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Klimaticka gramotnost — nova nebo odvozena gramotnost?

Climate literacy — new or derived literacy?

Veronika Scholzoval*, Svatava Janouskova!
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Slovo gramotnost ve spojeni s fadou adjektiv v pedagogickém i laickém slovniku ze-
v8ednélo. Diky Setfeni PISA bézné vyuzivame terminy matematickd, ¢tenarska, piiro-
dovédna a finan¢ni gramotnost. Pocet téchto terminti dale narista (viz nap¥. environ-
mentdalni, digitalni gramotnost). U vétsiny z nich pfitom chybi konsenzus na pfesném
vymezeni. V nasem teoretickém prispévku analyzujeme koncepty pfirodovédné, envi-
ronmentalni a klimatické gramotnosti. Na zakladé této analyzy dochazime k zavéru,
ze stavajici vymezeni klimatické gramotnosti nepfinasi zadnou novou dimenzi, ktera
by nebyla jiz zahrnuta v pfirodovédné a environmentalni gramotnosti. S ohledem na
tuto skutecnost se domnivame, ze pro skolni praxi a do jisté miry i pro vyzkum je
vymezeni tohoto pojmu nadbyteéné. Domnivame se, ze dobra znalost dlouhodobé
existujici gramotnosti prirodovédné a environmentilni umozni vyucujicim uchopit
i odvozené gramotnosti, mezi nimi gramotnost klimatickou ¢i gramotnost souvisejici
s udrzitelnosti.

In conjunction with various adjectives, literacy has become commonly used in pedago-
gical and lay vocabulary. Thanks to the PISA survey, we use terms like mathematical,
science, and financial literacy. These terms continue to grow (e.g., environmental and
digital literacy). For most of them, there has yet to be a consensus on a precise de-
finition. In our theoretical study, we analyze the concepts of science, environmental,
and climate literacy. Based on this analysis, we conclude that the current definition
of climate literacy does not introduce any new dimension other than those already
included in science and environmental literacy. Therefore, it is redundant for school
practice and, to some extent, also for research. A good knowledge of long-standing
science and environmental literacies will enable teachers to grasp derived literacies,
including climate literacy or literacy related to sustainability.
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1 Uvod

Slovo gramotnost v pedagogickém slovniku jiz zevsednélo. Pivodni vyznam pojmu, ktery oznacoval schop-
nost ¢lovéka Cist a psat, je v soucasnosti chapan obecnéji, tj. jako schopnost aplikace nékterych specific-
kych dovednosti (Pricha et al., 2009). Proto se ve védecké literatuie setkdvdme s gramotnosti ¢tendiskou,
pfirodovédnou, matematickou, digitalni, funkéni, environmentalni, finan¢ni atd. Je tézké urcit, proc se
pojem ,gramotnost* stal tak oblibenym, nicméné néktefi autofi (viz napf. Baumert, 1997) uvadéji, ze
to souvisi se skutecnosti, ze pojem predstavuje komplexni ideu, ktera je presvédciva a zda se byt snadno
uchopitelna.

Tato snadné uchopitelnost i srozumitelnost je vSak zdanliva. Pokud se blize ponofime do vymezeni
jednotlivych druht gramotnosti, zjistujeme, Ze neexistuje zadné jednotné vymezeni téchto pojmi. Kromé
toho, Ze neexistuje konsenzus na obsahu pojmu mezi védci, neni ani zrejmé, do jakych detailii by se mél
pojem vymezit. Pokud si totiz pomtzeme shora uvedenou obecnou definici dle Prichy et al., pak bychom
pfirodovédnou gramotnost mohli vymezit jako schopnost aplikovat pfirodovédné dovednosti. Pak se vSak
musime ptat, jaké dovednosti by to mély byt, a pfirozené také, do jaké miry je potieba je ovladat (blize
viz napf. Janouskova et al., 2019). A samoziejmé se také nabizi otdzka, zvlasté u nové se objevujicich
typlt gramotnosti, naptiklad gramotnosti o udrzitelnosti (sustainability literacy) ¢ klimatické gramot-
nosti (climate literacy), nakolik se odlisuji od tradi¢né diskutovanych gramotnosti, jako je gramotnost
prirodovédna ¢i environmentalni.

Nase teoreticka studie si dava za cil analyzovat nové se objevujici pojem klimatickd gramotnost, jak
je prezentovan v literatufe. Nasim cilem je kriticky zhodnotit vymezeni tohoto pojmu (této gramotnosti)
a posoudit, nakolik je zavedeni nového pojmu prospésné v kontextu jiz existujicich a zavedenych pojmi,
kterymi jsou prirodovédné a environmentilni gramotnost.
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2 Analyza pojmi gramotnost, prirodovédna gramotnost
a environmentalni gramotnost

Gramotnost

Definice pojmu gramotnosti se v ¢ase vyviji soubézné s rozvojem spolecnosti a jejimi pozadavky na
jedince zijicitho v dané spolecnosti. Gramotnost je tudiz socialné-kulturnim konstruktem, ktery je tzce
spjat s konkrétni spolecnosti a jejim sociokulturnim zdzemim. (Gadsden, 1992; Gee, 1989; Mirra & Garcia,
2021)

Etymologicky se pojem gramotnost vztahuje k jazyku a k tomu, co umoznuje, tedy mluvit, psat a ¢ist
s porozuménim (Eisner, 1991). Neni proto pfekvapujici, Ze zaméfime-li se na definici pojmu gramotnost,
nejcastéji je definovdna jako schopnost ¢ist a psat, pfipadné éist, psat a pocitat (tzv. trivium). Podle
Eisnera (1991) m4 ale gramotnost hlubsi smysl a neomezuje se pouze na text, ale hraje zdsadni roli
pii vykladani a preddvani vyznamu sdéleni v Sirokém slova smyslu, véetné interpretace. To implikuje
nutnost znalosti dalsich oborti. Skutecnost, ze gramotnost je dovednost aplikované ve specifické oblasti ¢i
znalost uréitého oboru, je v souladu s definici podle Priichy (Pricha et al., 2009), kterou jsme uvedli shora.
UNESCO uz tyto dvé ptuvodné oddélené definice spojuje v jednu. Ta vymezuje gramotnost jako celozivotni
zdokonalovani se ve ¢teni, psani a pouzivani ¢isel, a také jako soubor vsech dalsich specifickych dovednosti
tykajicich se digitalnich technologii, vyuzivani médii, pochopeni a aplikace principti udrzitelného rozvoje
nebo specifickych dovednosti vyuzivanych v povolani (UNESCO, 2024).

Vyjdeme-li tedy ze skutecnosti, ze gramotnost je souborem specifickych dovednosti rizného typu, pak
je nasnadgé, ze je termin gramotnosti spojovan s riznymi védnimi obory a s nimi spojenymi dovednostmi.
7 toho pak nutné vyplyva, ze gramotnost neni pouze jedna vSeobecnd, ale Ze existuje mmnozstvi rozdil-
nych gramotnosti (Mirra & Garcia, 2021). Na zdkladé toho se posouvd vniméni od statické gramotnosti
(tj. ,byt gramotny“) k celozivotnimu osvojovani si dalsich a dalsich gramotnosti, tedy ,stdvat se gramot-
nym“ (Stover et al., 2015). Gramotnost, jak je chdpana nyni, hraje zasadni roli pfi rozvoji kognitivniho
potencialu, ktery urcuje, jak se lidé v pribéhu zivota chovaji a jaké ¢iny konaji. Je zasadni rozvijet roz-
liéné formy gramotnosti, pfi¢emz definitivni gramotnosti nikdy nedosdhneme, protoze lidské poznani neni
konecéné (Eisner, 1991).

Prirodovédna gramotnost

Pojem ptirodovédné gramotnosti, podobné jako matematické ¢i ¢tenaiské gramotnosti, se jiz mezinarodné
prosadil do ,,pedagogického a didaktického slovniku“, a to zejména diky mezindrodnimu vyzkumu PISA
(Programme for International Students Assessment) (Dillon, 2009). Archer-Bradshaw (2014) vychézejici
z analyzy existujicich vymezeni pfirodovédnych gramotnosti pfinasi tii okruhy, které jsou shodné naptic ji
analyzovanymi vymezenimi. Témi jsou znalost zékladnich pojmi; znalost povahy pfirodnich véd a znalost
vztahi mezi pfirodnimi védami a spole¢nosti. Sama autorka se vSak p¥ilis definici jednotlivych dimenzi ne-
vénuje, jen uvadi, Ze rizni autori je vymezuji rtizné. Blizsi pochopeni vymezeni gramotnosti, ktera vznikla
rovnéz na zdkladé analyzy existujici literatury, pfindsi publikace Gramotnosti ve vzdéldvani (Faltyn et
al., 2010). Ctyf¥i ji definované dimenze, tj. aktivni osvojeni si a pouzivani zdkladnich prvkii pojmového
systému pfirodnich véd; aktivni osvojeni si a pouzivani metod a postupi pfirodnich véd; aktivni osvo-
jeni si a pouzivani zptisobtl hodnoceni pfirodovédného poznani; aktivni osvojeni si a pouzivani zptisobi
interakce pfirodovédného poznani s ostatnimi segmenty lidského poznani ¢i spole¢nosti, jsou v publikaci
detailnéji vyspecifikovany (viz tab. 1). Definice pak neni v Zddném rozporu s dalsimi existujicimi defi-
nicemi, véetné té, kterou p¥indsi OECD ve svém ramci pro Setfeni PISA (OECD, 2016; OECD, 2023),
az snad na jediny detail. Tim je skutecnost, ze OECD vice zdtraziuje aspekty ¢tenarskych dovednosti
v rdmci pfirodovédné gramotnosti (blize viz Janouskova et al., 2019). Vezmeme-li vSak v ttvahu ptivodni
vymezeni gramotnosti, pak by ¢tenafské dovednosti jisté ve vymezeni jakékoli gramotnosti nemély chybét.

Tab. 1: Vymezeni pfirodovédné gramotnosti (upraveno dle Faltyn et al., 2010)

Aktivni osvojeni si a pouzivani zakladnich pojmu Aktivni osvojeni si a pouzivani metod a postupt
prirodnich véd prirodnich véd

Aktivni osvojeni si a pouzivani zpusobu hodnoceni Aktivni osvojeni si a pouzivani zptsobu interakce
prirodovédného poznavani prirodovédného poznéani s ostatnimi segmenty lidského

poznéani ¢i spole¢nosti
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Environmentalni gramotnost

Stejné jako pojem prirodovédna gramotnost, i pojem environmentalni, pfipadné ekologicka gramotnost,
mé Fadu vymezeni (Payne, 2006). McBride et al. (2013) ve své studii analyzovali rtizné pfistupy k vy-
mezeni téchto koncepti a identifikovali ¢tyfi rizné dimenze, které definice environmentalni gramotnosti
zahrnuji. Témi jsou znalosti (ekologické, environmentalni a sociopolitické), kognitivni dovednosti (iden-
tifikace a vymezeni environmentalnich problémd, jejich analyza, syntéza a hodnoceni; schopnost vedeni
védeckého zkouméni, pfedpovidani a planovani; volba strategii k feSen{ problémi), dédle proZivdni jedince
(pocit environmentalni odpovédnosti, motivace aktivné piisobit v ochrané prostiedi, zvazovani rizné hod-
notové orientace lidi atp.) a nakonec environmentdiné odpovédné chovdni (aktivni participace na Feseni
environmentalnich problémi, redukce spotieby, aktivni dodrzovani riznych nafizeni a doporuceni vzta-
hujicich se k zivotnimu prostredi, podpora dalsich lidi v dodrZzovani postupt k ochrané prostredi a také
podpora a iniciace politik, které vedou k ochrané Zzivotniho prostfedi). Tyto dimenze jsou v souladu
s chapdnim environmentalni gramotnosti dalsimi studiemi (viz napf. Hollweg et al., 2011; Kaya & Elster,
2019; Lloyd-Strovaset et al., 2018). V ¢em se 1i§i vymezeni environmentalni gramotnosti od gramotnosti
prirodovédné, je ziejmé. Slozky znalosti i kognitivnich dovednosti jsou u obou gramotnosti identické. Zna-
losti se tykaji environmentalnich véd, které jsou do zna¢né miry totozné s poznatky véd prirodnich. Dalsi
znalosti vychazejici z oblasti véd socidlnich pak odpovidaji schopnosti osvojit si interakci pfirodovédného
poznani s dal$imi segmenty poznani. Vazby mezi pfirodnim a socidlnim prostfedim nelze bez znalosti
pojmi, zdkont a principti obou oblasti pochopit.

Co se lisi, je zafazeni afektivni dimenze do vymezeni environmentalni gramotnosti, a také dimenze
odpovédného chovani. Divodem zafazeni téchto dvou dimenzi byla nutnost zddraznit skutecnost, ze lidé
vybaveni environmentalni gramotnosti by méli mit nejen prislusné znalosti a dovednosti, ale méli by také
citit potfebu a mit vli éelit riznym typtm environmentéalnich hrozeb, které nas aktualné obklopuji (viz
napft. Pihkala, 2020; Servant-Miklos, 2022).

Dfive se mélo za to, Ze zvySovani individualnich environmentalnich znalosti vede k pozitivnéjsim po-
stojim k Zivotnimu prostiedi (Bradley et al., 1999; McMillan et al., 2004) a odvozovalo se, Ze znalost
a pozitivni postoje se (do uréité miry) promitnou do pozitivniho chovéni jedinct (viz napf. Newhouse,
1990; Casalé & Escario, 2018). Nicméné vztah mezi kognitivnimi slozkami, afektivnimi slozkami a cho-
vanim je velmi slozity, jak naznacuji poznatky z oblasti environmentalni psychologie. V fadé studii se
ukazuje, ze hodnoty a postoje jsou prostfednikem mezi environmentélni znalosti a zdmérem k proen-
vironmentalnimu chovani, resp. odpovédnému klimatickému chovéni, ale znalosti samotné nestaci (viz
napf. Shen & Saijo, 2008; Hollweg et al., 2011; Duarte et al., 2017; Liu et al., 2020). Pokud je tedy z&-
mérem vzdélavani vzbudit v lidech proenvironmentalni chovani, pak dava zatfazeni afektivnich slozek do
vymezeni environmentalni gramotnosti smysl, a to zvlasté v obdobi, kdy je vétsinové pfijatou rozvojovou
koncepci udrzitelny rozvoj (viz UN Desa, 2016).

Klimaticka gramotnost

Je zfejmé, Ze v dobé, kdy je vztah mezi zménou klimatu a lidskym piisobenim nesporny, je zasadni
srozumitelné prenasSet védecké poznatky do povédomi lidi a zvySovat tak jejich povédomi o klimatu
(Arndt & LaDue, 2008). Otézkou je, zda v pfipadé, Zze méme vymezen pojem pfirodovédné a environ-
mentalni gramotnosti, ma jesté vyznam vymezovat také pojem klimatické gramotnosti. Takova tendence
zde zfejmeé je. Jiz v roce 2008 bylo publikovano specidlni ¢islo ¢asopisu Physical Geography zaméfené na
téma klimatické gramotnosti. Piispévky poukazovaly na skutecnost, Ze je potfeba rozsifovat povédomi
o klimatické zméné mezi odbornou i laickou vefejnost, tj. zvySovat jejich klimatickou gramotnost. Také
tfada aktudlnich studii poukazuje na nutnost zvysovani povédomi o dopadech lidské ¢innosti na prostiedi
a potfebu budovat klimatickou gramotnost (Foy & Foy, 2020; Kumar et al., 2023; Oziewicz, 2023). Tim
se ovsem otvira potfeba klimatickou gramotnost vymezit. Vydefinovani vsak provazi stejnd nejistota jako
tomu bylo a do urcité miry je u pfirodovédné a environmentilni gramotnosti. V soucasnosti neexistuje
jednotné definice ani shoda na tom, co vSe by meéla klimatickd gramotnost zahrnovat. Ve skutecnosti
v anglicky psané literatufe nepanuje shoda ani na pojmu samotném. Relevantni informace najdeme pod
pojmy climate literacy, ktery je nejrozsifenéjsi (Alkaher, 2020; Arndt & LaDue, 2008; Bedford, 2016;
Buhr Sullivan & John, 2014; Clement et al., 2011; Cook et al., 2014; Forbes et al., 2020; Kranz et al.,
2022; Liu et al., 2014; McNeal et al., 2014; Oziewicz, 2023; Pacini et al., 2022; Shafer, 2008; Shafer et al.,
2009; Shwom et al., 2017; Uherek & Schiipbach, 2008) climate change literacy (Dalelo, 2011; Hoydis et al.,
2023; Kuthe et al., 2020; Peterman, 2017) a climate science literacy (Bogataj, 2010), pfip. climate change
science literacy (Anyanwu et al., 2015) & literacy in climate change (Thote & Gowri, 2020). Alternativ
nazvu existuje tedy jesté mnohem vice, nez je tomu u pfirodovédné gramotnosti, kterou nékteri autori
nazyvaji science literacy a jini scientific literacy. Ovsem i v tomto pfipadé€ se pojmy uzivaji zdménné.
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Vétsina odbornikd (Anyanwu et al., 2015; Bedford, 2016; Bogataj, 2010; Dewaters et al., 2014; Hiser
& Lynch, 2021; Ledley et al., 2014; Liu et al., 2014; McNeal et al., 2014; Pacini et al., 2022; Shafer et
al., 2009; Shwom et al., 2017) zabyvajicich se vymezenim pojmu pfejimé definici z roku 2009 ,Klima-
tickd gramotnost je porozumeéni klimatickym vliviim na c¢lovéka a spolecnost a vlivu ¢lovéka na klima“.
(USGCRP, 2009, s. 4, preklad MiléF, 2014, s. 5). Nektefi autofi véak pfichzeji s vlastnim pojetim klima-
tické gramotnosti, které vyuzivaji v ramci vlastnich vyzkumua. Ty se vice ¢i méné vysSe uvedené definici
blizi. Néasledujici dvé formulace byly publikovany v roce 2008, tedy diive nez vyse uvedena definice, a je
tedy mozné, ze ji byly inspiraci. ,Klimatickd gramotnost je intelektualni schopnost porozumét tomu,
jak nas klima ovliviiuje a jak my, at uz jako jedinci nebo jako spoleénost, ovliviiujeme klima.“ (Uherek
& Schiipbach, 2008, s. 545) ,Klimatickd gramotnost je soubor znalosti klimatického systému Zemé po-
tfebnych k porozumeéni klimatickym problémim, na které ¢lovék narazi ve zpravach i jinde.“ (Niepold et
al., 2008, s. 534).

Novéjsi definice se od predchozich lisi tim, Ze poukazuje na nutnost nejen znalosti klimatického sys-
tému a vzajemného vlivu lidstva, ale také na nutnost vymezit zmirnujici kroky spolecnosti. ,, Klimaticka
gramotnost je schopnost rozpoznat zédkladni prirodovédné principy klimatické zmény, jeji hlavni priciny
a dusledky a stanovit zdsadni adapta¢ni a mitigaéni opatfeni.“ (Dalelo, 2011, s. 89). Také podle Kumara
et al. (2023) je tedy zdsadni, aby byla klimatickd gramotnost zdkladem informované spoleénosti, ktera
diky tomu pfijme mitigacni a adaptacni opatfeni. Podobné podle Shafera et al. (2009) je nutné zaclenéni
znalosti o zméné klimatu do dlouhodobych planti, ale i kazdodennich ¢innosti kazdého jedince.

Rada autort viak upozoriiuje, Ze vyse uvedené definice zahrnuji pouze kognitivni dimenzi klimatické
gramotnosti, ale ve vymezeni chybi dimenze afektivni, ktera by pfispéla k tomu, aby se klimaticky gra-
motny ¢lovek choval zptisobem, ktery klima skuteéné pomuze ochranit. Spravné upozornuji, Ze znalost
dat a faktt neni pfimou cestou k jednani zmirtiujicimu dopady klimatické zmény (Hiser & Lynch, 2021;
Hoydis et al., 2023; Niepold et al., 2007; Niepold et al., 2008; Oziewicz, 2023), ani pfes existenci po-
zitivni korelace mezi zvySenymi védomostmi a zvySenymi obavami (Milfont, 2012), a to kvuli existenci
psychologické propasti mezi myslenim/védénim a chovdnim tzv. ,mind-behaviour gap* (Hiser & Lynch,
2021; Hoydis et al., 2023; Miléf, 2012). Proto je dilezitou slozkou v procesu klimatického vzdélavani
soucasné zapojeni poznatki socidlnich a humanitnich véd (Foy & Foy, 2020; Hoydis et al., 2023; Shwom
et al., 2017), konkrétné vybrand politickd, obc¢anské, socidlni, ekonomickd, geografickd, kulturni, psycho-
logické a filozofickd témata (Oziewicz, 2023), na zékladé nichz lze rozvijet vlastni hodnoty, zodpovédnost,
spravedlnost, etiku, komunikaci a dalsi kompetence (Shwom et al., 2017). Autofi, ktefi si toto uvédo-
muji, pfichazeji s komplexnéjsim pojetim klimatické gramotnosti, do které se snazi zahrnout vSechny tyto
slozky.

Kuptikladu Kuthe et al. (2020) za zéklad klimatické gramotnosti povazuje klimaticky Setrné chovani
jedince, které vychazi z jeho ochoty k pochopeni klimatické zmény a z urc¢itého osobniho znepokojeni
z jejich dopadt. To dle autora vede nejen k osobni zodpovédnosti, ale také pozitivnimu piisobeni na
nejblizsi okoli, které se timto vlivem také zacne chovat zodpovédnéji. Kuthe et al. (2020) vSak zaroveii
konstatuje, ze toto chovani je tizce spjato s prirodovédnymi znalostmi o zméné klimatu. Kolenaty et al.
(2022) shrnuji, ze klimatickd gramotnost stoji na t¥ech pilifich: 1. na znalostech; 2. na kompetencich
(dovednostech, napt. praci s medidlnimi sdélenimi); 3. na postojich a hodnotéch. Vychézi pfitom plné
z ptivodniho textu Danie (Danis, 2023). Dani$ stanovuje metodické minimum, resp. cile uéeni o klimatické
zméné pro ruzné vékové skupiny zaku. Autor nedefinuje pfimo pfirodovédnou gramotnost, ale cile uceni,
nicméné ty odpovidaji obecnému vymezeni kombinace ptfirodovédné a environmentalni gramotnosti, jak
je uvedeno vySe. Clement et al. (2011) vymezuje kli¢ové prvky pro efektivni komunikovani klimatické
zmény a nasledného zvysSovani klimatické gramotnosti ve spole¢nosti. Navrhuje dlouhodobou spolupraci
s ucastniky vzdélavacich programt, zapojeni znalosti o principech rozhodovani do pusobeni na osoby
s rozhodovaci pravomoci, transparentnost pii sdé€lovani nejistoty budouciho vyvoje klimatického systému,
pouzivani a pochopeni klimatického modelovani, spravné porozuméni dlouhodobym mérenim a pozorovani
klimatu a zavedeni indikdtort zmény klimatu na samém pocatku, abychom identifikovali problémy a mohli
se z nich poucéit. S nejobsahlejsi definici klimatické gramotnosti pfichdzi Oziewicz (2023, s. 34).

