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ABSTRAKT

Demonstrace jsou vyznamnym nazornym prostfedkem pouzitelnym ve vyuce chemie. Vedle
demonstraci chemickych experimenti a multimedialnich demonstraci lze ptredvadét také
demonstrace ,neexperimentalni®, tj. napf. materialni modely a demonstrace zalozené
na makroskopické analogii, které 1ze obvykle realizovat pouze s predméty denni potieby.

Tato disertaéni prace se zabyva zejména vyhledavanim, koncepci, vyvojem a moznostmi
vyuziti ,,neexperimentalnich demonstraci. Zvlastni pozornost pii tom byla zaméfena
na mezipfredmétové demonstrace vztahujici se k oblasti tzv. nanosvéta, které byly s ohledem
na jejich tematickou napln oznaceny jako ,,nanodemonstrace®. Tyto demonstrace jsou bezpec¢né
a Casov¢ 1 finan¢né nenaro¢né. Piedvadét je mize ucitel a/nebo je mohou realizovat sami Zaci.
Vyhledané, modifikované i nové vytvorené ,,nanodemonstrace* byly v ramci prace sdruzeny
Vv Ceské databazi ,,nanodemonstraci®, kterou doplnuji dalsi vyukové materidly tykajici se
,nano“, a to: dvé PowerPointové prezentace, pracovni listy k zakovskym ,,nanodemonstracim
a pracovni listy s mezipfedmétovymi ulohami.

Déle se tato prace vénuje oveéiovani ,,nanodemonstraci® a pracovnich listd pfimo ve vyuce
na sttednich Skolach. Vysledky provedenych Setfeni ukézaly, Ze ,nano“ Ize uspés$né
implementovat do stfedoskolské vyuky, ackoliv se jednd o naroéné ucivo vyzadujici
interdisciplinarni ptistup.

Kli¢ova slova: demonstrace, Zakovska demonstrace, prednaskova demonstrace, modely,
makroskopickd analogie, nazornost, nanosvét, vyukové materialy, PowerPointova prezentace,
pracovni listy, mezipfedmétove tlohy



ABSTRACT

Demonstrations are considered an important illustrative tool in chemistry education. Quite often
teachers use demonstrations of experiments and multimedia demonstrations. Besides, “non-
experimental” demonstrations might also be useful, such as material models and demonstrations
based on macroscopic analogy that can be usually carried out only with household items and
materials.

This dissertation is especially aimed at selecting appropriate demonstrations, at their design,
development and use of “non-experimental” demonstrations. Moreover, special attention was
paid to the interdisciplinary demonstrations concerning the nanoworld, so called
“nanodemonstrations”. All ‘“nanodemonstrations” presented are safe, cheap and rather
timesaving. Furthermore, they can be carried out in a form of lecture and/or students’
demonstration. Newly created as well as adopted (and modified) “nanodemonstrations” were
collected into the Czech database of “nanodemonstrations”. The database was additionally
accompanied with following educational materials concerning ‘“nano”: two PowerPoint
presentations, worksheets that supplement students” “nanodemonstrations” and worksheets with
interdisciplinary tasks.

This thesis also deals with the evaluation of “nanodemonstrations” and worksheets in secondary
school classes. The results confirmed that the implementation of ‘“nano” into secondary
education is worthwhile, although it is demanding and requires an interdisciplinary approach.

Keywords: demonstration, students” demonstration, lecture demonstration, models,
macroscopic analogy, illustrative approach, nanoworld, educational materials, PowerPoint
presentation, worksheets, interdisciplinary tasks
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1 UVOD

Demonstrace patii mezi nazorné vyukové prostredky. Obvykle se timto terminem oznacuji
nazorné ukazky ¢i predvedeni pfedmétu, jevu nebo procesu, jez pomahaji porozumeéni ucivu
a usnadiiuji jeho pochopeni (Pricha et al., 2004; Simonik, 2005). V chemii maji demonstrace
nezastupitelné misto a dlouholetou tradici. Demonstrace chemickych experimentti, které byvaji
u zakt zna¢n¢ oblibené, dokonce patii k esencialnim prvkim chemického vzdélavani. Ve vyuce
chemie se ale dostavame také k prezentaci jevi a déju, které Ize pouze s pomoci chemického
experimentu demonstrovat jen obtizn€é. Pak lze vyuZzit moderni techniky a animaci, videi
a obecné multimedidlnich materialt. I tyto cesty ale mohou mit svd omezeni dana napf.
vysokou cenou pozadovaného vybaveni.

Alternativnim pfistupem miize byt vyuziti tzv. ,neexperimentalnich® demonstraci bez pouziti
multimedialni techniky. Za ,neexperimentalni demonstrace jsou pii tom v této praci
povazovany materialni modely a demonstrace zalozené na makroskopickych analogiich, které
1ze obvykle realizovat pouze s predméty denni potieby. Takovéto chemické demonstrace jsou
sice jednotlivé publikovany, ale pro uéitele mize byt naro¢né jejich vyhledavani. Proto bylo
zadouci vytvofit material, ktery by sdruzoval naméty na ,,neexperimentalni“ demonstrace, jez
Ize vyuzit ve vyuce chemie na stfedni $kole (SS).

2 CILE PRACE

Predkladand disertaCni prace se zabyva problematikou demonstraci, jakoZto nazorného
prostiedku pro vyuku chemie na SS. Hlavnim cilem prace je popsat a prozkoumat, zda a jakymi
zpusoby je mozné ve vyuce vyuzit ,,neexperimentalni demonstrace. Pozornost pii tom byla
zaméfena zejména na ty demonstrace, které tzce souviseji s oblasti tzv. nanosvéta, jez je
V soucasnosti povazovana za velmi aktudlni a atraktivni téma. Tato disertacni prace si dale
klade za cil vytvorit jakysi podplirny ramec, ktery pomize ucitelim vyuzit ,,neexperimentalni*
demonstrace spjaté s oblasti nanosvéta pfimo ve vyuce na SS.

