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|ICT-supported Interactive Tasks in Chemistry teaching at the
ISCED 2 Level as a Method of Active Teaching

Timur Sadykov, Hana Ctrndctovd

Abstract

The purpose of this paper is to present created and tested interactive tasks for lower secondary schools
based on the characteristics of interactive ICT-supported education. The use of ICT allows the teachers
to create interactive tasks in various programs such as Hot Potatoes 6 or Learning apps - allows the
students to use them on their own devices. This way of teaching enhances interactivity and adaptability
within a lesson by providing the possibility of feedback to all participants. Furthermore, we developed
and adapted interactive tasks for lower secondary schools which could be used in various parts of
chemistry lessons. The students’ attitudes toward interactive exercises were tested using simple

qguestionnaire survey.
Key words
ICT Enhanced Teaching and Learning, Secondary School, Chemistry, Student Interest

INTRODUCTION

One of the main problems of chemistry education is finding ways to increase the students’ activity
during lessons. Active students acquire knowledge better, and they are generally more interested and
motivated — as long as their tasks are somewhat related to the problems they face in their everyday

lives and as long as they make use of modern technology (Koc, 2005).

Interactive learning is the ability to communicate or be in dialogue with someone (e.g. a person) or
with something (e.g. a computer) (Manak, 2003). Petruta (2013), Kinash and Brand (2012) in their
works describe using interactive methods and technologies of teaching, possibilities and practical value
in the system of education. The main advantages of interactive forms of teaching and learning are

widely known (Anisimova & Krasnova, 2015):

° improving the quality of knowledge, because students are actively involved in the learning
process;
. increase the motivation of students in the educational process, acquisition of new material

by not as passive listeners but as active participants;

. brings flexibility and creation of favourable atmosphere at studies;



° development of skills for mastering modern technical devices and information processing
technologies.
The main disadvantages of interactive forms of teaching are:
. the instability of the system
. the insufficient ability of participants to work with technology
. teacher’s weak ICT skills
. limited access to technology (in particular, overly expensive application programs) (Brdicka,

2003).

This topic has been addressed also by authors of the PBE conference (Starkova, Rusek & Metelkova,
2014) in its general form where technology enhances learning. Starkova and Rusek (2015) then
discussed the use of m-technology as a phenomenon built on the premise that almost every member

of the society has a portable, quite efficient computer on her most of the day.
INTERACTIVE TASK AS A METHOD OF ACTIVE LEARNING

Interactive tasks actively involve students in the learning process and provide them with information
about their success; the students are to clarify, complete and systematize the knowledge they acquired
during the lesson. Thanks to the way, their interest can be increased and their intellectual abilities
stimulated (Petruta, 2013). The students are allowed to use their own devices and the teachers are
also able to see the students’ results on their own device. This is referred to as the Bring Your Own
Device (BYOD) or Bring Your Own Technology (BYOT) model. Using the BYOD model parents provide
the technologies for their children’s use in similar ways to other educational resources such as books
(Falloon, 2015). Research undertaken in secondary schools highlights the importance of relationships
between parents, students, teachers, IT technicians, principals, and the wider community in
contributing to a successful mobile-learning program (Ng & Nicholas, 2013).This way of teaching
enhances interactivity and adaptability within a lesson by providing the possibility of feedback to all
participants. The use of ICT allows the teacher to create interactive tasks in various programs such as

Hot Potatoes 6 or Learning apps (Sadykov & Ctrnactova, 2017).

Hot Potatoes 6 is a program that enables creation of interactive web-based tasks of several basic types.
All that is needed is to enter data - texts, questions, answers. Then they can be posted them on a

website. The Hot Potatoes suite includes several applications:

° JQuiz — multiple-choice, short-answer;
° JClose — to create text exercises;
° JCross —online crossword;



° JMatch — matching/ordering and gap-fill exercises (Hot Potatoes 6, 2017).

Created on the service learningapps.org are didactic tasks, which could be used in all stages of the
lesson: warm-up, introduction, presentation, practice, evaluation. It‘s also possible to create individual
tasks for students of different difficulty levels. The program includes various templates (matching pairs,
group assignment, free text input, close text, matching pairs on images, multiple-choice quiz,
audio/video with notices, the millionaire game, crossword) into which the user can upload their own

content, and thus create into their own tasks (Learningapps.org, 2016).

We would like to show two examples of interactive tasks using these programs suitable for chemistry

teaching at ISCED 2 level.
INTERACTIVE TASKS WITH A SHORT VIDEO

Digital video is an effective teaching method by which we can engage students’ interest, help them
understand a difficult concept, or improve their long-term retention of knowledge (Bell & Bull, 2010).
Lopes and Soares (2016) found the opportunity to do online exercises and have access to the solutions
(explained step by step) is crucial for students. The integration of the online video tasks into the
educational process leads to an increase of students’ motivation and interest for studying Financial

Mathematics.

The short video can be used to introduce new chemical concepts and processes or other contexts in
the real world and engage students in expressing their understanding of chemistry as they think about

what has been said or displayed (Fig. 1-2).

Task
According to this video, what characteristics does oi
have?

OK

; = i extracting oil from does not mix with
O black viscous liquid o deep underground water
O  mix with water O flammable O nonflammable

c

Fig. 1 Interactive exercise with a short video — question, source: authors.
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extracting oil from ~, does not mix with

v, i i i v,
©  black viscous liquid © deep underground water

O  mix with water & flammable O nonflammable

C

Fig. 2 Interactive exercise with a short video — answers, source: authors.
INTERACTIVE TASKS WITH STUDENTS’ LABORATORY WORK

Lab experiments and other tasks carried out in school labs are considered a significant part of the
teaching process in Science Education. Several design-based studies have scrutinized how various
forms of digital support tools can support students’ lab- and experiment-based work in school science.
Digital tools in the form of simulations and tools aimed at supporting student reflection have been in
focus (de Jong, 2006; de Jong et al., 2013). Starting with simulations, findings have indicated that a
combination of physical and chemical lab experiments and support provided by virtual labs, often
containing interactive simulation tools, can enhance students’ conceptual understanding (de Jong et
al.,, 2013; Smetana & Bell, 2012). Olympiou and Zacharia (2011) documented positive effects and
showed that a combination of lab experiments and virtual tools enhanced students’ conceptual
understanding of light and colour more than the use of lab experiments or virtual tools alone. In this
case, we use computers, laptops, tablets or mobile phones (e.g. to look up additional information

about the reactants or to record an experiment and evaluate its results)

Laboratory work (General properties of mixtures) is aimed at establishing a relation between the
structure of substances and their mutual solubility. Understanding this relationship allows students to

predict the solubility of substances in different solvents (Fig. 3).

chemical substance

liquid soap (1) coca-cola (2) golza oil (3) glycerol (4)

Fig. 3 The substances are present in the laboratory work, source: authors.
Before starting the laboratory work, students need to solve an interactive task (based on the

substances, which are present in the laboratory) (Fig. 4-5).
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Students try to answer the question, which of the properties of the analysed liquids is crucial for their

mutual solubility in the interactive tasks (Fig. 6). Students will test the hypothesis by conducting an
experiment.

Laboratory work N2 1. General characteristics of mixtures-2

Substance..................... s Color.........................State of matter..................__Density g/cm3
Liquid soap.......... & = e liquid. = = s 8 black

colorless
Coca-Cola...... atapr e, USSR (o [V17. aesreaas 1504

color

denstit
CO128 Oilroovooeeee e 0,91 o

green
Glycerol......__.. = o1y L SRR Lo I liquid

- state of matter

Different properties 5 Common properties

yellow

Task
Find the general and various properties of substances
and fill the gap in the table e

oK |

Fig. 4 Interactive exercises before laboratory work of students (task), source: authors.

Laboratory work N2 1. General characteristics of mixtures-2

Substance:<::uan s sannniColoRc s i w s Stateof mattera i s sz - Density glem3
Liquid socap........................_.. - .liquid... S B 6

Coca-Cola... - N Sliquid. . N 1,04
Colzaoil.......... FROISOREOESE ycllow  [SSCee m 5 ....0.91

Different properties m denstity Common properties

Grest. everything is correct e
Lok

Fig. 5 Interactive exercises before laboratory work of students (student responses), source: authors.

1+2 143 1+4 243 2+ 344

Observation and results
Assumption Experiment |

142 143 144 2433+4

Mutually insoluble

Mutually soluble 2+4

Fig. 6 Interactive practical task related to laboratory work and writing results of students, source: authors.

RESEARCH

We have created a questionnaire to find out the students’ reactions to use of these exercises in the
lessons with the help of laptops, tablets or mobile phones. The questionnaire used in this study
consisted of three closed questions. It was adopted by the researchers mainly for practical reasons, as
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well as because of the effectiveness of codified answers in such types of questions. A five level non-
comparative continuous balanced rating scale was selected as being the most appropriate to measure
participants’ attitudes and views in the form of «strongly agree», «agree», «neutral», «disagree»,

«strongly disagree» answer types.

First verification was carried out on specialized school-board information technologies in Karaganda
(Kazakhstan). The main objective of the educational program of the school is development of
individual, creative and research abilities of students in the active study of the use of information and
communication technologies. This school services 292 students in grades 7-9 (2 classes in Russian
language and 2 classes in Kazakh language are taught in each year). The specialized IT school board is
located in a large town (Karaganda), but despite this, the participating students came from rural as
well as urban areas, and there was no selection as regards their intellectual or achievement level for

them to participate.

Three classes were randomly chosen, in total 69 respondents participated (26 female and 43 male
students). Two classes of eighth grade consisted of 9 female and 14 male students. One class of ninth
grade consisted of 8 female and 15 male students, which entailed a total of 4 hours of experimental
action per student. Their age ranged from 14 to 15 years old. For the instruction phase, students were

informed about the purpose of the research, as well as their expected role in it.
RESULT AND DISCUSSION

The results of the analysis of the questionnaires are herein presented, in the form of figures.
Question 1: Do you think that solving the tasks in this way is more interesting than the traditional
solving?

The students' answers to question were as follows: («strongly agree» — 57 students out of 69 chose
this option - 82,61%; «agree» and «neutral» —6 students, 8,7% for each option). None of the students
chose the options: «disagree» or «strongly disagree». There was no significant difference between the

three groups regarding question 1 (Fig 7.).
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Question 1: Do you think that solving the tasks in this way is more interesting than the traditional solving?

100,00%
80,00%
60,00%
40,00%
20,00%
— = .-
Strongly agree Agree Neutral Disagree Strongly agree
m8grade (I) m8grade (Il) 9 grade

Fig. 7 The students ' answers to question 1, source: authors.
Question 2: Were you interested in solving the tasks using a mobile phone or a tablet?

The students' answers to question were as follows: («strongly agree» — 54 students out of 69 chose
this option — 78,28%; «agree» and «neutral» — 7 students, 10,1% for each option; «disagree» — 1
student, 1,45%. None of the students chose the option «strongly disagree». It can be seen from figure

8 that eighth grade students are more interested than ninth grade in using mobile phones or tablets.

Question 2: Were you interested in solving the tasks using a mobile phone or a tablet?

90,00%
80,00%
70,00%
60,00%
50,00%
40,00%
30,00%
20,00%

o g N
0,00% - =
Strongly agree Agree Neutral Disagree Strongly agree

m8grade (I) m8grade (Il) 9 grade

Fig. 8 The students ' answers to question 2, source: authors.
Question 3: Would you like if chemistry tasks like this could be solved more often?

The students ' answers to question were as follows: («strongly agree» — 54 students out of 69 chose
this option — 78,25%; «agree» — 4 students (5,8%); «neutral» — 6 students (8,7%). The answer
«disagree» — 5 students (7, 25%), due to their low frequency, cannot attach great importance. None

of the students chose the option «strongly disagree» (Fig 9.).
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Question 3: Would you like if chemistry tasks like this could be solved more often?

90,00%
80,00%
70,00%
60,00%
50,00%
40,00%
30,00%
20,00%
10,00%
oo - mB (-
Strongly agree Agree Neutral Disagree Strongly agree
8 grade (I) ™ 8grade (ll) 9 grade

Fig. 9 The students ' answers to question 3, source: authors.

It can be seen from figures 7-9 that the interactive tasks can be accepted by more than 85% of students.
More than 80% of the students like using a mobile phone or tablet while solving interactive tasks and

want to solve new tasks.

Based on the review of the literature that we have conducted, only a few studies attempted to indicate
attitude students towards the interactive tasks. Traykov and Galcheva (2017) stated that students
from 9th grade at the "Dr. Petar Beron" School of Mathematics in Varna enjoy working in an interactive
environment (69%) and this positively affects their attitude towards the tasks. Wijtmans et al., (2014)
have examined several types of tasks that can be electronically enacted in classes and practical courses
using these devices: multiple choice (MC) questions; open-ended questions; and 3D visualization of

(bio)molecules and complexes.

We believe that combination of mobile phones and tablets allows several students to perform the
activities at the same time, and this encouraged them to interact with each other. For instance, they
discussed the correct answers of the activities, and they willingly helped their partners if they did not

know the correct answer.
CONCLUSION

Firstly, we have defined and described the interactive tasks supporting an increase in the cognitive

activity of students and the effectiveness of the learning process using ICT.

Furthermore, we developed and adapted interactive tasks for lower secondary schools, which could
be used in various parts of chemistry lessons. The results showed that students enjoy working with
interactive tasks and this positively affects their attitude towards the subject. It is clear that these
results have to be considered preliminary because of the characteristics of the chosen school.

Gradually, new tasks were created for most of the chemistry subject themes for lower secondary
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schools. In the next part, we will therefore focus on verification of the use of interactive tasks in other

schools in both Kazakhstan and the Czech Republic.
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Inovace kurikula biologie a geologie: nazory uditeld a hlavni
principy pro budouci vyvoj kurikula

Biology and Geology Curriculum Innovation: Teachers” View
on Curriculum and the main principles for the future
curriculum development

Vanda Janstovd, Jakub Holec

Abstract

The Czech national curriculum defining the main principles, goals and outcomes for all educational
stages in the Czech Republic is currently undergoing revision of all learning areas including science. We
present a research of in-service teachers’ and researchers’ (n = 112) experience and needs connected
to biology and geology curriculum. 88 teachers from different stages mostly want small or none
changes. Some appreciate the freedom given by current curriculum, others would prefer detailed

specifications of the content and time frame. Teachers from different schools have different views.
Key words

Curriculum, Biology, Science Education, Science Education Policy
uvoD

V soucasné dobé byl zapocat proces revizi Ramcovych vzdélavacich programi (RVP), coZ poskytuje
prilezitost pro diskuze mezi uditeli z praxe, didaktiky i vyzkumniky a dalsi odbornou verejnosti
nad nejvhodnéjsim pojetim vzdélavani o Zivé a nezivé prirodé. Jak poukazuji rizné studie, reforma
zavadéjici stavajici RVP byla Casto uditeli pfijata pouze formalné, aniz by nutné zménila obsah, ¢i formy
a metody vyuky (DvoFak, Stary, & Urbanek, 2015; Janik, 2013; Janik et al., 2010; Stech, 2013). Jak
poukazuje mj. Strakova (2013), je to pravdépodobné dano i tim, Ze byla podcenéna diskuze mezi uditeli,
vyzkumniky a SirSi odbornou verejnosti, ktera by reformé predchazela. Je také nutné, aby ucitelé
dostali potfebnou metodickou podporu (Strakovd, 2013). Revizim RVP proto predchazi pfiprava
podkladové studie, kterd obsahuje analyzu existujicich zahrani¢nich kurikularnich dokumentd,
vybranych Skolnich vzdélavacich program@ (SVP), uéebnic biologie, vysledkd vyzkumu v didaktice
biologie, relevantnich strategickych materiald a analyzu podnét( zainteresovanych aktérd. Soucasti
posledné zminéného je také on-line anketa pro ucitele, jejiz vysledky jsou prezentovany v tomto

prispévku. Cil, ktery jsme si kladli, byl nasledujici: Zjistit, jak ucitelé vnimaji sou¢asny RVP.
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METODIKA

Ucitelé vsech druh( skol vzdélavajici na vsech stupnich v ramci prirodovédy, pfirodopisu, biologie a
geologie o Zivé a nezivé pfirodé byli v pfipravhém tydnu na Skolni rok 2018/2019 osloveni
prostfednictvim elektronické ankety. Ta byla vytvotena v prostfedi GoogleForms, odpovédi byly
sbirdny od 28. 8. 2018 do 7. 10. 2018. Anketa byla e-mailem rozesldana vyucujicim v siti Skol
spolupracujicich s Narodnim dstavem pro vzdélavani, Pfirodovédeckou fakultou Univerzity Karlovy,
Univerzitou Jana Evangelisty Purkyné, Univerzitou Palackého, vzdélavacim centrem TEREZA a uciteldm
sledujicim web Pfirodovédci.cz. Dale byla anketa sdilena vrdmci skupiny sdruzujici ucitele
pfirodovédnych predmétid na socidlni siti Facebook. Vyucujici byli dotazovani na délku praxe a stupen
Skoly, na které respondenti uci a pohlavi. Dale jsme chtéli ziskat odpovédi na tyto otazky: Podle ¢eho
ucitelé sestavuji tematické plany?; Kdy/v jakych pfipadech ucitelé pracuji s RVP?; Cim je pro uditele
RVP?; Jaky rozsah zmén by ucitelé v RVP chtéli a uvitali?; Mél by RVP zachovat volnost, nebo sméfovat
k pevnym osnovdam?; Ma RVP néjaka problematickd témata? Pokud ano, ktera to jsou? Nékteré otdzky
obsahovaly vybér z moznosti odpovédi vzdy s moznosti ,,jiné“, nékteré otazky byly oteviené. Podoba
otdzek vychazela z potreby ziskani nazoru na soucasnou podobu RVP a byla inspirovdna dotaznikem
rozeslanym uciteldm fyziky v roce 2018 (Dvorak et al., 2018). Odpovédi byly sjednoceny (napt. velka a
mald pismena, preklepy) a vyhodnoceny jako ¢etnosti odpovédi k jednotlivym otazkam. Vyrazeny byly
odpovédi respondentd, ktefi neuci na Zadné skole ani ve Skolském zatizeni. Byly ponechany odpovédi
respondentq, ktefi napf. v soucasné dobé neudi pfirodopis ani biologii, pracovnikd Skolskych zafizeni a
podobnych organizaci, ktefi se vénuji environmentalni vychové, a lze tedy pfedpokladat, Ze pfi pripravé
program pro skoly s RVP pracuji. Vyrazeny dale byly zjevné nelplné odpovédi, u kterych byly vyplnény
pouze prvni dvé Ci tfi otazky. V pfipadé, Ze u konkrétniho respondenta chybéla odpovéd na konkrétni
otazku, byly vyhodnoceny odpovédi na zbylé otazky. Protoze u nékterych otazek byla moznost volby
vice moZnych odpovédi, soucty jednotlivych odpovédi nejsou vidy totoziné s celkovym poctem

respondentl. Z tohoto dlvodu jsou uvadény absolutni, a ne relativni ¢etnosti odpovédi.
VYSLEDKY

Odpovédélo celkem 117 respondentd, z téchto odpovédi bylo 112 vyhodnoceno jako platné (87 Zzen a
25 muzl). Vétsina respondentd uci 10 a vice let, pfiéemz se jednd predevsim o ucitele zakladnich skol

(Tab. 1, 2).
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Tab. 1 Pocty respondentt podle délky praxe, zdroj: autofi

v

Respondenti, ktefi jsou v kategorii ,,neuci“ neucili pfirodopis ani biologii v daném Skolnim roce, ale na Skole
pUsobili, nebo byli pracovniky skolskych zatizeni.

Neuci Do 3 let 3az9let 10 a vice let
Pocet respondenti 4 17 28 63

Tab. 2 Pocty respondenti podle délky praxe, zdroj: autofi

Respondenti mohli vybrat vice moZnosti, celkovy pocet odpovédi tedy prevysuje pocet respondentd.
Nejcastéjsi kombinace byla niz$i a vy$si gymnazium, zvolilo ji 7 respondentdl. PouZité zkratky: MS mate¥ska
Skola, Z§ zakladni $kola, NG nizéi gymndzium, VG vy$$i gymnazium, SS jina stiedni $kola, VS vysoka $kola

v v v

mS A NG VG sS VS neudi
Pocet respondentti 19 80 10 11 8 10 4

PFi sestavovani tematického planu vyucujici nejéasté&ji vychazi ze SVP, se kterym aktivné pracuji (79 %
respondentd, na otazku, podle ¢eho sestavuji tematické plany; odpovédéli vsichni respondenti, ktefi
uci). SRVP pfti tvorbé tematickych pland pracuje 36 vyucujicich, srovnatelné s poctem téch, ktefi

vyuzivaji plany z predchozich let (Tab. 3).

Tab. 3 Zdroje informaci pouZivané pfi sestavovani tematickych plant, zdroj: autofi
Respondenti mohli vybrat vice moznosti, celkovy pocet odpovédi tedy prevysuje pocet respondentd.

Svp RVP Ptedchozi roky Kolega Jiné
Pocet odpovédi 86 36 34 6 16

Jak je jejich povinnosti, RVP pouzivaji u¢itelé nejéastéji pti tvorbé SVP, 38 % respondentd uvedlo, Ze
s RVP pracuje béhem skolniho roku opakované (na otazku v jakych pripadech pracuji s RVP odpovédéli
vsichni respondenti, ktefi uci), alespon na zacatku skolniho roku RVP otevre 22 uditell (Tab. 4).

Tab. 4 Prilezitosti vyuZivani RVP, zdroj: autofi

Respondenti mohli vybrat vice moznosti, celkovy pocet odpovédi tedy prevyiuje pocet respondentd. €3I —
Ceska gkolni inspekce.

TvorbaSVP Opakované Na zacatku $kolniho Nikdy  PFi Jiné
roku hodnoceni
Csl
Pocet 61 41 22 8 4 5

odpovédi

Ucitelé vsSech stupnt skol i respondenti, ktefi neuci, vnimaji RVP rozporuplné. Pfi hledani odpovédi
na otazku ,,Cim je pro Vas RVP?“ se ukdzalo, 7e polovina vysokoskolskych uéiteld vnima RVP velmi

kriticky. Tito vyucujici odpovidali, Ze RVP je hloupost, ¢i vede ke zkdze daného oboru (geologie). Velmi
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kriticky vnimalo RVP celkem 8 respondentll (niZze v Tab. 5 ,blabol“ a ,nutné zlo”). Druha polovina
vysokoskolskych pedagogl povazuje RVP za urcité voditko, nebo uvedli, Ze na otazku nemohou
kvalifikované odpovédét. Ucitelé nizSich stupnl Skol obecné vnimali RVP nejcastéji jako dokument,
ktery jim je zdroven inspiraci i nutnou formalitou a poskytuje dostatek volnosti (Tab. 5). Nizké
ocekavané Cetnosti odpovédi v jednotlivych kategoriich neumoznily statistické testovani pfipadnych

rozdill mezi vysokoskolskymi a ostatnimi pedagogy.

Tab. 5 €etnosti odpovédi na otazku Cim je pro Vas RVP?, zdroj: autofi
Respondenti mohli vybrat vice moZnosti, celkovy pocCet odpovédi tedy prevysuje pocet respondent(.

Inspirace, Formalita Zaklad, Nutné zlo Blabol Povinnost Jiné
volnost ramec, navod
Pocet 31 30 29 6 2 2 5

odpovédi

Ukdzalo se, 7e potfebnost zmén RVP vnimaji ucitelé také velmi odli§né. Ctvrtina respondent(
nepozZaduje prakticky zadné zmény, polovina malé zmény. Takto odpovidali vétSinou ucitelé
materskych, zékladnich a stfednich skol. DalSich 13 respondent( by chtélo vyraznéjsi zmény, podle 11
je nutné RVP zcela prepracovat. Mezi né patfili zejména ucitelé VS. Zbyli respondenti volili moZnost

jiné s komentafti napf. zrusit a obnovit osnovy.

Nejednotnost odpovédi panovala i v otazce miry volnosti. Zhruba 40 % respondentd by chtélo co
nejvétsi volnost (n = 48), zbyli by naopak pfivitali zmény, které by pevné zaradily témata do rocnikd
(n=51) a presné urcily pocet hodin, které je nutné vénovat jednotlivym tématim (n = 37). Zbyli
vyucujicich ve svych odpovédich zminovali potfebu zdiraznit vybrand pojeti vyuky, konkrétni metody
a jeji formy (prakticka cviceni, terénni vyuka, badani, propojeni vyuky a praktického Zivota zak( apod.).
Nékteti ucitelé poukazaliina volnost, kterou RVP poskytuje, tedy Ze vyuc€uji metodami a formami, které
jim pfijdou nejvhodnéjsi.

Vyucujici uvadéli velmi rdznorody vybér problematickych biologickych témat obsazenych v RVP. Maly
dliraz je podle nich kladen na ekologii, ochranu Zivotniho prostfedi a pozndvani organism( (n = 12,
resp. 7). Respondenti by omezili geologii a systematiku (n = 7, resp. 6), nejvice uciteld si mysli, Ze v RVP
zadna témata nechybi, ani by Zadnad neomezovali (n = 22, resp. 14). Jako odpovédi na tyty otazky
vyucujici Casto uvadéli naméty, které se z podstaty netykaly RVP, ale popisovaly spise situaci na skolach
($patné materialni vybaveni), u¢ebnice, piipadné SVP (pfili§ velky rozsah uéiva, mald hodinova dotace

pro konkrétni témata, pojeti systému organism(, zahajeni vyuky bunécnou biologii).
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DISKUZE A ZAVER

Vysledky provedeného dotaznikového Setfeni ukazaly, Ze RVP je vnimdn rozporuplné. VétSina
vyucujicich sice uvedla, Ze by soucasny dokument ménila malo, nebo viibec, je ale moiné, Ze to
prameni z nedlvéry k budoucim zménam, i vzhledem k tomu, jak (ne)byla komunikovana posledni
reforma (Janik et al., 2010; Strakova, 2013). Rada u¢itel(i by naopak uvitala zdsadni zmény ve smyslu
ukotveni uciva do konkrétnich ro¢nik(, ¢i dokonce navratu k pevnéji predepsanym hodinovym dotacim
konkrétni témata. Tento rozpor mlze byt dan tim, Ze ucitelé citi potfebu zmény, ale pokud nevnimaji
moznost se na ni aktivné podilet, tak se se zménou vnitiné neztotozni (Dvorak et al., 2015). Strakova,
Spilkova, Simonova, Friedleandaerova, & Hanzak (2013) také poukazali na velky rozptyl nazora ucitel
na to, jak by zmény mély vypadat. Vysledky ankety ukdzaly, Ze néktefi RVP povaZuji za inspirativni
dokument, ktery v praxi pouzivaji, a poskytuje jim potfebnou volnost. Jini ho vnimaji jako formalitu
v souladu se studiemi Dvoraka et al. (2015) a Janika et al. (2010). Konkrétni pfipominky vyucujicich se
¢asto netykaly RVP, ale spi$e SVP, situace na $koldch, ¢ nedostatku aktudlnich uéebnic biologie, na coz
poukazali mj. Papacek, Cizkova, Kubiatko, Petr & Zavodska (2015). Zajimavy rozdil byl mezi vnimanim
RVP vysokoskolskymi pedagogy, ktefi dokument vnimali vice kriticky, a uditeli z nizSich stupnl skol,
ktefi pro zménu ocenovali predevsim volnost, jeZ dokument poskytuje. To mlze byt dano napftiklad
tim, Ze ucitelé nizSich stupnl skol kladou dlraz predevsim na Zaka, zatimco ucitelé vysokych skol a
vyssich stupnt skol vnimaji predevsim duleZitost vlastniho oboru a znalosti, které dany obor nese.
V tomto sméru se jim moznd obsahové velmi specifické osnovy jevi jako lepsi volba ve srovnani
s obsahové rozvolnénym RVP, ktery dava do velké miry autonomii ucitelim a Skoldm v tom, co a kdy
ucit.

Jsme si védomi limitQ studie, které plynou z podstaty zpUsobu oslovovani respondent(, kdy se jednalo
o vybrané spolupracujici ucitele, ne o ndhodny reprezentativni vzorek. Slo o vyuéujici, u kterych Ize
pfedpokladat, Ze jsou spiSe aktivni a zapojuji se do spoluprace s vysokymi Skolami &i vzdélavacimi
centry. ProtoZe jsme neméli k dispozici pfesné seznamy oslovenych osob, nebylo mozné vyhodnotit
ptipadny prekryv seznamU adres, na které byla Zadost rozeslana, a tedy celkovy pocet oslovenych.
Z tohoto dlvodu neni vyhodnocena navratnost. Toto vie vede k tomu, Ze vysledky pfindsi pouze

omezeny vhled do nazora skupiny vyucujicich a nelze je zobecnit.
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Hands-on activities in biology: students’ opinion

Vanda Janstovd, Jana Mikova

Abstract

The study focuses on students’ opinion on hands-on activities used during biology practical courses.
Among the best rated activities were those connected to animals as dissections, recognition and
microscopy, together with activities requiring students’ invention. The worst rated were natural
objects (e.g. rocks and minerals) recogniton and calculations. Most of the activities were considered
better by girls: The difference was significant in the case of animal recognition, microscopy and

inventing of own experiments. Boys regarded calculations more.
Key words

Biology, practical work in science, laboratory work in science, student interest, student opinion
INTRODUCTION

Practical courses can bring pupils to science (Stohr-Hunt, 1996) if they are well prepared and taught
(van den Berg, 2013). This is of course true for other methods during which pupils can be active and
express their own opinion (Freeman et al., 2014; Janstova & Rusek, 2015). When it comes to biology
contents, animals and human biology are the most liked ones (Chuda, 2007; Malcova & Janstova, 2018;
Prokop, Prokop, & Tunnicliffe, 2007) and even dissections can motivate students toward biology
(Janstova, 2017). Practical work with animals can also reduce students’ fear and disgust (Prokop
& Fancovicova, 2017; Randler, Hummel, & Prokop, 2012). Zoology is the most favourite field even
among students interested in biology who evaluate integrative biology fields like ecology, cell biology
and evolution better (Janstova, Ja¢, & Dvorakova, 2015). Geology (mostly taught as a part of biology in
Czech Republic and Slovakia) is the worts rated one (Malcovd & Janstova, 2018; Prokop
& Komornikova, 2007; Veselsky & Hrubiskova, 2009) together with mycology and protozoology
(Malcova & Janstovd, 2018). Boys and girls evaluate some fields differently with girls giving better
scores to botany (Prokop et al., 2007), human biology (Malcova & Janstova, 2018; Uitto, 2014), zoology
and genetics (Malcova & Janstova, 2018). Also, teachers have their favourite fields to which they are
likely to devote more time and energy upon (Bukackova & Janstova, 2017). Biology contains quickly
developing fields like molecular biology which should by part of school biology as well, but it is often
not the case in Czech Republic (Janstova & Jac¢, 2015; Varejka, 2006). At the same time, the content
can not only grow bigger without reconsidering what to reduce in school biology content (Skoda

& Doulik, 2009). One possibility might be to integrate biology into big fields like genetics, evolution and
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cell biology with physiology (Wake, 2008), and simply to devote more time to favourite fields like

human biology (Trumper, 2006) and leaving something else out.

In this study, we wanted to answer the following question: What is upper secondary school students’
opinion on different hands-on activities connected to biology fields? We were also interested in

whether the rating is influenced by gender and mark from biology obtained in previous year.
METHODOLOGY

We asked 88 upper secondary school students (n = 56 girls, n = 32 boys; 42 students with mean of
2 last marks from biology 1; 16 with mean mark 1.5; 24 with with mean mark 2 and 1 student with
each mean mark 2.5; 3.5; 4) who experienced all the different types of hands-on activities (if not, they
did not rate it) to rate different types of hands-on activities divided also by biology field on a 5 point
Likert scale (1 — the best rating, 5 — the worst one). All rated activities were taught by tree biology
teachers on two different upper secondary schools. The students rated following activities: dissection,
plant recognition, animal recognition, microscopy of live organisms, microscopy of dead obijects,
natural objects recognition, planning experiments, conducting experiments, reasoning the results of
experiments, human physiology, creating models (e.g. a cell, mitosis), role play (e.g. photosynthesis)
and calculations. Non-parametric tests (Friedman ANOVA, Wilcoxon pair test) were used to calculate
the differences among rating of biology fields using Statistica 12 (StatSoft). The differences were
considered significant when p < 0.05. Effect size (Morris, 2008) was calculated for difference in rating
between girls and boys (Lenhard, W. & Lenhard, A., 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.

RESULTS

All but one student experienced and gave opinion on life microscopy. Plant recognition was the second
most experienced activity (n = 82). The least activity used was role play, followed by dissection, but
still more than half (53, respectively 58) students experienced and rated it. Life microscopy, conducting
experiments, animal recognition, planning experiments and dissections were rated significantly better
than other activities (p < 0.05). Human physiology, reasoning experiments, creating models,
microscopy of dead objects, and role play were in the middle with no differences among them.
Calculations and recognition of natural objects were rated significantly worse than other hands-on
activities (p < 0.05), see Fig. 1. Calculations were rated better by boys (d = 0.53) whereas microscopy
of both dead and live objects together with planning experiments and animal recognition were better
rated by girls (p <0.5; d =0.80; d =0.70; d = 0.67; d = 0.54), see Tab. 1. The differences in rating by girls

and boys were all intermediate.
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Fig. 1 Rating of different types of hands-on activities, source: author
1 is the best rating, 5 the worst. Activities with * were rated significantly better. Activities with # were

rated significantly worse.

Tab. 1 Rating of different hands-on activities by gender, source: author

Activity No of students Mean SD Mean girls Mean boys
Life microscopy 87.00 223 1.06 1.95 2.67
Conducting experiments 70.00 229 1.08 2.14 2.53
Zoology, recognition 74.00 230 1.00 2.07 2.57
Planning experiments 69.00 236 1.15 2.12 2.84
Dissection 58.00 241 1.31 243 2.25
Human physiology 64.00 2.58 1.21 2.56 2.50
Reasoning experiments 70.00 2.64 1.02 2.60 2.63
Models 58.00 2.74 1.25 2.54 3.06
Dead microscopy 74.00 2.80 0.99 2.50 3.22
Role play 53.00 2.89 1.42 2.84 2.87
Botany, recognition 82.00 3.04 1.10 2.86 3.26
Natural objects recognition  77.00 343 1.11 3.44 3.35
Calculations 61.00 3.62 1.17 3.77 3.13

The mean of two last marks from biology did not have influence on rating of the hands-on activities

(p > 0.05).

DISCUSSION

The most experienced hands-on activity was life microscopy in concordance with Janstova (2015).

Other best rated activities included those with animals (animal recognition and dissection) and the
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ones during which students could use their inventive skills (conducting and planning experiments).
Again, this is in agreement with other studies (Chudd, 2007; Malcova & Janstovd, 2018; Prokop et al.,
2007). Surprisingly, hands-on activities connected to human biology were not among the best rated.
This can be caused by doing actvities like step-up test and similar human physiology excercises
together with non-popular calculations. Calculations were performed also as genetics practical course
which probably caused genetics was not that positively rated although it is pupular among Czech pupils
(Malcova & Janstovda, 2018). Together with calculations, less regarded was also ,natural objects
recognition” which often means geology and recognition of minerals and rocks. Here, the unpopular
topic (Malcova & Janstova, 2018; Prokop & Komornikova, 2007; Veselsky & Hrubiskova, 2009) probably
caused bad rating of an activity which can be popular when it comes to animals. This brings us to a
guestion which are the most effective activities and contents. A popular and well evaluated topic which
is seen as very useful like human biology (Malcova & Janstova, 2018; Trumper, 2006) can be rated
worse when unpopular calculations are involved. From the other point of view it would be interesting
to investigate the best topics for practising calculations and using the popular ones is the first choice.
It is an open question if to teach pupils what they prefer like Trumper (2006) suggests or use popular
activities to teach unpopular topics and vice versa. We suggest e.g. that teaching unpopular geology
using popular activities could improve the rating of geology. Moreover, the context of human (biology)

might be a good topic for practising calculations.

Gender influenced rating of some hands-on activities with girls rating them better than boys with the
exception of calcualation. Other studies show girls rate biology as whole better than boys (e.g. Prokop
et al., 2007). Mark from biology did not have an influence at rating but there was nearly no variation

among the students’ marks.
Limitations of the study

There are other factors known to influence students’ perception of the subject and attitude toward it
which could influence our results. One of them is teacher himself/herself (Chetty, Friedman, & Rockoff,
2012; Prokop, Tuncer, & Chuda, 2007) who moreover often has favourite biology field (Bukackova
& Janstova, 2017). In our study, the hands-on activities were taught during one year by three different
teachers who could emphasize diffent aspects of the activities. Also, we could not ensure the number
of repeating particular hands-on activity was the same for all students and that all students
experienced the same activities. For example making models could be both making a model of a cell
or modeling the proces of mitosis. This was due to the fact that each teacher could teach the hands-

on activities accordong to his/her normal schedule.

27



CONCLUSION

Our study showed that not only different topic and biology fields are rated differenty. This is true also
for different types of hands-on activities. The significantly better rated were microscopy (which is also
the most common one), animal recognition and dissection and planning and conducting experiments.
Calculations and recognition of natural objects were significantly less attractive than other hands-on
activities, but boys rated calculations better than girls. On the other hand girls gave better marks to
microscopy, animal recognition and planning experiments. The popular topics are suggested for
teaching unpopular activities like calculations. Popular activities can be practised while teaching

unpopular topics.
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Inquiry vs. cookbooks in practical teaching biology viewed
by teachers

Vanda Janstovd, Lenka Pavlasovad

Abstract

We focused on biology teachers’ opinion on inquiry and cookbook practicals and analysed their ability
to formulate a hypothesis. Teachers experienced inquiry based practicals where formulation of
hypothesis was required, and cookbook practicals. We asked them by short questionnaire which
activities were novel, beneficial, easy or difficult, most useful and then we examined if they were able
to formulate correct hypothesis. Although the teachers did not perceive inquiry as unknown nor as
difficult four out of ten were not able to formulate a hypothesis. When asked which the most beneficial
activities were, teachers mentioned cookbook ones. We suggest including more inquiry in teacher

training.
Key words

Biology, Inquiry-based teaching, Inquiry-oriented learning
INTRODUCTION

There are many studies pointing at the positive effect of practical activities on students’ attitudes,
knowledge and even motivation (Grant, Malloy, & Hollowell, 2013; Holstermann, Grube, & Bogeholz,
2010; Janstova, 2017; Uitto & Karnd, 2014). Of course, these activities have to be well prepared and
through to have the desired didactic effect (Abrahams & Reiss, 2012; van den Berg, 2013). One of
recommended approaches which seem to be very useful in teaching science is students” inquiry
(Inquiry Based Science Education, IBSE). Of course, all the teaching procedures have to be mastered

by the teachers first before they can be properly used to teaching students.

