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UvoD

13. medzindrodnd vedecka konferencia o vyskume v didaktike DidSci+ 2025 sa konala v
drioch 25. — 27. juna 2025 na Donovaloch. Konferenciu organizovala Katedra chémie Fakulty
prirodnych vied Univerzity Mateja Bela v Banskej Bystrici, a to uz po Stvrty krat. Predchadzajuce
rocniky v rokoch 2006, 2009 a 2013 boli organizované s nazvom , Sucasnost a perspektivy didaktiky
chémie”.

Konferencia bola venovana spomienke na Dr.h.c. prof. RNDr. Otta Tomecka, PhD., pri prilezitosti
jeho nedoZitych devatdesiatich rokov, ako aj spomienke na dalSich kolegov, ktori sa svojou
pedagogickou a vedecko-vyskumnou ¢innostou vyrazne pricinili o rozvoj vyskumu v oblasti didaktiky
prirodovedného vzdeldvania. V roku 2025 tiez uplynulo 70 rokov od zaloZenia Katedry chémie a
zaCiatku chemického vzdeldvania v Banskej Bystrici.

Konferencia vytvorila priestor pre pokradovanie dlhoro¢nej spolupriace akademikov,
odbornikov a ucitelov, ktori zdielaju svoj zdujem o prirodovedné a STEM vzdelavanie. Zucastnili sa
jej Ucastnici z 10 univerzit Slovenska a Ciech. Konferencia bola zamerand na aktudlne otazky
vyskumu v oblasti prirodovedného vzdeldvania, inovacii a digitdlnej transformacie STEM
vzdeldvania. Témami konferencie boli: ciele a vysledky didaktického vyskumu; prirodovedné
vzdeldvanie v zdkladnych a strednych Skolach; priprava a vzdeldvanie ucitelov prirodovednych
predmetov a umeld inteligencia vo vzdeldvani. Predkladany zbornik z konferencie obsahuje 31
recenzovanych prispevkov, ktoré svojim obsahom prispeju k rieSeniu aktualnych problémov
v oblasti odborovych didaktik prirodovednych predmetov.

Organizaény vybor dakuje nizsie uvedenym institdcidm a firmdm za podporu pri organizovani
medzinarodnej konferencie:

Fakulta prirodnych vied UMB Banska Bystrica

Sport Hotel Donovaly

URPINER, Banskobystricky pivovar, a. s.

Organizacny vybor
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VZPOMINKA NA PROFESORA OTTO TOMECKA A JEHO SPOLUPRACI
S PEDAGOGICKOU FAKULTOU V HRADCI KRALOVE

Martin Bilek?, Karel Kol a Jifi Rychtera®

@Katedra chemie a didaktiky chemie, Pedagogickd fakulta, Univerzita Karlova, Praha, martin.bilek@pedf.cuni.cz,
karel.kolar@pedf.cuni.cz
bKatedra chemie, Pedagogickd fakulta, Zapadogeskd univerzita, Plzef, jaretchyr@gmail.com

Uvop

V zdvéru roku 2024 jsme si pripomnéli jiz dvacaté vyroci odchodu naseho vzacného kolegy a
pritele prof. RNDr. Otto Tomecka, Ph.D., Dr. h. c., emeritniho rektora a profesora Katedry chemie
Fakulty pfirodnich véd Univerzity Mateja Bela, hlavniho inicidtora vzajemnych vztah( mezi vysokymi
Skolami v druzebnich méstech Banska Bystrica a Hradec Kralové. V této souvislosti si vybavujeme
fadu situaci, které formovaly a prohlubovaly nasi spoluprdci.

POCATKY SPOLUPRACE

Pocdtky spoluprace hradeckych akademickych pracovnik(i s prof. Tomeckem hledejme v
souvislosti s nastupem prof. RNDr. Jindficha Hellberga, DrSc. na Katedru chemie tehdejsi
Pedagogické fakulty v Hradci Kralové na konci Sedesatych let dvacatého stoleti. Nastalo obdobi
nebyvalého rozvoje pracovisté, spojeného s navazovanim kontaktd s fadou pracovist, zamérenych
na problematiku chemického vzdélavani. Tak doslo i k setkani s profesorem Tomeckem. Ty, ktefi
pUsobi v uvedené oblasti zajisté neprekvapi, Ze setkdni téchto osobnosti zahy vyustilo ve vzdjemnou
spolupraci v radé oblasti. Jak uvadi profesor Hellberg (2009) jednalo se zprvu o recenzni Ci
konzultaéni ¢innost, dale pak spolupraci na projektech (napf. analyza zahrani¢nich uéebnic chemie).
Profesor Hellberg téz pfipomina spole¢né zajmy v oblasti historie chemie, které se v jeho pripadé
vztahovaly k osobnosti profesora FrantiSka Walda, jednoho ze zakladatel(l ¢eské skoly fyzikalni
chemie na Vysoké $kole chemicko-technologického inzenyrstvi CVUT v Praze (Hellberg, 2002),
profesor Tomecek se mimo jiné intenzivné zabyval vyukou chemie na Banské a lesnické akademii v
Banské Stiavnici (Tomecek & Hercko, 2001).
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Obr. 1 Prof. Otto Tomecek a prof. Jindfich Hellberg na konferenci v Hradci Kralové
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Dalsi konkrétni oblasti, ktera se dotkla spoluprace hradeckého akademického pracovisté s prof.
Tomeckem byla elementarizace spojend s modelovanim grafického zobrazeni vysledkd
experimentalni ¢innosti, rozvijena v pribéhu sedmdesatych, osmdesatych a zacatkem devadesatych
let minulého stoleti. Tato vyzkumna ¢innost se dostala aZz do faze vzniku funkéniho modelu
»Zapisovace upraveného na zpétny projektor Polylux“. Prvni model (viz obr. 2) byl popisovan v fadé
znamych casopisu zabyvajicich se vyukou chemie (napf. Hellberg & Rychtera, 1977; 1979), a setkaval
se s pomérné znaénym ohlasem ucitelské vefejnosti. Na tento model bylo také vydano ,,Ufadem pro
vynélezy a objevy“ i, Osvédéeni na priimyslovy vzor €. 8932“. V Ceskoslovensku existovaly v tehdejsi
dobé dvé firmy pro vyrobu ucebnich pomucek. Nejdrive byl funkéni prototyp nabidnut k vyrobé n.
p. Komenium, které sidlilo v Praze a vzhledem ke skutecnosti, Ze celosklenéné injekéni stfikacky (viz
obr.2), které byly nezbytné pro vyuZiti této sestavy, se do CR nedovazely, byla vyroba zafizeni v Praze
zamitnuta jako neperspektivni. U¢ebné pomaocky n. p. Banska Bystrica se tak staly posledni nadéji a
protozZe prof. Otto Tomecek byl jejich vyznamnym spolupracovnikem, naplanovali prof. Hellberg a
doc. Rychtera cestu do Banské Bystrice za Ucelem sezndmeni s funkci tohoto zafizeni nejen
profesora Tomecka, ale vyuZit jeho pfipadné doporuceni pro prosazeni do vyroby v taméjsim
podniku. Prof. Tomecek pfijal kolegy z Hradce Kralové velmi viele, byl velmi vstficny, a tak mu bylo
predvedeno popisované a provérené zafizeni a byl pozadan o pripadné zprostfedkovani kontaktt a
mozné doporuceni do podniku Ucebné pomocky. Z Banské Bystrice se tak odjizdélo nejen
s pfijemnymi pocity pratelského pfijeti, ale i s nadéjemi na konec¢né vyreseni dlouhodobych snah,
které mély skoncit vyrobou ,,modelu” a jeho distribuci do Skol. Ale vzhledem ke skutecnosti, Ze
narodni podnik U¢ebné pomobcky zacinal v té dobé bojovat o viastni existenci a prednost dostavalo
vse, co mélo néco spolecného s pocitaci, k vyrobé samotné nakonec nedoslo. Nam vsak zGstal krasny
pocit z nevSedniho pratelského pfrijeti, jenz se stalo mj. zakladem i k nasledné dlouhodobé a plodné
spolupraci.

Obr. 2 Zpétny projektor zn. POLYLUX s Gpravou na ,model zapisovace chemickych pokusi s plynnou fazi“
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ROzv0J SPOLUPRACE NA AKTUALNICH TEMATECH CHEMICKEHO VZDELAVANI

Dalsi etapa vzadjemné spoluprace pak zahrnovala badatelskou ¢innost, zaméfenou jednak na
problematiku fullerend (jmenovité fullerenu Ceo) ve vyuce chemie (Kmetova & Kolar, 2004) a
vyukové aplikace pocitacovych modell organickych sloucenin (Kolaf, Myska, Dolezal, & Marek,
2006). V této souvislosti byla vénovana pozornost strukture fulleren (Kmetova, Kolar, & Tomecek,
2002), jejich vlastnostem fyzikalnim (napf. rozpustnost) (Kolaf, Kmetova, Myska, Holy, Kubik, &
Tomecek, 2000) a chemickym (napf. reakce s bromem, manganistanem draselnym), (Kolar,
Kmetova, & Myska, 1999; Kmetova, Kolar & Tomecek, 2002; Kolar, Kmetovd, Myska & Tomecek,
2003; Kmetova, Kolar & Tomecek 2001) i chromatografickému chovani fullerent (Kolar, Kmetova,
Bohm, Myska, Holy & Tomecek, 2001). Neni opomenuto ani praktické vyuZziti fullereni (Kmetova,
Tomecek & Kolar, 2004; Kmetova, Kolar, & Tomecek, 2003). Druhou oblast pak predstavovalo vyuziti
pocitacovych modelll na bazi kvantové chemie predevsim organickych sloucenin pro demonstraci
jejich struktury a reaktivity ve vyuce (Kolaf, Myska, Dolezal, Marek, & Tomecek, 2005; Kola¥, Myska
& Tomecek 2000). Jakymsi zavrsenim a propojenim obou oblasti byla tvorba pocitacovych modell
fulleren( (Kolar, Myska, Kmetova & Tomecek, 2004).

POCITACOVE MODELY
VE VYUCE CHEMIE

Karel Kolar, Karel Myska, Rafael Dolezal, Milan Marek

FULLERENY

nova

\

modifikacia
uhlika

Jarmila KMETOVA, Karel KOLAR

-
7 N
Y.

Banska Bystrica Hradec Kralové
2004
2006

Obr. 3 Fullereny a pocitaéové modely — piehledové publikace (Kmetova & KolaF, 2004; KolaF, Myska, Dolezal, &
Marek, 2006)

Obé jmenované oblasti byly realizovany ze slovenské strany pod garanci prof. Tomecka a z ¢eské
strany pod garanci prof. Kolare (obr. 4).
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o PERT
Obr. 4 Prof. Tomecek a prof. Kolar na konferenci v Hradci Kralové
ZAVER
Autofi chtéli timto sdélenim pfipomenout, jak obsahlé, mnohotvarné a zasluzné byly aktivity
profesora Tomecka v oblasti spoluprace Katedry chemie Pedagogické fakulty Univerzity Hradec
Kralové a Katedry chemie Fakulty pfirodnich véd Univerzity Mateja Bela v Banské Bystrici a vytvofily

tak do budoucna prostor pro dalsi formy vzajemné spoluprdce, kterd dale uspésné pokracovala a
trva dodnes (Bilek, 2003, Ctrnactova a Bilek, 2015).

Obr. 5 Prof. RNDr. Otto Tomecek, Ph.D., Dr. h. c.
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NEJEN VZORCE A ROVNICE: JAK JSOU STUDENTI PRIPRAVENI NA STUDIUM
VYSOKOSKOLSKE CHEMIE?

Martin Rusek

Katedra chemie a didaktiky chemie, Pedagogicka fakulta, Univerzita Karlova, Praha, martin.rusek@pedf.cuni.cz

Uvop

Vzdélavani v chemii na zékladnich a stfednich $kolach v CR dlouhodobé &eli fadé vyzev. Data z
narodnich i mezindrodnich Setfeni (napf. PISA) ukazuji, Ze ¢eskym Zaklm cini potiZze nejen komplexni
ulohy, ale ¢asto i zakladni dovednosti, zejména v oblasti chemického nazvoslovi, vycislovani rovnic
a chemickych vypocta (Boudova et al., 2023). Tyto oblasti, oznacované jako ,tridda teroru” (Rusek
& Blasko, 2024), zUstavaji kritickym mistem chemického vzdélavani (Rusek & Blasko, 2024; Rychtera
et al., 2018).

Z 3etfeni Ceské $kolni inspekce (Novosak et al., 2023) vyplyvd, Ze tietina 7akd neni schopna
vyresit ani nejjednodussi ulohy z chemie a vétsSina studentl povazuje chemii za obtizny a nezazivny
predmét. Zasadni problém predstavuje zejména schopnost provadét vypocty z chemickych rovnic
(Novosak et al., 2023), ktera je klicova pro Uspésné zvladnuti laboratornich praci i vysokoskolskych
kurzd. Nedostatecné zvladnuti této problematiky maze vést k selhani student( v Uvodnich kurzech
na vysoké Skole.

Z drivéjsich Setfeni (Rusek et al., 2022; Rusek et al., 2021) jako jedno z nejvice problematickych
témat vychazeji vypocty z chemickych rovnic. Z tohoto dlivodu byla tato problematika vybrana jako
cil dalsi studie. Tento pfispévek je zaméren na dil¢i ¢ast zamérenou na vycislovani chemickych
rovnic, coby zadkladniho predpokladu uspéchu v tomto typech vypoctu.

METODY

Pro ucely vyzkumu byla vyvinut a validovana sada testovych udloh zamérenych na tfi hlavni
oblasti: chemické nazvoslovi, vycislovani chemickych rovnic a chemické vypoéty z chemickych
rovnic. Ulohy sledovaly jak zakladni porozuméni problematice, tak hlubsi konceptualni porozuméni
pojm0 jako je latkové mnozZstvi (mol), zdkon zachovani hmotnosti ¢i vyznam stechiometrickych
koeficientll (Rusek, under review). Test se skladal z deviti Uloh:

T3: Vydisleni rovnice se zadanymi vychozimi latkami a produkty— Fe + O3

T5: Vycisleni rovnice se zadanymi vychozimi latkami a produkty (slozitéjsi)— Cu + HNO3

T9: Vycisleni rovnice termického rozkladu CaCOs — vlastni prepis vychozi latky a sestaveni
rovnice

T7: Vydisleni rovnice termického rozkladu NH4NOs vlastni prepis vychozi latky a sestaveni
rovnice

T2: SO; + O, — prepis rovnice do symbol( a jeji vycisleni

T4: Slovni uloha HCl + NH3

T8: Slovni uloha CaCOs + HCI

Vyzkumny vzorek tvofilo 384 studentd z vybranych ¢eskych univerzit (UK PedF, PiF, UHK, ZCU,
OU, UPOL, CVUT). Ziskand data umozZnila porovnat vysledky mezi studenty réiznych obor( i instituci.

Pro ucely tohoto pfispévku byla data analyzovana s vyuzitim standardnich statistickych metod.
Vysledky Shapiro-Wilkova testu umoznily zamitnout nulovou hypotézu o normalnim rozdéleni dat.
Z tohoto dlvodu byly pro analyzu vyuZity neparametrické texty, konkrétné Mann-Whitney(v test
s koeficientem r pro vyhodnoceni vécné vyznamnosti.
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Vyzkum byl veden témito vyzkumnymi otazkami:
1. Existuji rozdily mezi vysledky studentl podle oboru jejich studia nebo vystudované
stfedni Skoly?
2. Jaka je uspésnost student(l ve vycislovani chemickych rovnic?

VYSLEDKY A DISKUSE

V rdmci zodpovézeni prvni vyzkumné otdzky byly nejprve vyhodnocovany rozdily vysledki
studentl podle univerzit. Statisticky vyznamné rozdily byly nalezeny pouze u tfi dloh. V pfipadé T7
dosahli lepsich vysledkd studenti OU oproti studentim UHK (p < 0,05) se stfedni velikosti ucinku (r
=0,2). V pfipadé T2 dosahli studenti UK statisticky lepSich vysledk( nezZ studenti OU (p < 0,05) se
stfedni velikosti Ucinku (r = 0,27). U ulohy T8 byly nalezeny statisticky vyznamné rozdily mezi Sesti
dvojicemi univerzit se stfedni az velkou velikosti uc¢inku. NejvyraznéjSim byl horsi vysledek studentt
UHK oproti vSem ostatnim zarazenym.

Z hlediska rozdilu mezi studenty podle vystudované stredni Skoly vysledky neukazaly mezi
absolventy gymnazii a pfirodovédné/chemicky zaméFfenych SOS statisticky vyznamné rozdily s
vyraznéjsi velikosti ucinku. Stran vycislovani rovnic pfichazeji srovnatelné pfipraveni. Jedinym
rozdilem bylo, Ze studenti chemickych oborl jsou si jistéjsi pfi vycislovani rovnic (p < 0,0001, r =
0,22-0,29), avsak pouze v pfipadé vycisleni rovnice reakce médi s kyselinou dusi¢nou dosahuiji
lepSich vysledkl nez studenti ucitelstvi chemie (p < 0,0001, r = 0,30). Pro dalsi vyhodnocovani
vysledkl byl soubor povazovan za homogenni.

Smérem ke druhé vyzkumné otazce vysledky ukdzaly, Ze studenti ¢asto zvladali mechanické
kroky, ale vykazovali zavainé nedostatky v konceptudlnim porozumeéni (viz Obr. 1). Srovnani
vysledk( uloh T3 a T5 ukazuje vyssi obtiznost vycisleni rovnice T5. Dale je z vysledkl patrné, ze
vycisleni poskytnutého schématu je pro studenty snazsi nez vlastni sestavovani rovnic. Zadani
v podobé slovni Ulohy pak pfinasi dalsSi kognitivni zatéz, coz se projevuje ve vysledcich i u tak
elementarnich rovnic, jako jsou reakce kyseliny chlorovodikové s uhli¢itanem vapenatym nebo
amoniakem.
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20%
10%

0%

T3 T5 T9 T7 T2 T4 T8

m Uspé&iné M Nelspéing
Obrazek 1 Vysledky student ve vycislovani chemickych rovnic

Tyto poznatky jsou v souladu s mezinarodnimi i ceskymi studiemi (Fach et al., 2007; Rusek et
al., 2022). Ziskana data potvrzuji, Ze vétsina studentll, prestoZe se jedna o studenty, ktefi z chemie
maturovali, uvaZuje o chemickych rovnicich a vypoctech prevainé na symbolické Urovni — tedy jako
o matematickém zapisu, bez hlubsiho porozuméni submikroskopické povaze reakci ¢i jejich
fyzikalnimu vyznamu. Tento trend je popsan i ve studii Hamerské et al. (2024), ktera doklad3, ze
studenti ¢asto nevnimaji rozdil mezi zapisem rovnice a redlnym dénim na Urovni ¢astic. Pfitom pravé
propojeni symbolické, makroskopické a submikroskopické roviny je pro skutecné porozuméni
chemii klicové (Furid et al., 2002).
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ZAVER

Vypocty z chemickych rovnic zlstavaji jednou z nejvétsich vyzev vyuky chemie. Nizka Uspésnost
je dana predevsim nedostatkem konceptudlniho porozuméni a neschopnosti aplikovat znalosti na
problémové ulohy. Pro zlepSeni vysledk( je nutné akcentovat rozvoj metakognitivnich strategii a
sebehodnoceni v pfipravé budoucich ucitell i Zaka. Vyuka by méla byt vice propojena s realnymi
laboratornimi situacemi a dlirazem na propojeni symbolické, makroskopické i submikroskopické
roviny.
PODEKOVANI

Podékovani patfi kolegynim a koleglim: Dominice Koperové, Romanu Marsalkovi, lveté Bartové,
Veronice Machkové, Vladimiru Sirotkovi a Jitce Strofové za pomoc se sbérem dat a dalsi ¢innosti
spojené se vznikem tohoto prispévku.
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POCITACOM PODPOROVANE EXPERIMENTY AKO INTEGRALNA SUCAST PRIPRAVY
BUDUCICH UCITELOV CHEMIE

Anna Drozdikova, Dominik Smida a Miroslav Proksa

Katedra didaktiky prirodnych vied, psycholégie a pedagogiky, Prirodovedeckd fakulta UK v Bratislave,
anna.drozdikova@uniba.sk, smida8@uniba.sk, miroslav.proksa@uniba.sk

Uvop

V sucasnej dobe sa digitalne technoldgie stavaju neodmyslitelnou sucastou nasich Zivotov
a zastavaju Coraz stabilnejSie miesto aj vo vychovno-vzdeldvacom procese. Vo vyucovani chémie sa
do popredia dostdva realizdcia pocitacom podporovanych experimentov, ktoré umoziuju v redlnom
Case prepojit realnu experimentalnu ¢innost Ziakov s vyuZitim pocitaca (alebo mobilného telefénu
Ci tabletu) a meracich senzorov. Tato kombinacia poskytuje Ziakom prileZitost realizovat také
aktivity, v ramci ktorych si dokazu vizualizovat jednotlivé premenné, ktoré je zloZitejSie merat
tradiénymi zariadeniami (Tortosa, 2012; Lavonen et al., 2003) a zaroven im umoznuju hlbsiu a
detailnejsiu analyzu skimanych javov (Branisa & Jenisova, 2015). Pocitatom podporované
experimenty (PPE) tiez zvySuju motivaciu Ziakov (Tortosa, 2012), aktivne ich zapajaju do procesu
skimania (Branisa & Jenisova, 2015), podporuju rozvoj abstraktného myslenia Ziakov (Silva et al.,
2016), maju pozitivny vplyv na rozvoj zrucnosti Ziakov potrebnych na skimanie a rieSenie
vyskumnych problémov (Lavonen et al.,, 2003), poskytuju Ziakom pomerne rychlu spatnu vazbu
nevyhnutl na verifikaciu ich predpovedi ¢i hypotéz (Tortosa, 2012) a umoznujui im realizovat
experimenty aj na $kolskom dvore ¢&i v teréne (Silva, 2023). DalSou vyhodou PPE je automatické
zaznamendvanie udajov do grafov (Gasparik et al.,, 2017), avSak praca s PPE je do velkej miery
ovplyvnena prave tym, do akej miery su Ziaci schopni interpretovat Udaje z grafov a do akej miery
s nimi nasledne dokazu dalej pracovat. Na druhej strane vsak Tortosa (2012) uvadza, Ze realizacia
PPE preukazatelne podporuje u Ziakov porozumenie a schopnost interpretovat graficky
zaznamenané Udaje. PPE vSak so sebou prindsaju aj r6zne nevyhody. Jednou z nich je cena meracich
zariadeni, ¢as potrebny na pripravu laboratdria i vys$si pocet Ziakov v triede (Tortosa, 2012). Praca
s meracimi zariadeniami tieZz mozZe byt pre niektorych ucitelov technicky naroc¢nejsia (Lavonen et al.,
2003) a vyzaduje si od nich uréitd erudovanost a skiusenosti (Tortosa, 2012). Z toho dévodu je
nevyhnutné pripravovat buducich uditelov tak, aby nadobudli zru¢nosti nevyhnutné na realizaciu
PPE v laboratériu, na skolskom dvore ¢&i v priamo v teréne. Na zaklade uvedeného je preto
primarnym ciefom prispevku analyzovat praktické aktivity studentov uditel'stva chémie navrhnuté
s doérazom na realizaciu PPE, ktoré pilotne administrovali na vyskumnom subore 21 Ziakov druhého
ro¢nika gymnazia a na zéklade vysledkov implementovat vhodné navrhy a odporucania do sylabu
predmetu Vyucovanie chémie s podporou digitalnych technolégii.

METODY, VYSLEDKY A DISKUSIA

Predmet Vyucovanie chémie s podporou digitdlnych technolégii je zaradeny do Studijného
planu v 1. roéniku magisterského $tudia. Ulohou $tudentov v ramci zdvere¢nej prace z tohto
predmetu bolo navrhnat kratku praktickd aktivitu vhodnu pre Ziakov 2. ro¢nika gymnazia s pouzitim
digitdlnych senzorov. K jednotlivym aktivitdm boli vytvorené pracovné listy, ktoré boli po skonceni
vyskumu podrobené kvalitativnej analyze. V priebehu vyskumu bola tiez pouZita metdda priameho
pozorovania s cielom zhodnotit vhodnost vytvorenych aktivit z hladiska vedomosti a zru¢nosti
Ziakov. Ako doplnkovy merny prostriedok bol pouzity vytvoreny dotaznik pre Ziakov, v ktorom
hodnotili jednotlivé realizované aktivity z hfadiska ich zaujimavosti, naro¢nosti a poucnosti na
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patstupriove] Likertovej Skale (Uplne suhlasim, skér suhlasim, neviem posudit, skér nesuhlasim
a Uplne nesuhlasim). Praktického overovania sa ztcastnilo 21 Ziakov 2. ro¢nika gymnazia.

V siedmych vytvorenych aktivitach boli pouzité 4 r6zne digitalne senzory. V troch aktivitach bolo
zaradené meranie pH senzorom, vdvoch meranie mnoistva vznikajuceho oxidu uhli¢itého
a jedenkrat bol zaradeny senzor na meranie tlaku plynu a teploty.

Navrhnuté aktivity obsahovali 4—7 uloh rézneho charakteru, od uloh vyZadujucich formulaciu
vyskumnej hypotézy alebo aspon predpokladaného priebehu pokusu cez zdpis pozorovania, tvorbu
tabuliek a grafov, zapis nameranych Udajov do tabulky, ich interpretdciu a spracovanie s pouZitim
vypoctov, az po vysvetlenie pozorovanych javov, ich formalny zapis vo forme chemickej rovnice
a formulaciu zaverov. Najviac uloh bolo zameranych na vyhodnotenie predpokladov a tvorbu
zaverov a tieZ vysvetlenie pozorovanych javov. Naopak, najmenej uUloh sa venovalo formalnemu
zapisu chemickej reakcie, navrhu vlastnej tabulky a chemickym vypoctom. Percentudlne zastupenie
jednotlivych typov uloh je uvedené v Tabulke 1.

Tabulka 1 Zastupenie jednotlivych typov tloh v pracovnych listoch

Typ ulohy Pocet (Percentudlne zastupenie [%])
Tvorba hypotéz alebo predpokladov 6 (15,0)
Vytvorenie grafickej zavislosti 6 (15,0)
Navrh vlastnej tabulky 1(2,5)
Zapis nameranych Gdajov do tabulky 6 (15,0)
Vypocet 2 (5,0)
Zaznam pozorovania 3(7,5)
Vysvetlenie pozorovania 7 (17,5)
Zapis pomocou chemickej rovnice 1(2,5)
Tvorba zaverov a vyhodnotenie predpokladov 8(20,0)

Pri analyze pracovnych listov sme sa zamerali na Uspesnost riesenia jednotlivych aktivit, ale aj
uvedenych typov tloh. Uspegnost riesenia jednotlivych aktivit sme tieZ porovnavali s odpovedami
Ziakov, ktoré uviedli v dotazniku. Sledovali sme, ¢i aktivity, ktoré Ziaci oznacili ako naro¢né, maju
nizsiu Uspesnost riesenia. Ako najnarocnejSia aktivita sa ukdzal pokus s nazvom Reakcia sodika
s vodou a etanolom, kde bolo Ulohou Ziakov zaznamenat zavislost tlaku vznikajuceho vodika od ¢asu
pri reakcii sodika s vodou a porovnat ho s reakciou sodika s etanolom. V tomto pokuse bolo Glohou
Ziakov sformulovat predpoklad, pozorovat priebeh reakcii, porovnat jednotlivé krivky, naértnut
zaznamenané grafy, vysvetlit rozdiely a zapisat prebiehajice reakcie chemickymi rovnicami. Tato
aktivita bola vyhodnotena ako najnaro¢nejsia v Ziackom dotazniku a aj pri vyhodnoteni pracovnych

evve

na meranie pH (Tabulka 2).

Tabulka 2 Uspesnost riesenia tloh v jednotlivych aktivitich

Nazov aktivity Pouzity senzor Priemernd Uspesnost rieSenia [%)]
Farebna chémia pH 89,2
Zivot kvasiniek plynného CO: 74,0
pH Life pH 84,1
pH roztokov z domacnosti pH 94,9
Reakcia sodika s vodou a etanolom tlaku plynu 70,1
Zistovanie vzniknutého mnozstva oxidu uhli¢itého plynného CO- 80,0
Endo a exotermické reakcie teplotny 72,7

Pri analyze jednotlivych typov Uloh sme zistili, Ze najnaro¢nejsie pre Ziakov bolo pouZit ziskané
udaje o teplote na vypocet reakéného tepla chemickej reakcie a nacrtnutie grafickych zavislosti vo
viacerych aktivitach. Uspesnost rieSenia tychto Gloh bola okolo 47 %.

15



DidSci+ 2025 | Donovaly

Z vysledkov vyplyva, Ze vytvorené aktivity boli primerané kognitivnym schopnostiam,
vedomostiam a zru¢nostiam Ziakov 2. roc¢nika, o ¢om svedci Uspesnost riesenia uloh v jednotlivych
aktivitach, ktord dosiahla minimdlne 70 %. Ukazalo sa, Ze najhorsie rieSené ulohy suvisia s dalSim
vyuzitim experimentalne ziskanych udajov, ¢i uz so spracovanim v grafickej forme alebo pri dalSich
matematickych vypoctoch. Tento zaver koreSponduje s viacerymi vedeckymi studiami (napr. Branisa
& Jenisova, 2015; Glazer, 2011), ktoré potvrdzuju, Ze je potrebné venovat vacsiu pozornost
interpretacii udajov ziskanych z grafickych zavislosti a ich dalSiemu spracovaniu.

ZAVER

Zaverom mozZeme konstatovat, Ze vytvorené aktivity splnili vSetky poZiadavky, boli vytvorené
v stlade s inovovanym Statnym vzdeldavacim programom a primerané Urovni vedomosti a zru¢nosti
Yiakov gymnazia. Studenti ucitelstva ziskali skdsenosti s navrhovanim a realizdciou PPE aje
predpoklad, Ze ich budd Castejsie zaradovat do vyucovania vo svojej budicej pedagogickej praxi.
Rovnako tak sme ziskali cennu spatnu vazbu, ktord vieme implementovat do dalSieho vzdelavania
buducich ucitelov.
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VISUAL AND COGNITIVE ASPECTS OF CHEMISTRY EXPERIMENTS: EXPLORING THE
BENEFITS AND PITFALLS OF VIDEO DEMONSTRATIONS

Tereza Bryxova and Martin Rusek
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tereza.bryxova@pedf.cuni.cz, martin.rusek@pedf.cuni.cz

INTRODUCTION

The experimental component of chemistry education represents a key tool for fostering
students’ deeper understanding. Although laboratory work and demonstrations have traditionally
been seen as a way to make lessons more engaging, several authors (e.g., Téthova & Rusek, 2022)
emphasize their potential as an authentic source of knowledge. Despite this, experimental activities
remain relatively rare in Czech schools (Rusek et al., 2020), largely due to a lack of equipment, space,
and methodological know-how. In this context, video demonstrations emerge as a viable
alternative, offering repeatability, safety, and broad accessibility (Schwan & Riempp, 2004; Jordan
et al., 2016). This study focuses on how students process these video demonstrations both visually
and cognitively, and whether they help them understand the underlying chemical processes. The
aim of this work is to identify the key benefits and limitations of this approach and propose ways to
optimize it.

METHODS, RESULTS AND DISCUSSION

A pilot study was conducted involving the observation of three video demonstrations of
chemical reactions. These demonstrations were selected to allow for easy comparison with
traditional live demonstrations, as they featured similar equipment and types of reactions. The
participants were graduate students enrolled in a master’s program at the Department of Chemistry
and Chemistry Education, Faculty of Education, Charles University. Each student watched the video
demonstrations individually while their eye movements were recorded using eye-tracking
technology.

After viewing, participants took part in retrospective think-aloud interviews, during which they
reflected on their understanding of the chemical processes, identified distracting elements (such as
poor visibility), and suggested improvements to the videos. These suggestions often focused on
specific segments of the videos where the chemical reaction was taking place.

