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BEVEZETO

Az oktatasnak igazodnia kell a XXI. szazadi igényekhez. Nekiink, tanaroknak, fel kell
készitentink a generacidkat a mindennapi életiinkben mar jelenlevod és egyre novekvo
informatizalasnak a kihivasaira. A végzés didkoknak batran kell szembenézniiik a
munkaerépiac kovetelményeivel €s tudniuk kell teljesiteni mindezeket. E gondolatok
kovetkezményekeént, fontos lenne szamukra, hogy értsék az informatikai és az ehhez
kapcsolodo készségek alapfogalmait. Meg kell ismerkednitik a szamitogépes gondolkodas
fogalmaval, amely napjainkban egy alapvetd készséggé fejlédott az olvasas, iras és
aritmetika mellett, és amelyet a modern tarsadalmunkban mindenkinek birtokolnia kellene.
(Denning, 2009). Ennek elérése érdekében nagyon fontos szerepet jatszik az oktatasi

kornyezet.

A tanulok szamitogépes gondolkodasanak fejlesztésében a szamitdgépes algoritmusoknak
kiemelt szerepik van. Az algoritmusok elvont folyamatok, azert annak érdekében, hogy
mindenki megtalalja a helyes utat, amely elvezet ennek a fogalomnak a megértéséhez, egy
megoldas az lehet, hogy ezeket olyan kontextusban mutassuk be, amely barki szdméra vonzo
tud lenni. A vizualizécié egy kritikusan fontos eszkéz lehet a hatékony oktatdsukhoz.

Az AlgoRythmics kutatécsoportunk, amely a Sapientia Erdélyi Magyar Tudomanyegyetem
keretében mitkodik, a megoldast az informatika és a tanc parositasaban latja.
Miivészegyiittesekkel karoltve, tanckoreografidkat dolgoztunk ki, amelyek alapvetd
szamitogépes algoritmusokat illusztralnak.

Az AlgoRythmics kornyezet, amely az algoritmus tancok és szamitdgépes animaciokat
Osszesiti, a tanuldk algoritmikus gondolkodéasénak fejlesztése céljabdl sziiletett meg. Arra
épitkeztiink, hogy a nem hagyomanyos oktatési stratégidk bevezetésével, a diakok
fogékonyabbd valhatnak a tanulst illet6en (Katai et al., 2008).

Egy tanckoreografia vagy egy dallam esetén, a miivészi elemek altal hozzaadott érték
szarnyakat adhat a tanulashoz. Egy gondosan megtervezett absztrakt vizualizacio segithet
elvonatkoztatni attol, ami a vizsgalat szempontjahol l1ényegtelen, és a tanulmanyozott
algoritmus kulcsmiiveleteire fokuszalni. Ez a fajta tanulas a tdbbérzékszerves tanulas elvére
épll. Comenius elvét szem el6tt tartva, az altalunk fejlesztett kdrnyezetet is igy épitettiik
meg. Az épitkezés, 1épésrol-1épésre, érzékszervrél-érzékszervre, modulérisan tortént. Mivel
az aktiv tanulds elve is figyelembe volt véve, a kezdeti 6tlet egy tobbérzékszerves interaktiv

rendszerré fejlodott.



A kutatocsoport 2007-ben tette le alapkdveit. Ahhoz, hogy a gondosan kidolgozott
algoritmus koreografidk miivészeti szempontbdl is értékesek legyenek, egyiittmitkodést
szilletetett a Maros miivészegyiittessel (néptancosokkal), akik segitségével a rendezési
algoritmusokat illusztralé tanckoreografiakat miivészileg is szinvonalassa tették. Ezen
kollaboracié gyiimolcseként sziiletett meg 2011-ben 6 rendezési algoritmus videdra vett
tdnckoreogréfia illusztracidja. Ami az alkalmazott tAnctipusokat illeti, az Erdélyben honos
etnikumok néptancai, magyar, székely, roman, cigany, szasz, csango, tették szinessé a

koreografiakat.

A YouTube-on (www.youtube.com/user/AlgoRythmics) kozzétett videok nézettsége,
valamint az itt megosztott biztaté megjegyzések Ujabb szarnyakat adtak a kornyezet
tovabbfejlesztésére.

Az AlgoRythmics madszer kiteljesedését azok az absztrakt animéaciok jelentették,
amelyeknek vitathatatlan elénye, hogy elvonatkoztatnak a Iényegtelen részletektol, és
segitenek az algoritmusok kulcselemeire 6sszpontositani. gy sziletett meg az AlgoRythmics
webes kornyezetet, amelyben a tanckoreografia abrazolasok mellé egy-egy absztrakt
animaciot tarsitottunk. Ezen Uj model egy tovabbi eréssége az volt, hogy interaktiv

tizemmodban is mukodott.

Annak koszonhetéen, hogy az AlgoRythmics alkalmazés egyedi médon kombinélja a
tudomanyt a miivészetekkel, ezen eszkdz hatékonységat redl és human szakos hallgatékon is
alkalmaztdk. Az akkor szilletett eredmények nagyon biztatdéak voltak (Kétai & Adorjani,
2014; Katai, 2015).

A projektet 2016-t6l tovabbfejlesztve, az algoritmus-kollekci6 a keresési stratégiakkal
gazdagodott, az algoritmusok megjelenitése kiegésziilt kétdimenzids abrazolasokkal,
melyeket Uj tancstilusok: a flamenco és balett kisért. Teljesen Ujratervezve a webes
alkalmazast, olyan modulokkal béviilt, amelyek elvezették a diakot az algoritmusok

megértésétsl ezek implementalasaig.



AZ ERTEKEZES UJ TUDOMANYOS EREDMENYEI

1. Sematikus versus emberi mozgést alkalmaz6 realisztikus algoritmusvizualizcid
TEZISEK

[T1.1] Azok a realisztikus algoritmusvizualizaciék (mint példaul az AlgoRythmics
tanckoreogréafiak), amelyek emberi mozgas révén illusztraljak az algoritmikai tartalmat,
ugyanolyan hatékonyak, s6t hatékonyabbak is tudnak lenni, mint a megfelelé sematikus

abrazolasok (absztrakt szamitdgépes animaciok).

[T1.2] Kénnyebb kulénbséget tenni a megtekintett algoritmusok stratégiai kozott,
amennyiben ezeket sajatos realisztikusvizualizaciok abrazoltak, mintha sematikus
abrézolasok lettek voltak alkalmazva.

[T1.3] Az olyan realisztikus algoritmusvizualizaciok esetében, amelyek emberi mozgast
alkalmaznak, f6leg azok a figyelemelterel6 elemek keriilenddk, amelyek arnyékot vetnek
azokra a mozgésokra, amelyek az algoritmus kulcsmiiveleteit illusztraljak (kevésbé

jelentenek gondot az esetleges dekoracios figyelemelterelk).

Mivel az algoritmusok természetiikben dinamikusak, ezért a legkézenfekvobb, hogy
dinamikus vizualizaciokat alkalmazzunk az illusztralasukhoz, mint amilyenek az animéaciok

és a videok.

Altalaban egy dinamikus vizualizacio lehet: sematikus vagy realisztikus. (Nugteren at al.,
2014). Ebben a kutatasban arra fokuszaltunk, hogy felmérjik e két abrazolasi mod
egymashoz viszonyitott értékét (a vizsgalt tartalom megértéséhez val6 hozzajarulasuk
tekintetében) az algoritmus vizualiz&cié témakdrben. Mivel az algoritmusok elvont
folyamatok, megszokotta valt, hogy sematikus dbrazolésokkal, azaz absztrakt animéaciok altal
illusztraljak miikddésiiket. Masfeldl viszont sziilettek olyan vizualizaciok is, féként az
unplugged informatika oktatéas keretében, amelyek kozelebb &llnak a realisztikus
abréazolashoz. Egy ilyen példa az AlgoRythmics (2020) kérnyezet is, amely realisztikus
tanckoreogréafidkkal illusztral szamitogépes algoritmusokat. Ezeknek egy sajatossaga, hogy

emberi mozgast is tartalmaznak.

Figyelmmel kovettlk a vizualizaciok reprezentacids, illetve dekoracios figyelemeltereld
elemeit. Reprezentacios elemnek szamit az, amelyik a tanulés targyat képezo jelenség
abrazolasara szolgal. Ezzel szembe a dekoracios elemek elsddleges szerepe az, hogy

motivaciot gerjesszenek. Kilondsen érdekeltek voltunk abban, hogy mennyire érinti ez a



kétfajta figyelemeltereld elem az AlgoRythmics videdk hatékonysagat. Ezért a kisérlethez
két algoritmust valasztottunk: egy olyat, amely esetében a tanckoreografia csak dekoracios
természetli potencialis-figyelemeltereloket tartalmaz (kivalaszto rendezés), és egy olyat,
amely esetében jelen vannak a reprezentacios jellegii potencialis-figyelemelterelok is

(buborékrendezés).
A kutatés

A Kisérletet haromszakaszosra terveztiik: eldteszt, tanuldsi szakasz, utoteszt. A kisérletre a
2019/20-as tanév elején keriilt sor, az elsé héten az el6tesztre, a masodikon a tanulési
szakaszra és az utétesztre. Az el6teszten 137 didk, az utdteszten 116 olyan hallgato vett részt.
A 116 résztvevének fele (58 didk) volt kontroll csoportbeli, és a mésik fele (58 didk)
tartozott a kisérleti csoporthoz. Azokat a hallgatokat tekintettiik kontroll csoportnak, akik
(s)ematikus &brazolassal (absztrakt szdmitogépes animaciokkal) tekinthették majd meg a
kivalasztott algoritmusokat (S-csoport). Mivel a kornyezet Gjszeriisége foleg a
tanckoreografiakban rejlik, ezért azok a hallgatok képezték a kisérleti csoportot, akiknél a

(realisztikus abrazolasokat alkalmaztuk (R-csoport).
Eredmények és kiértékelés

Az utbteszt eredményeinek az dsszehasonlitasara az ANCOVA tesztet hasznaltuk. A
fliggetlen valtozo Gjra a tanmenet tipusa volt, a fliggd valtozo pedig az utoteszt kérdésekre
adott valaszok pontszamai. Az el6teszt eredményeket, mint kovarians hasznaltuk. Az
elemzés azt mutatta, hogy nincs szignifikans killénbség a két csoport kdzott a
buborékrendezésre vonatkozdan (F(1,113)=0,78, p=0,37>0,05). A kivélasztd rendezés
esetében viszont a kisérleti csoport (R-csoport) szignifikansan jobban teljesitett, mint a
kontroll csoport (S-csoport) (F(1,113)=9,52, p=0,002<0,05; partial n2 = 0,07) (1. tdblazat).
Az ANCOVA teszt is azt mutatta, hogy ezt az eredményt nem befolyasolta az el6tesztnél

tapasztalt minimalis (nem szignifikans) kiilonbség.

