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Level of inquiry skills among 6th grade primary school pupils
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Primarnym cielom prirodovedného vzdelavania je rozvijat prirodovedni gramotnost
ziaka tak, aby disponoval sirokym spektrom vedomosti, postojov, kompetencii a zruc-
nosti, ktoré mu umoznuju vyuzivat a uplatiiovat poznatky a postupy spojené s ve-
deckym sktimanim v kazdodennom Zivote pri rieSeni roéznych situdcii. Vyznamnou
zlozkou prirodovednej gramotnosti stt badatelské zruc¢nosti, prostrednictvom ktorych
sa pri rieSeni problémov mozu uplatiiovat metédy a postupy kopirujice povahu prace
vedcov. Ziakom zéroveni umoziiuju ziskavaf nové poznatky a porozumiet prirodnym
konceptom, na zéklade ktorych mozu hlbsie preniknit do spésobu fungovania okoli-
tého sveta. V predlozenom prispevku predstavujeme vysledky realizovaného vyskumu
zameraného na hodnotenie Grovne badatelskych zru¢nosti ziakov Siesteho roénika niz-
sieho sekundarneho vzdeldvania (ISCED 2). Ziskané udaje naznacuju, ze Ziaci parti-
cipujuci na vyskume disponuju pomerne nizkou tdroviiou badatelskych zru¢nosti, ¢o
moze vyrazne ovplyvnit ich schopnost vyhladdvat a objavovat nové poznatky z oblasti
prirodnych vied a v kone¢nom désledku mat negativny dopad na ich celkovi troven
prirodovednej gramotnosti.

The primary aim of science education is to develop the pupils’ scientific literacy that
they have a wide range of knowledge, attitudes, competencies, and skills that enable
them to use and apply knowledge and procedures associated with scientific inquiry
when solving various situations in daily life. An important component of scientific
literacy is inquiry skills, through which methods and procedures copying the work of
scientists can be applied in solving problems. At the same time, they allow pupils to
gain new knowledge and understand natural concepts, based on which they can input
more deeply into the way the world works. In the submitted contribution, we present
the results of the conducted research aimed at evaluating the level of inquiry skills
among sixth-grade pupils of lower secondary education (ISCED 2). The obtained data
indicate that the pupils who participated in the research have a relatively low level of
inquiry skills, which can significantly affect their ability to search and discover new
knowledge in the field of natural sciences and ultimately have a negative impact on
their overall level of scientific literacy.
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1 Uvod

Vo v8eobecnosti sa za zakladny ciel prirodovedného vzdeldvania povazuje rozvoj prirodovednej gramot-
nosti (DeBoer, 2000; Liu, 2013). V kontexte prirodovedného vzdeldvania moZeme prirodovednii gramot-
nost vymedzit ako rozvijanie kompetencii spojenych s vyuzivanim vedeckych poznatkov a zruénosti za-
lozenych na ziskavani dokazov, ktoré maji vyznam pre kazdodenny zivot pri rieSeni osobne naro¢nych,
ale z hladiska vedy zmysluplnych problémov (Holbrook & Rannikmae, 2009). Prirodovednd gramotnost
tak predstavuje poziadavku, ze urcité zvladnutie vedy je zédkladnym predpokladom nie len pre vzdelé-
vanie, ale aj pre kazdodenny Zivot v spolo¢nosti. Harlen (2001) vymedzila tri zlozky, ktoré sa podielaja
na utvarani prirodovednej gramotnosti. Ide o prirodovedné predstavy, prejavy vedeckého postoja k re-
alite a sposobilosti vedeckej prace. Najobsiahlejsiu zlozku prirodovednej gramotnosti predstavuju prave
sposobilosti vedeckej préce, ktoré si niektorymi autormi (napr. Balogova & Jeskova, 2016; O’Connor
& Rosicka, 2020; Song, 2016) stotoznované s badatelskymi zruénostami. Rozvoj tohto siboru zruénosti
predstavuje kli¢ovy prvok aj pre formovanie zvy$nych dvoch zloziek prirodovednej gramotnosti (Lou et
al., 2015; Rezba et al., 2003). Podla Wenninga (2007) prave osvojenie si procesov vedeckého bédania
umoziiuje naplnit ciel prirodovedného vzdeldvania, ktorym je rozvoj prirodovednej gramotnosti. Publi-
kované studie (napr. Bellova et al., 2018; Kotuldkova, 2020; Miskovicova et al., 2009; Mukti et al., 2019)
dlhodobo poukazuji na pomerne nizku Groven prirodovednej gramotnosti Ziakov, ako na Slovensku, tak
aj v inych krajinach. Na klesajuci trend v trovni prirodovednej gramotnosti slovenskych Ziakov pouka-
zuju aj vysledky merani PISA (Miklovi¢ova & Valovi¢, 2019) a TIMSS (TIMSS, 2019), v ktorych Ziaci,
na rozdiel od ziakov v CR, dosiahli vysledky pod priemerom krajin OECD (Mullis et al., 2020; Schlei-
cher, 2019). Podla Firmana (2007) nizka troveii prirodovednej gramotnosti priamo suvisi s charakterom
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vzdelavania, ktoré v nedostatocnej miere kladie do popredia aktivity, ktoré by viedli k zvySeniu Grovne
badatelskych zruénosti. Uroveii badatelskych zruénosti totiz vyraznou mierou determinuje schopnost Zi-
akov osvojit si obsah prirodovedného vzdeldvania vychddzajiceho z vedeckého poznania (Harlen, 2014).
Inovovany Statny vzdeldvaci program na Slovensku (SPU, 2015) pritom presadzuje, aby Ziaci v ramci vy-
ucovania prirodnych vied dostali prilezitost badat, objavovat, rozvijat si badatelské zru¢nosti a formovat
si celkové poznanie v oblasti prirodnych vied. S ohladom na tuto skuto¢nost je potrebné vo vychovno-
vzdelavacom procese dosledne venovat pozornost skiimaniu a hodnoteniu trovne bédatelskych zruénosti
ziakov a hladaniu vhodnych stratégii na ich cieleny rozvoj.

2 Badatelské zruénosti

Prirodovedné vzdelavanie kladie déraz nie len na nadobtidanie a porozumenie prirodovednym konceptom
(DeBoer, 2000), ale aj na osvojenie si sposobov vedeckej préace, prostrednictvom ktorych mozu ziaci zis-
kat nové vedomosti a porozumiet skuto¢nej povahe vedy (Wang et al., 2015). Do popredia sa tak dostalo
vzdelavanie zalozené na badani. V odbornej literature sa stretavame s réznymi vymedzeniami pojmu ba-
danie. Minarechové (2014) a Colburn (2000) definuji badanie ako otvorené praktické aktivity smerované
na ziaka, prostrednictvom ktorych moézeme podla Llewellyna (2013) rozvijat kritické myslenie ziakov, ich
vedomosti, zruénosti, postoje a navyky, ktoré je mozné aplikovat nie len v skolskom prostredi, ale aj v bez-
nom Zzivote. Kires et al. (2016) charakterizujia badanie ako aktivne skiimanie ziakov s cielom nachddzania
odpovedi na otazky, ktoré ich zaujimaji. Harlen (2013) dokonca badanie prirovnéva k investigativnemu
vySetrovaniu, ktoré umoznuje ziakom prostrednictvom priamej interakcie s okolim a ziskavanim dékazov
spoznat a pochopit okolity svet. Pri badani sa tak aktivita prestva na ziaka, pri¢om uditel vystupuje
ako facilitator a usmertiuje pracu ziakov (Cepickové, 2013). Pre realizaciu uvedeného spdsobu vyuéovania
prirodnych vied je nevyhnutné, aby Ziaci disponovali uréitou troviiou badatelskych zrucénosti, ktoré im
umoznia postupovat pri bAdani obdobne ako vedcom.

Bédatelské zruc¢nosti predstavuju zékladny pilier sltziaci ziakom na pochopenie sveta vedy a prirody
(O’Connor & Rosicka, 2020). Millar a Driver (1987) definuji badatelské zru¢nosti v kontexte vzdela-
vania ako stibor zru¢nosti, ktoré sit vyuzivané pri realizicii badania v procese vyucovania prirodnjych
vied, pricom Kires et al. (2016) povazuju badatelské zrucnosti za stibor tzv. ,soft-skills“ a Specifickych
zrucénosti, ktoré su charakteristické pre pracu vedca a nevyhnutné pre realizaciu akejkolvek vedeckej ¢in-
nosti spojenej so skimanim (Stone, 2014). Prostrednictvom tychto zruénosti si Ziaci rozvijaji schopnost
kl4st otazky a hladat vhodné odpovede (NRC, 1996), pri¢om umoziiuji ziakom zapojit sa do procesu
vzdelavania v stlade s principmi konstruktivizmu (SPU, 2015).

V literattire sa mozeme stretnif s roznymi podobami klasifikacii badatelskych zruénosti. Podla Jes-
kovej et al. (2016a) tieto klasifikdcie mozeme rozdelit do dvoch zdkladngch rdmcov. Prvy rdmec tvoria
klasifikacie, ktoré st odvodené od jednotlivych stupriov badania. Do tohto ramca spada napriklad klasi-
fikdcia podla Fradda et al. (2001), ktori rozdelili badatelské zruénosti na zéklade faz badatelského cyklu
na Sest skupin, a to formulovanie problému, planovanie, implementéaciu, vyvodzovanie zaverov, zdielanie
vysledkov a aplikovanie. Druhy ramec predstavuja klasifikdcie navrhnuté s ohfadom na vekovu kategdriu
ziakov. Prikladom je klasifikicia od Wenninga (2005), ktory rozdelil jednotlivé badatelské zruénosti podla
veku a intelektualnej irovne ziakov. Vymedzil tak Styri skupiny zruénosti, a to elementarne, zakladné,
integrované a pokrocilé. Uvedena klasifikicia bola autorom v rameci dalSieho vyskumu doplnené o stredne
pokro¢ilé a kulminujice badatelské zru¢nosti, pricom vymedzenie jednotlivych kategdrii zruénosti nie je
rigidné a je mozné ich prisposobif aktudlnym moznostiam ziakov (Wenning, 2010). Prehlad badatelskych
zruénosti uvadzame v tab. 1.

Podla Ozgelena (2012) badatelské zruénosti priamo stvisia aj s kognitivnym rozvojom osobnosti Ziaka
v oblasti prirodnych vied. Tieto zrucnosti poskytuju ziakom podporu pri mysleni, uvazovani, hodnoteni
a rieSeni konkrétnych situdcii. Vyskum Suryawati a Osmana (2017) naznacuje, Ze ¢im vysSou troviiou bé-
datelskych zruénosti Ziaci disponuji, tym vyssia je aj troveii ich kognitivneho rozvoja v oblasti prirodnych
vied. Uroven badatelskych zruénosti ziakov koreluje s realizaciou badatelskych aktivit v prirodovednom
vzdeldvani (Ergiil et al., 2011). Realizované vyskumy v8ak poukazuji na vyrazné rozdiely v tirovni zrud-
nosti ziakov medzi jednotlivymi krajinami (napr. Burns et al., 1985; Smida & Cipkova, 2021; Tan, 1996)
a opisuju rozne problematické aspekty ich rozvoja vo vzdelédvani (napr. Deters, 2005; Cheung, 2007).
Uvedent skuto¢nost zddvodiiuju tym, Ze Gastokrat ucitelia sice badanie integruji do vzdelavacich plé-
nov v suvislosti s platnymi kurikuldrnymi dokumentmi, redlne ho vSak vo svojej vyucbe nevyuzivaja.
Vyskumy trovne badatelskych zruénosti ziakov preto modZzeme vnimat aj v kontexte toho, ¢i dochadza
k naplianiu principov prirodovedného vzdelavania zalozeného na konstruktivizme.

V stcasnosti st dostupné tdaje z medzinarodnych porovnéavacich testovani PISA alebo TIMSS, ktoré
sa zameriavaju na posudenie trovne prirodovednej gramotnosti (Mullis et al., 2020; Schleicher, 2019).
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Tab. 1: Klasifikicia badatelskych zruénosti (Wenning, 2010 — upravensé)

Elementarne Zakladné Stredne Integrované Kulminujace Pokrocilé
zrucénosti zrucnosti pokrodilé zrucnosti zrucénosti zrucnosti
zrucnosti
pozorovat predpovedat merat metricky zhromazdit, tvorit
formulovat vysvetlit zbierat a za- merat ho.dnotit’ hypotetické
koncepty vztahy znamenavat vytvéarat a 11’1terpreto— vysvetlenia
odhadovat odhadovaf udaje empirické Zzza analyzovat
cip zdkony na a hodnotit
formulovat ziskavat : O:)t rl({{‘] it zéklade konstruovat vedecké
zévery a spracové— aa ;;f " logickych argumenty argumenty
komunikovat Ya‘t ) & ) ’ dékazov zalozené na tvorit
vysledky udaje Za;p;laairiloova;tﬁ napldnovat dokazoch predpovede
klasifikovat formul?vaf vede Ckzé v a riadif hodnotit na prostrednic-
vysledky Vede(?ke badanie vedecké zaklade tvom
a logické badanie dokazov deduktiv-
vysvetlenia identifikovat o L neho
na zaklade a kontrolovat Vyuzwa/t . objasnit mvslenia
dokazov premenné technolégiu hodnoty vo ¥y
i o a matema- vztahu revidovat
rozpoznat vyuzivat tiku k prirodnym hypotézy
a analyzovat technoldgiu v procese zdkonom a predpovede
alternativne a matema- badania a obdian- na zaklade
vysvetlenia tiku skym novyrch
a modely Vv procese pravam dokazov
badania , "
vzajomne riesit zlozité
vy?vetlit’ spolupraco- problémy
vztahy vat z beZného
zivota
sofistikovanost intelektuélnych procesov
nizsia vyssia

Vysledky tychto testov ale nepoukazuji na uroven badatelskych zruénosti. Testovanie TIMSS sa zame-
riava iba na posudenie trovne vedomosti ziakov $tvrtého roc¢nika zakladnej skoly a z vysledkov PISA
testovania nie je moZné jednoznacéne urcit troveii jednotlivych badatelskych zruénosti ziakov. Z toho do-
vodu je potrebné v ramci vyskumu zamerat pozornost aj na samotné badatelské zrucénosti ziakov. Na ich
meranie sa najCastejsie vyuzivaju testy (napr. Kruit et al., 2018; Shahali & Halim, 2010; Temiz, 2020;
Tosun, 2019; Wenning, 2006, 2007 a pod.), ktoré umoziiuju ziskat objektivne vysledky o vykone ziakov pri
rieSeni tloh vyzadujtcich si badatelsky pristup. Podrobnejsie tdaje o sposoboch, ktorymi ziaci dokézu vy-
uzivat badatelské zruénosti v praxi, mézeme ziskat aj ich pozorovanim pri realizacii badatelskych aktivit
(napr. Hairida, 2016; Mulyeni et al., 2019) alebo prostrednictvom analyzy roznych nastrojov formativ-
neho hodnotenia (Harlen, 2013), ktoré ndm umoziiuji presnejsie identifikovat chyby ziakov v procese
ucdenia sa a osvojovania si zru¢nosti (Opara & Oguzor, 2011). V snahe detailnejsie analyzovat jednotlivé
zrucnosti sa v sicasnej dobe kladie déraz aj na analyzu jednej ¢i dvoch konkrétnych zrucnosti, ktoré su
posudzované na zéklade roznych kritérii (napr. Kires & Jurkovd, 2021; Nejedly & Vojif, 2022). Mnohé
vyskumy zarover poukazuji na rozdiely medzi troviiou osvojenych badatelskych zrucénosti a pohlavim
7iakov (napr. Guevara, 2015; Jeskova et al., 2021; Zeidan & Jayosi, 2015), av8ak pri inych vyskumoch
tento rozdiel nebol signifikantne preukazany (napr. Jeskova et al., 2016a; Smida & Cipkova, 2021).

