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SPRAVA

Tato vyskumna sprava sa zaobera otazkou, akym spdsobom ovplyviiuje badatel'sky orientovana vyucba

rozvoj mikkych zrucnosti stredoskolskych studentov. Za tymto cielom sme sa zamerali na tri oblasti.
V prvej sme skimali, aky vyznam prikladaja $tudenti priprave na Turnaj mladych fyzikov (TMF) na
rozvoj svojich mékkych zrucnosti. V druhej sme zist'ovali, ako posudzuju vplyv pripravy na TMF na
rozvoj mékkych zruénosti svojich Studentov uitelia. Nakoniec sme hl'adali suvislost’ medzi tym, ako
Studenti hodnotili svoje mikké zru¢nosti, a vysledkom v badatel'skych aktivitach posudzovanym
medzinarodnym panelom odbornikov v kontexte medzinarodného TMF. Zhrnutim odpovedi na tieto tri
oblasti otazok dohromady mézZeme vyvodit,, ako pomaha badatel'sky orientované u¢enie rozvijat’ makké
zru¢nosti Studentov a nasledne aky je vplyv mékkych zru¢nosti Studentov na ich vykon v badatel'skych
aktivitdch. Data pre prvua oblast’ otdzok boli ziskané dotaznikovym Setrenim medzi 308 Studentmi, pre
druhu oblast’ potom rozhovory podl'a Sablony s 33 ucitel'mi, a pre tretiu oblast’ sme vysli z bodovania
794 odbornikov (u¢itelov SS a VS, a vedcov). Vysledky nasej analyzy je mozné zhrnut' do trinastich
odporaéani, ako rozvijat’ mikké zruénosti SS $tudentov. V dodatkoch (len v anglickom jazyku) potom
uvadzame podrobnosti o vSetkych nasich vysledkoch. V prvom dodatku st zhrnuté vysledky Setrenia
vplyvu beznej vyucby (v anglickych dodatkoch ako regular physics classes, RPC), pripravy na TMF
(YPT activities; tymto skratene budeme oznacovat’ ako vlastnt pripravu na TMF, tak ucast’ v stitazi), a
ostatnych sutazi (non-YPT activities; takto budeme sthrnne oznacovat’ ostatné fyzikalne sut'aze) na
rozvoj mékkych zrucnosti Studentov. V druhom dodatku s prezentované vysledky vysetrovania medzi
ucitel'mi o vplyve tychto aktivit na rozvoj mikkych zru¢nosti Studentov. V tretom dodatku potom
zhiname data z bodovania odbornikov a rozoberame ich vztah s rozvojom mékkych zru¢nosti
Studentov. Tato analyza bola vykonana ako sti¢ast’ dvoch diplomovych prac, ktoré tvoria samostatné
dokumenty, na ktoré sa budeme odkazovat’ ako na Dodatok B.

Rozvoj mikkych zrucnosti prostrednictvom badatel’sky orientovanej
vyucby v TMF — najdolezitejSie pozorovania a odporucania

I. Priprava na TMF podporuje rozvoj mikkych zruénosti

Studenti v naSom vyskume hodnotili pripravu na TMF ako prinosnu k rozvoju svojich méakkych
zrucnosti (pozri Dodatok 1.2.1). Hoci sme zaznamenali urcité odliSnosti v hodnoteni jednotlivych
makkych zruénosti, tak median hodnotenia prinosu pripravy na TMF bol na Grovni 4 na 5-stupiovej
Skale. VSeobecne povedané, tato vyskumna sprava tak ukazuje, ze badatel'sky zamerané aktivity (ako
kl'acovy prvok pripravy na TMF) vedua k rozvoju méakkych zruénosti §tudentov. Hodnotenie prinosu
pripravy na TMF k rozvoju jednotlivych skimanych makkych zru¢nosti je silne korelovany. Z toho
vyvodzujeme, ze priprava na TMF ma pre rozvoj mékkych zruénosti celkovo kladny vplyv.

Aj beznu vyucbu hodnotili $tudenti ako uzito¢nu pre rozvoj svojich méakkych zruc¢nosti. V presetrovani
sme zaznamenali podobné hodnotenie prinosu beznej vyuchy a pripravy na TMF; k podrobnej analyze
rozdielov sme preto pouzili Studentov t-test; aj jeho vysledky ukazuju iba drobné rozdiely v hodnoteni
prinosu. Iba v pripade ,,Debatnych zru¢nosti“ hodnotia $tudenti prinos pripravy na TMF lepSie ako pri
beznej vyuche. Pre vietky ostatné skiimané zruénosti neboli rozdiely Statisticky vyznamné (vyznamnost’
p <0,10).

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje suhlas s obsahom, ktory odrdza iba nazory autorov, a Komisia neméze
byt zodpovedné za akékol'vek vyuzitie informacii obsiahnutych v tejto publikécii.
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Pre ucitel'ov tieto zistenia znamenaju, ze priprava na TMF pomaha studentom k rozvoju ich méakkych
zruénosti a mala by preto dopliiat bezmii vyuchu. Navyse, aspoit pre niektoré $pecifické mikké
zruénosti, je priprava na TMF prinosnejsia ako beznd vyucha. Avsak data tiez ukazuju, ze Studenti v
priemere nepovazuju pripravu na TMF za vyznamne prinosnejsiu k rozvoju svojich makkych zruénosti.
Utitelia by preto mali §tudentom vysvetlovat, akym spdsobom priprava na TMF dopina beznii vyucbu.

Vysledky Studentovho t- testu rozdielu hodnotenia prinosu beznej vyucéby oproti priprave na TMF.

Zrucnost’ t daf | p

Timova préaca -0,845 | 97 | 0,400

Schopnost’ ziskavat’ a vyuzivat informécie | 1,145 | 92 | 0,255

Tvorivost’ 0,223 | 91 | 0,824
Prezentacné schopnosti -1,104 | 95 | 0,272
Debatné schopnosti -2,188 | 99 | 0,031
Angli¢tina 0,520 | 94 | 0,604

Poznamka: Zaznamy s vyznamnost'ou p < 0,10 sU zvyraznené tucne.

I1. Porovnanie hodnotenia prinosu pripravy na TMF a ostatnych sat’aZi

Studenti ako stéast’ vyskumu hodnotili tiez prinos ostatnych sifazi (bez d’aldicho rozliSenia sa tak
mohlo jednat’ napr. o Fyzikdlnu olympiadu, 1JSO, EUSO, SOC atd’.) k rozvoju svojich mikkych
zruénosti. Studenti veelku hodnotia prinos ostatnych sitazi dobre. Zistujeme, ze ostatné sitaze majl
obvykle silnejsi vplyv ako bezna vyuchba. Hodnotenie prinosu ostatnych sutazi je u méakkych zruénosti
lepsie, s vynimkou ,,Prezentacnych zrucnosti* a ,,Debatnych zrucnosti®.

Hodnotenie prinosu ostatnych sutazi k rozvoju méakkych zruc¢nosti je nutné vnimat’ s rezervou. Tieto
aktivity si Studenti volia sami, a mozu pre ne teda byt kladne zaujati. Aj takto mézeme v hodnoteni

) w7

chapat’ pozorovany vacsi prinos ostatnych sutazi v porovnani s pripravou na TMF.

Pre ucitel'ov tieto zistenia znamenaju, Ze priprava na TMF aj ostatné siitaze samozu vzajomne doplnat’,
Navrhujeme preto, aby ucitelia vo svojej beznej vyucbe posilnili badatel'sky zamerané aktivity a
podporovali pripravu na TMF. Navyse by mali uditelia tieto aktivity prepajat’ s dal$imi zaujmovymi
¢innost’ami, aby zabezpecili rozvoj vSestranny makkych zruénosti prostrednictvom oboch typov aktivit.

Vysledky Studentovho t-testu rozdielu hodnotenia prinosu TMF oproti ostatnym siut’aZiam

Zruénost’ t d.f. p

Timova préaca -3,946 92 0,000

Schopnost’ ziskavat® a vyuZivat’ informéacie | -6,046 90 0,000

Tvorivost’ -4,887 89 0,000

Prezenta¢né zru€nosti -1,273 91 0,206

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje suhlas s obsahom, ktory odrdza iba nazory autorov, a Komisia neméze
byt zodpovedné za akékol'vek vyuzitie informacii obsiahnutych v tejto publikécii.
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Debatné zru¢nosti -0,102 94 0,919
Angli¢tina -4,661 90 0,000

Poznamka: Vysledky Studentovho t-testu. Z&znamy s vyznamnostou p < 0,10 st zvyraznené tuénym
pismom.

I11. Badatel’sky zamerana vyucba stavia na existujucich makkych zruénostiach

Hodnotenie prinosu pripravy na TMF Studentov zavisi od poctu rokov do ich maturitnej skusky (pozri
Dodatok 1.2.2). V naSej regresnej analyze pozorujeme, ze Studenti maturitného a predmaturitného
ro¢nika hodnotia prinos pripravy na TMF lepsie ako mladsi Studenti; rozdiely nie su zistené iba pre
,» Timovu pracu® a ,,Angli¢tinu. Pre ostatné sutaze neboli obdobné rozdiely pozorované.

Tieto zistenia su eSte zaujimavejSie v porovnani, ako na pocte rokov do maturity zavisi hodnotenie
prinosu beznej vyucby. V naSej analyze totiz pozorujeme opacny trend: Studenti nizSich ro¢nikov
vnimaju beznu vyucbu ako prinosnejsiu ako Studenti maturitnych roénikov. Este viac je tak zdoraznené
vzajomné doplianie sa beznej vyuchy a pripravy na TMF.

Pre uditel'ov tieto zistenia znamenaju, ze priprava na TMF posobi ako vyvrcholenie vzdelavania
Studentov. Aby Studenti mohli z pripravy na TMF vyt'azit’ maximum, musia uéitelia Studentom zaistit’
dostato¢nu uroven zru¢nosti. Ucitelia by preto mali stavat’ na doteraj$ich mékkych (aj odbornych)
schopnostiach $tudentov, aby v najviac¢sej moznej miere rozvinuli ich mékké zru¢nosti v maturitnom
ro¢niku. Pre mladsich Studentov, ktori najskor maju slabsie zruénosti ako ich starsi spoluziaci, z toho
potom vyplyva, ze potrebuju silnej$ie vedenie ucitefom. Ucitelia by potom mali zabezpecit, aby
Studenti boli pri priprave na TMF dostato¢ne vybaveni, aby neboli zahlteni naro¢nost'ou tychto aktivit.
Takto sa aj mlad$im $tudentom podari vytazit’ maximum z pripravy na TMF.

Regresia hodnotenia prinosu pripravy na TMF v zavislosti od poétu rokov do maturity. Za
zakladnu hladinu je vzaté hodnotenie Studentov maturitného ro¢nika.

| Zruénost’ | Poéet rokov do maturity — 1 2 3 aviac R2
Timova préaca 0,086 -0,113 -0,239 0,017
Smerodajna odchylka 0,205 0,213 0,247
Vyznamnost' p 0,677 0,596 0,336
Schopnost’ ziskavat’ a vyuzivat’ informacie -0,024 -0,476 -0,498 0,053
Smerodajna odchylka 0,234 0,247 0,288
Vyznamnost p 0,919 0,057 0,086
Tvorivost’ -0,164 -0,493 -0,146 0,038
Smerodajné odchylka 0,220 0,236 0,275
Vyznamnost' p 0,458 0,039 0,596
Prezenta¢né zruénosti -0,029 -0,408 -0,108 0,036
Smerodajna odchylka 0,202 0,215 0,257
Vyznamnost p 0,886 0,060 0,675

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje suhlas s obsahom, ktory odrdza iba nazory autorov, a Komisia neméze
byt zodpovedné za akékol'vek vyuzitie informacii obsiahnutych v tejto publikécii.
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Debatné zru¢nosti 0,021 -0,310 -0,383 0,046
Smerodajna odchylka 0,183 0,192 0,228
Vyznamnost’ p 0,911 0,109 0,096
Angli¢tina -0,002 | 0,017 -0,271 | 0,015
Smerodajné odchylka 0,181 0,191 0,232
Vyznamnost' p 0,990 0,931 0,246

Poznamka: daje s hodnotami vyznamnosti p < 0,10 st zvyraznené tuénym pismom. Uvedené su tieZ
hodnoty spol'ahlivosti R: linedrnej regresie.

IV. Badatel’sky zamerana vyucba stavia na existujdcich fyzikalnych zruénostiach

V naSom vyskume sme pozorovali, ze §tudenti hodnotia prinos pripravy na TMF tym lepsie, ¢im viac
maju hodin fyziky tyzdenne (pozri Dodatok 1.2.3), s vynimkou ,,Prezenta¢nych zrucnosti“ a
»Debatnych zru¢nosti®. Hoci vysledky zavisia od konkrétnej mikkej zru€nosti, je zrejmé, ze Studenti
so Styrmi a viac hodinami fyziky tyzdenne hodnotia prinos pripravy na TMF najlep$ie. Rovnako je
hodnotend aj beznd vyucba: ¢im viac hodin fyziky, tym lepSie $tudenti hodnotia jej prinos. Pre ostatné
sutaze sme obdobny trend nepozorovali.

Pre ucitelov z tohto vyplyva, ze zakladné fyzikalne zrucnosti su dolezitymi predpokladmi pre d’alsi
rozvoj makkych zru¢nosti prostrednictvom pripravy na TMF. Inak povedané, studenti so solidnymi
zakladmi vo fyzike budt mat’ z pripravy na TMF najvacsi prospech aj z hl'adiska rozvoja svojich
makkych zru¢nosti. Toto nacrtava dve odporicania pre ucitelov na posilnenie prinosu badatel'sky
zameranej vyucby. Po prvé, ucitelia by mali pred rozjazdom pripravy na TMF zohladnit’ mieru
zrucnosti Studentov vo fyzike. Ucitelia moézu vyuzit' badatel'sky zameranti vyucbu predovsetkym v
intenzivnych kurzoch s pokrocilymi Studentmi fyziky, ktorym sa potom maikké zrucnosti najviac
rozvinu. Po druhé, ugitelia by mali zabezpecit', aby Studenti pred zapojenim do pripravy na TMF mali
dostatocné zrucnosti vo fyzike. V opa¢nom pripade hrozi negativny vysledok z dovodu, ze sa Studenti
budu citit’ pretazeni, ¢o sme uz diskutovali vysSie. Zaznamenavame aj kladny vedl'ajsi jav, kedy rozvoj
odbornych zrucnosti vedie aj k rozvoju zru¢nosti méakkych.

Regresia hodnotenia prinosu pripravy na TMF v zavislosti od po¢tu hodin fyziky tyZdenne. Za
zakladnu hladinu s vzaté odpovede Studentov bez pravidelnej vyucby fyziky.

L Zruénost’ | Pocet hodin fyziky tyZdenne 1 2 3 4 5 2 viac R2
Timova préaca 0,500 1,052 1,067 1,350 0,750 0,076
Smerodajné odchylka 0,654 0,507 0,518 0,530 0,580
Vyznamnost' p 0,446 0,040 0,042 0,012 0,198
Schopnost’ ziskavat’ a vyuzivat informacie 1,083 1,048 1,126 1,233 1,083 0,034
Smerodajné odchylka 0,773 0,600 0,614 0,627 0,686
Vyznamnost' p 0,164 0,084 0,069 0,052 0,117
Tvorivost’ 0,167 0,500 0,381 0,767 0,667 0,032
Smerodajné odchylka 0,720 0,559 0,573 0,584 0,638
Vyznamnost' p 0,817 0,373 0,507 0,192 0,299

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje suhlas s obsahom, ktory odrdza iba nazory autorov, a Komisia neméze
byt zodpovedné za akékol'vek vyuzitie informacii obsiahnutych v tejto publikécii.
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Prezenta¢né zru¢nosti 0,167 0,649 0,598 0,857 0,792 0,036

Smerodajna odchylka 0,675 0,524 0,536 0,546 0,598

Vyznamnost’ p 0,805 0,218 0,267 0,119 0,188
Debatné zru¢nosti -0,167 0,333 0,398 0,633 1,000 0,079

Smerodajné odchylka 0,601 0,466 0,476 0,487 0,525

Vyznamnost' p 0,782 0,476 0,405 0,196 0,059
Angli¢tina -0,083 0,648 0,770 1,000 0,917 0,092

Smerodajné odchylka 0,571 0,444 0,454 0,462 0,507

Vyznamnost' p 0,884 0,147 0,092 0,032 0,073

Poznamka: Gdaje s hodnotami vyznamnosti p < 0,10 st zvyraznené tu¢nym pismom. Uvedené su tiez
hodnoty spol'ahlivosti R: linearnej regresie.

V. Nedavna priprava na TMF posiliiuje rozvoj mikkych zru¢nosti

V ¢asti nasho vyskumu sme skumali, ako Studenti hodnotia prinos pripravy na TMF v zavislosti od
datumu svojej poslednej Gcasti v priprave na TMF (pozri Dodatok 1.2.4). Opytani mali na vyber z
moznosti ,,Nikdy“, ,,V tomto roku“, a ,,V minulych rokoch®. S vynimkou , Anglictiny* sme
nezaznamenali Ziadnu d’al§iu Statisticky vyznamnt zavislost'. Zda sa vSak, ze nedavna priprava na TMF
ma silnejsi vplyv ako priprava skor$ia. Obdobné spravanie pozorujeme aj v pripade hodnotenia prinosu
beznej vyuchby. S vynimkou ,,Prezenta¢nych zrué¢nosti* nase vysledky ukazuju, Ze prinos beznej vyucby
k rozvoju makkych zruénosti je vaési pre Studentov, ktori sa prave zacastnili pripravy na TMF, nez pre
Studentov, ktori sa priprave na TMF venovali skor. Mozné vysvetlenie je, Ze ucast’ v aktivitich ako
priprava na TMF posiliiuje motivaciu $tudentov k maximalnemu moznému zlep$eniu svojich miakkych
zruénosti aj pocas beznej vyuchy.

Z tychto zisteni vyplyva pre ucitelov, ze by mali badatel'sky zamerané aktivity do svojej vyucby
zarad’ovat’ pravidelne, a aj priprava na TMF by mala byt’ pravidelna. Studenti tak bud( nielen priamo
profitovat’ z pripravy na TMF, ale su¢asne sa pre nich umocnia aj prinos beznej vwucby. MozZe sa zdat,
Ze toto odportcanie trochu ide proti vysledkom o najvac¢som prinose pripravy na TMF v maturithom
ro¢niku. Obe zistenia v§ak mozno zIu¢it, ak si uvedomime, ze priprava na TMF v nizsich ro¢nikoch
mobze sluzit' ako investicia na dosiahnutie najvicSieho prinosu v ziskavani mikkych zru¢nosti v
maturitnom ro¢niku. Ako sme uz uviedli vysSie, tieto zistenia tiez ukazujl, ze Studenti predovsetkym
niz§ich ro¢nikov potrebujt na pripravu na TMF dobré vedenie, ktoré zamedzi nechcenym doésledkom
pre rozvoj ich mikkych zru¢nosti.

Regresia hodnotenia prinosu beZnej vyucby na datume poslednej ucasti v priprave na TMF. Za
zakladnu hladinu su vzaté odpovede $tudentov, ktori sa pripravy na TMF doposial’ nezacastnili.

| Zruénost’ | | Posledna priprava na TMF — v :;ili‘éjclﬁ(:h Tfon;o R2

Timové préaca -0,954 -0,954 | 0,078
Smerodajna odchylka 0,284 0,981
Vyznamnost' p 0,001 0,333

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje suhlas s obsahom, ktory odrdza iba nazory autorov, a Komisia neméze
byt zodpovedné za akékol'vek vyuzitie informacii obsiahnutych v tejto publikécii.
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Schopnost’ ziskavat’ a vyuzivat’ informacie -0,966 1,117 | 0,081

Smerodajna odchylka 0,295 0,982
Vyznamnost’ p 0,001 0,257
Tvorivost’ -0,856 0,298 | 0,060
Smerodajné odchylka 0,288 0,993
Vyznamnost' p 0,003 0,765
Prezentaéné zruénosti -0,406 1,209 | 0,024
Smerodajné odchylka 0,291 1,005
Vyznamnost' p 0,166 0,231
Debatné zruénosti -0,620 1,380 | 0,038
Smerodajna odchylka 0,320 1,065
Vyznamnost’ p 0,055 0,197
Angli¢tina -0,538 0,000 | 0,023
Smerodajna odchylka 0,300 1,033
Vyznamnost' p 0,074 1,000

Poznamka: Gdaje s hodnotami vyznamnosti p < 0,10 st zvyraznené tu¢nym pismom. Uvedené su tiez
hodnoty spol'ahlivosti R: linearnej regresie.

VI. Nedavna priprava na TMF umociiuje prinosy ostatnych stat’azi

Podobne ako vo vyssie uvedenej analyze, tu Studujeme rozdiely medzi tym, ako Studenti hodnotia prinos
ostatnych sutazi v zavislosti od ich poslednej ucasti na priprave na TMF (pozri tiez Dodatok 1.2.4).
Nase vysledky naznacuju, Ze Studenti, ktori sa na TMF pripravovali nedavno, hodnotia lepsie aj prinos
ostatnych sutazi. Aj tu moze byt vysvetlenie obdobné; priprava na TMF pravdepodobne motivuje
Studentov, aby si viac odnasali aj z ostatnych sutazi.

Je zaujimavé, Ze v nasich datach nepozorujeme podobny vplyv ostatnych sutazi (pozri Dodatok 1.2.5).
Ani v hodnoteni prinosu beznej vyuchy, ani v hodnoteni prinosu ostatnych sutazi sme nepozorovali, Ze
by sa nedavna Ucast’ v ostatnych sutaZiach prejavovala lep$im hodnotenim. Zda sa teda, ako keby sa z
ostatnych sutazi nedarilo prenasat’ zru¢nosti a motivaciu ani do beznej vyucby, ani do pripravy na TMF;
k prenosu zruénosti z pripravy na TMF pritom dochédza.

