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Hodnotenie vybranych badatelskych zru€nosti studentov
ucitelstva bioldgie
Evaluation of Selected Inquiry Skills of Future Biology Teachers

Elena Cipkova®*, Michael Fuchs!

I Katedra didaktiky prirodnych vied, psycholégie a pedagogiky, Prirodovedecka fakulta Univerzita Komenského
v Bratislave, Ilkovicova 6, 842 15 Bratislava, Slovenské republika; elena.cipkova@uniba.sk

Vedecké badanie je systematicky sposob ziskavania vedeckych poznatkov, ktory po- Kli¢ova slova:

kryva nie len vyuZitie vedeckych metéd a postupov, ale aj procesy spojené s rozvojom badatelské zruénosti,
vedeckych poznatkov ako je napriklad kladenie si otazok, tvorivé riesenie problémov, pregradudlna priprava
$tudium roznych informaénych zdrojov, kritické myslenie, vedecké zddvodinovanie, uditelov, bioldgia.

zdielanie a obhajovanie zaverov. Uspesné aplikacia vedeckého bidania vo vyuéovani

prirodnych vied si vyzaduje dostatoénii odbornt pripravenost uditelov. Tato sku-

toénost zvySuje naroky na pregradudlnu pripravu ucitelov biolégie z hladiska pod-

pory rozvoja badatelskych zru¢nosti. V obsahu prispevku predstavujeme vysledky

vyskumu zameraného na zhodnotenie aktualnej irovne badatelskych zruc¢nosti stu-

dentov uditelstva v kombinéacii s predmetom biolégia na Prirodovedeckej fakulte UK

v Bratislave. Vysledky naznacujua, ze Studenti ucitelstva biolégie nemaji dostatoéne  Zaslano 5/2020
rozvinuté badatelské zru¢nosti, najmé zruénosti spojené s planovanim a realizovanim  Revidovédno 12/2020
experimentu. Pfijato 12/2020

Scientific research is a systematic way of gaining scientific knowledge. It covers not Key words:

only the use of scientific methods and procedures but also processes associated with  inquiry skills, preservice
the development of scientific knowledge such as asking questions, creative problem  teacher preparation,
solving, studying of various information sources, critical thinking, scientific reaso- biology.

ning, sharing and defending the conclusions. The successful application of scientific

research in science education requires adequate professional training of teachers. This

fact increases the demands on the preservice biology teachers’ preparation in terms

of supporting the development of inquiry skills. In this article, we present the results

of research aimed at evaluating the current level of inquiry skills of student teachers

in combination with the subject of biology at the Faculty of Natural Sciences, Co-

menius University in Bratislava. The results of the research show that future biology = Received 5/2020
teachers do not have sufficiently developed inquiry skills, especially skills associated  Revised 12/2020
with planning and conducting an experiment. Accepted 12/2020

1 Uvod

Narast poznatkov v ramci jednotlivych oblasti prirodnych vied ovplyvnil zivot spolo¢nosti, ktora kladie
zna¢né poziadavky na edukacny proces. V stvislosti so spolo¢enskymi vyzvami kladenymi na vzdelava-
nie Eurépska komisia predlozila niekolko odportacéani tykajtcich sa vyucovania prirodnych vied. Jedno
z odporticani sa zameriavalo aj na implementovanie badatelsky orientovaného vyudovania do vzdelavania
Ziakov a na tomto zaklade vzdelavat aj ucitelov (European Commission, 2007). Sprava poukézala nie len
na nedostatky v integracii badatelskych postupov v eduka¢nom procese, ale aj potrebu podpory rozvoja
béadatelskych zruénosti v priebehu pregradualnej pripravy ucitelov. Ceské republika na potrebu kuriku-
larnych zmien v prirodovednom vzdeldvani reagovala uz v roku 2005, zatial ¢o Slovenské republika az
v roku 2008, po vydani spravy Eurépskej komisie. Do ndrodného kurikula biolégie (Statny pedagogicky
tstav, 2015a; Statny pedagogicky tistav, 2015b) boli zapracované poziadavky na integriciu Ziackeho ob-
javovania a badania, ktoré umoziuju osvojit si nielen nové vedomosti, ale aj zdklady sposobilosti vedecke;j
prace a vytvarat pozitivne postoje k vedeckému spdsobu poznavania sveta. Okrem doérazu na samotnil
disciplinu vedy je doraz kladeny aj na integréciu vedy do roéznych oblasti ludského snazenia a zivotnych
situécii (Roberts & Bybee, 2014).

Napliianie cielov prirodovedného vzdelavania si vyzaduje zmenu tradiénych pristupov k praktickym
aktivitdm na badatelsky orientované a pripravenost ucitelov, ktorej v podmienkach slovenskych §kol ne-
bola a nie je venovana dostatoéné pozornost. Podobné vysledky boli zaznamenané aj vo vyskumnej sonde
Stuchlikovej (2010) v Ceskej republike. V ramci pregraduélnej pripravy $tudentov ucitelstva biolégie sa
predpokladé, Ze Studenti aplikuji vedeck précu a ziskaji badatelské zrucnosti pri rieSeni problémov
pocas studia odbornych predmetov. Didaktickéd priprava vo vyssich ro¢nikoch pregradudlneho studia sa
preto zameriava najméi na ziskanie ,didaktickych znalosti obsahu“ (Shulman, 1986) a vedomosti o di-
daktickej transformécii u¢ebného obsahu daného predmetu a jeho technologickom spracovani (Koehler
& Mishra, 2009).
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2 Teoreticky ramec vyskumu

Béadatelsky orientované vyucovanie mozeme charakterizovat ako pedagogicky zlozity koncept, ktorého
vzdeldvaci pristup sa zameriava na Studentov a rozvoj ich kluc¢ovych kompetencii v oblasti vedy (Linn
et al., 2004; Millar, 2004; Garcia-Carmona et al., 2017). Na ziklade toho moézeme badatelské zruc¢nosti
definovat ako schopnosti, ktoré stt nevyhnutné pre realizaciu badania (Jeskova et al., 2016). V odbornej
literatre sa mozeme stretnit s roznymi klasifikdciami badatelskych zruénosti, v zévislosti od toho, ktoré
¢innosti sa pri badatelsky orientovanom vyucovani povazuji za podstatné. Fuhrman (1978) formuloval
badatelské zrucnosti, ktoré zoskupil do Styroch skupin: a) koncepcia, pldnovanie a ndvrh experimentu,
b) realizicia experimentu, c) analyza a interpretécia a d) aplikicie. Fradd et al. (2001) predstavil schému
badatelskych zrucénosti zaloZend na piatich zdkladnych skupinach, z hladiska ich uplatnenia pri jednot-
livych fazach badania, a to formulacie problému, pldnovania, implementéacie, zaverov a prezentacie. Na
tito schému nadviazali van den Berg (2013) a Balogova a Jeskova (2016), ktori jednotlivé skupiny ba-
datelskych zrucnosti doplnili o dalsie elementy, ktoré maji byt v procese badania rozvijané (tab. 1).
Na rovnakom principe vymedzil vo svojej praci devif badatelskych zruénosti aj Wenning (2007). Ide
o schopnost identifikovat problém, formulovat hypotézu, formulovat predpoklady na zaklade hypotézy,
navrhnat experiment, realizovat experiment, zhromazdovat, organizovat a analyzovat tdaje, aplikovat
Giselné a Statistické metddy na podporu zaverov, vysvetlit neocakavané vysledky, prezentovat vysledky
experimentu, argumentovat a obhajit vysledky experimentu pred odbornym publikom. Orwat et al. (2014)
publikovali schému badatelskych zruénosti, ktoré rozdelili do $tyroch zakladngch skupin: a) zruénosti pla-
novania, b) zru¢nosti realizécie experimentu, c) zruc¢nosti formulovania zdverov a hodnotenia vysledkov,
d) zruénosti rozvijané vo vsetkych fazach badania.

Tab. 1: Schéma bédatelskych zru¢nosti (Balogova & Jeskova, 2016, s. 75-76)

1. Formulacia 1.1 Formulovat otdzku/problém.
problému 1.2 Formulovat hypotézu, ktord sa bude testovat.
a planovanie 1.8 Napldnovat postup (identifikovat a definovat nezdvislé a zdvislé premenné veliciny,
vzdjomny vztah).
1.4 Navrhnit pozorovanie/postup meranie (aké pomdcky, akd zostava experimentu) pre kazdi
premenni velicinu.
1.5 Predpovedat vysledok erperimentu.
2. Realizacia/ 2.1 Manipulovat s pomdckami/softvérom.
implementacia 2.2 Pozorovat/merat.
2.8 Zaznamendvat vysledky pozorovania a merania.
2.4 Realizovat vijpocty pocas merania.
2.5 Vysvetlovat alebo upravovat postupy.
3. Analyza 3.1 Transformovat vysledky do Standardngch foriem (napr. grafy a tabulky).
a interpretdcia 3.2 Urcovatf vztahy medzi premennymi veli¢inami, napr. na zdklade grafov, tabuliek, ddt v texte,
funkcéného predpisu.
3.8 Uréovat presnost experimentdlnych dat (identifikovat mozné zdroje chyb).
3.4 Porovnat ddta s hypotézou/predpovedami.
3.5 Diskutoval o obmedzeniach/predpokladoch realizovaného experimentdlneho postupu.
3.6 Zovseobecnit vysledky.
3.7 Formulovat nové otdzky/problémy.
3.8 Formulovat zdvery.
4. Zdielanie 4.1 Zdielat a prezentovat visledky pred spoluZiakms.
a prezentacia 4.2 Diskutovat/obhajovat vysledky/argumentovat.
4.8 Vypracovat formdlnu sprdvu/protokol o vysledkoch.
5. Aplikécia 5.1 Predpovedat na zdklade vysledkov skimania.
a dalsie 5.2 Formulovat hypotézy na dalsie skimanie.
vyuzitie 5.8 Aplikovat experimentdlne postupy na nové problémy.

Wenning (2005) predstavil klasifikiciu badatelskych zruénosti zalozend na vekovej kategdrii a mentél-
nej trovni ziakov. Na tomto principe vymedzil elementarne, zadkladné, integrované a pokroc¢ilé badatelské
zrucnosti. Rozvijanie elementarnych a zékladnych zru¢nosti spaja s objavnym ucenim a interaktivnou de-
monstraciou. Integrované zrucénosti ako napr. identifikovanie problému, ktory sa bude skiimat, navrhova-
nie a vedenie vedeckého skiimania, komunikovanie a obhajovanie vedeckého argumentu, mézeme u ziakov
rozvijat prostrednictvom nasmerovaného badania. Pokro¢ilé zrucnosti, medzi ktoré zaraduje napr. rieSenie
komplexnych realnych problémov, syntetizovanie komplexnych hypotetickych vysvetleni, konstruovanie
logickych dokazov, analyzu a hodnotenie vedeckych argumentov, mozno rozvijat hypotetickym skiimanim
spojenym s rozvojom schopnosti aplikovat vysledky do redlneho Zivota. Neskor Wenning (2012) klasifi-
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kaciu doplnil o stredne pokrocilé a kulminujice badatelské zruénosti. Stredne pokrocilé zruénosti mozno
rozvijat prostrednictvom riadeného badania a st spojené so zruénostami meraft, zbierat a zaznamenavat
udaje, opisovat vztahy a pod. Kulminujtice zruénosti spaja s aplikdciami v redlnom svete, ktoré pozosta-
vaju z dvoch typov rieSenia problémov — rieSenie problémov prezentovanych na konci kapitoly ucebnice
(aplikdcia vedomosti na nové situdcie) a vedenie autentického vySetrovania. Kulminujice zruénosti za-
hfnaja napriklad zrucnost zbierat, posudzovat a interpretovat daje z roznych zdrojov, tvorit logické
argumenty zalozené na vedeckych ddkazoch, objasnit hodnoty vo vzfahu k prirodnym a obéianskym
pravam.

Jeskovéa et al. (2016) uvadza, Ze za charakteristické badatelské zruénosti moézeme povaZovat tie, ktoré
st uplatiiované v jednotlivych fazach badania. Badatelské zruc¢nosti ale nie s spojené len s vyuZivanim
met6d a postupov prirodnych vied (napriklad formulovanie hypotéz, zaznamendvanie dat, transformacia
vysledkov do $tandardnjych foriem, formuldcia zéverov atd.), ale aj s integraciou vedy do Zivota. In-
tegracia vedy do Zivota zahffia napriklad zhodnotenie déveryhodnosti odbornych zdrojov (informécii),
porozumenie prvkom vyskumu a stanovenie ich vplyvu na zaver vyskumu, ako aj zhodnotenie spravneho
a nespravneho pouzitia informécii.

Wenning (2012) vo svojej §tudii poukazuje na opodstatnenie vyuzivania badatelskych pristupov v edu-
ka¢nom procese z hladiska podpory prirodovednej gramotnosti, no zéroven upriamuje pozornost na sku-
tocnost, Ze mnoho ucitelov je na ich aplikdciu nedostatocne pripravenych. Schwartz a Crawford (2004)
v tejto stvislosti uvadzaji, ze pre efektivne vyuzivanie badatelského vyucovania je kltucové, aby ucite-
lia mali vlastné empirické skiisenosti s takymto spésobom vjucby, ktoré by nasledne implementovali do
svojho pedagogického posobenia. V praxi sa modzeme stretnit s roznymi modelmi aplikacie badania do
vyucovania (napr. Inquiry-Application Instructional Model), avSak ani existencia tychto modelov sama
o sebe nezabezpeduje optiméalny rozvoj badatelskych zru¢nosti studentov ucitelstva (Gunckel, 2011). Tato
skutoénost potvrdzuju aj niektoré vyskumy (napr. Akerson et al., 2000; Ladachart & Yuenyong, 2015;
Walag et al., 2020), ktoré poukdzali na nedostatky v badatelskych zruénostiach uéitelov zabezpecéuj-
tcich vyucbu prirodovednych predmetov na réznych stuptioch vzdeldvania. Rovnaké zistenia prezentuja
aj vyskumy zamerané na hodnotenie badatelskych zruc¢nosti Studentov ucitelstva prirodovednych pred-
metov. Suwono (2016) sa zameral na hodnotenie tirovne prirodovednej gramotnosti a badatelskych zruc-
nosti studentov prvého a tretieho ro¢nika ucitelstva bioldgie v Indonézii. Badatelské zruc¢nosti studentov
tretieho roc¢nika boli sice lepsie ako u Studentov prvého rocénika, ale celkovii troven badatelskych zruc-
nosti Studentov autor vyhodnotil ako neuspokojivii, nakolko mali problémy s analyzou a interpretaciou
dat a kritickym myslenim. Cipkova a Karoléik (2018) zase zistili, Ze Studenti ucitelstva biolégie na Uni-
verzite Komenského v Bratislave maju nedostatoéni trovenn bédatelskych zrucnosti, ktoré st spojené
s planovanim a realizaciou experimentu.

Na nedostato¢nt trovenn badatelskych zrucénosti poukézal aj Celik (2014), ktory na zéklade analyzy
ziskanych dat od Studentov uditelstva chémie zistil, Ze si pomerne dobre pripraveni na zabezpecenie
vyucby z hladiska teoretickych poznatkov. Zisten troven prirodovednej gramotnosti z hladiska imple-
mentacie vedeckého badania vyhodnotil ako nedostatoénit. Silay a Celik (2013) sa zamerali na porovnanie
badatelskych zru¢nosti studentov uéitelstva bioldgie, fyziky a chémie. Na zaklade celkového vyhodnotenia
ziskanych dat autori zistili priemern Groven badatelskych zruénosti a zarovei nizsiu troven badatelskych
zruénosti §tudentov ucitelstva biolégie v porovnani so $tudentmi uéitelstva fyziky a chémie. Cipkova et
al. (2018) porovndvali troveti prirodovednej gramotnosti studentov bakalarskeho studia vedeckych a udi-
telskych $tudijnych programov na Prirodovedeckej fakulte UK v Bratislave. Vysledky poukézali na pro-
blémy Studentov uditelstva v oblastiach zameranych na tvorbu grafov, porozumenie prvkom vyskumu
a porozumenie zakladov Statistiky.

Erkol a Ugulu (2014) zistili, Ze z hladiska trovne badatelskych zru¢nosti studentov ucitelstva biolégie
nezohrava vyznamni tlohu vek a pohlavie studenta, ale obdobie, v ktorom sa zacalo s cielenym rozvojom
badatelskych zruc¢nosti. Preto je potrebné ziakom a Studentom ¢o najskor poskytnut prilezitosti pre
skimanie a konstrukciu vedeckych tvrdeni zaloZzenych na dékazoch, ale aj na nasledné zdévodnovanie
tychto tvrdeni, ¢ uz v skupine alebo pred $irSou komunitou odbornikov (Hofstein & Lunetta, 2004).

Na Slovensku a v Ceskej republike sa venuje pozornost najmi problematike vyuzitia a dopadov ba-
datelsky orientovaného vyucovania na zakladnej $kole (napr. Ryplova & Rehékova, 2011; Skoda et al.,
2015; Véacha & Ditrich, 2016; Rokos & Vomackova, 2017; Kekule et al., 2017) a gymnéziu (Jeskova et
al., 2016; Cipkova et al., 2017a; Cipkova et al., 2017b; Radvanova et al., 2019). Aj v oblasti pregradual-
nej pripravy Studentov uditelstva je venovanéd pozornost efektivite badatelského vyucovania a postojom
Studentov k tomuto pristupu vo vzdelavani. Vyskum Stuchlikovej (2010) ukézal, Ze Studenti ucitelstva
biolégie PF JU sa s touto formou vyuky stretli v rameci pregradudlnej pripravy len v rozsahu, ktory mozno
v percentach vyjadrit ¢islom 20,3 %. Podla zisteni vyskumu Trnu a Trnovej (2016) préve implementécia
badatelsky orientovaného vyucovania do pregradudlnej pripravy studentov uéitelstva moze zlep$it kvalitu
odbornych pedagogickych kompetencii studentov a zvysit ich motiviciu. K podobnym ziverom dospeli
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aj Sotakova et al. (2017), ktori zistili, Ze vzdelavanie §tudentov uditelstva chémie pre badatelsky oriento-
vané vyucovanie zvysilo roven porozumenia $tudentov principom badatelsky orientovaného vyudovania
a zaroven ovplyvnilo aj ich nazory na tento pristup vo vyucovani.

3 Ciel vyskumu a vyskumné otazky

Béadatelské zrucnosti prispievaju k rozvoju schopnosti porozumief najiéinnejSiemu sposobu vyuzivania
vedeckych poznatkov v kazdodennom Zivote a spolocenskej zodpovednosti (Dragog & Mih, 2015). Snaha
o integriciu badania do vyucovacieho procesu zvySuje poziadavky na pregradudlnu pripravu ucitelov
bioldgie, v ramci ktorej je potrebné venovat pozornost sposobom, akym mozno integrovat badanie do vy-
ucovania prirodnych vied, ako aj rozvijaniu badatelskych zruénosti Studentov tak, aby dokézali s istotou
aplikovat svoje vedomosti a zru¢nosti pri projektovani a realizovani vyucovania. Preto cielom vyskumu
bolo zistit troven badatelskych zruénosti studentov ucitelstva bioldgie po ukonceni bakalarskeho stupitia
stadia, ktoré je zamerané najmé na ziskanie vedomosti z jednotlivych vednych disciplin biolégie aj pro-
strednictvom realizacie vedeckého badania. Na zdklade identifikdcie nizkej Grovne badatelskych zruénosti
mozno upravit nie len obsah studia odbornych predmetov, ale v magisterskom stupni §tudia aj didakticka
pripravu §tudentov uéitelstva tak, aby si osvojili badatelské zru¢nosti definované v Statnom vzdeldvacom
programe biolégie platnom v Slovenskej republike (Statny pedagogicky tstav, 2015¢) na pozadovane;
arovni. Realizaciou vyskumu sme sa zamerali na zodpovedanie nasledujicich vyskumnych otazok:

e Aké je Groven badatelskych zru¢nosti studentov ucitelstva biolégie po ukonceni bakalarskeho stupiia
studia?

e Maju Studenti uditelstva biolégie v kombindcii s inym prirodovednym predmetom lepsie rozvinuté
badatelské zruc¢nosti ako Studenti v kombinécii so spolo¢enskovednym predmetom?

4 Metodologia

4.1 Vyskumny sabor

Vyskumny stbor tvorilo 87 Studentov (76 Zien a 11 muzov) na zaciatku prvého ro¢nika magisterského
stupnia Studia uditelstva bioldgie na Prirodovedeckej fakulte Univerzity Komenského v Bratislave. Tito
$tudenti si zvolili dvojodborové §tdium biolégie v kombinécii s predmetmi chémia (N = 23), matematika
(N = 3), environmentalna vychova (N = 1), geografia (N = 16), slovensky jazyk (N = 11), anglicky
jazyk (N = 6), franctzsky jazyk (N = 1), nemecky jazyk (N = 1), $panielsky jazyk (IV = 1), pedagogika
(N = 4), psycholdgia (N = 5), obéianska nduka (N = 5), hudobnd vychova (N = 1), telesnd vychova
(N =T) alebo vytvarné vychova (N = 2). Pre potreby vyskumu sme vyskumny stibor rozdelili do troch
skupin na zéklade zaradenia druhého aproba¢ného predmetu do vzdeldvacej oblasti podla Statneho vzde-
lavacieho programu platného v Slovenskej republike (Statny pedagogicky tistav, 2015¢). Prvii skupinu
tvorilo 27 $tudentov bioldgie v kombinéacii s predmetom STEM, ktory je mozné zaradit do vzdelavacich
oblasti Clovek a priroda a Matematika a praca s informaciami (predmety chémia, matematika a environ-
mentalna vychova). Druht skupinu tvorilo 29 $tudentov bioldgie v kombinécii s predmetmi zameranymi
na oblast komunikacie, ktoré patria do vzdeldvacej oblasti Clovek a komunikécia (predmety anglicky
jazyk, franctzsky jazyk, nemecky jazyk, slovensky jazyk, Spanielsky jazyk, pedagogika a psycholdgia).
Poslednt skupinu predstavovalo 31 studentov, ktorych druhy aprobacny predmet sa zameriava na spo-
lo¢nost a vychovu. Ten je mozné zaradit do vzdelavacich oblasti Clovek a spolo¢nost, Umenie a kulttira,
Zdravie a pohyb (geografia, ob¢ianska nduka, hudobné vychova, telesna vychova, vytvarna vychova).

Vsetci studenti zapojeni do vyskumu absolvovali odbornt pregradualnu pripravu z biolégie, ktora
zahtnala aj cvicenia v Specidlnych laboratdriach a terénne price zamerané na ziskanie a rozvoj zruc¢nosti
spojenych s realizdciou zakladnych vedeckjch metéd a postupov pri praci v biologickom laboratdriu
a teréne. Studenti uéitelstva biolégie v kombinacii s prirodovednymi predmetmi na rozdiel od studentov
studujicich uéitelstvo biolégie v kombinécii s humanitnymi predmetmi absolvovali v ramci $tudia aj
laboratorne cvicenia a terénne prace z druhého aproba¢ného predmetu, ¢o vedie k predpokladu, ze mali
viac prilezitosti pre ziskanie a rozvoj zruénosti potrebnych pre aplikdciu vedeckych metéd a postupov pri
rieseni prirodovednych problémov.

4.2 Vyskumny nastroj

Jednym z najcastejSie vyuzivanych néstrojov na zistenie trovne badatelskych zruénosti je test s otvore-
nymi alebo uzavretymi polozkami, pripadne ich kombindciou. Na zistenie tirovne badatelskych zruc¢nosti

Scientia in educatione, 11(2), 2020, p. 2-13 5 https: //doi.org/10.14712/18047106.1884


https://doi.org/10.14712/18047106.1884

studentov ucitelstva bioldgie v kombinécii s dal§imi predmetmi sme vyuzili vyskumny nastroj v podobe
testu vlastnej konstrukcie. Test obsahoval vyluéne uzavreté polozky, nakolko pri ich vyhodnocovani sa
znizuje subjektivna tiloha hodnotitela, a teda vyhodnotenie takéhoto testu mozeme povazovat za objek-
tivnejsie. Na strane druhej, ziskany vysledok z testu s uzatvorenymi polozkami moze byt ovplyvneny
moznostou uhddnutia spravnej odpovede (Karol¢ik, 2012). Takto koncipovany zdroveri meria len dekla-
rativnu tGroven badatelskych zru¢nosti a nie ich hibku.

Pre test vlastnej konstrukcie sme sa rozhodli z dévodu, Ze sme do jeho obsahu chceli zahrnif zrucnosti,
ktorych rozvijanie pozaduje Statny vzdelavaci program platny v Slovenskej republike (Statny pedagogicky
ustav, 2015¢). Vytvara to predpoklad, aby aj ucitelia, ktori st zodpovedni za projektovanie a realiza-
ciu vzdeldvacieho procesu, mali tieto zrucnosti na primeranej trovni. Test sa zameriaval na badatelské
zrucénosti v dvoch zékladnych oblastiach badatelskych zruénosti:

a) metédy a postupy prirodnych vied, ktoré st vyuzivané v jednotlivych fazach badania,
b) integracia vedy do réznych oblasti ludskych ¢innosti a zivotnych situacii.

Pri konstrukeii testu sme vychédzali z odportacani Wenninga (2007). V prvom kroku sme v skiimangch
oblastiach vymedzili sibor jedendstich konkrétnych zruénosti (tab. 2), ktorymi by uditelia biolégie mali
disponovat. Vyber zruénosti bol limitovany aj rozhodnutim, Ze test bude obsahovat len uzavreté polozky.
Naésledne sme skonstruovali uzavreté polozky s jednou spravnou odpovedou. Na meranie kazdej zruénosti
sme vytvorili dve polozky, ktoré zahfiali len priklady experimentov a situdcii z biolégie (Burns et al.,
1985; Wenning, 2007; Hegediisova, 2010; Gormally et al., 2012; Cipkov4 et al., 2014; Pecnikové, 2018). Pri
formulécii jednotlivych poloZiek sme sa zamerali aj na problémy, ktoré vo svojom vyskume identifikovali
Cipkova a Karoléik (2018).