Laboratory work by cookbook develops the basic ability to handle laboratory equipment, instruments
and products of nature, learns to work exactly according to the instructions and introduces pupils to
basic research methods. Inquiry develops pupils” autonomy, ability to search for information, increases
motivation, competitiveness, supports a different view of the subject, other teacher and pupil
communication, cooperation and it leads to a better understanding of relationships between concepts
(Stuchlikova, 2010). The inquiry-based laboratory approach supports student learning of high-level
investigative skills, but at the same time it requires background knowledge matching the same level

(Suits, 2004). As laboratory practise guided according cookbooks we consider first two levels of inquiry
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(Banchi & Bell, 2008): confirmation (teachers provide students with research question, method and
protocol and the results are known in advance) and structured (teacher provides students with
research question, method and protocol, but the results are not known). As inquiry laboratory
activities we consider the rest two levels of inquiry: guided (teacher provides only research questions)
and open (teacher doesn’t provide any information). Both types of practical laboratory tasks have a
place in teaching biology. The problem is if only laboratory work according to the cookbook and not

higher levels of inquiry are included.

The level of readiness of science teachers to teach inquiry is not very often examined. According to the
guestionnaire survey Czech teachers did not understand the concept of the inquiry well and they often
misunderstood the term inquiry-based learning (Radvanovd, Cizkova, & Martinkovd, 2018). Roth,
McGinn, & Bowen (1998) examined 8 teachers with master or bachelor-degree in science who
attended teaching courses. They did not engage to higher degree in scientific representation practise
than Grade 8 students. According to van der Berg (2013) teachers don’t use suggestion for effective
laboratory teaching which leads to the fact that traditional and less successful approach is still

prevalent.

In our previous study (Pavlasova, Janstova & Lindner, 2018) we analysed skills of pre-service biology
teachers at the end of their studies to formulate hypothesis, goal and question and read and reason
the results. Formulating a hypothesis was more difficult than formulating a goal and a question (in
concordance with our teaching experience). But when a hypothesis was formulated, it was mostly

answered correctly. Pre-service teachers were better at reading and reasoning the results.

In this study, we examine skills of in-service teachers through solving real laboratory tasks. We asked
the following research questions: Which type of practical activity do teachers find easy, difficult,

beneficial, new and usable? Are they able to formulate correct hypothesis?
METODOLOGY

Ten in-service science and mathematics secondary school teachers (all females), participants of five
days long professional development course took part in this study. During the course, one day was
devoted to practical biology and hands-on activities for practical courses both cookbook and inquiry.
During the cookbook activities, teachers were required to follow the manual and make different
models e.g. heart valve model (Hudson, 2014), chromosomes during mitosis model (Poethig
& Waldron, 2003), model of lungs during breathing, genetic shift (Balgopal & Bondy, 2011),
ontogenesis (Chowning, Griswold, Mathwig, & Massey, 2008) or inner surface of small intestine

(Westrich & Berg, 2011). Two IBSE activities were focused on osmosis. The teachers were required to

31



state a hypothesis, carry an experiment to test it and decide whether the hypothesis was true or not
during following IBSE. In the first activity, the teachers could use potatoes chips, 1 M sucrose solution
and different scales, ruler etc. Agar with NaOH and phenolphtalein together with vinegar (and more
instruments like cooker on request) were used in the second IBSE activity (possible setting e.g. Nuffield
Foundation). The activities were not limited by time. Manual skills were required both in making

models and in inquiry hands-on activities as these included cutting and measuring.

All teachers filled a questionnaire with open-ended questions evaluating which activities and what
about them was novel, beneficial, easy or difficult and most useful. They were also asked about what
they plan to use during their lessons, if anything. The first part a) of the questionnaire was about all
activities in general, the second part b) was focused on IBSE activities only. The answers were analysed
by qualitative approach and were coded into categories by agreement of both researches, authors of
the text. Individual teachers are marked T1 — T10. In part a) we identified following categories:
cookbook (when the mentioned part of task were part of a cookbook activity, e.g statement The most
difficult was to make heart valve model, T1), inquiry (when the mentioned part of task were part of an
inquiry activity, | plan to use experiment as a whole, | mean osmosis, T8), both (when the mentioned
parts of tasks were part of both cookbook and inquiry activities), nothing and other. Answers in part
b) were used to gain additional information to inquiry labs. We analysed the frequencies of answers in
categories and we illustrated our findings by examples of teacher quotes. The teachers” hypotheses
were evaluated from two points of view: i) formal structure, formulation including a possible effect of
an independent variable on a dependent variable, and ii) the possibility of such hypothesis being

tested.
RESULTS

All laboratory activities presented to teachers were found as novel and useful. Some teachers thought
there were new and useful cookbook activities, some thought of inquiry and some of both. Cookbook
activities were perceived as beneficial more often than inquiry labs, which weren’t named in any case.
Further mentioned benefits were connection with Math, practicality of tasks and usage of cheap
material. Half of the teachers stated the most difficult task was a part of cookbook activities, one
teacher named an issue in inquiry task. All these difficulties were only technical. Again, five teachers
found the easiest task as a part of cookbook activities. Two teachers suggested to provide printed

manuals. The answers are summed up in Table 1.
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Tab. 1 Frequency of answers in the first part a) of the questionnaire, source: authors

Which laboratory activity was...

Categories Novel Beneficial Easiest MPSt Useful Further
difficult use

Cookbook 3 4 5 5 3 3

Inquiry 3 0 0 1 2 1
Cookbook and

inquiry 4 2 0 0 5 0
together

Nothing 0 0 3 3 0 0

Other 0 4 2 1 0 6

The second part of the questionnaire b) focused only on inquiry activities. One teacher named a
technical problem other nine found nothing difficult about them. Easiest were calculations
(5 teachers). Only one teacher mentioned the “different” inquiry approach in answer to the question
what was most beneficial. Most of the teachers (6) plan to use both types of activities in their future

teaching, one stated only inquiry task.

Six teachers formulated formally correct hypotheses which could be tested during inquiry-based
osmosis task (4 put in relation diffusion speed and size, one diffusion speed and temperature, one
hypotonic and hypertonic solutions and potatoes chip size). Three teachers did not formulate any
hypothesis and one wrote only a note, not hypothesis. All correctly formulated hypotheses could be

also tested.

There are three examples of answer combinations for individual teachers bellow. One of the teachers
did not state a hypothesis, but found nothing difficult about inquiry, plans to use models in her future
teaching and would like to get printed manual for the activities. Another teacher who did not state a
hypothesis found formulating hypothesis difficult, plans to use osmosis and would also like to get
printed manual for the activities. The teacher with badly formulated hypothesis found nothing new

and nothing difficult about inquiry approach and plans to use models in her future teaching.
DISCUSSION

There is quite wide conformity of different authors at the obstacles to the introduction of IBSE. They
mention first the incompetence of teachers providing instruction in science and technology subjects.
Teachers are expected to pass on the "essence of the scientific method" and to awaken the interest
and enthusiasm of the pupils. It is difficult if they do not have the proper knowledge (OECD, 2006).
These conclusions are confirmed by Dostal (2013), who asks “Are teachers working in educational

practice competent to carry out inquiry-based teaching?” in context of application of IBSE and by
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Cizkova and Ctrnactova (2016), who mention insufficient teacher interest and lack of teacher

readiness.

Only one teacher in our study found inquiry approach beneficial and none of them stated inquiry was
new or that they had problems with it. This would suggest the teachers think they know how inquiry
works and do not find it difficult, but still 4 out of 10 were not able to formulate a correct hypothesis.
This finding is in concordance with Radvanova, Cizkova, & Martinkova (2018) who found teachers know
the term inquiry but often misunderstood it. Formulating a hypothesis was difficult also for pre-service
teachers (Pavlasova, Janstova & Lindner, 2018). The in-service teachers in this study would also prefer
to have printed manuals on hand. Lack of manuals was often mentioned as a problem by in-service
biology teachers in a survey by Janstova (2015). This all shows us teachers hear the term inquiry all
around them but still may not be able to apply inquiry themselves and guide their students in the

process.

This situation should be changed by routine using IBSE in both pre-service (Suits, 2004) and in-service
(Cizkova & Ctrnactovd, 2016) teachers’ education and training. As Cizkova and Ctrnactova (2016)
pointed out, the pre-service teachers are often under prepared and we lack a system of compulsory

professional development of in-service teachers.

Of course, our study has some limitations. We examined only one small group of teachers (n=10) during
voluntary professional development course. Our findings thus can be interpreted only with regard to
this fact and cannot be generalized. We are aware of the fact that topic can influence the rating of the
hands-on activity as shown by (Janstova & Mikova, 2019). Modelling was neutrally rated by pupils
(Janstova & Mikova, 2019.). Different biological content was chosen deliberately not to tie the activity
to one biological field which could influence the result as well as different biology disciplines are
perceived differently bothy by pupils (Strgar, 2007) and teachers (Bukackova & Janstovd, 2017). In this
case, the teachers were modelling both processes e.g. lungs during breathing, heart valves (Hudson,
2014), genetic shift (Balgopal & Bondy, 2011) or ontogenesis (Chowning, Griswold, Mathwig,
& Massey, 2008) and structures e.g. inner surface of small intestine (Westrich & Berg, 2011). The
inquiry practical courses included planning and conducting experiments, both evaluated as interesting
by the pupils and calculations, evaluated as not interesting (Janstova & Mikovad, 2019). In this case we

tried to use worse rated activity to “neutralize” the possible influence of interesting inquiry activities.
CONCLUSION

IBSE has been shown to be an effective method of teaching science and biology (Rocard, 2007),

teachers should master it to be able to use it while teaching their students. In this study, we found out
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that although teachers do not think inquiry is difficult or new to them they still might not be able to
formulate a hypothesis which is one of the key steps in IBSE. We believe IBSE should be regularly used
in pre-service teacher education and in-service teacher professional development. We hope this will

lead to a needed improvement of teaching biology at schools.
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Ecological and carbon footprints and their role in the
perception of climate change among pre-service science
teachers

Lucia Kovacova, Lubomir Held, Martin PipiSka

Abstract

Our research was focused on the perceptions of climate change among future science teachers.
We also asked whether a knowledge of their own ecological and carbon footprints changed the
students’ attitudes towards climate change. To determine the study participants’ impact on the
environment and on greenhouse gas increases, a software that measures ecological and carbon
footprints was used. The semantic differential method was used to determine how pre-service
teachers understand the term “climate change” and the Climate Change Attitude Survey to measure
students’ attitudes towards environment with focus on climate change. The results indicate that pre-
service teachers are not apathetic towards the climate change and calculating their ecological or
carbon footprint allows them to determine some aspects of the influence of their own activities on the

environment.
Key words

Environment, Emotion, Attitudes, Beliefs
INTRODUCTION

Climate change is one of the greatest challenges faced by humanity in the 21% century, and, according
to the October 2018 report of the Intergovernmental Panel on Climate Change (2018), human activity
has caused the global mean temperature to rise by 12C since the industrial revolution. If this trend
continues at the same pace, the global temperature will rise by 1.52C from 2030 to 2050. Whitmarsh
et al. found that personal transport and energy use in the home are together responsible for more
than a third of global carbon emissions. Vandenbergh and Steinemann (2007) added that we should
not focus only on the greenhouse gas emissions made by factories and other industry, but also those
made by individuals. Everyone’s carbon footprint is unique. For this reason, if people are familiarized
with their own carbon footprint, they can alter their activities and behavior in order to reduce it.
However, most laypeople are only indirectly aware, if at all, of how their energy use is connected to

climate change (Smith, Kim & Son, 2017).
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To form a constructive attitude towards this theme and foster environmentally responsible behavior,
it can be useful to find out exactly how our actions influence the environment, as well as how our daily

activities are connected to increases in greenhouse gas emissions.
THEORETICAL BACKGROUND

The relationship between a person and their environment can be defined in terms of ecological
footprint (Oz-Aydin, 2016). In their book Our ecological footprint: Reducing human impact on the Earth,
the sociologists Wackernagal and Rees (1996) determined the area required by one human or a
population to ensure sustainability. In other words, ecological footprint is an indicator of long-term
sustainable development; it quantifies how much regenerative biological capacity is consumed by
human activity and can thus determine whether global human consumption has exceeded a given limit
(McNichol et al., 2011, Kitzes a Wackernagel, 2009). A study by Keles and Aydogdu (2010) showed that
the concept of ecological footprint can be used to educate future teachers of science and technical
subjects about the environment, and that it has a positive influence on awareness, attitudes, and
behavior. McNichol et al. (2011) attempted to quantify the environmental impact of one Australian

university kindergarten by measuring the children’s ecological footprint.

Carbon footprint is a subcategory of ecological footprint and is defined as the amount of greenhouse
gases (e.g. CO,) produced by human activity (Lin, 2015). According to Lynas and Kutlug (2009, In Oz-
Aydin, 2016), the concept of carbon footprint can be used to measure the influence of an individual on
climate change. That is, a person can mitigate climate change by reducing their carbon footprint
(Borgstede et al. 2013, Lin, 2015). Carbon footprint calculators, such as that introduced by the Climate
Coalition (accessed on 27.01.2017), can be used to estimate greenhouse gas emissions associated with
human activity. In Sweden, Endstrand (2015) determined how the use of a carbon footprint calculator
influenced education about environmental themes and climate change. In that study, the calculator
allowed students to understand the connection between climate change and human activity.
Moreover, it enabled the students to quantify, analyze, and compare greenhouse gas emissions on an
individual level, as well as across an entire country. Another contribution of this nature was published
by Voijit, Honskusovd, Rusek and Kolar (2019) who proposed and evaluated a laboratory task focused
on organic compounds reactions in the atmosphere or Kuncova and Rusek (2019) who in similar way

focused on oxygen.
AIMS AND METHODS OF THE RESEARCH

The present study aimed to (1) identify the attitudes of future science teachers towards climate change

and (2) determine whether these attitudes had changed after the students had calculated their own
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ecological and carbon footprints. The respondents comprised 47 first-year students of teaching science
subjects. Research was conducted in December 2016 at Trnava University in Trnava, Slovakia and it
used two main tools: the semantic differential and the Climate Change Attitudes Survey. Both tools

were used in both the pre- and post-tests.

Two weeks after the administration of pre-test, the students’ task was to use an online calculator to
estimate their own ecological and carbon footprints. To calculate their ecological footprint, the
students used the calculator at www.ekostopa.sk: an educational program that arose as part of the
project “Improving Environmental Awareness in the Field of Nature and Countryside Conservation”
(including NATURA 2000) (SZAP, 2018). The calculator estimates an individual’s ecological footprint by
pitching simple questions about everyday life. The respondents estimated their carbon footprint using
a calculator found at www.zmenaklimatu.cz. The resulting carbon footprint shows the connection
between greenhouse gas emissions and the home, transport, consumption, and waste production.

Three days after the activity the post-test was distributed to students.

Using a semantic differential, we determined the connotative meaning of the term “climate change,”
based on the work of Seetaram (2012), who used the same method to determine the difference in use
between the terms “global warming” and “climate change.” In the present study, a semantic
differential was created using 13 pairs of adjectives with opposite meaning, focused on the attitudes
and emotions. For each of these pairs of adjectives, a 7-point scale was used to indicate which term

better described how the students perceived the term “climate change.”

The second research tool used was the Climate Change Attitude Survey (CCAS), which comprises 15
guestions that determine the beliefs and intentions of respondents with regards to the environment,
with an emphasis on climate change. We based our questionnaire design on the work of Christensen
and Knezek (2015). The data were analyzed using a 5-point Likert scale. Each of the 15 fields contained
a claim about the environment—mainly climate change. The respondents’ task was to express to what

degree they agreed with this claim (1, completely agree; 5, completely disagree).
In our research the following hypotheses were tested:

Ho1: Calculation of carbon and ecological footprint has no effect on perception of the concept climate

change among pre-service teachers.

Hai: Calculation of carbon and ecological footprint has an effect on perception of the concept climate

change among pre-service teachers.

Ho2: Calculation of carbon and ecological footprint has no effect on pre-service teachers’ attitudes

towards climate change.
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Haz: Calculation of carbon and ecological footprint has effect on pre-service teachers’ attitudes towards

climate change.
RESULTS

We evaluated the data using Microsoft Excel (Office 365) and SPSS 23. Both pre- and post-test, we
determined how reliable each of the research methods was using the Guttman split-half coefficient
and the Cronbach a coefficient. Table 1 shows the results. Values higher than .50 and lower than .70
may be evaluated as acceptable if the translation of the research tool was used for the first time in the
country (Kubiatko, 2016). This was the case of our research. Lower values of reliability in semantic
differential may be caused by the small number of items (Tavakol, Dennick, 2011, Griethuijsen, et al.,

2014).

Tab. 1 Reliability of the research tools

Cronbach a coefficient Guttman Split-Half coefficient
Pretest Posttest
Semantic differential 0,625 0,556 0,691
CCAS 0,702 0,724 0,677

We confirmed that the data were normally distributed using the Shapiro—Wilk test (p = .7), and

statistical significance was determined using the paired t-test.
Semantic differential

The overall average scores of the future teachers in the present study were X = 2.7 (SD = .60) in the
pre-test and X = 2.4 (SD = .53) in the post-test. There was significant difference (p =.001, t = 3.31). We
reject the null hypothesis (Ho1) and accept the alternative hypothesis (Hai). If the average score is
between 3.5 and 4.5, the term is perceived in a neutral manner (Patockova, 2014). Our values indicate
that, in both the pre- and post-tests, the respondents perceived the term climate change as having

more serious and pessimistic connotations.

As described by Seetaram (2012), our research tool was divided into two dimensions: attitudes and

emotions. Graph 1 shows the scores for the individual dimensions in the pre- and post-test.
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Graph 1: Semantic differential. Average scores in the individual dimensions (*p < .05)

In the attitudes, the average score in the pre-test was X = 2.9 (SD =.54), while that in the post-test was
X = 2.6 (.44), constituting a significant difference (p = .04, t = 2.1) and indicating that the respondents
perceived the term “climate change” as a serious problem. In the emotional dimension, the pre-test
average scores were X = 2.6 (SD =.62), while the post-test average was X =2.3 (SD =.55), constituting
a significant difference (p = .02, t = 2.4). These scores indicated that the respondents perceived the

term “climate change” in pessimistic emotions, tending towards adjectives like “concerned” or “fear.”

Observable
Permanent
Threatening
Irreversible
Serious

Uncontrollable

Mostly Human
influenced
Temperature Increase

Concerned
Anxious
Fear
Certain

Hopeless

—e—Pre-test

—e—Post-test

Undetectable
Temporary
Unthreatening
Reversible
Trivial

Under Control

Mostly Naturally
occuring
Temperature Change

Unconcerned
Indifferent
Calm
Doubtful

Hopeful

Graph 2: Semantic differential. Average scores of the individual fields.

III

Graph 2 shows the average scores in the individual fields. The field “certain - doubtful” was particularly
interesting, because the average pre-test score was X = 3.4, while the average post-test score had

fallen to X = 2.7, indicating that the students’ doubts about climate change had been mitigated after
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they had calculated their eco- and carbon footprints. The respondents felt strongly that climate change

affects us personally, as indicated by the scores close to 1 in both the pre-test and post-test.
Climate Change Attitude Survey

Overall, the average pre-test score of future teachers in the CCAS questionnaire was X =2.0(SD =.52),
while the average post-test score was ¥ = 1.9 (SD = .53) in the post-test. There was no significant
difference (p = .71, t = .37), therefore we fail to reject the null hypothesis (Ho,). It follows that the
respondents had a generally positive attitude towards climate change, corroborating the study by
Christensen and Knezek (2015), who also divided their research methods into two categories: beliefs

and intentions (Graph 3).

I pretest
[ posttest

Mean score + SD

Beliefs Intentions

Graph 3: CCAS. Average scores in the individual dimensions (NS — not significant)

We found no significant differences in beliefs (p = .16, t = 1,43) or intentions (p = .448, t =.77) between
the pre- and post-tests. The beliefs dimension showed average scores of < 2 in both the pre-test
(x =1.8;SD =.37) and the post-test (X = 1.7; SD = .35), indicating a positive attitude and interest in the
environmental problem. Similarly, the average scores in the intentions fields tended towards a positive
evaluation, indicating that the respondents were inclined to attempt to mitigate their effect on climate

change (pre-test: X = 2.4, SD = .54; post-test: X = 2.3, SD = .50).

The following fields showed the greatest levels of agreement, whereby the average scores tended
towards 1: | believe our climate is changing, Global climate change will impact future generations.
Conversely, the following fields showed the greatest levels of disagreement: | think most of the
concerns about environmental problems have been exaggerated, It is a waste of time to work to solve
environmental problems. The biggest differences between the average scores in pre- and post-test
were in the fields: | am concerned about global climate change, The actions of individuals can make a

positive difference in global climate change. Determining one’s own eco- and carbon footprint
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convinced the respondents that their own environmentally friendly actions can improve the

environment and mitigate climate change.
DISCUSSION

In the present research, the respondents perceived climate change as aserious environmental
problem that requires a concerted effort to solve. By calculating their own ecological and carbon
footprints, the future teachers in the present study were further convinced of this position. Other
studies have shown that calculation of a person’s own ecological and carbon footprint has a positive
effect on attitudes towards climate change (Endstrand, 2015, Keles and Aydogdu, 2010, Cordera et al.,
2008).

According to Franzen aVogl (2013), both knowledge level and political inclination influence
an individual’s opinions and attitudes towards environmental problems. This finding was confirmed in
a study by Bradley et al. (1999), in which students with higher scores in a knowledge test showed more

positive attitudes towards the environment.

The future teachers in the current research regarded climate change as an environmental problem
that affects us personally and is influenced by human activity. Similar results were found in a study by
Esa (2010), which focused on determining the environmental attitudes, knowledge, and skills of future
teachers. The results showed that 69.3% of respondents completely agreed and 28.1% agreed that
climate change is an environmental problem that is influenced by human activity. In contrast,
a qualitative study by Pruneau (2011), which focused on the notions that children, adolescents, and
adults have about climate change, demonstrated that the participants were unaware of the effects of
global warming, even though they were familiar with the term. Many adolescents and adults claimed

that climate change had no effect on their life. Tuncer et al. (2007) found similar results.

We agree with McNichol et al. (2011), who claimed that introducing the concept of ecological and
carbon footprint in preschool education may show children the connection among the food they eat,
the agricultural land that they use, and their environmental impact. As has been shown in many of the
aforementioned studies, scientifically obtained information can contribute to pro-environmental

behavior.
CONCLUSION

In the present work, the attitudes of future science teachers towards climate change were analyzed.
To determine the connotative meaning of the term climate change, a semantic differential was used.

Our results show that calculating their own ecological or carbon footprint significantly influenced how
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students perceived the term climate change, inclining the students towards more serious adjectives

that illustrate the importance of this problem.

The attitude questionnaire CCAS showed no significant changes in the attitudes of future teachers, but
the results indicate that students are not apathetic towards the environmental problem of climate

change.

Based on the present study, we can conclude that calculating their ecological or carbon footprint allows
students to determine some aspects of the influence of their own activities on the environment. This

may prompt students to take specific steps towards reducing their own footprint.

The next phase of our research will focus on the influence of the calculation of the ecological and

carbon footprint on the pupils’ attitudes towards the climate change.
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V hlavni roli: kyslik
Starring: Oxygen
Lucie Kuncovd, Martin Rusek

Abstract

This activity was designed to stress importance of oxygen for humans with a special focus on first aid.
Two activities were tested. It starts with brainstorming about air, its importance, its composition etc.
The teacher directs the discussion to oxygen. As the first activity, students encounter production of
oxygen. They use an oxygen sensor to measure the production of oxygen by a plant under different
conditions (dark, daylight, lamp). The second activity concerns human breathing. Students use the

oxygen sensor to measure proportion of oxygen in the air in the lab, and later in the air they exhale.
Key words

Experiential Learning, Inquiry-oriented learning, Motivation, Health Education

uvoDp

Experimentalni slozka vyuky pfirodovédnych predmétl je jednou z nejcastéji zminovanych oblasti.
Po vydani tzv. Rocardovy zpravy (Rocard, Csermely, Jorde, Lenzen, Walberg-Henriksson, & Hemmo,
2007) se do popredi diky aktivnimu zapojeni Zaka do u¢ebniho procesu dostava badatelsky orientované
vyucovani (BOV), které se jevi jako efektivnéjsi varianta tradi¢nich laboratornich praci (srov. van den
Berg, 2013). Jednou ze zdakladnich charakteristik efektivni Skolni experimentalni aktivity je jeji
transparentnost (srov. Trna, 2013). Tento poZadavek s sebou nese jistd omezeni co do pom(ickového

vybaveni i co do pouZitych latek. Daldim poZadavkem je pak relevance! cilového uéiva nebo poznatkd.

S rostouci popularitou BOV se samoziejmé objevuji i aktivity, jejichZ efektivita je diskutabilni. Podobné
jako v pfipadé projektového vyucovani (srov. napt.Rusek, 2017; Rusek & Becker, 2011) dostavaji
nalepku ,badatelské aktivity” cinnosti, ve kterych zcela absentuji zakladni principy badatelstvi,
predevsim pak dliraz na rozvoj pfirodovédného mysleni (napf. Kuhn, 2002) prostfednictvim maximalni

autonomie zaku.

! Terminem relevance se zabyvali autofi Stuckey, Hofstein, Mamlok-Naaman, and Eilks (2013), z jejichZ textu
vychazeji i autofi tohoto prispévku.
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Autofi tohoto pfispévku se v rdmci dvou vySe uvedenych vychodisek a v duchu apelu na precizovani
stavajicich namisto nahodilé tvorby novych badatelskych uloh, ¢i ndamétl na projekty (viz. Rusek
& Vojit, 2018), rozhodli pro vybér jednoduchého, jiz zpracovaného tématu. Jednd se o prispévek
k publikovanym textim zamérenym na reakce v atmosfére (Vojif, Honskusova, Rusek & Kolar, 2019) ¢i
ekologickou a uhlikovou stopu (Kovacova, Held & PipiSka, 2019). S ohledem na potfebu relevance je

moZné najit paralelu s textem Téthové, Matou$ové, Subové a Ruska (2019).

Ndméty z pracovnich listl v ,Kuchafce” spoleénosti Vernier? byly pfetvofeny do podoby badatelskych
aktivit. Zaci se tak zabyvaji kyslikem po celou dobu jejich badani, ovéem z rdiznych pohledil. Nejprve
z pohledu zastoupeni kysliku ve vzduchu a tvorby kysliku, posléze z pohledu dychani a poskytnuti prvni

pomoci. Obé praktické aktivity jsou zaloZzeny na pouziti senzoru kysliku pfipojitelného k pocitaci.

Aktivita Ize v rliznych modifikacich pouZit jak se Zaky zakladnich Skol, tak se Zaky stfednich, popfipadé

i vysokych Skol.
ZACLENENI AKTIVITY DO VYUKY

Zvolené téma badatelsky orientované vyuky zahrnuje mnoho tematickych celkll z RA&mcového
vzdélavaciho programu pro zakladni vzdélavani (Rdmcovy vzdéldvaci program pro zdkladni vzdéldvani,
2017) i zRamcového vzdélavaciho programu pro gymnazia (2007). Aktivitu je moZno vyuZit
v explanaéni fazi vyuky chemie nebo biologie, zasahuje taktéZ do prirezovych témat Osobnostni a

socidlni vychova a Environmentalni vychova.

Aktivita je vedena snahou pomoci Zaklm propojit védomosti o kysliku z vice vzdélavacich obor0.
Pomoci demonstrace a ndvodnych otazek aktivita zaky vede k propojovani nabytych védomosti z vice
oboru. Diky tomu usnadni ucitellim organizovani ucebnich pland do konkrétnich tematickych celk,
dochazi k posilovani mezipredmétovych vazeb a jiz zminénému posileni zaky vnimané relevance uciva

(Lindner, 2014; Stuckey et al., 2013).

TEORETICKA VYCHODISKA

Aktivity byly vedeny wvySe zminénymi poZadavky na transparentnost i na jednoduchost

co do pristrojového vybaveni i samotného provedeni. Téma kyslik a prvni pomoc bylo vybrano jako

2 Pracovni list pro prvni pokus je dostupny na: http://www.vernier.cz/stahnout/kucharka/kod/fotosynteza,
pracovni list pro pokus s dychanim je dostupny na: http://www.vernier.cz/stahnout/kucharka/kod/spotreba-
kysliku-pri-dychani.
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vhodné téma, které umoznuje i zapojeni diskuse a ma potencidl rozvijeni ¢tvrtého pilite ptirodovédné
gramotnosti ,Aktivni osvojeni si a pouZivani zpUsobu interakce pfirodovédného poznani s ostatnimi
segmenty lidského poznani ¢i spolecnosti” (Faltyn, Némcikovda, & Zelendovd, 2011). Pro komplexni
rozvoj prirodovédné gramotnosti je velmi dllezitd praveé i prakticka ¢innost zakd. Zakladem aktivity je
samostatné badani zamérené na formulovani a potvrzovani predpokladl (hypotéz), diraz je kladen na

vyznam poznatkl v béZzném Zivoté.
CILE A METODOLOGIE

Cilem autor( bylo navrhnout, ovéfit a zhodnotit badatelskou aktivitu zaloZzenou na experimentalni
¢innosti (dale viz Rusek & Gabriel, 2013) s maximalnim dlrazem na zvysSeni motivace zakl (Janstova

& Rusek, 2015).

Navrh vychazel zvyse uvedenych teoretickych vychodisek a vlastni zkusenosti autorl. Ovéreni
probihalo ve dvou krocich. Nejprve byla experimentalni ¢ast ovérena samotnymi autory, poté v kurzu
Interaktivni vyukové materidly se studenty druhého ro&niku navazujiciho magisterského studia® se

specializaci na vyuku chemie na Pedagogické fakulté Univerzity Karlovy.

Zhodnoceni aktivity probihalo jednak prostfednictvim pozorovani prace studentl na aktivité, jednak
s vyuZitim nastroje IMI (Intrinsic Motivation Inventory) (Ryan & Deci, 2000). Respondenti odpovidali
na sedmistupnové 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), uZitecnost
aktivitou ziskanych znalosti a dovednosti (7 tvrzeni), vnimana kompetence pfi praci (6 tvrzeni) a tlak
vhimany pfi zpracovani ukolu (5 tvrzeni). S ohledem na distribuci $kdly jsou hodnoty ordindlni,
tj. pti jejich zpracovani byly pocitdny medidany hodnot odpovédi v jednotlivych oblasti (Chytry
& Kroufek, 2017).

ORGANIZACE PROJEKTU

Casova ndaro¢nost aktivity je variabilni v zavislosti na zvoleném pojeti i poc¢tu uloh. V kompletnim
provedeni zabere 3 vyucovaci hodiny (3 x 45 minut). Toto usporadani pojeti autofi povazuji
za nejefektivnéjsi. Projekt je feSeny v mensich skupinach po 3-5 Zacich. K méreni se v obou ulohach
pouziva senzor koncentrace kysliku napt. Vernier 02-BTA, pocet dostupnych senzor( ovliviiuje pocet

skupin. V téchto skupinach Zaci vymysleji spravny postup uloh a odpovédi na otazky, které jsou jim

3 Studenti studuji obor vzdélavani v chemii v kombinaci s biologii a vychovou ke zdravi.
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pribézné pokladany. Zaci si sami voli formu zpracovéni vystupt, spolupracuji, rozdéluji si Gkoly v tymu

(srov. Rusek, 2016).

Obé na sebe navazujici aktivity (pokusy) jsou stejné koncipovany, Zakim neni predkladan cely pracovni
list, ale ziskavaji indicie (¢asti pracovniho listu) postupné. Tento postup je navrzen s cilem podnitit zaky
v uvaZovani nad problémem a k tvorbé predpokladl (hypotéz). Zaci na zacatku dostanou pracovni list
obsahujici ivod do tématu a otdzky pred zahajenim pokusu (viz Pracovni list). UCitel v roli moderatora
zaéne s brainstormingem o vzduchu jako takovém. Diskuzi sméruje k otazkdm slozeni vzduchu, vzniku,
funkci a vyznamu kysliku pro lidské télo. Tato faze je takté? fazi motivaéni. Zaci si zopakuji teoretickd
vychodiska, ktera se jim budou hodit v dalSim kroku. Ndsleduje pasaz zamérena na navrh vhodného
postupu ovéreni hypotéz. V pripadé potreby je k dispozici napovéda v podobé navrhu pomfcek, které
budou pfi aktivité vyuzity. Nasleduje pfiprava a samotné reseni tlohy. V pfipadé prvni tlohy (podminky
fotosyntézy) je nutné vidy pockat 10 minut, aby se produkce kysliku za danych podminek ustalila.

Mezitim Zaci odhaduji vysledky pokusu a odpovidaji spole¢nymi silami na dalsi otazky (viz Pracovni list).

Po ukonceni méreni ziskaji Zaci posledni ¢ast pracovniho listu Ulohy, ktery zaky navede, jak zpracovat
vysledky pokusu. Az na konci celé Ulohy maji Zaci vymyslet nazev ulohy. Tento krok je veden zdmérem

pfimét zaky celou ulohu jesté jednou projit a shrnout myslenkové postupy.

Po vypracovani vSech uloh nasleduje zhodnoceni celé aktivity a zamysleni se nad zasadami prvni
pomoci — dychdnim z Ust do ust. Cilem aktivity je ucit zaky kritickému mysleni a podpora spravného
jednani pfi nutnosti poskytnuti prvni pomoci. Je zde kladen dlraz na afektivni stranku zak(. Na zavér

Zaci vyplni ptipraveny IMI dotaznik.
HODNOCENI AKTIVITY

JelikoZ byla aktivita ovéfovana pouze na studentech ucitelstvi, tykd se hodnoceni pouze afektivni
slozky. Vysledky pouzitého nastroje IMI umoznuji zavér, Ze jsou navrzené aktivity vhodné pro realizaci.
Ctyri respondenti, ktefi aktivitu provadéli hodnotili jeji zdjem o aktivitu hodnotou 7, tj. zcela souhlasi
se sedmi tvrzenimi vztazenymi k zajimavosti Uloh. Rovnéz uZitecnost aktivity a své kompetence
hodnotili medidnem 7, resp. 6. Na pét otdzek k vynaloZzenému usili respondenti odpovédéli hodnotou
6, cozZ lze interpretovat jako hodnoceni vyroki za ,pravdivé”. Naopak hodnota medianu odpovédi na
otazky pocitu tlaku 1 umoznuje zavér, Ze respondenti povazuji vyroky za nepravdivé a pfi feseni ukoll

se necitili pod tlakem.
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DISKUSE A ZAVER

Téma dychani se jevi jako vhodné pro fadu souvisejicich podtémat. Nabizi fadu podtémat at uz
z hlediska vzduchu a jeho sloZeni, tak i z hlediska fyziologie. Mira podrobnosti pak urcuje, nakolik se

z oborového hlediska jednd o problematiku fyzikdlni, biologickou nebo chemickou.

Z pilotniho Setieni vyplyva, Ze navrzené Glohy maji edukacni potencial a propojuji nabyté znalosti zaku
z rliznych predmétl (chemie, pfirodopis/biologie, vychova ke zdravi) s redlnym Zivotem. Limitem
ovérovaci faze je nizky pocet respondentll a rovnéz fakt, Ze se jednalo o studenty uditelstvi chemie a
biologie, pfip. vychovy ke zdravi. Zaci se ué&i aplikovat informace ziskané ve $kole na b&iné situace.
Dulezitym prvkem je inovovany pristup k zadavani informaci, coz vede k aktivizaci Zzakd (Janstova
& Rusek, 2015). Nastaveni aktivity umoZiiuje oteviené badani (Banchi & Bell, 2008), avsak nabizi
dostatecné ,leseni” (z anglictiny caffolding) pro pfipad, Ze Zaci nejsou na otevienost zvykli a ¢innost
vyzaduje vnéjsi podporu. Zdrojem dat je méfeni senzory pfipojitelnymi k pocitaci nebo tabletu di
chytrému telefonu. To umoznuje dalsi praci s namérenymi hodnotami, jejich analyzu a zpracovani.
Dochdzi tak k propojeni pfirodnich véd s dalsi disciplinou — ICT. Aktivita je doplnéna problémovymi
otdzkami, coz vede Zaky Fesit Ulohy na vyssi kognitivni irovni. Samotné téma i celé pojeti aktivity rozviji

badatelské schopnosti i pfirodovédné mysleni (viz napt. Kuhn, 2002).

Dalsimi kroky autorl bude ovéreni aktivity se Zaky zakladni Skoly. Ovéreni je zapotrebi provést

s ohledem na funkcnost pracovnich listd, optimalizace zadavani tlohy i s ohledem na vnitfni motivaci.

PRACOVNI LIST

1. Pokus:

Uvod do tématu

Fotosyntéza je sloZity proces, ktery vyuZivaji rostliny k preméné energie svételného zareni na energii

vvvvvv

(sacharidy). Odpadnim produktem fotosyntézy je kyslik. U rostlin probihd také bunécné dychani,

pfi kterém se stépi slozitéjsi latky (uvolriuje se energie chemickych vazeb), dochazi ke spotrebé kysliku.
Otazky pred zahajenim pokusu

V jakém pripadé (denni svétlo, lampa, tma) bude produkce kysliku rostlinou nejvyssi? Odlivodnéte své

tvrzeni. Navrhnéte postup, jakym byste své tvrzeni dokazali.
Ve kterych bunécénych strukturach probiha fotosyntéza?

O ktery déj se z energetického hlediska jedna? Spotfebovava se energie nebo naopak vytvari?
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Pomticky

¢idlo koncentrace kysliku Vernier 02-BTA, plastova nddobka, Cerstvé utrzené zelené listy rostlin, lampa,

tmava latka

Pfiprava

Pomoci USB kabelu pfipojte ¢idlo k pocéitaci a spustte program Logger Lite, v menu vyberte Experiment

- Sbér dat, doba méreni 1 800 sekund a potvrdte tlac¢itkem Hotovo.
Postup

1. Plastovou nddobku naplrite zelenymi listy rostlin.

2. Utésnéte hrdlo plastové nadobky télem cidla kysliku.

3. Nadobku nechte volné stat na dennim svétle.

4. Spustte méreni zelenym tlacitkem.

5. Po deseti minutach méreni umistéte nddobku pod lampu.

6. Po dalSich deseti minutach méreni zasnéte lampu a zakryjte nddobku tmavou latkou tak, aby skrz ni

Zadné svétlo k listdm nepronikalo. Znovu deset minut vyckejte.

Zaveér

Vysvétlete jednotlivé ¢asti vysledného grafu, jaky vliv ma plsobeni svétla na fotosyntézu?
Porovnejte vdmi navrzeny postup s danym postupem.

Vytvorte ndzev k této uloze.