2. UtoGteszt
1. 16teszt ) | 4. Kivélaszté
3. Buborékrendezés ]
rendezés
5. R-csoport 6. 68% 7. 65% 8. 58%




9.  S-csoport 10. 69% 11. 68% 12. 45%

1. tablazat: EI5- és utoteszt eredmények a két csoport szignifikancia kiilonbségének mérésére

A bemutatott kutatas eredményeibél arra kovetkeztethetiink, hogy amennyiben egy
realisztikus vizualizacié emberi mozgast alkalmaz, ugyanolyan hatékony tud lenni, s6t akar
hatékonyabb is, mint a megfeleld sematikus abrazolas. Ez azért fontos kdvetkeztetés, mert
korabbi kutatasok inkabb a sematikus vizualizacidk hatékonysagat hangsulyozzak, merthogy

kevesebb figyelemelterel$ elemet tartalmaznak (T1.1 tézis).

El6z6 eredményekkel 6sszhangban ujra megerositést nyert, hogy a realisztikus abrazolasokra
kénnyebb visszaemlékezni és tobb rokon abrazolas kdzétt kdnnyebb kiilénbséget tenni. A
jelen kutatas kiterjesztette ezt az eredményt az algoritmus vizualizaciok teriiletére is (T1.2
tézis).

Definialtuk, dinamikus vizualizaciokra vonatkozdan, a dekoracios és reprezentacios
figyelemelterel6k fogalmat. Az eredmények arra mutatnak, hogy f6leg a reprezentacios

figyelemelterel6 elemek keriilendok, az a jelenség amikor ,,arnyék vetddik™ azokra a

mozgasokra, amelyek az algoritmikai tartalmat illusztraljak (T1.3).

Mindezen kovetkeztetések, amelyeket tézisenként is megfogalmaztunk, hasznos
informacioval szolgalhatnak mindazoknak, akik algoritmus vizualizacids kérnyezeteket

terveznek és hasznalnak az oktatasban.
Megjelent publikaciok

Idegen nyelvii konferencia kdzlemény [8]
Magyar nyelv{i absztrakt kiadvany [1]
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Sematikus és realisztikus algoritmus vizualizaciok ismételt megtekintése, illetve

ezek kombinalasa
TEZISEK

[T2.1] Amennyiben ismételt megtekintést alkalmazunk, az emberi mozgés effektust
hasznositd realisztikus algoritmusvizualiziciok (mint példaul az AlgoRythmics videdk)
hatékonyabbak, mint a megfeleld sematikusak abrazolasok (példaul absztrakt szamitogépes

animaciok).



[T2.2] Amennyiben sematikus és realisztikus algoritmusvizualizaciét is alkalmazunk,
elénydsebb lehet, ha elébb a sematikus, majd a realisztikus keriil megtekintésre. Mivel a
realisztikus vizualizaciok konnyebben felidézhetk, mint a sematikusak, ezért ismételt
megtekintés, illetve tobb abrazolas kombinalasa esetén elény0s, ha a tanmenet realisztikus

abrazolasra végzodik.
A Kutatés

A dinamikus vizualizécidkkal valé tanulas nem minden esetben hatékonyabb, mint a statikus
képek alkalmazésa. Mindez a videdk/animaciok tranziens jellegébdl adddhat. Kézenfekvo
arra gondolni, hogy el6segitheti a dinamikus vizualizécidval valé tanulési folyamatot, ha a
didkoknak lehetdségiik van tobbszor is megtekinteni a vizualizaciot. Ennek
kovetkezményeként, amig az el6z6 kutatasunkban a sematikus, valamint a realisztikus
algoritmus vizualiziciok egymashoz viszonyitott értékeit vizsgaltuk, ebben a kutatasban arra
Osszpontositottunk, hogy milyen elény szdrmazhat ezek tobbszori megtekintésébol
(,,sematikus+sematikus”, ,realisztikus+realisztikus”), illetve a kombinalasukbdl

(,,sematikus+realisztikus”, ,,realisztikus+sematikus™) (1. abra).

Erre a kisérletre a 2018-19 tanév elején ker(lt sor, és harom szakaszban vizsgaltuk a 84 (14%
lany) hallgatot elézetes programozdi ismerettel rendelkez6 hallgatok valaszait (1, 2 vagy 4

évig tanultak informatikét a kdzépiskolaban)

Ahhoz, hogy négy, statisztikailag egyenértékii csoportot alakitsunk ki, rendeztiik a
résztvevoket az el6teszt eredmeényeik alapjan, majd annak fliggvényében soroltuk 6ket
csoportokba, hogy a sorszamuk 4-gyel valé osztasi maradéka 0, 1, 2 vagy 3 volt. A csoportok
az alabbi tanmenetet kdvetve sajatitottak el a Shell-sort rendezési algoritmust (ez az

algoritmus nem szerepelt az addigi tantervilkben):

Animacié Video Vided Animacié
+ + + +
Animacié Videb Animacié Video
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1. &bra: Statikus vs. dinamikus abrazolasmaéd

Eredmények és kiértékelés

Az utbteszt eredmények arra mutatnak, hogy realisztikus abrazolasok esetén kivaltképpen

hasznos lehet egy masodik megtekintés. (2. &bra)
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2. dbra: Az elsd kisérlet eredményeinek abrazolasa

Az a tény, hogy azok a didkok, akik kétszer tekintették meg a realisztikus abrézolast
szignifikansan jobban teljesitettek, mint azok, akik a sematikust lattak kétszer, nem csak arra
enged kdvetkeztetni, hogy az emberi mozgést alkalmazd realisztikus dbrazoldsok
hatékonyabb eszkdzok, mint a megfeleld sematikusak, hanem arra is, hogy a kétszeri

megtekintésnek tdbb hozadéka volt az R-R csoportnal, mint az S-S csoportnal (T2.1 tézis).



A jelen vizsgalat nyoman, algoritmus vizualizacids kdrnyezetben is beigazolddott, hogy
annak is meglehet az eldnye (illetve hatranya), ha ugyanannak az algoritmusnak két izomorf
vizualizéacidjat alkalmazzuk (S-R és R-S csoportok), és annak is, ha ugyanazt a vizualizciot
kétszer tekintik meg a didkok (S-S és R-R csoportok) (T2.2 tézis).

Bér a kiilénbség nem volt szignifikans (S-R versus R-S csoport), a mi eredményeink is azt
sugalljak, hogy amennyiben kétféle abrazolast is alkalmazunk, elényds lehet el6szor a
sematikust (az egyszertibbet, amelyik jobban igazodik a didkok elézetes ismereteikhez)

lejatszani, és azutan a realisztikust (az Osszetettebbet, az Gijszertibbet) (T2.3 tézis).

Végezetiil Gjra igazolast nyert, hogy a sajatos jegyeket tartalmazoé realisztikus abrazolasokra
kénnyebb visszaemlékezni, és ez lehet az oka annak, hogy azok a csoportok, amelyek
mésodikként a realisztikus vizualizaciot lattadk (R-R és S-R), szignifikdnsan jobban
teljesitettek, mint a masik két csoport (S-S és R-S) (T2.4 tézis).

Megjelent publikaciok

Idegen nyelvii konferencia kozlemény [6]

3. Azinteraktivitas szerepe online algoritmus-vizualizacids kdrnyezetekben
TEZISEK

[T3.1] A el6zetes programozasi ismeretekkel nem rendelkezd (kezdék — 0 év programozas)
és kevés programozasi tapasztalattal rendelkez6 (k6zéphaladdk — 1 vagy 2 év programozas)
diakok javara valhat az algoritmus-vizualizacio interaktiv bemutatasa. A haladok (3 vagy 4
év programozas) otthonosan mozognak barmely interaktivitasi szinttel rendelkez6 tanfolyam

esetén.

[T3.2] Nincs szignifikans kiilonbség a kiilonboz6 interaktivitasi szintekkel tanul6 filk és

lanyok eredményei kdzott

[T3.3] Ha az interaktivitasbol adéddan nagyon feldarabolédik az algoritmusvizualizéciés

A kutatas

Az AlgoRythmics kornyezet egyik jellemzd tulajdonsaga, hogy aktiv tanulast biztosit, azaz
lehetéve teszi a tanulok részére az interaktiv részvételt az algoritmus vizualizaciods

folyamatban. Ebben a kutatéshan arra szerettlink volna valaszt kapni, hogy milyen el6nyei,



illetve hatranyai lehetnek az altalunk definialt nulla-, fél-, illetve teljes-interaktivitasnak
online algoritmus vizualizacids kdrnyezetekben. ,,0-iteraktivitisnak™ neveztiik azt a
tanmenetet, amikor a tanuld egyszeriien csak megtekinti a vizualizacidt. Azt a véltozatot,
amikor a tanuloktol azt varjak el, hogy csak bizonyos kulecsmomentumokban kapcsolddjanak
be a vizualizaciés folyamatba, ,,"2-interaktivitasnak™ (,,fél-interaktivitas”) tekintettiik. ,,1-
interaktivitas” (vagy ,.teljes interaktivitas”) a neve annak az esetnek, amikor a didkoknak a

teljes animacios folyamatot le kell vezényelnilk.

Ez a kutatas egyfajta folytatasa az el6z0 fejezetben bemutatott tanulmanynak. Arra a
2018/19-es tanév elején, erre pedig a 2019/20-as tanév elején kerilt sor. A 2018/19-es tanév
els6évesein azt mértiik, hogy elényds-e, ha a didkok kétszer is megtekintik egy algoritmus
két kiilonbozo vagy ugyanazon vizualizacidjat. Az eléteszt szamitogépes gondolkodast mérd
feladatokon alapult, a tanulési szakasz és az utdteszt pedig a Shell rendezés koreé épiilt. A
kisérlet hasonlo felépitésii volt, csakhogy a résztvevok a Shell rendezés AlgoRythmics
animacidjat tekintették meg kétszer és a harom csoport, amelyet kialakitottunk, a masodik
megtekintés alatt bekapcsolddott a vizualizacids folyamatba, a 0-, %-, illetve 1-interaktivitasi
szinteknek megfeleléen. A kisérletben 134 elsdéves, redlszakos hallgato vett részt, akiknek a
13.97%-volt lany. A résztvevok véletlenszertien lettek harom csoportba osztva, amelyek
egyenl szintiieknek bizonyultak mind a kdzépiskolaban programozéssal toltott évek atlagai

alapjan, mind az el6teszt eredmények tekintetében.
Eredmények és kiértékeles
Interaktivitasi szintek hatékonysaganak vizsgalata

Az utbteszt kiértékelése soran nem talaltunk szignifikans kilénbséget a harom csoport
kozott. Ily mddon a kutatasi kérdésiinkkel kapcsolatban Ggy kdvetkeztethetiink, hogy nem
eredményez szamottevo kiillonbséget a tanulasi teljesitményben, ha nulla-, fél- vagy teljes-
interaktivitast alkalmazunk. Ez 6sszhangban van a korabbi kutatasokkal, abban az
értelemben, hogy kimutattdk, hogy mindhdrom tanmenet tipusnak megvannak az eldnyei,
illetve hatranyai és ezek az eredmények 0sszecsengnek Byrne és tarsszerzéi (Byrne,

Catrambone, and Stasko 1996) nevéhez fiiz6d6 meta-analizis vegyes eredményeivel.