Tab. 2: Skiitmané badatelské zruénosti

Oblast  Zruénost

formulovat hypotézu (rozlisit vyskumnu otazku a hypotézu, definovat premenné, uréit pocet
premennych)

naplanovat postup (uréit premenné veli¢iny, rozlisit nezdvislé a zavislé premenné veliéiny, uréit zavisla

premennt veli¢inu)
zaznamenavat vysledky pozorovania a merania (konstruovanie tabulky a grafu, oznacenie osi z a y na

h vied

grafe)

transformovaft vysledky do Standardnych foriem (uré¢it vhodny graf pre grafické znazornenie dat, uréit
spravny graf zobrazujuci hodnoty uvedené v tabulke)

formulovat zavery (formulovat zaver na zéklade tdajov poskytnutych v tabulke a v grafe)

urc¢ovatl vztahy medzi premennymi veli¢inami (na zdklade grafu uréit vztah medzi premennymi)
realizovat vypocty (matematické zru¢nosti/aplikovanie priamej timernosti pri vypocte, vyznam
Statistiky /urcit Statisticktl analyzu ako najvhodnejsi spdsob overenia hypotézy)

urcovat presnost experimentdlnych dat (identifikovat mozné zdroje chyb pri meranf)

zhodnotit doéveryhodnost literatiry (hodnotit informécie zverejnené na webovej stranke, urcit faktor,

d

.

priro

Metédy a postupy
nyc

o]

:g %g podla ktorého sa hodnoti doéveryhodnost vyskumu publikovaného v ¢asopise)

8T ;E porozumiet prvkom vyskumu a stanovit ich vplyv na zaver vyskumu (hodnotit struktiru a velkost
4;3 ® o  vyskumnej vzorky, viber respondentov a zber dat)

= O “Zhodnotit spravne a nespravne pouzitie informécii (korektné pouzitie vedy pre spoloéenské tcely)

Administrovany test obsahoval celkovo 22 uzavretych testovacich poloZiek s jednou spravnou odpo-
vedou (obr. 1). Pre oblast ,Metédy a postupy prirodnych vied“ bolo skonstruovanych 16 poloziek a pre
oblast ,,Integracia vedy do Zivota® 6 poloziek. Stcastou tvorby vyskumného néstroja bol aj predvyskum,
ktorého zdmerom bolo overit zrozumitemost jednotlivych poloziek testu. V priebehu predvyskumu bol
test administrovany vybranej malej skupine Studentov s ciefom identifikdcie polozZiek, ktorych nevhodné
formulacia by mohla viest k nespravnej odpovedi. Této skupina bola z nasledného testovania vylucena.
Na zaklade tdajov z predvyskumu doslo k finalnej iprave testu. Test bol administrovany studentom na
tvodnom cviceni v ramci vyucovania povinného predmetu Didaktika skolskych pokusov z bioldgie na
zadiatku semestra 1. roénika magisterského §tidia. Studenti neboli vopred obozndmeni o testovani. Ad-
ministricia testu trvala 45 minat. Za spravnu odpoved bol udeleny jeden bod a za nespravnu odpoved
nula bodov.

Reliabilitu administrovaného testu sme zistovali prostrednictvom Kuder-Richardsonovho vzorca ¢. 20
(KR20), ktory je vhodny pre dichotomické polozky (Kuder & Richardson, 1937). Reliabilita dosiahla
hodnotu 0,573 a podla autorov Christmann a Van Aelst (2006) mozeme administrovany vyskumny nastroj
povazovat za spolahlivy. Validita testu bola zabezpecend postidenim tromi expertmi (Proksa et al., 2008).
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17. Zaujima nas, ¢i konzumacia kavy zvysuje krvny tlak a ak ano, ¢i sa krvny tlak zvysi
rovnako u ¢loveka, ktory pravidelne pije kavu alebo iné kofeinové napoje ako u loveka,
ktory tieto napoje vobec nepije. Pre zistenie tejto zavislosti sme uskutocnili meranie.
Krvny tlak vyjadruji dve hodnoty, a to systolicky tlak (srdcovy sval sa stiahne a krv je
vypudzovana zo srdca) a diastolicky tlak (srdcovy sval sa uvolni a srdce sa napifia

krvou). Oznacte tabulku, ktord je vhodna pre zaznamenanie udajov.

A
Krvny tlak [mmHg]
a) Tabulka A Pravidelny konzument kévy Nelorzument kivy
b) Tabul’ka B Pred vypitim kévy
C) Tabulka C Po vypiti kavy
d) Tabulka D 5
Krvny tlak [mmHg]
Pravidelny konzument kavy ——
Systolicky tlak
Diastolicky tlak
C

Krvny tlak [mmHg]

Systolicky tlak Diastolicky tlak

Pred vypitim kavy

Po vypiti kévy

D

Krvny tlak [mmHg]

Pred vypitim kévy

Po vypiti kdvy

E

Konzument kavy Nekonzument kavy

Systolicky tlak

Krvny tlak
[mmHg]

Diastolicky tlak

Obr. 1: Ukazka testovacej polozky

4.3 Analyza ziskanych dat

V rdmci analyzy sme vyskumny subor rozdelili na tri vyskumné podsiibory. Na zistenie normality sme
vyuzili Shapiro-Wilkov test. Na zéklade testu normality sme pre porovnanie vysledkov vyuzili analyzu
rozptylu (ANOVA), ktoréd testuje, ¢i sa priemery zavislej premennej Statisticky vyznamne ligia medzi
troma a viac skupinami. Neparametrickou alternativou analyzy rozptylu je Kruskal-Wallisov test, ktory
testuje zhodu vyberovych distribuénych funkcii porovnavanych siborov s tym, ze klicovym predpokladom
je nezavislost pozorovanych hodnoét (Andél, 2005).

5 Vysledky

5.1 Uroveii badatelskych zruénosti Studentov

Celkové skore, ktoré mohli studenti v teste ziskatf, bolo 22 bodov. Maximélne dosiahnuté skére bolo
21 bodov a miniméalne 8 bodov. Medidn aj priemer boli na trovni 15 bodov (SD = 2,99).

Percentuélne lepsie skdre dosiahli Studenti v rdmci oblasti integracie vedy do zivota (I = 75 %), ako
v oblasti metédy a postupy prirodnych vied (I = 66 %). Tieto zruénosti si tizko spojené so schopnos-
tou jednotlivca robit informované osobné rozhodnutia o veciach, ktoré zahftiaju vedu (ako napr. zdravie,
ochrana prostredia a pod.) a ¢itat, porozumiet a kriticky hodnotit vedecké informécie publikované v ¢a-
sopisoch a médiach.

Z hladiska hodnotenia jednotlivych zruénosti (tab. 3) dosiahli Studenti najlepsie skére pri realizacii vy-
poctov (I =97 %), kedy sa od nich vyzadovalo vyuzitie matematickych zru¢nosti (polozka 6) a zékladov
Statistiky (polozka 11) a pri hodnoteni spravneho a nespravneho pouzitia informécii (I = 81 %). Naopak,
najnizsie skére dosiahli pri polozkdch zameranych na problematiku napldnovania postupu (I = 46 %)
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Tab. 3: Uspesnost studentov v sledovanych oblastiach badatelskych zruénosti

Oblast Zruénost Polozka  Uspesnost Uspesnost Uspesnost
pre polozku pre sposobilost pre oblast
(%) (%) (%)
e [ , 3 46
9 1 Naplanovat postup 1 16 46
-: 2 F lovat hypoté 2 79 70
il ormulovat hypotézu 18 60
S Zaznamenavat vysledky 5 89
"g 3 . . 70
° pozorovania a merania 17 52
g 4 Transformovat vysledky 4 69 60
5 do standardnych foriem 19 51
% 5 Formulovat zéver 8 15 61 o
§ ormulovat zavery 20 =
& . s 6 97
o 6 Realizovat vypocty 1 98 97
= Urcovat vztahy medzi 10 75
3 7 Lo . 7
et premennymi veli¢inami 15 79
§ 8 Urc¢ovat presnost 1 36 46
experimentalnych dat 22 56
Zhodnotif spravne a nespravne 9 7
« s 9 Vg L 81
2 8 pouzitie informacii 21 86
& > 9 ) ] 16 94
go'g ;5310 Zhodnotit doveryhodnost literattry B 3 74 75
E -8 1 Porozumiet prvkom vyskumu 7 84 68
a stanovit ich vplyv na zaver vyskumu 13 53

a urcovanie presnosti experimentdlnych dat (I = 46 %), kedy mali Studenti problém s vyberom fakto-
rov, ktoré ovplyviiuju vysledok experimentu (polozka 1). Polozky zamerané na naplanovanie postupu
boli koncipované do podoby tloh, v ktorych $tudenti na zaklade opisu experimentu mali zvolit zdvisla
premennti z pontiknutych moznosti (polozky 3 a 14). Studenti pri oboch polozkéach vo vii¢sine pripadov
zvolili odpoved, ktord predstavovala nezavisli premenni. Ziskané idaje nas veda k zaveru, Ze Studenti
maju pri experimente problém s rozliSenim zavislej a nezavislej premenne;j.

Kazdej z vybranych zruc¢nosti v teste boli priradené dve testovacie polozky. Ako vyplyva z udajov
v tab. 3, pri niektorych zrucnostiach sme zaznamenali zna¢na variabilitu medzi polozkami. Ako priklad
mozeme uviest zruénost v oblasti zaznamenévania vysledkov pozorovania a merania. V tomto pripade
Studenti pri polozke 5 zameranej na oznacenie veli¢in v grafe dosiahli ispesnost 89 %, zatial ¢o pri po-
lozke 17 orientovanej na vyber vhodnej tabulky na zaznamenanie idajov z vyskumu (obr. 1) dosiahli
uspesnost 52 %. Najvyraznejs$iu variabilitu v rdmci dvoch testovacich poloziek sme zaznamenali pri zruc-
nosti zhodnotit doveryhodnost literatiry. V prvej polozke (polozka 16), pri ktorej mali Studenti vybrat,
& uvedené informécie z internetu st dostatocne relevantné, uviedlo spravnu odpoved 94 % Studentov.
nespravnost pouzitia vedeckych informécii pre spoloc¢enské ticely. Na druhti polozku (polozka 12) spravnu
odpoved uviedlo len 53 % studentov. Studenti mali vybrat, ktory faktor je viznamny z hladiska postidenia
déveryhodnosti textu publikovaného v ¢asopise alebo v médiach. Na zaklade analyzy polozky sme zistili,
ze Studenti hodnotia doveryhodnost textu predovSetkym na zdklade pritomnosti odkazov na iné zdroje
literatury a nie na zaklade recenzie ¢lanku nezéavislymi odbornikmi.

5.2 Uroveii badatelskych zruénosti $tudentov vzhladom na druhy aprobaény
predmet

Pri analyze ziskanych idajov sme sa zamerali aj na porovnanie rozdielov v Grovni badatelskych zru¢nosti
studentov bioldgie z hladiska ich druhého aproba¢éného predmetu. Kym skupina Studentov v kombinéacii
s inym prirodovednym predmetom ziskala v priemere 16,22 bodov (SD = 3,21), tak Studenti v kombinacii
s predmetom zameranym na spolo¢nost a vychovu 14,51 (SD = 2,63) a skupina Studentov v kombinacii
s predmetom zameranym na komunikaciu 14,38 bodov (SD = 2,90) (graf 1). Statistick4 analyza prostred-
nictvom Kruskal-Wallisovho testu potvrdila statisticky vyznamné rozdiely medzi jednotlivymi skupinami
pri hladine spolahlivosti 95,0 % (KW = 7,41; p = 0,025). Nésledny post hoc test ukézal, ze $tudenti
ucitelstva bioldgie v kombinéacii s inym prirodovednym predmetom riesili test Statisticky vyznamne lepsie
ako Studenti uéitelstva bioldgie v kombindcii s predmetom zameranym na spolo¢nost a vychovu a s pred-
metom zameranym na komunikaciu.
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22,5

16,20

20
14,38 14,51

Pocet bodov

W

2,5

Studenti v kombindcii Studenti v kombinécii Studenti v kombinécii
s inym prirodovednym s predmetom zameranym s predmetom zameranym
predmetom na komunikaciu na spolo¢nost’ a vychovu

Graf 1: Priemerny pocet bodov v podskupindch vyskumného siboru

Analyza poloziek zoskupenych do oblasti metddy a postupy prirodnych vied (KW = 7,05; p = 0,029)
a integracia vedy do zivota (KW = 7,04; p = 0,03) poukézala na Statisticky vyznamné rozdiely medzi
podskupinami vyskumného stiboru. V pripade integracie vedy do Zivota sme zistili, Ze Studenti ucitelstva
biolégie v kombinécii s inym prirodovednym predmetom riesili polozky uvedenej oblasti Statisticky vy-
znamne lepsSie ako Studenti ucitelstva bioldgie v kombinécii s predmetom zameranym na spolo¢nost a vy-
chovu. Uspesnost tudentov v kombinacii s prirodovednym predmetom bola 53 %, tspesnost studentov
v kombinécii s predmetom zameranym na spolo¢nost a vychovu bola 36 %. Pri oblasti metédy a postupy
prirodnych vied sme zaznamenali Statisticky vyznamné rozdiely v pripade skupiny Studentov ucitelstva
bioldgie v kombindcii s inym prirodovednym predmetom a skupiny Studentov uéitelstva biolégie v kom-
binécii s predmetom zameranym na komunikaciu, ktoré boli v prospech prvej uvedenej skupiny. Studenti
v kombinécii s inym prirodovednym predmetom dosiahli percentudlnu tspesnost 56 % a $tudenti v kom-
bin4cii s predmetom zameranym na komunikéciu 37 %.

Pri porovnani vysledkov rieSenia poloziek testu zoskupenych do skiimanych zruénosti sme zistili Sta-
tisticky vyznamné rozdiely medzi Studentami pri dvoch skiimanych zruénostiach (tab. 4).

Tab. 4: Statistické vyhodnotenie jednotlivych zruénosti

Oblast . Studenti Studenti Studenti test p
; v kombinacii v kombinacii v kombinacii (F/KW)
N s inym s predmetom s predmetom
° prirodovednym zameranym zameranym
N predmetom na komunikaciu na spoloénost

a vychovu
I (%) X SD T (%) X SD 1T (%) X SD

1 48 1,52 051 40 124 0,79 44 142 0,56 1,57 0,456

2¥ 53 1,26 094 36 062 0,78 44 090 0,87 3,33 0,026

Metédy 3 43 141 050 47 145 0,69 42 1,35 0,61 0,65 0,721
a postupy 4 43 1,19 056 44 1,17 071 45 123 0,69 0,06 0,946
prirodngch __ B 52 144 0,5 44 124 0,69 37 1,00 0,73 5,73 0,057
vied 6 43 152 064 44 155 057 45 1556 0,68 0,10 0,949

7 45 1,96 0,19 47 200 0,00 41 187 0,34 4,85 0,089

8 56 1,30 067 35 0062 062 42 087 0,76 6,33 0,002

Integracia 9 47 156 051 49 162 049 37 126 0,68 5,16 0,076
vedy 10 42 133 062 41 128 0,0 48 1,58 0,63 0,32 0,443
do zivota 11 45 1,67 048 45 166 048 42 158 0,50 0,30 0,360

*p < 0,05 (Statisticky vyznamny rozdiel)
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Prv4 skiimana zru¢nost (zrucnost 2, polozky 2 a 18), pri ktorej sme zaznamenali $tatisticky vyznamné
rozdiely, sa zameriavala na problematiku planovania postupu experimentu s ohladom na schopnost iden-
tifikovat zavislé a nezévislé premenné veli¢iny (F = 3,83, p = 0,026). Nésledny post hoc test ukazal
Statisticky vyznamny rozdiel medzi Studentmi uditelstva bioldgie v kombinécii s inym prirodovednym
predmetom, kde sprdvnu odpoved uviedlo 53 %, a skupinou $tudentov uditelstva biolégie v kombin&cii
s predmetom zameranym na komunikaciu, v ktorej spravne odpovedalo 36 % opytanjch.

Druhé zruénost (zrucnost 8) so zaznamenanym Statisticky vyznamnym rozdielom skimala zruénost
Studentov urcovat presnost experimentalnych dat s cielom identifikicie moznych zdrojov chyb (F = 6,83,
p = 0,002). Polozky 10 a 21 boli skonstruované do podoby tloh, pri ktorych studenti identifikovali faktory,
ktoré determinovali vysledky realizovaného experimentu. Statisticky vyznamnyj rozdiel sme zaznamenali
v pripade Studentov uditelstva bioldgie v kombinacii s inym prirodovednym predmetom (I = 56 %)
a Studentov uditelstva biolégie v kombindcii s predmetom zameranym na komunikaciu (I = 35 %).

6 Diskusia

Niektoré vyskumy (napr. Melville et al., 2017; Duncan et al., 2010) naznac¢uju, ze implementécia bada-
telsky orientovaného vyucovania do vzdelavania je priamo zavisla od badatelskych zruénosti ucitela a jeho
vlastnych sktisenosti s bddanim. Rozvoj badatelskych zruénosti nie je mozné zabezpecit prostrednictvom
ojedinele implementovanych vzdelavacich aktivit, ale systematickym a cielenym planovanim praktickych
cvideni, pri ktorych mé vzdelavany moznost vyuzivat metédy a postupy vedeckej préce a dostava priestor
na integraciu ziskanych vedeckych poznatkov do praktického Zivota. S ohladom na tato skutoc¢nost je
vhodné, aby $tudenti uéitelstva biolégie v priebehu svojej pripravy na pedagogickt prax dostali priestor
na rozvijanie badatelskych zruénosti prostrednictvom realizacie vedeckého badania. Préave prakticky nado-
budnuté skisenosti s vedeckym badanim mozu nie len rozvijat badatelské zrucénosti studentov uéitelstva,
ale aj ich postoje k takémuto spdsobu projektovania a realizacie vzdeldvacieho procesu.

Vysledky realizovaného vyskumu poukézali na nedostatoént troven badatelskych zruénosti Studen-
tov uditelstva bioldgie na Prirodovedeckej fakulte UK, ¢o potvrdzuje zistenia vyskumov realizovanych
v predchédzajicom obdobi na vzorke Studentov ucitelstva prirodnych vied (Silay & Celik, 2013; Celik,
2014; Suwono, 2016; Cipkova & Karoléik, 2018). Problémy $tudentov sme identifikovali najmé s riesenim
tloh zameranych na planovanie postupu, ur¢ovanie presnosti experimentalnych dat, transformovanie vy-
sledkov do $tandardnych foriem a formulovanie zaverov. Z hladiska badatelsky orientovaného vyudovania
ide o kluc¢ové zrucnosti a ich nizka Groven moze negativne ovplyviiovat implementéciu tejto koncepcie do
vyu¢ovania prirodovednych predmetov. Suwono (2016) na zéklade ziskanych vysledkov zistil, Ze Studenti
maji najvicsie problémy s interpretaciou ziskanych dat. Na zédklade nami ziskanych vysledkov mézeme
konstatovat, Zze Studenti uéitelstva bioldgie na Prirodovedeckej fakulte UK riesili illohy spojené s formu-
laciou zaverov na priemernej tirovni. Percentudlne najvyssie skére sme, podobne ako Cipkova a Karoléik
(2018), zaznamenali pri tlohach zameranych na matematické zruénosti a pochopenie nevyhnutnosti Sta-
tistického spracovania dat.

Zistenia vyskumu naznac¢uju, ze existuji statisticky vyznamné rozdiely v rovni badatelskych zruénosti
medzi $tudentmi ucitelstva bioldgie na Prirodovedeckej fakulte UK v zévislosti od druhého aproba¢ného
predmetu. Na rozdiel od vyskumu Cipkovej a Karoléika (2018) sme zistili, Ze $tudenti uditelstva biolégie
v kombinécii s inym prirodovednym predmetom dosiahli Statisticky vyznamne lepsie vysledky v oblasti
integracie vedy do zivota a vyuzivania metéd a postupov prirodnych vied v porovnani so Studentmi
ucitelstva biolégie v kombinacii s predmetom zameranym na komunikéciu a na spoloénost a vychovu.
Vys$Sia tspesnost riesenia tloh u Studentov uditelstva bioldgie v kombinécii s inym prirodovednym pred-
metom moZe byt ovplyvnend rozvijanim zru¢nosti spojenych s vyuzivanim metdd a postupov prirodnych
vied v rdmci pregraduélnej pripravy v oboch studovanych odbornych predmetoch. K rovnakému nézoru
dospeli aj Erkol a Ugulu (2014), ktori navrhuji do pregraduélnej pripravy studentov uéitelstva biolégie
zaradif prvky argumentécie, pozorovania a experimentovania, ktoré by vo vicSej miere podporili rozvoj
badatelskych zrucnosti studentov v kombindcii s humanitnym predmetom.

7 Zaver

Na podklade vysledkov vyskumu zameraného na jedendst vybranych badatelskych zruénosti z oblasti
integracie vedy do Zivota a metdd a postupov prirodnych vied sme zistili niekolko problémovych oblasti
z hladiska trovne badatelskych zru¢nosti Studentov ucitelstva biolégie na Prirodovedeckej fakulte UK po
ukonceni bakaldrskeho stupiia $tudia. Za najvyraznejsi problém mozeme povazovat nizku Groveri zruénosti
spojenych s planovanim postupu a urcovanim presnosti experimentalnych dat. Pomerne nizku troven sme
zaznamenali aj v zruénostiach spojenych s transforméciou vysledkov do tabulky alebo grafu a formulaciou
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zaverov. Na druhej strane, Studenti maji pomerne dobre rozvinuté zru¢nosti spojené s realizdciou vypo-
Ctov, ako aj zruc¢nosti zamerané na spravne a nespravne pouzitie vedeckych informacii. Pri¢in pomerne
nizkej Grovne rozvoja skiimanych badatelskych zruénosti studentov méze byt viacero. Jednou z nich moze
byt aj absencia vedeckého badania a systematického planovania, realizovania a hodnotenia badatelskych
aktivit v odbornej pregraduélnej priprave studentov ucitelstva na bakaldrskom stupni $tudia.

Nizka tiroveni zruc¢nosti spojenych metédami a postupmi prirodnych vied, a to najméi pri pldnovani
a realizécii vyskumu, pretrvava u studentov aj v magisterskom stupni sttadia (Cipkovéa & Karoléik, 2018),
ktoré je svojim obsahom zamerané na ziskanie didaktickych zruc¢nosti a poskytuje velmi mélo priestoru
na rozvijanie vlastnych badatelskych zru¢nosti studentov. Prave prostrednictvom systematického rozvoja
badatelskych zruénosti v pregradualnej priprave mozeme docielit nie len zvySenie Grovne badatelskych
zrucénosti uéitelov, ale aj podporit ich zdujem o vyuzivanie badania v rdmci svojej budicej praxe. Banchi
a Bell (2008) zdoraziuju, ze Studenti potrebujt zazit vedu prostrednictvom priamej sktsenosti, dosled-
nym precvicovanim badatelskych zruénosti a hladanim hlbsieho porozumenia prirodovedného obsahu
prostrednictvom skiimania.

8 Limity vyskumu

Musime zdoéraznit, Zze ddta v nasom vyskume boli ziskané len z jednej univerzity na Slovensku, preto aj
vyskumnt vzorku tvoril pomerne maly vyskumny stibor studentov prvého ro¢nika magisterského stupna
studia ucitelstva biolégie v kombindcii (N = 87). To ndm neumoziiuje generalizovat naSe zistenia pre vset-
kych studentov ucitelskych programov bioldgie v kombinécii s inym predmetom na slovenskych vysokych
skolach.
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Genetika v ucebnicich biologie a pfirodopisu: historie a soucasnost
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Genetika je ve srovnani s ostatnimi biologickymi obory mladou védou — jeji historie Kli¢ova slova:

se datuje k prelomu 19. a 20. stoleti. Diky tomu je mozné pomérné dobfe mapovat genetika, historie,
nejen jeji rapidni vyvoj, ale i jeji postupné pronikani do prirodovédného vzdélavani. ucebnice, sekundarni
Svédkem tohoto vyvoje jsou predevsim tradi¢ni vyukové materialy, ucebnice pfiro- vzdélavani.

dopisu a biologie. Vyvoj kurikula tohoto oboru byl vsak odlisny v zdpadnich zemich

a zemich byvalého ,,vychodniho bloku“, kde byly tehdej$i poznatky genetiky odmit-

nuty diky vlivu politické ideologie na vzdélavani a védu. Ackoli jsou specifika vyuky

genetiky v ¢eskych zemich Casto akcentovana, nebyla zatim provedena hlubsi analyza

toho, jak moc a jakym zptsobem konkrétné byla vyuka modifikovana, ani jak rychle

se podarilo dostat genetiku zpatky v plném rozsahu do kurikula. Z vysledkd prace

je zfejmé, ze ackoli se jiz v 80. letech 20. stoleti podarilo ispésné doplnit moderni

poznatky genetiky do ucCebnic i osnov, stale se i dnes potykdme s nedostatecnosti

formy, jakou je genetika v ucebnicich prezentovana. Nejvétsi bariérou je hlavné slaba

navaznost uciva v ramci ro¢niki a nedostate¢nd propojenost jednotlivych poznatka

do uceleného a logického celku (pfedevsim nejasny zptisob vzniku znakl organismu  Zaslano 6,/2020
procesem genové exprese), ktery by vhodné navazoval na uéivo jinych témat (jako  Revidovédno 11/2020
rozmnozovani nebo evoluce) a integroval ho do sebe. Pfijato 12/2020

History of genetics begins at the end of 19th century, which makes it very young Key words:
science field among other subdisciplines of biology. Therefore, it is possible to analyse genetics, history,
both its evolution as a science and its growth as educational content in compulsory textbooks, secondary
education. The main witnesses of this transformation, which are still accessible today, education.

are biology textbooks. Curricular changes relating to genetics unfortunately differed

between western and former Eastern Bloc countries due to the ideological impact on

both science and education, with the Communist ideology largely undermining the

relevance of genetics. On the other hand, the present-day Czech educational system

may accentuate the relevance of genetics, yet there has been no broader analysis as

to how and to what extent education might have been modified, nor how long it

took to re-establish genetics in the curriculum. This work shows that even though

the content of genetics was rehabilitated in textbooks and curriculum already in the

1980s, the current presentation of genetics in textbooks is still problematic. Content

of textbooks related to genetics lacks coherence and it is scattered throughout several

different grades. The information is not sufficiently interconnected with related topics

(such as reproduction and evolution) and has not been incorporated into a coherent  Received 6/2020
and logical system that both students and teachers could navigate (mainly due to  Revised 11/2020
unclear explanation of formation of characteristics via process of gene expression). Accepted 12/2020

1 Uvod

Genetika je véda velmi mladé poéinajici svou historii na zac¢atku 20. stoleti (Sturtevant, 2001). Je jednou
z mala védnich disciplin, u které je dnes stidle mozné dohledat nejen detaily o jejim vzniku, ale i jakym
zpusobem se postupné integrovala do kurikula na vSech stupnich vzdélavani. A jednim z méala dobfe zacho-
valych svédectvi historie didaktické transformace poznatki genetiky jsou ucebnice pfirodopisu, potazmo
biologie.