The pilot study revealed several key insights into how students interact with and interpret video
demonstrations of chemical reactions, both visually and cognitively.

First, students frequently struggled to understand the underlying chemical processes depicted
in the videos. Eye-tracking data showed that their gaze was often drawn to visually striking or
dynamic elements—such as flashes or colour changes—without fully grasping their chemical
significance. This was particularly evident in the thermite reaction, where attention was focused on
the visual effects rather than the reaction itself. Retrospective think-aloud interviews confirmed
that students had difficulty identifying the reactants and products due to the absence of explicit
chemical equations and verbal explanations. This finding supports the importance of Johnstone’s
(1991) triplet model of chemical representation, which emphasizes the integration of macroscopic,
submicroscopic, and symbolic levels. Without the symbolic layer (i.e., chemical equations), students
were unable to connect what they saw to the underlying scientific concepts.
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Second, students reported challenges in orienting themselves within the experiment setup.
Many stated that it was unclear what substances or equipment were involved, particularly when
these were not introduced at the start of the video. Eye-tracking data supported this, showing
dispersed visual fixations that suggest cognitive overload and uncertainty. Distracting visual
elements—such as poor lighting, background clutter, or unclear camera angles—also interfered
with students’ ability to focus on the essential parts of the demonstration.

A consistent theme across all interviews was the importance of visual guidance. Students
reacted positively when the demonstrator used hand gestures to point at specific apparatus
components, which helped them identify where to focus their attention. In contrast, in videos
lacking such cues, students’ attention was noticeably more scattered. This finding aligns with
previous research (e.g., Ouwehand et al., 2015; Zhang et al., 2022), which highlights the role of
nonverbal cues in managing attention and supporting comprehension in complex visual content.

Furthermore, students expressed a strong need for signalling elements, such as labels,
highlights, or textual overlays, to help them interpret the demonstrations. They indicated that these
features would make it easier to follow the sequence of events and understand the relevance of
specific actions or reactions. This feedback supports the work of Gritz et al. (2025), who found that
well-designed signalling elements reduce extraneous cognitive load and improve learning outcomes
in educational videos.

Finally, comparisons among the three observed demonstrations—thermite reaction, acetylene
preparation, and hydrogen production—revealed differences in how well students understood
them. While the thermite demonstration was visually engaging, it lacked sufficient verbal or
symbolic scaffolding. In the acetylene experiment, students were confused about the origin and
behaviour of the substances involved. In the hydrogen experiment, safety aspects were unclear,
leading to concern and confusion. These differences suggest that visual appeal alone is insufficient;
pedagogical structuring, narration, and explicit guidance are critical for effective learning from
video-based demonstrations.

These results also highlight a broader didactic challenge: how to purposefully design
instructional elements that guide learners from observing macroscopic phenomena to constructing
conceptual understanding on the submicroscopic and symbolic levels. Future implementations of
video demonstrations should therefore consider not only technical clarity but also the systematic
use of instructional strategies such as gestural cues, signalling, and verbal explanations. These
strategies can function as mediating tools that help students integrate the different
representational levels (macroscopic, submicroscopic, symbolic) and build coherent mental models
of the observed phenomena.

Overall, the findings indicate that while video demonstrations have strong potential to support
chemistry education, their effectiveness depends heavily on thoughtful design. Key improvements
include the use of guiding gestures, clear introductions, signalling elements, and the integration of
all three levels of chemical representation. These adjustments can help transform passive viewing
into an active learning experience.

CONCLUSIONS

Video demonstrations have considerable potential to enhance chemistry education, especially
in contexts where live experiments are not feasible. However, their effectiveness depends largely
on careful instructional design. To support students’ understanding, it is essential to incorporate
visual signalling elements that direct their attention to the most relevant parts of the
demonstration. In addition, explicit connections between the observed reactions and their
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corresponding chemical equations must be made to bridge the gap between visual perception and
conceptual understanding.

Equally important is the inclusion of the submicroscopic level of explanation, accompanied by
guided interpretation that helps students make sense of the chemical phenomena they are
observing. To further validate and expand upon these findings, future research should involve a
broader sample of students, include comparisons with live demonstrations, and employ more
advanced eye-tracking technologies. In addition, future research will focus on systematically testing
specific instructional design strategies (e.g., the placement of signalling elements, the timing and
type of gestures, and different forms of verbal narration) to determine their individual and
combined effects on students’ attentional patterns and conceptual understanding. This will provide
a more robust evidence base for designing effective video demonstrations.

This pilot study has shown that while video demonstrations can be a powerful educational tool,
their impact depends on how well they are structured to meet the cognitive needs of learners.

When thoughtfully designed, they can do much more than merely illustrate reactions—they
can actively support deep scientific understanding.
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Uvop

Diskuse o integrované vyuce pfirodovédnych predmétl se objevuji v fadé zemi v souvislosti s
tvorbou a inovaci vzdélavacich obsahu. V nékterych ptipadech je integrace motivovana snahou o
propojeny pohled na pfirodu a podporu zajmu zak( o pfirodni védy, jinde je vysledkem
ekonomickych tlak(i a redukce hodinovych dotaci. V zemich, kde nema pfirodovéda tradici jako
samostatny predmét na druhém stupni ZS, byva téma integrace ¢asto zjednodusovéno a zneuzivdno
k populistickym ndavrhim bez hlubsi odborné reflexe. Nejasnosti panuji zejména v rozliSeni mezi
integraci — tedy védomym propojenim jiz vybudovanych poznatk(l z jednotlivych disciplin — a
nediferenciaci, tedy odkladem jejich pfedmétového rozdéleni ve vyuce.

Zatimco v nékterych zemich (napf. anglosasky prostor) je spolec¢nd vyuka v rdmci pfedmétu
»,Science” béind az do 14-16 let véku, v jinych systémech prevlddd tradi¢ni ¢asna diferenciace
prirodovédnych oborl. Tyto rozdily maji vyznamny dopad na tvorbu kurikularnich dokument( a
interpretaci pojmu integrace (Bilek, Trnova & Mentlik, 2024).

OBSAHOVE VYMEZENI INTEGRACE VZDELAVACICH OBSAHU V PRIRODOVEDNYCH OBORECH

Jednim z klicovych problém( soucasného prirodovédného vzdélavani je napéti mezi rychle
narUstajicim objemem védeckych poznatk( a jejich praktickych aplikaci na jedné strané a omezenou
kapacitou Skolni vyuky tyto poznatky adekvatné zprostfedkovat na strané druhé. Tento rozpor
podnécuje didaktiky pfirodovédnych obort i pedagogickou praxi k hledani efektivnich strategii, jak
jej preklenout. Usili se soustfedi na promyslenou volbu vzdélavacich obsah, jejich strukturaci do
funkénich didaktickych systéma a vyukovych projekt(, stejné jako na vybér vhodnych vyukovych
metod, organizacnich forem a materidlné-technickych prostfedkd umoznujicich implementaci
aktualnich védeckych poznatkll do vyuky. Rostouci zdjem je patrny zejména o pfistupy, které
prekracuji ramec jednotlivych tradi¢nich predmétld a sméruji k SirSimu pojeti integrované vyuky
prirodnich véd. V této souvislosti se stale astéji uplatiuji i mezioborové vazby, zejména s oblastmi
matematiky, techniky, technologii a digitalnich nastrojl, které predstavuji nedilnou soucast
soucasného védecko-technického paradigmatu (Koldova & Janik, 2024).

Vymezeni pojmu integrace prirodnich véd Ize stru¢né vyjadfit napf. takto: , Integrace pfirodnich
véd jsou ty pristupy, pti nichZ jsou koncepce a principy prirodnich véd prezentovany tak, Ze vyjadfuji
zakladni jednotu prirodovédného mysleni a pojmu a potlacuji prezilé nebo nevyznamné rozdily mezi
rdznymi oblastmi prirodnich véd“ (Nezvalova, 2006, s. 62). Z této definice je pak odvozeno vymezeni
integrované prirodovédné vyuky, kterd ma , podavat pfirodni védy v jednotném pojeti“. Obdobnou
formulaci uvadi i Fenclova (in Nezvalova, 2006, s. 62): ,Integrované kurikulum pfirodnich véd je
systém informaci, které z prirodnich véd vyplyvaji nebo se k nim vztahuji. Jsou pretvoreny na zakladé
didaktické koncepce (s rlznymi elementy) a mohou fungovat ve shodé s obecnymi principy
vzdélani.”

Pro systematické tridéni vyukovych projektl v oblasti pfirodovédného vzdélavani doporucuje
UNESCO klasifika¢ni skalu, ktera rozlisSuje integrované kurzy a projekty podle stupné integrace a miry
zastoupeni jednotlivych pfirodnich véd. Za skutecné integrovany prirodovédny kurz Ci projekt je
povaZovana takova forma vyuky, v niZ jsou alespon dvé prirodni védy zastoupeny jako rovnocenné
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a vyznamové nosné slozky, pricemz kazda z nich napliiuje své specifické vzdélavaci cile. Naproti
tomu kurz chemie, v némz fyzika figuruje pouze jako podpUlrny ndstroj bez vlastnich cilovych funkci,
nesplfiuje kritéria integrace v uzsim slova smyslu. Na zdkladé stupné integrace lze integrované
pfirodovédné kurikulum rozdélit do tti zakladnich typl (Nezvalova, 2006):

1. koordinovana vyuka (coordinated),

2. kombinovand vyuka (combinated),

3. sjednocena vyuka (amalgamated/united).

Koordinovanda vyuka — nékdy oznacovand tézZ jako interdisciplinarni — zachovdava jednotlivé
pfirodni védy jako samostatné predméty, avsak ty jsou vzajemné propojeny tematicky i metodicky
a sméruji ke spole€nému vzdélavacimu cili. Kombinovana vyuka predstavuje dynamicky model, v
némz dochdzi bud k pfechodu od sjednocené vyuky k diferenciaci (tj. k oddéleni pfedmét(i), nebo
naopak k integraci dfive oddélenych disciplin. Sjednocena vyuka, pfedstavujici nejvyssi stupen
integrace, zcela opousti tradi¢ni ramec predmétového clenéni. Vyuka zde vychazi z komplexnich
problémovych okruhl (napf. stavba hmoty), které jsou nahlizeny prostifednictvim rdznych
pfirodovédnych perspektiv soucasné. Tento model, ¢asto oznacovany zjednodusené jako
»integrace”, vychazi zejména z tradic anglosaského vzdélavaciho systému.

RGzné pristupy k integraci pfirodovédnych poznatk( popsal Lepil jiz v 90. letech 20. stoleti.
Prvnim je pfistup, ktery formuloval R. Gagné v roce 1959 a jde o postupné vénovani se zakladnim
védeckym pozndvacim a pracovnim postupim pocinaje pozorovanim a tfidénim a konce
experimentovanim, projektovanim experimentd a analyzou dat ziskanych experimentalné (Process
Approach). Pti téchto cinnostech se zak seznamuje se zakladnimi informacemi o pfirodé vlastni
Cinnosti a samostatné ziskavda nové poznatky. DalSim je napf. tematicky pfistup (Thematic
Approach), ktery je Casto aplikovany v ramci projektové vyuky. Ve skolnich/Zakovskych projektech
akcentujicich mezipfredmétové vazby je vyuka zamérena na konkrétni ucelend témata a obvykle
zasahuje do vice pfirodovédnych, popf. i humanitnich disciplin. Jiny je pfistup z hlediska uzitych véd
(Applied Science Approach). Ten klade dliraz na prirodovédné poznatky a jejich tfidéni z hlediska
vyrobnich proces(l. Dalsi pfistup odpovida hledisku Zivotniho prostfedi (Environmental Approach);
tridi poznatky o ptirodé z hledisek vztahu ¢lovéka k prostredi. Pristup z hlediska pojmové struktury
(Concept Approach) je jednim z nejzavaznéjSich, nebot ucebni programy jsou zaloZeny na hlavnich
prirodovédnych pojmech, které se postupné buduji a uvadéji do vzdjemné souvislosti. Pozornost si
zasluhuje i tzv. systémovy pristup (Patterns Approach), ktery je kombinaci pristupu z hlediska
védeckych pracovnich postupt a z hlediska pojmové struktury (Nezvalova, 2006).

CHEMIE VE VYUKOVYCH PROJEKTECH INTEGROVANE PRIRODOVEDY

Chemie v integrovanych vyukovych projektech pfirodovédy zastava specifickou roli jako véda,
kterd propojuje mikroskopickou a makroskopickou Uroven reality a premostuje poznatky fyziky,
biologie a environmentalnich véd. V integrovaném kurikulu vystupuje chemie jako prostfedek k
vysvétleni rfady prirodnich jevi — od sloZeni a vlastnosti latek pres metabolické procesy az po
chemické aspekty ekologickych problém. Efektivni zaclenéni chemie do SirSich tematickych celk(
(napf. energie v pfirodé, stavba hmoty, kolobéh latek v biosfére) vyzaduje promyslenou koordinaci
s ostatnimi disciplinami a dliraz na kontextové uceni. Klicovym pfinosem je schopnost chemie
konkretizovat abstraktni prirodni zakonitosti a zaroven nabidnout zakim prakticky vyuzitelné
poznatky s dopadem na kazdodenni Zivot. V ramci integrované vyuky je proto vhodné akcentovat
experimentalni slozku a propojeni s redlnymi problémy soucasného svéta.

To, Ze je téma integrace v soucasné dobé tzv. Velké revize Ramcového vzdélavaciho programu
pro zakladni vzdélavani v Ceské republice velice aktudlni, doklada i fakt, ze byl vytvofen kromé
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s

tradi¢niho ,, pfedmétového” i ,integrovany” modelovy Skolni vzdélavaci program a je pfipravena
jeho pilota? ve kolni praxi (Modelové SVP pro ZS, 2025).

My jsme se tématu integrace obor(l v pfirodovédném kurikulu vénovali podrobné v kapitole
»Science/pfirodovéda jako ptiklad integrace ve vyuce” spolecné s dalsimi vybranymi pfistupy
k integraci vyukovych obsah(l v pravé vychazejici monografii pod redakci H. Koldové a T. Janika
(2024) — viz obr. 1.

Helena Koldova a Tomas Janik
Editori
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Obr. 1 Obalka monografie ,,Pristupy k integraci vzdélavaciho obsahu z pohledu kurikula, vyuky a ucitelského
vzdélavani“ (Koldova & Janik, 2024)

Monografie je dostupnd v e-shopu Jihoc¢eské univerzity v Ceskych Budé&jovicich:
https://eshop.jcu.cz/simplifyworks/cs/eoc/public/product/674287761-pristupy-k-integraci-
vzdelavaciho-obsahu-z-pohledu-kurikula-vyuky-a-ucitelskeho-vzdelavani.
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Jifi Rychtera a Vladimir Sirotek

Katedra chemie, Fakulta pedagogickd, Zapadoceské university v Plzni, rychterj@kch.zcu.cz, sirotek@kch.zcu.cz

Uvop

Publikace Obecnd didaktika chemie v pfipravé ucitell predstavuje v soucasné dobé jednu
z mala publikaci, které se vénuji komplexné pojatému systému vychovy a vzdélavani v chemii (viz
obr. 1). Tim se fadi mezi publikace oborové didaktického charakteru. Nejedna se pfimo
o didaktickou analyzu chemického uciva, tj. o analyzu konkrétniho obsahu, jak je nékdy vnimana
specialni didaktika chemie, ale o vyuZiti poznatkl o pedagogickém prostfedi na efektivni
psychodidaktickou transformaci uciva chemie obecné. V publikaci se fesi zdkonitosti poznavaciho
procesu a jejich uplatnéni pfi zpfistuprfiovani pojma, otazky forem a metod vyuky vhodnych pro
vyuku chemie, ale i otazky ryze specifické pro vyuku chemie. Mezi tyto specifické zalezitosti patfi
vyuziti Skolniho chemického experimentu jako prostfedku didaktické rekonstrukce obsahu a jako
zasadniho prostfedku efektivni vyuky chemie, uplatnéni materialnich didaktickych prostredk,
véetné vyuziti uéebnic a zaméreni zpétnovazebnich prostiedk(, jako je uplatnéni ucebnich uloh
a zalezitosti spojovanych s reflexi a sebereflexi vyuky.

ANALYZA PEDAGOGICKEHO PROSTORU JAKO VYCHODISKO OBSAHU PUBLIKACE

Studenti ucitelstvi jsou nuceni naplfiovat v ramci svého pregradudiniho studia fadu povinnosti
spojenych s poznavanim pro jejich profesi zdanlivé netradi¢nich disciplin, jako jsou antropologie,
metodologie véd, sociologie aj. Je to ztoho dlvodu, Ze v kazdé historické etapé spolecenského
vyvoje je nezbytné rozliSovat proces objevovani novych poznatkl (poznavaci proces) a proces jejich
zachovani pro pfisti generace (vzdélavaci proces), jak to Ize potvrdit touto myslenkou: ,Pokud
vezmeme Vv Uvahu periodi¢nost Zivota Zivych organismu, jejimz dlsledkem je nelprosné stridani
generaci charakterizované fenoménem soustavného vzniku a zaniku, pak je logické, Ze v zajmu
kontinuity vyvoje celé spole¢nosti a zachovani jejiho kulturné ekonomického potencialu, se jevi
naprosto nezbytné zachovani systému predavani doposud poznaného, tj. zachovani a zdokonalovani
systému vzdélavaciho.” ProtoZe vSak chemie jako véda se neustale vyviji (vySe vzpominané
objevovani nového), je pochopitelné, Zze se méni i podminky pro efektivni pfenos poznavaného na
pristi generace. Uvedené myslenky zdlvodnuji vedle sebe existenci védnich oborl jako takovych
(v nasem pripadé chemie), a existenci védnich obor(, které se zabyvaji efektivhim vychovné
vzdélavacim procesem (pedagogika, psychologie, didaktika chemie apod.) Z téchto Uvah je zapotrebi
vnimat predevsim vzdjemnou provazanost a spoluexistenci procesu objevovani novych poznatkdi
o prirodé a procesu prenosu poznaného na nastupujici generaci, kterd je vzhledem k délce (lépe
feceno k pomijivosti) lidského Zivota vice nez nezbytné nutna.

Z uvodnich slov vyplyva jeden velmi dlilezity poznatek. V ramci ptipravy na povolani ,ucitele” je
tfeba ovladnout nejen poznatky z chemie, které budou prfedavany nastupujici mladé generaci, ale i
systém jejich efektivniho predavani.

V odborné literatufe existuje fada schémat, jejichz snahou je pedagogicky prostor, jak
netradi¢né tento systém nazyvame, zmapovat. Vyhovujici pro didaktiku chemie se jevi schéma
predstavujici strukturu didaktiky chemie nazvané , Systém vychovy a vzdélani v chemii (vSeobecné
vzdélavaci skoly)” (Pachmann & Hofmann, 1981, s. 12). Vzhledem k jeho zna¢nému vyznamu pro
pochopeni celého systému vzdélavani v chemii a logicnosti usporadani této publikace jej zde
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uvadime s drobnymi Upravami (viz obr. 1). Pres stafi publikovaného schématu (cca 40 let)
avzhledem ke snaze vyjadfit komplexné systémovost celého procesu vzdélavani autofi
charakterizovali prostor, ve kterém se musi vzdélavatel orientovat aje nucen jej pochopit
a ovladnout. DllezZité je, Ze tento prostor je specifikovan pro didaktiku chemie. ProtozZe vzdélavaci
systém je otevieny a dynamicky, fada autorl podobnou problematiku mapuje jinym zplsobem.
Manak (1995, s. 69) pedagogicky prostor nazyva pedagogickym prostfedim, v némz se realizuje
vychovné-vzdélavaci proces, a uvadi o ném, Ze ,je vyznamnym formativnim faktorem, s nimz se
musi neustale pocitat, protoZe jeho pUsobeni je vidy vyrazné, at v pozitivnim, nebo v negativnim
slova smyslu. Jeho optimdlni ovlivnéni vychovné-vzdélavaci prace nastava tehdy, stane-li se
integralni soucasti intencionalniho pusobeni uditele”.

Systém vychovy a vzdélavani

v chemii
‘//"
Projektovani Prostfedky Ucastnici  vychovné
vychovy a vzdélavani vzdélavaciho procesu vzdélavaciho procesu
Y \
[ Materialni Nematerialni
A J/
Y m
e N N / \
) g =
= ‘u < c Ucitel a Zaci
>
=5(lsz|l 2 >l | 3% sormi
w c & = g o L oo se vsemi
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Obr. 1 Blokové schéma pedagogického prostoru obecné didaktiky chemie
(ptevzato s upravami dle Pachmanna a Hofmanna (1981, s. 12)

Uvedené blokové schéma soucasné vyjadfuje zakladni strukturu prezentované publikace. Vyuka
chemii ma v3ak i sva specifika, ktera nejsou pfimo vyjadrena v prezentovaném blokovém schématu
pedagogického prostoru. Takovymi tématy se specifickymi rysy jsou napf. témata zabyvajici se
otdzkami experimentdlni cinnosti, zdaleZitosti spojované s podporou vyuky informacné
komunikaénimi technologiemi, specifikované pfistupy vyzaduji i tlohy s chemickym zamérenim a
diky témto odliSnostem i sama reflexe a sebereflexe vyuky chemii vykazuje fadu odliSnosti od
pravidel obecného charakteru. Specifi¢cnost publikace vyjadtujici jeji oborové didakticky charakter
Ize posoudit z nazvu jejich zakladnich kapitol: Ucitelska profese, ucitel chemie, autorita ucitele;
Predmét didaktiky chemie, systém pojeti vyuky chemie; Projekt vychovy a vzdélavani v chemii, cile
vyuky chemii; Obsah vychovy a vzdélavani, ucivo chemie; Poznavaci a vyucovaci proces; Organizacni
formy vyuky chemie; Metody vyuky chemie; Experimentalni podpora vyuky chemie; Materialni
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prostiedky vyuky chemie a metodika manipulace s MDP; Zpétnovazebni procesy ve vyuce chemie a
diagnostika vyucovaciho procesu; Ulohy ve vyuce chemie; Zaklady hodnoceni kvality vyuky chemie.
Z popisu obsahu lIze usoudit nejen na korespondenci s vychodiskovym obecnym schématem, ale
vypozorovat i vyjadifovanou specifiénost k chemii jako oboru.

STRIPKY Z DISKUSE NAD PROBLEMATIKOU EXPERIMENTALNI CINNOSTI

Experimentalni ¢innost je typicka predevsim pro pfirodovédné orientované discipliny. Bylo o ni
napsano nepreberné mnozstvi publikaci, at uz se tykaly samotné metodiky efektivni realizace
experimentu nebo jeho stranky obsahové. Tuto rozmanitost se snaZime obsahnout i
v proklamované publikaci. Mimoradné vyrazny vliv na efektivitu experimentdlni Cinnosti ma
podpora experimentl informacné komunika¢nimi technologiemi. Pro vyuku chemie to znamena, Ze
tyto technologie ptinaseji kazdym okamzikem nové moznosti, ovliviiujici i charakter vzdélavani.
Jejich komplexni predstaveni a nasledny rozbor vcéetné verifikace ¢i falzifikace téchto moznosti se
pro jejich znaéné mnozstvi jevi témér nemozny. Znacnou devizou vsak je, Ze mladymi lidmi jsou tyto
technologie pfijimany pozitivné, podporuji jejich aktivizaci a napomadhaji sice nahodilému
a neusporadanému objevovani novych poznatku. Pro nase vzdélavaci zdméry se jevi vhodné nejen
podpofit onu bezdécnou motivaci, ale i spontanné vytvorené aktivizacni principy, protoZe jsou
v souladu s proklamovanym konstruktivistickym pojetim vyuky. Lze je vyuZit pro ucely poznavani
kontrolovaného a fizeného, které organizujeme ve Skolnich podminkach v souladu s cili poznavani.
Myslenka o pftiblizovani Skolni vyuky badatelské praxi vychazi z vyvoje moznosti, které nam nabizi
v soucasné dobé rada firem specializujicich se pravé na vyvoj prostredkd pocitacové podpory
experimentalni ¢innosti. Z vy¢tu nabidky senzorl a softwarového vybaveni Ize odhadnout Sitku
spektra moznosti vyuziti ve Skolni vyuce. Senzor teploty, senzor vodivosti, tlakovy senzor, pH senzor,
kolorimetr nebo spektrometr, senzor salinity, ¢idlo koncentrace rozpusténého kysliku ve vodé, ¢idlo
koncentrace oxidu uhli¢itého, presné vahy s citlivosti 0,001 g, apod. Dnes uz je fada téchto senzorl
bezdratovych, mGzeme je tedy vyuZivat k experimentim ve Skolni laboratofi, ale i mimo ni (napf. v
pfirodé nebo méstské aglomeraci) a vysledky méfeni ihned zaznamenavat a vyhodnocovat. Dva
priklady z diskuse nad mozZnou podporou experimentu v rdmci ICT naznacuji, Ze experimentovani ve
Skolnich podminkach a tedy i vyuka chemii se zacina pfiblizovat vyzkumné praxi.

ZAVERY

Hlavni zamér toho, pro¢ popisovana publikace vznikla, spocival v prispévku k pripravé ucitell
chemie takovym zplsobem, aby se stali skute¢nymi profesiondly jiz brzy po ukonceni
pregradudlniho studia. Aby jim teoretické poznatky byly podporou pfijejich zdokonalovani. Za
vyrazem skuteény profesiondl jsme si predstavovali predevsim clovéka, ktery beze zbytku naplfiuje
pozadavek vyjadreny v mottu posledni kapitoly , Vidy méj na paméti, Ze jsi ucitel, ale i lidska bytost
zaroven“. Kazdé motto se vsak da vylozit nékolika zplsoby. My za nim spatfujeme ucditele chemie
plné odevzdaného svoji profesi, ktery svym pfistupem k povolani dokaze ,zapalovat” posluchace
pro vyucovany obor (v nasem ptipadé pro chemii), ale soucasné zlstava , clovékem”.
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Uvop

Digitalna transformdcia $kol a vzdelavania je spojena s integraciou digitalnych technolégii do
vyucovacieho procesu. Sucasne rastie potreba digitdlne kompetentnych ucitelov, ktori dokdazu
efektivne vyuzivat digitalne technoldgie a nastroje vo vyucovacom procese na zlepsenie vyucby a
rozvoj digitdlnych zrucnosti Ziakov (Caena & Redecker, 2019). Digitdlne kompetencie uditelov
zahfiaju nielen technické znalosti, ale aj zru¢nosti a postoje pre integraciu technoldgii do
vyucovacich postupov (Kiryakova & Kozhuharova, 2024).

DigCompEdu je eurdpsky ramec digitalnych kompetencii pre pedagdgov, ktory zahina Sest
oblasti s 22 digitdlnymi kompetenciami v Siestich oblastiach: 1. Profesionalne zapojenie, 2. Digitalne
zdroje, 3. Vyucovanie a ucenie, 4. Hodnotenie, 5. Podpora Ziakov a 6. Podpora digitalnej
kompetencie Ziakov (Redecker, 2017). Ramec zaroven obsahuje 6 Urovni rozvoja digitalnych
kompetencii — od zaCiatoCnika (A1) po priekopnika (C2) — ¢im umoZiuje rozvoj didgitalnych
kompetencii podla individualnych potrieb uditelov (Caena & Redecker, 2019).

METODY, VYSLEDKY A DISKUSIA

Cielom vyskumu bolo zistit a vyhodnotit vplyv inovaéného vzdeldvania ,Vyuéba chémie na SS
so zameranim na rozvoj digitdlnej a vedeckej gramotnosti“ (IV VCH-RDVG) na rozvoj vybranych
digitalnych kompetencii ucitelov v sulade s poZiadavkami rdmca DigCompEdu. Toto vzdeldvanie bolo
realizované v ramci ndrodného projektu ,Digitdlna transformdcia vzdeldvania a $kél“ (DiTEdu,
https://www.ncdtv.sk/). Rozsah inovacného vzdeldvania predstavoval 50 hodin rozdelenych do 6
modulov. Pouzita bola kombinovana forma vzdeldvania: prezenc¢na (25 hodin) a online (25 hodin).
Prepojenie modulov inovacného vzdeldvania s vybranymi oblastami digitalnych kompetencii
ucitelov podla ramca DigCompEdu je uvedené v tabulke 1.

Tabulka 1: Prepojenie modulov inovaéného vzdelavania ,,Vyuéba chémie na S$ so zameranim na rozvoj digitalnej a
vedeckej gramotnosti“ s ramcom digitalnych kompetencii ucitelov DigCompEdu

Téma Obsah témy Oblast rozvoja
digitalnych kompetencii
podla ramca
DigCompEdu

Téma 1: Uvod do vzdelavania pre 21. - Poskytnutie poznatkov o aktivizujucich metédach Profesiondlne zapojenie

storocie vyucby chémie so zameranim na aktivne badanie a Vyucovanie a ucenie

vyuZivanie digitalnych technoldgii.
- Spristupnenie poznatkov o dokumente Eurépsky
ramec digitdlnych kompetencii pre pedagdgov

(DigCompEdu).
Téma 2: Modely a modelovanie vo - VyuZitie chemickych modelovacich programov Profesiondlne zapojenie
vyucbe chémie ChemDraw, Chemix, ACD/ChemSketch. Digitdlne zdroje

- Praca s LaTeX editormi. Vyucovanie a ucenie
Téma 3: Badatel'ska metdda vo vyucbe - Spristupnenie poznatkov o badatelsky orientovanej Profesiondlne zapojenie
chémie vyucbe a tvorbe badatelskych aktivit. Vyucovanie a ucenie

Podpora Ziakov
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Téma 4: Pocitatom podporované - Rozvoj zru€nosti pri praci s experimentalnymi datami. Profesiondlne zapojenie
experimenty - Realizacia merani s roznymi senzormi a zariadeniami. Digitalne zdroje
Vyucovanie a uéenie
Podpora Ziakov

Téma 5: Hodnotenie v 21. storodi s - Sumativne hodnotenie: Google Forms, Kahoot!. Profesiondlne zapojenie
digitalnymi technoldgiami - Formativne hodnotenie: Kahoot!, Google Forms, Slido, | Digitdlne zdroje
Mentimeter, PollEverywhere. Hodnotenie
- Didaktické hry vo vyucbe chémie. Podpora Ziakov
Téma 6: Umela inteligencia vo vyucbe - Al v praci ucitela: vyuZzitie pri priprave a tvorbe Profesiondlne zapojenie
chémie Skolskych dokumentov. Digitdlne zdroje
- Namety na zapojenie Al do uc¢ebnych uloh. Vyucovanie a ucenie

Podpora Ziakov

Vyskum s kvazi-experimentalnym dizajnom (pre- a post-test) prebiehal v 1. polroku Skolského
roka 2024/2025. Vyskumnu vzorku tvorilo 15 uditefov chémie na strednych skolach z troch krajov
Slovenska (Banskobystricky, PreSovsky, KoSicky) a s pedagogickou praxou od 6 do viac ako 21 rokov.

Ako vyskumny nastroj bol pouzity dotaznik DigCompEdu Check-in (Ghomi & Redecker, 2019),
ktory vyplnili ucitelia pred a po absolvovani IV VCH-RDVG.

Vysledky vyhodnotenia dotaznika DigCompEdu Check-in poukazuju na pozitivny vplyv IV VCH-
RDVG na celkovu uroven digitdlnych kompetencii ucitelfov (obr. 1). Po absolvovani IV VCH-RDVG
dochddza k ndrastu poctu ucitelov na Urovniach B1 (Integrator) a B2 (Odbornik).

M Post-test M Pre-test
Priekopnik (C2)

Lider (c1) NN
Odbornik (82) || —

ntegrator(81) [T
Prieskumnik (A2 )

Zaciatocnik (A1)

o
(=]
=
=]
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o

12
pocet utitelov (N=15)

Obrazok 1 Vysledky celkovej urovne digitalnych kompetencii ucitelov (pre-test vs. post-test)

Pozitivny vplyv IVVCH-RDVG na rozvoj digitdlnych kompetencii uéitelov sa preukazal aj v dvoch
vybranych oblastiach z rdmca DigCompEdu, a to ,Vyucovanie a ucenie” (tzn. oblast 3: 3.1
Vyucovanie, 3.2 Vedenie Ziakov, 3.3 Kolaborativne ucenie 3.4 Samoregulované vzdeldvanie) a
,Hodnotenie” (tzn. oblast 4: 4.1 Stratégie hodnotenia, 4.2 Analyza dékazov a 4.3 Spatna vazba a
planovanie).

