematics

We will look at these strategies from the following perspectives: Which are the
programming terms and methods that can be taught following this strategy? How
can they connect to the other fields of informatics and to the rest of the school
subjects? How easy is it to advance to other programming languages and into a
career in informatics? How much does it develop social competences? What are
the specific motivations the given strategy can tap on?

3 Everyday algorithms

In our everyday lives, we are performing many of algorithms; thus, many of our
activities contain the basic terms and methods of algorithmization and data mod-
elling. Consequently, the fundamental knowledge about algorithms can be intro-
duced without a computer, just by explaining an adequately chosen everyday sit-

700070000

80 60 50 7o
Figure 1: Putting in order containers of different weight
with the minimum-selection method [6].

Nursery schools and primary schools have been facilitating the comprehension
and execution of everyday algorithms for a long time, even if this had little to do
with the algorithm education as we know it in informatics [4].

Note that the idea that the algorithm operates just like we would execute it has
been in the core of numerous programming methods.

Using the strategy of everyday algorithms, we can easily introduce the following
elements and data structures basic to everyday activities and algorithms:

e sequence, selection, iteration;
e procedure;

e programming theses;

¢ primitive data, composite data;

® queue, priority queue, list, tree, graph;
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e object.

Nevertheless, it is hard to find examples to present the notions of the variable
and assignment.

It is primarily this strategy that helps make the first steps in programming (for
elementary or even nursery school children), because it builds on the natural set
of knowledge present in all children and deducts the programming notions and
methods from that [12].

Typically, it can involve playful games of pair or group work [6], which do not
only help comprehension and practice but they can also play a partin developing
social skills.

In summary, the main advantage of this strategy is that it introduces children to
the world of programming through everyday activities. As a low point, however,
we should note that without a computer it can get boring easily.

4 Teaching programming with turtle graphics

Turtle graphics, as a method of teaching programming, was first introduced by S.
Papert [2] several decades ago. Lately J. Hromkovic has published a comparable
method [5].

The turtle can accept orders which are “within its comprehension”: it can move
back and forth in its given distance; it can turn right or left in given degrees; or it
can manoeuvre with its pen, attached to its belly (lifting it, using it, or changing
colours) so it leaves funny marks on the screen while moving around. The grad-
ual development of turtle graphics brought about a new field of science, turtle
geometry.

Basic ideas
e programming is automata-based - the turtle is an automat; into whose
position we could imagine putting ourselves;
o the essential part of the specification is a drawing: the drawing is made as
[ am performing it.
Turtle graphics is present in a number of languages; thus, it is not necessary to
choose any special language to learn. Nevertheless, it was Logo programming lan-

guage for which it was originally created and all the rest of the languages were
extended with the tool set borrowed from Logo.

The specification is accurate; it can be checked easily, since the specification itself
is a drawing. Consequently, the tasks are spectacular, which expressively demon-
strate sequence, selection, and iteration.

In turtle graphics, the procedure is the basic tool of structuring, where all proce-
dures can be defined by the specification as parts of the drawing.
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Based on the drawing, we can easily and logically break it down into para-
metrized procedures (even in the case of recursion); the appearance of the pa-
rameters is the result of the drawing specification.

The subject can be realized with very few linguistic elements (in Logo forward,
back, and pencolour is the basic set of instructions but not even the complete set
is too large). Because of this, thinking is emphasized instead of lexical compe-
tence. The program is not a long linear series of instructions but, like in general
in informatics, it is a meticulous structure (meaning a lot of thinking and little
typing). Even with only a bit of knowledge, it can be suitable for solving “serious”

ol ell el

brick 100 brickrow 3 50
| | |

| | |
brickblock 3 50 brickwall 3 4 50

Figure 2: Mosaic task at Logo competition.

A positive consequence of programming with drawing (which does not charac-
terize turtle graphics only) is that even a flawed algorithm can prove to be inter-
esting. A faulty drawing can facilitate, not discourage, error search. This tech-
nique is specifically effective if solutions, created top-down, can be tested bot-
tom-up.

Since this strategy allows for several types of tasks, it can be used to teach and
practice mathematical notions, for instance coordinate geometry, thus develop-
ing mathematics comprehension.

Thanks to the characteristics of the subject, a great number of problem types can
be solved (for example, polygons, spirals, patterns, mosaics, fractals, crystal
structures, optical illusions, intarsias, mandalas, etc.).

As for advancing to parallel programming, this strategy offers the usage of multi-
ple automats (turtles). Colour management is solved functionally, involving com-
posite types, which allows for the introduction of functional programming. For
simulation, for example, NetLogo, an advancement of Logo, is a great choice.

44



XXX DIDMATTECH 2017, TRNAVA UNIVERSITY IN TRNAVA, FACULTY OF EDUCATION

To list the weaknesses of the strategy, we can note that variables and assignment,
types and composite types are missing (or at least they are present only to the
extent that a functional language would have them). Additionally, for pixel
graphic tasks it is not suitable.

Object-orientedness appears but only moderately (turtle).

tree 1 100 tree 3 100 tree 5 100
Figure 3: Tree task at Logo competition.

5 Teaching programming with animation

The essence of this programming strategy is to create an animation. Depending
on the script (that is, the specification), the animation can involve a significant
amount of pictorial and audio material, the making of which can be part of the
task [13].

Effectively, animations can be made by object-oriented programming. In this
case, the characters, the setting units and all the parts (like the cameras and the
sources of light) are objects. A number of spectacular properties and methods
can be assigned to the objects; hence, the fundamentals of object-oriented pro-
gramming can be presented in a clear and expressive manner. (Note, however,
thatlater we will need to elaborate on these ideas because many times the objects
that will come up in programming are typically more abstract.)

In this conception, the scenes, along with the methods of the objects, are the pro-
cedures. It is practical if we can test the specific scenes on their own, not just as
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part of the whole film. The scenes follow each other in a linear way, so the pro-
gram is sequential. Deep structure and recursion are not present. The activities
of the objects need to be harmonized within each scene, which entails accurate
timing and messaging.

Figure 4: A scene from Alice programming environment [7].

The new functions often require new linguistic elements. On the one hand, this
calls for huge lexical knowledge; on the other hand, thanks to the numerous dif-
ferent methods (like moving the objects or changing their appearance or voice),
we can use the control structures for impressively diverse purposes. Conse-
quently, the notions can be presented in a more general fashion than with turtle
graphics.

This strategy supports both the top-down explanatory method and the bottom-
-up building method. For instance, we can introduce scenes and objects postpon-
ing their explanation for later, but it is equally viable to include in the story scenes
and objects which are realized on their own.

After learning to handle video and audio recording devices and video and audio
editing tools, we can use animation to reflect on any topic within the other school
subjects. We can bring stories, presentations, and explanations to life with the
help of animation.

To locate the objects (characters and cameras alike), students require to have
some knowledge in coordinate geometry (which obviously involves the notions
of variables and assignment).

Such tasks can both motivate and leave students with a sense of achievement
early on, which can be especially crucial for those who are interested in arts (lit-
erature, film, and music) but not so much in abstract problems. What is more, the
tasks can be complex enough to justify teamwork (especially if the production of
the video and the audio materials is also part of the project).

One of the weaknesses of this strategy is that even though the result can be
showy, the level of spectacle is not always worth the effort. To produce genuinely
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effective animations, you need a high level of competence of not only informatics.
This strategy drives students away from informatics in the direction of filmmak-
ing; thus, an animation-based strategy can be a source of motivation for infor-
matics only for a short time.

6 Teaching programming with game-development

A game is practically an animation, so programming languages which are suitable
for animation can also accommodate game development. What sets a game apart
is constantinteraction between the player and the game, and between the objects
controlled by the player and the computer. What is more, online games can be
joined by several players.

Technically, game development builds on animation design, so most of the ad-
vantages and disadvantages listed above hold here too. Consequently, we will
now focus on the differences primarily.

From the early days of informatics until now, a huge variety of computer games
have been developed. The different genres and problem types, therefore, are easy
to define (there are, for example, board and card games, motor and car racing
games, platform games, building games, and so on).

Due to the regular interactions, specific to games, event handling has a crucial
role here. In addition, to keep track of the status of the objects and the game, we
need several variables and even composite data structures.
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Figure 5: A platform game in Scratch programming environment
(own development).

The methods of developing a game derive from animation design. For example,
games can also be divided into distinctive scenes where the operation of the game
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is significantly different from the rest (the typical division is title, menu, game,
end). Next to this, game development does have its own methods, some of which
are game-type-dependent, while some are not. All of these are necessary to be
able to produce more complex games. Some of the games can only be developed
with the help of advanced mathematical and physical apparatus. Occasionally, a
game will call for complex objects with Al behaviour.

Because of the above, game development can provide fair grounds and nice pro-
spects to advance in a career in informatics.

Game development can be very rewarding for students interested in computer
games. The fact that others (like friends and classmates) can also play with their
games is also highly motivating. In the case of game development, it is even more
justifiable to break down the task among a group of students. We should bear in
mind, though, that, due to the necessary skills, some students will get ready to
develop more advanced games only in secondary school, especially at the end of
it. In fact, when teaching programming to university students, Gy. Molnar and P.
Nyir6 [10] applied a game development strategy, using Game Maker.

The same topic, set in the context of a web browser, is covered in Gy. Horvath, L.
Menyhart, L. Zsaké's article [14].

7 Teaching programming with robotics

The essence of this programming strategy is to make students solve a robotic
problem with a programmable robot. The underlying idea is that programming
physical tools (that is, observing their operation) facilitates the development of
abstract programming skills [11].

Figure 6: Path-following LEGO robot [8].

Educational robots, capable of going straight and turning left-right, are typically
equipped with sensors as well (detecting primarily distance, light, colour, and
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collision). The different task types can be identified through the problems the ro-
bots can solve (like covering an area, moving objects, tracking a route, getting out
of a labyrinth, etc.).

Some of these robots are ready-made, so their structure cannot be modified,
while some other types can be assembled to fit a certain problem. With such ro-
bots, we can solve more diverse tasks, and another bonus is that students need
to develop electro-mechanical skills to build and assemble the robot and the
route. Contrarily, ready-made robots allow for a more limited range of problems,
but on a positive note, we can focus more attention to programming, our main
activity only.

Additionally, educational robots can be either real or simulated. Real robots are
tangible, getting in physical contact with real-world objects, so their operation is
much more spectacular. On the other hand, few people can use them simultane-
ously, and modifying their environment and the program can be painstaking.
Contrary to this, simulated robots exist only in the virtual world, but everybody
can use them at the same time and both the environment and the program can be
modified and tested quickly.

Justlike turtle graphics, their programming language is automata-based and pro-
cedure-oriented. Typically, the status of the sensors can be checked with selec-
tion but event handling is also possible. Variables and data structures are infre-
quent.

Among school subjects, robotic problems can relate most easily to mathematics
and physics. Some students may find it more motivating to manoeuvre robots
moving in real physical space compared to the virtual activity of all the other
strategies. We can consider dividing up robotic problems for pair work or team
work, just like the other problem-types: for example, building the robot (and the
environment) can be one task, and making the program can be another.

The main problem with this strategy is that most industrial robots don’t move,
and those that do still move in a non-turtle-like way. Instead, they would change
their motion status (like self-driving cars).

8 Teaching programming with mathematics

This strategy is the most ancient of all, taking problems from number theory
(such as divisibility, prime numbers, numerical systems) and extending them
with problems of combinatorics (factorial, Fibonacci numbers, binomial coeffi-
cients). Lately, geometrical algorithms have appeared as well.

Basic ideas

e it concentrates on solving algorithms and methods known in mathemat-
ics.
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Mathematics deals with the algorithm and calculation rule of several problems. A
lot of these are essentially built on types of numbers and, on more advanced lev-
els, on sequences, which are easy to solve in any programming language.

From the usage of mathematical notions (divider, prime numbers, etc.) it comes
logically how to divide the programs into procedures and functions.

Based on the mathematical correspondences, recursion as a calculation method
can come up, which can be substituted with filling out a matrix (a typical example
would be the recursive correspondence of Fibonacci numbers, then their matrix
solution).

An advantage of this strategy, which is also a disadvantage at the same time, is
thatitis tightly connected to mathematics. Who doesn’t like that world won'’t like
this one either. Contrarily, whoever understands and enjoys mathematics will
find solving mathematical algorithms fun and will learn the basics of algorithmi-
zation easily.

Even if the main theme here is mathematics, any subject can take its place, like
the first course book, written by P. Szlavi and L. Zsakoé [9], specifically for biolo-
gists, exemplifies it. In the book, we will find examples such as determining
whether an entity is a heterozygote based on the genotype; deciding whether a
gene pair with given blood types is A, B, AB or 0; or predicting the potential blood
types of the children of two parents based on their blood types.

9 Conclusion

In our view, there is not one single strategy that can be used exclusively. In each
case, we need to weigh both the strengths and the weaknesses of the given
method.

Some of the methods are suitable to motivate students, but they fail to support
smooth advancement. Other methods can stir enthusiasm while still taking far
within programming and informatics. Certain methods work great with some
students but fail immensely with others.

What we need to keep in mind is that the learning process of programming can
only be successful if it is interesting and motivating, pushing the student to go
deeper and deeper into the world of informatics and it can be a foundation for
further studies.

References

1. Péter SZLAVI, Laszl6 ZSAKO: Methods of teaching programming. Teaching Mathematics
and Computer Science, Vol. 1. 2003.

2. Seymour PAPERT: Mindstorms. Children, Computers and Powerful Ideas, Basic Books,
Inc, Harper Colophon Books, 1981.

3. Josef HVORECKY, Josef KELEMEN: Algoritmizdcia, elementdrny tivod, Alfa, Bratislava,
1983.

50



4.

1

1

1

1

1

XXX DIDMATTECH 2017, TRNAVA UNIVERSITY IN TRNAVA, FACULTY OF EDUCATION

C. H. A. KOSTER: Systematisch lehren programmieren, Educaboek, 1984.

Juraj HROMKOVIC: Einfithrung in die programmierung mit logo, 2009, ISBN

3834810045.

T. BELL; I. H. WITTEN; M. FELLOWS: Computer science unplugged, an enrichment and

extension programme for primary-aged children; (http://csunplugged.org/).

Alice - an educational software that teaches students computer programming in a 3d

environment; (http://www.alice.org/index.php).

DrGraeme.org - free tutorials Lego ev3 Mindstorms; (http://www.drgraeme.org).

Péter SZLAVI, Laszlo ZSAKO: Bevezetés a szdmitdstechnikdba. Tankonyvkiadd, Buda-

pest, 1987.

0. Gyorgy MOLNAR, Péter NYIRO: A gyakorlati programozds tanitdsdnak jdtékfejlesztésen
alapulé, élménypedagdgiai alapti moédszerének bemutatdsa. In: Karlovitz Janos Tibor:
Pedagoégiai és szakmddszertani tanulmanyok, pp: 89-98, 2016.

1. Attila PASZTOR, Erika TOROK, Rébert PAP-SZIGETI: Innovativ informatikai eszkozok és
mdédszerek a programozds oktatdsban. Gradus, Vol. 1., No. 1, pp. 22-27, 2014.

2. Juraj HROMKOVIC: Contributing to general education by teaching informatics. In: MIT-
TERMEIR, R. T. (Ed.), ISSEP 2006, LNCS, 4226, 25-37.

3. Caitlin KELLEHER, Randy PAUSCH: Using storytelling to motivate programming. Com-
munications of The Acm, July 2007 /Vol. 50, No. 7., pp. 59-64.

4. Gy6z6 HORVATH, Laszl6 MENYHART, Laszlé ZSAKO: Viewpoints of programming di-

dactics at a web game implementation. XXIX. DIDMATTECH 2016, E6tvos Lorand Uni-

versity, Faculty of Informatics, Budapest, 2016, pp. 79-88.

Reviewed by: doc. Dr. Pap Gaborné, PhD.

Contact address

Péter Bernat

Department of Media and Educational Informatics, Faculty of Informatics, E6tvos Lo-
rand University, H-1117 Budapest, PaAzmany P. sétany 1/C, Hungary
Phone: +36-1-372-2500, e-mail: bernatp@inf.elte.hu

Laszl6 Zsakd, Doc. Dr. hab. Ph.D
Department of Media and Educational Informatics, Faculty of Informatics, E6tvos Lo-
rand University, H-1117 Budapest, PaAzmany P. sétany 1/C, Hungary
Phone: +36-1-372-2500, e-mail: zsako@caesar.elte.hu

51



PROGRAMMING THEOREMS HAVE THE SAME ORIGIN

Péter SZLAVI, Gabor TORLEY, Laszl6 ZSAKO, HU

Abstract: One of the classical ways of learning programming is to divide pro-
gramming tasks into large groups, so-called programming theorems, and
then tracing the specific tasks back to the programming theorems. Each
teaching method introduces a different amount of programming theorems
into the learning process, occasionally even combining them. In this article,
we will show that the basic programming theorems have the same origin;
consequently, it would be enough to present one theorem and trace every-
thing back to it. At the end of the article, then, we will explain the practical
essence of still introducing more theorems.

Keywords: methodological programming, programming theorems, algo-
rithm, program specification.

1 Introduction

To be able to solve a programming task, we need to identify its essence: pro-
gramming tasks can be categorized into groups per their type, which is useful
because for each group we can create an algorithm rule that solves all the
tasks in that specific group. These task types are called programming theo-
rems because their solutions are justifiably the correct solutions. Their num-
ber can vary from teaching method to teaching method [1, 2].

If we are familiar with the programming theorems, all we must do to solve
most tasks is to recognize the suitable programming theorem, use the specific
data of the general task type, and in the general algorithm substitute them
with the task-specific data. Applying this method is supposed to lead us to
the correct solution [3, 4].

In these tasks, we usually must assign a certain result to one (or more) data
collection(s), which, for simplicity’s sake, we will handle as some sort of se-
quences. The essence of a sequence is the processing order of the given ele-
ments. Most of the times, it is sufficient to deal with sequences whose ele-
ments can be processed - one by one - one after another. In the input se-
quence, this requires an operation that can give the elements of the sequence
one by one, while in the output sequence elements can be followed by a new
element. In simple cases sequences, can be illustrated as arrays.
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The basic programming theorems are those that assign one value to one se-
quence:

e (sequential) computing
e counting

e maximum selection

e decision

e selection

e search

2 The first programming theorem: Sequential computing

The first programming theorem comes from a simple task, that of calculating
the sum of numbers. In the following, we will provide the specification and
the algorithm of the task, which are the two pillars of the programming the-
orem. We are applying the marking system from [3, 4]:

Input: N e N,X € HV, Z:H" > H, +:HxH - H (H=N or H=Z or H=R)
z (Xl, ey XN): z (X1, ey XN—I) + XN, F():O

Output: SeH
Precondition: —
Postcondi- S=% (X, ..o Xn)
tion:
Sum(N,X,S):

S:=0

For i:=1 to N do

S:=S+X(1i)

End for

End.

Generalizing this task, we will get the (sequential) computing programming
theorem. We generalize the operation +:

1. the generalized, binary (f) operation should have a (left-side) zero ele-
ment (Fy);

2. when we apply the operations one after another, the result should not
depend on the execution order; that is, the operations should be associ-
ative.

The operation, based on binary operation f and zero element F,, and inter-
preted at H', is indicated with F.
Input: NeN,XeHY,F:H > H, fHxH > H,F, e H
F(Xl, ey XN):f(F(Xl, ey XN—l)!XN)) F():FO
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Output: SeH
Precondition: —
Postcondition:  S=F(X4, ..., Xx)
Note: Many times, F is £, average, deviation, scalar multiplication, IT, U, N, V,
3, writing one after another, Max, Min.
Computing(N,X,S):
S:=F,
For i:=1 to N do
S:=F(S,X(1))
End For
End.
Note: We indicate changes from the previous algorithms with bold, both here
and from now on.

3 Counting

(Sequential) Computing can be formulated so that its result is the sum of all
elements with T feature; thus, leading us to the counting programming the-
orem.

Function F will be a conditional sum. This means that we define function f
as a conditional function, whose value is the first parameter + 1 if the sec-
ond parameter is of T feature, otherwise it is the value of the first parameter.

Input: NeN,XeHVFH >N, fNxH->N,F, e N
F(Xy, .. X)=f(F(Xy, ..., Xn-1),Xn), FO=Fg

)= {a+1if T(b)

a otherwise

F0=0
Output: Db e N
Precondition: —
Postcondition: N
Db =F(X,,...Xy) »>Db=>1
i=1
T(X;)
Counting(N,X,S):
Db:=0

For i:=1 to N do
Db:=f(Db,X(i)) - [If T(X(i)) then Db:=Db+1%
End For
End.
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Note: The change marked with * is the normalized algorithmic transfor-
mation of the conditional expression.

4 Maximum selection

If we replace function f with function max, we will get to one of the versions
of the maximum selection theorem.

Input: NeN,X e HN, F:H -» H, max: HxH - H, F, € H,
(H ordered set)
F(Xl, ey XN)=maX(F(X1, ey XNfl)’XN)’ F():FO

max(ab)— a ifa=h
"/ |b otherwise

Fy=—c
Output: MaxVal € H
Precondition: N>0
Postcondition: MaxVal=F(Xj, ..., Xy)

Maximum(N, X,MaxVal):
MaxVal:=-c0
For i:=1 to N do
MaxVal:=max(MaxVal,X(i))
» [If X(i)>Maxval then MaxVal:=X(i)|

End For
End.

With a very simple modification, we can even define the version that provides
the maximum index as well. The output, the postcondition and the algorithm
change as follows:

Output: MaxVal € H, MaxInd € N
Postcondition: MaxVal=F(X,, .., Xy) and 1 < MaxInd < N and
Xmaxina=MaxVal

Maximum(N, X,MaxVal,MaxInd):
MaxVal:=-oo
For i:=1 to N do
If X(i)>MaxVal then MaxVal:=X(i); MaxInd:=i
End For
End.

If we make use of the precondition, we can leave out the check of the first
element from the iteration; in fact, in the classical version we do not need the
maximum value either. Hence, the final version is like this:
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Maximum(N,X,MaxInd):
MaxInd:=1
For i:=2 to N do
If X(i)>X(Maxind) then MaxInd:=i
End For
End.

5 Decision

In sequential computing, function F can be operator 3 too, which leads us to
the decision theorem. The operator ‘or’ is associative, its zero element is
‘false’; thus, we can include it in the basic version.
Input: NeNXeHVIH ->L T:H->Lor:LxL—> L, F,eL
F(Xy, ..., Xy)=3i(1 <i< N): T(X))
Ji(1<i<N): T(X) =3i(1 <i=<N-1): T(X;) or T(Xy)
f(a,b)=a or b, F()=F,=false
Output: Exists € L
Precondition: —
Postcondition:  Exists =3i(1 <i< N) T(X))
Decision(N,X,Exists):
Exists:=false
For i:=1 to N do
Exists:=Exists or T(X(i))
End For
End.

Note: In the iteration, the variable Exists can change in the following way:
e false, .., false, true, ..., true
e false, ..., false

that is, either it remains to be false all through, or it becomes true and stays
like that. Consequently, once it becomes true, the iteration can stop. Before it
does, it is constantly false, so we do not need to change value. The decision
programming theorem derives from this: by the end of the iteration we will
be able to distinguish which of the two cases we are dealing with.

Input: NeNXeHVT:H->L
Output: Exists € L
Precondition: —

Postcondition: Exists=3i(1 <i< N) T(X))

Decision(N,X,Exists):
i:=1
While i<N and not T(X(i))
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i:=i+1
End While
Exists:=(izN)
End.

6 Selection, Search

At the end of the decision iteration, the value of variable i is the ordinal num-
ber of the item of feature T, provided that we know such an item exists (that
is, the iteration will stop once an item is found) — Selection theorem.

Input: NeNXeHVYT:H-L
Output: SeN
Precondition: ~ 3i (1 <1< N) T(Xi)
Postcondition: 1<S<Nand T(Xs)
Seeking(N,X,S):
i:=1
While i<N—and not T(X(i))
i:=i+1
End While
S:=i
End.
The ordinal number of an element of T quality is N + 1 if it has not gone be-
yond the end of the sequence. If it has — Search theorem.

Input: NeNXeHVYT:H-L
Output: Existse L,Se N
Precondition: —
Postcondition:  Exists =3i (1 <1< N) T(X;) and Exists > 1 <S<N
and T(Xs)

Search(N,X,Exists,S):

i:=1

While is<N and not T(X(i))

i:=i+l
End While

Exists:=(izN)
If Exists then S:=i
End.

7 Conclusion

From the above analysis, we can see that the first 6 theorems (sequential compu-
ting, counting, maximum selection, decision, selection and search) all originate
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from one programming theorem, namely sequential computing, which is simple
summation.

Nevertheless, we are not saying that it is useless to manage these 6 theorems in-
dependently. Beginner programmers will recognize the programming theorems
while dealing with the different task types, which, in the case of basic theorems,
correspond to the above defined six [1, 3]. With more advanced programmers, it
would be worth to base the theorems not on the task types but on the solution
types. In that case, decision, selection and search are three sub-types of the same
solution principle; therefore, they can be considered as one programming theo-
rem [2].

This article was supposed to demonstrate that theoretically it is sufficient to
check the validity of the first programming theorem because all the rest can be
deducted from it. In sum, if sequential computing is correct, so are the others.
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THE TWO WORLDS OF PROGRAMMING

Zsuzsanna SZALAYNE TAHY, Zoltan CZIRKOS, HU

Abstract: At a faculty of a science university, like ELTE IK, programming is
derived from math. At a faculty of a technical university, like BME-VIK the
focus is on engineering and programming is a part of it. There are introduc-
tory curricula to programming on both faculties, but the teaching method and
the paradigms being taught are different. Both faculties enrol more than five
hundred students a year, but the curricula are difficult for many of them.
Moreover, the number of enrolled and qualified students will be doubled in
the future. Our research aims to improve the effectiveness of teaching in both
faculties. Both curricula were analysed empirically based on educators’ and
students’ opinions and observations; compared to documents, papers and
exams. In order to determine the effect of prior knowledge on the results of
exams, a survey was conducted in September 2015 at BME and it was re-
peated on the first week of the semester in 2016, at both faculties. We have
selected the most determinative topics and skills that are necessary or im-
portant for passing the exams. Having compared them to the empirical anal-
ysis, we have made a proposal for the curriculum development. On the side
of public education: knowing the influence of prior knowledge and the differ-
ences between curricula, students can prepare themselves more effectively
for the university and by seeing the differences, they can choose the faculty
which is more suitable for their personal attitude.

Keywords: programming, teaching methods, curriculum, skills.

1 Introduction

Youngsters who want to become programmers must choose a proper degree
program. They find two universities in Budapest side by side where the pro-
gramming courses seem to be very similar. Their typical questions are: “What
are the differences between these courses?” and “Which one should I apply
for?”

We explore the teaching method of basics of programming courses at E6tvos
Lorand University, Faculty of Informatics (ELTE-IK) [1] and Budapest Uni-
versity of Technology and Economics, Faculty of Electrical Engineering and
Informatics (BME-VIK) [2]. They are the most important faculties in Hungary,
both having 500-600 students each year. The teaching practice of program-
ming methods is quite different at the two institutes, but the problem is the
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same, as everywhere in the world: learning programming is difficult, the ef-
ficiency of programming courses should be increased. Changing the research
method - trying to prove a preconception - found in [3, 4], we assess wide
range of prior knowledge and compare it to each result of courses to find the
importance of each input skill. The published comparative analysis detects
many differences in the examined courses [5]. According to the classification
of [6], ELTE IK follows methodical/algorithmic- and specification-oriented
method and develops a theoretical, mathematical knowledge. The Computer
Science degree program focuses on programs and modelling. On the con-
trary, BME-VIK combines more methods as it develops practical program-
ming knowledge. The main methods are data-, problem-, language- and in-
struction-oriented. The Engineering Information Technology degree pro-
gram develops programming skills.

Our previous article [5] showed the differences in the curriculum but the an-
swer to the students’ second question (“Which university should I apply
for?”) required more research. In the second phase of our research the focus
turned to skills. The questions were:

e What are the difficulties during the first semester in learning program-
ming for students?

e What kind of prior knowledge determines the success of the course?

2 Difficulties in learning programming

The most emphasized problem at Basic Knowledge of Programming on ELTE
that was mentioned by the educators is related to Nassi-Sneidermann dia-
grams (structograms). The curriculum describes the process of program de-
sign as follows:

1. Define requirements for input and output data using formal notation

2. Design the algorithm by drawing structograms

3. Implement the program by writing C++ code

4. Test...

As educators have reported, many students (would like to) skip the second
step. Students understand what a structogram shows, they can turn it into
code but they can’t design it and draw it.

On the side of students, the most difficult point in the curriculum is to learn
three abstraction levels in parallel. (1) Specification requires mathematical
abstraction skills that are beyond the knowledge of beginners. (This is why
the formal specification is usually accepted if it contains minor errors.)
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(2) Design requires practice in using structograms, which are easy to under-
stand but difficult to reproduce. (3) Implementation means programming.
Students prefer writing code and running the software. many of them cannot
draw a structogram without trying the program first.

The Basics Knowledge of Programming course of ELTE is not only for com-
puter scientists, but it is to be attended by informatics teachers as well. They
have the same curriculum, but their results are significantly worse.

The most emphasized problem in Basics of Programming 1 at BME is using
indirection, understanding the connection between the data itself and its ref-
erence (pointer). It is often seen that students’ problems regarding this topic
are induced by lack of understanding of earlier topics. Although they use ar-
rays to store a series of data, indirect and random access to elements (e.g.
understanding the connection between elements and indices) is difficult for
some. The tests at BME expect students to have practice in designing and us-
ing data structures, which is more difficult when the abstraction gets closer
to the physical level.

How can these problems of both curricula be solved? Do the problems stem
from the students’ insufficient prior knowledge? How can educators improve
the teaching effectiveness? To answer these questions a survey was con-
ducted in September 2015 (only at BME) and it was repeated in 2016 (at both
faculties), on the first week of the semester and the responses were com-
pared to the partial and the results.

Table 1: The characteristics of the examined groups.

Responses

2] %] %] n

o] £ 2| £

© N < = o] < =1

glE23| =2 2 AR = =

o E 55 = w = = © g = S —

() ) < = ) o

SE|les| = | 2% S| BE| © >

Goup | Z2G|Z2| &8 |28 & |£5|58] = | &
ELTE'16 | 547 | 3.29 | 1.86 | 284 | 52% | 158 126 | 343 | 1.77
(Teacher | 49 232 | 2.10 17 35% 7 10 3.00 | 2.06)
BME'16 617 | 294 | 1.76 | 239 | 39% | 205 34 348 | 1.64
BME’15 565 | 2.88 | 1.76 | 318 | 56% 3.30 | 1.67
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3 The effect of prior knowledge on the exams

The survey contains twenty-six questions. Three of them concern the learn-
ing habits of students. Some of the remaining twenty-three ask about the
achievements in secondary school subjects. Since many of the students had
not taken a graduation exam in some of those subjects, the options were sup-
plemented with an explanation of the required skills. Other questions require
students to choose the best fitting answer with no scaling, but the options
correspond to different levels of our Learning Activity Unit as defined earlier
in [7]. In this case, the answers describe different opinions and attitudes and
the assigned value shows the usefulness of the knowledge. For example, the
question about the knowledge of structograms:

The structogram...

... I've never heard this word. (1)

... [ can’t spell it, but I've seen boxes like this stuff. (2)

... some say it is illustrative, but we should rather describe algorithms in words.
9

... Is an illustrative representation of control structures (5)

The draft analysis contains averages and deviations for all questions and for
all evaluations of subjects. In order to find relations between prior
knowledge and the results of evaluations, each question was correlated to
every evaluation. With respect to the result of evaluations, the average value
and deviation of answers is said to be high if they are higher than other values
in Table 1. (This means being higher than the % of the cells for the averages
and being higher than 34 of the cells for the deviations.)

3.1 Observations

The most interesting finding of the survey was that the result of projects
(homework) are less dependent upon the prior knowledge than any other
result, in all groups.

Structograms (row 20) are little known. The correlation with ELTE’16 1st pa-
per is much more definite than any other relation. Here another teaching
method would be needed due to missing prior knowledge and its effects on
the results. (The visible difference between ELTE and BME shows that know-
ing structograms is not required at BME.) As drawing the structogram is the
problem (students cannot visualize it in advance, therefore cannot draw it),
a solution would be to drop drawing and use some modelling software in-
stead. The order of papers could also be changed to give students more time
to practice. Practically this means that educators should accept if students
prefer writing code first. Also, educators should realize that structograms do
not aid the designing of algorithms. It is only a form of documentation.
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Table 2: Input survey - result and correlation to qualification.

AVG DEV Correlations of Responses and Evaluations [-0.15, 0.45]
[2,5] [0,2] ELTE 2016 Teacher BME 2016 BME 2015
< 9 ow| BE NTreT o —
Topic of the Questions S S5oS SED, LRt FIEET L
= 2Ena|,SsE8 « 2lsessed . #|sEsge8
= =8 - o35 wE|l? |2z 2253 ER|2as 8288 ER
] 28==|dg 22523 Sl x s ax 258l x oo 58
m EEEE BEEESEEEEE SladaoacdasSladaacdad s
1.]Level of (Hungarian)
grammar e EEE—— T T T 1 T
2.|Foreign language
knowledge e —— e O e e e e
3.|Speed of typing
—— ——— e
4.|Install C::B (learning
environment) —————— - S R ——
5.|English Language
knowledge ~  |HEBEHl | o ]————=— - —— e —— - ——
6.[Maths knowledge level
T T rriMIg
7.[Level of using Excel
—— —— —— e | e W
8.|Level of (Hungarian)
spelling - e o — |-
9.|Practice in binary number
representation el prSpepe— 1 TN M ]
10.]Level of blind typing
practice ——— —— g — o —— = —— ——
11.|Practice in mathematical
logic mEEE=EN ey Tl rirl el
12.|Level of using Databases
—— - e T Tl
13.|Relevance of the learned
programming language - o B e o 0 e O e e B e B W
14.|Known data structures
mlln=nl —lmnn_EnpinEE-0N
15.|Relevance of prog.
algorithms M ITiriil m rrr i rriredld
16.|Level of programming
knowledge —mmmmnl M ITTMInIrrrsr
17.|Use of development
environments mEmE=ul T r™IIrirsid
18.|Learning programming
ARl M T T T TTT T
19.|Physics knowledge level
e M T T MIIMPETIrT
20.]Structogram - knowledge
of the concept Pepa—— ] ——— —_ e —— ————
21.|Learning of programming
algorithms M I N T T MM ™™
22.|Practice in using
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23.|Number of used algo-
rithm modelling tools e [ I O e
Average of the answers ainExnl AT TIOTTMD
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Database knowledge (row 12) is more relevant at BME than ELTE (correla-
tions are higher). The lack of prior knowledge could cause problems, as men-
tioned previously. The high level of spreadsheet knowledge reported by the
students could be the basis of introduction to references and indirection. Alt-
hough teachers form a very small group at ELTE, all correlations to database
knowledge are three times higher than in other groups.

The only mandatory subject for university admission is Math. It features high
average and low deviation and it is very determinative (row 6). Some topics
of Math were specifically in the questionnaire (rows 9, 22). The comparison
of little deviation of Math grades and the deviation of results in programming
courses shows that even a small deficiency in Math knowledge is reflected in
drastically worse results.

On the other hand, Physics (row 19) has low average and shows high devia-
tion. The correlations show that the importance of Physics on BME is higher
than on ELTE.

The highest correlations with ELTE’s and BME’s evaluations are seen in
rows 13-18. The averages and deviations of these questions are close to the
final evaluation. All six questions focus on programming skills. The aim of
question 16 was to determine the relevance of learning programming in high
school. The result shows that basic programming skills are very important
for success. This prior knowledge, programming itself, is the foundation for
development. Regarding the teachers, only the final exam has high correla-
tion with this question, and the results are poor.

An interesting question arises when exploring the answers regarding typing,
foreign language, spelling and grammar (rows 1, 2, 3,5, 8, 10). These answers
give very high averages and close to zero, sometimes negative correlation to
evaluations, except for teachers. Deviations are not reflected in evaluations.
The result shows that if the programming skills are high enough, the average
of prior knowledge in linguistic topics is higher than needed. Regarding these
topics, the less prepared students are as successful as the most prepared
ones. Negative values on correlations show that written tests could be more
difficult for a perfect typewriter because she does not practice handwriting.
Moreover, students who have difficulties in these topics are helped in admin-
istrative way (they get more time). But in case of missing programming skills,
these skills can become advantages.
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4 Proposals, considerations

4.1 Students’ aspects

Students are suggested to be as good as possible in topics where the correla-
tion and the deviation are high, because those topics seem to be determined
by prior knowledge. The most important topics that have the strongest cor-
relation with the tests, in 2016 on ELTE are:

1. Maths knowledge level

Known data structures

Relevance of programming algorithms
Practice in mathematical logic

v W

Use of development environments
6. Learning programming

The 1st, 3rd and 4th topics form the basis of the curriculum. It should be clear
that inside the general Math knowledge, mathematical logic is emphasized.
The focus of the curriculum is on algorithms but there are no programs with-
out data. Also, the development environment is out of teaching focus. There-
fore, without knowing the basics of programming, studies become difficult.

The topics with the highest correlations on BME in 2016 are:
Level of programming knowledge

Physics knowledge level

Use of development environments

Learning of programming algorithms

v W

Maths knowledge level
6. Known data structures

The same topics are seen in the previous year’s research in a slightly different
ordering. The most important requirement here is to have practice in pro-
gramming, some algorithmic skills and some familiarity with development
environments. This is the foundation of learning dynamic data structures and
C language. Physics is as important as Maths, but less important than on
ELTE.

Comparison of two training courses: ELTE expects precisely planned algo-
rithms that obey the rules of structural programming and use complex logic
expressions while BME uses a more permissive and practical approach and
let students to use break statement and multiple function exit-points. On the
other hand, BME expects precisely defined data structures and dynamic
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memory allocation, while the curriculum of ELTE is more relaxed regarding
this topic, suggests estimating upper bounds for array sizes. The two differ-
ent approaches are stated clearly in priorities, expectations and everyday
teaching practises.

4.2 Curriculum development

Educators are suggested to change those teaching methods where students’
result is low but the correlation with the prior knowledge is high. This com-
bination shows that the students’ results come from the prior knowledge ra-
ther than effective learning during the course. Exploring the averages, we can
see the yearly changes in knowledge of enrolled students. Table 2 implies
that structograms and other algorithm modelling tools are less and less
taught in public education.

Additional results can be found when we explore the differences between the
group of Informatics teachers and engineering/computer science students.
In teachers’ education, lower level of prior knowledge in programming is
seen. Students are not prepared well enough, yet they seem to overestimate
their Maths knowledge. Since the group is small (17 people), further research
is needed. Their results are so different that it raises the question whether
they need a different learning method than computer scientists. They are not
required to design complex programs, nor use mathematical representa-
tions.

5 Summary

Programming curricula at science and technical universities are like yin and
yang. Two opposite parts that complement each other. The input survey pre-
sented in this article covers both parts and compared the responses to the
results of the evaluations. The analysis shows the current status and can help
to determine the areas of development of teaching and learning methods to
reach a valuable, high average output. The input survey, compared to earlier
and other groups’ results, can help to adapt the prior knowledge of students
and choose effective teaching methods. Analysing the prior knowledge of en-
rolled students and the efficiency of course in informatics teacher education
would be more important. It seems to be another world of programming.
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THE TECHNICAL SOLUTION OF PASQUIL - PART OF
THE FUTURE INTERACTIVE TEXTBOOK

Roman HORVATH, SK

Abstract: The Pascal language is the language of choice in introductory pro-
gramming courses at Faculty of Education of Trnava University in Trnava. As
described in [1] this decision has been made because of several factors. For
example, we expected the improvement of student’s results; further, our stu-
dents are the future teachers and they should be familiar with the Pascal lan-
guage, because this language is widely used at Slovak primary and secondary
schools. This article describes the technical solution of Pasquil which is inter-
preter of Pascal made in Java and which will be part of interactive textbook
for the programming courses.

Keywords: teaching programming, Pascal as metalanguage, interactive text-
book, Pascal interpreter in Java.

1 Introduction

The Pascal language can be very good tool for teaching programming at least
within the introductory phase. Its syntax is easy to understand, readable and
writing first simple programs does not require much effort from the students
(comparing to Java for example, where even first very simple program re-
quires a class definition - so the best approach in this case is to use a template
that might be not fully understood by the students). The Pascal language can
be also used as a metalanguage to describe the algorithm, but per our expe-
rience it is better when students can run the code instead of just looking at it.

This was the reason why we returned from Java and start to use traditional
Pascal IDE’s within the introductory programming lessons [1]. The negative
aspect of this approach is that the students do not accept these IDEs well.
They are “old fashioned” and not much user friendly. This is one of factors
that plays the role in creating new environment described in this article.

Another factor is our motivation to create the new textbook of programming.
There are many study materials for programming lessons, but they are “scat-
tered” - they do not use single language and the knowledge are not presented
in one consistent form. We want to unify them and create one compact and
interactive textbook. Pasquil should be integral part of it.
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2 The Pasquil Environment

The development of Pasquil started in 2015. This tool should provide as sim-
ple environment as possible. Using this environment, students should focus
on single thing - writing algorithms and try to understand them - learn the
programming.

The main panel of the Pasquil environment is shown in Figure 1. It is simple
toolbar with main menu. This panel plays the role as a manager of opened
files whose contain source codes. This is the central part of the Pasquil envi-
ronment.

Pasquil (0.86 develop, © 201.. e (=) IS

File Edit Program & Language Windows Help

BoEDXxEEeD>e a0

Figure 1: The main panel of Pasquil.

The source code editor is shown in Figure 2. Even the editor is very simple
and minimalist. The idea is to hide as much technical background as possible.
We hope that this approach will help the students to focus at the important
part - the code and understanding its functionality.

hello-world.pasquil ﬁ

br‘ogr‘am hello_world;

begin
writeln('Hello wolrd!")
end.

[Sal - TS Ry ¥}

Figure 2: The editor window of Pasquil.

3 The Pasquil’s Core

The core uses several libraries developed by author of this article. First is
framework named GRobot [2] that has been developed since 2010. Another
is library called Volgis and this is Pasquil’s internal library for human lan-
guage, Pascal language and GUI functions and other features.
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say-my-name pasaull [ | R e —— ==
Compilation was successful. x Program is running. x
hrngrall say_my_name ; hrogram say_my_name ;
2 2
3|var my_name: string; 3|var my_name: string;
4 4
5|begin 5 |begin
6 write('Enter your name: '); 6 write('Enter your name: ');
7 readln(my_name) ; 7 read]n(my_name) ;
8 writeln('Hello, ', my_name, "!') 8 writeln("Hello, ', my_name, '!')
9|end. 9lend.
1 s, 10 7 Suet. pout Konf (gunde )
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Pasquil 0.86 develop, € 2015 — 2016, Roman Horvath; GRobot 1 =l o IS Pasquil 0.86 develop, € 2015 — 2016, Roman Horvath; GRobot 1 =l o IS
Menu Mdenu
Enter your name: Enter your name: loseph
Hello, Joseph!
st [soseon]
i Message g
Program execution has ended.
Exit value: 0
l

Figure 3: All phases of the program execution. Starting from first line- compila-
tion and execution (notice the information in the panel within the editor win-
dow); complete source code transcribed to Java; two steps of execution; and di-
alog that can be invoked after program ends clicking on the information panel
within the editor window.
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The process of execution a program written in Pasquil consists of two main
phases. The first main phase is the compilation. It contains two sub-phases.
First, the program written using standard Pascal syntax is rewritten to Java
code that has many dependencies on the Volgis and GRobot packages. Sec-
ond, the Java code is compiled. The second main phase is running the com-
piled code which just means the execution of compiled Java classes (this
phase assumes that the first phase - the process of compilation - was suc-
cessful).

If the process of compilation fails, student is informed about the error or er-
rors that occur during the compilation process. The most errors are reported
directly by the Java compiler, but not all errors can be checked this way. The
compilation process must include checking of some Pascal specific situations
that cannot be checked by the Java compiler, for example: a superfluous sem-
icolon before the “else” keyword, invalid attempt to modify the for-control
variable within the cycle body, and so on.

The Figure 3 depicts the example of the above described process. In the code
transcribed to Java (second line of the figures) can be seen that few depend-
encies are in Slovak language. That is because the GRobot framework is cre-
ated using Slovak language. The reasons are little bit lengthy and they are
described e.g.in [3, 4, 5]. Currently, this cannot be changed, because the GRo-
bot framework is too huge to be translated to English by a simple way
(around 100 000 lines of code including documentation). But the plan is to
create specialised program that will be able to translate the GRobot frame-
work automatically (excluding the documentation).

4 Another Functions and their Use

This section contains short description of few features that can be used in the
teaching process.

The first is full screen mode (see Figure 4). Each editor window can be
switched to full screen mode quickly - using keyboard shortcut or another
control. This mode can be used to quickly hide everything except the window
containing the code.

This action should underline to the students what should they look at and
focus to. It also gives the software the ability to get an exclusive space for the
content presentation - writing the code and it can provide a better appear-
ance in some cases, for example with use of interactive blackboard.
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CEY-TOFT T

Figure 4: The full screen mode of the editor window.

The second is handwriting module. This module (see Figure 5) is still under
development, but the first tests are promising. It can be used with interactive
blackboard to write the code by hand.

This module is implemented because of the differences between interactive
blackboard types. Not each type of the interactive blackboard contains this
functionality or the implementation may not fulfil the teacher’s needs. Writ-
ing the code using pen and hand may be useful. The teacher standing in front
of the blackboard is in better position than a teacher sitting behind a com-
puter monitor.

2 7 4 ‘} f < 1 A
A | / \ B \

/" \ \ } \

/ \ — il

et Y.

Figure 5: The handwriting module. First line contains the exactly defined tem-
plates, second line shows attempts that does not match to the templates, and
third line shows successfully matched shapes (both painted by hand).

The next is zooming the code. The code in editor window can be zoomed eas-
ily using the control key with mouse scroll button (see Figure 6). Obviously,
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this feature is useful to improve the code readability on the screen or the
blackboard.

[ - | [ Ey—— < W [ mramessau £ Lo
brogram say_my_name: rEgT

6 write('Enter

3|var my_name: string; AT

B your name: ');

5 begin 7 readln(my_name) ;

6 write('enter your name: '); 8 writeln('Hello

7| readin(ny_name); , o

8 writeln('Hello, ', my_name, , my_name, "I')

bl 9lend.

9 i:r‘\d. |
Figure 6: Several phases of the zooming process.

Other features are planned, but it is not relevant to describe them in detail
until they are not fully implemented. We can name some of them:

o splitting the editor in two or more panes to show more code - see the Fig-
ure 4: the space in full screen mode is used unevenly so the split pane fea-
ture seems to be the logical solution;

e automatic layout of editor windows - this can be used, for example, in
cases when teacher needs to show more editor windows at once on the
screen;

e bilingual code views - this feature will use the dictionary to translate the
English Pascal syntax to another human language by choice, we would like
to have the possibility to show the code in student’s native language; the
bilingual view can be used to supply the metalanguage textual function of
the source code;

¢ simple debugger - because this feature is very important for the teaching
process; etc.
Each feature has specific purpose; each can be useful.

5 Conclusion

This article describes the technical solution of the new environment that is
currently in the development process. We asked students for the first opin-
ions on the environment. Their responses (mostly positive) will be described
in separate article. The plan is to make this environment the core part of in-
teractive textbook that will provide a great opportunity for self-study to the
students and pupils.
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CREATING INTERACTIVE JAVASCRIPT ANIMATIONS
FOR DEMONSTRATING ALGORITHMS ON
ONE-DIMENSIONAL ARRAYS

Ladislav VEGH, SK

Abstract: Different algorithms on one-dimensional arrays are some of the
basic algorithms that first-year undergraduate students learn during intro-
ductory programming courses. Visualizations of algorithms can help stu-
dents to understand these algorithms, however, developing such animations
with high educational efficiency is hard for content developers. In this paper,
we introduce a JavaScript library (“inalan”) that can be helpful for creating
interactive animations demonstrating algorithms on one-dimensional arrays
(e.g. summing the elements of an array, mirroring an array, searching and
sorting algorithms). The developed animations have many features that fol-
low the principles and suggestions from literature for creating educationally
effective animations.

Keywords: algorithm animations, interactive animations, developing educa-
tional animations.

1 Introduction

One-dimensional array is usually one of the first data structure that first-year
undergraduate students learn during the algorithmization and programming
courses. There are many algorithms on arrays which can be visualized. For
example, swapping two selected elements of an array, summing the elements
of an array, mirroring an array, searching algorithms (searching the
minimum or maximum, indexes of minimum or maximum, linear or binary
search of a sorted array), or sorting algorithms (simple exchange sort,
bubblesort, insertion sort, selection sort, quicksort, mergesort).

