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Editorial

Judging by the papers published in the proceedings from PBE 2019, the title of the conference could
easily be changed to *BE. There are papers dealing with not only project-based, but problem-based
and inquiry-based topics bringing some evidence-based suggestions. The popular STEM or STEAM
conception together with CLIL or out-of-classroom education complete the list of topics the authors
contribute to. The authors of empirical papers also use wider variety of research tools. Except for
traditional questionnaires and interviews, there are examples of intrinsic motivation inventories, mind

mapping, textual analyses, or observations.

The proceedings of PBE XVII. conference, again, contains more papers comparing to the one from PBE
2018. The authors focused on unusually vast variety of topics. The papers focusing on school projects
show examples of several topics being used to activate students. Nevertheless, perhaps in the light of
last years’ discussions about feasibility of projects to all intents and purposes, authors started to

concentrate on smaller aspects.

Different activities’ evaluation was presented from either theoretical point of view: time management,
groupwork, teachers’ science process skills or with practical regard: oxygen, calcium, mixtures,

electrolysis IBSE lessons or even field trips or use of interactive animations.

Martin Rusek



Projekt ucitele jako iniciace projektu zaka
Teacher’s project as initiation of students’ project

Karolina Bedndrovd, Martina Safrdnkovd, Martin Bilek

Abstract

A project day focused on the environmental topic Plastics and their consequences with environment
was organized with a group of 14-15 years olds students. They were drawn into the problem using
video presentation, work with text, the lecture with expert, chemistry experimental part and
workshop. The project activities were monitored by three mind maps in the form of pre-, post and
a retention test. The data show positive results concerned knowledge of participants. It means that
number of relevant terms in mind maps was rapidly increasing. Also, the possibility of overgrowth of

m

“teacher’s” project to “students’” project oriented to creation of their own artefacts was confirmed.

Key words

Project based education; project day; plastic pollution; environmental instruction; product packaging
UvoD

Projektové vyucovani je chdpdno jako soubor netypickych, ¢asto problémovych nebo konstrukénich
uloh, které Zaci individualné tesi a jsou tak vedeni k samostatnému zpracovani informaci a tvorbé
konkrétnich vystupl (Kratochvilova, 2006). Jeho realizace se v dnesni dobé stava velkou vyzvou inovace
vyuky i na zakladnich Skolach a ¢astou podobou jsou jednodenni celoskolni projekty, tzv. , projektové
dny“. Ty maji za cil zvySeni motivace zakd k uceni, prevzeti jejich odpovédnosti za vysledek prace,
schopnosti komunikace a prezentace vytvoreného produktu apod. Tato metoda je ne vidy sprdvné
pochopena samotnymi uciteli, coZ sebou nese mnohé problémy. Ty se projevuji naptiklad v podobé
formulovani cil( tak, aby si je Zaci vzali za své, v podobé rozdéleni roli mezi zaky a vyucujicimi, Ci
ve vysledku projektu jako produktu zacastnénych (Rusek, 2013). Obecné by tedy mélo jit o naplfiovani
klicovych kompetenci formulovanych v RAmcovém vzdélavacim programu pro zakladni vzdélavani,
jednoznacné obecnéjsich a Sirsich, nez mlze zajistit jen obsah uciva uréitého predmétu, v nasem
pripadé chemie. UcCitel tak mlze navic projektovy den vyuZit pro obohaceni svych vyukovych strategii,
organizacnich schopnosti a uvédoméni si jedinecnosti zakl a jejich ndpadl (Bilek, Machkova

& Chroustova, 2016).

Hlavni ¢asti Skolnich projektl by mélo byt podnécovani Zakul k zapojeni se do tématu s vlastnimi napady

a jejich realizace. Cilem by tedy nemélo byt jen vypracovat jiz vymyslené zadani ucitelem, nybrz



realizace cCinnosti, které navrhuji nebo modifikuji pfevazné Zaci sami. Ucitel je mlzZe nasmérovat
a zhostit se role poradce. Projektova vyuka je ¢asto zaménovana s integrovanou tematickou vyukou
(dale ITV), kterd se systematicky zaméruje predevsim na urcité tematické celky vztahujici se k vice
predmétim. To je sice také aspekt projektové vyuky, ale dle Kalhouse (2009) by mél skolni projekt
navic motivovat Zaky tim, Ze se béhem této vyuky uci vzajemné spolupraci a feSeni problému pfi tvorbé
vlastniho vécného nebo organizacniho produktu, coZ pfispivda k Zzadoucimu rozvoji klicovych

kompetenci.

Hodnoceni aktivity s projektovymi prvky mulze byt vedeno nékolika sméry: soutéZivym (vyhlaseni
nejhezéi/nejlepsi tvorby), prezentacnim (pfedstaveni svych praci spoluzdkim), ale také smérem
tradi¢niho hodnoceni — at uZ formativniho nebo sumativniho charakteru (Zormanova, 2012).
Vysledkem projektu muzZe byt naptiklad vystava, video, kniha, vyrobek a mnoho dalsich ,produkti”.
Tyto vystupy je vhodné prezentovat pro rodice zakd, ktefi tak mohou vidét praci svych déti ve Skole
a zpétné ji ohodnotit. Ukazka vystupu vsak muzZe probihat také ve skolnich prostorach pro ostatni zaky

nebo i pro Sirsi vefejnost (Kratochvilovd, 2006).

Jak ale takovou cinnost 7ak( iniciovat? MUlzZe byt téma projektu vymyslené uditeli, coz je castym
prikladem obsahu projektovych dni na zakladnich skolach, iniciaci pro navazujici projekty nebo aktivity
s projektovym zamérenim zak(? M(zZe byt projekt uciteld, tedy ,,zadani” tématu a jeho zpracovani zaky
v rdmci projektovych dni, podnétem pro navazujici tvirdi ¢innost zaka? Caste¢nou odpovéd prinesli
Horakova, Kolafova a Malu$ova (2020) nebo Téthovd, Matousova, Subova & Rusek (2019) — ani? by
byla schopnost 7akd fungovat v projektech u Zakl systematicky rozvijena, nelze predpokladat hladky
prabéh aktivity spliujici kritéria projektové vyuky. Uvedené jsou otazky, které jsme se snaiili
zodpovédét organizaci projektového dne na zdkladni Skole s tématem ,Odpady a Zivotni prostredi”

a jeho konkretizaci pro zaky 9. ro¢niku ,,Plasty a jejich souvislosti s Zivotnim prostfedim®.
REALIZACE PROJEKTOVEHO DNE

Pro realizaci projektového dne pro Zaky 9. ro¢nikl zakladni skoly jsme formulovali nasleduijici cile:

1) Navrhnout soubor aktivit véetné experimentalnich cinnosti ke zvySeni pozornosti zakl
o globalni téma plastd a jejich podilu na odpadovych problémech souvisejicich s Zivotnim

prostifedim prostfednictvim skolniho projektového dne a zjistit jejich efektivitu.

2) Ukazat a vyzkumné potvrdit, jakym zplsobem mize projekt ucitele pfi projektovém dni Skoly

prerlst v projekt samotného Zaka.

Z uvedenych cild tedy vyplyva, Ze pomoci vybranych aktivit s projektovymi prvky jsme se snafzili
motivovat zaky k vlastim projektovym aktivitam. Realizace projektovych aktivit byla usporaddana tak,
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aby bylo moZné sledovat Uspésnost projektového dne, a to zjistovanim ziskanych znalosti Zaka, které
byly méfeny pomoci myslenkovych map (operace s relevantnimi pojmy) a také zjistovanim zmén

postoju zZaka k problematice plastli pomoci analyzy jejich tematickych eseji a rozhovord.

Obsah projektového dne byl rozdélen na teoretickou a praktickou ¢ast. V teoretické Casti se jednalo
o prednasku zastupce organizace Bezobalu, kterd se zabyvd myslenkou tzv. ,Zero waste”, tedy
razantnim sniZovanim spotfeby obal(, které jsou dnes predevsim tvoreny plasty, a zejména jejich
mnozstvi zpUsobuje problémy s jejich odstrariovanim ci recyklaci. V navazujici praktické ¢asti se Zaci
vénovali jednotlivym typdm plastd a jejich vyrobkim za pomoci pracovniho listu véetné navodl
pro experimentalni aktivity. Na zavér projektového dne byli Zaci navedeni k navrZeni a vytvoreni
vyrobk( z pfedem nasbiranych plastovych oball, a jako dalsi vlastni produkt si upravili platéné tasky
svym designem jako opakovatelné vyuzitelny univerzdlni ,obal“. Byli tedy navedeni k navrzeni
a realizaci svych ,miniprojektd”, tykajicich se uvedeného tématu vcéetné vlastnich vyuzZitelnych

produktd.
DESIGN VYZKUMU

Vyzkumu, uskutec¢néném v prlibéhu vsech fazi projektového dne, se zucastnilo 62 zakd 9. rocnikd
zakladni skoly v Praze. CeloSkolské téma projektového dne znélo , Odpady a Zivotni prostfedi“ a dil¢im
tématem pro sledovany devaty rocnik byly ,Plasty a jejich souvislosti s Zivotnim
prostfedim®. Jednotlivé aktivity projektového dne byly smérovany tak, aby méli Zaci moznost nakonec
prevzit iniciativu do svych rukou v podobé vlastnich miniprojekt( (artefakty z oballl, platéné tasky).
K urc¢eni miry ucinnosti projektového dne byly jako vyzkumné nastroje pouzity myslenkové mapy
a na vstupu i Zakovské eseje, ze kterych byly vybrany nejvice frekventované relevantni pojmy. Vse

doplriovalo i pfimé pozorovani vyzkumnika v roli jednoho z uciteld, a také jeho rozhovory s zaky.

Vyhodnocovani vysledkl bylo zaméreno zejména na pojmy, s kterymi Zaci béhem tvorby myslenkovych
map a eseji operovali. Sledovali jsme pojmy pouZité v myslenkovych mapach a vstupnich esejich,
a jejich relevantnost dle predem stanovenych kritérii (pojem musi byt spjaty s plasty —jejich vlastnosti

a typy, kazdodenni vyufziti vyrobk(, dopad na Zivotni prostfedi, moZnosti recyklace).

V ramci vyzkumu probéhlo hodnoceni aktivit Zzak{i pomoci celkem tfi jimi vytvofenych myslenkovych
map. Prvni myslenkova mapa (l.) byla zasazena do ¢dsti pfiprav na projektovy den, ve které Zaci
operovali pouze s centralnim pojmem “plasty” a uvadéli pojmy, které se k plastim vztahuji. Ve vyuce,
tésné po projektovém dni, Zaci sepsali druhou myslenkovou mapu (lI.) se stejnym zaddnim. S mési¢nim
odstupem bylo provedeno i retencni testovani pomoci treti myslenkové mapy (lll.). Ziskand data

ze vSech tfi etap vyzkumného Setfeni byly vyvhodnoceny a interpretovany (obr. 3 a obr. 4).
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V rdmci ptiprav na projektovy den psali Zaci pfiblizné tyden predem také eseje na téma “Proc si myslim,
Ze plasty predstavuji znacné ekologické riziko”. Pfed touto aktivitou neprobéhla Zzadna vyuka na toto
téma. Hlavnim divodem bylo, aby Zaci operovali pouze s pojmy, které maji ve své tzv. tematické vrstveé
(viz Slavik, Janik, Jarnikova a Tupy, 2014), a abychom zjistili, s jakymi znalostmi a postoji budou
do projektového dne vstupovat. Z téchto eseji jsme mohli odhadnout kromé postojd i zajmy Zakl
véetné jejich slovni zdsoby k danému tématu. Ndasledné byla urdena frekvence vyskytu
nejpouzivanéjsich slov ve vsech esejich pomoci nastroje Word Cloud Generator, jak jde vidét na obr.

1., a ziskané informace byly vyuZity pfi tvorbé obsahu projektového dne.

Obr. 1 Nejvice frekventovana slova v esejich na téma “Proc si myslim, Ze plasty pfedstavuji znacné ekologické
riziko”

PRUBEH PROJEKTOVEHO DNE

Cely projektovy den byl rozdélen na tfi ¢asti. Prvni ¢ast byla vénovdna prednasce zdstupce organizace
Bezobalu, kterd razi myslenku ,Zerowaste”. Béhem této prednasky se Zaci dozvédéli spoustu
zajimavych zplisob( a tipQ, jak v domacnosti produkovat co nejméné odpadu, a byt tak Setrnéjsi k nasi
planeté. Dalsi ¢ast prfedndsky byla vénovana provozu a nabidce sortimentu v obchodech Bezobalu,
které organizace zastituje. V zavéru byl prostor na dotazy a diskusi. Pfednaska byla pro Zaky velmi

pfinosna a bylo vidét, Ze je tato ¢ast nabudila na dalsi ¢asti projektového dne.

V praktické c¢asti se Zaci seznamili s rznymi druhy plastd (PE, PS, PVC, HDPE, LDPE, PET), véetné jejich
znadek, recyklacnich symboll a jejich vlastnosti — tvrdost, ohebnost, ldmavost. Ke kazdému typu plastu
méli Zaci k dispozici pfimo vyrobky z daného materidlu. V ramci experimentd si mohli vyzkouset

i rozpousténi nékterych plastl v acetonu, ethanolu a ve vodé, kde pozorovali jejich zmény. Pomoci
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plamenovych zkousek mohli Zaci urcit jednotlivé prvky, které se v plastovych materidlech mohou
nachazet (PVC — chlor). Mimo jiné Zaci detekovali pomoci navih¢eného pH papirku unikajici plyn
ze zkumavky, ve které byla zahtivana ,silonka“. Jednalo se o zjednoduSené experimentalni ¢innosti,
které Ize provést na stfednich $kolach i v ndro¢néjsi formé, jak uvadéji Vétrovskd a Zitny (2014). Sva
pozorovani a vysledky Zaci zanaseli do predem pripravenych pracovnich list(, které se staly také

zdrojem informaci k hodnoceni Uspésnosti projektového dne.

Posledni cast projektového dne tvofil workshop zaméreny na praktické Cinnosti zaka reflektujici
absolvované aktivity. Ukolem bylo vyrobit jakykoliv artefakt z plastovych oball, které 7aci pred
projektem nashromazdili. V tomto ukolu Zaci ,popustili uzdu” svym ndpadim, a tak vznikaly jak

vyrobky blizké Zzakam, tak i velice zajimavé objekty, jako napfiklad maly domaci kompostér (viz obr. 2).

Obr. 2 Domaci kompostér vyrobeny z plastovych oball

Zaci dostali moznost svij ,produkt” doplnit ,,eko-obalem“ ve formé latkové tasky (zajistény Zakladni
Skolou), kterou si mohli kreativné pokreslit nebo i jinak upravit a naaranzovat k svému vyrobku.
Nasledné si svoji tasku mohli odnést dom k dalSimu vyuziti. Ziskali tak pfileZitost i ve svych rodinach

prispét k snizovani vlastni plastové stopy.
VYSLEDKY VYZKUMNYCH SETRENI

Prvnim pozitivnim ukazatelem realizovanych aktivit v projektovém dni bylo, Ze u vSech Zakd doslo

k narlstu relevantnich pojmua v druhé myslenkové mapé ihned po projektovém dni. Jak je z grafu na

evvs

narlst byl tfi pojmy. V priméru se pocet relevantnich pojmuU zvysil o 13 v porovnani prvni a druhé

myslenkové mapy. Ve tfeti mapé, kterou Zaci tvofili s mésicnim odstupem, miZeme sice pozorovat

13



pokles relevantnich pojm, s kterymi Zaci operovali, ale nejde o pokles nijak vyznamny. Najit se daji
i vyjimky, u kterych stoupl pocet pojmU oproti prvni i druhé mapé (zak ¢. 2 a €. 18). Ze ziskanych dat
vyplyva, Ze vsichni Zaci operovali ve tfeti mapé svice pojmy (v pridméru 10 pojmul) neZ pred
projektovym dnem (prvni pojmova mapa), coz ndm dava pozitivni zpétnou vazbu o uUcinnosti

navrzenych aktivit s projektovymi prvky.

Déle jsme se zabyvali tzv. indexem relevance jednotlivych pojm( ve vSech tfech myslenkovych mapach
(obr. 4). Index byl vypocitan jako podil relevantnich pojma k celkovému poctu pojm( zarazenych
v myslenkové mapé jedince. Tato hodnota byla stanovena pro viechny mapy zaka zvlast, aby byl vidét
jednoznacny narlQist nebo pokles indexu. Pozitivnim ukazatelem UGcinnosti vybranych aktivit
s projektovymi prvky bylo, Ze index relevance viech zZaka byl po jeho skonceni i s mési¢nim odstupem
stale vyssi neZ 0,6. Nic na pozitivnich vysledcich neméni ani fakt, Ze u nékterych zakd v druhé i treti
myslenkové mapé doslo ke sniZeni tohoto indexu, k ¢emuz mohlo dojit nedostate¢né rozvinutou

schopnosti Zaka vybirat praveé klicova slova.

Relevantni pojmy v myslenkovych mapach
40
35
30
25
20

15

i d i)

NG ol

S rpnnnny oll ol ol 00088 off M0
2 4 5 6 7 10 11 13 15 16 17 18 19 20 21 22 24

3

pocet relevantnich pojmu

Zaci

M pocet pojmu pred PD M pocet pojmU po PD M pocet pojmU po 1 mésici

Obr. 3 Pocet relevantnich pojma v myslenkovych mapach
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Indexy relevance pojm{ v myslenkovych mapach
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Obr. 4 Indexy relevance pojml v myslenkovych mapach

ZAVER

Zaci se béhem projektového dne na zakladni $kole setkali s riznymi a ¢asto novymi pojmy, s kterymi
vSsak uméli pomérné obstojné operovat. To je moZné pozorovat v myslenkovych mapach, které
poukazuji na pozitivni vysledky Zakl ve smyslu pfirGstku jejich znalosti o problematice plastl a jejich
odpadovych souvislosti. K vyuZiti myslenkovych map jak ke zjisténi pfirlGstku znalosti Zakl, tak
k efektivité celého projektového dne je tfeba dodat, Ze zakladem pro praci s myslenkovymi mapami je

tfeba urcita predchozi zkusenost s tvorbou takovych map. Je tfeba, aby Zaci netvofili myslenkovou

mapu poprvé, coz bylo v nasem pfipadé splnéno.

| pres to, Ze vétSina Zakl naleZité operovala s novymi pojmy, objevil se fakt, Ze ne vsichni Zaci jsou
schopni pracovat s klicovymi slovy z daného tématu, coz nam odhalil pokles indexu relevance pojm.

Na rozvoji téchto kompetenci je tedy tfeba kontinudlné pracovat.

NavrZeny projekt je jednou 2z mozZnosti, jak seznamit Zaky s problematikou plastl
a Zivotniho prostfedi, a to i spojenim se zaZitkovou pedagogikou pomoci experimentl a dalsich
praktickych aktivit. Pfi provadéni experimentl Zaci rozvijeli schopnost manipulace a prace
s jednoduchym laboratornim vybavenim. Dale projekt rozvijel komunikacni dovednosti zakd, jejich
kreativitu (vyrobky, zdobeni tasek), schopnost pracovat s rliznymi zdroji a prohluboval zodpovédnost
a kritické mysleni. Vzhledem k vysokému projektovému potencidlu (Téthova, Matou$ova, Subova,

& Rusek, 2019) tohoto tématu lze snadno upravit scéndf projektu podle moznosti Skoly (napf.
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promitnuti dokumentu Plastic Ocean misto predndsky). Z vybranych aktivit by se mohl stat i

dlouhodoby celoskolni projekt, ktery bude podporovat myslenku Zerowaste.

V neposledni fadé se podafilo na zakladé vlastni tvorby Zakd v zavérecné fazi projektového dne
potvrdit moznost ,prertstani” projektu ,,zadaného” ucitelem v aktivitu s projektovymi prvky Zaka. Je
mozné konstatovat jejich vysokou zaujatost pro zavrSeni projektového dne vlastnimi produkty
ve formé ,,odpadové-plastového” artefaktu a jeho Setrného opakovatelné vyuziteIného obalu ve formé
textilni tasky v autentickém provedeni. | tato ¢ast projektového dne se bezpochyby projevila
na pozitivnich vysledcich pojmového mapovdni jako nastroje pro ovéreni efektivity obsahu

projektového dne.
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Time management in project based education
Pawet Ciesla, Matgorzata Nodzyriska, Anna Baprowska, Martin Bilek

Abstract

Process of planning the time is one of the crucial parts of any project, especially when it assumes many
long-term activities. Thus, it was decided to check whether primary school pupils are able to schedule
the activities specified in the project with the use of Gantt diagram, which is commonly used in
commercial projects, however it is not popular in a school practice. The research was carried out
among primary school pupils in grades 6, 7 and 8, aged 12-14. Research revealed that the Gantt
diagram is a very good tool for planning project activities for older pupils who have already reached

stage 4 of development according to Piaget. For younger pupils, more teacher support is needed.
Key words

Project-based education; Gantt diagram; time management
INTRODUCTION

One of the very important aspects of Project-Based Education (PBE) is the process of planning the time,
especially when project assumes many long-term activities. The final success of the project or its failure
depends on the proper planning of tasks, determining which activities should be carried out first and
which must be carried out later. Moreover, PBE is one of the best strategies that enables development
of key competences (The Council of the European Union, 2018). Work management and time planning
are the essential parts of entrepreneurship competence. The research carried out by Valle et al (2019)
reveal that better time management by pupils influences on their higher academic achievement. It is

very important to support the development of the discussed time management skills by pupils.

Planning of time frames of project tasks has to be done during the preparatory phase of the project,
however after recognition of activities that have to be taken in the project. Previous research revealed
that recognition of activities can be done with the use of Ishikawa diagram (Ciesla, Nodzyrska,
Baprowska, Bilek, 2018) or mind maps (Nodzynska, Baprowska, Ciesla, Bilek, 2018). This planning
process of time frames of actions is difficult for pupils, especially at lower education levels, because
they are not used to holistic and detailed planning. Thus, pupils should be equipped with a tool that
will help them in this area. There are various tools supporting planning the activities in time frames.
One of them, used in various professional projects is the Gantt diagram (Gantt, 1919) but it is not

commonly used in a school practice.
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AIM OF THE RESEARCH

It was decided to check whether primary school pupils are able to schedule the activities specified in
the project with the use of Gantt diagram. 61 pupils (of 6th (13), 7th (30) and 8th (18) grade of primary
school, aged 12-14) were examined. Due to the fact carrying out the research in real project would
have been difficult or even impossible the hypothetical situation was created. That hypothetical
project assumed to design and build school garden of various functionality - educational, sport and
recreational, however the role of pupils in that research was slightly different. In order to ensure the
comparable results of the research the tasks (activities) in the project have been previously developed
whereas pupils had to put those tasks in the correct order and schedule those tasks. The pupils had
33 activities at their disposal that should be carried out as part of the project (Tab. 1). These activities
were written on strips of paper. Pupils had to group them and then stick them on the template of the
Gantt diagram in the order they thought was correct. Then, according to the instructions (Fig. 1), they
should specify the importance of the tasks (critical and non-critical tasks) and graphically present the
time they think is needed to implement the given activity and estimate the time needed to complete

the tasks and present it on the chart, using the markings in the instruction.

Wprowadzenie

Diagram Gantta jest stosowany w zarzadzaniu projektami
Ukazuje on w sposob schematyczny wszystkie zadania jakie Tygodnie
nalezy wykonac oraz rozplanowanie ich w czasie
Jest to forma tabeli, w ktorej umieszczone sa zadania do mdanie
wykonania w projekcie | czas przeznaczony na ich realizacje 1 e
W kolumnach umieszczone sa kolejne tygodnie (od poczatku —
do zakonczenia projektu), w przeciagu ktérych zaplanowane
zadania nalezy wykonac.

Zadania umieszcza sie w wierszach stosujgac na wykresie
odpowiednie oznaczenia opisane nizej. Niektore zadania moga 4
byc realizowane rownolegle, a niektore muszg byc wykonane
jedno po drugim. & C )
Obok przykladowy wykres Gantta, na wykresie pokazano 7
zadan, i 12 tygodni na ich wykonanie B
Na rysunku w sposdb graficzny zaznaczono rézne zdarzenia w
projekcie

Mm 2 34567 8 910 1112

w |
*

» zadanie krytyczne to zadanie, kiore musi byé wykonane, aby zrealizowac projekt. Jego ukonczenie
pozwala na dalsze dziatania w projekcie (oznaczenie graficzne to dowolnie pokolorowany prostokat, np
|
= zadanie niekrytyczne to zadanie mniej wazne dla projektu — jego ukonczenie nie jest konieczne, aby
projekt zakonczyl sie powodzeniem, ale moze stanowi¢ utatwienie dla osiggniecia celu lub wzbogacié
projekt o dodatkowe elementy, uatrakeyjni¢ go; (oznaczenie graficzne to prostokat bez wypetnienia; rys. 2)

—/
e zadania krytyczne i niekrytyczne spinane sg przez poedsumowanie - jest to oznaczenie pewnego etapu

projektu, (ktéry sktada sie z jednego lub wiekszej liczby zadan), (oznaczenie graficzne to gruba linia z
,zabkami” na koncach)

—
® zazwyczaj po podsumowaniu wystepuje kamien milowy, kidry pozwala na zatwierdzenie danej fazy i
przejscie dalej, kamien milowy to jednorazowe zdarzenie, sygnat zakonczenia pewnej fazy, jednorazowe
zdarzenie, warunkuje przejécie do nastepnego etapu (oznaczenie graficzne to kwadrat obrocony o 45°,
wypeiniony)

*>

Fig. 1 Instruction: How the Gantt diagram works
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Tab. 1 Activities in the project.

No  Activity No Activity
1 Planning what functions the garden will 18 Installation of electrical installations
perform (lighting)
2 Formal matters, consent of the headmaster, 19 Installation of irrigation system (ponds,
parents ... fountains, sprinklers)
3 Gathering people willing to work 20 Pouring water into the ponds and
fountains
4 Development of a garden construction plan 21  Preparation of the area for the educational
(arrangement of individual zones) part
5 Designing wooden buildings (gazebos, 22 Purchase of instruments for the
benches, etc.) experimentation / educational zone
6 Designing educational activities 23 Construction of an educational zone
(positions for experimentation and
learning)
7 Development of instructions and instrument 24  Mounting the instruments on the
plan for the experimentation zone experimenting stands
8 Estimate 25  Preparing of instructions for the
experimentation zone
9 Searching for sponsors. 26  Mounting placards with instructions for
individual tasks in the education zone
10  Search for contractors for building walls. 27  Plant Selection
11  Establishing a work schedule for pupils and 28 Gaining knowledge about the life
parents requirements of plants
12 Search for contractors for laying paving 29  Purchase of plants
stones
13 Purchase of necessary materials: paving 30 Planting plants
stones, cables, lamps, wood, etc.
14  Earthworks (making hills, digging a pond, 31 Lawn creation
leveling the ground ...).
15 Hardening the surface of the garden 32 Sending invitations to the grand opening
(driveway, paths ...) of the garden
16  Construction of a recreation area (gazebos, 33  Grand opening of the garden
pergolas, ponds, fountains, playground, rest
o)
17  Purchase of equipment for the playground
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RESULTS OF THE RESEARCH

Pupils needed about two hours to complete the task. Analysis of the pupils' Gantt diagrams was

focused on the following issues:

o whether pupils used the correct markings on the diagram as instructed,

e whether pupils determined the dependency relationship among the tasks and placed them in
time,

e how much time they needed for project realization,

e how much time they planned for particular activity (on average).

Those factors seem to be optimal for diagnosing if school pupils can work with Gantt diagram — the
first one checks if the symbolism used in the diagram is at acceptable level for young pupils. The second
one reveals if pupils are able to manage the tasks in the project and the last two give an answer if

pupils can correctly manage the time in the project.

Analyzing the correctness of the use of symbolism used in Gantt diagram created by pupils, they were
divided into 3 categories. The "correct" category includes diagrams that correctly use the symbolism
of the Gantt diagram (critical tasks, non-critical tasks, summaries, milestones). The "partially correct"
group includes those diagrams in which some of the symbolism has not been used or slight inaccuracies
have occurred. The charts where no symbolism was used at all (pupils marked boxes in the diagram in
any way (different than the correct one)) were considered "incorrect". Analysing the results obtained,
we can notice very large differences between the sixth-grade pupils and the other pupils as regards
the correctness of the markings in the diagrams (compare Figure 2). In the diagrams created by the
sixth-grade pupils there are no symbols characteristic of the Gantt diagram at all. Although they plan
time for individual activities in the project, they cannot assign them the right rank. The comparison of
the results of the two seventh classes (a and b) and the eighth class is very interesting. The results
achieved by class 7b are comparable to the results achieved by pupils of the 8th class (the sum of
percentage of correct and partially correct answers in class 7b is 88% and in class 8 is 83%, and the
percentage of incorrect answers is lower in class 7b than in the eighth class). It can therefore be
concluded that although there are differences between these two classes, they are small. However,
the comparison of the results of class 7a with the results of class 8 or 7b reveals very significant
differences. In class 7a, the percentage of incorrect and correct answers is 36% and 21% respectively.
The rho-Shapiro correlation was calculated for the dependence of the correctness of the task on the

student's age.
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Fig. 2 Correct markings on the Ganntt diagram

Laying out the order of activities in the project is the second element studied, which shows a clear
difference between 6™ grade pupils and older pupils. Dependency of tasks can be noticed in the
diagrams created by older pupils. They mostly arranged the tasks into sequences — the next tasks
started after completing the previous ones (Figure 3 on the left). In contrast, most 6th grade pupils

start all activities in the project at the same time (Figure 3 on the right).
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Fig. 3 Examples of pupils' work - with dependency relationships (left) and without dependency relationships
(right)
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Only 46% of 6% grade pupils correctly drew the sequence of tasks in the project as opposed to older

grade pupils (Fig. 4).

125

100

75 I
50
86
25
0
Ba 7b 7a 8a

Fig. 4 Percent of pupils who showed dependency relationships of tasks in the chart

dependency relationships

Also, pupils from 6% grade planned the duration of the entire project to be much shorter than in the

schedule made by pupils of older classes (Fig. 5).
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Fig. 5 Number of weeks needed for project realization - on average in each group

Number o weeks

This was due to the fact that pupils in 6th class planned shorter time for realisation of individual tasks

in the project than pupils in older classes (Tab. 2).
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Tab. 2 Average time needed (in weeks) for each task to complete it

Task Class Class Class8 Class6 Task Class Class Class8 Class 6
number 7a 7b number 7a 7b

1 1.7 2.9 2.6 2.4 18 3.1 2.8 1.7 2.4
2 3.0 15 3.4 4.3 19 3.1 3.9 2.6 3.7
3 3.4 3.1 2.9 2.6 20 2.1 2.6 2.1 2.1
4 2.0 3.0 1.8 2.1 21 2.1 3.4 2.1 2.6
5 2.2 2.7 1.7 2.6 22 2.0 24 1.8 2.7
6 1.8 2.4 1.6 2.1 23 3.6 3.4 2.3 1.8
7 2.1 2.4 1.6 1.8 24 2.1 2.9 1.7 2.7
8 1.8 2.3 1.6 2.4 25 1.4 2.3 1.4 1.8
9 17.6 8.3 3.4 2.1 26 1.2 1.9 1.6 2.5
10 2.5 2.3 1.9 1.4 27 1.5 2.3 1.6 1.7
11 2.1 2.7 1.9 2.1 28 2.4 4.3 1.3 1.7
12 2.2 2.1 1.6 1.4 29 1.5 2.1 1.8 2.2
13 2.2 2.8 2.7 2.4 30 1.9 2.6 2.1 1.7
14 4.4 3.8 3.1 3.4 31 2.8 3.6 2.0 2.3
15 2.9 3.1 1.9 2.6 32 1.6 1.7 1.3 1.5
16 4.6 49 3.4 2.5 33 1.1 1.8 1.1 1.3
17 2.5 2.6 1.8 2.4

DISCUSSION AND CONCLUSIONS

Summing up the outcomes of the research, it can be stated that the results obtained by 6% class pupils
differ significantly from the results of pupils of classes 7t and 8. The main problem for them is mastery
of the symbolism regarding the Gantt diagram. The data obtained in the research show a clear
development difference between the students of class 6 and students of classes 7 and 8. This is in line
with Piaget's theory of development. Phase of formal operations is achieved by pupils over the age of
13 on average (which corresponds to grade 7 in Polish school education) At this age, the pupil gains
the ability to solve all classes of problems (including hypothetical and verbal-conceptual). The most
important structures developing in this period is hypothetical-deductive reasoning ("from general to
detailed", where "general", or premises, are yet unverified hypotheses) and scientific-inductive
reasoning, allowing the creation of generalizations. In addition, it is also worth mentioning the
probability and proportions whose understanding therefore, it is also significantly improved during this
formal operation phase, which is why the relatively schematic and requiring the use of numerous Gantt
diagram symbols exceeded the intellectual capabilities of grade 6 pupils who are still in the third stage
of child development - the phase of concrete operations. During this period, children have a problem
with abstract concepts whereas older children begin to think abstractly, which allows them to cross
the border of time and space and be placed in the 4t phase of formal operations. Therefore, pupils in

grades 7 and 8 were much better at this task, however, the differences between students in the
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seventh and eighth grades are not due to their level of education (age) but are dependent from
individual development (probably some pupils have already reached fourth level of development

according to Piaget and some persons are still at the third level).

The research revealed that many pupils had a problem in estimating how much time is needed for each
activity to accomplish it. Some of them had problems with determining dependence relationships.

Also, they had some problems with graphical representation of the tasks.

Gantt diagram is a tool which can be used at school practice, especially in PBE. It seems that it is a very
good tool for planning project activities for older pupils (7 and 8t grade) who have already reached
stage 4 of development according to Piaget, however pupils need more practice and some support
from the teacher, especially younger pupils. The support can be realised, either through more exercises
of this type or by supervising and advising during the planning, however, the Gantt diagram seems to

be too big challenge for them to cope with it.
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Tools for Enhancing Inquiry and Teacher’s Learning Goals
Katefina Cihdkovd
Abstract

Czech classrooms are rather closed systems where teachers do their job without regular external feed-
back. In our professional development program (PDP) we tried to change this in 17 schools.
Participating teachers collaborated with external mentors for 18 months to acquire teaching skills for
inquiry. PDP consisted of workshops, 3 instructive lessons (scientific questions and hypothesis,
experiment design, data collection and conclusions) and interviews. We used modified self- diagnostic
tools (Borda Carulla, 2012) for self-assessment, lesson preparation and observation. We analysed the
relationship between the items scored in observed lessons and the goals set by the teacher. We
suggest set of 8 indicators that can be used in PDP focused on IBSE both for redefinition of personal
learning goals. These indicators are focused on teachers” activity in particular inquiry step, teamwork

and assessment.
Key words

Learning goal; mentoring; inquiry-based science education; professional development program
INTRODUCTION

Evaluations of inquiry-based science education (IBSE) implementation and other research outcomes
have pointed to the teacher as being the single most important factor affecting student achievement
(Hattie, 2003). Teachers during their career meet different challenges such as new technologies,
change of curricular documents or shift to innovative instructional methods and are expected to learn
continuously (Louws, van Veen, Meirink & van Driel, 2017). The providers assume that teachers
themselves decided for course and that they are able to formulate their learning needs (Janssen et al.,
2012). Teachers must often in reality adapt to the policy of their school, their principals set the learning
goals for the whole institution and the teachers simply follow it (cp NEA, 2017). Few teachers reported
receiving adequate time for job-embedded professional learning, such as opportunities to get or give
feedback through observing or being observed while teaching a class in the US national survey (6300
teachers), we assume that in Czech Republic the situation is not much more optimistic. Teachers are
not experienced in formulating their personal learning goals (van Eekelen, Vermunt & Boshuizen, 2006;

Louws et al., 2017), that is why we seek for the tools to help them.
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PDP both in general and for IBSE in particular can be designed to provide both the knowledge and
space for training the teaching skills, to try new instruction methods in the classroom and reflect the
new practice with colleagues. The personal expectations can differ considerably as the learning history,
background and experiences of the teachers vary. These can be seen as a part of activity system, that
can be described by “Six-dimensional model of .B.S.T.”“ (Grangeat, 2016, Lepareur & Grangeat 2018)
with following dimensions: 1) origin of questioning, 2) nature of the problem, 3) responsibility within
the inquiry process, 4) pupils’ diversity and variability, 5) development of argumentation,

6) explanation of learning goals.

The extent to which teachers finally adopt new methods introduced during PDP is influenced by their
beliefs, which can be used to adapt the PDP content (Kotuldkova, 2018). Our PDP that consisted of
sessions where steps of inquiry cycles were introduced, conducted by teachers, observed and reflected
together with experienced mentor. The aim of this case study was to develop a set of indicators that
can be used for other PDPs in IBSE. These indicators should match the personal learning goals and
should be relevant for both early career and experienced teachers. We were interested in the

following questions:

1. Do the personal learning goals depend on the length of teacher’s career? 2. What are the new goals
redefined after observed and reflected inquiry lessons? 3. What are the indicators that should be
discussed after the observed lesson as they bring the most information about the instruction process?
4. Does the lesson observation and discussion with external mentor based on marked indicators in

observation form influence the redefinition of learning goals?

We assumed that the indicators with highest information value (e.g. with even number of positive and
negative answers) will be related to the step of the inquiry cycle: research question, making prediction
with pupils, planning experiment, conducting experiment and making records of the results. Further,
we assumed that there is significant correlation between the goal redefinition (goal unchanged/goal

redefined) and the value of relevant indicator (positive/negative).
METHODS
Professional development program and its participants

We conducted action research where the PDP providers and teachers acted together with the

researcher (author), who was one of the external mentors. The group of teachers was diverse in their
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career length, education background and type of school (public/private), with majority of primary

teachers and 3 lower secondary science teachers only.

At the very beginning of the PDP only after introductory workshop the teachers were asked to
formulate their personal learning goals. We provided them with self-reflective tool (Cihakova
& Kubcova, 2018) based on focus areas from Competency ISSA Framework (ISSA 2010), filled with
examples of teacher behaviour from Fibonacci project (Borda Carulla, et al., 2012) and questionnaires
of Czech School Inspectorate (CSI, 2015). We have chosen 4 out of 7 focus areas from ISSA Framework
that we consider the most important for IBSE: Planning, Assessment, Learning Environment and

Teaching Strategies.

The PDP focused on IBSE consisted of introductory workshop, studying instruction materials and
training new skills in the participants’ classroom and lasted 1 year (for details see Cihakova, 2019).
Each participant cooperated with his external mentor who led the instructional lessons aimed at
particular step of inquiry cycle (1- questions and hypothesis, 2 — planning an experimental design,
3 — conducting the experiment). Each lesson was observed by the teacher or mentor using set of
indicators derived from Borda Carulla et al. (2012) and the Teacher Guide for IBSE (Votapkova,
Vasickovd & Svobodova, 2013). We used Section A /Teachers Role from Self-Reflection Tool for
Teachers of Primary and Secondary school that consists of 17 items. We chose only those relevant for
particular inquiry step formulated as statements (not questions) such as: T(eacher) encourages pupils
to make predictions. We used the assessments in the rubrics marked as YES/NO/NA (not assessed).
Statements regarding teamwork and assessment were added from Teacher Guide for IBSE (Votapkova
et al., 2013). After each lesson mentoring interview took place and the teacher planned and conducted
his own IBSE lesson aimed at step, that was again observed by the external mentor. Teachers used the
set of indicators from the observation form as a guide for preparing their new lesson. The same set of
indicators marked by the observer and the teacher was discussed and the resulting scores were

recorded in the form.
Research methodology

The initial goals (formulated in November 2018) and redefined goals (formulated in September 2019)
of 16 teachers were used for the analysis. We used only one main goal formulated by each teacher.
We used scores of indicators in observation forms (YES/NO/not assessed). Relationship between
career phase and learning goals and redefined goal and matching indicator value were tested by Fisher
exact test. Relationship between identity of initial and redefined goal was tested by Chi square test.

All tests were conducted using package R (R Core Team 2018).
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Teachers were grouped into 2 career phases for the analysis: early career (1-7 years) and mid- and late-
career (8 — 25 years). Initial learning goals were grouped in 2 categories: process goals (teaching
strategies, inquiry steps) and other (environment, assessment or general goals). For further analysis
they were grouped in 4 categories: general goals (e.g. “l can use IBSE methods.”), specific goals
(e.g. “I bring nature objects for pupils” work in the classroom”), questioning goals (“I encourage my
pupils to ask the questions and find the research question”, conclusion and assessment goals (“I help
my pupils to analyse the results and draw the conclusions”). We discerned the goals that were
expected, because they correspond to the step of inquiry cycle (questions, conclusions and
assessment), from other specific goals that were rather unrelated to the step. The scores from
observation forms were analysed to find those with highest information value according to Shannon-

Wiener index. The forms were obtained for analysis only from 13 and 15 teachers in lesson 1 and 2.
RESULTS

Seven (out of 15 teachers) recorded the general goal “I can apply IBSE” and 4 were more specific with
“l can formulate research questions with pupils”. However other 6 teachers developed from the
beginning their own learning goals regarding the formative assessment, cooperative learning, learning

environment, teaching outdoors etc.

B Other
O Process

Number of teachers

Early career Late career

Fig.1 Initial personal learning goal and the phase of career

We found marginally significant correlation (P=0,058) between career (early, mid/late) and type of the
goal (“process” and “other”) and. Early career teachers tend to choose the goals from Teaching
Strategies focus areas, such as “I encourage my pupils to ask the questions and find the investigable
qguestion”, “I help pupils to record results systematically and analyse it”, referred to as “process goals”
in the figure 1. Mid and late career teachers choose different goals (mainly from Learning Environment
and Assessment focus area) such as “I provide pupils the criteria for formative assessment in advance”,

“I teach outdoors regularly” or other goals regarding differentiation among pupils or motivation.
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For the redefined personal goals, there was no correlation with their phase of career or the type of
institution (private/state). The goals did not follow the expected pattern of inquiry cycle, the goal
“questions” did not always change into “conclusion” (3 teachers only). We grouped the redefined goals
that dealt with data analysis, conclusions and assessment into one group that corresponded with the

planned content of the last part of the PDP (“Conclusion and Assessment”) in Figure 2.

Redefined goals

B Conclusion+Assessment
H General
O Specific

Number of goals

44l

0= :| l

General _Specific Questions
Initial goals

Fig. 2. Number of goals in groups of initial learning goals and redefined goals

The teachers who formulated general goals initially either kept them or moved to expected group of
goals. Those teachers who were already at the beginning specific with their goals, only refined them
or chose other concrete goal from different category. Third group of teachers who simply postulated
that they want to learn what is planned for them (“how to find investigable questions with pupils”)

redefined their goal and focused on classroom management and cooperative learning.
We distinguished 8 indicators from 3 observation forms that brought the highest information value.

Most teachers have encouraged pupils to ask questions. Part of the teachers have not given pupils the
opportunity to make predictions themselves as was expected. We highlight our hypothesised

indicators in italics in Tab 1.

Many (7 out of 15) teachers failed in T involves pupils in planning investigations and include fair testing
where appropriate. The indicator was combined from two indicators from Borda Carulla, et al. (2012)
that was misleading. We assume that most teachers involved pupils in planning, but they did not
encourage them to include fair testing. Only 5 teachers (out of 15) did support the pupils to assign

team roles and divide their tasks during the teamwork.
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The indicators from the second lesson were relevant to the initial goals. If the indicator was present in
the form and marked as positive the goals were redefined more often (Fig. 3). There is slight tendency

to the relationship (P = 0,131) that we still interpret as the number of teachers is low (N=17).

Tab. 1 Indicator from observation forms with highest information value (value — number of positive answers
out of number of responses)

lesson indicator value N
Questions (1) T asks questions requiring pupils to give their existing ideas. 7 13
T provides pupils with positive feedback on how to review or take their ideas @ 8 13
further.
T encourages pupils to make predictions 6 13
Planning T encourages pupils to work in roles with assigned tasks during teamwork 5 15

and design (2)

T involves pupils in planning investigations and include fair testing where @ 8 15
appropriate.
experiment (3) | T provides the pupils the examples of presentation of research results (such | 9 16

as articles, websites, encyclopaedia).

T announces the criteria for the assessment of pupils’ outcomes. 9 16

T encourages pupils to keep notes or other records (photo, video) that could | 9 16
help to interpret the results

B Same goal
O Goal redefined

Number of teachers

Indicator positive Indicator absent

Fig. 3 Relationship between presence and value of indicator in observation form and goal redefinition
DISCUSSION

Personal learning goals, teachers” beliefs and career

Other studies found that formulating personal learning goal can be challenging (van Eekelen, Vermunt,
& Boshuizen, 2006; Louws et al., 2017), that’s why the literature on this topic is scarce. Although

provided with the above mentioned self- reflective tools part of our participants were satisfied with
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the general goal “I can use IBSE” initially. We supposed that the initial goal of most teachers would
simply consider ,investigable questions and predictions “, in the next phase it would shift to ,the
conclusions and presentation of results “. Both the initial and redefined personal goals were more
diverse. It ranged in all 6 dimensions of the “I.B.S.T. model” (Lepareur & Grangeat, 2018) and we also
found the same goals as authors of this study: ,to allow students to ask questions and make
assumptions” (questioning dimension) and “to create pupil teams” (responsibility dimension). The
various personal goals fitted in all three main groups of teachers” beliefs described by Kotuldakova
(2018): “Students as Independent Thinkers”, “Students Construct their Knowledge” and “Teachers as

Providers of a Stimulating Environment for Cooperation”.

Although we found no correlation between type of the goal and the phase of teaching career, there is
some observable pattern with early career teachers choosing goals aimed at planning and instruction
process itself. This is in line with other studies, the early career teachers seem to go through a phase
of forming their own identity and efficacy as a teacher (Louws et al., 2017; Day et al., 2007) because
they are concerned with how to effectively structure lessons and increase their repertoire of
instruction methods. Some of our mid-career teachers presumably experienced a phase of change in
role and identity (Day et al., 2007) because they were searching for new ways to increase the impact

on their students for example via formative assessment.
Redefining personal goals and self- reflective tools

We were interested whether the experience from the reflected lesson affected the redefinition of the
goal. We found that 9 teachers could get reassurance from the indicator relevant for their initial goal
during the lesson reflection (e.g. encouraged pupils to formulate investigable questions). Those
teachers chose different goal for the rest of their PDP. Other 3 teachers were successful in fulfilling
their goal in the observed lesson, but still they kept their personal goal unchanged and they expressed
in the interview that they want to work on it regularly. We conclude that the lesson reflection with
mentor using tools such as observation and self-reflective forms can help to identify specific teachers’
needs for their professional development. This experience can last and affect the teachers” ability to

formulate personal learning goals even several months after the intervention.

Some of the teachers reflected after the lesson that there were pupils who did not contribute actively
to the group work. This was consistent with negative value of the indicator: “Teacher encourages pupils
to work in roles with assigned tasks during teamwork”. This experience probably inspired them to
define new goal regarding collaborative learning (4 teachers). Collaborative learning is a necessary step
in promoting IBSE and requires pedagogical skills that may not be addressed at specialised IBSE
workshops. The aspects of collaborative learning (such as group work, pupils’ responsibility for
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learning) together with engagement and motivation were identified in teacher pilots in Finnish study,
where the teachers were provided minimum guidance and developed their own inquiry lessons

(Loukomies, Juuti, & Lavonen, 2018).

Assessment during inquiry lessons was also discussed very often. This can be attributed to the fact that
our participating in-service teachers didn’t encounter formative assessment during their teacher
training. This was also the case for other in-service teachers in Czech Republic in the research of Rokos
and Zavodska (2015) but may have changed recently. One teacher kept the formative assessment as
her main goal through the whole PDP. Three others changed their goal to assessment one month after

the workshop on formative assessment.

The teacher who had chosen the assessment as her initial goal, refined it “to develop criteria together
with the pupils”. No such effort was found in the case study of 2 high school teachers focused on
integrating formative assessment in IBSE (Bernard, Dudek-Rézycki & Orwat, 2019). This was rare

example of highly motivated early career teacher who is enthusiastic to engage pupils in the process.
CONCLUSION

Teachers are able to formulate their personal learning goals with support of self- reflection tools and
mentor. These goals partly depend on their career length, but during long term PDP may change after
lesson observation and tend to be modified by common experience in the study group. We suggest set
of 8 indicators that can be used in PDP focused on IBSE both for lesson planning and in discussion with

the observer followed by redefinition of personal learning goals.

We sum up that the PDP providers must tailor their programmes to meet the needs of in-service
teachers. Using data on teachers’ personal goals could be beneficial for that. In our study the preferred
topics apart from IBSE were formative assessment and cooperative learning. There is an on-going
effort in Czech Republic to promote formative assessment both at the research (project ASSIST-ME)
and dissemination level (Learning Hyperspace for Formative Assessment and Inquiry Based Science

Teaching — project of JCU, handbooks from TEREZA z.4., edukacnilaborator.cz).

The providers should not expect the group of participants to be homogenous in their experience and
expectations. The mentoring appears to be effective type of PDP as it allows the teachers to follow
their various personal goals and adopt new instruction strategies with the guidance of experienced

colleague. The tools such as observation forms can be recommended for pre-service teacher training.
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The Inquiry Diary: Students’ motivation towards water-quality
evaluation

Vaclav Fiala, Linda Honskusovad

Abstract

This contribution presents design, verification and modification of an activity chosen from the Inquiry-
Based Diary made by the first author of this paper. The activity was tested at two lower-secondary
schools (N=70; IX 2019). It started with a guiding question: “What kind of water is better - tap water
or bottled water?” The activity proved to be feasible. All groups successfully carried out an analysis of
the brought water samples and were able to interpret the results correctly. The IMI questionnaire was
used to gain feedback. Students seem not to feel pressure during their activities, and they responded

positively in the areas of an interest/enjoyment, effort/usefulness and value/usefulness.
Key words

Inquiry-based education; laboratory work in science; motivation
INTRODUCTION

The quality of science literacy skills is regularly tested by PISA, last time partially in 2018. The results
from 2015 showed that Czech students have a better knowledge of natural science content than
procedural and epistmatic knowledge. They are worse at designing and evaluating science research
(Blazek, 2017). Generally, unsatisfactory results of Czech students in the international comparison are
mostly affected by their lower ability in the procedural and epistemic dimensions. This is possible to
explain by prevailing accent on facts (concepts) which probably originates from the former curricula
(see Vojif & Rusek, 2020) in contrast with student-centred (preferred) approach. This is an evident
impulse for the need of of students’ (not only) science literacy skills systematic development. By
developing the students’ inquiry skills (e. g. process, how to solve a problem situation), the teacher
also fulfils the Framework Educational Program (FEP). It is a key curriculum document for education in

the Czech Republic (for FEP primary schools).

Webster’s International Dictionary (1986) defines the word “inquiry (inquire)” as searching for the
truth, information or knowledge; Barrow (2006) then as a survey, research, interviewing. Inquiry-based
education leads to a relatively independent knowledge of reality by the pupil through active work
(asking questions, formulating, hypotheses, designing an experiment, experiment, etc.) Individual

steps are accompanied by different emotions, which play an essential role in education. Positive
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emotions support the activation of cognitive functions, thereby the task-oriented learning processes
are strengthened. Dostal (2015) conducted research focused on the connection between emotions
and solved problems. He discovered that the changing of emotions in the problem-solving process has

a positive effect on acquiring knowledge related to the problem being solved.

Because of the low popularity of science subjects, it is also essential that teaching is relevant to
students (Lindner, 2011). The connection of real life with a student’s teaching increases the motivation
to learn and it is therefore appropriate to assess teaching topics also with regard to their project or
research potential (Téthova, Matousova, Subova, & Rusek, 2019). The water is one of the topics with
this potential for its integrating character (Jurackova, Slani¢anova, Farbiakova, & Skrinar, 2011;

Kohlerova, 2013; Machalova, 2014; Priichova & Rusek, 2017; 24k, 2018).
CHARACTERISTICS OF INQUIRY ACTIVITY

The activity is created as a group work with a time requirement of about 135 minutes. The activity is
mostly controlled by the students themselves. As an activity guide the chapter in the Inquiry Diary is
provided, regarding water quality (Fiala, 2019). In the diary is a free space for recording the discussion,
a manual for activity itself, an empty place for own experiment record including the tables for results
from water analysis. Also offers space for students to evaluate cooperation in the group as well as

a place for teachers’ feedback.
Discussion

It is appropriate to use a suitable motivation tool to draw students into the topic. It proved to be
convenient to bring up a question at the end of the lesson: ,, Which type of water seems to be of better
quality? Tap or bottled?” Students write down their estimations in their notebooks before voting in
the classroom. However, because there is not enough time, students do not have time and opportunity
to discuss their choice among themselves, which creates a need to continue to be interested in the
topic. The teacher divides students into two groups according to the opinion they hold. Their task is to
prepare appropriate arguments for the next lesson (in advance at home). Students should be also
informed that they should seek their information in relevant (scientific) sources and emphasize the

importance of quality preparation.

In the following discussion, each group presents its arguments. The teacher should take the role of
a moderator. Teacher should not incorporate his opinions during discussion but to motivate the
opposing groups to support their opinions. All within the rules of respecting discussion which are set
in advance; also using constructive objections and relevant information. The teacher leads the

discussion and writes particular (counter)arguments for each category on the board (see Fig. 1).

38



= et
20U 9’7JYTZEE7 eEsin
nrfﬂyﬁ ’PéCf .
STUReST SHAE AL EN —TH WEAMe "‘\
o141 DPAYE L CEM SHA (1er) ?:::;ml |
KA 72 L :
ZSDZL?? INFA Dlice, EASTED e ST \ a
PREPPAVAE oklAL(TA PoTRBI - \ = |=
ocHez v impe | VOSATECLE 20phug = i i = —
m@ﬂmu; 2 PRapersz | ¥ k%%fﬁ%%7 7;«a‘(zﬂ,@w 7 Zg | =
D2 / s M ke raaT ot vcam, I —]
. 240 53) S “Eho2 . Flcitxe s |
5 cl2its S&R
| el i, QYor

D, T2

PMS\ Doy | RS
Reaspep

& !
33 @—r« AT AN

Fig. 1 The list of arguments on the board

The result of the discussion should not lead to a clear conclusion. On the contrary, some arguments
for both groups should lead students to further reflection. In what other way it is possible to answer
the introductory question? Students usually come up with a suggestion of water analysis (laboratory

work). Alternatively, in the role of a teacher, students need to be appropriately led in this direction.
Water analysis

Due to the complexity of the equipment when performing classical water analysis, it is recommended
to use some of the indicators for the quality of aquarium water. Each aquarium kit contains instructions
for simple analysis, which is mostly based on adding a small amount of indicator to the analysed sample
and then reading it on the colour scale. Depending on the degree of coloration, the concentration of
the individual substance is then determined. Individual analyses last from 5 to 20 minutes depending
on the type of the monitored substance, and also the type of aquarium indicators purchased. As part
of our task verification, students worked with kits to determine nitrite anion, iron ion, phosphate

anion, and total water hardness.