Byt ucitelé prirodovédnych predméti vyuzivaji uéebnice v hodinach z hlediska ¢asové dotace v rizné
mife, ¢esti ucitelé i pomérné malo (Janik et al., 2007; Sikorova & Cervenkova, 2007), ucebnice jsou
piftomny ve vétsi ¢asti hodin (Sikorovéd & Cervenkova, 2007). Ucebnice hraji stéle dilezitou roli pti
ptipravé na vyuku i pri vybéru konkrétniho obsahu uciva a zaroven slouzi i jako opora pro zdky pii
doméci ptipravé (Roseman et al., 2010; Sikorova, 2008; Vojif & Rusek, 2018). Odpovidaji také typicky
aktudlnim pozadavkim nérodniho kurikula, af uz jsou tim mysleny soucasné RVP nebo jesté neddvno
puvodni osnovy. Pomérné dobie tak reprezentuji rozsah a typ uciva své doby a odrazi i politickou situaci
(Castéra et al., 2008).

7 obou téchto hledisek je ucivo genetiky v ucebnicich zajimavé. Rozvoj genetiky byl rapidni a zasadni
nové poznatky prichazely kazdé desetileti od vzniku této védy. Ucebni materidly a kurikulum se tomuto
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rozvoji musely pruzné prizptisobovat. Do této situace vSak v ceskych zemich vyrazné zasdhla zména
politického rezimu po konci 2. svétové valky, ktera ovlivnila vzdélavaci politiku ve vSech zemich byvalého
svychodniho bloku“ (Kolchinsky et al., 2017; Podrouzek, 2011). Nésledkem socialistické revoluce byly
kromé jiného i snahy genetiku eliminovat jako védu i uéivo (Kolchinsky et al., 2017).

V souéasnosti je genetika plnohodnotnou soué¢asti narodniho kurikula (NUV, 2017; VUP, 2007). Z Cet-
nych v§zkumi v zahraniéi i v CR ale vypljva, Ze udivo genetiky neni pro Zaky jen subjektivné obtiZné,
ale maji zasadni problémy s jeho hlubsim pochopenim a osvojuji si tak predstavy o terminech i procesech
spojenych s genetikou, které neodrézeji souc¢asné védecké poznani, tzv. miskoncepce (Freidenreich et al.,
2011; Lewis & Kattmann, 2004; Machové, 2019; Vi¢kova et al., 2016). Objevuji se jiz u zédkt zdkladnich
kol (Duncan & Reiser, 2007; Machov4, 2019), ale detekovatelné jsou na vSech stupnich vyssiho vzdélavani
véetné VS (Machova & Ehler, 2019; Saka et al., 2006). Ovétovani vysledktt vzdélavani také ukazuje, Ze
od druhého stupné zakladni skoly vykazuji Zéci (a pozdé&ji i studenti) kromé mnoha mylnych predstav
i tendenci k popisnému vykladu dédi¢nosti — byt jsou schopni popsat spojitost DNA se znaky organismu,
princip proteosyntézy jako vzniku znaku jiz zvlddne vysvétlit jen minimum z nich (Marbach-Ad, 2001).

V soucasné podobé vyuky genetiky vidi vyrazné prekazky i ucitelé — nejcastéji zminuji abstraktnost
tématu, jeho slozitost z hlediska trovni biologické organizace a mnozstvi novych pojmii (Duncan & Reiser,
2007; Knippels et al., 2005). Ze zahrani¢nich vyzkumu vyplyvé, Ze na viné je i §patna casova souslednost
nebo obsah kurikuldrnich dokumentt (Knippels et al., 2005; Osman et al., 2017) a také ucebnice, které
maji ucitelé tendenci nasledovat (Knippels et al., 2005; Martinez Aznar & Ibafniez Orcajo, 2005). Pfi¢emz
v ulebnicich se objevuje jak slabd navaznost jednotlivych éasti uc¢iva (Knippels et al., 2005; Martinez-
Gracia et al., 2006; Thorne & Gericke, 2014), tak i rliznd mira zavadéjici a deterministické prezentace
uciva (Aivelo & Uitto, 2015; Albuquerque et al., 2008; dos Santos et al., 2012; Martinez-Gracia et al.,
2006). Zda se tento problém tyk4 i CR, a miize tak potencialné ovliviiovat pochopeni uéiva, vak zatim
neni zcela jasné.

Historie i soucasnost genetiky ve vzdélavani je tedy velmi pestra. Poznatky genetiky pfichéazely bé-
hem minulého stoleti jako rychly sled rozlicnych stiipkt, které bylo tfeba postupné slozit do jednoho
celku. Teorie dédi¢nosti se rapidné aktualizovala a proménovala, do vyuky genetiky v zemich vychod-
niho bloku negativné zasahla i socialisticka revoluce, po které se genetika musela rehabilitovat jak na
védeckych pracovistich, tak ve vyuce zdkladniho a stfedniho vzdélavani i pfipravé ucitelt (Kolchinsky et
al., 2017; Matalova & Sekerdk, 2004). Ani v soucasné dobé vSak nejsou vysledky vzdélavéani z hlediska
téchto poznatki zddouci (Machova & Ehler, 2019) a kurikuldrni dokumenty i vjukové materidly vykazuji
nedostatky (Janstova & Ja¢, 2015; Machova, 2017).

7 toho vseho pak vyplyvaji nasledujici otazky:

e Kdy se ucivo genetiky dostalo do vzdélavani, resp. ucebnic?

Jak rozsah a formu obsahu udiva genetiky v ucebnicich poznamenala socialisticka revoluce a jeji
snaha o popirani genetickych poznatka?

e Kdy se obraz genetiky v ucebnicich rehabilitoval?

Jaky je obsah a aktualnost uciva genetiky v soucasnych ucebnicich?

Jaky vliv maji uéebnice ptirodopisu (resp. biologie) na soucasné problémy ve vyuce genetiky?

2 Strucny prehled vyvoje genetiky

Pred samotnym zhodnocenim obsahu ucebnic je vSak nutné pripojit struénou historii vzniku genetiky
jako védy. V ucebnicich se dozvime, ze zakladatelem genetiky je augustinidnsky mnich pusobici v Brné
jménem Johann Gregor Mendel!, ktery se zabyval péstovanim hrachu v klasterni zahradé (Pauk et al.,

S kfizenim organismu a vznikem hybridu se vyraznéji experimentovalo jiz od druhé poloviny 18. stoleti
(Sturtevant, 2001). Mendel tak o desitky let pozd&ji navazoval na jiz rozvinuty obor, ktery byl i v druhé
poloving 19. stoleti tak populdrni, Ze se jim zabyval i Charles Darwin (Sturtevant, 2001).

Béhem 19. stoleti se také tispésné rozvijela cytologie — véda o bunce. Diky ni byla jiz v roce 1869
popsdna existence DNA, tenkrat nazyvané ,nuclein“ (Miescher, 1871). Pozornost védy se zacala upinat
k zésadni roli bunééného jadra p¥i rozmnozovani a formovani organismu (Sturtevant, 2001). Nésledovalo
odhaleni chemického slozeni DNA a béhem 80. let 19. stoleti i objev chromatinu a chromozomu (Portin,
2014).

1V literatufe je mozné setkat se jak se zapisem Johann Gregor, tak i Gregor Johann — po svém odchodu do kl4stera
pfijal Mendel mnisské jméno Gregor, které pozdéji uzival piednostné (Orel, 2003).
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V roce 1866 vysly vysledky Mendelovy dlouholeté prace s kiizenim hrachu setého v dile Versuche
iiber Pflanzenhybriden (Mendel, 1866). Cilem bylo najit pravidla, podle kterych vznikaji hybridi béhem
pohlavniho rozmnozovéani, explicitné o dédi¢nosti se vSak ve své praci Mendel nijak nezmitioval (Moore,
2001; Schwarzbach et al., 2014). Popisoval pouze hypotézy pfenosu znakt mezi generacemi na zakladé
provedenych experimentti a ty nebyly oznadeny pozd&j$im terminem ,zdkony* (Fairbanks & Rytting,
2001; Monaghan & Corcos, 1984).

Mendelova prace nezapadla do kontextu doby, dostala se vSak do evropskych knihoven a byla citovana
v mnoha dilech, ale nebyl plné docenén jeji vyznam (Moore, 2001; Schwarzbach et al., 2014). Mezi dalsimi
podobnymi dily vynikala svou metodikou: vhodny vybér rostliny i sledovanych znakt, ¢etnd opakovani
experimentil s pfitomnosti kontroly a hlavné diitkladné matematické zhodnoceni nasbiranych dat, coz byl
v té dobé nezvykly az revoluéni pfistup (Dastur & Tank, 2010; Schwarzbach et al., 2014). V roce 1900
prislo znovuobjeveni Mendelova dila nezavisle na sobé tfemi botaniky: Nizozemcem Hugo de Vriesem,
Némcem Carl Corrensem a Rakusanem Erich von Tschermakem (Gayon, 2016). Nejvétsi osobnosti u zrodu
genetiky a propagace mendelismu byl William Bateson, roku 1902 napsal rozsahlou obhajobu Mendelovy
prace (Gayon, 2016) a mezi lety 1902 a 1910 se svou vyzkumnou skupinou v Cambridge zopakoval
Mendelovy pokusy na rostlindch i zivo€isich (Richmond, 2001). Roku 1905 zavedl pojem ,genetika®
jako oznaceni studia dédi¢nosti a proménlivosti (Bateson, 2002). Pojem Mendelovy zdkony a jejich prvni
explicitnéjsi definice se také jiz zacinaly postupné objevovat v literatufe a pronikaly do vysokoskolského
vzdélavani (Weldon, 1902). Uz v roce 1902 je zminil i Bateson (Marks, 2008).

Mezitim byla v roce 1902 navrzena tzv. chromozomalni teorie dédi¢nosti (Sutton, 1903), oznacovana
v pozdéjsi literatufe po svych dvou nezavislych objevitelich také jako Sutton-Boveriho hypotéza (Crow
& Crow, 2002; Martins, 1999). Mendelem popsané alely determinujici fenotyp organismu jsou dle této
hypotézy neseny pravé jiz zndmymi chromozomy (Sutton, 1903).

Pozdéji se diky této teorii védecké sméry budouci genetiky a tehdejsi cytologie protnuly za vzniku tzv.
klasické neboli Mendelovské genetiky (Gayon, 2016). Roku 1916 uvedl T.H. Morgan formulace prvnich
dvou tzv. Mendelovych zakont (Marks, 2008; Monaghan & Corcos, 1984). V roce 1944 bylo dokézéno,
7e DNA je nositelkou dédiéné informace (Avery et al., 1944) a v roce 1953 byla objasnéna jeji moleku-
larni struktura (Watson & Crick, 1953). Tim zacala éra molekuldrni genetiky a obdobi mnoha dalsich
prevratnych objev trvajicich az do soucasnosti.

Po konci druhé svétové valky piichazi citelnd rana pro studium genetiky v tehdejsim Ceskoslovensku —
prevrat v tinoru 1948 prinesl zmény nejen v politickém déni, ale i ve sméfovani védy a naplni vzdélavani.
Téhoz roku byla genetika prohldsena na setkani VSesvazové akademie zemédélskych véd V. 1. Lenina (tzv.
VASCHNIL) v Moskvé za pseudobiologickou a protistatni védu (Borinskaya et al., 2019). Néasledkem toho
byla nahrazena ve skolnich osnovach tzv. ,micurinskou biologii“ a tyto nové sovétské osnovy urcené pro
vieobecné vzdélavaci skoly byly roku 1954 zavedeny i v tehdejsim Ceskoslovensku (Podrouzek, 2011).

Za touto velmi nestastnou transformaci stdl mlady ukrajinsky agronom Trofim D. Lysenko, a proto je
toto uceni dnes oznacovéano jako ,lysenkismus* (Graham, 2016; Sojfer, 2005). Vyuzil jména jiz zesnulého
Slechtitele Ivana V. Midurina? a prohlasil se za jeho pokracovatele navzdory tomu, Ze se s Mi¢urinem,
ktery genetiku nijak neodsuzoval a spolupracoval s pfednimi odborniky v oboru (Reznik & Fet, 2019;
Trebichavsky & Sima, 2019), nikdy nesetkal (Goncharov & Savel’ev, 2016).

Lysenkova teorie byla vybudovana na lamarkismu a tzce spojovala vlastnosti organismi s jejich
prostfedim (Graham, 2016). Podle Lysenka bylo mozné pouhou zménou vnéjsich podminek indukovat
dédiénou zménu genetické informace organismu (Caspari & Marshak, 1965), napiiklad procesem tzv.
sjarovizace“ (Borinskaya et al., 2019). Tyto teorie dnes néktefi rusti a ¢insti védci ozivuji s rozvojem
epigenetiky (Kolchinsky et al., 2017; Reznik & Fet, 2019). Lysenkismus zachazel tak daleko, Ze odmital
existenci genti (Borinskaya et al., 2019) a pFipoustél moznost uplné zmény druhu plodiny pouze v reakci
na okolni podminky, nebo vznik Zivych bunék z nezivé hmoty (Trebichavsky & Sima, 2019). Lysenko
navic ignoroval uziti statistickych metod a kontrolovanych experimentu i fakt, Ze snahy o replikaci jeho
prace v zahrani¢i skonéily netispéchem (Graham, 2016).

Lysenkova propagace a aplikace tidajné velmi slibnych, v redlu vsak nefunkénich metod zvySovani
vymnosti hospodaiskych plodin se viak dockala velké pozornosti (Trebichavsky & Sima, 2019). Lysenkovo
anti-Mendelovské pojeti dédi¢nosti si ziskalo oblibu u Josifa V. Stalina, ktery se sam s lamarkismem
ztotoztioval (Borinskaya et al., 2019; Valova, 2013). Lysenkovi zasténci tak postupné ziskali volnou ruku
v utvafeni skolnich osnov i praktik sovétského zemédélstvi dle uceni micurinské biologie (Borinskaya et
al., 2019; Valova, 2013).

Veskeré klasickd genetika upadla v Sovétském svazu definitivné v nemilost v roce 1948 (Borinskaya
et al., 2019; Caspari & Marshak, 1965). Lysenkovo ptisobeni v sovétské akademii véd a jeho ttoky vici
vyznamnym genetikiim vedly diky jeho podpore statnim aparatem k politicky motivované devastaci

21. V. Micurin (1855-1935) se zabjval velmi tisp&&né $lechténim chladu odolngch odriid hlavné ovocnych stromt a keft
(Reznik & Fet, 2019) a podafilo se mu vytvorit pfes stovku novych kultivarti (Goncharov & Savel’ev, 2016).
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vyzkumu a mnohdy i samotngch védct, a to i odplirctt z jinych biologickych obort (Borinskaya et al.,
2019; Kolchinsky et al., 2017; Reznik & Fet, 2019). Podobny tlak byl vSak vyvijen i na ¢eskoslovenské
odpiirce mi¢urinské biologie (Trebichavsky & Sima, 2019; Valova, 2013).

Byt se jiz v roce 1945 zvedla proti Lysenkovi vina odporu mezi akademiky napii¢ Sovétskym sva-
zem i s vyraznou podporou genetikil ze zahrani¢i (Borinskaya et al., 2019), Stalin drzel nad Lysenkem
ochrannou ruku, az do své smrti roce 1953 (Kolchinsky et al., 2017; Valova, 2013). Teprve v roce 1965
byla Lysenkovi po vyrazné kritice zastupctt Sovétské akademie véd odriata pozice feditele na Genetickém
ustavu a mélo dojit k odstranéni jeho uéeni z ucebnic i z kurikula sovétskych skol (Caspari & Marshak,
1965; Kolchinsky et al., 2017).

Celou situaci o par mésictt pozdéji definitivné zlomilo Mendelovské symposium v Brné k vyroc¢i 100 let
od prezentace Mendelovy prace, které genetiku ve vychodnim bloku rehabilitovalo a umoznilo ji nava-
zat na zapadni poznatky (Kolchinsky et al., 2017; Sojfer, 2005). 16. tinora 1966 vychézi Usneseni V1ady
CSSR na podporu genetiky, které ukladalo zlepseni vzdélavaci ¢innosti v oboru (zac¢lenéni uéiva do kuri-
kula stiedniho vzdélavani, vyuku uéiteli i tvorbu uéebnich text pro VS) a taktéz sméfovani védeckého
vyzkumu v této oblasti (Matalovd & Sekerak, 2004). Jak tato rehabilitace uéiva genetiky probéhla ve
skolni praxi, to je uz predmétem detailniho vyzkumu ucebnic.

3 Metodika

Analyza obsahu ucebnic pfirodopisu, potazmo biologie, vychazela z projektu diplomové prace autorky
z roku 2016/2017 (Machova, 2017). V roce 2020 byla tato analyza aktualizovana a rozsifena o dalsi tituly,
a to jak nové nalezena historicka dila, tak nové vydané ucebnice.

3.1 Analyza historickych ucebnic

Ucebnice vydané pred rokem 1989 byly analyzovany z hlediska obsahu genetiky pouze ve zjednodusené
formé. Je obtizné ovéfitelné, zda byly dohledany vSechny vydané ucebnice, nékteré tituly se nepodarilo
ziskat celé. Zahrnuté tituly jsou soucasti seznamu literatury.

Hodnoceno bylo mnozstvi uéiva v nich obsazené (v pfipadé necelych titult na zdkladé ndhledu obsahu
knihy), zaznamenédna probirana témata a jejich pojeti a pro jaky stupen vzdélavani byly tituly urdeny.
Jako referenc¢ni tituly pro srovnani obsahu uciva genetiky v Ceské republice, potazmo Ceskoslovensku,
slouzily digitalizované volné dostupné americké uéebnice vyhledané ve webovém archivu® pod kliovymi
slovy ,biology textbook“, ,secondary science textbook® a ,science textbook*.

3.2 Analyza soucasnych ucebnic

Nashromézdéno bylo celkem 129 titultt vydanjych po roce 1989 a zaméfenych na biologii a pfirodopis
uréenych pfimo jako udebnice do gkol nebo jako tituly k samostudiu a maturitni pfipravé (viz P¥iloha 2).
Vétsina titult byla uréend pro zakladni skoly a nizsi stupen viceletych gymnazii, na vyssi stupen gymnézii
a stfedni skoly bylo zaméfeno 45 tituld.

V 90. letech vychézely nékteré tituly se stejnym nebo témér identickym obsahem pod vice nakla-
datelstvimi, viz Zdklady ekologie v SPN a Fortuné (Kvasni¢kova, 1991; Kvasni¢kova, 2010), pfipadné
dochézelo k pozdéjsimu slu¢ovani nékterych tituld, viz ptivodné oddélend botanika a zoologie sloucené
do jednoho titulu Prirodopis 6 od SPN (Cernik et al., 2004), nebo vydani ucelenych edic pod novym
nazvem (Pozndvdme Zivot od Fortuny pozdéji jako Ekologicky prirodopis). Ac¢koli obsah byl misty téméf
identicky, do analyzy mnozstvi obsahu uéiva byly takové tituly pocitiny kazdy zv1ast (pokud byl vydén
pod jinym ndzvem nebo nakladatelstvim).

U kazdé ucebnice bylo zaznamenéno, pro jaky roénik a typ Skoly je urcena, a dale mnozstvi uciva
genetiky v celé knize. Dle mnozstvi obsahu byly tituly zafazovany do nasledujicich kategorii:

e celd kniha — cely titul se vénuje pouze genetice,
e kapitola — titul obsahuje samostatnou kapitolu zaméfenou na ucivo genetiky,
e lsek — v rdmci ucebnice se nachézi vic odstavct textu pojednéavajicich o genetice,

e zminka — ucebnice obsahuje pouze par vétnych zminek, maximalné jeden odstavec,

neobsahuje — uc¢ivo genetiky se v titulu nevyskytuje.

3Dostupné z https: //archive.org/
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K detailngjsimu rozboru obsahu (pojmové analyze) byly vybrany udebnice, které obsahovaly témata
z oblasti genetiky (v minimaln{ $ifi nékolika vétné zminky), a bylo zjisténo, Ze jsou Skolami uzivané
i v soucasnosti. Uzivanost byla podloZena tfemi zdroji: starsi studii (Machova, 2017), dostupnosti tituld
u knihkupci v roce 2019,/2020 a vefejnou anketou vyhlagenou autorkou studie mezi uditeli pfirodovédnych
pfedmétii na socidlni siti Facebook v tinoru roku 2020 (95 respondenttt). Pficemz byly vytazeny tituly
se stejnym obsahem vydané pod jinymi nazvy a pouzito bylo vidy jejich nejnovéjsi dostupné vydani.
Celkem bylo vybrano 22 uéebnic uréenych pro ZS (resp. i nizsi ro¢niky gymnézii) a 17 titul@ pro vyssi
ro¢éniky gymnézii a SS (viz Piiloha 2, sekce B).

Ucebnice byly hodnoceny podle miry rozpracovani pojmut a oblasti z uéiva genetiky vybranych na
zékladé pozadavkia RVP ZV (NUV, 2017), RVP G (VUP, 2007) a RVP pro stiedni odborné vzdélavani
(NUV, 2019) s diirazem na pojmy zakladni vyskytujici se napti¢ viemi tirovnémi vzdélavani. Jako ori-
enta¢ni reference nejéastéjsiho obsahu realizovaného uciva slouzilo 30 vybranjch SVP pro riizna ceska
gymndzia (osmiletd i ¢tyfletd), které byly digitalné dostupné na webech skol a fazené jako prvni v inter-
netovém vyhledavaci Google na zakladé klicovych slov ,SVP gymnézium®. Obsahova validita vybranjch
pojmovych polozek byla ovérena odbornikem z oboru genetiky.

Jednotlivé sledované polozky je mozné pro piehlednost rozdélit do nésledujicich kategorii:

e Obecné pojmy — dédi¢nost, mitéza/meidza, genetika, gen, nukleovd kyselina (DNA/RNA), DNA
spackaging® (sbaleni/kompaktace DNA), chromozom (a jeho struktura), diplo/haploidni organis-
mus, genotyp/fenotyp, alela, dominance a recesivita, kodominance, heterozygot/homozygot, kary-
otyp, plazmid, mutace.

e Mechanismy dédi¢nosti — Mendelovy zékony, vazba gent, mono/polygenni dédi¢nost, genové inter-
akce, popula¢ni genetika (ve formé piikladii i textového vysvétleni).

e Vyuziti genetiky — genetika v lékafstvi, Slechténi, genové inZenyrstvi (véetné klonovani), dalsi dis-
cipliny (kriminalistika, fylogeneze, ...).

N

e Priklady — monohybridni kiiZzeni, dihybridni k¥izeni, Hardy-Weinbergova rovnovéha, rodokmeny.
e Historie genetiky — J. G. Mendel, T. H. Morgan.

Nezarazeni objevu struktury DNA Watsonem a Crickem do vyhodnocovani obsahu historickych realii
v rdmci kapitol genetiky bylo dané jejich malym zastoupenim hlavné v uéebnicich ZS (pouze tii tituly).
Kazdé polozce v kategorii pak bylo udéleno hodnoceni podle nasledujiciho klice:

e uveden: pojem je zminén, ale neni vysvétlen,

e vysvétlen: objevuje se pojem, ktery je strucné jednou az dvéma vétami popsan a vysvétlen, pricemz
vysvétleni je k pochopeni podstaty konceptu dostacujici,

e Sifeji rozveden: jsou rozvedeny a vysvétleny detaily koncepce pojmu, pfipadné i zajimavosti nad
ramec zakladniho uciva,

e opisem: primo dany pojem neobsahuje, ale zminuje dany koncept opisem
e neuveden: pojem se viubec neobjevuje ani opisem.

U vsech ucebnic byla zaroven sledovana fakticka spravnost obsahu a pfipadné chyby nebo zavadéjici
formulace byly zaznamenéany.

Na zavér byla provedena analyza nadvaznosti uciva v rédmci jednotlivych edic titul urcenych pro
78S, které jsou ve skolach stéle uzivané a v dobé zpracovani studie i dostupné u knihkupci. Do této
kategorie spadaji edice nakladatelstvi Scientia, Fortuna (Ekologicky pfirodopis a navazujici titul Zaklady
ekologie), Taktik (Hravy pifrodopis), Nova gkola — Duha (Cteni s porozuménim) a Nové gkola, s.r.o.,
Fraus, Jinan, Ceské geografické spole¢nosti (Natura) a po dvou edicich od nakladatelstvi Prodos a SPN.
Celkem slo o 26 tituld, které obsahovaly alespon nékolikavétnou zminku o genetice. Sledovana u nich byla
reprezentace centralniho dogmatu molekuldrni biologie a genetiky (tedy proces vznik znaki organismi)
na tfech hlavnich trovnich biologické organizace (molekuldrni, bunééné, organismalni).

V rémci textu ucebnic byly zjistovany nasledujici informace:

e lokalizace genetické (dédi¢né) informace v jadie buiiky,
e uvedeni funkci bunééného jadra,

e uvedeni funkci DNA pro organismus,
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funkce bilkovin (a ribozomil) v téle a jejich spojeni s DNA,

vliv mutaci na organismus,

reprezentace znakl na trovni organismu,
e propojeni procesu pohlavniho a nepohlavniho rozmnozovani s prenosem dédi¢nych informaci.

Sledované informace pak byly pro zjisténi ¢etnosti kédovany systémem 0/1 (je/neni p¥itomen v daném
titulu).

Kategorizace a kédovani ve vSech analyzach byla provedena autorkou podle pfedem stanovenych
kategorialnich kritérii. Kategorizace polozek byla vzdy s odstupem nékolika tydnt jednou zopakovana
pro ovéreni konzistence hodnoceni. Ze vSech ziskanych dat pak byly zjistény cetnosti jednotlivych prvkia
a zaneseny do grafu.