Pre uditel'ov tieto zistenia znamenaju, Ze priprava na TMF méa kladny vplyv na ostatné siitaze. Opaény
efekt — to znamena prinos ostatnych sutazi na pripravu na TMF — vSak nepozorujeme. U¢itel'om preto
odporacame, aby do pripravy na TMF zarad’ovali najmé Studentov angaZujucich sa aj v ostatnych
sutaziach. Utitelia tak Studentom umoznia rozvijat’ svoje méikké zru¢nosti nielen priamo pripravou na
TMF, ale aj nepriamo umocnenim vplyvu ostatnych siutazi.

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje suhlas s obsahom, ktory odrdza iba nazory autorov, a Komisia neméze
byt zodpovedné za akékol'vek vyuzitie informacii obsiahnutych v tejto publikécii.
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Regresia hodnotenia prinosu estatnych sut’aZi podPa datumu poslednej ucasti v priprave na TMF.
Za zakladnu hladinu si vzaté odpovede Studentov, ktori sa pripravy na TMF doposial
nezucastnili.

| Zruénost’ | | Posledna priprava na TMF — v :,TSQ:!?ZCh nglio R2
Timova préaca -0,609 0,622 | 0,057
Smerodajna odchylka 0,222 0,765
Vyznamnost’ p 0,007 0,418
Schopnost’ ziskavat’ a vyuzivat’ informacie -0,491 0,600 | 0,039
Smerodajné odchylka 0,229 0,730
Vyznamnost' p 0,034 0,413
Tvorivost’ -0,5627 -0,427 | 0,044
Smerodajna odchylka 0,220 0,673
Vyznamnost’ p 0,018 0,526
Prezentaéné zruénosti -0,5627 1,056 | 0,032
Smerodajna odchylka 0,296 0,983
Vyznamnost' p 0,077 0,285
Debatné zrué¢nosti -0,620 0,017 | 0,036
Smerodajna odchylka 0,280 0,892
Vyznamnost’ p 0,028 0,985
Angli¢tina -0,610 0,556 | 0,051
Smerodajna odchylka 0,237 0,787
Vyznamnost p 0,011 0,481

Poznamka: daje s hodnotami vyznamnosti p < 0,10 st zvyraznené tu¢nym pismom. Uvedené su tieZ
hodnoty spol'ahlivosti R: linedrnej regresie.

VII. Uditelia hodnotia prinos pripravy na TMF kladne

V druhej oblasti vyskumu sme zistovali, ako hodnotia prinos pripravy na TMF na rozvoj makkych
zrucnosti Studentov ucitelia. VSeobecne hodnotia ucitelia tento prinos vel'mi vysoko (hodnotenie 8 z
10, pozri Dodatok 2.2.2). Takéto hodnotenie je mimoriadne silné, zvlast ked’ uvazime, ze beznd vyucba
je hodnotena 5 bodmi z 10 (pozri Dodatok 2.2.1). Tieto rozdiely st potvrdené aj parovymi testami (pozri
Dodatok 2.3.1) a tykaju sa vSetkych skiimanych mékkych zru¢nosti.

Hoci tieto zistenia nasved¢uju prinosu pripravy na TMF k rozvoju mékkych zru¢nosti Studentov, je
mozné vzniest’ urcité namietky. Vyskumu sa zucastnili iba ucitelia, ktori uz skisenost’ s pripravou na
TMF maju. Musime preto zvazovat’, ¢i nie s vysledky prieskumu tymto smerom vychylené. Toto moze
vysvetlit’ rozdiely v hodnoteni prinosu pripravy na TMF u studentov (pozri Dodatok 1.2.1) a u ucitel'ov.
Zatial’ ¢o ucitelia hodnotili pripravu na TMF ako prinosnejsiu pre rozvoj vSetkych méakkych zruénosti,
Studenti ju lepSie hodnotili iba pre ,,Debatné zru¢nosti“. V dopliujucom rozbore (pozri Dodatok 2.5)
zistujeme, ako Studenti i uéitelia porovnavaju prinos beznej vyuchby a pripravy na TMF k rozvoju
méikkych zruCnosti Studentov. Zistujeme, ze uéitelia hodnotia pripravu na TMF vyznamne lepSie pre

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje suhlas s obsahom, ktory odrdza iba nazory autorov, a Komisia neméze
byt zodpovedné za akékol'vek vyuzitie informacii obsiahnutych v tejto publikécii.
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vsetky skimané mékké zruénosti. Naproti tomu hodnotenie Studentov je diferencovanejsie; priprava
na TMF je v lom vyhodnoten4 ako prinosnejsia iba u 4 zo 6 skimanych makkych zru¢nosti.

Pre ucitelov z tychto zisteni vyplyva, Ze by mali pravidelne sledovat’ rozvoj mikkych zrucnosti
Studentov pocas badatel'sky zameranych aktivit. Toto ucitelom pomoéze lepsie zhodnotit’, nakol'ko
prinos pripravy na TMF na rozvoj mikkych zruénosti §tudentov spiiia ich o¢akévania. Na druhej strane
tieto zistenia tiez napovedaju, ze by ucitelia mali Studentom prinos pripravy na TMF Kk rozvoju ich
mékkych zruénosti vysvetlovat’. Ak vysledky hodnotenia prinosu nie st dosledkom nereprezentativne;j
vzorky, zostava otazka, preco ucitelia vnimaju prinos pripravy na TMF ovela priaznivejsie ako Studenti.
Ucitelia by tak mali ziakov motivovat’ k priprave na TMF a mali by im vysvetlovat’, ze priprava na
TMF nie je oproti beznej vyuche zbytoéna, ale Ze ju uZitoéne dopliia.

Parové Studentove t-testy (prip. Wilcoxonove testy) rozdielu hodnotenia prinosu beZnej vyucby a
pripravy na TMF pre jednotlivé skimané mikké zru¢nosti.

Zruénost’ Test Statistika  df p
Timova praca Studentov -6,503 31 <0,001
Tvorivost’ Studentov -10,225 31 <0,001
Wilcoxonov 0 < 0,001
Debatné zru¢nosti Studentov -7,126 32 <0,001
Schopnost’ ziskavat a vyuzivat’ informacie  Studentov 7,742 31 <0,001
Wilcoxonov 0 < 0,001
Prezenta¢né zru¢nosti Studentov -6,040 32 <0,001
Angli¢tina Studentov -6,759 31 <0,001
9
= Timova praca - Tvorivost {1 Angli
) TF 7 B i \ T B i Mo T
c | w ] 1 b oo
[44]
s6F 2 Mg 4 k& . 41 FE o 8
% @ \é E m© 1 | ®© o zg
o - c = c Y D=
T2 ® =1 - m . - " m s> A
> © > © S 2
[ S 28 ] 2 S8 © L |
41 & NS 4 F & o - o , .
L a a2 1} a o T L]
3

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje suhlas s obsahom, ktory odrdza iba nazory autorov, a Komisia neméze
byt zodpovedné za akékol'vek vyuzitie informacii obsiahnutych v tejto publikécii.
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VIIL. U¢itelia hodnotia prinos pripravy na TMF lepsie ako ostatné siut’aZe

V ramci vyskumu hodnotili ucitelia tiez prinos ostatnych sutazi (bez d’alSieho rozliSenia sa tak mohlo
jednat napr. o Fyzikalnu olympiadu, IJSO, EUSO, SOC atd’.) k rozvoju mikkych zruénosti $tudentov.
Napriek drobnym rozdielom medzi jednotlivymi mékkymi zru¢nostami hodnotili ucitelia v priemere
prinos ostatnych sut'azi obdobne ako beznii vyucbu (hodnotenie 5 z 10, pozri Dodatok 2.2.3). Ked’ze je
toto hodnotenie nizSie ako pri priprave na TMF, porovnali sme uéitel'ské hodnotenie prinosu pripravy
na TMF a ostatnych sutazi medzi sebou. Podobne ako pri beznej vyucbe ucitelia uvadzali, Ze priprava
na TMF je pre rozvoj mikkych zru¢nosti Studentov vyrazne prinosnejsia nez ostatné sutaze (pozri
Dodatok 2.3.2).

Opét zdoraziiujeme, ze nereprezentativnost' vzorky uclitelov moéze viest k namietkam. Svojou
skusenost'ou a zapojenim do pripravy na TMF mozu byt osloveni ucitelia pre pripravu na TMF silne
zaujati. Avsak rovnaka namietka plati aj pre Studentov, ktori mézu byt kladne zaujati pre inl zo stt’azi,
ktort si sami zvolili (pozri Dodatok 1.2.1). Toto moze vysvetlit, preo ucitelia hodnotia prinos pripravy
na TMF ovela lepSie ako prinos ostatnych sutazi, zatial' ¢o hodnotenie Studentov bolo opacné s
vynimkou ,,Prezenta¢nych zru¢nosti* a ,,Debatnych zru¢nosti‘.

Pre ucitelov tieto zistenia znamenaju, ze by sa mali pravidelne venovat’ vyhodnocovaniu rozvoja
makkych zruénosti Studentov pri ich badatel'sky zameranych aktivitach. Navyse tieto zistenia tiez
ukazuju, ze ucitelia by mali kombinovat’ prinosy jednotlivych aktivit. Ani ucitelia ani Studenti by nemali
pripravu na TMF a na ostatné sutaze brat’ ako zamenné, alebo dokonca ako protichodné. Namiesto toho
by uéitelia mali usmeriiovat’ motivaciu o ostatné siitaze aj smerom k priprave na TMF. Studenti by
potom pripravu na TMF a ostatné sutaze mali vnimat’ ako vzajomne sa doplitujiice. Toto je ddlezité,
pretoze odpovede Studentov ukazuji potencial k synergii prinosov pripravy na TMF a ostatnych sutazi.

Parové Studentove t-testy (prip. Wilcoxonove testy) rozdielu ucite’'ského hodnotenia prinosu
pripravy na TMF a ostatnych sut’aZi pre jednotlivé skimané mikké zru¢nosti.

Zru¢nost’ Test Statistika df p

Timova praca Studentov -6,503 31 <0,001
Tvorivost’ Studentov -10,225 31 <0,001
Debatné schopnosti Studentov 0 <0,001

Schopnost’ ziskavat' a vyuzivat’ informacie  Studentov -7,126 32 <0,001

Prezentacné zruénosti Studentov -7,742 31 <0,001
Wilcoxonov 0 < 0,001
Angli¢tina Studentov -6,040 32 <0,001

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje suhlas s obsahom, ktory odrdza iba nazory autorov, a Komisia neméze
byt zodpovedné za akékol'vek vyuzitie informacii obsiahnutych v tejto publikécii.
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IX. Miikké zruénosti zlepSuju vykonnost’ Studentov

Upozornenie: V tejto casti sa vychadza z dat ziskanych pri doplnkovom Setreni vykondvanom vyhradne
na rakuskom TMF. Z tohto dévodu sa mierne lisi stupnica hodnotenia (1 — 3 miesto 1 — 5), a miesto
,, Tvorivosti *“ bolo sledované ,, Vedecké uvazovanie “.

S vyuzitim bodovania odbornikov v rakiskom TMF zistujeme jeho suvislost’ s vlastnym hodnotenim
urovne makkych zruc¢nosti Studentov (pozri Dodatok 3.3, hypotéza P.2). V prvom kroku pozorujeme,
ze Studenti, prisudzujuci svojim makkym schopnostiam vacsiu délezitost’, dosahuji vyssie bodovanie.
Aj ked tento vysledok moze byt predpojaty (o.i. iba Studenti s rozvinutymi makkymi zruc¢nost’ami ich
mozu povazovat' za dolezité), méze byt toto zistenie vyuzité na motivaciu. Ak povazuju Studenti svoje
mikké zrucnosti za dolezité, st motivovani ich d’alej rozvijat’ a dosiahnut’ tak vyssSiu urover.

V druhom kroku sme rozsirili rozbor o hl'adani stvislosti medzi vlastnym hodnotenim zrucnosti
Studentov a bodovanim porotcov. Po pripravnych aktivitach rakiskeho TMF 2020 bolo bodovanie

porotcov umerné vlastnému hodnoteniu Studentov u zruc¢nosti ,,Vedecké uvazovanie“, ,,Debatné
zru¢nosti* a ,,Anglictina®.

Vysledky regresného modelu, v ktorom vlastné hodnotenie tirovne studentov vystupuje (spolu s

ich vekom, rolou v stit’aZi a roku sut’aZe) ako nezavisla premenna, a bodovanie porotcov ako
premenna zavisla.

Nezavisla premenna kRegl_’e_sny Smerogiajné t p
oeficient odchylka

(Konstantny regresny koeficient) -8,86 1,41 -6,30 | 0,000
Rok sut’aze (0 = 2020, 1 =2021) 1,61 0,25 6,39 0,000
Rola referujuceho (0 = nie, 1 = ano) 0,26 0,12 2,07 0,039
Role recenzenta (0 = nie, 1 = ano) 0,67 0,15 4,57 0,000
Vek Studenta 0,27 0,07 3,87 0,000
Hodnotenie svojej ,,Timovej prace* 1,46 0,18 8,00 0,000
'liodnot’er}ie svojej ,,Schopnosti ziskavat’ a vyuZivat’ 1,99 023 8,69 0,000
informécie*

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje suhlas s obsahom, ktory odrdza iba nazory autorov, a Komisia neméze
byt zodpovedné za akékol'vek vyuzitie informacii obsiahnutych v tejto publikécii.
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Hodnotenie svojho ,,Vedeckého uvaZovania“ 0,58 0,18 3,15 0,002
Hodnotenie svojich ,,Prezenta¢nych zru¢nosti* -2,20 0,35 -6,31 0,000
Hodnotenie svojich ,,Debatnych zru¢nosti* 1,08 0,25 4,40 0,000
Hodnotenie svojej ,,Angli¢tiny“ -0,81 0,11 -7,52 0,000

Vysledky podobného regresného modelu po pripravnych aktivitach k rakaskemu TMF v roku
2020

Regresny | Smerodajna

Nezavisla premenna koeficient | _odchylka t P

(Konstantny regresny Kkoeficient) -2,42 1,67 -1,45 | 0,147
Rok sitaze (0 = 2020, 1 =2021) 1,22 0,21 5,73 0,000
Rola referujuceho (0 = nie, 1 = &no) 0,29 0,14 2,13 0,033
Role recenzenta (0 = nie, 1 = ano) 0,66 0,17 4,01 0,000
Vek Studenta 0,36 0,11 3,31 0,001
Hodnotenie svojej ,,Timovej prace* -0,14 0,19 -0,76 | 0,445
ﬁgg:ln?]gecr;;?‘ svojej ,,Schopnosti ziskavat a vyuZivat -0,01 011 -0,06 0,953
Hodnotenie svojho ,,Vedeckého uvaZovania* 0,47 0,23 2,09 0,037
Hodnotenie svojich ,,Prezenta¢nych zruénosti® -1,00 0,33 -3,07 0,002
Hodnotenie svojich ,,Debatnych zru¢nosti“ 0,48 0,26 1,87 0,062
Hodnotenie svojej ,,Angli¢tiny* 0,58 0,10 5,86 0,001

Pre uditel'ov z tychto zisteni vyplyva, Ze mikké zru¢nosti su pre Studentov dolezité, a ze ich ovladnutie
vedie k lepsim vysledkom. Ucitelia by sa tak mali zameriavat’ na rozvoj tychto mékkych zru¢nosti, aby
rozvijali aj odborné zrucnosti vo fyzike (ale aj v d’alSich oblastiach). Ako podstatny prvok rozvoja
zru¢nosti by sa mala uplatiiovat’ snaha ucitelov motivovat’ Studentov aj k rozvoju svojich mékkych
zruénosti. Podl'a zisteni z prvych dvoch Casti tejto spravy je na tento ucel priprava na TMF vel'mi
vhodnym pristupom, najméa ak bude kombinovana s d’al§imi fyzikalnymi sat'’azami.

X. Priprava na TMF posiliiuje badatel’ska vykonnost’

Upozornenie: V tejto casti sa vychddza z dat ziskanych pri doplnkovom vySetrovani vykondvanom
vyhradne na rakiskom TMF. Z tohto dévodu sa mierne lisi stupnica hodnotenia (1 — 3 miesto 1 —5), a
miesto ,, Tvorivosti ““ bolo sledovane ,, Vedecke uvazovanie“.

Dalej rozoberieme, akym sposobom vedecky vykon $tudentov posiliiuji pripravné kurzy na TMF (pozri
Dodatok 3.3, hypotéza S.1a). Za tymto uc¢elom porovname, ako hodnotenie mékkych zruénosti pred a
po raktskych pripravnych kurzoch na TMF ovplyvnilo vykonnost v badatel'sky orientovanych
aktivitach. V nasej $tadii pozorujeme, ze iba ,,Prezentaéné zru¢nosti“ boli pred pripravou lepsie. Zda sa
vSak, ze ,,Prezentaéné zrucnosti“ st trochu vynimoc¢né. Avsak pri vSetkych ostatnych skiimanych
mikkych zru¢nostiach doslo po priprave k zlepSeniu.

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje suhlas s obsahom, ktory odrdza iba nazory autorov, a Komisia neméze
byt zodpovedné za akékol'vek vyuzitie informacii obsiahnutych v tejto publikécii.
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Pre ucitel'ov to znamena, Ze pripravné kurzy na TMF posiliiuju vykon Studentov v badatel'sky zameranej
vyucbe. Podobne ako vysSie uvedené vysledky, aj tieto ukazuju, Ze sa rozvijaju aj mikké zrucnosti.
Ucitelia by preto mali Studentov k ucasti na pripravnych akcidch k TMF motivovat’. Tymto ucitelia
napomozu rozvoju mikkych zruénosti Studentov a ich uspechu v badatel'sky zameranej vyucbe.

Vysledky podobného regresného modelu (ako v predchadzajucej casti)

aktivitami rakuskeho TMF v roku 2021

Regresny | Smerodajna

pred pripravnymi

Nezavisla premenna koeficient | odchylka t P

(Konstantny regresny Kkoeficient) -5,87 2,66 -2,20 | 0,028
Rok sitaze (0 = 2020, 1 =2021) 0,36 0,15 2,48 0,013
Rola referujuceho (0 = nie, 1 = &no) 0,73 0,15 5,00 0,000
Role recenzenta (0 = nie, 1 = ano) 0,79 0,15 5,37 0,000
Vek Studenta -0,92 0,29 -3,21 | 0,001
Hodnotenie svojej ,,Timovej prace* -0,13 0,11 -1,17 0,244
i}rllgg:ln?‘gecr;;?‘ svojej ,,Schopnosti ziskavat a vyuZivat’ -0,03 0,27 -0.13 0,899
Hodnotenie svojho ,,Vedeckého uvaZovania* 0,74 0,41 1,81 0,071
Hodnotenie svojich ,,Prezenta¢nych zruénosti® 0,07 0,30 0,25 0,806
Hodnotenie svojich ,,Debatnych zru¢nosti“ -5,87 2,66 -2,20 0,028

Hodnotenie svojej ,,Angli¢tiny* —

XI. Pripravné aktivity k ucasti na TMF posiliiuju prinosy sut'aze

Upozornenie: V tejto casti sa vychadza z dat ziskanych pri doplnkovom Setreni vykondvanom vyhradne
na rakaskom TMF. Z tohto dévodu sa mierne lisi stupnica hodnotenia (I — 3 miesto 1 — 5), a miesto

., Tvorivosti *“ bolo sledované ,, Vedecké uvazovanie .

K rozboru vplyvu pripravnych aktivit k TMF na vysledky v sutazi budeme d’alej zistovat’, akym
spbsobom zavisi vysledok bodovania porotcov rakiskeho TMF na dobe strdvenej badatel'sky
zameranymi aktivitami (pozri Dodatok 3.3, hypotéza S.1b). Nase zistenia naznacuju, ze Studenti
venujuci priprave viac ¢asu maju aj lepSie bodovanie. Predpokladame, Ze tento vysledok stvisi aj s
rozvojom miakkych zrucnosti. Pripravné aktivity davaju Studentom prilezitost’ cvicit’ svoje mékké

zru¢nosti, ¢o sa potom ziro¢i vo vlastnej sut’azi.

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje suhlas s obsahom, ktory odrdza iba nazory autorov, a Komisia neméze

byt zodpovedné za akékol'vek vyuzitie informacii obsiahnutych v tejto publikécii.
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Vysledky regresného modelu zameraného na vplyv doby stravenej pripravou na TMF (iba
Rakusko)

Regresny | Smerodajna

Nezavisla premenna koeficient odchylka P

(Konstantny regresny koeficient) -5,77 0,97 -5,97 | 0,000
Rok sut’aze (0 = 2020, 1 =2021) 0,51 0,15 3,50 0,001
Rola referujtceho (0 = nie, 1 = ano) 0,34 0,14 2,52 0,012
Rola recenzenta (0 = nie, 1 =ano) 0,65 0,17 3,94 0,000
Vek studenta 0,66 0,06 11,88 | 0,000
Pocet hodin pripravy za mesiac 0,01 0,00 7,86 0,000

Je zaujimavé, Ze Studenti si st vedomi prinosov pripravnych aktivit. Na otazku, ¢i pripravné aktivity na
TMF pomohli rozvoju ich mikkych zrucnosti, bola priemerna odpoved’ naprie¢ vSetkymi makkymi
zruénostami 2,39 (v mierke 1 = trochu, 3 = vel'a). Vymykala sa iba angli¢tina s hodnotenim 1,70. Pre
ostatné mikké zrucnosti presahovalo priemerné hodnotenie hodnotu 2,0; pre ,,Vedecké uvazovanie a
»Debatné zrucnosti“ potom dokonca hodnotu 2,7.

Popisna Statistika hodnotenia rozvoja méikkych zruc¢nosti.

