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Introduction

The proceedings book XXXIII. DIDMATTECH 2020 consists of selected
contributions from the conference with the same name which took place on
June 25th - 26th 2020 at the Faculty of Informatics of E6tvds Lorand
University in Budapest. The publication covers several basic current research
fields, the results of which were presented in eight sections of the conference.
The purpose of these scientific contributions of notable authors - scientists
and specialists from Czech, Hungarian, Polish, Slovakian, and Ukrainian
universities - is to present the latest results, 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 technologies.

The proceedings could be recommended primarily for teachers, who are
teaching subjects focused on the fields of informatics, information and
technologies, and who are possibly using modern didactic digital technologies
and ICT in education. It could be also useful for research workers in the above
mentioned fields, and also for PhD, postgraduate and gifted students, who can
find in it not just interesting information, but also many inspirations for their
research and pedagogical activities.

© 2020, The editors and the authors of the contributions

For the content of contributions are responsible their authors.

The contributions have not undergone editorial and linguistic corrections.

No part of this publication may be reproduced, stored, in retrieval system or
transmitted in any form by any means, electronic, mechanical, photocopying, recording
or otherwise, without the prior written permission of the publisher.
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FALOSNE VIDEO A HOAX AKO AKTUALNY PROBLEM VO
VZDELAVANI V OBLASTI IKT

Julius ALCNAUER, SK

Abstrakt: Prispevok mapuje stucasné rizika falosnych sprav v podobe hoaxov
a faloSnych videi. Naznacuje potencidlne désledky a zameriava sa na vybrané
rizika z pohl'adu manaZérov cestovného ruchu. Prindsa navrhy na zaclenenie
tejto témy do IKT pripravy $tudentov a budticich manazérov. Dalej uvadza
nové pristupy a doplita odborné vzdeldvanie metédami zameranymi na
aktivizaciu studentov vo vzdelavani v tejto oblasti.

KI'icové slova: HOAX, Falosné video, IKT, Priprava manazérov,

FAKE VIDEO AND HOAX AS A CURRENT ISSUE
IN ICT EDUCATION

Abstract: This paper studies the current risks of fake news and messages in
the form of hoaxes and fake videos. It indicates potential consequences and
focuses on selected risks from the perspective of tourism managers. It makes
suggestions for incorporating this issue into the ICT training of students and
future managers. Moreover, it states new approaches and supplementing
vocational training with methods aimed at activating students in education in
this area.

Keywords: HOAX, Fake Video, ICT, Manager Training

1 Uvod

Informacie su sucastou nasho zZivota a ich spravne pochopenie, rozbor a ap-
likovanie pri rozhodovani bude klticové uz v blizkej buddcnosti. Hoaxy a
alternativne spravodajstvo, ¢asto ovplyviiované za peniaze, sposobuji mnohé
dosledky, ktoré si ¢asto ani neuvedomujeme. Vplyvy, ktoré vyvolavaju IKT v
naSom Zivote Casto podceiiujeme. Preto je potrebné zaradit do pripravy aj
posudzovanie informacii a ich triedenie a to priamo na hodinach informatiky.
V sucasnosti sa stretavame aj s novym fenoménom. Vdaka novym
pocitacovym mozZnostiam sa objavuji falosné videa a tvorcovia dokazu
I'ubovol'nému politikovi vloZit do ust text, ktory nikdy nepovedal. Problémom
sucasnosti su aj ,alternativne spravodajské weby*“. Niektoré skupiny
pouzivatel'ov to vnimaji ako pravdu popisujticu realitu okolo nas. Co nastane,
ak sa zacne $irit masovo spravodajstvo v podobe faloSnych videozdznamov?
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Uz dnes nedokazeme pripravit populaciu na posudenie fotografii, ktoré su
mierne upravené, ¢i pridané k sprave z iného regioénu. Overit si informacie a
rozhodnut o redlnosti tvrdeni bude doélezité pre Zivot v 21. storoci.

Velka dolezitost by mala mat tato téma aj pri odbornej priprave napr.
manazérov, ktori ovplyvnuju uspech firmy a zamestnanost. Mali by poznat,
aké rizika sd spojené so Sirenim falo$nych informacii a sledovat’ aj ohrozenia,
ktoré mozu pochadzat priamo od zamestnancov firmy. Nemali by zabtidat ani
na désledky, ktoré méze vyvolat Sirenie faloSnych sprav medzi ich zdkaznikmi
a ako jednoducho je mozné v sticasnosti poskodit dobré meno firmy.

2 Sucasny stav a aktualne rizika falosnych informacii

Napriek $ireniu pocitaCovej gramotnosti a pritomnosti pocitacov a internetu
v Skolach uz po desiatky rokov sa stale opakuje to, Ze vyucujeme ovladanie
techniky, programov a nie vedu o informaciach. Obvykle dokazeme vysvetlit,
ako maji pouzivatelia vyhl'adavat informaAcie, ale iba v minime pripadov je to
spojené s témou triedenia, posudzovania informdcii a hlavne overovania ich
pravdivosti. Vel'mi rizikové sui vybrané skupiny pouzivatelov ako napr.
mladez, ale aj seniori, ucitelia, ba aj manaZzéri, ktori ¢asto pracuju pod ¢asovym
tlakom a s nedostatkom overenych informacii.

Vel'mi malo pozornosti sa venuje psychologickej stranke posudzovania in-
formacii, kedy si pouZivatelia vyberaju informacie a zdroje, ktoré zapadaju do
ich vnimania sveta a toho, o oCakavaju. SucCasnost, ktord prezivame, je
charakteristickd mnohymi vplyvmi. Casto protichodné spravy neumoziiuji
zjednodusSené Cierno-biele videnie sveta. Pri objaveni sa pandémie, akou bolo
ochorenie Covid-19, sa internet stava platformou, v ktorej sa objavuju rézne
spravy a nazory. Pri sicasnych moZnostiach Sirenia informacii internetom,
nasadzovaniu umelej inteligencie a rozborov dat zameranych na marketing,
sa napr. na Facebooku vytvaraji automaticky skupiny privrzencov
jednostrannych nazorov, ktori si v diskusidch navzajom potvrdzujd spravnost
svojho vnimania pravdy. Ak k tomu priddme neschopnost spolocnosti a
pravneho systému vyrovnat' sa s chronickymi luharmi a Siritel'mi poplasnych
sprav, tak sa v sucasnej demokratickej spolo¢nosti nemézeme udivovat nad
prekvapivymi vysledkami volieb, ¢i neschopnostou presvedcit ¢ast populacie
o zdravotnych rizikach, potrebe prevencie a pod. Zapal'ovanie vysielacov pre
mobilné siete 5G je v rozvinutom svete iba malym désledkom tychto tendencii.

3 Nové rizika a vyzvy

Ani pri klasickom Sireni pravdivych faktov a informacii pomocou textu,
Statistickych tabuliek ¢i grafov sme nedokazali presved¢it znacénd cast
pouZzivatel'ov internetu. Boli sme svedkami, Ze ani I'udia s vysokoskolskym
vzdelanim nechapu zakladné Statistické pojmy a ¢asto ich pochopenie toho, ¢o

9



XXXIII. DIDMATTECH 2020
EOTVOS LORAND UNIVERSITY (ELTE) FACULTY OF INFORMATICS

sa deje, sa vnima cez aritmeticky priemer, pricom nechapu jeho nevyhody a
dosledky.

Velkym rizikom pre budicnost je nasa tendencia uverit fotograficky
zobrazenym udalostiam. Ta je obvykle vyjadrovana vyrokom: “ Ved som to
videl na fotografii, videu alebo v televizii, a tak to musi byt pravda”. Délezitym
faktorom méze byt aj paradox najlepsie vyjadreny vo vtipe, ked' dcéra hovori
otcovi, Ze tieto spravy na internete si vymyslené. On jej odpoveda s tidivom,
Ze ako moéZu byt vymyslené, ved' piSu presne to, ¢o si ja myslim. Pri
obrazovych informaciach v podobe upravenych fotografii alebo sfalSovaného
videa je pravdepodobné, Ze malé percento pouzivatel'ov sa nepodari nikdy
presvedcit o pravde. Ak si uvedomime nastup novych moznosti faloSného
videa a vytvaranie prejavov politikov s vyjadreniami, ktoré nikdy nepovedali,
tak sa dostavame k vizii Sirenia 1Zi v takom rozsahu, aké v minulosti nebolo
moZné. Pri téze, Ze vol'né Sirenie myslienok menf{ spolo¢nost, tak doba, ktora
nastdva, sa ani nebude moct porovnavat s tym, ¢o spoOsobila knihtlac.
Dosledky nepochopenia sily pocitacovych technolégii zatial’ iba tusime.

4 Vychodiska pre odborni pripravu informatiky pre neinformatikov

AKka je v tomto kontexte uloha vyucujucich, ktori pripravuju rézne skupiny
pouzivatel'ov na vyuZivanie IKT? Co by mali doplnit’ do svojich vzdelavacich
tém, aby aspon trochu zmenili smerovanie sicasného alarmujiceho vyvoja
posudzovania pravdivosti internetovych informacii? Ucitelia by mali sledovat
najnovsie rizika a nespoliehat sa na ucebné plany, ktoré sa casto nemenia aj
niekol'’ko rokov. Zaradzovat' aktudlne témy alebo ponechat aspon 1 tému ako
volnt, ktora sa upresni pocas Skolského roka a podla toho, o je prave
aktualne alebo Co sa objavi ako akutny problém, na ktory je potrebné
reagovat.

Doélezitym prvkom by mala byt aktivizacia Studentov. Prejst od pasivneho
plnenia tloh a osvojovania si postupov k aktivnemu pristupu. V spolupraci s
pedagégom vyhladavat problémové informacie a zarovenl aktivne
spolupracovat pri navrhovani postupov, ako overit dand informéciu.
Vyhladavat sluzby, ktoré sa venuju overovaniu fotografii a videozaznamov.
UZ dnes je mozné vyuzivat napr. tineye.com a dalsie sluzby, kde je mozné
zistit, kedy bola dana fotografia prvykrat publikovana a v akej suvislosti.
Uvedena sluzba umoznuje tzv. spatné vyhl'adavanie obrazkov a dnes eviduje
takmer 42 milidrd obrazkov z internetu.

Pri aktivnom pristupe k vyucovaniu je mozné vyuzivat aj metédu exploatacie
internetovych zdrojov (EIZ). Tato metdda spociva v tom, Ze ucitel iba naznaci
smerovanie Uloh, uvedie niekol'ko prikladov a Student sa sdm aktivne podiel'a
na dopliiani databazy novych informacii, ktoré zhromazd'uje a prezentuje. [1]
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5 IKT priprava manaZérov a Specifika pripravy manazZérov pre cestovny
ruch

Pri rozhodovani v praci sa chyba na réznych trovniach organizacie prejavi
rozdielne spoésobenou Skodou. Nespravne rozhodnutia ¢asto rozhodnu o
“preziti” organizacie, kde manazéri pdsobia. Mali by dokazat odhadnut
niektoré trendy. Specifickii skupinu tvoria manaZzéri posobiaci v oblasti
cestovného ruchu. Pracuji s réznorodymi zdkaznikmi, ich oblast je
dynamick3, denne sa stretavaji s novymi problémami. Pokdsime sa upozornit
na niektoré Specifika, ktoré by sa mali zohl'adnit v odbornej priprave tychto

skupin odbornikov. Predovsetkym je potrebné:

¢ Abysledovali socialne siete a ¢o sa v medialnom priestore objavi o ich
organizdacii. Je potrebné, aby sa naucili pomocou marketingovych
odbornikov reagovat na spravy poskodzujice ich organizaciu. V
ramci toho je dolezité, aby primerane reagovali na kritiku v online
priestore a aktivne sa zapajali do diskusie o negativnych informaciach
dotykajucich sa ich firmy, ¢i organizacie (pripadne ju aj usmeriovali).
¢ Aby aj aktivne zverejniovali novinky a $irili priaznivy obraz o svojej
firme.
¢ Aby sledovali a reagovali na videa zobrazujuce negativne pohl'ady na
nedostatky vo firme. Klasickou ukazkou su videozaznamy hovoriace
o udrzbe a vyuZivani hotelovych bazénov. V ddvnej minulosti sa
objavilo video z primorského hotela, kde zamestnanec namacal
handru na metle do bazéna a utieral nou chodnik. Pocas nasej
navstevy tohto zariadenia sa napriek vrcholiacej letnej sezone Ziadny
navstevnik v bazéne nektpal. Video malo desattisice zhliadnuti. V
ostatnom obdobi sa objavuju zaznamy z bezpecnostnych kamier
ukazujuce, ako sa v bazéne kipe medved,, objavil sa aj ktpajuci sa
diviak. (www.youtube.com/watch?v=tPsFHIJUHig)
Navrhujeme pre prax aktivny pristup a sitaz navstevnikov o najlepsie video,
poZic¢iavanie vodotesnych snimacich zariadeni a pomoc navstevnikom napr.
pri ziskani atraktivnych zaberov pomocou dronu, GoPro kamery a pod.

Verejnost' je pomerne citlivd na informacie o zariadeniach, kde sa pontkaju
sluzby cestovného ruchu. Hl'adanie informacif o spokojnosti klientov a ¢itanie
hodnoteni je beznou sticastou vyberu ubytovania a zajazdu. Klamanie v tejto
oblasti sa uz objavilo a v zahrani¢i aj pomerne tvrdo trestalo. Spomenme
pripad z Talianska. Sid rozhodol o treste devat mesiacov za mrezami a 8000
eurovej pokute pre majitel'a spolo¢nosti, ktord pisala na internet falosné
hodnotenia. [3]
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Ako uvadza aj samotny Tripadvisor: “Nakup alebo predaj faloSnych recenzii -
praktika znama ako platené podvodné recenzie - nie je len necestny, ale v
mnohych krajinach aj nelegalny.” [4]

Tu si mdézZeme polozit otazku, ¢i mame pripraveni pravnu dpravu aj na
postihovanie za falosné videa? Ukazky ich moznosti a demonstracie
technolégie si znadme uz viacero rokov. Supasorn Suwajanakorn predvadzal
ukazky na TEDxX napr. na www.youtube.com/watch?v=02DDU4g0PRo.

UZ dnes sa presuva pozornost mladdeZe od vyjadrovania sa textovymi
prostriedkami k vytvaraniu videa. Jednym z doékazov tohto trendu je napr.
socialna siet TikTok, ¢i popularita vlogerov a pod. Text blogu je nahradzovany
videom vlogera. Od falo$nych informacii dotykajucich sa nasho kazdodenného
Zivota sa odlisSuju nebezpecné informacie tykajlce sa nasho zdravia a lieCby.
MézZeme ocakavat, Ze postupne sa budu objavovat sofistikované nastroje na
odhal'ovanie nepravdivych informacii a videi.
V tejto dolezitej oblasti tykajicej sa zdravia sa napr. objavil uz projekt
MISDEED, kde v spolupraci s Univerzitou Bar-llan v Tel Avive slovenski
informatici z Fakulty informatiky a informacnych technolé6gif STU v Bratislave
rozpracovali navrh na automatickd detekciu faloSnych medicinskych
informdcii. Jeho skratené zameranie je natol'ko inSpirativne, Ze uvedieme
aspon zakladné body vystihujiuce automatickd detekciu, spolupracu medzi
I'udskymi expertmi a snahu o zmiernenie dopadov faloSnych informacii. Tieto
zostrucnené ciele moézu byt inSpirdciou aj pre d’alSie oblasti: [5]
e Vyvindt metédy detekcie medicinskych faloSnych a nespolahlivych
informadcii a spdsobov ich vyvracania.
¢ Preskumat moznosti spoluprace medzi I'udskymi expertmi (lekarmi)
a datovo orientovanymi metéddami.

e Zmiernit dopad falo$nych medicinskych informacif.

6 Zaver

Pri rieSeni uvedenych problémov a navrhu stratégie pre d’al$i postup by
nemal byt ucitel informatiky osamoteny. Problém je komplexnejsi a vyZaduje
spolupracu viacerych vednych oblasti. Od psycholégie aZ po historiu.
VzruSujuce odhalenia a rychle riesenia alebo hl'adanie vinnikov uz bolo v
minulosti popularne. Ako priklad v latinskom prislovi uvadza Zuzana
Panczova v uvode svojej knihy “Fama nihil est celeries” teda “Ni¢ nie je
rychlejsie ako fama”. V dobe pouzivania latin¢iny nemali rychle spojenie a
preto by sme mali na toto prislovie v dobe internetu mysliet viac, nez
kedykol'vek predtym.

Clanok bol publikovany vdaka projektu VEGA 1/0470/18 Ekonomicka
aktivita turizmu v eur6pskom priestore
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TVORBA REALISTICKEHO MODELU V RAMCI OBSAHU
PREDMETU STREDOSKOLSKE] INFORMATIKY

Krisztina CZAKOOVA, Ondrej TAKAC, SK

Abstrakt: Vsucasnosti je aktualna otazka spracovania obrazov a tvorby
modelov. Moderné technolégie su vtychto snahdch velmi ndpomocné.
V naSom prispevku sa zameriame na tvorbu 3D modelov malych objektov.
Vytvoreny 3D model nielenZe hodnoverne odzrkadl'uje redlny vzhl'ad objektu,
ale je aj jeho metrickym odrazom. Tieto postupy su relativne dobre
implementovatel'né aj do vyucovania informatiky, ¢im vieme zvysit zaujem
Ziakov o informatiku a tento predmet sa pre Ziakov mdZe stat’ aj zaujimave;jsi.
KIicové slova: vyucovanie informatiky, modely objektov, aktivne ucenie,
pix4D, projektové vyucovanie.

CREATION OF A REALISTIC MODEL WITHIN THE CONTENT OF
THE SUBJECT OF SECONDARY SCHOOL INFORMATICS

Abstract: At present, the current issue of the shooting and making models.
Modern technologies are very helpful in these efforts. In these papers we focus
on 3D models of small objects. The created three-dimensional model not only
plausibly mirrors the real appearance of the object, but is also its metric
reflection. These procedures are quite well implementable in the teaching of
informatics, which not only can increase pupils' interest in informatics, but
this subject can also become more interesting for students.

Keywords: teaching computer science, active learning, project teaching,
object models, Pix4D.

1 Uvod

Zijeme vznalostnej spolo¢nosti, pretoZe znalost ainformdacia sa stava
dominantnym prvkom nasho kaZdodenného Zivota. Modernymi
technol6giami dokaZeme spracovat viac informdacii vkratSom case.
Informécia sa tak postupne straca vspleti pocitacovych programov
amodernych technolégii. Vramci predmetu informatika dokdzeme s
pomocou aktivizujucich metéd apracovnych projektov priblizit Ziakom
predstavu o tom, ako dospeli skutocne pocitace v praci pouzivaju na realizaciu
rieSenia skutocnych problémov kazdodenného Zivota. Aktivizujice metddy
vytvaraju priestor a prilezitosti na moderny konStruktivisticky poznavaci
proces, vktorom Ziaci rozvijaji samostatné, kritické azodpovedné
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rozhodovanie a myslenie, svoju tvorivost a d’alSie vyssie poznavacie funkcie
ako svoju digitadlnu gramotnost.

2 Postavenie a obsah vyucovania informatiky na strednej skole

Informatika je dynamicka a rychlo sa meniaca oblast. Ucitel informatiky musi
mat’ prehl'ad austavicne sledovat nové trendy v informatike a digitalnych
technolégidch a vzdelavat sa voblasti modernej didaktiky. Predmet
informatiky sa na kazdom stupni vzdeldvania da implementovat ako tvorivy
priestor na modernizaciu Skoly avzdelavania, ktory slizi na komplexny
rozvoj ziakov v zmysle konstruktivizmu, na rozvoj ich digitdlnej gramotnosti
ainformatickej kultiry. Schopnost spolupracovat, komunikovat, ucit sa
objavovanim a skimanim vplyva na rozvoj stratégie ucenia sa.

Podl'a dokumentov medzinarodnej Standardizovanej Klasifikacie vzdelavania
(ISCED) obsah predmetu informatika pre stredné skoly a vychovno-
vzdelavaci proces smeruje najma k tomu, aby Ziaci: sa oboznamili s r6znymi
typmi udajov, sich zbieranim, uchovavanim, zobrazovanim, spracovanim
a prezentovanim; nadobudli schopnosti realizovat jednoduchy vyskumny
projekt, sformulovat problém, ziskat informacie zprimeranych zdrojov,
hl'adat rieSenia a pri¢inné suvislosti, sformulovat nazor, diskutovat o nom,
robit’ zavery; si rozvijali svoje schopnosti kooperacie a komunikacie, aby sa
naucili spolupracovat v skupine pri rieSeni problému, dokazali zostavit plan
prace, Specifikovat podproblémy, zhromazdit vysledky, zostavit ich do
celkového rieSenia; rozvijali si svoju tvorivost, logické myslenie,
zodpovednost, huZevnatost, sebakritickost a usilovali sa o dalsie
sebavzdelavanie [4].

2.1 Aktivizujuce metddy vo vyucovani informatiky

Pri vybere vhodnych materidlnych prostriedkov, vyucovacich metdd
a organizac¢nych foriem by mal ucitel' vychadzat z modernych teérii ucenia sa
orientovanych na Ziaka, jeho aktivne objavovanie a ucenie sa, rozvoj jeho
vy$sich myslienkovych operacii (ako sd napr. konStruktivizmus,
konstrukcionizmus), ako aj spolupracu a interaktivne ¢innosti s podporou
modernych digitalnych technolégif.

Pri premene $koly ztradiCnej na moderni by sme mali mat chut acas
zavadzat' do svojej vyucby informatiky ¢o najviac modernych aktivizujucich
metéd (napr. problémovi a projektovi metddu), taktiez viac putavych
organizacnych foriem (napr. tvorivé dielne, kruzky, sutaze), a v neposlednom
rade moderné didaktické materidlne prostriedky (napr. simulacny
amodelovaci softvér, mikrosvety, a pod.). Netradi¢ny pristup vo vyucovani
a ucenf sa viac rozvija kreativitu ziakov, rozvija ich nezavislost, posiliiuje ich
zvedavost a pozitivny postoj ku Skole aj k uc¢eniu sa [3].
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V informatike sa dobre osvedcila projektova metoda, ktora dovoluje Ziakom
pracovat v skupinach ariesit komplexnd praktickd dlohu (problém, tému)
spojenu so zivotnou realitou, ktora sa da riesit praktickou ¢innost'ou. Cielom
je vytvorit adekvatny produkt - projekt. Priebeh rieSenia projektu mézeme
roz€lenit do niekol’kych pracovnych faz. Ako prvé je ddleZité stanovenie si
ciela (motivovat Ziakov, aby sa dokazali stotoZnit' s cielom). Nasledne sa
vytvori plan na rieSenie (rozdeli sa zodpovednost, plan prace, spdsob
prezentacie vysledkov). Nasleduje realizacia planu (realizacia naplanovanych
aktivit, zber a spracovanie tidajov), ktoré sa na konci projektu vyhodnotia
(zverejnenia sa vysledky projektu). Casovy rozsah realizicie projektu nam
umoZiuje realizovat kratkodobé (dve az niekolko vyucovacich hodin),
strednodobé ¢i dlhodobé projekty (viacdiiové ¢i tyzdiiové).

Podl'a vyssie nacrtnutych skuto¢nosti a moZnosti, ktoré nam obsah predmetu
informatika ponudka, by sme v dalSich kapitoldch predstavili (navrhli)
vyucovaci modul na zavedenie tvorby redlneho modelu vramci obsahu
predmetu stredoskolskej informatiky [2][3].

3 Tvorba modelu

Na tvorbu modelu vyuzijeme postupy fotogrametrie. S pomocou
fotogrametrie vieme vytvorit modely objektov len s pomocou fotozaberov.
Nie je potrebny ziadny iny mapovaci alebo skenovaci systém, ako napr. Lidar.
V sucasnosti moézeme tvrdit, Ze mnoho Ziakov strednych $koél (prakticky
kazdy Ziak) uZ disponuje inteligentnym mobilnym telefénom schopnym
vytvorit jednoduché videonahravky a prave na tiito mozZnost' sa zameriame.
Na tvorbu modelov teda nebudeme vyuZivat fotografie, ale nasnimané
videonahravky. Prvym krokom je nasnimanie objektu. Objekty mézu byt
prakticky l'ubovol'ne vel'ké, od malych rozmerov - napr. drobné stciastky - az
po velké sakralne stavby. Velkou otazkou je kvalita vytvoreného modelu. Ta
zavisi aj od pouzitého softvérového produktu, ale mézeme ju ovplyvnit taktiez
spésobom ziskania videosekvencie:
¢ Musime mat na zreteli, Ze model sa bude vytvarat z fotozaberov
ziskanych z nasnimaného videozaznamu. Plati podmienka, Ze aby bol
model kvalitny, prekrytie jednotlivych fotozaberov by malo byt
asponl 2/3. Z toho vyplyva, Ze videozdznam by nemal byt vytvarany
v rychlom tempe, skér pomalsie.
e Dolezity je tiez autofokus. Pri pohybe kamery treba sledovat aj
fokusaciu, aby bol snimany objekt stale ostry.
¢ Snimany objekt musi byt viditel'ny zo vSetkych stran, aj z vrchu alebo
zospodu.
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Obrazok 1: Draha snimania videozaznamu.

Prvym Kkrokom je ziskanie videzdznamu daného objektu. Na ukazku si
zoberme jednoduchy objekt, vnasom pripade krabicu stextom. Objekt
zosnimame postupne zo vSetkych stran pohybom okolo objektu. Zboku, pod
cca 45° uhlom, aj zvrchu. Pod vedenim ucitela sa Ziaci moZu pokusit’ vytvorit
model na zdklade nedostatotne malého poctu fotozaberov (kratky, rychle
snimany video) - vysledkom bude deformovany, zaSumeny a nekompletny
model.

Nasledne moZeme pristupit k vol'be vhodného softvéru. V naSom pripade sme
pouzili fotogrametricky softvér Pix4Dmapper Pro. Podporuje rézne druhy
kamier, napr. RGB, multispektralne, alebo termalne. Pix4D mapper Pro
umoziuje hlavne desktopové acloudové spracovanie, generovanie 3D
mracien bodov a ich klasifikaciu, generovanie 3D textirovanych modelov, ale
aj 2D merania a 2D vektorové vystupy. Existuje viacero softvérovych
produktov, ale nie vSetky st freeware a mnohé su finanéne naro¢né.

Spomedzi platenych produktov nam ako ,vitaz“ vysiel Agisoft, dnes uz znami
ako Agisoft Metashape. Pix4D mapper Pro ma aj d’alSiu, pre nas vyznamnu
vyhodu - dosahuje velmi dobré vysledky pri sakrdlnych stavbach, aj pri
muzejnych artefaktoch, teda drobnych predmetoch.

V prvom kroku si pri importe videozdznamu musime nastavit pocet snimok,
ktoré softvér automaticky podla fps vyselektuje zvideozaznamu. Drahu
snimaného videozaznamu ukazuje obrazok 1. Tu uz vidime aj jednotlivé
fotozabery, ktoré softvér vybral z videozaznamu a z ktorych sa model vytvoril.
Postupmi fotogrametrie softvér spracuje tzv. tie poits, ktoré eSte nie su
mracnom bodov, ale z nich sa mra¢no bodov - tzv. point cloud - vytvori. To uz
moZeme vidiet na obrazku 2.
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Obrazok 3: Vytvoreny model - vl'avo, vyrazné orezanie tie pointsov - v strede

a nasledne vytvoreny chybny model - vpravo.
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Pomocou triangle mashes sa vytvori model objektu. Ten nemusi byt striktne
vzdy dokonaly, naopak, ¢asto ho je treba este dodatoéne upravit. Upravu
vykondme manualnym odstranenim tie pointsov a opatovnym mash-ovanim.
TieZ musime dbat’ aj na to, Ze vyraznym orezanim tie pointsov mdzZe mébze
objekt stratit celistvost.. Tieto pripady vidime na obrazku 3. Je dolezité eSte
spomenut, Ze vysSie prezentovany model vznikol z celkovo 1 000 fotozaberov.

Obrazok 4: Model vytvoreny z 500 fotozaberov - vlavo a upraveny mode -
vpravo.

Cas jeho vytvorenia (len vypocty realizované 12adrovym procesorom s 32 GB
RAM) je cca 10 - 12 hodin. Preto je vhodné zvazit aj pomer medzi poctom
zaberov a ¢asom potrebnym na vytvorenie modelu. VSeobecne plati: ¢im viac
zaberov, tym kvalitnejS{ model, ale aj toto tvrdenie ma svoje hranice. Pri
velkom pocte zdberov model bude mat zhorSenu kvalitu. Kde konkrétne sa
tato hranica pohybuje je silne zavislé od kvality videozaznamu, osvetlenia,
presnosti snimania ale aj vel'’kosti objektu. V nasom pripade by sa negativne
prejavil pocet zaberov vyssi ako 2 000. V nasledujiicom texte si blizsie
ukazeme vysledny model vytvoreny z r6zneho poctu fotozaberov.

Obrazok 5: Model vytvoreny z 250 fotozaberov - vlavo a upraveny model -
vpravo.
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Obrazok 6: Model vytvoreny zo 100 fotozaberov - vlavo a upraveny model -
vpravo.

Z obrazka 6 je vidiet, Ze pocet snimok 100 je uz nedostatoc¢ny, ked’Ze model
disponuje chybami, ktoré su viditelné aj po upravach. Tieto by sa dali
odstranit’ dal$imi jemnymi pravami, avSak uz hrozi tzv. zvlnenie povrchu.
Z obrazka 7 je jasné, Ze 50 snimok na tvorbu modelu nepostacuje. Dokonca, na
vytvorenie modelu sa ani nedali pouZit vSetky snimky, kedZe softvér medzi
nimi nenasiel dostato¢ny pocet totoznych bodov. Z 50 snimok sa mohlo vyuzit
iba cca 27. To ilustruje obrazok 7 vl'avo.

Dané postupy st rovnako dobre aplikovatel'né na zakladnych, ale hlavne na
strednych Skolach. VsucCasnosti tazko dokazeme vyluacit prvky IKT
z vychovno-vzdelavacie procesu akazdodenného Zivota. KedZe ziskanie
fotografii a videozaznamu nie je problém (telefony, tablety...) a ani softvérové
vybavenie nie je financne naro¢né, aj implementacia do vyucovacieho procesu
je lacng, ale pritom efektivna.

Obrazok 7: Model vytvoreny z 50 fotozaberov - vpravo a vytvoreny model -
vpravo.
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4 Zaver

Tvorba 3D modelov sa v sicasnosti stala velmi populdrnou. Prispel k tomu
rozvoj vypoctovej techniky a narast vypoctového vykonu. Ukazali sme, Ze
tvorba modelov je jednoducho implementovatelna do vyucovacieho procesu.
Ma sice svoje Specifika (ziskania fotografii, snimanie videozaznamov), ale
ziskané vysledky nemusia sluzit iba ako povinna Skolska tloha, ale m6Zu mat
aj prakticky vyznam - 3D tla¢ modelov, archivacia modelov a podobne.

Tento ¢lanok vznikol v ramci projektu KEGA: 012TTU-4/2018 - Interaktivne
animacno-simula¢né modely vo vzdelavani.
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MOGLICHKEITEN ZUR PRUFUNG DES
INFORMATIKVERSTANDNISSES BEI SCHULERN DER
GRUNDSCHULE

Lucie BRYNDOVA, CZ

Abstrakt: Der derzeitige globale Trend zur Umsetzung der Entwicklung des
Informatikverstindnisses im Lehrplan fiihrt unter anderem zu einer
Diskussion liber die Bestimmung des Niveaus eines solchen Verstiandnisses
bei Schiilern an Grund- und Mittelschulen. Die Entwicklung standardisierter
Mittel und Methoden zur Forderung und Erprobung des
Informatikverstiandnisses bei Schiilern der Grund- und Sekundéarschulen ist
eines der aktuellsten pddagogischen Themen weltweit. Ziel dieser Forschung
war es, eine Reihe von Aufgaben zu entwickeln, mit denen die
Voraussetzungen und Fahigkeiten im Bereich Informatikverstandnis (IV) bei
Schiilern tschechischer Grundschulen unter Anwendung der padagogischen
Robotik als Hilfsmittel geschaffen werden. Die Tschechische Republik
iberpriift derzeit zusammen mit vielen europdischen Lindern die
bestehenden Informatiklehrpldne an Primér- und Sekundarschulen, um die
nationale Informatikkompetenz zu erweitern und die Entwicklung des IV in
der Grundschulbildung zu integrieren.

Schliisselworter: Informatikverstindnis, Schiiler der Grundschule,
Informatik in der Grundschule, Uberarbeitung des Informatiklehrplans,
Priifung des Informatikverstandnisses.

POSSIBILITIES OF TESTING THE LEVEL OF INFORMATIVE
THINKING FOR PRIMARY SCHOOL PUPILS

Abstract: The current global trend of implementing the development of
computer thinking in curricula brings, among other things, a discussion of
determining the development of the level of computational thinking within
primary and secondary school students. The Czech Republic, together with
many European countries, is currently reviewing existing computing curricula
at the primary and secondary level in order to expand national computational
literacy and integrate the development of CT into the basic education. The
subsequent development of standardized tools and methods for the
development and testing of computational thinking in primary and secondary
school pupils is one of the most current pedagogical topics in the world
context. The aim of this research was to map and describe the prerequisites
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for the development of a standardized tool assessing the assumptions of skills
in the field of computational thinking in Czech primary school pupils.

Keywords: computer thinking, primary school pupils, computer science at
primary school, revision of computer science curriculum, testing of computer
thinking

1 Einleitung

Derzeit verandert sich der weltweite Unterricht der Informatik und
Programmierung radikal im Konzept und die Lehrplane werden iiberarbeitet.
Seit 2006, als Jeannette Wing erstmals das erste Konzept zur Entwicklung des
Informatikverstandnisses (IV) vorgeschlagen hat und dessen Anwendung als
Bildungsbestandteil erwogen wurde, ist das IV Gegenstand einer
kontinuierlichen akademischen Debatte. Obwohl die genaue Definition des
Informatikverstdndnisses und seiner Komponenten nach wie vor ein viel
diskutiertes und kontroverses Thema ist, hat diese eine Reihe von Lindern zu
Bildungsreformen und Lehrplanrevisionen veranlasst.

Mit der Entwicklung des Informatikverstandnisses in Schulen stellt sich die
Frage nach dessen Priifung. Seit mehr als einem Jahrzehnt laufen organisierte
Initiativen, um  Algorithmen sowie die  Programmier- und
Informatikfahigkeiten bei Schiilern an Grund- und Sekundarschiilern zu
ermitteln. Viele Lander versuchen daher, spezifische diagnostische Mittel zu
entwickeln, die sich direkt auf das Testen des IV konzentrieren. In unserer
Arbeit konzentrieren wir uns auf die Erstellung von Testfragen, die eine
umfassende Priifung des Informatikverstdndnisniveaus ermoglichen.

2 Gesetzgebende Definition des Informatikverstindnisses und dessen
Testmoglichkeiten

Allgemein wird das Informatikverstindnis als Fahigkeit definiert, mit den
Mitteln und Methoden der Informationstechnologie die ideale Losung fiir ein
Problem zu finden (MSMT, 2019). In der Bildung und Padagogik gilt das
Informatikverstdndnis im Allgemeinen als Voraussetzung fiir eine effektive
Programmierung, und dessen Entwicklung sollte den Schiilern helfen, sich im
Informatikbereich weiterzuentwickeln und sich leichter an neue
Informationstechnologien anzupassen.

Trotz der Tatsache, dass die genaue Definition des Begriffs IV-Denken seit
Jahren Gegenstand internationaler Diskussionen ist, sind sich die meisten
Autoren iiber die Notwendigkeit einig, die Entwicklung des IV in staatlichen
Lehrplanen und Bereichen umzusetzen, die mit dem I[V-Konzept
zusammenhéngen (Bocconi, 2018).
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Fiir die Zwecke der Didaktik und staatlichen Gesetzgebung geht man von den
Definitionen der CSTA (Computer Science Teachers Association) und ISTE
(International Society for Technology in Education) aus, die in
Zusammenarbeit mit akademischen Mitarbeitern im Jahr 2010 eine Liste
grundlegender Komponenten erstellt haben, die unter dem Begriff I[V-Denken
zusammengefasst werden konnen (CSTA & ISTE, 2011). Die grundlegendsten
Teile des Informatikverstindnisses konnen schematisch als Fahigkeit zur
Algorithmisierung, Zerlegung, Verallgemeinerung, Bewertung und
Abstraktion dargestellt werden (Bocconi, 2016).

Spezifische Konkretisierungen sind in der Regel Gegenstand der nationalen
Bildungspolitik. Gerade aufgrund der diametralen Unterschiede beziiglich der
Herangehensweise an das Informatikverstandniskonzept zwischen einzelnen
Staaten ist es angebracht (Bocconi, 2018), sich zu Ermittlungszwecken des IV-
Niveaus in Grundschulen auf die relevanten Bildungsbereiche, erwarteten
Ziele und andere angemessene Dokumente zu stiitzen.

2.1 Definieren des Informatikverstiandnisses und seiner Bereiche

In der Gesetzgebung bedeutet Informatikverstindnis normalerweise eine
Reihe von Schliisselkompetenzen und Merkmalen auf dem Gebiet der
Informatik, Programmierung und der Lésung komplexer Probleme, die die
Schiiler wahrend der Grundausbildung erwerben sollten (MSMT, 2014). Ziel
der Lehrplanrevisionen, die die Entwicklung des Informatikverstandnisses in
staatlichen  Lehrpldnen  umsetzen, ist die  Erneuerung des
Grundbildungsinhalts, um der fortschreitenden Entwicklung digitaler
Technologien und den Anforderungen des modernen Arbeitsmarktes gerecht
zu werden.

Auch in der Tschechischen Republik sich die Entwicklung von IV-
Kompetenzen im nationalen Lehrplan widergespiegelt, ndmlich in Die
Strategie der Bildungspolitik in der Tschechischen Republik bis zum Jahr 2020.
In dieser Reform wurden Anderungen des Rahmenlehrplans im Bereich
Informatik und ICT an Priméar- und Sekundarschulen vorgeschlagen, die den
vom Europdischen Parlament und Rat empfohlenen Anforderungen an die
digitale Kompetenz entsprechen, einschliefllich des
Informatikverstdndniskonzepts in der nationalen Grundschulbildung.

Gegenwadrtig definiert das Ministerium fiir Schulwesen, Jugend und
Korpererziehung das Informatikverstindniskonzept als eine Reihe von
Computerkompetenzen im Zusammenhang mit dem Einsatz von
Technologien, die zur Losung komplexer Probleme aus einer Vielzahl von
Disziplinen bestimmt sind, und die gleichzeitig auch das Verstdndnis und
Denken iiber natiirliche und kiinstliche Systeme und Prozesse umfassen
(MSMT, 2019).
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Man kann sagen, dass das Ministerium fiir Schulwesen, Jugend und
Korpererziehung zu einem umfassenderen Informatikverstindniskonzept
tendiert. Dies bedeutet, dass es dieses Informatikverstindnis als einen
Prozess versteht, der in einer Vielzahl von Lebenssituationen anwendbar ist
und daher Uber ein interdisziplindres Potenzial verfiigt. Es ist daher
angebracht, diese These bei der Erstellung der Testfragen in Betracht zu
ziehen.

2.2. Informatikverstindnisniveau

Die meisten Autoren, die sich um die Erstellung des zur Messung der V-
Entwicklung bestimmten Tests bemiihen, neigen aufgrund der unklaren
Definition des Begriffs Informatikverstidndnis dazu, die Teilkomponenten des
IV zu testen. Eine der Beweggriinde fiir diese Konkretisierung ist die
Festlegung didaktischer Ziele, die spezifisch, messbar, machbar, akzeptabel,
realistisch und terminiert sind, was ein wichtiger Ausgangspunkt fiir eine
qualitativ hochwertige angewandte Lehre ist.

Die europdischen staatlichen Lehrplane, einschliefdlich der oben genannten
tschechischen Uberarbeitung, basieren im Allgemeinen auf den Definitionen
von CSTA & ISTE. Ihr Dokument Operational Definition of Computational
Thinking for K-12 Education definiert insgesamt sechs Fahigkeiten und
Fertigkeiten, die die Grundlage fiir das IV bilden, wodurch das gesamte
Konzept um fiinf damit verbundene Merkmale und Einstellungen erweitert
wird. Diese relativ weit gefassten Definitionen der IV-Komponenten wurden
spater von vielen Autoren grundsatzlich zum Testen und Entwickeln der
einzelnen IV-Komponenten im schulischen Umfeld tiberarbeitet und reduziert
(CSTA & ISTE, 2011).

Es ist offensichtlich, dass das vom Bildungsministerium vorgestellte
tschechische IV-Konzept auf der Definition von CSTA & ISTE basiert. In dem
Dokument Kurzdefinition der digitalen Kompetenzen und
Informatikverstandnisses listet das Ministerium fiir Schulwesen, Jugend und
Korpererziehung insgesamt sechs Bereiche von Fahigkeiten, Fertigkeiten und
Einstellungen auf, die ein mit Informatikverstandnis arbeitender Schiiler zur
Losung der vorgestellten Probleme anwenden sollte. Um einen Test zur
Messung der [V-Entwicklung bei Schiilern in der ersten Stufe der Grundschule
zu erstellen, haben wir diese Bereiche vereinfacht, indem wir deren aktive
Worter und Schliisselphrasen dargelegt haben.

In der Vergleichstabelle 1 sind die IV-Komponenten geméfs CSTA & ISTE und
dem Ministerium fiir Schulwesen, Jugend und Koérpererziehung sowie die
Schliisselworter und Ausdriicke aufgefiihrt, die in den entsprechenden
Dokumenten gemafd Chen (2017) sowie in den jeweiligen Beschreibungen
gemafd Bocconi (2016) verwendet wurden.
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Ministerium fiir Schulwesen, Jugend und Kérpererziehung

Urspriingliche Schliisselworter Entsprechender IV-
Definition Bereich

(Abstrakte)
Formulierung von
Problemen | -------- Abstraktion
hinsichtlich ihrer
Losbarkeit

Daten und
Informationen
gewinnen,
aufzeichnen, Daten Datenverarbeitung
organisieren,
strukturieren und
iibertragen

Zerlegung von
Systemen und
Prozessen,
Aufdeckung ihrer Modellierung Modellierung
Beziehungen und
Modellierung der
Situation

Formulierung von
Verfahren und Formulierung Algorithmisierung
Losungen

Formale
Beschreibungen Syntax
erstellen

Syntax, Programmierung

Testen, Analysieren
und Bewerten von Auswertung,

Bewertung . .
betrachteten Optimierung, Debugging
Losungen

Tabelle 1: Definition der Informatikverstidndniskomponenten

Obwohl die Sichtweise des Ministeriums fiir Schulwesen, Jugend und
Korpererziehung grofitenteils das IV-Grundkonzept im weiteren Sinn
widerspiegelt und das IV in der Regel als eine Denkweise versteht, die in einer
Vielzahl von Disziplinen anwendbar ist, einschliefllich von Situationen, in
denen keine Programmiersprache verwendet werden muss, ist trotzdem Klar,
dass die Programmierung einer der Schliisselbereiche der neuen Reform ist.
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Die Syntaxkomponente ist einer der wichtigsten Punkte bei der Einfiihrung
der IV-Entwicklung im staatlichen Lehrplan. Aus diesem Grund sollte bei der
Erstellung des IV-Tests nicht die Fahigkeit vernachldssigt werden, eine
bestimmte formale Programmiersprache verwenden zu konnen. Diese These
wird jedoch durch das inlandische Lehrplansystem erschwert, das den
Schulen erméglicht, eine Programmiersprache zu wdahlen und den
Schullehrplan nach ihren individuellen Mitteln und den Fahigkeiten der
Lehrer zu erstellen (Klement, 2018).

2.3 Moglichkeiten zum Testen des Informatikverstindnisses

Eines der Hauptthemen im Rahmen der akademischen Diskussion unter den
Informatiklehrern waren in den letzten Jahren die Forschungen, die sich auf
die Moglichkeiten zur Bestimmung des Informatikverstindnisniveaus bei
Schiillern konzentrieren. Der europdische Vorreiter in diesem Bereich ist
Spanien, wo das Thema der IV-Entwicklung bei Schiilern an Grundschulen
schon seit 2015 diskutiert wird. Heutzutage gewinnen auch andere Lander im
Bereich gezielte Tests zunehmend an Bedeutung, einschliefdlich der
Vereinigten Staaten (Bocconi, 2018).

Derzeit gibt es in der Tschechischen Republik keine systematischen Tests fiir
die IV-Kenntnisse von Schiilern, mit Ausnahme einer Untersuchung aus dem
Jahr 2018, die sich auf Schiiler der neunten Klasse und deren individuelle
Wahrnehmung von digitalen Kompetenzen konzentriert hat. Den Ergebnissen
dieser Forschung zufolge waren die Schiiler von ihren digitalen und
rechnerischen Fahigkeiten iiberzeugt (Klement, 2019). Im Rahmen der
Untersuchung wurden jedoch nicht die tatsachlichen Fahigkeiten der Schiiler
bewertet, sondern nur die individuelle Wahrnehmung ihrer Fahigkeiten.

Im Allgemeinen unterscheiden wir vier Kategorien von Instrumenten, mit
denen die I[V-Entwicklung bei Schiillern bewertet wird, ndmlich den
didaktischen Test, der aus offenen oder geschlossenen Fragen besteht, die
Bewertungsanalyse des Schiilerportfolios, das Interview wund die
Untersuchung (Tang, 2020). Die jeweiligen Herangehensweisen an das IV-
Testen unterscheiden sich im Testschwerpunkt und in der Eignung fiir den
Einsatz in verschiedenen Umgebungen.

Die Anwendung des didaktischen Tests mit einer kombinierten Form von
offenen und geschlossenen Fragen scheint am besten geeignet zu sein, um den
Entwicklungsstand des Informatikverstindnisses bei Schiillern der
Grundschule umfassend zu testen. Didaktische Tests eignen sich fiir die
Notwendigkeit einer schnellen Bewertung der Situation und eines
Leistungsvergleichs zwischen Schiilern, beispielsweise im Eingangstest. Der
bekannteste Test, der sich auf das Informatikverstindnis konzentriert, ist der
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,Bobiik programovani“ /Programmierwettbewerb/, der sich auf die
allgemeinen Informatikvoraussetzungen der Schiiler konzentriert.

Einige Autoren stellen jedoch die Frage, ob es iiberhaupt angemessen ist, das
Informatikverstindnis so zu bewerten, dass man das wahrend des
Bildungsprozesses erworbene Wissen der Schiiler prift (Tang, 2020). Sie
weisen somit auf die breite Definition des Informatikverstiandnisses hin, in
der dieses in erster Linie als kognitiver Denkprozess verstanden wird, wobei
dies in der Bewertung beriicksichtigt werden sollte.

3 Fazit

Bei der Erstellung eines Tests zur Messung des [V-Niveaus muss nicht nur auf
auslandische Testerfahrungen zuriickgegriffen werden, die einen
umfassenden Uberblick iiber den aktuellen Stand dieses Problems im
Bildungsparadigma bieten, sondern gleichzeitig auch auf die relevanten
staatlichen Lehrplandokumente.

Im tschechischen Umfeld ist es nicht mdglich, sich beim Erstellen eines
universellen IV-Tests, der allgemeine diagnostische Eigenschaften beinhaltet,
nur auf eine formale Programmiersprache zu konzentrieren. Es bietet sich
eine Anwendung alternativer Aufgaben an, welche die universellen
Syntaxgrundlagen von Programmiersprachen verwenden, wobei der
Schwerpunkt auf der Fahigkeit des Schiilers liegt, die Bedeutung und
Genauigkeit der Aufgabe zu verstehen.

Eine Analyse der relevanten Quellen zeigt, dass es fiir eine empirische
Untersuchung im Bereich IV vorteilhafter erscheint, eine Kombination der
angebotenen Techniken und Methoden zu wahlen. Um den Istzustand des 1V-
Niveaus genauer zu untersuchen, scheint eine kombinierte Prifung und
Anwendung eines diagnostischen Tests die optimale Strategie zu sein.

Diese Forschung ist Teil einer Arbeit, die vom Internal Grant Competition (IGA) der
Palacky University im Rahmen des Stipendiums mit der ID IGA_PdF_2020_005
finanziert wird.
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TEACHING INTRODUCTORY PROGRAMMING BY
CREATING ANIMATIONS WITH SCRATCH

BERNAT Péter, HU

Abstract: In teaching introductory programming, teacher can choose from
several major areas depending on the interests and abilities of the students.
One of them is creating animations which I will first introduce regardless of
the programming language or the problem types. I will then describe in detail
the solving methods and language elements needed to solve the three problem
types I have defined through the use of the Scratch programming language.
These three problem types are simple interactive animations, single-scene
and multi-scene animations. Finally, from a didactic point of view, I will
generally evaluate teaching introductory programming through creating
animations.

Keywords: introductory programming, creating animations, Scratch

1 Introduction

By the 21st century, public education must adapt to substantial social and
technological changes. In addition to the transfer of lexical knowledge,
developing key competences is becoming more and more important. Many
researchers argue that computational thinking needs to be an essential part
of every child's education [1].

An article by Péter Szlavi and Laszl6 Zsaké gives an overview of the teaching
methods that can be used in teaching programming [2]. According to the
authors, the problem-type-oriented method is the only one recommended for
everyone within public education. It chooses its problems from overlapping
problem types so that they gradually introduce new language elements and
solving methods while constantly repeat the previous ones.

The problem types of the problem-type-oriented method can be selected from
a number of major areas. Choosing an area is called teaching strategy [3].
Possible teaching strategies include turtle graphics, robotics [4], creating
animations and game development [5].

In my article, I will first introduce creating animations regardless of the
programming language or the problem types. In this section, I will always
indicate in parentheses those programming languages among Scratch]r,
Scratch and Alice that have the feature mentioned in the text.

[ will then describe in detail the solving methods and language elements
needed to solve the three problem types I have defined through the use of the
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Scratch programming language. These three problem types are simple
interactive animations, single-scene and multi-scene animations. The solving
methods will be presented in separate sections, while the necessary Scratch
language elements will be written in italics.

Finally, from a didactic point of view, I will generally evaluate teaching
introductory programming through creating animations.

2 Overview of creating animations

Using programming students can create single-scene or multi-scene
animations with one or more objects. These objects can be characters and
props as well. Because separately controllable objects are required, only
object-based (Scratch]r and Scratch) or object-oriented (Alice) programming
languages can be used. Some of the educational languages suitable for creating
two-dimensional animations (Scratch]r and Scratch), while with others three-
dimensional animations can be made (Alice) (Figure 1). In the three-
dimensional space, in addition to the objects, the camera that determines the
point of view must also be controlled.

Figure 1: A two-dimensional animation in Scratch]r,
and a three-dimensional one in Alice

2.1 Properties of objects

The basic properties of objects include their appearance, location, direction,
size, and visibility (visible or invisible). The appearance of two-dimensional
objects is determined by one (Scratch]r) or more (Scratch) costumes. Multiple
costumes usually depict the object in different postures and can be used to
animate objects without moving. As for three-dimensional objects, by moving
individual parts of their bodies, different postures can be created (Alice).
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2.2 Actions of objects

Most of the objects' built-in commands are for changing their properties
(Scratch]r, Scratch and Alice) or querying them (Scratch and Alice). Whether
we are animating an object in place or by moving, the activity is often
repetitive, which is usually organized with a counting loop (Scratch]r, Scratch
and Alice), or in rare cases with a conditional loop (Scratch and Alice).
Complex sequences of actions should be divided into procedures for clarity
and reusability (Scratch and Alice). With event handling (Scratch]r, Scratch
and Alice) or conditions (Scratch and Alice), animations can be enriched with
interactive elements.

2.3 Timing actions

Actions of the objects need to be timed precisely. In very simple animations,
all activities can be adjusted to the first moment (Scratch]Jr, Scratch and Alice).
However, for more complex animations, this can result in a program that is
unclear and difficult to modify later. Instead, it is worth keeping the actions in
sync with sending messages between the objects (and the stage) (Scratch]r,
Scratch and Alice).

2.4 Breaking animation into scenes

In the case of multi-scene animation, there are several ways to change the
scene. If separate pages with different objects on them can be created in the
programming environment, it is enough to switch to the corresponding page
with a single instruction (Scratch]r). If this is not possible, a new scene can be
started by changing the background and hiding or showing the appropriate
objects (Scratch) in two dimensions, or by moving the camera to a new
location in the three-dimensional space (Alice). For the sake of clarity, each
scene should be put into a separate procedure (Scratch and Alice).

3. Creating animations in the Scratch programming language

In the Scratch! programming environment, students can create object-based
and event-driven multimedia programs. It has been developed by the
American MIT Media Lab since 2002 and its current version is 3.0. It has both
online and desktop versions and is free to use.

The objects in Scratch are the movable sprites and the full-screen Stage. The
most important properties of the sprites are their place and direction, the
costume they are currently wearing (they can have multiple costumes), their
size, and their visibility (visible or invisible). The main property of the Stage
is its current backdrop (Figure 2).

1 http://scratch.mit.edu
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Figure 2: Sprites and the Stage in a Scratch program: the two creatures, the
laptop and the space shuttle are sprites in front of the Stage's planet backdrop.

3.1 Simple interactive animations

My first problem type includes animations in which the sprites react to a
mouse click or a key press by changing their costume or playing a sound. The
idea came from the old amusement park shooting-galleries in which, in the
event of a hit, the creatures with a mechanical structure had moved for a short
time.

Figure 3: Emoji maker

Event handling

For example, the emoji maker shown in Figure 3 is a simple interactive
animation, in which user can press keys to toggle between backgrounds and
the different looks of the Eyes, Mouth, and Cap sprites in order to create
humorous faces. I created the program by transforming the work? of a Scratch
user.

For each image part, two programming language elements are sufficient: the
corresponding key press must be detected (when ... key pressed), and then the
backdrop or costume must be switched (next backdrop/costume).

2 https://scratch.mit.edu/projects/99608650
3 https://scratch.mit.edu/projects/14888671
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In the example, changing parts of the face is accompanied by a sound effect
(start sound ...) (Figure 4).
See full program at: https://scratch.mit.edu/projects/160782087

next backdrop

a) Stage b) Eyes

Figure 4: Pressing the 0 key sets the next backdrop of the Stage,
while pressing the 1 key sets the next costume of the Eyes

Animation with repeated costume changes

Those interactive animations in which sprites start animating by repeatedly
changing their costumes are more spectacular. On the Christmas greeting card
in Figure 5, which is also a modified version of a Scratch user's project3, the
flames of the Fire are constantly dancing in the fireplace, and a mouse click
can activate the Bell, which starts ringing, the TV, which shows a short scene
of a cartoon, and the Christmas tree, on which the lights start to flash.

el ¥

> -
N s PEnhe

Figure 5: Interactive Christmas greeting card

34

XXXIII. DIDMATTECH 2020
EOTVOS LORAND UNIVERSITY (ELTE) FACULTY OF INFORMATICS

Since the start of the program, the Fire constantly changes its different
costumes with some delay (wait ... seconds) in a forever loop. The Bell, with
one of its costumes tilted to the left and the other to the right, makes six swings
in a counting repeat loop when clicked (Figure 6). Other objects in the room
can be brought to life in a similar way.

See full program at: https://scratch.mit.edu/projects/160797454

e ' startsound Jingle Bell v

| o

S

N
@ 0.25

;’9 ‘ - é} )
a) Fire b) Bell

Figure 6: The Fire changes its costumes continuously from the beginning of the
animation, and the Bell changes its costumes six times after being clicked.

3.2 Single-scene animations
In single-scene animations, moving sprites play some short story. As an
example, [ created an animated greeting card again. In the ironic scene, the
Princess walks over to the Prince, and inquires about her Valentine's Day gift.
The gift is quite disappointing, so she leaves offended, while a Happy
Valentine’s Day greeting text appears (Figure 7).

1l

| Happy Valentine's Day!

Figure 7: The last moment of the Valentine's Day greeting card
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Moving a sprite in a straight line

In Scratch, move ... steps and glide ... secs to x: ... y: ...
commands can be used to move a sprite in a straight
line. Move moves the sprite by the distance specified
in the parameter in the current direction of the sprite.
Because its effect is immediate, it is typically used for
short movements, which is then repeated with a
counting loop as many times as necessary.

At the beginning of the animation in question, the =
Princess walks down the stairs in two steps: first from
the top to the turn of the stairs, and then to the ground
floor, both times in a straight line. Figure 8 shows a
part of the program implementing the movement in
the first step. After setting the starting position (go to
x: ... y: ...) and direction (point in direction ...), the SO N
Princess is shown (it disappears at the end of the Figure 8: Moving the
animation) and then moved to the turn of the stairs ~ Princess in a straight line
with a counting loop. Within the loop, we also ~ Withrepeated costume
alternate between two costumes that depict her changes

with two different postures.

The glide command, unlike the move, moves the sprite to a specified location
regardless of its current location and direction. This movement is continuous,
and its duration can be set. However, if the sprite has other tasks during the
movement (such as changing the costumes continuously), it can only do so in
another procedure that is started simultaneously with the glide command and
runs in parallel with it. Therefore, in the previous example, using the move
command seemed more functional.

)

Timing actions
Within a scene, it is common that a sprite must do something exactly after
another sprite has finished some activity.

For example, the two protagonists of the Valentine’s Day greeting card must
start a conversation right after the Princess has walked down the stairs. The
Princess therefore sends a broadcast (dialog) at the right moment in order to
have the Prince and herself (when I receive ...) start their own procedures of
the dialog. Similarly, the Princess must run away exactly after the Prince has
finished speaking, so the Prince signals the Princess that it is time to go by
another broadcast (run). This latter one is also received by the Caption, which
causes it to appear (Figure 9).
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Honey, what did you buy me for ‘
— Well, a sweater of that
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a) Princess b) Princess c) Prince

Figure 9: After the Princess arrives, she has herself and the Prince
start their own procedures of the dialog by broadcasting dialog;
when the dialog is over the Prince has the Princess run and the caption appear
by broadcasting run

Dialog

Finally, dialog is also a common part of a one-scene animation, in which the
sprites' sentences need to be timed accurately. While one character says
something (say ... for ... seconds), the other waits politely and then they change
roles. Broadcasting (e.g. dialog) can make the two sprites start the dialog at
the same time (Figure 9)

See full program at: https://scratch.mit.edu/projects/396002523

3.3 Multi-scene animations

Animations that tell longer stories typically take place in different locations.
In this problem type, breaking the animation into scenes is the novelty. Then,
each scene can be implemented as discussed in the previous problem type.
For example, the first scene of the science-fiction story shown in Figure 10
takes place in space, while the second one on the surface of a planet.
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Figure 10: Scene 1 and 2 of the animation "Programmer of planet XOR"

Scenes

In Scratch, setting of a specific backdrop can be handled as an event (when
backdrop switches to ...), so scenes can be started by setting the appropriate
backdrop (switch backdrop to ...).

In the example the Stage sets the space backdrop, causing each sprite to
initialize (e.g. appear or disappear depending on whether they have a role in
scene 1) (Figure 11), and then their activities within the scene are timed by
broadcasting as described in the previous problem type.

Later, the sprite who finishes scene 1 sets the planet backdrop to start scene
2. Scene 2 also consists of initialization and timed activities.

See full program at: https://scratch.mit.edu/projects/403824010

]

switch backdrop to  space »

a) Stage b) Spaceship

Figure 11: The Stage starts the first scene by setting the backdrop,
which the Spaceship detects and initializes itself

4 Evaluation of creating animations

The basic concepts of object-based and object-oriented event-driven parallel
programming can be introduced in an illustrative and comprehensible way
with educational programming languages suitable for animations.
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Among the control structures, the use of the counting loop is motivated, and
in rare cases the conditional loop is needed. The use of selections may be
necessary in interactive animations, especially if the appropriate event
handler is missing from the programming language. Variables are rarely
needed.

Creating animations can be appealing particularly for students interested in
arts, but not in abstract problems. Keller and Pausch, for example, successfully
used programming animations to motivate high school girls [6].

One of the benefits of this teaching strategy is that it can be easily linked to
other school subjects: students can bring stories to life, make illustrations or
presentations on almost any topic.

Exercises can motivate pair or group work especially if the required images
and sounds have to be produced first.

After creating animations, teaching programming can be continued with game
development, since games can be considered as interactive animations, during
which further important programming concepts can be introduced.

The research has been supported by the European Union, co-financed by the
European Social Fund (EFOP-3.6.2-16-2017-00013, Thematic Fundamental
Research Collaborations Grounding Innovation in Informatics and
Infocommunications).
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DISTANCNE VYUCOVANIE PREDMETOV INFORMATIKY
A PROGRAMOVANIA

Silvia NEMETHOVA, CZ; Veronika STOFFOVA, CZ, SK

Abstrakt: Prispevok sa zaobera moznostami vyuzitia digitalnych a on-line
technolégii ainteraktivneho edukacného softvéru, elektronickych ucebnic
a tatoridlov v distanénom vzdelavani v predmetoch informatiky, hlavne
aprogramovania. Predpokladom efektivneho vyuZivania digitalnych
technologii je, Ze ucitelia maju pristup k potrebnym technickym zariadeniam
a technoldégidam a maju dostatocnu digitalnu gramotnost a kompetencie na ich
vyuzivanie. To isté sa predpokladd na strane edukanta, ¢o sa tyka jeho
technického a technologického vybavenia a tiez jeho pouZzivatel'skych
kompetencii a zru¢nosti v pouzivani digitadlnych technolégii.

KlI'icové slova: Programovanie, vyucovanie programovania, edukacny
softvér, digitadlna technika, on-line technolégie, on-line vzdelavanie, distancné
vzdelavanie.

DISTANCE LEARNING OF IT AND PROGRAMMING SUBJECTS

Abstract: The paper deals with the possibilities of digital technology, online
technology and interactive educational software for distance education in the
teaching of computer science subjects, mainly subjects of programming. A
prerequisite for the effective use of digital technologies is that teachers have
access to the necessary technical equipment and technologies and have
sufficient digital literacy and competence to use them. The same is assumed
on the part of the educatees in terms of his technical and technological
equipment as well as his user competencies and skills in the use of digital
technologies.

Keywords: Programming, programming teaching and learning, educational
software, digital technologies, online technologies, online education, distance
education.

1 Uvod

Moderna Skola neznamend len vybavenie Skoly modernymi technickymi
zariadeniami a pristup kmodernym vzdeldvacim technolégiam, ale
predovsetkym efektivne vyuZivanie tohto vybavenia na zvySenie trovne a
efektivity vzdelavania. Vo vyucovani informatiky a predmetov, ktoré s iou
suvisia to plati dvojnasobne. NemdzZeme predsa ucit o modernej digitalnej
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technike, o modernych informac¢no-komunikacnych ainych vzdelavacich
technoloégiach bez ich pozivania. Vyvoj zretel'ne ukazuje, Ze vplyv technoldgii
na vyucbovy proces nemozno ignorovat a mysliet si, Ze dobrému pedagogovi
jednoducho stacia teoretické poznatky ziskané pocas vysokoskolskej pripravy
a skdsenosti ziskané praxou (Pokorny, 2018; Koretiova, 2015). Pre
moderného uditela ,drzat krok svyvojom“ znamena vnutornd potrebu
permanentného celoZivotného (samo)vzdeldvania.

Technoldgie je vSak potrebné vyuZivat efektivne a kvalitne. Je potrebné viest
edukantov vo vyuzivani technoldgii tak, aby im pomohli tak v osobnom Zivote
na rieSenie kazdodennych problémov, ako aj odbornom raste a v dosahovani
zivotnych cielov (Misut-Pribilova, 2013). V sicasnej dobe sa informatika
vyuCuje podla inovovaného Statneho vzdelavacieho programu, ktory kladie
mimoriadny doéraz na digitdlnu gramotnost’ nielen Ziakov, ale kladie vysoké
naroky aj na digitdlne kompetencie ucitel'ov.

2 Vyucba programovania

Motto: Programovat’ sa méZes naucit’ len programovanim.

(Stoffovd)
Programovanie znamend nielen stubor teoretickych poznatkov o algoritmoch
a programovani ale aj znalost programovacieho jazyka, programovacieho
prostredia, systému jeho elementov (riadiacich Struktir vo forme prikazov,
ich syntaxe a sémantiky, idajovych typov, idajovych Struktir a ich vnitorne;j
implementicie, funkcii apodprogramov atd.) aich zrucné pouzivanie.
Programovat sa nenau¢ime ¢itanim knfth o programovani, ani
namemorovanim niektorych algoritmov, prip. ich programovych kédov, ale
predovsSetkym praktizovanim teoretickych poznatkov - programovanim.
Teda tvorbou optimalnych algoritmov a pisanim aimplementovanim
efektivnych a funk¢nych programov.
Pocas distancného vzdelavania (z dovodov pandémie) stiipol pocet Skoleni
a webinarov, tykajucich sa vyuc¢ovania pomocou IKT a vyuZzivania eduka¢nych
aplikacii. Tieto webindre poskytovala EduPage ¢i IT akadémia, sktorou
spolupracovali firmy ako Microsoft ¢i Siemens anabadali ucitel'ov
k vyuzivaniu modernych technolégii bez obav zo zlyhania.

2.1 Vyucovanie/ucenie sa programovania s pouzitim elektronickych
ucebnic

Informatika je veda, ktord sa neustdle vyvija, meni aprinasa novinky.
V Skolstve pre dany predmet preto velakrat nie si v ponuke aktualizované
ucebnice v klasickej forme, ked'Ze nie je jednoduché drzat krok s jej rozvojom
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a zmenami. Toto je jeden z d6vodov, preco ucitelia siahaju po elektronickych
ucebniciach, ktoré st jednoduchsie na aktualizaciu a apravu.

Nielen pri diStan¢nom vzdelavani je spomocou elektronickych ucebnic
jednoduché zadat’ Studentom material a cviCenia na prestudovanie. Existuje
niekol’ko on-line ucebnic, ktoré sa venuju programovaniu v réznych
programovacich jazykoch a prostrediach od najniZsieho stuptia vedomosti
a skisenosti az po profesionalne poznatky. Tieto ucebnice sd vol'ne dostupné
vo forme webovej stranky. Je len na autorovi danej stranky ¢i a ako ¢asto ju
bude aktualizovat, vylep$ovat a doplhat (Gabal'ova, 2019).

: neover

Baltik 3 - programovanie pre ZS (6 - 15 rokov)

Baltie 4 C# - programovanie pre ZS a SS (13 - 19 rokov)

\
N i =N == B

i I T R R
e

druhi 2 toho istého davodu povaZuji programitorov za genidlnych fudi, ktorf ovisdajd niego, €0 je pre bezného smrtefnika absoltne nedostupné, d'aléf ani nevedia, € to siovo
predstavuje, ostatni ani nemaji zdujem vediet, £ to Je.

Obsah

+ Kapitola 1: Co e to vlastne

programovanie V skutotnosti sme programatormi my vietci a ucime sa nimi byt skdr, ako viddneme ditanie, pisanie, potitanie. Ved' akskofvek logicks postupnost prikazov, ktoré v Zivote
vytvorime, je program. Poskladanie skiadacky, umytie ruk, najedenie sa, to vietko si jednoduché programy, ktoré zvisdame uZ ako trojroci. Preco to zrazu chceme

« Kapitola 2: Rezim Skiadat’ s prichodom o 3koly deti odnaucit tjm, Ze v nich nebudeme ich prirodzené schopnosti dalej rozviat?

scénu
§ - Prifodzeny argument je, Ze beZné programovacie jazyky nie si vhodné pre malé deti a aj Ziakov na druhom stupni zéKiadnjch $kdl mbzu odradit. Preto je potrebné vybrat

« Kapitola 3: Reim Carovat’ programovaci jazyk, v ktorom je mozné v akomkolvek veku najst dostatok tvorivych podnetov a moZnosti na realizaciu. A tu sa nam pondka programovacf jazyk Baltik.
V siiéasnosti sa na trhu poniika Baltk v dvoch z3kladnjch verzidch ~ Baltk 2 a Baltk 3. KedZe materidly, ktoré vam tu pondkame, si pripravované pre deti 1. - 5. rotnika,

« Kapitola 4: Rezim odporiame vm pouzivat' Baltika 2, ktory Je svojim jednoduchym prostredim bez textového menu vhodnefsf pre prvy stupef.

programovat’

« Kapitola 5: Zrychfovanie a
spomal'ovanie Baltika Preco prave Baltik?

« Kapitola 6: Animécia M6Zeme ho zaradt do vyuovania uZ od prvého rotnika, pretoZe je to jazyk ikonkovy, teda, vietky &innosti zviddneme pomocou fkoniek, bez nutnost ovladania &tania.

Obrazok 1: On-line ucebnica pre programovacie prostredie Baltik

w1010 Elh ., 011
— 1001

BASIC TERMS
LAZARUS 1
ENVIRONMENT
FORM AND
COMPONENTS If we want to draw a circle or an ellipse, we use the Ellipse graphic command (Figure 28)
GRAPHIC AREA- which like Rectangle works with four input parameters. Let's create an imaginary rectangle
e (square) into which we write an ellipse (circle).

procedure TFormi.BucconiClick (Sender: Tobject): @ Formt

DATA TYPES
RANDOM. VARIABLE
RANDOM NUMBER

Obrazok 2: On-line ucebnica pre programovacie prostredie Lazarus
v anglickom jazyku (Némethov3, 2019)
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Okrem on-line ucebnic st na trhu elektronické ucebnice, ktoré je mozné si
zakupit a $irit v ramci licencie, ktora je viazana na meno a pocet képii. Jednou
z takychto ucebnic je napriklad Programujeme v Pythone (anglickd verzia
Creating with Python), ktoru vydal
. . a pravidelne aktualizuje Peter Kucera.
creahng W|th PVthon Vyhodou tejto ucebnice je, Ze okrem
Peter Kucera uciva a prikladov poskytuje aj rieSené
3 priklady vo forme zdrojovych kédov,
¢o by pri klasickych ucebniciach
nebolo mozné, pripadne by bolo
potrebné si koédy zucebnice rucne
prepisat’ do pocitaca.
V pripade, Ze ucitel nechce pocas
vyucovania  vyuzivat  zakupenu
elektronickd ucebnicu, ma mozZnost
vyuzivat e-learningové prostredie
Moodle so zaktipenou licenciou.
MoZnou nevyhodou elektronickych
ucebnic je, Ze nemusia pokryvat témy
zahrnuté v tematickom plane
predmetu, nevenuju sa dostatocne
jednej téme alebo naopak, jednej téme

Obrazok 3: Elektronicka sa venuju obsirnej$ie neZ inym, témy
ucebnica pre programovaci nie st vo vhodnom poradi a podobne
jazyk Python v anglickom (Kucera, 2016).

2.2. Programovanie podl'a voI'ne dostupnych tutorialov

Na Internete je vel'ka ponuka tutorialov, inymi slovami videoprednasok, od
ucitelov a odbornikov zpraxe kmnohym témam. Tieto tutoridly sa
zameriavaju nielen na vyucovanie $kolskych predmetov, ale aj na vysvetlenie
a opisanie pouzivatel'ského prostredia roznych aplikacif.

Spolo¢nost’ Microsoft tieto tutorialy pontka pre verejnost na svojej webovej
strdnke www.support.microsoft.com, kde sa pouzivatel nauc¢i pracovat
s programom od uplnych zakladov.
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B Microsoft | support

Word

Bring out your
best writer with
Microsoft Editor

Get writing help when you need it most

i e Ineligent writing assistant that helps you nrite with more conficence in

Obrazok 4: Webova stranka Microsoft Support - Word

Mohli by sme povedat, Ze niektori ucitelia predbehli dobu a vydali sa na cestu
on-line vyucby este pred diStanénym vzdelavanim spojenym s ,korona“
krizou. Najcastejsie najdeme tieto tutorialy na platforme YouTube. V ponuke
medzi videonahravkami s populdrnou hudbou mo6Zeme ndjst napriklad
tutoridly od Tomasa Mikulovského, ucitel'a matematiky na gymnaziu, ktory sa
vjeho nahravkach venuje roznym témam z matematiky. Podobné
videonahravky najdeme aj od Andreja Blahu, ktory tymto spdsobom
spristupniuje ucCivo nielen Studentom Fakulty matematiky, fyziky
a informatiky Univerzity Komenského v Bratislave, kde pracuje, ale aj SirSej
ucitel'skej a Studentskej verejnosti. Fakulta sa rozhodla postupne vytvorit
zaznamy zpredndSok, dalo by sa povedat tutoridly, kzikladom
programovania v programovacom jazyku Python (Blaho, 2012). Okrem
tutoridlov vslovenskom jazyku sa na platforme YouTube nachadza
nespocetné mnozstvo videnahravok v anglickom ¢i nemeckom jazyku (aj na
tému programovanie). V ¢ase krizy a nariadeného diStancného vzdelavania
tak ucitelia mohli vyuzit aj tito moZnost vysvetlenia uciva, ktora je pre
softvérové a hardvérové poziadavky skutocne nenarocna.

2.3 Vytvaranie programov podl'a navodov

Dalsim prikladom moZnosti uéit sa programovat, pripadne hromadne
vyucovat programovanie je tvorba programu podla pripraveného navodu na
zaujimava tému. Takto vyucovala programovanie Maria Karpielova
(2020).pre ziakov zakladnych $kdl v ramci kurzu programovania. Stavala pri
tom na obltbenost pocitacovych hier medzi detmi a motivovala Zziakov
ziskanim schopnosti vytvarat vlastni pocitacovi hru. Tak ucila
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programovanie. prostrednictvom vytvarania pocitacovych hier v prostredi
Construct 2, Co je softvér na tvorbu hier urCeny. Internetovy Kkurz
programovania hier obsahuje osem podrobnych navodov, v ktorych sa ziaci
naucia vytvarat tri typy hier, osvoja si zdkladné herné mechaniky a praktiky,
ktoré cely proces optimalizuju.

Pri zostavovani navodov bol kladeny doraz na identifikovanie kl'icovych
konceptov programovania vjednotlivych prvkoch hry ana vytvorenie
navodov, ktoré by viedli kautonémii edukanta. Efektivnost kurzu bola
merana schopnostou ziaka kl'i¢ové prvky vytvarat a schopnostou pracovat
s nadvodom samostatne. Analyza udajov ziskanych dotaznikovou metédou
ukazala, ze vacsina zZiakov bola schopna vytvorit dva ztroch testovanych
prvkov samostatne. Na konci kazdého navodu bola vyzva, ktora od ziakov
vyZadovala d’alSiu pracu s novymi poznatkami. Vyskum ukazal, Ze iba menej
ako tretina Ziakov sa rozhodla nesplnit ani jednu vyzvu na konci navodu,
a z tych, ktori ju splnili, viac neZ polovica to urobila samostatne.

Navody najprv boli realizované ako prezentacie v softvéri PowerPoint.
Aktudlne je to internetovy  kurz dostupny na  adrese:
http://akonaconstruct2.webnode.sk.

Napriek tomu, Ze kurz nebol planovany na pouzivanie v distan¢nej forme
vzdelavania, je vhodny aj na takdto formu vyucby.

2.4 Problémové a projektové vyucovanie programovania

V predmetoch programovania casto vyuZivame problémové a projektové
vyucovanie. Ziklady algoritmizdcie a programovania na Pedagogickej fakulte
Trnavskej univerzity v prvych semestroch vysokoSkolského Stidia vyucujeme
klasickym spdsobom. V tejto faze Stidia sa pouZivaju priklady rieSeni, analyza,
porovnanie a vyhodnotenie dvoch alebo viacerych spravnych rieSeni. Pri prechode
z jednoduchych uloh na zloZitejSie az ,.tazké“ sa pouZziva ndvrh zhora nadol
s vhodnou kombinaciou névrhu zdola nahor. Studenti individudlne riesia &asti
problémov a ucia sa, ako je mozné problém v pocitaci reprezentovat’ idajmi a ako
algoritmizovat’ aformalizovat zdpis ich rieSenia. Po zvlddnuti zdkladov
programovania v plnej miere aplikujeme ucenie zaloZené na rieSeni jednoduchsich
problémov, ktoré vhodnym spdsobom spdjanim do jedného organického celku
a nakoniec vyustia do softvérového projektu. Kazdy Student si ako tému svojho
semestralneho projektu implementuje didaktickd pocitaCovii hru, alebo didakticki
softvérovi aplikdciu (Stoffovd, 2018; Czakéva, 2014; Feszterovd, 2018). Ako
motiva¢ny ndstroj pouzivame ukdzky pocitacovych hier alebo inych didaktickych
softvérovych aplikdcii, ktoré $tudenti vytvorili v minulych rokoch. Studenti maji
k dispoziciu urcité vzorové rieSenia, podproblémov, ktoré sa opakuji
v jednotlivych aplikdcidch a ktoré mdzu vyuZit' v tvorbe svojich individudlnych
projektov. Musia ale analyzou implementovaného algoritmu rozpoznat’, kde dané
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rieSenie vyuzit' a ako dany stavebny element prispdsobit’, aby bol , ity na mieru®
vnovej situdcii. KaZzdd implementdcia interaktivneho softvéru, ¢i uz je to
pocitacov4 hra alebo ind softvérovd aplikdcia, md spolo¢né Erty — problémy, ktoré
sa daju vyriesit’ ako vSeobecné. Maju ale aj vlastné individualne vlastnosti, ktoré
ich odliSuji od ostatnych. Pravidld hry, monitorovanie priebehu hry, vyherné
stratégie, stratégie na dosahovanie dobrych vysledkov, vyhodnotenie situdcie v hre
a vytvorenie optimalnych d’alSich krokov, hodnotenie vykonu hraca, definovanie
drovne naroc¢nosti si vazne individudlne algoritmické problémy kazdej pocitacove;j
hry a jej implementicie. Programovanie a implementacia pocitacovych hier ma
vela beznych problémov, ktoré sa riesia pri praktickych cviceniach pri si¢asnom
budovani kniZnice procedtr, funkcif alebo objektov a tried objektov. Studenti mozu
tieto funkéné prvky vyuZzit' pri vytvarani vlastnej hry. Tieto problémy sa tykaju
zabezpeclenia interaktivity hry, riadenia dynamickych objektov hry pomocou mysi,
kurzorovych kldvesov, vytvorenia ponuky, explicitného nastavenia vyberu
zaCiatonych podmienok, vytvorenia novych statickych alebo dynamickych
objektov hry, pozastavenie a zastavenie hry, uloZenie stavu, pokracovanie v hre
alebo jej nacitanie, vytvorenie grafického pouZivatel'ského rozhrania (GUI),
vyuzitie hudby, zvukovych sekvencii v hre atd’. Kazdy Student potom prispdsobi
tieto univerzdlne rieSenia implementdcii vlastnej hry, pripadne didaktickej
aplikdcie To ukazuje, Ze pri vytvarani pocitacovej hry programator pouziva vsetky
zdkladné prvky programovacieho (vyvojového) prostredia, ddtové typy a datové
Struktdry, ktoré si v flom dostupné, a tiez prispieva k vytvéraniu
predprogramovanych prvkov. Vytvdranim pocitacovych hier sa tedria
programovania spdja s vyvojom a implementédciou didaktickych softvérovych
aplikécii (Partovd akol., 2018; Stoffovd, 2004;). Studenti tak ziskavaji dobré
skiisenosti s programovanim a spajaji tieZ teériu s praxou. Studenti prezentuji
svoje hotové projekty pred spoluziakmi, obhajujii svoje rieenia. Studenti spolu s
ucitelmi vyhodnotia zloZitost rieSenia. Autori predkladaji projektovi
dokumentaciu spolu so svojim projektom, ktorého sicast'ou je aj zdrojovy kéd,
Specifikdcia a dokumentécia pre vyvojarov.

Aj ked problémové a projektové vyuCovanie programovania vyuZivame
v kombinovanej forme vyucovania (blended learnig), osvedCili sa ndm aj
v diStan¢nom vzdeldvani.

3 On-line vyucba informatiky

Online vyucba prebiehala na jednotlivych $kolach na réznych platformach.
Ucitelia riesili vyucbu a zaroven aj testovanie. Ako prvé zacali ucitelia
pouzivat to, ¢o bolo pre nich uz zname, to ¢o mali po ruke - EduPage. Nebali
sa moznosti, ktoré pontka a ktoré v tradi¢nej vyucbe pouzivali len ojedinele.
Vo vyucovani ,diStan¢nou formou“ mohli pouZit prostredie EduPage, nielen
na podporu ale aj na realizdciu vSetkych faz vyucovania. Tak prostredie
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EduPage sa zacalo intenzivne pouzit na prezentovanie ucebnej latky, na
nacvicovanie uciva a tiez pri testovani ziskanych vedomosti.

Otdzka

1./18

Connect the network topologies to their definitions:

Ring every node is connected fo every other
node

Mesh connects two nodes directly with a common
link

Star connects node with its exactly two
neighbouring nodes

Point-to-point all nodes are connected to the central hub

Otazka

2./18 O

In what year was ARPANET created?

1950°s

Obrazok 5: On-line test vytvoreny v prostredi EduPage

Veronika M IV.CA ~
P 1
15. mdj 2020 13:30
15. mdj 2020 14:03

Vyhodnotené

Bodv: |24 Ng

24/24=100%
1. What is ARPANET?
a) U.S. military’s computer network

b) Aworldwide system of interconnected networks

v 1B
Network project which connected American universities
d) Anickname for The Internet
2. In what year was ARPANET created? Ntiska 4 148 4D »

Obrazok 6: Vyhodnotenie on-line testu v prostredi EduPage

EsSte pred diStan¢nym vzdelavanim, ktoré bolo nariadené pocas korona krizy,
ucitelia primarne pouzivali prostredie EduPage len na zadavanie znamok
a komunikaciu so ziakmi a rodi¢mi. Niektoré skoly vyuzivali EduPage aj ako
elektronicku triednu knihu. Postupne sa ho naucdili pouZivat aj na zadavanie
domacich uloh atvorbu testov (online testovanie). Vyhodou prostredia
EduPage pri tvorbe testov je moZnost mieSania otazok a odpovedi, tlac¢ testov,
uloZenie testov pre d’alSie skolské roky, priradenie testu konkrétnym triedam
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¢i Studentom, zadanie ¢asu a terminu testovania a automatické vyhodnotenie
spravnych odpovedi spojené s automatickym urc¢enim znamok.

Velkou vyhodou EduPage je moznost vytvorit stranku pre konkrétny
predmet Ci ucitel'a, na ktoru je mozné pridat text a nahrat akykol'vek sibor
(textovy dokument, videosekvenciu, odkaz na ina stranku atd’.). Pristup na
strdnku sa moZe nastavit na neobmedzeny (bez prihlasenia sa do konta
EduPage) alebo s pristupom len po prihlaseni. Takisto je moZné vytvarat
podstranky a menit ich graficky dizajn.

Gymnazium Jana Hollého ™ PRIHLASENIE
Na hlinach 7279/30, Trnava Vyhiadat Q

Hlavna stranka Novinky Ziaci a rodigia v Uchadzaé Maturita Erasmus+ Kontakt

HLAVNA STRANKA / ZIACI A RODICIA / ZOZNAMY / PREDMETY

Mats

Obrazok 7: Webova stranka predmetu Informatika/Programovanie

Na druhej strane treba pripomenut, Ze prostredie EduPage nebolo nikdy
vystavené 100%-nému vyuzivaniu zo strany ucitelov aziakov, kedZe sa
vyucovanie odohravalo v triedach a nie on-line. Preto v prvych diioch ,,padalo®
a ,zamrzalo“ - ucitelia museli opakovane zadavat domace tlohy a odosielat
spravy, pretoZe systém zlyhal aZiadna zmena sa neuloZila. Pre mnohych
ucitel'ov bol tento fakt odradzujici az odstrasujuci a preto hl'adali alternativu
pre komunikdciu a on-line vyucovanie.

Okrem EduPage sa v Skoladch najcastejsSie vyuzival a stdle vyuZiva balik
Microsoft Office, z ktorého sa pre on-line vyucovanie vyuZivala hlavne
aplikacia Microsoft Teams. V prostredi Microsoft Teams ma ucitel’ moZnost
vytvorit si svoje skupiny (triedy), planovat s nimi stretnutia, pocas ktorych
zdiel'a nielen videonahravku, ale aj svoju obrazovku a méze tak vyucovat
akékol'vek ucivo ¢i predmet.

Balik Microsoft Office sa uZ na Gymnaziu Jana Hollého v Trnave niekol'ko
rokov vyuziva na vyucovanie zakladnej informatickej gramotnosti, Ziaci sa
ucia pracovat s prostredim programov Word, Excel, PowerPoint ¢i Access. Pre
ziakov sa v tychto programoch vytvaraji uc¢ebné materialy a cvicenia, ktoré sa
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daju jednoducho poslat’ a zdiel'at cez EduPage alebo e-mail. Pri diStan¢nom
vzdelavani vSak nastal problém, pretoZze verziu, sKktorou pracuju Ziaci
v S$kolach, nemusia mat doma a teda sa lisi prostredie a funkcionality daného
programu. MéZeme si porovnat prostredie Microsoft Word 2016 a Microsoft
Word 97, ktory Ziaci doma stale pouZivaju. Niektoré funkcie nie st pristupné,
pripadne nie st na rovnakom mieste a Ziaci z toho mézu byt zméateni. Rovnako
nastava problém, ak ziak nemd, napriklad z finan¢nych dévodov, zakiipeny
balik Microsoft Office ateda nemoéze tieto materialy vyuzivat. Spolo¢nost
Microsoft uviedla na trh moznost vyuzZitia tychto balikov on-line, ¢o pocas
diStan¢ného vzdelavania vyuzili viacer{ ucitelia a Ziaci. Nevyhodou v3ak je, Ze
on-line verzia neponuka vsetky funkcie off-line verzie.

Timy 5 £ Pripojit = alebo vytvorit tim

Utitelia LAAN) LA ANY 118 AN)

L) [=]

1118 ANJ Jazykovy kvet Pedagogicki zamestranc

Obrazok 8: Prostredie Microsoft Teams

Ani ucitelia a ani ziaci vSak nemuseli zostat len pri znamych aplikaciach
a prostrediach, ale mohli siahnut po nie¢com novom a nevyskisanom, ¢o pre
mnohych znich boli platformy od spolocnosti Google. T4 si uz pred
niekol'’kymi rokmi stanovila za svoju d’alSiu prioritu, orientovat sa na podporu
elektronického vzdelavania - vyvijat softvér pre skoly. Vytvorili platformu
Google Classroom (trieda), ktora umoznuje tvorbu skupin, v ramci ktorych
sa da komunikovat, vyucovat’ a posielat zadania. Vel'kou vyhodou platformy
Google Classroom je prepojenie Gmail konta s ostatnymi platformami, ktoré
Google pontika a teda ucitel' /Ziak dokdZe pomocou jedného prihlasovacieho
mena a hesla vyuZit hned niekol'ko aplikacii - Docs, Sheets, Forms atd’. Google
Docs a Sheets si obdobou textového a tabul'kového editora od spolocnosti
Microsoft pontikané v online verzii s moznostou automatického ukladania
suborov na cloud (Google Drive). Na testovanie Ziakov sa da vyuzit prostredie
Google Forms, pomocou ktorého sa daju vytvorit' nielen dotazniky, ale i on-
line testy a mozu sa zdiel'at aj v prostredi Classroom.
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Docs Sheets Slides
Blogger Hangouts Keep
Jamboard Classroom Earth

Obrazok 9: Aplikacie od spoloc¢nosti Google

Oral Exam 1st Group
349 135 1226
My Personal Meeting ID (PMI) 000 - 930

Meeting ID: 777 5492 2141

B oo - e X Delete

Show Meeting Invitation

Oral Exam 1st Group

2:00-0:30
Meeting ID: 777 5492 2141

Oral Exam 2nd Group
10:00-1030
Meeting ID: 781 6443 0952

Oral Exam 3rd Group
11:00-11:30
Meeting ID: 773 1117 2712

Obrazok 10: Prostredie aplikacie Zoom

Ked'Ze u nas pretrvava klasicka forma vyuc€ovania, kedy ucitel vysvetl'uje nové
ucivo, ziak si ho zapisuje a potom ho aplikuje v praxi, ucitelia zostali tejto
forme verni aj pocas diStancného vzdelavania. Vyuzivali mozZnost byt so
ziakmi v kontakte ,face-to-face, aby im ucivo vysvetlili a mohli reagovat na
ich otazky. Na tieto ucely boli vyuZivané aplikdcie Zoom a Webex. Obe
aplikacie poskytuji moznost pldnovania hodin, zdielania videozaznamov,
obrazovky, siborov a chatovanie. Vel'kou vyhodou aplikdcie Zoom je moZnost
kreslenia na obrazovke, kedy sa méze vyuzit aktualne zobrazeny material, na
ktory sa da pisat, zvyraznovat Cast textu a pod., alebo sa vytvori virtualna
interaktivna biela tabula. Rovnako je vybornd moznost nahravat on-line
hodiny, ktoré sa po ukonceni hodiny konvertuji na MP4 stibor, ktory je mozné
zdiel'at so ziakmi v pripade, Ze sa hodiny nemohli zucastnit, vypadlo im
internetové pripojenie, zamrzol pocitac a pod.
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4 Zaver

Pandémiou nanutené diStan¢né vzdelavanie skutocne prekvapilo kazdého
ucitel'a. Situacia diktovala svoje pravidla a to, ¢o bolo doteraz dobrovol'né sa
stalo nevyhnutnostou. Problémy sa riesili za pochodu a Kklasické vyucovanie
bolo nutné pretvorit na moderné diStanc¢né vzdelavanie. Mnohi pokrokovo
zmysl'ajuici ucitelia, uz predtym vyuzivali moznosti modernych vzdelavacich
technolégif, aktivizujice ~ metddy, ktoré umoziiujd individualizaciu
a personalizaciu hromadného vyucovania. Takychto ucitelov diStan¢né
vzdelavanie nezaskocilo skér potvrdilo spravnost a podporilo ich snaZenie
vytvorit alternativny spdésob vyucby, kde kazdy edukant pouzivanim
kvalitnych vyucbovych materidlov, modernych vzdelavacich technoldgii
uplatiiuje svoje pravo na ,dobrého mudreho ucitel'a“. Takyto sposob vyucby
ma ale aj svoje nedostatky. Nie kazdy aktér ma vyhovujice technické
a technologické vybavenie anie kaZdy je rovnako technicky erudovany
a zbehly v pouzivani modernych digitalnych technolégii (Zahorec a kol. 2020).
Bola to ale ,vel'kd skuska pravdy“ o uplatneni digitdlnych technolégii vo
vzdelavani, oich funkcnosti, uZitocnosti a efektivnosti. Tato situacia ajej
intenzivne rieSenie prinieslo obrovsky pokrok v oblasti rozvoja digitalnej
gramotnosti a kompetencii tak edukatorov, ako aj edukantov (a ich rodicov).

Prispevok bol podporeny projektami KEGA 012TTU-4/2018: Interaktivne animacno-simulacné
modely vo vzdeldvani a KEGA 015TTU-4/2018 Interaktivita v elektronickych didaktickych
aplikdcidch a IGA_PdF_2019_043 s ndzvom ,Analyza vybranych aktudlnich problémii ve vyuce
informatického zamérenych predméti s akcentem na on-line technologie”,
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PREZI NA TVORBU DIDAKTICKYCH APLIKACII

Veronika STOFFOVA - Martin ZBORAN, SK

Abstrakt: Prispevok sa zaoberd pouZivanim digitdlnych technolégif
v priprave ucitel'a na vyucovanie. Predstavuje tvorbu a efektivne vyuzivanie
didaktickej aplikacie na podporu vyucovania chémie. Ukazuje ako vytvorit
Struktirované prezentacie podla logickej Struktiry spracovanej latky
vsulade smozZnostami afunkciami prezenta¢ného softvéru Prezi.
Predpokladom efektivneho vyuZivania digitalnych technolégif na Skolach je,
Ze ucitelia maju pristup k potrebnym technickym zariadeniam a technol6gidm
a maju dostatocnu digitdlnu gramotnost a kompetencie a potrebnu
erudovanost nielen na ich vyuzivanie, ale aj na tvorbu vlastnych aplikacii. To
isté sa predpoklada na strane edukanta, ¢o sa tyka jeho technického a
technologického vybavenia a tiez jeho pouzivatel'skych kompetencii a
zru¢nosti v pouzivani modernych digitalnych technolégii.

KI'icové slova: Edukacny softvér, digitadlna technika, on-line technoldgie,

PREZI FOR EDUCATIONAL APLICATION CREATION

Abstract: The paper deals with the use of digital technologies in the
preparation of teachers for teaching. It represents the creation and effective
use of didactic application to support the teaching of chemistry. It shows how
to create structured presentations according to the logical structure of the
processed substance in accordance with the possibilities and functions of the
presentation software Prezi. A prerequisite for the effective use of digital
technologies in schools is that teachers have access to the necessary technical
equipment and technologies and have sufficient digital literacy and
competences and the necessary methodological erudition not only for their
use, but also for creating their own applications. The same is assumed on the
part of the educator in terms of his technical and technological equipment as
well as his competencies and skills in the use of modern digital technologies.

Keywords: Educational software, digital technology, on-line technologies, on-
line education, distance education.