K dil¢im ciliim této prace patfi:
e Reserse literatury zabyvajici se demonstracemi a nazornosti ve vyuce chemie; vymezeni

pojmu ,,demonstrace*.

e Provedeni orientatniho dotaznikového Setfeni, které naznaci, zda a v jaké mife ucitelé
ve vyuce chemie pouzivaji demonstrace v porovnani s dal$imi vyukovymi prostiedky.

e Vytvofeni struéného piehledu ,neexperimentalnich® chemickych demonstraci
dohledatelnych ve vybranych tisténych zdrojich a na internetu.

e Vybér vhodnych ,neexperimentalnich® mezipfedmétovych demonstraci s tematikou
vztahujici se k oblasti nanosvéta, tzv. ,,nanodemonstraci®.

e Navrh novych ,,nanodemonstraci* a vytvoreni dal§ich vyukovych materiali s tematikou
,hano* doplnujicich ,,nanodemonstrace®, a to: PowerPointovych prezentaci, pracovnich
listt k zZdkovskym ,,nanodemonstracim* a pracovnich listd s mezipfedmétovymi
ulohami.



e Ovéfeni ,,nanodemonstraci“ ve vyuce pfirodovédnych predmétt na SS, zejména formou
polostrukturovanych rozhovorii s uciteli, dotaznikovych Setfeni mezi zaky a rozbort
vyplnénych pracovnich listi.

3 POSTUP PRI TVORBE NOVYCH VYUKOVYCH MATERIALU

3.1 Nazornost ve vyuce chemie

Kvili upadajicimu zajmu zakd o chemii, potazmo o piirodni védy, je nutné uvazovat
0 zpusobech, jakymi je mozné Zzaky zaujmout a motivovat. Zaroven je tieba usilovat o to, aby
vyuka chemie byla nejen atraktivni, ale skutecné efektivni. K tomu je tfeba dodrzovat
didaktické principy, tj. nejobecnéjsi normy, které podminuji uspéch pedagogické prace. Jednim
o princip velmi stary, piesto dodnes vSeobecné uznavany a stale velmi aktualni. Jak uvadéji
Filova et al. (1996), zasadnim piinosem nazorné vyuky totiz je, ze podporuje pochopeni
a zapamatovani uciva. Navic mize zaky motivovat k uceni se.

Princip nazornosti 1ze ve vyuce realizovat mnoha zptsoby. Na jedné strané je mozné pouzit
moderni prostiedky (naptf. multimédia), na druhé stran¢ jsou k dispozici tradi¢ni ndzorné
prostiedky, jako modely a demonstrace experimentéalniho ¢i ,,neexperimentalniho* charakteru.
S ohledem na velké mnozstvi riznych prostiedkii, pomoci nichz je mozné zvySovat nazornost,
bylo v 1été¢ 2011 provedeno orientacni dotaznikové Setieni, jehoz cilem bylo zjistit, jaky je
pohled stiedoskolskych uciteldl na problematiku tykajici se nazornosti ve vyuce chemie na SS.
Uvedené Setfeni mj. ukdzalo, Ze ackoli ucitelé predpokladaji pomérné vysoky zdjem zaka
0 modely a ,neexperimentdlni“ demonstrace ve vyuce chemie (srovnatelny se zajmem
0 multimédia), v redlné vyuce jsou tyto prostiedky vyuzivany pomérné malo, a to kvuli ¢asové
narocnosti na jejich vyhledavani a zkouSeni, pfip. kvili vysokym finanénim nékladiim na jejich
pofizeni. V navaznosti na vysledky provedeného Setfeni byly dale zkoumdny moZnosti
implementace a vyuziti ,,neexperimentalnich“ demonstraci ve vyuce chemie.

3.2 ,,Neexperimentalni® demonstrace

Jednim z cili této prace bylo vyhledani ,,neexperimentdlnich® demonstraci, pouZitelnych
ve vyuce chemie na SS, a vytvofeni prehledu takovychto demonstraci, ze kterého by mohli
pedagogové Cerpat, piip. ho sami dale doplnovat. Provedena proto byla reserse literatury, pii niz
byly ,,neexperimentalni*“ demonstrace vyhledavany Vv tisténych zdrojich (v ¢asopisech Biologie,
chemie, zemépis; Chemické listy; Journal of Chemical Education a v zavére¢nych pracich
vytvorenych na Katedife ucitelstvi a didaktiky chemie Ptirodovédecké fakulty Univerzity
Karlovy v Praze) a na internetu. Jak se ukazalo, ,neexperimentalni demonstrace mohou
znazoriovat rozmanitd témata napii¢ vSemi chemickymi obory, napft. 1ze uvést modely atomu
a molekul, demonstrace chemickych jevi, d¢jt, pfistroji ¢i mechanizmil.

Ve snaze prozkoumat problematiku ,,neexperimentalnich® demonstraci do vétsi hloubky bylo
zadouci pro dalsi praci zazit pole zjmu. Prace proto byla dile zaméfena na navrh a ovérovani
,heexperimentalnich® mezipfedmétovych demonstraci s tematikou z oblasti nanosvéta, které
byly s ohledem na jejich tematickou napli oznaceny jako ,,nanodemonstrace®.
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3.3 ,,Nanodemonstrace*

Z §iroké palety ,,neexperimentalnich® demonstraci byly vybrany a déle detailné rozpracovany
tzv. ,,nanodemonstrace®, tj. ,,neexperimentalni demonstrace vztahujici se k oblasti nanosvéta,
a to z nasledujicich davodu:

e Vybrané téma poukazuje na skutecnost, ze ackoliv se slova s pfedponou ,,nano* stala
Vv poslednich letech béznou soucasti nasi mluvy, poznatky o nanosvété nejsou obvyklou
soudasti vyuky na SS, mj. kvili absenci nazornych vyukovych prostiedk.

e Tematika tykajici se nanosvéta je interdisciplinarni, propojuje chemii s dal§imi
prirodovédnymi disciplinami. ,,Neexperimentalni“ demonstrace tykajici se ,,nano‘ proto
mohou ve vyuce vyznamn¢ piispét k podpoie mezipfedmétovych vztahd, cemuz
pripisuji velkou diilezitost i Ramcové vzdelavaci programy (RVP).

e Volbu tématu ovlivnil téZ autorin osobni zdjem, dany zaméienim jeji diplomové prace
na implementaci ,,nano“ do vyuky na SS (Hajkova, 2009). Pro autorku bylo osobné
vyznamné prozkoumat tuto tematiku i1 z pohledu vyuziti demonstraci.