Mivel az eldtesztelés soran 0sszeségében nem talaltunk szignifikans kiilénbséget a
kiilonboz6 csoportok kozott, megvizsgaltuk a tanulok utdteszten elért teljesitményét az

elzetes programozasi tapasztalatok fliggvényében is.
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Azoknal a tanuldknal, akik nem rendelkeztek el6zetes programozasi ismeretekkel (0 évet)
vagy csak nagyon keveset (1-2 évet) tanultak programozast, az eredmények linearis
novekedését tapasztaltuk az interaktivitas novekedésének fiiggvényében (44%, 47%, 64% - 0

év programozas; 46%, 51%, 58% - 1 vagy 2 év programozas) (T3.1 tézis).

A haladok (3 vagy 4 év tanultak programozast) eredményeit nem befolyasolta a tanulas
interktivitasi szintje (T3.2 tézis) (4. abra).

100
90

Kezdé Kodzéphaladd Haladé

Gl mG2 =G3

4. dbra: A 3 programozasi szinten levd didkok erdeményei az utdteszt soran, csoportonként

Annak ellenére, hogy az el6tesztelés soran a fiuk valamivel jobban teljesitettek mint a
lanyok, az utotesztelésen, azoknal a csoportokndl, ahol a tanitas interaktivan zajlott, a lanyok
eredményei a filk eredményei a folé kerekedtek (5. abra).
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5. abra: Az eldteszt és utoteszt eredmeényei nemenként csoportokra lebontva

Az 1 vagy 2 év programozasi ismerettel rendelkezd tanulok valaszait a kérdések tipusa

szerinti felbontasban is megvizsgalva, a kovetkezd eredményekhez jutottunk:

A 7-8. kérdések az algoritmus egy-egy adott pontjan térténé mitvelethez
kapcsolodtak. Itt azok a tanuldk értek el szignifikdnsan jo eredményeket, akik ,,%
interktivitassal” tanultak, vagyis elére nem ismert idépillanatokban kellett
bekapcsolddjanak a vizualizacidba és ez meghozta gylimélcsét. Ebben az esetben
azok a tanuldk teljesitettek a legrosszabbul, akik teljes, ,,1 interaktivitassal”
tanultak.

A 9-12. kérdéseknél, amelyek szintéziskérdések voltak, azok a tanulok, akik
ugymond zavartalanul el tudnak mélyilni az animaciés folyamatban (,,0
interaktivitas”) valamint azok, akik csak bizonyos kulcsmomentumokban voltak
felkérve, hogy kapcsolodjanak be a vizualizacios folyamatba a tanulas alatt (,,1/2
interaktivitas”) szignifikansan jobb eredményeket értek el a teljes, ,,1

interaktivitassal” tanuld didkokkal szemben (T3.2 tézis) (6. &bra).
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6. abra: Az 1-6., 7-8., 9-12. kérdések valaszai az 1 vagy 2 évet tanultak esetén
Megjelent publikaciok
Idegen nyelvii konferencia kézlemény [5]
4. Tanéri kérdéssorok algoritmus vizualiziciés kérnyezetekben
TEZISEK
A kutatasi eredmények az alabbi kovetkeztetéshez vezettek:

[T4.1] A tanér altal irdnyitott kérdés-felelet megbeszélésnek donté szerepe lehet az

algoritmusvizualizaciés kornyezetekben rejlé potencidl teljesebb kiaknazaséaban.
A Kutatas

Ebben a kutatashan azt vizsgaltuk, hogy mi lenne a tanar szerepe egy olyan online tanulési
kdrnyezetben, mint amilyen az AlgoRytmics platform is. Arra 8sszpontositottunk, hogy
miként jarulhat hozza a tandr a kdrnyezetben rejlé potencial jobb kiaknazasahoz azaltal, hogy

lgyesen kérdez.

A sajat tapasztalataink és kollegaink visszajelzései is azt hangsulyozték, hogy a didkok,
amennyibe magukban hasznaljak az AlgoRythmics kornyezetet, csak részlegesen tudjak
kiaknazni a potencialt, amit magéaban rejt. Példaul azok a definicidk, amelyek probaljak kordl
irni a szamitdgépes gondolkodéas fogalmat, hangsullyozzak, hogy fontos, hogy a tanulék a

tanulméanyozott algoritmusok hatékonysag-vizsgélataban is elmélyiljenek (Shute, Sun &
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Asbell-Clarke, 2017). Egy diak, aki igymond autodidakta médon hasznélja a kdrnyezetet,
hatékonysagi szempontokra. Viszont egy vegyes oktatasi kornyezetben (,,blended learning”),
a tandr ra tudja vezetni a tanuldkat e szempontokra (Arthur C. Graesser, Natalie K. Person,
1994”). Persze fontos, hogy ne sériiljon az aktiv tanulas elve, és a tanar megmaradjon
iranyitoi szerepkorében azaltal, hogy tAmogatja a diakot, hogy egy adott iranyba
gondolkozzon, és olyan tartalmakat is érzékeljen, amire magat6l nem igazan jonne ra
(Guzdial & Tew, 2006).

Egy hatékony mddja annak, hogy a tanar gy serkentse a diakot, hogy kézben megmaradjon
az aktiv tanulas élménye az lehet, ha a tanar iigyesen kérdez. Régt6l fogva elismert a
kérdések érteke az oktatdshan. Természetesen a kérdéseknek, hogy valdban elérjék céljukat,
jol atgondoltnak kell lenniiik, és az sem mindegy, hogy milyen sorrendben tessziik fel ezeket
(Tofade, Elsner, & Haines, 2013).

A kutatasra a 2017-18-as tanév elején kerllt sor. A kisérletben, ez esetben is, minden
els6éves, realszakon tanulé hallgatot bevontunk (181 didk, 13% lany). A résztvevoket annak
alapjan soroltuk csoportokba, hogy hany évig tanultak programozast a k6zépiskolai
tanulmanyaik alatt: A-csoport (0 évet tanultak, 27%); B-csoport (1 vagy 2 évet tanultak,
25%); C-csoport (4 évet tanultak, 48%). Az B-csoport esetében a kdzépiskolai tanterv kitért a
két alapvet6 keresési algoritmusra (linearis és binaris), illetve tartalmazta néhany négyzetes
idébonyolultsagi rendezési algoritmus vizsgalatat, alapszinten. Ily mddon, ezek a
bonyolultsag fogalma Gj volt szamukra. Azon csoport tagjai, akik 4 évet tanultak (C-csoport),
az algoritmusok stratégiaja mellett, bonyolultsagi fogalmakkal is megismerkedtek a
kozépiskolaban.

A kisérletiink els6 szakaszahoz az A-csoportot tekintettlik kisérleti csoportnak, a B-t pedig
kontroll csoportnak. Kivancsiak voltunk ra, hogy megvan-e az AlgoRythmics kdrnyezetben a
potencial ahhoz, hogy az A-csoport didkjait felzarkdztassa a B-csoporthoz. A C-csoport,

ebbe az elemzésben, egyfajta masodlagos kontroll csoportként lett bevonva.

A kisérlet masodik és harmadik szakaszaban csak az A-csoport tagjai vettek részt. Arra
szamitottunk, hogy miutan e résztvevok elmélyiiltek az els6 szakasz kérdéseiben, és aktivan

részt vettek a masodik szakasz keretében zajlé megbeszélésen, a harmadik szakaszban
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szignifikansan jobban fognak teljesiteni, mint ahogy az els6 szakaszban tették (e két szakasz

megfeleld kérdései kapcsan).
Eredmények és kiértékelés

A haromszakaszos tanmenet soran a kérdések kétféle formaban is megjelentek. Az elsd és
harmadik szakaszokban a vizualizaciokhoz csatolt kérdésekben a résztvevék magukban
mélyulhettek el, a masodik szakaszban viszont egy tanar iranyitotta kérdés-feleletes

megbeszélés révén szembesiiltek a didkok a tanari kérdésekkel.

Az eredmények arra mutatnak, hogy az AlgoRythmics videdk elég kifejez6k ahhoz, hogy
amennyiben megfeleld kérdéseket tarsitunk hozzajuk, a didkok kikovetkeztethessék beldlik
a vizsgélt algoritmus stratégidjat. Mivel a harmadik szakaszban, egy 0j algoritmuson,
programozoi eldismeretekkel nem rendelkezd didkok szignifikdnsan jobban teljesitettek,
mint az els6 szakaszban, ez arra enged kovetkeztetni, hogy egy a masodik szakaszbeli
osztalytermi kérdés-feleletes megbeszélés jelentésen hozzajarulhat a diakok megértésének

elmélyitéséhez.

Megjelent publikaciok

Idegen nyelvi konferencia kézlemény [8]

3. Szamitégépes gondolkodas vizsgalata Kiilonb6z6 korosztalyu tanuloknal
TEZISEK

[T5.1] Ha egy oktatési rendszer nem fokuszal explicite a szamitdgépes gondolkodas
fejlesztésére, akkor a tobbi tantargyak jarulékos hozadékaként csak moderaltan fejlédik e

képesség.

[T5.2] Megfelelé modszerekkel és eszkozokkel mar elemi szinten -elsajatithatok a
szamitogépes gondolkodas bizonyos elemei (ugyanazon hatékonysaggal, mint felsébb
osztalyokban), mindkét nem esetében.

A kutatés

Ebben a kutatasbhan azt vizsgaltuk, hogy milyen mértékben névekedik a tanulok

szamitdgépes gondolkodasa egy olyan oktatési rendszer révén, amely nem 6sszpontosit
explicite e képesség fejlesztésére. Azt is igyekeztiink felmérni, hogy milyen mértékben
képesek elsajatitani, kiilonboz6 korosztalyu tanulok, egy szamitogépes algoritmust (egy

AlgoRythmics vizualizacié segitségével).