3 Ciel vyskumu a vyskumné otazky

Pre rozvoj badatelskych zrucénosti je nevyhnutné vo vzdelavani vyuzivat také metédy a postupy, ktoré
7iakom umoznia kopirovaf pracu vedcov (Windschitl, 2000), povedi k prehibeniu Ziackych vedomosti
z oblasti prirodnych vied (Harrison, 2014) a umoZnia u Zziakov formovaft si pozitivne postoje k prirode
a k samotnej vede (Topalsan, 2020). Aby sme vSak dokdzali cielene implementovat badatelské aktivity
do vyudovania, je potrebné poznaf, akou troviiou zruénosti ziaci aktualne disponuju. Podla Weninga
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(2007) hodnotenie aktuélnej trovne badatelskych zrucénosti predstavuje zdklad pre posudzovanie tspes-
nosti vzdelavania a tvorbu kurikularnych dokumentov. V stcasnosti sa na Slovensku pripravuje kuriku-
larna reforma zakladnej skoly, v rdmci ktorej bude obsah vzdeldvania na zékladnej Skole usporiadany
do troch cyklov, pricom treti cyklus bude pokryvat Siesty az deviaty ro¢nik. Navrhované zmeny v pri-
rodovednej oblasti presuvaju fazisko vzdeldvania z odovzdavania vedomosti na rozvoj prirodovedného
poznania ziaka prostrednictvom aplikicie metéd a postupov objektivneho a systematického skimania.
7 toho dovodu ciefom predlozeného vyskumu bolo zistif irovent vybranych badatelskych zruénosti ziakov
Siesteho roc¢nika zékladnych §kol na Slovensku. V sulade s cielom vyskumu sme si stanovili nasledovné
vyskumné otazky:

e Ak4 je troveini vybranych badatelskych zruénosti Ziakov Siesteho roénika zékladnych kol na Sloven-
sku?

e AKk4 je troven vybranych badatelskych zruénosti ziakov Siesteho roénika zékladnych §kol v zavislosti
od pohlavia?

4 Metodologia

Vyskum sa zameriaval na zistenie irovne badatelskych zru¢nosti ziakov Siesteho ro¢nika zakladnych skol.
S poziadavkou na ucast vo vyskume sme oslovili vSetky plnoorganizované zékladné skoly na Slovensku
prostrednictvom e-mailu, pri¢om podetnost vyskumného sitboru ovplyviiovala ochota uditela spristupnit
administrovany test ziakom v priebehu vyucovacej hodiny. Pre ziskanie potrebnych tidajov sme vyuzili
vyskumny nastroj vlastnej konstrukcie. Vyskumny néstroj bol skolam administrovany elektronicky pro-
strednictvom platformy Google Forms v obdobi od januara do marca 2022. Uéast §kol na vyskume bola
dobrovolna.

4.1 Vyskumny sibor

Vzhladom na stanoveny vyskumny ciel sme vyuzili dostupny vyber vyskumného siboru. Vyskumu sa
celkovo zucastnilo 891 ziakov Siesteho ro¢nika zékladnych skol situovanych v réznych regiénoch Slovenska.
Vyskumny stibor pozostaval zo 423 chlapcov (47,5 %) a 468 dievéat (52,5 %), Priemernd znamka Ziakov na
polro¢nom hodnoteni z biolégie bola 2,4. Vzdelavanie Ziakov prebiehalo v stlade s inovovanym Statnym
vzdelavacim programom (SPU, 2015), ktory v rdmci vyucovania prirodnych vied kladie do popredia
béadanie, ako jeden zo spdsobov ziskavania novych vedomosti a zrucnosti. Je ale potrebné si uvedomit, ze
vzdeldvanie na Slovensku v rameci zékladnych §kol moze prebiehat v roznych podmienkach a moze sa lisit
napriklad z hladiska materidlno-technickej vybavenosti §kol (existencia Skolskych laboratérii, dostupnost
digitalnych technolégii a dalsich didaktickych prostriedkov) alebo s ohladom na kompetencie uéitelov
realizovat vyuc¢bu vedicu k rozvoju badatelskych zruénosti ziakov (Dluhosova, 2004; Hew & Brush, 2007;
Rahayu et al., 2022; Sterbakova, 2014). Tato situdcia moze vyznamnou mierou determinovat dosiahnutt
uroveil badatelskych zruénosti ziakov.

4.2 Vyskumny nastroj

Za tucelom zistenia aktudlnej trovne béadatelskych zrucnosti ziakov existuje uz niekolko dostupnych
vyskumnych nastrojov (napr. Burns et al., 1985; Gormally et al., 2012; Jeskova et al., 2016b; Wenning,
2007; Wenning, 2006 a pod.). Tieto vyskumné nastroje st v prevaznej miere uréené pre starsich ziakov ¢i
Studentov, a z toho dovodu ich nie je jednoduché prevziat a pouzif na meranie zruénosti ziakov Siesteho
ro¢nika nizsieho sekundarneho vzdeldvania. Pre zistenie Grovne vybranych badatelskych zruénosti ziakov
sme skonstruovali vlastny vyskumny néstroj v podobe testu s uzavretymi polozkami (obr. 1). Kazda
polozka obsahovala jednu spravnu moznost a Styri pontikané distraktory, ¢im sa znizuje pravdepodobnost
ndhodného oznacenia (uhadnutia) sprévnej odpovede (Farhady & Shakery, 2000; Hassan & Hod, 2017;
Woodford & Bancroft, 2004). Test pozostaval z celkovo 14 uzatvorenych poloziek vsadenych do kontextu
biolégie, pricom kazdé4 zruénost bola v teste merand prostrednictvom dvoch poloziek. Pri vybere kon-
krétnych badatelskych zruénosti sme vychadzali z prdc Wenninga (2010; 2005), pri¢om sme vymedzili
sedem béadatelskych zruénosti, ktorymi by mali Ziaci Siesteho ro¢nika zakladnych §kol disponovat, a to:
zrucénost formulovat predpovede, zruénost identifikovat premenné, zruénost identifikovat vztah medzi pre-
mennymi na zéklade Gdajov z grafu, zru¢nost identifikovat vztah medzi premennymi na zdklade tdajov
z tabulky, zru¢nost zaznamenévat vysledky pozorovania a merania, zru¢nost transformovat vysledky do
Standardnych foriem a zru¢nost formulovat zaver. Na administraciu testu sme stanovili 45 mintt.
Validitu vyskumného nastroja sme zabezpecili expertnym postidenim troch odbornikov z oblasti didak-
tiky (Heale & Twycross, 2015). Reliabilitu testu sme ur¢ili prostrednictvom vzorca Kudera a Richardsona
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Uloha 5

Vedci hladali odpoved’ na otazku: Ako sa meni teplota tela v zavislosti od prostredia u piatich
vybranych Zivocichoch pocas dna? Na zaklade pokusu ziskali udaje, ktoré zaznamenali do grafu.
Jednym zo skiimanych Zivocichov bol aj skokan zeleny. Ktord z uvedenych odpovedi obsahuje

spravnu formulaciu zaveru pokusu s ohl'adom na udaje v prilozenom grafe?
Teplota tela Zivocichov pocas dia

35

30

25

20

teplota tela

6:00 1200 1800 24‘00
Cas

a) Teplota tela skokana zeleného sa pocas dita nemeni v zavislosti od teploty prostredia, ide
preto o Zivocicha s nestlou teplotou tela.

b) Teplota tela skokana zeleného sa pocas dina nemeni v zavislosti od teploty prostredia, ide
preto o zivocicha so stalou teplotou tela.

c) Teplota tela skokana zeleného sa poc¢as diia meni v zavislosti od teploty prostredia, ide preto
o zivocicha so stalou teplotou tela.

d) Teplota tela skokana zeleného sa pocas diia meni v zévislosti od teploty prostredia, ide preto
o zivocicha s nestalou teplotou tela.

e) Teplota okolitého prostredia nema Zziaden vplyv na teplotu tela skokana zeleného pocas

dna.

Obr. 1: Ukazka testovej polozky (polozka 5)

¢. 20, pretoze jednotlivé polozky v teste boli skérované dichotomicky. Zo zistenej hodnoty (K Rog = 0,78)
vyplyva, Ze vyskumny nastroj mozeme povazovat za reliabilny (Jacob, 2017). Priemernd hodnota ob-
taznosti testovych poloziek @ predstavovala 57,6 %, pricom ¢im je jeho hodnota vysSia, tym st polozky
obtaznejsie (Kubis et al., 2015). Priemerny index citlivosti poloziek ULI (upper-lower index) dosiahol hod-
notu 0,65, pricom ¢im je jeho hodnota blizsie k jednej, tym maju polozky vyssiu diskriminacnt schopnost
(Noor, 2021). Jednotlivé hodnoty indexu obfaznosti a citlivosti stt uvedené v tab. 2.

Tab. 2: Hodnota indexu obtaznosti a citlivosti pre jednotlivé testové polozky

Polozka 1 2 3 4 5 6 7
Index citlivosti 0,41 0,72 0,71 0,70 0,74 0,81 0,82
Index obtaznosti Q | 65,3 46,6 53,6 64,1 66,9 49,0 41,4

Polozka 8 9 10 11 12 13 14
Index citlivosti 0,34 0,71 0,76 0,27 0,71 0,51 0,90
Index obtaznosti @ | 76,0 55,6 55,2 65,5 54,7 69,0 44,0

4.3 Analyza dat

Vysledky testu sme podrobili kvantitativnej analyze, ktord spocivala v stanoveni zakladnych opisnych
charakteristik testu (napr. aritmeticky priemer, median, modus, smerodajné odchylka a pod.). Uspesnost
ziakov pri rieSeni testovych poloZiek sme vypoditali ako podiel Ziakov, ktori uviedli spravnu odpoved
k celkovému poctu testovanych ziakov (Proksa et al., 2008). Obdobne sme postupovali aj pri uréovani
uspesnosti dosiahnutej v ramci jednotlivych badatelskych zruc¢nosti. Shapiro-Wilkov test preukazal, ze
déta nie st normalne rozlozené (W = 0,93, p < 0,05), a preto sme na ich analyzu pouzili neparametrické
Statistické testy (Neideen & Brasel, 2007). Medzi takéto testy patri Spearmanov korelaény koeficient,
ktory sluzi na zistenie Statisticky vyznamnej korelacie medzi dvomi poradovymi premennymi (Schober
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et al., 2018) a Mann Whitneyho (Wilcoxonov) test, ktory sa pouZziva na zistenie Statisticky vyznamného
rozdielu medzi medidnmi dvoch nezévislych vyberov (Fagerland & Sandvik, 2009). Nésledne sme zistovali
aj velkost efektu r, ktory predstavuje silu rozdielu medzi skupinami (Pallant, 2007).

5 Vysledky

5.1 Celkova darovei badatelskych zruénosti

Ziaci v administrovanom teste badatelskych zru¢nosti dosiahli priemerné skére 5,93 bodov (SD = 3,43)
z celkového poétu 14 bodov, ¢o predstavuje tispesnost na tirovni 42,4 %. Median bol na tirovni 6,0 a modus
1,0.

Najvyssiu tuspesnost ziakov sme zaznamenali pri zruc¢nosti identifikovat vzfah medzi premennymi na
zéklade udajov v tabulke (57,3 %), kde v oboch polozkéch (polozka 7 a polozka 14) mali ziaci vyvodit
spravny vztah medzi vymedzenou zavisle a nezavisle premennou. O nieco nizsiu tspesnost dosiahli Ziaci
pri samotnej zru¢nosti identifikovat premenné (48,9 %). V oboch polozkach (polozka 2 a polozka 9) mali
Ziaci na zdklade navrhnutého postupu pokusu rozhodnif, ktory z uvedenych faktorov mé alebo nem4
vplyv na jeho vysledok. Uspesnost nad priemernou tspesnosfou rieSenia testu sme zaznamenali aj pri
zruénosti zaznamendavat vysledky pozorovania a merania (45,6 %), kde mali v polozke 3 a v 10 posudit, ¢i
sa jedna o vhodny alebo nevhodny spésob zaznamenévania tdajov. Priemerné percentualne skére ziakov
dosiahnuté v jednotlivych badatelskych zru¢nostiach uviddzame v tab. 3.

Tab. 3: Priemerné skore ziakov dosiahnuté v teste

. s N tspednost pre | tispesnost pre
zrucnost polozka polozku [%)] zruénost [%]
énost formulovat predpoved ! 34,7 29.4
zru¢nost formulovat predpovede 8 240 ,
L . ) 2 53,4

zru¢nost identifikovat premenné 9 444 48,9

zru¢nost identifikovat vzfah medzi premennymi na zaklade 6 51,0

e 41,0

udajov z grafu 13 31,0

zruénost identifikovat vzfah medzi premennymi na zaklade 7 58,6 573

adajov z tabulky 14 56,0 ’
. -, . . 3 46,4

zru¢nost zaznamenavat vysledky pozorovania a merania 10 A48 45,6
. > A . , . 4 35,9

zru¢nost transformovat vysledky do Standardnych foriem 1 345 35,2
. p 5 33,1

zru¢nost formulovat zaver 12 45,3 39,2

Najniz$iu priemerna tspesnost (tab. 3) dosiahli Ziaci v zruénosti formulovat predpovede (29,4 %).
V oboch polozkich (polozka 1 a polozka 8) merajicich tito zruc¢nost si mali Ziaci vybrat spravnu for-
mulaciu predpovede spomedzi distraktorov, ktoré obsahovali navrhnutt vyskumnia otazku, postup po-
zorovania, vysvetlenie pozorovania a pod. Nizke skére tspes$nosti ziakov naznacuje, ze nedokazu odlisit
predpoved od inych vyrokov a ziroven maju problém pochopit klticéové prvky spravne naformulovanej
predpovede.

Podpriemerné skére Zziaci ziskali aj v zrucnosti transformovat vysledky do Standardnych foriem. Prie-
mernd tispesnost ziakov bola na trovni 35,2 %. Ziaci pri jednotlivych polozkach (polozka 4 a polozka 11)
mali problém s vyberom spravneho grafu, ktory by najvhodnejSie reprezentoval grafické spracovanie
vopred poskytnutych tdajov. Problém ziakov s grafickym spracovanim dat sa ukézal aj pri zruc¢nosti
identifikovat vzfah medzi premennymi na zéklade dajov z grafu, kde dosahovali rovnako podpriemernit
aroveni (41,0 %).

V zru¢nosti formulovat zaver dosiahli Ziaci iispesnost len 39,2 %. V oboch polozkach merajucich tito
zrucnost (polozka 5 a 12) mali zvolit spravne sformulovany zaver, ktory by bolo mozné vytvorit na zdklade
dostupnych tdajov. Analyzou ziskanych tdajov sa ukdzalo, Ze Ziaci nedokdZzu dostatoéne zovSeobecnit
poskytnuté informécie a vyvodit z nich relevantné zavery.