1 Uvod

Moderna vyucba vyzaduje nielen vyuzivanie novych informac¢nych technol6gii
anovych digitdlnych didaktickych prostriedkov, ale aj didakticky spravne
spracované softvérové aplikicie a metodicky vhodne realizovany vzdelavaci
proces. Spravne vyuzitie pocitaca ako didaktického prostriedku moze vyrazne
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zvysit  efektivnost vyucCovacieho procesu (Stoffova, 2004). Kinovacii
vyuCovacieho procesu prispieva aj vyuzitie didaktickych aplikacii a
vzdelavacieho softvéru. Mnohé studie (Petrovi¢ a kol, 2014; Partova a kol.,
2018) poukazuju na to, Ze uZ samotné deti na zakladnych Skolach kladne
hodnotia vyuzivanie vzdeladvacieho softvéru vedukatnom procese
a uprednostiiuji vyucovanie réznych predmetov v pocitacovej uc¢ebni. K tomu
je potrebny dobry softvér, dostatocna erudicia ucitela atiez potrebné
digitalne kompetencie a gramotnost tak ucitel'ov ako aj ziakov (Zahorec a kol,,
2020).

1 Multimedialny pocitac adigitidlne technolégie na podporu
vzdelavania

Pocita¢ vybaveny potrebnymi periférnymi a doplnkovymi multimedidlnymi
zariadeniami vyuzivany vo vyucovacom procese umoZziuje nielen nazornud
prezentaciu, ale aj interaktivnu komunikaciu, zabezpecuje rychlu spatna
vazbu a je aj silnym motiva¢nym cinitelom pre edukantov. Jeho vyuZitie vo
vyuCovacom procese zapaja viacero zmyslov, Co zlepSuje pochopenie,
zapamatanie, uchovanie si informacii sprostredkovanych nazornym
prezentovanim ucebnej latky. Podiel jednotlivych zmyslov na objeme
prijatych informacif je uvedeny v tabulke 1.

Tabul'’ka 1 Podiel jednotlivych zmyslov na objeme prijatych informacii

Zmysel % podielu na prijatych informaciach
zrak 83,0
sluch 11,0
cuch 3,5
hmat 1,5
chut 1,0

Podobné ¢isla mozno uviest aj pre zapamaitané informacie. Ale tu uz je nutné
kombinovat zmyslové organy, ktoré sa podiel'aju na prijimani zapamatanych
informdcii. Najviac informdcif je zapamatanych pri kombinacii zraku, sluchu,
aktivit za vyuzitia vlastnych skusenosti a spiatnej vazby (85%) (Stoffova,
2004). Vo vzdeldvani ndm ale ide o aktivne ucenie sa, obudovanie
poznatkového systému edukanta. Ked’ informéacie a poznatky sa neukladaju
ako izolované encyklopedické poznatky, ale sa usporiadaju, prepajaju sa
medzi sebou a zintegruju do jedného kompaktného komplexného celku - do
vedomostného systému, ktory potom jednotlivec vie aktivne vyuzivat nielen
na riesenie Standardnych a beZnych problémov, ale aj na rieSenie novych
neStandardnych problémov a situacii (Stoffova akol.,, 2018; Brecka akol,
2019).
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Ucinnost vyucby uzko suvisi s ¢innostou a aktivitami ucastnikov.

Vo vSeobecnosti si zapamitame Clovek je schopny ...

vymedzit
popisat
usporiadat
vysvetlit

10% toho, ¢o citame

citanie
=

20% toho, ¢o pocujeme |
|,

30% toho, ¢o vidime
demonstrovat

» aplikovat
praktikovat

50% toho, ¢o zaroven /
podujeme a vidime

T70% toho,
&o hovorime £
aplzeme definovat
-— vytvorit
90% toho, / sklUsenosti v simulovanych situaciach ohodnotit
<o robime

analyzovat

priame realne skisenosti

Obrazok 1: Pyramida skdsenosti podl'a Daleho

Edgar Dale (1969) vyjadril tzv. ,Pyramidou sktisenosti “ postup ako sa vyvija
poznatkovy systém cloveka - ako sa ¢lovek uci - ako ¢lovek sa stdva miudrym.
Od pasivneho prijimania informéacii, cez ich triedenie, usporiadanie,
spracovanie sa dostava uciaci sa k ich aktivnemu vyuzivaniu.

2 Edukacny softvér

Edukacny softvér (znamy aj pod pomenovanim vzdelavaci softvér) moze
zvySovat kvalitu vyucovacieho procesu a motivovat Ziaka k samouceniu cez
vizualne ainteraktivne prostredie. MézZe sluzit na prezentaciu uciva, na
precviCovanie a upevnenie poznatkov a na testovanie ziskanych poznatkov. Je
vhodny pre vSetky vekové kategdrie a mézeme ho vyuzit vo vSetkych fazach
vyucovacieho procesu, aj na individudlne Stddium. Vtedy vSak musi byt
prispésobeny potrebdam uciaceho sa a reSpektovat jeho Specifika.

Ak chceme vytvorit kvalitny didakticky softvér, nesmieme zabudnut na
dodrziavanie vSetkych didaktickych zasad, platnych Standardov a postupov.
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Pri tvorbe sa odporuica nasledovny postup:
1. zozbierat viaceré materidly suvisiace stémou a planovat
programovacie prostredie,
2. vybrat najvhodnejSie material a dizajn pre danud aplikaciu (Végh,
2016),
3. vybrat realizacné prostriedky na samotnu tvorbu softvéru,
4. overovat softvér samotnym autorom, ale aj pouZzivatel'mi z praxe,

5. prakticky pouZivat vytvoreny softvér a pomocou spatnej vazby ho
vylepSovat' (Stoffova, 2018).
Postup tvorby ma iteracny charakter aautor sa velmi c¢asto vracia
k predchadzajicim bodom kvoli spresneniu, doplneniu a vylepSeniu
produktu. Didakticka softvérova aplikacia sa vyvija podl'a zndmeho Zivotného
cyklu softvéru. Na zaklade spitnej vazby od pouZivatelov sa vylepSuje,
zdokonal'uje a spresnuje, kym samotna zakladna koncepcia nebude zastarana,
prip. uz malo efektivna, nespol'ahliva.
Eurépska norma pre ucitelov zaraduje do klticovych kompetencii ucitel'a
nielen schopnost pracovat s dostupnymi didaktickymi softvérmi, ale aj
schopnost  didakticky softvér vytvarat. Predpokladd sa znalost
programovania a tvorby softvéru, hlboké predmetné znalosti tvorcu
aprocesu ucenia (Stoffovd - Horvath, 2018; Feszterova, 2018a, 2018b;
Czakoovi, 2016).

Aj ucitelia neinformatickych predmetov moéZu vytvorit bez znalosti
programovania interaktivny edukacny softvér v prostrediach, ktoré takito
tvorbu ul'ah¢uji a podporuji. Sem moZno zaradit prostriedky na tvorbu
didaktickych prezentacii PowerPoint, Prezi, Hot Potatoes apod. Kktoré
umoznuju interaktivnu, intuitivnu tvorbu aplikacii aj v pripade malo
erudovaného ucitel'a (PSenakova - Szabd, 2018; Pokorny, 2013)

3 Moznosti vyuzitia PreziNext ako didaktického edukac¢ného softvéru

Pri tvorbe prezentacii v prostredi PowerPoint obycajne pouzivame linearny
postup alinearnu Struktiru prezenticie ucebnej latky. Teda vytvarame
sekvenciu snimok, od prvej (titulnej) aZ po poslednt. Aj pri obmedzenych
moznostiach tohto softvéru moZe skuseny pouzivatel vytvorit velmi
posobivu aplikaciu, ktora prekona aj prirodzenu linearnu struktiru a prepoji
mensie ,informacné” jednotky do potrebnej struktury.

Prostredie Prezi priamo pontka tvorbu Struktirovanej prezentacie, teda
usporiadanie prezentovanych poznatkov do logickej Struktiry. V Strukttire je
viac ciest a jasny je len zaciatocny a kone¢ny bod. Pohybujeme sa nielen zl'ava
doprava, ale moZeme sa jednoduchS$ie arychlejSie vratit spat, priblizit
detaily.
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Prezentaciu mézeme prechadzat od prvého bodu k poslednému alebo prejst
do l'ubovol'ného bodu prezentacie. Tento nelinearny postup je v mnohych
pripadoch vhodnejsi, pre tvorcu , pre edukanta vizualne pritazlivejsi a pre
prezentovanie poznatkov ndzornejsi. Podporuje systematizaciu poznatkov do
organického celku. V niektorych pripadoch je ale vhodnejsie aj tu vyuzit
postup lineadrny, ak si to vyzaduje logika prezentovanych poznatkov.

Prezentacny softvér Prezi umoziiuje vytvorit prezenticiu v pracovnom
prostredi, kde sd na ploche obrazovky viditelné vSetky prvky prezentacie
(Anderson - Wiliams, 2015). Softvér je dostupny on-line, a zadarmo, mozZno
viiom vytvarat prezenticie adostupnymi funkciami na upravu textu
a obrazkov. Prezentovat vytvorenu aplikaciu mozno iba po prihlaseni na
vytvoreny ucet. Pre bezné vyuzitie ucitelom vo vyucCovani je to ale
dostacujuce. Platené verzie poskytuju rozsirené a nadstavbové funkcie. Za
vyhodné povaZujeme napr. rozSireni moZnost Udpravy obrazkov,
vygenerovanie odkazov (link), ktoré umoZiiuju prezentovat aj bez prihlasenia
do uctu a moznost robit Upravy a prezentovat v off-line rezime, ¢o je vhodné
hlavne pre tvorcov ucebnych pomocok.

Najnovsia verzia softvéru PreziNext je na pouzivanie jednoduchsia, pretoze
obsahuje nové funkcie, ktoré ul'ahCuji pracu a mozZno nimi revidovat aj
prezentacie vytvorené vo verzii Classic. Je zaloZzena na novej technologii
HTMLS5, novom jednoduchSom a intuitivnejSom editore.

Vo verzii Classic sd na ploche zobrazovacej jednotky viditelné vsetky prvky,
aj ked’ m6zu byt vel'mi malé, daju sa pribliZzenim zvacsit. Verzia PreziNext je
tvorend viacerymi vrstvami, ktoré nie st viditel'né naraz, ale d4 sa medzi nimi
jednoducho a I'ubovol'ne prechadzat.

4 Opis periodickej tabul'ky prvkov v prostredi Prezi

Nasa prezentacia periodickej tabul’ky prvkov pozostava z viacerych vrstiev.

1. vrstva - avodna - predstavuje celkovy pohlad na periodicku sustavu
prvkov s vyznaCenim ndzvu a chemickej znacky prvku, jeho atémovym
Cislom arelativnou atbmovou hmotnostou. Chemické znacky prvkov su
farebne rozliSené podl'a skupenstva. Kovy, polokovy a nekovy su rozliSené
podfarbenim a skupinové nazvy prvkov su rozliSené farebnym kolieskom.
Sucastou prvej vrstvy je test na fixadciu vedomosti. Do d'alSej vrstvy sa
prechadza kliknutim alebo pootoc¢enim kolieska myS$i na konkrétny objekt
alebo moZno linedrne postupovat po snimkach kliknutim na Sipku
v zelenom poli B o predoslej vrstvy sa vratime viacerymi
sposobmi, pootoc¢enim kolieska na mysi spat, kliknutim na Sipku
vIavom dolnom rohu alebo na predosli snimku kliknutim na
v strede dolnej ¢asti obrazovky (linearny postup).
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2. vrstva

a) kliknutim na vzorovu znacku prvku sa dostaneme do druhej vrstvy, kde
sa znazorni Struktira atému a moznosti prechodov do d'alSich vrstiev

.
(Obrazok 3).
Periodicka sustava chemickych prvkov %
TEST
7 11 1 B ” - 7 17
1 10 @ goon
e H He
Vodik v o] . - Hellum
T el aE T [
2 Li | Be B H B Ne
Litum | Berylium| T plyn sor | Uni Fuor | Neen
[13 @ zs0m0fia s i kvapalina > T e E ey
pevny prvok 5 Al | Si ClL | Ar
M| Kook crier | argon
T pPe=| P P T o ) ) e o T e E T L] E ET ET ey e
Sc| Ti|V |[Cr|[Mn|Fe|Co|Ni|Cu|Zn|Ga|Ge| As | Se | Br | Kr
kandium| Tan | Venad | Ghrom | Mangan | Zelezo | Kebelt | Nikel | Med | Zinok i Selén | Bom | Kiypton
B i e e e e e e e e S s e e e
Y Zr | Nb | Mo Ru | RH|Pd|Ag|Cd| In|Snh|Sb| Te| I Xe
\ Vs [Zionum| Niob _|Molybdes Strabro aamum|_incum | Cn | anmon| Tewr | séd | xenon
P T P P e e Pt o e e e e S o g
La-Lu Hf | Ta | W Os | Ir Pt [Au|Hg| Tl | Pb| Bi | Po| At | Rn
um | Lartanccy| Hafmium | Tantel_| wotram | Rénium | Osmium | dum | Platin | Zioto | ot | Tetum | Otovo | mamut |poienum| astat | Raden
Ac-Lrf Rf |Db | Sg [Bh|Hs |Mt|[Ds|Rg|Cn|Nh| FL |Mc| Lv| Ts | Og
ancium | RAGIUM  AkUNGIY|pumetortur| D Hasium | s Tenes [Oganeson)

Obrazok 2 Uvodna vrstva

[ Y—
e pocet elektronov

pocet neutronov

atomove
cislo

Obrazok 3 Struktira atému

- vo vrstve atémové Ccislo je definicia atbmového cCisla a nazorné
obrazky niektorych atémov(Obrazok 4),

- vo vrstve neutron je definicia neutréonu (Obrazok 5),
- vo vrstve elektrén definicia elektronu (Obrazok 6),
- vo vrstve proton definicia proténu (Obrazok 7).

b) kliknutim na objekt kovy, polokovy, nekovy (Obrazok 8) sa znazorn{ ich
definicia a v nasledujtcej vrstve ich fyzikalne achemické vlastnosti,
kovova vazba a korozia,

c) kliknutim na objekt jednotlivych skupin prvkov sa znazorni ich
charakteristika a v d'alSej vrstve ich vlastnosti (Obrazok 9).
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d) Kkliknutim na test sa objavi vrstva, ktora pontka 4 testovacie jednotky.
Kazda je zamerana na inu oblast: znacky prvkov, zaradenie prvkov do

skupin, chemické reakcie prvkov a mix - zmiesané otazky (Obrazok 10).

Testom prechadzame klikanim na spravne odpovede. Ak je odpoved’ spravna,
zobrazi sa, Ze odpoved je spravna a sucasne sa zobrazi aj nova otazka. Ak je
odpoved nespravna, objavi sa napis, nespravna odpoved’ a pokyn vratit sa

spat’ (kolieskom na mysi alebo kliknutim na Sipku v 'avom dolnom rohu

atomove cCislo

- poradove cislo prvku v periodickej
sustave prvkov. Vyjadruje pocet

protonov - kladnych nabojov v jadre
atomu daného prvku

Obrazok 4 Atémové Cislo

neutrén elektron

- (z gréctiny neuter - ani jeden z dvoch) je
subatomarna Castica v jadre atomu

s neutralnym nabojom, nestabilna, o nieco
tazsia ako protén a priblizne 1 839-krat
tazsia ako elektron.

- v roku 1932 Walther Bothe a H. Becker pri
bombardovani berylia alfa casticami
pozorovali, ze berylium vysiela prenikave
luce, na ktoré nevplyva ani elektricke, ani
magnetické pole.

Obrazok 5: Neutrén

- elementarna Castica v obale atomu
s jednotkovym zapornym nabojom. Je 1 836-krat
lahsi ako proton a priblizne 1 839-krat lahsi ako
neutron

- slovo elektron bolo prvykrat pouzité v roku 1891
irskym fyzikom Georgeom Johnstonom Stoneym
a je odvodené zo spojenia elektricka sila.

- poévodom pochadza z gréckeho slova
znamenajuceho jantar. Joseph John Thomson sa
povazuje za prveého fyzika, ktory urcil pomer jeho
naboja a hmotnosti a povaZuje sa za objavitela
elektronu

Obrazok 6: Elektron
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e) kliknutim na konkrétny prvok v periodickej tabul'ke sa znazorni jeho
nazov, pocet elementarnych castic (proténov, neutrénov
a elektrénov), skupenstvo, rok objavenia, pripadné izotopy,

protén

- tvoria asi 80% znamych prvkov

- (p*. H*) (z gréctiny protos - prvy) je
subatomarna Castica v jadre atomu. . L -
Proton je povazovany za stabilnu éasticu, -V P”VOdQ~ sa vyskytwu prevazne vo 9 pocet proténov
podila niektorych tedrii sa ale méze rozpadat. forme zlucenin - rud. Niektore, ktore
- proton objavil Ernest Rutherford v roku 1918, tazsie vytvaraju zluceniny sa vyskytuju e pocet elektronov
Pozoroval. ze alfa Castica vystrelena do v rydzej forme.

pocet neutrénov

plynného dusika sa v jeho oscilacnom
detektore javi rovnako ako jadro vodika.

Vodik

Hydrogénium

skupenstvo: plyn
Obrazok 7: Proton Obrazok 8: Kovy S 1768

IH- tahky vodik (protium)
H- tazky vodik (deutérium - D)
?H- super tazky vodik (tritium - T)

Obrazok 11: Vodik

alkalicke kovy

- st prvky 1. A skupiny v periodickej tabulke
chemickych prvkov zahffajuce litium (Li).
sodik (Na), draslik (K), rubidium (Rb), cézium
(Cs) a francium (Fr).

- su vysoko reaktivne a vo volnej prirode sa
nenachadzaju v zakladnej forme.

- ich pomenovanie pochadza z toho, ze
s vodou reaguju za vzniku alkalii - zasad.

Vlastnosti

- bezfarebny, lahky plyn, bez chuti a zapachu. Je Fyz|kaln9
: . . i vlastnosti

znacne reaktivny, predovsetkym s kyslikom

a s halogénmi sa zlucuje velmi burlivo aj ked pre

spustenie tejto reakcie je potrebna inicializacia

(napr. Iskra, ktora zapali kyslikovo-vodikovy

Obrazok 9: Alkalické kovy plammen,
- vodik vytvara zluceniny so vsetkymi prvkami
periodickej tabulky s vynimkou vzacnych plynov. Chemicke
najma s uhlikom, kyslikom, sirou a dusikom, ktoré viastnosti
tvoria zakladné stavebne jednotky zivota na Zemi.

Obrazok 12: Vlastnosti vodika
- po otvoreni vrstvy vlastnosti sa zndzornia vlastnosti vseobecné
a v dalSej vrstve fyzikalne a chemické (Obrazok 12),
- vovrstve vyskyt sa znazornia najcastejsie formy vyskytu (Obrazok 13),

- cez vrstvu Reakcie sa dostaneme do vrstiev reakcie prvku s inymi
prvkami alebo zliceninami, do vrstvy priprava ado vrstvy vyroba
prvku a videoukazky vybranej reakcie daného prvku (Obrazok 14),

4

chemicke reakcie prvkov

Obrazok 10: Test
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Vyskyt

H

o
H

N—H - 202
1

e

I3 H
Vodikova vazba

Obrazek 13: Vyskyt vodika

Reakcie
vodika s
inym
prvkom

. Zdroje

Videa s
reakciami

Obrazok14: Reakcie vodika

Zluceniny

-

Obrazok 15:. Pouzitie vodika Obrazok 16: Zluceniny vodika

po otvoreni vrstvy PouZitie sa znazornia obrazky, ktoré prezentuju
najcastejsie vyuzitie daného prvku (Obrazok 15),

po otvoreni vrstvy zlti¢eniny sa zobrazia d'alSie vrstvy s najznamejsimi
zliCeninami daného prvku (Obrazok 16).

62

XXXIII. DIDMATTECH 2020
EOTVOS LORAND UNIVERSITY (ELTE) FACULTY OF INFORMATICS

f) kliknutim na objekt lantanoidy za znazornia vsSetky prvky patriace do danej
skupiny,

' 0 es

La|[Ce || Pr | Nd| Pm|sm| Eu|lGd||T0 || Dy |[Ho || Er || Tm || ¥b || Lu

Lantan Cer Prazeodym | Neodym | ‘Prométium | Samarium| [Eurdpium| Gadolinum| | Terbium | [Dysprézium |Holmium | | Erbium Tolium | | Yterbium| |Lutécium

Obrazok 17: Lantanoidy

g) kliknutim na objekt aktinoidy sa znazornia vSetky prvky patriace do danej
skupiny,

n

Ac || Th || Pa|| U |[Np|[Pu||am |[em | Bk || 'cF || Es || Em | Md || Mol s

Aktinium | Torium | Protaktiniun Uran Neptanium  Plutonium | Americlum | Curium | | Berkelium | Kalfornium| | Eisteinium| | Fermium | vendeiedum  Nobelium Lawrenciurm

Obrazok 18: Aktinoidy

Vtomto prezentatnom softvéri je mozné realizovat aktualizacné upravy
autorom, aj kolegami z praxe.

Touto interaktivnou periodickou tabul'’kou sme chceli poukazat na to, Ze aj bez
znalosti programovania moZno jednoducho vytvarat ucebny material pre
I'ubovol'ny predmet, ktory je moZno upravovat, aktualizovat.

Zaver

Moderna organizacia vyucby vyzaduje vyuzivanie novych informacnych
technolodgii a didaktickych prostriedkov. Kinovacii vyucovacieho procesu
prispieva vyuzivanie vzdelavacieho softvéru. Niektoré stidie poukazuju na to,
Ze samotné deti na zdkladnych Skolach kladne hodnotia vyuZivanie
interaktivneho vzdelavacieho softvéru v edukacnom procese a uprednostnuju
vyucovanie réznych predmetov v pocitacovej ucebni. V chémii si popularne
simula¢né modely, ktoré umoznia realizaciu simulacnych experimentov, ktoré
su vizualizované. Sem mozno zaradit' bohatu paletu dostupnych simula¢nych
modelov na stranke https://phet.colorado.edu/sk/simulations ($pecialne pre
chémiu https://phet.colorado.edu/sk/simulations/category/chemistry. Je
uzito¢né, ked' ucitel' vytvara vlastné didaktické aplikacie ,Sité na mieru“, kde
uplatiluje vlastni tvorivost, svoje schopnosti azrucnosti apredmetné
znalosti a didaktické schopnosti. je velmi dolezité, Ze pocas tvorby sa vytvara
vztah k produktu, chut’ produkt d’alej rozvijat, tak do $irky ako aj do hibky.
Rozvijanie didaktickej aplikacie do hibky podporuje nové trendy v oblasti
vzdelavania: ucenie sa s porozumenim - tzv. deep learning atieZ mastery
learning, ktoré vyzadujd nielen prijimanie novych informécii a znalostf ale aj
ich transformaciu na poznatky, na ich zapracovanie do poznatkového systému
edukanta. Mnohé funkcie prezenta¢ného softvéru Prezi umozinuju tvorbu
takychto prezenticii, ktoré sa skladaju z vrstiev, ktoré maju stale jemnejsiu
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rozliovaciu troveri atak podporuji hibkové uéenie sa, ktoré umoziuje
ponorit sa do problematiky, objavovat suvislosti a jemné detaily. Samotna
periodickd sustava chemickych prvkov je presved¢ivym prikladom
koncentracie poznatkov o chemickych prvkoch v jednom univerzilnom
modeli, ktory ma rozsiahly ahlboky informaény obsah. Prispieva
k systematizacii poznatkov, umoziiuje pochopit suvislosti, odvodit
z primarnych poznatkov d'alSie - ,nové".

Prispevok bol podporeny projektom KEGA 012TTU-4/2018: Interaktivne
animacno-simulacné modely vo vzdeldvani.
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THE UNCERTAINTY ANALYSIS OF DETERMINATION OF
SOUND VELOCITY MEASURED BY FLEXURAL
VIBRATIONS

Igor STUBNA, Anton TRNIK, Toma$ HULAN, Jan ONDRUSKA, SK

Abstract: The uncertainty analysis of the measurement of the sound velocity
with the help of resonant flexural vibration showed that the relative extended
uncertainty [0.1 % is typical value stated for the resonant method. The main
part of the uncertainty originates from the measurement of the diameter of
the cylindrical sample. The measuring apparatus was designed and
constructed by authors.

Keywords: Sound velocity. Uncertainty. Resonant method.

1 Introduction

Sound velocity (velocity of the propagation of the longitudinal wave) is
frequently measured mechanical parameter of materials. Dynamical methods
for measuring the sound velocity are commonly divided into two groups
which are broadly classified as pulse ultrasonic methods and resonance
methods. The resonance methods are based on the longitudinal or flexural
vibration of the sample with simple geometry, e.g. a prism or cylinder with
uniform cross-section. The sample can be excited to vibrate at the resonant
frequency either by a driver that continuously varies the frequency of the
output signal or by a mechanical impact. Most measurements of sound
velocity exploit the flexural vibration because of its simple excitation and large
amplitude of deflection.

In support of improved science education, universities have been provided
with research-grade equipment in the past two decades. It allows to solve
small quasi-scientific projects by the students. To complete processing the
treatment of the measured data, a new approaching the evaluate errors, so-
called uncertainty analysis, is introduced [1, 2, 3].

A measurement result of a physical quantity is never exact and some unknown
inaccuracy is always associated with it. According to GUM (Guide for the
Uncertainty of Measurements), the analysis of the uncertainty in
measurement should be evaluated and the experimental result is complete
when it has information on its associated uncertainty [4, 5, 6]. The uncertainty
is a parameter that helps to decide whether the obtained result is satisfactory
for evaluating its consistency with other similar results.

This article deals with a determination of the sound velocity measured
indirectly by a resonant method based on the flexural vibration of the sample
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with a uniform circular cross-section. Measurement quantity ¢ (sound
velocity) is a function of other measured quantities x; (the length I/ and
diameter d of the sample as well as a fundamental resonant frequency f). For
[/ d > 20 the following formula is valid [7]

2
c= 1.12278u
(1)
The objective of this paper is an evaluation of the uncertainty of measurement
of sound velocity by the sonic resonant technique based on the flexural
vibration.

2 Uncertainty analysis

According to GUM, the uncertainty of measurement results is composed of
several components of two main categories, A and B. The following
description of these uncertainties is taken from [6].

Type A uncertainties

The type A components of the complete uncertainty are evaluated statistically
and the relevant statistical parameter for their evaluation is the standard
deviation s. The standard uncertainty associated with the measured quantity
Xiis

(2)

where n is the number of independent measurements, x is an arithmetic mean.
The number of independent measurements should be = 10, otherwise, a
scaling (coverage) factor must be introduced.

As follows from Eq. (1), to determine the sound velocity, quantities /, d, and f
have to be measured. These quantities are measured with three different
measurers: caliper, micrometer and frequency meter. There is no correlation
between measured quantities, therefore the standard uncertainty of type A is

_ (oY oo (0eY oo (o)
u,(c)= (al] MA(Z)"'(adj u,(d)+ of u, (f) )

where u , (I),...u , (f)are calculated from Eq. (2). The partial derivatives in
Eq. (3) are sensitivity coefficients A;
oc _.c
A=—=2— A =—=-= A, =——=—
Yo 1, ad d o f

Type B uncertainties
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The uncertainties of the type B are evaluated from the manufacturer’s
information, calibration certificates, or expert’s estimation. Sources of these
uncertainties are different, e.g. impropriate arranging of the experimental
device, defective samples, etc. If is not present a mutual influence between
measured quantities, the standard uncertainty of the type B is calculated by a
formula

I N A O - A R -
()= (azj ”B(Z)Jr(adj ”B(d“(afJ ur(H+(E A (x)) o

where us(x;) is the estimation of the uncertainty based on other information
than statistical. The sensitive coefficients (partial derivatives) are calculated
as above. The first 3 terms are connected with the resolutions of the
measurers. The last term reflects the uncertainties of another origin but
influencing the value of the sound velocity (e.g. mechanical load of the
transducer on the sample). To uncover quantitatively these influences, some
additional experiments have to be performed or expert evaluation must be to
a disposal. For simplicity, we do not consider these uncertainties, therefore,
the last term is zero.

If a maximum admissible error (MAE) of the measurer or the measurer
resolution r is known, then the standard uncertainty of the B type is

MAE r
Ug(X,)=—F Uz(x,))=——=

(X)) @’B(,) 2\/8.(6)
The first formula in Eq. (6) is used for the digital measurer, the second one for
the analog measurer.
Combined standard uncertainty and expanded uncertainty
The combined uncertainty is defined as a square root of the sum of all
uncertainties, shortly for the sound velocity

1,(©) =i +u30) )

Then the measured quantity (sound velocity, in our case) is written as
c=c*tu_(c

) (g

The expanded uncertainty is the combined standard uncertainty multiplied by

a coverage factor, which is usually 2. It means that the true value is

presumably within the interval ¢ * 21/1C (c) with 95 % probability. The result
of the uncertainty analysis is written as
c=c*x2u./c)

.(9)
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3 Example

The uncertainty analysis was performed for a measuring apparatus for
determination of the sound velocity of solid materials. The unglazed porcelain
cylindrical sample fired at 1350 °C was used for this analysis. The sample was
supported horizontally on two soft foam pads which were under nodal points
of the fundamental mode of the flexural vibration. The driver was an
electrodynamic speaker fed from an oscillator and located under the middle
of the sample. The driving was non-contact through the air layer. The receiver
was a piezoelectric phonograph cartridge. More details about the
experimental device are in [8].
Tab.1 - The length, diameter and resonant frequency

[ [mm)] d [mm] f[Hz]
mean value 139.75 10.352 2466.5
standard deviation 0.0142 0.0408 0.45
Axi 0.01 0.005 1
u,(x;) 0.0045 0.0129 0.142

The length [ was measured by a digital caliper with a resolution of 0.01 mm
and the diameter d was measured by an analogue micrometer with a
resolution of 0.01 mm. The resonant frequency f was measured by a digital
counter with an accuracy of 1 Hz. Each quantity (], d, f) was measured 10 times.
The results of these measurements are in Tab. 1.
The mean value of the sound velocity is calculated from Eq. (1) as follows
.

c=112278" =s046mis D019
d and € (10)
where mean values from Tab. 1 were substituted. The obtained numerical
value c is typical for quartz porcelain, which is 5200 - 5300 m/s, see e.g. [9].

The sensitivity coefficients (Tab. 2) are calculated from Eq. (4) where the
mean values were substituted:

_~ 4 -1 ~_ S -1
Al “‘7.47)(10 S , Ad ~ S.OSXIO S ,Af :2'12ms—1 HZ—I . (11)

A list of the uncertainties is in Tab. 2. According to Eq. (7), the combined
uncertainty becoming from these sources is

u(c) = / (Ajuj)2 =2.63ms”
= ,» (12)
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where j is a number of the line in Tab. 2. The result of measurement (sound
velocity + expanded uncertainty) can be written as
c=(5224.6 +53) ms!.
Tab. 2 - List of uncertainties

(13)

directly measured quantities

Uncertainty source type | Sensitivity Standard Au(x,)
coeff. Ai uncert. u(x;) [rr; S_l]l

Repeatability of measuring A 7 47x10%s1 | 4.5x106 m 0.34

the length, Eq. (1) ' ' '

Repeatability of measuring P 5 i

the diameter, Eq. (1) A | -5.05x105s1 | 1.29%x10-5 m 0.51

Repeatability of measuring A 1212 msiHz| 0142 Hz 0.30

the frequency, Eq. (1) ' ' '

Sample length, MAE of

digital caliper 0.01 mm, B | 7.47x10%s1 [577x106m | 043

u, (1) =0.01/-/3

Sample diameter, resolution

of analogue micrometer

0.005 m, B -5.05%105s! | 4.33%x10°m -2.19

1, (d)=0.005/2/6

Measuring the frequency,

MAE of counter 1 Hz, B |212mstHz!| 0577 Hz 1.22

uy (f)=1//3

Standard combined uncertainty of the sound velocity due to 263 m sl

Conclusion

The uncertainty analysis of the measurement of the sound velocity with the
help of resonant flexural vibration showed that the relative extended
uncertainty is 0.1 % which is a typical uncertainty stated for the resonant

method.
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UZITI TEMATU SOLARNICH ELEKTRAREN SLOVENSKA
VE VYUCE TECHNICKYCH PREDMETU

Ladislav RUDOLF, CZ, Jan PAVLOVKIN, SK, Daniel NOVAK, SK

Abstrakt: Neustale rostouci energetické naroky a zmensujici se surovinova
zakladna (s vyjimkou uranu) nuti souc¢asnou spolecnost hledat perspektivni
zplsoby premény jinych druhd energie na elektrickou energii. Vyznamné
misto nalezi tzv. obnovitelnym zdrojlim, mezi nimiZ maji nejvétsi potencial
zafizeni pro transformaci energie prichazejici ze Slunce na Zem. Tato
geograficky vSudypriitomna energie ma totiZ nejvétsi objem mezi ostatnimi,
jeji preména na elektrickou energii je bezpe¢na, nejméné zatéZuje Zivotni
prostredi, a navic je stale vice dostupna rovnéz technologicky. Prispévek se
zabyva vSeobecnou teorii slune¢niho zareni a technologii fotovoltaickych
¢lankd, panelll i moduld. Na zakladé méreni pak specifikuje moZnosti
solarnich elektraren pro rdznd rocni obdobi a meteorologické stavy v
konkrétnich podminkach Slovenska. Téma je aktudlni a je Siroce vyuzitelné
v technickych predmétech.

Klicova slova: Slunecni zareni. fotovoltaické clanky, panely a moduly.
slunecnf elektrarny.

UTILIZATION OF THE TOPIC OF SLOVAK SOLAR POWER
PLANTS IN THE TEACHING OF TECHNICAL SUBJECTS

Abstract: The still increasing energy demands and the shrinking raw material
base (with the exception of uranium) are forcing current society to look for
promising ways to convert other types of energy into electricity. An important
place belongs to the so-called renewable sources, among which devices for the
transformation of energy coming from the Sun to the Earth have the greatest
potential. This geographically ubiquitous energy has the largest extent among
others, its conversion into electricity is safe, it burdens the environment the
least, and it is also increasingly technologically available. The paper deals with
the general theory of solar radiation and technologies of photovoltaic cells,
panels and modules. Based on the measurements, it then specifies the
possibilities of solar power plants for different seasons of the year and for
meteorological conditions in specific conditions in Slovakia. The topic is
current and is widely used in technical courses.

Keywords: Solar radiation, photovoltaic cells, panels and modules, solar
power plants.
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1 Uvod

VSetka energia, ktortl spotrebivame, snad len s vynimkou jadrovej a
geotermdlnej energie, pochddza zo Slnka. Fosilne paliva ako uhlie, ropa ¢i
zemny plyn maju poévod v rastlinnych a zivoc¢isSnych organizmoch, ktoré by sa
bez Slnka a fotosyntézy nezaobisli. Energia vody pohanajuica turbiny vodnych
elektrarni je len dosledkom kolobehu vody v prirode, pohananého takisto
Slnkom prostrednictvom odparovania vody v oceanoch. Veterné elektrarne
vyuzivaju prudenie vzduchu vyvolané nerovnomernych ohrevom
jednotlivych casti atmosféry. Ani drevo ¢i ind biomasa, ktord vyuZivame na
energetické Ucely, by neexistovalo bez Slnka a fotosyntézy.
Slne¢na energia je najdostupnejSia a najcistejsia forma obnoviteI'nej energie
ktorti moZeme ziskat. Slnko je v podstate obrovsky termojadrovy reaktor, v
ktorom dochadza k syntéze jadier vodika na jadra hélia v tzv. "vodikovom
cykle". Vodikovy cyklus prebieha pri teplote 10 000 000 K, ¢o zodpoveda
pomerom vo vnutri Slnka. Termojadrové procesy na Slnku prebiehaji uz 5
milidrd rokov. Zasoba vodika vystaéi eSte na dalSich 15 miliard rokov.
Povrchova teplota Slnka je 6 000 K, merny Ziarivy vykon 64 MW.m a celkovy
Ziarivy tok emitovany Slnkom je 3,8.1026 W. Pocas dna za bezobla¢ného
pocasia dopada zo Slnka na zemsky povrch v priemere 1 000 W.m2. Celkovo
tak na Slovensku za rok dopadne na vodorovnu plochu priblizne 950 az 1 200
kWh.m2 [1].
Slnecna energia dopada na povrch Zeme vo forme Ziarenia, priCom priblizné

* 30 % Ziarenia sa odraZa zpét do medziplanetarneho priestoru,

* 47 % ziarenia pohlti povrch Zemé,

* 23 % ziarenia sa vynaloZi na kolobéh vody v prirodé.
MnozZstvo slnecnej energie, ktora dopada za jednu sekundu na plochu jedného
m? hornej vrstvy atmosféry Zemi, orientovanou kolmo k slne¢nym licom, sa
pohybuje vrozmedzi 1438azl 345 W.m2 vzavislosti na okamzitej
vzdialenosti Slnka od Zeme, ktora ho obieha po eliptickej drahe. Zem dostava
iba dve miliardtiny z celkovej ziarivosti Slnka (180 000 TW). Celkova bilancia
slnecnej energie prichadzajlicej na nasi Zem je schematicky znazornena na
obrazku 1.
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Sinsiné Fiarenis dopadajice na  Kratkovluné vyZarovanie Dihovlnng vyZarovanis Slapovd energie
zem (17.3 x 10% W) do vesmir do vesmirm

l Spétny odraz do vesmiru T
(30 %) 5,2 x 10""W

t Premena na teplo (47 %) 81x 10"'W

Priliv 3 x 10"W

tKnlobeh vody (23 ow) 40x 10"W
e
Vistor, vinobitie, morské pridy (0,206)

Tepelns pridy v sopkich,
horice pramens 3 x 10°W

Almmulicia vody
v ladovel

Rozklad
Biomaza Fivofichov

\fmusvntéza {0,023%) Almmulacia energie
v rastlindch

Tepelne pridy
v hornindch 32 x 107°W

Povrch zzme

Jadrovd, geotermalna
2 gravitaénd energia

Obrazek 1: Energeticka bilance planety Zemé [1, s. **¥]

Znecistenie atmosféry brani prenikaniu ziarenia a spdsobuje zniZovanie
teploty. Zatimco na Saharu dopada energie o velikosti 2 900 W.m2, v naSich
zemépisnych podminkach je to vyrazné méné (kupi. 1 225 W.m2 v Ziling, 1
430 W.m2 v Hurbanovu). Pfehledné jsou hodnoty slunetniho zareni
dopadajiciho na izemi Slovenska zachyceny na obrazku 2.

£ 1175 - 1225 kWhay'/eok
=3 1225 - 1275 KWhm'/rok
= 1275 - 1325 KWhni/rok
3 1325 - 1375 KWhm'/rok
== 1375 - 1425 KWhm ok
= 1425+ 1475 KWhmrok
=0 1475 - 1525 KWhm/eok

Obrazek 2: Slne¢né Ziarenie dopadajiice na Gzemie Slovenska [2, s.36]
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1.1 Fotovoltaika

Fotovoltaicka preména objevenad Becquerelem byla prakticky vyuZita az roku
1954 pro napajeni motoru zavlazovaciho cerpadla v sovétském kolchoze v
Gelendziku. Vyznamnéjsi ale bylo vyuziti tohoto jevu na sovétské druzici
Sputnik v roce 1958. U¢innost pfemény v obou ptipadech viak neptesahla 6
%. Fotovolticky ¢lanok je polovodi¢ovy ¢lanek, ktory pozostava z dvoch
tenkych vrstiev monokrystalického, polykrystalického alebo amorfného,
vysoko Cistého kremika (Si), aktivovaného b6érom (B) alebo fosforom (P). Na
styku plochy Si s B (alebo s P) vznikne elektrické pole (prechod PN). Pri
dopade svetelného Ziarenia sa v hmote ¢lanku uvolniuju elektrické naboje
(zaporné elektrony a kladné diery), ktoré vplyvom pol'a vytvaraji na opacnej
strane povrchu vrstiev napatie. Vodivymi zbera¢mi sa z nich potom odvadza
elektricky prad. Bezny kremikovy ¢lanok o ploche 1 dm?2 poskytuje pri prude
2 A a napéti 0,5 V vykon piiblizné 1 W. Uéinnost bé&Znych ¢lanki je v
soucasnosti 12 aZ 20 %. Najnovsie ¢lanky s arzenidom galia méZu mat
ucinnost dokonce az 26 %. Tensie clanky moZu pracovat pri vyssej teplote a
majud vyssiu ucinnost.

Perspektivu ma clanok z amorfného kremika, pretoze je lacny. NajdrahSou
Castou clanku je skleneny alebo plastovy podklad. Nova generacia solarnych
¢lankov HIT (Heterojunction with Intrinsic Thin layer) kombinuje tenku
vrstvu monokrystalického kremika s vrstvou amorfného kremika. Panel s
rozmermi 1319 x 894 x 35 mm dosahuje maximalny vykon 190 W pri
vystupnych napatiach 12/24/48 V. Zatial' ma vSak len mald Géinnost cca 15
% [4].

2 Slunecni elektrarny

Slnecné elektrarne meni energiu slne¢ného Ziarenia na elektrickd energiu. Pre
ziskanie vacSieho vykonu je potrebné sérioparalelne prepojit viac
fotovoltaickych clankid do tzv. fotovoltaickych panelt (vyrabaju sa v
niekol'kych vykonovych radach od 10 do 300 W). Tyto panely se potom
sdruzuji do vétsich skupin, nazyvanych fotovoltaické moduly. SloZeni
moduli z panelti a jednotlivych ¢lankd zachycuje obrazek 3.

==

==

Fotovoltaicky ¢lanek Fotovoltaicky panel Fotovoltaicky modul
Obrazek 3: Slozeni moduld z panelti a ¢lankd [3]
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Podle zplisobu prenosu elektrické energie od fotovoltaickych clanki ke
spottrebicim (obecné do odbérnych mist) rozliSujeme v soucasnosti Ctyii
zakladni druhy obvodového uspotadani solarnich elektraren.

Priame napdjanie spotrebicov zachycené na obrazku 4 sa pouziva pre
jednosmerné spotrebice s malymi prikony, u nichz by bolo pripojenie na siet
nakladné (napr. drobné elektronické ptistroje, vetracie systémy, cerpadla na
plnenie malych nadrzi apod).

Spotiehic

L 4

&lanky

Obrazek 4: Priame napajanie spotrebicov

Napajanie spotrebicov s podporou akumulatora zachycené na obrazku 5
sa pouziva pre signalnu techniku, béje, osvétleni zahrad, parkovaci automaty,
zariadenia na dial'niciach, osamelé obydlia, ¢i chaty. Pri konci nabijania
akumulatora obmedzuje regulator prud, alebo odpoji slne¢ny generator. Pri
nedostatku slne¢ného Ziarenia sa potom spotrebic napaja z akumulatora.

Eotovolticks < .
Elanky A 2| Seetsbice
Regulator
M
Akumulator

Obrazek 5: Napajanie spotrebic¢ov s podporou akumulatora

Striedavy systém zachyceny na obrazku 6 sa pouziva v piipadech, ked’ nie je
viac za sebou iducich slne¢nych dni. Pokud vzhledem k tomu nejsou
fotovoltaické clanky schopné dodat dostatek elektrické energie, moze byt
spusteny generator jednosmerného napétia (D) s pohonom na vodu, vietor
alebo plyn.
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Eotovolticks .= o .
Elanky f > Seousbice
Regulator (—@

Akumulator

Obrazek 6: Striedavy systém

Systém pracujtci paralelne so sietou zachyceny na obrazku 7 pracuje ako
samostatnd elektraren dodavajuca energiu do elektrorozvodnej siete.
Obsahuje subor fotovoltickych modulov, meni¢ napatia, regulator a sietovu
ochranu. Pripojenie do siete zvycajne zabezpecuju dva elektromery, jeden
meria slnecnt elektrinu dodadvand do siete a druhy elektrinu, ktord
domacnost zo siete odobera. Vyznacuju sa vel'’kou ucinnostou, pretozZe vSetka
vyrobend energia sa spotrebuje priamo na mieste, alebo sa dostava do siete.
Hlavnym dévodom instalécie je zniZenie kupovanej energie zo siete, pripadne
financny zisk z predaja prebytocnej energie. Ak fotovoltaické ¢lanky nestacia
pokryt spotrebu, siet nahradza batériu a v pripade potreby slizi ako zaloZny
zdroj. NajcastejSie sa pouZivaju systémy s kapacitou 1 az 5 kW, které jsou
umisténé na strechach rodinnych domov. Z hl'adiska investora je atraktivne
budovat' vacsie inStalacie, a to na strechach polyfunkénych budov a mimo
zastavaného Uzemia, kde slune¢ni elektrarny dodavaji vykon 1 az 5 MW.

Eotovolticke =

wy o =
¢l ; -

Regulator > Spotrehice

k4

Sit

Obrazek 7: Systém pracujuci paralelne so sietou

Vykon fotovoltaickych elektraren je =zavisly na ucinnosti pouzitych
fotovoltaickych ¢lanki, na zemépisné Sitce (vySka Slunce nad horizontem
Zemé), ronim obdobi (délka dne) a pocasi. Priichodnost slunec¢nich paprskt
zemskou atmosférou v zavislosti na pocasi je charakterizovana v tabulce 1,
kromé toho je vsak priichodnost ovlivnéna rovnéz mirou znecisténi ovzdusi,

takzZe v priimyslovych oblastech priichodnost dale klesa.
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Tabulka 1: Priichodnost slune¢nich paprskii zemskou atmosférou v zavislosti na
pocasi [4]

1000 W.m [ 750 W.m? [ 500 W.m? [ 250 W.m™? [ 50 W.m?

&S &

3 Méreni parametra sluneénich elektraren

0%

Méfeni voltampérovych charakteristik se provadi analyzatorem
fotovoltaickych paneld. Je mozno ho provadét priamo varealu slunecni
elektrarny, je tu nutny len pristup ku konektorom solarnych panelov. Pro
meéreni byl vyuzit analyzator fotovoltickych panelov, pricom pri analyze boli
vykonavané:

* meranie maximalneho vykonu,

* méfeni napitia naprazdno,

* méfeni napatia pre maximalny vykon,

* meranie skratového prudu,

* meranie prudu pre maximalny vykon,

* vypocet ucinnosti.
Zaznam dat probéhl v redlnom case, pficemz byla vyuZita moZnost prenosu
dat na ¢islicovy pocita¢, kde si hodnoty spracovavané pomocou prislusného
softvéru. Nastavené parametry jsou specifikovany v tabulce 2.

Téma vystihuje zdkladni moZnosti premény slunecni energie na elektrickou.
Ve vazbé k ochrané Zivotniho prostiedi ma problematika vyuziti v odbornych
predmétech, zahrnuje obecné principy a hlediska provozu solarnich
elektraren.

e Tabulka 2: Nastavené parametry analyzatoru fotovoltaickych paneli

Rozsah | fosisenic P E—
Nap:iti

0az10V 0,001V +19% = (1% zVopen 2 0,1 V)
10az60V 001V +19% = (1% zVopen 2 0,1 V)
Skratovy.prud

0,01lazl10A 1mA +1 9% = (1 % =z IsnorT = 9 mA)
10az12 A 10 mA +19% = (1% =z IsyorT+ 0,09 A)
Erud

001az104 1mA +1% +9mA

6az10A 10 mA +1% +0,09 mA
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Diagnostika  slune¢nich elektraren probihd bud  prostrednictvim
laboratornich testl jednotlivych soucasti v umélych podminkach nebo piimo
na slunec¢ni elektrarné v dobé jejiho realného provozu [4].

Laboratdorne testy komponent slunecnich elektraren, majui zvac¢sa vyznam
pre dodavatel'ov vo faze pred montazou samotnej fotovoltickej elektrarne.
Vyhodou laboratérnych testov je navodenie rovnakych testovacich
podmienok na I'ubovol'né vyrobky. Tieto podmienky, ako napriklad oZiarenie
panelov svetlom intenzity 1000 W.m2 a podobne, st uZ dnes medzinarodne
Standardizované. Skuisenosti z testovania roznych solarnych panelov, priniesli
neskresleny obraz o kvalite jednotlivych vyrobcov a typov panelov. Touto
metédou je mozné vcas odhalit problémové komponenty a tak predist
naslednym skodam alebo stratam zisku. Testami v podobnych pracoviskach
boli zistené mnohé nekvalitné dodavky. V minulosti sa napriklad stalo, Ze
niektor{ vyrobcovia systematicky dodavali aj chybné kusy solarnych panelov
pre odberatel'ov. V soucasnosti je nepravdepodobné, Ze by to nezachytila ich
vystupna vyrobna kontrola. Je poteSitelné, Ze prave vdaka skdsenostiam
takychto novych diagnostickych pracovisk a ¢oraz skusenejsSich dodavatel'ov
a montaznikov sa toto dari lepSie eliminovat. Diagnostika bola rozsirena o
novu disciplinu, akou je urcovanie pravosti (originality) komponentov. Na
trhu sa dnes totiZ uz bezne vyskytuji nekvalitné nidhrady nestice mena
svetovych vyrobcov.

Diagnostika fotovoltickej elektrarne pocas jej realnej prevadzky sa
vykondava obvykle tymito metéddami:
* meranie voltampérové charakteristiky fotovoltickych panelov a celych
stringov,
e termoviziou,
¢ vizualnou kontrolou,
* meranim izola¢ného stavuy,

* Statistickou analyzoua dat o prevadzke (najmd o vykonu), ziskanou
Z menicov.

Meranim voltampérové charakteristiky fotovoltickych panelov, jak je
znazornéno na obrazku 8, sa da urcit ich "kondicia", pripadne detekovat ich
funk¢né poruchy. Postupné zniZovanie nameranej Krivky priamo suvisi zo
starnutim panelov. Anomalie na Kkrivke souviseji s vadami niektorych
fotovoltaickych clankov. Termoviziou je mozné odhalit velky prechodovy
odpor v spajkovanom spoji, velky prechodovy odpor v konektore, maly
paralelny odpor jednotlivych fotovoltaickych ¢lankoch (teda interny skrat v
Struktdre ¢lanku), vadnd bypass didédu, popt. rozdiely vo voltampérovych
charakteristikach jednotlivych FV ¢lankov v jednom module.
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Obrazek 8: Voltampérova charakteristika fotovoltaického panelu

4 Zaver

Rozdiel v intenzitach slune¢niho zareni medzi najsevernej$imi a najjuznejsimi
oblastmi Slovenska je cca iba 15 %. Z pribéhi vykonovych krivek zmérenych
v raznych rocnich obdobich a pfi rtiznych meteorologickych podminkach
vyplyva efektivita ¢innosti slunecnich elektraren. Ro¢ny energeticky zisk,
respektive mnoZstvo vyuZitého slnecného Ziarenia, jsou zavislé od ucelu a
sposobu vyuZivania ziskaného tepla, geografickej polohy, mikroklimatickych
podmienok a orientacie kolektorov. V podmienkach Slovenska su najlepsie
zisky dosahované pri orientacii slne¢nych kolektorov na juh (juhozapad) s
uhlom sklonu pre celoro¢nu prevadzku cca 45°; vtedy je zaisteny optimalny
pomer medzi maximalnym vyuZitim Ziarenia v zimnych mesiacoch, ked' je
Slnko nizko a zniZenym vykonom v letnych mesiacoch, ked’ je Slnko vysoko
nad obzorom. Pfeména energie slunec¢niho zateni na energii elektrickou je
perspektivni pro svou ekologi¢nost, bezpecnost a stale se sniZujici porizovaci
naklady. Dalsi rozvoj solarni energetiky vyznamné zavisi taktéz na vyzkumu a
vyvoji v oblasti akumulace elektrické energie tak, aby byl mozny jeji staly
odbér, a to nezavisle na rocnim obdobi, pocasi a denni dobé. Uvedené téma ma
velké uplatnéni ve vyuce odbornych piredméta.
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ALLOCATED AND ESTIMATED LEARNING TIME BY
STUDENTS FOR COMPLETING MATH SUBJECTS IN ELTE
IK BSC

BAGYURA Géabor, SEBESTENY Veronika, TAKACS Rita, HORVATH
Zoltan, HU

Abstract: We investigated whether the students who are studying computer
science at ELTE on a BSc major how much hours they spend to study
mathematical subjects and what they think how much they should. We used
an online survey for asking student about these subjects in the second half of
their first semester so after they collected their first experiences of
mathematical subject related exams. As a result we found that the majority of
the students think that they should allocate, on average, one and a half hours
more per weeks for learning mathematics than they used to spend for it.
Additionally we found that those students who studied mathematic in the
secondary school in an intensive form, on average, think that they need less
additional time to spend for learning mathematic than students who did not.

Keywords: learning time, mathematics learning

1 Introduction

Our goal is looking for solutions that can help to decrease the drop out rate in
Faculty of Informatics. One possible cause for high attrition rate is the poor
math skills and problem solving abilities.[1]

As a first step towards our goal we intended creating a starting point with this
investigation to understand why some students can complete the
mathematical courses in the first semester in Faculty of Informatics and why
others can’t. We asked the students, inter alia, about their learning motivation,
used learning styles and technics using online survey. In this paper we put the
focus on the time that students spend to learning mathematics.

2 Method

For gaining the learning time related information what is needed we used an
online survey.

Our online survey was filled out by 125 first year students in the second half
of their first semester in Faculty of Informatics in ELTE. In that time the
students had 3 part exams in that subject so they had feedback about the
effectiveness of their learning behaviors.
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As a first approach we used the learning time phrase as the full time that is
allocated for learning mathematics by students.

Related learning time we asked these questions in the survey:

* How many hours on average do you spend in a week for learning
mathematics?

¢ What do you think how many hours needed to allocate for learning
mathematics for completing the math courses?
Type of both questions were single-answer multiple choice question with
these options: 1-3 hours, 4-6 hours, 7-10 hours, 11-15 hours, >15 hours
We asked the students about their success with the part-exams and whether
they learned in the secondary school mathematics in an intensive form. We
defined success as passing all part-exams.

3 Analysis and results

3.1 Success rate

Figure 1 shows the result of the success related question. Success means that
the student passed all the 3 part-exams. The students who had at least one
unsuccessful exam represents the failure category. This rate does not
represents the success rate of the mathematic course.

Success

M Success M Failure

Figure 1: Success rate

As we can see on Figure 1, 44 students passed all the part-exams which is
37%. 76 students (63%) answered that had at least one unsuccessful part-
exam.
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3.2 Advanced level math class

In Hungary the students who wants to graduate can learn mathematic at
normal and advanced level.

Figure 2 shows the result of the advanced level math class related question.
89 students (72%) attended math class at advanced level and 34 students
(28%) didn't.

Advanced level math class

y

89, 72%

Attended ™ Not attended

Figure 2: Attendance of advanced level math class in secondary school

3.2 Learning time
Figure 3 summarizes the answers of the two learning time related questions.
We can see that the number of students who answered that learned on
average 1-3 hours per week (58 students 47%) is much more than who
thought it is enough (16 students 13%) for completing their first math course
at the university. In this interval the difference is 42 answers which is 34%
We investigated the changes between the learning time and the estimated
learning time for success per student. We used the selected learning time
interval as starting point, and the selected estimation time interval as end
point. In order we counted the steps that we had to do from start point to end
point. Based on the result of this procedures we created these categories:
-2,-1,0,1,2, 3, 4.
We called these categories simply differences. Figure 4 summarize these
differences.
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Current and estimated learning
time by intervals

55

43
= 53

16 17 R y

5 9
| M L e

1-3 hours 4-7 hours 7-10 hours 11-15 hours >15 hours

Learning time M Estimated learning time for success

Figure 3: Current and estimated learning time by intervals

Differences
57/

Figure 4: Differences between learning time and estimated learning time

We categorized the result as follows:

¢ Less time needed for success than actual
Included differences: -2, -1.
Included students: 10 (8%)

¢ There is no need to change for the success
Included differences: 0.
Included students: 33 (27%)
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¢ More time needed for success than actual
Included differences: 1, 2, 3, 4
Included students: 81 (65%)

From this result we can see that almost two-thirds of the students thought
they need to spend more time learning mathematics for the success.

The weighted average of the differences is 0,79. Based on the center of
intervals (last interval excluded) and the distance between these centers we
counted 2 hours as distance between two consecutive differences. With this
value 0,79 = 1,58 hours per week. We categorized these differences based on
success (Figure 5).

Differences and success

‘i

Success M Failure

Figure 5: Differences and success
On Figure 5 we can see that 36% of the students who passed all part-exams
thinks the time they spent to learning mathematics is the same as needed. In
failure category this rate is just 21%. We can see also on this figure that 72%
of the not successful students and 53% of successful students thinks they need
to learn more than they used to. That is 65% of the all students who answered
this question.
We counted the weighted average of the differences in these categories also:
¢ Successful: 0,57 ~ 1 hour 8 minutes
¢ Not Successful: 0,92 = 1 hour 50 minutes

We categorized the differencies based on attending advanced level math
class in secondary school (Figure 6).
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Differences and advanced
level math class

45

Attended ™ Not attended

Figure 6: Differences and advanced level math class

We can see on Figure 6 that 39% of the student who attended mathematic
class at advanced level in the secondary school thought that they need the
same or less time compliting their mathematic course than they used to spend
it. That means 61% of them thought that they need more time. In the other
category, 39% fell to 25% and 61% rose to 75%. If we examine the 61% and
the 75% we can see that in the first category (Attended) 51% from the 61%
included in difference category 1. In the other category (Not attended) that
number is 33% from 75%. Based on these information we assume that the
students who attended at advanced level mathematic class in the secondary
school can more precisely estimate the time that is needed for learning
mathematic.

We counted the weighted average of the differences in these categories also:
e Attended: 0,57 ~ 1 hour 8 minutes
* Notattended: 1,3 = 2 hour 36 minutes

5 Discussion

Math and math skills are essential parts of Faculty of Informatics. Based on
some existing result[2] we assumed that there is connection between math
skills and knowledge and drop out rate. That is why we think it is important
developing new methods that can help the freshmen students to manage the
difficulties with math courses. In ELTE there is a course which includes
learning methodology trainings, held by contemporary students, for helping
freshmen students to prepare the difficulties with math courses.
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4 Conclusion

Based on our survey we can not distinguish learning time to effective and
ineffective parts. The next step could be the investigation methods that could help
to uncover more details in this subject. One possibility is the distribution of time
across activities [3] that may able to give a more precise value that is near to the
academic learning time [4].

What we can see in our results that the 65% of the students who filled the survey
thought that they need to learn more mathematics for completing their related
course. We think every activity that try to help for the first year students to
understand the difficulty of learning mathematics could help them to planning
more effectively the learning time.

An other result of these study is the differences between the counted weighted
average of the differences in these categories: students who attended advanced
level mathematic class in secondary school and who didn’t. The students from the
latter category estimated more than twice (2 hours 36 minutes) than the students
from the first category (1 hour 8 minutes). Behind of this result could be the
different amount of learning time and experience. That numbers means that
students from the attended category had advantage and they need less
modification in their learning behavior for the success. We recommend for the
secondary school students who wanted to learn a STEM major to choose math
class at advanced level in secondary school. “Choose math so you can get through,
not just into college.”[5]. For the more accurate result it is needed to investigate
this subject with more participants and need to examine other aspects like
effectiveness of learning time.
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TEACHING METHODS OF INFORMATION SECURITY
AWARENESS: THE ROLE OF ENGAGEMENT

Géabor TORLEY, HU

Abstract: There are a wide range of information security awareness delivery
methods such as Augmented / Virtual Reality, web-based training materials,
online videos, games (online and physical) and “unplugged” methods. This
study suggests that those methods are better which could reach a higher level
of thinking according to the Bloom’s taxonomy. Finding a well-working
method is very important because pupils can meet the dangers of the Internet
ata very young age.

Keywords: Bloom’s taxonomy, engagement, information security, delivery
methods, teaching methods

1 Introduction

Livingstone et al (2011) [10] lead a survey which investigated key online
risks: pornography, bullying, receiving sexual messages, contact with people
not known face-to-face, offline meetings with online contacts, potentially
harmful user-generated content and personal data misuse. They showed that
younger children tend to lack skills and confidence. However, most 11-16 year
olds can block messages from those they do not wish to contact or find safety
advice online. Around half can change privacy settings on a social networking
profile compare websites to judge their quality or block spam. They claim that
digital skills training is needed in order to ensure that all children reach a
minimum basic standard and to prevent digitally isolated and unskilled
children.

The results of PISA 2018 assessment [11] have shown the same: the
Hungarian students have performed below the OECD average in reading. Over
25% of Hungarian students performed below Level 2 proficiency in reading.
At Level 2, students can identify the main idea in a piece of text of moderate
length. Evaluating and reflecting has always been a part of reading literacy. In
the era of digital reading, readers are now confronted with ever-growing
amounts of information, and must be able to distinguish between what is
trustworthy and what is not. This is also a part of information security
awareness.
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2 Literature review

Bloom's taxonomy - which was developed in 1950s - is possibly one of the
best known and most widely used models of human cognitive processes. A
revised version of the taxonomy was published in 2001 (Fig. 1.) [2].

PN
Evaluation Create
Synthesis Evaluate |
£ 2
g Analyses I § Analyze
-1 o
= Application | g Apply |
8 o
Comprehension Understand
Knowledge | Remember

Levels of Bloom’s Taxonomy (original Levels of Bloom’s Taxonomy (revised
version (1956)) version (2001))

Figure 1: Bloom’s Taxonomy, Original and Revised [18]

Learning taxonomies can help describing and categorizing in cognitive,
affective and other dimensions, in which an individual operates as part of the
learning process. in other words learning taxonomies help us to "understand
about understanding". [15]

The following is a brief explanation of each of the six levels of this revised
taxonomy:

¢ Remember - it refers to the rote recall and recognition of the
previously learned facts. The learner may not understand what
he/she has learned.

¢ Understand - On this level the learner can use in problem solving and
decision making what he/she has understood.

¢ Apply - The third level builds on the second one by adding the ability
to use learned materials in new situations with a minimum of
direction.

e Analyse - This level includes the ability to recognise the
correspondent parts of a complex system and the understanding of
the relationships between the parts and the whole. This means that
the learner can break up a complex concept into simpler components
in order to better understand its structure.
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e Evaluate - Evaluation deals with the ability to judge the value of
something based on specified criteria and standards.

e Create - This is the highest level in the taxonomy and refers to the
ability to put different parts together in order to conceive an idea or
plan which is new to the learner.

Information security awareness (ISA) can be defined as the level of
comprehension that users have about the importance of information security
best practices. I other words, it is about establishing, promoting and
maintaining good security habits [1].

The national curriculum of England [17] set two goals about information
technology. All pupils

e can evaluate and apply information technology, including new or
unfamiliar technologies, analytically to solve problems

e are responsible, competent, confident and creative users of
information and communication technology

Examples on the topic “recommended activities” in the new Hungarian
Curriculum Framework (2020) regarding information security [16]:

e getting to know problems in electric communication practice and
getting to know and using security settings which can respond to
them (Grade 5-8)

¢ debate on using e-commerce and e-business securely (Grade 9-11)

¢ analysing the impacts security options regarding social networks
(Grade 9-11)

¢ maintenance and antivirus defence of a digital tool (Grade 9-11)
The English curriculum refers much more on the higher level of Bloom'’s
Taxonomy than the Hungarian curriculum framework. Aims in the English
curriculum focus more on practical methods and understanding than
knowledge like in the Hungarian curriculum framework. This seems to be a
philosophical difference between the two countries’ curriculum.
Chou et al [4] identified four core Internet safety areas that teachers should
be familiar with:

1. Communication security and safety. This area refers to teaching students
how to protect themselves from viruses, hackers, spam (junk mail), and
illegitimate commercial transactions, and how to safeguard their
confidential information.

2. Information decency and appropriateness. This area concerns how to
identify malicious rumours, pornography, sexual solicitation, misleading
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advertising, and other offensive content. Also covered are both respects
for copyright and ethical use of digital information.

3. Online interpersonal safety. This area refers to all social interactions,
including making friends online, meeting net friends in person,
cyberbullying, and digital etiquette, especially in the Web 2.0 age in
which social networking is the main focus.

4. Computer-/Internet use safety. This is a miscellaneous category involving
proper equipment, a good work environment, eyesight protection, and
posture.

For most children across Europe (age 9-16), smartphones are now the
preferred means of going online. This often means that they have the majority
of children reporting using their smartphones daily or almost all the time. [14]

2 Delivery methods

Since information security awareness is the ability of recognize or avoid
behaviours that would compromise information security, that is why teaching
methods cannot base on only lexical knowledge however getting to know the
appropriate vocabulary is important. That is why frontal delivery methods
should be extended in order to help the pupils not only to understand the
vocabulary of ISA but to reach a higher level of thinking according to the
taxonomy.

Augmented Reality (AR) / Virtual Reality (VR) and computer games have
advantages like effective skill transfer, knowledge acquisition and assessment
in real-tome, safety of practice, greater engagement because it can be used out
of class as well.

Simulation is one of the best ways to learn how somebody can behave in
different situations. It can give a safe environment in order to experience
consequences of good and bad decisions. Unfortunately, this method is
expensive and developing of the virtual environment / game software needs
a lot of effort and time. Usually, a school does not have enough resources for
that.

Developing a complex computer game is expensive but there are online games
with which a pupil can learn different aspects of ISA. A good example is Anti-
Phishing Phil [3, 13] With this game, pupils can learn what are those links on
which they can click on securely and why. Unfortunately, this game is outdated
because there is no mention on https protocol, and it was written in Flash.

Online videos can be a good choice because they can be watched and re-
watched as needed. In a classroom situation online videos can be a good
introduction before a discussion of a topic. Videos can help to enter into the
actors’ feeling, understand their situation, etc. There are cartoons for younger
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children as well so this method can be used from the very beginning. A very
good example on that is Sheeplive project [12].

Originally, “CS Unplugged is a collection of free teaching material that teaches
Computer Science through engaging games and puzzles that use cards, string,
crayons and lots of running around” [6]. I use “CS unplugged” as a teaching
method when [ do not use any computer-based method in order to teach
concepts on informatics. This method can include games (even table games or
situation games), drama methods [9], other activities.

There are great unplugged activities on Code.org [5] on ISA. Most of these
activities contains a lesson plan, lesson and teacher videos as well as all of the
resources what a teacher need. These activities can be used for first grader
pupils as well.

Table (or physical) games can be a good way to support understanding
because they can

* engage people,
e give permission to test ideas and ask questions,

e create social environments, which can foster interaction and
discussion on the topic of the class. [7]

Usually this kind of games do not require extensive setup or have resource
dependencies.

Online quizzes can be a useful tool to measure the understanding of the pupils.
It is important that these quizzes should have practical questions which point
to situations. A very good example of that is the Phishing Quiz by Jigsaw [8].
This quiz asks the learner to give his/her name and e-mail address (which will
not be stored) in order to make the quiz and the situation more personal. All
of the tasks are very practical and after every answer, learners can read more
on the situation mentioned be the task.

3 Conclusion and future work

This paper summarized those delivery methods with examples on ISA which
can lead learners not only to get to know the concepts of ISA but to
understand, analyse and evaluate them.

Itis very important to find and apply teaching methods which can be used for
younger children because a big majority of them can face with dangers of the
internet and social media. They need “tools” in order to decide what is secure
and what is not. Unplugged activities seem to a good way to teach them these
concepts from Grade 1.

Students need games (even physical ones) that examine their understanding
not only of the concepts but also how to apply them in real life.
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Next step of my research is to create a cybersecurity program based on the
new Hungarian Curriculum Framework using the above-mentioned methods.

The research has been supported by the European Union, co-financed by the
European Social Fund (EFOP-3.6.2-16-2017-00013, Thematic Fundamental
Research Collaborations Grounding Innovation in Informatics and
Infocommunications).
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SOFTWAROVE PROSTREDKY NA PODPORU ON-LINE
VZDELAVANI
Hana HYKSOVA, CZ; Veronika STOFFOVA, SK

Abstrakt, SK: Prispevok sa zaobera pouzivanim digitalnej techniky, on-line
technolégif a interaktivneho edukacného softvéru v diStan¢nom vzdelavani na
zakladnych astrednych Skolach. Predpokladom efektivneho vyuZivania
digitadlnych technolégif na Skolach je, Ze ucitelia maja pristup k potrebnym
technickym zariadeniam a technolégidm a maja dostatocnu digitalnu
gramotnost a kompetencie na ich vyuzivanie. To isté sa predpoklada na strane
edukanta, ¢o sa tyka jeho technického a technologického vybavenia a tiez jeho
pouzivatel'skych kompetencii a zru¢nosti v pouzivani digitalnych technolégii.
Clanok referuje aj o tom, ako zvladli ucitelia v CR a SR di$tan¢né vzdelavanie
pocas pandémie corona-virusu COVID-19.

KI'icové slova: Edukacny softvér, digitalna technika, on-line technolégie, on-
line vzdeldvanie, diStan¢né vzdelavanie.

Abstrakt, CZ: Prispévek se zabyva moZnostmi pouzivani digitalni techniky,
on-line technologii a interaktivniho edukac¢niho softwaru v distan¢nim
vzdélavani na zakladnich a stfednich skolach. Efektivni vyuzivani digitalnich
technologii na Skolach predpoklada, ze ucitelé maji pristup k potrebnym
technickym zatizenim a technologiim a maji dostate¢nou digitalni gramotnost
a kompetence K jejich vyuzivani. TotéZ se predpoklada na strané edukanta, co
se tyCe jeho technického a technologického vybaveni, a také jeho
uzivatelskych schopnosti a dovednosti v pouzivani digitadlnich technologif.
Clanek referuje i o tom, jak ucitelé v CR a SR zvladli distanéni vzdélavani
béhem pandemie corona-viru COVID-19.

Klicova slova: Edukacni software, digitalni technika, on-line technologie,
distancni vzdélavani on-line vzdélavani.

SOFTWARE RESOURCES TO SUPPORT ON-LINE EDUCATION

Abstract: The paper deals with the use of digital technology, on-line
technology and interactive educational software for distance education in
primary and secondary schools. A prerequisite for the effective use of digital
technologies in schools is that teachers have access to the necessary technical
equipment and technologies and have sufficient digital literacy and
competence to use them. The same is assumed on the part of the educatees in
terms of his technical and technological equipment as well as his user
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competencies and skills in the use of digital technologies. The article also
reports on how teachers in the Czech Republic and the Slovak Republic
managed distance learning during the corona-virus pandemic COVID-19.

Keywords: Educational software, digital technology, on-line technologies, on-
line education, distance education.

1 Uvod

Efektivni vyuzivani digitalnich technologii je bezpochyby nezanedbatelnou
podminkou jednak pro uskutectiovani kvalitniho vzdélavani, a jednak pro
plynuly chod $koly, at' uz pti administrativni praci nebo pfi komunikaci s
verejnosti, zejména rodicovskou.

Vyvoj svéta zcela zietelné ukazuje, Ze vliv technologii na vyukovy proces jiz
nelze opomijet a myslet si, Ze dobrému pedagogovi prosteé staci, kdyz své jinde
ziskané odborné schopnosti v ptipadé potieby pfenese i na vyuziti technologii
(Feszterova, 2018a; Hostovecky — Prokop, 2018). Mylna je i hodné rozsirena
predstava, ktera vede mnoho odptirct technologii k domnéni, Ze nejlepsi pro
vychovu déti je, kdyz jsou do co nejvyssiho véku od technologii zcela izolovany
(Czakoéova, 2016; Partova a kol, 2018b; Pokorny, 2013, 2018; Stoffova -
Czakoovd, 2019; Végh, 2016; Zboran, 2019).

Technologie ovliviiuji svét, myslenf lidi, vyukové cile i vzdélavaci prostredi.
Lidstvo je v situaci, kdy se bez technologif neobejde ani v osobnim Zivot€, ani
v zivoté profesnim. Technologie je ovSem tieba vyuzivat efektivné a kvalitné
(Feszterova, 2018a; Misut - Pribilova, 2015; Partova - Zilkova, 2018a;
Chraska - Chraskova, 2007). Je tieba vést zaky v uzivani technologii tak, aby
jim pomohli v osobnim riistu a dosazeni Zivotnich cili. TotéZ se tyka i zaka
hendikepovanych.

V soucasné dobé je realizovana ,Strategie digitalniho vzdélavani“, ktera je
nazyvana digitalni gramotnosti. Stimto prichazi i zmeéna stavajicich
Ramcovych vzdélavacich programi i Standardu ucitele.

Teprve pred nékolika lety zacaly v evropskych institucich snahy o vytvoreni
systematického popisu digitalnich dovednosti a kompetenci, kterymi by méli
byt vybaveni ucitelé. Také bylo stale vice zfejmé, Ze ve sblizujici se Evropé je
nutné hovotit i v této oblasti spole¢nou terminologii. Vysledkem téchto snah
je ramec digitdlnich kompetenci pedagogli DigCompEdu. DigCompEdu je
vystupem dlouhodobé vyzkumné ¢innosti Spolecného vyzkumného strediska
(Joint Research Centre) Evropské komise.

Zkouskou vyuzivani digitalnich technologii uciteli i zaky v on-line vyuce bylo
obdobi COVID-19. Vtomto obdobi doslo od 11. bfezna 2020 k Uiplnému
uzavireni $kol v celé Ceské republice. VSechny $koly fesily on-line vyuku.
K dané vyuce museli Zaci i ucitelé vyuzit sva zafrizeni - pocitace, notebooky,
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tablety i mobilni telefony. U uciteld i zakt doslo v tomto obdobi k vyraznému
zlepSeni voblasti vyuzivani digitalnich technologii ve vyuce (Misut -
Pribilova, 2015). Timto krokem budou tfeba v budoucnu ve Skolach vice
vyuzivana zakovska zarizeni (BYOD).

2 On-line vyuka ve $kolach
Neobvykla situace pro uéitele i Zaky nastala v Ceské republice v obdobi
COVID-19 od 11. btezna, kdy doslo k iplnému zavieni v§ech Skol. VSechny
Skoly musely najednou fesit problém. Jakym zplsobem vyuku reSit? Jaké
prostiedky ktomu vyuzit? Jaké prostiedi vyuzit? Jakym zplsobem Zzaky
aktivné zapojit? Budou mit Zaci dostatecné mnozstvi techniky? Bude fungovat
on-line vyuka na mobilnich telefonech, tabletech, pocitacich ¢i noteboocich?
Tyto a podobné otazky si kladli ucitelé i reditelé Skol. Kazda Skola si zvolila
sviij postup, svoji strategii. Zddna rada ¢i pomoc od Ministerstva $kolstvi,
mladeze a télovychovy Ceské republiky nebyla. Od za¢atku dubna zacala
Ceska $kolni inspekce zjistovat situaci na $kolach. Informace k on-line vyuce
provadéla telefonickym kontaktem reditele Skoly a pokladala mu nasledujici
otazky:
¢ Jakse dafi komunikace s uciteli, Zaky a jejich rodici?
¢ Jakaje ve Skole digitalni podpora distan¢ni vyuky?
¢ Jakse inspirujete v metodach distan¢niho vzdélavani?
¢ Jak spolupracuji ucitelé pti distan¢nim vzdélavani?
e Jakse dafi zapojovat zZaky do distan¢niho vzdélavani?
e Jakvyuzivaji ucitelé digitalni techniku?
¢ Jaké formy podpory digitalni techniky distan¢niho vzdélavani
vyuzivate?
e Jak se daif komunikace ucitell se zaky? (jaké aplikace/platformy
vyuzivaji apod.)
¢ Jak organizuji ucitelé obsah distancniho vzdélavani? (jaké on-line
zdroje vyuZzivaji apod.)
¢ Jakucitelé hodnoti vykony zaki pri distan¢nim vzdélavani?
Skoly ocekavaly od Ministerstva $kolstvi, mladeze a télovychovy ¢ Ceské
Skolni inspekce rady ¢i pomoc. Bylo to zcela obracené. Misto pomoci a rad si
Ceska $kolni inspekce zjist ovala stav na §kolach a mapovala situaci. Mozna ted’
na zakladé zkuSenosti $kol vyda Ministerstvo Skolstvi, mladeZe a télovychovy
priru¢ku s moznostmi, co $koly mohou v oblasti on-line vyuky délat, které
platformy mohou vyuzivat apod.
Vzhledem k tomu, Ze v dobé psani ¢lanku jsme vysledky prizkumu Skolni
inspekce neméli k dispozici, jsme udélali vlastni prizkum mezi uciteli
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zakladnich a stfednich $kol. Rozeslali jsme nékolik elektronickych dotazniki
s 12 otazkami na zmapovani situace ve Skolnim vzdélavani béhem pandemie.
Vysledky prizkumu jsou v obou statech velmi podobné.

BohuzZel omezeny rozsah ¢lanku neumoznuje prizkum a jeho vysledky
analyzovat a podrobné statisticky vyhodnotit. Planujeme o vysledcich
prizkumu napsat samostatny ¢lanek do ¢asopisu CEJNTREP. V dal$im jen
popiSeme nékteré z odpovédi, které se ve vypovédich uciteli nejcastéji
vyskytovaly.

3 Moznosti on-line vyuky
On-line vyuka probihala na riznych $kolach v riznych platformach. Ucitelé
resili vyuku a zaroven i testovani. Ve Skolach nejcastéji vyuzivali a stale
vyuzivaji:

¢ Microsoft Office 365 - Teams (vyuka) a Forms (testovani).

¢ Google - Google Classroom (vyuka) a EduPage (testovani).

e Zoom - vyuka.

4 Microsoft Office 365 - Teams

Firma Microsoft nabizi v§em Skoldm Office 365 zdarma. Pouze si ovéri, ze
$kola je v rejstiiku $kol. Skoly tuto nabidku hojné vyuZivaji. Stejné tomu je
i vnasi skole. VSem ucitelim a zakiim byly zaloZeny tucty. Roztiidily se do
skupin dle trid. VSichni Zaci i ucitelé maji svlj pracovni e-mail. Zdarma je
Word, Excel, PowerPoint, coz je velka vyhoda pfi vyuce, nebot’ vSichni Zaci
i ucitel pracuji ve stejném a nejnovéjsim prostredi. OneDrive je uloZzisté o
velikosti 5 TB. Nechybi ani Forms na tvorbu kvizl ¢i test. Nejdilezitéjsi
soucasti pro on-line vyuku je Teams.

Aplikace
E Outlook @ OneDrive
ol word Bl excel

@ rFowerpoint Bl onenote
B sharepoint K eams
B class notebook ER sway
@y rorms B* sprivce

Obrazok 1: Aplikace Office 365

V prostiredi Teams si mohou ucitelé ¢i zaci vytvorit své tymy. VloZi Cleny tymy
amohou spolu komunikovat. Ke komunikaci mohou vyuZzivat pouze chat nebo
se spoji pomoci hovoru.
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Tymy

6A_MF 3.B_zaci

Obrazek 2. Teams - pracovni skupiny

Ucitel prostrednictvim kalendare naplanuje schiizku. Tim se odesle odkaz na
danou schiizku vSem ucastnikim, kteii se ke schlizce mohou ptipojit.

Ucitel miize schlizku nahravat. Tim vytvoii zaznam ze schiizky, ktery maji
vSichni Zaci k dispozici. Je to obrovska vyhoda, nebot Zaci, ktef{ se dané vyuky
nemobhli zi¢astnit, si mohou zdznam spustit. Zaci se tak mohou v jednotlivych
hodinach vracet k riizné problematice, které byla feSena. Ucitel p¥i vyuce sdili
svoji obrazovku, na které miiZe promitat, nevstupuji uciteli do vykladu.

5 Microsoft Office 365 - Teams a SMART Notebook

Ve $kolach v CR aj SR se vyuzivaji rizné interaktivni tabule. Jednou z nich je
i Smart Board s programem SMART Notebook. Propojeni mobilnich telefont,
tabletdi, notebookt ¢i pocitaci zaki pii on-line vyuce s interaktivni tabuli
a programem SMART Notebook je velmi efektivni (PSenakova - Szabo, 2018).
Interaktivni tabuli mtZeme pouzit kvykladu dané latky, k procvicovani
pomoci riznych aktivit. Velkou vyhodou je, Ze si miiZzeme v pripravach ulozit
iodkazy na rdzné internetové stranky, které potom nemusime pracné
dohledavat. Kjednotlivym tématim se miZeme stile vracet. Pokud
vyuzivdme pouze klasickou tabuli, tak vSe po hodiné smaZeme a pokud se
chceme k ucivu vratit, musime jej znovu napsat. Samozrejmé pripravy, které
si vytvarime pomoci tohoto programu, nejsou vzdy hotové béhem chvilky.
Pokud vytvarime vyklad latky, vyuzivame razné grafy a tabulky, prace je to i
na nékolik hodin. Ale tato prace se ndm okamzité vraci, pokud vyucujeme
v paralelnich tfidach. Pfipravy miiZzeme snadno vyuZzit i v dalSich letech.
Upravy jsou hotové uz béhem chvilky. VyuZiti cloudovych aktivit SMART LAB
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zabere na pripravu jen nékolik malo minut a efektivita v hodiné se obrovska.
K procvicovani téchto cloudovych aktivit SMART LAB vyuZivame bez
problémt rlzna zarizeni - pocitace, notebooky, tablety i mobilni telefony
zakl. Na vSech zartizeni najednou nam aktivity bez problému funguji.

Aktivita bezi.

hellosmart.com

Ukoneit

1 orpojeny stucent

il ‘

Obrazek 4. Pripojeni zaki

VSechny tyto cloudové aktivity, které jsou oznaCeny symbolem - pripojit
zarizeni, l1ze spustit na pocitaci, notebooku, tabletu ¢i mobilnim telefonu.
Kdanym aktivitim se Zaci pripojuji pomoci webové stranky
HELLOSMART.COM a ID ucitele, jak je vidét na obrazcich.

Ucitel vidi pripojend zakovska zatizeni. Ucitel Zaklim aktivitu spusti a zaci
samostatné na svych zarizenich pracuji individualné, vlastnim tempem. Po
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dokonceni cviceni maji okamzitou zpétnou vazbu o spravnosti reseni. Mezi
tyto aktivity patii:

* Vyplnit mezery - studenti pietahuji slova nebo ¢isla do prazdnych mist.
Tato aktivita u¢f dedukci, kompozici a trénuje pamét.

* Otocit - karticky - trénuje pamét a rozsitruje slovni zasobu.

* Dejte ksobé! - vytvareni spravnych dvojic - aktivita parovani, ktera
rozviji schopnost korespondenci mezi jednotlivci a trénuje pamét. Tuto
aktivitu v hodinach ucitelé velmi vyuzivaji.

e Serazeni - studenti sefazuji polozky v poradi a uci se tak o srovnani,
dedukci, posloupnosti a usporadani. Opét velmi casto vyuzivana aktivita.

» Super razeni - studenti tridi polozky do dvou kategorii. Tato aktivita uci
klasifikaci a sdruzovani do skupin. Velmi vyuZzivana aktivita.

* Kviz s monstry - postupovy kviz s otdzkami s vybérem vice moZnosti
odpoveédi a otazkami spravné x Spatné. Studenti pracuji vtymech na
jednotlivych zatizenich. Velmi oblibena aktivita mezi zaky. Tuto aktivitu
Ize provozovat na tabletech, mobilnich telefonech ¢&i poéitadich. Zaci jsou
roztfidéni do skupin na zdkladé ndhodného vybéru pocitace. Kazdy zak
odpovida svym tempem a body za druzstvo se scitaji. Poté se odpovédi
vyhodnoti, ukdZeme si spravné odpovédi a vysvétlime reSeni.

* Response 2 - studenti odpovidaji na otazky s vice moznostmi odpovédi,
otazky s vybérem z vice moZnosti, otazky typu hlasovani/nazor, otazky
s kratkou odpovédi a otdzky s odpovédi spravné x Spatné. Velmi vyhodna
aktivita ktestovani. Tuto aktivitu miliZeme vyuzit kanonymnim
odpovédim Kk rychlému zopakovani uciva. Tato aktivita se velmi Casto
pouziva ktestovani. Po skonceni testu se zakim objevi rychlé
vyhodnocenf testu - na které otazky odpovédél spravné, na které chybné,
na které neodpovidal a vyhodnoceni. VSechny tyto odpovédi jsou
zaznamenany do tabulky, kterou si ucitel uloZi. Testy jsou rychlé a
okamZité opravené. Ucitel pouze ulozi vysledky do pocitace. Tuto aktivitu
muZeme opét provadét pomoci mobilnich telefont, pocitaci ¢i tabletd.

e Zapojte se - studenti pouzivaji sva zarizeni k zasilani prispévki nebo
obrazkd. Brainstormingova aktivita urcena k vytvareni napadu.

Dnes se jiz samostatné interaktivni tabule nevyuziva. NeslouZi pouze
k vykladu uciva, ale vyuZziva se hlavné spolu se zZakovskymi zarizenimi. Na
interaktivni tabuli mohli pracovat maximalné dva Zaci. Dilezité je zapojeni
vSech Zakl ve vyuce. Mobilni telefony ¢i tablety mtze kazdy Zak vyuzivat
samostatné. Pracovat mohou na jednotlivych aktivitach samostatné, vlastnim
tempem. Zaci se uéi praci ve skupinach, kterou budou potiebovat v kterémkoli
zameéstnani - prace v tymech.
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Nejvice oblibend aktivita u zaki je Kviz s monstry neboli Pii$erkovy kviz. Zaci
jsou k dané aktivité prihlaSeni. Ucitel ¢i zaci zvoli, do kolika skupin budou
rozrazeni. Kazdy zak iesi své otazky individualné na svém zarizeni a vysledné
body se séitaji v daném tymu. Zaci na svych zatizenich vidi otazky, ucitel vidi
tymy a jejich ispéSnost pri reSeni, viz Obrazek 5.

~]

Obrazek 6. Prostredi ucitele - kontrola

Po vyreseni vSech ukoll vSech zakl ucitel se zaky projde vSechny otazky
a ukoly a sdéli spravné reSeni vcetné postupu.

Priserkovy kviz je u déti velmi oblibeny.

Druhou velmi oblibenou aktivitou je testovani prostrednictvim Response 2.
Zaci opét odpovidaji na otazky. Uéitel na své obrazovce sleduje, jak rychle Zaci
odpovidaji, kolik tikolti maji jiz splnéno.
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236 771

Aktivita bézi...

Pozastavit Ukonéit

STUDENT PRUBEH

Tomas O 20/20
Marek 20/20
Michai

MICHALURBANEC

kKaterina

arka Prochazkova

Obrazek 7. Prostiedi ucitele - Response 2

Obrazek 8. Prostiedi ucitele - Response 2 - kontrola

Po dokonceni testu okamzité védi spravné odpovédi a uspésnost v testu.
Odpovédi na jednotlivé tikoly si hned po dokonceni testu ucitel prochazi se
zaky.

Tato aktivita je velmi oblibena i u uciteld. Testy jsou hned opraveny, vysledky
muizeme ulozit ve formé tabulky.
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1)-5.(-8) 2)16:(-4)

ect 0 .
MICHAL 100% 20 0

0B A
Marek 40% 8 12 0B A
Martin 20% 4 16 0A A
Michal 25% 5 15 0A A
Tomas O 60% 12 8 0B A
Viki 90% 18 2 0B A
aneta 95% 19 1 0B A
katerina 100% 20 0 0B A
Sarka 100% 20 0 0B A
Priumér tiidy 639% 70%% 90%

Obrazek 9. Prostiedi ucitele - Response 2 - tabulka

4 Zaveér

Zavérem mizeme zhodnotit, Ze pouzivani modernich on-line vzdélavacich
technologii v distan¢nim vyucovani béhem pandemie potvrdilo jejich vyznam
a uziteCnost i na zvladnuti krizovych situaci. Mnohé digitalni technologie,
informacni a komunikacni systémy, které ucitelé méli k dispozici a které
nebyly vyuZivany, nyni oZily a jejich uplatnéni se stalo nezbytnosti. Ucitelé,
ktefi tyto nastroje pouzivali bez problému, vzniklou situaci zvladli. Ti, ktefi to
dosud ignorovali, byli nuceni je vyuzivat - "ucili se za pochodu”, "ucili se
délanim / vyuzivanim". Erudovani informatici, ktefi tyto moznosti pouzivali i
predtim a vytvareli vlastni didaktické aplikace, na otazku: Bylo / je tento (on-
line) zplsob vyucCovani pro Vas narocny? Odpovédéli vétSinou: "Ne,
nebyl/neni" (Zboran, 2019; Zahorec a kol., 2020).

Vétsina ale povazovala distan¢ni zpisob vyucovani za ¢asové narocny. Ucitelé
pripravu elektronickych ucebnich materiald, on-line tkold, testl a zkouSeni
oznatili za mimoradné naroc¢nou a zatézujici. Skoly, ucitelé a ani Zaci nebyli
pripraveni na tento druh vyucovani. Na zakladé osobnich zkuSenosti ucitelt
(respondentli prizkumu) lze ¥ici, Ze chybéla organizovanost a disciplina.
Ucitelé precenovali situaci, zadavali mnoho tkolti, ocekavali, Ze Zaci nebudou
podvadét a budou se priibéZné pripravovat. Zaci si zase mysleli, Ze maji
prazdniny, bylo tfeba je presvédcovat, aby spolupracovali. Idedlnim feSenim
by bylo, kdyby Skola méla vypracovany nejen plan, jak v pripadé takové
situace postupovat, ale aby byla i vybavena potrebnymi technologiemi a aby
jejich vyuzivani na zvySeni efektivity vyucovani byla béznou kazdodenni
zaleZitosti a vnitini potfebou. Toto FeSeni vSak v dobé, kdy nas Sifeni viru
COVID-19 prekvapilo, nemél nikdo a kaZdy se snazil feSit toto po svém.
Nejvice vSak chybéla informacni gramotnost a potiebné digitalni kompetence
u obou stran - ucitelti i Zakl/studentd.
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Prispévek vznikl za podpory projektii IGA_PdF_2020_039 "Podpora vyzkumnych
aktivit studentii doktorského studijniho programu Didaktika informatiky v
oblasti vyuZiti vybranych modernich vzdéldvacich technologii"; KEGA 012TTU-
4/2018: Interaktivne animacno-simulacné modely vo vzdeldvani a KEGA
015TTU-4/2018 Interaktivita v elektronickych didaktickych aplikdcidch.
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SKUSENOSTI A POZNATKY Z ON-LINE VZDELAVANIA
POCAS PANDEMIE COVID-19

[1diké PSENAKOVA, Peter PSENAK, Urban KOVAC, SK

Abstrakt: V roku 2020 v désledku zavedenia niidzového stavu kvoli pandémii
koronavirusu boli Zivot aprdca na Slovensku obmedzené, v niektorych
oblastiach az zablokované. Medzi prvou oblastou, ktoré pocitilo zmenu bolo
$kolstvo. Skoly presli z prezen¢nej vyucby na distan¢nt formu. Vaésina $kol
nebola na takyto spdsob vyucby pripravena. V ¢lanku prinasame nase
skusenosti s pracou v podmienkach pandémie, a niekol'ko rad a postupov,
ktoré sa nam v praci pri on-line vzdelavani osvedcili.

KI'icové slova: vyucbovy proces, online technolégie, konferen¢né hovory,
Microsoft Teams, Forms

EXPERIENCE AND KNOWLEDGE FROM ONLINE EDUCATION
DURING THE COVID-19 PANDEMIC

Abstract: In 2020, due to the introduction of a state of emergency which came
as the answer to the coronavirus pandemic, life and work in Slovakia were
limited, in some areas even blocked. Among the first areas to feel the change
was education. Schools have moved from full-time on-site teaching to distance
learning. Most schools were not prepared for this type of teaching. In this
article, we present our experience of working in pandemic conditions, and
some tips and procedures that have worked for us in our work in online
education.

Keywords: teaching process, online technologies, conference calls, Microsoft
Teams, Forms

1 Uvod

V mesiacoch marec aZ maj roku 2020 sa v dosledku zavedenia nddzového
stavu kvoli pandémii koronavirusu Zivot a praca na Slovensku vel'mi zmenili.
Boli sme svedkami nec¢akaného vedlajsieho efektu vzniknutej krizy a videli
sme ako sa moZze digitalna transformacia pod natlakom zrychlit [1]. Zmeny sa
udiali v sikromnej aj vo verejnej sfére, a neobisli ani zakladné, stredné, vysoké
Skoly a univerzity, ktoré st za inych okolnosti vnimané ako ,konzervativne“
inStiticie. Prdve markantnd zmena v praci pedagdgov, ktord sa od nich
ocakavala na vsetkych drovniach Skolstva, vytvorila priestor na necakane
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rychly nastup on-line vzdelavania a zmenila postoj a nazory pedagégov na
takuto formu vyucby.

Sme si isty, Ze keby sme sa opytali pred pandémiou pedagdégov na ich odhad,
kedy budu vyucovat zo svojich domacnosti on-line, asi najprogresivnejsie
odhady by boli roky 2025-30. Napriek tomu, Ze tato, z urcitého pohladu,
nekoncepcna zmena vo vyucbovom procese spdsobila velké problémy pre
pedagoégov a museli sa s fiou za toto kratke obdobie vysporiadat sami, mame
uz v krajine vel'ké mnoZstvo pedagogov, ktori uz rutinne pracuji s Meet, Zoom,
MS Teams a s podobnymi softvérovymi balikmi, ako keby to robili uz roky.