Klimaticka gramotnost je pochopeni klimatické nouze — jejich faktd, hnacich sil, dopadl a na-
léhavosti — které se soustiedi na rozvoj hodnot, postoji a zmény chovani v souladu s tim,
jak bychom méli zit. Je tfeba dnes chranit integritu Zemé, aby byla zachovéina i pro bu-
douci generace. Klimatickd gramotnost vyzaduje sladéni nékolika zpisobil poznani — expli-
citntho/objektivniho a tichého/subjektivniho — do prozitych, emocionalné nabitych a osobné
poznanych planetarnich nesnazi v antropocénu. Vyzaduje to pfijmout nasi individualni i ko-
lektivni odpovédnost a postavit se za biosférické dédictvi. Za vSechny pozemské systémy, které
udrzuji zivot a v soucasnosti se zmitaji pod mnohostrannym ttokem antropogenni zmény kli-
matu.
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Pokud bychom tedy méli analogicky s pfedchozimi vymezenimi gramotnosti — pfirodovédné a envi-
ronmentalni — vymezit dimenze klimatické gramotnosti, budou se zcela prekryvat s prinikem dimenzi
gramotnosti pfirodovédné a environmentalni, jak je patrné z tab. 2. Jisté plati, podobné jako v pfedcho-
zich pripadech, Ze hranice mezi jednotlivymi ¢astmi dimenzi nebo dimenzemi samotnymi nejsou striktni.
Naprtiklad znalosti adapta¢nich a mitiga¢nich opatieni spadaji jak do oblasti prirodovédného, tak spole-
¢enskovédniho poznavani, podobné jako znalost dopadi klimatické zmény vyzaduji jak znalosti ptirodo-
védnych (environmentalnich), tak spoledenskovédnich obortt. Podobné pisobeni na nejblizsi okoli mize
prechazet mezi pocity environmentalni odpovédnosti, tj. jedinec diskutuje se svym okolim o klimatické
zméneé a snazi se je presvédcéit k environmentalné Setrnému chovani, resp. klimaticky odpovédnému cho-
véni. Lze vSak také ptisobit vzorem, tj. jedinec sdm se odpovédné chové, a aniz musi pfesvédcovat ostatni,

ti ho v chovani nasleduji (typicky nap¥. malé déti nasleduji v chovani rodice).

Tab. 2: Vazba mezi pfirodovédnou, environmentalni a klimatickou gramotnosti

Dimenze Specifikace Vychozi Roziazeni dimenzi Vychozi
prirodovédné dimenze literatura klimatické literatura
a environmentalni  prirodovédné gramotnosti dle
gramotnosti a environmentalni dimenze
(prunik) gramotnosti prirodovédné

a environmentalni

gramotnosti
Znalosti aktivni osvojeni si Faltyn et al., 2010; e rozpozndni zdkladnich ~ Dalelo, 2011;

a pouzivani
zakladnich pojmu
prirodnich véd,
vCetné pojmového
systému
environmentalni védy

Hollweg et al., 2011;
Kaya & Elster, 2019;
Lloyd-Strovaset et
al., 2018

prirodovédnych
principu klimatické
zmény, jejich hlavnich
pricin a dusledki

e ziskani souboru
znalostt klimatického
systému Zemé
potrebnych
k porozuméni
klimatickym
problémim

e pochopent klimatickée
nouze — jejich faktu,
hnacich sil

e porozumeéni vlivu
¢lovéeka na klima

Kumar et al., 2023;
Oziewicz, 2023;
Uherek

& Schiipbach, 2008

osvojeni si

a pouzivani zpusobu
interakce
prirodovédného
poznani s ostatnimi
segmenty lidského
poznani ¢i
spole¢nosti

Faltyn et al., 2010;
Hollweg et al., 2011;
Kaya & Elster, 2019;
Lloyd-Strovaset et
al., 2018

® porozuméni
klimatickym vlivam
na clovéka
a spole¢nost

e pochopeni dusledki
klimatické zmény
a stanovent zdsadnich
adaptacnich
a mitigacnich
opatrent

e zapojeni poznatki
socidlnich
a humanitnich véd
(témata politickd,
socialni, ekonomickad,
geografickd, kulturnt,
psychologickd,
filosoficka)

e zapojeni znalosti
o principech
rozhodovdni do
pusobent na osoby
s rozhodovact
pravomoct

Dalelo, 2011;

Foy & Foy, 2020;
Hoydis et al., 2023;
Oziewicz, 2023;
Shafer et al., 2009;
Shwom et al., 2017
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Kognitivni
dovednosti

osvojeni si

a pouzivani metod

a postupu
environmentalni védy
osvojeni si

a pouzivani zpusobu

Faltyn et al., 2010;
Hollweg et al., 2011;
Kaya & Elster, 2019;
Lloyd-Strovaset et
al., 2018

pochopeni Clement et al., 2011;
klimatického Oziewicz, 2023
modelovant,

porozument

dlouhodobym

meérenim, pozorovani

hodnoceni klimatu a zavedent
ptirodovédného indikdtory zmény
poznani klimatu
explicitni/objektivni
pozndvdni
prdce s medidlnims
sdélenimsi
Prozivani jedince pocit Hollweg et al., 2011; rozvijent vlastnich Oziewicz, 2023;
environmentalni Duarte et al., 2017; hodnot, Shwom et al., 2017
odpovédnosti Liu et al., 2020; zodpovédnosti,

a zvazovani
hodnotové orientace

Shen & Saijo, 2008

spravedlnosti, etiky,
komunikace a dalsich
kompetenci

tiché/subjektivnt
pozndvdni zasazené
do prozitych,
emociondlné nabitych
a osobné poznanych
planetdrnich nesndzi
v antropocénu
pusobeni na nejblizst
okoli, které se timto
vlivem také zacne
chovat odpovédnéji

Odpovédné
chovani

aktivni participace
na FeSeni problému

Hollweg et al., 2011;
Duarte et al., 2017;
Liu et al., 2020;
Shen & Saijo, 2008

klimaticky Setrné Oziewicz, 2023
chovani jedince, které
vychdzi z jeho ochoty

pochopit priciny

a dopady klimatickée
Zmeny

o prijeti nasi
individudlnt
1 kolektivnt
odpovédnosti
a postavent se za
biosfericke dédictvi

3 Diskuze a zavér

7 hlediska piirodovédnych obori je dle naseho nazoru vytyceni klimatické gramotnosti nadbytecné. Dané
vymezeni pouze blize specifikuje to, co uz je vymezeno konceptem environmentalni a pfirodovédné gramot-
nosti, resp. jejich priniky. Divodem je mj. skutecnost, ze zakladem klimatické gramotnosti je rozpoznani
zékladnich piirodovédnych principti klimatické zmény, stavi se tedy na prirodovédnych poznatcich. Ty
jsou pak zasazovany do $irsich pfirodovédnych i spoleGenskovédnich souvislosti (dopady na ekosystémové
sluzby, socidlni a ekonomické prosttedi), coz spadd do dimenze propojeni pfirodovédnych obori s dal§imi
segmenty lidského poznavani. NS nézor je diléim zplisobem v souladu s vymezenim nékterych studii (viz
napt. Azevedo & Marques, 2017), které nadfazuji pfirodovédnou gramotnost nejen klimatické, ale také
environmentalni gramotnosti. Z nasi analyzy ovSem vyplyva, ze pfirodovédna gramotnost ve svych vyme-
zenich explicitné nepracuje s rovinou hodnot a postoji a odpovédného chovani, coz je jedna z podstatnych
dimenzi environmentalni gramotnosti.

Dovolime si udélat paralelu mezi nasim stanoviskem a stanoviskem Mojeové (2009). Ta uvadi, ze
nékteri autofi vymezuji novy typ gramotnosti, jehoz rysem je tfeba schopnost mladych lidi rychle preska-
kovat mezi texty na internetu. Argumentuji tim, Ze je na to potfeba novy typ kognitivnich dovednosti.
Autorka se ptd, jaky je rozdil mezi rychlo¢tenim tisténych texti a rychlo¢tenim textd digitalnich a zda
by se nemélo lépe zachazet s pojmy jako je gramotnost, dovednost, zkusenost, praktické vyuziti apod.

Téma klimatické zmény piinasi do ur¢ité miry novy vzdélavaci obsah, ale ten zapada do existujicich
ramct pfirodovédné a environmentalni gramotnosti. Také dovednosti, které je tfeba uplatnit, nevybocuji
z obsahu téchto gramotnosti, véetné toho, ze pfirodovédné, resp. environmentalné gramotny jedinec méa
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umét hodnotit prirodovédné poznani, coz plati i pro analyzu médii, kterd prinasi rizné interpretace fakta.
Jsme tedy i v souladu s vymezenim Miléfe a Sladka (2011). Ti sice za zdklad klimatické gramotnosti kromé
gramotnosti pfirodovédné a environmentalni povazuji také gramotnost medialni, to vsak neni v rozporu
s nasi ideou. I my predpoklddédme schopnost vybéru a analyzy médii v roviné hodnoceni piirodovédného
poznéavani.

Rovnéz vztah mezi znalostmi, postoji a hodnotami a klimaticky Setrnym chovanim se v literatufe fesi
ve stejné roving, jako je tomu u environmentalni gramotnosti. Pfedpoklada se, ze vztah mezi znalostmi
a klimaticky Setrnym chovanim je nejméné stejné komplikovany, ne-li jesté komplikovanéjsi, nez je tomu
u pro-environmentalniho chovani. Nicméné fada studii prokazala korelaci mezi vyssi tirovni znalosti a kli-
maticky Setrnym chovanim u rtiznych cilovych skupin (viz napf. Dijkstra & Goedhart, 2012; Guy, 2014;
Stevenson et al., 2018; Stoutenborough & Vedlitz, 2014). I zde tedy koresponduje vymezeni klimatické
gramotnosti s gramotnosti environmentalni.

Z vyse uvedeného je zfejmé, ze klimaticka gramotnost neni novou ideou. Je spise jakousi zkratkou pro
vyjadfeni znalosti, védomosti, dovednosti, hodnot, postoji a chovani rtuznych cilovych skupin v konkrét-
nim tématu — klimatické zméné. Analogicky vSak miZeme mit mnoho dalSich gramotnosti — energetic-
kou gramotnost, ocednskou gramotnost, gramotnost souvisejici se zemskymi systémy (viz napt. Azevedo
& Marques, 2017). Mozn4 je to Gcelné v oblasti védy a vyzkumu, i kdyZ i to miize byt sporné.

Z naseho pohledu je vsak vymezovani dalsich gramotnosti nevhodné vzhledem ke skolni praxi. Z hle-
diska prirodovédnych obori a stavajiciho kurikula povazujeme za stézejni koncepty prirodovédné a envi-
ronmentalni gramotnosti. Jejich dobra znalost umozni vyucujicim uchopit i odvozené gramotnosti, mezi
nimi gramotnost klimatickou ¢i gramotnost o udrzitelnosti, jak jsme prokazali vyse. Dalsi terminy mo-
hou z naSeho pohledu budit ve vyucujicich nejistotu ¢i nelibost, zvlasté, pokud by se dané (odvozené)
gramotnosti staly pfedmétem néjakého komplexnéjsiho hodnoceni vyucujiciho ¢i skoly.

Podékovani: Tato publikace byla podpofena prostfedky Ministerstva skolstvi, mladeze a télovychovy,
programem institucionalni podpory na dlouhodoby koncepéni rozvoj vyzkumné organizace — Cooperatio.
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Predlozend prehladova Studia sa zaoberd zahraniénymi vyskumami v oblasti vzdelé- Kli¢ova slova:
vania, ktoré skimaju znalosti vo vézbe na prekoncepty a miskoncepty respondentov prirodovedné

o modernych biotechnoldgidch. Cielom $tudie je teda poskytnit komplexny prehlad vzdeldvanie,
existujucich zahrani¢nych vyskumov tykajucich sa primarne poznatkov a predovset- biotechnoldgie,
kym prekonceptov a miskonceptov v danej oblasti. Studia sa zameriava na analyzu prekoncepty,
zahrani¢nych vyskumov od roku 2000 po rok 2023. Vyskumy boli vyhladavané v da- miskoncepty,
tabdzach Web of Science a Scopus na zdklade kluc¢ovych pojmov/slov. Analyzuje konceptudlna zmena.
v relevantnych vyskumoch sledované ciele, vyuzité metddy, vysledky vyskumov a ich

odportucania pre buducnost. Z vysledkov zahrani¢nych vyskumov je zrejmé, Ze Ziaci

maji minimalne znalosti o modernych biotechnolégiach, navyse im chyba konceptové

porozumenie biotechnoldgii ako celku. V zévere sa §tudia sustreduje na zhodnotenie

préace s prekonceptami ziakov v suvislostami s vysledkovou ¢astou prehladovej studie.

Poukazuje na tedriu, ktora sa prekonceptami ziakov priamo zaoberd a v nadviz-

nosti na nu predklad4d mozny pristup, ktory je vyuzitelny pri praci s prekonceptami

a k naprave miskonceptov ziakov prave v prirodovednom vzdelavani. Tato prehladové

Studia méze sluzit ako zéklad pre dalsie vyskumy alebo vyvoj pedagogickych straté-  Zasldno 3/2024

gii zameranych na zlepSenie vyudovania biotechnoldgii a pochopenie prekonceptov — Revidovano 8/2024
a miskonceptov nie len u ziakov. Pfijato 10/2024

The present review study examines foreign educational research that explores Key words:

knowledge in relation to respondents’ preconceptions and misconceptions about mo- science education,
dern biotechnology. Thus, the aim of the study is to provide a comprehensive overview  biotechnology,
of existing foreign research that focuses primarily on knowledge and, in particular, preconceptions,

on preconceptions and misconceptions in this area. The study focuses on the analysis misconceptions,
of foreign research from 2000 to 2023. The research was carried out in the Web of conceptual change.
Science and Scopus databases using key words/terms. It analyses the objectives of the

research, the methods used, the results of the research and its recommendations for

the future. The results of the international research show that students’ knowledge of

modern biotechnology is minimal and that they lack a conceptual understanding of

biotechnology as a whole. In conclusion, the study focuses on the evaluation of stu-

dents’ pre-conceptual work in the context of the results section of the review study.

It highlights the theory that deals directly with students’ preconceptions and then

proposes a possible approach that can be applied to work with preconceptions and to

address students’ misconceptions specifically in science education. This review study

can serve as a basis for further research or the development of pedagogical strategies  Received 3/2024
aimed at improving the teaching of biotechnology and the understanding of precon-  Revised 8/2024
ceptions and misconceptions, not only among students. Accepted 10/2024

1 Uvod

V prirodovednom vzdel4vani je praca s abstraktnymi pojmami (konkrétne v oblasti modernych biotechno-
16gif), ktoré st pre ziakov ¢astokrat tazko uchopitelné, velmi dolezita. Ziaci maju taktiez ¢asto vytvorené
nesprévne prekoncepty (miskoncepty), ktoré je nevyhnutné rekonstruovat. Preto je podstatné zistit, ako
ziaci o danom fenoméne premyslajia. Diskusia o modernych biotechnolégiach a ich doésledkoch sa stéva
Coraz beznejSou, avSak nedostatok posilnenia kritického myslenia ziakov a nedostatok identifikicie ich
prekonceptov a miskonceptov je stale problémom. Mylné predstavy mozu byt pevne zakorenené v mysli-
ach Studentov a mozu sa vyrazne ligif od spravneho chdpania danej problematiky. Oprava tychto mylnych
predstév je klucova pre dosiahnutie pozadovanych vzdelavacich vysledkov.
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2 Ziacke predporozumenie

2.1 Prekoncepty

Vyskumy o ziackych prekonceptoch a ich roly v procese vyucby sa stali jednou z najdominantnejsich
oblasti pedagogického vyskumu minimalne v poslednych piatich desatrociach, a to uz od 70. rokoch
20. storocia, kedy sa zacalo so skiimanim predvyucbovych predstav studentov o réznych prirodovednych
obsahoch (Duit & Treagust, 2003; Wisch et al., 2018).

V predkladanej $tadii chdpeme prekoncepty podla Slavika et al. (2017), ktori rozlisuji dve trovne
zdielania obsahu: intersubjektivnu a subjektivnu. Pre intersubjektivne zdielanie daného obsahu je pouzi-
vany termin vgznam (koncept, pojem, skript) a pre subjektivne chépanie obsahu st pouzivané terminy
predstava, presvedcéenie a prekoncept. Tym, Ze sa subjektivne chdpanie obsahu konkretizuje v danych vyra-
zoch, priraduje sa mu ur¢ity vyznam (Slavik et al., 2017, s. 154). Prekoncept je teda subjektivne chépanie
obsahu daného oboru ziakom, ktoré vzniklo pred instruktazou (pre-instructional conceptions) o danom
fenoméne (Duit & Treagust, 2003; Slavik et al., 2017). Na identifikiciu konceptov ziakov/Studentov sa
vyuzivaja rozne typy vyskumnych nastrojov. Uceleny pohlad priniesol vyskum Gurel et al. (2015), ktori
urobili analyzu 273 vyskumov zaoberajicich sa identifikiciou ziackych konceptov so zaverom, ze: 53 %
vyskumov vyuzivalo ako néstroj rozhovor; 34 % testy s otvorenou odpovedou (open-ended tests); 32 %
testy s vyberom odpovede (multiple-choice tests); 9 % dvoj-turoviiovy konceptovy test (two-tier multiple
conceptual tests); 3 % troj-urovitovy konceptovy test (three-tier multiple conceptual tests); 1 % Stvor-
uroviiovy konceptovy test (four-tier multiple conceptual tests) a 9 % néstrojov pouzivalo iny spodsob.

2.2 Miskoncepty

Prekoncepty ndjdeme v odbornej literatture pod réznymi oznaceniami. Najdeme vSak aj oznacenie pre
prekoncepty, ktoré nie si v stlade s vedeckymi vysvetleniami javov (Duit & Treagust, 2003) a to men{ ich
oznacenie ako miskoncepty (Clement et al., 1989). Prekoncepty sa teda ako miskoncepty oznacuju vtedy,
ked st v rozpore s vedeckymi konceptmi (Posner et al., 1982; Nakleh, 1992; Trowbridge & Wandersee,
1994; Sneider & Ohadi, 1998; Mandikova & Trna, 2011; Gurel et al., 2015). Casto sa tento pojem chépe ako
zastresujuci termin pre zle pochopené ziacke (Studentské) predstavy, ktoré st ustdlene, rozsirené, odolné
vo¢i odstraneniu a ¢asto krat brénia v procese ucenia (VIckova et al., 2016). V zahrani¢nej literattre st
Casto oznacované aj ako alternativne koncepty (napr.: Duit & Treagust, 2003).

Charakteristickym znakom miskonceptov je, ze vedd k nespravnym vysvetleniam javov, interpreta-
cidm alebo rieseniam problémovych situacii. Podla Smitha et al. (1993) st miskoncepty: (a) vychadzajice
z predchddzajucich predstév; (b) stabilné a odolné voci zmene; (c) brzdiace budice ucenie a (d) je po-
trebné ich nahradit vedeckymi koncepciami. Miskoncepty zohravaju klucova tlohu v ruseni ziaka pri
porozumeni vede a st spojené s nespravnym porozumenim, nespravnou komunikaciou, nespravnym vzde-
lavanim a nespravnym uplatiiovanim dobre zavedenych principov (Nussbaum & Novick, 1982). Tekkaya
(2002) uvédza, ze miskoncepty mozu vzniknat z roznych sktsenosti, ktoré si Ziaci ¢asto vzéjomne pre-
nasaju. Tieto miskoncepty mozu mat svoje korene aj v beznych kazdodennych skisenostiach. Miskoncepty
st v mysli ziaka pevne zakotvené a podporené jeho osobnou sktisenostou, emotivnym zazitkom alebo viiz-
bou na dalsie prekoncepty alebo miskoncepty (Kires et al., 2016). Vznikaji aj v pripade, ked Ziaci spoja
nové naucené koncepty s predchadzajicimi, primitivnejSimi predstavami. Naprava miskonceptov, ktoré
sa nachadzaju v mysliach Ziakov, je kltcovy aspekt pri dosahovani vysledkov vyucby.

3 Biotechnoldgie a ich miesto vo vzdelavani

Vseobecne sa terminom biotechnoldgie oznacuje kazdd aplikdcia ,vedy a techniky na Zivé organizmy, ...
s cielom zmenit Zivé alebo neZivé materidly na vyrobu tovarov a k vyuZitiu pre sluzby“. (OECD, 2012,
s. 156) Oblast biotechnoldgii, ktord sa oznac¢uje ako moderné biotechnoldgie (pozri napr. Clark & Pazder-
nik, 2012) sa oproti tradiénym biotechnolégiam, do ktorych zaradujeme napriklad slachtenie alebo kva-
senie (o ktorych st zmienky spred mnoho tisicroéi), objavuje len neddvno medzi rokmi 1960-1980 (Clark
& Pazdernik, 2012). Ide o ¢ast biotechnolégii vyuzivajucich genetické manipuldcie ako néastroj zmeny.
Jednd sa napriklad o genetické inzinierstvo alebo taktiez klonovanie DNA. Drobnik (2008) dalej uva-
dza, Ze za zékladny kamen modernych biotechnoldgii je povazovana prave metéda rekombinantnej DNA.
K tomu sa priklanaju aj Clark & Pazdernik (2012), ktori pokladaji manipulaciu s DNA, predovsetkym
s ciefom tvorby rekombinantnej DNA, za zdklad modernych biotechnoldgii. V dnesnej dobe, ked je tok
informacii z kazdej strany obrovsky, je obzvlast dolezité mat validné informécie, najméi ak ide o tak do
urcitej miery kontroverzny fenomén, akym st moderné biotechnoldgie.
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Rozvoj modernych biotechnolégie je nezastavitelny. Je to jedna z najrychlejsie sa rozvijajicich oblasti
vedy s vplyvom na cel spoloénost. Genetické inzinierstvo sa d4 nazvat revoluc¢nou silou, ktord otvéara
vo svete nové moznosti. Diskusia o jeho vyhodéch alebo nevyhodéach je ¢oraz beznejsia (Kooffreh et al.,
2021). Je potrebné zapojit kritické myslenie tvarou v tvar velkému mnozstvu informaécii, ktoré prichddzaja
z roznych Casti okolia. Biotechnolégie podla Samani et al. (2011) moZno povazovat skor za vedeckt ako
socidlnu tému, ale napriek tomu sa jej venuje znacnd pozornost v domécich mainstreamovych médiéch,
ktoré spdsobuja casté miskoncepty a tym padom neprispievaja ku konstruktivnej diskusii. Uz pred vyse
30 rokmi média napriklad rozsiahlo informovali o genetickom inzinierstve, pricom vedcov ¢asto vykreslo-
vali stereotypnymi obrazmi ako rigidnych, lahostajnych a nesympatickych jedincov (Dawson & Soames,
2006). Napriek tomu stale viac chyba posilnenie kritického myslenia Studentov a rozpoznanie ich pre-
konceptov a miskonceptov o danej téme (Kidman, 2010). Biotechnolégie na priklade technoldégii DNA
sa Casto vnimaji s vysokou mierou rizika podobne ako iné technoldgie zahinajice napriklad chemické
latky, jadrovi energiu, rddioaktivny odpad a elektromagnetické polia (Welser, 1991). Problém méze byt
napriklad aj s povedomim o vyuzivani geneticky modifikovanych potravin. V ich pripade mnohé studie
odmietaji pravdepodobnost vyznamnych zdravotnych rizik spojenych s ich konzumaciou. To ale automa-
ticky neznamend, Ze sa zmeni postoj k nim a mylné predstavy o nich (Lopez & Carrau, 2002; Prokop et
al., 2007). Nédprava mylnych predstav, ktoré studenti majua je velmi délezita pre dosiahnutie pozadovanych
studijnych vysledkov. Dawson a Schibeci (2003, s. 66) si klada velmi délezita otazku: ,, Ak maji ucebné
osnovy prirodovednijch predmetov pripravit Ziakov na to, aby sa stali obéanmi, moZeme tejto oblasti pri-
rodnijch vied nadalej venovat nedostatoéni pozornost?“ Vytvara sa tak priestor na zistovanie toho, ¢o
7iaci skutoéne vedia/nevedia. Okrem toho, mat spravne koncepty o akomkolvek jave je najdodlezitejSou
schopnostou na prijimanie spravnych rozhodnuti v kazdodennom zivote (Harms, 2002).