Prostrednictvom Spearmanovho korela¢ného koeficientu sme zistovali aj koreldciu medzi jednotlivymi
zruénostami. Ukazuje sa, Ze medzi takmer vSetkymi vybranymi zruénostami existuje Statisticky vyznamna
korel4cia (tab. 4), avak ich hodnoty su slabé aZ stredne silné (Schober et al., 2018). Medzi zru¢nostami
formulovat predpovede a transformovat vysledky do Standardnych foriem sme nezistili ziadnu Statisticky
vyznamnu korelaciu.
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Tab. 4: Spearmanov korela¢ny koeficient medzi jednotlivymi badatelskymi zruénostami

Q <
~2 (&)
o o o 2 BEEoe3 = =
- SSEeR E£9EYE T s, BnE
=8 Sw 2TETE 23T SpEE EXTEE
5% 5% SEEED JifsS BEET EREE %
o N — O @ N Q o=
2% €& E£28%. E8eS; E<B8% gEsE &8
5 a =8 2E®8 END g5 8 & b 3 L2 8 L 3= 5 =
E- 2S¢ < %am wiasg 08 g7 E g
g e g & 3 § a o _g - _g S & ] B ° =
zruénost = a  E - 3 N ] 3 S
formulovat predpovede X 0,12%* 0,23* 0,19* 0,25%* 0,05 0,25%
identifikovat premenné X 0,43* 0,57* 0,47* 0,07* 0,39*
identifikovat vztah medzi X 0,50* 0,38* 0,28* 0,37*

premennymi na zaklade

udajov z grafu

identifikovat vztah medzi X 0,55* 0,06* 0,49*
premennymi na zaklade

adajov z tabulky

zaznamenavat vysledky X 0,05* 0,49*
pozorovania a merania

transformovat vysledky X 0,08*
do standardnych foriem

formulovat zaver X
Priemerné skore za 0,29 0,49 0,41 0,57 0,45 0,35 0,39
zru¢nost

SD 0,48 0,49 0,50 0,48 0,49 0,43 0,42

* hladina vyznamnosti 95 % (p < 0,05)

5.2 Uroveii badatelskych zruénosti ziakov v zavislosti od pohlavia

Porovnanim ziskanych tidajov vzhladom na pohlavie sme zistili, Ze chlapci (z = 5,88; SD = 3,40) aj
dievCata (x = 5,98; SD = 3,46) dosiahli v teste porovnatelné priemerné skére. Mann-Whitneyho (Wilco-
xonov) test nepotvrdil Statisticky vyznamny rozdiel (W = —1375,5; p = 0,72) na hladine vyznamnosti
95 % medzi Groviiou badatelskych zruc¢nosti Ziakov a pohlavim. Nésledne sme zistovali, ¢i existuje Statis-
ticky vyznamny rozdiel medzi troviiou konkrétnych zruénosti a pohlavim ziakov. Statisticky vyznamny
rozdiel na hladine vyznamnosti 95 % v prospech diev¢at sme zistili iba pri zruénosti zaznamendvat vy-
sledky pozorovania a merania (tab. 5), priom velkost t¢inku (r = —0,1) mozeme povazovat za trividlnu
(Cohen, 1988).

Tab. 5: Vysledky Statistickej analyzy trovne jednotlivych zruénosti vzhladom na pohlavie

chlapci dievéata
tspednost tspesnost tispesnost tspesnost
zruénost polozka polozky zrucnosti polozky zrucnosti W  p-value
(%) (%) (%) (%)
. , 1 34,5 34,8
zruc¢nost formulovat predpovede 3 2,2 30,3 21 28,4 —7758,0 0,36
P . , . 2 52,0 54,7
zrucnost identifikovat premenné 9 13,9 47,9 g 49,7 7110,0 0,45
zrucn.ost 1dent1ﬁ,koyat Vz/tah 6 48.9 52.7
medzi premennymi na zaklade 39,6 _— 422 10305,0 0,26
e 13 30,3 31,6
udajov z grafu
zru¢nost identifikovat vztah . 58.1 58.9
medzi premennymi na zaklade ’ 57,3 ———>——— 5772 —-252,0 0,98
L 14 56,5 55,5
adajov z tabulky
zru¢nost zaznamenéavat vysledky 3 425 49,7
pozorovania a merania* 10 42,7 42,6 46,5 48,1 218250 0,02
zru¢nost transformovat vysledky 4 39,9 32,3
do standardnych foriem 11 34,3 37,1 34,6 33,4 —14553,0 0,11
Y s _ 5 33,5 32,6
zruc¢nost formulovat zéver B 112 38,9 BT — 39,6 2538,0 0,78

*hladina vyznamnosti 95 % (p < 0,05)
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6 Diskusia

Kire$ a Jurkova (2021) povazuji za dobre rozvinutt takd zruénost, v ktorej ziaci dosiahli ispesnost nad
75 %. Vysledky vyskumu Ziakov Siesteho roénika zakladnych kol na Slovensku vSak odhalili, Ze disponuju
vyrazne nizsou droviiou badatelskych zruénosti (42,4 %), ¢o povazujeme za neuspokojivy vysledok. Ana-
Iyza jednotlivych zrucnosti navySe preukizala, Ze aj ked existuju Statisticky vyznamné koreldcie medzi
mnohymi skimanymi zruénostami, tieto korelacie dosahuju castokrat nizke hodnoty. Medzi badatelskymi
zruénostami by mali byt silné korelacie nakolko je to vzéjomne sa prelinajtci sibor zruénosti, ktoré st
navzajom od seba zévislé a ktoré by si mali Ziaci v koneénom dosledku osvojif na takej irovni, aby boli
schopni najst rieSenie réznych problémov prostrednictvom realizdcie badatelskych aktivit (Kruit et al.,
2018).

Pri detailnejSej analyze vysledkov testu sme zaznamenali vyrazne niz$iu percentudlnu tspesnost Zia-
kov pri zruénosti formulovat predpovede ako vo svojich vyskumoch zistili autori Smida a Cipkova (2021),
Kire$ a Jurkova (2021) & Oztiirk et al. (2010). Ziaci si ¢asto zamietiali predpoved s inymi vyrokmi, pri¢om
prave schopnost odlisit predpoved od vSeobecnych tvrdeni ¢i otdzky povazuju Kriskova a Kires (2017) za
zékladnt a nevyhnutni etapu rozvoja tejto zru¢nosti. Ziaci mali tieZ problém so zruénostou transformovat
vysledky do Standardnych foriem aj napriek tomu, Zze by mali byt na vyucovani vedeni k systematickému
zaznamendvaniu udajov (Etkina et al., 2006; Giammatteo & Obaya, 2018; Liew et al., 2019) do grafov ¢&i
tabuliek, ktoré sluzia na sprehladnenie vysledkov a zachytenie trendov medzi tidajmi (Orolinova & Ko-
tuldkova, 2014). Rovnako tak Zziaci mali problém s identifikiciou vztahu medzi premennymi na zdklade
udajov z grafu, ¢o naznacuje, Ze sa u nich vyskytuju nie len fazkosti s transforméciou udajov, ale aj
s ich néslednou analyzou, ktoré je nevyhnuté pri hladani vzfahu medzi premennymi. Beaumont-Walters
a Soyibo (2001) vo svojom vyskume tieZ poukazuji na skutoénost, Ze ziaci maju tazkosti s pracou s gra-
fmi, pretoze si vyzaduje pokro¢ila schopnost rozpoznavat vztahy medzi tdajmi. Glazer (2011) vSak pracu
ziakov s grafmi povazuje za esencialny prvok pri rozvijani prirodovednej gramotnosti, a preto je potrebné
mu vo vyuéovani prirodovednych predmetov venovat dostatok pozornosti.

Problémy ziakov sme zaznamenali aj pri zru¢nosti formulovat zéver, na ¢o poukazuje aj NRC (1998).
Ziaci v teste nedokézali dostatoéne zovieobecnit poskytnuté relevantné udaje a transformovat ich do
vhodne naformulovaného zaveru. Aj podla Orolinovej a Kotuldkovej (2014) Ziaci pri tvorbe zaverov robia
dasto chybu v tom, Ze ignoruju relevantné dokazy, nevedia vytvorit logické prepojenie medzi dokazmi
a vysvetleniami a vytvaraju zdvery, ktoré nie je mozné na zdklade ich adajov vyvodzovat. Lati et al.
(2012) uvadzaju, ze problémy ziakov s formuldciou zaverov mozu byt sposobené tym, Ze sa jednd o ¢asovo
nirofna ¢innost, ktorad je v rdmci realizécie praktickych aktivit vo vyucovani ¢asto vynechavand. U¢itel
by si v8ak na tuto ¢innost mal vyhradif dostatok ¢asu, pretoze najskor musi ziakom ukézat, o mé zaver
obsahovat a naucit ich, ktoré tidaje st dostato¢ne relevantné na to, aby ich mohli zovSeobecnit a aby
nésledne mohli sluzit na podporu vyvodenych zaverov (Nurdin et al., 2019).

Analyza ziskanych adajov zaroven nepreukazala Statisticky vyznamné rozdiely v celkovej tirovni bada-
telskych zruénosti ziakov vzhladom na pohlavie, ¢o sa potvrdilo aj pri vyskumoch realizovanych u starsich
ziakov (napr. Cipkova et al., 2020; Ong et al., 2015; Oztiirk et al., 2010; Smida & Cipkova, 2021). Tato
skutoénost povazujeme za pozitivny odklon od klasickych rodovych stereotypov vo vyucovani prirodoved-
nych predmetov, kedy chlapci byvaja pri rieseni podobnych testov Gspesnejsi ako dievéata (napr. Jeskova
et al., 2021; Jeskova et al., 2016b; Nosalova, 2022), pretoze obe pohlavia by mali dostédvat rovnaku pri-
lezitost pri rozvoji svojich zru¢nosti (Rao, 2008). Statisticky vyznamné rozdiely sme zaznamenali iba pri
zrucnosti zaznamenavat vysledky pozorovania a merania, ktoré boli v prospech dievéat, ¢o podporuje
tvrdenie Delena a Kesercioglua (2012), Ze zatial ¢o sa chlapci aktivnejSie zapdjajia do realizicie experi-
mentov, dievcata skor vystupuja v tllohe pozorovateliek a preciznejsie si zaznamenavaju ziskané tdaje do
protokolu. Velkost G¢inku medzi oboma skupinami je vSak trividlna (Cohen, 1988), a preto je nevyhnutné
detailnejsie preskumat, aky vplyv moze mat pohlavie Ziakov na uvedeni badatelskd zruénost.

7 Zaver

Problematika badania a rozvoja zru¢nosti ziakov vo vyucovani prirodnych vied je na Slovensku disku-
tovanou témou. Napriek tomu, Ze inovovany Statny vzdelavaci program (SPU, 2015) presadzuje sposob
vzdeldvania, ktory umoziiuje ziakom badat a objavovat, realizované vyskumy dlhodobo poukazuji na
nizku troven badatelskych zru¢nosti ziakov zakladnych §kdl (napr. Kire$ & Jurkova, 2021; Smida & Cip-
kovd, 2021; Zheng et al., 2022), ¢o potvrdili aj vysledky nasho vyskumu u ziakov 6. ro¢nika nizsieho
sekundérneho vzdeldvania. Nizka troven zru¢nosti bola zaznamenand aj na urovni strednych $kol (napr.
Hodosyova et al., 2015; Jeskova et al., 2021; Jeskovéa et al., 2018; Jeskova et al., 2016a; Jeskova et al.,
2016b) a vysokych skol (Cipkova & Fuchs, 2020; Cipkovéa & Karoléik, 2018; Fehér et al., 2020).
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Vysledky vyskumu zaroven preukdzali, Ze Ziaci maji najviacsi problém so zru¢nostami spojenymi
s formuléciou predpovede, s transformovanim vysledkov do standardnych foriem a s formulovanim zaverov.
Nizka celkova troven osvojenych badatelskych zru¢nosti ziakov 6. ro¢nika je alarmujica, pretoZe prave
skimané zru¢nosti podla Wenninga (2005) patria do skupiny elementarnych a zékladnych bédatelskych
zruénosti. Osvojenie si tejto skupiny zrucnosti predstavuje zakladny predpoklad pre rozvoj pokrocilych
badatelskych zruénosti, ¢o v kone¢nom désledku predstavuje jeden zo zékladnych cielov prirodovedného
vzdeldvania (NRC, 2000; Wenning, 2010). Kvalitativny rozvoj tychto zru¢nosti je mozné preto zabezpedit
prostrednictvom cielenej a systematickej implementacie badatelskych aktivit do vzdelavacieho procesu,
¢o umozni ziakom nadobtdat cenné skiisenosti spojené s pracou vedcov (Sparks & Deane, 2015), zvysit
ich zdujem a motivaciu k vlastnému vzdeldvaniu v oblasti prirodnych vied, pretavit konstruktivisticki
tedriu priamo do praxe (Justice et al., 2007) a zvysit tak Groveni prirodovednej gramotunosti ziakov.

8 Limity vyskumu

Limitom vyskumu je pouzitie testu s uzavretymi polozkami, ktoré umoziiuja zistit iba deklarativnu Groven
badatelskjch zruénosti a nie ich hibku. Test navyse obsahoval len 14 poloziek, pri¢om kazda zruénost
bola merané prostrednictvom dvoch poloziek, ¢o neumoziiuje komplexnejsie postidenie irovne zruc¢nosti
ziakov. Pocet testovych poloziek sme vSak navrhli s prihliadnutim na vyvinovi troven ziakov Siesteho
ro¢nika zakladnych Skol.
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The primary objective of the study was to investigate the perceptions of Czech sec- Key words:

ondary and university students regarding independence in tasks involving multiple independence,
repetitions of random events and their understanding of conditional probability. The  conditional probability,
study employed a sample of 43 students, ranging in age from 15 to 23, who engaged intuitive perceptions,
in think-aloud interviews. The selection of eight tasks was based on existing liter-  teaching of probability.

ature. A qualitative analysis of the interview transcripts established that students

encountered difficulties comprehending the concepts of independence and conditional

probability, irrespective of whether they had previously undertaken a university course

on probability. Notably, certain misconceptions about independence only surfaced in

more challenging tasks, wherein students relied more on their intuition than their

acquired knowledge. The misconceptions primarily manifested when describing the  Received 1/2023
random space. The research findings have significant educational implications, which ~ Revised 5/2023
are discussed. Accepted 6/2023

1 Introduction

In today’s scientific, economic, and technical fields, as well as in society and schools, stochastic and
statistical models are of great importance. We encounter them in professional and daily life.

We all rely on models to interpret everyday experiences. We interpret what we see in terms of
mental models constructed on the basis of past experience and education. They are constructs
that we use to understand the pattern of our experience. (Biarholomew quoted in Graham,
2006, p. 194)

Researchers agree that it is important that students come to university with the necessary level of
understanding of concepts related to uncertainty and randomness (Nemirovsky et al., 2009). However, the
importance of stochastic thinking is not always sufficiently appreciated. Studies on teaching probability
show that students often have vague ideas about concepts related to uncertainty, randomness, indepen-
dence and probability when moving from secondary school to university (Albert, 2003; Batanero, 2015;
Evans, 2007; Fischbein, 1975; Fischbein & Schnarch, 1997; Konold, 1989). Students’ ideas often suffer
from misconceptions or misinterpretations of scientific models. Even students after a statistics course and
trained statisticians may retain and use invalid intuitions (Diaz et al., 2010).

