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Nazev: Inovace obsahu a metod vyuky chemie se zaméfenim na vizualizaci
prostfednictvim informacnich a komunikacnich technologii

Abstrakt

Vyuziti informac¢nich a komunikacnich technologii, vCetné pocitacové grafiky, ve vyuce
chemie predstavuje aktudlni a frekventované téma soucasné didaktiky chemie. Duraz je
Vv dosud publikovanych pracich kladen na znazornéni struktury chemickych latek a
symbolicky popis chemickych dé&ja. Predklddana prace nabizi komplexnéjsi pohled na
moznosti a meze vyuziti pocitatové grafiky i ostatnich prosttedkit ICT. Cilem préace je na
zakladé problému, které identifikuji studenti uditelstvi chemie a ucitelé chemie jako aktualni,
poskytnout piehled rtznych technologii, navrhnout jejich zaclenéni do vyuky chemie a
posoudit jejich dlohu v ramci probihajici kurikularni reformy. V ramci prace byla provéfena
vyuzitelnost vybranych prvka pii piipravé vyuky ¢i pfimo ve vyuce, navrZzeny inovace
stavajicich vyukovych metod s vyuzitim pocitatové grafiky. Prace je zaméfena na oblast
vizualizace uciva prostfednictvim pocitaCové grafiky, inovace vyukovych metod a obsahu
S vyuzitim pocitace, pocitacové hry a roli pocitacové grafiky pfi didaktické transformaci.

Byly vytvoreny dvé ucebnice pro zakladni a stiedni Skoly, ve kterych jsou vyuzity nové
navrzené prvky pocitacové grafiky. V chemii jako véd¢ neustale naristd mnozstvi poznatkd,
proto byl vytvoien model zakim pfistupné prezentace novych informaci o kyselin¢ uhlicité.
Vzhledem kvyznamu experimentu Vv chemii byl zpracovan postup optimalizace nové
navrhovanych skolnich chemickych experimentt.

Kli¢ova slova:

vyuka chemie, pocitatova grafika, animace, u¢ebnice, optimalizace, $kolni chemicky
experiment, informacni a komunikaéni technologie



Title: Innovations of Education Content and Methods in Teaching Chemistry
Focusing on ICT-supported Visualization

Abstract

The use of information and communication technologies, including computer graphics, in
teaching chemistry is one of the frequent issues of contemporary chemistry didactics. Current
publications are mainly focused on displaying structure of chemical compounds and symbolic
form of chemical reactions. This thesis offers a more complex view on the computer graphics
and other means of information and communication technologies — their possibilities and
limits of use in teaching. The goal of the thesis is to provide an overview of selected
computer-graphics technologies and to discuss their role during current curricular reform,
based on current problems identified by students attending chemistry-teacher training courses
and chemistry teachers. Usability of selected elements in pre-teaching and teaching phases
was checked. Innovations of contemporary teaching methods were proposed using computer
graphics. The thesis is focused on the area of visualization of educational content with use of
computer graphics, computer-assisted innovation of methods and educational content,
computer games and the role of computer graphics in didactic transformation.

Two textbooks for lower-secondary and upper-secondary schools were created. These
textbooks contain newly developed parts using computer graphics. According to everlasting
expansion of gained information in chemistry, a model of pupil-friendly presentation of these
was developed using carbonic acid as a subject of concern. For keeping chemical
experiment’s role in science at least at current level, a method for optimizing renewed school
chemical experiments was developed.

Keywords:

chemistry teaching, computer graphics, animation, textbook, optimization, school chemical
experiment, information and communication technology



Uvod

Vzdélavaci systémy v Evropé, Ceskou republiku nevyjimaje, prochazeji vyznamnou
reformou. Pozadavky na zmény se opiraji o mezinarodni vyzkumy TIMSS a PISA. Podle
vysledki téchto vyzkumi je vyuka piirodovédnych piedméti v Ceské republice zaméfena na
pfedavani hotovych poznatkll a Zzaci maji malo prostoru pro individualni praci a praktické
¢innosti. Vzdé€lavaci obsah je prevazné teoreticky. Chemii povazuji zéci za nezdzivnou,
objevuji se pochybnosti o jeji uziteCnosti. UCitelé si Casto stézuji na pretézovani zakl pii
nutnosti dodrzet kurikularni dokumenty, nejasnou strukturu u¢iva i na absenci aktualnich
témat ve vzdélavacim obsahu.