Zruénost’ Priemer S?ggﬁgﬁg;é Minimum Maximum tl;r(;fg\t
Timova praca 2,319 0,746 1,0 3,0 12
Schopnost’ ziskavat’ a vyuzivat’ informacie 2,319 0,533 15 3,0 12
Vedecké uvazovanie 2,750 0,405 2,0 3,0 12
Prezentaéni zru¢nosti 2,513 0,457 2,0 3,0 12
Debatné zruénosti 2,722 0,422 2,0 3,0 12
Angli¢tina 1,694 0,895 1,0 3,0 12
Rozvoj méakkych zru¢nosti vseobecne 2,386 0,379 1,8 3,0 12

Pre ucitelov tieto zistenia znamenaji, ze by mali vyznamni cast vyucby venovat badatel'sky
zameranym aktivitam. Takto sa automaticky podpori rozvoj mikkych zruénosti. Dalii ¢as venovany
pripravnym aktivitam na TMF potom umozni Studentom vylepsit’ sa aj vo vedeckom badani, ale aj s
tym bude spojeny d’al$i rozvoj makkych zruc¢nosti. Je mozné predpokladat’ aj efekty, ktoré budu tieto
vztahy vzajomne posilnovat. Zda sa, ze si Studenti ticto vyhody uvedomuji, ako sa ukazuje v ich
vyssSom bodovani v TMF. Ucitelia by preto mali toto kladné vnimanie Studentov vyuzit' v ich motivacii
na pripravu na TMF. Najlepsie tak, Ze tato pripravu prepoja aj s ostatnymi sutaZami. Nase vysledky z

prvych dvoch ¢asti tejto spravy naznacuji, Ze toto prepojenie pripravy na TMF a ostatnych sufazi ma
synergicky efekt.

XII. Vedecké uvazovanie, debatovanie a angli¢tina ako kI'i¢ové mékké zruc¢nosti

V sulade so zisteniami v praci Deep et al. (2019), bodovanie odbornikov ukazuje, Ze vedecké
uvazovanie, debatné zrucnosti a anglictina vedi v TMF k dobrym vysledkom (pozri Dodatok 3.3 a
niz8ie uvedené regresné koeficienty). Toto zd6raziiuje uzito¢nost’ pripravnych aktivit na dosiahnutie

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje suhlas s obsahom, ktory odrdza iba nazory autorov, a Komisia neméze
byt zodpovedné za akékol'vek vyuzitie informacii obsiahnutych v tejto publikécii.
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lepsieho bodovania na TMF. U ,,Vedeckého uvazovania“ a ,,Debatnych zru€nosti Studenti uvadzali, ze
pripravné aktivity zdsadne prispeli k rozvoju ich mékkych zru€nosti (pozri niz§ie uvedené regresné
koeficienty). Studenti stiéasne uvadzali, Ze povazuju tieto zruénosti za vel'mi doleZité pre umiestnenie
v TMF (pozri nizSie uvedené hodnotenie ich dolezitosti). Iba v pripade ,,Angli¢tiny* vSak pozorujeme,
Ze ju Studenti nepovazuju k uspechu na TMF za zasadnu, ani neveria, Ze by pripravné aktivity na TMF
ich angli¢tinu vyznamne vylepsili. Zatial’ ¢o toto moze naznacovat’ samo vypliujice sa proroctvo (t.J.
Studenti nepovazuju anglictinu za podstatnt, a preto nevnimaju, ako sa nim zlepsuje), moZze to znamenat’
aj medzeru v néplni pripravnych aktivit.

Pre hlbsiu analyzu sa vratime k vysledkom prvych dvoch ¢asti nasej analyzy (pozri Dodatky 1.2 a 2.2).
Tie ukazujt, ze prispevok k rozvoju ,,Debatnych zruénosti“ je vynimocne dolezity, pretoze tu Studenti
hodnotili vlastnil uroven pod priemerom vsetkych mikkych zru¢nosti (hodnotenie 3,65 oproti 3,92).
Studenti navyse podpriemerne hodnotili aj prinos beznej vyuchy k rozvoju svojich debatnych zruénosti
(hodnotenie 3,56 oproti 3,74). Pre ,,Anglictinu* vSak hodnotenie vlastnych zru¢nosti dosahovalo 4,13 a
prinos beznej vyuchy k zlepsovaniu angli¢tiny bol tiez hodnoteny vysoko (3,97). Vysvetlenie by mohlo
spocivat’ v tom, Ze z pripravnych aktivit na TMF §tudenti neziskali Ziadny novy jazykovy podnet. Toto
vysvetlenie vSak nesuhlasi s vySetrovanim medzi u¢ite'mi. Tito na rozdiel od $tudentov odpovedali, ze
zatial’ o bezna vyucba fyziky prispieva k rozvoju ,,Angli¢tiny* iba slabo (hodnotenie 4,04), tak prinos
pripravy na TMF je zasadny (8,07 s tym, Ze obe tieto hodnotenia st na §kale do 10).

Tieto zistenia maju pre ucitel'ov zasadné désledky. Po prvé odporucame, aby sa ulitelia zameriavali
predovsetkym na rozvoj ,,Vedeckého uvazovania®, ,,Debatnych zruénosti* a ,,Angli¢tiny*, ktoré makké
zrucnosti maji najsilnejsi vplyv na vykon Studentov v badatel'skych ¢innostiach. Po druhé, ucitelia by
mali vyzadovat' od Studentov spédtnii vdzbu, aby mohli zistit, preco pripravné aktivity na TMF
nerozvijaju ich angli¢tinu. Tato spitnd vizba moze bud ukazovat’ na ono samo vypliiujiice sa proroctvo,
alebo moéze ukazovat, ze pripravné aktivity na TMF by sa mali zmenit’ tak, aby podporovali aj
vylepSovanie angliCtiny. Po tretie, ucitelia by mali patrat’, preco iba 3 zo 6 skimanych mékkych
zrucnosti vylepsuji bodovanie v TMF. Pokial’ budu Studenti citit,, ze v badatel'sky orientovanej vyucbe
nemozu uplatnit’ vetky svoje makké zru¢nosti, moze to mat’ negativny vplyv na ich motivaciu k d’alse;j
praci na rozvoji tychto svojich zruénosti, ¢o moze viest' k dlhodobym neblahym dosledkom.

Prispevok Prispevok k

Nezavisla premenna K vykonu rozvoju Délezitost’
Hodnotenie svojej ,,Timovej prace* -0,14 2,319 4,250
Hodnotenie svojej ,,Timovej prace* -0,01 2,319 3,902
Hodnotenie svojho ,,Vedeckého uvazovania“ 0,47 2,750 4777
Hodnotenie svojich ,,Prezentaénych zruénosti -1,00 2,513 4,375
Hodnotenie svojich ,,Debatnych zru¢nosti* 0,48 2,722 4,736
Hodnotenie svojej ,,Angli¢tiny* 0,58 1,694 3,319

Poznamka: ,,Prispevkom k vykonu“ je mysleny koeficient mékkych zruénosti. ,,Prispevkom k rozvoju‘
je mieneny priemerny prispevok pripravy na TMF k rozvoju makkych zru¢nosti (8kala 1 — 3). ,,Vnimana
dolezitost™ potom znamena priemernt dolezitost,, ktorti Studenti priradili vplyvu kazdej z mékkych
zruénosti na bodovanie v TMF (skala 1 —5).

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje suhlas s obsahom, ktory odrdza iba nazory autorov, a Komisia neméze
byt zodpovedné za akékol'vek vyuzitie informacii obsiahnutych v tejto publikécii.
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XIII. Rozdiely medzi Statmi st podstatné

Ked'Ze nase data obsahuju odpovede Studentov a ucitel'ov z viacerych krajin, skiimali sme aj rozdiely
medzi jednotlivymi krajinami (pozri Dodatok 1.3 a 2.4). Pozorujeme, ze odpovede Studentov i ucitel'ov
sa medzi krajinami liSia. Lokalne prvky (ako vzdelavaci systém, u¢ebné plany, $tyl vyucby) ovplyviuj,
ako Studenti aj uc€itelia hodnotia rozvoj mékkych zru¢nosti prostrednictvom réznych pristupov. V zhode
s tymto pozorovanim tiez zistujeme, ze Studenti z réznych krajin hodnotia svoje mékké zrucnosti
odliSne.

Avsak rozdiely naprie¢ Statmi st tiez medzi hodnotenim Studentov a ucitelov. Zatial’ co u Studentov
zaznamendvame rozdiely medzi krajinami v hodnoteni prinosu pripravy na TMF u vsetkych skiimanych
makkych zru€nosti, u ucitel'ov pozorujeme rozdiely medzi krajinami iba pre ,,Schopnost’ ziskavat’ a
vyuzivat’ informécie®. A naopak, zatial' ¢o hodnotenie prinosu ostatnych sutazi ucitelmi sa medzi
krajinami li$i, tak v hodnoteni $tudentov rozdiely nezaznamenévame.

Pre ucitelov z tohto vyplyva, Ze ich vedenie pripravy na TMF mézZe vyzadovat vyraznejSie
prispdsobenie, nez povodne o¢akavali. Studentské hodnotenie prinosu pripravy na TMF sa medzi
krajinami liSilo, zatial ¢o hodnotenie ucitelov bolo bez vyznamnych rozdielov. Tento nestlad
vysvetlujeme tym, Ze ucitelia si na rozdiel od Studentov nie s tak vedomi $pecifickych potrieb a
eventualit, ktoré vyvstavaju zo vzdelavacieho systému alebo vseobecnejsie z kultary jednotlivych krajin
v SirSom zmysle.

Pristupy a zrucnosti, pri ktorych boli testom ANOVA (hodnotenie ~ krajiny) zaznamenané Statisticky
vyznamné rozdiely (vyznamnost p < 0,10) v Studentskom hodnoteni prinosu medzi krajinami.

Pristup Zruénost’ d.f. F p
Bezna vyucha Timova préaca 4 3,637 | 0,007
Bezna vyucba Tvorivost’ 4 2,021 | 0,094
Priprava na ’ Lo

T™E Timova praca 8 7,812 | 0,000
.Frj;;/ll?:rava na Schopnost’ ziskavat’ a vyuzivat’ informacie 7 4,602 | 0,000
PrPrava 2 yorivost 7 | 5272 | 0,000
PrRrava M presentané zrugnost 8 | 16,316 | 0,000
Priprava na P

T™E Debatné zru¢nosti 8 7,476 | 0,000
Priprava na e

T™E Angli¢tina 8 6,749 | 0,000

Pristupy a zrucnosti, pri ktorych boli testom ANOVA (hodnotenie ~ krajiny) zaznamenané Statisticky
vyznamné rozdiely (signifikancie p < 0,10) v Studentskom hodnoteni prinosu medzi krajinami.

Pristup Zruénost’ d.f. F p
3,188 | 0,028
3,550 | 0,018

Beznd vyucba Timova préaca

Bezna vyucba Schopnost’ ziskavat’ a vyuzivat’ informacie

Ostatné sutaze Timova préaca 3,365 | 0,034

4
4
Pripravana TMF | Schopnost’ ziskavat’ a vyuzivat informacie | 4 2,763 | 0,048
3
3

Ostatné sutaze Angli¢tina 4,235 | 0,015

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje suhlas s obsahom, ktory odrdza iba nazory autorov, a Komisia neméze
byt zodpovedné za akékol'vek vyuzitie informacii obsiahnutych v tejto publikécii.
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The relationship between inquiry-based learning in YPT and the

development of soft skills
|02 Dibali: 2019-1-5K01-KA201-060798

SUPPLEMENTARY MATERIALS

In this document, we provide supplementary materials that offer further details on the condensed
guidelines presented in our report. These supplementary materials consist of three sections. The first
section shows survey results on students’ assessment of soft-skill development through regular physics
classes, YPT-related activities, and other extracurricular activities. The second section present results
from a survey of teachers’ assessment of soft-skill development through these three types of activities.
In section three, we present result from an expert evaluation of the relation between soft skills and
performance in inquire-based learning. This analysis was conducted as part of two master theses that
are included in Appendix B (separate documents).

1. Students’ Assessment of Soft-Skill Development

1.1 Data characteristics

In total, 308 students from nine countries participated in the survey. While gender was not included in
some of the surveys, the female-male split overall was about one third to two thirds. In some countries
the share of male participants in the survey was even 70% and beyond (Czech Republic, Hungary). In
one country (Slovenia), the share of females exceeded that of male participants.

Students were classified based on the school years until they would write their final exams. Overall, for
this categorization the split was even: 19% of students were in their final school year, 26% had one and
28% had two years until completion. About one fifth of the participants still had to complete three or
more years until their final exams. Slovenia constitutes somewhat of an outlier with 22% of participants
in their final year and 78% of participants in their second to last school year. As part of the survey,
students were asked about their regular weekly physics classes. About half of participants took four
hours of weekly physics classes. In the case of students from Slovakia and Slovenia, this share is even
higher at 65% and 78%, respectively. 25% of participants from Bulgaria and 19% of participants from
Hungary took 5 hours or more of weekly physics classes. Students also reported the time they spent on
physics-related extracurricular activities. 28% of participants reported that they spent more than 20 hours
per month on physics-related extracurricular activities, another 22% answered that they spent between
10 and 20 hours per month on these activities. Again, country differences seem to persist. 43% and 44%
of students from Czech Republic and Slovenia, respectively, reported that they spend more than 20 hours
per month on extra-curricular activities.

Gender
Unknown Female Male Total
Country
# % # % # % # %
Austria 13 100 0 0 0 0 13 4

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje sihlas s obsahom, ktory odraza iba nazory autorov, a Komisia neméze
byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.
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Bulgaria 0 0 7 33 14 67 21 7
Czech Rep. 0 0 7 30 16 70 23 7
Germany 3 100 0 0 0 0 3 1
Hungary 1 1 19 26 52 72 72 23
Iran 1 100 0 0 0 0 1 0
Russia 1 100 0 0 0 0 1 0
Slovakia 0 0 63 38 102 62 165 54
Slovenia 0 0 5 56 4 44 9 3
Total 19 6 101 33 188 61 308 100
Years to final exam

Unknown 0 3+ Total
Country

# % # % # % # % # % # %
Austria 13 100 0 0 0 0 0 0 0 0 13 4
Bulgaria 0 0 7 33 6 29 4 19 4 19 21 7
Czech Rep. 0 0 9 39 5 22 6 26 3 13 23 7
Germany 3 100 0 0 0 0 0 0 0 0 3 1
Hungary 1 1 22 31 22 31 22 31 5 7 72 23
Iran 1 100 0 0 0 0 0 0 0 0 1 0
Russia 1 100 0 0 0 0 0 0 0 0 1 0
Slovakia 0 0 20 12 40 24 53 32 52 32 165 54
Slovenia 0 0 2 22 7 78 0 0 0 0 9 3
Total 19 6 60 19 80 26 85 28 64 21 308 100

Regular physics classes per week

Unknown 0 3 4 5+ Total
Country

# % # % # % # % # % # % # % # %
Austria 13 100 0 0 0 0 0 0 0 0 0 0 0 0 13 4
Bulgaria 0 0 2 7 1 4 7 25 0 0 11 39 7 25 28 10
Czech Rep. 0 0 2 9 1 4 0 0 9 39 11 48 0 0 23 8
Germany 3 100 0 0 0 0 0 0 0 0 0 0 0 0 3 1
Hungary 1 1 1 1 2 3 14 19 21 29 20 27 14 19 73 25
Iran 1 100 0 0 0 0 0 0 0 0 0 0 0 0 1 0
Russia 1 100 0 0 0 0 0 0 0 0 0 0 0 0 1 0
Slovakia 0 0 3 2 5 4 2 1 37 27 90 65 2 1 139 48
Slovenia 0 0 0 0 0 0 0 0 2 22 7 78 0 0 9 3
Total 19 7 8 3 9 3 23 8 69 24 139 48 23 8 290 100

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje sihlas s obsahom, ktory odraza iba nazory autorov, a Komisia neméze

byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.
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Average hours spent on physics-related extracurricular activities per month

Unknown <5 <10 <20 >20 Total
Country

# % # % # % # % # % # %
Austria 0 0 13 100 0 0 0 0 0 0 13 4
Bulgaria 4 19 2 10 3 14 5 24 7 33 21 7
Czech Rep. 3 13 1 4 1 4 8 35 10 43 23 7
Germany 0 0 3 100 0 0 0 0 0 0 3 1
Hungary 12 17 4 6 11 15 24 33 21 29 72 23
Iran 0 0 1 100 0 0 0 0 0 0 1 0
Russia 0 0 1 100 0 0 0 0 0 0 1 0
Slovakia 56 34 1 1 38 23 27 16 43 26 165 54
Slovenia 1 11 1 11 0 0 3 33 4 44 9 3
Total 76 25 27 9 53 17 67 22 85 28 308 100

Participants indicated their most recent participation in YPT-related activities. Only in the case of “Work
on problems” events, more than half (53%) of the students participated in YPT-related activities at least
once. In the other events the majority of students had never participated. When asked about their
participation in other physics competitions and events, students gave similar responses as for YPT-
related events. With the exception of Ad hoc competitions (42%) and Other Science Olympiads (50%),
more than half of the students had never participated in any events. Yet 46% of students had participated
in a Physics Olympiad at least once. Only a part of the participants evaluated their overall experience
with YPT. Yet for these 73 participants, the overall evaluation was very positive (median of 4). Although
the results also show some outliers, the evaluation seems equally positive across all countries.

Most recent participation in YPT-related activities

This year Last year Earlier Never Total
Event

# % # % # % # % #
Preparatory seminar 42 19 27 12 12 5 139 63 220
Work on problems 84 35 29 12 13 5 112 47 238
Regional YPT event 47 22 21 10 16 8 125 60 209
National YPT event 50 25 9 4 15 7 129 64 203
AYPT or similar international event 9 5 5 3 13 7 161 86 188
IYPT 21 11 6 3 14 7 151 79 192

Participation in other physics competitions or preparation for them

This year Last year Earlier Never Total
Event

# % # % # % # % #
Physics Olympiad 46 19 29 12 36 15 128 54 239
1JSO or EUSO 2 1 9 5 3 2 173 93 187
IYNT 2 1 2 1 5 3 176 95 185

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje sihlas s obsahom, ktory odraza iba nazory autorov, a Komisia neméze
byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.
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Other Science Olympiad 60 26 24 10 32 14 117 50 233
Project Science Competition 18 15 9 8 8 7 83 70 118
Seminar or correspondence 42 20 16 7 28 13 129 60 215
Ad hoc competitions 73 32 38 17 29 13 87 38 227
Debate club or similar 18 9 14 7 17 8 156 76 205

Overall experience with YPT

Valid Missing Mean Median SD Min. Max.
73 235 3.82 4 0.96 1 5

Overall experience with YPT

Experence

1.2 Findings

In the survey, students were asked to evaluate their own soft skills. In addition to this evaluation, students
also indicated the usefulness of regular physics classes, YPT-related activities, and other activities to
develop these soft skills. Most students (about 280) completed questions on the self-evaluation of soft
skills. For the assessment of usefulness of physics classes, YPT-related activities, and other activities,
only responses from half the participants are available (about 140 responses).

On average, students evaluated their soft skills very positively (median = 4). The lowest mean
evaluations were on “Debating skills” (3.65). The highest self-evaluations were on “Ability to locate
and use information” (4.18) and “English skills” (4.13). Self-evaluations for all categories of soft skills
were positively correlated (r ~ 0.3).

In the survey, students responded that regular physics classes, YPT-related activities, as well as other
activities were useful to enhance their soft skills (median > 4). It seems that other activities were
perceived as most useful to increase soft skills and that YPT-related activities contributed slightly more
than regular physics classes (see tests below). For all three types of activities, usefulness was positively
correlated across categories of soft skills. These correlations were highest for YPT-related activities (r
~ 0.5-0.6), indicating that YPT-related activities have the most holistic impact on soft skills.

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje sihlas s obsahom, ktory odraza iba nazory autorov, a Komisia neméze
byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.

26



o

; §\\\\\
W\

Spolufinancované z -
programu Eurdpskej Ginie DEVELOPMENT OF INQUIRY-BASED

\\\\ G 2
Erasmus+ LEARNING VIA IYPT W J%”' &gig": IYPT

Imtrerananal voung Phuscen: Townamens

Self-evaluation by student

Soft Skills Valid Missing Mean Median SD Min. Max.

Teamwork 277 31 391 4 0.84 1 5

Ability to loc. and use information 264 44 4.18 4 0.76 1 5

Creativity 263 45 3.94 4 0.91 1 5

Presentation skills 274 34 3.73 4 1.04 1 5

Debating skills 275 33 3.65 4 1.03 1 5

English skills 276 32 4.13 4 0.90 1 5
Soft Skills 1 2 3 4 5 6

1 | Teamwork 1.00

2 | Ability to loc. and use information 0.35 | 1.00

3 | Creativity 0.25 | 0.60 | 1.00

4 | Presentation skills 020 | 029 | 0.25 | 1.00

5 | Debating skills 039 | 029 | 029 | 0.38 | 1.00

6 | English skills 0.25 0.21 0.23 0.17 0.33 1.00

Note: Pearson correlation coefficients.

Usefulness of regular physics classes

Soft Skills Valid Missing Mean Median SD Min. Max.

Teamwork 154 154 3.79 4 1.07 1 5

Ability to loc. and use information 150 158 3.81 4 1.01 1 5

Creativity 154 154 3.58 4 1.03 1 5

Presentation skills 152 156 3.75 4 1.03 1 5

Debating skills 151 157 3.56 4 1.06 1 5

English skills 151 157 3.97 4 1.01 1 5
Soft Skills 1 2 3 4 5 6

1 | Teamwork 1.00

2 | Ability to loc. and use information 0.64 | 1.00

3 | Creativity 0.55 | 051 | 1.00

4 | Presentation skills 051 | 051 | 029 | 1.00

5 | Debating skills 047 | 050 | 041 | 0.50 1.00

6 | English skills 043 | 041 | 039 | 045 | 0.37 | 1.00

Note: Pearson correlation coefficients.