2 U¢im z domu a som on-line

Pedagdég na Skole vykonava principidlne vSetky ukony, ktoré vykonava
manazér vo firme. Planuje, organizuje, vedie 'udi a kontroluje ich [2]. VSetky
tieto aktivity vsak vykonava na ,neodbornej“ pracovnej sile. Tento problém sa
v digitdlnom prostredi prejavuje eSte markantnejsie ako za lavicami v Skole.
Ziaci a $tudenti st vo svojich domovoch, maji k dispozicii rézne digitalne
zariadenia, roznej kvality je aj pristup k internetu, a niektori takéto moznosti
nemaju vobec. Tento problém sa na Slovensku vyskytuje najcastejsie
avnajvacsom rozsahu na urovni zakladnych $kol. Pri on-line vyucbe na
univerzitach sme takyto problém nepozorovali.

Ak sa vzijeme do ulohy pedagdga - manaZzéra, tak asi prvym problémom,
s ktorym sme sa stretli vdanej krizovej situacii bolo isté rozpadnutie
aktudlnych planov (rozvrhov) Skoly. Ani najrychlejSie reagujice inStiticie na
vzniknuty stav si nemo6zu povedat, Ze isté obdobie neboli v ,panike” z toho,
ako sa situacia vyvinula a nevedeli presne aké kroky podniknut na jej rieSenie.

Napriek tomu, Ze univerzity sa dost rychlo preorientovali na vyucovanie on-
line formou a zacali pouzivat rézne programové baliky urcené na diStan¢né
vzdeldvanie presné dodrZanie vyucovania ,podla planu“ nebolo moZné
striktne dodrzat. NajcCastejSim problémom bola nestabilita internetového
pripojenia. PoCas prezencnej prednasky nemoéze nastat situacia, Ze Student
strati pripojenie na internet a nemoéze pokracovat v poc¢ivani prebiehajtiiceho
vykladu pedagdga. V on-line vyucbe sme boli svedkami aj takychto situacii.

V pociatkoch po zatvoreni $kol, sme v prvom plane zacali vyuzivat e-mailovi
komunikaciu so Studentami, a vel'mi sa osvedcili konzultacie prostrednictvom
programu Skype, najma ohl'adom diplomovych a bakalarskych prac. Neskér
sa zacali pouzivat programy ako MS Teams, Zoom, ale mnohi, najmai
vysokoskolski pedagogovia, sa pustili do osvojenia pouzivania uz zauzivaného
systému LMS Moodle.

Pedagég si vSak musi davat pozor, aby nepouZival vela rozhrani na
poskytovanie informacii pre Studentov (Facebook, Whatsapp, Discord,
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MS Teams, Google docs, Skype) sucasne. Sice dnesna mlada generacia
Studentov aziakov sa dostato¢ne rychlo vie naucit pouzivat nové
komunikacné prostredia, ale uz len navigacia medzi nimi je dost naro¢na
najmi na cas. Tento problém sa znasobi pokial’ sa Student musi prepinat
medzi réznymi prostrediami pri viacerych predmetoch. Nezabidajme, Ze aj
pre pedagéga je ovela lepSie apohodlnejSie administrovat celd pracu a
vyucovanie len pomocou jedného programového rozhrania.

Pedago6g by sa mal prichystat na on-line hodinu tak, aby bolo moZné ju aj
nahrat, ulozit anasledne distribuovat medzi Studentov. Velmi vhodné je
pouzivat prezenticie (Power Point, Canva, Google Slides), ktoré zvySuju
nazornost prednasky ¢i cvicenia. PoCas vyucovania matematickych
predmetov, sme pouzivali statické prezentacie, ale po Case sme zistili, Ze su
nedostato¢né a potrebovali sme vytvorit nejaké rozhranie, ktoré by imitovalo
tabulu. Vtomto pripade sa stal vynikajicim pomocnikom graficky tablet
(Obrazok 1) (vyuZivaju ho najma dizajnéri na dpravu fotiek).

Obrazok 1: Graficky tablet

Tablet spolu s vhodnou aplikaciou plne nahradi funkciu tabule. (Ako aplikaciu
sme pouzili One Note z Microsoft 365 [3], ktory je poskytovany pre
univerzity). Vyborné funkcionality tabletu, ktoré prevySuji mozZnosti
obyCajnej tabule, ako su zvicSenie azmenSenie textu, inteligentné
rozpoznavanie funkcii z pisaného textu a samozrejme ,bezprasné“ zmazanie
len zvysuju jej obltibenost. Je pravda, Ze praca s tabletom si vyZaduje trocha
ucenia, ale spatna vazba od Studentov bola vel'mi pozitivna a za ti ndmahu to
stoji.

Pri praci zdomu musime mysliet aj na situaciu, ked sa ,minie krieda“
anevydrzi internetové pripojenie pedagéga. Zial, vpraxi sme to zaZili
anebolo to prijemné. Ako tomu predist? Odporticame mat prichystany
sekundarny zdroj internetového pripojenia napriklad v podobe mobilnej
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siete, alebo inej alternativy, na ktory sa pedagég vie pripojit v pripade
nutnosti (susedova siet). Pokial' sa uplne strati pripojenie je vhodné, ak
pedagdég nahra ucivo avyklad ako videonahravku aakonahle sa obnovi
pristup na internet posle ho do triedy.

Na zaver by sme odporucili viest hodinu akoby bol pedagdég youtuberom.
Treba si uvedomit, Ze Studenti moZno cely deini sedia pred pocitacom a
pozeraju na obrazovku, kde prave prebiehajica prednaska je uz piata a kazda
bola rovnaka, striedajd sa na nej snimky prezentdacie a niekto Cita text. TakZe
sa inSpirujme prave osobami, ktoré st schopné udrzat I'udi pred obrazovkami
celé dni Casto aj bez pauzy apokusit sa vyuCovaciu hodinu zaujimavym
spo6sobom okorenit’.

3 Microsoft Teams

Vhodnym prostredim na organizovanie pociato¢ného chaosu pri prechode na
on-line formu vyucby sa ukazal byt softvér Microsoft Teams [4]. Vd'aka nemu
je clovek schopny viezt hovor aj so stovkou posluchicov - Ziakov
a s dostatoénymi pravomocami dokdZe vzajomnu komunikaciu aj ovladat.
Zaujimavou auzitonou funkciou programu je moZnost nahravania
vyucovacej hodiny. Ak si pedagég svoju prednasku alebo celii vyucovaciu
hodinu nahra, nepotrebuje ju vobec opakovat pre inu skupinu Studentov,
ktori si ju m6zZu pozriet hocikedy v prostredi aplikacie, ba dokonca aj Studenti,
ktori sa nemohli ziastnit on-line vyucovania si ju moZu pustit off-line v ¢ase
im vyhovujicom.

Je pravda, Ze pritom je treba zmenit uvazovanie pedagégov, ktori musia zacat
vnimat moZnost asynchrénnej vyucby [5], t. j. rozdiel medzi ¢asom vyucovania
pedagégom a Casom Studia Ziaka. Akondhle sa zmeni vnimanie pedagoéga
a uvedomi si moZnosti, ktoré mu poskytuje on-line priestor, méze upravit svoj
pracovny rozvrh tak, aby lepsie vyhovoval jemu aj Studentom, a tak moze
znizit aj stres kladeny na Studentov. S touto funkciou sa da vel'mi dobre
pracovat hlavne na univerzitach.

Pokusme sa teda priblizit pracu pedagdga v MS Teams pocas krizy, z pohl'adu
manazérskeho procesu.

3.1 Planovanie: kalendar v MS Teams

Vybornou pomdckou na planovanie on-line vyucovania je kalendar [6]
v Microsoft Teams. Pocas tvorby ,rozvrhu on-line hodin“ sme sa Studentov
opytali na im najviac vyhovujuci termin cvicenia. Na zaklade ich spatnej vazby
sme vybrali ten, kedy sa vac¢sina I'udf mohla zdc¢astnit predmetu a uloZili ho do
kalendara, ktory je viditeI'ny pre kazdého ti¢astnika timu (skupiny). Pouzitie
takéhoto pristupu moéze byt aj problémové, najmi v pripade, ak pedagoég
vyucuje subeZne niekol’ko predmetov a Studenti réznych predmetov si zvolia
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rovnaky Cas. Tomuto problému méze pedagdg predist tak, Ze Studentom
v roznych v skupinach ponuikne rézne terminy vyucovania. Okrem toho si
pedagdg musi uvedomit’ aj to, Ze ak navrhne aj iné ¢asy na vyucovanie, ktoré
v prezen¢nom rozvrhu neboli, mohlo by déjst’ ku kolizii s terminom iného
predmetu, ¢o by mohlo mat za nasledok zniZenie navStevnosti oboch
predmetov. Ak je to moZné, najlepsim rieSenim je dodrzat cas vyucovacej
hodiny ako bola na prezencnej vyucbe. Aj v tomto pripade vSak pedagégom
odporucame nahravat vyucCovaciu hodinu, aposkytnit tak Studentom
moznost vzdelavat sa off-line.

Priklady dobrej praxe:

1. Navrhnut zZiakom mozné terminy na vyucovaciu hodinu z predmetu,
ktoré by nemali byt odliSné od tych, ktoré mali Ziaci v rozvrhu pri
prezencnej vyucbe.

2. V pripade prednasok uskutoc¢nit hodinu len raz, pritom ju nahravat, aby
si ju mohli Studenti pozriet aj viac krat a vzdelavat sa asynchrénne.

3. Nastavit upozornenia v kalendari, ktoré pomo6zu tomu, aby si Studenti aj
pedagdg rychlejsie zvykli na zmenu.

4. Nezabudnut upozornenia po konci semestra vypnut, aby nevznikla
spanika”, Ze Ziaci pridu na hodinu, ktora uz nebude.

3.2 Organizovanie: triedy v MS Teams

Druhy doélezity faktor, ktory musi pedagog vyriesit ¢o najskor (idealne hned’
na zaciatku vyucby) je organizovanie Studentov. Vyborné rieSenie na tento
problém v MS Teams poskytuju triedy. Na univerzitnej irovni je vhodné tvorit
triedy podla predmetov, ktoré pedagdg vyucuje. Vel'mi pozitivnu spatnu
vazbu sme dostali od Studentov na spésob tvorby nazvu triedy, ked pedagég
vedl'a ndzvu predmetu pridal aj svoje meno. Je to vel'mi vyhodné najma pri
predmetoch, ktoré uci viac ucitelov sucasne, lebo Studenti vedeli I'ahSie
identifikovat, do ktorej triedy sa maja prihlasit. NeoceniteIné to bolo aj
v pripadoch, ked’ sStudentom nedoSsiel e-mail s prihlasovacim kl'i¢om.
Dolezité je aj vytvorenie prehl'adnej Struktiry priec¢inkov v ramci triedy MS
Teams. PrieCinky zabezpecia, aby sa informacie neznasobovali alebo
nestracali a Studenti tak presne vedia ¢o kde majd hl'adat. V pripade, ak sa
vramci triedy uskutociiuje aj testovanie je vhodné, aby pedagédg vytvoril
prie¢inok s ndzvom testu a ulozi do neho vSetky materidly potrebné, resp.
poskytované na dspesSné absolvovanie testu.
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Priklady dobrej praxe:

1. Vytvorenie tried podla nazvu predmetu, ktory pedagdég vyucuje
s pridanim vlastného mena do nazvu triedy.

2. Pouzit vytvorenu triedu na ¢o najvacsie plo$né informovanie Studentov
(kazdy, komu unikne informacia ma tendenciu si ju dopytovat neskor
samostatne od pedagéga, ¢im vznikne pre neho extrémne casové
zatazenie).

3. Vytvorit prehladnu Struktiru dokumentov v triedach, aby si Studenti
vedeli najst potrebny material v jednej aplikacii.

4. Snazit sa administrovat vSetko v jednom rozhrani.

3.3 Vedenie l'udi: videohovor v MS Teams
Vedenie l'udi, v pripade pedagdga Studentov, v redlnom case je vel'mi narocna
uloha manazéra. V pripade, ak pedagog vyucuje aj desiatky Studentov, ktori st
v roznych kitoch Slovenska naraz, je to eSte tazsSie. Ako riesit tento problém
v on-line prostredi? MS Teams poskytuje rieSenie prostrednictvom rozhrania
na videohovory. Pomocou videohovoru méze pedagég relativne jednoducho
arychlo pocas vyucovacej hodiny administrovat priebeh hovoru v redlnom
Case.
Pocas hodiny sa stava, Ze Studenti zabudnu vypnut svoj mikrofén. Tento
problém sa da jednoducho vyriesit cez funkciu stiSenia mikrofénu daného
Studenta. Aby ani od pedagéga sa nesirili neprijemné zvuky domdacnosti
smerom k Studentom, je vhodné pouzivat slichadla a mikrofén, idealne
»2v 1%, ktoré filtruju externé zvuky.
MS Teams umoZziuje aj zmenu pozadia obrazovky pri videohovoroch. Pri
nastaveni tejto vol'by sa pedagdég nemusi obavat, Ze Studenti budu kritizovat
jeho ,pracovny neporiadok” na stole alebo v danej miestnosti.
Priklady dobrej praxe:
1. Prichystat’ prezentacie a celd hodinu viest na urovni, aby sa mohla aj
nahravat.
2. Pouzivat graficky tablet alebo iné nastroje na imitaciu tabule na hodine.
3. Prichystat si sekundarny zdroj internetu (mobilny internet a pod.), pre
pripad ked’ sa primarny pocas vyucovania prerusi.
4. Nebat sa pouzivat funkciu mute v pripade, ak na to niektory Zziak
zabudne.
5. Idedlne je pouzivat mikrofén a sldchadla, aby sa odfiltroval pripadny
hluk v domdacnosti pedagéga.
6. Postup avided youtuberov si dobrym prikladom ako zaujat svojich
Studentov.
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3.4 Kontrola: Microsoft Forms

Ani on-line vyucovanie sa nezaobide bez kontroly, ¢iZe preverovania tirovne
nadobudnutych vedomosti. Kontrolnd funkciu moze pedagdg vykonavat
roznymi spésobmi. MS Forms [7] ponuka moZnost na automatizovanie
procesu opravy testov a tak ul'ahc¢it pracu pedagoga.

Pri tvorbe kvizu je treba vel'mi dobre otestovat, kol'ko a ako dlhé otazky su
schopni Studenti zvladnut v zadanom ¢asovom limite. Pedagég zada otazky
arbézne odpovede, nastavi spravne odpovede a softvér automaticky vyhodnoti
spravnost odpovedi a spocita dosiahnuté body. Proces tvorby testu je moZno
o nieCo naroc¢nejsi, ale odmenou za pracu pedagdga ako aj pre Studenta je
vyhodnotenie vysledkov ihned’ po odoslani poslednej odpovede Studentom.
Odpordcame nastavit funkciu ndhodného vyberu poradia otazok
a premieSania moZnych odpovedi k otdzke. Tato funkcia zniZuje moZnost, na
rychle odovzdavanie odpovedi medzi Studentami, napriklad pomocou
mobilného teleféonu, pretoZe ukazdého Studenta bude na obrazovke ina
otazka.

Okrem toho je mozZné nastavit presny cas otvorenia a zatvorenia testov, ¢im
samoze jednoducho nastavit dizka ¢asu, kedy ma $tudent pristup k testu. Tato
vlastnost sa moze vyuZit aj na opakovanie testov viackrat, v pripade
samostudia a samohodnotenia Studenta.
Samozrejme, nie vSetky typy zadani a dloh je moZné jednoducho nastavit.
Najma ak sa jednd o matematické tilohy, tak hodnotit iba vysledok nemusi byt
najlepsia cesta ohodnotenia drovne vedomosti Ziaka. V takych pripadoch je
moZné, aby Student odfotil svoje vypocty na papieri a nahral (upload) ho vo
formate obrazka alebo fotky apedagég moze vidiet ako postupoval
V pripade, ak sa kombinuje skusanie s videohovorom, moze Student priamo
hovorit ¢o piSe na papier a pedagég moze synchronne sledovat jeho postup.
Priklady dobrej praxe:
1. Pouzivat systémy ako Microsoft Forms, ktoré ihned’ vyhodnotia vysledok
prace Studenta.
2. Moznost poskytnat viac terminov, aby Studenti mohli v pripade
technickych problémov test spravit aj inokedy.
3. Nastavenie ndhodného poradia otazok ako aj ndhodnych odpovedi na ne.
4. Vpripade zadani, pri ktorych je potrebné vidiet aj postup rieSenia
poZiadat' Studenta, aby odfotil svoj test a poslal ho v Citatelnom formate.

4 Zaver

V dosledku zavedenia obmedzenia alebo celkového zakazu vychadzania kvoli
pandémii koronavirusu v réznych Statoch sveta, sa digitalna transformacia
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celosvetovo zrychlila. ESte sme nikdy neboli svedkami takej revolucCnej
technologickej inovacii, ktora by dokadzala dobyt Siroka zakladiu
pouzivatel'ov v priebehu niekol'kych tyzdinov a mesiacov, dokonca aj internet
a Facebook potrebovali roky [8].

Ukazalo sa, Ze praca na dialku a taktiez on-line vzdelavanie (distancné
Stadium) moze byt efektivne, ba dokonca mnohym pracujicim a Studentom
aj pohodlnejsie. A tak vznika otazka ako d'alej? Mozno by bolo chybou prestat’
pracovat, ucit a ucit sa takouto formou alebo by bolo dobré kombinovat
prezencnu a distan¢nd formu prace? Podl'a predpokladanych modelov Sirenia
virusu COVID-19 sa epidémia eSte nekonci a za¢ne sa druha vina, vtedy bude
nevyhnutné pokracovat v nastartovanom style.

AKka je teda najdolezitejsia uloha, ktora v suvislosti s danou situaciou pred
nami stoji? Predovsetkym je to potreba vytvorit a nepretrzite aktualizovat
rozsiahly, 'ahko pouzitel'ny digitdlny, podl'a moznosti aj interaktivny, Studijny
material pokryvajuci vSetky oblasti vedomosti od slovenciny aZ po fyziku,
ktory bude pristupny vSetkym. Zaroven je potrebné vsetkych buducich aj
sucasnych pedagégov bez rozdielu ich aprobacie vyskolit tak, aby dosiahli ¢o
najvyssiu uroven informatickej gramotnosti a stali sa rutinnymi pouzivatel'mi
informac¢nych a komunikac¢nych sluzieb.

Cldnok bol publikovany vd'aka projektu KEGA 015TTU-4/2018 ,Interaktivita
v elektronickych didaktickych aplikdcidch.”
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COGNITIVE VALUES OF TERMINOLOGY IN EDUCATION

Jan STOFFA, SK, CZ

Abstract: The study deals with the cognitive values of terminology in
education, especially in instruction processes. It points out the fact that in
there are always a number of concepts that are the subject of acquisition.
When learning concepts, educatees must simultaneously master the content
of the relevant concepts, as well as their names - terms. The study points to
the considerable cognitive potential of the acquired terms, which the erudite
educator can use for various purposes. One of the most important is the
deepening of interdisciplinary relationships and links between school
instruction subjects, especially the relationship to the language in which the
educator communicates with educatees. The educator can show that the
content of concepts has an international nature, while terms are of a national
one. Since each term is defined as the naming of a concept in the system of
concepts of a certain field, and the school subjects always operate in a
didactically created subsystem of concepts and terms of the respective
subject, a systemic relationship is significantly applied in many terms. In each
system, resp. in the subsystem used there exist a number of terms taken from
other languages, which can be used to illustrate and to deepen intercultural
relations. Scientific and technical progress can be illustrated by appropriately
selected examples of archaic, obsolete and new terms (neologisms).

Keywords: Terminology, education, terms, terminology in instruction
processes, values of terminology, interdisciplinary relationships.

1 Introduction

The term terminology is ambiguous (The Penguin English Dictionary, 2005, p.
1453; Stoffa, J. - Stoffova, V., 2017, p. 31). In the first sense, it is the name of
an interdisciplinary scientific discipline that deals with terms from the most
general point of view. In the second sense, the word terminology is the name
of a set of naming terms of a specific field of human activity. In this study, we
deal only with terminology in this second sense.

The term terminology is international. With small variations, it is used by most
languages in the Western Hemisphere (The code numbers of the individual
languages according to the ISO 639.1 standard are given in parentheses), e.g.
mapminanaozis (be), terminologi (da), terminija (It), terminologia (fi, it, ca, eu,
pt), terminologia (es), terminolégia (sk, hu), terminologie (cs, fr, nl, ro),
Terminologie (de), terminologija (pl, hr), terminologija (1v), terminologija (mt),
terminologijo  (sl), mepminonocia (uk), mepmuHosozuja (sr, mk),
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mepmuHoozus (ru, bg), terminologji (sq), terminologi (nn, sv), terminologio
(eo), terminoloji (tr), terminology (en, latin), terminoloogia (et).

Even the naming term is ambiguous. In addition to the meaning in which we
use in this study, the Penguin English Dictionary (2003, p. 1453) lists seven
other meanings.

Unlike naming terminology, fewer languages use the term termin, and its form
is more diverse: term (sq, en), terme (ca, fr), termen (ro), termi (fi), termijn (nl),
termin (be, bg, et, hr, mk, ru, sr, pl, sv, uk), termin (sk, cs), terminas (lit), termine
(it), termino (es), terminon (eo), terminu (mt), terminus (1a). This term was not
taken over by Greek (el), which uses the term opoloyia, Icelandic (is), which
uses the term hugték, and Irish (ga), which uses the term téarmaiocht.

The main disadvantage of naming the term is the fact that it is not
unambiguous also in several languages. Most often, it has the meaning - time
limit, resp. deadline.

Several languages also use other words as term equivalents: begrep (no),
Begriff (de), izraz (s), jédziens (1v), pojam (bs), prazo (pt), téarma (ga), terim
(tr).

The content of a concept is the result of knowledge on an international scale
and is, therefore, the same. However, it is expressed by a definition that is
formulated in a particular language and therefore has a national character.
Terms also have a national character.

In a number of scientific fields, non-verbal equivalents of terms are widely
used, e.g. symbols, signs, abbreviations, etc. Many of them are standardized
internationally, which facilitates communication between experts from
different language communities.

This study aims to show that many terms have, in addition to the naming
function in relation to concepts, several other cognitive values. An erudite
educator can achieve better results in the educational process by referring to
these values.

2 Cognitive Values of Terms in Relation to the Language of
Communication

The most important cognitive values of terms are applied in relation to the
language of communication, in education most often to the mother tongue of
educatees. Terminology (in the sense of a set of terms) is a special subset of
the vocabulary of a specific language. This subset has several specific
properties, such as:

* It contains only the written words of the given language, therefore does
not include non-standard names used as equivalents of terms in
ordinary communication.
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* It contains only stylistically neutral words, therefore does not contain
emotionally coloured expressions such as colloquial expressions,
familial expressions, hypocorisms, dialect words, etc.

e It contains many multiword terms in which the order of their elements
is rigid. This places considerable demands on their memorization and
terminological discipline in their use.

* It contains only names of concepts that are abstract. Therefore, it does
not include the names of specific objects, e.g. trade names, code
designations, product brands, etc.

* Many terms, especially in technical and production fields, are
standardized, often also on an international scale.

*  Although this is contrary to one of the main principles of the theory of
terminology expressed in the formulation one concept — one term, many
concepts have more than one term. These terms - synonymous terms
are entirely equivalent in meaning but didactically different in value -
synonymous terms place considerable demands on memorization.
However, they allow a clear demonstration of the coordinate
relationship because the synonyms are at the same hierarchical level.

e Cultural communication also requires the correct pronunciation of the
terms used. This is particularly important in terms of foreign origin
taken without change and in terms containing the names of the creators.

* In practice, synonymous terms are often used in definitions of terms.
This method cannot be considered appropriate because typical
information sources do not contain complete information on all
synonyms, and the user may not know the meaning of the synonym in
question.

3  Cultural and Intercultural Values of Terms

Many terms reflect the culture of previous generations of creators, the
relationships between the cultures of different communities and the
accelerating pace of scientific and technological development. This is
reflected in particular in the fact that:

= A part of the terms is a legacy of the generations of the creators.
According to one of the main principles of theoretical terminology -
the principle of stability, these terms remain an organic part of
current terminological systems, often even when the content of the
concepts they have named has changed as a result of scientific and
technical progress. An example is the term atom. Its original meaning
is “indivisible.” Although the atom is, in fact, divisible, the term atom
remains part of several terminological systems.
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Some of the concepts and terms related to activities that have lost
their validity become part of history. Such terms - archaisms form a
specific subset of terms. The term pound as a unit of mass or weight
can be mentioned as an example of the archaic term in EU.

A large number of term elements, in particular elements from Greek
and Latin, continue to be used in their original sense. Many of them
are used in the creation of new terms, oft in combination with
national language elements (in Slovak, e.g. videozdznam (= video-
record).

No language has the resources to name a vast number of new terms.
For this reason, it takes many terms from the languages of other
communities. This transfer usually takes place from more
technologically advanced languages to less technologically advanced
communities. Currently, English is such a language. Many terms are
taken over permanently or temporarily in their original form, which
contributes to the mutual knowledge of different cultures and the
simplification of professional communication on an international
scale. However, even linguistically smaller communities can be proud
of their contribution to the global database of terms, e.g. thanks to the
Capek brothers, the Czechs are responsible for the origin and
extension of the term robot. The Czech writer Karel Capek is
incorrectly considered to be the author of the term robot. Karel Capek
himself is aware that the author is his brother painter Josef Capek
(Capek, K., 1986, p. 502 - 503). However, Karel Capek has the main
credit for extending the term robot. He used the word robot in his
drama RUR, which was also translated into English. Through English,
the term robot has spread throughout the world, and several other
terms are derived from it, e.g. robotics, robototechnology,
robotization.

The fact that many terms are motivated by the name of the creator
(e.g. joule, Maxwell’s equations, Newton’s laws), country (e.g. francium,
germanium, polonium), place (e.g. berkelium, dubnium, terbium),
continent (americium, europium) can be used to cultivate national or
regional pride. However, it may not be easy, reflecting Albert
Einstein’s humorous aphorism: “By an application of the theory of
relativity to the taste of readers, today in Germany I am called a
German man of science, and in England, I am represented as a Swiss
Jew...” (Albert Einstein, web). It is a demonstrable fact that Einstein
renounced German citizenship and at the end of his life acquired US
citizenship, so he was also an American.
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The interpretation of the etymology of terms can also contribute to
the knowledge of intercultural relations. Many of them did not come
to a specific language directly but through several languages. As an
example, Czech synonymous terms brejle/bryle (glasses) Czech took
over from German (Brille), but German took it from Latin (beryllus)
(Holub, J. - Lyer, S., 1978, p. 99).

4 Use of Terms to Get to Know Systemic Relationships

A term is generally defined as a term used in a system of terms of a particular
field of human activity. In addition, many terms already indicate one of the
systemic relationships in their form. Systemicity is considered to be one of the
most important properties of terms. Therefore, the acquisition of terms can
contribute to increasing the level of systemic thinking of educatees. The
following facts contribute to this the most:

The optimal and at the same time, the most common way of defining
terms is using the nearest parent term. This means that in the
definition the term forms a keyword, and in the interpretation of the
content of the concept, there is usually a term of the nearest parent
concept. In this way of defining, educatees are aware of and recognize
hierarchical relationships of superiority and inferiority.

An opposing systemic relationship is often used when creating
interpretive dictionaries. It always applies to a pair of terms with the
opposite meaning. In this case, it is sufficient to define only one of the
pair of terms and to define the other as the opposite. The dictionary
creator must not forget to define one of the pair of opposing concepts.
Otherwise, the concepts remains undefined.

In the educational process, it is advantageous to acquaint educatees
with the existence and meaning of international systemic prefixoids,
which have the same meaning and allow to create not only subsets of
existing concepts but also to create new ones. The productivity of
these prefixoids varies considerably from one discipline to another.
Some are used universally (e.g. macro-, mega-, micro-, phono-, photo-
), others only within a narrower field (e.g. -phobia in medical fields).
Some prefixoids, directly express a systematic relationship in the
compounds, e.g. the prefixoid sub- in terms subclass, subdirectory,
subrange.

Similarly, educatees can acquire systematic prefixes, e.g. co- (co-axial,
coworking, cooperation, coprocessor), re- (reproduction, reboot,
recode, reconfigure, reset).
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e Similarly, educatees can acquire systematic suffixes, e.g. -ism
(magnetism, neologism, synergism).

¢ The same statement applies to system suffixoids, e.g. -meter (ending
of many instruments for measuring, e.g. ammeter/amperemeter,
ohmmeter, voltmeter).

5 Use of Terms to Know Interdisciplinary Relationships and
Relationships Between Subjects

The terminology of any field is not independent. Therefore, in the
terminology of each field, there are a number of terms that have the same
form and content as terms from another field. This is especially common in
the case of basic, respectively related disciplines, such as mathematics,
physics, and chemistry for technical disciplines.
¢ A subset of common concepts is one of the important manifestations
of interdisciplinary relationships between different branches.
Electrotechnology as engineering branch uses hundreds of terms
common with the subpart of physics called electricity and magnetism.

¢ Some terms have the same form but different content, so they are
names of different concepts. These are homonymous
interdisciplinary terms. The term menu has the same form, but the
different meaning in gastronomy and ICT.

¢ Apartof common concepts is the subject of acquisition in educational
processes. In superstructure objects, they can already be considered
mastered and, if necessary, they can be repeated. In many cases, these
concepts can be a starting point for defining and mastering new,
specific concepts. E.g. in superstructure subjects, students already
know the concept of mass of a substance and its parameter density
expressed in units of kg/m3. For materials used only in planar form,
the concept of planar density with a unit of kg/m? is introduced. For
objects with a significantly predominant length, the weight per unit
length can be introduced analogously, i.e. kg/m.

¢ In other fields, a different spectrum of synonymous terms is often
used. For an additive substance, e.g. gastronomy uses the term
ingredient, semiconductor technology the terms dopant, donor,
acceptor, in metallurgy the term alloying addition.

6 Other Significant Values of Terms

In addition to the most important values of the terms, there are also several
less important values, the reflection of which has a positive effect on the
quality of communication and education. They are, e.g. mastering the
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relationships between verbal terms and their nonverbal equivalents. The
most common are:
¢ Brands, e.g. as abbreviated equivalents of the full names of the
chemical elements, e.g. Si (silicium), Ge (germanium), Fe (ferrum),
units of quantities b (bit), kg (kilogram);
¢ Symbols as equivalents of frequent terms of type % (percent), %o
(mille), oo (infinity), @ (at), ). (sum), x (multiplication sign);
e Artificially created acronyms such as laser, maser, bit, modem, etc.,
which are organically incorporated into the vocabulary of the
relevant language;

e Initial abbreviations that are used either alone (e.g. DNA
(deoxyribonucleic acid), LLDPE (linear low-density polyethylene), PC
(personal computer), RAM (random access memory), or as elements of
multiword terms (e.g. BCS theory (Bardeen, Cooper and Schrieffer
theory of superconductivity);

¢ Conventional abbreviations that are widely used internationally, e.g.
PE (= polyetlene), PET (= polyethylene terephthalate), PTFE (=
polytetrafluoroethylene), PVC (= polyvinyl chloride);

¢ Many formulations in which terms are replaced by symbols or other
non-verbal equivalents of terms are more economical, exact,
unambiguous and, using internationally standardized symbols, more
comprehensible and independent of the language of the document.

7 Conclusions and Recommendations

A term is a verbal naming of a concept and should be mastered at the same
time as mastering the content of the concept. If a term is acquired ad hoc
regardless of its connection to other terms in the system and regardless of
any of the above, it is the only memorization that places considerable
demands on memory, and the memory footprint is shallow. The process of
permanently memorizing a term can be facilitated if the educator is using
the above values. The prerequisite for success is that the educator is
terminologically sufficiently erudite so that he not only maintains his
erudition but also constantly deepens it within the system of lifelong
learning.
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ONLINE TANULASI KORNYEZETTEL TAMOGATOTT
PEDAGOGUSTOVABBKEPZESI PROGRAMOK
HATEKONYSAGA1

Lenke T. PARAZSO, Tiinde LENGYELNE MOLNAR, Gyorgy STOKA HU

Absztrakt: A digitalis oktatds teriiletén 2020 tavaszan kialakult helyzet
ravilagitott az online képzések elengedhetetlen voltara. Milyen
kritériumokkal kell rendelkeznie egy online képzésnek? Melyek azok a
szempontok, amelyek az elméleten tudl a gyakorlat oldalarél is tamogatjak az
ismeret elsajatas folyamatat? Az Eszterhazy Karoly Egyetem kutatécsoportja,
az EFOP 3.2.15 palyazat keretében végzett kutatds soran, az online tanulasi
koérnyezettel tAmogatott tovabbképzésben résztvevé pedagdgusok tanulasi
tevékenységének hatékonysagat vizsgalta. A vizsgalat koézpontjaban a
pedagdgusok digitalis eszkdzhasznalattal dsszefiiggé gondolkodasa, valamint
gyakorlata allt, és vizsgaltuk mennyire hatékony az egyetem altal kinalt online
tanulasi kdrnyezettel tdimogatott pedagdgustovabbképzési program.

Kulcsszavak: digitalis oktatas, pedagégus tovabbképzés, hatékonysag
vizsgalat

THE EFFICIENCY OF ON-LINE SUPPORTED IN-SERVICE
TEACHER TRAINING PROGRAMS

Abstract: The worldwide emergency in the spring of 2020 highlighted the
vital importance of on-line training programs. What kind of criteria do on-line
training programs have to meet? Which aspects can support the process of
knowledge acquisition in addition to theoretical preparation? The research
team of the Eszterhazy Karoly University explored the efficiency of on-line
environment supported further training programs for in-service teachers. The
inquiry was performed within the EFOP 3.2.15 project and focused on
pedagogues’ attitudes and practice related to the use of digital devices and we
examine on the efficiency of on-line supported in-service teacher training
program by our university.

Keywords: on-line further training, efficiency analysis, digital education

1 EFOP-3.2.15-VEKOP-17-2017-00001 ,A Ko6znevelés keretrendszeréhez kapcsolodd mérési-
értékelési és digitalis fejlesztések, innovativ oktatisszervezési eljarasok kialakitasa, megujitasa”
palyazat tAmogatasaval végzett kutatas.
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1 Bevezetés

A mai modern oktatasi tevékenység magaban foglalja azokat az ismereteket,
készségeket, attitlidoket és értékeket, amelyek sziikségesek az online vilag
felel6s tagjaként valé kovetelmények teljesitéséhez, amelynek soran
céltudatosan és feleldsségteljesen alkalmazza az egyén a technoldgia adta
lehet6ségeket. Aktualissa valt napjainkban az oktatas tavtanuldsi mddszertani
kérdéseinek aktualizalasa.

A Kkonstruktiv ismeretelmélet a figyelmet a tudasanyag szituativ
megkozelitésére helyezik 4at. Ezaltal, mint kordbban Salomon, G.2
tanulmanyaban kifejti, a tudas és a tanulas jelentése moédosul, és az egyéni
képességek a kontextudlisan kotott, elosztott tevékenységi format tiikrozik. A
tanuldas és a konstruktivizmus kognitiv fejlédése sordn az egyéni
teljesitmények atvihetdék és atiiltethet6k Uj szituacidkra, mint részben
absztrahalt és dekontextualizalt tudas és képességek dsszességére. A folyamat
a reciprok kapcsolat és a spiralis fejlédés elve alapjan valdsul meg, mivel a
kiillénbozo tényezdk egymas fejlédését és azok okait a sajat eredményeik altal
befolyasoljak, hatarozzdk meg. A tanari tevékenység valamilyen formaban
torténd visszajelzéshez vezet, amely kihat a kovetkezd cselekvésre. A
konstruktivizmus a tanulasi kornyezet ,hatasainak” értékelése helyett a
hangsulyt a tanulasi kornyezet ,segitségével” 1étrejovo eredményekre helyezi
at.

A konstruktiv pedagoégia alkalmazisanak kritériumais:

* A gyermekek el6zetes tudasat és magatartasformait figyelembe kell
venni a tudasépités soran.

e Atanulas és jaték egymast segiti.
e A gyermekek koézponti szerepet jatszanak a tanuldsi folyamat
kialakitasaban és ellenérzésében.

+ FEletkozeli helyzetek kialakitdsa, amelyben a tanulds meghatarozé
lehet.

¢ Valésaghli megkozelitések, valddi feladatok és problémak megoldasa.

e Az adott tartalom sokféle elképzelés és szempont szerinti
feldolgozasa.

* A sok szempontu feldolgozassal bévil a tudads, megvalésul a
készségek és a képességek fejlesztése.

2 SALOMON, G. Ujszerii konstruktivista tanulasi kornyezetek. In Iskolakultiira: pedagégusok
szakmai-tudomdnyos folydirata, Vol 7. No. 12,1997, p. 65-75.

3 FAYNE DOMBI, A. & SZTANANE BABICS, E. Pedagégus mesterség [jegyzet, tankényv]. (datum
nélk.) Forras: http://www.jgypk.hu/mentorhalo/tananyag/Pedaggus mestersgV2/index.html
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e A tudads konstrudlasat, épitését kell hangstulyozni, nem a
reprodukalast.

¢ A problémamegoldas hangstlyozott.

e Az értékelésnek a tanulasi folyamathoz kell kapcsolédnia és a

gyermek dnellen6rzésével kell folynia.

* A pedagégusok vezet6ként, megfigyel6ként, tutorként miikodnek.”
Kutatasunk sordn a fenti szempontokat igyekeztiink atiiltetni az online
oktatadsba, hogy az elméleten tul a gyakorlat oldalarél is timogatjak az ismeret
elsajatas folyamatat. A pedagégusok online tanuldsi koérnyezetben vald
tovabbképzésének eredményeségéhez elengedhetetlen feltétlenek tartjuk a
tanulasmddszertani tdmogatds biztositasat, amit digitdlis tananyag
formajaban biztositottunk a résztvevok szamara. A folyamat soran a kollégak
lehet6séget kaptak az online tanulasi kornyezettel torténd egyéni és csoportos
tanulasra.

Jelen tanulmany alapjat az online tanuldsi kornyezettel tamogatott
tovabbképzésben tanulé pedagdgusok tanuldsi hatékonysagvizsgalatanak
kisérleti elemzése képezi.

Napjainkban a kutaté pedagdégusok altal korabban sziiletett gondolatok
alapjan a digitalis tanulasi szintér feltételeinek biztositdsara iranyitjdk a
figyelmet.

A gamifikacio, azaz a jatékkal torténd tanulds soran olyan tanulasi kornyezetet
kell biztositani, ahol a tanuldk aktiv résztvevék a tanulasi folyamatban, és a
tudasuk formalddik, az informaciék aktiv befogadoéi. A tananyag megfelel
integralasdval nemcsak a gondolkodasi képességek, hanem az ismeretek
atadasa és elmélyitése is el6segithetd, igy a jatékok koriiltekint6 tervezésével
hatékony tartalomba agyazott képességfejlesztd programok dolgozhatoék ki. A
hatékonysag kérdéskoréhez az is hozzatartozik, hogy a jatékok mennyire
hatnak motival6an a tanulékra. Egy érdekes, izgalmas jatékkal eldsegithetjiik
a didkok tanulasi motivacidjanak (J6zsa, 2002) novekedését, hozzasegithetjiik
Oket egy adott teriilet megszerettetéséhez, valamint - az érdeklédésiiket
felkeltve - az 6nall6 tanulasi formak megjelenéséhez is. A jaték, mint fogalom,
etimologiai értelmezésébdl kovetkezhet, hogy 6nmagaban motivald, de az
oktatasi célu digitalis jatékok esetében ez gyakran nem teljesiil (Sitzmann,
2011; Wouters és munkatarsai, 2013). Ennek okdn a digitalis jatékokkal
foglalkoz6 kutatasok egyik kiemelt teriilete, hogy miként lehet az oktatasi
tartalmat és a jatékmenetet olyan mddon 6sszekapcsolni, hogy az motivaléan
hasson a didkokra.
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A nemzetkdzi elmélkedések az iskolai innovaci6 megvaldsitasanak
lehet6ségeit kutatjdk és elemzik az "innovativ tanulasi kornyezet"
szempontjait. A megvalositas soran a tanulasi folyamat dinamikusabba valik,
a tanulék jobb eredményeket érnek el.

Az IKT eszkozok soran a digitdlis tablak elsésorban a csoportos tanulasi
élményre épiilnek, addig az iPad és a tablet alkalmazasa els6sorban az 6nallé
tanulas, illetve a jegyzetelés és olvasas eszkoztarat timogatja.”*

Az e-tananyagok megjelenésével a hagyomanyos jegyzetek szdma rohamosan
lecsokkent. A fels6oktatasi intézmények egyre gyakrabban elérhet6vé teszik
oraik tartalmat web feliileten. Azonban a korszer(i eszk6zok biztositdsa nem
elegendd az oktatdsi rendszer megujitdsahoz, fontos a tananyag tartalmi
ujragondolasa és a hozzaért6 tanari segitség, a tutori rendszer biztositasa.

Tari Annamadria pszicholégus az Y és a Z generacié tanuldsi metdédusait
jellemezte. ,Az Y generacié konyvespolcok alatt sziiletett, de a web2-ben nétt
fel, a Z generaci6 a web2-ben sziiletett, de mar a web3-ban nétt fel, az alfa
generacio tagjai pedig a digitalis bennsziilottek, akik jelenleg még az 6vodaban
csuicsiilnek, és az életteriik a web4, webb5 lesz.” 5

Napjainkban a tananyagok, szoftverek tarolasa un. felh6kben torténik, ezaltal
virtudlis tantermeket hoznak létre. A folyamatot tdmogatja a felhdalapu
szamitastechnika (cloud computing) fejlédése, ahol az adatokat tavoli
szervereken taroljak, kezelik és dolgozzik fel. Napjainkra a szdmitastechnikai
felhé (cloud) elfogadott és elterjedt modszer, ami a szamitastechnikai
infrastruktira internetes szolgaltatasa.

A felh6alapu tesztelés gazdasagos®, a tesztelési id6 rovid, szerkesztése,
ujraszerkesztése rugalmas. A felhGalapii oktatds uj kihivas az oktatéknak,
hallgatéknak, a kialakitasa specialis ismerettel rendelkez6 informatikusokat
is igényel (futtatas, biztonsagi paraméterek, stb.). A cloud computing egyre
nagyobb jelent6séggel bir a tudomanyos életben, kozosségi feliileteken,
népszerlisége egyre né.

+ ANTAL, P. - BORBAS, L. - GULYAS, E. - HERZOG, CS. - KARPATI, A. - KIS-TOTH, L. & RACSKO, R.
Tudasteremtés az Uj tanulasi kornyezetben: a tablagépek bevalasvizsgalata a koznevelés hazai
gyakorlatdban. Liceumi Paletta, 2015, 27-37.

5 Informdcids tdrsadalom parlamentje 2014. 2014. Letoltés datuma: 2020. junius 1., forras:
Beszamoldk kényvtari szakmai rendezvényekrol: http://szakmairendezvenyek.blogspot.com/
2014/07 /ormacios-tarsadalom-parlamentje-2014.html

6 GEIST, E. Tesztelés felhGben, a kévetendd gyakorlat. Magyar nyelvii ésszefoglalé a , Testing in the
Cloud: Exploring the Practice” cimii cikkrdl. 2015. Letoltés datuma: 2020. junius 1., forras:
https://inf.mit.bme.hu/sites/default/files/edu/doktori/szvv/referatum2014/Teszteles felhobe
n %28Geist Eva%29.pdfGeist Eva:

130

XXXIII. DIDMATTECH 2020
EOTVOS LORAND UNIVERSITY (ELTE) FACULTY OF INFORMATICS

A mai fiatalok szamara nagyobb hatasfokot biztosité moédszer kidolgozasa, az
ismeretanyaghoz illeszked6 metodika ujragondoldsa a feladat. A tanar
eszkoztaraban szamtalan lehetdséget kell biztositani. A face-to face kisérletek
és jatékok (gamifikacid) kombinacidjaval megvaldsulé 6rak feloldjak a
képletek, elméletek tudaselemeit, és kapcsolatot, értelmezést teremtenek a
jelenségek megértéséhez.

A tanulasi folyamat ebben az esetben a kisérlet bemutatdsa, miiveletek
elvégzése, és a megfigyelést kovetSen 1étrejon az elmélet alkotdsa.

Az Apple nemcsak eszkozokkel jelenik meg a piacon, hanem 1j tanulasi
koérnyezet feltételeinek birtokdban szeretné kiaknazni a korszerti technolégia
altal nyujtott lehetdségeket, valamint a gyakorlati alkotas és a gondolkodtatas
iranyaba terelni az oktatasi trendeket. Ennek eredményeként inditott oktatasi
programja a kihivas alapu tanulas’ az oktatasi folyamat multidiszciplinaris
megkozelitését szorgalmazza, amely arra 6sztonzi a didkokat, hogy a korszer(i
technol6giat hasznaljdk a mindennapi feladataik megoldasdhoz. A
kihivasalapu tanulds preferdlja a kollaborativ tanulast, vagyis a didkok
egyuttmiikodését, tapasztalataik megosztasat tarsaikkal és a tanaraikkal a
koz0os célok érdekében.

A kihivasalapu tanulas elemei, eredményei:
e astratégiai problémak tobbféle megoldasanak lehetdsége,
¢ globdlis problémak helyi megoldasa és kezelése,
» figyelembe veszi a kiilonb6z6 tudomanyagak kapcsolatrendszerét,
¢ lehet6séget biztosit a XXI. szazadi kompetenciak fejlesztésére,
e tamogatja a Web 2.0-as technoloégiak céltudatos hasznalatat,
e atanuldsi tapasztalatok folyamatos dokumentacidja a problématél a
megoldasig,
* a nap 24 o6rajaban biztositja a technoldgia, és a tartalom
elérhetdségét.
Sziikség van minél precizebb értékelési mddszerre, de figyelembe kell venni
az oktatasi validacids rendszer bevezetéséts, tovabba az Uj orszagos képesitési
keretrendszer kialakitdsdnak munkalatait. (Rendszerszintli wjragondolas,

amely alatt a felsGoktatas szemléletvaltasa, a képzési funkcidk erdsitése
értendd.)

7 LENGYELNE MOLNAR, T. - KIS-TOTH, L. - ANTAL, P. & RACSKO, R. IKT innovdcid. Eger:
Eszterhazy Karoly Féiskola, 2015

8 A hozott tudds elismerése / validdcié. (datum nélk.). Letoltés datuma: 2020. jinius 1., forras:
Oktatasi Hivatal: https://www.oktatas.hu/felsooktatas/projektek/tamop413 szolgfejl

projekt eredmenyei/hozott tudas elismerese
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Molnar Gyongyvér? az elsajatitott ismeret transzferdlasat a gyakorlati
problémamegoldas eredményességét kutatja, felhivja a figyelmet az elméleti
ismeretek alkalmazasara, az alkalmazhatdsag mérésére, kovetésére.

Nem elegendd egy mérd és értékel6 eszkozt oGnmagaban jol elkésziteni - alljon
rendelkezésiinkre barmilyen fejlett oktatastechnolégia és IKT miiveltség -, azt
mindig az oktatasi-nevelési-képzési rendszerelvli folyamatmodellbe és
valamilyen korszeri és a vizsgdlanddé célnak megfelel6 pedagégiai
koncepciéba, (példaul valamely tudas, vagy kovetelmény taxondémiaba),
valamint egyéb szempontok metszetébe agyazva kell koriiltekintéen
végiggondolni.

Az on-line tananyagok strukturdlt felépitése, programozottsaga, a
médiaelemek megjelenitése, a szimulacio, a teljesitmények kiprébalasanak és
meger6sitésének lehetdsége felkindlja az Ujszerd elektronikus tanitasi-
tanulasi médszerek bevezetését és alkalmazasat. A web alapi feliilet biztositja
az on-line tananyagok kiils§ elérésének lehetségét, a kérdések szabad és
véletlenszer( generalasat egy kozos adatbazisbol.

Eredményeink rdmutatnak arra, hogy az interaktiv oktatéanyag strukturalis
felépitése, programozottsaga, a médiaelemek megjelenitése, a szimulacio, a
teljesitmények kiprobalasanak és megerdsitésének lehet6sége bonyolult
kolcsonhatasban szabalyozza a tantervi kovetelményeknek megfeleld
hatékony tananyag-elsajatitast. A kutatds eredményei bizonyitjak, hogy az
interakciés  kapcsolatok figyelembevételével tervezett Utmutatdk,
konzultaciok hatékonysag fokozd szerepet toltenek be, de a meglévé
hidnyossagokat nem potolhatjak. A vizsgalat tapasztalatai hasznos Utmutatét
adnak a megfelel§ interakciés szinteket biztosito, tervszertien kidolgozott
tavoktatasi oktatéanyag elkészitéséhez.

Elemezni kell a hallgaték problémamegold6 gondolkoddsdban és megismerd
képességében mérhetd fejlédést, az egyéni tanuldsi szituacidkat biztositd
pedagdgiai szempontok kidolgozasat, valamint a hallgaték szakmai
elhivatottsaganak szerepét, a tanuldkkal szembeni elvarasokat az interaktiv
képzési folyamatban.

A ma iskolajaban a tanulét érinté szamonkérés az értékelési alkalmakhoz
kapcsolédik, a legjelentésebb szamu ,az iskolai szintl értékelés, a
ropdolgozatok, témazaré dolgozatok, amelynek sordn az egyéni

® MOLNAR, GY. Az életszerii feladathelyzetekben torténé problémamegoldas vizsgalata. In Magyar
pedagdgia, Vol. 101. No. 3, 2001, p. 347-372.
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teljesitményeket értékeljiikk a sajat és a pedagoégus altal elvart szinthez
képest”.10

A szamitogéppel segitett napi oktatdsban rutinszerid teljesitménymérés a
jellemz6. A tesztel kornyezetben a tanar allithatja be a feladatok szamat,
nehézségét, sorrendjét és a megoldasi idét.

Fel Kkell Kkésziteni az adott tanuldcsoportokat az interaktiv Kképzési
folyamatban az eredményes és 6nall6 tanuldsra. A mai vildgban, amikor a
didkok digitalis kompetencidja mar jéval meghaladja az atlagos felnSttekét
vagy némely esetben akdr a tanarokét is, a legfontosabb kérdés az, hogy
miként tehetjiik a tananyagot szdmukra konnyebben befogadhatéva.

Teljesitményfokozé hatdsa van a tanari konzulticidnak, hiszen ,helyére
teheti” a félreértéseket. A szovegbe szervesen beillesztett videoklipek, az elvi
miikodéseket, hatdsokat bemutaté egyszeri grafikak, a szamtalan szimulaciés
gyakorlat és az onellendrzé feladatsor egyiittesen eredményezik a magasabb
teljesitményt. Részletes feladatelemzés mutatja meg, hogy a felsorolt
médiaelemek koziil melyek, milyen mértékben befolyasoltak a hatékonysagot,
de ennek ismertetése a cikk terjedelmét meghaladja.

»A tananyag megfelel6 integraldsaval nemcsak a gondolkodasi képességek,
hanem az ismeretek atadasa és elmélyitése is elGsegithetd” 11, valamint
motivalhatjuk a tanulasi folyamat eredményességét. A pedagogusok jatékok
koriltekinté tervezésével hatékony tartalomba agyazott képességfejleszto
programokat valdsithatnak meg.

Nézziik meg, hogyan sikeriilt ezt a folyamatot megvalésitani az Eszterhazy
Karoly Egyetemen késziilt online tananyagok esetén!

A projektben 28 témakorhoz késziilt elektronikus tananyag, 30 tandra
ismeretanyaganak lefedésével. A képzések el6tt a kiindulasi szintet, a
képzések végeztével az ismeretek elsajatitisdnak mértékét vizsgalva
probaljuk megallapitani, hogy az online képzésnek milyen volt a
hatékonysaga. Késziil egy tanuldsmddszertani tananyag is, amit az egész
képzés soran elérhetnek a hallgatok. A hatékonysag maximalasa érdekében
online mentoralast biztositott az intézmény.

A kutatasunk fé kérdése, hogy online oktatassal is elérhetjiik-e a szakmai
fejlédést?

19 LENGYELNE MOLNAR, T. A pedagégiai mérés és értékelés feladataira val6 felkészités az
arnyalt tanuldi értékelés moédszertananak tiikrében. In Estefanné Varga Magdolna, Megujulé
tananyagtartalmak a kompetencia-alapt tandrképzésben 2011, p. 83-104.

11 PASZTOR, A. LehetSségek és kihivasok a digitalis jaték alapt tanuldsban: Egy induktiv
gondolkodast fejleszté program hatasvizsgalata. In Magyar pedagdgia, Vol. 114. No. 4, 2014, p.
281-302.
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2 A kutatas célja

A projekt célja az online tanuldsi kornyezettel tdmogatott tanulas
hatékonysaganak vizsgalata. Kutatasi mintankat az EFOP palyazat keretében
kifejlesztett digitalis tovabbképzési tananyagok segitségével tanuld,
posztgradudlis képzésben részt vevsé pedagégusok alkotjak. A vizsgalat
kérdoiv altal alkalmazott, empirikus modszerrel torténd adatgytjtés (2019
februar 1. és 2020 januar 31-e kozott).

A kérdéskorokre kapott valaszok a pedagogusok digitalis eszkdzhasznalattal
Osszefiiggd gondolkodasat és mas pedagdgiai gondolkodasi teriiletek
kapcsolatrendszerének megismerését korvonalazza.

A kutatasi hipotézisek koziil jelentésebbnek tekintheték az alabbiak:

e Feltételezziik, hogy a kurzusokra val6 jelentkezés motivacidi kozott
vezetd szerepet tolt be a pedagdgusok korszeri modszerek iranti
érdeklédése.

e Feltételezziik, hogy a magasabb szintli IKT el6képzettséggel
rendelkezd pedagégusok hatékonyabbnak itélik meg az online
kurzusokat.

A kérdéssort online vagy papiralapd formaban kaptdk meg a
résztvevok.

Eletkor
nem jeldie 23.28 26-34 35-40 41-46 47-52 53-58 59-64 65-70
] Count Count Count Count Count Count Count Count Count {
AzOnneme?  f&rf 0 2 3 9 10 ] 1 3 0
né 0 6 3 14 22 23 20 B 2

A felmérésben 147 f6 adott valaszt, (67% nd, 33% férfi), és 2 f6 nem jeldlte a
nemét.

A valaszaddk életkora szerinti megoszldsban a tovabbképzésen a
kozépkorosztaly, vagyis az Osszlétszdm 66%-a vett részt. Az alabbi
koérdiagram a minta életkor szerinti 6sszetételét szemlélteti.

Vilaszadok életkora

Az alapvégzettség (féiskola/BA) dominal a
képzésben részt vevék korében (a férfiak
34%-a és a nék 53%-a). Egyetemi szinttel
viszont a férfiak 42,6%-a, a nok 20%-a
rendelkezik. Az alabbi oszlopdiagram arra is
ramutat, hogy posztgradualis végzettséggel
mindkét nem Kisebb aranyban képviselteti
magat.
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Végzettség a nemek szazalékaban

Row
80" M tert
(Bna

g

Ll

szazalék

foiskolai 'Nagy Ba Egyetel;w vagy fdiskolai ;Vagy Ba Eﬂ(e«er}nif vagy PhD hlaugaw' PhD, vzllgy DLA Egyeb Row
szint Ma szint szint, és a sZint, es tudomanyos
Posztgradudlis  poszigradudlis fokozattal

végzetiseg, végzettséq, rendelkezik
(pedagogus (pedagogus
szakiranyd szakiranyd
tovabbképzés  tovabblképzés
esivagy esival
szakvizsga) szakvizsga)

Az aldbbi tdblazat alapjan lathat6, hogy csekély szadmban rendelkeznek
el6képzettséggel az IKT tertiletén. Az IKT napjainkban gyorsan fejlédik. A 10-
15 éve végzettek szamadra kihivas 1épést tartani a fejlédés iitemével, amelynek
hozadéka a mddszertani megujulas. Az alabbi eredménytablabdl kiemelkedik
anok 26,6%-a, akik informatikai tovabbképzésen vettek részt.

6. Milyen eldképzettsége van az IKT eszkozok alkalmazasa teriletén?
Szamitd
Egyetemi gép- Pedagogus
vagy foiskolai kezeld tovabbképzés
szintl szoftver informatikabd Online Autodid
informatikai uzemelt | Oktatasinf 1{(30-120 szakismereti akta
vagzettség ECDLvizsga etd ormatikus oras) kurzusok mddon Egyéb
Table N Table N
Table N % Table N % % Table N % Table M % Table N % % Table N %
farfi 16,5% 1,4% 1.4% 0,0% 50% 1.4% 58% 0,7%
né 29% 5,8% 1.4% 36% 26.6% 3.6% 21,6% 2.2%

A statisztikai eredmény alapjan kijelenthet6, hogy informatikai szinti
végzettséggel a férfiak rendelkeznek nagyobb szazalékban (16,5%), amig a
noék tobbségénél a tovabbképzés (26,6%) és az autodidakta méd dominal a
szlikséges ismeretek elsajatitisa mentén. A didaktikai ismeretek az
informatika vildgaval egytitt gyors fejlédést mutatnak, ezaltal a kapott
eredmények a digitalis eszkozokkel 6sszefiiggd gondolkodds, a médszertani
ismeretek, a tovabbképzések és a kreativitds fontossagara hivjak fel a
figyelmet.
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Vegzettség nemenkent

Row

ferfi )
=n§ ' Egyéb N %

Autodidakta médon N %

Online szakismereti kurzusok N %’

abol (30 - 120 dras) N
%

Oltatasinformatikus N %

ép-kezeld, szoftverd: 6N %

ECOL vizsga N %

Egyetemi vagy féiskolai szint(i informatikai végzettség N %

r T T T
0 10 20 30

Szazalék
Az atlagok 6sszevetésénél az érték 1 és 5 kozott mozog. Minél kozelebb all az
érték az 5-hoz annal nagyobb mértékben pozitivan itélik meg a rendszerek
hasznalatat a valaszadok.

Az online kurzus tekintetében a kitolt6k 68,46%-a eredményesnek érezte, és
mindodssze 15,4%-a tartotta eredménytelennek. Kiemelendd, hogy 24 {6, azaz
16,1% nem élt a valaszadas lehet&ségével.

Hasznosnak és eredményesnek érezte-e az eddigi online kurzust?

Hnem

igen
Cnem vélaszott

A felmérés soran a valaszok alatamasztjak, hogy a 21. szdzadban napi szinten
elektronikus forrasok biztositjak az ismeretforrast, a tdjékozddast a tananyag
vilagadban. Arra a kérdésre, hogy a tanagyagot milyen forrasbdl szeretnék
elérni a hallgatok, eléremutatd, hogy a valaszadok mindossze 3,4%-a szeretne
csak papiralapira tamaszkodni.
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Az e-tananyagot el6nyben részesit6k 38,9%-at alkotjak a részt vevoknek, azok
pedig, akik komplex (elektronikus + papiralap) format igényelnek, a
valaszadok 52,3%-at jelentik. Mindossze 8 {6, azaz 5,4% az, aki nem dontott
ebben a kérdésben.

Szokott-e szakirodalmat (cikkeket, folyéiratokat) olvasni)?

B804

504

304

Szazalék

204 -38 ,93%

pao
T

T T T
nem valaszolt papiralapy formaban elektronikus forméaban eleltronikus és
papiralapon is

Megvizsgaltuk, hogy a valaszaddk az oktatasi tevékenység mely teriiletén és
milyen mértékben alkalmazzak az elektronikus dokumentumokat. Az alabbi
tablazatban osszefoglalt adatok alapjan attekinthetd, hogy az oktatds soran
alkalmazott alap és kiegészité anyagokat, médszertani utmutatékat milyen
gyakorisadggal veszik kézbe, tanulmanyozzdk a pedagégusok a napi
tevékenységgel parhuzamosan.

hetente | hetents nem
soh t= havont .
2 | mapen 1% | tébb=ér ® | véla=ok
Zatantrpy amasdiho -
1 |iemideses 21 21 174 33 149 54
halozat alapu
S 13,4 15,4 22,1 158 242 €
z Imultimkedias 8
3 | EazkooR 47 154 22,1 25,5 EE 5.4
edaglhﬁlr;l—l:rﬁrnndkzerta
= izl 5 2
a o 94 47 21,5 15,4 a5 7,4
5 | konferencia eldsdizok 46,3 1,3 2,7 2 383 9,4
5 glearning tananyagok 25,5 4 11,4 11,4 3B8 27
7 digitalis pedagégia 17,4 67 11,8 12,1 843 g1
mas, fanmsnak 16,2 2,7 1 12,8 25,5 28,2
8 tetelezett fomras ! ! 5 ! ! 5
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Kérdésenként attekintve képet kaphatunk a tananyagelsajatitast tamogato
modszertani vonatkozasokat illetGen.

Az oktaté munkat segit6 szaktargyi anyagokat szamtalan informaciéforrasbal
merithetnek a pedagégusok. Az alabbi oszlopdiagram szerint a valaszadok
38,9%-a hetente tobbszor is alkalmazza az ismeret forrasaként az internetet.
Az interneten a szoveges informaciék mellett kép- és hanganya-gok,
videoklipek is hozzaférhetdk, a pedagdégus kollégdk modszertani ajanlasait,
tapasztalatait is tanulmanyozhatjak. A valaszadok véleményét az alabbiakban
foglalhatjuk ossze.

Szaktantargyi anyagokhoz informaciokeresés (%) Hél6zat alapt multimédids tananyagok
alkalmazdsa az oktatdsban

nemvélaszolt [ 5.2 ,.

havonts N 14,5 hetantetotoseor N ¢ 2
hetente tobbszor - I 209
hetente 1x [N 17,4
naponta GG 221

Az elektronikus dokumentumok szerepe az oktatéi tevékenységben
meghatdrozé mértékli, a valaszadék a szaktargyi anyagokhoz val6
informdaciokereséshez hetente tobbszor is igénybe veszik az internet adta
lehet6ségét. A halozatalapi multimédias tananyagok heti és havi szinten valé
alkalmazasat 69%-ban (24,2+18,8+22,1) elfogadottnak tekintik. A
modszertani szakirodalmat a valaszadok 41,6%-a tartja kiemelked6
jelent6séglinek.

Pedagégiai/médszertani szakirodalom Konferencia el6adasok
havonta - [ ¢ : o havorts N
hetentetotbszor [l 2
hetente tbbszor | 15
hetente 1x [ 2.7
hetente 1x N 2!
naponta [ 1.3
naponta [N 47
soha [ ©.¢

A konferencia- el6adasok irant alacsony az érdekl6dés: a valaszaddk 46,3%-
ban elutasitjak ezt a lehet6séget, amely betudhat6 a pedagégus tarsadalom
tllterheltségének is, ugyanakkor 38,3%-uk havi rendszerességgel attekinti az
eléadasok tartalmat, ami azt jelzi, hogy van érdekl6dés az Uj eredmények
irant. Az IKT eszkozok irdnti nyitottsdg is magas szintli, 68,4%-ban
(26,8+25,5+22,1) nyilatkoztak pozitivan a lehet6ségek alkalmazasarol.
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IKT eszk6zok / ujdonsagok E-learning tananyagok
havonta - [ 20¢ havonts I o
hetente tobbszor - [ 255 hetente tobbszor [ 11
hetente 1 [ 22,1 hetente 1x [ 11

g naponta [ ¢

soha N 7
sohs [ 55
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.
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A valaszadék 44,3%-a nyilatkozott, hogy havi rendszerességgel
tanulmanyozza a digitdlis pedagdgia témakort, amellyel az oktatéi
tevékenységének hatékonysagat noveli, a tanulokat motivalja, érdeklédésiiket
fokozza.

Digitalis pedagdgia
havonta | -

hetente t6bbszor

p——y B

naponta

=}
=
=}
M
=]
w
1=}
s
=]

50

Tarsadalmunkban az oktatas atalakuldsanak szerves résztvevéi vagyunk. Az
IKT eszkdzok alkalmazasa az oktatdsban mara a pedagégusok alapvetd
készségeként, képességeként jelenik meg. Tekintsiik at, napjaink pedagdgusai
hogyan viszonyulnak az ,IKT szerepe az oktatdsban” kérdéshez.
(Szamértékek: 1-egyaltalan nem; 2-nem; 3-kozdmbdos; 4-jénak tartom; 5-
nagymértékben segit.)

Interaktiv, egyénre szabott tanuldsban betoltott szerepét jonak itélik, amelyen
beliil a 29-34 és a 65-70 éves korosztaly nagyon jénak érzi a lehet4séget.

A ,verbalitas és vizualitds kapcsan eredményesebb a tananyag feldolgozasa”
szempontjat elemz6 valasz alapjan jonak itélik az 4j lehet8ség elérhet6ségét
az oktatasban.
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A verbalitas és vizualitas kapcsan é atananyag

Interaktiv, egyénre szabott tanulasi lehetéseéget biztosit

228 2334 340 4148 4R 5358 SuB4 6570 228 2334 A0 4148 4R 5358 SuB4 6570
Eletkor Eletkor

Pozitivumként jelenik meg, hogy az IKT eszkozok sikerélményt
eredményeznek és a tananyagban val6 el6rehaladas kovetését tamogatjak. A
23-28 évesek szamara k6zombds, mig a tobbiek jonak tartjak.

Egyeéni sikerélmény biztositasa Atanulmanyi elérehaladast kénnyebb kévetni

a4

mw 2w w40 w4 s sam  sese 6570 mw 2w w40 w4 s sam  sese 6570
Eletkor Eletkor

Az elmult két évtizedben meghonosodott az iskoladk mindségbiztositasa, az
onértékelés és a mérés-értékelés tudomanyos alapra helyezése. Megszokotta,
elfogadottd valt a pedagoégustarsadalomban, hogy csak a 23-28 éves
korosztalyuak tekintenek kozombdsen a kérdésre.

Folyamatos kontroll a minség és a teljesités tertileten

375

mm w40 ks 47s2 s ses 6570 ne mm me s ok Sm s 670
Eletkor Eletkor
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A kor kihivasainak valé megfelelés igénye a mai tudasalapu tarsadalomban
arra Osztonzi a pedagdégusokat is, hogy az oktatdéi tevékenységiiket
folyamatosan fejlesszék. A tanfolyamok oktatéi az eredményességet fokozzak
azzal, hogy folyamatosan fenntartjdAk az érdeklédést. A tovabbképzés
feladatdnak tekinthet6 az oktatéi kreativitds erdsitése az adott
tudomdanyteriileten. Az aldbbi grafikonok segitségével tekintsiik at a
szaktanarok motivaciéjat az online tanulasra valé jelentkezés soran. A
résztvevok tobbségének szakmai kihivast jelent az online tananyagok
alkalmazasa, figyelemre mélto az 59-64 éves korosztaly, lelkesedésiikhoz az
informacio6forras djszerlisége is hozzajarulhat.

A tananyag témakoréhez kapcsol6dd kiegészité anyagok elérését a 23-28 év
kozottiek kozombosen viszonyulnak. A 34 év feletti korosztaly véleménye
pozitiv, valdszinli szakismeretiik frissitését, bovitését igénylik, a 35-40 éves
korosztaly szdmara viszont szintén k6z6mbos, feltehetéen az adott ismeretet
napi tevékenységiik soran alkalmazzak, nem jelent jdonsagot szamukra.

Uj szakmai kihivast jelent sza a i ése, a A és kiegészito valo elérési lehetosége ké

mm w40 ks 47s2 s ses 6570 i mw a0 e arm SIS ses  6s70
Eletkor Eletkor

A minta résztvevéinek 67,9%-a a széleskorli szakmai fejlesztés, a szakmai
tajékozottsag igényét sziikségesnek tartja. A kapcsolat nem szignifikans, nem
fiigg bizonyitottan a pedagoégus életkoratdl (x% = 9,785 és p= 0,982). Az alabbi
gorbénk is jelzi azt, hogy a szakmai fejl6désiik tekintetében nem dominal az
online tananyag.

A tananyag id6ben Kkotetlen elérhetlségét, a pedagogusok 59%-a {itéli
pozitivumként (x2 = 9,764 és p= 0,982), ez sem fiigg szignifikdnsan a tanar
életkoratdl. Szinte egyontetlien jonak itéli a lehetdséget a 65-70 éves
korosztaly, jelezve, hogy szamukra tjdonsag ez a lehetdség.
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Atanulo 0 szakmai biztositja Kétetlen a tananyag elérési lehetosége

" soq

) 2)
“
- i
" i
Eletkor Eletkor

Az e-tananyag segiti a tanitvdnyok sikeres el6rehaladasat az elsajatitas
folyamatdban, de a 23-28 éves korosztalyhoz tartoz6 tanarok véleménye
k6z6mbos az adott kérdésben.

segitek a észllé Flggetlen az oraktol és a tanar elérhetoségétol

mm w40 ks 47s2 s ses 6570 mm w40 ks 47s2 s ses 6570
Eletkor Eletkor

Az interaktivitds lehetGséget ad elektronikusan jelezni a kollégaknak, a
hallgatéknak a felmertil§ problémak megoldasdban tAmogatast tud nyudjtani
az oktatd. A videoférumok lehetdséget nyujtanak érdekes, 4j tudomanyos
eredmények megismerésére, ezzel kapcsolatos kérdések felvetésére, a
felmeriil6 kérdések megvalaszolasara, Kkiegészitések megtételére. A
résztvevék megoszthatjdk egymassal gondolataikat, problémaikat. Az
alabbiak szerint lathatd, hogy minden korosztaly szamara elfogadott az online
kapcsolattartas, de kiilondsen az id&sebbek nagy megelégedettségére
szolgalnak az 4j lehet6ségek.
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L 6séget nyujt az é 6k szamara, hogy tértol és idotol L 6sé ad i Jjelezniak al 6 afelmerdilo
U il oldjak meg a if ema problémakat

mm w40 ks 47s2 s ses 6570 mm w40 ks 47s2 s ses 6570
Eletkor Eletkor

A korunk kihivasainak val6 megfelelés sordn a videdkonferencidk tartasa
napjainkban nemcsak lehet6vé, de igénnyé is valt a honi és nemzetkozi
tudomanyos élet teriiletén is. Az el6adasok rogzithet6k, tarolhaték a
videotériumokban, a YouTube csatornan, és akarhanyszor ujbol
megtekinthetok.

 erdekes, Uj tu Atanszeki halozaton az eloadasok anyaga elerheto
sek atlag_eletkor

asara, kerdé
(életkor_valaszkod atlaga)

ws 2w %40 mds  e7s2  S3s  suss 6570 N mM w0 a8 om0 s
Eletkor Eletkor

A szakirodalom és az e-tankényvek megjelenése a webes feliileteken
napjainkra megszokottd és a tudas forrasava valt. Ahogyan a tananyagok
elektronizal6dnak, ugy egyre kevesebb konyvet, vagy fiizetet kell hordania,
tarolnia a didkoknak. A digitalis jegyzetek széles valasztékot kinalnak,
amelyek tartalma folyamatosan frissithetd. A minta résztvevéinek véleményét
az alabbi gorbék illusztraljak.
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il hozzaféresi biztositja
atlag_életkor Akurzusok web feldletén e-tankényvek elérését biztositja
(atlag_eletkor)

228 234 3540 446 4TSz Sas  Sesd 650

2328 2034 3540 4146 4752 5358 5964 6570 °
Wi Eletkor

tehetek fel,
elektronikus levelezés formajaban
(atiag_eletkor)

(atiag_eletkor)
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Eletkor Eletkor

Az online lehet6ségeket az oktaténak pedagdgiailag j6l megtervezett médon,
eredményesen be kell tudnia épitenie a képzés folyamatdba. Ez személyre
sz616 visszajelzést is biztosit a tanuldknak. A digitalis értékelS kérnyezetben a
tudasszint-mérés, illetve az onértékelés egyik eszkoze a teszt. A képesség
megszerzését elGsegiti, ha a hallgat6 a tanitas-tanulasi folyamat kiillonb6z6
fazisaiban onellenérzést végezhet, amelynek legflexibilisebb moédszere az
online szamonkérés. Kihivas az oktatonak is, hiszen meg kell ismerkednie az
online adatbazisokkal, gyors, differencidlt kérdéseket tartalmazé kérdéivet
kell tudni 6sszeallitania, igy a sajat, kreativ kérdéseit is feldolgozhatja. A
probatesztekkel a tanuldi Onellenérzést, a tudasszintmérével a tanuldi
felkésziiltséget mérheti.
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6rai készile

hallgaték felkésztltségé Az

n ! § el vk" a'l‘yl:ata|a 'tbl.zt ! ithat hkn
széleskoril lehetségét biztosithatnal
(atlag_életkor) {éting, bistkor)

B 23 a0 s 2 s3s sees 6570 2328 234 40 ales a2 sise  suse 6570
Eletkor Eletkor

Az oktatasban alkalmazott okos eszkozok alatt értendd az 6sszes olyan
audiovizudlis szemlélteté6 eszkoz és digitdlis tananyag, amely interaktiv
modon kozvetiti az informaci6 atadasat. Napjainkban a web 2.0 felhasznaldkat
megcélzd, interaktiv kozdsségi kommunikaciéra épitett internetes
szolgaltatasai is folyamatosan bévitik a lehet6ségeket. A tipikus lehetdségek
sorabdl az internet (94%) a legnépszertibbnek tekinthet6. A tantermek
tobbségét felszerelték projektoros megjelenités lehet6ségével (84,6%). Az
alabbi oszlopdiagram ramutat, hogy ezek koziil melyek a legnépszertibbek,
ami azonban fligg az adott oktatdsi intézmény infrastrukturalis
felszereltségétol. Az utdbbi években a médszertani lehetGségek sorat boviti az
LEGO Education oktatasi eszkozei, amit a Kkitoltbk 52,3%- tartott
kivanatosnak.

Az oktatas soran alkalmazhato ,,0KOS”
eszkozok

LEGO § d 52,3
3D interaktiv kiinyv/tablet | —) 25,3
interaktiv asztal e 16,1
okos telefon  § d 53
specidlis letdltendd szoftver | ——— 39,5
tanuloi laptopok B d 65,8
interaktiv tabla & d 73,2
internet  § d 34
projektor (kivetitd) & d 24,6
nem szikséges KT eszkbz az oramon e 5,1

0 20 40 60 80 100
szazalék
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Valaszt keresve arra a kérdésre, hogy a tovabbképzési kinalat témakoreibdl
melyek a leginkdbb kedveltek, kijelenthetd, hogy a legnépszertibb (8,3%) az
JInteraktiv eszkozok alkalmazasa az oktatdsban” és a napjainkban sokat
emlegetett ,Jatékalapu tanulasszervezés (gamification)” (6,8%).

MODSZERTANI MEGUJULAST ADO TOVABBKEPZESEK

15_27 Tantestiileti digitalis tuddsmegosztas tamogatdsa 5,4%
15_26 Személyes tanulasi kdrnyezet és konstruktiv.., EE——-——— 2 0%
15_25 ntegralt tananyagfejlesztés: tankdnyv és digitalis... m ————————— 3,7%
15_24 Hatranyos helyzet( tanulok tdmogatasa a digitalis... m————————————— 7,9%
15_23 Oktatdsi adminisztracid az iskoldban S ———————  3,5%
15_22 A tandran és tandran kivili munkdt tamogatd... m——————— 3,1%
15.21 Technoldgiai alapi mérés &s értékelés, egyéni... mmmmm 1,0%
15_20 Technoldgia alapu tanuldi mérés és értékelds, ... m—— 2,2%
15 19 Tanuldsmenedzsment, tanuldsmddszertan, tandra... I ————————— 3,27
15 18 SNI tanulék tamogatas a digitélis oktatdsi kultira... 4,7%
15 17 Robotprogramozas alkalmazdsa az oktatashan = s—— 3 2%
15 16 Online tanuldsi kérnyezetek kialakitisa és... e ——————— 3 0%
15 15 Online eszkozik és alkalmazasok a pedagogusok... 4,2%
15_14 Oktatas-informatikai stratégiak kialakitasanak... m———— 7 7%
15_13 LEGO WeDo-ra alapozott, projekt szemléleti... m————— 2 1%
15_12 LEGO robotokkal tamogatott programozas 5,4%
15_11 LEGO eszkozbkkel tAmogatott konstruktiv... me—————— 3, 7%
15 10 LEGO eszkdzokkel tAmogatott digitalis... 4,5%
15_9 Kollaborativ online tudadsterek oktatasi alkalmazdsa m———————  1,3%
15_8 Jaték alapu tanuldsszervezés (gamification) 6,8%
15_7 Iskolai digitdlis kultdra akcidkutatdsra mmm 5%
15_6 Interaktiv eszkozdk alkalmazdsa az oktatdsban 8,3%
15_5 Elektronikus tananyagszerkesztés 5,5%
15_4 Digitalis térténetmesélés (digital stroytelling)  e——— ———————ss— 3, 1%
15_3 Digitalis médianevelés a médiatudatossag és kritikal... m—— 3 7%
15_2 Digitélis gyermekvédelem és T biztonsagi képzés 3,0%
15_1 A médszertani megijulds sordn az aldbbiakban... 6,1%

0,0% 1,0% 20% 3,0% 40% 50% 60% 70% 80% 9,0%

Osszefoglalva, megvaltozott a tanulés, az oktatas rendszere, a szamonkérés, a
mérés rendszerét djra kell gondolni! Megjelent, s6t napi gyakorlatta valt az
online tesztek alkalmazasa (6nkontroll, tudas értékelése stb.). A tesztelés
mellett a szdbeli és irasos kifejez6készségnek is nagyobb teret kell biztositani.
Az online kurzusok elterjedésével felmeriil a kérdés, hogy a tananyag
digitalisan feldolgozott tartalma mellett, miként lehet online motivalni a
tanuldkat (e-motivacié kérdése).

A hallgaték tanuladsi szokdsainak, igényeinek felmérése elengedhetetlen
ahhoz, hogy a tanitas és a hozza szorosan kapcsol6dé teriiletek kell6képpen
alkalmazkodni tudjanak a kor megvaltozott igényeihez, kihivasaihoz.

Feladat a technoldgiaval val6 1épéstartas, amely arra sarkall, hogy mind a
tanulas, mind a tanitas teriilletén a kutatas eredménye alatamasztva a
valtoztatasokat kezdeményezziink az okos eszkozpark bovitésével.

A kutatas konkluzja, hogy a pedagdgusok online tanulasi kornyezetben vald
tovabbképzésének eredményeségéhez sziikséges feltétel:
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¢ atanuladsmddszertani tAmogatas biztositasa
¢ online mentori szolgalat biztositasa

e természetesen a valésaghli megkozelitésekre és feladatokra épiilé
elektronikus tananyagok biztositasat tul.

Mivel a felmérésiinkben ezt a kornyezetet a pedagdgustovabbképzésen
résztvevok 68,46%-a hatékonynak tartotta, elmondhato, hogy sziikséges ezen
tdmogatasok biztositasa, de érdemes tovabb kutatni a még magasabb
elégedettséget eredményez6 online tanulasi kornyezet tamogatasi
lehetGségeit.
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TEACHING IT SUBJECTS ONLINE- EXPERIENCES AND
STUDENTS' ATTITUDES

Martin MISUT, Maria MISUTOVA SK

Abstract: Lectures and practical exercises are an essential part of the teaching
process. Many education professionals and education experts are currently
addressing the issue of how to ensure higher education teaching during a
COVID-19 pandemic so that the quality of education is maintained. The
acceptability of such a method of education is a requirement for reliable and
quality results of online education. In the atypical situation, when the entire
face-to-face teaching was transformed into an online form in a short time, we
were interested in how full-time students, so far using the face-to-face form of
teaching, accept and what they think about this type of education.

The presented research had two primary goals. The first goal was to find out
what is the attitude of students to lectures and exercises conducted through
the MS Teams application. Students' attitudes to online teaching were
identified by the students' activity within the subject Modeling of Business
Processes and by students’ opinions on the usability and applicability of the
acquired knowledge. Another goal of the research was to find out whether
gender influences the perception of online teaching by students.

The obtained results indicate that the lectures through the MS TEAMS
application are more acceptable for students than face-to-face lectures. Also,
in such a lecture, students are more active, more often asking the teacher
questions. Surprisingly, MS TEAMS exercises are not considered more useful
by students than face-to-face exercises. The results further showed that
women assigned lower values to most factors than men. The results of the
research predict the influence of gender on students' attitudes to online
teaching. It would be necessary to determine further whether the difference
between the average values in the group of men and women is statistically
significant. This difference can be verified in a larger group of respondents.
Therefore, we plan to continue the research.

Keywords: MS TEAMS, online education, attitude, IT subjects, digital
technologies
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1 Introduction

Lectures and exercises are an essential part of an active learning process [1].
Recently, it can be noted that the role of MS TEAMS-type technologies in
teaching has grown to the point where we can talk about online education.
[2] Online learning can be defined as a process in which digital technologies
are used to support and manage the teaching process. In other words, online
education deals with methods, processes, and web-based software tools (or
systems) that enable students to acquire knowledge and skills with teacher
support systematically [3] [5], [6], [7]-

The growing number of reports on online forms of training courses is not
surprising, given the potential benefits of this approach. These include
(compared to traditional methods of education) cost and time savings due
to access at any location; a space for providing feedback that may have
pedagogical benefits; increasing the level of student activity due to the
relative novelty and attractiveness of this approach; increased flexibility,
such as allowing students to submit assignments at a distance without
having to come to a school [8]. Some studies have tried to measure attitudes
and perceptions of online learning methods, e.g. the authors in [9] proposed
a model that predicts the attitude of students to online education. However,
there is a clear need for further studies to examine students' attitudes,
perceptions and preferences regarding online learning methods, as the
evidence to date remains largely inconclusive.

Numerous research studies have shown that the use of digital technologies
helps to improve the educational process in informatics [1]. In order to
support and improve the development of students' IT skills at universities,
we have proposed a new teaching model [20]. This emphasizes continuing
education, activity, independence and creativity [21] and contains blocks of
training as well as assessment and a database of tasks that require the
application of knowledge. The acquisition of knowledge, which is part of the
new teaching model, has been substantially reworked and adapted to the
use of technology. Because students were not used to this form of conducting
lectures and seminars, we researched students' acceptance of online
education.

2 Research goals and methodology

The research had two main objectives. The first goal was to find out the
attitude of students to lectures and exercises realized through the application
of MS TEAMS. Students' attitudes to online education were identified by the
students' activity in the subject and students' views on the applicability in the
study of other subjects and the usability of the acquired knowledge and skills
in practice. Another goal of the research was to find out whether gender
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affects students' perception of online education. Based on the above
objectives, we have defined the following research questions:

¢ What is the semantic profile of lectures and exercises implemented
through the MS TEAMS application in terms of selected factors?

e« What is the semantic profile of lectures and exercises conducted
through the MS TEAMS application in the group of men and the group
of women?

We used a questionnaire based on Likert scales to answer the research
questions. Attitudes towards the subjects were measured using several 5-
point scales in terms of selected factors. A value one corresponded to a
negative attitude and a value five corresponded to a positive attitude on a 5-
point scale. Based on the completed questionnaire, we created a semantic
profile of lectures from the subject Business Process Modeling in terms of
factors of preference, activity, applicability in study and practice and
readability of documents. We also created a semantic profile of exercises from
the subject in terms of factors of preference, applicability in the study, the
volume of acquired knowledge and usefulness.

Preference / Preference was expressed by the preferences of students

toward lectures/exercises through MS TEAMS or face-to-face
lectures/exercises. Activity is expressed by comparing the number of
questions addressed to the teacher in an online lecture compared to a face-to-
face lecture. Applicability expresses the students' opinion on the use of
knowledge and skills acquired in the online lecture in further study and
practice, for example, when working from home. Readability of texts is
expressed by the fact whether the student is satisfied with more materials that
the teacher shares through the MS TEAMS application in comparison with the
materials projected in the face-to-face lecture. The volume of knowledge
expresses the student's opinion on whether he will learn more in online
exercises than in face-to-face exercises, as he knows how the teacher guides
his classmates in solving their projects. Usefulness is expressed by the fact
whether the exercises through the MS TEAMS application are considered by
students to be more useful than face-to-face exercises.
The group of respondents consisted of 38 first-year students of the
engineering study program Economic Informatics at FHI EU. At the end of the
master, we asked students to fill out an anonymous e-questionnaire. The
return rate of the questionnaire was 53%. The questionnaire was completed
and submitted by 20 students. Of these, 30% were women, and 70% were
men. The group included 85% of students who completed the bachelor's study
program in Economic Informatics at FHI EU. The remaining students
completed another program at FHI or a program at another EU faculty.
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3 Research results and discussion
3.1 Results for the whole group of respondents

The overall results showed (Fig. 1) that students given lectures through the
MS TEAMS application are more comfortable than face-to-face lectures (M =
4.15). Lectures through the application would be recommended to use in
university studies (M = 4.40). They agree with the statement that the skills
acquired in online lectures can be used later in the job, e.g. at work from home.
(M =4.20). The readability of the materials is better for them when the teacher
shares the materials through the application compared to the materials
projected in the presence lecture (M = 4.20). The average values of all four
factors used to determine students' attitudes to teaching through MS TEAMS
are higher than four on the Likert scale, which represents a positive attitude
(a value of three represents a neutral attitude and a value of five a highly
positive attitude). A slightly positive attitude was expressed only in the case
of a questionnaire item with the information that in the lecture through MS
TEAMS, students ask questions more often than in the face-to-face lecture. (M
=3.3)

Online lectures

5 4,15 44 4,2 4,2
3,3 — N
4 — : f—— v s
3 \/
2
1
0
Preference  Activity Applicability Applicability Readability
in the study  inthe of texts
practice

Figure 1: Semantic profile of lectures through MS TEAMS

The situation is different in the attitudes of students to the exercises
conducted through the application of MS TEAMS. (Fig. 2) Such exercises do
not suit students more than face-to-face. (M = 2.95) Students assigned a low
value to the recommendation to use this form of exercise in another study. (M
= 3.1) They also very weakly agreed with the statement that they would learn
more in the exercises through the MS Teams application than in the face-to-
face exercises (M = 3.1). Little did the fact that students know how a teacher
guides classmates in solving their projects. Exercises through MS TEAMS are
not considered more useful than face-to-face exercises (M = 2.85).
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Online training
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Figure 2: Semantic profile of training through MS TEAMS

3.2 Results for the group of women and men

As can be seen from Figure 3, the semantic profile of online lectures in a group
of men is similar to the semantic profile in the whole group of respondents. In
the group of women, it differs in the factor of readability of texts. This factor
is perceived by women with a lower average value (M = 3.5) than men, as well
as the whole group of respondents.

Online lectures ——Men
Women
5,00 4,33 4,67 4,17 4,43
4,00 3,33 - —
’ ’\7/’? -

-;’:gg 4,00 229 4,29 4,21 3,50
1,00

X e@» K {\‘\ Q\\("b Q\\(’ Q:bbrb

N Ne & W X

Figure 3: Semantic profile of online lectures in a group of men and women

The obtained results suggest that although men and women assigned different
average values to the readability of the materials from the subject, both groups
marked as better readable materials shared by teachers in the online lecture
in comparison with the materials projected in the face-to-face lecture. The
result confirmed our assumption.
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Online training
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Figure 4: Semantic profile of online training in a group of men and women

In the semantic profile of the online exercise (Fig. 4), we got a similar result.
Again, the semantic profile in the group of men is visually similar to the
semantic profile in the whole group of respondents, although men assigned
higher values to all factors. The factor of online exercise preference is
different, where men assigned an average value of M = 3.14, which
corresponds to a weak agreement, in contrast, in the whole group the average
value was only 2.95.

However, again, the semantic profile in the group of women differs from the
exercise profile in the whole group. Women assigned lower values to all
factors than men, as well as the whole group of respondents. All average
values are in the area of disagreement. The results of our research predict that
gender influences students' attitudes to online exercises. To find out whether
the differences in average values are statistically significant, we plan to repeat
the research for a larger group of respondents.

The obtained results showed that the attitude of students to online lectures is
positive (M = 4.15). Only 15% (3 out of 20) of students expressed a negative
attitude, and only one student has a neutral attitude to online lectures.

Also, the results suggest that attitudes toward online education are influenced
by gender. This fact surprised us, as we expected the acceptance of online
education in the group of men and women to be the same. This result needs to
be verified statistically on the data of a larger group of respondents.
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On line lectures suit me better than
attendance of lectures

| disagree
rather | disagree
I don't know

| rather agree

| agree

0% 10% 20% 30% 40% 50% 60%

Figure 5: Students' answer to the questionnaire item

We were also surprised by the attitude of MPP students to online exercises. As
can be seen from Fig. 6, only 40% of students prefer online exercises in
comparison to face-to-face exercises. Furthermore, 45% of students would
prefer face-to-face exercises in teaching. The conclusion cannot yet be
generalized due to the low number of respondents. To verify this, we plan
further extensive research.

Online training suit me better than
attendance training

| disagree
rather | disagree
I don't know

| rather agree

| agree
T T

0% 10% 20% 30% 40%

Figure 6: Students' answer to the questionnaire item
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4 Conclusions
The presented research revealed two significant findings:

e Although there is a difference in the average values in the perception of
individual factors depending on gender, the whole sample of students
perceive online lectures positively. They prefer them more than face-to-
face lectures, recommend using them in university studies, and
recognize that they can use the skills acquired in online lectures later in
the job.

e Attitudes towards online exercises are no longer so highly positive.
Online exercises do not suit them more than face-to-face exercises, nor
do they find them more useful. However, they strongly agreed with the
statement that they would learn more in TEAMS exercises than in face-
to-face exercises and recommended to use them in further study.

The research confirmed that the form of teaching through digital technologies
does not cause any problems for students. However, technology-based
teaching significantly reduces costs and streamlines the learning process, as a
result of making it available anywhere. [23] We also noted an increase in
students' active participation in online lectures compared to face-to-face
lectures. The acquired knowledge is fully valid for the environment in which
it was acquired. To verify validity in a broader context, it would be necessary
to carry out similar research in the environment of other universities and with
amore extensive set of respondents. However, it can be assumed that students
of technical study programs will have a similar degree of acceptance of online
education. We used the obtained results as presented in this article to adapt
the teaching model, which makes extensive use of digital technologies.

This contribution was funded by the project KEGA 009STU - 4/2018 "The
innovation of teaching the subject Intelligent Control Methods at MTF STU "and
partially supported by VEGA 1/0373/18 "Big data analytics as a tool for increasing
the competitiveness of enterprises and supporting informed decisions "and by VEGA
1/0232/18 "Using the methods of multi-objective optimization in a production
processes control. "
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INTERACTIVE APPLICATIONS FOR WORKING
IN A SQUARE GRID

Milan POKORNY, SK

Abstract: Modern information and communication technologies have
significantly changed the methods of education. They offer a huge amount of
possibilities how to make a learning process more efficient. In a present paper,
we introduce our interactive applications for primary school pupils. The
applications are focused on working in a square grid, especially on orientation
in a square grid and axial symmetry.

Keywords: ICT in education, teaching mathematics, square grid, axial
symmetry.

1 Introduction

Forty years have passed since Papert recommended an integration of ICT into
education. During this long period of time, methods of ICT integration into
teaching have significantly developed. While in the beginning teachers used
isolated computer programs focused on a concrete teaching aim, today we use
e-learning, mobile learning or blended learning. Modern technologies are
everywhere around us and children are naturally able to operate them.
Unfortunately, there is no unified definition of e-learning in the literature.
Different authors define e-learning in a different way. For example, Khan
(2005) defines e-learning as an innovative approach for delivering well-
designed, learner-centred, interactive, 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 distributed learning. By Hanzel (2004), e-learning
frequently occurs in solving problems in education and represents a new
approach to execution of education, which is based on utilization of software
products.

When we talk about teaching primary school pupils, it is more efficient to
combine modern technologies and face-to-face instruction led by a teacher.
Mayadas and Picciano (2007) define blended learning as simply a
combination of online learning and face-to face instruction. There is a lot of
studies dealing with effectiveness of blended learning. For example, 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 learning.
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By Vostinar and Hanzel (2016), tablets and mobile telephones are gradually
becoming standard integral teaching aids in the current school environment.
Thus, it is natural to use them to reach teaching aims. Crompton (2013)
defines M-learning as learning across multiple contexts, through social and
content interactions, using personal electronic devices. Successful attempts to
use mobile learning in mathematics teaching can be found for example in
Vostinar (2017) and Vostinar (2018).

In our opinion, blended learning seems to be an ideal method how to integrate
ICT into teaching mathematics at primary and secondary schools, since
several studies proved its efficiency. For example, Cheung and Slavin (2013)
found that ICT applications produce modest but positive effects on
mathematics achievements in comparison to traditional methods. Malatinska
etal. (2015) proved a significant increase of the level of knowledge of children
(11-16 years old) taught mathematics by blended learning, as well as an
improvement of their attitudes towards mathematics.

Naturally, blended learning can be more efficient in teaching mathematics
than a traditional face-to-face instruction only if it properly uses the
advantages of ICT. It is generally known that pupils have to learn mathematics
by their active work, not by reading and memorizing definitions, theorems
and algorithms. Thus, it is very important to use interactive applications,
which can make pupils to solve problems actively. Interactivity is one of the
advantages of ICT integration, which cannot be reached by printed books.
Interactive applications can provide proper immediate feedback to pupils,
warn them about their mistakes and advise them how to solve the problem.
Every pupil can solve different problem and work at his/her own pace. Thus,
integration of ICT into teaching mathematics changes the traditional writing
down the solution of the problem from the blackboard to active solving of
problems.