However, creating educationally effective animations is not an easy task for
content developers. There have been many pedagogical experiments in the
field of using algorithm animations in education [1-5]. The results of these
researches show that using animations in education is not educationally
effective in every case. Educationally effective animations usually follow the
principles of multimedia learning [6] and are interactive [2]. Based on the
pedagogical experiments, there have been many recommendations that can
be used for developing high-quality, educationally effective animations for
teaching and learning algorithms [7-12].
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2 The “inalan” JavaScript library

To create interactive animations of algorithms on one-dimensional arrays,
we have developed a JavaScript library called “inalan” (Interactive Algorithm
Animations JavaScript Library) which is available at http://inalan.ide.sk/
website.

2.1 Motivation and goals

Many different types of algorithm animations exist for teaching and learning
algorithms. Some of them focus only on the understanding of the main ideas
[13, 14], while others concentrate on the comprehension of algorithms in de-
tails, in lower abstraction levels [10].

Our goal was to create such JavaScript library that is easy to use for creating
interactive animations of basic algorithms on one-dimensional arrays, while
the developed animations focus on the details and follow the principles and
suggestions from the literature [6, 7, 9].

2.2 Features of our interactive animations

Interactive animations created with the “inalan” JavaScript library have a
similar look, they contain (see Figure 1):

¢ Columns that represent the array, where the highs of the columns repre-
sent the values of the elements, and the colors of the columns represent
the state of the elements (unsorted, compared, sorted);

¢ Animated indexes of loop control variables, or variables that store some
specific indexes (e.g. the index of the minimum element);

¢ Pseudocode or source code of the algorithm, where the currently exe-
cuted step of the algorithm is highlighted;

¢ Control buttons to play, stop, or restart the animation; step the animation
forward or backward; or to change the speed of the animation.
Students can control the interactive animations in different ways (see Fig-
ure 1):
e There is a possibility of playing the animation continuously using the

“Play” button. In this mode, users can change the speed of the animation,
stop the animation or restart the animation.

e Another way of playing the animation is by using the “««” and “»>” control
buttons, where only a few related steps are played continuously. The an-

imation stops after playing these related steps and the user must click on
the button again.
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o The third way of playing the animation is by using the “<” and “»” buttons.
In this mode, only one step of the algorithm is played, so the user must
click the button after every step.

Representation of the array

The values of the
elements can be

changed even during :_»

the running of the
algorithms

Variable to store
an index of an el

using different colors

green - sorted part,
red - unsorted part,
yellow - compared elements

Pseudocode or source code
with the highlighted step
y 3

\

—

Reset the animation

} min

FOR i =0 to &
min = i
FOR j = i+l to 6
IF a[min] > a[j] THEN
min = j
swap alil almin]

&

¢ k Indexes of elements

-& Loop control variables
3 ‘

One step forward
or backward

Speed of animation:

-«

[ v ]

to the starting state?‘ Reset | [ Py | [ <« ] O

Playing the whole animation Few related steps Speed of the
continuously forward or backward animated steps

Figure 1: Different parts of an interactive animation
created with the “inalan” JavaScript library.

The first mode of playing the animation is recommended to use when stu-
dents see the animation first time. In this mode, they should concentrate on
the essential aspects of the algorithms, paying attention to the animated col-
ored columns only that represents the array.

After understanding the main steps, it is recommended to animate the algo-
rithm again, step by step, using the second or third mode. While the
animation is played in these stepping modes, students should focus on the
index variables and source code of the algorithm, too.

The animations created with “inalan” JavaScript library offer one more, a spe-
cific way of interactivity. Students can change the values of elements during
the animation by changing the heights of the columns. Using this possibility,
students have more opportunities to experiment with the algorithms. They
can play different parts of the algorithms more times with changed data sets.
Of course, the possibility of changing the value of an element is controlled by
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the animations; for example, it is not possible to make any changes on the
already sorted part of the array.

2.3 Using the “inalan” library for creating animations

Creating an interactive animation using the “inalan” library is relatively sim-
ple. First, developers have to create a Stage object that contains the control
buttons on the bottom. Next, creators of the animations can put different ob-
jects on the canvas (VisuVariable, VisuArray, VisuCode, VisuLabel, VisuBut-
ton, or VisuScrollbar). Finally, it is necessary to define some simple, few line
long JavaScript functions. These functions will be the steps of the demon-
strated algorithms. The sequence of executing these steps can be defined by
the setSteps method of the Stage object. The detailed description of the
“inalan” JavaScript library with example codes can be found on the wiki
pages: https://github.com/veghl/inalan/wiki.

3 Some interactive animations created with the “inalan” library

After developing our JavaScript library, we created various interactive edu-
cational animations for teaching and learning algorithms on one-dimensional
arrays.

o The first group of interactive animations contains visualizations of some
basic algorithms: swapping two variables, summing the elements of an
array, mirroring an array, searching the maximum or minimum of an ar-
ray, or searching the indexes of the maximum or minimum of an array.

o The second group of interactive animations contains visualization of
non-recursive sorting algorithms: simple exchange sort, bubblesort, im-
proved bubblesort, insertion sort, improved insertion sort, minsort and
maxsort.

o The last group of interactive animations that we created contains visuali-
zations of two recursive sorting algorithms: quicksort and merge sort.

All these animations can be found on the website http://anim.ide.sk (see Fig-
ure 2). The animations have been used for teaching algorithms during the
“Algorithmization and programming” courses at ]. Selye University in
Komarno, Slovakia since the academic year 2015/16.

4 Conclusion

The “inalan” JavaScript library helped us to develop interactive animations
easier and quicker. Furthermore, the animations had a similar look, which
helped students to experiment with a group of animations, e.g. they had to
learn the functions of the control buttons only once. Students liked the

78



XXX DIDMATTECH 2017, TRNAVA UNIVERSITY IN TRNAVA, FACULTY OF EDUCATION

visualizations; using these interactive animations, it was easier and quicker
for them to understand the algorithms than using only static images or tex-
tual explanations.

ol Interactive animations

for teaching algorithms and programming

Introduction

Basic algorithms Introduction
Sorting cards

Sorting algorithms 1 The webpage contains interactive animations which can be used for teaching and learning algorithms and programming.
Sorting boxes

Sorting algorithms 2

Singly linked list

COLLECTION OF
ALGORITHM
ANIMATIONS AND
VISUALIZATIONS

Figure 2: The “anim.ide.sk” website containing interactive animations.
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JEZYKI PROGRAMOWANIA I NOWOCZESNE
NARZEDZIA DO TWORZENIA APLIKAC]I
Z PERSPEKTYWY STUDENTA, NAUCZYCIELA
I PRACODAWCY

Artur BARTOSZEWSKI, PL

Streszczenie: Artykut ten porusza problematyke zmian jakie zachodza w
dziedzinie jezykow programowania oraz narzedzi do tworzenia aplikacji. Nie
jest to jednak tylko przeglad rozwigzan dostepnych na rynku. Stanowi on
prébe skonfrontowania oczekiwan, potrzeb i opinii trzech $rodowisk: stu-
dentéw informatyki, nauczycieli akademickich oraz pracodawcéw branzy IT.
Podstawa do napisania tego artykutu byty badania ankietowe przeprowa-
dzone wsrdd studentéw kierunku Informatyka oraz wywiady i opinie ze-
brane wsréd pracodawcow branzy IT, pozyskane przez autora w trakcie wie-
loletniej wspotpracy przy organizacji praktyk dla studentéw informatyki.

Stowa Kkluczowe: jezyki programowania, narzedzia do tworzenia aplikacji.

PROGRAMMING LANGUAGES AND MODERN APPLICATION
DEVELOPMENT TOOLS FROM THE PERSPECTIVE OF
STUDENT, TEACHER AND EMPLOYER

Abstract: This article deals with the issues of change in the field of program-
ming languages and application development tools. The article is not just a
review of the solutions available on the market. The author attempted to con-
front the expectations, needs and opinions of three groups: IT students, aca-
demic teachers, and IT employers. The basis for writing this article was a sur-
vey conducted among IT students, as well as interviews and opinions gath-
ered among IT employers, acquired by the author during many years of co-
operation in the organization of practices for computer science students.

Keywords: programming languages, application development tools.

1 Wstep

Branza IT jest jedna z najszybciej rozwijajacych sie i najwiekszych dziedzin
technologii i gospodarki. Juz dawno nie ogranicze sie ona do zadan informa-
cyjno-komunikacyjnych. Wptywa coraz bardziej na wszystkie inne dziedziny
zycia i zawody. Trudno dzi$ wskaza¢ dziedzine, w ktorej mozna catkowicie
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oby¢ sie bez technologii komputerowej. Rozwija sie ona bez ustanku, a wazna
czescia tego rozwoju jest coraz wiekszy nacisk na dopasowywanie produk-
tow technologii informacyjnej, nie tylko sprzetu, ale takze i oprogramowania,
do potrzeb i wymagan uzytkownika.

Problematyka tworzenia oprogramowania dostosowanego do sposobu pracy
i percepcji cztowieka jest tematem bardzo popularnym [3]. Rzadko jednak
jest ona poruszona w kontekscie pewnej szczegblnej grupy uzytkownikow
jakimi sg programisci. Jednak nalezy pamieta¢, ze programista, czy tez dewe-
loper jest z jednej strony twércom oprogramowania, a z drugiej jego uzyt-
kownikiem, na tej samej zasadzie jak inzynier mechanik tworzac lub napra-
wiajac maszyny jednoczesnie korzysta z innych maszyn jakimi sg narzedzia.
Jezyki programowania traktowane byty do niedawna jako narzedzia dla wa-
skiej grupy, wysokiej klasy specjalistow. Obecnie stajg sie codziennym narze-
dziem pracy szerokiej rzeszy pracownikow branzy IT.
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Rysunek 1: Poziom umiejetnosci postugiwania sie jezykami programowania.

2 Jezyki programowania w opinii studentéw - wyniki badan ankieto-
wych studentéw informatyki

W celu zapoznania sie z opiniami i oczekiwaniami studentéw przeprowa-

dzono badania ankietowe. Zostali nimi objeci studenci drugiego, czwartego i

szostego semestru siedmiosemestralnych studiéw inzynierskich na kierunku
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Informatyka. W badaniu wzieto udziat 74 respondentéw. Objecie badaniami
catego przekroju wiekowego studentéw pozwolito zminimalizowa¢ wptyw
aktualnie odbywanych wyktadéw na prezentowang ocene. Dato tez mozli-
wo$¢ zaobserwowania zmian w opiniach i oczekiwaniach studentoéw naste-
pujacych wraz z nabywaniem przez nich wiedzy i do§wiadczenia.

Poniewaz programowanie to waska i wyspecjalizowana dziedzina nauk kom-
puterowych, dla przeanalizowania wynikéw ponizszych badan wazne jest
okreslenie poziomu wiedzy i umiejetnosci respondentéw. Studentéw zapy-
tano o poziom umiejetno$ci postugiwania sie poszczeg6lnymi jezykami pro-
gramowania. W pytaniu tym ie chodzito o prosta znajomos¢ podstaw sktadni
jezyka, lecz o umiejetno$c¢ rozwigzywania probleméow przy jego uzyciu, umie-
jetno$¢ tworzenia wiasnych programéw oraz modyfikowania do swoich po-

trzeb istniejgcych rozwigzan. Odpowiedzi respondentéw przedstawiono na
rysunku 1.
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Rysunek 2: Przydatno$¢ jezykdéw programowania w ocenie studentow.

Najwiekszy odsetek studentéw deklarowat umiejetnos$¢ postugiwania sie je-
zykiem C++. Zauwazmy jednak, ze tylko 38% respondentéw deklarowata do-
brag znajomos¢ tego jezyka a zaledwie 3% bardzo dobry poziom postugiwania
sie nim. Wskazuje to na fakt, Ze studenci spotykaja sie czesto z jezykiem C++
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na réznych etapach edukacji, jednak rzadko starajg sie samodzielnie pogte-
bia¢ umiejetnosci programowania w tym wtasnie jezyku. Postrzegamy jest
on raczej jako punkt wyjscia do uczenia sie nowszych i bardziej przydatnych
jezykow programowania. Innymi przyktadami jezykéw z ktérymi studenci
spotykaja sie w trakcie swojej edukacji, lecz rzadko poza nia, sg Pascal oraz
Asembler. Odwrotnym przypadkiem sa jezyki stuzace do tworzenia stron
WWW (HTML, JavaScript i PHP), ktére uczniowie i studenci czesto poznaja
samodzielnie i wykorzystujg przy tworzeniu wtasnych projektow.

W kolejnym pytaniu Respondenci poproszeni zostali o ocena przydatnosci
poszczeg6lnych jezykéw programowania dla przysztych inzynieréw infor-
matykéw. Odpowiedzi studentéw przedstawione zostaty na rysunku 2. Jak
tatwo przewidzie¢, najwyzej oceniona zostata przydatno$¢ nowoczesnych je-
zykow programowania takich jak C#, Java oraz Python.

Tylko nieco nizej oceniona zostata przydatnos$s jezykéw C i C++, co dowodzi,
ze studenci zdaja sobie sprawe z tego, jak ich znajomos$¢ utatwia przyswoje-
nie sobie umiejetnosci programowania w praktycznie dowolnym jezyku.
Znacznie nizej oceniona zostata przydatno$¢ Asemblera, Visual Basica oraz
lubianego przez nauczycieli informatyki Pascala.
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Rysunek 3: Kryteria jakimi kierujg sie studenci przy
wyborze jezyka programowania.

Kolejne pytanie odnosito sie do kryteriéw jakimi kieruja sie studenci infor-
matyki przy wyborze jezyka programowania ktérego chca sie uczy¢ (rys. 3).
Na marginesie poruszanego tu tematu skonstatowaé mozna, Ze takze stu-
denci informatyki ponad literature fachowa przedktadaja, proste w odbiorze,
lecz czesto nieposiadajace zbyt duzej wartos$ci merytorycznej materiaty za-
mieszczone w Internecie.
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Rysunek 4 prezentuje odpowiedzi studentéw na pytanie o ocene przydatno-
$ci poszczeg6lnych kompetencji zwigzanych z tworzeniem aplikacji kompu-
terowych. Zaproponowana tu taksonomia nie jest odzwierciedleniem przed-
miotéw nauczanych na studiach cho¢ mozna znalez¢ pewne podobienstwa.

Umiejetnos¢ korzystania z zaawansowanych
z R 5 54%
narzedzi utatwiajgcych tworzenie

4 0%
oprogramowania 0%
N iz 3 IR 3 2 49%
Umiejetnosé postugiwania sie srodowiskami 38%
programistycznymi 0%
. g . 4%%’9
Znajomosé jezykéw dla baz danych (SQL, PL/SQL; %
PHP) %

Znajomos¢ jezykédw do tworzenia stron * ﬁg;‘{;

internetowych (HTML, CSS, JavaScript, PHP) .O‘é%

2 1 i . 78%
Znajomos¢ nowoczesnych jezykéw * !gg
—0%

programowania (Java, C#, Python, itp.)

Znajomos¢ klasycznych jezykéw programowania w Bk
(CiC++) 8%

Znajomosé réznych paradygmatéw m‘

=3
programowania m 8% 20

— o
m— 4% 32%

30%
7%

- 14% 27%
Cl
Bt 16%

Metody numeryczne 43%

—

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Ztozonosé i optymalizacja

Algorytmika

M niezbedne M bardzo przydatne © $rdenio przydatne M mato przydatne M nieprzydatne

Rysunek 4: Przydatnos¢ kompetencji zwigzanych
Z programowaniem w ocenie studentéw.

Podobnie jak w poprzednim pytaniu najwyzej oceniona zostata przydatnos¢
nowoczesnych jezykéw programowania oraz towarzyszace jej kompetencje,
czyli umiejetno$¢ postugiwania sie Srodowiskami programistycznymi oraz
narzedziami ulatwiajagcymi tworzenie oprogramowania. Znacznie nizej
ksztattuje sie w opinii studentéw przydatnos¢ bardziej teoretycznych zagad-
nien takich jak algorytmika, metody numeryczne i ztozonos$¢, optymalizacja
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oraz znajomos$¢ roznych paradygmatoéw programowania. Wskazaé mozna
dwie przyczyny takiej wtasnie opinii. Pierwszg jest dazenie studentéw do
uzyskiwania jak najlepszych efektow przy minimalnym naktadzie pracy.
Skutkuje to trendem do poszukiwania gotowych rozwigzan i receptur bez za-
gltebiania sie w podstawy ich dziatania. Drugim, by¢ moze wazniejszym, po-
wodem jest sposob w jaki zagadnienia te sg nauczane. Prezentowane sa one
za pomocg matematycznych, czysto hipotetycznych probleméw. Student nie
jest w stanie dostrzec przetozenia tych dziedzin na realne zadania i problemy
stojgce przed programista.

3 Wyniki badan wsréd pracodawcéw branzy IT

Drugg grupa, ktdérej opinie nalezy uwzgledni¢ przy projektowaniu procesu
ksztatcenia przysztych informatykéw sa pracodawcy branzy IT. W badaniach
przeprowadzonych na potrzeby tej pracy oparto sie na analizie opinii zebra-
nych wérdd pracodawcéw zrzeszonych w Stowarzyszeniu ,Sita w innowacji”
dziatajacym narzecz rozwoju branzy IT Potudniowego Mazowsza. Stowarzy-
szenie to wspoélpracuje z Katedra Informatyki UTH Radom przy organizacji
praktyk zawodowych dla studentéw informatyki oraz doskonaleniu procesu
dydaktycznego.

Opinie pracodawcéw sg znacznie trudniejsze do ujecia w kategoriach liczbo-
wych. W rozmowach i wywiadach bardzo czesto przewijaja sie zapotrzebo-
wania na specjalistow posiadajacych konkretne doswiadczenie zawodowe
konieczne do wykonania elementéw aktualnie realizowanego przez firme
projektu. Z punktu widzenia nauczyciela akademickiego znacznie wazniejsze
jestjednak wyodrebnienie og6lnych, dlugoterminowych trendéw, okres$lenie
wymagan dla mtodych, nieposiadajacych jeszcze doSwiadczenia zawodo-
wego, pracownikow etatowych, ktorzy dopiero beda przez firme doszkalani
i ukierunkowywani w okreslonej dziedzinie [4].

Na podstawie wywiadéw wyodrebniono wymagania stawiane takim pracow-
nikom. Co znamienne, widzimy tu znacznie mniejszy niz mozna sie byto spo-
dziewac nacisk na znajomo$¢ konkretnych jezykéw programowania, czy tez
konkretnych narzedzi lub §rodowisk programistycznych. Znacznie wieksza
jest waga przyktadana przez pracodawcéw do kompetencji miekkich, takich
jak umiejetnos$¢ i gotowos$¢ do samodoskonalenia, umiejetno$¢ pracy w ze-
spole, umiejetno$¢ organizacji pracy i zarzadzania czasem oraz umiejetno$ci
komunikacji interpersonalnej. Rysunek 5 prezentuje przydatnos¢ jezykéw
programowania w ocenie pracodawcédw branzy IT.

Programowanie nie jest jedyng umiejetnoscig oczekiwang przez pracodaw-
coéw. Czesto taczone jest ono z umiejetno$ciami miekkimi, o ktérych mowa
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byta wyzej. Dobrym przyktadem s3a jezyki oraz narzedzia do tworzenia stron
internetowych. Ich znajomos$¢, wymagana czesto tylko w stopniu podstawo-
wym lub $rednim, w potgczeniu z predyspozycjami interpersonalnymi oraz
umiejetnoscig projektowania serwisoéw i struktury informacji daje mozli-
wo$¢ dobrej wspétpracy z klientem przy projektowaniu i wypelnianiu trescia
tworzonych serwiséw [5].
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Rysunek 5: Przydatnos¢ jezykéw programowania wedtug pracodawcéow.

Pracodawcy zwracajg tez uwage na rosngce zapotrzebowanie na umiejetno-
$ci lezacym na pograniczu informatyki oraz matematyki. Mowa tu o znajo-
mosci narzedzi do tworzenia baz danych wspartej znajomoscig narzedzi ma-
tematycznych i statystycznych stosowanych w agregacji rozproszonych da-
nych (Big Data) i wnioskowaniu na ich podstawie [2].

4 Wnioski

Programowanie jest bardzo szybko rozwijajaca sie dziedzing informatyki.
Tempo jej rozwoju powinno by¢ lepiej dostrzegane przez instytucje eduka-
cyjne oraz samych nauczycieli. Szkoty oraz uczelnie wyzsze powinny szybciej
i bardziej elastycznie reagowac na potrzeby pracodawcéw oraz oczekiwania
studentéw. Musza to by¢ jednak reakcje przemys$lane. Préby szybkiego i
chaotycznego dostosowywania programéw nauczania do panujacych aktual-
nie, czesto krotkotrwaty, trendéw odbic¢ sie moga negatywnie na poziomie
przygotowania przyszty programistow. Konieczne jest state wypracowywa-
nie konsensusu pomiedzy trzema podmiotami. Z jednej strony mamy nauczy-
ciel informatyki, ktérzy czesto uwazajg, ze ich zadaniem jest tylko objasnie-
nie studentom podstawowych regut i metod programowania, a przetozenie
tej wiedzy na umiejetnosci praktyczne pozostawiajg uczniom. Z drugiej, mto-
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dziez, ktéra ceni skutecznos¢. Preferuje wykorzystywanie gotowych rozwia-
zan i dostosowywanie ich do swoich potrzeb, czesto bez zrozumienia spo-
sobu ich dziatania. Trzecia strong tego dyskursu sg pracodawcy, ktoérzy ocze-
kuja od ludzi wchodzacych na rynek pracy umiejetnosci szybkiego dostoso-
wywania sie do aktualnych potrzeb oraz umiejetnosci rozwigzywania pro-
blemoéw i sprostania stawianym przed nimi wyzwaniom.
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DIDACTIC COMPUTER GAMES

Veronika STOFFOVA, Jan KOZLEJ, SK

Abstract: The article is dedicated to computer games and process of their crea-
tion. In this paper the terms like game, computer game and didactic computer
game are further explained. The goal is to present a few of the created didactic
games, which can not only enrich the educational process, contribute to develop-
ment of combinational, logical and algorithmic thinking, but also provide enough
entertainment and distraction. In the paper, we are also describing the utilization
of these games in educational practice. Every game which we present is also im-
plemented for smartphone (or a tablet) under the Android operating system. The
advantage of these games is that they time-efficient and can make the waiting for
public transportation (a train, a bus), waiting in a queue (e.g. in a bank, in a store)
et cetera, more comfortable. In the paper, we are also describing a short history,
process of creation and implementation, algorithmic solution of a given game sit-
uation, technical design, implementation and didactic value of the games created.
We mention also general requirement for didactic computer games so that they
are equally interesting and attractive as the favourite and with “a passion” played
computer games. We offer to students our simple didactic games which sponta-
neously develop their desired features and mental abilities, so they are learning
in a playful way as a substitution for action computer games.

Keywords: game, didactic game, computer game, didactic computer game, play-
ful way of learning.

1 Introduction

Computer games are not only the source of entertainment, distraction, active re-
laxation and to fill the time between two activities, but also spontaneous gaining
of knowledge and skills. Many of the computer games, resp. computer versions
of the games have a certain didactic value. Didactic value does not lie only in gain-
ing skills and habits from controlling the computer and its peripheral devices, but
also in application of game rules, creation of winning strategies, combination of
possible moves and predicting the outcome. Gaining of knowledge, building the
knowledge system should be pleasant and enjoyable process. Learner should
gain the knowledge spontaneously, voluntarily and actively join the process
while being motivated and controlled by a healthy interest and curiosity (Stof-
fova, 2016a).

Process of learning should not invoke the feeling of load and hard work. Learning
shouldn’t be torture. New knowledge can be included into the didactic game, they
may form the game rules, game strategy, and application of game rules as well as
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achieving certain performances may be conditioned by an application of certain
knowledge and skills which are being developed. Didactic potential of computer
games and playful way of learning can make the process of gaining knowledge
more pleasant, increase the extent of spontaneity and decrease the load of learn-
ing process (Stoffova, 2016b, Végh, 2016).

2 Didactic computer games

Person is interested in a game throughout his whole life. Pedagogical dictionary
defines the game as a form of activities that differs from both learning and work-
ing. Pedagogical experts state a set of game aspects in this context: cognitive,
practical, emotional, motional, motivational, creative, fantasional, social, recrea-
tional, diagnostic, therapeutic, resp. even others. Every game may have a certain
didactic value, respectively it can provide the environment for playful way of
learning. In contrast with common games, the didactic one has a defined learning
goal (Stoffova, 2016a).

Under the didactic game we can understand such activity which meaning
and goal is to provide certain knowledge and skills. Didactic game has its own
goal and rules, it is used to practice character traits, abilities and skills. It can be
used for motivating students, diversification of learning process, taking the load
from learning in all phases of learning process for explaining the subject matter,
practicing certain skills, development of mental abilities, building knowledge sys-
tem and its fixation even during verification of knowledge.

Researches show that computer games are popular among young people, stu-
dents of elementary schools, high schools and even students of universities. Un-
fortunately, the action games are being played the most, then the games where
player plays the role of someone (roleplaying games), followed by adventures,
strategic games, sport games and so on (Chraska, 2016a, 2016b). Unfortunately,
educational games are in the last place and are being played 100-times less than
action ones. What needs to be mentioned is that the didactic value, respectively
didactic content that is not the goal of the game and may be evaluated as addi-
tional value, additional game effect can be found in a lot of computer games.

While creating our didactic games, we based concrete didactic goals for every
game on previously mentioned factors.

3 Set of didactic computer games for mobile devices

All the games were created using Unity3D game engine with combination with
C# programming language used for the scripts for both Windows and Android
platforms (KozZlej, 2016).
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3.1 15-puzzle

15-puzzle is a sliding type of a puzzle consisting of a frame which contains 15
numbered squares and one empty space. The goal is to reorder the numbered
squares into the right sequence. This is done by sliding numbered squares into
the empty space and therefore creating empty space elsewhere. The game ends
when all the squares are in their right position with empty space being in the last
position.

History: Many people believe that this game was first created by Sam Loyd,
mainly because they are usually named after him when they are being mentioned.
He claimed to be the author of the original 15-puzzle up until his death in 1911.
So, the true inventor was one Noyes Palmer Chapman who worked as a postman
in Kanasota, New York. It was a great hit immediately, but this enthusiasm lasted
only for a few months. (Slocum - Sonneveld, 2006)

Solvability: While Floyd claimed that he invented the puzzle, he also created
states of the game for people to finish for a prize. All of them were unsolvable
because what was needed was reversing squares 14 and 15, which was proved
as impossible by Johnson and Story decades earlier.

They used a parity argument to show, that half of all starting states is impossible
to solve regardless of number of moves used. So, what we need to do is divide
starting states into reachable and unreachable states by considering a function of
tile configuration that is invariant under any valid move.

The invariant is the parity of the permutation of all 16 squares plus the parity of
taxicab distance of empty space from lower right corner. So, if the empty space is
in the lower right corner, the state is solvable if the parity of all remaining pieces
is even. (Ratner ~-Wartmouth, 1990)

Game implementation: The only problem we had to deal with was ensuring that
all states given to players would be solvable. This was ensured by using algorithm
that checked parity of permutations after generating a random state and if it
didn’t meet the criteria, another random state was generated.

Atthe beginning of the game, player is shown a window with detailed explanation
of the game, controls and criteria for winning. Number of moves done by the
player is recorded as well as the time from the beginning when player is first
shown the state to solve. This is used for the player so he can measure times and
number of moves needed to solve the game so he can compare them either with
himself or with other players.

Game control is easy because it consists only of player clicking on squares and
the ones which have an empty space near them, move there. In Windows version,
this is done using the mouse and in an Android by tapping directly on the screen.
Clicking or tapping on the square that can be moved is being considered as a valid
move and is added to the total number of moves used for the solving of current
state.
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Game is ended in a moment when all the numbered squares are in their correct
places with one being in the upper left corner and 15 being in the semi-final po-
sition in lower right corner followed by an empty space. When this condition is
met, the screen is overlaid by a canvas stating that the state was solved correctly.
It also shows the number of moves needed to do it and time it took. Text stating
the time is shown in different colour based on the set criteria of how fast states
can be generally solved with green being the best and red showing that it took
too long.

Along with this dialogue, buttons for repeating or ending the game are shown. If
the player chooses to repeat, new time and number of moves are added to his
former values and after solving next state average values are shown to the player.

Game application: The didactic value is mainly in practicing solving the game so
that the player solves it as fast as possible. To do so, he needs to find the best
possible process and apply it to any random state he is provided at the beginning.
Process of finding the best way possible helps to develop player’s cognitive and
logical thinking and applying it to a certain problem.

Figure 1: End of the game 15-puzzle.

3.2 Tower of Hanoi

Tower of Hanoi is a well know game all around the world used not only for en-
tertainment or training logic by individuals, but also by many researchers in var-
ious psychology fields. The game became famous with its physical representation
in various forms with simple requirements for creating it, therefore spreading it
among people was quite easy.

History: The game was created by a French mathematician Edouard Lucas in
1883. There is a story behind it per which there was a big room in Indian monas-
tery with three rods on which there are 64 golden discs. Monks in this monastery
are trying to fulfil prophecy by moving discs onto the right rod to create a tower
while respecting the rules of Brahma (name of the monastery). Per the legend,
when the last disc is moved into the right position, the world will end. Nobody
knows whether the author created the legend or was simply inspired by it.
(Spitznagel, 1971)
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Game application: Tower of Hanoi is often used for psychological research focus
on problem solving. There is also a variant of this game called Tower of London,
which is used for neuropsychological diagnosis and treatment of executive func-
tions.

[tis also used as a Backup rotation scheme when performing computer data back-
ups where multiple tapes or media are involved.

Another application is in programming where it can be used for teaching recur-
sive algorithms to programming beginners.

Game implementation: At the beginning of the game there is a base with three
rods. On the right one discs are placed in several players choosing. Discs differ in
size as it is a basic requirement for building a tower but also in colour to better
distinguish them. The goal is to rebuild the tower from discs that are ordered and
laid on each other, where the largest disk is on the lowest position and the small-
est is on the highest. Reordering the discs can be done only with certain rules.

Rules of Hanoi Tower:

1. Player can lift only one disc at the disc being lifted must be the one, that
is on the upper position in every move. After lifting it, player can move
it to another rod on lay it down on the originating one.

2. When the disc is lifted it can be laid down only on an empty rod or a rod
where there is already another disk larger in size. Larger disc can never
be laid on a smaller one.

3. The game ends in a moment when player lays down the smallest disk on
top of rest of the tower on the left sided rod.
Difficulty of this game is increased by adding more discs at the beginning of the
game. After winning at one difficulty and choosing the next one to be higher, there
is a disc thatis added at the bottom of a tower. Minimal number of moves needed
to solve this game is 2" — 1 where n is number of discs.

Figure 2: End or start of the game Tower of Hanoi
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Game controls are realized by a mouse in Windows version and by touch in An-
droid. Player clicks on a disc he wants to move and drags it to the rod where he
wants it to be. This is called a move and doing it will add one to the total number
of moves. At the end of the game a comparison is run between number of moves
used by a player and equation 2" - 1 to determine the difference in optimization.

The game starts with an option for choosing the difficulty first and only after
choosing one is player shown into the game. Once again there is a dialogue win-
dow showing the instructions for playing with explanation of the rules and game
controls.

After finishing the last move, the player is shown a text informing him about his
success and another one about difference in optimization of his solution.

3.3 Rucksack problem

This problem is based on optimization of combinations. At the beginning, we get
a rucksack with a given carrying capacity and items where each has its own
weight and value. The goal is to put the items into the rucksack so the combina-
tion of items won’t exceed the maximum allowed capacity and their sum is the
highest possible. This task is derived from ordinary situation where someone has
a rucksack with a given carrying capacity and it needs to be filled with the most
valuable items. (Mathews, 1897)

This problem often occurs when stacking objects with existing financial re-
strictions and is studied in combinatorics, computer sciences, cryptographics, ap-
plied mathematics but also in “fantasy sports”. Fantasy sports are on-line web
games where player picks a given number of sport players based on their perfor-
mances in past weeks.

Rucksack problem has been studied for more than a century with beginnings da-
ting back to 1897 (Skiena, 1999).

Application: A study about usage of algorithms made in 1998 at Stony Brook
university shows that out of 75 algorithmic problems, this one was 18th most
popular and 4th most needed. Its application ranges from dealing with real-life
problems like need for the least of material remainder while cutting it, through
choosing of investments to generating keys for encrypting systems. It was also
applied for creating and evaluating tests in which a person could choose which
questions to answer. (Skiena 1999)

The didactic value in a game created out of this problem is mainly in practicing
to deal with real-life problems like the one mentioned when they occur in a fast-
est time possible. It can also be used for teaching students about algorithms
where they need to create one to solve the Rucksack problem based on what they
learned about it playing the game.

Definition: The most common version of this problem is one called 0-1. In this
version there is limited number of items which can be used while solving it to 1.
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This means that the item either is in the rucksack or isn’t. At the beginning, we
get a set of n items numbered from 1 to n, where every item has its own weight
w; and value v; along with maximum possible weight of rucksack W.
n n

Therefore, we maximize Z UiTi subject to z wix; < W oand x; € {0, 1}. Here

i=1 i=1
x; represents the number of copies of item i, which can be put inside the rucksack.
(Martello - Toth, 1984)

Game implementation: The game begins with a dialogue window explaining
rules of the game. This is shown only when running the game for the first time
but there is a button for opening it again in the lower right corner. In the middle
of the screen a rucksack appears and items with their weights and values are
placed around it in a form of white plate.

Game control works on the same principle on both Windows and Android by
clicking or tapping on a plate and dragging it. Possibility of movements include:

1. Placing a plate into the rucksack when it is dragged onto it and therefore
adding its weight and value to the total sum.

2. Placing it onto another empty space on a screen allowing the player to
order them himself for better transparency.

The game ends when not a single another item can be placed inside the ruck-
sack. When this happens, a dialogue is shown to a player informing him about
his performance and difference in his optimization and an optimal one.

Described games are only a display from a set of games on which implementation
we are working. Our effort is to continually improve graphical and functional de-
sign of the games, increasing the attractiveness of the design and therefore the
games. We are further creating universal gaming environments which can allow
the user (a teacher) to fill the environment with didactic content in an easy, in-
teractive way.

4 Conclusion and recommendations

Many computer games have a great didactic potential hidden inside them that is
just waiting to be discovered and used in educational process - for acquirement
of knowledge in a playful way. For a student, a game is way more entertaining
than a classical educational process. Didactic game can be a powerful motivation
for achieving good result, for best possible performance. Defeating a rival, respec-
tively winning “over the computer” is source of energy and inspiration for repeat-
edly playing the game, application of rules and therefore spontaneously develop
certain skills and abilities. Didactic game is an activating educational method
which can be used for development of creativity.
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Didactic game involves the students very intensively into the educational process
and brings creative, relaxing atmosphere and emotional experiencing which is
very important from the point of view of learning. Through games, student can
solve different problematic situations and gain new knowledge in a creative way.
All the while the principles of constructivism, connectivism, active and spontane-
ous learning, learning by doing, researching etc. are being applied.
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WDROZENIE NAUKI PROGRAMOWANIA W EDUKAC]I
PRZEDSZKOLNE] I WCZESNOSZKOLNE] W POLSCE

Beata KUZMINSKA-SOLSNIA, Katarzyna ZIEBAKOWSKA-CECOT, PL

Streszczenie: Pomimo skali i tempa (r)ewolucji TIK wnikliwo$¢ i przewidywania
Seymoura Paperta dotyczace dzieci, komputeréw i kultur komputerowych pozo-
stajg ponadczasowe. Wspotczesnie wielu pedagogéw, psychologéw i socjologéw
powtarza idee Paperta by pozwoli¢ dzieciom programowac zamiast by¢ progra-
mowanym, sterowanym przez media cyfrowe. Ta umiejetno$¢ kluczowa wydaje
sie istotna w informacyjnym spoteczenistwie wiedzy i innowacji, ktore stoi w ob-
liczu wielu zagrozen czyhajacych w cyberprzestrzeni (np. uzaleznienia behawio-
ralne, elektroniczna przemoc réwiesnicza). Z tego powodu Ministerstwo Eduka-
cji Narodowej w Polsce zdecydowato ostatnio by wprowadzi¢ nauke kodowania
do edukacji przedszkolnej i wczesnoszkolnej wraz z robotyka jako jedne z waz-
nych tresci nauczanych przez nauczycieli ksztatcenia zintegrowanego, a nie tylko
przez specjalistow TIK. Ten szczytny cel moze zostac osiggniety w sprzyjajacych
warunkach - kiedy czynnik ludzki i techniczny zadziatajg skutecznie razem. Sro-
dowiska i urzadzenia programistyczne s3 juz dostepne. Powstaje pytanie czy pol-
scy nauczyciele sa przygotowani i wystarczajgco zmotywowani by pomogli dzie-
ciom sta¢ sie odpowiedzialnymi obywatelami cyfrowego spoteczenstwa.

Stowa Kluczowe: nauka programowania, kodowanie, wychowanie przed-
szkolne, edukacja wczesnoszkolna.

IMPLEMENTATION OF PROGRAMMING INTO KINDERGARTEN
AND PRIMARY EDUCATION IN POLAND

Abstract: Despite the scale and pace of ICT (r)evolution the perspicacity and pre-
dictions presented by Seymour Papert concerning children, computers and com-
putational society have been rightful and future-proof. Nowadays many peda-
gogues, psychologists, sociologists repeat Papert’s idea of letting the kids to pro-
gramme instead of being programmed by digital media. This key skill seems to
be crucial in the information society of knowledge and innovation which faces
many threats coming from the cyberspace (e.g. behavioural addictions, cyberbul-
lying). Therefore, the Minister of National Education in Poland has decided lately
to implement coding into elementary education alongside robotics as one the im-
portant content taught by primary teachers, not only ICT specialists. This lauda-
ble goal may be achieved in the favourable circumstances, when human and tech-
nical factors meet. The software and hardware is available. The question arises if
Polish teachers are prepared and motivated enough to let the kids become re-
sponsible digital citizens.
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Keywords: programming learning, coding, elementary education, primary edu-
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1 Wprowadzenie

System edukacji od zarania miat speinia¢ oczekiwania spoteczenstwa w zakresie
przygotowania wychowankéw do sprawnego funkcjonowania w konkretnej rze-
czywistosci. ,Edukacja to takze dziatanie na rzecz zaspokajania aktualnych po-
trzeb zwigzanych z przygotowaniem ludzi do dziatalno$ci zawodowej, udziatu w
zyciu gospodarczym, uczestnictwa spotecznego, ksztattowania loséw osobi-
stych” [10]. Zaleznie od rozwoju gospodarczego Polski, jej historii i uwarunko-
wan geopolitycznych, oczekiwania w zakresie systemu ksztatcenia zmieniaty sie,
szczegblnie na przestrzeni ostatnich dziesiecioleci XX i XXI wieku, ktéry to czas
zdominowata rewolucja informatyczna. Wspétczesne spoteczenstwo informa-
cyjne wymaga nie tylko od absolwentéw wszechstronnego zakresu wiedzy, ale
dzi$ szczegdlnie mocno akcentowane sg kluczowe umiejetnosci takie jak: krea-
tywne i logiczne myslenie, samodzielne rozwigzywanie probleméw, a takze
wspolpraca w grupie. Wszystkie te umiejetnosci mozna rozwija¢ podczas nauki
programowania, ktére wedtug ekspertéw raportu Horizon Report 2016 Edyc;ji
Szkolnej (K-12) ma by tak podstawowa umiejetnoscig do nabycia przez mtod-
szych uczniéw, jak nauka czytania i pisania [3].

W $wiecie immersyjnie zanurzonym w media cyfrowe wydaje sie, zZe nie ma innej
alternatywy. Podobne postulaty zgtaszat juz w latach 60. ubiegtego wieku S. Pa-
pert, tworzac jezyk programowania Logo. Nauka programowania stynnego ,z6t-
wia” jednoczesnie stanowita praktyczng egzemplifikacje teorii konstruktywi-
stycznej J. Piageta. Logo miato umozliwi¢ dzieciom programowanie komputera,
nie za$ by komputer programowat zachowanie i postepowanie dziecka [4].

Programowanie komputera oznacza zatem nic innego jak porozumiewanie sie z
nim w jezyku, ktéry zaré6wno komputer, jak i osoba stosujgca go mogg zrozumiec.
Uczenie sie jezykdw jest natomiast jedng z rzeczy, ktoére dzieci robig najlepie;.
Dlatego warto by od najmtodszych lat uczyty sie ,rozmawia¢” z komputerem.
Tym bardziej, Ze programowanie rozwija myslenie komputacyjne, rozumiane
jako umiejetno$¢ taczenia wiedzy o funkcjonowaniu komputeréw z kreatywno-
$cig i rozwigzywaniem problemoéw, z ktérymi sie spotykamy na co dzien.

Wokét nas jest coraz wiecej urzadzen komputerowych, dlatego warto uczy¢ sie
jezyka komputeréw [5]. Powszechne nauczanie programowania juz od najmtod-
szych lat ma stuzy¢ miedzy innymi budowaniu kompetencji cyfrowych, rozwija-
niu kreatywno$ci oraz ksztatceniu przysztych programistéw, szczegdlnie ze za-
potrzebowanie rynku pracy w tej dziedzinie wcigz ros$nie. Komisja Europejska w
2013 r. szacowala, Ze do 2015 r. liczba wakatéw w branzy programistycznej wy-
niesie ok. 900 tys. Skutki te odczuwalne s takze w Polsce - wedtug danych akcji
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,2Mistrzowie Kodowania” w Polsce 4 na 10 pracodawcéw ma ktopoty ze znalezie-
niem wykwalifikowanych programistow.

2 Znaczenie programowania w tresciach ksztalcenia uczniéw i studen-
tow

Programowanie juz od lat 90. XX w. stanowito istotny element w tre$ciach ksztat-
cenia na wydzielonych zajeciach informatycznych. Poczagtkowo wykorzystywano
w tym celu gtéwnie jezyk Logo i Pascal oraz program Elj, jednak z biegiem lat
nastgpito odejscie od algorytmiki i programowania na rzecz programéw uzytko-
wych i aplikacji internetowych. Takie podejscie byto wyrazem encyklopedyzmu
dydaktycznego, jednoczesnie $wiadectwem krétkowzrocznosci ministerstwa
edukacji i nauczycieli, ktérych decyzje edukacyjne wptynety na ksztattowanie
biernej i odtwoérczej postawy dzieci i mtodziezy. Potwierdzeniem takiego stanu
moze by¢ niewielka liczba uczniéw przystepujacych do egzaminu maturalnego z
informatyki. W roku szkolnym 2015/2016 odsetek ten wahat sie w granicach
2,4% [9], poniewaz dla wielu maturzystéw algorytmika i rozwigzywanie zadan
problemowych zaczeto stanowi¢ trudnosé.

Dalsze promowanie nastawienia mtodego pokolenia wylacznie na uzytkowanie
narzedzi TIK mogtoby prowadzi¢ do sptycenia myslenia, spowodowanego bra-
kiem gtebszego zaangazowania umystu podczas korzystania z mediéw cyfro-
wych [1]. W Polsce skutkiem tego bylo m.in. zmniejszenie zainteresowania
uczniéw studiowaniem na kierunkach technicznych, $cistych, i przyrodniczych,
w tym réwniez na informatyce. Wychodzac naprzeciw tym potrzebom juz w 2008
r. Minister Nauki i Szkolnictwa WyzZszego rozpoczat dziatania w zakresie pro-
gramu na ,kierunki zamawiane”. Program ten finansowany byt w latach 2007-
2013 z budzetu panstwa oraz funduszy strukturalnych UE w ramach Programu
Operacyjnego Kapitat Ludzki i miat na celu wzmocnienie oraz rozwoéj potencjatu
dydaktycznego uczelni, a takze zwiekszenie liczby absolwentéw kierunkéw o
kluczowym znaczeniu dla gospodarki opartej na wiedzy, miedzy innymi informa-
tyki.

Dynamicznie rozwijajacy sie rynek pracy IT stawia mtodym ludziom wysokie wy-
magania. Wciaz rosnie zapotrzebowanie na specjalistow z branzy IT. Umiejet-
nos$¢ programowania w niedtugim czasie bedzie szczegélnie niezbedna nie tylko
w wiekszo$ci wykonywanych zawodo6w, ale takze i w domu. Oczywiscie nie wszy-
scy bedg zawodowymi programistami, ale prawie kazdy bedzie musiat umie¢ ,za-
programowac” swoj smartfon, tablet, kuchenke mikrofalowa, system nawigacji
samochodowej czy dom wedtug wtasnych potrzeb. Dynamika tych przeobrazen
w sposob oczywisty zmienia rozktad punktu ciezkosci edukacji mtodych ludzi w
strone rozwoju kompetencji informatycznych, bedacych jedna z o$miu kluczo-
wych wskazanych w 2006 roku przez Parlament Europejski.
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Podazajac za wymaganiami wspdtczesnego spoteczenstwa informacyjnego wiele
krajow wprowadzito istotne zmiany w kwestii nauki informatyki. Od wrzesnia
2014 w Wielkiej Brytanii nauke programowania rozpoczety przedszkolaki, za$
komputeryzacja (computing) nie odbywa sie w ramach wydzielonych przedmio-
tow informatycznych, ale wszyscy nauczyciele sa zobowigzani do uwzglednienia
TI w tresciach swojego przedmiotu (podobnie jest w Finlandii). Nowa podstawa
programowa zaktada tez wieksze zaangazowanie rodzicOw w proces ksztatcenia
dzieci. Niektére placéwki oSwiatowe wychodzac naprzeciw potrzebom doro-
stych organizujg np. szkolenia z zakresu matematyki, jezyka angielskiego lub TI,
by rodzice mogli sprawniej pomagac¢ dzieciom w nauce w domu [12].

W innych krajach nauka programowania réwniez ma zaczyna¢ sie z uczniami
mtodszymi, jednak rézni je sugerowany wiek ,kodowej” inicjacji, np. w Australii
jest to klasa 2, w Grecji klasa 3 [6]. W polskiej edukacji rOwniez coraz czesciej
pojawiajg sie terminy: programowanie, kodowanie, czy robotyka. Na uwage za-
stuguje fakt, ze Ministerstwo Edukacji Narodowej proponuje w nowej reformie
systemu o$wiaty szereg zmian na wszystkich szczeblach edukacji szkolnej, mie-
dzy innymi w zakresie nauki programowania. Wkrétce nauka programowania
czy robotyki wejdzie w zakres obowigzkéw nie tylko nauczycieli informatyki czy
zaje¢ komputerowych, ale réwniez nauczycieli nauczania wczesnoszkolnego. Dla
tych ostatnich decyzja ministerstwa niesie wiele obaw, ale wystarczy odrobina
kreatywno$ci, podstawowa wiedza i wtasciwe narzedzia, aby nauka programo-
wania byta realizowana w przystepny i atrakcyjny sposéb, by zachecata uczniow
do programowania.

3 Technologiczne uwarunkowania nauki programowania

W ostatnich latach kwestia efektywno$ci narzedzi i metod stosowanych w nauce
kodowania byta przedmiotem badan zespotu ekspertéw i edukatoréw pod kie-
rownictwem P. ]. Richa. Badanie ankietowe zostato przeprowadzone z udziatem
ponad 300 nauczycieli reprezentujacych 23 kraje i blisko 60 tys. uczniéw (w
wieku 5-14 lat). Najcze$ciej wymienianym jezykiem wykorzystywanym do nauki
programowania byt Scratch (82%), ktéry bazuje na operowaniu wizualnymi
bloczkami z poleceniami. Podobng specyfike pracy prezentuje Lego Robotics
(Lego Mindstorms, Lego WeDo), wymieniony przez 43% nauczycieli. Réwnie po-
pularny jest Blockly 36%. W ankiecie podawano takze nazwy jezykéw teksto-
wych (Python, JavaScript, Basic), co moze wynikac z faktu, ze w Wielkiej Brytanii
uczniowie przed ukonczeniem etapu nauki ,key stage 3” (odpowiednik klasy
VIII) musza korzystac z 2 lub wiecej jezykéw programowania, w tym przynajm-
niej z 1 jezyka tekstowego [6].

Wspétczesny rynek programistyczny oddaje do dyspozycji nauczycieli, dzieci i
rodzicow wiele narzedzi edukacyjnych, w tym dostepnych poprzez Internet,
ktére moga pomdc ksztattowac umiejetnos$¢ analizowania informacji, kodowania
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informacji, czy rozwigzywania probleméw. Dawniej w polskich szkotach podsta-
wowych mozna byto gtéwnie spotka¢ srodowisko Logo (Logomocja, Logo Kome-
niusz). Obecnie popularne i coraz powszechniejsze jest programowanie wizualne
w Baltie lub Scratch. Wiele zastug na polu popularyzacji nauki kodowania ma ini-
cjatywa ,Godzina Kodowania” zapoczatkowana w 2013 r., ktéra ma swoje zago-
rzate grono wielbicieli w Polsce.