,Nanodemonstrace* byly nejprve vyhledavany v literatufe a na internetu a nasledné byla
navrzena Ceské databaze ,,nanodemonstraci®, kterd sdruzuje 18 nazornych, finan¢né i1 ¢asové
nenaro¢nych mezipfedmétovych demonstraci (z toho pét je pievzatych, mirné upravenych, pét
zasadn€ji modifikovanych a osm demonstraci vytvorenych zcela nové¢). ,,Nanodemonstrace*
Vv databazi jsou ¢lenény do Sesti kapitol:

1. Uvod do nanosvéta

Vlastnosti hmoty v métitku nanometra

Elektronova mikroskopie (EM)

2

3. Jak vyrobit ,,nano*?

4

5. Mikroskopie skenujici sondou (SPM)

6. Um¢lé alotropické modifikace uhliku

,Nanodemonstrace* v databazi muze predvadét ucitel jako prednaskové demonstrace nebo/a je
mohou realizovat zaci, mnohdy i sami doma. Lze je pouzit v riznych fazich vyuky, a to
I na skolach, kde chybi laboratof. ,,Nanodemonstrace™ byly koncipovany pro pouziti ve vyuce
ptirodovédnych predméti na SS (ISCED 3%). N&které z nich je viak mozné (dle uvahy uéitele)
implementovat i do vyuky na druhém stupni zakladni §koly (ZS), resp. v niz§ich roénicich
gymnazii (ISCED 2%).

' ISCED (International Standard Classification of Education) je mezinarodni standardni klasifikace
vzdelavani podle UNESCO (2011). ISCED 2 znaci nizsi sekundarni vzdélavani, ISCED 3 vyssi sekundarni
vzdélavani.
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3.4 Dalsi vyukové materialy s tematikou ,,nano*

Ve snaze o komplexnéjsi piistup k tematice tykajici se ,,nano* byly vedle ,,nanodemonstraci‘
zkoumany i dal3i moZnosti, jakymi je mozné implementovat ,,nano“ do vyuky na SS.

Nejprve byly s Sesti sttedoskolskymi uditeli vedeny polostrukturované rozhovory tykajici se
jejich nazoru na vyuku o ,nano“. Poté byla provedena resSerSe v soucasnosti dostupnych
vyukovych materidli zaméfenych na oblast nanosvéta. Zvlastni pozornost pii tom byla
vénovana publikovanym experimentiim a ,,neexperimentalnim* demonstracim.

Jako nosny vyukovy material, jenz je piilohou této disertani prace, byla sestavena (vyse
uvedend) databdze ,nanodemonstraci®. Databazi dale doplnily interdisciplinarni vyukové
materidly, jez koresponduji s tematickym c¢lenénim databdze ,,nanodemonstraci“. Vytvoiené
vyukové materialy jsou (spole¢né s databazi ,,nanodemonstraci)* ulozeny na CD jako ptiloha
disertacni prace. Jedna se o:

e Dv¢é multimedialni PowerPointové prezentace, jez mohou byt doprovazeny
prednaskovymi ,,nanodemonstracemi®.

e Sedm pracovnich listt, které jsou doplinkem zakovskych ,,nanodemonstraci®.

e Sest pracovnich listd s35 ,nanotlohami® (tj. mezipfedmétovymi tulohami, jeZ se
tematicky vztahuji k oblasti nanosvéta), které mohou slouzit k motivaci zaka k tématu,
piip. pro osvojeni znalosti ¢i k jejich zopakovani.

4 VYZKUMNA CAST (POPIS, VYSLEDKY, DISKUZE)

Vytvotfené vyukové materidly, zejména pak ,,nanodemonstrace®, byly ovéfovany ve vyuce
chemie, resp. fyziky, na nékolika SS. Nejprve se jednalo o vyzkumné $etfeni, které bylo jakousi
prvni ,,sondou” tykajici se praktické vyuZitelnosti ,,nanodemonstraci“ ve vyuce na SS. Dale
byla pozornost vénovana ovétovani Zakovskych ,,nanodemonstraci doplnénych pracovnimi
listy v porovnani s zakovskym vyplilovdnim ,nanotloh® v pracovnich listech. Posledni
vyzkumna ¢ast se tykala Setfeni zaméfeného na ovérovani prednaskovych ,,nanodemonstraci®.

4.1 Prvni zkuSenosti uciteld a zaku s ,,nanodemonstracemi*

V pribéhu koncipovani ,,nanodemonstraci® jsme si kladli otdzku, zda se ubirdme spravnym
smérem — jestli vytvaiené demonstrace budou pro ucitele atraktivni, aby je vibec méli zajem
pouzivat ve svych hodinach a zda je nejen ucitelé, ale i jejich zaci budou vnimat jako pfinos
pro vyuku. Na zacatku roku 2011 proto bylo provedeno pilotni Setfeni, ve kterém byli osloveni
ucitelé pozadani o ovéfeni péti ,,nanodemonstraci a nasledné o jejich zhodnoceni.