Students bring water of their choice (tap from households and various types of bottled water). If there
is enough time and if a group of volunteers is found, it is good to carry out the same analysis for raw
water (for example from a local pond or river) - the differences are better represented - e. g. iron or

nitrite concentration in drinking water (bottled or tap) and raw water.

Because each group works on the determination of all substances for all its water samples, it’s good to
dedicate a double lesson due to time demands. The results of different types and kinds of water are
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then compared with each other. Although the results according to the rating scale are indicative, they

are good enough for the purposes of this task.
Interpretation of results

Students reach certain results, which they write in the table provided. They can subtract values and
scale them but do not know how to interpret them correctly. The teacher, therefore, guides them with
appropriate questions to the legislation of drinking water standards. Students can find this legislation
on the Internet and compare it with their results. All results are recorded on the board and monitored

which water complies with the legal standards.

As part of this activity, students are encouraged to reading literacy as they have to accumulate enough
relevant arguments for their opinion. They must organize the information so that they do not rely only
on their feelings or the feelings of people from different discussion forums. It is also important to
ensure that students do not choose articles from a tabloid source. Mathematical literacy develops
when comparing results (both between particular types of water among themselves and with
legislative requirements for drinking water). There is also a possibility for the development of digital
literacy when the teacher prepares an additional calibration series and students can determine one

sample using a school spectrophotometer that generates a graph.
GOALS

The main goal of the activity was to verify its feasibility (eventually to adapt it) even in schools with
minimal laboratory equipment and with students who are not accustomed to IBSE. A partial goal is to

increase the interest of students about the topic and raise their interest in lab work.
RQ1: How can the water analysis be carried out with minimal technical equipment?

RQ2: How the implementation of the activity will influence the motivation of students to study the

topic further?
VERIFICATION OF THE ACTIVITY

The activity designed in the Inquiry Diary was verified in October 2019 as part of common chemistry
lessons (i. e. they were not carried out in a laboratory but in an ordinary classroom) at two lower-

secondary schools in Prague. They were led by two different teachers after joint training.
Research Sample

The activity was carried out with altogether 70 students from four classes, ISCED 2 (36 girls, 34 boys;

4 students were excluded for missing items). The division into three working groups was maintained
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based on the previous division in the discussion part of the activity. Students from one school (two
classes) were not used to inquiry-based education, students from the other two were used to work

with the Inquiry Diary (Fiala, 2019) for the whole school year.
Methodology

The Czech version of the multidimensional tool Intrinsic motivation inventory (IMI) (Ryan & Deci, 2000;
Kekule & Zak, 2001) was used to obtain more specific feedback concerning students’ subjective
experience with the laboratory experiment (and activity in general). This tool proved useful in several
previous occasion of similar character (Téthova, Matousova & Rusek, 2019; Vojif, Honskusovd, Rusek
& Kolaf, 2019). For this reason, 24 item questionnaire was used consisting of subscales:
interest/pleasure, effort/importance, pressure/tension, value/usefulness. Students responded to
every item on the 7-point Likert scale (1 — strongly disagree, 7 — strongly agree) directly after

completion of laboratory work. The evaluation was anonymous.

To score this instrument the “R” items must be reversed first (e.g. “I thought the task was very
boring.”). To do that, subtraction of the item response from 8 is needed, and the resulting number is
used as the item score. Then, subscale scores by averaging across all of the items on that subscale are

calculated. The subscale scores are then used in the analyses of relevant questions.
Execution and evaluation of research activity

The proposed inquiry-based activity proved to be functional and very easy to carry out even in a
common school class. All groups of students successfully analysed the water samples and recorded the
measured values appropriately. The students were able to correctly interpret measured data with the
slight help of teachers (elements of structured inquiry) and to find connections with daily life (water
quality, its sensory properties, health risks, etc.). Easy interpretation, handling the data and transfer to
students’ everyday life shows that this comprehensive activity can also serve as a suitable model for
practising inquiry-based teaching for students who are not accustomed to working in this way. Thanks
to the use of common aquarium material, the experimental part is also suitable for students who have

no experience in working in a laboratory environment.
Affective impact of research activity

IMI was assessed using Cronbach's alpha (see Table 1). The values in the subscales interest/pleasure
and value/usefulness can be considered acceptable (Tavakol & Dennick, 2011). Given the Cronbach
alpha values for the effort/importance and pressure/tension subscales, these subscales were excluded

from the analysis.
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Tab. 1 Results of IMI evaluation

Subscale a Mdn (from whole battery)
Interest/Pleasure 0.87 6
Effort/Importance 0.52 5
Pressure/Tension 0.54 1
Value/ Usefulness 0.78 6

Concerning the selected subscales (interest and pleasure and value and usefulness) the students
evaluated the activity above the average, so the statements were predominantly true (see Table 1).
They also do not evaluate the activity negatively in any of the monitored aspects - see below the values

of specific items from the questionnaire.

As this activity appears to be potentially motivating, it is a positive fact that students disagree with the
statement that they were not interested in the activity at all (Mdne, = 7) and also disagree with the
statement that they found the activity boring (Mdn.., = 7). Students also states that the activity was
fun (Mdn = 6) and very interesting (Mdn = 6). Furthermore, they think it is useful to do this kind of
activity because it can lead to a better insight of water quality issues (Mdn = 6) and that performing it
is also useful for understanding the subject matter at school (Mdn = 6). Which could have a positive
effect on the interiorization and self-regulation of these activities (Deci et al., 1994). This potential of
the task seems to be an appropriate activity also due to the long-standing dislike of chemistry/natural
sciences, especially among secondary school students (Kubiatko, 2016; Rusek, 2011). For this reason,

it is necessary to cultivate attitudes towards natural sciences during elementary education.
CONCLUSION

This inquiry activity proved to be feasible even for schools which do not dispose of various technical
equipment. The aquarium testers are simple and contain everything necessary to carry out the
measurement of the substances’ concentration in the water samples. Thanks to the overlap into other
disciplines, it can be used in other subjects such as biology, environmental education, out-of-school
science activities and school clubs. Moreover, students understand the results well and it is therefore

possible to realize the activity with younger students.

Piloting this activity, the authors also made further suggestions on how to adapt or extend the task:
e.g. spectrometry (or colourimetry), sensory analysis of water or screening of a video focused on water

analysis (in Czech, e.g. A dost!, dealing with food quality in the Czech Republic).
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Comparative Study of Transmissive and Active Education in
Chemistry

Irena Chlebounovd, Petr Smejkal

Abstract

The research has focused on high school students in their final year of learning chemistry. It aimed at
analysing how they feel confident in solving problems during chemistry lessons. The study was
performed among 102 students from an eight-year grammar school. The questionnaire comprised 21
statements and 33 open questions. By using an 11-point Likert scale and answers to open questions,
the respondents indicated their feeling about progress or regress in their skills and competencies
during the last three years. Answers showed a dependence of student’s self-confidence on the
teaching style of their teacher and on their teacher’s feedback. The students exposed to active learning
have developed a higher level of self-confidence than the others, a better attitude towards chemistry,

and higher motivation to do extra work at home.
Keywords

Active learning; competencies; problem solving
INTRODUCTION

Many studies have focused on the importance of laboratory work in science education for attitudes
towards chemistry, physics, and biology, for motivation to learn science and also for inquiry skills
(Hofstein & Lunetta, 2004, pp. 28-54). The priorities in teaching science changed from frontal
transmissive education to the concept of education addressing students’ needs. Students have to be
in charge of their education in lifelong vision of learning in an information age (Hurd, 2002, pp. 3-9).
But how does the education look in many schools in the Czech Republic in the 21st century? The
transmissive model of teaching science is still winning in many schools as the authors of this article can

witness from their own experience or from discussions with teachers and students.

This study aimed at the analysis of students’ confidence in skills that are important for solving problems
and, consequently, important for the preparedness to face challenges that the life brings. First,
teaching styles of chemistry teachers were identified in one eight-year grammar school in Prague.
Second, students filled the questionnaire. The answers were analysed by the combination of

a qualitative and quantitative approach. The comparison between the education with laboratory work
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(and other elements of cooperative active learning) and without laboratory work (and other elements

of cooperative active learning) was made.
METHODOLOGY

Research Sample

This study involved high school students (N=102) at the age of 18 or 19 from one eight-year grammar
school in Prague. The experimental group comprised 76 of them from 5 different classes taught the
last three years by two teachers teaching according the same outlines. These teachers used student-
focused teaching model with elements of cooperative active learning (laboratory work in groups of
3 to 4 students, hands-on activities, teamwork in groups of 2 to 5, problem-based learning, inquiry-
based learning, educational games, excursions, projects) and encouraging feedback. In the first three
years of chemistry, the experimental group had a teacher with a transmissive teaching model. The
control group represented 26 students (one class) taught six years by one teacher with transmissive
teaching model based only on PowerPoint presentations and worksheets (without any element of

cooperative active learning as mention above).
Questionnaire

The research question was "What is important for a student to feel self-confident in solving problems
in chemistry?" Students got a reflective questionnaire in the last year of their chemistry curriculum. It
was prepared by the first author. There were 21 statements and 33 open questions. Seven of them
connected with laboratory skills were described in the proceeding from the conference in Florence
(Chlebounova, Smejkal, 2019). For this article, the connection with problem-solving was analysed
through another eight statements. Using the 11-point Likert scale (0 = | do not know how to do it,
10 =l can do it on 100%), the students evaluated their self-confidence in competences after three
years of chemistry education with their previous teacher (= transmissive teaching method, "pretest").
Afterwards, they marked their self-confidence position in the same competence at the end of their
chemistry curriculum (= after three years of their active learning, "posttest"). The difference between
"posttests" and "pretests" was measured. By answering the open questions, the students explained
both why they had chosen their position on the scale and in which direction their skill or competence

moved during the last three years and why.
Here are the analysed statements connected with problems solving:
1. Inchemistry, | understand a specialised/scientific text at the high school level

2. lrecognize, write down, and remember the essential information from listening
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3. lam thinking about a problem and looking for a solution

4. Without the help of the others, | can solve problems and exercises
5. I can ask meaningful questions

6. laminterested in chemistry

7. laminterested in chemistry in my free time

8. llike to solve problems on my own and | like to discover new ways to tackle problems
Analysis

In the study, the SPSS software version 25 was used for the descriptive statistics and the paired t-test
of the difference using a 95% confidence interval. Open questions were analysed by Grounded theory
(the coding of students” answers, grouping of similar answers into one category, choosing one central
category and looking for its connections to other categories) according to Strauss & Corbin (1999). The
comparison between two teaching styles (student-focused model using cooperative active learning

and transmissive teacher-centred model (without cooperative active learning) was done.
RESULTS AND DISCUSSIONS

As it is seen in Table 1, the experimental group of students who, during last three years, experienced
laboratory work, games, and other elements of active learning in groups increased significantly
(p <0.05) their confidence in all skills and competencies connected with problem-solving. In the
control group, only the level of understanding of chemical scientific texts and asking meaningful
questions significantly increased. It is probably because students are not afraid to ask their teacher
(they know her for six years) and some of them do extra work at home as a preparation for their future
studies of medicine. The other students in the control group are just older and so they feel more

confident in reading chemical texts than when they started with chemistry.

In Table 2, some key answers to the open questions are shown. Statements have been coding in both,
experimental and control groups. In the experimental group, change of the teacher (from transmissive
model to students-centred model) is mentioned and considered positive. There is also the statement
that biochemistry is recognised as interesting and important because of its connection to the human
body and everyday life. The calculation of exercises is recognised as difficult. Rusek (2017) shows
similar results. In the control group, it is admitted that they had no laboratory work. It can be seen
from other statements that chemistry without any activity is boring and demotivating. This is similar

to Abrahams findings (2009).
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Based on coded statements, the connections between the central category and the other categories

were analysed; the result is depicted in Figure 1. As it is possible to see, the willingness to solve

problems alone depends on the previous experience. Successful students want to experience another

success, but unsuccessful students are afraid to work on their own. They prefer the help of someone

else. The similar results have Holstermann et al. (2009).

Tab. 1 Comparison Between Experimental and Control Group, source: Chlebounov3, 2019

Number of Statement + Mean Mean Mean N Significancy p
Group of Students Pretest Posttest Posttest - Pretest (2 - tailed)
1 experimental group 3.627 5.933 2.3067 75 0.000

1 control group 4.077 5.308 1.2308 26 0.004

2 experimental group 5.270 7.209 1.9392 74 0.000

2 control group 5.904 5.635 - 0.2692 26 0.558

3 experimental group 5.58 6.882 1.2986 72 0.000

3 control group 6.17 6.083 -0.0833 24 0.863

4 experimental group 3.931 5.083 1.1528 72 0.000

4 control group 4,558 4.308 - 0.2500 26 0.625

5 experimental group 5.71 7.049 1.3403 72 0.000

5 control group 6.27 7.019 0.7500 26 0.002

6 experimental group 3.49 5.299 1.8125 72 0.000

6 control group 3.96 4.058 0.0962 26 0.885

7 experimental group 1.39 2.72 1.333 72 0.000

7 control group 0.62 1.50 0.885 26 0.155

8 experimental group 4.36 4.90 0.548 73 0.008

8 control group 3.54 3.88 0.346 26 0.273
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Tab. 2 Frequent Answers Explaining Evaluation of Statements (Chlebounova, 2019)

Question + Group

Answers

1 experimental group

The curriculum is more complex than before. | know more than before but
still, there are missing concepts. The change of the teacher was positive.

1 control group

We did not do it during our lessons, so | do not know how to do it. We did
not have any laboratory work.

2 experimental group

If | take notes from the lesson, | remember more. In the afternoon | can
hardly focus on chemistry. Now | recognise what is important.

2 control group

The older | am, the less | keep my attention during chemistry lessons. |
understand more by self-study than by explanation of my teacher.

3 experimental group

The older | am the, more | like to solve problems on my own. Chemistry
subject and problems solving are much more interesting with our new
teacher than before.

3 control group

The older | am, the less motivation in solving problems during chemistry
lessons | have. | prefer someone who explains to me how to solve the
problem.

4 experimental group

| need more help than before because the calculations are more difficult
than in the beginning. | am not familiar with mathematics. Nobody
understood it from our previous teacher.

4 control group

Every time comes up something that | do not understand and that makes me
unsure. | need peace and enough time to do it successfully.

5 experimental group

| try to ask meaningful questions. It depends on my understanding of the
topic. | have sometimes problems to formulate questions.

5 control group

I mostly do not ask any questions. The more you know, the more connections
among terms and topics you see.

6 experimental group

Biochemistry and organic chemistry are interesting because they have
connections to biology. | am interested in topics related to everyday life.

6 control group

| like some interesting practical things — drugs, medicines, ecology, food. Or
logical things. Chemistry is too complicated, | get lost in terms.

7 experimental group

| learn for tests and exams. | want to get a deeper understanding. | do my
homework (laboratory protocol, presentation). | watch videos, read articles,
teach my brother or sister, | make food and drinks, | clean.

7 control group

| do not do anything chemical during my free time. | prepare for my chemical
graduation exam.

8 experimental group

| prefer to solve chemical problems with someone helpful. | like to do
creative work on my own. | like to know what to do.

8 control group

| do not know anything from previous years with chemistry. | have to learn
chemistry alone at home. | do not like to solve chemical problems.
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CONCLUSION

This study shows connections among the competency “Problem solving” and such categories as
listening, understanding of the text, asking questions, computing, finding a solution, individual work at
school and also at home. According to grounded theory, the dependence of each category on some
items was found. Similarly, as Ramsden (1998, p. 134) found “negative attitudes to science are

a problem”. The teacher can help by giving a positive feedback as was done in the experimental group.

As it is seen in both Tables (1, 2), cooperative active learning can strengthen self-confidence, the
attitude towards chemistry as well as the motivation to do extra work at home in free time. This is

especially true when the positive feedback from the teacher is added.

Listening Depens on

e |nterest
eConcentration

hemistry at Home *Notes

*Videos, Articles *Explanation

eHomeworks
ePreparing for Exams
ePractical Work eComplexity of Topic
The Interesting Topics eChemical background
(Biochemistry) eHelp of Teacher

eLearning with the
Family Members

Understanding of the
Text Depens on

Problem

Asking Questions

SOIVing Depens on

_ *The Ability to
*Self-confidence formulate problem

*The Interest The Understanding of
*The Type of Person the Topic

eThe Previous Success *The Practise

Individual Work

Depens on

Finding the Solution

Counting Depens on
Depens on
e Difficulty of Example

-self-Fonfldence eThe Mathematical
*Motivation Abilities

eThe Age of Students eThe Practise

eThe Understanding of «The Help of the
Connections

eCompetitiveness

Teacher

Fig. 1 Grounded Theory — Dependence of the Central Category “Problem Solving” on the Other Categories,
(Chlebounova, 2019)
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The limitation of this study is the small number of students and the experience from just one school.
On the other hand, the cooperation with students worked at least for three years. There were many
discussions around and so we can believe our results because there were proven after finishing

guestionnaire many times in our discussions and unofficial interviews.
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Geology field-trip improves students’ knowledge better than
computer work: A case study

Vanda Janstovd, Boris Polacek, Petr Novotny

Abstract

The study focuses on students' geological knowledge and the possibilities to effectively increase this
knowledge. A quasi-experiment in which the pupils (year 11) were divided into two groups was
prepared. One group learned in geological exposition and the other worked with identical materials
available online. Significant increase in knowledge has been demonstrated only for pupils attending
the geological exposition. The difference between the increase in the knowledge of pupils from the
two groups was significant with a moderate effect. Therefore, the geological excursion can be a way
of combining a popular and effective method with less popular content to achieve a better learning

outcome.
Key words

Teaching geology; upper secondary school; field trip; outdoor education
INTRODUCTION

Geology is usually not a separate subject at Czech secondary schools, its content is rather taught in
biology, geography, or partly chemistry. Some schools cover geology topics only by field trips other can
devote as much as one year to this field. Although understanding geological patterns is important for
understanding the processes on Earth, geology is not popular among pupils (Malcova & Janstova, 2018;
Prokop & Komornikova, 2007; Veselsky & Hrubiskova, 2009). The way pupils view certain topic is, of
course, influenced by perception of the topic itself, but the teaching forms and methods used to
introduce the topic also matter (Janstova & Mikova, 2019). Therefore, we decided to connect rather
unpopular geology with a field trip which has been shown to be effective (Prokop, Tuncer, & Kvasnicak,
2007) and has the potential to influence pupils' interest in nature and natural sciences (Zoldo$ova &
Prokop, 2006). It can improve both knowledge and attitude (Prokop et al., 2007) which have been
shown to correlate positively (Florianovd, 2015). The field trip benefits include the fact that if properly
conducted and contains all the necessary phases (Orion, 1989), it develops a range of pupil skills (Orion

& Hofstein, 1991). At the same time, it leads to better knowledge of geology (Folkomer, 1981).

Because it is not always possible to organise a field trip to geologically interesting locality, some

authors suggest virtual field trips as a possible solution. Students who participated in virtual field trip
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achieved higher scores compared to students taught using conventional methods (Haris & Osman,
2015). But geologically interesting locality does not have to be in remote mountains, deserts or sand
stone cities. Taken Czech Republic capital Prague as an example, we can explore e.g. different
monuments, underground stations or cemeteries. These options were expanded in 2010 by opening
a permanent outdoor geological exposition “Rocks and Geological Development of the Bohemian
Massif” in the Botanical Garden of the Faculty of Science of Charles University. This exhibition in the
city center is easily accessible and offers examples of 32 rock types, in which the past of the Bohemian

Massif is captured (https://www.parkgeo.cz/).

The aim of this study was to determine whether a field trip to such geological exposition influences

students’ knowledge of geology.
We had decided to find the answer to the following research questions:

1) Will pupils' knowledge of Rocks and Geological Development of the Bohemian Massif differ
before and after a field trip to the geological exposition of the Faculty of Science at Charles
University focusing on this topic?

2)  Will pupils' knowledge of geology differ between those who attend the geological exposition,

and the pupils working on-line at school with the same text materials?

We tested the influence of the teaching form (field trip or on-line work in school) and gender on the

score obtained in the knowledge test.
METHODOLOGY

Sample and sampling

In order to answer the research questions, a quasi-experiment was used, with a convenience sample
of pupils the second year of a four-year grammar school and the corresponding year of a multi-year
grammar school in a middle-sized town. A total of 54 pupils (37 boys and 17 girls) from two different
classes in the same grade were divided into an experimental group — one class (n = 30; out of these,
8 were girls), who attended the geological exposition the Faculty of Science, Charles University and
a control group —second class (n = 24; out of these, 9 were girls), pupils who were taught in a computer
lab at their school. All pupils completed the same geology curriculum extent prior to the testing. Pupils

were also taught by the same teacher on a field trip and in the computer lab.
Intervention and testing

All pupils completed a pre-test three weeks before the intervention. The test consisted of 10 questions

on general geological knowledge (Earth origin, Earth structure, description of the lithospheric plates
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boundaries, the difference between rock and mineral, rock distribution) and the development of the
Bohemian Massif. The first question was a multiple-choice, remaining 9 questions were open-ended.
The answers to the open-ended questions were evaluated using pre-prepared model answers that
contained all the necessary terms in the right context. The points were distributed among the
guestions according to the number of terms required. The test took the pupils about 15 minutes to fill.

Maximum score of 37 points could be earned.

The worksheets designed to work with the information from the geological exposition were created
by Poldcek (2015) as a part of his diploma thesis. Teaching materials are available at
https://parkgeo.cz/vyuka.htm#Konecna. The experimental intervention consisted of using the
worksheets either outdoors in the geological exposition or indoors, in which case the pupils worked
with https://www.parkgeo.cz/ web site containing exactly the same information in the same
arrangement as outdoor geological exposition. The real stone objects are covered by pictures on the
website (see e.g. https://www.parkgeo.cz/pokryv.htm). The time spent working with the worksheets

was approximately the same for both groups.

The post-test was administrated one week after the intervention and contained the same questions as

the pre-test, only in a different order.
Statistical procedure

Statistical data processing was performed using Statistica 12 (StatSoft). The differences were
considered statistically significant when p < 0.05. The number of points in the pre-test and post-test,
respectively their difference, served as a dependent variable, the influence of group membership
(control versus experimental), and pupil gender were tested. The normality of the pre-test results
distribution was tested by Kolmogorov-Smirnov and Lilliefors tests, both cases p> 0.2; d = 0.07.
Parametric tests were used for further calculations, namely t-test and variance analysis (ANOVA) for
repeated measurements. As it was found that there was a difference in pre-test between the results
of both groups, a covariance analysis (ANCOVA) was used to compare the results of the post-tests,
filtering the differences in pre-test. Effect size (Morris, 2008) was calculated for difference in
achievement between pupils from the experimental and control groups (Lenhard & Lenhard, 2016)
and the effect was considered none if d < 0.2, small if 0.2 < d < 0.5, intermediate if 0.5 < d < 0.8 and

large if d > 0.8.
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RESULTS

There was no difference in the scores achieved between boys and girls (t = 0.55; p = 0.58) neither in
the pre-test nor in the post-test, although in both cases the girls achieved on average higher scores

than boys (ANOVA for repeated measurements F = 0.15, p = 0.7 and F = 0.30, p = 0.58 for post-test).

A statistically significant increase in post-test scores compared to pre-test scores was seen in pupils
from the experimental group who took part in the field trip (t = -3.8; p = 0.0007). There was no
difference between the scores achieved in the pre-test and the post-test in the case of pupils from
control group who worked with materials available on the geological exposition website in the school
computer lab (t = -0.8; p = 0.43). The scores in the post-test differed statistically significantly among
the pupils from experimental and control groups (p = 0.001; F = 11.97) after the pre-test results had
been filtered out, Fig. 1. The effect size sensu Morris (2008) d = 0.67 showed intermediate effect of the

excursion on experimental group pupils’ achievement.
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Fig. 1. Experimental versus control group pretest/posttest improvement.

Pupils from the experimental group (Geo) achieved significantly higher scores in posttest than the pupils from
the control group (PC).
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DISCUSSION

Our results confirm the finding of Prokop et al. (2007) who focused on biology, that even a short-term
field trip can increase pupils’ knowledge significantly. Prokop et al. (2007) also pointed out the positive
effect a short-term field trip had on attitude toward biology. The positive attitude together with
curiosity to know more about the topic can be one of the most important outcomes (DeWitt
& Storksdieck, 2008) although knowledge can be the first step as it positively correlates with attitude
to the topic (Florianova, 2015). Elkins & Elkins (2007) also described the positive influence of geological
field trip on knowledge, but in their case, the field trip was long-term, which is not always possible in
an ordinary school setting. Because it is not possible to travel far during a short-term field trip, we
introduce visiting a close accessible location in a city center which consists of 32 stones as a doable
and effective option. The geological exposition has another advantage as it requires hardly any

maintenance once it is established.

We are aware of virtual field trips being a separate teaching method as described by e.g. by Spicer
& Stratford (2001) which can still provide an experience when the outdoor locality with educational
potential cannot be reached (Haris & Osman, 2015; Hurst, 1998). But as Stainfield, Fisher, Ford,
& Solem (2000) pointed out, preparing a good virtual excursion with a potential to be effective is not
easy and in any case it does not supply the complexity of a real field trip like physical activity or social
interactions (Novotny, 2015). Working with on-line materials was therefore not intended as a virtual

field trip, merely as a control including working the same information.

Although the work itself took all pupils from both experimental and control group approximately the
same time, additional 1.5 hour was needed for the experimental group to transport to the Botanical
garden and back. We believe that this disadvantage is counterbalanced by the significant increase in
experimental group pupils' knowledge described in this study being caused probably by interaction
with real stones and by social interactions and other benefits. Therefore, we suggest teaching

unpopular geology using real samples outdoors whenever possible.
Limits of the study

Due to the ordinary school setting, it was not possible to divide pupils into control and experimental
group randomly. One class was chosen to be experimental and the other one to be control depending
on the timetable requirements. The quasi-experiment was performed close to the end of the school
year which made it difficult to include retention test as well. Therefore, only pre-test and one post-
test (one week after intervention) were carried out. We are also aware of the fact that low number of

pupils, together with convenient sampling, do not allow to generalize the results.
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CONCLUSION

In this study, we described a significant positive impact of a short-term field trip to geological
exposition “Rocks and Geological Development of the Bohemian Massif” in the Botanical Garden of
the Faculty of Science of Charles University on pupils’ geological knowledge. Seeing and touching the
real stone samples improved pupils’ knowledge which could subsequently lead to improving attitude
toward geology. Control group of pupils working with the same worksheets and material resources on-
line in school did not increase knowledge significantly. We believe our study will bring another impulse
to the teachers to educate pupils outdoors. We also want to point out it is not always necessary to
travel far from the school to be able to benefit from the potential outdoors education offers us. Such
expositions like the one described above seem to us to be a good teaching tool and we suggest their

establishment should be promoted.
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Postupné rozvijeni témat jako vychodisko projektového
vyucovani: pfipadova studie

Progressive development of themes as a starting point
for project teaching: Case study

s

Karel Vojit

Abstract

One of the most important and at the same time the most difficult aspect of project-based education
is the transfer of responsibility for learning to pupils. The aim of this paper is to present a case study
of activity Colours realised at elementary school Hlrka in Kutna Hora (3rd - 5th grade). Gradual
development of topics based on pupils’ interest was used in the activity. Activity was analysed with
respect to the theoretical background of project-based education. The gradual development of topics
seems to be an effective strategy to increase pupils' interest in specific educational content and thus

to initiate the project as a pupil's activity.

Key words

Development of topics; project-based education; responsibility for learning
uvoDb

Projektové vyucovani nabizi fadu prileZitosti k rozvoji samostatného a autentického uceni zakd.
V duchu této metody vyuky jsou Zaci vedeni k samostatnému zpracovani komplexniho ukolu a feseni
problémU spjatych s redlnym Zivotem. Projektové vyucovani tak spojuje jednani s myslenim, ale
i prozivanim. Dochazi k propojeni teorie a praxe a skoly se Zivotem (Mazacova, 2008). Komplexni reseni
realného problému véetné volby konkrétnich cilli, postupl i vystupu cili na rozvoj Sirokého spektra
kompetenci, ¢imZ je tato metoda v dobré shodé s cili danymi kurikularnimi dokumenty (srov. RVP 2V,

2017).

Jednim ze zakladnich aspektl projektového vyucovani je preneseni odpovédnosti za uceni na zaka, kdy
se projekt stava jeho podnikem (Tomkova, Kasova, & Dvorakova, 2009). V tomto prvku spociva jedna
z nejvétsich prednosti projektového vyuéovani, nebot prohlubuje zdkovo uéeni a nese silny motivaéni
potencial. Zaroven se ale ukazuje jako jedna z nejvétSich obtizi pti realizaci projektového vyucovani
a realizované aktivity oznacované jako projekty ¢asto postradaji ,projektovost” a zlstavaji podnikem

ucitele (Rusek & Dlabola, 2013).
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Cil studie

V ptipadé vyucujicim iniciovaného projektu je v iniciacni ¢asti Ukolem ucitele navodit takové podminky,
aby se Zaci mohli ztotoZnit s tématem projektu a svobodné se rozhodovat. Moznou cestou je postupné
fetézeni témat, ve kterém Zaci dostavaji prileZitost téma zvolené dle svého zajmu dale rozvijet. V tomto
pfistupu vyucujici miZe vyucujici Cerpat jak z teoretickych vychodisek projektového vyucovani a dalsich

aktivizacnich strategii, tak publikovanych navrh(i projekt( (viz napf. Rusek & Vojir, 2018).

Realizace projektového vyucovani pfinasi fadu komplikaci a zdroven je velmi narocna na pfipravu
vyucujiciho. Cilem tohoto pfispévku je proto popsat pripadovou studii vyuky zamérené na téma Barvy,
ve které bylo vyuZito postupné fetézeni témat. Vyuky byla podrobena hlubsi analyze z pohledu teorie
projektového vyucovdni. Na konkrétnim pfikladu vyuky se tak ukazuji jak Uspésné postupy, tak
pfipadné krizové aspekty. Tato zjisténi mohou poslouzit dalSim vyucujicim realizujicim obdobnou

vyuku i k Sirsi diskusi o projektovém vyucovani a moznostech jeho vyuziti.

Realizovand vyuka byla komparovana s definicemi a teoretickymi vychodisky projektového vyucovani
popsanymi v literatufe (zejména KaSovd, 1995; Kratochvilovd, 2006; Marak & Svec, 2003; Priicha,
Walterovd, & Mares, 2003; Skalkova, 2007). VyuZity rovnéz byly i texty zabyvajici se praktickym
vyuzivanim a hodnocenim projektového vyucovani (Bilek & Machkova, 2015; Coufalova, 2006; Rusek,
2016; Rusek & Becker, 2011; Svecovd, 2001; Tomkova et al., 2009). Diiraz byl v analyze kladen zejména
na aktivitu vyucujici a Zak(, volbu témat, postupu rfeseni a vystup(. Zaroven bylo sledovano, jak se tyto

aspekty v pribéhu feseni aktivity proménovaly a co bylo Ciniteli zmény.
POPIS AKTIVITY

Vyukova aktivita Barvy byla realizovana na prvnim stupni soukromé zakladni skoly Hlrrka v Kutné Hore
ve vékové smisené skupiné slucujici Zaky 3. — 5. ro¢niku. Vyukova aktivita probihala pod vedenim jedné
vyucujici, tfidni ucitelky zak(. Aktivita byla zahajena v ramci vyuky predmétu Uméni a kultura, ve které
navazovala na vyuku vénovanou teorii barev. Dalsi ¢ast aktivity byla realizovdna ve vyuce predmétu
Projektové vyucovani (pfedmét integrujici obsah vzdé&lavacich oblasti Clovék a svét prace a Clovék
a jeho svét, respektive Clovék a zdravi, Clovék a spoleénost, Clovék a kultura a Clovék a piiroda). Vyuka
se v Uvodu zamérovala na diskusi o vyuZivani barviv v pribéhu historie, skladani a rozkladani barev
a barveni [atek pomoci pfirodnich barev. Dalsi obsah vyuky byl dale rozvijen a modifikovan na zadkladé

zajmu z3aka a vyvstalych otazek.
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Pribéh vyucovani a postupné rozvijeni zafazenych témat

Vyukova aktivita Barvy navazovalo na jiz dfive ve vyuce probirané téma teorie barev. Vyucujici Zaklm
pfipomnéla téma pomoci pisné a videoklipu o skladani barev. Ve vyuce tak bylo vyuzivano i dalSich
mezipredmétovych vztah(. Principy skladani barev byly dale demonstrovany na rozkladu barev pomoci
kapky vody na displeji a fizené diskuse. V fizené aktivité Zaci pozorovali rozklad skladani svétla rGznych
barev do pozorované bilé. Pomoci otazek vyucujici byli Zaci sméfovani k porovnani rozdili ve skladani
barevného svétla a barevnych pigmentu a jakymi principy je mozné ve skladani barev dosahnout nejen
zakladnich a sekundarnich barev. Toto porovnani vyustilo v otazku: ,Jaké zdkonitosti plati ve skladdani
barev?”, ktera fidila dalsi ¢ast aktivity. Zaci michali barvy s vyuZitim ptedchozich znalosti i informaci
z pisnicky (vyuZity byly temperové barvy). Vyucujici Zzakiim také predstavila rozklad barviv ve fixech

na kavovych filtrech, které nasledné zaci samostatné realizovali a porovnavali s michanim barev.

V rdmci aktivity vyucujici se Zaky diskutovala o historickém ziskavani a vyuzivani barviv a sméfovala
jejich pozornost i k moZnostem barveni materidlé pomoci ptirodnich barviv. Zaci dostali k dispozici
Cervené zeli a Cervenou fepu, ze kterych pfipravili vlastni barvy jejich vafenim ve vodé (Vyucujici
dohlizela zejména na bezpecnost prace a radila Zak(m v postupu.). Z diskuse rovnéz vyplynula dalsi
otazka: Jakym zplisobem je mozné ovlivnit barvu pfirodnich barviv? Re$eni této otazky se vénovala ¢ast
Zakl provadénim experimentu spocivajiciho ve zméné barvy odvaru z ¢erveného zeli v disledku zmény
pH. Vyucujici sméfovala zZaky k myslence, Ze ke zméné barvy je zapotfebi misit odvar s vybranymi
latkami. Zaci v fe$eni vyuzili své predchozi zkudenosti s pokusy vyuZivajicimi sodu a ocet. Nasledné 7aci
rozsitili experiment vyuZitim dalsich latek dostupnych ve tfidé (S ohledem na bezpeénost pokusy
s mycimi prostiedky provedla vyucujici na zakladé instrukci od Zak(.) a na zakladé podobnosti Ucinku

je porovnavali se sodou a octem.

Vystupy ztéto &asti se u jednotlivych 7akd ligily. Cdst z nich zpracovala paletu r@iznych barev
namichanych z temperovych barev. Dalsi Zaci se zaméfili na barveni ubrouskd pomoci pfirodnich barviv
a porovnani obarveni ubrousku v pfipadé kdy pridavali jedlou sodu, nebo ocet. Na zdkladé spontdnniho
rozhodnuti se ¢ast Zzakl rozhodla rovnéz pripravit z odvaru z ¢erveného zeli barevnou skalu. Nasledné

pozadali o poskytnuti banék a pripravenou barevnou skalu vystavili v okné u¢ebny spolecné s popisem.

Barvy v bankach vystavena v okné ucebny do dalsi vyuky zplesnivély. Vyjimkou byly pouze barvy
pfipravené smichanim s Cisticimi prostfedky. Vzniklé plisné si vSimly sami Zaci a toto zjisténi vyvolalo
otazky vztahujici se k divodu vzniku plisni na hladinach barev. Informace o plisnich byly vyhledavany
na internetu a Zaci pozadali vyucujici o vytisténi obrazk(, kterymi doplnili informace k ptipravenym

barviviim. V ramci vyhledavani informaci o plisnich zaky zaujaly informace o L. Pasteurovi
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a A. Flemingovi. Na zadkladé zajmu o téma vyucujici Zakim vyhledala videa vénuijici se objevim téchto

osobnosti.

Informace o pasteraci ve videu o Louisovi Pasteurovi se stala zdkladem pro Fidici otdzku dalsi ¢asti
aktivity: Je moZné pomoci prevareni zabrdnit zplesnivéni pfipravenych barev? Zaci ptipravili barviva
stejnym postupem jako v predchozich pripadé a vyucujici je ve vyuce prevafrila. Nasledné uzaviené
barky opét umistili do okna. V tomto pfipadé pfipravené roztoky nezplesnivély, pouze po urcité dobé
ztratily barvu. V ramci fizené diskuse Zaci shrnuli své zavéry z experimentu. Dotazy Zak( vztahujici se
ke ztraté barvy zodpovédéla vyucujici a propojila téma s potfebou ochrany uméleckych dél

pred svétlem. Klicové informace k pribéhu pokusu vyucujici zapsala a vylepila k vystavenym bankam.
AKTIVITA VYUCUJICI A ZAKU

S ohledem na postupné rozvijeni tématu vyuky se aktivita vyucujici a Zaka v jednotlivych castech
vyukové aktivity proménovala (viz Tab. 1). Zjisténi vyplyvajici z pribéhu vyuky, potazmo i dil¢i vystupy
se opakované staly zdkladem pro Zzdka atraktivni otazky, kterd byla dale vyuZita k preneseni

zodpovédnosti za ucebni aktivitu.

S ohledem na navaznost témat se stfidaly Cinnosti fizené z vyznamnéjsi ¢dasti vyucujici s ¢astmi,
na jejichz prabéhu se podileli zejména Zaci. V pripadé, Zze od zakl vzesla klicova otazka, vyucujici
poskytla Zakim prostor k feseni pro né aktualniho tématu, které poslouZilo jako nosny motivacéni prvek
pro jejich samostatnou cinnost zahrnujici konkretizaci problému, hledani postupu feSeni a jeho
realizaci. Vyucujici se zaky na postupu spolupracovala a poskytovala jim potfebné informace potifebné

k feseni zvoleného problému. Zaroven smérovala jejich pozornost pomoci otazek.

V rdmci aktivit zamérenych na miseni barev se Zaci rozdélili do spontannich skupin podle jejich zajmu
a pristupu k feseni problému. Doslo krozrGznéni jednotlivych aktivit, kdy néktefi se zaméfili
na vytvoreni barevné skaly z dostupnych temperovych barev a zabyvali se principy jejich vzajemného
miseni. Dalsi ¢ast zak( vyuZzila roztoky prirodnich barviv k barveni ubrousk(l, pficemz dosli k nové
vyzkumné otdzce a dale experimentovali se zménami barev ptridavanim raznych latek.
Skupiny v pribéhu feseni nebyly jasné ohranicené a nékteti zaci v pribéhu feseni presli do jiné skupiny
zabyvajici se jinym pfistupem. Zaroven béhem aktivity probihala i komunikace napfi¢ skupinami, kdy si
Zaci sdélovali sva zjisténi. Ackoli vsichni Zaci sledovali ¢innost ostatnich, u nékterych z nich byla
spoluprace spise formalni, kdy prevdzné samostatné pracovali na ¢asti vystupu, ktery si sami zvolili.
V Urovni spoluprace se zde ale zfejmé promitaji i vyvojové aspekty spojené s vékem Zakd (Langmaier

& Krejcitova, 2007).
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Tab. 1 Aktivita Zakut a vyucujici v jednotlivych ¢astech vyukové ¢innosti

Dilci ¢ast vyukové Cinnosti Aktivita Zaka Aktivita vyucujici

Principy miseni barev a jejich Poslouchali informace Naplanovala vychozi aktivity;

rozklad pfipravené vyucujici; kladli predstavila Zakam postup
otazky k tématu a odpovidali feSeni danych aktivit;
na otazky vyucujici; prakticky smérovala pozornost zaka
zkouseli pfipravené aktivity. pomoci otazek; vysvétlovala

principy.

Pokrocilé miseni barev Pracovali na feseni; stanovovali | Poskytla potfebné pomucky;
nové otazky; experimentovali spolupracovala s Zaky pfi
s roztoky ptirodnich barviv; fesSeni; zodpovidala otazky
urcovali si vlastni vystup, ktery | Zakd; doplriovala dalsi
vytvareli. informace spojené s tématem.

Zjistovani informaci o plisnich PFisli s vlastni otazkou; Smétovala Zaky v postupu
vyhledavali a pfijimali zjistovani informaci;

informace; rozhodli o zplsobu | ve spolupraci s Zaky

prezentace informaci. zrealizovala technické reseni
prezentace informaci.

Sledovani dokumenta Sledovali video; reflektovali Zvolila informacni zdroj;
ziskané informace v pracovnim | pfipravila pracovni list se
listu. kterym Zaci pracovali

Experiment zaméreny Iniciovali vyzkumnou otazku; Napomahala zakim

na konzervaci barviv zvolili postup feseni; realizovali | v planovani experimentu;
experiment. v experimentu realizovala

¢asti, které nemohli z dGvodu
bezpec€nosti provést zaci;
zpracovala vystupni informace

Vda

Sich castech zabyvajicich se plisnémi a experimentdlnim ovéfeni prodlouZeni trvanlivosti
pfipravenych barviv pomoci prevareni probé&hlo rozdéleni tkold na zakladé diskuse mezi zaky. Zaci
vytvofili mensi skupiny, ve kterych pftipravili jednotlivé roztoky a nechali je vyuclujici prevafit.
Vyhodnoceni probéhlo formou skupinové diskuse moderované vyucujici. Vyucujici rovnéz vytvofila

vysledné shrnuti podstatnych informaci.
HODNOCENI VYUKOVE CINNOSTI

Zavérecné hodnoceni probéhlo pomoci spolecné reflexe. Ta se zamérovala jak na vysledna zjisténi, tak

na samotnou vyukovou ¢innost. VSichni Zaci vyuku hodnotili kladné, zdlraznovali zejména konkrétni
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Casti z procesu feseni a vystavené vystupy. V reflexi bylo mozné sledovat vyraznou emocni dopad, kdy

se Z4ci radovali nad vécmi, které se jim podafily, a nadSené vypravéli o svych zkusenostech.

Béhem celé vyuky byla Zakiim poskytovana individualizovana zpétna vazba. Sumativni hodnoceni
nebylo vyuZito a nebyl ani zvolen konkrétni vystup, za ktery by byli Zaci hodnoceni. Ke vsem dil¢im

vystuplm ale vyucujici poskytovala formativni hodnoceni.
REFLEXE VYUCUJICI

Vyucujici, ktera realizovala vyuku Barvy po dokonceni aktivitu zpétné pisemné reflektovala. Tato
reflexe poskytuje vhled do zplsobu uvaZovani a pfistupu k vyuZiti projektového vyucovani. Jako
pripravené tematické zaméreni uvedla diskusi o barvivech v pribéhu historie, barveni latky pfirodnimi

barvivy a rozklad barev pomoci kavovych filtr(. Dalsi obsah byl volen na zakladé zajmu zaku.
Ve své roli vyucujiciho v této vyuce zdlraznuje zejména:

e planovani vychozich aktivit,

e pfinaseni informaci a informacnich zdroj(i, které zZaci nemohou sami znét,

e provadéni procesem zjistovani informaci, experimentem a reflexi,

e pozorovani déni ve tfidé, intuitivni reagovani na momentalni situace, kladeni navodnych

otazek, rozvijeni aktivity a premysleni zakd.

Ptistup k zapojeni ucitele zdlraznujici jeho roli privodce je v dobré shodé s vychodisky projektového
vyucovani (viz napft. Kratochvilova, 2006). Vyucujici zdlrazriuje, Ze tento pfistup klade velké naroky
vzhledem k potfebé okamzité reakce na situaci a praci s momentalnim naladénim ve tfidé. Maze tak
ale jit zaklm prikladem v metodach badani a feSeni vlastnich otazek. Sama uvadi pfiklady, kdy neznala
spravnou odpovéd a vyhledavala tak spole¢né s zaky. ,Zména v programu vyucujiciho pak nerozhodi,
nemusi mit jistotu ve svém harmonogramu a md prostor prizpisobit se détem.“
Mezi hlavni vyhody vyuZitého postupu vyuky vyucujici fadi rozvoj spoluprace, ale i samostatnosti Zzaku
a prebirani zodpovédnosti. Jako pozitivni hodnoti i posun vzdélavaciho obsahu, ktery se stava pro zaky
zajimavym, nebot fesi sva vlastni témata. Tento faktor zdUrazruje i v kontextu rozvoje motivace a jejich
prozitku z vyuky, kdy se zZaci skutecné tésili na praci. Jak uvadi, retézeni témat ji umoznuje vytvaret
pfirozené vazby mezi tématy, které se zakim l|épe pamatuji. Zaroven poskytuje i prostor
k individualizaci u jednotlivych Zakd.
Prostor pro zlepseni u dané aktivity spatfuje vyucujici zejména v oblasti zpracovdvani vystupnich
informaci. Ddle uvadi moznost dat zakim vice prostoru ve vlastnim vyhledavani zdrojda informaci

a metod. Zde ale spatfuje také riziko v pfiliSné naro¢nosti pro nékteré déti, potazmo i objektivni pfilisSné

naroc¢nosti, kterd by mohla narusit dalsi plynuti ¢innosti. Toto hodnoceni vyucujici koresponduje
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s aspekty projektového vyucovani popsaného ve vyse citované literatufe. Zaroven ilustruje obtiznost
role vyucujiciho jakoZto privodce a facilitatora, jehoZ ukolem je poskytnout Zakiim dostatek prostoru,

ale zaroven byt schopen Zakim pomoci s feSenim, coz klade zna¢né naroky na jeho pfipravenost.
ZAVER

Vyukovou cinnost Barvy neni mozné jako celek povazovat za projekt ve smyslu projektového
vyuCovani. Na zakladé porovnani s literaturou je mozné tuto cinnost klasifikovat spiSe jako
integrovanou tematickou vyuku (Rusek & Dlabola, 2013). V nékolika ¢astech dosahuje ale vysokého
stupné projektového charakteru (Rusek & Becker, 2011). V pribéhu Cinnosti Zaci stanovovali viastni
vyzkumné otdzky, aplikovali své dosavadni poznatky v planovani feseni i stanovili vlastni vystup.
V tomto smyslu by bylo moZzné povaZovat nékteré Casti za samostatné projekty malého rozsahu

vélenéné do Sirsi vyuky integrované tématem.

V prlbéhu feseni opakované nardstala vlastni aktivita Zakd a jejich fizeni obsahu i postupu vzdélavani.
Postupného rozvijeni tématu a retézeni aktivit na zakladé vysledki predchozich se ukazalo jako funkéni
princip poskytujici klicové otazky k dalsi samostatné Cinnosti Zakd, ktefi tak pracuji s autentickym
tématem vychdzejicim z jejich zkuSenosti a Zivota. Tento pfistup je dobre patrny napfiklad na volbé

tématu plisni na zakladé autentického a spontanniho pozorovani zaka.

Naruseni projektového charakteru aktivit se silné projevilo ve zpracovani vysledkd a jejich zhodnoceni.
Vyucujici v zavéru Cinnosti prevzala zodpovédnost za vystup a vysledny vystaveny material shrnujici
teoreticka vychodiska i experimentem zjisténé informace zpracovala sama. Vyucujici tento aspekt ale
uvadi i ve své reflexi. Stejné tak jeji vnimani role vyucujiciho a pfinosu projektového vyucovani je

v dobré shodé s konceptem projektového vyucovani popsaného v literature.

Z prlbéhu ¢innosti a jejiho postupného rozvoje je patrné, Ze projekt v tomto pojeti neni mozné presné
replikovat s dalsi tfidou. Popsana pfipadova studie ale poskytuje vhled do mozného pfistupu k realizaci
projektového vyucovani. Zejména pak ukazuje moznosti volby témat a hledani otazek, které se stanou

zakladem projektu.
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Reakéni cyklus vapniku jako experimentalni podpora vyuky
kritického uciva chemické reakce na zakladni Skole
Reaction cycle of calcium as an experimental support for
teaching chemical reaction as critical subject-matter in
lower secondary education

Karel Kolar, Katefina Chroustovad, Veronika Machkovd

Abstract

Chemical reactions are among the key and critical points of chemistry teaching and learning in lower
secondary school. Implementation of experimental calcium cycles in pupils' laboratory work was
proposed as an innovation of teaching the topic of chemical reactions and developed in four steps
based on design-based research approach. The original proposal of innovation was commented and
subsequently verified and evaluated by in-service teachers in various regions of the Czech Republic in
their chemistry lessons. Teachers found this innovation favourably but suggested some optimizations
proposals. Based on the teachers' comments and optimizations proposals, modifications of

the laboratory exercise were proposed.
Key words

Chemistry teaching and learning; experimental cycle; calcium cycle; lower secondary education
UuvoD

V ramci Fedeni projektu OP VVV ,Didaktika: Clovék a pfiroda A“ zaméFeného na poéateéni kurikulum
prirodnich véd bylo z polostrukturovanych rozhovoru se 40 uciteli zjiSténo, Ze chemické reakce povazuji
za klicové, ale zaroven i kritické, misto uciva pocatecni vyuky chemie na zakladni Skole (Rychtera et al.,
2018). Duvody, proc jsou chemické reakce fazeny mezi kritickd mista kurikula, vychazi z komplexnosti
této problematiky zahrnujici velky pocet reakci riiznych typ( a nejednotnosti v jejich klasifikaci (Kolar,
Bilek, Rychtera, Machkova, & Chroustova, 2019). Jako feseni kriti¢nosti tohoto tématu byla navriena
inovace vyuky tématu chemickych reakci v podobé experimentalni podpory, jejiz inspiraci se staly

tzv. reakéni cykly.

Chemicky experiment patfi k esencidlnim prostfedkim formovani védeckych poznatk( z chemie, at uz
jde o obecné principy metody studia latek ¢i chemickych reakci (Benes, 1999). V soucasné dobé je
Skolni Zakovsky experiment kli¢ovou soucasti vyuky zejména diky trendu projektového vyucovani (viz

Rusek & Vojif, 2018; Rusek & Gabriel, 2013), popf. badatelsky orientované vyuky (Rusek, Slavik,
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& Najvar 2016). V obou pfipadech musi byt Zak nejprve dobie obezndmen s provadénim
experimentalni ¢innosti, s pribéhem modelovych reakci a zkoumanim priibéhu nezndmych reakci.
K tomu Ize ve vyuce chemie na zakladni Skole vyuzit reakéni cykly v podobé tzv. koncepéni laboratore
(v originale concept lab, van den Berg, 2013), které slouZi jako odrazovy mustek pro komplexnéjsi

metody a samostatnou praci.

Cilem nasi prace bylo navrhnout a ovéfit v praxi inovaci vyuky tématu chemické reakce v podobé
experimentalni podpory. Ta byla zpracovana jako navrh Zakovské laboratorni prace, ve které byl
realizovan reakéni cyklus vdpniku, a ovéfena na vybranych zakladnich Skoldch. Proces ovérovani
navrzené inovace vychdzel z principl tzv. konstrukéniho vyzkumu. V jeho pribéhu bylo nasim cilem
od uciteld zakladnich skol zjistit, zda je navrZena inovace realizovatelna v realnych podminkach vyuky
chemie na zakladni skole v plném rozsahu, zda a jak navrZend inovace pfispiva ke zmirnéni kriti¢nosti
vyuky uciva o chemickych reakcich. A na zadkladé téchto zjiSténi inovativni navrh optimalizovat

pro redlné podminky vyuky uciva o chemickych reakcich na zakladnich skolach.
DESIGN EXPERIMENTALNI PODPORY KRITICKEHO UCIVA CHEMICKE REAKCE

Namétem pro tvorbu inovativhiho navrhu experimentalni podpory vyuky kritického uciva
o chemickych reakcich se stal reakéni cyklus vdpniku. Ten je zaloZen na postupnych pfeménach
vapenatych sloucenin, kdy je vyslednym produktem stejna latka jako vychozi latka na zacatku
reakéniho cyklu (Kolar, Bilek, Chroustova, Rychtera, & Machkova, 2019). Reakéni cyklus zahrnuje rGzné
typy chemickych reakci, reprezentujici chemické vlastnosti slou¢enin vapniku a ukazuje na vzdjemné
souvislosti chemickych pfemén, charakteristickych slouc¢enin tohoto prvku a dalsich prvki téZe skupiny
(napf. hofciku). Nevyhodou navrieného reakéniho cyklu vapniku je mensi rozmanitost typl
chemickych reakci, barevnych zmén i zmén skupenstvi, jako tomu je napfiklad v pfipadé reakéniho
cyklu médi (Condike, 1975; Todd & Hobey, 1985; Walker, Noll, Panders, Winnebeck, & Courtney, 2012).
Reakéni cykly vapniku jsou do vyuky zafazovany jen v relativné malém poctu pfipadl, které
reprezentuji kolobéh vapniku v pfirodé (Duesing, 1985), pfipadné jsou orientované na technologické
procesy spojené s praktickym Zivotem: pdleni vapence — haseni vapna — tuhnuti malty (viz Nuffield

Foundation & Royal Society of Chemistry, 2015).
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Inovativni navrh experimentalni podpory vyuky kritického uciva chemické reakce ma formu laboratorni
prace pro zaky druhého stupné zakladni Skoly a jeho ndmétem je reakéni cyklus vapniku. Reakéni cyklus

vapniku je tvorfeny ¢tyfmi dil¢imi kroky:

1. termicky rozklad uhli¢itanu vapenatého,
2. reakce oxidu vdpenatého s vodou,
3. reakce hydroxidu vapenatého s kyselinou chlorovodikovou,

4. reakce chloridu vapenatého s uhli¢itanem sodnym.

Podle klasifikace chemickych reakci prvni dvé reakce predstavuji chemicky rozklad a chemické
sluCovani, dalsi je reakce acidobazickd, posledni pak je reakce srazeci, kterd vede k produktu,
totoZnému s vychozi latkou reakéniho cyklu. Reakéni cyklus tedy reprezentuje vyznamné zakladni typy
chemickych reakci anorganickych latek. Jednotlivé kroky reakéniho cyklu jsou dale doprovazeny fadou
testl, umoznujicich prokazat pritomnost vychozich latek a produktli v reakéni smési: vznik suspenze Ci
roztoku ve vodé, méreni pH reakcéni smési, dikaz pritomnosti oxidu uhli¢itého napf. hofici Spejli nebo
visutou kapkou vapenné vody, dikaz pfitomnosti vapenatych iontd kyselinou Stavelovou,

popf. plamenovou zkouskou, dlikaz chloridovych iontt reakci s dusicnanem stfibrnym.