Analyza vysledkov v oblasti ,,Vyu€ovanie a uéenie” ukdzala, Ze ucitelia vo svojej vyucbe vo vacésej
miere skusaju rozne vyucovacie metddy v zavislosti od zvolenych digitalnych technoldgii (obr. 2).
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Obrazok 2 Vysledky trovne digitalnych kompetencii ucitelov v oblasti 3.1 Vyucovanie (pre-test vs. post-test)

V ramci IV VCH-RDVG sa uditelia obozndmili s metodikami vyuzivajacimi aktivizujice metédy
vyuc€by chémie na strednych Skoldch (Ganajova et al., 2021), ako su badatelsky orientovana vyucba
a vyucba s podporou digitdlnych technoldgii (napr. pocitatom podporované experimenty, vyuzitie
modelovacich programov), a aktivne s nimi pracovali. Tento vysledok zdroven odraza narastajlcu
sebaddveru uditelfov pri implementacii digitalnych nastrojov a ich otvorenost voci inovaciam,
vratane novych metdd vyucby. Hoci ucitelia podporuju Ziakov v reflexii u€enia (3.4 Sebaregulované
vzdeldvanie), digitdlne technoldgie na tento ucel vyuZivaju len obcas. Dovodom modzZe byt
nedostatocné technické vybavenie, obmedzena dostupnost softvéru, technicka podpora ¢i digitalne
zruénosti Ziakov. Analyza v oblasti ,,Hodnotenie” ukazala, Ze uditelia pouzivaju digitdlne nastroje
(napr. kvizy, blogy, Google Forms, Kahoot!) najma na sledovanie pokroku Ziakov (4.1 Stratégie
hodnotenia) a poskytovanie spatnej vazby (4.3 Spatna vazba a planovanie). V ramci IV VCH-RDVG
ziskali poznatky o formativnom aj sumativnom hodnoteni a mozZnostiach ich digitalizacie. Nie vsetci
vsak tieto nastroje aplikuju, nedostatok Casu a vyucovacia zataZ cCasto spOsobuju rozdiel medzi
prijatim a realnym zavedenim digitalnych nastrojov do praxe.

ZAVER

Uditelia potrebuju systematicki podporu pri rozvoji digitdlnych kompetencii, ktora zahrria
nielen pracu s technoldgiami, ale aj efektivne vyucovacie metddy a digitalne hodnotenie. Rozvoj je
vhodné podporit samoinstrukénymi materidlmi (videonavody, interaktivne prezentacie, pracovné
listy, ,,step-by-step” manudly), ktoré umoznuju individualne tempo a Uroven samostudia. Dolezité
je aj zdielanie dobrej praxe — prostrednictvom webinarov, workshopov, klubov uditelov a peer-
learningu ako ndstroja dlhodobého profesijného rastu.
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Uvop

Skolni méfici systémy jsou systémy ¢idel, rozhrani a dataloggert, které umozriuji provadét fadu
experiment(l ve Skolnim prostfedi a jsou pro toto vyuZiti ve Skolnim prostfedi optimalizovany. Nabizi
tak unifikovany zplsob nastaveni méreni, ovladani a zpracovani dat, zaroven jsou dostatecné
robustni pro Skolni uzivani a jejich rozméry také odpovidaji potfebdm vyuziti ve Skolni laboratofi.
Skolni méfici systémy se diky svym vlastnostem pevné zabydlely v laboratofich stfednich a
zakladnich skol, zejména ve vyuce pfirodnich véd. Jejich vyuzivani je pro Zaky ndzorné, pfinosné po
odborné i didaktické strance a rovné? i motivaéni (Aksela, 2005; Smejkal et al., 2016). V CR je pro
ucely vyuky nabizeno nékolik komercénich skolnich méricich systémf, z nichz témi nejcastéjSimi jsou
systémy od firem Vernier a Pasco. Skolni méFici systémy nabizi pfi vyuZiti ve vyuce fadu vyhod, mezi
néz lze zaradit napriklad moznost nazorné vizualizace fady déjl, metod a témat, okamzZitou odezvu
a pokrocilé moznosti vizualizace a zpracovani dat, optimalizaci ovladani a méreni pro Skolni tcely,
snadné ovladani atd. (Smejkal et al., 2016). Nevyhodami jsou ale pomérné vysoka cena cidel a
pfislusnych rozhrani a také skutec¢nost, Zze komercni Skolni méfici systémy jsou jakymisi,,Black boxy*,
tedy cernymi skrinkami, které sice poskytuji kvalitni data, ale Zakdm z(stava skryta samotna
podstata méreni, tedy zpUsob, jak jsou data ziskdvana, a stim i pojmy dulezZité pro spravné
zpracovani a interpretaci dat, napf. rozliseni, citlivost, méfici rozsah apod. To je znaénym omezenim
pro efektivni vyuziti Skolnich méficich systém( napf. ve STEM (Science, Technology, Engineering,
Math) vyuce. Uvedené obtize mohou prekonat tzv. DIY (Do It Yourself, v prekladu ,Udélej si sdm*“)
Skolni méfici systémy, které nabizi velmi pfijatelnou cenu a zaroven, diky tomu, Ze si Zaci systém
sami sestavi, moznost poodhalit, jak dany systém a pfislusna cidla funguji a jaké jsou principy a
okolnosti pfislusnych méreni, coz by mélo vést ke kvalitnéjsSimu zpracovani a interpretaci
namérenych dat Zaky. Je ovsem otdzkou, zda stavba a vyuzivani takového systému neni pro béziné
zaky pfrilis ndrocna a komplikovana a mize prinést odpovidajici efekt. V tomto ohledu se tak tento
prispévek zabyva koncepci seminare, ktery je zaméren na sestaveni DIY skolniho méficiho systému
s dlrazem na podstatu principu funkce vybranych cidel a systému a rovnéz na podstatu méreni a
dllezité parametry stim spojené. Dale se zaméfuje na vysledky Zak(, ktefi uvedeny seminar
absolvovali a vhodnosti nasazeni seminare do vyuky na SS.

METODY, VYSLEDKY, DISKUSE

S ohledem na stanovené cile byl vytvofen novy semindf nazvany Méreni v chemii. Seminar je
koncipovan na 18 vyucovacich hodin (9krat 2 VH) a je urcen zak(im 2. az 4. ro¢niku stfednich skol.
V jeho rdmci jsou Zaci nejprve seznameni s principy méreni, dllezitymi parametry pro nastaveni a
realizaci mé&feni (napt. frekvence méfeni, ...) a interpretaci dat (napf. citlivost &idla, rozlisenti, ...). Zaci
déle realizuji nékolik méreni s komerénimi Skolnimi méficimi systémy. Nasledné pfichazi stézejni
¢ast seminare, kdy si Zaci s vyuzitim soucastek (integrovany obvod — tzv. shield, odpory, spinace,
diody, ...) a jejich pdjeni sestavi vlastni Skolni méfici systém vcetné nékolika cidel. Systém
,zakrabickuji“, nahraji do néj pfrislusny firmware a nainstaluji ovladaci software do pocitace.
Nasledné se sestavenym Skolnim meéficim systémem realizuji nékolik Uloh a méreni, kterd
vyhodnoti. V ramci téchto uloh je po nich vyZzadovéno zvolit napt. vhodné cidlo s ohledem na
parametry realizovaného méreni. Na zavér seminare Zaci piSou test obsahujici otazky zamérené na
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dilezité parametry pro méreni a vyhodnoceni dat, orientaci v dokumentaci Skolniho méficiho
systému, znaceni a vyuZiti soucdstek skolniho méficiho systému ¢i zplisob zapojeni Cidel. Déle zaci
v ramci naseho Setfeni vypliiovali dotaznik zaméreny na jejich zkuSenosti s elektronikou ¢i napf.
schopnost pajeni (pred realizaci seminare) a rovnéz dotaznik zaméreny na uZivatelskou zkuSenost
nabytou v rdmci seminare, ktery vypliovali na jeho konci. Jako vhodny DIY skolni méfici systém byl
pro ucely seminare vyuZit systém MoleGraph (Feltl et al., 2025), nebot jde o systém, jehoz
komponenty jsou snadno dostupné a velmi levné, nabizi zna¢né mnozstvi DIY ¢idel, vlastni, zdarma
dostupny, software k jeho ovladani a jeho dokumentace je rovnéz snadno dostupna, mj. v ¢eském
jazyce. S ohledem na uvedené bylo v ramci tohoto pfispévku sledovano, zda Zaci participujici
v semindfi zvladnou stavbu DIY systému MoleGraph a vybranych cidel, tedy kolik sestavenych
systém(l bude pIné funkcnich a kolik alespon ve stavu, aby s nimi bylo mozné provadét méreni, ale
s méné vyznamnymi nedostatky (napf. nefunkéni LED)? Dale byla predmétem zajmu uzivatelska
zkuSenost student( ziskand pfi stavbé a vyuzivani systému. V neposledni fadé bylo sledovano, zda
zaci budou chapat nékteré principy a pojmy spojené se stavbou systému MoleGraph, tedy napftiklad,
zda se budou orientovat ve schématu zapojeni, zda porozumi pojmdm jako jsou AD/DA prevodnik,
rozliSeni a méfici rozsah ¢i rozeznaji divody vyuZiti jednotlivych soucastek v integrovaném obvodu.
Seminare (a pfislusného Setieni) se zucastnilo celkem 45 Zak( ve véku 10-17 let, ze 2 gymnazii, jedné
SOS a 4 zékladnich $kol. Vice nei polovina (36 74kd) byla z gymnazii a 35 7ak( bylo ve véku 15-17
let. Inicialni motivace Zakd pro ucast v seminafi byla ve vétsiné pomérné nizkd, pouze 18 % zaku se
seminare ucastnilo proto, Ze je seminar zaujal, a proto si jej vybrali. Pouze 16 % zak( deklarovalo
néjaké zkusenosti s elektronikou a pajenim.

| pfes nizkou motivaci Zaka k ucasti na seminari, ukazalo se, Ze Zaci byli v sestavovani systému
MoleGraph relativné Uspésni. PIné funkcnich bylo cca 67 % sestavenych MoleGrapht, s 97 % pak
bylo moiné realizovat méreni, byt tyto systémy vykazovaly drobné funkéni nedostatky (napf.
nefunkénost nékterych portli, LED diod apod). Po opravé byly plné funkéni vSechny sestavené
MoleGraphy. Kvalitu pajeni kontaktd bylo mozno hodnotit jako uspokojivou, byt pro dlouhodobéjsi
funkcénost, s ohledem na pevnost spoju, bylo nezbytné ve vétsiné pripadd doplnit pajku na kontakty
spojl (tzv. ,propajet”). Délka stavby samotné jednotky MoleGraph fungujici jako AD/DA pfevodnik
(tzv. MoleGraph U01) trvala Zakim cca 5—6 vyucovacich hodin (v€etné zakryti, instalace firmwaru a
softwaru do PC), pfiprava Cidel pak trvala zhruba 1 vyucovaci hodinu. Data z dotazniku uZivatelské
zkuSenosti naznacuji, Zze zaky prace na sestaveni jednotky MoleGraph bavila (obr. 1), pficemz Zaci
nejvice ocenovali, Ze se naucili néco nového, popf. Ze radi néco stavi a konstruuji.

Stavba MoleGraph shieldu mé...
35 odpovédi

@ 1 - velmi nebavila
o2
3
[ X
@5

~— | ®s
28,6% @ 7 - velmi bavila

Obrazek 1 Zabavnost stavby jednotky skolniho méficiho systému MoleGraph

| vysledek zavérecného testu, ktery Zaci psali na konci seminare, ukazal, Ze Zaci ve své vétsiné
pochopili dulezZité terminy a pojmy tykajici se méfeni a stejné tak vybrané principy fungovani
vybranych cidel, fungovani nékterych elektronickych soucastek i technické podstaty funkce Skolniho
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mériciho Skolniho systému MoleGraph. Primérnd uspésnost v testu byla 78 %, pricemz minimalné
Zaci ziskali 63 % bod(, maximalné pak 93 % bodu (obr. 2).

8
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4
3
2
1 .
o

[21.5,23 5] (23.5,255] (255,27 5] (275,235] (295,315]

Obrazek 2 Vysledky zavéreéného znalostniho testu ze seminafe Méreni v chemii (maximalni pocet bodi — 34); test
vyplnilo celkem 27 Zzaku

Obtizné byly pro studenty otdzky testu tykajici se vypoctu rozliseni (63 %) ¢i oznaceni LED diody
(67 %). Naopak, vsichni prokazali znalost Ohmova zdkona ¢i vyznam funkce AD/DA prevodniku
(81 %). Zda se tedy, Ze sestaveni systému DIY systému MoleGraph nemusi byt pro zaky tak narocné,
jak by se mohlo na prvni pohled zdat s tim, Ze Zaci tuto technicky zamérenou praci vnimaji vesmés
pozitivné.

ZAVER

Vysledky Setfeni prezentovaného vtomto prispévku naznacuji, Ze stavba Skolniho méficiho
systému MoleGraph a nékolika ¢idel nemusi byt takovy ,strasak”, a jen pro Geeky, jak to mozna na
prvni pohled vypada. Zaci byli ve stavbé systému v drtivé vétsiné Uspésni, byt na prvni pokus znaéna
¢ast sestavenych jednotek vykazovala drobné nedostatky, které ale nebrénily realizaci mé¥eni. Zaci
ve své vetsiné také ziskali potfebné znalosti a dovednosti, diky éemuz Ize konstatovat, Ze stanovené
vzdélavaci cile seminafe byly naplnény. Zaci rovnés povazovali stavbu systému MoleGraph za
viceméné uziteCnou a zdbavnou, pozitivné hodnotili, Ze se naucili néco nového (napf. pajeni a néco
o elektronice a soucdstkdch). Z casového hlediska lze dobu stavby DIY Skolniho méticiho systému
MoleGraph povaZovat za pfijatelnou.
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INTRODUCTION

Escape rooms have, in recent years, become an established didactic method that effectively
integrates game-based principles with educational objectives. They foster active student
engagement, development of critical thinking, teamwork, and intrinsic motivation for learning
(Lathwesen & Belova, 2023; Fotaris & Mastoras, 2019). Their foundation is rooted in a constructivist
approach that emphasizes knowledge acquisition through hands-on activities (Clarke et al., 2017).

Thanks to their versatility, escape rooms can be implemented both in physical and digital
formats. Online versions proved especially effective during the COVID-19 pandemic, when they
became an integral part of distance education (Avargil, 2022; Lathwesen & Belova, 2021). Among
their key benefits are increased student engagement and the connection between theory and
practice; however, preparation can be time-consuming, and there is a risk of uneven participation
among team members (Veldkamp et al., 2020; Clarke et al., 2017).

In chemistry education, escape rooms are used to address abstract or challenging concepts
(e.g., pH, chemical bonding, equilibrium), often embedding them in environmental or
interdisciplinary contexts (Ang et al., 2020; Peleg et al., 2019; Trckova et al., 2024; Trékova &
Pavlova, 2025; Trékova, 2025). They are applied both in traditional classroom settings (Dietrich,
2018; Yayon et al., 2020) and as digital interactive scenarios (Haimovich et al., 2022; Marsalek et al.,
2024; Vergne et al., 2020).

METHODS, RESULTS AND DISCUSSION

This study focuses on the design and validation of three digital escape room games that
integrate theoretical chemistry content with hands-on laboratory activities. The tasks emphasized
working with commonly available tools and instruments (e.g., pH meter, conductometer,
refractometer), handling chemicals, using testing kits, and heating samples. At the same time, the
activities aimed to reinforce students’ knowledge in the context of the current curriculum.

Game scenarios, ciphers, and visual elements were created using the ChatGPT tool, while
theoretical tasks were developed in the LearningApps platform. This platform provides various types
of interactive exercises — including gap-filling, sorting, and matching with diagrams. The tasks were
implemented either as review tools or as corrective alternatives in cases of incorrect answers during
guantitative measurements. Upon correctly completing tasks, players received immediate feedback
along with an encrypted message as a reward.

To embed the clues students acquired by solving individual tasks, the Scavenger Hunt tool from
the Flippity platform was used. Each game differed in both theme and methodology:

The Mystery of Contaminated Water simulated pollution of an aquarium environment. Students
determined water hardness using a soap solution, then analyzed pH, nitrate concentration, and
copper(ll) ions using standard aquarium test kits. They then interpreted the data to identify a likely
source of contamination. If they selected an incorrect result, they were given an alternative task in
LearningApps. This game developed the ability to compare experimental results with standards.
Students also needed to interpret graphical data outputs correctly.

The Lost Recipe of Master Cuprum focused on the transformation cycle of copper. Students
decomposed copper(ll) sulfate, prepared copper(ll) hydroxide and oxide, and conducted a redox
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reaction with iron. Using a coded key, they deciphered the term “vitriol” and finally wrote the
reverse reaction converting  copper(ll) oxide back to copper(ll) sulfate.
The game required precise procedural adherence and knowledge of chemical nomenclature.
Through the diverse transformations, students reinforced principles of chemical reactions.

Detective Mission: Accident or Murder? introduced a forensic scenario in which students
compared water from a swimming pool before and after a tragic incident. They analyzed pH,
conductivity, iron content, and the composition of a suspicious beverage found near the victim.
Based on the data, they reconstructed the sequence of events and identified the perpetrator.
Students worked with trace concentrations and assessed toxicological implications. The activity
fostered logical deduction and synthesis of information from multiple sources.

The validation process was carried out in two stages. First, the games were evaluated in a
teacher professional development course (DVPP), where 12 educators assessed their
methodological and pedagogical quality. Teachers especially appreciated the curriculum alignment,
differentiation of task difficulty, integration of hands-on activities with digital tools, and gamified
elements. Other benefits included promoting independent decision-making and collaborative
learning. Escape rooms were viewed as a highly creative and effective way to increase student
motivation and enrich chemistry instruction.

A pilot classroom implementation followed, involving six two-member student teams from a
grammar school. All participants completed a structured self-evaluation form. Average scores for
individual criteria from student feedback are shown in Table 1.

Table 1 Results of the Escape Games Evaluation; Likert rating scale 1-5; 1 — completely agree, 5 — completely disagree

Self-Assessment Card Items The Mystery of The Lost Recipe Detective
Contaminated of Master Mission
Water Cuprum

The story of the game was interesting and made sense. 1,75 2,17 1,58
The rules of the game were simple and easy to understand. 1,58 2,58 1,67
The task instructions were clear and easy to follow. 1,67 2,58 1,92
The experiments were interesting and | enjoyed performing 1,92 1,25 1,83
them.

The game naturally encouraged us to collaborate. 1,42 1,33 1,50
It would be great to include escape games in lessons more 1,67 1,42 1,42
often.

| was able to use all the digital tools in the game. 1,50 2,25 2,50
The game made me more eager to participate in the lesson. 1,83 1,92 1,50
The game helped me remember the subject matter better. 1,75 1,92 2,00

The results of the evaluation indicate that The Mystery of Contaminated Water and Detective
Mission were considered the most engaging in terms of story, clarity of rules, and task instructions.
The most popular experiments involved traditional procedures in the copper reaction cycle. The Lost
Recipe of Master Cuprum was rated the most difficult due to its focus on two challenging areas in
chemistry education — chemical nomenclature and equations. During testing, it was also found that
students struggled with understanding instructions for using aquarium kits and instruments for
measuring pH, conductivity, and sugar concentration in solutions.

The discussion with teachers highlighted the need to improve the clarity of presentations,
differentiate tasks according to their difficulty level, and provide methodological support. Before
implementing the games in regular teaching, it is also recommended to offer teacher training—
ideally in the form of a workshop focused on designing their own escape game, including the use of
digital tools.
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CONCLUSIONS

Overall, the findings confirm the suitability of digital escape games as an effective didactic tool
that links laboratory activities with instructional content, supports formative assessment, and
contributes to a qualitative shift in chemistry education.
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CHEMIE JAKO PRIRODOVEDNY OBOR NA UROVNI ZAKLADNIHO VZDELAVANI
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Uvop

Chemie jako jedna z pfirodnich véd ma v soucasné spolecnosti nezastupitelné misto. Jeji znalost
neni dllezitd pouze pro budouci chemiky, ale pro celou populaci, nebot se s chemickymi jevy
setkdvame prakticky kazdy den. | z tohoto dlivodu je chemie jiz vice nez 70 let soucasti zakladniho
vzdélavani (Banyr, Ctrnactova, 2000).

Obsah a rozsah vyuky chemie urcovalo od pocatku Ministerstvo Skolstvi, mladezZe a télovychovy
(MSMT) prostiednictvim zavaznych kurikuldrnich dokument@. A7 do r. 1989 to byly uéebni osnovy,
které byly v 90. letech nahrazeny tzv. vzdélavacimi standardy. Od r. 2000 se znovu pouzivaly
podrobné;jsi ucebni osnovy. Po pfijeti nového Skolského zakona v r. 2004 (Zakon ¢. 561/2004 Sb.)
byly tyto dokumenty nahrazeny rdmcovymi vzdélavacimi programy (RVP), na jejichZz zakladé si
jednotlivé 8koly vytvéreji své $kolni vzdélavaci programy (SVP).

Vzhledem k proménam spolecnosti a jejim aktudlnim potfebam je po dvaceti letech zifejmé, ze
tyto kurikularni dokumenty vyZaduji zasadni aktualizaci. MSMT CR proto zahdjilo revizi RVP pro
zakladni vzdélavani (RVP ZV), kterou by méla nasledovat i revize RVP na Urovni stfedniho Skolstvi.

SOUCASNE RVP ZV z HLEDISKA CHEMIE A PRIRODOVEDNYCH OBORU

Proces tvorby prvniho RVP ZV byl zahdjen v roce 2000. Na jeho ptipravé se podilel tym
odborniké z Vyzkumného Ustavu pedagogického (VUP) pfi MSMT ve spolupréci s pedagogy z
vysokych, stfednich a zakladnich Skol. Navrh dokumentu prosel pilotnim ovéfovanim na vybranych
zakladnich Skolach a v roce 2005 byl oficidalné vydan jako zavazny kurikularni ramec pro zakladni
vzdélavani. Skoldm byl poskytnut dvoulety prostor pro vytvoreni vlastnich SVP a nasledné zahajeni
jejich realizace.

RVP zV (VUP, 2005), platny od roku 2005, vymezuje jako hlavni cil vyuky rozvoj tzv. kli¢ovych
kompetenci, jeZz maji byt systematicky budovany prostfednictvim vyuky jednotlivych vzdélavacich
oborl sdruzenych do SirSich vzdélavacich oblasti. Vzdéldvaci obor chemie je zaclenén do vzdélavaci
oblasti ,Clovék a pFiroda“ spolu s fyzikou, pfirodopisem a zemé&pisem. Vzdélavaci oblast je uvedena
obecnou charakteristikou a cilovym zamérenim, které adekvatné uvadéji specifika pfirodovédnych
oborl s dlirazem na jejich experimentalni charakter. Jednotlivé vzdélavaci obory jsou dale uvedeny
prostfednictvim ocekavanych vystupl a doporuceného uciva. Kurikulum chemie zahrnuje
nasledujici tematické celky: Pozorovani, pokus a bezpeénost prace; Smési; Casticové slozeni latek a
chemické prvky; Chemické reakce; Anorganické slouceniny; Organické slouceniny; Chemie a
spole¢nost.

Realizace tohoto RVP ZV odhalila postupné nékteré jeho limity. Jednim z hlavnich problém{ byla
absence systematické odborné a finanéni podpory $koldm pfi tvorbé SVP. | kdyz $koly mély znaénou
miru autonomie, relativni kontinuita obsahu uciva pfedmétu chemie, ktery se ve své podstaté pfilis
neodliSoval od predchozich ucebnich osnov, vedla k tomu, Ze samotna vyuka se od té predchozi
prilis nelisila. DalSi problém spocival v oblasti ovéritelnosti dosazeni klicovych kompetenci, které byly
hlavnim cilem kurikuldrni reformy. Systémové nastroje pro validni a spolehlivé hodnoceni téchto
vystupU nebyly zavedeny, coZ vedlo k tomu, Ze zaméreni na kompetencni vyuku zUstavalo spisSe
deklarativni nez realné kontrolované.
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REeVIZE RVP ZV A JEJi POJETi Z HLEDISKA CHEMIE A PRIRODOVEDNYCH OBORU

Vzhledem k uvedenym problém0m a v ndvaznosti na nové trendy ve vzdélavani prijetim
Strategie vzdélavaci politiky CR 2030+ (MSMT, 2022), ktera definuje klicové pilite rozvoje
vzdélavaciho systému v CR pro nadchazejici dekadu, byla zahajena komplexni revize RVP ZV.
Pivodné se predpokladalo, Ze na pfipravé revize se budou podilet odborni pracovnici a expertni
skupiny Narodniho pedagogického institutu (NPI). V praxi vSak byla revize svéfena samostatné
ustavenym nékolikaclennym tymim pii MSMT, které pfipravily ndvrhy Uprav jednotlivych
vzdélavacich oblasti a obord.

PFedlozeny navrh RVP ZV (MSMT, 2024) v obecné roviné zachovava obdobnou strukturu jako

pfedchozi verze, avSak vyrazné posiluje dliraz na rozvoj a propojeni klicovych kompetenci, nové
formulovanych prarezovych témat a nové definovanych gramotnosti. Tyto prvky jsou podrobnéji
rozpracovany a provazany s nové zavedenou kategorii ocekavanych vysledkd uceni, které nahrazuji
dosavadni o¢ekdvané vystupy Zak(. Vyznamna pozornost je vénovana schopnosti Zzakd vyhleddvat,
analyzovat, kriticky posuzovat a prakticky aplikovat ziskané informace. Zatimco soucasné RVP ZV
postupuje ve vzdélavacim oboru chemie prevainé deduktivnim zplsobem a vede Zaky od
porozuméni obecnym zakladim chemie k jejich konkrétni aplikaci, revidované RVP ZV preferuje
induktivni pfistup vyuky chemie. Pfevdina cast navrhu vsak vychdzi z prace s konkrétnimi
informacemi ziskanymi zpravidla z internetu, nikoliv z praktické experimentalni ¢innosti, ktera je v
chemii klicova. Zasadni zménou oproti predchozi verzi RVP ZV je pak skutecnost, Zze navrh dle
pozadavk( MSMT zcela rezignuje na konkretizaci uciva.
Ve vzdélavaci oblasti Clovék a pFiroda ndvrh RVP ZV nové vymezuje pouze tfi vzdélavaci obory:
Fyzika, Chemie a Pfirodopis. Zatimco vzdélavaci obory Fyzika a Pfirodopis v rdmci svych o¢ekavanych
vysledkl ucéeni poskytuji Zakam zdakladni fyzikalni ¢i prirodopisné poznatky, které jsou nasledné
aplikovany na ptiklady z praxe, vzdélavaci obor Chemie vykazuje zcela odlisny pfistup. Je postaven
na tfech tematickych blocich: ,,Chemie a ja“, ,Chemie a planeta Zemé“ a ,,Chemie a spole¢nost”, kde
kazdy blok vychazi z Zakim zndmé praxe a zaklady chemie vyrazné eliminuje.

Vzhledem k tomu, Ze se u zakl zakladni Skoly az do 8. ro¢niku nepredpokladaji zadné chemické
poznatky, pusobi vtomto kontextu problematicky vysoka narocnost uciva, které je zakim na
pocatku vyuky chemie predkladano. Jsou napfiklad ocekavany znalosti o sloZeni potravin a jejich
metabolickém vyuziti, o chemickém sloZeni vzduchu, vody a litosféry nebo o primyslovych
provozech v okoli bydlisté — Zaci maji tyto informace samostatné vyhledat, analyzovat a aplikovat.

Pokud vsak Zaci nemaji vdaném oboru Zadné védomosti a pracuji-li pouze s vyhledanymi
informacemi, neni moziné, aby byli schopni kriticky posoudit jejich spravnost. Navic vétSina
odvozeni, jak jsme jiz uvedli, vychazi z porovndvani informaci a hodnot zjisténych z internetu, nikoliv
z vlastni experimentalni prace zakl. Vysledkem této vyuky mulze byt opakovani vyhledanych
informaci bez schopnosti kriticky posoudit jejich spravnost. Bez zakladnich poznatku o elektronovém
obalu atomuU a vyznamu elektronl je vSak obtizné pochopit vznik chemické vazby a vysvétlit
vlastnosti latek, které jsou dany povahou chemickych vazeb mezi atomy nebo ionty, ani zmény latek
pfi chemickych reakcich.

Je zfejmé, ze bez pribéiného systematického osvojeni zadkladnich znalosti nelze od zaku
ocekdvat schopnost kriticky posuzovat spravnost vyhledanych informaci, zejména s ohledem na
dominantni vyuzivani internetu jako primdarniho zdroje. Vysledkem by mohlo byt pouhé
reprodukovani neovérenych udaja bez hlubsiho porozuméni. Takovyto pfistup je v rozporu s
deklarovanymi cili ndvrhu RVP ZV pro chemii (Ctrnactovad, John, 2021).

Vyuziti induktivniho ptistupu jako vychodiska ve vyuce chemie je bezpochyby adekvatni,
nicméné azZ jeho propojeni s deduktivni pristupem k vyuce umozni porozuméni chemii a naplnéni
ocekavanych vysledkd uéeni (Held, 2011).
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OPTIMALIZACE VYUKY CHEMIE NA UROVNI ZAKLADNIHO VZDELAVANI

Z hlediska oborové didaktiky je pouzZiti pouze deduktivniho, nebo naopak pouze induktivniho
pfistupu k vyuce vidy problematické. Hlavni rozdil mezi induktivnim a deduktivnim usporaddnim
uCiva spocivd ve smeéru vyukového procesu. Zatimco deduktivni pfistup zacind abstraktnimi,
obecnymi pojmy a mél by smérovat k aplikacim, induktivni pfistup vychazi z konkrétnich a zakim
znamym poznatk(, na jejichz zdkladé by méla byt vyvozovdana obecnd pravidla a zakonitosti.
Optimalni se na urovni zédkladniho vzdélavani jevi propojovani obou téchto pfistupl. To umoziuje
zakim objevovat a formulovat obecné poznatky na zakladé konkrétnich jev( a situaci, které jsou jim
blizké z kazdodenniho Zivota.

Zasadnim aspektem pfi vyuZziti tohoto pfistupu je zohlednéni moznosti souc¢asnych technologii,
které umoznuji ve vyrazné vétsi mite nez drive vyuzivat rizné neverbalni formy informaci — jako jsou
tabulky, schémata, fotografie, grafy, animace ¢i videa. Tyto prostfedky mohou ¢asto nahradit ci
podpofit verbalni metody vyuky, a tim usnadnit Zakiim porozuméni ucivu a propojovani novych
poznatk( s jejich predchozimi zkusenostmi (Ctrnactova, Vickovd, 2025).

ZAVER

RVP ZV jsou v Ceské republice zakladnimi kurikuldrnimi dokumenty pro vyuku chemie a
prirodnich véd jiz od r. 2005. Jejich Upravy v pribéhu 20 let nebyly nijak zasadni, k vyrazné revizi
dochazi az nyni. Novy ndvrh RVP ZV vyrazné posiluje diraz na klicové kompetence, prirezova
témata a zdkladni gramotnosti. Tyto prvky jsou provazany s o¢ekdvanymi vysledky uéeni. Zaméreni
navrhu RVP ZV na kompetence je adekvatni, musi vSak zahrnovat také védomosti a dovednosti,
které zakim umozZni dospét ke stanovenym cilim, tj. kriticky posuzovat a aplikovat ziskané
informace. Zatimco soucasné RVP ZV postupuje ve vzdéldvacim oboru chemie c¢asto prevainé
deduktivnim zplsobem, revidované RVP ZV preferuje induktivni pristup vyuky chemie.