2. Pokus:

Uvod do tématu

Vzduch je sloZen pfiblizné ze 78 % z dusiku, 21 % kysliku a malého mnozZstvi dalSich plyn(, predevsim
argonu a oxidu uhlic¢itého. Pfi dychani se vzduch dostane do plic, kde ¢ast kysliku prejde do krevniho

fecisté. Krvi je dal prendsen po téle.
Otazky pred zahajenim pokusu

Nadechujeme-li se za ucelem ziskani kysliku, a vydechujeme-li oxid uhlicity, jak je mozné, Ze funguje

dychdni z Ust do Ust jako metoda resuscitace?
Jaké se méni sloZeni plynu, ktery vydechujeme?

Kde ve tfidé je nejvyssi koncentrace kysliku, u zemé nebo u stropu? Pro¢ tomu tak je?
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Vysvétlete, proc atleti pred zavody jezdi trénovat do mist s vy$si nadmorskou vyskou.

Navrhnéte postup, jakym byste ovéfili, Ze metoda resuscitace dychdani z st do ust funguje.

Pomticky

¢idlo koncentrace kysliku Vernier 02-BTA, mikrotenové sacky (minimalné 2)

Pfiprava

Pomoci USB kabelu pfipojte ¢idlo k poditaci a spustte program Logger Lite.

Postup

1. Pfipravte si mikrotenovy sacek a ovérte, Ze neni déravy.

2. Spustte méreni zelenym tlacitkem.

3. Zapiste si koncentraci kysliku v mistnosti.

4. Mikrotenovy sacek ,, zmackejte”, aby v ném nebyl Zzadny vzduch. Do sacku vlozte cidlo.
5. Pripravte si otvor pro vdechovani.

6. Hluboce se nadechnéte, lehce vydechnéte a zbytek vzduchu z plic vydechnéte do sacku. Sacek rukou

uzavrete.

7. Nékolik desitek sekund vyckejte na ustdleni zobrazované hodnoty. Jakmile se Cislo prestane vyrazné
meénit, vyjméte Cidlo ze sacku a znovu nékolik desitek sekund pockejte, nez se mérfend hodnota vrati

zpét na koncentraci v mistnosti.
8. Pfipravte si druhy sacek a provedte postup popsany v bodech 4 a 5.
9. Nadechnéte se vzduchu z prvniho sacku.

10. Vzduch vydechnéte do druhého sdacku, sacek uzaviete a po nékolik desitkach sekund si

zaznamenejte zobrazovanou hodnotu.

Zaveér
Vysvétlete jednotlivé ¢asti grafu, popiste, kterym aktivitdm odpovidaji.

Navrhnéte postup, jakym byste zjistili maximalni dobu, kterou vydrzi ¢lovék v uzaviené mistnosti bez

pfistupu vzduchu.
Porovnejte vami navrzeny postup s danym postupem.

Vytvorte nazev k této uloze.

53



LITERATURA

Banchi, H., & Bell, R. (2008). The Many Levels of Inquiry. Science and Children, 46(2), 26-29.

Faltyn, J., Némcikova, K., & Zelendova, E. (2011). Gramotnosti ve vzdéldvani: prirucka pro ucitele.
Praha: VUP.

Chytry, V., & Kroufek, R. (2017). MoZnosti vyuziti Likertovy skaly—zakladni principy aplikace v
pedagogickém vyzkumu a demonstrace na prikladu zjistovani vztahu ¢lovéka k pfirodé. Scientia in
Educatione, 8(1), 2-17.

Kovacov3, L., Held, L., & Pipiska, M., (2019). Ecological and Carbon Footprints and their Role in the
Perception of Climate Change among Pre-service Science Teachers. In M. Rusek & K. Vojit (Eds.),
Project-based Education and Other Activating Strategies in Science Education XVI. (pp. 38-47).
Prague: Charles University, Faculty of Education.

Janstova, V., & Rusek, M. (2015).Ways of Student Motivation towards Interest in Science. In M.
Rusek, D. Starkovd, & I. Metelkova (Eds.), Project-based Education in Science Education XlI. (pp. 28-
33). Praha: Charles University in Prague, Faculty of Education.

Kuhn, D. (2002). What is scientific thinking and how does it develop? Blackwell handbook of
childhood cognitive development, 371-393.

Lindner, M. (2014).Project Learning for University Students. In M. Rusek & D. Starkova (Eds.),
Projektové vyucovani v pfirodovédnych predmétech XIl. (pp. 10-15). Prague: Charles University in
Prague, Faculty of Education.

Rdmcovy vzdéldvaci program pro zdkladni vzdéldvdni. (2017). Praha: MSMT.

Rocard, M., Csermely, P., Jorde, D., Lenzen, D., Walberg-Henriksson, H., & Hemmo, V. (2007). Science
Education Now: A Renewed Pedagogy for thee Future of Europe. Brusel: European Commission.

Rusek, M. (2016).Australia: Case Study of a Project Day. In M. Rusek (Ed.), Project-based education in
science education (pp. 55-61). Prague: Charles University in Prague, Faculty of Education.

Rusek, M. (2017).Pojeti Kritérii projektové vyuky v informacnich zdrojich pro ucitele pfrirodovédnych
predmétd v CR. In M. Rusek, D. Starkova, & I. Bilkova Metelkova (Eds.), Project-based Education in
Science Education XIV. (pp. 191-200). Charles University, Faculty of Education.

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). Charles University in
Prague, Faculty of Education.

Rusek, M., & Gabriel, S. (2013).Student Experiment insertion in Project-based Education. In M. Rusek
& V. Kéhlerova (Eds.), Project-Based Education in Chemistry and Related Fields X (pp. 38-44).
Univerzita Karlova v Praze, Pedagogicka fakulta.

Rusek, M., & Voijit, K. (2018).Konference o projektovém vyucovani: ohlédnuti za 15 ro¢niky. In M.
Rusek & K. Vojit (Eds.), Project-based education in science education (pp. 35-43). Prague: Charles
University, Faculty of Education.

Ryan, R. M., & Deci, E. L. (2000). Self-determination theory and the facilitation of intrinsic motivation,
social development, and well-being. American psychologist, 55(1), 68.

Stuckey, M., Hofstein, A., Mamlok-Naaman, R., & Eilks, I. (2013). The meaning of 'relevance' in
science education and its implications for the science curriculum. Studies in Science Education, 49(1),
1-34. doi:10.1080/03057267.2013.802463.

54



Téthovda, M., Matoudova, P., Subova, S. & Rusek, M., (2019). Pro¢ zjistovat, kde je obsazena sal?. In
M. Rusek & K. Vojif (Eds.), Project-based Education and Other Activating Strategies in Science
Education XVI. (pp. 65-70). Prague: Charles University, Faculty of Education.

Trna, J. (2013). Fyzika: Zdhadnd setrvacnost téles v jednoduchych experimentech In T. Janik, J. Slavik,
V. Muzik, J. Trna, T. Janko, V. Lokaji¢kova, J. Lukavsky, E. Minafikova, Z. Salamounova, E. Sebestova,
N. Vodnrovd, & P. Zlatnicek (Eds.), Kvalita (ve) vzdéldvdni: obsahové zaméreny pristup ke zkoumdni a
zlepsovani vyuky (pp. 284-293). Brno: Masarykova Univerzita. Dostupny z.

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.

Vojit, K., Honskusova, L., Rusek, M., & KolaF, K. (2019). Nitrace aromatickych sloucenin v badatelsky
orientovaném vyucovani. In M. Rusek & K. Vojit (Eds.), Project-based Education and Other Activating
Strategies in Science Education XVI. (pp. 130-140). Prague: Charles University, Faculty of Education.

Podékovani

Tato publikace byla podpofena programem Univerzitni vyzkumna centra UK ¢. UNCE/HUM/024.“ a
PROGRES Q16 — Environmentalni vyzkum.

Kontaktni adresy
Bc. Lucie Kuncova, PhDr. Martin Rusek, Ph.D.

Katedra chemie a didaktiky chemie, Pedagogicka fakulta, Univerzita Karlova
M. Rettigové 4, 116 39 Praha 1

e-mail: kuncova.lucka@seznam.cz, martin.rusek@ pedf.cuni.cz

55



Finnish Student Teachers’ Beliefs about Multidisciplinary
Learning

Anssi Lindell, Kristof Fenyvesi, Antti Lokka

Abstract

Multidisciplinary learning plays an important role in the Finnish National Core Curriculum. We develop
a project-based, multidisciplinary learning model for teacher training as part of our Checkpoint
Leonardo Network program. We applied the Theory of Planned Behaviour to identify student teachers’
salient beliefs about multidisciplinary learning. Creative learning activities and the opportunity to study
in different communities of learners turned out to be the most favourable, while differentiation the

most negative components of the students’ attitude towards multidisciplinary education.
Keywords
Attitudes, Beliefs, Educational reform, Curriculum, Project based learning

INTRODUCTION

The integrated approach to Science, Technology, Engineering and Mathematics education, or the
“STEM”, became one of the most successful global education policies of the recent decades. There is
an increasing demand for STEM skills in the European Union (EU) labor market (Caprile, Palmén, Sanz
& Dente, 2015). Finland is among those six countries in which the share of STEM professionals in total
jobs openings by country is expected to be highest until 2025 (Caprile & al., 2015, p. 11). In order to
get society and future generations prepared for these challenging demands by improving science
education, Finland launched the STEM (LUMA) policy plan in 1996. Inquiry-based learning, which has
several common characteristics both with project-based (PBE) and multidisciplinary educational
settings, has been integrated throughout all curricular subjects including STEM since 2004 in Finland
(Kearney, 2011, p. 22). Increasing students’ motivation and engagement by modern pedagogical
methods were among the main intentions behind reforming the Finnish National Core Curriculum as
well in 2014 (FNCC, 2014). In this present FNCC, several collaborative practices have been suggested
both regarding the students and the teachers to improve project-based and multidisciplinary
education. These changes are fully in-line with recent policy development in the EU, which extends
STEM to STE-A-M by linking the arts and humanities to it. Current European educational policies are
advocating an increased focus on “interdisciplinary study programmes, and encourage the promotion,
in tandem, of Science, Technology, Engineering, Art and Mathematics (STEAM) disciplines and of

human and social sciences” (EU Committee on Culture and Education, 2018). Additionally, these
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changes are targeting a more inclusive educational practice, by highlighting the need to encourage the
participation of women and other under-represented groups in STEAM subjects and the relevant

professions.” (EU Committee on Culture and Education, 2018).

EU’s Framework for Science Education for Responsible Citizenship already in 2015 emphasized the
complex transformative potentials (Morin 2002; Mishra, Koehler & Henriksen, 2011) of shifting from
STEM to STEAM (cf. http://stemtosteam.org/) (Hazelkorn et al., 2015). FNCC positions multidisciplinary
learning as one of the key pedagogical tools to develop “transversal competences” (see Figure 1.).
Transversal competences enable to experience several phenomena from the perspective of various
school subjects. According to FNCC, multidisciplinary learning is supposed to provide opportunity for
every student to examine wholes and engage in exploratory work that is of interest to them. Based on
this approach, FNCC prescribes that education providers must ensure that the schools include at least
one multidisciplinary learning module every year (FNCC, 2014, p. 33). According to FNCC, initiating
multidisciplinary learning projects is strengthening the students' participation and offering
opportunities for involvement in the planning of the objectives, contents and working methods of the
studies. It brings up issues that the students find meaningful and interesting, and creating
opportunities for discussing and working on them. Multidisciplinary learning is providing additional
opportunities for studying in different groups, as well as with students of various ages and with several
different adults. It offers opportunities for combining what the students have learned outside the
school with schoolwork. According to FNCC, multidisciplinary learning is giving space for intellectual
curiosity, experiences and creativity and challenging the students to engage in many types of
interaction and language use situations reinforcing the application of knowledge and skills in practice.
Through multidisciplinary learning students can practice agency that is consistent with sustainable
lifestyle and inspiring the students to act in a manner that contributes to the community and the

society (FNCC, 2014, p. 34).

The importance of multidisciplinary learning is reflected also in FNCC’s concept of learning in general.
FNCC describes learning as a primarily collaborative and interactive process, which sees the studens as
active actors, who both intellectually and emotionally involved into understanding different
viewpoints throughout their learning (FNCC, 2014, p. 17). According to these concepts, the
multidisciplinary transformation of the learning process leads to the transformation of the students’
and the teachers’ role and enables “multiple creativities” coming into play. (Burnard, 2012, p. 223.)
However, such transformation is a complex process, which can raise multiple challenges to on various
levels in the process of implementing curriculum-based concepts in practice. The complex background,

main tendencies and curricular tensions of the transition process from STEM to STE-A-M is well-shown
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in a comprehensive report created by the STEAM Committee for the British Education Research

Association (BERA) (Colucci-Gray, Trowsdale, Cooke, Davies, Burnard, Gray, 2017)., 2017).

SUBJECTS

_“a“sversal comm_m_,hc_e
s

Ag’.”monl

Learnin

OBJECTIVES
CONTENTS
ASSESSMENT CRITERIA

wnary leary,
.'_‘9\ hg
0

Motivation and
joy of learning

Knowledge
and skills
needed

in life

School culture

_Conception of learning 1 Underlying values

Figure 1: FNCC 2014 summarized in a diagram. Transversal competences are gained as a crosstalk between
school subjects and multidisciplinary learning modules. (Finnish National Agency of Education)

Thijs and van den Akker (2009) define three curriculum levels: intended, attained and implemented.

III

On the “intended level” policy makers develop curricula documents to define the learning objectives,
which are important for the citizens of modern society. On the “attained level” educational research
study pedagogy and search for methods by which students best achieve the goals written in the
curricula. On the level of implementation, teachers make choice, which of the methods are attractive,
useful and usable enough to be introduced in their classes. The gaps between the intended, attained
and implemented curriculum levels can be bridged by appropriate design research (Thijs & van den

Akker, 2009).

In University of Jyvaskyld’s teacher education program we have designed a STEAM project-based
education module to support teachers in gaining experiences in the realization of multidisciplinary
projects, as it is prescribed by the FNCC. In the module, student teachers collaborate with local schools
and civic actors to design, test and assess STEAM inquiries. The module is part of a bigger project,

called Checkpoint Leonardo Network (Finnish website: https://www.jyu.fi/science/fi/luma/
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hankkeet/checkpoint-leonardo-network), which carries out research to study multidisciplinary

teaching and learning.

Attitude is an important construct defining individual’s intention towards a behaviour (Ajzen, 1985). It
also plays important role in the establishment of key competences, as it is stated by the Council of the
EU: “key competences are defined as a combination of knowledge, skills and attitudes” (The Council
of the European Union, 2018). To study student teachers’ attitudes towards multidisciplinary learning

and instruction, we defined two research questions:

1. What are Finnish student teachers’ salient beliefs towards their attitudes considering

facilitation of multidisciplinary learning projects?

2. How much these salient beliefs influence on their attitude towards multidisciplinary

instruction?
THEORY

Ajzen's theory of planned behaviour (Ajzen, 1985) has been useful to predict future behaviour of
individuals. The theory has been applied in predicting human intentions and behaviour considering
lifestyle (French & Cooke, 2012) and environmental choices (De Leeuw, Valois, Ajzen & Schmidt, 2015),
for example. According to Ajzen, the intention for some activity depends on three distinct variables:
attitude towards this activity (AB), subjective norms (SN) and perceived behavioural control (BC). The
direct variables are obtained by calculating the averages for each of the indirect variables that affect

them, which are defined as the product of the main salient beliefs and their effect:

n

L q
1 1 1
j=1 h=1

i=1

where ¢;is the salient belief in the consequences of behaviour and g; estimates the importance of this
consequence. Variable f;is a belief in salient behavioural supporters and m; is a motivation to obey this
supporter. Variable py is a belief in salient obstacles and incentives for behaviour and / is estimate of
its likelihood to occur. A belief is salient, if it affects directly to the intention towards a certain
behaviour. A belief that multidisciplinary learning is closer to real life than learning in separate subjects

is salient if it promotes or inhibits student’s intention to multidisciplinary instruction, for example.
METHOD

To elicit the student teachers’ salient beliefs on multidisciplinary learning, five experienced teacher

educators first made a list of the beliefs they have detected during their teaching. Next a group of ten
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student teachers assessed these by seven level agree-disagree scale. In addition, they were asked to
bring up new beliefs in open questions. We then asked three student teachers about their beliefs in a
semi-structured interview. By the results of this pilot study, we ended up with four emerging beliefs
on multidisciplinary learning: “Learning for real life”, “Differentiation”, “Joy of learning” and
“Creativity” (Lindell, Kdhkénen & Lokka, 2018). After testing this list with 14 Physics, Chemistry and
Biology student teacher who explained their attitudes towards multidisciplinary learning in open

questions, we included also “Work in different communities of learners” into the list.

The questionnaire was administered at the first meetings of our multidisciplinary CPLN project. The
guestionnaire defines multidisciplinary learning in line with the FNCC as “studying that is integrative
and co-operative representing different approaches, and which promotes an understanding of the
relationships and dependencies between issues.” Participating student teachers rated their beliefs on
likelihood that multidisciplinary learning would promote the five outcomes by 7-point bipolar adjective
scale ranging from -3 to 3, unlikely to likely and the importance of each outcome by a similar scale
ranging from unnecessary to necessary (Francis et al., 2004). To triangulate the validity of the list of
salient beliefs, we asked for the pros and cons of multidisciplinary learning also with the use of open
guestions prior the CPLN-project. A content analyses of 95 of these responses was conducted to
monitor if beliefs outside our list will appear frequently. Two researchers independently coded the
student teachers’ responses. Next, the researchers independently classified the codes into the
5 categories of the pilot study plus one “the others” category. Finally, we calculated Cohen’s kappa for
the quantity by which the researchers classified the codes in the same categories and Spearman rank
order correlation for agreement of the counts to the codes. Results showed that the researchers were
in substantial agreement (McHugh, 2012) in the codes of categories: for pros k =.71 (95% Cl, .51 to .91),
p <.0005 and cons k =.75 (95% Cl, .52 to .98), p < .0005. They also agreed on the cited advantages (rho
= 0,95, p <.001) and disadvantages (0,94, p < .001) counts in the categories of adopting

multidisciplinary education.

To define the student teachers’ attitudes towards the multidisciplinary education construct, each five
of the perceived consequences (c¢) were multiplied by the evaluation of the importance of that
consequence (gi). The average of these were calculated for each student’s attitude towards the
multidisciplinary learning. Spearman’s rhos were calculated to determine the components’ correlation

with the resulting attitude.
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RESULTS

The results of the content analysis of open questions are represented in Table 1. Ther most frequently
mentioned category is Creativity (88 counts) while the least mentioned is Collaboration, with only 16
counts (all positive). The codes in the Others-category has the same number of counts, but the diverse
codes could not be unified to make a new salient belief outside of the existing categories.

The difference between positive and negative counts is negative only in the category of Differentiation.

Tab. 1 The numbers of the counts to different categories of attitude in 95 student teachers’ answers to open
questions of pros and cons of multidisciplinary learning.

Category Examples of codes Counts in the answers
Pros Cons

Learning for real life Everyday, Practical 54 2
Differentiation Differentiation, different learners 13 38

Joy of learning Joy, fun 38 4
Creativity Creativity 64 24
Community Environments, Collaboration 16 0

Others Easier to remember, Less subjects, Disorder in 10 6

the classroom, etc.

Student teachers in the sample (N = 184, 130 primary and 54 science student teachers) expressed a
positive attitude toward the multidisciplinary education (M = 4.0, SD = 1.8, Theoretical range -9 - +9).
The components of Learning for real life (M = 3.2, SD = 2.9), Differentiation (M = 2.2, SD = 2.9) and Joy
of learning (M = 3.3, SD = 2.3) were moderate good, while Creativity (M = 5.3, SD = 3.2) and Work in
different communities (M = 6.1, SD = 2.7) were good. Their medians of the components were 3, 2, 4, 6,

6 respectively. The distributions were not normal.

Comparing Tables 1 and 2 shows, that the attitude component of Differentiation has the least positive
and most negative counts in the Table 1, as well as the least positive attitude component in the Table
2. On the other hand, the most positive component of Community in the Table 2 has second least
positive counts in Table 1, but no negative counts there. The difference between positive and negative
counts in Table 1 is the largest for Learning for real life, which is second smallest while comparing the

student teachers’ mean value in attitude components in the Table 2.
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Tab. 2 Means, standard deviations and correlations between the components of attitude towards
multidisciplinary learning.

Variable N m? SD 1 2 3 4 5 6

1 Attitude 186 4.0 1.8 - .64** .66%*  59*¥*  p7**  6p**
2 Real life 175 32 29 - 25%*F 6% *  31kx 4%
3 Differentiation 164 2.2 2.9 - 35%*  26%*  35%**
4 Joy of Learning 176 3.3 2.3 - 25%* 27**
5 Creativity 180 5.3 3.2 - .32

6 Community 180 6.1 2.7 -

** =p<.01level

heoretical range =-9 - +9
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Figure 2: Boxplot of the distribution of components of attitude towards multidisciplinary education calculated
from student teachers’ responses.

CONCLUSIONS

FNCC has responded EU trends introducing multidisciplinary learning modules. To realize this indended
curriculum in classes, we have been developing multidisciplinary CPLN learning module to teach
student teachers to design, implement and assess multidisiplinary learning. In addition to that teachers
are able to accomplish modern learning methodes, they also need to be willing to do so. For that

reason, we have studied student teachers'salient beliefs influencing their attiudes towards
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multidisciplinary learning. Feeding student teachers’ positive beliefs about multidisiplinary learning for

real life, creativity and joy of learning are the first challenge in our next project.

Another challenge is to explain our student teachers, that learning objectives are not the same
for everyone in PBE. This may dissipate the negative beliefs in the difficulty of differentiation

in multidisciplinary learning.

Gaining creativity and capacity to work in diverse communities were the most positive components of

attitude towrds multidisciplinary learning. Clearly, leaving the classroom is new but attractive method.

The modally determined salient beliefs and their influence on attitude towards multidisciplinary
instruction and learning can be used in designing and assessment of multidisciplinary PBE, but also
individual salient beliefs should be monitored to predict individual’s subsequent attitudes, intentions,

and behaviour.
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Proc zjistovat, kde je obsaZzena sll?
Why should we care, which Products contain Salt?

Martina Tothovd, Pavlina Matousovd, Sdrka Subovd, Martin Rusek

Abstract

In this paper realization of a school project with salt being the main topic is described. While working
on the project, the students found its multifaceted meaning. The main visible result of the project was
published on the social network presenting information the students found. The findings stimulate a
discussion to evaluate health effects of excessive salt intake in confrontation with the importance of
NaCl for the human body. To assess the affective impact of the project, the IMI tool with 25 items
divided in three subscales (enjoyment, value/utility, perceived choice) was used.to. The results suggest
the students’ slightly positive attitudes towards enjoyment and value of the project and neutral

attitudes towards their perceived choice. This allows to consider the project successful.

Key words

Educational Technology, Learning Styles, Motivation, Project Based Learning, Science Education
uvoDp

Popisovany projekt je zaméren na téma kuchyriské soli. V poslednich letech stale roste jeji spotfeba
(Morris, Na, & Johnson, 2008), coz ma dopad na lidské zdravi. Proto jsou ve svété realizovany rGizné
intervencni programy (viz He & MacGregor, 2009). Otdzkou zUstava informovanost vefejnosti,
predevsim co se obsahu soli v béZnych potravinach tyce. Po vypracovani projektu by méli byt Zaci

schopni si na tyto a dalsi otazky odpovédét.

Z ddvodu nizkého zajmu 7akd o piirodni védy prokazaného u nds (Ctrnactova & Zaji¢ek, 2010; Kubiatko,
Svandova, Sibor, & Skoda, 2012), i v zahrani¢i (Awan, Sarwar, Naz, & Noreen, 2011; Potvin & Hasni,
2014) byl do vyuky chemie na stfedni odborné skole nechemického zaméreni zarazen projekt s cilem
aktivizovat Zaky (Jan$tovd & Rusek, 2014). Zaci povaiuji chemii spise za neduleZitou (Veselsky
& Hanuskova, 2009; Rusek, 2013), coz znacné ovliviiuje vzdélavaci proces. Dlraz na aktivizaci zaka je
zde predpokladem napravy soucasného stavu. Vyuziti poznatkd nabytych ve skole v redlném Zivoté a
vlastni prace zakl jsou motivaci pro uceni (Hanus & Chytilova, 2009). Proto se projektova metoda,
kterd tyto jevy slucuje (Prlicha, Walterova, & Mares, 2003), jevi jako idedlni. Nadto je zvoleno téma,

které se vyznacuje vysokym potencialem tzv. , projektovosti” (srov. Rusek & Vojif, 2018).
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POPIS PROJEKTU

Projekt byl realizovan v prvnim rocniku stfedni Skoly ekonomického zaméreni (ekonomické lyceum).
Vznikl zcela spontdnné na zakladé diskuze na téma nebezpedi latek. Zaci vyjmenovavali, které
nebezpecné latky znaji. Jeden z Zakd zminil, Ze je stl nebezpecnd, coZ vyvolalo smich jeho spoluzaka.
Vyucujici kladenim dopliujicich otdzek pokracovala v udrZovani diskuze s zdky na toto téma, coz
dospélo aZ do znejisténi zakl nad odpovédi na plvodni otdzku. V tom se ukazal projektovy potencidl
tohoto pomérné ¢astého namétu na projekt (viz Bubikova, 2010; Trckova, 2014). Vznikla diskuse vedla
zaky k ndvrhu celého projektu (srov. Rusek & Becker; 2011; Rusek, 2017). Projekt tak byl organizovdn

prevazné zaky a vyucujicim pouze korigovan.

Vyucujici podnitila Zaky otdzkou, jak by mohli posoudit, zda je jimi diskutovany vyrok pravdivy ¢i ne.
Zaci navrhovali rGizné moinosti (zeptat se odbornikil, odbornd literatura, internet, experimenty).

V priibéhu diskuze byli Zaci smérovani na nasledujici témata:

e vyuZiti soli, stl v potravinarstvi — konzervacni latka x chut, sal v lidském organismu,
e spotieba soli (denni doporucena x realna), sl u nas ve skole, sil v mém jidelnicku,

neni sul, jako slil a obraz soli v médiich.”

Poté byla 74kim poloZena otazka, zda je toto téma vieobecné sledované. Zaci okamzité zacali
odpovidat a vymyslet, jak dat o takovém tématu verejnosti najevo. V tuto chvili prestala vyucujici

do rozbéhnutého projektu zasahovat a dal byla pro zaky dostupnd pouze jako radce.

Role organizatora se ujal zak, ktery pokracoval v psani ndpad(l na tabuli. Ostatni Zaci navrhovali
rozdéleni do skupin. Ty byly zapsédny na tabuli a k nim pfipsany jednotlivé ukoly (srov. Rusek & Becker,

2011).

Cilem projektu se stalo zjistovat dopady kuchyriské soli na ¢lovéka a Siteni informaci tykajicich se této
problematiky. B€hem prace na projektu Zaci objevuji vyznam této chemické latky a uvédomuiji si
kazdodenni blizkost chemickych latek v redIném Zivoté.

Na zakladé vytyéeného cile se Zaci rozdélili do skupin®:

e QOrganizace (Z4ci organizovali pribéh a stav projektu),

e Propagace (Zaci vytvareli pfispévky na Instagram, pfipravovali prezentaci a letacky)

4 PouZité ndzvy skupin jsou zcela autentické nazvy, vymyslené samotnymi zaky.
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e \yzkum (Zaci provadéli experimenty: porovnani obsahu soli ve svém a v idealnim jidelnicku,
funkce soli jako konzervaéni latky, zjistovani povédomi o dopadech soli u ostatnich zakd skoly),

e Informace/podklady (Zaci hledali fakticka data: plsobeni soli na lidsky organismus, hodnoty
spotfeby soli u nas a ve svété, mnozstvi soli v rGznych potravinach),

e Podpora (Zaci pomahali skupinam, jez nestihaly plnit své ukoly).

Pro dosazeni svych cilll vyuZili Zaci Instagram. ZalofZili ,projektovy ucet”, vyrobili letacky, na kterych
byly stru¢né informace a odkaz na instagramovy uUcet. Pro zvyseni dopadu projektu Zaci vytvofili

PowerPointovou prezentaci pro ostatni zaky Skoly.
CILE
Cile projektu

Hlavnim cilem projektu z pohledu vyucujiciho bylo odbourani strachu z chemie (chemofobie), prevzeti
zodpovédnosti Zakd za vlastni jidelnicek, zvySeni zajmu Zakl o prirodni védy a aktivizace Zak(. Mezi
dil¢i cile projektu patfilo: uvédomeéni si vyznamu soli v bézném Zzivoté, zhodnoceni pozitivnich i
negativnich dopadl na zdravi ¢lovéka, osvojeni vypoctu soli ze sodnych iontd, vyhledavani ovérovani

informaci nebo predavani informaci vhodnou formou ostatnim.

Cilem samotnych Zakl plvodné bylo pouze zverejiiovat zjisténé informace o soli. Pozdéji se cil zménil
na informovani verejnosti o spotfebé soli v jejich okoli, obsahu soli v potravindch a moznostech, jak

mnozstvi soli v potravé omezit.
Hodnoceni projektu

S ohledem na sebereflexi (viz Jezberova, 2011), byla pfi hodnoceni projektu zohlednéna kritéria, ktera
si vymezili samotni Zaci (Casovy harmonogram, rozvrZeni prace, kvalita prace). K sebehodnoceni zak(
byla vyuZita tabulka upravena dle Salavcové a AnyZe (2011). Vyucujicim pak byla hodnocena vysledna

kvalita zpracovani, zanesena do téZe tabulky.

Projekt byl hodnocen také s vyuZitim nastroje (IMI, Inventafe vnitfni motivace). Jedna se o nastroj
vhodny pro posouzeni subjektivnich zku$enosti 7akd, je? se vztahuji k cilové &innosti (Kekule & 73k,
2001; Ryan & Deci, 2000). Pro hodnoceni postojl bylo vyuZito troj-subskalové verze dotazniku, pficemz
pouze subgkala ,Zdjem a potéieni” méfi vnitini motivaci jako takovou (Kekule, Zak, Jeskova et al.,
2017). 28 zakl vyjadrovalo svlj nazor na jednotlivd tvrzeni prostfednictvim skaly od 1 (zcela

nepravdivy) po 7 (naprosto pravdivy vyrok).
Namérené vysledky vykazuji prGmérné a mirné nadprimeérné hodnoty. Stfedni hodnota subskaly
,UZite¢nost a hodnota projektu” byla 5, Cili mirné nad primérem sedmistupriové skaly. Stejny median
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charakterizuje skalu ,Zajem a potéseni”. Subskala ,Vnimana moznost volby” vychazi jako primérna,
se stfedni hodnotou 4. Zatimco mediany odpovédi Zakl v subskalach ,UzZitecnost a hodnota projektu”
a ,,Zajem a potéseni” jsou vysledky vcelku homogenni, a to primérné nebo nadpriimérné (pouze jeden
zak v obou subskaldch uvedl hodnotu 1 &i 2), u subskaly ,,Vnimana moznost volby“ se u jednotlivych
zakl vyskytuji znacéné odchylky. Z 28 7akd zvolilo 15 Zak( hodnotilo dana tvrzeni hodnotami uprostied
nabizené skaly. Odpovédi zbytku Zaka byly polarizované. Sedm zaka zvolilo hodnoty podprimérné (1,
2), tj. povazovalo moznost volby za nizkou. Naopak Sest zak(i hodnotilo vnimanou moznost volby velmi
pozitivné. Takto odlisSné hodnoceni mlize pramenit z rozdéleni Zakd do pracovnich skupin, pficemz
néktefi Zaci si svou praci ve skupiné zvolili, ostatni Zaci byli do skupin pfifazeni svymi spoluzdky. To se
mohlo odrdzet v jejich vnimani moznosti volby. DalSi moznou interpretaci je pfirozeny postoj
k nabyvani informaci. Vysledky mohly byt ovlivnény postojem zakl k projektové metodé jako takové.
Vysledek také muze byt ovlivnén faktem, Ze prace 7akl byla na konci projektu hodnocena skolni
znamkou. S ohledem na dobu trvani projektu je to ovSem pfirozeny postup, ktery je v souladu

s organizaci studia. Na znamce se vsak Zaci velkou vahou podileli (viz vyse).
DISKUSE A ZAVER

Jak vyplyva z predchoziho textu, zaméry ucitele a Zakl se mirné odliSovaly. Pres nékteré odchylky (jez
se tykaly prevainé vystupu projektu) se Zaci dopracovali k vétsiné zamérd i bez zadavani ukoll
ucitelem. Proto povaZujeme vytycené cile projektu za splnéné, pficemz jich bylo dosazeno v duchu
projektovosti projektu (Rusek & Becker, 2011). Z4ci jej zpracovavali samostatné, byli jeho iniciatory. Cil
autorek projektu byl také zaujmout zZaky pro pfirodovédné téma tim, Ze je propoji s béZznym Zivotem.
Z hodnot, které byly méreny nastrojem IMI vychazi polozky primérné az mirné nadpriimérné, pficemz
vysoké odchylky vykazuje subskala ,Vnimana moZnost volby“. MoZné zlepSeni spociva v efektivnéjsim
fizeni Cinnosti zak( smérem k presnéji, na zacatku projektu stanovenym ciliim spolu s konkrétnéji

definovanym vystupem projektu.

Pfinosem tohoto pfispévku je mimo popisu namétu na Skolni projekt rovnéZ ukazka pfistupu, kdy
vyucujici disponujici znalosti témat s projektovym potencidlem (viz Rusek & Vojif, 2018) navodi
podminky pro zahajeni projektu. Projekt tak pfirozené vyplyne, ¢imz je zachovdno jedno ze zdsadnich
kritérii, tj. jedna se o projekt Zaka. Zdaleka ne vidy jsou vhodné casové i personalni podminky
na realizaci projektu. Projekty vyZaduji vhodny kolektiv Zak( schopnych samostatné skupinové prace,
realizace projektu Zaky od zdméru vyucujiciho jsou dokladem potieby fizeni projektu ucitelem, zvlasté
jedna-li se o jedno z prvnich setkani Zzak( stouto formou vyuky. Jeji otevienost se totiz zda

kontraproduktivni, a to i v pfipadé, Ze Zaci aktivné na zvoleném tématu pracuji.
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Traditional lectures or project method based on the idea of
Web 2.0?

Matgorzata Nodzyriska

Abstract

One of the most important parts of university education are lectures. Classically conducted they mean
activity of an academic teacher and passivity of students. In order to increase students' activity during
lectures the students were given a task to create a virtual book. To examine whether this form of
activity contributes to the increase of students' knowledge, the knowledge of students during and after
lectures was assessed. These studies show a significant increase in student knowledge. Also, the results

reveal students' great satisfaction with this method of conducting lectures.
Key words
Learning Styles, Project based Learning, Web-Based Learning

INTRODUCTION

I listen and forget, | see and remember, | do and understand.
Confucius

A lecture (by definition) is an oral presentation intended to make aware of people about a particular
topic. Lectures are still the most prestigious form of conducting classes at the university level. They
have survived in academia as quick and cheap way of introducing large numbers of students to a
particular field of study. There are outstanding lectures, which are listened to with bated breath, but
in very many cases prestige does not go hand in hand with quality and with educational effectiveness.
Critics point out that lecturing is mainly a one-way method of communication that does not involve
significant audience participation but relies upon passive learning. The lecture belongs to the methods
of giving, in which learning takes place through absorption. As shown by the pyramid of acquiring
knowledge of Edgard Dale (1969), this is the least effective communication channel. Another problem
is the decrease in concentration of students during the lecture. It is generally believed that adults are
able to concentrate only for 25 to 45 minutes. Longer lectures are not effective. Also, if the lecture
contains too many new topics, it will not be remembered as a whole. The situation is similar if the pace
of the lecture is too fast - students will not remember “much’ about it. During a one-hour lecture, an
average lecturer speaks about 12,000 words, which corresponds to publications with more than 20

pages - it is about 20 times more information than the student is able to learn at a given time
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(Nodzynska, & Ciesla, 2015; Petty, 2009). Admittedly, it is not necessary to memorize the whole lecture

by the student, however, remembering a large part of the lecture facilitates further learning.
THEORETICAL BACKGROUND

Studies on boredom appearing in students during traditional lectures have been studied recently by
Sharp and co-workers (Sharp, Hemmings, Kay, Murphy, & Elliott, 2017). Their findings indicate that
about half of all respondents experienced the most common precursors of academic boredom at least
occasionally. Traditional lectures with excessive and incorrectly used PowerPoint turned out to be
particularly boring. Their findings are considered valuable empirically and theoretically, leading to
recommendations surrounding boredom mitigation, which challenge cultural traditions and

pedagogical norms.

Also, research on changing teaching by speaking in teaching through practical action is described in
the series of books Transforming Teaching and Learning. The book No More Telling as Teaching: Less
Lecture, More Engaged Learning (Not This but That) Tovani and Moje (2017) discuss the teaching traps
through lectures and what is the involvement of students during lectures. It was also proposed which
practical changes can be applied in the classroom without changing the curriculum. Research
conducted by Delongh, Lemoine, Buckley, & Traynor (2008) determined how much time students
spent preparing for traditional lecture versus team-based learning (TBL). Results of this project show

students spend little time preparing for traditional lectures compared with other type of classes.

Therefore, change of the traditional lecture to involve the project-based method has been suggested
(Janstova, & Rusek, 2015). Instead of applying transmission teaching, in which knowledge is passed
from the teacher to the student, it was decided to introduce teaching using the theory of

constructivism and make students responsible for their education (Johnson, 2015).

One of the methods to activate the students during teaching is to involve new teaching and learning
approaches like those offered by involvement of ICT (ie. Web 2.0). This means that students not only
use new technologies, but they are also active creators of content published on the Internet. Research
on the use of Web 2.0 for teaching at the university level is described, inter alia, by Drahosova, & Balco,
(2017) and Karvounidis, Chimos, Bersimis & Douligeris (2018). They do not, however, indicate how to

convert traditional lectures into active learning involving students.
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METHODOLOGY

In order to make students more active during lectures in the "Philosophy of natural sciences", the
project method was introduced. The research was conducted in the academic year 2017/2018 among

students of the second year of the master's degree in biology.

The hypothesis of the study was the independent construction of knowledge by students that will

contribute to a significant increase in student knowledge.

The questionnaire for the Google Questionnaire was used as a research tool to check the initial and

final knowledge of students.

Due to the small number of students in one year, it was not possible to conduct research using parallel
group techniques. The purpose of this research was to test this method of lecturing and not compare

it to other methods. A comparison of the effectiveness of different methods is planned.
CONTEXT, TASKS AND LEARNING ENVIRONMENTS DURING THE COURSE

The next elements of the modified lecture corresponded to the next steps in the project method. (see

Fig. 1).

A To prove to the students that they do not
Introduction to The introduction to the project took place know everything (from this topic a
the topic at the first lecture. guestionnaire was conducted. The
students were asked 22 "open' questions.