Tymczasem nie s3 to jedyne srodowiska, jakie mozna wykorzysta¢ w edukacji
najmtodszych. Inne opcje, w tym ,,niekomputerowe” (tzw. unplugged), sg szeroko
popularyzowane w projektach realizowanych w ramach programu europej-
skiego eTwinning. Jednym z polecanych rozwigzan jest platforma Kodable -
umozliwia ona nauczycielom za darmo nauczanie dzieci kodowania oraz kontro-
lowanie ich postepéw dzieki zaktadaniu wirtualnych klas i kont uczniowskich.
Zadania maja opracowang skale trudnosci stosownie do wieku dzieci, poczawszy
od poznania sekwencji i algorytméw w wieku 4-6 lat, do programowania obiek-
towego z uzyciem JavaScript w wieku 9-11 lat.

Podobne mozliwosci do Kodable oferuje takze platforma Tynker, ktora jest
zgodna z podstawg programowg szkot w Wielkiej Brytanii w zakresie nauki pro-
gramowania. Jednak optata za Tynker Classromm dla 1 klasy do 30 uczniéw w
VI.2017 r. wynosita 399EUR, za$ pakiet Tynker School dla catej szkoty i wszyst-
kich pozioméw klas - 2600EUR, stad platforma ta moze by¢ mniej osiggalna dla
szkét i przedszkoli w Polsce. Ciekawg alternatywa dla popularnego w wielu kra-
jach srodowiska Scratch jest the Foos, program nagradzany za osiaggniecia w dzie-
dzinie nauki programowania. Oprécz materiatéw dla uczniéw i nauczycieli ofe-
ruje takze mozliwo$c¢ korzystania offline. Rozktad nauczania zasad programowa-
nia jest dostosowany tutaj do potrzeb szkét w Stanach Zjednoczonych. Korzysta-
nie w pei z jego mozliwosci jest takze odptatne. Warto tez podkresli¢, ze the
Foos proponuje cze$¢ ¢wiczen dla dzieci w formie ,niekomputerowej” czyli pa-
pierowej, co jest dobrym rozwigzaniem polecanym przez niektérych nauczycieli
kodowania. Rozumienie algorytmoéw i nauka programowania bazuje na umiejet-
nosci ucznia do logicznego i kreatywnego myslenia, ktore jest niezalezne od wy-
korzystywanych materiatow i Srodkéw dydaktycznych. Warto pokazac¢ dzieciom,
ze zabawa i nauka ,bez pradu” moze réwnie mocno wspierac rozwoj ich kompe-
tencji, jak i stosowanie komputeréw, tabletéw, robotéw edukacyjnych.

Srodowiska programowania dla dzieci z reguly sa przyjazne, kolorowe, zawieraja
wiele samouczkow lub ¢wiczen interaktywnie wprowadzajacych w arkana kodo-
wania. Warto doda¢, Ze zazwyczaj towarzyszy temu jaka$ animowana postac, np.
czarodziej (Baltie), kotek (Scratch), rodzina szalonych pomponéw (Kodable), co
dla dzieci szczeg6lnie w wieku przedszkolnym i wczesnoszkolnym jest interesu-
jace i motywujace do zabawy i jednocze$nie nauki.

Szybki rozwéj techniki komputerowej promuje powstawanie Srodowisk progra-
mowania. Tym wymaganiom prébuja réwniez sprosta¢ firmy produkujace za-
bawki edukacyjne, czy chociazby zyskujace na popularnosci roboty edukacyjne
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[11]. Dotychczas bogata oferte mozna byto znaleZé na rynkach zachodnich sasia-
doéw, np. roboty edukacyjne BeeBot popularne w brytyjskich oddziatach dla
dzieci 5-letnich (odpowiednik polskiego przedszkola), prezentowane na Ry-
sunku 1, czy zestaw firmy Wonder zawierajgcy roboty Dash i Dot (cena ok.
1300PLN, V1.2017 r.).

Rysunek 1: Beebot wykorzystywany w przedszkolu w Radomiu
podczas realizacji projektu Comenius Regio ,New Skills:
Learning for Success” (zrédta wtasne).

Innymi rozwigzaniami technicznymi moga by¢ takze nowo$ci produkowane od
paru lat przez rodzimych producentdw, takie jak roboty Ozobot wspotpracujace
z platforma OzoBlockly czy Photon dziatajacy w Srodowisku Scratch oraz Google
Blockly (koszt w V1.2017 r. pierwszego to ok. 390PLN wraz z akcesoriami, dru-
giego - ok. 170USD).

W radomskich placéwkach roboty edukacyjne to wcigz rzadkos$é, stad ogromna
popularnoscig ciesza sie zajecia robotyki Lego oferowane przez prywatne pla-
cowki edukacyjne, ktore sta¢ na zakup zestawow robotéw. Dla niektérych placo-
wek publicznych doposazenie w pomoce dydaktyczne do nauki programowania
i robotyki to wciaz odlegta przysztosé.

Wszystkie wyzej wymienione rozwigzania z sukcesem wdrazajg w praktyce idee
edukacji STEM (ang. akronim oznaczajacy science, technology, engineering and
mathematics), czyli nauki przyrodnicze, technike, inzynierie i matematyke, a za-
tem dziedziny, ktdre juz dzi$ i zapewne w przysztosci beda decydowac o konku-
rencyjnosSci absolwentéw na rynku pracy. Z pewno$ciag wymagajg one wielu na-
ktadéw finansowych na poczatku, jednak z nadzieja mozna patrzec, ze oferta edu-
kacyjna stale sie rozszerza i konkurencja wymusza coraz to nizsze ceny. By¢
moze juz wkrétce kazda szkota i przedszkole bedzie mogto pochwali¢ sie nie
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tylko tablicg interaktywna, ale takze zestawem do nauki programowania i robo-

tyki.

4 Przygotowanie nauczycieli edukacji przedszkolnej i wczesnoszkol-
nej do nauki programowania

Nauka kodowania moze by¢ intuicyjna, szczegélnie w pracy z dzie¢mi mtodszymi,
ktére uzywaja srodowisk wizualnych. Ponadto niektére ze srodowisk programi-
stycznych oferujg wsparcie dla poczatkujgcych nauczycieli, np. platforma Koda-
ble zapewnia pomoc, darmowe plany lekcji i monitoring postepéw ucznia. Wy-
starczy wtedy podstawowe przygotowanie nauczycieli, bazujgce gtéwnie na
umiejetnosci logicznego i kreatywnego myslenia. Mogg to czeSciowo potwierdzaé
badania zespotu P. J. Richa, w §wietle ktérych 55% nauczycieli kodujacych w kla-
sie nie miata zadnego lub miata tylko krétkie przeszkolenie (w tym 75% nauczy-
cieli biorgcych udziat w badaniu ze Stanéw Zjednoczonych oraz 62% z Finlandii).

W Polsce nauczyciele edukacji wczesnoszkolnej stang przed konieczno$cig wdro-
zenia nauki kodowania do zakresu tresci programowych. Osoby juz pracujace w
zawodzie bedg mogty skorzysta¢ z szerokiej formy wsparcia programu eTwin-
ning, ktéry systematycznie oferuje kursy on-line z zakresu programowania w
Scratch oraz innych $srodowiskach dla najmtodszych. Wsparciem jest tu takze ini-
cjatywa ,Godzina kodowania”, ktéra umozliwia dorostym a takze dzieciom wzie-
cie udziatu w kursie sktadajacym sie z kilkunastu zadan.

Istotne pytanie jawi sie w kwestii przygotowania obecnych studentéw kierun-
kéw nauczycielskich do nauki programowania i robotyki wsrdd dzieci. Badanie
ankietowe w tym zakresie przeprowadzono w maju 2017 r. wérdd 55 studentek
i absolwentek kierunku Pedagogika specjalnosci edukacja przedszkolna i wcze-
snoszkolna (studia I i II st.) na Uniwersytecie Technologiczno-Humanistycznym
w Radomiu. Celem byto m.in. zbadanie postaw przysztych nauczycieli etapu edu-
kacyjnego 0-1 do promowania kodowania wéréd najmtodszych wychowankéw.

Zaledwie 56% respondentek uwaza decyzje ministra edukacji o nauce programo-
wania przez dzieci za konieczng i zasadng. Reszta badanych (44%) nie widzi po-
trzeby lub nie ma zdania w tym zakresie. Niepokojacy jest réwniez fakt, ze 31%
badanych nie uwaza by musiato doskonali¢ swoje umiejetno$ci informatyczne.

Dotychczasowe do$wiadczenia ankietowanych z narzedziami programistycz-
nymi koncentrujg sie gtéwnie na znajomosci programu Baltie (50 oséb), ktory
mogly poznaé¢ w toku studiéw na przedmiotach zwigzanych z metodykg prowa-
dzenia zaje¢ komputerowych (30 godzin zaje¢ na studiach I stopnia, 45 godzin -
I stopnia). Kilka os6b deklarowato réwniez znajomo$¢ narzedzi takich jak Scra-
tch, Lego Komeniusz, Lego Mindstorms (Rysunek 2), co moze by¢ efektem wspét-
pracy z prywatnymi placowkami edukacyjnymi prowadzgcymi zajecia z robotyki
Lego. S3 to chlubne wyjatki, poniewaz zazwyczaj studentki odbywajace praktyki
pedagogiczne w przedszkolach i klasach I-1II szkét podstawowych nie spotkaty
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sie z nauka programowania. Zazwyczaj celem praktyki pedagogiczne jest kon-
frontacja wiedzy i umiejetnosci nabytych w toku studiéw z rzeczywistoscig
szkolng, gdzie student nabywa cenne do$wiadczenie praktyczne [8]. W przy-
padku kodowania i robotyki dzieje sie to niestety niezmiernie rzadko. Mozna w
tym miejscu doda¢, ze w szkotach na terenie Radomia sporadycznie wystepuje
programowanie takze w edukacji informatycznej w kl. IV-VI.

Baltie 50
Logo Komeniusz 11
Lego Mindstorms 5
Scratch 5
Inne 2
Lightbot 1
Pocket Code 1

0 10 20 30 40 50 60

Rysunek 2: Znajomo$¢ jezykdw/sSrodowisk programowania wsréod badanych.

Respondentki miaty m.in. okresli¢ przyczyny trudno$¢ nauczycieli w toku ucze-
nia sie programowania. Najcze$ciej wymieniano tutaj brak przygotowania mery-
torycznego i informatycznego (36%) oraz staba znajomosci programéw z uwagi
na ich odptatno$¢ lub skomplikowang obstuge (22%). Tylko 24% badanych oce-
nito wtasne przygotowanie w zakresie nauki programowania jako dobre lub bar-
dzo dobre, zas az 52% osdb ocenito swoje umiejetnosci jako dostateczne, niewy-
starczajace lub nie miato zdania w tym temacie. Pomimo tego tylko 35% studen-
tek wyrazito che¢ doskonalenia informatycznego.

Respondentki deklarowaty, ze w przysztosci bedg korzysta¢ w pracy nauczyciela
z nastepujacych narzedzi TI: programy multimedialne (98%), Internet (80%),
programy uzytkowe takie jak edytor tekstu, arkusz kalkulacyjny (45%) oraz pro-
gramy narzedziowe (36%). Tylko 15% badanych bedzie chciato korzystac z jezy-
kéw programowania. Niestety, ta postawa wskazuje, ze z reguty wolg korzystac
z gotowych rozwiagzan, niz twérczo wdrazaé nowe dziatania edukacyjne.

5 Podsumowanie

W $wietle przytoczonych badan trudno zatem powiedzie¢, ze studia wyzsze przy-
gotowuja absolwentéw do nauczania dzieci programowania i robotyki. Jednak
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charakter pracy nauczycieli oraz ogblne wymogi wspoétczesnego rynku pracy za-
ktadaja, ze kazdy pracownik w ramach swoich kompetencji powinien posiada¢
transgresyjny potencjal, ktéry umozliwia integracje elementéw struktury po-
znawczej danej osoby i rGwnowazenie jej relacji ze Swiatem. W tym $wietle kom-
petencje zaktadajg aktywnos¢ i twérczo$¢ podmiotu, ktéry uczestniczy w prze-
mianach spotecznych [2]. Zatem zmieniajace sie wymogi odno$nie warsztatu
pracy pedagoga nie sa zaskoczeniem, nowoscig ani dla pracownikéw sektora
edukacji, ani dla studentéw. W ostatnim dziesiecioleciu nauczyciele edukacji
przedszkolnej i wczesnoszkolnej musieli doskonali¢ swe umiejetnosci diagno-
styczne, zgodnie z konieczno$cig oceniania gotowosci szkolnej dzieci korzystaja-
cych z rocznego przygotowania szkolnego. W 2014 r. ministerstwo edukacji roz-
szerzyto podstawe programowg wychowania przedszkolnego wprowadzajac na
nauczycielach wymog doksztatcenia sie w zakresie jezyka obcego [7]. Obecnie
nauczyciele edukacji wczesnoszkolnej powinni rozwija¢ lub doskonali¢ swoj
warsztat o umiejetnos$ci programowania.

Zazwyczaj reformy w polskim systemie o§wiaty nie szty w parze z wystarczaja-
cym wsparciem szkoleniowym dla kadry pedagogicznej. Czy stanie sie tak row-
niez w przypadku ,rewolucji w kodowaniu szkét”? Oceniajac obecne (nikte) dzia-
tania ministerstwa mozna mie¢ obawy, ze po raz Kkolejny ciezar pospiesznie
wprowadzanych zmian poniosa na swych barkach pedagodzy.
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III New Technologies and ICT in Education

REAL-TIME FEATURES IN MODERN ENVIRONMENTS
Victoria H. BAKONY], Jnr. Zoltan ILLES, Dr. Zoltan ILLES, HU

Abstract: Some decades ago the need for real-time functionality was negligi-
ble - it appeared only on special scientific or military fields. Therefore, only
a small number of programmers had to be familiar with the topic. In the last
decades, the situation has become very different while we got used to receiv-
ing real-time information about almost everything in our daily life too. In one
hand answering this requirement appeared the general-purpose multitask-
ing operating systems like Linux offering such features which should warrant
for the given tasks to finish within the deadline. On the other hand, we are
surrounded by a lot of smart devices (micro controllers) in our private homes
as well, usually working on a single task. Thus, the importance of real-time
operating systems (RTOS) and programming rapidly has grown - therefore
its role must grow in education as well. In our paper, we would like to present
our ideas about where and what to teach of real-time possibilities in pro-
grammers - and IT teacher trainings.

Keywords: real-time operating systems, real-time applications, higher edu-
cation.

1 Introduction

Fifty years ago, people must write a letter and wait sometimes several weeks
for the answer to communicate with each other. They had to go to the library
to read about the results of the newest researches. The need for getting feed-
backs just in time appeared only on some special fields: measurements, con-
trolling, strategical areas or in the case of some medical systems.

With the spread of mobile smart devices, we accustomed to get information
immediately. As the proverb says “Time is money”. Therefore, we expect to
get real-time news, real-time weather report, real-time traffic report and
real-time business information, we use real-time services in case of paying
with bank-card, using card door locking systems etc. Moreover, today we are
surrounded by a lot of other smart devices, phones, glasses, refrigerators,
vacuume-cleaners, cars, homes etc. and they all give us real-time help in our
daily life. Thus, the knowledge about implementing real-time applications
(RTAp) is became important in all type of informatics trainings.
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2 Real-time systems

Firstly, we should define what a real-time system is. To dissolve a delusion, it
is not the synonym of a very quick system. It means that it will finish its task
within the given deadline. If any delay is not acceptable then it is called hard
real-time otherwise it is a soft real-time system.

Some decades ago when computers and operating systems were not so de-
veloped - meaning that they were not able to work parallel - the task to im-
plement a real-time application was not so complicate. Naturally the pro-
grammer had to know the detailed information about the execution time of
the single instructions, the accuracy of the system clock and the timer. The
execution time and features of interrupts and handling signals were also im-
portant. Knowing the previously mentioned data a well-trained programmer
could count the punctual execution time of the task. Therefore, it was possi-
ble to write even a hard real-time application under DOS operating system
too. [1]

Nowadays microcontrollers are very similar from a lot of point of view to the
old single task computers. Usually they are working on a single special task
therefore the evaluation of execution time depends on the same features as
we described previously. There are embedded systems without an OS (oper-
ating system) and with it e.g. QNX, Windows CE.

At the same time with the growing need of real-time solutions, general pur-
pose multi-task operating systems like Linux added real-time functionalities
(module) to ensure the implementation of such applications. But we can say
almost all leading operating system offers real-time features for today. Natu-
rally the system clock, the timer(s), the execution time of a single instruction
all are important. Per the modern hardware technology all examined details
are quicker and more accurate than before. But it is not enough for us in a
parallel system; the real interesting question in the case of a multiuser, mul-
titask OS is: how can be finish within the deadline running together several
different tasks. (This became more complicated if there are several CPUs in
the system.) The main part of this work is done by the schedulers. The com-
mon idea is to give some priority levels to the processes and so they can get
more resources to run. Moreover, in such systems some CPUs may be dedi-
cated to the real-time processes. Other interesting thing is working on a
Linux platform that we must keep in mind the differences of normal and real-
-time signals. [2, 3, 4]

Nowadays we are always connected to the net using web-applications to help
ourselves in our daily life. In the case of a so-called real-time application we
must face to new theoretical and technical problems. Using HTTP protocol, it
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is not an axiomatically thing to change the clients’ information continuously
without a new request. In modern environments, we have different methods
to solve this problem like SignalR module in ASP.NET system. [5]

3 Real-time technology in informatics trainings

“Over some period, all the modern electronic devices have appeared in edu-
cation gradually, and the mobile phone, tablet, smart phone as well, they
want to take their place in it.” [6]

Designing the syllabus of any university training we should keep in mind two
things and balance between them:

e to give a strong base of general ideas (to give a chance to students to be
able to learn newness throughout their whole vocational life);

e to teach some of the most modern technology (to be able to take place in
the working market immediately).

Rapid changes in the world of technology and informatics make our work es-
pecially difficult. [7]

There are two different ways to achieve modernization:

¢ in each 3-5 years develop a new branch of subjects due to the new needs
of industry and throw away the previously taught topics;

¢ always make some slight changes in all subjects per the needs.

The mixture of the above-mentioned choices will result the best solution by
our opinion. In this case the topics are always up-to-date and it requires less
effort at the “big” changing periods.

From this point of view we looked through our subjects Fundament of Com-
puters, Operating systems and Developing web-applications II. The first two
are compulsory subjects of BSC informatics trainings (for programmers and
for teachers) and the third one is a choose able MSc subject.

3.1 Fundament of Computers

The general goal of the subject (http://fundofcomp.inf.elte.hu/) simplifying
it is to show the beginners the architecture of a computer and network; the
basic operating system possibilities on different platforms mainly in Linux
and in Windows; and to teach the bases of script writing on both widely
spread systems.

Nowadays we are living in the age of IoT (Internet of Things). We state that
at the beginning of their studies students should see that the technical world
around them is not a mystical thing; we just use different type of computers.
Term by term we add some plus information about microcontrollers as well
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demonstrating their possibilities with some interesting funny projects like a
“beer cooking system” with Raspberry Pi implemented by a young colleague
Adam Barath to give some motivation. (Figure 1)

Figure 1: Beer cooking project from Barath, Adam.

Students should understand that almost everything around us contains some
small computers which we can program. The programming language, the en-
vironment is different but the main concepts of programming is the same!
We do not have to change our programming paradigms and we can imple-
ment code for any devices. In the same time, they understand that they have
a quasi-real-time system due this programs are running alone on the device.

3.2 Operating systems

Operating systems subject (http://os.inf.elte.hu/) is for advanced students
therefore the goal of the subject is to make them understand the tasks of an
operating system. How an OS manages memory, 10 devices, which types of
schedulers we use, which type of IPCs (Inter Process Communication) exist,
what the main algorithms of a system are etc.

Figure 2: Different schedulers and priority levels.

Though Linux and Windows are not RTOS systems, both has real-time fea-
tures and there are RT systems based on Linux e.g. Suse Linux Enterprise
Real-Time Extension.
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In the syllabus time to time we strengthen the presentation of real-time fea-
tures. We:

e We show the different priority levels of processes, highlight the role of
scheduling e.g. SCHED_OTHER, SCHED_FF, SCHED_RR, SCHED_IDLE, in
parallel execution of different priority tasks. (Figure 2).

e We demonstrate the different behaviour of real-time and “normal” sig-
nals - each of the real-time signals will arrive to the process while only
one of the same type of normal signal will be handled. Moreover, real-time
signals will be handled immediately.

e We explain the idea of different RT IPCs.
e We speak about the usage of RT clocks and timers.

e We speak about CPU shields, CPU sets with which we can dedicate a given
CPU to a given real-time task, thus all other normal processes will be exe-
cuted by the remaining CPU-s.

3.3. Developing web-applications II

The goal of the subject (http://aspnet.inf.elte.hu/) is to present a modern,
up-to-date environment for implementing web-based applications. It over-
sees the classification of different web-applications, speaks about the work-
ing mechanism beyond the scenes, demonstrate the usage and architecture
of services, deals with authentication possibilities and modern database han-
dling.

Figure 3: SignalR mechanism (figure from http://bitly/2dcS3ah).

Real-time module SignalR is a nice and easy to use possibility to create
RTAp-s. In the background a hub is working, which connects server and cli-
ents. Therefore, clients can be refreshed automatically at each changes of
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server side without a manual request. From a client, we can send some mes-
sages to the server using JavaScript functions to the hub and it broadcasts
them to the clients.

4 E-Lection system

Presenting the importance of using real-time applications in our teaching
practice too, we implemented a real-time web-based BYOD (Bring Your Own
Device) system in ELTE (E6tvos Lorand University, Budapest, Hungary). The
application goal is to create an electronic catalogue of the students sitting in
the auditoriums and to activate students during lectures. The application can
authenticate the teachers and the students and manages the database of at-
tendances and questions - answers. Both teachers and both students may ask
justin time from each other using this application. (Figure 4). [8]

Student's feedbacks...

Forget
Do not understand: openiclose
Forget

Students’ questions, openiclose
= Mobil Akadémia: How can | create a pipe?

Figure 4: Students’ real-time feedbacks on teachers’ page.

5 Conclusion

University education must set an example therefore we do have to remain
up-to-date in our teaching methods and contents. The spread of real-time ap-
plications in daily life must change the focus points of several topics, subjects.
We state that all informatics students even on BSc level must be able to know
the bases of real-time programming. To use modern technologies and ideas
in programmer trainings is very important but to teach them to the future
informatics teachers is much more important! That is why our next goal is
not to simply demonstrate some experiments but to make students of the
teacher trainings to work on small own projects with microcontrollers. The
future is in their hands!
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PRACOVNY LIST AKO KOOPERACNY A KOMUNIKACNY
NASTRO]J E-LEARNINGOVEHO KURZU

Peter BEISETZER, Jana BURGEROVA, SK

Abstrakt: Od e-learningu sa ocakava, Ze ¢o najefektivnejSie sprostredkuje
rozvoj sledovanych kompetencii pouzivatelov e-learningového kurzu. Na
tomto vysledku maju podiel rézne aspekty tejto formy edukacie. Nasim za-
merom je upriamit pozornost na oblast komunikacie a kooperacie v ramci
Specifik e-learningovych kurzov. Pre tento pripad analyzujeme moZnost vy-
uzit pracovny list pre e-learningovy kurz ako nastroj komunikacie a koope-
racie.

KI'icové slova: e-learning, komunikacia, kooperacia, pracovny list, metakog-
nicia.

WORKSHEET AS A CO-OPERATION AND COMMUNICATION
TOOL FOR AN E-LEARNING COURSE

Abstract: At the Faculty of Education of the University of PreSov in PreSov,
e-learning is becoming increasingly widespread in the preparation of pri-
mary education teachers. The published experience presents a methodology
for the creation and application of worksheets strategically oriented towards
metacognition. The design of the published worksheets reflects the need to
develop a learning ability in the mindsets of their own thinking processes
leading to comprehension to improve their own cognitive abilities. The self-
-reflexion and self-diagnosis of self-cognitive styles, methods, tactics and
strategies set out in this way are the starting point for finding more effective
cognitive and self-regulatory procedures.

Keywords: e-learning, communication, cooperation, worksheet, metacogni-
tion.

1 Uvod

Inovacné aktivity, zamerané na edukacné systémy, nemozu obchadzat prob-
lematiku e-learningu a to aj napriek tomu, Ze st voc¢i nemu vyslovené urcité
vyhrady, ktoré vyplynuli z komparacie s prezen¢nou formou vyucby. Jednou
z vyhrad st napr. absencia osobného kontaktu (Student - Student, ucitel -
Student), nedostatok komunikacie, osamotenost pri rieSeni problémov, izo-
lacia vramci osobnych kontaktov uciacich sa. Uvedené argumenty mozu
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ovplyvnit aktivity smerujice k vytvoreniu e-learningového kurzu. Na za-
klade uvedeného je predmetom nasho zaujmu ponuknut rieSenie, ktoré bude
minimalizovat obavy z e-learningu. Vychadzame z predpokladu, Ze spravne
voleny kooperac¢ny a komunikacny nastroj zrealni vzdelavaci proces realizo-
vany s podporou e-learningu.

1.1 Metakognicie a autoregulacia - stratégie na tvorbu kooperaénych
a komunika¢nych nastrojov

E-learningovy kurz podlieha urc¢itym kritéridm. Jednym z nich je podmienka
tykajuca sa existencie koopera¢nych a komunikac¢nych nastrojov. Za takyto
nastroj je mozné povazovat pracovné listy, ktorych interaktivna funkcia
sprostredkuje systémovi a koncepcnu vazbu medzi prezen¢nou formou vy-
ucby a e-learningom (aplikovany na riadené samostiudium). Pri takto zvole-
nom pristupe bude konstrukcia pracovného listu obsahovat ¢innosti zame-
rané na rozvoj schopnosti zamyslat sa nad svojim rozmysl'anim, uvazova-
nim, analyzovanim, dedukovanim a pod. ﬁalej monitorovanim vlastnych
myslienok a to vSetko na zaklade sebapoznania regulovania svojho spravania
(metakognicie). Na tieto skutoc¢nosti nadvdzuju c¢innosti, v rdmci ktorych
uciaci sa rozvijaju schopnost vyhodnotit, ¢o vedia a ¢o nevedia (autoregulo-
vané ucenie). Uvedené ma4 za ciel viest uciacich sa k tomu, aby si sami urcili
smer a stratégie svojho d’alSieho ucenia sa. Zaroven si treba uvedomit, Ze ta-
kymto pristupom ich ucime sa ucit.

2 KI'acové stratégie pre tvorbu pracovného listu

Uspesné vytvorenie koopera¢ného a komunika¢ného nastroja v podobe pra-
covného listu predpoklada tvorivy potencial ucitel'a. V rdmci nami zvoleného
pristupu vyber tloh volime tak, aby sa od u¢iaceho vyZadovali schopnost sle-
dovat, riadit' a kontrolovat seba samého. K tomu je potrebny aktivny pristup
uciaceho sa k vyhodnoteniu svojich myslienkovych postupov. Je dobré, ak
uciaci sa si bude vedomi toho, Ze rieSenie tiloh ma za ciel vyvolat u neho stav,
v ramci ktorého ,spoznava ako spoznava“, t. j. ziadané aktivity rozvijaju mys-
lienkové procesy, ktoré sa podiel'aju na vlastnych poznavacich procesov.

Takto uciaci sa bude mat informadcie o sebe samom, t. j. ako riesi nejaky prob-
1ém, pricom zarovein skiima a kontroluje svoje procesy mentalneho spraco-
vavania. Tym sa naplni obsah stratégie o monitorovani vlastnych kognitiv-
nych procesov (kontrola, riadenie a regulovanie kognitivnych procesov na
principe disponovania vedomostami u¢iaceho sa o sebe samom). Dal$im vy-
znamnym principom takto zvoleného pristupu je odbtiravanie mechanického
ucenia sa a vyuZivanie aktivneho ucenia sa. Vysledkom je stav, ked' uciaci sa
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chape postupy vedutce k spracovaniu informacii na zaklade skiimania proce-
sov svojho myslenia.

2.1 Pracovny list - pedagogické poznamky k metodickému pristupu

Nami prezentovany pristup ma oporu v metakognitivnych stratégiach.
Z tohto dovodu su brané do tivahy poznatky o kategériach matakognicie
(Martinez, 2006). Kazda z kategdrii u uciacich sa monitoruje, kontroluje
a planuje myslenie, pamat a porozumenie s cielom volit optimalne postupy
poznavacieho procesu s porozumenim. Jednotlivé casti pracovného listu
vedu uciaceho sa ku kladeniu si otazok ako:

o KrieSeniu ulohy viem vSetko, viem len nieco, neviem v podstate nic?

e Viem ¢o mam vyrieSit, co mam urobit, aby sa mi to podarilo, zvolil som
ten najspravnejsi pristup, st moje rozhodnutia funkcéné?

e Maji moje namety, ndvrhy rieSenia vyznam?

V pripade, Ze konstrukcia pracovnych listov akceptuje vyssSie uvedené, bude
uciaci sa vedeny k tomu, aby:

e tvoril vlastné postupy,

e osvojoval si rozne stratégie rieSenia problému (nasledne ich zautomati-
zoval a premenil na zruénosti),

¢ v ¢innostiach uplatitoval vlastné myslienkové postupy,
¢ planoval, kontroloval, hodnotil, riadil, vyjadroval vlastny nazor,

e monitoroval svoje ucenie sa, t. j. zhodnocuje ho s ciel'om urcit, ktoré po-
znatky si potrebuje eSte osvojit.
Prezentovany komunikacny a koopera¢ny nastroj vytvara podmienky pre
vznik synergického efektu v oblasti metakognicie. Na linearne usporiadané
ulohy je aplikovany metodicky algoritmus:
a) RieSenie bez usmernenia. Myslienkové operacie uciaceho sa nie su
usmernované. Ten spoznava vlastnd troven sledovanych schopnosti
a zrucnosti, ktora konfrontuje s poZadovanou. Sucastou tlohy je vyjad-
renie sa uciaceho sa k narocnosti tlohy. Vyhodnotenie za celd skupinu
robi tutor (obrazok 1 - ¢islo 1 symbolizuje najnizsiu a ¢islo 10 najvyssiu
narocnost).
Uciaci sa vyjadrujui pripomienky a podnety k tlohe, resp. rieSeniu ulohy.
Napr.: ,Aka zmena prispeje k vylepSeniu tejto Glohy? Strucne uved'te, ¢o na
ulohe ocerniujete, Co je potrebné zmenit alebo doplnit (napr. v texte dlohy,
v grafickom vyobrazeni a pod.).“ Informacie st vyhodnotené v zmysle pripra-
venosti uciaceho sa konat' v prospech stratégie rozvoja danych schopnosti
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a zrucnosti. Aktivny pristup uciaceho sa k analyticko-syntetickej Cinnosti
smeruje k uvedomeniu si nejasnosti, resp. vlastnych predstav o ¢innostiach
spojenych s rieSenim tlohy.

Stupnica ndroc¢nosti tilohy
112 |3]4|5]|6]7]18]9] 10

Sledovany aspekt

Pocet spravnych rieSeni na
drovni narocnosti

Pocet nespravnych rieseni
na urovni narocnosti

Pocet spravnych rieSeni na
rozhrani naroc¢nosti

Pocet nespravnych rieSen{
na rozhrani naroc¢nosti

Obrazok 1: Tabul'ka vyjadrujtica naro¢nost tlohy a prehl'ad o irovni skupiny.

Aktivita uciacich sa, rozsirena o oblast’ podnetov a pripomienok, ma za ciel
vyvolat u nich vacsiu sustredenost a uvedomenie si suvislosti zamerného
poOsobenia. Cielom je dosiahnut stav, ked’ uciaci sa nie je len objektom, na
ktory systém posobi, ale je zaroven subjektom aktivne pdsobiacim na vyuc-
bovy proces. V ramci vyhodnotenia tychto aktivit je mozné dat’ uciaceho sa
vyjadrenie do suvislosti s problematikou vnutornej motivacie a iroviiou
hodnotenych schopnosti a zru¢nosti, kde uciaci sa s:

o dostato¢nou uroviiou sledovanych schopnosti a zru¢nosti méze svoje pri-
pomienky smerovat k poZiadavke zvyS$it naro¢nost tulohy. (posudzujeme
ako ocakavany stav, s naslednym rozhodnutim pokracovat diferenco-
vane).

¢ nedostato¢nou urovnou sledovanych schopnosti a zru¢nosti méze svoje
pripomienky smerovat k zjednodu$eniu ulohy. Napr. vyzvu pre Upravu
textu je moZné posudzovat ako:

onedostato¢né porozumenie problému, resp. pokynov, nejasna orienta-
cia v subore poZiadaviek,

onedostato¢ne znamy obsah pouZitych pojmov, t. j. uciaci sa nekomuni-
kuje danymi vyjadrovacimi prostriedkami,

oviacvyznamové vysvetlenie zadania ulohy a pod.
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b)

d)

RieSenie s usmernenim. Pre ttto Cast je aplikovana stratégia ,ucit sa
ako sa ucit*. K tomu vyuZzijeme algoritmus usmernenia analyticko-syn-
tetickych ¢innost{ u¢iacich sa. Cinnosti maji svoju postupnost’ stano-
venu krokmi, ktoré vizualizuji myslienkové operacie. Vo vedomi ucia-
ceho sa dbjde k uvedomeniu si kl'i¢ovych suvislosti, na zaklade ktorych
dochadza k porozumeniu. Rozvoj sledovanych schopnosti a zru¢nosti
takto podporime sebakontrolou, sebahodnotenim a sebariadenim.

Parcialne rieSenie. Kazdé rieSenie tlohy predpoklada urcité schopnosti
a zrucnosti. V pripade, Ze uciaci sa nimi nedisponuje, je to situdcia pre
ich rozvoj. Zaradenie ,parcidlneho rieSenia“ do systému rozvoja ma za
ciel' vyvolat u uciaceho sa vicsie sustredenie sa na podstatny detail
ulohy. Rieseniu primarnej Glohy predchadza rieSenie parcialnej, ktora
s nlou suvisi. Parcidlna tloha je zamerana na detail, ktory je vyhodno-
teny ako mozny zdroj tazkosti, resp. omylov. Cielom zaradenia parcial-
nej ulohy je upozornit u¢iaceho sa na kl'a¢ovt informaciu, ktorej uvedo-
menie, resp. neuvedomenie si zdsadne ovplyvni vysledok rieSenia tlohy.
Uciacim sa navrhnuté zadanie a rieSenie ulohy. V tejto Casti su volené
aktivity uciaceho sa tak, aby na ich zadklade doslo k synergickému efektu
vrozvoji sledovanych schopnosti azrucnosti. Z hl'adiska edukacnej
stratégie su pre uciaceho sa vytvorené podmienky umoznujice z von-
kajsieho prostredia prijimat objektivnu realitu. U¢iaci sa s v nich ocita
v pozicii, ked' je sdm sebe objektom aj subjektom vychovy a vzdelava-
nia, t. j. sdm seba vychovava a vzdelava. V ramci tejto ¢innosti podlieha
riadeniu a sebariadeniu - da si prikaz, postavi dlohu, kontroluje, hod-
noti a pod. Miera spomenutych atribitov zavisi od jeho osobnostne;j
urovni, napr. tvorivych schopnosti (senzitivita, fluencia, flexibilita, ori-
ginalita, elaboracia, redefinovanie ai.). Jednotlivé Casti zadania obsa-
huju:
¢ navrh zadania ulohy. Samotny navrh dlohy spociva v modifikacii tych
uloh, ktoré boli skor rieSené. Vypracovanie textu, zadania tlohy je pr-
vou predstavou uciaceho sa o tom, ako ma prebiehat rozvoj sledova-
nych schopnosti a zru¢nosti. Zaroven informuje o svojich schopnos-
tiach riesit takéto ulohy, ¢o sa premieta do jeho predstavy o predpo-
kladanej irovni.

e navrhy ponuk rieSenia. Okrem jedného spravneho rieSenia uciaci sa
vypracuje minimalne tri ponuky s rozpoznatelnymi odchylkami. Ku
kazdej ponuke vypracuje pisomnu charakteristiku, ktorou identifikuje
suvislosti potvrdzujuce, resp. vyvracajlice spravne rieSenie. Je mozné
pripustit, Ze navrhnuté nevyhovujuice rieSenia vznikli ako skdsenost

118



XXX DIDMATTECH 2017, TRNAVA UNIVERSITY IN TRNAVA, FACULTY OF EDUCATION

z analytickej ¢innosti, v ramci ktorej uciaci sa mal pochybnosti, resp.
sa dopustil omylu. Danymi odchylkami uciaci vyjadruje svoju pred-
stavu o situdcii, ked' ,realnost” méze z dévodu nizkej irovne sledova-
nych schopnosti a zrucnosti byt stotoznena napr. s ,podobnostou”
apod. V Casti , komentar” uciaci sa argumentaciou zdévodni vyhovu-
juce rieSenie a v pripade nevyhovujiceho rieSenia poukaze na detaily
odliSujuice urcujtce Casti spravneho rieSenia
e) Vyjadrenie uciaceho sa k pracovnému listu. Tato Cast pracovného listu
plni funkciu spatnej vazby. U¢iaci sa maji mozZnost vyjadrit nazory a po-
stoje k obsahu pracovného listu a k praci s nim. Cielom je odhalit stvis-
losti, ktoré informuju o tom, ¢i uciaci sa realizované ¢innosti vnima ako
zmysluplné a koncepCné.

3 Zaver

Takto prebiehajice ucenie sa rozvija cvicenim sledované schopnosti a zruc-
nosti, ktoré sa postupne automatizujui. Skimanie procesov vlastného ucenia
sa je vys$sia forma vyhodnocovania osobnostnych predpokladov, t. j. nakol'ko
su tieto predpoklady efektivne pre rieSenie problémovych uloh. Takyto pri-
stup meni postoj k uceniu sa, riadi motivaciu a konkretizuje schopnost po-
rozumenia (uciaci sa ma vedomosti o svojom mysleni, pozna Cinitele, ktoré
ovplyviiuju jeho myslenie - vybera tie, ktoré mu vyhovuju najlepsie).
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RASPBERRY PI AZ OKTATASBAN

Krisztina CZAKOOVA, Mark CSOKA, SK

Absztrakt: A Raspberry Pi alkalmazasa az oktatdsban tdimogatja a modern
oktatasi stratégidkat, melyek célja az aktiv tanulds megval6sulasa hasznos te-
vékenység mellett. Ezek a kisméretii szamitégépek mar sok teriileten bizo-
nyitottak. A publikaci6 6 célja, hogy ismertesse a manapsag egyre nagyobb
népszerliségnek 6rvendd mikroszamitégépeket és ezek potencialis felhasz-
nalasi lehet6ségeit iskolai kornyezetben. Arra kerestiik a valaszt, vajon az ok-
tatdsban is megallhatjak-e a helyiiket, és ha igen, mi mindenre alkalmasak? A
publikacio targyat képezé eszkozon, a Raspberry Pi 3 Model B-n kiprébalasra
és értékelésre keriiltek a kiilonb6z6 elérhet6 operacids rendszerek és azokon
futtathaté alkalmazasok, valamint ezek mindennapi felhasznalasi lehetGsé-
gei. Az értékelésnél az ISCED3 kovetelményrendszere szolgalt alapul.

Kulcsszavak: Raspberry Pi, modern oktatasi stratégiak, informatika, opera-
cids rendszer.

RASPBERRY PI IN THE EDUCATION

Abstract: The aim of the contribution is to describe the branch of microcom-
puters which have nowadays got under the scope and have a continuously
growing popularity. The other goal is to discover the potential usage of the
above-mentioned computers in school institutes. These so called single
board computers have already proven their worthiness in many different
fields. Different types of operating systems were installed and tested on a
Raspberry Pi 3 Model B device, as well as the available applications. After the
description of operating systems, the paper deals with their comparison re-
garding school environment. The comparison was based on the require-
ments listed in the ISCED 3 and created as objective as possible.

Keywords: Raspberry Pi, modern teaching strategies, IT, operating system.

1 Bevezetés

Az informatika nagyon gyorsan fejl6dé tudomanyag, oktatastechnoldgia
szempontjaboél kimondottan nehéz 1épést tartani, éveken beliil elavultta val-
hatnak az djnak vélt eszk6zok. A mikroszamitégépek gyors fejlédése és azok
szamtalan oOtletes felhasznaldsi médja a mindennapi gyakorlatban tj lehet6-
ségeket tar a mai modern digitalis kor felhasznaléi elé. Az altalunk vizsgalt
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mikroszamitogépek megkozelitleg bankkartya méretliek, ebbdl a szem-
pontbodl kozelebb allnak egy okostelefonhoz, viszont az asztali szamitogé-
pekre jellemz6 f6bb kimenetekkel rendelkeznek. Felhasznalasi céltdl fiig-
gben tobb operacioés rendszerbdl is lehet valasztani.

Az els6 Raspberry Pi modell 2012-ben keriilt kiadasra, az6ta sok fejlédésen
és fejlesztésen ment keresztiil. Rendelkezik beépitett Wi-Fi és Bluetooth mo-
dulokkal, névelték a RAM és CPU kapacitasat is. Az id6 mulasaval egyre tobb
gyarté ismerte fel a benne rejlé potenciat, igy jelenleg mar jelent6s valaszték-
bol lehetett donteni a megfelel6 modell kivalasztasat illetéen. A piaca egyre
gyarapodik és az altala elérhet6 funkcidk szama is béviil. Ehhez jon hozza a
felhasznalok egyre népesebb kozossége, akik tapasztalataikat és dtleteiket
készségesen megosztjak egymassal. Ezt bizonyitja az interneten megtalal-
haté rengeteg utmutaté és video, ami segit kiillonb6z6 projektek megvaldsi-
tasaban, akar olyan felhasznaldkat bevonva, akik nem rendelkeznek magas
szint{ informatikai tapasztalatokkal.

1.1 Raspberry Pi bemutatisa

A szamitogépes technoldgia fejlédésével egyre tobb lehet6ség nyilik az egy-
kartyas szamitogépek el6tt. JellemzGen a Raspberry csaladdal szeretnénk
foglalkozni, de fontosnak véltiik megemliteni a konkurenciait ezen a piacon.
Par emlitend6 példa az elmult évek felhozatalabdl: BeagleBoard, Panda-
Board, BananaPi, Orange Pi, CHIP, ODROID, micro:bit, stb.

Abra 1: Raspberry Pi 3 Model B [2].
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A széles valasztékot 1atva felmeriilhet a kérdés, miért pont a Raspberry Pi-re
esett a valasztasunk. A dontésiinknek tobb oka is van. Az egyik a hatalmas
kozosség, melyet csupan néhany év leforgasa alatt sikerdlt kiépiteni. Szamta-
lan érdekes projekt és megoldas koszonhet6 a kisérletez6 kedvi felhaszna-
16knak, amikhez tébbnyire az utmutatot is elérhetévé teszik [1, 5]. A kovet-
kez6 érv a Raspberry Alapitvany irdnybdl érkez6 magas szintli tAmogatas
(online ingyenesen elérheté MagPi magazin formajaban), valamint tAimoga-
tas azon cégek részérdl is, akik ezekhez a mikroszamitdgéphez készitenek
hardvert, illetve szoftvert.

A népszerliséget az is bizonyitja, hogy az eladott Raspberry Pi termékek
szama 2017 elején elérte a 12,5 milli6 darabot, melynek harmadat a legijabb
teljes méretii modell, a Raspberry Pi 3 Model B tette ki. [2]

2 Raspberry Pi 3 Model B bemutatasa

Az alapitok eredeti célja az volt, hogy megalkossanak egy arban elérhet6 mi-
niatlr szamitogépet, elsésorban iskolai oktatasra. Az évek soran tobb model-
lel boviilt a csalad, jelenleg a 3. generaci6 az aktudlis, amit 2016 februarjaban
adtak ki, a Raspberry Pi 3 Model B. Az eddig megjelent modellek kozott rané-
zésre nem Véltiink felfedezni nagy eltéréseket. A legnagyobb kiilonbség a
portok szdmaban rejlik (pl. a 3. generacié mar 4db USB bemenettel rendelke-
zik), ami jelent6sen megkonnyiti tobb periféria egyszerre torténd hasznala-
tat. Hardver szempontjabdl viszont folyamatosan nyomon koévethet6 a fej-
lesztés, ez j6l megfigyelheté a RAM és CPU teljesitményén. Ezen kiviil a 3. ge-
neracié mar rendelkezik beépitett Wi-fi és Bluetooth modemmel is. [6]

Létezik egy még kisebb, még olcsébb modell is, a Raspberry Pi Zero. Ar szem-
pontjabol az eredeti Zero ajanlott fogyasztéi ara 5%, az Gjabb, Raspberry Pi
Zero W modellé 10$. A két késziilék kozott a kiillonbség abban rejlik, hogy az
utébbi megkapta a 3. generacios Pi-ben hasznalt Wi-fi és Bluetooth modemet.
A Zero szamitogépeket kifejezetten kiillonb6zd hobbi-projektek (pl. megfi-
gyeld vagy éjjellaté kamerak készitése, intelligens tiikor, stb.) megvaldsita-
sara szantak, ahol a teljesitmény nem elsédleges szempont. Létezik még egy
harmadik tipus, a Compute Module, ami specifikaciok szempontjaboél a masik
két verzi6 hardverét 6rokolte, viszont elsésorban ipari haszndlatra szantak.
Ebbdl kifolyélag szamunkra nem relevans és nem is keriil targyalasra. [1, 5,
6]

2.2 Operacids rendszerek és elérheté szoftverek értékelése

Raspberry Pi haszndalatakor az egyik legnagyobb kiilénbség, hogy az asztali
gépekkel és laptopokkal ellentétben nem a térségiinkben elterjedt Microsoft
Windows, vagy OS X operaciés rendszer valamelyik verziéja fut rajta, hanem
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Linux alapt operacios rendszerek egyike. A Linux rendszerek nagy elénye az
el6bbiekkel ellentétben az, hogy nyilt forraskéduak és nagyrészt ingyenesek.
Raspberry-n tobbek kozott elérheté az Arch Linux és Raspbian, utébbi a
Debian Raspberry Pi-re optimalizalt valtozata. Az elérhetd operacids rend-
szereket érdemes az szerint felosztani, hogy elérhetéek-e a NOOBS (New Out
of Box Software) telepitén keresztiil, vagy sem. Ez azért fontos, merta NOOBS
az operacids rendszerek telepitését hivatott megkonnyiteni, felhasznaloba-
rat installalast biztosit. Tovabbi elérhet6 operacids rendszerek a kovetkezok:
Chromium OS, Android, Flint OS, Kali Linux, stb. [6]

Ennek a fejezetnek a lehetd legobjektivebb elkészitéséhez sziikség volt az
operacios rendszerek kiprobalasara, elsésorban azzal a tudattal, hogy iskolai
kornyezetben mennyire lennének hasznalhatdk teljes értékii asztali szamito-
gépként.

. Chromium 0S, | OSMC, Libre
Feladat Raspbian Flint 0S ELEC
e Képszerkesztés Gimp
tg = Szovegszerkesztés LibreOffice Write Google Docs
® N i i -
% 2 Prezentacidkészités lere()rfeﬂscse fmp Google Sheets
N N
2o Multimédia hasznalata VLC, Audacity Online
3 1z — —
e Tdbldzatkezelés eslgraflkon LibreOffice, Calc Google Slides
-szerkesztés
L g L Web-szerkesztés Bluefish, Lazarus Cloud 9
ES o, £2 2 Bongészés Chromium, Midian Chrome
§ é ¢ ?tg = Kommunikdci6 forméi
= F4jlmegosztas
50 80y, Programozas Scratch, Bluefish, Cloud 9
Z 55 9. Lazarus
SxXgET — - ”
%‘3 E 2 E 3 Problémak felismerése
Hiba keresése és javitdsa
Mappa és fajlkezelés
3 . Operécids rendszer kezelése
8 g Perifériak
> &
= Internet
£ Biztonsag és virusvédelem
Szoftver hasznalat

Abra 2: Operaciés rendszerek dsszehasonlitasa [2].

Az értékelés alapjaul az ISCED 3-t vettiik alapul, mivel teljes egészében lefedi
az ISCED 2-t és tovabb bdviti azt. A tablazat (dbra 2) szerkesztésénél az ere-
deti dokumentumban felsorolt kévetelményekre tAmaszkodtunk és az itt fel-
sorolt témakorok lettek lehet6ség szerint legrovidebben, kulcsszavakkal,
szdkapcsolatokkal kifejezve [3, 4]. Csekély eltéréseik miatt a tablazatban egy
oszlopba kertiltek a hasonlé operacids rendszerek, mint példaul a Chromium
0S és a Flint 0S. Az aldbbiakban felsorolt alkalmazasok inkabb példanak és
nem egyetlen lehetséges opcidként szolgalnak.
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3 Iskolai és otthoni felhasznalasi lehetdségek

A Raspberry Pi eszkdzokben otthoni felhasznalason kiviil informatikaoktatas
és iskolai segédeszkdz formajaban is hatalmas potencia rejlik. Az alacsony
fogyasztas, kis méret és ar arany (35$) mind vonzéva teszi az érdeklédé fel-
hasznalék szamara.