4 Ciele a vyskumné otazky stadie

Prehladovéa studia si kladie za ciel poskytniat komplexny prehlad zahraniénych vyskumov zaoberajicich
sa identifikaciou znalosti respondentov z oblasti vzdelavania o biotechnolégiach, s konkrétnym zameranim
prave na prekoncepty a miskoncepty o modernych biotechnoldgidch (pozri kapitola 3). Na zéklade poloze-
nych otézok (pozri nizsie) nds najméi zaujimalo, akymi prekonceptami a najmi miskonceptami o danom
fenoméne disponuju respondenti. Nésledne, kedze v tuzemskej vyskumnej sfére chybaji vyskumy zaobe-
rajuce sa prekonceptami a miskonceptami ziakov o biotechnolégidch (chybaji vyskumy zaoberajice sa aj
inymi skupinami respondentov), je ¢iastkovym cielom aj poukézat na to, o éom v Ceskej republike oproti
zahrani¢iu nemame povedomie. Studia si stanovuje 5 vyskumnych otézok:

VO1: AKé ciele si klada vyskumy z oblasti vzdelavania zaoberajuce sa identifikdciou znalosti respondentov
o modernych biotechnolégiach?

VO2: Na akt skupinu respondentov st vyskumy z oblasti vzdelavania zaoberajice sa identifikdciou zna-
losti respondentov o modernych biotechnolégidch najcastejsie zamerané?

VO3: Aké metdédy identifikicie prekonceptov a miskonceptov v oblasti modernych biotechnolégii st vo
vyskumoch z oblasti vzdelavania najcastejSie vyuzivané?

VO4: Aké vysledky prindsaju vyskumy z oblasti vzdeldvania zaoberajice sa identifikdciou znalosti re-
spondentov o modernych biotechnolégiach?

VOb5: Aké limity a odporucania uvadzaja vyskumy z oblasti vzdelavania zaoberajuce sa identifikdciou
znalosti respondentov o modernych biotechnolégiach?

5 Metodika

Prehladova stidia vychadza z vyskumov zameranych primérne na analyzu ziackych znalosti (prekoncep-
tov a miskonceptov) v oblasti modernych biotechnoldgii. Vyskumy obsahuji taktiez vysledky v oblasti
postojov, pokial sa dany vyskum zameriava na ich vplyv na znalosti, pretoze znalosti v danej oblasti si1
Casto spdjané s tym, aky postoj k nim dany respondent zaujima (pozri Priloha 1). Vyber vyskumov do
prehladovej studie bol realizovany na zéklade postupu popisanom v The PRISMA statement (Moher et
al., 2009). Databdzy, ktoré boli zvolené pre vyhladavanie vyskumov, boli databdza Scopus a databdza Web
of Science (WOS). Konkrétny postup vyhladédvania vyskumov je uvedeny vo forme diagramu (obr. 1).

Scientia in educatione, 15(2), 2024, p. 12-28 14 https: //doi.org/10.14712/18047106.3997


https://doi.org/10.14712/18047106.3997

Identifikacia zahrani¢nych vyskumov zaoberajucich sa znalost'ami Ziakov v oblasti

modernych biotechnolégii
\. J
Vseobecné kritéria vyhl'adavania vyskumov pre:
- anglicky jazyk:
- vyhladat' len ¢lanky:
- vyhladat' v rokoch 2000-2023;
- oblast’ vyhl'adavania: Social sciences (Scopus); Education scientific disciplines, Education
Educational Research (WOS).
1. vyhl'adavanie (Scopus + WOS):
pojem biotechnology + kl'ai¢ové slovi: Celkovy podet
'g a) biotechnology education; attitudes; misconception; vyskumov z
= b) science education; attitudes; misconceptions; ) .
- || vyhladavania:
= c) STEM education; attitudes; misconceptions;
i d) biotechnology education; attitudes; knowledge; Scopus = 348
:E e) science education, attitudes; knowledge; WOS = 545
o
< f) STEM education; attitudes; knowledge.
2. vyhladavanie (Scopus + WOS) na ziklade zadania pojmov:
" (Scop ) S Celkovy pocet
a) misconception biotechnology education; ,
vyskumov z
b) misconception biotechnology learning; L.
| vyhladavania:
c) misconception biotechnology knowledge;
d) misconception biotechnology teaching; Scopus = 48
e) misconception biotechnology attitudes. WOS =57
3. ¢lanky identifikované z referencii (ru¢né vyhl'adavanie) Potet ¢lankov z
vyhl'adanych ¢lankov referencii: 33
v
Celkovy pocet vyhl'adanych vyskumov: 1031
v
Pocet vyradenych duplicitnych ¢lankov: 833 —> RoceVisledioy
l po vyradeni: 198
=
= " Pk il : ; Pocet vysledkov
§ Pocet vyradenych vyskumov po kontrole nazvu, obsahu abstraktu otet vysledkov
= a dostupnosti &lankov: 126 po vyradeni: 72
L Celkovy pocdet
Pocet vyradenych vyskumov po detailnom precitani celého &lanku: 36 —» visledkov: 36

Obr. 1: Diagram metodiky vyhladdvania vyskumov pre prehladovu $tudiu podla The PRISMA statement
(Mobher et al., 2009)
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6 Vysledky

Vo vysledkovej ¢asti stt zodpovedané polozené vyskumné otézky predlozenej prehladovej studie.

6.1 Ciele kladené vo vyskumoch (VO1)

Prehladové $tudia je zamerand primérne na vyskumy zaoberajicimi sa znalostami Studentov ohladne
modernych biotechnolégii (pozri kapitola 3). Do modernych biotechnoldgii zaradujeme podkategérie ako
je genetické inZinierstvo, geneticky modifikované organizmy alebo klonovanie. KedZe primarny ciel St-
udie je analyza vyskumov, ktoré sa zaoberaju Studentskymi znalostami v danych oblastiach, vSetkych
36 analyzovanych vyskumov si kladie za ciel zistit, aké je porozumenie resp. znalosti Studentov v oblasti
modernych biotechnoldgii.

Pri analyzovani vyskumov tykajicich sa znalosti sa vyskumy zaoberaju taktiez postojovym hladiskom
(23 vyskumov / 64 %). Spojenie vyskumu znalosti a postojov je najbeznejsie spajany vyskumny ciel studif
(napr. Dawson & Schibeci, 2003; Dawson & Soames, 2006). Vyskumy pojedndvaji o vplyve znalosti na
postoje a vice versa (vid vyssie) alebo taktiez o vplyve biotechnologického vzdeldvania (napr. kurzu,
instruktazi, prednasok) na znalosti a postoje Studentov (napr. Dawson & Soames, 2006; Bigler & Hanegan,
2011).

6.2 Vyber respondentov vo vyskumoch (VO2)

Vyskumy zaoberajice sa primarne znalostami Studentov v oblasti modernych biotechnoldgii sa sustre-
duji prevazne na tri skupiny respondentov v oblasti vzdeldvania. Prvou s respondenti druhého stupria
zédkladnej skoly (prevazne 8. a 9. ro¢nik), a odpovedajucich roénikov viacroénych gymnézii a strednych
skol (prevazne 3. a 4. ro¢nik) a odpovedajucich ro¢nikov viacroénych gymndzii (tzn. rok stadia 8-12 v an-
glosaskom systéme vzdeldvania). V nasom prostredi su to teda ziaci/Studenti od priblizne 15 do 18 rokov
(napr. Harms, 2002; Meerah et al., 2012; Walker, 2021). Znalostami $tudentov ZS/SS v oblasti modernych
biotechnoldgii sa zaoberd 18 vyskumov (50 %).

Druhii skupinu respondentov tvoria Studenti vysokych $kol. Touto skupinou respondentov sa zaobera
13 vyskumov, ¢o predstavuje 36 % (napr. Bal et al., 2007; Lamanauskas & Makarskaité-Petkeviciene,
2008; Duda et al., 2021).

Tretou skupinou respondentov st ucitelia zékladnych alebo/a strednych skol. Z celkového poétu
36 vyskumov sa touto skupinou respondentov zaobera 9 vyskumov, ¢o predstavuje 25 % (napr. Mo-
hapatra et al., 2010; Acarli, 2016; Jiménez-Salas et al., 2017).

Vyskumy taktiez hodnotia viaceré skupiny respondentov v jednom vyskumnom Setreni ako napriklad
kombinaciu ziakov/studentov ZS/SS a $tudentov VS (1 vyskum; Usak et al., 2009), alebo skupinu #i-
akov/$tudentov ZS/SS spolu vo vyskume s uéitelmi na ZS/SS (3 vyskumy; Dawson & Soames, 2006;
Mohapatra et al., 2010; Alanazi, 2021).

6.3 Metddy identifikacie Ziackych prekonceptov a miskonceptov (VO3)

Vo vseobecnosti si diagnostické metédy na identifikdciu Ziackych prekonceptov nastroje hodnotenia,
ktoré sa zaoberaju trvalymi alebo opakujicimi sa tazkostami pri uéeni, ktoré zostavaju nerozriesené a s
pri¢inou tazkosti pri uc¢eni. Inymi slovami, tieto nastroje ukazuji rozpor medzi tym, ¢o chceme, aby nasi
Studenti vedeli alebo sa naudili, a tym, ¢o skuto¢ne vedia alebo sa naudili (Gurel et al., 2015).

Na identifikaciu ziackych prekonceptov sa vyuzivaju rozne metédy, medzi ktoré patria napriklad roz-
hovory, testy s otvorenou otézkou, testy s vyberom odpovede alebo konceptové testy. Co sa tyka identifi-
kécie znalosti (prekonceptov a miskonceptov) v oblasti biotechnoldgii, najcéastejSie vyuzivanou metédou
na identifikiciu s testy. Testy (samostatne alebo v kombinAcii) vyuziva 32 z 36 vyskumov, ¢o predstavuje
89 %. Testy vo vyskumoch obsahuji napriklad uzavreté otazky (napr. Velickovié et al., 2015; Wisch et
al., 2018; Walker, 2021) aj otvorené otazky (napr. Dawson & Schibeci, 2003; Mollett & Cameron, 2016;
Wisch et al., 2018) alebo otazky formou uréenia pravdy/1zi (Casanoves et al., 2015). Taktiez napriklad
zatvorené otdzky, ktorych odpoved ma Student oddévodnit (Wisch et al., 2018), popripade uréit istotu
svojej odpovede (Certainty of Responde Index; method from Hasan et al., 1999) (Duda et al., 2020a;
Duda et al., 2020b). Medzi ¢asto vyuzivany néstroj na zistenie znalosti je forma piitbodového Likertovho
biotechnologického vedomostného dotaznika Biotechnology Knowledge Questionnaire (BKQ) so 16 poloz-
kami, ktoré vypracovali Prokop et al. (2007). Polozky v danom dotazniku hodnotia znalosti o aplikacidch
biotechnolégii v réznych oblastiach, ako st napriklad Zivocisne a rastlinné biotechnolégie alebo samotné
aplikacia biotechnoldgii. Polozky st hodnotené od 1 (rozhodne nestithlasim) po 5 (rozhodne stthlasim). Va-
lidita dotaznika bola zistena prostrednictvom recenzie tromi odbornikmi v oblasti genetiky a biologického
vzdelavania. Na zéklade ich pripomienok a navrhov boli vykonané revizie. Reliabilita dotaznika BKQ bola

Scientia in educatione, 15(2), 2024, p. 12-28 16 https: //doi.org/10.14712/18047106.3997


https://doi.org/10.14712/18047106.3997

stanovena prostrednictvom koeficientu Cronbachovo a = 0,69. Uplna verzia dotaznika je na poziadanie
k dispozicii u autorov (Prokop et al., 2007, s. 898). K BKQ bol taktiez vypracovany dotaznik zamerany
na postoje k biotechnolégidm s vyuzitim Likertovych §kél: Biotechnology Attitude Questionnaire (BAQ)
s 37 polozkami (Erdogan et al., 2012). BAQ sa zaoberd vztahom respondentov ku konzumaécii GMO,
aplikacii genetického inzinierstva, vierou Tudi v rizik4 a nasledné regulacie genetickej modifik4cie, pravom
Tudi na zasah do Zivotného prostredia prostrednictvom GMO, obavami o narusenie zivotného prostredia,
ale taktiez aj vyuzitim genetickej modifikicie v medicine (Erdogan et al., 2012). Reliabilita dotaznika
BKQ stanovend prostrednictvom koeficientu Cronbachovo je oo = 0,76. BKQ a BAQ vyuzivaja aj dalsie
vyskumy ako Ozel et al. (2009); Usak et al. (2009); Erdogan et al. (2012); Meerah et al. (2012) alebo
Alanazi (2021).

Dalsia forma vyuzivaného testu je Biotechnology Instrument for Knowledge Elicitation (BIKE), ktory
sa sklada z 35 poloziek zloZzenych z otézok vyzadujucich kratku odpoved, otdzky na uréenie pravdivosti
vyroku, otézky s otvorenou odpovedou a otézky, kde je potrebné zadat odovodnenie svojej odpovede
(Wisch et al., 2018). Tento vyskumny néstroj bol vytvoreny Witzig et al. (2014). Vyskumny néastroj je
pevne oprety o literarnu resers, je spolahlivy a poskytuje polozky s réznou obtaznostou. Autori uvadzaju,
7e jeho vyhodou je skiimanie studentského chapania, uvazovania a koncepéného porozumenia biotechno-
l6gidm, namiesto zistovania len spravnosti odpovede (Witzig et al., 2014, s. 677-678).

Druhou najéastejSou metédou zberu dat je rozhovor (napr. individuélne polostrukturované interview;
polostrukturované interview ohniskovych skupin). Tato metédu zvolilo 13 vyskumov (36 %). Vyskumy
vyuzivaju aj moznost kombinacie metéd. NajcastejSie kombinuju testy a rozhovory, popr. diskusie medzi
Studentami alebo ohniskové skupiny (10 vyskumov / 28 %; napr. Harms, 2002; Dawson & Soames, 2006;
Dawson, 2007). Dalsou vyskumnou metédou na identifikiciu Ziackych prekonceptov sti pisomné prace
Studentov (3 vyskumy / 8 %; Dawson, 2007; Acarli, 2016; Anderton & Ronald, 2018), ako napriklad
draw-and-write method a word association test (Acarli, 2016).

6.4 Vysledky vyskumnych Setreni (VO4)

Vysledky vyskumov podla obsahu rozdelujeme do hlavnej kategdrie biotechnoldgie a jej 3 ¢asti: genetické
inzinierstvo, geneticky modifikované organizmy (genetically modified organisms; GMO) a klonovanie.
Vysledkové ¢ast priblizuje znalosti $tudentov ¢i uz vo forme prekonceptov alebo miskonceptov, a taktiez
v zavislosti od vyskumu aj postoje a ich vplyv na znalosti a naopak.

Biotechnolégie

Vyskumy, ktoré prezentuji poznatky o biotechnoldgiach u rozdielnych skupin respondentov narazaji na
rozne vysledky vyskumnych Setreni. Casanoves et al. (2015) napriklad uvadzaji, ze pri biotechnologic-
kych znalostiach s poznatky ziakov velmi variabilné a zélezi na téme (Casti), ktora je skiimané. K tejto
casti vysledkov zaoberajtcej sa vSeobecne biotechnolégiami patria okrem modernych biotechnoldgii aj
tradi¢né biotechnoldgie ako napriklad fermentécia. Pas et al. (2019) vo svojom vyskume analyzuja vy-
sledky z roznych typov gymnazii. Najviac spravnych poznatkov a aj pozitivnych postojov preukazovali
Studenti z bio-technickych gymnézii a zo vieobecnych gymnézii. Studenti mali taktiez signifikantne lep-
Sie znalosti o tradi¢nych biotechnoldégisch ako o modernych. Co sa tjka tradi¢nych biotechnoldgii, Duda
et al. (2020a) zistili, Ze z pojmov z oblasti technolégie kvasenia bolo 41 % Zziakov zaradenych do kate-
gérie, ze poznaji pojmy; 25 % ziakov nepozna pojmy a 34 % mé miskoncepty. V pojmoch tykajtcich
sa fermentacnych produktov 32 % ziakov pojmy poznd, 34 % nepoznd pojmy a 34 % mé miskoncepty.
7 udajov v oboch pripadoch vyplyva, Ze je stadle pomerne vysoky pocet ziakov, ktori maji miskoncepty.
V rovnakom vyskume autori uvadzaja, Ze respondenti nemaji konceptové porozumenie a nerozumeji
konceptu ako celku. Ku konceptuélnemu porozumeniu je mozné dojst zaradenim napriklad vzdelavacieho
kurzu na dani problematiku. Vyskum Dawson a Soames (2006) zaoberajici sa zaradenim kurzu na tému
biotechnoldgii zistil, ze po prebehnuti kurzu sa po $tidiu biotechnolégii zvysil pocet uvedenych sprav-
nych prikladov na 647 (priemer 4,6) z 387 spravnych prikladov (priemer 2,8) pred kurzom, ¢o predstavuje
celkovy narast o 67 %. Uvadzajt vSak, Ze medzi jednotlivymi studentmi boli zna¢né rozdiely. Uspesne
rekonstruované ziacke miskoncepty, ktoré sa tykali DNA replikacie, DNA manipulacie, DNA a jej roly
v bunke a dedi¢nosti DNA boli preukazané vo vyskume Wisch et al. (2018), kde Studenti univerzit absol-
vovali taktiez kurz k danej problematike. Vo vyskume Alanazi (2021) Gdaje z dotaznikového prieskumu
ukazuja, ze existuju statisticky vyznamné rozdiely vo vedomostiach a postojoch medzi ziakmi vyssieho
sekundarneho vzdelavania. Spomedzi ziakov tychto troch ro¢nikov preukazali najvicsie vedomosti Ziaci
12. ro¢nika. Naopak vo vyskume Usak et al. (2009) pri porovnani studentov strednych kol a Studentov
vysokych §kol je trend vekovo ,opaény“. Rozdiel medzi vedomostami Studentov strednych a vysokych
8kol o biotechnoldgidch ukazuje, Ze stredoskolaci maju viac vedomosti ako Studenti z univerzit, pokial
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ide o takmer vSetky polozky vo vyskume. Vyskum Usak et al. (2009) sa v oblasti znalosti biotechnolégii
derné biotechnoldgie st spojené napriklad so zmenami DNA, ktoré by mohli viest k zvyseniu produktivity
organizmov (Usak et al., 2009).

Biotechnoldgie sa podla tdajov z literatury rozdeluju na podkategérie ako Gervené biotechnoldgie,
ktoré sa vyuzivaju v lekarstve; biele (sivé) biotechnoldgie, ktoré sa vyuzivaju v priemyselnej vyrobe
a zelené biotechnoldgie, ktoré sa vyuZivaji v polnohospodérstve (Atmojo et al., 2018). Vyskumnici za-
oberajici sa znalostami zadinajtcich uéitelov v oblasti vyssie spominanych kategdrii zistili, Ze najnizsie
priemerné skére je 17,5 % v ervenom biotechnologickom koncepte, zatial ¢o najvySsie priemerné skére je
v koncepte zelenej biotechnoldgie s percentudlnym podielom 30,56 % (Atmojo et al., 2018). Vo vyskume
porovnévajicom skupiny studentov a ucitelov Alanazi (2021) zistil, Ze medzi ucitelmi a $tudentami neboli
Statisticky vyznamné rozdiely, pokial ide o ich vedomosti o biotechnolégiach; niektor{ uéitelia zdoraznili,
7e biotechnoldgie povazuju za velmi dolezity fenomén pre vedecky aj ekonomicky pokrok. Avsak z vysled-
kov vyplyva, Ze vedomosti o biotechnolégiach sa zdaji byt obmedzené u $tudentov aj uditelov. Vyskum
Mohapatra et al. (2010) uvadza, ze mnohi uéitelia a $tudenti si nie st vedomi napriklad toho, Ze rastliny
upravené na produkciu proteinov s pesticidnymi vlastnostami moézu ovplyvnit necielové druhy; Ze gene-
ticky modifikované plodiny uvolnené do zivotného prostredia by interagovali s rozmanitostou biotopov; Ze
by sa zhorsila Grodnost pddy a ovplyvnila ekosystém a Ze transgénne rastliny odolné voéi virusom mozu
viest k novym virusovym ochoreniam. V porovnévani skupin chlapcov a dievéat Usak et al. (2009) zistili,
ze chlapci vykazuju o nieco pozitivnejsi postoj k biotechnolégiam v porovnani s dievéatami bez ohladu
na trovein ich vzdelania. Toto zistenie potvrdzuje aj Maes et al. (2018) — chlapci sa v téme orientovali
lepsie ako dievcata a starsi Studenti vedeli o trochu viac o komerénom statuse GMO, ale znalosti boli
v celku limitované. To viedlo k vysledku, ze Studenti maji velmi limitované poznatky na to, aby mohli
robit informované rozhodnutia k danej problematike.

Limitované znalosti v oblasti biotechnoldgii potvrdilo aj mnoho dalsich vyskumov. Vyskum Duda
et al. (2020b) u univerzitnych Studentov zaoberajici sa rastlinnymi biotechnolégiami uviedol nespravne
konceptové porozumenie ,fungovania® rastlin (konceptudlne pochopenie stavby rastlin — definovanie,
mechanizmy, negativny aspekt, ...). Nespravne pojmy pouzivalo okolo 41 % univerzitnych Studentov.
Vyskum realizovany na Slovensku (Prokop et al., 2007) uvadza, Ze tretina z 1116 vysokoskoldkov nema
Ziadne povedomie, ¢i porozumenie biotechnolégidam. Vyskum Walker (2021) uvadza problém Studentov
(11-14 rokov) popisat biotechnoldgie ako také. Spravna odpoved bola len u jedného Studenta. Sice eSte
v dalsich dvoch pripadoch $tudenti uviedli sprdvne odpovede, ale neskor tvrdili, Ze ich poznatky ovplyvnili
kontextové informécie z vyskumu (Walker, 2021, s. 796).