Vzhledem k tomu, Ze vyhradné deduktivni pfistup mlze byt pro zaky pfilis abstraktni, a naopak
Cisté induktivni pojeti mizZe zanedbat systematické vyuziti poznatkl z obecné chemie, jevi se jako
optimalni hybridni model vyuky. Tento model propojuje teoretické poznatky s konkrétnimi priklady
z redlného Zivota, zpracovanymi formou vizudlné podnétného a induktivné orientovaného
vyukového materialu. Tento pfistup se ukazuje jako optimalni pro podporu porozuméni a trvalé
osvojeni uCiva, jelikoz reflektuje realny kontext zdkovy zkusenosti a soucasné rozviji jejich schopnost
osvojit si a pouzivat obecné chemické poznatky.

Tato prdce byla podporena projektem Univerzity Karlovy COOPERATIO ve védni oblasti: Subject
Specific Education Research.
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GENDER DIFFERENCES IN DEVELOPING PRIMARY SCHOOL PUPILS’ SCIENCE
PROCESS SKILLS

Katarina Kotuldkova, Maria Orolinova, and Ivana Backuléik
Dpt. of Chemistry, Faculty of Education, Trnava University in Trnava, Trnava, katarina.kotulakova@truni.sk

INTRODUCTION

Inquiry-based science education (IBSE) is widely promoted for fostering pupils’ science process
skills (SPS) (Harlen, 2013; Minner et al., 2010). However, research suggests that its benefits may not
be equally distributed across all student groups. While boys often respond positively to open-ended,
investigative learning, girls may be less confident or engaged in such environments. This may stem
from persistent gender-science stereotypes (Makarova et al., 2019) or cognitive demands when
guidance is minimal (Jerrim et al., 2022). This study investigates whether the impact of long-term
IBSE on the development of SPS differs by gender in Slovak lower secondary education.

METHODS, RESULTS AND DISCUSSION

A quasi-experimental design was implemented over four school years (2019-2024) in six
comparable schools. Three schools implementing the ExpEdicia inquiry-based program formed the
experimental group, while three schools applying traditional, deductive instruction served as the
control group. The schools were selected to ensure similar socio-demographic and educational
contexts. The experimental group (N = 81) was taught using inquiry-based approach inspired by the
ExpEdicia IBSE teaching material (https://www.indicia.sk/aktivity/expedicia), while the control
group (N = 98) followed traditional, deductive instruction. Traditional instruction was teacher-
centred and content-oriented, emphasizing explanation and reproduction of facts rather than
pupils’ independent exploration or hypothesis testing. Both groups completed identical pre- and
post-tests focused on core SPS (e.g., hypothesizing, classifying, planning an experiment). Data
distribution was tested using the Shapiro—Wilk test, which confirmed non-normality for both groups
(experimental: W =0.36, p < .001; control: W = 0.38, p <.001); therefore, non-parametric tests (sign
test and Mann—-Whitney U-test) were applied. Pre-test scores revealed slightly higher initial
performance in the experimental group, indicating partial non-equivalence between groups and
must be considered when interpreting the outcomes. The Covid-19 pandemic disrupted consistent
implementation and introduced variables related to online instruction.

The intervention led to overall gains in SPS across both groups. A sign test confirmed statistically
significant improvements from pre- to post-test in both the experimental (z = 2.124, p = .034, r =
.24) and control group (z = 5.686, p = .001, r = .57), indicating a small-to-medium effect in the
experimental and a large effect in the control group (see table 1).

Table 1 Pre-test and post-test results of the whole groups

Pre-test Post-test Sign test
mean median mean median 4 p r
Exp. group 62 % 63 % 68 % 68 % 2.124 .034 .24
Contr. group 53 % 51% 64 % 66 % 5.686 .001 .57
. U 2778 3276
Efy z 3.450 2.007
= é " p .001 .045

Note: Statistical significance was evaluated at a = .05.
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However, gender differences emerged. Boys in the experimental group achieved significantly
higher post-test results than those in the control group (U = 642.0, p = .003) (Tab. 2).

Table 2 Pre-test and post-test results - boys

Pre-test Post-test Sign test
mean median mean median z p r
Exp. group 58 % 57 % 65 % 75 % 3.771 .002 .60
Contr. group 54 % 51% 65 % 63 % 6.652 .001 .94
. u 796 576.500
ELy z 1.109 2.998
§ L =
= p 268 .003 32

Note: Statistical significance was evaluated at o = .05.

Among girls, no statistically significant difference was found between the groups (U = 791.0, p
= .790), despite experimental group higher initial performance (Tab. 3). This gender-based
divergence suggests that IBSE may not equally benefit all learners.

Table 3 Pre-test and post-test results - girls

Pre-test Post-test Sign test
mean median mean median 4 b r
Exp. group 62 % 65 % 68 % 69 % 2.124 .034 .34
Contr. group 53% 50 % 64 % 71% 5.686 .001 .82
. U 601 1021
Efg z 3.553 -2.266
=< *
p .001 .079

Note: Statistical significance was evaluated at a = .05.

Although our findings confirm a significant improvement in science process skills (SPS) among
both experimental and control groups, the data disaggregated by gender revealed an important
divergence. Boys benefited from the inquiry-based intervention significantly more than girls, as
evidenced by the Mann-Whitney U-test (p = .003). In contrast, girls did not show statistically
significant gains from the intervention compared to their peers in the control group (p = .790),
despite starting with a higher pre-test average.

These findings suggest that IBSE, while pedagogically valuable, is not automatically gender-
inclusive. As Makarova et al. (2019) emphasize, science subjects such as physics, chemistry, and
mathematics are often perceived—especially by girls—as "masculine domains". This perception
may serve as a subtle but powerful barrier to full engagement. Even when girls participate in inquiry-
based activities, internalized stereotypes may lead them to feel like outsiders in the scientific
domain, affecting their confidence and willingness to take intellectual risks. Riegle-Crumb et al.
(2019) further argue that inquiry-based instruction enhances attitudes but may fail to close gender
gaps in confidence and performance unless it directly challenges stereotypes. Inquiry environments
that do not explicitly counteract cultural narratives about "who belongs in science" may
inadvertently reproduce inequities. Similarly, Jerrim et al. (2022) highlight that inquiry is most
effective when it includes strong scaffolding. In our study, the variability caused by the pandemic
likely reduced teachers’ ability to provide this structured support—particularly for students who
needed it most.

Additionally, cultural expectations around "what girls are good at" may lead some students to
subconsciously disengage from activities that feel misaligned with their self-concept. While boys
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may more readily embrace open-ended problem solving and experimentation, girls—despite equal
or greater capability—may hesitate to assert themselves in such settings, especially when guidance
is limited. Results should be interpreted with caution, as the intervention was implemented with
pupils who initially achieved higher SPS scores.

CONCLUSIONS

Our study, although on a very limited student sample, suggests that while IBSE has the potential
to enhance SPS development, its impact is not automatically equitable. The gendered discrepancy
observed—where boys in the experimental group made greater gains than girls—indicates that
inclusive pedagogical design must go beyond form and address underlying identity dynamics.

To maximize the benefits of IBSE for all learners, future implementations should:

° Include explicit efforts to challenge gender-science stereotypes.

° Provide stronger cognitive scaffolding, especially in moments of uncertainty.

° Represent diverse role models in materials and discussions.

° Foster a classroom climate where all students see themselves as capable scientists.

Without intentional inclusion strategies, even well-structured inquiry environments may not
disrupt cultural narratives that shape student engagement and identity. More research is needed to
explore how girls experience inquiry-based learning and which modifications—whether in framing,
guidance, or content—can make it more empowering and identity-affirming for them.
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VYPOCTY Z CHEMICKYCH ROVNIC VE VYUCE CHEMIE NA STREDNi SKOLE
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simona.satavova@seznam.cz

Uvop

Problematika vypoctl z chemickych rovnic je nedilnou soucasti uciva chemie na viech stupnich
vzdélavani (od primarniho ktercidarnimu). Dlouhodobé jsou vypocty zchemickych rovnic
povazovany za jeden z kritickych, ale i klicovych bod( kurikula (Rychtera et al., 2019). Pfi feSeni
vypoctovych Uuloh vychdazejicich z chemickych rovnic se c¢asto kumuluji obtiZze souvisejici
s nedostate¢nym osvojenim predchoziho uciva. Pokud Zaci neovladaji chemické nazvoslovi, nejsou
schopni spravné zapsat chemickou rovnici dané reakce, a tim padem ani urcit stechiometricky
pomér mezi reagujicimi latkami, ktery tvofi zaklad téchto vypoctl. Z toho vyplyva, Ze zvladnuti
vypoctd z chemickych rovnic je podminéno znalosti ndzvoslovi a schopnosti spravné zapisovat
a vycislovat chemické rovnice. Vyznamnym a casto problematickym krokem je rovnéz tzv.
matematizace uUlohy, tedy jeji prevedeni do formy umoznujici kvantitativni fesSeni. Tuto fazi zZ4ci
Casto vnimaji jako obtiznou, nebot pro né byva sloZité spojit matematické operace s redlnym
chemickym kontextem (Rusek et al., 2022; Téthova & Rusek, 2022).

TESTOVANI A DOTAZNIKOVE SETRENI

Cilem testovani studentl bylo zjistit Uroven znalosti studentll vybrané stfedni Skoly v oblasti
vypoctd z chemickych rovnic, identifikovat nejcastéjsi chyby, kterych se studenti pfi feseni
dopoustéji a porovnat vysledky u jednotlivych typla uloh mezi testovanymi roc¢niky. Testovani se
zucastnilo 123 studentd Gymnazia Ludka Pika v Plzni (GLP). Ucivo tykajici se vypoctl z chemickych
rovnic se standardné na GLP probird v prvnim roc¢niku ¢tyrletého gymnazia a kvarté osmiletého
gymnazia. U soucasnych studentl téchto roc¢nikl by Setfeni nebylo mozné provést, protoze ucivo
dosud neprobirali. Proto byly testy a dotazniky zadany studentim, ktefi se tomuto ucivu vénovali
v minulém Skolnim roce (studenti 2. ro¢niku CEtyfletého gymnézia a studenti kvinty osmiletého
studia). Déle bylo Setfeni provedeno i v rdmci chemickych seminard pro 3. a 4. ro¢niky. Test se
skladal ze tfi Uloh a na vypracovani méli studenti 45 minut.

1) Rozkladem uhlic¢itanu vdpenatého vznika oxid vdpenaty a oxid uhli¢ity. Vypocitejte, kolik gramf
uhli¢itanu je nutno navazit pro pfipravu 50 g oxidu vapenatého.

2) Roztok kyseliny chlorovodikové o hmotnostnim slozeni 34 % (p = 1,18 g-cm™3) byl zneutralizovén
roztokem hydroxidu sodného (w = 0,2). Vypocitejte objem roztoku kyseliny chlorovodikové a
hmotnost roztoku hydroxidu sodného potfebnych na pripravu 200 g chloridu sodného.

3) Tepelnym rozkladem chlore¢nanu draselného se uvolnil kyslik a vznikl chlorid draselny.
Vypocitejte objem uvolnéného kysliku za s.p. a hmotnost vzniklého chloridu draselného.

Kazd4 uloha byla hodnocena dle obtiznosti danym poctem bod (Satavova, 2025).

Cilem dotaznikového Setfeni bylo zmapovat postoje studentl a uditelll stfednich Skol
k problematice vypoéttl z chemickych rovnic a jejich vyuce. Setfeni se zd&astnilo 123 studentd GLP
a 20 utiteld z vybranych stfednich $kol (Gymndazium Ludka Pika v Plzni, Gymndazium a SOS Plasy,
Vys$si odbornd Skola a Stfedni primyslova Skola elektrotechnickd Plzeri, Gymndazium Pisek
a Gymndazium Strakonice).

Dotaznik pro uditele byl tvofen 10 polozkami, které zjistovaly rozsah wvyuky vypoctl
z chemickych rovnic, zplsoby ovérovani ziskanych znalosti studentl, nejvétsi obtize a problémy
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studentl pfi feSeny uloh, pouzivana literatura a pripadné ndméty na zlepSeni vyuky vypoctl
z chemickych rovnic. Dotaznik pro studenty obsahoval 6 polozek, které se ¢aste¢né prekryvaly
s polozkami u dotazniku pro ucitele. Cilem bylo zjistit, zda jim pfijde ucivo o vypoctech z chemickych
rovnic zajimavé, zda je jim srozumitelné vysvétleno, zda se ucivo dostatecné procvicuje a co jim déla
pfi feSeni uloh nejvétsi potize.

VYSLEDKY A VYHODNOCENI TESTU

Celkova uspésnost reSeni testu vSech studentl byla 41 %. Vysledky ukazuji vyznamné rozdily
v Uspé$nosti student pti feseni jednotlivych typtl vypoctovych tloh i mezi roéniky (viz tab. 1). Uloha
1 byla pro studenty nejjednodussi, coz doklada celkova uspésnost 72 %. S timto typem ulohy se Zaci
setkali jiZ na nizSim gymndaziu nebo na zakladni skole, coz pravdépodobné prispélo k vyssi Uspésnosti.
zatimco u ulohy 3 byla Uspésnost jesté nizsi, a to pouze 24 %. Tento vysledek Ize pravdépodobné
pricist bud vyssi obtiznosti uloh nebo nedostatecnému ¢asovému prostoru pro jejich reSeni.

Tabulka 1 Uspésnost fe$eni jednotlivych tloh

uloha 2. roénik kvinta seminar seminar celkova
3. rocnik 4. roc¢nik Uspésnost
1 83% 76 % 62 % 56 % 72 %
2 34% 25% 35% 29% 30%
3 5% 36 % 22% 26 % 24 %
celkem 40 % 44 % 39% 36 % 41%

vvvvvv

Naopak nejnizsi uspésnost méli studenti 4. rocniku chemického seminare. Rozdily v Uspésnosti
jednotlivych skupin nejsou vyrazné, coz je do urcité miry prekvapivé, nebot by bylo moiné
predpokladat, Ze studenti navstévujici chemicky seminar dosahnou lepsich vysledk( nez studenti
béznych tfid. Velkym prekvapenim je pfedevsim nizka uspésnost studentl 4. rocniku chemického
seminare. JelikoZ se jedna o maturitni ro¢nik, dalo by se o¢ekavat, Ze studenti budou mit v oblasti
vypocta vétsi jistotu. Tento vysledek naznacuje, Ze se studenti pravdépodobné vice soustfedi na
teoretickou ¢ast maturitni zkousky a vypocéty z chemickych rovnic pro né nejsou prioritou. Zaroven
nelze vyloucit, Ze ¢ast maturantU se testu nezucastnila s plnym nasazenim.

Pfi analyze chyb u jednotlivych uloh bylo zjisténo, Ze nejcastéjsi chyby se tykaly predevsim
neznalosti ¢i nespravného pouziti defini¢nich vztahl a nepozornosti pti ¢teni zadani. Studenti ¢asto
zaménovali definiéni vztahy a vyuZivali nespravné vypoctové postupy. V nékterych pfipadech si
chybné uréovali molarni hmotnosti z tabulek. Tyto typy chyb se objevily napfi¢ vSsemi tfemi zadanymi
ulohami. U ¢asti respondent(l bylo rovnéz patrné, Zze neptistoupili k feeni prikladu viibec, coz mohlo
byt zplisobeno bud nedostatkem ¢asu, nebo tim, Ze nevédéli, jak pfi reSeni postupovat.

VYSLEDKY DOTAZNIKOVEHO SETRENI

Z vysledk( dotaznikového Setfeni pro ucitele vyplyva, Ze nejcastéji vyuzivanou metodou vyuky
je frontdlni vyuka, kterou dopliuji skupinovd a samostatna prace. To naznacuje, Ze ucitelé usiluji
o zapojeni zakd a variabilitu pristupl. Ucitelé Cerpaji priklady predevsim z rlznych sbirek uloh
a odbornych ucebnic, coZ svéddi o jejich snaze vybirat vhodné materidly pro rlizné drovné 7akua
a zajistovat dostatec¢né variabilni priklady. Vypocty z chemickych rovnic jsou uciteli povazovany za
narocné ucivo. V souvislosti s tim ucitelé vyhledavaji zpUsoby, jak vyuku zlepsit — napf. zaclenénim
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problémovych uloh, analogiemi z béZzného Zivota nebo interaktivnimi aktivitami, jako jsou soutéze
a hry.

Z dotazovanych studentl vice neZz polovina vnima vypocty z chemickych rovnic jako ucivo
stfedné obtiZné aZ ndrocné. Vétsina Zakl se domniva, Ze vyklad ve Skole je srozumitelny, nicméné
znacnd C¢ast studentl by ocenila Upravy ve zpusobu vyuky. Nejcastéji by pomohlo podrobnégjsi
vysvétleni jednotlivych krokd, vice praktickych priklad(i a delsi ¢as na procvicovani. Oteviena otazka
potvrdila potifebu podrobnéjsiho procvi¢ovani, vétsiho mnozstvi praktickych ptikladl a zabavnéjsich
vyukovych metod. Néktefi studenti by ocenili vizudlni schémata, prehledy vzorcl ¢i pracovni listy
s kontrolou vysledk(. Celkové lze konstatovat, Ze prestoZe je vyuka vétSinou povazovdna za
srozumitelnou, existuje prostor pro jeji zpestfeni a vétsi dliraz na praktické aplikace.

ZAVER

Na zakladé vyhodnoceni zadanych testli a dotaznikového Settfeni vyplyva, Ze ackoliv je vyuka
chemickych vypoctl na stfednich Skoldch povaZzovana za srozumitelnou, existuje fada oblasti, kde
by bylo mozné vyuku dale zefektivnit. Klicové je zaméfit se na hlubsi propojeni teorie a praxe, posilit
praktické aplikace, rozsifit pouzivani nazornych pomucek a prehlednych materidld, a predevsim
vénovat se analyze chyb, kterd by studentim pomohla Iépe pochopit sloZité chemické vztahy
a vypoctové postupy. Vyznamnym zjisténim je rovnéZ skuteCnost, Ze pfi feSeni uloh se cCasto
kumuluji obtize spojené s nedostate¢nym osvojenim predchoziho udiva, zejména v oblasti
chemického ndzvoslovi a vycislovani rovnic, coz nasledné komplikuje uréeni stechiometrického
poméru a samotnou matematizaci problému. Pro efektivnéjsi zvladnuti tohoto tematického celku
by bylo vhodné do vyuky systematicky zarazovat nazorné pomdcky, které studentdim usnadni
orientaci v ucivu — napfiklad prehledné tabulky defini¢nich vztah(i, myslenkové mapy ¢i vzorové
postupy. Vzhledem k castym obtizim Zaka pri feSeni slovnich uloh vysledky rovnéz ukazuji na
potiebu posilit kontextové uceni a praktickou aplikaci vypoctl v readlnych situacich.
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INTRODUCTION

Science and technology education should put great emphasis on inquiry-based learning, where
students actively construct their knowledge through experimentation and problem-solving (Driver
et al., 1994; Vygotsky, 1978; Piaget, 1970). Experimental activities form the core of this approach,
aiming to strengthen students' engagement and bridge theoretical knowledge with everyday
contexts. However, research shows that practical work alone does not guarantee deeper conceptual
understanding (Kirschner et al., 2006; Abrahams & Reiss, 2012). Without appropriate scaffolding,
there is a risk of turning experiments into mere procedural exercises where students follow
instructions (“cookbook”) without critical reflection (Hofstein & Kind, 2012)— the well-known
distinction between “hands- on” and “minds-on”.

The Erasmus+ project STExperiMents, on which this study is based, aimed to address these
challenges by designing, implementing, and evaluating STE(A)M experimental activities that
integrate both hands-on and virtual formats. These activities were developed to reflect authentic,
real-world contexts. The project placed strong emphasis on inquiry-based learning, encouraging
students not only to perform experiments but also to actively formulate hypotheses, interpret data,
and reflect on their findings.

METHODS, RESULTS AND DISCUSSION

Eight educational activities were designed by project partners from the Czech Republic, Austria,
Finland, and Turkey. All activities underwent a peer review to ensure scientific accuracy and
educational relevance. To validate their applicability across different educational contexts, the
activities were also subjected to cross-testing. Assigned four activities were selected for testing,
which took place in two stages. First, the activities were trialled with pre-service teachers to refine
implementation strategies and scaffolding. Subsequently, they were tested with 365 both lower and
upper secondary school students during classroom sessions conducted between April and June
2025. Table 1 provides an overview of these pilot-tested activities, their format and sample sizes.

Table 1 Overview of tested activities

Name / Short name Type Number of students
When will the candle stop burning? / Candle Hands-on 85
How to keep a vaccine cold? / Vaccine Hands-on 83
pH: acid vs. base / pH Virtual 121
From walking to falling: Exploring acceleration / Acceleration Virtual 73

A modified Intrinsic Motivation Inventory (IMI; Ryan & Deci, 2000) was used to capture
students’ perceptions of activities. Three additional domains were included: metacognition,
cooperation, and hypothesis & reflection. Observation rubrics and semi-structured interviews were
added to provide additional qualitative data in the same dimensions. Table 2 summarizes the results
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obtained from both the Intrinsic Motivation Inventory (IMI) questionnaires and the observation
rubrics across the main domains assessed in the study.

Table 2 IMI and observation rubric results (N = 365)

“Candle” “pH” “Vaccine” “Acceleration”
Survey Rubric Survey Rubric Survey Rubric Survey Rubric
Value and usefulness* 4,98 3,20 5,19 3,00 5,21 2,06 4,40 3,25
Interest and enjoyment* 5,56 3,13 5,31 3,05 5,30 2,83 4,43 2,92
Perceived competence* 5,79 2,95 5,86 3,11 5,35 2,38 5,33 3,38
Effort and importance* 5,25 3,20 5,30 2,81 4,97 2,92 4,61 3,21
Metacognition** 3,02 2,80 2,93 1,29 2,89 1,44 2,95 2,83
Cooperation** 3,21 3,53 3,00 2,95 3,04 2,89 3,25 3,63
Hypothesis & reflection** 3,21 2,87 2,88 2,57 2,74 0,67 2,76 2,79

*7-point Likert scale (1= strongly disagree, 7= strongly agree), **4-point Likert scale (1= absolutely no, 4 = absolutely yes);
Rubric: 5-point scale, N/A indicated behaviours not applicable or not observed, 1= rarely observed, 4 = frequently observed

The IMI questionnaire demonstrated excellent internal consistency (overall a = 0.91, IMI
a =0.89, additional domains a = 0.86). Students reported consistently high levels of interest,
enjoyment, and perceived competence across all activities, with mean values typically above 5 on
the 7-point scale. Similarly, both hands-on and virtual activities were rated as meaningful (value and
usefulness: around 5.0 on average). In contrast, dimensions related to higher-order thinking, while
still positive, were rated lower, reflecting a more moderate self-perception in these areas.

The observation data revealed a consistent gap between students’ self-reports and observed
behaviours. While self-assessments showed high interest and competence, observers typically
recorded lower levels of active reflection, hypothesis generation, and analytical engagement.
Observers noted frequent engagement and collaboration, especially in hands-on tasks like the
candle experiment, which stimulated curiosity and teamwork. However, the formulation of
hypotheses and explicit reflection were rare or remained superficial in both hands-on and virtual
contexts. Virtual activities, while appreciated for their accessibility and clarity of visualization, often
lacked spontaneous peer interaction and inquiry behaviour, compared to hands-on experiments.

Interviews with teachers provided open-ended commentary that offered complementary
perspectives on the overall lesson flow, student engagement, and practical suggestions for
improving the implementation of the activities. Teachers noted that students enjoyed all formats of
experiments, although in the case of the pH activity, they expressed a wish to complement the
virtual version with a real-life experiment. Moreover, students often added their own relevant
context, connecting the tasks to familiar situations or experiences.

Triangulation revealed that students often overestimated their reflective and analytical abilities
compared to external observations. The greatest agreement between self-assessment and observer
ratings occurred in domains such as interest and perceived competence. The most significant
discrepancies were found in metacognitive aspects — reflection, analysis, and hypothesis
formulation.

The findings demonstrate that providing experimental activities, regardless of format, is
insufficient for fostering higher-order scientific thinking. Structured scaffolding is critical to guide
students through the process of inquiry. This may include the use of checklists to support hypothesis
formulation and data interpretation, the incorporation of prompting questions directly into activity
instructions, and teacher-facilitated discussions designed to deepen students’ reflection and
analytical thinking.
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The combination of hands-on and virtual formats proved beneficial; virtual experiments offered
efficient content delivery, while hands-on tasks encouraged collaboration and sensory engagement.
The optimal approach involves integrating both, tailored to learning goals and context.
Furthermore, the research highlights the importance of preparing teachers as facilitators who can
support students’ inquiry skills and data literacy. Schools need to foster a culture of inquiry where
students are encouraged to question, hypothesize, and critically analyse data.

CONCLUSIONS

Triangulation of tools in evaluating STE(A)M experimental activities provided a detailed picture
of both strengths (interest, engagement, perceived competence) and weaknesses (limited reflection
or data analysis). Future designs of experimental activities should emphasize scaffolding strategies
that guide students toward deeper inquiry. A blended approach, combining virtual and hands-on
experiences, supported by well-prepared teachers, is key to achieving meaningful STE(A)M
education outcomes.
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Uvob

Podobne ako inteligencia samotna, aj Ul je komplexny koncept, ktory zahfmia schopnost
systémov prispdsobit sa, ucit sa zo skisenosti a riesit problémy. Skutoc¢na sila umelej inteligencie
spociva v schopnosti najst skryté suvislosti v spleti kiiskov informdcii — spojenia, ktoré by si nikto
nikdy neviimol. Cim viac informacii sa vlozi do umelej inteligencie, tym lepsie funguje (Diamandis &
Kotler, 2020). V sucasnosti je Ul dynamicky sa rozvijajucim odborom s mnohymi praktickymi
aplikaciami a aktivnymi vyskumnymi oblastami. Inteligentny softvér sa vyuZiva na automatizaciu
rutinnych ¢innosti, rozpozndvanie reci a obrazov, diagnostiku v medicine ¢i podporu zakladného
vedeckého vyskumu (Goodfellow, Bengio & Courville, 2016). Tieto aplikdacie ilustruju potencial Ul,
ktory neustdle meni spésob, akym rieSime zlozité problémy a pracujeme s informdaciami. Jednym z
prinosov Ul vo vzdeldvani je schopnost zefektivnit a zrychlit pripravu ucitelov na vyucovacie hodiny.
Ul dokadZe automatizovat rutinné cinnosti ako spracovanie dat, pripravu testovych otazok di
generovanie individualizovanych u¢ebnych materialov, ¢im uciteflom Setri mnoZstvo ¢asu (Holmes &
Tuomi, 2022). Tento usetreny ¢as potom ucitelia mozu vyuZit na kreativnejsie pedagogické aktivity
¢i individudlnu pracu so Ziakmi (Miao et al., 2021). V reakcii na rychly vyvoj generativnych nastrojov
Ul a absenciu komplexnej legislativy v mnohych krajindch pristupilo UNESCO k vytvoreniu prvych
globalnych ramcov kompetencii v oblasti Ul pre ucitelov a Ziakov. Ciefom tychto usmerneni je
zabezpedit, aby sa Ul vo vzdeldvani vyuZivala eticky, pricom zddrazriuje pristup zamerany na ¢loveka
(human-centred approach), ktory kladie doéraz na kritické myslenie, ochranu sukromia a
reSpektovanie [udskych prav. Tento rdmec pomaha skolam pripravit sa na zodpovedné vyuZivanie
Ul a zaroven chranit zakladné hodnoty vzdelavania (UNESCO, 2023).

METODY, VYSLEDKY A DISKUSIA

Hlavnym cielom prispevku je preskimat vyuzivanie Ul vo vzdeldvani z pohladu ucitelskej praxe
na Slovensku. Zamerali sme sa predovsetkym na ndazory ulitefov a implementaciu Ul do
vyucCovacieho procesu a do pripravy vyucovania. Zber a spracovanie dat zdroven umoznuju
porovnanie ndzorovych tendencii v zavislosti od vekovej kategérie respondentov, typu Skoly
(zakladna alebo strednd) ¢i regidnu ich pedagogického pdsobenia. Od hlavného ciela sa odvijali
Ciastkové ciele: ziskat relevantné teoretické poznatky o fungovani Ul a o moZnostiach jej
implementacie do vyucovacieho procesu a do modelov hodin; navrhnat vyskumny nastroj —
dotaznik — vychadzajuci z poznatkov odbornej literatury a predchadzajucich vyskumov; zabezpedit
zber empirickych udajov prostrednictvom dotaznika distribuovaného medzi ucitelov na zakladnych
a strednych skolach na Slovensku; analyzovat ziskané udaje s cielom identifikovat najCastejSie
nazory ucitelov a ich vyhrady a preferencie v suvislosti s vyuzivanim Ul. V zahranici je tato téma viac
rozsirend, vacsina pouzitych zdrojov pochddza od zahrani¢nych autorov. Vyskum bol realizovany
metddou dotaznika, zvolili sme elektronickd formu dotaznika. Pri vytvarani vyskumného dotaznika
sme sa inSpirovali Radou pre digitdlne vzdeldvanie (Digital Education Council, 2025), ktora zaciatkom
roku 2025 uskutocnila globalny prieskum medzi akademickym personalom s ciefom ziskat prehlad
o vyuzivani a vnimani Ul vo vysokoskolskom vzdelavani.

Vyskumny nastroj, elektronicky dotaznik sme vytvorili prostrednictvom nastroja Microsoft
Forms. Jadro dotaznika tvorilo 17 otazok, ktoré boli z vacsej Casti uzatvorené, pricom dotaznik
obsahoval aj polouzavreté a otvorené otazky. Dotaznik sme zverejnili aj v niekolkych skupinach na
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socialnej sieti, zameranych na tému Skolstva na Slovensku. Vyskumny subor tvorilo 200 slovenskych
ucitelov zakladnych a strednych $kol. Z hladiska demografického zloZzenia vyrazne prevazovali Zeny,
zatial ¢o muzi predstavuju len 11 % vyskumného suboru. Vekové udaje respondentov sme rozdelili
do piatich kategdrii. NajpocetnejSie zastupené boli vekové kategérie 41 — 50 rokov (29,5 %) a 51 —
60 rokov (29,0 %). Kategdria 31 — 40 rokov tvori 26,5% respondentov, zatial ¢o osoby do 30 rokov
predstavuju 10,0% a respondenti vo veku 61 a viac rokov tvorili len 5,0 % zo vSetkych zu¢astnenych.
Z 8 krajov Slovenska najvyssie zastupenie mal PreSovsky kraj (18,5 %), nasledovany KoSickym krajom
(16,0 %) a Zilinskym krajom (15,5 %). Bratislavsky a Banskobystricky kraj mali zhodne po 12,5 %,
ZastUpenie respondentov bolo zabezpecené naprie¢ vSetkymi krajmi Slovenska, ¢o umoznilo
zachytit Siroké spektrum ndazorov z roznych regidénov krajiny. Zvolili sme dostupny vyber
respondentov. Zistili sme 10 najcastejSie pravidelne vyuZivanych ndastrojov, a to: ChatGPT (52,0%),
Canva (Magic Design — funkcie Ul) (33,0,%), NevyuZivam pravidelne ani jednu ztychto
aplikacii/nastrojov (23,0%), Microsoft Copilot (22,0%), Kahoot! (funkcie Ul) — 20,5%, Gemini (7,5%),
Perplexity Al (5,5%), DeepL Translator (3,5%), Gamma Al (2,5%) a Claude (1,5%).