K hlavnim ciliim tohoto pilotniho Setfeni patfilo:
e Naznacit, jaka je realnd vyuZitelnost ,,nanodemonstraci“ ve vyuce.
e (Odhalit jak silné stranky, tak slabiny vytvotfenych ,,nanodemonstraci‘.
Pti Setfeni byly v ptipadé péti uciteli ziskdvany informace prostfednictvim dotaznika

(ve vybranych ptipadech navic doplnénych polostrukturovanymi rozhovory), od jednoho ucitele
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na zakladé emailové komunikace. Zaci, kteti ,,nanodemonstrace® vidéli (33), vyplnili dotaznik.
Ziskan¢ informace byly vyuzity zejména k tipravé ovétovanych ,,nanodemonstraci‘.

Vysledky Setfeni naznacily, ze hlavnim piinosem ,,nanodemonstraci® pro zaky patrné¢ nebyl
motivacni aspekt, ale spiSe jejich nazornost, ktera usnadni pochopeni abstraktnich pojmu
a jejich zapamatovani. Ukazalo se téz, ze pro zaky je tématika ,,nano“ znacné atraktivni —
na jednom gymnaziu dokonce zaci nanotechnologii vénovali prvni ¢islo nové vznikajiciho
Skolniho ptirodovédného Casopisu. Na druhou stranu bylo poukézdno na narocnost tematiky
danou jejim interdisciplinarnim charakterem. Na zakladé¢ této zpétné vazby lze tedy usuzovat,
ze je zadouci vedle demonstraci uvazovat i o dalSich pfistupech, které seznami ucitele, potazmo
jejich zaky, v dostatecné Siice i hloubce a korektné s taji nanosvéta.

4.2 ,Nanodemonstrace“ a ,nanoulohy* ve vyuce na SS

Dalsi vyzkumné Setieni slouzilo k ovéfeni komplexnéjsiho celku, tj. vétsiho poctu zakovskych
I prednaskovych ,,nanodemonstraci®, resp. mezipfedmétovych ,,nanouloh, ve vyuce na SS.
K hlavnim ciliim tohoto Setfeni patfilo:

e Zjistit, zda zaci budou mit potize (ev. jaké) s realizaci zakovskych ,,nanodemonstraci®.

e Ov¢rit, zda zaci zvladnou bez pomoci ulitele vyplnit pracovni listy vztahujici se
k Zakovskym ,,nanodemonstracim®. Provést rozbor feSeni téchto pracovnich listl
a na zakladé¢ toho porovnat jejich naro¢nost a vytipovat problematické partie.

o Zjistit, jaky maji po zhlédnuti Zakovskych i prednéskovych ,nanodemonstraci* ucitelé
néazor na jejich pouzivani ve vyuce na SS.

e Na zaklad¢ rozboru zakovského feSeni mezipfedmétovych ,,nanotloh® v pracovnim listu
,» Vitejte v nanosvete® porovnat jejich narocnost a vytipovat problematické partie.

Vyzkumné Setieni probihalo od ledna do bfezna 2013 na ¢tyfech gymnaziich. Vzorek skol byl
vybran na zéklad€ zajmu a ochoty ucitelt UCastnit se Setfeni. V ramci kazdého gymnézia byli
zaci rozdéleni do dvou skupin. ,,Prvni skupinu® vzdy tvofili zéci, ktefi realizovali zakovské
,hanodemonstrace* a vypliiovali k nim odpovidajici pracovni listy. Ve ,,druhé skupiné“ byli
zaci, ktefi tesili pracovni list ,,Vitejte v nanosvété™ s 13 mezipfedmétovymi ,,nanotlohami‘
(tematicky podobnymi ,,nanodemonstracim®). Zaci ,,druhé skupiny* tedy sami nerealizovali
(ani nevidéli) zddné demonstrace. Vyzkumného Seteni se zucCastnilo celkem 108 zaki, pfi¢emZz
vyzkumny vzorek ,,prvnich skupin® zahrnoval 72 zaka, u ,,druhych skupin® 36 zaki.

Na zacatku byli vSichni Zaci ucastnici se Setfeni na jednotlivych skolach seznameni s oblasti
nanosvéta, a to formou kratké, asi tficetiminutové piednasky s PowerPointovou prezentaci.
V ptipad¢ ,,prvnich skupin“ byla prezentace doplnéna jest¢ osmi prednaskovymi
,hanodemonstracemi‘. Poté zaci provadéli sedm zdkovskych ,,nanodemonstraci® a vyplnovali
pracovni listy k demonstracim (,,prvni skupiny®), resp. feSili pracovni list s vybranymi
meziptedmétovymi ,,nanotlohami* (,,druhé skupiny*). V zavéru Setieni byly navic uskutecnény
rozhovory se ¢tyfmi uciteli, ktefi se ovéfovani demonstraci ve vyuce Gcastnili.

Z4ci k demonstracim piistupovali velmi pozitivné. Jak se ukézalo, valna vétsina zakt neméla
potize s realizaci demonstraci, n¢kdy se vSak objevily chyby v interpretacich. Na zaklad¢
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vysledkl testovani byly mirn€ formula¢né upraveny pracovni listy a navrzeno, jak ve vyuce
efektivné vyuzivat zékovské ,,nanodemonstrace* v kombinaci s pfislusSnymi pracovnimi listy.

Zatimco zaci ,,prvnich skupin®“ obvykle neméli potize S vypliiovanim pracovnich listl
k Zakovskym ,,nanodemonstracim“ a sami uvadé¢li, ze provadéni nékterych demonstraci bylo
zébavné, zaci ,,druhych skupin“ oznacovali ,,nanotlohy* pracovniho listu ,,Vitejte v nanosveté™
jako velmi naro¢né. V piipadé feSeni ,,nanotloh* navic zaci dosahovali niz§i GspéSnosti nez
ptifeSeni uloh v pracovnich listech vztahujicich se k ,,nanodemonstracim®. Divodem pro to
mohla byt niz§i motivovanost zakl pro teoretické feSeni ,nanouloh* nez pro praktické
provadéni ,,nanodemonstraci‘.