Vysledky vyskumu Dawson a Schibeci (2003) uvddzaja, Ze ziaci vo veku 15 rokov nevedia uviest ani
jeden priklad biotechnoldgii (20-30 %) a rovnako aj v tomto vyskume im chyba porozumenie konceptu ako
celku. Nie st napriklad schopni rozlisit klonovanie organizmu a genetické inZinierstvo a taktiez je pre nich
métici rozdiel medzi genetickou manipulciou a §lachtenim (Dawson & Schibeci, 2003 s. 65-66) V dalsom
vyskume Dawson (2007) 88 % ziakov (15-18 rokov) taktiez nevedelo ¢o biotechnoldgie si. V pisomnom
prieskume len priblizne tretina ziakov 10. ro¢nika (34 %) a 12. ro¢nika ziakov (36 %) uviedla spravny
priklad biotechnolégii. Najcastejsie sa vyskytujace priklady (v klesajicom poradi) vo vSetkych skupinich
ro¢nikov sa tykali medicinskeho vyuzitia, environmentdlneho vyuzitia, polnohospodarstva a geneticky
modifikovanych potravin (Dawson, 2007).

V spravnych prikladoch biotechnoldgii uvadzaju respondenti najmé klonovanie (napr. Dawson & Schi-
beci, 2003; Fonseca et al., 2012b; Acarli, 2016); geneticky modifikované potraviny (napr. Dawson & Schi-
beci, 2003; Mohapatra et al., 2010); vyuzitie vo vyskume (napr. Dawson & Schibeci, 2003; Van Lieshout
& Dawson, 2016) a vSeobecne genetické inZinierstvo (napr. Dawson & Schibeci, 2003; Fonseca et al.,
2012b). Medzi prikladmi sa taktiez vyskytlo kvasenie ako priklad tradiénych biotechnoldgii (napr. Velic-
kovi¢ et al., 2015; Acarli, 2016; VanLieshout & Dawson, 2016). Velké zastipenie mala taktiez medicinska
oblast, kde sa vo vysledkoch vyskytlo v8eobecné vyuzitie v medicine (napr. Dawson & Schibeci, 2003;
Fonseca et al., 2012b). Vo vyskume Van Lieshout a Dawson (2016) 24 % ziakov neuviedlo Ziaden iny
priklad biotechnoldgii stivisiacich s ludskym zdravim okrem vyroby inzulinu alebo genetickej manipuldcie
vSeobecne. V danom vyskume 76 % respondentov (15-18 rokov) dokézalo pred vyucovanim (konceptu
biotechnolégii) uviest aspoti jeden priklad aplikdcie biotechnolégii stvisiacich s Tudskym zdravim. Co sa
tyka konkrétnych prikladov na medicinske vyuzitie, najcastejsie bola spominand tvorba inzulinu, vyuzitie
pri lie¢be rakoviny (napr. Fonseca et al., 2012b; Van Lieshout & Dawson, 2016), génové terapia alebo
rast svalov a nédhrada koze (napr. Acarli, 2016; Van Lieshout & Dawson, 2016).

Z pohladu vztahu k biotechnolégidm sa vysledky rozne. Walker (2021) uvadza, Ze pozitivny vztah mé
49 % respondentov (15-18 rokov). Vplyv postoja na vedomosti a vice versa je preukdzany v zna¢nom
pocte vyskumov. Pozitivny vztah uviedli taktiez aj Fonseca et al. (2012b) a vo vyskume Cavanagh et al.
(2005) uviedlo priblizne 74 % respondentov (15-18 rokov), Ze v oblasti biotechnolégii prevazuji benefity
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nad rizikom. AvSak vo vyskume Kooffreh et al. z roku 2021 len 20 % respondentov (15-18 rokov) uvadza
pozitivny vztah. Naopak, respondenti nesthlasia, Ze by biotechnolégie zlep$ili nieco pre spolo¢nost, ¢o
odzrkadluje aj fakt, ze 50 % respondentov vébec nepomyslelo na ich vyuzitie v medicine (Kooffreh et
al., 2021). Negativny vztah bol taktiez preukdzany vo vyskume Mohapatra et al. (2010).

Vo vyskume Van Lieshout a Dawson (2016) autori rozdelili v pisomngch pracach studentské odpovede
na odpovede s kognitivnym komponentom (poznatok) 43 %, afektivnym komponentom (pocit) 57 % a be-
haviordlnym komponentom (praktické vyuzitie) 33 % (Van Lieshout & Dawson, 2016). Pokial negativny
postoj studentov kles, ich iroveri vedomosti o danej téme sa zvysuje (napr. Bal et al., 2007; Crne-Hladnik
et al., 2012; Pas$ et al., 2019). Na druhej strane, vnimanie etiky, obavy a vSeobecné pochybnosti o ge-
netickej modifikacii vyznamne koreluju len so znalostami modernej biotechnolégie: neexistuje vyznamna
korel4cia medzi postojmi v tychto oblastiach a znalostami tradicnej biotechnoldgie (Pas et al., 2019).

Mickoncepty respondentov ohladne biotechnoldgii pochadzaji z oblasti ako napriklad vyuzitie v do-
prave (mechanika) alebo z oblasti radioaktivity. Studenti si tieto oblasti spajaji s biotechnolégiami,
a preto v nich nédsledne vidia riziko (, Perception of personal health risks.“). Autori uvadzaja, zZe je to
v nedostatku nie len faktickych znalosti $tudentov, ale aj v dosledku nevedomosti ohladom praktického
vyuzitia biotechnolégii (Sorgo & Ambrozi¢-Dolinsek, 2010; Velickovié et al., 2015, s. 7-9). Uvadzanym
prikladom miskonceptu v oblasti biotechnolégii v dalSom vyskume bola aj elektronika (,,...something
that is electronic‘ — nieco elektronické) (Walker, 2021, s. 796). Miskoncepty prindsa aj téma biopaliv.
Biopaliva spadaji do oblasti bielych biotechnoldgii, kde sa vyuzivaju zivé bunky a/alebo enzymy na vy-
tvaranie priemyselnych produktov, ako je vyvoj a vyroba novych zlidenin a vyroba obnovitelnej energie.
V tejto oblasti si respondenti napriklad myslia, Ze ked elektrarne pouzivaju takto vyrobené biopaliva,
tak neprodukuju CO, ako taky a mé teda iné chemické vlastnosti ako COs uvoltiovany elektrarmami
vyuzivajicimi fosilne palivd (Atmojo et al., 2018).

Genetické inZinierstvo

Pri ¢asti vysledkov z oblasti genetického inzinierstva sa taktiez vyskytuje velmi vyrazny nedostatok zna-
losti. Na limitované vedomosti poukazuji napriklad Bal et al. (2007) alebo Suryanti et al. (2018), ktori
vo vysledkoch svojich Setreni uvadzaji, Ze studenti VS, ktori sa ztastnili ,genetického kurzu“ a/alebo
ykurzu genetického inzinierstva® (Bal et al., 2007) a Studenti ,biologického programu® (Suryanti et al.,
2018) nevedia ani aké typy enzymov sa vyuzivaji pri genetickom inzinierstve a ani ich funkciu. Co sa tyka
odpovedi na zdkladné biologické otdzky, Studenti univerzity (konkrétne ,biologického programu“) maja
problém s odpovedou, pretoze napriklad nevedia ani stavbu buniek. Tento vysledok potvrdil vyskum
Suryanti et al. (2018), kde autori uvddzaju, Ze v pripade spravnej odpovede bola nutnost poznat stavbu
rastlinnej a Zivo¢isnej bunky. Casto vyskytujici sa jav je, Ze Studenti spravne odpovede hadaji alebo
vedia spravnu odpoved, avSak nevedia ju odévodnif. Spravnych oddvodneni svojich odpovedi je v tomto
pripade menej ako spravnych odpovedi ako takych (Suryanti et al., 2018). Vo vysledkoch sa najcastej-
sie vyskytuje vyuzitie v medicine alebo vo vyskume (napr. Dawson & Schibeci, 2003; Cavanagh et al.,
2005). Dalej napriklad vyuzitie v polnohospodarstve (napr. Dawson & Schibeci, 2003; Cavanagh et al.,
2005). Ako priklad genetického inzinierstva bolo ¢asto uvadzané aj klonovanie, kde bola hlavnym prikla-
dom klonovaného organizmu ovca Dolly, vyskytli sa vSak aj priklady klonovania nepotravinovych zvierat
(tzv. domécich mila¢ikov) alebo Iudi (Dawson & Schibeci, 2003; Bal et al., 2007).

Co sa tyka vzfahu respondentov ku genetickému inZinierstvu, vyskum Bal et al. (2007) preukazal, ze
11 % univerzitnych Studentov tvrdi, Ze by urcite a 42 %, Ze by pravdepodobne prevazili benefity nad
rizikami a 3,5 % respondentov uviedlo, ze uréite prevazuje riziko. Fonseca et al. (2012b) vo vyskume
uvadzaju, ze Studenti (15-18 rokov) nevidia nijaké zvlast podstatné rizikd vyuzitia genetického inZinier-
stva, kedZze Studenti sa naucili, Ze mikroorganizmy sa pouzivaji na vyrobu inzulinu a rastovych latok,
ktoré zlepsuju zdravie a zivotny Styl. Po stidiu biotechnolégie boli Studenti menej pozitivne naladeni na
procesy zahfiiajice zvieratd (Fonseca et al., 2012b).

Vyskum Suryanti et al. (2018) uvadza, Ze najviac miskonceptov maji univerzitni Studenti o koncepte
genetického inZinierstva ako takom. Hlavny problém vidia v tom, Ze si Studenti koncept nevedia spojit
s redlnym Zzivotom. Dawson a Schibeci (2003) tvrdia, Ze aj medzi mladsimi $tudentmi je znaény zméitok
v tom, ¢o predstavuje genetické inzinierstvo. Stvrtina 15 roénych ziakov veobecného vzdelavania (23,3 %;
250) nevedela uviest ani priklad genetického inZinierstva. Vo vyskume Dawson a Soames (2006) okrem
toho mnohi §tudenti (15-16 rokov) uviedli priklady selektivneho §lachtenia, melény bez semien a para-
dajky ako priklady genetickej modifikdcie. Medzi dalsie miskoncepty patri napriklad nézor, Ze hygiena
predchadza genetickym poruchdm (Casanoves et al., 2015) a oplodnenie in vitro ako priklad genetického
inzinierstva (Dawson & Soames, 2006). Okrem toho v skupine od 15 do 18 rokov Studenti uviedli, Ze
geneticky modifikované organizmy obsahuju vela nebezpednych chemikalii. Niektori studenti napriklad
uviedli, ze konzervacné latky a chemické spracovanie potravin su taktiez prikladmi genetického inzinier-
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stva (napr. Dawson & Soames, 2006; Prokop et al., 2007; Usak et al., 2009). Ako oblast miskonceptov
sa vyskytovala napriklad aj kriminalistika, kde Studenti oznacili ako najvac¢si prinos pre cloveka prave
vyuzitie pri rieSeni zlo¢inov (odtlacky prstov) (napr. Cavanagh et al., 2005, s. 125).

Geneticky modifikované organizmy (GMO)

Vicésina respondentov sthlasi, Ze by sa genetické inZinierstvo mohlo pouZit na zlepSenie stavu plodin a Ze
genetickd modifikicia moéze zvysit vyZzivova kvalitu a/alebo chut GM produktov. Myslia si ale aj to, Ze
geneticky modifikované potraviny moézu mat nepriaznivy G¢inok na zdravie ludi (napr. Prokop et al.,
2007, Fonseca et al., 2012a; Kooffreh et al., 2021).

NajcastejSie sa vyskytujuca oblast vysledkov vyskumov GMO boli geneticky modifikované potraviny
(GMF). Co sa tyka jedenia GMF, vo vyskume Maes et al. (2018), ktory sa zaoberal Studentami od
12-18 rokov (druhy stupeil) na vzorke 4 002 respondentov na 126 skolach (Flandry; Belgicko), boli mladsi
7ziaci (13-14 rokov) viac odhodlani konzumovat GMF ako starsi (17-18 rokov). Vo vyskume Dawson (2007)
percento ziakov 9. ro¢nika, ktor{ vedeli definovat geneticky modifikované potraviny, bolo velmi nizke —
iba 4 % (sedem Ziakov) uviedlo, ze bola zmenend DNA. Ziaci 10. ro¢nika (25 % spravnych odpovedi)
a 12. ro¢nika (28 % spravnych odpovedi) uz vedeli lepsie definovat GMF. Studenti 12. roénika $tudujtci
biologické vedy s najviiésou pravdepodobnostou uvadzali véeobecne akceptovani definiciu (31 %). V pri-
pade uvadzania prikladov boli najcastejSie spravne odpovede kukurica, repka olejnd a séja (Dawson,
2007). Respondenti vSak ¢asto nevedeli dat priklad na GMF a ich zdovodnenia etickych postojov ziakov,
ako aj pisomné odpovede v testoch ukézali slabo rozvinuté schopnosti zdovodiiovat svoje rozhodnutia
(napr. Dawson & Schibeci, 2003; Dawson & Soames, 2006; Prokop et al., 2007; Van Lieshout & Dawson,
2016). Dalej je vo vysledkoch vyskumov uvadzané, ze respondenti (Studenti strednych $kol a univerzit) si
uvedomuji potencidlne rizikd pre zivotné prostredie pri polnohospodarskej vyrobe a vyuziti GMF (napr.
Dawson & Soames, 2006; Bal et al., 2007). Studenti zakladnych, strednych §kdl, ale aj univerzit preu-
kazuju nevolu pri kipe GMF a veria v negativny vplyv na ludské zdravie a taktieZ na prirodu (napr.
Bal et al., 2007; Usak et al., 2009). K tomu sa priddvaji aj ucitelia (Sorgo & Ambrozi¢-Dolinsek, 2010),
ktori vyjadrili nestthlas s GMO prave vtedy, ked i8§lo o GMO ako o modifikované potraviny. Naopak ale vo
vyskume Van Lieshout a Dawson (2016) $tudenti 10. ro¢nika chlapéenskej $koly neprejavili jasny nestihlas
s geneticky modifikovanymi potravinami a vyjadrili naopak déveru k ich vyrobe. Tento pozitivny vztah
ku GMO moze byt vysledkom toho, Ze Studenti mali za sebou biotechnologicky kurz ako vstup k zozndme-
niu sa s DNA (Van Lieshout & Dawson, 2016). Co sa tyka vztahu uéitelov ku GMO, vo vyskume Sorgo
& Ambrozié-Dolingek (2010, s. 148) sa preukézalo, ze sa ucitelia obdvajii najmi moznych nezndmych
vplyvov GMO, uvedomuju si dolezitost vzdeldavania o GMO a uznévaju dolezitost spolo¢ensko-vednych
otézok pri vytvérani individudlnych hodnotovych systémov budicich uéitelov o GMO.

Miskoncepty ohladne GMO st medzi respondentami, okrem uz vyssie spominanych, aj také, ze GMO
zelenina, ovocie a paradajky (Dawson & Schibeci, 2003; Dawson & Soames, 2006). Rozsireny miskoncept
u stredoskolskych, ale aj vysokoskolskych studentov na zaklade vyskumov je chybné predstava, Ze po
konzumacii GMF sa modifikované gény (z pozitej potravy) dostantt medzi ludské gény alebo mozu znicit
ludské gény (danej osoby, ktord potravu pozila) (napr. Prokop et al., 2007; Usak et al., 2009; Casanoves
et al., 2015). Wisch et al. (2018) uvadza vyber konkrétnych miskonceptov, medzi ktorymi néjdeme aj
miskoncept uvadzajuci, ze GMO st nebezpec¢né pre dojcata.

Klonovanie

Samostatne v oblasti klonovania bol naj¢astejsi priklad klonovaného organizmu ovca Dolly (napr. Dawson
& Schibeci, 2003; Dawson & Soames, 2006). Dalej sa ¢asto vyskytovali priklady zvierat a nepotravinar-
skych vyrobkov, klonovanie rastlin, fudi, domécich mila¢ikov, mikroorganizmov alebo potravin (napr. Da-
wson & Schibeci, 2003; Dawson & Soames, 2006; Bal et al., 2007; Dawson, 2007). Studenti (15-18 rokov)
nevedeli spravne definovat alebo uviest spravny priklad klonovania, pri¢om Ziaci 12. ro¢nika (obor biolo-
gickych vied) mali najcastejsie uvedentt vSeobecne akceptovani definiciu (37 %) a priklad (77 %). Hoci
priblizne tri Stvrtiny opytanych Ziakov 8. ro¢nika (78 %) spomenuli kopirovanie alebo vytvaranie képie
nie¢oho, len mald ¢ast uviedla, ze klonovanie zahftia vytvaranie geneticky identickej kdpie (7 %) (Dawson,
2007).

6.5 Limity a odporicania vyskumnych Setreni (VO5)

Jedno z odporucani, ktoré vyskumy uvidzaja, ale taktiez je vSeobecne platné pri realizéacii akychkol-
vek vyskumnych Setreni, je, Ze pre kvalitné vysledky je potrebna dostato¢na vzorka — nie je vhodné
mat len jednu $kolu, mali velkost, jedno pohlavie a podobne. Obmedzuje to zovSeobecnitelnost zisteni

Scientia in educatione, 15(2), 2024, p. 12-28 20 https: //doi.org/10.14712/18047106.3997


https://doi.org/10.14712/18047106.3997

(napr. Van Lieshout & Dawson, 2016). Co sa tyka odporti¢ani z roznych krajin (napr. Saudska Aré-
bia, Indonézia, Austréilia, Slovensko a dalsie), v ktorych sa vyskumy realizovali, tak panuje prevazne
zhoda na potrebe zaradenia témy biotechnoldégii do narodného kurikula. Vyskumy uvadzaja, ze je ne-
vyhnutné zvysit informovanost ziakov a Studentov na $kolach. Saudsky narodny prirodovedny rdmec by
mal v rdmci saudskych uéebnych osnov uznat potrebu zvysenia informovanosti Studentov prirodnych vied
o biotechnoldgiach (Alanazi, 2021). TaktieZ v rdmci zaradovania predmetov do vyuky prevazuje znalny
nedostatok predmetov, ktoré by mohli potencidlne rozoberaf témy tykajice sa biotechnoldégii. Taktiez
autori vyskumov povazuji za doélezité, aby sa vedomosti v tejto oblasti prepajali nielen s prislusnymi
vednymi oblastami ale aj so sktisenostami Studentov. To znamené zamerat sa napriklad na socidlny roz-
mer predstdv (spomienky z detstva, vplyv médii, ...). Pre vzdeldvacie tcely je potrebné zaoberaf sa
socidlnym rozmerom koncepcii, ako aj ich kognitivnymi aspektmi. Mali by taktiez byt do vyuky zahr-
nuté niektoré klicové vedecké trendy, ktoré sa pravidelne objavuji v médidch, medzi nimi aj moderné
biotechnolégie (napr. Dawson & Schibeci, 2003; Prokop et al. 2007; Alanazi, 2021). Informovanost a
osveta o biotechnolégiach a ich vplyv v roznych oblastiach by sa mala zvysit medzi $tudentmi strednych
gkol, aby sa zlepsili vedomosti a ich lepSie pochopenie (Bal et al., 2007; Prokop et al., 2007; Kooffreh et
al., 2021). Ako tvrdi Cavanagh et al. (2005), 87,2 % respondentov uvédza, Ze ani verejnost nemé dost
informacii. Taktiez sa vyskytuje potreba riesif najmi socidlne a etické otazky stuvisiace s touto témou
(Crne-Hladnik et al., 2012). Toto st aspekty, ktoré ziakov najviac zaujimajt a ktorymi sa radi zaoberaji.
Zamerat sa na moralne posudzovanie ludskych ¢inov, ktoré mozno hodnotit ako moralne dobré alebo
zlé. Plati to najméi v biotechnologickom vzdelavani, kde do hry nevyhnutne vstupuji postoje a emdcie
(Harms, 2002; Crne-Hladnik et al., 2012). Crne-Hladnik et al. (2012) uvadzajt, Ze by navyse prirodo-
vedné obory mali spolupracovat aj s psycholégiou a sociolégiou. TaktieZ vyskumy uvadzaja, ze ak maju
$tudenti rozhodovat o biotechnoldgiach na zdklade informdcii, musia sa naudit taktiez explicitne vyjadrit
svoje myslienky (Crne-Hladnik et al., 2012). S ciefom podporit obéiansku a pracovni angazovanost by
mali vzdeldvacie inStitticie poskytovat prilezitosti ziakom (napr. stredogkoldkom) tvorit aspori zdkladné
povedomie (Walker, 2021).

Ud¢itelia prirodovednych predmetov si tiez musia byt vedomi nespravnych predstédv alebo nedosta-
to¢ného pochopenia, ktoré mozu mat Ziaci o biotechnoldgidch. AvSak nie vSetci uéitelia prirodovednych
predmetov rozumeji modernym biotechnolégiam. Pre ucitelov prirodovednych predmetov, ktori ukondéili
vlastné vzdelavanie pred rozvojom génovych technolégii a klonovania, méze byt prinosom odborny rozvoj
alebo postgradudlne §tadium (Dawson & Schibeci, 2003; Cavanagh et al., 2005).

Atmojo et al. (2018) uvddzaju, ze Studenti nechapu predlozené koncepty (celky), nevedia analyzovat
predloZené otézky a nechaji sa pomylit. Taktiez biotechnologické ¢asti v uéebniciach, ktoré pouzivaji udi-
telia, maji éasto nespravne informacie. Na zdklade vysledkov vyskumu uvadzaji autori pat spésobov, ako
zlepsit porozumenie a zvladnutie prirodovedného pojmu: (1) poskytnutie prilezitosti Ziakom, aby vyjadrili
svoje ndpady a myslienky o preberanej ldtke alebo $tudovanom materidli; (2) kladenie otdzok a diskusia
o suvisiacom materiali, ktory mé nespravny pojem, kym nenéjdu sposob, ako prekonat nespravne ché-
panie a identifikovat povodné porozumenie; (3) vykondvanie experimentdlnych ¢innosti s cielom dokézat
koncept; (4) pouZivanie velkého mnozstva literatiry, ako s knihy a ¢lanky z vyskumov ako referencie pri
vyucovani a (5) pouzivanie vhodnych metdd a modelov vo vyucbe v stilade s u¢ebnymi materidlmi z ob-
lasti prirodnych vied (Atmojo et al., 2018, s. 5; vlastny preklad autorov). Ué¢itelia /inStruktori by preto
mali zvazit doplnenie formatu prednasky o rozne aktivne stratégie vyucovania/ucenia, ktoré povzbudia
Studentov, aby si uvedomili svoje nepochopenie (Duda et al., 2020b).