The task of students was to create a

Contract: At the first lecture, after the discussion virtual book on this subject. Each
teacher - with the students, a contract was student created a subpage about one or
students established. two philosophers, Google Web Sites &

Prezi tools were used to create websites.

The students worked on the project alone
Work l_:l[l the for 8 weeks. They prepared information
project about philosophers using the tool: PREZL.
: In the next 3 classes, students presented
PI'D]E'Ct. their 'websites', commented and
presentation discussed about them.

¢ During the last classes a guestionnaire The students answered the same
Evaluatl?n of checking the increase of students’ questions as at the first class. The
the project knowledge was conducted. students were asked 22 "open’ questions.

NNV N

Fig. 1. Next steps in the project method and corresponding activities in the modified lecture.
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Students used the Google Web Sites tool to create a virtual book in the form of a website. Individual
pages of this book (devoted to the next philosophers) were created in Prezi (Bondarenko, 2018;

Banerji, 2017), and then they were implemented into a website.

30 students participated in innovative lectures, however the article discusses the results of 23 students

(some students taking part in the lectures did not complete the pre-test).
RESULTS

The knowledge of students was examined twice: before the project starts and after it's finished.
Students' knowledge research was carried out using a questionnaire. It contained 22 open questions.
Mainly they concerned Greek philosophers, but there were also questions about medieval

philosophers, but also Hindu or African philosophy.

Initial student knowledge was very diverse (the lowest score was 12.5% and the highest was 89.6%).
However, after the completion of the project, the level of students' knowledge was aligned (minimum
70.8% to a maximum of 97.9%). The percentage difference between the lowest result in the pre-test
and the highest result in the pre-test was 77.1, the corresponding difference for the post-test was 27.1.

(see fig. 2)

% of correct answers in the PRE-test and POST-test - results of individual students
PRE [ POST
100,0

75,0

50,0

25,0

0,0

Fig. 2 Percent of correct answers in the PRE-test and POST-test - results of individual students
The increase in knowledge was highest among those students who initially knew little about

philosophy. The increase in knowledge in individual percentage groups is shown in the chart below.
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Difference (in %) between the correct answer in POST-test and PRE-
test

40,0

30,0

75% and from 50% to  from25%to  from 0% to
more 74% 49% 24%

Fig. 3 Difference (in %) between the correct answer in POST-test and PRE-test.

For 8.7% of the surveyed students, the increase in knowledge was over 75%. For 34.8% of students,
the increase in knowledge was within 50% - 74%, also for 34.8% of students the increase in knowledge
was within 25% - 49%. It can be stated that in the majority of respondents (69.6%) their final knowledge
increased (between 25% and 74%) with respect to the initial knowledge. For approximately 25% of
respondents, the increase in knowledge was low and was within 0% - 24%. In this group there were

also three students who achieved the highest results in the pre-test:
e from 77.1% to 85% - an increase of 8.3%;
o from 79.2% to 93.8% - an increase of 14.6%;
e from 89.6% to 89.6% - an increase of 0%.

It can be assumed that students who had a satisfactory knowledge before starting the course did not
work as hard as their colleagues during the course. The result of this group of students may also result
from the fact that before the course began they already knew most things and there were no new

things to learn for them.

The average initial knowledge of students was not satisfactory (only 45.7%). However, at the end of
the course, the average knowledge of students was as high as 89.6%. Therefore, it can be said that as
aresult of activities in the project, the knowledge of students almost doubled. Calculating the student's

t-test shows that it is a statistically significant increase in knowledge (t =5.79, p <.00001, p < .05).
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% of correct answers in the PRE-test and POST-test - average of all Difference Scores Calculations

questons answenad

" Mearr: 22.59

- H=0

' 5% = 558f=31549.15/(46-1) = 701.09
o 5= 55/N=701.09/46 = 15.24

457 Sp= V5, =+15.24=3.9
- T-value Calculation
]

t= (M- t)/Sp = (22.59 - 0)/3.9 = 5.79

Fig. 4. Percent of correct answers in the PRE-test and POST-test - average of all questions answered.
Discussion of the answers to individual questions

Seven questions concerned Greek philosophy. These were the questions about the "Arche" (is a Greek
word with primary senses "beginning", "origin" or "source of action"). Before class, students were not
able to define the term "Arche", nor were they able to determine what the philosophers indicated as
"Arche" (the average percentage of correct answers ranged from 39.1% to 73.9%). After completing
the course, the level of knowledge of students significantly increased - all respondents correctly
answered four questions (question 2, 5, 6 and 7 compare figure 2). The lowest result (95.7%) was

obtained for the third question.

00,0
978 957 978

50,0 B 563
478

2
=]

oo

Fig. 5. Percent of correct answers in the PRE-test and POST-test regarding the term 'Arche’.
Another nine questions concerned basic associations: philosopher and connection with his theory. The

students' task was to supplement the sentence describing the philosopher's views with his name.
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Tab. 1. The table contains the content of the question, the percentage of correct responses from the pre-test
and post-test as well as the expected response.

Questions Pre Post Correct
answer

About which philosophy we speak: 52.2% 95.7% Thales of

He knew the phenomena of the magnet's influence on iron and Miletus

electrification of amber, and he knew how to predict solar

eclipses.

He stated: panta rhei (everything flows), one can not twice enter 73.9% 100%  Heraclitus
the same river, its water, because they change, they are still

flowing.
Who explained the movement of atoms with their burden? 47.8% 60.9% Democritus
... allowed for the existence of many different, contradictory 13% 87% Sophist

truths, aiming at agnosticism, that is, the view negating the
cognitive abilities of man in general.

The Oracle in Delphi announced that he was the wisest maninthe 73.9% 95.7% Socrates
world, though .... believed that: he knows that he knows nothing.

For ... matter is what exists eternally, but it does not rule about 47.8% 95.7% Aristotle
itself, that is, what is not a form in substance. He claimed that

matter, just like ideas, does not exist alone, it is only an

abstraction - a category, a concept used by philosophy and

science. Truly, according to him, there are only specific bands of

matter and form.

Through ...., matter was understood as a factor of evil, and so 4.3% 54.3% Philo of
remained in theological considerations. Alexandria*
Whose views: matter is indestructible and eternal, everything 21.7% 80.4% Epicurus

consists of atoms and void (as in Democritus), atoms have a
certain freedom of movement (declination).

Who was the creator of the concept of 4 elements?** 47.8% 95.7% Empedocles

Philo of Alexandria* used philosophical allegory to harmonize Jewish scripture, mainly the Torah, with
Greek philosophy.
** In pre-test many people answer incorrectly: Aristotle.
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The next questions concerned Plato and his concept of matter construction.

Tab. 2. The table contains the content and questions and the percentage of correct answers in the PRE-test
and POST-test.

Plato, like the atomists, believed that the basic particles of matter differ in shapes, which
corresponds to the four basic elements. These shapes are regular polyhedrons (Platonic
solids). Match the names of regular polyhedrons to the corresponding elements.

First element Second element PRE-test POST-test

Fire tetrahedron 56.2% 100%

Earth cube 52.2% 100%
S Air octahedron 60.9% 100%
.g
g Water icosahedron 43.5% 100%

The next question concerned the definition of 'ether'. The term comes from the ancient Greek concept
of the elements as the basic components of the material world. In Plato's philosophy, the particle of
the fifth element - ether - had the shape of a regular dodecahedron constituted an element from which
the heavens were created. This view was maintained until modern times. In medieval philosophy, the
ether functioned under the Latin name 'quinta essentia' (quintessence, the fifth essence). The students
had a very big problem with answering this question (the percentage of correct answers in the PRE-
test was only 37.0% and in POST-test 54.3%). Many of them defined the ether as: an organic chemical
compound in which C-O-C bonds occur, where none of the carbon atoms is bonded to more than one

oxygen atom.
The last three questions concerned non-European philosophies:

A. How many elements did the Chinese philosophers mention?

B. Vaisheshika was an atomistic system of natural philosophy in the orthodox system of
philosophy ...

C. Atthe beginning, the whole world was infinitesimally few particles, being also the god Amma,
Amma contained embryos of four basic elements: water, earth, air and iron. The breakup of
this cosmic egg led to the creation of the universe. This event is the equivalent of the Big Bang

in mythology ... .
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Fig. 6. Percent of correct answers in the PRE-test and POST-test regarding non-European philosophies.

CONCLUSIONS

Currently, lectures are an integral part of academic education, but their effectiveness should be
considered. It is necessary to depart from traditional lectures, during which only the lecturer is active,
and students are passive listeners. It seems that activating students is a necessity in the current
situation. The proposal to exchange a traditional lecture for students' independent work using the
project method proved to be effective. PRE-test and POST-test show a significant increase in
knowledge (on average by 43.9%). This method was particularly effective for students whose initial
knowledge was small (compare Figure 2). It can be said that the level of knowledge of students
regarding the philosophy of natural sciences after the course carried out using the project method has

been equalized. It is planned to continue the course this method in the following years.
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Vyvin koncepcie vyucby organickej chémie v sekundarnom
vzdelavani

Development of teaching of organic chemistry
in secondary education

Natdlia Priskinovd, Lubomir Held

Abstract

The aim of the contribution is to introduce changes in teaching of organic chemistry in the Central
Europe over the past decades, as were monitored in selected textbooks. Using the analysis of current
and older chemistry textbooks, we evaluate their content with an emphasis on the structure and the
way the organic chemistry is communicated to the pupils at lower and upper secondary level (ISCED 2,
ISCED 3). Our next objective focuses on comparing the development of concepts used in textbooks in

the Central Europe with the concept applied inthe textbook representing Anglo-Saxon countries.
Key words

Chemistry, conceptual change in science, primary school, secondary school.

uvoDp

Organicka chémia ma svoje stale miesto vo vyucbe na zakladnej i strednej skole a jej doleZitost je
umocnena blizkostou k ¢loveku, ako aj vyznamom pre spolo¢nost. Vyucba (nielen) organickej chémie
pocas uplynulych desatroéi presla mnohymi zmenami. Tieto zmeny badat aj na ucebniciach, ktoré
musia neustdle drzat tempo s rozvojom vedy na jednej strane a didaktiky na strane druhej. Ucebnice
su zakladnymi didaktickymi prostriedkami pri realizacii vychovno-vzdeldvacieho procesu, pricom ich
vzdelavacia funkcia je len jednou z mnohych, ktoré plnia (Petldk, 2016). Nakolko su ucebnice podla
Tureka (2014) najdolezitejSimi nositelmi uciva, aktudlne trendy vyvinu koncepcii vyucby sa v nich mézu

dobre odzrkadlovat.

Problematika histérie vyucby chémie bola a aj nadalej zostava predmetom zaujmu mnohych autorov.
Napriklad Ctrnactovd, Banyr (1997) vo svojom ¢&lanku poskytli historicky prehlad vyuéby chémie
na zakladnych a strednych Skolach s uvedenim charakteristickych znakov ucebnic pre dané obdobia.
Hellberg, Bilek (2000) skimali vyvoj chemického vzdelavania v suvislosti s rozvojom chémie ako vedy.
Held a kol. (1988) zistovali smerovanie vyvinu prirodovedného vzdeldvania na zadkladnej skole, pricom

sa opierali o modelovy pohlad na historicky existujuce projekty prirodovedného vzdeldvania. Podobne
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historickym vyvojom paradigiem prirodovedného vzdeldvania sa vo svojich prispevkoch zaoberali aj

Skoda, Doulik (2009, 2010).

Cielom nasej prace bolo na zaklade vybranych ucebnic sledovat, ako sa v priebehu desatrodi zmenila
koncepcia vyucby organickej chémie v stredoeurdépskom regiéne. Pomocou analyzy sucasnych a
starsich uéebnic chémie sme sa pokusili zhodnotit ich obsah s dérazom na Strukturaciu a spdsob
spristupriovania uciva organickej chémie. Z hladiska metodoldgie sme realizovali nekvantitativnu
obsahovu analyzu (Gavora, 1997), aj ked v zavere sme sa neubranili ,pokuseniu” niektoré udaje
kvantifikovat. Nasim dal$im cielom bola komparacia stredoeurdpskych ucebnic s vyrazne odlisSnou
ucebnicou z anglosaského sveta, ktora sice nereprezentovala cely priestor, ale tym, Ze predstavovala

odlisny pristup a kultdru, poskytla moznost konfrontacie s ,,nasimi“ koncepciami.
ANALYZA UCEBNIC

Vzorku pre nasu analyzu tvorili tie u¢ebnice chémie, ktorych stéastou bola organicka chémia. Celkovy
pocet zahfiialo 40 ucebnic od roku 1923 az 2018. Z hladiska stupria vzdeldvania, 17 ucebnic patrilo
do kategdrie ISCED 2 a 23 ucebnic sme zaradili do kategérie ISCED 3. Co sa tyka regionalneho zaradenia,
k dispozicii sme mali 13 historickych ceskoslovenskych ucebnic, 10 ceskych, 4 slovenské, 11

madarskych, 1 nemeckd a 1 americkd uc¢ebnicu.
Nastroj pre analyzu

Nakolko nasou snahou bolo sledovat vyvin koncepcie vyucby organickej chémie, vychadzali sme
z modelov prirodovedného vzdelavania, ktoré publikoval K. Holada. Modely boli pre nds dobrou
pomockou pri odhadovani danej koncepcie. Za nastroj analyzy sme si zvolili Tabulku 1, v ktorej vidime,

Ze kazdy z modelov ma svoje Specifika.

Tab.1 Modely prirodovedného vzdelavania, zdroj: Holada, 1985

prvky obsahu POZNATKY CINNOSTI

MODEL empirické | teoretické | praktické | senzomotorické | intelektualne | sociadlne
fenomenologicky | + (+) +

Strukturalny (+) +

polytechnicky + (+) + +

integrovany + +

orientovany + + + +

na osobnost

vytvarajuci + + + (+) (+) (+)
prirodovedny

obraz sveta
praxeologicky + + + + + +
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Poznatky a ¢innosti su analytickymi kategdriami, ktoré su doleZité z hladiska posudenia zakladnej
koncepcie, pricom symbolom ,+“ je vyjadreny ich vzdjomny pomer. V ramci poznatkov hovorime
o pomeroch medzi poznatkami empirickymi, teoretickymi a praktickymi. V pripade cinnosti sa
vyjadruju pomery medzi ¢innostami senzomotorickymi, intelektudlnymi a socidlnymi. V nasej vzorke
uéebnic sme sa pokusili odhadnut proporcionélne zastipenie poznatkov a ¢innosti v ich obsahu a zistit
ku ktorému modelu sa jednotlivé ucebnice najviac priklanajui. Vzhfadom na velky rozsah uéebnic a maly
rozsah c¢lanku, sme zvolili redukovany systém odkazovania na ucebnice, aby zostal priestor pre
délezitejsie informacie.

Modely a u¢ebnice

Typickou ¢rtou fenomenologického modelu je, Ze popisuje latky a javy, pripadne zédkonitosti empirickej
povahy (Holada, 1985). Ak sa pozrieme na historické u¢ebnice z obdobia Ceskoslovenska (1923, 1924,
1932, 1938, 1954), mdzeme skonstatovat, Ze spfﬁaju charakteristiku tohto modelu s prevahou
poznatkov empirického charakteru. Mnoho vlastnosti a javov sa v nich vysvetluje prostrednictvom
experimentov a vlastnej skisenosti. Praktické poznatky zahffaju najma vyroby zndme z kazdodenného

Zivota (napr. vyroba liehu, piva, papiera ai.).

V nemeckej ucebnici Umwelt Chemie (1985) sa prevaha empirickych poznatkov v Casti organicka
chémia prejavila pri pocetnych demonstraénych a ziackych pokusoch, pri ktorych dochadza k rozvoju
senzomotorickych zruénosti ziakov: pozoruju (napr. farbu, voru, horlavost, rozpustnost, reaktivitu,...),
narabaju s laboratérnym sklom a pomockami. Praktické poznatky sa tykaju najma vyuzitia organickych

Iatok, pripadne ich vyrob.

V Strukturdlnom modeli sa nosnou kostrou uciva stavaju vSeobecné poznatky, pojmy a principy
(Holada, 1985). Vyraznu dominanciu teoretickych poznatkov, v porovnani s empirickymi a praktickymi,
sme pozorovali v madarskej ucebnici pre gymndzia Kémia Il. osztdly (1984), v ktorej jedinymi
grafickymi elementmi boli Struktirne vzorce a modely molekul. Okrem Struktur sa tu kladol déraz na

nazvoslovie a vazby v organickych zlaceninach.
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[36)

Obe. 11, Model molekuly kyweliny mravée) HCOOH Obr, 12. Model molekuly kyseliny octove) CH,COOH

pulmitovi C,,H,,COOH, kyselina stearovi C,,H,,COOH kyselina sa prilepl, Horiace ldtk)y .‘ﬂ\lrl/l.lluh‘ napalmom hasime /n'v\‘\um,‘,lr‘l{:

olejova C,,H,,COOH, zakrytim (;r:A/i‘{ll.nM .‘\'uun“:n;n-/\::r/ :fr/u‘numu pred touto I«Nll«}mf /-" ukryt
V nudzovych pripadoch chrdnime celé telo napr. mokrou prikryvkou, Ak

Kyselina palmitovd sa zneuila na v probu bojovej zdpalnef ldtky napalm fe istd .‘u\l.h'/u zasiahnutd napalmom, nesmieme sa jef dotykat a hasime

Napalm md velki teplotu plamena, rozxtrekuje sa a na astahnuté miesta fu ponorenim do vody

Obr. 1 Ukazka $trukturalnej u¢ebnice, zdroj: Chémia 8, Sramko a kol., 1983

Podobne to bolo aj v pripade dalsich gymnazialnych uéebnic z rokov 1972, 1985 a 1998. Napriek tomu,
Ze Strukturdlny model nebol zretelny vo vsetkych ucebniciach (1999, 2000, 2001, 2002, 2006), zaradili
sme ich do tohto modelu z dévodu, Ze obsahovali mnoZstvo teoretickych informdcii, ktoré neboli
podloZené ani osobnou skusenostou, ani nevychadzali z kazdodennej praxe. Typickym predstavitefom
Strukturalneho modelu je aj u¢ebnica Chémia 8 (1983), ktorej predchodcom je pokusnd ucebnica z roku

1979 s vyraznymi Strukturdinymi prvkami.

Vynimocénost polytechnického modelu spociva v tom, Ze pozornost upriamuje na praktické vyuzitie
organickych [atok, najma ¢o sa tyka priemyselnej vyroby. Predstavitelmi tohto modelu su uéebnice
Chémia 9 (1963) a Organickd chémia pre 2. a 3. ro¢nik SVS (1967), pre ktoré st charakteristické schémy
vyrob, vyuZitia ¢i spracovania organickych latok ako aj autentické fotografie priamo z vyrobného
procesu v zdvodoch. Obe ucebnice vyclefnuju osobity priestor pre prehlad, priklady a principy
dolezitych chemickych reakcii, ¢i dokonca schémy zariadeni na Upravu surovin najcastejsie pouzivanych

v chemickej vyrobe.
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Jo to besfarebny plyn, ktory polymerizujo Iahiie neZ etylén, Po pridanf zmikdovadiel

. Vznikajico makromolokuly vyjadrujeme hromadnym vzorcom mb&iu sa % polyvinylehloridu

(—=H,0—0HCl—) ;. Polymerizdcion vinylohloridu dostévame poly- ) zhotovovat  folis (obr, 62)

vinylohlorid (PVC). Je to biely prafiok, ktory sa spraciva lisovanfm % ktorgoh sa potom nlmh;vujﬂ'

pri toplote asi 150 “C na dosky alebo rdrky (obr. 60, 61), U nis jo plidte do dagda, dlizkové kry-

znfmy pod nivzom novedur, Vyrobky z novoduru odolivaji che- tiny, potahové koZenky (novo-
mikdlidm, Rirky nj dosky mo#no zvirat teplym vaduchom, Pousi- plast) o pod. ’

vaji sn v ohemickom priemysle aj v domionostinch (odpadové
potrubin vodovodoy, zdchodové splachovacio zarindenia o pod.),

| Obr, 61, Lis na virobky » plastio-
kyeh {ﬁlul ; [

120 '

127

Obr. 2 Ukazka polytechnickej ucebnice, zdroj: Chémia 9, Paukova, Hajek, Otcenasek, 1963

Charakteristiku integrovaného modelu by mohla spifiat u¢ebnica programu FAST, ktora sa usiluje
o prepojenie viacerych vednych disciplin — fyziky, bioldgie, chémie ¢i geoldgie. Ucebnica vznikla
na Havajskej univerzite v USA a v devatdesiatych rokoch sa dostala do experimentalneho overovania
na Slovensku. Spomedzi vSetkych analyzovanych ucebnic sa vymyka nielen integrovanym charakterom,
ale aj redukciou teoretickych poznatkov, umoznenim skiimania javov, hfadanim suvislosti medzi nimi
a rieSenim nastolenych problémov. Rozvijanim senzomotorickych aj intelektudlnych cinnosti javi
uéebnica vyrazné ¢rty modelu orientovaného na osobnost Ziaka staziskom na empirickych

a praktickych poznatkoch.

Model vytvdrajuci prirodovedny obraz sveta ma znaky viacerych vyssie uvedenych modelov. Prezentuje
chémiu ako vedny odbor, ktory sa uplatiiuje vo vsetkych oblastiach fudskej Cinnosti a ma znacny
vyznam pre spolocensky pokrok (Holada, 1985). Presne takyto ,chemicky obraz sveta” podava
napriklad madarska ucebnica Kémia 10., 2015, v ktorej sa vychadzajuc z bezného Zivota poukazuje na
chemické pozadie organickych zlGéenin. Najdeme tu napriklad kapitoly s ndzvom: Co pohdria auto?,
Chémia nasej vyZivy, Krdsa a Cistota, Jedy a lieky. Okrem empirickych, teoretickych a praktickych
poznatkov tu pozorujeme vyrazny doraz na cinnostiach. Socidlne Cinnosti sa rozvijaju tym, Ze Ziaci

diskutuju, argumentuju a pracuju v skupinach v rdmci projektovych uloh v jednotlivych kapitolach.
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Daldimi predstavite/mi tohto modelu boli u¢ebnice pre ZS: Chemie 8 (2006), Chemie 9 (2007), Chemie
9 (2011), Chémia 9 (2012), Zdklady praktické chemie 2 (2015), Zdklady chemie 2 (2017), Chemie
9(2018) aSS: kémia 10. (2007, 2012). Nakolko vtomto modeli je rozvoj &innosti len moinou
alternativou, umoZniuje to zaradenie SirSieho spektra uc¢ebnic. Ucebnice v istom zmysle reflektuji danu
dobu, preto vsucasnych ucebniciach vyraznejSie pocitujeme vplyv IKT (praca s internetom,

aplikaciami, 3D modelmi a i.).
VYSLEDKY

Z celkového poctu ucebnic sme 17 (~ 43 %) z nich zaradili do Strukturalneho modelu, 13 ucebnic (~ 33
%) patrilo k modelu vytvdrajucemu prirodovedny obraz sveta, 6 ucebnic (~ 15 %) reprezentovalo
fenomenologicky model, v 2 uéebniciach (~ 4 %) sa premietol polytechnicky model, jedna ucebnica
(~ 3 %) predstavovala model orientovany na osobnost a jedna ucebnica (~ 3 %) spifiala charakteristiku
integrovaného modelu. Praxeologicky model, v ktorom by boli v rovnakom pomere zastipené vietky
typy poznatkov a ¢innosti, sa v nasej vzorke uéebnic nenachddzal. Tento model K. Holada v roku 1985
oznacil za perspektivny a aj po tridsiatich rokoch sa ukazuje sfubnym v prirodovednom vzdelavani na
celom svete. Vnimame, Ze postupne dochadza kpresunu taziska od poznatkov k ¢innostiam

senzomotorickym, intelektualnym i socidlnym s tendenciou upriamenia pozornosti na Ziaka.

Vychadzajuc z nasej vzorky ucebnic, model vyucby organickej chémie, ktory prevladal v historickych
Cesko-slovenskych ucebniciach, by sme mohli vhimat ako fenomenologicky. Nakolko v 50.-tych rokoch
sa v Ceskoslovensku postupne zvy$ovala snaha spajat prirodovedné vzdeldvanie s technickou
vychovou, uéebnice zo 60.-tych rokov mohli byt poslednymi, ktoré mali polytechnicky charakter.
Na tento model v 80.-tych aZz 90.-tych rokoch nadvazoval strukturalny model, ktory sme pozorovali
v Cesko-slovenskych a aj v madarskych ucebniciach. Suc¢asnu koncepciu vyucby organickej chémie
na Slovensku, v Ceskej republike i v Madarsku by sme mohli charakterizovat ako model vytvarajuci

prirodovedny obraz sveta.
ZAVER

Na zdklade analyzy ucebnic konstatujeme, Ze koncepcia vyucby organickej chémie sa v priebehu
takmer storocia zmenila. D6kazom toho je r6znorodost modelov, ktoré sa nam v ucebniciach podarilo
identifikovat. Koncepcia americkej ucebnice sa vyrazne odliSovala od koncepcii uplatiiovanych

v u€ebniciach stredoeurdpskeho priestoru.

Je potrebné si uvedomit, Ze modely su iba vSeobecné kategdrie a v praxi nemdzu existovat v Cistej
podobe. Ztohto dovodu je kategorizovanie do konkrétnych modelov ndro¢né a nie vidy Uplne

jednoznacné.
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Takato analyza ucebnic prostrednictvom modelov méze byt vyzvou k rekonstrukcii vyuéby organickej
chémie, scielom vytvarat priestor, ktory by Ziakom umoznil efektivhe uéenie sa poznatkom

a ¢innostiam zaroven.
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Contemplation of activating teaching methods in science
education in undergraduate training of pedagogical students

Jifina Rajsiglovad
Abstract

This paper aims to introduce the effective reflection and evaluation of pupil's learning in order
to absorb the subject matter. This contribution outlines the strategies helping teachers who want
to influence pupils' learning and support them to keep the subject matter in their minds. The three-
phase model E-R—R is discussed with the didactic cycle G-M—-I-A—R—E. Certain contemplation emerged
from demands and needs that pedagogical students experience during their training of the correct use

of reflection, within the course Activating teaching methods and forms in science education.
Key words

reflection, evaluation, teaching methods, cooperative learning, teacher preparation
INTRODUCTION

For the past fifteen years the trend that points out the need for active learning and independent
and critical thinking of pupils has received much attention. This tendency appears not only from
the state’s requirements for education but also from the changing society. The trend is related
to the changes of teaching styles, shift from the traditional teaching to finding new ways, methods and
strategies leading to the effective passing the information on to pupils, the training of skills and to their
motivation for lifelong learning. If we demand pupils graduating with the ability of solving problems, it
means that pupils orient themselves in a flood of information, choose sources and evaluate the
relevance of news and data, and then it is essential to support the process of their active learning,

preferably since their babyhood (Kolkova, 2006).

During the activating of pupils the terms that affect the activity, i. e. personal dispositions, motivation
or surroundings, should be respected. The activation of pupils by the teacher creates the important
conditions for pupils’ individual work and for their creativity and subsequent activity is the matter of
all activities of pupils. The effort of pupils’ activity is therefore crucial for the pedagogical work of
teachers. However, it should be taken into account that the induced activity is expressed in various
activities. The activity has to be directed properly so it leads to creative works. Consequently, the

activity has to be reflected and evaluated to strengthen pupils’ learning. However, pure activity alone
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cannot provide effective learning; it also depends on pupils’ effort to learn. Higher external activity can

only be formal, educationally ineffective (cf. Petty, 1996; Silberman, Lawson, 1997; Pasch et al., 1998).

If we agree with the need of the activating of pupils during (not only) science lessons then it is
necessary to introduce this trend already to future teachers, i. e. students of pedagogical disciplines.
This should be presented both within their pedagogical-psychological courses and also in the field

of didactics.

With respect to the above, this contribution aims to contemplate the possibilities of approaches
to various methods and forms considering the use of their activating potential. On the basis of work
with pedagogical students, future biology teachers, the paper proposes the use of didactic models
for more effective group work of pupils. The final part this contribution emphasizes what teachers have
to think of when activating their pupils to avoid activation just for activation and to give some sense to

the pupils’ group work with the help of appropriately chosen methods.
THEORETICAL BACKGROUND

Readiness of teachers to use the activating methods, whether traditional or non-traditional,
is primarily based on the ability to approach pupils with adequate democracy. First of all, teachers
need to get rid of habits of authoritative behaviour. They should know how to remove barriers
in communication and primarily they should be endlessly patient (KolaF, Sikulova, 2007). It is advisable
for teachers to be equipped with necessary professional competencies. These are the ones that enable

teachers to lead the educational process in the right way.
Models supporting activation in teaching

The models outlined below can serve to realization of effective teaching, teaching learning sequences,

that are focused on pupils’ activity and that use alternative forms and activating methods.

The first presented model is the three-phase model of learning and thinking E-R—R (the acronym
for words Evocation—Realization of meaning—Reflection). Nowadays it is quite widespread and known
(not only) within Czech pedagogical community. The E-R—R model became the platform for the project
RWCT (Reading and Writing to Critical Thinking). Its foundation lies in a constructivist pedagogical
approach, which is based on the active approach of pupils and on individual implementation of new
information into their interpretation of the world. Evocation is the first phase of the E-R—R model.
Pupils recollect their knowledge about given topic, circumstances of its previous mention, their
imagines about the theme or what more they would like to know about the issue. It reaches pupils’

intrinsic motivation to learn, raises the interest in the subject and allows understanding the
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information in context, not only randomly. Realization of meaning of new information introduces the
second phase of the E-R—R model. It means the type of learning when pupils work with various
information sources, they search the answers to questions, confirm the accuracy of the information
and original assumptions and they discover the new ones. As a result of mutual communication, they
reconsider original preconceptions, build bridges between old and new. Reflection is the final part of
the E-R-R model. It represents the feed-back and hindsight of the learning process. Pupils think out
what they have learnt, consolidate the new information and knowledge and they evaluate and form

results in their own words (cf. Hausenblas & Kostalova, 2006; Kolkova 2012; Florea & Hurjui, 2015).

Each phase of the E-R—R model has its typical specific cognitive activities that develop positively pupils’
learning. The model could be used almost everywhere where thinking is required, for any learning

content, in any class (Hausenblas & Kostalova, 2006).

The above mentioned could pose a risk for starting teachers or teachers who usually do not work in this
manner at their lessons. The basic ideas and principles of RWCT represent a comprehensive didactic
system in which specific practical methods, techniques and strategies are built in an open but
interconnected whole, in an effective learning system that can be used at school. In order
for the teaching to be in line with the RWCT, it is essential for teachers to master the methods used,

respectively the whole range of methods, and they apply them properly.

Therefore, the author of this paper recommends the student teachers and starting teachers to use
rather the G— M — 1 - A — R — E didactic cycle (later in the text: GMIARE), acronym for Goal-Method—

Instruction—Action—Reflection—Evaluation, which focuses on one method per time.

GMIARE didactic cycle

The didactic cycle GMIARE, in Czech CMIARE with regard to the first word Goal, was designed by Czech
civic association called Projekt Odyssea (later in the text: Odyssea) as an effective tool
for implementation of the cross-curricular subject of Moral, character and social education (later in the
text: MSE) to routine schoolwork, see also Valenta (2006). It is introduced in this text why teachers can
use the GMIARE cycle better when starting using the (non)traditional activating methods in their
lessons. GMIARE is designed primarily for MSE but it could be considered even when we follow the
learning process of pupils with use of activation; also when pupils works in a group in the classroom
where it is desirable to have positive interactions between pupils to promote cooperative learning, see
e.g. Kasikova (2004). The author of the article uses the model to teach pupils as well as future teachers

how to work in the form of group learning, aiming at positive interactions among group members, in
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accordance with the principles of cooperative learning. Working in a group, based on cooperative

principles, integrates the cross-curricular subject of MSE into the subject's teaching.

Let us focus on particular letters of the acronym GMIARE. The goal represents essential and

irreplaceable category in pedagogical disciplines which also included the occupational didactics.

The method is always selected with respect to the defined goal; the same is applied within the E-U-R
model. Odyssea works mainly with active didactic methods that lead pupils appropriately through the
learning process. Following question could be asked by teachers looking for a suitable method: Does

this method lead effectively to the set goal/goals?

The instructions bring to light the activity that will take place during the lesson and also
the explanation of all the necessary information and rules for successful planned activity. Rules for
activities have to be short, clear and comprehensive; we have to think consequentially of the sequence

of rules.

The activity is the time of the action when pupils work using chosen method or methods. At this phase,
the role of the teacher consists in observing how pupils work and what is happening in the classroom
which enables to obtain as much material for reflection as possible. The teacher walks around
individual groups and preferably writes down precisely his or her remarks on pupils’ work (Srb et al.,

2007).

Reflection and its irreplaceable meaning for learning of pupils are also described in the E-U-R model.
The aim of reflection is to make easy, regulate and deepen the pupils’ learning. Reflection always leads
to the defined goals and it usually runs by asking open-ended questions to pupils (Srb et al., 2007). The
purpose of reflection is to investigate with regard to the goal the consequences of behaviour (for
example during work in the groups to promote cooperative learning) for work and pupils’ learning. In
the case the behaviour does not lead to successful activity it is advisable to avoid or prevent it next
time (Kolkova, 2012). Pointing towards reflection and its anchorage in school teaching is obvious
mainly at authors working in the area of reflective learning associated with the experience (e.g. Moon,
2004). Despite the long-lasting belief in the academic community about the necessity of reflection
(reflective element) in education, rich literary production is focused mostly on justification of the
importance of reflection rather than on its empirical evidence (cf. Korthagen et al., 2011; Beauchamp,
2015 and others.). Publications aim primarily at teachers and they describe the way and results of real
use of reflective practices in professional development of teachers (see Nofke & Brennan, 2005; Mena

Marcos, Sanchez & Tillema, 2011).
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Evaluation represents the final phase of the GMIARE didactic cycle. Only now we evaluate the extent
to which defined objectives were achieved. During evaluation we use suitable tools for measurement
of achievements of pupils’ goals. Students may also have the option of conducting their own
assessment or peer review. The evaluation may include summary experience such as quiz, task writing

(Duran & Duran, 2004) or table or charts refilling.

For starting teachers, the GMIARE cycle is a guiding tool that helps to realize methods with activating
potential step by step; it suggests to teachers without experience with group work to remember and
think of the reflection and evaluation during planning and realization of activities at their lessons;

it ensures that activation just for activation does not occur (Kolkova, 2012).
SURVEY — METHODOLOGY AND RESULTS

In the summer semester 2017, within the course , Activating teaching methods and forms in science
education”, each of 15 students prepared, in line with G-M-I-A-R-E principles, the activity using
an appropriate activating method, a method applied in group work to lead pupils to cooperative action.
Then students present the method to their schoolmates, in the sense that he/she taught by this
method a selected topic from biology his/her classmates - who "played" pupils and worked by given
instructions; after action the practise included the final stages of G-M-I-A-R-E - reflection and
evaluation. The activity was observed by teacher and classmates playing the pupils and deficiencies

were noted for feedback.

In the light of the present, the following research question was asked: What deficiencies produce

students when they prepare the lesson according to the G-M-I-A-R-E methodology?

The deficiencies that arose during the presentation of the upcoming activity are examined. After
further discussion and reflection, the students, together with their teacher, defined the categories of
deficiencies, see Table 1, column Categories of Problem, to be removed in subsequent written

preparations submitted in the course of credit.

The course teacher evaluated 15 written preparations (one from each student), which were
demonstrated by students during the course. Their analysis shows how much students eliminated
original deficiencies and which inadequacies still remain and require more attention during next

training as it is shown in Tab. 2.
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Tab. 1 Results - Identified insufficiency

Category of
Problem

Identified Insufficiency

Example

Missing goal/goals

Reflection or evaluation is not related to the
set goals.

,How well have you worked?“
Non-specific question, the need
the
activities of the group as part of

to focus on specific

the cooperation.

Incomplete
instruction

Lack of instructions for activity.

The pupils’ (schoolmates’) work
is interrupted because of
and

additional instructions

information.

Purposeless
reflection

Irrelevant questions for the pupils with the
only goal of having them speak.

»Would you ever play a similar
game?“

Reflection with low
cognitive activity

The teacher asks closed questions without
higher cognitive demands.

Yes/no — questions.

Closed (one word) questions.
The teacher offers answers to
his/her questions.

Incomplete
evaluation

Evaluation does not cover all of the set
goals.

The subject goal is evaluated;
the social goal (group work) is
not evaluated.

Tab. 2 Results — Persistent insufficiency, source JR

Category of
Problem

Identified Insufficiency

Example or eliminated

Missing goal/goals

Reflection is led to a goal, which is not
defined at the beginning.

,How well have you worked in
the group?” The goal targeted
and defined in relation to

working with the text.

Incomplete
instruction

In the written text of preparations not
detected.

Eliminated.

Purposeless
reflection

Ambiguous / unclear questions — too
stylistic.

,What was good?“

Reflection with low
cognitive activity

Teacher asks closed questions without
higher cognitive demands.

Yes/no — questions.
Closed (one word) questions.

Incomplete Evaluation does not cover the MSE set goal. | Eliminated, with the exception
evaluation of two preparations.
DISCUSSION

The results of the presented investigation show that the greatest difficulties in the lessons conducted

by the CMIARE methodology are recorded during the training of reflection and subsequently also in the

evaluation. According to Kolkova (2012) it can be stated that pupils do not take their own but the

teachers’ final concept which is definitely not the goal of reflection. Teachers often replace the
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reflection phase by their personal summary of the subject matter, which is not in line with the needs
of reflection. In the ideal case, pupils should draw their own conclusion; during conducting the
reflection and evaluation, teacher’s part consists in the role of a mentor and moderator who helps
pupils to choose between essential and insignificant, to discern between true and false. As well as
Korthagen et al. (2011); Beauchamp (2015), we are also concerned with the need for reflection
(reflective element) in education to become evident and efficient and not just set into the theoretical
frame when its importance and demands are justified. Therefore, the author of this paper uses in her
didactic lessons the method of discussion with the aim to identify the insufficiencies leading to
incorrect conducting of reflection and evaluation. As Moon (2004) presents, this supports pupils to
carry their experience from activities through their everyday life. Within the frame of this paper,
pedagogical students may use this experience through their future professional life. In the final, we
come to the same findings as Duran & Duran (2004) after completing the course, students-teachers
are equipped with new skills and are encouraged to introduce even less common methods into biology

teaching, making the class a thrilling and dynamic place to learn.
CONCLUSION

In the course Activating teaching methods and forms in science education, students prepared activities
as a part of their training for proper reflection and evaluation. The aim of this task was to prepare
the activity to respect and follow the CMIARE didactic cycle. Subsequently categories of deficiencies
that occurred during training and that were not in agreement with the principles of reflection and
evaluation as it is described above were identified. Following categories are involved: missing
goal/goals, incomplete instruction, purposeless reflection, reflection with low cognitive activity,
incomplete evaluation. Ensuing analysis of submitted preparations show categories of deficiencies that
still remains (missing goal/goals, purposeless reflection, reflection with low cognitive activity) and that

were eliminated (incomplete instruction, incomplete evaluation).
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How Much Do We Know about the Way Students Solve
Problem-tasks

Martin Rusek, Katerina Korenekovd, Martina Tothovd

Abstract

This contribution aims at the actual meaning of results gained from student testing via problem tasks.
According to Korenekova (2018), positive responses do not necessarily mean that students managed
to solve the problem tasks and reached the expected outcomes defined in the national curriculum.
Concurrent think-aloud method was used to identify strategies students (N = 16) used to solve problem
tasks. The results were worse than in the pilot testing of the same tasks. Many false-positive results

were identified which puts the original test results into question.
Key words
Problem-solving skills, chemistry problem tasks, problem-solving strategies, chemistry education

INTRODUCTION

Problem solving is an integral part of science and therefore needs to be emphasised in science
education. Also scientific literacy in its various definitions (Faltyn a kol.. 2011; OECD, 2016) contains
the use of scientific methods as one of its components. The stress on problem solving in (science)
education is obvious. Its relevance is further advanced by PISA (Problems of International Student

Assessment) tests which gained worldwide popularity after 2000 (see OECD, 2018).