Klucové zistenia, ktoré odhaluju aktudlny stav, vnimanie a pripravenost ucitelov na integraciu
Ul do pedagogickej praxe su nasledovné: zamerali sme sa na regionalne rozdiely v pravidelnom
vyuzivani Ul respondentami. Zistili sme, Zze v Banskobystrickom kraji vyuziva nastroje Ul viac ako 90%
respondentov, za nim nasleduju kraje Zilinsky a Bratislavsky (80 — 85%), medzi 70 - 75%
respondentov vyuzivajucich Ul maju kraje PresSovsky, KoSicky, Trnavsky a Nitriansky a najmenej ma
Trenéiansky kraj (menej ako 70% respondentov). Dalej sme sa zamerali na podiel respondentov,
ktory sa zucastnili aspon jedného Skolenia zameraného na Ul podla kraja, v ktorom sa nachadza
Skolské zariadenie, na ktorom aktualne pbsobia. Banskobystricky kraj vynikd ako region s najvyssim
podielom ucitelov, ktori vyuzivaju nastroje Ul aj absolvovali Skolenie, ¢o naznacuje nadpriemernu
mieru angazovanosti v oblasti Ul vo vzdeldvani. V Trencianskom kraji je naopak zaznamenany nizsi
podiel ucitelov v oboch sledovanych oblastiach. Porovnavali sme podiel ucitefov v jednotlivych
vekovych skupinach, ktori absolvovali Skolenie zamerané na vyuzivanie Ul vo vzdeldvani, s podielom
tych, ktori pravidelne vyuzivaju nastroje Ul vo svojej pedagogickej praxi. Najvyraznejsi rozdiel je
viditelny vo vekovej skupine do 30 rokov, kde Skolenie absolvovalo len 45% ucitelov, no az 95% z
nich pravidelne vyuziva nastroje Ul. Podobny trend je moZné pozorovat aj vo vekovej skupine 31 —
40 rokov. Tento jav naznacuje, Ze mladsi ucitelia su schopni osvojovat si a vyuzivat nové technoldgie,
konkrétne nastroje Ul, aj bez formalneho vzdeldvania. MéZe to suvisiet s ich vysSou digitalnou
gramotnostou a prirodzenou orientdciou v oblasti digitalnych technoldgii. Vo vyssich vekovych
skupinach (41 — 50 rokov a 51 — 60 rokov) je podiel ucitelov, ktori absolvovali Skolenie, vyssi (50,8%
a 60,3%), pricom aj vyuzivanie Ul je na relativne vysokej Urovni (81,4% a 75,9%). V skupine nad 61
rokov je vsak podiel Skolenych ucitelov aj tych, ktori vyuZivaju Ul, najnizsi, ¢o moze suvisiet s nizSou
mierou adaptacie na nové technoldgie v tejto vekovej skupine. U¢ast na $koleni nie je rozhodujicim
faktorom pre pravidelné vyuzivanie umelej inteligencie najma u mladsich ucitelov. Tento trend je
menej vyrazny u starSich vekovych skupin, kde Skolenie zohrdva vaésiu Ulohu pri vyuZivani novych
technolégii.

Vadsina respondentov vsetkych vekovych kategérii planuje v buducnosti vyuZivat nastroje Ul vo
svojej pedagogickej prax — Graf 1. Najvyssi suhlas s tymto tvrdenim prejavili uéitelia do 30 rokov.
Najvacsia miera nesuhlasu sa objavuje vo vekovej skupine 51 - 60 rokov. Celkovo ochota vyuZivat Ul
v buducnosti klesa s rastucim vekom ucitelov.
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Reakcia respondentov na: "V budlcnosti planujem vyuzivat Ul vo svojej pedagogickej praxi." podla veku

61 + rokov -

51 - 60 rokov Odpoved
suhlasim

skér suhlasim
41 - 50 rokov nemam na to nazor
B skor nesuhlasim

EE nesuhlasim

Vek respondentov

31 - 40 rokov A

do 30 rokov

0% 20% 40% 60% 80% 100%
Podiel odpovedi

Graf 1 Reakcia respondentov na moznost vyuZivat nastroje Ul na vyuéovani alebo tvorbe priprav

ZAVER

Zaverom mozeme konstatovat, Zze v ramci vyskumu sme zhromazdili poznatky o aktudlnych
nazoroch slovenskych ucitelov k tejto technoldgii, o ich praktickych skisenostiach, ako aj o obavach
a oCakdvaniach spojenych s jej integraciou do vzdelavania. Realizovany vyskum naplnil stanoveny
ciel, vzhladom na to, Ze priniesol reprezentativne ddta o nazoroch ucitefov k vyuZivaniu Ul, ktoré
vychadzaju z ich uditelskej praxe a z ich skusenosti so vzdeldvanim. Ministerstvo uz podniklo prvé
kroky k usmerneniu pedagdgov v oblasti Ul, pricom zatial su k dispozicii predovsetkym vSeobecné
ramcové odporucania od Eurdpskej komisie (2022), ktoré mdzu v buducnosti slizit ako zaklad pre
vytvaranie praktickejsich ndstrojov pre ucitelov.
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Uvop

Zistenia z analyz postojov Ziakov ku chémii je klfucové pre zvySovanie ich zaujmu a vykonu v
tomto predmete. Rozne Studie skimali faktory ovplyviiujice tieto postoje, vratane oblUbenosti
ucitela (Obaje & Eje, 2021), vyucovacich metdd (Sharpe & Abrahams, 2019; Tepla & Distler, 2025) a
socio-demografickych premennych (Mahdi, 2014). Pri analyze odbornej literatdry sme za relevantné
povazovali tie zdroje, ktoré prezentuju vyskumy vychddzajuce z reality konkrétnych vzdelavacich
systémov, v danom geopolitickom priestore a s podobnym kultirnym kontextom. Viaceré vyskumy
realizované v Madarsku (Chrappan & Bencze, 2017; Korom & Purak, 2024), na Slovensku (Veselsky
& Hrubiskova, 2009) a v Ceskej republike (Rusek, Chytry & Honskusovd, 2019; Kubiatko et al., 2012;
Kubiatko, 2015, 2016; Kubiatko et al., 2017) sa zaoberaju postojmi Ziakov k u¢eniu chémie, pricom
v niektorych aspektoch vykazuju podobnosti vzhladom na historicky spolocné pozadie vzdelavacej
politiky

METODY, VYSLEDKY A DISKUSIA

V empirickom kvantitativnom vyskume sa pouzivala metéda prieskumnd - analyza postojov
Ziakov, ktorej cielom bola zistit postoje Ziakov vybranych strednych $kél s vyuéovacim jazykom
madarskym na Slovensku k predmetu chémia a analyzovat odpovede Ziakov v zavislost vybranych
aspektov.

V ramci vyskumu boli formulované nasledujuce vyskumné otazky:

Q1: Aky vztah maju Ziaci k chémii ako vyucovaciemu predmetu?

Q2: Kolko ¢asu tyzdenne venuju Ziaci studiu chémie?

Q3: Do akej miery su Ziaci spokojni so svojimi Studijnymi vysledkami z chémie?

Q4: Aké boli priemerné studijné vysledky Ziakov z chémie v poslednom hodnotiacom obdobi?
Q5: Aky je vztah medzi chémiou a ostatnymi predmetmi STEM z hladiska postojov Ziakov?

Ako vyskumny nastroj bol pouzity neStandardizovany dotaznik vlastnej konstrukcie, ktorého
polozky boli uzavreté, skalované. Prieskum postojov bol realizovany online. Cielovou skupinou boli
Ziaci 1. resp. 2. rocnika Stvorroénych gymnazii (v pripade prislusnych rocnikov osemrocnych
gymnazii) s vyucovacim jazykom madarskym na Slovensku. Pri vybere vyskumnej vzorky sme
pouzivali metddu dostupnej vzorky. Na prieskume sa zucastnil 979 respondentov 17-tich gymnazii z
15-tich miest 3 uzemnych celkov SR obyvanych madarskou mensinou, z toho 978 (585 dievcat a 393
chlapcov) vyplnenych dotaznikov bolo pouzitelnych na analyzu. Zber dat sa uskutocnil v druhom
polroku Skolského roka, teda Ziaci svojimi postojmi reflektovali uz v suvislosti na skusenosti zo
stredoskolského vzdeldavania chémie. Pri analyze dat sme pouzili metddy deskriptivnej Statistiky v
programe IBM SPSS Statistics (verzia 27.0). Vysledky testu normality (podla Kolmogorov-
Smirnovovho testu) nepotvrdili normalne rozdelenie dat, preto na analyzu sa pouZili neparametrické
Statistické metddy. Cielom vyskumu bolo preskimat existenciu vztahu a suvislost medzi vybranymi
premennymi, z toho dovodu sme pouzili Chi-kvadrat test a Spearmanov korelacny test.
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Vysledky ukazuju, Ze tretina respondentov chémiu nema rad alebo ju dokonca neznasa.
Z odpovedi diev¢at vyplyva, Ze travia viac Casu tyzdenne Studiom chémie ako chlapci. Na zaklade
odpovedi Ziakov priemerné koncoro¢né znamky z chémie (diev€atad: 1,57 a chlapci: 1,71)
v poslednom hodnotiacom obdobi su velmi dobré, ako aj vysledky odpovedi ukazuju spokojnost
Ziakov so svojimi Studijnymi vysledkami z chémie.

V nasledujucej tabulke uvadzame vysledky analyzy vztahu vybranych premennych
zodpovedajuce na vyskumné otdzky.

Tabulka 1 Vysledky Chi-kvadrat testu vybranych vyskumnych premennych

Vysledky Statistickej
vyznamnosti vztahu skimanych

Premenne premennych na zaklade Chi
(x?)-kvadrat testu

Oblubenost chémie -
Pohlavie

Cas venovany k $tadiu chémie tyzdenne * ok
Pohlavie

Spokojnost Ziakov so svojimi Studijnymi vysledkami z chémie -
Pohlavie

Spokojnost Ziakov so svojimi Studijnymi vysledkami z chémie *x

Cas venovany k $tudiu chémie tyzdenne

Studijné vysledky Ziakov z chémie v poslednom hodnotiacom obdobi *
Pohlavie

(*) Statisticka vyznamnost na urovni 0,05 (hladina vyznamnosti 95%)
(**) Statisticka vyznamnost na urovni 0,01 (hladina vyznamnosti 99%)

Pri analyze vybranych premennych bola pozorovana Statisticky vyznamna korelacia medzi
odpovedami Ziakov na ich spokojnost a ich vyslednou znamkou (rs([N(978)-2]) = -,334, p < ,01.
Podobne sa odhalila slabd ale Statisticky vyznamnd negativna koreldcia (rs([N(978)-2]) = -,091, p <
,01) medzi mnozstvom casu, ktory Ziaci venovali Studiu chémie, a znamkou ziskanou z chémie
v poslednom hodnotiacom obdobi.

Analyza parovych korelacii odpovedi Ziakov na oblibenost STEM predmetov odhalila Statisticky
vyznamné mierne korelacie medzi oblibenostou chémie a matematiky (rs([N(978)-2]) = ,258, p <
,001); chémia a fyziky (rs([N(978)-2]) = ,291, p <,001); chémie a bioldgie (rs([N(978)-2]) = ,456, p <
,001). Medzi oblibenostou chémie a informatiky sa nepotvrdila Statisticky vyznamna koreldcia
(rs([IN(978)-2]) = ,044, p = ,085).

ZAVER

V pripade vyskumnej vzorky tretina uviedla, Ze chémiu nemaju radi alebo ju neznasaju, ¢o je v
sulade vysledkami predoslych studii (Kubiatko et al., 2012), (Kubiatko, 2015), (Chrappan & Bencze,
2017), (Korom & Purdk, 2024) reflektujic na oblibenost chémie v Strednej Eurdpe. Vysledky nasho
vyskumu nepotvrdili vyznamny vztah pohlavia na oblUibenost chémie, ¢o je v sulade so zisteniami
predchadzajucich vyskumov realizovanych medzi Ziakmi zakladnych skoél (Kubiatko et al., 2012), a
gymnazii (Svandova & Kubiatko, 2012). Zistil sa vyznamny vztah medzi ¢éasom venovanom uéeniu
chémie tyZzdenne a pohlavim studentov, Co je v sulade s vysledkami predoslych studii, ktoré tento
jav vysvetluju tym, Ze vyuCovanie chémie je stale o poZiadavkach na ziskanie faktov. KedZe dievcata
su usilovnejsie, su tieZ ochotnejsie ucit sa mechanickejSie (Veselsky, 2011), ¢o vSak zabera viac ¢asu.
V pripade priemernych koncorocnych vysledkov vyskumnej vzorky pozorujeme velmi dobré
ohodnotenia, ¢o viak nekoresponduje s vysledkami Studia (Miklovicova & Galddova, 2023), kde sa
uvadza priemerné zhorSenie vysledkov prirodovednej gramotnosti stredoskolakov na Slovensku.
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Dobré vysledky nasej vyskumnej vzorky mézeme vysvetlovat s benevolentnym pristupom uditelov
chémie, resp. hodnotenim vedomosti vyzadujuce fakty a memorovanie, ¢o je pre ucitelov lahko
hodnotitelné.

Vysledky nasho vyskumu potvrdili Statisticky signifikantné korelacie medzi oblibenostou
chémie a oblubenostou dalsich prirodnych vied, vratane matematiky, ¢o je v sulade s vysledkami
predoslych studii, ktoré okrem toho poukazuju aj na nevyhodnu poziciu chémie v rade oblUbenosti
prirodovednych predmetov (Kubiatko et al., 2012), (Korom & Purak, 2024).
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Uvop

Medzi pedagogické kompetencie ucitela patri Struktirované a strategické riadenie vychovno-
vzdelavacieho procesu, ktoré musi byt v sulade s osobitostami Ziakov. Ich poznavanie na rozli¢nych
urovniach osobnosti je nevyhnutnym predpokladom pre planovanie, realizaciu a evalvaciu edukicie.
Postoje predstavuju velavravnu pedagogicko-psychologicku kategériu, ktorej stimulacia moze viest
k priaznivym vysledkom v komplexnom rozvoji Ziaka.

Chémia nepatri medzi oblibené skolské predmety a casto sa zistuji mierne negativne az
negativne postoje k nej (Rusek, 2011; Al-Najdi, 2013; Obaje & Eje, 2021). Ukazuje sa tiez, Ze
vzrastajlci vek suvisi so znizujlicou sa mierou pozitivity postojov Ziakov k chémii (Svandova &
Kubiatko, 2012; Adeoye, 2020; Hassan & Murtaza, 2020). Na postoje mozu vSak vplyvat aj dalsie
kategorické premenné, ako napriklad osobnost ucitela, typ zamestnania rodi¢ov, geograficky
charakter bydliska, rovesnici ¢i vychovno-vzdeldvacie vysledky.

Ciefom vyskumu je analyzovat celkovy postoj Ziakov k chémii vo vybranej populaénej vzorke
aopisat vztah spominanych nezavisle premennych s postojmi. Usilujeme sa prichadzat so
zisteniami, ktoré maju potencial byt podkladom pre aplikaciu opatreni s priaznivym efektom na
chemické vzdeldvanie na Slovensku.

IMETODIKA, VYSLEDKY A DISKUSIA

V zahranicnom vyskume je predmetna problematika rozsiahle preskimand, ¢o poskytuje
Niektoré postupy a principy pedagogicko-psychosocidlnej analyzy postojov Ziakov k prirodnym
vedam je mozné aplikovat aj pri skimani postojov Ziakov k chémii. V predchadzajicom obdobi sme
uskutocCnili pilotny vyskum (Majer, 2023), pricom bol zostaveny merny prostriedok v sulade s 10
vedeckymi Studiami. 90 Ziakov vo veku 15 — 17 rokov hodnotilo viac ako 180 poloziek na
patstupnovej Likertovej skale (¢im vyssia pripisana hodnota, tym vysSia miera negativity). Zistil sa
len mierne pozitivny celkovy postoj Ziakov (x = 2,77), s ¢im mbZe suvisiet aj vysSia vnimana naroc¢nost
chémie (x = 3,06). Predvyskum tiez poukazal na moznu nepriaznivd koreldciu miery pozitivity
postojov so vzrastajucim vekom; medzi dievéatami (x = 2,60) a chlapcami (x = 2,52) bol minimalny
rozdiel a podobne mala diferencia sa ukazala aj medzi podskupinami Ziakov z miest (x = 2,53)
a ziakov z dedin (x = 2,63).

P6vodny merny prostriedok (Majer, 2023) bol revidovany tak, aby jeho Struktira a obsah
reflektovali fdzu ontogenetického vyvinu skupiny skimanych subjektov. ISlo o skalovany (Likert,
patstupriovy) dotaznik s 32 polozkami vo 8 subskalach, ktoré predstavovali nasledujice dimenzie
postojov: S1 emdcie, S2 vlastny Uspech, S3 narocnost skolskej chémie, S4 pracovné prileZitosti, S5
vyznam chémie pre spoloc¢nost, S6 ucitel a skolské vyucovanie, S7 rovesnicke skupiny a S8 rodinné
prostredie. Vyskumna vzorka bola vytvorena stratifikovanym vyberom (N = 376 Ziakov) vo vztahu k
regionom Slovenska (zdpad, stred, vychod) a pohlaviu respondentov vo veku 14 — 19 rokov, ktori
boli Ziakmi zakladnej Skoly (19) alebo Stvorroéného gymnazia (23). Dotaznik bol administrovany
elektronicky v obdobi november 2024 — januar 2025 a bolo oslovenych takmer 2000 zakladnych kol

54



DidSci+ 2025 | Donovaly

a 200 gymnazii. Ziskané data boli spracované softvérom IBM SPSS Statistics (IBM corp., 2013) —
datovy subor bol analyzovany deskriptivne, frekvencne a Specifickymi Statistickymi testmi.

Reliabilita merného prostriedku (Majer, 2025) dosiahla velmi dobrd Uroven acronbach = 0,93
(oproti vnutornej konzistencii pilotného dotaznika acronbach = 0,87). Spomedzi subskal merala
vybrany konstrukt najlepSie S1 acronbach = 0,92, kym najmenej spolahlivo sa skimalo postavenie
ucitela vo vychovno-vzdeldvacom procese acronbach = 0,57. Zistili sme, Ze Ziaci maju mierne pozitivny
postoj k chémii (x = 2,76), ¢o koreSponduje s vysledkami ziskanymi z pilotného overovania merného
prostriedku. Pokial ide o jednotlivé dimenzie postojov, mozeme tvrdit, Ze Ziaci v skimanej populacii
pozitivne (x = 2,16) vnimaju postavenie ucitela pri ueni sa chémie, jeho pedagogické posobenie
a materidlno-technické vybavenie priestorov uréenych pre vyucbu chémie. TaktieZ je potrebné
poznamenat, Ze napriek celkovému, takmer neutrdlnemu postoju Ziaci ocenuji vyznam chémie pre
spolocnost v zmysle jej aplikacii v kazdodennom Zivote (x = 2,60). Naopak, bola preukazana relativne
vysokd miera vnimanej ndro¢nosti chémie (X = 3,26), ¢o v znacnej miere prispelo k poklesu celkovej
miery pozitivity postojov. Uciaci sa zaroven nedostatocne (x = 3,20) identifikuju pracovné prileZitosti
spojené so Studiom chémie pre svoje buduce profesijné pésobenie. Obrazok 1 zobrazuje porovnanie
priemernych postojov v jednotlivych subskalach.

4,00
’ 3,263,20
1203, 3,00
3.00 2,64 2,85 2,60 2,78
= 2,16
% 2,00
o
z 1,00
£ 0,00
§ Subskaly

S1 S22 S3 'S4 mS5 mS6 mS7 mS8

Obrazok 1 Priemerné postoje Ziakov k chémii v jednotlivych dimenziach (subskalach)

So vzrastajucim vekom (X1. roe. = 2,67; X2. roz. = 2,78; X3.r02. = 2,87) v priemere klesa miera pozitivity
postojov Ziakov k chémii, o mbzZe suvisiet s objektivne vyssimi vzdelavacimi narokmi ¢i zvysujucou
sa vyZadovanou mierou abstraktného myslenia. Ziaci 9. roénika zakladnej $koly mali najmene;j
priaznivy vztah kchémii (x = 2,90). Danu skuto¢nost moZeme vysvetlit uzSou predmetovou
profilaciou Ziakov, ich pripravou na Testovanie 9 a urcity prispevok k danému efektu ma aj nizka
Casova dotdacia v predmete chémia, ¢o mdze spbdsobovat znacné diskontinuity v osvojovani
preberanych konceptov, a tak viest k nizkemu zaujmu o ucenie sa chémie.

Medzi diev¢atami (X = 2,79) a chlapcami (x = 2,84) je minimalny, Statisticky nevyznamny rozdiel
v zmysle postojov a tiez medzi Ziakmi z miest (X = 2,77) a ziakmi z dedin (x = 2,87). Diev¢ata maju
Casto vacsi predpoklad sa sustredit pri vykonavani uloh, na identifikaciu s rolou ucitela ¢i vacsiu
zodpovednost voci povinnostiam a tieZ vnimat potrebu zachovat zdravé Zivotné prostredie vo vazbe
na kaidodenné aplikicie chémie. Ziaci z miest moéiu mat vaésiu dostupnost extrakurikuldrnych
aktivit, vplyvnym faktorom mozZe byt i zvycajne kvalitnejsia vybavenost chemickych laboratérii ¢i
vyssia kvalifikovanost uditelov.

Zistili sme tiez, Ze Ziaci, ktorych aspon 1 zrodi¢ov je zamestnany v oblasti chémie, maju
tendenciu mat mierne lepsie postoje voci chémii ako Ziaci, ktori uviedli, Ze Ziadny z ich rodicov
neprichadza do styku s chémiou vo svojom profesijnom Zivote. Statisticka vyznamnost sa potvrdila
v pripade vztahu postojov a vychovno-vzdelavacich vysledkov. Ukazuje sa, Ze Ziaci s priaznivejsimi
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vychovno-vzdeldvacimi vysledkami maju tendenciu mat pozitivnejSie postoje k chémii (pttest =
0,000; dcohen = 0,73). Respondentov sme rozdelili jednak podla priemernej zndmky (v intervaloch) za
ostatné rocniky z chémie na vybornych a dobrych Ziakov (postupne) [1; 1,1] a [1,2; 3,0], tieZ podla
objemu skusenosti so Skolskou chémiou na 2 podmnoziny — a) Ziakov 9. ro¢nika zakladnej Skoly a 1.
ro¢nika Stvorro¢ného gymnadzia; b) Ziakov 2. a 3. ro¢nika Stvorro€ného gymnazia. V celej vzorke
i v ostatnych 2 podmnoZinach (pre a) prtest = 0,000; dcohen = 0,67; pre b) prtest = 0,000; dcohen = 0,78)
sa potvrdil stredny az velky efekt evalvacie a vlastnej Uspesnosti na postoje.

ZAVER

Postoje su vyznamnym pedagogicko-psychologickym determinantom, ktorych poznanie
predstavuje cenny poznatok o edukovanych subjektoch pre ucitela aj vedecku obec sucinna pri
nastavovani Skolského systému. Zistili sme, Ze v stratifikovanej vzorke Ziakov prevladaju len mierne
pozitivne postoje, ¢o poukazuje na potrebu revidovania metdd uplathovanych v chemickom
vzdeldvani na Slovensku. Vzajomna koreldcia kategorickych premennych — vek (roc¢nik), pohlavie,
geograficky charakter bydliska ¢i typ zamestnania rodi¢ov Ziakov — a postojov nebola potvrdena
v skimanej populacnej vzorke. Jednoznacné pdsobenie je vSak medzi charakterom postojov
a vychovno-vzdeldvacimi vysledkami Ziakov. Popri analyze usuvztaznenia rozliénych faktorov
a postojov ma potencidl aj mapovanie problematik, ktoré v najvacSej miere prispievaju k niziej
miere pozitivneho vztahu k chémii. V pedagogickej praxi odporic¢ame najma uplatriovanie principov
ucenia (sa) zameraného na Ziaka, kladenie dorazu na vklad Ziaka do procesu ucenia sa, rozsirenie
rozvijania koncepéného myslenia a vedeckych kompetencii, ale aj poukazovanie na chémiu ako
nastroj pre riesenie vlastnych problémov i tazkosti inych, v neustdle sa meniacom svete.
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Uvop

Vyucba prirodnych vied byva ¢asto zredukovand na fakty, zakony a vzorce, ¢o mdze p6sobit
stroho a nezaujimavo. Zaradenie historickych suvislosti do vyucby vSak otvara Ziakom novy pohlad
na vedu — ukazuje im rozne prekdzky ¢i komplikacie, ktoré sprevadzali vedcov pocas ich vyskumnej
¢innosti, vykresluje ich ako skuto¢nych fudi a nie len ako nedosiahnutelnych hrdinov zo $kolskych
ucebnic (Clough, 2011; Lederman et al., 2002). Veda totiz nie je nemenn3, ale predstavuje nikdy sa
nekonciaci proces objavovania a badania (Blonder & Mamlok-Naaman, 2019; Matthews, 1994).
Mnohé krajiny sa uz dlhd dobu venuju téme zaradenia historickych suvislosti do vyuéby prirodnych
vied. Prvé odporucania na takyto typ vyucby moéZzeme pozorovat uz v 30. rokoch 20. storocia v USA
(Jaffe, 1938). Vyskumy ukazuju, Ze historicky pristup k vyu€ovaniu nielenze neoslabuje vedomosti
Ziakov o prirodovednom obsahu, ale podporuje ich hlbsSie chdpanie vedeckého myslenia (Matthews,
1994; Kim & Irving, 2010). Navyse, pri vyucovani prirodovednych predmetov je obzvlast doélezité
postupovat v zhode s historickym pristupom pri Ziakoch, pre ktorych tento predmet nepredstavuje
ich cielové zameranie, pretoze im to pomaha lepsie v pochopeni obsahu vzdeldvania, ale aj podstaty
prace vedcov, historicky vyvoj a k zlepSenie ich postoja k vede (Mamlok-Naaman et al., 2005).

Ciefom nasej studie je realizovat podkladovy vyskum medzi ucitelmi chémie na zakladnych a
strednych skolach pre lepSie pochopenie ich vnimania vyznamu zaradenia historickych suvislosti do
vyucby prirodnych vied, a to najma z pohladu motivacie Ziakov. Zdmerom je identifikovat konkrétne
témy, vedcov a vedecké objavy, ktoré su ucitelmi najcastejsie zaradované do vyucby chémie a zistit
skutoéné potreby pedagodgov v suvislosti s potencidlnou tvorbou doplnkovych vyucbovych
materidlov, ktoré by mali potencial obohatit ich vyucbu o historicky kontext. Je pre nas doélezité
zistit, do akej miery ma toto prepojenie s historiou potencial pomaoct Ziakom lepsie pochopit obsah
u¢iva chémie a rozvijat ich prirodovedné myslenie. Studia bola in$pirovana vyskumom realizovanym
v roku 2021 v Srbsku (Milanovic et al., 2021), v ktorom autorka zistovala postoje ucitelov
k zarad'ovaniu historickych suvislosti do vyucby chémie.

METODY, VYSLEDKY A DISKUSIA

Prieskum bol realizovany elektronického dotaznika pozostavajuceho zo 14 poloziek, ktory bol
administrovaného ucitelom chémie pocas obdobia december 2024 — april 2025. Prieskumu sa
zucastnilo 63 respondentov, z toho 58 (92 %) Zien a 5 (8 %) muzov, réznych vekovych kategérii a
roznou dizkou pedagogickej praxe, pricom 34 z nich vyucuje na zakladnej $kole a 34 na gymnaziu.
Tretina respondentov uvddza, e pocas svojho VS $tudia absolvovali predmet orientovany na
historiu chémie. Okrem chémie vyucuje viac ako polovica (35) z opytanych ucitelov biolégiu, 12
fyziku a 10 matematiku. Styria u¢itelia okrem chémie nevyuéuju Ziaden iny predmet (Svienta, 2025;
Svienta & Skorsepa, 2025).

V polozke, kde sme sa ucitelov pytali, aké historické suvislosti zaraduju do vyucby chémie
najCastejsSie, sme zistili, Ze najfrekventovanejSou témou v tomto smere je spOsob, akym boli
realizované vedecké objavy, a to aZ pri 82,5 % ucitelov, dalej su to Zivotopisy vedcov (58,7 %
ucitelov) a roky, v ktorych boli realizované vedecké objavy (54 % ucitelov). 11 % ucitelov uviedlo inu
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odpoved' a Ziaden z nich sa nevyjadril, Ze by historické sivislosti do vyucby vobec nezaradoval.
Frekvencie najcastejSie uvadzanych vedcov a vedeckych objavov, ktoré respondenti pouzivaju na
vyucovacich hodindch uvadzame v Tabulke 1.

Tabulka 1 Frekvencia respondentmi najcastejSie uvadzanych vedcov a vedeckych objavov na hodinach chémie

Meno vedca Frekvencia Vedecky objav Frekvencia
Dmitrij I. Mendelejev 54 periodicka sustava prvkov + periodicky zakon 44
Marie C. Sktodovska 43 atémova Struktura 40
John Dalton 28 radioaktivita 19
Antoine L. Lavoisier 27 objavenie chemickych prvkov 18
Ernest Rutherford 25 zakon zachovania hmotnosti 15
Michail V. Lomonosov 24 objav Struktury DNA 15
Niels Bohr 20 alchymia 5
Francis Crick 14 objavenie penicilinu 5
James Watson 14 organicka chémia 5
Joseph John Thomson 13 syntéza mocoviny 5

Skuamali sme tiez, ako vnimaju ucitelia historicky obsah v sic¢asnych uéebniciach chémie, a zistili
sme, 7e aZ 54 uditelov (86 %) doplifia historicky obsah v u¢ebniciach chémie aj inymi materialmi.
V dalsej ¢asti sme sa ucitelov pytali, ¢i si myslia, Ze je z pohladu Ziakov historicky obsah zahffiany do
vyucby chémie uZito¢ny a zaujimavy. Pre prehladnost na obrazku 1 ponikame grafické zobrazenie
odpovedi respondentov na tuto otazku. Je evidentné, Ze takmer vetci respondenti povazuju takyto
obsah pre Ziaka za zaujimavy, avSak len priblizne polovica z nich si mysli, Ze je pre Ziaka uZitocCny.

nezaujimavé a neuzito¢né | 2

zaujimavé, ale neuzito¢né 28

uzitocné, ale nezaujimavé | 2

uzitocné a zaujimavé 31

Obrazok 1 Odpovede respondentov na otazku aky uzitoény a zaujimavy médze byt historicky obsah zarad'ovany do
vyucovania chémie pre ich Ziakov

V polozke, v ktorej sa respondenti vyjadrovali k svojej skisenosti s tym, ¢i zaradenie historickych
suvislosti do vyucby chémie vedie k zlepsSeniu v pochopeni uéiva samotnymi Ziakmi, najviac ucitelov
(68 %), vidi mierne zlepsenie, 19 % vyrazné zlepsenie a 13 % nepozoruje Ziadnu zmenu. Zistovali sme
tiez, aky je postoj, resp. poZiadavka respondentov vo vztahu k potrebe vytvorenia novych
podpornych didaktickych materidlov zameranych na historické suvislosti relevantné pre vyucovanie
chémie. Tri Stvrtiny (74,6 %) opytanych by existenciu takychto materidlov uvitali. V nadvaznosti na
toto na reportované fakty, sme nasledne zistovali, ako by si tento materidl respondenti
predstavovali. Z formalneho hladiska boli najcastejSimi odpovedami pracovné listy pre Ziakov,
prezentacie alebo kratke informacné videa. Po obsahovej stranke boli najcastejSie spominanymi
sposobmi medaildniky vedcov, chronologické prehlady alebo casové osi a vedecké objavy
spracované vo forme zaujimavych pribehov.
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ZAVER

Zaradenie historickych suvislosti do vyucby chémie predstavuje vyznamny didakticky nastroj,
ktory podporuje porozumenie aj motivaciu Ziakov. NavySe, prezentovanie vedeckych omylov a
kontroverzii rozvija kritické myslenie a pomaha odlisit vedu od pseudovedy (Kipnis, 2011; Clough,
2011). Vdaka narativnemu pristupu mo6Zu Ziaci lepSie pochopit, ako sa vedecké poznanie tvori, ako
sa meni a ako suvisi s kulturnym ¢i spolo¢enskym kontextom (Allchin, 2003).
historickych suvislosti do vyucovania a vyjadruju zdujem o vytvorenie didaktického materialu
obsahujuceho c¢asové osi, Zivotopisy vedcov ¢i prirodovedné objavy spracované vo forme
zaujimavych pribehov, ktory by im zarad'ovanie historickych suvislosti do vyucby chémie zjednodusil.