7 Implikacie prehladovej $tadie pre pracu s prekonceptami v oblasti
modernych biotechnoldgii v Skolskej vyucbe prirodopisu a bioldgie

V 80. rokoch 20. storocia doslo vo vyskumoch zaoberajacich sa pristupmi v oblasti konceptuélnej zmeny
k rastu studii ziackych myslienkovych Strukttar (prekonceptov, prip. miskoneptov). Narast skimania (pre-
konceptov) privadza k otézke: ,,Ako Ziacke aktudlne myslienkové Struktdry interaguji s novymi predkla-
danygmi konceptami?*, ¢o smeruje k tvorbe ucelenej Tedrie konceptuilnej zmeny, ktora sa na dant otazku
bude snazit najst odpoved (Chi et al., 1994; Duit & Treagust, 2003). Tedria konceptudlnej zmeny ( Theory
of Conceptual Change; Posner et al., 1982; Strike & Posner, 1982; Hewson, 1992; Duit & Treagust, 2003)
sa zaoberd ziackym (resp. fudskym) procesom, na zdklade ktorého ziak meni svoje centrélne koncepty
pod vplyvom novych myslienok/informécii (nekompatibilnych s jeho vlastnymi).

Tym, ze uCenie je chapané ako racionalna aktivita, ktora zavisi na podpore a akceptacii myslienok,
ktoré st zrozumitelné, prijatelné a raciondlne, stdva sa skimanim/objavovanim (inquiry). Pri téme, ako
je GMO, je velmi ddlezita oblast ,prijatia® danej informécie, ¢o stvisi aj s eméciami. Ziaci si vytvaraja
nazory jednak na zaklade dostupnych informécii/dokazov, ale aj na zdklade postoja a akceptacie danej
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témy. Vyskum Sorgo & Ambrozi¢-Dolingek (2010) vo vysledkoch vyskumu ukazal, Ze postoje, rozhodnutia
a akceptacia GMO nie s zaloZené len na vedeckych faktoch a formalnom zddvodneni (vedomostiach),
ale skor na neforméalnom zdévodneni. TakZe samotné pridavanie novych informéacii do prednasok nestaci,
preto by mali prevziat aktivnu tlohu pri vytvarani vlastnych nazorov prave aktéri vyucby s cielom
vytvorit diskusiu na tato tému, ktora by presla od neforméalneho k formalnemu uvazovaniu zaloZenému
na vedeckych faktoch (Sorgo & Ambrozié-Dolingek, 2010, s. 149).

Pri pohlade na vysledky vyskumu vSak modzeme konstatovaf, ze respondenti maju prilis mélo in-
formécii o danych javoch na to, aby sa mohli zaoberat niekedy dost kontroverznymi otdzkami. Nielen
ze disponuji minimalnym mnozstvom spravnych prekonceptov, ale disponuji zna¢nymi miskonceptami,
ktoré im brania v dalSom uceni a vo vedeni fundovanej diskusie. Z vyskumov vyplyva, Ze je viac ako nutné
pracovat so ziackymi miskonceptami v danej oblasti a snazif sa o ich napravu. Na to, aby u Ziakov mohla
prebehnut konceptudlna zmena, musi u ziakov v prvom rade dojst k silnej nespokojnosti s ich aktudlnymi
konceptami v jeho mysli. V takychto situaciach vznikaja v mysli ziakov konceptudlne konflikty medzi
ich vlastnym a novym konceptom (Tekkaya, 2002). VicSina respondentov sa vSak o biotechnolégidch na
gkolach vobec neucila. Najviac vedomosti maji respondenti, ktori sa (bud) aktivne zaujimaji o dand
oblast a/alebo téma im je blizka. AvSak to, Ze respondenti maji spravne predstavy o jednom pojme
(napr. biotechnoldgie), neznamend, Ze spravne uvazujui o genetickom inzinierstve alebo klonovani. Velmi
Casto su tieto pojmy respondentmi striktne oddelené ako navzajom nesuvisiace. Pri konceptualnej zmene
je nutné, aby novo predlozeny koncept bol zrozumitelny (intelligable), hodnoverny (prijatelny; plausible)
a/alebo prinosny (plodny; fruitful) (Duit & Treagust, 2003). Pokial novy koncept spliia tieto podmienky,
je pravdepodobné, ze konceptudlna zmena nastane. ,Vyucovanie je chapané ako vytvdranie didaktickych
situdcit, v ktorgch sa Ziakom dostdva prileZitost (re)konstruovat — vytvdrat, modifikovat, zdokonalovat —
svoje doterajsie znalosti“ (Janik, 2009, s. 653). Preto je potrebné zaradit aspoil nejaké zakladné informé-
cie o tomto fenoméne napriklad do skolskych osnov. Medzi danymi novymi konceptami vSak moZe nastat
rivalita/konflikt (Duit & Treagust, 2003). Toulmin (1972 v Posner et al., 1982; Duit & Treagust, 2003)
tento stav nazyva ,konceptudlna ekolégia“ (conceptual ecology), ¢o je subor ziackych epistemologickych
presvedceni, ktoré sprostredkujii/riadia proces konceptudlnej zmeny. U ziaka dochddza k porovnavaniu
zrozumitelnosti, hodnovernosti a prinosu novych konceptov a nésledne prichddza k rozhodnutiu, ¢i novym
konceptom nahradi cely svoj aktudlny koncept alebo len jeho ¢ast. U¢itel by mal poméhat ziakom vidiet
zmysel v obsahu a psychodidakticky im ho priblizif. Fenomén modernych biotechnoldgii je v mnohych
oblastiach velmi diskutabilny a vzbudzuje v Ziakoch vela otédzok. Dotyka sa aj emocionalnej stranky, ktor
hré velkt tlohu pri akceptovani predloZenej informécie ziakovi. Existuji vSak presvedéivé dokazy, Ze expli-
citné vyucovanie biotechnologickych obsahov zlepsuje akceptaciu, porozumenie a znizuje neistotu v danej
oblasti (Maes et al., 2018). V oblasti biotechnologického vzdelavania je velmi délezité zistit a hlavne
pochopit prekocepty a miskoncepty Studentov. Vyuka, ktord vedie ku konceptuédlnej zmene u ziaka by
mala byt zamerana na vytvaranie situécii, problémov alebo aktivit, ktoré vyvolaja u Ziakov kognitivne
konflikty. Prispésobenie vyuéby na zdklade porozumenia ziackych myslienok je obzvlast dolezité v priro-
dovednych disciplinach (Witzig et al., 2013; Suryanti et al., 2018). Organizacia vyucby by taktiez nemala
zabtdat na odhalovanie ,obranngch opatreni“ Ziakov, ktoré im brénia v prijati nového konceptu (Posner
et al., 1982). Cim viac bude ziak nespokojny s jeho aktudlnym konceptom, tym pravdepodobnejsie moze
dojst k nahradeniu jeho aktudlneho konceptu novym konceptom (Posner et al., 1982; Duit & Treagust,
2003).

Jednym zo spbsobov, ktory je vyuzivany na Strukturdciu uc¢ebného prostredia, ktoré podporuje ak-
tivne ucenie, zmysluplné vyucovanie a umoziuje Studentom revidovat miskoncepty a konstruovat nové —
spravne porozumenie, je Model didaktickej rekonstrukcie (The Model of Educational Reconstruction;
Kattmann et al., 1997; Jelemenska et al., 2003; Van Dijk & Kattmann, 2007; Kattmann, 2009; Duit et
al., 2012; Slavik et al., 2007). Tento model je zalozeny préve na Tedrii konceptudlnej zmeny a poskytuje
pedagogicky ramec pre dosiahnutie konceptualnej zmeny u studentov. Kladie déraz na vytvaranie uceb-
nych materidlov a aktivit, ktoré sii zamerané na podporu konceptualnej zmeny. Prekoncepty zZiakov nie
st v danom modeli chdpané ako prekazky, ale ako predpoklady pre ucenie, ktoré vychadzaja z kazdo-
dennych sktsenosti ziakov. Prekonceptom je potrebné najskor porozumiet, aby bolo nasledne mozné na
ne nadviazat. Zatial ¢o transformécia obsahu je zamerand na prechody (transformac¢né prechody) obsahu
medzi objektivnou — intersubjektivnou — subjektivnou realitou, v ktorych musi byt zachovany vyznam
a zmysel obsahu, rekonstrukcia nésledne znamend dany obsah rekonstruovat tak, aby bol prinosny pre
kvalitu ucebného prostredia. Transformécia obsahu nesie svoj povod v kontexte transmisivnej vyucby
a rekonstrukcia obsahu v konstruktivistickom ponati vyucby (Slavik et al., 2017).

Model teda v sebe zahftia tri dolezité oblasti a) vyskum Ziackych predstav (emipirical study of students
pre-scientific conceptions); b) objasnenie oborového obsahu (clarification of science subject matter);
¢) Strukturaciu u¢ebného prostredia (design and evaluation of learning environment) (Kattmann et al.,
1997; Kattmann, 2009; Duit et al., 2012). Vyskum ziackych predstav v sebe zahftia stidium ziackeho pred-

)
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ingtruktdzneho porozumenia (prekoncepty, pripadne miskoncepty), kedy je potrebné porozumiet chdpaniu
Ziakov, ktoré je vyuzivané v procese ucenia (Duit et al., 2012; J4¢ et al., 2019). Objasnenie oborovych
predstav zdoraziuje klicové oborové poznatky (vedecky obsah) v snahe rekonstruovat obsah prislusného
vedného oboru, ktory je potrebny elementarizovat pre potreby $kolskej praxe (Kattmann et al., 1997;
Kattmann, 2009; Duit et al., 2012; J4¢ et al., 2019). Strukturdcia ucebného prostredia tvori vysledok
objasnenia Ziackych a oborovych predstdv. Obsah je teda rekonstruovany pre potrebu Skolskej vyucby.
Vyucba, ktord je zalozena na modely didaktickej rekonstrukcie, by tak mala smerovat k rekonstrukeii
Ziackych predstav (conceptual reconstruction) (Kattmann et al., 1997; Kattmann, 2009; Duit et al., 2012;
Ja¢ et al., 2019).

Délezitym aspektom modelu je jeho rekurzivny charakter, kedy sa vSetky tri oblasti navzajom pod-
mieniuji a podporuji. Pracu so Ziackymi predstavami moézu ovplyvnit vyskumy oborovych predstév
a znalosti ziackych predstdv mozu ovplyvnit pochopenie oborovych obsahov (Kattmann, 2009; J4¢ et
al., 2019). Diefa si na zaklade svojich sktsenosti, rozumovych schopnosti a moznosti vytvara predstavu,
ktora vychadza zo spojenia viacerych prekonceptov. V priebehu vyucby ziacke prekoncepty prichadzaju
do kontaktu s novymi informéaciami a ideami a pod ich vplyvom prichddza k ich modifikacii. Ak infor-
mécie o danej problematike ddvaji zmysel, moze to dietatu taktiez pomahat pri rieSeni tloh (Posner
et al., 1982; Haverlikovd, 2013). Pre ziakov je vSak dolezité aj ak ich prekoncepty st funkéné a vyuzi-
telné v praxi (Ozgur, 2013). Ziak postupne ziskava nové informécie a poznatky, ktoré st pokroéilejsie
nez jeho povodné prekoncepty. Postupne sa od tychto prekonceptov uptsta a nahradzuje ich vo svojich
vedomostnych $truktirach vedeckymi konceptmi (Held et al., 2011). Tento pristup preklenuje priepast
medzi predchadzajicimi vedomostami $tudentov a vedeckymi koncepciami a podporuje novi generaciu
informovanych a inovativnych mysli v tejto dynamickej oblasti.

8 Zaver

Prehladovéa studia poskytuje komplexné hodnotenie vyskumu primarnych vedomosti respondentov o bi-
otechnoldgidch (VO1). Vzhladom na stGc¢asnt kontroverznost témy biotechnoldgie je nevyhnutné pristu-
povat k informécidm kriticky a zvazovat ich pravdivost, najmé s ohladom na rozne média. Na kritické
myslenie, diskusiu a vytvorenie vlastného nézoru je nevyhnutné mat dostatoéné vedomosti o danej téme.
Etické a moralne aspekty biotechnoldgii, ako napriklad genetické inzinierstvo, s v tejto oblasti podstat-
respondentov. Problematické oblast biotechnoldgii sa dotyka vSetkych trovni spolo¢nosti a vyzaduje si
pozornost nielen na zdkladnych, strednych a vysokych skoldch, ale aj u ucitelov (VO2). NajéastejSou
metoédou zberu udajov je pouzitie samostatného vyskumného nastroja vo forme testu alebo v kombinécii
s rozhovorom (VO3). Vysledky $tvrtej vyskumnej otdzky (VO4) ukazuji, Ze respondenti maji vo vSeo-
becnosti nedostatoéné vedomosti o biotechnolégidch. Casto chiba komplexné pochopenie problematiky,
¢o otvara priestor pre dalsi vyskum a pracu na zlepSenie pochopenia problematiky, najmi v kontexte
podpory konstruktivnej diskusie. Nedostatok vedomosti a pochopenia v oblasti genetického inZinierstva
sa odraza aj v nedostato¢nej schopnosti obh4ajit vlastny postoj k tejto téme. Obmedzenia a odportéania
(VO5), ktoré vyplynuli z uskutoéneného vyskumu, sa zameriavaji najmi na zaclenenie témy biotechnold-
gif do ndrodnych u¢ebnych osnov, zabezpecéenie dalsieho vzdelavania pedagdgov a zvysenie informovanosti
o tejto problematike v triedach. U¢itelia musia vypracovat stratégie na odstranenie nespravnych pred-
stav a mylnych nézorov ziakov a $tudentov. Je nevyhnutné pochopit ich nézory a pracovat s tymito
poznatkami. Identifikovanim prekdzok v mysliach Ziakov a $tudentov modzeme vytvorit cielené a 1¢inné
vyucovacie stratégie, ktoré podporia proces konceptudlnej zmeny.
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This qualitative study delves into the learner experience of inquiry-based lessons, Key words:
uncovering the perceptions and insights of learners engaged in this pedagogical ap- inquiry-based lesson,
proach. Through focus group interviews, we gathered rich data that reveals a trans- perspectives, chemical

formative learning environment characterized by active engagement, collaborative change.
discourse, and autonomy. Learners embraced the opportunity to explore concepts in-

dependently, seeking clarification from peers and cultivating a deeper understanding

of the subject matter. Notably, despite feeling unsupported by their teachers, learners

perceived the limited teacher involvement as a liberating force, fostering independence

and encouraging more extensive reading and peer discussion. Our findings resonate

with existing research, underscoring the efficacy of inquiry-based learning in promot-

ing learner-centeredness, critical thinking, and conceptual understanding. The study’s

outcomes have significant implications for science education, highlighting the need for =~ Received 7/2024
a paradigmatic shift from traditional teacher-centric approaches to learner-centered  Revised 11/2024
inquiry-based methods that empower students to take ownership of their learning. Accepted 12/2024

1 Introduction

The struggles learners face in grasping the concept of chemical change can be attributed to the preva-
lent teaching approaches employed in Physical Sciences classrooms. Despite the established benefits of
inquiry-based teaching and learning in Science, research suggests that most teachers still rely on tra-
ditional lecture methods, characterized by teacher-centric instruction and limited learner engagement
(Mamombe et al., 2020; Penn et al., 2021). This disconnect between recommended and actual teaching
practices highlights the need to investigate learners’ perceptions of inquiry teaching, particularly in chem-
ical change, where inquiry-based approaches are emphasized in the curriculum but often overlooked in
practice (Penn et al., 2021). By exploring learners’ perspectives, we can better understand the barriers
and facilitators to effective teaching and learning in Science, ultimately informing strategies to enhance
learner understanding and engagement.

Recent studies have investigated the complex interplay between teachers’ beliefs, instructional ap-
proaches, and student outcomes in science education. For instance, Li et al. (2024) explored the relation-
ship between science teachers’ beliefs about inquiry-based teaching and their students’ development of
science process skills. Meanwhile, Safkolam, Madahae, and Saleah (2024) examined the impact of inquiry-
based learning activities on science student teachers’ understanding of the nature of science. Furthermore,
Achurra, Uskola, and Zamalloa (2024) investigated pre-service teachers’ perceptions of their preparedness
to implement science as inquiry in their future teaching practices. These studies contribute to a deeper
understanding of the multifaceted factors influencing science education. Gyllenpalm et al. (2021) con-
ducted a seminal study examining students’ understanding of scientific inquiry and the potential impact
of school science on this knowledge. Their findings revealed a concerning trend, wherein many students
in both grade levels demonstrated a lack of informed understanding of key aspects of scientific inquiry.
In a related investigation, Kersting et al. (2023) developed and employed a rigorous observation manual
to systematically analyze video data of instructional practices in 20 Norwegian science classrooms across
primary and lower-secondary school levels. Notably, their findings suggest that inquiry-based teaching
approaches not only afford students greater autonomy in decision-making but also enhance the quality
of student participation in the classroom, thereby underscoring the importance of pedagogical strategies
that foster student agency and engagement in science learning. Lu and So (2023) explored the intersection
between English Medium Instruction (EMI) and scientific inquiry, scrutinizing science teachers’ cognitive
and affective responses to implementing inquiry-based science activities in EMI classrooms. Their study
revealed that teachers encountered a unique set of challenges in EMI contexts, including the tension
between passive language acquisition and the reciprocal learning of scientific inquiry and language, as
well as the pedagogical dilemma posed by the incongruity between inquiry-based science teaching and the
linguistic demands of EMI. These findings underscore the complexities inherent in integrating scientific
inquiry and language learning in EMI settings. A recent South African study by Siphukhanyo and Olawale
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(2024) investigated the experiences of life sciences teachers and learners on the usage of enquiry-based
learning in enhancing learners’ academic performance.

Notwithstanding the abundance of research on inquiry-based teaching, there is a significant scarcity of
studies investigating the perceptions of Grade 10 chemical change learners in South Africa. Inquiry-based
studies have primarily employed quantitative approaches to examine the impact or effect of inquiry-based
activities. There is a need for qualitative research that explores the perceptions and experiences of Grade
10 chemical change learners in South Africa to gain a deeper understanding of their needs and preferences
in the context of inquiry-based teaching. Studies have consistently shown that inquiry-based teaching and
learning approaches improve learners’ conceptual understanding and performance in Physical Sciences
(Mamombe et al., 2020; Penn et al., 2021). Therefore, the research question for this study is: What are
the learners’ perspectives on the effectiveness of inquiry-based teaching in enhancing their understanding
of the concept of chemical change?

2 Conceptual Framework and Literature Review

The concept of inquiry-based learning has its roots in the seminal work of Gagne (1963), who advo-
cated for a science education approach centered on three core objectives: cultivating attitudes, methods,
and understanding of inquiry. According to Gagne, learners should develop the capacity to investigate
scientific phenomena in a manner akin to professional scientists. This entails acquiring essential skills,
including, observing and inferring, predicting and classifying, interpreting data and hypothesizing, and
experimenting. Gagne (1963) emphasized that mastering these capabilities is crucial for learners to com-
prehend scientific concepts genuinely. Building on Gagne’s (1963) ideas, Schwab (1966) argues that science
education should replicate the scientific process. To achieve this, Schwab stresses the importance of in-
corporating science laboratories into teaching practices, thereby promoting inquiry-based learning. This
approach becomes a recurring theme in Gagne’s (1963) works. The study centers around the concept
of inquiry as a guiding conceptual framework. Research suggests that science teachers often hesitate to
implement inquiry-based strategies due to perceived difficulties in execution (Nicol et al., 2020). Teachers
(Ong et al., 2021) tend to view inquiry-based approaches as ambiguous and poorly defined. The concept
of inquiry has been defined and redefined by various researchers, often aligned with the specific objec-
tives of their studies. Literature has generally conceptualized inquiry as a learner-centered approach,
where learners engage in exploration, questioning, discovery, and experimentation to develop a deeper
understanding of a topic. Penn et al. (2021) define inquiry as an active learning approach where stu-
dents tackle challenging problems, gather evidence, and develop an understanding of core concepts and
learning strategies. Kazeni and Mkhwanazi (2021) describe inquiry as a teaching method that enables
students to investigate, build knowledge, and understand the world around them while developing essen-
tial scientific skills such as questioning, data gathering, and evidence-based conclusion drawing. Notably,
the 1996 National Sciences Education Standards (NSES) provide a foundational definition of inquiry,
widely referenced in the research community, which encompasses a multifaceted process involving ob-
servation, questioning, investigation, critical thinking, and communication (National Research Council,
2000). This definition has served as a basis for subsequent interpretations and adaptations of the concept
of inquiry.

Upon closer examination, the various definitions of inquiry reveal a common thread — a focus on learner
activities. This convergence aligns with Jerrim, Oliver, and Sims’ (2019) assertion that inquiry aims to
empower learners with knowledge through engagement in scientific activities rather than merely receiving
information from teachers. In an inquiry-oriented science classroom, learners take center stage, conducting
investigations, performing experiments, asking questions, and making observations to solve problems,
thereby enhancing their critical thinking skills and deepening their understanding of science concepts
(Gyampon et al., 2020). Susilawati et al. (2020) echo this sentiment, highlighting the need for learner-
centeredness in inquiry-based science education, where learners independently seek knowledge and utilize
their thoughts and experiences to address problems in the classroom and beyond. The National Sciences
Education Standards (NSES) distil the essence of inquiry into learner activities, including engagement
with scientifically based questions, evidence-based explanations, formulation of explanations, connection
to scientific knowledge, and presentation and support of explanations (National Research Council, 2000).
These activities encapsulate the learner-centered nature of inquiry, emphasizing the agency and autonomy
of learners in the learning process.

The reviewed literature reveals a paradigm shift in the roles of teachers in inquiry-based learning,
diverging from traditional classroom dynamics. The definitions of inquiry emphasize the learner’s role,
signaling a departure from rote teaching methods. There are generally critiques of traditional methods
for prioritizing teacher-centric approaches over learner engagement. In contrast, inquiry-based learning
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repositions the teacher as a facilitator, challenging learners to think critically, analyze, and experiment.
This facilitator role aims to empower learners to construct their knowledge, adopting a scientist-like
mindset. Effective facilitation involves scaffolding, motivation, and judicious intervention to maintain
learner interest and autonomy.

Liu and Wang (2022) investigated the nexus between inquiry-based learning and science self-efficacy,
revealing a statistically significant positive correlation between the two variables. Notably, their findings
suggest that science interest plays a mediating role, partially explaining the relationship between inquiry-
based learning and science self-efficacy. This study provides empirical evidence that inquiry-based learning
not only enhances science self-efficacy but also fosters science interest, which in turn reinforces self-efficacy
beliefs. The findings have implications for the design of science learning environments that aim to promote
students’ self-efficacy and interest in science.

Jerrim et al. (2019) identify two crucial dimensions that underpin inquiry-based learning: the range of
classroom activities engaging learners and the degree of teacher involvement. This framework gives rise
to four distinct inquiry types, which teachers can deliberately choose from to align with their lesson’s
specific aims and objectives (Banchi & Bell, 2008). By acknowledging and adapting to these variations,
educators can harness the full potential of inquiry-based learning, fostering a dynamic and effective
science education environment. Therefore, confirmatory inquiry, structured inquiry, guided inquiry and
open inquiry are critical, as discussed in the following paragraph.