2 Interactive Applications

According to the State Educational Programme, the pupils (aged 6-10) at
primary schools in Slovakia have to be able:

* todraw an image in a square grid using the symbols -, —, |, 1,

e tocreateasequence of the symbols —, —, |, 1 thatdetermines a given
image,

* todraw an axially symmetric image in a square grid.

However, our experience revealed that even students of Pre-school and
elementary pedagogy, who will be teachers at the first grade of primary
school, have problems with these tasks. Fialova and Pokorny (2019) state that
only 47 per cent of Pre-school and elementary pedagogy students were able
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to draw an axially symmetric image in a square grid. Zilkova (2016) states that
the low level of the knowledge about geometric transformations in the plane
and their properties does not allow the students to understand the
importance of their practical applications that they will realize in their
practice with preschool children. She underlines that a more effective way of
teaching geometric transformations is, for example, the creation of real or
virtual models, dynamic and interactive models.

|Kliknite na miesto, kde sa dostane mys. ak prejde cesticku v smere Sipiek.

> > > |l { >2>=>1 1 1 -

| Potet spravne vyrieSenych dloh: 1

_e Potet nespravne vyrieEenych dloh: 0

Dalfia dloha

Yyborne.

Tento program vznikal vd aka podpore grantu KEGa 003T TU-4/2018.
Autor: PaedDr. Milan Pokomi, PhD., Pedagogicka fakulta, Trnavska univerzita

Figure 1: Interactive application focused on a movement in a square grid.

Since we agree with Zilkova (2012), who states that symmetrical shapes and
their properties are an important topic in math education for primary school
teachers, we developed a series of five interactive applications focused on
working in a square grid. The applications are available at
http://matematika.truni.sk/cvicenia.

In the first application, the students have to click on the position in a square
grid where the mouse will be after a sequence of symbols -, —, |, 1. The
application is depicted in Figure 1. This application has many advantages
comparing to the printed version of a similar task. For example:
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¢ it provides an immediate feedback to pupils about a correctness of a
solution,

¢ incaseofanincorrect solution, it shows the correct solution including
the whole path,

e it generates the sequence of symbols randomly, so each pupil has a
different task, which makes him/her to work actively,

¢ pupils can work by their own pace, the application randomly
generates required number of tasks,

e it provides a teacher with a number of correctly and incorrectly
solved tasks for each pupil.

The second application is similar, but the task is to create a correct sequence
of the symbols -, —, |, 1 to move a mouse to a given position.

Another three applications are focused on axial symmetry in a square grid. In
all of them, there is a given object (some randomly generated letter on a
randomly generated position) and an axis of symmetry. The task is to create
an axially symmetric object. In the first case, the axis is horizontal, in the
second case, the axis is vertical, and in the third case, the axis is neither
horizontal, nor vertical. Since the third case is the most complicated, it is
depicted in Figure 2. Again, the applications have many advantages comparing
to the printed version of a similar task. For example:

e it provides an immediate feedback to pupils about a correctness of
their solution,

e in case of an incorrect solution, it enables pupils to correct
themselves. Moreover, they provide a help by placing the next square
on its correct position.

e it generates the letter and its position randomly, so each pupil has a
different task, which makes him/her to work actively,

¢ pupils can work by their own pace, the application randomly
generates required number of tasks,

e itprovides a teacher with a number of correctly solved tasks without
any help for each pupil and with a number of solved tasks with a help
of the application.
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¥ pravej hornej Easti obrazka nakresli osovo simerny dtvar s favou dolnou 2asfou obrazka.

Potiet spravne vyrieSenych dloh: 1

Potet stlaien tlaidla Pomoc: 0

Skontroluj

Klikaj do obrazka.

Ak kliknes na biele policko,
zmeni sa na modré.

Ak klikne$ na modré policko,
zmeni sa na biele.

Ak si myslis. Ze si zafarbil
spravne politka,
stlat Skontroluj.

Tento program vznikol vd aka podpore grantu KEGA 003TTU-4/2018.

Autar: PaedDr. Milan Pokomg, PhD., Pedagagicka fakulta, Trmavsk univerzita

Figure 2: Interactive application focused on an axial symmetry.

3 Conclusion

There is no doubt that a proper integration of ICT into mathematics teaching
can make a teaching process more efficient and can help to reach teaching
aims.

In the paper we present five interactive applications focused on working in a
square grid. Since the applications are new, we are using them in a teaching
process for the first time in this term. Thus, we cannot present final results
about their efficiency. However, our preliminary experience with their usage
indicate a significant improvement of our students in movement in a square
grid, as well as in the axial symmetry in a square grid. Also the reactions of our
students are mostly positive.

This work has been supported by the Scientific Grant Agency of the Slovak republic
KEGA under the Grant No. 003TTU-4/2018.
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APLIKACIE PRE TVORBU INTERAKTIVNYCH UCEBNYCH
MATERIALOV

Milan STRBO, SK

Abstrakt: Predkladany ¢lanok je zamerany na podrobnu analyzu a vyuzitie
softvérovych didaktickych aplikacii pre tvorbu interaktivnych ucebnych
materidlov. Analyza obsahuje volne dostupné, ale aj komercne platené
aplikac¢né softvéry sliziace na tvorbu interaktivnych ucebnych materialov.

KI'acové slova: aplikacny softvér, interaktivne cvicenie, vyucovaci proces.

APPLICATIONS FOR THE CREATION OF INTERACTIVE
LEARNING MATERIALS

Abstract: The presented article is focused on a detailed analysis and use of
software didactic applications for the creation of interactive teaching
materials. The analysis contains freely available, but also commercially paid
application software used to create interactive learning materials.

Keywords: application software, interactive exercise, teaching process.

1 Uvod

V sucasnosti je spolocnost ovplyvnena rychlym vyvojom modernych
technoldgii, ktoré nads dennodenne obklopujui na kazdom kroku. Vynimkou nie
su vzdelavacie inStitdcie, ktoré zabezpecuji pre svoje Skolské priestory
informacno-komunikac¢né technolégie, ktoré sliZia na spestrenie a prezitie
vyucovacieho procesu atraktivnym, interaktivnym spdsobom. Ich enormny
rozvoj prinaSa do vzdeldvania stdle nové a SirSie moznosti pedagogického
vyuzitia. Dnesna informacnd doba nam pontka zdokonalenie
vychovnovzdelavacieho procesu, tvorbu a vyuZitie interaktivneho ucebného
materidlu. Zabezpecuje odklon od tradi¢nej stereotypnej formy vyucby.
Sucasni pedagégovia predkladaji uc¢ivo zadbavnou a hravou formou s cielom
motivovat' Ziakov k uc¢eniu a koncentrovat ich pozornost [1, 2, 6, 12].

Edukaciu sdcasnosti a budticnosti si nevieme predstavit bez IKT, pretoZe v
porovnani s tzv. Klasickym vyucovanim alebo s klasickymi pomockami
poskytuju priam neporovnatelné moznosti [3, 8].
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1.1 Vyuzitie interaktivneho u¢ebného materialu

Interaktivne didaktické prostriedky podporuji dosahovanie vychovno-
vzdelavacich cielov vo vyucbe. Interaktivita, tvorivost, motivacia, zvySeny
zaujem ziakov ucit’ sa s hlavnymi predpokladmi k ticinnejSiemu dosahovaniu
ciel'ov.

Ucebné pomocky a didakticka technika, ako aj zariadenie vyucbovych
priestorov a d’al$ie materidlne vybavenie Ziaka, patria medzi prostriedky na
rozvijanie jeho osobnosti. Nemaju sldzit iba na zabezpelenie ndzornosti
(vytvaranie presnejSich predstav, pojmov), ale aj na ilustraciu uciva [5, 6, 7]

1.2 Tvorba interaktivnych didaktickych materialov

Pedagdg potrebuje navrhovat a vytvarat svoje vlastné interaktivne materialy
v aplikaciach, v ktorych sa dokaze s istotou orientovat. To mu umoziuje
vyhnat sa problémom typu, Ze ho nieCo zaskoCi, nepreukaze ZzZiakom
nedodveruy, strach ¢i neistotu, ktord by na nich mohol nasledne prenasat.

Vlastné vytvorené materialy maju niekol'’ko vyhod, akou je aj pomerne 'ahka
a jednoduchd uprava a aktualizacia materialov, ktoré sa vZdy daju ré6znymi
Upravami vylepsit a obohatit o nové prvky [4, 9].

V sudcasnosti moéZzeme vyucbu realizovat prostrednictvom interaktivnych
tabul, ktoré ponukaju vhodné portfélio funkcii, aby vytvoreny interaktivny
material bol 'ahko prezentovatelny a aplikovatelny na vyucovacej hodine.
Integracia aplika¢nych softvérov do vzdeldvania skvalitiiuje proces vyucby.
Vytvorenie plnohodnotnych interaktivnych cviceni zodpovedd vhodnému
vyberu u¢ebnému obsahu. VyrieSenie musi viest k naplneniu stanoveného
ciel'a, ktory sa od Ziakov ocakava.

Hlavné funkcie interaktivneho u¢ebného materialu:
¢ podnecovat ziakov Kk tvorivému mysleniu,
e rozvijat u ziakov manipulaciu s audiovizualnymi prvkami materialu,
e aktivizovat poznatky (priebezne ich aktualizovat),
e ulah¢it pedagoégovi pracu s PC (kedykolvek upravit, prerusit,
spristupnit’ ¢i ulozit na paméatové zariadenie a vratit' sa k nemu spat’
v iny, vhodnejsi ¢as [10, 11].

2 Analyza aplikacii pre tvorbu interaktivnych edukacnych materialov

Interaktivne vyucbové aplikacie su softvérom, v ktorom je umoznena
vzajomna interakcia medzi pouZzivatelom a softvérom (priame zasahovanie
do ¢innosti programu), a taktieZ umoznena komunikacia medzi pedagégom a
ziakom pri zacleneni interaktivneho materidlu do vyucovacieho procesu.
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Integracia aplikacnych softvérov do vzdelavania skvalitiiuje proces vyucby.
Softvérové aplikacie st prostredim, ktoré umoznuju priamy vstup do ¢innosti
programu. V Skolskom prostredi su sustredené na zapojenie ziakov a
Studentov do vyucby pomocou interaktivnej tabule. Na elektronickom trhu je
pomerne velké mnozZstvo interaktivnych vyuébovych programov, avsak
roznej kvality. V rdmci predmetového zamerania musia spifiat’ prioritne
odborné Kkritéria na dosiahnutie stanoveného ciel'a. Preto je ddlezity kriticky
pohlad na ich vyber a nasledné pouzitie, aby zodpovedali pedagogicko-
psychologickym poziadavkam ciel'ovej skupiny [7, 13, 14].

2.1 Baltik

Je nadCasovy multimedidlny programovaci a kresliaci nastroj pre deti a
mladeZz, ktory ma viacero funkcii. Hlavnou postavou v tomto prostredi je
Carodejnik Baltik, ktory dokaZze vykonavat rézne prikazy a ¢arovat predmety
[8]- Typy cviceni, ktoré moze Ziak precvicovat”:
¢ Skladat scénu - ziak sa prostrednictvom tohto rezimu uci ovladat
pocitac, vykonavat pohyby s myskou a klavesnicou, pouzivat menu a
pracovat s réznymi tkonmi. MéZe sam skladat scény uz z vopred
vytvorenych obrazkov - z bank predmetov, ktoré mézu obsahovat' az
150 predmetov alebo si vytvori a nakresli nové predmety v grafickom
editore a uklada siich na scéne. Osvoji si tak funkciu pravého a 'avého
tlacidla mysky (prenasa, premiestriuje a kopiruje objekty/predmety).
« Carovat scénu - je zamerany na premyslanie a rozdel'ovanie vaésich
tiloh na mensie a mensie aZ na jednotlivé prikazy. Ziak uz neovlada
iba pocitat, ale ovlada aj ¢carodejnika Baltika, ktorému zadava prikazy
namiesto ruc¢ného vytvarania scény. Zamerom je skladanie scény
pomocou prikazov.
¢ Programovat - rezim Programovat je urceny najmi pre Ziakov na
prvom stupni a nizSie ro¢niky druhého stupmna. V tomto rezime
vytvarame jednoduché programy. Program je postupnost prikazov,
ktoré vykonava carodejnik Baltik. Tieto prikazy Ziaci skladaju do
postupnosti.

Baltik 3 - programovanie pre 5 {6 - 15 rokov)

Baltie 4 C# - programovanie pre Z5 a §5 (13 - 19 rokov)

Meriralicion merinraly o namery

Hurslabl

Obrazok 1: Aplikacia Baltik
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2.2 SMART Notebook
Pomocou tohto softvéru méZeme jednoducho a intuitivne vytvorit kvalitné a
plnohodnotné interaktivne vzdelavacie cviCenia a rdézne iné interaktivne
aktivity s obsahom novych informacii, ktoré upttajiu pozornost vsetkych
ziakov na vyuCovacom procese. Tento jedineCny softvér ponuka rozne
nastroje a doplnky na tvorbu interaktivneho u¢ebného materialu. Podporuje
kreativitu a individualny pristup ku kazdému Ziakovi.
Najobl'ibenejsie techniky a nastroje aplikacie Smart Notebook:

e rozpoznavanie pisma,

e prirad'ovanie a pretahovanie,

¢ klonovanie,

¢  kreslenie,

* reflector,

e textové nastroje a iné.

Obrazok 2: Aplikacia Smart notebook

2.3 Alf

Program je typu sharewere, to znamena, Ze si v iom ucitelia mézu vyskuasat
jednotlivé funkcie, ale testy, ktoré vytvoria nie je mozné ulozit'.

Alf umoZznuje tvorbu interaktivnych cviceni, ktoré st zamerané na:

1. Jednu spravnu odpoved v textovej podobe - Ziak ma na vyber zo
Siestich moznosti. Otdzka mdZe byt obohatend o obrazok alebo zvuk.

2. Jednu spravnu odpoved v textovej podobe s obrazkom/zvukom -
ziak odpoveda spravnym vyberom z 6smich moZnosti.

3. Viac spravnych odpovedi - odpovede v obrazkovej alebo textovej
podobe.

4. Priradovanie - cielom je vytvorenie dvojic patriacich k sebe
pretahovanim slov.
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5. Skupinky - Uloha zameranda na =zoradovanie pojmov do
zodpovedajucich skupin.

6. Zorad'ovanie - usporiadanie slov, slovnych spojeni alebo viet do
spravneho poradia.

7. Opis obrazku - na obrazku ndm umozni oznacit' dané pozicie s popisom
a priradit ich na jednotliva cast obrazku, napriklad obrazok I'udského
tela (hlava, odi, usi, ...).

8. Dvojice - tlohou ziaka je urcit, ¢i dana dvojica patri k sebe alebo nie.

9. Pexeso - hl'adanie dvoch navzajom prepojenych slov, obrazkov alebo
zvukov.

10. Puzzle - skladanie Casti do jedného celku/obrazka.

11. Uhadni slovo - tdlohou ziaka je uhadnut slovo na zaklade zadanej
indicie. Ziak hada jednotlivé pismenk4, napriklad ,,Ako sa vola spisovatel
na obrazku?”” a podobne.

12. Tajnicka - vylastenie tajnicky na zaklade otazok alebo obrazkov, ktoré
ziak musi spravne pomenovat a dany nazov vpisat do tajnicky.

13. Dopli slovo - ulohou Ziaka je spravne doplnit - presunit slova do
prazdnych medzier v texte, ktoré st zoradené v dolnej Casti cvicenia.

ALF ]
1 fabosial

2.4 Hot potatoes
Hot Potatoes je vol'ne dostupny softvér a je vyuzitelny pre kazdého. M6Zeme
ho implementovat do vyucovacieho procesu, pretoZe je pre pedagéga vel'mi
vhodnou pomockou pri vytvarani interaktivnych cvi¢eni a didaktickych
testov. M6zu byt navrhované pre rozne predmety a ro¢niky skol. [5]
Hot Potatoes pedagégom umoZiiuje:
e vytvarat cvicenia vo forme webovych stranok pre rézne druhy
vyucovacich predmetov,
e spristupnit ucivo v atraktivnej podobe formou interaktivnych
cviceni,
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e aplikovat jednotlivé vytvorené cvicenia ako doplnkové dodatocné

aktivity,

¢ kontrolovat aktivity ziakov pri vypracovani uloh, opakovanie a

preberanie uciva,

¢ hodnotit vypracované ulohy v bodoch alebo percentach a

zalohovanie udajov.

¢ Vymedzenie spolo¢nych znakov cvicent:

e Casovy limit,

¢ farebné nastavenie (pozadie, texty, nadpisy, ...),
e  obrazky, schémy, grafy,

¢ moznost nipovede,

e prepajanie roznych typov cviceni.

B tait- B Sotmann 3 o Potmicen —
Siben Frnames  Mpdnodl  Fresoo

Hot Potatoes- Version 7

(P it -H ol Softmme ins

Obrazok 4: Aplikacia Hot potatoes

3 Prieskumna cast’

V prieskumnej casti sme sa zamerali na ziskanie skusenosti a postojov
pedagbgov na primarnom stupni ZS vo vztahu k tvorbe interaktivneho
uéebného materialu pre Ziakov na prvom stupni ZS. Dotaznikovy prieskum
prebiehal v anonymnej forme on-line.

V nasom prieskume sme sa ucitelov pytali, Ze v akej aplikacii vytvaraju
interaktivne ucebné materidly. Samotni respondenti mohli uviest aj viac
aplikacii ako jednu. Na naSu otdzku ndm odpovedali iba pedagégovia, ktory
sami aktivne vytvarajd ucCebné materidly. Vysledky uvadzame na
nasledujicom obrazku.
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Obrazok 5: Vysledok prieskumu

4 Zaver

Moderné $kolstvo potrebuje aj modernych pedagégov. U¢elom vyucovacieho
procesu je neustdle skvalitiiovanie vykonu Ziakov, potreba napredovat,
zlepSovat postoje k u€eniu a podnecovat ich vnitorni motivaciu. V si¢asnosti
je dolezité, aby ucitelia aktivne pracovali s didaktickymi softvérovymi
aplikaciami a vytvarali interaktivne u¢ebné materialy. Ziaci radi pracuji s
interaktivnymi cviceniami a uplatiiuju svoje individudlne schopnosti a
zrucnosti. V predloZenom ¢lanku poskytujeme analyzu softvérovych aplikicii,
pomocou ktorych pedagdgovia dokdzu vytvarat vlastné interaktivne ucebné
materidly. V prieskumnej Casti sme potom zistovali oblibenost tychto
aplikacii medzi samotnymi ucitel'mi.
Tento cldnok bol publikovany vd'aka projektom: KEGA 015TTU - Interaktivita
v elektronickych didaktickych aplikdcidch a KEGA 012TTU-4/2018: Interaktivne
animacno-simulac¢né modely vo vzdeldvani.
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ROZSIRENA REALITA VE VYUCE DETI V PRIMARNIM
VZDELAVANI
Natalie NEVRELOVA, CZ

Abstrakt: Dnesni déti jsou neustale obklopovany mobilnimi technologiemi.
Néktefi ucitelé je vnimaji negativné, pfitom ndm mohou ve vyuce pomoci,
kdyZje vhodné vyuzivame. Pfispévek prezentuje zjisténi o moznostech vyuziti
mobilnich technologii predevSim aplikaci rozsifené reality ve vyuce v
primarnim vzdélavani. Pouzitym vyzkumnym nastrojem bylo pozorovani.
Vysledky piredvyzkumu tvori vychodisko nasledného vyzkumného smérovani
tykajiciho se uplatnéni rozsifené reality v ucitelské praxi. Kapitola se
zameértuje na vzdélavaci potencial rozsirené reality pro podporu v primarnim
vzdélavani. Kapitola predstavuje prilezitosti, které rozsirena realita ptinasi do
zakladniho vzdélavani. Autofi podavaji stru¢ny ptehled vybranych aplikaci
vhodnych pro déti zadkladnich Skol. Poté se zaméftili na Quiver a HP Reveal,
které byly pouzity ve vyzkumném projektu na Zakladni skole. PouZili jsme
polostrukturované rozhovory s détmi a focus group. Vyzkum ukazal, Ze déti

Vs,

jsou vice motivovany aplikaci s rozsienou realitou.
Klic¢ova slova: Rozsifena realita, Digitalni technologie, Primarni vzdélavani.

AUGMENTED REALITY IN TEACHING CHILDREN IN PRIMARY
EDUCATION

Abstract: Nowadays, children are constantly surrounded by mobile
technologies. Some teachers perceive them negatively, but they can assist in
teaching if we use them appropriately. This work presents findings of some
possibilities for using mobile technologies, especially the augmented reality
applications in teaching in primary education. The method used for this
research was observation. The results of the pre-research form the base for
the direction of the further study concerning the augmented reality in
teaching practice. The chapter focuses on the educational potential of
augmented reality for support in primary education. The chapter presents the
opportunities that augmented reality brings to primary education. The
authors give a brief overview of selected applications suitable for primary
school children. They then focus on Quiver and HP Reveal, which were used in
a research project in Primary school. We used semi- structured interviews
with children and focus group. The research showed that children are more
motivated with application with augmented reality.

Keywords: augmented reality, digital technology, primary education
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1. Uvod

V dneS$ni dobé jsou digitdlni technologie a mobilni technologie soucasti
kazdodenniho Zivota déti v preprimarnim ale i primarnim vzdélavani. Jak
napsali Joanne G. Sujansky a Jan Ferri-Reed (2009) v jejich knize ‘Keeping the
Millennials’, Ze jsou mladi lidé schopni tzv. multitaskingu (provadét nékolik
¢innosti zaroven), napiiklad pracovat na pocitaci a zaroven sledovat televizi,
poslouchat hudbu a psat zpravy. Toto je vSak pro zaky ddlezité i
v preprimarnim a primarnim vzdélavani poznat pouziti a moZnosti chytrych
telefont a ostatnich technologii. ZvySuje to jejich digitalni gramotnost.
Odbornici v oblasti vzdélavani se vétSinou shoduji a domnivaji, Ze digitalni
technologie mohou prispét k rozvoji kompetenci u zaki. VétsSina vyzkumi
v oblasti digitalnich technologii tyto diskuse potvrdila a zjistila, Ze maji nové
technologie na zZivot déti nezanedbatelny vliv. Na druhou stranu jsou zde
studie, které zase upozoriuji na rtizna rizika, kterych si musime byt v této
oblasti védomi. VétSina téchto obav vSak prameni z pievazné nespravného
presvédceni, Ze moderni technologie ve vzdélavani tvori zzakid pasivni
ptijimace nebo osamélé hrace pocitacovych her. Pro vyuZivani digitalnich
technologif v preprimarnim a primarnim vzdélavani je nutné urcit vhodnost a
primérenost digitdlniho produktu sohledem na vék déti, peclivé vybrat
vhodné aplikace a vlozit je do konstruktivistického digitalniho prostiedi.

Sylva and Siraj-Blatchford (2006) rozpoznala ¢tyri klicové oblasti uceni v
Early Childhood Environments (ECE), coZ je obor vzdélavaci teorie o uceni
(formalnim a neformalnim) malych déti do jejich 8 let a reflektuji, jak a v
jakych oblastech je ICT mohou podpofrit. Jsou to:
¢ komunikace a spoluprace - pfirozené se objevuji ve spolupraci feseni
problém -  aplikace zaloZené na  experimentech s
programovatelnymi hrackami
¢ kreativita - aby byly déti kreativni, musi ziskat schémata a pottebuji
hravé dispozice k vyzkouseni téchto schémat v novém kontextu
¢ socio-dramatickd hra - zde je velky prostor na integraci ICT do
hernich prostiedi malych déti
e naucit se ucit - existuji dikazy, Ze pocitaCe pomahaji i malym détem
premyslet o premysleni
(8. KORENOVA, L. LAVICZA, Z. VERESS-BAGYI, 1. Augmented Reality
Applications in Early Childhood Education.)

Konstruktivistické pristupy k vyuce a pedagogicky vyzkum tykajici se aplikace
tohoto teoretického sméru na vyuku byly Casto predmétem zajmu védci
(napt. Bodner, 1986, s. 875-876; Held, Pupala, & Osuskd, 1994; Renstrém,
Andersson, & Marton, 1990; Zoldo$ova & Prokop, 2007). Vénuji se zakladnim
otazkam prirodovédnych principd pouziti rozsirené reality v primarnim
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vzdélavani. Tento trend ve vyzkumu nasSel pokracujici motivaci, a to jak v
zahranici, tak na Slovensku, protoZe déti Casto pouzivaji jako techniku uceni
pouze memorovani, aniz by ziskaly hlubsi pochopeni podstaty predmétu (20.
TOTHOVA, 2014).

Arnheim (2004) se zasazoval o jednotu vnimani a abstraktni mysleni, podle
kterych mentalni procesy aplikuji aplikace rozsirené reality ve vzdélavani v
raném détstvi, sestavaji nejen z operaci se slovy a ¢isly, ale také z imaginarniho
mysleni. (8. KORENOVA, L. LAVICZA, Z. VERESS-BAGYI, 1. Augmented Reality
Applications in Early Childhood Education.)

vy

Aplikace s rozsiirenou realitou a jejich vyuziti V primarnim vzdélavani

V CR je nékolik projekti, diky kterym mohou $koly poridit digitalni
technologie. Jsou to riizné vyzvy z MSMT (Sablony I a Sablony II, vyzva 51),
které vyzyvaji skoly, aby zaradily aktivity, které rozvijeji ICT. Dal$i moZnosti
prispévku je ziizovatel, ktery na tyhle pomticky miiZe ptispét. Nase $kola ZS a
MS Ludgetovice disponuje 150 iPady nejen pro z4ky, ale i ucitele. V roce 2014
se Zaci 4. tiidy zacastnily 02 projektu (02 je mobilni operator), kdy vyhraly
pro skolu 20 iPadu. Se vzristajicim poctem iPadi se zacali Skolit pedagogové
a iPady hojné vyuzivat.

Projekt ¢i vyzva, kterd by podporovala rozsifenou realitu na Skolach prozatim
neni. Je nékolik metodickych poucek.

v

Reserse aplikaci s rozsienou realitou pouzitelnych na niz$im stupni ZS

Nasledné aplikace s rozsifenou realitou byly odzkouSené ve vyuce v roce
2019. Vybrali jsme takové, které se daji vhodné aplikovat na 1. stupni ZS.

¢ Quiver - Platonic Solids - Platonic Solids je ¢ast vzdélavaci aplikace
Quiver. Miizeme si zde vizualizovat Platénska télesa. Zaci na prvnim
stupni se tak mohou sezndmit s Gtvary v trojrozmérném prostoru a
napriklad v nich hledat utvary, které jsou jim jizZ zndmé - ctverec,
trojuhelnik. Tato aplikace je pouZitelnd do matematiky, ale s pouZitim
ostatnich kopirovatelnych pracovnich listi je pouzitelnd i do
prirodnich véd. Vyuzivame zde proto konceptu STEAM.

¢ AR Flashcards Shapes and Addition - AR Flashcards samotna je
zdarma, ale verze Shapes i Addition jsou placené, avsak stoji za
zminku. Mohou pomoci détem rozvijet zakladni matematické
dovednosti. Addition aplikace ilustruje s¢itani pomoci obrazkl zvirat
od 0 + 1 po 9 + 9. Aplikace Shapes umoznuje zakiim vybarvit si
geometrické utvary a poté slySime nazev barvy a ndzev udtvaru
v Anglickém jazyce. Zaroven je zde ukazano, kde vsSude utvar
v realném svété miiZeme najit. Je vhodna pri vyuce matematiky.
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¢ Augmented polyhedrons - Mirage - motivujici aplikace, kdy Zaci
pozoruji trojrozmérné utvary vedle sebe a mohou tak sledovat
rozdily. Aplikaci mizeme vyuzit pfi vyucovani matematiky.

¢ ARuler - Zaci mohou vyuzit pii méreni redlnych véci v jednotkach
mm, cm, m.

Piirodovéda - Pifirodovéda na prvnim stupni ZS obsahuje spoustu
rozmanitého uciva. Aplikace srozSifenou realitou umoziuji zakdm
nahlédnout a pribliZit u¢ivo anatomie ¢lovéka, Vesmir.
¢ Night Sky - pfi vyuce Vesmiru, predevsim souhvézdi, Zaci pozoruji
realné souhvézdi, kde se pravé nachazi (5. tiida).
¢ Spacecraft 3D - aplikace byla vytvarena s pomoci NASA a vSechny
objekty (druzice, rakety, vesmirné lodé, atd.) jsou realné. Zaci tak
o mohou poznat a sledovat jednotlivé technologie vyskytujici
se na Marsu, Zemi a Vesmiru.

Ostatni - mezi ostatni aplikace fadime aplikace, které jsou pouZitelné
v preprimarnim vzdélavani, ale i primarnim vzdélavani krozvoji
predstavivosti a ostatnich predméta.

¢ ARFlash Cards - aplikace je pouzitelna po vytisknuti materialu
z webovych stranek a 1ze pouZit pri procvicovani anglickych nazvi
zvirat ¢i pti procvicovani anglické abecedy.

¢ Aurasma (HP Reveal) - Zaci si mohou pomoci této aplikaci sami
vytvorit obrazek nebo video s rozsifenou realitou. Ucitel miize
schovat po tiidé ukoly (pii nacteni fotoaparatu urcité véci) ¢i pri
najeti fotoaparatu na nazev - priradit obrazek. Tato aplikace je
pouzitelna do vSech predmétd.

* AR Dragon - je to aplikace, ve které se déti (i v preprimarnim
vzdélavani) uci starat o domaciho mazlicka. U¢i se zodpovédnosti a
rozviji se u nich socialni schopnosti.

¢ Sketch AR - tato aplikace ukazuje virtualni obraz na bilém papite a
Z4ci si tak mohou udé€laji nacrt a poté obrazek uz sami dokon¢i.
Rozviji u déti kreslici dovednosti a predstavivost.

¢ Quiver Education - je vybarvovaci aplikace s presahem do vyuky.
Objevuji se zde jak obrazky pro preprimarni vzdélavani, tak vyukovy
material na prvni stupeti ZS. MiiZzeme se zde setkat s popisem
vybuchlé sopky, hlavnimi mésty statd nebo popisem buriky.

¢ Animal 4D + - s touto aplikaci se nAm zobrazi zvirata v 3D pifimo na
lavici. Pro Zaky je ohromujici vidét zviiata, které nazivo nevidéli a
zarover je slySet.
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¢ Catchy - v prostoru tfidy se ndm ukaZe tajenka s pismenky, které
chytame po celé tridé a umist'ujeme na spravné misto tajenky. Tato
aplikace je pouzitelna do hodin ¢eského a anglického jazyka.

e AR Makr - pomoci této aplikace miizeme ucitel v prostoru vytvorit
jakykoli piibéh ¢i pohadku. Zaci jsou uzivateli, pak mohou tento
pribéh prevypravét nebo ukazat spoluzakim.

AKkéni vyzkum

Akeni vyzkum probihal na Zakladni Skole a matefské skole v Ludgerovicich,
kde vyucuji jiz ¢tvrtym rokem na nizZ$im stupni. Technologie vyuZivime
zejména k opakovani uéiva, ale i k namotivovani zaki. Skola disponuje 120
iPady, roboty Dash a Dot, ozoboty, Lego Mindstorm, Bee-boty a Micro:bity,
které vyuzivaji pedagogové ve svych hodinach dle potreby. Na skole probiha i
krouzek iPadi ve vyuce, kde se vénujeme pokrocilejsi praci s iPady a roboty.
0Od matei'ské Skolky a na nizS$im stupni (1. - 2. trida) zaciname s
programovanim Bee-boti tzv. “robotickych vcel”, které jsou velmi intuitivni a
jednoduché. Poté navazujeme programovanim ozobotd (3. - 4. tfida), ktefi se
programuji pomoci barevnych kombinaci nebo pomoci programovaciho
jazyka ptimo na PC nebo na iPadu. Roboty Dash a Dot vyuzivame jiz od 3. tiidy
s pomoci jednodussich aplikaci, se star$imi zaky ve 4. a 5. tfidé uZ sestavujeme
koédy v programovacim jazyce. Soucasné s roboty vyuzivame od 1. t¥idy iPady,
které maji zaci ve vyuce 1:1.

V roce 2018-2019 jsme délali ak¢ni vyzkum ve 3. a 4. tridé na niz$im stupni
ZS Ludgetovice. Pocet 74k ve t¥idé byl 24. Zaci méli s iPady zku$enosti a
uméli je ovladat. Pomoci kvalitativni vyzkumné metodé - pozorovani, byly
zjiStény ndsledujici informace u nékolika pouzitych aplikaci a webovych
stranek.

S

Figure 1: Déti pouzivaji aplikaci Quiver
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Aplikace pouzivané na iPadech:

V ramci vyzkumu jsme pozorovali zaky v digitalnim prostredi urcitych
aplikaci. Pozorovali jsme, jak se pri uziti aplikaci chovaji, a zda je prace
motivuje.

HP Reveal je aplikace, kde se nAm pomoci rozsirené reality zobrazi kdekoliv
v mistnosti na statické véci cokoli chceme. Zaci maji jednou za mésic precist
knihu. Na obalu kazdé knihy jsou pomoci HP Reveal schovany otazky a ukoly,
které primo souviseji s knizkou. Po docteni knihy maji zaci do ¢tenarského
deniku ¢i v jakékoli aplikaci na iPadu zpracovat tyto otazky. Pfi zpracovani
pracuji s knihou a vyhledavaji informace na internetu. Nepomahaji jim s tim
rodice, tudiz jsou samostatnéjsi. Z pedagogického hlediska je prace s iPadem
po docteni knihy motivacni.

Pfi praci s aplikaci Quiver Zaci pracovali ve skupinach jednou tydné. S
informacemi, které jim aplikace méla prinést nebyli dopredu seznameni.
Pracovali asi 20 minut s touto aplikaci, kazda skupina méla jiny pracovnt list,
ktery nacetla a komunikovala nad nim (Platénska télesa). Po skupinové praci
si kazda skupina méla nachystat vystup toho, co vidéla. Po vSech vystupech
zaci diskutovali, zda vidéli to samé ¢i se pracovni listy liSily. Zacali si
uvédomovat pocet stran a utvary, ze kterych jsou télesa sestavena. Tato
aplikace pomaha zakim vizualizovat si jak matematicka télesa, tak spoustu
jinych tézko predstavitelnych véci.

Focusova skupina - elaborace

Jako vyzkumny nastroj byla uplatnéna focusova skupina pro ziskavani dat.
Focusova skupina, jako diskutujici skupina reprezentuje skupinu lidi. Je to
skupina lidi, které mizeme nazyvat také jako skupinové interview, ktefi mezi
sebou komunikuji. Nestrukturované pozorovani bylo hlavni metodou
kvalitativniho vyzkumu, kde pozorovatel minimalizuje interakci s zaky.
Pozorovanim zjiStujeme kooperaci, kreativitu, motivaci, digitalni gramotnost
a samostatnost prostrednictvi rozsifené reality. Bylo pouzito primé
pozorovani - pozorovani komunikace mezi Zaky, ale i neptimé pozorovani -
pozorovani readlnych situaci ve vyuce.

Realizace vyzkumu - sbér 0daji se uskutecnil realizovanim focusové
skupiny v rdmci akéniho vyzkumu s 4Ky 1. tfidy v ZS Ludgefovice v roce 2018.
Zucastnéno bylo 23 zakil. Vyuzitim focusové skupiny se oCekavalo, Ze zaci
budou otevienéjsi a 1épe sdéli sviij nazor. Ucitel zde byl jako privodce, kladl
otazky a podnécoval déti, aby odpovidaly. Na zacatku focusové skupiny ucitel
vyzval Zaky, aby odpovidali na otazky a sdélovali své nazory a postiehy.
Otazky byly: Co se ti nejvice libilo, kdyZ jsme pouzivali aplikace rozsirené reality
na iPadech? Myslis, Ze ses néco zajimavého naucil/naucila? Co té piekvapilo? Co
se ti nelibilo? Chtél bys to i v jiné hodiné?
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Na nahravani jsme pouzili digitalni diktafon, Zaci odpovidali a reflektovali
praci s aplikaci rozsirené reality poslednich 15 minut vyucovaci hodiny. Tato
audionahravka je prepsana do textové podoby. Piepis byl psan v podobé
otevieného kdédovani a vznikly ndm tak jednotlivé kategorie. (viz Tabulka ¢. 1)
Pozorovani v ramci akéniho vyzkumu jsme uskuteénili na ZS v Ludgetovicich
vroce 2018-2019 (listopad-duben). Pozorovani byli Zaci 3. a 4. t¥idy,

kteri poté byli ucastnéni focusové skupiny na konci pozorovani. Vyzkumu se
zucastnilo 24 déti. V jednotlivych focusovych skupinach bylo 6 déti. Cilem
nestrukturovaného pozorovani byl pribéh procesu vyuky, ve kterém ucitel
védomé zacal podporovat vlastni vyukou rozvoj digitalni gramotnosti ditéte
prostednictvim roz$itené reality. Zaci ve skupinach pracovali individualng,
ale museli i spolupracovat. Svoji ¢innosti se podileli na stejném cili, ale
uspokojovali tak i vlastni individualni cile. Zaci se ve skupiné respektovali a
sdileli

své zazitky s ostatnimi. Komunikovali nad obrazy a ani si neuvédomovali, Ze
se takhle uci. Pfimé i neprimé pozorovani bylo zaznamenano do pisemného
protokolu (viz Ilustrace ¢. 1).

Neprimym pozorovanim jsme vyhledavali pfitomnost jevu - jeho vyskyt, ve
kterych situacich se objevuje, a jak Casto se opakuje.

Pii analyzovani vypovédi zakl ve focusové skupiné byly zahrnuty vSechny
vypoveédi a hledalo se hledisko pohledu na moznosti vyuziti rozsirené reality
v procesu vyuky. Otevienym kédovanim se realizoval proces zkoumani,
porovnavani, kategorizace, kodovani a konceptualizace udajt.

Ilustrace ¢ 1: Uryvky vypovédi zaki z focusové skupiny

Libilo se mi, Ze se nad stolem ukazala sopka. /VD/ Libilo se mi, Ze z véci na
papire se staly “Zivé” véci. /PH/ Libilo se mi, Ze jsem mohl pracovat a ukazovat
véci na iPadu se spoluzakem. /MFV/ Libilo se mi, Ze jsme pracovali s tabletem
a nesedéli v lavicich. /MFV/ Libilo se mi, Ze nad stolem vybuchla sopka. /VD/
Libilo se mi, Ze jsem mohl porovnat kostku se spoluzakem, jestli ji ma stejnou.
/MFV/

Naucil jsem se pracovat vic s tabletem. /VD/ Dozvédél jsem se, co se dé€je se
sopkou. /VD/ Naucil jsem se, Ze téleso muze byt sloZeno z jinych tvard. /VD/
Naucil jsem se, Ze kazda kostka muze mit jiny pocet stén. /VD/

Nenaucil, spis jsme si hrali na iPadech. /VD/ VSechno uz jsem védél, ale bylo
to super. /VD/

Prekvapilo mé, jak se ty véci miizou ukazat. /PH/ Prekvapilo mé, Ze jak jsem
vybarvil obrazek, stejné vybarvena kostka litala ve tiidé. /VD/ Piekvapilo mé,
Ze ta hodina utekla tak rychle. /MFV/ Prekvapilo mé, Ze ve tridé bylo takové
ticho. /PH/ Ptekvapila mé sopka, Ze nakonec vybuchla. /VD/
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Vsechno se mi libilo. /RU/ Nelibilo se mi, Ze to bylo tak kratké. /PH/ Nelibilo
se mi, Ze nékteré listy nesly nacist. /PH/

Chtél bych tablet v kazdé hodiné. /MFV/ Chtél bych tablet alespon jednu
hodinu denné. /MFV/ Chtél bych mit vic tabletd v hodiniach nez mame. /MFV/
Libilo by se mi pozorovat takhle vSechno. /MFV/

V ilustraci vypovédi jsme ziskali hlavni myslenky vyjadiené konkrétni vétou
(koncepty), které byly zatazené do urcitych kategorii.

Tabulka €. 1: Seznam identifikovanych kategorii, konceptt a kodd, které se

nachazi v protokolu.
Interpretacni Koncepty Kédy
kategorie
Ucitel jako poradce, posluchac, RU
Role uditele pozorovatel.
Skupinova prace. MFV
Metody a formy | Individudlni prace.
vyuky Prace s tabletem.
Préce bez tabletu.
Dité si zdokonaluje své potencialy a VD
schopnosti.

Vykon ditéte Dité se samostatné rozhoduje.

Dité ziskdva informace rlznymi
zpUsoby.

Dité dokaze zjistit, jak ma vykonavat
urcitou ¢innost.

Dité vykonava aktivitu (¢innost) PH

Pfipsana samostatné.
hodnota Ucitel realizuje vyuku svou
individualitou.

Zavér

Digitalni technologie ve vyuce jsou v této dobé Zadouci. Predstavuji nejen
vynikajici motivacni prvek, ale mohou zaroven ptlisobit na nékolik smysli
zaka, tim je vStépeni uciva trvalejsi.

Vyzkumnym zamérem bylo vytvoifeni modelu pro didaktickou podporu
rozvoje digitdlni gramotnosti déti primarniho vzdélavani pomoci rozsirené
reality. Hlavnim cilem bylo zjistit vliv a prinos uplatnéni rozsifené reality na
rozvoj digitalnf gramotnosti déti. Pfinos uplatnéni rozsifené reality na rozvoj
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digitalni gramotnosti déti byl u zaka vyrazny. U Zakd byla vypozorovana
vysokd mira angazovanosti, motivace a vzajemné komunikace pri praci s
tabletem a rozsifenou realitou. Zaci dokazali rozliovat mezi skute¢nosti a
virtualnim svétem.
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DISC ASSESSMENT USAGE IN SCHOOL TALENT
MANAGEMENT

P4l SARMASAGI, HU

Abstract: DISC!2 is the leading personality assessment tool in the business
world that helps to improve work efficiency, team work, and workplace
communication. The results of validated DISC tests are also used in human
resource management and career guidance. Can the method be applied to
school talent management? DISC analysis reveals the main behavioural
characteristics of students. This knowledge aids teacher to find the best
possible way to communicate with students. It is particularly useful in talent
development, based on the results of the DISC assessment, the teacher can
give students personalized tasks that provide more effective progress for
students. This research presents a possible application of the DISC method in
secondary education.

Keywords: DISC-assessment, student personality, talent management,
customized task

1 Introduction

The talent management in the world of work is more productive than in
education, so the application of the methods used in this field in industry can
be especially useful in schools. I want to use methods in public education that
are commonly used, tried, and useful in business and industry. The application
of the DISC method is very popular during communication trainings and team
buildings because it develops the cooperation of employees. The method was
developed by William Moulton Marston (the creator of the polygraph lie
detector and Wonder Woman) in the 1920s. Marston used four main types to
describe the human behaviour, these are Dominance, Influence, Steadiness,
and Compliance!3. The name DISC is a mosaic word composed of the initials of
these words. The method was initially used by the U.S. military forces to
support the selection of leading officers. Later, it began widely used in
businesses, employment agencies and management consultants and
nowadays it is also used for career counselling, as well as for relationship and
couple counselling.

12]t is a mosaic word composed of the initials of dominance, influence, steadiness and compliance,
the four main personality types of DISC method:

13 C means Compliance as well Conscientiousness within DISC literature
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Pedagogy, as well as the human resource management in the world of work
uses the achievements of psychology in many areas. | was encouraged to try
the DISC assessment at my secondary school. I teach primarily study groups
as well as specialization classes!4 at school. The students are interested in IT
within these groups. In many cases, the general practice of recognizing talent
considers the activity and proactivity of the student or child to be a necessary
precondition, during which the teacher can observe the student's attitude to a
given topic. However, this excludes retreating, quiet talents from the selection
process. The DISC method allows teachers to learn a “language” that helps to
reach these students too. In my experience, there are several possibilities to
apply DISC assessment in the public education.

2 Literature review

There are many articles on DISC assessment in the national and international
literature, but I found only few articles on the application of the method at
schools. This is partly due to search difficulties as the DISC string has a lot of
meanings. Although I used the ‘without the word’ option of Google Scholar’s
Advanced Search it could not filter the meaning of a disc media (floppy disc,
compact disc, etc.). Another difficulty is that the DISC string is also used as an
abbreviation for many terms (Discussion in a Scientific Context, Dental
Interactive Simulation Corporation, Diagnostic Inventory for Screening
Children, Diagnostic Interview Schedule for Children) which terms are often
related to the keyword education.

Regarding the educational application of DISC analysis, most of the correct
results are related to the training of business and economic higher education
institutions, where, according to the original purpose of DISC, they focus
primarily on managerial selection and manager training as a tool for human
resource management [3] [7]. In technical higher education - including IT -
DISC analysis is used in several places to improve the effectiveness of
education. [1]

There are some papers about DISC assessment usage in the talent
management, however these also focus on business application. [15] [18]

Overall, since the DISC method is still mostly used in business today, it is less
present in the academic area, including publications. However, there are
several web pages that contain education-related contents. Most of these
contents - like the literature - are on human resource management and
business training, but there is content on developing teachers 'self-knowledge
as well as increasing school safety. The latter primarily offers, as a paid

14 Higher number of hours in the given subject (IT) different from the general curriculum
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service, the help of DISC analysis to lead students to understand each other
better, thereby reducing bullying and hatred among students. [4]

The business dominance of DISC is strengthened by the fact that Robert A.
Rohm, a well-known DISC consultant today, who has a PhD degree, also
advertises his books and services on a business basis. [13] However, Rohm is
a co-author of a book for parents that discusses the usefulness of the DISC
method in parenting. [2] The latter book and its approach provides a useful
point of reference in public education, secondary school and talent
management.

3 DISC method and its general application

The four main types of the DISC method (the name is a mosaic word composed
of the initials of words) comes from the combinations of extraverted!> or
introverted as well as relationship or task-oriented behaviours. At the ends of
the one axis of the two-dimensional orthogonal coordinate system there is the
introverted and extraverted behaviour and on the other axis there is the task
and relationship-oriented behaviour. The four quarters of the coordinate
system contain the types of behaviour corresponding to the given
combination can be read. The main types are also associated with a
characteristic colour. [11]

* Dominance - extraverted and task-oriented, red

* Influence - extraverted and relationship-focused, yellow
* Steadiness - introverted and relationship-oriented, green
¢ Conscientiousness - introverted and task-oriented, blue

Task-oriented
Introverted

S

Relationship-oriented

Extraverted

Figure 1: The scheme of DISC

15 Extroverted is also used, but the original spelling is extraverted
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The four main types are only a rough approximation of people’s actual
behavioural characteristics, of course. During the application of the DISC
method, the combinations of these main behavioural characteristics appear
for the individual person. Complex diagrams are needed to represent the
different variations where in addition to (or instead of) naming the four basic
types, the names of other behavioural groups characteristic of each
combination may also appear.

COORDINATOR

Figure 2: Complex DISC chart [17]

The popularity of the method is partly due to the fact that it does not want to
change people's personalities, it only helps to explore and understand
people's behavioural characteristics and drives. In the study of human
behaviour, a distinction can be made between natural and learned behaviour.
The most of DISC tests help to explore the natural type of behaviour and with
the appropriate suggestions of the method we can shape our learned
behaviour more consciously.

The DISC method has a dual role in business:

* Analysis of partners and customers to find the most effective way to
communicate with the help of this method
* Self-analysis, development of self-knowledge, so that by getting to know
the strengths and weaknesses of our characteristic behaviour one can get
the most out of ourselves
A number of tests has been developed over the years to apply the method,
most of which have been validated. Even a simple test can be used to reveal
the main behavioural characteristics of every person according to the DISC
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main categories. Evaluating simpler validated tests does not require the help
of a psychologist and the performing of test is not time consuming. DISC tests
are multiple-choice tests with an average of 25 questions. The respondent has
to choose the one which is the most proper for him/her from the four answer
options. There are no bad and good answers and there are no good or bad
results. Some of the DISC tests identify only the main type, but most of them
show the percentage of combinations of DISC component based on the
answers.

Dominance | Influence | Steadiness Compliance

20% 44% 32% 4%
Tablel: Detailed DISC result

50% 44%
40% 299
30%
20%
20%
10% I 4%
0% u
D I S C

Figure 2: Detailed DISC result chart

A more detailed assessment will provide a more accurate picture from which
participants will become more familiar with themselves and will understand
their successes and failures better through the descriptions found in the
extensive literature of DISC. Of course, with the help of professionals, a much
deeper and more nuanced analysis of each person can be made, but in most
cases this is not necessary in either business or education.
In addition to exploring each type of behaviour, the DISC method provides a
number of useful information about each type, from different aspects. The
following list contains only some examples of the aspects found in the DISC
literature:

* strengths

* weaknesses

*  behaviour

e personal style

* communication style
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*  behaviour when he/she is in a good mood

*  behaviour when he/she is in a bad mood

*  how to communicate with him/her

*  how not to communicate with him/her

* how does he/she behave in a stressful situation
* what does make her/him tense

*  how to release his/her tension

* what type of work is appropriate for that particular type of
behaviour

* what kind of person is able to have a lasting cooperation or
relationship with him/her?
Arbitrarily I selected three aspects from the list above and based on these
aspects I list a few properties of each major type in which they differ. The
aspects chosen are the strengths, the communication style of the given type of
person, and the characterization of how do not to talk to the given type of
person in order to avoid conflicts.

3.1 Strengths

Dominant individuals are determined, confident, who love challenges. For
people with influential behaviours it is easy to build relationships, they have
good imagination and they are good performers. People in the steadiness
category build much deeper and longer-term relationships than people with
influential behaviour and they are honest, friendly, and listen to people. The
conscientiousness styled people strive for accuracy and they are knowledge-
centric. These are the general strengths of the four main types.

3.2 Communication style

Based on their communication style, type D people speak concisely and a little
instructively. Influencers are much more communicative, they talk more
emotionally and loosely. Type S individuals are diplomatic, think first, talk
less, rather pay attention to and listen to the other party. Type C people speak
emotionlessly and critically.

3.3 How not to communicate with them

When talking to dominant individuals, one should be concise, avoiding
uncertainty and emotions. With type I people it’s good to be friendly, funny,
but don’t bore him/her with details. To steadiness people it is the best to talk
patiently, ask for their opinion, otherwise they won'’t tell you, and do not take
advantage of their good nature. You need to be thoroughly prepared to talk to
type C people. Avoid loose style and physical oncoming.
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Based on the above, it is understandable why it is popular to do a DISC
assessment during team building, team reorganizing or selecting a leader. In
a workplace environment it is the employer’s well-conceived interest for
employees to collaborate, communicate effectively, and be aware of their
strengths that can be harnessed for better business results. However, it is
puzzling why the DISC method has not appeared generally in pedagogy and
education so far.

4 DISC method in education

As a secondary school teacher, I have often experienced that I cannot convey
the subject of curriculum intelligibly to all students. Of course, there can be a
myriad of reasons for these failures, but as a teacher, [ must strive to do my
best to succeed. This encouraged me to try the DISC method at school, which
has been used in countless places in business. A teaching job is very similar to
a sales job. The curriculum should be sold to students just like a product in
business.

The international experiences about the application of the DISC method in
schools is consistent, in that the teacher needs to learn the behavioural
characteristics of the students. Based on this knowledge the teacher can
prepare for the presentation of the curriculum, the organization of the class
practice and the assessment. Beyond that Anak Agung describes the main
personal properties of students based on their DISC types in his cited case
study and he also describes the technical background of the applied website.
The study focuses on students at the technical faculty of the university and the
sample size was 124. There is an interesting part of this paper as it mentions
the statistical distribution of different types of students. The most relevant
behaviour type is Steadiness, so most of IT students are type-S at the given
university in Indonesia. [1]. The conclusion part of the case study committed
to continue the research regarding the DISC assessment. [ am confirmed that
there is not enough research about DISC method in public education. In my
opinion the DISC method provides more possibilities to improve teaching
methods.

In order to apply the DISC method effectively, the teacher must first recognize
his/her own type of behaviour. Based on knowing their strengths and
weaknesses, teachers can correct a lot of their learned behaviour. While the
‘other party’ may also be familiar with and apply the DISC method in business,
the likelihood of this at school is negligible. On the other hand, society also
expects from teachers to provide the curriculum in a way that is
comprehensible to as many students as possible with the help of their
pedagogical and psychological knowledge.
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The next necessary step is to define the main DISC categories of students or a
small group of students. There is not much opportunity to analyse the DISC of
each student in public education, however, it is still necessary for students
whose skills are much less or much better than the average. DISC analysis can
be of great help in catching up with lagging students and fulfilling the potential
of talented students. The evaluation of the filled DISC assessment provides the
behaviour types but in addition we get much more information from a non-
exhaustive but more detailed analysis. In the following parts, | examine the
most important areas of secondary education focusing on the way how
teachers can make their teaching processes more efficient based on the DISC
method.

4.1 Communication

Communication plays a key role in the teacher’s work, and the DISC method
helps to recognize the experiential fact that students respond differently to
each communication style. It is a general social expectation for teachers to talk
about their subject with good speaking skills and attention-grabbing style. In
terms of speech and communication in a broader sense, extroverted
individuals are stronger, so individuals in behaviour types D and I are more
able to capture students 'attention than introverted individuals (types S and
C). However, an extroverted personality is not a prerequisite for a teaching
position, and introverted people can also be good teachers. The type S - that
means “Steadiness” - also means “Supporter” and “Soft-hearted” in some DISC
descriptions, which qualities can also be beneficial for teachers.

A Type D teacher should be careful not to immediately judge students if they
are unprepared or a little bit indecisive. The Type I teacher easily transitions
from assignments to story-telling that does not necessarily fit into the
curriculum, which can be interesting at times but leads to backlogs in the long
run. If S-style behaviour is dominant in a teacher’s personality resulting in a
not-too-fast, quieter speaking style, it is not so effective for students with a
dominant type of behaviour. They need to strive for a strong, accurate
message. The Type C teacher is very prepared, plans everything, but also tends
to expect his or her own precision from all his or her students during the
assessments. One possible way to make teaching effective, then, is for the
teacher to recognize the strengths and weaknesses of his or her own
behavioural characteristics and correct his/her learned, consciously
controlled behaviour.

The communication is a two-way process between two parties, the
optimization of which, designed using the DISC method, requires knowledge
of the DISC types of students sitting in the classroom. By knowing the DISC
characteristics of the teacher and the members of the group, the teacher can
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recognize the causes of possible communication disorders, and he/she can
greatly improve the effectiveness of teaching with planned communication
and - if it is necessary - learned behaviour.

4.2 Causes of stress and their treatment

It is known from the research of Janos Selye that functioning of human life is
significantly influenced by stress, of which he had defined three levels.
Emergency response, resistance and exhaustion phase, which is a complete
abandonment. [14] The types of behaviour according to the DISC classification
can also be well distinguished on the basis of the answers given at each stage.
A common cause of stress is the work task, and accordingly, one of the
stressors of students is the school task. Therefore, it is very helpful for the
teacher to recognize in his students the signs of stress associated with the
types of behaviours and their current stage in his students, and to help resolve
them.

During the first symptoms of the onset of stress, the behaviour associated with
the given type appears even more strongly. The dominant becomes more
violent, the influencer becomes chattier, the type S even more passive and
indifferent, while the type C becomes teasingly hair-splitting. In the second
phase under the stress the behavioural characteristics turn to behaviour
opposite according to DISC type. The type D person will be passive, the type I
person will be silent and solitary. In contrast, type S becomes rebellious, while
type C becomes sloppy and superficial.

To avoid the third phase, teachers need to learn how they can jolt out the
students from the stressful state based on their particular type of behaviour.
Dominant students can get out of a stressful situation by speaking on a firm
instruction. The firm request of the teacher helps influencers. The type S of
person should be asked and listened to express his/her views, while the type
C student’s stress problems should be analysed together with the teacher.

Once the stress is resolved each student is able to continue his/her studies.
There are two advantages. The students are liberated after solving a serious
problem. It follows that the teacher's authority and acceptance are
strengthened as well, as he is the person who has helped to get over the
difficulty.

4.3 Group organizing

One of the important and effective tools of modern education is team work,
which has a long tradition in the teaching of the subject of informatics. The
task of the school is to prepare students for the labour market, where in most
cases employees have to work together. On the one hand, team work helps to
develop the practice of working together, on the other hand, it gives students
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the opportunity to recognize their strengths and weaknesses by comparing
their knowledge and abilities with each other's, so each member of the group
participates with their best knowledge in the joint work.

When assembling groups, the teacher usually selects students, based on
different pedagogical considerations. The DISC method is an effective aid also
in this work. General experience of the job market is that the most effective
teams are in which all four DISC main types are present. [11] It is also
confirmed by the human resource blogs. [5] Type D is a leader, sticks the group
together. As an organizer, divides the work into subtasks and delegates each
part to the members. Type I members inspire the group, colouring the
repository of solution options with their creative ideas. The S-type helps the
group to work harmoniously and peacefully while performing their task
carefully and finally, the C-character members guarantee with their precision
covering every little detail that the work will be done as well as possible.

4.4 Career guidance

Secondary school education also has the task of orienting students towards a
work-place that suits their abilities and expectations, that is useful for them
and for society and prepares them for the proper university. We know from
our experience that in many cases a strong parental pressure leads the
students towards a profession or education that does not necessarily meet the
student’s own expectations, abilities and sometimes it does not match their
behavioural characteristics. The recognition of behavioural characteristics by
DISC-assessment at secondary school and evaluating, analysing, and
discussing the results with students will help them choose the right direction
for further learning. We can read about a number of suggestions in the DISC
literature what type of work corresponds to the person with the given
behavioural characteristics and in particular which jobs match for their
personality best. The next list contains a few examples by DISC main type.
Some jobs are suitable for more types. The person with the given behaviour
can do them effectively according to different aspects (focus to IT-related
occupations)

* Dominance (D):
o manager, team-leader, IT project manager

o sales
o lawyer
o teacher

* Influence (I):
o designer, creative works, UX designer
o actor, journalist
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o PR, marketing specialist

o sales
* Steadiness (S):

o customer service, helpdesk

o librarian

o teacher, psychologist

o health worker or social worker
* Compliance (C):

o software developer

o engineer

o accountant, controller

o aviator

By knowing the specific DISC characteristics any student future plan can be
analysed and by applying it the teacher can suggest some better career choices
to students that may protect them some failures.

5 Application of DISC method in talent management

All of the aspects presented in the previous chapter also apply to talent
development. In addition to their synthesis, it provides additional assistance
to the teacher already in the recognition of talents. When a teacher starts
teaching a new group the usual introduction in the first lesson is not enough
to get to know the students. Based on the class work of the first couple of
weeks the teacher groups the students into more active and passive ones,
finally the results of the first assessment make a ranking within students.
More experienced teachers would then in many cases be able to set an end-of-
year mark, but this is not allowed by the rules. And of course, it wouldn't be a
good decision.

There is still a need to develop, test and apply newer and more effective
methods and measurements for the recognition and selection of talent. In the
United States, the Sputnik shock of 1957 put talent selection on a new footing.
They broke with the tradition that quiet students who do not disturb the class
are talented, while students who disturb the class with clutter and butt into
the lesson are unsuitable for talent management program [10]. However, the
“traditional” approach can still be found in the statistical data of the Arany
Janos Talent Care Program launched in Hungary in 2000. Students were
selected from disadvantaged families for the talent development program by
schools and the outstanding proportion of girls (63%) can be explained by
their restrained behaviour. [8] The school system still favours conforming
behaviour today despite the struggle of talent professionals. According to

193



XXXIII. DIDMATTECH 2020
EOTVOS LORAND UNIVERSITY (ELTE) FACULTY OF INFORMATICS

international experience it is recommended to examine students with
behavioural disorders to see if their behaviour reflects their possible talent.

In the case of computer science, the verbal expressiveness of students gifted
in software developing is often limited. They cannot participate in a prose
competition with a good chance, but they can do well in IT and math
competitions. How can we recognize the ability of a retreating (S-behaving)
student in general? Based on the DISC model these pupils are introverted and
also focus less on tasks than type C students. The important question is if there
is any correlation between the DISC behavioural characteristics and talent?
Based on the Renzulli model we can suppose that the type C-I people
according to the DISC model tend to be talented. [12] It is common for
extroverted people with good expressive skills to be discriminated against in
a positive way while the introverted type C people also may be admitted to the
talent programs for their task oriented behaviour and their pursuit of
perfection. According to DISC characteristics the S-type individuals tend to be
excluded from talent programs. This is interesting because research
conducted in the United States under the leadership of Adam Grant in the
2010s has shown that introverted individuals are at least as talented as other
types, however they don’t talk about it and they don’t project themselves [9].
There were several introverted individuals, such as Newton, Darwin, or
Einstein, among the great scientists. [6]

The DISC method provides a useful help in recognizing and selecting talented
students, because by applying it we can better understand a student's
classroom activity, verbal communication and attitude to a given problem. I
will continue to focus only on the main types of DISC, but based on the
percentages measured in the tests, the appropriate combinations of these
should be considered for a particular student.

5.1 Dominance - type D students

Students with dominant DISC behaviours are extroverted and task-oriented.
They are confident and their opinions are expressed, represented and carried
out. In their case the talent potential is easier to recognize. The teacher’s task
is to make them aware of this and they will exploit their own abilities. The role
and task of the teacher vis-a-vis the dominant students is to provide definite
guidance towards the specialization that best suits their abilities.

5.2 Influence - type I students

Type I students are extroverted and they have relationship-centric behaviour.
They are very creative and they can communicate their excellent ideas well.
However, the implementation doesn’t always work out, they need
relationships and a good team. Similarly to dominant students, based on their
extroverted personality [-type students also share their ideas with others. The
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teacher’s task is also only the herding. However, given the diffusive behaviour
of type I students, the feasibility of their ideas needs to be examined. In doing
so, the teacher must also adopt a type I openness, because the ingenious ideas
that generate development are usually very far from the usual solutions.

5.3 Steadiness - type S students

Talent tests, which are widespread in practice are mostly inefficient with
students with type S behavioural characteristics. [9] They are not willing to
join study groups and they rarely want to fill in an IQ test. They are introverted
and relationship-oriented, who often only speak when asked. They prefer
stable, predictable relationships ahead of the tasks, so their classroom work
and their assessments do not indicate any talent. The teacher must prepare to
handle such students. It is important to establish a predictable, friendly
relationship with the student, and within this supportive atmosphere the
teacher should ask the student about his/her thoughts and ideas about a
problem. The thoughts thus known must then be analysed and evaluated with
the appropriate openness.

5.4 Conscientiousness - type C students

Task-oriented, introverted students make up Type C. They are potential
talents in the talent models currently in use, as they perform their tasks with
great care and precision. However, the compliance can also block them in
looking for new, different types of solutions than usual. In the case of type C
students, the teacher's task is to listen to the student, express his/her interest,
to discuss their ideas related to the given task. In such conversations, there is
an opportunity to jointly identify new solutions.

5.5 Motivation based on the DISC method

Motivation is key to any activity and its lack makes the work environment
more difficult as does school lessons. The motivation is more important in the
support of talent development than in general, as talents are more at risk of
losing their motivation and burning out even at secondary school. On the other
hand, I think the best usage of the DISC method for motivation is in small
group, when the teacher knows the DISC characteristics of each student.

Motivation is well supported by the assignment of tasks according to the DISC
characteristic. The type D students should be appointed as group leaders who
are responsible for the allocation of subtasks and the implementation of the
given project or task. Students belonging to the type I should be entrusted
with the creative tasks and the presentation of the result in classroom. S-type
students like working in the same group. In addition to stable predictable
support of implementation in such an environment they are also able to
guarantee the group harmony. Type C students should be assigned
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meticulous, more attention-grabbing subtasks, giving them the opportunity to
work independently without interruption.

Of course, in addition to planning and assigning groups it is the teacher’s job
to guide the group leaders to which group member what type of task is worth
assigning. During regular group work students can experience for themselves
which task fits them best and find a place where they feel comfortable. The
motivation comes from within and the teacher's task is to shape the
environment so that students can find their own place in it.

Finally, it should not be forgotten that one of the most important generators
of motivation is the assessment. Each behaviour type has its features in this
area. Extroverted type D and I students love being praised for their work in
front of others. Type S students prefer personal, face-to-face assessment. For
type C students the trust is more important than praise. For instance, the
opportunity of independent work that they have earned with their good work.

6 Classroom example of using the DISC method

As a teacher I have tried it myself and I apply the DISC assessment in my
secondary school groups. Several validated DISC tests are available primarily
for adults. There are also DISC assessments developed for children that
evaluate children’s behaviour based on parents 'opinions. [16] Although
secondary school students are not yet adults they are suitable for completing
the adult test based on their behavioural characteristics and test performance.
[ prepared an online version of a general 25-question DISC test that students
can complete at the beginning of the first semester of computer science
subject. It doesn’t take more than ten minutes to complete even for considered
students and the online questionnaire is immediately evaluated by the web
app. Thus, the students see their DISC pattern drawn on the basis of their
answers immediately after filling in the questionnaire, while I can download
the characteristics of the students in tabular form as a teacher.

In the following, I present a possible way of applying the DISC method at
secondary school through the example of a group of students in an IT
specialization class. The small number of students allows for detailed DISC
analysis of the students and the prejudices regarding the IT oriented students
justify its necessity. The table below shows the test results for a group of 10
students at a secondary school graduating class:
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Name Dominance Influence Steadiness Compliance
Adam 20% 44% 32% 4%
Aron 16% 4% 40% 40%
Csillag 36% 60% 0% 4%
Déniel 20% 28% 32% 20%
Enok 21% 38% 17% 25%
Gergely 4% 4% 4% 88%
Jozsué 16% 52% 12% 20%
Péter 36% 8% 8% 48%
Vivien 16% 24% 36% 24%
Zsuzsanna 4% 52% 32% 12%
Average 19% 31% 21% 29%

Table2: Detailed DISC result of sample group

It can be read from the evaluation that the type of behaviour most
characteristic of the group is the type I, while the type C in the second place is
also decisive. The type S and type D behaviours are less relevant at the group
level. Regarding the main type, the numerical distribution of the group is the
next: The half of the group belongs to the type [ with five students, while the
primary type S and type C includes 3-3 students.

As we have seen the most students in the group typically belong to type I for
whom the communication is very important, which is mainly used to build
relationships rather than perform tasks. However, they should mainly
concentrate on doing the tasks instead of making friends during the IT lessons.
Students of this type can be addressed with positive feedback and recognition
and this kind of communication helps them to be involved in classroom work
to complete their tasks effectively.

Another typical type of behaviour within the group is the conscientiousness
or compliance. For them only the factual data and accurate information
matters during communication. Even the slightest inaccuracy or mistake of
the teacher reduces his/her credibility. On the other hand, these students
don’t like to face any of their own mistakes either. The type C students should
be given special attention to the iterative development process in IT so that
possible mistakes do not block or hinder their learning.

Students with a type S behaviour are conflict avoiders and, as soon as they
perceive an attack, turn into a strong passivity from which it is difficult to
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move them out. In such a case, the passive resistance of the students can be
resolved with patience and a supportive communication style.

Although there are no students with primarily type D behaviour in the specific
group under study, it is important to cover communication with such students
due to other groups and the type D feature that is already appearing in the
sample group as a second property. They love the tasks, the challenge and they
boldly take on the conflict with their teachers as well. In such cases, the
teacher should not back out off. He should get into the conflict because then
he will be considered a worthy discussion partner of type D students.
Examining the results on an individual level, one can see how variable the
distribution of each DISC characteristic is, how different the students
"behaviour is. In the case of Aron the type S and the type C characteristics are
the same. Gergely has a very strong type C behaviour. Based on Csillag's test
result the type S behavioural characteristic is completely absent, while in
addition to her primary type I behaviour her second-dominant type-D
characteristic is also strong. In the case of Peter, in addition to the primary
type C behavioural character, a strong type D can also be seen in the second
place. Based on the students ’previous results, there was an interesting
correlation between the type D-I behavioural characteristic and the success
learning outcome. The talent management programs usually select students
with the well-developed communication skills. Based on the group previous
results Csillag and Péter - as Type-D pupils - were the two best students,
Adam, Aron, Daniel, Enok and Vivien represented a second level, while
Gergely, Jozsué and Zsuzsanna, although successful, formed a third level at the
time of the assessment.

Following the analysis, I rethought the teaching methods used in the group in
the light of the results. I reflected on the achievements of previous years like
successes and failures, communication, evaluation and motivation. Based on
the DISC method I realized that the communication was not always the most
appropriate. I considered how I will talk to each student as I try to motivate
them and how I will evaluate them. It became clear that [ had not found the
proper communication with my type C students, I had to focus on this area.

Another important area was the reorganization of classroom work based on
DISC results. It is characteristic of the group as a whole that its members have
chosen the IT specialized class, so they are all interested in the IT subject, but
their classroom performance, activity and attitude to each task is different.
Based on the DISC analysis, it became clear which student should be involved
in which task during the classroom exercises. With this knowledge I organized
the following group assignments for classroom work and project work to be
submitted.
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Group A Group B
Csillag I-D Péter D-C
Jozsué I-C Zsuzsanna I-S
Adam I-S Daniel S-I
Enok I-C Aron S-C
Vivien S-IC Gergely C

Table3: Workgroups by DISC

After the students' names, there is the DISC combination that is most
characteristic of them. Most of the students have a combination of two main
types. In the case of Vivien, the type I and type S behaviour are in the second
place with the same ratio, so her behaviour is influenced by three
characteristics. In the case of Gergely, the D-1-S character is negligible, he is
clearly type C. When assembling the groups, I tried to make two groups which
have almost the same structure based on DISC characteristics and where
every member can find their own place. The role of Csillag and Péter as group
leaders did not need to be emphasized it was clear to the students. The
characteristic common point in group A is character I, while in group B it is
the combination S-C.

There are 2-2 students with type I in both groups and they worked together
on creative and imaginative tasks with good collaboration, like designing a
user interface and creating new exciting features for an existing application.
Csillag and J6zsué in the group A, while Zsuzsanna and Daniel in the group B.
All students participated in the elaboration of the tasks and the task-
orientation of the behavioural type C students was well observable. However,
their meticulous and precise attitudes were not even visible.

Overall, the composition of the groups according to DISC characteristics
created a good, motivating atmosphere in which the students were able to
work and develop effectively. I asked the opinions of S and C type students and
I tried to listen to them during the semester when there was no group work. I
inspired type C students to work independently, encouraging them to just
start and do the task. I didn’t stand behind them, I didn’t check their work
every minute and they developed more dynamically in this climate of trust.

By the end of the school year, the activity and results of Type-C students had
also changed very positively. Aron, Enok, Gergely and Vivien were placed to
the forefront of the group, meanwhile the others were improving as well and
[ have not experienced any setback. The atmosphere of the classroom and the
cooperation of the group improved a lot as Gergely and Enok were freed from
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their frustrations and started to be motivated while Vivien and Zsuzsanna
became active participants of team work.

The application of the DISC method was also effective in terms of talent
testing, because it helped to bring the skills of Gergely and Daniel to the
surface, which was not reflected in the former classroom activity and
assessment results. For obvious reasons, I haven't found DISC pattern
characteristic that show the possible talent yet. The ten-person sample was
only a trial that presented that the method is usable. I will continue my
observations with a larger sample size over a longer time period, maybe find
a talent related DISC pattern.

Conclusion

The DISC method is a very useful tool for the teacher. Using the DISC method,
the effectiveness of teaching was increased and it seems that the soft-skills of
students can also be developed, especially in the field of communication and
conflict management.

The example of the group presented above encouraged me to implement the
DISC assessment with the students in my other groups as well, and to rethink
my teaching methods in their case as well. The DISC assessment was
completed by every student in my groups in the last semester. | experienced
another interesting thing during the assessment. The IT specialized students
were stood with distrustful the personality test. Many did not give real
answers, they either always chose the first value or tried to dodge the analysis
with their completely random answers. Others, seeing the result, recognized
themselves and accepted the test result asking about what it is good for? For
those interested, I started talking about the types of recommended jobs for
the sample drawn based on the test, which inspired them even more. At this
point the sceptical students asked me to allow them to re-complete the test -
this time giving real answers - because they have seen the DISC method would
provide valuable advice for their career choices and shaping their future.
School education also includes educational tasks, a good teacher deals not
only with the presentation and delivery of the curriculum, but also, in the
optimal case, teaches and prepares his students for life with his behaviour and
thinking style. It is important for the teachers to be familiar with their own
DISC patterns as well, as in the two-way process of communication both sides
may need to be refined.

It is important to emphasize that the DISC method is not a panacea either,
there is no known test that can help determine the correct distribution of a
person’s DISC characteristics with 100% accuracy for any person. It should
also be noted that in certain environments and situations the proportion of
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the given characteristics may change, in extreme cases it may turn around, for
example in case of permanent stress. The behavioural characteristics revealed
on the basis of the DISC assessment draw a combination of 2-3 behavioural
characteristics for most people, as I have shown in the example. Accordingly,
during the application of the DISC method the ratio and the joint effect of every
characteristic determining one person must be observed.

This research should be continued, because the current sample size is not
representative. Besides increasing the sample size the examination period
should also be increased. It might be interesting to involve further
assessments and compare the results, like learning styles or attention tests.
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AZ E-TESZTEK SZERKESZTESE ES ALKALMAZASA
TUDASSZINTMERES CELJABOL A KARANTENI
TAVOKTATAS IDEJE ALATT

PAPP Gabriella, HU

Abstract: A matematikaoktatdsban a tudasszint mérése tdbbnyire papir
alapon torténik akkor is, ha azt tesztes formaban végzik. A tesztek
szerkesztését érdemes a tesztelmélet attekintésével kezdeni, megismerkedni
a tesztek, valamint a tesztkérdések tipusaival.

A tanulmanyban a kiilénb6z6 tesztek és két elektronikus tesztkészité feliilet
réovid bemutatdsa, valamint rovid kutataselemzés olvashatdé a II. Rakodczi
Ferenc Karpataljai Magyar Féiskola Matematika és Informatik Tanszékének
BSc képzésben tanulé hallgatéi véleményérdl a témaval kapcsolatban.

Keywords: Hagyomanyos tesztek, adaptiv tesztek, e-tesztek

EDITING AND APPLYING E-TESTS FOR MEASUREMENT OF
KNOWLEDGE LEVELS DURING QUARANTINE DISTANCE
LEARNING

Abstract: In mathematics education, the level of knowledge is mostly
measured on paper, even if it is done in a test form. It is worth starting the
editing of the tests with an overview of the test theory, getting acquainted with
the types of tests and test questions.

The study provides a brief presentation of the various tests and two electronic
test interfaces, as well as a brief research analysis on the opinion of the
students of the Department of Mathematics and Informatics of the
Ferenc Rakdczi Il Transcarpathian Hungarian College of Higher Education in
BSc.

Keywords: Traditional tests, adaptive tests, e-tests.

1 Bevezetés

»A tuddsszintmérd tesztek pszicholégiai tulajdonsagokat mérnek, azok egy
sajatos formajat, a tudast. Mégpedig altalaban az iskolaban elsajatitott tudast,
vagy Kicsit altalanosabban: azt a tudast, amelyik az iskolai tanulasban szerepet
jatszik.” - fogalmazza meg Csapd Bend a Tudasszintmérd tesztek cimii
frasdban. A matematikaoktatdsban egyre gyakrabban alkalmazunk
tudasszintméro feladatokat a szdmonkérés folyamataban, de nem ismerjiik
eléggé a tesztelméletet ahhoz, hogy ezen feladatok 0Osszessége tesztet
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alkosson. Ebben a tanulmanyban rovid 6sszefoglalast mutatok be a tesztek
elméletérol.

Az elmult hénapokban az eddigieknél nagyobb szerepet kapott az online
platformok segitségével valé oktatds, tananyag begyakorlasa és a
szamonkérés. Aktudlissa valtak az e-tesztek. Ebben a tanulmanyban két
platformot emelek ki, majd bemutatom révid kutatdsomat a hallgaték
véleményérol az online feliiletekkel val6 tanuldssal kapcsolatban.

2 Hagyomanyos tesztek

A teszt olyan mérdeszkoz, amely a mérni kivant pszichikus jelenséget
megfelel6 skalan méri [7]. A pedagoégiai tesztek alapvetd célja az, hogy az
oktatasi, nevelési folyamatok iranyitasdhoz informaciét szolgaltassanak, és
igy a fejlodést, a fejlesztést, a valtoztatast segitsék [1]. A teszt tobb, kisebb,
onalléan értékelhet6 részbdl all, melyet szubtesztnek vagy résztesztnek
neveziink. Nem feltétleniil sziikséges a tesztet résztesztekre bontani. A tesztek
feladatokbdl allnak, a feladatok legkisebb, még 6nalléan értékelhetd részeit
itemeknek nevezziik. Az itemek meghatdrozasaval a javitds egyértelmiivé
tehetd, tovabba a tanuld szamara is egyértelmiivé tehetd, hogy mi az, amit jol
oldott meg, és mi az, amit nem [7].

A tudésszintmérd tesztek azt vizsgaljak, mire képes a tanul6, ha minden
tudasat oOsszeszedi [1]. Az egyik gyakran alkalmazott felosztas
megkiilonbozteti a standardizalt és a tanarok altal készitett tudasszintméro
teszteket. A standardizalt tesztek Altaldban hivatisos tesztkészitok,
specialistak altal kidolgozott méréeszkozok, mig a tanarok altal készitettek
jellemzden sajat vagy sziik kor(i hasznalatra késziilnek [2].

A kozismert tesztek, amelyeket gyakran papir-ceruza (Paper and Pencil)
teszteknek neveznek, nagyon fontos szerepet jatszottak és jatszanak ma is a
tanitdsi-tanulasi folyamatok iranyitdsadban, az oktatds eredményességének
felmérésében. Ezek a tesztek tobbnyire rogzitett formatumuak (Fixed Form)
[3], hasznalatuk esetén minden tesztelt személy ugyanazon sorrendben
ugyanazon feladatokat kapja a tesztelés soran, fiiggetleniil képességszintjétol
és teljesitményétdl. Szigord értelemben csak igy biztosithatdé a teszt
objektivitasa, azaz, hogy az mindig mindenkit egyforman mér [5].
Hagyomanyos tesztekkel mérhetjiilk a résztvevd tudasat kvalitativ és
kvantitativ szempontbdl. Ezek létrehozasa és értékelése a tesztelés
elméletének tertiletén torténik [4]. Ha a tesztet szélesebb képességtartomany
mérésére tessziik alkalmassd, azaz a feladatok nehézségi indexei széles skalan
mozognak, akkor minden adatfelvételben részt vev személy szamara csak a
teszt néhany feladata jelent kihivast, melyek nehézségi szintjei kozel allnak a
tesztet megoldo6 személy képességszintjéhez [5].
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3 E-tesztek

A hagyomanyos teszteléssel ellentétben az elektronikus tesztelés még
gyerekcip6ben jar. Lényegében a szamitégép oktatdsi céld alkalmazasaval
egyid6ben megjelent a szamitégépes tesztelés. A feleletvalasztds feladatokat
minden nehézség nélkiill at lehetett iiltetni szamitégépre, és ahogy a
szamitogépek fejlédtek, ugy alakultak ki az egyre fejlettebb szamitogépes
technikdk. A szamitégép alkalmazdsa nemcsak leegyszer(siti a tesztelés
folyamatat, hanem olyan hatékony modszereket is lehet6vé tesz, amelyeket a
hagyomanyos mérésekkel meg sem lehet kozeliteni.

A szamitégép-alapi mérés-értékelés soran az alkalmazott teszt a szamitogép
monitoran jelenik meg (on-screen presentation), a tesztelt személy pedig
szintén a szamitogép segitségével (billentylizet, egér stb.) adja meg valaszat.
A valaszok rogton elektronikusan rogzitésre keriilnek, majd a valaszok
elemzése is altaldban a szamitégép felhasznalasaval torténik. A szamitégép-
alapt tesztelésbe beletartozik annak mind halézati, mind interneten keresztiil
torténd alkalmazasa[3].

Az adaptiv tanulas egy szamitogépes és/vagy online oktatasi rendszer, amely
modositja az anyag megjelenitését a hallgatoi teljesitmény fiiggvényében [6].
Az adaptiv tesztelési technika alkalmazasa soran a teszt feladatai nem el6re
meghatarozott fix sorrendben kovetik egymast, hanem azokat egy
feladatbankbo6l valasztjdk ki a tesztmegoldd korabbi feladatokon nyujtott
teljesitménye alapjan. Példaul a feladatszintli adaptivitds esetén teljes
mértékben biztositott, hogy ha a tesztelt személy helyteleniil /helyesen oldja
meg a teszt egyik feladatat, akkor a teszt kovetkezd feladata egy
konnyebb/nehezebb feladat lesz. Azonban a feladatszint{i adaptiv tesztelés
egyik f6 problémaja, hogy a feladatok paraméterei annak fiiggvényében
valtoznak, milyen feladatok veszik koriil az adott feladatot, illetve, az a teszt
melyik (elején, kozepén, végén) részén helyezkedik el [5]. A tesztelési id6
atlagosan felére csokken, ezaltal kevésbé faraszté a tanulék szamara.

Az oktatds digitalizalasaval kiilonféle elektronikus eszkozok segitik a
méréseket [4]. A tesztek adatbazisaval napjaink tanarainak tobbsége mar
elektronikusan rendelkezik, de azokat nem elektronkius feliileteken vagy
eszkozok segitségével alkalmazzak az oktatasban.

Az e-teszteket felhasznalasuk szerint az alabbiak szerint osztalyozzuk:

*  Meghatarozzuk a hallgaték tudasat;
» Javitani akarjuk a hallgaték motivaciojat, kihivas legyen a feladatok

megoldasa;
* Interaktiv munkalapként haszndljuk (ez mar nem hagyomadanyos
teszt, az elektronikus teszt itt csak eszkoz) - ellendrzott
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felfedezésben hasznalhaté (helytelen valaszok utdn a hallgatét a
hozzarendelt feladatokra iranyitja) [4].

Példa: e-teszt Google Urlap-ban

A Google Urlapot mindenki szabadon hasznalhatja, aki rendelkezik Google
fiockkal. Els6sorban online Kkérdéivek Kkészitésére alkalmas, melynek
valaszlapjan nem csak a személyes valaszokat taldlja meg a szerz6, de azok
szazalékos aranyat és diagram abrazolasat is.

Jelen tanulméanyban a Google Urlap azon beallitasat szeretném kiemelni, mely
az e-tesztek tudasszintmérésre alkalmas és pontértéket azonnal mutatd
részére iranyul. Ehhez az (irlap inditasakor a beallitisok meniit kell elinditani,
melyben a Tesztek fiilon a ,Beallitas tesztként” kapcsolé segitségével be kell
kapcsolni a pontértékek hozzarendelését és automatikus osztalyozas
engedélyezését.

X Beallitasok

Altalanos Prezentacié

@ Besllitas tesztként
Pontértékek hozzrendelése a kérdésekhez és az

automatikus osztélyozas engedélyezése
Tesztbedllitasok

Erdemjegy kzzététele:

(® Rogton az elkilldést koveten

(O Kesdbb, a kézi ellendrzést kovetden

Bekapcsolja az e-mail-cimek begydjtését

Ava ok a

Elrontott kérdések @
Helyes vélaszok @
pontértékek (7)

1. abra: Teszt beallitasa

Amint az az 1. abran lathat6, a beallitas folyaman az is megvalaszthato, mikor
jelenjen meg a pontérték a tesztet kitolté személynek. Valaszthatjuk az
azonnali vagy a kézi ellenérzés utani elkiildést. Kézi ellen6rzés a nyitott
kérdések esetében kiilondsen ajanlott, mivel ellenérzéskor a széveges valasz
eltéré6 megfogalmazasa vagy kis- és nagybetiik rosszul alkalmazasa esetén
hibasnak itéli a feleletet az (irlap.

Amennyiben a teszt készit6je mar rendelkezik adatbazissal, csak annyi a
dolga, hogy kivalassza az adott feladat tipusat: nyitott kérdés esetén rovid
vagy hosszu valasz bedllitdsaval; zart kérdés esetén egy helyes valaszndl
feleletvalasztdés vagy legordiil6 listds, tobb helyes valaszndl jelolénégyzetes
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bedllitassal. A feladatok feltoltésekor egyarant megjelenithet6 kép, vide6 vagy
URL-cim.

A feladatok feltdltése utan a valaszlapon meghatarozhatjuk a helyes valaszt,
valamint a pontértéket (2. abra). Mentés utan a szerkesztd nézetben zold
jelzéssel lathat6 a helyes valasz, a feladat bal alsé sarkdban pedig a pontértéke.
A valaszokat fix bedllitott médon latja minden kitolt6, a feliilet nem keveri
Oket.

Valassza ki a helyes valaszokat:

Az dbrak kozll valassza ki a masodfoku fliggvényt! 2 = pont

a)

B ®

meE o

2. abra: Valaszlap szerkesztése és pontérték meghatarozasa.

Bar a feladatokat nem sorszamozza automatikusan a szerkeszté feliilet, de az
Osszpontszamot szamolja a jobb felsé sarokban. A beallitas fiiggvényében a
tesztet kitolté személy a bekiildés utan akar azonnal lathatja eredményét az
Osszpontszadmhoz mérten (pl.: 30 kérdésbdl allé tesztnél 26 helyes valasz
esetén 26/30 értékelés lathatd).

A Google Urlap alkalmazasat azoknak a tanaroknak a figyelmébe ajanlom, akik
egyszerl szerkesztéssel, az interneten keresztil, egy link megosztasaval,
csoportok/osztalyok kotelezd létrehozasa vagy e-mail kiildése nél- kiil
szeretnének tudasszintméro teszteket iratni a tdvoktatas folyaman.

Példa: e-teszt EduBase oktatdsi platformon

Az EduBase platform alkalmazdsa hasonléan egyszer(, mint az el6z6, de
elénydsebb a matematika tanarok szamara. Az oldalt ingyenes regisztraciéval,
de Google fiékkal vagy Facebookkal bejelentkezve lehet alkalmazni. El6nyére
utal, hogy rovid utmutaté talalhat6 az EduBase csoportok és Quiz 1étrehozasat
el6segitve, valamint bemutatjdk a platform alkalmazasi lehetéségeit az
oktatas kezdetétdl a szamonkérésig (3. abra).
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[@]EDUBASE = o om =) [

Megmutatjuk hogyan hasznéald az EduBase-t!

Oldalunk az oktatas barmely épésében rengeteget tud segiteni:

Szamonkirés Visszajelzés

3. abra: EduBase alkalmazasanak bemutatasa.

A szerkeszt6 a vezérl6pultbdl indithatja el a Quizek Osszegyiijtését és
létrehozasat a Quiz szettjeim menii segitségével. Uj teszt esetén el3szor annak
nevét és tipusat kell meghatarozni, a masodik lehet gyakorlas, vizsga és hazi
feladat vagy privat (csak sajat tesztelési célokra). Tovabb haladva lehet
feladatokat hozzaadni, melyet megtehetiink sajat szerkesztés segitsével vagy
az EduBase publikus feladattarabdl valasztva.

Az egyéni szerkesztések els6 lépéseként a Google Urlaphoz hasonléan a
feladat tipusat kell megadni, de jelentésen tobb opciét taldlunk. Az egy és
tobbszords helyes valasz mellett 1étre lehet hozni tobbek kozott szoveges
tipust, melyben a kis-és nagybetlik nem szamitanak, numerikus, matrix és
halmaz tipust valamint un. kifejezés tipust a nehezebb matematikai
kifejezésekhez. A matematikai képletek a kérdésben és a valaszban egyarant
szlikség szerint megadhatdék LaTeX képletek segitségével. A helyes valaszt és
a tovabbi opcidk rendezését és keverésének modjat a szerkesztd allitja be,
vagy kapcsolja ki.

Tovabbi beallitasi lehet6ségként talaljuk a valaszok pontértékének beallitasat,
mely alkalmazhaté alapértelmezett 1 ponttal vagy egyéni pont megadasaval,
de ki is kapcsolhaté, amennyiben gyakorlé kérdésnél nincs sziikség a
pontértékre. Ugyanitt bedllithatok biinteté6 pontok és megjegy- zések a
feladatokhoz, vagy magyarazatok, melyek a kiértékelés utdn jelennek meg a
valasz mellett. Egyéni pontozads és blintet6 pontok bedllitdsa esetén
szdzadokra pontosan tudjuk megadni azokat (4. dbra).
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]
EDUBASE « e = e
még tbb lehetsség
[ Valaszadas és Pontozas
(]

¥ Pontérték Egyed pontérték

Erték 2 =

BiintetSpont Egyedi pontérték

Miksdés Helytelen vélaszonként levonva

Erték 05 =

Maximum -

Megjegyzés

4. abra: Pontérték megadasa

A publikus feladattdrban a matematika 10 kategéridra bontott témakorébol
valaszthat a szerkeszt6 altémdakat, melyekben valtakoz6 mennyiségl
feladatok taldlhatéak paraméterekkel megadva. A kivalasztott feladatok
paraméterei minden megnyitaskor valtoznak, igy adott tipus gyakorlasanal a
tanul6 ugyanazt a tesztet elinditva kiilonb6z6 értékkel szamol.

Tovabbi el6nye a platformnak, hogy méri az egyes feladatokra szant kit6ltési
id6t valamint idékorlat is beallithat6, mely a tudas valés meghatarozasaban
segithet, mivel egy tul gyors valasz a tippelésre is utalhat, de a tdl lassu
valaszok esetén nem sikertil a kitoltének eljutni az utols6 kérdésig.

A tesztek EduBase csoportokban egyszerti kiildéssel kiadhatdk, de megosztasi
kulcs 1étrehozasaval a platformon kiviil is alkalmazhatéak. A végeredmény a
Google Urlaphoz hasonléan a tesztelt személy szamara kitéltés utdn azonnal
megjelenik pontértékben, de itt szdzalékban is. Emellett tovabbi elényt jelent
az EduBase szdmdara, hogy megtekithet6 minden feladat egyenkét sajat
valasszal és a helyes valasszal, igy a tanul6é pontos képet kap az elvégzett
munkarol. Ugyanezt az eredményt a szerkesztd is meg tudja jeleniteni sajat
oldalan a Quiz szettek kezelését megnyitva, azon beliill az eredményeket
kivalasztva. Lehet6ség van egyéni részpontozisra az extra pontok meni
megnyitasaval.

A tanar szamara letdlthet6 a csoport napléja is Excel tablazat formatumban,
melyben minden kiosztott tesztet és eredményt egyben megtalal.

4 Véleménykutatas elemzése

A karantén miatt hirtelen bekovetkezett tdvoktatds vége felé jarva pilot-
kutatast végeztem, melyben 27 - II. Radkoéczi Ferenc Karpataljai Magyar
Féiskola Matematika és Informatika Tanszék BSc képzésen tanulé nappali
tagozatos - hallgaténak kiildtem el egy riivid, 8 itembdl all6 Google kérdoivet.
Célom a hallgatoktol valo visszajelzés volt arra tekintve, mi a véleményiik az
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altaluk hasznalt platformokrdl és az online oktatasrol. A kérdéivet 2-en nem
toltotték ki, de a kitoltok kozott akadt olyan, aki nem valaszolt 1-2 kérdésre. A
kérdéseknél nem kaptak hangsulyt a szaktantargyak, csak a tanulas folyamata
és annak véleményezése.

A tanulas folyamataban leggyakrabban hasznalt online feliiletek mind a 25
valaszol6 esetében a Google Tanterem és a Zoom voltak. A 2 vdlasz
kivalasztasa mellett az egyéb kategériat is tobben kitdltotték, melyben
megjelentek a Geogebra, Google Meet, Skype és Redmenta platformok.

Anndl a kérdésnél, hogy a “Zoom mennyire segitett a tanulmanyaiban?” a
véleményezésnél az 1-es a legrosszabb (nem segitett) és az 5-6s a legjobb
(nagyon segitett) értékelés volt. A hallgatok tobb mint fele 3 (semleges) vagy
4 (kicsit segitett) valaszokat adott, de volt olyan valaszol6 is, aki szerint ez
nem segitett szamara. Jobb eredményt ért el ugyanezzel a véleményezéssel a
Google Tanteremmel kapcsolatos hasonlé kérdés, ahol a valaszadék majdnem
teljes egésze azt valasztotta, hogy nagyon segitett szdmadra a tanuldsban az
adott feliilet.

A karantén idészakaban természetesen nem csak a szaktantargyak esetében
hasznaltak a hallgatok online feliileteket. A 25 valaszad6bdl 3 nem felelt a
kérdésre, de kideriilt, hogy az e-tesztek esetében leggyakrabban a Google
Urlapot alkalmaztak, csak kevesebb esetben a felsoroltakbél valamelyik masik
feliiletet vagy az egyéb kategdriat kitoltve egyénileg felsoroltat, az EduBase
platfomot pedig nem is hasznaltak (5. abra).

Amennyiben alkalmaztak elektronikus teszteket, melyik platformont tették azt?