4 \Vysledky

Prehled vyvoje obsahu genetiky v ucebnicich je rozdélen na nékolik ¢asovych obdobi, ohrani¢enych nejen
déjinnymi udalostmi, ale také zménami ve sméru genetického vyzkumu. Postupné jsou ucebnice popsany
od téch nejstarsich po nejmladsi se zvlastnim dirazem na tituly vydané od 90. let do soucasnosti.

4.1 Pocatky genetiky v ucebnicich

Vznik genetiky se datuje k roku 1900, v té dobé je jiz zndma existence jadra, chromatinu, chemické
slozeni DNA i podoba metafdzovych chromozom, ale jejich vliv na Zivotni funkce buiiky neni zatim
jasny (Sturtevant, 2001).

Pred timto datem se genetika ani bunéénd biologie v dostupnych ceskych dilech nevyskytovala, uceb-
nice byly pouze vyétem druht rostlin, Zivocichi, mineraléi a hornin (Svacha, 1876; Zippe, 1856). Na-
proti tomu napiiklad americko-anglicka ucebnice Text-book of elementary biology z roku 1893 jiz uvadéla
a velmi dobfe ilustrovala bunééné déleni, existenci jidra v buiikdch a jeho obsah chromatin (Campbell,
1893). Ackoli popis v knize byl z dnesniho pohledu samoziejmé znacéné zastaraly, odpovidal tehdejsim
poznatkim.

V roce 1903 doslo ke spojeni cytologie a Mendelovské genetiky postulovanim chromozomalni teorie
dédi¢nosti (Sutton, 1903) a vznikla tak tzv. klasickd genetickd Skola zabyvajici se pfenosem dédi¢nych
vlastnosti (Gayon, 2016; Gericke & Hagberg, 2007).

V tomto obdobi byly prirodni védy na zékladnich skolach v ¢eskych zemich vyuCovany v ramci tzv.
pfirodozpytu (spojeni chemie a fyziky, na stfednich skoldch déle uz jako samostatné pfedméty) a piiro-
dopisu, ktery mél vyrazné popisné-systematicky charakter (Konifova, 2005).

Presto jiz v roce 1909 mtizeme genetiku a bunéénou biologii v ¢eskych textech najit. Zminka o bunéc-
ném jadie a jeho vyznamu pro déleni bunék je naptiklad v ucebnici Rostlinopis pro ustavy ku vzdélani
uciteld a udcitelek (Rosicky & Rosicky, 1909). Ta ovSem slouzila pouze pfi vzdélavani na specializovanych
pedagogickych stiednich skolach (ISCED 3).

Podobné ucivo reflektovaly i nékteré americké ucebnice (pro stupeit ISCED 2 a 3), které uvadély
nutnost jadra pro zivotaschopnost buiiky (Bigelow & Bigelow, 1911). Americkd uéebnice Introduction to
biology pro stfedni skoly (ISCED 3) na rozdil od eskych vSak uz v roce 1913 popisovala Mendelovskou
dédi¢nost znakd na morcéatech, dédi¢nost znakt po obou rodicich, ale také vyzdvihovala moznosti eugeniky
(Bigelow & Bigelow, 1913).

Od roku 1933 byl pak v ¢eskych zemich p¥irodopis pevné zakotven do osnov 6.—8. roéniku méstanskych
gkol s dlirazem na fenologii — zmény v p¥irodé béhem roku (Podrouzek, 2011).

Ceské ucebnice z mezivale¢ného obdobi tzv. Prvni republiky maji jiz mnohem rozmanitéjsi rozsah
uciva. Uéebnice Prirodopis pro jednorocni ucebné kurzy (IV. tiidy) pii méstanskych skoldch (ISCED 2)
byla nalezena od dvou autorti, kdy v jednom pripadé bylo pouze uvedeno a ilustrovano bunééné déleni
(Vlach & Krejcik, 1931) a ve druhém piipadé jiz nejen popsédno bunééné déleni, ale i historie Mendelovy
préace, kifzeni rostlin hrachu, vysvétleni téchto poznatkl a jejich vyuziti v zemédé&lstvi (Pastejiik, 1936).
Ucebnice pro niZsi ro¢éniky genetiku neobsahovaly, naptiklad Prérodopis pro II. tridu méstanskych kol
uvadi jen drobnou zminku o stavbé bunky a roli jadra v Fizeni rtstu, déleni bunky, a tim i predani
dédiénych vlastnosti (Groulik et al., 1936).

V ucebnicich uréenych pro stredni skoly z obdobi 30. let se genetika a bunécéna biologie objevovala
hlavné v rdmci botaniky nebo tehdejsiho stfedoskolského rostlinopisu — popisy bunééného déleni a vy-

vvvvv

1933; Rehak, 1935).
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Americké ucebnice z 20. let naproti tomu zavadély genetiku a bunécnou biologii az na stfednich skolach
(ISCED 3). Ucebnice Advanced biology vénovala genetice jiz velmi rozsédhlou ¢ast (Wheat & Fitzpatrick,
1929). Zavédéla pojmy gen, pro Gseky chromozomu nesouci uréity znak, popisovala vSechny t¥i Mendelovy
zadkony, obsahovala i ukazky mono a dihybridniho kiizeni, osvétlovala variabilitu potomstva na zakladé
crossing-overu pri tvorbé zarodecné linie a zminovala i eugeniku. Stejné jako v ceskych zemich byly
i nékteré americké tituly v tomto uc¢ivu mnohem strucnéjsi, napiiklad ucebnice Biology For Beginners
(ISCED 3) (Moon, 1926) uvadéla pouze zaklady bunééné biologie.

Typické pro zahrani¢ni ucebnice bylo vyzdvihovani eugeniky uvadéné jako slibny nastroj pro vylepseni
lidské rasy (Kroeber & Wolff, 1938; Wheat & Fitzpatrick, 1929). Vliv environmentélnich faktort na vyvoj
jedince byl znaéné upozadovan, ackoli byl pfipoustén. Dokonce se v jednom titulu objevilo i vyjadieni, ze
genetické faktory ovliviiuji vybér prostfedi, v jakém jedinec Zije (tedy, Ze Clovék pfirozené inteligentni si
vybird pfijemné a kvalitni prostfedi, zatimco ¢lovék slabsi vybird prostfedi horsi) (Wheat & Fitzpatrick,
1929).

Tato problematika byva spojovana s tehdej$im silnym genetickym determinismem, ktery se projevoval
i v uéebnich materidlech (Castéra et al., 2008). Geny byly chapédny jako fyzické jednotky zodpovédné za
vyvoj znakl a je-li kazdy znak reprezentovan néjakym neménnym a danym genem, nutné toto mysleni
vede k podcetiovani vlivu environmentélnich faktort na jejich vyvoj (Resnik & Vorhaus, 2006). Nevhodn4
aroven genetického determinismu se vsak v riznych formach objevuje ve Spanélskych, italskych, francouz-
skych, brazilskych i finskych ucebnicich i dnes (Aivelo & Uitto, 2015; Castéra et al., 2008; dos Santos
et al., 2012; Prochazka & Franzolin, 2018) a neziidka je prezentovan v rizné formé v médiich (Peters,
2014).

V akademické sféfe se genetice vénoval jiz o dost Sirsi prostor. Z predvaleéného obdobi pochazi vysoko-
skolska ucebnice Rostlinopis, v jejimz patém svazku je jiz popsana Mendelovska genetika, chromozomalni
uréeni pohlavi i vazba geni (Brozek, 1930).

Za dobovou zminku stoji i to, ze spoleénym znakem ucebnic zahrani¢nich i ¢eskjch vydanych v celé
prvni poloviné 20. stoleti bylo mylné vyklddani role tzv. protoplasmy (v zdsadé analogické dnesni cyto-
plazmé (Burian, 2013)) jako zivouci hmoty umoziiujici v8echny Zivotni funkce a dédi¢nost buiiky (Bigelow
& Bigelow, 1911; Moon, 1926; Moon et al., 1947; Rosicky & Rosicky, 1909). Ackoli v soucasnych uéebni-
cich se tento koncept nevyskytuje, jesté v ucebnici Botanika pro II. rocénik gymndzii z roku 1977 bychom
ho nasli pomérné Siroce popsany (Jenik et al., 1977).

4.2 Povalecné obdobi: ucebnice prevratu a normalizace

Po pievratu v roce 1948 doglo v Ceskoslovensku k centralizaci tvorby uéebnic, kters trvala od 50. do
80. let a byla spravovana Statnim pedagogickym nakladatelstvim (SPN), jez s revoluci zaniklo a jeho
soudasny jmenovec je zcela novou firmou (Kabrtové, 2006; Priicha, 1996). V té dobé mél kazdy pfedmét
v kazdém ro¢niku pouze jednu ucebnici (Greger, 2005).

V roce 1954 byly zavedeny nové osnovy pro vseobecné vzdélavaci skoly v délce 10 ro¢nikt obsahu-
jici pseudovédni uceni mic¢urinské biologie (Podrouzek, 2011) pfezdivané po svém propagatorovi Trofimu
D. Lysenkovi také ,lysenkismus® (Sojfer, 2005). Jednim ze zasadnich dél propagujicich mi¢urinskou bio-
logii v rdmci vzdélavani byl titul Zaklady darwinismu: ucebni text pro 10. postupny rocnik jedendctileté
stredni skoly a pro pedagogické skoly (Boucek et al., 1955). Toto ucivo bylo z kurikula sovétského vzdé-
lavani a ucebnic odstranéno az v roce 1965 (Caspari & Marshak, 1965; Kolchinsky et al., 2017). Pozdéji
téhoz roku byla Mendelovska genetika rehabilitovana v rdmci Mendelovského symposia v Brné (Kolchin-
sky et al., 2017; Sojfer, 2005) a naiizenim vlady z roku 1966 byla vracena do kurikula SS i do vzdélavani
ucitelit a podnicena byla i tvorba novych uéebnic pro VS (Matalova & Sekerak, 2004).

Skolni praxe viak drzela zpozdéni za spoledenskym dénim. V uéebnicich pro druhy stupei zékladnich
skol z té doby neni genetika bézna. Zminky o dédi¢nosti a Slechténi muzeme najit naptriklad v kapitole
Vyznam Darwinismu pro $lechtitelstvi, I. V. Mi¢urin v Pfirodopisu 9, ktera vysla poprvé roku 1965 (Pauk
et al., 1972). Tedy pravé v roce kondni brnénského symposia, které se snazilo genetiku navratit do védy.
Dand ucebnice s touto kapitolou vysla poté jesté v nékolika dalsich vydanich.

Zatimco CGeské ucebnice zacaly za novymi poznatky genetiky zaostdvat, americké stiedoskolské (IS-
CED 3) ucebnice v 50. letech uz zcela bézné obsahovaly kapitolu zaméfenou na klasickou genetiku ¢asto
ve spojeni s evolu¢ni teorii. Vyobrazeni zahrad brnénského klastera nebo Mendela samotného nasledo-
valy diagramy hybridizace hrachu ¢i morcat a kapitoly o vyznamu moderni genetiky pri slechténi plodin
(Curtis & Urban, 1953; Morgan, 1955; Smith, 1959).

Mozné prekvapivé nelze hodnotit vliv ideologie Sovétského svazu pouze negativné. Zatimco americké
ucebnice se jiz v predvaleéném obdobi potykaly s az nezdravou propagaci eugeniky, ktera zcela neutichla
ani po nestastnych udalostech 2. svétové valky, v dostupnych ¢eskych uéebnicich neni tento vliv nijak
patrny. Ba naopak, sovétska ideologie ji ve snaze setfit tfidni rozdily velmi efektivné potlacovala a tento
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trend je typicky v uéebnicich napii¢ vychodni Evropou (Castéra et al., 2008). Jiz v 50. letech najdeme
v uéebnici pro stiedni skoly (ISCED 3) s ndzvem Nauka o ¢lovéku kapitoly o rovnosti ras nebo kapitoly
kritizujici popirdni Darwinismu (Vodicka et al., 1950). Nejlépe vSak mtizeme situaci ilustrovat na tryvku
z jiz 8. vydani ucebnice Prirodopis pro 8. roénik zdkladnich devitiletyjch skol (ISCED 2) z roku 1972:

Kapitalisticky spolecensky 7ad v nékterych imperialistickych statech a fasisté na celém svété
v8ak uméle vytvareji ndzor o ménécennosti nékterych plemen (¢erného a zlutého) a hlisaji
nerovnost lidi a ndrodd. [...] Rasismus je vytvafen uméle a jeho tkolem je udrzovat v porobé
plemena a narody, které maji slouzit vladnoucim vrstvam kapitalistického spole¢enského radu.
(Hainer et al., 1972)

Stejnéd ucebnice také uvadéla na piikladu vzdélani vliv environmentalnich faktord na formovani orga-
nismu (Hainer et al., 1972). K tomu se americké ucebnice z té doby stavély nanejvys nevhodné, nékteré
texty i nadale uvadély lenost a kriminalitu jako zdroj nizkého IQ jedince a propagovaly sterilizac¢ni
programy (Morgan, 1955). Jiné jiz ale pfedstavily teorii ,nature and nurture“ a vyzdvihly vliv enviro-
mentalnich faktord na formovani organismu (Curtis & Urban, 1953).

Technologicky postup v tomto obdobi také umoznil rozvinout poznatky bunééné biologie. Americké
ucebnice nové mnohem pfesnéji ilustruji procesy bunééného déleni a zavadi meiézu a mitézu a jejich
faze v modernim podani (Morgan, 1955). V jediné nalezené ¢eské ucebnici z 50. let pro stfedni Skoly
(ISCED 3) je velmi zjednoduSené uvedeno déleni bunék a stile rozvadi vyznam protoplasmy, genetika
v ni chybi zcela (Vodicka et al., 1950). Béhem 60. let uz se ale setkdvame s detailnimi popisy fazi bunééného
déleni, deoxyribonukleové kyseliny a jeji stavby, zavadénim pojmt chromozom, mutace a dalsich. Ve vsech
znadmych piipadech se ale jednalo o tituly pro stiedni $koly (ISCED 3) (Jenik et al., 1967; Travnicek
& Janda, 1965).

4.3 Ucebnice od prazského jara do sametové revoluce

Od roku 1960 se zavadi dnes bézné devitiletd skolni dochazka (Podrouzek, 2011). Genetika se také stava
dostupnou &irsi vefejnosti diky titultim jako Genetika vydana poprvé roku 1961 Ceskoslovenskou akade-
mii véd (Hruby, 1961). Kniha obsahovala nejen Mendelovy zdkony a kiiZeni, ale i dosavadni poznatky
o genetice riznych organismi vcetné clovéka. V dilech uréenym skoldm ze 70. a 80. let jiz také neni
problém genetiku objevit v Sir$i podobé. Ostatné tehdejsi Ucebni osnovy zéakladni skoly v pfirodopise
v roce 1978 vyhrazovaly ¢tyfi vyu€ovaci hodiny pro téma Dédi¢nost a proménlivost v 7. roéniku (Ucebnd
osnovy zdkladni skoly: prirodopis pro 5.-8. roénik, 1978). Pfesto téméf vSechny nalezené tituly uéebnic,
které téma genetiky obsahovaly, byly urceny pro gymnaézia.

Nejstarsi je Botantka pro II. rocnik gymndzit z roku 1970, kterd pozdéji vysla v nékolika dalsich
vydanich, kterd bylo mozné dohledat az do roku 1981 (Jenik et al., 1977). V textu jiz nejsou ptikladény
dulezité funkce bunécné protoplasmé, naopak je zduraznéna funkce jadra a detailné i s ilustracemi popsany
faze bunécného déleni. V 70. letech také vychazi Obecnd biologie pro IV. rocnik gymndzii, ktera obsahuje
samostatnou kapitolu Dédi¢nost a proménlivost, kde se objevuji Mendelovské zakony a kiiZzeni (Smarda
et al., 1976).

Roku 1985 vychazi Biologie pro II. rocnik gymndzii, kterd jiz genetiku rehabilituje opravdu v plné
§ifi (BaSovska et al., 1985). Samostatnd rozsdhla kapitola Genetika obsahuje detaily stavby DNA, pro-
teosyntézu, chromozomalni uréeni pohlavi, mechanismus rekombinace, kiiZzeni (mono i dihybridismus),
kvantitativni a kvalitativni znaky, mutace a populacni genetiku, véetné vyznamu genetiky a vyuziti jejich
poznatkil i z hlediska etického, a to vSe vcetné tloh a priklad.

Na zakladnich skolach byly déle pouzivany tituly z 60. let, které vychézeji v dalsich vydanich (napti-
klad Hainer et al., 1972). Jejich popularitu ostatné dokazuje i to, Ze se nachazeji v knihovnach nékterych
soucasnych déle praktikujicich ucditeld, se kterymi jsem se setkala béhem své pedagogické praxe (mezi
lety 2017-2020), jako pozustatky jejich vlastniho studia. Vyznamnou zménou vSak prochézi titul Pfro-
dopis 9, ptvodni posledni kapitola Vyznam Darwinismu pro Slechtitelstvi, I. V. Mic¢urin byla zménéna
na Vyznam nauky o dédi¢nosti (Pauk et al., 1980). Je v rdmci ni vyzdvihovan a v detailu popsén zivot
i prace Mendela (tehdy pod ¢eskym ekvivalentem jména Jan Rehot) na kiizeni hrachu. Kromé zésluh
yvynikajicich sovétskych genetikii“, které rezim v minulych dekddach v zésadé vymytil (Kolchinsky et
al., 2017), je zminéna i prace T. H. Morgana na octomilkéch.

I tituly pro nizsi ro¢niky jiz genetiku do urcité miry obsahovaly, naptiklad Prirodopis 7: pro 7. rocnik
zdkladni $koly s prvnim vydénim z roku 1982 (Fleischmann et al., 1982). Kromé zjednoduseného popisu
bunécéného déleni s ilustracemi obsahuje samostatnou kapitolu Dédi¢nost organismi, kteréd zjednodusené
popisuje Mendelovy objevy a pomérné Siroce uvadi moznosti vyuziti genetickych poznatkd ve Slechténi
a lékarské diagnostice. Ackoli uéebnice trpi odbornymi nedostatky nebo spiSe pfilisSnym zjednodusenim
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informaci az k mirné zavadéjicim formulacim, je v zdsadé plné oprosténa od ideologie. Rehabilitaci Mende-
lova piinosu védé také dokazuje pomocny text vydany pro 6.-9. roénik ZS s ndzvem Vijznacni biologové:
Vybér portréti pro ZDS a skoly II. cyklu, kde je Mendel zahrnut mezi jména jako Darwin a Pasteur
(Bohag, 1978).

Zatimco u nas se genetika v u¢ebnicich pro zakladni skoly sifeji objevila az v 80. letech, v USA miZeme
najit uéivo dédi¢nosti pfitomné jiz v titulu pro druhy stupeti z roku 1965 (Hogg et al., 1965). Z hodnoceni
obsahu ucebnic vydanych béhem 80. let 20. stoleti uréenych prevazné pro stfedni skoly pak vyplyva, ze
stejné jako ¢eské ucebnice obsahovaly ucivo genetiky v Sirokém rozsahu, vCetné procesu proteosyntézy
(Lundin & McCarthy, 1989).

Genetika byla plnou soucasti vyuky na ¢eskych vysokych skolach véetné pedagogickych fakult a vysly
nové VS udebnice ¢eskych autortt zaméfené na genetiku (Matalova & Sekerdk, 2004). Roku 1985 vysla
ucebnice Obecnd biologie s podtitulem Celostdini vysokoskolskd ucebnice pro studenty prirodovédeckych
a pedagogickych fakult, kterad obsahuje v zasadé vsechny zaklady genetiky a bunééné biologie v té dobé
dostupné (Romanovsky et al., 1985). V SPN také vysla samostatnd vysokogkolskd uéebnice zaméfend
pouze na molekuldrni biologii (Rosypal et al., 1983). Vyslo i mnoho tituld pro zemédélské a lékariské
fakulty, které obsahovaly ucivo klasické genetiky v plné Sifi — Biologie: ucebnice pro lékarské fakulty,
ktera vysla i v pozdéjsim aktualizovaném vydani roku 2000 (Necas et al., 1989).

Obdobi po roce 1989 je charakterizovano pfekotnymi a ¢astymi zménami ve vzdélavaci politice. BEhem
devadesatych let postupné vzniklo nékolik typt osnov a vzdélavacich programt, transformace byla zakon-
¢ena v roce 2001 prvnim ndvrhem Rédmcového vzdélavaciho programu zakladniho vzdélavani (Podrouzek,
2011) uzdkonéném pozdé&ji roku 2004 (zdkon €. 561/2004 Sb., o pFedskolnim, zékladnim, stfednim, vy$sim
odborném a jiném vzdélavani, tzv. Skolsky zékon). Vechny tyto osnovy a programy jiz mély (a i jejich
soucasné verze maji) genetiku zakotvenou jako povinnou sou¢ast pfirodopisu na druhém stupni zakladnich
skol. Danou oblast uciva se tak se sametovou revoluci povedlo kone¢né plné rehabilitovat.

Na trhu se také objevilo velmi siroké spektrum novych ucebnic pro stejné ro¢niky od rtznych naklada-
telstvi — genetika se tak zacala objevovat v rozliénych forméch a vykladech. Aby byla zajiSténa kontrola
obsahu a soulad ucebnic s narodnim kurikulem, vySel v roce 1999 postup pro udileni tzv. schvalovaci
dolozky MSMT (s revizi postupu platnou od roku 2003) (Greger, 2005).

4.4 Obsah uciva genetiky v soucasnych ucebnicich

V soucasnosti se genetika jiz bézné vyskytuje v uéebnicich pro zdkladni i stfedni vzdélavéani (ISCED 2
a 3) (viz obr. 1), v rdmci kterého je rozmisténa rizné i s ohledem na typ skoly. Pro stfedni vzdélavani
existuji i specializované tituly zaméfené pouze na ucivo genetiky.

cela kniha [
kapitola [
asek (NG
zminka |
neobsahuje | G

0 5 10 15 20 25 30 35 40 45 50

Pocet uc¢ebnic

Obr. 1: Rozsah uciva genetiky v ucebnicich pfirodopisu a biologie pro zékladni i stiedni vzdélavani vydanych
po roce 1989 (N = 129)

Na zakladnich skolach se genetika vyskytuje postupné od zac¢atku 2. stupné. Analyzované ucebnice ur-
¢ené pro ZS a nizsi roéniky gymnézii rozmistuji ucivo genetiky v rameci jednotlivych roénikt néasledujicim
zptsobem (obr. 2). V 6. ro¢niku se vét$inou objevuji zminky o genetické informaci, jejim umisténi a pii-
padné i vyznamu pro organismus v ramci uciva buitky nebo bakterii a virti. V ucebnicich pro 7. ro¢nik se
genetika ve vét$iné piipad viibec nevyskytuje (vzacné v rdmci uciva ivodu botaniky — stavbé rostlinné
buiiky nebo rozmnozovani rostlin). Vétsina u¢iva genetiky byva situovdna v ramci 8. nebo 9. roéniku
prevazné jako soucast uciva biologie ¢lovéka nebo vzacnéji spojend s evoluéni biologii ¢i velmi strucné
zminéna u uciva vzniku zivota na Zemi.
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Obr. 2: RozloZeni uéiva genetiky v ramci jednotlivych roénikii druhého stupné ZS v uéebnicich pfirodopisu
uréenych pro druhy stupeii ZS a nizsi stupeti viceletjch gymnéazii vydanych po roce 1989 (N = 70). Zahrnuté
byly pouze ty uéebnice, u kterych bylo specifikovano, pro ktery konkrétni ro¢nik jsou uréené
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Obr. 3: Analjza rozpracovéni pojmi a témat udiva genetiky v uéebnicich uréenych pro ZS (N = 22)
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Obr. 4: Analjza rozpracovani pojmii a témat uciva genetiky v uéebnicich uréenjych pro SS (N = 17)

Co se tyce obsahu uciva v uéebnicich pro stfedni a zékladni skoly, pokud ucivo genetiky obsahuji (viz
Pfiloha 2), jde jiz v zésadé o kompletni poznatky klasické i molekuldrni genetiky minulého stoleti (viz
obr. 3 a 4). Obsah uéiva genetiky také odpovidd souc¢asnym pozadavkiim RVP (viz Ptiloha 1) a ucebnice
maji dolozky MSMT.

V ucebnicich urcenych pro zékladni Skoly je ucivo typicky uvaddéno struéné a pouze zakladni po-
jmy jako dédi¢nost, DNA, gen a genetika, nékteré pouze opisem. V ucebnicich pro stfedni vzdélavani
je uz genetice vénovan mnohem vétsi prostor. U¢ivo je hlavné v titulech urcenych pro gymnéazia velmi
detailné a Siroce rozvedeno. Jednotlivé pojmy jsou uvddény pfimo (nikoli opisem) a popsiny detail-
néji.

Klasickd mendelovskd genetika je stdle dominujicim prvkem (tedy piiklady mono a dihybridniho
k¥izeni, zdkladni alelové interakce), ale v u¢ebnicich se jiz ¢etné objevuje i pestiejsi uziti poznatki genetiky
rozsifeného vyuziti genetickych poznatkd, jako je uziti v kriminalistice nebo védnich oborech, jsou ale
méné rozvedené a ani stru¢nd podstata jejich metodiky neni az na vyjimky osvétlend (viz obr. 3 a 4).
Predevsim ucebnice pro ZS ¢asto odkazuji na v realu spiSe méné vyuzivané, ale zna¢né zpopularizované,
laboratorni metody jako klonovéni zivocichti.