Firstly, confirmation inquiry, the most basic form of inquiry, serves as an introductory approach to
acquaint learners with investigation skills and the inquiry method, particularly suited for reinforcing pre-
viously taught topics (Banchi & Bell, 2008). Toma (2022) characterizes this type of inquiry as logically
positivist, as it relies heavily on teacher demonstration and provision of information. However, Jerrim
et al. (2019) critique confirmation inquiry for lacking authentic inquiry elements, as learners are pro-
vided with predetermined research questions, objectives, and outcomes, limiting their agency and critical
thinking. The primary concern lies in the excessive teacher involvement and limited learner engagement.
In confirmation inquiry, the teacher formulates research questions, guides the investigation process, and
provides the conclusions, leaving learners with minimal challenging activities (Toma, 2022). While this
approach contradicts the fundamental principles of inquiry (Jerrim et al., 2019), Toma (2022) argues that
confirmation inquiry remains a valuable improvement over traditional rote teaching methods despite its
limitations.

Secondly, confirmation and structured inquiry represent the foundational levels of inquiry-based learn-
ing, characterized by a more pronounced teacher role in the learning process. These lower levels of inquiry
are distinguished by the extent of teacher involvement, with the teacher providing scaffolding and guid-
ance throughout (Banchi & Bell, 2008). While both types share similarities, structured inquiry exhibits a
subtle shift towards learner autonomy, as students are tasked with generating their own explanations from
data they have collected (Banchi & Bell, 2008). A notable trend emerges from confirmation to structured
inquiry, where teacher responsibilities decrease as learner responsibilities increase. According to Toma
(2022), structured inquiry serves as a crucial stepping stone, equipping learners with fundamental scien-
tific skills like investigation and data gathering, which are essential for tackling more complex inquiries
in higher-level inquiry approaches.

Thirdly, guided inquiry involves teachers providing research questions, which learners then investi-
gate to gather evidence for conclusions. Banchi and Bell (2008) concur, noting that teachers’ roles are
limited to providing research questions, while learners assume responsibility for setting up investigations,
conducting experiments, and drawing conclusions. This model exhibits a further reduction in teacher
involvement and a corresponding increase in learner autonomy. In contrast to structured inquiry, guided
inquiry engages learners more extensively in the learning process, fostering scientific skills like experiment
design and execution (Banchi & Bell, 2008). This approach aims to guide learners through the inquiry
process, channeling them towards evidence-based learning. While Jerrim et al. (2019) acknowledge po-
tential benefits, such as preventing learner overwhelm, they question whether guided inquiry aligns with
the fundamental principles of inquiry, which emphasize learner agency, knowledge construction, and sci-
entific problem-solving through investigations. This debate surrounding guided inquiry’s authenticity as
an inquiry approach warrants further investigation, a topic beyond the current scope.

Lastly, open inquiry represents the pinnacle of inquiry-based learning, where learners assume complete
ownership of their scientific exploration (Toma, 2022). In this autonomous approach, learners formulate
research questions, design experiments, collect evidence, and present findings, with teachers providing
minimal assistance (Banchi & Bell, 2008). While literature acknowledges that initial learner resistance,
proper orientation can lead to productive engagement and deep understanding. Jerrim et al.’s (2019) study
supports this, showing that guided inquiry improves assessment performance. The literature highlights
the crucial role of teacher involvement in preventing learner overwhelm and ensuring effective inquiry
(Jerrim et al., 2019). Teachers must strategically select appropriate inquiry forms and learning cycle
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models, comprising connected phases that break down the complex scientific process, to maximize learner
support and emphasize key scientific inquiry features (Mupira & Ramnarain, 2018).

Research highlights the challenges teachers face in implementing inquiry-based approaches in their
science lessons despite curriculum recommendations. In South Africa, studies by Mamombe et al. (2020),
Mupira and Ramnarain (2018), and Penn et al. (2021) identify infrastructure limitations, inadequate
resources, poor teacher training, and lack of support as significant obstacles to implementing inquiry-
based teaching and learning (IBTL) in science classrooms. These findings underscore the need for systemic
support and resources to effectively empower teachers to implement inquiry-based approaches in science
education.

3 Methodology

This study recruited Grade 10 Physical Science learners from four South African high schools as research
participants. These learners were from under-resourced educational environments, marked by constraints
in material and human resources, which can potentially impact the quality of science education and learner
outcomes. The study employed a guided inquiry approach, where learners participated in hands-on and
minds-on activities, including group discussions, observations, experiments, and result presentations. To
gather in-depth insights, semi-structured focus group interviews were employed, leveraging the benefits of
collective discussion and peer interaction (Creswell & Poth, 2016). As noted by Creswell and Poth (2016),
focus groups facilitate the collection of rich qualitative data efficiently. The interviews followed a funnel
structure, commencing with open-ended questions to stimulate participants’ thoughts and encourage
honest responses (McMillan & Schumacher, 2010). The primary objective of these interviews was to
explore learners’ perceptions of their learning experiences with inquiry-based chemical change lessons.
Interviews (Creswell & Poth, 2016) constituted a vital methodological tool for collecting rich qualitative
data. While often maligned as time-consuming and analytically challenging, interviews offered a unique
epistemological advantage, providing unparalleled data validity since they emanated directly from the
participants’ own voices.

A purposive sampling strategy was employed to select eight learners from each class, constituting
four focus groups. This yielded a total of 32 learners participating in the focus group interviews. The
interview protocol was informed by the perceptual indicators with additional questions incorporated to
explore learners’ cohesiveness, cooperation, teacher support, confidence in the topic, and knowledge gain.
Each interview session lasted approximately 60 minutes, allowing participants ample time to share their
experiences without feeling rushed. This deliberate allocation of time implies that generous time allocation
in qualitative data collection enhances the credibility and validity of the study (Creswell & Poth, 2016).
Furthermore, all interviews were audio recorded, with participants’ informed consent obtained before
recording (McMillan & Schumacher, 2010).

A qualitative content analysis was employed to analyze the interview data to uncover learners’ per-
ceptions of their learning experiences with chemical change under inquiry-based pedagogy. The audio
recordings were transcribed verbatim, and the resulting data was subjected to a rigorous coding process
guided by both priori and emergent themes. Coding (McMillan & Schumacher, 2010) was systematic,
and it involved the careful reading and division of data into meaningful analytical units, which were then
labeled with symbols or descriptive terms. Following coding, the data was organized into logical units,
which were then categorized into emergent themes. These facilitated a rich interpretation of the findings.

The transcribed data from the focus group interviews underwent thematic analysis guided by the
five-step framework outlined by Clarke and Braun (2012). Initially, the researcher engaged in acquain-
tance and immersion, actively participating in the interviews to foster a deep understanding of the topic
and elicit rich data from participants through clarifying questions, encouraging equal participation, and
maintaining topical focus. Next, the researcher identified and coded themes, aligning them with the pre-
defined indicators, including learners’ confidence, teacher support, cohesiveness, and knowledge gain. Two
additional themes emerged from the coded data: the practical nature of science and teaching style. The
researchers then conducted a coding process, assigning codes to repeated and common words and phrases,
ensuring comprehensive analysis and interpretation of the data. Further analysis and explanation revealed
the two emerging themes, increasing the total to six. Finally, the researchers consolidated individual code
interpretations, seeking common ground, providing explanations, and defining concepts, thus verifying
the findings.

The identified codes were then linked to a priori themes, developed prior to data examination, drawing
on existing literature and studies (McMillan & Schumacher, 2010). A priori themes served as a conceptual
framework, facilitating the coding process and enabling the exploration of existing theories and expanded
upon them. To avoid the limitations of confirmatory bias, the researcher remained open to emergent
themes, allowing new insights to arise during the coding process. The qualitative data analysis was
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subsequently separated, with initial analysis focused on pre-defined themes, followed by an examination
of emergent themes, culminating in a comprehensive summary of the entire qualitative process.

Table 1: Themes and questions

Theme Explanation Questions Asked
Learners’ Confidence Self-confidence is a crucial aspect of e Did you enjoy learning chemical
effective learning, as learners with high change? Elaborate.

self-confidence are more likely to

. o e Are you confident enough to share
develop their abilities and perform well

what you learned about chemical

academically change? Elaborate.

Teacher Support Teacher support is essential for learner e Was there a point during the
motivation and academic success. chemical change lessons that you
Effective teachers question, facilitate, felt lost? How did you overcome
provide feedback, and motivate this?

learners during the learning process e Do you believe there was

sufficient teacher assistance
during the lessons? Explain.

Learners’ Learners must work effectively in e Did you play a role during group
Cohesiveness/Cooperation  groups and individually, engaging in discussions in class? Elaborate.
collaborative learning and sharing

e Were you actively participating in
class during the chemical change
lessons? If not, why?

responsibilities

4 Results and Discussion

The findings of this study are interrogated through the lens of emergent themes, as delineated in Table 1,
which serves as a conceptual framework for unpacking the complexities of the data, thereby facilitating
a richer understanding of the phenomena under investigation.

The discussion of the themes unfolds in a logical and coherent sequence, beginning with the learners’
confidence, which serves as the foundation for exploring the subsequent themes. Next, the crucial role
of teacher support will be examined. Following this, the theme learners’ cohesiveness/cooperation is
discussed.

As the discussion progresses, two emerging themes will be revealed, which were not initially anticipated
but emerged from the data analysis. Firstly, the practical nature of science will be explored, highlighting
the significance of hands-on experiences in shaping learners’ understanding and appreciation of scientific
concepts. Finally, the theme of teaching style will be examined, revealing the profound impact that
educators’ approaches have on learners’ engagement, motivation, and, ultimately, their learning outcomes.

4.1 Learners’ Confidence

The group exhibited a prevailing sentiment of enthusiasm towards learning chemical change, with a
particular emphasis on the experimental components of the lessons. One learner succinctly captured this
sentiment, stating, “I enjoyed the lessons because the practicals clarified concepts that were unclear in our
notes.” This sentiment was echoed by the majority of learners, who found the experiments to be engaging
and effective in facilitating connections between observed phenomena and theoretical concepts presented
in their notes and textbooks. This aligns with the principles of inquiry learning, as articulated by Gyampon
et al. (2020), who posit that an inquiry-orientated science classroom enables learners to assume an active
role in their learning, engaging in investigations, experiments, questioning, and observation to resolve
problems and thereby enhancing their critical thinking skills and understanding of scientific concepts.
Thus, while learners were actively participating in practical activities, they were, in fact, engaging in
inquiry learning, fostering a deeper understanding of chemical change.

The learners exhibited enthusiasm and eagerness to share their understanding of the concepts of chem-
ical change and physical change, demonstrating a high level of confidence in their learning. This observa-
tion aligns with the findings of Mupira and Ramnarain (2018), who noted that learners in inquiry-based
classrooms tend to exhibit self-confidence and motivation. While the learners generally demonstrated
a good understanding of the concepts, correctly distinguishing between chemical and physical changes
and explaining the processes involved, some learners still held misconceptions. For instance, one learner
defined physical change as the formation of a physical product and chemical change as the formation of

Scientia in educatione, 15(2), 2024, p. 29-38 33 https: //doi.org/10.14712/18047106.4567


https://doi.org/10.14712/18047106.4567

invisible products. This definition reveals that, despite their confidence and enthusiasm, some learners still
harbor misconceptions that require attention. The overconfidence of some learners may have contributed
to their failure to accurately define and observe chemical and physical changes, as Gormally et al. (2009)
found that learners with lower confidence during learning tend to achieve better outcomes, while those
with high confidence often experience reduced outcomes due to a lack of attention to detail, leading to
mistakes and misconceptions.

4.2 Teacher Support

A significant proportion of learners grappled with challenges related to balancing chemical equations,
particularly when applying the laws of constant composition and conservation of mass. Initially, they
struggled to comprehend how to balance equations using the law of conservation of mass. However,
upon further inquiry, it emerged that most learners eventually overcame this hurdle through collabora-
tive learning and group work. Despite acknowledging the importance of teacher support, learners felt
that they did not receive sufficient guidance, as the teacher primarily provided textbook references and
supplementary notes rather than hands-on assistance. Interestingly, one learner noted that the limited
teacher assistance fostered autonomy and self-directed learning, stating, “Although we didn’t receive
much help from our teacher, we worked independently in our groups and managed to arrive at correct
answers, which was a valuable learning experience.” This sentiment highlights the potential benefits of
learner-centered approaches and peer-to-peer learning in developing problem-solving skills and promoting
academic resilience.

Love et al. (2015) argue that an inquiry-orientated classroom environment is characterized by learner-
centeredness, where learners engage in meaningful activities that promote autonomy and agency. In such
an environment, learners exhibit high levels of participation while the teacher assumes a facilitative role,
providing introductory information and resources to support inquiry-based learning. The accounts of Love
et al. (2015) suggest that the group was indeed engaged in inquiry-based learning, with the teacher act-
ing as a facilitator and providing learners with the necessary resources to explore and discover concepts.
However, some learners expressed a desire for more scaffolding, potentially due to their familiarity with
traditional teaching methods and the challenges of adapting to a more autonomous learning approach. As
one learner noted, “I think the lessons would be more interesting if the teacher provided more assistance
rather than waiting for us to figure it out ourselves.” This sentiment resonates with the concerns raised
by Khalaf and Zin (2018), who highlight the limitations of inquiry-based approaches in neglecting the
finite capacity of individual learners’ working memory, potentially leading to reduced information reten-
tion. Building on the work of van Uum, Verhoeff, and Peeters (2016), inquiry-based science education
emerges as a potent pedagogical approach that fosters engagement and motivation in science learning
by empowering learners to design and conduct their own scientific inquiries. The study by Uum et al.
(2016) demonstrates that teachers can effectively facilitate learners’ progression through the open inquiry
process by explicitly addressing the interconnected domains of scientific knowledge, including conceptual,
epistemic, social, and procedural aspects, in a phased and systematic manner. This finding underscores
the importance of a structured and scaffolded approach to inquiry-based learning, highlighting the critical
role of teacher guidance in promoting learners’ scientific literacy and cognitive development.

4.3 Learners’ Cohesiveness/Cooperation

Learners engaged in vibrant group discussions during the chemical change lessons, demonstrating active
participation and enthusiasm. Learners voluntarily described their roles in the discussions, showcasing
their agency and engagement. One learner proudly declared, “I was the curious one, always asking ques-
tions, discussing, and contributing suggestions!” Another learner highlighted their supportive role, stat-
ing, “I assisted my peers when they struggled to recall concepts.” Learners enthusiastically shared their
roles, including group leaders, scribes, resourceful members, and researchers, indicating a high level of
engagement. During these discussions, learners employed critical thinking skills, debating, discussing, and
brainstorming together. Most learners reported being actively engaged in most lessons, posing clarity-
seeking questions, participating in debates, and contributing during teacher feedback. One learner noted,
“I was particularly active during practicals, as I eagerly anticipated the reaction outcomes.” Another
learner appreciated the autonomy, stating, “The group discussions were interesting because the teacher
didn’t interfere with our discussions.” This learner-centered approach fostered a collaborative learning
environment, promoting learner autonomy and agency.

The learners’ sentiments indicate that they were actively engaged in their learning process, collabora-
tively seeking clarification and constructing understanding through peer-to-peer interactions. This aligns
with the principles of inquiry-based learning, which emphasizes student-centered activities like group
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discussions and reflections to foster meaningful and effective teaching and learning (Toma, 2022). Group
discussions are a crucial component of science education, as they offer numerous benefits, including the
opportunity for learners to articulate their understanding of a topic, receive feedback and validation from
peers, and develop essential scientific skills and humanitarian values (Tanaka, 2007). The learners’ ability
to clearly articulate concepts related to chemical change and their willingness to share their understanding
with peers during interviews suggest that they have greatly benefited from the group discussions, demon-
strating the efficacy of this pedagogical approach in promoting deep learning and academic achievement.
As we delve deeper into the findings, two intriguing themes emerged from the data, warranting further
exploration and discussion. Firstly, the practical nature of science comes to the forefront, highlighting
the significance of experiential learning and hands-on activities in shaping learners’ understanding and
appreciation of scientific concepts. Closely tied to this, the theme of teaching style reveals itself, under-
scoring the profound impact that educators’ approaches have on learners’ engagement, motivation, and,
ultimately, their learning outcomes. These two emerging themes offer valuable insights into the complex
dynamics of science education, inviting us to reconsider the ways in which we teach and learn science.

4.4 The Practical Nature of Science

The learners expressed enthusiasm for their lessons, citing the experiments and group discussions as key
factors that contributed to their enjoyment of the lesson on chemical and physical changes. The learners
perceived experiments as an integral component of their learning experience, eagerly anticipating the
outcomes of the practical activities. This suggests that learners who engage in experiment-based science
learning tend to be more engaged and motivated, actively participating in classroom activities. This
finding is supported by Annisa and Rohaeti (2018), who discovered that learners taught science through
experiments generally enjoy the hands-on experience and have positive reviews of the practical activities.
In addition, the findings of this study resonate with the work of Sharpe and Abrahams (2019), who
similarly found that students viewed practical work as a valuable and enjoyable aspect of science lessons.
Specifically, both studies suggest that hands-on, inquiry-based activities are perceived by students as a
positive and engaging way to learn science, fostering a deeper understanding of scientific concepts and
promoting a more meaningful connection to the subject matter. This alignment reinforces the notion that
practical work is a crucial element of effective science education, and its inclusion can profoundly impact
students’ attitudes and learning outcomes. This aligns with the principles of inquiry-based learning,
which emphasizes experimental activities as a fundamental aspect of the learning process. Through this
approach, learners are presented with research questions, guided in formulating hypotheses, encouraged to
conduct experiments to test their hypotheses, and supported in conducting literature reviews to explain
their findings.

4.5 Teaching Style

The learners perceived their teacher’s pedagogical approach as facilitative, allowing them autonomy to
explore ideas and construct understanding through group discussions without interference. One learner
appreciated the limited assistance, stating, “The less assistance we received from our teacher was benefi-
cial, as we worked independently in our groups and arrived at correct answers despite minimal guidance.”
This suggests a learner-centered approach, where the teacher acts as a facilitator, providing support and
resources while allowing learners to take ownership of their learning. Effective science learning requires a
teacher who acts as an initiator and director, facilitating learner-centered inquiry (Donkoh & Amoakwah,
2024) and providing opportunities for independent exploration and problem-solving. The learners ac-
knowledged receiving necessary resources, including printouts, notes, laboratory equipment, worksheets,
and textbooks, at the beginning of lessons, which they utilized during activities. During classroom activ-
ities, the teacher observed and took notes while learners debated, brainstormed, and answered questions,
as one learner described, “We were debating and brainstorming while answering worksheet questions, and
the teacher moved around observing and taking notes without interrupting.” The learners’ accounts sug-
gest the teacher perceived their role as a facilitator, providing scaffolding and resources while observing
and addressing potential misconceptions.

In summary, the focus group interviews revealed that learners perceived their learning experience
as promoting active engagement, fostering group discussions, and minimizing teacher intervention, ul-
timately leading to enhanced knowledge acquisition. These findings provide valuable insights into the
learners’ perspectives on their learning experiences, allowing for a direct connection to be made between
their views and the teaching approach employed.

The learners were enthusiastic about their lessons, readily sharing their acquired knowledge with
peers without hesitation. The current study’s findings are consistent with the research conducted by

Scientia in educatione, 15(2), 2024, p. 29-38 35 https: //doi.org/10.14712/18047106.4567


https://doi.org/10.14712/18047106.4567

Arisujati and Suweken (2020), which demonstrated that students who received instruction through an
inquiry-based learning model exhibited superior reasoning skills and higher self-esteem compared to
their peers who received traditional instruction. Specifically, the inquiry learning model’s emphasis on
active exploration, critical thinking, and problem-solving appeared to foster a more profound impact
on students’ cognitive and affective development, leading to enhanced reasoning abilities and a more
positive self-perception. This alignment suggests that inquiry-based learning has the potential to promote
deeper learning outcomes and more positive student outcomes, reinforcing the value of this approach in
educational settings. During group discussions, learners assumed various roles, relishing the opportunity
to discover concepts independently and seeking clarification from peers when needed.

The findings of this study resonate with the research conducted by Hung and Wu (2023), who similarly
found that inquiry-based methods empower learners, enabling them to take an active role in their learning
journey. By embracing inquiry-based approaches, learners are encouraged to engage meaningfully in
research, analysis, and classroom activities, fostering a sense of agency and autonomy in their learning
process. This, in turn, leads to a more immersive and interactive learning experience, where learners
are motivated to explore, investigate, and construct their own understanding of the subject matter. The
alignment with Hung and Wu’s discovery highlights the potential of inquiry-based learning to transform
learners from passive recipients of information to active participants in the learning process, leading to a
more engaging and effective educational experience.

Learners felt under-supported by their teachers but perceived the limited teacher involvement as
liberating, fostering independence and encouraging more extensive reading and peer discussion to attain
desired answers. The current study’s findings harmonize with Antonio and Prudente’s (2024) argument
that inquiry-based approaches profoundly impact student learning, cultivating independent thinking,
higher-order cognitive skills, and active engagement. In stark contrast, traditional teaching methods
often focus on teacher-directed instruction and rote memorization, which can stifle students’ autonomy,
creativity, and critical thinking abilities. By adopting inquiry-based strategies, educators can shift the
learning paradigm, empowering students to take ownership of their learning journey, explore complex
concepts, and develop a deeper understanding of the subject matter. This alignment reinforces the notion
that inquiry-based learning is a potent catalyst for fostering intellectual curiosity, creativity, and critical
thinking, ultimately preparing students for success in an increasingly complex and interconnected world.

5 Limitations

This study has several limitations that should be acknowledged. The small sample size and single-method
approach may limit the generalizability and depth of the findings. Additionally, the study’s focus on
learner perspectives, without fully exploring teacher experiences and challenges, provides an incomplete
picture of inquiry-based learning. The study’s contextual factors, such as the specific school environment
and curriculum, may also impact the findings, making it difficult to apply them to other settings. Fur-
thermore, the short-term focus and reliance on self-reported data may not capture the full complexity of
learners’ experiences and the long-term impact of inquiry-based learning. Finally, the study may not fully
explore the challenges and difficulties learners faced during the process, potentially overlooking important
aspects of the inquiry-based learning experience.

6 Conclusion

In conclusion, this study demonstrates the efficacy of inquiry-based learning in fostering a learner-centered
environment that promotes active engagement, autonomy, and conceptual understanding in science edu-
cation. By empowering learners to take ownership of their learning, inquiry-based approaches encourage
critical thinking, problem-solving, and collaboration. The findings highlight the importance of shifting
from traditional teacher-centered methods to learner-centered inquiry-based approaches, which can lead
to deeper understanding and improved academic achievement.