Modern probability education focuses on concepts that

played a key role in the history and form the base for modern theory of probability while
at the same time people frequently hold incorrect intuitions about their meaning or their
application in absence of instruction. (Batanero, 2014, p. 493)

Such concepts include the ideas of random experiment and sample space, addition and multiplica-
tion rules, independence and conditional probability, random variable and distribution, combinations and
permutations, convergence, sampling and simulation (Batanero, 2014). Similarly, Gal (2005) includes five
big ideas as the building blocks of probability literacy: variation, randomness, independence, predictabil-
ity or uncertainty. Of the important ideas mentioned above, the research presented in this paper will
focus on two closely related: independence and conditional probability. Research has shown that even
trained professionals sometimes poorly judge independence and conditional probability. For example,
they understand conditioning as a causal relationship (Batanero & Sanchéz, 2005).

Misconceptions and misinterpretations in the perception of the independence of random events are
well documented. For example, the gambler’s bias and the hot hand fallacy (Roney, 2016) are grounded in
a student’s belief in the internal connection between consecutive events. We often meet fallacies related to
independence when looking for all possible outcomes. Students make errors of order or repetition, provide
a non-systematic listing of the sample space or make faulty interpretations of diagrams (Jones et al., 2007).
Misconceptions in conditional probability are manifested in confusing independence and causality or the
fallacy of the time axis, exchanging the role of events, reversing conditions and conditional statements,
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confusing mutually exclusive events and independent events, etc. (Diaz et al., 2010; Batanero & Borovcnik,
2016).

This study is a part of qualitative research on students’ comprehension and conceptualisations of prob-
ability and statistics. Specifically, the study focuses on gaining insights into understanding independence
and conditional probability among Czech secondary and university students.

2 Theoretical framework and literature review

A brief historical and epistemological overview of probability will be given first to provide a wider context
for students’ interpretations. We will focus on two key concepts (independence and conditional probabil-
ity) that are essential to learning probability and are our study’s focus. Next, we will provide a literature
review of studies focusing on students’ conceptions of independence and conditional probability.

2.1 Conceptions of probability

The mathematical description of probability was provided in 1933 by Kolmogorov’s axioms, but there are
still extensive discussions about its meaning. Probability interpretation is far from resolved (Galavotti,
2017). Two perspectives on the nature and interpretation of probability can be distinguished — epistemo-
logical (with subjective and logical interpretations) and ontological (with frequency-based and propensity
interpretations).

The epistemological conception of probability describes our relationship to reality. Randomness is
only a lack of information, and probability is a tool for quantifying a lack of knowledge. There are
two interpretations. The subjective interpretation views probability “as a personal degree of belief”
(Batanero, 2015, p. 36) that a person assigns to an event and is based on their willingness to place a bet
regarding the event. According to the logical interpretation, the degree of belief is generally accepted by
all observers based on logical arguments. Its basic principle is the principle of indifference which assigns
equal probability to all elementary events if there is no reason to prefer any of them.

In the ontological conception, randomness is a substantial part of physical reality and is independent
of an individual’s beliefs or subjective judgment. Part of the ontological perspective is frequency-based
probability. It involves looking for the frequency of occurrence of an event when it is repeated many
times. The statistical aspect of probability focuses on “objective mathematical rules through data and
experiments” (Batanero, 2015, p. 36). The second branch consists of propensity interpretations based on
the inclination or tendency of a situation to end with a given outcome.

2.2 Independence and conditional probability

This section will define independence and conditional probability.
Conditional probability is a measure of the probability of a random event A occurring, given that

an event B has already occurred: P(A|B) def %, P(B) # 0. Bayes’ theorem applies: P(B|A) =
_ P(A|B) - P(B)
- PEBLPE) by 20

One way to define independence is by the relation in which the intersection is converted into a product.
We define two random events A and B to be independent if and only if P(A N B) = P(A) - P(B). This
definition is symmetric, and there is no need to assume a non-zero probability. The second definition
is based on conditional probability. We define two random events A and B, where P(B) # 0, to be
independent if and only if P(A) = P(A|B). Both definitions are interrelated, as can be seen from the
equality P(AN B) = P(A|B) - P(B) = P(A) - P(B).

From the educational point of view, the second definition is more illustrative as it points to the essence
of independence. The independence of random events A and B means that information about one of them,
e.g., B, does not affect the probability of event A. The probability of event A does not depend on whether
event B has occurred.

Independence was first dealt by founders of probability, such as Abraham de Moivre: “Two events are independent, when
they have no connection one with the other, and that the happening of one neither forwards nor obstructs the happening
of the other.” (de Moivre, 1756, p. 6) Independence and conditional probability was thoroughly analysed by Thomas Bayes
and completed by Pierre-Simon Laplace (Dale, 1982).
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2.3 Students’ perception of independence

The perception of independence manifests well in the expectation of results in a sequence of the same
partial random trial. Understanding of independence is closely related to examples of repeated random
events, such as coin flipping or dice tossing, spinning roulette, in the lottery, but also in the birth of
a boy or a girl, in anticipation of a fall or rise in the prices of commodities on the stock exchange, etc.
Such examples are often reflected in students’ erroneous intuitive ideas about independence or conditional
probability. Intuition leads them to abandon the idea of independence and use the pattern of past data
to predict the next outcome.

Two well-documented misconceptions in this area are the gambler’s fallacy and the hot hand fallacy
(Roney, 2016), in which the law of large numbers plays a crucial role. It posits that the ratio of the
outcomes corresponding to event A and all the outcomes approaches the probability of event A. In the
long-term repetition of trials, the probability of event A can be approximately replaced by the actual
ratio of the outcomes corresponding to A and all the outcomes. However, this does not apply to a few
repetitions. The tendency to make false conclusions about the probability based on a few realisations of
the trial is called Kahneman’s law of small numbers (Tversky & Kahneman, 1971).

While Piaget and Inhelder (1951) supposed that 15-year-old pupils understood the law of large num-
bers, later studies brought differing results and showed that people of all ages are prone to erroneous
decisions even if they learned formal probability theory (Batanero, 2015). For example, the law of small
numbers often influences the expectation of repeated trial outcomes. It manifests itself when the prob-
ability of an event is also applied to small numbers of its repetitions, regardless of the low reliability of
such a conclusion. This mistake is deeply ingrained in gamblers and is often called the gambler’s fallacy
(bias). It is based on the mistaken belief that if a random event has occurred more frequently than usual,
it will occur less frequently in the future. Similarly, the hot hand fallacy (Roney, 2016) is the belief that
there is a greater chance of success after a series of successful trials. Graham explains possible reasons
for this misconception:

People sometimes appeal to the “law of averages” to justify their faith in the gambler’s fallacy.
They may reason that, since all outcomes are equally likely, in the long run, they will come
out roughly equal in frequency. However, the next throw is very much in the short run and
the coin, dice or roulette wheel has no memory of what went before. (Graham, 2006, p. 58)

The gambler’s fallacy is usually explained by misapplications of heuristics regarding random sequences
of events. People sometimes behave as if independent events were related. They are internally convinced
that long runs of one outcome are unrepresentative and should be unlikely to occur (Tversky & Kahneman,
1971). Other perspectives on the gambler’s fallacy emphasise its psychological aspects. For example, a long
run of the same results motivates the participants to make certain conclusions and judgments (Roney,
2016). A long run of red numbers in roulette leads to the belief that it must be interrupted at some
time. On the other hand, a long run of basket-shooting successes may increase the expectation of further
successes with the justification that the player is simply doing well.

2.4 Students’ perception of conditional probability

Two conceptions of conditional probability can be distinguished. If there is no causal relationship between
events A and B, we speak about the epistemological understanding of conditional probability. If a causal
relationship exists between events A and B, conditional probability is understood substantially: Event A
results from event B. We call such interpretations ontological and causal. If we perceive conditional
probability causally, a problem arises as the direction of inference from cause to effect cannot be reversed.
The casual perception of probability can lead to the so-called Humphreys Paradox, which demonstrates
that conditional probabilities are formally symmetric, but cause and effect are not symmetrical (Mccurdy,
1996; Humphreys, 1985).

Mixing the conditional probability P(A|B) and the causal relationship between events A and B is
common even for university students (Batanero & Sanchéz, 2005; Diaz & de la Fuente, 2007; Diaz et al.,
2010). Another frequently identified misconception is a student’s expectation that event B should always
precede event A (Batanero & Sanchéz, 2005), also called the fallacy of the time axis (Falk, 1989). Referring
to international studies, Diaz et al. (2010) identified other misconceptions concerning independence and
conditional probability, such as exchanging the events in conditional probability, confusing mutually
exclusive events with independent events, etc.

Tarr and Lannin (2005) present an overview of research documenting the above misconceptions of
students of different ages, including undergraduates. They distinguished four levels of students’ thinking.?

2Sirnilarly, Jones et al. (2007) propose four levels in the understanding of probability: subjective, transitional, informal
quantitative, and numerical. At the highest level, for example, a student can distinguish independent and dependent events.
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Level 1 is characterised by a subjective assessment of the situation according to students’ beliefs and
experiences. Such students can reason about certain or impossible events but ignore numerical data about
probability. They consider consecutive events related and have no images of independence and conditional
probability. Students with Level 2 thinking recognise that probability changes in some situations but do
not assign numerical values to conditional probabilities. They can distinguish which events are related
and which are not. Students with Level 3 thinking discern when one event affects another and can
distinguish independence between them. They can quantify probability; however, they have shortcomings
when considering independence and determining probability. Students with Level 4 thinking can assign
numerical probability values to situations and know the conditions under which these hold. They can
evaluate the probabilities of consecutive events and distinguish between dependent and independent
events.

Mooney et al. (2014) present a synthesised framework of probabilistic thinking. The lowest is the
level of prestructural probabilistic thinking. Students intuitively understand randomness and believe that
consecutive events are always related. Their thinking is irrelevant, non-mathematical, or personalised.
On the level of unistructural probabilistic thinking, students tend to revert to subjective probabilistic
thinking, but they already compare probabilities or determine conditional probabilities. On the level of
multistructural probabilistic thinking, student thinking is quantitative and proportional. They, for ex-
ample, recognise changes in probability and independence in without-replacement events and use ratios,
counts, probabilities or odds in judging probabilistic situations. Finally, on the level of relational proba-
bilistic thinking, student thinking shows an interconnection of probabilistic ideas. Students, for example,
determine probabilities for complex situations, including non-equally likely situations.

2.5 Local context and research questions

In the Czech Republic, probability is not part of the Framework Education Programme for Basic Educa-
tion, which is the main curricular document, abiding for all schools. Probability only comes at the upper
secondary school. According to the Framework Education Programme for Secondary General Education
(Grammar schools), the pupils are expected to solve real problems with a combinatorial structure, utilise
combinatorial analysis methods when calculating probabilities, discuss and critically evaluate statistical
information, select and employ appropriate statistical methods and represent data sets graphically. The
Framework is not very specific about the concepts which should be targeted: “random events and their
probability, probability of the union and intersection of events, independence of events” (FEP, 2007,
p. 24). Lessons on probability are usually taught in the final grades in Czech secondary schools. Before
that, students can only be expected to have intuitive ideas about independence and conditional proba-
bility. Both concepts are present in Czech mathematics textbooks for secondary schools (Mosna, 2022).
Independence is usually defined with the help of the definition of conditional probability. Some textbooks
also introduce the independence of three events.

Courses on statistics and probability are common at universities, focusing on applying concepts at
technical schools or understanding big ideas at the faculties educating mathematics teachers (Mosna,
2022). The international research introduced in the sections above has shown that many misconceptions
and intuitive ideas remain even after a formal education on probability. The question arises whether the
same applies to Czech students.

Drawing on the studies above, the present study focuses on the following questions:

1. How do secondary and university students perceive independence in tasks requiring multiple repe-
titions of random events? To what extent are known misconceptions manifested in their considera-
tions?

2. How do secondary and university students perceive conditional probability? Are there signs of
epistemological and causal understanding in their considerations?

3 Methodology

3.1 Sample and research design

The respondents of the study are Czech secondary school and university students. The sample is conve-
nient. Secondary school and university students were invited to participate in the study by the author.
They were the students of the universities where he worked (Czech University of Life Sciences in Prague,
Faculty of Education of Charles University in Prague) and graduates and students of a Prague secondary
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school. The sample was complemented by students from the author’s social circle. A heterogeneous sam-
ple of students who had not undergone the formal teaching of probability and those who had completed
such teaching was sought.

Complete anonymity, protection of all personal data and disposal of all documents after the research
was guaranteed to the participants. They were informed that the purpose of their solution of tasks was
research, and their answers could not adversely affect them. The names mentioned below are fictitious
pseudonyms.

A total of 43 participants (18 females, 25 males) participated in the study. They were divided into
three groups:

e Group I — secondary school students with no teaching of probability and statistics (aged 14-18),
N =12.

e Group II - secondary school or university students who underwent teaching probability and statistics
at secondary schools but had not met these topics at the university (aged 18-20), N = 17.

e Group III — university students who had taken a course on probability and statistics (aged over 20),
N =14.

Given the research aim and questions, a qualitative research paradigm was used. As the aim was to get
an insight into students’ images of independence and conditional probability while solving tasks, individual
task-based interviews were used. It was considered appropriate as such interviews are “intended to elicit
in subjects estimates of their existing knowledge, growth in knowledge, and also their representations of
particular mathematical ideas, structures, and ways of reasoning” (Maher & Sigley, 2014, p. 579).

The author conducted the interviews. First, the students were asked: “What do you think the indepen-
dence of two random events means?” Next, they solved tasks on independence and conditional probability
and were asked to think aloud while solving them. One by one, the students were presented with the
tasks and had time to think about their solutions. The interviewer did not interfere unless the student
was stuck. He provided a hint in such a case. He also asked clarifying questions if the student’s statement
was not clear. The interviews lasted 30 to 45 minutes. They were video-recorded and transcribed to be
analysed.

Carefully constructed tasks are key components of the task-based interview (Maher & Sigley, 2014).
The author prepared the tasks focusing on students’ understanding of independence and conditional
probability based on research literature (Batanero & Sanchéz, 2005; Diaz & Batanero, 2009; Konold et
al., 1993). The tasks were piloted with 14 students outside the sample to ensure the comprehensibility
and unambiguity of their formulations.

3.2 Research tool

The research tool consisted of eight tasks. The first six tasks focused on the perception of independence,
and the last two on the perception of conditional probability. The coins and dice were supposed to be
symmetrical in the tasks. It was presumed that students had an intuitive understanding that with repeated
coin tosses, the result of each toss cannot be predicted, heads and tails have the same chance, heads and
tails will occur approximately equally often, and the results of heads and tails alternate unsystematically
and irregularly.

Next, we present an a priori analysis of all the tasks.

Task 1: Peter flips two ten-crown coins. What is the probability that both coins land on heads? Dusan
flips two coins — a ten-crown and a five-crown. What is the probability that both coins land on heads?

The student must decide whether the set of possible outcomes consists of ordered pairs of heads and
tails (permutations) or unordered ones (combinations). The toss of two different coins can be divided into
two independent tosses of a ten-crown coin and a five-crown one. The probability that the ten-crown coin
lands on heads is P(Ag) = 1/2, and similarly for the five-crown coin: P(By) = 1/2. The probability that

1
both coins land on heads is P(Ay N By) = P(Agn) - P(By) = 7 A tree diagram in Figure 1 depicts the

situation. The student must realise that the coins behave the same regardless of what is written on them;

in other words, they are always distinguishable. That is why Peter and Dusan get the same results.
Tasks 2 and 3 generalise Task 1 to the twofold multiple-outcome trial and the fivefold two-outcome

trial. They aim to determine how much task complexity affects the understanding of independence.