Az iskolai felhasznalas soran 2 szempontot vettiink figyelembe. Els6ként,
hogy lehetséges-e felhasznalni informatika oktatdsa soran. Ebbdl a szem-
pontbdl hasznalhaténak bizonyult, mivel lehet rajta programozni (pl.
Scratch, Bluefish, Lazarus) és az irodai alapcsomag is hasznalhaté. Mivel az
operacioés rendszer memoria kartyarol fut, minden didk rendelkezhet sajat
rendszerrel és akar teljes hozzaféréssel. Ez nagyban megkonnyiti a progra-
mok telepitését és nem sziikséges a rendszergazda gyakori bevonasa. To-
vabba gyakoroltathaté operacios rendszerek telepitése is. Haladé csoport
esetén dssze lehet kotni a gépeket egy bels6 halézatba, ,hostolni” esetleg faj-
lok megosztasat bemutatni. A masodik szempont: a Raspberry Pi, mint tandri
segédeszkoz. Ebben az esetben néhany gép is elég, mint tanari szamitogép,
melyhez szilikség szerint projektor is kothet6. [2]

Otthoni felhasznalas esetén internetezéshez, levelezéshez, dokumentumok
készitéséhez teljes mértékben megfelel, akar média lejatszd is konnyen kiala-
kithato bel6le OSMC vagy OpenELEC rendszerek segitségével.

4 Befejezés

A kiprobalt és elérhet6 operacids rendszerek sokszintivé teszik a Raspberry
Pi lehetdségeit és tovabb novelik a benne rejlé potenciat. Mindegyikrél el-
mondhaté, hogy igyekszik mast nyujtani és eltérni a tobbitdl.

Irodai munka elvégzésére, szérakozasra, internetezésre teljesen megfelels az
eszkdz. Otthoni és iskolai kdrnyezetben egyarant megallja a helyét, rugalmas
és konnyen atalakithat6 hasznos célra. Az otthoni hasznalat esetén alkalmas
egy altalanos asztali gép kivaltasara, ill. médialejatszéként is funkcionalhat.
Iskolai kdrnyezetben is rejlenek benne lehet&ségek, informatika oktatas so-
ran és tanari segédeszkozként egyarant. Mindezek ellenére még fejlesztésre
van szliksége az egy-aramkoros szamitégépeknek, mivel grafikailag igényes
miveletek elvégzésére (pl. 3D modellezés, grafikailag igényesebb jatékok
futtatdsa) még nem alkalmasak. Ett6l eltekintve az atlag felhasznalé altal
igénybe vett funkciék tobbsége elvégezhet6 egy Raspberry Pi 3-on. A hozza
tartozo6 operaciés rendszerek képfajljai interneten ingyenesen elérhetéek, te-
lepitésiik egyszertii és tobb memdriakartya esetén elég csak cserélni azokat.

Célunk béviteni a kiprébalt operaciés rendszerek listajat, hogy atfogébb ké-
pet tudjunk alkotni a kinalatrél és kiemelhet6bb legyen az egyes rendszerek
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kozotti kiilonbség. Tobb gyakorlati projektet is meg szeretnénk valésitani a
Raspberry Pi 3 alkalmazasaval és letesztelni a késziilék egyes (specidlis)
komponenseit.
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IMPLEMENTATION OF CA - TECHNOLOGY IN
TEACHING: COMPUTER AIDED DESIGN

Anna SMERINGAIOVA, Slavko PAVLENKO, SK

Abstract: The current trend of development, design and production in engi-
neering industry is characterized by their strong support by various CA tech-
nologies. The aim of FVT TU KoSice is the education of universally educated
engineers who are capable to find a job in wide spectrum of engineering com-
panies. The combination of professional knowledge, language skills, good
computer skills and knowledge of using different CAx systems to solve tech-
nical problems increases the chances of school graduates’ employability. The
article describes forms and methods of teaching whose primary objective is
to acquaint students with the issues of selected vocational subjects by illus-
trative and the most accessible way. By implementation of CAD/CAM/CAE
technology in the learning process students learn to use them actively for the
construction and technological design and for solving various technical prob-
lem.

Keywords: CAx system, modelling, simulation, specialized laboratory, forms
and methods of teaching.

1 Introduction

The engineering industry has an irreplaceable place in the economy of every
industrial developed state. Equally the development of other industries de-
pends on the development of the engineering industry. The driving force of
technical progress has always been people - professionally prepared, able to
accept new ideas and able to find new solutions. Technical universities are
primarily responsible for the preparation of young engineers, who can
quickly adapt to the working conditions and requirements of large and small
engineering companies at home and abroad. The basic professional orienta-
tion of Faculty of Manufacturing Technologies with a seat in PreSov, The
Technical University of KoSice, are manufacturing technologies, computer
aided manufacturing technologies, manufacturing machinery and produc-
tion management. During the study, students attend study subjects oriented
to systems of computer aided manufacturing technologies in the field of com-
puter aided design (CAD), computer aided manufacturing (CAM), computer
aided engineering (CAE), product data management (PDM) and computer
aided planning (CAP).
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2 New Forms and Methods of Teaching

The introduction of CA technologies into all areas of engineering practice re-
sulted in the need for new forms and methods of future engineers training.
Fundamental objectives in relation with the implementation of CA systems
in the educational process are

¢ To explain the basic principle of working in 3D CAD systems to students.

o To show the possibilities of practical use of various applications to stu-
dents.

e Implementation of the new methods using modern multimedia educa-
tional tools into teaching process is a necessary step to increase interest
in study of technical oriented subjects and level of the issue understand-
ing. Simultaneously with the innovation of classical forms of teaching
there is the onset of electronic forms (e-learning), which provide a wide
space for development, improving the quality of teaching and its accessi-
bility through the development of internet technology.

o New progressive teaching methods require more than new teachers and
students approach to the learning process but for this form of education
they also require suitable special teaching resources and teaching mate-
rials. A necessary condition for the introduction of CA systems into teach-
ing is the acquisition of their hardware and software facilities.

e 3 Software Selection

3 Software Selection

Except “Large” CAD systems (CATIA, NX Unigraphics and Creo) are today in
engineering practice used other massively widespread CAD systems (Solid-
Edge, SolidWorks, Autodesk Inventor). Individual applications provide com-
puter support of construction design, technological preparation of manufac-
turing and efficient running of manufacturing. Shared data platform is im-
portant for the entire system. Individual applications provide computer sup-
port of construction design, technological preparation of manufacturing and
efficient running of manufacturing. Each company have chosen the appropri-
ate CAD system based on the needs of its manufacturing program and the
conditions for cooperation with suppliers. Similarly, in the case of FVT TU in
Kosice with a seat in PreSov was necessary to choose a specific CAD system.
For software selection, have been established two basic criteria:

o Selection of one basic CAD system that will be implemented in the whole
FVT teaching. Syllabuses will be modified so that students could solve
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workloads across multiple vocational subjects used a common database
of data in several applications of that system.

o Choose other optional CA systems for special cases. This is particularly
the possibility of carrying out calculations using FEM.

Software needs analysis for teaching all vocational subjects was performed
for FVT. Based on the results, main CA system for educational process was
chosen, which is Creo 3.0. Selected optional systems Unigraphics, Autodesk
Inventor and computing programs ANSYS and MATLAB, or others will be
available in special cases. They will also serve as alternatives to the support
system of Creo. Allowing, for example, work on creation of 3D models and
technical drawings in several types of CAD systems (e.g. Creo and Autodesk
Inventor) student acquires the ability to quickly adapt to the working envi-
ronment of other CA systems. When seeking employment, student is then
able to prepare operatively for the interview and requirements of knowledge
of the work in a graphical system other than that with which he worked dur-
ing the study.

4 Virtual classrooms and virtual laboratories

The content of individual content-related, respectively interlinked subjects
that students of the Faculty of Manufacturing Technologies TU in KoSice with
seat in PreSov attend is typically designed to achieve their mutual synergy.
An important part in the theoretical and practical education in the field of CA
technology are involved Department of Computer Aided Manufacturing
Technology (KPPVT) and the Department of Technical Systems Design
(KNMTS).

KPPVT guarantees study subjects focused on systems of computer aided
manufacturing technology. For the needs of vocational subjects teaching
have been created specialized laboratories on this department:

Laboratory for CAD/CAM systems and robotics combines learning and la-
boratory environment that allows theoretical and practical training in the
CAD and CAM areas. The main workplace software tool is Creo Parametric
3.0. Students acquire knowledge and practical skills related to basic com-
puter modelling, creation of machining sequences for turning and milling
technology. Using the postprocessor students creates from prepared CAM
full CNC programs whose realisation in the workplace is physically per-
formed using didactic machinery EMCO. The workplace is also equipped with
the necessary hardware and software for education in the field of robotics.
Programs prepared in a Robot Studio software are realizable thanks to an
industrial robot arm ABB IRB 140 with the use for handling, assembling,
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technological and other purposes. The workplace is a modern learning envi-
ronment with the internet connection support and audio-visual equipment.
This allows the external form of education through shared connection
(Skype/TeamViewer) with two-way transmission of live video and audio

Laboratory for CAD/CAM/CAE systems integrates all the CA field compo-
nents. CAD and CAM field are represented by the software Unigraphix NX 9.0.
Other software tools for education at this facility are programs Witness and
Ansys, where lessons take place in the simulation and visualization of indus-
trial processes and technology departments.

Workplace for 3D digitization and 3D printing has the facilities and soft-
ware tools for the implementation of rapid prototyping. Using contact and
contactless scanners it is possible to create models of objects and spaces by
3D digitisation techniques. Subsequently may be created prototype models
using 3D printers with the use of FDM respectively REP-RAP technologies.

Laboratory of virtual and augmented reality allows researching methods
of use of elements of augmented reality in technological processes. Devel-
oped and realised application areas cover a wide industrial spectrum, includ-
ing process visualization, creation of assemblies, design of workplaces and
individual technological operations.

KNTS introduces to students the working environment in which calculations
for the basic types of machine parts and units, their design, sizing and pro-
cessing of the technical documentation are required. For teaching needs,
have been created specialized laboratories:

Laboratory for CAD/CAE systems combines teaching and laboratory envi-
ronment that allows theoretical and practical training in the areas of CAD and
CAE. Twenty study PC assemblies are equipped with main software tool Creo
Parametric 3.0 and the supplementary program Autodesk Inventor Profes-
sional 2017. The laboratory is designed for computer modeling, assembly
and production of drawings. Students will learn how to simulate the behavior
of structures and structural parts with the use of FEM by creating a geometric
and computation models. At the same time, it is possible to realize the kine-
matic and dynamic analysis of mechanisms (assemblies).

Laboratory for actuators design is equipped with Creo Parametric 3.0, Au-
todesk Inventor Professional 2017 and Mechsoft. Here takes place teaching
about machine parts and mechanisms, whose main objective is the applica-
tion of theoretical knowledge of basic engineering disciplines in the design
and construction of specific machine parts.
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5 Procedures and work results

Scope of using various applications of CA systems to solve student works in
various subjects taught not only in KPPVT and KNMTS, but also in other de-
partments of FVT is wide. Further are listed just a few examples.

Ability to create 3D models of components belongs to the basis of technical
computer literacy. By learning the basics of displaying components on tech-
nical drawings, students create drawings per models of components and vice
versa, based on the technical drawing they create models of the components
- Figure 1.

Figure 1: Modelling and manufacturing drawings [5].

The content of a specialized subjects, which are taught by KNMTS is construc-
tion design. The realization of 3D models of different types of transmission
mechanisms as well as other construction assemblies is an excellent study
tool. By modelling, students will acquire basic working practices and com-
puter skills, and they develop their spatial imagination. For many students, it
is an interesting and entertaining activity, at which they consolidate the
knowledge from several professional subjects such as Technical Documenta-
tion, Technical Mechanics, Machine Parts and Mechanisms. In Figure 2 is an
example of a problem solving (design of shaft support) from the subject Tech-
nical Documentation.

Creation of the virtual model, preparation of the simulation, and realisation
of static, kinematic and dynamic analyses using the selected CAD/CAE sys-
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tems in the education process greatly supports the visualisation and under-
standing of the issues of the gearings, respectively operation of complete
drive stations. In Figure 3 is the example of a drive station model.

Figure 2: Design of shaft support.

The model created in the Autodesk Inventor Professional graphical system is
the result of a semester work from the Computer Mechanisms Analysis sub-
ject. The aim was to design the gear mechanism and to create its kinematic
analysis. The subject was attended by students of the second year of bachelor
study. Then all the acquired knowledge and computer skills can be fully uti-
lized in the complex design of the drive station.
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Figure 3: Transmission mechanism model and its kinematic analysis results.
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Students can improve their computer skills and knowledge of working with
CA technologies in practice by solving specific tasks within bachelor’s and
master’s theses. The theme of one of the diploma theses was Wankel’s engine.
A virtual model was created within the solution of the diploma thesis. The

131



XXX DIDMATTECH 2017, TRNAVA UNIVERSITY IN TRNAVA, FACULTY OF EDUCATION

strength analysis of functional parts of the engine was carried out. The stu-
dent also took advantage of the possibility of realizing 3D print on a three-di-
mensional printer at KPPVT - Figure 4. The result is a functional model of
Wankel engine at a reduced scale - Figure 5.

Figure 5: Wankel engine model and strength analysis results [2].

The improvement of the interest in the technology need to be started already
with primary school pupils. Collectives of KNMTS, FVT in PreSov, TU in
KoSice, under the leadership of prof. Ing. S. Pavlenko, CSc. and FHPV PU in
PreSov, under the leadership of prof. PaedDr. J. Pavelka, CSc. participated in
a shared project - the creation of the “Center for Education and Populariza-
tion of Technologies” (CEPT). The project aims to increase the interest of el-
ementary school pupils in technology, to develop technical thinking, to build
a relationship to technology and to study areas with technical focus. The de-
velopment and education centre for the popularization of scientific and tech-
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nical knowledge is equipped with functional models of real machines, appa-
ratuses and equipment with which pupils of elementary schools can come
into contact daily in their home and in their life. [3]

Understanding the principles on which day-to-day needs works is supported
by their virtual models and illustrative functional simulations which are the
result of the bachelor’s and diploma theses of FVT TUKE students. In FIG. 6 is
a model of the crank mechanism of a motorcycle Jawa 50, which is the result
of a bachelor thesis solution. Presented are the components of the mecha-
nism which are complemented by images of their virtual models and func-
tional video-simulation.

Figure 6: Crankshaft mechanism model of the Jawa 50 engine [1].

6 Conclusion

In the 21st century for engineers are no longer sufficient just expertise. Com-
puter skills and knowledge of university graduates gained in the use of CA
technologies today are one of the basic requirements of mechanical engineer-
ing companies and increases possibilities for student’s application in the
field.
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Introduction of new forms and methods, implementation of modern CA tech-
nologies in the teaching process and re-return to close cooperation of univer-
sity and practice are necessary for education of successful, educated and
competitive engineers.

This work has been supported by the Cultural and Educational Grant Agency of
the Slovak republic KEGA under the Grant No. 0B0TUKE-4/2015.
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MULTIMEDIUM JAKO SOUCAST INTERNETOVEHO
PROSTREDI S VYUZITIM V ODBORNYCH PREDMETECH

Ladislav RUDOLF, CZ

Abstrakt: Multimédia, ktera zahrnuji problematiku rznych vzdélavacich ob-
lasti, jsou nedilnou soucasti studia riiznych obort a piiprav na vyuku. Mohou tvo-
rit jednu soucast, ktera se navenek jevi jako komplexné zpracovana ucebni po-
miuicka. MoZnosti pro tvorbu multimedidlni pomficky je vyuziti kapacity prostredi
pfimo v internetu. Ke spusténi potfebujeme znat pouze funkéni webovou adresu.
Prispévek se zabyva ukazkou vyuzitim internetového prostredi, kde se nachazi
vybrané vyukové multimédium. Soucasti ¢lanku je i didaktické prizkumné Set-
feni, které fesi evaluaci vyukového multimédia ze strany respondentfi.

Kli¢ova slova: multimédium, webova adresa, didakticky prizkum, evaluace, in-
ternetové prostiedi, u¢ebnf pomfticka.

MULTIMEDIA AS A PART OF INTERNET ENVIRONMENT USED
IN VOCATIONAL SUBJECTS

Abstract: Multimedia, which include the issue of the diverse educational areas,
are an integral part of various fields of study and preparation for teaching. They
form one component that outwardly appears to be a complex processed teaching
aid. They may contain various links and references on the internet but this is not
a binding requirement. This device may also be stored with attachments on CD
or on an external disc. Another option for creating multimedia equipment is the
utilization of Internet environment capacity. We only need to know viable web
address. The paper deals with an example of using the Internet environment,
where the selected educational multimedia is placed. The article contains also
didactic exploratory research that deals with the evaluation of educational mul-
timedia.

Keywords: multimedia, web address, educational research, evaluation, internet
environment, teaching aid.

1 Uvod

V dnesni dobé digitalnich technologii plynou i nové moznosti pro $kolstvi a vzdé-
lavani. Jedna se o uzivani internetu a také moznosti vyuziti alozisté v interneto-
vém prostredi. Ktomu ndm pomadhaji nové moderni informacni technologie.
V ¢lanku je uvedena ukazka odborné digitalni u¢ebni pomiicky, kterd je zaméfena
na energeticka zarizeni a vyuZiva dlozi$té na internetu. U¢ebni pomitcka tvori
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kompletni celek, ktery je zaloZen na rozmisténi a spousténi prvkd z prostiedi
v komunikaci s internetem. Jednotlivé objekty se zobrazuji kliknutim na nazev
spousténého souboru. Naptiklad materialy k tématu elektrickych stroji a pfi-
strojii. V rdmci posouzeni efektivity uzivani digitalntho multimédia je proveden
pedagogicky dotaznikovy priizkum. Jeho vysledkem je potvrzeni hypotézy, ktera
vypovida o piinosu digitalniho multimédia ve vyuce odbornych piredmétu.

1.1 Multimédialni u¢ebni pomiicka v ramci prostiedi internetu

Prostiedi internetu mize byt uZzivano v ramci riznych vzdélavacich oblasti.
Jedna se napfiklad o ucebni materialy a pripravy na vyuku, které jsou umistény
na internetu a tvori digitalni ucebni pomftcku. Prostredi internetu muize tvorit
jednu soucast, ktera se navenek jevi jako komplexné zpracovana ucebni pomticka

[5].

K@) Elektrické stroje a pristroje
OSTRAVSKA doc. Ing. Ladislav Rudolf, Ph.D.
?:Jd:‘glo‘;lgc'kzazl::‘\;}u zpracovano v ramci reakizace projektu IRP 201615
19:25:17
ELEKTRICKE STROJEH| ELEKTRICKE PRISTROSEN
[ ey

Obrazek 1: Vytez Gvodni stranky multimédia (http://projekty.osu.cz/irp2016/).

MiZe obsahovat rizné vazby a odkazy na internet a tato vazba je podminkou. Ta-
kovou pomiticku tvori multimédium. Multimedialni pomicka vyuZiva kapacity
prostiredi pfimo v internetu. Ke spusténi multimédia je potireba funk¢ni webova
adresa [1].

Internetové prosti‘edi slouZi studentdim ke studiu a piipravé na zkousku. V p¥i-
padé prednasejiciho zase slouzi k predneseni tématu studentim.

1.2 Multimédialni u¢ebni pomiicka v ramci prostiedi internetu

Prostfedi internetu ndm pro uloZeni ucebnich materiali umoziiuje, Ze
vSechny materialy k vyuce jsou pohromadé v jednom ulozisti. V piispévku je
uvedena mozZnost, kdy vyuzivime jako uloZzisté internetové prostredi.
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Ukazka vstupni ovladaci ¢asti multimédia pro predmét ,Elektrické stroje
a pristroje“ je uvedena na obrazku 1. Je zde vidét rozlozeni ovladacich tlaci-
tek, které spoustéji jednotlivé nazvy kapitol uvedeného predmétu. Vyhodou
je, Ze vSechny potiebné materialy k vyuce ma student nebo vyucujici v jed-
nom ulozisti. K tomu potfebuje znat jen adresu webu a mit pfipojeni k inter-

netu.

Prezentace

Asynchronni motory

Elektricke stroje a pfistroje
Odpojovate

Svodiée piepéti

Vykonové vypinate

ESO01 - Asynchronni elektromotory

ES02 - Asyne el y

ES03 - Asynchronni clektromotory
>
ES04 - Synchronni elektromotory

ESO0S - Komutitorové elektromotory

ES06 - Transformatory

Transformator 400 kV/110 kV

Obrazek 2: Stranka multimédia pro ovladani prezentaci
(http://projekty.osu.cz/irp2016/prezentace.html).

Ucebni texty

Asynchronni motory

Elektrické stroje a phistroje

Elektrické stroje a phistroje - skriptum
Elektrické stroje a pfistroje - eleaming
Elektrické stroje - zakladni pojmy
Jednofazovy indukéni motor
Stejnosméme stroje

Uiti motoru v praxi

Obrazek 3: Stranka multimédia pro ovladani u¢ebnich text
(http://projekty.osu.cz/irp2016/ucebnitext.html).

Prikladem jedné z moznosti ovladani multimédia je ukazka spousténi vyuko-
vych prezentaci dle obrazku 2. Je zde vidét navaznost tlacitka ,Prezentace”,
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které je uvedeno v levém sloupci na obrazku 1. Po aktivaci tlacitka ,Prezen-
tace” se otevire moznost vybéru prezentaci dle potfeby vyucujicitho nebo stu-
denta. Ukazka otevieni a orientace v této Casti multimédia je uvedena na ob-
razku 2.V levé ¢asti jsou vyobrazeny nazvy vyukovych prezentaci dle tema-
tického zaméteni. Dals$i moznosti dopliiovani prezentaci je zavislé dle po-
tieby vyucujiciho. V ¢lanku jsou na ukazku uvedeny tii vybrané obrazovky,
nebot’ dalsi ovladani multimédia je stejné. Lisi se jen materidly a tématem,
ktery zrovna potfebujeme zobrazit. Napriklad ,Ucebni texty“ dle obrazku 3.

Dalsi cast prispévku je zamérena na evaluaci pouziti multimédia ve vyuce
a hodnoceni pomoci hodnoticich otazek ze strany studentt.

2 Evaluace a hodnoceni digitalni u¢ebni pomicky

V rdmci zaméteni a tvorby ¢lanku z hlediska predstaveni u¢ebniho materialu
ve formé digitalni uCebni pomiicky nasleduje dotaznikové Setfeni. Jedna se
o evaluaci, kde respondenti hodnoti u¢ebni pomticku ve formé webového
prostiedi. Je stanoveno sedm otazek, které hodnoti pohled respondenta na
pouZziti, obsah a pripravu na zkousku. Vysledky odpovédi jsou uvedeny v ta-
bulkach. Odpovédi dotazniku jsou hodnoceny pomoci $kalové stupnice, uve-
dené v tabulce 1. Odpovédi respondentli jsou zaneseny a hodnoceny v ta-
bulce 2. Dalsi ¢asti priizkumného Setteni je vyhodnoceni vysledki za podmi-
nek priméru bodi jednotlivych respondentt. K vysledkiim, uvedenym v ta-
bulce 2 je stanovena hypotéza H1, ktera ma potvrdit ze strany respondenti
prinos uzivani digitalnich u¢ebnich pomicek [4].

Tabulka 1: Stupnice $kalového hodnoceni evalua¢niho dotazniku.

-3 -2 -1 0 1 2 3
urcité ne | ne | asine | bez nidzoru | asi ano | ano | urcité ano

Vyhodnoceni vysledki je uvedeno v tabulce 2. Hodnoty byly dosazeny po-
moci $kalového hodnoceni bodi jednotlivych otazek dotazniku u vybraného
pottu respondenti. Skalova stupnice je uvedena v tabulce 1. Zavéry se opiraji
o formulovanou hypotézu H1. Odpovédi respondenti jsou uvedeny v tabulce
2. Pro jasnou odpovéd kladného prijeti u¢ebni pomiicky ve formé multimé-
dia v prostiedi internetu musi byt ze vSech otazek stanovena primérna hod-
nota bodového hodnoceni. Z hlediska poc¢tu respondentt, bylo zakladem pro
posouzeni studium stejného predmétu s nazvem ,Elektrické stroje a pri-
stroje“. Evaluac¢ni dotaznik, jeho tvorba a stupnice pro nazor na otazku byla
stanovena tak, aby vysledky odpovidaly konkrétnim a jednozna¢nym zavé-
rdm [3].
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Tabulka 2: Hodnoceni respondentti evalua¢niho dotazniku.

Respondenti CiSlo otzazky ;iotazr:ku asz 1ska2e b0d7y Pocet bodli | Primér bodt
1A 2 3 3 2 2 3 3 18 2,57
2B 3 2 2 3 3 3 3 19 2,71
3C 2 3 2 2 2 2 3 16 2,28
4D 2 3 3 3 2 3 2 18 2,57
5E 2 3 2 2 2 3 3 17 2,42
6F 2 3 1 2 2 2 3 15 2,14
7G 2 2 3 3 2 3 2 17 2,42
8H 2 3 2 2 3 3 3 18 2,57
9] 2 3 3 2 2 3 3 18 2,57
10] 1 3 3 2 3 2 3 17 2,42

Otazky pro hodnoceni evalua¢niho dotazniku ze strany respondentii:

1. Vyhovuje vim webové ucebni prostiedi ke studiu?

2. Dozvédéli jste se vSechny potrebné informace z prostiedi webové
ucebni pomticky?

3. Byl pro Vas vyklad ucitele pomoci webového prostiredi dostatecné sro-
zumitelny?

4. Motivovali Vas védomosti ziskané v internetovém ucebnim materialu
k snadnéjSimu pochopeni uciva?

5. Byli pro Vas poskytnuté uc¢ebni materialy ve webovém prostiedi pod-
nétné a zajimavé?

6. Myslite si, Ze graficka strdnka a orientace ve webovém prostredi je
snadna a vyhovujici?

7. Myslite si, Ze jste ziskali dostatecné mnozstvi informaci k pripravé na
zkousku?

Hypotéza H1:

Pfedpokladame, Ze v ramci evaluace hodnoceni webového prostiedi pro
predmét ,Elektrické stroje a pristroje” dojde ze strany jednotlivych respon-
dentl k dosazZeni priimérné miry souhlasu velikosti 2,1 a vice bodd.

Vyhodnoceni evalua¢niho dotazniku

Dotaznik obsahoval 7 otazek z oblasti evaluace multimedialni ucebni po-
miucky, umisténé v internetovém prostredi. Jak zaci odpovidali v evalua¢nim
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dotazniku, ukazuje tabulka 2. Z tabulky 2 vyplyva, Ze hypotéza H1 se potvr-
dila. Jednotlivi respondenti dosahli priimérné velikosti miry souhlasu hod-
noty 2,1 a vice bodt.

3 Zavér

Multimedialni vyukova pomiicka s GloZistém na internetu ma Siroké uplatnéni ve
vyuce. Vysledky dotaznikového Setieni ukazaly, Ze ptinasi pro vyuku nové formy
pohledi s prinosem na studovanou problematiku. Mit vjukové materidly v jed-
nom ulozisti je pro studenty piinosné. Vyuka s podporou multimédia v prostredi
internetu byla pro studenty zajimavd avedla kvétsi pozornosti studentl
a zpétné vazbé s ucitelem. Prizkumné dotaznikového Setfeni, které bylo vzta-
zeno k formulované hypotéze ukazalo pozitivni pfinos multimédia s tloziStém na
internetu ve vyuce.
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IV Modern Teaching of Mathematics

CRITICAL RESEARCH OF TEACHING MATHEMATICS -
ACTION RESEARCH IN TEACHING - YOU DON’T
MEASURE AND DON’'T CUT, LEAVE IT ALL TO
STUDENTS; YOU “ARE STILL ON YOUR WAY”

DuSan KOSTRUB, Eva SEVERIN], SK

Abstract: Learning problems require time (months), collaboration, creativity
and learning new competencies. Design thinking as constructionist learning is an
object of didactic interest. Constructionism enables the realization of a learning
process that is designed as a developed entity of the elaboration of information
into intelligent human thoughts, products and artefacts, which have intellectual
(idea), manual (materialistic product/artefact) and expressive (artistic prod-
uct/artefact) form. The learning and teaching process is created by the learning
subjects (learners) together with the teaching subjects - they take the role of de-
signers. They are the protagonists of the active elaboration of information gained
from the outside and use their skills to identify and acquire relevant information,
together with the ability to search for information obtained in the learning prob-
lem, learning theme/topic. Constructionism in a learning and teaching process,
an activity of the integration of intelligence (to deal with problems and to be cre-
ative), in which the subjects try to transcribe and translate relevant information
(as an important entity), into their own mental activity. It is primarily about the
process of transforming the known into the unknown and vice versa, resulting in
various versions of knowing/understanding. Thus, students learn in an active
and conscious way, which leads to more learning than is required from the sub-
ject matter itself. This scientific study focuses on a learning and teaching process
whose goal was to create an experimentally based (by experimenting with learn-
ing materials, sources and relevant information), explicative, educational video
of students and for students in the context of mathematics. Inductive and partic-
ipative didactics and qualitative methodology with the relevant design were ap-
plied. Two different outcomes of this study were achieved. From the process of
making the video and from the realization of the constructionist design of the
learning and teaching process. The participating subjects were comprised of two
5th year elementary school classes.

Keywords: constructionism, design, the learning and teaching process, qualita-
tive methodology, students.
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1 Introduction

Active learning is a question of didactics, which is not only the science of the rules
of the teaching process, but also about ingenuity, design and ideas, about what is
possible in the process and with the process of teaching. The term “active learn-
ing and teaching” refers to integrity in the process of learning and teaching, as
well as their mutual dependence and complementarity. The process of teaching
is understood here as a form of pedagogical communication between the teacher
and the students. This context raises a key question: How to organize the process
of teaching to ensure that the learning subject is active?

The students are understood as active subjects in the process of teaching but the
emphasis is placed on the connection of the forms of learning and development
- it is the main precondition for them to be used in new situations and everyday
life. The aim of the active process of teaching is to develop the personality and
individuality of each learning subject rather than just to obtain knowledge. In this
concept of the teaching process, the main task of the teacher is to encourage the
subjects, to be partners in affective interaction and regulators of the social rela-
tions within the learning group. This is how the high-quality process of learning
and teaching is supported (improved communication between teachers and stu-
dents, and between the students themselves; acquiring permanent and, for soci-
ety, applicable knowledge as well as intellectual independence).

The students do not simply learn facts; they also learn how to obtain them (it
concerns the development of competencies). They are more than just passive lis-
teners and recipients of information that should be remembered and subse-
quently reproduced, but in this way, they learn to think - they develop the culture
of thinking (this is a question of cultural and discursive practice). The process of
active learning is not based on a “memory workout” but on developing the ability
to distinguish and think over, or, more precisely, the skill to pose questions and
come up with solutions to problems.

Active learning is based on taking the active attitude of the learner, which is then
maintained by the didactically elaborated, intentional strategy of the teacher.
This strategy raises the process of the social construction of knowledge and the
appearance of competencies of the learning subject regarding the objectives,
topic, content - the curriculum, all based on the application of reshaping and sup-
porting components. However, a learning subject is organically integrated into
the learning group which, by its dynamics and cohesion, is instrumental. It con-
cerns collaborative forms of learning. The teacher’s elaborated strategy lies in
converging on and moving away from the learning group (zooming) so that an
active form of learning is created and supervised by the teacher as well as the
learning subjects and corresponding to the didactic structure of the teaching pro-
cess (D. Kostrub, E. Severini, 2016):

142



XXX DIDMATTECH 2017, TRNAVA UNIVERSITY IN TRNAVA, FACULTY OF EDUCATION

1. Didactic structure of the opening of teaching - the pre-active stage of
teaching. It includes teaching activities to develop basic competencies;
it concerns starting activities, inputs, questions focused on the topic.

2. Didactic structure of the development of teaching - the interactive stage
of teaching. It includes teaching activities to develop emerging compe-
tencies, activities focusing on the integration of new information, activ-
ities to assign importance.

3. Didactic structure of the conclusion of teaching - the post-active stage of
teaching. It includes teaching activities to identify evolved competen-
cies, reflected knowledge, feedback, global visualization of developed
competencies based on the evidence of their presence in teaching activ-
ities. The didactic structure of teaching in its stages is a process con-
trolled in its entirety.

2 Characteristics of critical research

Based on the results presented in scientific papers (D. Kostrub, 2017), this study
develops the basic concept of teaching mathematics (a selected mathematics cur-
riculum) with the support of digital technology, in which the only protagonists
are 5th year elementary school students. Two principal findings (emerging
within the qualitative research) are so determinative that it is necessary to focus
the process of teaching mathematics on their elimination. It concerns the lower
level of self-confidence of students and the loss of their assurance when they en-
counter unexpected difficulties in using digital technology in a mode available to
them.

The issue of self-confidence is paramount because it relates to students’ emo-
tions, which influence the quality of their learning processes. In thinking about
how to design the teaching of a selected curriculum of mathematics to ensure that
self-confidence is supported (and not suppressed), it was necessary to determine
the factors that can be influenced by our efforts. The above mentioned scientific
papers (D. Kostrub, 2017) state that it concerns external influences resulting
from setting of the teaching of other subjects, and lying in individual concepts of
the teaching of colleagues who prefer transmissive models of teaching based on
behavioral theories of learning.

Colleagues can change these models from the outside (e.g., based on our wishes),
but (only) if they themselves realize that the transmissive model is not sufficient
for their students and/or is ineffective or directly damaging. However, this study
will not approach the topic from this aspect. The loss of students’ assurance due
to encountering difficulties of an (for them) unknown character when using dig-
ital technology is a professional challenge for our concept of teaching.! We con-
nected it with our intention to support students in their search for solutions to
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difficulties in using digital technology (and in coping with such situations), and
we considered linking it to supporting their self-confidence.

Per the inductive and participative model of teaching, it is unthinkable to act on
students with a kind of training of self-confidence or ability to cope with obsta-
cles or difficulties. On the contrary, the process of teaching is to be designed so
that by a certain socio-cultural approach (by implementing free, autonomous and
mainly meaningful discursive and cultural practices of students), the mentioned
processes are evoked, enabling changes to be made. Within the teaching process,
it seemed to be natural to engage students in activities (teaching activities) which
would, by their intrinsic nature of the current world (the digital world of our stu-
dents), captivate them to such a degree that they would achieve changes by ap-
plying their own inner motivation.

For the students, the change was self-evident, in the sense: “We do not want to
make errors, but we do not want to be afraid of them either.” Concerning the sup-
port of self-confidence, the students were aware of the presence of mutual re-
spect, acceptance and mainly interpersonal understanding. Students are not
praised for desired behavior or blamed for mistakes or a lack of attention; on the
contrary, they are invited to become and be equal partners - colleagues like
adults at work. The students are connected by the subject of their cooperation
and by the result they want to achieve. This teaching method encourages collab-
orative learning; students take roles and perform them (which is typical for col-
laborative cultures); they do activities, discuss activities, search for common
ground and apply their own sKills. It is a conglomerate of skills in three frame-
works (defined, e.g., by F. Frabboni, 2001), such as: (1) the framework of verbal
communicative means, (2) the framework of non-verbal communicative means,
and (3) the scientific and environmental framework.

Constructionism allows for the teaching process as a design in which the devel-
oped entity elaborates information into the shape of intelligent human thoughts,
products and artefacts that have intellectual (an idea), manual (a material prod-
uct/artefact) as well as expressive (an art product/artefact) forms. The design of
the teaching process is created by the learning subjects together with the teach-
ing subjects - they are in the roles of designers. These subjects are the protago-
nists of the active elaboration of information obtained from outside, and they use
their skills to distinguish and obtain relevant information while searching for in-
formation related to the learning problem and/or learning topic.

Experimentation with selected mathematical curricula in combination with ma-
nipulation activities allows the involved subjects to change the perspective of
viewing the curriculum - to see (understand) it in other contexts. The framework

L In cooperation with senior lecturer Dr. Lilla Koretiova, PhD,, an instructor of mathematics

and digital technology from the Faculty of Education, Comenius University in Bratislava, and
a regular teacher of mathematics of two fifth-grade classes at an elementary school in Brati-
slava-Staré Mesto.
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concept of teaching and its activities was considered based on recommendations
from].Raths (1971 In]. G. Sacristan & A. 1. Péerez Gémez, 2008). Constructionism
in the teaching process is an activity of intelligence (to solve problems and issues,
and to succeed in coping with them), where the subjects try to transcribe and
translate relevant information (as an important entity) in their own intellectual
activities based on the implementation of thematically interconnected discursive
and cultural practices. It mainly concerns the processes of transforming the
known into the unknown, and the unknown into the known.

This results in various versions of cognition. In this way, the students actively
and consciously learn (and retain) more than required by the subject of
mathematics. This study is focused on the implementation of teaching whose
goal was to create, by experimenting with teaching materials (linked to the
curriculum of mathematics), teaching sources, relevant information, and an
explicative educational video by students and for students. Inductive and
participative instruction and a qualitative methodology with a corresponding
design were applied. The results are threefold; the results related to the crea-
tion of the video, the results related to the constructionist design of teaching,
and the results related to the students. Of course, the results of the study de-
scribed herein could also be linked to the teacher, but since the mentioned
teacher is a researcher cooperating with the author of this scientific study,
and in terms of methodology, it is action research.

The didactic reality is jointly and mutually created by the teacher together with
the children, students and participants, from which it follows that the interpreta-
tion of didactic reality is created by these subjects based on their social construc-
tion of its representation. Therefore, it is given due attention by the researcher.

To think about the process of teaching is:

1. A question of importance — What importance do I, as a subject, give to
the process of teaching? What importance do the other subjects of
teaching give to the process of teaching? Is there a semantic agreement
between the other subjects of teaching and me and between the other
subjects and each other? Which interpretations of the importance of
teaching process can be agreed on and which interpretations are impos-
sible to agree on and why? The research question is linked to finding an
answer to at least two determinative sub-questions: (a) Is the interpre-
tation of the didactic reality of the teaching process important because
the considered reality refers to and influences the concerned subjects?
And (b) Is the interpretation of the didactic reality of the teaching pro-
cess important because it presents (indicates) or reveals something
(un)typical or (un)specific about the steady behavior of the subjects in
the teaching process?
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2. A question of conceptualization - Which terms related to the im-
portance of the teaching process allow development and a more de-
tailed specification of abstracting thoughts (integration of knowledge
into higher and newer units based on the creation of systems, terms and
their relations under the influence of the preferred values) and why?
Which concepts and conceptions enter the interpretation of the mean-
ing/meanings of the teaching process? Do concepts and conceptions of
the interpretation of the teaching process require a change, and under
which perspective should such change take place? It concerns the en-
gagement of the dialectic process of “picking up”, understanding and in-
terpreting reality in which the experienced, the implemented and the
realized allow for the configuring of the form of thinking that connects
the subject with real questions, topics and issues of understanding the
teaching process. It is also a question of critical thinking (methodologi-
cal reasoning). Critical opinions form the precondition of the research
(action) transformation of the teaching process to ensure that the vital
practice of cultural and discursive practices of the teaching process can
be re-dimensioned (repeatedly dimensioned). It refers to focusing on
concepts (conceptions) that best describe the studied phenomenon.

3. A question of research - What seems to be necessary to be studied in
the teaching process - why should it be studied by research? What spe-
cifically starts to emerge (appear) in studying the teaching process and
why? Is it necessary to apply practical exploration (What needs to be
understood?) or critical exploration (What needs to be justifiably
changed?)? Why formulate and identify the existing problems (their
profile, extent, impact on the structures of the teaching process etc.)
which emerge? Various contrasts that are actually present and method-
ologically handled may help teachers (children, pupils, students etc.)
emphasize new, different functions, elements, factors of the teaching
process that might have escaped their attention before the study
(and/or were not in the center of their interest or were too distant for
them - they did not concern them) (and now they have appeared and/or
emerged), and identify and verify which functions, elements, entities
and factors of the teaching process are relevant (or irrelevant) for their
new concept of cognition and interpretation of the importance of the
teaching process. The study shall help understand the problem and
learn about the opinions of the subjects, describe the functionality of the
studied phenomena in relation to the system (specific, not general con-
nections) and outline a new explication theory and/or give rise to
change.
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The central idea is that the one who turns on the educational video should
know what it is all about; how to proceed, in the case of the self- and autono-
mous measurement of subjects, without errors and mistakes in line with in-
formation given by the video-recording. The idea of constructionism “from
you, through us, for you (the others)” means that the students must first ob-
tain relevant information from external sources, and adjust the information
to their own learning intentions, which is not unambiguous, as the infor-
mation is part of a certain information murmur. The students had to take a
critical standpoint on the information they selected so that it could be usable
by them.

The elaboration of information also requires achieving a compromise with real-
ity. After elaborating the information and using intellectual as well as social rep-
resentations, the students search for, study and verify the truth of their argu-
ments, but in particular, they make experiments with the selected mathematical
curriculum. Even though (from their point of view) they are playing, in fact they
are creating an educational video, more precisely a video in which they must har-
monize several important aspects that have a significant impact on the final prod-
uct. The inspiration for how to do it (the know-how) is not learnable; what is
learnable is the content of the curriculum, the techniques and technology, but the
inspirations are a result of the level of creative thinking about creative compe-
tencies. The creation of a learning environment takes place because of the collab-
oration of the teacher and the students, but the creation of the video is a matter
of the students themselves. The students create the educational video by which
they present other students with certain types of problems related to the curric-
ulum addressed by the video. This process includes abstraction, the student’s
conception and consideration of the applicability of the sophisticated processing
of the topic of the educational video. The students must consider the audience for
whom the educational video can be a benefit. It means that they must coordinate
several points of view and can put themselves in the place of the other students
and their way of thinking, while the education needs are considered too.

2.1 Design studio, or “from you, through us, for you (the others)”

The creation of an educational video? is an idea whose aim is to connect the learn-
ing preconditions of students with the selected mathematical curriculum and
their own learning (development) potential. By applying inductive and participa-
tive teaching, a group of students becomes a learning group which (after taking
the roles by particular entities), can represent a design studio in terms of sym-
bolism. The students’ activities in the design studio represent cultural and dis-
cursive practices corresponding to a real design studio.

2 Neither technical nor technological aspect of the video creation is a subject of this study.
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The roles have an important task (and a substitutive function) in the implemen-
tation of cultural and discursive practices. As T.S. Popkewitz (2009, p. 138)
states, the teaching process is a social construct of reality because it deals with
the areas of cultural practices and applying content; collaboration means the per-
formance of jointly and mutually shared decisions. Each actor has unique experi-
ences and points of view that are discussed by means of collaboration practice.
J. G. Sacristan, et al. (2008, p. 73) states that learning is fundamentally a by-prod-
uct of the participation of individuals in social practices by which they become
members of a social community. By taking the roles of developers, the students
transposed their actions into the corresponding professional area.

This was one of the assumptions for thinking and acting in the previously men-
tioned representative dimension. Mathematical knowledge must be actively con-
strued; it cannot be passed on by the teacher, presented by a textbook, or forced
by a workbook/worksheet at the time and just at that time when its understand-
ing by the students themselves is expected. The students (the subjects of our re-
search) implemented processes of the social construction of mathematical cogni-
tion based on the principles of comprehensibility, social acceptability (with the
teacher’s support of the processes of cross-checking of correctness), and interest
- attractiveness. We also bore in mind the support of self-confidence (e.g., self-af-
firmation, self-assurance, self-trust) (for more information see: D. Kostrub, 2017,
p. 103-124), which also needs to be externally enforced in the school context (as
we determined by our research). It is not easy for a teacher to know how to sup-
port the self-confidence of a student. We provided students with opportunities
(with the help of learning scaffoldings) to be important and beneficial for the
other subjects, which means, among others, being responsible and learning to see
the world through the eyes of the others - placing oneself in the point of view of
the others (interaction of minds).

As mentioned by S. Papert & 1. Harel (1991), constructionism means learning
based on a design, actions and constructing projects with use-specific materials
and means (e.g., a computer, words, videos, media, etc.) via social collaboration
and the social construction of knowledge indicated by the idea that “You can learn
by performing activities (by making things), or even better, by speaking about
what you are performing (doing).” The task of the teacher is to be aware of the
plurality of teaching possibilities and environments that support and multiply
them. Education of Symmetry using a constructivist approach and manipulative
techniques and digital technologies lead to greater motivation of the students for
the given topic, as well as to activating higher cognitive functions. The disad-
vantage is material and time demand; sometimes it is hard to acquire tablets for
the entire class (L. Korenova, 2017).

The students used conventional items (measuring instruments such as a ruler or
measuring tape) as well as unconventional items (body parts, a cord or pieces of
paper) to measure objects, whereby in the case of unconventional measuring, it
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was necessary to make some considerations outside the framework of common
convention, which posed no problem to the students. The students defined their
own unit of length (e.g.,, the dimension of a radiator, a mobile phone or a thresh-
old, etc.) and using such length, they compared (determined) how many times
the circumference selected by them is contained in the given length. The starting
point was the teacher’s proposal (an intellectual challenge) to draw a plane figure
and then to measure its circumference and content. From this moment on, the
teacher as well as the researcher were interested in the strategies developed by
the students in such a “teaching” situation. The strategy of an open and direct
approach prevailed. The students most often took a piece of cord, which they
placed tightly along the circumference of their plane figure, and measured its
length. They realized that when it concerned a direct line it was a unit of length.
In measuring content, the students preferred a square grid they drew in their
picture (the plane figure) and determined how many squares were contained
therein. Some students determined the number of complete squares, while other
students considered the partial squares, and others decided for rectangles with
which they filled up their plane figure.

We obtained many video-recordings that will be sorted out based on agreed cri-
teria so that incomplete and unusable video-recordings will be excluded. The
sorted-out video-recordings will be edited and modified for educational needs
(an oral commentary will be added) and distributed to other users. The first
video-recordings will be publicly analyzed in a group to eliminate any errors and
shortcomings in terms of content. Furthermore, a basic and usable list of criteria
for creating videos will be drafted to prevent errors and deficiencies, which is
necessary, because the students should be fully aware of them.

Also, these activities related to the assessment and evaluation of video-record-
ings will be recorded. In this way, a kind of specimen will be created showing the
students how to think and act. It is important for us to identify conceptual
schemes, and intellectual and social representations of students including their
considerations on the selected mathematical curriculum and on the method of
experimenting with them. Watching the sequences of the video together and
commenting on it will enable the viewers to identify the misconceptions of stu-
dents within an argumentation dialogue as part of teaching. Cognition is created
together and mutually in the discourse (in a discussion commonly controlled and
supported by the teacher) where narration plays an important role. The mutual
interaction of the minds of involved subjects is inherent. This video-recording
will also be used.

A monothematic educational video will be created from among the selected
video-recordings (and their discourse and evaluation sequences), containing a
thematic unit of the selected curriculum with the accompanying students’ com-
mentary, in which our aim is to ensure that the commentary is presented in the
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students’ language, with clear and correct pronunciation, and mathematical pre-
cision. We believe that an educational activity is of greater value when it connects
the learners with reality: by touching, handling, applying, testing and selecting
materials and objects. The teaching scaffoldings are based on collaboration, a
global point of view (a perspective), coordination, communication and controlled
participation. They are also based on the provision of corresponding conditions
and circumstances to ensure that the learning subjects know how to get to the
bottom of something which is still new to them, and to do something that they
find to be still invincible for them. By means of the education scaffoldings, the
learner can be helped so that the learning subject (subjects) first does (do) not
solve the problem alone, but with the reasonable support of others (his/her
peers, a teacher). Once the learning subject obtains the required cognitive tools,
and the available and usable cognitive devices, and activates the required skills,
external help becomes superfluous, in terms of didactic aspects, because the
learning subject can continue his/her own, and rely on his/her own potential
(auto-regulation).

3 Results of the current stage of the research

1. Video creation: The students decide on the design and concept of the
educational video because they feel committed to creating an educa-
tional video that will be valuable and instructive, but mainly they are
fully aware of its impact on the target group. They know that as the cre-
ators they are responsible for it, and they divide their responsibility into
the application of democratic principles, the protection of intellectual
property and the quality of their product.