Jednim z klicovych ukolt ucitele pfi vyuce chemie a jinych piirodnich véd je vedeni zaku
a studentit k zajmu o zkoumani svéta kolem nich. Jednou z moznosti, jak u zakl vyvolat
zajem o zkoumani okolni reality, je provadéni experimenti. ZkuSenosti ukazuji, Ze nejvetsi
dopad maji ty z nich, které provadé&ji zaci sami. Bohuzel, v soucasné dob¢ se projevuje ve
vyuziti redlného experimentu ve Skolni vyuce znacny pokles. Spolu se silnym rozvojem ICT a
jejich pronikéni do bézného zivota i do Skolnich praxi by mohlo dojit k postupnému
nahrazovani realnych experimentd experimenty reprodukovanymi nebo simulovanymi. Tento
trend na jednu stranu umoziuje zpfistupnéni problematiky chemie SirSi skupiné zajemci,
napf. pii distanénim vzdélavani, na druhou stranu mutze vést k celkovému odklonu od
rozvijeni manudlni zru¢nosti zdki a snizuje motivacni hodnotu vzorového experimentu.
Castym divodem, pro¢ uditelé do vyuky zafazuji méné experimenti, je naro¢nost piipravy,
proto je potfeba nabidnout zptsoby, jak ucitelskou piipravu zjednodusit ¢i vylepsit.

Vzhledem ke komplexnosti chemie jako védni discipliny ovSem neni mozné vyuku pfedmétu
chemie omezit jen na experimentovani jako takové. Existuje velka cast vzdélavaciho obsahu,
kterou lze jen obtizn¢ zaktim pfiblizit pomoci experimentu. Navic je potfeba piipadné
experimentalni vysledky vzdy uvést do celkového kontextu, aby pokusy nebyly provadény jen
pro pokusy samotné. Pti vyuce se pak kromé verbalniho ptedavani informaci velmi efektivné
uplatiuje pfedavani informaci ve vizualni podobég, protoZe chemie pouziva svuj vlastni
symbolicky jazyk — fe¢ vzorcu — jehoz zvladnuti je klicové pro tspé$né chemické vzdélavani.
| vtéto oblasti nabizeji soucasné informacni a komunikacni technologie znacné moznosti,
nicméné prostiedkl piimo pouzitelnych ve vyuce jesté ziejme neni dostatek, jak potvrzuji
cetné projekty, které si kladou za cil vytvaret nejriznéjsi elektronické vyukové materialy a
pomtcky.

Vyuzitim pocitacové grafiky ve vyuce chemie se zabyva fada zahrani¢nich i naSich autor,
diraz je pfitom kladen na zndzornéni struktury chemickych latek a symbolicky popis
chemickych déju. Predkladana prace se snazi poskytnout komplexnéjsi pohled na moznosti a
meze vyuziti pocitacové grafiky, od prostého nahrazeni manualni prace pfi tisku pies pouziti
jednotliveho multimedialniho obsahu az k sofistikovanym u¢ebnim materialim kombinujicim
klasické prvky ucebnic s interaktivnimi materialy.

Cile prace

Cilem préace je identifikovat né€které aktualni problémy pii vyuce chemie, jak je vnimaji
ucitelé chemie i1 studenti ucitelstvi chemie, na zdklad¢ zjisténych problémi navrhnout
moznosti jejich feSeni se zaméfenim na vybrané oblasti a ovéfit moznost uplatnéni nové
navrzenych postupt ve skolni praxi a v pfipraveé ucitelt chemie.



Z nesCetnych oblasti vyuky vcetné jeji ptipravné faze, do kterych pouziti pocitacové grafiky
pronikd, byly po konzultaci se Skolitelem vybrany nésledujici: vizualizace uciva
prostiednictvim pocitacové grafiky, inovace vyukovych metod a obsahu s vyuzitim pocitace,
pocitacové hry, role pocitacové grafiky pii didaktické transformaci.

Metodika

Pro ziskani vstupnich dat byly pouzity metody kvalitativniho vyzkumu — ohniskové skupiny a
strukturovany rozhovor — na dvou vzorcich. Prvni vzorek tvofili studenti ucitelstvi chemie na
Pedagogické fakulté univerzity Karlovy v Praze, druhy vzorek tvofili ucitelé na zakladnich a
sttednich Skolach ve Stfedoceském kraji, ktefi se ucastnili kurzli celozivotniho vzdélavani
uskutecnovanych Pedagogickou fakultou Univerzity Karlovy v Praze.

Na zéklad¢ informaci ziskanych od ucastnikii vyzkumu byly pro dalsi zpracovani vybrany
problémové oblasti pro navrhy inovaci prostfednictvim zapojeni informacnich a
komunikac¢nich technologii zejména s ohledem na vizualni stranku. Jednalo se o Ctyti oblasti:
vizualizace, vyukové prostiedky, didakticka transformace uciva, vyuziti poc¢itacovych her pfi
vyuce.