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje sihlas s obsahom, ktory odraza iba nazory autorov, a Komisia neméze
byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.
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Soft Skills Valid Missing Mean Median SD Min. Max.
Teamwork 142 166 3.82 4 1.03 1 5
Ability to loc. and use information 133 175 3.97 4 0.92 1 5
Creativity 127 181 3.93 4 0.90 1 5
Presentation skills 139 169 3.56 4 1.07 1 5
Debating skills 135 173 3.67 4 1.01 1 5
English skills 141 167 3.67 4 1.19 1 5
Soft Skills 1 2 3 4 5 6

1 | Teamwork 1.00
2 | Ability to loc. and use information 0.60 | 1.00
3 | Creativity 0.60 | 0.63 | 1.00
4 | Presentation skills 0.67 | 055 | 0.49 | 1.00
5 | Debating skills 069 | 047 | 053 | 0.58 | 1.00
6 | English skills 0.67 | 045 | 049 | 055 | 0.65 | 1.00

Note: Pearson correlation coefficients.

Usefulness of other activities
Soft Skills Valid Missing Mean Median SD Min. Max.
Teamwork 149 159 432 4 0.79 2 5
Ability to loc. and use information 146 162 4.38 5 0.73 2 5
Creativity 144 164 4.38 4 0.68 3 5
Presentation skills 145 163 3.93 4 0.98 1 5
Debating skills 141 167 3.94 4 0.90 1 5
English skills 146 162 4.40 5 0.79 1 5

Soft Skills 1 2 3 4 5 6

1 | Teamwork 1.00
2 | Ability to loc. and use information 0.49 | 1.00
3 | Creativity 0.32 | 0.33 1.00
4 | Presentation skills 040 | 045 | 0.29 1.00
5 | Debating skills 0.38 | 040 | 028 | 0.44 | 1.00
6 | English skills 0.36 | 046 | 031 | 0.28 | 0.36 | 1.00

Note: Pearson correlation coefficients.

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje sihlas s obsahom, ktory odraza iba nazory autorov, a Komisia neméze
byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.
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1.2.1 Differences in usefulness of RPC, YPT and other activities for Soft Skills

To verify the descriptive statistics from above, we use t-tests to test for differences between the perceived
usefulness of regular physics classes, YPT-related activities, and other activities. With the exception of
“Debating skills” (p = 0.031), we observe no statistically significant differences between the perceived
usefulness of regular physics classes and YPT-related activities. We find that participants indicated
greater usefulness for other activities than for regular physics classes across all categories of soft skills
(p < 0.100). We also observe that students perceived other activities as more useful (p < 0.001) than
YPT-related activities. Only in the case of “Presenting skills” (p = 0.206) and “Debating skills” (p =
0.919), we observed no statistically significant differences between YPT-related activities and other
activities.

Usefulness of regular classes vs. YPT activities

Soft Skills t df p

Teamwork -0.845 97 0.400
Ability to loc. and use information 1.145 92 0.255
Creativity 0.223 91 0.824
Presentation skills -1.104 95 0.272
Debating skills -2.188 99 0.031
English skills 0.520 94 0.604

Note: Student’s t-test. coefficients with p < 0.10 highlighted bold.

Usefulness of regular classes vs. other activities

Soft Skills t df p

Teamwork -5.422 147 0.000
Ability to loc. and use information -6.650 142 0.000
Creativity -8.820 142 0.000
Presentation skills -1.890 142 0.061
Debating skills -4.101 138 0.000
English skills -5.527 142 0.000

Note: Student’s t-test. coefficients with p < 0.10 highlighted bold.

Usefulness of YPT activities vs. other activities

Soft Skills t df p

Teamwork -3.946 92 0.000
Ability to loc. and use information -6.046 90 0.000
Creativity -4.887 89 0.000
Presentation skills -1.273 91 0.206
Debating skills -0.102 94 0.919
English skills -4.661 90 0.000

Note: Student’s t-test. coefficients with p < 0.10 highlighted bold.

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje sihlas s obsahom, ktory odraza iba nazory autorov, a Komisia neméze
byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.
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1.2.2 Impact of years to final exam on usefulness of RPC, YPT and other activities

We test the hypothesis that the perceived usefulness of regular physics classes, YPT-related activities,
and other activities depends on the students’ level of knowledge—the number of years to their final
exam. Below, we show regression results for the perceived usefulness with the responses of students in
their final year as baseline.

For regular physics classes, we find greater perceived usefulness for “Ability to locate and use
information” (p = 0.084) and “Creativity” (p = 0.045) for students who still had three or more years until
their final exam. Students who had only two years until their final exam only indicated greater usefulness
of regular physics classes for “Creativity” (p = 0.067). Students who were in their last year before their
final exam perceived regular physics classes as more useful for “English skills” (p = 0.086). For the
usefulness of YPT-related activities, we found somewhat surprising results. Students who still had two
years until their final exam indicated lower usefulness of YPT-related activities for “Ability to located
and use information” (p = 0.057), “Creativity” (p = 0.039), “Presentation skills” (p = 0.060). Students
with three or more years until their final exam considered lower usefulness of YPT-related activities for
“Ability to located and use information” (p = 0.086) and “Debating skills” (p = 0.096). Apart from these
differences, we observed no significant variation in the usefulness for YPT-related activities. For the
perceived usefulness of other activities, we found no significant differences dependent on number of
years to final exam.

Differences in usefulness of regular classes based on years to final exam

Soft Skills - RPC 1 2 3+ R?
Teamwork -0.071 0.457 0.417 0.051
Std. Error 0.243 0.230 0.263

p-value 0.772 0.049 0.115

Ability to loc. and use information 0.053 0.371 0.447 0.035
Std. Error 0.236 0.225 0.257

p-value 0.824 0.101 0.084

Creativity 0.253 0.414 0.514 0.033
Std. Error 0.238 0.225 0.254

p-value 0.289 0.067 0.045
Presentation skills 0.021 0.115 -0.079 0.004
Std. Error 0.240 0.228 0.262

p-value 0.929 0.616 0.762

Debating skills 0.067 0.188 -0.003 0.006
Std. Error 0.251 0.237 0.269

p-value 0.790 0.429 0.991

English skills 0.405 0.060 0.237 0.025
Std. Error 0.234 0.222 0.258

p-value 0.086 0.787 0.359

Note: Linear regression, baseline: year of final exam, coefficients with p < 0.10 highlighted bold.

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje sihlas s obsahom, ktory odraza iba nazory autorov, a Komisia neméze
byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.
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Soft Skills - YPT 1 2 3+ R?
Teamwork 0.086 -0.113 -0.239 0.017
Std. Error 0.205 0.213 0.247

p-value 0.677 0.596 0.336

Ability to loc. and use information -0.024 -0.476 -0.498 0.053
Std. Error 0.234 0.247 0.288

p-value 0.919 0.057 0.086

Creativity -0.164 -0.493 -0.146 0.038
Std. Error 0.220 0.236 0.275

p-value 0.458 0.039 0.596
Presentation skills -0.029 -0.408 -0.108 0.036
Std. Error 0.202 0.215 0.257

p-value 0.886 0.060 0.675

Debating skills 0.021 -0.310 -0.383 0.046
Std. Error 0.183 0.192 0.228

p-value 0.911 0.109 0.096

English skills -0.002 0.017 -0.271 0.015
Std. Error 0.181 0.191 0.232

p-value 0.990 0.931 0.246
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Note: Linear regression, baseline: year of final exam, coefficients with p < 0.10 highlighted bold.

Differences in usefulness of other activities based on years to final exam

Soft Skills - Other 1 2 3+ R?
Teamwork -0.081 -0.070 -0.167 0.005
Std. Error 0.184 0.176 0.203

p-value 0.659 0.693 0.412

Ability to loc. and use information 0.090 0.061 -0.047 0.005
Std. Error 0.175 0.165 0.190

p-value 0.609 0.711 0.807

Creativity -0.163 -0.079 0.003 0.010
Std. Error 0.163 0.154 0.176

p-value 0.318 0.606 0.985
Presentation skills -0.028 0.012 -0.056 0.001
Std. Error 0.234 0.221 0.253

p-value 0.906 0.957 0.826

Debating skills 0.037 0.135 -0.140 0.011
Std. Error 0.218 0.208 0.238

p-value 0.866 0.517 0.558

English skills 0.279 -0.017 -0.057 0.028
Std. Error 0.186 0.177 0.200

p-value 0.136 0.925 0.776

Note: Linear regression, baseline: year of final exam, coefficients with p < 0.10 highlighted bold.

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje sihlas s obsahom, ktory odraza iba nazory autorov, a Komisia neméze
byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.
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1.2.3 Impact of physics classes on usefulness of RPC, YPT and other activities

We test the hypothesis that the perceived usefulness of regular physics classes, YPT-related activities,
and other activities depends on the students’ weekly physics classes. Below, we show regression results
for the perceived usefulness with the responses of students without weekly physics classes as baseline.

As expected, we observe that students perceive their regular physics classes the more useful the greater
the number of weekly physics classes. With some variation, we find that students who take more hours
of weekly physics classes consider their classes as more useful to develop the “Ability to locate and use
information”, “Creativity”, and “English skills”. At the same time, we find no significantly greater
effects for students with five or more hours of weekly physics classes. For the participation in YPT-
related activities, we observe greater perceived usefulness to enhance “Teamwork” skill, the “Ability to
locate and use information”, “Debating skills”, and “English skills” contingent on the number of weekly
physics classes. For participation in other activities, we find lower usefulness to develop the “Ability to
locate and use information”, “Creativity”, and “Debating skills” for students who take only one hour of
weekly physics classes.

Differences in usefulness of regular classes based on regular physics classes per week

Soft Skills - RPC 1 2 3 4 5+ R?
Teamwork 0.350 0.239 0.805 0.156 0.327 0.063
Std. Error 0.707 0.487 0.497 0.533 0.568

p-value 0.621 0.625 0.108 0.771 0.566

Ability to loc. and use information 0.867 0.904 1.343 1.033 0.836 0.071
Std. Error 0.726 0.460 0.471 0.503 0.536

p-value 0.235 0.051 0.005 0.042 0.121

Creativity 0.850 1.230 1.274 1.267 1.055 0.051
Std. Error 0.682 0.470 0.481 0.514 0.549

p-value 0.215 0.010 0.009 0.015 0.057
Presentation skills -0.150 0.216 0.673 0.489 0.145 0.050
Std. Error 0.686 0.472 0.484 0.517 0.551

p-value 0.827 0.648 0.166 0.346 0.792

Debating skills -0.450 0.314 0.544 0.522 0.164 0.034
Std. Error 0.712 0.491 0.502 0.537 0.573

p-value 0.528 0.523 0.280 0.332 0.775

English skills 0.950 1.257 1.270 1.089 0.927 0.057
Std. Error 0.669 0.461 0.471 0.504 0.538

p-value 0.158 0.007 0.008 0.032 0.087

Note: Linear regression, baseline: no weekly physics classes, coefficients with p < 0.10 highlighted bold.

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje sihlas s obsahom, ktory odraza iba nazory autorov, a Komisia neméze
byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.
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Differences in usefulness of YPT activities based on regular physics classes per week

Soft Skills - YPT 1 2 3 4 5+ R?
Teamwork 0.500 1.052 1.067 1.350 0.750 0.076
Std. Error 0.654 0.507 0.518 0.530 0.580

p-value 0.446 0.040 0.042 0.012 0.198

Ability to loc. and use information 1.083 1.048 1.126 1.233 1.083 0.034
Std. Error 0.773 0.600 0.614 0.627 0.686

p-value 0.164 0.084 0.069 0.052 0.117

Creativity 0.167 0.500 0.381 0.767 0.667 0.032
Std. Error 0.720 0.559 0.573 0.584 0.638

p-value 0.817 0.373 0.507 0.192 0.299
Presentation skills 0.167 0.649 0.598 0.857 0.792 0.036
Std. Error 0.675 0.524 0.536 0.546 0.598

p-value 0.805 0.218 0.267 0.119 0.188

Debating skills -0.167 0.333 0.398 0.633 1.000 0.079
Std. Error 0.601 0.466 0.476 0.487 0.525

p-value 0.782 0.476 0.405 0.196 0.059

English skills -0.083 0.648 0.770 1.000 0.917 0.092
Std. Error 0.571 0.444 0.454 0.462 0.507

p-value 0.884 0.147 0.092 0.032 0.073

Note: Linear regression, baseline: no weekly physics classes, coefficients with p <0.10 highlighted bold.

Differences in usefulness of other activities based on regular physics classes per week

Soft Skills - Other 1 2 3 4 5+ R?
Teamwork -0.200 0.064 0.287 0.022 0.164 0.022
Std. Error 0.533 0.367 0.377 0.401 0.428

p-value 0.708 0.862 0.448 0.956 0.703

Ability to loc. and use information -1.000 -0.114 0.038 -0.278 -0.227 0.060
Std. Error 0.513 0.373 0.381 0.401 0.423

p-value 0.053 0.760 0.920 0.489 0.592

Creativity -1.167 -0.138 -0.038 -0.111 -0.136 0.055
Std. Error 0.512 0.345 0.352 0.371 0.392

p-value 0.024 0.691 0.913 0.765 0.728
Presentation skills -0.850 0.372 0.454 0.576 -0.145 0.074
Std. Error 0.646 0.446 0.459 0.490 0.520

p-value 0.191 0.406 0.324 0.241 0.780

Debating skills -0.867 -0.357 -0.171 -0.200 -0.018 0.027
Std. Error 0.663 0.420 0.434 0.462 0.490

p-value 0.194 0.397 0.694 0.666 0.970

English skills -0.250 0.375 0.405 0.500 0.727 0.041
Std. Error 0.558 0.405 0.415 0.436 0.461

p-value 0.655 0.357 0.331 0.254 0.117

Note: Linear regression, baseline: no weekly physics classes, coefficients with p <0.10 highlighted bold.

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje sihlas s obsahom, ktory odraza iba nazory autorov, a Komisia neméze
byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.
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2.2.4 Impact of participation in YPT activities on usefulness of RPC, YPT and
other activities

We test the hypothesis that the perceived usefulness of regular physics classes, YPT-related activities,
and other activities depends on the students’ most recent participation in YPT-related activities. Below,
we show regression results for the perceived usefulness with the responses of students who never
participated in YPT-related activities as baseline. Depending on the year of the survey, the year of
reference—“This year”—is either 2021 or 2020. For some tests, no students responded that they had
participated in YPT-related activities two or more years prior to the survey. In this case, the category is
omitted in the regression tables.

For some types of soft skills, we observe that students that participated previously in YPT-related
activities consider regular physics classes and other activities as less useful to develop these soft skills.
We observe these effects for nearly all types of soft skills. This suggests that synergies between YPT-
related activities and regular physics classes as well as other activities are limited. Apart from “English
skills”, we observe no differences in the perceived usefulness of YPT-related activities based on the
most recent participation.

Differences in usefulness of regular classes based on most recent participation in YPT activities

Soft Skills - RPC Earlier | 1S R?
year

Teamwork -0.954 -0.954 0.078

Std. Error 0.284 0.981

p-value 0.001 0.333

Ability to loc. and use information -0.966 1.117 0.081

Std. Error 0.295 0.982

p-value 0.001 0.257

Creativity -0.856 0.298 0.060

Std. Error 0.288 0.993

p-value 0.003 0.765

Presentation skills -0.406 1.209 0.024

Std. Error 0.291 1.005

p-value 0.166 0.231

Debating skills -0.620 1.380 0.038

Std. Error 0.320 1.065

p-value 0.055 0.197

English skills -0.538 0.000 0.023

Std. Error 0.300 1.033

p-value 0.074 1.000

Note: Linear regression, baseline: no participation, coefficients with p < 0.10 highlighted bold.

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje sihlas s obsahom, ktory odraza iba nazory autorov, a Komisia neméze
byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.
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Differences in usefulness of YPT activities based on most recent participation in YPT activities

This

Soft Skills - YPT Earlier year R?
Teamwork -0.239 0.437 0.014
Std. Error 0.234 0.635

p-value 0.309 0.493

Ability to loc. and use information 0.102 0.837 0.013
Std. Error 0.269 0.728

p-value 0.706 0.253

Creativity -0.302 0.669 0.024
Std. Error 0.252 0.681

p-value 0.233 0.328
Presentation skills -0.090 0.521 0.008
Std. Error 0.232 0.644

p-value 0.699 0.420

Debating skills -0.172 -0.113 0.006
Std. Error 0.214 0.581

p-value 0.422 0.846

English skills -0.393 0.401 0.039
Std. Error 0.205 0.553

p-value 0.057 0.470

Note: Linear regression, baseline: no participation, coefficients with p < 0.10 highlighted bold.

Differences in usefulness of other activities based on most recent participation in YPT activities

This

Soft Skills - Other Earlier year R?
Teamwork -0.609 0.622 0.057
Std. Error 0.222 0.765

p-value 0.007 0.418

Ability to loc. and use information -0.491 0.600 0.039
Std. Error 0.229 0.730

p-value 0.034 0.413

Creativity -0.527 -0.427 0.044
Std. Error 0.220 0.673

p-value 0.018 0.526
Presentation skills -0.527 1.056 0.032
Std. Error 0.296 0.983

p-value 0.077 0.285

Debating skills -0.620 0.017 0.036
Std. Error 0.280 0.892

p-value 0.028 0.985

English skills -0.610 0.556 0.051
Std. Error 0.237 0.787

p-value 0.011 0.481

Note: Linear regression, baseline: no participation, coefficients with p < 0.10 highlighted bold.

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje sihlas s obsahom, ktory odraza iba nazory autorov, a Komisia neméze

byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.
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1.2.5 Impact of participation in non-YPT competitions on usefulness of RPC, YPT and
other activities

We test the hypothesis that the perceived usefulness of regular physics classes, YPT-related activities,
and other activities depends on the students’ most recent participation in other, non-YPT activities.
Below, we show regression results for the perceived usefulness with the responses of students who never
participated in other activities as baseline. Depending on the year of the survey, the year of reference—
“This year”—is either 2021 or 2020.

Based on our survey, we cannot identify any differences in the perceived usefulness of activities to
develop soft skills based on recent participation in non-YPT activities consider.

Differences in usefulness of regular classes based on most recent participation in other activities

This

Soft Skills - RPC Earlier year R?
Teamwork 0.007 -1.593 0.026
Std. Error 0.343 1.187

p-value 0.983 0.184

Ability to loc. and use information 0.223 -1.635 0.050
Std. Error 0.301 1.008

p-value 0.462 0.110

Creativity 0.005 -1.528 0.028
Std. Error 0.320 1.104

p-value 0.987 0.171
Presentation skills -0.288 -1.788 0.048
Std. Error 0.312 1.102

p-value 0.359 0.109

Debating skills 0.005 -1.462 0.026
Std. Error 0.322 1.111

p-value 0.987 0.193

English skills 0.260 -1.673 0.039
Std. Error 0.349 1.204

p-value 0.459 0.169

Note: Linear regression, baseline: no participation, coefficients with p < 0.10 highlighted bold.

Differences in usefulness of YPT activities based on most recent participation in other activities

Soft Skills - YPT Earlier ;g‘a'? R?
Teamwork -0.065 -1.065 0.024
Std. Error 0.213 0.845

p-value 0.761 0.212

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje sihlas s obsahom, ktory odraza iba nazory autorov, a Komisia neméze
byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.
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Ability to loc. and use information 0.130 -0.783 0.016
Std. Error 0.233 0.921
p-value 0.577 0.399
Creativity -0.106 -0.932 0.018
Std. Error 0.230 0.905
p-value 0.648 0.307
Presentation skills 0.158 -0.978 0.027
Std. Error 0.229 0.893
p-value 0.493 0.278
Debating skills 0.138 -1.122 0.035
Std. Error 0.204 0.816
p-value 0.500 0.173
English skills -0.134 -1.178 0.036
Std. Error 0.203 0.802
p-value 0.511 0.147

Note: Linear regression, baseline: no participation, coefficients with p < 0.10 highlighted bold.

Differences in usefulness of other activities based on most recent participation in other activities

Soft Skills - Other Earlier This R?
year

Teamwork 0.006 -0.327 0.002

Std. Error 0.243 0.838

p-value 0.979 0.698

Ability to loc. and use information 0.019 -0.365 0.004

Std. Error 0.218 0.710

p-value 0.930 0.608

Creativity -0.145 -0.529 0.016

Std. Error 0.208 0.676

p-value 0.489 0.436

Presentation skills 0.197 0.120 0.008

Std. Error 0.282 0.916

p-value 0.488 0.896

Debating skills 0.167 0.083 0.006

Std. Error 0.295 0.925

p-value 0.575 0.929

English skills -0.041 -0.327 0.002

Std. Error 0.279 0.929

p-value 0.884 0.727

Note: Linear regression, baseline: no participation, coefficients with p < 0.10 highlighted bold.

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje sihlas s obsahom, ktory odraza iba nazory autorov, a Komisia neméze
byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.
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1.2.6 Impact of RPC, YPT and other activities on self-evaluation

We test the benefits of regular physics classes, participation in YPT-related activities, and participation
in other activities in terms of the students’ self-evaluation of soft skills. Our results provide strong
support that these activities enhance the students’ evaluation of their soft skills. We find positive
correlation coefficients between regular physics classes, participation in YPT-related activities, and
participation in other activities and self-evaluation for all types of soft skills. Using multivariate
regression analysis, we find statistically significant relations between physics-related activities and the
self-evaluation of soft skills (p < 0.100). We consider this as support for the usefulness of regular physics
classes, YPT-related activities, and other activities to develop students’ soft skills.

Soft Skills — Self-evaluation RPC YPT Other
Teamwork 0.46 0.25 0.48
Ability to loc. and use information 0.70 0.42 0.57
Creativity 0.47 0.31 0.53
Presentation skills 0.54 0.30 0.74
Debating skills 0.35 0.46 0.56
English skills 0.48 0.40 0.56

Note: Pearson correlation coefficients for self-evaluation with usefulness of each activity for the
respective skill.