Problem tasks became a part of the Czech national curriculum when original objectives (Expected
Outcomes) were concretized by indicators and by at least three problem tasks to every theme within
each education field (see Vojif a kol.. 2017). The indicator (problem) tasks for chemistry were piloted
by Voijit (2017). The same tasks were later verified by Korenekova (2018), who along with the tasks
applied the retrospective think-aloud method (Van Den Haak a kol.. 2003) to find out about the course
of students’ problem solving. The results showed significantly lower success-rate compared to Vojit’s

(2017) results, despite the very same tasks were used.

This adds to the criticism of PISA tests which are by some considered more intelligence and reading
tests than tests of literacies (Stech, 2015). Another argument for revisiting the contemporary testing
practice is the possibility to understand the reasons of the students’ failure, i.e. a look into the
problem-solving strategies they use (cp. Korenekovd, 2018). The strategies are an unsubstitutable

component, yet they seem to emerge themselves without any official systematic support from
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curriculum policy makers. Students’ possible failure in tests based on problem-tasks then does not
merely indicate students’ knowledge and field-related skills. Reading skills (literacy), misunderstanding
(misconception) but also the level of their problem-solving skills are also in play. Interpretations of
such tests, however, often omit the latter aspect. From this reason, authors of this paper decided to

look more into the results received from problem-tasks.
THEORETICAL BACKGROUND

As shown below, problem-solving is a phenomenon many researchers deal with. According to the
research by Chang a kol.. (2010), problem-solving belongs among one of the most often researched-
on topics in science education research. This also applies for chemistry education (Teo a kol.. 2014,

p. 475).

There are several criteria how to sort problem-solving skills. In this paper, the authors use the
categorization into: supporting strategies, limiting strategies and for the sake of its difference reading
strategies. The group of supporting strategies contains: analogy, deduction of unknown out of known
(Vacinova & Langova, 2005), problem breaking into pieces (Ogilvie, 2009; Polya, 1973), logical
reasoning (Posamentier & Krulik, 2009), self-reflection (Dewey, 1987), connection to reality
(Posamentier & Krulik, 2009). The group of limiting strategies contains: memorial breaking of the
answer (Chupac, 2008), ,| simply think so” (Skalkova, 2007). The group of reading strategies defined
by Najvarovd (2008) contains: reading aloud, repeated reading and multiple reading. Students’
problems with problem solving were in the literature identified as problems with the task itself:
misunderstanding the task, problem with understanding the task, task adjustment and checking task
understanding Dewey (1987). Chupac (2008) completes the list with problem with knowledge:
unknown-subject matter (Students state the subject-matter is unknown to them and therefore fail

solving it.) or ignorance (Students lack the knowledge to solve the problem.)

To get information about cognitive processes (Van Someren a kol.. 1994) the think-aloud method is
being used. The method consists in a subject explaining their steps in an interview. There are two main
types of the think-aloud approach: concurrent think-aloud when a problem-solving subject describes
their steps directly when taking them and retrospective think-aloud which is performed after the task
is solved. Both of the approaches have their pros and cons. Critics of the concurrent think-aloud argue
it may affect the results (Chi, 1994). Also subjects do not mention everything regarding the problem
when talking whilst solving it (Cooke & Cuddihy, 2005). This approach was noted to cause discomfort
to the subject (Nielsen, 1994). On the other hand, this method is only as time-consuming as the

problem-solving and allows researchers to track the entire process.
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The retrospective think-aloud takes more time as the problem-solving process is revisited. Tai a kol..

(2006) argue that the subjects forget their steps and do not provide so all the information.

The following research questions were guiding the research: Which strategies do students use when
solving chemistry problem-tasks? and Which problems do students face when solving the problem-

tasks?

METHODS

Research design

To answer the research questions, the following model was developed (Fig. 1). In order to form tests
for student selection and for subsequent qualitative research, tasks from Czech educational standards
for chemistry (Holec & Rusek, 2016) were evaluated by a panel consisting of chemistry educators, Ph.D.
students in the field of chemistry education and chemistry teacher students (N = 8). The panel
members evaluated the tasks according to their perceived difficulty. Optimal-difficulty tasks (Vojif et

al., 2017) with comparable difficulty score assigned by the expert panel were divided into two tests by

three tasks.

1. Task selection 2. Student selection

3. Problem solving

proces examination

*Building 2 tests of *9graders from 5 *Selected students
comparable different schools solved the second
difficulty (3 tasks (age 14-15) test
each) « 15t test (N=157) *Think-aloud

*Tasks from Holec «2 students from method
and Rusek (2016) each class *Strategy
—from selected / average identification
Educational sucCcess (N:]_G)

Standards

*Panel of experts
(N=8)

S - S - S

Figure 1 The research design

Participants

To answer the research questions, the following model was developed (Fig. 1). In order to form tests
for student selection and for subsequent qualitative research, tasks from Czech educational standards
for chemistry (Holec & Rusek, 2016) were evaluated by a panel consisting of chemistry educators, Ph.D.
students in the field of chemistry education and chemistry teacher students (N = 8). The panel

members evaluated the tasks according to their perceived difficulty. Optimal-difficulty tasks (Vojif et
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al., 2017) with comparable difficulty score assigned by the expert panel were divided into two tests by

three tasks.

Five different lower-secondary schools (8 classes) from Prague with history of cooperation with the
authors’ department were selected. Altogether 157 nine graders (age 14-15) were submitted to the
first round of testing in late spring 2017. Based on the first test results, successful, average and
unsuccessful solvers were detected. Two average task solvers from each class were then chosen based
on the results. Altogether, 16 students (10 girls and 6 boys) were selected for the second round which
was conducted by the end of the school year 2016/2017, i.e. in the end of their school attendance. The

problem-solving interviews took from 6 to 28 minutes.
Strategies identification

The selected students were visited in their schools. They were explained the method and the purpose
of the study and were individually given the second test. The concurrent think-aloud method was used
and the process audio-recorded. The recordings were later transcribed and coded according to the
previously known strategies from the literature (see above). Some more codes were created for newly
found strategies (e.g. working with the task text, use of the periodic table, decision based on the
difficulty of the task, result prediction according to the task stucture). The codes were then matched

with the test score. By analysing both sources, students’ problem-solving strategies were mapped.
RESULTS AND DISCUSSION

First, the results were compared with the results from the tasks first piloting (Vojif, 2017). The results
were considerably worse. There are two possible explanations to this. First, the tests themselves do
not reflect on the students’ actual skills as they are assessed only based on the result. Given the fact
that to be considered successful, students needed not only to choose the correct answer, but also a
correct explanation (cp. Adadan & Savasci, 2012; Potoc¢nik & Devetak, 2018). So called “false-positive”
results were then ruled out. The second explanation follows concerns e.g. by Chi (1994) — concurrent

think-aloud method affected the result.

One of the main findings is that on average the success in task solving is not a reflection of knowledge
or skill. Often applied “guessing strategy” was noticed. From the supporting strategies, the students
used mostly: problem breaking down, logical reasoning, working with the task (periodic table, data in
tables, graphs) result. As far as reading strategies are concerned, the students applied reading loud
and repeated reading strategies. From the limiting strategies, “I simply think so” strategy was used
along with tipping/guessing and result prediction based on the task structure — a strategy not

mentioned in the literature focused on these problems.
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When the reasons of unsuccessful problem-solving were looked for, task misunderstanding, task
adjustment, and checking the task understanding emerged from the research results. Looking back at
the tasks which are designed to test the learning objectives and considering that average students
were selected, it seems the learning objectives were not met. The results could be different if the tests
consisted of traditional tasks and not learning tasks (Vojit et al., 2017), however considering the fact
these tasks were designed to serve as indicators, their use for the purpose of this study is legitimate.
Moreover, testing just fragmentary pieces of knowledge out of context violates the main idea of

scientific literacy (OECD, 2016).

The results open another important, yet so far undiscovered research area. There is a lack of
knowledge about the students’ acquisition of strategies or skills. This belongs to one of the limitations
of this study. In the following studies, students need to be questioned also about the style the teachers
work with developing their problem-solving strategies. Triangulation of this information gained from
students, by questioning teachers and by analyzing the students’ problem-solving process would offer
a much deeper look into the problem. Based on this knowledge, it would be possible to offer

interventions leading to strengthening of these skills.

Another improvement of the methodology of this study is seen in the use of retrospective think-aloud
method supported by an eye-tracking record to ensure students have some guidance when describing

their problem-solving progress (see Mason a kol.. 2013; Pienta, 2017).

The whole research would certainly benefit from repetition with two-tier task versions. This would
enable researchers compare the effect of problem-solving affected by concurrent talking with

retrospective eye-tracker enhanced talking and describing the processes.
CONCLUSION

This research represents a second step of putting problem-tasks into practice. After piloting them,
reasons for the students’ failure were investigated. This opens a whole different field which has not
been given enough attention in the Czech Republic. Academic society lacks information about the

students’ problem-solving progress which makes test results (including PISA) less predicative.

In this research, supporting as well as limiting strategies students use when solving problems were
identified. During the course of the research, several other approaches were discovered. Together they
would shed more light on this area providing all stakeholders with valuable information about the
process of skills-testing technique. Also, it remains uncertain if school is the main factor which equips
students with appropriate set of problem-solving strategies and knowledge which makes them

successful in international comparison based on problem-tasks.
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Using project-based education to develop pre-service biology
teachers’ knowledge of the cooling effect of vegetation.

Renata Ryplovd, Jan Pokorny

Abstract

Vegetation has a significant cooling effect on local climate and contributes to the retention of water in
the landscape. Surprisingly, this significant environmental topic is completely omitted from the Czech
science curriculum. To introduce this topic into the curriculum it is necessary to first educate the future
science teachers. Our paper presents results of a pilot study that introduced pre-service teachers to
the cooling effect of vegetation via a hands-on project and assessed the improvement of their

understanding of the key concepts using a pre and post-test.
Key words
Environment, Initial Teacher Education, Project based Learning, Science Education

INTRODUCTION

Why is it important to teach about the cooling effect of vegetation?

Everybody knows that during the heat of the summer it is much more pleasant to spend a hot day in
the forest rather than in the city. The cooling effect of vegetation (Fig.1) is widely known, but it is taken
for granted and not well understood. People mostly do not care about the reasons why the climate is
cooler in the forest. This is one of the consequences of human indifference and ignorance of the roles
plants have in their environment; this indifference has been referred to as “plant blindness”

(Wandersee & Schussler, 1999).

Considering the recent changes in the global climate, it is very important to understand the
physiological role of vegetation in cooling climate at local scales. Global temperature has been steadily
increasing, the continents have become significantly dryer, and the experts warn of an impending
global water crisis (IPCC, 2014, 2018). One of the possible ways to mitigate this dire situation is
proposed by the..“new water paradigm®, (Kravcik et al.,2007). It calls for better landscape
management to retain water in the landscape and recover the cooling function of ecosystems.
Although the positive role of vegetation in cooling of local climate and in increasing water availability
in the landscape has been demonstrated in numerous studies (for the review see Ellison et al., 2017),
general public pays less attention to this topic. Deforestation and incompetent management of the

landscape, caused by ignorance of the role of plant physiology in dissipation of solar energy and in the
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hydrologic cycle, contribute to the warming of climate at local scale, and lead to a decrease in the

availability of water in the landscape (Ellison et al., 2017, Huryna & Pokorny, 2016).

Therefore it is necessary to raise awareness of the general public about the physiological ,,cooling”
function of the vegetation and to teach the subject, at an appropriate level, in elementary schools.
According to the curricular documents of the Czech Ministry of Education, this topic falls into the
category of environmental education. To educate future science teachers, a project-based lesson on
the cooling effect of vegetation was developed and implemented into the education of pre-service
biology teachers at Department of Biology, University of South Bohemia in Ceske Budejovice. A pilot
study was carried out to answer the following research question: Can an expert-developed project-

based lesson improve students’ knowledge of the cooling effect of vegetation?
The “air-conditioning” effect of evapotranspiration

Transpiration is a necessity by which a plant maintains its internal temperature within it’s optimal
thermal limits. Using elementary physics, it can be shown that at the level of a landscape,
evapotranspiration is the most efficient air conditioning system developed by nature. In addition to
optimizing temperature, plants use evapotranspiration to control the water balance in their root zone.
Water is able to redistribute much of the solar heat energy received by the Earth through the water
cycle, thanks to its high latent heat of evaporation and condensation. Water has a unique feature. It
exists in three aggregate states in our living environment: solid, liquid and vapour. Phase transition
from liquid into vapour is associated with changes of volume (18 ml of liquid forms 22,400 ml of
vapour) and consumption or release of energy (0.68 kwWh kg, 2.45 MJ kg* at 20 °C). The consumption
of heat through evaporation in places that are currently hot and the release of heat through
condensation in places that are currently cold (e.g. via formation of fog or dew equalizes temperature

differences in time (between day and night) and in space (between different spaces).

Let us imagine a tree with a crown 5m in diameter covering an area of approximately 20 m2, On a single
sunny day, the crown will receive in the excess of 150 kWh of solar energy. What happens with this
energy? About 1 % is used for photosynthesis, 10 - 15 % is reflected back into space, 5—10 % is released
into the atmosphere as sensible heat and the same percentage is transferred as ground heat flux into
soil. The largest percentage enters the process of transpiration, whereby water vapour is released from
the tree. If a tree has a sufficient water supply, it can evaporate more than 100 litres of water a day
and use approximately 70 kWh (250 MJ) of solar energy in the process. This energy is hidden in water

vapour as latent heat and is released again during the process of condensation to liquid water.
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The tree transpired around 100 litres of water, thus cooling its environment by approximately 70 kWh.
The tree transpired water only during the daylight hours when it’s stomata were open, and much of
the evaporation happened during peak solar radiation, thus during a ten-hour period the tree cooled
its environment with a 7 kWh power output. The energy of 70 kWh did not appear as sensible heat, it
stayed in form of water vapour, and was released in cool places or during a night. Such a tree has a
cooling capacity comparable with several technological air-conditioning and heating system used in
households, hotels, offices. Transpiring tree has a double air-conditioning effect: it cools when water
evaporates and water vapour passes energy to cool places where latent heat is released when water

vapour condensates back to water liquid (Pokorny, 2019).

From thermodynamic point of view, trees reduce gradients of energy between the sun and outer

space, they degrade incoming solar radiation through life processes (Schneider & Sagan, 2005).

Fig.1. Street without trees on a summer day. Surface temperature of pavement 52°C, a tree on a side 34°C.
(Pokorny et al., 2018)

METHODOLOGY

Project- based education on the topic of the cooling effect of vegetation

To educate future biology teachers, we developed a project-based lesson named “Using vegetation
cover to cool down the main square in our town”, focusing on the topic ,solar energy — vegetation
— water in the landscape.” The lesson was implemented into the education of fourth grade pre-service
biology teachers at the Faculty of Education, University of South Bohemia. The lesson was based on
hands-on field experiments, using a thermo-camera, a solar radiation meter, and an IR thermometer.

For the purposes of the lessons scientific measuring methods were adopted and simplified. An impact
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of this teaching method on students’ knowledge was investigated by the didactic survey described

below.
Design of the project-based learning:

1. Theoretical introduction - Transpiration and solar energy distribution in the landscape. One
hour lesson was delivered in the classroom on the distribution of transpiration and solar
energy in the landscape, motivated via the following inquiry question: “Why is the shadow

under the tree cooler than the shadow under the umbrella? “

2. Outdoor hands-on part - three groups working on different inquiry based tasks during a

sunny day:

Group A: How much solar energy reaches the surface of the grass under a tree compared to
open treeless space? What is the surface temperature of the grass in the open and under the tree?
The pre-service teachers we asked to consider the cooling power of the tree given a transpiration rate

of 20 litres per hour.

Group B: Is there any difference between the surface temperature of the lawn with tall uncut
grass and cut grass? The pre-service teachers were asked to make observations using the

thermocamera (or IR thermometer) and to explain any differences.

Group C: Using the IR thermometer, find the coolest surface in the courtyard of the faculty
building, including the lawn, the pavement, the tree and the building. Explain the differences among

the various surface temperatures
3. Presentation of the results and discussion among the groups.

4. A proposal for the vegetation cover of the main square. All groups work together on the proposal,

based on their experience from the hands-on field exercises (A-C).

The pre-service teachers were given the following directions: Imagine, that the average amount of
solar energy reaching the surface of the main square in our town (Ceske Budejovice, 1hectare area) is
900 W/m? Create a proposal of a new vegetation cover (how many trees, how many m?of uncut lawn)
to cool the square by the average of 200 kW/ hour. Draw the trees and lawns into the map of the

square (source - Google maps).

(Consider transpiration rate of a tree as 20 | / hour, transpiration rate of 1 m? uncut lawn as 0, 3 I/

hour)
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Design of the didactic survey

To investigate the impact of this project-based lesson on the students’ knowledge of the cooling effect
of vegetation a pre — test/ post- test experimental design was used. The respondents underwent a
pre—test a day before and a post—test a day after the project. The students’ understanding of the

cooling effect of vegetation was assessed using the short questionnaire consisting of 5 questions:

1) Tropical rain forests and deserts occur on the Earth at approximately the same altitudes. How
is it possible, that there are big differences between the day and night temperature in the

desert, while there are nearly no differences in the tropical rain forests? Explain: (2 points)

2) If we cut down the forest, the local climate: a) will warm up, because...b) will cool down,
because... (correct answer (a) with correct explanation 2 points, correct answer with wrong or

no explanation 1 point, false answer (b) 0 point
3) Isit possible that some deserts have recently enlarged due to the wrong human management?

a) Yes, because.... b) No, because.... (Correct answer (a) with correct explanation 2 points,

correct answer with wrong or no explanation 1 point, false answer (b) 0 point)

4) Which physiological process in plant utilizes the biggest amount of solar energy reaching the
plant surface? ( transpiration 1 point)
5) The morning dew condensing on a leaves a) warms up, or b) cools down the plant? (a=1

point)

In a total 13 pre-service teachers in the first year of their master studies took part in this survey (1
male, 12 females). The results of the tests were statistically evaluated by using STATISTICA 12 PC
package (StatSoft Inc.) and the differences between the pre and post-test were compared by using

Student t-test.
RESULTS AND DISCUSSION

Pre-test results

According to the results of the pre-test, the level of the pre-service teachers’ knowledge of the cooling
effect of vegetation was very low before the lesson (Fig.2). In a pre-test the students achieved quite a
low mean score of 2.61 + 1.55 Std. Dev. (out of 8 possible points). The most difficult question was
question number 4, which asked the pre-service teachers to name the physiological process that
consumes the largest amount of solar energy. None of the respondents gave the correct answer; all

pre-service teachers considered photosynthesis instead of transpiration as the correct answer. The
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respondents either did not fully understand the process of transpiration or they did not have a correct
conception about the solar energy distribution across the landscape. They understood photosynthesis
to be the main solar energy-consuming process in the plant. The overestimation of the role of
photosynthesis and underestimation of the role of transpiration follows also from the incorrect
answers on the questions Nr.1 and 2. In question Nr.1 the respondents explained the differences
between the diurnal course of temperatures in a desert and a tropical rain forest by the differences in
photosynthesis, consuming significantly more solar energy in a tropical rain forest and therefore
decreasing the day temperatures. Similarly, on the question Nr. 2 they mostly answered that if we cut
down the forest, the local climate warms up, because the lowered photosynthesis in the cut forest
causes more solar energy to be radiated as a heat. Thereby we can assume that the respondents did
not understand the thermoregulatory function of evapotranspiration in the local climate and did not
consider transpiration as the process that transfers solar energy and prevents the plant from
overheating. Further problems were found in interdisciplinary relations: The respondents did not
understand the heat transfer via evaporation of water (questions Nr.5, Nr.1 and Nr.2). These results
correspond to the results of previous studies aimed on the basic or high school students’ knowledge
of water regime of the plant (Ryplova & Bezpalcova, 2016) or plant role in environment (Ryplova,
2017), which also revealed low level of understanding of the cooling function of the vegetation via
evapotranspiration. To our knowledge, no studies on the pre-service teachers’ knowledge of the
cooling effect of vegetation exist in the recent international literature, but according to the personal

experience of the authors the knowledge of the cooling effect of vegetation is also low in other
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countries (this remains to be shown by future research). Several previous studies point to transpiration

as a difficult subject in science education (Vitharana, 2015; Wang, 2004).
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Fig.2. The detail results of pre — test (A) and post-test (B). The values represent mean score * std. dev.
C - comparison of the general results of pre- and post —test (small squares represent mean values, boxes mean
valuet std. dev., line segments mean valuet 1,96*std. dev. t = -7,8767, p=4,15*10%,N =13.

An impact of project-based learning on the knowledge of the cooling effect of vegetation

The project-based lesson with elements of inquiry improved significantly the level of pre-service
teacher’ knowledge of the cooling function of vegetation. The differences between the pre and post
—test (the general score) were statistically significant according to the Student t-test (t = -7,8767,

p=4,15*10).

Drought and global warming are serious problems of recent times and thus the pre-service teachers
were fully interested in taking part in this project. The project-based learning was advantageous for
this interdisciplinary topic. According to the Bilek and Machkova, (2014), project-oriented instruction
is a method of motivating students to actively problem-solve and search for meaningful
“products”/solutions. One such ,product” was a possible plan of cooling the square in their own city
by using vegetation. Positive impact of interdisciplinary projects in the pre-ervice teachers’ preparation
was also found by previous studies (Lindner, 2013, Machkova et al., 2015). According to the results of
this pilot study, we can assume, that project-based education seems to be suitable for the topic of
cooling function in the pre — service teachers’ preparation. These results are to be corroborated by

future research, because of the low number of respondents taking part in this pilot-study survey.
CONCLUSIONS

The project-based lesson improved the pre-service teachers‘knowledge of the cooling function of
vegetation. Education on this topic should be focused on the following critical points, based on the

results of our pre-test: a) evapotranspiration b) solar energy distribution in the landscape ( especially
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over estimated role of photosynthesis, underestimated role of transpiration) c) interdisciplinary
relations - the use of laws of physics (heat conversion, evaporation, condensation) as drivers for biology

(transpiration).
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Change in the perception of animal dimensions as one of the
results of the project-based education

Romana Schubertova, Tatiana Kviatkovd, Radovan Malina

Abstract

There are some objective reasons which cause misconceptions in perception of the birds” wingspan
dimensions. They are usually underestimated for all species, more in the case of predators than in the
case of smaller songbirds. This paper is mapping the effectiveness of project, implemented into 5"
grade biology education of secondary school, with potential to change the perception of birds’
dimensions. The survey was attended by 160 pupils, 93 of them were involved in the realization of
designed project, rest of them made control sample. The project consisted of making paper models of
different bird species in their real dimensions. Data about perception of dimensions of 6 common bird
species were collected right before and then 3 months after realization of project. Quantitative analysis
indicated statistically significant differences in the perception of the dimensions of the individual
species. Even after the realization of the project, the pupils underestimated the dimensions of the wing
spans, but their estimates were more accurate than in the case of pupils who did not implement the

project.
Key words

Project-based Learning, Models in Science, Misconceptions, Science Education, Birds
INTRODUCTION

There is a critique of researches in the field of didactics, caused by a little relation to the school reality
(Reeves, 2006). One of the solutions is to use the Design-based research (DBR) as approach, which
combines the design of learning processes, methods or innovations (collectively named as artifact) and
the research of teaching in the proposed environment (Barab & Squire, 2004). Creating of this artifact
requires an iterative process and hence its repeated used to optimize product (Juuti & Lavonen, 2006).
In such a process, for example, educational materials were created in the field of chemistry didactics
(Schubertova, 2014). It is important to work with real teachers who provide target feedback. Surveys
studying misconceptions do not usually use this approach, they are often formal, and their conclusions

are difficult to use in the creation of educational materials.

In the case of misconceptions about birds, their classification, relationships with humans, physiology,

or living conditions were studied so far (Cardac, 2009). Prokop and Rodak (2009) investigated the
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impact of various stimuli (visual and acoustical) on the ability of pupils to identify species. Randler and
Bogner (2002) focused on impact of hands-on, learner-centered environment on knowledge about
species. Learner-centered and teacher-centered approaches didn’t differ in their effectiveness if there
was a larger number of learned species. Reduction of them caused significantly better results in the
group of learner-centered pupils. So far, the marginal area of the study of misconceptions in natural
sciences is the perception of the biological objects” dimensions - such studies dominate in didactics of
physics because of astronomy and large interplanetary distances (Miller & Brewer, 2010) and in
chemistry education due to the very small size of particles (Cokelez, 2012). As a part of the presented
research, we focused on the perception of bird dimensions in Schubertovd, Kviatkovd and Malina
(2018), in which we stated that pupils underestimated the real dimensions of birds (which is also

interesting stimulus to further exploration of the birds by pupils).
GOALS OF RESEARCH AND METHODS

Research conducted through the approach DBR had two fundamental goals:

e to bring new insights into the theory of biological education in the area of the perception of
animal dimensions;

e to reveal the possibilities of influencing ideas by testing the design of project activity.

The process of testing the activity was also focused on the optimization of educational materials.

Research has been divided into the following stages:

e testing pupils” original ideas about the size of the wingspan of different bird species;

e the creation of educational materials with the potential to correct the misconceptions of
pupils;

e testing the effectiveness of using the educational materials in the context of change of
dimensions” perception;

e adaptations of educational materials according to the requirements of practice.

The first two points were discussed in Schubertova, Kviatkova and Malina (2018). This paper analyses
changing of ideas after realization of activity and discloses editing of educational materials. In the
context of testing the effectiveness of educational materials, the hypothesis was established: pupils
who have been educated on birds by modeling them in their real dimensions will make minor mistakes

in estimating their wingspans.
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Participants

Atotal of 160 pupils were involved in testing the effectiveness of the proposed activity and in exploring
the ideas about wingspan of different bird species. 93 pupils formed an experimental sample, which,
after the initial collection of data about original perception, was involved in the creation of bird models.
76 pupils made a control sample, which was educated by common practice and available education

materials (common textbooks). Pupils came from different types of five schools in total.
Data collection and analysis process

We used a table with the names of each species to collect the data before the teaching of topic
(pretest), while the pupils had wooden or paper rulers with length of 1 meter (to help to imagine scale).
Six well-known species were selected, including small, medium and large species and also predators

and owls:

e Common Buzzard (Buteo buteo), Northern Goshawk (Accipiter gentilis), Tawny Owl (Strix
aluco), Eurasian Jay (Garrulus glandarius), Great Spotted Woodpecker (Dendrocopos major),

Great Tit (Parus major).

We examined “the mistakes” of pupils and expressed them as difference from real average value
of the wingspan, which can acquire both positive and negative values. The difference in perception of
the wingspan was then re-labeled (to make the results more comparable between the species) by

formula:
(value of pupil — real value) x 100 / real value

This gave us an insight into the percentage difference between pupils” view and real wingspan

in the case of each species.

Data about perception of dimensions were collected again with a delay of 3 months after realization
of project activity in the posstest (activity is described in more detail in Schubertovd, Kviatkova
& Malina, 2018). Wilcoxon’s nonparametric test was used to determine the difference between
groups, values were calculated using the software PASW Statistic 18 (SPSS inc. 2009). Jackknife

resampling technique was used.
RESULTS

There was no statistically significant difference in the control and experimental groups (p = 0.35) in the
case of pretest. In the case of posttest, the pupils in experimental group made an average absolute

mistake -8.56 cm, in the control group pupils made an average absolute mistake -11.98 cm. We
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observed a statistically significant difference (p = 0.009) among pupils” outcomes from experimental
and control group. Table 1 shows not only the absolute, but also relative mistakes of the pupils in the
perceived dimensions after the realization (or not realization of the project). Significant differences
were identified in the case of larger bird species (Strix aluco, Buteo buteo — p = 0.001). A statistically
significant difference was not observed in the case of Parus major and Accipiter gentilis. However,
interesting average of pupils” perception shows that control group made in this case of Parus major

positive deviation from the real value.

Table 1 Main characteristics of predictions of experimental (RP) and nonexperimental (NP) groups in the case
of 6 bird species.

bird species 3 average mistake | average relative | variance

S £ | (cm) mistake (%)

o 2

oo C

3 NP RP NP RP NP RP

UV n (]

5 2 E

= ©

T 3 7

25 a
Dendrocopos major 36 +10,41 | -0,6 +28,92 | -1,67 244,5 125 0,008
Buteo buteo 120,5 -45,21 -23,17 -37,6 -19,23 117,01 101,24 | 0,001
Garrulus glandarius 55 -15,03 | -11,57 | -27,32 | -21,05 | 163,64 | 118,18 | 0,007
Accipiter gentilis 110 -25,48 -14,81 -23,16 -13,46 131,81 105,45 | 0,07
Strix aluco 99 -31,05 -3,99 -31,36 -4,04 142,43 112,13 | 0,001
Parus major 24 +3,56 -3,71 +14,83 -15,48 270,9 116,63 | 0,19

Within 3 months (from pretest to posttest), the ideas of pupils in control group, changed in a positive
way too. The graph (Figure 1) shows comparison of the average value of the pupils” original ideas (in
pretest) and the average values in posttest. The average pupils” estimate was closer to the real value

of the wingspan in the experimental group in all of the cases, except of Parus major.
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Figure 2 Comparison — average value of pupils” ideas in experimental (RP), nonexperimental (NP) group and
real average values of wingspan.

Experimental and control group also differed in the data distribution of posstest. It is obvious that a
larger number of pupils estimated the dimensions more precisly in the case of control group (Figure 2)
—there is a lower variation range in all of the species. The most striking difference is, hovewer, in the

case of Parus major.
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Figure 3 Distribution of data inside of experimental (RP) and control (NP) group in the case of posttest
- predators

In the case of predators, the difference between the upper and lower quartile is not as distinct as in

the case of Parus major, Dendrocopos major and Garrulus glandarius (Figure 2 and 3).
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Figure 4 Distribution of data inside of experimental (RP) and control (NP) group in the case of posttest —smaller
passerines

One of the research results is also the optimization of the proposed educational procedures. Teachers
have suggested changes in the terminology used in materials for pupils and the need for graphic
editing. The resulting materials include the introduction of the problem (through comix interview), a
space for making predictions about wingspan, and making notes of real dimensions. To produce bird

models, the pupil is provided with a picture of their silhouette and a bird species card with various

information (Figure 4).
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Figure 5 Materials for pupils, enhanced realization of project — making models of birds in their real dimensions,
made in iterative process (Schubertova, Skodova, Chrenkova & Balazovi¢, 2018).

CONCLUSIONS

The aim of education in natural sciences is to help transform misconceptions of pupils about natural
phenomena and objects. One of the misconceptions, which we can often observe also in an adulthood,
is the underestimation of birds” wingspan. There is a possibility of positive change in pupils” ideas, by

making a models of different bird species in their real dimensions. We confirmed our hypothesis, as
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guantitative analysis indicated statistically significant differences in the perception of the dimensions
of the individual species. Pupils after realization of project estimated dimensions of birds more
accurate than pupils which didn’t make paper models of birds. The direct experience of pupils with
dimensions of birds can affect ideas in long-term way. At the same time, it is an interesting initiative

point for pupils to investigate also another birds” characteristics.
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Digestion in human body in Science education — results
of a questionnaire

David Sarboch, Milada Tepld

Abstract

In 2017, a questionnaire dedicated to secondary school chemistry and biology teachers was created
and realized via Google docs platform. This questionnaire investigated the state of teaching of
digestion in human body at secondary schools. Firstly, according to the answers, this topic is
interdisciplinary and should be taught mainly during biological and chemical lessons. Secondly, there
is a need to promote the illustrative nature of the topic. And last but not least, the relation between

scientific knowledge and everyday life should be supported.
Key words

Chemistry, biology, science education, secondary school
INTRODUCTION

This contribution is dedicated to a pedagogical research that was realized in 2017. The survey
examined the level of teaching of "digestion in human body" topic and was based on a quantitative
research method —a questionnaire. The research goals were, firstly, to find out the teaching disposition
of the topic at secondary schools, secondly, to define what materials are used during the educational
process connected with the topic, thirdly, how the topic is perceived by teachers themselves and last
but not least try to ascertain and define factors that should be promoted by teachers during children’s
exposition to the topic. Except of the data discussed below, another outcome of the research is an

interactive animation that is accessible on www.studiumbiochemie.cz web page.

The first chapter of this contribution discusses the inclusion of the topic in the national curricular
document — RVP G (Framework education programme for Secondary General Education, 2007). The
next part concerns the theoretical bases connected with the chosen topic and the modern trends of
the science education. The final chapter is devoted to the results of the questionnaire itself.

INCLUSION OF THE DIGESTION IN HUMAN BODY TOPIC IN THE CZECH NATIONAL
CURRICULAR DOCUMENT

The concrete form of the national Czech curriculum is represented by the Frameworks education

programmes. These documents specify the concrete objectives, form, and basic curricular content of
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education, as well as general conditions for their implementation. Within the Framework education
programmes, there are two educational areas concerning the topic of digestion: Man and nature and
Man and health. In the Man and nature educational area, the following outcomes are particularized in
Chemistry, specifically in Biochemistry: “The pupil shall explain the structure and function of
compounds necessary for important chemical processes taking place in organisms, the pupil shall
characterise basic metabolic processes and their significance." (Framework education programme for
Secondary General Education, 2007). In Biology section this outcome is determined: "The pupil shall
utilise his/her knowledge of organ systems to understand the relationships between processes taking
place in the human body." The educational area Man and health mentions in the part named Healthy
lifestyle and self care for health that "The pupil shall strive for positive changes in his/her life connected
with his/her health and the health of others.” (Framework education programme for Secondary

General Education, 2007)

The topic of digestion in human body reflects all the expected outcomes mentioned above. That was

also one the reasons to choose this topic.
INTERDISCIPLINARY RELATIONS

Interdisciplinarity, interdisciplinary relations, integration, complex presentation of the curriculum. All
these terms often appear in papers coming out in the Czech Republic in the last twenty years (Skoda
& Doulik, 2009, s. 24-44, Hejnova, 2011, s. 77-90, Janik & Stuchlikova, 2010, s. 5-32). The worldwide
trends in science education point out on the usefulness of a partial integration of some subjects or at
least interdisciplinary connections of some specific topics. According to Janik & Stuchlikova (2010, s. 5-
32) that can contribute to the raising of the attractivity of the science disciplines that is a crucial step
because of the pupil’s fading interest in the science education. Interdisciplinarity (or interdisciplinary
approach) is characterised as a specific way of teaching linking the knowledge and the methods of a
several science disciplines (Prlichova et al., 2003). In the Czech Republic, there is an attempt to
implement interdisciplinarity within the cross-curricular subjects in RVP G. These units shall connect
related disciplines and summarize the curriculum that should be presented to pupils in a complex way

and not via separate subjects.
Advantages and disadvantages of the interdisciplinary relations

There are a lot of authors that assess positively the implementation of the interdisciplinarity into the
learning process. Casey Jones (Jones, 2009) sums up in his paper named Interdisciplinary Approach
— Advantages, Disadvantages and the Future Benefits of Interdisciplinary Studies the fundamental

advantages and disadvantages of the interdisciplinary relations (Tab. 1). His vision of the
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interdisciplinarity in practice uses a "team teaching" approach when teachers of the different subjects
not only cooperate while forming a new curriculum but also teach a specific topic together. According
to Jones, team teaching is one of the best methods of the interdisciplinarity application into the
learning process.

Tab. 1 — Advantages and disadvantages of the interdisciplinary relations according to Jones (2009)

ADVANTAGES

Promote the understanding of the relations within the disciplines.

Make pupils think about the problem from other perspective.

Emphasize the pupil’s lifelong learning thus promote his/her personal development.

Cultivate the pupil’s ability of a context considering and face the real world problems.

DISADVANTAGES

The cross-curricular subjects are difficult to specify and draw up.

Schools often implement the modern approach of the interdisciplinary relations even if
they are not prepared enough for that. The quantity is strengthened to the detriment of
quality.

VISUALIZATION AND ANIMATION

The fact that man receives the majority of the information from the world outside by eye-sight is
evident. According to the experimentally obtained data, we gain about 80 % of information by the
sense of sight. Another research claims that man is able to retain 70 % of the total amount of
knowledge obtained by oral presentation after three hours, by three days you remember only 10 %.
Using visual presentation, a man remembers 75 % after three hours and 20 % after three days. By
combination of these two types of presentation (visual and oral), after three hours a man retrieves 85
% of information and 66 % after three days on average (Bradbury, 2001). This fact forms one of the
basis of the modern teaching process, represented by a teacher who is no more a bottomless well of
knowledge, but shall be a tutor transferring the learning content in the most various forms possible in

order to enable pupils to find their own best way to understand the curriculum.
Visualization

One of the curriculum exposition examples mentioned above is visualization, which represents an ideal
tool allowing students to choose the best mean of learning the abstract parts of the schoolwork
(Nodzynska, 2012, s. 519). Three visualization forms can be applied while using this kind of exposition
(Schénborn & Anderson 2005): 2D and 3D static models, 2D and 3D dynamic models, 2D and 3D

multimedia models.
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2D static models represent basic and in these days widely used visualization tool, that comprises for
instance of an educational text, a picture of a chemical apparatus or a p-V graph of an isothermal
process. Ball-and-stick molecule models are an example of a 3D static model.

Dynamic models make part of the second category, which is represented by simple 2D and 3D
animations without any interactive components, for example the animation of a covalent bond
creation.