15



Ahelyett, hogy egy altalanos szamitdgépes gondolkodas tesztet alkalmazzunk, mint példaul
amelyet Roméan és munkatarsai (2018) dolgoztak ki, inkabb Ggy déntéttink, hogy Ugy
mérjlk le a didkok szamitogépes gondolkodasat, hogy egy olyan feladattal szembesitjiik
Oket, melynek megoldasa feltételezi, valamilyen szinten, e képesség birtoklasat. Mivel a
szamitogépes gondolkodas fogalma az algoritmikus gondolkodas fogalmabol nétt ki, egy
olyan tanulési kdrnyezetet hozunk létre, amely hatterélil egy szdmitogépes algoritmus
(lineéris keresés) szolgalt. A feladat megszovegezésekor odafigyeltiink arra, hogy a 3.
osztalyos tanulok szamara is érthetd és érdekes legyen. Az alapelvet, amelyet figyelembe
vettiink, Comenius a kovetkez6képpen fogalmazta meg: ,,A gyermekekkel megtanithatok a
felnéttkor tevékenységei, csak gyermeki médon” (Comenius 1992: Pampedia, 1V.rész, ford.

Bollék Janos).

E kutatésra a 2018-2019-es tanév els6 félévében keriilt sor a Bolyai Farkas Elméleti
Liceumban, illetve a marosvasarhelyi Miivészeti Iskolaban. A kisérletet ugyancsak
haromszakaszosra terveztiik. Az elsé szakaszban igyekeztiik felmérni azt, hogy milyen szintli
lehet, az aktualis tanterviik eredményeként, a résztvevok szamitdgépes gondolkodasa, azaz
milyen mértékben éreznek ra a linearis keresési stratégiara. A masodik szakaszban (tanulasi
fazis) a tanulok megtekintették ezen algoritmus tanckoreogréafia abrazolasat. A harmadik
szakaszban a résztvevok olyan kérdésekkel szembesiiltek, amelyek feltarhattak, hogy

mennyire értették meg a vizualizalt algoritmust.

A kisérlet alanyai 3., 5., 7. és 9. évfolyamos tanulok voltak, 6sszesen 214 résztvevd (56%-a
lany). Mivel Romaniaban elemi szinten csak elméleti és mlivészeti szakirany létezik, ezért
esett a valasztas egy (e)Iméleti (E-iskola) és egy (m)iivészeti (M-iskola) iskolara. Nyolc
osztalyt vontunk be a kisérletbe, mindenik évfolyamrdl, mindkét iskolabdl, egyet-egyet.
Ezekre az osztalyokra, a kovetkezékben gy utalunk, mint 3E, 3M, 5E, 5M, 7E, 7M, 9E és
9M osztalyok.

Eredmények és kiértékelés

Az eredmények azt mutattédk, hogy a jelenlegi tanterv tantargyainak jarulékos hozadékaként
Iétezik egyfajta ndvekedés, de ez viszonylag lassu. Kétévenkénti eltolasban nem mutathat6
ki, viszont négyévenkéntiben igen. Egy érdekes észrevételiink, hogy gy tlinik, hogy a
mivészet iskola tanterve inkabb hozzajarul a didkok szamitogépes gondolkodasanak

fejlédéséhez, mint az elméleti iskolaé.

16



Egy tovabbi kovetkeztetése a jelen fejezetnek az, hogy megfeleld modszerekkel és
eszkozokkel a kiilonb6z6 korosztalyt didkok egyforman jol megtanithatdk olyan alapveto,
szamitogépes gondolkodashoz kapcsol6dé fogalmakra, mint amilyen a linearis keresési
algoritmus. Az eredmények azt is igazoltak, hogy e tekintetben nincs kiillénbség fitk és

lanyok kdzott (7. abra).
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7. dbra: A kérdésekre adott valaszok feldolgozasa nemenként

Megjelent publikaciok
Magyar nyelvii konferencia kézlemény [1]

Osszefoglalo

Az AlgoRythmics fejlesztés 2007-ben indult, viszont 2016-ban (j lenduletet kapott. Ekkortol

vagyok jdmagam is része a kutatocsoportnak, és a dolgozatban bemutatott kutatasok is azéta

zajlottak. Az els6 tanckoreografiakat 2011-ben tette kdzzé a kutatdcsoport. Ezek hat
szamitdgépes algoritmust illusztraltak: kivalaszto, besziro, buborék, Shell, 6sszefésiild és
gyors rendezés. A nemzetk6zi visszhang nagyon kedvezd volt, és rengeteg kérés érkezett a
kupac-rendezés vizualizaciojanak elkészitésére, illetve arra, hogy terjessziik ki a médszert
mas algoritmus csoportokra is. Az én feladatom volt, hogy f6szerepet vallaljak ebben.
Sikerult szdmos Uj elemmel gazdagitani az azéta sziletett négy Uj algoritmus abrazolast

(kupac-rendezés, linedris és bindris keresés, visszalépéses keresés a négy-kiralynd
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problémara). Példaul, az eléz6 videokban mindig egy-egy tancos képviselte a szamsorozat
elemeit, a kupac-rendezés illusztraciéban viszont tancos parok toltik be e szerepet. Egy
tovabbi (jdonsag ebben a videdban, hogy a szamsorozat egydimenzids abrazolasa mellett
megjelenik a kétdimenzids abrazolas is, hiszen a kupac Ggymond kinyilik binaris fava. Uj
tanc stilusokat vontunk be, ugyanis a linedris és binéris keresések flamenco tanccal, a
visszalépéses keresési algoritmus pedig balett koreografiaval van illusztralva. Az el6z6
kutatasok arra mutattak, hogy névelheti a vizualizacidk hatékonysagat, ha a szamsorozatok
»rejtetten vannak abrazolva”. Ennek kdvetkezményeként a linedris és binaris keresések

esetében a szamsorozatot képviseld lanyok csak a hatukon viselik a szamokat.

A kutatocsoport mar a kezdetektdl tudataban volt, hogy a tanckoreografia illusztraciok nem
helyettesitik az algoritmusok absztrakt animaciokkal val6 &brazolasat. Az is vilagos volt,
hogy ahhoz, hogy a vizualizaciokban rejlé potencial kelloképpen kiaknazhato legyen,
sziikséges egy megfeleld tanulasi kornyezetet épiteni koréjiik. Mar 2012-ben készilt egy
webes alkalmazas e célbdl, amely a videdk mellé szamitdgépes animacidkat tarsitott, és
lehetévé tette az ezekkel valo interaktiv tanulast. Ahogy késziiltek el az ajabb algoritmus
illusztraciok, ugy valt nyilvanval6vé, hogy az AlgoRythmics webes kdrnyezet is megujitasra
szorul. Néhany fejlesztés, amelyben kulcsszerepet vallaltam a kovetkezok: legyen
bedllithat6, hogy milyen interaktivitasi szinttel szeretné a kérnyezetet a felhasznald
hasznélni; nyljtson segitséget a kdrnyezet az algoritmus megértése, és a szamitdgépes kod
elkészitése kozt tatongd szakadék athidalasahoz; tegye lehetdvé a kdrnyezet a felhasznalok

teljesitményének méréset.
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INTRODUCTION

Nowadays it is commonly accepted that computational thinking (CT) is an essential mindset
for all students of the digital era. Although the phrase computational thinking was introduced
by Seymour Papert in 1980 (Papert, 1980), it was brought to the forefront of the computer
science (CS) education community only in 2006 by Jeannette Wing (Wing, 2006). Wing
describes CT as a formative skill on a par with reading, writing and arithmetic, and
emphasizes that everyone, not just computer scientists, would be eager to learn and use.
Since the concept of CT can be defined as the thought process involved in formulating
problems so that “their solutions can be represented as computational steps and algorithms”
(Aho, 2012), a natural way to address the “CT for all” issue is computing education for all.
For example, Echeverria, Cobos, Machuca and Claros (2017) emphasize that computing is a

skill required for any engineering field.

A possible approach to make computing education attractive for different category of
learners (including K-12 learners and non-CS majors) is contextualization (Guzdial, 2010).
For example, in the case of non-CS majors the context should be related to the major field of
the students. Since developing differentiated teaching—learning strategies may involve
substantial additional costs, some scholars have tried to find a context that is appealing to
most students. A promising candidate for this “common denominator role” could be arts
(Tew, McCracken, & Guzdial, 2005; Guzdial & Tew, 2006; Simon et al., 2010; Daily et al.,
2014; Wood, Muhl, & Hicks, 20186).

The AlgoRythmics (2019) learning environment was designed along this approach. Since
music and dance are relatively close to most young people, this environment visualizes ten
basic computer algorithms (searching and sorting) by professional dance choreographies
(folkdance, flamenco, ballet). The videos are also accessible by the AlgoRythmics (2011)
YouTube channel and they have got millions of views. Beside the motivating arts-science
combination, another advantage of the AlgoRythmics videos is that they activate multi-
sensory learning. In addition, the algorithms are illustrated by human movement. Recent
research results on the so-called human movement effect emphasize that observing human
movements (or producing our own body movement) can be cognitively beneficial (Castro-
Alonso, Ayres, Wong, & Paas, 2018).

The AlgoRythmics research group underline that they were aware from the outset that,

although videos can have their own strengths, they do not replace abstract animations, they

28



can only complement them (Katai, 2015). According to Katai, Toth and Adorjani (2014) it
was from this consideration that the AlgoRythmics environment (2011) was created in which

an interactive computer animation is associated to each video.

In conclusion it can be stated that AlgoRythmics platform is a multisensory, interactive e-
learning environment to promote the CT of different category of learners. The AlgoRythmics
project started in 2007, the first six video was created in 2011 and the first version of the
attached interactive learning environment was developed in 2012. | joined the research group
in 2016. Since then I had a leading role in the designing and implementing process of the
four new dance choreographies (linear and binary search, heap sort, and backtracking
algorithm for the four-queen problem) and | have been actively participating in the
developing process of the new version of the AlgoRythmics interactive web-application. All
the five studies that | am going to describe in the followings were implemented in this

renewed AlgoRythmics environment.
NEW RESULTS

1. Study 1: Schematic and human movement effect enhanced realistic algorithm

visualization

Teaching learning algorithms is an important issue in Computer Science education and
algorithms are central to computational thinking too (Denning, 2009). Turing (1950)
emphasizes that understanding thoroughly how computer algorithms work assumes that
learners are able to build “a clear mental picture of the state of the machine at each moment
in the computation”. Graphical visualizations that illustrate algorithms’ procedural behavior
are meant to support this internal building process (Kétai, 2014). Since algorithms are
dynamic processes, dynamic visualizations such as animation and video are increasingly
used in learning environments for studying computer algorithms (de Koning & Tabbers,
2011; Shaffer et al., 2010). In this study we investigated the relative effectiveness of

schematic animations and realistic videos in the context of algorithm visualization.
Schematic or/and realistic algorithm visualization

Instructional dynamic visualizations can be classified as schematic or realistic
representations (Nugteren et al., 2014). During the last decades some relevant studies (from
different fields of education) have focused on the relative value of these type of
visualizations (Denning, 2017; Nugteren et al., 2014; Scheiter, 2009). However, the topic of

algorithm visualization has been poorly researched from this perspective. A possible reason
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could be that computer algorithms are inherently abstract entities, which lack any tangible
real-world representation. Consequently, schematic animations are commonly used for
illustrating computer algorithms. On the other hand, there are representations, especially in
the context of unplugged CS education, that are closer to realistic visualizations. A relevant
example in this sense is the AlgoRythmics (2011) environment which includes realistic

dance choreography illustrations.