22 valasz

@ Google Urap
@ EduBase
Classtime
@ Redmenta
@ Google Urlap, Teexam, Redmenta

5. abra: E-tesztek a tavoktatasban a karantén ideje alatt

,AzZ e-tesztek alkalmazdsa tuta-e helyettesiteni az iskolai hagyomanyos
frasbeli teszteket? kérdésre a hallgaték véleménye majdnem egyontetiien
igen, csupan 3 szerint nem. Ennek ellenére a kovetkez6 kérdésre tobben azt
valaszoltak, hogy ez nem motivalja ket a tanuldsban.
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5 Osszegzés

Az e-tesztek szakszer(i 1étrehozasanak és értékelésének kozéppontjaban a
tesztelmélet 4ll, valamint olyan online oldalak ismerete, melyekkel
osszeallitjuk azokat. A tavoktatas folyaman sokaknak volt sziikségiik e-teszt
szerkesztésére a tudasszint felméréséhez, koztiik olyan tanaroknak is, akik
eddig papir alapon vagy szoéban feleltették diakjaikat. A tanulmanyban két
platformot mutattam be, melyeket szeretettel ajinlok minden tanarnak. Az
els6 egyszerlibb, nem matematikai jellegli, bar az is megoldhaté vele. A
masodikat f6képp matematikusok figyelmébe ajanlandm a feladatbazisa, a
képletek szerkesztése és a valasz kiértékelése szempontjabol.

A tanulmany masik fontos része egy kutatas, melyben a hallgaték vélemnyét
kérdeztem a tavoktatasban alkalmazott online feliiletekr6l és az e-tesztekrdl.
Azt a visszajelzést kaptam, hogy a tidvokatdsban gyakran hasznaltak e-
teszteket, amik bar helyettesitik az irasbeli tesztelést, de nem motivaljak 6ket
jobban. Véleményem szerint, ha nem is jelent szamukra elég kihivast az e-
tesztek kitoltése, mindenképp fontos szerepe van a tavoktatds tudasszint
felmérésében, és objektivebb lehet a korabban alkalmazottnal.
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DIGITALIZATION AND SPORTS: ICT-RELATED
CHALLENGES IN PHYSICAL EDUCATION TEACHER
TRAINING

Péter ANTAL, HU

Abstract: The principal challenge of the 21st century is the digitalization
process requiring the educational sphere to meet the demands of the new
instructional environments. While digital devices have been virtually fully
integrated in the instruction of natural science or humanities subjects,
different expectations apply to Physical Education teachers as digital boards
do not play a significant role in such instruction programs. At the same time
the increasing prevalence of digital and communication technology both in
competitive and recreational or amateur sports calls for the instruction of new
competences in Physical Education training programs.

Suffice to mention portable analytical devices assessing and analyzing the
actual state and the changes of athletes’ physiological conditions in real time
and in real contexts. Furthermore, tactical analysis, efficiency surveillance, or
movement analysis programs along with devices monitoring performance
and physiological conditions pervading non-professional sport as well can
provide crucial help to athletes and coaches. Since students enrolled in
Physical Education teacher training programs are expected to have different
ICT skills from their other colleagues in the profession special training
schemes are required for them.

My presentation at the juncture of sports and ICT introduces the information
technology aspects of the Physical Education teacher training programs at
Eszterhazy Karoly University and compares the results of a survey performed
among Physical Education teachers with that of the international trends.

Keywords: ICT, Digitalization, Sport, Performance, Competences.

1 Introduction

Digitalization, being one of the central issues of the 21st century implies the
challenge of enabling the teaching and learning process to meet the
requirements posed by the new educational environment. While in case of
natural science and humanities the use of digital devices has become accepted,
due to the differing expectations of Physical Education the digital board is not
considered a significant teaching device.

The benefits of applying ICT for educational purposes have been
demonstrated by numerous scientifically proven research results. One of the
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most often highlighted advantages of computer-based applications is the
respective motivational impact as several findings substantiate practical
experiences among them that using ICT devices on their own can have a
significant motivating capability. [1]

Consequently, the need emerges for the elaboration of such methodological
solutions which can be applied in subject matter-related instruction and
during informal learning while they can be combined with traditional
educational approaches. The efficiency of the instruction process can be
radically increased if instead of expecting Informatics teachers to solve our
problems such methodological components are integrated into the instruction
of subject matter which require ICT devices for the processing of the
respective material. The use of such devices and familiarity with the software
does not guarantee the development of digital literacy. Goal oriented content-
based solutions emphasizing the performance of the specific task related to
the given major instead of the use of the respective device can make students
more aware that info-communication technology is only a means to an end.
Thus the realization of the reason behind the use of the given ICT tool will
accelerate individual development. [5]

But, how should P.E. teachers react to the proliferation of technology and the
attendant requirement of new competences in light of the fact that digital and
communication technology have permeated both competitive and amateur
sports? Portable analytical devices are capable of measuring and analysing the
changes of the physiological conditions of athletes in real time and in real
contexts. Equally important are tactical analysis, efficiency monitoring, or
movement analysis programs along with performance and physiological
condition monitoring programs used in amateur sports and capable of helping
both athletes and coaches. Consequently, the special preparation of students
in P.E. teacher training programs is crucial as they are expected to use totally
different ICT devices compared to other actors in the public education sphere.

My presentation focuses on the information technology aspects of the P.E.
teacher training program at the Eszterhdzy Karoly University. 1 will also
discuss the results of a survey carried out among P.E. teachers in the field of
sports and ICT and compare the respective findings to international trends.

2 The evolution of the current global sports technology market

According to a report published by Transparency Market Research the global
sports technology market was valued at 21 609 million USD in 2016 [8] and
considering an estimated 14,7% annual growth rate between 2019 and 2027
the respective figure will be 93 825 million USD in 2027. Such dynamic
expansion primarily depends on the given technological developments and
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the enhanced informatics support provided for the technological background
of prioritised sports.

The most sought after options include analytical solutions, portable devices,
applications supporting team management, and software and services for
processing individual and team performance data.

= 2 Applications
Components . = Activity, analytics

: o . statistics
Wearable sport
devices tactics and simulation,
decision making,
training plans

Services game analysis &

training support

/ &6
(AT

€ SPORT& /
education  /

Figure 1: The composition of the sports technology market

The components of the sports technology market can be analysed from a
variety of perspectives.

¢ According to the composition or components
o Portable devices and sporting equipment

* Software
o Cloud-based applications
o Obtaining data on-site

Services

o Training and implementation
o Support and maintenance

o Directed /outsourced services
* Applications

o Activity monitoring

o Analytics and statistics

o Tactics and simulation

o Decision making support
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o Training plans and schedules
o Analysis of game performance
o Team analysis and processing
oInjury and health analysis
The above portfolio reveals the increased entanglement of sports and

technology and technology is expected to become one of the most useful
performance enhancement options.

Portable devices will represent the greatest market as these can provide data
directly to the analysts. According to a 2016 research of the Ericsson company
[6], technology will reach a sophistication level suitable for performing major
medical diagnostic tasks and could eventually substitute mobile phones after
2020. The Internet of portable devices will mean that users can establish
interaction with physical objects, not restricted to devices. 60% of users
believe that the proliferation of pills and subcutaneous chips in the next five
years will not only facilitate the monitoring of health related data, but the
opening of doors, the performance of transactions, the establishment of
personal identification, and the controlling of objects. Today 25% of smart
phone users use their sets for remote control operation of digital devices in
their homes and 30% rely on the voice-operated search functions of their
smart watch.

THE WEARABLE FUTURE =

-

ERICSSOM

1, FISING EXPEGTATICNS

B, ITERNET OF WENRRETE THINGS

Figure 2: Future trends of portable devices [7]
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3 The role of technology in P.E. instruction

The presence and legitimacy of technology in sports cannot be questioned and
even the introductory segment reveals how professional athletes rely on these
options. At the same time the methodological aspects of P.E. teacher training
programs do not consider the application of portable devices vital. [4].

While the options provided by portable devices have not been fully realized in
the European public education sphere either, there are some notable
examples including the Barcelona-Paris virtual run [3] and the Portable
Devices as Means to Promote Children’s Active Lifestyle experiment carried
out in Italy. The latter scheme relied on a mobile application to encourage and
inspire children to walk to school. [2]

In the past few years sports and physical exercise have been given special
attention in Hungary as well. Starting with the 2011/2012 school year a
mandatory five P.E. classes a week schedule had been introduced. The
efficiency and success of this program is crucial for the health of the upcoming
generations. Furthermore, in 2013 the Hungarian Student Sport Association
launched its prioritized project titled The development of a new P.E. Strategy
and the related measuring or assessment system in order to promote
voluntary participation in the complex school-based exercise programs.

The project aimed at the establishment of a coherent, health-centred fitness
assessment and evaluation system named NETFIT. The application of the
given software facilitates personalized evaluation options for all students by
visual demonstrations of fitness conditions and making specific
recommendations for potential improvement. The NETFIT system is used by
approximately 3 700 schools, 800 000 students and 13 000 teachers. While
the use of the system requires an open mind toward the acquisition of digital
competences, P.E. teacher training programs do not prepare students for
using such equipment. [6].

4 ICT innovation in P.E. teacher training programs

In light of the abovementioned trends we can conclude that the dynamically
developing field of sports informatics cannot be left out of any training system.
While previously the Eszterhazy Karoly University offered a course for P.E.
teacher training programs, the specific subject titled Instruction and
Communication Technology mostly focused on the educational use of ICT
devices and the related methodological options in a general sense.

Beginning with the 2017/2018 academic year we started a pilot program for
students participating in P.E. teacher programs titled ICT innovations.

The aim of the course is to familiarize students with information required for
the efficient use of 21st century ICT devices with special attention to their
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application for sports and recreation. It is important that students become
familiar with new sports technologies and methods along with the elaboration
of the respective application methodology pertaining to the chosen
specialization.

The one semester course includes a two hour per week practice-oriented class
whose completion is worth two credits.

The most important themes of the course are listed below:

*  The impact of information and communication technologies (ICT)
in the 21st century.

*  The conceptual system of ICT, the foundations of the information
and network-oriented society.

e 21stcentury communication and instruction forms: the conceptual
system of the electronic learning environment.

e The application of technology in recreational and competitive
sports (sports analytical, performance analysis systems).

» Portable technologies, creative media technologies (the use of
smart devices during sports and recreational activities).

*  Educational application devices and software, data sharing in the
cloud.

* Knowledge acquisition based on portable devices, mobile
communication devices and the content industry, options of
performance assessment in schools.

e Illustration, demonstration capability, the main features of
electronic publications, the foundations of a presentation.

* Presentation preparation on-line, the practical use of Prezi.
*  The foundations of digital technology-based research design

5 Examining the relevance of the subject

In order the establish the content-based relevance of the subject and assess
the opinion of students I performed a questionnaire-based survey and
conducted mini-interviews with full time and part time students. Altogether
38 people responded to the inquiry.

The main themes of the questionnaire included the technological background
and device use of students along with the relevance of the given subject
matter.

During the micro-interviews I asked students representing the age group of
digital natives about their knowledge of the information-based society and its
impacts.
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The interviews focused on the following themes:

1. How does the technological development impact your age group,
describe both the negative and positive influences.

2. How can modern technologies be used in your own sport?

3. How do media impact sports and vice versa, what are the respective
benefits and disadvantages?

4. Whatkind of ICT devices are expected to emerge in the future?

5. How can technology help sports, what kind of devices would you be
willing to use in your sports activity? Which ones would you consider
helpful?

6. Do you believe that the knowledge you received in all three levels of
education (primary, secondary, and higher education) is sufficient to
meeting the challenges of the information society, and if so, to what
extent?

[ will introduce the most interesting responses below.

6 The results of the questionnaire

How important do you consider the presence of state of the art
information technology in sports?

38 responses

19 (50%)

5 6 (15,8%)
0(0%) 0(0%)
4]

1 2 3 4 3

not important=1, very important=5

Figure3: How important do you consider the presence of state of the art
information technology in sports? (38 responses)

All participants gave a positive answer as practically 80% of students
appreciate the options provided by modern technology and its capability to
provide help in sports. Yet, the research also reveals that 20% still reject the
use of technological achievements in sports. The reasons for this negative
attitude include the belief that technology could illegally increase sports
performance and some participants who were not involved in competitive
sports felt there was no proven need to integrate technology in sports.

219



XXXIII. DIDMATTECH 2020
EOTVOS LORAND UNIVERSITY (ELTE) FACULTY OF INFORMATICS

Have you used any smart device during sports activity?

40 responses

31 (81,6%)

No

0 10 20 30 40

Figure 4: Have you used any smart device during sports activity? 40 responses

Students have expressed an overall positive opinion related to device use as
most of them have relied on smart watches or body sensors combined with
telephone and tablet. At the same time more special instruments (smart
clothes, smart shoes, or devices measuring cardiologic data) have not yet been
deployed. The responses revealed that due to a lack of appropriate familiarity
not everybody uses such devices properly or can maximise their potential.

How can technology motivate sports performance?
38 responses

20

17 (44,7%)

10 11 (28,9%)

5(13,2%)

. 2(5.3%) 3 (7,9%)

1 2 3 4 5

not important=1, very important=5
Figure 5: How can technology motivate sports performance? 38 responses

Most students pointed to fast feedback as the main motivational feature of
portable devices. More skeptical respondents doubted the reliability of the
results or (probably with good reason) questioned the accuracy of the devices.
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How do you consider, P.E. teacher training programs to be more
technology-oriented in the future?

38 responses

20
18 (47, 4%)

12 (31,6%)

7 (18,4%)

notimportant=1, very important=5

Figure 6: How do you consider, P.E. teacher training programs to be more
technology-oriented in the future? 38 responses

How do you consider the familiarization of university students with
modern performance assessment and analytical devices essential?

38 responses
20

15 16 (43 2%) 16 (43,2%)

B e ——

1 2 3

0

not important=1, very important=5

Figure 7: How do you consider the familiarization of university students with
modern performance assessment and analytical devices essential? 38 responses

Respondents reacted positively to both questions regarding the relevance of
the training and the content of the subject matter. In both instances 70% of
respondents supported the technological renewal of the training programs
and promoting the acquisition of the respective information.
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7 The results of the mini-interviews

I would focus on two of the most interesting responses concerning the
challenges of the digital world.

1.How does the technological development impact your age group, describe both
the negative and positive influences.

The responses differed and showed doubts concerning the omnipotence of
technology and highlighted the strange and controversial aspect of the
contemporary world.

One respondent referred to himself as a human tamagochi, living every minute
according to an electronic calendar. Some pointed to the benefits of time and
space-independent electronically available educational materials and there
were those who referred to the inspirational capacity of social media enabling
them to achieve higher performance by following their role models in sports.

2.Do you believe that the knowledge you received in all three levels of education
(primary, secondary, and higher education) is sufficient to meeting the
challenges of the information society, and if so, to what extent?

Most respondents did not feel that their level of preparation to meet the
challenges of the information society was satisfactory. They stated that they
were unfamiliar with truly reliable information sources, and rarely received
proper answers for goal-oriented questions. Furthermore, they didn’t learn
search strategies, and knew only a few applications that make their lives
easier (synchronisation of class schedule from the Neptun system to a mobile
phone).

8 Summary

The results of the research prove that information technology-related issues
should be integrated into Physical Education teacher training programs since
this technology has become part of everyday life. Students, however, need
additional effort to improve their knowledge. The inquiry also raises the
question whether the integration of mobile technology in P.E. classes results
in a motivating impact or leads to positive developments.
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INTERAKTIVNY UCEBNY MATERIAL AKO POMOCKA NA
ROZVO]J PRIESTOROVEJ PREDSTAVIVOSTI ZIAKOV

Tibor SZABO, 11diké PSENAKOVA, SK

Abstrakt: Priestorova predstavivost zohrava doleziti tulohu v Zivote
jednotlivca, preto musi byt spravna a efektivna podpora jej rozvijania aj v
ramci edukacného procesu. Poukazujeme na moZnosti vyuzitia interaktivnych
uCebnych materidlov na podporu tychto zrucnosti, popritom hl'addme
multiplatformové rieSenie, aby materialy mohli byt plnohodnotne vyuZiteI'né
aj na smartfénoch.

KI'icové slova: priestorova predstavivost, interaktivne ucebné materialy,
GeoGebra, Hot Potatoes

INTERACTIVE LEARNING MATERIAL AS AID FOR THE
DEVELOPMENT OF STUDENTS’ SPATIAL IMAGINATION

Abstract: Spatial imagination plays an important role in an individual's life,
so there must be proper and effective support for its development in the
educational process. We point out the possibilities of using interactive
teaching materials to support these skills. In addition, we are looking for a
multiplatform solution so that the materials can be fully usable on
smartphones.

Keywords: spatial imagination, interactive learning materials, GeoGebra,
Hot Potatoes

1 Uvod

Priestorova predstavivost je neoddelitelnou stcastou nasho kazdodenného
Zivota. Je nevyhnutna pre cloveka pri vedeni motorového vozidla, pri
zariad'ovani bytovych aj nebytovych priestorov, pri orientacii vo volnom
priestranstve, pri roznych priestorovych tkonoch, ale aj pri vyhl'adavani
udajov na webovych strankach a pri praci s hypertextovymi dokumentami. Na
trhu prace st rozne profesie technického, ale aj netechnického charakteru,
ktoré vyzaduji odborné znalosti a schopnosti nevyhnutné na orientaciu
v priestore, na zaklade ktorych je mozné navrhnut adekvatne priestorové
rieSenia.

Vysledky réznych vyskumov ukazuji, Ze priestorové zrucnosti
(senzomotorické a haptické tvarovanie, manipulacia s objektmi v priestore,
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prezentacia priestorovych vztahov a pod.) si dolezitymi schopnostami
Cloveka, ktoré musi vyuzivat v roznych situaciach a v roznych profesiach.

2 Sucasny stav

V medzindrodnych meraniach PISA sa ulohy sluZziace na meranie
matematickej gramotnosti z hl'adiska matematického obsahu sdstred'ujui na
kvantitu, priestor a tvar, zmeny, vztahy a zavislosti, nahodnost a na tudaje.
Dosiahnuté vysledky Ziakov v medzindrodnom meradle odzrkadl'uju v urcitej
miere aj uroven ich priestorovej predstavivosti. V rokoch 2012 a 2015
vysledky na Slovensku boli pod celkovym priemerom (Obrazok ¢. 1), ale
dosiahnuté skdre vposlednom merani vroku 2018 uz nevykazovalo
Statisticky vyznamny rozdiel od priemeru krajin OECD. [1]

505
500 -

495

485 -+
~@-Slovenska republika
480 ~{li=priemer krajin OECD

475

470
465

460 -+
PISA2003  PISA2006 PISA2009 PISA2012 PISA2015  PISA 2018

Obrazok 1: Priemerné dosiahnuté skére SR a krajin OECD v matematickej
gramotnosti v jednotlivych cykloch $tidie PISA (Zdroj: Narodna sprava PISA 2018)

»Podla PISA sa Ziaci nemaji v $kole naucit’ vsetko, ¢o budii v dospelosti
potrebovat, ale mali by ziskat schopnost’ efektivne sa ucit. Prdve z uvedenej
poZziadavky vyplyva potreba venovat zvysentl pozornost rozvijaniu priestorovej
predstavivosti ako nutnej podmienky pre sprdvne vnimanie javov v priestore
a ich manipuldcii.” [2]

Pedagdgovia pocas vyucovania by mali venovat dostato¢nu pozornost aj tejto
problematike a pripravovat ucebny material podl'a moznosti aj s ohl'adom na
podporu priestorovej predstavivosti Ziakov.

3 Predstavivost a priestorova predstavivost’

Alberta Einsteina urcite nemusime predstavovat, jeho meno je vSeobecne
zname na celom svete. Predstavime vSak jeho vyroky, ktoré st spojené prave
s predstavivostou: ,Predstavivost’ je ddleZitejsSia neZ vedomosti. Vedomosti su
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obmedzené, predstavivost’ vsak obopina zemegulu.“, a tiez ,Pravym znakom
inteligencie nie st vedomosti, ale predstavivost.” [3]

Ak ste uz niekedy a niekde videli fotografiu Alberta Einsteina, pri Citani jeho
vyrokov ste si ho urcite vedeli predstavit ako fizatého pana s rozcuchanymi
Sedivymi vlasmi.

Predstavivost sa najcastejSie charakterizuje ako psychicky obraz predmetov
ajavov, ktoré v danej chvili nevnimame. Predstava vznika na zaklade toho, ¢o
sme v minulosti vnimali a zazili.

Priestorovu predstavivost mdzeme definovat, Ze “je to nieco, o ndm umoZriuje
vidiet'to, Co este nie je - teda vytvdrat'si predstavy geometrickych objektov a ich

’

rozmiestnenia; vediet'v predstave s tymito objektmi manipulovat.” [4]
V podstate pomocou priestorovej predstavivosti dokaze clovek vnimat
prislusné objekty v priestore a vie urcit aj ich vzajomnu polohu.
Priestorova predstavivost uludi sa postupne rozvija uZ od narodenia.
V zivote c¢loveka vSak existuju optimalne Casové obdobia, ktoré su zvlast
priaznivé pre rozvoj priestorovej predstavivosti. Prvé obdobie je vo veku 5 az
6 rokov (materska Skola) a druhé vo veku 11 az 12 rokov (5. a 6. ro¢nik
zakladnej $koly). Je vSeobecne zname aj to, Ze dievcata maja horsie rozvinuté
priestorové videnie ako chlapci. Vysvetl'uje sa to aj s faktom, Ze chlapci sa
pocas prvého obdobia Zivota hraju viac s kockami, legom a stavebnicami. [4]
V druhom obdobi je mozZné efektivne rozvijat priestorovid predstavivost
ziakov najmia prostrednictvom takych predmetov ako je matematika,
informatika, ale aj vytvarna vychova. V ramci vzdelavacieho obsahu vymedzit
presné miesto priestorovej predstavivosti nie je jednoduché, pretoze ma
multidisciplinarny charakter.
Inovovany Statny vzdelavaci program z matematiky pre druhy stupen
zékladnych $kdl (ZS) uvadza, Ze na konci 5. ro¢nika by Ziaci mali byt schopni:
e postavit jednoduchud stavbu z kociek podla navodu (nacrtu, ndkresu,
koédovania) a naopak,
e urcit pocetjednotkovych (rovnakych) kociek, z ktorych sa sklada kocka a
kvader (propedeutika objemu). [5]
V dolezitom 6. ro¢niku pracuju vylucéne v rovine, ale v ro¢nikoch 7.- 9. sa uz
obsah ststred'uje aj na stereometriu.
Uroveti priestorovej predstavivosti Ziakov je mozné zlepsit vo vyucovani
réznych predmetov najma zarad'ovanim tuloh zameranych na jej rozvoj.
Ucitelia maju viacero moznosti, ako dant schopnost ziakov rozvijat:
¢ zadavanim grafickych tuloh, vyzadujuicich predstavivost Ziakov pri ich
rieSeni (napriklad v predmetoch: matematika, programovanie,
vytvarna vychova, technicka vychova),
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e tvorbou grafickych zobrazeni vnimanych objektov (vytvarna
a technicka vychova),

e vyytvaranim Ziackych produktov (matematika - papierové modely
telies, bioldgia, vytvarna a technicka vychova),
¢ zadavanim problémovych uloh, ktoré si vyzadujui manipulaciu
objektov v priestore,
¢ navrhom a rieSenim interaktivnych tloh a cvic¢enf a pod.
Na rozvoj priestorovej predstavivosti je moZné pouzit aj motivacné cvicenia,
ktoré st pouZivané v inteligentnych testoch a maju suvis s grafickym
zobrazovanim objektov.

4 Interaktivne u¢ebné materialy na rozvoj priestorovej predstavivosti

V kazdom vyucovacom predmete su témy naro¢né na predstavivost Ziakov,
ktoré vyzaduju nazorné zobrazenie uciva. Je len na pedagdgovi, ako dokaze
zvladnut tato skutocnost, aké prostriedky vyuzije na ulahcenie
pochopitelnosti uciva pre Ziakov.

4.1 Hot Potatoes

Hot Potatoes je jednoduchy, volne dostupny softvérovy balik, ktory je
vsucasnosti uz dostatocne znadmy aaj vyuZivany ucitelmi na tvorbu
interaktivnych cviceni a testov. Vzhl'adom k tomu, Ze umoziiuje pouZivat aj
grafické prvky, daju sa v iom vytvarat aj cvicenia, v ktoré si vyzaduju urcita
priestorovu predstavivost Ziakov. [6]

V ramci predmetu informaticka vychova na 1. stupni ZS sa deti u¢ia znacky,
ktoré su v programoch na ovladanie video nahravok, ako je pretacanie vpred,
vzad, zastavenie, spustenie. Ak vytvorime interaktivne cvic¢enie (Obrazok 2),
v ktorom tieto geometrické utvary zoradime vedl'a seba a pri kazdom spusteni
cviCenia sa objavia v réznom poradi, pri rieSeni tejto Ulohy si Ziaci musia
namahat' svoju predstavivost, aby vedeli spravne priradit, ktory dtvar co
znamenad a tak vedeli spravne odpovedat na poloZené otazky.

VyuZivanie interaktivnej tabule a interaktivnych u¢ebnych materidlov v rdmci
informatickych ainych predmetov je len jednou zmoZnosti na rozvoj
priestorovej predstavivosti Ziakov a Studentov. MoZnosti je vSak ovela viac
a najma niektoré pocitacové hry, ako su napriklad Minecraft a SimCity, mézu
silne podporit rozvoj priestorovej predstavivosti deti, ale aj 3D tla¢ a virtualna
realita urcite k tomu mo6Zzu prispiet.
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ELLL

Obrazok 2: Ukazka interaktivneho cvicenia z informatickej vychovy

4.2 GeoGebra

Je nespochybnitelny fakt, Ze priestorovd predstavivost uzko suvisi
svyuCovanim matematiky. Jednym z najzndmejSich volne dostupnych
matematickych softvérovych nastrojov na podporu vyucby matematiky je
jednoznacne GeoGebra. Tento softvér je mozné efektivne vyuzit aj na podporu
rozvoja priestorovej predstavivosti Ziakov na zakladnych a strednych skolach.
Softvér mézu ziaci vyuzivat na hodinach matematiky v skole ale aj doma.

Na tvorbu a generovanie novych uloh, na vyhodnotenie odpovedi, na spatna
vazbu ale aj na zabezpecenie interaktivity je moZzné vyuzivat programovanie
v jazyku JavaScript a/alebo GeoGebraScript. [7] Funkcia 3D Graphics View
umoZni ziakom napriklad otdcanie, pribliZovanie a vzd'alovanie objektov
v priestore (zoom), apopritom vokne Graphics mozu vidiet pddorys
priestorového ttvaru (Obrazok 3). Dal$ou vynikajiicou vlastnostou tohto
softvéru je aj jeho dostupnost pre vSetky zname pocitacové operacné systémy
(Windows, Mac OS, Chrome OS ardzne Linuxovské distribucie), ale aj pre
tablety a mobilné telefény (Android a iOS). Poskytuje aj moZnost prace
priamo v on-line prostredi cez webovy prehliadac. Pre mobilné zariadenia
GeoGebra sa mdZe pouZivat jednak cez webovy prehliada¢ alebo sa da
nainStalovat priamo do pamaéte zariadenia. Pri volbe inStalovanej verzie
jednotlivé okna, ako napriklad aj 3D Graphics View su realizované
v oddelenych aplikaciach (3D Calculator). Pre operacny systém iOS je
dostupny softvér GeoGebra Augmented Reality, ktory poskytuje mozZnost
rozsirenej reality. Prave tato technika méze byt vel'mi uZito¢na pre rozvoj
priestorovej predstavivosti Ziakov.
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» Graphics 5 | » 3D Graphics

2

Obrazok 3: Ukazka ulohy z programu GeoGebra (Zdroj: Autor)

5 Zaver

Priestorova predstavivost zohrava dolezitu ulohu v kazdodennom Zivote
jednotlivca, ¢i uz je to vpraci alebo vosobnom Zivote, preto nemdzeme
zanedbat jej rozvoj uz v predskolskom a v skolskom veku dietata.

Zlepsujuca sa dostupnost a moznosti modernych mobilnych zariadeni, ako st
smartfony a tablety umoznuju ,modernizovat” tradi¢nu triedu v sulade
s trendom BYOD (Bring Your Own Device), ale ich mobilita umoZiiuje ucit sa
napriklad aj pocas cestovania vlakom, autobusom alebo aj lietadlom. [8]

Vplyv SMART zariadeni na Zivot v modernej spolo¢nosti je nepochybne
enormne velky ama vsebe obrovsky potencidl aj v oblasti vzdelavania.
UcCebné materialy a softvéry na podporu vyucby by preto mali byt plne
funkc¢né a dostupné aj pre tieto zariadenia.

Cldnok bol publikovany vd'aka projektom KEGA 015UKF-4/2020 ,Rozvoj
priestorovej predstavivostil0-12 rocnych Ziakov zdkladnych $ké61“a KEGA 015TTU-
4/2018 ,Interaktivita v elektronickych didaktickych aplikdcidch.”
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EDUCATORS’ EXPERIENCES USING REAL-TIME AND
DIGITAL SOLUTIONS DURING EMERGENCY SITUATION

Viktéria BAKONYI, Zoltan ILLES, HU

Abstract: In the spring of 2020 people’s daily life has drastically changed
because of the COVID-19 virus, schools were locked down, however the
government’s decision was to continue the education. Therefore teachers,
students and parents faced a brand-new situation. Everything must be solved
in the digital word. We were interested how it was managed by the
participants, what are their impressions after two months of this irregular
work, what kind of difficulties they had. We made some deep interviews to
explore the background. In this paper we would like to present their opinions.

Keywords: real-time, education, digital education, on-line.

1 Introduction

We are living in the digital world, and the digitalization of schools are in the
focus. In 2016 the government accepted the Digital Educational Strategy [1] -
which supports WiFi for each school, the usage of new technologies (e.g.
robots) and offers modern teaching methods by the Pedagogical Center [2].
The fact that education still mainly uses the classical methods of teaching
except some well-trained and innovative teachers who have experimented
with modern tools and new methods to get a more efficient result and
motivate their students. But we were miles away from saying that all our
schools, all the participants are ready to use on-line or moreover real-time
tools in their daily work. This was the situation when from one day to the
other suddenly schools were closed, and education had to move to the digital
space due to COVID-19 from elementary schools to higher education.
Normally, such a big change is deliberated well, supported by a lot of tests,
suggestions and a pre-built assistance network - now they were missing at the
very beginning (though it was quickly formed e.g. ELTE students supported
page [3] ), so educators faced a lot of unanswered questions.

Generally, it is said that digital education was successful [4] but we were
interested in the details too, because sometimes “the devil is in the detail”. Our
research topic is real-time systems, applications, and their usage in education
[5,6] - therefore, we are especially interested in this point of view. From other
case we are informatics specialists, so we want to focus on informatics
teachers, their work, their feelings and results. Therefore, we collected some
personal opinions, how the teachers got by.
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2 Interviews

We decided to make some detailed interviews. First, we made a small
summary of the questions (semi-structured interviews) we should like to
discuss with the interviewees, and it was sent to each possible participant.

2.1 Topics
The pregiven topics were as follows:

“In March 2020 due to the emergency situation, schools must move to digital
education within some days, which demanded a high flexibility knowing that
students have different technical possibilities.

How did you organize your lessons, exams (streamed lesson, captured video,
submitted or online tasks list/ essay / on-line quiz /other? How many of them
were on-line, real-time occasions? What type of applications did you use? How
many of your students were able to join to these lessons? How could you solve
the exams?

Due to the student feedbacks what method(s) were preferred by the students?
What is your experience - when are students more active, during the classical
lessons or using on-line possibilities? What is the more efficient way of teaching:
digital or classical? How can you activate them? Were there students who were
more successful or unsuccessful comparing their previous results? What are the
reasons of it by your opinion (diligence / family background / community
/others)?

When education goes back into normal school frame what method or
possibility would you use from the newly tried ones? How the schoolwork was
reformed by digital education period? Do you have any other remark?”

2.2 The interviewees

At last, four educators accepted the call for the interview - we recorded them
or made notes not to forget the details. Each of them is informatics teachers
or programmer mathematicians according to their degrees and active
teachers with practice. Three of them are working in our university giving
lectures or having practice courses and one of them is a secondary school
teacher. It was an expectation at the university to hold the courses in real-time
according to the original schedule of the semester. Usually it was the decision
of the given school, decided by the age of the students, and their technical
possibilities. As a not waited result the interviewees spoke about their
experiences as parents too.
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2.3. 1stinterviewee

The interviewee is a senior male teacher without children in public education,
who gives both lectures and practices.

How did you organize the lessons?

In each semester he publishes to the students his precisely worked out ppt-s,
tasks list and demo codes. This semester he used Canvas system [7] as the
chosen LCMS (Learning Content Management System) which is preferred by
the faculty. The learning content was created in Canvas for both of his lectures
and practices.

During the emergency situation, he always recorded his lecture previously
and it was expected to watch by the students. In the original lecture time, he
used Teams [8] as a real-time classroom management tool. He did not record
it, but students might do it with his permission. First, he summarised the
recorded lecture and then he explained additional information and waited for
the students’ questions.

In the case of practices for which he also used Teams - he explained the tasks
and gave some minutes to think. He asked the students to finish the work and
send it to him after the lesson.

What about exams & grading?

We all know that students may try to work together under such circumstances
- itis impossible to avoid it totally, but we may make it more difficult to do so.
For full-time exams he used Canvas quizzes with several tasks in several
question groups. The task list for a student is composed by the system
randomly - it is almost not possible to get the same task list for two or more
students. The time available was not too much, so they did not have enough
time to help each other. In the case of shorter exams, he created a lot of tasks
and assigned them to students - they had to upload it to Canvas. He gave small
grades for answering questions to activate them a bit.

What are your personal experiences?

The lessons became unpersonal. It is very difficult to explain to the “monitor”
and not to students. The real-time feedback is missing. You do not see how
they understand a given topic.

A lot of students do not do anything knowing that the teacher does not see
them - sometimes they try to skip the lessons. When he wanted to see their
work sharing the monitors it happens that a lot of them did not work. It is not
easy to activate them. They do not like to question or answer in the classical
way using their voice, they prefer chat. To tell the truth they are not too busy
to send the tasks and they did not use Canvas forums to discuss topics.

233



XXXIII. DIDMATTECH 2020
EOTVOS LORAND UNIVERSITY (ELTE) FACULTY OF INFORMATICS

In many cases students say that they face technical issues. Sometimes it must
be true but sometimes they put upon with this if they do not want to share
their work or do not want to answer. If there are not equal conditions for
everyone then it is fair to accept the excuses, but this situation must be solved
somehow.

This digital education requested much more time to create the additional
videos, to correct the small tasks and to create a lot of tasks for exams.

What do you want to keep from the new methods in a normal term?

The benefit of the recorded lecture video is evident by his opinion. During the live
lecture the lecturer will have more time to give interesting details and let them
ask.

2.4. 2nd interviewee

The interviewee is a female teacher with two children who gives both lectures
and practice courses.

How did you organize the lessons?

In each of her subjects the students got a lot of documents and the ppt-s before
lessons as regularly in classical semesters. In the case of English trainings she
usually collects base video tutorials and makes them available for them. She did
not record the lessons to make students’ communication freer.

Since she teaches several subjects her practice differs slightly sometimes. In one
of her subjects there were centrally created videos which students had to watch
before or during the lessons and they might ask if there was any question - she
did not see whether they work or not so it was less efficient from a teacher’
viewpoint, using Teams and not being personally there. There were some
practices when she added plus knowledge to the pregiven ones - these lessons
were more successful.

The lecture ppt-s for English students were created and published 2-3 days
before the scheduled time. She wrote everything on the slides and used Video-
puppet to narrate it. During the real-time occasions managed by Teams she
divided her time to two parts: consultation and the presentation of how the
theory in the ppts may be transformed to practice. Sometimes 70% of the lecture
was used for presenting practical solutions of the examined theory.

What about exams & grading?

Exams were organized using Canvas possibilities especially the quiz assignment.
It is very useful to create question groups (3) a lot of questions (7-8) inside them
and the system randomly choose one from each group. Therefore, usually
everybody gets a totally different task list. In the so-called paper exam when they
had to plan the algorithm of the tasks, they had to make sketches, make photos
and upload them. They got enough time to do the work but not enough to find
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others with the same questions and compare the solutions. The coding exam was
similar, but they had to upload their works several times to be able to check they
do not get the solution but work continuously. According to her opinion it was a
bit hard to them to interrupt their work time-to-time and upload it to another
place. Copying was not general only in some cases they found suspicious exams
(1 was clear).

What are your personal experiences?

Mainly the students are passive. They try to avoid speaking even in the case when
they know there is no recording. In smaller groups e.g. in teachers training the
situation was different they became more active after some lessons. They asked
and shared their screens. At about 10 students from 50-60 are active in a
discussion. Usually if they communicate, they prefer chatting. At last she used
likes . which is a great idea) to get some reactions. (E.g. Was it successfully
downloaded? There were no voice answers. But if she asked to use like if it was
successfully done then they did.) Sometimes she felt that the students do
something else due to the silence. She gave a task and after some minutes wanted
to see the results - lot of students did not do anything.

This type of teaching requires more work from the teacher to make the video
tutorials, ppt-s with remarks and to create exams with a lot of tasks.

What do you want to keep from the new methods in a normal term?

It was good practice to give the ppt-s earlier I could focus on the specialities of
the topics, answer to questions and give practical presentations during the
lecture time.

From the other side — experiences as parent:

She was half joking that her children punctually know the exact place of the
topics in the books - but she is not sure how deep is their knowledge now.

2.5. 3rd interviewee

The interviewee is a male teacher with two children, one of them started
school this year. He has practice courses this semester.

How did you organize the lessons?

In Canvas or in Moodle there is the base content of the lessons - as it was in
earlier semesters as well. Now, he used Teams for the live-courses and made
records of them. After the lesson he edited the records cutting out the not needed
empty seconds and uploaded it to Streams.

In the classical education periods, he usually use the board to write the data
structures and makes some sketches to plan together the task - now he had to
find a new tool for this, and it was Excel - though at first sight it seems to be a
surprise. During the lessons the practice proved that it is perfect to write down
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the data structure or to present the example input or output data. The totally
solved tasks are not published - only the first steps. “There is no royal way to
knowledge” - they must work.

What about exams & grading?

He usually asked students to finish the started programs and upload it to Teams.
Big homework upload remained in Canvas or in Moodle.

To make the environment for the exams as fair as it is possible in this situation,
he did not give one big task with a long time period, instead of several smaller
ones. There were several task groups and several tasks in each of them from
which the system chose randomly. He gave 15 minutes for one and they must
start it in the same time. There was a small time gap to avoid technical problems
but they did not have enough time to find another student with the same task
and copy the solution. Most of the cases this idea worked - there were no signs
of massing copying.

What are your personal experiences?

He mentioned that it was difficult to activate the groups if it was possible at all.
If there was a discussion only 3 or 4 students joined to it actively - the same
students who were busy in the “normal” period. During the rear occasions they
join the preferred way of their communication seems to be chatting and not
speaking. There are less feedbacks — which help teachers to react their needs.

A lot of students did not work and did not upload the tasks he had asked to finish.
He felt the lack of seeing their work, their monitors - the personal care during
classical courses force students better to work. It would be great to have a
common software tool to do this - like TeamViewer. This digital education is
more unpersonal - though personal care is very important in teaching.

A lot of plus work was needed from the educator to edit the videos, to make task
lists.

What do you want to keep from the new methods in a normal term?

Sometimes it would be great to be able to give lessons from far away of the
university — in the case of an illness or being in a conference. To give
consultations on-line it would be more flexible. By his opinion whole recorded
practices are not worth to publish, because a practice is so unique product with
the interactions, but some parts e.g. frontal explanations may be useful. The
records of lectures are more valuable from this point of view and sparing time
live lectures may have some questioning, interactive parts. Naturally some tool
should be used to force that they listen to the lectures.

From the other side — experiences as parent:

His elder child started school this year. A 6-7 years old child is not able to learn
alone. There were not on-line real-time lessons at all. They got the tasks by e-
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mail - at about the time of the scheduled lesson. It was easier to the parents to
manage the work at home. The child is not so motivated as he was in the school.
But an additional benefit was that the younger child learned to read listening to
his brother.

2.6. 4th interviewee

The interviewee is a female teacher with three children, two of them attends
elementary school. She teaches in a vocational secondary school.

How did you organize the lessons?

In the institute, education was organized on-line but mainly not in real-time.
The school created a schedule and each of the subjects got a day per week to
publish the newness, explanations, the week task list or give exam tasks.

The school chose Google Classroom [12] as official and Kréta [13] (it is
compulsory for the public schools as an application to connect parents,
teachers and students.) She used voice recording for explanations, added
ready-made videos from Zanza TV [14] and used lessons from NKP [15]. She
created task lists with Sutori [17], and Viewgenial [16]. Only 2-3 real-time
occasions were organized in Meet [19] during this 2-month period, which
were not compulsory due to the school rules. Only at about 10% (7%-13%) of
the students joined to the live group.

What about exams & grading?

In secondary schools there should be more grades than in higher education. She
gave homework and additional tasks to solve. The students may choose between
easier and more difficult tasks to make the grading as personal as it could be.
Sometimes they had to make photos from their work and send them to her. For
exam she used Redmenta [18].

What are your personal experiences?

Soon their personal daily schedule collapsed, they wake up very late. Most of
them postponed their work to the last moment, they were not motivated to do
their duties. Half of the students did not send back the tasks at all.

Their communication mood changed - they were less polite than they would
be in an eye-to-eye situation. Sometimes they do not use the official channels
but instead of trying to send messages through Messenger or Facebook. We
can mention as the reasons of the results with personal attitudes, family
background and the fact that schools must be very tolerant due to possible
technical problems.

Contrary there were some students who win with this type of education, those
who are motivated and busy. They lived with the possibility to contact with
the teacher (by Meet) and get personal explanations and answers to their
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questions. It would have been open for everybody because the teachers had
to be on-line available during the workdays in a time period.

What do you want to keep from the new methods in a normal term?

It is a benefit of this situation that teachers were forced to try a lot of
applications and tools. Quite a great amount of multimedia digital lesson
sketches, demos, task lists were created and collected which can be used later
like her Sutori documents.

From the other side — experiences as parent:

At first, it started hard, by getting only several pages long documents with the
tasks. As usually in real life some of the teachers found good possibilities to
create exciting tasks and make real-time on-line lessons, some of them were not
so skilful and gave only copy tasks which were very dull. One of the problems
were that the teachers used different communication channels and sometimes it
was not easy to know where to find the material or to get the feedback in time.
They had enough devices at home, but it would be a nightmare to manage it with
three children and e.g. one computer or smart phone. It was strange that the
mother’s role mixed with the teacher’. One of the greatest benefits she mentioned
that they became more self-sufficing.

2.7 Problems and benefits

The teachers from all level of education were forced to try new methods, new
tools for teaching and they must work a lot. Let us publish the classification of
problems and benefits based on the interviews.

Problems:

¢« Common experience of the teachers that it is quite unpersonal to
speak to the monitor without the usual personal feedbacks.

¢ Most of the students were not active, they did not speak - students
prefer chatting instead of speaking. (This corresponds with a new
research states about the changing communication of new
generations. [20])

¢  Sometimes they did not work knowing that the teacher does not see
them. There are situations when they play up the fact that schools are
tolerant due to technical problems.

¢ Undoubtedly, it was a great question how we can grade fairly the
students from far away.
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Benefits:

* Digital teaching may help in special cases like in the case of an illness or
conference participation.

¢ Each of the teachers found something valuable, an application, a
method, which is worth to continue.

¢ Interested and engaged students may get better and personal help from
the educators using on-line consultation possibilities all the time.

Having these experiences with digital education, now we have some time to
think about refining our distance teaching methods to involve students
better. After all we learned a lot, not only about new tools and methods but
about flexibility and acceptance.

3 Summary

Covid-19 emergency situation made an enormous change in education.
Instead of the classical eye-to-eye communication we have to get in with
digital methods. We wondered how the participants reacted, what was
successful, what are the benefits of this period if there are any. We asked both
teachers and students how could they manage it. In this paper you can read
about the results of deep interviews with teachers - further analyzation will
be published in the next paper. The most important future-oriented
conclusion is that all the teachers mentioned something which they found
good and wants to use later in normal school semesters too. After all we can
state it was a great chance for the education to move towards a modernized,
more digital school and we made the first steps.
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REAL-TIME VULKAN GRAPHICS IN C#

David SZABO, Dr. Zoltan ILLES, HU

Abstract: Nowadays almost every computer device contains a graphics
processor, whether it is a dedicated video card or an integrated graphics unit
in the CPU. We need special libraries (the Graphics APIs) to use and control
these graphics units. Usually these APIs made in C or C++. In the meantime,
the .NET supported C# language evolved greatly in the past years. C# is now a
fast, powerful and multi-platform language [1].

We want to merge these two worlds in our research: We are examining the
possibilities of the real-time graphical programming in .NET C# using the
modern Vulkan AP

This paper presents methods of creating multi-platform real-time graphical
libraries using Vulkan in C#. Furthermore, we determine the functional and
performance differences between multiple runtimes and compilers.

Keywords: Real-Time, Vulkan, C#, .NET, Graphics

1 Introduction

Vulkan was presented in 2016 as a replacement opportunity for the older
OpenGL graphics API. While OpenGL is still used in plenty of graphical
applications its development has stopped and slowly it will become a
deprecated API in the future. Therefore, its specification contains many
limitations and restrictions that were insignificant few years ago, but soon
they will obstruct the implementation of newer applications. Other
replacement APIs could be Microsoft's DirectX or Apple's Metal AP], but these
are exclusive to their own systems and devices. At this state, Vulkan could be
the only modern cross-platform graphics API that could replace OpenGL.

Using the newest features in graphics processors can be a great reason to
switch to Vulkan. However, Khronos (the creators of OpenGL and Vulkan)
advices to do not change OpenGL to Vulkan just to gain higher performance
from the same code. A graphics APl is already a low-level API, but Vulkan has
gone even deeper and closer to the hardware than OpenGL. This makes the
implementation of the same application much harder in Vulkan than in
OpenGL. You are in control of much more details. You can do micro-
optimizations by handling the GPU's resources in such a verbose way that
Vulkan can provide, which can result in a performance improvement
compared to OpenGL, but in most of the cases this improvement is not
significant enough to consider the use of Vulkan. To achieve incredible
performance growth, you must reimplement your application as a multi-
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threaded application. In OpenGL, you can only use one execution thread at a
time to communicate with the GPU. In contrast, Vulkan enables the parallel
building of GPU commands and even the submission of these commands from
multiple threads.

2 Vulkan C# bindings

To start implementing a Vulkan application in C# we require access to the
Vulkan DLL in the video driver. C interfaces and structures are available for
interacting with this DLL. There are a few so called binding libraries for C#
generated from these interfaces. In these libraries, we can find Vulkan's C
structures defined in C# and static methods for invoking all the functions in
these DLLs. These libraries can be used in multi-platform or .NET Standard
projects as well. Usually the main differences between these bindings are the
version of the Vulkan specification that was used to generate the bindings,
naming and namespace conventions and the way of parameter passing and
referencing in the generated functions. From the following reasons, we have
chosen jpbruyere's vk.net library [2] as a binding library to access Vulkan.

Because Vulkan is so low level, in most of the cases we must pass pointers or
references to our object's memory, instead of the object itself. This is
straightforward to do in a language like C or C++, but in C#, where our memory
is supervised by the Garbage Collector, accessing the bytes beneath an object
can be tricky. Between the binding libraries we have tried, vk.net seemed to
be handling this challenge in the most intuitive way without the need of
infusing our code with unsafe keywords in every class or function.

The library uses value types only. Functions can return values by out
parameters, which can be used to declare and initialize a new value or to reuse
an existing variable and its memory by filling it with the new data. Where a
function's parameter requires a reference to a structure, we can pass our
variable with the ref keyword without the unnecessary copy of the value.

2.1 Pointers and references in the managed world

Vulkan functions usually have structures as parameters to configure the
behaviour of the function we want to call. These structures can have
references to other structures as well which can be a challenging part of
building these values. In C#, a reference to a structure [3] cannot be stored in
a variable or field, it can be only used to pass a structure by reference into a
function. Therefore, if a structure's field requires a reference to another
structure, we can only use the built-in IntPtr type or unsafe pointers. Either
way, we require to check the unsafe option in our C# project settings.

The library requires IntPtr values as pointers to other structures. The easiest
way to getan IntPtr to a structure is to use the Unsafe.AsPointer function to
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get an unsafe pointer, then constructing the IntPtr from it. We can even place
this into an unsafe static extension class to prevent the use of unsafe blocks
every time we require an IntPtr.

public static unsafe class UnsafeExtension

public static IntPtr AsIntPtr<T>(ref T obj)
=> new IntPtr(Unsafe.AsPointer(ref obj));

Figure 1: Pointer to Structure creation

While this function can work, it is a dangerous way of acquiring a pointer to a
structure. The Garbage Collector can defragment (compress) our applications
memory after a collection [4]. Therefore, the addresses of objects on the heap
can change during the execution which would make our previously created
IntPtr invalid or worse. Defragmentation only affects the heap, therefore it is
safe to use for structures allocated on the stack (if they have been really
allocated on the stack), but when a structure is a field of a reference type
(class), then it will be allocated on the heap.

We can use pinned objects to overcome this challenge. With fixed keyword
we can create a block where the memory identified by an unsafe pointer is
pinned, which means it is protected from the Garbage Collector's cleaning and
defragmenting as well. We could also use the GCHandle.Alloc() method to pin
an object instance by hand, but in this case we should always call Free() to
unpin the instance. By default, marshalling methods automatically pin their
parameters during the call, however if the invoked function caches the
received pointer(s) we must manage the pinning by hand, during while the
used library requires that pointer to be valid.

3. Parallelization

In OpenGL, we can only communicate with the Graphics Context (giving
commands to the GPU) from the Context's thread. If we would want to do
communication from another thread, we must deactivate the Context on its
currently active thread and activate it on another. Therefore, there is no way
to use OpenGL (or older DirectX versions) parallelly.

One of the many improvements of Vulkan compared to older APIs is the
possibility of implementing multi-threaded applications. There is no active
thread associated with the Vulkan Instance (Vulkan's Graphics Context). Also,
the specification describes which Vulkan resources can be used from multiple
threads at once and which resources should be externally synchronized (by
us).

This sounds straightforward, but we should always keep in mind, that
resources can implicitly use other resources, which can interfere with our
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external synchronization methods. For example, Command Buffers (resources
to build and store GPU commands to be executed) and Command Pools
(memory allocation managers for Command Buffers) can be only used from
one thread simultaneously. To build commands parallelly, we must create a
Command Buffer for all our command building threads. During the recording
of a command into a Command Buffer, the Buffer can request additional
memory from its Pool, therefore we are implicitly use the Pool as well. In a
multi-threaded environment, this could result in crash or undefined
behaviour. To overcome this obstacle, we must create a Command Pool for all
the threads as well and create the Command Buffers from the Pool associated
with that thread.

As written above, one way of parallelizing rendering in Vulkan is the parallel
building of Command Buffers (or Secondary Command Buffers which can be
executed inside a Primary Command Buffer [5]). In a virtual scene, where we
have thousands of (even different) geometries to render the iteration through
these objects can take long execution times. Dividing these objects between
multiple threads can speed up the building of Command Buffers.

After allocating the Pools and Buffers into an array we can use the
Parallel.For() function in C# to parallelly iterate through these Buffers. We
do not modify the values themselves, but the resources identified by these
values, we can use a simple array instead of Concurrent Collections.

4, Performance

On Windows system, we used .NET Framework 4.8 and .NET Core 3.1.
Performance and response time are key properties in this kind of applications,
so we have measured these aspects of the runtimes when executing our real-
time applications. We have used two graphics applications to measure
performance: a Raytrace application with minimal C# CPU-side codebase
mostly executing demanding GPU algorithms and an application that renders
multiple sphere geometries which stresses CPU and GPU as well. CPU side
parallelization is tested in the latter application. The tests have been
performed without Vertical Synchronization in .NET Framework x64 mode
and .NET Core win-x64 Self-Contained Deployment (SCD) compilation modes.
We have also compared the performance of the Vulkan applications with the
same applications implemented in C# OpenGL using the same frameworks [6].
Test computer: Windows 10 1909,17 6700K, 16 Gb, GTX 980 Ti, in 3840x2160
resolution
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4.1 Results
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Figure 2: Raytrace - Average Frame Time (lower is better)

In results of the Raytrace application, we can clearly see that purely GPU heavy
jobs were executed faster in Vulkan version than in the OpenGL version. On
OpenGL, the tests run at an average FPS of ~290 while on Vulkan the average
FPS was ~307. Vulkan in .NET Core was slightly faster than Vulkan in .NET
Framework, but the difference is marginal, below 1 FPS.

The rendering of 500x500 spheres provides interesting results. Sequential
executions rendered ~9-10% faster in OpenGL than in Vulkan using .NET
Core. Probably, our Uniform Buffer data updates in Vulkan runs slower than
the Uniform update functions of the video driver in OpenGL. The difference in
performance between APIs is greater using .NET Core, while in .NET
Framework it is negligible. .NET Core was faster than .NET Framework using
both APIs.

Building the Command Buffers and updating the Uniform Buffer in Vulkan
parallelly on 16 threads increased the framerates with ~40-45%. Clearly, if
the update job is parallelisable on the CPU, the performance can be greatly
improved, even if sequential execution is slower. The parallel execution time
difference between .NET Core and Framework is insignificant in this test.

Frame pacing in real-time graphics is also as important as average framerates.
During the execution of both applications frame pacing was more reliable in
Vulkan than in OpenGL. Vulkan implementations could consistently maintain
and respect the deadlines [7] required to produce stable framerate.

5. Conclusion

This paper proposed C# tools for developing multi-platform real-time
graphical applications in Vulkan. Platform specific implementations are
minimal, codebase can be predominantly organized into a shared library
which can compile for every supported .NET platform.

Among the inspected .NET Core and .NET Framework runtimes .NET Core is
slightly more suitable for real-time graphical application development on
Windows. Also, we have measured that Vulkan can perform better than
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OpenGL in GPU heavy or CPU parallelizable tasks in these environments.
Vulkan’s finer respect for real-time deadlines leads to more consistent
performance and framerate during the full execution.

EFOP-3.6.3-VEKOP-16-2017-00001: Talent Management in Autonomous Vehicle
Control Technologies - The Project is supported by the Hungarian Government and
co-financed by the European Social Fund.
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VYUCOVANIE PROGRAMOVANIA TVORBOU
POCITACOVYCH HIER PODI'A NAVODU

Veronika STOFFOVA - Veronika GABALLOVA - Maria KARPIELOVA, SK

Abstrakt: Prispevok sa zaobera vyucovanim programovania na zakladnych
Skolach prostrednictvom vytvarania pocitacovych hier v prostredi Construct
2. Ziaci pracuji samostatne podl'a podrobnych elektronickych navodov, ktoré
tvoria osem relativne samostatnych vyucovacich jednotiek elektronického
kurzu. Do jednotlivych typov hier, ktoré Zziaci vytvaraji, s zabudované
zakladné kompetencie z programovania, ktoré maju Ziaci ziskat a rozvijat
podla statneho vzdeldvacieho programu. V ¢lanku prindSame vysledky
z prvého cyklu takymto sp6sobom realizovaného vyucovania.

Kl'icové slova: Programovanie, vyuCovanie programovania, didaktické
pocitacové hry, hrava forma vyucovania, programovanie podl'a navodu.

TEACHING PROGRAMMING BY CREATING COMPUTER GAMES
ACCORDING TO THE INSTRUCTIONS

Abstract: The paper regards the teaching of programming in primary schools
through the creation of computer games in the Construct 2. Learners work
independently according to detailed electronic tutorials which form eight
relatively separate teaching units of the electronic course. The core
programming competencies which students are expected to develop, and
which are included in the state educational program and standards are built
into the games that students create. The article presents the results of the first
cycle of teaching programming implementing this method.

Keywords: Programming, programming learning/teaching, didactic
computer games, playful form of teaching, programming according to
instructions.

1 Uvod

Programovanie je povazZované za pomerne narocnu disciplinu na vSetkych
stupnioch skolského systému. Ak na zakladnej Skole Ziaci neziskaju pozitivny
vztah k programovaniu a stane sa z neho strasiak, zZiaci sa strachu nezbavia do
konca Zivota, alebo len vel'mi tazko (Kelleher - Pausch, 2003; Leemkuil .-. De
Jong - Ootes, 2000; Owston, 2009). Preto je vel'mi ddleZité aby prvé stretnutie
s programovanim bolo prijemné, aby Ziaci potrebné poznatky, navyky
a zrucnosti z programovania ziskavali hravou a zabavnou formou (Harel -
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Papert, 1990; Papert - Harel, 1991; Perry, 1998). Aby mali z programovania
a z aktivit, ktoré rozvijaju algoritmické alogické myslenie radost a zabavu.
Preto je dolezité nielen zbudit u Ziakov zaujem o programovanie, ale tento
zaujem aj udrziavat a postupne zvySovat/gradovat. Je preto potrebné ziakov
spravne motivovat, aby programovali pre nich vhodnym spdsobom avo
vyhovujicom motivujucom prostredi (Czakdéova, 2017), ktoré si nevyzaduje
od pouzivatela vysoki mentalnu troven analytického myslenia (Kafai,1995;
Kafai - Burke, 2015).

Odbornici na metodiku vyucovania programovania sa snazili (a nad’alej sa
snazia) programovanie pre zaciatocnikov zjednodusit, ul'ahcit a zatraktivnit
(Adams - Webster, 2012; Bajuszova, 2015). Vznikli rézne detské
programovacie jazyky a programatorské prostredia (Czakéova, 2016), ktoré
umoZziuju vytvarat programové aplikdcie jednoduchym interaktivnym
sposobom (Baytak - Land, 2011). Tu moZno spomentut Commenius Logo,
Imagine, Baltik, Scratch atd’. Alebo Specidlne prostredia pocita¢ovych hier ako
su CodeCombat a Galaxycodr, kde Ziaci programovacie navyky ziskavaju
rieSenim uloh, no hra nie je vysledkom tlohy, ale jej prostriedkom.

2 Hra ako prostriedok na ucenie programovania

Je mnoho dovodov, preco sa niekto chce naucit programovat. Pre deti vSak
silnou motivaciou je moZnost naudit sa vytvarat vlastnu pocitacovud hru. Je
dolezité uvedomit' si prvotni motivaciu, pretoze méze urcovat, aky nastroj si
na to zvolime (Hijon -Neira, 2017; JaSkova, 2000°; Pecinovsky, 2001; Stoffova,
2016). Cielom amerického projektu CodeCombat je spristupnit’ ucenie sa
programovania vSade vo svete. V siicasnosti je tento projekt dostupny vo vyse
50 jazykoch, medzi ktorymi st aj slovencina, mad’arcina, ¢eStina a pol'Stina. Na
uvodnej stranke http://codecombat.com/ je mozné si vSimnut tri moZnosti -
»,som edukator”, ,som Student”, ,hraj“. Jednou z hlavnych vyhod prostredia je,
Ze evokuje pocit hrania skutoc¢nej hry hracimi prvkami a atraktivnou grafikou.

Slovensky projekt Galaxycodr vyuziva hranie hry ako ndastroj na
predstavovanie kl'i¢ovych konceptov programovania. Programovacie navyky
pouZivatel' ziskava rieSenim tloh, no hra je tu tieZ len prostriedkom
vyucovania.

Z nazvu je zrejmé, ze motivom tejto hry je vesmir. Ziakov hrou sprevadzaji
sympaticki mimozemstania. HraCovou tulohou je pomahat im rieSit dlohy
aprekonavat prekazky. V Galaxycodr sa nepouziva skutoCnd syntax
programovacieho jazyka, ale blokové programovanie, ¢o je spajanie blokov do
logickych celkov. Toto prostredie je uréené skér pre Ziakov prvého stupiia ZS.
Mame s nim vo vyu¢ovani dobré skusenosti. Ziaci druhého a tretieho ro¢nika
ZS dokazali za kratky ¢as prejst vietky vtedy dostupné ulohy. Ulohy riesili
dobrovol'ne v ramci prace v zaujmovom kruzku programovania.
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Oba tieto projekty si vzali za ulohu hravou formou predstavit zakladné
stavebné kamene programovania ako cykly, podmienky, premenné ainé,
pricom vysledkom je vyrieSenie zadanej tlohy.

V predchadzajicich projektoch hra je prostriedkom vzdeldvania, avsak
pocitacova hra moze byt aj vysledkom realizacii aktivit na pocitaci (Skovjberg,
2016; Stoffova - Végh, 2006; Stoffova -Skalka - Morvai, 1995).

3 Vytvaranie pocitacovych hier - motivacia naucit sa programovat
Rozhodli sme sa ucit programovanie vytvaranim hier v prostredi Construct 2,
¢o je Specidlny softvér na vytvaranie hier. Takto vznikol internetovy kurz
programovania hier, ktory obsahuje osem podrobnych navodov, v ktorych sa
edukanti naucia vytvarat tri typy hier, zakladné herné mechaniky a praktiky,
ktoré cely proces optimalizuju. Kurz je vytvoreny v nastroji na tvorbu
webovych stranok WebNode.

Kurz je dostupny na stranke www.akonaconstruct2.webnode.sk. Cielom bolo
vytvorit stranku, na ktorej sa bude dat I'ahko orientovat. Snazili sme sa obsah
vyucovania usporiadat logicky aaby kazdy tematicky celok bol c¢o
najprehl'adnejsi, a to zdruZovanim mensich ¢asti do vacsich logickych celkov.
Okrem uvodnej stranky, na ktorej je v kratkosti vysvetlené, na ¢o ucebnica
sluzi a ¢o je Construct 2, webova stranka ma d'alSie tri relativne samostatné
Casti, ktoré si pomenované: ,Ako zacat“, ,Tvorba hier” a ,InSpiracia“.

¢ ) Cz uéebnica Uvod Ako zagal Tvorba hier Indpiracia

Ako na Construct 2

Co je Construct 2?

e softvér, v ktorom moze$ vytvarat hry bez poutitia

programovacieho jazyka. Ak nemas Ziadne skusenosti s programovanim

nevadi, vietko ta nau¢ime! Mézeme?

L A £ A
Obrazok 1: Uvodna stranka elektronickej ué¢ebnice

Cast’ ,Ako zacat" ma byt prvym krokom, preto sa do tejto sekcie da dostat aj
z Gvodnej stranky. Jej cielom je poskytnat pomoc pri stahovani a instalAcii
softvéru. Rovnako opisuje zadkladnu Struktiru programu a spésob navigacie
viiom, kedZe softvér sa moZe javit na prvy pohlad ako pomerne
komplikovany. Dalej je tu vysvetlené, ako funguje Construct 2, layout a event
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sheet anaco slizia okna, Co je mozné v nich sledovat/monitorovat, ¢i uz
projects bar, objects bar alebo properties bar, kedZe tieto okna su najviac
vyuzivané pri vytvarani hier a i¢inne pomahajui pri praci. Z tejto casti sa da
dostat’ (prekliknit) na ¢ast Tvorba hier.

V Casti ,, Tvorba hier” sa nachadza jadro celého kurzu. Je rozdelena na Styri
¢asti: navody, spravania, precvi¢ovanie a tipy a triky. Cast',Navody" obsahuje
konkrétne postupy na vytvaranie hier. Vkazdom z nich je napisané, ¢o sa
moZu tvorcovia naucit. Je tam vloZena prezentacia s konkrétnym navodom
apod prezentaciou sd vypisané pouzité spravania znavodu spolu
s hyperlinkom na text, v ktorom su tieto spravania podrobne vysvetlené. Na
konci navodu je odkaz na nasledujtici navod.

4 Testovanie ucinnosti kurzu programovania

Internetovy kurz bol testovany na Ziakoch zakladnych $kol dotaznikovou
metdédou. Kurz bol prispdsobeny k mentalnej trovni Ziakov zakladnych $kol
a bol testovany na kurzoch tvorby poéita¢ovych hier. Udaje o jeho efektivnosti
a uzito¢nosti boli ziskavané formou internetovych dotaznikov vyplianych
ziakmi, ktori s navodmi pracovali. Testovania sa zucastnilo 21 Ziakov a na
zaklade ziskanych udajov sa vyhodnocovala efektivita takymto sp6sobom
realizovaného kurzu tvorby pocitacovych hier.

KedZe pri zostavovani navodov bol Kkladeny doéraz na identifikovanie
kIicovych konceptov programovania vjednotlivych prvkoch hry ana
vytvorenie navodov, ktoré by viedli k autonémii edukanta, efektivnost kurzu
bola meranad schopnostou edukanta klticové prvky vytvarat a pracovat
sniavodom samostatne. Analyza udajov ukdazala, Ze vacSina Ziakov bola
schopna vytvorit dva ztroch testovanych prvkov samostatne na konci
kazdého znavodov aze vacsSina ziakov dokazala pracovat snavodom
samostatne.

Vyskumom sme chceli overit, ¢i st navody vhodne vytvorené ¢i uz po
vizualnej stranke a tiez aj obsahovo. Ak by sme zistili, Ze by vacSina ziakov
mala problém pracovat s navodom samostatne, bola by to pre nas spatna
vdzba svyznamom, Ze navody je potrebné prerobit azmenit, aby lepSie
vyhovovali Ziakom zakladnych $kol. Vysledky st na obrazku 2.

Po spriemerovani hodnét z jednotlivych dotaznikov sme zistili, Ze aZ 68,28 %
ziakov snavodom pracovalo samostatne, bez akejkolvek pomoci. Toto
zistenie je vnimané velmi pozitivne, kedZe sa potvrdilo, Ze navody tejto
vyskumnej vzorke vyhovovali. Dalej 31,35 % Ziakov pri praci s nivodom obéas
potrebovalo pomoc a iba 0,38 % ziakov pracovalo na navode za sustavnej
pritomnosti ucitel’a.
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31.3475

= sam/sama

s malou pomocou od
lektora/lektorky

= spolu s lektorom/lektorkou

Obrazok 2: Do akej miery pracovali Ziaci samostatne s navodom.

Chceli sme tiez zistit, i su efektivne dané navody vo vysvetl'ovani obsahu.

Pri hlbSej analyze sme pri kazdej tabulke idajov z dotaznikov zistovali, aké
percento ziakov oznacilo, Ze by dokazali naprogramovat vsSetky tri prvky
samostatne, d’alej aspon dva prvky a kol’ki len jeden prvok.

3prvky  ESISGAN
2prvky SO
1 prvok IS0

0 20 40 60 80 100

Obrazok 3: Kol'ko Ziakov dokaZe samostatne naprogramovat testované prvky
v jednotlivych navodoch?

Ked sme z hodnot vypocitali priemer, ziskali sme odpoved na nasu otdzku.
V priemere aZ 88,81 % Ziakov odpovedalo, Ze by v kazdom z nadvodov dokazalo
samostatne naprogramovat aspoinl jeden z troch prvkov, ktoré boli vdanom
navode testované. Podiel Ziakov, ktori v kazdom z navodov oznacili, Zze by dokazali
naprogramovat vSetky tri prvky samostatne, bol 51,53 %, ¢o v priemere
predstavuje jedného zdvoch Zziakov. Aj tento vysledok vnimame vyrazne
pozitivne.

Autorky prace dufali, Ze budi navody vytvorené a stupiiované tak, aby sa
v kazdom z ndvodov Ziaci naucili aspoii nieCo urobit’ samostatne bez pomoci.
Toto predstavuje vyznamny motivacny prvok umladych zacinajucich
programatorov, Co tiez hodnotime pozitivne.

Na konci kazdého navodu bola vyzva, ktora od edukantov vyZadovala d'alSiu
pracu s novymi poznatkami. Na naSe vyskumné ucely sme sledovali, kol'ko
Ziakov sa rozhodne splnit aspon jednu z vyziev uvedenych na konci navodu.
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Hlavnou myslienkou pri vyzvach bol fakt, Ze tlohy boli dobrovol'né a zalezalo
len od edukanta, ¢i sa pustil do rieSenia ulohy alebo nie. Vo svojom jadre
predstavovali nejaky prvok, ktory danej hre pridaval na kvalite, no vyzadoval
d’alsi Cas, sustredenie a ziak by nemal k dispozicii ndvod, ako to dosiahnut.
Preto poslednou sekciou v dotazniku bola kontrolna otazka, ¢i splnil Ziak
aspoil jednu z vyziev. Na vyber mali moZné odpovede dno a sdm/sama, dno,
ale s mensou pomocou od lektora, dno, ale spolu s lektorom/lektorkou alebo
nereagoval/nereagovala na vyzvu (teda neriesil/neriesila tilohy).

Vyskum dokazal, Ze iba menej ako tretina ziakov sa rozhodla nesplnit’ ani
jednu vyzvu na konci navodu, a z tych, ktori ju splnili, viac neZ polovica to
zvladla samostatnou pracou bez pomoci.

Poslednou ulohou bolo zistit, kol'ko Ziakov sa v priemere rozhodne splnit
aspon jednu vyzvu na konci navodu. Niekedy vyzva predstavovala opakovanie
niektorého z prvkov obsahu, niekedy ich kombinovala do jedného celku,
inokedy davala priestor pre dotvaranie hry mimo jej programovacieho
rozhrania. Zaujimalo nds, ako tvorba hier v Construct 2 bude motivovat
ziakov, aby dobrovol'ne pokracovali v programatorskych aktivitach.

= 4no a sam/sama

30,581
ano, ale s malou pomocou
od lektora/lektorky
55,085 = 4no, ale spolu s
0,368 lektorom/lektorkou

13,967 = nerobil/a som vyzvu

Obrazok 4: Sebareflexia Ziakov: Splnil/a si asponi jednu vyzvu?

Z grafu mozno vycitat, Ze aspon jednu vyzvu splnilo priemerne az 69,42 %
ziakov, Co je viac ako dve tretiny celkového poctu zZiakov, ¢i uz s pomocou
alebo bez pomoci lektora. V priemere viac ako polovica Ziakov, konkrétne
55,09 %, dokazalo vyzvu splnit bez pomoci, 13,97 % Ziakov potrebovalo mald
pomoc od lektora a 0,37 % Studentov robilo vyzvu spolu s lektorom. Vyzvu
nesplnilo priemerne 30,58 % Ziakov.

Na zaklade tychto vysledkov usudzujeme, Ze dlohy, ktoré boli zadané vyzvou
skuto¢ne boli vhodne zvolenym motivujicim prvkom a Ze aj samotny fakt, Ze
ziak vytvara hru, ho motivuje pracovat s novymi poznatkami a viac riskovat
v celom procese tvorby.
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4 Zaver

Skoly dnes &elia viacerym vyzvam, pokial ide o vyucovanie programovania.
Aktudlnym problémom je, Ze chybaju kvalifikovani ucitelia a vo viacerych
pripadoch informatiku vyucuji neodbornici, ktori ¢asto bojuji s obsahom, ako
ziakom predstavit programatorské koncepty najprijatelnejsSim spdsobom,
ako ich spravne motivovat k aktivnej ticasti na vzdelavani. Na tito vyzvu
vznikaji rdzne iniciativy a vSeobecné metodiky pre ucitel'ov, ako moZno
vyucovacie hodiny realizovat zaujimavym spdsobom. Skuto¢nostou je, Ze
metodik na vyucovanie informatiky, $pecialne na vyucovanie programovania
hravou formou, napriklad pomocou vytvarania realnych hier je nedostatok.
Zaciatonym umyslom pre vznik tejto aplikacie vo forme internetového kurzu
bolo poskytnut' alternativu na vyucovanie programovania prostrednictvom
tvorby pocitacovych hier v autentickom prostredi. Pri tvorbe kurzu sme
vychadzali zo vzdeldvacich Standardov, z principov konStruktivizmu, zo
zvedavostou riadeného ucenia sa, zucfenia sa objavovanim, zréznych
konceptov programovania v softvéri neprispdésobenom pedagogickym
ucelom.

Proces pripravy tychto materidlov nebol priamociary, mal komplikovany
iterany charakter. Najprv sme vyspecifikovali obsah, podla S$tatneho
vzdelavacieho programu. Potom sme hladali spravnu formu arealiza¢né
nastroje. Samotné navody prechadzali reviziou na podnety lektorov, ktori
s tymito ndvodmi na kurzoch pracovali. Ich pripomienky boli zapracované do
findlnych navodov. Navody sme najprv realizovali ako prezentacie
v PowerPoint, neskér ako internetovy kurz. Kurz je dostupny na internetovej
adrese: http://akonaconstruct2.webnode.sk.

Vysledky pedagogického experimentu ukdazali, Ze Ziaci st schopni pracovat
s ndvodmi samostatne bez d’alsieho vysvetl'ovania. Viac ako 70 % Ziakov po
absolvovani kurzu podl'a navodu zhodnoti, Ze by dokazal aspon jeden z troch
testovanych prvkov naprogramovat samostatne a Ze viac ako polovica ziakov
dokaze naprogramovat aspon dva prvky z troch testovanych. Analyza tidajov
ukazala, Ze priemerne az 88,81 % Ziakov oznacilo v kazdom z navodov, Ze by
dokazalo aspoii jeden prvok naprogramovat bez pomoci a 73,05 % Ziakov
odpovedalo, Ze by dokazali naprogramovat dva z troch testovanych prvkov
v danom navode. TieZz sme zistili, Ze na konci navodu sa Ziaci dostato¢ne
motivovani, aby sa rozhodli splnit' vyzvu na konci navodu. Vyskum ukazal, ze
az 69,42 % ziakov sa rozhodlo dobrovol'ne splnit aspon jednu vyzvu.

Prispevok bol podporeny projektom KEGA 012TTU-4/2018: Interaktivne
animacno-simulacné modely vo vzdeldvani.
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SIMULATION OF FEATURES OF ROBOT GENERATIONS
IN PRIMARY AND SECONDARY SCHOOL EDUCATION

Andor ABONYI-TOTH, HU

Abstract: An important part of teaching robotics is describing different robot
generations, which represent the characteristic stages of technological
development. These generations are also identifiable in case of educational
robots. The categories refer to the tasks and problems which can be solved
with a given robot. However, the development of robot generations can also
be presented to students with the help of algorithmization and coding tasks
which simulate the behaviour of robots in a programming environment. These
activities can prepare students to work with real educational robots or
complement the activities they do with them. This article summarizes the
opportunities and advantages of the simulation of robot generations, and
shows a concrete example of their implementation.

Keywords: Robotics, Robot Generations, Simulation, Scratch, Robomind

1 Introduction

When introducing students to robotics, it is worth assessing the existing
knowledge children have about the topic. For that, first we have to define the
equipment which children perceive as robots. It can be done in a
brainstorming session when we collect the robots they know of and mention
some tasks those robots can perform [1].

In these sessions, students often mention everyday objects (e.g. robot vacuum
cleaners, robot lawn mowers, humanoid toy robots, industrial robots in an
assembly plant, etc.) and fictional robots existing only in films and books (e.g.
shape-shifting robots, doctor robots, combat robots). Of course, it is worth
clarifying which robots actually exist, and which aspects of fictional robots are
rooted in reality. The robots collected by students can then be grouped into a
number of categories, such as location of use, complexity of activity, size,
nature (e.g, humanoid), and so on. We can come up with a diverse
classification by simply focusing on the activities robots can perform. The
groups may include robots performing simple or more complex tasks. At this
point we can tell students that robots can be classified into different
generations based on their technological level [2].
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2 Robot generations

The primary characteristics of first-generation robots is that they perform
their actions according to a specific program and are unable to sense their
environment. In this category are, for example, some industrial robots with
pre-programmed path of movement and activities. In this case, if a workpiece
is positioned incorrectly, the robot will not be able to perform its task under
the changed conditions.

Second-generation robots are more advanced. They have a variety of sensors,
so they can modify their movements, activities and operation using the
information gained of their environment. For example, they can avoid an
obstacle in their path.

Third-generation robots have even more advanced artificial intelligence, they
can recognize shapes and situations, and they can solve certain tasks through
machine learning. The can solve certain tasks independently in an unfamiliar
terrain; Mars rovers, for example, even find their way on an alien planet.

3 Robot generations in education
Educational robots have several generations too.

First-generation robots include, for example, floor robots whose path of
movement can be programmed by the physical buttons on them (forward,
backward, turn right or left, wait), or by an external application. These robots
travel along the specified tracks according to the pre-programmed code. They
can be used with the original paths supplied with the robot or new paths
programmed by the students. Various tasks and problems can be associated
with the paths. Floor robots are ideal for developing students’ algorithmic
thinking in the lower grades of elementary school, and they can help in the
playful acquisition of directions, numbers, shapes, colors, and so on [3].

Figure 7: Blue-bot floor robot?6 Figure 8: An example floor mat!’

16 https://bit.ly/3avl4qr
17 https://bit.ly /2x09w0A
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Second generation robots are robots and kits which can process the data
acquired by their sensors for completing the tasks. There is a wide variety of
these educational robots. Which kit to choose may depend on the age group,
the type and the features of the programming language, the quantity and
quality of the related teaching materials, the available financial resources, and
the specifics of the teaching task [4].

The kits differ in the range of sensors included in their basic package and
available as optional accessories.

Figure 9: EV3 Touch sensor, Colour sensor, Ultrasonic sensor?8

The following sensors are most commonly found in the kits [5]:

¢ Ultrasonic sensor: it measures the distance between objects or detect the
ultrasound emitted by another source or reflected by a surface. It is great
for measuring the distance between two robots (vehicles), making
automatic doors, building a parking radar, etc. It is also suitable for
detecting ultrasound from other sources. For example, a robot may
respond to a nearby robot emitting ultrasound.

¢ Colour sensor: it recognizes various colours, which allows for the creation
of a robot which can sort objects of different colours, follow a line or a
more advanced one which solves the Rubik's cube.

* Lightsensor: measures the intensity of the reflected light or ambient light.
It can be used, for example, to enable the robot to stop at the edge of the
table when it no longer detects the light reflected from the tabletop.

¢ Touch sensor: detects when a button is pressed or released. For example,
we can make a robotic hand which closes when something touches it.

e Gyro sensor: The gyroscopic sensor is used to detect the angle of rotation
of the robot. It can be used, for example, for building a balancing robot.

Third-generation robots play a role in research and development related to
artificial intelligence and therefore require high-level programming skills.

18 http://www.legoengineering.com/ev3-sensors/
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They have high computing power and allow the use of sensors with advanced

functionality.
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Figure 10: Image Sensor Module?® Figure 11: Tactile- Sensor??

The development of self-driving vehicles requires good quality distance
measurement, object recognition, visual and proximity sensors. The acoustic
sensors allow the robot to receive voice commands or process sound effects
from the environment. Third generation robots typically have a camera
mounted on them, whose image must be processed. The processing tasks may
include shape and emotion recognition, which can be very important in the
case of robots doing social work.

These robots are typically used in institutions above the secondary school
level, in tertiary and adult education. For this reason, we do not address this
topic in more detail in our article. The third generation robots can also be
simulated in a complex environment such as the Webots simulator.2!

The simulator can be used for modeling and programming, and the simulation
of the robot’s behaviour [6].

| =

Figure 12: Insect-shaped robot?” Figure 13: MyBot uses a camera to

detect colored objects?3

19 https://hu.mouser.com/new/omronelectronics/omron-b5t-hvc-p2-sensors/

20 https://pressureprofile.com/nl/robotics

21 Webots. Commercial Mobile Robot Simulation Software. https://cyberbotics.com/
22 https://cyberbotics.com/doc/guide /samples-demos

23 https://cyberbotics.com/doc/guide/samples-devices
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4. The potential benefits of simulating robot generations in public
education

The development of robot generations can even be presented to children
through creating algorithms and writing code by which we can simulate the
behaviour of a robot. Such activities can be good complements of working with
real educational robots.

Activities in a simulated environment allow students to gain sufficient
knowledge and experience in the field of programming, so that they could
later program physically existing, more complex robots later.

If the school has fewer robots than would be necessary for the sessions, then
while one group is programming a real robot, the other can work in the
simulated environment and then they can switch.

If the school does not yet have the robots, the basic concepts of robotics can
be introduced in the simulated environment. There are several initiatives
available for Hungarian schools (e.g. ‘wandering robots’ [7], ‘wandering
micro:bits’ [8]), in which schools can borrow various devices (e.g. floor robots,
micro:bits) free of charge. More advanced robotics kits are also expected to be
available for borrowing in the future. As these devices are only available in a
school for a limited time, students should be taught their programming in
advance in simulated environments, so that they could use the kits efficiently
to solve advanced tasks when they have access to them.

Simulations allow us to set homework assignments which students could not
otherwise do or try out in the absence of the necessary equipment.

It is much easier and faster to define paths for a particular type of problem in
a simulated environment than in a real one. The paths can be drawn by the
students, so besides completing a programming task, they use their image
editing skills too. They can also customise the shape of the robot if the
program has that option. The students can even use an animated figure as a
robot, whose creation requires creativity and a better knowledge of the
equipment.

Moreover, we can define a task in which the robot’s program is given, and
create a path individually or in a group which meets the conditions set in the
task (e.g., the robot must collect the fallen fruit, but avoid poisonous
mushrooms.)

Another advantage is that we can try different algorithms and problem-
solving strategies without risking causing damage to real, sometimes very
expensive devices. While collisions make no difference in a simulation, they
can significantly shorten the lifespan of real robots. The methods and
solutions tested in the simulator can then be used for the programming of real
robots.
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The route travelled by the robots can be easily illustrated by the robot
drawing a line after itself. Of course, this can be done in a real environment by
attaching a felt-tip pen to the robot, and the mat can be made of an easily
erasable material. The advantage of this method is that the routes traversed
can be easily compared, illustrating that a given problem can be solved in
several ways.

If the students have already gained experience in using floor robots and we
want to introduce them to block programming environments, we can add
introductory tasks which rely on their knowledge gained in the robotics
sessions. This way we can teach them the basics of programming and using
various control structures.

The simulator allows teachers to better present certain phenomena (e.g.
operating model of line follower robots, traversal algorithms, obstacle
avoidance algorithms) to the whole class.

If students do not have a background in robotics but have already used block
programming environments (e.g. Scratch), we can set novel, playful problem-
solving tasks from the field of robotics.

We can also teach functions which are not supported by the available real
robots, such as picking up/laying down objects on a track, programming
loading and rearrangement tasks.

Students can also be introduced to programming languages which go beyond
block programming (e.g. LOGO, Robo).

Keep in mind, however, that programming physically existing and moving
robots is a highly motivating activity for children, so simulations should not
be used instead of that, but as complementary method. It is very important
that students have hands-on experience with real robots in their studies and,
if possible, solve real-life, open problems in project work [9].

4.1 Simulation in Scratch environment

The Scratch environment can be used as block programming?* environment
to simulate the activities of robots. A simulation environment should be
designed from a top view of the robot and the course. The shape of the robot
drawn must clearly indicate what direction it is facing.

In the Scratch environment, students can draw the shape of a robot and create
animated shapes. The path that the robot must travel along can be easily
drawn using either built-in or external drawing tools. The tracks and the robot
images can be easily replaced.

24 https://scratch.mit.edu/
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The robots can initially be controlled with keystrokes (e.g. cursor keys) and
then we can switch to writing programs which allow the creation of more
advanced control structures.

The distance unit parameter must be set for each track to allow the robot to
move a certain distance or turn when necessary. Parameters are crucial in the
programming of real-life robots, so students should learn about them in the
simulated environment as well.

Using the pen plug-in, the robot can draw a line after itself, so the users can
keep track of its route.

Sensors can also be simulated. The robot can be programmed to stop if it
encounters an obstacle. For that is advisable to draw the obstacle/wall with a
specific colour. In the Scratch environment we can ask if our robot has
encountered a line with a given colour during its movement. It allows us to
simulate the movement of a second generation robot which moves forward
until it detects an obstacle. A common task in teaching robotics is when the
robot must be programmed to follow a line. It can be simulated in the Scratch
environment, which is described in a later chapter in more detail.

With the Video sensing plugin available in Scratch, we can present creating
applications with the help of a webcam image, in which we can control
participants with our movement or detect the colours appearing in the video
image. This could be a transition to simulating third-generation robots.

4.2 Simulation in the Robomind environment

ROBO is an imperative/procedural programming language. With the help of
this language, you will gain an insight into areas such as robotics and artificial
intelligence. The language consist of basic instructions to control the robot,
repetition loops, conditional if ... then ... else statements, the possibility to
define instructions yourself by creating procedures.

In Robo, we can program in a development environment called Robomind.
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The virtual robot can navigate in a square grid environment by moving
forward, backward, and turning left and right by 90 degrees. The directions
can also be set according to the four cardinal points.

We cannot draw the robot in this environment, but we can choose from
several existing shapes. The course can be easily created with the help of the
built-in map editor. On the course we can place a wall, various landmarks
(crates, plants, water surface), a beacon, and routes marked in white or black.

The advantage of the environment is that the simulated robot can also be
controlled with a remote control displayed on the screen (forward, backward,
right, left), so that tasks that may be important for younger children can be
solved initially, without programming.

The robot can mark the traversed route in white or black. In addition, it can
pick up / put down objects (beacons) on the track or “eat” them, which means
that it deletes the object after picking it up.

The robot can detect whether there is an obstacle to the left, right or in front
of it, whether the path is clear, whether there is a beacon, and whether the
road is painted white or black.

The environment is suitable for setting up tasks typical of first-generation
robots. Examples are route and area exploration tasks (knowledge of the
course, pre-programmed), rearrangement tasks (rearrangement objects of
known location and number) [10].

The behaviour of second-generation robots equipped with sensors can also be
simulated through various tasks. Examples are path finding tasks (the path to
be followed is unknown), getting out of a maze, search tasks (finding and
collecting objects on an open course or one containing few obstacles),
rearrangement tasks (with the position and/or number of objects previously
unknown), traversal tasks (comparison of random and systematic traverses)
[10].

4 Case study

Let us examine a line following task in detail. In real life, the route is usually
marked by a duct tape glued to the floor or a table, which allows for its simple
modification. One solution may be to mount sensors on the front, left and right
sides of the line tracking robot which detects either the intensity of the
reflected light or its colour. The goal is to keep the centre of the robot on the
line as it moves. If the left sensor detects the line, it means that the line is
turning left, so the robot must also turn left by a certain degree. The same
applies to turning right.
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i

Figure 15: Robotics demonstration with a line-following robot in
ELTE University’s T@T Kucké (T@T hub)?5

Let us see an example how a line following task can be simulated in Scratch
and Robomind environments.

In the task, a white line on a square grid defines the path the robot should
follow. The target where the robot should stop is marked at the end of the
white line. The path should be such that the white line is not in the immediate
vicinity of the robot, but falls into its path if it starts to move in the set
direction. Let us see how this problem can be solved in the two environments.
Below is the track drawn in the RoboMind environment and a possible
solution of the task.

repeatWhile(not frontIsWhite){

forward(1)
}
repeat
{

if(frontIsBeacon){end}

elseif(frontIsWhite){forward(1)}
else if(rightIsWhite){right}
else if(leftIsWhite){left}

Figure 16: The path drawn in the map editor

The solution is that we advance 1 step until the field in front of us is white. We
then go through the line with a loop which checks whether the target is in front
of us (the execution of the loop stops), whether there is a white field in front
of us (we move forward), or whether there is a white route on the left or right,
as then we have to turn in the right direction.

25 http:/ /tet.inf.elte.hu/tetkucko/galeria/
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The solution is a little more complex in the Scratch environment, but that is an
advantage in this case, as it shows in more detail how the task would be
implemented in the real world. There are several types of sensors which can
be used in the Scratch environment. As we mentioned, real robots often
complete the task by colour perception, so we can try to do that in a similar
way in Scratch.

A good way to do it is to draw a robot shape which has two antennas on the
left and the right side, with ends marked with different colours. Those colours
should also be different from the colour of the path. If the colour of the sensor
on the right antenna touches the colour of the route, the robot should turn
right, and go on. The same applies for turning left.

In this case, a large black circle marks the target on the course. The left
antenna of the robot is blue and the right is red.

®

Figure 18: The drawn robot

Figure 17: The Scratch code Figure 19: The path

The implementation is similar to the solution created in Robo, but in this case
it must be ensured that if the left or right sensor detects the colour of the route,
the robot should not turn immediately, but take so many steps forward that
its middle be approximately above the centre of the line. That distance
depends on the shape of the robot as well as the unit used on the route. The
other difference compared to the previous solution is that the two colour
sensors can be used to better illustrate the implementation with real robots,
thus making better use of the knowledge gained for the construction of real
robots.
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5 Conclusion

This article outlines the possibilities and benefits of simulating robot
generations in public education, highlighting the fact that these activities can
well complement (but not completely replace) the work with real robots. We
have also shown that the simulation can be done in the usual Scratch block
programming environment, but other imperative/procedural languages can
also be used, such as the Robo programming language.
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ONLINE ALKALMAZAS AZ OKTATASBAN -GOOGLE
JAMBOARD

Anik6é RUMBUS, HU

Absztrakt: A 21. szazadra a digitalis technika fejl6dése elérte azt a szintet,
amelyben az okoseszkozok hasznalata napi rutinjaink részévé valtak.
Okoseszkozeinkre fejlesztett appokkal végziink banki utaldsokat, valés ideji
videbdhivasokat bonyolitunk le, 6nvezetd autdkat teszteliink, okosotthonokat
vezérlink, és még sok egyéb funkciot sorolhatnék ide. Az oktatds szerepe
megvaltozott. Az Uj eszk6zok és alkalmazasok lehetséget adtak arra, hogy a
tanulas-tanitas szintere megvaltozzon. A tandrak mar nincsenek a
tanteremhez kotve klasszikus értelemben. A mar korabban bevezetett IKT
eszkdzeink (projektor, interaktiv tabla stb.) mellett egyre nagyobb szerepet
kapnak a tanérakon az okoseszkdzok, melynek egyik lehetséges oka, hogy
szinte minden didk rendelkezik okostelefonnal. [1] Az oktatasi intézmények
infrastruktarajat atalakitjak. Az atalakitas egyik oka, hogy az ujfajta oktatasi
modszerekhez igazodva az intézmények megfelel6 szamu okoseszkozokkel
redelkezzenek és elegend6  savszélességgel rendelkezzenek. Az
okostelefonokra, tabletekre folyamatosan dj oktaté alkalmazasok késziilnek,
a meglévo appokat fejlesztik. Az egyik cél ezekkel a fejlesztésekkel az, hogy az
oktatds hatékonysagat noveljiik, és élményszeriivé tegyiik tandrdinkat. A
digitalis és online oktatast segitd appok létjogosultsdga a Covid-19 virus
okozta helyzet miatt jelent6sen megnétt. A pedagdgusok és a diakok digitalis
oktatasra valo attérése akutta valt. Az oktatasi intézmények, az altalanos
iskolaktdl kezdve az egyetemekig, atalltak a tavoktatasra. A pedagdégusok
tavoktatasra val6 atallasat digitalis mddszertani ajanlasokkal tamogatjak.
Cikkemben egy altalam hasznalt online alkalmazast, a Google Jamboard appot
mutatom be, mely lehet6vé tette szamomra, hogy a matematika érakat valds
id6ben tarthassam meg.

Kulcsszavak: online tanulds, oktatds, app, Google Jamboard, Google
Classroom, Moodle, IKT kompetencia, mddzsertan. online matematika tanitas
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ONLINE APP IN EDUCATION -GOOGLE JAMBOARD

Abstract: : By the 21st century, the development of digital technology has
reached a level where the use of smart devices has become part of our daily
routines. With apps developed for our smart devices, we make bank transfers,
make real-time video calls, test self-driving cars, control smart homes, and I
could list many other features here. The role of education has changed. New
tools and applications have provided an opportunity to change the learning-
teaching arena. Classes are no longer tied to the classroom in the classical
sense. In addition to our previously introduced ICT devices (projector,
interactive whiteboard, etc.), smart devices are playing an increasingly
important role, one of the possible reasons for which is that almost all
students have a smartphone. [1] The infrastructure of educational institutions
is being transformed. An important element of the transformation is for
institutions to have the right internet and the right number of smart devices.
New educational applications are constantly being developed for
smartphones and tablets, and existing applications are being developed. One
of the goals with these improvements is to increase the efficiency of education
and make our lessons more experiential. The raison d’étre of apps for digital
and online education has increased significantly due to the situation caused
by the Covid-19 virus. The transition of educators and students to digital
education has become acute. Educational institutions, from primary schools
to university institutions, have switched to distance learning. The transition
of teachers to distance learning is supported by digital methodological
recommendations. In my article, I present an online application I use, the
Google Jamboard app, which allowed me to hold math lessons in real time.