The most complex and required visualization tools are multimedia models. These models put diverse
audio-visual elements together to create an outcome that is presented afterwards (Schénborn
& Anderson 2005). The visualization tools mentioned above are texts, pictures, sound, videos and

animations.
Animation

Animation can be classified as a dynamic visualization tool (Ainsworth & van Labeke, 2004, s. 241-255).
PospisSil & Michal (2001) delimit the term of animation as ,the simulation of a fluent movement
obtained by composing of individual frames or drawn pictures. By combination of this definition and
the fact that a human eye has always been attracted by movement (Hamlin, 2000), an ideal educational
mean is received. Nowadays, an approach claiming that using animation leads to more effective
learning process, is generally accepted. This opinion is promoted by the majority of researches,

according to Bétrancourt & Tversky (2000, s. 311-329).
STRUCTURE OF THE QUESTIONNAIRE

At the beginning of the questionnaire, the instructions and the introductory information about the
research goals, were presented. The first part was dedicated to the teacher specialization and the
whole learning process of this topic (in which subject the teacher would present this topic and where
he/she really does, how many hours he /she sacrifices to teach the topic and what tools the teachers
use while presenting digestion in human body). The second part pursued the teachers” subjective
opinions about the attractiveness of the topic for themselves as well as for pupils. Another questions
tried to find the answers for the present state of using the textbooks and their didactic quality. In the
final part of the questionnaire, teachers were asked to choose the important factors that should be

emphasized while presenting the topic of digestion in human body.
RESULTS OF THE QUESTIONNAIRE

The questionnaire was distributed via electronic way to 421 respondents (chemistry and biology

secondary school teachers) all over the Czech Republic. The rate of return was 35 % and the form was
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filled in by 146 teachers. Also 11 printed questionnaires were distributed and in this case the rate of

return was 100 %. In total, 432 questionnaires were distributed and the final rate of return made 36 %.
Teachers specialization

The most frequent respondents’ specialization was a combination of chemistry and biology (46 %),
followed by only the chemistry or chemistry and other subject (but not biology, mostly mathematics
and physics) specialization (40 %). The third category was represented by biology and biology and other
subject (but not chemistry) teachers (14 %). The majority of respondents comprised of chemistry

teachers.
Topic inclusion

The first question exposed to respondents was: In which subject would you teach this topic? The results
are summarized in Graph 1. Apparently, the major part of the chemistry-biology teachers (90 %) would
put the topic into both subjects. A similar opinion is evident concerning the chemistry and chemistry
and other subject teachers (81 %), while the biology teachers (with specialization: biology and biology
and other subject) would present this topic equally in both subjects (52 %) or only in biology (48 %).
Another remarkable fact isthat 11 % of chemistry teachers (without those with specialization
chemistry-biology) would present the topic in biology merely, meanwhile no biology teachers (without

those with specialization chemistry-biology) would put the topic only in chemistry.

What subject would teachers put the topicin?

90
81
90 7 —
i 80 1 Spec. Che-
E 70 Bi
¥ 6o -
% i Spec.
c 50 .
T Chemistry
5 40
€ 30 - m Spec
E 20 - —g Biology
fo 2l
, - —_—
Che Che-Bi Bi
Subject

Graph 1 — Subjective inclusion of the topic into subject discussed above (chemistry, biology) selected by
teachers with specialization in chemistry-biology, chemistry-other subject and biology-other subject.
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The next question led to the real state of teaching the digestion topic in both subjects. In Graph 2, the
chemistry-biology teachers” answers are arranged. Comparing with Graph 1, where 90 % of chemistry-
biology teachers would put the topic in both subjects, there is a correspondence with Graph 2, where
exactly 95 % of chemistry-biology teachers really present the topic in chemistry and biology. The equal
situation of teaching the topic in chemistry and biology is apparent in 33 % cases. Nevertheless, more
than 50 % of teachers present the topic mainly in biology. 10 % of respondents teach the digestion in
human body mainly in chemistry, 4 % only in biology and 1 % only in chemistry. The principal outcome
from these answers is that in present days the topic is classified as a biological one. This fact
is emphasized by a comparison of the total amount of teachers presenting the topic mainly and only

in biology (56 %) and those teaching the topic mainly and only in chemistry (11 %).

60 52

s

20
10

Only in Che Only in Bi Mostly in Bi  Mostly in Che Equally

Amount of answers in %
w
[e]
1

Graph 2 — Representation of the real state of the digestion in human body teaching by chemistry-biology

teachers.

Time span relating to the topic

Chemistry teachers (chemistry and chemistry and other subject including biology), sacrifice 4.1 hours
on average to the topic. On the other hand, biology teachers (biology and biology and other subject

including chemistry) dedicate 3.5 hours to digestion in human body on average.
Teaching aids

The question concerning the teaching aids was answered as follows. In biology lessons, teachers use
mainly powerpoint presentations (89 %), then videos (52 %), blackboard and chalk (47 %), textbooks

(47 %), 3D models (45 %), work sheets (42 %) and wall paintings (39 %). Experiments and animations
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are utilized much less (experiments — 25 %, animations — 23 %). In chemistry, the most applied teaching
aids are also powerpoint presentations (79 %), followed by blackboard and chalk (57 %), work sheets
(39 %), experiments (33 %), textbooks (31 %), videos (29 %) and animations (25 %). Wall paintings are

used only by 7 % of teachers; just 4 % work with 3D models.
Processing of the topic in chemistry and biology textbooks

The textbooks were evaluated by teachers on the five-mark scale (1 very well-processed, 2 well-

processed, 3 neutral opinion, 4 insufficiently processed, 5 very insufficiently processed).

In general, biology textbooks are evaluated as well-processed. The most frequent mark among biology
teachers (only biology and biology and other subject excluding chemistry) was 2 (65 %). Then a sharp
decrease is apparent and roughly the same amount of teachers assess the processing by 3 (20 %) and
4 (15 %). A similar trend can be seen regarding the chemistry-biology teachers answers. They mostly
evaluate biology textbooks by 2 (41 %) and then mark 3 (35 %). Only 11 % of teachers consider biology

textbooks to be very well-processed, 13 % ticked mark 4.

Chemistry teachers (with only one specialization or with other subject excluded biology) mostly
evaluated chemistry textbooks by 3 (25 %), followed by 4 (16 %) and then mark 2 (12 %), 5 (4 %) and
1 (2 %). Chemistry and biology teachers assessed equally thus their most frequent mark was 3 (28 %).

However, the second most common mark was 2 (12 %), then 5 (8 %), 1 (5 %) and finally 4 (1 %).
Important factors while teaching digestion in human body

The last question of the questionnaire investigated the factors that, according to the teachers, are
important for teaching the discussed topic (Graph 3). All the factors mentioned in Graph 3 were already
included in the questionnaire. Teachers did not add any other suggestions even if there was a
possibility (free box signed , Other:“). These three factors are the most crucial while teaching the
digestion in human body: interdisciplinary relations support, illustrative nature and everyday life

examples.
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Graph 3 — Important factors for teaching the topic of digestion in human body

Summarizing of the questionnaire results

The outcomes of the survey can be summed up as follows:

1)

2)

3)

4)
5)

6)

The topic of digestion in human body is perceived as interdisciplinary by the respondents.
According to their answers it should be taught in both subjects (chemistry and biology) equally
even if it is presented mainly in biology in present days.

Chemistry teachers dedicate about 4 hours to this topic during the learning process,
meanwhile biology teachers need 3.5 hours on average.

The teaching aids most frequently utilized are powerpoint presentations. Also, blackboard and
chalk, work sheets, videos (mainly in biology), textbooks (again mainly in biology) are
commonly used in both subjects. Experiments are implemented mostly in chemistry, however
during biology lessons teachers use wall paintings and 3D models. Animations are applied by
a fourth of chemistry and biology teachers.

The topic of digestion is considered as attractive for pupils and very attractive for teachers.
The most commonly used biology textbooks are Biologie pro gymnazia (Jelinek & Zichacek),
then Biologie ¢lovéka (Novotny). Concerning chemistry textbooks, the most frequently utilized
is Chemie pro Ctyrleta gymnazia (Marecek & Honza). A lot of teachers also work with other
materials.

Basic factors that shall be strengthened while teaching the topic of digestion are illustrative

nature, support of interdisciplinary relations and everyday life examples.
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CONCLUSION AND DISCUSSION

The questionnaire survey whose data were discussed in this paper showed the interdisciplinary
character of the topic of digestion in human body. Despite this fact, the topic is taught mainly in biology
that is most likely related to the processing quality of the topic in chemistry and biology textbooks.
Digestion in human body seems to be attractive for pupils as well as for teachers. Thus, a higher
attention shall be devoted in order to improve the teaching of the topic. To attend this goal, these
three factors should be emphasized: illustrative nature, support of interdisciplinary relations and
everyday life examples. One of the possibilities how to promote the teaching of digestion in human
body is the creation of interactive learning animations, where both the chemical and biological content

of the topic would be mentioned.
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Nitrace aromatickych sloucenin v badatelsky orientovaném
vyucovani
Aromatic compounds nitration in IBSE

Karel Vojif, Linda Honskusovd, Martin Rusek, Karel Kolar

Abstract

The aim of this paper is to present IBSE activity based on a simplified process of phenol reaction with
nitrous gases on TLC. The activity was tested during Environmental Seminar with 14 pre-service biology
teachers. The activity proved to be feasible. All four student groups successfully solved the task and
they were able to interpret the results correctly. The IMI tool was used to gain feedback. Students
seem not to feel pressure during their activities. In all other subscales (interest/enjoyment,

effort/usefulness, perceived competence, value/usefulness) the students scored medians.
Key words

Inquiry Based Teaching, Science Education, Chemistry, Environment
uvoD

V Zivotnim prostiedi jsou v soucasné dobé jiz bézné pritomny nitroaromatické slouceniny. Od 70. let
20. stoleti jich bylo identifikovano pres sto riznych typu. Je zfejmé, Ze jsou pritomny ve vsech slozkach
Zivotniho prostredi (Barek, Cvacka, Moreira & Zima, 1996). Pfevazna ¢ast nitroaromatl se vyskytuje
v ovzdusi (Stiborova, 2002), do kterého pronikaji disledkem antropogenni ¢innosti, mezi kterou se radi
napriklad vysokoteplotni procesy jako je spalovani fosilnich paliv, zpracovani kov(, tepelna likvidace
odpad( a automobilova doprava. V disledku téchto procest se oviem do ovzdusi dostavaji rovnéz
oxidy dusiku a aromatické uhlovodiky ¢i jejich derivaty. Mezi nimi dochazi k chemickym reakcim.
Znacna Cast nitroaromatickych sloucenin tak vznika pfimo v atmosfére. Z té mohou byt vdechovany do
plic, ukladaji se atmosférickou depozici do pldy a lze je nalézt i v destové vodé a Fi¢nich sedimentech

(Nielsen, Feilberg & Binderup, 1999; Stiborova, 2002).

Aromatické nitroslouceniny jsou z pohledu ochrany Zivotniho prostredi i lidského zdravi znacné
rizikové, nebot vykazuji mutagenni a karcinogenni aktivitu. Mezi podezfelé karcinogeny lze zaradit
napf. o-anisol, nitrofen, 1-nitropyren aj. (Stiborova, 2002; Takamura-Enya, Suzuki, & Hisamatsu, 2006).
Nadorové procesy lze pozorovat zejména v jatrech, plicich, prsnich Zlazach a v mocovém méchyfi

(Anderson et al., 1997; Arlt, 2005).
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Mezi toxikologicky nejvyznamnéjsi nitroaromaty kromé nitropyrent, nitroanisolu, nitrofluorenu,
nitrochrysenu, nitrobenzanthronu a nitrofluoranthenl patfi i nitrobenzen. Ackoli se v ovzdusi,
ze kterého se pres pidu dostava do podzemnich vod, nachazi ve velmi malém mnoZstvi, pfi opakované
expozici zplsobuje methemoglobinemii. BEhem experiment( na zvifatech byl zjistén vyvoj nddorovych

onemocnéni stitné Zlazy, ledvin a jater (Toxicological profile for nitrobenzene, 1990).

Chemické zmény v atmosféfe neni mozné pfimo pozorovat. Ve vyuce, pokud jsou viibec zarazeny, se
tak Casto stdvaji teoretickym konceptem, ktery je pro studenty zabyvajici se environmentalnimi faktory
zcela abstraktni. Jednd se jen o pouha tvrzeni predkladand ucitelem. Tento problém je mozné
preklenout pomoci badatelsky orientovaného vyucovani, které umoznuje hlubSi porozuméni
problematice v sirSich souvislostech a zvysuje Zaky vnimanou relevantnost uciva (Stuckey, Hofstein,
Mamlok-Naaman & Eilks, 2013). NavrZena aktivita je tak v souladu s praci Kovacové, Helda a Pipisky

(2019).
Badatelsky orientované vyucovani ve vyuce ekoorganické chemie

Ekoorganicka chemie propojuje klasické poznatky organické chemie s ekologickymi faktory. Vstupuje
tak jako vyznamny informacni zdroj do environmentalni vychovy, tj. ,,komplex ¢asto znacné se riiznicich
pfistupy reagujicich na problémy v hleddni koexistence mezi lidskou spolecnosti a pfirodou” (Cincera,
2006, p. 4). V dnesni dobé Ize v otadzce enviromentalni vychovy pozorovat ustupujici trend od prevazné
znalostné orientovanych programi k postuplm, kdy je volen kriticky pfistup vedouci k hlubsimu

porozuméni (Palmer, 2003).

Vzhledem ke snaze o holisticky pfistup ve vzdélavani se nabizi mezipfedmétové propojeni ekologie a
organické chemie v kontextu realnych situaci. Ve smyslu vymezeni BOV nékterych praci (Janik, 2004;
Manak, 1994; Pasch, 1998) integrujici badatelské aktivity mohou rozvijet zaky a studenty, aby byli
schopni mj.:

e vyuZit znalosti ze zakladnich chemickych disciplin pro porozuméni vyskytu, osudu a Gcink(im

chemikalii v prostredi,

e navrhovat a realizovat chemické experimenty pro poznani environmentalnich procesd,

e analyzovat ziskand data, interpretovat a diskutovat laboratorni experimenty,

e prezentovat vysledky vlastni prace, diskutovat a komunikovat environmentalni problémy,

e rozumét environmentdlnim aspektlm lidské cinnosti a hodnotit environmentdlni vlivy
technologii,

e identifikovat, analyzovat a navrhovat reseni pro Siroké spektrum environmentalnich problém.
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CHARAKTERISTIKA BADATELSKE AKTIVITY

Navrzena badatelska aktivita vychazi z experimentl navrzenych Kolafem a kol. (1998, 2001). V ramci
téchto experimentu byla zpracovana modelova simulace vzniku nitroaromatickych sloucenin. Reakce
jsou provadény vplynné fazi. Kidentifikaci vznikajicich produktl je wvyuZivana tenkovrstva
chromatografie. Diky jednoduchému instrumentdlnimu uspofddani, nizkym spotfebdm chemickych
latek a relativné nizké toxicité v simulacnich procesech vznikajicich produktl se tyto experimenty

ukazuji jako vhodné pro vyuziti v badatelsky orientovaném vyucovani.

Aktivita je navrZena jako skupinova prace s ¢asovou narocnosti priblizné 90 minut. Pribéh aktivity a
dinnost studentl je fizena materidlem v pisemné formé®, ve kterém jsou studentim predloZeny
zakladni faktické informace. V iniciacni fazi badatelské aktivity je vyuzivdno motivacniho potencidlu
aktudlniho tématu, které propojuje vzdélavaci aktivitu s mimoskolnim prostfedim. S informacemi
o znecisténi Zivotniho prostredi, ovzdusi nevyjimaje, a souvislost polutantl s fadou onemocnéni se
studenti setkavaji vrfadé medidlnich prostfedk(. Vramci aktivity studenti pracuji s realnymi
vyzkumnymi informacemi o znecisténi ovzdusi a Ucincich nitrovanych aromatickych sloucenin na lidské
zdravi® a propojuji tyto informace s poznatky ziskanymi badatelskou ¢innosti o vzniku t&chto slougenin
z prekurzord. Tyto informace hodnoti a davaji do kontextu se zavéry z vlastni badatelské Cinnosti
zachycujici prabéh reakci na modelovém prikladu. Aktivita tak zprostfedkovava procesy vedouci ke
vzniku pro zdravi nebezpecnych latek, které se do atmosféry dostavaji nejen primym lidskym

plGsobenim, ale vyznamnou mérou vznikaji jako produkty sekundarnich reakci.

Aktivita student( je sméfovana pomoci fidicich otazek strukturujicich prabéh aktivity, sledujici model
5E — Engage, Explore, Explain, Elaborate, Evaluate (Bybee, Taylor, Gardner, Van Scotter, Powell,
Westbrook & Landes, 2006). V cestiné je tento model oznacovany jako 5Z — Zapojeni, Zkoumani,
Zpracovani, Zobecnéni, Zhodnoceni (Ctrnacova, Tepld & Ctrnactova, 2015):

1. planovani postupu badani na zdkladé predloZenych informaci o modelovych chemickych
reakcich a vyuzivanych metodach, vyjadreni o¢ekavani (tj. zapojeni a zkoumani),

5 Material obsahoval nésledujici kapitoly a podkapitoly: A) Simulace vzniku nitrofenoll v atmosféfe: Jak Ize
postupovat pri usporadani experimentu. Jaky je princip probihajicich reakci. Co je to chromatografie (popis
metody, tenkovrstvd chromatografie). Jak vyhodnotit chromatogram latek vzniklych nitraci fenolu.
B) Experiment - opravdu k reakcim dochazi?: Nitrace fenolu + Vliv doby plsobeni oxidl dusiku na fenol (Jak
budeme postupovat? Navrhnéte v bodech postup. Co ocekdvame? Provedeni experimentu - co jsme zjistili?
Co vyplyva z vysledk( provedeného experimentu?).

6 Studentdim byl predloZen text Stiborové. (2002): Skodlivé aromatické nitroslouceniny. Lze zabranit jejich
plUsobeni na ¢lovéka? Vesmir, 81, 683-685.

133



2. provedeni experimentl a zaznamenani vysledku (tj. zpracovani),

3. interpretace vysledk( a jejich propojeni s informacemi v odbornych textech zabyvajicich se
vlivem nitroaromatickych sloucenin na Zivotni prostfedi a lidské zdravi (tj. zobecnéni a
zhodnoceni).

Soucasti navriené badatelské aktivity je interpreatce zavérQ z badatelské Cinnosti a jejich zobecnéni
v kontextu organickochemickych procesu a environmentalnich aspektl. Studenti tyto zavéry pisemné

zpracovavaji na zakladé vlastnich vysledkd a dostupné literatury.

Zatimco typicky se vzdélavaci obsah v souvislosti s atmosférou omezuje na sloZeni vzduchu a divody a
dopady pfitomnosti kyselinotvornych oxid(, predstavena aktivita prinasi rozsireni o dalsi latky
vyznamné ovliviujici Zivotni prostredi i lidské zdravi. Predpokladanym vystupem je pfibliZzeni nitracnich
reakci na modelovém prikladu reakci fenolu s nitréznimi plyny. Zaroven se aktivita zaméruje
na usouvztaznéni teoretickych poznatkll s praktickou cinnosti demonstrujici princip vzniku
nitroaromatickych latek z prekurzor( dostavajicich se do atmosféry antropogennim plsobenim. Celd
aktivita tak cili na porozuméni problematice tykajici se vyznamnych ekologickych a zdravotnich
rizikovych faktorl, jakymi jsou naptiklad strukturné blizké nitroanizoly ¢i nitrované vicejaderné
aromatické slouceniny (napf. Svobodova, Dracinska, Martinkova, Hudecek, Hodek, Frei & Stiborova,

2008; Takamura-Enya, Suzuki & Hisamatsu, 2006).

Vzhledem k Siti problematiky, na kterou se navrZend badatelskd aktivita zaméruje, je mozné ji vyuZit i
jako ndamét pro projektové orientované vyucovani. Nabizi se SirSi propojeni s biologickymi a
medicinskymi tématy v oblasti plsobeni nitroaromatd na organismy a clovéka i socidlnimi védami
v ramci problematiky antropogenniho plsobeni. Nasnadé je i kontext medialni vychovy. V maximalni
Sifi by bylo moZné napf. realizovat projekt orientovany na vyse zminéné dlvody a dopady pritomnosti
vybranych plyn( v atmosfére.

7 v

Realizace experimentalni ¢asti

Navrzend aktivita vyuZiva snadno probihajicich reakci mezi fenolem a plynnymi oxidy dusiku. V ramci
téchto reakci vznikd fada nitrofenol(, u nichZ je zfejma strukturni blizkost s identifikovanymi

karcinogeny (Stiborova, 2002), kterym je napfriklad 2-nitroanisol.

OH OH OH OH
o + +
NO, NO,

fenol 2-nitrofenol 4-nitrofenol 2,4-dinitrofenol

Obrazek 1 Nitrace fenolu
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MozZny postup provedeni experimentalni ¢asti lze ramcové shrnout do nize uvedenych bodu. Dil¢i kroky

se ovsem mohou odliSovat s ohledem na sestaveni postupu studenty.

1. Projednodussi manipulaci se jako vhodné ukazuje naneseni fenolu na tenkou vrstvu sorbentu
(silikagel), ktera zaroven poslouzi i k vyslednému vyhodnoceni — tenkovrstvé chromatografii.
Nanesenim roztoku fenolu v toluenu (0,1 g fenolu a 5 cm? toluenu) se pfipravi vzorky na
2 deskach. Jeden bude pouZit k reakci, druhy slouzi jako referencni.

2. Ve vhodné nadobé (napt. vétsi sklenéna vana ¢i kadinka) se pfipravi nitrézni plyny (napf.
5 g dusitanu sodného a 3 cm?® koncentrované kyseliny chlorovodikové). S ohledem na
bezpecénost je nezbytné tuto ¢ast experimentu provadét v digestofi.

3. Do nadoby s nitréznimi plyny se zhruba na 5 sekund’ vloZi jeden pfipraveny vzorek fenolu
na tenké vrstvé.

4. Vzniklé produkty reakce se oddéli pomoci tenkovrstvé chromatografie ve vzestupném
usporadani. Vhodnou mobilni fazi je toluen. Pro porovnatelnost se stejny postup provede i
u referencniho (nenitrovaného) vzorku fenolu.

5. Svétle zbarvené nitrofenoly se detekuji okourenim amoniakem za vzniku nitrofenolat(i vyrazné
Zluté barvy. Nezreagovany fenol je moiné dokazat stejnymi reakcemi, tedy zopakovanim

okoureni nitréznimi plyny a nasledné parami amoniaku.

Vyhodnoceni

Pro chromatografickou identifikaci se obvykle vyuZiva komparace se standardy, které ovsem nejsou
ve Skolnim prostredi dostupné. K vyhodnocovani v rdamci badatelské aktivity je proto mozné vyuzit
komparace se zjisténim rozlozeni produktli béhem drive provedenych chromatografickych procedur
v obdobném usporadani. Ackoli se vhledem k podminkam provedeni budou zjisténé retardacni faktory
mirné odliSovat, zakladni rozlozeni separovanych produktl zlstdva shodné a je moZiné provést

zobecnéni. Vysledky pro popsané usporadani experimentu jsou zndzornény na obrazku 2.

VysSe popsand experimentdlni ¢ast badatelské aktivity se zaméfuje vyhradné na demonstrovani
nitracnich reakci. Uvedeny laboratorni postup je ovSem vrdamci badatelské vyuky vhodny i

pro zkoumani dalSich vyzkumnych otdzek. MoZnym prikladem je sledovani zdvislosti zastoupeni

7 Nitraéni reakce probihaji prakticky okamZité. S narGstajicim ¢asem nad mono nitrovanymi produkty reakce
prevaZuji vice nitrované fenoly. Z didaktickych dlvodu je pfi vyhodnocovani vhodné ziskani Sirsiho spektra
produktl. Opakovanim experimentu bylo zjisténo, Ze takového vysledku je moZzné dosahnout pti reakénim case
5 s. Pfesna reakéni doba ovSsem neni v kvalitativnim vyhodnoceni pro potieby badatelské aktivity urcujici.
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Py

je moZné detekovat i nezreagovany fenol, s narQstajici dobou prevazi pouze dinitro produkty a v reakci

podléha nitraci prakticky veskery fenol.

L] L]
- -
[ ] -
- -
fenol 2-nitrofenal A-nitrofenaol 2 d-dinitrofenal 2,6-dinitrofenol SHés
R.=0,185 R.=0,717 R;=0,071 R, = 0,558 Re=0,451

Obrazek 2 Identifikace produktd s vyuZitim tenkovrstvé chromatografie
Upozornéni o bezpecnosti

Vzhledem k tomu, Ze studenti pracuiji s latkami jako je fenol a n-nitrované fenoly, je proto v laboratofi
tfeba zamezit vdechovani prachu a par, pouZivat ochranné rukavice/ochranny odév/ochranné
bryle/obli¢ejovy stit. Pokud dojde k jejich poZiti, je nutné okam?Zité volat toxikologické informacni
stfedisko Ci lékare. Pokud dojde ke styku s klzi (nebo s vlasy) veskeré kontaminované casti odévu
okamzité svléknéte a klzi oplachnéte vodou/osprchujte. V pripadé zasazeni oci je nutné nékolik minut

opatrné vyplachovat vodou a vyjmout kontaktni ¢ocky.
PILOTNI OVERENI AKTIVITY

NavrZena badatelska aktivita byla pilotné ovérena v rdmci vyuky predmétu Semindr z environmentdini
vychovy na Pedagogické fakulté Univerzity Karlovy. Ani jeden z Ucastnicich se studentd nestudoval jako
druhy ucitelsky obor chemii. Ovéreni, kterého se zucastnilo 14 studentll (12 Zen, 2 muZi) probéhlo

béhem letniho semestru akademické roku 2017/2018. P¥i realizaci byli studenti rozdéleni do 4 skupin.

K ziskani podrobnéjsi zpétné vazby v oblasti motivaéni orientace studentl byl vyuZit nastroj Intrinsic
Motivation Inventory (IMI, dotaznik vnitfni motivace) (Kekule & Zak, 2001; Ryan & Deci, 2000). Jedna

se o vicerozmérny nastroj k hodnoceni subjektivni zkusenosti Ucastnikll v souvislosti s laboratorni

136



¢innosti. Dotaznik byl vyuZit v fadé vyzkumu, které potvrdily jeho funkénost a validitu v zaméreni
na rdzné vyukové metody (Smejkal, Skor$epa, Stratilova Urvélkova & Teply, 2016; Whitehead & Corbin,
1991). Pro vyzkumné Ucely pilotdze byl pouzit dotaznik o 30 polozkdch sestdvajici ze subskal
zdjem/potéseni, Usili/dlleZitost, tlak/tenze, vnimand kompetence a hodnota/uZite¢nost. V souladu
s plvodnim navrhem dotazniku hodnotili studenti jednotlivé polozky na sedmibodové Likertové skale
(1 — zcela nepravdivy vyrok, 7 — naprosto pravdivy vyrok). Dotaznik byl vyplfiovan po dokonceni

aktivity. Hodnoceni probihalo anonymné.
Vysledky pilotniho ovéreni
Provedeni a zhodnoceni laboratorni ulohy

Navriend aktivita se ukazala jako plné funkéni a dobfe proveditelnd i pro vyuku studentdl, ktefi
nestuduji chemii (ucitelstvi chemie). VSechny Ctyfi skupiny dokazaly sestavit odpovidajici postup a
provést experiment (viz obrazek 3). V otevieném pisemném vyjadieni v zavéru aktivity vSichni studenti
dokazali spravné interpretovat badatelsky zjisténé vysledky a uvést je do kontextu jevl probihajicich
v atmosfére. Vysledky experimentdlni casti se tedy zdaji byt studentim dobfe srozumitelné.
Transparentnost vysledkl s ohledem na informace o nitroaromatech uvadénych v literatufe ukazuje,
Ze experimentalni ¢ast mulzZe slouZit jako vhodny ilustrujici model. Experimentalni ¢ast je diky
jednoduchému provedeni a spolehlivosti reakci realizovatelnd i bez zkuSenosti s provadénim
laboratornich cinnosti chemického zaméreni. Na zdakladé vysSe uvedenych zjiSténich je moiné

povazovat badatelskou aktivitu za vhodnou k realizaci i na stfednich Skolach.
Afektivni dopad navrZené aktivity

Reliabilita u hodnoticiho dotazniku IMI byla posouzena pomoci koeficientu Cronbachova alfa (viz

tabulku 1). U vSech subskal Ize povazovat hodnoty za pfijatelné (viz Tavakol & Dennick, 2011).

Tabulka 1 Vysledky hodnoceni IMI

Subskala a 7] c

Zajem/potédeni 0,95 4,39 1,34
Usili/dGleZitost 0,87 3,87 1,52
Tlak/tenze 0,89 13,04 1,64
Vnimana kompetence 0,85 3,77 1,53
Hodnota/uZiteénost 0,89 ‘ 4,49 1,39

S vyjimkou dvou subskal studenti aktivitu hodnotili primérné na stfedu sedmistupniové skaly (viz
tabulku 1), vyroky tedy oznacuji jako do jisté miry pravdivé. V Zadném ze sledovanych aspekt ovsem
nehodnoti aktivitu negativné. V hodnoceni studentl se mlzZe promitat jejich studijni zaméreni,

ve kterém je chemicky orientovana aktivita nadstavbovym rozsifenim jejich studijniho diskurzu, jakoz
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i obecny postoj k chemii jako takové (Kubiatko, 2016; Rusek, 2011; Salta & Tzougraki, 2004). Tvrzeni
v oblastech zdjmu a potéseni (vlastni subjektivni méritko vnitfni motivace), respektive usili a dileZitosti
v priméru studenti hodnoti jako do jisté miry pravdivé. S ohledem na motivacéni potencial aktivity se
jako pozitivni ukazuje nesouhlas studentl s tvrzenimi, Ze je ¢innost vibec nezaujala (prev=5,42) a
pfipadala jim nudna (W = 4,64). Motivacni potencidl ulohy potvrzuje, Ze studenti spiSe nesouhlasi
s tvrzenim, Ze se v ¢innosti nesnazili uspét (Urev = 4,71). Tyto vlastnosti tlohy se ukazuji jako u pro dalsi

edukacni vyuziti i vzhledem k dlouhodobé neoblibenosti pfirodnich véd a chemie, obzvlasté u zakud

na stfednich skolach (Kubiatko, 2016; Rusek, 2011).

Obrazek 3 Vysledné chromatogramy studentského feSeni experimentalni ¢asti

V hodnoceni na skale tlak/tenze studenti s tvrzenimi spiSe nesouhlasi. To dokumentuje hodnoceni
u konkrétnich vyrok, jakym je napfiklad nesouhlas s tvrzenim, Ze se u této Cinnosti citili pod tlakem
(L =2,79). Vyroky na skale vnimané vlastni kompetentnosti studenti v priméru hodnoti, jako do jisté
miry pravdivé Studenti neméli pfedchozi zkusenosti s podobnou cinnosti a praci v chemické laboratofi.

To je patrné i z hodnoceni vlastniho vykonu v ¢innosti (1 = 4,42).

Jako do jisté miry pravdivé hodnotili studenti i vyroky vztazené k hodnoté/uZitecnosti aktivity. V tomto
hodnoceni se nejspiSe odraZi i to, Ze se jednalo o rozSifujici aktivitu nastavenou na realny problém
lidské ¢innosti. Studenti spiSe souhlasi s tvrzenim, Ze ¢innost by pro né mohla mit hodnotu (u=4,93) a
mUzZe jim pomoci v porozuméni predloZené problematice (u = 4,86). Tyto faktory maji vyznamny vliv

na interiorizaci poznatkd a samoregulaci uceni (srov. Deci, Eghrari, Patrick & Leone, 1994).
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ZAVER

Nitracni procesy probihajici v atmosféfe je mozné simulovat v jednoduchém laboratornim provedeni.
Diky tomu je i ve Skolnim prostfedi mozné nazorné ilustrovat reakce Ilatek pochazejicich
z antropogenniho plsobeni a davat tak problematiku znedisténi Zivotniho prostiedi do Sirsich
souvislosti. VSem skupindm se podafilo samostatné sestavit postup experimentu a ndsledné ho
provést. Studenti dokazali spravné interpretovat vysledky. NavrZzena aktivita badatelsky orientovaného
vyucovani se tedy ukazuje jako dobte realizovatelna a poskytuje dostatecné transparentni vysledky,
které jsou srozumitelné i studentidm nechemického zaméreni, u kterych rozsifuje porozuméni
environmentalni problematice. Ovéreni pomoci IMI ukazuje, Ze se studenti v rdmci fesSeni spisSe neciti

pod tlakem.
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High School Student’s Ideas about Ideal Chemistry Lesson

Irena Chlebounovd, Petr Smejkal

Abstract

This qualitative research is based on an analysis of an one hour interview with 14 students of the year
12. Students were interviewed about what would help to increase the effectivity of their learning.
Analysis showed that it is the teacher’s well-prepared presentation complemented by interactive
interpretation. It is also the understanding of students how chemical knowledge can be used in
everyday life. The other effectivity increasing tools are: appropriate teaching methods, illustrative
examples, demonstrations and motivational assignments, information materials for self-study,

student’s practising of schoolwork, active outputs, and research projects.
Key words

Chemistry, Motivation, Student Interest, Teaching Methods in Science
INTRODUCTION

In this rapidly changing world, it is necessary to have educated community that uses evidence-based
critical thinking to solve problems (Lachish-Zalait et al., 2018). Such skills must be regularly practised
through different tasks especially in subjects like mathematics, chemistry, and physics. There are
activities leading to reinforcing students’ independence and motivation to learn as learning by doing,
learning by teaching each other, the theatrical performance, and projects (Kobylariska, 2016). There
are also guidelines through teaching strategies that help children to develop such skills as thinking,

asking, creativity, and aiming (Fisher, 1995).

If there are motivated students who find classroom activities meaningful and worthwhile, they take
them seriously (Wentzel, Brophy, 2014). Enthusiastic and motivated teachers can raise the students’
interest. It could be done by chemistry experiments (Yunus, Ali, 2013), acceptable methods of
instruction (Festus, Ekpete, 2012) or just by effective communication between teacher and student
(Mares, Kiivohlavy, 1995; Megkova, 2012; Sedova, Svaficek, Salamounovd, 2012; Kopfiva, Novackova,
Nevolova, Kopfivova, 2016). There are written books about the development of key competencies as

of an indispensable tool for the labor market (Hansen Cechova 2009, Belz, Siegrist 2001).

The aim of this qualitative research was to discuss with students what they see in chemistry subject as
helping to increase their interest and competences and how do they imagine the ideal lesson of

chemistry in classroom (not the laboratory one).
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METHODOLOGY

This qualitative research is one part of more complex view on student’s competency and motivation.
It was done according to the grounded theory (Strauss, Corbin, 1990), which is typical by three types
of coding - an open coding, the axial coding and the selective coding. The grounded theory consists of
three steps. In the first step (open coding) a code is given to each statement. Afterwards, statements
are divided into categories by their similarities. Names of categories are created. The second step is
called axial coding. In this step relations between the categories are found. This is shown on so called
paradigmatic model. The sampling at this part of research is relational and variational. In the third step
(selective coding) one main category is chosen and marked as central. Other categories are given into

relationship within the so-called central category and a story line is created.
Research Sample

The respondents were students of one 8-year Prague grammar school. All 14 students were from the
7th grade (18 years and older). Next 6 students from this class were missing because they did not

attend school that day.

This class is described by teachers (through interview led with them by authors) as very communicative
and openminded in opinions. All teachers claim that these students are full of humour and good mood,
have good connections with each other but they are mostly not too much oriented to deep knowledge.

One of them wants to study chemistry in the future and other three choosed to graduate in chemistry.

The teacher who led the interview with students has been teaching these students chemistry for
3 years and they have been used to discussions with her as well as reflective questionaries which had

been done with them by her in previous years.
The Structure of the Interview

The one hour lasting semi-structured interview was led in classroom during a whole-school project
week. There was informal and friendly atmosphere during the interview and all participants sat in a
circle together with the teacher. The teacher had prepared some questions, but during interview she

slightly changed them as she wanted to react on student’s ideas.
Therefore, seven questions were discussed:

1. How would you imagine the ideal lesson of chemistry in which you would learn a lot, but you
would not get “destroyed” by the requirements of the teacher?
2. Would it be helpful to give you a more concise presentation during lessons and more

comprehensive information for home repetition?
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3. Would you appreciate if there were chemical information written by your teacher in Moodle
(the school educational website)? Do you know how to get there?

4. How often would it be meaningful to prepare your active outcome for your schoolmates (a
presentation in front of class, for example)?

5. What would you think is a reasonable range of homework? And how often?

6. What would you like to do more during your chemistry lessons? Do you miss something?

7. What would you like to do less during lessons you participate in?

Everyone had a chance to say his/her opinion to every question. Students were taking turn in speaking.
The interview was recorded with the permission of all, transcribed, the involved students and the

transcript was open coded. Students signed the informed consent.
RESULTS AND DISCUSSION
Open coding
Students considered the current lessons as well guided and structured.
111 - “The lessons with presentations are well guided.
831 - “I am satisfied with the course of the lesson and also with the structure of it.”

They also appreciated presentations done by the teacher and given to students before test as studying

material.
2141 - “l appreciate that the presentations are perfectly prepared...”

As a way how to make the teacher’s explanation more effective students highlighted a combination of
presentation, teacher’s writing on the blackboard and given material as worksheets or presentations
with extra information for revising at home. Some students were arguing that there is a lot of work for
home also in other subjects and they do not have enough time to do it especially in the 7th grade (year

12) and in the 5th grade (year 10).

6143 — “The compulsory homeworks, which are given from one lesson to the next, are pure evil.
My schedule is often so full, that | have no time to do all the tasks in the evening. And doing

them through the night is, in my opinion, a nonsense.”

541 - “I am strictly against homeworks in this grade. The amount of homework is worst in

grades 5and 7.
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Students had also different opinions on the meaningfulness of their active outcome for others
(question 4). Some students spoke about their shyness to explain something in front of the class, some

of them were against the rule of being active. They wanted to make it voluntary instead of compulsory.
Axial coding

As it is shown in Figure 1, if the teacher is active and student’s role is just to write notes and to listen,
students’ attention is quickly decreasing, and they forget almost everything very quickly. Many

students are learning just to pass an exam on test.

The teacher presents , students listen

A 4

The attention of all students is decreasing

The presentation of the teacher is given to students

A 4

After writing the test, students forget what they learned

Fig. 1 Paradigmatic Model No. 1
Figure 2 shows a different situation. The teacher prepared an interactive presentation and students
are invited to cooperate with her/him through questions and various activities. As a result, many

students have strengthen their knowledge through their active learning.
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The teacher teaches with the well prepared presentation

Students

The Attention

The Consequence

Fig. 2 Paradigmatic Model No. 2

In the situation described in Figure 3, some students prepared their own explanation for others while
the others were just passive participants in the teaching process. It often occurs that some students
are motivated to do extra work while others are not. As a consequence, there is a huge difference in
the level of knowledge among students from the same class. This leads to difficulties for teacher in

further lessons.