Laboratorni prace je #ak(im zadana ucitelem prostiednictvim pfipraveného pracovniho listu. Ukolem
zakl je provést jednotlivé kroky reakéniho cyklu vapniku a dikazové reakce meziproduktl
a vysledného produktu podle uvedeného pracovniho ndvodu a na zavér provedenou ulohu vyhodnotit
podle pfipravené osnovy (celé zadani a plvodni verze pracovniho listu viz Rychtera, Bilek et al., 2020).

Predpokladalo se, Ze laboratorni préci zpracuji Zaci samostatné v prlibéhu jedné vyucovaci hodiny.

V pribéhu experimentdlniho cyklu Zaci provadéji fadu laboratornich operaci, napf. zahfivani kahanem,
filtraci, ovérovani hodnoty pH, srazeci reakci, tedy radu laboratornich technik, které jsou potrebné
pro dalsi laboratorni ¢innost. A protoze na sebe jednotlivé chemické reakce navazuji, je tfeba, aby Zaci
nasledujici kroky dobfe promysleli a planovali. To v dasledku pfispivd k rozvijeni pracovnich
kompetenci zak(. Na zavér laboratorni prace Zaci vyhodnocuji pribéhy provedenych krokd a testd
vzniklych (mezi)produktl a na zakladé jejich posouzeni reakce zarazuji do skupin podle klasifikace

chemickych reakci.

PROCES VYVOJE A OVEROVANI EXPERIMENTALNI PODPORY KRITICKEHO UCIVA
CHEMICKE REAKCE

Proces vyvoje a ovérovani laboratorni prace reakéniho cyklu vapniku jako experimentalni podpory
vyuky kritického uciva chemické reakce na zakladni Skole byl zaloZen na tzv. konstrukénim vyzkumu
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(Trna, 2011), jehoZ schéma zobrazuje obr. 1, a realizovan ve spolupraci mezi oborovymi didaktiky

a uciteli vybranych zakladnich skol.

MNavrh laboratorni prace
s wyuiitim reakéniho
cyklu oborowymi didaktiky

W J
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Obr. 1 Faze procesu vyvoje a ovéfovani experimentalni podpory kritického uciva chemické reakce.

Jak bylo popsano vyse v prvni fazi byl pripraven ndvrh experimentalni podpory kritického uciva,
tj. zarazeni reakéniho cyklu vapniku do vyuky v podobé laboratorni prace Zakd. Tato laboratorni prace
zakim ukazuje postupné chemické reakce sloucenin vapniku, umoziiuje pozorovani jejich pribéhu

v souvislosti s jejich riznorodou chemickou podstatou a jejich klasifikaci.

Ve druhé fazi byl prvotni navrh posouzen tfemi uciteli z praxe (T1, T2, T3), ktefi jej detailné prostudovali
a zvatzili okolnosti jeho realizace. Ndsledné s nimi byl veden polostrukturovany rozhovor, ve kterém
byly evidovany vécné pripominky a konstruktivni navrhy zmén v postupu realizace laboratorni prace

v podminkach dané skoly.

Ve treti fazi probéhla realizace navriené experimentalni podpory ve skolni praxi. Ta se uskutecnila
v prlibéhu bfezna a dubna 2019. Zucastnili se ji vySe uvedeni tfi ucitelé a 81 zak( ve véku 15 let v jejich
Ctyrech tfidach zakladnich skol. Hodnoceni pfinosu navrZzené experimentdlni podpory ve vyuce bylo
provedeno uditeli prostfednictvim jejich zic¢astnéného pozorovani vyuky, prostfednictvim skupinovych
rozhovor( se Zaky a analyzou produktl Zakd (v tomto pfipadé jejich laboratornich protokold).

Na zdkladé téchto ziskanych primarnich dat ucitelé zpracovali pisemné reflexe.

Pisemné reflexe ucitel( byly nasledné analyzovany oborovymi didaktiky (autory navrhu inovace).
Zjisténé nazory pro i proti byly evidovany a ddle vyuzity k optimalizaci navrhu experimentalni podpory

kritického uciva v podobé laboratorniho cvi¢eni véetné vytvoreni metodického postupu implementace
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navrhu ve vyuce jako Ctvrtd zavérecna faze konstrukéniho vyzkumu a jako vstup do dalSiho cyklu

ovérovani pldnovaného na rok 2020.

HODNOCENI EXPERIMENTALNI PODPORY KRITICKEHO UCIVA CHEMICKE REAKCE
UCITELI ZAKLADNICH SKOL

Vybrani uditelé zakladnich Skol hodnotili ndvrh experimentdlni podpory vyuky uciva o chemickych

reakcich ve dvou kolech (1) pred jeho realizaci ve skolni praxi, (2) po jeho realizaci ve skolni praxi.

V rozhovorech provedenych s vybranymi uciteli pfed realizaci navrhu ve Skolni praxi byla komentovana
hlavné organizacni stranka provedeni laboratorni prace. Problémy ucitelé spatfovali v materidlnim
a organiza¢nim zabezpeceni realizace laboratorni prace na zdkladnich skolach, kde casto nemaji
dostatek vybaveni: ,....ndroc¢nost praci na pomicky a chemikdlie, uZ jen sestavit filtracni aparaturu mize
byt na néekterych Skolach problém, plynové kahany to samé. Z chemikdlii — kyselinu Stavelovou
a dusicnan stfibrny také nenajdete témér nikde, dusi¢nan je navic velmi drahy, takZe ho vedeni nejspis
nezakoupi...“ (T2), nemaji moznost spojit vyuku do dvouhodinovych blok( anebo si Zaky rozdélit na dvé
skupiny: ,,....v prvé fadé si neumim predstavit praktickou realizaci, ve tfiddch byvd kolem 25 Zdkd,
a pouze na pdr Skoldch maji mozZnost si tfidu rozdélit na laboratorni cvi¢eni do skupin... samostatnd
prdce Zaku tak vubec nepfipadd v tvahu, vzhledem ke sloZitosti jednotlivych praci...” (T2). Déle byla
pfipominkovdna plvodné navrzena casova dotace jedné vyucovaci hodiny, za kterou Zaci obsah
laboratorni prace dle jejich nazori nemohou stihnout, na nékterych skolach tedy pfistoupili
k dvouhodinovému laboratornimu cviceni, jinde ovSiem nemaji moZnost vyuku takto spojit a museli
pristoupit k rozdéleni ¢innosti do dvou samostatnych vyucovacich hodin. Obsah laboratorni prace byl
hodnocen kladné: ,,...soubor jsem si procetl, osobné se mi velmi libi, nemdm nic, co bych k tomu dodal
¢i zménil, naopak, je pro mé inspiraci — domnivam se, Ze i déti oceni navazujici experimenty s produkty

reakce...” (T1).

V ziskanych reflexich vytvorenych po realizaci navrzené experimentdlni podpory ve skolni praxi se
ucitelé zaméfili na jednotlivé kroky provedené laboratorni prace se Zaky. Podle vypovédi byly nejvétsi
potize s prvnim krokem cyklu, tj. s termickym rozkladem uhli¢itanu vapenatého, ,,...celou vyucovaci
hodinu Zihali a stejné se nedostali ddl..." (T1), ,...tepelny rozklad uhlicitanu nebyl dostatecny...“ (T2).
Dalsi problémy vychazely z nezkusenosti 7ak( s laboratornimi technikami: ,,...pfi filtraci protrhli papir...“
(T1). I pres obtize se zaci k finalnimu produktu experimentdlniho cyklu dopracovali: ,,...také vysla

nakonec i sraZenina CaCOs...“(T1), ackoliv v jedné skupiné ho vzniklo velmi omezené mnoiZstvi

»-.vzniklého uhlicitanu vdapenatého bylo opravdu jen velmi mdlo...” (T3).
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Z doprovodnych dlkazovych reakci, které zaci provadéli, byl nejsloZitéjsi dikaz vzniku oxidu uhlicitého
pfi termickém rozkladu uhli¢itanu vapenatého pomoci visuté kapky roztoku hydroxidu vapenatého,
zejména kvali neporozuméni instrukcim: ,,...problém s kapkou vdpenné vody — nicméné kaZdy si jinak
vyloZil, co je usti zkumavky, co md pozorovat...“ (T1), ,,...info o ukonceni zahfivani — aZ se prestane tvofrit
zdkal na tycince, je dosti zavddeéjici...” (T2). Dlkaz vapenatych iontd kyselinou $tavelovou i pres jeho
Uspésnost ucitel T1 pro vyuziti na zakladni Skole nedoporucuje: ,,...reakce s kyselinou Stavelovou také
vysla...co bych mozZna vynechal, nebo uved! jako ulohu rozsifujici, je kyselina stavelovd — Zdci ji

neznaji...” (T1).

Navzdory problémim a nesrovnalostem, které se béhem realizace krok( reakéniho cyklu vapniku
vyskytly, je hodnoceni laboratorni prace ze strany vyucujicich ale i Zakd viceméné pozitivni: ,,...samotnd
uloha mi prijde skvéld, ndvaznost jednotlivych kroki na sebe — Zdci si ovéri, Ze kdyZ nezviddnou jeden,
celd prdce je Spatné, nuti je to k zodpovédnosti a peclivé prdci..." (T1), ,...Presto, Ze se jednd o reakce
jen s bilymi slouceninami, prdce Zdaky zaujala. Ndvrat k vychozi slouceniné je zajimavy. Libi se mi
komplexnost navrhovaného cyklu... NavrZeny cyklus mam v umyslu vyuZit ve vyuce naddle...” (T3).
Objevily se i kritické nazory ,,...tato LP neni pfili§ vhodnd na ZS. Jednd se o prdci ndroc¢nou na vybaveni
ucebny, které je na mensich Skoldch Casto nedostatecné aZ témér nulové. Problémem je také casovd

ndrocnost, ..." (T2).
RE-DESIGN NAVRHU EXPERIMENTALNI PODPORY KRITICKEHO UCIVA CHEMICKE REAKCE

Ziskané nazory ucitelll na realizaci navrzené inovace v praxi a vlastni provedeni reakéniho cyklu vapniku
zaky jsou, jak je patrné z predchoziho textu, v mnoha ohledech kritické (€asova narocnost, vybaveni
laboratore, potfebné chemikalie aj.), ale i pfiznivé — soubor uloh uci Zaky peclivosti, presnosti
a zodpovédnosti v experimentalni praci, cyklus nabizi realizaci souboru zadkladnich typ( reakci,
reprezentujicich vyznamné typy vzajemnych premén chemickych latek. Na zakladé téchto vyjadreni
uciteld jsme pfristoupili k adaptaci plavodniho navrhu experimentdlni podpory kritického uciva

o chemickych reakcich.

Jak vyplyva z evidovanych vyjadreni, obsahova stranka, tj. vyuziti reakéniho cyklu vapniku jako namétu
pro laboratorni praci zaka, byla uciteli vnimana jako zajimava a komplexni a byla hodnocena kladné.
Proto byl navrzeny namét experimentalni podpory a forma jeji realizace, tj. Zdkovska laboratorni prace

s namétem reakcniho cyklu vapniku, zachovana v plivodni podobé i v optimalizovaném navrhu.

K vyznamnym adaptacim dosSlo v oblastech, kde byly uciteli identifikovany problémy. Ty souvisely

sorganizacnim a materidlovym zabezpecenim. V prvni fadé Slo o Upravu casové dotace
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na dvouhodinovou z puUvodni jednohodinové a upravy nékterych formulaci v zaddni a postupu

laboratorni prace.

Dal$i adaptace souvisely s tfeSenim materidlni nevybavenosti nékterych zdkladnich skol, kdy
pro provedeni jednotlivych krokl byla nabidnuta alternativni moznost vyuziti demonstracniho pokusu
ucitele namisto Zakovského experimentu. Tato mozZnost se jevi jako vyznamné uZite€nd u prvniho
kroku reakéniho cyklu, tj. tepelného rozkladu uhli¢itanu vapenatého. Problemati¢nost jeho provedeni
byla uciteli uvadéna nejcastéji a souvisi s potiebou vyuzit Meckerlv kahan s vyssi vyhrevnosti
a s rizikem roztaveni sklenéné zkumavky (alternativné lze pouzit porcelanovy kelimek ¢i porceldanovou

misku, to ovSsem vyZaduje vybaveni také stojanem, kruhem, trianglem a sitkou).

Tyto adaptace plvodniho navrhu experimentdlni podpory kritického uciva o chemickych reakcich
budou ddle ovérovany dalsimi uciteli zakladnich Skol s cilem dalsi optimalizace navrzené inovace
pro realné podminky experimentalnich ¢innosti ve vyuce chemie na zakladnich skolach.

ZAVER

Jako experimentdlni podpora kritického uciva o chemickych reakcich byla navrZena laboratorni prace
s namétem reakcniho cyklu vapniku. Tento reakéni cyklus zahrnuje zakladni typy chemickych reakci,
které lze klasifikovat podle rliznych kritérii: chemicky rozklad, chemické slucovani, chemické
nahrazovani (reakce acidobazické) a podvojna zaména (reakce heterogenni, reakce sradzeci). Jednotlivé
reakce Zaci po provedeni laboratorni prace klasifikuji a maji tak jednotlivé typy reakci spojené
s praktickym prikladem chemické reakce, kterou sami realizovali. Protoze nedochazi k barevnym
pfeménam, je potfeba provedeni dikazovych reakci ve formé jednoduchych zkumavkovych testd Ci
pouziti detekénich papirkl apod., proto tento reakcni cyklus Zakam predava dalsi znalosti a seznamuje
je s postupy, jak se tyto na prvni pohled nerozeznatelné chemické latky v praxi rozliSuji. NavrZena
laboratorni prace s reakénim cyklem vapniku v sobé zahrnuje fadu zakladnich laboratornich technik
a s ohledem na svlij charakter uci Zaky peclivé a promyslené praci. Osvojeni jednotlivych laboratornich
technik, které se Zaci nauci pod vedenim ucitele, je nezbytné pro realizaci samostatné badatelské

¢innosti. Takto navrZzena experimentdlni aktivita k rozvoji této kompetence bez pochyby pfispiva.

Navrh laboratorni prace s reakénim cyklem vépniku byl realizovan ve vyuce chemie na 3 zakladnich
Skolach a hodnocen 3 uciteli z praxe. Navzdory fadé problémi s realizaci, a to obzvlasté u prvniho kroku
reakéniho cyklu vapniku, byl ndvrh hodnocen uciteli pfiznivé. Proto se domnivdme, Ze reakcni cykly
predstavuji vhodnou alternativu cesty k pozndvani premén chemickych latek. Na zdkladé zjisténych
vysledkl hodnoceni navrhu experimentalni podpory uditeli byly pfipraveny Upravy jeho implementace

do Skolni praxe spocivajici zejména v Upravé cCasové dotace a realizaci prvniho kroku jako
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demonstracniho pokusu ucitelem. Nova podoba navrhu zatazeni laboratorni prace s namétem

reakéniho cyklu vapniku bude dale ovéfovana v pedagogické praxi.
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Analysis of the atom and its structure in chemistry textbooks
Dominika Koperova, Lubomir Held, Katarina Kotulakovad

Abstract

The aim of this paper is to analyse presentation of an atom as a particle in selected chemistry textbooks
as a part of didactic reconstruction of the atom concept. We analysed the textbooks by applying several
criteria - science education models, approximation of an atom at sub-microscopic and/or subatomic
level, and the function and number of pictures. We also took into consideration the difficulty of texts.
Based on the diversity of textbooks in terms of length, we quantified the text into the number of words
and sentences in function-based categories. We could conclude that, in the selected textbooks, the
atom is described and visualised, however, there is no emphasis placed on understanding the atom,

which can lead to pupils' misconceptions.
Key words

Chemistry textbooks; textbook analysis; atom; atomic structure
INTRODUCTION

There are many definitions of textbooks and it is difficult to choose the “correct one”, as mentioned
by Manak and Knecht (2007). In Slovak didactic textbooks we can find the definition of Turek (2014)
who says that the textbook is a bearer of educational content. A similar explanation is offered by Petlak
(2016) who describes the textbook as a medium of educational process that has many functions —
motivational, informative, developing teaching strategies etc. Recent studies have also proved that
teachers use textbooks mostly as a starting point of teaching (Knecht, 2007; Vallova, 2012). Educational
research which is focused on textbooks helps us to understand the development of knowledge and
what teachers have been teaching pupils in past decades. Also, it has £e potential to help us prepare

improved educational materials (Rusek & Vojit, 2019).

The analysis of textbooks is one of the starting points of didactic reconstruction, where pupils'
representations are considered. The retrospective view of pupil's perception is enabled by the
preserved textbooks and dominant teaching scenarios which followed textbook instructions. In the last
few decades there has been an increasing number of published papers about science-based
educational research and science textbook analysis, but only 18 % of analysed published papers in
recent systematic literature review were focused on chemistry (Vojif & Rusek, 2019). There is a variety
of books and manuals which present instruction for analysis (Prlcha, 1998; Knecht et al., 2008).
Analysis focuses on different criteria depending on the author’s perspective — e.g. text-difficulty (Hrabi,
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2005; Benes, Janousek, & Novotny, 2009; Ganajova, Macurova, & Bacovcinova, 2016; Rusek, Starkova,
Metelkova, & Benes, 2016), textbook readability (Rusek & Vojif, 2019), learning content, non-textual
explanations or pictorial material obtained in textbooks (Cép & Mares, 2001). Chemistry textbook
analysis is also part of didactically oriented final theses in our department (e.g. Tarajova, 2019;

Zemlova, 2019).
CHEMISTRY TEXTBOOK ANALYSIS

The data source for our analysis was a sample of 30 chemistry textbooks published from 1924 to 2011.
We analysed 20 textbooks for lower-secondary schools, 8 textbooks for upper-secondary schools and
2 textbooks for teacher training. The list of analysed textbooks is given at the end of the article. These
textbooks describe chemistry education in the former and current Czechoslovakian context and
neighbouring countries (Germany and Poland). There was also one Science textbook which
represented a different approach to teaching based on constructivism. Our analysis is focused on

topics about the atom. Based on thorough content analysis we chose 4 analytical categories:

e science education models,
e function and quantification of the text,
e function and number of visual components,

e conceptual arrangement of atomic representation.

The large body of data were collected and the limited space in this article only the most interesting or

surprising findings are presented in this report.
Science educational models

Johnstone (1991) explains difficulty of learning science by identifying 3 levels in presenting (not only)
school science content: macro, sub-micro and symbolic one. Having this in mind, we went a bit further
and used Holada’s model (1985) to analyse the content presents in selected chemistry textbooks. He
differentiated 7 science education models based on presented knowledge and activities relations. The
presented tool is useful while considering its correspondence to contemporary concept of scientific
literacy. The presence of patterns of the model are represented by “+” (Tab. 1). Holada (1985)
considers the praxeological ideal, but difficult to find. This was proven in the schoolbooks obtained for

this study. While applying this tool, we identified 5 of 7 models of science education (Fig. 1).

In older books, the phenomenological model was dominant. In the 1960s and 1970s, industrial society
was corresponding to the polytechnical model (Skoda & Doulik, 2009). Chemistry textbooks of the last

three or four decades are created structurally (mostly textbooks for upper-secondary schools) or they
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create a scientific representation of the world (mostly for lower-secondary schools). The date was
compared with a similar study by Priskinovd and Held (2019) who analysed organic chemistry in
a sample of similar textbooks. Textbooks written by the same authors or published in the same time

period represented the same model.

Tab. 1 Science educational models (Holada, 1985)

Knowledge Activities

Model Empirical  Theoretical Practical  Sensorimotor Intellectual Social
Phenomenological + (+) +
Structural (+) +
Polytechnical + (+) + +
Integrated + +
Personality
) + + + +
oriented
Creating science
representation of + + + (+) (+) (+)
the world
Praxeological

+ + + + + +

(Ideal)

Notes: “+” the relative proportion of the areas, the prevailing area

creating science representation of the world
integrated

polytechnical

structural

phenomenological

0 2 4 6 8 10 12 14

Fig. 1 Science education models identified in chemistry textbooks

Function and quantification of the text

In order to determine the range of the content in the textbooks we decided to quantify the text. We
counted the number of sentences and words in the topic. We omitted the headlines, prepositions and
additional texts. The text was quantified in three categories - A) explanatory text, B) active tasks, C)
guestions and tasks for repetition. Using these categories also helped us to identify textbooks which
were oriented towards experiments or other active tasks. The findings can be seen in figure 2. We
counted the average length of sentences for each category. The shortest sentences were detected in
category B (9 words) and the longest sentences in texts of category A (12.91 words). The average length

of a sentence in category C is 9.91 words.
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Fig. 2 Quantification of content in textbook

The most specific findings of quantification are related to category B) active tasks (Fig. 3). This content
was identified only in 6 textbooks for secondary schools (Benes, Pumpr, & Banyr, 2003; Adamkovic,
RGZickova, & Sramko, 2000; Benes, Pumpr, & Banyr, 1997; Bene$ & Pumpr, 1996; Baurle, Hoppe,
Menzel, Quinzler, & Vaclavicek, 1995; Pottenger, Young, & Klemm, 1994). The science textbook FAST
2 (Pottenger, Young, & Klemm, 1994) showed similar specific findings in category C), too. The number
of sentences and words in this book (2171 words and 251 sentences) was considerably higher than in

other textbooks where the number of words was around 200.

Zaklady praktické chemie pro 8. ro¢nik (2003) .894
Zaklady chémie (2000)  &;
Zaklady chemie | (1997) &y 314
Chemie pr zakladné a ob¢anskou skolu (1996) .679
Chémia pre zakladné 3koly (1995) |mis 760
Prirodoveda FAST 2 (1994) | 3852

0 500 1000 1500 2000 2500 3000 3500 4000 4500

number of sentences B number of words

Fig. 3 Quantified text for category B) active tasks

Function and count of visual components

While applying several criteria, we differentiated the pictures in the textbooks (Tab. 2). The most
sensitive criteria we chose (Levin, Anglin, & Carney, 1987 in Cap & Mares, 2001) distinguish a variety

of cognitive functions in 4 various features. As Cap and Mare$ say (2001), it is difficult to find a
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transformative image in the textbooks and we were not able to detect these images in our sample of
textbooks either. We excluded images referring to questions and tasks about repetition from the

analysis.

In total, we identified 170 images (Fig. 4). The most frequent images were representative pictures (70%
of the total number of images), then decorative (25.29%) then interpretative (3.53%). Only 1.18% of

pictorial materials represented organisational pictures.

Tab. 2 Different types of functions of pictures

Author Levin, Anglin and Carney (1987)  Peeck (1987) in Cap and Pricha (1998)
in Cap and Mare$ (2001) Mares (2001)

Function Decorative Affectively — motivational Cognitive
Representative Cognitive — regulatory Motivational
Organisational Concentration of attention Aesthetic

Interpretative
Transformative

140
119
120

100
80

60
43

40

20 6

decorative representative organisational interpretative

Fig. 4 The number of images represent different functions

Conceptual arrangement of atomic representation

Based on the content analysis we can identify 4 levels of approximation of atom inspired by
Johnstone’s levels of science (chemistry) content — its sub-micro or molecular and invisible part
(Johnstone, 1991). The levels of atomic representations in the textbooks can be characterized as

IM

follow: sub-microscopic level (atom as a “small ball” without its inner structure), subatomic level (atom
with the inner structure of atomic nucleus and cover), both levels (sub-microscopic and subatomic)
which are close to each other and both levels (sub-microscopic and subatomic) which are far apart.
The dominant representation of the atom (in 17 textbooks, 57 %) is at both levels, mostly in one
chapter (Fig. 5). In only 3 textbooks (7 %), both representations of atom are used - at least one chapter

apart.
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Fig. 5 Levels of atomic representation

CONCLUSION

It is obvious that there are differences in the textbooks - not only in correctness but also in terms of
a rapid increase in the amount of knowledge conveyed. Based on our research, we can conclude that
the key chapter of chemistry — an atom — is described mostly theoretically. The textbooks reflect
information which is abstract for students (e.g. quantum numbers at upper-secondary schools). Based
on the results of the text quantification, it is difficult to find tasks which motivate and encourage
students to develop their science process skills - part of scientific literacy. Instead of presenting
students finalised models, we should lead them to explore an atom by using various science process

skills and encourage them to gradually build the functioning model(s) by themselves.

LITERATURE

Adamkovi¢, E., Hoffmannova, V., Pumpr, V., Sramko, T., & Tomecek, O. (1982). Chémia pre 7. ro¢nik
zdkladnej skoly. Bratislava: SPN.

Adamkovig, E., Benes, P., Pumpr, V., Sramko, T., & Tomecek, O. (1990). Chémia pre 7. roénik
zdkladnej skoly. Bratislava: SPN.

Adamkovig, E., Benes, P., Pumpr, V., Sramko, T., & Tomecek, O. (1993). Chémia pre 7. roénik
zdkladnej skoly. Bratislava: SPN.

Adamkovi¢, E., Ruzi¢kova, M., & Sramko, T. (2000). Zdklady chémie. Bratislava: SPN.
Adamkovi¢, E., & Simekova, J. (2005). Chémia pre 8. rocnik zdkladnych $kél. Bratislava: SPN.

Adamkovi¢, E., Simekov4, J., & Sramko, T. (2000). Chémia pre 8. ro¢nik zdkladnych $kél. Bratislava:
SPN.

Banyr, J., Benes, P., Hally, J., Holada, K., Novotny, P., & Pospisil, J. (2001). Chemie pro stfedni skoly.
Praha: SPN.

84



Baurle, W., Hoppe, B., Menzel, P., Quinzler, G., & Vaclavicek, J. (1985). Umwelt: Chemie. Stuttgart:
Ernst Klett.

Baurle, W., Hoppe, B., Menzel, P., Quinzler, G., & Vaclavicek, J. (1995). Chémia pre zdkladné Skoly.
Bratislava: SPN.

Benes, P., Janousek, R., & Novotny, M. (2009). Hodnoceni obtiZznosti textu stfedoskolskych ucebnic.
Pedagogika. 59, 291-297.

Benes, P., & Pumpr, V. (1996). Chemie pro zdkladni a obcanskou Skolu. Praha: Kvarta.
Benes, P., Pumpr, V., & Banyr, J. (1997). Zdklady chemie 1. Praha: Fortuna.
Benes, P., Pumpr, V., & Banyr, J. (2003). Zdklady praktické chemie 1. Praha: Fortuna.

Blazek, J., & Fabini, J. (2003). Chémia pre stredné odborné skoly a stredné odborné ucilistia
nechemického zamerania. Bratislava: SPN.

Cép, J., & Mares, J. (2001). Psychologie pro ucitele. Praha: Portal.

Collak, M. (1944). Anorganickd chémia pre V. triedu slovenskych gymndzii. Bratislava: Statne
nakladatelstvo.

Ganajova, M., Macurova, V., & Bacovcinova, V. (2016). Analyza ucebnic chémie pre 8. a 9. rocnika
zakladnej skoly. Dnesnd skola — ¢lovek a priroda. 4(1), 6-11.

Holada, K. (1985). Modelovani a Skolni chemie Ill. Pfirodni védy ve skole. 37(9), 347-348.
Hrabi, L. (2005). Ucebnice pfirodopisu a jejich obtiznost. Pedagogickd orientace. 3, 118-122.
Janiuk, R. M., & Skrok, K. (1999). Chemia i my, Podrecznik gimnazjalisty. Krakow: OPAL PG.

Johnstone, A. H. (1991). Why is science difficult to learn? Things are seldom what they seem. Journal
of Computer Assisted Learning, 7(2), 75-83.

Kmetova, J., Vydrova, M., Silny, P. & Medved, M. (2010). Chémia pre 1. rocnik gymndzii. Bratislava:
Expol Pedagogika.

Knecht, P. (2007). Didakticka transformace aneb od “didaktického zjednoduseni” k “didaktické
rekonstrukci”. Orbis scholae, 2(1), 67-81.

Knecht, P., Janik, T., et al. (2008). Ucebnice z pohledu pedagogického vyzkumu. Brno: PAIDO.
Kout, R. (1938). Chémia pre IV. triedu strednych skél. Olomouc.

Manak, J., & Knecht, P. (2007). Hodnoceni ucebnic. Brno: PAIDO.

Marecek, A., & Honza, J. (1998). Chemie pro Ctyrletd gymndzia. Brno.

Masek, F., Kfehlik, F., & Toulova-Dluholucka, A. (1938). Chémia pre prvy rocnik ucitelskych tstavov.
Praha.

85



Matzner, J. (1924). Chemia pre uUstavy ucitelské. Praha: Nakladatelstvo J. Otto.
Pasko, J. R. (2000). Chemia czes¢ | dla gimnazjum. Krzeszowice: Kubajak.

Paukova, M., Hajek, B., & Otcenasek, L. (1963). Chémia pre 9. rocnik zdkladnych devdtrocnych skél.
Bratislava: SPN.

Petlak, E. (2016). VSeobecna didaktika. Bratislava: IRIS.

Pottenger, F. M., Young, D. B., & Klemm, E. B. (1994). Prirodoveda FAST 2 Pohyb Idtok a energie
v biosfére. Bratislava: SPU.

Priskinova, N., & Held, L. (2019). Vyvin koncepcie vyucby organickej chémie v sekundarnom
vzdeldvani. Project-based education and other activating strategies in science education XVI., Praha
(pp. 81-89). Praha: Univerzita Karlova, Pedagogicka fakulta.

Pricha, J. (1998). Ucebnice: Teorie a analyzy edukacniho média. Brno: PAIDO.

Rusek, M., & Vojif, K. (2019). Analysis of text difficulty in lower-secondary chemistry textbooks.
Chemistry Education Research and Practice, 20(1), 8-16. doi: 10.1039/c8rp00141c.

Rusek, M., Starkova, D., Metelkov3, I., & Benes, P. (2016). Hodnoceni obtiZnosti textu ucebnic chemie
pro zakladni Skoly. Chemické Listy, 110, 953-958.

Skoda, J., & Doulik, P. (2006). Chemie 8. Plze: Fraus.

Skoda, J., & Doulik, P. (2009). Vyvoj paradigmat pfirodovédného vzdélavani. Pedagogickd orientace,
19(3), 24-44.

Sotornik, V., Vurm, V., & Pauk, F. (1956). Chémia pre 9. rocnik vseobecnovzdeldvacich skél. Bratislava:
SPN.

Tarajova, S. (2019). Rychlost chemickej reakcie — didaktickd reprezentdcia. (diplomova prace),
Trnavska univerzita v Trnave, Pedagogicka fakulta, Trnava.

Trtilek, J., Krsic¢ka, R., & Ondracek, J. (1979). Chémia pre 8. rocnik zdkladnych devdtrocnych skél.
Bratislava: SPN.

Trtilek, J., Pauk, F., & SirGi¢kova, J. (1962). Chémia pre 9. roénik zékladnych devétroénych $kél.
Bratislava: SPN.

Turek, |. (2014). Didaktika. Braislava: Wolters Kluwer.

Vacik, J., Antala, M., Ctrnactova, H., Petrovi¢, P., Strauch, B., Simova, J., & Zemanek, F. (1984). Chémia
pre prvy rocnik gymndzia. Bratislava: SPN.

Vacik, J., Ctrnactova, H., Petrovi¢, P., Strauch, B., Simova, J., & Zemanek, F. (2003). Chémia pre prvy
rocnik gymnadzii. Bratislava: SPN.

86



Vallova, N. 2012. Biochemickd problematika a jej reflexia v priprave ucitelov na vyucovanie.
(diplomova prace), Trnavska univerzita v Trnave, Pedagogicka fakulta, Trnava.

Vicenovd, H. (2011). Chémia pre 8. ro¢nik zakladnej Skoly a 3. ro¢nik gymnazia s osemrocnym
Studiom. Bratislava: Expol Pedagogika.

Romanova, D., Adamkovi¢, E., Vicenova, H., & Zvoncekova, V. (2009). Chémia pre 6. ro¢nik zakladnej
Skoly a 1. ro¢nik gymnadzia s osemrocnym Studiom. Bratislava: Expol Pedagogika.

Vojit, K., & Rusek, M. (2019). Scicence education textbook research trends: a systematic literature
review. International Journal of Science Education.41(11), 1496-1516.

Zemlova, M. (2019). Viastnosti plastov a ich Struktira — didaktickd rekonstrukcia. (diplomova prace),
Trnavska univerzita v Trnave, Pedagogicka fakulta, Trnava.

Contact addresses
Mgr. Dominika Koperova, prof. PhDr. Lubomir Held, CSc., PaedDr. Katarina Kotuldkova, PhD.

Department of chemistry, Faculty of Education, Trnava University
Priemyselna 4, 918 43, Trnava, Slovakia

e-mail: dominika.koperova@tvu.sk, lheld@truni.sk, katarina.kotulakova@truni.sk,

87



V hlavni roli kyslik: experimentalni ovéreni vyukové aktivity
Starring Oxygen: An Educational Activity Experimental
Evaluation

Lucie Kuncovd, Martin Rusek

Abstract

This activity was presented at PBE 2018 as a model piloted on a group of chemistry pre-service
teachers. In this paper the same, only slightly modified activity, was evaluated on one class of
8t graders. They underwent a four-lesson-long course which consisted of a traditionally-designed
activity and an activity with inquiry context. The effect of the activity was measured using a pre- and
post-test focused on the students’ knowledge about the topic and the IMI questionnaire to assess their
intrinsic motivation. The students were also interviewed in groups for the researchers to find out more
about their opinion about the activities. The results show majority of the students improved in the pre-

test. The results of the IMI suggest the inquiry-based versions of the activities were more successful.
Key words

Experimental learning; inquiry-oriented learning; motivation; health education
UVOD A TEORETICKA VYCHODISKA!

Tento pfispévek je pokradovanim prace autord (Kuncova & Rusek, 2019) v dané oblasti. Hlavni motivaci
bylo pfinést dikaz o funkénosti badatelsky orientovaného vyucovani ve srovnani s tradi¢né pojatou
laboratorni aktivitou. Edukacni experimenty jsou pomérné ¢astymi aktivitami smérovanymi na Zaka
(Gabriel & Rusek, 2014; Rusek & Gabriel, 2013). Mimo dokladl o efektivité badatelsky orientovaného
vyucovani (viz Rocard, Csermely, Jorde et al., 2007) existuje fada vyzkumU( predstavujicich jednotlivé
badatelské aktivity véetné jejich ovéreni (Antonoglou, Salta, & Koulougliotis, 2019; Iskandar,

Sastradika, & Defrianti, 2019; Vojif, Honskusova, Rusek, & KolaF, 2019; Wolf & Fraser, 2008).

Zdivodu pomérné Sirokého zabéru badatelsky orientovaného vyucovani (potvrzujici badani
— oteviené badani, viz Banchi & Bell (2008)) se vsak objevuje cela rada aktivit, které svym pojetim

nenaplnuji zakladni principy badatelsky orientovaného vyucovani (srov. Rusek, 2015; Rusek & Becker,

1 PFispévek vychazi z diplomové prace prvni autorky s nazvem V hlavni roli kyslik: navrh a ovéfeni badatelské
aktivity obhajené na Univerzita Karlova, Pedagogicka fakulta v zafi 2019.
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2011). Jak jiz bylo uvedeno v predchozim textu autor(l (Kuncova & Rusek, 2019), obdobné jako
v pfipadé projektového vyucovani je pravé presné dodrzovani terminologie nezbytné pro to, aby
dochazelo k efektivnimu sdileni pfikladd dobré praxe. Zaroven je tfeba minimalizovat nepfesnosti
a formalizmy, kdy dochazi k vyuZivani téchto termin( i pro aktivity, které danych parametrd

nedosahuji. To mlze vést k devalvaci dané aktivity u vSech skupin zainteresovanych aktér(.

Aktivita byla vedena poZadavky na transparentnost (Trna, 2013), relevantnost (Stuckey, Hofstein,
Mamlok-Naaman, & Eilks, 2013) i na jednoduchost co do pfistrojového vybaveni i samotného
provedeni (viz Kuncova & Rusek, 2019). Pro vyssi aktivizaci zZaka (viz napt. Janstova & Rusek, 2015)
a jejich maximalni samostatnost (pfiblizeni otevienému badani) byly vyuZzity tzv. tip cards, tj. napovédy
(pomlcky, postup aj.), o které mohou Zaci vyucujiciho pozadat v pripadé, Ze nemohou dal pokracovat
v praci. Pozitivni efekt této formy tzv. scaffoldingu, tj. podpory prace zak( pfi zachovani jejich

autonomie je pomérné dobre zdokumentovan (Lin, Hsu, Lin et al., 2012).

V tomto prispévku jsou striktné oddélovany tradi¢ni pojeti Zakovského experimentu a badatelsky
orientované vyucovani. Obé aktivity jsou porovnany s ohledem na pfinos v kognitivni i afektivni oblasti
zakl s cilem zajistit co nejvétsi efekt (srov. Antonoglou et al., 2019; Iskandar et al., 2019; Vonasek

& Rusek, 2013).

CILE A METODOLOGIE

Cilem autor( bylo ovéfit efektivitu badatelské aktivity zaloZzenou na experimentalni ¢innosti s dlirazem
na aktivizaci Zakd v porovnani stradicné pojatou experimentdini praci. Vyzkumné otazky byly
definovany takto: Jak se lisi vnitfni motivace Zdka pri provddéni klasicky a badatelsky pojaté aktivity?
Hypotézou bylo, Ze badatelsky orientovana aktivita povede k vyssi vnitfni motivaci Zakl neZli aktivita
tradi¢ni (viz napf. van den Berg, 2013). Tradicnim pojetim laboratorni aktivity se rozumi Uloha, pfti které
aktivita zakl spociva pouze ve sledovani presné zadaného postupu. Aktivita v badatelském pojeti
oproti tomu mifi na rozvijeni schopnosti Zak(l experimentovat, tj. navrhovat hypotézu, navrhovat

moznosti jejiho ovéreni, pozorovat a vyvozovat zavéry (Benes, 1999).
Organizace Setreni

Samotna aktivita probihala na katedfe chemie a didaktiky chemie Univerzita Karlova, Pedagogicka
fakulta. Pfed prichodem na fakultu Zaci vyplnili test preferenci témat. K tomuto Ucelu byly poloZeny
otazky: ,Z ¢eho je slozen vzduch? M3a vzduch vSude na svété stejné sloZeni? Pro¢ musi clovék
pfi télesném cviceni dychat vice nez pii odpocinku? Co je Gkolem plic? Cim se distribuuje kyslik po téle?

Co to je resuscitace a jak funguje? Jak dlouho vydrzi ¢lovék bez pfistupu vzduchu?“ (Kuncova, 2019).
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Pro zjistovani preference tématu zaky byl zvolen sémanticky diferencial s pfidavnymi jmény napft.:

téma uzitecné — k nicemu mi nebude, zabavné — nudné apod.

Podle vysledk( byli Zaci rozdéleni do skupin tak, aby byly vSechny skupiny co moina nejvice
srovnatelné, tj. obsahovaly 7aky s réiznou Urovni postoje k témattim. Zaci byli rozdéleni do &tyr skupin

po tfech, pouze v jedné skupiné byly ¢tyfi Zaci. Kazdé dvé skupiny pak dostaly stejné zadani:
Skupina 1:

. Klasicky pojaty experiment na téma Fotosyntéza (vliv svétla na produkci kysliku zelenou rostlinou)

Il. Badatelsky pojaty experiment na téma Dychani (méreni koncentrace kysliku ve (opakované)
vydechovaném vzduchu

Skupina 2:

. Klasicky experiment na téma Dychani
II. Badatelsky pojaty experiment na téma Fotosyntéza
Klasické ulohy byly v celé podobé prevzaty z ,Kucharky” spole¢nosti Vernier2. Badatelské aktivity byly

na motivy téchto uloh vytvoreny autory tohoto textu (viz Kuncova & Rusek, 2019).

Jako prvni byla vidy zvolena aktivita v klasickém pojeti, aby nedochazelo ke zkresleni Gdajd. Zaci
nejprve vypracovali pre-test (vstupni test). Poté nasledovala samotna aktivita I. Po jejim provedeni Zaci
vyplnili post-test a dotaznik vnitfni motivace (IMI — viz nize) vztazeny k dané uUloze. Dalsi krokem byla
aktivita Il. Po jejim provedeni Zaci opét vyplnili post-test a dotaznik vnitfni motivace k danym tématim.
Nasledoval polostrukturovany rozhovor s celou skupinou zaku. V kazdé skupiné vedl rozhovor ucitel

(autor tohoto textu), ktery béhem experimentu dohliZzel na druhou skupinu.
Zhodnoceni aktivity

Zhodnoceni aktivity probihalo jednak prostfednictvim pozorovani prace zaka na aktivité véetné analyzy
jejich laboratorniho protokolu, jednak prostfednictvim pre- a post-testu, v neposledni fadé s vyuZitim
nastroje IMI (Intrinsic Motivation Inventory (Ryan & Deci, 2000), v ¢eské verzi (Kekule & Z&k,

2011) a rozhovord.

2 Pracovni list pro pokus Fotosyntéza je dostupny na:
http://www.vernier.cz/stahnout/kucharka/kod/fotosynteza

Pracovni list pro pokus Dychani je dostupny na: http://www.vernier.cz/stahnout/kucharka/kod/spotreba-
kysliku-pri-dychani.
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V laboratornim protokolu k tématu Fotosyntéza méli Zaci odpovidat na Ctyfi otdzky pred zahajenim
pokusu: 1. V jakém pripadé (denni svétlo, lampa, tma) bude produkce kysliku rostlinou nejvyssi?
OdUvodnéte své tvrzeni. 2. Ve kterych bunécnych strukturach probiha fotosyntéza? 3. O ktery déj se
z energetického hlediska jedna? Spotfebovava se energie nebo naopak vytvari3? 4. Na kterém
z uvedenych mist je ve vzduchu vyssi koncentrace kysliku, na plazi v turecké Antalii, na vrcholu
MileSovky nebo ve druhém vyskovém tabore pfi vystupu na K2? Seradte uvedené sestupné podle

koncentrace kysliku.

Po provedeni pokusu méli Zaci za ukol Ulohu odpovédét na tyto otdzky a tUkoly: 1. Vysvétlete jednotlivé
Casti vysledného grafu. Jaky vliv ma plsobeni svétla na fotosyntézu? 2. Porovnejte vami navrzeny

postup s danym postupem. 3. Vytvorte nazev k této uloze.

Laboratorni protokol pro druhou polovinu Zak( obsahoval tyto otazky pred zahajenim pokusu, jehoz
tématem bylo Dychani: 1. Nadechujeme-li se za ucelem ziskani kysliku, a vydechujeme-li oxid uhlicity,
jak je mozné, ze funguje dychani z Ust do Ust jako metoda resuscitace? 2. Jak se méni sloZzeni plynu,
ktery vydechujeme? 3. Kde ve tfidé je vyssi koncentrace kysliku, u zemé nebo u stropu? Pro¢ tomu tak

je? 4. Vysvétlete, proc atleti pred zavody jezdi trénovat do mist s vy$si nadmorskou vyskou.

Na zavér celé ulohy Zaci vypracovavali tyto otazky a ukoly: 1. Vysvétlete jednotlivé ¢asti grafu, popiste,
kterym aktivitdm odpovidaji. 2. Navrhnéte postup, jakym byste zjistili maximalni dobu, kterou vydrzi
¢lovék v uzaviené mistnosti bez pfistupu vzduchu. 3. Porovnejte vdmi navrieny postup s danym

postupem. 4. Vytvorte nazev k této uloze.

Pre-test a post-test byly postaveny podle klasickych uloh prevzatych ze stranek spole€nosti Vernier
spolecné s prihlédnutim k ucivu obsazieném v Ramcovém vzdéldvacim programu pro zakladni
vzdélavani (Rdmcovy vzdéldvaci program pro zdkladni vzdéldvdni, 2017). Test se skladal z 10
uzavienych otadzek vidy s jednou spravnou odpovédi (a-d). Zaci jej vyplfiovali samostatné
bezprostfedné pred zahdjenim aktivity. Post-testy byly vytvoreny dva, vznikly rozdélenim pre-testu

na poloviny podle daného tématu (fotosyntéza a dychani).

V nastroji IMI respondenti odpovidali na sedmistuprnové skale (1 — zcela nepravdivy, 7 — zcela pravdivy)
na celkem 25 tvrzeni. Ta se vztahuji k péti oblastem: zdjem o aktivitu (7 tvrzeni), usili vynaloZené

pfi feseni aktivity (5 tvrzeni), uZite¢nost aktivitou ziskanych znalosti a dovednosti (7 tvrzeni), vnimana

3 Dle zakona zachovéni energie otazka neni poloZena zcela pfesné. Autofi se vSak domnivaji, Ze by formulace
s vyuzitim slovesa , pretvari“ byla pro Zaky matouci.
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kompetence pti praci (6 tvrzeni) a tlak vnimany pfi zpracovani ukolu (5 tvrzeni). S ohledem na distribuci
Skaly jsou hodnoty ordindlni, tj. pfi jejich zpracovani byly pocitdny mediany hodnot odpovédi

v jednotlivych oblasti (srov. Chytry & Kroufek, 2017).

Polostrukturovany rozhovor byl zvolen z toho dlvodu, Ze byli Zaci rozdéleni na dvé skupiny, diky

stejnym Uvodnim otdzkam se daji ndzory zaku lépe porovnat:

1. Co byste radi jesté zkoumali?

2. Kterd uloha vam byla blizsi?

3. Ze které ulohy jste se vic naucili a co? Co si odnasite?
4. Co byste nam doporucili pro pristé?

Pre-test — post-test

Vysledky jsou uvedeny na obrazku 1. U deviti Zak( doslo k pozitivnimu a u jednoho k negativnimu
posunu. Pfi detailnim pohledu na test ¢tyr zaku, ktefi své védomosti nezlepsili je vidét, Ze dva zaci méli
na vsechny otazky totozné odpovédi u obou testy, tfeti Zak odpovédél na dvé otazky jinak, Zak s horsim
vysledkem post-testu odpovédél v post-testu oproti pre-testu Spatné na otazku Cislo 1. To mlze byt
vysvétleno jako falesné pozitivni vysledek a k objasnéni by bylo zapotiebi kvalitativni vyzkumné

metody (viz Rusek, Korenekova, & Téthova, 2019).

Badatelské pojeti Uloh se v dopadech na kognitivni cile jevi jako efektivn&j$i. Zaci, ktefi pracovali
na badatelskych ulohach na téma Dychani, dosahli vyrazné lepsich vysledk( v post-testu na téma
dychani (zlepseniz 12 na 23 bodl), naopak v post-testu na téma Fotosyntéza se mirné zhorsili (z 24 na
22 bod(). Ke zhorseni doslo u vétsiny zaka u otazky (Za kterych podminek bude priibéh fotosyntézy
nejefektivnéjsi?). Z4ci, ktefi pracovali na badatelské uloze na téma Fotosyntéza, se vice nauili pravé
z tématu Fotosyntéza (zlepseni ze 14 na 19 bod(). Rozdil mezi pre- a post-testem u tématu pojatého
klasicky (dychani) byl 3 body (z plvodnich 13 na 16 bod(). Vysledky tak koresponduji s vyse citovanou

literaturou.

S ohledem na nizky pocet zakd nebyla hodnocena statistickou vyznamnost rozdild.

Vnitfni motivace Zakd

Vysledky je v afektivni oblasti mozné hodnotit za dobré. Zaci se citi kompetentni k vypracovani uloh,
tj. tlohy pro né nejsou pfilis obtizné. Vypracovani tloh vénovali nadprimérné usili. Interpretaci tohoto

zjiténi poskytly rozhovory se zaky. Usili vnimali jako naro¢nost. V pfipadé ulohy zaméfené na dychani

bylo zapotrebi usili vynaloZit pravé na foukani vzduchu do plastového sacku. Vysledky naznacuji, Ze

vevs
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Pod tlakem se Zaci citili pouze zfidka, vyssi pocit tlaku byl zplsobem nestrukturovanym zadanim

a potrebou planovat experiment samostatné.

1 2 3 4 5 6 7 8 9 10 11 12 13

Zak
W Pretest M Posttest

=
o

Dosazeny pocet bodt
O B N W M U1 OO N 0 O

Obr. 1 Vysledky Zakd v pre- a post-testu

Pozorovani feseni zak( a analyza protokolu

Prestoze Zaci dle jejich vyucujici na praktické Cinnosti nebyli zvykli, bylo patrné, ze ve skole pracuji
ve skupinach, coz jejich praci znacné usnadnilo. Po oc¢ekdvanych pocatecnich problémech s prectenim
zadani z4ci zacali pracovat na Uloze. V ptipadé klasicky pojatych dloh jednoduse sledovali predepsany
postup. V pripadé nové navrienych badatelsky pojatych, adaptovatelnych aktivit byli Zaci nuceni
postup vymyslet. Pfipadnou napovédu ziskali aZz poté, co nejprve sami premysleli, nasledné
konzultovali s ucitelem, ktery jim po vyhodnoceni, Ze vyvinuli dostatecné usili, poskytl dalsi kus zadani.
Tato pasaZ slouZila k monitorovani postupu Zakd. Zde se do budoucna nabizi vyuZiti hodnoticiho
nastroje pro ucitele, ktery by tak ziskal pfedstavu o schopnostech Zaka fesit ulohy, resp. Urovni jejich

kompetenci (predevsim k feSeni probléma, pracovni ¢i k uceni).

Obé skupiny pracujici na badatelsky pojaté aktivité Dychani postupovaly stejnym zplsobem, Zaci vidy
nejprve o otazce ve skupiné diskutovali a poté svoji odpovéd formulovali na papir. S vyjimkou jedné
otazky, na kterou jedna skupina odpovédéla na zakladé klasické miskoncepce (ve sloZeni
vydechovaného vzduchu prevlada CO,) Zaci odpovédéli na otazky v protokolu spravné. Obé shodné

k sestaveni postupu vyuzily dvou napovéd (tip cards).
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Obr. 2 Vysledky IMI pro obé pojeti experimentd, (K — klasické pojeti, B — badatelské pojeti).

Druha polovina Zakl zpracovavala badatelskou aktivitu na téma Fotosyntéza. Obé skupiny postupovaly
rovnéz stejnym zpUsobem. Otdzka na organely, ve kterych probihad fotosyntéza, zlstala jednou
skupinou nevyplnéna. Pfirozhovoru se vsak ukdzalo, Ze odpovéd znaji a pouze ji nenapsali

do protokolu. Zbytek otazek zaci vyresili spravné. V tomto smyslu tak dlohy plini roli dloh ucebnich.

V rozhovorech Zaci potvrdili, Ze jim byla blizsi badatelsky orientovana uloha. Méli pocit, Ze takové Uloze
vice rozumi, zdroven vyjadfili pocit, Ze se jejim prostfednictvim vic naudi. To jen potvrzuje zavéry
vyzkuma (Rocard et al., 2007). Obé skupinky se shodly na tom, Ze se vice naucily pfi aktivité zamérené
na problematiku dychdani. V jedné ze skupin Zaci uvedli, Ze diky tomu si uvédomili, jak funguje
resuscitace. Cilem plvodné navrZené aktivity, jiz v rdmci projektu (Kuncova & Rusek, 2019) bylo s Zaky
plynule navazat k diskuzi na téma prvni pomoci. V experimentalni ¢innosti Zak na to nebyl prostor,
potencial tak zlstal nevyuzit. Zjisténi, Ze i tento skryty zamér aktivity Zaci odhalili, je pozitivnim

namétem do dalsi ¢innosti, napt. tvorby komplexnéjsich badatelskych uloh ¢i pfimo projekta.

Téma fotosyntézy Zaci pokladali za méné dulezité, ucivo znali z vyuky, a tak nevidéli takovy ptinos
aktivity. Zaci uvedli, Ze by pfivitali Ulohy, kde by byli vice aktivni a vykonavali sloZitéjsi tlohy u kterych
je potieba vice premyslet. Pfi diskusi o tom, Ze fotosyntézou se produkuje kyslik, a tedy nebyl by ani
Zivot, tak, jak jej zname, Zaci odpovédéli, Zze ,,pro né neni podstatné védét, kde se kyslik bere, vice je
zajima, jak oni sami mohou ovlivnit (... napfiklad jiz zminénou) resuscitaci”. Tento fakt je dobré vzit
v potaz pfi dalSim vybirani aktivit pro stejné staré Zaky. Hlavnim vystupem rozhovoru s obéma
skupinami je, Zze zaky vice bavi reSeni problémovych uloh, a ,nejen slepé nasledovani predlozeného

postupu”.
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ZAVER
Vysledky provedeného Setfeni naznacuji, Ze nové navriené badatelské aktivity vytvofené na motivy
pGvodnich experimentld se senzory mohou mit pfinos jak na kognitivni, tak na afektivni slozku

vzdélavacich cild. Priprava uloh do rliznych Urovni otevienosti se rovnéz ukazala jako funkéni, a to

nejen po technické, tak i po praktické strance.

Pro presnéjsi Udaje je zapotrebi aktivitu opakovat s vétsSim poctem Zak(. Nabizi se také nékolik variant
Upravy obou experimentl (variabilita tmy a rGznych zdrojl svétla v pripadé pokusu s fotosyntézou
nebo tvorba sofistikovanéjsich nadob na zachyceni a ndsledné méreni slozeni vydechnutého vzduchu,
véetné pridani méreni CO,).