Vysledky naznacuju, Ze v slovenskom prostredi moze mat implementacia historickych suvislosti
do vyucby potencial, ktory by v budicnosti mohol byt naplneny vyvojom dopliujicich u¢ebnych
materidlov pomahajucich ucitefom s ich zaradovanim do vyucby chémie, ¢im by prispievali nielen
k rozvoju vedomosti Ziakov, ale wvytvorili most aj k formovaniu ich celkovej prirodovednej
gramotnosti a pozitivneho pristupu k vede ako take;j.
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Uvop

S poziadavkou rozvijat digitalne kompetencie ucitelov sa stretdvame v mnohych eurdpskych
dokumentoch, ako su Eurdpska agenda a vzdelavanie do roku 2030 (Redecker, 2017), Buducnost
vzdeldvania a zruc€nosti 2030 (OECD, 2018), Akcny plan digitalneho vzdeldvania (European
Commission, 2020).

Digitalna kompetencia je neodmyslitelnd pre vzdeldvanie, pracu a aktivnu ucast na diani
v spoloc¢nosti. CelozZivotny rozvoj digitalnej kompetencie je z tohto dovodu velmi dblezity. Za icelom
lepSie pochopit charakter tejto kompetencie vypracovala Eurdpska komisia Eurdpsky ramec
digitdlnych kompetencii pre ob¢anov DigComp a v radmci neho pripravilo v roku 2017 JRC (Joint
Research Centre) Eurdpsky ramec digitdlnych kompetencii pedagégov (DigCompEdu). Digitdlne
kompetencie ucitelov sa liSia od digitdlnych kompetencii inych jednotlivcov, kedZe cielom je, ako
moézu uditelia digitalnu technoldgiu vyuZit vo vzdeldvani (Krumsvik, 2011; Rgkenes & Krumsvik,
2014). Krumsvik (2011) definuje digitalnu kompetenciu budtcich uditelov ako odbornost v pouZzivani
digitdlnych technoldgii pre vzdelavacie stratégie.

Digitdlne kompetencie, ktoré ucitelia v pripravhom vzdeldvani maju vo svojich Studijnych
programoch, ovplyviuju sposob, akym vyuzivaju digitdlne technolégie vo vlastnej vyucbe, preto
vyskumnici obhajuju, Ze ucitelské vzdeldvacie programy by sa mali sustredit na digitalne
kompetencie (Gudmundsdottir & Hatlevik, 2018; Rgkenes & Krumsvik, 2014).

Preto je potrebné sa zaoberat tymto problémom uz pri priprave buducich ucitelov na vysokych
Skolach.

METODY, VYSLEDKY A DISKUSIA

Ciefom vyskumu bolo vytvorit e-learningovy kurz pre podporu vyucby povinného predmetu
Aktivizujuce metddy vyucby chémie (AMVCH) v prostredi LMS Moodle a implementovat ho do
vyucby s ciefom rozvijat digitalne kompetencie Studentov 1. ro¢nika magisterského Studia uditelstva
chémie v kombinacii v sulade s poziadavkami zakotvenymi v Eurdpskom ramci digitdlnych
kompetencii pedagégov (DigCompEdu).

Vyskumnu vzorku tvorili Studenti 1. ro¢nika magisterského Studia ucitelstva chémie v
kombinécii (N=18) na Prirodovedeckej fakulte Univerzity P. J. Safarika v Kogiciach. Vyskum prebiehal
ako jednoskupinovy kvaziexperiment pocas zimného semestra (september — december) v
akademickom roku 2023/2024. Rozsah vyucby v ramci e-kurzu bol v 9 moduloch spolu 42 hodin
vyucby.

V pripravnej faze vyskumu sme navrhli obsah e-kurzu k predmetu AMVCH v sulade s
poziadavkami pre rozvoj digitdlnych kompetencii a zru¢nosti zakotvenych v DigCompEdu (tabulka
1).
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Tabulka 1 Sulad tém v e-kurze k predmetu AMVCH zameranych na rozvoj digitalnych kompetencii so standardom

DigCompEdu

Téma v e-kurze k predmetu AMVCH

Oblast rozvoja digitalnych
kompetencii podla DigCompEdu

. LMS Moodle a e-learningové nastroje

Profesijné zapojenie

. Modely a modelovanie vo vyucbe chémie

Vyucba, Digitdlne zdroje

. VyuZitie vizualizéra vo vyucbe chémie

Vyucba, Digitdlne zdroje

. Poditacom podporovana vyucba chémie

Vyucba, Podpora Ziakov

VI (WIN|E

. Hodnotenie vo vyucbe chémie — Sumativne
hodnotenie

Digitdlne hodnotenie

6. Tvorba uloh a interaktivnych testov s
vyuZitim digitalnych nastrojov pre sumativne
hodnotenie (Google Forms, Kahoot).

Digitdlne hodnotenie

7. Praca so slovenskymi, ceskymi i eurdpskymi
vzdeldvacimi portalmi a platformami (VIKI,
Metodicky portal RVP.cz, Studiumchemie.cz,
Khan Academy, e-Twinning).

Profesijné zapojenie
Vyucba
Podpora digitalnych kompetencii ziakov

8. Online aplikacie vyuZzitelné vo vyucbe chémie
(Wordwall, LearningApps, Flippity, Nearpod,

Mentimetr)

Vyucba
Digitdlne hodnotenie
Podpora Ziakov

9. Didaktické hry vo vyucbe chémie

Pripravené vzdeldvacie materidly pre jednotlivé témy boli zamerané aj na samostatné studium,
Student prostrednictvom nich ziska vyssiu samostatnost a moZnost vzdeldvat sa aj mimo vyucby.

Vyskumnymi nastrojmi boli sebahodnotiaca karta, ktorud vyplnili Studenti pred a po absolvovani
e-kurzu a dotaznik vlastnej konstrukcie. V sebahodnotiacej karte mali Studenti zhodnotit Uroven
svojich digitdlnych kompetencii a zruénosti v témach, ktoré tvorili obsah e-kurzu. Sebahodnotenie
Studentov sa uskutocnilo na trojbodovej skale samostatne, s pomocou ucitela/spoluziaka a zatial
tomu nerozumiem. Vysledky vyhodnotenia sebahodnotiacich kariet Studentov pred a po
absolvovani e-kurzu k predmetu AMVCH su zobrazené na obrazku 1.

- Samostatne
|:] S pomocou ucitela/spoluziaka
- Zatial tomu nerozumiem

Pocet studentov

Pocet $tudentov

- Samostatne

l:l S pomocou ugitela/spoluziaka
- Zatial tomu nerozumiem

Obrazok 1 Porovnanie tirovne rozvoja digitalnych kompetencii a zru¢nosti studentov v jednotlivych témach 1 az 9
e-kurzu k predmetu AMVCH (pred a po jeho absolvovani)

Vyhodnotenie porovnania sebahodnotiacich kariet studentov poukazuje na celkové zlepsenie
urovne digitalnych kompetencii a zru¢nosti u Studentov v jednotlivych témach, ktoré tvorili obsah

e-kurzu.

Vyznamny rozvoj digitalnych zrucnosti sa ukazal v témach Pocitacom podporovana vyucba,
Online aplikacie, Vyuzitie digitalneho vizualizéra a Didaktické hry vo vyucbe chémie.
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Zistovanie postojov a nazorov Studentov na prinos vyucby pre ich pedagogicki prax sme
zistovali na zaklade dotaznika vlastnej konstrukcie.

Studenti hodnotili jednotlivé témy v dotazniku na patbodovej $kdle od ,Gplne sthlasim“ po ,,Uplne
nesuhlasim®.

Z vyhodnotenia dotaznika vyplynulo, Ze Studenti vidia pozitivny prinos obsahu e-kurzu pre ich
buducu pedagogicku prax. Pri optimalizacii obsahu e-kurzu je potrebné zohladnit ¢asovy rozsah
vyucby niektorych tém a vytvorit viac prileZitosti pre aplikacie digitalnych technolégii na
konkrétnych témach uciva chémie.

ZAVER

Z vyskumu vyplynulo, Ze Studenti velmi pozitivne hodnotili absolvovanie e-kurzu Aktivizujuce
metddy vyucby chémie z hladiska rozvoja digitdlnych kompetencii a zru¢nosti potrebnych pre ich
bududcu ucitelsku profesiu.

Menej Casu je potrebné venovat praci s programom ChemSketch a naopak viac ¢asu venovat
praci s vizualizérom, aktivitdm na tvorbu uloh, testov, didaktickych hier (aj unikovych) pomocou
réznych online aplikacii (napr. Wordwall, LearningApps, Flippity, Nearpod).

KedZe rozvoj digitdlnych kompetencii nie je mozné robit izolovane ako jeden predmet v ramci
pripravy ucitelov, je nevyhnutné zahrnut takyto obsah do vsetkych predmetov, aby sa dal pouzit v
kontexte kurikula, obsahu, ktory sa vyucuje a pedagogiky, a teda nielen na hodnotenie integracie
technoldgii, ale aj na hodnotenie vyucby a ucenia.
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INTRODUCTION

Generative artificial intelligence (GenAl), typified by large language models such as ChatGPT,
has swiftly gained traction in educational contexts due to its capacity to generate coherent content,
offer real-time explanations, and individualize feedback (Ogunleye et al., 2024). In STEM education
— particularly in chemistry — the deployment of GenAl is relatively new, with growing interest in its
potential to support student learning and address complex topics like thermochemistry (Feldman-
Maggor, Blonder & Alexandron, 2025). Although generative Al holds strong potential for enhancing
science education, especially through individualized feedback and on-demand explanations,
research on its actual impact on student learning outcomes remains limited. Most existing studies
focus on higher education or computer science fields, while its application in secondary chemistry
education is still in its early stages (Rivera-Novoa & Duarte Arias, 2025). Thermochemistry, often
considered a cognitively demanding topic due to its abstract and quantitative nature, could benefit
from Al-driven instructional support. However, studies also emphasize the need for careful
pedagogical design and teacher guidance when integrating Al tools into lessons (Hu, 2024; Santos,
2023). This study explores the effectiveness of using generative Al to teach thermochemistry to
secondary-school students. Through comparison of two groups — one learning with GenAl support
and the other via conventional lessons (teacher-led) — we assess learning outcomes using pretest
and posttest scores, applying statistical analyses to determine the impact of GenAl on student
understanding.

METHODS, RESULTS AND DISCUSSION

This study was carried on with two parallel groups: one group used generative Al as the primary
learning tool, while the other received conventional lessons without Al support. Both groups
completed a pretest before the lessons and a posttest afterward. The participants were 47 first-year
secondary school students (aged 15-16). The Al-supported group consisted of 20 students who
learned with the assistance of generative Al tools. The group without Al support included 27
students who took part in traditional classroom lessons. The participants were assigned to groups
based on their existing class divisions. Both groups covered the topic of thermochemistry over the
course of three consecutive 45-minute lessons. The Al-supported group accessed learning content
and explanations through generative Al tool — ChatGPT, while the group without Al support was
taught by a teacher using conventional methods such as direct explanation, classroom discussion,
and printed materials. The assessment instrument was a teacher-designed test covering key
concepts in thermochemistry. The test consisted of 8 questions worth a total of 10 points. The same
version was used for both the pretest and the posttest to allow direct comparison. Descriptive
statistics were calculated for both groups (mean, median, and standard deviation). The Shapiro-Wilk
test was used to assess the normality of distributions. Since the assumption of normality was
violated, the Wilcoxon signed-rank test was applied to compare pretest and posttest scores within
each group (Table 1).

In the group of students who learned thermochemistry exclusively through generative Al, it was
first necessary to assess the normality of the data distribution. The Shapiro-Wilk test indicated a
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deviation from normality in the posttest results (p = 0.016), while the pretest results did not
significantly violate normality (p = 0.147). Therefore, instead of a paired samples t-test, the Wilcoxon
signed-rank test was used as a non-parametric alternative for dependent samples.

The Wilcoxon signed-rank test revealed no statistically significant difference between the
pretest and posttest scores (p = 0.400). The mean score slightly decreased from 6.05 to 5.80, with
the median changing from 6.0 to 5.5. However, this decline was not statistically significant,
suggesting that learning thermochemistry with the support of generative Al did not lead to a
measurable improvement in student performance.

The group without Al support was taught thermochemistry using conventional instructional
methods, without the involvement of generative Al tools. Prior to further analysis, a normality check
was conducted. The Shapiro-Wilk test indicated that pretest scores did not significantly deviate from
normality (p = 0.074), while the posttest scores showed a significant departure from normality (p =
0.006). As a result, non-parametric statistical methods were used for further analysis.

The Wilcoxon signed-rank test revealed a statistically significant improvement in performance
between the pretest and posttest (W =4.00, p < 0.001). The mean score increased from 4.70 to 5.81,
and the median rose from 5 to 6, indicating that learning without the support of generative Al led
to a meaningful improvement in students’ understanding of thermochemistry.

To determine whether the two groups differed in their initial knowledge or final performance,
a Mann—-Whitney U test was conducted for both the pretest and the posttest scores. The results
revealed a statistically significant difference in the pretest scores between the Al-supported group
and the group without Al support (U = 120, p < 0.001), indicating that the students in the Al group
initially performed better before the lessons. However, no statistically significant difference was
found in the posttest scores between the two groups (U =246, p = 0.599). This suggests that, despite
the initial advantage of the Al group, both groups reached comparable levels of performance by the
end of the learning phase.

Table 1 Summary of Pretest and Posttest Results in Al-Supported and Non-Al Groups

Pretest Posttest )
Grou N M-W M-W Wilcoxon Interpretation
P Mean | SD | Median U Mean | SD | Median U Testp P
Al W =4.00 No significant
group 20 | 6.05 | 1.15 6.0 . 5.8 1.24 5.5 - p=04 difference
c c
oroun. S ! ol
withou S~ S & | W=50.00 Significant
S S © &H
Al 27 | 470 | 1.23 5.0 = 5.81 | 1.14 6.0 ) p<0.001 improvement
support

These outcomes align with prior research highlighting that generative Al can support
conceptual understanding but often fails to translate into measurable learning gains without proper
pedagogical scaffolding (Polverini & Gregorcic, 2024; Santos, 2023). Recent studies emphasize that
Al tools must complement, rather than supplant, teacher expertise, ensuring responsible usage and
mitigation of ethical concerns (Blonder & Feldman-Maggor, 2024; Ucar, Lopez-Gazpio & Lopez-
Gazpio, 2025).

CONCLUSIONS

This study investigated the effectiveness of generative Al in teaching thermochemistry to
secondary school students. The results suggest that while Al-supported learning offers innovative
opportunities, it may not guarantee improved learning outcomes without appropriate guidance and
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pedagogical design. Students who learned without Al support showed statistically significant
improvement, indicating the continued value of teacher-led lessons. Despite the Al group's initial
advantage in the pretest, both groups reached comparable performance levels by the end. These
findings highlight the importance of integrating Al as a complementary tool rather than a stand-
alone solution in science education.
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INTRODUCTION

Critical thinking is widely recognized as one of the most vital competencies for individuals in
today’s complex and rapidly changing world. It encompasses the ability to analyse information
deeply, evaluate evidence objectively, and make well-reasoned decisions. This skill set is particularly
crucial in the context of pre-service teacher education, where it is expected that graduates not only
possess a robust understanding of reasoning and decision-making processes but also demonstrate
the capability to foster these skills in their future students (Jenisova, Lednicky, Tokarova, 2020;
Duchovicova, Tomsik, 2017).

Effective teachers must be equipped to guide learners in developing critical thinking by
encouraging inquiry, scepticism, and reflective judgment. Moreover, pre-service teachers should be
prepared to approach problem-solving with flexibility and creativity, integrating both critical and
logical thinking strategies. This involves not only dissecting problems analytically but also generating
innovative solutions and adapting to new challenges. Active argumentation plays a key role in this
process, as it cultivates the ability to articulate ideas clearly, defend viewpoints respectfully, and
engage constructively with differing perspectives (Ceretkova, et al., 2017).

Ultimately, embedding critical thinking within teacher education helps create educators who
can inspire their students to become independent thinkers, capable of navigating complex
information landscapes and making thoughtful, ethical decisions throughout their lives (Brestenska,
et al,, 2014).

METHODS, RESULTS AND DISCUSSION

In this paper, we present the results of a questionnaire survey aimed at mapping the situation
regarding the use of selected teaching methods for developing critical thinking (the EUR method,
the KWL method, the Six Thinking Hats method, the Cube method, Cinquain, and others) by teachers
before and during the Covid-19 pandemic.

A total of 974 practicing teachers from various educational institutions were initially
approached to participate in the study. However, only 176 questionnaires were deemed valid and
fully completed, making up the final dataset for analysis. The questionnaire consisted of 40 items,
comprising both mandatory and optional questions, and featured a diverse mix of closed-ended,
open-ended, semi-closed, multiple-choice, and matrix-format items. This comprehensive structure
was designed to capture both quantitative data and nuanced qualitative insights into the
participants’ teaching experiences and attitudes.

The analysis of the collected data revealed several important findings. A significant portion of
teachers expressed dissatisfaction with the abrupt shift to distance learning during the Covid-19
pandemic. According to the results, 59% of respondents reported difficulties adapting to the sudden
change in the educational environment. An even higher percentage, 77%, indicated that they missed
direct, in-person interaction with their students, which they considered crucial for effective teaching
and classroom dynamics. Furthermore, 63% of participants stated that they lacked adequate
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resources—whether technological, material, or methodological—to effectively fulfil their
instructional goals in the remote setting. These findings suggest that while educators made notable
efforts to cope with the transition, the support systems in place were often insufficient to ensure a
smooth and successful adaptation to digital and distance learning models.

Furthermore, the findings revealed that a considerable number of respondents were either
unfamiliar with more modern, student-centered teaching methods aimed at fostering critical
thinking, or, despite being aware of such strategies, chose not to implement them actively in their
teaching practice. This suggests the presence of both knowledge gaps and potential barriers to
application, such as lack of training, confidence, or institutional support.

Among the methods most frequently employed by respondents were questioning techniques
(66%) and motivational interviewing (65%), both of which are relatively simple to integrate into daily
instruction and require minimal preparation or specialized resources. Demonstration (36%),
brainstorming (18%), and the EUR method (15%) were reported as being used less often, possibly
due to the greater demands they place on lesson planning or the need for deeper methodological
understanding.

At the opposite end of the spectrum, certain techniques were rarely implemented or even
recognized by the surveyed educators. For instance, the “Cube” method was used by only two
respondents, and over half of the participants (54%) admitted they were not familiar with it at all.
Similarly, the “Six Thinking Hats” method, a structured approach to examining ideas from multiple
perspectives, was unknown to 55% of respondents—indicating a significant disconnect between
available pedagogical innovations and their actual application in the classroom.

Despite these gaps in usage and awareness, the overall attitude toward activating instructional
strategies for developing critical thinking was overwhelmingly positive, with 82% of respondents
expressing support for their value and relevance. These findings support the conclusion that while
teachers may currently underutilize some contemporary approaches, they recognize critical
thinking as a vital competency for learners in the 21st century. This presents an opportunity for
targeted professional development and curriculum reform focused on bridging the gap between
theoretical endorsement and practical implementation of innovative teaching methodologies.

CONCLUSIONS

The results of the questionnaire survey highlight a generally low level of awareness or limited
willingness among teachers to adopt new and innovative teaching methods. Despite the growing
emphasis on the development of critical thinking and student-centered approaches in modern
education, many educators continue to rely predominantly on traditional and well-established
active learning strategies that are already embedded in everyday classroom practice (Kires, et al.,
2016). In contrast, more modern, creative, and methodologically demanding approaches—often
requiring additional preparation, training, or resources—tend to be used less frequently or are even
avoided altogether. This suggests a need for targeted professional development and greater
institutional support to encourage the implementation of contemporary teaching methods that
foster deeper cognitive engagement and higher-order thinking skills.
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INTRODUCTION

Medicinal plants offer rich educational value in school contexts. Their presence in school
gardens not only enlivens the learning environment but also enables students to engage with
tangible examples of plant anatomy, ecological interactions, and the cultural history of herbal
medicine. For many schools, cultivating medicinal herbs can serve as a gateway to interdisciplinary
learning and hands-on inquiry (Thiesen et al., 2015; Christopher, 2021).

The term “medicinal plants” refers to those botanical species of medical importance in the
prevention or treatment of disease. These include trees, shrubs, annual and biennial plants, and
numerous others (Hudak, 2014). An examination of historical evidence reveals that these plants
have been used for centuries across diverse cultures (Bauer-Petrovska, 2012).

Despite their potential, the process of selecting suitable medicinal plants for school gardens is
far from straightforward. Practical considerations—such as how easily a plant grows (Brabenec,
1981), how safe it is for children, or how it affects the surrounding ecosystem—are just as important
as its botanical or therapeutic interest. Without a clear framework, school garden planners may
unknowingly introduce species that are difficult to maintain, ecologically disruptive, or dangerous.
The selection of plants often lacks in diversity, only a few locally traditional species are often chosen
(Thiesen et al., 2015) and weeds are often omitted (Geldenhuys, 2007).

This article responds to this challenge by introducing a method for systematically evaluating
medicinal plants in the context of school gardening. Rather than relying solely on traditional
ethnobotanical value or availability, the proposed approach considers multiple dimensions of plant
suitability. The goal is to support schools in making informed, balanced choices that reflect both
educational intentions and the practical realities of school-based horticulture. The process of
creating school's own medicinal plant garden may be a valuable community-rooted cooperative
activity for the whole school (Theisen et al., 2015; Onat & Yirmibesoglu, 2023).

METHODS, RESULTS AND DISCUSSION

The development of the evaluation tool (Tab. 1.) is result of structured process of four main
phases (Fig. 1.).

Creation of ideal
set of medicinal
plants

Literature review Framework design Rubric creation

Figure 1. Diagram of the research methodology

Theoretical foundation was based on the literature review with the focus on historical and
modern use of medicinal plants, particularly their role in education and implementation in school
gardening. With the theoretical knowledge gained from this literature review, our aim was to
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develop a framework focusing on suitability of medicinal plants in outdoor educational settings,
particularly school gardens. Our primary objective was to expand the existing knowledge of the
medical effects to include pedagogical and practical criteria. The creation of a rubric consisting of
six criteria for evaluating the suitability of plant species was based on the aforesaid framework. Each
criterion of suitability may be assigned a score ranging from 0 to 3 points. With higher scores
indicating higher suitability with the intent of educational gardening needs. The scoring rubric has
been adapted to reflect real school conditions. Following the finalization of the rubric, a selection

of commonly used medicinal plants was subject to its application in order to assess its potential.

Table 1 Rubric for medicinal plant assessment in the context of a school garden

Criterion 3 — Excellent 2-Good 1-Fair 0-Poor
i
Grows wellin . Needs slightly modified Requires specific .
common garden soil . . Only grows in
. soil (e.g. alkaline or substrate (peat, .
without amendments well-draining) clav. precisel controlled conditions
Cultivation (e.g. pH adjustment). &) v P Y (greenhouse,

requirements

Tolerates drought
and overwatering.

Sensitive to drought or
waterlogging.

adjusted pH). Needs
regular watering,

specialised soil). Will
not thrive without

Resistance to

. g Occasional fertilising or fertilising or . .
Requires no fertilising . . . intensive care.
. light pruning needed. shading.
or pruning.
Frequent Highly susceptible;

Very resistant; pests
and diseases are rare

Moderately resistant;
occasional pests or

pest/disease
problems; requires

frequent infestations or
infections. Needs

pests and or absent. No or very diseases easily ) .
. . . regular treatment chemical protection —
diseases few interventions controlled by hand or .
. (herbal sprays, unsuitable for school
needed. organically. . .
organic pesticides). use.
Mild risk of allergic Contains mildly toxic Toxic or severel
Safe to touch and . & Y . s v
Safety . reaction (e.g. to fresh substances (e.g. if irritating. Unsafe for
.. consume (in . .
(toxicity, . leaves/flowers). Non- overused). children or without
moderation). Non- . . . .
allergens) . . toxic when used Supervision or protective handling —
toxic, non-allergenic. . . .
properly. caution required. not suitable.
Processing . Harvesting is difficult or
cres Easy to harvest. Can Easy to harvest, but Harvesting or . .
difficulty S . . o unsafe. Drying requires
. be air-dried naturally.  drying requires shade, processing is time- .
(harvesting, . . . . . . equipment (dryer).
. No sorting or special  speed, or light sorting. consuming. Drying .
drying, o Active compounds
. storage needed. Storage manageable. needs monitoring. .
storing) degrade quickly.

Environmental

Supports biodiversity
(pollinators, insects).

Environmentally
neutral. No harm to

Mildly invasive or
may suppress local

Highly invasive or
ecologically harmful.

. Not invasive. surroundings, but . Disrupts local
impact . . flora. Requires
Enhances local limited benefit. Not o ecosystems — not
. . monitoring.
ecosystem. invasive. recommended.
Very decorative, Less striking flowers, . . Unpleasant appearance
. v .g . Visually plain but P PP
Aesthetic fragrant, showy but attractive foliage . . or smell. Looks
. not disruptive.
value flowers. Suitable for or shape. Pleasant neglected or out of

display areas.

overall.

Neutral appearance.

place. Not decorative.

The proposed rubric (Tab. 1.) is to be used as a tool for assessing individual plants, with each
plant getting a score which is a sum of all partial scores in the rubric. Red cells indicate scores, that
disqualify a plant from the school garden: poisonous, invasive, or otherwise harmful plants, and
plants that require intensive care or chemical protection. The overall score for a plant can be
processed using Tab. 2.

A selection of fifteen frequently used medicinal plants was chosen for the purpose of testing
the rubric. Following the six criteria, the selection was narrowed down to 10 medicinal plants, that
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proved to be particularly suitable for cultivation in school gardens (Brabenec, 1981). These included
Thymus vulgaris, Calendula officinalis, Mentha piperita, Matricaria chamomilla, Melissa officinalis,
Ononis spinosa, Tropaeoloum majus, Salvia officinalis, Lavandula angustifolia, and Urtica dioica.

Table 2. Score assessment table

Score Outcome

15-18 points Excellent choice for the school garden — low maintenance, safe, and ecologically beneficial.

10-14 points Suitable with minor limitations — generally good but may require some care or supervision.

6-9 points Use with caution — requires special conditions or may pose risks in certain areas.
0-5 points Not recommended — unsuitable due to safety, ecological, or cultivation concerns.
CONCLUSIONS

Pupils benefit from cultivating and observing medical plants firsthand by potentially developing
deeper understanding of plant biology and pharmacognosy. The proposed tool has a potential to
help teachers and pupils develop the medicinal school garden, it aims to solve the problem of
choosing plants ad hoc, and it aims to popularize the concept among educators. Limits of the
proposed tool include the lack of further empirical validation, as well as involvement of subjective
judgement. However, with this framework, the tool may be further validated and evaluated, and a
more comprehensive tool may be proposed, which allows space for further research in this topic.

ACKNOWLEDGEMENT

The paper was developed within the framework of projects: DitEdu ITMS2014+:401402DVR6;
KEGA Project 021UK-4/2025; KEGA Project 086UK-4/2024; and GUK Project UK/1099/2025.

REFERENCES

Bauer-Petrovska, B. (2012). Historical review of medicinal plants’ usage. Pharmacognosy
Reviews, 6, 1-5.

Brabenec, M. (1981). Pestovanie lie¢ivych rastlin na malych plochdch. SUV CSCK Svépomoc.
Christopher, K. R. (2021). The school garden curriculum (2nd ed.). New Society Publishers.

Geldenhuys, C. J. (2007). Weeds or useful medicinal plants in the rural home garden? Food and
Nutrition Bulletin, 28(2, Suppl.), $392-S397.

Hudak, R. (2014). Liecivé rastliny: Objavte a urcte najdélezitejsie druhy. Svojtka & Co., s.r.o.

Onat, B. S., & Yirmibesoglu, F. (2023). Evaluation of sustainable schoolyards: “Design your
schoolyard” workshops with a practice-based process in Muratpasa, Antalya. A/Z ITU Journal of
Faculty of Architecture, 20(1), 117-132.

Theisen, G. R., Borges, G. M., Vieira, M. F., Konflanz, T. L., Neis, F. A., & Siqueira, A. B. (2015).
Implantation of a garden medicinal and condiment for use school community. Revista Eletrénica em
Gestdo Educacgdo e Tecnologia Ambiental, 19(1), 167-171. https://doi.org/10.5902/2236117015546

71


https://doi.org/10.5902/2236117015546

DidSci+ 2025 | Donovaly

HISTOLOGIE NA SS JINAK: VYUKA S PODPOROU DIGITALNIHO ZOBRAZENI
Milan Koch
Katedra biologie a ekologie, Pfirodovédecka fakulta, Ostravska univerzita, Ostrava, milan.koch@osu.cz

Uvop

Vyuka histologie na stfednich Skolach predstavuje didaktickou vyzvu. PfestoZze mikroskopovani
je zaky €asto vnimano pozitivné, oblast zkoumani Zivocisnych tkani je v praxi podstatné méné
zastoupena neZ pozorovani rostlinnych pletiv. Ucitelé se pozorovani tkani ¢asto vyhybaji z dlvodd,
které souviseji s ndro¢nosti tématu, nedostupnosti kvalitnich preparatl nebo nedostatkem casu.
Navic kresleni pozorovanych struktur je vnimano jako obtizné a ¢asové narocné (Koch, 2023).

Nicméné histologie je dlleZitou soucasti biologie ¢lovéka a jeji zvladnuti je vyznamné pro
pochopeni fyziologie jednotlivych orgdni i celych soustav. Z tohoto dlvodu je nutné hledat nové
pfistupy, které vyuku tohoto tématu zatraktivni a zjednodusi. V tomto kontextu se ukazuje jako
velmi uzite¢né propojeni tradi¢ni vyuky s digitalnimi technologiemi.

Cilem prispévku je predstavit jednoduchy, presto ucinny zpUsob, jak Ize histologii efektivné
zaclenit do stfedoskolské/vysokoskolské vyuky pomoci bézné dostupného vybaveni a nastroju, které
Zaci i ucitelé denné pouzivaji — Skolnich mikroskop(i, mobilnich telefonl a online atlas(i. Soucasti
tohoto pfistupu je i metodické doporuceni tykajici se vybéru preparatll, nacasovani vyuky a vedeni
zakd k dokumentaci pozorovanych struktur.

METODY, VYSLEDKY A DISKUSE

Jednim z kli¢ovych faktor( Uspésné vyuky histologie je spravné nacasovani. V ramci doporucené
metodiky je mikroskopovani zZivociSnych tkani zarazeno po tematickém celku vénovaném tkanim,
pripadné jako praktickd aplikace po vykladu anatomie konkrétnich organovych soustav. Zasadni je,
aby Zaci jiz méli teoretické znalosti o typech tkani a jejich funkcich.

Vybér vhodnych preparatu
Ne kazda tkan je pro skolni mikroskop vhodna. Je dobré se zaméfit na srozumitelné a prehledné
preparaty, které obsahuji dobre Citelné struktury. V praxi se osvédcily nasledujici:

- Plice: vicefady fasinkovy epitel a chrupavka

- Ledvina: glomeruly a epitel kanalkd nefronu

- Zaludek/tlusté stfevo: cylindricky epitel a hladka svalovina
- Kize: mnohovrstevny dlazdicovy epitel s rohovaténim

- Stitna 7laza: jednovrstevny kubicky epitel

- Mocéovy méchyr: prechodny epitel

Vzhledem k omezenim klasického zaznamu pozorovani — zejména pfi nedostateéné rozvinuté
kreslitské dovednosti Zakl — se jako vhodna alternativa nabizi pouziti digitalni dokumentace. Pomoci
mobilniho telefonu Ize pres okular mikroskopu pofidit prekvapivé kvalitni snimky. Tyto fotografie
pak Zaci vkladaji do elektronického protokolu, doplfiuji popisky a srovnavaji s referenénimi obrazy z
online atlasu. Jednim z nejlepsich nastroji pro tento Ucel je Histology Guide (Sorenson & Brelje,
2014), ktery umoziiuje dynamické prochazeni struktur s interaktivnim popisem. Oproti také velmi
kvalitnimu atlasu na strankach Masarykovy university v Brné (Vanhara et al., 2018), ktery obsahuje
hlavné vyrezy z fotografii, poskytuje Histology Guide mnoho komplexnich zabér( s odkazy na
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jednotlivé struktury, coZz umoznuje lepsi vnimani tkané organu jako celku. Zhotovené snimky je
mozné srovnat napfriklad se zjednodusenymi nakresy ve stfedoSkolskych uéebnicich, napt. Jelinek &
Zichacek, 2021.