Soft Skills — Self-evaluation RPC YPT Other Adj. R?
Teamwork 0.331 0.183 0.331 0.349
Std. Error 0.080 0.096 0.110

p-value 0.000 0.061 0.003

Ability to loc. and use information 0.578 0.265 0.137 0.637
Std. Error 0.081 0.080 0.100

p-value 0.000 0.001 0.176

Creativity 0.346 0.303 0.201 0.446
Std. Error 0.102 0.086 0.112

p-value 0.001 0.001 0.077
Presentation skills 0.279 0.129 0.686 0.750
Std. Error 0.063 0.068 0.079

p-value 0.000 0.061 0.000

Debating skills 0.190 0.198 0.356 0.335
Std. Error 0.071 0.087 0.100

p-value 0.008 0.025 0.001

English skills 0.332 0.207 0.477 0.452
Std. Error 0.078 0.104 0.118

p-value 0.000 0.049 0.000

Note: Linear regression of self-evaluation for soft skills on usefulness of each activity for the respective
skill, coefficients with p < 0.10 highlighted bold.

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje sihlas s obsahom, ktory odraza iba nazory autorov, a Komisia neméze
byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.
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To test the impact of country differences on our results, we use ANOVA to test for differences in self-
evaluation and perceived usefulness of regular physics classes, YPT-related activities, and other
activities contingent on the student’s home country. We observe that students’ self-evaluations for nearly
all types of soft skills differ by country. We find across-country differences in the perceived usefulness
of regular physics classes for only two out of six soft skills. In the case of YPT-related activities,
however, we observe that the perceived usefulness for all types of soft skills depends on students’ home
countries. We observe no country differences for the usefulness of participation in other activities.

Differences in self-evaluation based on country

Soft Skills — self-evaluation df F p

Teamwork 8 1.664 0.107
Ability to loc. and use information 6 1.825 0.073
Creativity 7 2.828 0.005
Presentation skills 8 2.519 0.012
Debating skills 8 1.816 0.096
English skills 8 2.115 0.043

Note: ANOVA (Value ~ Country), coefficients with p < 0.10 highlighted bold.

Differences in usefulness of regular physics classes based on country

Soft Skills - RPC df F p

Teamwork 4 3.637 0.007
Ability to loc. and use information 4 0.502 0.734
Creativity 4 2.021 0.094
Presentation skills 4 1.944 0.106
Debating skills 4 0.587 0.672
English skills 4 1.892 0.115

Note: ANOVA (Value ~ Country), coefficients with p < 0.10 highlighted bold.

Differences in usefulness of YPT activities based on country

Soft Skills — YPT df F p

Teamwork 8 7.812 0.000
Ability to loc. and use information 7 4.602 0.000
Creativity 7 5.272 0.000
Presentation skills 8 16.316 0.000
Debating skills 8 7.476 0.000
English skills 8 6.749 0.000

Note: ANOVA (Value ~ Country), coefficients with p < 0.10 highlighted bold.

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje sihlas s obsahom, ktory odraza iba nazory autorov, a Komisia neméze

byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.
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Soft Skills — Other df F p

Teamwork 4 0.452 0.770
Ability to loc. and use information 4 0.620 0.649
Creativity 4 1.540 0.194
Presentation skills 4 0.804 0.524
Debating skills 4 0.658 0.623
English skills 4 0.741 0.566

Note: ANOVA (Value ~ Country), coefficients with p < 0.10 highlighted bold.
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To further investigate the results from above, we provide country-level summary statistics for students’
self-evaluation and the usefulness of regular physics classes, YPT-related activities, and other activities
for each soft skill separately. Note: For Austria, Germany, Iran, and Russia, data on the perceived
usefulness of YPT-related activities is coded on a scale from 1 to 3 instead of the 1 to 5 scale applied to

all other measurements.

Teamwork

Salf-evntintion

RPC

ey

]

i

WPT | iher
| _Fi T e Lp N Q L]
T
F AL TS o r” & &
.,&} ]
Country Type Valid Missing Mean Median SD Min. Max.
Austria Self-evaluation 13 0 4.08 4.0 0.95 2 5
RPC 0 13 0.00 0.0 0.00 0 0
YPT 13 0 2.38 3.0 0.77 1 3
Other 0 13 0.00 0.0 0.00 0 0
Bulgaria Self-evaluation 21 0 4.19 4.0 0.75 3 5
RPC 7 14 4.43 5.0 0.79 3 5
YPT 7 14 3.86 30 1.07 3 5

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje suhlas s obsahom, ktory odraza iba nazory autorov, a Komisia nemdze
byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.
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Other 7 14 4.57 5.0 0.79 3 5
Czech Rep. Self-evaluation 19 4 3.68 4.0 1.25 1 5
RPC 19 4 3.68 4.0 1.29 2 5
YPT 15 8 4.40 5.0 0.83 3 5
Other 20 3 4.40 5.0 0.75 3 5
Germany Self-evaluation 3 0 4.00 4.0 1.00 3 5
RPC 0 3 0.00 0.0 0.00 0 0
YPT 3 0 2.00 2.0 1.00 1 3
Other 0 3 0.00 0.0 0.00 0 0
Hungary Self-evaluation 46 26 411 4.0 0.71 2 5
RPC 41 31 3.76 4.0 111 1 5
YPT 46 26 411 4.0 0.85 2 5
Other 39 33 4.36 5.0 0.81 2 5
Iran Self-evaluation 1 0 3.00 3.0 0.00 3 3
RPC 0 1 0.00 0.0 0.00 0 0
YPT 1 0 3.00 3.0 0.00 3 3
Other 0 1 0.00 0.0 0.00 0 0
Russia Self-evaluation 1 0 5.00 5.0 0.00 5 5
RPC 0 1 0.00 0.0 0.00 0 0
YPT 1 0 3.00 3.0 0.00 3 3
Other 0 1 0.00 0.0 0.00 0 0
Slovakia Self-evaluation 164 1 3.85 4.0 0.80 1 5
RPC 78 87 3.91 4.0 0.89 1 5
YPT 48 117 3.83 4.0 0.93 2 5
Other 75 90 4.27 4.0 0.78 2 5
Slovenia Self-evaluation 9 0 3.44 4.0 1.01 2 5
RPC 9 0 2.67 3.0 141 1 4
YPT 8 1 4.13 4.0 0.64 3 5
Other 8 1 4.13 4.0 0.99 2 5

Ability to locate and use information

R I S

Ciiher

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje suhlas s obsahom, ktory odraza iba nazory autorov, a Komisia nemdze
byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.

41



o

", §\\\\\
Spolufinancované z - W
programu Eurépskej tinie DEVELOPMENT OF INQUIRY-BASED

Erasmus+ LEARNING VIA IYPT \\“‘t@ 4‘%“ ‘}KR YPT
Country Type Valid Missing Mean Median SD Min. Max.
Austria Self-evaluation 3 10 3.33 3.0 0.58 3 4

RPC 0 13 0.00 0.0 0.00 0 0
YPT 3 10 2.00 2.0 1.00 1 3
Other 0 13 0.00 0.0 0.00 0 0
Bulgaria Self-evaluation 21 0 4.48 5.0 0.60 3 5
RPC 7 14 4.29 4.0 0.76 3 5
YPT 7 14 3.86 4.0 0.90 3 5
Other 6 15 4.50 45 0.55 4 5
Czech Rep. Self-evaluation 21 2 4.10 4.0 0.77 3 5
RPC 18 5 3.72 4.0 141 1 5
YPT 15 8 4.27 4.0 0.70 3 5
Other 18 5 4.28 45 0.83 3 5
Germany Self-evaluation 3 0 3.67 4.0 0.58 3 4
RPC 0 3 0.00 0.0 0.00 0 0
YPT 3 0 2.00 20 0.00 2 2
Other 0 3 0.00 0.0 0.00 0 0
Hungary Self-evaluation 45 27 431 4.0 0.76 2 5
RPC 39 33 3.72 4.0 1.02 2 5
YPT 48 24 431 5.0 0.83 2 5
Other 39 33 4.49 5.0 0.64 3 5
Iran Self-evaluation 0 1 0.00 0.0 0.00 0 0
RPC 0 1 0.00 0.0 0.00 0 0
YPT 0 1 0.00 0.0 0.00 0 0
Other 0 1 0.00 0.0 0.00 0 0
Russia Self-evaluation 0 1 0.00 0.0 0.00 0 0
RPC 0 1 0.00 0.0 0.00 0 0
YPT 1 0 3.00 3.0 0.00 3 3
Other 0 1 0.00 0.0 0.00 0 0
Slovakia Self-evaluation 162 3 4.14 4.0 0.78 1 5
RPC 77 88 3.83 4.0 0.92 1 5
YPT 47 118 3.79 4.0 0.78 2 5
Other 74 91 431 4.0 0.78 2 5
Slovenia Self-evaluation 9 0 4.33 4.0 0.71 3 5
RPC 9 0 3.78 4.0 1.09 2 5
YPT 9 0 411 4.0 0.78 3 5
Other 9 0 4.56 5.0 0.73 3 5

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje sihlas s obsahom, ktory odraza iba nazory autorov, a Komisia neméze
byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.
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Creativity

Self-eimiintion | RPG

Country Type Valid Missing Mean Median SD Min. Max.
Austria Self-evaluation 3 10 4.00 4.0 1.00 3 5
RPC 0 13 0.00 0.0 0.00 0 0
YPT 3 10 2.00 20 1.00 1 3
Other 0 13 0.00 0.0 0.00 0 0
Bulgaria Self-evaluation 21 0 4.19 4.0 0.81 3 5
RPC 7 14 4.29 4.0 0.76 3 5
YPT 7 14 4.00 4.0 1.00 3 5
Other 7 14 4.29 4.0 0.76 3 5
Czech Rep. Self-evaluation 19 4 3.95 4.0 091 2 5
RPC 19 4 3.74 4.0 1.19 2 5
YPT 15 8 4.07 4.0 0.70 3 5
Other 16 7 431 4.0 0.60 3 5
Germany Self-evaluation 3 0 3.67 3.0 1.15 3 5
RPC 0 3 0.00 0.0 0.00 0 0
YPT 3 0 2.00 2.0 1.00 1 3
Other 0 3 0.00 0.0 0.00 0 0
Hungary Self-evaluation 45 27 4.31 4.0 0.73 2 5
RPC 40 32 3.60 4.0 1.08 1 5
YPT 44 28 4.25 4.0 0.75 2 5
Other 38 34 4.61 5.0 0.59 3 5
Iran Self-evaluation 0 1 0.00 0.0 0.00 0 0
RPC 0 1 0.00 0.0 0.00 0 0
YPT 0 1 0.00 0.0 0.00 0 0
Other 0 1 0.00 0.0 0.00 0 0
Russia Self-evaluation 1 0 5.00 5.0 0.00 5 5
RPC 0 1 0.00 0.0 0.00 0 0
YPT 1 0 3.00 3.0 0.00 3 3
Other 0 1 0.00 0.0 0.00 0 0
Slovakia Self-evaluation 162 3 381 4.0 0.94 1 5
RPC 79 86 3.56 4.0 0.94 1 5

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje suhlas s obsahom, ktory odraza iba nazory autorov, a Komisia nemdze
byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.
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YPT 45 120 3.80 4.0 0.81 2 5
Other 74 91 4.30 4.0 0.72 3 5
Slovenia Self-evaluation 9 0 3.78 4.0 0.97 2 5
RPC 9 0 2.89 3.0 1.05 1 4
YPT 9 0 4.11 4.0 0.60 3 5
Other 9 0 4.22 4.0 0.67 3 5

Presentation skills

Self-ewniintion RPG

Country Type Valid Missing Mean Median SD Min. Max.
Austria Self-evaluation 13 0 3.92 4.0 0.76 3 5
RPC 0 13 0.00 0.0 0.00 0 0
YPT 13 0 2.38 20 0.65 1 3
Other 0 13 0.00 0.0 0.00 0 0
Bulgaria Self-evaluation 21 0 4.33 4.0 0.66 3 5
RPC 7 14 4.29 4.0 0.76 3 5
YPT 7 14 3.86 4.0 0.69 3 5
Other 7 14 4.14 4.0 0.69 3 5
Czech Rep. Self-evaluation 19 4 3.84 4.0 0.83 2 5
RPC 20 3 3.25 35 1.02 1 5
YPT 15 8 3.80 4.0 0.77 3 5
Other 20 3 3.70 4.0 1.03 1 5
Germany Self-evaluation 3 0 3.67 4.0 1.53 2 5
RPC 0 3 0.00 0.0 0.00 0 0
YPT 3 0 2.00 20 1.00 1 3
Other 0 3 0.00 0.0 0.00 0 0
Hungary Self-evaluation 45 27 3.89 4.0 0.93 1 5
RPC 39 33 3.87 4.0 1.06 1 5
YPT 45 27 3.78 4.0 0.97 1 5
Other 36 36 3.94 4.0 0.95 1 5
Iran Self-evaluation 1 0 3.00 3.0 0.00 3 3

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje suhlas s obsahom, ktory odraza iba nazory autorov, a Komisia nemdze
byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.
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RPC 0 1 0.00 0.0 0.00 0 0
YPT 1 0 3.00 3.0 0.00 3 3
Other 0 1 0.00 0.0 0.00 0 0
Russia Self-evaluation 1 0 5.00 5.0 0.00 5 5
RPC 0 1 0.00 0.0 0.00 0 0
YPT 1 0 3.00 3.0 0.00 3 3
Other 0 1 0.00 0.0 0.00 0 0
Slovakia Self-evaluation 162 3 3.59 4.0 1.10 1 5
RPC 77 88 3.79 4.0 0.96 1 5
YPT 45 120 3.53 3.0 1.16 1 5
Other 75 90 3.92 4.0 1.02 1 5
Slovenia Self-evaluation 9 0 3.44 3.0 1.42 1 5
RPC 9 0 3.56 4.0 1.42 1 5
YPT 9 0 4.33 4.0 0.71 3 5
Other 7 2 4.43 5.0 0.79 3 5
Debating skills
Saif-evhintion PG
TogdH -0 of & L
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Country Type Valid Missing Mean Median SD Min. Max.
Austria Self-evaluation 13 0 4.23 5.0 1.01 2 5
RPC 0 13 0.00 0.0 0.00 0 0
YPT 13 0 2.38 3.0 0.77 1 3
Other 0 13 0.00 0.0 0.00 0 0
Bulgaria Self-evaluation 21 0 3.95 4.0 0.80 2 5
RPC 7 14 3.86 4.0 0.69 3 5
YPT 7 14 3.57 3.0 0.79 3 5
Other 7 14 3.86 4.0 0.69 3 5
Czech Rep. Self-evaluation 21 2 3.81 4.0 0.81 2 5
RPC 19 4 3.32 4.0 1.20 1 5
YPT 15 8 3.80 4.0 0.94 2 5
Other 18 5 3.67 4.0 0.84 2 5

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje suhlas s obsahom, ktory odraza iba nazory autorov, a Komisia nemdze
byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.
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Germany Self-evaluation 3 0 3.33 3.0 1.53 2 5
RPC 0 3 0.00 0.0 0.00 0 0
YPT 2 1 3.00 30 0.00 3 3
Other 0 3 0.00 0.0 0.00 0 0
Hungary Self-evaluation 45 27 4.07 4.0 0.86 2 5
RPC 39 33 3.54 4.0 1.19 1 5
YPT 43 29 4.05 4.0 0.75 3 5
Other 34 38 4.09 4.0 0.90 2 5
Iran Self-evaluation 1 0 3.00 3.0 0.00 3 3
RPC 0 1 0.00 0.0 0.00 0 0
YPT 1 0 3.00 3.0 0.00 3 3
Other 0 1 0.00 0.0 0.00 0 0
Russia Self-evaluation 1 0 4.00 4.0 0.00 4 4
RPC 0 1 0.00 0.0 0.00 0 0
YPT 1 0 3.00 3.0 0.00 3 3
Other 0 1 0.00 0.0 0.00 0 0
Slovakia Self-evaluation 161 4 3.44 4.0 1.07 1 5
RPC 7 88 3.64 4.0 1.01 1 5
YPT 44 121 3.57 4.0 111 1 5
Other 74 91 3.93 4.0 0.93 1 5
Slovenia Self-evaluation 9 0 3.56 4.0 0.88 2 5
RPC 9 0 3.33 3.0 0.87 2 5
YPT 9 0 433 4.0 0.50 4 5
Other 8 1 4.00 4.0 1.07 2 5
English skills
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Country Type Valid Missing Mean Median SD Min. Max.

Austria Self-evaluation 13 0 4.62 5.0 0.65 3 5
RPC 0 13 0.00 0.0 0.00 0 0
YPT 13 0 1.38 1.0 0.65 1 3
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Other 0 13 0.00 0.0 0.00 0 0
Bulgaria Self-evaluation 21 0 4.38 4.0 0.67 3 5
RPC 7 14 4.00 4.0 1.00 2 5
YPT 7 14 3.71 4.0 0.76 3 5
Other 7 14 4.43 5.0 0.79 3 5
Czech Rep. Self-evaluation 19 4 3.95 4.0 0.78 2 5
RPC 19 4 3.63 4.0 1.01 1 5
YPT 16 7 4.00 4.0 0.73 3 5
Other 19 4 411 4.0 0.81 3 5
Germany Self-evaluation 3 0 3.00 4.0 1.73 1 4
RPC 0 3 0.00 0.0 0.00 0 0
YPT 3 0 2.00 20 1.00 1 3
Other 0 3 0.00 0.0 0.00 0 0
Hungary Self-evaluation 45 27 4.38 5.0 0.89 1 5
RPC 39 33 3.72 4.0 1.34 1 5
YPT 45 27 4.13 4.0 0.97 1 5
Other 35 37 4.43 5.0 0.98 1 5
Iran Self-evaluation 1 0 5.00 5.0 0.00 5 5
RPC 0 1 0.00 0.0 0.00 0 0
YPT 1 0 3.00 3.0 0.00 3 3
Other 0 1 0.00 0.0 0.00 0 0
Russia Self-evaluation 1 0 5.00 5.0 0.00 5 5
RPC 0 1 0.00 0.0 0.00 0 0
YPT 1 0 1.00 1.0 0.00 1 1
Other 0 1 0.00 0.0 0.00 0 0
Slovakia Self-evaluation 164 1 4.01 4.0 0.90 1 5
RPC 7 88 414 4.0 0.82 2 5
YPT 47 118 3.83 4.0 0.89 2 5
Other 76 89 4.45 5.0 0.70 3 5
Slovenia Self-evaluation 9 0 4.22 4.0 0.97 2 5
RPC 9 0 4.22 4.0 0.44 4 5
YPT 8 1 4.13 4.0 0.64 3 5
Other 9 0 4.44 5.0 0.73 3 5
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2. Teachers’ Assessment of Soft-Skill Development

2.1 Data characteristics

In this project, we have conducted a survey among 11 Slovakian, 9 Bulgarian, 6 Hungarian, 4 Czech
and 3 Slovenian teachers, who are involved in preparing high school students for I'YPT or any local
organized YPT competitions. We have mapped they observed or assumed effect on soft (e.g. teamwork,
creativity) and physical hard skills (e.g. high school physics, data analysis) in different teaching forms
(RCP, YPT and Non-YPT competitions). Given the COVID situation, teachers carried out their
preparatory work in 2020/2021 mainly online. This is why it is important to mention that most
colleagues have been involved in preparing for YPT-type competitions for several years. Teachers had
to fill in a questionnaire and answer 16x3 quantitative and 15 qualitative questions about the impact and
characteristics of RCP, YPT and Non-YPT competitions.

8 _
Descriptives - Num other comp 2 6 -
Country Mean SD N 3 4
BG 1889 1537 9 5
cz 2750 1708 4 3 5
HU 3167 1602 6 E
SK 2091 2700 11 < 0-
SLO 3.000 2.000 3

-2 -

[ [ | | |
BG CZ HU SK SLO

Country

Data on teachers’ answers form the questionnaire were provided in Excel format. For carrying out the
empirical analysis, the software JASP! was used. First, descriptive analyses on skills as well as a
correlation matrix using all variables. Secondly, for testing the hypotheses paired and independent t-
tests (and Wilcoxon or Mann-Whitney-tests where needed) were computed. If Wilcoxon or Mann-
Whitney-test was used, it is always the relevant result, t-tests are in these cases not relevant.

2.2 Results

The study investigates soft skills in the context of RPC, YPT, and non-YPT. Based on the teachers’
evaluation, we can determine which effect their colleagues see in different educational settings. In
addition, we can explore relationships between effects that provide indirect insights into teachers’ work.

! https://jasp-stats.org/
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3.2.1 Regular physics classroom: RPC
Descriptive Statistics: Soft skills in RPC
- RPC RPC RPC
[Te;mpv%rk] Rrocc:: [:;lenlil:]t%/]to [CreRaFt>ic\:/i ty] [Presentation [Debating [English
' ' skills] skills] skills]
Valid 33 33 32 33 33 32
Missing 0 0 1 0 0 1
Mean 5.364 5.788 5.504 6.000 4.727 3.969
Std. Dev. 2.382 2.522 1.965 2.179 2.349 2.946
Minimum 1.000 1.000 1.000 1.000 0.000 0.000
Maximum 10.000 10.000 9.000 10.000 9.000 10.000

RPC [Teamwork] —

RPC [Ability to loc. use inf] —
RPC [Creativity] —

RPC [Presentation skills] -

RPC [Debating skills] - 0.43¢ 0235 029 @m‘

RPC [English skills] - 0.066 0149 0221 0. 0068 0201 -0023 0228 -0.009 0.157

RPC [High school mathematics] —

RPC [High school physics] —

RPC [Solving close-ended problems] —

RPC [Designing experiments] —

RPC [Cookbook experiments ] —

RPC [Interp. exp. data, data analysis] —

RPC [Dev. own theor. model] -

RPC [Numerical simulations] —

RPC [Indep. research in scientific litr.] —

RPC [Crit. asses. of other'sres.] € 0244
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Of the soft skills, RPC develops most the Presentation skills m = 6.172, which shows a very strong
correlation with Designing experiments r = 0,671 p <.001. Teamwork shows the highest degree of
correlation with Interpreting experimental data, data analysis r = 0.764 p <.001, while Creativity with
the Designing experiments shows r = 0.746 p <.001, which correlations show the conscious choice of
teachers working methods. In physics classes, teachers feel the least development of English language
skills m = 4.036. The development of English skills in regular physics classes (RPC) does not correlate
with anything, it is probably not actually present in the classes, it is a possibility only —there is only one
mentionable correlation with Debating skills, but it must be because of the assumptions of the questioned
teachers, who are making some debates in English in their lessons. The other soft skills do not show
much relationship with each other either, which may suggest that colleagues are trying to develop these
soft skills independently in RPC. The strongest correlation was found between Teamwork and Ability to
use and locate information r = 0.71 p <.001, and between Debating and Presentation skills r = 0.628
p <.001. The two values probably illustrate well the relationships found in teachers ways of organizing
work, and the both skills are having interrelations. In the Hard Skills the strongest correlation to be found
is between High school physics and Solving close ended problems in physics r = 0.837 p <.001. This one
is highly the strongest correlation in RPC, which are also the main skills of a successful final exam. It
is also clear that Numerical simulations m = 2.966 are not typical in RPC education, for which teachers
choose other platforms.