2. The constructionist design of teaching involves constructionism, design,
architecture. It is a conceptual art shared jointly and mutually by the
students and their teachers because of the discursive and narrative es-
sence of teaching in which they make proposals, discuss, describe, pre-
sent, approve, evaluate, judge, agree, create and rework the non-mate-
rial form of their products into a material form and vice versa. This takes
place in the form of intentional but indirect student and teacher partic-
ipation in teaching activities, controlled by the teacher, in which, how-
ever, the teacher acts as a consultant when he/she is invited by the stu-
dents to comment on their ideas, while avoiding any reference to mis-
takes. Constructionist teaching takes place through didactically consid-
ered but conceptually open teaching activities, and through discourse
(controlled argumentation, handling facts) in the form of individual as
well as group exploration (learning groups), thanks to which common
knowledge and understanding is established.
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3. The students are authentic and complete (their whole personality is in-
volved). The students apply corresponding cognitive tools, such as
thinking and speech about the cognitive prostheses available in their
surroundings. Their minds are thus formed in a different way, which
means that digital technology delimits and structures cognitive schemes
in a way that was unfamiliar to students of previous decades. The confi-
dence arising from the availability of conventional information is perti-
nent; nevertheless, based on such information, a conceptually reflective
teacher supports the formation of unconventional knowledge which can
be used for other teaching contexts. The students can perform both spe-
cific and unspecific transfers, which is a precondition for the teacher to
lead the teaching process based on the principles of constructionism.
The students communicate because they want to know and understand.
The students create and re-create because they are inspired and fulfilled
by the procedural aspect of the transformation of the known into the
unknown and vice versa. Moreover, they focus on the product and dur-
ing the creation of it they transform their intellectual plans and designs
and simultaneously outline not only the rules but also the criteria influ-
encing their creation, assessment and evaluation of their final product.

The research described herein took place based on the principles of qualitative
methodology, which means that the findings were generated from the point of
view of its subjects.
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MEASURING OF THE MATH ANXIETY IN SLOVAKIA

Jana FIALOVA, SK

Abstract: Math anxiety is a well-known term in the world. It is systematically
studied since 1968, but in the Slovakia, it is still not noted. Therefore, we cus-
tomize the well-known tool to measure it - the abbreviated math anxiety
scale (AMAS) by Hopko et al. to Slovak language and measure the prevalence
of math anxiety in a sample of students in the Faculty of Education in Trnava.
The AMAS assess scores on continuous measures, and there is no clear crite-
rion for how severe the anxiety must be for individuals to be labelled as high
in math anxiety. For this reason, we measure also math anxiety in a group of
math students and from the distribution of scores in this group we get a
value, which can be used as the lower bound for non-math students to be
labelled as high anxious.

Keywords: math anxiety, abbreviated math anxiety scale, prevalence of
math anxiety, measuring of math anxiety, Slovak version of AMAS.

1 Introduction

Mathematics anxiety is defined as feeling of tension and anxiety that interfere
with the manipulation of numbers and the solving of mathematical problems
in a wide variety of ordinary life and academic situation. [12]

Already in 1968, Lang stated that math anxiety is, like any other phobia, in-
fluencing individuals on three different levels. All three differential effects of
math anxiety are confirmed independently:

a) Physiological reactions (i.e., high pulse rate, problems with breathing,
symptoms of the indigestion, flush) as frequent accompanying symp-
toms of math anxiety are described by Faust [8].

b) Cognitive effects of math anxiety (worrisome thoughts, panic, paranoia,
passivity, defection of the self-confidence) are demonstrated by Rich-
ardson and Woolfolk [14].

c) Avoiding behaviour concerning number processing and calculation is
systematically analysed by Hembree [9].

1.1 Math anxiety and math ability

More extensive research on the link between math ability and math anxiety
began only in the 1990s [1, 9, 10].
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However, the association between math ability and math anxiety may not be
unidirectional. Rather, it has been suggested previously that emotional fac-
tors might generally influence cognitive abilities. (e.g. [7]). Concerning the
possible impact of math anxiety on calculation ability, some authors state
that the avoidance behaviour caused by math anxiety will most probably lead
to a vicious cycle being characterized by less calculation practice, which will
cause a lag in learning and therefore even more disappointment and emo-
tional problems [3]. The assumption that math anxiety influences math abil-
ity is strongly supported by a meta-analysis showing the successful treat-
ment of math anxiety in adults leads to significant improvement of their cal-
culation performance [9]. Worrisome thoughts are very hard to inhibit and
therefore will absorb working memory and attentional resources - “deficient
inhibition mechanism” [10].

Krinzinger at al. [12] first study the causal relations between math anxiety
and math ability during development, particularly at the beginning of pri-
mary school, when children are introduced to formal calculation, receive
feedback on their performance, and start to compare their skills with those
of their peers. In their longitudinally study they found no significant associa-
tion between calculation ability and math anxiety, which contradicts the con-
sistently reported negative correlation between math anxiety and math abil-
ity in adults [9]. What was found is the highly significant linear increase of
calculation ability with time, significant but small linear decrease in the eval-
uation of mathematics over time and significantly increasing math anxiety
with age.

1.2 Prevalence of math anxiety

Estimates of the prevalence of mathematics anxiety vary quite widely, and
are of course likely to be dependent on the populations being sampled, on the
measures used (though many of the studies involve similar measures) and,
perhaps especially, on what criteria are used to categorize people as “math
anxious”. Most measures of math anxiety assess scores on continuous
measures, and there is no clear criterion for how severe the anxiety must be
for individuals to be labelled as high in math anxiety [6]. Some of the estima-
tions are: 11% of university students [13]. Betz [4] concludes that about 68%
of students enrolled in math classes experience high math anxiety. Ashcraft
and Moore [2] estimate that 17% of population have high levels of math anx-
iety. Chinn [5] suggest the far lower figure of 2 - 6% of secondary school pu-
pils in England, which may simply indicate the use of an unusually strict cri-
terion for defining pupils as having high math anxiety. There is no doubt,
even when taking the lowest estimates, that it is a very significant problem.
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1.3 Measures of math anxiety

Pioneering work on the assessment of math anxiety involves construction of
the 98-item Math Anxiety Rating Scale (MARS) - Richardson Suinn 1978
which is followed by the creation of several abbreviated instruments. Hopko
et al. [11] develop an abbreviated measure of math anxiety using large rep-
resentative sample of 1239 undergraduate students - a 9-item abbreviated
math anxiety scale called AMAS. They also evaluate the measure on an inde-
pendent sample by assessing its factor structure, internal consistency, test-
-retest reliability, and validity with very good results. [11]

2 Method

In this part, we explore research which have been made in the years 2016 -
2017 in the Trnava university.

2.1 Participants

Participants include 167 students of the Faculty of Education of Trnava Uni-
versity in Trnava. The sample consists of 46 students of teacher training in
combination with mathematics, 92 students of the pre-primary and primary
education and 29 students of teacher training in combination of other aca-
demic subjects with the biology or chemistry.

Students of mathematics have been chosen for the criterion for individuals
as having high math anxiety. Student who chose math and wants to be a math
teacher does not demonstrate one of the characteristic symptoms of the math
anxiety, which is the avoidance behaviour. So, we assume, that in this group
the prevalence of high math anxiety is less probable.

2.2 Assessment measures

For our research, we need the Slovak version of a math anxiety scale. So, we
perform this Slovak AMAS where the respondents should mark one of the
boxes, where 1 is for no anxiety and 5 for very high anxiety. The minimal
score is 9 and the maximal score is 45 points for one individual.

Dotaznik

Precitaj si, prosim, nasledujtice popisy situacii a vyznac¢ na skale mieru tiz-
kosti, ktort by si v danej situdcii asi prezival. Skala je od 1 = ,iplne v pohode”
az po 5 = maximalna uzkost' (nervozita, fyzické prejavy ako je ,zviera mi za-
lidok*, potia sa mi dlane a pod.)

Table 1: Slovak AMAS.

[1]2]3[4]5]
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1. Na to, aby som vyriesil danu dlohu, potrebujem pou-
zit knihu s matematickymi vzorcami.

2. Rozmysl'am o zajtrajSom teste z matematiky.

3. Sledujem ucitela, ako riesi na tabuli zlozitejsiu rov-
nicu.

4. PiSem planovany test z matematiky.

5. Dostal(a) som naroc¢nejSiu domacu dlohu z matema-
tiky, ktord musim do budicej hodiny vyriesit.

6. Poc¢uivam vyklad ucitel'a na hodine matematiky.

7. Poctivam spoluziaka, ktory vysvetl'uje nejaky mate-
maticky vztah.

8. Ucitel rozdava zadania neohlaseného testu z mate-
matiky.

9. Na hodine matematiky zac¢iname s novym tematic-
kym celkom.

Table 2: Math anxiety in the group of math students.

Value Value | Frequency | Percent Valid Cum
Label Percent Percent
9,00 1 2,17 2,17 2,17
12,00 6 13,04 13,04 15,22
13,00 4 8,70 8,70 23,91
14,00 7 15,22 15,22 39,13
15,00 2 4,35 4,35 43,48
16,00 2 4,35 4,35 47,83
17,00 2 4,35 4,35 52,17
18,00 3 6,52 6,52 58,70
19,00 5 10,87 10,87 69,57
20,00 1 2,17 2,17 71,74
21,00 6 13,04 13,04 84,78
22,00 4 8,70 8,70 93,48
23,00 1 2,17 2,17 95,65
24,00 1 2,17 2,17 97,83
29,00 1 2,17 2,17 100,00
Total 46 100,0 100,0
spolu
N Valid 46
Missing 0
Mean 17,09
Std Dev 4,24
Minimum 9,00
Maximum 29,00
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3 Results

In the Table 2 we can see the distribution of the scores in the group of math
students. The sample of math students have been chosen for searching of the
value, which we can call the lower bound for high math anxiety. In the Table
2 we can see, that only 1 student of 46 has the score higher than 24. There-
fore, we decide to label students who have the score of math anxiety higher
than 24 as the high anxious.

Table 3: Math anxiety in the group of biology and chemistry students.

Value Value | Frequency | Percent Valid Cum
Label Percent Percent

13,00 1 3,45 3,45 3,45
15,00 1 3,45 3,45 6,90
16,00 3 10,34 10,34 17,24
17,00 5 17,24 17,24 34,48
18,00 3 10,34 10,34 44,83
19,00 2 6,90 6,90 51,72
20,00 3 10,34 10,34 62,07
21,00 2 6,90 6,90 68,97
22,00 1 3,45 3,45 72,41
23,00 2 6,90 6,90 79,31
25,00 3 10,34 10,34 89,66
30,00 1 3,45 3,45 93,10
33,00 1 3,45 3,45 96,55
34,00 1 3,45 3,45 100,00
Total 29 100,0 100,0

spolu

N Valid 29

Missing 0

Mean 20,52

Std Dev 5,13

Minimum 13,00

Maximum 34,00

In the Table 3 there is the distribution of math anxiety score in the sample of
non-mathematic students. In this group 20.69% of the students have score
higher than 24, so can be labelled as high anxious. This group involves stu-
dents of other nature sciences like biology and chemistry, who sometimes
also need to use mathematics.

In the group of the students of primary education (Table 4) 22.83% have the
score higher than 24 points, so they can be called high anxious. The distribu-
tion is like the distribution in the group of non-math students, which can be
caused by the similarity of the usefulness of math in the groups. Primary
teacher must teach also mathematics and the teacher of chemistry or biology
also need to know how to use math.
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Table 4: Math anxiety in the group of students of primary education.

Value Value | Frequency | Percent Valid Cum
Label Percent Percent

9,00 1 1,09 1,09 1,09

10,00 2 2,17 2,17 3,26

11,00 1 1,09 1,09 4,35

12,00 4 4,35 4,35 8,70

13,00 4 4,35 4,35 13,04

14,00 3 3,26 3,26 16,30

15,00 2 2,17 2,17 18,48

16,00 3 3,26 3,26 21,74

17,00 8 8,70 8,70 30,43

18,00 8 8,70 8,70 39,13

19,00 9 9,78 9,78 48,91

20,00 1 1,09 1,09 50,00

21,00 6 6,52 6,52 56,52

22,00 11 11,96 11,96 68,48

23,00 5 5,43 5,43 73,91

24,00 3 3,26 3,26 77,17

25,00 5 5,43 5,43 82,61

26,00 3 3,26 3,26 85,87

27,00 1 1,09 1,09 86,96

28,00 1 1,09 1,09 88,04

29,00 4 4,35 4,35 92,39

30,00 3 3,26 3,26 95,65

31,00 1 1,09 1,09 96,74

32,00 1 1,09 1,09 97,83

36,00 1 1,09 1,09 98,91

37,00 1 1,09 1,09 100,00

Total 92 100,0 100,0

N Valid 92
Missing 0
Mean 20,50
Std Dev 5,81
Minimum 9,00
Maximum 37,00

It could be interesting to study the prevalence of math anxiety in the sample
of adults who do not study at university or who have chosen the specializa-
tion where math is not very important like arts, history, psychology... There-
fore, we can assume that the prevalence of math anxiety in the sample of all,
for example, high school children or adults is much higher than 20%.

In the last sample of 92 students of the primary education we compute also
the internal consistency of the 9 items. We obtain a = 0.82 similarly to the
results of Hopko [11] who get a = 0.83.
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4 Discussion

It is well-known, that math anxiety can affect one’s decision about the future
profession. Children and young people who are afraid of math, do not enrol
themselves in a university, where the considerable part of the study include
also mathematics - like technically oriented universities, which in Slovakia
deal for many years with insufficient number of students.

The question is - what can we do about the math anxiety? The first step is to
observe it and to have a tool to measure it. This has been done in this paper.

[t is possible to teach adults with math anxiety, some relaxation techniques,
which have also good results in some researches [6].

But what can we do to prevent it?

Some researches show that the problem arises already in the primary school,
because the children around 10 years old have the same value of the math
anxiety as adults. For example, see [12], where we can see, how the math
anxiety grows from the first to the third school year.

In a future research, we should focus on sources of math anxiety in primary
school math classes.
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INTERACTIVE APPLICATIONS FOR TEACHING
PERIMETER AND AREA OF PLANE FIGURES

Milan POKORNY, SK

Abstract: The paper deals with efficient utilization of modern information
and communication technologies in mathematics teaching at primary
schools. The author characterizes e-learning course, which can be efficiently
used in combination with face-to-face teaching of plane figures for 11-16
years old children. The main advantage of the course is its interactivity, what
differs the course from traditional printed materials. The interactive ele-
ments from the course support active learning of children, what leads to bet-
ter understanding of the content of the course. The elements can be utilized
in classrooms in a combination with computers or interactive whiteboards,
as well as for voluntary activities of students at school clubs or as a part of
their homework.

Keywords: ICT in education, interactivity, interactive whiteboard, teaching
mathematics, perimeter, area of plane figures.

1 Introduction

It is well known that the integration of ICT into education was recommended
by Papert in 1980. From that year, modern information and communication
technologies have been widely used in teaching mathematics. Naturally, the
way of ICT usage in education have changed.

The necessity of ICT utilization in teaching can be observed in activities of the
ministries of education of different countries. Most countries have invested
(and still are investing) considerable amounts of public resources in ICT
equipment such as computers, whiteboards, connectivity, software, etc. (De
Witte & Rogge, 2014). In our country, official state institutions realise the
project Digipedia 2020, which is a new policy document on the conception of
integration of ICT into education till 2020. The document defines the needs
of Slovak schools in this area. One of the aims is to increase the amount of the
digital content available for kindergartens, primary schools, secondary
schools and universities.

There are many ways how to integrate technologies into education. E-learn-
ing has been defined in a range of different ways and definitions of e-learning,
online learning, technology enhanced learning and distance learning often
overlap (Moore et al,, 2011). For example, Khan (2005) defines e-learning as
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an innovative approach for delivering well-designed, learner-centred, inter-
active, and facilitated learning environment to anyone, anyplace, anytime by
utilizing the attributes and resources of various digital technologies along
with other forms of learning materials suited for open, flexible, and distrib-
uted learning.

The combination of an e-learning and a traditional face-to-face learning is
known as blended learning. Concerns about the effectiveness of blended
learning have led to an increasing number of studies on this topic. (Liu et al,
2016) Findings of Jeffrey et al (2012) reveal that students showed a strong
liking for blended modes of learning and that blended learning may offer a
richer learning experience than either online or traditional modes of learn-
ing.

In the current school environment, tablets and mobile telephones are gradu-
ally becoming standard integral teaching aids. (VoStinar & Hanzel, 2016).
M-learning is defined as learning across multiple contexts, through social and
content interactions, using personal electronic devices (Crompton, 2013).

In our primary schools, blended learning seems to be an ideal way how to
integrate modern technologies into teaching mathematics. There are several
studies that proved the efficiency of blended learning in teaching mathemat-
ics. For example, Cheung and Slavin (2013) found that ICT applications pro-
duce modest but positive effects on mathematics achievements in compari-
son to traditional methods. The study of Malatinska, Pokorny and Hic (2015)
proved that blended learning can increase the level of knowledge of children
(11-16 years old) at mathematics, as well as to improve their attitudes to-
wards mathematics.

Naturally, utilization of blended learning does not automatically assure the
improvement of teaching process. We must agree with Zilkova (2014), who
states that the quality of electronic education is primarily determined by the
accurate e-content. However, there is a lack of well-designed interactive ma-
terials in Slovak language that can be efficiently used in teaching mathemat-
ics at primary or secondary school. Since the preparation of good interactive
educational materials is really difficult, they are often prepared by profes-
sional teams. So it is not possible to anticipate that teachers will prepare the
materials themselves. Thus, the teachers try to use the existing materials
available on the Internet. The first problem is that the majority of applica-
tions that can be found on the Internet in Slovak language and used in math-
ematics teaching have only low level of interactivity, usually limited to check-
ing of the correctness of students’ answers. The second problem is thatin our
country the massive usage of English materials is limited by the language bar-
rier.
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To eliminate the lack of materials, we developed the course Perimeter and
Area of Plane Figures, which is described in the following part of the paper.

2 Description of the course

The aim of the course Perimeter and Area of Plane Figures is to serve as an
additional study material, which could be efficiently used in a combination
with face-to-face teaching. Thus the course does not concentrate on detailed
explanation of theory, since the theory is explained in printed textbooks. In-
stead of this, the course tries to utilize the strengths of electronic materials.
One of the key advantages of the course is integration of interactive applica-
tions, which differ the course from the printed materials.

T L e

Dopliite chybajice ddaje. Polomer a priemer kruhu si cele gisla,
obvod a obsah kruhu zaokrihlite na dve desatinné miesta.

| Pracujte s hodnotou Eisla pi 3.14.
3 Skontroly
d Skontrolyj
S | ‘ Skontrolui‘é
o 26389

I ... polomer d=2.r
d ... priemer :
I o obvod 0=2-7-r

Najprv vypocitajte polomer kruhu.

Tento program venikol vd'aka podpore grantu KEGA 003TTU-4/2015.

Autor: PaedDr. Milan Pokomg, PhD.. Pedagogicka fakulta, Tinaveka univerzita

= -

Figure 1: The application for perimeter and area of a circle.

The course consists of four lessons. The first lesson concentrates on rectan-
gles, the second lesson on area unit conversion, the third lesson on quadri-
laterals (diamond, parallelogram, trapezium), and the fourth on circles and
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circle sectors. There is no lesson dedicated to triangles, as this topic is cov-
ered in the course Triangles and Their Properties. All lessons contain a mini-
mum amount of theory, which is immediately illustrated on the solved prob-
lems. However, the most important parts of the course are interactive appli-
cations and electronic tests.

The course contains 12 interactive applications. The main difference be-
tween the applications and the majority of similar applications on the Inter-
net is that our applications provide a deeper feedback for children who can-
not find the right answer. We will illustrate it on two examples. On Figure 1
the child tried to calculate the area of a circle from its perimeter. Since his
answer was wrong, the application advised him to calculate the radius and
then to try to calculate the area again. On Figure 2 we can see a feedback after
an incorrect answer, which gives a detailed instruction how to find a correct
solution.

Kniha s rozmermi 28 cm a 13 cm ma 192 stran.
Kolko decimetrov $tvorcovych papiera treba ma jej vyrobu?

(vysledok uvedte v tvare prirodzeného Eisla)

Skontraluj i

Pocet spravne vyriesenych aloh: 0 I

Uréte obsah jednej strany v cm Stvorcovych (vynasobte jej dizku a Sirku).
Premeiite obsah strany na decimetre $tvorcove (vydelte cislom 100).
Vynasobte poétom stran a vydelte dvoma (1 list = 2 strany). Il

Tento program vznikol vd'aka podpore grantu KEGA Q03T TU-4/2015.

Autar: PaedDr. Milan Pokomp, PhD., Pedagogicka fakulta, Tinawvskd univerzita
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Figure 2: Word problems - perimeter and area of a square and a rectangle.

As we can see, the applications make children to actively find the solution,
not to passively write down the correct solution from the blackboard. Since
all numbers in the applications are randomly generated, as well as the order
of word problems, each child has his own task on his monitor, so it is impos-
sible to use the result from the classmates. However, there are more recom-
mended ways how to use the applications: active work of children in a class-
room; group work of the whole class on interactive whiteboard; child’s own
work in home, for example as a homework or preparation for a test; child’s

164



XXX DIDMATTECH 2017, TRNAVA UNIVERSITY IN TRNAVA, FACULTY OF EDUCATION

own work at school, when their teacher is ill and they have a lesson with a
temporary teacher; child’s own work at school clubs.

The course also contain 9 electronic tests. After each lesson, there is a test
that provides an immediate feedback about the level of child’s knowledge.
There is also a series of five tests of graduate difficulty, which provides a feed-
back about the level of knowledge from the whole content of the course.
These tests allow teacher to work with children individually according to the
level of knowledge of each child. The tests also enable to prepare students to
the national test Testovanie 9.

3 Conclusion

Many researches have proved that a proper integration of modern technolo-
gies can make the teaching process more interesting and more efficient. The
technologies can have positive impact on the level of knowledge of students,
as well as on their attitudes towards mathematics.

In the paper, we characterize our course, interactive elements, and electronic
tests, which are determined for teaching perimeter and area of plane figures.
The course is in Slovak language and it is free and available for all potential
users. We are convinced that the course can be useful for children and can
help them to master its content efficiently. Our belief is based on our experi-
ence with the utilization of similar interactive applications in teaching at pri-
mary schools.

However, it will be useful to realise a research focused on the efficiency of the
course in teaching mathematics at primary schools and to analyse its results.
This is one of our intentions for further study.

This work has been supported by the Slovak Ministry of Education
(KEGA Grants No. 003TTU-4/2015 and No. 003UMB-4/2017).
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VYUZIVANIE INTERAKTIVNYCH VZDELAVACICH
MATERIALOV VO VYUCOVANI MATEMATIKY

I1diké PSENAKOVA, SK, Igor BAGAN]J, RS, Tibor SZABO, SK

Abstrakt: Matematika patri k u¢ebnym predmetom, ktory vacsina ziakov v skole
neobl'ubuje. Mnoho ucitelov matematiky na zakladnych a strednych skolach sa
snazi na svojich hodinach zaviest nové met6dy a spésoby vyucovania, aby pred-
met zatraktivnili a Ziaci si ho obl'ibili. Medzi takéto spdsoby patri aj vyuzivanie
interaktivnej tabule a interaktivnych ucebnych materialov, ktoré umoziujua zvy-
it ndzornost vyucovania, zjednodusit pochopenie uciva, zvysit motivaciu a ak-
tivitu ziakov na hodinach. Buduci pedagégovia by preto mali ovladat spravne po-
uzivanie interaktivnej tabule a pripravu vhodnych interaktivnych materialov pre
svoj predmet. Aké si moznosti pripravy takychto ucebnych materidlov pre ma-
tematiku popisuje nasledujuci clanok.

KIicové slova: interaktivny ucebny materidl, vyucovanie, ucitel, matematika.

USING INTERACTIVE EDUCATIONAL MATERIALS
IN MATHEMATICS TEACHING

Abstract: Mathematics belongs to learning subjects that most students do not
like at school. Many teachers of mathematics at elementary and secondary
schools are trying to introduce new methods and ways of teaching in their classes
to make the subject attractive and students to enjoy it. Such methods include the
use of an interactive whiteboard and interactive learning materials that make it
easier to learn lesson, simplify student understanding, and increase motivation
and student activity in lessons. Future educators should therefore control the
proper use of the interactive whiteboard and prepare appropriate interactive
materials for their subject. In the following article, we describe some possibilities
for prepare such learning materials for mathematics.

Keywords: interactive materials, education, teacher, mathematics.

1 Uvod

Zavadzanie modernych informacénych a komunika¢nych technoldgii (IKT) do vy-
uCovania neustale ul'ahc¢uje pracu pedagégov a vzdelavanie je stale atraktivnej-
Sie, zaujimavejsie a pestrejsie aj pre Studentov, ale predsa este Casto ostavaji len
pasivnymi divakmi. Ciel'om kazdého ucitel'a by malo byt zaujat Ziakov, podporo-
vat ich tvorivost a fantaziu, zvySovat ich motivaciu, ale pritom im umoznit na-
predovat v uceni vlastnym tempom. Celé generacie pedagégov hl'adali a neustale
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hl'adaju metddy, spésoby a moznosti, pomocou ktorych by dokazali pre svojich
ziakov vyucovanie sprijemnit a zjednodusit. [1].

Aj vo vyucovani matematiky sa daju uplatnit niektoré moznosti IKT, ktoré
moZzu zdokonalit’ proces ucenia a ucenia sa a prispiet k rozvoju myslienko-
vych a tvorivych aktivit Ziakov.

2 Interaktivne vyucovanie

Vyuzivanie interaktivnych aplikacii vo vyucbe sa rozsirilo hlavne vd'aka za-
vedeniu interaktivnych tabul’ do $kol. Samotny fakt, Ze interaktivna tabula je
pritomna vo vyucovani, vSak eSte neznamen3, Ze ide o interaktivnu vyucbu.
Je potrebné rozlisovat, kde dochadza k vzajomnému pdsobeniu [2]:

e medzi pouzivatelom (ucitel alebo Ziak) a technickym zariadenim (inter-
aktivna tabul'a a pocitac),

e medzi ucitel'om a zZiakom/Ziakmi,

e medzi ziakmi navzajom.
K interakcii medzi ucitelom a ziakmi alebo Ziakmi navzajom moZe dojst’ aj bez
interaktivnej tabule a vyucba bude aj tak interaktivna. Interaktivna tabula v§ak
moze vyrazne prispiet k realizicii efektivnej interaktivnej vyucby. Ucitelia aj
ziaci interaktivne manipuluju s objektmi na tabuli alebo obrazovke, a tak sa rov-
nako zapdajaju do procesu vyucby v triede.
Interaktivitu je mozné chapat aj tak, Ze pouzivatel aktivne pracuje s technickymi
zariadeniami a s prislusnymi softvérmi, ktoré reaguji na jeho vonkajsie prikazy,
a prave skutocnost, Ze objekty na obrazovke je mozné riadit’ vonkajsimi pod-
netmi, robi proces vzdelavania interaktivnym.

Podstatou interaktivneho ucenia teda je, aby Studenti vyuzivali svoje kognitivne
schopnosti a aktivne sa zapajali do vzdelavania. Tym, Ze sa Ziaci aktivne zapajaju
do chodu vyucovacej hodiny v u¢ebni, usmertiuju vyklad prezentovaného prob-
1ému a zasahuju do postupu riesenia prikladov, maju kreativny vplyv na proces
ucenia. Interaktivita pomaha zapojit' Studentov do prace, udrzat’ ich pozornost
a vyhodne sa da vyuzit' aj pri samostudiu.

Pri interaktivnej vyucbe sa tloha ucitel'a meni. Jeho tilohou je facilitacia, t. j. ul'ah-
Covat, umozinovat, napomahat a podporovat. Jeho ¢innost spociva v usmerno-
vani diskusii, zd6vodnovani vhodnych rieSeni a v riadeni skupinovej aj individu-
alnej prace Ziakov [2].

Je preto vel'mi doleZité, aby si budtici pedagdégovia osvojili didaktické aspekty po-
uzivania interaktivnych zariadeni, naucili sa ich spravne vyuzivat, naucili sa
spravnu tvorbu interaktivnych ucebnych materidlov, ktoré zaroven aj budu ve-
diet' spravne pouzit, aby sa tak vyucovaci proces stal ac¢innejSim a efektivnej-
$im[3].
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3 Interaktivny u¢ebny material

Interaktivny u¢ebny materidl pdsobi sucasne na viac zmyslov Ziakov. Je vSeo-
becne zname, Ze tak dochadza k hlbSiemu a trvalejSiemu osvojeniu uciva a cel-
kovo k lepsim vysledkom vo vzdelavani.

Interaktivny ucebny material by teda mal mat nasledujtice charakteristické
znaky:

e interaktivnost, ktora zabezpeci v procese ucenia aktivnu c¢innost' zucas-
tnenych,

e nelinedrnost, t.j. pouzitie odkazov, ktoré oproti linedArnemu modelu
umoziuju prechod u¢ivom v 'ubovolnom smere,

e multimedidlnost’, ktora vyzaduje v obsahu menej textu, viac statickych ob-
razkov, zvuku, animécii a videi.

Aj ked' je vedl'a obrazovych ilustracii text, ziaci ich ovel'a rychlejsie a jednoduch-
Sie pochopia, ak sa paralelne s nimi objavuje aj vysvetlujici zvuk, pripadne sa
spusti animdcia. Pouzitie interaktivnych obrazkov znizuje riziko kognitivneho
pretazenia, takéto rieSenia maju silnejSiu motivaciu a inSpiruju ziakov a Studen-
tov k samostudiu. [4]

Proces ucenia a testovanie su tizko spojené. Ak po precitani urcitej ¢asti uciva je
mozné pokracovat len po spravnej odpovedi na kontrolné otazky, alebo jednot-
livé ucelené casti - moduly uc¢ebného materialu sa ukoncia testom, prispieva to
k lepSiemu osvojeniu uciva. Pritom interaktivita pomaha Studentom pri testovani
avyhodnoteni urovne ziskanych vedomosti, a testovanie je menej stresujuce,
ucinnejsie a objektivne.

Tvorba interaktivnych u¢ebnych materidlov, aplikacii a testov nie je jednoducha
uloha, preto len malo pedagdgov na to vynalozZi ndmahu a obetuje svoj ¢as. Pri
vytvarani vlastnych ucebnych materialov asi najvacsiu ulohu zohrava ciel, na
ktory maju slazit, ale pritom nesmieme zabudnut ani na didaktické, technické,
estetické, ¢i ekonomické hl'adiska. Casto prave financie si dovodom, Ze ucitel si
radsSej vytvori vlastny material a nekipi komer¢ne ponuikany. Na druhej strane
su vsak k dispozicii aj také softvéry, ktoré pomahaji pri tvorbe interaktivnych
ucebnych materialov a st bezplatné (HotPotatoes). Okrem toho existuje aj moz-
nost vytvorit potrebny material v samotnom produkte, v ktorym sa vyucuje (MS
Office).

4 Vyuzitie interaktivnych pomécok pri vyuc¢be matematiky

Aj vo vyucbe matematiky sa moZu uplatnit ako u¢ebné pomocky aj rézne Stan-
dardné aplika¢né programy (MS Excel), matematické programové systémy (Mat-
lab, Mathematica SageMath) ako aj vzdelavacie programy z matematiky (Cabri
Geometry, GeoGebra) [5].
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4.1 VyuZzitie MS Excel pri vyucbe matematiky

Aplikacny program MS Excel sa vyucuje na strednych skolach v rdmci hodin in-
formatiky aje Standardnym programovym vybavenim takmer vSetkych skol-
skych pocitacov. Preco ho teda nevyuzit na hodindch matematiky, napriklad pri
analyze problematiky vyucovania matematickych funkcii. MS Excel pomaha pri
vizualizacii u¢ebnej latky, nakol'ko s jeho pomocou je mozné na zaklade zadanych
udajov za par sekund vygenerovat grafy funkcii.

Nami vytvorena uebna pomocka [6] umoZziiuje pomocou grafickych funkcif pro-
gramu MS Excel jednoduchsie vysvetlit priebehy linearnej, kvadratickej, gonio-
metrickej a inych funkcii (obrazok 1).

il
Siax

N I

T

Obrazok 1: Nahl'ad obrazovky u¢ebnej pomécky.

K pouZzivaniu tejto pomocky nie je potrebné, aby Ziaci vedeli vytvarat grafy. Do6-
raz je kladeny na pochopenie matematickych funkcii a ich zobrazeni. Interakti-
vita je zabezpeCena pomocou posuvnikov, ktorymi je mozné nastavit hodnoty
koeficientov a, b, ¢ vo funkcii. Zmenou jednotlivych hodnét sa meni aj tvar zobra-
zenych grafov, a tak ziaci nazorne vidia vplyv koeficientov na priebeh funkcie.

Program MS Excel umozni ucitel'ovi, aby sa venoval viac postupu rieSenia prikla-
dov a nie numerickym vypoctom, pretoZe tie urobi program. Takto sa zrychli
praca ziakov, ¢co umozni vyriesit na hodine ovel'a viac prikladov a tloh. Vyucova-
cie hodiny sa tak stavaju pre ziakov zaujimavejSie, zabavnejsie a straca sa casto
aj odpor k matematike.

4.2 Vyuzitie programu HotPotatoes

Medzi najpouZzivanejSie programy na tvorbu interaktivnych testov patri progra-
movy balik HotPotatoes. Obsahuje pat casti (JCross, JQuiz, JCloze, JMatch, JMix),
ktoré umozZzinuju vytvarat interaktivne ulohy typu kriZoviek, kvizov, dopliiovania
do medzier, prirad'ovania parov a usporiadania neusporiadanych viet. Pre auto-
matické zostavenie postupnosti cvicen{ a iloh vytvorenych v jednotlivych cas-
tiach sluzi nastroj The Masher.

170



XXX DIDMATTECH 2017, TRNAVA UNIVERSITY IN TRNAVA, FACULTY OF EDUCATION

M s sty

| C—

a) JMatch

jeden uhol tupy

B ? | md jeden uhol ostry

Ktoré 2 uhlov ma2u byt vadtornymi uhlami t

30
60°
105

d 240

€ 7 | mé jeden uhol pravy

Nahraj odpoved

V rovnoramennom trojuholniku ABC plati, 2e jeden z uhlo

b) JQuiz

rojuholnika?

o ¢islo a napi¥ odpoved'. TlaZidlom "Potvrd’ odpoved™ ju nahraj. Na konci

sa rozpoltujd, ale nerovnajd, ani nie sii na seba kalmé KOSODLZNIK
nie si rownako dihé KOSOSTVOREC | Potvrd odpoved | Pomiiz mi

c) JCross

Obrazok 2: Priklady vyuzitia HotPotaoes na testovanie v matematike.

Na obrazku 2 st uvedené ukazky testov z matematiky vytvorené pomocou

Casti:

a) JMatch - prirad’ovanie, v ktorom su na l'avej strane zobrazené obrazky
tykajtice sa matematickych disciplin, ku ktorym je potrebné spravne pri-
radit neusporiadané odpovede z ponuky na pravej strane obrazovky.

b) JQuiz - kviz obsahuje rozne typy otazok tykajucich sa vlastnosti troju-
holnikov. Odpovedat mozu Ziaci, bud’ vyberom jednej alebo viac sprav-
nych odpovedi alebo napisat kratku slovnd odpoved.

c) JCross - je krizovka bez tajnicky, tykajlica sa matematickych pojmov.

Pri vypliani testov ziak méze Ziadat' prislusnym tlacidlom o pomoc, ale pri vy-
hodnoteni sa mu odpocitajui percenta z konecného skore.

Program umoziiuje zmenu prednastaveného vzhladu testov (nazov, tlac¢idlg,
farba pozadia, typ pisma...), ¢o zabezpeci ich r6znorodost a pestrost.

5 Zaver

Interaktivne aplikacie umoZznuju pedagégom zaviest' do praxe, vratane vyucova-
nia matematiky, najmodernejsSie vyucovacie prostriedky, metédy a spdsoby,
ktoré udrzuju pozornost ziakov a Studentov, zvySuju ich aktivitu, posiliiuju vza-
jomnu spolupracu, zosiliiuju socidlne vazby a v neposlednom rade rozSiruja
a prehlbuju ich vedomosti a zruc¢nosti.
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NETRADICNE NEVLASTNE INTEGRALY

Vladimir STRECKO, SK

Abstrakt: Clanok predstavuje systém matematickych tloh vedtcich k apli-
kéacii Poissonovho, Dirichletovho a Lobacevského integralov. Jedna sa o Stan-
dardné ako aj o neStandardné matematické ulohy. Ciel'om prispevku je pre-
zentovat konzistentny pohl'ad na dant problematiku. Dokazana je konver-
gencia spominanych integralov. Hodnota jednotlivych integralov je odvo-
dend aparatom vyssej matematiky, ktorej 352. vyrocie vzniku si pripomenul
cely matematicky svet. Tato problematika sa marginalne vyuéuje na VS tech-
nického, ¢ prirodovedného zamerania. Clanok je uréeny najma $tudentom
tychto zameran{ ako aj zacinajicim ucitelom vyucujicim integralny pocet.
Clanok je krasnou ukazkou kontinuity matematickych poznatkov.

KIicové slova: nevlastny integral, konvergencia integralu, matematicka
uloha.

UNUSUAL IMPROPER INTEGRALS

Abstract: The paper presents a system of mathematical tasks leading to the
application of Poisson, Dirichlet and Lobachevsky integrals. The tasks dealt
with are standard as well as non-standard mathematical problems. The ob-
jective of the paper is to present a consistent view on this issue. A conver-
gence of the integrals has been proven, and the value of the integrals is de-
rived by the apparatus of higher mathematics whose 352 anniversaries has
been recently celebrated by the entire mathematical world. This issue is mar-
ginally taught at technical universities or faculties of natural sciences. The
present article is aimed at students of these specialisations, as well as at nov-
ice teachers who teach integral calculus. The paper aspires to be a fitting ex-
ample of the continuity of mathematical knowledge.

Keywords: improper integral, integral convergence, mathematical task.

1 Uvod

Clanok prinasa systém matematickych tloh s rieSeniami, ktoré vedua k vy-
znaénym integralom. Vyuc¢uji sa na VS v tematickom celku nevlastné integ-
rdly. Cielom prispevku je poukazat na vypoclty spojené s danou problemati-
kou, ako aj na previazanost v rieSeni matematickych tloh. Nezabtidame ani
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na aplikaciu principu kreativity v matematicko-pedagogickom procese, ktory
je v sucasnosti zdoraziovany v edukicii.

2 Vlastna problematika

Z viacerych vyznamnych kriviek, o ktorych sa dozvedaju $tudenti na VSje o. i.
krivka pravdepodobnosti (obrazok 1).

ul

l’

f \
! v/
A '
\ ‘/ h 2
ol %
Obrazok 1: Krivka pravdepodobnosti.

)
I

Jej analytické vyjadrenie ma tvar y = e*”. V tematickom celku nevlastné in-
tegrdly sa vyskytuju aj tlohy, ktoré vedu na aplikaciu jedného dolezitého in-
tegraly, ktory je kvadratirou spomenutej krivky. Nesie nazov podl'a francuz-
skeho matematika S. D. Poissona (1781 - 1840). V dalSom ukazeme, Ze Po-

. . , 00 2 . ;. . , .
issonov integral f_ooex dx konverguje. Ndjdeme majorantnu funkciu

k funkcii y = e, ktora konverguje. Tou mdze byt napr. Agnesina krivka

1 .y
y =1z -Plati, ze
1
2
eX <
1+ x2
1 1
_2 S —
eX 1+ x2
1+x2 <eX,

Co evidentne plati. RieSitel' si m6ézZe nacrtnut graficku interpretaciu situacie,
aj dokazat, Ze Ciselnd hodnota kvadratiry Agnesinej krivky je . Samotny
vypocet hodnoty Poissonovho integralu je zaloZeny na vypocte dvojného in-
tegralu ffRe'Xz'yzdx dy, kde R je celd rovina R,y, resp. dvojrozmerny
euklidovsky priestor. Pritom pouzijeme transformaciu nasho integralu do
polarnych stradnic. Zrejme
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X = pcos®
y = psing,
pricom e < 0,2m >, pe < 0, ).
Teda
2m o0 [}
J-fe'xz'yzdxdyzf(f pe?’dp)de = an pe?’dp —nf tdt =
R 0 0
Substitucia:
p? =t
2pdp = dt,
nové hranice integrovania sa nezmenia
A
=n}\iﬁr§° tdt‘“}gj{; -—] —11}\1_r)g(-—+ 1)

0
Na dany dvojny integral [f e**¥*dxdy v pravouhlych stradniciach mé-
Zeme aplikovat jednoduché tupravy, t. j.

[oe]

J-f Xydxdy—ff Xeydxdy—f dxfe'yzdy=

=(fe#d@%

Porovnajtc obidva vysledky, mame f‘: e dx = VT =1,772.

Posledny integral je vlastne Poissonov, ktory sa uvadza ako f: e dx = Vx

o 2 VT
aleboako [~ e dx ==~

Teraz uvedieme niekol'ko uloh, ktoré vedu k pouZitiu Poissonovho integralu.
Uloha 1. Vypoctitajte integral

(oo}

2
J e dx,a > 0.
0
RieSenie. Staci pouzit' substitdciu

ax? = t?
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pricom hranice integrovania sa nezmenia. Po aplikacii substitiicie mame

[ee]

dt 1
f 2 et dt

pricom posledny integral je Poissonov. Teda

fe""‘xzdx—ﬂ—l\/i
J 24a 2Va '

Uloha 2. Vypoditajte integral
of

<||

Riesenie. Aplikujeme substiticiu

x = t?
dx = 2tdt ,
pri¢om hranice integrovania sa nemenia. Cize
< e X Tt ° N
f—dx= —2 tdt=2fe't dt=2—=+n
0 vx 0 2
Uloha 3. Vypocitajte integral
(o]
J x3e* dx
0
Riesenie. Pouzijeme substiticiu
xt=t
4x3dx = d,

pricom hranice integrovania sa nezmenia.
Teda

( 1

3 —X8d —
jX e X )
0
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Uloha 4. Vypodtitajte integral

o -1
ex?
X_2 dx.
0
RieSenie. Substiticia je zrejma
1
—=t
X
1
Y dx = dt
X
s novymi hranicami: oo, 0. N4$ integral
o 1 o \/_
e x? 2 T
dxzfe't dt = —.
f X2 2
0 0
Uloha 5. Vypoctitajte integral
[ee]
e In? x
f dx.
X
0
Riesenie. Pouzijtic substittciu
Inx=t
1
—dx =dt
X
s novymi hranicami integrovania -oo, 0, mame
[oe] [ee]
e In2x
J dx = j et dt = VT
X
0 -00

Analogicky je aj vypocet integralu

3 dx =
cos?x

s

2 2

j-e—tgx \/E
>

0

Uloha 6. Vypodtitajte integral

(oo}

2
J x%2eX dx.

0
RieSenie. V tomto pripade je vypoclet zaloZeny na metdde per partes.

" 2
u=x v =xe™X
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x2

' 1 e
u = vV=-—
2
Aplikujtic uvedentt metédu integrovania mame
[ee] [ee]

1 “ 1 van
2 ,-x2 -x2 -x2
d =[-— ] - f dx = —.
fX e X er . + 2 e X 4
0 0

Citatel musi dokazat, ze limita lim xe™ =0 (L’Hospitalovo pravidlo).

X—00

Ktomuto integralu vedie aj vypocet fooo VxeXdx = ? alebo
2smx -tg?x _£ 2 8X tg°x tg4x zﬂ
0 cos‘*x dx » Tesp- f cos? X dx 8’

Vzavere tejto Casti ukdZeme hodnotu Laplaceovho integralu, t.j.
X2

Jo ez dx = 2m = 2,507.

Staci v Poissonovom integrali zaviest substiticiu x = * alebov Laplaceo-

V2
vom = tv2.

Analogicky prezentujeme integral f sinx

—dx = g, ktory nesie nazov podla
nemeckého matematika 19. storocia P. G. D1r1ch1eta (1805 - 1859). UkazZeme,

Ze Dirichletov integral relativne konverguje. Najprv ukéieme Ze konverguje.

integral rozdelime na dva integraly, t. j. fooo X 4x = fz x4 + o ﬂ dx.
2

X = 1. Vdruhom integrali aplikujeme

Prvy integral je vlastny,

met6du per partes, kde

1 , )
u=- v =sinx
X
. 1
u=-— V = -COSX.
X
oo sinx 1 o oocosx oocoSX
Teda |n dx = [-=-cosx]|.. - x = 0-
—_ T =
2 X X 7 2
v 7 cos
= . — )
retoze lim = 0. Integral 5 cosx[ <1
X—00 X E X
COSX 1
reto <-.
p X2 %2

Nasli sme majorantnu funkciu, ktorej integral konverguje
1 11”
f o = [-;]E T
T 2
2
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o sinx

Z toho vyplyva, Ze aj [r % dx konverguje, teda [~ ——dx konverguje.
2

|sin x|
X

7w v . 7 o) . . Vo 7 .
Teraz ukaZeme, Ze integral [« diverguje. PouZijeme porovnavacie
2

kritérium, ndjdeme minorantnu funkciu, ktorej integral diverguje.
2

, |sinx]| sin“x
Plati —— > —.
X
. N ¥ .2 1-c0os2X .,  sin®?x _ 1-cos2x
Z goniometrie vieme, ze SIn“X = P clze = 2 .
X X
1- cos 2x oo dx 00 COS 2X 00 COS 2X

dx.

Integral fn dx = % [In |x|]n

dx=|nr —- |n
2 2x Y5

2 2x

Pretoze limInx = oo , cely integral diverguje, druhy integral konverguje

X—00
(per partes).
Tym sme ukdzali, Ze Dirichletov integral konverguje, ale relativne. Teraz vy-
w7 . w7 ’ v . . 7 (o) oo - .
pocitame jeho Ciselnt hodnotu. UvaZujme integral fo fo e®sinx dx da,
kde a je parameter. Jeho ¢iselnt hodnotu vypocitame v danom a opa¢nom po-
radi diferencialov.

f (f 03X gin x dx)da—f [2 1(asmx cosx)]Fda= [~ —— -

0 a2+1

[arctg a]g’ —g.

Pri obratenom poradi integrovania vypocet vyzera takto:
f (f e sinx da)dx—f [ Smx]""d —foom:xdx.

Porovnavajuc obe pravé strany uvazZovaného integralu dostdvame
oo

sinxd i1
—dx =~
X 2
0
Poznamenajme, ze pri vypocte prvého integralu sme pouzili integracny

vzorec [ e sinbxdx = (asin bx -b cos bx), ktory odporic¢ame aj od-

e
a2+b?
vodit dvojnasobnym pouZitim metédy per partes.

V d’'alSom prezentujeme Sest tloh, ktoré vedu k Dirichletovmu integralu.

f 1n2x
0

Uloha 7. Vypodtitajte integral

RieSenie. Pouzitim substiticie
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d dt
X ==
2
dostdvame integral s nezmenenymi integracnymi hranicami, t. j.
[oe] [oe] (o0}
f sin 2x 1 [ sint J‘ sintd s
x=7| —dt=| —dt=—.
X 2 t t 2
0 0o 2 0

Vidime, Ze vysledok integrovania nezavisi od peri6édy funkcie sinus.

[ee]

f sin ax

0
RieSenie. Prevedieme tvahu:

a>0,a=0,a<0.

Uloha 8. Vypoditajte integral

oo sin ax

a>o0: f dx = g ako v predchadzajucej ulohe.

a=0;: sm0=0,f°°0dX=0.

oo sm( ax) dx

a<0: Zrejme -a > 0, integral f =2 bol odvodeny pre a > 0.

Staci vynasobit’ obidve strany rovnosti c1slom —1 a dostaneme

X

T
=-5 -

0
Z vlastnosti neparnosti funkcie y =sinx vyplyva, Ze sinx = -sin(-x)
alebo sin(-x) = -sinx.

sin ax

U néas f X=-§,ak a<o.

Uloha 9. Vyp0c1ta]te integral

dx,a> 0,b > 0.

[ee]
f sin ax cos bx
X

0
RieSenie. UZito¢né je odvodenie goniometrického vzorca

1
sin mx cos nx = > [sin(m + n)x + sin(m-n) x].

Tento vzorec aplikujeme na vypocet nasho integralu. Teda
oo}

f sin ax cos bx dx = 1 f sin(a + b)x + sin(a-b) x d

X.

X 2
0 0

X
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Vypocet integralu sa redukuje na tri pripady:
1 J-oo sin kx+sin Kx
0

1. a>b=> dx ,kde > 0,K> 0 .Zulohy 8 vyplyva vy-
sledok fowwdxzé(g+f)=g_

X

1 (oo sin2bx 1T T
2. a=b=> Efo . d _E.;_Z'
3. a<b=> ["(“P+%)dx ,p>0,P<0. Zilohy 8 Eerpime
opét vysledok, teda fom Sinax cosbx aXXCOS bX dx = %(gg) =

Uloha 10. Vypo¢itajte integral

(oo}

sin®x
f 22 dx.
0
Riesenie. Aplikaciou metddy per partes dostaneme

S o1

u = sin“x V==
X

. . 1
u = sin 2x v=-—.
X

Ly . o0 sin?x sin2x]% oo sin 2x b . sin?x
N&§ integral [~ ——dx = [ ] +J, ——dx=2, lebo lim =
0

0 x2 X 0 x—oo X
;o .
0, lirra S”; X = irra Sl:X.sinx =1.0=0 aposledny integradl bol vypocitany
X— X—
v ulohe 7.