The study’s outcomes have implications for science education, emphasizing the need for teachers to
adopt facilitative roles, providing scaffolding and support while allowing learners to explore and discover
concepts independently. By embracing inquiry-based learning, educators can create dynamic learning
environments that cultivate curious, creative, and critically thinking individuals equipped to succeed in
an increasingly complex and rapidly changing world.
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The paper presents the first results of the TIMSS Advanced 1995 specialized physics Key words:

test re-administered to final-year students of gymnasiums in the Czech Republic in TIMSS Advanced 1995,
2023. In 2023, we used the original test booklets from 1995 in paper form. Of 90 gym- physics test, Czech
nasiums from 1995, 72 participated in the repeated survey. Another 10 gymnasiums gymnasium students.
participated as replacement schools. In 1995, 819 students participated in the physics

test. In the paper, we work with a sample of 1602 students from 2023. The overall

mean achievement of students has decreased significantly compared to 1995. Males

worsened more than females. Student mean achievement significantly lowered in all

five physics content areas. The largest decrease in mean was observed in items from

mechanics. More than a 10% decrease in the mean achievement most often appeared

in items from the area of modern physics. In the case of open-ended items to which

students had to create their own answers, the decrease in mean achievement was

mainly due to the fact that students did not solve them at all. This may be due to

the lower knowledge of the students caused by the reduction in the number of lessons  Received 2/2024
devoted to teaching physics, but also to the lower motivation of the students when  Revised 7/2024
solving the test. Accepted 7/2024

1 Introduction

International study assessments can serve as an objective tool for comparing the level of mathematical,
reading, and science literacy of students. Namely, the TIMSS (Trends in International Mathematics
and Science Study) and PISA (Programme for International Mathematics and Science Study), whose
established methodology and regular cycle of their implementation make it possible to monitor trends in
the learning outcomes of students in the participating countries.

The Czech Republic has been participating in the international surveys TIMSS and PISA since their
inception, in the case of TIMSS since 1995 and in the case of PISA since 2000. However, this does not
apply to all populations of tested students and all parts of these studies. One of the exceptions is, for
example, the TIMSS Advanced study, in which the Czech Republic participated in 1995 for the first and
last time. The TIMSS Advanced international assessment was also held in 2008 and 2015.

TIMSS Advanced measures the learning outcomes of students in the final year of secondary school
enrolled in special advanced mathematics programs and physics programs (or tracks). In the Czech
Republic, in 1995, this group was represented by students in the final year of general secondary schools
(gymnasiums').

The reason why we focused specifically on TIMSS Advanced is that in 1995 a representative sample
of upper secondary school students whose curriculum included physics was tested in the Czech Republic.
Today, the situation with compulsory teaching of physics in secondary schools is the same, because physics
education is especially included in the educational programmes for gymnasiums (Pschotnerové, 2021).

In 2021 we conducted a questionnaire survey among physics teachers and final-year students who chose
to take the final examination in physics. The results of the survey showed that the final examination in
physics at the end of upper secondary school studies differs to a certain extent between schools and cannot
serve as an objective tool to measure the results of physics education (Pschotnerova & Mandikova, 2024).
In addition, only about a tenth of final-year students choose the final examination in physics.

All these findings supported our decision to repeat the TIMSS Advanced specialized physics test from
1995 among students in the final year of gymnasiums in the Czech Republic. In this paper, we discuss the
methodology and results of the current testing, as well as the comparison of the results with the results
from 1995.

It is also important to point out that since 1995, the Czech education system has not undergone a
more fundamental reform in the field of secondary school physics education.

IThe term gymnasium will refer to a general secondary school.
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2 Theoretical Framework

2.1 International Surveys in the Czech Republic

International comparative studies such as PISA or TIMSS conducted in the Czech Republic focus espe-
cially on pupils of primary and lower secondary schools.? A basic overview of international studies carried
out in the Czech Republic is given by Potuznikova et al. (2014).

TIMSS and PISA measure, among others, science literacy that includes physics. Neither of them deals
exclusively with students’ knowledge and applications of physics concepts. An exception to these surveys
was the TIMSS Advanced specialized physics test conducted in 1995, 2008 and 2015.

It is worth noting that since 1995, the mean achievement of fourth- and eighth-graders in science has
been significantly higher than the TIMSS international average. The results of Czech eighth-graders in
physics test items deteriorated significantly between the years 1995 and 1999, however, they improved
slightly by 2007 (Mandikova et al., 2011). In 1995, the achievement of Czech upper secondary school
students in science literacy was comparable to the international average achievement, but in the TIMSS
Advanced physics test they had significantly lower mean achievement (Mandikové, 2022). You can find
more information on the results of Czech students in recent cycles of the TIMSS survey in the TIMSS
national reports (Tomdsek et al., 2008; Tomasek et al., 2012; Tomasek et al., 2016; Toméasek et al., 2020).

2.2 Tested Students and Sample Construction in TIMSS 1995
In the TIMSS 1995 study, three populations of students were tested (Martin & Kelly, 1996):

1. Population 1: students enrolled in the two adjacent grades that contain the largest proportion of
students of age 9 years at the time of testing (mostly students in the third and fourth grades);

2. Population 2: students enrolled in the two adjacent grades that contain the largest proportion of
students of age 13 years at the time of testing (mostly seventh and eighth graders);

3. Population 3: students in their final year of secondary education (including students in vocational
education programs).

Within Population 3, the participating countries had the opportunity to test two subgroups of
students:

a) Students who have studied advanced mathematics.

b) Students who have studied physics.

For each country, a necessary condition for participation in the study was to test students of Popula-
tion 2, the other populations, and parts of the survey were optional. Our study focuses on a subgroup of
students in Population 3 who have studied physics in upper secondary school.

The sampling design was a process that took place in two stages. In the first stage, a school was
sampled with probability proportional-to-size, in the second stage, a fixed number of students, most
often the entire class of students, was sampled (Martin & Kelly, 1998).

2.3 Design and Types of Test Items in the TIMSS 1995 Survey

The development of the TIMSS achievement test items followed analyses of the curricula of participat-
ing countries. Curriculum frameworks describe the subject-matter content and performance expectation
elicited by the test items in the TIMSS achievement tests. The three main dimensions of the TIMSS
science curriculum framework (subject-matter content, performance expectation, and perspectives) can
be found in Chapter 1.3 of the TIMSS technical report (Martin & Kelly, 1996). For complete TIMSS
curriculum frameworks, see the publication written by Robitaille (1993).

In order to cover the largest possible scope of the curriculum, the TIMSS tests used a cluster-based
design. Individual test items were divided into a set of mutually exclusive groups, the so-called clusters.
The number of items in the clusters varied because an estimated number of minutes that a typical student
would need to solve the items in the cluster was defined for each cluster. Then, the clusters of items were
systematically divided into test booklets. One cluster could appear in only one test, but also in several
test booklets (tests). Each student was assigned one test booklet (Martin & Kelly, 1996).

TIMSS tests consisted of multiple-choice items with one correct answer at a time. The tests also
contained open-ended items of two types: items with a short-answer and extended-response items. Open-
ended items were coded using a two-digit coding scheme. The first digit of the code indicated the level of
correctness of the answer, and the second digit represented the type of answer. Using the frequencies of

2In the case of PISA, students of the first years of upper secondary schools are also tested.
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codes for selected open-ended items, for example, typical students’ misconceptions when solving physics
items can be identified, see Angell et al. (2000). Such analyses support the strength of the TIMSS
framework design.

2.4 The International Context of the TIMSS Advanced Study

The educational systems of participating countries differ to a large extent. It is particularly complicated
for countries to select a sample of students representing Population 3. Also, for this reason, a large part
of the countries has given up to repeatedly participate in the TIMSS Advanced study. Descriptions of
educational systems and definitions of Population 3 of the TIMSS Advanced 1995 participants provide
Mullis et al. in Appendix A (1998).

Of the 16 original countries from 1995, only Norway, the Russian Federation, Slovenia, and Sweden
participated in two repetitions of the TIMSS Advanced study in 2008 and 2015.

In the TIMSS Advanced 1995 specialized physics test, Norway and Sweden had the two highest mean
physics achievement among participating countries. Students from the Russian Federation had the third-
best results. The mean achievement of Slovenian students was also higher than the international average,
but the difference was not statistically significant.

In 2008, Slovenia and Norway belonged to the group of highest-achieving countries. Students from
the Russian Federation scored somewhat above the international average, and Sweden had the mean
achievement lower, but very close to the international average.

Both countries, Norway and Sweden, scored reasonably high in the TIMSS Advanced 2008 specialized
physics test, but their mean achievement declined compared to 1995. According to Lie et al. (2011,
pp. 180) ‘One important factor contributing to this decline in Sweden might be that due to a school
reform the most advanced mathematics course is no longer obligatory for students studying advanced
physics.” Lie et al. (2011, pp. 186) continue to interpret the reasons behind the marked decline in the
TIMSS Advanced physics achievement test by discovering ‘a strong effect of the degree of mathematical
or algebraic manipulation implied when solving a physics problem’. Lie et al. (2011) also noticed a
considerable increase in the amount of time spent doing paid jobs by 18-year-olds in both countries and
the possible negative influence of doing a paid job on students’ physics scores.

Norway, Sweden, and the Russian Federation had lower mean physics achievement in 2015 than in
1995. The mean achievement of Slovenian students has not changed essentially since 1995 (Mullis, 2016).
However, Slovenia had the highest mean physics achievement among all participating countries, followed
by the Russian Federation and Norway. Students in Sweden performed slightly lower.

Pentin et al. (2018) try to explain the decrease in the mean physics achievement of Russian students
compared to previous cycles by the increase in the percentage of items on modern physics in which students
performed lower than in other content areas. This content area is in the Russian physics curriculum the
least covered. They also hypothesized about the increased coverage index, which indicates the percentage
of young people enrolled in advanced physics programs in the country’s population of the given age group
(Pentin et al., 2018). According to that hypothesis, the increased number of students enrolled in advanced
physics courses caused the increase in new physics teachers with a lack of experience, which could result
in a lower acquired physics knowledge of the students.

In the context of the comparative international study TIMSS Advanced assessing the knowledge of
students at the end of secondary school studies, it is useful to look at the school-leaving exams of the
participating countries. Such a comparison will complement the picture of the focus of upper secondary
education in the given countries and might help reveal the possible motivation of countries to participate
repeatedly in international tests.

2.4.1 School-Leaving Examination in Physics in Slovenia

At the end of upper secondary education, students take the school-leaving examination, which differs
between study programmes. There is general Matura for students of general secondary schools (gymnasi-
ums), vocational Matura for students of technical secondary schools, and final examination for students
of vocational secondary schools (Eurydice, 2023, November 27).

School-leaving examination in physics is possible only for students of gymnasiums. It is usually chosen
by 20% of final-year gymnasium students (Drzavni izpitni center, 2022c).

The Matura examination in physics has an external part (makes up 80% of the final mark) and an
internal part (makes up 20% of the final mark). The Matura exam catalogue for physics (Drzavni izpitni
center, 2022a) determines, among other things, what the Matura exam consists of and what curriculum it
covers. The external part consists of two types of tests. The first test contains 35 multiple-choice questions,
and each correct question is scored by 1 point. The second test consists of open-ended items. Of the six
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open-ended items, the student chooses three items that will be scored. Each open-ended item belongs into
one of the areas of Measurement, Mechanics, Thermal physics, Electricity and magnetism, Oscillations,
wave phenomena and optics, Modern physics and astronomy. The maximum for each open-ended item is
15 points. The internal part of the Matura exam in physics comprises laboratory work. Students must
complete 8-10 laboratory works, from which they will prepare a report and submit the report to their
teacher until the deadline set by the calendar of the general Matura examination (Drzavni izpitni center,
2022b). The laboratory works are assessed by teachers and scored maximum by 20 points.

The external part of the Matura exam in physics is prepared and assessed centrally in Slovenia, and
thus its results are more objective than the results of the Matura examination in physics in the Czech
Republic. After taking a look at the Matura physics tests from previous years, it can be seen that the
structure of the tests and test items are very similar to the items in the TIMSS Advanced specialized
physics test. We could assume that the high and stable performance of Slovenia in the TIMSS Advanced
physics test is partly due to the fact that these types of test items are familiar to Slovenian students.

Slovenians are aware of the benefits provided by regular participation in international studies. Pavesi¢
supports that by stating that ‘TIMSS helped to report about the underachieving national school system
and find critical gaps in the school system before a school reform. Through the school reform in the
nineties, TIMSS results helped to direct the designing of new mathematics and science curricula.” (2013,

pp. 51).

2.4.2 Completion of Secondary School Studies in Norway and Sweden

In Norway, students do not take a compulsory school-leaving examination in physics at the end of sec-
ondary school studies. According to Tveit (2014, pp. 224), ‘in upper secondary education, students under-
take 5—6 examinations of which 3—4 are external written examinations and 2—3 are local oral or practical
examinations (programme dependent)’.

While the written examination is set and marked centrally (at national level), an oral examination is
prepared and assessed by local examiners (usually students’ teacher).

In Norway, they are very well aware of the importance and benefits provided by international com-
parative achievement surveys, because as Tveit (2014, pp. 227) argues, these surveys ‘help monitor the
quality of the education system in relation to new reforms and policy, and in comparison with other
countries.” That could be one of the possible motivations for Norway to participate repeatedly in the
TIMSS Advanced study.

In Sweden, there is no final examination at the end of upper secondary school studies. Students obtain
school-leaving certificate containing grades received in the courses studied (Eurydice, 2024, January 30).

2.4.3 School-Leaving Examinations in the Russian Federation

Students have the possibility to take the school-leaving examination in physics at the end of upper
secondary school in the Russian Federation. Citing Mullis et al. (2016): ‘All final-year secondary school
students have to pass two (written) mandatory Unified State Examinations (USE): mathematics and
Russian language. Graduates of the Profile physics program (Grade 11) do not have to pass any mandatory
examination in physics. Students take the USE in physics if they are seeking admission to university
courses in physics, mathematics, chemistry, etc. The USE in physics is usually taken by about 25% of
all students in the final year. Students’ upper secondary school grades are not considered for university
admission.’

For Russian educators, the results of the TIMSS Advanced specialized physics test ‘can be treated as
a small though important fragment in the big picture of science education in school’ (Pentin et al., 2018).

3 The Research Aim

Physics intervenes in the lives of each of us. Despite this, it belongs to the group of less popular or
unattractive subjects. Only a small part of Czech students choose the field in which they would study
physics in the future. This is evidenced by, e.g. only 10% of students in gymnasiums and technical
lyceums who choose the final examination in physics at the end of their upper secondary school studies.
In the Czech Republic, apart from the results of the Matura examination in physics at the end of upper
secondary education, we do not have any information about what students take away from the study of
physics. Furthermore, this exam is not unified in any way at the national level.

As we have already mentioned, even the international surveys conducted among students do not
specifically focus on physics. Since in the Czech Republic we do not have an objective tool for monitor-
ing what students take away from studying physics in secondary school, we decided to use the refined
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methodology of the TIMSS study and repeat the TIMSS Advanced physics test from 1995 among Czech
gymnasium students in 2023.

The potential of using the data that this research offers is extremely broad. The first and most natural
question that occurred to us in connection with this testing was how the students’ learning of physics
concepts and knowledge has changed over the past almost 30 years. The research aim we have set for
the purposes of this paper is to find out whether the level of physics knowledge of final-year gymnasium
students in the Czech Republic has changed compared to 1995. And if it has changed, which we assume,
then describe how much, or in which physics content areas, the changes were greatest. To this research
aim, the research questions that this study will attempt to answer are related.

The first research question: ‘Was there a significant change in the mean achievement of gymnasium
students in the physics test in 2023 compared to 19957 Was the change more significant for males or
females?’

The second research question will focus on achievement in the physics content areas: ‘Was there a
significant change in the mean achievement of students in the individual physics content areas between
1995 and 20237’

The third question will be related to the changes in the mean achievement of students in individual
test items: ‘In what test items has the mean achievement of students changed the most? Is it possible to
find some common characteristic of these test items?’

The fourth question will focus on the phenomenon of missing answers in open-ended items and consists
of two parts: ‘Has the average percentage of missing responses in open-ended items increased significantly
compared to 19957’, and ‘Is the decrease in mean achievement in individual test items related to students’
tendency to not answer questions?’

4 Methodology

The following sections will cover the description of the TIMSS 1995 methodology and the methodological
procedures applied in the repeated TIMSS Advanced 1995 physics test in 2023.

4.1 Population of Students with Physics in their Curriculum in the Czech Republic

In the Czech Republic, the subgroup of students of Population 3 who have studied advanced mathematics
and physics was made up of students in the final year of four-year gymnasiums. In total, 819 students
from 90 gymnasiums participated in this part of the survey.

4.2 Characteristics of the Tests

The form of the testing was exclusively in paper. The tests were developed by an international group
of experts in the individual content areas based on the TIMSS curriculum frameworks (Martin & Kelly,
1996).

For Population 3, four types of test booklets were created: 1. two test booklets containing items related
to mathematics and science literacy (1A and 1B), 2. three test booklets containing physics items (2A, 2B
and 2C), 3. three test booklets containing advanced mathematics items (3A, 3B and 3C) and booklet 4
contained mathematics and science literacy, advanced mathematics, and physics items (Gonzalez et al.,
1998).

Physics test items were divided into 4 sets labelled E, F, G, H. Sets of items are also called item clusters.
The set of items labelled E was part of each physics test booklets 2A, 2B, 2C. Test 2A also contained
the items labelled F, Test 2B contained the cluster of items labelled G, and Test 2C contained the set
of items labelled H. The test items contained multiple-choice items to which the students responded by
choosing one correct answer from a menu of 45 options, and then the tests included short-answer items
or extended-response items. The number of test items per test booklet according to physics content area
can be found in Table 3.31 of TIMSS technical report volume I (Martin & Kelly, 1996), the distribution
of test items by type of answer and the total number of test items by reporting category is shown in
Table 3.37 of TIMSS technical report volume I (Martin & Kelly, 1996).

For clarity, multiple-choice items made up the majority of items. Specifically, 40 of the 64 items
included in the comparison of results between 1995 and 2023 were multiple-choice items, 15 items re-
quired a short answer, and 9 items were answered by students creating an extended response. Theorizing,
analysing, solving problems was one of the four and most frequent performance expectation category
tested by the test items (36 out of 64 items).

Number of analysed items belonging into individual content areas: 16 items were from mechanics,
15 items from electricity and magnetism, 13 items from modern physics, 11 items from the area of wave
phenomena and 9 items from heat.
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Since not each test item developed for the study purposes was administered to every participating
student, the number of respondents differed for individual sets of items.

Sets of test items labelled G and H were released and are available to the public in the publication
named Released physics items (IEA, 1995). In addition to the released items, the publication also contains
the correct answers to the released items, the content and performance expectation categories of the items,
and specific coding guides for the responses to the items.?

4.3 Repeated Physics Testing in 2023 — Changes and Differences Compared to
TIMSS Advanced 1995

In the TIMSS Advanced survey that we repeated in 2023, we worked with a subgroup of students from
Population 3 who had physics in their curriculum. When selecting the sample, we approached the same
schools that participated in the TIMSS Advanced survey in 1995 (Strakova et al., 1998). Of the 90 original
schools, 72 agreed to participate in repeated testing. The sample was supplemented by 10 replacement
schools. In 2023, 1804 students from 82 general secondary schools participated in the testing.

We used the same test tools as in the original study in 1995. We obtained the physics tests from
the Czech School Inspectorate, which is responsible for the organization of international studies in the
Czech Republic. We did not change the tests in terms of the content and formal aspects of the tested
curriculum, with the exception of one test item, the context of which would be unfamiliar to current
students and would put them at a disadvantage compared to students from 1995. Furthermore, we added
in the tests questions about the respondent’s gender and questions gathering information on whether
the respondent chose to take the Matura examination in physics and whether the respondent attends an
optional physics seminar in the final year of study. Eventually, we modified the final questionnaire on the
use of calculators when solving the test (we shortened the original questionnaire on the use of a classic
calculator and added a question on the use of a calculator on a mobile phone while completing the test).

4.4 Organization of Data Collection in 2023

The tests were carried out in person at the schools in paper form. There were three main test adminis-
trators who tested a total of 49 schools. The rest of the schools were tested by other colleagues from our
department or closely related to it (such as pre-service teachers). All test administrators were trained
and received detailed instructions on the testing process.

Before the start of the test, the administrators instructed the students how to complete the test and
after that they read the test instructions inside the test before solving the test. The net testing time was
90 minutes.

Data collection was carried out from February to March 2023. One school requested testing in January
2023.

4.5 The Sample of Students Tested in Physics

In Section 2.2, we wrote that the entire class of students within one school always participated in the
specialized physics test. In 1995, 819 final-year students from 90 four-year gymnasiums participated in
the TIMSS Advanced specialized physics test. The females made up 59.7% and the males the remaining
40.3% of the sample. Another 268 students solved test booklet 4, which, among other test items, also
contained physics items from the set of items labelled E. The test items labelled E were multiple-choice
items and there were 10 of them in total. In total, in 1995, females represented 60.8% of students solving
physics items and males made up 39.2%.

In 2023, 82 gymnasiums participated in the TIMSS Advanced 1995 repeated specialized physics test.
One school had to be excluded from the analyses because the students took the test for only 45 minutes
instead of 90 minutes.

We tested the entire class of final-year students in 74 schools. At 8 schools, only final-year students
attending an optional physics seminar or a mixture of students from two or more classes were tested.*
Due to the comparability of student samples in both tests and methodological correctness, we introduce
the so-called corrected sample of students. From the original sample of 82 schools, for the purposes of the
analyses in this paper, we excluded 9 original schools that did not meet the testing conditions. In this

3For Czech readers, we would like to draw attention to the publication written by Paleckova et al. (1999) containing,
among other things, part of the released items in Czech.

4We could not influence these changes in the sample of tested students. Some schools announced in advance that they
would only agree to test students attending the elective physics seminar. This attitude of the schools is explained by concerns
about the poor results of the students in the physics tests. At other schools, the sample was skewed only at the time of the
testing itself, when the schools arbitrarily mixed up the tested students and the test administrators did not know about
this change, or had no other choice and had to test the given group of students.
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paper, we will present data and results for the year 2023 based on a corrected sample of 1 602 students from
73 gymnasiums. 1429 students studied the four-year gymnasium programme at 64 schools, 78 students
from 4 schools attended the six-year gymnasium, and 95 students from 5 schools studied the eight-year
gymnasium study programme. In 2023, 59.7% of the respondents were females and males represented the
remaining 40.3%.

4.6 Data Processing

The scoring of open-ended items was carried out in accordance with uniform coding guides. We used
the same coding guides as in TIMSS Advanced 1995. The open-ended item coding scheme is described
in Chapter 7.5 of the TIMSS technical report volume I (Martin & Kelly, 1996). The tests in 2023 were
coded by 4 independent coders. 46% of the tests were double-coded, with a 97% rate of complete code
agreement.

After scoring, responses to multiple-choice items and response codes of answers to open-ended items
were transcribed into an Excel spreadsheet. After the data cleaning process, the responses to the multiple-
choice items and part of the open-ended items were recoded as 1 — correct answer, 0 — wrong answer.
Missing answers® or uninterpretable answers® were also considered incorrect. Responses to open-ended
items were recoded using a 2—-1-0 scheme, where 2 indicated a completely correct response, 1 indicated
a partially correct response, and 0 indicated an incorrect response to the item. The modified data set
undergone statistical processing.

We computed the mean achievement as the arithmetic mean of the answers in the given test item. For
the purposes of the computation of the mean achievement, only completely correct responses were treated
as correct answers and partially correct answers were considered incorrect. This method of computation
of the mean achievement was also used in TIMSS 1995.

To evaluate the statistical significance of the differences in the mean achievement, we used the t-test
for two independent samples. We determined the substantive significance of the differences in means using
the effect size index Cohen’s d. To express the effect size in terms of small, medium and large, we used
the definitions of the effect sizes given by Cohen (1988, pp. 25) as follows:

e small: d < 0.5;

e medium: d < 0.8;

e large: d > 0.8.