Z rozhovortu uskute¢nénych s uciteli, ktefi se ucastnili ovéfovani demonstraci ve vyuce, je
ziejmé, ze ucitelé jsou si pln¢ védomi pozitiv, kterd realizace demonstrace ve vyuce piinasi.
Nejcasteji pii tom uvadéli, ze demonstrace muize napomoci zapamatovani a pochopeni
prislusného jevu/déje. Ze zkuSenosti ucitelé doporucuji provadét spisSe zdkovské demonstrace
v malych skupinach, pfip. je doplhovat demonstracemi piednaskovymi. Jednim dechem ale
dodavaji, ze je vhodné (ne-li pfimo nutné) demonstrace kombinovat s dalSimi vyukovymi
prostiedky, které podpofi pozitivni vliv demonstraci.

4.3 Prednaskové ,nanodemonstrace® ve vyuce na SS

Posledni ¢ast vyzkumu byla zaméfena zejména na ovéfovani prednaskovych
,nanodemonstraci®. Cilem provedeného Setfeni bylo:

e Zhodnotit kvalitu pfednasky kombinujici PowerPointovou prezentaci s piednaskovymi
,,nanodemonstracemi*.

e Poukazat téz na dulezitost pouzivani nazornych prostfedkt ve sttedoSkolské vyuce.

Vyzkumného Setfeni, zaméfeného na vyuziti pfednaskovych ,,nanodemonstraci, se v obdobi
od kvétna 2013 do bifezna 2014 z(castnilo 113 zaku a Ctyfi ucitelky ze tii gymnazii. Zajem
0 pfednasku tykajici se ,,nano* vzesel ve vSech ptipadech ze strany ucitelek.

Pribéh vyzkumného Setteni byl ve vSech pripadech obdobny. Pro ptedndsku nazvanou ,,Nano
pro zivot*“ bylo vzdy vyhrazeno 90 minut. V ramci pfednasky zaci shlédli PowerPointovou
prezentaci doplnénou deviti prednaSkovymi ,,nanodemonstracemi®. Poté zaci vypliovali kratky
dotaznik a s pedagogickym doprovodem byl uskutecnén polostrukturovany rozhovor.

Vysledky dotaznikového Setfeni i provedenych rozhovord jasné dokladaji, Zze zaky 1 ucitele
velmi oslovily jak zvolené metody, tak 1 obsahova napli prednasky o nanosvété doplnéné
,hanodemonstracemi. VétSinu zakd zaujala obsahova c¢ast prezentace (uvedena 70x)
a predvedeni ,,nanodemonstraci® (zapsany 44x). Kromé& toho takika vSichni Zzaci, ktefi
v dotazniku uvedli, Ze by se o nanosvétd mélo vyudovat na SS, by preferovali predstaveni této
oblasti pravé formou prednasky odbornika (68 zakd ze 73, tj. 93%), a to vramci
ptirodovédného predmétu.



5 ZAVER

Nedostatek nézornosti ve vyuce chemie na urovni SS je problémem letitym a stale velmi
diskutovanym. Oblibenym prosttedkem zvySujicim néazornost byvaji u zakt demonstrace
chemickych experimentti. Ve vyuce chemie je vSak mozné vyuzivat i dal§i nazorné prostiedky,
napft. ,,neexperimentalni* demonstrace. Ty mohou byt povazovany za vhodny prostredek, ktery
usnadni a zefektivni osvojeni narocného teoretického uciva zejména u témat, ktera neni mozné
(¢i 1ze jen velmi obtizn€) doprovodit redlnymi experimenty. Konkrétni piiklady takovychto
témat lze pfi tom nalézt ve zpracovaném reSerSnim piehledu publikovanych
,heexperimentalnich* demonstraci.

Problematika ,neexperimentalnich® demonstraci byla v této praci dale vztazena zejména
k tematice tzv. nanosvéta, jeZ je v soucasnosti ¢asto diskutovanou laickou i odbornou vetejnosti.
Zatimco v oblasti vyroby v oboru nanotechnologii patii Cesko ke svétové $pi¢ce (Horky, 2012),
didakticky vyzkum a implementace ziskanych poznatka do stfedoSkolského kurikula v ¢eském
prostiedi bohuzel zaostavaji. Z tohoto diivodu bylo jednim z cild této diserta¢ni prace vytvorit
komplexnéj$i vyukovy material tykajici se nanosvéta, majici t€zist€ v ,,neexperimentalnich®
demonstracich oznacovanych v této praci jako ,,nanodemonstrace®. V ramci této prace proto
bylo ptedstaveno 18 nazornych, finanéné i c¢asové nenarocnych mezipiedmétovych
,hanodemonstraci. Portfolio ¢eskych vyukovych materidlti tykajicich se nanosvéta bylo dale
rozsiteno o dvé PowerPointové prezentace, sedm pracovnich listd dopliujicich zakovské
,hanodemonstrace* a Sest pracovnich listi S 35 mezipredmétovymi ,,nanotlohami®.