Keywords: Education, Online app, Mobile app, Google Jamboard, Classroom,
Moodle, ICT methodology, Online math teaching

1 Bevezetés

Cikkemben egy altalam hasznalt online alkalmazast szeretnék bemutatni,
mely lehet6vé tette szamomra, hogy az egyetemi o6rdimat valds idében
tarthassam meg. Az oktatott targy neve Alkalmazott matematika II. A kurzust
els6 éves egyetemistdknak tartottam a Kaposvari Egyetemen. Az els6
tavoktatdsos ora alkalmaval a hallgatéknak prezentacidkat készitettem
elméleti és gyakorlati tananyagokkal. Az elméleti részek feldolgozasa nem
okozott problémat, hiszen ezzel a tanitdsi technikdval mar korabban is
talalkoztak a hallgaték tanulmanyaik soran. A gyakorlati példak esetében
azonban szokatlan volt szamukra, hogy a megoldas lépései el6re
kidolgozottak voltak. Az 6rak él6 kozvetitésen keresztiil zajlottak, a Big Blue
Button alkalmazdason keresztiil. Az els6 alkalom utan azonban tobb hallgato is
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jelezte, hogy nem értették a feladatok levezetésének lépéseit. A real targyak
tanitasaban kiilondsen fontos, hogy a hallgaték a feladatok megoldasa soran
ne csak a lépések eredményeit lassdk, hanem a megoldashoz vezetd
folyamatot is, valamint hogy sajat gondolatmenetiiket is kiprébalhassak. A
visszajelzések utan kezdtem el kutatni olyan mdédszer utan, mely lehetévé
teszi a feladatok részletes kidolgozasat a valdés id6ében. Tobb fehértablas
alkalmazast prébaltam Ki, példaul a LiveBoard, Microsoft Whiteboard és a
Google Jamboard. Valasztdsom a Google Jamboard-ra azért esett, mert minden
hallgatom rendelkezett Google fiokkal, és a Google Jamboard ingyenesen
megengedte, hogy tobb felhasznaléval is megoszthassam egyszerre a tablat. A
koévetkezo6 tandrak mar ennek a fehértabla alkalmazasnak a segitségével, és a
Big Blue Button alkalmazassal zajlottak. A hallgaték visszajelzései alapjan
sikeresebb 6raink voltak, jobban megértették a feladatmegoldasok
magyarazatat is, valamint a megfelel6 eszkozzel rendelkezd hallgaték valés
id6ben reagalhattak a problémakra, tehették fel kérdéseiket, és kaptak még
tobb magyarazatot.

1.1 A téma aktualitasa

A XXI. szazadban egyre tobbet hallhatunk, olvashatunk és tapasztalhatunk
valés idejii rendszerekrdl. Okosotthonokat, okosvarosokat terveziink,
onvezetd autdkat teszteliink, videdbirék figyelik a football jatékokat, é16
kozvetitéseket néziink, és még szamos felhasznalasi teriiletet emlithetnék,
ahol fontos, hogy az informacidkat azonnal megkapjuk, és a rendszerekbe
torténd beavatkozds is azonnal megtorténjen. Napjainkra ez a fajta
menedzselés mar nem szokatlan. A technika olyan szint(i fejlédésen ment
keresztiil, hogy az azonnali beavatkozas, val6s id6ben torténd reagalas a kiilsé
ingerekre mar alapfeltétele egy jol mik6d6 rendszernek, hétkdznapjainknak.

1.2 Valés idejii operacids rendszerek

A valés idejli operacids rendszerek megbizhat6, nagy rendelkezésre allasu és
villAmgyorsan reagald rendszerek. Képesek a masodperc toredéke alatt sorba
rendezni a feladatokat fontossag alapjan, majd a nagyobb prioritasa
folyamatokhoz rendelni a sziikséges er6forrasokat. A megoldas a reakci6idét
virtualizacidval is csokkenti, és maximalizalja az alkalmazasok teljesitményét.
Azzal is javitja a mlikodési hatékonysagot, hogy lehetdvé teszi a valos idejt, és
nem valds idejii szolgaltatasok egyiittes alkalmazasat egyetlen virtualis gépen.
(3]

A tantermekben is alkalmazhatunk valds idejli operaciés rendszereket, okos
tanteremmé téve azokat, példaul egy olyan alkalmazas hasznalataval, amely a
tanarnak elkiildi a didkoktdl beolvasott adatokat, kész hazi feladatokat, van e
hidnyz6 az adott csoportban, és még szamos funkciét lehetne ide sorolni,
melynek csak a képzeletiink szabhat hatart. [4]

271



XXXIII. DIDMATTECH 2020
EOTVOS LORAND UNIVERSITY (ELTE) FACULTY OF INFORMATICS

1.3 Online alkalmazasok

Az online alkalmazasokkal, mobil appok segitségével hasonléképp
dolgozhatunk, mint egy valos idejii operacids rendszerrel. Az események,
feladatmegoldasok, probléma megoldasok valoés idében torténhetnek,
nincsenek fizikalisan helyhez kotve. Valés id6ben tudunk a didkokkal
kommunikalni, a feladatok megoldasait 1épésrél 1épésre tudjak kovetni, ha
nem értenek valamit, azonnal tudnak kérdezni, amelyre a tanar azonnal tud
reagdlni is. [5]

1.4 Online alkalmazasok elonyei

A XXI. szazadra digitalis eszkozokkel vald ellatottsagunk az oktatasi
intézményeinkben is kimagasl6. Szinte minden iskoldban alap szolgaltatas a
WIFI-s internet elérés a kabeles mellett. A tudast a didkok mara mar nem
kizarolag a tanartdl kaphatjak meg, hanem azonnal online is hozzaférhetnek.
A pedagbgusok szerepe megvaltozott. Mara mar nem Ok azok, akik a tudas
kizarélagos birtokosai. Az online alkalmazasok okoseszkozokoén valod
hasznalata épp ezek miatt is sok elényt is rejt magaban:

— Atanora helye nincs tanteremhez kotve.

— Az alkalmazasok nem csak online érheték el, hanem okostelefonon
és tableten is egyarant hasznalhatok.

— Az eszkozok kozt vannak kisebb méretiiek is, az okostelefonok,
melyek zsebben is elférnek, kéonnyen hordozhaték, és szinte
minden didknak ott lapul a zsebében.

— Az okosestelefonok hasznalata névelheti a didkok motivaciéjat.

— Kiilonféle audiovizualis elemekkel, képekkel, hivatkozasokkal még
szinesebbé tehetjiik az 6rai anyagunkat.

— Avalés idében zajlé6 kommunikacié lehetdséget biztosit arra, hogy
a diakok azonnali visszacsatolasban részesiiljenek.

— Az oktatasban ezek az appok és online alkalmazdsok innovativ
eszkozoknek szamitanak. [6]

A didkokat is megkérdezték az online oktatas el6nyeirdl. Az altaluk adott
valaszokat olvashatjuk az alabbi képen:
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Mi az, amit a legjobban élvezel az online oktatdshan?

ol rdkat BKven|
g Nem el hatkan kic
terembzdl a mosddb

g Nem ezl semmi szenverlch.
cngediench visssa o termekbe!

HUAWE! sHARE 8% HUAWEI

Abra 1: Didkok valaszai

1.5 Online alkalmazasok hatranyai
Az okoseszkozok hasznalata szamos hatranyt is rejteget.

* A nem megfelel6 mennyiségli hasznalatuk hozzaszokast
eredményezhet.

¢ Atanodrakon valé til sok alkalmazas csokkentheti a motivaciot.

e Az appok haszndlatdhoz megfelelé6 eszkoézokre van sziikségiink,
tablet, okostelefon.

e Megfelel6 internet hozzaférésre és elegendd savszélességre van
sziikségiink.

¢ A felhasznalék tudjak letolteni és telepiteni az appokat.

e A valasztott alkalmazashoz megfelel6 felhasznaldi fidkkal Kkell
rendelkezniink.

¢ A folyamatos motivacié fenntartdsa is megoldand6 probléma.
Kdnnyen el tudnak “bujni” az eszkdzok mogott, igy passzivan is részt
vehetnek a tanérakon.

2 Fehértablas alkalmazasok

A COVID-19 virushelyzet miatt minden oktatasi intézménynek at kellett allnia
a tavoktatasra, amelynek szamos el6nye mellett hatranyai is jelentkeztek. Az
egyik ilyen probléma, amellyel szembesiiltem az volt, hogy az dltalam tanitott
Alkalmazott matematika II. tantargy oktatdsa soran milyen digitalis eszk6zok
segitségével oktathatnék hatékonyan. A real targyak, kiillon6sen a matematika
esetében a feladatmegolddsok soran fontos, hogy a lépések kozti
Osszefliggések, kovetkeztetések megértetése nem konnyli feladat még él6
széban sem. Az elsé kurzussra készitettem hangos prezentacidt, tartottam
streaming el6adast a Big Blue Button alkalmazas segitségével. Az
el6adasanyagok elkészitése rengeteg id6be telt. Megszerkesztettem a
képleteket a Microsoft Word képletszerkeszt6jével, majd a feladatokat
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lépésrél lépésre kidolgoztam. Minden didhoz rogzitettem hangos
magyarazatot, am ennek ellenére is sok visszajelzést kaptam azzal
kapcsolatban, hogy nem értik a lépések kozti 6sszefliggéseket, nehezen tudjak
koévetni az el6adast.

A kollégakkal valé megbeszélések soran azt tapasztaltam, hogy 6k is hasonl6
problémakkal szembesiiltek. Ekkor kezdtiink el kozdsen megoldast keresni.
Igy talaltam ra a fehértablas alkalmazasokra, melyeket eddig leginkabb az
tizleti szféraban alkalmaztak, az oktatdsban val6 felhasznalasarél még nem
talaltam szakirodalmat.

2.1 Az altalam Kiproébalt fehértablas alkalmazasok

Harom fehértablas alkalmazast, a LiveBoard, Microsoft Whiteboard és Google
Jamboard, préobaltam ki, valasztasom a Google Jamboard-ra esett. Ennek egyik
oka az, hogy mindegyik hallgatém rendelkezett mar Google fiékkal, valamint
a Google Jamboard-ban egy Jam-et (tablat) egyszerre tobb hallgatéval is
megoszthattam anélkiil, hogy el6fizettem volna. A LiveBoard app esetén ez a
lehet6ség mar a fizetds funkcidk kozé tartoztak.

Mar az els6 Jamboard-os foglalkozas utan érkeztek a pozitiv visszajelzések.
Konnyebben értették a magyarazatot, a lépéseket valés idében kodzdsen
végeztiik el, probléma esetén azonnal tudtak kérdezni. Sziikség esetén
konnyen lehetett torolni, vagy visszavonni az el6z6 1épést, és tijra atbeszélni a
magyarazatat. Ugy érezték magukat, mintha a tanteremben lennénk.

Név Microsoft Whiteboard LiveBoard Google Jamk d
38,34 MB
Méret 153,93 MB 15 MB Készilék fiiggd
Opericié Android, i0S Android, i0S Android, iOS
Hozziférés az otthoni
vagy munkahelyi

hilézatokhoz, Képtar
hasznlata,
Hang prémium

Igdltatds esetén,  [Hozziférés az otthoni
Hozziférés az internetkapcsolathoz, Chat, vagy munkahelyi
Hozziférés az otthoni vagy munkahelyi hilézatokhoz, | Vide6 lehet6ség hdlézatokhoz, Képtar|
Képtar haszndlata, (képernyokép+ hang, |hasznilata,
teamEditionDeviceCredential premium eldfizetés Hang nincs,
Funkciék Hang nincs esetén) Chat
Az alkalmazis telepitésének Pir perc,
ideje, és hasznilatihoz Pir perc, Regisztriciéval, Pir perc,
i fiok Microsoft fiokkal Google fickkal Google fiokkal
Ecset, stickers,
Ecset, stickers, kivalasztas, radir,
szovegdoboz, kép, lézermutatd,
kivélasztas, radir, hattér éllitisa, keret
Miiveletek Ecset, stickers, kép, kamera, alakzat, kép tartalménak torlése
Automatikus,
pdf formdtum
Mentési lehetéség Automatikus, PNG, One Drive Automatikus lehetdsé
Téablagép,

tdblagép, okostelefon, |okostelefon, specidlis
specidlis toll, asztali toll, asztali
Eszkozigé Téblagép, okostelefon, specidlis toll, asztali szimitogép |szamit6gé szamitégép

Abra 2: Didkok valasza
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2.2 Fehértablas alkalmazasok elényei
Szamos elényét tapasztaltam a fehértablas alkalmazasnak.
¢ Hasznalhattak sajat okoseszkdziiket.
¢ Konnyen kezelhetdek.
e Barhol, bArmikor, barhonnan csatlakozhattak a tandorahoz.
¢ Csoportos tanulasi lehet6séget biztosit.
¢ Kooperativ technikakat is alkalmazhatunk.
¢ Tamogatja a kreativitast.
e Szines, “beszédes” dbrakat készithetiink.
e Az elkészilt Jam-eket megoszthatjuk, lementhetjik pdf
allomanyként.
e Akrétank sosem fogy el, nem lesziink krétaporosak.

2.3 Fehértablas alkalmazasok hatranyai
A fehértablas alkalmazadsoknak elényeik mellett szdmos hatranyukkal is
szembesiiltem.
¢ Internet sziikséges a hasznalathoz.
+  Eszkozigényes. Erint6képernyds eszkozre és specialis tollra van
szlikségiink.
¢ Kevésbé szép abrakat tudunk késziteni.
¢ Bizonyos témakorok esetén, példaul geometria, fliggvénytan,
kevésbé jol alkalmazhatdok az abrazolas nehézségei miatt.

Okostelefonon nem miikodott az irdas funkcid, csak a torlés, mely passziv
hallgat6va tette a diakot.

3 Google Jamboard hasznalata

Az alkalmazas haszndlatdhoz a mai fiataloknak nincs sziikségiik tanuldsra. Az
app letoltése és telepitése utan azonnal tudtak is haszndlni.

Kiilonféle funkcidkat talalunk az appban.

A bejelentkezési feliileten taldljuk a jogosultsagok bedllitasi lehetdségeit,
melyek a Jam-ek tulajdonosaira vonatkoznak. (Barki tulajdona, Sajat
tulajdonom, Nem sajat tulajdonom).
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Abra 3: Google Jamboard bejelentkezési feliilet
Megosztas  személyekkel és csoportokkal funkcid, mely

hasonléképpen miikddik, mint a tobbi Google alkalmazas esetén.
Beallithatjuk, hogy olvasas, irasi jogosultsagot szeretnénk e adni.

9 Megosztas személyekkel és csoportokkal ©

[személyek és csoportok hozzdadasa Megosztasi korlatozasok
megadasa
Anikd Rumbus (On) Szabalyozhatja, hogy ki oszthatja
anikorumbus@gmail.com meg, toltheti le, masolhatja és

nyomtathatja ki ezt a fajit.
Anita Tolnai
@ tolnai.anital6@gmail.com
A5 Ricsi Fehér
' feherlego@gmail.com
Abra 4: Google Jamboard megosztasi lehetség

Szerkesztd -

Hattérformazasi funkcid, melynek segitségével a hattér szinét tudjuk
valtoztatni, valamint annak kitoltését. Tudunk sima fehér, fekete és
sotétkék hattérszin koziil valasztani. A kitoltés lehet pottyos, vonalas
és négyzetracsos.

laura2 <

@ - Hattér Keret tartalmanak torlése

© ' 00

e
,_ 0808 3 3000 46 b A

Abra 5: Google Jamboard héttérformazasi lehetdség
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Fajlok feltoltése, mely funkcidval tudunk képeket feltélteni, Google
Drive fajlokat csatolni.

Stickersek hasznalata, mellyel még szinesebbé, még kreativabba
tudjuk tenni munkankat.

Jegyzet T EY

Abra 6: Google Jamboard Stickers

Toll funkcid, mely segitségével kivalaszthatjuk a tollunk vastagsagat,
fajtajat, akar ecsetet is hasznalhatunk, Hat féle szinb6l valaszthatunk.

Alkmat_ll méasolata

@ Hittér  Kerettan
[~ ISP g =
s 000
X L ]
5] AVE
ANE
¥

5

Abra 7: Google Jamboard: Toll funkcié

Tovabbi miiveletek lehetdsége, mellyel at tudjuk nevezni a Jam-et,
letolthetjiik elkésziilt munkankat pdf formatumban, menthetjiik
képként, torolhetjiik, készithetiink madsolatot, frissithetiink és
visszajelzést kiildhetiink.
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g T R
Abra 8: Google Jamboard: Tovabbi miiveletek

4 Google Jamboard app alkalmazasanak moédszertana

A tavoktatasra valé hirtelen atallds komoly problémak elé allitottdk a
pedagégus tarsadalmat. Készitettiink mdar online tananyagokat, tanulast
segit6é alkalmazasokat, Am ezeket még orszagos szinten egységesen nem volt
lehet6ségiink kiprébalni. Ez az oktatdsi forma mind a didkoknak, mind a
tanaroknak 4j volt.

A masodik félévben az Alkalmazott matematika targy tanitdsa sordn valt
sziikségessé szamomra, hogy egy olyan online alkalmazast talaljak, mely valés
id6ben tudta a targy tanitdsat segiteni. A kurzus o6rait haromhetente
tartottam, 4x45 percben. Az 6rakon 27 f6 vett részt, akik kereskedelem és
marketing, vagy pénziigy és szamvitel levelezds hallgatok voltak. Az els6
alkalommal prezentacidt készitettem Microsoft Power Point segitségével. Az
elméleti bevezetd utan az altalam megszerkesztett képletek segitségével é16
adasban adtam magyarazatot a hallgatoknak. A stream kapcsolatot a
Kaposvari Egyetem altal hasznalt Big Blue Button alkalmazason keresztiil
bonyolitottuk le. Az elsé alkalom utan a hallgatdk jelezték, hogy nehezen
kovethetd, nehezen érthet6 ez a fajta magyarazat. A lépések kozti
Osszefiiggéseket nem tudtak megfeleléen kévetni. Nem a tempéval volt a
problémajuk, hanem a nehezebb képletek helyes jegyzetelésével, valamint,
hogy nem lattdk az Aatalakitisokat. Igy az elsé alkalom utdn egy masik
modszerrel préobalkoztam. A Google Jamboard fehértablas alkalmazas
megfelel6nek bizonyult. A virtualis tabla segitségével a feladatokat kozdsen,
1épésrdl 1épésre tudtuk megoldani. Probléma esetén egy visszatorlés
segitségével Gjra at tudtuk beszélni az 6sszefliggéseket. A hallgaték otleteit is
fel tudtuk hasznalni, hiszen 6k is bele tudtak {rni a megoldas soran a tablakba.
Passziv hallgatokbdl aktiv dolgozdékka valtak. Motivaltabbnak is érezték
magukat ezaltal. Az el6adasok hangulata is pozitiv iranyba valtozott.
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5 Reflexio

A fehértablas alkalmazasok kivaléan megfeleltek annak az elvardsomnak,
hogy valdés idében tudjam a hallgatéimnak a matematika feladatokat
elmagyarazni. Az alkalmazas hasznalatat a hallgaték kdnnyen elsajatitottak,
nem kellett egy ujabb bonyolult rendszer kezelését megtanulniuk. Meglévd
Google fiokjukkal tudtak hasznalni, nem kellett egy sokadik felhasznaléi fiokot
létrehozni. Az altalunk hasznalt funkciék ingyenesek voltak. A hallgaték a
Google Jamboard fehértabldas oOrak alkalmaval batrabban tették fel
kérdéseiket, tobbszor jelezték, ha nem értették a lépéseket. Ugy tapasztaltam,
hogy egy kozvetlenebb, oldottabb hangulat volt a foglalkozasokon igy online,
mint él6ben. Amellett, hogy el tudtak néha bujni a “felh6ben” sikeresen tudtak
a félév kovetelményeit teljesiteni. Azt is tapasztaltam, hogy az els6 zarthelyi
dolgozat, melyet még igy irtak meg, hogy el6tte nem a Jamboardot hasznaltuk,
gyengébben sikeriiltek, mint a tobbi zarthelyi, amire mar az app segitségével
késziiltlink fel. Az els6 zarthelyin 67,5 % eredményt értek el, mig a masodikon
85,5 %-ot.

A tablara torténd digitalis irast meg kellett szokni. Eleinte a kiilalak nem volt
olyan szép, mint él6ben a rendes tdblan, valamint az érint6képernyd
érzékenységétdl is fliggott a kinézet. A vizsgara valo felkésziiléshez az online
konzultacidkat is Google Jamboard hasznalataval kérték. Kaptam olyan
visszajelzést is, amelyben egy hallgaté jelezte, hogy gyermeke tanarainak is
ajanlotta az alkalmazast.

Osszességében tehat nekem is, illetve a hallgatoknak is bevélt a Google
Jamboard app Alkalmazott matematika II. targy online oktatasa soran.
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AN OVERVIEW OF ROBOTICS KITS FOR PUBLIC
EDUCATION

Bence GAAL, HU

Abstract: Robotics is playing an increasingly important role in schools around
the world. There are plenty of tools and programming interfaces available for
teachers and students. However, some teachers fear that they do not have the
sufficient knowledge of Physics to teach this topic. Is this fear justified? In the
article below, we will examine robots that do not take away the joy of creation
and creativity, but do not require deep understanding of Physics to use them;
it is enough to learn about the programming interface and the programming
language of the device.

Keywords: robotics, education, STEM

1 Introduction

The specifics of the teaching of natural sciences and STEM subjects make it
possible to integrate robotics in several areas. Although, robotics-based
occupations will not significantly deepen the knowledge of natural sciences
among students, but their motivation and interest in the field will be greatly
enhanced[1]. Considering this, they can become perfect demonstrative tools.

In addition, they may be able to reduce the male dominance in the STEM
subjects, and in the related fields. [2]

From a teacher's point of view, demonstrating with robots requires a higher
level of knowledge of the robot's programming language in addition to the
knowledge of the robot itself. Unfortunately, in some cases, this in itself
creates barriers, since we can find examples even among IT teachers, that
there is no willingness to learn new programming languages. In addition,
some tools may require knowledge of Physics as well. The robots to be
presented in this article can be used to eliminate this problem, since they can
be easily assembled, and they are made up of modules that do not require a
higher degree of knowledge of Physics to use them. They can also be
programmed with an easy-to-learn programming language, which is an
important consideration for teachers and students as well.

For the selected robots, it was also important that they should, have to be
easily accessible and adequately supported, and that the robot or robot family
should, has to be able to cover multiple age spectrums. There was even a value
for money aspect, as the emphasis in the case of the tools is that they have to
be able to be used within the classroom, and develop children's skills properly,
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covering the areas of programming and STEAM; this requires robots with
learning materials, too.

Furthermore, it was a priority to include robots in the list that can be rebuilt
in several ways, so there are no limits to creativity or self-expression either.
In addition, robotics-oriented in-class pairwork or group work greatly
develops children’s soft skills. Finally, from abstract problems, we can easily
create tangible problems that are understandable for children. [3]

The analysis of the tools in this article is summarized in the following table
[Table 1]. The description of the packages, the division of the curriculum and
the programming environment will be described in more detail for each
device.

Name of the Age Number of | Price | Elements | The programming
device groups | curriculums in the language
bundle
Grade 150- Block-based, in its
LEGO WeDo 1-5 35 190€ 280 own language
LEG(.) Based on Scratch 3.0,
Education Grade 290- s
. . 26 528 with its own blocks
Spike™ Prime 6-8 330€
added
Set
LEGO | From 350- " g e/
Mindstorms high | 141+ hours 500€ 541 MicroPython/Scratc
EV3 school h
Revolution From
Robotics grade 12 ~2€40 530 BIOCl;Lyr;bSZeS own
Challenge Kit 3 guag
From Scratch 3.0 based,
VEXrobotics IQ | grade 25 400€ 812 with its own blocks
5 added
Engino STEM & | Grade ~154
Robotics Mini 1-4 32 € 273
Engino STEM & | Grade 32 ~226 380 Scratch-based own
Robotics PRO 4-9 € language- KEIRO™
Engino STEM & | From ~357 software
Robotics grade 32 € 415
Produino 9

Table 1: Summary of analysis aspects
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2 LEGO products

Almost everyone in the world knows LEGO products. Different building kits
adapted to age characteristics have a very positive effect on children. It
develops creativity, problem solving, mathematical skills and engineering
skills, among others. In this article, we will examine three robot kits of LEGO,
of which Mindstorm is perhaps the most well-known and widespread. These
three products cover the entire spectrum of age groups in public education,
and, in addition to the competences mentioned above, the development of
algorithmic thinking is given a prominent role.

2.1 LEGO WeDo|[1]

2.1.1 Device specification
Recommended age group Grade 1-5
Default programming language:  Block-based, in its own
language
Number of official curriculums: 35
Price in Europe 150-190€/bundle

Figure 1: The WeDo 2.0 Kit

The WeDo 2.0 set is a package of 280 building blocks, which includes a motor,
a tilt sensor, a motion sensor and, of course, a control unit as well. The unit
communicates with the application via Bluetooth. The application can be
installed on all well-known operating systems as well as tablets and
computers. Thus, no direct physical connection is required for the device to
operate, as the power supply, as usual in the case of LEGO, is provided by
batteries.
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The control unit has two connections, and a total of 3 control units can be
connected to each other, so at most, we can connect six motors or six sensors.
Of course, these can be varied as required. A package is tailored for two
children, so using WeDo requires pair work, thus also developing important
soft skills.

The package includes, among other things, training materials for teachers,
specific teaching materials and a free utility software. The curriculim is
divided into two parts, one dealing with the natural sciences, the other dealing
with computational thinking. The tasks are strongly problem-oriented and the
helping materials are built along them.

2.1.2 Presentation of the default software

WeDo uses LEGO's own block-based programming language and the
programming is done within the software. From the appearance of the blocks
[Figure 2], children can easily associate which command can be used for what,
which can be a huge help in certain age groups.

Flow Blocks Sensors Inputs Blocks Display Blocks Motor Blocks Device Inputs Blocks

ik Down

Other Blocks
ST - [FO— -

Bustis

b X
T | wanFortlod

i W ik That Way = I Display Closed Block

e ot ok

Figure 2: The programming blocks of WeDo 2.0
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Start On Message Block p , ] Sublract from Display Block Motor Powe Block Random input
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OB N i oo vy 7] [N
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The interface is simple, contains little textual information, with pictograms
playing the main role, making it easier for students to navigate. The wording
of the tasks is also short, understandable and concise, with an emphasis on
practical implementation and the initiation of thinking. We also receive
building instructions for the pre-defined projects, and the instructions are
guided step by step. In the case of open projects, the program only provides
inspiring ideas for students to get started and give space to their creativity. If
students get stuck during the pre-defined projects, they have the opportunity
to build their code, based on a pattern [Figure 3].
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Figure 3: The interface of the WeDo software

In addition, the software provides all the information needed to use these
devices effectively in education. Project descriptions and the teacher- and
installation instructions just mentioned are also available. We also have the
opportunity to document to a high degree by taking photos and notes, and we
also get pre-made models and the corresponding codes.

2.2 LEGO Education Spike™ Prime Set[2]

2.2.1 Device specification

Recommended age group: Grade 6-8

Default programming language:  Based on Scratch 3.0, with its
own blocks added

Number of official curriculums: 26

Price in Europe 290-330€/bundle
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Figure 4: The Spike™ Prime Set

The Spike package is also ideal for two children. The set of 528 building
elements includes a central unit, 1 large and 2 smaller motors, light-, force-
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and distance sensors. The majority of the building blocks are members of the
LEGO Technic family, but the package also includes so-called bridging
elements, which make them compatible with normal LEGO bricks.

The central unit here represents a more advanced level than the robot
examined in the previous case. It has a 5x5 LED array, 6 1/0 connectors, a
speaker, a Bluetooth unit, a battery and, what's really useful, a 6-axis
integrated gyro. Thanks to the latter, the robot can also be given instructions
on by which curve to turn or how many degrees to turn. This greatly facilitates
its educational utility, as it does not require a high degree of mathematical
skills for a simple turn, which enables the robot to bring turtle graphics to real
life.

The free software also comes with the bundle. The software includes offline
access to projects, which are divided into 4 groups. Here, the two main
disciplines are computer science and engineering in addition to STEAM.
Examining the areas, we get materials divided into separate parts. Invention
Squad focuses primarily on rudimentary robot design and engineering, while
Kickstart a Business focuses on computational thinking. In Life Hacks, the focus
is on variables and data management. The final episode, Competition Ready,
also identifies design processes and engineering competencies as major
strokes, but all through challenges related to various robots, many of which
appear in first LEGO League and WRO competitions, as the device is allowed
to be used from 2019.[3]

2.2.2 Presentation of the default software o

On the interface, we can choose from various e
menu items that include lessons, building o pgEEre
instructions and our own projects. The .
programming interface itself is based on Scratch
3.0, which can be seen right in the design. The

difference here is that the blocks are tailored to g —

the robot. Of course, basic operational blocks are ovement

equal to the Scratch blocks. Blocks can work with ¢

multiple units of measurement that we can

simply select from the drop-down menu. Figure 5: Example for
The software concentrates on simplicity and Spike related blocks

clarity in its appearance, but it provides the user

with more textual information. In each case, the materials are provided with
step-by-step descriptions with videos, where students can view the finished
code with comments.
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Figure 6: Hint cards in the Spike software

We can add our own extra blocks to the existing blocks, to give us even more
access to the robot's programming and use a wide range of engine modes and
control commands. However, we also get a special group of blocks that is
called weather. With this, we can practically create a weather station robot.
The robot receives the data from the Meteorological Centre in Norway when
the connected computer is online. Based on this data, we can easily program
our robot to tell us what weather is expected for the rest of the day, with the
help of certain movements.

2.3 LEGO Mindstorms EV3[3]

2.3.1 Device specification

Recommended age group: From high school

Default programming language:  Block-based, in its own
language/
MicroPython/Scratch

Number of official curriculums: 130+ hours of occupation
/11 hours Python session

Price in Europe 350-500€/bundle

Figure 7: The Mindstorms set

The Mindstorms kit, like the former LEGO products, also provides its kits for
two people. In addition to the included central unit, which is also capable of
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connecting wirelessly and has 4 sensor connections and 4 motor connections,
we get a piece of light, ultrasound and gyro sensors, two touch sensors, one
"medium" motor, two large motors and, of course, a rechargeable battery and
cables of different lengths.

Through the central unit, we can practically program our robots, or we can
choose one of the codes on it, which we have previously uploaded on it. It is
also suitable for visual display, so that it can display data measured by sensors,
even on a graph. We are basically talking about a unit that can be called a
computer.

In the free downloadable software, the basic materials are related to the pre-
designed models and are used to demonstrate the possibilities of the robot's
operation.

The improved curriculums are also available free of charge, distinguishing
between three areas that focus on engineering, science, and space travel.
There are also many building instructions and step-by-step descriptions for
the preparation of a project. It can be said that this kit contains the highest
number of elaborate and certified materials.

2.3.2 Presentation of the default software

The programming interface shows that it was
designed for older age groups, but it is still simple
and clean. Here, too, the hints are available from
the programming interface. If that is not enough,

we can go to the online interface where even more oo

detailed descriptions can be found. A special o

mention should be made of presenting the codes | .. &
Iy #

with a video, which we can start by clicking on the [ [ e

code. Then, it shows the robots activity next to
each code snippet. The block-based environment  Figure 8: Loop options
covers a wide range of programming possibilities. menu

We can find data operations, random numbers

and, of course, the blocks that operate the sensors, together with the blocks
responsible for the basic conditions and loops. We can also create our own
blocks, so we can easily implement our own procedures. Within the blocks, we
have several setting options, for example in case of the motor, we can specify
the number of revolutions, or for how long should it be turned on, but we can
also specify the loop condition and change the type of the loop.

At the first use, the programming language may seem opaque, but in addition
to the descriptive icons, we can also get a textual description of the items by
hovering our mouse over them. The visual appearance of the code is
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horizontally linear, which can be unusual for long codes and navigation in the
window can only be done using the keyboard by default.

We can also switch to mouse movement, but during testing, in our case, for a
longer code, it caused a lot of stuttering, as if the editing interface had frozen
for a few seconds. The image below [Figure 9] shows an image of a longer
program, but only a part of it.

For the readability of the code, we would not necessarily recommend the
default block language for complex tools. Although the interface can be
changed to show the code in a vertical way, in this way, the elements will be
connected by a line, which can be disturbing for the children.

Therefore, we recommend the Makecode editor for creating larger projects,
which maybe familiar from the programming of other robots, which can make
the navigation easier.

Figure 9: The coding interface of the Mindstorm program

3 Revolution Robotics Challenge Kit[5]

The Revolution Robotics Foundation is a San Francisco-based nonprofit
organization founded in 2018, that aims to educate children about STEM.
Several experts of the organization are Hungarian. Their tool was created as
part of a Kickstarter project and offers a more affordable alternative for
children. They say they do not want to compete with LEGO products, they
want to make robotics and STEM education available to less affluent children.
The organization has started, among others, working with ELTE T@T Lab, and
its students and professors there, in order to create quality learning materials
for the robot.
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3.1 Device specification
Recommended age group: From grade 3
Default programming language:  Blockly-based own language
Number of official curriculums: 12
Price in Europe ~240€/bundle

Figure 10: Challenge Kit

The rechargeable central module included in the package is based on a
Raspberry Pi Zero W with built-in WiFi and Bluetooth adapters. This also
provides USB and HDMI connectivity, making it easy to extend our device and
take advantage of other Raspberry Pi features. In addition to the central unit,
we also receive an ultrasound sensor, built-in gyro sensor, accelerometer, 1
bumper switch, 1 built-in loudspeaker, 12 programmable LEDs. Furthermore,
the building blocks make up the contents of the 530-piece set, which is fully
compatible with LEGO products. We find it useful to have a separate "carpet”
included in the package, eliminating the surface factors that affect the control
of the robot, as this gives everyone the opportunity to use the device on the
same surface. This plays a big role in going forward or rotating.

The software is free to download, but currently only available for Android and
iOS operating systems, but the open source code allows anyone in the
community to work on the PC environment. The program contains extremely
clean and detailed descriptions as well as step-by-step guides to existing
teaching materials, and, of course, building instructions. In terms of
curriculum, it is more concerned with the development of programming and
engineering competencies, but we believe that it can be perfectly applied to
other fields of science, similar to LEGO products. Of particular note is that
during the Weekly Challenges menu, children can complete quests, the results
of which can be uploaded to an online interface to determine the rankings. It
can even be regarded as a workbook that is available in digital form.
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3.2 Presentation of the default software[6]

The interesting thing about the program is that we can select the level of
difficulty we want to program on. We can distinguish three levels, which are
realized through the parameterization of the blocks and the increasingly
detailed setting of the functions.

At the very first level, the main Untitted program |

role is entirely in the graphical
interface. We can program
with blocks with clear, large
icons, but we only have access
to basic functions. As the levels
progress, it expands more and
more, providing the user with
a number of options[Figure
11]. This is the perfect solution
to cover the various age
groups, since with one click,
we can "develop” our robot
without buying a separate set
of tools.

The environment is Blockly e =
based, just like the micro:bit
environment or the

. . B -0
environments on the Microsoft o O e

MakeCode page.
In addition to robot-specific i
instructions, all programming (®in
tools are available, as well as
new functions can be created if

Figure 11: The three levels of difficulty

. ) : (revolutionrobotics.org)
desired. It is a typical block

environment where children can easily navigate.

Access on mobile devices is important because more children have smart
devices than computers.

Even in a classroom environment, it is increasingly feasible to apply this
method, as most schools have tablets. The program is fully open source, so
anyone is free to develop the software.

4 VEXrobotics 1Q[10]

Robots manufactured by VEXrobotics will also fully cover the age stages of
children. The release of their two families of robots is scheduled for the
summer of 2020. Together with them, they will provide robots for children up
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to the age of 5. The VEX 123 will be a non-expandable compact robot that can
be easily programmed via a mobile app. VEX GO will include motors and
sensor units that children can program in scratch-based environments[Figure
12]. In this article, we examine one of the robots of the manufacturer, which
can be an excellent choice in case of value for money. We don't want to deal
with the VEX 5 robot because it's designed for competitive competitions
rather than for classroom environment, although the manufacturer also
provides materials for it, but because of its price, it is not being presented at
this time.

Available Summer 2020

VEX 123 VEX GO VEXI1Q VEX V5 VEX V5
Ages 5to 8 Ages8to 10 Ages 10to 14 Ages 14t0 18 Ages 18+

Figure 12: The VEX robotics family (vexrobotics.com)

4.1 Device specification
Recommended age group: From grade 5

Default programming language:  Scratch 3.0 based, with
its own blocks added

Number of official curriculums: 25
Price in Europe 400€/bundle

Figure 13: The VEXIQ kit

After examining the kit, the first obvious thing is that we also get a controller
that will be responsible for remote control of our robot. The manufacturer
recommends the package for 2-4 children. The kit consists of 800 building
blocks and we also have the central unit, motors and sensors that are essential
for the robot. The central unit has 12 connectivity options, both I1/0, so we can
connect anything anywhere. On the unit we can also calibrate and run
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programs. To use the controller, we also need to connect the transmitter unit,
which is also part of the package.

In terms of sensors, we get one gyro sensor, two bumper switches, two LED
touch sensors, one distance sensor and one color sensor.

The teaching materials can be divided into two parts. 13 parts of the material
mainly focus on programming, sensor operation and engineering skills
development. In a separate volume, a 12-lesson curriculum specifically for
STEM disciplines is available. The training materials are available online and
offline on the manufacturer's website. In addition to the training materials, 14
robot building guides can also be downloaded, 10 of which can be controlled
immediately using the controller.

4.2 Presentation of the default software

The manufacturer uses a Scratch 3.0-based environment that is downloadable
for almost all platforms. They promised the release of a version that will also
run on Chromebooks by 2020. Fifty example codes and twenty-five resources
are also available within the program, which show the process of
programming the given part on video.

The software’s code set is the same as Scratch's toolbar at first glance.
However, after we add the connected devices, we will also have access to the
associated blocks[Figure 14]. This is a good choice for children, as they need
to choose the right one from fewer codes, thus helping the elimination of
potential distractions. The process of connecting is easy, because it also
illustrates the peripheral we want to connect, all we have to do is set the
number of the port we have connected our device to.

When adding extensions, we can add a Vision module, but this is not a part of

the base set. The sensor is a camera that can detect up to 7 objects and their
color.

@ de W Tuoras @ VEXcode Project NotSaved o- & > E @

o FEE
Controller
:E]: Drivetrain E’ﬂ Eﬁ &a
E Motor4 a
Cﬁ] Bumper?
Distance8 u

~ Gyro9 n

0 Add a device

=

Figure 14: The interface of the "VEXcode IQ Blocks" software
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5 The Engino robot family

Engino also offers a variety of solutions to cover children's age stages, as well
as a range of additional kits that are project-based sets. Regarding the
overview of the devices, we will examine three robots, and then we will
explore the possibilities of the software, as all of their robots are controlled by
the KEIRO™ software, but in addition, the company
provides us with a virtual environment, where, by
selecting the built robot, we can immediately see
how it would behave in field conditions. The Kits, as
we can see from previous products, are not only
recommended for one child, but for 2-3 children,
according to the manufacturer.

Especially noteworthy is their 3D Builder software,
which contains all available building blocks, and
with the help of it, one can virtually build or design
robots. This can greatly improve children's
engineering skills and provide the perfect basis for
the introduction of design and CAD softwares in the
future[11].

It is important to note that the materials are available for all robots in one
software, where we can choose which device we want to use. With regard to
the instruments we are examining, the program will be divided as follows. In
each case, we get a manual that promotes and introduces theoretical
knowledge, and connects the robot with real-life robotics, as well as dealing
with robotics in general. Students can acquire different Physics knowledge
(e.g.: introduction of the wheel, load, Newton’s laws) through easy-to-
understand examples.

o

Figure 15: The 3D
Builder environment

Each product comes with a certain number of guidelines through which
students can build tools. Here we can meet the environment based on the
above-mentioned 3D Building Software [Figure 15], but all the descriptions
can also be found in PDF format. A detailed user guide is also included with
the KEIRO™ software, which explains the operation of the programming
environment and the meaning of the blocks accurately and clearly, as well as
containing programming knowledge. Of course, each description is tailored to
the specific robot.

Finally, the teaching materials can be found here as well, we also get lessons
with different contents according to the robots, considering the needs and
peculiarities of the age. The teacher's guide was not left out of the software
either, which, like the teaching materials, we get one for each robot separately.
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5.1 Specification of STEM & Robotics Mini[12]
Recommended age group: Grade 1-4

Default programming language:  Scratch-based own language-
KEIRO™ software

Number of official curriculums: 32
Price in Europe ~154€ /bundle

Figure 16: The STEM & Robotics Mini set[12]

The package includes two motors, two infrared sensors, a touch sensor, and a
red LED. The robot is controlled by a four-port mini controller, where the
ports are both output and input connectors[Figure 19].

The controller also provides the possibility for programming without
software, since we can record specific instruction sequences, which will be
performed by our robot independently and automatically. We can also send
this code to the software and reupload it to our device after modifications and
extensions[13]. On this basis, it can be perfect for the initial mastery of
programming thinking, and there are parallels with the operation of many
robots used in the industry and their control panels.

The connection, as with all other devices, is solved via Bluetooth, so there is
no obstacle to remote control, for which a software is available. In addition,
we can find 267 building blocks with 1355 connection points.

We also receive 38 building instructions for the package, a significant part of
which shows on a video how the finished device works. Not all models require
programming, some are simple offline models.
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5.2 Specification of STEM & Robotics PRO[14]

Recommended age group: Grade 4-9

Default programming language:  Scratch-based own language-
KEIRO™ software

Number of official curriculums: 32

Price in Europe ~226€/bundle

Figure 17: The STEM & Robotics PRO set[13]

This set, compared to the previous one, shows the biggest difference in the
central unit and in the number of included building blocks [Figure 19]. In
addition to increasing the number of ports to seven, the number of possible
settings and commands has also increased compared to the previous version.
Besides the motor, we can now also operate the LEDs and sensors from the
control unit.

The box contains 369 building blocks with 1678 connection points.
Furthermore, we get three motors, five LEDs, two infrared sensors and one
touch sensor.

The package also comes with 34 building guides, some of which do not require
programming, just like in case of the previous device.

5.3 Specification of STEM & Robotics Produino[15]

Recommended age group: From grade 9

Default programming Scratch-based own

language: language- KEIRO™
software

Number of official 32

curriculums:

Price in Europe ~357€/bundle
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Figure 18: The STEM @Robotics Produino

The name of the set may already give us a hint about that the central unit of
this package is Arduino-based. The seven connection ports remain, but it is
practically a minicomputer that runs its own operating system and also has a
monochrome display [Figure 19].

Yo
% “ﬁ”@
S N
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Figure 19: The MINI, the PRO and the Produino controllers[12,14,15]

We can also perform programming without the software, but here we can also
change the variables as desired and more complex codes can be put together.
The special feature of the control unit is that it also includes a built-in
breadboard, which allows unlimited expansion of the device, as external
circuits can also be connected to it by adding countless new devices. We can
also store or run our programs on the connected SD card.

In terms of building blocks, we get 406 pieces, which have 1990 connection
points. The package includes two motors, a servomotor, 2 infrared sensors, a
touch and ultrasonic sensor, a compass/magnetometer, and a color
recognition sensor.

This tool is suitable for collecting real-time data and exporting it, which
increases its applicability to subjects where measurements need to be taken
and then evaluated. In terms of building guides, we can get 34 pieces in the
software, where we can still find ones that are designed specifically for
modeling and can be used without programming.
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5.4 Presentation of the default software

The robots mentioned above can be programmed by the company's Scratch-
based KEIRO™ software. In the menu, we can easily choose which set of robots
we want to work with.

The software is child-friendly, with large and clear icons. Once the devices are
selected, commands are expanded to match the specific robot. In the case of
Produino, it should be pointed out that we can switch to Arduino programming
with a click of a button, thus providing access to both digital and analog
outputs, as well as opening up the Arduino programming environment, where
we can continue programming in a pre-built framework program, now in an
environment with code.

For all devices, we can also display the coded version of our blocks, which may
also play a key role in mastering programming [Figure 20]. While KEIRO uses

BEGIN
IDLE TINE

@

O]
v
>

KEIRO Code

Figure 20: The interface of the KEIRO™ software

As we can see, by dragging in the blocks, several options become available to
modify the given command. These settings vary from block to block, for
example, we can set the duration of operating for the motor and the rhythm of
the tune block.

A great idea is the built-in EnViRo™ environment, where we can test how our
program works on a given device, in a virtual space. These are designed for
pre-built models, so we need to build the robot before we can simulate the
processes. However, this environment also allows students to develop
programs at home withouta robot, so it can be particularly suitable for longer-
term project work. The software is available on all platforms, including mobile
devices, but it is important to note that the software works best in a tablet
environment.
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Figure 21: The EnViRo™ testing tool

6 Conclusion

The robots mentioned above are only some example choices for educators. In
addition to these devices, there are many interesting and other robots that are
suitable for integrating them into natural science subjects. These tools are
specifically designed to be built and customized without any complicated
knowledge of Physics.

However, it is important to point out, as we can see from the description of the
devices, that the packages are not designed for one child. As a result of this,
the use of the robots requires a modern approach to pedagogical
methodologies and, in many cases, requires radical changes if we would like
to exploit the potential of these products effectively. We believe that the
project method and group work are essential part of the methodology in
which robotics education can be implemented.

Based on the research work carried out during the selection of robots and the
robots included here, the appropriate tool for a comprehensive curriculum
will be selected in the future, creating a comprehensive curriculum for the
development of children's natural sciences competences, in addition to
programming and algorithmic thinking. Once the curriculum is completed, the
next important stage of the research will be to examine the success of the
curriculum.

Finally, it is important to highlight, that these devices are designed to develop
important and key competencies for the 21st century. The aim of a robotics
lesson is not to provide students with a deep knowledge of the subject, but to
arouse their interest and develop their cooperation and communication sKkills.
From abstract problems, we create tangible real-world simulations that help
students understand the material better. In addition, through programming,
students can gain the kind of mindset that is becoming increasingly important
in the current job market and in almost all areas of life.
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ROZVO] KLUCOVYCH KOMPETENCIi DETi
PREDSKOLSKEHO VEKU PROSTREDNICTVOM
INTERAKTIVNE] TABULE A ROBOTICKYCH HRACIEK

Eva GASPAROVA, CR

Abstract

Children use digital technologies from an early age; for a child, they are a
source of knowledge, communication, expression, and development of their
logical thinking. Kindergarten children are Generation Z, whose thinking is
shaped from an early age by the use of technology in such a way that they do
not perceive its presence at all and their thought processes are influenced to
such extent that they are naturally able to immediately identify the most
suitable way to deploy technology to solve any problem. The latest
phenomenon that children are interested in is robot toys that they encounter
also in their home environment. Therefore, we deemed it appropriate to
combine the interactive whiteboard and robot toys in a socio-cognitive
teaching model. In the paper, we inform of the possibilities to combine the
interactive whiteboard and robot toys to achieve educational goals in pre-
primary education. We present a pilot qualitative research in pre-primary
education settings concerning the use of digital technologies. We highlight the
need to change the thinking of kindergarten teachers when creating new
contexts in educational activities, with emphasis on the use of the interactive
whiteboard and robot toys. We conducted the pilot qualitative research at a
state kindergarten in Bratislava. Our research subjects were preschool
children and kindergarten teachers. The research tool used was a focus
group.”

Keywords: Qualitative research, Pre-primary education, Teaching process,
Kindergarte teacher, Preschool child, Interactive whiteboard, Robotic toys

1 Uvod

Dnes su digitdlne technolégie sucastou kazdodenného Zivota deti
predskolského veku. V materskych Skolach sa kladie doraz na vyuZzivanie
digitdlnych technolégii, vratane interaktivnej tabule, ich integrovanie do
vychovno-vzdelavacej Cinnosti deti uz od troch rokov, pretoze prispievaju k
celostnému rozvoju dietata predskolského veku. Deti ich od utleho veku
pouzivajui, su pre dieta zdrojom poznania, skimania, komunikacie,
vyjadrovania a rozvijania ich logického myslenia.
Sucasny pedagogicky diskurz v nazerani na moZnosti vyuzivania interaktivnej
tabule v predprimarnej edukacii sa kvalitativne posunul, ale didakticka prax
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na zaklade skusenosti zaostava. V sticasnosti deti v mimoskolskom prostredi
su vstyku s digitalnymi technoldgiami a Skola ich nevyuziva v dostatoCnej
miere.

Generacie ludi mnohi psychologovia a sociologovia delia
na ,veterdnov“(narodeni medzi rokmi 1939 a 1947), povojnovii generdciu - tzv.
»,baby boomers” (1948 - 1963), ,generdciu X* (1964 - 1978) , ,generdcia Y*
(1979 - 1991) a,generdciu Z“(narodeni po roku 2000). Je vSak jasné,
Ze generacia Z je celkom ina ako jej rodic¢ia. Ide o technicky najbystrejsiu
generaciu vSetkych ¢ias - pomaly uZ batol'ata si vedia cez YouTube najst na
internete cokolvek a Ziaci prvého stupna si do Skoly zvladnu pripravit
powerpointovii prezentaciu aspomocou ucitelov wurobia aj vlastné
animované filmy. Tak ako generacie pred nimi, tak aj Z generacia ma svoje
pozitiva a negativa [26].

Podl'a Marka Prenského najvacSou otazkou pri zavadzani technoldégii do $kol
v 21. storoéi nie je otazka “Co to robi?” ale skér “Ako to moZeme vyuzit?”.
Podl'a neho existuju Styri kroky v procese zavadzania technoloégii do $kol:

¢ nahodné pokusy (v Skolach sa technolégie vyuzivaju bez pripravy, bez
planu a bez vizie, tak ako sa to prave Sikne)

e staré ciele starymi metédami (napriklad staré ucebnice v digitalnej
podobe, pdvodné vyucbové materidly v digitadlnej forme apod.)

e staré ciele s novymi metédami aplikacie, ktoré zlepSuju vyucbové
vysledky (napriklad prezentacia vo forme animdcif ¢i videonahravok,
simulacie, modelovanie, budovanie virtudlnych svetov, vyucbové hry
apod.)

e nové ciele novymi metédami (digitdlny domorodec je jedinec, ktorého
myslenie je formované od dtleho veku pouZivanim technoldgii tak, Ze ich
pritomnost vébec nevnima a jeho myslienkové procesy su natolko
ovplyvnené, Ze je schopny prirodzenym spésobom okamzite najst
najvhodnej$i spdsob nasadenia technoldgii pri rieSeni l'ubovolného
problému [19].

Predprimarne vzdelavanie povazujeme za klticové ktomu, aby sa deti
predskolského veku naucili ucit' sa, aby mali chut’ samé objavovat a zistovat
informadcie o okolitom svete. UZ v materskej $kole ich pripravujeme na to, aby
sa naudili kriticky si vyberat, ¢o je ddleZité a Co treba radSej eSte overit
a postupne sa flexibilne dokazali prispdsobit okolitym zmenam.

2 Vyucba prostrednictvom interaktivnej tabule a robotickych hraciek

Na jednej strane by sa mohlo zdat, Ze dnes uz nemusime diskutovat' o tom, ¢i
sa interaktivne tabule hodia do materskej Skoly alebo nie. Nad'alej sa vsak
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stretneme aj s odmietavymi postojmi, s nespravnym chapanim ich tlohy vo
vzdelavani, s ich nespravnym pouzivanim, s nevhodne vytycenymi ucebnymi
cielmi, s nevyuZitym eduka¢nym potencidlom. Casto sme svedkami
vyuzivania interaktivnej tabule v procese vyucby bez efektivity ako staticky
nastroj.

Materska skola nemoze ignorovat spolo¢enské zmeny, musi pomahat detom
ziskat pozitivne konkrétne zazitky, musi ich usmernovat, aby sa deti naucili
zit v tomto komplexnom svete, aby sa napr. naucili spravne vyuzivat digitalne
a mobilné technolégie ako nastroj na jeho skiimanie, na komunikéciu, ucenie
sa a zabavu. Aby tuto ulohu mohla materska skola plnit, potrebuje pedagégov,
ktori su digitdlne gramotni. Alebo eSte inak: Ucitel dnes musi byt digitalne
gramotny, aby bol dobry ucitel’.

Mnohfi inovativny ucitelia postupne objavuju, Ze vlastna digitdlna gramotnost
je pre moderného ucitela prirodzena, produktivna a nenahraditelna. Ze
vdaka nej asvojej pedagogickej erudicii mézu interaktivnu tabulu ako aj
robotické hrac¢ky na prospech komplexného vyvinu deti. Ze uz spoznavajt
potencidl digitalnych technolégii na podporu svojich vychovno-vzdelavacich
ciel'ov.

Podl'a [13] interaktivna tabul'a umoziuje, aby sa uciace sa subjekty (tym aj
deti predprimadrneho vzdelavania) aktivne zapajali do aktivit, ktoré sa
prezentuji na tabuli. Jednou 2z podmienok zmysluplnej vyucby
prostrednictvom interaktivnej tabule st kvalitné vyucbové materidly na
celostny rozvoj osobnosti deti predSkolského veku. Nemusia sa vSak
obmedzovat len na vyuZzivanie hotovych produktov, tie Casto totiz len
aktualizuju paradigmu behaviorizmu a akademizmu v prostredi suc¢asnych
digitalnych technoldgii. Ucitelia si sami vytvoria podl'a vlastnych predstav a
potrieb, ale rovnako aj podla ndvrhov/myslienok deti vlastné interaktivne
vyucbové materialy. Optimalnym bude, ak ucitel vytvori podmienky na to, aby
boli uc¢iace sa subjekty aktivnymi angazovanymi konstruktérmi/dizajnérmi
vyucbovych produktov v digitalnom rozhrani interaktivnej tabule.
Interaktivna tabul'a je pre dieta nielen digitdlnou pomdckou, ale mézeme
povedat, Ze sa stava pre dieta hrackou, s ktorou sa hra denne a zabavnou
formou zvlada ucivo. Interaktivna tabul'a je elektronické zariadenie, ktoré sa
vyuziva na interaktivne ucenie sa a u€enie cez digitalne technolégie (napr. cez
pocita¢, notebook, priamo z interaktivnej tabule, klikanim interaktivnym
perom alebo dotykom (prstom) na premietany obraz ap.). V sucasnosti
interaktivnu tabul'u je mozné vyuzivat v procese vyucby ako didakticku
(digitdlnu) pomocku a/alebo prostriedok. Prostrednictvom interaktivnej
tabule uciace sa a uciace subjekty vyuzivajd rézne zdroje informacii (napr.
internet, CD, DVD ap.); rieSia rbézne ucebné a zivotné problémy
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zakomponované v projektoch; tvoria prezentacie vlastnych individualnych
projektov (deti v kolaboracii s uc¢itel'om); prezentuju ziskané poznatky priamo
na interaktivnu tabul'u alebo z tabule ap. Interaktivna tabula je pre dieta
nielen digitdlnou pomockou, ale moéZzeme povedat, Ze sa stava pre dieta
hrackou, s ktorou sa hra denne a zabavnou formou zvlada ucivo.

Interaktivna tabul'a podl'a nasich skisenosti z praxe poskytuje neuveritelné
vyhody:
e vyuzivanie vSetkych zdrojov informacii - internet, CD, DVD ap.,
e pozornost deti,
e predvadzanie nazivo vSetko priamo z tabule,
e ucivo, ktoré dieta vidi, poCuje, zaZije, aktivne riesi tlohy, lepsie a
rychlejsie pochopi,
¢ rieSenie Uloh s rodi¢mi na spolo¢nych podujatiach, ako aj prezeranie
elektronického portfélia deti rodi¢mi.
Interaktivna tabula ul'ah¢uje ucitel'om ich pripravu na vyucovanie, ul'ahcuje
im komunikaciu s detmi a v podstate Setria ¢as. Umoziiuje det'om citit sa eSte
viac integralnou sucCastou sveta dospelych, otvara im SirSie dimenzie
vzajomnej komunikacie. Samozrejme plati, Ze interaktivna tabul'a nesmie byt
cielom, ale jednym z prostriedkov vyuzZivanym vo vychove avzdelavani.
KaZdy ucitel' by mal mat jasnd predstavu o ich vyuZivani, integrovani do
vychovno-vzdelavacieho procesu. Len naozaj premyslené pouZivanie
interaktivnej tabule a robotickych hraciek prinesie Zelany vysledok.

Zdoraznujeme, Ze tieto deti sa mimoriadne efektivne ucia pri hre s hrackami
anastrojmi, preto by sme mali aj digitdlne technoldgie sprostredkovat
akorobotické hracky. Tieto robotické hracky mézu zmenit doleZité aspekty
poznavacieho procesu nasich deti, pretoZe:

* menia u¢ebné vztahy medzi detmi a pedagoégmi,

e ponudkaju nové spbdsoby vytvdrania dynamickych vystupov,
sprostredkuju detom myslienky a pojmy, aké boli doteraz mimo ich
obsah,

¢ podporuju rozvoj stratégii ucenia sa,

e otvaraju nové prilezitosti pre socialne interakcie.

Robotické hracky, konkrétne vcielka Bee-Bot, v¢ielka Blue-Bot a Husenica
Code a pilar sd jednoduché podlahové programovatelné hracky,
prostrednictvom ktorych vieme rozvijat poznanie zdkladnych pojmov,
s ktorymi sa deti stretdvaju vo svojom Zivote a to hlavne nazov predmetov
dennej potreby, zndmych miest, l'udi, zvierat, rastlin a ¢innosti. Ulohou deti
urceny pojem, slovo (obrazok) vyhl'adat, naprogramovat hracku tak, aby sa
dostala do vopred urceného ciela na podlozke do ciela. Su pre deti
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prostriedkami, pomocou ktorych poznavaju okolity svet apre ucitela su
prostriedkom na zvySenie uUCinnosti vychovno-vzdelavacej Cinnosti.
Zabezpecuju plnSie, presnejSie informacie o osvojovanom ucive, osvojovanie
zrucnosti a ndvykov, podporujd utvaranie Ziaducich postojov deti, a tym
prispievaju kzvySeniu kvality vychovno-vzdeldvacej c¢innosti. Pomahaja
uspokojovat arozvijat poznavacie zaujmy aschopnosti deti, zvySujd
nazornost vychovno-vzdelavacej cinnosti, zintenziviiuju a racionalizuja
¢innost ucitel'a a deti.

Cielom vyuzivania robotickych hraciek je nielen spestrit predprimarne
vzdelavanie, ale najma zabezpecit komplexny rozvoj digitadlnej gramotnosti
deti, ktory ma vplyv na celostny rozvoj ich osobnosti atvorivosti, na
schopnost komunikovat, kooperovat, vyhladavat, spracuvat a kriticky
analyzovat informacie a tieZ na rozvoj vyssich poznavacich procesov.

Tieto robotické hracky plnia funkciu motiva¢ng, informacnu, precvicovaciu,
aplika¢nd, kontrolnt, spatnovazbovi avychovni. KedZe prispievaju
k rozvoju osobnosti maji aj rozvijajicu funkciu. Spifiaju aj ergonomickdy,
esteticku a technicku funkciu.

3 Dizajn a realizacia pilotného vyskumu

3.1 Vyskumny problém

Hlavnym cielom skdmania bolo identifikovat pedagogické myslenie ucitel'a
predprimarneho vzdeldvania a deti predskolského veku, ale najma vplyv a
prinos interaktivnej tabule a robotickych hraciek na rozvo;j:

1. socidlnych kompetencii deti,

2. matematickych kompetencii deti,

3. digitadlnych kompetencii deti.
Pilotny kvalitativny vyskum mal za ciel skimat sebavedomé a kritické
vyuZivanie interaktivnej tabele arobotickych hraciek aich uplatiiovanie
v procese ucenia a ucenia sa. Ako digitdlne kompetencie uciaceho subjektu
participuju na rozvoji logického akritického myslenia uciaceho sa. Ako
ovplyviiuju nadobudanie poznatkov  arozvoj komunikativnych
a informacnych sposobilosti uciacich a uciacich sa subjektov.
Zamerom skumania bolo zistit' ¢i ucitel'’ka vo vychovno-vzdelavacej ¢innosti
rozvija samostatnost, sposobilosti akolaborativnost deti, na zaklade
sociokognitivneho modelu vyucovania v procese vyucby cez digitalne
technologie.
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3.2 Ciele vyskumu

Realizovat vzdeldvacie aktivity so zameranim na analyzu vyuzivania
interaktivnej tabule a robotickych hrac¢iek v predprimarnom vzdelavani.

e Zistit, ¢i vébec maju deti skdsenost saktivnou c¢innostou na
interaktivnej tabuli a aka je ich skisenost.

¢ Identifikovat uvazovanie deti predskolského veku vzhladom na
transfer prenosu priestoru na plochu.

e Zistit udeti schopnost kooperovat v skupine pri zadanych tlohach
v aktivitach a aka je reakcia deti na pokyny ucitel'a.

e  Zistit, pri¢iny nedostatotného vyuzivania interaktivnej tabule
a robotickych hraciek vo vzdelavacej aktivite.
Analyzovat' zistenia v oblasti prace s interaktivnou tabulou a robotickych
hraciek v materskej Skole - Co sa deti prostrednictvom digitalnych technolégii
naucili a ¢o onich samotnych vedia. V¢om vidime dc¢innost interaktivnej
tabule v procese vyucby.

3.3 Vyskumné otazky

e Aka musi byt realizacia postupu, aby ucitel dokazal komplexne,
zamerne auvedomele vyuzivat interaktivnu tabulu arobotické
hracky vo vyucbe na podkladoch sociokognitivnej tedrie?

e Aké Kkompetencie sa rozvijaji pri pravidelnom vyuZzivani
interaktivnej tabule a robotickych hraciek vo vyucbe?

* Do akej miery sa zvySovala samostatnost, spozndvanim reality
prostrednictvom interaktivnej tabule a robotickych hraciek?

Didaktické avyskumné nastroje a metddy: interview, fokusova skupina,
metdda projektovania, metdda nestrukturovaného pozorovania, metdda
analyzovania vyskumného materialu, interpretacia vyskumnych zisteni.

Vyskumna  vzorka: ucitelka  predprimarneho vzdelavania, deti
predprimarneho vzdelavania.

Vstup do vyskumného projektu - pred zac¢iatkom vyskumu dohodli sme si jeho
realiziciu v materskej Skole so zastupkynou a s ucitel'kou. Zistili sme vSetky
dolezité informéacie o podmienkach: materidlno-technickych, organiza¢nych,
personalnych. Nastudovali sme si odbornu literatiiru z oblasti didaktiky,
kurikularneho planovania ipripravy na pilotny kvalitativny vyskum.
Vypracovali sme organiza¢ni osnovu vzdelavacej aktivity pred samotnym
zacatim vyskumu: a) obozndmit ucitelku so sociokognitivnymi teériami
ucenia a u€enia sa a s vyuzivanim interaktivnej tabule a robotickymi hrackami
v procese vyucby, aby nastalo zostladenie medzi ucitel’kou a vyskumnikmi; b)
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spolu s ucitel’kou naplanovat vzdelavaciu aktivitu. Realizacia vzdelavacej
aktivity: bola zrealizovand v materskej Skole v heterogénnej skupine deti.
Realizacia sa uskutocnila v triede v dopoludnajsich hodinach. Priamo sme sa
na realizacii vzdelavacej aktivity zticastnili mi ako profesiondlni vyskumnici.
ISlo o priame pozorovanie realizacie vyucbovej aktivity ucitel’kou. Nepriame
pozorovanie subjektov a analyzamateridlu - fotografie deti a videozaznamu.

4 Vysledky pilotného vyskumu

Vysledky vyskumu a ich interpretacia - v priebehu priameho a nepriameho
skiimania sme zaznamenali nasledovné - detom sme dali vacsi priestor na
samostatnost v aktivitich s robotickymi hrackami. Na zaklade otazok
identifikovali, ako moéZu robotické hracky spustit a naprogramovat v
priestore. V aktivnej ¢innosti s robotickymi hrackami identifikovali rézne
funkcie a moznosti hry s flou - naprogramovanie cesticky pre robotickd
hracku s roznymi zvukovymi efektami; ur¢ovanie pohybu v s mere hore, dole,
dol'ava, doprava; orientovat sa na ploche - podlozke; programovat cestu po
podlozke k ciel'u.

V priebehu priameho a nepriameho skiimania aktivity deti s interaktivnou
tabul’'ou pri realizacii vykonového Standardu - Na zaklade danych pokynov pre
pohyb v Stvorcovej sieti, sme zistili nasledovné:

Napriek k tomu, Ze deti neboli kontaktované s plochou na interaktivnej tabule,
pravdepodobne ani na papieri Co sa tyka Stvorcovej sieti, na vyzvu, aby
vytvorili ti cesticku pre roboticki hracku vcielku Bee-Bot, vzmysle tych
informacii o deti povedali, Ze mo6Zeme sa s vCielkou Bee-Bot pohybovat
vpravo, vl'avo, hore, dole, tak cesticku na interaktivnej tabuli urobili. Na d’alsie

rozvijajuce otazky: ,UkdZte my, kde je smer hore”, Styri deti ukazali kde je
smer na ploche hore.

Na dalSiu otazku: ,Ukazte mi kde je smer vpravo“, dievCatko pred
interaktivnou tabul'ou automaticky vysunulo ruku smer vpravo a v smere tej
linii, ktord bola nakreslend na interaktivnej tabuli. Nikto z dalSich deti,
nenaznacil prstom linie, Ze toto su tie linie, ktoré smerujd na ploche vpravo.
To nie je, ale chyba dietata. Suvisi to s chdpanim matematicko-logickych
vztahov, Kktoré vtomto veku vo vztahu kdetom, sd prirodzené.
Predpokladame, ze deti neboli kontaktované este s tymto transferom z plochy
do priestoru a z priestoru na plochu. Konstatujeme, Ze pani ucitel’ka bezne
vramci vyucby nevedie takéto sofistikované dialégy s detmi. Napriklad:
,Hl'adajte predmet, ktory je tam vzadu na konci triedy, vpravo v skrinke dole“
atd’. Predpokladdme, Ze tento transfer plocha - priestor a priestor - plocha
eSte nie je u deti systematicky a cielavedome podporovany.
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Pocas sledovania cinnosti deti pri vyucbe sinteraktivnou tabulou, ako
podpornym komponentom sme zistili, Ze deti pravidelne len sleduju dej, hru,
pieseri na interaktivnej tabuli, alebo doplfiaji chybajiice predmety podla
pokynov ucitel'’ky. M6Zeme konstatovat, Ze deti nie s vedené k interaktivnej
Cinnosti na interaktivnej tabuli. Prevazne je pri interaktivnej tabuli
dominantnd v ¢innosti ucitel’ka.

Vnutornd motivacia deti pri hre a cinnosti srobotickymi hrackami
a interaktivnou tabul'ou bola tak silna, Ze v danej ¢innosti zotrvali aktivne
v neStandartnom case, ako je vzhl'adom kich veku prirodzené. Motiva¢nym
Cinitel'om boli robotické hracky, ktoré zapdsobili na vniitorni motivaciu deti,
prave pre atraktivnost ich vyuzitia. Deti prejavovali zvedavost, spontanny
zaujem, tizbu a ochotu spoznavat. Skimali a experimentovali s robotickymi
hrackami a hl'adali savislosti medzi vlastnymi skiisenostami a poznatkami.
Vyvijali volové usilie vhre aprekonavali prekdzky vuceni. Tesili sa
z vlastnych vysledkov a prejavili radost zo samostatne ziskanych informacii
pri hre s robotickymi hrackami.

Problematizaciou perspektivneho predmetu skimania na zaklade
vyskumnych zistenf moZno zadefinovat nasledovne:
= V sucasnej pedagogicko-didaktickej praxi je podpora celostného
rozvoja osobnosti deti nedostato¢na vzh'adom na rozvojové moznosti
vzdeldvanych deti v podobe vykondvania limitovanych a
jednoznacnych poziadaviek, prikazov, usmerneni, kde ucitelia
explicitne nevykonavaji podporu ucenia sa deti s vyuZitim
interaktivnej tabule a robotickych hraciek vo vyucbe.
=  Interaktivnu tabul'u je moZné vyuzivat v procese vyucby ako didakticka
(digitdlnu) pomdcku a/alebo prostriedok. Prostrednictvom
interaktivnej tabule uciace sa a uciace subjekty vyuzivaju rozne zdroje
informacii (napr. internet, CD, DVD ap.); rieSia rozne ucebné a zivotné
problémy zakomponované v projektoch.

=  Didaktické zakomponovanie vyuzitia  interaktivnej tabule
arobotickych hraciek do procesu vyucby sa neviaze iba na jednu
konkrétnu oblast rozvoja jednotlivca. V didaktickej praxi je potrebné
zodpovedne, systematicky a dosledne vyuZzivat interaktivnu tabulu
arobotické hracky s cielom rozSirovania informécii a rozvijania
sposobilosti uciacich a uciacich sa subjektov, ktoré zaroveint pomahaju
ucitel'om zniZovat negativny vplyv na dieta.
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5 Zaver

Zrealizovali sme pilotny kvalitativny vyskum, ktorého vysledky uvddzame
v tomto ¢lanku. Mali sme moznost vidiet, Ze ked detom poskytneme vacsi
priestor na samostatnost, ddvame im priestor na aktivny rozvoj kompetencii.

Deti dostali priestor samostatne konat a posobit.
Aj pilotny kvalitativny vyskum mam potvrdil, Ze je to problematika, ktorou sa
oplati zaoberat a je zaujimava pre deti a ucitel'ov ako aj pre rodicov.

Pribidajicim mnoZstvom robotickych hraciek bude stale viac otvorena
otazka ako ich zapojit do vyucby a ukazuje sa ako jedno z t¢innych rieSeni
spojit interaktivnu tabul'u s robotickymi hrackami.

Vedomé acielené uclenie aucenie sa svyuZitim interaktivnej tabule
arobotickych hraciek uputa a stimuluje subjekty pre nové ndpady, navrhy
a moznosti, ktoré koreSponduju s ich zaujmami. Vnimavy a uvazujuci ucitel
pociva aakceptuje navrhy anazory deti pri realizacii réznych tém
prostrednictvom vyuzivania digitalnej tabuli a robotickych hraciek.

V bududcnosti planujeme realizaciu kvalitativnych vyskumov na dalSich
materskych Skolach na Slovensku.
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VYUZITIE MIKROKONTROLERA AKO UCEBNE]
POMOCKY

I1diké PSENAKOVA, Marian MINARIK, SK

Abstrakt: V edukacnom procese su ucebné pomocky a didakticka technika
nenahraditelnymi pomocnikmi pedagéga. Vo vyucbe informatiky
a pribuznych predmetov je najpouZzivanejSou a casto aj jedinou ucebnou
pomdckou osobny pocitac. Aby sme zmenili tento trend a doplnili vyuc¢ovanie
zaujimavym a pou¢nym spdsobom, rozhodli sme sa vyuZzit vo vyucbe
moznosti mikrokontrolerov. Pomocou nich je mozné ukazat edukantom aj iné
technické prostriedky na pracu a pedagoégovia ziskaju zaujimavy sposob na
prezentovanie a navrh hardvéru. Navrhnuta a zostrojena ucebna pomocka je
nezavisla od ostatnej vypoétovej techniky, spiiia didakticki zdsadu nazornosti
a zvySuje zapojenie Ziakov do procesu vyucovania.

KI'icové slova: mikrokontroler, hardvér, softvér, Arduino, interaktivita

USE OF THE MICROCONTROLLER AS A TEACHING DEVICE

Abstract: In the educational process, teaching aids and didactic equipment
are irreplaceable helpers for teachers. In the teaching of computer science and
related subjects, the most used and often the only teaching aid is a personal
computer. To change this trend and complement the teaching in an interesting
and informative way, we decided to use the possibilities of microcontrollers
in teaching. With the help of them, it is possible to show educators other
technical means for work and teachers will get an interesting way to present
and design hardware. The designed and constructed teaching aid is
independent of other computer technology, meets the didactic principle of
illustration and increases the involvement of students in the teaching process.

Keywords: microcontroller, hardware, software, Arduino, interactivity

1 Uvod

V sucasnosti uz nikoho neprekvapi, ked’ sa pred nim otvoria dvere do budovy,
Ci to je obchod, banka alebo metro, a pritom ich neotvara lokaj, ale deje sa to
automaticky. V autobusoch, elektrickach, v metre sa na displeji zobrazuja
nazvy jednotlivych zastavok alebo aj celd trasa aani tam nestoji riadiaci
operator. Vdomacnostiach je uZz dplne prirodzené, Ze pracka perie sama,
umyvacka riadu nielen umyije, ale aj vysusi riad a pritom ho nerozbije, kdrenie
domu sa zapina a vypina v zavislosti od vnuitornej alebo vonkajsej teploty
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vzduchu a mnoho d’alsich tloh, ktoré vykonava miesto cloveka ,niekto iny“
alebo skor ,nieco iné“. Uviedli sme len niekol'’ko prikladov, s ktorymi sa denno-
denne stretavame, a pritom si ani neuvedomujeme, ,kto“ alebo ,Co“ tieto
funkcie zabezpecuje alebo ako je to mozZné. Na druhej strane musime
konstatovat, Ze mnohych l'udi tento jav ani nezaujima, je to pre nich
prirodzena kazdodenna zalezitost, ktord im sprijemiiuje Zivot v modernej
dobe.

Rozvoj techniky neustdle a ve'mi rychlo napreduje a to si vyZaduje, aby sa
ucitel sustavne v tejto oblasti vzdelaval a vedel svoje vedomosti a techniku
vhodnt pre vyucovaci proces aj pouzivat. Ucitel si m6Ze zhotovovat aj vlastné
ucebné pomdcky, a ak do pripravy zapoji aj ziakov urcite dokaze zvysit
zaujimavost svojho predmetu.

2 Mikrokontroler

Mikrokontroler (angl. Microcontroller) alebo tiezZ mikroovladac je v podstate
monoliticky pocita¢ integrovany do jedného integrovaného obvodu (¢ipu),
preto sa pouZziva aj nadzov jednocipovy pocitac. Tento Cip je potom pripojeny
na dosku plosného spoja, ktory umoznuje pripojenie pamaite, osobného
pocitaca, obsahuje vstupy pre napajanie a dalSie vstupy a vystupy na
rozsirenie. Dnes mdézZeme najst mikrokontrolery vo vacSine ,inteligentnych*
zariadeniach, ako su napriklad hracky, rézne zariadenia bielej a ciernej
techniky ako st pracky, chladnicky, televizory a podobne. DokaZu riadit ohrev
vody, natdcanie slne¢nych panelov za Slnkom, merat pocet zraZok a pod. [1].

2.1 Typy mikrokontrolerov

Na trhu je v stcasnosti niekol'ko réznych typov mikrokontrolerov, ktoré sa
lisia napriklad velkostou, vdhou, poctom vstupov a vystupov, kapacitou
pamadte, vykonom a samozrejme cenou [2].

Medzi najzndmejSie a mozno aj najpouZzivanejsie patri Arduino. Zakladnud
suciastku tychto riadiacich jednotiek tvoria procesory spolo¢nosti Atmel.
Pouzivatel zadava svoje vstupné poziadavky prostrednictvom vyvojového
prostredia Arduino IDE, na zaklade ktorych sa generuje vystup. Zariadenia
exceluju vo vykonavani opakujuicich sa ¢innosti, ako je napriklad opakované
otvaranie a zatvaranie dveri, ovladanie ¢innosti motora a podobne.

vy

Najvaésim konkurentom Arduino je nepochybne Raspberry Pi. Riadi ho
procesor s 64-bitovou AMR (Advanced RISC Machine) architektdrou, ktory sa
nachadza napriklad aj v Smart telefénoch, preto sa Raspberry Pi ¢asto radf uz
do triedy mikropoc¢ita¢ov. Aktudlne najnovsi Raspberry Pi 4 model B je v§ak
cenovo dvakrat drahsi ako model Arduino UNO, a preto je menej rozsireny. Ak
by sme vsak porovnali parametre oboch zariadeni je jasné, Ze Raspberry Pi
svojou kvalitou prekona Arduino [3].
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Okrem tychto typov, ktoré su asi najznamejsSie a najrozsirenejSie v praxi sa
pouzivaju aj mikroovladac¢ PIC (Peripheral Interface Controller), vyrabany
spolo¢nostou Microchip Corporation. PIC primarne neriadi pouzivatel, ale
komunikuje sinymi zariadeniami ako su napriklad senzory, prepinace
pripadne iné PIC. NajcastejSie sa vyskytuje v automatoch na jedlo a napoje,
alebo v dial'kovych ovladacoch [4].

Mikrokontroler STM32 od firmy ST Microelectronics obsahuje procesor typu
AMR s 32 bitovou architektirou. Charakteristické pre tento typ je, Ze dokaze
udrzat vysoky vykon (az 120 MHz) s minimalnou spotrebou elektrickej
energie. Pouzivaju sa pri zlozitejsich projektoch na ovladanie motorov alebo
zobrazovacich ploch [5].

Pri vybere mikrokontrolera si musi pouZivatel zosumarizovat jeho silné
a slabé stranky a zistit, ¢i bude vhodny pre jeho potreby. Vzh'adom k tomu, Ze
sme nemali skisenosti s mikrokontrolermi, sme sa rozhodli pouzit Arduino,
ktoré je vdaka jednoduchému vyvojovému prostrediu anendro¢nému
zapajaniu odpordcané pre ,novacikov”, ktori maju zaujem obozndmit sa
s problematikou mikroovladacov.

3 Mikrokontrolery Arduino

Mikrokontrolery znacky Arduino su digitdlne zariadenia, ktoré pracuju s
binarnou technoldgiou. Ak sa napriklad zapoji svetlo vyZarujuca diéda (LED -
Light Emitting Diode) do takéhoto vystupu, moze sa zapinat' a vypinat, avsak
nemdze sa zmenit intenzita jej svietivosti. Na zmeny takéhoto charakteru
slizia Specialne vstupno-vystupné porty Arduina, takzvané PWM (Pulse-
Width Modulation). Tie umoziiujii upravovat dizku &asového intervalu,
v ktorom do PWM vystupu prudi elektricky prad.

K Arduino je vytvorené pomerne jednoduché aintuitivne ,open source”
(otvorené) programovacie prostredie IDE (Integrated Development
Enviroment), ktoré je potrebné mat nainStalované v pocitaci, aby
programator mohol s mikrokontrolerom pracovat [6], [7]. Medzi najCastejSie
pouzivané programovacie jazyky patri Python, C a Assembly. Vyrobca
mikrokontrolerov si vSak moZe vytvorit vlastnd kniZnicu, prostredie, ¢i
dokonca cely programovaci jazyk pre svoje zariadenia.

Arduino, rovnako ako vSetky zariadenia vypoctovej techniky, prechadza
neustalym vyvojom a rozvojom. Pozndme rozne jeho modely od zakladnych,
pomerne malo vykonnych, aZ po zlozité sustavy obsahujice rozne typy
vystupov, antény na bezdrdtové pripojenie k pocitacovej sieti a d'alSie sucasti,
ktoré z neho robia kvalitny maly pocitac.

Vpraxi asi najrozsirenejSim avliteratire najpodrobnejsie opisanym
mikrokontrolerom je Arduino UNO (Obrazok 1). Aktualne najnovsi model
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Arduino Uno Rev 3 riadi ¢ip Atmel ATmega 328P s frekvenciou 16 MHz a flash
pamitou 32 kB.

POUER ° ANALOG
P

Obrazok 1: Arduino UNO

Vysvetlivky k obrazku 1 zaroven charakterizuju aj Struktiru Arduino:
1. Tlacidlo -resetovanie, respektive spustenie programu od zaciatku.
2. USB konektor.
3. Vstup pre napdajanie, ktory sa nemusi vyuZzivat, ak je napajané cez USB.
4. LEDs oznacenim L (napojena na vystup 13), Tx a Rx svietia, ked’ prebieha
komunikacia cez sériovu linku, ON signalizuje napajanie zariadenia.
Mikrokontroler.
6. ICSP (In-Circuit Serial Programing) - pre externé programovanie
mikrokontrolera.
7. Digitalne vstupno-vystupné piny - 14 ks.
8. Napajacie vystupy.
9. Analégové vstupy [2].
Rozsirenim verzie UNO je Arduino MEGA, ktory je vhodny pre tvorbu vacsich
a komplexnejsich projektov. Najnovsia verzia MEGA 2560 (Obrazok 2)
obsahuje Cip Atmel ATmega 2560, ktory ma frekvenciu 16 MHz a 256 kB flash
pamadte. Pévodnych 14 vstupno-vystupnych pinov bolo navySenych na 54
(ztoho 16 PWM) a 6 vstupnych na 16. Tento model sme vyuZili v ndvrhu
ucebnej pomdcky [8].

Obrazok 2: Arduino MEGA Rev 3.
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Novsi model Arduino DUE obsahuje uz 32-bitovy ¢ip Atmel SAM3X8E, pracuje
na frekvencii 84 MHz. Zdrojovy kdd projektov sa uklada do flash pamaéte, ktora
ma vel'’kost' 512 kB. Zariadenie obsahuje 54 vstupno-vystupnych pinov (z toho
12 PWM) a 12 vstupnych slotov. Zaujimavostou je, Ze pracuje s elektrickym
napatim 3,3 V anie 5 V, a preto nie je kompatibilny s rozs$ireniami, tzv. Shields,
ktoré poskytujui pouZzivatelom Arduino nové moznosti vyuZitia.

4 Navrh uc¢ebnej pomocky

Rozhodli sme sa, Ze na navrh vyuzijeme model Arduino Mega 2560 a vyvojové
prostredie Arduino IDE. Presvedcilo nas jeho jednoduché ovladanie, prijemné
pouZzivatel'ské prostredie, implementované ukazky koédu afakt, Ze je to
oficialny produkt Arduino timu.

Ako tému na spracovanie sme vybrali pozitné ciselné sustavy. Jedna sa
o problematiku, ktora sa vyucuje v predmetoch informatiky. Znalosti z tejto
oblasti st potrebné aj pri programovani a je to aj sic¢astou obsahu predmetu
matematika, ¢iZe pomédcka sa bude dat’ vyuZzit v r6znych predmetoch.

Nas$im cielom bolo navrhnut azostrojit u¢ebnd pomédcku, ktord pomoéze
pedagégovi snazornou demonstraciou prevodu medzi jednotlivymi
najpouzivanej$imi pozi¢nymi sustavami vinformatike, ato su dekadicka
(desiatkova), bindrna (dvojkova) a hexadecimalna (Sestnastkova).

Na zadavanie ddajov do mikrokontrolera sme pouzili klavesnicu, ktora sa
pripojila cez 8 vystupnych konektorov, kde kazdy ovladal jeden riadok,
respektive jeden stipec. Klavesnica umoZiiuje zadavat' vstupné dekadické
Cislo, ktoré sa nasledne prepocitava do ostatnych pozi¢nych ststav. Dekadické
Cisla sa zobrazuju na Stvorznakovom sedem segmentovom displeji.

Na zobrazenie binarnej hodnoty (kédu) zadaného cisla sme pouzili svetelné
diédy. Rozsvietena didda reprezentovala hodnotu 1 a zhasnutid hodnotu 0.
Pomdcka obsahuje 12 didd, ¢o umozituje zobrazit maximalnu hodnotu 212, ak
svietia vSetky diody, a v zavislosti od prislusnej pozicie rozsvietenych diéd sa
zobrazuju ¢isla z intervalu <0; 4095>.

Na zobrazenie hexadecimdalneho ¢isla sme zvolili dvojriadkovy LCD displej
1602, ktory dokaze zobrazovat ¢islice aj pismend. Tento displej sluZi aj na
zobrazovanie pouzivatel'ského vstupu.

Navrh ucebnej pomocky, okrem hardvérovej Ccasti, pozostaval aj
z programového kédu, takzvaného ,skecu”. Na jeho napisanie sme pouZili uz
spominané bezplatné vyvojové prostredie Arduino IDE.
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Obrazok 3: Fotografia funk¢nej u¢ebnej poméocky

Vytvorend ucebnd pomocka (Obrazok 3) nazorne demonstruje prevod medzi
Ciselnymi sustavami. Ak sa na klavesnici zada dekadické ¢islo jeho dekadicka
hodnota sa zobrazi na sedem segmentovom displeji, v rade svetelnych didd sa
,vysvieti“ jeho binarny kdd, a na LCD displeji sa zobrazi jeho hexadecimalny
tvar. Upravou programového kédu mikrokontrolera médze pedagég
demonstrovat aj vztah inych pozi¢nych c¢iselnych ststav, samozrejme
s ohl'adom na limity mikroovladaca a pripojenych casti.

Vytvorenu ucebni pomdcku si moézu vramci vyucovania vytvorit aj sami
Studenti. Pomocou nepdjivych dosiek a vodicov si jednotlivé suciastky
navzdjom prepoja. Ziskaju tak nové skudsenosti azrucnosti s pracou
s elektronickymi stuc¢iastkami.

4 Zaver

Pocas procesu navrhu, konstrukcie a programovania u¢ebnej pomdcky sme si
postupne uvedomovali a spoznavali aj dalSie mozZnosti vyuzitia
mikrokontrolera vo vyucovani. Okrem prezentovanej ucebnej pomdcky sme
navrhli aj niekol'ko dloh pre Studentov, ktoré moéZu realizovat sami na
vyucovani. Ziskaju tak nové skisenosti a vedomosti, ktoré mozu ovplyvnit
ich postoj k informatike, pripadne ich smerovanie do d'alSieho Studia.

Pri pouzivani u¢ebnych pomécok a didaktickej techniky vo vzdelavani si treba
uvedomit, Ze ani t4 najlepSia pomocka nenahradi pracu ucitela. Jeho tlohou
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nad’alej ostava usmernovat pozorovanie zZiakov, upozornovat na podstatu
veci a systematizovat nadobudnuté vedomosti.

Na pouzivanie u¢ebnych pomocok ma byt ucitel’ dobre pripraveny, ma dbat
na to, aby pomocku zaradil do vyucovacieho procesu premyslene a funkcne.
Kedy pouzivat pomdcky a kedy nie, na to univerzalne pravidlo neexistuje.
UcCebné pomdcky je potrebné a dobré vyuzivat vzdy, ked si to situacia
vyzZaduje.

Cldnok bol publikovany vd'aka projektu KEGA 015TTU-4/2018 ,Interaktivita
v elektronickych didaktickych aplikdcidch.”
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MIKROVEZERLOK ES ROBOTOK A PROGRAMOZAS
OKTATASBAN

Jézsef UDVAROS, SK

Absztrakt: Napjainkban az informatika és a szamitastechnika oktatasa
nagyon fontos. Ezen beliil a programozas kiemelt prioritast élvez. Az oktatas
szempontjabol nem szamit, hogy milyen oktatdsi mddszert alkalmazunk az
eredményesség szempontjabol. Az oktatdsi folyamat sordn nagyon fontos
felhivni a hallgaték figyelmét és érdekl6dését a programozas irant. A
mikroprocesszorok és a mikrovezérl6k rendkiviil fontos szerepet jatszanak a
mérnoki alkalmazasok széles korében. Manapsag szinte az dsszes intelligens
elektronikai eszkdzt egy vagy tobb mikroprocesszor vagy mikrovezérlé
vezérli. Ezért nagyon fontos, hogy a tanulék mar nagyon fiatal korban
megismerkedjenek a mikrovezérl6k miik6désével, programozasaval és a
felhaszndlasi teriileteivel. Az oktatds terlletén a mikrovezérlék széles
valasztékaval taladlkozhatunk, mint pl. az Arduino csalad mikrovezérléi,
Raspberry Pi, Lego, PIC, BBC microbit vezérldi. Az oktaté feladata az
iskolatipustdl és a tanuldék életkoratdl fiiggéen, hogy melyik mikrovezérlét
valasztja. A mddszer segitségével érdekesebbé tehetjiik az oktatast, valamint
felkelthetjiik az érdekl6désiiket az elektronika, robotika és mas miiszaki
targyak irant.

Kulcsszavak: mikrovezérlg, oktatdsi modszer, robotika

MICROCONTROLLERS AND ROBOTS IN TEACHING
PROGRAMMING

Abstract: Nowadays, the education of informatics and computer science is
very important. Within this, programming is a top priority. From an
educational point of view, it doesn’t matter what teaching method we use in
terms of effectiveness. It is very important to draw students’ attention and
interestin programming during the educational process. Microprocessors and
microcontrollers play an extremely important role in a wide range of
engineering applications. Today, almost all intelligent electronic devices are
controlled by one or more microprocessors or microcontrollers. Therefore, it
is very important that students become familiar with the operation,
programming and areas of use of microcontrollers from a very young age. In
the field of education, we can find a wide range of microcontrollers, such as
microcontrollers of the Arduino family, Raspberry Pi, Lego, PIC, BBC microbit
microcontrollers. It is the teacher’s task to choose which microcontroller to
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choose, depending on the type of school and the age of the students. With the
help of this method, we can make education more interesting and arouse their
interest in electronics, robotics and technical subjects.

Keywords:microcontroller, teaching method, robotics

1 Bevezetés

A mikrovezérl6k felhasznalasaval torténd oktatdskor a tanuléknak minimalis
elektronikai ismeretekkel Kkell rendelkezniiikk, melyeket Kkoénnyen
elsajatithatnak a fizika és a szamitastechnika 6rakon (digitalis és analég jelek,
vezetdk, félvezetdk - Led didda, szenzorok, ...). Probléma az, hogy a nemzeti
tanterv nagyon kevés id6t hataroz meg az informatika oktatasara [2]. Ezért
javasoljuk révid és intenziv tanfolyamok (projektek) kidolgozasat, ahol a
tanulék alapvet6 ismereteket szerezhetnek az elektronikdbdl és a
mikrovezérlékrél [1]. Nagyon fontos, hogy a tanulék életkordhoz és szellemi
érettségéhez megfeleld mikrovezérl6t alkalmazzunk a tanitasi folyamatban.
Manapsag nagyon sok mikrovezérld tipussal taldlkozhatunk, melyek
programozasanak bonyolultsaga valtozé. Altalanos iskolakban jatékos
formaban toreksziink bemutatni a lehetdségeket, algoritmikus gondolkodast,
problémamegoldast és kreativitast fejlesztjiik.

Abra 1:Bee-Bot robot

2 Robotok alkalmazasa az altalanos iskolai oktatasban

Legtobbszor a Bee-Bot robotot és a Lego Mindstorms robotot programozzuk.
A Bee-Bot robot kisgyermekek szamara fejlesztett programozhatd
padlérobot, amely a robotméhecske tetején taldlhatd, szines gombok
segitségével programozhaté, 90 fokot tud elfordulni, maximalisan 40 elére
beprogramozott 1épés megtételére képes, a 1épések kozt rovid sziinetet
tarthat, a program végén hangot ad és villogtatja a szemét is. A robothoz
létezik szamitégépes alkalmazas is, ahol megtervezhetik a robot palyajat,
illetve szimuladlhaté a megirt program. Altaldban altalanos iskola als6
tagozatan alkalmazzak. Az altalanos iskola felsé tagozatan Lego Mindstroms
robotot érdemes programozni[7], [8]. Ekkor a Lego altal létrehozott grafikus
programozasi kornyezetben épitjiik fel a programunkat, elé6re meghatarozott
elemekbdl, ahol a paramétereket nekiink kell megadni. A grafikus

320

XXXIII. DIDMATTECH 2020
EOTVOS LORAND UNIVERSITY (ELTE) FACULTY OF INFORMATICS

programozasi kornyezet nagyon jol szemlélteti az algoritmus szerkezetét és
felépitését.

Abra 2: LEGO MINDSTORMS Education EV3 Core csomag

Dilek Karahoca, Adem Karahoca és Hiiseyin Uzunboylu [4] egy projektet
készitettek az Aaltaldnos tanulék szdmdara, hogy megvizsgaljdk a tanulék
robotok iranti érdekl6dését. A projekt egy vonalkovetd robot létrehozasat
vette célul. Vizsgaltdk a tanulok verbalis és elemzdé képességekre vald
hajland6sagat. Meghataroztak a robottervezés 1épéseit:
1) Bevezetés a robotikaba
a) Az érzékel6 aramkorok bemutatasa
b) Erzékeld dramkor létrehozéasa
c) Az érzékel daramkorének ellendrzése LED-del
2) Alaplap kialakitasa
a) A mikrovezérlé dramkore
b) Schmitt Trigger aramkor kialakitasa
c) A motorportok helyének meghatarozza
3) Hardvertervezés
a) Az alvaz létrehozasa
b) Motorok felszerelése
c) Erzékel6k az alvazhoz
d) Csatlakoztatas a csatlakozokabelekhez
e) Kerekek felszerelése
4) Szoftver
a) Algoritmusok irasa
b) Kédok irasa
c) Az 6sszes rendszer ellendrzése
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A projekt kezdete el6tt a tanulék szamara a robot jatékként szerepelt, de a
projekt végére megértették, hogy a robotok nagyon bonyolult gépek.
Véleményiik szerint a robotok, amelyek a technolégia fejlédésének részét
képezik, nagy jelentéséggel birhatnak a tanul6k fejlédésében. A robotkészités
javitotta a hallgaték algoritmikus gondolkodasat, programozasi képességeit,
kreativitdsat és oOnbizalmat, és a tapasztalatok révén segitette Gket a
tudomanyos kérdések megismerésében.

3 Robotok és mikrokontrollerek alkalmazasa a kozépiskolai
oktatasban

A kozépiskolai programozas soran sokkal tobb lehet6ségiink van, hiszen a
tanulék szellemi érettsége megengedi, hogy bonyolultabb mikrovezérlék
lehet6ségeit is kihaszndljuk. Nagyon elterjedt a LegoMindstorms robot
programozasa. A grafikus fejlesztési kornyezetben a tanulék koénnyen
elsajatithatjak a vezérlési szerkezeteket, valamint a szenzorok miikodését és
hasznalatat. A LegoMindstorms lehetdséget ad mas programozasi nyelvek
alkalmazasara is, mint pl. Python, C, Java.