Priibéh a vysledky prace

Vizualizace

V oblasti vizualizace byly zkouméany moznosti zapojeni prostiedkti ICT do vyuky chemie.
Dtrraz byl pfitom kladen na ty, které jsou zaméfeny na zobrazovani redlnych objekta ¢i jejich
rizn¢ abstrahovanych podob (schémata aparatur, zapisy chemickych reakci, modely a vzorce
sloucenin) a na ty, které umoziuji zprosttedkovat pochopeni vztahli mezi chemickymi
veli¢inami pomoci jejich vizualizace. Prozkoumany byly editory chemickych struktur a
produkty spolec¢nosti Wolfram Research (Mathematica) s ohledem na jejich vyuzitelnost pii
vyuce. Pozornost byla vénovana také ovladatelnosti jednotlivych aplikaci pii pouziti na
interaktivni tabuli. Vysledky Setfeni jsou podlozeny zkuSenostmi pii vyuce piedmétu ICT ve
vyuce chemie, ktery je soucasti pfipravy ucitelli chemie na Pedagogické fakult¢ Univerzity
Karlovy v Praze.

V prib¢hu prace byly dale vytvofeny animované pomucky pro vyklad nazvoslovi
anorganickych sloucenin, které byly zatazeny do ucebnice chemie pro zakladni Skoly. Tato
ucebnice ziskala dolozku MSMT a byla vydana v roce 2006.

Jako rozvojovy projekt FRVS byl Pedagogickou fakultou Univerzity Karlovy v Praze fesen
v roce 2009 projekt Podpora ICT v pripravé budoucich ucitelii prirodovédnych predmeétii. Na
feseni projektu se podilely katedry matematiky a didaktiky matematiky, chemie a didaktiky
chemie abiologie a ckologické vychovy. Cilem projektu bylo efektivné zacélenit moderni
prostfedky ICT do ptipravy budoucich ucitelt. Vystupem z projektu byla publikace, ktera
predstavuje nékteré (predev§im méné obvyklé) technologie, které jsou nyni diky tomuto
projektu na pedagogické fakulté¢ vyuzivany, a to, jak mohou byt vyuzity pro ptipravu
budoucich uciteld matematiky, biologie a chemie.

Inovace metod a prostiedkii vyuky

Pocitacova grafika se znacnou mérou podili na ptipravé ucitelii chemie na vyuku i1 pfimo pii
realizaci vyuky. Ucitel tvoifi nebo pouziva vyukové materidly, které obsahuji prvky
pocitacové grafiky, vyuzivd prezentace, promitd videonahravky z pocitace, ¢i pouziva
interaktivni ucebnice. Volba metod vyuky a ¢astecné i obsahu je tak ovlivnéna dostupnosti
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materiali (zakoupenych skolou, stazenych z internetu) a samoziejmé také tim, co ma ucitel
k dispozici za hardwarové prostiedky (PC, projektor, interaktivni tabuli). V roce 2007 byla
navrzena inovovana a zjednoduSend metoda pro hodnoceni ucebnic, kterd byla publikovana
s cilem usnadnit ucitelim vybér novych uéebnic chemie s ohledem na probihajici Skolskou
reformu.

V roce 2009 byla vytvotfena ucebnice chemie pro stfedni Skoly nechemického zaméteni jako
reakce na zmény v obsahu vzdélavani. Nové rdmcové programy totiz zavedly chemii ve
vzdélavaci oblasti Clovék a piiroda i do téch typd $kol, kde pfedtim nebyla. P¥i tvorbé
ucebnice byly pouzity prvky pocitacové grafiky podporujici aktivitu zaki: interaktivni testové
ulohy, videosekvence a obrazy doprovazejici vyklad. Z hlediska obsahu bylo u¢ivo rozdéleno
na zakladni troven (podle pozadavkii RVP pro stiedni skoly s nizS§im rozsahem vyuky
chemie) a na urovenn vys$i. Zdkladni Uroven uciva je pfitom v tradicni, tiSténé formé,
roz$ifujici ucivo je pak obsazeno na piilozeném CD. Ucebnice byla znovu vydéana v roce
2010. V tomto aktualizovaném vydani ziskala dolozku MSMT.

Aby nebyla zanedbéna experimentalni povaha vyuky chemie, byla v roce 2009 rozpracovana
metoda umoznujici ptizptsobit nékteré z dostupnych experimentl podle pozadavki ucitele na
jejich priibéh. Velkou oblasti chemie, ve které¢ se prakticky pribéh pokusu nedé predpovedét,
takze je potieba navod beze zbytku dodrzet a dosahnout tak jiz dosazené¢ho vysledku, je
reakéni kinetika. Metoda byla proto zamétena pravé na tuto oblast.