Uloha 11. Vypotitajte integral

oo

sin3x
dx.
X

0

CoS 2X

-y . Vs . . , . 1 . v
RieSenie. VyuZijeme goniometricky vzorec sin’x = pri Uprave Ccita-

I . Ali . P T 2. 1-cos2x _ sinx sinxcos2x
tela vintegrall, t.]. sin°x = sIinX.sIn“x = smx.—2 =

2 2
Dosadiac do nasho integralu mame
sin3xd _1 sinxd 1JSinXCOSZXd _1 m 1 0_11
f X X_zf x X2 X X=22 20T
0 0 0

lebo prvy integral je Dirichletov a druhy je z Glohy 9 treti pripad.
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Uloha 12. Vypoctitajte integral

Riesenie. Na vypocet integralu pouZzijeme met6dy z predchadzajucich dvoch
uloh. Najprv aplikujeme metddu per partes

.4 o1
u = sin*x V==
X
. 3 1
u =4 sin°xcosx V=-;.
Ciie foo sin%x dx = [_ sin“x]OO + 4foo sin3xcosde _ 4_foo sin?x sin XcosxdX
0 x2 - x lg 0 X o X )
0
V tomto integrali opat’ aplikujeme goniometricky vzorec z tlohy 11.
[ee] [oe]
sin 2x (1- cos 2x) sin 2x sin 2x cos 2x MM T
4 | ——————dx= | ( - X==-—=-
4x 2 4 4
0 0

lebo prvy integral bol rieSeny v tlohe 7 a druhy v tlohe 9 (druhy pripad).

Slavneho ruského matematika 19. storocia N. I. Lobacevského (1793 - 1856)
zaujal integral [2Incosx dx, resp. [ZInsinx dx . Oba integraly nesu

TC
svoje pomenovanie po nom. UkaZzeme, Ze integral foz Insinx dx konver-
guje. Pouzijeme met6du per partes, t. j.

u = Insinx v=1

. COSX

= — V=X
sinx

n L

Lobagevského integral [2Insinxdx = [xInsin x]2- Jgx cotg x dx.

Vypocitame limitu aplikaciou L’'Hospitalovho pravidla

. . ~ Insinx _ cotg x _  x?
limxInsinx = lim = lim =-li =0.
x—0 X0 1 x—-0 _l x-0 tg X
X X2
us L %
, > _ (3% . , . _
Integral fo x cotg x dx fo 2 ~dx je vlastny, lebo }(l_r)r(} o 1,

X

1m
X_%tg X

=0.
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T
Tym sme ukazali, Ze foz Insinxdx konverguje.

T
Vintegrali foz Incosx dx stacdizaviest substiticiu x = g-t , dx = -dt, s no-

7 . . . T ,
vymi hranicami > 0. Tym dostaneme

T

2

T
Incosxdx = f In cos(z -t)dt = | Insintdt.
0

S —wnia

T
Z uvedeného plynie konvergencia aj pre foz Incosxdx , ale aj rovnost teda
T T
JEIncosxdx = [?Insinxdx.

T
Teraz vypocitame ¢iselnti hodnotu Lobacevského integralu | ZInsinxdx.

RieSenie je neStandardné. Pouzijeme substiticiu x = 2t,dx = 2dt, nové in-
v__ 7 . - T
tegracné hranice su 0, " Teda

In(2sintcost) dt =

S —wia

T s
2 2
flnsinxdszJlnsinthtzZ
0 0

T
=2 (1n2+1nsint+1ncost)dt=51n2

St —— a3

3
4

TT
2

+2 flnsintdt+flncostdt =
0 0

V druhom integrali staci pouzit substiticiu t= g-z, dt = -dz, nové integ-

V.7 . , T T
racné hranice su E'Z

T T T
4 2 2
m T
=Eln2+2 Jlnsintdt+Jlnsinzdz =Eln2+2flnsinx dx.
0 % 0
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Na pravej strane sa objavil pocitany integral pravdaZze s inou konstantou. Pre-
nesieme ho na l'avu stranu rovnosti a mame vysledok.

- [2Insinxdx =Z1In 2, teda C¢iselnd hodnota nadsho integralu je
o > g )
2lnsinxdx =-~In2 2 -1,089.
0
2

Poznamenajme, Ze uvedeny integral moZeme vypocitat aj aplikaciou gonio-
. 7 . X X
metrického vzorca sinx = 2sin 5C0s .

Uvedieme niekol'ko tloh veducich k aplikacii Lobacevského integralu.

Uloha 13. Vypoctitajte integral

T
2
fx cotg x dx.
0

Riesenie. Pouzijeme metddu per partes, kde
u=x v = cotg X
u=1 v =Insinx ,

¢im dostaneme
T

T
2 2
L L
fx cotg x dx = [xlnsinx](z)-j Insinx dx = Ean,
0 0
pretoZe lirrg xInsinx = 0 (aplikujeme L’'Hospitalovo pravidlo).
X—

Uloha 14. Vypoctitajte integral
1

arc sin x
—dx.
X

0
Riesenie. Stac¢i pouZzit substiticiu arcsinx = t,x = sint, dx = cos tdt, nové
. v 7 . a T svoe 3
integracné hranice budu 0, > Na&s integral

s

1 2

arcsinx T
dex=ft cotg t dt=51n2.

0 0
Uloha 15. Vypotitajte integral
1
Inx
j dx.
1-x2
0
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Riesenie. Aplikdciou vhodnej substitiicie dostaneme Lobacevského integral.
Substitticia

X = sint
dx = cost dt,

, . v_ s . . . T 7o 7
s novymi integracnymi hranicami 0, -. Dany integral

Insint dt = -—1n2

1 7
f Inx J‘costlnsmt dt
1-x2 1-sin?t
0 0

S ——wnia

Uloha 16. Vypotitajte integral

T

f xInsinx dx.

0
RieSenie. Po niekol'kych pokusoch zistujeme, Ze integral sa neda riesit tra-
di¢ne. Siahneme teda na ,Sikovné“ postupy veduce k ciel'u. Najprv integral
rozdelime na dva integraly, t. j.

T
T 2 b1
fxlnsinx dxzjx Insinx dx+fxlnsinx dx.
0 0 T
2

V druhom integrali pouzijeme substitticiu
X =T-t
dx = -dt ,

v s . . . , T
pri¢om nové hranice integrovania budu > 0.

Nas integral

T T
b 2 2
fxlnsinx dx=fx In sin x dx+f(n-t)lnsint dt =
0 0
T T
2 2

xInsinx dx+1‘tf1nsint dt-J-tlnsint dt =

0

S w3

2

k1
=1 | Insint dt = -—ln2

C = a
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Vidime, Ze prvy a treti integral sa vzajomne rusia, teda anuluju.

Uloha 17. Vypo¢itajte integral
1
In(1-x) + In(1 + %)
J- dx.

V1-x2
RiesSenie. Vyuzijuc vlastnosti logaritmov mame
1
In(1-x2)
—dx.
. V1-x2

Teraz staci aplikovat substiticiu x = sint, dx = cost dt, ¢im dostavame
T

2

fln cos?’t dt=2
0
Uloha 18. Vypotitajte integral
J In(1 + x?)
14 x?

Incostdt = -mln 2.

S iz

dx.
0
Riesenie. Efektivne je pouzitie substitticie
x=tg t
1
X = Costt

)

pricom nové hranice integrovania su 0, 7“ Teda
s
oo 2
f In(1 + x?) dx = Jln(l +tg?t) dt
T+xz2 7 1+tg?t  cos?t

0

Po uprave integrandu dostaneme
T T T

2

2 2
1
fln Sztdt=f(lnl-lncoszt)dt=-flncos%dt:nlnz.
0 0

co
0

Ako vidime, aj tu sme vyuZili rieSenie predchadzajicej tilohy.
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3 Zaver
V prispevku sme akcentovali dva aspekty:
1. Kontinuitu pri rieSeni matematickych tloh,
2. kreativitu a invenciu v pristupe k rieSeniu matematickych tloh.

Verime, Ze nastolena problematika zaujala citatel'a Zbornika a rieSenia tloh
budi cennou pomocou pri analogickych vypoctoch.
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REVOLUCIA V MATEMATIKE 17. STOROCIA

Vladimir STRECKO, SK

Abstrakt: Clanok je tvoreny dvomi ¢astami. Na tivod je zddraznena tloha
motivacie v matematickej ¢innosti Ziakov. Z teoretickych pramenov su uve-
dené formy motivacie matematickej c¢innosti. Pozornost sa venuje tretej
forme motivacie, t. j. motivacii historickymi poznamkami v technolégii mate-
matickej edukacie. Prva Cast prispevku prinasa prehl'ad faktov, ktoré vyustili
v 17. storoc¢i do vzniku kvalitativne novej etapy vyvoja matematiky. V spomi-
nanom storoc¢i vznika tzv. vy$Sia matematika. Vstupuje do nej pohyb a mate-
matika prestava byt vedou len o stalych veli¢inach. Druha ¢ast prispevku je
nosnou, lebo analyzuje stru¢ne vznik a vyvoj infinitezimalneho poctu. Spo-
mina mena a prinos vyznac¢nych matematikov tej doby. Ich dielo Zije aj v su-
Casnosti. Myslienky spomenutych vedcov aich nasledovnikov su stucastou
nielen u¢iva matematiky vo vy$sich ro¢nikoch SS, ale predovsetkym tvoria
podstatnu Cast matematického uciva na technickych, ekonomickych a pol'no-
hospodarskych fakultdch na celom svete. Svetovy pokrok bez aplikacie
tychto idei by bol nemyslitel'ny.

KI'icové slova: motivacia, matematicko-pedagogicky proces, kvadratira pa-
raboly, diferencidlny pocet, integralny pocet.

THE REVOLUTION IN MATHEMATICS OF THE 17. CENTURY

Abstract: This article consists of two parts. The first one deals with the role
of motivation in the mathematical activities of a student. Theoretically speak-
ing, we have included the forms of motivation in mathematical activities. We
have concentrated on the third form of motivation, i.e. motivation through
historical notes in the technique of mathematical education. The first part of
this article introduces facts, which resulted in a qualitatively new stage in the
development of mathematics in the 17th century. It was in the said century
that the so called “high mathematics” comes into being, mathematics is set in
momentum and it ceases to be a science based on stable quantities. The sec-
ond part of this article is the central one, for it analyses in brief the origin and
development of infinitesimal calculus. It mentions famous mathematicians
and their mathematical contributions in the given period, for their work has
never ceased to exist. Their ideas are not only the core of the mathematical
curriculum in primary schools, but also in secondary schools and various uni-
versities all over the world. We cannot think of a global progress without the
inclusion of these ideas.
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Keywords: motivation, mathematical-educational process, differential cal-
culus, integral calculus, parabola quadrature.

1 Uvod
Dolezitou fAizou matematicko-pedagogického procesu je popri expozicii, fixa-
cii, aplikacii a klasifikacii aj motivacia matematickej ¢innosti. Bez nej by vyu-
Covanie matematiky bolo preteoretizované, formalne a nudné. Vyucovanie
prave tohto vyucovacieho predmetu vyzaduje vysoku drovei vykonov a ich
postupné skvalitiiovanie. Vykony ziakov zavisia okrem ich schopnosti aj od
vhodnej motivacie uciva. Z vyskumov vyucovacieho procesu vyplyva, Ze nu-
lovy vykon mdéZe nastat pri nulovej motivacii.
Vo vyucovani matematiky vyclenujeme pat foriem motivacie:

1. motivacia matematickymi tlohami,

2. motivacia rozhovorom,

3. motivacia historickymi pozndmkami,

4. motivacia exkurziou,

5. motivacia s akcentom na medzipredmetové vztahy.
Historia vzdy pritahovala mladych l'udi, ktori radi pocivaja o velikdnoch
vedy. Podiel historickych faktov z motivacného hl'adiska nemozno zanedbat.
Historické poznamky maju byt kratke, ale ptitavé obsahom a formou, prihlia-
dajtice na psychické osobitosti Ziakov. Ziak si skor a pevnejsie osvoji ucivo,
ak pozna okolnosti vzniku pojmov, ktoré sa v ucive spristupiiuji. NaSou sna-
hou je prezentovat najma fakty zaujimavé z etapy vysSej matematiky. Ve-
rime, Ze v ¢lanku najdu ucitelia matematiky bez rozdielu typu a stupna skoly,
kde posobia, dostatok systematicky usporiadaného materialu aplikovatel'-
ného v matematickej edukdcii.

V tomto roku si matematicky svet pripomenie 352. vyrocie vzniku tzv. vyssej
matematiky. V tejto suvislosti prinasa prispevok skutocnosti stvisiace so
vznikom a vyvojom uvedenej etapy dejin matematiky.

2 Niekol'’ko informacii k problematike

Temno stredoveku vystriedala renesancia; navrat k antike, dochadza k zlo-
meniu duchovnej diktatury cirkvi. Vznika nova trieda - burzoazia. Dochadza
k rozvoju obchodu, plavby na mori a z toho vyplyva rozvoj astronémie, ¢o su-
visi s rozvojom matematiky. I[de o matematiku 16. storocia, ktora zrekonstru-
ovala vietky poznatky antiky, Indie, Ciny, Arabov a netrividlne prispela
k tymto poznatkom. V umeni, najma vytvarnom, iSlo o umiestnenie postav
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plasticky, aby vznikol dojem hmotnej skutocnosti. Leonardo da Vinci (1452 -
1519) pise ,Traktat o maliarstve”, v ktorom pojednava o vyuZziti geometric-
kych met6d v umeni. Albrecht Diirer (1471 - 1528) je najlepsi matematik
z umelcov tej doby a jeho myslienky sa stali zakladom deskriptivnej geomet-
rie 18. storocia. (pouziva zobrazenie Casti 'udského tela na dve alebo tri na-
vzajom kolmé roviny) Prva encyklopédiu matematiky pise Luc Pacioli. Vy-
znam umelcov tkvie v tom, Ze spristupnili geometrické poznatky inym umel-
com, ktori ich vo svojej praci potrebovali. Predlozili geometrom problémy,
ktoré stimulovali rozvoj geometrie o 200 rokov neskor.

Na Oresmove tvahy nadvazuje Nicolas Chuquet (1445 - 1500), ktory skima
mocniny a porovnava aritmetickd a geometrickd postupnost. Poznamenava,
Ze sucinu ¢lenov geometrickej postupnosti odpoveda sucet ¢lenov aritmetic-
kej postupnosti. Michael Stifel (1486 - 1567) rozsiril tento poznatok aj na za-
porné a racionalne exponenty, no nenapadlo ho vyuzit tento poznatok na po-
Citanie. To urobil az matematik Skétskeho pdvodu John Napier (1550 -
1617), ktory sa zaujimal o zjednoduSenie vypoctov v sférickej trigonometrii.
PriSiel na mySlienku zostrojenia logaritmickych tabuliek a roku 1594 tieto
boli na svete. Tabul'ky poslal Napier astronémovi Tychovi de Brahe do Prahy

na vyskusanie. Zdkladom logaritmov bolo ¢islo  ¢=2,71828...

Henry Briggs (1561 - 1631) zjednodusSil Napierovu myslienku a zostrojil se-
demmiestne tabulky dekadickych logaritmov, ktoré sa pouzivaju dodnes.
Matematika sa teda vyvijala spolu s astrondmiou a fyzikou. K vzniku logarit-
mov viedla teda potreba zjednodusit vypocty z astronomickych pozorovani,
ktoré desiatky rokov robili najma Tycho de Brahe a Johann Kepler (1571 -
1630). Nezavisle od Napiera objavil logaritmy v Prahe aj Joost Biirgi (1552 -
1632), asistent Keplera na dvore panovnika Rudolfa (1600). Ide o krasny pri-
klad uZzitocnosti predstihu teoretického vyskumu pred potrebami praxe. Vy-
sledky Chuqueta a Stifela patria do vyskumu teoretického a ich autori nemali
predstavy o moznosti ich vyuzitia. Napier a Biirgi tieto teoretické poznatky
poznali, boli in§pirovani praktickou potrebou zjednodusSenia vypoctov a do-
bre vyuzili predstih teoretického vyskumu.

Vo vsetkych algebraickych rozpravach stredoveku sa autori zaoberali rieSe-
nim kvadratickych rovnic a vynimoc¢ne Studovali Specialne typy rovnic 3.
alebo 4. stupiia. AZ v 16. storoci sa v tomto smere dosiahol tspech. Taliansky
matematik Geronimo Cardano (1501 - 1576) v roku 1545 piSe dielo ,Ars
magna“, v ktorom vyklad4d metddu rieSenia rovnic 3. a 4. stupiia. Ukazal ako
vo vSeobecnej kubickej rovnici mozno vhodnou substiticiou eliminovat
kvadraticky clen. V nudnych geometrickych avahach dokazuje, Ze zostrojené
Cislo je korenom rovnice. Na ilustraciu uvedme ako Cardano riesil rovnicu
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typu x’+ax=»b [Kocka plus a-krat strana ddva b ]. Zavadza substittciu
: a
£’ —s’ =b, ts= 3 Potom rie$enim rovnice je x =¢—s.Zo substitticie do-

stavame slavny Cardanov vzorec:

V pripade rieSenia rovnice typu x* +b=gqx, ktord ma tri rézne realne ko-
rene uvedend metéda Cardanovi zlyhala na tom, Ze potrebuje pocitat

b a

2 3
(Ej —[5) , ale vyraz pod druhou odmocninou je zaporny. Cardano zo-

stal bezradny a vznikol tak sldvny casus irreducibilis. [Pr. x’* +4 =5xalebo
x’+1=3x resp. x’+4=06x]Francois Viéte (1540 - 1603) - pravnik a vy-
znamny francuzsky matematik sa intenzivne zaoberal matematikou, napisal
viac pojednani o trigonometrii, v ktorych zosystematizoval a doplnil po-
znatky trigonometrie. Vpisovanim $tvor-, osem-, Sestnast- ... 2"-uholnikov do
. . v 1, 2 90° 90° 90°
kruZnice vypocital, ze — =cos cos
Vg 2 4 8

Svoje vedomosti z trigonometrie vyuZil v algebre a pomocou funkcii sinus
a kosinus spomenuty casus irreducibilis kubickej rovnice vyriesil. Vacsina
textov Cinskej, indickej, arabskej a eurdpskej matematiky do 16. storocia pra-
covala s konkrétnymi ¢islami a pouzivané symboly boli skratkou slov. Sym-
bol v pochadza z pismena r (radix - koreti). F. Viéte urobil revolu¢ni zmenu
tym, Ze ako prvy zacal pouzivat pismena na oznacenie Cisel, samohlasky na
oznacenie neznamych Cisel, spoluhlasky na oznacenie ¢isel znamych. Rozoz-
naval len dve matematické discipliny: algebru a aritmetiku. A prave F. Viéte
je zakladatel'om algebry. [1]

3 Vznik a vyvoj vys$Sej matematiky

V staroveku existovali mapy, na ktorych boli presne zakreslené pohoria An-
tarktidy objavené az v 20. storodi. UZ v starovekom Egypte mali SoSovky takej
kvality, aké sme schopni dnes vyrobit len pomocou elektrochemickych reak-
cil. UZ v staroveku robili matematici kvadratury kriviek a ploch aj napriek
tomu, Ze integralny pocet bol objaveny az v 17. storo¢i.
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Roku 212 pred n.l. sa mocny Rim stal pAnom sveta. Rimske 1égie porazali
vSetkych nepriatel'ov a vtrhli aj na Siciliu, do mesta Syrakuzy. Tu Zil Archime-
des (287 - 212 pred n. 1.). Malické Syraktzy v nerovnom boji zvitazili, lebo
Archimedove domyselné stroje rozdrvili vojakov. Pouzité boli aj parabolické
zrkadl4, do ohniska ktorych ked' sa dostala lod, vzblkla ako slamka. Parabola
patrila medzi obl'ibené Archimedove krivky. On prvy uskutocnil kvadratiru
paraboly. V 3. a 2. storo¢i pred n. 1. v Grécku boli ,,v méde“ pojednania ,,0 za-
palnych zrkadlach®, vynalezcom ktorych bol okrem Archimeda aj Diokles -

objavitel kisoidy. Archimedes robil kvadratiru paraboly y=x’ vintervale
(0, 1) tak, Ze ju nakreslil do $tvorca so stranou 1 (obrazok 1).

DO v

Obrazok 1: Kvadratira paraboly podl'a Archimeda.

Vznikli dva krivocdiare trojuholniky, do horného vpisoval vzdy menSie a men-
Sie trojuholniky a vypocital obsah tohto trojuholnika:

1 1 1 1
=—+—+—-+—+..=—. Teda Ziadany trojuholnik ma obsah
2 20 2 2 3

2 1
P:1—§:§. Metdda, ktord Archimedes pouzil sa nazyva exhaustacna

a pochadza od Eudoxa z Knidu (408 - 355 pred n. 1), ktory aproximoval kruh
polygénmi (mnohouholnikmi). ISlo o Stvorce, pravidelny osemuholnik, atd'.
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Pomocou svojej metdody prvy dokazal vzorec pre vypocet objemu Stvorstena
1
akuzela: V = 3 m(C)v. Dokazal, Ze objem gule je imerny tretej mocniny jej

polomeru. Eudox vedel, Ze obsah kruhu je imerny $tvorcu dizky jeho polo-
meru a obvod kruhu je imerny polomeru r, ale az Archimedes dokazal, Ze
v oboch pripadoch ide o td istti konstantu, teda: 2m(C)=7r.S(C), m(C) - ob-

sah kruhu, S(C) - obvod kruhu.

Archimedes porovnanim obvodu kruznice s jej priemerom ziskal odhad pre

e (317—?, 3%} . Exhausta¢nou metédou odvodil Archimedes vzorec na vy-

pocet obsahu elipsy P = ab, povrchu a objemu valca a gule. Ak k danej
guli s polomerom ropiSeme valec s polomerom zakladne ravySkou 2,

2
potom prave tak objem ako aj povrch danej gule sa rovnaja 3 objemu,

resp. povrchu opisaného valca. Tento svoj vysledok si Archimedes tak cenil,
Ze gul'u s opisanym valcom si dal vytesat na svoj hrob. Vyznamnou kvadra-
turou Archimeda bola kvadratara Spirdly p=a¢ (Archimedova $pirala).

Rimania nakoniec Syrakuzy dobyli a Archimeda zabil nezndmy vojak. [2]

Obrazok 2: Replika Galileiho d'alekohl'adu z roku 1610.

Kniznica v Alexandrii bola zni¢ena dvojnasobne. Prvy raz ju znic¢ili v 8. storoci
Arabi, no Cast z nej preniesli do Cordéby a prekladali do arabc¢iny. Tunajsia
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kniZnica mala v 10. storo¢i 280 000 zvazkov a prave sem sa chodila vzdela-
vat' celd Eurépa. Druhy raz bola knizZnica vypalena roku 1236 pri kriZiackej
vyprave. Zvysky knih sa prekladali do latinciny. Galileiho najlepsi ziak Bona-
ventura Cavalieri (1598 - 1647) sa tieZ zaoberal kvadrattiirami a tiez vypoci-
tal kvadratiru paraboly pomocou nekonecne malych veli¢in. Vypocital objem
gule vel'mi jednoduchym spdsobom vyuzitim nim formulovaného principu.
Prvy, kto do matematiky zaviedol nekone¢ne malé veli¢iny bol Galileo Galilei
(1564 - 1642) pri vyrieseni slavneho problému volného padu. Tymto obja-
vom vyvrcholil cely rad Galileiho praktickych objavov. Galilei zostrojil kru-
zidlo, pomocou ktorého sa dala merat hmotnost delovych gul, zostrojil teles-
kop (obrazok 2) a nové hviezdne mapy pre moreplavbu.

V roku 1520 formuloval M. Kopernik (1473 - 1543) heliocentricky systém
v knihe ,,0 pohybe nebeskych sfér”, ktora bola od roku 1616 na indexe. Na fiu
nadviazal Galilei a napisal knihu ,Dial6g o dvoch hlavnych systémoch sveta“
(1632, Florencia). Galilei stal pri zrode pravdepodobnosti. Otazka bola polo-
zena: ,Co je pravdepodobnejsie?“ (nie, aka je pravdepodobnost, Ze nastane
to, ¢i ono) Na Galileiho sa obratil isty hazardny hrac s ulohou: ,Ako to, Ze pri
hadzani tromi kockami pada stucet 10 castejsie ako 9? Ved' vsetkych rozkla-
dov 9 a 10 na sucet prirodzenych cisel je rovnaky.” (Sest rozkladov) Galilei
jednotlivé kocky ocisloval a pri ocCislovani nie je jedno, ¢i na prvej kocke
padne ¢islo 6, na druhej 2 a na tretej 1. alebo na prvej 1, na druhej 6 a na tretej
2. Teda sucet 9 mozno dostat pri hadzani tromi kockami 25 sp6sobmi, po-
dobny rozklad v pripade 10 vedie k 27 sp6sobom. Preto pri dlhotrvajticej hre
desiatka pada CastejSie ako deviatka. Spis, v ktorom sa Galilei zaobera touto
problematikou vySiel az r. 1715.

Predchodcovia Galileiho v pravdepodobnostnej predhistorii sa snazili vyrie-
$it tzv. tlohu rytiera de Mére: ,Hraju dvaja rovnako dobri hraci, pricom kazda
hra sa kon¢i vitazstvom jedného z nich. Zapas musia ukoncit' vo chvili, ked’
prvému chybaju k celkovému vitazstvu dve vitazné partie, druhému tri.
V akom pomere si maju rozdelit stdvku?“ Spravny pomer je 11 : 5 v prospech
lepSieho. (L. Pacioli navrhol 2:1; G. Cardano tiez 2:1; iné navrhy 7:3.)
V roku 1526 napisal G. Cardano knihu ,,0 hre s kockou.“ Na Cardana uspesne
nadviazal G. Galilei, aj ked uvedeny problém vyriesili spravne az B. Pascal a P.
Fermat v roku 1654. Fundamentalnu dlohu v pouZivani nekonetne malych
a nekonecne vel’kych veli¢in zohral Galilei a Kepler d’alej rozvinul jeho Gvahy.
Tazisko novej discipliny sa prestva z Talianska do Francizska, kde pdsobia
René Descartes (1596 - 1654), Pierre de Fermat (1601 - 1665) a Blaise
Pascal (1623 - 1662).

KIicom k rozvoju infinitezimalneho poctu bol objav analytickej geometrie
Descartom, ktory ho pod ndzvom ,Geometria“ uverejnil ako dodatok
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k svojmu filozofickému dielu ,Rozprava o metdde...“ Bol vyznamny raciona-
listicky filozof. Do histérie matematiky vstapil z dvoch pricin:

1. moZnost algebraizacie geometrie,
2. moZznost zachytenia pohybu.

Kartézska suradnicova sustava bola pomenovana podl'a Descartovho latin-
ského mena Cartesius. Mala by sa volat podl'a Fermata - toulouského sud-
neho radcu. V roku 1629 napisal pracu ,Uvod do $tidia rovinnych a priesto-
rovych kriviek”, v ktorej skor ako Descartes vybudoval analytickd geometriu
vrovine. To, Ze ,Geometria“ Descarta zatienila Fermatovo dielo bolo zaprici-
nené tym, Ze Fermat nepublikoval vobec svoje vysledky. Oznamoval ich len
v listoch svojim zndmym. Druhou pri¢inou bola vhodna symbolika zavedena
Descartom, ktora sa pouziva dodnes. K popularite Descartovej ,Geometrie”
prispelo aj jej zaclenenie do ,Rozpravy o metdde...“, kde svoju met6du pre-
zentoval ako vS§eobecnu met6du na rieSenie vSetkych matematickych uloh.

Vroku 1993 sa podarilo dokazat tzv. Velkii Fermatovu vetu: ,Rovnica
X"+y"=z", neN, pre n>3 nema nenulové kladné celoCiselné riese-
nie.“ St zname polemiky medzi Fermatom a Descartom ako prvé matema-
tické polemiky. Diferencialny pocet sa vyvijal nezavisle od integralneho
poctu a obmedzoval sa len na hl'adanie doty¢nic, maxim a minim. Fermat pes-
toval obe discipliny, preto u neho predpokladame znalost stuvisu diferencial-
neho a integralneho poctu. Ako Fermat vykonal kvadratiru paraboly? Zobral

2 3 4
I'ubovol'né ¢islo qe(O,l) a zostrojil postupnost La.9%q"q"-. Okolo

y=x’,xe<0,l>

krivky opisal nekonec¢ne vela obdlznikov s vySkami rov-

2 2 4 6 8

nymi funkénym hodnotam funkcie V=% teda La"a7.9"5q - a so §ir-
2 2 3 3 4

kami 1"9479>9 =99 =9 - gzet obsahov tychto obdiznikov je:

S=1(1-q)+¢’lg-a*)+¢* (-’ )+

qé(qs_q4)+...=(l—qX1+q3+q6+q9+m) _ 1-¢q 1

1-¢° B l+g+q*

1
AksapriblizZi g kjednotke, S sabude blizitk 3 a tym bola kvadratira

paraboly vykonana. Na uvedenej metdde Fermata je evidentny intuitivny po-
jem limity aplikovany v kvadrature.
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Fermat si vymienal koreSpondenciu aj s vyznamnym matematikom a fyzi-
kom Blaisom Pascalom. Je zname, Ze Fermat dokazal integrovat parabolu, hy-
perbolu a exponencialnu funkciu. Pascal ako prvy integroval trigonometrické
funkcie. Spolu s Fermatom vytvorili zdklady novej matematickej discipliny -
tedrie pravdepodobnosti. Ako 31-ro¢ny B. Pascal si len zazrakom zachranil
zivot, ked' splasené kone s koc¢om, kde sedel, prepadli cez most do rieky. Od-
iSiel do klasStora a odklonil sa od vedy. Jeho otec bol sudca, zaoberal sa mate-
matikou a od neho pochadza krivka kardioida.

Mary Evans Picture Library

Mary Evans Picture Library

Obrazok 3: Pascalov mechanicky pocitaci stroj.
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Otec chranil chatrné synovo zdravie pred matematikou, no 12-ro¢ny Blaise
si zostrojil zaklady euklidovskej geometrie so svojskou terminolégiou
(priamka - palica, kruh - koleso). Potom sa uz otec postaral o najlepSie ma-
tematické vyskolenie syna. Popri kvadratirach sa Pascal venuje kombinato-
rike a fyzike (Pascalov trojuholnik). Ku koncu zZivota vypocital kvadratiru
cykloidy a Pascalovej ulity (slimaka). Pascal bol vel'kym humanistom a jeho
matematicka tvorba mala ul'ah¢it I'udskd namahu. Ako 18-rocny zostrojil po-
Citaci stroj na ul'ahcenie prace finan¢nych uradnikov otca (obrazok 3).V jed-
nej svojej ucebnici pise: ,VSetko treba dokazat, a pri dokazovani nemozno
pouzivat nic¢ okrem axiéom a skor dokazanych viet.”

V Prahe posobil . Kepler, ktory uz roku 1619 zostrojil dva pocitacie stroje,
ktoré zhoreli v roku narodenia Pascala. TieZ sa zaoberal kvadratirami a vy-
pocital objemy vyse 90 rotacnych telies a vysledky uverejnil v spise ,Nova
stereometria vinnych sudov.“ Odvodil vzorec pre vypocet objemu anuloidu
pouzitim nekoneéne malych veli¢in. Obohatil Kopernikovo dielo o svoje tri
zakony, ktoré hovoria ako sa planéty pohybuju, nie preco. To bola tloha
d’al$ich storo¢i a prvy zasadny krok v jej rieSeni urobil Isaac Newton. (1643 -
1727).

Keplerove zakony:

1. Planéty sa pohybuju okolo Slnka po eliptickych drahach, v spolocnom
ohnisku ktorych je Slnko.

2. Sprievodic opiSe za rovnaky Cas rovnako vel'ké plochy, to znamena, ze
planéta sa pohybuje rychlejSie v perihéliu nez v aféliu.
3. Stvorce obeznych dob dvoch planét st v rovnakom pomere ako tretie
mocniny vel'kych polosi ich drah.
Newton Studoval na univerzite v Cambridge. Bol vel'mi hiiZevnaty a talento-
vany. Skoro vnikol do vyskumov v matematike a fyzike a ako 22-ro¢ny ovla-
dal spisy Archimeda, Galilea a Descarta. Zaoberal sa v§eobecnymi vztahmi

medzi fluentami (funkciami) a fluxiami (derivaciami). Pre fluentu y=x’
(zavislost drahy od casu pri rovnomerne zrychlenom pohybe) vypocital jej
fluxiu takto: Vzal tzv. nekone¢ne malu veli¢inu 0. Za ¢as, za ktory sa zmenf

. . . 2 2 y
xna x+0 sa veli¢cina x> zmenf na y+0-y=x"+2-0-x+0° . Pretoze
2 3 . svs . v , .. vz
y=x",dostavame » =2x+0.Ale veli¢ina 0 je nekonecne malj, nie je ni¢cim

v porovnani s ostatnymi veli¢inami, preto ju Skrtneme a tak dostaneme flu-
xiu (derivaciu) y =2x.
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Celé dni a noci Newton travil nad nekoneénymi radmi. Vedel, ze P(U)= é,

ak U(x =,y=0,y= xz) Lahko dal do sdvisu fluxie fluent y=x". Vzal

meniaci sa obsah ako fluentu v zavislosti od dizky abscisy x.Obsah nech je

y= x? Potom y=x" ateda obsah odpoveda fluente y=x’. Vroku

1669 sa Newton stal profesorom na Univerzite v Cambridgi a zostal starym
mlddencom podla tradicie. Miesto mu uvolnil jeho byvaly ucitel' Isaac
Barrow (1630 - 1677) Jednou z najvyznamnejSich viet infinitezimalneho
poctu je Newtonova-Leibnizova formula tvoriaca most medzi diferencidlnym
a integralnym poctom. Tymto objavom sa kvadratira paraboly zjednodusila:
1 3!
Ixzdxz {x_} 1 :
. 34, 3
Tuto formulu neobjavil ani Newton, ani Leibniz, ale Barrow so svojim ucite-
I'om, profesorom v Oxforde, Johnom Wallisom (1616 - 1703), ktory realizuje
kvadratiru paraboly pomocou hornych integralnych suctov. Newton publi-
kuje az v roku 1693 v ,Aritmetike nekonecnych®, aj ked’ svoje vysledky do-
siahol v roku 1665. Objavy vo fyzike zavisil v 80. rokoch 17. storocia svojim
najvyznamnejSim dielom ,Philosophiae naturalis principia mathematica“.
V roku 1672 sa stal za svoj d’'alekohl'ad (obrazok 4) ¢lenom Royal Society za-
loZenej v roku 1662.V roku 1673 sa tu stretol s druhym zakladatel'om infini-
tezimalneho poctu Gottfriedom Wilhelmom Leibnizom (1646 - 1716), ktory
bol tiez uvedeny za ¢lena spoloc¢nosti za pocitaci stroj, ktory vedel s¢itat a na-
sobit. V roku 1696 sa Newton stal spravcom kral'ovskej mincovne s 5-nasob-
nym platom v porovnani s profesorskym. Odvtedy sa vede venuje spora-
dicky, stava sa predsedom Royal Society a vedu skor organizuje. Newton od-
halil zakony klasickej mechaniky, ktoré na celé storocia ovplyvnili nielen ve-
decké myslenie, ale polozili zaklady stucasnej civilizacie.

G. W. Leibniz bol zazracnym dietatom - ako 10-rocny ¢ital latinskych a gréc-
kych klasikov, ako 13-ro¢ny vytvoril denne 300 hexametrov, ako 25-ro¢ny
mal za sebou dve univerzity. Narodil sa v Lipsku a bol slovanského p6vodu
(Lubenec). Do Pariza priSiel ako diplomat uhajit mier. Tu sa ho ujal prezident
Franctzskej akadémie vied Christian Huygens (1629 - 1695) - vynikajuci fy-
zik, matematik a astroném, tvorca vinovej teérie svetla, objavitel Saturnovho
prstenca a okulara, ktory v Leibnizovi vzbudil silny zadujem o matematicky
vyskum. G. W. Leibniz objavil v roku 1675 v PariZi nezavisle od Newtona di-
ferencialny a integralny pocet. Nekone¢ne malé veli¢iny, ktoré Newton ozna-
¢il 0, Leibniz oznacoval znakom dx. (diferencidl ) Pomocou diferencidlov

198



XXX DIDMATTECH 2017, TRNAVA UNIVERSITY IN TRNAVA, FACULTY OF EDUCATION

Studoval aj doty¢nice ku krivkam. Dotyc¢nica je urCena charakteristickym tro-
juholnikom CBT (obrazok 5), kde Clezi na krivke, ale aj miniatdrnym troju-
holnikom CB,T, snekone¢ne malymistranami dx=B,C,dy=BT,. Zpo-

dobnosti trojuholnikov plynie: BT = ﬂ
BC dx

Pre parabolu y=x’ plati g—gzzx apre kubickd parabolu y=x’

BT _
BC

plati 3x’ atd.

Obrazok 4: Newtonov d'alekohl'ad z roku 1668.

Leibniz si od trojuholnika CBT vela sluboval. Porovnaval krivky y=x’

a y=x’. Vdivadle prisiel na myslienku ako ich dat’ do stivisu vzhl'adom na
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kvadratiru paraboly. Na jeden obrazok nakreslil paraboly - hore y=x7,
dolu y= % (obrazok 6). Vyuzitim vztahu BT = d—i v dolnej Kkrivke,
I'ahko kvadratiru paraboly y=x’,xe<0,1> vypo¢ital. Dolnt funkciu na-
zval primitivnou obsahovou funkciou, hornt nazval pévodnou (k nej hl'a-
dame kvadratiru). Leibnizovo oznacenie derivacie y'= % sa ukazalo byt

natol'’ko ucelné, Ze pretrvalo dodnes. Od Leibniza pochadza oznacenie J
ako symbol integralu i samotny pojem.

gt

dx B B

Obrazok 5: Charakteristicky trojuholnik CBT.

Leibniz odvodil vzorce pre vypocet obsahu rovinnych utvarov, objemov ro-
taénych telies, dizky rovinnej &iary a obsahu plasta rotaéného telesa pomo-
cou urcitého integralu. Od roku 1676 pdsobi na hannoverskom knieZatstve
az do smrti. Jeho genialny objav nebol pochopeny aZ na bratov Bernoulliov-
cov. Leibniz publikoval svoje vysledky v Lipsku v roku 1684 v casopise Acta
eruditorum, ktory rok predtym zalozil. Roku 1700 sa stava prezidentom Ne-
meckej akadémie vied, ktoru aj zalozil. Ako 60-ro¢ny utrpel Leibniz ,uder®,
lebo bol obvineny z plagiatorstva, ¢o nebola pravda. Vel'mi trpel a mal zaka-
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zany vstup do Anglicka. Zomiera v roku 1716 v Hannoveri a jeho hrob je ne-
znamy. G. W. Leibniz Zzil v dobe krutych nabozenskych zrazok a vojen. Praco-
val na uskuto¢neni mierovych planov, vytvaral ideal spolocnosti zaloZenej na
rovnosti, bojoval za znasanlivost. Mnohé matematické Leibnizove myslienky
boli realizované az v 20. storo¢i. Na uskuto¢nenie ¢akaju Leibnizove sny
o znaSanlivosti, porozumeni a laske medzi l'ud'mi.

Bratia Jakub a Jan Bernoulliovci boli najvyznamnej$imi Ziakmi Leibniza. Ja-
kub Bernoulli sa stal v roku 1687 profesorom matematiky na univerzite v Ba-
zileji. Jednym zjeho prvych objavov bola metéda matematickej indukcie
(1685). Vroku 1691 piSe prvi pracu o infinitezimalnom pocte. Vynasiel rov-

X X

. , al = =), . , \ .
nicu retazovky y = E [e" +e ¢ j , €o je tvar, ktory nadobudne vol'ne zavesena

retaz. Skiimal aj lemniskatu: (x2 + yz)2 =az(x2 - yz). Jakubovi patri prvé
pouzitie polarnych sdradnic. Pouzitim nich vyjadril logaritmicku Spirdlu p
=c.e®. Evolutou k nej je opat logaritmicka Spirala. Tento fakt tak nadchol

Jakuba, Ze si dal tato Spiralu vytesat na hrob, na ktorom je napis: ,Zostavam
ta ista, aj ked’ sa menim.“ V roku 1690 vynasiel izochrénu - krivku, po ktorej
pada teleso rovnomernou rychlostou. Ukazal, Ze sa ide o semikubicku para-

bolu y’ =ax’.

Obrazok 6: Leibnizovo porovnavanie kriviek.
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V roku 1701 vyriesil izoperimetricky problém spocivajici v ndjdeni obrazcov
s rovnakym obvodom. Tato tloha viedla k problémom variacného poctu, za
objavitel'a ktorého povazujeme brata Jana. (1696) Jakub sa roky zaoberal di-

ferencialnou rovnicou y'+ P(x)y = Q(x)y". Brat Jan ju genialnou substitu-

. 1- . . 7 . 7 . .
ciou y " =z linearizoval. (Dnes sa tato rovnica vola Bernoulliova diferen-

cidlna rovnica.) Rodila sa d'alSia vedna disciplina - teéria diferencidlnych
rovnic, ktorej vyvoj bez symboliky od Leibniza by bol nemyslitel'ny. Jakub
urobil obrovsky krok dopredu v teérii pravdepodobnosti. V knihe ,Ars con-
jectandi“ (Umenie predpokladu) prezentuje svoj vzorec (schému), ktory mu
sluzil na fomulovnaie zakona vel'kych cisel. Jeho brat Jan vyStudoval medi-
cinu, no svoj zivot zasvatil matematike.

V roku 1695 sa stal profesorom matematiky na Univerzite v Groningene. P6-
sobil aj v Parizi, kde piSe prvu knihu o integralnom pocte. Rukopis diferen-
cialneho poctu sa nasiel az v 20. storoc¢i. Vyznamnym Ziakom Jana bol G. F. A.
de 'Hospital (1661 - 1704), ktory v roku 1696 publikoval na zaklade ruko-
pisu svojho ucitel'a Jana prvi ucebnicu diferencidlneho poctu ,, Analyse indi-
visibilium“ (Analyza nekone¢ne malych). Tak sa stalo, Ze zndme L’Hospita-
lovo pravidlo nenesie meno podl'a Jana Bernoulliho, hoci by si to ako Janov
vysledok zasluzilo. L’Hospital teda neobjavil toto pravidlo, ale napisal vyni-
kajticu ucebnicu, ktora v priebehu 18. storocia vo Franctuzsku vysla 7-krat.
Inym vynikajiicim Ziakom Jana bol Leonard Euler (1707 - 1783). Jan vycvicil
v matematike aj svojich synov - Mikulasa a Daniela.

V roku 1724 bola v Rusku zalozena Akadémia vied a o rok neskor na pozva-
nie cara Petra 1. prisli na akadémiu svetoznami vedci, o. i. L. Euler a Mikulas
Bernoulli. M. Bernoulli tu Studuje tedriu pravdepodobnosti svojho stryka Ja-
kuba a riesi slavny petrohradsky paradox. Po roku zomrel a prisiel tu jeho
brat Daniel - zakladatel' finan¢nej matematiky. Venuje sa fyzike a v roku
1738 napisal knihu ,Hydrodynamika®, v ktorej formuluje svoju vetu o hyd-
raulickom tlaku. Po odchode Daniela Bernoulliho prebera katedru matema-
tiky na Univerzite v Petrohrade L. Euler.

Tedriu pravdepodobnosti rozvinul Pierr Simon Laplace (1749 - 1827). Jeho
vedecka ¢innost siahala aj do algebry, analyzy i Statistiky. Roku 1812 napisal
»~Analytickl teériu pravdepodobnosti“, ktora je dodnes aktualna. Laplaceo-
vou je klasicka definicia pravdepodobnosti. Po iom je pomenovana veta o ap-
roximécii binomického rozdelenia normélnym rozdelenim, teda integralmi
Gaussovej krivky. Tato veta nesie mena dvoch matematikov - Laplacea a Ab-
rahama de Moivra (1667 - 1754). Zndma je Moivrova veta o komplexnych
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tislach: (cos x+isinx)' =cosmx+isinnx V matematickej analyze je Zivot-

nym dielom P.S. Laplacea 5-zvdzkova ,Nebeska mechanika®“. Po Laplaceovi
nesie meno parcialna diferencialna rovnica 2. radu pre potencial, Laplaceov
operator A Laplaceov integral .[ e *dx=+2r alLaplaceova transforma-
cia, pomocou ktorej sa niektoré diferencialne rovnice dali riesit bez integro-
vania.

Dielo L. Eulera nema v dejindch matematiky obdoby. Roku 1736 vydal dvoj-
dielnu ,Mechaniku®, v ktorej spaja Newtonovu dynamiku s metddami infini-
tezimalneho poctu v leibnizovskej terminoldgii a symbolike. Jeho prace ob-
sahuju mnozstvo objavov, ale i neobycajné metodické bohatstvo. Eulerova
rovnost: e" =cosx+isinx, Eulerova diferencialna rovnica, Eulerova me-

toda priblizného rieSenia diferencialnych rovnic, Eulerova substitucia, Eule-
rove integraly - to je len niekol'ko fenoménov od Eulera. Prave od neho po-

chadza symbolika: f(x), Ax,Y , el

V kombinatorickej geometrii je zndma Eulerova rovnost pre konvexné mno-
hosteny: V-H+S§=2 (V - pocet vrcholov, H - pocet hran, S - pocCet stien)
Euler je tiez zakladatelom varia¢ného poctu a je znama aj jeho parcialna di-
ferencialna rovnica, v ktorej sa hl'ada extrém funkcionalu. V roku 1766 Eu-
lera v Berline vymenil Lagrange. Vtedy Euler Uplne oslepol, vratil sa spat do
Petrohradu, kde tvori eSte intenzivnejSie. Spolu vytvoril asi 900 knih venova-
nych matematike, mechanike, astrondmii, hydraulike, optike, stavbe lodi
a ur¢ovaniu zemepisnych dizok. Pozoruhodné st tieto citaty na adresu Eule-
rovho diela. P. S. Laplace: ,Citajte Eulerove diela. Je uc¢itelom nas vsetkych.
Slavny matematik Gauss napisal: ,Stidium Eulerovho diela zostane najlep-
Sou skolou pre najroznejsie oblasti matematiky a nemoze ho ni¢ nahradit.”

Eulerovu parcidlnu diferencidlnu rovnicu i cely variaény pocet zovseobecnil
Joseph Louis Lagrange (1736 - 1813). Tento Francuz talianskeho pévodu ako
19-ro¢ny poslal Eulerovi svoj spis o variatnom pocte, ktorym sa stal svetoz-
ndmym. Z diela ,Analytickd mechanika“ si zname Lagrangeove pohybové
rovnice a Lagrangeova identita pre determinanty. Riesil zdkladné problémy
infinitezimalneho poctu pomocou rozvoja funkcii do Taylorovych radov. Po
Lagrangeovi nam ostala symbolika f”(x), /"(x), atd’. a met6da variacie kon-

Stant na rieSenie diferencialnych rovnic.

Pat matematikov - Clairaut, Euler, D’Alembert, Lagrange a Laplace - si roz-
delilo svet, ktorého existenciu objavil Newton. Podrobili vSetko jednotnému
zakonu. Matematika dostala odvahu na tivahy o budtcnosti.
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Pre zaujimavost uved'me niekol'’ko historickych faktov:

1. Kartézsku suradnicovu sustavu objavil a ispes$ne pouzival Fermat skor
ako Descartes.
2. L’Hospitalovo pravidlo objavil ucitel' L’'Hospitala - Jan Bernoulli.
3. Lagrangeovu vetu o strednej hodnote poznal a pouzival B. Cavalieri.
4. Taylorove rady poznal Leibniz.
5. Newtonovu-Leibnizovu formulu poznalli Wallis a Barrow.
6. Moivrovu formulu pouzival uz F. Viéte.
7. Eulerova rovnost bola objavena JAnom Bernoulim. [3]
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V Specific Problems of Modern Education

THE PEDAGOGY STUDENT IN THE IT-MEDIA SPHERE

Grzegorz KIEDROWICZ, PL

Abstract: This study describes the problems of pedagogy students in dealing
with the reality of contemporary communications. In particular, it gives an
assessment of the use of various sources of IT and media, especially mobile
sources, mutual contact, education and science, development and spending
leisure time.

Keywords: IT-media sphere, preparing pedagogy student, mobile devices.