Z pojmové analyzy také vyplyva, ze proces bunééného déleni je s genetikou vice spjat az v ucebni-
cich pro SS. Samotny proces déleni bunék a jeho faze nejsou v uéebnicich pro ZS nijak vice rozvedeny
(maximalné jednoduse ilustrovany) a pojmy jako meiéza a mitéza nejsou ve vét$iné p¥ipadl ani jmeno-
vany. V udebnicich pro SS se jiz setkdme s detailnim popisem procesti meidzy (véetné crossing-overu)
a mitdzy.
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Obr. 5: Obsah ucebnic pokryvajici u¢ivo centralniho dogmatu genetiky v soucasnosti pouzivanych edicich
udéebnic pfirodopisu pro druhy stupein ZS a analogické roéniky viceletych gymnézii. U kazdého titulu (N = 26)
bylo sledovano: zavedeni rozmnozovani se vztahem k prenosu dédi¢né informace, uvedeni lokalizace dédi¢né
informace v jadru, funkce pfipisované bunéénému jadru a genetické informaci (DNA), zminéni funkce bilkovin
a popis ribozom, které je pomahaji tvorit

Dale byla sledovana navaznost uciva a propojovani poznatki genetiky do logického systému v soucas-
nosti uzivanych ucebnicich pro druhy stupeti ZS (a analogické ro¢niky viceletych gymnéazif) (viz obr. 5).
Ucebnice s pouhou zminkou nebo odstavcem vénovanym genetice byly témér ve vSech pripadech urceny
pro 6. ro¢nik, naopak ucebnice obsahujici celou kapitolu byly uréené prevazné pro ro¢nik 8. Ucebnice pro
7. ro¢nik se v analyze az na jednu nevyskytuji, nebot v nich uéivo genetiky chybi.

Uz z pfedchozi pojmové analjzy je patrné, Ze ucebnice pro ZS postradaji vysvétleni pfevodu DNA
na viditelné znaky. V §irsi analyze se nasledné ukazalo, Ze jen tii v soucasnosti uzivané ucebnice pro
7S z 26 titul@ viibec zmiiuji roli DNA jako navodu na tvorbu bilkovin — P#rodopis III od Scientia pro
8. ro¢nik (Dobruka et al., 1999), Pfirodopis pro 9. roénik od Jinan a Ekologicky pFirodopis pro 9. rocnik
od Fortuna (Koc¢arek & Kocéarek, 1996; Kvasnickové et al., 2000).

Funkce bilkovin v uéebnicich pro 6. (a 7.) ro¢nik chybéla u vSech kromé dvou tituld — Prirodopis I
od Scientia (Dobruka et al., 1997) a Prirodopis 6 od Prodosu (Danc¢édk & Sedlafové, 2011). Pokud byly
bilkoviny uvedeny, tak pouze jako jedna ze soucasti zivych soustav. Jejich funkce byla uvadéna az pozdéji
u uéebnic pro 8. roénik, kromé titulu Prirodopis 3 pro 8. ro¢nik od SPN (Cernik et al., 2003), a specifi-
kovana jako stavebni, resp. slouzici k ristu organismu, pfipadné i obnovy tkani. Jako konkrétni pfiklad
lokalizace bilkovin v téle byla u vSech ucebnic pro 8. ro¢nik uvedena alespoii krevni plazma (p¥ipadné
i svaly, kosti nebo jiné pojivové tkédné). Samotné funkce bilkovin byly uvadény v rdmci kapitol o vyzivé
a nikoli jako soucast uciva genetiky. Ve vétsiné ucebnic pro 9. ro¢niky byly bilkoviny zminény v kapitole
o vzniku zivota na Zemi jako zasadni soucast budoucich zivych bunék, a to i u titull, které jinak ucivo
genetiky neobsahovaly, ale opét bez propojeni s dalsim ucivem.

Funkce jadra byly ve vSech pfipadech bodoveé popsany v ucebnicich pro 6. rocnik v rdmci u¢iva buiky
(alespori formou, Ze jadro je Fidici organela), nebyly vSak nijak hloubéji vysvétleny tam ani v u¢ebnicich
pro vyssi ro¢niky, kde se Casto ani nevyskytovaly (zminény byly pouze v pé&tiné uéebnic pro 8. nebo
9. ro¢niky). Podobnym zpisobem byly zaclenény i ribozomy — stru¢né a pouze v ramci uciva buiiky jako
jednotky tvorby bilkovin bez navaznosti na dalsi uéivo (tedy procesy v buiice a organismu) a bez hlubsiho
vysvétleni, za jakym tcelem svou funkci viibec vykonavaji.

Co se tyka funkci DNA uvedenych v uéebnicich, pfevazuje struéna informace, ze jde o navod pro
znaky organismu. V ucebnicich obsahujicich celou kapitolu o genetice (pro 8. a 9. ro¢nik) jsou tyto znaky
specifikovany hlavné jako znaky vizualni nez funkéni. Ze 13 titultt 11 explicitné uvadélo jako priklad
dédi¢nych znakt barvu vlasti nebo o¢i. Uéebnice tedy uvadi snadno pozorovatelny znak, ktery je ndzorny,
ale uz explicitné nezminuji, ze i vznik samotného vlasu nebo oka, tedy i schopnosti vidét, je geneticky
podminén.
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Pojem mutace byl zaveden v 8 ucebnicich, z nichz ¢tyri tento pojem uvadély pouze v negativni
konotaci (tzn. mutace zptisobuji vznik genetickych onemocnéni), zbylé ¢tyfi zminovaly i dtilezitost mutaci
pfi vzniku novych znakd v evoluci. U genetickych onemocnéni pak chybi nékteré v populaci casté a také
medializované typy jako laktézova intolerance nebo Leidenska mutace.

Genetika je také tizce spjatd s rozmnozovanim. V ramci kapitol o lidské pohlavni soustavé genetika ale
chybéla, nebo byla zminéna jen heslovité (napf. pii rozmnozovani dochézi k pfedéni gent, genetika dvojcat
nebo pocet chromozomii ¢lovéka). I genetické urceni pohlavi, pokud bylo uvedeno, bylo az v kapitole
o genetice. Na druhou stranu u tituli obsahujicich kapitolu zaméfenou na genetiku (celkem 13 ucebnic)
uvadélo vztah mezi genetickou informaci a nepohlavnim rozmnoZzovanim (bunéénym délenim) 9 tituld,
dopad pohlavniho rozmnozovani na genetickou informaci potomka pak 11 tituli, cetné i s ilustraci procest
déleni.

Za zminku pak stoji i to, ze v nékterjch titulech pro ZS vede zjednoduseny vyklad uciva k zavadéjicim
formulacim. Pfikladem je uvddéni monogenni dédi¢nosti u polygennich znakt (rolovéni jazyka a barva
o¢i) nebo nevhodny popis recesivity a dominance genti, viz napfiklad str. 110 v Prirodopise 8 od Frause
(Pelikdnova et al., 2016) a str. 106 v Prirodopise 8: Biologie ¢lovéka od Nové skoly, s.r.o. (Drozdové et
al., 2009).

5 Diskuze

Ucivo genetiky se zacalo v ucéebnicich v ramci ¢eskych zemi objevovat az béhem 30. let 20. stoleti,
a to jen ve vysokoskolském vzdélavani. Na zékladnich a stfednich skolach bylo zavedeno pouze ucivo
bunééné biologie (bunééné déleni a vyznam jadra, Gasto pouze zminkou) a samotné klasickd genetika
nebyla sou¢asti uéebnich text, az na jednu vyjimku (Pastejiik, 1936). Moznym divodem bylo fenologické
zaméfeni kurikula (Podrouzek, 2011). Na druhou stranu tak diky tomu nejspis nedochézelo k ptejiméni
negativnich zahrani¢nich trendti, jakymi byla napriklad eugenika.

V obdobi po 2. svétové valce byla genetika v ucebnicich zakladnich kol pouze ve formé Micurinské
biologie. A% Usneseni V1ady CSSR na podporu genetiky z roku 1966 podnitilo névrat udiva na stiedni
a plné i vysoké skoly (Matalova & Sekerak, 2004). V kurikulu zdkladnich skol se tak moderni poznatky
genetiky objevuji az na konci 70. let 20. stoleti (Ucebni osnovy zdkladni skoly: Piirodopis pro 5.-8. roénik,
1978). Po této etapé vsak jiz nové ucebnice z 80. let obsahovaly v té dobé aktudlni poznatky klasické
i molekuldrni genetiky, a to uéebnice pro ZS i SS. Dila z tohoto obdobi uréené pro gymnazia nebo vysoké
gkoly jsou i dnes stéle hodnotnymi a kvalitnimi zdroji informaci o zédkladnich principech genetiky. Ackoli
méla ideologie prokazatelny vliv na $iti i obsah uciva genetiky, podafilo se toto ucivo tspésné rehabilitovat
a béhem necelych tii dekad od zavedeni sovétskych osnov se uc¢ivo genetiky plné dostalo i do novych osnov
pro zakladni vzdélavani.
hém stupni ZS a jeho obsah je v souladu s pozadavky narodniho kurikula (RVP) (NUV, 2017; VUP, 2007),
vzhledem k jeho strucnosti je §ife udiva vyrazné vétsi. Piedevsim v piipadé udebnic pro ZS a nékterjch
titult pro stfedni odborné skoly se zkracenym biologickym kurikulem je otazkou, nakolik je podani uciva
napomocné pii plnéni vystuptt RVP (NUV, 2017, 2019) (viz P¥iloha 1). Z analjzy v sou¢asnosti uzivanych
ucebnic vyplyva nékolik zasadnich problémi.

Spolu s dalsimi evropskymi stéty sdilime nevhodné rozlozeni uciva napfi¢ ro¢niky (Knippels et al.,
2005). Soucasné podoba zavadi pojem dédiéna ¢i genetickd informace jiz v 6. roéniku. Dalsi uéivo genetiky
se ale objevuje po dlouhé odmlce v 8. ro¢niku. Genetika ¢lovéka pouze povrchné navazuje na pfedchozi
tvod zminénim lokalizace jadra, ale Casto ani neuvadi, nebo nijak nevysvétluje funkce jadra uvedené
v 6. ro¢niku (fizeni buiikky a podil na rozmnozovani). Na druhou stranu urditou navaznost na uéivo
rozmnozovani najdeme a7 v poloviné ucebnic pro ZS, byt ne vidy je popis rozdilti mezi pohlavnim
a nepohlavnim rozmnoZzovanim dostateéné explicitni. Naprosta vétsina zaki na ZS i absolvent SS tak
vykazuje porozuméni miniméalné tomu, ze p¥i pohlavnim rozmnozovani ziskava kazdy potomek od kazdého
ze dvou rodi¢i polovinu své sady dédi¢né informace (Machové, 2019; Machové & Ehler, 2019). V pfipadé
nepohlavniho rozmnozovani uz ¢ast z nich nedokaze vyjadrit, ze potomek je geneticky klonem rodice
(Machové, 2019; Machova & Ehler, 2019).

Chybéjici navaznost nékterych ¢asti uciva neni jen problémem ucebnic. Rozlozeni uciva v ucebnicich
se promita i do jeho uspofadani v SVP zdkladnich gkol (Machova, 2019) a izolovanost uciva genetiky se
projevuje i v ndrodnim kurikulu a v SVP $kol stfednich (Janstova & Jag, 2015).

V uéebnicich hlavné pro ZS pak vyrazné chybi propojeni uvddénych tirovni biologické organizace.
Ackoli popisuji existenci DNA na bunééné trovni a obecné i jeji vliv na organismus, nijak tyto dvé
arovné explicitné nespojuji. Mechanismus vzniku znaka dle DNA, tedy DNA jako navod na vyrobu
bilkovin a jejich nasledné funkce v téle, neni v ucebnicich popsan, nebo je v textu skryty. Na prikladu
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ribozomi je také vidét, ze ucebnice zavadéji i pojmy, které plné nevysvétli, ani dale nevztahnou k dalsimu
ucivu. Zcela tak chybi jakakoli podpora systémového mysleni zaki, které je jednou z dilezitych a zadanych
schopnosti absolvent vSeobecného vzdélavani (Gilissen et al., 2020).

Samotné povaha a funkce bilkovin jsou piitom v ucebnicich pro ZS i SS popsany, ale u uéebnic pro
7S, véetnd ucebnice Zdklady biologie a ekologie od Fortuny pro SS (Kvasnickova, 2014), spiSe povrchné,
uvedeno je malo prikladu jejich funkci a v naprosté vétsiné pfipadi nejsou ani bilkoviny soucéasti uciva ge-
netiky, ale kapitol o vyZivé nebo vzniku a sloZeni Zivych organismii.* Stejné tak vyznam DNA v ucebnicich
pro ZS najdeme jako tvorba znakii organismu, ale chybi sir§i vysvétleni vlivu DNA na zachovéani Zivotnich
funkei (at uz pohybu, metabolismu i Fizeni bilkovinnymi hormony a dalsich) zajistovanych béhem celého
zivota organismu, nikoli pouze béhem utvareni jeho podoby v zarodecné linii.

Ucebnice, piedevsim ty pro ZS, tak nespojitosti informaci a jejich netplnosti vytvafi tii zcela uméle
oddélené linie u¢iva genetiky: (1) jadro jako fidici organelu buiiky, (2) genetickou informaci (DNA) jako
névod na vlastnosti organismu a (3) bilkoviny pouze jako soucédst potravy a stavebni material téla. Z takto
kusych informaci je pro zaka pomérné tézké sestavit esencidlni trojihelnik vztahd vychazejici z centralniho
dogmatu molekularni biologie: ,,DNA-bilkovina—znak“ (Duncan et al., 2009; Knippels et al., 2005).

Ucebnice pro gymnézia sice proteosyntézu (vznik bilkovin podle DNA) i funkce bilkovin rozvadéji velmi
detailné, ale znac¢né deskriptivné, coz zédky snadno pfehlti novymi pojmy na tikor pochopeni podstaty
véci. Cetné miskoncepce zjisténé u studenttt Geskych gymnézii jsou nejspiSe diisledkem tohoto, nebot
a¢ se zvladnou nové ucivo namemorovat, stale postradaji schopnost jeho aplikace a propojeni poznatki
(Vickova et al., 2016).

DNA pfitom neni pouze navodem na vyrobu proteind, méa také rozsahlé regula¢ni funkce a ovliviiuje
samotny proces genové exprese (Gayon, 2016; Portin, 2002), coz ¢asto opomijeji i zahraniéni ucebnice
pro SS (Albuquerque et al., 2008; Castéra et al., 2008). Nicméné tyto poznatky je logicky obtizné zavadét
v situaci, kdy Zaci plné nechdpou ani zdklad toho, k ¢emu DNA v jejich téle slouzi.

D4 se tedy Fict, ze zatimco zahrani¢nim ucebnicim je vytykano zastaralé deterministické pojeti gene-
tické informace (zjednodusené ,jeden gen = jeden znak“), nase uéebnice predevsim pro ZS jesté ani plné
nedoséhly stupné, kdy je tento mechanismus dostatecné vysvétlen. To, Ze je Fidici funkce bunky typicky
prisuzovana jadru a nikoli DNA, snadno vede k tomu, Ze Zaci ani uditelé z ucebnice nemuzou explicitné
vy¢ist spojeni mezi vyrobou proteind a DNA ani spojeni s funkcemi regulace genové exprese (nebo alespoii
Fizeni organismu vyrobou hormont bilkovinné povahy dle ndvodu v DNA) (Machov4, 2019).

Ke spravnému pochopeni tohoto procesu je navic nutnd vhodné vizualni reprezentace (Marbach-Ad et
al., 2008; Starbek et al., 2010). A pravé kvalita a mnozstvi ilustraci se sice vyrazné s lety zlepsuji, ale stale
vykazuji ¢etné nedostatky. Tituly vydané v 90. letech, které se dnes stéle vyskytuji na trhu (jako fady
Scientia nebo Ekologicky ptirodopis od Fortuny), neprosly od prvniho vydéani zddnou vyraznou aktualizaci
grafického obsahu i presto, ze dnes je mozné ziskat kvalitni fotografie nebo schémata i bezplatné ¢i
s vyuzitim volnjch licenci.® U&ebnice pro stfedni skoly maji ilustrace ¢astéji dernobilé a vice schematické
oproti ilustracim v uéebnicich pro ZS (Machova, 2017). Vék z4ki, kterym je udebnice uréena, by ale
kvalitu grafického zpracovani rozhodné nijak ovliviiovat nemél.

Nasledkem vSech téchto nedostatki je pak nejspiSe povrchni pfedstava o funkcich DNA a neschopnost
vyjadfeni jejiho plného vyznamu pro zivot spolu s ¢etnou fadou miskoncepci, coz jsou velmi rozsirené
problémy mezi zdky ZS, studenty a absolventy ¢eskych stiednich kol (Machova, 2019; Machova & Ehler,
2019; Vickova et al., 2016). Mylné chapani uciva genetiky je celosvétovy fenomén (Lewis & Kattmann,
2004; Stern & Kampourakis, 2017), miskoncepce jsou pomérné trvalé a miZzeme je najit i u studentt
ucitelskych obortt (Dikmenli, 2010; Ozcan et al., 2012). Lze se jen domnivat, kolik jich sami nakonec
prenaseji do praxe.

Reseni tohoto problému v ¢eském prostiedi by pfitom na zakladé provedené analyzy nemuselo byt
prilis komplikované: predevsim vcas, jednoduse, bez pfebytecnych detaild a pojmi, explicitné a idedlné
s ilustracemi vyjadfit spojeni mezi DNA, vyrobou bilkovin a jejich funkcemi v téle. Jediné na tomto
zékladu je dnes mozné budovat slozity a objemny systém dalSich poznatkt genetiky.

Ucebnice pfirodopisu a biologie by se tak po zpracovani jejich nalezenych nedostatk mohly stat
jednim z hlavnich néstrojua, jak pozitivné ovlivnit chéapani zéklada genetiky. A to jako zdroj didakticky
vhodného prikladu transformace takto dilezitého uciva, ktery bude zaktim maximalné srozumitelny,
pristupny a uzitecny jako rychly navod i pro jejich ucitele.

4Je t¥eba podotknout, Ze toto uéivo je soucasti RVP a vyskytuje se v ramci uéiva organické chemie (VUP, 2007).
5Dnes typicky b&zné uzivané licence Creative Commons (viz https: //creativecommons.org/licenses/?lang=cs).

Scientia in educatione, 11(2), 2020, p. 14-39 27 https: //doi.org/10.14712/18047106.1729


https://creativecommons.org/licenses/?lang=cs
https://doi.org/10.14712/18047106.1729

6 Zavér

Vyvoj ucebnic pfirodopisu usel od zac¢atku minulého stoleti dlouho cestu a mnoho se z dnesniho pohledu
zlepsilo. U¢ivo genetiky se podafilo ispésné rehabilitovat i po tvrdém zasahu v 50. letech a jesté pred
sametovou revoluci bylo tspésné doplnéno o vSechny moderni poznatky, na zakladé kterych se dale rozviji.

Dany okruh udiva je ale stale zatizen neptili§ vhodnym zptisobem pojeti, které je spiSe deterministické
a zcela neodrazi soucasny vyklad vSech funkci genetické informace. Durazné nevysvétluje vznik znaku
organismu na zikladé DNA a trpi také roztiisténosti napfi¢ ro¢niky.

Nemuzeme spoléhat na pomalé zmény kurikularnich dokumenti a uéebnich materiali. Je tfeba v du-
chu védomi téchto chyb jiz dnes vzdélavat budouci i soucasné ucitele, aby sami toto ucivo zvladli spravné
pojmout teoreticky i prakticky a byli schopni ho integrovat v ramci systému ostatnich biologickych véd
a jejich poznatkl a vhodné didakticky transformovat svym zakam.
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Pfiloha 1 Pozadavky narodniho kurikula

Néarodni kurikulum CR je od roku 2007 zavedeno v praxi ve formé Ramcového vzdélavaciho programu
(RVP) ve verzich pro zdkladni Skoly, gymndzia a stfedni Skoly. U¢ivo genetiky je v téchto jednotlivych
programech zahrnuto nasledovné (NUV, 2017, 2007; VUP, 2007):

Typ RVP Uéivo Ocekavané vystupy

RVP ZV dédi¢nost a proménlivost organismt — e 74k vysvétli podstatu pohlavniho
podstata dédi¢nosti a prenos dédi¢nych a nepohlavniho rozmnozovani a jeho
informaci, gen, kiizeni vyznam z hlediska dédi¢nosti

e 73k uvede ptiklady dédi¢nosti
v praktickém zivoté a priklady vlivu
prostfedi na utvareni organismi

RVP G molekulérni a bunééné zaklady dédicnosti, e 73k vyuziva znalosti o genetickych
dédi¢nost a promeénlivost, genetika ¢lovéka, zakonitostech pro pochopeni
genetika populaci rozmanitosti organismut

e 73k analyzuje moznosti vyuziti
znalosti z oblasti genetiky v bézném

Zivoté
SS (obory  Zaklady biologie — dédi¢nost e 73k objasni vyznam genetiky
J,H M a promeénlivost
a L, L5)

Priloha 2 Seznam ucebnic vydanych po roce 1989 zahrnutych
v analyze
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This paper seeks to establish what kind of arguments pupils (aged 12-13) use and
how they make their assumptions and generalizations. Our research also explored the
same phenomenon in the case of graduate mathematics teachers studying for their
masters’ degrees in our faculty at that time. The main focus was on algebraic rea-
soning, in particular pattern exploring and expressing regularities in numbers. In this
paper, we introduce the necessary concepts and notations used in the study, briefly
characterize the theoretical levels of cognitive development and terms from the The-
ory of Didactical Situations. We set out to answer three research questions. To collect
the research data, we worked with a group of 32 pupils aged 12-13 and 19 university
students (all prospective mathematics teachers in the first year of their master’s). We
assigned them two flexible tasks to and asked them to explain their findings/formulas.
Besides that, we collected additional (supportive) data using a short questionnaire.
The supporting data concerned their opinions on the tasks and the explanations. The
results and limited scope of the research indicated what should be changed in prepar-
ing future mathematics teachers. These changes could positively influence the pupils’
strategies of solving not only flexible tasks but also their ability to generalize.

Cielom ¢lanku je zistit, akym sposobom zovSeobeciiuji a akymi argumentami svoje
zistenia podkladaju ziaci vo veku 12-13 rokov. To isté sme zistovali aj u budd-
cich ucitelov matematiky, ktory v tom case Studovali na nasej fakulte. Hlavné zam-
eranie ¢lanku je na algebrické uvazovanie, Specidlne na skiimanie vzorov a vyjadrenie
zékonitosti pomocou ¢iselnych hodnot. V tomto ¢lanku vysvetlujeme dolezité kon-
cepty a znacenia pouzité vo vyskume, stru¢ne charakterizujeme trovne kognitivneho
rozvoja a vyuzité pojmy z Tedrie didaktickych situdcii. Stanovili sme si tri vyskumné
otazky. Na ziskanie vyskumnych dat sme pracovali so skupinou 32 Ziakov vo veku
12-13 rokov a s 19 Studentmi ucitelstva matematiky. Obom skupindm sme zadali
rovnaké tlohy na rieSenie a poziadali sme ich o vysvetlenie rieSenia, resp. vztahu, ku
ktorému sa dopracovali. Okrem toho sme kratkym dotaznikom zozbierali podporné
data ohladom sktimanych skupin. Vysledky st diskutované v kontexte podobnych
vyskumov, st identifikované limitacie opisaného vyskumu a vyvodené zavery. Na zak-
lade diskusie a limitov sme sformulovali odporucenia pre zmenu v priprave budicich
ucditelov matematiky.

1 Introduction
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We often get used to generalizing in most situations in life. Not all our generalizations are correct, and
some are based on one or two preconceptions (like “all men are...”). On the other hand, generalization

is also a part of mathematics education and mathematics literacy.

Generalization is a heartbeat of mathematics and appears in many forms. If teachers are
unaware of its presence and are not in the habit of getting students to work at expressing
their own generalizations, then mathematical thinking is not taking place. (Mason, 1996,

p. 65)

Without generalization and argumentation, mathematics is just a set of rules to memorize. Neverthe-
less, in talking to the masters students we found out that presenting the rule and then solving “problems”
with its application is one of the favorite ways of teaching mathematics in the classroom.

The importance of generalization and argumentation is essential in mathematics lessons, because

formalizing one’s reasoning could lead to practical benefits such as clarity of thoughts and
expressions, improved objectivity, and greater confidence. The ability to analyze others’ ar-
guments can also serve as a yardstick for when to withdraw from discussions that will most

likely be futile. (Almossawi, 2016, p. 4)
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If we can argue the correctness of our solution (or defend the solution of our classmate), we take
responsibility for our decisions, we do not need an authority to tell us whether we are right or not, and
this is an essential ability due to the fact that “in the real world of problem-solving and doing mathematics
there are no answer books” (Van de Walle, Karp, & Bay-Williams, 2012, p. 37).

We have focused on algebra, particularly on functional thinking, in our paper. As Lee and Wheeler
(1987, p. 44) pointed out, the abstractness of algebra is one reason for students’ problems. Algebra, as
Kaput (1999, p. 134) stated, has been a route to higher mathematics but, at the same time, a barrier for
many students, forcing them to take another educational direction. One of the reasons could be a big step
between arithmetic to algebra. In our research, we focus on the pupil’s description of calculations and
strategies for solving given tasks. Several competences are needed when students are moving from arith-
metic, number handling, and computation to algebra. Kaput (1995) identified three such competencies.
In this paper, we will only focus on the competence concerning the ability to describe the calculations
one wants to do. It can be said in words, by abbreviations, or by a formula.

While studying the research done on generalization (like Russel et al., 2011; Van de Walle et al., 2012;
Rivera & Becker, 2005, 2007; Blanton, 2008, etc) we found out that tasks requiring generalization are
included in the curriculum in several countries. This is not the case with the Slovak curriculum. Therefore,
we were curious whether pupils could do generalization, explanation, and argumentation without being
presented with generalizing tasks in their mathematics lessons. What kind of arguments would they use
(if any), how would they make their assumptions and generalizations, etc.

2 Theoretical background

Firstly, we introduce the necessary concepts and notations used in our study concerning functional think-
ing and ways of generalization. Secondly, the theoretical levels of cognitive development and the terms
from the Theory of Didactical Situation used in our study are briefly characterized.

2.1 Generalization and reasoning

We will focus on algebraic reasoning which, according to Blanton and Kaput (2005, p. 413), can take
various forms, including reasoning about operations and properties associated with numbers (like commu-
tative property), pattern exploring and expressing regularities in numbers, generalizing regularities and
operations on classes of objects (usually described as “abstract algebra”). The focus will be on exploring
and expressing regularities in growing patterns.

Our study is concerned with a figure series that changes (mostly grows) according to a predictable
pattern. The goal is to find relating numbers to growing pattern tasks that are visual (e.g., made with
geometric figures) by asking pupils and masters students to discover the regularities involved and develop
generalizations for function rules (Friel & Markworth, 2009, p. 27). According to Friel and Markworth
(2009, p. 30), analyzing growing patterns should include the developmental progression of reasoning by
looking at the visuals, reasoning about the numerical relationships, and then extending to the larger (or
n-th) case.