Didakticka transformace s ohledem na Skolskou reformu

Pocitacova grafika ovlivituje i obsah vzdélavani. Takto vyvolané zmény vSak nemohou byt
zcela nahodilé a mély by respektovat urcité zakonitosti. Jednim z vnéjSich zdroji takovych
pravidel jsou legislativni zmény, které probihaji v ramci soucasné Skolské reformy. Se
vznikem ramcovych vzdélavacich programii a nutnosti vytvaret Skolni vzdélavaci programy
se ucitelim, na které byla tato ¢innost delegovana, naskyta nebyvald svoboda ve volbé obsahu
vyuky chemie. S ohledem na vySe uvedené, byly prozkoumany podminky a moznosti Uprav
kurikula a za¢lenéni novych poznatkli do vyuky chemie.

Soucasti prace ucitele chemie je, nebo by mélo byt, neustalé sebevzdélavani. Chemie jako
védecka disciplina pfindsi neustdle nové poznatky a postupem casu i méni a dovytvari své
teorie. Usp&$ny uditel chemie nemiiZe tyto zmény nechat bez pov§imnuti, i kdyz pochopitelné
neni mozné vSechny okamzité zaregistrovat a zatradit do vyuky. Pfesto se ¢as od Casu objevi
prevratné informace, které stoji za povSimnuti, byt s urcitym ¢asovym zpozdénim. Pokud
k Z&dnym aktualizacim ve vykladu chemie nedojde, snadno se mize stat, ze takovato chemie
ziska u zaka punc néceho archaického, co se soucasnym svétem nijak nesouvisi, a proto neni
potieba se ji zabyvat. V letech 2010 a 2011 byly publikovany stati o novych poznatcich
0 stabilité¢ a moznosti izolace kyseliny uhli¢ité, ve kterych bylo k vysvétleni uvadénych jeva
vyuZzita vizudlni reprezentace struktury chemickych latek a jejich reakci.

Hra ve vyuce jako motivacni prvek

Pro ucebnice vydané v letech 2007, 2008 a 2010 byly vytvotfeny pocitacové hry s chemickou
tématikou. Tématika pocitacovych her se také stala nedilnou soucésti ptipravy ucitelii chemie
na Pedagogické fakult¢ Univerzity Karlovy v Praze v pfedmétu ICT ve vyuce chemie.



Diskuze a zavér

Z dat ziskanych od ucastnikti vyzkumu plyne, Ze se pfi vyuce chemie setkavaji s podobnymi
problémy, které uvad&ji mezinarodni vyzkumy TIMSS a PISA i obdobné vyzkumy v Ceské
republice. Objevuji se materialni problémy pfi realizaci Skolnich pokusi, nizky stupen vyuziti
aktivizujicich metod vyuky, nedostatek motivace zakl. Ve zvolenych oblastech byly navrzeny
postupy, které by mohly ptispet k eliminaci uvedenych probléma.

Vizualizace

Na poli vyuky chemie je akcentovana vizualizace na trovni modeltl, které umoziuji zobrazeni
jinak neviditelnych objekti (atom, molekula, chemicka vazba). V soucasné dobé je Siroce
vyuzivan volné dostupny software, ktery umoziluje ze vzorce slouCeniny vykreslit jeji
trojrozmérny model s moznosti otdCeni a zvétSovani (napt. ACD/ChemSketch), tyto modely
jsou vsak pfiblizné a neumoznuji zobrazeni rozlozeni elektronové hustoty, ktera je dulezita
pro pochopeni reaktivity. Neékteré Skoly pouzivaji komercni software, ktery umoznuje
vypocéty elektronové hustoty z termodynamickych dat (Spartan) a uspésné zafazuji do vyuky
modely vytvofené na miru probiranému uéivu. Pii vyuce pfipravujici uéitele chemie byly
prozkoumany moznosti vyuziti bézné dostupného software pro kresleni chemickych struktur
ve vyuce podporované pouzitim interaktivni tabule se zdvérem, Ze uziti stavajicich editorti je
problematické — ovladani neni uzptisobeno pro dotykové ovladani (vyZzaduje zna¢nou
piesnost) a zadny z béznych editori nepodporuje vzorce ,,Skolniho typu* (strukturni ¢i
racionalni vzorce s vazbami zakreslenymi kolmo na sebe). Nové byly prozkoumany vizualni
materidly pro vyuku chemie vytvofené v prostfedi Mathematica spolecnosti Wolfram
Research publikované na portdlu Wolfram Demonstration Project a vyhledavac
WolframAlpha. Prostiedi Mathematica nabizi neustale se rozSifujici moznosti vyhledavani a
prezentace chemickych dat — od vzorct a zakladnich fyzikalnich dat aZz po manipulovatelné
trojrozmérné modely a vizualizace modelti kvantové chemie. Vyuziti obou produkti pro
vyuku chemie bylo demonstrovano v ramci Letni $koly pro stiedoskolské ucitele chemie.