Prior studies that compared the effectiveness of these two types of visualizations conclude
that both types could have advantages depending on the learning outcomes that need to be
accomplished (Nugteren et al., 2014). For example, based on the coherence principle of
multimedia learning, a schematic animation may support learners in focusing on the
important aspects of the visualization because it contains less irrelevant/distracting elements
(Butcher, 2006; Mayer & Moreno,2003). On the other hand, according to Goldstone and Son
(2005), two benefits of realistic visualizations that might be extended to the AlgoRythmics
videos too are: (1) they can more easily be remembered (being more concrete); (2) they

promote intrinsic motivation (could be more appealing).
Human movement effect

Surprisingly, the studies that researched whether dynamic visualizations aids learners’
understanding of dynamic phenomena have reported mixed results (Ainsworth &
VanLabeke, 2004). The most commonly raised reason why animations are not found to be
consistently effective is their transient nature (Atmatzidou & Demetriadis, 2016; Grover &
Pea, 2013). However, interestingly, dynamic visualizations have been found to be
consistently superior to static visualizations when learning with animation involved human
movement (Castro-Alonso, Ayres & Paas, 2014). In this special case, it seems that the mirror

neuron system assists working memory in coping with transitory information.

Accordingly, a particular strength of the AlgoRythmics videos is that they illustrate the basic
operations of the algorithms by human movements. Recent research results emphasize that
observing human movements can be cognitively beneficial (Castro-Alonso, Ayres & Paas,
2014). According to Van Gog et al. (2009), this so-called “human movement effect” (HME)
(Paas & Sweller, 2012). enhances dynamic visualizations by counteracting the drawback

resulted from their transient nature.

The majority of the prior studies in the field of realistic versus schematic representations

report supporting evidence in the favor of schematic visualization. For example, Scheiter et
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al. (2009) analyzed learning settings that combined realistic and schematic dynamic
visualizations in the context of biology education. Results showed that participants from the
realistic+realistic (the same visualization presented in succession) condition performed
significantly worse than their colleagues from the other three conditions
(schematic+schematic, schematic+realistic, realistic+schematic). More recently, the authors
of the (Nugteren et al., 2014) study report similar results. They investigated the following
learning settings: schematic-only, realistic-only, sequential schematic+realistic, simultaneous
schematic+realistic. Again, the realistic-only condition scored significantly lower than the
other three conditions. These findings are in accordance with the statement Tversky,
Morrison and Betrancourt (2001) made that animations should contain minimal realism,
because even appealing realistic details may obstruct comprehension of the relevant

movements of dynamic visualizations.

But what if the realistic animation includes visualization of human movements (HME-
realistic)? Can they benefit from the HME to the point that they overcome (or be at least
equally as effective as) their schematic counterparts? This study focuses on this topic in the

context of the AlgoRythmics learning environment.

Schematic computer animations and realistic dance choreography videos, side by side,
in the AlgoRythmics environment

AlgoRythmics animations belong to the category of schematic dynamic visualization,
characterized by their coherent style. Any array to be searched or sorted is represented by a
series of rectangles. The two key operations (compare, swap) are illustrated consistently in
the same way and the elements that have reached their final position (in the case of sorting
algorithms) change their color. On the other hand, each dance choreography has unique
characteristics rooted in the diversity of the dance styles. A common feature is that the
number sequences are represented by dancers. In the case of linear and binary search
algorithms the cells of the arrays that store the numbers are represented by chairs with the
dancers sitting on them. In other videos these arrays are illustrated by graphical elements
added via a video editing software. The lack of a coherent style is also due to the compare

and swap operations each being illustrated by their own specific dance style.

Hoffler and Leutner (2007) in their meta-analysis in the field of “instructional animation
versus static pictures” make a distinction between representational animations (the topic to

be learned is explicitly depicted in the animation) and decorational animations (the primary
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instructional function of the animation is to motivate the learner) (Carney & Levin, 2002).
They found that animations are specifically superior to static pictures when the visualization
plays a representational role (the depicted motion in the animation explicitly refers to the

topic to be learned).

Based on this terminology we identified two types of realistic/artistic elements in the
AlgoRythmics videos: (1) decorational elements (specific costumes, music, male/female
dancers, etc.) and (2) representational elements (specific dance steps illustrating the key
operations of the algorithms). In accordance with this, we classified the potentially
distracting elements in two categories too: (1) decorational distractors and (2)
representational distractors. All decorational elements could be decorational distractors. We
are talking about representational distractors when realistic/artistic elements shadow the link
(the one to one relationship) between the key operations of the algorithm and the
corresponding dance steps. We were particularly interested in the influence these distracting
elements may have on the effectiveness of the AlgoRythmics videos.

Theses
In extension to the above literature review we report the following research results:

[T1.1] Students assigned to the “realistic condition” will not perform less well than their

counterparts from the “schematic condition group” (for example, because of the HME);

[T1.2] For the members of the “realistic condition group” it will be easier to distinguish
between the two algorithms (since as realistic visualizations, they can more easily be

remembered);

[T1.3] It is not so much the decorational elements, but rather the representational distractors
that can obstruct the comprehension of the relevant movements of the realistic algorithm

visualizations.
Details about the implemented experiment and the performed statistical analysis

Two algorithms were selected for this analysis: Bubble sort and Selection sort. Both
algorithms can be perceived as a succession of comparing and comparing+swapping
operations. During the Selection sort video the comparison operations are illustrated
consistently by the same dance steps (regardless whether, or not, they are combined with a
swapping operation). On the other hand, in the case of the Bubble sort video the combined

comparing+swapping scenes do not include clearly separable comparing and swapping
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phases. Because of this particularity we considered that the Bubble sort choreography

contains not only decorational but also representational distractors.

We chose the Pre-test/Post-test control group experimental design. The experimental group
(group-V) was presented with the realistic visualizations of the algorithms (dance
choreography (v)ideos) and the control group (group-A) with the schematic ones (abstract
computer (a)nimations). The study was conducted at the Sapientia Hungarian University of
Transylvania at the beginning of 2019-20 academic year. All the 160 first year students (aged
from 19 to 22 years) enrolled in science oriented programmes were invited to participate in

the experiment. Subjects were randomly assigned to the two groups.

We organized the pre-test during the first week of the school year. The pre-test assignments
were based on two, apparently CS free, tasks. The experiment took place during the second
week of the semester. After a brief introduction students were engaged in the following

learning-testing session (two learning and one testing phase):

e (phase-1) members of group-V/A were invited to watch the dance-

choreography/computer-animation of the bubble sort algorithm, and;

e (phase-2) members of group-V/A were invited to watch the dance-

choreography/computer-animation of the selection sort algorithm, and;

e (phase-3) both groups were invited to answer 13 questions (using the Socrative

classroom app) regarding each algorithm.

Statistical analysis was performed using R statistical software. We used ANOVA to check
whether the two groups had comparable prior knowledge at the beginning of the experiment.
Results showed that the two conditions did not differ significantly on prior knowledge
(group-V: 68%, group-A: 69%; F(1,114)=0.1, p=0.74>0.05). With respect to both algorithms
the post-test scores analyzed with ANCOVA. The independent variable was the instructional
condition (realistic vs. schematic visualization), and the dependent variable was the
corresponding post-test result. Prior knowledge (pre-test scores) was used as a covariate. We
found that while there were no significant differences in the Bubble sort scores (group-V:
65%, group-A: 68%; F(1,113)=0.78, p=0.37>0.05), in the case of Selective sort the
experimental group performed significantly better than the control one (group-V: 58%,
group-A: 45%; F(1,113)=9.52, p=0.002<0.05; partial 2 = 0.07).
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These results support our first hypothesis that group-V will not perform less well than group-
A. Although this result is contrary to previous studies, such as (Nugteren et al., 2014;
Scheiter et al., 2009), it is in line with recent results in HME (as detailed above). According
to Goldstone and Son (2005), a possible advantage of realistic visualizations is that they can
be remembered easier. In the case of AlgoRythmics videos it is not an exaggeration to state
that, because of the specific artistic elements, each dance choreography has a kind of
personality. To answer phase-3 questions (which alternated between the two algorithms)
participants had to recall and clearly separate the two sorting strategies in their mind. This
would be easier for group-V, which could explain why this group performed better than the
other on the second algorithm. Since the animations contained the same “decorational
elements”, group-A students could more easily confuse the two algorithms. This result,
according to our second hypothesis, emphasizes that one of the strengths of the

AlgoRythmics videos might be that they can more easily be remembered.

As a next step, we carefully analyzed students’ responses with respect to each question or
group of questions. With respect to our third hypothesis the results reveal that while the
HME may have the potential to compensate the distraction effect generated by the artistically
enhanced decorational elements, representational distractors may affect (adversely) the
effectiveness of realistic visualizations. This is plausible since these distracting elements may

directly affect the movements that illustrate the key operations of the algorithm.

In order to investigate whether males and females from the two groups (experimental vs.
control) performed equally well, post-test two way ANOVAs were conducted. The two
independent variables were the instructional condition (realistic vs. schematic visualization)
and the gender, while the dependent variable was students’ post scores. No interactions were
detected in the case of both algorithm (Bubble sort: p=0.91>0.05; Selection sort:
p=0.65>0.05). These results are consistent with those studies that indicate that there is no
significant correlation between gender and programming course outcomes (Ainsworth &
VanLabeke, 2004; Carney & Levin, 2002; Werth, 1986).

2. Study 2: Combining schematic and realistic algorithm visualizations

As described above, the so-called transient information effect seems a plausible explanation
of why animations are not so effective generally. An obvious response to this phenomenon
would be to watch the animation repeatedly. It may seem that in such learning settings the

overlap between the “select-process current information” and “remember-integrate previous
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information” phases of learning process would not be so critical. In the case of algorithm
animations/videos, for example, during the first viewing, learners might focus on how the
steps of the algorithm are visualized and then, during the second viewing, they could try to

comprehend the whole picture, the strategy that the algorithm applies.