Egyre tobb orszagban ismerik fel a LegoMindstormsban rejlé lehet6ségeket és
lehet6séget biztositanak a tehetséges tanuldk tudasanak megmérettetésére.
Léteznek versenyek, ahol specidlis robotot kell épiteni, majd beprogramozni.
Ilyen verseny kategoériak a kovetkez6ék: robotszumd, vonalkdvetés, labirintus,
sulyhuzas, kiillonboz6 tipust akadaly palyak teljesitése, célba dobas, tiizoltas,

SergeyA. Filippov, Alexander L. Fradkov és Boris Andrievsky [6] a
kozépiskolakban a robotika oktatdsa soran szerzett néhany éves tapasztalata
azt mutatta, hogy az idésebb (15-17 éves) tanulékban csokkent a LEGO robot
épitmények iranti érdeklédés. Ennek oka abban all, hogy az egyetemi felvételi
vizsga felé orientdlédnak, és a robotika helyett a mas tantargyakra
osszpontositanak. Ugyanakkor a fiatalabb (10-14 éves) tanuldk leginkabb a
robotika, mint egy nagy jatékért valé érdeklddést mutatjak, komoly
tudomanyos érdeklédés nélkiil[9].A kérdés az volt, hogy hogyan lehet noévelni
az idésebb tanuldk robotika iranti érdeklédését, és hogyan lehet motivalni
6ket a matematika és a programozas szilard ismeretein alapulé komolyabb
tanulashoz? Létrehoztak egy laboratériumot, amelyben kézépiskolai tanulék
egyetemi hallgatokkal kézosen 5 projekten dolgoztak. A projektek végén,
olyan eredményre jutottak, hogy a LEGO Mindstorms kielégiti a kozépiskolas
didkok f6 oktatasi és szakmai orientacids igényeit, kiillonos tekintettel az
automatizaladsra, a vezérl6 rendszerekre, a robotikdra, stb. Fontos és
leny(ig6z6 volt a kdlcsonds érdeklédés és a megértés az egyetemi hallgatok és
ko6zépiskolas tanuldk egyiittmiikdodése soran.
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Abra 3: Az Arduino csalad mikrovezérl6i

A szakkori tevékenység sordan egyre tobb kozépiskola foglalkozik az Arduino
csaldd mikrovezérldinek és a Raspberry Pi programozasaval [1]. Ekkor mar
szlikséges alapszinten ismerni a villamossagot és az elektronikat.

Abra 4: Raspberry Pi 4 mikrovezérls

Léteznek olyan projektek, ahol nem sziikségesek alapismeretek. Az
ismereteket a projekt soran sajatitjak el. Egyik ilyen ismert projekt a Digitalis
Magia (www.dongo.biz/DM), ahol egy alap elektronikai csomagot
biztositanak, és erre épiilnek a kisebb projektek. Igyekeznek olyan feladatokat
biztositani, melyek lekotik és felkeltik a tanulék érdeklédését.
Elektrotechnikai  szakkozépiskoldkban mar jobban elmélyiilnek a
mikrovezérl6k vildgaban. A tanulmanyaik soran megismerkednek az
elektronikai alkatrészekkel, valamint megismerik a processzorok
felépitésével. Megismerkednek az el6bbi robot és mikrovezérld tipusok
programozasan feliil mas specialis mikrovezérl6kkel is, melyeket alacsonyabb
szint{ programozasi nyelvekkel is programoznak, mint pl. a PIC mikrovezérl6t
Assembly programozasi nyelvben.
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Dogan Ibrahim [5] tanulmanydban javaslatokat tesz a mikrovezérlék
oktatasara:

e A mikrovezérl6t mint tervezd eszkozként vald tanitasa, az
architektuira és az Assembly utasitasok megtanitasa helyett.

e Tobb népszerli mikrovezérlé architektirajanak megtanitasa, ahol
kevés id6t kell szanni erre a feladatra.

e Magas szintli nyelv (példaul C) hasznalatdnak megtanitisa a
mikrovezérld programozisahoz. Kevés id6t kell forditani az
Assembly nyelv tanitadsara, mivel manapsag a legtobb mikrovezérld
magas szintdi nyelv hasznalatdn alapul. A magas szintd nyelv
hasznalata megkonnyiti a programozast és a karbantartast. Nagyon
bonyolult programokat lehet kifejleszteni magas szintl nyelven, mint
az Assembler nyelven.

o FejlesztOkészletet kell hasznalni annak lehetdségével, hogy a tablat
ugy konfigurdljdk, hogy miikédjon kiilonféle mikrovezérls -
chipekkel. Ez a megkozelités megtanitja a tanuldkat kiilonféle
mikrovezérl6k hasznalatira. Konnyd feladatnak Kkell lennie a
program athelyezésének egyik platformrol a masikra, mivel a magas
szintli nyelv altaldban nem fiigg a mikrovezérld architektarajatol.

4 Osszefoglalas

Ez a cikk egy 4j megkozelitést javasolt és ir le a mikrovezérlék és robotok
programozasanak oktatdsara az altalanos és kozépiskolakban. Javaslatot tesz,
mire kell 6sszpontositani a mikrovezérlé6k programozasanak tanitasakor. A
modszer azon alapul, hogy a mikrovezérlét tervezd eszkozként hasznalja a
problémak megoldasara, ahelyett, hogy jelentds id6t forditana ezen eszkdzok
elméletének és Assembly nyelvének programozasara.

This work has been supported by the project KEGA 012TTU-4/2018 “Interactive

animation and simulation models in education”,
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MOTION TRACKING BY AN ARDUINO DUE AND EXCEL

SOMOGYI Aniké6, KELEMEN Andras, MINGESZ Robert, HU

Abstract: The boundaries between science, mathematics, engineering,
computer sciences, and even arts seem to have been blurred in the 21st
century. Microcontroller programming might play an important role in not
only the informatics education, but even physics and mathematics teaching
can profit by integrating computer-controlled measurement experiments. To
demonstrate the latter, we present an experiment implemented through
technical computer science. The hardware (Arduino Due, photogate system)
and software (C/C++, Excel Data Streamer and VBA) setup is suitable to track
the path of 1D and 2D motions. The experiment is well suited to show the
connection between uniform circular motion and simple harmonic motion
and might have a role in teaching trigonometric functions. The results and
methods of the study can be applied in physics, computer science and
mathematics education at a secondary school level.

Keywords: interdisciplinary education, technical computer sciences,
Arduino, LabVIEW, Excel Data Streamer.

1 Introduction

1.1 Kinematical investigation of motions

In Hungarian physics education there is an emphasised role of simple motions
such as uniform motion in a straight line, uniformly accelerated straight-line
motion, projectile motion, uniform and non-uniform circular or rotational
motion, simple harmonic motion and the motion of a single pendulum. There
is a wide range of quite well-known measurement experiments based on the
physical properties of these motions, e.g. to measure the gravitational
acceleration by free fall experiments or with the help of a pendulum, to
measure mass by spring motion, or to measure the moment of inertia in a
uniformly accelerated rotational motion.

However, when first meeting with these motions in inquiry-based science
education at classroom, precise experimental investigation of location,
velocity or acceleration as a function of time would be necessary. In this first
chapter, a collection of possibilities for computational motion tracking by
cheap instruments in an educational environment is presented - without
claiming completeness.

326

XXXIII. DIDMATTECH 2020
EOTVOS LORAND UNIVERSITY (ELTE) FACULTY OF INFORMATICS

1.1.1 Photogate

Moving a so-called ‘g ladder’ or ‘picket fence’ (a transparent long object with
uniformly distributed black regions) between the arms of a photogate, the
distance as a function time in any straight-line motion can be investigated. The
photogate can be connected to a sound card [1] or other interfaces like an
EDAQ530 [2] or even a simple Arduino UNO [3]. Similarly, if a circular plate is
divided into transmissive and non-transmissive radial streaks the rotational
angle as a function of time in circular motions can be tracked the same way
[4]. For the same purpose, the popular fidget spinners can also be used, and
not only for kinematic but also for dynamic investigations [4]. We mention
that rotary optical encoders work on the same principle [5].

1.1.2 Accelerometer

Three-axis acceleration sensors (a.k.a. accelerometers) are in the pocket of
almost every student and every teacher, since most smartphones these days
contain built-in accelerometers that can be used for measuring acceleration as
a function of time [6]. Separate accelerometer sensors provide analogue
output voltage as a linear function of the acceleration. These sensors can be
connected to microcontrollers as accessories, but they often can be found as
built-in parts on interfaces like EDAQino, designed for science educational
purposes [3]. An accelerometer chip is integrated in the BBC micro:bit, which
is becoming more and more popular both in natural and computer science
education [7]. These can be used to measure the acceleration of as a function
of time [8].

1.1.3 Video motion tracker

Another useful means of teaching kinematics can be two-dimensional video
motion tracking. There is a wide range of video editing applications that have
an analysis function for this purpose. In physics education, possibly the most
widespread program is the Tracker [9], which is suitable for postprocessing
videos to evaluate the motion path of an object. Besides these, velocity and
acceleration as a function of time are graphed automatically [10]. Live object
tracking based on a web camera is also possible with LabCamera [11], which
is available as a Windows and Android application as well.

1.2 Using the Arduino platform and Microsoft Excel Data Streamer in
physics education

There is quite a new trend in science education that integrates the means of
technical computer sciences. Low-cost microcontrollers are available for the
participants of education. One of the most well-known open-source,
microcontroller-based platform is Arduino, which has gained huge popularity
among students and teachers during recent years [12]. An Arduino cannot
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store large amount of measurement data but can transfer them to ahost
computer. Data received through USB serial port can be evaluated - among
others - in Data Streamer which is an add-in for Microsoft Excel [13], [14].
To achieve an interdisciplinary educational environment Arduino and Excel
offer an efficient instrument for STEM (‘Science, Technology, Engineering and
Math’) and even STEAM (A stands for Arts) laboratory projects [15], [16], [17].
In these projects, the role of students can be changed from passive observers
or guided users to an active designer and programmer of their experiments.
In the process of solving complex problems, they must integrate the
knowledge elements of mathematics, physics (electronics) and computer
sciences (C/C++ programming).

When integrating 3D computer graphics and design (for 3D printing or laser
engraving) in these multidisciplinary projects, industrial and cooperative
skills of the students can be improved as well as their creativity. Additionally,
the finished products (e. g. experimental setups or robots) enrich the school
toolbar and can be reused as demonstrational equipment [18]. Summarizing,
authors of this paper suggest that these means of information technology open
a new gate to show students the diverse applicability of informatics, orienting
them in the direction of engineering studies.

1.3 Project description

In this paper, we would like to present the result of a STEAM project with the
aim of motion tracking to show an example of how these areas - sciences,
technology, engineering, arts and mathematics - can be combined. The original
version of the project which was implemented as an after-school program
involved one physics teacher and two students. In the project, we designed a
setup for real-time measurement of periodic motions, where the position as a
function of time is detected by a self-designed multi-photogate controlled by
an Arduino Due, while measurement data is displayed in Microsoft Excel Data
Streamer. Here we describe one of the feasible experiments demonstrating
that the projection of uniform circular motion is a harmonic motion: one
location-coordinate of the moving object (i. e. the shadow of the object) is a
sinusoidal function of time. However, the setup can be used to investigate
other motions, too. Some methods we present might be useful in education:
the software solutions for time measurement, motion control and data
transfer through COM port to the host computer can be easily transferred to
other projects or demonstrational experiments as well.
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2 ‘Hardware’ designed and used in the project

2.1 Measurement setup

A photogate is a simple circuit that consists of a light source (usually an IR
transmitter LED) and a light detector (usually an IR phototransistor). The
signal of the gate jumps from a logic low to a logic high when an object
intersects the path oflight. Uniform and accelerated straight-line motions can
be examined by only one photogate with a g ladder (described above).
However, the setup is not quite suitable for tracking periodic motions and 2D
motions, that is why more photogates are necessary for demonstrating the
connection of uniform circular motion and simple harmonic motion. Instead
of infrared light sources, red laser diodes were chosen and compatible
phototransistors and were aligned in opposite rows, as shown in Figure 1.

v __ D2 D3 D16
GND
-+ g S g
7 7 4

LASER

5 e modules
=
GND [

Figure 1: Circuit for the multi-photogate connected to an Arduino Due

With this array of photogates (later: multi-photogate) one coordinate of the
position of a moving object can be examined as a function of time. Since laser
light is in the visible region, the shadow of the moving object is visible to the
naked eyes, too. For two dimensional motion, it is possible to set two multi-
photogates perpendicular to each other for detecting two coordinates of the
position independently.
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We designed a frame for the multi-photogates from laser cut wood panels for
2 arrays of 15 pairs of laser diodes and phototransistors providing equal space
between the neighbouring photogates as can be seen in Figure 2.

‘,
vy

Figure 2: Experimental setup for inspecting the projection of
uniform circular motion

In the project, an old vinyl record player can be used to perform the uniform
circular motion. However, if an adjustable frequency of motion is required, it
is advised to use a stepper motor, instead. In the presented version of the
experiment, a unipolar 28BY]-48 stepper motor [19] was used with a
ULN2003A driver [20] (Figure 3.)

Figure 3: Connecting the stepper motor and the driver to the Arduino Due.
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2.2 Interface for serial communication, motion control, position
detection and a precise time measurement

In the following section tasks to be performed in the experiment are taken into
consideration to find an adequate interface for realization.

2.2.1 Serial communication

Measured data must be transferred to the host computer. Serial
communication was chosen for that purpose. Data reception on the host
computer can be accomplished in many programming environments like
Python, LabVIEW, etc. In this project, receiving and processing data is
accomplished by Microsoft Excel Data Streamer which supports among others
any Arduino platforms connected to the computer by a USB-cable.

2.2.2 Control a stepper motor

For the uniform circular motion, the stepper motor would run continuously.
For controlling the stepper motor four digital output pins are necessary [21].
The precise timing of steps can be insured by using timer interrupts, that allow
performing a task, here specifically changing the phase of the motor at very
specifically timed intervals, regardless of other processes going on the
platform [22].

2.2.3 Position detection and precise time measurement

The self-designed frame allows fixing the exact location of each photogate in
the two-dimensional array. When the moving object intersects the path of
light of a photogate, a jump in the logic level happens and the digital signal can
be detected through a digital pin of an interface. By identification of the digital
pin receiving the current signal, the coordinate of the current position is
measured. In the presented project for the multi-photogate thirty digital input
pins are needed. However, the most widespread Arduino UNO does not
provide enough digital 1/0 pins for this larger scale Arduino project.

When detecting the crossings of the light-path, it is essential to record a high-
resolution timestamp of the event. For this precise time measurement, a
perfect ‘stopwatch’ might be to apply interrupt service routines for each
digital pin executed by the shift in the logic level of the digital signal [23], [24].
We mention that an Arduino UNO has only two digital pins that can handle
interrupts.

Consequently, to accomplish all tasks, we put our vote down next to the
Arduino Due, which meets all of our expectations with its 84 MHz clock, a
Programming and a Native USB port, 54 digital input/output pins, all of them
designed to handle external interrupts [25].
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3 ‘Software’ designed and used in the project

3.1 Programming of the Arduino serial communication, motion control,

position detection and a precise time measurement
As described above, there are quite a few tasks for the microcontroller to
handle in parallel. Arduino Due is based on one Atmel SAM3X8E ARM Cortex-
M3 CPU, so real parallel processes are not possible. However, by using
interrupt service routine it is possible to execute tasks independently.
In every basic Arduino program, there is a setup() function which runs only
once after starting the board and a 1loop() function which is an indefinite cycle
running over and over while electric power is supplied to the board. In our
project, this loop is interrupted by

¢ the timer to trigger the stepper motor after specified time intervals

¢ the external digital signals coming from each photogate when an

event (line path crossing in motion) happens.

Actually, with these interrupts, it becomes possible to handle these three
processes in parallel by only one interface. Although we talk about a single-
core system, the use of interrupts makes it possible to handle multiple
processes running as a kind of time-sharing system.

3.1.1 Serial communication to transfer data to a host computer

Both for programming and serial data transfer the Programming Port of the
Arduino Due was used. Data transfer happens through Serial USB-port at
a baud rate of 115200 bit/s.

/* setup() runs once after one plugs in the Arduino Due.*/
void setup()

Serial.begin( ); // Setting up Baud Rate of Serial port

.}
t was important to set up a protocol for the sent data appropriate for

Microsoft Excel Data Streamer. When five possible message-parts are
concatenated in a string, separated by commas, DataStreamer reads data in
five channels (columns). Since measurement of time and position takes place
along two axes, and by both axes an event is recorded by a stamp of elapsed
time and a stamp of position, four columns are reserved for these four pieces
of information. The fifth column contains information about the angle of the
stepper motor given by a counter. This way the protocol of the message is
(a,b,c,d,e) where a is the x-axis timestamp, b is the x-axis positionstamp, c
is the y-axis timestamp, d is the y-axis positionstamp and e is a step-counter
value. A sendMessage() function was declared for creating messages
according to the described protocol.
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/*To handle measurement data by Excel Data Streamer, send data in 5
concatenated string-pieces, separated by commas. */
void sendMessage (long timeStampY,int positionStampy, \

long timeStampX, int positionStampX, int angleStamp)
{

String message=" "; //Declare an empty local string variable
//for messages.
message.concat(timeStampY);
message.concat(",");
message.concat(positionStampY);
message.concat(",");
message.concat(timeStampX);
message.concat(",");
message.concat(positionStampX);
message.concat(",");
message.concat(angleStamp);
message.concat(",");
Serial.println(message); // Sending the message

}

3.1.2 Control a stepper motor by handling timer interrupts

Since in the experiment the uniform circular motion would be examined by
the multi-photogate, it would be simple to use two different interfaces for
motion control and measurement. However, it is possible to accomplish both
tasks by using interrupts. For independent and precisely timed motion control
it is advisable to use timer interrupts [26].

Timing of these steps is critical to realize uniform motion, that is why timer
interrupts trigger the alternation of the phases.

We used one of three channels (Channel 0) of one of the three timer counters
(TC1) in Waveform Mode. To this particular channel belongs the TC3_IRQn
controller from the Nested Vector Interrupt Controller (NVIC) that can be
handled by TC3_Handler() interrupt function. One of the five internal clocks
(TIMER_CLOCK4) for this channel is used that has a specified frequency, which
is the master clock frequency, 84 MHz (VARIANT_MCK) divided by 128. This
internal clock can be selected for the counter in the Channel Mode Register
(TC_CMR).

To generate a square wave with a specified duty cycle two registers must be
set: Register A (RA) is the clock count where the output goes logical HIGH and
Register C (RC) is the clock count where our output goes LOW [27]. In this case,
RA was set as zero, so that interrupts are triggered when the counter reaches
the value stored in the compare match register (RC). This way the value of RC
equals the ratio of the desired time interval between steps of the motor to the
interval between timer counts.

time interval between steps

== . - = frequency of timer counter (Hz) x time interval between steps (s)
time interval between timer counts
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All these settings are in the TimerStart() function which is called in the

setup() part of the program.

#define DELAY_STEP 4 //Time gap between steps of the stepper motor in
milliseconds

void TimerStart(Tc *tc, uint32_t channel, IRQn_Type irq, uint32_t
delayStep)

pmc_set_writeprotect(false); // turn off write protection
pmc_enable_periph_clk(irq); //enable the peripheral clock for
//particular channel referenced by NVIC irq

/*Select Waveform Mode and instruct the TC (Timer Clock 4)

to count up with a reset on register C (RC) compare.*/
TC_Configure(tc, channel, TC_CMR_WAVE | TC_CMR_WAVSEL_UP_RC |

TC_CMR_TCCLKS_TIMER_CLOCK4);

/*Count timer frequency: 84 Mhz /128 =656.25 kHz than multiply by

intervals between steps in milliseconds */
uint32_t rc = VARIANT_MCK / 128 *delayStep/1000;

TC_SetRA(tc, channel, ©); //Set RA register to ©.

TC_SetRC(tc, channel, rc); //Set RC register to rc

TC_Start(tc, channel); //Timer is stopped after configuration
//and must be restarted.

/*Enabling required interrupt types:*/
tc->TC_CHANNEL[channel].TC_IER= TC_IER _CPCS | TC_IER_CPAS;
tc->TC_CHANNEL[channel].TC_IDR=~(TC_IER_CPCS | TC_IER_CPAS);
NVIC_EnableIRQ(irq); //Enable compare interrupt

//at specified channel

}
void setup()
//Start timer interrupts.
TimerStart(TC1, 0, TC3_IRQn, DELAY_STEP);
}
For the continuous running of a unipolar stepper motor four phases must be
alternated cyclically.

stepperpin[0@] | stepperpin[1] | stepperpin[2] | stepperpin[3]
phase0 HIGH LOW LOW LOW
phasel LOW HIGH LOW LOW
phase2 LOW LOW HIGH LOW
phase3 LOW LOW LOW HIGH
phase@ HIGH LOW LOW LOW

Table 1: Phases of the driver of the unipolar stepper motor
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At once, only one digital pin that controls the motor driver must be set to logic
high value then comes to the next pin, starting again sequentially after the
fourth pin is switched on.

The TC3_Handler() function is the routine for interrupts triggered by
TC_GetStatus(), that can be customized to the task of setting the phases
triggered by the timer interrupts, and recording the value of an angle-step-
counter (angleCounterIsr) variable. For safe data transfer from the routine
to the loop(), this variable should be declared as volatile, to make sure that
data will not be cached in any register. The transferred value is stored in
angleCounterTmp variable temporarily as a reference of the uniform circular

motion.
int stepperPins[] = {32,33,34,35}; //Digital 32-35 pins to control the
motor.
int activeCoilIndex = ©; //variable for changing the four phases
//of the unipolar stepper motor.
volatile unsigned int angleCounterIsr = 0; //variable to safely
//pass the angle counter value
int angleCounterTmp; //variable to store the current angle position
//value of the stepper motor temporarily

void setup()
/*Initialize digital pins used to control the stepper motor as an
OUTPUT.*/

for (int i=0;i<4;i++)

{

}

pinMode(stepperPins[i],0UTPUT);
}
void TC3_Handler() //IRQ Handler Function for Channel 0 of

//TC1 timer
{
/* At once only one digital output is set to HIGH. With each step the
index of the chosen digital output is increased from © to 3, then repeated
again and again. */
TC_GetStatus(TC1, 9);
if(activeCoilIndex >3)

{
activeCoilIndex =0;
for (int k = 0; k<4; k++)

if (k== activeCoilIndex)

digitalWrite(stepperPins[k],HIGH); //the j-eth pin is
//set to HIGH
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}

else

digitalWrite(stepperPins[k], LOW); //all the others are LOW.
}

activeCoilIndex ++; //increase value of j variable
angleCounterTmp = angleCounterIsr;
angleCounterIsr++;

}

The chosen 28BY]-48 stepper motor with the built-in 1/64 reduction gears in
the four-step sequence mode rotates with 32:64=2048 per revolution, which
means approximately 0.18° angle steps. Since time interval between steps is
set to 4 ms, the period time of the uniform circular motion is 8.192 s.

3.1.3 Position detection and time measurement by handling external
interrupts
In our project, we have 30 photogates generating digital signals. We only have
to record these signals when the path of light is crossed by the moving object.
These events can be used to interrupt the loop() function. When preparing
Arduino Due to receive these external interrupts, the first task is to attach an
interrupt service routine to each digital pin by the attachInterrupt()
function [28].
In our case, when a transit occurs in front of a photogate, the digital signal
changes from logic LOW to logic HIGH, so aso-called RISING type edge is
generated in the digital signal of that particular pin connected to the
photogate. Reacting to this event an interrupt service routine (ISR) is
executed. Since there are 30 digital pins connected to the multi-photogate, 30
different isrPIN()—type functions are declared. These short routines must be
as short as possible, in our case only two tasks have to be accomplished:
getting a timestamp (elapsed time from the start of the microcontroller) in
microseconds by using micros() when an event (i.e. an interrupt) happens,
and to identify which digital PIN received the latest interrupt. All variables are
set to be a volatile type for safe data passing from the routine to the loop().
Since Arduino Due is based on a 32bit ARM core, to make sure that the 4-byte-
long timestamp value and an additional integer are safely passed to the
loop(), interrupts are disabled during data copy.
Timestamp and pin identifier are then temporarily stored in variables before
further evaluation.
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// Digital 2-31 pins are used for the multi-photogate.
int isrPins[] = {2,3, }s
#define TYPE RISING // In the multi-photogate detected: Rising edge
volatile unsigned long timeIsr; // variable to safely pass the
//timestamp value
unsigned long timeTmp; //variable to store timestamp value temporarily
unsigned int pinTmp; //variable to store pin identifier temporarily
unsigned long timePrev =0; //variable to store the previous
//timestamp temporarily

unsigned long deltaTime; //variable to store time difference temporarily
long elapsedTime; // variable to store elapsed time temporarily
int currentPosition; //variable to store the current position temporarily
/*To generate 30 similar isr_() indexed functions to handle interrupts at
each photogate, use ## preprocessor. In an indexed interrupt service rout-
ine isrPIN()two tasks are accomplished:record timestamp of the event in
microseconds and identification of the photogate where the event happens*/
#define GENERATE_ISR(PIN)\
void isr ## PIN()\
{ \

timeIsr = micros (); \

pinIsr = PIN; \
¥
/* Generate all the isrPIN()-type functions */
GENERATE_ISR(2)
GENERATE_ISR(3)

GENERATE_ISR(31)

/* Declare an array for the isrPIN()-type functions to handle them by
index. */
void (*isrArray[30])() = {isr2,isr3,.. isr3i};
void externalIsrHandler ()
{
noInterrupts(); // Desabling interrupts in order to pass the
//timestamp value safely
timeTmp = timeIsr; // Copying timestamp in the temporary variable
pinTmp = pinIsr; // Copying pin identifier in the temporary variable
interrupts(); // Allowing interrupts again

void setup()
/*Configure digital pins used at the photogates as INPUT and then assign

interrupt to digital inputs. */
for (int i=0;i<30;i++)

{
pinMode(isrPins[i], INPUT);
attachInterrupt(digitalPinToInterrupt(isrPins[i]), \
isrArray[i], TYPE);
}
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A technical but still important task is to synchronise the start time and the
beginning of angle position recording. In the project, one has to start the
stepper motor and wait until it reaches a particular photogate which would
start the measurement process. We solved this by running a loop inside the
setup() function, then after a condition is satisfied (i.e. reaching the start
position) the counter for stepper motor position and the elapsed time variable
are reset to zero.

void setup()

//Handle external interrupts till moving object passes photogate 9.
do
{
externalIsrHandler();
Jwhile(pinTmp!=9);
angleCounterTmp = 0; //Set temporary anglecounter to 0.
angleCounterIsr = 0; //Set isr counter of the stepper to ©.
elapsedTime = 0; //Set start time to @.
currentPosition =pinTmp-9; //Set current position to @
// Send time-position pair when moving object passes photogate 9.
sendMessage(elapsedTime, currentPosition,-1,-1,angleCounterTmp);
//Initialize previous timestamp with the current timestamp
timePrev = timeTmp;

}

Before sending data to the host computer, the elapsed time (counted from the
previously described starting time) and position value (counted from the pin
identifier) are determined. To send data according to the desired protocol, the
sendMessage() function is called: when an event happened before an y or x-
axis photogate the elapsedTime and the currentPosition values must be
written in the first and second or the third and fourth places, respectively,
while the alternative parameters are set to be -1. In the fifth parameter as
areference for the location, the value of the angleCounterTmp variable is
written. With this the protocol is:

‘y-type‘: (elapsedTime, currentposition, -1,-1, angleCounterTmp) or
‘x-type”: (-1,-1,elapsedTime, currentposition, angleCounterTmp).

/*function that passes timestamp and pin identifier to host computer */
void timePositionMessageWrite()
{
// When the previous timestamp is not equal to the current one:
// an eventhappened.
if (timePrev != timeTmp)

deltaTime = timeTmp-timePrev; // count time difference

//between events
elapsedTime += deltaTime; //count the elapsed time from
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//start of the measurement
/* When the event happened at an x-axis-photogate (pins numbered from 2-
16) the message should be in the first and second column */
if(pinTmp <17)
{

currentPosition = pinTmp-9; //pin numbers 2-16
//to position values -7 to 7.
sendMessage (elapsedTime,currentPosition,-1,-1, \
angleCounterTmp);

/* When the event happened at ay-axis-photogate (pins numbered from 17-31)
the message should be in the third and fourth column */
else

{

currentPosition = pinTmp-24; //pin numbers 17-31
//to position values -7 to 7.
sendMessage(-1,-1,elapsedTime, currentPosition, \
angleCounterTmp);
}
}

timePrev = timeTmp; // Refresh stored timestamp

}

/*Loop function is an infinite cycle so runs over and over until Arduino
Due is unplugged.*/
void loop ()

externalIsrHandler ();
timePositionMessageWrite()

}

3.2 Using Excel for receiving, processing and real-time displaying
measurement data

3.2.1 Data Streamer: an add-in for receiving data

In this paper, an easy-to-use way of receiving data by the host computer is
presented. We implement one of the free add-ins for Microsoft Excel created
by one of the Microsoft Garage teams directly for educational purposes and
student measurements, [13]. Data Streamer as a COM-extension can be
enabled in Office 365. The application can be customized for each experiment.
Excel Data Streamer can be combined for example with micro:bits [8], and
Arduino [14].

On the ‘Connect a Device’ tab, the appropriate device is selected, in this case,
an Arduino Due. Worksheets in Excel for Data In, Data Out, and Settings are
automatically displayed. The time interval between incoming pieces of data is
set to 10 ms (which is the least possible value), the number of channels is five.
The most recent line of data is written in cells B5-F5.
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The default number of data rows that can be displayed is 25, which in the
current version of Data Streamer can be increased to a maximum of 500. In
Advanced Settings, the communication rate (baud rate) is set to match the
baud rate that is used in the measurement (in this case 115200). The
measurement can be started with the Start Data button [4].

3.2.2 Programming an Excel VBA macro to sort measurement data for
evaluation

When two dimensional examination of the movement is implemented, it is
necessary to sort received data by dimensions. A short Excel VBA macro was
written to monitor the cells of Data In worksheet (B5:F5), in which the most
recent pieces of data are displayed, whether either of the values changes.
When a valid timestamp or angle data arrives in the first, third or fifth place in
the message, that pieces of data are always positive, in contrast with the -1
value. This fact gives a simple opportunity to sort and collect valid data on
a new worksheet. By monitoring the sign of the first (B5) or third (D5) values
of the latest message, it is simple to recognize atimestamp caused by an
interrupt along the y- or x-axis, respectively.

After this classification, the values (timestamp and position value pairs along
y- and x-axes, and the angle data) are sorted in separate columns of another
worksheet. Choosing the row of the cell happens by finding the last row of the
particular column and selecting the following cell. The content of the data cells
is exported and written in the chosen cell. Thus, the collected and separated
data are listed in chronological order, without empty rows, in the
corresponding column of our worksheet used for evaluation. The value of the
counter of the steps (angleCounterTmp) is written always in the same cell (E2)
as a reference to the displacement.

Private oldl As Long

Private Sub Worksheet_Change(ByVal Target As Range)
Dim KeyCells As Range
Set KeyCells = Range("B5:F5")
If Not Application.Intersect(KeyCells, Range(Target.Address)) _
Is Nothing Then
If Not Worksheets("Data In").Range("B5").Value < @ Then
vl = Worksheets("Data In").Range("B5").Value
v2 = Worksheets("Data In").Range("C5").Value
If oldl <> v1 Then
LstRwl = Worksheets("Munkal").Cells(Rows.Count, "A").End(xlUp).Row + 1

Worksheets("Munkal").Cells(LstRwl, "A") = vi1
Worksheets("Munkal").Cells(LstRwl, "B") = v2
oldl = vi1
End If
End If
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v5 = Worksheets("Data In").Range("F5").Value
Worksheets("Munkal").Cells(2, "E") = v5

End If
End Sub

Results

Once the Excel workbook is prepared for receiving data, the graphical display
can be set. Two types of graphs are used to illustrate the characteristics of the
phenomenon.

One of them is a simple XY graph. Along the horizontal axis the time, along the
vertical axis the measured position values are plotted, and this way a real-time
display of the function is achieved as shown in Figure 4 The graph shows that
this coordinate of the displacement vector (the ‘shadow’) is a sinusoidal
function of time.

Position of the projection as a function of time

oo s oo oo oo

position (unit)

time (s) o

Figure 4: Real-time graphical display of the measured data: y(t) function

On the other graph, there are only two points of data. The angleCounterTmp
value is switched to the angle of rotation (a) and the coordinates of the first
point are (cos(a);sin(a)). The second point has a fixed first coordinate and the
vertical coordinate is the currentPosition value (Figure 5). By these choices,
this graph shows effectively the rotating displacement vector of the moving
object and the ‘movement of the projection’ in parallel.
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Uniform circular motion and its
projection
7

7 6 5 -4 3 2 1 0 1 2 3 4 5 & 7 & 8
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3
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Figure 5: Real-time graphical display: uniform circular motion and its projection

Conclusion

Technical informatics can build a bridge between STEAM subjects, especially
informatics and physics. In our experience, it is worth adopting measurements
as it is useful in teaching programming beyond its motivational role. In this
paper, we have provided effective solutions for implementing a specific
experiment and evaluating the measurement data, which can be utilized for
other experiments as well. The source codes are attached to the study to
support other colleges to apply our methods.
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THE DEVELOPMENT OF MULTILITERACY WITH LEGO
DEVICES

Tiinde LENGYEL MOLNAR, Réka RACSKO, ZOLTAN SZUTS, HU

Abstract: In the digitalised school of the future students and teachers are
connected to a network with digital devices while simultaneously maintaining
the cognitive perspective of the printed culture and the attitudes required by
the information-based society. This duality manifests itself in the
phenomenon of multiliteracy impacting the very concept of literacy as well.
We aim to explore how has multiliteracy influenced the teaching and learning
process in today’s schools while identifying the main features of education in
the information-based society and examining the potential of multiliteracy in
enhancing the effectiveness of the knowledge acquisition process. LEGO
device-supported story-telling can provide such opportunities. Various
schools in several countries encourage teachers to strengthen the playful
aspects of learning and prepare the related educational materials. This
gamification-oriented approach helps teachers to increase student
involvement in designing and solving the respective assignments. Thus, the
process emphasizes the nurturing and not the suppressing of the playful
attitude in children.

Keywords: multiliteracy, LEGO, competence, story-telling, gamification

1 Introduction

Digital schools require a digital methodology in order to reflect the basic
principles of digital pedagogy forwarded by the education community. The
digital competence of teachers promotes the efficiency of the instruction
process utilizing transversal competences. Consequently, it not only means
the shifting of traditional instruction into a digital context, but calls for a new
perspective and methodology. Comparing the educational process in the
industrial and information-based society, Bertalan Komenczi (1999) asserts
that before the emergence of the world wide web and the social integration of
digital technologies ready-made solutions and the transmission of closed
knowledge units dominated, while current education practices emphasize
competence. Therefore, in addition to formally acquired knowledge learning
takes place throughout life and in extracurricular contexts while the dividing
line between leisure time, work, and learning is blurred. In the industrial
society the source and acquisition of knowledge was restricted to the schools,
the education was subject matter and teacher focused, and frontal instruction
played a dominant role. Conversely, contemporary learning emphasizes the
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use of on-line sources in an inspiring learning environment in which
knowledge is independently acquired via individualized learning routes.

2 The concept of multiliteracy

The 2014 curriculum reform radically altered the system of key competences
in Finland by introducing transversal (cross-curricular) 26 competences. The
most significant aspect of the curricular reform is the shift from learning
objectives to more comprehensive competences exceeding the framework of
the school.

This perspective introduces the concept of multiliteracy entailing versatile
reading and writing skills both in the context of native tongue and foreign
languages. This basic competence known as communication competence in
Estonia implies the comprehension, composing, and evaluation of written,
oral, or multimodal texts in the Finnish context appearing in a well-developed
textual environment. (Kiili és Eskeld-Haapanen, 2015 quoted by Racsko,
2017).

Consequently, students can interpret or comprehend the surrounding world
easier along with understanding cultural diversity by relying on the skills of
critical thinking and self-regulated learning. By creating various printed,
analogue and digital texts they can express or articulate themselves better
helped by the tools of digital literacy providing solutions which they are
familiar with.

3 The impact of the culture shift on the individual

The current digital revolution radically transforms human capabilities. As
Bruner (2004) asserts cultural changes have a direct impact on individual
skills as the operation of the human mind depends on the availability of the
respective devices. In our case the emergence of the computer and smart
devices are the basis for such changes. (Racsko, 2017).

It is important to know, however, that computerised devices only create the
conditions for the maximization or realization of the potential of the human
mind by multiplying the combination capability and options of the human

26 The concept of transversal competence has already appeared in the 2012 declaration of the
European Commission titled "Let’s reconsider the education process™. (European Commission,
2012 qtd. by Racsko, 2017) Accordingly “transversal competences including critical thinking,
initiative, problem solving, and collaboration prepare individuals to cope with the diverse and
unpredictable development of current careers. Special attention should be paid to the improvement
of entrepreneurial skills.” Svecnik (2012 quoted by Racsko 2017) emphasizes that the European
Union considers or uses the term ’transversal competences’ in a cross-curricular sense.
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brain. (quoted by Z. Karvalics 1997 after Lima and Piaget). At the same time
such devices transform the functioning of the brain in several areas as well.

Technological improvements of the digital age increased the speed and
carrying capacity of information transmission based on spatial and visual
stimulation. Thus instead of profound interpretation of or immersion in
readings, the memory only records impressions. This results in weakening
reading comprehension while conceptual thinking is superseded by a thought
process dominated by ready-made images. (Gyarmathy, 2012).

In other words the virtual world fosters virtual skills since experiences are
acquired in a passive manner as digital technology makes active corporeal and
neural participation along with several traditional skills unneccessary.

Thus the subsequent drastic decline of reading comprehension skills in the
digitalized world calls for unprecedented methodological solutions. Taking
advantage of the motivational and cognitively beneficial aspects of playfulness
assured by LEGO® devices can be such an option.

The LEGO® company was established in 1932 (the name originates from LEG
GODT meaning "to play well”) and launched the LEGO® EDUCATION program
in 1980. The LEGO® EDUCATION offers a complete methodology for the
development of crucial 21st century competences (textual comprehension,
algorithmic thinking) and soft or social skills implying communication,
responsibility, and team spirit. Presently, more than 60 countries including
Germany, China, Peru, and Singapore apply the methodology of the LEGO®
EDUCATION.

4 Learning in the information-based society

By now the prevalence of computers and info-communication technology has
made autonomous learning, knowledge acquisition, and the establishment of
individual learning routes ubiquitously available in our complex world. Some
of these new methods can be integrated into public education. Thus
gamification can be a playful form of knowledge monitoring in classroom
context while the emergence of digital storytelling resulted in the shifting of
group work or project assignments into an interactive on-line environment.
Simultaneously with the dominance of on-line communication and media the
traditional obstacles or barriers are gradually being eliminated in the learning
and teaching process leading to more experimentation and system-wide
changes. As a result of the integration of info-communication technologies
into everyday life the mechanism of information acquisition, teaching, and
learning has radically changed (Molnar, 2015).
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5 Gamification in education

Gamification can be considered more as a methodological component than a
full methodology. The educational use of gamification aims to convert learners
from passive receivers of information into active and interactive participants
in the learning process. Prior to the emergence of the information-based
society several attempts were made to increase the playful aspects of
education including serious games, edugames, or games developed
exclusively for instructional purposes. Such developments laid the foundation
for game-based learning eventually leading to gamification.(Sziits, 2019).
Most people do not play for results, rankings, or points, but simply want to
enjoy the game. Gamification can be most effective in a classroom context in
which the appropriate technological conditions are available and teachers
possessing high digital competences can pay adequate attention to the
integration of such approaches into the teaching and learning process
(Dicheva and associates, 2015).

6 Digital story telling

Similarly to gamification digital storytelling is also a methodological
component and not an independent methodology. It is based on the
establishment of learning-related content during which students tell a given
story from their own point of view via the help of info-communication devices
and digital platforms either individually, in pairs, or in group work. The
creation of narratives in the environment of digital story telling integrates
new aspects into story telling. According to the classic theory the reader has
to start from a point identified by the writer and has to arrive at another
specified point in a linear manner. Vilmanté Liubiniené and Saulius Keturakis
assert that narratives have always played a major role in cultures and learning
as well (Liubiniené and Keturakis, 2014). Their purpose was to preserve
traditions and pass them on to the future generations. Narratives also offered
moral comment and consequences, explained past events, and provided a
direct, hands-on or personalized experience for the listener. Readers can
enjoy these narratives as they are linear and linearity can express the world it
wishes to describe in an ordered and stable manner.

7 Integrating the LEGO® perspective in education

“Imagine that you can be a teacher in a school where your main responsibility is
to come up with ways to improve the playfulness of students, and where the most
important part of preparing for the class is to develop the playfulness of the
subject matter.” (Thomsen, 2018)
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While several schools in various countries have adopted this perspective, the
promotion of playful learning is a crucial component of the educational
philosophy of the "LEGO® schools” in Denmark where teachers strive to
involve students in designing and solving the given tasks.

The primary objective is increasing playfulness in children instead of
extinguishing it and this playfulness should be the foundation of the whole
system.

Furthermore, students must learn to make mistakes and integrate the
respective experiences into the problem solving process.

Open ended assignments offering several ways for solving the given problem
are prevalent. (i.e. Students are given a package of a pre-determined number
and colour bricks and are instructed to build a duck. The solution illustrates
that there are no two identically appearing constructs but all solutions are
correct.)

Teachers play a key role in promoting the realization of educational goals with
playful means. They are responsible for continuously searching ways to
integrate games into the learning process. In order for an institute or school
to become satisfied with the work of the teacher the latter has to demonstrate
that he or she can incorporate games in the learning and teaching process in a
“continuous” manner.

Thus instead of frontal instruction this approach calls on the teacher to
become a facilitator or moderator assisting and not directing the students.

Evaluation is an important aspect of the learning and teaching process. In
Denmark teachers are provided continuous feedback on their work and the
assessment of educational performance, usually carried out by the school
principal, is crucial. One form of assessment is a discussion during which the
educator evaluates his or her performance with special attention to the
introduction of playful elements into the teaching process.

In addition to providing feedback to teachers student evaluation is also a
significant component. Teachers continuously document and record the
students’ academic progress. Every six weeks they invite the parents and
introduce them what their children learned during the given time. It is
important that parents understand that this is a different type of instruction.
Demonstration lessons help to show parents how their children’s skills
improved.
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Figure 1. (based on: Thomsen, 2018) The components of changing teacher roles
(Facilitator, presentation of topic, developing open-ended questions, controling
and monitoring solutions, providing feedback)

Naturally this type of perspective has not been innately adopted by all
educators and schools in Denmark as not all schools are LEGO® schools.
Consequently, in order to learn how to implement this perspective or
philosophy most effectively teachers participate in continuous training
programs. Playfulness and gaming as an other requirement for success should
be continuous among teachers as well.

8 Pedagogical models in the LEGO® philosophy

Learning with LEGO® bricks should be considered a holistic experience as it
contributes to the development of several skills in a simultaneous manner:
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Physical

Figure 2. A holistic approach to learning (Source: Lego Foundation 2020)
Physical skills, Creativity, Social Skills, Emotional skills, Cognitive skills

According to the holistic approach to learning model the knowledge
acquisition process can be described by the 4C scheme (Connect, Construct,
Contemplate, Continue). The creative, cognitive, social, and emotional aspects
of learning guarantee skill development and a deeper integration of the
subject matter into the learner’s thought process.

Connect Construct Contemplate Continue

Figure 3. The components of the 4C model (Source: Joosten, 2018)
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Connect (establish connection):The task design should utilize the curiosity of
students, and teachers should assign tasks that are motivating and relevant to
the earlier experiences of students.

Construct (build): The construction or compilation of the given task enables
learners to gain hands-on experience. This is the active, learning, or
constructive stage of the process providing students with the opportunity of
constructive or action-based learning. The involvement of their hands into the
solution of the given task compels students to a more active thinking.

Contemplate (development of perspective): If students summarize what they
learned during the construction process and the given conclusion is not drawn
by the teacher then students can develop their skills in composing
constructive questions. Teachers should encourage students to answer the
questions and draw the conclusions themselves. Students should share the
new knowledge and task-related experiences with each other.

Continue (carrying on the activity): In order to provide challenges to students
the knowledge and skills acquired during the first three steps should be
integrated into a new task. This will help them to fortify and solidify their
knowledge and skills along with achieving and maintaining the Flow
experience. Problems and assignments with open ended questions or
requiring creative solutions can help them to reach the fourth "C”step.

Surveying the cognitive areas impacted by learning with bricks leads to the
conclusion that this activity significantly engages both the left and right
hemisphere of the brain. Therefore it contributes to the equalization of
cerebral hemispheric dominance forming a bridge between the analog and
virtual world at the time of a cultural paradigm shift brought on by digital
transformation. (Gyarmathy, 2012)

Gradual task processing focusing on relations and detail, or in case of
sequential functions including speech, writing, reading, counting, logic and
skills related to appropriate fitting of parts are regulated by the left
hemisphere of the brain.

The right hemisphere of the brain helps in comprehensive and simultaneous
processing of information. along with providing for spatiovisual skills, musical
comprehension, imagination, and humour. Furthermore, the composition of
the whole from the parts belongs to this field as well.

We illustrate below how working with LEGO® (i.e. rendering a brick-based
version of a story) requires complex and comprehensive activities engaging
both hemispheres of the brain.
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emotional regulation

self-regulation

long-term memory

attention

mental imagery
imagination
pretense

visual perception

imitation

adaptive social functioning

perspective-taking

self-efficacy
visual search
symbolic representations
kinesthetic awareness
spatial visualization
sensory-motor skills

mental rotation

fine motor skills

short-term memory

self-assessment cognitive flexibility

Figure 4. Activities to be carried out by LEGO® and the cognitive areas that can
be improved (based on: Thomsen, 2018)

spatial skills, adaptive functioning in community, perspective-based vision,
short term memory, mental rotation, work memory, peripheral vision,
discipline, imitation, attention, fine motor skills, flexible thinking, kinesthetic
awareness, self-evaluation, emotional regulation, self-regulation, self-
efficiency, long-term memory, attention concentration, mental imagination,
visual perception, visual search, symbolic thinking.

The first area is physical skills, primarily referring to fine-motoric activities
but it also includes sense of balance, coordination of movement, and spatial or
peripheral comprehension.

Furthermore, it develops social competences including collaboration,
communication, understanding others, the acceptance of new perspectives,
observing the rules of communication, conflict resolution, and empathy.

The other area is the development of creative skills implying openness to new
developments, new ideas, perspectives, creative use of devices, mental
representation, transformation of existing ideas, cognitive association and the
use of symbols.
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The third aspect entails emotional (soft) skills including self-confidence,
trusting others, self-control, thinking, persistence, empathy, ability to express
oneself, regulation of one’s emotions.

An important component of this philosophy is the achievement of the flow
experience during which ”/[...Jthe individual gets immersed in an activity, which
overshadows everything else, and the given experience becomes so enjoyable
that the person wants to continue the activity at any cost, just for the sake of the
given action” (Csikszentmihdlyi, 2001. p. 11.)

The flow experience frequently accompanies playful activities implying the
expectation of an optimal performance to promote optimal level of student
activity and participation.

Challenges

A
[ Excessive
| challenge '
| ,’_: may cause Optimal cha.llenge
; anxiety Ieads' to optimal
learning
\.—
| o0
‘\——V
T~ R
. Insufficient
| oo | challenge
o | — may cause
boredom

» Skills

Figure 5. The FLOW level in the learning process, the optimal proportion of
challenges and skills can facilitate the achievement of the FLOW experience.
(Source: Egles, 2012)

Excessive performance expectation leads to anxiety.
Optimal performance expectation leads to optimal learning.
Lack of a sufficient challenge makes the task boring.

It can be concluded that activities performed in analog and digital contexts,
that is, creative construction and compilation of content, along with digital
storytelling implying further consideration of a situation in a digital context
represent the highest, or creative level of the Bloom taxonomy (1976).
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The effectiveness of the method is illustrated by the Dale pyramid or
experience cone model (1969). Accordingly, dramatization, the simulation of
reality, and the obtaining of real experience increase the depth and efficiency
of learning. Research indicates that 90% of what was said and done could be
recalled within two weeks.

9 Introducing the LEGO® StoryStarter

The StoryStarter is a LEGO® set designed for educational purposes containing
special building blocks, stickers, and a parts catalogue assisting classroom
management.

The use of the elements of the StoryStarter helps students to re-interpret real
life situations, literary works, and various narratives. Their stories can be
recorded with modern ICT devices into their own digital narrative while
constructing characters, designing comic strips, and films accompanied with
subtitles or narration. The StoryStarter package containing carefully chosen
LEGO® parts includes selected characters, animals, accessories, devices, basic
bricks, buildings, and sheets for the creation of no more than five scenes.
— *
Ntkok 54— ———
konyutare 1 T
yvutara : )Vﬁ\
= )

A titkok KOnyvtarabar |

Kulonos utazasra kerglt

| 3008-ban Harom jobarat
21 szazadi modszerrel old
megqg eqgy 1skola feladatot

Figure 6. The library of secrets A part of a story enhanced with digital solutions.
(In 3008 three good friends solve a school assignment with 21st century
methods during a special trip in the library of secrets.)
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The LEGO® Story Starter is a unique creative learning device expanding the
knowledge of students while allowing them to experience the joy of creation
and story telling.

The StoryStarter involves students in the educational process and motivates
them to use their imagination during the formation of the characters and the
stories. Storytelling is an effective device for improving writing and reading
skills and encouraging students to communicate with self-confidence. The
method promotes comprehension, strengthens fantasy and creativity and
helps students to realize or carry out new innovative ideas.

Furthermore, students can gain experience in describing characters, the
composition of dialogues and the shifting of the stories into a different
historical age or venue.

The stories are constructed along Laswell’s (Wenxiu, 2015) 5 W model. The
plot and then the full story emerge from the given parts including the bricks
and the answers to the following questions:

¢ Who? Who are the characters?

¢ Where? Where does the story take place?

¢ When? When does the story take place?

¢ What? What happens in the plot?

¢ Why? Why does it happen?
The StoryStarter method helps students to communicate with self-confidence
in various situations, to break the stories into different parts and reconstruct
them while improving speech and reading comprehension and reading and
writing skills. Consequently, students will be able to analyze the characters

and scenes of stories along with identifying the given genres, recognizing the
respective features and applying digital technology in a creative manner.

The LEGO® StoryStarter supports the development of native tongue-related
competences primarily reading and textual comprehension, and text creation
along with the development of abstract and critical thinking typical of
adolescents of secondary school age.

Digital storytelling in practice

In addition to integrating the students into a playful process the educational
application of the LEGO® Story Starter increases task solving motivation
while functioning as a device or medium supporting communication. The
diverse assortment of figures promotes thinking and can launch the story
creation effort. The methodological solutions described earlier direct the
process while guaranteeing the fulfilment of the given educational goals. This
method has proven to be useful to promote independent text creation along
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with processing the reading of literary works and the elaboration of
alternative conclusions to the stories. Furthermore, the method helps in
promoting the awareness of composition structures and the analysis of genre-
specific features for the upper level elementary and secondary school
students.

In addition to their capability of promoting creativity the LEGO devices play
an important role in supporting the development of digital competences.
Value creation in digital culture includes digital literacy implying the effective
use of a wide variety of digital devices, conscious use of digital sources,
communication and making media products (Lengyel-Molnar, 2016).

After constructing one or more episodes of a story from LEGO components,
and depending on the age of the students, the work is digitalized, still and
motion pictures are prepared and with the help of an age-appropriate digital
comic strip preparation software the participants make their own comic strips
or e-books. The story components displayed on comic book scenes or e-book
pages are enhanced with various backgrounds, dialogue panels and the final
product is shared with peers. The solution of the given task, however, does
not mean the completion of the process and in order to guarantee the
fulfilment of the requirements of the Contemplate (development of
perspective) stage of the 4C model and the maintenance of the flow experience
students should be given an opportunity to perform or introduce their work
to their classmates. This step assures the fulfilment of the method’s final
objective, as summarizing the subject matter in their own narrative and their
reaction to feedback from peers develops argumentation and communication
skills.

At the same time we have to take critical views into consideration. W. ]. T.
Mitchell (1994) asserts that as a result of the image-based turn the images not
only represent, but shape the surrounding world and the life of people. As
Mitchell argues images play an increasing role in the construction of social
reality. Moreover, "we have to cope with the impact of television and Internet-
based learning on the culture of future generations. Students read less, but are
more proficient than adults in processing visual information” (Golnhofer,
2011, 41).
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MONTE CARLO METHODS IN EDUCATION

Mark Z. TOTH, Veronika STOFFOVA, HU, SK

Abstract: The contribution briefly describes an experiment to measure the
accuracy of a Monte Carlo simulation implemented with a naive approach
besides educational use cases of MC methods. In addition, three applications
are presented. The first one’s task was to generate data about accuracy, the
second application was created to visualize the results of accuracy
measurement. The third application is prototype which can be used as an
educational tool.

Keywords: simulation, Monte Carlo method, education, educational tools,
accuracy.

1 Introduction

The term Monte Carlo method is used to describe algorithms and simulations
which are based on the generation of a series of (uniformly distributed)
random numbers—(Kehl, 2012). With the use of Monte Carlo simulations
(hereinafter MC simulations), we can calculate approximations of problems
which cannot be solved with an analytical approach. In order to perform an
MC simulation which results in a relatively precise approximation, we need a
computer that is able to execute calculations with high-speed. This is because
the higher the number of generated random numbers, the more accurate the
approximation is. Nowadays this requirement can be fulfilled easily so the
application of MC methods and simulations became popular. MC simulations
are applied in several fields including physics, biology, finance and artificial
intelligence. Moreover, due to the simulational nature of MC methods, they can
be used as educational tools (Stoffova, 2000). According to a meta-analysis
performed by D’Angelo, Rutstein and Harris (2016) the use of simulations in
STEM (Science, Technology, Engineering, and Mathematics) fields in K-12
classrooms is highly associated with improved learning outcomes.
Considering that MC simulations are non-deterministic and that they are
based on random sampling, it is understandable, if one wants to examine the
accuracy of such simulations (Horvath & all., 2020). This article presents data
resulted from one particular way of measuring accuracy, an application which
visually presents the accuracy of given simulation and an application
prototype which presents a real-world use case primarily for educational
purposes.
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2 Measurement of accuracy

In order to measure accuracy, we need an MC simulation that approximates a
value which is already known. Therefore, the approximation of 1 is a problem
which can be used for this purpose. The method used to approximate 1 was
the following:

If we generate random points on a plane which includes a 2D object, then the
number of points inside the object is in the same proportion to the number of
all generated points as the area of the object is in proportion to the area of the
plane. If we combine this relation with the formula for the area of a circle, we
can approximate T the following way (figure 1):

T~ 4 quuarquuadrant * 1

2
P, square r

P, = Number of points inside shape A

Figure 1: Monte Carlo method for 7 calculation

Another important piece in the process of accuracy measurement is to define
what kind of value represents the degree of accuracy. In this case the
measured value was the average deviation from m of a simulation performed
N times (with the same parameters). In the following this value will be called
AM. The average deviation from m of a simulation series performed with
parameters n,p, s will be called AMy; s where:

* n:number of simulations,
e p:number of generated points during one simulation,
* s:size of the side of the square (in pixels).

There are methods and strategies which decrease the variance, therefore
increase the accuracy of a simulation without increasing the number of
generated points, however this solution applied a naive approach. The
variance decreasing strategies are well-presented by Daniel Kehl in the June
2012 issue of Statisztikai Szemle.

The program executing the simulations is a console application written in C#.
Thanks to the .NET Core 3.1 framework, the solution is cross-platform. The

363



XXXIII. DIDMATTECH 2020
EOTVOS LORAND UNIVERSITY (ELTE) FACULTY OF INFORMATICS

application needs a .csv file as an input. This .csv file contains the
aforementioned 3 parameters in s; p; n order separated by a semicolon line by
line. Every time a new point is generated, the approximation of m is
recalculated. The application generates a new .csv file for every simulation
series where one line contains the p value of a simulation and the deviation
from m. In the end, the application reads these generated .csv files and
generates a final file with the values of p and AM .

3 Analysis of results

At the beginning, only the value of p was changed, the value of s was fixed.
After reaching a certain value for p, the value of AM did not decrease. After
that, the effects of changing the value of s was examined. It is clear from the
results, that the level of detail in representation is directly proportional to the
accuracy (figure 2).

Value of AM; S = Value of AM; S =
100 10000
0,75 0,55
ooég 0,5
0.6 0,45
0,45 0,35
0,4 03
0,03_% 0,25
0,25 0,2
0,2 0,15
0,15 0,1
o1 0,05
0,05 ,

0 0

Q Q Q QO N ) Q Q Q QO

N Q ) \) ) N Q Q ) )

MO &S S YOS &S

R RN

Figure 2: Graphs of results

[ tried to perform a linear regression analysis on the data with the help of
Microsoft Azure Notebooks, but the result was not proofed by real data.
According to the result of linear regression analysis, after p reaches a certain
value the value of AM is increasing instead of decreasing. This was denied by
test results. Thus, either the relation between the value of p and AM is not
linear or the tests were not correct. Further research is needed to test this
idea.
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4 Visualizing accuracy

First of all, because the visualizing application can be used as an educational
tool, cross-platform accessibility was a priority. Because of this, the
application is implemented on an HTML page using Javascript. Therefore, the
application can be accessed from a regular browser. The application uses the
same algorithm as the C# program which was used to generate data. It uses
the Canvas API to draw the quadrant and the generated points and the Chart]S
library to visualize the results on a graph (figure 3).

Prébalkozas Erték
Legpontosabb
kozelités
10000 Pl értéke 3.141592653589793

Probalkozas Erték
Hény pontot generéljak? (P) Legpontosabb
kozelités
1000 Pl értéke 3.141592653589793
Probalkozas Erték

\ekkora a négyzet oldala? (S
3.1416309012875536

3.14158215010142

Prébalkozasok szama: (N) Legpontosably 3.140983606557377
kozelités
5 Pl érteke 3.141592653589793

Saamol [ Reset

Figure 3: Monthe Carlo method editor

We can perform simulation series with different parameters and can compare
the results. In the top-right corner, in the results table, we can see the value of
T and closest approximation for every simulation series. Moreover, we can
also compare the results on the graph. We can restart the process with the
Reset button.

5 Educational prototype implementing the Monte Carlo integration

Considering the base idea, we can use a Monte Carlo simulation to
approximate the area of an object. The concept is the following:
* Take an image, for example, a satellite image.
*  Select any part of the image you want to approximate the area of,
give a scale for the application and it approximates the area of the
selected part with an MC integration.
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During the implementation, the same technological stack was used to develop
the prototype, therefore it is also a web application.

Figure 4: A satellite image and determination of the size of its marked part

The application implements basic image editing features (figure 4):
¢ image loading,
* image moving,
e Zzoom in, zoom out,
« area selection (color: red) with autofill,
orectangle,
oellipsis,
ofree hand,
* scale selection (color: blue),
¢ changing brush size.

The workflow of the application is this:

* The user uploads the image, then selects the part whose area he /she wants
to approximate,

e then selects a line on the image (this will be the scale), gives n &p
parameters and the real-world length of the scale for the application (s is
given with the size of the image),

¢ and in the end, presses Calculate.

The program performs the MC integration and presents the results (figure 5).
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Figure 5: Application of the MC method with graphical display of results

Selecting the scale manually decreases the accuracy of the program but
increases the level of interactivity which is a significant factor in educational
applications. Moreover, this prototype implements a naive approach, thus the
accuracy can be improved significantly. Currently the prototype is in an
experimental state. It needs bugfixes and improvements.

6 Conclusion

The use of MC simulations in education is reasonable according to the results
of accuracy measurement. The measured and applied simulations were
implemented with a naive approach. Therefore, the implementation of
variance decreasing strategies could increase the accuracy of the applications.
Another important factor of these applications is execution speed. Because the
applications are implemented in Javascript, the execution speed of
simulations are relatively slow compared to other compiled languages, such
as C++ or Rust. From the viewpoint of performance, it is worth considering
implementing the applications on a new technological stack.
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METODA MONTE CARLO V PRAXI

Roman HORVATH, Sotia HORVATHOVA, Veronika STOFFOVA, SK

Abstrakt: Prispevok poukazuje na praktické vyuzitie metédy Monte Carlo.
Zaobera sa pouzitim nami implementovaného interaktivneho softvéru
urceného na vyuzitie tejto metddy. Softvér sme testovali diagnostikovanim
stavu (kondicie) nohy podl'a odtlacku chodidla. Implementacii predchadzala
analyza inych diagnostickych metédd pouzivanych v praxi, konkrétne
plantografickych, ktoré boli pouzité na referenciu k nasej metéde. Test sme
vykonali analyzou sedemndstich vzoriek odtlackov chodidiel. Vysledky
stru¢ne porovnavame a zhodnocujeme.

KI'icové slova: metéda Monte Carlo, diagnostika plochej nohy, interaktivny
softvér, didakticky softvér.

THE MONTE CARLO METHOD IN PRAXIS

Abstract: The contribution briefly describes the implementation and use of
the interactive software that utilises the Monte Carlo method. We tested the
software using several footprints to diagnose the condition of the foot, e.g. if
the foot is flat, normal, or in other condition. Two plantographic diagnostic
methods were analysed in precedence to the implementation. Those served
for the comparison of the Monte Carlo method results. The software was
tested with seventeen footprint samples. We briefly compare and evaluate the
results here, too.

Keywords: Monte Carlo method, flat foot diagnostics, interactive software,
didactic software.

1 Uvod

Nasim cielom bola implementacia vSeobecne zameraného interaktivneho
softvéru, ktory umozni metédou Monte urcit obsah 'ubovol'nej nepravidelne;j
plochy na zadanom obrazku. Softvér sme testovali spomocou analyz
odtlackov néh, pri ktorych sme wurcovali stav plochosti nohy (tejto
problematike sa venuju napriklad: Dungl, 2005; Horakova, 2013; FootBalance,
2014; InterSport, 2012). Na posudenie relevantnosti meranych vysledkov,
sme pouzili dve plantografické metddy (Tomanova, et al., 2015; Klementa,
1987; Vasova, 2019), ktoré diagnostikuji stav nohy na zadklade inych
principov. Prva sa skratene nazyva indexova a na urcenie stavu nohy pouziva
vypocet indexu zrozmerov zmeranych na odtlacku. Druhd sa nazyva
priamkovd atd pouZiva na diagnostiku geometrické rozdelenie plochy
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odtlacku na niekol'’ko Casti, na zaklade ¢oho tiez hodnoti stav nohy (Habova,
2011; Blahova, 2014; Bartosik, Chuda, 2000).

2 VyuZitie metédy Monte Carlo

Metdéda Monte Carlo sa pouziva na modelovanie roznych fyzikalnych a inych
systémov. Ma Siroké vyuZzitie napriklad pri rychlom najdeni pribliznych
vysledkov réznych vypoctov, ako je vypocet urcitého integralu, urcCovanie
pravdepodobnosti vzniku udalosti v urcitych dejoch, empirické urcenie
hodnoty Ludolfovho ¢isla (), odhady nakladov v urcitych situaciach a pod.
Ide onumericki metédu zaloZeni na vyuZziti hodnét nahodnych veli¢in
atedrii pravdepodobnosti. Jej korene siahaju do 18. storocia a spajaju sa
s takzvanou Buffonovou tlohou.

Za vyuzitie met6dy Monte Carlo sa da povaZovat kazda taka vypoctova alebo
simula¢na metdda, ktora vo svojom postupe pouziva ndhodné ¢isla (ndhodné
udalosti). V naSom pripade je hI'adanym rieSenim problému uréenie nezndmej
plochy (2D ttvaru), ale metdda sa da po d'alSom zovSeobecneni vyuZit aj na
hl'adanie objemu troj- alebo viacrozmerného utvaru (kde sa jej vyuzitie
nekonci, ako sme naznacili vyssie). Vd'aka tejto metdde vieme ziskat priblizné
rieSenia mnoZzstva stochastickych aj deterministicky dloh. RieSenie ulohy sa
musi dat’ opisat s pomocou funkcie hustoty pravdepodobnosti, inak nie je
mozné dej (stav, situaciu) korektne simulovat (zhodnocovat).

Metéda vyzaduje ndhodnud velicinu (teda taki, ktora nadobtida nahodné
hodnoty). Na ziskanie nahodnych hodnot sa v praxi pouZivaju rézne spdsoby,
napriklad merania redlnych fyzikdlnych nahodnych veli¢in (napriklad
mikrovinné pozadie kozmického Ziarenia, parametre réznych druhov Sumu
apod.). Na pocitacové rieSenie uloh takéhoto charakteru sa vyuZivaja
generatory pseudonahodnych Cisiel (§légr, 2007; Knezo, 2012; Gustar, 2000;
Palisade, 2008). Kazdé programovacie prostredie ma implementovany
generator pseudonahodnych Ccisiel, ktory zvyCajne produkuje sekvenciu
pseudonahodnych ¢&isiel s rovnomernym rozdelenim. Specialne prostredia na
modelovanie systémov (napriklad MatLab) ponudkajd SirSiu paletu
generatorov pseudonahodnych ¢isiel s roznymi vlastnostami. Programovaci
jazyk Java, v ktorom sme implementovali nasu aplikaciu, ma implementovany
multifunkény generator zalozeny na schopnosti generovania sekvencie
pseudondahodnych bitov srovnomernym rozlozenim neopakujicej sa na
vel'mi dlhom intervale, ktord potom mapuje do réznych funkcii (zakladom st
Gaussovo arovnomerné rozloZenie; pozri Random - Java Platform SE 8).
Vyuzili sme tu jeho sucast, ktora generuje redlne uniformné pseudondhodné
hodnoty.

Vtomto prispevku sa zaoberdme vyhodnocovanim stavu (kondicie) nohy
s pomocou metddy Monte Carlo podla odtlackov chodidla. Metédu sme
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aplikovali tak, Ze sme ohranicili odtlacok nohy podl'a objektivne stanovenych
pravidiel a percentudlne sme vyjadrili odhad plochy zmerany nami
implementovanou metddou. Softvér bol implementovany tak, aby bol schopny
vykonat diagnézu chodidla aj s pomocou plantografickych metdd.

Prvym krokom analyzy bola teda diagn6za s pomocou dvoch plantografickych
metdd. Do obrazka sme s pomocou funkcii softvéru vlozili potrebné priamky
adalSie klicové prvky (ako sud priesecniky, stredy useciek a podobne)
a softvér nasledne zmeral potrebné dizky (pri prvej metéde) alebo sme
vizualne vyhodnotili prekryvanie odtlacku so segmentmi, ktoré vznikli na
odtlacku v sulade s pouzitim druhej metody.

IR

normalna-01 normalna-02 normalna-03 normalna-04 normalna-05 plocha-01

JYID T

plocha-02 plocha-03 plocha-04 plocha-05 priecne-plocha-01 vysoka—Ol

S 6 O &
o o b 0

vysoka-02 vysoka-03 vysoka-04 vysoka-05 vyssia-01

C_F

o LF

Obrazok 1: Tvary predl6h odtlackov n6h pouZitych pri analyzach so skratenymi
nazvami suborov, v ktorych boli uloZené

Na obrazku 1 su zobrazené vsetky tvary odtlackov pouzité pri analyzach
vykonavanych s pouzitim nasho softvéru. Su prevzaté zroéznych zdrojov,
ktoré sme pouzivali aj pri analyze potrieb pred tvorbou aplikacie (je to vacSina
zdrojov v pouzitej literatire). Nazvy stiborov sme na zvySenie prehl'adnosti
skratili. Odzrkadl'uju kategérie, do ktorych boli zaradené p6vodnymi autormi.
(Rovnaké nazvy sme pouzili v grafe 1, nizsie. O¢akavanym vysledkom bolo
zaradenie odtlackov nami pouZitymi metédami do rovnakej kategorie.)
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Druhym krokom bolo vyuzitie metédy Monte Carlo. Aby boli namerané tdaje
navzajom porovnatelné, stanovili sme jednozna¢né Kkritérid na definiciu
plochy merania. Pouzili sme tri spésoby ohranic¢enia odtlackov, ktoré sme
oznacili variant Aaz C. Vnich sme odtlacky chodidiel umiestniovali do
obdlznikovych a tesnejsieho lichobeZnikového tvaru (oblasti), v ktorych bola
merana vel'kost plochy odtlacku (vyjadrend percentudlne).

Pri variante A sme definovali obdlZnikovi plochu tak, aby do nej ¢o najmene;
zasahovali odtlagky prstov nohy. Variant B bol tieZ obdlznikového tvaru, ale
zahinal cely odtlacok (vratane prstov). Variant C zahinial cely odtlacok, ale
mal lichobeznikovy tvar. Skrateny postup definicie ohranicujicej plochy je
ukazany na obrazku 2 a podrobnosti postupov si uvedené nizsie. Namerané
vysledky sme vzajomne porovnali.

Variant A:

* VloZit prvu priamku tesne sa dotykajicu vniitorného okraja odtlacku.

* Vlozit priamku kolmu k prvej a tesne priliehajtcu k pate.

* Vlozit priamku kolmu kprvej atesne priliehajice kodtlacku nohy
v prednej Casti - ,bez prstov.”

* VloZit priamku rovnobezZnu s prvou a tesne priliehajicu k vonkajSiemu
odtlacku nohy.

* Definovat Styri priesecniky priamok, ktoré pri tom vzniknd, vyuzit ich na
definiciu oblasti merania metédou Monte Carlo a vykonat merania.

&

Obrazok 2: Fazy postupu pri definovani plochy
merania pri metéde Monte Carlo.
Variant B:
* Postup sa zhoduje s variantom A, okrem casti ,bez prstov,” ¢iZe priamky st
vloZené tak, aby tesne priliehali k celému odtlacku (vratane prstov).
Variant C:

* VloZit mimobeZné priamky tesne priliehajice kcelému odtlacku
z vonkajSej a vnutornej strany nohy.

372

XXXIII. DIDMATTECH 2020
EOTVOS LORAND UNIVERSITY (ELTE) FACULTY OF INFORMATICS

* VloZit dve priamky kolmé na priamku, ktora je pri vonkajSej strane nohy.
Kolmice maju tesne priliehat k celému odtlacku nohy v prednej (prstovej)
a zadnej (patovej) casti. Zhodnotili sme, Ze kolmice zostrojené k priamke
priliehajuicej z vonkajsej strany nohy vytvoria obalku plochy, ktora pokryje
odtlacok tesnejsie.

* Definovat' Styri prieseCniky priamok, ktoré lezia najbliZzsie k odtlacku,
definovat podl'a nich oblast merania metédou Monte Carlo a vykonat
merania.

Pri vSetkych variantoch sme vykonavali dvanast merani plochy, z ktorych sme
vypocitali priemernt hodnotu.

3 Vyhodnotenie a diskusia

Pocas testovania sme si uvedomili zna¢nd vagnost pri prvych dvoch
metddach. VysSiu volnost atym aj vacSiu mieru nepresnosti sme si
uvedomovali najma pri druhej pouZitej plantografickej metéde (metdde
priamok), pretoZe pri nej zaviselo vysledné hodnotenie v relativne vyssej
miere od subjektivnych faktorov. Napriek spominanej subjektivnosti sme sa
mohli presvedcit, zZe vysledky oboch metdd su dostatocne spol'ahlivé a Ze sa
vzajomne relativne zhoduju a vhodne dopliiaju. Pri metéde Monte Carlo sme
pocitovali vy$Siu mieru istoty. Tato metéda neobsahovala tolko prvkov
subjektivity pri definicii geometrie potrebnej na meranie a diagnostiku.

Pri vyhodnocovani a posudzovani rozdielov medzi metédami sme s vyhodou
vyuzili grafické spracovanie vysledkov. Vtomto prispevku sme pouzili ten
z grafov, ktory ma podl'a nas najvyssiu vypovednd hodnotu (pozri graf 1).
Vopred sme predpokladali, Ze vSetky tri varianty met6dy Monte Carlo sa budu
vo vel'kej miere prekryvat, aj ked' ich jednotlivé ¢iselné vysledky boli mierne
odlisné. Neboli sme si vSak vopred isti, ¢i sa podobné ocakavanie naplni pri
prvych dvoch metddach.

Nami pouzité tvary odtlackov mali byt ukazkami/predlohami urcitych stavov
noh (normalne, ploché, vysoké...). Na grafe 1 vidno, Ze dve z ndh, ktora mali
byt podla zdrojov normalne (normalna-01 anormalna-04), boli prvymi
dvomi metéddami zhodnotené ako mierne ploché. TieZ pri jednej
z prezumpcne normalnych néh (normalna-05) bol vysledok sporny. Ostatné
zavery obidvoch met6d sa zhodovali. Na grafe je vidiet podobnost vysledkov
plantografickych metéd s vysledkami jednotlivych variantov metédy Monte
Carlo.

Princip ziskavania idajov met6dou Monte Carlo kladie dobré predpoklady na
ich objektivnost. Ziskané hodnoty vykazuju vel'mi dobru zhodu. V kazdej sérii
nameranych hodnét (podla variantov) sme postrehli urcité odchylky, preto
sme do grafu vniesli jednu orienta¢nu krivku naviac, ktorej hodnoty sme
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vypocitali z priemerov vSetkych troch variantov. Porovnanie naznacuje, ze
metdda Monte Carlo bude v pripade spornych néh konzervativnejsia. Treba
vSak byt opatrny anerobit predcasné zavery. Hodnoty v grafoch sa sice
nachadzaju zdanlivo dostatocne pod uroviiou hodnét, ktoré vykazuju ploché
nohy, ale na potvrdenie tejto domnienky by bolo potrebné vykonat d’alSiu
analyzu.

e \VlONTe Carlo variant C priemernah.

Graf 1: Udaje z analyzy vysledkov pri pouZiti réznych metéd
diagnostiky odtlacku nohy zarovnané na spolo¢nd liniu.

Po zhodnoteni ziskanych informacii konstatujeme, Ze najbliZsie k ocakavanym
vysledkom je variant B metddy Monte Carlo. Tiez sa (moZno trochu
paradoxne) ukazuje, Ze aj umiestnenie a tvar krivky ziskanej z priemernych
udajov vSetkych troch variantov ju nominujui na celkom dobrého kandidata.
Na to, aby sme ziskali vy$Siu presnost’ a istotu v spravnosti pouZivania novej
metdédy, by sme ju museli aplikovat na omnoho masivnejSiu mnoZinu
odtlackov, ktoré by sme videdlnom pripade ziskali od klinickych ortopédov
(t.j. priamo zpraxe) apri ktorych by sme namerané tudaje spracuvali
s pouzitim Statistickych metdd. No uz pri takejto malej mnozine experimentov
metdda ukazala tendenciu poskytovat objektivne (a tym spol'ahlivé) tidaje.

V tejto faze rozpracovania sme dospeli k nasledujicim hraniciam pre ploché
nohy pri jednotlivych variantoch metédy - variant A: 59,78 %, variant B:
55,35 %, variant C: 63,4 % a (alternativne) hranica pre krivku priemeru
z tychto troch merani by bola: 59,31 %.
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4 Zaver

Zaverom mébzeme zhodnotit, Ze pouZitie metédy Monte Carlo splnilo nase
ocakavania. Editor met6dy Monte Carlo sme navrhovali tak, aby smeroval
k moznostiam jeho vSeobecného pouzitia. Problematika plantografie
a analyzy plochych noh nie je jedinym zamysl'anym sposobom pouZitia tejto
aplikacie. Tato problematika bola vyuzZita na vyvoj prvého prototypu softvéru.
Proces vyvoja a ladenia je ¢asovo narocny, preto zostava otvoreny priestor na
d'al$f rozvoj aplikacie. Na dopracovanie d’al$ich uzito¢nych funkcii, ktoré by
rozsirili moZnosti univerzdlneho pouzitia metédy Monte Carlo na rieSenie
réznych problémov.

Implementovany editor najde svoje uplatnenie aj vo vyucovani, konkrétne
v predmete modelovanie asimuldcia systémov, vktorého osnovach sa
nachadza aj metéda Monte Carlo. Napriklad na zaklade simulacnych
experimentov na vypocet analyticky presne vypocitatel'nej plochy metédou
Monte Carlo sa d4 demonstrovat ako tato metdda funguje a ako sa da zvysit
presnost vysledku (Toth - Stoffova, 2020).

Prispevok bol podporeny projektami KEGA 012TTU-4/2018: Interaktivne
animacno-simulacné modely vo vzdeldvani (Interactive animation and simulation
models in education) a KEGA 015TTU-4/2018 Interaktivita v elektronickych
didaktickych aplikdcidch (Interactivity in electronic didactic applications).
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WEB-BASED INTERFACE TO GEANT4 SIMULATIONS OF
RADIATION AND NUCLEAR MATERIAL

Rudolf IZSAK, Gabor TARKO, HU

Abstract: GEANT4 is undoubtedly the most elaborate Monte Carlo simulation
toolkit in nuclear physics. However, mastering GEANT4 demands profound
knowledge in C++ programming. The paper describes a web-based user
interface for GEANT4 aimed at providing researchers, lecturers and nuclear
engineers with a simple tool to exploit the computing power of GEANT4.

Keywords: GEANT4, web, user interface, Monte Carlo simulation, nuclear
physics.

1 Introduction

lIonizing radiation is just as inevitable constituent of the environment as is
matter. As its name suggests, it can ionize atoms, ions and molecules causing
e.g. faults in biological tissues. While ionization is a complex process, it is only
one out of the abundant possible outcomes of radiation—matter interaction
[1]. In general, it is the radiation—matter interaction through that the
presence and physical properties of radiation can be verified and investigated.
Interaction outcomes depend on the

e type (alpha, beta, gamma) of the radiation,

* physical characteristics (direction, energy) of the radiation,

¢ type (chemical constitution, nuclear state) of the target material.
[t is the radiation—matter interaction that makes possible to detect radiation,
and radiation detection has fundamental relevance in medical diagnostics and
therapy, nuclear safety, and research in nuclear physics.
Performance of detector setups or radiation shielding can be estimated via

simulation. For example, geometric detection efficiency calculations are based
almost exclusively on simulation.

1.1 GEANT4

The most elaborate simulation software for radiation, matter and interaction
is GEANT4 (GEometry ANd Tracking) [2]. It is a C++ library for Monte Carlo
simulations in nuclear physics and is widely (almost exclusively) used in
nuclear facilities since its initial release in 1998 based on the experience of
former editions back to 1974. GEANT4 takes into account hundreds of
particles like bosons, leptons, mesons, baryons and common matters in
nuclear physics like metals, plastics, crystals and gases.
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Even biological tissues like bone, skin have validated models in GEANT4. The
size of its validated databases and calculation methods makes GEANT4 an
inevitable Monte Carlo simulation tool in radiation detection.

1.2 Difficulties with GEANT4

Mastering the GEANT4 demands a considerable knowledge in C++
programming, which skill has almost nothing in common with the original
purpose of the simulation library. Even the installation process of the toolkit
is complicated based on the limited documentation. While GEANT4 is open
source and cross platform, its computing power is only available for
companies and research groups who can afford a GEANT4-expert.

1.3 Web-based user interface to GEANT4

The primary aim of our project was to make GEANT4 simulations available for
researchers, lecturers, nuclear engineers via a web interface and without the
need of programming so that focus can be kept on the physical rather than on
technical details.

As the interface is web-based it is only a decent web browser that the user
needs to manage simulations.

1.4 RadSrc integration

By default, GEANT4 supports particle guns as a primary source of beam
(radiation) and follows the primary (secondary etc.) beam-particles through
the matter. The user sets the type (photon, electron, proton etc.), direction and
energy of the primary particles emitted by a particle gun repeatedly.

In practice, the source of radiation is often a radioisotope (¢°Co, 137Cs, 235U etc.)
of which activity (number of emitted particles per second) and the physical
properties of radiation alters in years, so that the particle source itself must
also be simulated.

The developed user interface integrates the RadSrc [3] radioisotope generator
into GEANT4. Given the concentration and age of a specific radioisotope
RadSrc computes the radioactive decays and the resulting radiation. Note that
the decay series of 235U involves 17 daughter isotopes and more than 20 decay
modes each having a unique discrete probability distribution for possible
decay energies. RadSrc can also calculate relaxation X-rays and
bremsstrahlung and contains the decay data and physical characteristics of
more than 100 isotopes.

378

XXXIII. DIDMATTECH 2020
EOTVOS LORAND UNIVERSITY (ELTE) FACULTY OF INFORMATICS

2 Construction of the web application for GEANT4 simulations

Being an interface, the web page in Figure 1 in the clients’ web browser is
responsible for the (1) parametrization of the simulation and (2) visualization
of the simulation results. The simulation runs on the server side.

The user defines the simulation setup which is passed to the server that runs
the GEANT4 simulation. The server assigns an identification number to each
request so that multiple requests can be performed simultaneously but
limited to a certain number to avoid server overload.

From the technological point of view the frontend (interface) is a React-
Bootstrap [4] application. React [5] is an extended JavaScript library for
building user interfaces and Bootstrap [6] is currently the largest web-UI
ecosystem. The backend (server side) consists of two components. The
Node.js [7] JavaScript application communicates with the front-end and
makes the GEANT4 application run that is the second component of the back
end. The communication between front- and back-end is handled by the
Express.js [8] web framework.

The web application is available at the internet address radsim.inf.elte.hu.

According to the first tests, for a client application connected to high-speed
internet (1 Gbps) the communication overhead is less than 1 second. In an
experimental setup consisting of three lead cubes (detectors) and a ¢°Co
radioactive source the back end can simulate 2500 primary particles per
second on a 3GHz Xeon processor.

As the application does not require any personal information only physical
details the data stream is not encrypted. In general, the lack of personal,
sensitive, or confidential data or content prevents server attacks from being
harmful despite making the service temporary unavailable.

GEANT4 describes the physical scene to be simulated as a number of volumes
placed into a single world volume. The world volume is the full space of
simulation and can be made of (filled with) some material like air. The user
can define other volumes with a user defined geometry (shape), material, and
position. Each volume (other than world) can be regarded as a detector: when
a particle in the simulation passes the volume GEANT#4 records the points of
enter and exit (if exits) and the total energy deposited inside the volume.

Following the concepts of GEANT4, the user interface allows the definition of
arbitrary number of detectors and particle sources.
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[CELRIZAN Run  Spectroscopy = Clear particles  Clear setup [EGIRASERVE R

Detector0 [N

Detector1 [MaiN

Detecior? JRdviiN

Figure 1: The main page of the web interface for GEANT4 simulations. There are
three volumes (detectors) defined in the scene: desk (big brown box) with a little
green gamma particle source on it, shielding wall (big grey box) and a human.

2.1 Detector definition

As mentioned, the simulation scene is made of physical volumes and a particle
source. The physical volumes (or detectors) must have shape, position and
material.

The shape can be defined either as one of the predefined simple shapes like
boxes, spheres, cones etc., or as an arbitrary triangulated shape. The latter
shapes can be defined via STL (stereolithography) files having standardized
structure. STL files can be generated as an output from a lot of well-known
CAD (computer aided design) software.

GEANT4 has an extensive database of common nuclear physics materials such
as metals and scintillators (Nal, plastics) that can be selected as volume
materials from drop-down lists in the detector definition dialog.

The dialog for detector definition is shown in Figure 2.
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Configure Detector

human.stl

'73"‘?‘&1:m

position| o |em[ o |em[ o |em

rotation| o ‘deq‘ 0 ueq[ 0 }deq

scale[ 1 1 1
Material [Lead .

oK!

(oo o

Figure 2: Dialog for detector definition. The triangulated shape can be defined in
STL files that the user can upload. It is possible to rotate and scale the detector
before placed at the desired position. GEANT4 contains an abundant collection of
common nuclear physics materials; the actual material can be selected from the
drop- down list.

2.2 Particle source definition

Particle source is a necessary building block of a GEANT4 simulation. Particle
emerge from the source and are tracked through the detector system until
exiting the world volume or being absorbed. The default particle source in
GEANT4 is the particle gun that can emit arbitrary particles with a given
energy into a pre-defined direction (Figure 3).

Configure Particle Gun

name|ParticleGun

posmon‘ 0 cam| o ‘(m‘ 10 |cm

direction| ¢ 0 1

Energ\,*woo ‘kev

Figure 3: Dialog for particle gun definition. The dialog asks for the position,
direction and energy of the simulated gamma photons.
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It is also possible in the web interface to define a radioisotope as a particle
source. It is the RadSrc library that generates random counts of gamma
photons based on the radio isotope’s type, initial activity, and age (Figure 4).
RadSrc computes the complete decay chain of radioisotopes and selects
gamma counts randomly according the discrete probability distribution of the
chain’s radioisotopes based on the actual activities.

Configure Particle Source

name(Source

position \Z| cn| o cm cm

f.‘ater\a\UBS ie. Co60

Figure 4: Dialog for RadSrc particle source definition. Photons are emitted at
uniform solid angles. The dialog asks for the name of the radioisotope and for its
position in the world volume.

2.3 Launching the simulation

The simulation can be launched once the detector and particle source are
defined and placed into the world volume. Clicking on the Run button a dialog
appears and asks the user for the number of simulated particles (Figure 5).
The client application then sends the detector, source, and event number data
to the server where a master application configures the related GEANT4
simulation and makes it run. The output dataset is sent to the client
application using Express.js [8].

Configure run

Number of particles:

Figure 5: Dialog for simulation launch. The user is supposed to enter the number
of simulated primary particles.

Note that the initial particles may generate secondary particles in matter. For
example, energetic photons may generate electron—positron pairs where
both particles are tracked further until being absorbed or leaving the world
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volume [1]. Figure 6 demonstrates the simulation results of an initial photon
of 1 MeV energy. There are two secondary electrons generated by Compton
scattering and photoelectric effects. The simulation keeps record of all
physical characteristics of the initial and secondary particles.

Photon

0,0,-20,

Total energy: 1, Energy deposit: 0

Compton scattering Photon
Electron Ty 0,0,-1.14192, .
Position: 0, 0, -1.14192, . Total energy: 0.72845, Energy deposit: 0
Total energy: 0.782549, Energy deposit: 0.27155 Photon
0.782549 = 0,510999 + 0,27155 N Position: -0.0901459, -0.110422, -0.945373,
. . Total energy: 0, Energy deposit: 0.08829
‘ Photoelectic ~
effect Electron

Electron ~ Position: -0.0901459, -0.110422, -0.945373,
Position: 0.000381554, 0.000467373, -1.14134, . Total energy: 1.15116, Energy deposit: 0.64016
Total energy: 0.510999, Energy deposit: 0.27155 1,15166 = 0,510999 + 0,640161

Electron

Position: -0.0886917, -0.108726, -0.943453,
Total energy: 0.510999, Energy deposit:
0.64016

Figure 6: Complete GEANT4 simulation output for a single primary 1 MeV
photon. The photon first Compton scatters on an electron (the electron becomes
a secondary particles) and then gets absorbed via photoelectric effect (this
electron becomes secondary particle too). Both secondary electrons lose their
energies in the matter along a short range according to the Bethe—Bloch
formula.

2.4 Visualization of simulation results

The graphical visualization of the physical scene and the simulation results in
the interface is based on webGL 2.0 which is JavaScript API for rendering
interactive 2D and 3D graphics in web pages. WebGL 2.0 is supported by the
four most popular web browsers, although in Safari the support of WebGL 2.0
must currently be enabled manually. Using WebGL the interface renders the
detectors and simulated particle paths in 3D and allows traversing of the
scene via mouse movements.

Electron (purple), positron (yellow) and photon (white) tracks are rendered
in different colors as shown in Figure 7 where an energetic 300 MeV photon
punches perpendicularly into four parallel layers of lead walls of 1 cm
thickness each.
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Figure 7: Visualization in the interface of an energetic 300 MeV photon emerging
from the particle gun (yellow pyramid) and punching perpendicularly into four
parallel layers of lead walls of 1 cm thickness each. Electron (purple), positron
(vellow) and photon (white) tracks are rendered in different colors.

The interface can also visualize energy deposits as shown in Figure 8. The size
of the red boxes corresponds to the amount of deposited energy. Photons
emitted from the gamma source are absorbed in the desk, in the shielding wall
and in the unshielded part of human body.

[CENIZ Run  Spectroscopy  Clear particles  Clear setup [IECEAGEIVENES

Figure 8: Visualization of the energy deposit. The sizes of the red boxes
correspond to the amount of deposited energy. Photons emitted from the gamma
source are absorbed in the desk, in the shielding wall and in the unshielded part
of human body.
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2.5 Spectrum generation of energy deposits

In nuclear instrumentation energy deposit is a common output of detectors
and the frequency distribution of energy deposits (energy spectrum) is often
studied for radioisotope identification and performance analysis of the
measurement setup. The interface features spectrum generation. The dialog
shown in Figure 9a asks for the number of events to be simulated and the bin
size of the histogram generated. In Figure 9b the simulated energy spectrum
from a radioisotope ¢°Co is shown. The emitted gamma photons are absorbed
in a thick lead volume. In the energy spectrum one can clearly identify the full
energy peaks corresponding to the 1.17 and 1.33 MeV lines of ¢°Co. The flat
regions on the left-hand-side of the peaks correspond to events where the
scattered primary or any secondary particle escapes from the detector volume
so that the energy deposit in the detector will not be complete.

. courts

Choose a detector X

Number of samples: 1000 \ .
bin size: |10

Man v
[eoes [ o]

(a) simulation dialog (b) energy spectrum (simulation result)

Figure 9: Energy spectrum generation via the user interface. The dialog (on
the left) asks for the number of simulated particles and for the bin size of the
histogram. The resulting energy spectrum (on the right) from a ¢Co
radioisotope with the 1.17 and 1.33 MeV gamma lines.

3 Example application

As a demonstration of the web application we use the interface for the
simulation of gamma detection with a scattering object. When collecting
energy spectra from radioactive substances for identification purposes it is
often inevitable to have scattering objects in the measurement vault like
concrete walls, desks or the housing of the detector. In that case, gamma
photons emerging from the investigated radio-source may undergo Compton
scattering on these objects so that the scattered photon produces a count in
the detector with an altered (relative to the original gamma photon’s) energy
that is a function of the scattering angle. These scattered counts appear as
small but significant peaks in the energy spectrum and may be erroneously
identified as gamma lines. One way to suppress these issues is to simulate the
whole measurement process including all objects present in the measurement
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vault. Then by inserting or removing scattering objects the backscatter peaks
can be identified in the energy spectra.

The schematics of a measurement scenario is shown in Figure 10. The gamma
photons emerging from a °Co source can enter the detector either directly or
back-scattered from an Be object. In the resulting energy spectrum in Figure
11 the back-scattering peaks can be clearly identified (corresponding to the
1.17 and 1.33 MeV lines of ¢°Co) although having magnitudes by a factor of
100 lower than those of the direct peaks. Their positions correspond to the
Klein—Nishina formula at 90° scattering angle (340 keV).

Be S
- ,O,gc%‘e,
‘/' ‘x\\ O[ﬁo E’O/
\\ /7»5‘

A

Figure 10: Schematics of an energy spectrum measurement with a Be scattering
object from which gamma photons may Compton-scatter to the detector.
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Figure 11: Resulting energy spectrum with backscatter peaks from the energy
measurement of ¢°Co lines. The 1.17 and 1.33 MeV lines appear on the right with
magnitudes higher by a factor of hundred.
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4 Conclusion

GEANT4 is undoubtedly the most elaborate simulation software in nuclear
physics. Our web-based user interface for GEANT4 described in the paper
aims to provide researchers, lecturers and nuclear engineers with a simple
tool to exploit the computing power of GEANT4. Minimizing the time and
manpower allocated for mastering GEANT4, small researcher or engineer
work groups (even individuals) can concentrate more on the physical and
engineering relevance of nuclear physics simulations. In the paper we
introduced the user interface and demonstrated its usage on example
problems. The web application is available at the internet address
radsim.inf.elte.hu. Future plans are to enhance ease of use and adding features
partly and hopefully based on user recommendation.

The project has been supported by the European Union, co-financed by the
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E-LEARNINGOVY KURZ ZAMERANY NA MANIPULACIU S
CHEMICKYMI LATKAMI: ROZVOJ VEDOMOSTI
STUDENTOV

Mel4nia FESZTEROVA, SK

Abstract: VysokoSkolské vzdelavanie je velmi ddlezité pre osobny a
profesionalny rast mladych I'udi. Prioritou by malo byt poskytnut mladému
Cloveku kvalitné vzdelanie s moznostou, aby uplatnil ziskané vedomosti
v praxi. Prispevok predstavuje vybranad tému z e-learningového kurzu. E-
learningovy kurz pod ndzvom ,Modernizdcia vzdeldvacieho a
interdisciplinarneho pristupu v kategérii odpad a odpadové hospodarstvo* je
rozdeleny do vybranych tém. Vzdeldvacie témy e-learningového kurzu
obsahuju Studijny material, ktory sa zameriava na zasady BOZP v chemickych
laboratdriach s orientaciou na spravnu manipuldciu s chemickymi latkami
a zmesami. Ulohou vzdelavania tykajticeho sa bezpeénosti a ochrany zdravia
pri praci (BOZP) je zabezpecit budicim ucitel'om chémie potrebné vedomosti
a informacie. Neoddelite'nou sticastou ich pripravy je starostlivost o zdravie
a bezpecnost' pri praci v oblasti vzdeldvania a odbornej pripravy. Sicasné
informdcie o dodrZiavani zasad spravnej manipuldcie s chemickymi latkami
a zmesami ukazuju, Ze tato aktivita na skolach nie je postacujuca.

Klicové slova: vzdelavanie, e-learning, chémia, budici ucitelia chémie,
chemicka latka.