Pupils can express the result in a recursive or explicit formula. By a recursive formula, we mean
a form in which the description of the phenomenon is based on the previous figure in a row (for example,
an = ap—1 + 4). By an explicit formula, we mean a formula which gives us the result directly (like
a, = 4n + 2). These two approaches partly define two groups of generalizators, as Becker and Rivera
(2006, p. 446) describe. The first group, predominantly numerical generalizators, set up tables of values
when solving growing patterns tasks. As regards solving, they are looking at numbers and trying to figure
out the solution. In many cases, variables are only placeholders and by working with numerical cues, they
pay little or no attention to the accompanying figural cues. The most common solving strategy of this
group is trial-and-error and the answer is usually provided by a recursive formula. As Rivera and Becker
(2005, p. 199) stated, “a numerical mode of inductive reasoning uses algebraic concepts and operations
(such as finite differences), whereas a figural mode relies on relationships that could be drawn visually from
a given set of particular instances”. The second group can be therefore characterized as predominantly
figural generalizators. The solvers in this group are looking for figural clues and functional relationships
among them. They usually use variables with meaning. In general, they can perceive relationships among
the available cues, have a clear indication of how they interpret the figures drawn; they are better
generalizators than numerical ones. Their answer is usually in an explicit formula.

As Lannin (2004, p. 217) stated, working with growing patterns could improve

two important instructional goals for high school students: first, that they can reason flexibly,
using recursive and explicit reasoning when faced with the need to create a mathematical
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model for a situation; and second, that they recognize the advantages and limitations of these
two ways of reasoning.

Lannin (2004) suggested a broad classification of the tasks into three categories: explicit-preferred
tasks, recursive-preferred tasks and flexible tasks (both recursive and explicit forms are natural for stu-
dents to provide). The all have their place in mathematics education, but we will use flexible tasks here.

2.2 Categories for analyzing the level of generalization

One of the possible ways to look at the level of generalization is through Piaget’s Theory of cognitive
development. Piaget (1980) identified four stages of cognitive development based on the age and skills
of pupils. We have used his theory in our previous research (Slavickovd & Vargovd, 2019) to identify
changes in an abstraction of pupils who were on the edge of the concrete operational stage and formal
operational stage. This analysis was not sensitive to small differences in pupils’ cognitive development.
Therefore, we have been looking for another way to analyze the pupils’ and masters students’ cognitive
development. We need a tool that can be used objectively to explain pupils’ and students’ difficulties
with a broad range of mathematical concepts and to suggest ways that they can use to learn these
concepts. The system of structural development provided by Mulligan and Mitchelmore (2009) could
be helpful in this. They define individual profiles of responses as one of four broad stages of structural
development:

Pre-structural stage: representations lack any evidence of mathematical or spatial structure;
most examples show idiosyncratic features.

Emergent (inventive-semiotic) stage: representations show some elements of structure such as
the use of units; characters or configurations is first given meaning in relation to previously
constructed representations.

Partial structural stage: some aspects of mathematical notation or symbolism and/or spatial
features such as grids or arrays is found.

Stage of structural development: representations clearly integrate mathematical and spatial
structural features. (Mulligan & Mitchelmore, 2009, p. 42)

These stages could be useful reference points to our analysis of pupils’ and masters students’ work.
They are not dependent on the age of respondents, and only refer to their stage of the structural devel-
opment within some mathematics concepts. Therefore, we will work with them in the a priori analysis
of our test.

The a priori analysis is part of G. Brousseau’s Theory of didactical situations (1997). This analysis
is made before the teaching unit. It is a complex analysis of the teaching unit, and it should predict as
accurately as possible its course. The a priori analysis can be characterized as an explanatory model
of students’ and teachers’ behavior. Its goal is to identify potential obstacles, misconceptions, mistakes,
corrections and further work with these mistakes. In this analysis, knowledge prerequisites necessary for
the use of the different solving strategies are essential. After the teaching unit, an a posteriori analysis
is made. In the a posteriori analysis, the a priori analysis is compared with experience from the realized
teaching unit in the classroom, and recommendations for changes are formulated.

2.3 Research questions

Individuals tend to see the same pattern differently and produce different generalizations for it. There
are several studies concerning pupils’ strategies of generalization at primary level (Blaton & Kaput, 2005;
Blanton, 2008; etc.) or secondary /middle school (Novotnd et al., 2015; Eisenmann et al., 2017; Makowski,
2020; etc.) or looking for cognitive characteristics between middle school and primary school algebraic
thinking (Rivera & Becker, 2005, 2007, 2008; etc.) Due to the age and skills of the target groups, linear
patterns are usually posed to pupils. There have been several studies concerning the generalization of
preservice mathematics teachers but most focus on elementary preservice mathematics teachers (Van
Dooren et al., 2002, 2003; Hallagan et al., 2009; Strand & Mills, 2014; etc.).

In this article, we would like to continue that work and compare pupils’ and masters students’ methods
of generalization. Therefore, we also add a non-linear pattern for finding the general formula. We stated
three research questions:

RQ1: Which strategies of generalization are used in solving flexible tasks by pupils aged
12-137

Scientia in educatione, 11(2), 2020, p. 40-52 42 https: //doi.org/10.14712/18047106.1722


https://doi.org/10.14712/18047106.1722

RQ2: Which strategies of generalization are used in solving flexible tasks by prospective
mathematics teachers?

RQ3: What are the main differences in preferred argumentation (or/and explanation) strate-
gies depending on pupils’ and students’ knowledge and skills?

The third research question is closely related to the previous two. We posed this question to identify
and summarize critical findings (or answers) for each group separately in the context of mathematical
skills and knowledge. There are several reasons for looking at preferred argumentation (if any) in pupils’
and masters students’ work. Firstly, we use it as a support tool for analyzing the data to answer RQ1
and RQ2. Secondly, we are interested in getting a wider insight into pupils’ ways of thinking. Thirdly,
the data obtained could help us prepare an aspect of new research, including a teaching intervention.

3 Methodology

We worked with two groups of students. We posed them two flexible tasks for solving and arguing their
findings/formulas. Both analysis a priori and analysis a posteriori were provided to find out answers to
our research questions.

3.1 The sample

We worked with two different groups.

The first group comprised 32 pupils aged 12-13 in their first year at an 8-year grammar school in
Bratislava. They encountered a variable as a representant of any number in a formula for finding the
area of a square or a rectangle. In cooperation with their teacher, we prepared two flexible tasks to solve.
Both tasks required pupils to use elements of mathematical structure such as numerical and geometrical
patterns.

The second group comprised 19 prospective secondary mathematics teachers in the 15 year of their
master’s programme at the University.

Both groups were asked to explain their strategies of solving and generalizing. We were expecting
a formal and age-appropriate way for this explanation and generalization. We were looking (separately
in each group)

e whether they are predominantly numerical or figural generalizators,

e what stage of structural development according to Mulligan and Mitchelmore they were at.

3.2 The flexible tasks and additional questions

We posed two tasks, one on a linear pattern (Trapezoid table problem, inspired by Blanton, 2008) and
one on an exponential one (a famous fractal — Sierpinski triangle). Both tasks are flexible; the recursive,
and general formulas are easily formulated for them.

Task 1: A school has bought tables in the shape of trapezoids for the cafeteria. Two chairs are placed
on the long side of the table and one chair is placed on each of the short sides. As shown below, the
cafeteria staff put the tables end to end to save space. How many chairs can be placed around 3, 4, 10
and 50 tables?

©O O O

\ /oo\ / \°©

Fig. 1: Trapezoid table problem illustration O O O

Task 2: The Sierpinski triangle is constructed from an equilateral triangle by repeatedly removing
smaller equilateral triangles. Start with an equilateral triangle (iter. 0), subdivide it into four smaller
congruent equilateral triangles and remove the central triangle (iter. 1). Apply to each of the remaining
smaller triangles (ad infinitum).

Fig. 2: Sierpinski triangle iterations iter. 0 iter. 1 iter. 2
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How many triangles will we have after repeating the process
a) 2 times (iter. 2), b) 3 times, c) 10 times, d) n-times?

Support data:

At the end, we asked pupils to answer additional questions concerning the tasks. We provided an
on-line Google form with the following questions:

Question 1: Girl/Boy working on these tasks (mark one)

Question 2: How old are you?

Question 3a: Task one (Trapezoid table problem) was interesting/uninteresting

Question 3b: Task one (Trapezoid table problem) was for you: Easy to solve, Neither easy, nor difficult
to solve, Difficult to solve

Question 3c: Justify your choice.

Question 4a: Task one (Sierpinski triangle) was interesting/uninteresting

Question 4b: Task one (Sierpinski triangle) was for you: Easy to solve, Neither easy, nor difficult to
solve, Difficult to solve

Question 4c: Justify your choice.

Answers to these questions were used as additional data in the data analysis.

3.3 The data collection

The data collection was done in two lessons, one lesson per group. Both pupils and masters students
worked on the aforementioned two tasks. The tasks were printed in grayscale; each pupil/student had
a copy and was asked to write their workings/calculations on it. All were allowed to use calculators,
rulers, pen/pencil, and as much paper as they needed (they could ask for more if needed, but no one used
this option).

Due to the pupils’ age, skills, and knowledge, we gave them 40 minutes for solving. We initially gave
the masters students 20 minutes but several of them asked us for additional time. Finally, the students
were given 30 minutes to solve the tasks.

After collecting the solutions, pupils and students were asked to answer the questions above. We
assumed that 5 min would be sufficient, but in the end, we added extra minutes for pupils (due to their
slow writing skills).

solving the flexible answering additional
tasks (40 minutes) questions (5-7 min)
solving the flexible answering additional
tasks (25-30 min) questions (5 min)

Fig. 3: Scheme of data collection in our groups

After collecting the data, students and pupils started to discuss the solutions. We monitored as
observers. Unfortunately, there was not enough time at the lower secondary school for a more in-depth
discussion (the data collection took longer than expected). Thus, the only supportive data we have are
from the additional questions and observations.

3.4 The data analysis

Prior to assigning the tasks to pupils/students, we made part of the a priori analysis focus on possible
strategies in the specific cognitive development of respondents first. The first task includes no variable
and the far prediction is only supported by using a bigger number (50 tables in a row). The second task
contains working with a variable on purpose — we wanted to know whether pupils would be able to use
it in a more difficult context (they were not familiar with the powers of real numbers). Also, they could
find a similarity between the tasks and therefore they could realize that the questions are practically the
same.

Every provided solution was repeatedly read and analyzed in the context of the identified categories
in Tab. 1. Comparison among both groups (pupils and students separately) and between them was made
to find the answers to stated RQs. According to our theoretical review, we wanted to split the written
solution into two main groups: figural and numerical solutions. We wanted to identify stages of structural
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development inside these groups according to Mulligan and Mitchelmore (2009) as described above. We
stated the categories and assumed codes to be identified in the pupils’ and students’ solutions.

Tab. 1: Categories for data analysis

Numerical

Figural

Pre-structural

Counting objects can be identified in the
written solution

Drawing several pictures for smaller step
numbers with a corresponding figural number

Emergent Table of values (or similar representation of Drawings indicate essential figural elements:
counting objects with a connection to step identifying elements the figure consist of
number) (tables and chairs, triangles)

Some of the provided values do not The structure of finding the next figure is
correspond with the given figure (weak evident from their drawings
connection with the figure)

Partial A written description of the recursive formula A clear idea of mechanism for higher step

structural The solution does not indicate use of variable, numbers, the suggestion of formula for bigger
but an understanding of numerical pattern is numbers (for example, it is multiple of step
evident (for example, it is always bigger by 3 number)
in the next step)

Structural Correct use of variable, formula is provided Correct use of variable, formula is provided

(mostly recursive)

(mostly explicit)

Using these categories, we made the a priori analysis of expected strategies of generalization. To be
clear about pupils’ and masters students’ ways of thinking and whether they were motivated to solve the
tasks, we used supportive data from the questionnaire.

Question 3 (concerning the trapezoid table problem) and Question 4 (concerning the Sierpinski triangle

problem) were basically the same. If respondents were interested in a specific problem, we assumed a higher
effort to finish the solving. We also asked about the level of difficulty according to their opinion to find
out how they perceived a specific problem. This additional data was used to decide why some (if any)
tasks were not solved by pupils or students, how they perceived these kinds of tasks, and whether it was
worth working with these kinds of tasks or whether another type of task would be more fruitful.

4 Results

First, the a priori analysis is presented. Next, the results concerning ways of generalizations are divided
according to the research questions.

4.1 A priori analysis

According to our literature review, we expected two main strategies of generalization — numerical and
figural. Both could be subdivided into several solving strategies as shown in Tab. 1.

Solving strategies which we expected from predominantly numerical generalizators are:

S1 (pre-structural): the pupil uses the operation and procedures which can “fit” this problem; the
solution lacks any evidence of noticing a mathematical structure, mostly counting the objects in the
figures is used, the general formula is missing or is invalid.

S2 (emergent): the solution shows some structure (a T-chart or some other way is used to show the
correspondence between the step number and the value; no or incorrect symbolization is used.

S3 (partial structural): some aspects of mathematical notation or symbolism can be found; the general
formula is given mostly in a recursive form with a clear understanding of the numerical pattern.

S4 (structural): algebraic representations integrate features of mathematical structural; the correct
general formula is provided (correct in the sense of their thinking though they can make numerical errors).

The strategies for predominantly figural generalizators are similar:

S5 (pre-structural): the solution lacks any evidence of spatial structure, the figure is decomposed into
the elements (or basic blocks), the correct solution for smaller values of step number.

S6 (emergent): the solution shows some elements of structure such as the identification of essential
figural elements; the solution for specific numbers is provided (no symbolization is present)

S7 (partial structural): some aspects of spatial features such as grids or arrays can be found; the
solution given in a recursive form with a clear understanding of the figural pattern is present.

S8 (structural): provided figures integrate mathematical and spatial structural features; the correct
general formula with a clear reference to the figural cues is present.
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4.2 Pupils’ strategies of generalization and justification

To make our analysis clearer, we split it into two parts, one for a task.

4.2.1 Trapezoid table problem, pupils’ strategies
We identified four groups of strategies of solving and generalization.

G1: taking one table with 4 chairs as a unit; thus, for n tables, there are 4n chairs

Pupils in this group did not take into account the overlap of the tables. They looked at the first table
in a row and made their conclusion concerning the number of chairs.

G2: grouping tables by two and working with new units of two joined tables (see Fig. 4)

One of the solutions is: “The ‘middle table’ has 6 chairs. Then there are 2 tables at the ends, therefore
plus two.” (12-year-old boy) There are other 4 similar explanations.

: 7 ) 4 \‘ .-..?.’f.'."}'-,{ C .— ‘\:\ 7 —Q
O h % V4 “
, 4 I \ —
-~ “-,';-_-.u_ ,..{'L'-‘-"‘ i (" \"\

Y =

Fig. 4: Example of pupils’ solution showing the “middle table”

In this group of solutions, pupils showed structural thinking — making groups of tables and constructing
the solution for even numbers. It could be interesting to ask them for odd numbers to see whether they
could fix the problem. Some pupils argued that if we had 50 tables, then we had to divide it by 2, then
multiply by 3 and at the end add 2 (chairs). As in the G1 solution, we can identify a strong connection
to the figure.

G3: decomposing and composing the structure: 5 chairs within one table, but after putting tables
together, we have to remove 2 chairs; therefore, we are adding three chairs; only the recursive formula is
provided

Pupils in this group showed structural thinking as they took a unit of one table and found out that
we had to subtract overlapping chairs and work only with “the number of chairs at the bases of the
trapezoids” and add two chairs at both ends of the table row. We can still identify the connection to the
figure and the explanation within figural reasoning.

G4: counting “table by table”: there are 4 chairs at the first table, 3 chairs at the 274, 379 40 etc.
table and 4 chairs at the last table

The decomposition strategy is used. The solution is clearly described, and the process of thinking can
be easily identified. But the solution is on the low level of structural development, provided only for the
specific numbers with an error for 50 tables.

Inductive reasoning and an indication of an infinite process can be identified here. Structural thinking
is clearly present but most of the solutions had a numerical error. The question is whether the mistake
was made due to carelessness or miscounting.

Our group of pupils at the secondary school rarely used a symbolic notation, they do not understand
the principle of a variable yet. To explain their solving strategy, most of the pupils drew or described by
words, how it works for a smaller number of tables and chairs. Some did not explain the solution (and
provided the values for specific questions only).

4.2.2 Sierpinski triangle, pupils’ strategies

We identified 3 groups differing in solving strategies and generalization for this task:

G5: Multiplying the previous result by 3, but the solution only works for small numbers (it does not
work for the 10" step, see Fig. 5)

The pattern was found, but as pupils were not familiar with the powers, it is not written with the
notation of powers. The idea is clear, but the mathematical notation is not correct. The pupils who
provided this type of solution and explanation (like in Fig. 5) are on a partial structural stage of their
cognitive development.

G6: Misinterpretation of the task, counting all the triangles that could be found in the pictures with
an increasing number of iterations
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Fig. 5: Example of pupils’ solution deriving the 10*® power of 3!
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Fig. 6: Example of specific pupils’ solution of task 2

Only one pupil provided this kind of solution (see Fig. 6). Some elements of structural thinking are
present, therefore, the structural development is on the emergent stage.
G7: Correct solution with an understanding of repeated multiplication by 3

C) Wy roadledme 2 ,
e, r 3 = Be3e3..% =3 078 0
O Or T = 5737333 353303 ~ 1 THIY L

Fig. 7: Example of pupils’ solution of Sierpinski triangle problem?

An explanation was mostly based on the figural interpretation. As we can see in Fig. 7, the notation
10 x 3 = 3™ is not correct, but it is an adequate notation for the cognitive development and skills of
the pupils in this age. As we can see later in the counting, the idea is correct, but the mathematical
representation is missing. We can conclude that these pupils have good insight into the figure and its
changing. According to the method of solving and the concepts used, they are at the partial structural
stage.

4.3 Students’ ways of generalization and justification

By analyzing the solutions of the pre-service mathematics teachers, we have found two main strategies
of solving task 1 and five groups of strategies for solving task 2.

T1la: making a T-chart and/or corresponding n — a,,, the result given in the general form

This solution indicates the numerical approach. The result is derived from the numerical cues and is
mostly in general form for the n-th term.

T1b: only the solution without any explanation or showing the work

ITranslation of solution: “When we did it 10-times, we knew that we had to 7-times multiply 3 = 2 (erased). We knew
that when we repeated it 3-times, it was 27. Therefore, to make it 10-times, we have to do multiplication 27 times 21 and
it makes the result of 567.”

2Translation: 10-times divided [the triangle], therefore 10 x 3 = ...
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In this solution, we can only guess that students “looked and saw in the picture” the structure and
how the pattern is changing. Therefore, we have put it in the graphical representation of students’ and
pupils’ solutions with dash line (see Fig. 9).

T2a: general formula for the n-th term with figural reasoning

In this group, some students drew the 34 iteration, but the majority put the answer from the first
two iterations with the correct explanation by using figural reasoning. Clear structural development and
the use of figural reasoning pointed to the structural development stage.

T2b: the correct solution raised from the numerical pattern (T-chart and/or corresponding n — a,,) —
numerical reasoning

In this group, the students made a numerical representation of the figure and derived the formula for
the n-th term. Clear structural development and the use of numerical reasoning pointed to the structural
development stage.

T2c: counting numbers of triangles inside the existing ones (1 — 1,2 — 4,3 —9, ..., n — n?)

These students misinterpreted the task; they used the numerical approach and derived the general
formula from numerical cues with no further reference to the figures.

T2d: counting all triangles possible found in a picture (similar to the pupils’ solution but without
explanation or showing the calculations, a) 17, b) 53 and no solution for higher numbers or providing
a general formula)

Another type of misinterpretation of the task can be identified in this group. The students have made
the same calculations as the pupils did; however, they were “lazier”. They did it only for the first two
sub-questions. Working exclusively with figures and counting the triangles pointed to the action level of
structural development.

T2e: wrong interpretation of the task and a problem to write down the formula (recursive, or general
one — Fig. 8)

. e abar ety 4 ~ Ayl
oRTa20K { ORrazoK i ODraZzoK £

How many triangles we will have after repeating the process

a) 2 times (obrazok 2) " S b) 2 times ' ¢ ¢) 10 times! d) n times,

Explain and justify your findings

Fig. 8: Example of students’ solution

The cumulative sum of the results in the previous steps indicates two things. Firstly, the students
wanted to use the mathematics they had just learned to do (sequences and sums). Secondly, they did
not check the correctness of their numerical solution against the figure. They also counted with removed
triangles. The answer showed students’ partial structured thinking; therefore, it corresponds with the
emergent stage of structural development.

4.4 Differences within and between the groups

To answer the third research question, we have made a diagram of stated strategies in the analysis
a priori (S1, ..., S8) and strategies of generalization of the group of pupils (G1, ..., G7) and prospective
mathematics teachers (T’s).

Table 2 presents the comparison of results with our assumptions concerning strategies.
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Fig. 9: Scheme of solving strategies and types of generalization (S1-S4 numerical, S5-S8 figural)

Tab. 2: Summary of findings

Pupils of age 12—-13 Preservice mathematics teachers
Strategy of Predominantly figural generalizators Mostly numerical generalizators
generalization
Explanation e explanation of the formula by showing e the given explanation is connected to
on a figure numerical cues
e process of deriving the formula in e figural cues are not crucial to the
a context of the given figure solution
Argumentation rarely provided; showed on few examples not provided
that it works
Stage of mostly on an emergent inventive-semiotic or  some are on the basic level of generalization
structural a partial-structural stage (pre-structural) or emergent
development inventive-semiotic level;
Solving several strategies of solving were identified, the trial-and-error strategy was present
strategies mostly trial-and-error, systematic quite often
experimentation and solution drawing
Effort tried to do their best — solutions were tried to use higher mathematics (like infinite
mostly easy to read and comprehend sum)
Other e reading literacy is a problem (several of them changed the meaning of the task and

answered to a different problem/question)
e low level of mathematical proficiency

e several cases of low mathematical self-confidence (mostly in a group of pupils, we
observed that they need their teacher’s reassurance that their strategy is correct)

Comparing the knowledge and skills of our two groups, we can conclude that the more experience
they have, the more numerical strategies of generalization they use. Secondly, the university students
tried to use scientific notation, and their way of expressing got shorter. Thirdly, none tried to justify
his/her generalized findings. Therefore, for our groups of pupils and students, we can conclude, there
are two main differences in the preferability of generalization strategy connected to their knowledge and
skills. The first difference is in a generalization strategy (numerical or figural); the second one is operating
with elements from the provided context (tables, triangles). A new question arises from this finding: Is it
a natural change or our educational system has a strong influence on it?

5 Discussion

To answer RQ1, which strategies of generalization are used in solving flexible tasks by the pupils of age
12-13, we identified four approaches in solving Task 1 and three approaches in solving Task 2.
Answering RQ2, we observed that even some of the masters students have little knowledge of functions
and writing recursive formula in the correct form. It is clear what they wanted to say by their formulas, but
they failed in the formal notification. Similarly, Breiteig and Grevholm (2006) pointed out that “students
prefer to explain in rhetoric rather than in symbolic algebra”. Several studies (Rivera & Becker, 2007;
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Richardson et al., 2009; Strand & Mills, 2014; etc.) indicate that pre-service mathematics teachers have
strong procedural skills but they struggle to interpret and effectively use algebraic symbols, as well as to
make connections between different representations.

Van Dooren et al. (2002, p. 322) found out that “nearly all students who wanted to become remedial
teachers for primary and secondary education and about half of the future primary school teachers were
unable to apply algebraic strategies properly or were reluctant to use them”. In addition, a comparison
of “secondary school preservice teachers at the beginning and the end of their teacher training showed
that there were no differences in strategy use, mostly algebraic” (2002, p. 330). Master students in our
study had similar problems to apply algebraic strategies properly. Therefore, changes in the preparation
of future secondary mathematics teachers are necessary.

Rivera and Becker (2005) looked at how 42 middle school students performed inductive reasoning on
two algebra tasks with growing patterns. Each task contained a sequence of figural and numerical cues.
They found out that “middle school students have difficulty performing generalizations because many of
those who teach them are predominantly more numerical than figural” (2005, p. 201). We did not provide
numerical cues in our tasks. We did not want to affect pupils’ and students’ thinking and strategy of
solving. Still, our findings are similar: our preservice students are taught mostly to do their conclusions
using numerical cues (algebra, mathematical analysis, etc.).

We can conclude that both groups in our study are mostly predominantly figural generalizators;
using the numerical strategy, they have a strong connection to the figure. Also, they are mainly on an
emergent inventive-semiotic or a partial-structural stage. Similarly to Lee and Wheeler (1987), we found
the dominance of manipulation over reasoning in the provided solutions; some respondents struggled to
use algebraic symbolism in a meaningful way. Lee and Wheeler studied respondents’ ability to recognize
and express functional relationships (similar as we did by using dot patterns) and found out the same
result as we did (see respondents’ strategies G1, G5, G6, T2c, T2d, T2e). They conclude: “Seeing a pattern
was not a problem, students lacked flexibility in generating sufficient possible patterns, in selecting useful
ones, and in checking their validity.” (Lee & Wheeler, 1987, p. 146)

Even though we asked the pupils and students to explain and justify the result, only a few of them
did so. Pupils tried to describe their thinking and deriving formula. Some of them did not state a general
claim, those who did so did not understand what it meant to justify that claim. It was not only the
pupils who thought a few examples were sufficient to show that a general claim was valid. Similar results
were observed in preservice mathematics teachers’ solutions. Thus, we cannot really answer RQ3 about
the main differences in preferred argumentation. Most pupils explained their findings but did not argue
their correctness. Makowskis’ (2020) results are close to our findings. She claims: “While the preservice
mathematics teachers were willing to make a mathematical claim for patterns presented as numeric lists,
they did not always have a justification.” (p. 19)

The students in our sample are predominantly numerical generalizators, they pay a little attention
to the figure, and the trial-and-error strategy is often used. However, as studies show, strategies of gen-
eralization can be learned. For example, Hallagan et al. (2009, p. 203) found out that prior to their
intervention, students had difficulty expressing ideas in words, writing a generalization, recognizing pat-
terns, and explaining a strategy, but they identified significant growth in their understandings of algebraic
generalizations as a result of their intervention.