2.2.2 Young Physicists’ Tournament: YPT
Descriptive Statistics: Soft skills in YPT

- YPT YPT YPT

[Te;r?v-\ll—ork] YEI.[QZI::%{]tO [Cr;\Ft)i-l—/ity] [Presentation  [Debating  [English

skills] skills] skills]
Valid 32 32 33 33 33 33
Missing 1 1 0 0 0 0
Mean 8.281 8.156 8.576 8.394 8.182 8.061
sa. 1.922 2.259 1.696 2.179 2.157 2.263

Deviation

Minimum 2.000 2.000 2.000 2.000 1.000 2.000
Maximum 10.000 10.000 10.000 10.000 10.000 10.000

In the case of YPT preparation, all soft skills show a high value in terms of judging the developmental
effect compared to the RPC values. Paired t-tests show a positive significant difference for all soft skills
(3.3.1). Teachers assess all soft-skills types to be strongly positively correlated.

In the case of YPT-type competitions, there is no meaningful correlation among the Soft Skills, and in
the opinion of teachers, a strong connection can be discovered between almost everything. High school
physics shows very strong correlations (r > 0.8) with Teamwork, High school mathematics, Designing
experiments, Interpreting experimental data, data analysis and Critical thinking of others results.
Cookbook experiments and Solving close-ended problems are having remarkable low marks.
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YPT [Teamwork] 0.193

YPT [Ability to loc. use inf.] - 0.253
YPT [Creativity] -

0.183

YPT [Presentation skills] — 0.203

YPT [Debating skills] — 0.202
YPT [English skills] - 0.239
YPT [High school mathemalics] — 0299

YPT [High school physics] — 0.302.

YPT [Solving close-ended problems] - 0193 0253 0183 0203 0202 0239 0289 0.302

YPT [Designing experiments] —

YPT [Cookbook experiments ] 0311 0363 0312 0348 0331 0346 0153 0351 0471
YPT [Interp. exp. data, data analysis]
YPT [Dev. own theor. model]

YPT [Numerical simulations]

YPT [Indep. research in scientific litr.] |

YPT [Crit. asses. of other's res.] -
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2.2.3 Non-YPT like competitions: Non-YPT

Czech teachers did not answer the questions of the questionnaire in this part, so the answers belong to
the teachers of Bulgaria, Hungary, Slovakia and Slovenia.

Descriptive Statistics: Soft skills in Non-YPT

Non YPT Non YPT Non YPT Non YPT
[Tl\:zgrrln:/(vs;’rk] [Ability to loc. [(’:\lfer;':i(\zz;/] [Prese_ntation [Depating [English

use inf.] skills] skills] skills]
Valid 29 28 29 29 29 29
Missing 0 1 0 0 0 0
Mean 4.448 6.607 6.207 3.931 3.759 3.552
Std'. . 3.460 2.726 2.513 3.432 3.214 3.214
Deviation
Minimum 0.000 1.000 1.000 0.000 0.000 0.000
Maximum 10.000 10.000 9.000 10.000 10.000 10.000
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Non YPT [Teamwork] 0.166 |

Non YPT [Ability to loc. use inf.] - 0.13

Non YPT [Creativity] | 0.177

Non YPT [Presentation skills] | 0115 0.147
Non YPT [Debating skills] — | @

Non YPT [English skills] —

Non YPT [High school mathematics] - 0192 0.11¢ -0.115 0459 0218

Non YPT [High school physics] - 0328 0 0147 | 0335 04

0242

0.166

0.13 0177

Non YPT [Solving close-ended problems] — -0.116  0.139
Non YPT [Designing experiments] —

Non YPT [Conducting experiment ] —

Non YPT [Interp. exp. data, data analysis] -
Non YPT [Dev. own theor. model] —

Non YPT [Numerical simulations] — | (

Non YPT [Indep. research in scientific litr ] - | 0

Non YPT [Crit. asses. of other's res.]
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Traditional competitions are judged by teachers to help students Ability to locate and use information
and develop Creativity, but the other soft skills are also less than the impact of RPC development. Due
to the diversity of Non-YPT competitions, there is only a few strong correlations between their effects
on soft skills as judged by teachers: Presentation and Discussion skills r = 0.85 p <.001, and between
Discussion and English language skills r = 0.739 p <.001.

In the case of YPT-type competitions, it can be said that the impact on the development of different soft
skills forms a complete system. This is a good reflection of the practice, as successful racing requires
all of the soft skills listed, and it is not possible to single out a few of them in terms of importance.
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The comparison between the values given for the assessment of the soft skills listed in section 1.4 and
the relationships and differences between them can be found in the following paragraphs. Also some of
the results (mostly with significant difference) are shown.

2.3.1 Paired t-test on soft skills (RPC vs. YPT)

One of the most striking questions in our research is whether we see these significant differences
between RPC and YPT in their impact on soft skills. To do this, we perform paired t-tests — or Wilcoxon-
test, if needed.

Test of Normality (Shapiro-Wilk): Soft Skill in RCP vs. YPT

w p
RPC [Teamwork] - YPT [Teamwork] 0.949 0.135
RPC [Creativity] - YPT [Creativity] 0.925 0.028
RPC [Debating skills] - YPT [Debating skills] 0.951 0.143
RPC [Ability to loc. use inf.] - YPT [Ability to loc. use inf.] 0.918 0.018
RPC [Presentation skills] - YPT [Presentation skills] 0.960 0.263
RPC [English skills] - YPT [English skills] 0.940 0.075
Note. Significant results suggest a deviation from normality.
Paired Samples T-Test: Soft Skill in RCP vs. YPT
Measure 1 Measure 2 Test Statistic df p
RPC [Teamwork] - YPT [Teamwork] Student -6.503 31 <.001
RPC [Creativity] - YPT [Creativity] Student -10.225 31 <.001
Wilcoxon 0.000 <.001
RPC [Debating skills] - YPT [Debating skills] Student -7.126 32 <.001
RPC [Ability to loc. use inf.] - YPT [Ability to loc. use inf.] Student -7.742 31 <.001
Wilcoxon 0.000 <.001
RPC [Presentation skills] - YPT [Presentation skills] Student -6.040 32 <.001
RPC [English skills] - YPT [English skills] Student -6.759 31 <.001

As can be seen, YPT achieved a significantly better effect than class work in all of the soft skill areas
examined, which is, of course, due to the significant difference from class work organization methods.

RPC

[Teamwork] - YPT

[Teamwork]

9

RPC [Teamwork]

YPT [Teamwork]

RPC

[Creativity]

[Creativity]

9 -

RPC [Creativity]

- YPT

YPT [Creativity]

RPC [English skills]

[English sk

9 -

ills]

E
YPT [English skills)

RPC [Engli

ish skills]

YPT
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2.3.2 Paired t-test on soft skills (YPT vs. Non-YPT, without CZ)

Also, an important question in our research is whether we see these significant differences between YPT
and non-YPT in their impact on soft skills. To do this, we perform paired t-tests — and Wilcoxon-test if

needed.

Test of Normality (Shapiro-Wilk): Soft Skills in YPT vs. Non-YPT
W p
YPT [Teamwork] - Non YPT [Teamwork] 0.941 0.117
YPT [Creativity] - Non YPT [Creativity] 0.940 0.097
YPT [Debating skills] - Non YPT [Debating skills] 0.967 0.473
YPT [Ability to loc. use inf.] - Non YPT [Ability to loc. use inf.] 0.931 0.067
YPT [Presentation skills] - Non YPT [Presentation skills] 0.928 0.048
YPT [English skills] - Non YPT [English skills] 0.949 0.173
Paired Samples T-Test: Soft Skills in YPT vs. Non-YPT
Measure 1 Measure 2 Test Statisticdf p
YPT [Teamwork] - Non YPT [Teamwork] Student 5.393 27 <.001
YPT [Creativity] - Non YPT [Creativity] Student 5.752 28 <.001
YPT [Debating skills] - Non YPT [Debating skills] Student 7.026 28 <.001
YPT [Ability to loc. use inf.] - Non YPT [Ability to loc. use inf.] Student 2.731 27 0.011
YPT [Presentation skills] - Non YPT [Presentation skills] Student 6.265 28 <.001
Wilcoxon 293.500 <.001
YPT [English skills] - Non YPT [English skills] Student 8.089 28 <.001

As the results show well, non-YPT-type competitions give a significantly worse developmental effect
for all soft skills than Ability to locate. & use information, according to teachers.

YPT [Debating skills] - Non YPT YPT [Presentation skills] - Non YPT [English skills] - Non YPT

[Debating skills] YPT [Presentation skills] [English skills]
9 10 4 9
2 2 2
1 |
YPT [Debating skills]  Non YPT [Debating skills] YPT [Presentation skillsNon YPT [Presentation skills YPT [English skills]

Non YPT [English skills]
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2.3.3 Paired t-test on soft skills (RPC vs. Non-YPT, without CZ)

It is also an important relation for the research hypothesis, and an interesting addition for the whole
picture of the soft skills. Since basically RPC and traditional tournaments are in a kind of symbiosis, no
major differences are expected.

Test of Normality (Shapiro-Wilk): Soft Skills in RPC vs. non-YPT

W p
RPC [Teamwork] - Non YPT [Teamwork] 0.970 0.567
RPC [Creativity] - Non YPT [Creativity] 0.942 0.113
RPC [Debating skills] - Non YPT [Debating skills] 0.932 0.062

RPC [Ability to loc. use inf.] - Non YPT [Ability to loc. use inf.] 0.933 0.075
RPC [Presentation skills] - Non YPT [Presentation skills] 0.968 0.519
RPC [English skills] - Non YPT [English skills] 0.972 0.623

Paired Samples T-Test: Soft Skills in RPC vs. non-YPT

Measure 1 Measure 2 t df p
RPC [Teamwork] - Non YPT [Teamwork] 2.158 28 0.040
RPC [Creativity] - Non YPT [Creativity] -1.823 28 0.079
RPC [Debating skills] - Non YPT [Debating skills] 2.059 28 0.049

RPC [Ability to loc. use inf.] - Non YPT [Ability to loc. use inf.] -0.915 27 0.368
RPC [Presentation skills] - Non YPT [Presentation skills] 3.447 28 0.002
RPC [English skills] - Non YPT [English skills] 0.584 27 0.564

What can be seen, with great certainty, only three significant differences can be observed. Teamwork is
significantly worse for Non-YPT than for RPC t = 2.158 p = .04. In addition, Debating skills are less
developed in Non-YPT tournaments even compared to RPC t = 2.059 p = .049., and Presentation skill,
is also significantly worse in Non-YPT as in RPC t = 3.447 p=.002.

RPC [Teamwork] - Non YPT [Teamwork] RPC [Creativity] - Non YPT [Creativity]
7.0 7.0
3.5 4.5

RPC [Teamwork] Non YPT [Teamwork] RPC [Creativity] Non YPT [Creativity]

RPC [Debating skills] - Non YPT [Debating skills] RPC [Pres. skills] - Non YPT [Presentation skills]
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To sum up, according the answers of the teachers YPT has in every questioned Soft skill a significantly
higher positive influence than RPC or Non-YPT competitions.

2.4 Country-level effects

First we investigated the soft skills in RPC in the 5 countries. Here we can see the full analysis of them.
The only skill Ability to use and locate information seems to have a country dependent value. The very
similar values of the soft skills in RPC show that investigated countries have basically quite similar
educational styles.

ANOVA - RPC [Teamwork] 10~
Cases Sum of Squares df Mean Square F p § 8-
Country 56.841 4 14.210 3.188 0.028 0.313 g
Residuals 124.795 28 4.457 'E:j :‘
14 0
2 I I I I 1
ANOVA - RPC [Ability to loc. use inf.] BG CZ HU SK SLO
Cases Sum of Squares df Mean Square F p v Country
Country 68.482 4 17.121 3.550 0.018 0.336 M
Residuals 135.033 28 4.823 8 E*
> 6-
g 2
% 9

1
BG HU SK SLO
Country

In the following we also only show skills where a significant effect of the country has been found:
Ability to locate and use information in YPT, Teamwork and English skills in Non-YPT (without CZ).
That depends on mostly on the different competition culture of Bulgaria (only 6 of the 192 mentioned
competitions are only on national level) compared to the 3 other countries (41 of 542 mentioned
competitions are only on national level, and the 11 mentioning are “Physics Olympiad” which is also a

2 beside YPT competitons
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competition on mother tongue). It is important to emphasize that no significant effect of the countries
in YPT has been found in any soft skill.

@ 12 -

ANOVA - YPT [Ability to loc. use inf.] c10-

Cases Sum of Squares df Mean Square F P "y s 84

Country 45948 4 11.487 2.763 0.048 0.290 £ 4

Residuals 112.271 27 4.158 f 4-
> 2

B‘G CIZ H‘U SIK SL‘O
Country
ANOVA - Non YPT [Teamwork]
Cases Sum of Squares df Mean Square F p n?

Non YPT [Teamwork]
B

Country 96.405 3 32.135 3.365 0.034 0.288
Residuals 238.768 25 9.551 1

-2 -

-4

BG HIU S‘K SLIO
ANOVA - Non YPT [English skills] Country
Cases Sum of Squares df Mean Square F p n? 10

Country 97.435 3 32.478 4.235 0.015 0.337 8-
Residuals 191.737 25 7.669 6-

Non YPT [English skills]
N
1

Country

2.5 Comparison of soft-skill evaluations between students and teachers

Based on survey results on the perceived usefulness of regular physics classes and YPT -related activities
by students and teachers, we compared how these two groups considered the two types of activities. For
this analysis, complete answers by participants are a precondition, therefore we heavily cleaned data:
only 77 students and 32 teachers answered all the questions. In addition, students’ answers don’t show
normal distributions: thus, we applied Mann-Whitney tests.

Group Descriptives: Differences of Soft Skills between YPT and RPC

Group N Mean SD SE
Diff. Team Student 77 0.338 2.664 0.304
Teacher 32 2.781 2.419 0.428
Diff. Ab.loc. Student 77 0.234 2.470 0.282
Teacher 32 2.219 1.621 0.287
Diff. Crea. Student 77 0.338 2.210 0.252
Teacher 32 3.250 1.967 0.348
Diff. Pres. Student 77 -0.390 2.848 0.325
Teacher 32 2.438 2.299 0.406
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Group Descriptives: Differences of Soft Skills between YPT and RPC
Group N Mean SD SE
Diff. Deb. Student 77 0.260 2.520 0.287
Teacher 32 3.563 2.758 0.488
Diff. Eng. Student 77 -0.286 1.856 0.211
Teacher 32 4.344 3.404 0.602

Means of differences on Soft Skills YPT-RPC

w

N

[EEN

Teamwork Ab. Loc. Inf. Creativity

P tation

Skills

Debating skills

0 -I -I -I I -I |
m

English Skills

Note: Blue bar shows differences in evaluation for regular physics classes and YPT-related activities by
students; orange bar shows differences in evaluation for regular physics classes and YPT-related

activities by students.

Independent Samples T-Test: Differences of Soft Skills between YPT and RPC

Test Statistic df p
Diff. Team Student -4.477 107 <.001
Mann-Whitney 544.000 <.001
Diff. Ab.loc. Student -4.181 107 <.001
Mann-Whitney 560.500 <.001
Diff. Crea. Student -6.463 107 <.001
Mann-Whitney 355.500 <.001
Diff. Pres. Student -4.978 107 <.001
Mann-Whitney 495.500 <.001
Diff. Deb. Student -6.059 107 <.001
Mann-Whitney 413.500 <.001
Diff. Eng. Student -9.137 107 <.001
Mann-Whitney 311.500 <.001
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Across all types of soft skills, we observe that the differences in the perceived usefulness of regular
physics classes in comparison to YPT-related activities are significantly less pronounced in the
evaluation by students than in the evaluation by teachers (p < 0.001). Overall, however, we also find
that students as well as teachers consider YPT-related activities as more useful than regular physics
classes to develop the students’ soft skills. Only in the case of “Presentation skills” and “English skills”,
students reported that they considered their regular physics classes as more useful to develop their soft
skills. Teachers reported greater assumed usefulness for YPT-related activities across all types of soft
skills.
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3. The Effect of Soft Skills in Inquiry-Based-Learning on Student
Performance

In this deep-dive, we investigate how students’ soft skills development influences learning outcomes.
To this end, two master theses (Poier, 2021; Schweighart, 2021; Full theses appended) investigated how
student performance in the Austrian Young Physicists’ Tournament related to students’ self-assessed
soft skills development. A separate round of qualitative interviews with teachers guided the development
of the questionnaire for this subsection of 102.

The master theses of Poier (2021) and Schweighart (2021) dealt with the question, to what extent soft
skills effect student performance in inquiry-based learning (IBL) and problem-based learning (PLB)
environments. This document summarizes the theoretical background of IBL, PBL and soft skills.
Afterwards, the empirical analysis based on the data from the Austrian Young Physicists Tournament
(AYPT) is presented and discussed in the light of current literature.

3.1 Theoretical background

IBL is known under many different terms, such as scientific inquiry, inquiry-based teaching, authentic
inquiry, modelling and argumentation, or hands-on science (Furtak et al., 2012; Rénnebeck et al., 2016).
All of them have in common that the approach aims for students to “develop the ability to think and act
in ways associated with inquiry, including asking questions, planning and conducting investigations,
using appropriate tools and techniques to gather data, thinking critically and logically about
relationships between evidence and explanations, constructing and analyzing alternative explanations,
and communicating scientific arguments” (National Research Council, 1996, page 105). While IBL is
most often connected with STEM courses, it is not limited to those subjects. In effect, IBL is used in a
variety of subjects (Mieg, 2019).

Pedaste et al. (2015) identified a framework which comprises the phases of the inquiry cycle. After an
orientation phase, where students become interested in the topic, the conceptualization phase can either
include questioning or hypothesis generation depending on whether specific ideas what to investigate
already exist. Experiments or other methods to find answers are carried out in the investigation phase
where the data is also interpreted. In the conclusion phase, the question or hypothesis from the
conceptualization phase is compared to the data. All phases are accompanied by a discussion phase
(Pedaste et al., 2015).

Many articles were published discussing whether IBL positively impacts student performance. A
widely-known article by Kirschner et al. (2006) compared IBL to minimally guided instruction and
argued that due to cognitive overload of the working memory the outcomes in IBL situations are worse
than student performance in traditional teaching settings. Hmelo-Silver et al. (2007) clarified that IBL
does not necessarily entail minimal guidance and that especially with the use of guidance, several studies
show that guided IBL settings led to improved performance compared to direct instruction. Furtak et al.
(2012), as well as Lazonder and Harmsen (2016) supported this view in their meta-studies which found
that guided IBL settings were more effective than minimally or unguided versions.

In a longitudinal study among high school students from the UK, the effect of IBL on scores of the
science sections of the General Certificate of Secondary Education and PISA test was only small.
Students filled in a questionnaire alongside their examinations how much IBL took place in the time
before the testing. The authors, however, point out that while the impact on grades was minimal, other
factors were not taken into account, such as possibly improved motivation, interest and engagement as
a result of IBL (Jerrim et al., 2019).
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3.1.1 Problem-based learning

The main difference of IBL and PBL lies in its origins. In its beginnings, IBL was mainly used in science
education, while PBL originated from medical courses (Hmelo-Silver et al., 2007). In PBL, the approach
how the problem is worked on and how the solution is found is considered the final product. While the
teacher supports the students that work in small groups, they are to work on their solution in a self-
directed manner, which helps them to gain “lifelong learning skills” (Hmelo-Silver, 2004, page 235).
These process skills comprise for example critical thinking skills and the capability to analyse situations
in depth (Oliver, 2000). IBL and PBL need to be differentiated from project-based learning (PjBL),
which does not comprise an ill-defined problem and where a concrete solution needs to be produced
(Bereiter & Scardamalia, 2006). Both, PBL and IBL are based on constructivism which states that the
students construct or create knowledge themselves as opposed to having it transferred to them by the
instructor (Chang & Mao, 1999).

Othmann et al. (2013) proposed a framework for PBL settings called “Ladder of Active Learning”,
where the ladders start with the introduction to the problem, input, group meeting, presentation, and
exercises. While all of the ladders entail different steps, they all end with the reflection step. In a meta-
analysis which investigated how effective PBL settings were compared to more traditional teaching
methods, slightly more knowledge was acquired in conventional leaning environments compared to PBL
environments (Dochy et al., 2003). However, Ibrahim et al. (2018) observed that students perceived
PBL helpful to learn especially the basics of the science curriculum and that students reported of higher
motivational levels. In addition, students’ satisfaction levels in PBL classes are improved
(Khoshnevisasl et al., 2014). Many authors conclude that the main advantage of PBL is the possibility
to develop soft skills (Bruder & Prescott, 2013; Carvalho, 2016; Choi et al., 2014; Dochy et al., 2003;
Hattie, 2009; Mohd-Yusof et al., 2013; Yeh et al., 2011). In the following section, the term soft skills
will be scribed in more detail.

3.1.2 Soft skills

Many different synonyms for the term soft skills exist, such as generic competences, life skills,
transferable skills, twenty-first century skills, or noncognitive skills (Cingque, 2016; Heckman & Kautz,
2012). But all of them have in common that they are defined as “personal transversal competences such
as social aptitudes, language and communication capability, friendliness and ability of working in team,
and other personality traits that characterize relationships between people (Cimatti, 2016, page 97).
However, an exact list which competencies fall under the category soft skills does not exist (Cinque,
2016; Vogler et al., 2018).