Jako podpiirné vizualni prvky byly navrzeny animace pro ¢ast obecné a anorganické chemie
(nazvoslovi na tirovni ZS) jako souéasti hybridni uéebnice pro volitelny pfedmét na zakladni
Skole. Ucebnice ma tisténou ¢ast obsahujici vyklad a je doplnéna CD s elektronickou casti ve
formé provazanych HTML dokumentt. V elektronické verzi jsou pomoci animaci vysvétleny
zékladni principy nazvoslovi anorganickych sloucenin (oxidy, halogenidy, kyslikaté
kyseliny).

Inovace metod a prostiedkii vyuky

V soucasnosti se na trhu vyskytuje obrovské mnozstvi ucebnic chemie pro zakladni Skolu.
Ucitel je nucen mezi nimi vybirat a mél by byt schopen svlij vybér obhdjit, pokud mozno na
zéklad€ co nejobjektivnéjSich kritérii. Proto byl navrzen ucinny, a ptesto jednoduchy, nastroj
pro vybér jedné ucebnice chemie z dostupné nabidky. Prostfednictvim brainstormingu
studentd ucitelstvi chemie a nasledného kritického zhodnoceni byly vybrana kritéria, kterymi
se muze ucitel pti vybéru uéebnice Fidit. K vyhodnoceni byla navrZzena semikvantitativni
metoda zaloZena na vazeném praméru hodnoceni podle jednotlivych kritérii. Soucasti navrhu
metody je také piiklad implementace metody v prostiedi tabulkového procesoru. Uvedend
metoda byla publikovana v ¢asopise uréeném pro uditele piirodovédnych predméta

Vyuka udiva chemické povahy vieobecné vzdélavaciho zaméfeni na SOS a SOU neni
Vv soucasné¢ dobé bud’ realizovdna vibec, nebo je soucdsti integrované¢ho vyucovaciho
predmétu Prirodovéda, nebo se realizuje ve zvlastnim vyucovacim piredmétu. Podle novych
ramcovych vzdé¢lavacich programu téchto $kol, kde je posileno vSeobecné vzdélavani, je vSak
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ucivo chemické povahy (alesponi v rozsahu varianty B) zdvazné pro vSechny typy téchto Skol.
Protoze stavajici ucebnice neodpovidaji nastavajicim zménam, byla vytvofena nova ucebnice
vyuZivajici zkuSenosti z pfedchozi tvorby autorského kolektivu. Ucebnice je opét
koncipovana jako hybridni — v ti§téné casti je obsazen vyklad k u¢ivu odpovidajici RVP ve
variant¢ B, na pfilozeném CD, které nové zachovava strukturu tisténé ¢ésti, je umisténo
roz§ifujici ucivo a doprovodny obrazovy material. Text je dale obohacen o interaktivni testové
ulohy (s moznosti zobrazeni autorského feSeni), zaznamy vybranych chemickych pokust a
dvé hry schemickou tématikou. Nové byl zvolen kompaktni format PDF, takZe cela
elektronicka ¢ast ucebnice je obsazena v jednom souboru.

Uloha experimentu ve vyuce chemie je dostateéné znama, a piesto dochdzi k Utlumu
praktikovani redlnych experimentli ve Skole. Ne&ktefi autofi jdou cestou videopokust
doplnénych dalSimi didaktickymi nalezitostmi. Tento pfistup je vyhodny zejména pro
distan¢ni formu vyuky a umoziuje prestavit studentim pokusy, které by nebyly ve Skolnich
podminkach realizovatelné (nedostupné latky, nebezpecny pribéh reakce). Aby redlny pokus
ze Skol nevymizel, byly v predkladané praci navrzeny experimenty s bézné dostupnymi
latkami (a zndmé zaktim z televizniho pofadu PORT) upravené pro skolni podminky a postup,
jakym je mozné optimalizovat pribéh experimentu podle tmyslu ucitele (na ptikladu
optimalizace ¢asového prubéhu vybrané reakce). Upravené experimenty byly publikovany
Vv Casopise zaméfeném na vyuku chemie na stiednich a zdkladnich Skoldch a také
prezentovany Vv ramci kurzu celozivotniho vzdélavani potfadanych Pedagogickou fakultou
Univerzity Karlovy v Praze