Obrazek 1 Ukazky pozorovanych struktur, zaznamenanych pomoci kamery mobilniho telefonu Samsung A12: A Plice
— chrupavka, hladka svalovina, vicerady fasinkovy epitel, B Tlusté stievo — cylindricky epitel, C Zaludek — hladka
svalovina, D Stitna Zlaza — Jenovrstevny kubicky epitel

Digitalni podoba dokumentace umoznuje studentliim snaze reflektovat, co pozorovali. Zvysuje
to nejen presnost, ale i motivaci. Navic vznika prostor pro diskusi a vzajemné porovnavani vysledkd.
Zaci si uvédomuji rozdily v Fezech, barveni i orientaci vzorku. Také se zvy3uje jejich zajem o praci s
mikroskopem a schopnost aplikovat poznatky z vykladu.

Z hlediska didaktickych pfinosli Ize konstatovat, Ze dana metodika posiluje schopnost
porovnavat rostlinné a Zivocisné struktury, rozviji digitalni gramotnost zak( a pfirozené propojuje
teorii s praxi. V dlouhodobém méfitku prispiva k hlubsimu zajmu o biologii a motivuje Zaky k volbé
biologickych nebo medicinskych oborl na vysoké skole.

ZAVER

Histologie nemusi byt pro stfedoskolského ucditele nepfekonatelnym tématem. | s béZznym
Skolnim vybavenim lze vytvofit smysluplné a atraktivni laboratorni cviceni, které studentim umozni
nahlédnout do mikrosvéta Zivocisnych tkani. Klicem k uspéchu je vhodné nacasovani, pecliva
pfiprava, srozumitelny vybér preparatl a podpora digitdlnich nastroju. Fotografovani preparatu
pomoci mobilniho telefonu predstavuje efektivni zplsob, jak nahradit kresleni a zaroven posilit
dokumentacni dovednosti student(. Kombinace rediného pozorovani a vyuzivani online atlast navic
napomaha k lepsi orientaci ve strukture tkani.
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Tato metodika prindsi do vyuky histologie novy rozmér — propojuje klasickou mikroskopii s
digitalnimi nastroji, podporuje aktivni pristup studentl a otevird cestu k hlubSimu porozuméni
biologickym strukturam a fyziologii organism.

Uvedeny pfistup prispiva ke zkvalitnéni vyuky v nékolika klicovych oblastech:

1. Propojeni teorie s praxi: studenti si ovéruji teoretické poznatky pfi redlném pozorovani
preparatd.

2. Rozvoj komparativniho mysleni: Zaci porovnavaiji histologické struktury mezi digitalizovanym
a pozorovanym preparatem.

3. Integrované uceni: vyuka histologie se propojuje s dalSimi tematickymi celky biologie, napf.
obecna zoologie.

4. Motivace k poznavani: digitdIni dokumentace podporuje zdjem o mikroskopovani a biologii
jako celek.

LITERATURA
Koch, M. (2023). Proc€ se nebat histologie. Biologie-Chemie-Zemépis, 32(3), 58—62.

Sorenson, R. L., & Brelje, T. C. (2014). Atlas of Human Histology: A Guide to Microscopic
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Uvop

Exkurze jako doplnék ¢i soucdst vyuky je obvykle spojovana s pfirodnimi védami. V ramci
biologie Ci geografie se nejcastéji jedna o terénni exkurze, které usnadiuji propojeni odbornych
termin( ze Skolni vyuky s realitou pfirody (Brehrendt & Franklin, 2014). V chemii se obvykle jedna o
navstévu vybranych podnik(i se zamérenim na chemickou vyrobu. Toto pojeti chemické exkurze ma
svoji roli ve vyuce jak na zdkladnich a stfednich skolach, tak predevsim na vysokych Skoldch s
technickym ¢i chemickym zamérenim (Kaya & Sierra, 2009).

Toto pojeti chemické exkurze ve vyuce je rozpracovano z rlGznych hledisek (Petrzelova,
Sadilkova, & Klec¢kova, 2023). Pfinasi lepsi vnimani reality a komplexnosti takovych vyrob jednak z
hlediska rozméru, ale take z hlediska vyuZiti riznych pomocnych proces, jako je napfiklad prace s
energiemi (chlazeni ¢i ohfivani surovin a produktl prenosem tepla mezi jednotlivymi proudy s
vyuzitim vymeénika) (Mohinder & Travis, 1985) nebo recyklace rozpustédel v procesu vyroby MERO
(Haixian & Zonghong, 2008). Podle naseho nazoru ma takové pojeti exkurze svoji zdsadni roli i pro
studenty ucitelstvi chemie.

METODY, VYSLEDKY A DISKUSE

V rdmci tfidenni exkurze do chemickych provozli byly navstiveny podniky rGizné velikosti a také
byly zvoleny podniky s rGznymi pfistupy. Dva ze zvolenych podnikl byly komercéné dostupné exkurze
vedené pravodci, tfi byly vedeny ptfimo technology z daného podniku.

Prvnim navstivenym podnikem byla mensi sklarna s ruéni vyrobou skla (Sklarna lJilek
v Kamenickém Senové). Déle byl vybran mensi pivovar ve Velkém Biezné. Dal$im navitivenym
podnikem byl vyznamny vyrobce umélych hnojiv Lovochemie a podnik na zpracovani fepky Preol
v Lovosicich. Poslednim navitivenym zavodem byla papirna Mondi ve Stéti.

Vyzkumnou skupinou bylo 18 studentd navazujicitho magisterského studia zaméreného
na ucitelstvi chemie. Pro tyto studenty je v ramci jejich vzdélavani zarazen predmét Chemicka
exkurze, v jehoz ramci vyzkum probéhl.

Nas vyzkum nebyl zaméren na ziskané znalosti student(, ale na jejich vnimani pfinosu exkurze
pro rozvoj odborny (chemicky) a take pro rozvoj profesni (didakticky, uditelsky). Hlavni zaméreni
provedeného vyzkumu lze formulovat nékolika otazkami.

1. Jak budouci ucitelé chemie vnimaji dlileZitost exkurze pro sviij odborny a profesni rozvoj?

2. Jak hodnoti kvalitu organizace exkurze v daném podniku?

3. Jsou tyto parametry ve vzajemném vztahu?

Pro kazdy z navstivenych podnikd méli studenti pomoci pétibodové $kdly ohodnotit, jak vnimaji
pfinos dané exkurze pro odbornou stranku svého vzdélani a jaky je podle nich pfinos pro stranku
profesni, ucitelskou. Zaroven hodnotili stejnou pétibodovou skalou kvalitu privodce podnikem.
Hodnoceni probihalo jako ve Skole, tj. znamka 1 byla nejlepsi, znamka 5 nejhorsi.

Jiz ze subjektivniho posouzeni ziskanych dat je zfejmé, Ze obecné bylo hodnoceni posunuto
pomérné vyrazné ve prospéch lepsich znamek (Graf 1 — Graf 3). Na jednu stranu to ovliviiuje
zpracovavana data, na druhou stranu to ukazuje na vhodny vybér podnikl ze strany organizatoru
exkurze. Zajimavym jevem je vyrazné lepsi hodnoceni prlivodcu, ktefi jsou primarné chemiky —
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technology (Lovochemie, Preol, Mondi), oproti pravodctm, ktefi jsou “jen” prlivodci pro komercéné
poradané exkurze.
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Graf 1: Hodnoceni odborného pfinosu jednotlivych exkurzi
10
8
6
4
) I I
, il LD NED I |
sklarna Jilek pivovar Bieznak Lovochemie Preol papirna Stéti
=] m2 m3 m4 m5
Graf 2: Hodnoceni profesniho pfinosu jednotlivych exkurzi
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Graf 3: Hodnoceni odborného pfinosu jednotlivych exkurzi
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Ziskana hodnoceni byla otestovana, zda existuje korelace mezi hodnocenim kvality pravodce
a obecné celkové organizace exkurze danym podnikem a vnimanim prinosu dané exkurze jednak
k odborné strance, druhak k profesni strance vzdélani. Ziskané Pearsonovy korela¢ni koeficienty byly
shrnuty do tabulky (Tabulka 1). Z vysokych hodnot korela¢nich koeficientd usuzujeme, Ze
pfedpoklad vlivu vnimani kvality prlvodce a organizace v rdmci podniku celkové na odborny
i profesni rozvoj studentd se potvrdil.

Tabulka 1 Pearsontiv korelacni koeficient pro korelaci odpovédi

Podnik odborny pfinos vs. organizace profesni pfinos vs. organizace
sklarna Jilek 0,69 0,81
pivovar Breznak 0,93 0,75
Lovochemie 0,87 0,93
Preol 0,84 0,92
papirna Stéti 0,96 0,69

ZAVERY
Existuje vyznamnd korelace mezi hodnocenim kvality organizace exkurze ze strany

navstiveného podniku a vnimanim pfinosu jak pro odborny — chemicky a profesni — ucitelsky rozvoj
studenta. Na zakladé této korelace usuzujeme na existujici vztah mezi témito jevy.

PODEKOVANI

Prispévek byl podporen projektem SGS-2025-016
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Maria Orolinova, Katarina Kotuldkova, and Dominika Golianova

Dpt. of Chemistry, Faculty of Education, Trnava University in Trnava, Trnava, maria.orolinova@truni.sk,
katarina.kotulakova@truni.sk, dominika.golianova@tvu.sk

INTRODUCTION

Most research treats Al in education in isolation—focusing on smart tutors or chatbots—
without comparing it to teachers, textbooks, or the Internet. While semantic-differential scales have
measured Al perceptions (Kim & Jung, 2023), they’ve never placed Al side by side with other learning
sources.

METHODS, RESULTS AND DISCUSSION

We surveyed 123 pupils (ages 14-16) from Slovak primary and secondary schools using a 22-
item semantic-differential instrument to directly compare pupils’ perceptions of Al alongside three
conventional sources—teachers, textbooks, and the Internet—across four theoretically grounded
dimensions: Comfort (e.g., pleasant — annoying; comfortable — uncomfortable), Validity (e.g.,
trustworthy — untrustworthy; true — false), Dynamism (e.g., modern — old-fashioned; fast — slow),
Consistency (e.g., effective — ineffective; simple — complex). The scale was highly reliable (a = 0.96).

Principal components extraction with Varimax rotation was performed separately for each
source to reveal underlying factor structures. Based on eigenvalues > 1 and factor loadings above
0.07, two factors per source were retained, explaining 65-73% of the variance.

We used MANOVA to compare school types and genders, and Mann—Whitney U tests to explore
gender differences on each dimension.

@ Teacher Internet @ Textbook oA

Figure 1 Mean Semantic Differential Ratings by Source Across Adjective Pairs
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Al received the most positive affective ratings (e.g., "modern/old-fashioned" = 1.21), but girls
trusted it less than boys. Teachers and the Internet ranked in the middle (means = 2.1-3.0), with
teachers ranking high in safety (1.95) and trustworthiness (2.23). Textbooks ranked lowest overall
(down to 5.15 in the "fun/boring" category).

Table 1 Factor analysis

Teacher Internet Textbook Al

Adjective Pair

Factorl Factor2 Factorl Factor2 Factorl Factor2 Factorl Factor2
good / bad 0.7921 0.3789 0.7858 0.2615 0.7715 0.4517 0.8104 0.3284
pleasant / annoying 0.8955 0.1476 0.7365 0.4249 0.8156 0.2784 0.7792 0.3757
comfortable / uncomfortable 0.8045 0.1006 0.7846 0.2804 0.7580 0.3817 0.5696 0.3953
entertaining / boring 0.8055 0.0873 0.7380 0.3463 0.8457 0.0386 0.7368 0.3403
trustworthy / untrustworthy 0.7676 0.1956 0.3421 0.8007 0.7861 0.3027 0.8445 0.1687
safe / risky 0.1308 0.8350 0.0159 0.7937 0.9125 0.0434 0.7353 0.1226
intelligent / unintelligent 0.6863 0.3506 0.5818 0.3491 0.7648 0.3200 0.3859 0.7428
true / false 0.6845 0.3776 0.1494 0.8549 0.8910 0.1712 0.8193 0.2707
fast / slow 0.2203 0.7201 0.7927 0.1854 0.7065 0.2235 0.4486 0.7735
modern / old-fashioned 0.6703 0.3473 0.8549 -0.0270 0.8231 0.1474 0.1869 0.9073
new / old 0.7061 0.0757 0.7660 —0.0410 0.7150 0.1946 0.1371 0.9191
effective / ineffective 0.7330 0.3619 0.7516 0.3446 0.5301 0.6541 0.7629 0.4507
Explained Variance 5.8053 1.9599 5.3090 2.7267 4.7523 3.7955 5.0459 3.6743
Proportion of Total 0.4838 0.1633 0.4424 0.2272 0.3960 0.3163 0.4205 0.3062

Factor structure:

F1 comfort & dynamism (48 % variance)

2 dimensions for each source F2 functionality (16 %)

(65-73 % of total variance explained). Teacher
0,5
0’,; \\
03 \\

\\
02 \\
a1 \\\
AL o > Internet
AN / Vi
F1 comfort L \ F1 comfort
& reliability (42 %) . yayd & dynamism (44 %)
F2 innovation N \\/ e F2 validity
& dynamism (31 %) N & safety (23 %)
N
Textbook

F1 validity & consistency (40 %)
F2 comfort & dynamism (32 %)

Figure 2 Factor Variance Proportions Across Knowledge Sources

Primary school students rated teachers and textbooks significantly better than middle school
students (p < .01), and boys rated comfort using the Internet and both Al factors better than girls
(p < .01), indicating persistent differences in confidence in technical areas.

Gender differences in Internet (comfort and dynamics) and Al (both dimensions): boys rated
these technological resources more positively than girls (p < .01), indicating differences in trust in
technical domains. Textbooks: Girls perceive higher comfort and dynamics and validity/consistency
than boys (p < .01). Overall, the strongest gender difference appears for Al innovation/dynamics
(factor 2) with a medium effect size, while all other significant differences fall in the small to medium
range.
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7 -#- Teacher - F1 comfort & dynamism
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Figure 3 Mean Factor Scores by Gender Across Knowledge Sources

CONCLUSIONS

Comparing Al with teachers, textbooks, and the Internet, we show that Al combines high
attractiveness and innovation with significant gender differences in trust. Effect size estimates show
that these differences range from small (Internet comfort, r = .19) to medium (Al
innovation/dynamism, r = .37), highlighting that boys' greater trust in technological resources is
both statistically and practically significant. These findings point to a persistent "trust gap" in girls'
evaluations of Al and other technological tools. This mirrors public perception patterns (Brauner et
al., 2023) and reflects confidence gaps in technical domains (Armutat et al., 2024). To close this gap,
we recommend hands-on Al activities in class and girls-focused workshops on transparency and
control.

We plan to implement this validated semantic-differentiation tool with a larger, more
representative sample of students. A larger dataset will allow us to confirm these patterns across
regions and school types, resulting in stronger, generalizable conclusions for educational practice
and policy.
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Uvop

PoZiadavky na vzdelavanie, vychadzajuce z aktualnych trendov zretelnych v pedagogické teorii
i praxi, smeruju okrem iného i k potrebe podpory vnutornej motivacie Ziakov. PredloZena Studia
preto reaguje na potrebu vyskumu vplyvu jednotlivych vyu€ovacich stratégii na vnitornu motivaciu
iakov. Viaceré vyskumy (Karol¢ik, Lastikova & Cipkovd, 2020; Karolé¢ik & Csachova, 2021)
potvrdzuju, Ze vyucovanie geografie je na Slovensku stidle zamerané najmda na memorovanie
vzajomne nesuvisiacich informdcii bez prepojenia na empiricki skisenost a je vedené prioritne
transmisivnym spésobom. V rdmci nového SVP je jednym z cielov 3. cyklu vo vzdeldvacej oblasti
Clovek a spolo¢nost ,vyberat, navrhnut a uplatnit metddy a postupy ziskavania, analyzy a
interpretdcie informdcii veduce k rieseniu réznych uloh, vyziev a problémov” (MINEDU, 2024, s. 26).
Efektivnou stratégiou na rozvoj tychto pozadovanych sposobilosti u Ziakov je badatelsky
orientované vyucovanie (dalej BOV). Vychadza z konstruktivizmu a jeho podstatou je, Ze Ziaci sa k
podstatnym pojmom, vztahom medzi nimi a zovSeobecnenym tvrdeniam (zdkonitostiam),
dopracovavaju vlastnym skimanim a objavovanim (Dinisman et al., 2015). Hlavnhym ciefom Studie
bolo zistit, & implementdacia BOV geografie pozitivne ovplyvnila vnitorni motivéciu Ziakov ZS.

METODY, VYSLEDKY A DISKUSIA

Hlavnym cielom S$tudie bolo zistit, ¢i implementacia BOV geografie pozitivne ovplyvnila
vnutorni motivaciu Ziakov. Zistovali sme tiez, ¢i existuje vztah medzi pozorovanymi Skalami
vnutornej motivdcie. Pouzity bol kvazi experimentalny dizajn, kedy sa Ziaci ZS (N = 189) ztG&astnili
tradic¢nej a badatelskej vyucovacej hodiny. Vyskum prebiehal v troch etapach v rokoch 2021 — 2024
v deviatich piatackych triedach na Slovensku. V kaZdej z tried boli s odstupom niekolkych dni
oducené dve vyucovacie hodiny s rovnakou témou, prva z nich bola vedena tradicnym sp6sobom
(kontrolnd skupina) a druhd badatelskym spdsobom (experimentdlna skupina). Badatelsky
orientované hodiny vychadzali z pracovnych uéebnic ExpEdicia — skus, skimaj, spoznaj 1-3 pre 5.
roénik ZS (Skodova a kol., 2020). Témy vyuéovania boli: Sope¢na ¢&innost, Cinnost ladovcov, Vznik
dazda, Globalne environmentalne problémy, Typy krajin na zemi a Turistickd mapa.

Vyskumnym nastrojom bol Standardizovany dotaznik vnultornej motivacie IMI (McAuley,
Duncan & Tammen, 1989). Ziskané data boli spracované Statistickym programom R. Na
vyhodnotenie vnutornej konzistencie v kaidej subskale vnutornej motivacie sme pouzili
Cronbachovo alfa. Normalita bola posudzovana pomocou vizudlnych (histogramy, Q-Q grafy) aj
Statistickych testov (napr. Shapiro-Wilkov test). Vysledky ukazali nenormalne rozdelenie vo vsetkych
subskalach, preto sme hypotézu ,Prostrednictvom BOV geografie dosiahnu Ziaci vyssiu vnutornu
motivaciu na VH, ako je tomu pri tradi¢cnom sp6sobe vyucovania,, testovali neparametrickym Mann-
Whitney U testom (na hladine vyznamnosti p < 0,05).

Na zaklade Statistickej analyzy (Mann-Whitneyho U test) vysledkov merania moZeme
konstatovat, Ze stanovenda hypotéza bola potvrdena. Zistené boli Statisticky vyznamné rozdiely v
prospech BOV vo vsetkych subskalach (Tab. 3).
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Tab. 1 Porovnanie hodn6t subskal vnutornej motivacie medzi skupinami s tradicnym a badatel'skym vyucovanim
geografie (Mann-Whitneyho U test, N = 372).

Subskala Mann-Whitney U r(Z /VN) p-hodnota
Zaujem/Potesenie 25968 0.43 <2.2e-16
Vnimana kompetentnost 20244 0.15 0.00391
Usilie 23994 0.33 5.883e-11
Vnimana moznost volby 23197 0.29 8.429e-09
Hodnota/UzZito¢nost 30446 0.66 <2.2e-16
Tlak/Napatie 21974 0.23 3.589e-06

Najvacsi efekt bol zaznamenany pri subskale Hodnota/UZito¢nost (r = 0,66) a Zaujem/PoteSenie
(r=0,43). Ostatné efekty mali malu az strednu velkost. Pre sledovanu vyskumnu vzorku Ziakov teda
malo BOV pozitivny vplyv v porovnani s tradi¢nymi vyucovacimi koncepciami (obr. 1). Najmensi efekt
sme zaznamenali v subskdlach Vnimana kompetentnost (r = 0,15) a Tlak/Napatie (r = 0,23).
Vysvetlujeme to malymi skiisenostami Ziakov s BOV a skupinovymi formami prace.

effort interest_enjoyment perceived_choice perceived_competence pressure_tension value_usefuiness

iyl

Method
BS Inquiry-Orlented
BH Tragitional

Score

Obr. 1 Vysledky statistickej analyzy (Mann-Whitneyho U test, N=372) trovne vnutornej motivacie Ziakov pocas BOV
a tradi¢ného vyucovania v ramci jednotlivych subskal vnutornej motivacie.

Zistili sme tieZ stredne silné korelacie (0,4 — 0,6) medzi subskalami Hodnota/UZito¢nost vs.
Tlak/Napatie a Hodnota/UZito¢nost vs. Vhimana moznost volby.

Na zaklade pozorovania edukacného procesu je vsak potrebné dodat, Ze tak ako ktorakolvek
vyucCovacia metdda Ci stratégia, ani BOV nevyhovuje vsetkym Ziakom. Stotoznujeme sa s ndzorom
Bureau a kol. (2021), Ze v motivovanosti Ziaka sa mdZzu prejavovat jeho osobnost, zaujmy, zvyky,
idedly, vonkajsie faktory a pod. Ziaci, ktori preferuju naucit sa ucitelom podanu porciu hotovych
poznatkov, nemusia ocenit autondmnost a otvorenost badania. Pre niektorych Ziakov bolo tazsie
zacat pracovat na zadanych ulohach, pre inych pri nich vydrzat (vstupna a priebezna motivacia).
Pozorovali sme, Ze pdvodna vstupna motivacia sa moze u Ziakov vytracat. Odporucame ju udrZiavat
napr. stanovenim ciastkovych cielov, rozkdskovanim vaésich a komplexnejSich Uloh na mensie a
doplnenim o spatnud vazbu ucitela ¢i spoluziakov.

ZAVERY

Overovanie ucinnosti jednotlivych stratégii a metdd v procese edukacie je velmi doélezité. ESte
vacsiu dolezitost vsak nadobuda vtedy, ked dany pedagogicky vyskum pomdze presadit efektivne
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stratégie a metddy vyucovania v praxi. Ciefom Studie bolo zistit, ¢i implementacia BOV geografie
pozitivne ovplyvnila vndtornd motivéciu Ziakov piateho rocnika ZS. Vysledky 3tatistického
spracovania dat odhalili, Ze BOV malo, v porovnani s tradicnymi vyucovacimi koncepciami,
signifikantne pozitivny vplyv. Najvacsi efekt bol zaznamenany pri subskdle Hodnota/UZitocnost a
Zaujem/Potesenie. Toto zistenie je dblezitym argumentom pre podporu implementacie prvkov
badania do edukdcie, ¢o je zdbrazfiované aj v aktualne pripravovanom kurikule zdkladného
vzdeldvania na Slovensku a v spravach medzindrodnych merani. Prijatie a realizacia BOV v skolskej
geografii vSak predstavuje paradigmaticki zmenu v mysleni aj konani nielen ucitelov, ale aj
pracovnikov vSetkych zloZiek Skolského systému.

V zévere je nutné dodat, Ze i ked sonda medzi Ziakmi piateho roénika ZS na Slovensku priniesla
zaujimavy vhlad do problematiky vplyvu BOV na vnutornu motivdciu Ziakov, nedd sa, vzhladom na
maly pocet respondentov, hovorit o celkovo objektivnej analyze. Stidia odkryva rad otazok, ktorym
je potrebné venovat dalsiu odbornu pozornost.
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INTRODUCTION

In the contemporary digital era, it is essential to adapt the teaching to reflect the ongoing digital
trends. According to Haleem et al. (2022), integrating digital technology (DT) into educational
practice creates a more attractive, engaging, and dynamic learning environment that actively
involves students in the learning process, provides quicker feedback, and fosters students' creative
thinking. Furthermore, through DT, students' digital literacy is developed (Reddy et al., 2020), and
their problem-solving skills are enhanced which helps them adapt to a rapidly changing
technological world (Haleem et al., 2022). For teachers, DT also represents an invaluable tool for
creating and using educational or instructional materials, organising lessons, as well as collaborating
and communicating with students (Haleem et al., 2022; Reddy et al., 2020).

Nevertheless, the implementation of DT is not always straightforward, and is often associated
with various obstacles that may affect teachers' attitudes towards their use (Cavas et al., 2009). The
most prevalent barriers include teachers’ lack of experience with DT (Haleem et al., 2022; Singh,
2021), concerns that students might spend excessive amounts of time in front of computer screens,
fears that DT might disadvantage students with lower socioeconomic status (Haleem et al., 2022),
and the possibility that DT could facilitate cheating among students (Haleem et al., 2022; Blau &
Eshet-Alkalai, 2017). However, despite these drawbacks, DT plays a crucial role in shaping the future
of education (Haleem et al., 2022). Therefore, it is essential to train a generation of teachers capable
of effectively implementing DT into practice.

Therefore, our research objective is to investigate the attitudes of pre-service chemistry
teachers towards DT and its implementation into the teaching process. This will allow us to better
adapt the content of university courses focused on this topic, thereby enhancing the quality of
undergraduate teacher training. In alignment with our research aim, we formulated the following
two research questions (RQs):

e RQ1: What advantages, disadvantages, limitations, or obstacles associated with the use of
DT in chemistry education are perceived by pre-service chemistry teachers?

e RQ2: How do pre-service chemistry teachers perceive the future of using DT in the
educational process?

IMETHODS, RESULTS AND DISCUSSION

The research was conducted on a sample of 20 pre-service chemistry teachers studying at the
Faculty of Natural Sciences, Comenius University in Bratislava. The students were asked to write an
argumentative essay, appears to be a suitable research instrument for capturing respondents' views
and attitudes on specific issues (Holeckova, 2017). In their essays, students were required to take a
stance on DT in education, describe the advantages, disadvantages, and limitations they perceive in
practice, and express their opinions regarding DT usage in their own (future) teaching practice. The
length of the essay was optional, and students had 90 minutes to complete it, using only pen and
paper. The essays were subsequently evaluated using content analysis (Proksa et al., 2008). For
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answering RQ1, three analytical categories were defined: ("advantages and disadvantages of DT",
“limitations and barriers associated with DT implementation”, and "suggestions for overcoming
barriers and limitations associated with DT.") For answering RQ2, two analytical categories were
established: ("future of DT in education", and "use of DT in one's own teaching practice").

In the category "advantages and disadvantages of DT", pre-service teachers most frequently
mentioned advantages such as facilitating teachers' access to a vast amount of information (n = 10),
help with lesson planning (n = 8), and enabling faster preparation of teaching materials and tests for
pupils (n = 7). Similar advantages have also been reported by Reddy et al. (2020). However, the
analysis of the results suggests that respondents perceive these benefits primarily from the
perspective of teachers rather than from the learners' perspective. Consequently, it would be
beneficial to emphasize this aspect more prominently during their undergraduate training. On the
other hand, a positive outcome of the study is that students are aware of the threats of DT, such as
higher financial demands placed on schools and teachers, and the frequent absence of free software
or applications (n = 11). Another identified threat was disadvantaging pupils from lower
socioeconomic backgrounds (n = 5), a concern also highlighted in the study by Haleem et al. (2022).

In the category "limitations and barriers associated with DT implementation in practice", pre-
service teachers most frequently mentioned teachers' age (n = 11), as they believe that older
teachers typically possess lower levels of skills necessary for mastering and using DT compared to
their younger colleagues (n = 9). However, this stereotypical perception is challenged by Kerzi¢ et
al. (2021), who found no significant relationship between teachers' age and their use of DT in
teaching practice. Another commonly cited barrier was the insufficient financial resources available
to schools, resulting in poorer technical support (n = 8), as well as teachers' fear of experimenting
with new technologies (n = 6). In the category "suggestions for overcoming barriers and limitations
associated with DT", pre-service teachers usually proposed addressing these barriers by attending
courses or training sessions, where they could learn how to effectively use DT (n = 14). This idea is
also supported by Dagdilelis (2018), who identifies the teacher as a determining factor in
successfully implementing DT in school environments, thus highlighting the necessity of providing
adequate education in this area. Additionally, pre-service teachers suggested improving funding of
education (n = 7) as state-funded schools in Slovakia have faced long-term financial underfunding.
Therefore, three respondents presented an interesting proposal in their essays, suggesting getting
financial support for new DT in schools from projects. Based on these findings, it is evident that
undergraduate training of pre-service teachers should not only focus on educating them about using
and implementing DT but should also introduce them to various ways of obtaining financial
resources for acquiring these technologies.

In the category "future of DT in education", pre-service teachers commonly indicated future of
DT in its integration with artificial intelligence (Al), which will become an essential part of our
everyday lives (n = 16). These respondents also view Al as a valuable tool for both teachers and
pupils, emphasising the necessity of its thoughtful use and critical evaluation of outputs generated
by Al. Additionally, respondents stated that DT such as virtual reality, virtual excursions, and similar
would become more integral to the educational process (n = 4). In the category "use of DT in one's
own teaching practice", we found that all surveyed pre-service teachers plan to integrate DT into
their future teaching practice, which we consider a positive outcome. This aligns with the findings
of Dagdilelis (2018). This perspective is aptly summarised by respondent R8: "Digital technologies
represent the future, and as future teachers, we must work with them, as we cannot avoid them.
Therefore, digital technologies need to be integrated, not ignored." Additionally, it should be noted
that half of the surveyed pre-service teachers plan to use DT in moderation, recognising that DT
cannot fully replace all other teaching approaches.
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CONCLUSIONS

The research findings suggest that pre-service chemistry teachers are aware not only of the
advantages associated with using DT in education but also of various disadvantages and obstacles
that may arise during their implementation into practice. Therefore, within undergraduate teacher
training, it is essential not only to educate pupils on the practical use of DT but also to highlight the
added value of DT for learners and introduce various methods to help pre-service teachers
overcome barriers limiting DT usage. Another positive outcome is that surveyed pre-service
teachers envision the future of education closely linked to DT, especially in connection with artificial
intelligence, which should consequently become a crucial component of university course curricula
focusing on DT integration. However, it is important to acknowledge that the research was
conducted on a small sample, and thus, the results cannot be generalised to the entire population.
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INTRODUCTION

Design Thinking (DT) has emerged in recent years as a powerful tool for educational innovation.
It is a problem-solving methodology rooted in empathy, creativity, and iteration—originally
developed in design and engineering fields(What is Design Thinking & Why Is It Beneficial?, 2025).
Its implementation in schools enables students to develop collaboration, critical thinking, and the
ability to tackle complex real-world challenges.

Research confirms that DT fosters deeper understanding of content, active student
engagement, and the integration of theory and practice (Grau & Rockett, 2022). It also enhances
soft skills like empathy and teamwork, which are increasingly essential in modern education
(Henriksen et al., 2017). However, effective adoption of DT requires methodological support and
commitment from both educators and school leadership (Henriksen et al., 2018).

METHODS

According to (Novakova Nedeltcheva & Shoikova, 2017), Design Thinking (DT) is a human-
centred model aimed at creatively and innovatively solving complex problems for a target user.
Support teamwork and the search for simple solutions to complex challenges. The concept gained
popularity because of the IDEO design company, founded by David Kelley, which continues to play
a key role in its development.

IDEO president Tim Brown describes DT as an approach that connects human needs with
technological feasibility and business sustainability. For use in education, IDEO created the Toolkit
for Educators (Designérské mysleni pro ucitele: Soubor nastrojli, 2012), which presents methods
and tools applicable in the classroom. Today, a five-phase process is commonly used (Designérské
mysleni pro ucitele: Soubor nastrojt, 2012):

1. Discovery: Lays the groundwork by deeply understanding the needs of students, teachers,
parents, and administrators. Stay open to opportunities and draw inspiration for meaningful
solutions. Good preparation clarifies the design challenge. Tools: research, interviews,
surveys, other exploratory methods.