Dalsim cilem bylo prostfednictvim redlné vyuky na vybranych SS poodhalit skuteénou
vyuzitelnost ,,nanodemonstraci® v pfirodovédném vzdélavani. Zatazeni ,,nanodemonstraci‘
do vyuky pii tom pfijali zaci i uéitelé velmi ptiznivé. Provedena vyzkumna Setfeni pomérné
jednoznaéné ukdzala, ze vytvofené ,,nanodemonstrace* byly vitanym zpestienim vyuky
a zarovenl napomohly porozuméni obtizn€ predstavitelnych pasdzi. Vedle toho se potvrdilo, Ze
se v pifipad¢ témat z oblasti nanosvéta jednd o naro¢né ucivo, coz je ddno zejména vyraznym
prufezovym a interdisciplinarnim charakterem ,,nano“. To klade na pedagoga i1 zaky zvySené
naroky na znalosti z riznych ptirodovédnych disciplin a schopnost jejich syntézy. Zaveérem lze
fici, Ze za zminku na SS ,,nano* rozhodné stoji a pravé ,,nanodemonstrace* mohou byt pii této
implementaci vyznamnou mérou ndpomocny.
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6 INRODUCTION

Demonstrations belong to illustrative educational tools. This term usually refers to illustrations
or representations of an object, a phenomenon or a process that help with the understanding the
curriculum (Priicha et al., 2004; Simonik, 2005). Chemistry demonstrations have time-honoured
tradition. Moreover, they seem to be irreplaceable as demonstrations of experiments, that are
very popular with students, constitute an essential part of chemistry education. Quite often,
however, we have to display phenomena and processes that cannot be accompanied by real
experiment. Then multimedia materials, such as animations, videos etc., might be useful.
Unfortunately, this approach has certain limitations as well, e.g., high cost of the required
equipment.

Alternatively, “non-experimental” demonstrations, that do not require the support of multimedia
technique, can be used. In this thesis, “non-experimental” demonstrations are defined as
material models and demonstrations based on macroscopic analogies that can usually be carried
out only with household items. Despite the fact, that some “non-experimental” demonstrations
have already been published, it could be demanding for a teacher to find them. For this reason,
it was necessary to create a material that summarizes the ideas for ‘“non-experimental”
demonstrations that can be used in chemistry education at secondary schools.

7 AIMS OF THE STUDY

This dissertation addresses the demonstrations issues, in the meaning of demonstrations as
illustrative tools for chemistry education at secondary schools. The main goal of this thesis is to
study and reflect on what would be a good way of using “non-experimental” demonstrations.
Special attention has been focused on the demonstrations that are linked to the topical and
attractive area called the nanoworld. The other aim of this dissertation is to create a supporting
framework that helps teachers to exploit “non-experimental” demonstrations concerning the
nanoworld while teaching this stuff at secondary schools.

The objectives of this thesis are:

e Review of the literature concerning demonstrations and illustrative approach
in chemistry education; the definition of the term “demonstration”.

o Realization of an orientation questionnaire research that shows to what extent chemistry
teachers use demonstrations compared to other educational tools.

e C(Creation of an overview of “non-experimental” chemical demonstrations accessible
in selected printed resources and on the internet.

e Selection of the appropriate “non-experimental” interdisciplinary demonstrations
relating to the nanoworld, designated as “nanodemonstrations”.

e Proposal of new “nanodemonstrations” and the creation of additional educational
materials with the theme “nano”: PowerPoint Presentations, worksheets accompanying
students” demonstrations and worksheets with interdisciplinary tasks.
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e Evaluation of “nanodemonstrations” in science classes at secondary schools using semi-
structured interviews with teachers, questionnaires filled out by students and analysis of
completed worksheets.

8 DEVELOPMENT OF NEW EDUCATIONAL MATERIALS

8.1 Illustrative approach in chemistry education

The students” interest in chemistry, and natural sciences in general, has been declining for
a long time. Now, it is necessary to consider ways of increasing students” interest in science
learning. At the same time, more should be done to make chemistry education not only
attractive but also truly effective. This requires that didactic principles, in other words general
standards that ensure pedagogical success, must be respected. One of the most important
didactic principles is the illustration approach. In the historical context, this principle is very old
yet widely accepted and still actual. As Filova et al. (1996) show, the fundamental benefit of the
illustrative education is that it helps with the understanding and remembering the curriculum.
Moreover, it can motivate students to learn.

Various methods and visual aids can be used to be more illustrative in chemistry. On the one
hand, modern tools (e.g., multimedia) are available. On the other hand, conventional illustrative
tools, such as models and demonstrations of experiments or “non-experimental” demonstrations
might be used. Because of the huge variety of illustrative tools, an orientation questionnaire
research was carried out in summer 2011 to find out teachers” opinion on the illustrative
approach in secondary chemistry education. This research revealed that despite the fact that
teachers suppose a great students” interest in models and “non-experimental” demonstrations in
chemistry education (which is about the students” interest in multimedia), these tools are
utilised not enough in real classes. That is because of time or financial demands to find and try
or buy them. Following the results, attention was further paid to study the possibilities of ,,non-
experimental” demos” application in chemistry education.

8.2 “Non-experimental” demonstrations

One of the aims of this thesis was to provide an overview of accessible “non-experimental”
demonstrations that can be used in chemistry education at secondary schools. The created list of
demos should serve as a convenient resource for teachers who could broaden it further
individually. “Non-experimental” demonstrations were looking up in printed resources (like
journals Biologie, chemie, zemépis; Chemické listy; Journal of Chemical Education and thesis
originated at the Department of Teaching and Didactics of Chemistry at the Faculty of Science,
Charles University in Prague) and on the internet. As it turned out, “non-experimental” demos
can illustrate various themes across all chemical disciplines, e.g. models of atoms and
molecules, demos of chemical phenomena, processes, devices or mechanisms.

In order to deal with the issue of “non-experimental” demonstrations in greater depth, it was
necessary to narrow the thematic scope. Therefore the thesis was further aimed at the design
and evaluation of “non-experimental” interdisciplinary demonstrations concerning the
nanoworld that were, regarding their content, designated as “nanodemonstrations”.