On the other hand, there is evidence that simply repeating an information presentation (for
example, repeatedly reading or listening to the same text) will not necessarily foster better
learning (Fritz, Morris, Bjork, Gelman, & Wickens, 2000). The authors of the (Scheiter et al.,
2009) study also found that simply studying materials twice that included both verbal and
dynamic pictorial representations did not improve learning. However, these authors suggest
that repeated viewing would improve meaningful learning if the second dynamic
visualization stimulated students to engage in self-explanatory activities (Roy & Chi, 2005).
In the present research students were required to comprehend the strategy of the studied
algorithm, to realize a kind of whole picture phenomenon. In this situation the first viewing
can generate such a feeling of lack (in those students who only fragmentally understood the
algorithm) which then, during an immediate second viewing, could catalyze spontaneous

self-explanatory activities.

To reduce redundancy, repeated viewing can be replaced by multiple external representations
(MER). Ainsworth (2006) underlines that even isomorphic (informationally equivalent)
representations can support complementary processes. Background cognitive processes
behind learning with external representations are: understanding external representations,
forming internal representations and integrating them into a mental model (Gilbert, 2008).
Since different representations may complete each other, using multiple representations
usually results in more accurate mental models of the domain (Rau, 2013). Supporting
evidence in this sense, based on the Cognitive Theory of Multimedia Learning (Mayer, 2005)
and Cogpnitive Load theory (Sweller, van Merrienboer, & Paas, 1998), mostly focus on the
complementarities with respect to the sensory channels (auditory/visual) and/or the

modalities of the representations (textual/pictorial or iconic/symbolic) (Ainsworth, 2006).

By contrast, learning with multiple graphical representations (MGR) implies the same
symbol system. A possible side effect of this could be a cognitive overload in the pictorial
part of working memory (Mayer, 2005). However, much prior research has shown that if
they are used properly, MGR enhances students’ learning (Rau & Matthews, 2017). Key
factors in this sense are: students are able to (1) accurately interpret each individual

representation; (2) make connections among multiple representations (Ainsworth, 2006).
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This two-step task is not straightforward. According to Rau, Michaelis and Fay (2015),
while in “textual + graphical” settings the text could guide learners’ visual attention as they
process the graphical representation (based on an assumable text processing fluency), in the
case of “graphical + graphical” settings different graphical representations may share

incidental perceptual features, which could lead to challenging connection making processes.

Another important question is how to schedule different graphical representations. The
scheduling problem can be approached from the perspective the functional taxonomy of
multiple representations too, proposed by Ainsworth (1999). She identifies three functions:
complementary information and processes, constraining interpretation, deeper understanding.
With respect to the constraining function Ainsworth and VanLabeke (2004) state that a
familiar representation can support the interpretation of a less familiar one. Another way that
constraint can be achieved is when the inherent properties of a representation make
something explicit that is only implicit in the other representation. In the context of multiple
dynamic representations both aspects suggest the following ordering: familiar/simple/explicit
followed by less-familiar/complex/implicit. In other words, if two different dynamic
visualizations follow one another, then the first one should contribute to making students

more prepared for the interpretation of the second one.
Theses
In extension to the above literature review we report the following research results:

[T2.1] In case of repeatedly viewing the same visualization, HME enriched visualizations

(dance videos) are more effective than schematic representation (abstract animations).

[T2.2] We assumed that watching the schematic visualization first would help interpreting

the realistic one (cf. constraining function of MERs, Ainsworth, 2006) and, consequently,
would contribute to better learning outcomes than the realistic+schematic condition.

Accordingly, we hypothesized that the realistic-last conditions will outperform the
schematic-last

Details about the implemented experiment and the performed statistical analysis

The participants of this study consisted of 84 undergraduate students (14% females, which is
a typical percentage in the case of science programmes of the university) from the Sapientia
University (at beginning of school year 2018-2019). In order to create four “statistically

equivalent” groups we followed the below procedure: (1) students were sorted based on their
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prior knowledge test (pre-test) results; (2) student-i (i=1,2,...,84) was assigned to group-j
(j=1,2,3,4), where j = (i-1) MOD 4 + 1. In other words: group-1 included students placed 1st,
5th, 9th, ...; group-2 included students placed 2nd, 6th, 10th, ...; group-3 included students
placed 3rd, 7th, 11th, ...; group-4 included students placed 4th, 8th, 12th, ...

The pre-test evaluated students’ prior knowledge with respect to selection-sort and bubble
sort algorithms. Learning phase: As HME-realistic visualization we used the AlgoRythmics
video of the shell-sort algorithm; In the role of schematic visualization a very expressive
computer animation of this algorithm (New Media, 2013) was presented to students.
Evaluative phase: Participants were invited to answer 14 questions that aimed to reveal their

comprehension of the shell-sort algorithm (post-test).

After a brief introduction, all the 84 participants took the prior knowledge test (pre-test) in an
amphitheater. After the four groups had been formed they were invited into different
classrooms. To each of the groups one of the following conditions was assigned: schematic-
twice (group S-2, n=20), HME-realistic-twice (group R-2, n=22), schematic+ HME-realistic
(group S-R, n=21), HME-realistic+schematic (group R-S, n=21). Group S-2 watched the
schematic visualization twice (in succession). Group R-2 watched the HME enriched
realistic visualization twice (in succession). Group S-R watched the schematic visualization
first and then the realistic one. Group R-S watched the HME-realistic visualization first and
then the schematic one. Each group watched the visualizations from the laptop of the teacher,

using the video projector of the classroom.

We used ANOVA to check whether all conditions had comparable prior knowledge at the
beginning of the experiment. The post-test scores were analyzed with ANCOVA. The
independent variable was the instructional condition, and the dependent variable was the
post-test result. Prior knowledge (pre-test scores) was used as a covariate. Results suggest
that participants from the four conditions scored marginally different on the post-tests,
F(3,79)=2,61, p=0,057, partial n2 = 0,09. On the other hand prior knowledge was not
significantly related to post-test scores (F(1,79)=2,04, p=0,15, partial n2 = 0,025). Taking

into account our hypotheses we performed further analyses (ANOVA, planned contrasts):

Schematic vs. Realistic. Comparing the performances of groups S-2 (HMErealistic-twice
condition) and R-2 (schematic-twice condition) we found significant difference favoring the
realistic group: t(79)=2,24, p=0,027.
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Schematic+Realistic vs. Realistic+Schematic. Comparing the scores of groups S-R and R-S,

no significant differences were detected: t(79)=1,56 ns.

Repeated vs. combined watching. Comparing participants’ scores from groups S-2 and R-2
with the scores of their colleagues from groups S-R and R-S, no significant differences were
detected: t(79)=1,11 ns.

Schematic-first vs. Realistic-first. Comparing participants’ scores from groups S-2 and S-R
with the scores of their colleagues from groups R-2 and R-S, no significant differences were
detected: t(79)=0,48 ns.

Schematic-last vs. Realistic-last. Participants who watched the realistic visualization last
performed significantly better than those ones who finished their learning session with the
schematic visualization (groups S-2 and R-S vs. groups R-2 and S-R): t(79)=2,69, p=0,008.

We hypothesized (hypothesis-1) that visualizations involving human movement will
overcome the schematic-only condition (because of the HME). The above presented results
support this assumption only partially. Group R-S (despite the fact that the corresponding
condition involved HME) attained the lowest score. On the other hand, group R-2
(HMErealistic-twice condition) performed significantly better that group S-2 (schematic-

twice condition).

Our second hypothesis was that combined visualizations would support learning better than
repeatedly watching the same visualization. The results of this study are consistent with the
findings of the (Scheiter et al., 2009) and (Nugteren et al., 2014) studies. We also failed to
show benefits associated with combining schematic and realistic representations of dynamic
processes (apparently, contrary to what the literature on learning with MERS suggests). This

suggests reciprocal advantages/disadvantages of both conditions.

We assumed, based on the constraining function of MERs (Ainsworth, 2006), that
schematic+HMErealistic condition will outperform the HMErealistic+schematic condition
(hypothesis-3). Although group S-R performed better than group R-S (65% vs. 57%) the
difference was not statistically significant. This is in line with the results reported by the
authors of the (Scheiter et al., 2009) study. It seems that the constraining function of MERs
was not strong enough to balance the required processing resources for interpreting this

specific realistic visualization and connecting it to the schematic one.
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Since we assumed that deeper understanding of the algorithm will occur during the second
viewing, another outcome-variant we predicted was that the realistic-last conditions will
outperform the schematic-last ones (hypothesis-4). Results confirmed our expectation. A
possible reformulation of this hypothesis is that to benefit maximally from this specific
HMErealistic visualization, students need either a previous viewing of it or a previous

watching of an isomorphic schematic presentation of it.
3. Study 3 Interactivity in AV environments
Theses

Considering these, in this study we focused on three different levels of interactivity on which
we found both pro and contra opinions. In extension to the above literature review we report

the following research results:

[T3.1] Interactive visualizations can benefit beginner (no prior programming knowledge) and
intermediate (1-2 years of programming) students’ results. Advanced (3-4 years of
programming) students can understand the main concepts of the algorithm, regardless of the
type of representation.

[T3.2] There is no significant difference between boys and girls.

[T3.3] There is a similarity between the learning style and question style. Full interactivity

(C group) is a disadvantage in case of complexity questions.
Details about the implemented experiment and the performed statistical analysis

This study contains three phase experiment: pre-test, learning phase and post-test. The
participants of this study consisted of 137 (14% girls) undergraduate students of 2019/2020
academic year. We identified 3 categories in which students were enrolled according to their
prior programming experience: No-prior knowledge (NP: 0 years of high school
programming experience) students, Basic-prior knowledge (BP: 1 or 2 years of high school
programming experience) students and High-prior knowledge (HP: 3 or 4 years of high
school programming experience) students. Students from each category were randomly
assigned to the three groups G1 (0 interactivity), G2 (1/2 interactivity) and G3 (1
interactivity).
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Results by prior programming knowledge and the level of interactivity — Post-test
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We conclude that in case of beginner and intermediate students less interactivity can lead to
better results, or at least to a consistent growth. It can be also observed, that full interactivity
eventuates lower performance for all type of students. While HP students did their best in
case of G1 group, both NP and BP students reached their maximum results in case of G2
group. Although these results are contrary to previous studies, which mentioned that
interactivity is better to use in case of advanced students, it can be seen that both NP and BP
students from G2 group performed well, which means that half interactivity was for their
benefit. In contrary to our previous result, this emphasized that despite of the prior

programming knowledge, with this learning opportunity, beginner students can also perform

pretty well.
Q7-8 and Q9-12 by course type — BP students
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In case of Q7-8 questions students from both G1 and G2 performed better, and in case of Q9-
12 questions significantly better than their colleagues from G3 group. This also supports our
fourth hypothesis, which declared that there is a similarity between the learning style and

question style.