6 Conclusions, limitations and implications

As for the lower secondary pupils, we can sum up that their solutions showed a strong connection to the
figure; they are mostly figural generalizators. Their attitude to solving the task was high. The context
was appropriate to them, and we observed strong motivation during the whole time of solving, answering
additional questions, and continuous discussion after the lesson ended. The most common question while
solving the tasks was, “is it correct?”. This indicates low confidence in the pupils’ ability to solve a math-
ematical task. Therefore, we suggest that they should be asked to work on similar flexible tasks such as
the ones we used in their mathematics lesson. At the same time, more attention to argumentation and
generalization is needed.

On the other hand, the preservice mathematics teachers rarely checked the correctness of their nu-
merical solution against the figure; they are primarily numerical generalizators. We know that pupils of
age 13 do not have available tools for formal proof. We did not expect it; we hoped only for drawings,
numerical expressions, and an oral explanation of their thinking. But preservice mathematics teachers do
have tools for formal proof which they failed to use.

The study has several limitations. Firstly, there is the size of the groups that were given by the size
of the classes. Secondly, there is a lack of time for interviewing respondents to obtain more profound
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feedback and more valuable data for our research. The reliance on only written solutions we consider as
the biggest limitation of our study. Due to these limitations, we cannot claim general conclusions.

What do preservice teachers and others need to know to carry out instructions that support general-
ization and argumentation? To find an answer and build on it is the task for us as teacher educators in
order to improve preservice mathematics teachers’ education. Watson and Geest (2005, p. 228) suggest
to provide tasks which establish working habits which may have been lost through disaffection and low
expectation, develop routines of meaningful interaction, and be explicit about connections and differences
in mathematics.

To sum up, more research is needed on the ability to generalize of pupils and future teachers at least
in the countries whose curriculum does not include generalizing tasks. We suggest that such tasks are
used in the preparation of future mathematics teachers so that their ability to generalize is enhanced and
thus, they can develop this ability in their future pupils.
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The Crucial Importance of Typical Discussion Roles of Pupils for the
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Studies over the past decade have indicated that Czech pupils do not have an appro-
priate level of mathematics comprehension and their attitudes towards this subject
deteriorate over time. The article deals with a possible solution to the described prob-
lem; namely the implementation of peer instruction, an active learning strategy, in
elementary mathematics teaching. In order to decide whether it is possible to use
peer instruction as a teaching method in an elementary school environment, action
research project with the properties of a mixed empirical study was performed in
one eighth grade class (thirty participants) at a Czech multi-year grammar school.
The main idea was to compare the results of the class before, during, and after the
implementation of peer instruction. The pupils’ level of understanding was moni-
tored by normalized learning gains calculated on the basis of pre/post-testing design.
Changes in the pupils’ attitudes towards mathematics were mapped using continuous
and pre/post-test questionnaires. In the spirit of the action research, interim data
and results were regularly discussed with a group of selected pupils or experts in the
field. The results show that there is a strong relationship between normalized learning
gain and one of four typical roles with which pupils identify during group discussions:
passengers, standard discussants, advisors, and dominant speakers. The research has
also indicated that peer instruction needs to be appropriately modified to increase
the passengers’ activity.

vvvvvv

arovni a Ze se jejich postoje viéi tomuto predmétu s ¢asem zhorsuji. Clanek se zabyva
moznym FeSenim popsaného problému, a sice implementaci metody aktivniho uceni
peer instruction ve vyuce matematiky na zakladni skole. Za tGcelem rozhodnout, zda je
pomoci peer instruction mozno vyucovat i v prostiedi zakladni skoly, byl v jedné t¥idé
Geského gymnadzia (t¥icet zakt osmého ro¢niku) realizovan akéni vyzkum o vlastnos-
tech smisené empirické studie. Hlavni myslenkou bylo srovnani vysledkii pozorované
tiidy pfed, béhem a po implementaci peer instruction. Uroveii porozuméni zakd byla
sledovana pomoci normalizovaného ucebniho zisku vypocteného na zakladé designu
pre/post testovani. Zmény zakovskych postoji viéi matematice byly mapovany po-
moci pribéznych a pre/post dotaznikd. V duchu akéni studie byla pribézna data
i vysledky pravidelné diskutovany se skupinou vybranych zdkt nebo s odborniky na
dané problematiky. Vysledky ukazuji, zZe existuje silny vztah mezi normalizovanym
ucebnim ziskem a jednou ze ¢tyt typickych roli, se kterou se zaci identifikuji béhem
Rovnéz se ukazuje, ze pro navySeni aktivity pasazéri je potreba peer instruction
vhodné modifikovat.

1 Introduction
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Studies of the past decade show that the attitudes of Czech pupils towards mathematics deteriorate as
their school years advance and the biggest decline occurs in the second stage of primary school from sixth
to ninth grade) (Pavelkova & Hrabal, 1988; Chval, 2013). In general mathematics is seen as a difficult and
unpopular subject (Pavelkova & Hrabal, 1988). Moreover, the results of international tests (PISA2012,
TIMS2007, etc.) indicate that Czech pupils’ understanding of mathematical concepts is insufficient (Von-
drova et al., 2015).

Professionals, politicians, and the lay public are aware of those problems, and there is an effort to deal
with them; however, there is no consensus on the optimal solution. One possible way presents active learn-
ing, which could be defined as any instructional technique that engages students in the learning process
(Prince, 2004). Based on previous studies it could be stated that active learning has a positive impact on
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students’ attitudes towards the subject, their content memory, and engagement in general (Prince, 2004).
It could be also claimed that active learning slightly increases students’ exam performance (Freeman et
al., 2014) and considerably boosts their conceptual understanding (Prince, 2004; Freeman et al., 2014).

In the following section peer instruction is proposed as a possible way of alleviating above mentioned
problems.

2 Peer Instruction

In 1985, it was pointed out by Hallouin and Hestenes (1985) that although a great deal of college students
were able to state Newton’s third law, not many of them fully understood it. Their understanding was
the same before and even after introductory physics courses. In fact, the courses changed almost nothing
in terms of students’ preconceptions about Newtonian mechanics. This discouraging conclusion led Eric
Mazur (2009), a physics professor at Harvard University, to come up with his own teaching approach
called peer instruction.

Peer instruction is one of the world’s most known active learning strategies (connected with voting)
that mainly relies on group discussions over a difficult multiple-choice conceptual question (referred to as
a ConcepTest). The aforementioned benefits (mentioned in Introduction for active learning) are especially
prominent in peer instruction (Mazur, 1997; Vickrey et al., 2015; Chien et al., 2016) especially in terms of
students’ exam performance and increased conceptual understanding (Mazur, 1997; Hake, 1998; Michinov
et al., 2015; Chien et al., 2016; Balta et al., 2017).

Effectiveness of peer instruction is generally demonstrated through comparison of normalized learning
gains of experimental and control group. Normalized learning gains are typically significantly greater
within experimental groups than in control groups as was for example shown by Eric Mazur himself
(Mazur, 1997; Mazur & Crouch, 2001) and as it was highlighted in several meta-analysis (Vickrey et
al., 2015; Balta et al., 2017). This approach works well in subjects like physics where is possible to
use the same pre/post-test in order to compute normalized learning gains because students are familiar
with taught concepts. Unfortunately, especially in the education of elementary school mathematics pupils
typically are not often familiar with taught concepts and therefore this approach is quite hard to apply.

Peer instruction lessons are divided into several blocks (see Fig. 1). Each block begins with a brief
lecture on a selected concept or another introductory educational activity (1). During this step, formulas
and other mnemonics that may distract the learners from conceptual understanding should be avoided.
At the end of opening activity, a ConcepTest is posed (2), and students are given a short time to reflect
upon it individually (3). Students then vote for their answers via flashcards, clickers, or an application
on their personal smart devices (3). The following step is selected based on the distribution of answers
obtained. If more than 70% of the answers are correct, the solution will be briefly explained by the teacher
or one of the students (5). On the other hand, if less than 35% of the answers are correct, the students will
be given appropriate help (6) or the problematic concept will be explained in another way (7). However,

| (1) Brief lecture |

Y

| (2) Pose a ConcepTest |

Y

(3) Students think <
and answer individually

Y

(4) Analyze the distribution
of responses

L]

> 70 % correct | 35-70 % correct I I < 35 % correct |

:__(5 I;air_disc_;s;o;s-:<—| (6) Provide hint |<(-);{>| (7) Re-explain it

| (9) Group discussionsl

!

(10) Students revise
their answers

(5) Explain the correct answer}-=

Fig. 1: Extended scheme of one block of peer instruction
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the last remaining situation (35-70% of the answers are correct) is crucial for peer instruction. In this
case, the students are asked to create smaller discussion groups (three to four members) to convince their
peers of the validity of their answers (9). The group discussions are finished with a revised vote (10) and
a subsequent explanation of the correct solution to the ConcepTest (6). In addition to the steps originally
designed by Eric Mazur (1997), the extended peer instruction scheme contains a voluntary step (8), in
which students are first asked to pre-discuss their answers in pairs before starting group discussions (9).

Group discussions (9) are evidently the best option here. At this step, students are encouraged by the
instructor to justify — not just to merely report — their statements to peers. A student who has recently
understood the concept discussed knows how to overcome its obstacles and is thus more likely to guide
his peers to understanding than the instructor himself. There is also a considerably lower communication
barrier among students themselves than between students and the instructor. The revised voting is
therefore usually connected to a significant increase of votes in favour of the right option (Mazur, 1997;
Mazur & Crouch, 2001; Pilzer, 2001; Lucas, 2009; Michinov et al., 2015; Vickrey et al., 2015). This
increase has been proven as consequences of the group discussion rather than mere copies of the most
common answer (Smith et al., 2009; Vickrey et al., 2015).

Even though peer instruction is now one of the most surveyed teaching strategies connected to elec-
tronic voting and there have been many studies on its implementation in STEM disciplines (Mazur
& Crouch, 2001; Vickrey et al., 2015; Michinov et al., 2015; Balta et al., 2017), few examples have been
realised in elementary (Chen et al., 2005) or high school education or in mathematics education (Pilzer,
2001; Lucas, 2009; Olpak et al., 2018).

Along with the benefits mentioned in the introduction, the implementation of peer instruction also
poses considerable challenges which are highly relevant to this article. Peer instruction was originally
designed for the purposes of college physics education and the standard physical ConcepTest deals with
objects and phenomena with which students are inherently familiar. Unfortunately, this is not the case for
mathematical concepts, which are usually entirely unfamiliar to students (Pilzer, 2001. Group discussions
could be led by dominant group members at the expense of their peers (Lucas, 2009; Michinov et al., 2015).
In such cases, the discussions will not be fruitful for everyone and this is perhaps the main reason why it
is difficult to exceed a medium level of average normalized learning gain (Hake, 1998; Mazur & Crouch,
2001; Michinov et al., 2015). In addition, Chen et al.’s study (2005) pointed out that elementary school
pupils could have insufficient social skills to maintain effective group discussions over ConcepTests.

3 Methodology
3.1 Purpose of the study

The main purpose of the study was to decide whether it is possible:

a) to satisfy assumptions of peer instruction in lower secondary mathematics education (e.g., are there
sufficient social skills to maintain fruitful group discussions?);

b) to achieve similar outcomes promised by research studies on university physics peer instruction
(e.g., more profound conceptual understanding, significant normalized learning gains, improvement
of attitudes towards mathematics, etc.).

3.2 Research Timeline and Design

In order to answer questions a) and b), an action research project (Mertler, 2019) was carried out from
the beginning of the 2018/2019 school year to the untimely end of the 2019/2020 school year (due to
coronavirus), with a single class (in the following text referred as the class or our class) of thirty eighth
grade participants at a Czech grammar school (ninth graders in the 2019/2020 school year). Within the
class mathematics was taught by the researcher himself for the whole duration of research. The core idea
of study was to compare the class before, during and after the implementation of peer instruction to itself
and to global datasets (standards for tests and questionnaires from: (Pavelkovéa & Hrabal, 1988); (Chval,
2013); PISA2012; TIMSS2007, etc.). Fig. 2 shows a simplified scheme of our research timeline. (Numbers
in curly brackets refers to Fig. 2.)

At the beginning of the very first mathematics class, questionnaires Q1 and Q2 {1} (Pavelkova & Hra-
bal, 1988; Chvél, 2013) were assigned with connected datasets for the Czech Republic to determine the
pupils’ initial attitudes and motivational structures toward mathematics. During the following lesson,
pupils completed a test T1 {1} aimed to gauge their initial understanding of geometric concepts (e.g.
area, perimeter, distance, median, altitude, etc.) and argumentation skills. The very same Q1 question-
naire was assigned to the pupils four more times — after two months of classic teaching (i.e. combination
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Fig. 2: Research Scheme

of lecturing and practising) {2}, after another eight months of peer instruction (in Fig. 2 referred as
a period of standard peer instruction), at the end of the 2018/2019 school year {4}, and lastly, after
the first sixth months of the 2019/2020 school year {9} (in Fig. 2 referred as a period of modified peer
instruction, which differs from standard peer instruction by added pair discussion step as was mentioned
in the description of Fig. 1). Q2 was only assigned once more at the end of the 2018,/2019 school year {4}.

The argumentation-understanding T1 test was assigned to pupils once again at the end of the
2018/2019 school year {4} along with the T2 test on relevant mathematical tasks from that school year
according to the Programme for International Student Assessment 2012 (PISA2012) and the Trends in In-
ternational Mathematics and Science Study 2007 (TIMSS2007). Based on the results of pre-questionnaires
Q1 and Q2 as well as continuous test performance during the first two months of classic teaching, the
pupils were divided by cluster analysis into five characteristic groups shortly after {2}. (The initial under-
standing of geometric concepts and argumentation skills was quite low for the class in general; as such,
the results of pre-test T1 were not included in the cluster analysis.) Resulting characteristic groups were
then carefully compared to observations and experiences within the class. For example, one characteristic
group consisted of pupils who had good attitudes toward mathematics and high continuous tests per-
formance. In order to see longitudinal changes in pupils’ attitudes towards mathematics, questionnaire
Q3 was assigned periodically after each topic was taught {5}. To determine pupils’ attitudes towards
peer instruction itself, questionnaire Q4 was used from the study of Olpak et al. (2018) at the end of the
2018/2019 school year {4}. (Discussions of design, usage and results of Q1, Q2, Q3, T1 and T2 can be
found later in the article.)

In the spirit of action research (Mertler, 2019), several pupils from the characteristic groups were
selected to form a reflexive group {2} which met monthly from the beginning to the end of the research.
The objective of the reflexive group was to discuss continuous results, experiences, and observations in
order to suggest appropriate improvements to simplify and improve peer instruction implementation in
lower secondary school mathematics. As can be seen in Fig. 2, the reflexive group mainly discussed the
most recent topic but considered “all previous history” {3}. Meetings of the reflexive group were audio-
taped, transcribed, coded, categorized and then carefully analysed through both analytic induction and
comparative analysis technique. Resulting outputs of analysis together with proposals of the group were
implemented immediately. One input from the reflection group was the pair discussion step (step 8 in
Fig. 1). The efficacy of this modification was later checked by another pre/post-argumentation under-
standing test T3 (testing concept of similarity in geometry) that was assigned before {7} and after {8} the
mentioned upgrade to peer instruction. Another example input from the reflexive group was preference
of using own smart devices for purposes of voting over both flashcards and clickers because of sense of
ownership and higher anonymity (there were being used flashcards during first month of peer instruc-
tion, clickers in first two months of the 2018/2019 school year and smart phone’s application Socrative
in remaining time). In addition to the periodical reflection group meetings, there were also two major
reflections carefully considering everything up to that date.

Experts in the field were constantly consulted on the research design, data collected, and continuous
results. The usage of the questionnaire Q2 was verified with its co-author M. Chval. Data collected on
pupils’ attitudes towards mathematics and their motivational structure discussed, along with research
design, with the author of the questionnaire (Q1) I. Pavelkova.
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3.3 Pre/post-understanding argumentation test T1

The pre/post-understanding argumentation test T1 was constructed during our pilot study in the
2017/2018 school year. At the beginning, pupils’ common geometric misconceptions were carefully se-
lected. The first version of the test addressed the concepts of perimeter, area, distance, altitude, median,
angle, and polygon. This version was then individually assigned to ten eighth grade pupils. The obtained
results were then discussed with the very same pupils who wrote the test and other faculty colleagues.
Based on the feedback, the test was upgraded to its second version which was then assigned to thirty
eight grade pupils (to a different class within the same school as our class). The results of the second
version were once again carefully analysed and discussed with involved pupils and faculty. The test was
upgraded for the second and last time. The third version was first assigned to approximately sixty eighth
grade pupils (to two different classes within the same school as our class) and then as the pre/post-test
to our class. Two example tasks from the T1 test were published in Zadrazil (2020) and another can be
seen under this paragraph.

Example task from the T1 test

Ctirad drew an ABC' triangle. Subsequent measurements determined the distance of the vertex C from
the side ¢ to be 12 cm. Decide which of the following statements for the distance of the centroid 7" of this
triangle from the vertex C' is certainly true.

a) [CT|=4cm b) |CT|=6cm c¢) |CT|=8cm d) another option
The option we are looking for is... because. ..

Normalized learning gain of individuals was then computed by the Richard Hakes (1998) formula as
the ratio of actual learning gain (post|[%]—pre[%]) to the maximum possible learning gain (100% —pre[%)]):

_post[%] — pre[%]
~ 100% — pre[%]

The average normalized learning gain (g) of the class itself, or other specific subgroups, was computed
in the same way but with the average pre/post-test scores [%)].
There are three levels of normalized learning gain:

e low normalized learning gain g < 0.3,
e medium normalized learning gain 0.3 < g < 0.7,

e high normalized learning gain g > 0.7 (Hake, 1998).

3.4 Pre/post-understanding argumentation test T2

The pre/post-understanding argumentation test T2 was constructed in a slightly different way from the
T1 test. The tasks included were primarily selected from ConcepTests that had been used with another
peer instruction class during the previous 2018/2019 school year and were then modified to be open
questions. The first version of this test addressed the concepts of similarity in geometry: the similarity
coefficient and theorems about the similarity of triangles and was assigned to thirty ninth grade pupils.
Once carefully analysed, the results were discussed with involved pupils and faculty colleagues. Based on
feedback obtained, the test was upgraded to its second version. The second version was then assigned
as the pre/post-test to our class (a month before and a month after similarity was taught in the class,
respectively). Two example tasks can be seen under this paragraph.

Example task 01 from the T2 test

To cover a large pizza, exactly twice as many ingredients are needed as to cover a small pizza at the same
coverage density. What is the ratio of the diameter of the large pizza to the diameter of the small pizza
(in that order)? Explain your answer briefly.

Example task 02 from the T2 test

If we magnify a trapezoid four times (meaning each side), how many times does its area increase? Support
your answer with calculations or at least briefly explain it.

Scientia in educatione, 11(2), 2020, p. 53-70 57 https: //doi.org/10.14712/18047106.1741


https://doi.org/10.14712/18047106.1741

3.5 Questionnaire Q1

The questionnaire Q1 from Pavelkovd and Hrabal (1988) consists of 5-points Likert scales (specified
towards mathematics): popularity, difficulty, importance, my talent, my motivation, my diligence, my
interest, boredom. It also contains a short survey on motivational structure.

3.6 Questionnaire Q2

The Q2 questionnaire is based on Osgood’s semantic differential technique and works with 13 evaluative
bipolar 7-point scales and 16 evaluated concepts: game, future, counting, technic, truth, formulas, life,
peers, mathematics, duty, me, geometry, theory, discussion, school, world, and teacher (of mathematics).
An example of evaluation form for concept mathematics can be seen in Fig. 3.

MATHEMATICS

very slightly slightly very
1. usefull — : — : — : — : — : — : — useless
2. slow — : — i — : —— : — : e : - fast
3. strong — : — - — : — : - : — : — weak
4. monotone - : e : e : s : — - . : o various
5. young — : — : — H — : - : - : - old
6. faraway — : — : — : — : — : — : — nearby
7. beautiful e : - : = : — : — : o : - ugly
8. passive — H — : — : — : — : — : - active
9. deep - : — : = : = : = - = : = airy
10. boring _— : e : e : — : - : e : S interesting
11. flexible — : — - — : — : . : — : - firm
12; narrow e : s - - : -y : e : g : = wide
13. simple — : — : — : — : — : — : — difficult

Fig. 3: Example of evaluation form for concept mathematics from the questionnaire Q2

In addition to the usual descriptive analysis, the Euclidean distances of the evaluated concepts were
calculated in the case of the Q2 questionnaire. Moreover, four dimensions for each of the evaluated
concepts were also computed as mean values of ratings on corresponding scales (in terms of their negative —
positive orientation):

e Dimension of evaluation: useful-useless, monotone-various, beautiful-ugly, boring—interesting;:

“Within this dimension, we look at the assessed concepts from the point of view of a certain
subjective evaluation, it is an assessment of the concept at first based on our primary evaluation
(the so-called ‘good’ or ‘evil’ concept). This factor captures our first emotional attitude to the
concept under consideration (‘as we like it’).” (P&schl, 2005, p. 13)

e Dimension of activity: slow—fast, young—old, passive—active, firm—flexible:
“This factor is characterized by adjectives associated with movement, active change, dynamics, and
variability over time.” (P6schl, 2005, p. 13)

e Dimension of potency: strong—weak, nearby—faraway, airy—deep, narrow—wide

“Within the dimension of potency, we look at the assessed concepts from the point of view of
a certain static stress (force, measure, distance, weight, hardness, . .. ). This factor could, in a certain
approximation, be compared to the parallels of energy that must be expended to change a certain
state).” (Poschl, 2005, p. 13)

e Dimension of difficulty: simple—difficult

For example, if a pupil rated mathematics: 7 on useful-useless, 4 on monotone-various, 2 on beautiful—-
ugly, 5 on boring—interesting; the rating was then recounted into 1 on useless—useful, 4 on monotone—

various, 5 on ugly—beautiful, 5 on boring—interesting and the dimension of evaluation was stated as
Liti5+5 _ 375
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3.7 Questionnaire Q3

Fig. 4 contains the first part of the continuously assigned questionnaire Q3, and the evaluation axes for
the educational activities used. Pupils were asked to place each of the ten items on both axes after each
of the topics were taught.

In my opinion, this activity was...

very unpopular very popular

Based on what | have learned, | considered this activity...

very useful very useless

Fig. 4: Dominance—Effort model

In the second part of this questionnaire, pupils had to evaluate the topic in the same way as the
concepts in questionnaire Q2 (see Fig. 3). Dimensions of evaluation, activity, potency, and difficulty
were computed in the same way as questionnaire Q2 in order to follow changes in pupils’ perception of
mathematics and their attitudes over time and the topics addressed.

3.8 Questionnaire Q4

The questionnaire Q4 was originally connected to the article by Olpak et al. (2018) and was used without
changes at the end of the 2018/2019 school year in order to state pupils’ attitudes towards peer instruction
itself. It consists of 25 questions grouped into three categories of pupils’ evaluations regarding the peer
instruction method, the ConcepTests, and the group discussion step.

4 Results

4.1 Relationship between normalized learning gain of individuals and their typical
roles in group discussions with peers

Results presented in section 4.1 are based mainly on data collected during the 2018/2019 school year and
were already presented in Tab. 1 and Fig. 5, 6 and 7 (Zadrazil, 2020).

4.1.1 Average normalized learning gain of the class

There was on average a medium normalized learning gain (Hake, 1998) for the class (g) = 0.49 + 0.22.
This result was in agreement with other studies, because the medium value of the average normalized
learning gain is typical for peer instruction courses (Hake, 1998; Mazur & Crouch, 2001; Michinov et al.,
2015).

4.1.2 Relationship between normalized learning gain and pupils’ typical roles during group
discussions

The prime assumption was that there should be a relationship between which characteristics group a pupil
belonged to and his or her normalized learning gain, but such a relationship was not found. However, it
was clear that five out of eight participants with the lowest normalized learning gain were pupils who
had low test performance and bad attitudes toward mathematics and that the remaining three pupils
were opposite to the other five in all of the characteristics (interviews with both pupils and their parents
showed that these three pupils had preferred to learn by memorizing and mastering problem solving
algorithms rather than by thinking or truly understanding. In other words, not everyone was willingly to
switch from simply memorizing to a deeper understanding, which demands more energy to do so). Based
on the results of the pre-test T1, questionnaires Q1 and Q2, and continuous test performance during
first two months of classic teaching, the participants were divided into five characteristic groups, as was
mentioned in the methodology section.

Another assumption raised from relevant literature was that group discussions could be led by dom-
inant group members at the expense of their peers (Lucas, 2009; Michinov et al., 2015). A relationship
was therefore expected between pupils’ typical roles during group discussions and the normalized learning
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gains obtained. An opportunity to classify typical roles was granted by the nature of peer instruction
itself. Pupils group discussions could be carefully observed by an instructor (Mazur, 1997; 2009). During
approximately six months of observation (within the class there were discussed 63 ConcepTests which
corresponds to approximately 350-400 minutes of careful overt participant structured observation) four
characteristic roles were identified:

R1: Pupils who were initially called statistics (Zadrazil, 2020) were renamed to passengers (Garcia-
Souto, 2020). Members of this role usually changed their answer after the group discussion to the
most common one or that of the most dominant peer within their group (usually in role R3). After
the end of the group discussion, these pupils typically started to cross the class (if free movement was
allowed) in order to get an idea of the most common answer to the actual ConcepTest. The reflexive
group itself suggested that amongst passengers also could be found pupils who only pretended to
make an effort to solve the problem without an actual need to do so. There were nine R1 members
in total.

R2: These pupils attended group discussions and behaved in an expected manner for which they were
called standard discussers. They listened to their peers and participated actively in group discus-
sions. There were twelve R2 members in total.