5 Results

All comparisons and computations of the mean achievements and outputs of tests of statistical and sub-
stantive significance discussed in this section will refer to the samples of students from TIMSS Advanced
1995 and 2023 defined in Section 4.5.

5.1 Comparison of the Overall Mean Physics Achievement

The mean achievement of Czech gymnasium students in the TIMSS Advanced specialized physics test
repeated in 2023 decreased statistically significantly compared to 1995 (p < 0.001). In terms of substantive
significance, we are talking about a medium difference (d = 0.53) in the mean student achievement
between 1995 and 2023 (see Tab. 1). Compared to 1995, the mean physics achievement of males decreased
more than the females’ mean achievement. The mean achievement of males lowered by about 10%, while
the mean achievement of females by about 6%.

Table 1: Mean physics achievement in TIMSS Advanced 1995 and 2023
The mean TIMSS Advanced 1995 TIMSS Advanced 2023

p-value  Cohen’s d

achievement original corrected” original corrected”

Overall 38.6% 38.6% 30.8% 30.8% < 0.001 0.53
Females 34.2% 34.2% 27.9% 27.9% < 0.001 0.51
Males 45.5% 45.5% 35.3% 35.3% < 0.001 0.63

5If the test item was administrated to the student, but the respondent did not solve the given item, the response was
coded as ‘missing answer’.

SThe respondent chose two or more responses from the given offer of the answers.

"In Sections 2.3 and 4.2, we wrote about a cluster-based design of the tests. It means that not each test item was
administered to every respondent. This could have caused that different sets of items (E, F, G, H) were assigned to groups
of students differing in mean physics achievement. For this reason, in addition to the original means, we also included in
the table the corrected means, from which the statistical and substantive significance of the differences between means were
subsequently evaluated. The corrected mean was calculated from the original mean by correction to the so-called average
student, by which we mean what would be the mean achievement of such a student in the given group of items.
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5.2 Changes in the Mean Achievement in Individual Physics Content Areas

The comparison of student performance in all five physics content areas between the years 1995 and 2023
is presented in Tab. 2. Students’ mean achievement lowered the most in mechanics and heat.

Table 2: Mean achievement in physics content areas

Physics content TIMSS 1995 mean TIMSS 2023 mean
area achievement achievement p-value  Cohen’s d
original  corrected” original corrected’

Mechanics 44.8% 44.8% 32.3% 32.3% < 0.001 0.52
Electricity and magnetism  36.4% 36.4% 30.7% 30.7% < 0.001 0.30
Heat 39.7% 39.7% 27.0% 27.0% < 0.001 0.46
Wave phenomena 40.0% 40.0% 32.9% 32.9% < 0.001 0.30
Modern physics 34.8% 34.8% 32.0% 32.0% 0.003 0.12

In terms of mechanics, students’ mean achievement lowered especially in items F04 (decrease of 15.3%),
F17A (decrease of 21.2%) and GO8 (decrease of 16.9%). In terms of heat, the biggest differences in mean
achievement are observed in items E08 (decrease by 21.3%) and F05 (decrease by 20.5%). Descriptions
of all the five mentioned test items are presented in Tab. 3.

Table 3: Descriptions of items with the largest differences in mean achievement between 1995 and 2023

Item Item description

EO08 choice of the best estimate of the number of molecules of air in the room

F04 determination of the speed of the aircraft at the highest point of its circular trajectory in the vertical
plane

Fo05 determination of the process by which energy from the Sun is transferred to Earth

FO7 determination of the cause of the smaller kinetic energy of the emitted electron compared to the kinetic
energy of the incident photon in the photoelectric effect

FO8 determination of the two light bulbs using the least power out of nine light bulbs in a composite direct
current circuit

F13 calculation of the wavelength of waves in shallow water based on the known wavelength of waves in
deep water and known values of the speed of movement of waves on the water surface in shallow and
deep water

F17A  calculation of the value of gravitational acceleration using the values given in the graph of the
dependence of the height of the fall of the object on the second power of time

GO08 determining the correct graph describing the dependence of the total mechanical energy of an
oscillating block (and the spring on which it oscillates) on the length of the spring
HO02 determining the only correct one of the four statements about evaporation of a liquid

HO03 identifying the graph of the dependence of the maximum kinetic energy of the emitted electrons on the
frequency of incoming radiation during the photoelectric effect for metal with a work function which is
less than the work function of metal for which the reference graph in the assignment is made

HO05 determination of the length of a spaceship passing an observer at a speed close to the speed of light
when knowing the length of the spaceship at rest before it took off
H15 calculation of the wavelength of an electron travelling with a certain speed

H19B stating a possible reason for the different results of the experiment used to measure the speed of sound
using echos on the playground wall in four different teams of students

The item descriptions were provided by Strakova et al. (1998).

Cohen’s d value confirms the significant decrease in mean achievement, especially in mechanics. The
value of 0.52 represents a medium difference in the mean achievement between 1995 and 2023. The effect
sizes (see Tab. 2) for the performance in the rest of the physics content areas represent a small difference
in the mean achievements between 1995 and 2023, although all differences in means are statistically
significant.

5.3 Characteristics of Items with the Greatest Changes in Mean Achievement

Tab. 3 contains descriptions of 13 items in which the differences in mean achievement® between 1995
and 2023 were greater than 10%. We observe a lowering of the mean achievement in all these items, see
Tab. 4.

8The percentage of (completely) correct answers represents the mean achievement of students in the given test item. We
described the computation of the mean achievement in Section 4.6.
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Table 4: Characteristics of the items with the largest decrease in mean achievement

Item Item type  Physics Subject-matter Performance Changes in means:
content area  content expectation (—) decrease / (4) increase
Correct Missing
response response
E08 Multiple- Heat Physics changes Theorizing, —21.3% 1.0%
choice analysing, solving
problems
Fo4 Multiple- Mechanics Dynamics of Theorizing, -15.2% 1.7%
choice movement analysing, solving
problems
Fo05 Multiple- Heat Heat and Understanding —20.4% 0.4%
choice temperature
Fo7 Multiple- Modern Quantum theory Understanding —20.1% 1.7%
choice physics and elementary
particles
FO8 Multiple- Electricity Electricity Theorizing, —-12.8% 1.1%
choice and analysing, solving
magnetism problems
F13 Short- Wave Wave motion Theorizing, —20.8% 25.3%
answer phenomena analysing, solving
problems
F17A  Extended- Mechanics Time, space and Investigating the —21.2% 13.2%
response motion natural world
GO08 Multiple- Mechanics Types of forces Using tools, routine —16.9% 2.1%
choice procedures, and
science processes
HO02 Multiple- Heat Explanation of Understanding —10.4% 1.5%
choice physics changes
HO03 Multiple- Modern Quantum theory Using tools, routine —14.9% 1.1%
choice physics and elementary procedures, and
particles science processes
HO05 Multiple- Modern Theory of relativity = Theorizing, —-12.9% 2.8%
choice physics analysing, solving
problems
H15 Short- Modern Quantum theory Theorizing, —-10.1% 33.8%
answer physics and elementary analysing, solving
particles problems
H19B Extended- Wave Sound Investigating the -15.5% 8.7%
response phenomena natural world

The item characteristics are based on the TIMSS science curriculum framework (Robitaille et al., 1993).

The most common content area of items with a high drop in mean achievement was modern physics.
Most of these tasks were multiple-choice items. The most frequent performance expectation category of
items with a high drop in mean achievement was theorizing, analysing, solving problems.

Despite these most frequent characteristics of the 13 selected items, the two biggest changes, or
decreases in the mean achievement between 1995 and 2023 are observed for open-ended items F13 and
F17A (see Tab. 3 and Tab. 4).

5.4 Changes in the Average Percentage of Missing Responses in Open-Ended
Items

The average percentage of missing answers in open-ended items was approximately 31.7% in TIMSS
Advanced 1995, rising to 46.1% in 2023 (see Tab. 57). This represents an increase of 14.5%. Likewise, the
median values in Tab. 5 prove the significant increase in the percentage of missing answers in open-ended
items between 1995 and 2023. While in the TIMSS Advanced 1995 specialized physics test half of the
open-ended test items were not answered by 28.5% of respondents, in 2023 the proportion of such students
increased to 51.0%.

9The total sum of correct, partially correct, incorrect and missing answers may differ from 100% by tenths of a percent
for some test items due to rounding.
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Table 5: Changes in the proportions in individual response categories in open-ended items

Changes in the proportions in

Correct Partially correct Incorrect Missing o .
Ttem responses responses responses responses individual response categories:
(=) decrease / (+) increase

1995 2023 1995 2023 1995 2023 1995 2023  Correct Incorrect  Missing
F12 14.9% 8.6% 4.9% 41% 51.1% 333% 291% 54.1% —64% —17.8% 25.0%
F13 50.6% 29.7% 31.8% 27.3% 17.6% 42.9% @ —20.8% —4.5% 25.3%
F14 71%  3.9% 14.5% 82% 19.3% 13.8% 59.1% 742% —-3.2% —5.6% 15.1%
F15 82% 3.3% 5.6% 1.5% 29.5% 34.8% 56.7% 60.4% —4.9% 5.3% 3.7%
F16 22% 1.7% 1.5% 1.5% 19.3% 145% 77.0% 823% —0.6% —4.8% 5.4%
F17A 34.9% 13.8% 171% 25.1% 48.0% 61.2% —21.2% 8.0% 13.2%
F17B 7.8%  3.5% 22.0% 10.0% 70.1% 86.4% —43% —12.0% 16.3%
Gl11 43% 4.6% 12.0% 20.0% 80.4% 62.2% 3.3% 13.1% 0.3% —18.2% 9.9%
G12 13.8% 10.4%  9.1% 7.0% 48,6% 324% 28.6% 50.2% —-34% —16.1% 21.6%
G13 4.0%  9.3% 89.1% 74.4% 6.9% 16.3% 53% —14.7% 9.4%
Gl4 13.8%  5.4% 39.9% 31.3% 464% 63.3% —8.4% —8.6% 17.0%
G15 43% 1.9% 90.2%  79.8% 54% 183% —2.5% —10.4% 12.9%
G16 29% 3.9% 685% 50.7% 26.4% 28.9% 22% 16.5% 1.0% 2.4% 14.3%
G17 26.1% 22.8% 525% 394% 214% 37.8% -33% —13.1% 16.4%
G18 1.8% 3.0% 8.0% 46% 43.8% 393% 46.4% 53.1% 1.2% —4.6% 6.8%
G19 25%  54% 5.1% 39% 81.2% 65.7% 11.2% 25.0% 28% —15.4% 13.8%
Hi2 12.8% 10.1% 86.5% 79.8% 0.7% 101% —-2.7% —6.7% 9.4%
H13 17.2% 11.6% 63.1% 542% 19.7% 342% —5.5% —8.9% 14.5%
H14 9.1% 9.0% 43.8% 328% 46.7% 48.9% 0.4% 9.4% —0.2% 2.1% 9.0%
H15 26.3% 16.2% 52.6% 28.8% 21.2% 55.0% —10.1% —23.7% 33.8%
H16 13.5% 42% 1.1% 08% 17.9% 132% 67.5% 81,9% —-9.3% —4.7% 14.4%
H17 58% 3.1% 3.3% 0.6% 624% 458% 28.5% 50.6% —2.8% —16.6% 22.1%
HI19A 7%  4.0% 13.9% 8.0% 285% 28.4% 50.0% 59.5% —3.7% 0.0% 9.5%
H19B 37.6% 22.1% 19.6% 26.3% 428 % 51.5% —15.5% 6.8% 8.7%
Mean 13.7%  8.8% 31.7%  46.1%  —4.9% —7.6% 14.5%
Median 28.5% 51.0%

The change in the proportion of incorrect responses to the H19A test item is equal to —0.03% after rounding to
two decimal places.

5.5 Connection between the Mean Achievement Drop in Open-Ended Items and
the Students’ Tendency to Omit Answers

In addition to changes in the proportions of correct and incorrect responses, changes in the proportions
of missing answers are also depicted in Tab. 5. The blue colour of the data bars represents a positive
number, and the red colour indicates a negative number in the cell. The darker the colour of the cell bar,
the higher the absolute value of the number in the cell. Colours and saturations of the data bars in Tab. 5
indicate a connection between an increase in missing responses and a decrease in mean achievement® in
open-ended items. The most significant changes in the percentages of correct and missing answers are
observed in items F13, F17A, G14, H15, H16 and H19B. The text of items from clusters G and H can be
found in the publication with released physics items (IEA, 1995).

In Tab. 5 it can be seen that in 15 of 24 items (F12, F13, F14, F16, F17B, G12, G14, G15, G17,
H12, H13, H15, H16, H17, H19A) the decrease in mean achievement® was not followed by an increase
in incorrect answers. For these items, the decrease in mean achievement was primarily caused by an
increase in the percentage of missing answers. Even for some items, the proportion of incorrect responses
decreased.

The above-mentioned changes in the proportions of missing, correct and incorrect answers in open-
ended items support the conclusion that the decrease in the mean physics achievement® in these questions
is related to the increase in the percentage of missing answers.

6 Discussion of Results

The difference in mean achievement in the physics test was statistically significant in 2023 compared to
1995. The significance of the differences in means was also determined by the size of the samples of the
tested students, but it was also proved by Cohen’s d in Tab. 1 and Tab. 2.
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This study focused on the basic evaluation of the results of Czech gymnasium students in the repeated
TIMSS Advanced physics test and on the initial comparison of the results from 2023 with the results of
students from 1995. It did not aim to explain the differences in results or find their cause. Nevertheless,
we consider it appropriate to briefly discuss the changes in the Czech education system since 1995 and
to answer the hypothesis expressed by many physics teachers in an attempt to explain the worsened
results of gymnasium students in the physics test through the changes that have taken place in the school
education system since 1995.

The reform process of the Czech education system since 1990 enabled steps to liberalize the content and
organization of education. The autonomy of schools in the area of curriculum creation was strengthened.'”
People from practice and the field of education, especially physics teachers and school principals, objected
that since 1995 the time allotment for physics in upper secondary schools in the Czech Republic has
decreased, and therefore the results are not surprising. In 2021, we conducted a questionnaire survey
(Pschotnerova & Mandikové, 2024) among general secondary schools and upper secondary schools with
the study programme technical lyceum in the Czech Republic, where, among other things, we investigated
the time allotment for physics in individual years of study. We found that the average time allotment
for physics in the upper gymnasium'' is 2 lessons per week in the first three years of study, and physics
is no longer compulsory in the final year. Instead, in the last two years of study, the time allotment for
optional seminars is strengthened, in which students can also study physics and deepen their knowledge.
In the 1991 curriculum, the time allotment for physics for the general gymnasium study programme was
3 lessons per week in the 1st and 2nd year, and 2 lessons per week in the 3rd and 4th year (Ministerstvo
gkolstvi, mladeze a t&lovychovy CR, 1991). Since 1992, a new curriculum began to apply, where the
minimum time allotment for physics for a four-year gymnasium was reduced to a minimum of 2 hours per
week, while in the 4th year the time allotment for physics was already determined by school principals
(Ministerstvo gkolstvi, mlddeze a télovychovy CR, 1992). It is obvious that one of the reasons for the
decrease in the mean achievement of Czech gymnasium students in the physics test may be the reduced
time allotment for physics.

Moreover, the proportion of students attending gymnasiums in the Czech Republic has changed com-
pared to 1995. While in 1995, 10.8% of the population completed four-year gymnasium,'? in 2023 it was
19.9% of the corresponding population.'® The proportion of students attending gymnasiums has doubled
and may have caused the quality of gymnasium students to drop.

After evaluating the differences in mean achievement in the items from the individual physics content
areas, the substantive significance test showed the largest differences in student knowledge in the area of
mechanics. When we looked in more detail at the items with the biggest differences in mean achievement, it
turned out that more than 10% decrease in mean achievement appeared most often in items from the con-
tent area of modern physics. Thus, it seems that even such a radical drop in the mean achievement in the
units of test items did not affect the overall mean achievement in items from the area of modern physics.

When scoring open-ended items, we noticed that a large part of the answers was missing. Students
omitted answers to open-ended items. So we naturally asked whether this phenomenon of missing answers
to open-ended items is not related to a decrease in the mean achievement in open-ended items. As shown
in Tab. 5 and the shifts in the proportions of individual answer categories, our hypothesis was confirmed.
In 15 items out of 24, at the same time as the proportion of correct answers, the proportion of incorrect
answers also decreased, compensated by an increase in the proportion of missing answers. It is beyond the
scope of our research to find out why students did not answer open-ended items to an increased extent
compared to 1995. One of the possible reasons for the increase in missing answers could be the fact that
today’s young people generally do not like to formulate more complex texts. They are used to a brief
conversation through social media that uses shorthand phrases.

In 1995, 16 countries participated in the TIMSS Advanced physics test (Mullis et al., 1998). In TIMSS
Advanced 2008, the number of participants decreased to nine and changed compared to 1995 (Mullis et

10The main difference between the curriculum and the Framework education programme (FEP) is that the curriculum of
that time for specific education programme was identical for all schools in the Czech Republic. Today’s FEPs set the basic
requirements for the education of primary and secondary school students by the state. On the basis of the FEP, schools
develop their school education programmes, where they already specify the content of education in individual subjects and
their time allotment in specific years of study.

H1n the Czech Republic, there are eight-year, six-year and four-year gymnasium study programmes. Students enter each
of them at a different age, but the age of completion is the same for all. By upper gymnasium we mean the last four years
before completing the upper secondary education, e.g. all 4 years of a four-year gymnasium or the third to the sixth year
of a six-year gymnasium or the fifth to the eighth year of an eight-year gymnasium study programme.

121n the school year 1994/1995, 19348 students completed the four-year gymnasium study programme. The population
of 18-year-old residents of the Czech Republic was 179592 citizens as of July 1, 1995 (Outrata et al., 1996).

131n the school year 2022/2023, 21 576 students completed gymnasium study programmes (Sekce informatiky, statistiky
a analyz MSMT, 2023). The population of 18-year-old residents of the Czech Republic was 108 329 citizens as of December 31,
2022 (Rojicek et al., 2023).

Scientia in educatione, 15(2), 2024, p. 39-53 49 https: //doi.org/10.14712/18047106.3988


https://doi.org/10.14712/18047106.3988

al., 2009). Nine countries participated in the TIMSS Advanced 2015 physics test (Mullis et al., 2016).
Only regular participants could monitor the trend in physics achievement of their students.

The decreasing mean achievement in the TIMSS Advanced specialized physics test is not rare only in
the Czech Republic. Over the 20 years, the mean physics achievement of students from the TOP perform-
ing (and regularly participating) countries like Norway, the Russian Federation and Sweden decreased
too. Only the results of Slovenian students did not worsen.

It is obvious that the number of participants in the TIMSS Advanced study is decreasing. Our research
can serve as an inspiration for countries that have not participated repeatedly in the TIMSS Advanced
physics test and are interested in the trend of learning physics concepts among final-year students of
upper secondary schools.

7 Limitations of the Research

We are aware of several limitations of our research.

We may not have been able to replicate the research completely. The original sample of schools from
1995 was partially changed. Of the original 90 schools, 72 gymnasiums participated in the repeated survey.
Of these, one school was not included in the analysis of the results because they did not provide students
with sufficient testing time. We supplemented the sample with 10 replacement schools. The corrected
sample, which is the basis of this paper, consisted of 73 schools (of which 63 were the original schools).

In the TIMSS Advanced 1995 specialized physics test, only final-year students of the four-year gym-
nasiums were tested. The structure of schools and study programmes taught in the Czech Republic has
changed somewhat over the years. At five of the original 72 schools, the four-year gymnasium study
programme is no longer taught and has been replaced by an eight-year (four schools) and a six-year
gymnasium study programme (one school). At another three schools, instead of students of a four-year
gymnasium study programme, students of the final year of a six-year gymnasium were tested, and at
another two, students of an eight-year gymnasium participated in the testing. It is important to add that
the framework educational programmes for the upper gymnasium'' are identical. Therefore, this change
in the replacement of students from the four-year gymnasium by the students from multi-year gymnasium
study programmes in 10 schools (in the case of the corrected sample of schools in 9 schools) should not
affect the mean achievement in the physics test.

The mean achievement of the students in the physics test was probably also influenced by the students’
motivation, which was naturally reflected in their performance in the test. This is evidenced by the increase
in the proportion of missing answers. Today, students participate in various tests quite often. In 1995,
TIMSS was the first huge international research, so their motivation was naturally higher.

For multiple-choice items, we cannot distinguish whether the student arrived at the answer through
cognitive processes, copied the answer from a classmate, or chose it randomly. But that could also have
happened in 1995.

One of the research limitations is clearly the impossibility of following up on an international com-
parison of the results of Czech students with the results of students from other countries. We carried
out this testing separately, without any follow-up to other assessments, since in another of the previously
participating countries in the TIMSS Advanced specialized physics test, the same testing did not take
place at the recent times.

8 Conclusions

In the paper, we present the first results of the TIMSS Advanced 1995 specialized physics test repeated
in 2023. Specifically, the results of the so-called corrected sample, which consisted of 1602 final-year
students of 73 gymnasiums. In the original testing in 1995, 819 respondents from 90 gymnasiums took
part, and another 269 respondents solved 10 multiple-choice items from physics within the test booklet
4 administered to other final-year students of gymnasiums.

The answer to the first research question is clear. The mean achievement of Czech gymnasium students
in the TIMSS Advanced specialized physics test dropped significantly between 1995 and 2023 (see Tab. 1).
This negative change in achievement was more significant for males, whose mean achievement decreased
by about 10%, while females worsened by approximately 6%.

Students’ knowledge of physics decreased in all content areas (see Tab. 2). The drop in the mean
achievement occurred mainly in the knowledge of physics concepts in the area of mechanics.

The majority of the analysed items consisted of items from mechanics (16), then from electricity and
magnetism (15), from modern physics (13), then from the area of wave phenomena (11) and the least
items were from the content area of heat (9). Items from the area of modern physics made up the majority
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of the 13 items where the drop in the mean achievement was higher than 10%. It is therefore obvious that
this phenomenon was not due to a relatively higher number of items from the area of modern physics
among other items. The relatively higher number of multiple-choice items and items eliciting theorizing,
analysing, solving problems may have influenced the fact that these characteristics were the most frequent
characteristics of 13 test items with more than a 10% decrease in the mean achievement of students.

A more detailed analysis of shifts in the proportions of correct, incorrect and missing answers for
open-ended items showed that the decrease in the mean achievement of students in these items is caused
by a significant increase in the average percentage of missing answers. In 1995, 31.7% of students did not
answer open-ended items, in 2023 their portion rose to 46.1% (see Tab. 5).

The conclusions stated above fulfilled the research aim set in this paper and answered all formulated
research questions.

The data obtained in the testing provide a wide spectrum of information on the knowledge of physics
concepts of students in the final years of general secondary schools in the Czech Republic. In the future,
we plan to continue working with the data and to use its rich informational potential. Also using the
IRT method, we will analyse the results of the students in the tests in more depth, compare them, and
publish the conclusions.
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