Task 2: We roll two dice. Is the probability of the outcome of five and six equal to the probability of
the outcome of two sixes?
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Fig. 1: Tree diagram for Task 1

Similarly to Task 1, the set of all outcomes is formed by all ordered pairs of numbers 1 to 6 with repe-
tition. Therefore, the probability of rolling five and six is 1/18 (pairs [5, 6] and [6,5]), and the probability
of rolling two sixes is 1/36 (pair [6,6]). The student might intuitively suppose that the probabilities of
six and five and two sixes are equal.

Task 3: We toss a coin five times. Which of the following outcomes has the lowest probability? Out-
comes: a) head, tail, head, tail, head, b) head, head, head, head, head, c) head, tail, tail, head, tail.

A tree diagram shows that the result of an individual toss is not affected by the previous result. Thus,
the probability of all three possibilities is the same, namely 1/32. Answer a) may indicate a student’s
false belief in the irregular alternation of heads and tails, while answer b) may indicate the gambler’s
bias.

Task 4: We toss a coin five times. Which of the following results has the greatest probability? We will
have: a) heads on three coins, tails on the other two coins, b) heads on all five coins, ¢) heads on two
coins, and tails on the other three coins.

Task 4 is similar to Task 3, but the order of heads and tails does not matter this time. The result
in case (b) is 1/32 and in (a) and (c) 5/16. We can use a tree diagram again. To use the solution based
on a set of all outcomes, it is necessary to consider an ordered five-tuples of heads and tails as a single
outcome.

Successful solutions to Tasks 3 and 4 demonstrate a student’s ability to distinguish the specific order
of individual outcomes from the total number of outcomes with the same portion of heads and tails.

Tasks 5 and 6 focus on conditional probability and independence. The inductive method (from the
specific to the general) is used in Task 5, and the deductive method (from the general to the specific)
is used in Task 6. Task 5 falls within the classical interpretation of probability, while Task 6 calls for
subjective interpretation.

Task 5: We toss a coin repeatedly. The coin has landed on heads ten times in a row. What is the
chance that the eleventh outcome is heads again? a) Very small. b) Very large. c) Greater than 1/2.
d) Equal to 1/2. e) Less than 1/2.

Again, as the independence of individual tosses is assumed, the outcome in the eleventh trial is not
affected by any of the first ten outcomes. The probability of the outcome “heads in the eleventh tossing” is
the same as in any other trial (1/2). It is also important to realise that we use the principle of indifference
in the frame of classical (or logical) interpretation of probability. The symmetry of the coin is given.

Task 6: Peter and Dusan play table tennis and Dusan has won ten times in a row. What is the chance
that Dusan will also win in the eleventh match? a) Very small. b) Very large. ¢) Greater than 1/2.
d) Equal to 1/2. e) Less than 1/2.

The probabilities of Peter’s or Dusan’s win need not be equal, and they can even change. We can
estimate the next result based on our previous experience. Dusan can probably play table tennis much
better than Peter (option b) or c¢)). Moreover, Dusan’s and Peter’s performance can vary in each game;
they can learn from their mistakes and use the opponent’s weak sides in the next match.

Task 7: Out of a box with four balls, two black and two white, Dusan draws one ball and puts it in
his pocket, and then Peter similarly draws one ball and puts it in his pocket. What is the probability
that Dusan has a black ball in his pocket? What is the probability that Peter has a black ball in his
pocket? How does the probability that Petr has a black ball in his pocket change when Dusan shows
that he has a black ball in his pocket? What is the probability that Dusan had a black ball in his
pocket when Peter drew a black one?

The answers to the first two questions are the same (1/2), even though Dusan draws first. Students
may not realise that and may say they cannot answer because they do not know what Dusan has drawn.
They might conclude that the probability is 1/3 if Dusan has drawn a black ball and 2/3 if Dusan has
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drawn a white ball. Such an answer would suggest a causal understanding of probability. If, on the other
hand, the student accepts an epistemological explanation, they can use the total probability theorem® or
a tree diagram to solve the task.

The answer to the third question is easy (1/3). Students might be surprised that the fourth question
has the same result. If they understand conditional probability causally, they will conclude that Dusan
drew the black ball with probability 1/2, regardless of Peter’s following outcome. If they understand it
epistemologically, they can determine the correct probability of 1/3.

Task 8: There are two ordinary dice in the box (numbered 1, 2, 3, 4, 5, 6) and one special dice where
five is replaced by six (numbered 1, 2, 3, 4, 6, 6). Dusan draws one of these dice at random. He throws
it. What is the probability that a six will be thrown? Peter does not see the whole process. He thinks
about what kind of dice Dusan has probably thrown. What is the probability that Dusan has thrown
a special type of dice?

Dusan reports rolling a six. What is the probability (for Peter) that Dusan has rolled a special dice?
How would the situation change if Dusan reported that he rolled a five?

This task is similar to Task 7. The total probability theorem yields the probability that Dusan rolls
asix: P(A) =1/6-2/3+2/6-1/3 = 2/9. Some authors suggest performing Bayesian calculations with
absolute frequencies (Martignon & Wassner, 2002): there are four sixes out of 18 sides (the total number
on all three dice), thus P(A) = 2/9. The probability that Dusan drew the special dice is P(Bs) = 1/3.
To calculate how this probability changes after additional information that Dusan has rolled a six, we

T T | P(AN By)

can use Bayes’ formula (see Section 2.2) P(B3|A) = % =gor the definition P(Bz|A) = P

©

2
1
P(By|A) =18 = 3 A simple consideration also leads to a solution: two of the four possible sixes are on

the special dice, and two are on the ordinary dice (one six on each of the two ordinary dice).

The last question of Task 8 can uncover the epistemological nature of probability. The probability
that Dusan had drawn the special dice when he rolled a five can be found by simple reasoning. This
probability is 0 because five is not on the special dice.

3.3 Data analysis

The analysis of the interview transcripts was supplemented by two additional sources of data: the students’
artefacts, specifically their solutions to the tasks, and the field notes taken by the interviewer (author)
during the interviews.

The accuracy of the students’ answers for each task and individual was tracked during the initial
analysis. Subsequently, a second round of analysis was conducted, wherein the data were coded using
a preliminary coding framework developed based on an a priori analysis of the tasks in the research
tool. Through iterative data readings, new codes emerged. This process led to establishing a coding
framework comprising codes and their corresponding descriptions, drawing on the methodology outlined
by Saldana (2015). The codes encompassed the anticipated misconceptions, incorrect reasoning, and
expected justifications for the conclusions drawn by the students. In the subsequent stage, the codes were
further categorised into two themes, independence and conditional probability, aligning with the research
questions posed in the study.

Independence:

Correct solution: Graphs, Sample spaces, Variations, Combinations

Incorrect solution: Faulty interpretation of graph, Faulty sample spaces (Errors of repetition,
Errors of order), Incorrect use of variations, Incorrect use of combinations
Misunderstanding the question

Conditional probability:

Correct solution: Conditional probability, Total number of cases

Incorrect solution: Exchanging the events, Fallacy of the time axis, Non-adequate notation
Misunderstanding the question

Interpretation of probability: Rather epistemic, Rather casual

3Let us suppose that the set of all outcomes ? can be factorized into two parts B1 and Bz which cover it (B1 U Ba = Q),
which are disjoint (B1 N Bz = @), and moreover P(B1) # 0, P(B2) # 0. Then for random event A C Q, P(A) # 0, it holds
P(A) = P(A|B1) - P(B1) + P(A|B2) - P(Ba).
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For example, the statement in which the student would not answer the question of which dice was
originally drawn if a six subsequently fell in Task 8 was coded ‘Conditional probability: Casual un-
derstanding, Fallacy of the time axis’.

The author coded the data in two rounds, and the coding consistency was checked by a collaborator in
about 20% of the data. Next, the frequency of codes was calculated for Group I, Group II and Group III.

4 Results

The results will be presented for each research question separately. They will be illustrated by the students’
quotes from the interviews.

4.1 Perception of independence

First, we will look at the number of correct answers in each group (Tab. 1). There seems to be a slight
improvement in understanding independence with the level of study. However, the sample is small, and
we cannot make any conclusions about differences between groups regarding the success rate. Thus, we
will present the results for the whole sample.

Tab. 1: Absolute and relative frequencies of correct answers for Tasks 1-6 per group

Group I (N =12) | Group II (N =17) | Group III (N = 14) | In total (N = 43)
Task 1 | 8 66.7% 15 88.2% 14 100.0% 37 86.0%
Task 2 | 3 25.0% 5 29.4% 4 28.6% 12 27.9%
Task 3 | 1 8.3% 4 23.5% 4 28.6% 9 20.9%
Task 4 | 2 16.7% 6 35.3% 9 64.3% 17 39.5%
Task 5 | 4 33.3% 12 70.6% 12 85.7% 28 65.1%
Task 6 | 7 58.3% 16 94.1% 14 100.0% 37 86.0%

In the interviews, students characterised independence as a relationship when two events do not
influence each other. They said, for example, that independence “is a state in which the subject is
completely unaffected by another”, “is when the elements do not interact with each other”, or “is the
absence of a relationship between two variables”. Some students provided a general answer, saying that
independence is “freedom”, “self-sufficiency”, or “non-dependence”.

Next, we will present results related to the tasks used in our study.

In Task 1, we focused on the agreement or difference between two situations: tossing two identical
and two different coins. Most respondents (37 out of 43) considered it the same. Their arguments were
“both cases are identical, coins as coins” or “the value of the coins does not matter”. However, only 32 of
them could calculate the probability correctly. Jirka’s approach (Group I) is worth attention. He initially
concluded: “The probability is 1/4 if we toss ten-crown and five-crown coins, and the probability is 1/3 if
both coins are ten-crown ones.” Then, without the interviewer’s prompt, he changed his mind and added
to himself: “But no two coins are identical.” After this the interviewer initiated a conversation about how
the coins could be different. He told Jirka that coins could differ in colour and attempted to lead him
to a paradoxical situation where coins would behave differently for a colour-blind observer and a person
with normal colour vision. In the end, Jirka insisted that “it depends on the assignment; if the coins
are different, the correct probability is 1/4, and if we guarantee they are not different, then 1/3”. This
indicates Level 1 in Tarr and Lannin’s (2005) model.

Mathematically, the solution of Task 2 is similar to that of Task 1, yet many students did not get
the correct result. Less than a third of them (12 out of 43) realised that the probabilities of rolling a
six and a five differ from the probability of rolling two sixes. In addition, some students gave the correct
answer (that the probabilities are different) but based on misconceptions, e.g., that “five rolls more often”.
A slight complication of the task thus brought completely incorrect considerations.

Task 3 is a generalisation of Task 1 from the mathematical point of view, yet, its solution presented
a problem for most students. The correct answer (the probability is the same in all cases) was provided
by a few of them (9 out of 43). Outcome b) was considered the least probable, which was expected.

In Task 4, many students realised the connection with the previous task. They found that the to-
tal number of tails and heads differed from only one individual outcome (with the same ratio). Alena
(Group III) formulated it well: “It looks the same as the last task, but it is not. There seems to be an
omission of arrangement, which is a very important aspect of probability.” The interviewer confirmed her
answer. There were more correct answers than in the previous task, but not by many. Few respondents
(17 out of 43) realised that the probability of results a) and c) is greater than the probability in b). Only
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nine respondents considered a) the most probable, and 12 selected c). No student opted for b). Five out
of 43 respondents considered all three results equally probable.

Task 5 asks for the probability that after ten heads, the next outcome will be heads again. 28 students
provided the correct variant d). However, it also means that more than a third of students in the sample
do not perceive the independence of individual outcomes. Alena (Group III) justified her decision for
a) ‘Very small’: “[The probability] is small, but the chance is a jerk.” Another student supported his
option e) ‘Less than 1/2’ by commenting: “...it would be very regular.”

Task 6 describes Dusan’s chance of winning in the eleventh game after winning the ten previous
ones. Most students realised that Dusan is probably a better player and chose b) ‘A high probability’
(29 out of 43 respondents) or c¢) ‘Greater than 1/2’ (8 out of 43 respondents). Contrary to Task 5,
a subjective interpretation of probability is needed. An example of students’ reasoning is: “It’s about
[Dusan’s| abilities.” The subjective conception was also reflected in the statements “[Am I] a bookmaker?”
or “I support Peter”. Only 6 out of 43 students used the principle of independence and indifference and
answered d) ‘Equal to 1/2’. Their answers correspond to a subjective perception of probability based
on the individual’s willingness to bet and may be different for everyone. Peter and Dusan’s matches do
not have to be independent. They are interconnected and influenced by both players’ form and game
development.

4.2 Perception of conditional probability

The last two tasks focused on students’ perception of conditional probability. Table 2 shows that indica-
tions of epistemological and causal interpretations appeared in all the groups and that, for many students,
it was impossible to decide on the type of interpretation.

Tab. 2: Numbers of interpretations of conditional probability in Tasks 7 and 8

Group I | Group II | Group III
Indications of epistemological interpretation 1 4 5
Indications of casual interpretation 3 8 6
It was not possible to decide 8 5 3

The students’ answers to Task 7 fully confirmed the expectation of the causal interpretation. Almost
all answered the first question (what is the probability that Dusan will draw a black ball) correctly (40 out
of 43). The second question (what is the probability that Peter will draw a black ball) was only answered
by 30 students. They missed information about what Dusan had drawn. Alena (Group III) expressed her
helplessness: “Am I a clairvoyant?” Some students reached the results of 1/3 when Dusan drew a black
ball and 2/3 when he drew a white ball; however, they did not take into account the overall probability
of 1/2. Such students answered 1/3 to the third question (how the probability that Peter drew a black
ball changes when we know that Dusan drew a black ball). In total, 23 students correctly answered the
overall probability of 1/2.

On the contrary, 7 students claimed that the probability that Peter would draw a black ball was the
same, whether we know what Dusan had drawn. These students probably understand probability causally
and not epistemologically.

The difference between the epistemological and causal conceptions was manifested in the fourth ques-
tion of Task 7. The relationship between what Dusan drew and what Petr drew can be understood
causally or epistemologically. Alena (Group III) stated: “I am slowly losing myself. If Dusan drew first,
what Peter drew is irrelevant, right?” She did not realise the relationship between the two events, which
indicates Level 2 in Tarr and Lannin’s (2005) model. Less than a third (14) of students gave the correct
answer.

Task 8 was difficult for the study sample, as only five students answered all the questions correctly.
Others often said that the task was beyond their ability and imagination: “I’'m at my wits’ end”, “I don’t
know anymore”, and the like. Most students perceived the epistemological nature of probability as prob-
lematic: “The situation is different only psychologically; the probability is the same.” (Pavel, Group III)

5 Discussion

The study confirmed students’ problems with understanding the concept of independence as known from
the literature (Diaz et al., 2010; Roney, 2016). In the tasks on independence (1-6), to an extent, the
students could create sample spaces for two-stage experiments, which indicates that their probabilistic
thinking is on the unistructural level (Mooney et al., 2014). However, their arguments were often incorrect,
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and they had great difficulties if the tasks got slightly more complicated. Thus, the students cannot
construct such sample spaces systematically and have not reached higher levels of probabilistic thinking
(multistructural or relational, ibid.).