R3: This final group consists of two subgroups — pupils who could be called overwhelming speakers
(R3+) and those who could be called advisors (R3—). Overwhelming speakers usually launched the
discussion and issued minor interruptions the whole time. Other group members, with the exception
of advisors or other overwhelming speakers, usually remained quiet and listened silently. Advisors
acted quite differently from overwhelming speakers. They listened carefully to their peers and then
came up with their own questions, comments, or clarifications. It was clearly desirable to have an
overwhelming speaker and an advisor complement each other in the same group. The reason why
overwhelming speakers and advisors formed the R3 role together was because both were typically
good mathematical thinkers who actively worked in order to solve the ConcepTests posed during
group discussions, although there was a difference in their need to dominate the discussion (over-
whelming speakers practically always dominated over the discussion whereas advisors did not feel
such a need). Moreover, there were situations forcing advisors to change their role to overwhelming
speakers and vice versa. For example, in a group discussion with more overwhelming speakers, it
was typical that some of them switched to advisors in favour of more dominant peers. On the other
hand, in a group discussion of only passengers and advisors some advisors were forced to become
more dominant overwhelming speakers. There were nine R3 members: four overwhelming speakers
(R3+) and five advisors (R3-).

After first four months of observation there were only 7 pupils with unclear membership to the
concrete role but there was still a plenty of time (i.e. around two hours of careful structured observation
targeting mainly these seven pupils during twenty one remaining group discussions) to classify them
properly. Observation was aimed to selected pupils’ behaviour, their activity and both their verbal and
nonverbal communication during group discussions. Brief records out of observation were transcribed into
researcher’s diary and continuously compared with other records.

Membership of concrete individuals to the concrete role was presented to the reflexive group, carefully
discussed then confirmed, specified or changed based on given feedback (there were only two pupils out of
thirty with unclear membership, who will be discussed later). Tab. 1 shows the dominance — effort model
for typical pupil roles during group discussions. Standard discussers (R2) could be found somewhere
between R3— and R3+ (in the third column) because they switched between these two roles during group
discussions in terms of asserting dominance.

Tab. 1: Dominance — Effort model

Weak effort to solve ConcepTests Strong effort to solve ConcepTests

Weak need to dominate discussions Passengers (R1) Advisors (R3-)

Strong need to dominate discussions - Overwhelming speakers (R3+)

Average normalized learning gains (g) were once again computed for each group from R1 to R3 sep-
arately. Passengers achieved a small normalized learning gain (g) = 0.22 £ 0.11, standards discussers
achieved a medium normalized learning gain (g) = 0.49 + 0.11 and overwhelming speakerstogether with-
advisors achieved a high normalized leaning gain (g) = 0.75 & 0.12. The difference between each pair of
roles R1-R3 was found statistically significant (p < 0.01) by the Mann—Whitney U-test (U = 0 against
Upo1 = 11 for R1 against R3, U = 4 against Uyg; = 14 for R1 against R2, U = 3 against Uyy; = 21 for
R2 against R3).
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4.1.3 Relationship between normalized learning gain, pupils’ typical discussion roles and test
performances

There was a medium correlation (r = 0.53) between normalized learning gain and continuous test per-
formance during eight months of peer instruction as can be seen in Fig. 5. It is also clearly visible that
almost everyone in the R3 role had a better total score than the test median (indicated by horizontal
orange line). On the other hand, almost every member in the R1 role scored below the test median.
Standard discussers (R2) achieved a total score somewhere between R1 and R3. Continuous tests always
consisted of three classic and two conceptual questions; therefore, it can be stated that there was a rela-
tionship between degree of pupils’ cognitive activity during group discussions and their continuous test
performance.
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Fig. 5: Relationship between normalized learning
gains and continuous test performance

Fig. 6: Relationship between PITI performance and
normalized learning gain

As was mentioned in the methodology section (the T2 test), the selection of tasks (from the PISA2012
and the TIMSS2007 relevant to the subjects taught) was assigned in two waves to the participants by the
end of the 2018/2019 school year. The total performance from the PISA2012 and the TIMSS2007 (called
PITI performance in Fig. 6) was then computed as the total success rate from both of those tests. As can
be seen in Fig. 6, there was a relationship between membership of roles R1-R3 and PITI performance,
although it was not as clear as it was for the previous case of continuous test performance.

A greater number of pupils in the R3 role scored better than the median PITI rate (indicated by the
orange horizontal line). Most of the R2 group performed close to the median. Although there were four
passengers who scored better than the median, the remaining five obtained the worst scores.

4.1.4 Relationship between normalized learning gain, pupils’ typical roles during group discussions
and willingness to change answers

In general, it was nearly impossible to determine pupils’ true performance from the step of individual
thinking over ConcepTests or during group discussions. For this reason, pupils’ willingness to change their
answers (simply put, changeability) was defined as the ratio of the total sum of answers that the individual
changed after group discussions to the total number of group discussions that he or she attended.

Fig. 7 shows the relationship between a membership to a concrete role and changeability ¢ of individ-
uals. The greatest changeability ¢ = 0.48 + 0.09 involvedpassengers followed by standard discussers with
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Fig. 7: Relationship between changeability and normalized learning gain
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¢ = 0.34 £ 0.08, then advisors together with overwhelming speakers (R3) with ¢ = 0.3540.07. There was
a statistically significant difference between passengers and R3 (p < 0.004) and between passengers and
standard discussers (p < 0.027) confirmed by the sequence of t-tests. The difference between R2 and R3
(p > 0.592) was clearly not significant. All combined, high willingness to change answers is one of the
characteristic attributes of passengers.

Together with findings from 4.1.2 and 4.1.3, the high changeability of passengers confirms the fact
that there could be pupils (passengers) who follow their dominant peers (overwhelming speakers) through
group discussions (Lucas, 2009; Michinov et al., 2015). This is not fruitful for the passengers (because
of low cognitive activity), therefore these pupils achieved a low normalized learning gain (Hake, 1998;
Crouch & Mazur, 2001; Michinov et al., 2015).

4.1.5 Roles R1-R3 from the viewpoint of pupils’ activity during group discussions and their
mathematical skills perceived by the class

Although membership of individuals to the concrete roles R1-R3 was discussed with the reflection group,
there was a need to confirm it once more within the entire class, as there were two pupils, marked in
Fig. 8 as OS01 (overwhelming speaker 01) and PA05 (passenger 05), who may have belonged to another
role in the opinion of many pupils in the reflection group (this two pupils may acted differently if group
discussions were observed by the researcher). Concretely, OS01 should belong to standard discussers and
PAO5 to overwhelming speakers. (Please note that their initially indicated roles remain unchanged within
this article because of their medium learning gains and researcher’s opinion to their role, although the
latter titles are probably more suitable.)

low mathematical skill high mathematical skill
001 sp07 spos [l spos spo3 sp11 [ADo4 [l spos [ADO1 spos sDo9 sp12 sp1o [l spo1 /AD0S' spo2 [G502JGS08I0S04] AD03 'AD02
high activity during group discussions low activity during group discussions
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Fig. 8: Pupils mean marks of mathematical skill and activity during group discussions

In order to obtain the opinion of the whole class, the pupils were asked to evaluate their peers in terms
of their mathematical skill (on a 7-point scale from low to high) and activity during group discussions
(another 7-point scale from high to low). These two scales were included in the extended Q1 questionnaire
that was assigned to the class after the first six months of the 2019/2020 school year (i.e., after fourteen
months of peer instruction).

Please note that in the Czech Republic it is not standard for pupils to be asked by their teacher to
evaluate each other in any way. Therefore, sixteen months was established as the “waiting period” to let
the pupils and teacher get to know each other better in order for more pupils to feel comfortable sharing
opinions of their peers with the teacher.

Even after sixteen months, four pupils refused to evaluate their peers and many others used only
the positive half of both evaluation scales or 3 to 5 points from the scales. For this reason, each pupil’s
evaluation of his or her all peers was then recounted individually in sense of the following three marks:

e —1 for the worst rated third (by concrete individual),
e 0 for the medium rated third (by concrete individual),
e +1 for the highest rated third (by concrete individual).

All marks for perceived mathematical skill and perceived activity during group discussion were then
assigned to the corresponding individuals (two mean marks for every pupil). The first line of Fig. 8 shows
a sequence of pupils by mean marks of perceived mathematical skill from lowest to highest. Similarly, the
second line of Fig. 8 shows another sequence of pupils ranked by mean marks of perceived activity during
group discussions from highest to lowest. Passengers (red in Fig. 8) were perceived by their peers as
the ones with the lowest mathematical skill and lowest activity during group discussions. Overwhelming
speakers and advisors were exactly opposite to passengers with the highest perceived mathematical skill
and activity during group discussions. Standard discussers were evaluated as medium on both scales.

It could be said that individual memberships to roles R1-R3 were confirmed by the class, although
there were two pupils who were evaluated differently from other members who shared their role. The
overall evaluation of these pupils agreed more with the opinion of doubtful members of the reflection
group than with the earlier membership ascribed by the researcher himself.
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4.2 Effectiveness of added pair discussion step in context of roles R1-R3

It was already mentioned in the methodology section that after eight months of teaching by classic peer
instruction, the pair discussion step was added before the group discussion step. This modification was
designed mainly for two reasons: to solve the problem of the inactivity of passengers during group discus-
sions over ConcepTests, and to give pupils additional preparation time for group discussions. Modified
peer instruction was then implemented at the beginning of the 2019/2020 year and was used until the
school year unexpectedly ended in March because of coronavirus.

After six months of modified peer instruction the added pair discussion step was discussed within
the reflection group. Based on the obtained feedback, the pair discussion step was generally perceived as
positive and useful. Maybe popular amongst the pupils, however, was there any difference in effectiveness?
To answer this question, the pre/post-test T3 was assigned a month before and a month after similarity
was taught in the class as was described in the methodology section.

4.2.1 Average normalized learning gain of the whole class for the second time

Once again, on average there was a medium, nearly high, normalized learning gain (Hake, 1998) for
the whole class (g) = 0.65 & 0.32. This learning gain was higher than the previous one for the T1 test
({9) = 0.49 &+ 0.22) and the difference was statistically significant (p < 0.025).

4.2.2 Relationship between normalized learning gain and concrete role membership

For the T2 test, passengers achieved a medium normalized learning gain (g) = 0.59 & 0.32 which was
valued as statistically greater than the one previously obtained (g) = 0.22 + 0.11 (U = 11 against
Upor = 11). Standards discussers achieved again a medium normalized learning gain (g) = 0.64 + 0.36,
but this value was not significantly greater thanbefore (g) = 0.4940.11 (U = 57 against Ups = 37). Finally,
overwhelming speakers with advisors achieved once more a high normalized leaning gain (g) = 0.71+£0.27
which was quite close to the previous one (g) = 0.75 £ 0.12 (U = 40 against Ups = 17). The difference
between each pair of roles (R1-R3) was now found statistically insignificant (p > 0.05; U = 31 against
Ups = 17 for R1 against R3, U = 49 against Ups = 26 for R1 against R2, U = 51 against Uy = 26 for R2
against R3). In other words, there was a great improvement in normalized learning gains and passengers
were the most improved in this category.

Results in sections 4.2.1 and 4.2.2 imply that the added pair discussion step may raise the effectiveness
of peer instruction in sense of normalized learning gains because it grants pupils an additional opportunity
to speak and therefore raises cognitive activity, especially in the case of passengers.

4.3 Changes in pupils’ attitudes towards mathematics

The data and the conclusions contained in section 4.3 were carefully discussed with experts in the field
and the creator of the Q1 questionnaire, I. Pavelkova, during the second major reflection.

4.3.1 Perceived popularity and difficulty of mathematics across time

To track the development of pupils’ attitudes across time, the extended questionnaire Q1 was assigned
to the class at the beginning of the 2018/2019 school year (EC00), after two months of classic teaching
(ECO01), at the end of the 2018/2019 school year (EC02), and in the first half of the 2019/2020 school
year (EC03). The questionnaire was composed of eight 5-point Likert scales as described in section 3.1.

The obtained results for items: popularity, difficulty and my motivation can be viewed in Tab. 2, 3, 4,
in that order. In addition to the data of the class, reference standards for Q1 from (Pavelkova & Hrabal,
1988) for the eighth grade and grammar schools are also included in each of the tables.

Tab. 2: Perceived popularity of mathematics

Mean Lower quartile Upper quartile

Standards for eighth grade 2.9 2.6 3.3
Standards for grammar schools 2.8 2.5 3.0
EC00 2.1 2.0 3.0
ECO01 2.4 2.0 3.0
ECO02 2.5 2.0 3.0
ECO03 2.3 2.0 3.0
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In Tab. 2, where 1 means very popular and 5 is very unpopular, it can be seen that popularity of
mathematics within the class remained constant across time.

In Tab. 3, where 1 means “very difficult” and 5 on the other hand is “quite easy”, the difficulty of
mathematics within the class rose steeply during the first year of peer instruction. It rose even beyond
the standards for both eighth graders and grammar schools. However, it decreased to standard level after
another six months of modified peer instruction. This trend can be explained by several reasons. In the
middle of the 2019/2020 school year the class was more used to peer instruction. Secondly, because of the
obvious pressure, there were fewer ConcepTests in continuous tests during the lasts six month of modified
peer instruction based on the first major reflection. Concretely, there were two ConcepTests out of five
tasks in every continuous test during the 2018,/2019 school year, and then there was only one ConcepTest
out of five tasks in the 2019/2020 school year.

Tab. 3: Perceived difficulty of mathematics

Mean Lower quartile Upper quartile

Standards for eighth grade 2.5 2.2 3.7
Standards for grammar schools 2.4 2.1 3.8
ECO00 3.1 3.0 3.0
ECO01 2.7 2.0 3.0
EC02 1.8 1.0 2.0
ECO03 2.4 2.0 3.0

In Tab. 4, where 1 means that a pupil is very motivated and 5 means he or she is quite unmotivated,
it is clear that pupils’ motivation toward mathematics remained constant.

Tab. 4: Perceived motivation within mathematics

Mean Lower quartile Upper quartile

Standards for eighth grade 2.5 2.2 2.8
Standards for grammar schools 2.8 2.5 3.0
ECO00 2.5 2.0 3.0
ECO01 2.8 2.0 3.0
ECO02 2.8 2.0 3.0
ECO03 2.6 2.0 3.0

These results indicate that peer instruction may improve in good constellation pupils’ attitudes to-
wards mathematics because of following reasons:

e “In principle, the medium degree of difficulty of the school subject (compared to the reference
standard) can be considered optimal. Its increase is positive only if it does not reduce the motivation
of pupils and the popularity of the subject and if the requirements of the teacher are valuable in
terms of pupils’ development.” (Pavelkova & Hrabal, 1988, p. 27)

e “Our pupils’ relationship to mathematics deteriorates during schooling. A more significant decline
occurs at the beginning of the second stage of primary school. In secondary school, this relationship
will not change on average, but this trend continues.” (Chval, 2013, p. 68)

e According to oral statement of I. Pavelkova during the second major reflection, difficulty plays a key
role in the issue of pupils’ attitudes towards the subject.

In case of the class, the detected significant decrease mentioned by Chval (2013) was not detected;
pupils’ motivation and the perceived popularity of mathematics remained constant within the class al-
though the perceived difficulty of the subjects was significantly rising.

4.3.2 Pupils’ attitudes towards mathematics across time in terms of the semantic differential

It was difficult to track changing attitudes towards mathematics (using only questionnaire Q1) and
simultaneously distinguish the roles (R1-R3) because of the low sensitivity of Q1. To solve this prob-
lem, questionnaire Q3 was used periodically during the 2018/2020 school year along with the pre/post-
questionnaire Q2. In these questionnaires, the perceived good or evil of mathematics was given an average
rating on 4 seven-point scales, as described in Section 3.6. The higher the value of the dimension of eval-
uation, the better mathematics is perceived.
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Although mathematics was evaluated in the pre/post-questionnaire Q2 in the context of another
15 concepts and in the Q3 questionnaire separately, it is possible to at least observe a trend in the
evaluation dimension. Based on the pre/post-Q2 questionnaire the dimension of evaluation from the
class equalled 5.59 and then 5.33. Although there was a slight decrease in this dimension, both obtained
values were still higher than the standard for elementary schools (4.76) and grammar schools (4.12).

Fig. 9 illustrates trends in the dimensions of evaluation for the whole class and for the roles R1-R3
from the pre-questionnaire Q2 at the beginning of the 2018/2019 school year to the post-questionnaire
Q2 at the end of the 2018/2019 school year. It is clear that passengers perceived mathematics as worse
the more there was abstraction in it and that their attitudes towards mathematics was worse than any
other of the other pupils. Once again, passengers were shown to be the biggest obstacle to overcome in
order to effectively implement peer instruction and improve attitudes towards mathematics.

Dimension of evaluation

Theclass == R1 == R2 == R3

6.00

Fig. 9: Trends in pupils’ attitudes

4.4 The easiest way to improve social skills is to practise them

It has been pointed out that peer instruction effectiveness relies mainly on group discussions over Con-
cepTests. The scheme of classic peer instruction in Fig. 1 shows that it is good to discuss ConcepTests
as the success rate climbed from 35% to 70%. The following ConcepTest was included in the T1 test and
was already published by Zadrazil (2020).

Example task 03 from the T1 test

Choose the correct statement from a)-d) about pentagons (1) and (2) on the connected picture. Then
briefly justify your answer.

Q) )

Fig. 10: Connected picture
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a) The sum of the interior angles of pentagon (1) is greater than the sum of the interior angles of
pentagon (2).

b) The sum of the interior angles of pentagon (1) is equal to the sum of the interior angles
of pentagon (2).

¢) The sum of the interior angles of pentagon (1) is less than the sum of the interior angles of pen-
tagon (2).

d) It is impossible to decide which option from (a)—(c) is correct without concrete measuring.

Tab. 5 (which was not published) shows pupils’ typical responses to this task. It is important to
note that although the majority of pupils chose the correct option, b), not many of them justified it
correctly (semi-peer instruction eighth grade class mentioned in Tab. 5 was taught by peer instruction
in combination with classic teaching during pilot study in the 2017/2018 school year). In other words,
pupils could think incorrectly even if they chose the correct answer; therefore, discussion is needed to
prove their thought processes. In other words, in an elementary school environment it could be fruitful to
let pupils discuss every ConcepTest even in the case of a high initial success rate during the first round
of voting.

Tab. 5: Pupils’ answers 603 to the example task 03 from the T1 test

Three classic A semi-peer instruction The peer
eighth grade classes eighth grade class instruction class
(N = 86) (N = 30) (N = 30)

“Each pentagon consists of three triangles.” 2% (2) 20% (6) 47% (14)
“Each pentagon consists of a triangle and 0% (0) 0% (0) 7% (2)
a quadrilateral.”
“The sums are equal because there must be 30% (26) 30% (9) 33% (10)
some rule.”
“Both sums are equal to 360 degrees.” 10% (9) 37% (11) 10% (3)
“The second pentagon has more obtuse 15% (13) 13% (4) 3% (1)
angles.”
“The first pentagon has a non-convex 5% (4) 0% (0) 0% (0)
angle.”
“It could not be decided without measuring.” 3% (3) 0% (0) 0% (0)
No answer 34% (29) 0% (0) 0% (0)

There is another reason to let pupils discus in groups over even the simplest questions. A study
by Chen et al. (2005) previously warned of pupils’ insufficient social skills to maintain a fruitful group
discussion over ConcepTest in physics. The easiest way to improve social skills is to practise them.

In Fig. 11 and 12, the response process (in terms of accuracy) is shown for a sequence of two consecutive
ConcepTests targeting the same concept with graded difficulty. Q1 is the answer to the first question in
the first vote, Q1’ the answer to the first question in revised voting, and Q2 is the answer from the first
vote of the follow-up ConcepTest.

Area of Trapezoid (Q1) / Surface of Cube (Q2)

'I 100 % (25)
: correct wrong l
Q1!
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1
1
9_2_:_ 92% (12) 8% (1) 0% (0) 0% (0) 71% (5) 14% (1) 40% (2) 60 % (3)

Fig. 11: Schema of response process for sequence of two ConcepTests
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Circles (Q1) / Perimeter of Trapezoid (Q2)

: 100 % (25)
: correct wrongl
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EI lcorrect wrong 1 lcorrect wrong J lcorrect wrong l lcorrect wrong 1
Q2 : 100 % (7) 0% (0) 100 % (1) 0% (0) 70% (7) 30%(3) 43%(3) 57 % (4)

Fig. 12: Schema of response process for sequence of two ConcepTests

It is evident that in both cases approximately 70% of pupils who corrected their answer (if it were
wrong the first time) were able to use the knowledge they gained in the discussion to correctly determine
the answer to the follow-up question. It can also be stated that most pupils who kept the correct answer
even after the group discussion answered correctly even in the case of a follow-up task. These findings
are in agreement with Smith et al. (2009).

In other words, yes, group discussion can lead pupils from an initially wrong answer to a true under-
standing of the problem — not just a mere copy of the most common option and, yes, it is desirable to
let pupils discuss every ConcepTest even in the case of a high initial success rate during the first round
of voting.

5 Discussion

Studies showed (Hake, 1998; Mazur & Crouch, 2001; Michinov et al., 2015) that for peer instruction
courses, a medium value (Hake, 1998) of normalized learning gain is typical. Although there was a sta-
tistically significant improvement (p < 0.025) between two measurements, a medium value of normalized
learning gain was achieved twice by the class (see Tab. 6).

Tab. 6: Overall table

The class Passengers Standard discussers Overwhelming speakers

and Advisors

Test T1 (g) = 0.49 +0.22 (g) =0.22 +0.11 (g) = 0.49 +0.11 (g) = 0.75 +0.12
Test T2 (g) = 0.65 + 0.32 (g) = 0.59 + 0.32 (g) = 0.64 +0.36 (g) = 0.71 +0.27
Changeability c=0.40 +0.12 ¢ =0.48 +0.09 ¢ =0.34+0.08 c=0.35+0.07

A relationship was found between pupils’ typical roles during group discussions and normalized learn-
ing gain. Four typical roles of pupils were identified based on sixth months of observation and feedback
from the reflexive group — passengers (R1), standard discussers (R2) and advisors along with overwhelming
speakers (R3). Members of each of these groups were then characterized by their effort to constructively
solve the ConcepTests posed and their need to dominate discussions.

Passengers were typically the most willing to change their answers. They achieved low normalized
learning from the T1 test and a medium normalized learning gain from the T2 test. The improvement for
passengers between these two tests was statistically significant (p < 0.001) and therefore implies that the
addition of the pair discussion step could boost passengers’ activity. The improvement between T1 and
T2 test was not so significant for standard discussers nor was it significant for advisors and overwhelming
speakers who achieved in that order a medium and a high normalized learning gain in the case of both
tests.

A relationship was also established between group membership and pupils’ test performance. The
presented findings connected with normalized learning gains are all in agreement with other studies
(Lucas, 2009; Michinov et al., 2015) that group discussions could be led by dominant group members at
the expense of their partners. These dominant members (overwhelming speakers) profited the most from
the group discussions along with advisors.
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The perceived difficulty of mathematics rose significantly in the class after implementation of peer
instruction; however, there was not a significant decrease detected in the perceived popularity of math-
ematics mentioned by Chvél (2013) nor was there a decrease of pupils’ motivation in mathematics.
However, it was clear that passengers’ attitudes towards mathematics were worse than those of any other
role and that their attitudes decreased with greater abstraction in mathematics.

It was shown that pupils could think incorrectly even if they chose the correct answer; therefore,
discussion is needed to prove their thought processes. In other words, in an elementary school environment
it could be fruitful to let pupils discuss every ConcepTest even in the case of a high initial success rate
during the first round of voting. In agreement with Smith et al. (2009), it was also demonstrated that
approximately 70% of pupils who corrected their answer (if it were wrong the first time) were able to use
the knowledge they gained in the discussion to correctly determine the answer to the follow-up question.

6 Limitations

The quality of the action research depends on the quality of the story being told. Although the main
mission of action research is to achieve positive change for a specific group in a specific constellation,
there is also a demand to find a general model, theory, or universal modification (Mertler, 2019). The
general conclusions of the research presented in this article came from the data collected on a relatively
small sample of 30 pupils of a single eighth grade class. The researcher himself was personally involved
as the math teacher of the class.

An attitude evaluation depends on the current situation within the class and the mood of pupils.
Therefore, attitude was repeatedly measured by different questionnaires (Q1, Q2 and Q3).

Pupils were initially assigned to the roles R1-R3 by the researcher himself. To minimalize errors of
subjectivity, the reflection group were asked to confirm or alter proposed memberships of every pupil.
Because of remaining disagreement, the pupils of the whole class were asked to evaluate each other in
terms of their perceived mathematical skill and activity during group discussions. After this, there were
only two pupils whose role during group discussions remained unclear.

Values of dimension of evaluation computed for taught topics did not have the same telling value as
values computed in context of the whole questionnaire (Q2) and were therefore only used to track trends
in pupils’ attitudes towards mathematics (mathematics is evaluated in context of other fifteen concepts
in Q2 — not separately as in Q3).

There was far more time between the pre/post-tests T1 than the pre/post-tests T2. In addition, the
T1 test targeted more familiar mathematics topics it also contained more previously tested concepts. For
this reason, the normalized learning gain of the T2 test is less objective than the normalized learning gain
of the T1 test. However, the T2 test was only intended to track changes in differences between discussion
roles to determine learning gains after the added pair discussion step was applied to peer instruction.

7 Conclusion

Sixteen months of action research on the implementation of peer instruction in elementary school math-
ematics has shown that it is possible:

a) to satisfy assumptions of peer instruction in lower secondary mathematics education (e.g., sufficient
social skills of pupils to maintain fruitful group discussions) and

b) to achieve similar outcomes that were promised by research studies of peer instruction in physics or
university level education (e.g., profound conceptual understanding, significant normalized learning
gains, improved attitudes towards mathematics, etc.).

However, the concrete constellation of a class and the natural needs of its pupils raised obstacles that
needed to be addressed through adequate thoughtful modification of peer instruction. Although it is not
clear what exactly leads pupils to identify themselves with one of the four typical roles during group
discussions, it is clear that there is a strong relationship between membership to a certain role and the
positive impact of peer instruction.

Passengers are pupils who benefits the least from peer instruction (their attitudes towards mathematics
decreases and their learning gains are quite low) and must therefore be identified and involved in group
discussions as much as possible.

A possible solution presented in this article is the paired discussion step which can be added before
the group discussion step to grant pupils more time and an additional opportunity to discuss ConcepTests
(even the easiest one in order to practise social skills).
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The presence of passengers is independent from the teaching method used although they are easier to
detect in an active learning environment (Garcia-Souto, 2020). Our research also implies that a possible
cure to “the passengers’ problem” could be provided by feedback from a reflection group. This feedback
is tailored to a specific constellation and is therefore very effective in this concrete situation.
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