4. Study 4: The role of tutorial question asking in algorithm visualization

environments

Previous research on the AlgoRythmics environment concentrate mostly on the potential the
dance choreographies (supplemented with animations) incorporate to support different
categories of students in understanding the strategy of the algorithms (Katai, 2014a, 2014b,
2014c, 2015). Other characteristics of these studies are that the authors analyze only self-
paced learning sessions and the examined learning environments supplement the viewing of
the dance choreographies (and the attached animations) with the interactive orchestration of
the algorithms. For example, the (Katai, 2015) study focuses on science versus humanities
oriented undergraduate students and concludes that active involvement plays a crucial role in
supporting the humanities-oriented students in assimilating the strategy of the studied
algorithm. In addition, the above referred studies do not investigate if students are able to

build on the knowledge they have acquired.

In this study we analyze a learning setting built around AlgoRythmics videos where the
principle of active involvement is implemented by question asking (with and without teacher
guidance). Beside prior research in the field, our experience with these videos (as CS
teachers) also inspired us, since we have observed that without teacher support the potential
these choreographies incorporate, as CT promoter tools, is only partially exploited. For
example, definitions often present the concept of algorithm efficiency as an important
component of CT (Shute, Sun, & Asbell-Clarke, 2017; CSTE, 2017) and this concept is
based on the best and worst case behaviour of algorithms. We have proposed to investigate
the following question: are these visualization (created for given inputs) expressive enough
to support students without prior knowledge in computing to imagine the best and worst case
behaviour of algorithms? The attached questions, beside supporting and guiding students’

thinking process, also help them focus on the domain-relevant aspects of the visualizations.
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Asking questions to support learning with visual representations

Besides its evident advantages, Guzdial (2010) draws attention to possible negative side
effects of contextualization. For example, overemphasizing a context can obstruct knowledge
transfer. Although the AlgoRythmics environment involves the context only at the level of
appealing decorative elements, the dangers of distraction still persist. Prior research shows
that the effectiveness of learning with visual representations critically depends on students’
ability to make sense of these educational materials (Wu & Rau, 2018). Several studies
conclude that effective instructional activities could support students in this sense
(Ainsworth, 2006; Rau, 2016). Without this support students often focus on irrelevant
surface features and fail to depict domain-relevant concepts (especially in the case of
decorative illustrations) (Wu & Rau, 2018).

Tutorial question asking could prove to be an efficient method of engaging students in
meaningful learning (Graesser & Person, 1994). Boyer et al. (2010) reports on the positive
results of asking effective questions to support students’ learning in a CS educational
context. These authors emphasise that the effective use of questions has the potential to
prompt students to engage in valuable learning behaviours that they might not otherwise
have undertaken. For example, it facilitates comprehension, encourages self-explanation, and
reveals incomplete or incorrect knowledge. According to Tofade, Elsner and Haines (2013)
using questions is an effective way to stimulate the recall of prior knowledge, promote
comprehension, and build critical-thinking skills. Well worded questions can stimulate
students to think about a topic in a new way. Effective teachers are able to formulate
questions to fit the cognitive level of students. Other characteristics of the effective use of
questions are: careful phrasing and word clarity; creating a psychologically safe

environment; appropriate sequencing and balance; properly calibrated wait time.

Accordingly, we sequenced the algorithms according to the principle of moderate-
progressive challenge: linear search, binary search, bubble sort (although bubble sort is not
the most intuitive sorting strategy, after being visualized, students usually realize its strategy
quite easily). The questions attached to each algorithm were also sequenced according to this

principle.
Theses

In extension to the above literature review we report the following research results:
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[T4.1] Blended learning has an important role in order to promote the development of

algorithm visualization environments.
Details about the implemented experiment and the performed statistical analysis
We designed the following three phase learning-testing session:

1. After a brief introduction participant were invited to watch and analyze the dynamic
visualizations of three algorithms (linear and binary search: dance video played twice;
bubble sort: dance video plus animation); After each visualization they had to answer

algorithm complexity questions;

(The visualizations helped students in realizing the strategies the algorithms apply; The
attached question-sequences guided them in imagining the best and worst case behaviour of

the studied algorithms);

2. By questioning (using additional leading questions) the instructor helped students

realize/discover the right answers to the phase-1 questions;

3. Students were presented with the phase-1 learning conditions again, but built around a
new algorithm (selection sort: dance video plus animation followed by algorithm complexity

questions).

We tested the effectiveness of this three-phase learning unit on first year engineering
students without any prior programming experience (experimental group). We anticipated
that

e (Hypothesis-1) participants would assimilate the algorithms at a satisfactory level, even
during the first phase of the learning session (as reflected in students’ answers to the phase-1

questions);

e (Hypothesis-2) phase-2 instructional intervention will contribute significantly to students’

understanding (as reflected in their answers to the phase-3 questions).

In order to have terms for comparison (with respect to Hypothesis-1) we involved, in our
phase-1 analysis, those first year students too (control group) who were already initiated on
the algorithms in question during their high school studies (according to their high school
curriculum they studied the strategies of the algorithms without any algorithm complexity
analysis). We expected that: (1) comparing phase-1 answers of the two groups would show

no significant differences (the environment will support experimental group students to catch
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up with their control group counterparts); (2) The experimental group’s phase-3 performance
would be significantly superior to their phase-1 performance (due to the phase-2 instructional

intervention).

181 first year undergraduate students (male: 87%) were involved in the experiment. Students
were grouped according to the number of years they had learned programming in high
school: group-0 (0 year, 27%); group-1/2 (1 or 2 years, 25%); group-4 (4 years, 48%). The
high school curriculum for group-1/2 included searching and quadratic sorting algorithms at
a basic level. Accordingly, these participants had already been introduced with the strategies
these algorithms apply, but time complexity related concepts (like best and worst case
behaviour) were new to them. The group-4 students had studied both the algorithms and
concepts of complexity. For the first phase of the experiment group-0 was the experimental
group and group-1/2 the control. We were wondering if the visual learning environment we
created had the potential to help group-0 students catch up with their group-1/2 counterparts.

(Group-4 was involved in this analysis as a kind of secondary control group).

Our analysis included the phase-1 answers of all the three groups, and comparison of the
corresponding phase-1 versus phase-3 answers of group-0. Interestingly, although students
from group-1/2 had studied all the three algorithms previously, they did not outperform
group-0 consequently. No significant differences were detected regarding the linear search
and bubble sort algorithms and the synthesis question. Moreover, in the case of bubble sort,
group-0 even outperformed group-1/2. The only significant difference (favouring group-1/2)
was detected with respect to the binary search algorithm, the least intuitive one. This result
partially supports our first hypothesis that the analysed learning environment has the
potential to initiate non-majors (without prior knowledge in programing) in computer

algorithms.

On the other hand, the fact that group-0 scored significantly lower than gropup-1/2 on the
questions attached to the least intuitive algorithm (binary search), and that both group-0 and
group-1/2 performed poorly relative to group-4, support our second expectation that without
teacher guidance the potential this environment incorporates can be explored only partially.
Comparing group-0 students’ phase-1 and phase-3 results strengthened us in this
observation. 57% of students realized that N(N-1)/2 swapping operations are needed for
selection sort if the input sequence is sorted in descending order (worst case). This is a
significantly better result (t-test: p=0,05) than in the case of the corresponding phase-1
question (regarding the bubble sort algorithm).
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Phase-3 results emphasize the importance of the phase-2 discussion built around the phase-1
questions. Since the phase-3 learning environment was similar to the phase-1 setting, it is
plausible to assume that phase-2 discussion contributed considerably to students’ phase-3
performance. In addition, they performed better on the phase-3 algorithm, although the
tutorial question-asking from phase-2 was limited to the phase-1 algorithms. The fact that
students were able to extend their phase-1 comprehension to a new algorithm suggests that
phase-2 discussion helped students see beyond the specific examples. Accordingly, phase-3
results confirm the hypothesis that the AlgoRythmics environment, if complemented with
tutorial question-asking, could be an effective instrument in introducing students with no

prior knowledge, even with deeper CS concepts such as algorithm efficiency.

3. Study 5: Investigating young school students’ computational thinking ability across

grade levels

Over the last decade, continuous efforts have been made to bring computational thinking
(CT) closer to K-12 education and even to K-9 education. Two complementary
implementational approaches for the “CT for all” initiative is: (1) introducing new
computing courses, and (2) infusing CT into the existing courses (Roman-Gonzalez, Pérez-
Gonzalez, Moreno-Ledn, & Robles, 2018). For example, since 2014, Computer Science (CS)
has been mandatory for pupils in the UK from age five upwards (Brown, Sentance, Crick, &
Humphreys, 2014) and a growing recognition of the importance of CS education is
observable in other countries too (European Schoolnet, 2015). In addition, Mannila et al.
(2014) report on a survey distributed to K-9 teachers, aiming at revealing to what extent
different aspects of CT are already part of the current curricula in various European countries
and the U.S.

These focused endeavors implicitly suggest that current curricula do not contribute
sufficiently to the development of learners’ CT. Several studies emphasize that computing
students lack a variety of skills that programming ability would require (Ahadi, Lister, Lal,
Leinonen, & Hellas, 2017; Evans & Simkin, 1989; Simon, Chen, Lewandowski, McCartney,
& Sanders, 2006). On the other hand, since CT is a combined skill with cross-disciplinary
implications (Feaster, Ali, Zhai, & Hallstrom, 2014), one might conclude that even without
an explicit focus on CS education students’ CT might develop latently as they advance with
the current curriculum. For example, Lewandowski and his colleagues report on a series of
computing projects with the goal of identifying the commonsense knowledge beginners bring

to the study of CS (Lewandowski et al., 2010). While the majority of previous research
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focuses on assessing the CT level of certain age groups, the present study was motivated by
the following basic question: Is there any detectable incidental progress in students’ CT
during their K-9 education? Instead of using one of the general CT tests proposed by
previous work in the field (Roméan-Gonzalez et al., 2018; Shute, Sun, & Asbell-Clarke,
2017), we chose to follow the same approach the authors of the above referred computing
project applied. More explicitly, we have focused on testing whether there are differences in
how 3rd, 5th, 7th and 9th grade learners (without any explicit prior experience with CT)

relate to a specific learning task that assumes a certain level of CT.