E-LEARNING COURSE FOCUSED ON HANDLING OF CHEMICALS:
DEVELOPMENT OF PRE-SERVICE STUDENTS’' KNOWLEDGE

Abstract: University education is essential for pre-service teachers” personal
and professional growth. The priority should be to provide the young person
in question with quality education with the possibility of applying knowledge
acquired in practice. This paper presents a chosen topic from the e-learning
course. The e-learning course is called ,Modernization of Education and
Interdisciplinary Approach in the Category Waste and Waste Management”
and is divided into selected topics. The educational themes of the e-learning
course include study material, which focuses on the Occupational Health and
Safety (OHS) principles in laboratories and for safe handling of chemicals. The
aim of education regarding OHS is to offer student-pre-service chemistry
teachers the necessary knowledge and information. An integral part of the
preparation is taking care of OHS in the field of education and training. Current
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information on compliance with the principles of safety manipulation of
chemicals shows that this activity is not satisfactory in schools.

Keywords: education, e-learning, chemistry, pre-service teacher, chemical
substance.

1 Uvod

Pochopenie vlastnosti chemickych latok a zmesi sa astokrat orientuje len na
vybrané oblasti. Ulohou by malo byt ich vzajomné prepojenie s chemickymi
javmi a pouzitim v praxi napr. pocas laboratérnych cviceni. Prvym krokom
k priblizeniu sa chemickym javom je pozorovanie a opis chemickych a
fyzikdlnych zmien, ako je zmena farby alebo stavu [1-2]. Na vysvetlenie
chemickych javov S$tudenti pocas laboratérnych cviceni musia poznat
vlastnosti chemickych latok, ktoré pouzivaju a ich reakcie [3-5]. Vo vzdelavani
zameranom ha chémiu mnohé Stidie opisujui problémy studentov suvisiace s
pochopenim chemickych javov [2], ale najm3 nedostatotné vedomosti a
znalosti Studentov, ktoré sa tykaju vlastnosti chemickych latok. Tieto dovody
si vyzaduju nové pristupy [6-7] nielen vo vychove buducich pedagégov, ale aj
vo vzdelavani Studentov - buducich ucitel'ov chémie.

V prispevku je prezentovany e-learningovy kurz pre buducich ucitel'ov chémie
a pre uCitelov z praxe pod ndzvom ,Modernizidcia vyucby
a interdisciplindrneho pristupu v rdmci kategérie odpad a odpadové
hospodarstvo“. Témy e-learningového kurzu st okrem iného zamerané na
bezpec¢nu pracu s chemickymi latkami a chemickymi zmesami. Vyznam a
opodstatnenost e-learningového vzdeldvania buducich ucitelov chémie v
oblasti spravnej manipulacie s chemickymi latkami a zmesami si dolezité
z pohl'adu vychovnovzdelavacej prace ako aj vo vztahu ich aplikacie do
pedagogickej praxe. Cielom wucebnych textov, ktoré su obsiahnuté
vjednotlivych témach e-learningového kurzu je zdoraznit vzajomné
prepojenie poznatkov tykajucich sa zloZenia chemickych latok a zmesi, ich
vzajomnych reakcii, vznikajicich odpadov a ich spravnej likvidacie. E-
learningovy Studijny material analyzuje situacie, ku ktorym méze dojst pri
nespravnej manipuldcii s chemickymi latkami. Upozorniuje na negativne
ucinky chemickych latok a zmesfi nielen na prostredie, ale predovSetkym na
zdravie (drazy a otravy). V témach e-learningového kurzu sme vyuzili nové
trendy a metddy a to na zaklade analyz a vlastného stavu poznania stuvisiaceho
s vedomostnou uroviiou Studentov-buduicich ucitelov chémie, ktord bola
sledovand pocas vybranych laboratérnych cviceni.
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2 E-learningové vzdelavanie: motivacia k rozvoju vedomosti

Motivacia v chémii predstavuje komplexny a mnohovrstvovy priestor
spajajuci vonkajsie a vnutorné motivy a Zivotné skuisenosti. Vztah medzi
motivaciou avykonom Studentov v chémii je publikovany v mnohych
vyskumnych pracach [8-13]. Motivacia vo vzdelavani zameranom na chémiu
je Specificka [14-18]. Najmid zhladiska vlastnosti chemickych latok
a naslednych chemickych reakcii, ku ktorym méze dochadzat pri nespravne;j
manipuldcii s nimi. Nespravna manipulacia s chemickymi latkami a zmesami
pocas laboratdérnych cviceni moZe ohrozit nielen zdravie Studenta, ale aj celej
skupiny [19]. Preto je dolezité dbat na dodrziavanie zasad bezpecnosti pri
praci (BOZP) aneustale vzdelavat sStudentov v spravnej manipulacii
s chemickymi latkami. Prezentovany e-learningovy kurz pre Studentov
chémie predstavuje sucast vzdelavania zamerand na zvySenie motivacie
aroz$irenie ich vzdelanostnej zdkladne. Cielom e-learningového kurzu
snazvom ,Modernizdcia vzdeldvacieho a interdisciplinarneho pristupu v
kategérii odpad a odpadové hospodarstvo“ je upozornit na:
e nebezpecCenstva a z nich vyplyvajuce rizika pri praci s chemickymi
latkami;
e doleZitost posudzovania rizik, ktoré nemozno vylucit, najma pri
vybere apocas reakcii, analyz a syntéz chemickych latok, prace s
laboratérnymi pristrojmi a vol'be pracovnych postupov;

¢ vykonavanie opatreni a odstranenie nebezpelenstiev v mieste ich
vzniku;

¢ uprednostnovanie Kkolektivnych ochrannych opatreni pred
individudlnymi ochrannymi opatreniami;

¢ nahradzanie prac, pri ktorych je riziko posSkodenia zdravia
bezpe¢nymi pracami alebo pracami, pri ktorych je mensie alebo
eliminované riziko poskodenia zdravia [20];

e prispbésobovanie prace schopnostiam Studentov a spravnej
manipulacii s pracovnymi predmetmi a laboratérnym naradim;

¢ zohladnovanie l'udskych schopnosti, vlastnosti a moznosti najma pri
navrhovani laboratérneho experimentu, vybere pracovného
prostriedku, laboratérnych postupov s ciel'om vylucit alebo zmiernit
ucinky Skodlivych faktorov prace, prace schemickymi latkami
s cielom ochrany zdravia Studentov a Zivotného prostredia;

e planovanie a vykonavanie prevencie zavadzanim bezpecnych
pracovnych postupov, technoldgii a metdd organizacie laboratérne;j
prace, skvalitiovanim pracovnych podmienok s ohl'adom na faktory
laboratérneho prostredia.
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Vzdelavanie formou e-learningu je jednou z moznosti ako ziskat nové
informacie a dosiahnut plynulé rozsirovanie nadobudnutych vedomosti
Studentov [21-22]. Poskytuje aj moZnosti ako prepojit a preverit ziskané
poznatky zamerané na bezpecénu pracu a spravnu manipulaciu s chemickymi
latkami a zmesami. Cielom e-learningového kurzu je overenie nadobudnutych
vedomosti Studentov vo vychovno-vzdeldvacom procese pocas laboratérnych
cviceni.

3 Material a metdody

Vzdelavanie Studentov-buducich ucitelov chémie zamerané na spravnu
manipulaciu s chemickymi latkami alaboratéornymi pristrojmi vo vyucbe
chémie je zdkladnym predpokladom dobrych experimentalnych vysledkov.
Katedra chémie, Univerzity KonStantina Filozofa v Nitre (Slovensko)
kazdorotne oboznamuje Studentov Studijného programu UAP-chémia
v kombindcii v rdmci Uvodnych Skoleni s danou problematikou. Téma
zamerana na manipuldciu s chemickymi latkami, zmesami a BOZP je
rozdelena do nasledovnych casti:

e zasady bezpecnej prace v chemickom laboratdriu;
e zabezpecenie dobrych vysledkov prace v chemickych laboratériach;
e spravna manipulacia s chemickymi latkami a zmesami;

¢ likvidacia odpadov chemickych latok pocas laboratérnych cviceni a
experimentalnych  casti zaverecnych prac (bakalarskych,
magisterskych, dizertacnych).

V ramci uvodného Skolenia BOZP ako aj pocas prac Studentov v chemickom
laboratériu vychddzame zo skuisenosti, Ze nesprdvna manipulacia s
chemickymi latkami a likvidacia odpadov méze vaZne ovplyvnit zdravie a stav
zivotného prostredia. E-learning vzdeldvanie vytvdra nové moZnosti pre
rozSirovania vedomosti, nadobtiidanie novych poznatkov a skusenosti pre
pedagdgov z praxe ako aj pre Studentov [23-24]. Tvorba ucebného materialu
zameraného na spravnu manipulaciu schemickymi latkami, zmesami a
odpadom v laboratériu vychddza z experimentdlnych vyskumnych metéd.
Vyskumné metdédy (didakticky test, dotaznik, interview) sme pouZili v
pripravnej faze tém e-learningového kurzu. Zrealizovali sme prieskum
vedomosti Studentov chémie z 2. a 3. ro¢nika bakalarskeho $tidia a 1. ro¢nika
magisterského studia na Katedre chémie Univerzity Konstantina Filozofa v
Nitre.

Ciel prieskumu:

Zistit postoje a skusenosti Studentov chémie zamerané na spravnu
manipulaciu s chemickymi latkami a chemickymi zmesami a zneskodnovanie
odpadov chemickych latok pocas laboratérnych cviceni.
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Predmet prieskumu:

a) Uc¢ivo laboratérnych cvi¢eni (napr. Laboratérne cvi¢enia z analytickej
chémie, Laboratérne cviCenia z organickej chémie, Laboratérne cvicenia z
inStrumentalnych metéd) (Obrazok 1).

b) Poznatky a skisenosti Studentov z oblasti dodrziavania BOZP.

c) Vedomosti Studentov o spravnej likvidacii odpadov chemickych latok
a chemickych zmest.

T
S

bk S : -
Obrazok 1: Prica v chemickych laboratériach (Laboratdérne cvicenia
z analytickej chémie, Laboratérne cviCenia z inStrumentalnych metdd)

Prieskumu sa zucastnilo 170 respondentov. Na zdklade interpretacie
vysledkov prieskumu, odportcani a skusenosti spolupracujicich pedagégov
sme pripravili e-learningové Studijné materidly zamerané na spravnu
manipulaciu s chemickymi latkami, zmesami a zneSkodnovanie odpadov
chemickych latok pocas laboratérnych cviceni v laboratériach. E-learningovy
kurz zamerany na spravnu manipuldciu s chemickymi latkami a zmesami
poskytuje mozZnosti rozSirovat vedomosti a nadobtidat nové poznatky
ainformacie buddcim absolventom. V kurze je niekol'ko elektronickych
nastrojov, ktoré moézu zlepsit proces ucenia (chat, diskusné fora, zasielanie
sprav, prieskumy pocas laboratdérnych cviceni) [25].
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Na zaklade vyskumného problému bola sformulovana hlavna hypotéza (H)

rozsirena tromi podhypotézami (HI-H3):

H: E-learning zamerany na spravnu manipuldciu s chemickymi latkami
aodpadmi z chemickych latok pozitivne motivuje Studentov-buducich
ucitel'ov chémie k dodrziavaniu zasad BOZP z dévodu ochrany vlastného
zdravia a Zivotného prostredia.

H1:ZvysSovanie vedomosti o fyzikalnych a chemickych vlastnostiach
chemickych latok a zmes{ rozsiruje znalosti Studentov z chémie a d'alSich
prirodovednych disciplin.

HZ2:Poznatky o spravnej likvidacii odpadov chemickych latok a zmesi
prispievaji k rozvoju environmentalneho povedomia.

H3: Znalosti tykajtice sa spravnej manipulacie s chemickymi latkami, zmesami
a zneSkodilovania odpadov chemickych latok sU zamerané na
k starostlivost o okolité prostredie a tym aj o ochranu a udrZanie kvality
zdravia.

& ® Melsnia Feszterovs ,;} =

téma 11

E-learningové vzdelavanie

A BEZPECNU

Obrazok 2: E-learningovy kurz umiestneny na stranke Univerzity Konstantina
Filozofa v Nitre na webovej stranke ,,amos.ukf.sk“ na portdli v LMS
Moodle
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E-learningovy kurz je umiestneny na webovej stranke Univerzity KonStantina
Filozofa v Nitre na portali ,amos.ukf.sk“ v prostredi LMS Moodle. Témy kurzu
zamerané na podporu vzdelavania tykajuceho sa spravnej manipulacii s
chemickymi latkami, zmesami a likvidaciu odpadov na zdaklade jeho
chemického zloZenia su vytvorené ako Studijny materidl pre buddcich
ucitelov aucditelov z praxe (Obrazok 2). E-learningovy kurz kombinuje
prednasky v textovej forme (MS Word) s prezenticiami (Power Point),
grafikou, diagramami, testovanim a d’alSimi materialmi (testy, kontrolné
zoznamy, prieskumy). Existuje niekol'ko spdsobov ako spracovat
aprezentovat vzdeldvaci obsah, od jednoduchej textovej formy po
interaktivne cvicenia a komplexné simuldcie redlnych situécii [26-27]. Preto
jedna z tém kurzu obsahuje video prezenticiu, ktord pribliZuje spravnu
manipulaciu s chemickymi latkami a zmesami. Najdolezitejsie ¢asti kurzu st v
simulaciach konkrétnych situacii suvisiacich so zraneniami spésobenymi
nespravnou manipulaciou schemickymi latkami, zmesami a vedl'ajSimi
produktami chemickych laboratérnych experimentov.

4. Vysledky

Cinnosti v chemickom laboratériu predstavujii vZdy uréité nebezpecenstva,
pretoZe su spojené s pracou s chemickymi latkami, zmesami a elektrickymi
pristrojmi [28-29]. V zmysle platnej legislativy v Prilohe ¢. 2 k NV SR
¢.395/2006 Z. z. (2006) st uvadzané nasledovné zoznamy nebezpecenstiev:
fyzikdlne nebezpecenstvd, chemické nebezpeclenstvd, biologické nebezpecenstvd
a iné nebezpelenstvd [30]. Chemické nebezpecCenstvda vyplyvaju zprace
s chemickymi latkami, zmesami a ich acinkov: plyny, pary, aerosély, pevné
ldtky, kvapalné ldtky. SG rozdelené do siedmich skupin: toxické, Zieravé,
drdzdivé, senzibilizujiice, karcinogénne, mutagénne a teratogénne.

Na zdklade prieskumu sme zistili, Ze Studenti - buduci ucitelia chémie nemaja
dostato¢né vedomosti o vlastnostiach chemickych latok a zmesi. St to najma
anorganické aorganické latky, ktoré moZu ohrozit zdravie cloveka. Z
uvedeného dévodu témy, ktoré su zaradené v e-learningovom kurze su
zamerané na anorganické latky (prvky, zlaceniny) na zaklade ich postavenia
v periodickej stistave prvkov.

Ako priklad uvadzame anorganické latky (prvky IV. A skupiny a ich zluceniny)
aich vlastnosti, s ktorymi Studenti chémie prichadzaji do kontaktu v priebehu
laboratérnych cvi¢eni pocas $tidia. Studenti boli oboznameni nielen s
fyzikdlnymi a chemickymi vlastnostami, ale aj s vplyvom vybranych
chemickych latok na l'udsky organizmus. (Tabul'ka 1)
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Tabul'ka 1: Fyzikalne a chemické vlastnosti prvkov IVA skupiny a ich zld¢enin
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Prvky IV.A skupiny

Do tejto skupiny patria: uhlik, kremik, germanium, cin a olovo. Uhlik je nekov,
kremik je polokov, germanium, cin a olovo su kovy.

Uhlik a jeho zliiceniny

-pri otrave HCN je venézna krv ndpadne svetloCervena, pretoZe je presytena
kyslikom, ktory tkaniva neprijimaju;

-pri akutnej otrave maju postihnuti bolesti hlavy, hucanie v uSiach, pocit tepla,
zavraty, spomalené dychanie, nauzea, vracanie, koza tvare je sfarbena do ruzova,
moZe nastat aj bezvedomie [32].

Fyzikdlne a chemické vlastnosti:

Uhlik sa vyskytuje v podobe alotropickych modifikacii: diamant, grafit, uhlie
a fullerény. Pri laboratdrnej teplote je elementarny uhlik chemicky vel'mi malo
reaktivny. AZ pri vysokych teplotach nastava jeho oxidécia silnymi oxidovadlami
areakcie sinymi prvkami. Uhlik vytvara vel'a anorganickych zlicenin a obrovsky
pocet organickych zlti¢enin.

Uhlik je sucastou zlucenin, ktorych premenou sa ziskava energia a koordinuje sa
organizacia celého metabolizmu. V organizme sa vyskytuje uhlik aj v mineralnych
formach (CO32 a HCO3'), ktoré maju velky vyznam ako tlmivé stistavy vo vntiitornom
prostredi organizmu. V organizme sa vyskytuje aj CO2 ako produkt oxida¢nych
dejov. Malé mnozstvo horecnatych avapenatych uhli¢itanov sa vyskytuje
v kostiach. Z anorganickych zlucenin uhlika maju toxicky charakter najma CO, CO2
vo vysokej koncentracii, CSz, HCN a CN-.

Kremik a jeho zliiceniny

Fyzikdlne a chemické viastnosti:

Kremik nie je dostatocne reaktivny prvok. SvacSinou prvkov sa zlucuje len pri
vysokych teplotach, pricom vznikaji binarne zliceniny, napr.: oxidy, halogenidy,
sulfidy, nitridy a s kovmi silicidy. Kremik s kyselinami nereaguje, vynimkou je HF.
Sroztokmi silnych hydroxidov reaguje za vzniku kremicitanov. M4 reduk¢né
vlastnosti. Kremik je mikrobiogénny prvok.

Inhalovanie zli¢enin kremika, napr. Si02 moZze spdsobit ochorenie pliic.

Oxid uholnaty (CO):

-vznika pri spal'ovani uhlika a jeho zlic¢enin bez pristupu vzduchu;

-je to plyn bez farby a zdpachu, 'ahsi ako vzduch;

-jeho toxicky ucinok spociva vo jeho velkej afinite ku hemoglobinu za vzniku
karbonylhemoglobinu, ¢im znemoziiuje odovzdavanie kyslika bunkam;

-akudtna otrava vedie k zaduseniu, smrt moZe nastat v priebehu niekol'’kych sekind;

-pri akudtnej otrave sa objavuju priznaky ako: skratenie dychu, bolesti hlavy,
malatnost, zvySend Unava, celkova nevolnost, zavraty, hucanie v usiach, nauzea,
vracanie, hyperpyrexia (teplota tela okolo 42 °C), apatia, zrychleny pulz;

-tazka otrava sa prejavuje hlbokym bezvedomim, hyperpyrexiou, plytkym alebo
nepravidelnym dychanim [31].

Oxid uhlicity (CO2):

-plyn bez zapachu, slabo kyslej chuti, tazsi ako vzduch;

-vznika pri kvaseni, hniti, tlenf rastlinnych latok;

-je kone¢nym produktom horenia organickych latok;

-pri nizkej koncentracii drazdi dychacie centrum;

-pri 5 % koncentracii tmf dychanie (narkoticky uc¢inok);

-pri vyssej koncentrécii sa postihnuti stazuji na tazky dych, bolesti hlavy a pocit
slabosti, postihnuti maji zrychlené dychanie, zvySeny krvny tlak a zniZenu telesnt
teplotu;

-pri 20 % koncentracii nastava smrt zastavenim dychania.

Kyanovodik (HCN):

-bezfarebna kvapalina, pri izbovej teplote prchava;

-jej pary maju vonu horkych mandli;

-je to prudko toxicka latka, vstrebava sa plicami, koZou a v traviacom trakte;

Oxid kremicity (SiOz):

-nie je toxicky;

-vdychovanie prachu vol'ného krystalického SiO2 moze sposobit’ silikézu.
Kyselina kremicitd (HzSi03) a kremicitan sodny (NazSi03):
-drazdia dychacie cesty.

Vodné sklo (roztok polykremicitanu sodného):

-ma zasadité vlastnosti;

-drazdi oci a dychacie cesty;

-moZe sposobit poleptanie.

Sildn (SiHa4):

-bezfarebny, vo vode nerozpustny plyn neprijemného zapachu;
-vdychovanie par spdsobuje bolesti hlavy.

Cin a jeho zlii¢eniny

Fyzikdlne a chemické viastnosti:

Cin je striebrobiely kov. Je pomerne malo reaktivny. S prvkami sa zlucuje iba pri
vysokych teplotach. Cin vytvara cinaté aj cinicité zlaceniny. Cinaté zli¢eniny maju
silné redukené vlastnosti, pretoZe sa 'ahko oxidujud na cinic¢ité zliceniny. Vo vode je
nerozpustny.

Oxid cinic¢ity (Sn03):

-kyselinotvorny oxid.

Chlorid cinicity (SnCly):

-bezfarebna kvapalina;

-pbsobi drazdivo na oci, koZu a dychacie cesty.
Stanndn (SnHy):

-toxicky plyn;

-ma drazdivé ucinky, méze vyvolat kice;
-pbsobi aj na centrdlnu nervovd sdstavu.

Olovo a jeho zliceniny:

-v krvi sa viaze na hemoglobin;
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Fyzikdlne a chemické vlastnosti:

Olovo je makky, sivy, leskly kov, vo vode nerozpustny. V styku so vzduchom sa olovo
pokryva tenkou vrstvickou oxidu a uhli¢itanu. Sinymi prvkami reaguje len pri
vy$Sich teplotach. Reaguje s HNOs. Olovo vytvara prednostne stalejSie olovnaté
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zliceniny. Olovicité zluceniny su silné oxidovadla, lebo sa l'ahko redukuju na
olovnaté zluceniny. PbO2 patri medzi najsilnejSie oxidovadla (oxiduje manganaté
soli na managanistany). Hlavnymi cestami vstupu olova do organizmu su traviaci
trakt arespira¢ny systém. Perordlne vstrebdvanie sa meni svekom. Inhalacia
pl'icami zavisi od objemu vdychovaného vzduchu a od vel'kosti ¢astic. Anorganické
zliCeniny olova sa neabsorbuju kozou. Vkrvi je olovo viazané na erytrocyty.
Anorganické olovo sa uklada do oblic¢iek, pecene, kosti aaj do mozgu [33].
Dychacimi cestami sa dostane do organizmu len asi 10 % olova, avSak z toho az 90
% inhalovaného anorganického olova sa absorbuje do organizmu.

Oxid olovnaty (PbO):

-zIty, vo vode takmer nerozpustny;

-nebezpecnejsi ako kovové olovo.

Minium (Pb304):

-toxicka latka.

Ostatné oxidy olova st menej toxické.

Dusic¢nan olovnaty, (Pb(NO3)z):

-akutne je vel'mi toxicky.

Uhlicitan olovnaty (PbCO3):

-bielej farby, rozpustny v kyselinach;

-smrtel'na davka je 50 g.

Chlorid olovnaty, (PbClz):

-bezfarebny, pomerne dobre rozpustny;

-akutne je vel'mi toxicky.

Chréman olovnaty (PbCr04):

-Zltej farby, rozpustny v kyselinach;

-jeho toxicita je posudzovand rozne.

4 Zaver

Vo vyucovani chémie je v sticCasnosti nevyhnutné zaviest nové, netradi¢né
metddy, sposoby vzdelavania, ktoré sa tykaju celého systému. V laboratérnej
¢innosti ako aj vo vyucbe sa stretavame so stale rasticim poctom novych
chemickych latok a zlicenin, preto potrebujeme vSestranne vzdelanych
pedagdgov, ktori su schopni orientovat sa v novych poziadavkach
a primerane reagovat na ne. Ziskané vedomosti pocas univerzitného Stadia st
pre buducich ucitelov chémie zakladom pre ich pedagogicki prax. E-
learningovy kurz prinasa inovativnost do vyucovacieho procesu Zarovemi
rozvija doterajSie postupy a poznatky. Je zamerany na zvySovanie vzdelavania
Studentov chémie-buducich ucitel'ov, ktori sa pripravujui na svoje povolanie.
Implementacia najnovsSich  poznatkov do Studijnych  materialov
prostrednictvom informacnych technoldgii a didaktickych prostriedkov sa
javi velmi perspektivna. Myslienka zahrnuit takéto studijné materidly do e-
learningového kurzu bola motivovand castymi zraneniami, ku ktorym
dochadzalo v dosledku nespravnej manipulacie s chemickymi latkami a pri
nedodrziavani zdsad BOZP. Preto je v naSom zaujme podporovat vzdelavanie
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ucitel'ov chémie v oblasti spravnej manipulacie s chemikaliami a odpadmi
vznikajlcimi pri experimentalnej praci. Bezpe¢na manipulacia s chemikaliami
zavisi od teoretickych znalosti zakladnych postupov a praktickych zrucnosti.
E-learningovy kurz méze zvysit dostupnost danej problematiky a zaroveii
poskytne spatnu vazbu. V e-learningovom kurze sd prezentované metddy
prieskumu, ako aj ich aplikacia do vychovno-vzdelavacej praxe.

Prispevok vznikol v rdmci rieSenia projektu KEGA ¢ 029/UKF-4/2020 a s podporou

Eurépskeho spolocenstva v rdmci projektu: Vybudovanie vyskumného centra

LAgroBioTech", projekt Cislo 26220220180.
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THE APPLICATION OF A CUSTOM-MADE MATHEMATICAL
SOFTWARE IN ORDER TO SUPPORT PROBLEM-SOLVING
STRATEGY OF HIGH SCHOOL STUDENTS

Péter NEGYESI, Ilona OLAHNE TEGLASI, Réka RACSKO, HU

Abstract

Although number theory is one of the oldest and most natural mathematical
pursuits, some of its topics are not part of the Hungarian high schools’
mathematics curriculum. We examined whether our custom-made web
application, including a closely-related task collection and a collaboration
interface, may support the problem-solving strategy of students in these tasks,
thus supporting their introduction to high school education. For this purpose,
we contacted 4 high schools from Jasz-Nagykun-Szolnok county (N=352) after
developing the websitel, preparing the number theory task collection, and
creating the cooperation interface. Subjects were randomly assigned to an
experimental (EXP) or control (CON) group, where members of EXP but not
CON and their teachers had access to our website when studying the new
number theory topics. We hypothesized that members of EXP will show better
test results as compared to CON, indicating the potential benefits of our
website during the introduction of new topics. Mann-Whitney U test revealed
better overall results in EXP as compared to CON (p < .001). Moreover,
Kruskal-Wallis tests showed that subjects EXP vs. CON had higher points in
each task (all p <.05), indicating the success of our website. We aim to increase
the sample size and to develop additional web applications in our future
studies.

Keywords: collaboration; education; illustration; number theory; task
collection; web application

1 Introduction

Student motivation is one of the most critical issues in the entire education
system today, especially in the field of mathematics. Their attention is
precisely focused only when the information is delivered through pictures or
videos, however, they only able to concentrate for a short period of time.
Because conventional methods appeared to be less effective in arousing their
interest, there is a need to develop new strategies. Polya (1962) pointed out
that solving a problem equals to finding a way out from a difficult situation,
achieving a goal that we would otherwise have not been able to reach directly.

1 https://negyesipeter.hu
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For this purpose, collaboration between students might be a useful way that
requires the provision of interfaces and tools (Lopez-Morteo, Lopez 2007).

Previous surveys (Csanyi, Fabian, Szabd, Szab6é 2015) have shown that
number theory education in high schools is extremely deplorable. Critical
thinking is essential for learning number theory, therefore, using
smartphones can be useful for mathematics education, as it also develops
algorithmic thinking, logical thinking and the ability to concentrate with
appropriate web tools (Fehér, Hornyak 2013). Web-based visual aids not only
encourage students but also promote the development of their critical
thinking (Agustina, Farida, Wicaksono 2020).

To support this idea, we developed a website!, prepared a collection of
number theory tasks and created a cooperation interface. In the present study
we aimed to investigate whether our custom-made website may support the
problem-solving strategy of high school students in number theory-related
mathematical tasks. We hypothesized that our web applications and
collaborative interface will support students’ efficiency in solving the task
collection, indicating that topics not found in most of the high schools’
curriculum can be successfully introduced into the education. The primary
goal of our research is to emphasize the use of ICT tools in mathematics
education by optimizing our web applications for computers, smartphones,
and tablets in terms of both appearance and functionality. In addition, our
undisguised goals are to arouse students' interest and increase their
motivation.

2 Materials and Methods

2.1 Subjects

9-11th graders (N = 352) were randomly assigned to an experimental (EXP) or
control (CON) groups with the involvement of their mathematics teachers.

2.2 Experimental procedures

Members of EXP and their teachers had access to our website during the
teaching process of the new topics, while members of CON and their teachers
could not use it. The processing took place in six 45-minute lessons, and then,
with the help of the worksheet-generating application in our website, the
students had to solve a printed, 6-task, intermediate-level worksheet on their
own. Students completed the same worksheet in each school and that they
could receive a maximum of 8 points for their solutions.
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2.3 Intermediate-level worksheet

e Task1: A picture of each student in the graduating classes is placed
in the school yearbook. They want to place the images by department
separately to each line have the same number of images. How many
is the maximum number of images they can put in a row, if there are
30 and 25 members in the classes?

e Task2: Merlin, the Wizard, delighted King Arthur with the following
interesting task: on Avalon Island you can only pay with silver coins
equivalent to 115 and 50 cents. Can a product cost 1100 cents and
how many different ways can it be paid out?

e Task3: The screen aspect ratio of traditional TVs is 4: 3. Screen sizes
are usually characterized by the length of the diagonal. How wide and
how high a screen with a diagonal length of 55 cm?

e Task4: What are positive integers that have exactly four positive
divisors, and their sum equals with 847

¢ TaskS5: Is there a square number among the perfect numbers?

¢ Taské6: The measures of the edges of a rectangle are integers. Adding
the measures of the volume of the rectangle, half its surface, and the
length of the edges starting from one vertex, we get 2014. What are
the edges of the rectangle?

2.4 Data acquisition, data analysis and statistical analyses

In line with the requests from the participating high schools, the examinations
were carried out between 10t February 2020 - 28th February 2020, including
both the evaluation of the worksheets and the statistical analysis (data
cleaning, screening of outliers, statistical tests). To determine the differences
between the two groups’ overall results, Mann-Whitney U test was performed.
For a more detailed analysis, we ran Kruskal-Wallis tests to determine
whether subjects in the EXP and CON groups had different results in each task.
Statistical significance was set at p < 0.05. Results were interpreted by 95%
confidence intervals.

3 Analysis of results

Mann-Whitney test [U = 10641,500 Z = -5,085 p < .001 (2-tailed) r = .27]
revealed better overall scores for students in EXP as compared to CON.
Moreover, Kruskal-Wallis tests showed in Figure 2 that subjects EXP vs. CON
had higher points in each task (all p < .05), indicating the success of our
website.
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4 Conclusion

As shown in Figure 1, in line with our hypothesis, participants in EXP had
better overall result as compared to CON, indicating that our web applications
can be efficiently used to successfully introduce new topics to mathematics
education in high schools.
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Figure 1: The overall difference between the results of the CON (1) and EXP (2)
group
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Figure 2: The difference per task between the results of the CON (1) and EXP (2)
group

5 Discussion

We aim to increase the sample size by extending our study to 12t grades
students. Moreover, our motivation is to develop additional web applications
in our future studies. In addition, we also plan to compare data from
intermediate and advanced number theory tasks to detect if the level of the
task may affect the efficient application of our mathematical software. Finally,
we also aim to develop an automatic monitoring/evaluation system.
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JAZYKOVE PROGRAMY A CUZOJAZYCNE VZDELAVANIE

Toméas GODIS, SK

Abstrakt: V multilingvidlnom eurépskom prostredi je nutné ovladat okrem
rodného jazyka aj minimalne 2 dalSie cudzie jazyky. Eurdpska unia ako
spoloCenstvo s heslom ,spojeni v rozmanitosti“ podporuje politiku vyucby
minimalne dvoch cudzich jazykov a to prostrednictvom eurépskych projektov
¢i budovanym inStitdcii Specializovanych na cudzojazy¢né vzdelavanie -
napriklad ECML (Centrum modernych jazykov). V prispevku sa venujeme
inovativnym metédam a postupom v cudzojazyCnom vzdeldvani, ktorych
zakladom su rézne informacno-komunika¢né technoldgie. Venujeme sa
predovsetkym vzdeldvacim programom a interaktivnym portalom. Prave
vd'aka nim je mozné vyucovat jazyk efektivnejSie, prinasat do vyucovacieho
procesu vacsiu efektivitu, individualizaciu a autonémnost. Vyuzitie IKT vo
vyucbe (nielen) jazykov je spojené svysokymi narokmi kladenymi na
medidlnu kompetenciu ucitela, ktory musi vediet média nielen dokonale
ovladat apoznat ich funkcionality, ale zaroveni ich musi vediet spravne
didakticky implementovat do vyucovania a to tak, aby naplnil pedagogicko-
didaktické ciele, respektoval vzdelavacie potreby Studenta a zaroven zvysil
jeho motivaciu. V poslednej kapitole prispevku predstavujeme vzdelavaciu
aplikaciu ,Duolingo“, ktord umoziuje rozvijat inovativne vyucovanie
cudzieho jazyka a vo vel'kej miere motivuje Studenta ucit sa jazyk.

Kl'i¢ové slova: informacno-komunikacné technoldgie IKT, vyucovanie
jazyka, interaktivita, vzdelavacie programy a portaly pre vyucbu jazyka

LANGUAGE PROGRAMS IN FOREIGN LANGUAGE TEACHING

Abstract: In multilingual European region, it is necessary to speak at least 2
other foreign languages in addition to the native language. The European
Union, as a community with the motto "connecting in diversity", supports the
policy of teaching at least two foreign languages through various European
projects or institutions being built specializing in foreign language education
- such as ECML (Center for Modern Languages). In this contribution, we focus
on innovative methods and procedures in foreign language education, which
are based on various information and communication technologies. We focus
mainly on educational programs and interactive portals. Thanks to them, it is
possible to teach the language more effectively, to bring greater efficiency,
individualization and autonomy to the teaching process. The use of ICT in
language teaching (not only) is associated with high demands on the media
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competence of the teacher, who must not only be able to master the media
perfectly and know their functionalities, but must also be able to implement
them correctly in language teaching so as to fulfil pedagogical-didactic goals,
respected the educational needs of the student and at the same time increased
his motivation for further education. In the last chapter of the contribution,
we present the educational application "Duolingo”, which allows you to
develop innovative foreign language teaching and greatly motivates students
to learn the language.

Keywords: information and communication technologies ICT, language
teaching, interactivity, teaching applications, portals of language teaching

Ziadne vzdelanie bez médii“
Horst Niesytos [1]

1 Uvod

Doba modernych komunikacnych technolégii a elektronickej komunikacie
vyrazne zmenila Zivot ¢loveka. Dnes si uZ malokto vie predstavit existovat bez
modernych zariadeni ako su pocitac, tablet, mobilny telefén alebo bez
pripojenia na internet. Nové komunikacné technoldgie ovplyvnili vzdelavanie,
vyskum, ziskavanie informacii, obchod, voI'ny ¢as a samozrejme aj samotnu
medziludsku komunikaciu. Komunikovat je mozné s 'ubovol'nym partnerom
hoci aj na opacnej strane planéty, v redlnom Case a bez nutnosti fyzicky sa
stretnut. Spolocnost’ sa tak stala mobilnejSou, prepojenejSou a globalnejSou.
Nové moznosti neobmedzenej komunikacie poukazali v§ak aj na nutnost
univerzalneho komunika¢ného jazyka. Dnes sa tymto jazykom stala
bezpochyby angli¢tina, ktora je najviac rozSirenejSim jazykom napriec
kontinentmi a narodmi sveta.

Prave potreba univerzalneho jazyka a nevyhnutnd komunikacia s partnermi
z celého sveta je dovod, preco sa jazykové vzdelavanie nielen na Slovensku
stalo absolitne nevyhnutnym. Délezitost vediet cudzi jazyk je v sicasnom
prepojenom globalnom svete, kde sa narody spajaju do réznych spolkov,
federacii ¢i Unif, nespochybnitel'nd. Jazykové znalosti, ako nastroj prezitia
v globadlnom svete, vyzdvihuje aj Eurdépska unia, ktord vyucbu jazykov
podporuje prostrednictvom réznych eurépskych fondov a aj cez priame
dotacie. Jej cielom vsak nie je vzdelavanie len jedného, ale hned’ viacerych
cudzich jazykov, lebo prave znalost viacerych jazykov sa ukazala v ramci
spoluprace eurdpskeho multikultirneho kontextu ako nevyhnutna ato
hlavne voblasti obchodu, vzdelavania, poznavania Kkultiry jednotlivych
narodov, prace ¢i vSiedného Zivota. Eurépska tnia ako spolo¢enstvo s heslom
sZjednoteni v rozmanitosti“ zastdva model multijazy¢nosti, pricom za
prioritny ciel' v oblasti vzdeldvania jazykov si kladie ,umoZnit kaZdému
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obcéanovi EU, aby sa vedel dohovorit okrem materinského jazyka dvomi d'al$imi
jazykmi“ [2]. Tento ambiciézny ciel bol ukotveny aj v dokumentoch
vzdelavacej politiky EU schvalenych a prezentovanych v deklaraciach z
Lisabonského a Barcelonského summitu z rokov 2000 a 2002. [2]. K tymto
deklardcidm sa prihlasili vSetky ¢lenské krajiny EU vratane Slovenska.
O délezitosti cudzojazy¢ného vzdelavania v EU svedéia aj mnohé eurdpske
organizacie vytvorené za cielom zlepSenia a zefektivnenia vyucovania
jazykov. Jednou takouto organizaciou je aj ECML (European Centre for
Modern Languages of the Council of Europe - Centrum modernych jazykov
vytvorené Radou Eurépy). Toto centrum zdruZuje mnohych odbornikov na
cudzojazyc¢né vzdelavanie s cielom Co najviac zefektivnit a zlepsit vyucbu
jazykov. ECML stoji (okrem iného) aj za vytvorenim unikatneho eurépskeho
systému hodnotenia znalosti cudzieho jazyka, podl'a ktorého je mozné opisat
stupen komunikacnej schopnosti jednotlivca v cudzom jazyku - nazvany
»Spolo¢ny eur6psky referencny ramec pre jazyky“ (CEFR - Common European
Framework of Reference for Languages). Aj vdaka CEFR je mozné zjednotit,
vyucovacie postupy, metédy vyucovania jazykov a vytvorit objektivne
hodnotenie znalosti cudzieho jazyka v kaZdej z eurdpskych krajin atym
ClastoCne zjednotit aj narodné stratégie v oblasti uCenia sa modernych
cudzich jazykov.

2 Moderné komunika¢né technolégie a vyucba cudzich jazykov

V poslednom desatroci sa na Slovensku aj vdaka fondom Eurdpskej tnie
podarilo zmodernizovat vel'ké mnozstvo $kdl a Skolskych zariadeni, vybavit
ich pocitacmi, tabletmi s napojenim na internetovu siet ¢i inou na vyucovanie
potrebnou didaktickou technikou. Aj napriek tomu, Ze dnes su Skoly technicky
relativne dobre vybavené, nevyuzivaju sa tieto technolégie naplno. Mnohym
ucitelom totiZ eSte stdle chybaji inStrumentdlne znalosti v oblasti prace
s modernou didaktickou technikou. Tento stav sa snazia zmenit rozne Skolské
organizacie (napr. Metodicko-pedagogické centrum MPC, neStatne
vzdelavanie organizacie alebo vysoké Skoly) ato organizovanim Skoleni
zameranych prave na ovladanie, funkcie a implementaciu IKT do vyucovania.
Aj napriek snahdm pedagogickych odbornikov a Specialistov dnes stéle
absentuje univerzdlna metodickd prirucka, ¢i vSeobecne akceptovana
didaktickd metodolégia, ktora by sa venovala prave tematike implementacie
IKT do vyucby. Ucitel je konfrontovany s problémom ako vhodne vyuzit IKT
vo vyucovani, pricom je pri rieSeni tohto problému nuteny spol'ahnut sa na
svoju vlastna didakticko-pedagogicku zrucnost [3]. On sam musi vytvorit
postupy implementacie IKT do svojho vyucovacieho procesu ato tak, aby
reSpektoval nielen pedagogicko-didaktické ciele (v podobe Statnych
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a Skolskych vzdelavacich programov), ale aj vzdelavacie potreby svojich
Ziakov a zaroven ich motivoval k d'alSiemu vyucovaniu jazyka.

Vyucovanie jazykov spojené s vyuzitim IKT oznacované aj anglickou skratkou
»,CALL“ (Computer assisted Language learning) prindSa mnozstvo vyhod.
K tym najvyznamnej$im radime vysSiu mieru individualizacie, autondmnosti
vyucovania, vysSiu motivaciu ako aj prvky interaktivnosti [4]. Primarnym
cielom vyucby cudzieho jazyka je vyvijat uStudentov komunikaénu
kompetenciu zameranui na praktické vyuzite jazyka vrealnych zZivotnych
situaciach. Bez nasadenia IKT do procesu vyucby je moznost simulovat
autentické arealne situacie do inak umelého Skolského prostredia vel'mi
obmedzena. Prave tato simuldcia umoziiuje ucitel'ovi navodit autentické
jazykové situdcie a tym nielen zlepSovat' komunika¢nd kompetenciu ale aj
kultirnu kompetenciu Studentov inStrumentalizovand napr. v podobe
interaktivnych programov ¢i portalov stematikou krajinovedy, zvykov
a tradicii krajiny, kde sa danym cudzim jazyk hovori.

Skolska trieda ako socialne zoskupenie Ziakov priblizne rovnakého veku, nie
je homogénnou, ale heterogénnou skupinou, kde kazdy ¢len ma rozne
vzdelavacie potreby a zaujmy. Pre pedagdga nie je vzdy mozné vyucovat tak,
aby respektoval potreby kazdého jedného Ziaka a zaroveri naplitial vsetky
pedagogicko-didaktické ciele. Skolské programy vs$ak volaji po vicsej
individualizacii vyu€ovania. Ttto vo vys$Sej miere prinasaju do vyucovacieho
procesu prave IKT. Prostrednictvom nich je totiZ moZné vyuZit napr. r6zne
bezplatné portaly interaktivnych cviceni, ktoré ponuikajui napr. vydavatel'stva
uCebnic cudzieho jazyka ako Klett (www.vydavatelstvoklett.sk), Huber
(www.hueber.de), Oxford (https://elt.oup.com), alebo vzdelavacie instittcie
napr. Goethe-Institut (www.goethe.de) i Osterreich-Institut
(www.oesterreichinstitut.at). Okrem portalov je mozZné vyuZit aj bezplatné
komplexné jazykové programy napr. ,Deutsch am Arbeitsplatz“ (od Goetheho
inStitutu) alebo multijazykovy program ,Duolingo” alebo ,,Ankommen“ (od
nemeckého Spolkového dradu pre migraciu BAM). Existuje aj mnozstvo
platenych vyucbovych jazykovych programov od roznych vzdelavacich
institucii, ktoré su koncipované ako komplexné vyucbové jednotky s cielom
autonémneho vyucovania bez potreby vacSieho zdsahu ucitel'a (¢i lektora).
K tymto radime napriklad program ,Deutsch in einem Monat“ alebo ,,Deutsch
fiir Kinder*.

Vsetky tieto programy ¢i portaly umoZziiuju vysoki mieru interakcie vo vztahu
Student - program - ucitel’a umoziiuji autonémne vyucovanie. UZ spominané
portdly sluzia ako prostriedok vyucby slovnej zdsoby, gramatickych ¢i
fonetickych $truktir alebo na nacvik realnych komunikaénych situdcii. Ziak si
moZze podla svojej vlastnej potreby zvolit druh cviCenia, jeho formu niekedy
dokonca aj tematicky obsah, moZe sa knim znovu vracat, zaroveii moZze
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regulovat Cas a tym sa rozhodnut ¢i sa bude viac venovat problematickym
oblastiam jazyka a menej tym, ktorym uz rozumie. Vacsina programov pontka
aj moznost okamZitej spidtnej vazby v podobe vyhodnotenia vyplnenych
cviceni ahodnotenia urovne znalosti apochopenia novych poznatkov.
Niektoré programy sud koncipované tak, Ze zaroven poskytnd reflexiu
v podobe odporicania zopakovat si isté problematické Casti jazyka alebo tieto
znovu prostrednictvom videa ¢i vedomostnej mapy Studentovi znovu
vysvetlia. Vyucovanie prostrednictvom takychto portalov alebo programov
meni tradi¢né vyuCovanie na moderné a autonémne, pricom to zo sebou
prind$a zmenu tradi¢nej role Ziaka ako aj ucitela. Ziak uZz nie je len
recipientom istych poznatkov naplanovanych v Skolskom vzdeldvacom
programe a sprostredkovanych prostrednictvom ucitel'a, ¢i ucebnic. Je aj
spolutvorcom, ktory moZe realne ovplyvnit intencie svojho vyucovania (napr.
vyberom tém, formy cviceni ci frekvencie opakovania..) zaroven moze
kontrolovat a aktivne tak zvySovat svoj jazykovy progres. UCiaci sa, sa teda
stava spoluzodpovedny za vyucCovaci proces.

Tym, Ze ucitel v procese vyucby s pouzitim IKT straca svoju instruk¢nu
funkciu, sa méze zdat, Ze sa stava zbytocnym. No prave opak je skutocnostou.
Aj rola pedagdga sa vyrazne meni - na jednej strane niektoré dlohy straca na
druhej strane ziskava dplne nové. St to hlavne dloha planovaca, medialneho
znalca ¢i pomocnika. Prave pedagdg musi planovat a organizovat sled
¢innosti pred a po praci s IKT, planovat a organizovat cinnost, ktoru Ziaci
konaju prostrednictvom IKT aby napliiala vetky stanovené pedagogicko-
didaktické ciele a bola efektivna. Zaroven musi byt kreativny aby tak zvysil
motivaciu Zziaka kdalSiemu uceniu sa jazyka. Potreba technoldgii vo
vyucovani zvysila naroky kladené na pedagéga a to hlavne v oblasti medialnej
kompetencie. Medidlnu kompetenciu pritom chapeme ako schopnost nardbat
s médiami, prijimat a interpretovat medidlne obsahy a aktivne vystupovat
v procese medidlnej komunikacie. Predstavuju teda zrucnosti pre aktivne
pracovanie anarabanie s médiami [11]. Predpokladom pouzivania IKT vo
vyucovani (nielen) jazykov je teda, Ze ucitel pozna vSetky doélezité nastroje,
vie ich ovladat’ a zaroveini vhodne implementovat do svojho vyucovania. Ucitel
musi pracu s programom vysvetlit aj svojim Studentom a naucit ich s nim
spravne pracovat. Prave preto musi mat ucitel’ vysoko vyvinuti medialnu
kompetenciu - ¢im sa ale nemysli len dokonald znalost modernych
technoldgii po stranke technickej ale aj didaktickej. Prave prepojenie tychto
dvoch oblasti je kliCové avedie ktvorbe efektivneho a motivujiceho
vyucovacieho procesu. Ako uz bolo vyssie spomenuté dnes je eSte stale vela
ucitel'ov, ktorym medidlna kompetencia chyba, alebo je nedostato¢na. Takyto
ucitelia technolégie zapajaji do vyucovania Zial' len minimalne a otdzna je aj
efektivita ich vyuzitia. DoleZita je totiZ aj kompetencia didaktickd - ateda
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vediet aké vyhody IKT prinasa a ako ich spravne didakticky vyuzit v kontexte
vyucby jazyka. Vyuzitie IKT nema byt len akosi odmenou a doplnkom za dobré
uCenie sa, ale integralnou sucastou vzdelavacich postupov a didaktickych
metdd. Je preto nevyhnutné aby vzdeldvacie inStitacie vychovavajice
buducich ucitelov pripravili svojich posluchdc¢ov na budicu pedagogicka
¢innost aj v tejto oblasti a zarovet, aby aktivnym ucitel'om poskytli kurzy, kde
by tito kompetenciu mohli ziskat alebo si ju zdokonalit.

3 Programy pre cudzojazyc¢né vzdelavanie

SVyuZitie didaktickych médii vo vyucovacom procese prindsa vysSiu pridant
hodnotu vzdeldvania“ [4]. Nemecky didaktik Jorg Roche namiesto pojmu IKT
vo vyucovani pouZziva presnejsi pojem ,didaktické média“ (nem. Lehrmedien),
pod ktoré zahfna vsetky elektronické zariadenia, ktoré sa vyuzivaju pri
vyucovani (pocita¢, tablet, interaktivna tabula ale aj vzdelavacie programy
a portaly) [4]. Za hlavné funkcie didaktickych médif vo vyucovani cudzieho
jazyka povaZuje nasledovné:

Informacéno-komunikac¢né technoldgie:

¢ spristupniuju jazyk v redlnom kontexte - umoznujui navodit’ autentické
situacie v inak umelom skolskom prostredy;

¢ spristupiiuju neobmedzené mnoZzstvo autentickych materialov (on-line
texty, noviny, e-knihy, video, filmy, klipy, webstranky, mapy a pod...);

¢ umoznuju lepsie spoznat kultiru danej Krajiny - aj prostrednictvom
aktudlnych materialov;

e umoznuju ucitelovi pristupovat Kk Studentovi individualnejsie, ¢im
moZe lepSie reflektovat na jeho Specifické vzdelavacie potreby a
ucebny styl;

¢ vytvaraju moznosti kooperativneho pristupu v uceni sa Ziaka (napr. pri
projektovom vyucovani, kde sa Studenti elektronicky spajaju za cielom
komunikovat a pracovat na spolo¢nom projekte);

¢ menia autoritativnu rolu ucitela na rolu tatora (ucitel ziskava zaroven
nové nastroje na pracu so Studentmi);

e umoznuju zapojit Studenta do tvorby vyucovacieho procesu (Student si
napr. moze sam zvolit cvicenia na opakovanie uciva, ¢im sa stava
spoluzodpovedny za svoj vzdelavaci proces - Student sa stava aktivhym
spolutvorcom a nie je len pasivny prijemca informacii;

¢ menf tradi¢né vyucovanie na moderné - nie je v§ak ndhradou metéd
tradicného vyucovania ale ich rozSirenim - Blended Leraning
(kombinacia prezencnej a diStan¢nej formy vyucby) [5].
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V nasom prispevku - ako uz bolo spomenuté v uvode - sa zameriavame na
programy a portaly vyucby jazyka a preto sa nebudeme d’alej venovat inym
médiam, aj keby si urcite zaslazili hlbsiu analyzu. Roche a Dohnicht rozlisuju
niekol'’ko druhov vzdelavacich programov vyuzitel'nych na vyucovanie jazyka
a to podla ich funkcii. Sd to programy opakovacie, situacné a konstruktivne.
[6]:

Riadené (nacvi¢né, opakovacie) programy (ang. Drill and praktice
programms, nem.: Turtorielle Programme) slizia Studentovi na opakovanie
uz ziskanych gramatickych, lexikalnych ¢i fonetickych Struktar. Su to teda
programy, vyuZzitelné prevazne vo fixacnej faze vyucCovania avo faze
opakovania. Riadené programy ponukaju interaktivne cvic¢enia, ktoré su pre
Studenta motivujlcejSie a zaujimavejSie ako cviCenia v ucebnici. Ponukaja
spatnu vazbu v podobe okamzitej kontroly odpovedi a zaroveni vyhodnocuja
uroveil Studentovej znalosti po vypracovani celej jednotky (skupiny) cviceni.
Program mu zaroven navrhne c¢o by si mal eSte zopakovat, resp. mu
problematickil latku znovu vysvetli. Riadené programy maji nasledovné
poznavacie znaky [6]:

e vzdy pracuju s ur¢itym rozsahom poznatkov. (napr. s latkou 1 lekcie -
slovna zasoba k téme rodina, predlozky ¢asu, pouzitie pritomného casu
prézenta apod.) z ktorého vyberaji len niektoré poznatky, ktorych
znalost Ziak musi pri plneni dloh preukazat;

e po vypracovani jednotlivych cviceni nasleduje okamzitd ¢iastkova
kontrola a vyhodnotenie spravnosti odpovedi - vacSinou sa uvadza
percentudlna uspesnost (niektoré programy umoziuju spatnu vazbu aj
po kazdej zadanej odpovedi azaroven aj po vypracovani celého
cvicenia - napr. na portali www.hueber.de alebo v programe Duolingo);

¢ povypracovani skupiny cviceni tvoriacich vyucbovi jednotku (lekciu ¢i
test) nasleduje celkové vyhodnotenie prace Studenta - vo vacSine v
percentudlnom vyjadreni (niektoré programy Studentovi navrhnu aj
aké oblasti by si mal eSte zopakovat alebo sa ich znovu naucit);

¢ Student sa k danym cvi¢eniam moZe opatovne vratit a vypracovat ich
odznova.

Riadené programy mozno chapat aj ako elektronickd nahradu tradi¢nych
cviCebnicovych uloh, ¢i papierovych pracovnych zadani s tym rozdielom, Ze st
to cviCenia interaktivne, spojené s okamzitou kontrolou, spatnou vazbou [4].
Tento druh programov podporuje tak autonémne ucenie (Student sa uci
samostatne bez zasahu ucitel'a) ako aj kooperativne ucenie (kde je nutné aby
Studenti spolupracovali v ramci skupiny, pricom je potrebné usmernenie zo
strany ucitel’a). Va¢sinu na internete dostupnych programov mozno definovat
prave ako riadené programy. K tomuto typu programov radime aj portaly
online cviceni, ktoré su urcené na precvicovanie uciva z ucebnic jazyka - su
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suborom roznych cviceni amaju rovnaku funkcionalitu ako riadené
programy. Niektoré priklady zportalov online cvieni prezentujeme
v priklade 1 nizZsie.

Wie fahren Sie zur Arbeit? Wo ist...?

Was passt? Wahlen Sie aus J—— " .
Was ist richtig? Wahlen Sie aus.

1. Ich fahre mit | | U-Bahn oder mit | Bus in die
Arbeit. Und Sie? <=11/8 ==
2. Ich fahre immer mit | Auto. Und du, Thomas?
3. Mit ~ | Fahrrad. Das ist besser. Und ihr, Thea und Rolf?
4. Wir fahren nicht mit | ~| Fahrrad und wir fahren auch nicht
mit ~ | Taxi oder | Strallenbahn. Wir gehen zu 1 A ,T‘r-
Fui !
|
[ R ="
Fertig! | Tipp L
=
Das Auto steht der Bushaltestelle.
A an
B vor

Priklad 1: Online-cvicenia (riadeny program)
Zdroj: https://hueber.de/shared /uebungen/schritte-plus/fset.php?Volume=2&
Unit=4&Exercise= 2&SubExercise=1
Prave kvoli moZznosti vyuzitia riadenych programov v roznych fazach
vyucovania ich Balintova rozdel'uje na 4 podtypy a to na programy [7]:

¢ vyucbové - sprostredkujice nové poznatky (napr.. vysvetlovacie
animdcie, prezentacie, videa);
e opakovacie - sluzia na opakovanie a fixaciu ziskanych vedomosti
a poznatkov (programy na opakovanie slovnej zasoby, gramatickych
Struktur);
e ndacviéné - nacviCovanie prave ziskanych vedomosti v praktickom
a autentickom kontexte (programy na fixaciu novoziskanych
poznatkov s funkciou okamzitej opravy a vysvetlenia chyb);
¢ kontrolné - su tie, ktoré umoziiuju ucitel'ovi zistit mieru dspesSnosti
$tudentov pri naplhani didakticko-pedagogickych ciel'ov.
Situa¢ne zamerané programy (nem.: situativ ausgerichtete Programme) su
zamerané na rozvoj komunikacnej kompetencie a vychadzaju z konkrétnej
autentickej situacie. Ich znakom st podporné materialy v podobe kratkeho
videa (klipu), filmu, posluchu, textu alebo obrazkového pribehu (napriklad vo
forme komiksu) zobrazujiceho istd Zivotnu situiciu (napr. svadbu, oslavu
narodenin, reklamaciu, partnerski hadku a pod.). Prave podporny material je
kl'icovy, lebo sluzi ako zdroj slovnej zasoby, slovnych fraz, floskul, fonetickej
ako aj gramatickej Struktury. Aj napriek tomu, Ze situacne zamerané programy
pomahaju rozvijat komunikacné schopnosti, nemusia nutne vyuZzivat
autentické materialy. Ako pripomina Roche ,vo vacsine tychto programov sa

v«

dokonca princip autenticity potla¢a“ [4]. Videoklipy, texty, posluchy a iny
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podporny material moze byt totiz didaktizovany a teda spojeny s jazykovou
kontrolou. Rovnako ako riadené programy aj situacne zamerané programy
sluzia na precvicovanie ziskanych lexikalnych, gramatickych a fonetickych
Struktdr a mézu byt vyuzité tak vo fixacnej faze hodiny aj pri opakovani .

Situa¢ne zamerané programy pracuju s roznymi typmi cviceni. K
frekventovanym patria hlavne cvicenia s oznacenim spravnej ¢i nespravnej
odpovede; doplhanie po¢utych alebo videnych informécif do tabulky, spojenie
spravnych tvrdeni s osobou, ktord vypoveda a pod. ..). Situa¢ne zamerané
programy su uzavreté, pricom sa ich obsah obmedzuje len na konkrétnu
situdciu. Rovnako ako riadeny program je aj ten situac¢ny spojeny so spatnou
vdazbou a hodnotenim urovne vedomosti v danej oblasti. Ako priklad
uvadzame situacny program (vid priklad 2) z portalu ,Deutschlernerblog.de”
pre jazykovu urovenl Al s témou ,osobnd vizitka“. Program ako podporny
materidl pouZiva 2-mindtovy posluch - dialég Zeny a muza v ktorom sa
zhovaraji o svojom povolani, vzdelani, veku, zalubach atd. K posluchu je
prezentovanych 8 vizitiek r6znych osob, z ktorych maju Studenti vybrat prave
tie dve, ktoré prislichaju osobam v dialégu. Na zaklade vypocutych faktov
musia Studenti spravne osoby oznacit v tabul'ke s fotkami vpravo (vid’ priklad
2). Pri vypracovani tohto cvic¢enia je ¢innost Student receptivna, pricom
porovnava pocuté fakty s tymi, ktoré si uvedené v tabul'ke. V nasledovnej
ulohe su vsak Studenti produktivni, musia totiZ na zdklade vypocutého a
precitaného textu vytvorit vizitku pre svojho spoluZiaka ako aj svoju vlastnu.

Konstruktivne programy (nem.: Kkonstruktive Programme) sluZia
Studentovi na spravnu dpravu textu, ¢i slovného vyjadrenia. Tieto programy
obsahuju nastroje, ktoré pomahaju vylepSit tak pisomnu ¢i tUstnu
komunikaciu. Jedna sa o nastroje typu: kontrola pravopisu, webovy editor,
elektronické slovniky, dotazniky, elektronicky asistent pisania, nastroje
spracovania textu, predlohy textu (napr. pozvanky, vizitky, Zivotopisu a pod.)
a iné [4]. KonStruktivne programy nesltiZzia vSak len na spracovanie textovych
Struktdr alebo spracovanie textu.
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Ubung A1 (1/2): Steckbriefe

Meike und Torsten sind ,das Idealpaar”. Aber welche dieser vier Frauen ist die Meike

aus der Erzahlung? Welcher dieser vier Manner ist der Torsten aus der Erzahlung?

Lest zuerst die Steckbriefe. Dann hort ihr Ausschnitte aus dem Text ,,Das Idealpaar”

Welche dieser vier Frauen ist die Meike aus der Erzahlung?

A Meike Hildebrand bo?
Wohnort: Minchen
Beruf: Lehrerin
Hobbys: Lesen, ins
Kino gehen, Sport,
Musik héren
Interassen: Kunst, Computer und Mode
Lieblingsfilm: Alle Filme von Woody Allen
Lieblingsessen: Italienisch: Pizza und
Nudeln

Was ich mag: Freundinnen treffen

B Meike Huber
Wohnort: Minchen
Beruf: Journalistin
Hobbys: Reisen, ins
Kino gehen, Schuhe
kaufen

Interessen: Kunst, Musik und Computer
Lieblingsfilm: Alle Filme von Woody Allen
Lieblingsessen: Italienisch: Pizza und
Nudeln

Was ich mag: Interessante Menschen

Hier hért ihr die Textausschnitte fiir die Ubung A1 (1/2)

Hier macht ihr die Ubung

Wer ist dio Meike aus "Das Idealpanr™?

Was ich hasse: Putzen kennen lernen =1
Aktivititen am Wochenende: Fernsehen Was ich hasse: Blgeln
und viel schiafen Aktivititen am Wochenende: Wandern

und Ski fahren

a_z R 1ok tsldenrand

D Meike % 5 7|
Zimmermann

Wohnort: Miinchen
Beruf: Lehrerin 3
- A

€ Meike Maier

Wohnort: Minchen
Beruf: Journalistin
Hobbys: Reisen, in Hobbys: Reisen, Yoga,

Konzerte gehen, ins Kino gehen, Volleyball A

Volleyball spielen spielen o7 S o Maser
Interessen: Musik, Computer und Politik Interessen: Literatur, Musik und Kino = .

Lieblingsfilm: Alle Filme von Woody Allen Lieblingsfilm: Alle Filme von Woody Allen

Lieblingsessen: Italienisch: Pizza und Lieblingsessen: Italienisch: Pizza und

Nudeln Nudeln

Was ich mag: Picasso, Schuhe Was ich mag: Am Wochenende in die

Was ich hasse: frih aufstehen Berge fahren b. 7 Meike Zmmenmann
Aktivititen am Wochenende: Was Ich hasse: Kochen T

Freundinnen treffen Aktivititen am Wochenende: Volleyball

spielen und Ski fahren

Priklad 2: Prirad’ovacie cvicenie v situa¢ne zameranom programe
(Zdroj: https:/deutschlernerblog.de/leonhard-thoma-das-idealpaar-uebungen-
zum-hoerverstehen -deutsch-al-bis-b1/)

Here's how your text sounds

Hi Jen,

Can we catch up this afternoon? I'd love your Confident sesss

input on my presentation for tomorrow’s

meeting. I'd especially love it if you could

double-check the sales numbers with me. OPtimistic e
There's a coffee in it for you!

< Joyful L
»© "
Priklad 3: Konstruktivny program - Grammarly

(Zdroj: www.grammarly.com)
Sltizia aj kreativite. Ziak totiz moZe prebrat isti rolu (scenar) napr.
moderatora - Zurnalistu a spracovat text ako novinovy ¢lanok (reportaz,
sprava...) alebo vyskumnika a spracovat ho ako vedecku $tidiu - na to mu
pomozu prave rézne nastroje Upravy textu, viet alebo nastroje vyhl'adavania
informacii na internete. Tieto nastroje Studenta zaroven ucia spravne text
spracovat, rozclenit avyuzit vhodnu gramaticky, lexikdlnu a Stylisticka
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Struktiru. Na rozdiel od inych programov konstruktivne programy
napomahaju k nauceniu sa komplexnych recovych situacii s vyuzitim réznych
jazykovych zrucnosti. Ktypickym konstruktivnym programom radime
programy precvi¢ovania textov - takzvané OWL-programy (Online Training
Labs) [10]. Ako priklad uvddzame program Grammarly, ktory sluzi ako
program opravy gramatickej spravnosti a aj spravnosti pouzitia lexikalnych
Struktar. Tento program uci Studenta pisat Stylisticky a gramaticky spravne
a to podl'a situacie v ktorej ma pisomnost vzniknat' (napr. dradny list, osobny
list, novinovy ¢lanok ¢i policajna sprava atd’.) vid’ priklad 3.

Najvacsie vyhody programov na vyucovani jazyka su podla Rocheho
nasledovné[4]:

¢ ponudkajd cvienia a udlohy pre Ziakov sroznym ucebnym Stylom
(vizudlno-verbalnym,  vizualno-neverbalnym,  auditivnym, ¢i
kinestetickym);

e umoziuji zakomponovat do vyucby radu roznych elektronickych
nastrojov napr. elektronické slovniky, prekladace, prehl'adavac
informacii na ré6znych webovych strankach, kontrolu pravopisu a pod.;

¢ integracia interaktivnych grafov, pojmovych map ainého vizualneho
materialu (vysvetl'ujicich napr. gramatické ¢ilexikalne Struktiry alebo
iné ) pre lepSiu nazornost;

¢ koordinované cviCenia s kombinaciou viacerych jazykovych zrucnosti
(¢itanie, pisanie, rozpravanie, pocivanie);

¢ individualizovany pristup k Ziakom;

¢ moZnost opdt sa kcviceniam vratit, znova ich vyplnit alebo si
pripomenut chyby (napr. cez archiv cviceni);

e spatna vazba a hodnotenie jazykového progresu Studenta;

¢ rozvoj interaktivity vo vztahu Student - program;

¢ presnejSia diagnostika problémov jazykového progresu Studenta.

Vyuzitie IKT vo vyucovani jazyka neznamend automaticky efektivnejsie
a progresivnejsie vyucovanie. K tomuto zaveru dosli vedci po skiisenostiach
s e-learningovym vyucovanim v devatdesiatich rokoch minulého storocia [8].
Jazykové vyucovanie ,CALL" je efektivne len vtedy, ked’ IKT implementované
do vyucovacieho procesu reflektuji pedagogicko-didaktické ciele, reSpektuju
zaujmy aj individualitu Studentov, si didakticky vhodne implementované vo
forme vyucovacich postupov ¢i metdd a zaroveii zvySujd motivaciu Studentov
[9]- Moderné technolégie maju radu vyhod a aj nevyhod. Nevyhodou je napr.,
Ze program nevie odhadnut zaujmy ¢i vzdelavanie potreby Studenta ani mu
pomoct s Specifickymi problémami, ¢i vysvetlit uc¢ivo réznymi sposobmi.
Rovnako aj tradi¢né vyucovanie bez technoldgii ma svoje vyhody a nevyhody.
Nemecka didakticka Surkamp podotyka, Ze netreba hned zatracovat vsetky
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metody tradicného vyucovania. Dnes sa totiz javi ako najvhodnejsSie také
jazykové vyucovanie, ktoré kombinuje metddy elektronického(moderného) a
tradi¢ného vzdelavania - tzv. ,Blended Learning” - vyuzivaju sa teda vyhody
oboch azaroveini sa eliminujd ich nevyhody, ¢im sa dosahuje najvysSia
efektivita vyu€ovania jazyka [8].

4 Mobilna aplikacia Duolingo

V nasledovnej kapitole by sme chceli kratko predstavit mobilnt aplikaciu na
vyucbu cudzieho jazyka Duolingo, ktora podla nas patri k tym najlepsim
bezplatnym riadenym programom sucasnosti. Duolingo je multilingvalna
aplikacia, nepontka na vyber len jeden ale hned niekol'ko jazykov ato
anglicky, nemecky, Spanielsky, taliansky ¢i rusky jazyk. Tvorcovia aplikacie
vsadili na kreativny a personalizovany pristup k uceniu sa jazyka a navrhli
jeho Struktiry ako isty druh hry, kde sa pouzivatel musi postuvat od prvej az
do poslednej udrovne (levelu). VysSiu droven dosiahne automaticky
zvladnutim tej nizSej. Cela aplikacia vychadza z principu individualizovaného
vyucovania, kde si pouZzivatel' sam urci ako rychlo chce v u¢eni postupovat' -
hned’ po registracii si totiz musi vybrat rychlost akou sa chce jazyk ucit.
Rychlost je merana poc¢tom dennych bodov, ktoré ziska za vypracovanie
konkrétnych cviceni - I'ahS$ie cvitenia maji hodnotu 1-5 XP Bodov a tazZsie
majd hodnotu aZ 10 XP bodov. Na dennt métu je mozné zvolit ziskanie 10, 20,
30 alebo 50 XP bodov. V nastaveni aplikacie si uciaci sa zaroven moze zvolit,
¢i chce precvicovat aj zrucnost pocuivanie astym spojend zrucnost
rozpravanie (zalezi od dostupnosti mikrofénu). Aplikacia Zial' nepontka
moznost pre pokrocilejsich pouzivatelov preskocit I'ahSie drovne - musia
prejst vetkymi levelmi, ¢o pre nich méZe pdsobit’ domotivujiico. Co sa tyka
Struktdry aplikdcie, je tato rozclenend na 5 hlavnych postupovych okruhov (s
réznymi témami) z ktorych kazdy obsahuje viaceré lekcie a kazda lekcia je
eSte d’alej rozclenena na podsekcie uz s konkrétnymi cviceniami. Priklad
dizajnu aplikacie ponukame v priklade 4:

Este pred zacatim samotnych okruhov musi pouzivatel vypracovat tzv. ,nulty
okruh“ (priklad 4), ktory zahiia elementarne zaklady cudzieho jazyka a teda:
zakladnud slovnud zdsobu a frazy (témy su zvieratd, jedlo, ¢islovky) ako aj
gramatické Struktury (tvorba plurdlov, ¢asovanie, privlastiiovacie zamen,
osobné zamend). Po vypracovani nultého okruhu sa pouZivatel' dostava do
okruhu ¢.1 - jeho témou je oblecenie, farby, rodina, tvorba otazok, casu,
predloziek aspravneho slovosledu. Potom nasleduje okruh 2 stémou
zamestnanie, l'udia, cestovanie, vzdelanie, miesta, spojky, pritomny cas
a prislovky potom nasleduje postupne okruh 3, 4 a 5. Celkovy pocet okruhov
v celej aplikicii je zatial' 5, priebeZne sa ich pocet zvySuje, o vSak zaleZi od
doplnenia okruhov tvorcami aplikacie.
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v 9
okruh

Das Abenteuer beginnt mit
‘Grundlagen 1'

o 2 i - lekcia

zaklady 1

I(

&

oznacenie okruhu
(0) a pocet

Priklad 4: Dizajn a $truktira aplikacie Duolingo
(Zdroj: www.duolingo.com)

Okruhy sa delia na lekcie atie na podsekcie. Kazda podsekcia obsahuje
samotné cvicenia. NajcastejSie sa vyskytuju cvicenia prekladové a na spravny
slovosled. Ak sa ma prekladat z anglického jazyka do materinského, tak je
anglicka veta precitanad sprievodcom aplikacie. Tento sprievodca je rodeny
hovoriaci (native speaker). Ak sa preklad4 do angli¢tiny je nutné dbat aj na uz
spomenuty spravny slovosled viet. K d'al§im typom cvicenia patria cvi¢enia na
vyber zviacerych moZnosti (multiple choise) - tieto sa vyuzivaju
predovSetkym na opakovanie gramatickych ale aj lexikalnych Struktar.
Vyskytuju sa vSak aj cviCenia na spravnu vyslovnost. Tieto cviCenia obsahuju
vety, ktoré sprievodca aplikaciou najskor precita. Ak Cita rychlo je mozné, aby
si pouZzivatel rychlost nahravky spomalil a vypocul ju znova. Potom vypocutd
vetu musi dstne zopakovat - pocita¢ pri tom vyhodnoti kvalitu jeho
vyslovnosti. Na vysSich drovniach sa vyskytujud aj iné typy cviceni ako napr.
rozne formy prirad'ovacich cviceni (priradovanie spravneho pojmu
a definicie resp. obrazka k situacii. V priklade 5 prezentujeme najcastejSie sa
vysKkytujlce cvicenia v aplikacil.
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prekladové cvicenie doplnenie z viacerych moznosti cvicenie spravnej vyslovnosti
(cvicenie spravneho slovosledu) (multiple Choise) ¢
Ubersetz diesen Satz Fehlendes Wort aussuchen —
@ Vyslovte tuto vétu:
O mThe yirl eats an egg

O am

& dika jsem Kk jim  Zena

Priklad 5: Cvicenia v aplikacii Duolingo
(Zdroj: www.duolingo.com)

Hodnotenie odpovedi (a teda spitna vidzba) prebieha okamzite po kazdej
vyplnenej polozke, pricom sa konstatuje jej spravnost alebo nespravnost.
Spravne odpovede su spojené so zelenym vizudlom, nespravne s Cervenym.
V pripade nespravnej odpovede program uvedie aj ako mala zniet spravna
odpoved’ (priklad 6).

Richtige Lésung:

My jime téstoviny ot

Priklad 6: Hodnotenie jednotlivych odpovedi
(Zdroj: www.duolingo.com)

Aplikacia ponuka zaroven aj priebezné hodnotenie a to v podobe Statistickych
tabuliek, z ktorych je mozné zistit splnenie danych ciel'ov ako aj rychlost
akvalitu vedomostného pokroku. Forma hodnotenia nie je slovna
anevyjadruje sa znamkou. Existuje vlastny systém hodnotenia - podla
progresu je pouZivatel zaradeny do bronzovej, striebornej alebo zlatej ligy co
predstavuje - Standardné, skvelé a vyborné vysledky. V pripade, Ze nie je
zaradeny v Ziadnej lige st jeho vysledky podpriemerné. Statistickd tabul'ku
prezentujeme v priklade 7 niZSie:
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Tomas

@ Pripojil/a se v kvétnu 2020

Statistiky

4 257

@ Bronzova

Priklad 7: Statistiky pokroku a hodnotenie v aplikacii Duolingo
(Zdroj: www.duolingo.com)
V aplikacii je mozné vyuzit aj motivacné nastroje ku ktorym patria napr.
suboje s priatelmi o co najvy$si pokrok za nejaky casovy usek alebo
o najrychlejSie dosiahnuty spolo¢ny ciel. Kinym motivatnym prvkom
zarad'ujeme aj ziskanie pokladu (zlatej truhli¢ky) alebo ziskanie vysSieho
poctu bodov (dvojnasobok bodov pri vypracovani viac cviceni ako je
stanovené v dennom plane) a tym vysSie posunutie sa v rebricku dspeSnosti .
KaZda aplikacia ma svoje vyhody ako aj nevyhody. Vyhody aplikacie Duolingo
vidime v nasledovnych bodoch:
Aplikacia
¢ je struktirovana ako hra; umoznuje moznost superit s kamaratmi o ¢o
najvyssi pokrok ¢i skoré dosiahnutie stanoveného ciel'a; obsahuje vel'a
interaktivnych prvkov, ¢o je spojené s vysokou mierov motivacie ucit
sa jazyk;
¢ jelahko manipulovatelna a prehl'adna;
e umoznuje vyucovanie jazyka personalizovat - je S$itd na mieru
vzdelavacim potrebam jednotlivca;
¢ obsahuje cvicenia vSetkych zrucnosti, ich frekvencia vSak nie je
rovnaka - vy$si doraz sa kladie na prekladové vety, slovosled vo vetach
a porozumenie fraz a viet;
e umoznuje preopakovat si nielen lexikalne a gramatické ale aj fonetické
Struktiry (cvicenia spravnej vyslovnosti);
¢ je spojend s okamzitou kontrolou po kazdej odpovedi; uvadza
priebeZné Statistiky dspeSnosti - nie vSak formou zndmky ale formou
symbolov (Gspesnost: bronzova, strieborna liga ...);
e umoziuje pouZivatelovi opatovne sa k cvi¢eniam vratit a znovu ich
vypracovat;
¢ obsahuje vSeobecné témy, ¢im je moZné ju integrovat aj do
vyucovacieho procesu ako nahradu napr. cviceni z ucebnic;
¢ jevyborna napriklad aj pre doméace vyucovanie (homeschooling)
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Nevyhody aplikacie vidime predovsetkym;

e vtypoch cviceni, ktoré by sa 'ahko dali rozsirit o nové typy a formy
(napr. cvi¢enia zamerané na zrucnost citanie, cvicenia dopliovacie,
slovné hry ...);

¢ v nerovnomernom zastupeni jednotlivych zrucnosti (nedostatocne ja
zahrnuta zrucnost Citanie ¢i rozpravanie);

¢ neumoznuje pokro¢ilym uciacim sa postipit na vyssiu droven jazyka -
kazdy musi najprv prejst zadkladmi a postupne sa dostat vyssie, ¢o
mozZe tento typ pouzivatel'ov domotivovat ucit sa d’alej;

* nie je moZné vybrat si tému ani formu cvicen;

¢ neposkytuje slovné hodnotenie a neobsahuje ani odporucanie na
preopakovanie si konkrétnej latky resp. problematickej oblasti jazyka.

V suCasnosti existuje viacero mobilnych aplikacii, ktoré je mozné vyuzivat na
vyucovanie a opakovanie Struktir cudzieho jazyka. Za vSetky spomenieme
aspon aplikacie ,Lingo“. ,Drops®, ,Busuu” alebo ,Lingodeer”. VSetky tieto
aplikacie je mozné integrovat do vyucovania, vSetky vSak ponukaji len demo-
verzie a maju teda obmedzeny pristup. PIna verzia je totiZ platend, ¢im sa ich
dostupnost obmedzuje.

5 Zaver

Mobilné aplikacie na vyucbu cudzich jazykov nie st dokonalé programy, ale
ponukaju funkcie, vdaka ktorym moZe ucitel svoje vyucovanie urobit
zaujimavejSim, pristupovat k Studentom individualnejSie a hlavne méze
vyucbu zefektivnit. Vyuzitie tychto aplikacii prinasa vyhody nielen Studentovi
v podobe rychlejSieho progresu v poznani jazyka ¢i motivacie ale aj ucitel'ovi
v podobe moZnosti vyuZit inovativnejSie didaktické metdédy a vyucovacie
postupy. Predpokladom vyucovania s vyuZzitim jazykovych programov a
portalov je na jednej strane dobra technicka vybavenost $§kol a to tak, aby
kazdy zo Studentov mal pristup k pocitacu alebo tabletu a mohol s aplikaciou
pracovat samostatne. Na druhej strane je kladeny vysoky narok na medialnu
kompetenciu ucitel’a, ktory by mal aplikaciu dokonale poznat, vediet s nou
pracovat, a zaroven ju spravne didakticky integrovat do vyucovacieho
procesu. Ulohou dne$nych vzdelavacich institiicii preto musi byt vzdelavat
svojich posluchacov aj v oblasti mediadlnej kompetencie a pontkat Skolenia
pre aktivnych ucitel'ov aby tito kompetenciu mohli ziskat alebo ju dalej
rozvijat. Aby programy jazykové vyucovanie zefektiviiovali musia tu byt
integrované tak, aby napomahali plnit pedagogicko-didaktické ciele,
reSpektovali individualne vzdelavacie potreby Studenta, a boli pre neho
motivujuce.
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Cldnok bol publikovany vd'aka projektu KEGA 015TTU-4/2018 ,Interaktivita
v elektronickych didaktickych aplikdcidch.”
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COMPLEX FRAMEWORK TO EXPAND THE TIME SERIES
ANALYSIS POSSIBILITIES AND TO DETERMINE THE
RELIABILITY OF THE GIVEN CORRELATIONS

Gergely BENCSIK, Zoltan PODOR HU

Abstract: Mankind lives in the age of data, where huge number of methods
are implemented in various frameworks to analyze the different data sets. The
process is also supported by the Big Data environment and by the Internet of
Things phenomena. The current data analysis paradigm is about how to
discover correlations between this huge amount of data in a systematic way.
This approach includes filtering, scaling or different transformation methods
to prepare the variables. After these operations new, derived data rows
appear and with them deeper and more complex examinations can be
revealed. However, because of the huge number of variables and the new,
derived data rows, the probability of the randomly found correlations is
increased. A complex analysis framework —included two new methodologies
—is presented which is capable to fulfil the new paradigm.

Keywords: CReMIT method, Random Correlation theory, Big Data, time
series, analysis framework.

1 Introduction and problem statement

The Big Data [1] has a huge number of challenges [2] including data challenges
(storing and handling problems), process challenges (data preparation,
analysis, and visualization), and management questions (privacy and
security). In many cases, the collected time series satisfy the conditions of Big
Data based on their volume and their frequency. In practice, the fact that the
used data are Big Data [3] does not guarantee that the examinations on this
data will be complete. Among different available techniques, the correlation
and regression analysis are the most frequently used ones for determining the
relationships between one or more independent and dependent variables [4,
5]. After all, time series sometimes do not allow us to do properly deep and
complex examinations, because the basic, collected time series give us only a
few variables, or we can do derived time series, for example with aggregated
values or a specific segment of the full range, but only on an intuitive way. The
CReMIT (Cyclic Reverse Moving Interval Techniques) method [6] significantly
affects the completeness and success of the studies by involving the sphere of
dependent and independent variables. The study of the effects of periods with
time shifting, delayed and varying length can also be examined not only in an
intuitive, but also in a systematic way. The efficiency of the search for
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connections between time series can be affected by the applied methods of
analysis and the sphere of the used variables as explained in this paper. The
increase of the number of variables enables deeper and more complex
examinations, which are not available using only the original time series.

The CReMIT method enables to examine the temporal changes and time
shifting effects of the relationships in a systematic way. A huge number of
derived time series are created for new dependent or independent variables.
The structure of these new data rows is the same as the original, basic time
series, therefore the analysis opportunities do not change. The CReMIT
prepares all derived time series according to the user-defined input
parameters in a systematic way, and it does not use a prior condition. Due to
it can extend the whole analysis possibilities and therefore complex
correlations are revealed, which cannot be found by using the original data
rows.

On the other hand, the increased analysis possibilities can cause such
environments, in which the correlations can be born just randomly. The
random property means that the data values, the transformation of the data,
aggregated or derived new data rows and the method of analysis itself
predestinate the result, i.e., the huge number of analyses can eventuate
positive correlation between the examined variables. The Internet of Things
(IoT), the Industry 4.0 and Big Data environments also support the countless
analysis possibilities and it can be assumed that the bigger the data volume is
the more precisely the analysis can be performed. The scientific world follows
this trend and deals with IoT, Industry 4.0 and Big Data. However, a lot of
contradictory results were born in different scientific fields and the literature
contains many inconsistent statements.

In forestry, Fowler and Ekstrom stated that in the UK there was more rainfall
in the recent years than before [7]. According to Burke et al., in the UK, there
is not just simple drought, but further drought is predicted [8]. In Sociology,
Lam and Peng evinced that the increasing Internet usage among young people
increases the chance of depression [9]. But Shen et al. concluded that Internet
is critical for the daily satisfaction of the children [10]. In medicine, the
analyses of salt consumption always generated opposite publications. There
are papers supporting it and they did not disclose any connection between
consumption and high blood pressure [11]. Another research stated that the
high salt consumption causes not only high blood pressure, but kidney failure
as well [12]. In biology, three different results can be found about bird
migration. According to the first, bird migration time is short [13]. The second
presents long migration time [14]. The third reported that bird migration is
out of fashion [15]. In Earth science, Knippertz et al. deal with wind speeds
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and they have concluded that wind speed becomes faster [16]. Another
resource group stated that wind speed was declined by 10-15% [17].

We can see that making a decision is not so easy, even if we have Big Data
environment. It is also true that extending the original Big Data property with
CReMIT can lead to more complex analyses and results. However, this is also
possible, that the increased analytical space can simply cause fake
correlations. Random Correlations (RC) techniques can filter these non-valid
results [18].

In this paper a complex framework is presented to resolve this paradox
property between the Big Data and randomness. The framework fulfils two
main goals: (1) extension of the time series analysis possibilities based on the
huge number of derived time series as input data, and (2) determining the
reliability of the given correlations to decrease the size of the result set and
filter the pseudo-results.

2 The proposed framework

Our aim is to define a module-based and complex framework to examine time
series and to seek reliable correlations among them. The framework includes
a special data preparation method (CReMIT) module, which enables to create
a lot of secondary data rows from the input time series, with different time
shifting and window width. In practice, it makes a Big Data type dataset from
simple input time series to give scope for doing deeper and more complex data
analysis. The second module is the analysis module. It uses the output of the
first module, and currently it uses correlation- and regression-based
methodologies. The third module is the RC module, which verifies the
correctness of the results of the second module, to determine the reliable
correlations and filter the false ones. The second module uses well-known
time series analysis procedures and so the presentation of them is not our aim
here. We focus on the first and third modules, which contain the two new
approaches: CReMIT and RC.

2.1 The CReMIT method

The original CReMIT method [6] was developed for periodical time series,
where P denotes the length of the period, e.g., P = 12 for monthly dataor P =
52 for weekly data. Let us give the

X1

X

=" €

xm
vector with the element of the examined time series, where x; is the
chronologically latest value. There are four, user-defined parameters: (a) the
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starting point, SP, (b) the maximal time shifting value, I, (c) the maximal
window width value, J and the transformation function, TR. The first three
parameters define all the windows over the original time series based on their
periodicity P, while 0 <i <[ and 0 <j <] are the actual values in each
iteration step. The number of the windows for given parameters, i and j is
determined by the next formula:

MCN = [P D] g ()
where [ ] is the entire function.

For parameters P, i and j the CReMIT creates MCN (2) pieces windows over
x, where the start and the end points of these windows are stored in two
vectors:

SP+i+0x*P
indexpegen = > TLHETP 3)
SP+i+(MCN—1)+P
SP+i+j+0xP
index, . = SP+i+:j+1*P @

SP+i+j+(MCN—-1)=P
Based on the elements of these vectors (3) (4), a new time series is created
using the transformation function TR over the windows. TR can be for
example a SUM, AVG, MIN, MAX, or more complicated functions.

( TR (indexbegm [1]; indexena[1]) \|
tr tsgp;; = TR (indexbegin[?]; index,nq [2]) (5)
TR(indexpegin[MCN]; indexy,q[MCN]) /

According to the systematical approach of CReMIT (I +1)-(J + 1) new,
derived time series (5) are created to sphere the number of variables.

Our aim was to generalize the basic CReMIT method to non-periodical time
series, keeping the above introduced formalism and notations. If the time
series x does not have periodicity, then P = 0, and it means that in each
iteration step we have only one window over x. The four, user defined
parameters have the same meaning as earlier defined: SP and I define the
beginning of the new window and J is the maximal width of this window, while
0<i<land minww <j <] define the actual window beginning and
window width in each iteration step. In practice, I + ] < m — SP and we have
to define a minimal window width, i.e.,, minww, to create an adequately long
time.
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According to the period value, if P = 0 the index vectors contain only two
different values, SP + i is the beginning and SP + i+ j is the end of the
window, the value of MCN is unimportant, but for the sake of the earlier used
notations, let it be MCN = 0. There is only one window based on SP, i, j. The
window is the continuous part of the original time series x, and the
transformation function TR must be an approval function: it does nothing with
the values in the actual window.

Using this approach in CReMIT method, it is suited for handling non-periodical
time series to create secondary variables in a systematic way.

The CReMIT was often used on forestry data [19, 20], because in this area the
shifted effects are important. The tree growth and tree health (leaf loss)
properties (as dependent variables) depend on the basic climatic variables,
temperature, and precipitation (as independent variables). The resolution of
these meteorological parameters is usually monthly because they are
universally available, and the received results are extendible onto other and
bigger areas. But to do this, it is insufficient to compare only the simple
monthly climatic and yearly tree growth time series. In many articles, some
special period was defined [21, 22, 23], which are based on subjective
observations.

2.2. The Random Correlations theory

With the CReMIT method, the analysis space is extended to find more
correlations. Researchers follow precise research methodologies trying to
seek correlations, however, based on the measured data and the current
method of analysis, the result can be predetermined. In other words, if the
number of data and the number of methods increase, researchers get the
expected result, sooner or later. The various data transformation possibilities
and the different values of the input parameters increase the
predetermination of the adequate results. On the other hand, the given result
is just a random one in this case, despite of the precisely followed research
methodologies, and the random property of the result is also hidden from the
researchers. The main question is how the random factor can be calculated.
Behind the Random Correlations (RC) theory, the main idea is that the
properties of the data and the properties of the method of analysis can ensure
the good correlation [24]. The definition of the RC theory is that the data rows
as variables present the revealed, methodologically correct results, however
these variables are not truly connected, and this property is hidden from the
researchers as well. To measure the random factor of the result, three new
methods were developed.

The first method is the (-model. In this case, the whole probability space ()
is in focus. All possible data rows must be produced based on the data rows
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created by CReMIT. Let denoted the CReMIT-created data rows by nd}F,
where TR is the aggregation function, i and j parameters are defined before in
the CReMIT section. Based on this data row, all possible data rows are
produced by RC, based on the rules I; = min(nd/¥),u; = max(nd[¥) and
r(l;,u;) = {l; + p * c, where pel, 2, 3,...,u; and ceN}. The current method of
analysis is performed with all derived data rows. If the judgement is
“correlated” then the number of the variable S; is increased by 1. After all
derived data rows are analyzed in this way, dividing S; with Q1 defines the rate
R. R shows that from all the possible measurable data rows which one gives
the “correlated” result using the current method of analysis. If the R is high, it
means that the probability of finding one “correlated” result from all possible
data rows is high. On the contrary, if R is low, that means relatively low
probability of finding a correlation.

In case of the ®-model, rate C is calculated. This shows how much data is
needed to find a correlation with high possibility. Researchers usually have a
hypothesis, and then they are trying to prove their theory based on data. If one
hypothesis is rejected, scientists try another one. In practice, we have a data
row A and if this data row does not correlate with another, then more data
rows are used to get some kind of connection related to A. The question is how
many data rows are needed to find a certain correlation. We seek that number
of data rows after which, correlation will be found with high possibility.
During the O@-model calculation process, first we generate all possible
candidates (|€1|). We create individual subsets. It is true for each subset that
every candidate in the given subset is correlated with each other. We generate
candidates after each other and during one iteration we compare the current
generated candidates with all subsets’ all candidates. If we find a correlation
between the current candidate and either of the subsets’ candidates, then the
current candidate goes to the proper subset. Otherwise, a new subset is
created with one element, i.e., with the current candidate. C is the number of
subsets. The value of C shows us that how many datasets must be measured
during the research to get a correlation with at least two data sets for sure. If
C is high, it means that the analyzed data has less sensitivity to RC. However,
if C is low, then, relatively few datasets can produce good correlation.

The third model which determines the random factor of the given analysis is
the I'-model. Subsets are created based on the original data row. The current
method of analysis is performed for all generated subsets. If the correlated
judgement is noticed in case of the current subset, then the value of variable

S, is increased by 1. If the non-correlated judgement occurs, then S,value is
increased. Rate H = % is an index to show the judgement changeability

tendency of the given data row, i.e, ndf:j. Let us denote the length of the
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original data row by n. The I'-model has an additional parameter m, where
m < n. Then subsets with elementsn — 1,n — 2,n — 3,...,n — m, are created,
where m is the lower limit. The lower limit means that number with which the
data row is still meaningful, e.g., m = n — 1 is meaningless, because if only 1
element is in the actual subset then the method of analysis cannot be executed
on this subset. The value of parameter m depends on the current research
parameter, but mainly m is determined by the method of analysis, the length
of the original data row i.e,, method’s assumptions, or by the scientists, e.g.,
based on their knowledge or rule of thumbs. In this case, {2 is not equal to the
strict meaning of the total probability space, because of m, not all possible
subsets are produced. At the end, H is evaluated. If H is close to 1, then the
datarow is stable. If H is around 0.5, it means that the data row is not so stable.
When H is low, or close to 0, the judgement is less acceptable. Relatively few
new data items can change the judgement.

2.3 The general process of the framework

The abstract schema of the proposed analytical framework can be seen in
Figure 1. The first step is to use CReMIT on the original data to extend the
analytical possibilities with creating new, derived data rows. Now, CReMIT is
eligible only for vector x while vector y remains the original, and all derived x
are compared with y with some kind of method of analysis, such as regression
techniques (data analysis module).

During the second phase, all three RC models can be applied to filter the
results affected by RC. Thanks to the enormous number of data
transformation, the derived data item values have no choice, but to correlate
after a while. This property can be behind of the contradictory results which
are mentioned in Section 1. There are lot of techniques to measure result’s
endurance, such as R?, Bootstrapping, Cramer Coefficient or Type [ and II
errors etc. We do not intent to replace these measurements with RC.

odule data analysis module
(1 o
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e’ w €5 Odly,
cart 452 e
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Figure 1: The components of the framework and its relationships

The main difference between “endurance measurement” values and RC is the
approach of the false result. We can calculate R?, critical values and Type I and
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II errors, we can make the decision based on them, but the result still can be
affected by RC. From the RC point of view, the main question is that if we have
the set of the possible inputs, how the result can be calculated at all.

3. Conclusion

The researchers often examine the connections between the dependent and
independent variables to determine the relationships between them and
predict the future values of the dependent variable. The completeness of the
analysis does not only depend on the sphere of the applied analyzing methods,
but also on the completeness of the data involved in the current examination.
The CReMIT based, derived time series enable to do deeper and more complex
examinations, based on the systematic increasing number of the variables.

Certainly, the increase volume of the input data can cause the growth of the
output’s size, e.g.,, the number of correlation values. The volume and the
reliability of these output values are important questions, and they determine
the correctness of the examination. Nowadays, the general approach is that
the extension of the examination depends on the sphere of applied analyzing
methods. However, it depends on the sphere of applied dependent and
independent variables, which are generated in a systematic way. While we
increase the number of variables, the results’ size will grow too, and the
reliability of these outcomes is an important question.

The introduced framework gives the possibility to spread out the set of
variables in a systematic way, to examine these variables and to determine the
reliability of the results. The applicability of this framework does not depend
on the research area, it can be used in all kind of researches, where the
collected data has time stamps and there are in demand correlations between
the variables.

This work was supported by the European Union, co-financed by the Social Fund.
EFOP-3.6.1-16-2016-0023."
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