Li et al. (1999) showed that students that are involved in learning communities at university perceived
to develop critical thinking skills and communication skills due to integration of academic and social
aspects. Other studies also found that collaborating at university can lead to problem-solving and
decision-making skills (Smith & Bath, 2006), as well as other generic skills (Ballantine & McCourt
Larres, 2007). It was observed that classes which incorporated the teaching of content knowledge and
soft skills at the same time were found to be more effective than courses which focused on teaching only
soft skills (Chamorro-Premuzic et al., 2010).

Many articles deal with the topic of which soft skills are developed in the course of IBL and PBL
settings. In the analysis of the literature by Poier (2021), communication skills, critical thinking skills
and research skills were mentioned most often in connection with IBL (see Appendix A/ Table 1). In
connection with PBL, the soft skills stated most often were communication skills, problem-solving
skills, and teamwork skills (see Appendix A/ Table 2).
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To what degree soft skills have an influence on student performance was analysed by Chamorro-
Premuzic et al. (2010). In this study, academic success was positively linked to how important students
perceived soft skills for success, as well as how much they felt they had developed soft skills. This
positive relationship was confirmed in a study among 536 (vice)principals in Nigeria who reported the
same perception (Obilor, 2019). However, the same opinion could not be found among students (Majid
etal., 2012). In a study by Hwang (2018), a positive correlation between teamwork skills and improved
performance at an Enterprise Resource Planning simulation with university students could be found.

3.1.3 Research questions and hypotheses

Sungur and Tekkaya (2006) suggest further research to find out to what extent soft skills influence
academic performance in IBL and PBL settings.

The master thesis of Poier (2021) stated as the research question was: How does proficiency in soft skills
influence student performance in IBL situations? For this purpose, the following hypotheses were tested:

Hypothesis P.1: The more important students gauge soft skills to be for success, the better their academic
performance.

Hypothesis P.2: The better the students self-assess their development of soft skills during the preparation
period, the better their academic performance.

Hypothesis P.3: The better students self-assess their teamwork skills, the better their performance.
Hypothesis P.4: The better students self-assess their English skills, the better their performance.

Schweighart (2021) examined the following research questions in her master thesis: “How does the self-
assessed development of soft skills influence student performance in PBL situations? Which soft skills
are considered most important for PBL in order to be successful?” In this context, the following
hypotheses were tested:

Hypothesis S.1.a: The development of soft skills in IBL situations (preparation for AYPT) is expected
to be higher compared to regular physic classes.

Hypothesis S.1.b: The self-assessed development of soft skills in IBL situations (preparation for AYPT)
is expected to be higher the more hours the pupils spent preparing for AYPT.

Hypothesis S.2: The higher students’ self-asses the development of soft skills (after the preparation for
AYPT) the better they perform.

Hypothesis S.3.a: Students self-assess their problem-solving skills higher after the preparation period.

Hypothesis S.3.b: Students self-assess other skills (beside problem-solving) higher after the preparation
period.

Hypothesis S.4: The higher students rate their problem-solving skills (after the preparation) the more
they feel to develop specific content knowledge.

Hypothesis S.5.a: Students who think problem solving is important to succeed, score higher on AYPT.

Hypothesis S.5.b: Students who think other skills (beside problem solving) are important for success,
score higher on the AYPT.
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3.2 Methodology

The data used for the empirical testing stems from the AYPT of the years 2020 and 2021. Team
leaders/teachers filled in questionnaires on their impression of students’ soft skills development. The
results were then used to create a survey for students which they filled out around the time of the
competitions (see Appendix B for the full theses including data on the survey). Five teams completed
the questionnaire in 2020, and seven teams in the year 2021. Appendix C (Table 3) includes an overview
of all teams participating in 2020 and 2021 (in an anonymized way) and further information on the mean
grade, the standard deviation, the minimum and maximum grade received as well as the number of
stages the team participated in and the number of grades received.

In the two years, jurors awarded 1,338 grades in total. However, only grades of teams were used for
statistical analysis who also filled in the questionnaire. The grades function as the dependent variables.

The questionnaires gathered data on the following soft skills: teamwork, independent research in
literature and other sources, scientific reasoning skills, presentation skills, debating skills, English skills,
creativity, self-directed learning, and problem-solving (the last three soft skills were added in 2021). For
each soft skill, the students were asked to rate the importance for success, self-assess their proficiency
before their very first AYPT and after the current preparation phase as well as the development in the
soft skill during the preparation phase.

The hypotheses were tested via linear regressions using the ordinary least squares (OLS) method. The
two master theses focused on the following aspects: Poier (2021) used only those variables that were
part of the survey in both years leading to fewer variables, but a more observations (794) for the sample
(see Appendix D / Table 4 for descriptive statistics on the variables)(Poier, 2021). And Schweighart
(2021) included all variables. This is why only the respondents from 2021 could be considered for the
linear regressions of the new variables. This led to between 507 and 582 observations for the sample
(see Appendix E / Table 5).

3.3 Results
In this section, the results of various linear regressions to test the hypotheses are presented.

Poier (2021) tested the importance of soft skills twofold: First, the aggregated independent variable
General importance soft skills (which includes importance of teamwork, independent research, scientific
reasoning, presentation, debating and English skills) was used. The linear regression showed an
estimator of 0.6473 and a low p-value of 0.00013 (see Appendix F / Table 6). When computing the
linear regressions via the importance of individual soft skills, the result is more varied: While a positive
relationship between the importance of teamwork (estimator = 1.6635), independent research (estimator
= 2.1286), scientific reasoning (estimator = 0.8897), and debating skills (estimator = 1.0368) and grade
could be found, a negative link was observed between the importance of presentation skills
(estimator = -2.6363), the importance of English skills (estimator = -0.9365) and grade (see Appendix
F / Table 7). For hypothesis P.1 it can be summarized that in general, the more important students gauge
soft skills for success, the better their performance. When looking at the level of individual soft skills,
support for hypothesis P.1 can be found for the soft skills of teamwork, independent research, scientific
reasoning and debating skills (Poier, 2021).

Also the influence of soft skills development was calculated in two ways: While the general
development of soft skills did not yield significant results (see Appendix G / Table 10) because of a p-
value of 0.080, the development of individual soft skills led to significant results for the development of
teamwork (estimator = 1.6261), scientific reasoning (estimator = 3.4105), presentation skills (estimator
= -3.0370), debating skills (estimator = -1.6347), and English skills (estimator = 0.2993) (see Appendix
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G / Table 11). Thus, it can be summarized support for hypothesis P.2, which predicted the positive
influence of the development of soft skills on academic success, could be found for teamwork, scientific
reasoning, and English skills (Poier, 2021).

Support for hypothesis P.3, “The better students self-assess their teamwork skills, the better their

performance”, could not be found due to insignificant results of the independent variable (p-value of
0.986) (see Appendix H / Table 14) (Poier, 2021).

Hypothesis P.4, which predicted that better English skills positively influenced academic success, was
supported by the results of the linear regression: An increase of one point on the self-assessment scale
of  proficiency would lead to an improved score of 04241 (with a
p-value of 0.000) (see Appendix I/ Table 15) (Poier, 2021).

For hypothesis S.1.a., the regression results of the proficiency in soft skills after the preparation phase
of 2020 (see Appendix J / Table 16) and the proficiency before the preparation phase of 2021 (see
Appendix J / Table 17) were compared. It was summarized the better students self-assessed to be in soft
skills due to the preparation for AYPT, the better their grades — except for presentation skills
(prof_post_presentation: -1.00 and prof_prae_presentation: 0.74) (Schweighart, 2021).

Support for hypothesis S.1.b could be observed: For each additional hour the students invest in the
preparation for AYPT, their grades increase by 0.01 points (see Appendix K / Table 18) (Schweighart,
2021).

Schweighart (2021) further analysed the influence of soft-skill development during the preparation for
the AYPT on grade (see Appendix G / Tables 12 and 13). A significant positive correlation was found
for the development of teamwork (estimator = 0.86), and scientific reasoning (estimator = 2.63). A
significant negative links was found for the development of independent research skills (estimator = -
0.69), presentation skills (estimator = -1.80), and creativity (estimator = -0.42). Thus, hypothesis S.2
was only partially be supported.

Linear regressions for individual soft skills were computed (see Appendix K / Tables 19-28) with a
focus on the proficiency before and after the preparation phase to test hypothesis S.3. (Schweighart,
2021).

All students who filled in the survey felt that they acquired “a lot” content knowledge. This led to too
little variance and was the reason, why hypothesis S.4. could not be tested (Schweighart, 2021).

Last, the impact of the importance of individual soft skills was tested for the hypotheses S.5.a and S.5.b.
A significant positive relationship with grade was observed for the importance of teamwork (estimator
= 1.46), independent research (estimator = 1.99), scientific reasoning (estimator = 0.58), debating skills
(estimator = 1.08), and self-directed learning (estimator = 0.31). A significant negative relationship was
found with the importance of presentation skills (estimator = -2.20), and English skills (estimator = -
0.81). No significant results were observed for the importance of problem-solving and creativity (see
Appendix F / Tables 8 and 9) (Schweighart, 2021).

3.4 Discussion

After having presented the results of the empirical analysis in the previous section, these will be
discussed in the light of literature:

The fact that the general importance of soft skills (hypothesis P.1) as well as the importance of most
individual soft skills (hypotheses P.1, S.5.a, and S.5.b) correlated positively with student performance
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is in accordance with studies among secondary (vice-)principals (Obilor, 2019) and among UK students
(Chamorro-Premuzic et al., 2010), but contradictory to a survey among students from Singapore (Majid
etal., 2012).

Computing the linear regressions to test the influence of soft skills development on grade (hypotheses
P.2 and S.2) resulted in significant positive correlations for the development in teamwork, scientific
reasoning, and English skills. This corresponds to the findings of Chamorro-Premuzic et al. (2010).
While Palmer (2002) did not statistically analyse the influence of soft-skill development on grades, the
study did show an improvement in grades and the author experienced the development of a variety of
soft skills herself. The literature could not provide explanations for the significant negative influence
for development of presentation and debating skills as well as creativity on academic success.

When analysing the effect of teamwork skills on student performance, no support for hypothesis P.3
was found due to a high p-value. This is opposed to a study by Hwang (2018) who found that high
teamwork skills are linked to improved outcomes in an Enterprise Resource Planning simulation at
university. Also Bruder and Prescott (2013) predicted a positive relationship.

The finding that better English skills can lead to improved success at AYPT (hypothesis P.4) is in line
with expectations and also a study of Amaral et al. (2002).

The results from the linear regressions that tested hypotheses S.3.a and S.3.b were partially in line with
a study by Choi et al. (2014), which was aimed at analysing which impact a PBL setting had on critical
thinking, problem-solving, and self-directed learning skills (compared to a traditional teaching method).
The positive effect from the study could also be shown in the findings by Schweighart (2021), where
most independent variables showed positive estimators except for independent research and scientific
reasoning skills.

The results of Schweighart (2021) to the second research question, “Which soft skills are considered
most important for PBL in order to be successful?”, led to research, teamwork, and debating skills,
which is in agreement with the findings of Deep et al. (2019).

3.5 Limitations

Possible limitations in the master theses of Poier (2021) and Schweighart (2021) lie in the fact that the
data on soft skills is based on self-assessment. Thus, students possibly have different impression of their
soft skills as opposed to reality. However, according to Chamorro-Premuzic et al. (2010) it is not
possible to test soft skills in an objective and accurate way anyway. Other studies on IBL also faced this
limitation by self-reported data from students and consequential “reporting and recall inaccuracies”
(Jerrim et al., 2019, page 42).

In addition, it is possible that the jurors considered certain aspects regarding soft skills when deciding
on a grade (e.g. professional presentation or discussion influencing the grade positively). This would
lead to a situation where the data on grades and on soft skills is not as independent as it should be.

3.6 Conclusion

This summary presented the theoretical background on IBL, PBL, and soft skills. In addition, the results
of Poier (2021) concluded that the perceived importance of soft skills on academic performance have a
positive effect when using the aggregated variable. When analysing the effect of the importance of
individual soft skills, the importance of teamwork, independent research, and debating skills had a
positive impact, while the importance of presentation skills and English skills were negatively
correlated. The influence of soft skills development in general on grade could not be proven due to a too
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high p-value. However, the analysis on the individual soft skill level showed that a positive relationship
could be observed for the development of teamwork, scientific reasoning, and English skills on grade.
A negative influence on grade was found for the development of presentation and debating skills. The
proficiency in teamwork did not influence student performance significantly. While proficiency in
English had a significant positive impact on the grade.

The results of Schweighart (2021) showed that IBL led to more soft-skill development than traditional
physics classes. Further, the more hours the students invested in preparation for AYPT, the better their
grades. A clear link between student performance and soft skills development could not be observed.
Students who perceived their soft skills to have been improved by IBL, received better grades (except
for research, scientific reasoning, and English skills). Due to too little variance, the relationship between
acquisition of content knowledge and development of problem-solving skills could not be investigated.
Student performance could be predicted by the perceived importance of soft skills (except for creativity,
English, and presentation skills). Grade was most influenced by independent research skills.
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Appendix A: Overview of soft skills mentioned in literature

Table 1: Overview of Mentioned Soft Skills in Relation to IBL (Poier, 2021)
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Developing Useful and Transferable Skills: Course Design to Prepare X X x x x X
Students for a Life of Learning (Justice et al., 2009)
Enquiry-Based Learning Can Maximise a Student's Potential (Palmer,
X X X X X
2002)
Fostering students’ workplace communicative competence and
collaborative mindset through an inquiry-based learning design (Chen, X X X
2021)
Grade 4 Students' Development of Research Skills through Inquiry- X X " " " " X "
Based Learning Projects (Chu et al., 2008)
Helping English learners increase achievement through inquiry-based X
science instruction (Amaral et al., 2002)
Learning through inquiry: a Global Health Hackathon (Kienzler & x
Fontanesi, 2017)
The impact of the use of inquiry-based learning as a teaching
methodology on the development of critical thinking (Magnussen et X
al., 2000)
Visible Learning: A Synthesis of over 800 Meta-Analyses Relating to x
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Table 2: Overview of Mentioned Soft Skills in Relation to PBL (Poier, 2021)
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Critical thinking
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Language ability

Leadership
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Presentation skills
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Research

Reasoning

Self-confidence

Self-directed learning
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\Work ethics

A Comparison of Problem- based learning and
Traditional Education on Nursing Students' Locus of
Control and Problem- Solving Skills (Giiniisen et al.,
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based learning compared to conventional curricula
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Defining Vocational Education and Training for
Tertiary Level Education: Where does Problem Based
Learning Fitin? — A Literature Review (Ismail, 2013)

Developing Soft Skills by Applying Problem-Based
Learning in Software Engineering Education (Yu &
Adaikkalavan, 2016)

Development and Teaching Approaches of Technical
and Vocational Education Curricula (Rau et al., 2006)

Effects of Problem-Based Learning and Traditional
Instruction on Self- Regulated Learning (Sungur &
Tekkaya, 2006)

Effects of problem-based learning vs. traditional lecture
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solving, and self- directed learning (Choi et al., 2014)

Exploring creativity and critical thinking in traditional
and innovative problem- based learning groups (Chan,
2013)

First Year Agriculture Science student perception in
students attribute development through Problem-based
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From Conventional to Non- conventional Laboratory:
Electrical Engineering Students’ Perceptions (Bahri et
al., 2013)

Improving the soft skills of engineering undergraduates
in Malaysia through problem-based approaches and e-
learning applications (Deep et al., 2019)
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Table 2: Overview of Mentioned Soft Skills in Relation to PBL (Poier, 2021) (continued)
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Application (Brownell & Jameson, 2004)

Problem-based learning in mental health nursing: The
students' experience (Cooper & Carver, 2012)

Problem-Based Learning: A Process for the Acquisition
of Learning and Generic Skills (Baharom & Palaniandy,
2013)

Promoting Skills for Innovation in Higher Education: A
Literature Review on the Effectiveness of Problem-
based Learning and of Teaching Behaviours (Hoidn &
Kérkkainen, 2014)

The effect of problem-based learning on enhancing
students’ workforce competence (Yeh et al., 2011)

The impact of PBL on transferable skills development in
management education (Carvalho, 2016)

The Impact of PBL Training on Legal Professions (Font
& Cebrian, 2013)

The impact of Problem- based learning on problem-
solving skills and a sense of community in the classroom
(Agbeh, 2014)

The student perception of Problem-based learning in
medical curriculum of the Faculty of medicine.
University of Colombo (Seneviratne et al., 2001)

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje stihlas s obsahom, ktory odraza iba nazory autorov, a Komisia nemdze byt zodpovedna za akékol'vek vyuzitie informécii obsiahnutych v tejto publikacii.
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See full theses attached in separate documents

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje suhlas s obsahom, ktory odraza iba nazory autorov, a Komisia nemdze
byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.
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Appendix C: Descriptive statistics on teams

Table 3: Descriptive Statistics on Teams

Team Year Mean Std. Dev. Min. Max. N Stages N Grades
Team 1 2021 8.141 0.793 6.200 9.111 12 105
Team 2 2020 7.825 0.845 6.714 9.166 8 58
Team 3 2020 7.288 0.734 6.166 8.571 8 60
Team 4 2021 7.249 0.566 6.333 7.888 12 108
Team 5 2021 7.166 0.883 5.625 8.444 9 78
Team 6 2021 6.970 0.978 5.333 8.714 12 102
Team 7 2020 6.646 1.035 5.666 8.500 6 40
Team 8 2020 6.634 0.623 5.833 7.333 6 38
Team 9 2021 6.522 0.723 5.100 7.444 9 75
Team 10 2021 6.462 0.671 5.666 7.500 9 72
Team 11 2021 6.322 0.517 5.500 7.333 9 75
Team 12 2021 6.278 0.817 4.555 7.142 9 75
Team 13 2020 5.928 0.869 4.857 7.333 6 40
Team 14 2021 5.797 1.249 3.500 7.333 9 75
Team 15 2020 5.552 0.949 4.142 7.000 6 38
Team 16 2021 5.435 1.547 2.900 7.285 9 75
Team 17 2020 5.424 1.665 3.166 8.142 6 38
Team 18 2021 5.095 1.002 3.000 6.125 9 75
Team 19 2021 5.077 0.840 3.428 6.111 9 75
Team 20 2020 4.390 0.433 4.000 5.000 6 36

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje sihlas s obsahom, ktory odraza iba nazory autorov, a Komisia neméze
byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.
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Appendix D: Descriptive statistics on teams

Table 4: Descriptive Statistics on Soft Skills Variables (Poier, 2021)

Variable Mean Std. Dev. Min. Max. N Teams
Importance teamwork 4.250 1.179 1.0 5.0 12
Importance independent research 3.902 0.524 3.0 4.6 12
Importance scientific reasoning 4.777 0.410 4.0 5.0 12
Importance presentation skills 4.375 0.611 3.0 5.0 12
Importance debating skills 4.736 0.411 4.0 5.0 12
Importance English skills 3.319 1.092 2.0 5.0 12
General importance soft skills 4.226 0.415 3.2 4.8 12
Proficiency (post-prep) teamwork 4.138 0.673 3.0 5.0 12
Proficiency (post-prep) independent research 3.486 0.862 2.0 5.0 12
Proficiency (post-prep) scientific reasoning 4.106 0.789 3.0 5.0 11
Proficiency (post-prep) presentation skills 4.000 0.738 3.0 5.0 12
Proficiency (post-prep) debating skills 4.097 0.871 25 5.0 12
Proficiency (post-prep) English skills 4.347 0.865 25 5.0 12
Development teamwork 2.319 0.746 1.0 3.0 12
Development independent research 2.319 0.533 15 3.0 12
Development scientific reasoning 2.750 0.405 2.0 3.0 12
Development presentation skills 2.513 0.457 2.0 3.0 12
Development debating skills 2.722 0.422 2.0 3.0 12
Development English skills 1.694 0.895 1.0 3.0 12
General development soft skills 2.386 0.379 1.8 3.0 12

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje sihlas s obsahom, ktory odraza iba nazory autorov, a Komisia neméze
byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.
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Appendix E: Descriptive statistics on variables
Table 5: Descriptive Statistics on Variables (Schweighart, 2021)
Variable Mean Std. Dev. Min Max
age 16.42 1.10 15 18
importance_teamwork 4.40 0.95 1 5
importance_research 3.83 0.51 3 4.666667
importance_reasoning 4.78 0.40 4 5
importance_presentation 4.48 0.54 3 5
importance_debating 4.81 0.34 4 5
importance_english 3.40 1.09 2 5
importance_problem_solving 4.49 0.50 4 5
importance_self_learning 4.18 0.63 3 5
importance_creativity 3.87 0.99 3 5
h_prep_AYPT 95.58 67.30 30 208.3333
total_h_prep_supervised 45.05 48.90 0 130
total_h_prep_after_Febr 50.57 28.05 8.5 100
n_prep_sessions_by_teacher 11.51 11.12 0 30
ave_n_students_present_per_sessions 3.69 3.63 0 15
prof_post_teamwork 4.22 0.65 3 5
prof_post_research 341 0.81 2 5
prof_post_reasoning 4.12 0.72 3 5
prof_post_presentation 4.01 0.75 3 5
prof_post_debating 4.01 0.83 25 5
prof_post_english 4.29 0.86 25 5
prof_post_problem_solving 4.07 0.64 3 5
prof_post_self_learning 3.43 0.46 3 4
prof_post_creativity 3.82 0.81 3 5
prof_prae_teamwork 3.57 0.87 2 5
prof_prae_research 2.86 0.85 2 4
prof_prae_reasoning 2.70 0.89 1 4
prof_prae_presentation 3.63 0.85 2 5
prof_prae_debating 3.19 0.93 2 4
prof_prae_english 3.60 1.23 1 5
prof_prae_problem_solving 3.27 1.12 1 4
prof_prae_self_learning 2.95 0.75 2 4
prof_prae_creativity 3.63 0.77 3 5
helpful_participation_career 4.46 1.18 1 5
preparation_helped_content_knowledge 3.00 0.00 3 3
dev_teamwork 2.32 0.75 1 3
dev_research 2.35 0.53 15 3
dev_reasoning 2.80 0.36 2 3
dev_presentation 2.56 0.45 2 3
dev_debating 2.78 0.38 2 3
dev_english 1.73 0.89 1 3
dev_problem_solving 2.62 0.49 2 3
dev_self_learning 2.19 0.63 1 3
dev_creativity 2.06 0.74 1 3

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje suhlas s obsahom, ktory odraza iba nazory autorov, a Komisia nemdze
byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.
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Appendix F: Regression results for importance of soft skills

Table 6: Regression Results for General Importance of Soft Skills (Poier, 2021)

Model 1 Model 2 Model 3 Model 4
(Intercept) -4.5146 4.6921 -4.1114 2.2143

(1.196) (0.936) (1.195) (0.771)

[0.000173] [0.000001] [0.001] [0.004]

General importance soft skills 0.6473 0.9148 0.7892 0.9916

(0.168) (0.183) (0.162) (0.179)

[0.00013] [0.000001] [0.000001] [0.000]
Age 0.5836 0.5365

(0.053) (0.051)

[0.000] [0.000]
Year 2021 (x) 0.4347 -0.0444

(0.145) (0.152)

[0.003] [0.770]
Opposition (x) -0.2567 -0.2567 -0.2567

(0.128) (0.140) (0.128)

[0.045] [0.067] [0.046]
Reviewer (x) 0.4181 0.4181 0.5489

(0.152) (0.166) (0.146)

[0.006] [0.012] [0.000182]
Juror Bias 0.9672 0.9601

(0.149) (0.150)

[0.000] [0.000]
Comp_Avg_Grade -0.2629 -0.3292 -0.2553

(0.071) (0.078) (0.071)

[0.000] [0.000001] [0.000372]
Adjusted R? 0.228 0.072 0.220 0.036
(x) Dummy variables

The table shows the coefficients, the standard deviations in round brackets, and the p-values in square brackets.