Considering that algorithms are central to CT (Denning, 2009), the learning environment we
created confronts students with “masked computer algorithms”. Learners are asked to
identify with a dancer who is looking for his match in a dancer sequence. We took into
account Denning’s (2017) recent reminder that algorithms must control some computational
model and step sequences that require human judgment should not be considered algorithms
in the context of CT. In line with this, Katai (2014) states that algorithm visualization
systems showing information that has extra meanings for learners may obstruct them in
following strict computer algorithms. Accordingly, the members of the dancer sequence wear
the numbers they represent on their back and the boy has to ask girls for a dance to realize
who is his match (the girl dancing the same choreography and wearing the same number). In
order to be able to perceive the differences in students' CT, the tasks included in the learning

environment assume different levels of abstracting (Roméan-Gonzélez et al., 2018).

In order to obtain an instrument accessible for 3rd grade students too, the testing tool we
attached to the learning environment was built on the linear search strategy. We attempted to
investigate CT ability by measuring to what extent students intuit the linear search algorithm
before viewing the AlgoRythmics video and how well they could assimilate the algorithm
they were introduced to. This algorithm includes the majority of those algorithmic elements
the CSTA standard suggests with respect to the 3-5 grade interval (CSTA, 2017).

We also took into account the definition Shute et al. (2017) gave to CT: “the conceptual
foundation required to solve problems effectively and efficiently (i.e., algorithmically, with
or without the assistance of computers) with solutions that are reusable in different contexts”.
They included in their CT model the following facets: decomposition, abstraction,
algorithms, debugging, iteration, and generalization. The assignments our testing instrument
incorporates aim to reveal these components. Accordingly, we assumed that students’ correct

answers to the tasks reflect their CT ability since these required them to decompose the
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algorithmic searching process into a succession of dances (representing comparisons) and to
iterate through the girl sequence until the boy meets his match. With respect to the
effectiveness and efficiency factor, some tasks are built around the concept of algorithm
complexity. These assignments assumed quite advanced abstraction since students had to
imagine and generalize the best- and worst-case behaviors of an algorithm that was presented

to them, as a dance choreography, only for a single specific input.
Theses
In extension to the above literature review we report the following research results:

[T5.1] The rate and pace of CT growth depend on the nature of the current curriculum (Arts

vs. Theoretical schools).

[T5.2] We propose a new testing tool (built around the linear search dance choreography that
was recently added to the AlgoRythmics collection) for providing some measure of the CT
skills of young school students. We have examined the pace at which some CT skills of
young students (girls vs. boys from Art vs. Theoretical schools) latently develop as they
advance with their current CS free curriculum. We have investigated the extent to which

students of different ages can assimilate a basic computer algorithm (linear search).

Details about the implemented experiment and the performed statistical analysis

The main research question we addressed is: are there any detectable differences in how 3rd,
5th, 7th and 9th grade learners (without any explicit prior experience with CT) relate to

learning tasks that assume a certain level of CT? More specifically:

e What is the pace of the potential CT growth? (RQ-1)

e Does the rate and pace of CT growth depend on the nature of the current curriculum (Arts
vs. Theoretical schools)? (RQ-2)

e To what extent can students of different grade levels assimilate a basic computer
algorithm (linear search) (RQ-3)

e To what extent are there signs of advanced CT at different grade levels? (RQ-4)

e Does the rate and pace of CT growth depend on the gender of the learners? (RQ-5)

The participants of this study consisted of 214 students (56% girls) from two public schools
with a good reputation in their region. Since at the elementary level there are only theoretical

(T) and art (A) specificities, the involved schools have these orientations (School-T and
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School-A). Eight classes of grades 3, 5, 7, 9 were invited to participate in the experiment, at
each level one class from both schools: classes 3T, 3A (music), 5T, 5A (fine-arts), 7T, 7A
(fine-arts), 9T, 9A (fine-arts).

The testing process included six consecutive tasks (1, 2.1, 2.2.1, 2.2.2, 2.3.1, 2.3.2). Some of
them referred to pictures presenting the girl sequence from behind and the boy with his
number on his chest. Using this method, we achieved that the students see both the number
the boy represents and the sequence the girls personify, but they are also able to perceive that
the girls’ numbers are invisible to the boy. Other tasks required students to imagine the best
and worst case behaviour of the algorithm by providing number sequences that assume a
minimal and maximal number of dances for the boy to find his match.

We performed the experiment during the first semester of the 2018/19 academic year. After a
brief introduction participant were invited to login to an online testing application (Socrative)
that included the items from Table 1. The testing sessions for all groups lasted about 30-35
minutes. In the remaining 10-15 minutes, we asked the students to interpret their answers
(verbal probing). Task-1 aimed to reveal to what extent students intuit the linear search
algorithm before viewing the AlgoRythmics video. The role of Task-2 was to reveal how
deeply students had assimilated the algorithm they were introduced to (by watching the
video). An important detail of Task-2 was that students had no possibility to indicate at

which end of the list their searching started.

Table 1. Questions and tasks the investigation procedure included.

Question-1 What is your gender? (male/female)
Question-2 How much do you like informatics? (1..10)
Question-3 How much do you love music and dance? (1..10)

Students were shown the picture, and they were asked to indicate the number
of dances required for the boy to identify his match. It was emphasized that he

Task-1 does not see the numbers the girls are wearing and had to invite each girl for a
dance to find out if she wears his number.
Subjects were invited to watch the flamenco dance choreography illustrating
Video the linear search algorithm. Since the algorithm unfolds quite slowly (because

of the choreography) the video was played at double speed. They were asked
to focus on the strategy the boy from the video applies.

Question-4 | How much did you understand (in your opinion) of the boy's method? (1..10)

Students were shown a picture with a girl sequence of length 10 (the girl
wearing the boys number was the 7th or 4th depending on the position
Task-2 2.1 | of the head of the list). They were asked again to indicate the number of
dances required for the bay to identify his match (it was emphasized that
they had to implement the same method the boy had applied).
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Students were shown the picture and they were asked to give two
number sequences of length 5 that require the minimal number (subtask
2.2.1) and the maximal number (subtask 2.2.2) of dances for the boy to

find his match.

2.2

Students were requested to generalize the algorithm for a girl sequence
2.3 of length x by giving the required number of dances for the best case
(subtask 2.3.1) and worst case (subtask 2.3.2) scenarios.

Table 2. All students’ Task-1 and Task-2 performance percentages (means and standard

deviations) grouped by grade level.

Task-1 Task-2 Tasks 2.1, 2.2
M (2.1,2.2.1,2.2.2,2.3.1,2.3.2) M(SD)
M(SD)
Grade 3 0.32 0.65 (0.18) 0.83(0.22)
Grade 5 0.43 0.80 (0.17) 0.84 (0.18)
Grade 7 0.56 0.80 (0.24) 0.85 (0.23)
Grade 9 0.67 0.79 (0.20) 0.89 (0.19)

Considering Task-1 (to what extent students intuit the linear search algorithm) scores of all
students of grades 3, 5, 7 and 9 from both schools (see Table 2) a gradual, but moderate
growth can be noticed. While differences associated with the two-year shifts (3-5, 5-7, 7-9)
were not significant, the four-year shifts resulted in significant increases (Fisher’s exact test:
shift 3-7, p=0,01<0,05; shift 5-9, p=0,01<0,05). To answer RQ-1 we can state that results
suggest that the implicit contribution of the current K-9 curriculum to students’ CT is
relatively low since significant increase could only be detected with respect to four years
shifts.

Investigating the two schools separately we found that, overall, students enrolled in art
programmes performed slightly better than their counterparts from theoretical school
(School-A: 53%, School-T: 46%; Fisher’s exact test: p=0,33>0,05). On the other hand, the
stages of growth differed significantly (see Figure).
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The number of years each class has been studying in the corresponding school: School-A (black),
School-T (white), other schools (grey).
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The most relevant comparisons from the perspective of the “Art versus Theoretical
programme analysis” are between classes 3A and 3T, 7A and 7T and the growth from grade
3A to grade 7A vs. the growth from 3T to 7T. Focusing on these pairs, we noticed that while
the growth from grade 3 to 7 was significant (32%) in School-A (Fisher’s exact test:
p=0,04<0,05) (mainly due to the increase from grade 5 to 7, 28%), in School-T it was
relatively small (17%). In addition, it can also be observed that Class 3A performed
considerable better than Class 3T (36% vs. 28%) and Class 7A performed substantially better
(68% vs. 45%; Fisher’s exact test: p=0,1) than Class 7T. These differences reveal that young
school students’ progress in CT could be affected by factors such as the educational
programme and also suggest that art education may have extra potential to contribute to
students' CT. This finding reminded us of those successful initiatives that combines arts and

CS education.

Students’ Task-2 performance can also be considered as CT measures since the role of these

assignments was to reveal to what extent they were able to extract the linear search algorithm
from the presented dance choreography. The Task-2 results (see Table 2) were analyzed with
ANOVA. Results suggest significant differences: F(210,3)=7,79; p=0,000<0,05; partial n2 =
0,1. As it can be discerned from Table 2, 3rd grade students (65%) were lagging behind their
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5th, 7th and 9th grades colleagues who performed equally well (80%, 80%, 79%). Analyzing
the responses of 3rd grade students, we noticed that they performed significantly lower than
their higher-grade mates in the case of Task-2.3.2 (only 12% of them answered X). This is
plausible since denoting an arbitrary value by a letter (for example x) is not an accessible

concept yet for this age level (Kramer, 2007).

After we had eliminated Task-2.3 scores from our analysis we repeated the ANOVA test for
students’ Task-2.1 and Task-2.2 performances. We were surprised to found no significant
differences among the four grade levels (F(210,3)=0,83; p=0,47>0.5). These excellent Task-
2 results (including the fact that lower grade learners managed to catch up with their higher-
grade counterparts) are in line with a considerable number of existing experiences
demonstrating that it is indeed possible to teach CS-based concepts successfully in primary

and secondary education (Gander et al., 2013).

As a next step, we compared students’ performance based on their gender. We found that
male and female participants performed equally well in all tasks. For example, Task-1 scores
of both male and female students was 49% and for Task-2 the corresponding results were
74% and 77%. These results are consistent with those studies that indicate that there is no
significant correlation between gender and programming course outcomes (Ahadi et al.,
2017; Byrne & Lyons, 2001; Werth, 1986). We also observed that despite the shoulder-to-
shoulder performance, boys rated significantly higher on questions 2 (How much do you like
informatics?) and 4 (How much did you understand the linear search method?) than girls.
This is also in line with previous research that identified female learners’ self-conceptions in
computing (e.g. self-efficacy) and their perceived lack of confidence amongst colleagues
(despite their obvious abilities and successes) as important factors which deter them from
entering, and staying, in academic computing (Ahadi et al., 2017; Stout & Tamer, 2016). As
we expected girls rated significantly higher on Question 3 (How much do you love music

and dance?).
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