Didakticka transformace s ohledem na Skolskou reformu

V soucasné dob¢ probihajici kurikularni reforma zasahla celou fadu uciteld, kteti na novy typ
ucebnich dokumenti nejsou zvykli a na jejich nové pozadované spoluvytvareni nebyli
systematicky pfipravovani. Zaroven je vytvaren tlak ze strany vefejnosti na modernizaci
vzdélavaciho obsahu. S rozvojem informacnich technologii a jejich masivnim nasazeni
vV bézném zivoté se zda, ze neni mozné se jejich pouziti ve vyuce vyhnout. Zaroven nartsta
pocet novych poznatkil v chemii a naskytd se tak problém, co nového do vyuky zatadit a co
uz nikoli. Vzhledem k pomalé aktualizaci uéebnich texti nartsta riziko, ze ve vyuce zistavaji
urcité poznatky ,,zakofenény* a je téméf nemozné je aktualizovat. Jako piiklad piekonaného
poznatku byla vybrana kyselina uhli¢ita jako ,,typicka anorganicka“ a ,téméf nexistujici
slou¢enina. Predkladana prace upozorfiuje na vztah této slouceniny k obrovské skupiné
organickych slouCenin, vyvraci tvrzeni o jeji neizolovatelnosti, a ukazuje jejim
prostiednictvim metodu zkoumani vlastnosti latek z vizualni reprezentace jejich struktury.
Piispévek k tématu byl publikovan v Casopise ur¢eném ucitelim chemie na zakladnich a
sttednich Skolach.

Hra ve vyuce jako motivacéni prvek

Hra je pouZivana ve vyuce na vSech stupnich vzdélavani, i kdyZ ne vzdy se jedna o hru
Vv pravém smyslu (napf. chybi dobrovolnost nebo nepfitomnost odmény). Pocitacové hry
S chemickou tématikou ve vyuce pfili§ nevyuZzivaji a absentuji i v ucebnicich chemie. Na
internetu jsou dostupné hry, které by se daly oznacit jako chemické, u fady vSak chybi
jakakoli didakticka hodnota, u nékterych dokonce nejde o chemii (i kdyZ jsou jako chemické
deklarovany). Ve dvou ucebnicich, které byly vytvofeny autorskym kolektivem, jsou
zaClenény i pocitatové hry schemickou tématikou — obdoba hry Knihovnik - pro
procvi¢ovani tvorby vzorci jednoduchych anorganickych sloucenin, hra na principu
»patnactky pro upeviiovani symboliky oznacujici chemické latky a chemické pexeso pro
ovéfeni znalosti z ndzvoslovi zakladnich anorganickych slouc¢enin. Hry byly vytvoieny



v prostitedi Adobe Flash, které umoznuje plnou interaktivitu. Noveé byla také zafazena
tématika pocitaCovych her zatazena do pripravy uciteld chemie v povinné volitelném
predmétu, pricemz studenti hodnoti tuto metodu vyuky jako vysoce motivujici a po skonceni
kurzu jsou schopni aktivné vytvaiet jednoduché hry v prostifedi software pro prezentace na
interaktivni tabuli.



Introduction

European education systems, including that one of the Czech Republic, are currently
undergoing a serious reform. Required changes are based on the international research TIMSS
and PISA. According to their conclusions, science education in the Czech Republic is mostly
based on transferring knowledge instead of an individual work of pupils and practice. The
educational content is mainly of a theoretical nature. Chemistry itself is considered boring (by
pupils), doubts of its usefulness appear. Teachers are complaining about pupils being
overloaded with knowledge required by current curricular documents, unclear structure of
educational content and also an absence of current themes in educational content.

One of the key tasks of a science teacher is giving pupils and students the motivation to study
the world around us. Experimenting makes possible to accomplish this task. It is known by
experience, that the most efficient experiment is the one made by pupils themselves.
However, nowadays our teaching practice shows great decrease in using real chemical
experiments. With massive development of ICT and its influence on everyday life and thus on
school environment there is a risk of replacing real experiments with the reproduced or
simulated ones. This trend can be useful by making chemistry accessible to broader set of
people (e.g. within distant learning). On the other hand, the lack of real experimenting can
lead to underdevelopment of manual abilities of children. One of the reasons of using fewer
experiments in chemistry classes is the difficulty of their preparation. It is therefore necessary
to offer new ways to simplify pre-teaching phase or make it more efficient.

The complexity of current chemistry does not allow reducing teaching chemistry to mere
experimenting. Great part of chemical educational content is of theoretical kind, which can be
hardly presented in form of an experiment. And also every experiment has to be handled as
apart of wider theoretical context, not to be done for experimenting itself. Visual
representation of information during teaching makes an efficient way of transferring such
information to students. Nonetheless, chemistry has its own symbolic language — the language
of formulae. Mastering this language is necessary to success in chemical education. This area
is also quite covered by current ICT but it seems that there is a certain lack of these materials
as there is great number of projects concerning development of electronic learning support.

The use of computer graphics in teaching chemistry is discussed by a wide range of
worldwide known authors. They mostly pay attention to displaying a structure of chemical
compounds and/or describing chemical reactions symbolically. The thesis is trying to offer
a more complex view to the use of computer graphics in teaching chemistry, showing its pros
and cons ranging from merely replacing manual work in printing, over using isolated
multimedia content to sophisticated textbooks that combine classical elements with interactive
ones.