Students’ somewhat vague ideas about independence mainly manifested themselves in tasks related to
repeating partial random events. Incorrect conclusions included assigning a higher probability to randomly
distributed irregular k-tuples of outcomes and a lower probability to k-tuples where partial events were
repeated or were periodic. The students often missed the principle that, in the case of independence, the
probability of one event is not affected by the results of the previous (or subsequent) event.

The study focused on how students’ lack of understanding of independence affects the method of
estimation and probability calculations in specific cases with repeating trials. The understanding of
independence and multiple repetitions of a random event has been addressed by several studies (Batanero
& Sanchéz, 2005; Konold et al., 1993). They conclude that students can successfully solve simple tasks,
such as repeating a random experiment twice with two outcomes (a double toss of a coin or a toss of two
coins). The study presented in the paper showed that problems mainly occurred in more complicated tasks.
The students realised that the outcomes of two simple trials were independent and correctly calculated
their probability. However, if the task got slightly more complicated, misconceptions about independence
occurred, and students could not calculate the correct probabilities. For example, a double experiment of
an event with multiple outcomes (rolling two dice) or multiple repetitions of a simple event (tossing five
coins) were shown to be problematic tasks for students.

We also showed that the incorrect understanding of the repeated results is often related to the incorrect
understanding of the assignment. There is an important difference between a certain sequence (or 5-tuple)
of heads and tails with their order on the one hand and a group of outcomes with a certain total number
of heads and tails on the other hand. The discrepancy between intuitive perception and calculations seems
to be related to the formulation of the question and the answer we are looking for. For example, Task 5
asks for the probability of tossing heads in the eleventh trial, i.e., the probability of tossing heads in one
trial after tossing heads in the previous ten rolls. It means something other than the probability that
heads will occur in all eleven tosses.? Many students found it impossible to accept that the probability
of heads is still 1/2 after ten heads. The intuition of randomness is more suited to a certain irregularity
and rotation of partial outcomes with an approximate ratio of 1 : 1. On the contrary, in a similar case
(in Task 6), the students realised that the probability that Dusan would win again after ten previous
wins was relatively high because we judge it based on a subjective conception of probability and use an
inductive way of reasoning.

In the conditional probability tasks (7, 8), the students could calculate the conditional probability
of the events that followed the condition. It indicates an unistructural level of probabilistic thinking
(Mooney et al., 2014). Nevertheless, they could not calculate the conditional probabilities when the event
had pre-conditions. They could not recognise this situation change, and, thus, their probabilistic thinking
remained on the unistructural level.

Several reasons for the incorrect perception of conditional probability are usually discussed in the lit-
erature. First, it is a causal perception of conditional probability, its temporal perception, the confusion
of considered events and other misconceptions (Diaz & de la Fuente, 2007; Diaz & Batanero, 2009; Tanu-
jaya et al., 2018). In this study sample, conditional probability was mostly perceived as causal. However,
epistemological ideas are not related to random events but to information about them. Information about
what happened before can be influenced by information about what followed. A two-way epistemological
relationship can replace the one-way causal relationship in these considerations. This may lead to some
inconsistencies. Cause and effect cannot be confused. The formula for calculating conditional probability
can be applied to both sides, i.e., for P(A|B) and for P(B|A) but must be understood epistemologically.
In the presented study, the perception of conditional probability based on the position on the timeline
was evident. This phenomenon has a notable influence on the causal perception of conditional probability.

Despite the limited sample size and the relatively small number of students within each group, the
findings suggest that misconceptions were present in the solutions provided by students across different
groups, regardless of their prior exposure to probability education. These findings align with international
research, highlighting the propensity for misunderstanding and reliance on intuitive judgments among
even experienced professionals (Batanero & Sanchéz, 2005; Diaz et al., 2010).

However, it is important to acknowledge the limitations of our study. Firstly, the small sample size
necessitates caution in generalising the results. They should be interpreted in the context of a restricted
sample. While we cannot make broad claims, the study does offer insights into how students approach the
concepts of independence and conditional probability and how their intuition can lead to misconceptions.
A larger sample would be required to validate the uncovered phenomena.

4In the former case, it is 1/2, and in the latter 1/2048. The former consists of the situation with one toss, and the latter
concerns the situation with 11 tosses. Limit theorems can be applied in the latter case but not in the former.
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The selection of tasks employed in this study introduces another limitation. Different tasks might
provide a more nuanced understanding of students’ reasoning in this domain. Further research examin-
ing students’ perceptions of independence, conditional probability, and probability in general would be
beneficial in expanding the knowledge in this area.

6 Conclusions and implications

The findings of this study confirmed that students, including those who had undergone a university course
on probability, encountered difficulties in comprehending the concepts of independence and conditional
probability. Notably, misconceptions regarding independence became apparent in more challenging tasks,
wherein students relied more on their intuition than their acquired knowledge. Specifically, students ex-
hibited confusion between scenarios involving the total number of events and those involving a specific
sequence of outcomes, including their order. The misconceptions in perceiving independence were particu-
larly evident when describing the random space, encompassing the complete set of outcomes in a random
event.

The study has some educational implications. Firstly, it is advisable to solidify students’ foundational
understanding of independence through ample elementary examples, gradually progressing to tasks of
increasing difficulty. When a student encounters difficulty with a complex problem, it can be beneficial
to compare the results obtained in easier tasks and those in more challenging ones. Secondly, students
should be encouraged to analyse the problem at hand from different angles. For instance, when consider-
ing the tossing of five coins, highlighting the distinction between two types of questions can be helpful:
one concerning the probability of a specific sequence (or quintuple) of heads and tails in a given order, and
another about the probability of a group of outcomes with a predetermined total count of heads and tails.
Thirdly, the principles for solving problems in classical probability rely on symmetry. One can extend
these principles by utilising symmetry and independence to encompass scenarios involving double or mul-
tiple throws or moves. It is often advantageous to decompose random experiments into individual steps.
Once the correct calculation methodology becomes sufficiently clear, concepts such as permutations or
combinations and the application of combinatorial formulas can be introduced. Experimental verification
can further reinforce the obtained results. Lastly, graphical representations, such as tree diagrams, proved
effective in delineating the decomposition above into simple partial steps as they illustrate fundamental
probability concepts (Diaz et al., 2010; Graham, 2006; Rolka & Bulmer, 2005).
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Unlike prevailing research focusing on what pre-service teachers attend to in a les- Key words:
son and how they interpret it, the study investigates the content of their comments, teacher noticing,
knowledge-based reasoning and whether it agrees with experts’ views. Study 1 deter- knowledge-based

mined the dimensions of quality teaching pertinent to lessons in which a new subject reasoning, pre-service
matter is introduced and made a noticing target. In Study 2, pre-service teachers teachers.

(N = 174) at the end of their university study made a written reflection of a video

lesson, which was compared against the target. Most could not discern situations

important for deep work with the content in the lesson. They failed to apply their

theoretical knowledge in interpreting the ones they mentioned. Only half of their

comments included knowledge-based reasoning, and their views were mostly partially

consistent or inconsistent with the experts’ ones. This highlights the need to focus on

content-related important situations in a lesson and their interpretation in teacher  Received 3/2023
preparation and on developing the ability to discern the dimensions of instructional  Revised 5/2023
quality in concrete lessons. Accepted 6/2023

1 Introduction

The concept of professional vision capturing noticing and reasoning skills is a mediator between teachers’
dispositions and classroom practice (Blomeke et al., 2015). The skills to notice effective teaching mani-
festations have been shown to correlate with implementing them in one’s teaching, even for pre-service
teachers (Sun & van Es, 2015; Wiens et al., 2021). This makes noticing an important target for teacher
preparation, yet, pre-service teachers’ (PST) noticing is lacking. PSTs tend to focus on management,
pay little attention to content, and notice the teacher’s rather than the pupils’ actions. They tend to
make general comments, evaluate rather than interpret and use naive assumptions rather than theory
for explanations even though they meet theory in their university courses (e.g., McDonald, 2016; Schéfer
& Seidel, 2015; Simpson et al., 2018; Sonmez & Hakverdi-Can, 2012).

Studies on noticing use a normative frame of reference of what participants should notice to demon-
strate noticing mostly implicitly. Only some studies present an explicit frame and investigate whether
PSTs notice teaching-learning situations deemed important by experts and whether what they say is
compatible with experts’ views. We maintain that both aspects are relevant for PSTs’ learning as future
teachers. Thus, our research falls within the studies in which the instrument’s validity is “grounded in
the collective expertise of a community of experts” (Roose et al., 2018, p. 73). Taking expert noticing
and knowledge-based reasoning as a long-term target, the paper aims to show how PSTs’ noticing and
knowledge-based reasoning at the end of their university study compares to that of experts.

2 Theoretical framework and literature review

The term ‘professional vision’ was coined as the expert ability to perceive and identify phenomena in
a scene compared to the ability of lay persons (novices) (Goodwin, 1994). In education, it often over-
laps teacher noticing, defined as “professional vision in which teachers selectively attend to events that
take place and then draw on existing knowledge to interpret these noticed events” (Sherin et al., 2011,
pp. 80-81).

While studies vary in their conception of professional vision, they agree on its two subprocesses
(Blomberg et al., 2011; Sherin & van Es, 2009; Sherin et al., 2011): attending to events in an instruc-
tional setting (selective attention) and making sense of them (knowledge-based reasoning). The latter
involves “processes of making sense of what has been noticed by linking observed situations to knowl-
edge” (Schiifer & Seidel, 2015, p. 38) about teaching and learning. Later, this conception was expanded
by acknowledging that to identify noteworthy features, one must disregard some features, too, and that
to use one’s knowledge to make sense of situations, one adopts a stance of inquiry (van Es & Sherin,
2021).

Analytical frameworks used to describe participants’ reasoning differentiate whether the observer
describes and/or evaluates the event or whether they also explain it (e.g., Sherin & van Es, 2009). We
build on Stockero (2008), who distinguished describing, explaining, theorising, confronting (considering
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alternative explanations and others’ points of view), and restructuring (re-examining one’s beliefs and
assumptions). The alteration, modifying a teaching-learning situation to reach its goal in a new/more
effective way, is sometimes included in the frameworks capturing professional vision (Santagata, 2011).
“Suggesting alterations within the [teaching-learning] situations is a way of professional learning” (Janik
et al., 2019, p. 188) and is considered a sign of expertise (Stiirmer et al., 2013).

Analytical frameworks do not usually differentiate between comments regarding the plausibility of
the interpretation presented in these comments. For example, two comments may be coded ‘theorise’, as
both include theory elements, but one may not be considered plausible by experts. Schifer and Seidel
(2015, p. 36) note:

a teacher might notice an event and reason that student thinking was encouraged in the
video [...] but an expert in the field of teaching and learning viewing the same video would
reason that student thinking actually was not being encouraged.

This study addresses the lack of research focus on the plausibility of PSTs’ comments when reflecting
on a lesson.

2.1 PSTs’ noticing

Research brings converging results in that PSTs tend to focus on management and behaviour issues,
pay little attention to content, attend to the teacher’s rather than the pupils’ actions and tend to make
general comments, evaluate rather than interpret, and use naive assumptions rather than theory (e.g.,
McDonald, 2016; Schifer & Seidel, 2015; Simpson et al., 2018; Sonmez & Hakverdi-Can, 2012). While ac-
knowledging that PSTs cannot be expected to possess advanced professional vision, researchers implicitly
use a normative frame of reference of what PSTs should notice to demonstrate skills, which then serves
as a long-term goal to achieve. There seems to be an agreement that teachers should be able to attend
to pupils’ and not only to the teacher’s actions, to pay attention to the content in relation to the pupils
and use theory to explain the observed. A few studies make target noticing (Stockero & Rupnow, 2017)
explicit and indicate what teachers are supposed to notice to demonstrate good noticing. They create
expert norms which determine situations in the lesson pertinent to its success. For example, in Wiens et
al.’s (2021) study, a specific framework was developed by researchers to measure how the PSTs noticed
the nature of pupil-teacher interactions.

Professionals creating the expert norm vary. They may be experienced teachers (McDonald, 2016;
Star et al., 2011) or researchers who follow and conduct research, write and review papers, teach at
the university, etc., and thus, are presumed to have “acquired integrated knowledge structures” (Schéfer
& Seidel, 2015, p. 54). In the field of professional vision, experts may be researchers and teacher educators
who specialise in instructional design and educational research (Blomberg et al., 2011; Shéfer & Seidel,
2015) or in subject education (Mitchell & Marin, 2015; Steffensky et al., 2015; Stockero & Rupnow, 2017;
Vondrové & Zalska, 2015).

The above opens up an issue of differences between the researcher professional vision and the practi-
tioner professional vision (Lefstein & Snell, 2011), which may adversely impact setting an expert bench-
mark. To bridge this divide, Roose et al. (2018) suggest involving a range of experts such as academics,
teachers, teacher educators, etc. In our study, the expert norm is a product of plural expert professional
visions (Lefstein & Snell, 2011) of teacher educators of different fields.

2.2 Instructional quality

In line with Litke, et al. (2021), we understand the quality of teaching as “the extent to which classroom
instruction consists of structures and practices believed by researchers and practitioners in the field to
provide rich learning experiences for students” (p. 1). In their meta-analysis, Seidel and Shavelson (2007)
identified effective teaching variables in goal setting, orientation (mobilising pupils’ prior knowledge and
investigating possible routes towards the goal), execution of learning activities, evaluation of learning
processes, and teacher guidance and support. Killen’s (2006) quality teaching model includes intellectual
quality, relevance (connectedness), a socially supportive learning environment, and recognition of differ-
ence. Even within the subject, there is no widely shared agreement on what quality teaching means. For
example, Litke et al. (2021) synthesised three frameworks for quality teaching in mathematics into one
model of general elements of teaching quality. They pointed to the merits and pitfalls of looking for one
model to capture all dimensions of teaching quality.

Another aspect to consider is the type of lesson under consideration. The characteristics of a successful
revision lesson will differ from the ones of the lesson in which a new subject matter is introduced. In our
study, we restrict ourselves to the latter. Thus, two dimensions of Litke et al.’s (2021) synthesised model
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are particularly relevant: Selecting and addressing the content and subject-specific methods (motivating
the content, addressing the content in structured, accurate, and disciplinary correct ways) and cognitive
activation (practices creating opportunities for pupils’ learning, teacher facilitation of pupils’ cognitive
activities and of metacognitive learning from cognitively activating tasks). This model is supported by
subject-specific studies on instructional quality. For example, Steffensky et al. (2015) highlighted the
dimension of learning support with cognitive activation and structuring, and Kaiser et al. (2015, p. 374)
emphasised “demanding orchestration of teaching the mathematical subject matter, potential for cognitive
activation of the learners, individual learning support and classroom management” as prerequisites of
quality teaching. Cognitive activation includes metacognitive activities and pupils’ self-regulation and
independence, applicable across subjects (Perry et al., 2018).

In our research, we mainly build on the conceptions of Schlesinger et al. (2018) and Janik et al. (2019).

Schlesinger et al.’s (2018) framework comes from mathematics education. It includes two subject-
specific dimensions of instructional quality. The dimension of subject-related quality comprises dealing
with mathematical errors of students, a teacher’s mathematical correctness, a teacher’s mathematical
explanations, mathematical depth of the lesson and support of mathematical competencies. The dimen-
sion of teaching-related quality comprises using multiple representations, deliberate practice, appropriate
mathematical examples and relevance of mathematics pupils.