2. Interpretation: Turns observations into actionable insights. Beyond inspiring interviews and
fieldwork, this phase uses storytelling, organization, and narrowing to a clear point of view.
Tools: constructing situations and guiding inquiry with thoughtful questions.

3. Ideation: Generates many ideas. Brainstorming promotes expansive thinking—bold
concepts often spark breakthroughs. With clear rules, it yields rich creative options. Tools:
imagining altered situations and selecting the most promising ideas for development.

4. Experimentation: Brings concepts to life through prototypes. Tangible models enable
learning by doing and fast feedback; even rough versions show how to refine. Tools: building
and testing physical or digital prototypes.

5. Evolution: Develops the concept over time—plan next steps and share with potential
supporters. Because change is gradual, monitor progress and build on new skills. Tools:
reflecting on prior phases and iterating based on feedback and experience.
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EXAMPLE OF IMPLEMENTATION IN AN ICT LESSON: TEACHING PROGRAMMING

e Objective: The student can apply their knowledge to programme a more complex
application. The student can use all their knowledge of branching. The student can create a
flowchart that corresponds to the given task. The student will practise basic arithmetic
operations as well as exponentiation and root extraction.

e Year group: Year 10 (1st year of upper secondary school)

e Materials needed: Computer, task sheet, Code: Blocks development environment, exercise
book, writing utensils

e Estimated time: 90 minutes

Methodology according to Design Thinking:

6. Motivation: In this phase, we aim to motivate students and, most importantly, give them a
reason to programme their own calculator. Each of them probably owns a calculator and
may sometimes forget to bring it to school. But how does a calculator actually work?
Someone had to programme it. Let’s give it a try ourselves. And at the same time, we’ll
practise using conditional statements (branching).

7. Defining the Task: At this stage, students have space to step into the user’s role and define
the task themselves. What do they expect? What should the calculator include? All ideas
are then discussed together and potentially refined. Everything should ultimately match the
task prepared by the teacher (see Table 1).

Table 1 Defining the Task

Calculator

Task Write a calculator programme that can perform the following operations: addition, subtraction,
multiplication, division, exponentiation, and root extraction.
e The programme should ask the user to enter an operation (+, -, *, /, », r).
e Then, it should ask the user to input two numbers.
e Based on the selected operation, the programme should perform the corresponding
Instruction calculation and display the result.
e If the user selects exponentiation (*), the second number must be greater than zero;
otherwise, the programme should display an error message.
e Ifthe user selects root extraction (r), the first number will be rooted using the second number.

Zadejte operaci (+, -, *, /, *, r): r
Zadejte dve cisla: 225

2
2.00 odmocnina z 225.00 = 15.00

Figure 1 Possible output for the 'Calculator' task

8. Designing the Solution: Students then try to create a flowchart to think through possible
approaches. Each student is entitled to consult their design with the teacher.

9. Problem-Solving (Implementation): Now the real work begins. Each student should work
independently, although they may need help or confirmation of their next steps. In this
phase, the teacher acts as a moderator or a helpful guide when needed.

10. Testing: In the final part of the lesson, students test their own programme. If the programme
works, they demonstrate their solution to the teacher.
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Notes: For more advanced students, the task can be extended to include additional
mathematical operations. Student assessment for this activity is entirely at the teacher’s discretion.

CONCLUSIONS

Design Thinking (DT), with its five phases—Discovery, Interpretation, Ideation,
Experimentation, and Evolution—serves as a flexible framework for innovation and problem-
solving. It aligns closely with stages like Empathy, Definition, Ideation, Prototyping, and Testing.
Grounded in the principle that students learn best through active, hands-on engagement, DT
supports the development of creative thinking, innovation, and problem-solving abilities. It is widely
applied across disciplines to tackle real-world challenges.

This approach emphasizes user-centred, innovative solutions by combining creativity with
empathy. Students engage in collaborative projects involving empathy, idea generation,
prototyping, and real-world testing. They are encouraged to work in teams and design original
solutions to authentic, meaningful problems.
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INTRODUCTION

Lower-secondary school classes (not only in Slovakia) are diverse in students’ abilities, learning
styles, backgrounds, and motivation. To ensure that everyone receives an education that is suited
to their needs, it is necessary to consider an approach that is both differentiated and individualized
in teaching, raising the question of whether it is feasible for one teacher to address the needs of
25-30 students individually. In most cases, an approach to internal differentiation within a teaching
unit can result in beneficial outcomes. Group work, variation of tasks, and different forms of
assessment are all effective strategies for ensuring that all students are mastering at a level
appropriate to their abilities.

In this paper, one of the tools of learner differentiation, graded tasks, is examined. In the
context of primary school mathematics education, these tools have been identified as a valuable
resource for the initial stages of instruction (Brinckova, 2005; Hejny, 2019; Svréek, 2008). However,
there has been a gradual increase in the integration of these tools into lower-secondary education,
not only in mathematics but also in language, geography, and science education (e.g. Brinckova3,
2005; Hejny, 2019; Simik et al., 2023; Chamot, 2012,...). The graded series of problems represent
three levels of the same knowledge, referred to as variants A, B, and C.

Their design is based on key educational theories such as differentiation, Bloom’s revised
taxonomy (Krathwohl, 2002), the Hejny method, self-regulated learning, Vygotsky’s zone of
proximal development, etc.

The assessment method is also specific. The goal is not to solve all the problems in the series,
but to estimate one’s strengths and solve the problem that best matches an individual's level of
mastery. Most often, the assessment is paired (two-vector) (e.g., [grade, variant] = [1, 2]), point-
based (e.g., correctly solving variant A (3pts), B (4 pts), C (5 pts)), or formative (Brinckovd, 2005;
Hejny, 2019).

Research problem: What is the potential for using differentiated graded chemical tasks (DGCT)
with seventh-grade primary school students?

The use of DGCT by 7t"-grade students, selected from a collection created by the authors and
reviewed by experts, is tested and verified in the present study. In addition, the extent to which the
level of representation of chemical concepts (macroscopic, symbolic, submicroscopic) affects
success in solving DGCT is examined. Finally, different strategies used when a variant in DGCT is
chosen are identified.

METHODS, RESULTS AND DISCUSSION

A set of 26 graded chemistry problem series was developed for the 7t grade pupils, focusing
on topics: Substances and their properties and Transformations of substances. After being reviewed
by chemistry teachers, six series were selected, tested with pupils, and revised for clarity. Each series
contains tasks applying the same core knowledge, with increasing difficulty through varied contexts,
representations (macro-, submicro-, symbolic), or required mathematical procedures and
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competences. The final version was piloted with 177 pupils from 4 lower-secondary schools in two
Slovak regions. Feedback was also obtained from students regarding their choice of options and
comments on the tasks, as well as from teachers regarding the testing process. The selected series
of tasks tested selected key knowledge at different levels of representation of chemical concepts
(Table 1).

Table 1 Key knowledge and levels of representation of chemical concepts in each series of graded tasks

Series Key knowledge Forms of Mathematical Bloom revised
representation procedures and taxonomy
(via Johnstone) competencies*®
1.  distinguish between the terms chemically MAB, SMB.C c*B, DAB D1, E2€, u?aBant
pure substance and mixture F3¢
2. understand quantities occurring in the  MABC SABCk*  p3ABC oA F3B G)C a’anBet

formula for calculating the mass fraction -
mass of solvent, mass of solid

importance of air to life, air pollution MAB.C AA, CB, E€ an?e8ct
4. distinguishing the concepts of chemical MA, SB sMmC AA, CB, DB, D3¢, F3¢ a®anBe’
aggregation and chemical decomposition
5.  distinguishing between exothermic and MAB SMC B2*, D28, E38, D3€, u?aBanc
endothermic reactions E3¢
6. understanding the effect of the number of MA, SMBC C3A, E28, D3C, F3¢ a®anBe®
reacting particles on the rate of chemical
reactions

* according to PISA, 2013, Spakova, 2023

** the same form of representation but at different levels of knowledge mastery

The superscripts indicate in which variant the relevant form of representation and mathematical procedure occurred: M, SM, S — macroscopic,
submicroscopic, symbolic forms of representation (Johnstone, 1982; Talanquer, 2011). Mathematical procedures: A: communicate, B: mathematize,
C: create/use representation, D: argue and justify, E: create problem-solving strategies, F: use symbolic, formal, technical language and operations,
G: use mathematical tools, 1: mathematical formulation of the situation, 2: use of mathematical concepts, facts, procedures and justifications, 3:
interpretation, application and evaluation of results (according to PISA, 2013; Spakova, 2023). Bloom revised taxonomy — remember (r), understand
(u), apply (a), analyse (an), evaluate (e), create (c)

RQ: What is the difference in students’ success rates of solving variants targeting the
macroscopic and submicroscopic levels of representation in each series of problems, taking into
account the Bloom's revised taxonomy and the application of mathematical procedures and
competences?

We used the following characteristics: descriptive characteristics expressing measures of
position, variability, and shape, average success rate of students in DGCT, content validity of the
worksheet, the strength of the relationship between students' results in completing the worksheet
and their chemistry grades (R = -0.471), reliability of the worksheet — Cronbach's a = 0.702.

Based on the Shapiro-Wilk test, the data did not show a normal distribution, we proceeded with
a non-parametric ANOVA. The Kruskal-Wallis test revealed differences in all series of tasks, but did
not specify which ones. Therefore, we used a post hoc DSCF test.

CONCLUSIONS

The obtained dataset and the limited scope of the extended abstract do not allow us to analyze
and interpret the research results in more detail. However, we present some conclusions that are
also supported by the gradation of the chemical concepts and phenomena representation
(Johnstone, 1982; Talanquer, 2011), as well as cognitive difficulty of tasks according to Bloom's
revised taxonomy (Kratwohl, 2002). In the first and fourth series of tasks, a statistically significant
deviation at a significance level of 0.1% was found in the success rate of variant C (focusing on the
submicroscopic level of representation) compared to variant A (focusing on the macroscopic level
of representation). The results showed a higher success rate for variant C, indicating a preference
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for submicroscopic representation over macroscopic representation and, at the same time, a higher
level of cognitive difficulty in terms of Bloom's revised taxonomy. In five series of tasks, the variant
with the lowest success rate focused on the macroscopic level; however, greater interest and
experience with the submicroscopic level was also evident from the students' choice of variants. In
four of the six series, the most frequently solved variant was the one in which students had to apply
key knowledge at the submicroscopic level. A study of chemistry textbooks currently used in this
grade, in conjunction with the feedback provided by respondents to the six solved DGCTs, suggests
that familiarizing students with the submicroscopic level of representation may contribute to their
choice of variant in the series and to their belief that they will be successful in it.

The most significant benefit of working with graded problem series is the option to choose a
variant, thus allowing pupils to apply knowledge in line with the learning objectives and at a level
appropriate to them. Despite the limited research on the application of graded problem series in
chemistry teaching, we designed and tested them because they represent one way to ensure each
pupil experiences success with respect to their abilities.
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INTRODUCTION

Understanding how students experience laboratory work in chemistry extends beyond
cognitive outcomes and includes affective and conative dimensions. These aspects, such as
motivation, emotion, self-regulation, and volitional strategies, play a critical role in shaping how
students engage in inquiry and knowledge-building. While several instruments have explored these
non-cognitive dimensions (e.g., MLLI, CAEQ, SAT), few have addressed them specifically within the
epistemic practices of laboratory education (Dalgety et al., 2003; Galloway & Bretz, 2015; Yoon et
al., 2015).

To address this, Hendra Agustian (University of Copenhagen) developed the Conative and
Affective Learning in the Laboratory (CALIL) instrument. CALIL aims to measure how students
approach laboratory learning in terms of epistemic affect, epistemic conation, self-efficacy,
emotional barriers, and perceived value of laboratory experiences. It builds upon prior validated
tools and has undergone testing in four international higher education contexts: Denmark, USA,
Indonesia, and the Czech Republic. The current contribution presents the Czech translation,
adaptation, and pilot validation of CALIL in the context of undergraduate chemistry education.

METHODS, RESULTS AND DISCUSSION

For its Czech implementation, a four-stage translation process was performed. First, the original
English version of the questionnaire was translated into Czech using Al-assisted machine translation
(ChatGPT). This version was then independently translated back into English by academic researcher
members of the Department of Chemistry and Chemistry Education at Charles University. Original
and back-translated English versions were compared to identify discrepancies, and these were
discussed among three researchers until consensus was reached on each item. The finalized Czech
version was subsequently sent to Hendra Agustian for review and approval. The resulting version
was used in a pretest—posttest format during a semester including two laboratory courses at a Czech
university.

In 2025, a pilot validation was conducted with N = 55 undergraduate students enrolled in
laboratory-based chemistry instruction, including introductory laboratory and organic chemistry
courses. All participants completed the questionnaire at the beginning and end of the course.
The CALIL items were grouped into twelve domains; among these, four key epistemic-affective
dimensions were emphasized: laboratory self-efficacy (confidence in understanding theory and
performing experiments), epistemic engagement (curiosity, problem-solving, use of evidence),
perceived value of lab learning (usefulness, interest, relevance), and affective barriers (nervousness,
frustration, time pressure). Domain scores were calculated as averages of 1-10 Likert-scale item
responses.

Internal consistency was assessed using Cronbach's alpha and McDonald's omega (see Table 1)
for each domain at both time points. Epistemic engagement and affective barriers domains showed
strong reliability (e.g., alpha > .80). In contrast, domains with only two items, such as laboratory self-
efficacy, showed lower coefficients (alpha = .49 pretest; .67 posttest). In all cases, omega values
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closely mirrored alpha values, supporting consistency. The domain “Perception of time pressure”
was excluded from this analysis, as it was represented by a single item and thus lacks both
Cronbach’s alpha and McDonald’s omega values. These results are aligned with expectations for an
instrument in the early stages of local validation.

To examine responsiveness, Wilcoxon signed-rank tests compared pretest and posttest domain
scores. Positive emotions showed a statistically significant increase (p = .027), suggesting improved
student comfort or enjoyment with lab work by the semester's end. Other domains showed stability,
which may reflect high baseline values or limited intervention duration. Furthermore, Spearman
correlations between pretest and posttest scores indicated moderate stability in domains such as
positive affect, while others, such as volitional strategies, had weaker associations—potentially due
to item variability or situational sensitivity.

Table 1. Internal consistency of selected CALIL domains in the Czech pilot study, measured by Cronbach’s alpha and
McDonald’s omega (pretest and posttest).

(Cronbach’s alpha: measure of internal consistency based on average inter-item correlation; Cronbach, 1951.
McDonald’s omega: reliability estimate based on factor loadings from a one-factor model; Dunn et al., 2014.)

Domain Cronbach’s alpha McDonald’s omega

pretest posttest pretest posttest
Conceptual strategy 0.554 0.697 0.556 0.697
Epistemic affect 0.642 0.604 0.642 0.612
Epistemic goal orientation 0.783 0.803 0.839 0.818
Extrinsic goal orientation 0.670 0.664 0.703 0.669
Task value 0.465 0.571 0.677 0.756
Negative emotion 0.756 0.797 0.779 0.807
Collaborative strategy 0.825 0.739 0.835 0.746
Motivational strategy 0.590 0.414 0.591 0.414
Volitional strategy -0.461 0.084 0.004 0.338
Positive affect 0.092 0.205 0.093 0.206

Perception of time - - - _

The present findings also carry practical implications for instructors and curriculum
designers. CALIL scores may be interpreted not only descriptively, but as actionable feedback on
how laboratory instruction meets — or fails to meet — students’ affective and conative needs. For
example, stable or high scores in epistemic engagement may indicate that the current course design
promotes inquiry and evidential reasoning effectively and thus can be preserved as a strong feature.
In contrast, persistently low values or lack of improvement in barriers-related domains (e.g.,
nervousness, time pressure, perceived lack of control) may signal the need to modify pacing, embed
explicit scaffolding, or redesign feedback practices to reduce avoidable affective load.

Similarly, domains reflecting low self-efficacy or volitional strategies could encourage
instructors to insert pre-lab priming activities, micro-checkpoints, or structured reflection to
strengthen students’ sense of agency. Because CALIL captures change across time, repeated
measurement within a course sequence allows departments to monitor whether instructional
adjustments translate into affective or conative gains. In this way, the tool can serve not only as a
research instrument, but as a formative diagnostic to guide iterative optimisation of laboratory
curricula based on documented student needs rather than intuition.
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CONCLUSIONS

This study presents the Czech translation and pilot validation of the CALIL instrument, originally
developed by Hendra Agustian to assess non-cognitive learning aspects in laboratory settings. The
multi-step translation procedure ensured linguistic and conceptual alighnment between the English
and Czech versions. Preliminary findings support the instrument's reliability in key domains and its
suitability for assessing affective and conative elements of laboratory learning in Czech higher
education. While some domains require refinement (especially those with only two items), the tool
provides valuable insight into students’ lab-related experiences, motivation, and perceived
challenges.

Future work will focus on increasing sample size, refining weaker subscales, and conducting
factor analyses to validate the assumed domain structure in Czech. Cross-context comparisons with
data from other countries will further contribute to the instrument’s international robustness.
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VYMEZENI POJMU

V oblasti vzdélavani a védy se pro popis integrace obsahu a pfistupl pouziva fada pojmu, jako
napf. mezipfedmétovy, mezioborovy, interdisciplindrni, transverzalni nebo transdisciplinarni. Tyto
pojmy jsou vSak ¢asto zaménovany nebo nejsou terminologicky jasné vymezeny (Hudecova, 2004).

S ohledem na to, jak s témito pojmy pracuje RVP pro gymnazia (RVP G, 2007), chdpeme v naSem
pfispévku pojem ,mezipfedmétovy” jako vztah mezi dvéma ¢i vice vyu€ovacimi predméty, ktery se
projevuje v navaznosti uciva a metod ve vyuce. Naproti tomu ,,mezioborovy” vztah vnimame jako
propojeni mezi dvéma c¢i vice védeckymi obory, tedy spiSe v teoretickém a vyzkumném ramci.
Uvédomujeme si vSak Uzkou souvislost mezi témito pojmy s ohledem na to, Ze mezipredmétovy je
v podstaté mezioborovy v pfipadé, Ze se jedna o transformovany védni obor na Uroven vzdélavaciho
oboru.

Dale rozliSujeme typy mezipfedmétovych vazeb: obsahové (obsahova shoda uciva), metodické
(shodné metody préce) a ¢asové (koordinace vyuky v ¢ase) (Janas, 1985). Tyto typy lze vyuzit i pfi
identifikaci vnitropfedmétovych vazeb, napf. v matematice.

MOTIVACE K RESENi PROBLEMATIKY

Na zakladé reflexi z vyuky, rozhovor( se studenty a analyzy studentskych reseni jsme opakované
nardzZeli na potize spojené s tzv. didaktickymi formalismy, zejména pak s utajenym poznavanim
(Janik et al., 2013). Casto tyto problémy souvisely s opomijenim & nedostate¢nou reflexi
mezipredmétovych vztahd.

Identifikovali jsme dvé hlavni skupiny potizi. Prvni se tyka obsahovych vazeb: Zaci se v riznych
predmétech setkavaji se stejnym typem cinnosti (napf. Uprava vyrazli v matematice i fyzice), ale
nevnimaji jejich propojeni. Rozdilny symbolicky jazyk jednotlivych obor( v nich vytvari dojem
odlisnosti, coz vede k izolovanému uceni. Druhy problém je ¢asovy: Zaci potfebuji pfi vyuce vjednom
predmétu znalosti z jiného, avsak vyuka neni ¢asové sladéna. Pokud tedy ,instrument” jeSté neznaji,
ucivo pro né ztraci srozumitelnost a funkénost.

Dale jsme si uvédomili, Ze bez vyuziti mezipfedmétovych vztahi je obtizné naplfiovat nékteré
klicové cile vzdélavani, zejména rozvoj Sirokého pozndvaciho zdkladu a kompetence k fesSeni
problému. Vzhledem k tomu, Ze vétSina redlnych problém( mda multidisciplinarni charakter,
povazujeme integraci vzdélavaciho obsahu za nezbytnou.

Propojovani jddrovych cinnosti a integrace témat tedy neni pouze didaktickym doporucenim,
ale nutnosti. Aktivni role ucitele pfi identifikaci a vyuzivani mezipfredmétovych vazeb je klicova pro
smysluplnou vyuku.

PRISTUPY K ANALYZE MEZIPREDMETOVYCH VAZEB

Mezipfedmeétové vazby lze chapat jako vztahy mezi kurikuldrnimi obsahy vyucovacich
predmétd. Pro jejich identifikaci vychazime ze dvou zdrojd: (1) redlnych vyukovych situaci a (2)
formulaci v kurikuldrnich dokumentech (RVP, SVP). Zatimco analyza vyuky poskytuje praktické
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priklady, prace s kurikulem umoziiuje systematické vyhledavani vazeb mezi obory a planovani jejich
propojeni.

Jednim z jednoduchych ptistup( je analyza uciva dle jeho relevance k druhému aprobaénimu
oboru. Studenti naptiklad tridili vystupy z RVP do tti kategorii: nezbytné, uzite¢né a nepotiebné pro
vyuku v druhém aprobacnim oboru. V biologii tak z matematiky oznacili jako nezbytny napf. vystup
zaméreny na schopnost vytvaret hypotézy a hodnotit jejich platnost, vinformatice ocenili dovednost
odhadu a zaokrouhlovani pfi posuzovani funkénosti algoritm(. Tento postup vSak ukdzal jistou miru
subjektivity — i studenti se stejnou kombinaci obor( dospivali k odlisSnym vysledkim a mire
argumentace.

Za metodicky propracovanéjsi pfistup povazujeme analyzu vyuZivajici maticové zndazornéni
vztahl mezi tematickymi celky, kterd byla aplikovdna v diplomové praci zamérené na
vhitropfedmétové vazby v matematice (Bachurova, 2022). Matice ma charakter matice sousednosti
ohodnoceného orientovaného grafu — fadky i sloupce reprezentuji tematické celky, buriky vyjadfuji
miru zdvislosti dle sedmistupriové Skaly od ,,neni nutné” (N) po , potfebné” (P), véetné castecnych
variant. Pro lepSi vizualizaci byla Uroven (hodnota) vazeb rozliSena barevné (viz obr. 1).

N V-castecné Vv VD-¢astecné VD P-¢astecne P

Obr. 1 Skala pro vyjadieni miry zavislosti tematickych celki

Vysledkem této analyzy je matice, ve které lze prehledné sledovat vazby mezi jednotlivymi
tematickymi celky. UmoZiuje identifikovat klicova témata, na nichZ vyuka daného predmétu stoji, a
ukazuje, jak jsou dalsi ¢asti uciva na tato témata navazany (viz obr. 2). Kazda burika matice byla
doplnéna slovnim zdlvodnénim miry zavislosti, a v odlvodnénych pfipadech i ilustrativnim
prikladem, cozZ prispiva k vétsi priikaznosti a vyuzitelnosti vystupl této analyzy pfi planovani vyuky.

Obr. 2 Vysledna matice analyzy vnitropredmétovych vazeb ve vzdélavaci oblasti matematika a jeji aplikace

Tato metoda umoziuje identifikovat nejen pfitomnost vazby, ale i jeji charakter a silu, a je
snadno prenositelnd i na mezipfedmétové vztahy. Napfiklad analyza vztahu mezi matematikou a
chemii (HalSkova, 2021) ukdazala, Ze vétSina vypoctovych uloh v chemii nevyZaduje nové
matematické znalosti, ale spiSe vyuziti dovednosti ze zadkladni Skoly. Problémy studentl tedy
neprameni z nedostate¢ného matematického vzdélani, ale spiSe z nevyuzivani dostupnych nastroju
a jejich nepropojeni mezi obory. Analyza vSak rovnéZ odhalila pfipad nesouladu v ¢asové vazbé —
vypocty pH vyZaduji znalost logaritmi, které se vSak v matematice probiraji aZ pozdéji. Tato
skutecnost mlize branit porozuméni chemickému ucivu v dobé, kdy je potfeba, a poukazuje na
vyznam casové koordinace vyuky mezi obory.
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Tento typ analyzy pfedstavuje ucinny ndstroj pro podporu promyslené integrace obsahu napfic¢
predméty a muize byt cennym podkladem pro tvorbu ucebnich plan( i didaktickych materiald.

ZAVER

Pfedstaveny analyticky pfistup muZe slouZit jako inspirace pro systematickou praci s
kurikuldrnimi dokumenty pfti identifikaci mezipfedmétovych vazeb. Matice s doprovodnym slovnim
zdGvodnénim poskytuje prehledny duikaz existence téchto vazeb a umoinuje rychlou vizualni
orientaci v tom, ktera uciva a vystupy jednoho pfedmeétu jsou klicové jako nastroj (instrument) pro
vyuku v jiném oboru. Tento nastroj lze vyuZzit pfi planovani vyuky v ramci predmétovych skupin, pfi
hledani vhodnych mist pro spolupraci ucitell ¢i tandemovou vyuku, i jako oporu pro vyzkum
mezipredmeétovych vztahl. M4 rovnéz potencial pro vyuziti ve vysokoskolské pripravé budoucich
uciteld, pfi revizich studijnich plant nebo v rdmci ndvrhd novych studijnich programi (napf. STEM).
V kontextu aktualnich zmén v RVP m(iZe byt tento pfistup uzitecny i pfi tvorbé skolnich kurikuldrnich
dokumentu. Matice také nabizi vychozi rdmec pro vybér vyukovych situaci vhodnych k empirickému
zkoumani.

PROHLASENI

Na vybranych castech textu této prdce byla vyuZita jazykova, stylistickd a reSersni podpora
nastroje ChatGPT (OpenAl), a to pro ucely formulace a jazykové uUpravy textu, dohledavani a
ovérovani bibliografickych udaj. Veskery odborny obsah, interpretace a zavéry jsou vysledkem
autorské prace.
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INTRODUCTION

Developing scientific literacy in chemistry includes fostering the ability to critically interpret
scientific data and evidence, including data presented in non-textual forms such as tables and
graphs (OECD, 2023). Despite their presence in learning materials, such components are often
underused in classroom instruction (Eilam & Gilbert, 2014), and students tend to struggle with
interpreting and explaining such information. The ability to “read” data does not necessarily
translate into the ability to evaluate or explain it (e.g., Nasor et al., 2023; Skrabankova et al., 2020).

This is particularly concerning in the context of teacher education, where pre-service teachers
are not only learners themselves but also future facilitators of scientific understanding. Their
proficiency in interpreting non-textual components and their awareness of common pitfalls is
therefore of double importance: it influences their own academic success and subsequently shapes
the way they design and deliver instruction in classrooms.

Given this context, the present study aims to investigate how first-year chemistry education
students work with non-textual components found in learning materials. Specifically, we aim to
identify the degree to which they can accurately solve problems involving tables and graphs, explain
their reasoning, and evaluate their own certainty. The goal is to inform instructional practices in
chemistry education by providing evidence on students' current competencies and support needs.

METHODS, RESULTS AND DISCUSSION

A total of 55 first-year pre-service chemistry teachers from four Czech universities participated
in the study. A four-tier diagnostic test was administered, designed to capture not only content
knowledge but also explanatory reasoning and confidence calibration. Each test item consisted of:
(1) a closed-ended content question, (2) a self-reported confidence rating, (3) an open-ended
explanation of the answer, and (4) a confidence rating for the explanation. The content of test tasks
is presented in Table 1.

Table 1 Overview of test items

Iltem Topic oicl)Dr;:a Task

1 Air Pollution Table Compare measured values with tabulated limits and determine air quality
2A Greenhouse Graph Analyse trends in two graphs and identify data supporting the given conclusion
2B effect Graph  Compare trends in two graphs, identify conflicting data, and justify your reasoning
3A o Table Compare tabulated values and assess if vitamin intake meets recommended values
3B Vitamins Table Determine potential health risks from specific tabulated data
4A Graph Interpret a graph and determine the substance with the highest solubility

4B solubility of ~ Graph Use data from the graph to identify soluble substances at a given temperature
4C Salts Graph Identify the most temperature-sensitive substance using the graph
4D Graph Predict the appearance of mixed solutions based on data
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Scoring followed established models (Caleon & Subramaniam, 2008; Liampa et al., 2019).
In addition to content (CS) and explanation scores (ES), a composite total score (TS) and confidence
accuracy quotient (CAQ) were calculated (Lundeberg et al., 2000). Table 2 summarizes the results
obtained from the multi-tier test.

Quantitative findings show that while students achieved a relatively high CS (66%), the ES was
notably lower (51%), and the TS fell to 48%. This discrepancy reveals a frequent inability to justify
correct answers, pointing to conceptual gaps and surface-level processing. Some students (around
35%) achieved high performance (TS > 75%), while nearly a third performed poorly (TS < 50%),
highlighting substantial inter-individual variation.

Tasks involving basic interpretation (e.g., reading specific values) were more successfully
completed, particularly items 3A, 4A, and 4C. In contrast, items requiring synthesis or comparison
(3B, 4B, 4D) posed significantly greater challenges, with success rates of TS below 50%. This aligns
with prior research suggesting that more complex representational reasoning requires explicit
instructional support.

In terms of metacognitive performance, students displayed relatively high confidence levels
even in cases where their answers were incorrect. The average CAQ was 0.97 for content and 0.59
for explanations, indicating moderate confidence differentiation. However, in several items,
students who answered incorrectly still reported high certainty, suggesting overconfidence and a
lack of self-monitoring.

Table 2 Performance and confidence judgments across test items

tem Success Rate CF CFC CFW CAQ
(&) ES TS CS ES (&) ES CS ES CS ES
1 0.53 0.51 0.51 7.03 6.72 8.08 7.86 5.86 5.53 0.90 0.86
2A 0.64 * * 5.87 — 6.16 — 5.17 — 0.42 —
2B 0.51 * * 6.32 — 6.91 — 5.60 — 0.51 —
3A 0.73 0.75 0.62 5.88 6.68 6.19 6.65 5.06 6.74 0.37 -0.03

3B 0.78 0.49 0.40 5.43 5.61 5.79 5.76 4.06 5.39 151 0.12
4A 0.89 0.62 0.62 6.68 6.82 7.18 7.07 0.60 5.75 2.16 0.46

4B 0.56 0.44 0.44 6.31 6.33 7.76 7.71 4.27 4.83 1.09 0.97
4C 0.98 0.60 0.60 7.22 6.89 7.22 7.69 — 5.44 — 0.84
4D 0.29 0.15 0.15 4.66 5.36 6.61 7.85 3.74 4.59 0.83 0.95

*Items 2A and 2B do not include explanation tier due to the nature of the task
Note: CF —mean confidence (values from the confidence judgement scale), CFC — mean confidence value of successful
students, CFW — mean confidence value of unsuccessful students, CAQ — Confidence Accuracy Quotient

Qualitative analysis of students’ open-ended responses revealed several recurring issues
affecting the accuracy and completeness of their answers. One prominent theme was
misinterpretation of data, such as confusing axes, overlooking units, or drawing incorrect
conclusions from trends. In multiple cases, students provided explanations that contradicted the
data presented, indicating superficial engagement or flawed reasoning.

Another frequent issue was a lack of clarity in task comprehension. Some responses suggested
that students misunderstood what was being asked. Finally, many responses were incomplete or
vague, lacking reference to specific data points or containing unsubstantiated claims. These
insufficient justifications reflected either gaps in conceptual understanding or an inability to
translate that understanding into a coherent written explanation. Together, these patterns point to
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the need for better scaffolding in teaching students how to interpret data, comprehend complex
prompts, and articulate evidence-based reasoning.

CONCLUSIONS

The findings suggest that while students can locate values in tables and graphs, they struggle
with more complex analytical or predictive tasks and with justifying their answers. The disparity
between content and explanation scores reveals gaps in conceptual understanding. The use of a
four-tier test proved useful not only for assessing content knowledge but also for evaluating
explanatory depth and metacognitive awareness. These results will guide the selection of
participants for a subsequent eye-tracking study focused on how students visually process tasks
with graphs and tables. Insights from this analysis will support the development of targeted
instructional materials and strategies to foster better data interpretation skills.
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