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje sihlas s obsahom, ktory odraza iba nazory autorov, a Komisia neméze
byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.
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Table 7: Regression Results for Importance of Individual Soft Skills (Poier, 2021)

Model 1 Model 2 Model 3 Model 4
(Intercept) -4.9897 -2.5344 -7.4135 -6.9799
(1.510) (1.292) (1.532) (1.257)
[0.001] [0.050] [0.000002] [0.000]
Importance teamwork 1.6635 1.9093 0.7841 0.9731
(0.178) (0.158) (0.141) (0.121)
[0.000] [0.000] [0.000] [0.000]
Importance independent research 2.1286 2.2570 0.9378 0.9863
(0.219) (0.220) (0.161) (0.164)
[0.000] [0.000] [0.000] [0.000]
Importance scientific reasoning 0.8897 1.1262 0.8258 1.0300
(0.182) (0.154) (0.189) (0.163)
[0.000001] [0.000] [0.000014] [0.000]
Importance presentation skills -2.6363 -2.9906 -0.7536 -0.8618
(0.342) (0.326) (0.248) (0.233)
[0.000] [0.000] [0.002] [0.000237]
Importance debating skills 1.0368 1.0501 1.1844 1.2940
(0.234) (0.242) (0.242) (0.258)
[0.000011] [0.000016] [0.000001] [0.000001]
Importance English skills -0.9365 -1.0651 -0.4507 -0.5614
(0.105) (0.092) (0.086) (0.075)
[0.000] [0.000] [0.000] [0.000]
Age 0.1712 0.2323
(0.070) (0.072)
[0.014] [0.001]
Year 2021 (x) 1.8823 1.9511
(0.244) (0.251)
[0.000] [0.000]
Opposition (x) -0.2567 -0.2567 -0.2567
(0.118) (0.122) (0.122)
[0.030] [0.036] [0.036]
Reviewer (x) 0.4181 0.4181 0.5882
(0.140) (0.145) (0.144)
[0.003] [0.004] [0.000046]
Juror Bias 1.0094 1.0095
(0.138) (0.143)
[0.000] [0.000]
Comp_Avg_Grade -0.3827 -0.4518 -0.2732
(0.072) (0.072) (0.073)
[0.000] [0.000] [0.000196]
Adjusted R? 0.340 0.291 0.291 0.188
x) Dummy variables

The table shows the coefficients, the standard deviations in round brackets, and the p-values in square brackets.

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje sihlas s obsahom, ktory odraza iba nazory autorov, a Komisia neméze
byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.
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Table 8: Regression Results for Importance of Individual Soft Skills (Schweighart, 2021)
term estimate std.error statistic p.value
(Intercept) -8.86 1.41 -6.30 0.00000000
tournamentAYPT2021 1.61 0.25 6.39 0.00000000
roleRep 0.26 0.12 2.07 0.03915244
roleRev 0.67 0.15 4.57 0.00000555
age 0.27 0.07 3.87 0.00011965
importance_teamwork 1.46 0.18 8.00 0.00000000
importance_research 1.99 0.23 8.69 0.00000000
importance_reasoning 0.58 0.18 3.15 0.00171139
importance_presentation -2.20 0.35 -6.31 0.00000000
importance_debating 1.08 0.25 4.40 0.00001239
importance_english -0.81 0.11 -7.52 0.00000000

Table 9: Regression Results for Importance of Individual (New) Soft Skills (Schweighart, 2021)

term estimate std.error statistic p.value

(Intercept) -3.99 1.56 -2.55 0.01092850
roleRep 0.36 0.15 241 0.01618754
roleRev 0.73 0.15 4.86 0.00000153
age 0.34 0.20 1.68 0.09278475
importance_problem_solving 0.84 0.45 1.88 0.06060011
importance_self_learning 0.31 0.14 2.25 0.02503817
importance_creativity -0.10 0.09 -1.18 0.23871505

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje suhlas s obsahom, ktory odraza iba nazory autorov, a Komisia nemdze
byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.
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Appendix G: Regression results for development of soft skills

Table 10: Regression Results for the General Development of Soft Skills (Poier, 2021)

Model 1 Model 2 Model 3 Model 4
(Intercept) -1.8209 8.2783 -0.6735 5.8802

(1.069) (0.688) (1.051) (0.453)

[0.089] [0.000] [0.522] [0.000]
General development soft skills -0.2993 0.1346 -0.1163 0.2402

(0.171) (0.185) (0.168) (0.185)

[0.080] [0.467] [0.489] [0.195]
Age 0.6291 0.5545

(0.054) (0.052)

[0.000] [0.000]
Year 2021 (x) 0.6507 0.1284

(0.144) (0.152)

[0.000007] [0.397]

Opposition (x) -0.2567 -0.2567 -0.2567

(0.129) (0.142) (0.130)

[0.046] [0.071] [0.049]
Reviewer (x) 0.4181 0.4181 0.6188

(0.153) (0.169) (0.148)

[0.006] [0.013] [0.000032]
Juror Bias 0.9928 0.9798

(0.150) (0.152)

[0.000] [0.000]
Comp_Avg_Grade -0.2786 -0.3479 -0.2690

(0.072) (0.079) (0.072)

[0.000108] [0.000012] [0.000219]

Adjusted R? 0.217 0.043 0.197 0.001
(x) Dummy variables

The table shows the coefficients, the standard deviations in round brackets, and the p-values in square brackets.

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje sihlas s obsahom, ktory odraza iba nazory autorov, a Komisia neméze
byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.
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Table 11: Regression Results for the Development of Individual Soft Skills (Poier, 2021)

Model 1 Model 2 Model 3 Model 4
(Intercept) -9.5255 5.6875 -5.0705 3.1175
(1.242) (0.789) (1.167) (0.661)
[0.000] [0.000] [0.000016] [0.000003]
Development teamwork 1.6261 0.2036 0.8883 0.1286
(0.175) (0.166) (0.157) (0.164)
[0.000] [0.221] [0.000] [0.435]
Development independent research -0.3376 -0.2721 -0.5505 -0.1532
(0.192) (0.222) (0.199) (0.222)
[0.080] [0.221] [0.006] [0.490]
Development scientific reasoning 3.4105 1.6816 2.9327 1.3316
(0.321) (0.345) (0.329) (0.347)
[0.000] [0.000001] [0.000] [0.000137]
Development presentation skills -3.0370 -0.4012 -1.8665 -0.2027
(0.357) (0.358) (0.342) (0.363)
[0.000] [0.263] [0.000] [0.577]
Development debating skills -1.6347 0.2689 -0.3484 0.3088
(0.259) (0.260) (0.216) (0.238)
[0.000] [0.301] [0.108] [0.196]
Development English skills 0.2993 -0.3835 -0.0712 -0.3849
(0.122) (0.130) (0.118) (0.131)
[0.014] [0.003] [0.546] [0.003]
Age 1.0123 0.6631
(0.070) (0.058)
[0.000] [0.000]
Year 2021 (x) 1.5442 -0.1046
(0.186) (0.171)
[0.000] [0.542]
Opposition (x) -0.2567 -0.2567 -0.2567
(0.118) (0.136) (0.123)
[0.029] [0.060] [0.037]
Reviewer (x) 0.4181 0.4181 0.6558
(0.140) (0.162) (0.142)
[0.003] [0.010] [0.000005]
Juror Bias 1.0015 1.0038
(0.137) (0.143)
[0.000] [0.000]
Comp_Avg_Grade -0.3843 -0.4278 -0.3904
(0.067) (0.077) (0.070)
[0.000] [0.000] [0.000]
Adjusted R? 0.346 0.124 0.289 0.075
x) Dummy variables

The table shows the coefficients, the standard deviations in round brackets, and the p-values in square brackets.

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje sihlas s obsahom, ktory odraza iba nazory autorov, a Komisia neméze
byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.
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Table 12: Regression Results for the Development of Individual Soft Skills (Schweighart, 2021)

DEVELOPMENT OF INQUIRY-BASED

LEARNING VIA IYPT

term estimate std.error statistic p.value
(Intercept) -11.53 1.87 -6.15 1.43601772E-09
roleRep 0.36 0.15 2.48 0.01342152
roleRev 0.73 0.15 5.00 0.00000078
age 0.99 0.07 13.67 4.94349863E-37
dev_teamwork 0.86 0.26 3.29 0.00106516
dev_research -0.69 0.23 -2.96 0.00317238
dev_reasoning 2.63 0.68 3.88 0.00011848
dev_presentation -1.80 0.55 -3.29 0.00106810
dev_debating -0.49 0.31 -1.60 0.10919536

o
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Table 13: Regression Results for the Development of Individual (New) Soft Skills (Schweighart, 2021)

term estimate std.error statistic p.value
(Intercept) -4.67 1.34 -3.48 0.00053119
roleRep 0.36 0.15 2.43 0.01539813
roleRev 0.73 0.15 4.89 0.00000128
age 0.77 0.09 8.87 8.91420530E-18
dev_problem_solving -0.45 0.23 -1.96 0.05034733
dev_self_learning 0.15 0.22 0.69 0.48779323
dev_creativity -0.42 0.16 -2.65 0.00828371

e
W
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Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje suhlas s obsahom, ktory odraza iba nazory autorov, a Komisia nemdze

byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.
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Appendix H: Regression results for proficiency in teamwork

Table 14: Regression Results for Proficiency in Teamwork (Poier, 2021)

Model 1 Model 2 Model 3 Model 4
(Intercept) -2.2246 7.8149 -3.4024 5.2867

(1.104) (0.732) (0.916) (0.413)

[0.044] [0.000] [0.000217] [0.000]
Proficiency (post-prep) teamwork 0.0016 0.1537 0.1601 0.2783

(0.092) (0.100) (0.088) (0.097)

[0.986] [0.125] [0.070] [0.004]
Age 0.6103 0.5573

(0.054) (0.052)

[0.000] [0.000]
Year 2021 (x) 0.5903 0.0947

(0.145) (0.153)

[0.000052] [0.536]

Opposition (x) -0.2567 -0.2567 -0.2567

(0.129) (0.142) (0.131)

[0.047] [0.071] [0.051]
Reviewer (x) 0.4181 0.4181 0.5861

(0.153) (0.169) (0.149)

[0.006] [0.013] [0.000090]
Juror Bias 0.9813 0.9907

(0.150) (0.153)

[0.000] [0.000]
Comp_Avg_Grade -0.2749 -0.3223

(0.073) (0.081)

[0.000196] [0.000073]

Adjusted R? 0.214 0.046 0.187 0.009
(x) Dummy variables

The table shows the coefficients, the standard deviations in round brackets, and the p-values in square brackets.

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje sihlas s obsahom, ktory odraza iba nazory autorov, a Komisia neméze
byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.
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Appendix I: Regression results for proficiency in English skills

Table 15: Regression Results for Proficiency in English Skills (Poier, 2021)

Model 1 Model 2 Model 3 Model 4
(Intercept) -2.3206 6.1942 6.6406 4.5729

(1.024) (0.581) (0.549) (0.315)

[0.024] [0.000] [0.000] [0.000]
Proficiency (post-prep) English skills 0.4241 0.6081 0.5241 0.4408

(0.071) (0.074) (0.069) (0.072)

[0.000] [0.000] [0.000] [0.000]
Age 0.5201

(0.054)

[0.000]
Year 2021 (x) 0.8096 0.5548

(0.142) (0.151)

[0.000] [0.00026]
Opposition (x) -0.2567 -0.2567 -0.2567

(0.126) (0.136) (0.134)

[0.042] [0.060] [0.056]
Reviewer (x) 0.4181 0.4181 0.5965

(0.150) (0.162) (0.152)

[0.005] [0.010] [0.000099]
Juror Bias 0.9931 0.9844

(0.147) (0.156)

[0.000] [0.000]
Comp_Avg_Grade -0.3362 -0.4269 -0.3830

(0.071) (0.076) (0.075)

[0.000003] [0.000] [0.000]

Adjusted R? 0.247 0.118 0.146 0.044
(x) Dummy variables

The table shows the coefficients, the standard deviations in round brackets, and the p-values in square brackets.
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Appendix J: Regression results for comparison between IBL and regular physics class

Table 16: Regression Results for Proficiency after Preparation Phase in 2020 (Schweighart, 2021)

term estimate std.error statistic p.value
(Intercept) -2.42 1.67 -1.45 0.14684470
tournamentAYPT2021 122 0.21 5.73 0.00000001
roleRep 0.29 0.14 2.13 0.03331587
roleRev 0.66 0.17 4.01 0.00006743
age 0.36 0.11 331 0.00097471
prof_post_teamwork -0.14 0.19 -0.76 0.44499886
prof_post_research -0.01 0.11 -0.06 0.95270594
prof_post_reasoning 0.47 0.23 2.09 0.03661578
prof_post_presentation -1.00 0.33 -3.07 0.00225924
prof_post_debating 0.48 0.26 1.87 0.06169911
prof_post_english 0.58 0.10 5.86 0.00000001

Table 17: Regression Results for Proficiency before Preparation Phase in 2021 (Schweighart, 2020)

term estimate std.error statistic p.value
(Intercept) -5.87 2.66 -2.20 0.02789855
roleRep 0.36 0.15 2.48 0.01342152
roleRev 0.73 0.15 5.00 0.00000078
age 0.79 0.15 5.37 0.00000011
prof_prae_teamwork -0.92 0.29 -3.21 0.00139121
prof_prae_research -0.13 0.11 -1.17 0.24442857
prof_prae_reasoning -0.03 0.27 -0.13 0.89899302
prof_prae_presentation 0.74 0.41 1.81 0.07114430
prof_prae_debating 0.07 0.30 0.25 0.80597444

prof_prae_english
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Appendix K: Regression results for hours spent preparing

Table 18: Regression Results for Hours Spent Preparing (Schweighart, 2021)

term estimate std.error statistic p.value
(Intercept) -5.77 0.97 -5.97 3.66E-09
tournamentAYPT2021 0.51 0.15 3.50 0.00050284
roleRep 0.34 0.14 2.52 0.01183890
roleRev 0.65 0.17 3.94 0.00008833
age 0.66 0.06 11.88 7.83E-30
h_prep_AYPT 0.01 0.00 7.86 1.39E-14

o

% S
W
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\\\\\\5‘ ’%’ S%‘* YT

Imtrerananal voung Phuscen: Townamens
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Appendix L: Regression Results for Individual Soft Skills

Table 19: Regression Results for Problem-Solving Skills (Schweighart, 2021)

term estimate std.error statistic p.value
(Intercept) 10.98 3.04 3.61 0.00033003
roleRep 0.36 0.15 2.48 0.01336641
roleRev 0.73 0.15 5.00 0.00000077
age -1.31 0.36 -3.63 0.00030906
importance_problem_solving 4.47 0.75 5.97 0.00000000
prof_post_problem_solving 0.15 0.11 1.34 0.18179661
prof_prae_problem_solving -0.81 0.13 -6.05 2.57959819E-09
dev_problem_solving -0.59 0.19 -3.03 0.00259591
Table 20: Regression Results for Teamwork (Schweighart, 2021)
term estimate std.error statistic p.value
(Intercept) -4.88 0.91 -5.35 0.0000001
roleRep 0.36 0.15 247 0.0139858
roleRev 0.73 0.15 4.97 0.0000009
age 0.83 0.06 13.25 0.0000000
importance_teamwork -0.44 0.21 -2.13 0.0339140
prof_post_teamwork 0.21 0.20 1.03 0.3049109
prof_prae_teamwork -0.29 0.08 -3.90 0.0001067
dev_teamwork -0.09 0.19 -0.49 0.6244983
Table 21: Regression Results for Independent Research Skills (Schweighart, 2021)

term estimate std.error statistic p.value
(Intercept) 0.45 1.48 0.30 0.76315062
roleRep 0.36 0.15 247 0.01396031
roleRev 0.73 0.15 4.97 0.00000090
age 0.36 0.09 4.08 0.00005105
importance_research 1.32 0.30 4.36 0.00001566
prof_post_research -2.16 0.40 -5.34 0.00000013
prof_prae_research -0.85 0.13 -6.31 0.00000000
dev_research 1.86 0.37 5.07 0.00000054

Podpora Eurdpskej komisie pri tvorbe tejto publikacie nepredstavuje suhlas s obsahom, ktory odraza iba nazory autorov, a Komisia nemdze
byt’ zodpovedna za akékol'vek vyuzitie informacii obsiahnutych v tejto publikacii.

89



o

8

Uy, W
RALEN Spolufinancované z - W
programu Eurépske;j tinie DEVELOPMENT OF INQUIRY-BASED o e
R Erosmus+ LEARNING VIA IYPT \\\% g 3, T
Table 22: Regression Results for Scientific Reasoning Skills (Schweighart, 2021)
term estimate std.error statistic p.value
(Intercept) -6.90 1.74 -3.96 0.00008648
roleRep 0.43 0.15 2.79 0.00548096
roleRev 0.73 0.15 4.74 0.00000281
age 0.60 0.12 5.05 0.00000063
importance_reasoning 1.07 0.21 4.99 0.00000082
prof_post_reasoning -0.31 0.13 -2.40 0.01676674
prof_prae_reasoning -0.23 0.15 -1.59 0.11145954
dev_reasoning - - -
Table 23: Regression Results for Presentation Skills (Schweighart, 2021)
term estimate std.error statistic p.value
(Intercept) -5.27 1.23 -4.30 0.00001970
roleRep 0.36 0.15 241 0.01620572
roleRev 0.73 0.15 4.86 0.00000154
age 0.85 0.06 13.53 0.00000000
importance_presentation -0.33 0.16 -2.09 0.03738902
prof_post_presentation 0.18 0.09 1.94 0.05304621
prof_prae_presentation -0.26 0.08 -3.21 0.00139855
dev_presentation -0.22 0.14 -1.66 0.09803643
Table 24: Regression Results for Debating Skills (Schweighart, 2021)
term estimate std.error statistic p.value
(Intercept) -6.76 2.35 -2.88 0.00416394
roleRep 0.36 0.15 2.48 0.01334130
roleRev 0.73 0.15 5.00 0.00000076
age 0.91 0.07 12.74 0.00000000
importance_debating 0.33 0.59 0.57 0.56850407
prof_post_debating 0.24 0.12 2.02 0.04340459
prof_prae_debating -0.23 0.07 -3.18 0.00152770
dev_debating -1.27 0.23 -5.58 0.00000004
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term estimate std.error statistic p.value
(Intercept) -6.83 0.93 -7.32 8.60960724E-13
roleRep 0.36 0.15 2.48 0.01336348
roleRev 0.73 0.15 5.00 0.00000077
age 0.70 0.05 13.09 0.00000000
importance_english -0.63 0.12 -5.35 0.00000013
prof_post_english 0.28 0.14 2.01 0.04511322
prof_prae_english 0.45 0.15 2.93 0.00356195
dev_english 0.57 0.14 4.00 0.00007181
Table 26: Regression Results for Self-Directed Learning Skills (Schweighart, 2021)
term estimate std.error statistic p.value
(Intercept) -4.34 1.27 -3.43 0.00066314
roleRep 0.27 0.16 1.70 0.09061880
roleRev 0.67 0.16 4.30 0.00002100
age 0.72 0.10 6.86 0.00000000
importance_self_learning 0.25 0.12 2.14 0.03324166
prof_post_self_learning 0.25 0.22 1.16 0.24804051
prof_prae_self_learning -0.58 0.11 -5.07 0.00000056
dev_self_learning -0.64 0.23 -2.83 0.00478459
Table 27: Regression Results for Creativity (Schweighart, 2021)

term estimate std.error statistic p.value
(Intercept) -5.38 1.31 -4.10 0.00004647
roleRep 0.36 0.15 2.46 0.01432018
roleRev 0.73 0.15 4.95 0.00000098
age 0.75 0.06 12.99 0.00000000
importance_creativity -0.03 0.11 -0.29 0.77473688
prof_post_creativity 0.55 0.18 3.05 0.00235545
prof_prae_creativity -0.35 0.12 -2.94 0.00346858
dev_creativity -0.64 0.26 -2.51 0.01249636
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