12



8.3 “Nanodemonstrations”

From the wide variety of “non-experimental” demonstrations so called “nanodemonstrations”
were further elaborated in detail. “Nanodemonstrations” (which mean “non-experimental”
demonstrations related to the nanoworld area) were selected for the following reasons:

e Words with the prefix “nano” became a normal part of our speech in recent years. Even
then, findings about the nanoworld are usually not part of the secondary school
curriculum. This is, among other things, due to the absence of illustrative educational
tools.

e The nanoworld counts for an interdisciplinary theme; it connects chemistry to other
science disciplines. “Non-experimental” demos concerning ‘“nano” can therefore
contribute to the promotion of an interdisciplinary approach which, additionally,
Framework Education Programmes (FEP) put great importance on.

e The choice of the topic was influenced by the author’s interest as her diploma thesis was
focused on the implementation of “nano” into the secondary education (Hajkova, 2009).
For the author, personally, it was important to study the “nano” issue also from the
perspective of demonstrations.

At the beginning, ‘“nanodemonstrations” were looking up in the literature and on the internet.
A Czech database, containing 18 illustrative interdisciplinary ‘“nanodemonstrations®, has been
created afterwards. For the database, adopted and slightly modified (5) or substantially modified
(5) demos as well as newly created demos (8) were used. “Nanodemonstrations” from the
database are simple, cheap and rather timesaving. They are divided into six chapters:

1. Introduction to the nanoworld

2. Properties of the nanoscale matter
3. How to fabricate “nano”?

4. Electron microscopy (EM)

5. Scanning probe microscopy (SPM)
6. Synthetic carbon allotropes

The “nanodemonstrations” in the database could be performed by a teacher in a form
of a lecture demonstration and/or they can carry out students themselves and in fact even alone
at home. “Nanodemos” can be used at different phases in the class and even if the laboratory is
missing. They were designed for (upper) secondary science education (ISCED 3). Some
of them are possible (according to the consideration of the teacher) to implement into
the curriculum at ISCED 2* (second stage of basic education and lower secondary education).

1 ISCED s the International Standard Classification of Education by UNESCO. ISCED 2 means lower
secondary education; ISCED 3 means upper secondary education.
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8.4 Other educational materials concerning “nano”

As a more comprehensive approach regarding ‘“nano” was required, in addition to
“nanodemonstrations”, other ways were examined how to implement “nano” into secondary
education.

Firstly, semi-structured interviews were held with six secondary school teachers about their
opinion on teaching “nano”. Secondly, currently accessible educational materials aimed
at the nanoworld were reviewed. Special attention was, of course, paid to the published
experiments and “non-experimental” demonstrations.

The aforementioned database of “nanodemonstrations™ serves as a basic educational material
that is attached to this thesis. Furthermore, the database was supplemented by other
interdisciplinary educational materials that follow thematic structure of the database. All created
educational materials (together with the “nanodemos” database) were stored on CD. To the
additional educational “nanomaterials” belong namely:

e Two multimedia PowerPoint presentations that can be accompanied by lecture
“nanodemonstrations”.

e Seven worksheets that supplement students” “nanodemonstrations”.

e Six worksheets with 35 “nanotasks” (i.e., interdisciplinary tasks thematically related to
the nanoworld) that could motivate students, enable them to acquire knowledge or help
with the revision.

9 RESEARCH PART (DESCRIPTION, RESULTS AND DISCUSSION)

The created educational materials, especially “nanodemonstrations” were tested in chemistry
(or physics) education at several secondary schools. The first stage of the research served as
a probe for testing the usability of “nanodemos” in secondary education. Afterwards, attention
has been paid to the evaluation of students” “nanodemonstrations” accompanied by worksheets
compared to students” dealing with worksheets containing “nanotasks”. Finally, the last stage of
the research was focused on testing the lecture “nanodemonstrations”.

9.1 Teachers” and students’ first experience with “nanodemonstrations”

In the course of designing “nanodemonstrations”, we often have to ask whether we are moving
in the right direction, it means whether the demos will be attractive enough for teachers to be
interested in using them in their classes. Furthermore, we have asked if not only teachers but
also their students will see in “nanodemonstrations” some benefit for education. Therefore,
a pilot survey was carried out at the beginning of 2011. In this survey, teachers were asked to
examine and later evaluate five “nanodemonstrations”.

The main objectives of this pilot survey were:
e Suggest the real usability of “nanodemonstrations” in education.

e Reveal both strengths and weaknesses of created “nanodemonstrations”.
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This survey attended six teachers and 33 secondary school students. In order to receive
information, following research tools were used: questionnaires (one for teachers, the other for
students) and semi-structured interviews (with some teachers). In one case teacher’s
questionnaire was replaced by e-mail communication. The information obtained was especially
used for the modification of tested “nanodemonstrations”.

The results of this survey suggested that the major advantage of the ‘“nanodemonstrations”
for students was not the motivation aspect but rather the illustrative aspect that helps to
understand abstract concepts and facilitates remembering them. Moreover, it has been proven
that “nano” is considerably attractive for students as students at one grammar school dedicated
first issue of the emerging school science journal to nanotechnology. On the other hand, the
difficulty of the “nano” issue was highlighted that is related to the interdisciplinary character of
“nano”. Based on the feedback, it can be concluded that beside demonstrations, additional
approaches should be considered to make both teachers and their students familiar properly
with the secrets of the nanoworld.

9.2 “Nanodemonstrations” and “nanotasks” in secondary education

The next stage of the research served to examine even more students” as well as lecture
“nanodemonstrations” and interdisciplinary “nanotask” in secondary education. The main
objectives of this survey were:

e Find out if students will have any problems (alternatively, what kind of problems will
they have) with the realization of students” “nanodemonstrations”.

e Verify whether students can fill in the worksheets that supplement students’
“nanodemonstrations” without the help of a teacher. Analyse students” solutions of the
worksheets. Based on this, compare the difficulty of individual worksheets. Identify
problem areas.

e Find out teachers” opinion on the implementation of both students” and lecture
“nanodemonstrations” (that teachers themselves have seen) into secondary education.

e Analyse students” solutions of interdisciplinary “nanotasks” in the worksheet “Welcome
to the nanoworld”. Based on this, compare the difficulty of individual “nanotasks”.
Identify problem areas.