Autofi hodlaji na tématu dale pracovat a rozsifit portfolio pfipravenych adaptovatelnych badatelskych
uloh.
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A MOOC for teachers to guide project-based flexible STEAM-
learning in basic education

Anssi Lindell, Antti Lehtinen

Abstract

Flexible thinking means an ability to apply knowledge in different occasions. We have designed
a MOOC of flexible STEAM learning by project-based approach for the pedagogical development of
teachers for grades 1 to 9. One of the main objectives of the course is to make teachers comfortable
to leave the classrooms with their students to meet new challenges outside. We analysed teachers’
reports and found out that 92% included out of classroom environments in their project plans but only
69% had them included in their final lesson plans. Public facilities were the most popular environments.
This indicates that teachers are willing to leave the classroom, but the practical implementation is not

trivial.
Key words

MOOC; STEAM,; flexible thinking; learning environment
INTRODUCTION

Policy makers are worried about Finnish students’ scoring in international assessments of science and
mathematics. Even though the absolute average values are not catastrophically bad, the downward
trend of the Finnish students’ performance in OECD's Programme for International Student
Assessment (PISA) is an issue. In Figure 1. we have plotted the averages for age 15 years PISA scores in
tests between 2006-2018. For a comparison, we have also included in the chart the averages from the
organizing country of Project Based Education (PBE) —conference Czech Republic and our neighbouring
country Estonia, as well as the International averages of the OECD (The Organisation for Economic Co-

operation and Development) countries.
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Fig. 1 Averages of age 15 PISA scales by all students. Generated by PISA International Data Explorer.
http://pisadataexplorer.oecd.org
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Another worrying issue is that Finnish students do not like science and mathematics. For example in
2016 published international Trends in International Mathematics and Science Study (TIMMS)
assessment, 31% percent of Finnish 4th graders reported that they do not like learning mathematics,

which is the highest number in Europe. The international average was 19%.
FLEXIBLE SCIENCE AND MATHEMATICS

“Calculate the number of the pens in the picture”. In the picture, there are three boxes including
10 pens each. The answer 10 * 3 = 30 by a primary student is not correct, as the commutativity of
multiplication has not been taught yet! This is a real life example of nonflexible mathematics.
According to Heinze, Star & Verschaffel (2009), flexibility includes an ability to solve tasks by a diversity
of meaningfully acquired strategies and representations, taking into account the subject, task and/or
context characteristics”. The student in the example may have been considering a context where there
are different colour pencils, for example, in each box and students are asked to pick up one from each
to get a three-colour set of pens. Spiro & Jehng (1990) had expressed the flexibility as an ability to
restructure spontaneously one's knowledge, in adaptive response to radically changing situational
demands. In addition to adjusting into new occasions, flexibility is also assessing and adjusting
individual behavior to make collaboration in a group functioning (McComb, Green, & Compton, 2007).
OECD’s trends shaping education (2013) included also learning environments (LE) into flexibility. This
report considers flexible thinking as a “key competency necessary for adapting to new learning
environments, for transferring knowledge to new situations, and for understanding and solving
unfamiliar problems” (OECD, 2013, p. 21). Concluding the above, flexibility may be defined as changing

one’s strategies and representations subject to the task, group and environment.

Barak and Levenberg (2016) divided flexible thinking in learning into three sub-categories. Acceptance
of new technologies means perceived ease of use and usefulness, attitudes toward using technology,
and behavioural intention. Second category is open-mindedness to others’ ideas. This is closely related
to McComb, Green & Comptons (2007) ideas of adjusting individual behavior to group work. Open-
mindedness means also an ability to consider new possibilities, different opinions, and alternative
explanations (Stanovich & West, 1997). The third category of flexible thinking in learning is adapting
to new learning situations. This is an ability and willingness to transfer what have been learned to new
situations, problems and tasks with diverse social and environmental aspects (Bransford, Brown,
& Cocking, 2000). Thus, flexible thinking may be practised collaborating with other people in novel

environments using modern technological solutions.
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FLEXIBLE MATHEMATICS —PROGRAM

In this article we describe our design and experiences of 2 ECTS on-line course “Flexibility in science
education, learning environments and subjects”. The course is a part of Flexible mathematics (JoMa)
(https://www flexibility.fi) teacher pedagogical development program to respond to the challenge to
bring flexibility into the science and mathematics education. It is a collaboration between the
universities of Jyvaskyla, Oulu and Turku in Finland. JoMa consists of 15 ECTS of studies divided into
three parts. The first part (3 ECTS) is compulsory introduction to flexible thinking and learning for all
the participating teachers. In the second part the teachers can choose one of the 6 ECTS modules.
These modules are targeted to the teachers of different grades: Kindergarden, 1-2, 3-6, 7-9 and 10-12.

In the third part, the teachers are free to choose three 2 ECTS courses.

The whole program has been implemented as a massive on-line open course (MOOC). The on-line
platform includes materials, technological solutions and games to support flexible thinking in teaching
and learning. The MOOC opened 1.10.2019 and about 1000 Finnish teachers have been enrolled into

it. The program has also received three years follow-up funding for years 2020-2022.
Flexibility in science education, learning environments and subjects -course

This course is one of the optional courses in the third part of the JoMa —program. The course design
takes an advantage of our Checkpoint Leonardo (CPL) STEAM —education (Science, Technology,
Engineering, All and Mathematics) development scheme. In CPL (r.jyu.fi/CPLN) we have unified
primary and science student teachers and introduced them to some external community to design
multidisciplinary learning in that out of classroom environment. A typical partner has been a museum,
but we also have visited a company, parental union and several schools in different occasions. In this
course we used CPL lllusions —project as a case for teachers to see an example how to realize a project

to design multidisciplinary learning in out of classroom environments.
The learning outcomes of the course include:

e Ability to design and assess the quality of authentic STEAM driving questions, that are
interesting to students and suitable for their grades

e Ability to select and evaluate diverse representations for project outcomes

e Understanding the flexible nature of STEAM —knowledge and it’s connections to different
school subjects

o Willingness and ability to construct out of classroom environments (LE) and communities of

Learners (Col) for multidisciplinary STEAM learning
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We consider the last outcome in the list maybe the most novel approach to promote flexible thinking

in education. In that sense, we have set two research questions (RQ) to develop our course design:

1. What kind of learning environments do the teachers intend to use in STEAM —learning of their
own reference?

2. How is the intended out of classroom learning implemented in their lesson plans?

The content in the course is divided into two parts. In the first part, the teachers study the principles
and resources of multidisciplinary project-based learning in basic education. In the second part, the

teachers design, test and assess a project-based learning module tailored into their own reference.

The first part starts with three about 10 minutes video clips dealing with fundamental issues of
multidisciplinary project-based learning in basic education, driving questions and artefacts of PBE and
LEs and assessment. To reflect the content of the videos, teachers generate and answer questions and
discuss about them online. Next, examples of earlier CPL —projects are introduced. Most specific the
previous CPL lllusions —project, where primary student teachers and a science museum produced an
exhibition and a learning module about illusions in science and arts. The teachers are presented
a description of the project, interviews of the participants and learning materials of the modules. After
analysing this project, the teachers are asked to design their own multidisciplinary STEAM —project
using the template shown in Figure 2. The LEs teachers designed for their own reference were analysed

in order to answer RQ1 from these plans.

Learning Assessment of
outcomes: learning:
Driving CoL: Artefact: Assess-
question: ment of
‘ the
[T artefact:
—
\\'—’"\
./

Fig. 2. The template for teachers to design the sections of their own STEAM -project.

The second part of the course is an assignment: “Using what you have learned, design and test a STEAM
learning project with your own Col. Share your design with others. Evaluate two other designs”. The
RQ2 was answered analysing the contents of these reports. Finally, there is a self-assessment of
learning during the course. The course performance will be passed or failed considering the usefulness
of the technology applied, design of the LEs, how the Col'’s are exploited, quality of the driving question

and the diversity of the project outcomes and if these are in line with the driving question.
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FINDINGS FROM THE COURSE

Originally 88 teachers enrolled the course. Most of them (54) also actually started the course, 24
finished the first part and 20 (23%) completed the course. 92% of the teachers included out of
classroom environments in their preliminary project plans but only 69% had them in their final lesson

plans. The distribution of the teachers’ ideas of external LEs after the first part is presented in Table 1.

Tab. 1 The distribution of various out of classroom learning environments in the teachers’ preliminary plans.

Learning Built Nature Public Virtual Home Company Inside
Env. environment facility environment school
N 3 3 11 2 1 4 1

Built environments include cemeteries, roads and town structure, Nature is typically the near forest.
Public facilities are mainly museums, but also research centres etc. Companies ranges from farms to
department stores and power plants. Inside school covers the area from the classroom door to the

border of the school area.

In the final reports of the assignment after the second part of the course, three of the teachers had
changed their topic and the LEs completely. Climate phenomena were changed to dental studies and
electricity to wood industry, for example. None of the lesson plans showed explicit designs of how to
take an advantage of the out of classroom environments and people. Typical lesson plan included just
a mention “In the 4™ class we will visit ...” In some of the plans the visit was optional: “We may possible
visit somewhere”. Only one lesson plan (about how animals are preparing for the winter) had some
instructions, what to study and observe in the forest. Many of the LE’s mentioned in the preliminary

plan had been skipped or changed to studying in virtual environments.
CONCLUSION

Out of the classroom LEs are an effective way to learn flexible thinking as they serve possibilities to
apply one’s strategies and representations subject to these novel environments, groups and tasks.
Most of the teachers finishing the first part of this MOOC relied on traditional public facilities, such
that museums as a LEs. This proves the importance of those in education, but also raises a question,
why is the collaboration with other kind of environments so rare. The fact that practically none of the
teachers made any explicit plans for the actual visits or for the collaboration with other people, outside
the classroom suggests that teachers may consider the visits just as excursions, without any distinct
contact with the syllabus before or after that. This is the challenge to develop this MOOC. The yield of
23% finishing this MOOC to instruct project-based flexible STEAM-learning may be considered as a

reasonable number as the dropout rates in MOOCs may be as high as 90% (Leef, 2013).
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Genetics in the perspective of Czech lower-secondary schools:
misconceptions and solutions

Markéta Machova

Abstract

Although genetics is well-established topic in lower secondary school curricula (ISCED 2), students still
have difficulty understanding the basic principles of inheritance and hold various misconceptions
about it. To identify the factors influencing the student’s understanding the analysis of textbooks,
a questionnaire survey among teachers and test of students’ understanding were conducted. Results
showed that teachers are qualified in the subject of genetics, but the topic itself is scattered among
the curriculum, which makes it hard for students to understand the concepts clearly. School lesson

modifications to prevent misconceptions are discussed.
Key words

Genetics; misconceptions; students; ISCED 2
INTRODUCTION

Even though genetics is a well-established part of national curriculums around the world (Lewis, Leach
& Wood-Robinson, 2000; Osman, Boulaoude & Hamdan, 2017; Saka, Cerrah, Akdeniz & Ayas, 2006),
studies show that students’ understanding of basic genetics concepts is rather poor (Stern
& Kampourakis, 2017). In the Czech Republic, similar situation was revealed among high-school
students and absolvents (Machovd & Ehler, 2019; VIckova, Kubiatko & Usak, 2016). Though the
reasons, why students hold various misconceptions in genetics, are not clear. Complicated and abstract
nature of the topic were labelled as possible causes (Havelkovd, Kachlik, Strnadova & Weisova, 2008;
Knippels, 2002), as well as the poor interconnection of learned knowledge (VIckova et al., 2016). Yet

there was no detail analysis of this problem at lower secondary level in the Czech Republic.

As genetics is firstly taught at this level, primary misconceptions are probably already rising here.
Therefore, this study focuses to broader evaluation of the situation at the lower secondary school level

using various methods to find out the possible causes of the misconceptions in genetics.
METHODS

Combination of three methods was used to comprehensively cover the area of interest. Firstly,

a content analysis of currently used textbooks was done, as they are commonly used at ISCED 2 level.
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Secondly, students’ knowledge and understanding were analysed through the test, and details about

the lesson programs were gathered from their biology teachers.
Analysis of textbooks

Biology textbooks, chosen for the analysis, were released after 1995 and all aimed for lower secondary
schools. Textbooks had to contain any parts devoted to genetics and heredity and proved to be still
used in the Czech schools. It was 20 titles from 8 publishers (alphabetically: Fortuna, Fraus, Jinan,
Nakladatelstvi Ceské geografické spole¢nosti, Nova $kola, Prodos, Scientia, SPN). Analysis was based
on the data collected during previous study of the author (Machova, 2017). Information about the
content (covered topics), the way topic is explained and overall approach to it was collected and

analysed.
Students’ testing

Altogether 1 110 of various lower secondary schools in the Czech Republic were asked via email to
participate in wider study focused on genetics and molecular biology understanding among the Czech
ISCED 2 students during the school year 2018/2019. This study is nearly completed, and to this time,
20 lower secondary schools with 34 classes (584 students) participated. In this study, only part of

preliminary results was used.

Questionnaires were distributed no sooner than week and not later than a month after the students
completed the topic of genetics in school to be sure all of them were familiar with the topic. Therefore,

all students are 8t or 9t graders.

The whole questionnaire consisted of knowledge test (10 problem tasks) and part with demographic
and attitudes questions. For the purpose of this analysis, only selected items from the knowledge test

were used. Specifically answers for following questions:

1. How would you explain term genetic/hereditary information to the person unfamiliar with the

topic? (open question)

2. What is a function of a nucleus? What is it for and what would happen if cell do not have it?

(open question)

3. DNA (deoxyribonucleic acid) is the main part of the genetic information. Protein is a type of
complex chemical compound that helps build structures in the body (muscles, hair, etc.). Is

there anything these two have in common? (multiple choice with needed explanation)

Given answers were classified into categories by open coding from all students” answers (right and

wrong answers and their subtypes according to the main idea of the answer).
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Teachers’ questionnaire

Biology teachers (N = 22) of the tested classes were given a questionnaire with multiple-choice or open
guestions to give basic information about their educational background, and to describe details about

their approach to the lessons, the lesson plans and used textbooks.
RESULTS

Results of all parts are described individually below.

Textbooks

Content related to genetics is distributed very unevenly during the four grades of lower secondary
level. Most of the topic is usually placed in the textbooks for 8" (sometimes 9% grade) as a part of
“Human biology”. Even though, first mentions about DNA and role of genetic information are already

in the 6% grade in the topics of the “Cell”.

Textbooks for 6% grade only states a genetic information as a part of the nucleus (all textbooks mention
nucleus as the organelle with a governing function, few mentioning it being crucial for the
reproduction). After two-years gap, textbooks for the 8" grade directly introduce the concept of
heredity, chromosomes, genes and Mendelian genetics of certain traits (often hair or eye colour).
Chapters of genetics mostly do not mention the role of individual cells in the whole process of heredity.
With one exception, genetic information is always described as manual for various traits of organisms
(mostly some visual features). Only in 3 cases, simple explanation of the main function of DNA

— carrying instructions for creation of proteins — is mentioned in the text.
Students’ testing

Students of lower secondary schools mostly fail to give any kind of the right answer in the task (as they
were open, students could state more types of right answers in one task). Wrong answers were divided
into two groups — tried to explain, but failed (wrong), and did not state any explanation at all (no

answer) (see Table 1).
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Tab. 1: Success rate and most common answers to the questions. If students gave more right answers to one
question, they were all counted (i.e. percentage does not sum up to 100).

Question % wrong % no answer most common right answers

1. definition of DNA 64% 21% 13% - manual for body characteristics
2% - specific chemical structure in nucleus

2. role of the nucleus 35% 13% 22% - directs the cell
13% - holds genetic information
11% - enables reproduction
11% - cell would die without it

3. relation of DNA and 50% 41% 6% - both have important function in the body
proteins 3% - proteosynthesis

Various misconceptions were found among the answers — their frequency was not high, as the lack of

longer written answers complicated their detection. Examples are stated below for each question:

1. definition of the DNA — DNA carry traits rather than predispositions; mistook genetic
information for genetics as a science; directs heredity of temper or personality characteristics;

heredity of the DNA from other relatives than parents

2. role of the nucleus — comparison of nucleus to human heart and brain; processes food or

creates energy for life

3. relation between DNA and proteins — DNA consists of proteins; both are connected through

peptide bonds; proteins are only reachable as food
Teachers’ questionnaire

86% of teachers stated that genetics was a part of their previous university education, and with one

exception, they find genetics rather attractive and interesting topic.

Implemented curriculum mostly consists of basic genetics terms (heredity, chromosome, DNA, etc.),
additionally with heredity of diseases and mutations. Mendelian laws of genetics are taught in half of
all the observed cases. Only one teacher stated importance of DNA for making proteins as a part of
implemented curriculum. As the topics that are hardest to explain to students were labelled meiosis

and mitosis (36%), translation and transcription (23%) and allelic interactions (18%).

According to the teachers, topics of implemented curriculum are distributed very similarly among the

grades as they are in the textbooks.
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DISCUSSION

Studied sample cannot be considered big enough to comprehensively describe the distribution of
existing misconceptions. Though, some important trends, explaining the origin of students’

misunderstandings, are visible.
Possible causes of misconceptions

Most of the teachers at the lower secondary level were educated in the subject of genetics at the
university. Textbooks do not contain major errors and state current information (Machova, 2017). Still,

the current way of teaching basics of genetics at lower secondary level seems to be rather unfortunate.

The topic is divided in the implemented curriculum with not enough continuity (often no connection
between description of nucleus in the 6 grade with introduction to genetics in the 8 or 9% grade).
This could explain a poor interconnection of genetic concepts to other knowledge found by Vi¢kova
et al. (2016) among Czech high school students. In many cases, students at lower secondary level are
taught Mendelian laws of genetics without even knowing the function of DNA in the body, though it is
known as very hard topic at the secondary as well as at the tertiary level of education (Knippels, Waarlo
& Boersma, 2000). Function of proteins (usually taught in parallel chemistry classes), is not properly
connected with DNA. If so, teachers find it rather hard to explain it via processes of translation and
transcription. Therefore, students mostly see proteins as a part of nutrition, but do not reflect their
various functions and origin, which leads into troubles to understand how genetic information is

“translated” into the visible traits.

Students claimed that nucleus is governing all the functions of the cell, but it is rather misleading and
contradicts their knowledge of DNA inside the nucleus being a carrier of predispositions for the traits.
In a certain way, DNA does govern the body, but it is done through the process of gene expression and
its regulation. This is something students at this level are not taught at all. Therefore, it is not strange

that students hold misconceptions about the topic as its very introduction brings them up.
Recommendations for further practice

Firstly, it is necessary to state that genetics is incredibly complicated abstract topic introducing lot of
new terms, but Duncan, Freidenreich, Chinn & Bausch (2011) showed that it can be successfully taught
at ISCED 2 level. The key, how to reach better understanding of the topic, is simplify it to the level,
where only necessary information needed to understand the process of heredity will be transmitted

to the students (without need to learn enormous amount of new abstract terms).

108



Recommendations for further practise are rather simple:

1. do mention the genetic information as a “body manual” already from its first introduction in

the 6™ grade

2. do not introduce the nucleus as a “governing organ” of the cell (also do not compare it to the
organs of the human body), rather introduce it as a “case” needed to separate the DNA from

other content of the eukaryotic cell

3. introduce the relation between DNA and protein as a manual and product, all without the
necessity of a detailed description of transcription and translation as it is not needed for the

understanding of the process itself

4. introduce various ways of how the well-known proteins function in our body along with the
genetics (transport function - haemoglobin, mechanical function — actin and myosin, endocrine

function — insulin etc.)

5. do not be afraid of omitting complicated parts of genetics as Mendelian laws and Punnet
squares as without proper knowledge of the basics of genetics, they can only contribute to

misunderstandings

Understanding genetic information as a “cookbook” for proteins means understanding the basic
principles of genetics — known as central dogma of molecular biology. It creates a natural “mind bridge”
to other topics like mutations, heredity diseases and others. Students built upon the knowledge that
proteins are the building blocks (and regulatory parts) of human body. Therefore, all living beings

cannot just take them from the environment, they must create their own (specific for their species).

According to their education, Czech teachers know these basics of genetics well —they just need to do

it explain it in a bit different way.
CONCLUSION

Although the resources seem to be sufficient, the way genetics is taught at Czech lower secondary
schools is problematic. It results in a low level of understanding and a rise of misconceptions. If given
recommendations will have a significant positive impact on misconception prevention, needs to be

further studied, though they seem to be a promising start.
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Hodnoceni Skolni aktivity na téma plasty a jejich tfidéni
Evaluation of school activities on plastics and their recycling

Adéla Horakovd, Barbora Kolafova, Klara Malusova

Abstract

The paper is focused on teaching about the plastics crisis in the 9t grade. Four student classes received
a task to propose a solution for waste situation improvement in their neighbourhood. The class was
approached as an agency with particular groups as the company departments with a common goal.
The results show that students’ attitudes toward the topic have slightly improved. However, the final
summary of the collective solution was not accomplished in any of the classes. The groups simply did
not collaborate well enough to reach the goal. This aspect needs to be addressed first before more

activities of similar nature can be put into action at this or similar school levels.
Key words

Recycling attitudes; waste-sorting; school project; science education
UVOD A TEORETICKA VYCHODISKA

V soucasnych podminkach skol, kdy tempo doby a ikoni¢nost vnimani zakl pfimo vyZaduje zménu
pojeti vyuky, se zvySuje vyznam zapojovani aktivizacnich strategii Fizeni ucebni ¢innosti Zaka (viz
Janstova & Rusek, 2015). Do pozornosti uciteld i vyzkumnik( v této oblasti se tak dostavaji badatelsky
orientované vyucovani (viz Rocard et al., 2007), projektové vyucovani i rlizné varianty integrované,
tematicky orientované vyuky (Sindelkovd, Malkova & Pluckova, 2016). Jednou z moznosti aktivizace
7akl je zvyseni aktualnosti Ci relevance (Stuckey, Hofstein, Mamlok-Naaman, & Eilks, 2013) tématu.
Potencial ,projektovosti” tématu (Rusek & Becker, 2011) neni vidy snadné odhadnout (viz
napf. Téthovd, Matousova, Subovéd & Rusek, 2019, s. 65). Piesto se viak opakuji témata, kterd, jak se
zd3, timto potencidlem disponuji (Rusek & Vojif, 2018). Jednim z takovych témat je i problematika

odpadu (viz napf. Kovacova, Held, Pipiska, 2019; Machalovd, 2015; Pavlatova, 2018).

Téma plastll pro Zaky zpravidla nebyva novinkou, ale mlzZe byt pojato i jinym zptsobem vyuky. Aktivita
maZe slouZit pfevainé ke zvyseni zajmu 7k o recyklaci, ale také spolupraci ve skupinach. Zaci
v prlibéhu predkladané aktivity prichazi sami na otazky, které se k tématu vztahuji a také sami hledaji
na tyto otdzky odpovédi. Aktivita vybizi zdky o tfidéném odpadu vice pfemyslet a vénovat pozornost
vyrobk({m, se kterymi pfichazi denné do kontaktu. Motivacnim prvkem je vyuZiti soutézi a her. Hlavni

cil aktivity je podpofit zdjem Zakd o tzv. ,plastovou krizi“. Jejich spolecnym ukolem je navrhnout
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plytvani plasti v jejich okoli (Praha 4 — Modrany). Mimo samotny vystup aktivity je sledovana mira
spoluprace, rozvoj postojd, dovednosti a znalosti Zakd, i jejich schopnost vyporadat se s otevienym

zadanim.

v vev

V rdmci RVP je tézisté aktivity ukotveno ve vzdéldvacim oboru chemie, tematické oblasti Chemie
a spoleCnost: ,orientuje se v pfipravé a vyuzivdni riznych Ilatek v praxi a jejich vlivech na Zivotni
prostredi a zdravi lovéka“. Dale aktivita zasahuje do tematické oblasti Pozorovani, pokus a bezpecnost
prace: ,pracuje bezpecné s vybranymi dostupnymi a béiné pouZivanymi Idatkami a hodnoti jejich
rizikovost; posoudi nebezpelnost vybranych dostupnych ldtek, se kterymi zatim pracovat nesmi”
zamérenim na hodnoceni rizikovosti plastl. Ve vzdélavacim oboru pfirodopis Ize tento projekt propojit
se zaklady ekologie, kde se pfimo hovori o tématech globalnich problému a jejich feseni (RVP ZV,

2017).

METODOLOGIE

Vyzkumny vzorek

PredloZena aktivita byla ovéfena u ctyr ttid (53 Zak() 9. roéniku (13-15 let) bézné zakladni skoly.

Vsechny tfidy vyucuje stejny ucitel.
Pouzité nastroje
Intrinsic Motivation Inventory

Vnitfni motivace zakl byla vyhodnocovana dotaznikem IMI (Intrinsic Motivation Inventory). Jedna se
0 nastroj urceny k posouzeni subjektivni zkusenosti zak(, které se vztahuji k cilové, prakticky ladéné,
¢innosti. Vyzkumy prokazaly vysokou validitu téchto dotaznik( (McAuley, Duncan, & Tammen, 1989,
Ryan & Deci, 2000), které tak nasly vyuZiti nejen pti hodnoceni laboratornich cinnosti, ale
i badatelskych a projektovych aktivit (viz Kuncovd & Rusek, 2019; Téthova a kol.,, 2019; Vojit,
Honskusova, Rusek & KolaF, 2019). K hodnoceni aktivity byly poufZity tFi subskaly IMI (viz Kekule & Zak,
2011) obsahuijici 25 polozek v subskalach: zdjem a potéseni, hodnota a uZitecnost a vnimand moZnost
volby. Zaci vyjadiovali sviij postoj k jednotlivym vyrokéim prostiednictvim Likertovy $kély od 1 (vyrok

je zcela nepravdivy) do 7 (vyrok je zcela pravdivy).
Pre-test/post-test

Pro vyhodnoceni dopadu aktivity byl také pouZit pre-test a post-test, slozeny ze tfi ¢asti. Uvod tvofily
postojové otazky zkoumajici nazor Zakl na tfidéni odpadu a jejich zajem o recyklaci. Dalsi ¢ast byla

zamérena na znalosti Zakd tykajici se recyklacnich znacek na obalech a zpUsob nakladani s obaly pfi
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jejich tfidéni. Post-test obsahoval tytéz otazky, pridany byly otazky tykajici se celkového hodnoceni

realizované aktivity.
POPIS AKTIVITY

Jedna se o aktivitu zamérenou na tzv. ,plastovou krizi“. Aktivita cili na osvojeni znalosti a dovednosti
spojenych s vyuzivanim plastl. (zodpovédné nakladani s odpady, recyklace, ...), zaroven by u nich méla

aktivita formovat postoj k aktualni situaci.

Ukolem 7akd bylo vytvofit imagindrni firmu, zaméfenou na Fedeni ,plastové krize“ v dané lokalité.
Ukolem firmy bylo vyFesit aktudlni zavaZnou situaci s prebytkem plastd. Uskute¢néni navrh( nebylo

nutné, plany vsak mély byt realizovatelné.

Skolni tfida méla vystupovat jako firma. Zaci dostali za Ukol rozdélit se do nékolika oddéleni (propagace,
financovani, navrhy, ...). Dil¢i cile oddéleni mély vést k jednotnému cili firmy. Proto byla dllezZita
spoluprace nejen ve skupindch, ale také napfi¢ skupinami. Kromé kooperace vede aktivita
k samostatnému planovani a rozvoji schopnosti argumentovat. V kognitivni oblasti aktivita rozviji
znalosti tematicky se vztahujici k plastim, jako odpadim (co Fikaji symboly na obalech, kam mam
danou véc vyhodit, existuji klady a zapory vyuzivani plastovych vyrobk(, co to plasty jsou nebo zda je

mozZné, Ze plasty naduzivame).
REALIZACE AKTIVITY

Aktivita probihala po dobu jednoho mésice. Spolecné kroky byly sdileny jednou tydné v pribéhu

vyucovaci hodiny. Na konci mésice byl prezentovan spolecny navrh reseni predloZzeného problému.

Uvodnim motivaénim prvkem bylo promitnuté video (https://tinyurl.com/tgbd42j), které upozorriuje
na problém s plasty ve svété a jeho dopad na planetu. Po zhlédnuti videa byl Zaklim predstaven jejich

Ukol spolu s objasnénim kontextu pro pracive ,firmé“ a ¢asovym harmonogramem aktivity. Nasledoval

brainstorming zakud. Jejich napady byly zapisovany na tabuli (viz Obr. 1).

Dal$i vyucovaci hodina probihala v rozdélenych skupinach. Ukolem #ak( bylo predstavit konkrétni
zamér dané skupiny. Treti tyden realizace Z4ci sdileli ziskana data, zpracovavali materialy a finalizovali
své zavérecné vystupy (viz Soupis odevzdanych material(). Posledni hodina v mésici byla vénovana, jak

vyhodnoceni aktivity, tak Zakovskym prezentacim vystupa.
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Obr. 3 Brainstorming Zaka

VYSLEDKY

Soupis odevzdanych materialQ:

Skupiny jako vysledky své prace predstavily: powerpointovou prezentaci, esej o moznostech recyklace,
odstrasujici video, sbéracské akce, referat s obecnymi informacemi, propagacni plakaty, webové
stranky: (https://tinyurl.com/vqq9dyk;https://tinyurl.com/w9gm5p7), facebookové a instagramové

stranky: (https://tinyurl.com/wfvgrcp; https://tinyurl.com/suyémaqd).
Pre-test, post-test

V otdzce tykajici se nddoby na kombinované materidly vykazuji odpovédi zak( mirné zlepseni (viz Obr.
2 a 3). Z 10 zakl v pre-testu, ktefi spravné odpovédéli, kam vyhodit obal z kombinovaného materialu,

jich v post-testu spravné odpovédélo 16.

D
o

Pocet zakud
N B
o o o
I =
o
I ;
()]

spravné Spatné
H pre-test M post-test

Odpovéd zakl
Obr. 2 Odpovédi Zakli na otazku ,,Kam patii kombinované materialy?“
Znalosti Zaka tykajici se recyklaénich symboll a jejich prifazeni k jednomu z materidll ukazuje graf

na obrazku 3. Vysledky nevykazuji jednotny trend. U tfi symboll (PAP, V, ALU) pocet spravnych
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odpovédi vzrostl. U symbolu PP se pomér spravnych a Spatnych odpovédi nezménil. U dalSich dvou

symboll (C/PAP, HDPE) doslo po probéhnuti aktivity ke snizeni spravnych odpovédi.

Z jakého materialu (plast/papir/sklo/kov) jsou vyrobeny pripravky
s nasledujicimi symboly na obalu?

53
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41 41 40
37 36
2626 2727
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87
0 []
0 | [
spravné Spatné spravné Spatné sprdvné Spatné spravné Spatné spravné Spatné spravné Spatné
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v HDPE ALU

Pocet Zaka

M pre-test M post-test

Odpoveéd zak(

Obrazek 3 Vysledky Zaku v otazce tykajici se materialu obalu vyrobku dle jejich symbolu na obalu

V Casti testu zaméfujicim se na postoje zak( odpovédéli zaci na vyrok ,tfidéni odpadu povazuji
za dulezité” kladné v obou testech — pre-test: spiSe souhlasim 14, souhlasim 39; post-test: spiSe
souhlasim 6, souhlasim 47. Tento narust vsak vzhledem k velikosti vzorku nelze povaZovat za statisticky
vyznamny. Zajem zak( o otdzku recyklace (Obr. 4) se az na vyjimku jednoho zaka rovnéz posunul
k souhlasu s vyrokem. Na otdzku pfistupu k pravidelnému tfidéni Zaci odpovédéli v post-testu
srovnatelné jako v pre-testu — souhlasi nebo spiSe souhlasi s vyrokem, Ze odpad doma ttidi (v post-
testu mirné nizsi). Obdobny vysledek byl zaznamenan i u otazky smérované na vnimani recyklace
ostatnimi lidmi. Tento vysledek vSak pravdépodobné vychazi z jejich vétSim srozuménim s danym
tématem, a tedy Upravou pocatecniho stanoviska. Negativni efekt dané aktivity na postoj rodin zZaka

k tfidéni odpadu je méné realny.
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Obrazek 4 Vyjadfeni Zakd k tvrzeni ,,Zajimam se o aktualni témata tykajici se recyklace.”

Intrinsic Motivation Inventory

Odpovédi z inventare IMI se pohybovaly ve stfednich hodnotdch. V dimenzi zajmu a potéseni je median
pét, ve zbylych dvou dimenzich (hodnota a uZite¢nost, vnimana mozZnost volby) je hodnota medidnu
¢tyfi. Zaci tedy celou aktivitu vnimali se zajmem a povazovali ji za p¥inosnou. SloZitéjsi odpovédi jsou
v oblasti volby, kdy néktefi Zaci hodnotili moznost rozloZeni prace v rdmci skupiny, ale néktefi moZnost

volby tolik necitili.
DISKUZE

Problémy pfi realizaci

Realizaci aktivity doprovazely nékteré problémy, které mohly ovliviiovat vysledky Zakl, a to jak
pracovniho, tak postojového charakteru. Pres neklasifikovani testl, méli Zaci tendence napfic
skupinami spiSe soutéZit neZ spolupracovat, coz se projevilo i ve vypliovani testl, kdy zaci méli
tendence opisovat. Dalsim problémem byla samostatna prace zaka. Vzhledem k tomu, Ze Zaci byli
zvykli spise na frontalni vyuku, bylo pro né rozvrhovani ¢asu a ,,pfiliSnd volnost” (nekonkrétni zadani)
pfilis obtizné. Stejnym problémim v ramci projektového vyucovani uvadi i dalsi autofi (Bednarova,
Safrankova & Bilek, 2020; Téthova, Matousova, Subova & Rusek, 2019). Zaky by tak i v tomto pfipadé
bylo tfeba nejprve naucit samostatné praci, praci ve skupinach a efektivnimu vyuZiti ¢asu a tim je
,rozprojektovat”, stejné jako jsou postupné ,rozbadavani (Kuncova & Rusek, 2020) pfi badatelskych
aktivitach rdzné arovné volnosti (viz Banchi & Bell, 2008). Tyto problémy vedly k tomu, Ze Zaci ¢asto

nespolupracovali napfi¢ skupinami a navrhy jednotlivych skupin nevedly ke spole¢nému cili.
Pre-test, post-test

Dopad aktivity na znalostni slozku nebyl pfilis markantni. V nékterych polozkach se zZ4aci proti pre-testu
dokonce zhorsili. Ke zhorseni doslo i u symbolu C/PAP, se kterym se Zaci v priibéhu aktivity nemuseli

(z divodu zaméreni na plasty) setkat. Ke zhorseni doslo i u symbolu HDPE. MozZna pficina muze tkvit
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v nepozornosti pfi vyplfiovani nebo falesné pozitivnich vysledcich v pre-testu (viz Rusek, Korenekova,

Téthova, 2019).
Intrinsic Motivation Inventory

Dle dotazniku vnitini motivace se Zaci k aktivité stavéli spiSe neutralné, ¢emuZ odpovidaji mediany
subskal ,vnimané moznosti volby” i ,hodnoty a uZiteCnosti” aktivity. Tyto hodnoty mohou byt
vysvétleny tim, Ze se jednalo o aktivitu zahrnutou do skolni vyuky, kterou plnili na zakladé zadani
ucitele. Pravé iniciativa zaka by mohla mit velky vliv na vnimani aktivity Zaky. Aktivita by tim zvysila sv(j
projektovy potencial (viz Rusek & Becker, 2011).

ZAVER

Clanek popisuje realizaci $kolni aktivity zaméFenou na plasty jako odpady. Mimo rozvoje kognitivnich,
psychomotorickych a postojovych oblasti aktivita cili na rozvoj spoluprace a skupinovou ¢innost.
Ukolem 73k bylo navrhnout Feeni nadbyte¢ného uZivani plastil v jejich okoli. V oblasti rozvoje
znalosti doslo v pribéhu trvani aktivity pouze k malym zménam, které nevykazuji jasny trend zlepseni.
RovnéZ uroven postojl k dané aktivité se zda byt spiSe neutralni. V oblasti spoluprace se vyskytovaly
problémy a Zaci nedokdzali dosahnout spolec¢ného vystupu v rdmci celé tfidy. Zdméry ucitele se tak
neshodovaly se zaméry Zakl. Pro zefektivnéni aktivity by bylo tfeba postupovat po mensich krocich,
které by postupné vedly k vétSimu projektu. Poté by bylo mozné, aby aktivita vzesla od zak{, ¢imz by
byla dodrZena ,projektovost” projektu. Iniciativa ze strany Zzakd by mohla vést k vétsi moznosti volby

¢innosti, kterou v tomto pfipadé spise nepocitovali.
Podékovani

Pfispévek byl podporen projektem PROGRES Q16 — Environmentalni vyzkum.
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Is CLIL in biology thriving at Czech upper secondary schools
(ISCED 3)?

Zuzana Marcinekovd, Lenka Pavlasova

Abstract

This paper focuses on teachers' application of CLIL in biology lessons in the Czech Republic. The main
aim of the study was to determine the extent of teachers' application of CLIL in biology at upper
secondary schools (ISCED 3). The research of the paper consists of an analysis of the teachers'
responses (n=108) to particular items in the questionnaire. The percentage of teachers who use CLIL
in their biology lessons was 32 %. Teachers realize CLIL the most often in lessons of basic type, then in
projects and laboratory lessons. Human biology is the most frequently used topic of teaching units

they teach in CLIL in biology.
Key words

Biology teaching; CLIL; secondary school; biology teacher
INTRODUCTION

Nowadays we may notice increase of new methods and strategies in science and biology education
leading towards enhancement of students' practical skills. It is not only about laboratory or terrain
skills which include manipulation with natural products, equipment and instruments, but modern
teaching puts emphasis on knowledge and practical use of a foreign language in biology lessons, too.
CLIL (Content and Language Integrated Learning) is one of the innovative, worldwide used approach
and it also belongs to the significant curriculum trends of current European education. The term CLIL
was for the first time used by David Marsh at Jyvaskyla university in Finland in 1994 (BeneSova, 2010).
It can be seen as a new pedagogical approach in the whole educational system, whereas nowadays its
main task is to enrich teaching process in the Czech Republic. When we speak about CLIL, it is not a new
way of teaching languages or foreign language teaching in different way (Smidovd, Tejkalova,

& Vojtkova, 2012).

Progressive teaching approach CLIL includes teaching of specific subject with application of foreign
language, which serves not only as a communication instrument, but it also helps us to share a content
of a specific subject. Through this connection it is possible to teach biology effectively and at the same
time practise and strengthen communication in English language. During the teaching both the

language and the content are equally important (Marsh, 2002).
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According to 4Cs curriculum (Coyle, 2007) successful CLIL lesson should combine four basic
components:
e Content — integrating content from across the curriculum through high quality language
interaction.
e Communication — using language to learn and mediate ideas, thoughts and values.
e Cognition — engaging learners through higher order thinking and knowledge processing.
e Culture — interpreting and understanding the significance of content and language and their

contribution to identity.

Teaching in CLIL has a wide range of realization. For example, it can be realized through instructions or
short activities in foreign language which are integrated to the specific subject or even whole teaching
unit can be realized in a foreign language. Mother tongue may be integrated as well, transition

between foreign and mother language is a natural part of teaching in CLIL (Marsh, 2002).

CLIL as an innovative approach offers variety of advantages. According to Bielikova (2010), Hlavacova

(2011) a Baladova (2009) we clarify several reasons, why it is beneficial for students to apply CLIL:

e offers possibilities to study a content from different perspectives,

e allows students to be more often in contact with a target language,

e increases students' motivation and self-confidence in both foreign language and specific
subject,

e completes other subjects instead of rivalry,

o develops key competences, teaching strategies, cognitive processes and critical thinking of
students in a meaningful way,

e uses foreign language in utterly natural environment, not in situations, which are structured

artificially.

The studies of Swiss biology lessons conducted in English traced the complex interrelatedness of
participants' orientations to language and academic content. They showed that attention to language
form was embedded in work on scientific concepts. Furthermore a comparison of Austrian CLIL and
EFL (English as a Foreign Language) classrooms showed that students make significantly more language
errors in CLIL, not only because they generally talk more, but also because they monitor less.
Moreover, the Canadian model of immersion and its European applications have shown that
instructing through languages different than learners' mother tongue can lead to successful results in

the areas of both language and content proficiency (Nikula, Dalton-Puffer & Garcia, 2013).
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The Department of Mathematics and the Department of English language and literature of Charles
University in Prague, Faculty of Education has run a special optional course whose aim is to give
students insight into both theoretical and practical aspects of CLIL. In other words this course provides
students enhanced qualifications in teaching mathematics in English. The course covers language and
cultural preparation, classroom observations, microteaching of peers with the use of innovative

teaching methods and challenging activities (Novotna, Hadj-Moussova & Hofmannova, 2001).

Since hardly any work has so far been done with regard to the extent of CLIL application in teaching of
particular subjects, therefore the fundamental goal of our research was to determine the extent of

teachers' application of CLIL in biology at upper secondary schools in the Czech Republic (ISCED 3).
METHODOLOGY

The research was carried out through self-created on-line questionnaire in the google documents. Our
research sample consisted of biology teachers at upper secondary schools in the Czech Republic.
A total of 108 biology teachers 77 women (71 %) and 31 men (29 %) completed our questionnaire. The
process of collecting data has been divided into two stages. Our questionnaire was sent to the teachers

twice in a row with three months space. Collected data were evaluated by MS Excel.
RESULTS

In our research we focused on teachers' responses to particular items in the questionnaire. The main
topics of our questionnaire were teaching forms and concrete teaching units from biology they taught
in CLIL. The questionnaire is composed of both closed and open items. The most frequent type of the
guestions is multiple choice, but there are also single choice questions and text questions with short

and long free texts.

The first question deals with the extent of CLIL application in biology. Altogether 34 teachers said they
applied CLIL in biology. They were 23 women (68 %) and 11 men (32 %). 74 teachers did not apply CLIL
in biology. They were 54 women (73 %) and 20 men (27 %). All the percentages are represented in

figure 1. We can see nearly no gender differences in using CLIL.
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Fig. 1 Application of CLIL in biology (n=34)

In the second question we asked the teachers in which particular teaching forms they realized CLIL
lessons. In the figure 2 we can see that the most frequent teaching form was the lesson of basic type
(88 %). 11 teachers (32 %) realize CLIL through projects and 8 teachers (24 %) through laboratory
lessons. Only 3 teachers (9 %) use CLIL during the excursions. The teachers who said they applied CLIL
(34) could label more than one option (altogether 53 responses). As a result of this total number of all

percentage proportions does not represent 100 % in the figure 2.

Teaching forms in CLIL
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the lesson of laboratory  excursions projects others
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Fig. 2 The most frequent teaching forms in CLIL

In the third question we asked the teachers which concrete teaching units from biology they taughtin
CLIL. Their responses are represented in the table 1. According to the biology teachers the most

favourite teaching unit in CLIL is human biology which represents 62 %. Within human biology they put
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emphasis on organ systems and physiological processes. In zoology (48 %) they focus on ethology,
vertebrates and insect. Within general biology (45 %) they usually apply CLIL in cytology and within
plant biology (38 %) they focus on plant physiology for example photosynthesis. They also apply CLIL
in genetics (24 %), ecology (10 %), biology of protists (10 %) and biology of viruses (7 %). Only 3 % of
teachers use CLIL in biology of bacteria and biology of fungi. The teachers who applied CLIL (34) could
write more than one response (altogether 73 responses). As a result of this total number of all

percentage proportions does not represent 100 % in the table 1.

Tab. 1 The most favourite teaching units from biology taught in CLIL (% are rounded to whole numbers)

Topics of teaching unit* Percentage (%)
Human biology 62
Zoology 48
General biology (cytology etc.) 45
Biology of plants and fungi 41
Genetics 24
Biology of protists, viruses and bacteria 21
Ecology 10

* according to Framework Educational Programme for Grammar Schools (Ramcovy vzdélavaci program

pro gymnazia, 2007)
DISCUSSION AND CONCLUSION

The teachers who are excellent in specific subject and foreign language at the same time are very
precious. They have to feel confident enough in foreign language, mainly in cognitive academic variety
and in specific requirements, to be able to control the language of the subject and express the range
of pedagogical strategies in teaching. Successfulness of CLIL may be influenced by both teacher's and
students' language proficiency. Without self-confidence and adequate fluency in foreign language CLIL
teachers are not able to teach their subject effectively, and this may contribute to a decay of subject
curriculum (Ball, Kelly & Clegg, 2015). Our research has proven that only 32 % of teachers who
completed the questionnaire apply CLIL in biology. Based on this survey it is very important for biology
teachers to get more familiar with this approach and to focus more on teaching in CLIL, because it may

highly enrich biology lessons. The most favourite teaching unit in CLIL was human biology. We did not
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examine in depth the reasons that led teachers to do so, but we assume that in their opinion this topic

is most suitable for practical use in everyday life of students.
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Twelve-years masters-research works of graduate of
Wadowice Children University

Maftgorzata Nodzynska

Abstract

In the academic year 2018/2019, an experiment was carried out intended to verify whether the young
students Children University of Wadowice, in age 10-13 years, are able to independently carry out all
the activities that are necessary to write a master's thesis and examine what benefits will bring their
activities. Master's theses were evaluated by a team of university professors and experts from the
fields of data. During their work, students completed a questionnaire that examined the increase in
knowledge and skills acquired by the student during the project. Test results show the level of maturity

and independence in the implementation of student projects.
Key words

Early childhood education; experiential learning; informal learning; project based education
INTRODUCTION

The history of children's universities is not as rich and long as the history of, for example, universities
of the third century. They were created only at the beginning of the 215t century, inspired by journalists
Steuernagel and Janssen from Germany in 2002 (Jansen, Steuernagel 2006). Innovation has gained
great popularity among children and their parents, as well as at universities. The efforts of the creators
of children's universities have been noticed and appreciated by the European Commission, which
awarded them the Descartes Prize for outstanding services in popularizing knowledge. The first Polish
children's universities were founded in 2007. Initially, they were created and developed mainly in large
cities at well-known universities. However, the increase in expenditure on non-formal education, as
well as the development of small towns, has resulted in a significant increase in the number of
children's universities also in smaller non-academic cities. In 2014, the Wadowice Children's University
(WChU) started working at the Wadowice Cultural Center. WChU is under the patronage of the

Pedagogical University of Krakow, which is about 60 km away.
Review of the literature

It is widely believed that the main goals of universities for children are: developing and enriching
existing interests, knowledge and skills, awakening cognitive curiosity and inspiring to discover new

areas of interest, shaping the intellect, enthusiasm for learning and children's personality; showing the
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benefits of university education, helping children search, discover and start their own path to success;
presenting a diverse educational offer, open to all talents and allowing each child to discover his talent.
However, research is rarely carried out to check whether Children's Universities have reached their
goals. In his publication Overton wrote (2010): “There has been very little research undertaken into
aspects of Children’s Universities”. Until today nothing has changed in this topic. There are research
apparent related to aspects of the formation of a Children’s University the study carried out by
MacBeath and Waterhouse (2008) of the University of Cambridge and research on the previously
mentioned Owerton (2010). Most of the publications constitute the so-called descriptions of good
practice (for example, van Stam & Wahlberg, 2009). There are also studies on children's satisfaction
with various types of activities (Es, 2015). Only a few publications relate to research on the
effectiveness of this form of learning (Cakici & Bayir, 2012; Moskal & Nodzyriska, 2014; Nodzynska &
Kopek-Putata, 2017).

DESCRIPTION OF THE EXPERIMENT

It was decided to examine whether the methods used so far in formal education (e.g. the project
method) also work in non-formal education. Namely, whether students aged 10-13 know how to work
independently, without the help of a teacher (while working on the project), and whether such
independent work would bring measurable benefits regarding the expansion of students’ knowledge
and skills. To this end, it was proposed that students who had been attending Wadowice Children's
University (WChU) classes for five years prepare an independent work summarizing the period of their
learning. This work in its character was to correspond to the master thesis written by students after
the five years of study at the University. The next stages of WCU students' work on their master thesis

precisely reflected the next steps in the project method (Rusek & Dlabola, 2013).

Since even adult students have their own promoter who supports their scientific activities, similar
activities were proposed to children. To help students work independently on a new challenge for
them a Master's seminar was held, at which explained to students how to: put research questions and
hypotheses, look for the literature and how to save a bibliography, how to conduct scientific research,
how to process the obtained data, how to draw conclusions and discuss the results obtained, etc. The
aim MA-project is to develop profound cognition in some field of their interest, self-study
competencies, critical thinking and to gain independence in the processing a research information.
Until now, this type of independent activity has been studied in older students (Machkova & Bilek,
2017).
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Tab. 1 Comparison of the next steps in the project method and in this experiment

Steps in Project Method Education

Steps in the experiment - writing Ma thesis

1 Introduction to the project

Select topic, project name

2 Formulating objectives and tasks:

necessary measures and solution to
perform tasks

works schedule

actions and procedures

Division into groups

3 Implementation of planned activities, task
assignment, and partial targets:

individual search and verification of
information examination
verification on hypotheses
processing results
spreadsheets ...)
discussion of results in the group
preparation of ‘product’

(graphs,

4 Presentation of the product to the public

5 Evaluation of the results of the project:

publication of the results, presentation
of the product and description of the
course of the product

birefringent evaluation of the product
evaluation of the product by teacher
evaluation of the benefits and
‘curiosity’ of the project

public assessment - school leadership
and other teachers with students

Goals, research methods

Lectures, classes, workshops

Select topic, project name

Formulating objectives and tasks:

Implementation of planned activities,

necessary measures and solution to
perform tasks

works schedule

actions and procedures

task

assignment and partial targets:

individual search and verification of
information examination

verification on hypotheses

processing results (graphs, spreadsheets

)

preparation of ‘product’

Presentation of the product to the public

Evaluation of the results of the project:

publication of the results, presentation
of the product and description of the
course of the product

evaluation of the product by the experts
evaluation of the benefits and ‘curiosity’
of the project

public assessment - viewers (parents and
other children)

The goal of the research work was to check whether students aged 10-12 would be able to complete

the project while working independently at home and also what additional knowledge and skills would

be gained during the project. New knowledge and skills regarding the subject of the project as well as

those that did not directly concern the topic of their work were of interest to us.

A team of university professors and specialists in checked the students’ master’s theses given fields.

The reviewers were to assess the students' MA theses taking into account the following criteria:
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occurrence/number of factual errors at work, compliance of the subject of the MA thesis with its
content, subject exhaustion, work aesthetics, references to literature. The task of the reviewers was
also to check whether the given master's thesis contains all the elements that are necessary to
recognize a given thesis as a master's thesis (introduction, research question / research hypothesis,
description of the research method, description of the tests carried out, test results, conclusions,
confirmation or refutation of the hypothesis, summary). The reviewers filled out a special form in
which they filled in the appropriate fields - this was the first research tool. The results obtained with
its help were to answer the question: Are students aged 10-13 able to write their own research MA

thesis?

The second research tool was a self-assessment questionnaire. After the work, the students were
asked to complete a survey, which examined the growth of knowledge, skills they have acquired in the

course of the project. The questionnaire questions belonged to two types:

1. Questions focusing on the subject of the MA thesis:

1A. The main purpose of my work was ...

1B. Before | started my work, | knew that ...

1C. During the preparation of the work | learned that ...

1D. As | was working on my task, the following new questions appeared ...
2. Questions from focused on students' feelings:

2A. During the preparation of the work | learned that (from other areas than the subject of the

project) ...

2B. While preparing the work, | gained the following skills ...

2C. During the preparation of work, it was difficult for me ...

2D. During the preparation of work, it surprised me ...

2E. During the preparation of the work | was proud of ...

2F. What else would | like to learn?
Research results

At the end of the 2018/2019 academic year, 13 students completed their MA thesis (Tab.2). All these
students began their studies at the Children's University of Wadowice in October 2014. Among them
were six girls and seven boys, which corresponds to the gender distribution among children studying
at WChU. The age distribution of the surveyed students was equal (three students were 10, 11, 12 and
13 years old; one student did not provide his age). The subjects of students' work were very diverse -
they were classified into three areas: work in the field of Art, work in the field of natural sciences and
work in the field of sociological sciences.
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The form of the MA thesis was equally diverse: from typical printed works, through presentations,
models, essays and even films. However, all papers were highly rated by reviewers. There were no
factual errors in the assessed MA theses. In all the papers there was a great agreement between the
topic of the master's thesis and its content. The topic has been exhausted. There were references to
literature. And the aesthetics of the work was high. All works contained the required elements:
introduction, research question/research hypothesis, description of the research method, description
of the tests carried out, test results, conclusions, confirmation or refutation of the hypothesis,

summary (with the exception of work in the field of art - this work was assessed on a different basis).

Only nine students completed the self-assessment questionnaire. The students did a lot of different
answers to the questions because the questions in the questionnaire were open. Therefore, the
questions were grouped for further analysis. However, nevertheless, the studies should be treated as

gualitative rather than quantitative.

Students used different wording to indicate the purpose of their work (question 1A). However, all of
them can be reduced to one description: | wanted to broaden my knowledge about (topic) and examine

in the research part (research question).

By answering question 1B (Before | started my work, | knew that ...), students demonstrated extensive
knowledge of the subject. This is a very big change compared to the responses of younger students
who wrote their BA thesis (Nodzyniska, Kopek-Putata, 2017). Forty-four students wrote their BA theses

but only eighteen completed the self-assessment questionnaire.

Tab. 2 Students’ free answers to question 1B were classified into 5 types of answers (own study).

Before | started writing, | knew that ... BA thesis MA thesis
... what will be the form of work 1 0
... what will be the theme and form of work 1 1
.. daily observations on the topic 1 0
.. basic information about the subject 11 0
.. extensive knowledge about the topic 4 8

The division of students 'knowledge into three categories:

e daily observations on this subject,

e basic information on this subject,

e extensive knowledge on the subject,
was based on a comparison of students' knowledge contained in their responses to the information
contained in the Core Curriculum. The category "Basic information on this subject" means that the

student's knowledge corresponds to the content of the Core Curriculum appropriate to his age. The
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category "extensive knowledge on the subject" means that the student's knowledge is broader than
the content of the Core Curriculum appropriate to his age. In contrast, the "Daily observations on this
topic" category mean that the student's knowledge is small - lower than described in the Core

Curriculum appropriate for his age.

The purpose of the third question (1C. During the preparation of the work | learned that ...) was to
check whether, during the implementation of an individual project, students broadened their
knowledge. It can be seen that all of the students not only significantly expanded their knowledge but
also made it more detailed. Answering this question, students also supplemented it with comments,
e.g. during the preparation of my master's thesis, | learned that: there is more work than | thought,

| really like to conduct scientific research, | learned to draw conclusions from surveys.

The fourth question (1D. As | was working on my task, the following new questions appeared ...) was
to check whether the students performing the project focused only on solving problems and tasks
related directly to their project, or they were also developing themselves scientifically by asking
themselves new scientific questions. All students asked themselves questions that were further

research questions and could have been the beginning of new research.

Since, during performing the project, students also gain skills and knowledge outside the scope of the

subject of the thesis, further questions were related to this area.

Only three students answered question 2A (During the preparation of the work | learned that (from
other areas than the subject of the project) ...). Two answers concerned the technical side of writing
a master's thesis (how to save files, create charts). Only one of the students whose work related to

volcanoes stated that while working on the subject he became acquainted with mythology.

And so to question 2B: While preparing the work, | gained the following skills .... In total, nine people
exchanged ten new skills. Three students mentioned as new skills: collecting and searching for
information, carrying out research, experiments. Two people named the construction of the survey
and quick typing on the computer. Individual students mentioned as a new skill: analysing survey
results, making charts, taking notes, operating the InDesign graphic program, preparing a multimedia

presentation, and waiting patiently.

Answering question 2C: During the preparation of the work, it was difficult for me..., the students gave
very personal answers: The most difficult for me was: starting work, the very beginning, operating the
InDesign program, seeking information and research analysis, forcing myself to do the experiment on
myself, | preferred to do the experiment on my sister at the beginning, coming up with survey

guestions that would give me real data on the problem | was investigating, handing out surveys, break
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laziness, sit down and do something without interruption, learning new concepts and principles in
physics and chemistry, because | do not have such lesson subjects at school, writing short but to the

point.