Aims

The aim of the thesis is to identify some of current problems in teaching chemistry, as they
are experienced by chemistry teachers and students in teacher-training courses, to propose
possible solutions of such problems focusing on selected subject areas and to verify their
usability in school practice and teacher-training courses. The thesis focuses on the area of
visualization of educational content with aid of computer graphics, computer-assisted
innovation of methods and educational content, computer games and the role of computer
graphics in didactic transformation.
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Methods

Qualitative-research methods were used on two samples to obtain input data — focus groups
and structured interview. First sample consisted of students attending teacher-training courses
at the Charles University in Prague — Faculty of Education. The second sample contained
secondary-school teachers who attended lifelong learning courses at the Charles University in
Prague — Faculty of Education.

Based on the acquired data, four subject areas were selected for further processing. The
innovative methods were proposed in following areas: visualization, educational resources,
didactic transformation, and use of computer games in chemistry teaching.

Development of research work

Visualization

In the field of visualization the use of ICT in teaching chemistry was investigated, concerning
those focused on displaying real object and/or respective abstract forms (schematics of
instrumentation, chemical reactions, models and formula of chemical compounds). Also
methods of visualizing relationship between chemical quantities using ICT were examined.
Use of chemical structure editors and Wolfram Research products in teaching chemistry was
discussed. One of the important objects of investigation was portability of computer
applications to different interactive board models. The results are based on teaching
experience in the course “ICT in teaching chemistry”, which makes part of chemistry-teacher
training at Charles University in Prague — Faculty of education.

During the progress of work animated objects for teaching inorganic nomenclature were
created. These animations were used in a textbook for lower-secondary schools. The book
was approved by ministry of education and published in 2006.

Project ICT Support of science-teacher training was held by Charles University in Prague —
Faculty of Education in 2009. Department of mathematics and mathematics didactics,
department of chemistry and chemistry didactics and department of biology and
environmental education were involved. The goal of the project was the efficient use of
modern ICT in teacher-training courses. The resulting publication presents some less common
technologies, which are nowadays used at Faculty of Education.

Method and instrument innovations

Computer graphics is greatly involved in both chemistry-teacher training and teaching
chemistry itself. The teacher creates or uses materials based on computer graphics, he or she
uses presentations, plays videos on a computer or uses interactive textbooks. His or her choice
is therefore influenced by accessibility of such materials (bought by the school or downloaded
from the internet) and of course by the hardware that is available to the teacher (PC, projector,
interactive board). In 2007 an innovated and simplified method of choosing a textbook was
published to make the choice for the teacher easier.

To preserve the experimental part of teaching chemistry, a method of adapting available
experiments for teacher’s needs was developed in 2009. Chemical kinetics is the area of
chemistry in which is practically impossible to predict experiment’s process, thus implying
need of sticking to the experiment’s procedure step by step. Therefore the method is focused
on the area of chemical kinetics.
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Didactic transformation influenced by curricular reform

Computer graphics also affects the educational content. However such changes must not be
accidental and they should obey certain rules. Legislation changes within current curricular
reform belong to the sources of these rules. With the Framework education programmes and
the need of creating School education programmes the teachers were given unseen freedom in
choosing education content. Therefore the possibilities of chemical curriculum changes and
implementing new findings into teaching chemistry were examined.

Perpetual learning is (or at least should be) an integral part of teacher’s practice. Chemistry
provides us with new findings every day and according to them also improves its theories.
A successful teacher cannot miss these changes; however they cannot be all immediately
registered by him or her and implemented into educational content. Nonetheless, from time to
time there is some revolutionary information which should not be ignored. If there were no
such updates, chemistry as a school subject would become archaic with no connection to the
real world and thus not worthy to learn. The papers containing new findings about stability
and isolation of carbonic acid, which used visual representation of the structure chemical
compounds and chemical reaction, were published in 2010 and 2011.

Game as a motivation element in teaching chemistry

Chemistry-themed computer games were created to be included in textbooks published in
2007, 2008 and 2010. The issue of computer games also became integral part of selected
teacher-training courses at Charles University in Prague — Faculty of Education.

Discussion and conclusions

The data acquired from research participants show that the students and teaches experience
similar problems as those uncovered by TIMSS a PISA assessments or by local research
performed in the Czech Republic. Lack of material to support school chemical experiments,
lower degree of use of activating teaching methods and lack of motivation of pupils appear as
the most discussed problems. Procedures to reduce such problems were proposed in selected
subject areas.