Janik et al. (2019), whose model is based on the analysis of lessons across subjects, connect the quality
of instruction to its integrity, namely, to “the quality of functional relationships between (1) teaching and
learning content, (2) teaching and learning objectives and (3) the activities of a teacher and students”
(p. 189). Situations with high integrity are examples of didactic excellence, while situations with lower
integrity (or even disconnection between the three levels) are examples of didactic formalism. They often
result from over-focusing on the form (or organization) of teaching at the expense of the content. Janik
et al. (2019) present two types of didactic formalism: stolen cognition and concealed cognition.

If the teacher over-reduces the space available for pupils’ cognitive work with the content, we are
witnesses of stolen cognition. Pupils are passive as the content is “remote from their cognitive and
motivational states, and the learning environment cannot give them sufficient insight into the content”
(Janik et al., 2019, p. 192). Stolen cognition is the result of problems in the selection of content (e.g., it is
too distant and demanding), in didactic structuring of content, which leads to a lack of clarity of content
representation or in assessment, and work with mistakes which is less formative and does not “support
autonomy in learning and cognitive activities well” (ibid. 2019, p. 192).

Situations of concealed cognition are “instances of purposeless cognitive activation of students due to
their being disconnected from the content” (Janik et al., 2019, p. 185). Pupils are seemingly active and
work on the task, but the teaching-learning situation does not enable them to develop a deep understand-
ing of the content. Pupils “miss important elements of content and crucial relationships between them:;
they ‘lose themselves’ in content — distort it, make it too easy or notice only its unimportant aspects”
(ibid. 2019, p. 197). Janik et al. (2019) posit that concealed cognition might be less obvious than stolen
cognition because pupils are usually keen to work on the task, and thus, a teacher does not get warning
feedback, and that is the reason why examining the manifestation of didactic formalism in teaching and
learning is important.

2.3 Research aim

To sum up, only a few studies focus on the compatibility of the views of experts and PSTs or practising
teachers when analysing a (video)-lesson (e.g., Blomberg et al., 2011; Mitchell & Marin, 2015; Schéfer
& Seidel, 2015; Stockero & Rupnow, 2017; Stiirmer et al., 2013). Yet, the alignment between PSTs’
views and what experts consider appropriate is important (Schifer & Seidel, 2015) as it informs teacher
educators of where PST's are on their way to a long-term target (expert-like noticing and knowledge-based
reasoning).

As our research concerns the analysis of teaching in different fields, a shared view of quality teaching
across these fields was needed. We grounded it in the characteristics of the teaching quality, which we
found applicable across our respective fields. We selected the dimensions of content representation, content
selection, didactic structuring of content, and assessing and dealing with mistakes (Janik et al., 2019),
and a teacher’s correctness, content depth of the lesson, multiple representations, and content relevance
(Schlessinger et al., 2018).

This paper consists of two related studies. The first aims to develop an expert target, a framework
for identifying content-related situations in the lesson deemed important by experts for its instructional
quality. The second study aims to determine whether PSTs notice phenomena deemed important by
experts and whether their comments are compatible with the experts’ ones. The second study compares
PSTSs’ noticing and knowledge-based reasoning against the target developed in the first study.
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3 Study 1: Identification of expert phenomena

In Study 1, we developed a framework for determining important situations in the lesson in which a new
subject matter is introduced. Its bases were the characteristics and indicators for the teaching quality of
Janik et al. (2019) and Schlessinger et al. (2018), as given above. This framework was applied to videos
of lessons, and phenomena pertinent to their instructional quality (ezpert phenomena) were determined.

3.1 Participants

The noticing target was made by six teacher educators (authors) from different educational fields (art,
biology, mathematics, English as a second language, and general education) with similar research and
work experience. Each educated PSTs at the same university, taught subject and subject education
courses and supervised PSTs during school placements. All conducted research in their respective fields
and had experience with cross-subject research on noticing. They had 7 to 36 years of experience at the
university, and five had experience teaching at primary and/or secondary schools.

3.2 Video selection

First, we decided to use videos of whole lessons rather than clips as they provide a broader context of
the teaching-learning situations. Second, we agreed to use lessons comprising the introduction of a new
subject matter. Lessons focusing on revision tend to be repetitive. In contrast, lessons with a new subject
matter introduction include more diverse teaching-learning situations that merit attention and cannot be
envisaged fully. The course of such lessons is dependent on pupils’ reactions.

Each researcher selected videos of three lessons with which they had experience from their courses,
and the whole team evaluated their suitability. The lessons were to be self-contained (with no need for
additional context) authentic lessons from Czech schools, with new content (familiar to PSTs) being
introduced. It is considered a sign of teacher noticing if a breach of a norm (Dreher et al., 2021) regarding
an aspect of instructional quality is noted. Teaching-learning situations bearing signs of didactic formalism
(Janik et al., 2019) can be seen as a breach of the norm of quality teaching. Thus, the selected lessons
also included examples of stolen and concealed cognition.! Our assumption, supported by our experience
with using videos of lessons with PSTs in subject education courses, was that such situations might be
easier to recognise for PSTs with little teaching experience and will motivate them to comment on such
situations and suggest alterations. Finally, it was considered whether the PSTs had had an opportunity
to gain sufficient pedagogical content knowledge (Shulman, 1986) during their subject education courses
(taught by the authors) to spot and interpret such situations.

One lesson on elementary art education (EAE), elementary social studies (ESS), biology (BI), the
English language as a second language (EL), and mathematics (MA) was assigned for pilot reflection to
PSTs studying the subject in question. They were given the task: “You will see a video which captures
a lesson on [subject]. You can watch the video as many times as you want. Write a reflection; the length is
not specified. Write down what you find interesting; what is, in your opinion, important.” Their written
responses were analysed to see whether they felt motivated to comment on situations connected to the
introduction of new knowledge and situations of didactic formalism and whether the lessons made sense
to them.

3.3 Designing an analytical framework

For each of the five lessons, we proceeded as follows. We watched the lesson individually, and using Janik
et al.’s (2019) and Schlessinger et al.’s (2018) frameworks, we distinguished teaching-learning situations in
which work with content could be seen and described them. Next, we compared the lists of such situations
and created a master list of the ones mentioned by at least half of the team. We met, watched the lesson
together, stopped it at moments from the master list, and discussed their importance for the lesson’s
success and possible interpretations. The discussion was led by the team member within whose expertise
the lesson fell (e.g., the mathematics educator led the discussion for the mathematics lessons). It was
audiotaped and summarised by the discussion leader. The team provided their written feedback on this
summary, considering whether the suggested situations were related to the quality of teaching, whether
they agreed on their interpretation, and if PSTs, in their opinion, had enough knowledge to reach such an
interpretation. The most frequent argument for excluding the situation was that we agreed it might only
be visible to the experts in the respective field and not to a PST with hardly any teaching experience.

INote that it does not mean that the lessons were examples of “bad” teaching; they included situations which can be
classified as examples of didactic excellence (Janik et al., 2019) as will be seen in examples below.
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Six to eight teaching-learning situations originated for each lesson, and we negotiated them until an
agreement on six was reached (to compare responses for different lessons). The description of the lesson’s
specific situations and the agreed-on interpretation (causes, implications, explanations supported with
theoretical notions, alternative actions) is called an expert phenomenon here. Next, a categorisation of
the expert phenomena was sought, and after multiple discussions, six categories emerged.

In the second validation stage, we checked whether the expert phenomena could be used to analyse
PSTs’ responses regarding the compatibility of views. Two PSTs’ responses from the pilot stage were
selected for each lesson and scrutinised for any mention of the expert phenomena. Then, we considered the
compatibility of the views depicted in the expert framework and those of the PSTs. Similarly to Stockero
and Rupnow (2017), this was not always straightforward. We sometimes agreed with the PST’s comment
only partially, as the PST stated something plausible about the situation but failed to comment on an
aspect which we deemed important. Moreover, we realised that some phenomena were more complex
than others and/or spanned more time and included several aspects that the PSTs could mention. We
revisited the lists of expert phenomena and distinguished two to four characteristics for each phenomenon.
A detailed manual of the expert target originated.

3.4 Results: Expert phenomena

The identified expert phenomena fall within six categories. ‘Pupils’ cognitive activation’ captures whether
pupils are engaged in gaining knowledge. ‘Depth (work with concepts)’ depicts whether the concepts
are dealt with sufficiently deep and wide. ‘Terminology and precision’ relates to the correctness and
appropriateness of terms related to the content, of the language used, or of definitions of concepts, taking
into account the age of pupils in the lesson. ‘Mobilising prior knowledge’ points to situations where pupils’
prior knowledge necessary for the new subject matter is evoked. ‘Relevance’ concerns situations in which
the subject matter is introduced as relevant to pupils’ learning or life, pupils are motivated to learn the
content, and connections are made to other subjects. ‘Representations’ describes the situations in which
representations of the new content are presented (or not). Situations falling within these categories can
be envisaged as examples of didactic excellence or didactic formalism if the norm of quality teaching is
breached.

As there are five lessons, each described by six expert phenomena and each such phenomenon is
accompanied by 2 to 4 characteristics, it is above the scope of this paper to present all. One expert
phenomenon for each lesson is illustrated. They are denoted by the subject acronym, numbers 1 to 6
and a letter implying a specific characteristic. As the identified dimensions of quality teaching overlap
and “cannot be completely separated” (Schlesinger et al., 2018, p. 478), our expert phenomena are not
uniquely categorised either.

In the situations described in the expert phenomenon EL5 (categorised ‘Depth [work with concepts]’
and ‘Mobilising prior knowledge’), an inductive approach was used for pupils to infer rules for relative
pronouns from the text, using their prior knowledge (EL5a). Implementing this approach in grammar
teaching has multiple benefits (EL5b) and is considered a sign of quality teaching (e.g., Jean & Simard,
2013). Thus, this lesson includes situations demonstrating the principle of ‘selecting appropriate content
and subject-specific methods’ (Litke et al., 2021). However, using the inductive method is uncommon in
Czech foreign language teaching, and PSTs might see it as a breach of the norm. This might lead them
to suggest that only the deductive method is appropriate when introducing rules for relative pronouns.

In the situations captured in the expert phenomenon MA6 (categorised as ‘Pupils’ cognitive activation’
and ‘Depth [work with concepts|’), the teacher assigned the pupils two potentially cognitively challenging
tasks which could be used for the assessment of pupils’ understanding of the newly introduced Thales’s
theorem (MAG6a). However, their implementation was not adequate. One task could be answered without
much thought, and the other was too difficult for the pupils at this stage of learning to solve within the
short time provided by the teacher (MAGb). This situation bears signs of a breach of the principles of
‘selecting appropriate content’ and ‘teacher facilitation of pupils’ cognitive activity’ (Litke et al., 2021).

During the situations described in the expert phenomenon BI4 (categorised as ‘Pupils’ cognitive
activation’ and ‘Representations’), multiple representations of products of nature (e.g., shells) were used
with a potential for pupils’ cognitive activation (BI4a). Teaching with the support of products of nature
has been shown beneficial to pupils’ understanding of content (e.g., Sugni et al., 2011). However, the
pupils in the video could not touch objects, and only some could see them properly (BI4b). While the
content and representations were well selected, the subject-specific method was not, and the teacher did
not create good opportunities for pupils’ learning.

In the situations described in the expert phenomenon EAES5 (categorised as ‘Relevance’ and ‘Mobi-
lizing prior knowledge’), the pupils were asked to reflect in groups on themselves in relation to the others
to prepare for the subsequent artistic creation of a portrait. Their ability to think conceptually about

Scientia in educatione, 14(1), 2023, p. 27-39 31 https: //doi.org/10.14712/18047106.2774


https://doi.org/10.14712/18047106.2774

human identity was targeted (EAE5a). The teacher did not emphasize the difference between internal
and external identity (EAE5b), which remained blurred (Mason & Buschkuehle, 2013). The examples
provided by the teacher were too simplistic and instructive (EAE5c). The situation might be seen as
an example of stolen cognition. The chosen topic demands pupils to express themselves on sensitive and
discrete issues (EAE5d) while sensitively maintaining the possibility of silence.

In the situations described in the expert phenomenon ESS4 (categorised as ‘Pupils’ cognitive activa-
tion” and ‘Relevance’), the teacher suggested that pupils organise a campaign against food waste which
could potentially lead to their commitment to the content (ESS4a). However, the teacher did not include
the pupils in the campaign planning or motivate them (ESS4b). The pupils could have been led to re-
alise that they could assist in food waste prevention (ESS4c), which could serve as a proxy for authentic
learning situations that benefit pupils’ learning (e.g., Cheng et al., 2019).

The identified expert phenomena make an expert target against which PSTs’ noticing and reasoning
in Study 2 are compared.

4 Study 2: Pre-service teachers’ noticing and knowledge-based
reasoning

The research questions of Study 2 were the following:

RQ1: What expert phenomena identified in Study 1 do PSTs at the end of their university study notice
in the lessons?

RQ2: How does PSTs’ knowledge-based reasoning compare to that of experts?

4.1 Participants and the task

The study is situated at a faculty educating teachers in the Czech Republic. Future secondary teachers
complete a 3-year bachelor’s degree and a 2-year master’s degree. The study for elementary teachers con-
sists of a 5-year undivided master’s degree. PST's take subject and subject education courses, pedagogical
and psychological courses and undergo school practice placements. After the defence of a master’s thesis
and the final state examination, they become qualified teachers. There is no induction period.

The PSTs did not attend any courses aimed at the development of noticing. However, they dealt with
the concept of quality teaching in their general education and subject education courses, in which they
were also encouraged to justify their ideas about teaching and learning. Videos of lessons were sometimes
used in their courses to accompany the content.

The PSTs were in their 4'" or 5% year (Tab. 1) (age M = 24, SD = 5.2, 89% female). 20% PSTs had
teaching experience (M = 3 years, SD = 2.1 years). All PSTs in the year group studying the programme
participated. An exception is EAE, where 34 PSTs out of 36 invited participated.

Tab. 1: Participants

PSTs Group Acronym N  Total
Elementary English Language EEL 23

Elementary Elementary Social Studies ESS 23 80
Elementary Art Education EAE 34
English Language EL 25

Secondary Biology BI 43 94
Mathematics MA 26

The PSTs were assigned the task in their subject education course: “You will see a video which
captures a lesson on [subject]. You can watch the video as many times as you want. Write a reflection;
the length is not specified. Write down what you find interesting; what is, in your opinion, important. Do
not feel afraid to write your views; there are no correct answers. You will not be assessed according to
your reflection.” The task was rather open, not to focus PSTs’ attention on anything. It was assigned as
homework to give them enough time to watch the lesson repeatedly and provide multiple opportunities
to notice important situations. Each student watched one lesson.

4.2 Data analysis

The data consists of the PSTs’ written responses to one lesson. They were scrutinised for any mention
of expert phenomena particular to the lesson, and all such mentions made one unit of analysis; each
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unit concerns one expert phenomenon. One researcher split responses into units (Tab. 2), and the second
checked its validity. Any inconsistencies were negotiated. The units ranged from one sentence to several
paragraphs.

Tab. 2: Number of units

Group EEL ESS EAE EL BI MA TOTAL
N 50 75 89 59 141 90 504

The units were coded using the coding framework in Tab. 3. The levels of description and evaluation
do not attest to any knowledge-based reasoning. The level of theorising is considered more expert-like than
the level of explanation. As the lessons included breaches of a norm which naturally leads to suggesting
alternatives, we also coded the units for their presence (Alteration).