Questions 2D and 2E concerned the emotions experienced by students during the project. And so the
answers to question 2D: During the preparation of the work, it surprised me..., were classified into
2 types of answers. Answers regarding topics of research work (e.g. | was surprised, how the
respondents answered questions; | was surprised how much knowledge and experience is needed to
control the water treatment process) and answers regarding the process of writing the work (e.g. | was
surprised by the amount of time it took to count the responses from surveys to receive the results of
the study). However, as can be seen, the students did not experience 'creative anxiety' during their
work on the project. All surveyed students were proud of the final result of their work (answers to

question 2E: During the preparation of the work, | was proud of...).

Also the answers to the last question in this series: 2F. What else would | like to learn? were very
similar. Students wanted to expand their knowledge of the subject of their master's thesis and wanted

to be able to use this knowledge in practice. There were no new research topics.
Discussion of results

All students' work met the formal requirements of the thesis. The work contained a purpose and
hypothesis. The bibliography has been attached correctly. Twelve works in the field of natural and
social sciences had correctly described research tools, research methodology, and correctly presented
research results. It can, therefore, be concluded that students of this age are able to carry out an

independent research project.

The students' answers to question 1A show that MA-project was an opportunity to broaden their
knowledge (understood here as information, skills, and attitudes). The results of the research (question
1B) show that the task has been fulfilled - all students have expanded their knowledge. Work in the

MA project has also become a basis for students to pose new, scientific questions.

During the MA-project, students also acquired 'soft' competencies and could expand their knowledge
from other fields than the subject of their project. However, it seems that the young age of students

makes it difficult to explore this area (compare answers to questions 1B and 2B).

The description of the difficulties encountered by young researchers (answer to question 2C ) is very
honest and identical to the difficulties faced by scientists (start work, information search and research
analysis, coming up with survey questions that would give real data on the problem being studied,

handing out surveys, overcoming laziness, writing short but to the point).
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The aim of the research was to fill the research gap (Overton, 2010) regarding the effectiveness of non-
formal education - in this particular case classes for students conducted as part of the University of
Wadowice Children's. The results of the conducted research show that the activities for children under
WChU actually develop and enrich the existing interests, knowledge, and skills of students. Thanks to
participating in these classes, students were able to independently choose the topic of the thesis, put
hypotheses and research questions and answer them. Classes conducted as a part of WChU aroused
their curiosity, cognitive possibilities and inspired them to discover new areas of interest. This can be
inferred from the fact that although participation in the master's project was not compulsory for
students, the vast majority of them took part in it. Analysis of reviews of master's theses shows that
students aged 10-13 very well fulfilled their task. Master's theses they wrote met all the criteria for
this type of work. It can, therefore, be concluded that the hypothesis has been confirmed and the
students of WChU, by procuring themselves, using the project method, created a thesis that resulted

in obtaining a master's degree in Wadowice Children's University.

It can therefore be concluded that it is possible and effective to use the project method in non-formal

education.

Further research is planned in two directions. The first of these will be an attempt to apply the project
method in non-formal remote education. It is planned to create remote (post-graduate) courses for
students who, due to their age (over 12 years old) will have to complete education at the Children's
University of Wadowice. The second direction of the planned research will be the extension of the
possibility of obtaining a master's degree in Wadowice Children's University to new fields: art,
engineering sciences ... . Development of new criteria for the evaluation and evaluation of this type of

work.
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Science process skills in discourse of in-service teachers
Natdlia Priskinovd, Katarina Kotuldkova, Lubomir Held

Abstract

The aim of the contribution is to find out how teachers perceive objectives of chemistry education,
implement them and perceive the goal of their pupils’ work during chemistry lessons. Using the
analysis of 10 semi-structured interviews, we tried to determine whether the traditional (mostly
deductive) approach is still predominant or the instruction has the features of inductive teaching (or
even inquiry-based science education). Our next objective is to analyse teachers’ way and forms of
pupils’ assessment. The first results suggest that teachers are not familiar with terms related to

inductive teaching and they tend to assess dominantly factual knowledge.
Key words
Science process skills; assessment; inquiry-based science education

INTRODUCTION

The current concept of science education puts emphasis on science process skills development, since
focusing on content alone seems to be insufficient (Minner, Levy, & Century, 2010; Eurydice, 2011;
National Research Council, 2012, 2013; Orolinova & Kotuldkova, 2014; Osborne, 2014; Roberts
& Bybee, 2014; European Commission, 2015; Jessani, 2015; Furtak & Penuel, 2018). Numerous studies
confirm educational shortcomings, such as the focus on studying theory instead of developing the
required skills, the lack of opportunities for solving real problems from everyday life, a prevailing
deductive teaching, implementation of demonstration methods, and the focus on assessing isolated
theoretical knowledge (Benedict-Chambers, Kademian, Davis, & Palincsar, 2017; McNeill, Gonzélez-

Howard, Katsh-Singer, & Loper, 2017; Herranen, Kousa, Fooladi, & Aksela, 2019).

Dominant transmissive teaching in science education does not provide the expected learning
outcomes of Slovak students whose scientific literacy is lower than the OECD average (Miklovicova
& Valovic, 2019). At the same time, unsatisfying results lead to educational changes in an attempt to
reverse this undesirable situation (Miklovi¢ova, Galadova, Valovi¢, & Gondzurova, 2017). One of the
appropriate solutions seems to be the inquiry-based science education leading to inductive learning

about science concepts, development of critical thinking and skills acquisition (Rocard, 2007).

The development of science process skills is anchored in the State Education Programme (Statny

pedagogicky Ustav, 2015), which underlines the view that students should not become passive
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recipients of knowledge but, instead, conditions for their active learning should be created. The
educational standard for chemistry (2015) provides the room to ,manipulate specific objects, observe
phenomena, measure, experiment, discuss, solve open questions, practical and theoretical problems”,
and thus enables them to not only acquire knowledge but also adopt science process skills (Statny
pedagogicky Ustav, 2015). The demand for skills in the current labour market is evidenced by
employers with specific skill requirements, such as the ability to communicate, design procedures,
solve problems, evaluate data, make decisions based on conclusions and work in a team (McFarlane,

2013; OECD, 2015; Haile, Pribelsky, Akac, & Mikusincova, 2017).

PISA (2017) defines scientific literacy as , the ability to engage with science-related issues, and with the
ideas of science, as a reflective citizen” (OECD, 2017). Definition includes being able to design and
evaluate scientific inquiry, interpret data, explain phenomena and apply scientific knowledge in the
context of real-life situations. According to this, science process skills, as one of the components of
scientific literacy, constitute the general skills of an individual that are applicable in their professional
and personal life (Kires, Jeskova, Ganajova, & Kimakova, 2016). Moreover, science process skills are
also an important part of the 215t century skills needed to thrive in the modern world (Trilling & Fadel,
2009). We used a classification of science process skills based on intellectual demand or student age,
according to which we distinguish between basic science process skills, which include observing,
inferring, predicting, classifying, measuring and integrated science process skills, which include
interpreting data, controlling variables, formulating hypotheses, experimenting, tabulating and
graphing data, describing relationships between variables, drawing conclusions, and generalising

(Beaumont-Walters & Soyibo, 2001; Held, Zoldo3ova, Orolinova, Juricovd, & Kotulakova, 2011).
RESEARCH GOALS AND METHODOLOGY

The main goals of our research included mapping the science process skills in the discourse of in-service
teachers, finding out how these skills are perceived by teachers and how they are being developed
during chemistry lessons. Our plan was to construct a uniform thinking model representing in-service
teachers’ perception of science process skills. Another goal was to help identify whether the traditional
(predominantly deductive) approach is still prevalent or whether elements of inductive teaching (or
even inquiry-based science education) are being put to use during lessons. We also focused on
methods and forms of student assessment in order to determine what importance teachers place on

knowledge, skills and attitudes in the student assessment process.

For this purpose, the individual semi-structured interview method was used in the qualitative study. It

allowed us to expose the perspective and experiences of individuals (Adams, 2015). This method not
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only ensured that individual interviews were headed in a similar direction but also provided
respondents with maximum freedom in their responses (Hendl, 2005). Our sample consisted of
10 lower-secondary chemistry teachers (8 females and 2 males). The majority of the respondents (6)
had more than 15 years of experience, 2 teachers had experience ranging from 10 to 15 years and the
remaining teachers had less than 10 years of experience. A convenience sampling method, where the
members of the sample are selected on the basis of their easy accessibility (Moser & Korstjens, 2018),
was used to choose the sample. The data saturation, as a methodological principle in qualitative
research, was used as a criterion for discounting data collection (Saunders et al., 2018). Based on the
similar qualitative studies using semi-structured interviews (e.g. Tuysuz, Bektas, Geban, Ozturk,

& Yalvac, 2016; Gorgit & Tutkun, 2018), we may consider the number of participants satisfactory.
RESEARCH PROCESS AND DATA ANALYSIS

Interviews were conducted at lower-secondary schools, where the selected teachers work. The
interviews were recorded via mobile phones for further verbatim transcription. The average length of
an interview was 40 minutes. The teachers were assured that the gathered data would remain
anonymous. Despite the efforts to create a positive environment, one of the participants declined to
consent to being recorded. Research reliability was ensured by describing the data collection method
and the conditions for conducting the research. In order to show the validity of the research, the results

were supported by the teachers’ responses.

The data gathered from interviews were assessed via a phenomenological interpretation method
(Hendl, 2005). It focused on personal experience recounted through language, which is closest to this
experience, without including theoretical constructs (Hendl, 2005). In our case, the “phenomenon”
constituted science process skills. We found the teachers’ responses to be significantly divergent. That

is why in the following section we present statements answering selected research questions.
RESULTS OF INTERVIEW ANALYSIS

Every interview began with a question, which was used to determine goals the teachers consider
important during chemistry lessons at lower-secondary schools. One of the most frequent goals given
by the teachers as a response to our question was to connect pupils’ chemistry knowledge with

everyday life:

»(...) for students to learn not only theoretical knowledge but also knowledge that can be applied in
everyday life — for example, when they see a pictogram of an exclamation mark inside a red rhombus

on a detergent, they will know it contains a harmful substance.” (T10).
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Another goal was for students to acquire knowledge by autonomous active learning:

,(...) for students to not only memorise information from a textbook but learn autonomously, explore,

research and thus discover the natural order of things...” (T1).

During the interview, we asked teachers a direct question concerning science process skills. We were
interested in learning in what context, if any, they have encountered this term. The majority of the

teachers in our sample was not familiar with this term:
, Translate it into my language so that | know what you mean.” (T9),

»These are (ahem), these are, how should | say this, these smart words, yes, they sound smart, they
have a certain name. Maybe if | knew whether these belonged there, then yes, that’s what children do,

it's automatic.” (T8).

The responses that were closest to the correct definition of the skills were the ones given by those

teachers who tried to explain them intuitively:

,Well, the way | see it, working as scientists, working in the laboratory, learning to work with laboratory

glass, learning to work with chemicals, examining, and drawing conclusions...” (T10).

The teachers’ statements showed their understanding of the skills differed significantly, and we also
noticed a certain inaccuracy in their terminology. This is evidenced by a situation where a teacher
understood the term “graphing” to mean drawing a pie chart of air composition. Despite the fact that
science process skills were not mentioned spontaneously during interviews, teachers automatically
brought up several of the skills in the context of laboratory exercises or protocols. When talking about
the science process skill of observing, the identification of necessary details of an examined
phenomenon and the engagement of numerous senses (in addition to sight) were often missing. The
skill of drawing conclusions and generalisations was perceived as generalising results of the
observations on an experiment or as answering questions following an experiment in a textbook. The
skill of measuring was mentioned in some interviews and was associated either with the measurement

of volume using a graduated cylinder or with the accuracy of measuring:

(...) they need to measure the volume using a graduated cylinder or pipette precisely, let’s say 37 drops

to a test tube, so the students count the individual drops.” (T4).

Experimenting is a great tool for developing science process skills, which is why we were trying to find
out whether it is employed during chemistry lessons. The teachers’ understanding of experimenting
was fundamentally different from ours. The teachers talked about carrying out experiments, but not

about experimenting in the true sense of the word. It is necessary to realise that developing the skill
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of experimenting means teaching a student to formulate a hypothesis, to search for ways to test it, to
control variables, to observe and, on the basis of the findings, create generalisations (Harlen, 2000).
Our initial intention was to classify the experiments that were carried out during lessons according to
research levels (Bell, Smetana, & Binns, 2005). We discovered that almost all experiments mentioned
by the teachers did not extend past confirmation inquiry. Teachers stated that students often know
what to do (problem), how to do it (procedure) and what they want to achieve (result). This is why we
relied upon the classification of chemical experiments at schools (Proksa, Drozdikova, Igaz, & Gasparik,
2015), which enabled us to perform a more sensitive differentiation. From a gnoseological point of
view, it is safe to say that, among the teachers in our sample, the most common method of explaining
the subject matter to students is the explanatory experiment. From the point of view of the internal
form of teaching, teachers preferred demonstrative experiments. Several teachers agreed that, if the
laboratory exercises were not obligatory, they would also reconsider whether to continue with student

experiments:

(...) I still carry out @ minimum of 5 laboratory exercises, which was mandatory in the past. At present,

none are mandatory.” (T3).

They reasoned that they do not have suitable conditions to carry our experiments (lack of chemicals,

laboratory in a poor state, it requires time and preparation).

We discovered that 7 out of 10 respondents predominantly use the deductive method of teaching,

which was confirmed by a statement from one of the teachers:

(...) | give a presentation or explain the subject and write notes on a blackboard and the students take

notes.” (U4).

Inductive teaching elements were present with only 3 teachers in our sample. Elements that suggested

the inductive approach included:

e student-oriented teaching: ,(...) we are building on those education programmes, we see that they
are geared towards students experimenting, student activity and less on teacher activity...” (U6),

e students construing their own reality: ,(...) | want them to reflect on this piece of knowledge and
try to develop it in their own minds first...” (U10),

e raising a complex real-life problem: ,There must be an interesting situation to capture students'
interest in what we are going to do and then we either verify a hypothesis or do an experiment.”

(Ue).

The responses from teachers who strive to include inquiry-based elements into their teaching methods

show that they consciously develop several science process skills. However, they perceive the inquiry-
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based science education merely as one of many alternatives and apply it to selected topics only. Out
of all the benefits the inductive teaching method entails, the teachers pointed out the lasting nature

of acquired knowledge and better understanding of the subject matter.

During interviews, we touched upon several aspects related to student assessment. In case of
examination methods and forms, we relied upon Turek’s classification (2008). Due to the way students
express themselves, teachers prefer written examination for its exactness, objectivity and simplicity
for correction. Despite the fact teachers understand the importance of developing students’
communication skills, they tend to refrain from oral examination for several reasons, such as: parents’
discontent on account of objectivity, the demonstrable nature of written examination, and students’
fear of being examined in front of their classmates. From the point of view of the number of students
examined simultaneously, the frontal examination dominated. Another element teachers discussed in
connection with student assessment was the so-called “grade weight”, which they assign in the
electronic grade book for the subject of chemistry. Their value is either half (0.5), standard (1) or
double (2). The various grade weights correspond to their share in the overall assessment. The data in
Table 1 show that the highest importance is given to the so-called “major tests” which are meant to

check the theoretical knowledge from a certain thematic unit.

Tab. 1 Grade weights in chemistry

teacher oral “major” L. laboratory .
L. test activity homework project
examination test work
1 1 1 2 - - - 0.5
2 1 0.5 1 0.5 0.5 0.5 0.5
3 - 1 2 - - 0.5 -
4 1 1 2 0.5 - 0.5 0.5
5 1 1 2 = - 0.5 -
6 1 1 1 - - - -
7 1 0.5 1 0.5 - 0.5 0.5
8 - 1 2 - - 0.5 0.5
9 1 1 1 1 1 1 -
10 1 1 2 1 - 0.5 -
CONCLUSION

Interviews with teachers are a valuable tool for mapping the perception of education and its aspects.
Based on their content analysis, the results suggest that in-service teachers may not be aware of terms
referring to the inductive method of teaching. Especially, science process skills represent an unknown

term for the majority of the teachers. This finding is confirmed by previous studies that indicate
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teachers’ poor conceptual understanding of the science process skills (e.g. Chabalengula, Mumba,
& Mbewe, 2012). Since the results are limited by research sample, further research is needed taking
into account for example the attitudes of teachers to inquiry, their professional background, teaching
experience or even aspects of the school context. Because of the significant divergence of teachers’

responses, we could not develop a uniform thinking model of science process skills.

Although the teachers are aware of the importance of acquiring manual skills and competences, they
carry out few experiments and students have lack opportunities to experiment. Additionally, we
identified such confusion between teachers’ understanding of “carrying out experiments” and
“experimenting”. The prevalence of the deductive method of teaching was confirmed by using
explanatory and demonstrative experiments, where teachers only “deliver content”. As Crawford
(2014) say, such laboratory instruction does not lead to teaching for scientific literacy. However, the
fact that some elements of the inquiry-based science education were also present is encouraging. The
interviews showed that teachers place greater emphasis on knowledge instead of skills. This is a result

reported by different researchers (e.g. Gyllenpalm, Wickman, & Holmgren, 2010).

It is important to realise that teachers need to be aware of science process skills in order to incorporate
them in their teaching practice. Similarly, Kurtdede-Fidan & Aydogdu (2018) pointed out teachers’
significant role in the process of acquiring skills. Moreover, many researches stated that teachers who
have a poor understanding of the science process skills are less equipped to teach science through
inquiry (e.g. Lotter, Harwood, & Bonner, 2007;). For this reason, it is a challenge to raise teachers’
awareness of science process skills and consequently include the development of these skills in the

student assessment process.

In the next step of our research, we will compare obtained data with results gathered from interviews

with teachers involved in the (inquiry-based) project ExpEdicia — skus, skimaj, spoznaj (ExpEdicia, n.d.).
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Identifikacia druhového nazvoslovia organizmov u Ziakov
zakladnych $kol v predmete bioldgia (ISCED 2) v sic¢asnosti
a pred zavedenim Skolskej reformy na Slovensku

Identification of species nomenclature of organisms in lower
secondary school pupils in the subject of biology
(ISCED 2) at present and before the implementation of
school reform in Slovakia

Radoslav Kvasnicak
Abstract

The aim of research was to compare pupil's knowledge of the nomenclature of organisms before
school reform (2004/2005) and now (2017/2018). By comparing the results we observe higher level
within the species nomenclature of organisms and information regarding the way of life of pupil with
pre-reform period compared to the present. At present, statistically significant differences have been
confirmed in terms of plant and animal nomenclature as well as in comparison of lower secondary
school grades, while pupils of the 5th grade are on average more successful than those of the 9th

grade.
Key words

Species nomenklature; animal; plant; lower secondary school; school reform
uvoD

Pred skolskou reformou na Slovensku (r. 2008) bol obsah uciva o rastlinach a Zivocichoch na urovni
nizSieho sekundarneho vzdeldvania systematicky preberany na zdkladnych Skolach linedarnym
osnovenim uciva, pricom botanika bola sucastou 5. ro¢nika (Hantabalova et al. 1997), zooldgia
6. rocnika (Hanatabdlova et al. 1999) s dérazom na binomickd nomenklatiru druhového nazvoslovia
preberanych organizmov. V stéasnosti po zavedeni Statneho vzdeldvacieho programu (ISCED I1) su
rastliny a ZivoCichy preberané Spirdlovitym osnovenim uciva vo viacerych ro¢nikoch. V 5. a 6. ro¢niku
ucebnice bioldgie (Uherekova et al. 2008, 2009) si modelové organizmy preberané v kontexte
s prirodnym prostredim (voda, lika, les, fudské obydlia) s ohladom na morfologicko-anatomicku
charakteristiku, pricom druhové nazvy organizmov su ¢asto redukované len na rodové. Na poznanie
druhovych ndzvov rastlin a Zivocichov v Skolskom prostredi upozorfiuju aj zahrani¢né vyskumy

(Randler, 2008), kde znalost druhovej taxondmie organizmov je zdkladnym predpokladom pre
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chapanie ekoldgie prirodného prostredia. Zistilo sa, Ze vedomosti o druhovych nazvoch Zivocichov
narastaju s vekom Ziaka a zdavisia od osobného kontaktu so Zivocichom (Patrick et al. 2013), pricom
dolezitym faktorom je prave velkost, tvarova variabilita a pohybova aktivita zivocicha (Kattmann,
2001). Vramci osvojenia taxondmie rastlin, ich oblUbenost u Ziakov slvisi s farbou kvetu, sich
velkostou a vzrastom (napr. machy, byliny, dreviny), ich vyuZitim (lieéivé vs. jedovaté) a od vlastnej
skusenosti Ziaka, napr. pri navsteve botanickych zahrad (Fancovi¢ovd, 2014). Postoje k rastlinam
mozno pozitivne ovplyvnit aj skisenostou Ziaka pri pozorovani a uréovani nazvoslovia rastlin priamo
v prirode doplnenou vlastnou tvorbou herbdrovych poloziek v tradi¢cnom vyuéovani (Kvasni¢ak, 2015).
V podmienkach zédkladnych skdl sa zistilo (Prokop & Rodak, 2009), Ze vedomosti o druhovych nazvoch
vtakov mozeme ovplyvnit aj na zdklade vizualnych (sfarbenie) a akustickych stimulov (spev). Zistilo sa,
Ze spravne uréené ndzvy suvisia aj s velkostou, farebnostou a atraktivitou pozorovanych jedincov
hmyzu (napr. lienka vs. ucholak, denné vs. no¢né motyle) prezentovanych pri ich poznavani s vyuZitim
kreslenych obrazkov a farebnych fotografii (Kvasnicdak & KukliSova-Nemeckayova, 2014). Prave
znazornenie rastlin a Zivocichov vo forme kreslenych obrazkov a autentickych fotografii reprezentuje
grafickl realizaciu ucebnic prirodopisu a biolégie pouzivanych na zakladnych skolach v minulosti
(2004/05) avsucéasnosti (2017/18). Aj na zadklade uvedenych obsahovych a grafickych zmien
v ucebniciach prirodopisu/biolégie vo vzdeldvacom Standarde predmetu Bioldgia (ISCED 2)
porovnavame sucasné vedomosti o druhovom nazvoslovi organizmov a informdcie o sp6sobe Zivota
z pred (2004/05) a po reformného obdobia (2017/18) a nasledne v 5. a 9. roéniku ZS s cielom poukazat
na vyznam ekosystémového hladiska Spiralovitého osnovenia uéiva o modelovych druhoch organizmov

aktudlne preberanych v kontexte s prirodnym prostredim.
METODIKA VYSKUMU

Komparativneho vyskumu sa zucastnilo 712 Ziakov z desiatich zdkladnych $kol, ktoré boli ndhodne
vybrané v meste Trnava a v prilahlych obciach trnavského regiénu. Vyskum bol realizovany v dvoch
etapach ato pred Skolskou reformou (2004) v 9. roéniku zdkladnych $kél (n; = 263) a nasledne
v stic¢asnom Skolskom systéme (ISCED 2) v 5. a 9. ro¢niku (n,= 449) zakladnych $kol lokalizovanych
v meste (n3; = 208) a na vidieku (ns = 241). Ziskané Udaje sme podrobili univariatnej Statistickej analyze
(ANOVA) pomocou programov Statistica ver. 12 for Windows a Microsoft Excel 2010. Frekvencia
vyskytu jednotlivych kategorii bola analyzovana neparametrickym x?testom (Chi kvadrat 2x2), pricom

udaje boli vzajomne porovnavané na hladine Statistickej vyznamnosti a = 0,05.

Pri zistovani kvalitativnej Grovne Ziackych vedomosti o druhovom nazvoslovi modelovych organizmov
[Géneho ekosystému sme pouzili metddu testu s volnou tvorbou odpovede, pricom validita skimanych

kategérii bola testovana v predchadzajucom vyskume (Kvasnic¢ak, 2013). Hodnota reliability pouzitého
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merného nastroja bola aj v naSom pripade dostatoéne vysoka (Cronbachovo alfa = 0,7047). Ulohou
Ziakov bolo na zéklade zvoleného prikladu li¢neho hmyzu uviest styri typické druhy Zivocichov Zijlcich
na luke. Ziaci mali nasledne uviest k druhovym nazvom Zivocichov zaujimavu informéaciu o spésobe
Zivota. Ako vzor pre uvedenie druhového nazvu sme zvolili v tejto ulohe Zivocichy, nakolko su oproti
rastlinam u Ziakov v mladsom $kolskom veku viac oblubené (Patrick — Tunnicliffe, 2011). V ramci
hodnotenia boli uvedené kategdrie podla spravnosti rodového a druhového nazvu zZivocicha a jeho
biondmie skérované bipolarne (1/0) s moznostou spravnej (1) a nespravnej odpovede (0). Podmienkou
hodnotenia binomickej nomenklatiry Zivoéichov bolo odliSit druhovy nazov od rodového nazvu,
ktorému bola pridelena poloviéna hodnota bodov. Pri hodnoteni sme evidovali aj netplné a nepresné

nazvy ZivoCichov, ktoré sme do celkového hodnotenia nezapoditali.

Sucastou analyzy vysledkov bolo vyhodnotenie kvantitativnej a kvalitativnej Urovne vedomosti
o nazvoslovi organizmov tetovanych osobitnym testovacim harkom s dostatocne vysokym
koeficientom reliability (Cronbachovo alfa =0,7801). V teste sme vyuZivali otvorené otazky vyZzadujlce

stru¢nu odpoved Ziaka.

Predmetom skimania (Uloha ¢. 1) bolo doplnenie druhového nazvu pre rodové nazvy Zivocichov
(veverica, datel, salamandra). Klasifikacia organizmu (salamandry) v zoologickom systéme (Uloha €. 2)
bola zastipenad aj dvojuroviiovym testom s moznostou testovania hibky chapania poznatkovej
Struktury Ziaka, priCom prva Uroven bola zastupena otdzkou s vyberom odpovede obsahovo zameranej
na identifikaciu triedy zoologického systému stavovcov (obojzivelniky, plazy, vtaky, cicavce). Druha
Uroven bola zastupend s otazkou na odbévodnenie prvej Urovne s dérazom na vyber klasifikacie
modelového organizmu - salamandry, ktord v rdmci miskoncepcii je u Ziakov ¢asto nespravne radena
medzi plazy, s moinostou spravneho priradenia do triedy obojZivelniky. Ulohou Ziakov bolo v ramci
Zivoc¢ichov vymenovat tri priklady na chranené druhy plazov a chranené druhy cicavcov (uloha ¢. 3).
V ramci rastlin mali Ziaci uviest tri druhy lieéivych rastlin a tri druhy jedovatych rastlin (Gloha ¢. 4).
Kvantitativna Uroven vedomosti bola zastipena otazkou s volnou tvorbou odpovede (uloha €. 5),
obsahovo zameranej na tri reprezentativne druhy rastlin li¢neho prostredia. Poslednd uloha €. 6 bola
zaroven obohatend o obrazkovu ¢ast, ktord ma funkciu kognitivnu. Ulohou Ziakov bolo spravne pouzit
rodové meno listnatej dreviny (obrys listovej Cepele jednoduchého a zloZeného listu), ale aj spravne

identifikovat dany list na obrazku (pagastan, dub, buk).

Uvedenu proceduru absolvovali Ziaci vyskumnych skupin pred oduéenim uciva (pre-test) a Sest dni po
realizacii tradicného vyucovania (post-test), ¢o ndm umozinovalo spolahlivo porovnat uroven
osvojeného ndzvoslovia rastlin a Zivocichov s ohladom na ich biondmiu druhového ndazvoslovia

vslilade s koncepciou Spirdlovitého osnovenia ucliva v kontexte s ekosystémovym pristupom
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prirodovedného vzdelavania preberaného na zakladnych Skolach v sucasnosti (ISCED 2). Vplyv
osobnosti ucitefa na ziskané poznatky Ziakov o druhovom ndzvoslovi rastlin a Zivocichov sme
eliminovali realizaciou triednej vyucby viacerymi pedagdégmi spolupracujicich pri overovani
obsahového standardu predmetu bioldgia z pred (2004) a poreformného obdobia (2017) a nasledne

v stic¢asnom Skolskom systéme 5. a 9. ro¢nika zakladnych $kél situovanych v meste a na vidieku.
VYSLEDKY

Analyza vedomosti o nazvoslovi organizmov pred $kolskou reformou a v sucasnosti

Predmetom vyskumu bolo porovnat vedomosti Ziakov o ndzvoslovi organizmov v 9. roéniku ZS
v predmete bioldgia (prirodopis) pred Skolskou reformou (2004) a v sucasnosti (2017). Analyzou
Ziackych vedomosti (Tab. 1) sme zistili vys$Siu Uspesnost Ziakov pri uvadzani druhového nazvoslovia
organizmov pred Skolskou reformou (Priemeraos: 2,7980) ako v sucasnosti (Priemer 017: 1,2401),
pricom zistené rozdiely boli Statisticky vyznamné (P < 0,001). Vysoko signifikantny vplyv (P<0,001) sa
potvrdil aj pri porovnani vedomosti medzi 5. a 9. roénikom ZS, pri¢om Ziaci 9. ro¢nika su v priemere
Uspesnejsi (12,4011) ako Ziaci 5. ro¢nika ZS (8,4813). Vplyv lokalizacie $koly v meste alebo na vidieku

bol potvrdeny u Ziakov v prospech mestskych zakladnych skél (5,521 vs. 4,601, P<0,001).

Tab. 1 Rozdiely vo vedomostiach o nazvoslovi organizmov medzi Ziakmi 5. a 9. roc¢nika v sticasnosti (2017)
a pred $kolskou reformou (2004) na Z8 v meste a na vidieku (ANOVA)

Nazvoslovie | Roénik / ZS N Priemer F d.f. P
organizmov
9. rocnik
2 2
(2004) 63 ,7980
Cronbachovo 303, 6620 1 0,0001
alfa = 0,7047 9. rocnik 192 12401 ! ’
(2018) ’ *kk
5. rocnik 237 8,4813
(2018) 0,0001
Cronbachovo inik 28,0805 1 *kk
alfa = 0,7801 9. rocni 192 12,4011
(2018)
Z8 mesto 208 5,521
(2018)
Cronbachovo 78 vidiek 241 4,601 14,2283 1 0,0002
alfa =0,7903
(2018) *k
P < 0,001***
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Nazvoslovie organizmov li¢neho ekosystému

Ciefom skumania bolo porovnat sucasnu Groven poznatkov o ndzvoslovi Zivocichov luéneho
ekosystému (Obr. 1) vramci 5. (Uherekova et a. 2008) a 9. rocnika (Uherekova — Bizubova, 2013)
zakladnych skél. Zaujimavym zistenim je, Ze Ziaci 5. ro¢nika vykazovali vysSie vedomosti o rodovom
nazve Zivocicha (49 %) ako Ziaci 9. rocnika (39 %). Podobne nizke vedomostné skére bolo potvrdené aj
v ramci druhového nazvoslovia organizmov, kde Ziaci 5. ro¢nika (23 %) boli v priemere Uspesnejsi ako
Ziaci 9. ro¢nika (16 %). Zistené rozdiely boli vo vsetkych skumanych kategdridch nazvoslovia
organizmov Statisticky vyznamné (P<0,01). Signifikantny rozdiel (P<0,001) bol potvrdeny aj na Urovni
uvedenia informacie o spOsobe Zivota modelového druhu, kde Ziaci 5. rocnika (43 %) vykazovali

porovnatelne lepsie vysledky ako Ziaci 9 ro¢nika (20 %).

. 100
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n 80
g 70
0 60 49
& 50 39 43
=40
£ 30 23 20—
® 20
§ 0
S Rodovy nazov Druhovy nazov Zaujimavost o sposobe
Hokok *x Zivota
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Nazvoslovie organizmov ‘
O5. roénik ™ 9. rocnik

Obr. 1: Percentuélna uspe$nost nazvoslovia organizmov Zijucich v lGénom ekosystéme u Ziakov 5. (biele stipce)
a 9. roénika (sivé stipce) Z8 v $k. roku 2017/2018 (x? - test 2x2), P < 0,01**, P < 0,001***

Identifikacia nazvoslovia modelovych druhov rastlin a Zivocichov

Predmetom skumania bolo porovnat vedomostni Uroveri osvojenych poznatkov druhového
(rodového) ndzvoslovia rastlin a Zivocichov u Ziakov 5. a 9. ro¢nika zakladnych $kol v sucasnosti (ISCED
2). Porovnanim vysledkov (Obr. 2) sme zistili, Ze Ziaci 5. ro¢nika su v priemere Uspesnejsi ako Ziaci
9. roénika ZS. Statisticky vyznamné rozdiely (P<0,001) sme zistili v otazke ¢. 1, zameranej na priradenie
druhovych nazvov k rodovym nazvom Zivocichov lesného ekosystému (veverica, datel, salamandra),
pri¢om Ziaci 5. roénika (57 %) boli v priemere Uspednejsi ako Ziaci 9. ro¢nika ZS (38 %). V otazke &. 2
(dvojurovriovy test) v ramci prvej Urovne testu zameranej na systematické zaradenie modelového
organizmu salamandry do triedy obojZivelnikov evidujeme podobnu percentudlnu Uspesnost u Ziakov

5. aj 9. roénika (45 % resp. 46 %) ZS, pricom Statisticky vyznamné rozdiely sa nepotvrdili (P > 0,05).
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V rdmci druhej Urovne testu pri systematickom odévodneni spominaného Zivocicha evidujeme vyssie
vedomostné skdre u Ziakov 5. rocnika (10 %) oproti 9. rocniku (2 %), pricom zistené rozdiely boli vysoko
signifikantné (P<0,001). Statisticky vyznamné rozdiely sme zistili pri kategorizacii ndazvoslovia
chranenych druhov plazov acicavcov (otazka ¢. 3), kde evidujeme vyssSie vedomostné skoére
pri rodovom nazvoslovi ako pri druhovom, pri¢om Ziaci 5. ro¢nika (36 %) vykazuju vysSie vedomosti
ako Ziaci 9. ro¢nika (26 %). Podobne aj pri nazvoslovi jedovatych a lieCivych rastlin (otazka ¢. 4)
evidujeme vysSiu Uspesnost so signifikantnym vplyvom (P<0,001) pri rodovom néazvoslovi u Ziakov
5. ro¢nika oproti 9. ro¢niku (44 % vs. 35 %). Naopak druhové nazvoslovie rastlin je porovnatelne nizke
u piatakov (8 %) ako aj u deviatakov (7 %), pricom Statisticky vyznamné rozdiely neevidujeme (P > 0,05).
Otézka €. 5 s vyraznym signifikantnym vplyvom (P<0,01) charakterizuje modelové druhy rastlin li¢neho
ekosystému, kde rodové ndzvy (5. rocnik = 44 %, 9. rocnik = 38 %) vykazuju vyssSie vedomostné skdre
ako druhové nazvoslovie (5. ro¢nik = 20 %, 9. ro¢nik = 16 %). Aj pri otazke ¢. 6 v rdmci uréenia rodového
nazvoslovia rastlin pri listoch drevin evidujeme Statisticky vyznamné rozdiely (P<0,05), medzi
5.a 9. ro¢nikom, pricom piataci (29 %) dosahuju vyssie vedomostné skdre ako deviataci (24 %), aj ked’

na porovnatelne nizkej vedomostnej Urovni.
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Obr. 2: Percentualna Gspesnost determindacie druhového (rodového) nazvoslovia rastlin a Zivoéichov Ziakmi

5. (biele stipce) a 9. roénika (sivé stipce) ZS v $k. roku 2017/2018 (x? — test 2x2), P > 0,05 NS, P < 0,05,
P < 0,01%*, P < 0,001**
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ZAVER A ODPORUCANIA PRE PEDAGOGICKU PRAX

Na zadklade ziskanych vysledkov mdéZeme konstatovat, Ze droven Ziackych vedomosti o druhovom
nazvoslovi organizmov je porovnatelne vyssia v obdobi pred skolskou reformou (2004/2005) ako v
sucasnosti (2017/2018). Uvedené zistenia pravdepodobne suvisia s frekvenciou vyskytu druhovych
nazvov rastlin a ZivoCichov uvedenych v ucebniciach prirodopisu pre 5. a 6. ro¢nik (Hantabalova a kol.,
1997; 1999), oproti sti¢asne pouzivanym ucebniciam biolégie v 5. a 6. ro¢niku ZS (Uherekova a kol.,
2008; 2009), kde rastliny a Zivocichy su preberané S3piralovitym osnovenim uciva vo viacerych
ro¢nikoch, pricom ich druhové nazvy su ¢asto redukované len na rodové ndzvoslovie. Vo vSeobecnosti
mézeme konstatovat nizsiu Uroveri osvojeného druhového nazvoslovia Zivocichov oproti rodovym
nazvom Zivocichov, kde Ziaci 5. rocnika determinuju rastliny a Zivocichy Zijucich vlicnom type
prostredia svysSou Uspesnostou ako Ziaci 9. rocnika, pricom uvedené druhové nazvoslovie je
zobrazované s nizSou frekvenciou a je ¢asto nepresné, prip. neaktudlne. NizsSie vedomostné skére
druhového nazvoslovia preberanych organizmov, pravdepodobne suvisi s koncepciou udiva
o modelovych druhoch rastlin aj Zivocichov preberanych v u¢ebniciach bioldgie v kontexte s prirodnym
prostredim. Vzhladom na ziskané vysledky o ndzvoslovi organizmov v sic¢asnom skolskom systéme
odporucame v buducnosti integrovat do klasickej vyucby aj prvky neformdlneho prirodovedného
vzdeldvania skimajuce modelové druhy organizmov spolu s ekosystémom (Prokop et al. 2007;
Kvasnicak, 2013), ¢o potvrdzuju aj zahrani¢né studie (Randler, 2008). Alternativou tradi¢nej vyucby
nielen vo vyssich roénikoch ZS méze byt badatelsky orientovand vyucba v $kolskom prostredi s vyuzitim
modelovych druhov hmyzu Zijucich beZzne vo vodnom, pédnom, [iénom a lesnom type prirodného
prostredia (Kvasnicak, 2016 a 2017), preberanych v sucasnosti na zakladnych Skolach v sulade

s obsahovym Standardom uciva biolégie (ISCED 2).
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Micro-teaching as a strategy of learning to teach from the
perspective of novice teachers

Jifina Rajsiglovd, Katerina Pribylova
Abstract

The paper presents, through a qualitative study led by semi-structured interviews with 13 novice
teachers, an insight into how micro-teaching has helped as a training strategy of learning to teach.
We conclude that teachers welcome micro-teaching, yet some of them criticized it especially for its
distance from reality. Novice teachers who have appropriately coped with potential disagreements
in the class perceive micro-education as a suitable practice for future real school practice. Those
teachers who did not manage pupils' conflict situations perceived micro-education as a secondary
matter and would welcome in the undergraduate training to strengthen the component of pedagogical

practice.
Key words

Micro-teaching; university preparation; subject didactics; novice teachers
INTRODUCTION

There is a gradual change in the way of preparation at universities that educate future teachers along
with the transformation of education at primary and secondary schools. The transmissive conception
of teaching is slowly retreating to the constructivist conception, whose essence is the creation of one's
own knowledge based on the reflection of experience. There are a number of strategies that support

this way of learning, and in this paper we will focus on one of them - micro-teaching.
THEORETICAL OVERVIEW

The micro-teaching method can be found in the work of foreign authors as an effective methodology
of university training of future teachers since the 1960s. It is a useful method that allows students
to train teaching skills in a safe environment while not feeling the pressure on performance as in real
life as well as to try the complexity of a teacher's role (Bakir, 2014). Thanks to micro-teaching, students
are able to plan and realize their next learning lessons (Kpanja, 2001), provide feedback and work with
it (Benton-Kupper, 2001) and, last but not least, reflect their own skills and hereby increase their own

self-efficacy (Fernandez & Robinson, 2006).

Universities preparing future teachers are paying different attention to the development of this skill.

Teachers can learn more in further education courses (McDermott, Shaffer & Constantinou, 2000),
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gain information from publications with methodical guides for teachers or from the internet

(cf. e.g. Rajsiglova, 2017; Cihdkov4d, 2018; Janstova, Pavlasovd, & Lindner, 2018).

To support the students before entering the real practice by means of video analysis, because analysing
the recorded micro-teaching the students gain important feedback before their own practice. Using
this method, students, future teachers, in pregradual preparation discover and analyse their strengths,
including hidden ones, and can work on weaknesses that could play a significant role in teaching

(Kolkova, 2011).

At the same time, there has been a tendency to strengthen practical training through teaching
practices or observations (MSMT, 2017), which may make them more attractive to future teachers for
their authenticity, that is for closeness to real practice (see Kolkova, 2011; Hesson, 2016; Salazar
Noguera & McCluskey, 2017). However, research by Svec (2006) suggests that only passive encounters
with various situations are not enough for future teachers and they require their

reflection in the context of professional background and theory.

In accordance with the foregoing, we subject the teaching method of micro-teaching to investigation
and we examine through the perspective of novice teachers, to which extent this method used

in university preparation is effective and beneficial at the beginning of real school practice.
RESEARCH PART

Importance and aims of research
The aims of our research were:

e To describe, how novice teachers perceive the impact of micro-education, which was
implemented in biology didactics in their master degree study.

e |n case of a negative attitude of individual teachers towards micro-teaching, to find out which
form of university training could facilitate their beginnings in the real school practice after

graduated.
Research methodology

In order to fulfil the set aims, we chose a method of qualitative research, which allows to obtain a lot
of detailed information and to provide a comprehensive view of the issue. We used a semi- structured
interview to collect detailed information from the novice teachers. The statements were recorded
on a dictaphone with the consent of the respondents. The sound recordings were transcribed into text
files and the data from these interviews were subsequently evaluated by the method of grounded

theory.
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As a part of the grounded theory method we firstly did open coding, where some meaning units have

been assigned codes that were later grouped into categories.

Within axial coding, the categories were put into relationships that resulted in creating paradigmatic
model, which graphically illustrates the relationships between categories, has been created. The basic
analytical story that generally described the perception of micro-teaching in university training

by novice teachers was drawn up in the last stage of the coding (Svafi¢ek & Sedova, 2007).
Research sample

Because we chose the method of grounded theory, we had to adapt not only the data collection to it,
but also research sample selection. According to this method, the research sample should be as varied
much as possible in order to obtain enough data that could feed the resulting theory. Therefore,
we tried to choose a sample of novice teachers as broad as possible and we established criteria

for selecting these teachers.

The selection criteria were time spent teaching (from one to five years) and the condition of full
completion of a Master’s degree in biology and an additional field of study. Individual teachers were
contacted by e-mail through their headmasters, some of them personally thanks to previous personal
connections. Because of the data diversity, we tried to ensure that novice teachers come from different
universities. That is why we addressed the heads of primary and secondary schools from five regions -
Vysocina, South Bohemian, Plzer,, South Moravian and Prague region. The choice of regions was
limited by our transport possibilities. We subsequently personally selected novice teachers coming
also from our faculty. In total, we conducted interviews with twelve novice teachers. Anonymity was

guaranteed through using pseudonyms for each of them.
Results of research

The way novice teachers perceived the meaning of micro-teaching for their initial practice depended
on a large number of factors. In the following text we will put these factors, which were detected from
the conversation of the novice teachers, into relationships and describe them in accordance with

qualitative research; and we also depict them graphically in Fig. 1.
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NEGATIVE POSITIVE
PERCEPTION OF PROBLEMS PERCEPTION OF
MICRO-TEACHING ¢ Discipline of pupils — MICRO-TEACHING

Distant reality , , » Source of inspiration
+ Missing work with Lack of preparation time >| .+ source of learning
_ pupils <€—— * Administration skills
+ Different conditions + Source of reflective
for preparation _ ® Evaluation of lessons skills

l and pupils' activities l

SUGGESTION FOR CHANGE SUGGESTION FOR CHANGE
Prolongation of teaching practice Increasing frequency of micro-teaching
-> real school conditions Increasing experiential learning in other
areas of university preparation

Fig. 1: Diagram illustrating the relationships between the factors that influence novice teachers’ perception
of micro-teaching in their university preparation, source: authors

Novice teachers started teaching with many expectations, which had been formed mainly through
their university education and their own experience. In some cases, the novice teachers’ expectations
corresponded with school reality, however in other cases it did not. We can say that the latter group
of teachers experienced a shock of reality or school teaching. All novice teachers mentioned more
or less similar problems that they were aware of at the beginning of their career. The problems were
related mainly to discipline pupils’, lack of preparation time, coping with administrative duties and

correct choice and evaluation of lessons and pupils’ activities.

Types of problems the novice teachers considered more acute depended on the degree of fulfilment
of their expectations and the possibility to moderate some problems through good support from
the management or the teachers’ team at the school. Novice teachers, whose expectations differed
greatly from school reality, reported that they were shocked by the pupils’ behaviour and by the lack
of time for their lessons preparation. For these reasons, they identified mastery of discipline and time
pressure as their greatest problems. Conversely, novice teachers who did not experience the shock of
reality were more aware of the problems of correct choice and evaluation of lessons and pupils'

activities.

Problems could be moderated but also enhanced by the quality of support at a given school. While
problems related to the choice and evaluation of lessons and pupils’ activities were moderated thanks
to a colleague’s informal help and or a lesson observation, more experienced colleagues failed to help

novice teachers with disciplinary problems or time constraints.
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Based on the above, we can see two novice teachers’ views of micro-teaching. Novice teachers, who
experienced a shock at school and whose biggest problem was pupils’ discipline and a lack
of preparation time, considered micro-teaching to be too far from reality, given that the training
of teaching skills was quite different, to say in “laboratory” conditions. For these reasons, they
suggested a higher number of teaching practice lessons in which not only the teaching skills but also
the discipline-solving skills could be strengthened. Mainly the fact that discipline solving skills are
not developed during most teaching practices due to their short-term nature could change with their
prolongation or improvement of the conditions of implementation. Thus, these longer-term practices
could both help reduce the gap between actual school practice and the expectations of future

teachers.

In contrast, the second group of teachers, who considered the correct choice and evaluation of pupils'
activities and lessons as their greatest difficulty, did not dislike micro-teaching, recognizing that this
method was limited in the lack of time. However, they saw a great potential not only thanks to the
ideas provided, but also through of the possibility of training instructional skills such as time
management or clarity of instructions. Last but not least, they mentioned micro-teaching as a tool that
taught beginners to think more about teaching and to use these reflective skills for further
improvement. However, micro-teaching was not often implemented in the field of didactics, especially
with older and more experienced teachers, and where it was, only a limited amount of training was
registered. For these reasons, they wished to increase the frequency of such activation form
of teaching. In addition, the novice teachers were also aware of the importance of situational learning
outside the field didactics, which is confirmed by their further suggestions for introducing for instance

video analysis and role play in the course of psychology.
DISCUSSION

It is evident from the research that novice teachers evaluate the micro-teaching strategy with two
extreme perspectives, which are consistent with the studied literature. Teachers who perceive benefits
of micro-education welcome, in accordance with Bakir (2014), the possibility to train a number
of school situations in a safe environment, which is particularly reflected in the didactics subjects;
furthermore, they positively evaluate feedback from their classmates and teachers or themselves, last
in case of micro-learning is recorded and they can view it afterwards by themselves (see also Benton-
Kupper, 2001; Kolkovd, 2011) and, last but not least, perceive this training as an opportunity to increase

professional self-efficacy, which can also be seen in literature (Fernandez & Robinson , 2006).
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Novice teachers, who do not value micro-teaching as highly as the previous group, provide valuable
feedback and recommendations for how they would like to strengthen this learning strategy
and increase its effectiveness for their own needs. Since they were a group of teachers who did not
manage relationship and disciplinary situations in their beginning, they called for practice of such
micro-teaching situations that would reflect real school situations more closely. But they did not
demanded situations only in the areas of education, which were trained in didactics subjects. They
demanded a socio-training to reflect the educational discipline situations they have already
encountered in teaching practice. They would appreciate discussing such situations with teachers at
university, especially in pedagogy and psychology courses, which is in line with the results of Svec's
research (2006). At the same time, they would appreciate an increase in number of teaching practice
lessons in order to strengthen professional self-efficacy and comprehensive training of possible real
school situations. Experts are aware of these positive impacts of teaching practice and, therefore, in
2017 there was a change in requirements for curricula that prepare future teachers which resulted in

increasing the amount of teaching practice (MSMT, 2017).
CONCLUSION

In conclusion, as our research suggests, we would like to point out that frequent criticism of academic
although practical university preparation may be a result of the shock that novice teachers experience
after starting their teaching career. Given that the shock of reality arises from a mismatch
of expectations and reality, the effort to mitigate its consequences may not only consist in changes
at the level of university education, but could be aided, for instance, by quality support for novice
teachers when they start teaching. However, with respect to the current situation, where
the introduction of novice teachers is not defined in any way, responsibility remains at the moment

at universities, which should be much more involved in future teacher’s education.

One possible way to decrease of novice teachers’ shock of reality is functionally integrate the academic
component in university preparation through increasing the proportion of teaching practice and using
micro-teaching based on experiential learning and self-reflection training. As a result, the skills
acquired in this way could be better used and therefore more durable for teaching careers. Teachers
involved in the research appealed to the inclusion of such subjects in undergraduate training that
reflect real situations arose especially in the course of pedagogical practice; this could better prepare

them for their future teaching profession.
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Group work as a part of project-based learning: difficulties
perceived by pupils

Jifina Rajsiglovd, Barbora Skarkovd

Abstract

Group work is one of the teaching organizational forms used in school practice and is an integral part
of project-based learning. In this article we present the difficulties of group work perceived by pupils,
which were revealed in research on project based learning and its implementation in school practice.
A semi-structured interview was chosen as a research method. The survey was attended by 50 pupils
from 3 regions of the Czech Republic. Difficulties during group work, that pupils accented, were
e.g. unequal workload of group members, disciplinary problems, giving work as a homework instead

of solving them at school. The paper presents possibilities of elimination of these shortcomings.
Key words

Project-based learning; group work; secondary school pupils; semi-structured interview; social aspects

of learning
INTRODUCTION

We are confronted with the term project almost daily from many different sources; it seems that this
word is currently overused. In connection with this, great attention is also paid to school projects and
concept of project-based learning (PBL). As Rusek and Dlabola (2013) recall, it should be pointed out
that the concept of PBL is in fact questionable in schools, since many schools implement it methodically

incorrectly and use only the name project teaching as a sign for something that is not a project.

In most schools, PBL is understood as “something” associated with real life. That is why teachers often
name group work, trips, excursions, various activation methods or workshops as PBL (Kasova, 2013;

Rajsiglova & Skarkovd, 2019).

Hanney and Savin-Baden (2013) explain the problematic definition of project teaching, mainly because
the term project is far-reaching and truly broad, meaning different things in different sectors of human
activity. Thus, many teachers refer to project teaching as having either little or nothing to do with it

(Kasova, 2013; Tretten & Zachariou, 1997).

However, PBL must adhere to certain principles, most often not following the cross-curricular nature

of PBL, as well as the initiative of pupils, as many projects are planned by the teachers themselves and
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the pupils only perform the assigned tasks. Often there is a lack of a real outcome of project teaching,

which is supposed to have an impact on pupils' lives (Thomas, 2000).

Through the Framework educational program (FEP, 2007), schools were obliged to include, among
other things, activation methods and forms of teaching, which we can include, for example

in accordance with Kolkova (2012), as well as PBL.

It is clear from the literature that teachers were not sufficiently familiar with the overall concept and
methodology of project teaching (cf. eg. Hanney & Savin-Baden, 2013; Pawson, Fournier, Haigh, Muniz,
Trafford & Vajoczki, 2006; Rusek & Becker, 2011; Rusek & Dlabola, 2013), so it is understandable that
various larger or smaller school activities are referred to as project teaching, although they have little

to do with it.

In our research, we did not analyze the reasons why teachers could not lead PBL in line with PBL
principles, but we focused on pupil statements and their perception of PBL in relation to group work

taking place within PBL.
THEORETICAL BACKGROUND

PBL was based on criticism of the Herbart school, the basic model of teaching in America and Europe,
which was applied at the turn of the 17th - 18th centuries. The critique of the Herbart school at the
beginning of the 20th century stems from its immense rigidity, from the separation of curriculum from
everyday life and experience, or from the absence of activity by the pupil. At that time, pedocentrism
has come to the fore. The idea that pupils' interests and own experiences should also be applied
at school, as technical skills are no more important than creativity. Teaching should be not only
systematic, but also in accordance with the psychology of pupils. The main representative of this idea

was John Dewey (Ulrich, 2016).

Kilpatrick (1918), Dewey's pupil, sees the main purpose of the project in freedom of action, not
in dictation by the teacher. If this purpose disappears, the project is no longer a project, but becomes
a mere task. Pupils' motivation is thus an essential feature of project teaching and the projects should
have 4 phases: intent, planning, execution and evaluation. The aim of PBL is to be based on the pupils'
interests; the teacher only works as a guide. When evaluating, pupils themselves evaluate how they
managed to achieve the set goal. Ideally, all four phases were initiated and completed by the pupils
themselves, not the teacher. When pupils can act freely, they can learn their own independence, trust

their own judgment, and learn to act.

The prerequisite for project teaching is group work. Properly realized project teaching is about solving
complex problems that require cooperation and group effort. However, many studies have come to
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light that group work is a very common stumbling block in PBL. One important factor that makes group
work difficult may be that pupils in a group are reluctant to openly assess the work of their classmates
because of the group's harmony (Du, Su, & Liu, 2013). Another problem is disregarding cooperation
because of focusing on one's own individual success (Pawson, Fournier, Haigh, Muniz, Trafford, &
Vajoczki, 2006). Of course, pupils often do not avoid major or minor conflicts in group work, so conflicts

were also cited as a difficulties of group work (Mills & Treagust, 2003).

The aim of our research was therefore to analyze how the monitored pupils perceive the work within
the group within the PBL and then to find out whether the pupils themselves make certain

recommendations as to how they would work better in the group during the PBL.
RESEARCH METHODOLOGY AND ITS APPLICATION

In our paper, we present qualitative research. A semi-structured interview was chosen as a research
method that combines the advantages and minimizes the disadvantages of both extreme forms of the
interview, i.e. unstructured and structured. The semi-structured interview method was selected for
personal contact with the respondents and thus the possibility of obtaining authentic answers with the

possibility of next asking if necessary.