The presented survey took place between January and March 2013 at four grammar schools
which were chosen based on the interest and willingness of teachers to participate in the survey.
Students from each school were divided into two groups. Students in “first groups” were
performing students” “nanodemos” and filling in corresponding worksheets. Students in
“second groups” were only filling in the worksheet “Welcome to the nanoworld” encompassing
13 interdisciplinary “nanotaks” (that have a similar topic to the “nanodemos”). Students in
“second groups” have neither done, nor seen any demonstrations. In this survey participated
108 students; in the “first groups” 72 students and in the “second groups” 36 students.

At the beginning of the survey, all students at each school attended a thirty-minute lecture on
nanoworld accompanied by the PowerPoint presentation. Moreover, students in “first groups”
saw eight lecture ‘“nanodemonstrations”. Afterwards, they were performing seven students’
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“nanodemos” and were filling in corresponding worksheets, whereas students in “second
groups” were only filling in the worksheet with interdisciplinary “nanotasks”. At the end, four
teachers that participated in the survey were interviewed.

Students adopted a very positive attitude to the demonstrations. As it turns out, the vast majority
of students have no difficulties with performing demonstrations. Sometimes, however,
a misinterpretation appeared. Based on the results of this survey, some formulations in the
worksheets were slightly modified. Furthermore, it was suggested how to use students’
“nanodemonstrations” with corresponding worksheets to be in classes as effective as possible.

It has already been mentioned that students in “first groups” usually have no problems with
filling in the worksheets that supplement students” “nanodemonstrations”. Furthermore, they
claimed that they have had fun when performing some demos. In contrast, students from
“second groups” rated the “nanotasks” in the worksheet “Welcome to the nanoworld” as very
difficult. In addition to this, these students did not succeed in the filling in the worksheet as well
as students from “first groups” with their worksheets did. We can only assume that this could be
because of the lower motivation to deal with theoretical tasks instead of performing
“nanodemonstrations”.

As realized interviews confirmed, teachers that attended this survey were, obviously, fully
aware of the benefits of performing demos in education. The most commonly stated pros were,
of course, that demonstrations can help with the remembering and understanding certain
phenomenon/process. Based on their own experience, teachers advise to perform students’
demos in small groups and, alternatively, add lecture demonstrations. At the same time,
teachers contributed that it is a good idea (if not even necessary) to combine demonstrations
with other educational tools that support positive effects of demonstrations.

9.3 Lecture “nanodemonstrations” in secondary education

The last stage of the research was focused especially on testing lecture “nanodemonstrations”.
The survey pursued following objectives:

e Evaluate the quality of a lecture that combines a PowerPoint presentation with lecture
“nanodemonstrations”.

e At the time, highlight the importance of using illustrative tools in secondary education.

Four teachers and 113 students from three grammar schools attended the survey, aimed at using
lecture “nanodemonstrations”, in the period from May 2013 to March 2014. The interest in
lecture on “nano” came from the teachers” initiative.

The survey was carried out in following manner. At first, the ninety-minute lecture entitled
“Nano for life” was introduced, accompanied by nine lecture “nanodemonstrations”. After that,
students filled out a brief questionnaire and the teacher was interviewed via a semi-structured
interview.

The results of the survey clearly show that not only students but also teachers were impressed
by both methods used as well as the content of the lecture with “nanodemonstrations”; (the
presentation content was mentioned seventy times and the performance of “nanodemos” was
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written forty-four times by students). Moreover, almost all of the students who stated in the
guestionnaire that nanoworld should become part of secondary curriculum (68 students from
73, it means 93 %), would prefer the introduction of this area in a form of a lecture led by
an expert, preferably within a science subject.

10 CONCLUSION

The lack of the illustrative approach in chemistry education at secondary schools is a long-
standing problem which is still frequently discussed. Various teaching tools can be used to be
more illustrative. Students particularly welcome demonstrations of experiments to make
chemistry as illustrative as possible. Quite often, however, we have to display phenomena and
processes that cannot be accompanied (or only with difficulties) by real experiments. Then
“non-experimental” demonstrations can be considered as an useful illustrative tool that
facilitates learning of difficult theoretical themes and makes learning more effective. Several
concrete examples of the themes can be found in the created overview of published “non-
experimental” demonstrations.

The issue of “non-experimental” demonstrations was related especially to the area of
the nanoworld that is currently often discussed among the professionals as well as the public.
Despite the fact that the Czech Republic is the world-class in the field of nanotechnology
fabrication (Horky, 2012), the didactic research and the implementation of gained knowledge
into the Czech secondary school curriculum remain behind. For this reason, one of the
objectives of this dissertation was to create a comprehensive educational material concerning
the nanoworld with the focus on “non-experimental” demonstrations, designated in this thesis
as “nanodemonstrations”. Therefore, 18 illustrative, cheap and rather time-saving
interdisciplinary “nanodemos” were presented. The portfolio of Czech educational materials
related to the nanoworld was further extended by two PowerPoint presentations, seven
worksheets that supplement students” ‘“nanodemonstrations” and six worksheets with
35 interdisciplinary “nanotasks”.

The other objective of this thesis was to reveal the usability of “nanodemonstrations” in science
education through applying them to classes at selected secondary schools. The implementation
of “nanodemonstrations” in classes met with a surprisingly good response by students as well as
by teachers. The research made clear that created ‘“nanodemonstrations” grabbed students’
attention and helped them to understand abstract concepts. Moreover, the results confirmed that
the themes concerning the nanoworld are demanding as they require amulti- and
interdisciplinary approach. Therefore teachers and students are facing the particular challenges
of combining knowledge from various science disciplines. At the end, it is worth noting that the
implementation of “nano” at secondary schools is worthwhile and “nanodemonstrations” can
make an important contribution to it.
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