Tab. 3: Coding framework

Description  Recounting

Evaluation Subjective judgment without explaining

Explanation Layman (naive) explanation or explanation based on one’s experience as a pupil or a teacher
Theorising Generalisation with theory

We coded the same four reflections independently, then met, negotiated our agreement, and modified
the coding manual accordingly. Next, the reflections of each group were coded by two researchers, one
of them being a specialist in the particular field (but her role was not prioritised over the role of the
non-specialist). The researchers worked independently (inter-rater reliability found as per cent agreement
was from 80.2% to 91.0%) and negotiated any differences until an agreement was reached.

Next, each unit coded Evaluation, Explanation or Theorising was assigned a value of 0/1 for each
expert phenomenon’s characteristics, depending on whether the PST’s comment was consistent with the
experts’ one. The same pairs of researchers as in the first stage coded the units (inter-rater reliability
ranged from 85.1% to 89.1%) and negotiated any differences until an agreement was reached. The decision
about each unit was Match (the unit received all 1s), Limited match (the unit received more or the same
number of 1s than 0s), or No match (in other cases). Thus, the unit was assigned No match if the
PST did not comment on more than half of the characteristics of the expert phenomenon and/or their
interpretation of the phenomenon was inconsistent with the experts’ view.

Finally, units coded Alteration were assigned Match/No match with the experts’ view. At this stage,
the role of the specialist in the field was important, and the final decision was hers.

Examples of PSTs’ comments and their coding are in Section 4.3.

4.3 Results
On average, the PSTs commented on half of the expert phenomena (Tab. 4, Fig. 1).

Tab. 4: Number of mentioned expert phenomena per PST

EEL ESS EAE EL BI MA TOTAL
Mean 2.2 3.3 2.6 24 33 35 2.9
Median 2.0 3.0 3.0 20 30 35 3.0

Nearly half of the units show no knowledge-based reasoning (Description 18.5%, Evaluation 27.4%).
In the rest, explanation without theory prevails (Explanation 34.5%, Theorising 19.6%); see Tab. 5.

Tab. 5: Units according to knowledge-based reasoning per group (%)

Description  Evaluation Explanation Theorising

EEL 26.0 10.0 28.0 36.0
ESS 22.7 24.0 28.0 25.3
EAE 15.7 30.3 44.9 9.0

EL 13.6 6.8 33.9 45.8
BI 22.7 34.8 29.8 12.8
MA 10.0 38.9 41.1 10.0
Total 18.5 27.4 34.5 19.6
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Fig. 1: Number of mentioned expert phenomena per PST (x depicts the mean, the horizontal segment is the
median, and the plots depict the maximum, minimum, and upper and lower quartiles)

Our focus was on the content of the comments coded Evaluation and above regarding the compatibility
of views of the PSTs and the experts. For example, a comment categorised as MAG6 (see Section 3.4) “The
teacher asked questions related to Thales’s theorem which made the pupils think.” was assigned 0 for
both MA6a and MA6b. The decision was No match as the PST did not mention any didactic potential of
the tasks, and the experts doubted that the pupils were cognitively activated. The comment “The pupils
got two yes-no questions from the teacher which they should answer. In this way, she found out that
the pupils understood the subject matter.” received 1 for MA6a and 0 for MA6b as the missed learning
opportunity was not recognised (Limited match).

The comment coded EL5 (see Section 3.4) “The grammar (relative pronouns) was taught inductively.
From specific instances, they [the pupils] arrived at the general principle. It is important that the pupils
came to a conclusion themselves.” was assigned 1 for both EL5a and EL5b and the final decision was
Match. The comment “The grammar was taught inductively, at first, the pupils worked with the relative
pronouns |...] and then formulated the rule for single relative pronouns.” was assigned 1 for recognising
an inductive approach (EL5a) and 0 as no benefit was mentioned (EL5b). The final decision was Limited
match.

For the whole sample, comments in 29.6% of the units agreed with the experts’ views, 35.4% agreed
partially, and 35.0% were in disagreement (Tab. 6).

Tab. 6: Compatibility of the PSTs’ and experts’ views (%)

Match  Limited match  No match

EEL 70.3 27.0 2.7
ESS 22.4 34.5 43.1
EAE 21.3 50.7 28.0
EL 78.4 21.6 0.0
BI 9.4 374 53.3
MA 19.8 32.1 48.2
TOTAL 29.6 35.4 35.0

Note: 100% is the number of units categorised as Evaluation and above.
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Next, we related the compatibility of PSTs’ and experts’ views and the levels of knowledge-based
reasoning. Tab. 7 shows that most No match units were on the evaluation level, and the biggest share
of Match was on the theorising level. Comments coded No match/Evaluation (N = 70) are the most
inadequate as PSTs do not provide any explanation, and their subjective judgment does not concern the
selected characteristics of the expert phenomenon or is contrary to the experts’ view. On the other hand,
the most advanced comments (Match/Theorising, N = 45) are signs of developed professional vision.
Most of the PSTs’ comments were between the two poles.

Tab. 7: Compatibility according to the level of knowledge-based reasoning (%)

Match  Limited match  No match

Evaluation 14.5 34.8 50.7
Explanation 32.6 39.0 28.5
Theorising 45.5 30.3 24.2
TOTAL 29.6 35.4 35.0

The PSTs’ responses included 112 alterations to the teaching in the lessons (Fig. 2).
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Fig. 2: Average number of alterations per PST

The lowest level alterations were accompanied by subjective judgment only (28.6%). Most suggested
alterations (49.1%) were explanative. For example, a PST suggested for the ESS lesson: “I find the
example of the amount of food wasted by people in Asia and Europe and North America valuable.
However, judging by some pupils’ statements, I am not sure they understood that the amount of food
wasted by European people also concerns themselves, so if I were the teacher, I would make them aware
of this fact.”

About 22.3% of the alterations were supported by theory. For example, for the EL lesson, a PST
wrote: “The teacher sometimes switched to the mother tongue. Very often, it wasn’t necessary to use
Czech because it wasn’t anything the children wouldn’t understand. When she said ‘To jsem zvédava!
Vyborné! Budte opatrni.’,? she could have said it in English (or both — English and Czech) to let the
pupils acquire the second language. This subconscious process would result in permanent knowledge
according to Krashen’s Theory of Second Language Acquisition.”

Table 8 shows that the PSTs mostly suggested alterations coded as Match (82.1%), but it does not
necessarily mean that the experts suggested the same. For example, the pupils were asked to formulate
Thales’s theorem towards the end of the MA lesson. A PST appreciated this task but suggested that the
theorem could have been written in “a more mathematical” way by the teacher. This comment was coded
Match, as the experts would welcome it if the theorem were correctly written mathematically. However,

241 want to see this! Very well! Be careful!’
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Tab. 8: Alignment of PSTs’ alterations with experts (%)

Match  No match

EEL 87.5 12.5
ESS 79.0 21.1
EAE 80.0 20.0
EL 60.0 40.0
BI 89.3 10.7
MA 81.3 18.8
TOTAL 82.1 17.9

they saw a more pressing alteration in this part of the lesson; the task was above the pupils’ ability at
this stage of learning, and more time should be devoted to letting pupils formulate the theorem in their
own words.

According to the experts, No match (17.9%) alterations would not enhance teaching. An example is
a comment on the BI lesson: “I do not think this way of teaching should be used to introduce a new
subject matter. A table is an excellent tool which enables sorting out information. Still, I would use
such type of lesson only for the revision of the subject matter.” According to the experts, sorting out
data through a table can be successfully used for the inductive introduction of subject matter. Another
example is a PST’s suggestion “to concentrate on only one activity leading to Thales’s theorem, not two”.
From the PST’s analysis, it was clear that he does not understand that the two activities are not the
same but differ in the direction. It does not agree with the experts’ view as the two “activities” in the
lesson represent two directions of implication which make Thales’s theorem.3

5 Discussion and implications

It is documented in the literature what PSTs pay attention to and what they neglect in a video lesson.
It is less clear how their noticing and reasoning relate to that of experts. Based on the frameworks of
instructional quality (Janik et al., 2019; Kaiser et al., 2015; Litke et al., 2021; Schlesinger et al., 2018;
Seidel & Shavelson, 2007), we determined six dimensions which we found applicable in selected lessons
across subjects. In Study 1, the experts distinguished and interpreted the situations deemed important
for pupils’ learning of new content to develop a target against which the PSTs’ responses were compared
in Study 2. Our literature search confirmed that studies using such targets are rare (McDonald, 2016;
Mitchel & Marin, 2015; Steffensky et al., 2015; Stockero & Rupnow, 2017; Vondrové & Zalska, 2015).

We showed that PSTs at the end of their university study found it difficult to notice content-related
situations deemed important by the experts, as they mentioned half of the expert phenomena. The
same conclusion was reached for PSTs’ ability to notice generic aspects pertinent to instructional quality
(Schiifer & Seidel, 2015). Subject-focused research on expert-like noticing seems to exist for mathematics
only. In Stockero and Rupnow’s (2017) study, PSTs noticed one-third of the events determined by experts
as examples of Mathematically Significant Pedagogical Opportunity to Build on Student Thinking. PSTs’
mean score in Star et al.’s (2011) study for what they call important moments was 53% (ours was 48%).
Little attention to the subject-related expert phenomena was found in a study with mathematics PSTs
at the end of university with the same educational experience as our MA group (Vondrova & Zalska,
2015); the median was 2, while the expert value was 7. The results in the present study are better, which
can be attributed to the way the expert target originated. Mathematics educators made it in Vondrova
and Zalské’s study, while experts from five fields were involved in the present study and the phenomena
deemed important by the experts in mathematics education but not visible to the experts outside the
field were excluded.

About half of the comments of our sample bore no sign of knowledge-based reasoning. The PSTs
described the events and/or made personal judgments about them. In the other half, an explanation
based on their experience as pupils or naive assumptions prevailed. Concepts from learning and teaching
theories introduced during their university studies were only present in 20% of comments. The PSTs in
Schifer and Seidel’s (2015) study also struggled when reasoning about important events. For goal clarity,
nearly 73% of their comments were naive assumptions with judgmental character, and only 27% included
the use of professional knowledge. For learning climate, it was 89% against 11%.

Another focus of our study was on the agreement between the PSTs and experts. The PSTs’ comments
fully aligned with those of the experts in less than a third of the cases and partially in another third.

3In Czech textbooks, Thales’ theorem is formulated as an equivalence.
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The PSTs who provided the rest of the comments could not apply their knowledge outside the university
course. This supports the literature showing that PSTs struggle to apply theoretical notions in practice
(e.g., Hammerness et al., 2002).

Two of the few studies comparing the PSTs’ and experts’ views available to us reached similar results.
In Schifer and Seidel’s (2015) study, the PSTs’ reasoning matched the experts’ in about a third of their
statements for goal clarity and a quarter for learning climate. Blomberg et al. (2011) found for PSTs of
different subjects that the average agreement with the experts’ views was 31%.

Determining what is important in a lesson is not trivial for PSTs. Moreover, we must remember
that PSTs’ “acquired professional knowledge is not yet very elaborated and still is determined by naive
judgments and subjective theories” (Schéfer & Seidel, 2015, p. 36). Our study supports the body of
research calling for developing PSTs’ professional vision in both its aspects (noticing and knowledge-
based reasoning), e.g., in video interventions supported by scaffolding frameworks (e.g., Santagata, 2011;
Stockero & Rupnow, 2017). As the PSTs struggled with noticing situations deemed important by the
experts, we suggest that university courses target the content dimensions of instructional quality and
how they manifest themselves in lessons. The PSTs would also benefit from tasks on reasoning about the
consequences of events and suggesting alterations. They should be given multiple opportunities to apply
theoretical knowledge to concrete lessons.

6 Limitations and conclusions

Our conclusions should be considered in light of a limited sample. It did not allow us to draw any
conclusions regarding similarities and differences between subject groups which the tables presenting
results seem to suggest. In some cases, the number of units is low, and no conclusions are possible about
differences (see, e.g., the number of alterations suggested by all the PSTs or the number of comments
coded Evaluating, Theorising, etc.). Some differences, though, seem to be present. For example, concerning
the two English language groups (EEL and EL), they used theorising most often (Tab. 5), and the vast
majority of their comments were in agreement with the experts’ views (Tab. 6). This observation may be
a result of the selected lesson. The EEL lesson might provide more opportunities (and more recognisable)
than the other lessons used in our study for PSTs to apply a theory they learned. In such a case, they
could be assigned another lesson for reflection (with a different topic, different teaching-learning situations,
etc.). Then the analysis of the two lessons could be compared. However, such a task would be enormous
(if not impossible), given the number of characteristics present in a single lesson which could be varied.
Another reason for the diverging results of the EEL/EL groups might be that they learned more theory
(or in a more appropriate way, enabling them to grasp it better) than the other PSTs in our study in
their subject education courses. Yet another reason might lie in the sample itself — this group of PSTs
might have more developed knowledge-based reasoning than the other groups within our sample. Indeed,
Simpson and Vondrova (2019) found differences in noticing skills between two samples of mathematics
PSTs with the same background and in the same stage of their university education.

Thus, at this stage of analysis, no conclusions can be made about the differences between subject
groups. However, in a future study, the analysis could delve deeper into the content of the PSTs’ comments
to see the characteristics of those expert phenomena in which the PSTs were (or were not) able to apply
theory and agreed (or did not agree) with the experts’ views. This goes beyond this paper and would
merit a separate paper for each subject group.

Another limitation of our study is the type of task we used — it was formulated openly. A future
study could use a more specific task to focus PSTs’ attention and, moreover, ask for justifications and
alterations, which we did not do. Assigning the task as homework might have enabled the PSTs not to
make their best effort. However, the diversity and length of their responses suggest that it was not the
case.

Another limitation concerns the noticing target. It originated through a comparative judgment whose
validity is based on the collective expertise of a community of experts from different fields. Still, it
remains subjective and might be skewed towards the researcher professional vision. In a future study,
experienced teachers could participate in the expert analysis (Lefstein & Snell, 2011; Roose et al., 2018).
No experts outside the research team validated the noticing target, which is another limitation (although
not uncommon, e.g., in Mitchel and Marin’s (2015) study, both researchers were master raters). Dreher et
al. (2021) point out that any norm for teacher noticing is necessarily culture-specific; thus, our conclusions
must be read in Western culture.

The question of visibility of situations comes to the fore as our sample did not see the same lesson.
Similarly to Blomberg et al. (2011), we tried to account for this by balancing the input from an expert
in the field, able to spot hidden features of the lesson, with the inputs from researchers from different
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fields. By an elaborate way of selecting the phenomena for each lesson, we strove to ensure that they
were similarly observable. Moreover, all the selected phenomena allowed for higher levels of reasoning
and, thus, presented comparable conditions for PSTs to manifest their knowledge-based reasoning.

To sum up, our study brought new insights into the understudied area. Unlike prevailing research
focusing on what PSTs attend to and how they interpret it, we also investigated the content of PSTs’
comments and whether it aligns with what experts accept. Most PSTs in our sample about to start
teaching could not discern situations important for deep work with content in the lesson and apply their
theoretical knowledge for interpreting them. The ability to do so is necessary for their future careers as
teachers, and thus, we need to know how their noticing and reasoning relate to those of experts. More
studies are needed to validate our results with PSTs of various subjects and different lessons (or clips).
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