For the purpose of answering our research questions, open coding of the semi-structured interviews
was first carried out, whereby the meaning units of the text were assigned codes, which were then
grouped into categories; these have been correlated within axial coding to create a paradigmatic
model linking the relationships between categories. In the final coding phase, a basic analytical story

was written describing the group work in PBL in general (see below for details).
Description of the research

The research was carried out in two steps. First, we created a set of broadly defined questions
in relation to research questions such as: What do the PBL lessons look like? How does group work
with PBL work? What do you like / perceive as problematic in such work? etc., which was also guided
by the processing literature dealing with PBL (see especially Pawson et al., 2006; Hanney & Savin-
Baden, 2013; Rusek & Dlabola, 2013), which were used for interviews. After interviews were realized

open and axial coding of transcribed texts.
Research sample of respondents

The first step was to select suitable respondents - pupils whose teachers declare that they are carrying
out project teaching in biology lessons. The selection of teachers was made by browsing the websites

of Prague and the Central Bohemia Region grammar schools and looking for a reference to project
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teaching in science subjects. When we found this information, we addressed an email either the
headmaster of the grammar school he / she recommend a teacher who realize a PBL in biology lessons
or the biology teacher directly, if it was mentioned that he / she implements the PBL in his /her lessons.
During the evaluation and further data collection, we decided, in accordance with theoretical sampling,
to obtain data not only from the Central Bohemia Region and Prague, but also from other regions of
the Czech Republic, namely the Usti nad Labem Region and the Vysocina Region with regard to the

authors' range.

According to the above methodology, 13 grammar schools were addressed, of which 6 were involved
in the research, only these schools agreed to involve pupils in interviews. First, interviews were
conducted with pupils of the upper secondary school. Subsequently, the pupils of the lower secondary
school were included in the research to illustrate the problems of working in groups during PBL and to

find out possible differences between younger and older pupils.

A total of 50 pupils participated in the research. The number of pupils in the lower-secondary school
was 23 (13 girls). The number of pupils from the upper-secondary school was 27 (16 girls). They were

pupils of six selected grammar schools in three regions of the Czech Republic.

The conversations were recorded on the recorder with the consent of the interviewees. Each pupil was
given a pseudonym in order to maintain the anonymity of the respondents. The interviews with the

pupils took place in groups at the attended school, with the group size being max. of 5 pupils.
RESEARCH RESULTS

Based on the analysis of interviews with pupils, a scheme has been created in which the relationships
between categories decoded by qualitative analysis are shown, see Fig.1. The following is a description
of the relationships between the different categories of the scheme in the text below. This brought
insight into the issues and crystallized in common characteristics of group work perception during PBL

between older and younger pupils.
Commentary of results - analytical research story

How each category we relate to each other is illustrated by the following analytical commentary.

166



pupils' view
/ of teacher's role \
during PBE

strategies of pupils'

positive aspects -

of PBE perceived
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influence of PBE /

on the pupil's

learning
\ 4
problems '
perceived by suggestions to
pupils during PBE > improve PBE

Fig. 1 The relationships between categories decoded by qualitative analysis

The influence of PBL on the pupil's learning is a central category, phenomena, of the scheme because,
we notice a trend in pupils’ testimonies that shows that pupils are aware that they can learn a lot
through PBL, even in a fun way. However, as will be mentioned below, the depth of learning during
PBL is determined by the degree to which pupils perceive problems in PBL and whether or not they are

solved.

The impact of PBL is also influenced by the perceived positive aspects of PBL (causal conditions), which
are of different levels, and relates in particular to the organizational structure within or outside the
classroom. This is one of the reasons why pupils consider PBL to be a pleasant variegation and

a supplement to normal lessons: "It's fun and better than sitting in the class."

The role of the teacher enters into project teaching in several phases and in several circumstances,
and therefore takes the role of context in our scheme. Pupils identify the role of teacher as essential
to the learning process itself, often turning to him / her to make sure that they are working properly.
Pupils also perceive teacher as project evaluator after the project has been completed. Pupils are
positive if they know in advance what and how it will be evaluated: “In biology there are evaluation
categories where it is evaluated by points and those evaluation criteria are strictly given. | know exactly

what | get the highest point value for, and it seems good to me that we are well informed.”

Pupils assess how PBL affects pupils' learning according to what problems they perceive during PBL.
Within this category, sub-aspects that may affect the depth of the pupils' learning were uncovered.
Pupils negatively evaluate when the topic of PBL is not connected with their interest. If the topic is not

in line with their interest, then their activity during the PBL is lower than it would be if they were
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interested in the topic. In addition to the uninteresting topic, pupils describe as PBL problem when the
tasks that are part of working in a group during PBL must be solved as a homework. All interviewed
pupils emphasized as undesirable if the members of group work unevenly. We consider the latter to
be an essential feature of this category, as it has been recorded across all groups of interviewed pupils.
As a result, discipline problems were also partially generated. Here are a few claims of the pupils that
prove it: “The team sometimes doesn't do a good job, and if only one or two people work in a team of
four, it doesn't make you happy.” “It depends what kind of people you meet, but when you are in
a group where others don't work, it's hard enough, and | don't know if it's beneficial to the person who
makes the most of it. But when we are in a group where people work together, it's definitely

Ill

beneficia

With regard to the latter, pupils choose different negotiation strategies (strategy of action and
interaction) and, with regard to the strategy, propose certain aspects that would improve PBL, which

would also have an impact on improving their learning process (consequences).

As shown in Tab. 1, lower and upper grammar school pupils agree with the assertions that should

ensure (and should be taken into account by the teachers) smooth workflow in groups during PBL.

Tab. 1 Suggestions of pupils for smooth work within group, source: Rajsiglova and Skarkova.
lower secondary school pupils upper secondary school pupils
recommendations recommendations
We appreciate it when the PBL topic is interesting and we can participate on the topic.
In the case of a school-wide project, we welcome cooperation between pupils across grades.
All members of the group work evenly.
We enjoy when we can learn something in a fun way with group of classmates.
We do not like it if the disputes in the group are not resolved.
It is good if the teacher asks how we worked We prefer it when the group work is done
and if we were able to reach an agreement. within the lesson of the project at school,
not like a homework.

DISCUSSION

Based on the results of our research, we have found that pupils sensitively perceive inconsistency in
group work during PBL. This is in line with Mills and Treagust (2003), however group dispute resolution
can be beneficial for pupils' future lives, provided that teachers reflect the situation appropriately; this
can be considered a prevention of how to prevent similar conflicts in future group work (not only)
during PBL. We found that group work is unlikely to be in line with all of the principles of PBL, as the
pupils of both upper and lower grades of grammar schools often referred among perceived drawbacks
of PBL following: they complained about the uneven workload of group members, or the disciplinary
problems of classmates that disturb them in learning. Properly realized project teaching is about

solving complex problems that require cooperation and group effort (Kolkovd, 2013; Rajsiglova
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& Skarkova, 2019). In connection with the perceived disadvantages of project learning concerning
group work, it is therefore possible that teachers did not provide proper support to pupils in project
learning. In group work, as stated by Chin & Chia (2004), the teacher must strive for the pupils to act
as a team in the group, to cooperate and not to rely on the pupils' 'somehow' solving their problems

themselves.

We are confident that it is necessary for the teacher to train the pupils so that the group work shows
elements of active and shared cooperation and can serve well in the project teaching as a support for
quality work, where all group members are responsible for the resulting product of work. This is also
reflected in the personal and social aspects of group work and these aspects of group work are
necessary to train in a safe school environment (cf. e.g. Chin & Chia, 2004; Du, Su & Liu, 2013; Kolkov3,

2012; Mills & Treagust, 2003).

CONCLUSION

There are many publications dealing with effectiveness of PBL, nevertheless the success of this method
in school practice largely depends on the ability of pupils to work in groups. Therefore, the skills of
pupils to work in groups are considered very important. Difficulties during the group work, that pupils
accented in our research, were especially unequal workload of group members, disciplinary problems,
giving work as a homework instead of solving them at school etc. By training appropriate behavior
within group learning, the teacher can help develop the social aspects of learning and the smooth
running of group learning and subsequently also project based learning. It is also in line with the
requirements of curricular documents, which is reflected in the requirements of developing key

competencies and integrating social aspects of learning into education.
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Interactive quiz games in chemistry as an active teaching
method for lower-secondary students

Timur Sadykov, Hana Ctrndctovd

Abstract

The goal is to present created and tested interactive quiz games for lower secondary schools based on
the characteristics of interactive ICT-supported education. The use of ICT allows teachers to create
interactive quiz games in various programs such as Microsoft PowerPoint or Learning apps, Kahoot.
The first verification in Kazakhstan showed that more than 75 % of students enjoy working with quiz
games and this positively affects their opinions towards the subject. In the next part, therefore, we will

focus on verification of the use of interactive quiz games in the Czech Repubilic.
Key words

Quiz game; ICT enhanced teaching and learning; secondary school; chemistry; student interest
INTRODUCTION

The upcoming generation of children has grown up playing games on consoles, mobile phones,
computers (including laptops and notebooks), tablets and other mobile digital devices; these are a part
of everyday life for young people. They have developed a different set of attitudes, which may have
created a disconnection between their expectations and the learning environment found in classrooms
(Oblinger, 2004, p. 2). Educational games are good for learning. This is a general declaration that may
be challenged by some educators, but the beneficial effects of games on learning cannot be denied.
Perhaps it is best to say that different types of games may be better suited for different learning goals
than others, so the secret is to find the right educational games (Shaffer et al., 2008; Kurt et al., 2004).
Cordova and Lepper (1996) found that providing concrete contextualization for games significantly
enhanced student motivation and learning outcomes as well as made them more deeply involved in
the activities. Virvou et al. (2005) in their research found that interactive games could improve the
performance of students who suffer from academic difficulties. Their study proved the idea that most
children and teenagers prefer games-based teaching rather than the traditional way based on chalk
and board. Kebritchi et al. (2010) found a significant improvement in mathematic achievement in

students who worked with interactive and computer games.

Nowadays, scientists from the Faculty of Chemistry, Karaganda State University study interactive

teaching methods including interactive games, which could increase the motivation and involvement
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of participants in the process of solving a problem (Sadykov, 2015). There have been few studies in this
field in Kazakhstan, and most of the studies have focused on the implementation of interactive games.
Since the implementation of interactive games in Kazakh schools, there have been no studies that
explore how teachers use these tools in transmitting knowledge to the students and the impact that

the use of interactive games has brought to schools (Sadykov, 2016).
WHY SHOULD WE USE INTERACTIVE GAMES IN CHEMISTRY?

Despite the increasing number of teachers using interactive games in the classroom, only a few fully
understand the educational potential of interactive games. The reason may be that they are unaware
of or unfamiliar with games that provide situated learning experiences and foster 21%-century skills
(Yun-Jo & Li, 2017, p. 162). The interactive game provides an interesting approach to active learning,
as they merge the building of knowledge with playful activities intensified by cheerful competition
(Zelinova, 2007, p. 65). A central issue in chemistry education is the relation between the real world
and the world of molecules. Many students studying the periodical tables in chemistry have difficulties
in recalling an element’s position in the periodic table and connecting the elements to their physical
and chemical properties (Weiss et al., 2002, p. 470). The research (Bilek & Nodzyniska et al., 2018)
showed that the use of computer simulation allowed children aged 8-12 to understand the ideas of
balancing chemical equations. It is possible to teach children how to balance equations of chemical
reactions (without a chemical context). This allows the introduction of balancing chemical reactions at lower
levels of education (e.g. on math lessons). Students would better understand chemistry and use their
understanding of difficult chemistry concepts if they were able to make deeper connections between
concepts and reality. Educators ought to make science education more valuable and pertinent for

a large and more diverse population (Wu et al., 2001, p. 830).
There are some examples of interactive games for chemistry teaching at ISCED 2 level:

e Concentration (Nowosielski, 2007) is a set of multiple games that have been developed to
teach concepts related to the periodic table.

e Elements (Alexander et al., 2008) is a card matching game in which two to four players have
to match cards with the names of elements to cards with their symbols.

e ChemPoker (Kavak, 2012) is a modification of the standard 52-card poker deck based on
periodic trends such as group and period of the periodic table.

e Cheminoes (Moreno et al.,, 2014) adapted traditional dominoes to teach the relationship

between valence and atomic number for the first 36 elements in the periodic table.
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INTERACTIVE QUIZ GAME AS A METHOD OF ACTIVE LEARNING

Interactive quiz games are especially good at improving strategic thinking. The quiz is a way of playing;
however, students have to think of a smart strategy in order to win this kind of game. Competitiveness
acts as an extra motivation factor, which makes the process of playing more engaging and fun at the
same time. The quiz games can teach, reinforce knowledge, and act as a memorizing tool in many fields

of chemistry (Capps, 2008, Angelin & Ramstrom, 2010).

The use of ICT allows the teacher to create interactive games in various programs such as
Learningapps.org, for example, the Kahoot game-based system. The students are allowed to use their
own devices and the teachers are also able to see the students’ results on their device (Sadykov
& Ctrnactovd, 2019). This is referred to as the Bring Your Own Device (BYOD) or Bring Your Own
Technology (BYOT) models. Milrad and Spikol (2007) report the results of on-going activities regarding
the use of smartphones and mobile services in university classrooms. The purpose of their trials was
to explore and identify what content and services could be delivered to the smartphones in order to
support learning and communication in the context of university studies. Students generally perceived

the services as useful to learning.
We would like to show two created of interactive quiz games for chemistry teaching at ISCED 2 level.
Kahoot

Chaiyo and Nokham (2017) concluded that Kahoot improves the students’ level of interactivity, which
helps them to be active in class and learn collaboratively, increasing their engagement in the learning
process. Kahoot has become increasingly popular in a variety of settings, ranging from primary school
to bar quizzes, and it has been found to be engaging and motivational, thus able to promote learning
(Stige, 2017). In Poland, for example, Kahoot was introduced as a permanent element of teaching
students - as a tool for collecting students’ opinions, researching their initial knowledge, quick tests or

even final exams (Nodzynska & Ciesla, 2018).

Kahoot is a game-based learning platform used in classrooms. It can be used with any subject, any age,
and any device equipped with either cell signal or internet - and players do not even need to register
for an account (Fig.1). This game also provides a tool for creating quizzes, including adding pictures
and videos to the questions. It also allows to publish and share your own quizzes, and edit quizzes

made by others. An example of Kahoot game on the topic “Oxygen”: http://bit.ly/2kf3faY.
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Fig. 1 How to play Kahoot (Sadykov & Ctrnactova, 2018)

Who wants to be a millionaire?

According to research (Cochran, 2001), the game “Who wants to be a millionaire” has been
demonstrated to keep students engaged, and to provide exposure and reinforcement of course topics.
We currently use the computer version of “Who wants to be a millionaire” which was created on
the service learningapps.org. During this game, students do not have to wait for the whole class to
answer a question before they continue to the next one, while the teacher determines Kahoot’s pace.
Moreover, the class can stop and discuss after each question. The questions are presented as
a sequence of six increasingly difficult multiple-choice questions with four choices of which exactly one
is correct. The points are increased with every correctly answered question, starting from 500,
approximately doubling every round, and finally reaching 1,000,000. If they answer the question
incorrectly, the participants are eliminated. If they answer correctly, they can continue the game.
An example of an interactive quiz game on the topic “Non-metals”
(https://learningapps.org/watch?%20v=pmjr042sk19) shows Fig.2.
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Fig. 2 The game who wants to be a millionaire.
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RESEARCH METHODOLOGY

General Background

The research was carried out in December 2018 at specialized information technologies school in
Karaganda (Kazakhstan). The main objective of the educational program of the school is
the development of individual, creative and research abilities of students during active study of the
use of information and communication technologies. According to the types of school, we created one
Kahoot game with twelve questions and two versions of the “Who wants to be a millionaire” game
with six questions each. The first game lasts for fifteen minutes, while the millionaire games are ten

minutes apiece.

Sample

The sample included four classes: 8 “C” — 6 female adolescents and 7 male adolescents; 8 “D”
— 5 female adolescents and 7 male adolescents; 9 “C”” — 4 female adolescent and 9 male adolescents;
9 “D” — 5 female adolescents and 9 male adolescents. There were 52 respondents in total (20 female
adolescents and 32 male adolescents), which entailed a total of 1 hour of experimental action per
student. Their age ranged from 13 to 15 years old.

Data Analysis

We have created a questionnaire to measure the students’ enjoyment and perceived learning based
on two interactive games. The questionnaire used in this research consisted of four questions. It used
a three-point Likert scale from agree (1) to neutral (2), to disagree (3), which was selected as being the

most appropriate to measure participants’ opinions.
RESULTS

The results of the analysis of the questionnaires are presented in the form of figures. Q1- Q2 shows

the results from questionnaires for statements related to enjoyment (fig 3).

Fig. 3 The students' answers to questions 1: “Do you Think that interactive quiz games are more interesting
than traditional lesson?” and 2: “Would you like if interactive quiz games like this could be carried out more
often?”
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There was no significant difference between the four groups regarding answers. It is interesting to note
that more than 73 % of the students believe that interactive quiz games are more interesting than
traditional lessons and would like them carried out more often, while less than (25%) say they are
“neutral” in this area. Only 4 % of 9t"-grade students rate themselves as “disagree”, while none of the

8th-grade students chose this option.

Q3- Q4 shows the results from questionnaires for statements related to perceived learning (fig 4).

Fig. 4 The students' answers to questions 3: “Were you interested in solving the quiz games using a mobile
phone or a tablet?” and 4: “Does the Kahoot Who wants to be a millionaire game help me to check my
knowledge?”

It can be seen from figure 4 that more than three-quarters of students (76%) like using a mobile phone
or tablet while solving quiz games and believe that quiz games such as “Kahoot” and “Who wants to
be a millionaire” help them to check their knowledge. Approximately one in five students (20%) say

IM

that they are “neutral” in this area. Moreover, there were significant differences between the four
groups regarding the “neutral” answer; for example, twice as many 9t"-grade students chose this

option compared to 8"-grade students.
DISCUSSION AND CONCLUSION

The literature review of previous studies showed that gamification used for assessment purposes
improved achievement and engagement. The study of Fotaris et al. (2016) determined the impact of
gamification applications (Kahoot, Who wants to be a Millionaire and Code Academy). The collected
data indicated a positive effect on students' motivation, retention, and performance. Goksiina and
Gursoy (2019) concluded that online assessment tools (Kahoot and Quizzes) developed students'

grammar knowledge and the students desired to specialize in the content of online tools.

In this study, we developed and adapted interactive quiz games for lower secondary schools. This study
was limited by relatively small sample size; however, the findings have important implications for
teacher professional development and educational game design. This result suggests that interactive
quiz games supports learning and increases student enjoyment. The games offer an inquiry

environment, development of imagination and creativity, and creation of winning strategies and
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tactics. We think that one way to address this challenge is to involve teachers in the game design
process. Collaboration among teachers, researchers, and game developers would lead to the creation
of effective interactive games that can be used by teachers in schools. Moreover, we believe that the
combination of mobile phones and tablets allows multiple students to perform the activities at the

same time, and this encouraged them to interact with each other.

Gradually, new interactive quiz games will be created for most of the chemistry subject themes for
lower secondary schools. In the next part, therefore, we will focus on verification of the use of

interactive quiz games in other schools in both Kazakhstan and the Czech Republic.
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The Influence of Inquiry activity — electrolysis of aqueous salt
solutions — on High-School Students’ Motivation and
Performance

Milada Tepld, Hana Sloupovd, Martin Srémek, David Sarboch

Abstract

The aim of this paper is to introduce Inquiry-Based Science Education (IBSE) and evaluate its influence
on pupils. A specific task focusing on the electrolysis of aqueous salt solutions is presented in this
paper. This activity was realized at 9th grade of elementary school and at 3rd grade of eight-year
grammar school in Chemistry as a laboratory session. There were 46 pupils included in this pilot study.
The standardized questionnaire based on Intrinsic Motivation Inventory (IMI) tool was used to gain
feedback. The results show that pupils evaluated this task as an average or slightly positive activity.
Grammar-school pupils perceived the activity more positively regarding the importance of the task and

realising their own abilities necessary for completing this task than the pupils at elementary school.
Key words

Inquiry based teaching; science education; chemistry; electrolysis; intrinsic goal motivation
INTRODUCTION

Nowadays, the most serious problems of the school system is the pupils’ passivity. The whole
phenomenon starts to develop when a pupil enters the primary school. It is the moment when there
is the change from an active children into a passive pupils who just follow the instructions of their
teachers. Furthermore, the whole responsibility is on the teacher and pupils get used to this
arrangement rapidly. Thus, it is necessary to replace or complete the ex-cathedra teaching by
activating methods that focus on the pupils’ activity during the educational process. In that case, pupils
take the responsibility for their results back. One of these activating approaches is the inquiry-based
science education (IBSE), which proceeds from the constructivist theories (Dostal, 2015). The IBSE
principles form the base for the methodology of the TEMI project (Teaching Enquiry with Mysteries
Incorporated), in which the Faculty of Science, Charles University was incorporated. This science

education project is addressed especially to the science teachers.

In contrast with the IBSE method, the TEMI use the unexpected and unknown phenomena or mysteries
to awaken the pupils’ curiosity. One of the factors that influence pupils’ engagement is the way

the teacher presents the mystery. Undoubtedly, there are many ways to do that — an attractive story
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drawing pupils into action is one of such examples (Carpineti, 2015). The goal of the authors was to
design, verify and assess one inquiry-based science activity. However, this activity is not processed for

an open-ended enquiry but for directed enquiry (see below).

In this paper, authors present a pilot study that should be followed by a research investigation in
2019/2020, the aim of which will be assessment of IBSE effectiveness in science education. A lot of
researchers have already investigated the effectiveness of IBSE. Their conclusions are summarized in
Rokos dissertation thesis (2017). These studies prove a positive impact of IBSE on different aspects of
educational process, not only on pupils’ knowledge outcomes, but also on their cognitive

development, laboratory skills and understanding of scientific terms and work of scientists.

ENQUIRY ACTIVITY FEATURES AND THEIR INCORPORATION INTO THE EDUCATIONAL
PROCESS

In 9th grade of elementary school, the term electrolysis is presented to pupils for the first time. This
topic is often processed in the majority of elementary school chemistry textbooks as a theoretical
approach as well as suggestion of a laboratory practical (Bene$, Pumpr & Banyr, 1995; Skoda & Doulik,
2007; Sibor, Pluckova & Mach, 2011). The laboratory task presented in this paper is focused on the
electrolysis of the aqueous solutions of chosen salts and the detection of its products. The topic is
introduced by a guided inquiry with a motivational fairy tale (The Little Mermaid by Christian Andersen,
1990) at the beginning. The story of The Little Mermaid has a motivational character in
the introductory task in which the salt water and the sea foam creates a link between the task and
the story — the Little Mermaid dressed in a beautiful dress changed into sea foam as it is said in
the story. The task of the students is to find out the colour of the dress. This task is presented as a
mystery, which students are supposed to solve. The products of electrolysis are either colourful or
colourless substances and it is possible to detect them by adding indicators into their solutions. Thanks
to the reaction of the indicators with the products of the electrolysis, it is possible to detect the
changes of the colour of the solution which pupils can observe and it leads them to the correct answer
to the motivational question: What was the colour of The Little Mermaid’s dress right before she

changed into sea foam.

At the beginning of the laboratory practical, the pupils receive a working sheet, chemicals and
laboratory aids. During the laboratory course, pupils find out the link between the theory and practice,
derive which electrode is cathode and anode and also where the reduction and the oxidation occur

and why the colour changes can be observed.
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Before the laboratory course starts, the teacher and pupils can discuss the seawater composition and
whether seawater can be an electrolyte or not. Afterwards they focus on the solutions of chosen salts
(NaCl, NaBr, Nal) and their electrolysis. It's suggested to discuss the progress with pupils and their
expectations (how the electrolysis will be in motion, what chemical changes occur on the both
electrodes, what chemical compounds are going to be produced and how we can indicate them). The
teacher invites pupils to suggest how the electrolysis can be carried out, how they can indicate its
products (e.g. with a suitable indicator). The pupils formulate hypothesis, discuss them with the
teacher and with his permission verify afterwards. In the end of the laboratory course, the pupils

present their outcomes to their classmates.

The pupils can make different modifications of the experiment: instead of sodium salts they can use

potassium salts. They can also use a potassium iodide-starch paper strip.

Moreover, the link between the laboratory task and the everyday life should be also promoted

— electroforming, blackened silver cleaning etc.
Realization in school practice

The inquiry-based way of teaching is more difficult to organise than the traditional one. The activity
has to be well-prepared and the pupils should be motivated. The motivation is represented by the fairy
tale as well as colour changing occurring during the experiment. The task was verified at elementary
school and high school in Susice. The pupils worked in groups in the laboratory. They had the possibility
to consult the progress with the teacher, repeat the reactions and look for the information in notes
and literature. As the result, pupils presented their outcomes with aid of the completed working
sheets. In the end, the teacher summed up the laboratory course. It was quite difficult to activate the
pupils during the experiment. One of the possible reasons is that they are not used to this way of
learning. Therefore, it is hardly recommended to start by the lower levels of IBSE and then continue

with the open-ended enquiry.
RESEARCH QUESTIONS

The aim of the pilot study was to find out how the pupils perceive the implementation of the inquiry-

based task into the educational process in relation to their intrinsic motivation.
The following research questions (RQ) were defined:

RQ1: How do pupils perceive the implementation of the inquiry-based task in relation to their intrinsic
motivation (specifically, how the pupils perceive the activity according to these 4 examined scales:

interest/enjoyment; effort/importance; perceived competence; value/usefulness)?
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RQ2: What is the influence of divers’ factors (school type, sex) on perception of the implementation of

the activity into the educational process in relation to their intrinsic motivation?

RQ3: Is there any relation among the examined scales of the intrinsic motivation concerning the

realization of the activity in the school practice?
METHODOLOGY

The designed activity was verified during a two-hours chemical laboratory practical at Lerchova
secondary school in Susice at 9th grade (N = 15) and at high school in SusSice at 8th grade (N = 27).
In both classes, the same teacher taught throughout the school year 2018/2019 and also accomplished

the activity. The pilot study was carried out in the school year 2018/2019.

The implementation of the activity into the classroom was evaluated both in terms of observation of
pupils’ work during the laboratory course and through a standardized questionnaire: Intrinsic
Motivation Inventory (IMI) (McAuley, Duncan & Tammen, 1989; Ryan, 1982). For the purpose of the
pilot study, the specific statements were chosen. These statements made parts of the following four

examined scales: interest; effort; perceived competence and value usefulness.

This tool (IMI) had been already used many times in numerous studies exploring the pupils motivation
in science education (Tepla, 2019; Stratilova Urvéalkovd, Smejkal, SkorSepa, Teply & Tortosa, 2014;
Skorsepa, 2015; Smejkal, Skordepa, Stratilova Urvalkové & Teply, 2016; Mika, 2017; Voji¥, Honskusova,
Rusek & Kolaf, 2018; Kuncova & Rusek, 2018; Téthova, Matousova, Subova & Rusek, 2018).

The aim of IMI questionnaire was to find out how pupils perceive the implementation of IBSE into the
educational process regarding their motivation. The questionnaire was created by choosing
25 statements from IMI tool in the way that every statement (item) referred to one of the 4 examined
scales: (i) interest/enjoyment, (ii) effort/importance, (iii) perceived competence, (iv) value/usefulness.
All of the scales reflect the intrinsic motivation. The pupils chose their level of agreement with every
statement using a seven-point scale (from “totally disagree” to “totally agree”) (Pintrich, Smith, Garcia
& McKeachie, 1991; Ryan, 1982). The questionnaire was filled in by pupils anonymously after the

laboratory course had been finished.

The obtained data were statistically processed via IBM SPSS Statistics 25 programme (IBM Corp., 2017).
OUTCOMES OF THE PILOT STUDY

Reverse (negative) statements included in the Post-Questionnaire were firstly coded inversely and
then the Cronbach alpha was calculated for all scales for all respondents. The results show fairly good

internal consistency (all calculated alphas are over 0.8) as well as good level of reliability.
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Based on conformational analysis which was included in one research study the construct validity of
the research tool was proven (Skoréepa & Smejkal, 2015). Based on this certified model, the 4 new
variables were defined as an average of individual answers in the Post-Questionnaire:

(i) interest/enjoyment, (ii) effort/importance, (iii) perceived competence, (iv) value/usefulness.

Before choosing a suitable statistic method (parametric, non-parametric), it was necessary to test
whether the new obtained variables show aspects of normal distribution — tested by Shapir-Wilk test
(Shapiro & Wilk, 1965) and Kolmogorov-Smirnov test (Kolmogorov, 1933; Smirnov, 1948). The
normality of the variables wasn’t rejected except for perceived competence, but just in case of high-
school pupils. To interpret the obtained data, the parametric tests were used in the study (using non-

parametric tests led to identical results).

Pupils evaluated the activity rather positively (RQ1). Based on data from all participants, the average
value of all variables was between 4.51 and 4.85 on a scale 1 to 7. The obtained data suggest that the
activity encouraged pupils interest (M = 4.85), pupils were willing to put effort in the task (M = 4.84)
and the pupils also perceived their competence in the lesson rather positively (M = 4.51). Moreover,

the pupils also perceived the subject matter as more useful for them (M = 4.7).

Secondly, we focused on testing whether there is a significant difference in the data collected from
elementary school and the data from high school (RQ2). For each variable, the null hypothesis was
settled (Ho: The average evaluation of individual variables from high school pupils equals to the average
evaluation of individual variables from elementary school pupils.) and the alternative hypothesis
(H1: The average evaluation of individual variables from high school pupils is not equal to the average

evaluation of individual variables from elementary school pupils.).

The validity of null hypotheses was verified by two-sample t-test. Consequently, the null hypotheses
were rejected for these variables: perceived competence and usefulness and weren’t rejected for the
other these variables: interest/enjoyment and effort/ importance (see Table 1). Based on the results of
the t-test, there is a significant difference between elementary school pupils and high school pupils
regarding using this activity in a class, specifically in 2 scales: perceived competence and
value/usefulness (p value is smaller than 0.05, see Table 1). There is a large size effect in both of the

scales (see Cohen's d in Table 1).
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Table 1: The independent samples t-test between elementary school pupils and high school pupils.

Variables df t Mean of Std. Mean of Std. p value Cohen's
elementary Deviation high Deviation  (2- d
school of shool of Mhigh tailed)
pupils Melementary pupils
(Melementary) (Mhigh)

interest / 40 -1.331 4.50 1.18 5.03 1.24 0.191 0.438

enjoyment

effort / 40 0.12 4.89 1.24 4.84 1.31 0.905 0.064

importance

perceived 40 -4.013 3.71 1.00 4.96 0.94 0.000 1.28

competence

value / 40 -2.309 4.7 1.06 5.00 1.14 0.026 0.781

usefulness

To answer the question of the influence of the sex of the pupil on evaluating this activity in lesson
(RQ2), the following null hypothesis was settled (Ho: The average value for individual questions in Post-
Questionnaire is the same for male and female pupils.) and the alternative hypothesis (H1: The average
value for individual questions in Post-Questionnaire is not the same for male and female pupils.). The
results of the two-sample t-test didn’t reject any of the null hypotheses (p value is higher than 0.05,
see Table 2). The obtained data show that the sex of the pupils does not influence the evaluation of
this activity. The results are in comply with the conclusions of P. Smejkal except for one variable - effort
/ importance. According to the cited study, girls were willing to put more effort into the task than boys
(Smejkal, 2019). This trend was also tracked in our results, however, it was not statistically significant
(p value =0.179, Cohen’s d = 0.43). These conclusions are surprising as many of the previous researches
conclude that boys are more interested in Chemistry than girls (Héfer & Svoboda, 2005; Skoda, 2003;

Veselsky & Hausnerova, 2010).

Table 2: The independent samples t-test between female and male pupils

Variables df t Mean of Std. Mean of Std. p value
female Deviation male Deviation (2-tailed)
(Mtemate) of Mremale  (Mmale) of Mmale

interest / 40 0.599 4.94 0.28 4.71 1.19 0.553

enjoyment

effort / 40 1.367 5.10 134 4.56 1.15 0.179

importance

perceived 40 -0.074 4.50 1.21 4.53 1.06 0.941

competence

value / 40 0.023 4.71 1.00 4.70 1.38 0.982

usefulness
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The relationships between two attributes (RQ3) were tracked using the Pearson coefficients of linear
correlation (table 4). Five out of six possible correlations can be considered as significant. There is a
strong correlation between interest/enjoyment and effort/importance (r = 0.74) as well as
interest/enjoyment and value/usefulness (r = 0.52) and also effort/importance and value/usefulness
(r=0.49). These phenomena can be interpreted in a following way — an activity which encourages the
interest of pupils (the pupils considered it as interesting and they enjoyed doing the activity) if and
only they consider the activity as useful and at the same time the pupils are willing to put the effort
into the activity. There is also a strong correlation (r = 0.46) between interest/enjoyment and perceived
competence which shows that pupils are interested in the subject matter when they feel they are able

to understand it.
CONCLUSION

According to the realized study, the designed activity concerning electrolysis of aqueous salt solutions
has an educational potential. Even though the pupils were not used to work independently and it was
hard to motivate them, they all completed the task at the end. Furthermore, the pupils were able to
suggest different solutions of ion detection and realize them with the teachers’ supervision afterwards.
Based on the results of IMI questionnaire, the activity was perceived rather on average or slightly
positive. In addition, the high school pupils became aware better of the realized sense of the task and
also realized better their skills while solving the activity (higher feeling of success) than the elementary
school pupils of the comparable school grade. The sex of the pupils does not influence the evaluation

of this activity.
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The Influence of Interdisciplinary Interactive Animations on
High-School Students’ Motivation and Performance

David Sarboch, Milada Tepld, Martin Srémek, Hana Sloupovd

Abstract

This paper presents the results of the pilot study pursuing the influence of animations on pupils’
motivation and level of knowledge. The study was realized in 2018 at a secondary school. 30 pupils
participating in the experiment were divided into a control group and an experimental group. Two
types of questionnaires were used as a research tool: MSLQ (Motivated Strategies for Learning
Questionnaire) and IMI (Intrinsic Motivation Inventory). Furthermore, the pupils filled in a pre-test and
post-test in order to acquire the difference in the level of knowledge. According to the results, using
animations in Science classes has a major influence of almost all aspects of motivation. Moreover, the
appropriate inclusion of the animations during the lessons has a positive influence on pupils’ level of

knowledge.
Key words

Animation; motivation; education; natural sciences
INTRODUCTION

Recently, the motivation of students has been widely discussed (lkwuka & Samuel, 2017). Many
experts point out that leaving the ex-cathedra teaching and following more attractive forms of
teaching for students and teachers is necessary. Using interactive animations can be one example of

such an approach to teaching (lkwuka et al., 2017; Kainz & Jakab, 2013).

The aim of the authors is to test education animations developed by Sarboch (2018). All of the tested

animations focus on teaching the topic of digestion in human body.
ANIMATION

Animations can be perceived as dynamic visual aids (Ainsworth & Van Labeke, 2004). Nowadays, the
general attitude says that animations can increase the effectivity of teaching. In fact, most of the
researches support this hypothesis —one such an example is the study of Bétrancourt & Tversky (2000).
The authors compared 17 studies focusing on the difference between teaching with the support of
animations and teaching with the support of more prevalent teaching methods (ex-cathedra teaching,
text analysis ...). Out of these 17 studies, 12 of them were run in an experimental way and 5 of them

were run in a terrain — meaning in the education process. The result of this comparative analysis is that
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10 of these studies showed a prevalent positive effect of using animations on pupils whereas 7 of the
17 studies proved that the negative effects on pupils are more dominant than the positive ones. On
the other hand, other authors also discuss the possible positive effects on pupils (Ikwuka et al., 2017;
Kainz et al., 2013; Barak & Ashkar, 2011; Stith, 2004). Nevertheless, Stith states that there are just few
studies focusing on the influence of animations on pupils and therefore it is necessary to widen the

level of knowledge of their potential advantages and disadvantages (Stith, 2004).

The animations used in the pilot study described in this article focus on digestion in the human body.
This topic is a part of Czech high-school curriculum in Biology as well as in Chemistry (RVP G, 2008).
Based on this fact, it is obvious that this topic can be considered as interdisciplinary. This statement is
also supported by the research in 2017 based on a questionnaire among Czech teachers (Sarboch
& Tepld, 2019). They perceive the topic of digestion in the human body as interdisciplinary despite the
fact it is mainly taught in Biology lessons. The interactive education animations were created in Adobe

Flash Professional CS6.

The set of animations contains one introductory and a sequence of twenty-five short animations which
follow track of the food through each organs of the digestive system. Each short animation can be
controlled by animation buttons — “start, play, pause, back, forward, end”. Moreover, it is possible to
show or hide a commentary track describing the on-going process. These features make this set of
animations an interactive education material and the interdisciplinary links are supported by not only

anatomic, but also physiological and biochemical aspects of each digestive process.
THE AIM OF THE PILOT STUDY

The aim of the pilot study was to find out the influence of the set of animations on intrinsic motivation
(specifically the interest in the specific topic, perceived competence in this task, the effort to
understand the topic and perceiving the importance and usefulness of the topic) and well as on the

students’ level of knowledge in the area.
These three research questions (RQ 1 — RQ 3) were settled in our research:

e RQ 1: Is there a statistically significant difference between the traditional education process

and education process with the support of animations regarding pupils’ intrinsic motivation?

e RQ 2: Does the effect of incorporating animation in education process regarding students’

intrinsic motivation and obtained level of knowledge depend on their gender?
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e RQ 3: Is there a statistically significant difference between the traditional education process
and education process with the support of animations regarding pupils’ obtained level of

knowledge?
THE METHODOLOGY OF THE RESEARCH

The pilot study was carried at one Czech high school in 2018 in lessons of Biology. There were
30 students participating (3™ grade of lower stage of General High school) in this experiment. These
students were divided in two groups — an experimental group (16 pupils) and a control group
(14 pupils). Pupils in the control group were taught without the support of animations - the way pupils
were used to, whereas the students in the experimental group were taught with the support of
animations. Both groups of students were taught by the same teacher. In order to measure the
influence on pupils’ motivation, there were two of standardised questionnaires used in this study
— before (Pre-Questionnaire) and after (Post-Questionnaire) the experiment. Furthermore, the level of
pupils’ knowledge was also tested by a Pre-Test and a Post-test so that it would be possible to measure

the progress of each student.

The Pre-Questionnaire was created by selecting sixteen statements from MSLQ (Motivated Strategies
for Learning Questionnaire) (Pintrich, Smith, Garcia & McKeachie, 1991) in a way that each of the
selected statement belong to one of these scales: intrinsic goal motivation, extrinsic goal motivation,
self-efficacy for learning and performance and control beliefs. This Pre-Questionnaire was used in the
control group as well as in the experimental group at the beginning of the first lesson — before the

incorporation of animations in lessons in the experimental group.

The Post-Questionnaire was created by selecting twenty-five statements from IMI (Intrinsic Motivation
Inventory) (McAuley, Duncan & Tammen, 1989; Ryan, 1982) in a way that each of the statements
belong to one of these scales: interest / enjoyment, effort / importance, perceived competence and
value [ usefulness. All of these scales belong to the area of pupils’ intrinsic motivation. The Post-
Questionnaire was created in 2 modifications — one for the experimental group (focusing on using the
animations in education process - Post-Questionnaire A) and one for the control group (focusing on
traditional teaching methods in education process - Post-Questionnaire B). The Post-Questionnaires
were completed at the end of the second lesson (after the lessons supported by education animations
in the experimental group). In all of these questionnaires, the 7-point scale was used so that pupils
could show their level of agreement with each of the statements in the questionnaires (from

“absolutely agree” to “absolutely disagree”) (Pintrich et al., 1991; Ryan, 1982).
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Both of these tools had previously been used in numerous researches focusing on tracking the pupils’
intrinsic motivation towards Natural Sciences (Vojif, Honskusova, Rusek & Kolaf, 2019; Kuncova
& Rusek, 2019; Téthova, Matousova, Subova & Rusek, 2019; Mika, 2017; Smejkal, Skorepa, Stratilova
Urvalkova & Teply, 2016; Skorsepa, 2015; Stratilova Urvalkova, Smejkal, Skoréepa, Teply & Tortosa,
2014).

In order to measure the level of pupils’ obtained knowledge in the pilot study, a test of knowledge was
used twice — before the experiment (Pre-Test) and after the experiment (Post-test). There were 8 tasks
in this test and all of these questions focused on the topic of the lesson and students needed the
knowledge of Chemistry as well as Biology to complete the (interdisciplinary) tasks. The test contained
open questions as well as cloze ones. Before the test was given to students, it had been approved by

an expert panel formed of 4 Biology-Chemistry didactics and teachers.

The obtained data were statistically analysed by IBM SPSS Statistics 25 (IBM Corp., 2017) with the

support of appropriate methods of statistics. The research was anonymous.
THE RESULTS OF THE PILOT STUDY

Some of the results based on the analysis of data from the questionnaires (Post-Questionnaire A, Post-

Questionnaire B and Post-test) are presented in this article.

Firstly, the reliability of each scale of each questionnaire used in this study was calculating using the
Cronbach alpha. The generally accepted value of Cronbach alphais 0.7 (Nunnally, 1978; DeVellis, 2012;
Kline, 2011). Although most of the Cronbach alphas calculated in this study reach this value, one of
them did not exactly reach this generally accepted limit. Despite the lower value of one of the Cronbach
alpha (a0 = 0.61), it can be stated that the collected data are internally consistent and reliable. Based
on the confirmation analysis of verified model (Skorsepa & Smejkal, 2015) the 4 new variables were
calculated as a mean of individual answers in the post-questionnaire: interest / enjoyment; effort /

importance; perceived competence and value / usefulness.

Before answering the first research question (RQ 1), it was necessary to compare the state of both
groups (the experimental and the control group) at the beginning of the research. The aim of this step
was to find out whether there is a statistically significant difference between the two groups of
students regarding perceiving traditional styles of teaching based on the data obtained from the Post-
Questionnaire B. The independent-samples t-test was chosen as an appropriate statistical method
regarding the collected data. This t-test indicates that the mean of evaluation of individual variables
was in average the same for the control and for the experimental group (p value is higher than 0.05,

see Table 1). Pupils in the experimental and in the control group experience similar level of interest in
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the subject matter and they also show the same effort to understand the topic. Moreover, their feeling

of understanding the subject matter and its importance is also similar in both groups.

Tab. 1 The independent samples t-test between the control and the experimental group of Post-Questionnaire
B

Mean of Mean of exper.

Variables df t control group z/llj of group ISVII) of _ I(DZYta;il::d)
(Mcontrol) control (Mexperimental) experimental
Tzt 25 -1.113 451 1.29 5.13 1.58 0.276
enjoyment
effort / 25 0.220 4.05 1.62 3.93 1.04 0.828
Importance
PETEEEE 25  -1.332 4.13 1.40 4.75 1.01 0.195
Competence
value / 25  -1.463 4.86 1.28 55 0.97 0.156
usefulness

Subsequently, regarding the intrinsic motivation of students, the difference in their perceiving the
traditional teaching methods and the education process with the support of education animations was
evaluated within the pupils of the experimental group. As some of the data obtained from the Post-
Questionnaire A (with the support of education animations) did not show the normal distribution, the
non-parametric Wilcoxon Signed-ranks Test was used instead. The Wilcoxon Signed-ranks Test
compared the data obtained from the Post-Questionnaire A and Post-Questionnaire B of the pupils of
the experimental group. The test indicated that pupils evaluated 3 out of 4 desired scales significantly
higher in lessons with the support of animations (experimental lesson) than in lessons where the
animations had not been used (traditional lesson) (p value is smaller than 0.05, see Table 2). Based on
the data, it is possible to conclude that using education animations in lessons of Natural Sciences has
a major positive effect on almost all components of pupils’ intrinsic motivation - (interest / enjoyment,
perceived competence and value / usefulness) and minor positive effect on effort / importance — see

r value of effect size in table 2.
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Tab. 2 The Wilcoxon Signed-ranks Test between the traditional lesson and the experimental lesson
Median of traditional

Median of experimental

Variables z lesson lesson fz\_lta;::d) r
(Mdtraditional lesson) (Mdexperimental |655°“)

Interest / 2.905 5.14 6.5 0.004 0.57
enjoyment

effort / 1434 4.00 4.80 0.151 0.281
importance

perceived -2.357 4.33 5.58 0.018 0.462
competence

value / -2.623 5.14 6.29 0.009 0.514
usefulness

In order to answer the second research question (RQ 2) (the role of pupils’ gender on incorporation of

education animations in lessons of Natural Sciences), the non-parametric Mann Whitney Test

(2 Independent Samples) was used for this purpose. This test indicated that male and female students

evaluated the experimental lesson equally (p value is higher than 0.05, see Table 3). Based on the

collected data, this test did not prove that the gender of the students plays a significant role regarding

the components of students’ intrinsic motivation. Despite this conclusion, the comparison of

r coefficient, it is obvious that male students evaluated the experimental lesson more positively.

Tab. 3 The Mann Whitney Test between the male and female students in the experimental lesson

Median of female

Variables u :\I/‘I;:Ihan of ma)le students students fa‘illaelcli‘)e (2-

male students (Mdfemale students)
interest/ ) 500 671 5.57 0.430 0.211
enjoyment
effort / 14500 4.80 4.80 0.754 0.084
importance
perceived
competenc 13500 5.67 5.5 0.639 0.125
e
value / 8500 6.29 5.86 0.209 0.335
usefulness

The data from the traditional lessons were statistically processed in the same way (the non-parametric

Mann Whitney Test). This test also did not prove that the gender of the students plays a significant

role regarding the components of students’ intrinsic motivation (p value is higher than 0.05, see Table

4). Surprisingly, the traditional teaching methods were more positively evaluated by the female

students in the control group.
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Tab. 4 The Mann Whitney Test between the male and female students in the traditional lesson

. Median of male students Median of female students p value
Variables u

(Mdmale students) (Mdfemale students) (2-tai|ed)
interest /
. 61500 4.55 5.57 0.190 0.25

enjoyment
effort /
. 67 000 3.700 4.400 0.298 0.20
importance
perceived

82000 4.333 4.667 0.767 0.06
competence
value /

78000 6.286 5.571 0.209 0.10
usefulness

The third aim of this study was to find out whether the support of education animations in lessons of
Natural Sciences has an influence on students’ level of obtained knowledge of the subject matter
(RQ 3). At first, it was necessary to find out the level of students’ knowledge of the specific subject
matter at the beginning of the experiment. The Non-parametric Mann Whitney Test (2 Independent
Samples) did not prove a statistically significant difference in this variable between the control and the
experimental group - based on the results of the Pre-Test (U = 57 000, p = 0.163, Mdncontrol = 8.542,
Mdnexperimental = 10.5, r = 0.274). The level of students’ knowledge of the subject matter was equal in
both groups. Based on non-parametric Wilcoxon Signed-ranks Test, it was concluded that the pupilsin
the experimental group reached significantly better results in the Post-test (Mdnpost test = 14.286)
compared to their Pre-Test (Mdngre test = 10.500), Z = -2.486, p = 0.013, r = 0.470. The same
phenomenon could not be proven for the students in the control group — with the support of paired
Wilcoxon Signed-ranks Test (Z = -1.693, p = 0.09, Mdnpre test = 8.524, Mdnpost test = 10.469, r = 0.346).
Nevertheless, based on the coefficient rand the level of pupils’ knowledge in control group, their level
of knowledge also improved during the education process, only not significantly. In conclusion, the
improvement in knowledge of the subject matter was greater for students who experienced the
teaching process supported by the education animations. The last step of the analysis of the collected
data was comparison of the results of Post-tests between the control and the experimental group. The
non-parametric Mann Whitney Test (2 Independent Samples) proved that students in the
experimental group reached statistically better results (Mdnexperimental = 14.286) than the students in
the control group (Mdncontrol = 10.469), U = 36 000, p = 0.002; r = 0.580. For the comparison of the

results of Pre-tests and Post-tests between experimental and control groups see Figure 1.
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Fig. 1 The comparison of the results of Pre-tests (blue) and Post-tests (red) between experimental and control
groups.

DISCUSSION AND CONCLUSION

This pilot study focused on the influence of incorporating education animations in lessons on pupils’

intrinsic motivation and the level of obtained knowledge in Chemistry lessons.

Firstly, it was proven that using education animations in Chemistry lessons has a major positive effect
on 3 out of 4 tested scales of pupils’ intrinsic motivation - interest / enjoyment, perceived competence

and value / usefulness and a slightly positive effect on the remaining one - effort / importance.

Secondly, the research proved that none of the tested scales of intrinsic motivation was significantly
influenced by the pupils’ gender in either group (the control group and the experimental group).

Although, male pupils evaluated the experimental method of teaching more positively.

Thirdly, this study concludes that pupils in experimental group reached significantly better level of

knowledge than the students in the control group.
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Zameéteno na chemické pokusy: vysledky akéniho vyzkumu
Focused on chemical experiments: an action research results

Martina Tothovd, Martin Rusek, Pavlina Matousovd, Ondrej Solnicka

Abstract

Chemistry experiment is essential in chemistry teaching. The present action research was aimed at
identification and implementation of IBSE elements to the experimental activities at lower-secondary
school. By linking observation with analysis of students' experiment descriptions, the original state of
experimentation was evaluated. At first, most of the activity was teacher-centered. Students'
understanding to the nature and the purpose of the experiments was also on a lower level. The
intervention caused student activization. However, only the changed design of the experiment itself

seems insufficient for the students' understanding the experiments.
Key words

Action research; IBSE; chemistry experiment
Uvob

Zajem 7ak( o pfirodovédné predméty je dle fady vyzkumd (napf. Ctrnactova & Zajicek, 2010; Jarvis
& Pell, 2005; Kubiatko, Svandova, Sibor, & Skoda, 2012; Rusek, 2013) nizky. U jednotlivych témat viak
kolisa. Nejvétsi motivacni potencial ve vyzkumech vykazuje experimentovani ve vyuce (Rusek, 2013;
Rusek, Chytry, & Honskusova, 2019). Pfi provadéni experiment(l zajem Zakd o vyucovaci predmét
chemie dokonce roste (Svandova, 2012). V této souvislosti se objevuji negativni argumenty stran
nedostatecného pomuckového vybaveni k realizaci skolnich experiment(i. Reakci na né je promyslené
zafazovani virtualnich experiment( (viz napt. Skoda & Doulik, 2009) nebo vyuZiti nékteré z dostupnych

sad slouZicich jako alternativa chemické laboratore (Benes, Rusek & Kudrna, 2015).

Nékteri autori (napf. Held a kol., 2011; Rusek, Slavik & Najvar, 2016; van den Berg, 2013) diskutuji
efektivitu experimentu, zvlasté kvali nedostate¢nému ddrazu na premysleni zak( pti probihajicim
pokusu. Jako efektivni pojeti experimentu se proto jevi badatelsky orientovana vyuka (BOV) (Janstova
& Rusek, 2014), ktera svym pojetim piimo vyZaduje aktivni zapojeni zak. Jak dokazuji vyzkumy z Ciny,
samotni ucitelé maji k badatelskému pojeti vyuky prirodovédnych pfredméta kladny vztah. Pfesto jim
v CastéjSimu vyuzivani brani podminky jejiho uskutecnovani, a to napfiklad vysoky pocet Zaku ve tridé,
nedostatek vybaveni nebo nevyhovujici predepsané ucivo (Zhang, Krajcik, Sutherland, Wang, Wu,

& Qian, 2005). Pritom pro zaky zakladni Skoly, ktefi se schemii setkavaji vétSinou poprvé, je
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experiment a nové objevovani nejdlleZitéjsimi prvky jejich dal$i motivace (Skoda & Doulik, 2009).
Nékteré vyzkumy (napf. Taylor & Bilbrey, 2012) ukazuji lepsi vysledky zaka, ktefi prosli BOV oproti jejich

vrstevnikim, ktefi prosli klasicky vedenou vyukou.

Presun tézisté vyuky na aktivni uceni se Zaka je v praxi brzdén potrebou ucitell predavat objemné celky
uciva vdoméni, Ze je pravé toto cilem chemického vzdélavani. Tento dliraz na transmisi poznatk(
(u€iva) a zavedené poradi témat (viz Vojit & Rusek, 2020), vsak byva kritizovan pro pfiliSnou
nekriti¢nost (Johnstonne, 2010). Stavajici kurikulum pro vyuku chemie na ZS pIné umozriuje hojné

zarazovani aktivizujicich metod, experimenty nevyjimaje.

Ke zjisténi dosavadniho pojeti experiment(ll ve vyuce byla zvolena metoda akéniho vyzkumu. Jedna se
o formu praktického vyzkumu, ktery si klade za cil porozumét a identifikovat problém z praxe (Kuhne
& Quigley, 1997). Akéni vyzkum se sklada z nékolika krokd, jejichZ pocet a pojeti se u rliznych autor(
lisi. Tento akéni vyzkum si klade za cil zapojit prvky BOV do vyuky na zakladni skole, a pomoci tak uditeli

k aktivizaci zak( pti hodinach a vyssi efektivité vyuzivanych experimentd.
METODOLOGIE

Vyzkumna otazka

Vzhledem k dulezitosti empirické slozky vyuky chemie a z ni plynoucich poZadavk( uditele byl akéni
vyzkum veden témito vyzkumnymi otazkami: Jakym zplsobem Ize zaradit prvky BOV
do demonstracniho pokusu? V souvislosti se sledovanim aktivit Zakd pomoci zaznamového archu byl
vyzkum veden i druhou otazkou: Jak se zméni schopnost Zdki popisovat chemické experimenty

po zarazeni prvki BOV do vyuky chemie?
Design vyzkumu

Predkladany akcéni vyzkum byl realizovan dle tfifazového modelu (Kuhne & Quigley, 1997) rozdéleného
do sesti krokl. Ve fazi planovani je prvnim krokem porozuméni a identifikace problému s cilem urcit,
ve kterém kritickém misté a jak by mélo dochazet k intervenci. V tomto kroku se vyzkum opird nejen
o diskuzi v tymu, ale také o odbornou literaturu. V dalSim kroku je projedndvan pfistup a moznosti
intervence. Posledni krok faze planovani vyzkumu zahrnuje navrZeni pouZitych metod, Casovy
harmonogram a kritéria hodnoceni intervence. V akéni fazi vyzkumu dochazi k implementaci
intervence do vyuky a sbéru dat. V posledni, reflektivni fazi, jsou v jednom kroku data hodnocena na
zakladé predem uréenych kritérii, v dalSim kroku je hodnocena Uspésnost intervence a ptipadné

zapoceti nového cyklu akéniho vyzkumu k dosaZeni stanovenych cild.
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Vyzkumny vzorek tvofili Zaci osmého a devatého roéniku ZS Mnisek pod Brdy spolu s ucitelem chemie.