The teacher wants the students to prepare a presentation for others

There is a huge difference in the motivation and knowledge of students in one class

Fig. 3 Paradigmatic Model No. 3
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Selective coding

As it is seen in Figure 4, the chosen central category which connects all other categories is called an
ideal lesson of chemistry. It is connected to 10 other categories. Each of them consists of some

concepts.

Active students'
outcomes
To practice
To engage calculations,
students into problem tasks and
research nomenclature at
the blackboard

Practical use of
chemistry in
everyday life

An ideal
lesson of

chemistry

To motivate
students

Well prepared .
presentation by a Demonstration
teacher examples

The change of
teaching styles

Fig. 4 The Central Category — An ideal lesson of chemistry — and its connection to other subcategories

List of categories (and their subcategories) found:

1. Active students' outcomes - Facultative projects (every 3 months); Presentation, paper,
poster, reader's diary; News from the research of the learning topic at the end of every
chapter; Discussion in the class; Students own topics based on interest (mainly at seminar,

deeper understanding).

2. To engage students into research - Voluntary work of the year (thesis); Measurement and

evaluation of it.

3. To practice calculations, problem tasks and nomenclature at the blackboard - Less tasks in
one lesson; To solve problem tasks on the blackboard in the group instead of alone; To use

Kahoot for practising; Not getting marks for practising.
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4. Motivational tasks — Voluntarily; Worksheet at the end of each chapter; Once in 3 months;
Range 1 page A5 or 2 examples for counting; To know about it a week ahead; Do not overload

the students; to receive a good mark for finishing the tasks.

5. To motivate students - By showing video; To motivate by interesting examples within the
topic; To evaluate the activity of the pupils in the class with + and — marks; To motivate by

Illustrative examples; By dangerous experiments full of surprise; By Kahoot.
6. Demonstration examples - lllustrative and dangerous experiments full of surprise.

7. To change teaching styles and methods — IBSE (Inquiry Based Science Education); Activation
methods; Films; Lectures; Explanation of the teacher with the blackboard; Presentations done

by the teacher.

8. Well prepared presentations by a teacher - To stay longer at 1 slide; Brief and understandable
presentations; Concise presentations; Timing slides; To wait until most students understand

the meaning.

9. Information materials for revising at home — Worksheets; Informations from Journals, Books;
Graphically processed solutions of problem tasks; Presentations prepared for students in

Moodle.

10. Practical use of chemistry in everyday life — To explain the reason why something is important

to know; What are we talking about (connection to life).

In agreement with Matus, Sulcova, Tepla (2017) the results suggest (point 3) that there is a link
between poor students’ ability to use mathematical principles and difficulties in chemistry. According
to interview many of the students also face problems even when they are asked to speak in front of
the class. According to the mentioned authors students also appreciated study support in the form of
worksheets (point 4 and 9) simplifying the explanation of the chemistry teacher and practicing of

educational tasks.

Results of this research support the conclusions of Chroustova and Smidové (2016) or Kobylarska
(2016) about importance of the active work of students (point 1, 5, 7) for seeking information and

putting them into the context of their knowledge.

As well as in the research done by Fabryovd and Janstovd (2017), motivated students from 7t grade
asked for lessons full of practical learning (point 6, 10), clear instructions, presentation performed by

a teacher (point 8) and engaging them into some kind of research (point 2) as a voluntary work.
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CONCLUSION

According to the ideas of interviewed students, the ideal chemistry lesson is well prepared by the
teacher (the goal, the appropriate motivation, structure, changing the methods during lesson, the
interactivity and homeworks). It should be connected with everyday experience. When the students
are able to see meaningfulness of the topics and participate in classes by active outcomes, engaging in

research and cooperating in groups, it is positively reflected.
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Using a mental map to plan an educational project with science
orientation

Matgorzata Nodzynska, Anna Baprowska, Pawet Ciesla, Martin Bilek

Abstract

The article presents research on the use of mental maps for planning activities in the project oriented
education. Mostly used for planning long-term Work Breakdown Structure activities and Gantt charts
are too complicated for primary school students. Therefore, it was decided to find a tool already
familiar to students and adapt it to a new role. The research was carried out on 118 students aged 10
to 14 years. For primary school students, this method of planning work is quite difficult. Few of them
coped with this task, therefore, in order to be able to use this tool to plan work in a project, you should

devote more time to learn how to create memory maps beforehand.
Key words

Project based Learning, Mental Models, Lower Secondary Education
INTRODUCTION

Work management can be difficult for many reasons: time, effort, people etc. If the students plan their
work poorly, the project may fail or the effects will not be as expected. One of the biggest reasons
projects don’t work out is because of the lack of planning (Bilek, Machkova & Chroustova, 2015). When
a project doesn’t have a well-orchestrated plan, or has a plan that is too demanding in scale for the
time frame, things will go wrong: either causing the project to be worse than what it could have been,
or not getting finishing at all. On this basis, it can be concluded that planning activities is one of the
most important stages of work using the project method. During the planning of activities, it is
necessary to specify what actions will be taken, determine their order and also those responsible
for individual tasks. It is also necessary to work out a list of problems that may arise during the
implementation of goals and to come up with solutions to these problems (Donnelly & Fitzmaurice,
2005, pp. 87-98). It is a very difficult task for students in primary school because it requires long-term
planning. Most often, in the planning of many long-term activities in the project, the Work Breakdown
Structure and the Gantt chart are used (Grzes$, 2014, pp. 196-197), especially long-term projects, like
the one that students planned. It was decided to examine whether the use of a mental map would

allow students to better and more effectively plan activities in the project based learning.
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The mind map can be used for time planning (Buzan & Griffiths, 2016, p. 7). The mind map allows us
to identify the basic activities that must be done in the project to achieve the goal (Marian, 2008,
p. 100). And then allows you to break down these basic activities into further, smaller components. By
completing the mind map with more levels, we constantly ask ourselves the same question "What
needs to be done to achieve the goal?" We also need to estimate how long it will take to complete it

and what resources we will need for each basic activity.

The mind map, as a tool familiar to elementary school students and simple to use — should effectively

replace the Work Breakdown Structure and the Gantt chart.
RESEARCH DESIGN

It was decided to check how students use the memory map as a tool for planning work in the project.
For this purpose, an instruction for pupils was prepared containing information about what the project
should concern and how to construct a map while planning tasks in the project. These were qualitative
studies, based on the analysis of students' work. In the study 120 students aged 10-15 participated.

Groups were randomly selected.

The research used the following board. The pupils' task was to supplement it according to the

instructions (Fig.1).
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Instructions for the student

You were asked to create a school garden. Plan work on this project using a mental map. In the middle of the map, you
have an end goal written, i.e. a garden. Think about what actions you must first do to cope with this task. Enter these
tasks in the first circle. Next, think about what is necessary to perform these (tasks you enter) - enter the task subtasks in
the next circle.You can add as many arrows (to the tasks) as you need, you can also add more circles, which symbolize
the detail of individual actions.Complete the scheme below, keeping in mind that in the circles closest to the center you
should enter the actions you will take first. Both the details of the plan (the number of districts and the number of tasks,

arrows) and the substantive correctness will be assessed.

NAME ..o
a number of levels ... a number of branches ... a number of terms ... consistency ...

Fig. 1. Instructions for the student, source: Nodzynska,Baprowska

Maps of thoughts drawn by the students were very diverse. Colourful, but not detailed (Fig. 2),
Colourful, including pictures and accurate (Fig. 3). Each branch, various activities was marked with a

different colour (Fig. 4). Detailed, but the color for the student was irrelevant (Fig.4). There were also

a lot of maps, the king was not properly made, not detailed and not thought out.

w53 ""%‘{Nf":z _’I'gr:d

5 e
AR s
7 .‘w s

kdnolury. Imig nazwisko  — : ficzba pozioméw .. liczba galezi ... liczba pojgé ... SPOINOSE ...

Fig. 2. Example of students work
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Instrukcja dla ucznia

Poproszeno Cig o wykenanie ogrodka szkoinzge. Zaplanu) pracg nad tym projektem stosujac mape mentaing, W Srodku mapy masz wypisany cel koncowy,
czyli ograd. Zastandw sig jakie czynnosci musisz najpierw wykonad aby podotad temu zadaniu, Zadania te wpisz w pienwszym okrggu. Nastepnie zastandw sig
co jest niezbedne do wykonania tych (wpisanych przez Ciebie) zadar - wpisz podzadania do zadan w kolejnym kregu.

Mozesz dodac tyle strzalek (do zadan) ile uwazasz za potrzebne, mozesz réwniez dodac kolejne kregi, ktore symbolizujg tu szczegotowosd poszczegdlnych

dziatar.
Uzupeinij ponizszy schemat, pamigtajgc aby w kregach najblizej sSrodka wpisywac czynnesci, ktdre wykonasz w pierwszej kolejnosei.
Oecenie bedzie p gac zardwno szc ¢ planu {liczba okregow i liczba zadan, strzalek) jak | merytoryczna poprawnose.,

Kapno wox wpno stomean kg
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Fig. 3. Example of students work
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Fig. 4. Example of students work

Analyzing the maps, we paid attention to:
1. number of levels,
2. the total number of concepts,
3. number of branches emerging from the first concept (GARDEN),

4. correctness / consistency of the proposed activities.

The initial map had three levels, two branches and a place (in the form of dots) on 5 dates.

On average, the maps had slightly over 3 levels (average score: 3.3-3.5), there were no major differences

between students maps of particular grades. The average number of branches was the lowest (average
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score: 2.3) in the fifth class. While the average number of branches on the maps grade 7 students and
3G was significantly higher (average score: 4.4, 4.3). Similarly, the results were obtained in the case of
the average number of concepts. On average, fifth grade students' maps contained 8.9 concepts. The
highest score was achieved by students from class 7 and 3G (their maps contained on average 20.3 and
18.8 terms).

Tab. 1. Results — expansion of the memory map - average number of levels, branches, concepts
NUMBER OF NUMBER OF NUMBER OF

LEVELS BRANCHES CONCEPTS ACORRECTNES CONSISTENCY
AVERAGE SCORE
(CLASS 5) 3.3 2.3 8.9 0.1
AVERAGE SCORE
(CLASS 7) 3.3 4.4 20.3 0.5
AVERAGE SCORE
(CLASS 8) 3.4 3.6 12.0 0.4
AVERAGE SCORE
(CLASS 3G) 3.5 4.3 18.8 0.6

If we do not analyze the average results, we notice that the average results of class 8 and 3G are
understated by lazy students. In class 8 there were people who did not fill even the levels marked on
the starting map - (the minimum number of map levels = 2). Some students in the 3G class did not
even complete the first level of the map. On the other hand, in class 8 and 3G, a lot of students drew

maps that had up to five levels. One student drew a map containing as many as 9 levels.

Tab. 2. Results - minimum, maximum and average of map levels
MINIMUM NUMBER OFMAXIMUM  NUMBER OFAVERAGE

LEVELS LEVELS NUMBER OF LEVELS
CLASS 5 3 4 3.3
CLASS 7 3 4 33
CLASS 8 2 5 3.4
CLASS 3G 0 9 35

If we analyze the number of branches emerging from the central concept we can notice a clear
difference between the fifth-grade students and other students. The maximum number of branches

on the fifth-grade students' maps was twice as small.
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Tab. 3 Results — minimum, maximum and average of map branches
MINIMUM NUMBER OFMAXIMUM NUMBER OFAVERAGE

BRANCHES BRANCHES NUMBER OF BRANCHES
CLASS 5 1 4 2.3
CLASS 7 2 9 4.4
CLASS 8 2 9 3.6
CLASS 3G 0 10 4.3

Also, the number of concepts on the fifth-grade students' maps was definitely smaller.

Tab. 4 Results — minimum, maximum and average numbers of concepts
MINIMUM NUMBER OFMAXIMUM NUMBER OFAVERAGE

CONCEPTS CONCEPTS NUMBER OF CONCEPTS
CLASS 5 5 16 8.9
CLASS 7 5 43 20.3
CLASS 8 5 30 12.0
CLASS 3G 0 35 18.8
CONCLUSION

It seems that the use of conceptual maps has worked well in planning work and can be applied to
project methods. Even fifth-grade students (aged 10) have done their job correctly. Working with the
concept map did not cause them any trouble. Older students fully used this tool. The teacher using the
memory map as a tool for work planning can very quickly determine whether the student understands
what the project is and change the plan or discuss with the student how to improve the plan. Such a

graphic form of the plan should also be more understandable for students.
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Incorporation of Project Based Learning in Educational
Chemistry Studies at Faculty of Natural Sciences and
Mathematics in Maribor, Slovenia

Hanija Bujas

Abstract

Project based learning is becoming more popular, and therefore implemented, in European
universities. Chemical Education master studies at Faculty of Natural Sciences and Mathematics in
Maribor are focused on developing students' soft skills as well as knowledge in order to prepare them
for work in elementary and high schools. Our subjects are, for this reason, based on projects. This
paper introduces the projects that are being done in Educational Chemistry master studies at the FNM,
what is the purpose behind them and what do students gain by participating in them. Students found
that the used teaching methods fit under the term project based learning. Those methods were proved

useful in terms of developing students’ teaching skills and knowledge.
Key words

Chemistry, Project-based Learning, Science Education, pre-gradual chemistry teachers’ education.
INTRODUCTION

This article explains Educational Chemistry studies on Faculty of Natural Sciences and Mathematics at
University of Maribor (FNM). It explains the aim of the project work being done as part of the studies
and how it helps future chemistry teachers. FNM is divided in different departments: Department of
Mathematics and Computer Science, Department of Physics, Department of Technical Education and
Department of Biology. Each of the aforementioned has educational studies based on the
department’s expertise (Department of Biology is an exception, for it includes Educational Chemistry
as well as Educational Biology). Students combine 2 educational studies in a study program called The

Subject Teacher, in which they are educated and trained to be elementary and high school teachers.

The measurement of quality teaching methods is the satisfaction of students, the knowledge and skills
they gain and can use for the future. This is not the most reliable measurement, however it is also

something that should be assessed and evaluated. For this reason, following questions were raised:

1. Are students familiar with the methods used in our studies?
2. What do students think that is the aim of individual subject?

3. Would students say that the project work on our studies is useful?
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4. How do students grade knowledge and experience gained through project work?

As a student, | had my answers to the questions, but wanted to assess the opinion of my colleagues.

In this article the outcomes of a conducted research will be presented.
THEORY

What is Project-based Learning

PBL is an approach to learning that is based on students pursuing knowledge through complex set of
guestions and research under the teachers supervision. It is ,,a key strategy for creating independent

thinkers and learners” (Bell, 2010).

According to Grant (2002), there are different models of PBL, which have distinguishing characteristics.

However, there are common features in their implementations, which are following:

) introduction of the activity;

. aim, guiding question or driving question;
. a process or a research;

. resources (articles, books, ...);

. guidance and platforms which help learners assess the students' progress;
. collaboration and cooperation (e. g. peer reviews, teams, groups, ...);
. reflection (closure, debriefing).

Subjects and projects in Educational Chemistry studies at FNM

At Educational Chemistry master studies, we have 4 didactical subjects: Experiments 1, Experiments 2,
Chemistry didactics 1 and Chemistry didactics 2. First two are based on performing and researching on

different experiments that could be useful for students as future teachers.

At Experiments 1 students of Educational Chemistry conduct different experiments, through which
they teach first year bachelor biology students about specific group of elements (e. g. alkali metals,
halogen), while being in traditional classroom instead of laboratory. At Experiments 2 students have
to: a) find an article with an innovative experiment and conduct it in the lab and b) mentor other

students in conducting an experiment.

Both Chemistry didactics 1 and 2 are based on practicing lecture delivery in front of colleagues, learning
about goal-setting and working on a project. The difference between the two is that one is held on the
first year of masters, the other on the second and one is aimed at elementary school, while the other
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at high school. The project topic is chosen by the students and approved and mentored by the

professor. Examples of some finalised projects are:

e quality testing of beeswax and creating food/hygiene products from beeswax,
e comparing quality of store and homemade hair gel products,
e is baking soda from pharmacy of better quality than the one from the store,

e food pH value and its effect on body pH value, ... (B. Dojer, personal communication, 2018)

The aim of project work in Chemistry didactics is motivating students through research on and about
everyday problems they are interested in, learning how to define a project, learning about the
teacher’s and student’s role in a project and most important learning how to include a project work in

science subjects in schools.
MATERIALS AND METHODS

A research was done by creation of the survey through google forms. It consists 4 sections: general
information, information on Experiments 1, information on Experiments 2 and information on
Chemistry didactics. The survey was disseminated to current students of 2nd masters year of
Educational Chemistry and students who finalised studies in the past 3 years. Since the number of
students on this study is significantly low, so was the response to the survey — 15 respondents. The

statistics of the respondents were following:

e 11 female respondents and 3 male;

e 50% respondents are, alongside Educational Chemistry, studying Educational Mathematics,
and other 50% Educational Biology;

e 7 respondents started masters studies in the year 2017, 3 in 2016, 4 in 2015, and 1 in 2014;

e 12 out of 14 respondents are familiar with project-based learning

The results of the survey were meant to be simple and straightforward. For that reason, the analysis

was done in Microsoft excel.
RESULTS AND DISCUSSION

Students as individuals have different opinion on purpose of each subject. My hypothesis was that
students believe that each subject has a goal to increase our experience more than actual knowledge,
which we got with our bachelor degree. As seen in Figures 1, 2 and 3, the students have different

perceptions on what is the aim of individual subjects.
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@ Getting experience
A ® Getting knowledge
@ Conducting experimentsina

traditional classroom
@ Performing in front of the
students

Fig. 1 Aim of the Experiments 1 according to students

® Getting experience
L @ Learning how to do research
® Learning how to lead a project

‘ @ Putting yourself in a role of a teacher
@ Putting yourself in a role of a student

Fig.2: Aim of the Experiments 2 according to students

M Learning by doing

1 Research

B Conducting experiments that
aren't usual in school lectures
Evaluating our own work

Fig.3: Aim of the Chemistry didactics according to students
As seen from the results, students believe that all three subjects are aiming on getting experience and

learning through practical work, which confirms the hypothesis made.

So now that we confirmed that students’ opinion are aligned with the aim of subjects, the question is
if the aim is fulfilled. Students graded subject Experiments 1 and 2 with high grades when it comes to
both knowledge and experience (Figures 4 and 5). If we compare the results, we can see that according
to students in these 2 subjects they gained more knowledge than experience. When it comes to
Chemistry didactics the results are the other way around — gained experience has higher grade than
the gained knowledge. In case of each subject we can confirm that project work turned out as good

teaching method for students’ experience and knowledge.
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Fig.4: Students' grading of knowledge gained in individual subject
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Fig.5: Students' grading of experience gained in individual subject

All the respondents are students who either graduated from college and are working or students who
are still studying, but delivering lectures in schools. For this reason, it seemed fair to ask how did
individual project work prove useful for their profession. From Figure 6 it is seen that project work at
Experiments 1 proved as the most useful for the future profession as a teacher, while on the other
hand Chemistry didactics work proved as the least useful. The reasons behind these results as students’

stated are:

e teaching plan allows little freedom to include project based learning in schools,
e experiments are more often used in schools than projects,
e it’s beneficial to have project work in college, so it is easier for us as teachers to implement

it in our work.
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Project work at Experiments 1 Project work at Experiments 2 Project work at Chemistry

was useful for my future work was useful for my future work didactics was useful for my

as a teacher as a teacher future work as a teacher
B Strongly agree B Agree Neutral I Disagree I Strongly disagree

Fig.6: Students' opinion on usefulness of an individual project for their future profession

CONCLUSION

Using PBL as a learning method on Educational Chemistry studies at FNM proved beneficial for
students. Three different approaches to project-based learning were presented and majority of
respondents believe that all of them proved useful for their future professions, for they have gained
both knowledge and experience through them. By using a different approach, such as PBL, professors
can not only increase the knowledge of a student, but also give them space to develop their soft skills

and experience needed for their future profession (in this case chemistry teacher).
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Teaching skills for Inquiry Based Science Education
Katefina Cihdkovd
Abstract

Science teachers in the Czech Republic are not self-confident in using Inquiry based science education
(IBSE), it appeared in less than 5 % of science lessons evaluated by the Czech School Inspectorate in
2016/17. We present a set of teaching IBSE skills designed for our professional development program.
We provide first examination of the skills of teachers at the starting point of their education for
becoming IBSE mentors. There was strong positive correlation between teaching outdoors, promoting

pupils” activity and pupils’ assessment and no correlation with IBSE skills.
Key words

Inquiry-based education, Teacher Professional Development, Mentoring in Teacher Education
INTRODUCTION

Biology teachers in the Czech Republic are generally not self-confident in using Inquiry Based Science
Education (IBSE). IBSE appeared in less than 5 % of science lessons evaluated by the Czech School
Inspectorate in the survey focused on scientific literacy in 2016/17. Only 6.8 % of high school teachers
use IBSE methods regularly (Radvanova, 2018). The respondents state various constraints that prevent
them from using IBSE more frequently, which correspond with previous studies both from the Czech
Republic (Petr & Papacek, 2015; Petr, 2014) and abroad (Katz, Sadler & Craig, 2005), such as the
amount of time needed, fear of losing control over the learning process, lack of knowledge and skills
needed for IBSE at both the students and the teachers level (Kirschner, Sweller & Clark, 2006; Pavlasova
et al.,, 2018) and concerns about the appropriate assessment of the learning process (Rokos
& Zavodska, 2016). Czech teachers often misunderstand the principles of IBSE not identifying “asking
own questions” or “conducting self-designed research” as the key aspect (Petr & Papacek, 2015). Here
we aim to examine teaching skills needed for IBSE in order to help teachers to identify the particular

skill they personally need to improve their practice.

Based on our experience with a professional development program (later PDP) for future IBSE teacher
mentors we suggest that the teaching skills needed for IBSE cannot be separated from the general
skills in promoting cooperative learning, critical thinking and assessing information. Further we include
the skill in preparing outdoor learning to both enable study of natural phenomena and enforce
motivation of pupils as described by various authors in the Czech education context (Danis, 2018,
Cincera & Holec, 2016).
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In this contribution we present the relationships between the self-reported frequencies of providing
learning opportunities for pupils (viewed as part of teacher skills), teacher background and their goals

in professional development.

We compiled a competency profile for IBSE Teachers using the ISSA Framework (ISSA 2010) and sets
of teaching skills used in observation forms of the Fibonacci project (Borda Carulla et al., 2012) and
indicators from questionnaires of Czech School Inspectorate (CSI, 2015). We use them to construct a
self-reflection tool for teachers entering PDP Mentoring in IBSE (in Czech Oborovy mentoring). We
chose a set out of 7 focus areas from ISSA Framework that we consider the most important for IBSE:

Planning and Assessment, Learning Environment and Teaching Strategies.

We asked following questions: 1. Is there any difference between self-reported teaching practice of
elementary school teachers and lower secondary science teachers? 2. Are there any correlations
between particular variables (frequencies) of self-reported teaching practice? 3. Is there any
relationship between the goals set by individual teachers and their teaching practice or teacher

background?

Our hypotheses: 1.Teachers from the elementary schools provide more opportunities for pupils to
raise their own questions, design an experiment or observation and use active-learning strategies more
frequently compared to lower secondary teachers. 2. Teachers who teach outdoors, use natural
objects and living organisms and active-learning strategies frequently will also encourage pupils to ask
guestions and involve pupils in planning investigations (use IBSE methods generally) more frequently.
3. The individual goals will correlate with the length of previous teaching practice, the novice teachers
will choose goals from Planning and Learning Environment focus areas while more experienced

teachers will choose goals in Teaching Strategies and Assessment focus areas.
METHODS

The Professional Development program started with the course where the inquiry cycle was
introduced and teachers participated in identifying investigable questions and making predictions.
A month later the participants filled the questionnaire as a part of the session with their mentor. The
participants were then asked to choose 1 to 4 individual goals for their further professional
development. The respondents differed in age, length of teaching practice, education (primary
teachers vs. science teachers), the age group of their pupils and the status of the school where they

teach (private/public).

There are only quantitative indicators derived from the Competency Profile chosen for the entry

guestionnaire regarding the frequency of teaching activities. Teacher were asked to score frequency
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of providing learning opportunities for their pupils in the following respect: Hands On (pupils have first-
hand experience with natural objects and living organisms), Outdoors (teaching in outdoor setting),
Questions (pupils formulate investigable questions that we pursue), Design (pupils design their own
investigations), Investigations (pupils record their investigations and draw conclusions), Activity
(Activity is on pupils’ rather than teacher’s side) and Assessment (pupils assess their work, work of

their peers or work of the teacher).

We analysed the entry questionnaires derived from Competency Profile for IBSE Teachers filled by 22
participants during the session with experienced PD provider (IBSE mentor) and the data regarding
teacher and school parameters and teachers’ goals from mentoring contracts (from 14 participants).
All the Teaching practice variables (Outdoors, Questions, Design, Investigations, Assessment) were
scored according their frequency as follows: 1 — never, 2 — exceptionally (less than twice per semester),
3 —more than twice per semester, 4 monthly with the exception of “Using natural objects for hands-
on activities” which was scored 4 — “in every lesson” and 3 “once in a month”. The variable Activity

was scored as 1 (less than 10 %), 2 (10 — 25 %), 3 (25 —50 %), 4 (more than 50 %).

We used Pearson correlation for analysis of self-reported frequencies in teaching practice. We used
Principal Components Analysis on the correlation matrix of scored responses to extract main directions
of shared variation among the teaching practice variables. We used scores of individual teachers on
the two main axes to express their position in the multivariate space of these variables. The PCA was
calculated using the package Vegan, version 2.4-0 (Oksanen J. et al., 2016). To visualize correlation of
the teacher’s background and school parameters and PCA axes, teacher’s background and school
parameter variables were passively projected into the ordination space using the function envfit from

the package vegan.
RESULTS

We found that there is a group of participants in our PDP that reported that they never provide the
opportunity for pupils’ own questions, designing the investigations and pupils’ self- and peer-
assessment. The most frequent activity taking place on a monthly basis were pupils’ self- and peer-
assessment and teaching outdoors (Fig. 1). The monthly frequency of using natural objects and living

organisms for hands-on activities was reported by three participants only.
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Fig. 1. Number of responses from the entry questionnaire regarding teaching practice

The first axis of Principal Components Analysis explained 35.2 % of variability and separated “teaching
topics according the textbook order” from high scores of “pupils’ activity, frequency of pupils’ self- and
peer-assessment and teaching outdoors”. We interpret the first axis as teacher’s flexibility in planning

(Fig. 2, Tab. 1).

The second axis explained 21.2 % of variability and it captures difference between frequency of IBSE
(pupils raising their own questions, designing experiments and recording their investigations) and

hands-on activities with natural objects and living organisms, we interpret it as IBSE axis.

Projection of the parameters of school and teacher as passive variables to the PCA plot showed private
schools having higher scores in pupils’ activity, frequency of pupils’ self- and peer-assessment and
teaching outdoors. Younger teachers tended to use IBSE methods more frequently. Secondary science
teachers were more likely to follow the textbook order of the topics instead of planning learning
outdoors and promoting opportunities for active learning (Tab. 2).

Tab. 1 Correlation matrix of teaching practice variables

hands.on outdoors textbook.order questions design investigation activity assessment

hands.on 1 0.035 0.354 -0.111 -0.034 0.011 0.087 0.285
outdoors 0.035 1 -0.43  0.423 -0.048 0.035 0.597 0.539
textbook.order  0.354 -0.430 1 -0.402 -0.25 0.057 -0.402 -0.318
questions -0.111 0.423 -0.402 1 0.479 0.291 0.276 0.359
design -0.034 -0.048 -0.250 0.479 1 0.153 -0.147 -0.089
investigation 0.011 0.035 0.057 0.291 0.153 1 -0.239 0.082
activity 0.087 0.597 -0.402 0.276 -0.147 -0.239 1 0.698
assessment 0.285 0.539 -0.318  0.359 -0.089 0.082 0.698 1
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Fig. 2: PCA: Teaching practice variables and passively projected teacher and school parameters.

Tab. 2 Correlation matrix of teacher and school background parameters and PCA scores on main axis
Flexibility Score  IBSE Score

age 0.155 -0.420

practice -0.037 -0.091

education -0.288 0.128

private 0.484 0.039

secondary -0.578 0.315
DISCUSSION

We found no correlation between teaching outdoors and practicing IBSE (frequency of pupils raising
their own questions, designing experiments and recording their investigations) and between IBSE and
hands-on activities with natural objects and living organisms. We conclude that teaching in outdoor
setting per se (which is more frequent in the lessons of elementary than lower secondary teachers)
does not promote IBSE, because elementary teachers were not probably educated in IBSE during their

university study (Radvanova et al., 2018).

We explain the lack of relationship between using natural objects and IBSE methods by the fact that
the natural objects are often used for demonstration purposes only and the pupils do not have the
opportunity to investigate it in detail. This finding is in line with other studies mainly from United

States, suggesting that hands-on activities per se do not imply quality IBSE (Furtak et al., 2012).

Teachers who stated that they follow the textbook order during the school year instead of creating the
year plan of their own had lower scores in teaching outdoors, pupils’ activity and frequency of pupils’
self- and peer-assessment. High scores in this axis were present at teachers from private schools. This

fact exposes the urgent need for new textbooks enhancing outdoor learning, pupils’ own investigation
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and self-assessment that should be developed according to innovated curriculum that will be more
focused on IBSE. Until then the current PDPs have to enhance the teachers’ skills in planning IBSE and

making use of outdoor environment for learning.

There was no significant relationship between the individual teacher’s goal and IBSE score and
flexibility score in PCA. Half of the teachers chose “Encouraging pupils to raise investigable questions”
as their individual goal. This is probably due to the fact that they filled the questionnaire one month
after the introductory session where the inquiry cycle was presented with the emphasis on the
questions and hypothesis step. The participants have hence had the personal experience with
formulating investigable questions and are motivated to promote this skill among their pupils.
However, we would expect that this goal will be chosen by majority of participants, and the fact that
teachers set various different goals confirms the role of mentoring in teacher professional

development.

Other frequently set goals include “Promoting pupils’ self- and peer-assessment”, “Planning and
assessing education outcomes”, “Enhancing time spent by pupils’ active learning” and “Promoting
critical thinking and work with information”. These goals are not dependent either on the length of

teaching practice or teachers’ education (science teacher/primary).

Teachers have set their goals for “questions” or “assessment” even if they self-reported that they
perform these frequently in their teaching practice. They probably feel the urge to improve the quality
of the process rather than frequency, but the entry questionnaire together with Competency Profile
enabled them to formulate their goals. The PDP Mentoring IBSE enables the participating teachers to
follow their own goals, refine and redefine them during the collaboration of participant and his
mentor. It may turn out that the goals set in the beginning phase don’t apply to the reality of teaching
practice. Eg. no teacher has set the goal regarding the experiment design and only one decided to
promote the pupils’ own records of investigations and drawing conclusions. Using a subset of
indicators during the observation of inquiry lessons (one of the 3 forms for specific inquiry step: a)
questions and hypotheses, b) designing and performing investigations, c) analysis and conclusions) the

teacher identifies his weaknesses and may change of refine his particular goal.
CONCLUSION

The self-reflection tool and the Entry Questionnaire are designed to help PD provider to tailor the
current PDP to the needs of their participants. We found no correlation between using natural objects
(reported as rather non frequent in the current teaching practice) and IBSE methods. Therefore, we

plan to focus on the teachers’ skills in providing natural objects and living organisms in the learning
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environment together with strengthening the skills to plan and carry out pupils” investigation both
with these natural objects and in the outdoor setting. The mentors will encourage the participating
teachers to collect the evidence of their improvement in “Encouraging pupils to raise investigable
guestions” which was set as their primary goal and to build upon the experience and continue to
further steps of inquiry cycle. During the PDP the participating teachers will become internal mentors
in their school and will use the self-reflection tool, questionnaire and forms to introduce IBSE to their
colleagues. We plan to improve and refine the self-reflection tool and observation forms to be used in

pre-service teacher training.
ACKNOWLEDGEMENT

We are grateful to the teacher participating in this research and all colleagues from OPVVV funded

project Oborovy mentoring (Mentoring IBSE) reg. ¢. CZ.02.3.68/0.0/0.0/16_010/0000531.

LITERATURE

Borda Carulla, S. (2012): Tools for Enhancing Inquiry in Science Education. Fibonacci Project.

Ceska gkolni inspekce (2015): Metodika pro hodnoceni rozvoje pfirodovédné gramotnosti. Praha: CSl.
Cingera, J. a Holec, J. (2016): Terénni vyuka ve formalnim vzdélavani. Envigogika 11 (2).

Danis, P. (2018): Tajemstvi Zivota za Skolou. Ministerstvo Zivotniho prosttedi. Praha.

Furtak, E. M., Seidel, T., Iverson, H., & Briggs, D. C. (2012). Experimental and quasi-experimental
studies of inquiry-based science teaching: A Meta-Analysis. Review of Educational Research, 82(3).

ISSA (2010): Competent Educators of the 21st Century: Principles of Quality Pedagogy, International
Step by Step Association.

Katz, L., Sadler, K. & Craig, D.V. (2005). Science professors serve as mentors for early childhood
preservice teachers in the design and implementation of standards-based science units. Journal of
Elementary Science Education, 17(2), 43-55.

Kirschner, P. A., Sweller, J. & Clark, R.E. (2006): Why minimal guidance during instruction does not
work: An analysis of the failure of constructivist, discovery, problem-based, experiential, and inquiry-
based teaching. Educational Psychologist, 41(2),75-86.

Oksanen, J. et al. (2016): Vegan: Community Ecology Package. R Pacckage version 2.4-0 . available at
https://CRAN.R — project.org/package=vegan

Petr, J. (2014): MoZnosti vyuziti Uloh z biologické olympiady ve vyuce ptirodopisu a biologie. Inspirace
pro badatelsky orientované vyuc¢ovani. Ceské Budéjovice.

Petr, J., Ditrich, T., Zavodska, R., & Papacek, M. (2015): Inquiry based biology education in the Czech
Republic: A reflection of five years dissemination. In K. MaaR, B. Barzel, G. Térner, D. Wernish, D.
Schéafer & K. ReizKonzebovski (Eds.), Education the educators: International approaches to scaling-up
professional development in mathematic and science education. Proceedings from the conference
Education the Educators (pp. 118-124). Miinster: WTM — Verlag fir wissenschaftliche Texte und
Medien.

170



Pavlasova L., JanStova, V. & Lindner, M. (2018): Skills of Pre-Service Teachers to solve an inquiry
based task. In M. Rusek & K.Vojif (Ed.), Project Based Education in Science Education: Empirical Texts,
Proceedings of 15th PBE Conference, Praha (pp. 74-80). Praha: UK PedF.

Radvanova, S., Cizkova, V. a Martinkova P. (2018): Méni se pohled ucitel na badatelsky
orientovanou vyuku? Scientia in educatione, 9(1),81-103.

Rokos, L. & Zavodska, R. (2016): Formative Assessment and other Assessment Methods in Biology
Education and Pre-service Biology Teacher Training in the Czech Republic. International Journal of
Assessment and Evaluation 23(2), 17-27.

R Core Team (2016): R: A language and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. available at www.R-project.org

Weld, J. & Funk, L. (2005). “I’'m not the science type”: Effect of an inquiry biology content course on
preservice elementary teachers’ intentions about teaching science. Journal of Science Teacher
Education, 16(3), 189-204.

Contact address

Mgr. Katefina Cihdkovd

Katedra biologie, Pedagogicka fakulta, Jihoceska univerzita.
Jeronymova 10, 37115 Ceské Budéjovice

e-mail: katerina.cihakova@muzeum.ricany.cz

171



Using WebQuest as a kind of project method in chemistry
lessons

Wioleta Kopek-Putata, Matgorzata Nodzynska

Abstract

The article describes the correlation between the project method and its on-line version called
WebQuest (WQ). The possibilities of using WQ were also described, as well as an analysis of the
advantages and disadvantages of WQ. The article presents the results of the WQ evaluation research
entitled "pH indicators". The aim of the research was to get to know students' opinions about working
with WQ. As a research tool, a questionnaire on student attitudes was used, which contained 10
qguestions. Students concluded, among other opinions that this way of working is interesting for them

(69.3%) they have learned a lot from it (73.1%) and would like to learn using it more often (71.4%).
Key words

Web-Based Learning, Project based Learning, Technology in Education and Training, Teaching and

Learning, Multimedia and Hypermedia Learning
INTRODUCTION

Currently, another reform of the education system has been introduced in Poland. In this reform,

among others:
e a 3-year junior high school was terminated (Ministry of National Education, 2016 a),

e the number of classes in primary school was changed from 6 to 8 (Ministry of National

Education, 2016 b, c),

e the obligation to implement an educational project by students has been dropped (previously

the grade from the project was entered into the student's certificate),

e chemistry course was blocked from 3 years in junior high school to 2 years in primary school

(leaving unchanged the number of hours of chemistry classes).

As a result, teachers gave up using the project method in school education. The main reason was the
lack of time required to implement project method for both students and teachers. Another reason
was the fact that every time the teacher worked on the project method, he had to devote a lot of time

to it. However, once prepared WQ can be used by the teacher multiple times — which saves his work
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time. Also, the work of students with WQ runs faster than in a traditional project. Therefore, it was

decided to replace the project method with WebQuest.

WebQuest is a collection of mini-projects in which a large percentage of the input and material is
supplied by the Internet (British Council BBC, 2004). As Mikina and Zajgc (2006, cited by: Czura, 2018,
p. 127) wrote "WebQuest goals are largely identical with the main assumptions of the project method

”. WebQuest is an online teaching strategy used at various levels of education, which describes
Zheng, Stucky, McAlack, Menchaca, Stoddart (2005, pp. 41-49) including middle school (Lipscomb,
2003). WQ is also used on various courses, and so the use of WQ in maths classes has been described,
among others, by Goktepe (2014) and Halat (2008 a, b), in English lessons Zhang Z, Zhang Y, Jia (2011)
and Saekhow, Kittisunthonphisarn (2015) in history lessons Lipscomb (2003), also the use of WQ in

natural science was described, for example: Donovan (2005) and Cigrik, Ergtil (2010).
The structure of WebQuests

WebQuest should consist of 6 main parts (subpages) and the WebQuest structure corresponds to the

next steps in the project method:

. Introduction - general, motivating description of the project,

. Task - a description of the product to be created,

. Process - description of steps to be taken to solve tasks,

° Resources - a list of links to resources available on the network, needed to solve tasks,
. Evaluation - scoring and method of performance evaluation,

. Conclusion - a summary of the project (Educational Broadcasting Corporation, 2004).

In addition, there is often a subpage containing information about this WebQuest, tips for other

teachers who would like to use such a project in the future.