Visualization

In teaching chemistry the visualisation on the model level is accented. This allows displaying
invisible objects (an atom, a molecule, a chemical bond). Nowadays a freeware which allows
rendering scalable and rotatable 3D-model from a chemical formula is widely used (e.g.
ACD/ChemSketch). Such models are however inaccurate and do not allow displaying
electron density distribution, which is important for understanding compound’s reactivity.
Several schools are using commercially available software that is able to compute electron
density from thermodynamic data (Spartan). They also successfully use models created this
way in their teaching. The possibilities of using widely available software for drawing
chemical structures were investigated during chemistry-teacher-training courses focused on
interactive board use. The result is that most common software is hard to use — their controls
are not touch-enabled (they require accuracy which cannot be achieved). None of common
editors supports “school-like” formulae (structural formula with perpendicular bonds). Search
engine WolframAlpha and visual materials created in Mathematica environment (both by
Wolfram Research) were also examined. They are widely published on Wolfram
Domonstration Project website and are completely new. The Mathematica offers growing
range of searching and presenting chemical data — from formulae and basic physical
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properties to scalable and rotatable 3D-models and visualization of quantum chemistry
models. Usage of both products was presented during Summer school for chemistry teachers.

Several animated objects were created as supporting elements for the general and inorganic
chemistry parts of hybrid textbook for a voluntary subject in lower-secondary schools. The
textbook consists of a printed book containing main text and a CD with electronic part made
of linked HTML documents. The electronic textbook is using animations to illustrate basic
principles of inorganic nomenclature (oxides, halogenides, oxyacids).

Method and instrument innovations

Contemporary market offers huge number of chemistry textbooks for lower-secondary
schools. The teacher has to choose between them and he or she should be able to defend their
choice using most objective criteria they can. Therefore an efficient but simple method of
choosing a chemistry textbook was developed. The proposed criteria are based on
brainstorming method preformed by students — future chemistry teachers. Such criteria were
discussed and restricted to the final set. A semiquantitative method based on different criteria
weights was proposed to be used by teachers. An example of implementation in a spreadsheet
is included.

Chemistry is nowadays seldom taught on VVocational schools or it makes part of an integrated
science subject. However a share of chemistry is slightly increased in the new framework
educational programmes valid for these schools and teaching chemistry is newly mandatory
for them. Because currently used textbooks did not reflect this change a new one, which does
so, was created. The textbook is “hybrid” — it contains classical printed book covering the
mandatory range of chemical educational content (alternative B) and a CD which is filled
with extended text and images. Electronic text is enriched with interactive tests (including
solutions), videos of selected chemical experiments and two chemistry-themed computer
games. The whole electronic book is made of a single PDF file.

The role of an experiment in teaching chemistry is widely known but there is still a certain
decrease of practicing real experiments in schools. Some authors choose the way of video-
experiments with added didactic context. This attitude is especially appropriate for distant
education and it also makes some experiments, which use rare chemicals or which are
dangerous to be performed in schools, available. In effort to preserve real experimenting in
schools the thesis proposed experiments (also known by pupils from TV series PORT) with
commonly available chemicals. These experiments were adopted for school environment.
Also a method for optimizing selected type of chemical experiments was developed and
shown by a sample time-optimized reaction. The experiments were published in a journal
concerning chemistry teaching at secondary schools and also presented during lifelong
learning courses at the Charles University in Prague — Faculty of Education.

Didactic transformation influenced by curricular reform

Current curricular reform has influenced most of the teachers as they are not used to the
newly created curricular documents and they were not prepared for the actions they are now
obliged to do. Meanwhile the society generates more pressure on schools to modernize the
educational content. Along with raising influence of ICT on our everyday life it seem quite
impossible to avoid it in school practice. Also chemistry is a source of a great number of new
findings and teachers must deal with a problem of choosing the ones which they implement in
teaching. Because of rather slow updates of textbooks there is a risk of creating some
“constant” knowledge, which is therefore difficult do update. Information about “instability”
and “inorganic nature” of carbonic acid presented in school is an example of such knowledge.
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The thesis draws attention to the connection of this compound to vast range of organic
compounds, brings a proof of its stability and uses it to demonstrate a method of deriving
properties of a compound from its visual representation. A paper concerning this subject was
published in a journal dedicated to secondary-school chemistry teachers.

Game as a motivation element in teaching chemistry

A game is widely used on all levels of education, even though it is not always a real game
(e.g. it is not voluntary or a reward is offered). Chemistry-themed computer games however
are quite rare and they are not contained in most chemistry textbooks. The internet makes
some “chemical” games available but they lack a didactic context or are not even about
chemistry. In textbooks created during progress of this thesis there were included several
computer games dealing with chemistry. The first one is a game based on the game
“Knihovnik” for practicing inorganic nomenclature. The second one is a shifting puzzle
intended to practice the meaning of symbols for labelling chemical compounds. And the last
one is a matching game with pair made of names and formulae of simple inorganic
compounds. These games were created using Adobe Flash thus enabling full interactivity. As
a new theme computer games were included into one of the elective courses in chemistry-
teacher training. Students appreciate this method of teaching and they are able to create their
own chemistry-themed games for interactive boards after they attend the course.
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