STUDENT PEDAGOGIKI W PRZESTRZENI INFORMATYCZNO-
-MEDIALNE]

Streszczenie: W pracy zostaty opisane problemy funkcjonowania studentow
pedagogiki we wspéliczesnej rzeczywistosci komunikacyjnej. W szczegdélno-
$ci chodzi o ocene stanu postugiwania sie ré6znymi srodkami, zwtaszcza mo-
bilnymi, we wzajemnych kontaktach, w nauce, rozwoju i spedzaniu wolnego
czasu.

Stowa Kkluczowe: przestrzen informatyczno-medialna, przygotowanie stu-
dentéw pedagogiki, urzadzenia mobilne.

1 Introduction

Teachers have a significant impact on the education of young people. It is up
to them to make sure they can communicate properly with their students.
Children at an increasingly young age must deal with the information and
media sphere. Pre-school age children are already capable of using tablets,
smartphones and laptops. It may therefore be the case that some pre-school
and primary education teachers will be less advanced in the use of these mo-
bile devices than the children they are teaching.

It is necessary to ask future teachers (pedagogy students) about their atti-
tude to supporting pre-school and primary education with information tech-
nology and modern media. It is, however, also worth assessing their current
level of knowledge and use of these devices. It is also worth assessing their
current level of knowledge and usage of such devices.
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2 Teaching children with the support of media and IT

Classical teaching based on the teacher imparting a message to the student
has been criticized for many years from many sides. As such, Herbart’s teach-
ing model was criticized by progressive supporters of Dewey. Decades ago it
was popular to teach programming. However, the massive availability of mi-
crocomputers, especially in mobile form - that is, laptops, and then tablets
and smartphones - brought significant changes in education. In the first
phase the emphasis was on computer-aided teaching of various subjects [1].
At that time, applications supporting the teaching of specific subjects, as well
as office applications, played a decisive role. Internet access was not as easy
as it is today. At that time, teaching was primarily to secondary schools. In
pre-school and primary education, the use of media and information technol-
ogy was experimental.

A computer in elementary education appears naturally since children must
deal with it primarily at home, using their parents’ tablets and smartphones.
It is always first and foremost fun, which can bring measurable educational
benefits. However, in experiments performed by K. Solich on 5-year olds, no
observable differences on psychomotor readiness and emotional motivation
were observed with regards to shaping the readiness to learn to read and
write because of using computers. Only in terms of dictionary-conceptual
readiness was there an observed positive impact. However, it is important to
note that, for children, a computer is both a tool, an attractive toy, and a
source of new and interesting experiences. Its skilful use in the didactic pro-
cess significantly influences the increase in psychophysical abilities associ-
ated with the development of reading and writing readiness [2, pp. 339-351].

Currently computer-assisted instruction is accepted as something obvious.
Usually nobody questions whether such a process is more efficient than a tra-
ditional process. It should be emphasized, however, that the practice of using
information technology resources is ahead of their use in schools. For exam-
ple, the final exams at the end of middle school and secondary school in prac-
tice exclude the possibility of preparing information technology responses
(access to the Internet, using other features of smartphones and tablets). For
these reasons, teachers of many subjects are not interested in supporting the
teaching of information technology, as their teaching effectiveness will be as-
sessed by the final exam, which is carried out in a traditional way.

Teachers who, despite such contraindications, want to use new technologies
in teaching should be encouraged to develop scenarios of didactic classes in
a digital environment. The proposed models are largely based on the concept
of learning through experience and the use of information technology tools
and multimedia Internet resources. The embedding of these models in the
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digital world is intended to create an educational space for the pupil, becom-
ing an integral part of his or her living environment, and not to be confined
to an anachronistic school environment separated from reality [3, p. 69].

3 Educational problems of functioning in the IT-media sphere

The development of information technologies, widely accessible and mobile
Internet access, allows us to formulate that we all live in cyberspace, and so
in an environment in which we have not only access to a great deal of infor-
mation but we can also generate and spread this information. This applies
not only to adults but also to children and young people. The influence of the
IT-media sphere, especially the latest generation of IT-media, is inescapable.
Regardless of whether you want to, this is the environment in which you re-
side. For these reasons, it is so important to respect basic ethical principles
so that neither oneself nor others are harmed. These considerations are not
always present in the relationships between young participants in the IT-me-
dia sphere, between their relationships with teachers and parents. These are
considerations that, when omitted, can have negative effects.

For the younger generation, there is no longer a division between virtual and
real space - this concept only made sense when new technologies began to
appear. Today we must talk about the interpenetration of these two worlds,
which in turn leads to a new world that can be called the hybrid world. This
world is a convergence of the real and virtual world, where the boundaries
between these worlds cannot always be determined. The interpenetration of
the real and virtual worlds will increase, as modern man living in a highly
developed country will not escape the deeper immersion - immersion into
virtual world [4, pp. 59-68].

Contemporary school is subject to constant criticism. This applies in large
parts to the teacher, who is often accused of lacking competence in educa-
tional work as he focuses his attention primarily on knowledge transfer. A
competent teacher is the one who observes the essential elements both in
terms of skills and attitudes or personality traits to accomplish the tasks as-
signed to him. He is motivated to effectively influence the attitudes and per-
sonality of his students. He has knowledge of the issues that interest them,
their needs and problems, he understands the process of communication and
education and general knowledge of the world, to communicate more easily
and effectively with his students, building authority and trust. The highest
effect of such relationship is the recognition by the pupils of their teacher as
an authority [5, pp. 190-191].
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How can a modern teacher communicate with his students in a manner typi-
cal of their generation? Does he find a common language of concepts, function
in social media, use abbreviations and expressions that can be interpreted as
a desecration of literary language? Does his influence still have any chance
that his pupils will be able to function properly in the IT and media sphere?
Is it possible to be, as it were, to one side of this sphere, or is it also necessary
for teachers to function in this space? These are questions to which it is diffi-
cult to find unambiguous answers.

4 Education integrated in the IT-media sphere

In Poland, teachers involved in the education of the youngest children are
themselves educated in the field of pedagogy, with specialization in
pre-school and primary school pedagogy. This is so for children who start
pre-school aged 3 years (and sometimes slightly earlier) and then at age 6 or
7 years start primary school, finishing the first stage of education at the age
of 9-10. In pre-school and primary school group lessons are performed by
one teacher, fulfilling the role of educator. The integrated education stage is
very important in the child’s development and can have a very significant im-
pact on further stages of education.

Early school education teachers are often accused of improper preparation
for the profession or burnout and failure to follow current trends in teaching
and upbringing. The need for creativity in the work of the teacher is empha-
sized, and at the same time it is known that a creative teacher must overcome
many obstacles to accomplish his task.

It seems that in early school education a method of tutoring could be applied,
a method derived from the two most famous English universities of Oxford
and Cambridge. To the student, the teacher is one who determines the
boundaries of behaviour (what is acceptable and what is not, which is in line
with the accepted social norms), sets the requirements and specific cognitive
and social challenges and challenges, and above all stimulates the student’s
own development [6,s 213-220]. Tutoring, which is largely based on a direct
teacher (master) - student relationship, is a very good way to lead a student
through the dangers of using information technology, especially the dangers
of the virtual world. However, to accomplish this, the teacher must function
in the virtual world and be familiar with the various aspects of this environ-
ment - the online community.

The information society in which pre-school children live means that even
they are increasingly overwhelmed by the information surrounding them. At
this age trust in media is so great that defective messages can do a lot of harm.
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To say that an integrated education teacher is fully responsible for the proper
use of information technology is not entirely true. Parents should first deter-
mine the rules of using computers (tablets, smartphones) and television be-
fore children enter school. At the same time, a pre-school teacher must be
convinced that he is no longer the absolute authority, the only source of
knowledge for his students. He should become more of an inspirer, a guide,
an organizer.

5 Own research of pedagogy students - future teachers of young chil-
dren

In 2017, a diagnostic survey was conducted on a group of students who chose
to specialize in teaching pre-school children and grades I-III in primary
school. In Poland, the teaching profession in this age group is very feminized,
therefore the study was conducted on a group of 93 women at various stages
of education (2nd and 3rd year of first degree and 1st and 2nd year of second
degree). So, the group contained both students who had decided only 6
months previously to choose this profession, ladies who had gone through
almost a full cycle of preparation, and some who had even had several years
of professional experience. Nearly half of the respondents lived in Radom
(48%), the rest in rural areas (41%) and in the smaller cities of the Radom
region (11%). The average age of the respondents was 22 years: the oldest
was 27 years old, a few of the youngest were 20 years old.

The following questions were aimed at determining the state of progress of
the respondents in relation to the use of modern media and information tech-
nology. Firstly, the students were asked to determine the amount of time de-
voted to various activities, both compulsory and free. It turned out that in
first place were their basic duties, namely studies, work and other duties. The
participants were asked to respond by selecting from a list of predefined an-
swers to which weights were assigned. The answer “very much” was as-
signed a value of 5, “a lot” - 4, “a little” - 3, “definitely not enough” - 2 and
“not at all” - 1. The average result for these compulsory activities was 4.1.
This means that the average student devotes a lot of time to the duties. Ana-
lysing in more detail it appeared that the answer “very much” was chosen by
23 people and “a lot” - 59 people; “a little” - 10 people, “definitely not
enough” - one person, and no one selected at “not at all”. These results cor-
respond to the most often chosen free-time activities, i.e. using a computer, a
tablet, a smartphone, or the Internet. Do not forget, however, that these are
not only free-time activities. Many work and study tasks are performed
through the help of information and media resources. Although the average
of 3.95 for these activities is lower, the group that chose the answer “very

209



XXX DIDMATTECH 2017, TRNAVA UNIVERSITY IN TRNAVA, FACULTY OF EDUCATION

much” is the most numerous, at 25 people. Equally large is the group that
chose “alot” - 40 people; but as many as 26 people declared that they dedi-
cate “a little” time to this activity. So, the scatter here is bigger than the pre-
viously analysed obligatory activities. It is sad to note that only 6 students
spend “very much” time on television and reading newspapers and books and
that 3 people do not watch TV “at all” and do not read “at all”, which for a
group in the humanistic and social faculty of pedagogy must arouse great sur-
prise.

The next question showed that the Internet is more often used for private
purposes (communication, entertainment - on average 2 hours and 40
minutes) than for work and study - just over 2 hours. This confirms the thesis
that every young person must be on Facebook and uses this portal often (90
such positive responses) because otherwise he will be seen jokingly that he
is dead. There is also an increase in the number of students using the Internet
to purchase and order services, although about 25% of respondents are not
using these services, a similar number used them “very often”.

The assessment of the credibility of various media was the subject of the next
question. The leading result was the written word, published in books (37
responding with 5 - the highest credibility, and 31 responding with 4) and
face-to-face conversation (19 responding with 5 and 32 responding with 4).
All classic media, both public and commercial, as well as internet portals,
achieved significantly worse results.

The next question concerned the vision of the school with which future teach-
ers will identify. The first part was about determining what elements of the
curriculum are appropriate to be supported by media and information tech-
nology, and in which specific tasks this would make sense. In Polish studies
the most responses were for watching cartoons with a social message - 77
people, and in mathematical education (73) and mathematical problem solv-
ing (71). In the opinion of the future teachers, environmental education is
best suited to support by new technologies. All activities were approved by
more than half of the respondents, namely: watching nature films (86 peo-
ple), animal and plant identification (78), demonstrating natural processes
(52) and solving knowledge testing tasks (49). Let’s hope that environmental
education will also be implemented primarily in the field: in the woods,
meadows, mountains, zoos and botanical gardens.

Some strange answers were received to the question about the use of the In-
ternet in social education. It seems that future teachers will pay attention to
the issue of sending mails and SMS as the first element of information tech-
nology. Meanwhile, these responses were rarely chosen. In the last three ar-
eas (arts education, technical and health education and physical education),
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the major part of the respondents chose answers from the list. Most of the
responses were: presentation of works in the field of art (84 people), making
music (69), health and safety films (69), presentation of selected technologi-
cal processes (66), presentation of technical devices and their models (58),
presentation of improvement in sporting techniques (79) and basic hygiene
(55).

The next questions concerned the degree of support for didactic lessons with
information technology. The overwhelming majority believed that at most a
quarter of the lesson should be assisted by information technology and the
rest in the traditional way. Likewise, conservative answers were given to
questions about how to use IT resources during class time in school and dur-
ing common room activities. Most of the answers were that it’s possible to
use only with the knowledge and consent of the teacher (about 60% of re-
sponses). However, there was a relatively high opinion that such equipment
could not be used at school (35 responses concerning lessons, and 22 con-
cerning the common room).

Quite a strange answer was received to the question concerning the need to
provide information on the sources of knowledge gained from the Internet.
As many as 24 students believed that this information can be hidden. This is
very disturbing, because we thus weaken the inner sense of honesty of young
children. In the answers to questions about the ability to communicate
through Facebook with children and their parents, there was a lot of incon-
sistency. Students, for whom the use of Facebook in their own environment
is something obvious, would like to avoid using this channel for official con-
tact.

6 Conclusion

It is difficult to draw clear conclusions from the study conducted among
pre-school and primary school pedagogy students. On the one hand, advance-
ment in the use of the media and information sphere of future teachers of the
youngest children seems to be sufficient. On the other hand, they themselves
seen unconvinced that a high saturation of IT-media sphere education could
have a positive effect.
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INFORMATIKA AKO NASTROJ ROZVIJANIA
CITATELSKE] GRAMOTNOSTI

Katarina ZAJACOVA, SK

Abstrakt: Prispevok priblizuje problematiku rozvijania citatel'skej gramot-
nosti v predmete informatika. V ¢lanku sme sa primarne zamerali na aktu-
alny problém, akym je rozvijanie citatel'skej gramotnosti vo vychovno-vzde-
lavacom procese. Citatelovi predkladame opis konkrétnych aktivit, ktoré st
realizovatel'né v predmete informatika na strednej odbornej Skole a ktoré
rozvijaji rozne procesy Citatel'skej gramotnosti.

KIicové slova: Citatel'ska gramotnost, informatika.

INFORMATICS AS A TOOL FOR DEVELOPING THE READING
LITERACY

Abstract: Submitted paper deals with development of reading literacy at in-
formatics at secondary schools. We focused on actual problem of develop-
ment of reading literacy in educational process. We offer description of spe-
cific activities which can be realized at informatics at secondary schools and
which develop different processes of reading literacy.

Keywords: reading literacy, informatics.

1 Uvod

Skolsky systém by mal dynamicky reagovat na aktualne potreby spolo¢nosti.
Dolezitou schopnostou, potrebnou pre zZivot kazdého ¢loveka, je schopnost
zachytit, spracovat a pochopit informaciu. Bez porozumenia nemdZe byt ani
ulenie efektivne. Citanie s porozumenim sa tak stava kl'i¢ovou schopnostou,
ktora ovplyviiuje vSetky d’alSie oblasti vzdelavania.

Citatel'ska gramotnost predstavuje komplexny stbor uréitych ¢itatel'skych
zru¢nosti, pomocou ktorych sa da rozvijat schopnost' ¢loveka ucit sa ucit, ¢o
je pre kazdého ¢loveka jednou z kI'icovych kompetencii. Kompetencia ucit
sa ucit’ je uvadzana v Statnych vzdeldvacich programov pre vsetky stupne
vzdelavania.

Vo vedomostnej spolo¢nosti je podstatné vediet vyuzit prave schopnost ¢lo-
veka ucit sa ucit a zaroven schopnost uchovavat a $irit ziskané vedomosti aj
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prostrednictvom modernych informacnych technolégii. V kontexte vedo-
mostnej spolocnosti je dolezité si uvedomit, Ze vedomosti sa pre ¢loveka sta-
vaju ekonomickym zdrojom.

S meranim schopnosti 15-ro¢nych zZiakov na medzinarodnej irovni sa zacalo
vroku 1997, kedy OECD spustilo stidiu Programme for International Stu-
dent Assessment (PISA). Tato stidia netestuje do akej miery Ziaci jednotli-
vych krajin ovladaju statom predpisané ucivo, porovnava do akej miery maja
Ziaci rozvinuté schopnosti pre ich celoZivotné vzdelavanie. PISA reprezentuje
usilie zacastnenych krajin zistit, ako st 15-ro¢nf Ziaci pripraveni na rieSenie
situacii, s ktorymi sa mo6zu stretnit v buddcnosti v bezZznom Zivote. [5]
Meranie PISA sa uskutocnuje v trojro¢nych cykloch a od roku 2003 sa do
tohto merania zapojila aj Slovenska republika. Sledovanymi oblastami su ¢i-
tatel'skd gramotnost, matematickad gramotnost a prirodovedna gramotnost.
Od roku 2012 sa pridala aj d'al$ia oblast’ - finan¢na gramotnost. Vysledky po-
sledného merania PISA 2015 ukazali, Ze sme vo vsetkych sledovanych oblas-
tiach pod priemerom krajin OECD, pricom najhorsie vysledky nasi Ziaci do-
siahli v oblasti Citatel'skej gramotnosti. Analyza udajov ukazala, Ze priemer
krajin OECD bol pre Citatel'skd gramotnost na irovni 493 bodov. Najlepsi vy-
sledok dosiahli Ziaci v Kanade so ziskom 529 bodov. Slovensko ziskalo v tejto
oblasti 453 bodov. Horsi od nas boli uz len zZiaci Turecka (so ziskom 428 bo-
dov) a Mexika (so ziskom 423 bodov). Oproti predchadzajicemu cyklu me-
rania sa body nasich ziakov znizili o desat bodov, o vSak nepredstavuje Sta-
tisticky vyznamny udaj. [8]

Aktudlnost a naliehavost tohto problému sa prejavila aj v Pedagogicko-orga-
nizacnych pokynoch pre skolsky rok 2016/2017, kde sa v samostatnej pod-
kapitole apeluje na potrebu rozvoja citatel'skej gramotnosti na kazdom
stupni vzdelavania. [6]

2 Citatel'ska gramotnost’

Text je sicast'ou nasho zivota v podstate uz od narodenia, preto sa schopnost
porozumiet’ textu rozvija v rodine a $kola by s rodinou mala v tejto oblasti
spolupracovat. Kazdy text v kontexte Citatel'skej gramotnosti musi mat’ ob-
sah (vypovedat o niecom), formu (sp6sob ako to vypoveda), autora (niekto
dany text vytvoril), acel (text bol vytvoreny s nejakym zamerom), a adresata
(bol vytvoreny pre niekoho). [1]

Aj samotny pojem ¢itanie sa da chapat vo viacerych vyznamoch. V prostredi
vychovno-vzdelavacieho procesu nejde len o samotné citanie literarneho
diela, ide o zru¢nost, ktora sa uplatiuje vo vSetkych ucebnych predmetoch,
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pretoze v kazdom predmete sa viac, i menej Ziaci stretavaja s ucebnym tex-
tom a su nuteni pracovat s informaciami, ktoré z toho textu ziskavaju. [1]
Pri Citani sa vyuzivaja procesy (mentalne stratégie), ktoré umoznuju Citate-
T'ovi pochopit text. Tieto procesy sa vzajomne dopliiiaji a prelinaji. Procesov
Citatel'skej gramotnosti je pat:

e Ziskavanie informacii - ide o porozumenie presne vyjadrenych infor-
micii aich vyhladavanie v texte; vyhl'adavanie slov, slovnych spojeni,
myslienok, definicif v texte a pod. a to doslovne alebo synonymicky; vy-
hl'adava sa presna informdcia v texte, a nie su potrebné predchadzajice
teoretické poznatky Ziaka o danej téme.

e Utvaranie SirSieho porozumenia - Ziak vyvodi priame zavery z textu;
dokaze definovat hlavné myslienky textu; je schopny vytvorit nazov
(nadpis) textu; vie v texte rozliSit podstatné informacie od nepodstat-
nych, vie zistit zdkladné informacie z grafu, tabulky, mapy, diagramu
a pod.

¢ Rozvijanie interpretacie - Ziak dokaze uviest interpretacie myslienok
a informacii z textu; dokaze logicky spracovat informacie v texte; najst
suvislosti medzi jednotlivymi mysSlienkami v texte a vyvodit zavery z in-
formacif v texte a podporit ich konkrétnymi dékazmi z textu.

e UvaZovanie o obsahu textu a jeho hodnotenie - Ziak skima a kriticky
hodnoti obsahu textu; tento proces vyzaduje od Ziaka abstraktné mysle-
nie, ¢o vyzaduje vyuzitie SirSich vedomosti.

e UvaZovanie o forme textu a jeho hodnotenie - Ziak skima a kriticky
hodnoti jazyk textu, ¢o vyzaduje abstraktné myslenie a uvazovanie nad
ramec textu; Ziak hodnoti kvalitu textu, jeho efektivitu, primeranost, po-

sudzuje vyber lexikdlnych prostriedkov, jazykového Stylu autora,
a pod. [2]

3 Informatika ako u¢ebny predmet

Informatika ako u¢ebny predmet rozvija myslenie ziakov a ich schopnost sa-
mostatne riesit ulohy, analyzovat problémy a hl'adat rézne postupy rieSenia
problémov. Primarnym ciel'om informatiky ako u¢ebného predmetu je teda
naucit ziakov zakladné pojmy, postupy a prostriedky prace s informaciami
a vychovavat ziakov k intuitivnemu vyuzivaniu technickych prostriedkov pri
rieSeni dloh. Vzdelavaci obsah informatiky je Statnym vzdelavacim progra-
mom rozdeleny do piatich tematickych okruhov:

¢ Informacie okolo nas
¢ Komunikacia prostrednictvom IKT
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¢ Postupy, riesenie problémov, algoritmické myslenie

¢ Principy fungovania IKT

¢ Informac¢na spolocnost [7]
Vyssie spominané tematické okruhy informatiky si rovnaké pre primarne
vzdelavanie, nizsie sekundarne a vyssie sekundarne vzdelavanie. Kazdy d'alsi

stupen rozsiruje a prehlbuje vedomosti nadobudnuté na predchadzajicom
stupni vzdelavania. [7]

Absolvovanim predmetu informatika na kazdom stupni vzdelavania, by mal
byt ziak schopny efektivne vyuzivat informacno-komunikacné technoldgie
pri vyhl'adavani, spracovavani a uchovavani pozadovanych informacii a vyu-
zivat tieto informdcie pri svojom rozhodovani v réznych oblastiach svojho
Zivota.

Citanie s porozumenim rozvija u ziakov ti isti zru¢nost - vyhl'adat, zachytit,
spracovat a vyuzit informdaciu z textu pri rieSeni réznych zivotnych situdcii.

4 Namety

Moznosti ako prostrednictvom informatiky rozvijat Citatel'skd gramotnost je
vel'mi vela. Jednotlivé aktivity sa daju vyuzit v réznych tematickych okru-
hoch a privyucbe roznych tém. Zaradenie aktivit rozvijajtcich ¢itatel'sku gra-
motnost mdze byt prirodzenou sucastou vyucovacej hodiny, ktora je pri-
marne zamerand na ziskavanie vedomosti a zru¢nosti z oblasti informatiky
arozvoj Citatel'skej gramotnosti je sekundarnym cielom takejto vyucovace;j
hodiny.

Ked'Ze zakladnych nastrojom citatel'skej gramotnosti je praca s textom, tak
medzi didaktické metddy, ktoré moézeme pouzit v tychto aktivitach, patria
metdda rieSenia uloh, praca s knihou, resp. praca sakymkolvek textom
(napr.: text z uCebnice, text ako ¢lanok na internete, text v grafickej forme).

Tematicky okruh Informacie okolo nas pre vyssie sekundarne vzdelavanie je
zamerany na ziskanie vedomosti a zru¢nosti o pojme informacia, jednotli-
vych typoch informdcif a na ziskanie zrucnosti s pracou s réznymi aplika-
ciami uréenymi na ziskanie, spracovanie, uchovanie a $irenie informacie. D6-
leZitou schopnostou, ktord sa Ziaci prostrednictvom tohto okruhu udia, je aj
schopnost prezentovat ziskané udaje. [7]

S informaciami vieme v ramci informatiky pracovat v roznych aplikaciach -
textové, tabulkové a grafické editory a pod. Pre kazdu z tychto oblasti vieme
vytvorit tlohu, ktora zaroven rozvija aj procesy citatel'skej gramotnosti. Na
lepSiu ilustraciu uvadzame priklad tlohy, ktoru Ziaci riesili v rdmci témy Ex-
cel - Tvorba grafu v tabul'’kovom kalkulatore.

216



XXX DIDMATTECH 2017, TRNAVA UNIVERSITY IN TRNAVA, FACULTY OF EDUCATION

Pri préci s tabul'ovym kalkulatorom sa ziaci okrem iného ucia vytvarat grafy.
Tuto zrucnost si zvyknu osvojit vel'mi rychlo. No rovnako dolezité je pre nich
vediet Citat tdaje z vytvoreného grafu. V tomto kontexte sme Ziakom zada-
vali dva typy uloh. Prvym typom ulohy bolo podl'a zadaného grafu vytvorit
tabul'ku, na zaklade ktorej tento graf vznikol. Tato dloha u Ziakov z pohl'adu
rozvijania Citatel'skej gramotnosti rozvija druhy proces - utvaranie Sirsieho
porozumenia.

V druhom type tlohy ziakov ziadame, aby ku zadanému grafu napisali kratky
text, ktory by opisoval iidaje zobrazené na grafe. Tato uloha rozvija viaceré
procesy Citatel'skej gramotnosti - rozvinutie interpretacie, uvazovanie o ob-
sahu textu a hodnotenie. Pri tlohe tohto typu mali Ziaci problém s jej rieSe-
nim a podl'a naSich skusenosti vac¢sina ziakov druhého roc¢nika strednej od-
bornej $koly nedokaze zmysluplne opisat udaje, ktoré graf reprezentuje.

Komunikacia prostrednictvom IKT buduje u Ziakov schopnosti vyuzivat na-
stroje internetu na komunikaciu pre vlastné ucenie sa a na rieSenie problé-
mov. V tomto okruhu sa Ziaci strednych $kol oboznamuju so zakladnymi po-
jmami sdvisiacimi s internetom, pocitaCovou sietou, sluzbami internetu
a bezpecnostou na internete. [7]

Jednou z tém vyucovanych v ramci tohto okruh je téma Vyhl'ad4vanie infor-
macii na internete. Pri vyucbe tejto témy sme ziakom rozdali pracovny list,
na ktorom sa nachadzalo patnast otazok typu: Akt nadmorsku vysku ma naj-
vysSie miesto mesta Bratislava. V ktorom roku zomrel P. O. Hviezdoslav? Aka
institdcia ocenila v roku 1933 architekta Du$ana Jurkovi¢a? Ulohou Ziakov
bolo pomocou internetu vyhl'adat odpovede na zadané otazky. DéleZité bolo,
aby ziaci odpovedali na zadanu otazku presne a neuvadzali nadbytoc¢né (aj
ked spravne) informdcie. Pri tejto tlohe mali Ziaci najvacsi problém neuva-
dzat nadbytocné informacie, napr.: cely ditum (den, mesiac, rok) v otazkach,
kde sme sa pytali iba na rok.

Treti tematicky okruh Postupy, rieSenie problémov, algoritmické myslenie je
zamerany na oboznamenie Ziakov s pojmami ako algoritmus, program, pro-
gramovanie, etapy rieSenia problému. Ziaci prostrednictvom tohto okruhu
ziskavaju a rozvijaju algoritmické myslenie a schopnost riesit zadany prob-
1ém. [7]

Aj tento tematicky okruh poskytuje SirSie moznosti pre tlohy, ktoré sd zaro-
venl zamerané aj na rozvijanie réznych procesov Citatel'skej gramotnosti.
V naSej praxi sme opakovane ziakom zadavali tlohu, v ktorej na zaklade vy-
vojového diagramu mali sformulovat, ¢o tento program vykonava a opisat
postupnost’ jednotlivych krokov tohto programu. Takyto typ tlohy je zame-
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rany najma na dva procesy Citatel'skej gramotnosti - utvaranie Sirsieho po-
rozumenia, uvazovanie o obsahu textu a jeho hodnotenie. Vac¢sina ziakov sice
dokaze pochopit, ¢o zadany program vykonava, no nedokazu zrozumitel'ne
sformulovat, preco si to myslia a uviest argumenty, ktoré by ich nazor pod-
porili.

Tematicky okruh Principy fungovania IKT vedie Ziakov k pochopeniu, akym
sposobom funguji informa¢né a komunika¢né technolégie. Ziaci sa prostred-
nictvom jednotlivych tém zoznamuju s principom prace pocitaca, s jeho ¢as-
tami a s pridavnymi zariadeniami. Délezitou ¢astou tohto okruhu je aj oboz-
namenie sa s opera¢nym systémom a aplika¢nym softvérom. [7]

Jednou z tloh, ktortl sme realizovali v ramci tohto tematického okruhu, bola
tiloha zamerana na viaceré procesy rozvijania Citatel'skej gramotnosti. Ziaci
si mali v tichosti samostatne precitat text z uCebnice pre stredné Skoly od
I. Kalasa [4], v ktorom je opisany historicky vyvoj pocitacov. Nasledne Ziaci
dostali pracovny list s tymito otazkami: Napis, Co je hlavnou témou ¢lanku
(rozvija proces - utvaranie SirSieho porozumenia). Napis skratku pre osobny
pocitac (rozvija proces - uvazovanie o obsahu textu a jeho hodnotenia). Vy-
piS ndzvy troch pristrojov, ktoré prispeli k vyvoju pocitacov (rozvija proces -
ziskavanie informAcii). Nac¢rtni ¢asovu os vyvoja pocitacov (rozvija proces -
rozvijanie interpretacie).

Ziaci dokazali spravne identifikovat hlavnt tému &élanku a rovnako nemali
problém s vypisom pristrojov, ktoré prispeli k vyvoju pocitacov. Pri tejto
ulohe vsak vela ziakov nereSpektovalo pocet pristrojov, ktoré mali vypisat
a vo viacerych odpovediach sa vyskytli viac ako tri odpovede. Pri naslednom
vyhodnoteni tejto ulohy Ziaci uvadzali ako dovod vacsieho poctu odpovedi
neistotu, ¢i vypisané tri pristroje su spravne, a tak ,pre istotu“ uviedli aj
dal$ie. Skratku pre osobny pocitac¢ dokazala identifikovat priblizne polovica
ziakov, ktori tuto ulohu riesili. No najvacsi problém mali Ziaci s tlohou, v kto-
rej mali naCrtnut ¢asovu os vyvoja pocitaca. V takomto type uloh musia ziaci
pochopit vyznam jednotlivych tidajov v texte a vediet ich spravne zoradit
v Case.

Posledny tematicky okruh ucebného predmetu informatika je tematicky
okruh Informacna spoloc¢nost. V tomto okruhu sa Ziaci vyssieho sekundar-
neho vzdeldvania zoznamuju s réznymi etickymi, moralnymi a spolocen-
skymi aspektmi informatiky. Ziaci sti oboznameni s roznymi rizikami, ktoré
so sebou informacno-komunikacné technolégie prinasaju a tieZ s metédami
rieSenia tychto problémov. Zaroveii sa tym informuju o tom, ako sa daju in-
formacno-komunikacné technoldgie vyuzit v roznych oblastiach vedomost-
nej spolocnosti. [7]
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Pri vyucovani témy spadajuicej pod ttto oblast, ktora zaroveii rozvija aj pro-
cesy Citatel'skej gramotnosti, Ziaci dostali upraveny text z ucebnice pre
stredné $koly od Jaskovej, Snajdera a Baranovica [3], ktory opisuje zakladné
pravidla spravania sa na internete. K textu dostali pracovny list s dvomi tlo-
hami. Prvou tlohou bolo vytvorenie nadpisu pre cely text, tato uloha je za-
meranu na proces utvarania SirSieho porozumenia. Druhou tlohou bolo pre
kazdé pravidlo napisat jeho stru¢nd charakteristiku - vystihnat' podstatu
kazdého pravidla jednou vetou. V tejto tlohe st u Ziakov rozvijané primarne
dva procesy Citatel'skej gramotnosti - utvaranie SirSieho porozumenia a roz-
vinutie interpretacie.

Vacsina ziakov nemala problém spravne identifikovat nadpis pre cely text.
Tiez dokazali opisat jednotlivé pravidla spravania sa na internete podla
textu. Vacsina Ziakov vSak nedokazala zostrucnit - Ziaci skoro doslova odpi-
sovali text, ktory Citali, co nebolo cielom predlozenej ulohy.

5 Zaver

Rozvijanie Citatel'skej gramotnosti je v suc¢asnom Skolstve jednou z kltuco-
vych zrucnosti, ktort je dolezité rozvijat u zZiakov na kazdom stupni vzdela-
vania. Citatel'skd gramotnost nie je doménou slovenského jazyka, ale d4 sa
uspesne rozvijat v akomkol'vek u¢ebnom predmete. Informatika svojim za-
meranim priamo suvisi s jednotlivymi procesmi Citatel'skej gramotnosti.

Z nasich skusenosti vieme, Ze Ziaci majai problém najma so zlozitejSimi pro-
cesmi Citatel'skej gramotnosti, akymi sd rozvijanie interpretacie a uvazova-
nie o obsahu textu a jeho hodnotenie. V tlohach, ktoré st zamerané na tieto
procesy Citatel'skej gramotnosti, musia Ziaci porozumiet textu a vyvodit
svoje vlastné zavery a uviest argumenty pre svoje tvrdenia.

PovaZujeme preto za dodlezité pravidelne aplikovat podobné typy tloh, aké
sme vysSie opisali, do vyucovacieho procesu a u ziakov rozvijat schopnost
prepajat’ ziskané informéacie a vnimat' citatel'sku gramotnost nie ako sucast
slovenského jazyka a literatury, ale ako schopnost, ktort potrebuji vo vset-
kych oblastiach svojho Zivota.
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USING SOCIAL MEDIA IN HIGHER EDUCATION: AN
APPROACH FOR ACTIVE ENGAGEMENT OF STUDENTS

Errikos SIAKAS, Kerstin SIAKAS, Maria TSITSEKIDOU, GR

Abstract: This paper discusses the adoption and use of social media in
Higher Education (HE) as a contemporary approach to actively involve stu-
dents in their learning process. The Unified Technology Adoption approach
was identified as a suitable underlying theory for our study, which comprised
a survey involving two HE institutions in both Greece and Finland. The aim
of the study was to identify bottlenecks and success factors in the adoption
and use of social media in education and based on the results to propose
guidelines for planning social media based learning activities. Our study con-
centrated on Information Systems (IS) and Information Technology (IT) stu-
dents. The analysis of viewpoints enriched our understanding of converging
and diverging opinions from a student perspective. The results showed that
for planning learning/teaching activities with the use of social media as a
pedagogical approach, the infrastructure is the most important factor to take
into consideration followed by social influence. To verify the findings from
the survey a follow-up survey was undertaken, which confirms the findings
and reveals what social media tools the HE students prefer.

Keywords: social media adoption, social media in Higher Education, social
media in learning, social network sites.

1 Introduction

In recent years, technology enhanced learning, including distance learning,
has become a fundamental part of HE [41]. Rapid advances in Information
and Communication Technologies (ICTs) and the internet have initiated fast
and easy access to new electronic learning environments. Achieving student
engagement seems to be more important in online technology based courses
than in on-campus courses, because online students have fewer ways to en-
gage with the institution and probably also greater demands on their time
and attention [28].

1.1 Collaborative Learning

Collaborative Learning (CL) includes discussion, argumentation and reflec-
tion. Collaborative Learning Environments (CLEs) are opposed to Individual
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Learning Environments (ILEs) and have an important effect on learning be-
cause they lead to a better processing of the information upon a task [23]. CL
is a contemporary way of structuring activities in a learning environment in
a way aiming to bring a deep and complete learning capability to the partici-
pants.

Human learning and development are strongly affected by social content.
There is a view of [3] arguing that learning is an individual process in which
a person can be benefitted or not, per the interaction with each other. There-
fore, improvement can be obtained via communication regarding certain
problems or tasks among the students, which can positively affect reflection
and planning. Computer Assisted Collaborative Learning (CACL) provides an
appropriate environment for enhancing students’ learning processes via col-
laboration with the use of Computer Mediated Communication (CMC) and
SNSs. In a CACL environment, students can use the provided tools, to com-
municate, share information and expertise [19].

The use of SNSs in HE is a recent trend for increasing the motivation of the
students and for enhancing their education. Social media and digital literacy
is high among young people. The use of SNSs in HE is likely to increase the
means to persuade and influence, and the ability to reach a wider audience.
Students are no longer just consumers of information and teaching material,
but potential active content creators and distributors.

However, there is a different amount of contribution among the students de-
pending on the type of their motivation. The concept of motivation can ex-
plain the reason of different levels in a student’s contribution in CACL. Moti-
vation is an important factor that influences learning attitude and behavior
[11]. As motivation means to be moved to do something, it can be used as the
degree of self-determination of learners [34]. A person can have little or a lot
of motivation [37], also referred as a-motivation versus motivation, with
a-motivation expressing the lack of intention to act. However, the effort of
someone to pursue a goal cannot be expressed only by the amount of moti-
vation, but also from the type of the motivation. The Self-Determination The-
ory (SDT) describes the type of motivation per its origin; the theory targets
the types, rather than just amount, of motivation, focusing to autonomous
motivation, controlled motivation, and a-motivation as predictors of perfor-
mance, relational, and well-being outcomes [37] Therefore, there can be a
distinction of motivation in extrinsic and intrinsic [38].

1.2 Social Networking Sites for Improved Learning

Oradini and Saunders [31] postulate that Social Networking Sites (SNSs) can
increase the engagement of the students in an online learning community as
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they offer a technology which is well-known among their generation. By us-
ing SNSs in HE there is a potential to enable new pedagogic, student-centered
ways through their bottom-up approach for supporting knowledge activities
that harness collective intelligence as opposed to hierarchical teacher-cen-
tered approaches [42]. This happens partly because learning becomes fun
and is akin to leisure activities that these young people participate in, as op-
posed to remaining as spectators [14].

New SNSs emerge every day, including new opportunities and new chal-
lenges. Teachers are increasingly using social media tools to support and en-
hance teaching and learning both in on-line and in traditional classroom en-
vironments to provide new opportunities for enriching existing curriculum
through creative, authentic, flexible and non-linear learning experiences. Nu-
merous online courses nowadays include social networking to enhance col-
laboration and learner interaction. In many Learning Management Systems
(LMS), social networking is embedded. Today, pedagogical tendencies, such
as learning to learn, are considered to have greater impact on future experi-
ences than the construction of domain specific knowledge itself [16] and thus
social media tools facilitate effective and engaging collaboration.

Even though most SNSs appear to be similar regarding their characteristics
of co-creation and knowledge sharing, many of them are different in terms of
their purpose and the types of users they attract. Wikis, Blogs and social net-
working are now as important to learning as the lecture theatre and campus
infrastructure in a traditional University campus [5]. They take the form of
discussions via fora, blogs, and microblogging (mainly Twitter). When using
SNSs in HE, learners are expected to take initiative and to play an active role
in their learning process.

This paper considers the opinion of HE students from IT/IS departments at
the University of Jyvaskyla, Finland and at the Alexander Technological Edu-
cational Institute of Thessaloniki, Greece regarding the adoption and use of
social media in HE. The paper presents an analysis of responses to a survey
which identifies and ranks important factors affecting the adoption and use
of social media in HE. Also, guidelines for planning social media based learn-
ing activities are proposed.

2 Benefits of Using Social media in HE and IS/IT Education

Active use of social media in the classroom is nowadays increasing. Seaman
and Tinti-Kane [39] reported in their results from a survey including 7969
responses that in total 59% of faculty members consider that better learning
outcomes can be achieved by using social media. At the same time, however
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56% of faculty members consider that these technologies can be distracting
in HE. Because of this disharmony concerning the role of social media in HE
we should comprehend that social media tools are technology tools and ap-
plications like any other business or educational software [26]. They also
found that more than 70% of instructors use social media at least once a
month and 41% use social media in their teaching activities [39]. They also
found that the positive impact on learning communities is significant based
on the volume of social media use. Other scholars have also reported in-
creased academic success and pedagogically encouraging academic out-
comes in terms of learning performance and motivation using social media
for teaching and learning purposes (10, 15, 17, 18, 20, 21, 24, 31, 35, 50]. Ac-
cording to Dabbagh and Kitsantas [4] students consider that SNSs are more
useful than traditional LMS because they provide more possibilities, such as
online trouble shooting for projects where students can clear doubts con-
cerning learning and completion of assessments, forums for exchanging in-
formation and experiences with teachers and peers and the creation of spe-
cialized groups to support certain topics in a syllabus. Supporters of SNSs to
be used in HE suggest that social media leads to improved academic success
because its enabling power to allow for the creation of personal learning en-
vironments that empower students with a sense of personal agency in the
learning process [29].

The real benefits of using social media in HE are based on understanding dif-
ferent learning theories [15]. Social constructivist theory explains how and
why interaction and social contacts are fundamental for learning [49]. Con-
nectivism as a learning theory clarifies the prevailing technical point of view
in which human beings are more connected when using different media such
as social media [44]. Technology in general, and social media create a learn-
ing experience that makes students more interested in the learning process,
because students use technology and social media to a high degree outside
the university, during their leisure time. Networked students increasingly
use Facebook, Google+, Instagram, Pinterest, Twitter, Skype, Viber, and
YouTube among other Social Media Tools to communicate, create content
and share knowledge. The Net Generation students have grown up with the
technology, computers, video games, and the Internet. Because of this, they
share common experiences and a culture that is defined by certain attributes
and is related to how they interact with ICTs, information itself and other
people. New learning experiences need to adapt to the new generation of
learners by supporting a more collaborative, social, user-generated content
view of the world.

224



XXX DIDMATTECH 2017, TRNAVA UNIVERSITY IN TRNAVA, FACULTY OF EDUCATION

According to Deng and Yuen [9], participants who use social media build an
active audience engaged in collaborative content creation. This aligns with
the constructivist learning paradigm, which views learners as active creators
of knowledge, and learning as a social process. Using social media implies
that both students and teachers become more active and involved on a per-
sonal level [12].

3 Technology adoption theories

Alot of theories deal with technology adoption. Diffusion theories of technol-
ogy can partly explain the drivers of social media adoption. The first diffusion
theory for technology innovations includes innovation diffusion theory [36].
It emerged in the 60s and comprehends the adoption of an innovation as a
social process. Innovative technologies (infrastructure as well as applica-
tions) are likely to follow the same cycle of diffusion as other technology in-
novations and their adoption. New generations of students are likely to be-
long to the category of early adopters as defined by Rogers [36] in his inno-
vation adoption theory and illustrated by among others Keesee and [22] as
self-adopters.

Another explanation for technology adoption is the TRA (Theory of Reasoned
Action). TRA has its background in developing technology diffusion and
adoption theories [2]. Per this model, a person’s activity is the result of their
attitude and personal norms. In turn the attitude of a person is based on val-
ues and beliefs. The personal norms are based on motivation to act per ac-
cepted norms. To understand the factors and the processes affecting inten-
tion of people to use and adopt SNSs, it is necessary to understand the under-
lying theory. Theoretical models on user acceptance of Information Technol-
ogy (e.g. Internet) articulate “intention to use” and “actual use” as the main
dependent variables [48].

Intention to use IT is a valid predictor of behavior regarding adoption of tech-
nology. Several models explain behavioral viewpoints of consumers regard-
ing new technology and intentions to use that technology, as for example:

o Theory of Reasoned Action (TRA) [13];
o Technology Acceptance Model (TAM) [7];
e Theory of Planned Behavior [1];

o Attitude Model of Fishbein including three sub-models: the attitude to-
ward the object model, attitude toward the behavior model, and the the-
ory of reasoned action [32, 40];

¢ Innovation Diffusion Theory [36];
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¢ Combination of Models [30].

The TAM (Technology Acceptance Model) model [6, 7] discusses practical
technology use issues. TAM emphasizes usefulness in addition to user friend-
liness. Mathieson et al. [27] for example emphasize that the TAM model
should be expanded by adding available resources. Similarly, Venkatesh and
Davis [47] expanded TAM further to include the concept of perceived useful-
ness. This model is called TAM2. Subsequently the Unified Theory of Ac-
ceptance and Use of Technology (UTAUT) was presented by Davis et al. [6, 8]
The UTAUT deals with the social aspect which is a notable aspect in the emer-
gence of social media in various areas including education. The major inten-
tional factors of the UTAUT theory include the Performance Expectancy, Ef-
fort Expectancy, Social Influence and Facilitating Conditions. Other factors
that influence intention to use and actual use are gender, age, experience and
voluntariness of use [48].

4 Our Study

The objective of our study was to explore what is important to the adoption
of social media in HE based on both the views of students and teaching staff
(instructors) to know what teaching staff should concentrate on when creat-
ing social media based learning activities for their students.

The research question considered which factors influence the adoption of so-
cial media in HE. To investigate this, we carried out a study in the academic
year 2014-2015 comprising a structured survey aiming to graduate and
postgraduate students of two IT/IS faculties in one university in Greece and
one in Finland, as well as IT/IS faculty members with teaching responsibili-
ties [26, 43]. The fact that all respondents were either students or teaching
staff from the IS/IT field ensures a degree of homogeneity and familiarity
with new technologies.

In this paper, we concentrate on the results from student responses, so that
instructors can find out where to put emphasis when creating social media
based learning activities. A comparison between results of students and fac-
ulty members is presented in Makkonen et al. [26]. Content developers need
to especially be aware of what tools make sense in a current educational set-
ting.

We selected the UTAUT approach for this study [26, 43], because it covers
the various drivers for technology adoption. In this paper, we concentrate on
social media adoption amongst IT/IS students.
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The items (or social media services) for the survey were selected from Sea-
man’s and Tinti-Kane’s [39] reports. Thus, some newer services such as In-
stagram are not included in the study directly. We studied the items in the
light of UTAUT. Derived from the UTAUT the major variables were gender,
age, experience in the use of social media, voluntary use social media, infra-
structure for using social media, meaning of social influence, ease of use of
social media applications, help (benefit) of social media in a task or a study.

Table 1: The research process.

 Voluntary use of social media

e Infrastructure for using social
media

Main Study Follow-up Study

Level of BSc & MSc BSc
Students
Number of 71 Finnish students 239 Greek students
Students 101 Greek students
Aims of * To explore what is important e To validate the results
study regarding the adoption of « To investigate the use of

social media in HE social media by students
Research Which factors influence the What social media tools
Question adoption of social media in HE? | have a positive impact on

students learning?

Research « Experience in the use of » Time spent on social
Factors social media media

e Motivation of use

 Concerns regarding
social media use in

* Meaning of social influence education

« Viewpoint of social
media in education

¢ Ease of use of social media
applications

» Help (benefit) of social media
in a task or a study

« Viewpoint of social
media influence on
learning processes

A questionnaire including these main items concerning the adoption of social
media was designed and distributed to IT/IS students and teaching staff in
two universities in Finland and in Greece. In total 71 Finnish students, 20 fe-
males and 51 males, with mean age 25 years (range 19-57 years) and 101
Greek students, 22 females and 79 males, with mean age 23 years (age range
18-52 years) completed the questionnaire. The respondents rated each item
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of social media adoption on a Likert scale of 1 to 5 (1= not significant and
5=significant).

To confirm the findings and further investigate the use of social media by stu-
dents a follow-up study including an electronic on-line questionnaire with
239 undergraduate respondents was undertaken in the spring semester of
2015 [46] comprising 23.4% female and 76.6% male students. In total 57.3%
of the students were 20-25 years old and 40.6% under 20 years old. No
teaching staff was included in the following up study.

The aims of the follow-up study were to derive information that can lead to a
better understanding of the issues for implementing social media in the edu-
cation and learning processes.

Table 1 outlines the research process and provides geographic and demo-
graphic information.

5 Main Findings of the two studies

5.1 Findings from the main survey involving 172 students

Initial findings from the quantitative survey showed the importance of the
different aspects of the UTAUT model when applied to the adoption of social
media in HE [25].

The results showed that the priority when planning to use social media in HE
is the need to pay special attention to ICT infrastructure before implementing
social media solutions. The second issue concerns the selection of the most
suitable platforms in terms of usability. After this an educator, should discuss
how e-learning on social media should be organized to support learners’ de-
velopment in their work and/or studies. We also found that the students con-
sider the social influence highly important. This should be looked at while
creating social-media-based learning activities. We must especially be aware
what tools make sense in the current HE. To investigate what tools are suita-
ble per students in the same educational settings, a follow-up study was car-
ried out aiming to increase understanding of social media tools that students
prefer in their leisure time and in their learning environment. In this way, we
can create learning activities in which the students can experience contem-
porary learning with modern tools which they prefer. By using popular social
media tools, that students consider useful for their learning, it may motivate
them in further steps of their studies.

When comparing male and female students no significant difference was
found except in the general experience in social media. Male students were
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more experienced than female students. Other studies have found similar re-
sults [45]. The follow-up study did not find any relationship between the gen-
der of students and the activity reported by students regarding their use of
Facebook [46]. Pearsons chi-square tests were used for both undergraduate
and post-graduate students.