In the WebQuest (Nodzynska, Kopek-Putata, 2018) on the 'Introduction' page, in addition to the
elements described above, there was also a pre-test containing 13 questions. An identical post-test
was placed on the 'Evaluation' page. On this page there was also a link to the task that the students
were supposed to complete. The final product / task in this WQ was the Concept Map. Below are

examples of concept maps developed by students (Fig. 1a,b,c.).
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Fig. 1a b c. Examples of maps of concepts developed by students
WQ only slightly limits pupils' creativity - compared to the traditional method of projects but in the

same way as in the project method, the student creates the product by himself.

Work using the project method is very useful for students. It helps them learn how to actively approach
learning, as well as develop their independence, entrepreneurship and creativity. Students feel like
researchers and explorers. Taking into this point of view, it was decided to examine the effectiveness

of the variation of the project method - WebQuest.
PURPOSE

In this study, WebQuest was modified so it can be used in teaching chemistry. The subject of this WQ-
based lesson was indicators and pH of solutions. It was prepared in such a way that it would not require
any preliminary knowledge from students. In the WQ the level of difficulty of individual elements
increased with the progress of the exercise. In addition, it can be used by anyone - who has access to
the internet. One of the goals of the authors who created WebQuest was to check whether it is possible

to use the WQ to carry out a mini educational project in a 2-hour lesson.
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METHODOLOGY

Research questions: Is work with the use of WQ is interesting & for students? Does working with WQ
increase student knowledge and how big is this increase? Is it possible to evaluate the final WQ

product? Can you limit the duration of WQ to 2 units of lessons?

Area of research: The prepared WebQuest was disseminated on a large scale to teachers gathered in
groups available on Facebook (‘Chemistry teachers’, ‘Science teachers’, ‘| teacher - we create quality in
education’). The teachers then shared this WebQuest with their students. As could be expected only a
few teachers (potentially motivated) gave WQ to their students. Also, not all of their students did this
homework. This is in line with Rogers' theory. Despite the wide availability of WQ, the number of

people who used it to their full extent was small.

Research tool: Several research tools were used in the research: knowledge tests (pre- and post-tests),
surveys assessing students attitudes and document analysis (concept maps). Prior to joining
WebQuest, the students completed the pre-test regarding their initial knowledge. And after
completing work with WQ, the knowledge gain was tested using post-test. In addition, students were
asked to provide feedback on such a way of learning by completing the evaluation questionnaire.

The conclusion of working with WebQuest was to draw a Mind Map.

In this article - only a part of the results of research on the WebQuest evaluation by students is
described. The questionnaire on student attitudes survey described in this article contains 10
guestions: 6 closed with a 5-point Likert scale, 1 open short answer, 2 open long answers, 1 closed YES

/ NO.

The credibility of the research tool was verified using the Cronbach's alpha reliability coefficient. The

Cronbach's alpha coefficient for the questionnaire is within 0.5-0.7, which can be considered as a limit

8 Interests and their role in human development can be analyzed based on different theoretical
approaches. The research uses an approach in which interests are relatively stable over time, but are
influenced by the environment. They influence behavior through motivating, reflect the individual's
identity (Gurycka, 1978, Matczak, 1991). This approach was used because in Poland the use of ICT in

education is not new.
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value (Bendermacher, 2010, Cortina, 1993; TenBerge & Zegers, 1978 cited by: Kubiatko, 2016). This

value is accepted, among others, in the case of pilot studies (as in the discussed studies).
FINDINGS

The maps of concepts created by the students were very diverse and correctly showed the correlations
between the newly acquired concepts (see. Fig. 1.). The description of correctness of the concept maps

and their contents, the way of performing etc. will be discussed in another article.

The results of students' answers to 7 questions were placed below. In the analysis of answers, the
answers to open questions requiring a long answer were omitted. The two questions omitted in the

analysis: Write what was the most interesting? Write what was the least interesting?

The analysis also omits the question that concerned information about the independence of student
work with WebQuest. The question was omitted due to its unreliability, tested with the Cronbach's
alpha reliability coefficient. The result seems to be in line with the realities of the Polish school. Family
or tutors help with homework to pupils (eg Fratczak, 2009, Smucerowicz, 2017), but not necessarily

children and assistants admit it.

The number of pupils (and percent) who chose a given answer in six Likert-scale questions is shown in

Table 1.

An open short question concerned the students' work time with WQ and it was: Write how much time
did you work with WQ. In answering this question, students gave different values from 20 minutes to

6 hours. On average, work with WebQuest took students 1h 50 minutes.

One closed question was: Would you like to learn using WQ more often? YES / NO. 36 respondents
(representing 71.4%) would like to learn more often using WQ, while 16 students (28.6%) would not

like to learn using this method.
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Tab. 1. Students' answers to questions with the Likert scale, source Kopek-Putata, Nodzynska

Question Answers - number of pupils, percentage (5-grade Likert scale)
Prepared WebQest was: boring 2 3 11 23 11 very
interesting

3.8% 5.8% 21.2% 48.1% 21.2%

WebQest's tasks were:  incomprehensible 1 5 26 18 2 very easy

1.9% 9.6% 50.0% 34.6% 3.8%

| learned from this WQ: nothing 0 3 11 24 14 very much
0.0% 5.8% 21.2% 46.2% 26.9%

Solving the tasks | carelessly 0 1 7 23 21 very
worked: diligently

0.0% 1.9% 13.5% 44.2% 40.4%

Generally, this method 1* 2 4 10 18 18 5

‘a’:.'ea"““g Is estimated 3.8% 7.7% 19.2% 34.6% 34.6%

* in Poland, the '1' rating is the lowest with a school grade
DISCUSSION AND CONCLUSIONS

The results described below concern only student feedback. However, the subjective belief of the
student about whether a given method of learning is interesting, effective, whether he worked well
and whether, according to him, he learned new things - is very important because it directly influences
the motivation of students to learn. On the basis of opinions obtained from students, it can be stated
that work in WQ was interesting for them (69.3%) and they gained a lot of new information (73.1%).
The students worked carefully (84.6%). WQ difficulty level would be chosen accordingly. The vast
majority of students (69.2%) evaluate it well or very well. 71.4% of respondents would like to work
more often using WQ. The average work time of students with WebQuest was 1h 50 min. Further
research describing the correlations between the subjective feelings of students and the real results

of pre- and post-test would be described in subsequent articles.

It can therefore be concluded that the hypothesis has been confirmed and work with the use of WQ is
interesting for students, in pupils opinions causes the increase theirs of knowledge, there is the

possibility of evaluating the final product and the duration of WQ_is in 2 units of lessons.
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When it comes to the opinions of the studied students about working with WQ, our results are identical
to the results obtained by Baarnard-Ashton, van der Linde, Rothberg & Mcinerney (2018, pp. 3-11). In
their research, students wrote that WebQuest was “just right”. The majority of the students felt that
the WebQuest made the learning process more interesting but were more ambivalent regarding their
enjoyment of the WebQuest, possibly due to technical issues and experiencing it as being time
consuming. Overall the WebQuest was a successful modality for orientating the students to the online

tools and resources of the University.

It can therefore be concluded that the obtained results are consistent with the results of other
researchers. Thus, in a Polish school, working with WebQuest can replace the work of the project

method.
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Pouzivani u¢ebnic chemie na zakladnich kolach v Ceské
republice: tvorba a pilotni ovéreni dotazniku

The Use of Chemistry Textbooks at Basic Schools in the Czech
Republic: A Questionnaire preparation and piloting

Karel Vojif, Martin Rusek

Abstract

The goal of this paper is to introduce the starting point, construction, piloting a questionnaire and
preliminary results of the pilot study focused on the use of chemistry textbooks at basic schools.
The tool is constructed in order to find out which textbooks are being lend to students, which
textbooks are used by teachers to prepare for lessons and which parts of the textbooks are used in
education. Altogether 37 respondents took part in the pilot study. Based on their responses, the most
frequently used are textbooks by the Fortuna publishing house. Teachers did not show either
satisfaction or dissatisfaction with the contemporary used books. This can explain the statement that
more textbooks are being used by one teacher. Based on piloting, the constructed tool can be

considered reliable and usable for research.
Keywords

Textbook, chemistry, lower-secondary education
uvoDp

Vzhledem k tradici, rozsahlému vyuZivani a rozsifeni jsou u¢ebnice oznacovany za hlavni didaktickou
pomicku (nap¥. Valverde, Bianchi, Wolfe, Schmidt & Houang, 2002). Zakm na zakladnich $kolach je
v CR ucgebnice povinné bezplatné poskytnuta. S ohledem na jejich dostupnost Ize tedy predpokladat,
Ze se jednd taktéZ o nejrozsifenéjsi didakticky prostfedek vyuky. Ucebnice zdroven predstavuje i
nejkonkrétnéjsi vyjadreni kurikula, se kterym ucitelé pracuji a které tak pfimo zasahuje do ucebni
¢innosti zaka. Diky variabilité dostupnych pomdcek, stejné jako rozdilim v jejich pouzivani, dochazi
k diferenciaci ucebnich pfrilezitosti. Predkladany prispévek se zaméruje na prvni krok ve vyzkumu
pouzivani ucebnic chemie pro zakladni skoly, ktery je soucasti Sirsiho vyzkumného zaméru jejich

analyzy.
TEORETICKA VYCHODISKA

S ohledem na srozumitelnost problematiky je ve vyuZivani ucebnic zapotrebi odliSovat vyuzivani
ucebnice Zaky, tj. ucitelem vybranou metodu vyuky, a vyuzivani uebnice ucitelem. Z pohledu prace
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Zaka s ucebnici uvadi Sikorova (2007, s. 5), Ze ve vyspélych zemich pracuji Zaci s ucebnici 60 % vyucovaci
doby. Také vétsina jejich domaci pfipravy spociva v praci s textem. Zaci si osvojuji z uéebnic védomosti
i dovednosti, ucebnice ovliviiuji jejich postoje a hodnotové systémy (Sikorova, 2007). Pfesunuti
instrukci z ucitele na ucebnici neni vnimano jako znak nizké zpUsobilosti ucitele, ktery by se tim zfikal
své role. Laws & Horsley (1992) uvadéji, ze dobfi ucitelé vyuZivaji u¢ebnice, pokud jsou kvalitni. To
samoziejmé predpokladd, aby byl uditel dostate¢né ztotoZznén s pojetim, jakym autofi prezentuji
vzdélavaci obsah. V tomto ohledu jsou zdsadni zavéry Janika a kol. (2007): ucitelé vyuZili u¢ebnici ve
vyuce fyziky v poloviné zkoumanych vyucovacich hodin. Primérna doba vyuZiti ve vyucovaci hodiné

tvorila ale pouze 3,06 min.

Z pohledu vyuky je podstatny predevsim v ucebnici uvedeny vzdélavaci obsah a zvolené metody jeho
prezentace zakam. Prostiednictvim schvalovacich dolozek MSMT certifikuje kvalitu obsahu uéebnice,
tj. mimo jiné i formu prezentace uciva. V literatufe se pro tuto funkci pouziva oznaceni podplrné
kurikulum (Walterova, 1994). V praxi to ¢asto znamenad, Ze jsou ucebnice pouZivany jako (primarni)
zdroj organizace vzdélavaciho obsahu a vyjadieni drovné dosaZenych vystupl, tj. realizovaného
kurikula (Chiappetta & Fillman, 2007). Ve srovnani s R&mcovym vzdéldvacim programem ucebnice
predstavuji implicitni modely vyuky a pomoci zahrnutych strukturnich prvk( vyjadfuji i explicitni vzorce
pro navozeni ucebni ¢innosti (Sikorova, 2007). Ucebnice tak slouzi uciteldm i pti pripravé vyuky
(Honing, 1991, In Mikk, 2000). Vyzkumy provedené v Australii a USA ukazuji, Ze zcela zdsadni roli hraje
ucebnice v pfipravé vyuky zejména u zacinajicich uditeld (Horsley, 2009, Loewenberg-Ball & Cohen,
1996). Ucebnice jsou totiz pro nékteré ucitele uZitecnou pomickou v porozuméni konceptlim a
pfipravé na otazky zakud (srov. Horsley, 2010, s. 50), coz plati jak pro zacinajici ucitele, tak napf. pro
uditele vyuéujici obor, ktery nestudovali®. To klade zvy3ené naroky na kvalitu uéebnic, nebot pokud
pouZzivaji ucitelé shodné metody jako v u€ebnici, dochazi k posilovani jejich vlivu, a tedy i pfipadnym
problémim Zzakl s porozuménim (Bergqvist & Rundgren, 2017). Zaroven ztéchto dlvodd mize
dochdzet k rozdillim realizovaného kurikula na skolach, tj. uciva prezentovaného zakiim. Realizovana
kurikula se mohou lisit v zavislosti na tom, kterou ucebnici jejich ucitel ve vyuce vyuZiva. To vytvari
prostor pro diferenciaci, kterd zasluhuje dalsi vyzkumnou pozornost. Vliv ucebnice zaroven

samoziejmé zavisi také na jejich vyuzivani.

9 Napf. problematika vyuky pfirodovédnych obor( na stiednich odbornych $koldch nepfirodovédného zaméreni
viz Rusek, M., Havlova, M. & Pumpr, V. (2010). K pfirodovédnému vzdélavani na SOS. Biologie-chemie-zemépis,
1, 19-26.
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U&ebnicim chemie bylo v Ceské republice doposud vénovéno pouze malé mnoZstvi publikovanych
vyzkumd. Autofi Kle¢ka (2011) a Smidl (2013) se vénovali analyze stfedogkolskych u¢ebnic. U€ebnicim
chemie pro zakladni Skoly byla prozatim vénovana systematicka pozornost pouze v oblasti obtiZnosti
textu (Rusek, Starkova, Metelkova & Benes, 2016, Rusek & Vojit, 2019). Samotnému vyuzivani ucebnic
chemie pro zakladni Skoly prozatim v ceském prostfedi pozornost vénovana nebyla. S ohledem

na mozny dopad tohoto didaktického prostfedku vyuky je ovSsem zdsadni se timto tématem zabyvat.
CILE PRACE

Pro zjisténi soucasného stavu jakozto kontextu dalSiho vyzkumu je cilem zmapovat, které ucebnice jsou
v soucasné dobé& k vyuce chemie na zékladnich $koldch v CR vyuZivany. Vyznamnym faktorem je
i zpUsob jejich vyuZivani a jejich vnimani uciteli. Ztohoto dlvodu se autofi predkladaného textu

rozhodli zjistit:

e Které ucebnice chemie zapQjéuji zakladnich skoly svym zakim?

e Které ucebnice chemie vyuzZivaji ucitelé k pfipravé vyuky?

e  Které strukturni komponenty ucebnic ucitelé vyuZzivaji nejc¢astéji?

e Zajak vyznamné pro kvalitni vyuku povazuji ucitelé jednotlivé strukturni komponenty ucebnic

chemie a k jakym ucellim tyto komponenty vyuZivaji?

Cilem autor( tohoto textu je predstavit konstrukci a pilotni ovéreni vyzkumného nastroje sestrojeného
za Ucelem ziskani odpovédi na tyto otazky. Vhled do ¢etnosti a zplsobu vyuZivani ucebnic chemie a
v nich obsazenych prvku je vyznamnym podkladem pro budouci autory ucebnic i dalSich didaktickych

material(. Zaroven poskytuji informace o faktorech ovliviiujicich chemické vzdélavani ¢eskych zaka.

Pole uéebnic je v CR vyznamné ovlivnéno plnou liberalizaci, diky které je vydavani u¢ebnic (s vyjimkou
pridélovani schvalovaci dolozky) nezavislé na statu a zavisi pouze na jednotlivych nakladatelstvich.
Vybér konkrétnich ucebnic a jejich vyuzivani je pak pIné v rukou konkrétnich skol, respektive uciteld,
ktefi mohou ve vyuce vyuZivat i uéebnice bez schvalovaci dolozky MSMT. Zarover tak k zastoupeni a
vyuzivani ucebnic chemie na zakladnich skoldch nejsou dostupné prakticky Zadné informace. Tento
vychozi stav vyzkumné problematiky je vysoce specificky. Z tohoto dlvodu bylo zapotiebi zkonstruovat

vlastni vyzkumny ndstroj umoznujici zodpovézeni vyse uvedenych otazek.
METODOLOGIE KONSTRUKCE A OVEREN[ DOTAZNIKU

Vyuzivani jednotlivych prvkid v pouzivanych ucebnicich chemie je zkoumano z pohledu ¢etnosti uzivani,
uciteli vnimané vyznamnosti pro kvalitni vyuku chemie a ucelu vyuzivani. Postup ¢innosti je shrnut

v obrazku 1.
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- Vyhodnoceni
Recenzovani

dotazniku autory uprav Setfeni ; yzkumn
utebnic posouzeni Setieni
reliability

Obr. 1: Postup dotaznikového vyzkumného Setreni

Konstrukce dotazniku

Dotaznik byl vzhledem k mozZnostem distribuce zpracovdan v elektronické podobé, k ¢emuz byl vyuzit
nastroj Formulare Google. S ohledem na cile vyzkumu byly do dotazniku zarazeny otazky vztahujici se
k charakteristice respondent(, u¢ebnicim, které jsou zapljéovany zaklm a vyuZivany k ptipravé vyuky,
zpUsobu vybéru ucebnic, spokojenosti s ucebnici a jejich vnimanému vyznamu, ¢etnosti a zplsobu
vyuzivani jednotlivych prvk( v ucebnicich a uditeli vnimanému vyznamu téchto prvkd. JelikoZ jsou
vlastni ucebnice soucasti Sirsiho didaktického textového komplexu (viz Priicha, 1998) byly zafazeny i
otazky vztahujici se k vyuzivani dalSich prvkl vybavenosti ucebnicovych projektd. V dotazniku byly
vyuzity predevsim uzaviené otazky, v pfipadé vybéru pouzivanych uéebnic a jejich pouzivani doplnéné
o moznost zadani jiné odpovédi. Do polozek uréenych k hodnoceni cetnosti vyuzivani, vnimané
vyznamnosti a Ucelu vyuzivani strukturnich prvk( uéebnic bylo zafazeno 15 individualné hodnocenych
prvkd. Pro naslednou porovnatelnost byla ve vyzkumném naéstroji vyuZita terminologie strukturnich
prvkd ucebnic dle Prichy (1998). Mezi hodnocené strukturni komponenty byly zarazeny: vykladovy
text prosty; vykladovy text zpfehlednény (prehledova schémata, tabulky,...); shrnuti uciva; doplnujici
texty (dokumentacéni material, citace z pramend, statistické tabulky,...); poznamky a vysvétlivky;
slovnic¢ky pojmf, cizich slov,... (s vysvétlenim); naukova ilustrace (schematické kresby, modely,...);
fotografie; mapy, kartogramy, planky, grafy, diagramy; otazky a ukoly; instrukce k dkolidm komplexnéjsi
povahy (navody k pokusiim, laboratornim pracim, pozorovdnim,...); ndméty pro mimoskolni ¢innosti
s vyuZitim uciva (aplikace); explicitni vyjadfeni cilG uceni pro Zaky; prostiedky nebo instrukce

k sebehodnoceni pro zaky; odkazy na jiné zdroje informaci.

K hodnoceni Cetnosti uzivani a vnimané vyznamnosti strukturnich komponentd, prvk vybavenosti
i uCebnice jako celku byly vyuzity pétistupriové Likertovy skaly (Likert, 1932). Pro zajisténi spojitosti dat
k naslednému vyhodnoceni byly slovné popsany pouze krajni hodnoty skaly (Chytry & Kroufek, 2017).
Zpusob vyuzivani jednotlivych prvkl v ucebnicich, respektive pracovnich seSitll k u¢ebnicim byl
zjistovan uzavienou otazkou s moznostmi: pfiprava vyuky, realizace vyuky, domaci pfiprava zaka a
rozsifujici aktivity urcené jednotlivym Zak(m. Soucasti dotazniku je i prostor volné vyjadreni

respondentl k tématu.
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Validizace nastroje

Po sestaveni vyzkumného nastroje byla provedena obsahova validizace nastroje (Kerlinger, 1972).
K tomuto Ucelu byl osloven odborny panel osmi didaktik(li chemie. Tém byl dotaznik predloZen
k oponovani. Zastoupeni byli autofi sedmi rliznych rad uc¢ebnic chemie pro zékladni Skoly, zaroven se
oponovani Ucastnil vidy alespon jeden z autor( vSech ucebnic chemie pro zakladni Skoly, které
aktualng disponuji platnou schvalovaci dolozkou MSMT. Navrhované upravy byly srecenzenty
konzultovdny a ndsledné zapracovany do upravené verze dotazniku.

PilotaZ nastroje

Po zapracovani Uprav byl v pribéhu ledna aZz dubna 2018 nastroj pilotovan na dostupném vzorku 37
ucitelll chemie na zakladnich Skolach. Pro cetnost vzorku k pilotdzi byla zvolena hranice
10 % minimalniho vzorku. Provypocfet minimalniho vzorku potfebného k ziskani statisticky
vyznamnych vysledk( zobecnitelnych pro celou skupinu ucitelG chemie na zékladnich $koldch v Ceské
republice byl vyuzit systém Raosoft'®. Tento vzorek na hlading vyznamnosti a = 0,05 pti poctu 2719

1

zakladnich skol s 2. stupném1 a pfizapoditani rezervniho predpokladu 1,5 vyucujiciho na skolu

odpovida minimalnimu poctu 352 respondentd.

Pro zvySeni validity nastroje byli respondenti v rdmci pilotdze dotazovani rovnéz k obsahu, strukture a
srozumitelnosti vlastniho dotazniku. Tuto zpétnou vazbu poskytovali po vyplnéni dotazniku formou

volného vyjadreni.
Reliabilita dotazniku

Na zdkladé dat ziskanych pilotnim Setfenim byla zkoumdna reliabilita dotazniku. K posouzeni vnitfni
konzistence byl pouzit koeficient Cronbachova alfa (Cronbach, 1951). Vzhledem k povaze skalovych
otazek v dotazniku byly samostatné posuzovany dvé subskaly. Cronbachova alfa subskaly vnimaného
vyznamu se rovnala 0,879, Cronbachova alfa subskaly cetnosti vyuZivdni se rovnala 0,942. Obé zjisténé
hodnoty jsou pfijatelné (Tavakol & Dennick, 2011) a vytvoreny nastroj tak lze povazovat za vhodny

k vyuziti pti vyzkumném Setreni.

10 Raosoft: Minimal size calculator, http://www.raosoft.com/samplesize.html
1 (idaj ze $kolniho roku 2016/2017, zdroj: MSMT. Statisticka rocenka $kolstvi - vykonové ukazatele.
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Upravy dotazniku na zakladé pilotaze

Z vysledkl pilotdze dotazniku vyplynula potfeba mirnych Uprav dotazniku pro jeho dalsi vyuZiti
v hlavnim $etieni. Upravy vychézely zejména z podnétd pilotujicich respondentl v jejich hodnoceni
dotazniku. Zapracovany byly rovnéz ¢etné dopisované dalsi moznosti u vybérovych otazek. Na zakladé
nejcastéjSich odpovédi byl upraven vycet pripravenych moznosti k vybéru u polozky dotazujici se
na u¢ebné vzdéldvaci obory. Byly doplnény vycty ucéebnic ve vybérovych otdzkach pro usnadnéni
vyplhovani i nasledném vyhodnocovani. V otdzce vztahujici se kvyuZivani metodické pfirucky
k ucebnici chemie byly slou¢eny mozinosti ne, nemdm k dispozici a ne, k ucebnici neni dostupnd.
Z odpovédi nebylo jisté, Ze byli respondenti schopni tyto moZnosti fadné rozliSit, coz doplfujici
vyjadreni potvrzovala. V pfipadé, Ze ji sami nemaji k dispozici, fada respondent(l nevédéla, zda byla
k uéebnici vydana. Byly vylouceny otazky vztahujici se k interaktivnim materialim v elektronické
podobé (e-ucebnici) k ucebnici chemie. Respondenti opét zfejmé nebyli schopni fadné rozlisit vztah
elektronickych material( vydanych ke konkrétni ucebnici chemie. Byla doplnéna otdzka na vyznam
pracovniho seSitu pro kvalitu vyuky. K otdzce na preferovanou ucebnici k pofizeni pro zaky byla
doplnéna moznost nevim. | po doplnéni dalSich moZznosti u otazek s vybérem odpovédi byly zachovany
moznosti jiné, které umoznuji uvedeni dalS$i odpovédi, aby nebyla omezena moznost pfesného a

pravdivého vyjadreni respondenta.
VYSLEDKY PILOTNIHO SETREN(

Charakteristika vyzkumného vzorku

Ve vyzkumném vzorku bylo zahrnuto 30 Zen a 7 muz(, z nichZ vétsina uci pouze na zakladni Skole
(N = 32). Dalsi 4 vyucujici uc¢i kromé zakladni skoly i na gymnaziu a 1 vyucujici uci soucasné na zakladni
a vysoké skole. VSichni respondenti dosahli vysokoskolského vzdélani. VétsSina vystudovala
vysokoskolsky obor se zaméfenim na ucitelstvi chemie (N = 30). Ve vyzkumném vzorku byli zastoupeni
zaCinajici i zkuSeni ucitelé. Nejvétsi podil predstavovali zkuseni ucitelé s vice nez desetiletou praxi.
Kromé chemie vyucuji ve vzorku zafazeni fadu rliznych dalsSich vzdélavacich obor(, nejcastéji

pfirodopis a matematiku
Pouzivané ucebnice chemie

V tabulce 1 jsou uvedeny ucebnice nejcastéji zapUjcované zaklim. Do vyctu jsou zafazeny i kombinace
v pfipadé, Ze Skola disponuje vice u¢ebnicemi a Zaci pouZivaji obé. Nejc¢astéji jsou Zakim poskytovany

ucebnice nakladatelstvi Fortuna Zaklady chemie, a to ve vice nez 40 % pripad(.
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Tab. 1: Uéebnice chemie pajéované zdkiim*?

Ucebnice Pocet respondentu
Fortuna (ZCH) 10

Fortuna (PCH)

Fraus

Nova skola

Prodos

Scientia

Fortuna (ZCH) a Fortuna (PCH)
Fortuna (ZCH) a Fraus

Fraus a Nova skola

RPINWERLRINOIOIO

Dotazovani ucitelé s ucebnicemi vyuZivanymi na jejich Skolach nejsou v prdméru ani spokojeni ani
nespokojeni (graf 1). Ackoli nikdo z respondentll neni se v soucasnosti vyuZivanou ucebnici zcela

nespokojen, je patrné, Ze soucasné ucebnice nenaplnuji ocekavani vétsiny ucitell.

- 0% 32% 32%

€ 30% 27%

(V]

2 20%

o ? 0

o 8%

o 10% _

= - 0%

S 0%

S 1-zcela 2 3 4 5 - zcela
spokojen nespokojen

Spokojenost s ucebnici chemie

Graf 1: Hodnoceni spokojenosti s u¢ebnici chemie pouzivanou ve Skole

Spokojenost s pouzivanou ucebnici je zapotiebi hodnotit i prostfednictvim zplsobu vybéru ucebnice.
Vétsina dotazovanych uditeltd chemie (59 %) se aktivné nepodilela na vybéru vyuZivané ucebnice.
V pripadé, Ze se tento trend projevi i v hlavnim Setfeni, to mize znamenat silny vliv na zplsob vyuzivani
ucebnice (srov. Sikorovd, 2007). Nejcastéji ucitelé uvadéji, Ze vyuzivaji uebnice, které jiz byly dostupné
ve Skole. Ucitel, ktery aktudlné na dané skole vyucuje chemii tak nebyl procesu vybéru ucebnice

pfitomen.

Pro témér tretinu dotazovanych ucitelli chemie je ucebnice vyznamna pfi pripravé (graf 2). Necelych
38 % dotazovanych ucitell nepovaZuje ucebnici chemie za ani vyznamnou, ani nevyznamnou

pfi pfipravé vyuky.

12 Jednotlivé Fadu uéebnic jsou oznaeny ndzvem nakladatelstvi. Dvé Fady nakladatelstvi Fortuna jsou rozliseny
zkratkou: ZCH — Zaklady chemie, PCH — Zaklady praktické chemie.
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Graf 2: Vnimany vyznam ucebnice chemie pfi pfipravé vyuky

Vétsina respondentl (68 %) vyuZiva k pripravé vyuky vice rlznych ucebnic chemie. Ukazuje se, Ze
ucitelé nepovazuji jednotlivé ucebnice za plnohodnotné a pfi pFipravé vyuky kombinuji vice raznych
fad ucebnic. Mezi u¢ebnicemi pouzivanymi k ptipravé vyuky prevazuji ucebnice nakladatelstvi Fortuna
a Fraus. Tyto ucebnice se zdaji byt nejcetnéjsimi jak mezi ucebnicemi, které jsou vyuzivany i s Zaky, tak
jako doplnujici knihy k ptipravé vyuky (graf 3). Pfekvapivé je zjisténi, Ze tfi z respondent( pouZivaji

k pfipravé vyuky chemie na zakladni Skole ucebnice urcené provyssi stupen vzdélavani.
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Graf 3: Uéebnice chemie ptlijéované zakim a vyuZivané k pripravé vyuky

Metodickou prirucku k uc¢ebnici chemie vyuziva pouze 22 % dotazovanych uditell. Z uciteld, ktefi ji
nepouzivaji vétsi cast jako dlvod uvadi, Ze ji nema k dispozici, ¢i neni dostupna. U rad ucebnic,
ke kterym byla vydana, se tak zfejmé projevuje ekonomicky faktor. Nikdo z uditel(, ktefi metodickou
prirucku vyuZivaji k pripravé vyuky, ji nevyuziva Casto ani velmi ¢asto a v priiméru ji nepovazuji ani

za vyznamnou, ani za nevyznamnou.

Oproti tomu 54 % respondentl uvedlo, Ze pracovni sesit k ucebnici chemie vyuziva, pricemz

s Ve

22 % respondentl ho vyuZiva ¢asto nebo velmi €asto, tj. prakticky v kazdé hodiné ¢i pfipravé na ni (graf
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4). Pracovni sesit na rozdil od ucebnice nemusi skoly ze zdkona svym Zakim poskytovat. JelikoZ se
jedna o pomucku, kterou nelze poskytovat vicero Zakim po sobé, nastavaji komplikace pfi jejich
obstaravani. To se projevilo u 22 % ucitel(, ktefi pracovni sesit nevyuZzivaji, jelikoz ho nemaiji k dispozici.
Vsichni uditelé, ktefi pracovni sesit vyuZivaji, ho pouZivaji pfi realizaci vyuky. Dalsimi ¢etnymi zplsoby

je vyuZziti pracovniho sesitu jako zdroje rozsifujicich aktivit pro konkrétni Zaky (27 % uciteld) a v domaci

pfipravé zaka (24 % ucitell).

60% 25%

50%
40% 35%
30%
20%
oo 5% 5% .
0% | | | |
2 3 a

5 - nevyuzivam

Podil respondentd

1-vyuZivdm
velmi Casto

Cetnost vyuzivani pracovniho sesitu k u¢ebnici chemie

Graf 4: Hodnoceni ¢etnosti vyuZivani pracovniho sesSitu k ucebnici chemie (pouze ucitelé vyuzivajici pracovni
sesit, N = 20)

V hodnoceni vyznamu oznacuji ucitelé jednotlivé strukturni komponenty v uebnicich chemie spise
za vyznamné. V hodnoceni na Skdle 1 — velmi vyznamny aZ 5 — zcela nevyznamny jsou strukturni
komponenty hodnoceny priimérnou hodnotou 2,3. Jak je z vysledkl patrné, ucebnice je z pohledu

ucitell pro kvalitu vyuky chemie vyznamnym didaktickych prostfedkem vyuky.
Mezi nejvyznamnéjsi strukturni komponenty fadi ucitelé:

e vykladovy text zprehlednény (pfehledova schémata, tabulky, ...) — 1,62;
e naukova ilustrace (schematické kresby, modely, ...) - 1,62;
e shrnuti udiva—1,86 a

e instrukce k ukollim komplexnéjsi povahy (navody k pokustm, laboratornim pracim, ...) — 1,89.
Jako méné vyznamné, nikoli vSak nevyznamné, hodnoti ucitelé:

e prostiedky nebo instrukce k sebehodnoceni pro zaky — 2,6;
o doplnujici texty (dokumentacni material, citace z pramend, statistické tabulky, ...) - 2,71;
o explicitni vyjadreni cild uceni pro Zaky — 2,81 a
e odkazy najiné zdroje informaci — 3,03.
Pro komplexni pohled ucitelli chemie na ucebnice je dllezZité sledovat i ¢etnost vyuzivani jednotlivych

strukturnich prvk(. Tento aspekt je vyznamny pro dalsi tvorbu na poli uéebnic chemie, nebot pouze

aktivné vyuzivané komponenty mohou ovliviiovat pribéh vzdélavani i jeho vysledky. Mezi
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hodnocenymi strukturnimi komponenty neni Zadny, ktery by nikdy nebyl vyuzivan. V ¢etnosti vyuzivani

jednotlivych strukturnich prvkd jsou ale vyznamné rozdily. Ucitelé uvadéji, Ze ¢astéji vyuZivaji:

e naukova ilustrace (schematické kresby, modely, ...) — 2,38;

vykladovy text zptehlednény (prehledova schémata, tabulky,...) — 2,5;

Otazky a ukoly —2,92 a

Fotografie — 2,92.
Naopak méné casto ucitelé vyuzivaji:

e prostiedky nebo instrukce k sebehodnoceni pro zaky — 3,78;
e odkazy na jiné zdroje informaci — 3,9;
e naméty pro mimoskolni ¢innosti s vyuZitim uciva (aplikace) — 3,97 a

e explicitni vyjadfeni cilG uceni pro zaky — 4,07.

Cetnost vyuzivani jednotlivych prvki je mimo potieb uciteld a jejich predstavy o kvalitni ucebnici

ovlivnéna i jejich spokojenosti s konkrétni uc¢ebnici. Tato problematika si proto zada dalsi zkoumani.

Jednotlivé strukturni komponenty plni v ucebnici, respektive vyuce, rozlicné funkce. Zaroven se lisi
zpUsoby jejich vyuZivani jednotlivymi uciteli. K pfipravé vyuky vyuziva nejvice zuéastnénych ucitel(
(49 %) vykladovy text prosty. Vyznamnou roli v pfipravé vyuky sehravaji rovnéz instrukce k dkolim
komplexnéjsi povahy, jakymi jsou navody k pokusiim a laboratornim pracim. Jejich vyuzivani uvedlo 41

% dotazovanych ucitelll chemie.

Nejvice jsou respondenty jednotlivé strukturni komponenty ucebnic vyuZivany krealizaci vyuky.
Ustfedni roli v tomto zplsobu vyuZiti uéebnice sehravaji naukové ilustrace, zptehlednény vykladovy
text, jakym jsou prehledova schémata, tabulky apod. a otazky a ukoly. Jejich vyuzivani uvedlo od 84
do 73 % ucitelll chemie. VyuZivani otazek a ukold v realizaci vyuky je zdroven posileno i vyuZivanim
pracovniho sesitu. PouZivani otazek a ukolG z uebnice nebo pracovniho sesitu pfi realizaci vyuky

chemie uvedlo 81 % ucitel.

Pro rozsitujici aktivity uréené jednotlivym zaklm, tj. prvky individualizace vzdélavani, vyuziva nejvice
respondent( dopliujici texty (dokumentacni material, citace z pramend, statistické tabulky,...)
— 35 % ucitell, otazky a Ukoly a slovnitky pojm(, cizich slov,... (s vysvétlenim) — oboji 30 %. Zadny
z ucitell neuvedl vyuZivani shrnuti uciva jako rozsitujici aktivity. To je naopak jednim z nejvice uditeli
vyuzivanych prvkd k domaci pripravé zaka. K tomuto ucelu ho vyuziva 41 % respondentl. Nejvétsi
skupina ucitell (43 %) uvadi, Ze vyuziva k domaci pripravé zakd otazky a ukoly, 27 % vyuZiva k tomuto

ucelu také prostredky nebo instrukce k sebehodnoceni pro zaky.
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DISKUSE A ZAVER

Nové sestaveny ndstroj urceny pro zmapovani doposud opomijené oblasti na poli uéebnic chemie
pro zakladni Skoly Ize na zakladé ovéreni validity a provedeného testu reliability povazovat za vhodny

k pouziti ve vyzkumném Setfeni.

Vysledky pilotniho Setfeni ukazuji, Ze nejcastéji vyuzivanymi jsou ucebnice chemie nakladatelstvi
Fortuna. Zajimavym zjisténim je, Ze vétSina dotazovanych ucitelll pouZiva k pfipravé vyuky vice neZ
jednu ucebnici. V tomto konkrétnim pripadé by vysledky mohly poukazovat na uciteli vnimanou nizsi
kvalitu ucebnic, jak tomu bylo v ptipadé fyziky (Janik, Najvarova, Najvar & Pisova, 2007). V 16 % pfipadl
je vice neZ jedna uéebnice poskytovana i Zaklm. Ucitelé tim zfejmé kompenzuji vnimané nedostatky

jednotlivych knih.

Témér polovina ucitel( uvedla, Ze ma vybranou jinou ucebnici, kterou by chtéla pro své Zaky pofidit.
Dominantni postaveni vtomto ohledu zastdvd rada ucebnic nakladatelstvi Nova skola. Tyto jsou
ze vSsech nabizenych nejnovéjsi, ¢imzZ lze interpretovat zajem nékterych respondentl o vyménu
stavajicich ucebnic pravé témito.

Pfednosti tohoto textu je zaméreni na opominutou oblast vyzkumu v didaktice chemie. S vyuZitim
dotazniku budou v dalSim kroku ziskdna vyzkumna data umoZiujici generalizaci. Vysledna zjisténi
prispéji nejen odborné komunité, ale také mohou poslouzit zac¢inajicim uciteldm, jak naznacuji vysledky
Horsley (2009) nebo Loewenberg-Ball & Cohen (1996). Limitem vysledkd ziskanych pilotazi je
predevsim nizky pocet respondent(l pilotniho Setfeni véetné zpUlsobu jejich vybéru. Jedna se tak
o pouze orientacni vysledky, jejichZz smysl leZi v ovéreni srozumitelnosti a funkénosti nastroje a v roviné
smérovani dalsSich vyzkum(l. Obsahova validizace probéhla pouze s pomoci didaktik(i chemie. Zapojeni
odbornikl z dalsich disciplin by mohlo dale zvysit kvalitu vyzkumného nastroje. Odpovédi respondent(
na jednotlivé polozky, jejich komentare k nastroji i hodnoty testu reliability vSak umoZiuji povazovat

vyzkumny ndstroj za spolehlivy.

Zkonstruovany vyzkumny nastroj mohu autofi poskytnout pro vyzkumné zaméry v dalSich vzdélavacich

oborech.
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