Casova dotace predmétu pro oba roéniky je dvé hodiny tydné.
Tvorba hodnoticiho ndstroje

Pro hodnoceni uéitelova pojeti provedeni experimentu a zjistovani aktivity zaka byl vytvoren nastroj
vychazejici z vyzkumu dosazenych badatelskych schopnosti (viz Balogova & Jeskova, 2016). Tento
nastroj je zaloZen na klasifikaci badatelskych zru¢nosti pro experimentalni aktivity (Tamir & Lunetta,
1981; van den Berg, 2013) a autorkami Balogovou a JeSkovou (2016) dale upraven o cast ,sdileni
a prezentace” po vzoru Fradda, Lee, Sutmana a Saxtona (2001). V akénim vyzkumu bylo zapotrebi také
klasifikovat hodnoceni priib&hu vyuéovaci hodiny. K tomu byl vyuZit vyzkumny nastroj Zaka (2007)
uréeny pro hodnoceni vyucovacich hodin metodou pozorovéni, ve kterém vyzkumnik zaznamenava
pozorované jevy do archu s posuzovaci Skalou (viz tabulku 1). Propojenim obou nastroji (Balogova
& Jeskova, 2016; Zak, 2007) vznikl zdiznamovy arch slouzici pozorovateli k zdznamu vyskytu a kvality

badatelskych prvk( v pozorovaném experimentu.

Tab. 1 Posuzovaci $kdla ziznamového archu (dle Zaka, 2007)

N -- - + ++
Nevyskytlo se, Vyskytlo se, Vyskytlo se, Vyskytlo se Vyskytlo se
neprobéhlo, nebylo [ale zcela ale malo vydarené, [a pomérné a mimoradné
pozorovano. nevydarené, zcela |malo efektivni. vydarené, pomérné [vydarené,

neefektivni. efektivni mimoradné
efektivni.

PRUBEH AKCNIHO VYZKUMU

Zjistovani pocatecniho stavu provedeni a dopadu demonstraéniho experimentu

Po vzoru vyzkumi prokazujicich efektivitu badatelsky orientovaného vyucovani (napf. Gormally,
Brickman, Hallar, & Armstrong, 2009; Minner, Levy, & Century, 2010; Taylor & Bilbrey, 2012) byl
dosavadni stav experiment( vyuZivanych pfi vyuce ucitele Ucastniciho se akéniho vyzkumu hodnocen
na zakladé schopnosti zakl badat. Podatecni stav byl zjistovan dvéma metodami, které vyzadovaly
pritomnost vyzkumnik( pfimo ve vyuce: Prvni z nich bylo vyuZiti zaznamového archu (viz vyse), ktery
byl hodnocen dvéma hospitujicimi vyzkumniky a vyucujicim. Dale byl analyzovan Zakem psany popis
sledovanych experimentl. Reflexe byly hodnoceny podle dvou kritérii: fakticka spravnost popisu

a zapojeni principu experimentu do vlastniho popisu. Tyto byly hodnoceny jako:

e nerozvinuté, napf.: ,Zménila barvu, pak zacala bublat a zahfivala se, potom to vyprsklo

a doutnalo.” nebo
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e objasnujici princip pozorovaného déje, napf.: ,Zkumavka s peroxidem vodiku a oxidem
manganicitym reagovala tak, Ze zvysSovala teplotu, az se ldtka zacala varit. Pri reakci vznikal

kyslik.

Kazdy popis experimentu zakem byl posuzovan tfemi nezavislymi hodnotiteli. Vysledna hodnota byla
ziskdna po vzajemné shodé (consenzus by agreement). Pokud nedoslo ke shodé alespori dvou
hodnotitell, posuzoval popis experimentu ctvrty nezavisly hodnotitel. Do hodnoceni byli zafazeni
pouze Zzaci, ktefi se Ucastnili obou vyucovacich hodin, ve kterych dochdzelo k evaluaci. Vyzkumny

vzorek tedy tvoftilo 18 Zakd osmého rocniku a 18 zakd devatého rocniku.
Navrh intervence

Na zakladé rozhovoru s uditelem a sledovani vyucovaci hodiny byl vyhodnocen vychozi stav vyuky.
Z hospitaci téchto hodin mj. vyplynulo, Ze v nich nebyl pfilis kladen ddraz na aktivitu Zakd. Proto byl
intervencni plan vytvoren s cilem prenést aktivitu z ucitele na zaky a transformaci demonstrac¢niho
experimentu v experiment se zapojenim prvk( BOV. Intervencni plan zahrnoval metodické navody
pro realizaci ucitelem planovanych experimentd. Ty byly upraveny tak, aby vybizely Zaky k jednotlivym

krokGm badani:

e pozorovani a popis skutecnosti,

e formulace problému, tvorba hypotéz,
e ovéfeni experimentem,

e potvrzeni i vyvraceni hypotézy,

e zobecnéni experimentu (viz Dostal, 2015).
Pokusy byly navrZzeny pro prvni dvé Urovné badani — potvrzujici a strukturované (Banchi & Bell, 2008)
Intervence

Intervence probihala v rozsahu 6 vyucovacich hodin. V jejich prlibéhu byly do vyuky zarazovany
experimenty, jejichz prabéh byl zpracovan studentkami Univerzita Karlova, Pedagogickd fakulta
ve spojeni s akademickym pracovnikem. Experimenty byly zpracovany do podoby scénare ¢i manudlu,
ve kterém byly zahrnuty i jednotlivé kroky badani, spolu s aktivizacnimi otazkami pro Zaky. Vyucujici

tyto navrhy zafazoval do vyucovacich hodin chemie, ve kterych experimenty provadél.
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VYSLEDKY INTERVENCE

Pocatecni stav byl v osmém rocniku hodnocen ve vyucovaci hodiné, jejiz soucasti byla demonstrace
haseni hor¢iku®. Data po intervenci byla ziskana z vyuéovaci hodiny s efektnim pokusem —
amoniakdlni fontdnou’. V devatém rocniku byla Gvodni vyucovaci hodina zamérena na rozklad

peroxidu vodiku®. Hodnoceni vysledk( intervence probihalo pfi demonstraci blesky ve zkumavce’.
Aktivita ucitele

Vysledky pro obé tfidy, ve kterych akéni vyzkum probihal, jsou shrnuty v tabulkach 2 a 3. Pred
zahajenim intervence byla ve vyuce pozorovdna Ctyfi kritéria badatelskych dovednosti

z 24 hodnocenych (viz Balogova & Jeskova, 2016) v osmém a pét kritérii v devatém rocniku.

V osmém rocniku se ve vyuce vyskytlo zobecriovdni vysledku a formulace zavéra, které bylo hodnoceno
jako zcela nevydarené, stejné tak byla hodnocena polozka tvorba predpovédi na zdkladeé vysledki
zkoumani. Jako pomérné vydarend byla hodnocena pouze poloZka pozorovdni. Vysledky zdaznamového
archu tak jsou v souladu s pozorovanym pribéhem hodiny. V té ucitel sice pokus provadél, vyuka byla

vsak orientovana na ucitele. Aktivita Zakl nebyla vyZzadovana.

Tab. 2 Vysledky zaznamového archu, 8. roc¢nik

Rocnik Vyskytlo se

8. Nevyskytlo se Zcela Malo vydafené | Pomérné Mimoradné
nevydafrené vydafrené vydafené

Vychozi stav 20 2 1 1 0

Po intervenci 3 0 3 15 3

Po provedeni intervence byly ve vyuce v osmém rocniku identifikovany situace, které rozvijely
21 dovednosti pro badatelsky orientované vyucovani. Jako zcela nevydarend nebyla hodnocena ani
jedna polozka archu. Tfi polozky (predpoviddni vysledku pokusu, vysvétlovdni Ci uprava postupu
a zaznamendvani vysledku pozorovadni) byly hodnoceny jako malo vydarené, zbylé polozky hodnotitelé

posoudili jako pomérné ¢i mimoradné vydarené.

V devatém roéniku v pocate¢nim stavu akéniho vyzkumu dominoval diraz na prfedpovéd’ na zdkladé

vysledku zkoumdni. Vsechny tyto kategorie byly hodnoceny jako zcela nevydarené. Jako malo vydarena

4 viz napf. http://old.studiumchemie.cz/pokus.php?id=146

5 viz napr. http://old.studiumchemie.cz/pokus.php?id=20

6 viz napr. https.//studiumchemie.cz/experiment/katalyticky-rozklad-peroxidu-vodiku/

7 viz napf. https://studiumchemie.cz/experiment/blesky-ve-zkumavce-ethanol-s-kmno4/
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byla hodnocena formulace zavér(i. Pomérné vydarené bylo pred zahdjenim intervence pUsobeni

na pozorovani pokusu.

Po intervenci ucitel v devatém rocniku zapojil do vyuky 17 dovednostnich poloZzek BOV. Z nich nebyla
ani jedna hodnocena jako zcela nevydarend, dvé (formulace hypotézy, vysvétlovani ¢i iprava postupii)
byly hodnoceny jako mdlo vydarené. Patnact zahrnutych polozek bylo vyzkumniky hodnoceno jako

pomérné & mimoradné vydarenych (viz Zak, 2007).

Tab. 3 Vysledky zaznamového archu, 9, rocnik

goénik Vyskytlo se
. Nevyskytlo se Zcela Malo vydaiené | Pomérné Mimoradné
nevydarené vydaiené vydarené
Vychozi stav 19 3 1 1 0
Po intervenci 7 0 2 10 5

Schopnost interpretace pokusd zaky

Posuny ve schopnosti 7ak(i popisovat pokusy zafazené do vyuky jsou shrnuty v tabulkach 4 a 5. Zaci
osmého rocniku volili pfi popisu pozorovanych experiment( ¢astéji nerozvinuty popis, ktery byl z vétsi
Casti (v 8 z 15 pripad() hodnotiteli posouzen jako chybny. VSichni Zaci (3), ktefi volili popis principu
pokusu jej vystihli spravné. Po intervencnim zasahu doslo ke zlepsSeni. Jako fakticky sprdvné popisy

principl sledovanych reakci identifikovali hodnotitelé 7 vystupl a jako nerozvinuté vystupy poloviny

zaka.
Tab. 4 Schopnost Zakt interpretovat pokusy, 8. Ro¢nik
Rocnik Nerozvinuty popis Popis principu reakce
8. Fakticky chybny | Fakticky sprdavny Fakticky chybny Fakticky sprdavny
Vychozi stav 8 7 0 3
Po intervenci 7 2 2 7

V devatém rocniku popisovalo experiment nerozvinutym zplsobem 8 Zakd. Jako spravny ale povrchni
popis bylo hodnoceno 6 popist. Princip reakce popisovalo 10 Zakd, polovina téchto popisa bylo fakticky
spravnych. Po intervenci se pocet nerozvinutych popist zvysil na 12, Sest jich bylo zhodnoceno jako
spravnych. Princip reakce po provedeni intervence popsalo 6 zakd, pficemzZ 5 popist bylo fakticky

spravnych.

Tab. 5 Schopnost Zaku interpretovat pokusy, 9. rocnik

Rocnik Nerozvinuty popis Popis principu reakce
9. Fakticky chybny Fakticky spravny Fakticky chybny Fakticky spravny
Vychozi stav 6 2 5 5
Po intervenci 6 6 1 5
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DISKUZE

Vyuka v pocatecnim stavu sice zahrnovala experimentovani, jeho pojeti vSsak neodpovidalo zasadam
spravného provedeni experimentd. Pfedevsim tim, Ze nebyl kladen ddraz na aktivizaci zakd (viz napfr.
Held a kol., 2011; Gabriel & Rusek, 2014; Janstova & Rusek, 2014). Z4ci nad experimenty dostate¢né
neuvazovali (Benes 1999). Pokus se tak stava pouhou demonstraci nékterych jevl bez didaktického
prinosu (srov. Rusek et al., 2016; Trna, 2013). Snahou autord tohoto textu je mj. zdlraznit potiebu
ziskavani zpétné vazby k dané Cinnosti i dodrzovanim kritérii pro danou aktivitu (Rusek & Becker, 2011;

Vonasek & Rusek, 2013).

Navody predlozené uditeli se jevi jako dostatecné pro jeho schopnost zafazeni prvkll BOV a vsech
dil¢ich krokd badani do vyuky. V obou rocnicich se projevil znatelny rozdil v mnoZstvi zapojenych prvka
BOV, pricemz vétsina z nich se vydafila (pomérné nebo mimorddné). V osmém rocniku byla intervence
v podobé aktivizovani zakl prostfednictvim BOV Uspésna. Pocet popisli principl experiment( i pocet
spravnych popisli experimentu se zvysily. V devatém rocniku vysledky tento trend nevykazuji. Tyto
vysledky vSak mohou byt ovlivnény druhem vyuZitého experimentu, zejména jeho nizsi
transparentnosti (viz Trna, 2013). Ucitel do vyuky zapojoval experimenty, se kterymi mél osobni
zkusenost. Jejich didakticky pfinos je vSak vzhledem k vystuplm zaka diskutabilni. Ve sledovaném
pfipadé byl zvolen pokus ,blesky ve zkumavce” (viz vyse). PfestoZe jde o efektni pokus, popis chemizmu
reakce je neumérny poznani zakd v osmém rocniku. Vtom je moziné spatfovat jeden z vystupl
intervence. V daném ¢asovém rozmezi a v podminkach, kdy ma ucitel pfipravené experimenty jejichz
provedenim si je jisty a na jejichZz provedeni md dostatecné vybaveni i chemikalie, nelze provadét
Rogerse (2005) dojit aZ tehdy, dostanou-li ucitelé dlikaz o jeji funkénosti. V tomto pripadé je mozné
uvazovat o dalsi praci s konkrétnim ucitelem, ktery uz pravdépodobné k inovacim v tomto ohledu bude

pristupovat zcela oteviené (srov. Rogers, 2005; Rusek, Starkova, Chytry, & Bilek, 2017).

Dalsi impuls smérfuje i k pfipravé uciteld. Ucebnice chemie obsahuji fadu namétd na experimenty,
existuje i mnozstvi web( schranujicich podobné navody, ucitelé maji k dispozici dostacujici pomuckové
vybaveni (Benes et al., 2016). Mezi namétem na pokus a jeho efektivhim provedenim vsak stoji potreba

dokonale transformovat danou demonstraci v pokus.

Vzhledem k rozdilim vysledk tfid po aplikovani stejného pristupu ucitele k experimentlim vyplyva, Ze
samotné zapojeni prvkl BOV k lepsimu pochopeni experiment( Zaky nestaci a roli v jejich porozuméni
a schopnosti popisu hraje i volba pouZitého experimentu. Hodnoceni vhodnosti experimentu vsak

zUstava otazkou. Demonstrace by méla ukazat pouze prezentovany jev a potlacovat jevy doprovodné,
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které by mohly komplikovat porozuméni (Trna, 2013). Tim se dale otvirad dalsi problematika hodna

zkoumani v ramci konferenci PBE (viz Rusek & Vojit, 2018) i oblasti didaktiky pfirodnich véd obecné.
ZAVER

Akéni vyzkum se zabyval problematikou zapojeni pokust do vyuky chemie. V plvodnim pojeti vyuka
s vyuZitim demonstraci probihala s minimalni aktivizaci zakd. Akéni vyzkum byl zaméren na zapojeni
prvk( BOV ke zvyseni schopnosti Zakud interpretovat sledované jevy, a tim na zvyseni celkové efektivity
experimentu. Uciteli byly nabidnuty konkrétni kroky zvyseni efektivity experimentalni ¢innosti. Jejich
adopce se ukazala mozna. Vysledky naznacuji, Ze ndvrh zpracovani experimentu pro ucitele je funkéni
a ucitel je schopen prvky BOV Uspésné zapojovat do vyuky. Schopnost interpretace experimenti vSak
pouhé zaktivizovani Zakl a forma provedeni experimentu neovliviiuje. Dopad na tyto schopnosti mlize
mit také zvoleny experiment. Ten by mél splfovat urcité zdsady, predevSim transparentnost
a motivaéni potencidl. Vybér pokusl s vhodnymi parametry pro porozuméni zakl je namétem pro dalsi

vyzkum.
Podékovani

Tento prispévek byl podporfen projektem Zvyseni kvality vzdélavani zakd, rozvoje klicovych
kompetenci, oblasti vzdélavani a gramotnosti, reg. ¢. CZ.02.38/0.0/0.0/16_011/0000664 a projektem
PROGRES Q16 — Environmentalni vyzkum.

LITERATURA

Balogova, B. & Jeskova, Z. (2016). Analyza badatelskych aktivit. In D. Krupa & M. Kires (Eds.), Zbornik
konferencie Tvorivy ucitel fyziky VIIl. Ndrodny festival fyziky 2015 (14-21). Kosice: Slovenska fyzikalna
spoloénost.

Banchi, H., & Bell, R. (2008). The many levels of inquiry. Science and children, 46(2), 26.

Benes, P. (1999). Redlné modelové experimenty ve vyuce chemie. Praha: Univerzita Karlova,
Pedagogicka fakulta

Benes, P., Rusek, M., & Kudrna, T. (2015). Tradice a soucasny stav pomuckového zabezpeceni
edukaéniho chemického experimentu v Ceské republice. Chemické listy, 109(2), 159-162.

Gormally, C., Brickman, P., Hallar, B., & Armstrong, N. (2009). Effects of inquiry-based learning on
students' science literacy skills and confidence. International journal for the scholarship of teaching
and learning, 3(2).

Ctrnactova, H., & Zajicek, J. (2010). Soucasné skolstvi a vyuka chemie v Ceské republice. Chemické
listy, 104(8) 811-818.

206



Dostal, J. (2015). Badatelsky orientovand vyuka: pojeti, podstata, vyznam a prinosy. Olomouc:
Univerzita Palackého v Olomouci.

Fradd, S. H., Lee, O., Sutman, F. X., & Saxton, M. K. (2001). Promoting science literacy with English
language learners through instructional materials development: A case study. Bilingual Research
Journal, 25(4), 479-501.

Gabriel, S., & Rusek, M. (2014). Moderni aktivizacni metody ve vyuce pfirodovédnych predmétd. In
M. Rusek & D. Starkova (Eds.), Projektové vyucovani v pfirodovédnych predmétech, 2013 (pp. 34-39).
Praha: Univerzita Karlova v Praze, Pedagogicka fakulta. W0OS:000350024400005.

Held, L., a kol. (2011). Vyskumne ladend koncepcia prirodovedného vzdeldvania (IBSE v slovenskom
kontexte). Trnava: Typi Universitatis Tyrnaviensis.

Janstova, V., & Rusek, M. (2015). Ways of Student Motivation towards Interest in Science. In M.
Rusek, D. Starkova, & |. Metelkova (Eds.), Project-based Education in Science Education XlI. (pp. 28-
33). Praha: Charles University in Prague, Faculty of Education. W0S:000357160200003.

Jarvis, T., & Pell, A. (2005). Factors influencing elementary school children's attitudes toward science
before, during, and after a visit to the UK National Space Centre. Journal of Research in Science
Teaching, 42(1), 53-83.

Jedkova, Z., Lukds, S., Snajder, L., Gunis, J., Balogova, B., & Kire$, M. (2016). Hodnotenie badatelskych
zruénosti ziakov gymnazia. Scientia in educatione, 7(2), 48-70.

Johnstone, A. H. (2010). You Can’t Get There from Here. Journal of Chemical Education, 87(1), 22-29.
doi:10.1021/ed800026d

Kuhne, G. W., & Quigley, B. A. (1997). Understanding and using action research in practice
settings. New directions for adult and continuing education, 73, 23-40.

Minner, D. D., Levy, A. J., & Century, J. (2010). Inquiry-based science instruction—what is it and does
it matter? Results from a research synthesis years 1984 to 2002. Journal of Research in Science
Teaching., 47(4), 474-496.

Rogers, E. M. (2003). Diffusion of Innovations (5th edition). New York: Simon and Schuster.
Rusek, M. (2013). Vliv vyuky na postoje 74k SOS k chemii. Scientia in educatione, 4(1).

Rusek, M., & Becker, N. (2011). "Projectivity" of Projects and Ways of its Achievement. In M. Rusek
(Ed.), Project-Based Education in Chemistry and Related Fields IX. (pp. 12-23). Prague: Charles
University in Prague, Faculty of Education. W0S:000343674000001.

Rusek, M., Slavik, J., & Najvar, P. (2010). Obsahova konstrukce a didaktické uplatnéni prirodovédného
edukacéniho experimentu ve vyuce na pfikladu chemie 1, 2. Kvalita, 31.

Rusek, M., Starkova, D., Chytry, V., & Bilek, M. (2017). Adoption of ICT Innovations by Secondary
School Teachers and Pre-service Teachers within Education. Journal of Baltic Science Education,
16(4), 510-523.

207



Rusek, M., & Vojit, K. (2018). Konference o projektovém vyucovani: Ohlédnuti za 15 roc¢niky. In M.
Rusek & K. Voijit (Eds.), Project-Based Education in Science Education: Empirical Texts XV. (pp. 35-43).
Praha: Charles University, Faculty of Education. W0S:000455249900004.

Skoda, J., & Doulik, P. (2009). Lesk a bida $kolniho chemického experimentu. Vyzkum, teorie a praxe v
didaktice chemie XIX., 1, 238-245.

Svandova, K. (2012). Faktory ovlivriujici postoje student gymndzii k vyucovacimu pfedmétu chemie
(Disertacni prace), Brno: Masarykova univerzita, Pedagogicka fakulta.

Tamir, P., & Lunetta, V. N. (1981). Inquiry-related tasks in high school science laboratory
handbooks. Science Education, 65(5), 477-484.

Taylor, J., & Bilbrey, J. (2012). Effectiveness of Inquiry Based and Teacher Directed Instruction in an
Alabama Elementary School. Journal of Instructional Pedagogies, 8.

Trna, J. (2013). Fyzika: Zahadnd setrvacnost téles v jednoduchych experimentech. T. Janik, J. Slavik, V.
Muzik, J. Trna, T. Janko, V. Lokaji¢kova, J. Lukavsky, E. Minafikova, Z. Salamounova, E. Sebestova, N.
Vondrova & P. Zlatnicek (Eds.).

Van den Berg, E. (2013). The PCK of Laboratory Teaching: Turning Manipulation of Equipment into
Manipulation of Ideas. Scientia in educatione, 4(2), 74-92.

Vonasek, M., & Rusek, M. (2013). A nauci se vlibec néco? In M. Rusek & V. Kéhlerova (Eds.),
Projektové vyucovdni v chemii a pfibuznych oborech X. (pp. 55-61). Praha: Univerzita Karlova v Praze,
Pedagogicka fakulta. W0OS:000339813900009.

Vojit, K., & Rusek, M. (2020). Vyvoj kurikula chemie pro zakladni vzdélavani v Ceské republice po roce
1989. Chemické listy, 114(5), 366-369.

Zhang, B., Krajcik, J. S., Sutherland, L. M., Wang, L., Wu, J., & Qian, Y. (2005). Opportunities

and challenges of China’s inquiry-based education reform in middle and high schools: Perspectives of
science teachers and teacher educators. International Journal of Science and Mathematics Education,
1(4), 477-503.

Zak, V. (2019). Kvalita fyzikdlIniho vzdéldvdni v rukou ucitele. Praha: Karolinum Press
Kontaktni adresy
PhDr. Martina Tothova?!, PhDr. Martin Rusek, PhD.?, Bc. Pavlina Matousova?, Mgr. Ondfej Solnicka?

IKatedra chemie a didaktiky chemie, Pedagogicka fakulta, Univerzita Karlova
M. Rettigové 4, 116 39 Praha 1

2Zakladni skola Mnisek pod Brdy
Komenského 420, 252 10 MniSek pod Brdy

e-mail: martina.tothova@pedf.cuni.cz, martin.rusek@pedf.cuni.cz

208



Komparace vysledk( badani na téma smési
Comparison of research results on the topic of mixture

Katefina Trckovd, Petr Bujok

Abstract

The article provides a comparison of the results of the research tasks focused on dividing of multi-
component mixtures, which were verified by 83 pupils from two different multi-year grammar schools
and a class of primary schools of science. The results of the solution of 25 two-member groups of pupils
who completed both research days were used for statistical comparison by the paired t-test. It was
found that pupils have the greatest difficulty in recording observation results, using accurate teaching
terminology and formulating the research problem. Based on the analysis and comparison of
completed worksheets, the possibilities of removing obstacles arising from the solution were

proposed.

Key words

Peer assessment; peer learning; problem solving; project based learning; reflective Inquiry
uvoDb

V badatelsky orientované vyuce (BOV) jsou Cinnosti Zakl zaméfeny na shromazdovani, zpracovani
a analyzovani udaja s cilem objevit pro né nové poznatky velmi podobnym zplsobem a podobnymi
prostiedky jako to provadéji skute¢ni védci (Cizkova & Ctrnactovd, 2016; Cincera, 2014; Held,
Zoldo%ova, Orolinova, Juricova, & Kotuldkova, 2011). Vzhledem k tomu, Ze Zaci nejsou na tuto formu
vyuky ve Skolach pfipravovani (Rusek & Gabriel, 2013), je potfeba vybrat vhodné experimenty, které
vychazeji z béZného Zivota, z oborovych znalosti a dovednosti, které jsou nezbytné k jejimu tfeseni
a lepsSimu porozuméni (Rusek, 2013; Janik & Stuchlikova, 2010). BEhem badani je nutné praci zaka
pozorné sledovat a v pfipadé neporozuméni zadani je navodnymi otdzkami pfimét k reSeni (Petty,
2013, s. 309) ainterpretaci jednotlivych fakt( tak, aby byli schopni aplikovat ziskané poznatky
a zkuSenosti z feseni podobného problému pfi feSeni problému nového (Honzikova & Sojkova, 2016,
s.63; LokSova & Loksa, 2003, s. 124). Mezi prekazky, které vznikaji pfi zavadéni BOV do vyuky
pfirodovédnych predmétll, patfi nejasnd metodologie hodnoceni badatelskych uloh (Radvanova,
Cizkova & Martinkova, 2018; Cizkova & Ctrnactova, 2016). P¥i praktickych &innostech jsou nejcastéji
Zaci hodnoceni souhrnnou zndmkou na zakladé kvality vypracovaného protokolu. Sumativni hodnoceni
neumoziiuje ohodnotit vykon Zdka v dil¢ich ¢innostech ani zachytit rozvoj badatelskych dovednosti

(Rokos, Liskova, Vachova, Cihlarova, Chadova & Strapkova, 2019), proto se za Ucelem poskytnuti
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zpétné vazby zakdm i ucitelm, podpory efektivniho uceni zakl, prace s chybou a motivace vyuziva
formativniho hodnoceni (Orosova, Ganajova, Szarka & Babincakovd, 2019; Rokos et al., 2019;

Ganajov4, Sotdkova & Sivakova, 2016).
METODOLOGIE

Obsah a vyzkumny zamér pfispévku navazuje na praci (Trckova & Kric¢falusi, 2018; 2019a; 2019b;
Bartoniova, Richtar & Trckova, 2019), jejimz cilem bylo prezentovat postupné kroky pfi sestavovani,
ovérovani a hodnoceni badatelskych uloh v rdmci projektu SGS. Na katedfe chemie Prirodovédecké
fakulty Ostravské univerzity probihaly pro tfi vybrané $koly (dvé viceletd gymnazia A, B a jednu ZS)
Badatelské dny (BD) v kvétnu (1. BD) a v zafi (2. BD), béhem nichZ dvouclenné skupiny 14-15letych zaka
resili problémové Ulohy zamérené na téma smési, analyzu latek a urcovani latek podle jejich vlastnosti.
Ve dvou BD se ovéfovani uloh zucastnilo celkem 83 Zakl. Za vyzkumné nastroje byly zvoleny
zdznamové archy dvouclennych skupin Zaka, dotazniky vyplnéné zaky a uciteli vybranych skol. Hlavnim
cilem tohoto vyzkumného setreni bylo vzajemné statisticky srovnat parovym Wilcoxonovym testem
vysledky reseni tloh ve dvou BD stejnou skupinou zak(. Na zakladé dotaznikového Setfeni a vysledki
hodnoceni zdéznamového archu vyplnéného dvouclennymi skupinami zak( byly pro tento pfispévek

vevs

vyZadujici manualni dovednost sestavovani aparatury a zahrnujici velké mnozZstvi postup.

V prvnim BD Zaci fesili ulohu ,,Chemickad katastrofa”, ve druhém BD ulohu ,, Popelcino chemické trapeni”
(Tab. 1). Zaznamovy arch (ZA) zahrnoval motivacni text k Uloze, na jehoZ zakladé Zaci sestavili vyzkumny

problém a navrhli jeho feseni, doplnili pomdcky a postup, zapsali a zdGvodnili vysledky feseni.

Tab. 1 Charakteristika testovanych badatelskych tloh
Nazev ulohy Problémova situace

Chemicka katastrofa V kddince byla nasimulovana katastrofa vybuchu ropného tankeru v mofi.
Do slané mofské vody unikla ropa (olej), inkoust sépie (modré
potravinarské barvivo) a na vodni hladiné plavaly fasy (majoranka). Ukolem
bylo vyresit problém a oddélit jednotlivé slozky ze smési.

Popeléino chemické Do Petriho misky byla sesypana smés slozena z Zeleznych pilin, soli, kokosu,
trapeni pisku acerveného barviva. Ukolem bylo vyFedit problém a oddélit
jednotlivé slozky ze smési.

Hodnoceni pracovnich listl

Veskeré vysledky hodnoceni ZA byly vyplnény do ,Hodnotici karty” dle pfedem stanovenych kritérii

hodnoceni uvedenych v Tab. 2.

Pokud dokazal dvouclenny tym na zakladé motivacniho textu poskytnutého v zaddni analyzovat
problémovou situaci a Ulohu fesit samostatné, pracoval v nejvyssi Urovni badani 4. Pokud byla tym(m
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poskytnuta ndpovéda s rozborem vyzkumného problému, byly pfidéleny body za Uroven 3. Pokud
nedokdzal tym prakticky resit ulohu v drovni 3, byl mu poskytnut postup prace a pfidéleny body
za feSeni v uUrovni 2. Pokud mél tym problémy se sepsanim vysledkl feSeni, dostal k dispozici
rozpracovany zavér k vyplnéni a pracoval v Urovni 1. Hodnoceni tymové spoluprace a ¢asu praktické
realizace Ulohy provadéli instruktofi z fad student( uditelstvi chemie v laboratofi. Hodnoceni
jednotlivych poloZek ZA probihalo na zakladé srovnani spravného feseni a skutecnosti zapsané v ZA.
Bylo-li feSeni bezchybné odpovidajici hodnoceni vyborny, byly pfidéleny body za Uplné feseni. Pokud

feSeni odpovidalo hodnoceni chvalitebny az dobry, byly pridéleny body za ¢astecné reseni.

Tab. 2 Kritéria hodnoceni zaznamovych archt

Badatelské Tymova Cas realizace tlohy | Pracovni list
Urovné spoluprace
Uroven | Body | Pfistup | Body | Cas t [min] Body | Hodnoceni Body Body
polozky za Uplné | za ¢astecné
feseni feseni
1 10 | Aktivni 5 t<30 5 Vyzkumny 10 5
problém a jeho
feseni
2 20 | Pramér 3 30<t<45 3 Pomucky 2 1
3 30 | Pasivni 0 45<t<60 0 Postup prace 3 2
4 40 Vysledky reseni 5 3

Charakteristika vyzkumného vzorku

Vyzkumny vzorek je charakterizovan na zakladé vysledkd dotaznikového Setifeni uditelll a Zzakd,
strukturovaného a cileného pozorovani zaku instruktory a Zaky vyplnénych ZA. Ovérovani se zucastnila
dvé viceletd gymnazia (A a B) a jedna ZS s rozifenou vyukou pFirodovédnych pfedmét(. Na viceletém
gymnaziu A probihala vyuka uéitelem bez odborné kvalifikace v chemii. Zaci byli teoreticky sezndmeni
s aplikaci délicich metod v praxi, ve vyuce nebyly provadény zadné demonstracni ani frontalni pokusy,
nebyla vyZadovana presna terminologie chemického skla, presna vysvétleni principd délicich metod.
Béhem BD Z7aci poprvé sestavovali aparatury, provadéli pokusy, zapisovali rozbor vyzkumného
problému, postup a vysledky pozorovani. Na viceletém gymndziu B probihala vyuka vyucujicim
s odbornou kvalifikaci, ale situace byla obdobna jako u vyzkumného vzorku A. Pouze u nékterych zakud
byla pozorovdna manualni zruénost a schopnost zapisovat vysledky pozorovani. Tyto rozdily mezi
skupinami A a B mohly byt ovlivnény navstévovanim chemického krouzku a feSenim problémovych
tloh chemickych olympiad. Zéci ZS s rozsitenou vyukou pfirodovédnych predmétd maji pravidelné

laboratorni prace, zabyvaji se feSenim problémovych uloh, samostatné zapisuji vysledky pozorovani.

211



Ucitelem je vyZadovana presna terminologie chemického skla a presné vysvétleni principu délicich

metod.
Zpracovani dat

Vysledky celkového bodového hodnoceni PL, badatelské Urovné, tymové spoluprace a ¢asu realizace
ulohy vyplyvajici z ,,Hodnoticich karet” ze dvou BD u stejné skupiny Zaka byly mezi sebou statisticky
srovnany parovym Wilcoxonovym testem (Wilcoxon, 1945). Tento test byl zvolen z toho dlvodu, Ze
u vSech pozorovanych velic¢in byla zamitnuta nulovd hypotéza Shapiro-Wilkova testu o normalité

pozorovanych dat (Shapiro & Wilk, 1965). Byla stanovena nulova hypotéza k testovani:
Ho: V hodnoceni badatelskych tymi ve dvou badatelskych dnech neni rozdil.

Pro velikost ucinku (effect size) pozorovanych neparametrickych dat ve dvou pozorovanich (dvou BD)
byly vypoctené hodnoty Rank-biserial Correlation (Glass, 1966). Dosazené hodnoty blizko +/-1 znaci

velky ucinek, tzn. vyznamny rozdil v feSeni podobnych uloh stejnou skupinou Zzaka ve dvou BD.
VYSLEDKY A DISKUSE

Konkrétni dosazené hodnoty vyznamnosti jsou uvedeny v Tab. 3. Z vysledk(l Wilcoxonova testu je
zfejmy statisticky vyznamny rozdil v celkovém bodovém hodnoceni dloh, zlepSeni badatelské urovné
zak(, manualni zruénosti (¢as badani se snizil) a znalosti spravné terminologie pomcek, Ho v téchto
pfipadech zamitame. U zbyvajicich polozek ,Hodnotici karty“ doslo ke zlepseni vysledk( testovani, ale

statisticky vyznamny rozdil nebyl prokazan a Hp nelze zamitnout.

Tab. 3 Vysledky parového Wilcoxonova neparametrického testu (Ho zamitame vyznaceno tucné)

Polozka z hodnotici karty Vysledky pdrového | Rank-Biserial Correlation
Wilcoxonova  testu
(p)
Badatelska uroven p =0,0255 1,0
Tymova spoluprace p=0,8957 0,2
Cas realizace p = 0,0001 1,00
Vyzkumny problém p=0,1807 0,5
Pomticky p =0,0126 0,7
Postup p =0,5949 -1,1e
Vysledky pozorovani p=0,3277 0,2
Celkové bodové hodnoceni tloh p=0,0013 0,7

212



Pozorovanim zakd béhem feseni badatelskych Uloh a analyzou hodnoceni zaznamovych arch( bylo
zjisténo, Ze nékteré dovednosti Ize u zakd formovat béhem BD. Polozky ZA zaméfené na pamétni
reprodukci poznatkl (Pomdicky) a vyjmenovani faktl (Postup) vyplyvajicich z praktické cinnosti,
doplnuji Zaci do ZA bez vétsich problémd. Bezchybné doplnéni polozek ZA Vyzkumny problém
a Vysledky pozorovdni vyzaduje kazdodenni systematickou praci ucitele a pravidelny nacvik téchto

dovednosti.
Vysledky hodnoceni poloZzky zaznamového archu ,,Pomucky”

Béhem hodnoceni ulohy ,Chemickd katastrofa“ v rdmci 1. BD bylo zjiSténo, Ze Zaci nepouzivaji pfi
popisu chemického skla odbornou védeckou terminologii. Nejc¢astéji zaci zaménuji treci misku
s tlouckem za ,hmozdif nebo drti¢”, ndlevku za ,trychtyr“, délici ndlevku za ,oddélovaci kadinku nebo
propoustéci nalevku“ a tycinku za ,michatko”. Tyto zakladni terminy védeckého jazyka je potreba
pravidelné opakovat pfi popisu aparatur demonstracnich ¢i frontalnich pokus(. Z grafu (Obr. 1) je
patrné, Ze v 1. BD ma problém se sepsanim pomucek 12 skupin Zaka (tj. 48 % z 25 dvouclennych skupin
zaka), ve 2. BD pouze 3 skupiny zaka (tj. 12 %). Nejvétsi zlepseni je patrné u gymnazia A.V 1. BD (v grafu
oznaceno Al) zapsala ¢aste¢né pomlcky pouze 1 skupina zakd, ve 2. BD (v grafu oznadeno A2) jiz

7 skupin zakd.

c 10 c 10
— 2 - 1
=3 2 2 1 o 1 3 2
% 5 18 7 % 5 18 6 6 3
2 7 5 6 7 v I 5 5
QO Q
S o M - - S, W M R -
Al A2 B1 B2 251 1%2 Al A2 B1 B2 2851 z%2
Skoly v BD Skoly v BD
W 2 body 1 bod 0 bodu mt<30 30<t<45 45<t<60
Obr. 1 Srovnani hodnoceni polozky ,,Pomiicky” Obr. 2 Srovnani hodnoceni polozky ,,Cas realizace”

Vysledky hodnoceni polozky zéznamového archu ,,Cas realizace Glohy”

Pozorovanim zak( pfi reseni uloh a ze zaznamenaného casu realizace Ulohy ve 2. BD usuzujeme, Ze
drivéjsi zkuSenosti ziskané pfi feSeni problémové situace s podobnym algoritmem feSeni pfispivaji
k zlepSeni jejich manualni zruénosti, poskytuji jim moZnosti zaZit Uspéch, védomi schopnosti,
dovednosti a obratnosti, pocit radosti ze samostatného objevovani. Z grafu (Obr. 2) je patrny nejvétsi
rozdil v ¢ase realizace ulohy nad 45 minut, v 1. BD fesi takto Ulohu 17 skupin zak{ (tj. 68 %), zatimco

ve 2. BD pouze 4 skupiny zaku (tj. 16 %). Z grafu (Obr. 2) je patrné, Ze manudlni dovednosti Ize ziskat
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d

diky pravidelnému nacviku praktickych Cinnosti. Ve 2. BD tesi ulohu , Popelcino chemické trdpeni*
7 dvouclennych skupin 7Zakd (tj. 28 %) do 30 minut. Z grafu je zfejmé, Ze nejvice manudlnimi
dovednostmi vladnou 7&ci ZS, ktefi maji rozvrhovany pravidelné laboratorni prace a prakticky
zamérené predmeéty. U gymnazia A pozorujeme narUst badatelskych dovednosti a zarover manualnich

zruénosti jiz po 1. BD, na kterém Zaci poprvé laborovali.
Vysledky hodnoceni polozky zaznamového archu ,,Vyzkumny problém*

Pozorovanim zakl pri badani a analyzou vysledkl vyplnénych ZA bylo zjisténo, Ze vétSina zakd neumi
provést rozbor problémové situace bez jejiho praktického feSeni. Problémy fesi intuitivné mnohdy
metodou ,pokus-omyl“. P¥i jejich feSeni prevazuje induktivni metoda. Ukolem 7akd bylo stanovit
vyzkumny problém a napldnovat jeho feseni do tzv. myslenkové mapy. Srovnanim vysledk(l feseni
polozky stanoveni vyzkumného problému bylo zjisténo, Ze Zaci neumi presné formulovat
a zjednodusené zapsat své myslenky. Pfi statistickém srovnani skupin ve dvou BD nebyl pozorovéan
statisticky vyznamny rozdil. Z grafu na obr. 3 mdZeme vy¢ist, e u gymnazia A a ZS doslo ve 2. BD
(v grafu A2 a Z52) ke zlep3eni. V 1. BD zapsalo UGplné nebo ¢asteéné vyzkumny problém 32 % 74k,
ve 2. BD 60 % zakd. Domnivame se, Ze k ziskani této dovednosti mohou prispét metody prace s textem,

pomoci nichz se zak uci textu porozumét, orientovat se v ném, aktivné s nim pracovat, hledat klicova

slova a ziskat potfebné informace, které pak nasledné zapiSe do myslenkové mapy.

10 10
£ £
S 5 3 2 S 5 3
% 5 18 5 ¢ % 5 ¢ 7 ¢
M EEER : i B0 QK
g o m A = e, = B L B
Al A2 B1 B2 281 z%2 Al A2 B1 B2 z81 z%2
Skoly v BD Skoly v BD
W 10 bodu 5 bodl 0 bodt 5 bodd 3 body 0 bod

Obr. 3 Srovnani hodnoceni polozky ,Vyzkumny | Obr. 4 Srovnani hodnoceni polozky , Vysledky
problém” pozorovdni”

Vysledky hodnoceni polozky zaznamového archu ,Vysledky pozorovani“

Pfi srovnavani zapisu vysledkl pozorovani jednotlivymi skupinami Zak( do ZA bylo v pilotazi zjisténo,
Ze Zaci neumi spravné pozorovat a tyto ziskané vysledky interpretovat. Vétsina skupin zakda pouze
zapsala vysledek reseni problému (napt. vysledkem pokusu byla Cista voda, povedlo se, nepovedlo se)

a postoje k praci (napf. diky nasi zru¢nosti jsme problém rychle vyresili). Velmi ¢asto Zaci shrnuli
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do vysledk(i pouze postup. Nejvétsim problémem pro zaky bylo zapsat zdlivodnéni pouZitych metod
potfebnych k rozdéleni slozek smési. Hlavni pfi¢inu spatfujeme v nedostatecném propojeni ziskanych
teoretickych poznatk( s konkrétnimi pfiklady z kazdodenniho béZného Zivota. Urover znalosti 74k
hodnotime jako povrchni, ve Skole byvaji pasivni, demotivovani, uci se jen definice, kterym nerozumi
a brzy je zapomenou. K podobnym zji$ténim dogly i mezinarodni vyzkumy TIMSS a PISA: , Vyuka v Ceské
republice je zamérena na nauceni fakt(, ve které jsou praktické cinnosti zafazovdny nejméné casto.”
(Mokrejsova, 2009, s. 18-20). Zavedenim problémové metody mliZzeme pfispét ke zvySeni aktivity zakd,
motivace, ucinnosti uéeni a trvalosti dosahovanych vysledkld vzdélavani (Petty, 2013, s. 314;

Jankovcova, Koudela & Prlcha, 1989, s. 16; Okon, 1966, s. 65).

Z grafu na obr. 4 vyplyva, Ze doslo k nepatrnému zlepseni v zapisu vysledk( pozorovani ve 2. BD.
V 1. BD zapsalo Uplné nebo ¢astecné vysledky pozorovani 8 skupin Zaka (32 %) a ve 2. BD 12 skupin
24kl (48 %). Domnivame se, Ze k odstranéni pficin tohoto problému miZze vést usmérnovani pozornosti
7akl ucitelem béhem demonstracnich pokus(, priprava navodnych otazek k provadénym pokusiim,

rozpracovaného textu nebo nonverbalné zadanych tabulek na doplnéni vysledkd pozorovani.
ZAVER

Statisticky vyznamny rozdil byl prokazan u téchto polozZek ,,Hodnotici karty“: badatelska Uroven zaka,
Cas realizace, pomtucky a celkové bodové hodnoceni uloh. Nejvétsi problémy pfi vypliiovani ZA byly
zjiStény u polozek: vysledky pozorovani a stanoveni vyzkumného problému. Toto zjisténi o dosazené
nejnizsi uspésnosti zakd v Ulohach zamérenych na aplikaci ziskanych poznatkd a logické zdGvodnéni
vysledk( potvrzuji i vyzkumy (Brusenbauch Meislova et al., 2018, s. 55; Balogova & Jeskova, 2016; Bilek
& Machkova, 2015). Do vyuky je na skolach sporadicky zarazovana diskuse o zkoumani, argumentace
o prirodovédnych otazkach a vytvareni zavér( na zakladé provedenych pokust. Domnivame se, Ze
na odstranéni téchto problém{ se musi podilet vSichni vyucujici svym cilevédomym a systematickym
plUsobenim na Zaky pomoci vhodné zvolenych vyukovych metod a motivacnich aktivit. Ucitelé by se
méli zaméfit na vytvareni komunikativniho prostiedi bohatého na obsah, které povede zaky k badani
a tvofivosti (Bilek & Machkova, 2015). Zaci by méli sami navrhovat Glohy z béZného Zivota, generovat
a ovérovat hypotézy (Janik & Stuchlikova, 2010; Ganajova et al., 2016). Ke zlepseni vysledkd badani
mUzZe prispét i zména hodnoceni zakd. Je dokazano, Ze zpétna vazba poskytovana prostfednictvim

formativniho hodnoceni vede k vnitini motivaci Zaka a zlepseni vysledkid uceni (Orosova et al., 2019).

Dalsimi kroky autor( bude Uprava zadani zaznamovych arch(i pro 1. BD v poloZce vyzkumny problém.
V zaddni bude rozpracovana myslenkovda mapa, ktera poslouzi jako pomocnik v planovani

experimentu, systematizaci poznatkd a hledani vysvétleni pozorovanych jeva.
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Efekt vyuky s badatelskymi prvky na pochopeni ekologického
vyznamu evapotranspirace
The effect of inquiry based education on understanding of
environmental importance of evapotranspiration

Zbynék Vdcha, Jan Pokorny, Renata Ryplovad

Abstract

Vegetation plays an absolutely fundamental role in the current climate change. With the
evapotranspiration process the surrounding environment cools down. The contribution brings results
of a survey monitoring the impact of the inquiry-based education on the level of ninth grade pupils’
awareness in the field of the environmental importance of water dispensing by plants. Data, which
finds out the level of pupils’ cognitive knowledge, was obtained based on the experiment method with
the use of the pre-test — posttest system. The results indicate the increase of pupils’ knowledge about

importance of the evapotranspiration in the landscape.

Key words

Inquiry-based education; vegetation; evapotranspiration; experiment
uvob

Vzrlstajici nedostatek vody v krajiné je aktualné Casto probiranym tématem mezi pfislusniky odborné,
ale i laické verejnosti. Nejednd se o problém suzujici pouze Ceskou republiku, ale mGZeme ho
povazovat za globdlni. Sucho je moZné definovat jako deficit srazek v uréitém prostoru a case
(Roznovsky, 2014). Vyraznou roli v procesu navraceni vody do krajiny hraje vegetace prostrednictvim
procesu evapotranspirace (odparovani vody z rostlin a z pady) (Pokorny, 2019; Sheil, 2018; Ellison

et al., 2017; Kravcik, Pokorny, Kohutiar & Kovac, 2007).

Role vegetace v krajiné je z hlediska distribuce vody v prostfedi rozsahld a zasadni. Casto je viak
vyrazné podceniovana a do jisté miry ignorovana. Rostlinny porost dobfe zdsobeny vodou ma zdsadni
vliv na vyuZiti solarni energie a kolobéh vody v krajiné (Ellison et al., 2017; Kravcik et al., 2007).
Prostfednictvim procesu evapotranspirace se vegetace aktivné podili na ochlazovani okolniho
prostiedi. Vliv vegetace na zmirnéni dopadl klimatickych zmén je z tohoto hlediska nezpochybnitelny

a ma klicovy vyznam na uchovani vody v krajiné (Sheil, 2018; Ellison et al., 2017).
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ULOHA VEGETACE V KRAJINE

Vegetace dobre zdsobena vodou prokazatelné ochlazuje sebe a své okoli vyparem vody (procesem
evapotranspirace), a ma tak zasadni vyznam na utvareni klimatu (¢lovék ve velké mife odstranuje
vegetaci, odvodnuje krajinu a méni tim distribuci sluneéniho zareni, coZz ovliviiuje vzristajici
povrchovou teplotu a vysouseni krajiny) (Pokorny et al., 2010). Evapotranspirace zajistuje pfeménu
vétsSiny dopadajici slunecni energie na skupenské teplo vody, a dochazi tak k ochlazovani vegetacniho
okoli. Slunecni energie je navazana do vodni pary vydejem vody pres listy rostlin a vyparem vody z pldy
(Ripl, 2003). Slunecni energie vazana ve vodni pare (latentni teplo vyparu) se uvolfuje zpét na
chladnych mistech, kdyz se vodni para srazi (kondenzuje) na vodu v kapalném skupenstvi (Ellison et al.,
2017). Jedna se o nejdulezitéjsi proces vyrovnavani teplot na planeté Zemi. Proces evapotranspirace
se tak podili na sniZzovani teplotnich gradienti (Schneider & Sagan, 2005) a stoji na zacatku

tzv. kratkého cyklu vody, na jehoZ zakladé se voda vraci do krajiny ve formé srazek (Pokorny, 2019).

Neodborné a necitlivé zadsahy do krajiny, vedouci ke wvzniku velkych Uzemi bez vegetace
a k odvodniovani prostredi, tak maji prokazatelné zcela zdsadni vliv na oteplovani mistniho klimatu
a rozSifovani sucha (Huryna & Pokorny, 2016). Pro popularizaci a pochopeni daného tématu je nutné,
aby se nastinéna problematika systematicky a planovité objevovala jiz v prostfedi zakladnich Skol

(Ryplova & Pokorny, 2019).

TRANSPIRACE (EVAPOTRANSPIRACE) V RAMCOVEM VZDELAVACIM PROGRAMU PRO
ZAKLADNI VZDELAVANI

Samotny termin transpirace se v Ramcovém vzdélavacim programu pro zakladni vzdélavani
nevyskytuje (RVP ZV). Tematicky Ize dany termin zahrnout do fyziologie rostlin. Z hlediska funkénosti
rostlinného téla se RVP ZV vénuje predevsim fotosyntéze, dychani a rozmnoZovani rostlin (RVP 2V,
2017). S principem transpirace se v prostiedi zakladnich $kol (ZS5) mdzeme setkat jen velice okrajové
v ramci anatomie jednotlivych ¢asti rostlinného téla prostfednictvim tvrzeni, Ze z listu je odpafovana
voda ve formé vodni pary. Dalsi vliv odparené vody a viibec vegetace na okolni prostiedi jiz popisovan
neni (Vyjimku tvofi pouze ucebnice pro 9. roénik od nakladatelstvi Scientia, ve které je zminka
o pozitivnim vlivu vegetace na ochlazovani mistniho klimatu) (Cekal, 2012). Svoji vyznamnosti se jedna
o jedno z aktualnich témat, které by mélo byt soucasti nové vznikajicich ucebnic, aby si mlada generace
osvojila potfebné znalosti a mohla se tak aktivné podilet na zachovani dostate¢ného mnoZstvi vody
v krajiné.

Z nejnovéjsich vyzkumu vyplyva, Ze soucasna mladeZz ma velice malé povédomi o principu transpirace

a Uloze rostlin a vody v utvareni klimatu (Ryplova & Pokorny, 2019; 2018). Botanicka témata jsou
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obecné zaky brana jako nepfilis zabavna, nepochopena pro prakticky Zivot a dost casto slozitd i
vytrzena z kontextu (Balas & Momsen, 2014; da Silva, Guimaraes & Sano, 2016). Jednim z cil( vyuky
v ramci prispévku bylo, pokusit se o atraktivnéjsi vyucovani botanické tematiky a zaroven o propojeni

nové ziskanych védomosti s béZznym Zivotem.

METODIKA

Sbér dat

Na vyzkumu spolupracovali Zaci z devatych tfid zakladnich skol. FindIni vyzkumny vzorek byl tvoren

75 zaky — 45 divkami a 30 chlapci.

Data, zjistujici Uroven dosaZzenych kognitivnich cili, byla ziskdvana na zakladé experimentu.
Pred vyukou na dané téma byl 7aklm zadan test vstupnich znalosti (pretest) v tematické oblasti
ekologicky vyznam transpirace, ktery se skladal ze 7 otazek, a Zaci v ném mohli ziskat maximalné
10 bod(. Test obsahoval uzaviené dichotomické ulohy (napf. Rostliny maji/nemaji schopnost
termoregulace, Ranni rosa ochlazuje/ohfivad télesa na nichz se srazi), uzaviené ulohy s vybérem
odpovédi (napf. Hlavnim dlvodem proto, Ze za horkého letniho dne je v parku se vzrostlymi stromy
chladnéji nez na vydlazdéném namésti, je: a) stromy ¢ast slunecni energie spotrebuji pro fotosyntézu,
b) stromy maji hodné listi, celkovy povrch listd je mnohem vétsi nez povrch dlazdéného namésti,
a proto se z povrchu listové plochy odrazi vétsi mnozstvi slunecniho zareni. Méné slunecni energie se
tak pfeméni na zjevné teplo, c) stromy odpaftuiji z list( vodu a na vypar vody spotrebuji hodné slunecni
energie, kterd se tak nemlZe pfeménit na zjevné teplo) a Ulohy oteviené se stru¢nou odpovédi
(napf. Uvedte, pro jaké procesy probihajici v rostlinném téle rostlina slunecni energii vyuziva (uvedte

vSechny mozZnosti, o kterych se domnivate, Ze v rdmci rostlinného téla vyuzivaji slune¢ni energii).

Nasledné bylo téma transpirace (evapotranspirace) a jeho ekologicky vyznam vyucovano v ramci
tfi standardnich hodin, kdy prvni hodina byla zamérena na teoretické pochopeni uciva, druhd hodina
slouzila jako Uvod do vyuky s badatelskymi prvky a v zavérecné hodiné byly vyhodnoceny vysledky
méreni, probéhla diskuze a byly stanoveny zavéry. V obdobi mezi druhou a tfeti hodinou probihalo
méreni, pri kterém museli Zaci kazdy den v pribéhu jednoho tydne (péti kalendarnich dnl) odedist
a,zapsat potfebné hodnoty (viz kapitola pribéh vyuky). Samostatna prace zabrala jednotlivym

skupinam kazdy den okolo 20 minut.