5.2 Findings from the follow-up survey involving 239 students

The follow-up study towards undergraduate students [46] confirmed that
69.9% of the students believe that the use of social media in HE is important,
and facilitates learning in a positive way. Students consider that Facebook
groups are useful as a collaborative learning tool. Per the students’ state-
ments the first three benefits of using social media in learning are uncon-
scious learning, knowledge sharing and organizational skills.

The social media tools that students use in their private lives were ranked
per their popularity in table 1.

Table 2 shows that YouTube was ranked as the most popular in general by
the students with 99%, Facebook followed second with 93% and Skype third
with 75%.

The three social media tools that are considered most important for learning
by the undergraduate respondents are:

1. YouTube comes first of Social media tools with 94% of the respondents
rating it important for learning (18% of the correspondents, state that
YouTube can have a little contribution to their learning process, 28%
fair contribution, 29% big contribution, 19% very big contribution,
whilst only 6% believe that YouTube is unsuitable to their educational
needs).

2. Facebook comes second with 81% of the respondents considering that
it contributes to their learning (40% of the students’ state that the con-
tribution of Facebook is little, 25% fair, 10% big, 6% very big, whilst
19%, do not consider Facebook a suitable learning tool).

3. Blogs are considered as an important social media tool in learning by
77% of the respondents (17% of the students, state that Blogs help them
but a little, 28% that Blogs are helpful, 10% very helpful, 5% immensely
helpful, whereas 40% do not support the idea of applying Blogs in their
daily learning sources).

The percentages for perceived importance of social media use in HE are
slightly lower than the actual use in private life reported by the respondents.
The results show that YouTube and Facebook are both popular in students’
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leisure time, but also consider as the social media tools that provide the high-
est potential learning outcome.

Table 2: Popularity ranking of Social Media tools by Greek IT students.

Social Media | Percentage [%]
1 YouTube 99
2 Facebook 93
3 Skype 75
Forums 52
4
Blogs 45
5 Wikis
Google Plus
29
6 Instagram
7 Twitter 15
8 LinkedIn 6
9 | Second Life 1

6 Guidelines for social-media-based learning activities

It was evident from both the literature review and our investigations that
teaching staff that lags behind young largely digital native generations need
to acquaint themselves with new technologies and approaches to ensure
smooth and effective introduction of social media in HE. Also, social media
could provide opportunities for disadvantaged groups such as the disabled
and dispersed people in rural communities to participate in education. To
meet these challenges, we propose the following guidelines:

e Creation of a social media strategy in teaching of modules and courses: In-
structors should discuss how e-learning and social media should be orga-
nized so that the technology approaches support learners in their studies.
Our study showed that students value IT infrastructure as the most im-
portant factor and social influence as second highly important factor [25].
The usability issues were also considered important. These should be
looked at while creating social media based learning activities. We should
take into consideration what tools make sense in the current education.
The strategy should include these elements as well as the selection of ad-
equate tools for each teaching and learning context [46]. Knowledge
gained by investigating what social media tools students use in their lei-
sure time can be used by instructors for deciding suitable tools in the
learning environment.
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Analysis of learning conditions of students: Instructors are not usually
aware of infrastructure conditions at learners’ homes. Since our results
show that students consider that infrastructure is the most important fac-
tor for adopting social media this should be analyzed as the first step in
developing new learning activities based on social media. Vulnerable
groups who are subject to social disadvantage because of age, disability
and other factors (low educational achievement, poverty and living in re-
mote rural areas) are not included or are not keeping pace with techno-
logical developments and opportunities [51]. It is important that digitally
excluded learners are not disadvantaged further by the introduction of
social media in HE.

Alignment of appropriate social media tool with learning context: When in-
structors decide what social media tools to adopt in teaching/learning it
is important that the learning aspect they are attempting to focus on are
taken into consideration for maximum efficacy. Our findings also suggest
that instructors of traditional teaching environments similarly could
make effective use of social media, such as Facebook, which learners tend
to see as a tool that can invoke abilities of unconscious learning,
knowledge sharing and organizational skills.

The quality and reliability of the social information used: Information
sourced, and used, via social media, and the Internet may come to a
learner in unfiltered formats, which elicits questions about the authentic-
ity, validity and reliability of the information. Instructors need to empha-
size how learners in their studies can become information literate.

Consideration of the ethical and legal issues invoked using social media in
HE: Instructors, alongside learners require a code of conduct that will ex-
plicitly state what is, or is not, acceptable ethical behavior in the use of
social media in HE. Such a code should cover issues such as online harass-
ment/abuse, authenticity of participants, privacy, intellectual property,
etc.

Security and service disruptions: Potential security risks involved in con-
tributing content should be addressed. Risk management including con-
tingency plans should be created for potential service disruption.

7 Conclusion and Further work

Our main study interpreted the meaning of the different aspects of the UTAUT
model when applied to the adoption of social media in HE. Based on our results
the priority is the need to pay special attention to infrastructure of ICTs before
implementing social media solutions. Another issue is that we are not aware of
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the conditions at home. Thus, the learning conditions of learners should be ana-
lyzed as the first step in outlining new learning activities based on social media.
The second most important factor is the selection of the best platforms in the
light of usability. After this an educator, should discuss how e-learning on social
media should be organized to support learners’ development in their work
and/or studies. We found that the students consider the social influence highly
important. The follow-up studies investigated what social media tools are pre-
ferred by students and if they have a positive impact on students’ learning. Based
on our results we also proposed guidelines for planning social-media-based
learning activities

In future, we are going to present further analyses of data from our studies and
other similar studies we have carried out to build a complete picture of major
success factors in social-media-based learning. We are interested in understand-
ing what social media skills of teaching staff should be developed to run success-
ful social-media-based learning courses.

We would like to thank students, teaching staff and researchers at both ATEI of
Thessaloniki and Jyvdskyld University for providing the Greek and Finnish data
and for useful comments regarding the results of the survey.
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ROZVOJ EKONOMICKE GRAMOTNOSTI NA 2. STUPNI
ZAKLADNICH SKOL

Svatopluk SLOVAK, Radim STEPANEK, CR

Abstrakt: Vzhledem ke spolecensko-ekonomickym podminkam roste nalé-
havost orientace obcani v ekonomickych otazkach. Je tudiz zadouci, aby se
ekonomické vzdélavani stalo dilezZitou soucasti ptripravy zaki v pocatecnim
vzdélavani, a to jiz na zakladnich skolach. Této problematice, resp. analyze
stavu na vybranych zdkladnich Skolach se vénuje nasledujici ptispévek.

Kli¢ova slova: ekonomické vzdélavani, zakladni $kola, Skolni vzdélavaci pro-
gram.

DEVELOPMENT OF ECONOMIC LITERACY AT THE 2ND STAGE
OF PRIMARY SCHOOLS

Abstract: Due to socio-economic conditions, the urgency of citizens’ orienta-
tion in economic issues is increasing. Therefore, it is desirable for economic
education to become an important part of the preparation of pupils in initial
education, already at primary schools. The contribution is devoted to the
analysis of the situation at selected primary schools.

Keywords: economic education, primary school, school education program.

1 Uvod

StéZejnim pozadavkem na vzdélavaci systém je vybavit clovéka kompeten-
cemi, které mu pomohou vyuzit svych osobnostnich ptredpokladi pro
uspésné uplatnéni v zivoté. Vzdélavaci systém tak musi dynamicky reagovat
na aktualni spolecensko-ekonomické trendy. Vzdélavani probiha v promén-
livych podminkach z pohledu makroprostiedi (hospodarska praxe a jeji pod-
néty, Skolska politika a legislativa, pozadavky kurikula, vyvoj pedagogickych
véd atd.) i mikroprostredi (klima konkrétni Skoly, vyukové prostory, skolni
vzdélavaci programy, ucebni plany, materialné technické vybaveni). S ohle-
dem na zmény ve spolec¢nosti v poslednim obdobi vyrazné nartistad naléha-
vost dobré orientace ob¢ani v ekonomickych otazkach. Ekonomicka gramot-
nost se tak stava podstatnou slozkou tzv. klicovych kompetenci. Jevi se tudiz
jako nezbytné vénovat zvySenou pozornost ekonomickym otazkam jiZ na za-
kladnich skolach.
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2 Ekonomické vzdélavani na zakladnich Skolach

Pokud se na problematiku ekonomického vzdélavani divame z pohledu za-
kladniho vzdélavani, pak vedle plisobeni na formovani osobnosti zZakd (sa-
mostatnost, rozhodnost, kreativita, poctivost, etika, mravni normy) je zde
stéZejni vSeobecné vzdélavaci funkce. Obc¢an by mél disponovat v§eobecnym
ekonomickym prehledem, racionalné hospodarit se svym majetkem a finan-
cemi, orientovat se v zakladnich otazkach pracovniho poméru a soukromého
podnikani. JiZ od zakladnich Skol je potieba zvySovat Ucinnost vychovné
vzdélavaciho procesu a smérovat ke zkvalitnéni ekonomického vzdélavani.
Vybér podstatnych ekonomickych poznatkl a jejich pfeména v potiebné,
srozumitelné a Zakiim priméiené ucivo vsak neni jednoduchou zalezitosti.

V Ceské republice jsou v této oblasti ¢asto pouzivanymi pojmy ,finanéni gra-
motnost’, resp. ,finanéni vzdélavani“. Financ¢ni vzdélavani je jednou z mala
oblasti vzdélavani, kterd ma vladou schvalenou strategii - Narodni strategii
finan¢niho vzdélavani. Ta se zabyva vyznamem a principy finan¢niho vzdéla-
vani a roli jednotlivych subjektl. StéZejnim dokumentem pro financ¢ni vzde-
lavani zakl v pocatecnim vzdélavani je pak Systém budovani financ¢ni gra-
motnosti na zakladnich a stfednich skolach. V tomto dokumentu jsou uve-
deny tzv. Standardy finanénf gramotnosti, které vymezuji cilovy stav rovné
finan¢ni gramotnosti pro jednotlivé stupné, resp. stanovuji obsah a vysledky
v dil¢ich tematickych okruzich (penize, hospodaieni domdacnosti, finan¢ni
produkty, prava spotrebitele) a jsou jednim z vychodisek pri tvorbé konkrét-
nich vzdélavacich programi. Jedna se v podstaté o problematiku spravy
osobnich, resp. rodinnych financi. Finan¢ni gramotnost tak predstavuje sou-
bor znalosti, dovednosti a hodnotovych postoji ob¢ana nezbytnych k tomu,
aby byl schopen vystupovat na trhu finan¢nich produkti a sluzeb, orientoval
se v problematice penéz a cen a byl schopen spravovat osobni rozpocet.

Mezi finan¢ni vzdélavani a ekonomické vzdélavani se ¢asto dava rovnitko.
Ekonomické vzdélavani (nebo téz ekonomickou gramotnost) je nutno
chapat siteji. Financni vzdélavani je jen dil¢i slozkou (byt podstatnou) vzdeé-
lavani ekonomického. Ekonomické vzdélavani zahrnuje vedle dalSich témat
uzce souvisejicich s finan¢ni oblasti (numericka gramotnost, dafiova oblast,
informacni gramotnost, pravni gramotnost) také mikroekonomické a makro-
ekonomické aspekty (fungovani ekonomického systému, principy trzni eko-
nomiky jako ekonomického systému, principy chovani ekonomickych sub-
jektl, orientace v zakladnich vztazich a porozuméni zakladnim makroekono-
mickym veli¢cinam a ukazateltim).

Relativné samostatnou tematikou je problematika volby povolani a profesni
orientace, kterou taktéZ mizeme zaradit do ekonomického vzdélavani (mj.
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otazky pracovniho poméru, podnikani, socialniho systému apod.). Tuto ob-
last resi Ramcovy vzdélavaci program pro zakladni vzdélavani v ramci vzdeé-
lavaci oblasti Clovék a svét prace a pro potireby tohoto prispévku ji ponechme

stranou, byt souvislost je zfejma.

3 Ekonomické vzdélavani v RaAmcovém vzdélavacim programu

Také s ohledem na vySe uvedené skutecnosti je ekonomické problematice vé-
novana pozornost v Raimcovém vzdélavacim programu pro zakladni vzdéla-
vani (RVP ZV). Ekonomické otazky jsou povinnou soucasti zakladniho vzdé-
lavani a zakladni skoly jsou povinny problematiku zapracovat do svych skol-
nich vzdélavacich program?.

Toto se tyka jiz prvniho stupné, kdy jsou ekonomické témata soucasti vzdé-
lavaci oblasti Clovék a jeho svét a zak by mél byt veden k orientaci v proble-
matice penéz a cen a k odpovédnému spravovani rodinného rozpoctu. Vy-
stupy vzdélavani (mj. pouzivani penéz v béznych situacich, kontrola ceny na-
kupu a vracenych penéz, nemoznost realizace vSech chténych vydajd, orien-
tace v zakladnich formach vlastnictvi atd.) jsou definovany pro konec dru-
hého obdobi. Problematika je na vétsiné Skol zarazovana do predmeétu Vlas-
tivéda ve ¢tvrté a paté tridé.

Na druhém stupni zakladnich $kol by mélo byt ekonomické vzdélavani po-
vinné soudasti vzdélavaci oblasti Clovék a spole¢nost. Tato oblast ma dva
vzdélavaci obory: Déjepis a Vychova k obcanstvi. Stanovené cile (v ramci
vzdélavaciho oboru Vychova k obcanstvi) jsou napliiovany prostiednictvim
povinného tematického okruhu Clovék, stat a hospodai‘stvi. V ramci tohoto
tematického okruhu by méla byt pozornost zamérena na oblasti majetku
a vlastnictvi, penéz, hospodareni a rozpo¢tu domacnosti. V ndvaznosti na
tento vzdélavaci obsah jsou relativné podrobné definovany pozadované vy-
stupy vzdélavani, resp. vzdélavaci cile.

4 Analyza stavu na vybranych zikladnich skolach

Priizkumy realizované v Ceské republice naznacuji, Ze ekonomické vzdéla-
vani se na zakladnich $kolach potyka s mnoha problémy. Autofi tohoto pii-
spévku maji ambice prinést dalsi informace o stavu ekonomického vzdéla-
vani na zadkladnich $kolach. V pribéhu brezna a dubna tohoto roku tak
provedli analyzu $kolnich vzdélavacich programii jedenacti zakladnich
$kol v Ostravé a okoli. Seznam $kol je zfejmy ze seznamu pouzité literatury
za timto ptispévkem. Analyzovanou oblasti SVP bylo ekonomické vzdélavani
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na druhém stupni. Analyza byla provedena zejména s ohledem na realizova-
telnost a prakticnost, odbornou spravnost, jasnost a srozumitelnost, otevie-
nost a sevirenost, aktualnost vzhledem k trenddm a spolecenskym vyzvam.
Komplexni zprava z provedeného Settfeni se teprve pripravuje, nicméné pro
potreby tohoto prispévku Ize formulovat nasledujici dil¢i zaveéry:

e V podstaté na vSech jedenacti zakladnich $kolach je ekonomické vzdéla-
vani zakomponovano (v souladu RVP ZV) zejména do vzdélavaci oblasti
Clovék a spoleénost, vzdélavaciho oboru Vychova k ob&anstvi. Ten je rea-
lizovan prostifednictvim predméti bud ,Obcanska vychova“ nebo ,Vy-
chovak obcanstvi“ s obvyklou dotacijedna hodina tydné v 6., 7., 8.1 9. roc-
niku.

Mezi Skolami jsou vSak vyrazné rozdily z pohledu vzdélavaciho obsahu.
Na nékterych Skolach je Siroce pojaty, nadstandardni pro dany stupei
vzdélavani. U nékterych skol vsak byly zjistény nedostatky, napt. absence
nékterych témat stanovenych Ramcovym vzdélavacim programem pro
zakladni vzdélavani. U¢ivo mohlo byt rozpracovano preciznéji, resp. kon-
krétnéji. Problémem je také usporadani jednotlivych témat z pohledu na-
vaznosti uciva. Na nékterych skolach jsou témata postupné zarazovana
plynule do vSech ¢tyi ro¢niki. Dalsi skupina kol zafazuje dva vétsi celky
s vétsi pauzou (pt. do 6.a 8.ro¢niku nebo do 7. a 9. ro¢niku), nékteré skoly
koncentruji uc¢ivo pouze do jednoho ro¢niku (pf. az do 9. ro¢niku), coz
rozhodné neni optimalni. Na Zadné z jedendacti zakladnich Skol neni do
ucCebniho planu zarazen samostatny predmét zaméreny na predmétnou
problematiku. Vyjimkou je Zakladni $kola ve Frycovicich, kde je predmét
Finan¢ni gramotnost. Ten je vSak soucasti u¢ebniho planu pro prvni stu-
peri.

Evidentni problémy jsou také ve formulovanych vystupech z uéeni. V né-
kolika pripadech jsou pouze prevzaty z Ramcového vzdélavaciho pro-
gramu pro zakladni vzdélavani. Ne vZdy jsou vhodné provazany s dekla-
rovanym ucivem, resp. vzdélavacim obsahem.

Pozitivem je evidentni snaha o propojenost vyuky s praktickym Zivotem,
snaha o metodickou pestrost vedeni vyuky, rozmanitost také z pohledu
organizacnich forem vyucovani a vyuZzivani materialné didaktickych pro-
stredki. Vétsina sledovanych $kol ma ve svych skolnich vzdélavacich pro-
gramech dobte rozpracovana souvisejici priifezova témata. Skoly se také
snazi zapojovat do projekti zaméienych na sledovanou problematiku.

e Pozitivné lze hodnotit propracovanost mezipredmétovych vztahi, ktera
je pro ekonomické vzdélavani nezbytna. Finan¢ni otazky jsou ve vétSiné
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pripadi vhodné zapracovany také do vzdélavaci oblasti Informacni a ko-
munikacni technologie, ale zejména do oblasti Matematika a jeji aplikace.
Financ¢ni problematika je zafazovana do matematickych loh, vyuka ma-
tematiky tak vyrazné prispiva k rozvoji finan¢ni gramotnosti. Na dvou
Skolach je ptimo zatazen predmét Finan¢ni matematika.

5 Zavér

Cilem prispévku bylo zejména informovat ¢tenare o dil¢ich zavérech analyzy
Skolnich vzdélavacich programi vybranych zakladnich skol. Oblasti analyzy
bylo ekonomické vzdélavani na druhém stupni. Lze konstatovat, Ze Skolni
vzdélavaci programy jsou ve vét$iné piipadd dobrym predpokladem rozvoje
finan¢ni a ekonomické gramotnosti zZakd a pfedmétnym otazkam je véno-
vana adekvatni pozornost. Nicméné byla provedena pouze analyza kuriku-
larnich dokumentd, nikoli diikladnéjsi seznameni se s realnou situaci na sko-
lach. Navic i vySe uvedené Setreni odhalilo mnohé nedostatky a v pripraveé
zakl na zakladnich skolach je urcité stale co zlepsSovat. Toto se netyka jen
zdkladnich $kol, ale také fakult ptipravujicich ucitele. Didaktika ekonomic-
kych predméti by se méla stat nedilnou soucasti pregradualni piipravy bu-
doucim ucitelli v ramci vzdélavaciho oboru Vychova k ob¢anstvi.
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AUTOMATICKE HODNOTENIE TESTOV Z MS EXCELU

Tibor SZABO, 11diké PSENAKOVA, SK

Abstrakt: Kancelarsky balik MS Office patri k najrozsirenej$im a najpouziva-
nejsim softvérom v sucasnosti. Dokonalé zvladnutie prace s jeho st¢astami,
hlavne s MS Word a MS Excel sa stalo prakticky nevyhnutnou poziadavkou
v kazdej profesii, v ktorej sa pouzivaju osobné pocitace. Ovladanie mnohych
zlozitejSich funkcii napriklad MS Excelu je potrebné na efektivnu a rychlu
pracu s tabul’kami, a predsa pre mnohych pouzivatel'ov su tieto funkcie do-
slova ,strasSiakom”. Aj ked sa praca s programom MS Excel uz vyucuje na
strednych Skolach, zial, aroven jeho zvladnutia Studentmi je nedostatocna,
a preto sa stava sucastou uciva v mnohych vysokoskolskych studijnych pro-
gramoch. V prispevku uvadzame popis softvéru, ktory sme vytvorili na auto-
matické vyhodnotenie Studentskych testov z programu MS Excel. Softvér je
schopny vyhodnotit naraz viac testov roznych typov. Na definovanie testov
softvér pouziva XML stbor, v ktorom st popisané jednotlivé otazky s viace-
rymi parametrami. Napriklad v dlohach, v ktorych Student musi kopirovat
excelovské vyrazy, v XML sdbore je uvedeny povodny vyraz, adresa pévod-
ného vyrazu, smer a dizka kopirovania. Samozrejme, softvér ma urcité obme-
dzenia, ale napriek tomu mdze byt uzito¢nou pomdckou pre ucitela.

KI'icové slova: MS Excel, C#, regularne vyrazy, XML, automatické vyhodno-
tenie.

AUTOMATIC EVALUATION OF TESTS FROM MS EXCEL

Abstract: The MS Office suite is one of the most popular and most widely
used software in the world today. Perfect handling of its components, espe-
cially with MS Word and MS Excel, has become a virtually indispensable re-
quirement in any occupation where personal computers are used. Control-
ling many more complex features, such as MS Excel, is necessary for efficient
and fast work with spreadsheets, and for many users, these features are lit-
erally ,scary”. Even though MS Excel is already taught at secondary schools,
its level of mastery is poor, and so it becomes part of the curriculum in many
higher education programs. In the paper we describe the software that we
created for the automatic evaluation of MS Excel student tests. The software
is capable of evaluating multiple tests of different types at once. In defining
the tests, the software uses an XML file that describes individual questions
with multiple parameters. For example, in tasks where a student must copy
Excel’s expressions, the original is the original expression, the address of the
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original expression, the direction and the length of the copy. Of course, the
software has some limits, but it can still be a useful tool for the teacher.

Keywords: MS Excel, C#, regular expression, XML, automatic evaluation.

1 Uvod

Zial, este aj v sti¢asnosti sa na univerzitach a vysokych $kolach stretdvame
s problémom, Ze Studenti neovladaju spravne pouzivanie sucasti kancelar-
skych softvérovych balikov (MS Office, OpenOffice, LibreOffice, atd.), ktoré
su prakticky nevyhnutnou poziadavkou v kazdej profesii, v ktorej sa pouzi-
vaju osobné pocitace. V pripade textovych editorov sa stretdvame s doku-
mentmi, z ktorych je viditel'né, Ze boli neodborne formatované, nepouzivaji
zakladné moznosti a vyhody editora a podobaji sa dokumentom napisanych
obycajnym pisacim strojom (bez zarovnania, tabulatorov, automatickych od-
razok, Cislovania a pod.). V pripade tabul'kovych procesorov vidime hlavne
problém pri pouZivani réznych funkcii. Studenti bud’ funkcie vébec nepo-
znajuy, a preto ich ani nepouzivajq, alebo ak aj poznaju, nevedia ich spravne
aplikovat na dany problém. A to hovorime len o vedomostiach a zruc¢nos-
tiach, ktorymi by uz Studenti mali disponovat’ po ukonceni strednych $kol. Je
teda evidentné, Ze pocas Studia tito medzeru vo vedomostiach Studentov je
nutné odstranit.

2 Softvér na vyhodnotenie testov z MS Excelu

Podl'a Rafajlovicovej cielom testovania je objektivne a Co najpresnejsie ziste-
nie drovne kompetencii jedincov a skupin. Pomocou vyhodnotenia testov
moZzZeme overit efektivnost vyucovania, zistovat' celkovud uroven dosiahnutia
ciel'ov; zistovat postup ucenia a rozvoj jednotlivych zZiakov; zhromazd'ovat
podklady na klasifikaciu Studentov; ziskavat informacie pre rozhodnutia
o d'alSom vzdelavani Studentov; rozvijat sebareflexiu a konstruktivnu sebak-
ritiku Studentov [5].

Schopnost pouZitia vhodnych funkcii pri rieSeni problémov v tabul’kovom
procesore MS Excel podporuje aj analytické a kritické myslenie Ziakov.

Mnoho ucitelov, hlavne starSej generacie, neovlada v dostato¢nej miere
pracu s tabulkovym procesorom, a preto ho neradi aj ucia. Na ul'ahcenie
prace ucitel'a sme vytvorili jednoduchy softvér, ktory sliZi na vyhodnotenie
testov z MS Excelu a mdZe im poméct pri hodnoteni Ziakov.

Softvér je zatial zamerany na hodnotenie pouZzitych funkcii v testoch. Ana-
lyza a spracovanie excelovskych vyrazov znamenala najtazsiu ¢ast vyvoja.
Pocas rieSenia tzv. uloh textového spracovania sme vyuZili regularne vyrazy
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[1, 4]. V d’alsej verzii chceme rozsirit schopnosti nasho softvéru, napriklad
na najdenie alternativnych rieseni.

2.1 Vyhodnotenie testov

Test vytvoreny na vyhodnotenie obsahuje uzavreté tlohy. Student ma na ur-
¢ené miesta dopliiiat’ excelovské vyrazy (odpovede). Tieto typy tloh umoz-
niuju objektivne a rychle vyhodnotenie. Myslime si, Ze ulohy typu ,Vypocitaj
sumu buniek do danej bunky...“, t.j. v ktorych st uvedené konkrétne pokyny
pre respondenta, su z hl'adiska konec¢ného vysledku vyucovacieho procesu
menej efektivne. Test by mal obsahovat' tlohy priameho charakteru, ktoré
vyZaduju od Ziakov aplikiciu nadobudnutych vedomosti a zru¢nosti, schop-
nost riesit teoretické a praktické problémy, a tieZ tvorivé a hodnotiace mys-
lenie.

2.2 Program exTest

Softvér je vyvijany v programovacom jazyku C# pre platformu .NET Frame-
work 4.5.2, popritom vyuZziva aj kniZnice Microsoft Office Library 15.0 a 16.0.
Subory programu MS Excel sa otvarajui na pozadji, ¢o zapriciiuje spomalenie
¢innosti, napriklad vyhodnotenie 10 testov trva 38,4 sekund (konfiguracia
PC: Windows 10 x64, Intel Core i5-3310M, RAM 6GB DDR3).

Na obrazku 1 vidime obsah Gvodnej obrazovky v programe exTest a pocas
hodnotiaceho procesu, teda pri vyhodnoteni testov. Ako je viditel'né, sicasne
je mozné vyhodnocovat aj viac testov. Je nutné uviest, Ze program je vytvo-
reny pre novsie verzie MS Excelu a subory musia byt typu *.xIsx.

ol exTest - [m] X ol exTest - [m] X

E\Users‘tybee'\Desktop'excel Ateszt 2017 (20) xlsx
E:\Users\tybee\Desktopexcel\Aeszt2017 (19) xlsx
E\Users‘tybee'\Desktop'excel\Bteszt2017 (16) xlsx
E\Users\tybes\Desktop\excel\Aeszt2017 (17) xlsx

a) ivodna obrazovka programu b) hodnotiaci proces
Obrazok 1: exTest v akcii.

Ako vysledok vyhodnotenia dostaneme d'alsi excelovsky stibor s ndzvom re-
sults.xlsx (obrazok 2), ktory obsahuje vysledky vyhodnotenych testov
(meno, aprobacia, ¢islo ISIC, typ testu, ziskané body za jednotlivé otazky,
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suma dosiahnutych bodov). Tento stibor je umiestneny v adresari, kde je ulo-
Zeny aj samotny softvér.

B c D E F G H 1 J K L M N o
IsIC Stud. prog File Type of Test

175075 |RcM16b  E\Users\tA
2516405934 2PEM15b E:\Users\t A
2516671262 2PEM15b E:\Users\tB
2516752014 2PEM1Sb E:\Users\t A
3816519707 PEM15  E:\Users\tB

174926 RCM16b  E:\Users\t B

177310 IDEGENFC E:\Users\t A

175053 RCM16b  E:\Users\tB

177048 1RCM16b E:\Users\t A

175158 C.RUCH  E:\Users\tB

O WwWwo oo WwWwww
Mo e n ;G
m o oo o wuo
mo o oo wnune
oo o ooooooo
R R RV R RENRENREN]
oNo oo o0 0oe
Cc o0 oo0oo0o0ow
okoooooooe
w

Obrazok 2: Ndhl'ad obsahu suboru: results.xIsx.

Dal$ou doleZitou st¢astou programu exTest je stbor tests.xml, ktory obsa-
huje definiciu jednotlivych testov. Struktdra jednotlivych otazok moze byt
dvojaka. V prvom pripade (obrazok 3a) je iloha zostavena tak, Ze je potrebné
nieco vypocitat a vysledok ulozit do bunky danej adresy. Druhy typ tloh (ob-
razok 3b) je v podobe: ,vypocitaj do bunky danej adresy nieco, a to isté apli-
kuj aj na d’alSie pole buniek.”

a) bez kopirovania vyrazu b) s kopirovanim vyrazu

Obrazok 3: Struktira tests.xml stiboru.

Vyznam jednotlivych elementov .xml stiboru:

test_id - typ testu, q_n - Cislo otazky,

rep - mnozstvo kopirovania, points - body za danu otazku,

val - o¢akavany vyraz (v pripade kopirovania len hodnota prvého vyrazu),
row a col - adresa bunky, kde sa ma nachadzat vyraz,

direction - smer kopirovania (down - dole, right — doprava).
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Vyhodnotenie jednotlivych typov otazok je nasledujuce:
o v pripade bez kopirovania: spravny vyraz = plny pocet bodov, nespravny
vyraz = nula bodov,
o v pripade kopirovania, sa body rovnomerne sa rozratavaju podl'a poctu
kopirovani.
Prikladom ulohy prvého typu méze byt: Do bunky D22 vypocitajte, kol'ko ku-
sov sa predalo z najdrahsSieho tovaru za 3. mesiac (obrazok 4a).
Druhy typ moze zniet takto: Pre vSetky riadky danej tabulky vypocitajte,
kol'’ko kusov spolu sa predalo z daného tovaru a vysledok uved'te v stlpci Q
(obrazok 4b).

Predané mnoist

Jed. cena (vEUR) 1 2 3 4 5

1| 48 3| 85 54
0.05| 49 152 174| 98 106
Zokolda 0.89| 50 79 105 72 192
korenie 02| 77 151 139| 134 70 ednotlivé mesiace
1kg) 0.42| 96 31 91 116 130 S
afant 10% 059 53 3 139 143 Pt 2 iz fmda"fm"m‘"m |I
10 250g 249 61 22 182| 198 123 2? 1;2 5; i:i 1§§ iz?_silnr;mm .
055| 189 143 72| 146 119 S :
, oo 1aa 75 76l 23 76 57 10 100 77 30 11 828
ola 2l 149|150 45 41| 179 144 05 77 179 S5 54 6 961
v cukor ocal 93 10 as| 139 4 0B 178 107 65 159 79 1222
okolda voal 1 67 30| a4 1o 43 181 124 158 187 20 1245
58 57 102 103 140 5 1168
71 13 27 161 168 7 1142
a [EVLOOKUPIMAX(DS 016),05:6.16,4, FALSE) 117 152 127 39 160 103 1449

a) prvy typ ulohy b) druhy typ ulohy

Obrazok 4: Typy uloh.

Vytvorit nové otazky alebo testy je mozné na zaklade uvedenej struktury cel-
kom jednoducho, tym sa softvér stava flexibilnej$im a rozsiria sa moznosti
jeho pouzitia.

3 Zaver

Program exTest ma urcité obmedzenia, ale aj napriek tomu si myslime, Ze
moZe byt uZito¢nou pomdckou pre ucitel'ov. V budicnosti planujeme zabu-
dovanie d’al$ich moZnosti a vylepSeni do nasho softvéru, ako napriklad moz-
nost’ vyberu zobrazovanych udajov v stibore results; vylepSenie analyzy ex-
celovskych vyrazov (napr. komutativnost v niektorych pripadoch); automa-
tické odosielanie vysledkov konkrétneho Studenta na e-mail a pod.
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Dufame, Ze sa nAm podari nasu pracu dostato¢ne spropagovat a rozsirit me-
dzi kolegov, a posilnit tak dolezitost vyucby tabul'’kového procesora ako ne-
odmyslitel'nej sucasti kancelarskych softvérov. Zaroven verime, Ze skvalitne-
nim pripravy Studentov prispejeme k zvySeniu aj ich digitalnej gramotnosti.
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DOMACA PRiPRAVA STUDENTOV NA STREDNYCH
SKOLACH POMOCOU IKT PROSTRIEDKOV

Milan STRBO, SK

Abstrakt: PredloZeny clanok sa zaobera vyuzitim informac¢no-komunika¢nych
technolégii v domacej priprave $tudentov na strednych $kolach. Clanok je rozde-
leny na teoretickd a vyskumnu Cast. Teoretickd Cast poskytuje prehl'ad o pro-
striedkoch IKT, ich vyzname, funkciach, dlohach a vyuziti. Vo vyskumnej casti
sme zistovali mieru vedomosti a zruc¢nosti Studentov, ale najma v akom rozsahu
Studenti vyuzivaju prostriedky IKT v domacej priprave.

KI'ticové slova: IKT prostriedky, Student, priprava na vzdelavaci proces.

HOME PREPARATION OF HIGH SCHOOL STUDENTS USING ICT

Abstract: This article deals with the use of information and communication tech-
nologies in the home preparation of students in secondary schools. The article is
divided into the theoretical and research part. The theoretical part provides an
overview of ICT resources, their meanings, functions, roles and uses. In the re-
search section, we identified the level of knowledge and skills of students, espe-
cially the rate of use the ICT by students within their home preparation.

Keywords: ICT tools, student, preparation for the learning process.

1 Uvod

Zivot v dne$nej modernej spoloénosti si uZ ani nedokazeme predstavit' bez vyu-
zivania IKT prostriedkov. St vSade a na pouzivatel'ov kladi znac¢né naroky. S na-
stupom informacnej spolo¢nosti sa meni i pohl'ad na sticasné skolstvo a na jeho
vyznam. Tu bol za posledné roky v oblasti nasadzovania a vyuzivania vypoctovej
techniky zaznamenany vyrazny pokrok. K inova¢nym trendom, ktoré prispievaju
k zefektivneniu vyucovania patria prave IKT prostriedky, ktorych implementacia
do vyucby a ich vhodné vyuzitie je prinosom pre cely vzdelavaci proces. Preto je
zrejmé, Ze na pouZzivatel'ov IKT sa kladu ¢oraz vyssie naroky. Pre pedagdgov uz
nestaéi disponovat len zakladnou poéitatovou gramotnost'ou. Casto totiZ pricha-
dza ku konfrontécii irovne poznania medzi Studentmi voci pedagoégom.

2 Teoreticka ¢ast’

Posledné desatrocia su poznamenané prudkym rozvojom vedy a techniky s apli-
kovanim ich do realneho Zivota. Trend je dnes taky, Ze aplikovanie vydobytkov
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vedy a techniky do praxe sa neustale zrychl'uje. Preto sa nasadzovanie a vyuziva-
nie IKT prostriedkov aplikuje i v Skolstve. Tymto spésobom v iom dochadza
k modernizicii, ¢o samozrejme prinasa pokrok.

2.1 Co su IKT prostriedky

Ked chceme charakterizovat IKT, musime si najprv pripomenut, Ze slovom tech-
nolégie oznacujeme technické prostriedky, postupy a zrucnosti, ktoré sa pouzi-
vaju s urcitym cielom a ktoré prindsaju praktické vysledky. Slovnym spojenim
»informacné a komunikac¢né technolégie” oznacujeme vypoctové a komunikacné
prostriedky, ktoré réznymi spdsobmi podporuji vyucbu, stidium a d’alSie akti-
vity v oblasti vzdelavania. Su to technolégie, ktoré suvisia so zberom, zazname-
navanim a vymenou informécii. K tejto ¢innosti sa pouzivaju tradi¢né média ako
televizia, video, radio, osobné pocitace, internet a d'alsie (Suchy, 2007).

2.2 Vlastnosti IKT

Vel'ky u¢ebny potencial - klasické ucebnice nedokdzu konkurovat mnozstvu
informacii, ktoré IKT pontka,

interaktivnost - IKT nie su pasivnym technologickym prvkom. Integrované
edukacné prostredie umoziiuje interakciu medzi ucitelom a Studentom,

tvorivost - IKT vytvara priestor pre rozmyslanie, tvorivua a efektivnu pracu.

motivacia - vyuzitie IKT technolégii ¢asto viac motivuje Studentov na ziskanie
novych vedomosti ¢o vedie k zvySeniu efektivnosti vyucby.

rychlost prace - pocitace dokazu spracovat, uchovat, analyzovat a vyhodnoco-
vat vel'’ké mnozstvo informacii (Kucerova, Palusova 2006).

2.3 Vyznam IKT prostriedkov v domacej priprave $tudentov

Domaca priprava $tudentov ma svoje opodstatnenie a vyznam. Studenti si poc¢as
vypracovavania domacich uloh precvicuja ucivo, ktoré sa potom lepsie fixuje do
pamati. V stvislosti so zadavanim domacich tloh zaznievaju hlasy, Ze Studenti
dostavaju vel'a domacich tloh, nasledkom ¢oho st neprimerane pretazovani. No
na druhej strane su tu i hlasy, Ze Studenti by nemali dostavat Ziadne domace
ulohy, pretoze vsetko podstatné by sa mali naucit' v skole. Pedagégovia vsak do-
macu pripravu a doméace ulohy vnimaji ako samozrejmu sucast pripravy Ziaka
na vyucovanie (Petlak, Komora 2003).

2.4 IKT v Skolstve

Ulohou je uspokojovat informaéné potreby $tudentov, pedagégov a vedeckovys-
kumnych pracovnikov. V minulosti si ucitelia a Ziaci museli vo vyu¢ovacom pro-
cese vystacit' s tabul'ou, u¢ebnicami a jednoduchymi u¢ebnymi poméckami. Po-
stupne sa vSak objavovali programované ucebnice a v poslednych rokoch aj vy-
ucbové programy. Dnes je tu neustdle expandujuci internet - fenomén doby,
ktory ovplyvnuje spolocensky zivot, vedu, vzdelavanie, umenie a komercna sféru.
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Pre nasledujtice genericie sa stane sucastou ich Zivotného stylu home-compu-
ting, home-banking, home-shoping, video-conferencing a distance learning
(Suchy 2007).

Internet a prostriedky IKT vo vyucovacom procese slizia pedagégom a Stu-
dentom k ziskavaniu novych poznatkov, ale tieZ na vzajomnu komunikaciu s inou
triedou, ¢i skolou, kde je moZné riesit rovnaky problém.

Internet a IKT po vyuéovani umoZni $tudentom a pedagégom dopliat svoje ve-
domosti. MdZe ist’ o individualne aj skupinové doucovanie. TieZ moze ist o zdo-
konal'ovanie uz nadobudnutych poznatkov.

Vyuzitie IKT a internetu pri zabezpecovani vyu¢ovania ndm umoznuje kon-
trolu vedomosti pomocou roznych testov, komunikaciu medzi Studentmi a pra-
covnikmi Skoly, vedenie pedagogickej dokumentacie (elektronicka triedna
kniha) a ziskavanie informacii r6zneho druhu.

MozZnosti vyuzitia IKT vo vyucovacom procese

Hovorime o priamom a aktivnom nasadeni. IKT umoziuju efektivnu pracu s pri-
pravenym materidlom, a hoci moZe byt prvotna priprava ¢asovo naroc¢nd, ne-
skorsie dopliiovanie a upravovanie pripravenych materialov je vel'mi pohodlné,
¢o v konec¢nom dosledku zvySuje efektivitu prace.

2.5 Pozitiva pouzivania IKT vo vyucovani

Individuélne tempo, diferenciaciou obsahu vyucovania, rozsirovanie uciva na-
zornostou (jednoduché a rychle grafické znazornenie), I'ahs$iu a rychlejsiu apli-
kaciu osvojenych poznatkov, motivaciu ziakov, ako aj va¢Siu variantnost' a objek-
tivnost hodnotenia. IKT st pre Studentov aj akymsi motivacnym stimulom, pre-
toZe vyvolavaju isty pocit sutazivosti.

3 Vyskumny problém
Ciel'om bolo zistit, do akej miery vyuzivaja Studenti strednych s$kol IKT pro-
striedky v domacej priprave na vyucovanie. TieZ sme zistovali ich znalosti z pro-
striedkov IKT a do akej miery ich ovladaju a vyuzivaju. Pri rieSeni vyskumu sme
vyuzili kvantitativnu metodolégiu vyskumu a dopredu sme Specifikovali predpo-
kladané vystupy.
3.1 Ciele vyskumu boli nasledujuce:

1. Zistit ako ¢asto Studenti vyuZzivajui IKT v doméacej priprave do Skoly.

2. Zistit vychodiskovy stav vedomosti prace s pocitacom, internetom
a IKT prostriedkov zo strany Studentov strednych $kél.

3. Zistit na ¢o Studenti prevaZne vyuzivaju svoj osobny pocitac.
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3.2 Vysledky vyskumu a ich interpretacia

Vyskum bol zamerany ucelovo, nakol'ko sme prostrednictvom dotaznika zisto-
vali do akej miery vyuZivaji prostriedky IKT v doméacej priprave. TieZ nas zauji-
malo, aka je Uroven ich zruc€nosti pri praci s prostriedkami IKT. Samotné vy-
sledky vyskumu su interpretované v nizSie uvedenych grafoch.

1. Otazka: Ako Casto Studenti vyuZzivaji IKT prostriedky v domacej priprave na
vyucovaci proces?

ple

POCET RESPONDENTOV

20

Nikdy Zriedka Pravidelne

Graf 1: Pouzivanie IKT prostriedkov v doméacej priprave.

Po vyhodnoteni otazky (podl'a grafu 1) je zrejmé, Ze vacSina Studentov pravidelne
pouziva IKT prostriedky k doméacej priprave na vyucovaci proces pravidelne.

2. Otazka: Aka je Groven zru¢nosti Studentov v praci s poc¢itacom?

110

100

10

- .
] T

Zaciatoénik Bezny Gzivatel’ Pokroéily

POCET RESPONDENTOV

Graf 2: Studen znalosti Studentov prace s pocitacom.
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Z grafu 2 je zrejmé, Ze tiroven vedomosti prace s IKT prostriedkami vacsiny
Studentov je na arovni bezného pouzivatela.

3. Otazka: Na ¢o hlavne pouzivate svoj pocitac?

&0

5

POCET RESPONDENTOV
s 3

i .
o T

Zibava I Komunikicia Stidium

Graf 3: Vyuzitie osobnych pocitacov Studentmi.

Z grafu 3 mozeme vycitat, Ze najviac Studentov vyuziva pocita¢ na komuni-
kaciu a zabavu. Iba 10 % $tudentov vyuziva poéita¢ na $tidium. Co je vel'mi
zanedbatel'né ¢islo. Dnes jestvuje nesmierne mnozstvo réznych vzdelavacich
aplikacii, ktoré pomahaju Studentom zvysit svoje vedomosti a zruc¢nosti
z roznych odvetvi.

4 Zaver vyskumu a odporicania pre prax

Zo samotnych vysledkov vyskumu sme dospeli k nasledujicim zaverom:
Znalosti Studentov z oblasti IKT su vo vacsine pripadov na urovni beznych
pouzivatel'ov - tu by bol vhodny aktivnejsi pristup zo strany pedagégov. Su-
Casna prax dokonca hovori o skutoc¢nosti, Ze Studenti majui neraz lepsie ve-
domosti z oblasti IKT, nez vyucujuci. Zo strany pedagégov nie je vel’ka ochota
davat’ Studentom domace ulohy v elektronickej podobe, pricom skor inkli-
nuju ku klasickym domacim tloham. Tu vSak treba podotknut, Ze Studenti by
takyto moderny pristup uvitali. Studenti, ale aj pedagégovia majt znalosti
z vyuzivania vypoctovej techniky skor rutinné - vyuzivaja len isté obme-
dzené funkcie Wordu, Excelu, PowerPointu. Tu by bol na mieste kreativnejsi
pristup zo strany pedagdgov, ktori by mali podporovat tvorivé myslenie svo-
jich Studentov.

252



XXX DIDMATTECH 2017, TRNAVA UNIVERSITY IN TRNAVA, FACULTY OF EDUCATION

Odporucania pre prax

1

2.

. Skvalitnit pripravu studentov strednych $kol z oblasti vypoctovej tech-

niky a IKT a zabezpecit lepSiu dostupnost internetu na Skolach.

Vyrazne zlepsit informovanost pedagogov a Studentov o vyhodach vy-
uzivania IKT v Skole i o vyhodach elektronickej komunikicie.

Podporovat obzvlast nadanych studentov v tejto oblasti a neklast me-
dze kreativite.

Na mnohych Skolach by bolo vhodné zriadit' krizky informatiky, kde by
si v popoludiiajsich hodinach mohli rozsirovat svoje vedomosti zaujem-
covia z radov Studentov, ale i radov pedagégov.

References
1.

2.

5.

SUCHY, S.: VyuZitie informaénych a komunikacnych technolégii vo vyuébe fyziky.
Gymnazium sv. Franti§ka Assiského v Levoci. PreSov : FHPV PU, 2007.
KUCEROVA, A. - PALUSOVA, M.: IKT ako moderny didakticky prostriedok. In Zbor-
nik z konferencie Unifos. Nitra : 2006. ISBN 80-8050-976-X.

STOFFOVA, V. - STRBO, M.: Educational technologies to support language teach-
ing, In XXIXth DIDMATTECH 2016. Budapest : Edtvos Lorand University in Buda-
pest, Faculty of Informatics, 2016. ISBN 978-963-284-801-3.

PSENAKOVA, 1.: Interactive applications in the work of. In XXIXth DIDMATTECH
2016. Budapest : E6tvos Lorand University in Budapest, Faculty of Informatics,
2016. ISBN 978-963-284-800-6. P. 92-100.

PETLAK, E. - KOMORA, J.: Vyucovanie v otdzkach a odpovediach. Bratislava : Iris, 2003.

Reviewed by: Ing. Lukas Smolarik, PhD.

Contact address

Ing. Milan Strbo, PhD.

Trnava University in Trnava, Faculty of Education
Priemyselna 4,918 43 Trnava

E-mail: milan.strbo@truni.sk

253



AUTHOR INDEX

B
Baganj, Igor 167
Bakonyi, Victoria H.....cccooeeeeeerrnneneennes
Bartoszewski, Artur.
Beisetzer, Peter ...
Bernat, Péter
Branisa, Jana 19
BUrgerova, Jana .....eesseseesees 114
C
Cséka, Mark 120
Czakéova, Krisztina......eseenenns 120
Czirkos, Zoltan 59
F
Fialov4, Jana 153
H
Horvath, Roman .......eeeeeneeenens 68
I
Illés
Zoltan, Dr. 107
Zoltan, Jnr. 107
J
Jenisova, Zita 19
K
Kiedrowicz, Grzegorz ... 205
Kostrub, DuSan ... 141
Kovacik, Peter 34
Kozlej, Jan 89
KuZzminska-Sot$nia, Beata.......couuuue... 97
M
Manik, Marek 10
Merenda, Miroslav.......... 28
0]
Obert, Filip 10

254

Ondruska, Jan 10
P
Pavlenko, SIavKo ......cccemeeeeveerreeessennene 126
Pokorny, Milan 161
PSenakova, IIdiKo0 .....cceveveunee. 167,242
R
Rudolf, Ladislav.......renenn. 135
S
Severini, Eva 141
Siakas
Errikos 221
Kerstin 221
Slovak, Svatopluk .........eeeeeeeennnee 236
Stoffova, Veronika.......eeeererserinnenns 89
Strecko, Vladimir. .173,188
Szabd, TibOr ... 167,242
Szalayné Tahy, Zsuzsanna........c... 59
Szlavi, Péter 52
g
gmeringaiové, ANNa .., 126
gtépa’mek, Radim ...ovececcrscrnssnenns 236
Strbo, Milan 248
Stubtia, Igor 10
T
Torley, Gabor 52
Tsitsekidou, Maria ... 221
\"/
Végh, Ladislav 75
Z
Zajacova, Katarina.....eeens 213
Ziebakowska-Cecot, Katarzyna ........ 97
7.5aK0, LASZIO ... 40,52



Editors: prof. Ing. Veronika Stoffova, CSc.,
Mgr. Ing. Roman Horvath, PhD.

Graphic editors: Mgr. Ing. Roman Horvéath, PhD.,
prof. Ing. Veronika Stoffov4, CSc.
Title: XXX™ DidMatTech 2017
15t part

New Methods and Technologies
in Education and Practice

Pages: 255

Preparing for printing: contributors
prof. Ing. Veronika Stoffova, CSc.,
Mgr. Ing. Roman Horvath, PhD.

Print: Grafis Media, s. . 0., Dunajska Streda

First edition

Supported by KEGA grant 003UMB-4/2017: Implementation of Blended
Learning into Preparation of Future Mathematics Teachers.

ISBN 978-80-568-0029-4

9

788056 ~ 800294

255



M-BaS s. r. 0.