Tyden po ukonceni vyuky na dané téma doslo u zak( k ovéreni vystupnich znalosti prostrednictvim
posttestu (obsahoval sedm stejnych otazek jako pretest) a na zakladé jeho vysledk( byl stanoven vliv

vyuky na utvareni kognitivnich cild.
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Pro ovéreni dosazeni afektivniho cile, ktery zjistoval zajem Zak( o dané téma, byl vyuZit pétistupriovy
dotaznik Likertova typu uzplsobeny véku a moZnostem Zak(, kdy jednicka znamenala, Ze s danym
tvrzenim urcité souhlasim a pétka naopak, Ze svyrokem urcité nesouhlasim (analogie zndamek
ve Skole). Dotaznik obsahoval dvé polozky: 1) Dnesni vyuka mé bavila a 2) Podobny typ vyuky bych

do vyucovani zaradil ¢astéji. Obé polozky byly soucédsti zdvérecného posttestu.
Pribéh vyuky

Kapacitni moznosti ¢lanku neumoZiuji popsat detailni priibéh vyuky, proto zde budou uvedeny pouze
jeji zakladni rysy. Kompletni tloha pak bude soucasti vystup( projektu TACR TL 01000294 - Sluneéni
energie, voda v krajiné, vegetace: nova metodika vzdélavani pracovnikl méstskych aradl a inovace

Skolni vyuky k tématu efektu hospodarskych zasah(l na regionalni klima.

Uvodni hodina byla vénovana teoretickému zékladu se zaméFenim na transpiraci (evapotranspiraci)
tak, aby Zaci méli v prlibéhu feSeni Ulohy potfebné znalostni zazemi. Nasledujici hodina obsahovala
badatelské prvky a jiz byla organizovana tak, aby byli Zaci aktivhim elementem vyuky. V Uvodu
vyucovani byli Zaci rozdéleni do skupin po 5. Kazda skupina dostala termovizni snimek s udaji
o rozdilnych teplotach jednotlivych povrch( (napf. vodni hladina, stromy, asfaltova cesta, nizko se¢eny

travnik ...). Zaci méli na zakladé jiz ziskanych védomosti vydedukovat, pro¢ tomu tak je.

Nasledné byli Zaci postaveni pred problém, kdy se chystd na okraji jejich mésta, kde se vyskytuje
i rybnik, vystavba nové méstské Ctvrti a rfesi se jeji osazeni vegetaci. Developer navrhuje, aby byl rybnik
odstranén, okolni prostranstvi osazeno nizko udrzbovou zeleni (sukulentni rostliny, sekany travnik)
a domy opatreny klimatizacnimi jednotkami o urcitém vykonu. Kazda skupina méla za ukol navrhnout
konkurencni navrh, ktery za pomoci vegetace snizi zjevné teplo. Navrh mél byt podporen argumenty

ziskanymi na zakladé zaky navrzeného experimentu ve tfidé.

Experiment primarné navrhli sami Zaci, ale ucitel jim byl dlleZitym pomocnikem a usmérfioval jejich
¢innost. Zaci méli k dispozici celkem 4 typy rostlin (kaZzda skupina jeden typ) ve vice pokusnych
variantach (vrba — jako typicky reprezentant mokradni vegetace, weigelie — méstska vegetace, buk —
listnaty les a netfesk —sukulentni rostlina s CAM metabolismem). Konecny plan experimentu pak vzesel
z diskutovanych ndavrh(. Jeho podstatou byl tydenni pokus, béhem néhoZ Zaci kazdy den vazili
kvétinacée s rostlinami a zjistovali tak Ubytek hmotnosti, respektive mnozstvi odparené vody v rdmci
evapotranspirace. Z mnozstvi odparené vody a ze znalosti skupenského vyparného tepla vody pak
vypocitali, jakym vykonem dana rostlina ochladila své okoli. V pribéhu experimentu Zaci také méfili
intenzitu slunecniho zareni a ovérovali si tak vliv intenzity slunecniho zafeni na intenzitu transpirace.

Rostliny byly umistény na Skolni chodbé u oken orientovanych na jih, denni teplota vzduchu

221



na stanovisti se pohybovala v rozmezi 19,5 — 20,6°C. Pied zapocetim experimentu si kazda skupina
zvolila domnénku, ktera z rostlin bude odparovat vodu nejvice a ochlazovat tak nejefektivnéji své okoli.
Na zakladé vysledkl méreni a koordinované diskuze mezi skupinami (byla soucasti tfeti vyukové hodiny
na dané téma) dospéli Zaci k zavéru, Ze uvedené rostliny ochlazovaly nejvice své okoli v poradi: 1) vrba,
2) buk, 3) weigelie a 4) netfesk. Zavérem méli zakreslit do pripravenych obrazk( rezidentni ¢tvrti svUj
navrh pro vysadbu vegetace. Vyuka byla zakoncena diskuzi na téma, jak se zméni mistni klima kdyz:
1) vykacime les, 2) méstsky park nahradime nakupnim centrem s betonovym parkovistém, 3) vysusime

mokrad a zaCheme péstovat fepku.
VYSLEDKY

Hlavnim cilem vyzkumného Setfeni bylo ovéfit efekt vyuky s badatelskymi prvky na pochopeni
ekologického vyznamu evapotranspirace. Dalsim cilem bylo zjistit Groven afektivnich cil(, tedy zajem

zakl o dané téma po absolvovani méné tradi¢ni aktivizacni vyuky s botanickou tematikou.

Z obr. 1 je patrné, Ze se znalostni Uroven zaka v tematice ekologicky vyznam transpirace po absolvovani
vyuky s badatelskymi prvky zlepsila. Vysledky tak poukazuji na skutecnost, ze diky praktickému méreni
a interpretaci vysledk( na zakladé fyzikdlnich principl si Zaci uvédomili vyznam evapotranspirace

v mistnim klimatu.
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Obr. 1 Priimérny bodovy zisk Zaku v testu vstupnich (pretest) a vystupnich (posttest) znalosti.
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Primérny bodovy zisk Zakl v ramci pretestu, tedy testu znalosti pred vyukou, Cinil pouhych 3, 3 bodu.
Primérnd hodnota bodového zisku z posttestu (tedy testu absolvovaného tyden po vyucovani)
dosahovala 7, 4 bodu. Bodovy narlist mezi primérné dosazenym poctem bodu v pretestu a v posttestu
tak byl 4, 1 bodu. Bodovy zisk v testu vystupnich znalosti byl statisticky vyznamné vyssi nez v testu pred
zapocetim vyuky. Statisticka vyznamnost byla potvrzena na zakladé parového t — testu (t = -21,38;
df =77; p < 10-17). Stejny vysledek vykazuje i uZiti neparametrického parového Wilcoxonova testu

(z=7,67; p<10-13).

Dosazeni afektivnich cild bylo diagnostikovano na zakladé vyhodnoceni polozek Likertova typu. Prvni
otazka zjistovala Zaklv subjektivni nazor na skutec¢nost, zdali ho absolvovana vyuka s botanickou
tematikou bavila. Z obr. 2 vyplyvd, Ze zakim pfipadala vyuka ve vétsiné pripadd zabavna. Celkem

48 74kl odpovédélo, Ze je vyuka urcité bavila ¢i spiSe bavila.
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Obr. 2. Subjektivné hodnocena mira zabavnosti vyuky ziskana jako odpovéd’ na polozku ,Vyuka mé bavila
(1 = urcité ano, 5 = urcité ne).

Druha otéazka, obsahové zaméfena na dosahovani hodnotovych cill u ZakQ, zjistovala Zakav subjektivni
nazor na skutecnost, zdali by podobny typ vyuky, propojujici badatelské prvky a botanickou tematiku,
zaradil do vyuky Castéji (opakované). Z obr. 3 je patrné, Ze celkem 47 zaka by si rado vyuku podobného
typu urcité Ci spiSe zopakovalo, 21 zak( si neni jisto a 7 zakl by dany typ vyuky jiz spiSe Ci urcité

absolvovat nechtélo.
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Obr. 3. Subjektivné hodnoceny nazor na opétovné zarazeni podobného typu vyuky do vyucovani ziskany jako
odpovéd na polozku ,Podobny typ vyuky bych do vyucovani zaradil ¢astéji“ (1= urcité ano, 5= urcité ne).

ZAVER

Z vysledk@ vyplyva, Ze zvoleny typ vyuky mél u 7aka 9. tfid ZS statisticky vyznamné prokazatelny efekt
na rozvoj znalosti o ekologickém vyznamu transpirace. Bodovy narlst mezi primérné dosazenym
poctem bod( v pretestu a v posttestu cinil 4, 1 bodu. PoloZzky Likertova typu, ovérujici dosazeni

afektivnich (hodnotovych) cilli, poukazuji na skute¢nost, Ze i vyuka zamérena na botanickou tematiku

se necha pro zaky pfripravit tak, aby byla zabavna. Podobny typ vyuky je samoziejmé casové

vevs

obrovského objemu ucdiva, které musi ucitel v pribéhu roku zvladnout, se neda vyuZivat neustale.
Kazdy motivovany ucitel by si vSak mél alespor obcasné, najit ¢as na podobny typ vyuky, ktery pfispéje

k zadkovské oblibé vzdélavaciho procesu.
Podékovani

Pfispévek byl zpracovan s podporou projektu TACR TL 01000294 a GAJU 123/2019/S
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Deskova hra zamérena na modelové organismy: proces tvorby
a ovéreni
Board game about model organisms: process of creation and
pilot testing

Karel Vojif, Linda Némec&kovd, Dagmar Rihovd
Abstract

Identification and knowledge of representatives of fauna and flora are integral part of primary science
education. A board game was created for this purpose. The crucial problem in the science education is
the selection of basic subject matter, including typical organisms. The goal of this contribution is to
present the methodology of model organisms’ selection with regard to the Czech nature variability
expression. The created education board game was piloted in the 4 and 5% grade at elementary
school classes. The modified Intrinsic Motivation Inventory (IMI) tool was used to gain feedback. The
results of the pilot inventory show that pupils assume this game as interesting and usefulness to

learning process focused on organisms.
Key words

Science education; primary school; model organisms’ selection
uvoD

Nedilnou soucasti vyuky o Zivé pfirodé je i ziskavani znalosti o vybranych druzich organismu. Uvadéni
prikladl jejich vyskytu ve zndmych lokalitdch a jejich ttridéni dle urcujicich znakl je soucasti
ocCekavanych vystupl jiz pro 1. stupen zakladni skoly (RVP ZV, 2017). V ucebnicich, jakoZto
nejkonkrétnéjsim vyjadienim zamysleného kurikula (Manak & Klapko, 2006), je vétsinové predkladan
systematicky vyklad o Zivych organismech vychdazejici z jejich systematického zatazeni. Tento pfistup
spolecné s tradici vnimani nékterych organism( jako modelovych se projevuje v prezentaci skupiny
organismU, mezi kterymi prevazuji konzumenti. Tento obraz variability pfirody je ale deformovany
a nezachycuje realnou biodiverzitu, ve které naopak prevazuji producenti a dekompozitofi. Zaroven
v tomto pojeti je obtiZzné vnimat komplexnost Zivé pfirody a vazby mezi jednotlivymi druhy. Ve vyuce
tak chybi propojovéni a vytvafeni vazeb spojujicich $kolu s redlnym Zivotem (viz nap¥. Cizkova, 2013).
Na diisledky nedostate¢ného propojovéni a diirazu na vazby v pfirodé upozorfiuje napiiklad Cincera
(2012). Na otazku: Jak funguje les, Zaci odpovidali pouhym vycétem prvkd (organism() bez zminky

o probihajicich procesech ¢i uvadéni vztahli mezi organismy tohoto ekosystému.
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S ohledem na zdUlraznéni variability Zivé ptirody a jeji propojenosti byla vytvofend deskova hra —
Co 0 mné vis? Hra cili na rozvoj védomosti a dovednosti spojenych s poznavanim organismu typickych
pro Ceskou republiku véetné jejich zakladni charakteristiky a interorganismalnich vazeb. Zarover se
zaméruje i na rozvoj kompetence k reseni problém(, zejména planovani postupu feseni, a socialnich
a komunikativnich kompetenci v ramci hry ve skupiné. Deskovd hra jakozto didakticky prostfedek

zaroven nabizi ve vyuce i znaény potencidl k motivaci a aktivizaci zak (Marnak & Svec, 2003).
DESKOVA HRA

Hra je koncipovdna pro zaky druhého vzdéldvaciho obdobi prvniho stupné zakladni skoly, pficemz
mUzZe byt vyuZita jak v rdmci motivacnich ¢asti vyuky, seznamovani zakd s vybranymi organismy, tak
i k opakovani zavriujici tematicky celek Rozmanitost pFirody vzdélavaci oblasti Clovék a jeho svét.
V rdmci opakovani a vyuky ekologickych vazeb je ale vyuZitelna i pro vyuku vzdéldvaciho oboru

PFirodopis vzdélavaci oblasti Clovék a pfiroda.

S ohledem na vzdélavaci cile sestava pribéh hry ze dvou Casové souslednych c¢asti. Prvni cCast se
zaméfuje predevsim na rozvoj védomosti o organismech v Ceské republice a dovednost posoudit
zakladni charakteristiky druhu v kontextu dosavadnich znalosti. Druha ¢ést hry je vénovana predevsim
kognitivnimu propojovani jednotlivych organism( mezi sebou s vyuzitim dosavadnich i ve hie nabytych

védomosti pfi hledani ekologickych vazeb mezi vybranymi organismy.

Popis hry a herniho mechanismu

Y

V rdmci hry se hraci stavaji objeviteli, ktefi zkoumaji organismy Zijici v Ceské republice. Na za¢atku
herniho kola v ramci skupiny (2 aZ 6 hracl) kazdy z hraca obdrzi kartu zobrazujici urcity organismus.
Na zakladé vyobrazeni organismu kazdy hra¢ samostatné pomoci oznacovacich Zetonl urcuje jeho
charakteristiku v danych kategoriich (prostredi, ve kterém Zije; velikost; potravni preference a zafazeni
do systematické skupiny organismu) na herni desce hrace. Nasledné je spravnost uréeni jednotlivych
kategorii u vSech hracl kontrolovana prostfednictvim precteni textu na druhé strané karty organismu.
Text mimo informace odpovidajici kategoriim obsahuje i specifické informace vztahujici se k danému
organismu. V rdmci této ¢asti se s organismem seznamuiji vSichni hraci v herni skupiné. Dle mnoZstvi
spravnych odpovédi Zaci ziskavaji pocet pohybl po hernim planu, na kterém ziskavaji vitézné body

raznych hodnot a karty vyhod, které umoznuji ovlivnéni dalsiho postupu.

Pocet kol, v ramci kterych Zaci poznavaji organismy, je dan ¢asem, ktery je na hru vymezen. Je tak
mozné hru vyuZzit jak v klasické 45minutové Skolni hodiné, tak v delSich vyukovych jednotkach.
Po dokonceni zvoleného poctu kol rozpoznavani a charakterizovani organismU navazuje ¢ast, ve které

je ukolem zakd vymyslet a popsat ekologické vazby mezi organismy, které v prabéhu hry shromazdili.
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Za spravné popsané ekologické vazby ziskavaji Zaci zavérecné pohyby po hernim planu. Tato ¢ast cili
na propojeni znalosti do SirSich celkli, uvédomeéni si propojenosti Zivé pfirody a rozvoj mysleni
o pfirodovédném obsahu. Spravnost popsanych ekologickych vazeb se odviji od jejich obhajeni
ve skupiné. Zaroven byl jako soucdst hry zpracovan prehled, ve kterém jsou popsany vazby mezi ve hre
zafazenymi organismy. V pfipadé nejednoznacnosti je vhodnd pedagogickd intervence vyucujiciho,

stéZejni roli ale sehrava plna shoda hracd na zakladé dostupnych informaci.
METODIKA VYBERU MODELOVYCH ORGANISMU

Pro postizeni rozmanitosti organism@ v Ceské republice a zohlednéni vzidjemnych vazeb mezi
jednotlivymi druhy byla vytvofena metodika pro vybér jednotlivych modelovych zastupc.
Pro sestaveni metodiky i nasledny vybér druht byl sloZzen panel dvou oborovych didaktikd pfirodnich
véd a odborného biologa. Kazdy druh byl do vybéru organism( zafazen pouze v pfipadé plné shody

vsech zapojenych odbornikd.

Volba hojné se vyskytujicich ekosystéma
7

Volba klicového organismu daného ekosystému

\Z

Dalsi modelovy zastupce (Cetny organismus, potravni vazby, jinad systematicka skupiny)

\Z

Vznik komplexni fady (primdrni producent - konzument vyssiho fadu, dekompozitofi)

\Z

Volba dalsiho klicového organismu a opakovani procesu

\Z

Proces konci dosaZzenim stanoveného mnoZzstvi organisma

Obr. 1: Postup vybéru modelovych organismi

Pro vybér organism0 byly nejprve zvoleny hojné se vyskytujici ekosystémy v Sirokém slova smyslu (les,
pole, louka, jezero ¢i rybnik, feka). Ve vybraném ekosystému byl zvolen klicovy organismus, ktery je
pro dany ekosystém typicky. Na zakladé zvoleného klicového druhu byl doplnén dalsi druh, pricemz
podminkou pro zafazeni byla ekologickd vazba na prvni zafazeny organismus. Zaroven byla
zohlednovana cetnost organismu v daném ekosystému, a pokud to bylo mozné, byl pfednostné volen
organismus z jiné taxonomické skupiny (na urovni podtfidy a vyssi). Dalsi organismy byly k druhu
zvolenému jako klicovy dopliovdny az po dosazeni kompletniho potravniho fetézce primarni
producent — konzumenti rdznych radd — dekompozitofi. Po doplnéni této fady byl zvolen dalsi klicovy
organismus z jiného ekosystému. Pfi zafazovani dalSich druhi bylo rovnéz zohlednovano, zda jiz neni
zarazen ekologicky ekvivalent, ktery mize vyplnit vazby k dfive zafazenym organismim. V takovém

pfipadé byl potravni fetézec povazovan za doplnény i bez nutnosti pfidani dalSiho druhu. Cely postup
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byl opakovan aZ po dosaZeni pfedem stanoveného poctu druhl organismi (Z technickych divodu

realizace hry byl v prvni fazi tvorby pocet stanoven na 73 druh(.).
OVEREN[ HRY

Pro zajiSténi funkcnosti a didaktické vyuzitelnosti byla deskova hra pilotné ovéfovana. Ovérovani
probihalo ve dvou samostatnych fazich. V prvni fazi se ovérovani zamérovalo zejména na testovani
hernich mechanismu a hratelnosti. Navrh deskové hry byl opakované zkousen na dostupném vzorku
7aka, pficemz po kazdém testovani nasledovalo vyhodnoceni pribéhu hry a Upravy pravidel i hernich
prvkl. Po ustaleni funkcénosti herniho mechanismu byla hra dopracovana z pohledu vzdélavaciho

obsahu (viz vyse) a vytvoren predtiskovy prototyp.

Vyzkumna faze ovéreni deskové hry byla zamérena na aspekty vzdélavaciho procesu. Cilem ovéreni

bylo zjistit:

e zda Zaci vnimaji hrani navrzené hry jako zajimavé,

e jestli Zaci vnimaji hrani navrzené hry jako uzite¢né pro své uceni.

Ovéteni probéhlo na ZS Komenského Pelhfimov v priib&hu zaFi a Fijna 2019. Ovéfeni se zu&astnilo
126 7akd (52 chlapc(, 73 divek) ze esti tfid (4.—6. roénik). Zaci byli sezndmeni s pravidly hry a nasledné
ji samostatné hrali ve skupinach péti az Sesti. K ziskani dat byl vyuZit dotaznik, ktery samostatné
vypliiovali ve vyucovaci hodiné navazujici po hrani deskové hry. Instrukce k vyplnéni dotazniku byly
s ohledem na primérenost délky textu véku respondentl popsany stru¢né a pti zadavani byly instrukce

pred vypliovanim vysvétleny i Ustné. Dotazniky byly vyplfiovany i vyvhodnocovany zcela anonymné.
Konstrukce vyzkumného nastroje

K ovéreni funkénosti navriené deskové hry byl vyuZit standardizovany nastroj Intrinsic Motivation
Inventory (IMI, dotaznik vnitfni motivace). Tento vicerozmérny vyzkumny nastroj slouzi k hodnoceni
subjektivni zkusenosti Ucastnikd a byl vyuZit v fadé vyzkuma, které potvrdily jeho funkcénost a validitu
pfi ovéiovani vyukovych metod (Kekule & Zak, 2001; Ryan & Deci, 2000) véetné riznych aktivizagnich
strategii (napt. Vojit, Honskusova & Rusek, 2019; Téthovd, Matou$ova, Subové & Rusek, 2019). N&stroj
sestdvd z nékolika subskdl a je moiné z néj modularné vyuZivat pouze nékteré Casti a polozky
konkretizovat pro potieby konkrétniho ovéreni (Rotgans & Schmidt, 2010). Vzhledem k zaméreni
Setfeni byly vyuZity subskaly zajem/potéseni a hodnota/uzite¢nost. S ohledem na vyuziti byly vychozi
formulace poloZek obsahujicich souslovi: "tato ¢innost" konkretizovany formulaci "hrani této hry".
Nedokoncené polozky v subskale hodnota/uzite¢nost byly doplnény kontextem ucdeni se o Zivych

organismech.
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V konstrukci vyzkumného néstroje bylo nezbytné zohlednit specifika cilové skupiny. Pro dosazeni vétsi

srozumitelnosti pro mladsi zaky byly provedeny dil¢i Upravy nastroje:

e Pro pfimérenost rozsahu byly pro kazdou subskalu pouZzity pouze Ctyfi polozky.

e Byly vyuzZity pétistupfiové stupriové skaly s popsanymi krajnimi hodnotami souhlasim
— nesouhlasim. Pro analogii s Zakiim znamym Skolnim znamkovanim vyjadfovala hodnota
1 ,souhlasim” a hodnota 5 ,, nesouhlasim®.

e Vyroky ve skdle hodnota/uZite¢nost byly zkraceny o Uvodni formulace: ,myslim se, Ze...“,
aby byla sniZzena syntaktickd obtiZznost textu.

e Zformulaci byl vypustén podmirnovaci zpUsob.

e Zarazeny byly pouze konkrétné formulované polozky bez abstraktnich pojm.

Pro dalsi konkretizaci zjisténi byly doplnény i oteviené otazky k vyjadieni zak(, které se zamérovaly
na zjisténi, co se zakim nejvice libilo, co by doporucovali upravit a co se prostfednictvim hry naucili.

Odpovédi zak( z této ¢asti byly vyhodnocovany pomoci otevieného kédovani.

Pro vyuzitelnost nastroje byla provedena obsahova validizace (Kerlinger, 1972), pro jejiz zajisténi byl
sestaven odborny panel sestavajici ze ¢ty oborovych didaktik( a dvou uditelek vyucujicich na 1. stupni
zakladni skoly. Sestaveny nastroj byl odbornému panelu predlozen k posouzeni, navrhované

pripominky byly konzultovany a zapracovany do vysledné podoby ndstroje popsané vyse.

Sestaveny vyzkumny nastroj byl pilotovan na dostupném vzorku 20 zaku (6 chlapct a 14 divek). Pilotni
ovéreni nastroje ukazalo, Ze dotaznik je pro zaky srozumitelny a je mozné ho vyuzit v hlavnim Setfeni.
RovnéZ byla posouzena reliabilita nastroje pomoci koeficientu Cronbachova alfa. Zjisténé hodnoty se
u obou subskal ukazaly jako dostatecné (0,85 resp. 0,70). Na zakladé posouzeni reliability nebyla

vypusténa zadna z poloZek nastroje.
Vysledky ovéreni hry

V rdmci ovéreni se deskova hra ukazala jako funkéni. U Zadné z hernich skupin nebyly zjistény problémy
s hernim mechanismem ani jednoznacnosti pravidel. Hru bez obtizi zvladali vSichni hraci bez ohledu na
predchozi zkuSenosti s hranim deskovych her. Tato zjiSténi jsou zasadni pro jeji vyuzZiti v rémci edukace,
nebot pfipadny problém mechanismu hry by mohl narusit pozornost zaméfenou na pfedavany

vzdéldvaci obsah i rozvijené kompetence zaka.

Reliabilita dat ziskanych prostfednictvim vyzkumného Setfeni byla posouzena pomoci koeficientu
Cronbachova alfa (Cronbach, 1951), pficemzZz byly samostatné posouzeny obé vyuZité subskaly.

Cronbachova alfa subskaly zdjem/potéseni dosdhla hodnoty 0,76. Cronbachova alfa subskaly
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hodnota/uZite¢nost se rovnala 0,72. U obou subskal Ize povaZovat hodnoty za pfijatelné (Tavakol &

Dennick, 2011).

Na subskale zajem/potéseni Zaci hodnotili hrani vytvofené deskové hry v priméru hodnotou
1(u=1,17, o = 0,43). Zaci souhlasi, 7e se jim hrani hry libilo a povaZuji ho za zdbavné. Naopak
nesouhlasi s tim, Ze by hrani této hry bylo nudné a nezaujalo je. Tato subskala je subjektivnim méfitkem
vnitfni motivace Zaka. Zjisténi se tak ukazuji jako zédsadni pro vyuZitelnost hry ve vyuce i s ohledem

na motivaci ke zvyseni celkového zajmu o pfirodovédné vzdélavani.

Primérnou hodnotou 1 hodnotili Zaci hrani ovéfované deskové hry i na subskale hodnota/uzite¢nost
(L=1,19, 0 = 0,47). Zaci souhlasi, Ze se hranim hry mohou néco nauéit a hrani této hry jim maze prospét
v uéeni se o Zivych organismech. Tato zjisténi jsou podstatnd s ohledem na interiorizaci ziskanych
poznatk, stejné jako autoregulaci u¢eni (Deci, Eghrari, Patrick, & Leone, 1994). Vytvorena deskova hra
tak mlze byt efektivni pomickou v rdmci vyuky zamérené na rozpoznavani organism( typickych

pro ¢eskou ptirodu, zakladni informace o téchto organismech a porozuméni ekologickych vazeb.

V rdmci volnych vyjadreni vztahujicich se ktomu, co se respondentliim nejvice libilo nejvice Zakd
uvadélo prvky vztahujici se ke hie a jejimu mechanismu (N = 28): libilo se mi postavovdni mostu pres
cestu, naucnosti hry (N = 19): libilo se mi to, Ze jsme se naucili hodné novych véci, zabavé a socialni
interakci (N = 17): libilo se mi to, Ze jsme spolupracovali, Ze je to zdbava a urcovani organismu
a informaci o nich (N = 13): pozndvdni rostlin, hub a zvifat. Odpovédi koresponduji s hodnocenim zajmu
a uZite€nosti na skalach. U jednotlivych Zakl se projevuje variabilita, kdy se jako zajimava ukazuje jak

samotna deskova hra a jeji mechanismy, tak predloZzeny oborovy vzdélavaci obsah.

Na otdzku, co by doporucovali upravit, nejvice zakl (N = 56) uvadélo, Ze nic. Dalsi nej¢astéjsi odpovédi
se vztahovaly ke grafice, hernimu planu a materidlu (N = 12): jiné figurky (nejlip podle mé kovové)
a Zetony plastové a kartdam vyhod (N = 12): jak je karta vyhod pridat jesté néco podobného napr: karta
smdily a karta stésti. V doporucenich vztahujicich se k technickému provedeni hry se projevilo, Ze byla
pilotovana pomoci prototypu vytvoreného celého z kartonu. Doporuceni od Zakl budou vyuZita
ve vyrobé vysledné podoby hry. Mezi vécmi, které by dle Zakd bylo vhodné upravit, se neobjevily Zadné

podnéty vztahujici se ke vzdélavacimu obsahu zafazenému do hry.

V odpovédich na otazku, co se dozvédéli nového, nejvice Zak(l odpovidalo obecné, Ze rGzné informace
o organismech (N = 49): O zvifatech jsem se néco vic naucila. A poznala jsem véci o nich. VVyznamny
podil zakd (N = 42) uvedl konkrétni informace, které se naucil o vybraném organismu: Bobr je

byloZravec. Ze slimdk je i vétsi, neZ jsem myslela. Vzhledem k otevienosti poloZené otdzky je u téchto
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zakl mozné sledovat jednak osvojeni poznatku, ale i zajmu, ktery u zakd vzbudil, coZ koresponduje
s hodnocenim na $kale zajem/potéseni.

ZAVER

Prostfednictvim hrani vytvorfené deskové hry uréené pro skupinu Zakl je moiné rozvijet jak
kompetence Zakl spojené s planovanim postupu feseni, tak i komunikacni dovednosti. Zaroven diky
svému motivaénimu potencidlu umoznuje zprostfedkovani vzdéldvaciho obsahu zaméreného
na organismy vyskytujici se v Ceské republice. Navriend metodika vybéru modelovych organism(i
na zakladé jejich ekologickych a potravnich vazeb se ukdzala jako funkcni pro postizeni druhové
rozmanitosti a byla ovérena v pribéhu vyvoje deskové hry. Tuto metodiku je mozné vyuZit i v ramci
tvorby dalsSich didaktickych pomlcek zamérujicich se na znalosti vychazejici z variability Zivé ptirody.
Vytvorena deskovd hra se ukazuje jako dobfe hratelnd i s zaky vyssSich tfid prvniho stupné zakladni
Skoly. Pilotnim ovéfenim bylo zjisténo, Ze Zaci povazuji tuto hru za zabavnou a mysli se, Ze se diky ni
mohou néco naudit, coZ jsou vyznamné parametry potrebné pro jeji vyuZitelnost ve vzdélavacim

procesu.
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Square grid as a tool for planar imagination development
among elementary school students

Vlastimil Chytry, Alena ToSovskd, Lucie Hlouskovad

Abstract

The paper describes the use of a square grid in teaching mathematics in the third grade of elementary
school in the sense of classical experiment where students are divided into an experimental and
a control group. The development of the planar imagination and the student’s relationship with
mathematics were chosen as the determining variables. Due to the influence of the square grid on the
student, there was a significant improvement in planar imagination (an increase of 61 %). The control
group also showed an increase but only less than 34 %. The popularity of mathematics also increased
only in the experimental group. It turned out that one of the biggest problems was to create the tool
for mapping the student’s planar imagination itself or to be able to influence the students of the

experimental group for a longer time.
Key words
Planar imagination; square grid; motivation

INTRODUCTION

The presented paper focuses on the issue of using a square grid at elementary school as part of project
teaching which is defined by Kubicova (2008) as a specific educational strategy and complement, as
a transition from idea to action, which is carried out under the student’s responsibility and delivers
a very concrete outcome that clearly belongs to a set of methods used not only at elementary school
(p. 10). However, in project teaching the factor of practical use is often neglected. Maridk and Svec
(2003) consider teaching aimed at strengthening students’ practical activities a reaction to the
conditions in which today’s children and youth grow up; specifically, the teaching of mainly theoretical
nature with a lack of sensory stimuli, a consumer way of life and few opportunities to gain their own
experience. Contributions to PBE are typically focused on natural science, but there were also some

which where mathematically oriented (Matu$ & Sulcovd, 2015) shifting the issue towards STEM.

The paper describes the course of the experiment in which students of two schools were divided into
the experimental and the control group. In the experimental group, geometry was taught with use of
a square grid (Bee-Bots were used, movements on a square grid, etc.) for 14 weeks during the

afternoon lessons and on a voluntary basis. In the control group, teaching was conducted as usual. The
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students were pre-tested and post-tested and it was monitored whether there would be change in
their planar imagination and in their relationship with mathematics. It was found out that the greatest

obstacle was to create the tool for mapping the student’s planar imagination itself.
DEFINITION OF THE TERM IMAGINATION

There are a number of definitions of imagination. For example, Tateo (2015) defines it as
a fundamental higher psychological function that is devoted to the manipulation of complex wholes of
iconic and linguistic signs. This definition differs to a certain extent from that found in the encyclopedia:
A conception is a certain content or image that we cannot actually describe in words precisely. It more
or less depends on our experience. It is possible to distinguish several kinds of imagination according
to their area of focus. As Ri¢an (2005) states, we distinguish several kinds of imagination — auditory,
visual, tactile, etc. The inclusion of a new concept occurs whenever new information is received which
naturally leads to the fact that erroneous information may also be included. The same way information
is received, it is also transmitted. The process takes place in: i) written text, ii) picture, iii) speech,
iv) table, v) gesture or, for instance, vi) sound. At that moment, a certain idea or concept in the
teacher’s or the student’s consciousness is transformed into articulated information (Hejny & Kufina,

2001).

This paper will focus on mathematical imagination which develops most in gaming activities in which
students gain experience and thus create an initial set of mathematical ideas (Divisek, 1989). Molnar
(2014, p. 33) defines spatial imagination as a set of abilities concerning reproductive and anticipatory,
static and dynamic conceptions of shapes, features and interrelationships between geometrical shapes
in space. This definition corresponds with lJirotkova’s (1990) claims that planar imagination is
associated with the ability not only to recognize and identify geometric shapes in their environment

but also as the ability to visualize a geometric shape, its features and relationships between shapes.
STUDENT MOTIVATION TO MATHEMATICS

The dependence of school performance on a student’s motivation is to some extent neglected despite
the fact that a number of authors deals with this issue (e.g. Zelina & Jasovd, 1984; Hvozdik, 1986). It is
the motivation, in fact, that determines the direction and intensity of behavior that has such a strong

influence on education (Benes, 2008).

Klimes (2002, p. 495) defines motivation as dynamically structured set of internal factors that, in the
form of current and lasting motives for behavior, encourage and direct human to action. However, its
definition may be considerably shorter, such as “the driving force” (Madsen, 1979, p. 17) or “the

tension between | do not have and | would like to have, | cannot do and | need to be able to do, | do
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not know and | need to know” (Hejny & Kufina, 2001, p. 105). Of course, there are more of these

definitions and thus some of them are presented here:

e Motivation is a “reason for behavior” (Guay, Chanal, Ratelle, Marsh, Larose & Boivin, 2010,

p. 712);

e Motivation is an attribute that causes us to do or not to do something (Gredler, Broussard

& Garrison, 2004, p. 104).

e Motivation is “the pleasure of learning characterized by a focus on mastery; curiosity;
perseverance; endogenous task; and learning challenging and new tasks” (Gottfried, 1990,

p. 525). In this case it is an academic motivation.

Pintrich (2003) describes the relationship between motivation and educational process when he claims
that it is not probable that a student who is not motivated would succeed in his/her studies. If a student
defines his/her own knowledge as a fixed amount of information that someone does or does not
possess, he/she is less likely to be motivated to learn than the one who defines knowledge as the
amount of information that can be changed (Dweck, 2010). Barry (2007) and Pintrich (2003) also focus
on this issue and mention that students need to see and feel the connection between effort and
success. If they do not feel this connection, they are less likely to be successful in their studies.
Motivation is closely related to popularity, which is an important prerequisite for mastering the entire
learning process (Christenson, Reschly & Wylie, 2012, Marcus & Sanders-Reio, 2001). In fact, popularity
is the attitude that the students take towards the subject, so according to Di Martin and Zan (2014) it
is an individual’s feature that has a direct influence on his/her behaviour. Similarly to motivation,
school popularity also strongly correlates with educational achievements (Schiefele, Krapp & Winteler,

1992).

RESEARCH METHODOLOGY

Data collection

The respondents of the research are students of the 3rd grade at an elementary school in Jilové in the
Usti nad Labem region (two classes) and the elementary school in Libouchec. In both cases, these are
regular primary schools with traditional teaching methods. The table (Tab. 1) shows the proportion of
participants in research testing. At the Libouchec elementary school, 56 % of the tested students were
girls and 44 % boys. In the Jilové elementary school, 42 % of the tested students were girls and 58 %
boys (class 3A — 44 % girls, 56 % boys, class 3B — 40 % girls, 60 % boys). In the total number of all tested

students, there is a slight prevalence of boys’ representation.
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Tab. 1: Proportion of participants in research testing

Elementary school | Elementary school | Elementary school | Total
Libouchec Jilové, 3. A Jilové, 3. B
Number of students 16 25 20 61
Girl 9 11 8 28
Boys 7 14 12 33

The experimental group consisted of Jilové elementary school students. As the work with pupils of the
experimental group proceeded after the lessons, it was not possible to instruct the pupils to
participate. For this reason, selection was made on a voluntary basis and almost all pupils in the class
were willing to cooperate. From these pupils were subsequently randomly selected those who
attended the experimental group. Due to the scale of the activities, it was not possible to use
exclusively the time of mathematical lessons. The experimental group was attended by a total of

13 students (4 boys, 9 girls).
Research tool used

Based on consultation with experts, the tasks that were selected for testing were inspired by or taken

from publications (Krej¢ova, 2014; Hejny et al., 2009) which are focused on:
e Determining the number of geometric shapes;
e Covering a plane with given shapes;
e Transformation of shapes in a plane;
e Overlap of plane shapes.

Each test item was evaluated alternatively: i) 0 — student answered incorrectly, ii) 1 —student answered
correctly. When a student did not answer a question, an empty character was used for encoding. This
coding method allows the following interpretation of the results: the arithmetic mean of the measured
values is a suitable point estimate of the p-alternative distribution parameter which is the probability

that a randomly selected student will answer the question correctly.

The popularity of mathematics was measured using a five-point scale placed at the beginning of the

test. A value of 1 indicates a high popularity of this subject, value of 5 the opposite.
Research problem, aim and hypotheses

The research is focused mainly on planar imagination and the popularity of the subject of mathematics.

Therefore, two research problems were formulated in the form of research questions.

e How does the use of square grid influence the planar imagination of 3rd grade students at

elementary school?
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e How does the use of square grid influence the popularity of mathematics?
To answer these questions, it was necessary to take a few steps that can be summarized as follows:

e InSeptember 2018, i.e. in the period before the first testing, create a test with a questionnaire
to find data about students and monitor the planar imagination of students in the 3rd grade

of elementary school.
e In October 2018, select students for testing, select students for the experimental group.
e In November, test the 3rd graders and evaluate the test results.

e Inthe period between the first and second testing, work with the students of the experimental

group in individual sessions using a square grid as a tool for their development.

e |n April 2019, conduct a second test, process and analyse the data obtained.

After evaluation of the data obtained, verify the hypotheses.

The following alternative hypotheses are related to the last point. The corresponding null hypotheses

formulated in the language of mathematics will always be defined in the relevant part of the text.

e H;: The students that were in the experimental group and used a square grid as a tool in the

activities will develop planar imagination more than the other tested students.

e H;: Among the students that were in the experimental group and used a square grid as a tool

in the activities, the popularity of mathematics will increase.

The experimental group met once a week in the afternoon for three calendar months. A classroom in
which the desks were arranged into three centres (Fig. 1) was used. Due to the number of the group

members, the number of students in each centre was not the same.

OO OO ONR®)

O

O O ON® ON®)

Fig. 1: Placement of students during the experimental lessons

RESEARCH RESULTS

Descriptive analysis

In this part of the text the used quantities are in accordance with the Czech expert literature Hendl

(2012): i) max. — maximum, ii) @ — arithmetic mean, iii) med. — median, iv) mod. — mode,
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v) min. — minimum, vi) N — frequency, vii) p — significance level (p-value), viii) SD — standard deviation

(selective). The descriptive analysis is divided on the basis of a classical experiment (Fig. 2).

Experimental group before — Experimental group after

Control group hefore — Control group after

Fig. 2: Experiment design

It is clear from the figure that it is necessary to first compare the experimental and the control group
with each other and then the two groups in pre-test and post-test. First, the question of the

development of planar imagination was solved in this way.

Tab. 2: Descriptive analysis (planar imagination)

Plane imagination | Exp - pre | Con - pre | Exp - post | Con - post
N 13 48 13 48
)} 2,77 2,27 4,46 3,04
Med. 3,00 2,00 5,00 3,00
Mod. 3,00 3,00 5,00 3,00
SD 0,93 1,12 0,66 0,94
Max. 4,00 5,00 5,00 5,00
Min. 1,00 0,00 3,00 1,00

It can be seen from the descriptive analysis (Tab. 2) that the shift occurred in both the experimental
and the control group (where the shift is not so obvious). Due to the nature of the data (non-parametric
data) a Wilcoxon signed-rank test was used to compare input and output testing against a null
hypothesis claiming that the medians for pre-test and post-test are equal. Before comparing the
experimental and the control group in the pretest and posttest, it was necessary to compare these
groups in the pretest. The Mann-Whitney U test was used, the values obtained were U =308, Z=0.061,
p =0.951. Since the difference was not detected, we proceeded to compare the two measurements as

shown in Table 3.

Tab. 3: N, T, Z and p-level values for Wilcoxon signed-rank test

N T V4 P
Experimental group | 13 | 0,00 | 3,059 | 0,002
Control group 48 | 28,5 | 4,19 | 0,000

Based on p-level values, the null hypothesis can be rejected for both groups at a one percent level of

significance. Given the number of respondents in both groups, it is clear that the control group is
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considerably advantageous. In terms of percent, the experimental group increased by 61% and the

control group by 33.9 %.

It is interesting to compare both groups in terms of the student’s relationship with mathematics. In
pre-test it was found that the popularity of this subject is comparable in the control and experimental

groups. After the research the subject’s popularity increased in the experimental group (see Tab. 4).

Tab. 4: Descriptive analysis (student’s relationship with mathematics)

Student’s relationship with mathematics | Exp - pre | Con — pre | Exp - post | Con — post
N 13 48 13 48
@8 2,00 1,38 2,02 2,02
Med. 2,00 1,00 2,00 2,00
Mod. 2,00 1,00 1,00 2,00
SD 1,08 0,65 1,19 1,00
Max. 5,00 3,00 5,00 4,00
Min. 1,00 1,00 1,00 1,00

In the control group, the student’s relationship with mathematics remained almost unchanged
(@pre=2,021; Ppos=2,020). In the experimental group, there was a significant increase in the
popularity of mathematics (@pre=2,000; @pos=1,385). For the median, the values are: Xpre = 2,

Xpos = 1 for the experimental group and Xpre = 2, Xpos = 2 for the control group.

RESEARCH LIMITATIONS

Several limitations need to be taken into account in the submitted research. The first is a research tool
that was not standardized. In consultation with experts in the field, it became clear that standardized
tests with pupils may only be carried out by a trained psychologist or special educator who has the
tests and their evaluation matrix available. For this reason, test batteries from some public publications
were used to map the area. Another limitation is the number of test subjects, where the effect-size
coefficient was used for its treatment, which is not influenced by the number of tested subjects. The
last limitation of this research is the work with the experimental group beyond the scope of the
compulsory education (this was done at the request of the school management). The resulting
difference between the experimental and control group is not necessarily caused by a practice in

a square network, but by the extended work with pupils. For this reason, we are cautious in the

8 The authors are aware that it is not appropriate to use an average as an argument when the values were
measured on a 5-degree scale. This variable is shown only as a median complement.
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conclusions. We try to point out the need to address this issue (the development of plane imagination)

and point out that working with a square network can be a way.
DISCUSSION AND CONCLUSION

The issue of using a square grid in teaching is frequently discussed. This paper showed that if the tasks
with use of a square grid are often implemented into teaching (whether with the use of Bee-Bots or
not), there is a significant shift in the development of the students’ planar imagination. This is
a significant increase compared to the control group. In both cases (the experimental and the control
group) the shift is statistically significant. In the course of the experiment, it was also shown that in
these tasks the students are very independent and there is no pressure on the teacher to act as

a teaching moderator.

Given that the popularity of school was identified as an important factor in successful graduation, it is
sad that the popularity of mathematics decreases with age (Marcus & Sanders-Reio, 2001). This is also
due to the frequently positive assessment by the teacher because in lower grades the status of the
student depends on achievement, school success, learning and behaviour. In higher grades (puberty
and adolescence), it depends more on the personality characteristics of the student, first of all, on
emotional intelligence, then on volition and finally on the student’s intellect (GajdoSova & Herényiova,

2006).

The results of the TIMSS research point to the fact that the Czech Republic ranks among the half of the
countries with lower popularity of mathematics (Tomasek, Basl & Janouskova, 2016). However, the
experiment took place in the 3rd grade where mathematics is very often taught with use of the
demonstrative method which makes this subject quite popular. Despite this, the research has
increased the popularity of mathematics among students in the experimental group. Apparently, this
was due to the use of non-traditional forms of teaching such as the use of Bee-Bots. This assumption
is confirmed by interviews with the students themselves. Therefore, the popularity of the subject can
be influenced by the teaching methods used and at the same time a more significant shift in the

development of planar imagination can be achieved (Highfield, Mulligan, & Hedberg, 2008).
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Fostering interdisciplinarity through technology enhanced
learning of transpiration

Renata Ryplovd, Jan Pokorny

Abstract

Technology enhanced interdisciplinary learning unit on ecological role of plant transpiration was tested
in this study to explore its effectiveness. The students worked with pc programmed USB humidity, air
temperature - sensors and evaluated graphically the data. They had to explain the results of the
outdoor measurement by known concepts obtained theoretically during biology and physics lessons.
An impact of education on the improvement of students’ knowledge of ecological role of plant
transpiration based on the understanding of physical principles was tested via a pre-test /post- test.
The tested activity improved students’ knowledge and help them to understand physical principles in
biological context. The findings of the survey pointed out the importance of tight co-operation among

physics and biology teachers.
Key words
Interdisciplinary education; transpiration; air- conditioning; vegetation

INTRODUCTION

Recent studies highlighted the necessity of interdisciplinary approach in teaching science (You, 2017;
Shandas & Brown, 2016; Riordain, Johnston & Walshe, 2015). According to You, (2017, p. 66), ,the
complexity of the natural system and its corresponding scientific problems necessitate interdisciplinary
understanding informed by multiple disciplinary backgrounds”, therefore ,the best way to learn and
perceive natural phenomena of the real world in science should be based on an effective
interdisciplinary teaching”. Under the circumstances of global changes, the human population is faced
with complex problems like global heating and increasing drought. To mitigate these problems a
proper human understanding of the air-conditioning function of vegetation in the landscape requiring
multidisciplinary knowledge of physical, chemical and biological principles is necessary (Pokorny, 2019;
Ellison et al.,2017; Schneider & Sagan, 2005). Unfortunately, plant role in the landscape and local
climate is underestimated and not well understood by general public and even mostly omitted from
science education at schools (Ryplova & Pokorny, 2019; 2018). This is in close relation to general
phenomenon called “plant blindness”, i.e. human ignorance to plants and their impact in our
environment (Uno, 2009; Wandersee & Schussler, 1999). To attract students’ attention to plants,

modern teaching methods are necessary. In modern science education multidisciplinary topics are
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frequently introduced to students by project based learning (PBL), (Rusek & Vojif, 2018).
Interdisciplinary approach using PBL is believed to increase students’ motivation and engagement
(Lindell, Fenyvesi & Lokka, 2018; Lindner, 2014). The students are more attracted to education, if they
are familiar with the topic of the project from their everyday life (Rusek & Becker, 2011). This is exactly
the case of double air conditioning effect of vegetation. Everybody knows, that the temperatures
during a hot summer day are lower in the forest than in the city and that there are big differences
among the day and night temperatures in the deserts. But the students are mostly not familiar with

the reasons of this known phenomenon (Ryplova & Pokorny, 2019; 2018).

Opposite to low awareness of plants, students’ favour to use modern technologies is widely known as
well as prevailingly positive impact of technology-enhanced education on students’ achievement in

science (Higgins & Spitulnik, 2008; Lee et al., 2010).

From all these reasons a technology enhanced interdisciplinary teaching activity on double air-

conditioning effect of vegetation in our climate was developed and tested in education at basic school.
Interdisciplinarity in double air-conditioning effect of vegetation

Plants cool themselves by evaporation of water via small valves in leaves (stomata). The majority of
solar energy reaching the vegetation surface is used for water vapour — transpiration. Via transpiration,
plants control also the water balance in their root zone. Transpiration can transfer several hundred
watts of solar energy per m2. Phase transition from liquid into vapour is associated with changes of
volume (18 mL of liquid forms 22,400 mL of vapour) and consumption of energy (0.68 kWh, 2.45 M)
kg-! at 20°C), which is cooling environment (Pokorny, 2019). Due to high water heat capacity, its
transformation between liquid and vapour aggregate state involves exchange of energy. In cold places
the water vapour condensate (e.g. via formation of fog or dew), the energy is released and warm up
the environment. The consumption of heat through water vapour in hot environment and the release
of heat through condensation in cold environment thus equalizes temperature differences in time
between day and night or between spaces. (Pokorny, 2019; Schneider & Sagan, 2005). To understand
this ,, double air-conditioning effect” of vegetation on our climate at the level of basic school a
knowledge obtained in physics (heat transfer, solar energy, vaporisation, condensation), biology
(water vapour from plant leaves via stomata) and geography (solar energy distribution on the Earth,

vegetation on the Earth) in interdisciplinary relations is necessary.
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METHODS

Interdisciplinary activity on double air-conditioning effect of vegetation based on the combined
teaching in physics as well as biology lessons was developed and tested at basic school. In a total
29 nine grade students (14 males, 15 females, 15.1 years old in average) were submitted to this activity
following didactic survey to test the impact of absolved education. To do so, a pre-test/post-test design
was used. The study targeted two dimensions: a) improving students’ understanding of the double air-
conditioning effect of vegetation, b) fostering interdisciplinary relation between individual science
disciplines. The students were given the pre-test a day before the activity and the post-test a day after
the last lesson. With respect to the nature of the data, the differences between pre- and post-test
were compared using a nonparametric test — Wilcoxon’s signed-rank test. The STATISTICA 12 PC

package (StatSoft Inc.) was used.

Design of the interdisciplinary science education

The teaching activity has interdisciplinary character, uses outdoor education and modern measuring
devices (USB sensors for measuring air temperature and relative air humidity). The teaching started in
biology outdoor lesson in school garden at the beginning of September, during sunny days but with
relatively low night temperatures. The teacher discussed with students the evaporation of water from
leaves via stomata and its ecological role in our climate and ware cycle in the landscape. To document
this process, students were asked to place plastic bag on some branch of the tree and to leave it there
for a few days. The teaching continued further during physics lessons, where students were remained
about the measurement of air temperature and relative air humidity, heat conversion via evaporation
and condensation. The students worked in groups, programmed on their own by using tablets simple
USB sensors for measuring air temperature and relative air humidity. They learned to read graphs
obtained from the sensors. The sensors were then placed on two different places: a) into the school
garden with high density of vegetation, under the trees and b) on the school training court with no
vegetation and water source in the area. The education continued next day during biology lesson.
Students download the data from the sensors of both measuring sides into the tablets, discussed the
obtained graph with a teacher. The students were asked to explain higher temperatures and lower air
humidity during the day hours on the training court compared to school garden and lower differences
between the day / night temperatures in the garden compared to training court. The conclusions were
done in a discussion with the teacher. As an evidence for the heat conversion via plant transpiration

the water in the plastic bag removed from the tree in school garden was used.
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Didactic survey

An impact of the activity was tested by using short questionnaire as pre/post-tests. The questions were

based on the foregoing research (Ryplova & Pokorny, 2018; 2019). Maximum amount of 9 points was

possible to be reached:

1.

2.

,What happens with most of the solar energy reaching the tropical rain forest?“ (Open - type
guestion, 1 point, as a correct any answer containing the use of solar energy for water vapour
from the vegetation was considered. Answers mentioning just photosynthesis or higher solar
energy absorption due to leaf density were not considered as correct).

,Imagine there is a late summer and you decided to overnight outside in a tent. The night
temperatures are supposed to be quite low. You have a choice between two campsites where
to stay overnight. The first one is open area campsite on the cut meadow with no trees, near
of the small town. The second one is a campsite in a forest, under the trees and near of the
pond. Which one do you prefer? Why do you thing, the night temperatures will be higher in this
campsite? “, (2 points, 1 for right choice of forest camp, 1 for explanation containing higher air
humidity in forest air warming the air).

The question testing understanding of the double air-conditioning effect of vegetation, ability
to understand heat transfer via evaporation and condensation, ability to read and understand
graphs. Students were faced to graphs describing the day/night course of air temperatures
and relative air humidity in a) desert and b) tropical rain forest. They were asked: a) to read
from the graphs the highest day temperatures and lowest night temperatures in both areas
(1 point for each correct answer, max. 4 points), b) to count average day and night humidity
(2 points), c) to compare the day and night differences in both areas. The students should
further explain, where were the differences between temperature values bigger (right answer
desert, 1 point and from which reason (open type question, as correct any answer containing
the role of transpiration in heat transfer in relation to the air humidity was considered
— 2 points, answers mentioning just water vapour and condensation without plant

transpiration were awarded by 1 point only).

In the post-test, the students were asked as well, if they enjoyed this education and if they would like

to repeat similar kind of education again. They were asked to rate using the Likert scale how they

enjoyed the work with USB sensors and how they liked to work on one topic during physics and biology

lessons together.
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RESULTS AND DISCUSSION

The mean total score reached in pre-test was just 3.24 (+1.59 St. Dev.) points (Fig.1). In agreement
with our previous research done among university — level students (Ryplova & Pokorny, 2018, 2019),
also the data obtained from this research at basic school showed low students’ knowledge about the
solar energy distribution on the Earth as well as nearly no knowledge about the heat conversion via
plant transpiration and condensation of vaporised water. Poor students’ knowledge of plant
transpiration was discovered also by several previous foreign studies (Vitharana, 2015; Wang, 2004;
Barker, 1998). Students had also difficulties in reading and understanding graphs in question requiring
students’ decision based on the information obtained from graphs. The problems of working with
graphs in biological context were already described by multiple previous works (Glaser, 2011; Maltese

et al., 2015).

The results of the post-test showed statistically significant improvement in total mean score 5.75
(£1.74 St. Dev.) points according to the Wilcoxon test (Z= 4.009130, p=0,00006, Fig.1). The detail
analysis of individual questions (data not shown because of the limited extend of the contribution)
showed also improvement in using graphs and understanding of physical concepts relating to plant

transpiration.
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Fig. 1 Mean test score reached by students in pre-test/post-test. Small squares represent mean values, boxes
mean value * 2*std. dev., line segments mean valuet 0.95*std. dev. N=29.
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The students were prevailingly enthusiastic during the learning and majority of them liked this kind of
learning (82%) and would like to absolve similar activity again (74%). As follows from the analysis of
the students rating, most of them enjoyed the use of modern USB sensors in education (median = 4,

Fig.2) and were involved in interdisciplinary education (median =3, Fig.3).
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Fig. 2 Statistic evaluation of the answers on the question “How did you enjoy the work with USB sensors”.
Grade 1= | did not enjoy such lessons, grade 5 = | liked it very much
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Fig. 3 Statistic evaluation of the students’ involvement of interdisciplinary education: Rate on the scale, how
did you enjoy learning the same topic in physic as well as in biology lessons? Gradel= | did not enjoy such
lessons, grade 5 =1 liked it very much

CONCLUSION

The tested activity improved significantly students’ knowledge of multidisciplinary aspects of air-
conditioning function of vegetation (heat transfer, evapotranspiration, condensation). The pre-tests

observed gaps in students’ understanding of physical principles in biological context. Positive impact
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of tested activity on students’ ability to use graphs in biological context was discovered as well. Most
of the students were actively involved into the interdisciplinary education and would like to take a part
in similar kind of education again. They also appreciated the use of modern measuring devises. This
kind of interdisciplinary education required good time management and tight co-operation among

biology and physics teachers.
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