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Nazev: Pocitacem podporované experimenty ve vyuce chemie na stiedni Skole

Abstrakt

Skolni experimentalni praxe 74k by méla reflektovat stav redlné laboratote, aby pfirodni védy nebyly
pro zaky odtrzené od reality. V tom pripadé je potfeba do vyuky zafadit instrumentalni techniku, bez
které se zddnd soucasnad laborator neobejde. Pro skolni podminky jsou v tomto ohledu vhodné skolni
experimentalni systémy, které spojuji moderni technologie s mozZznosti uplatnéni metod orientovanych
na 7aka (napt. badatelsky orientovanou vyuku), které pfipravuji zaky na celoZivotni uéeni. V Ceské
republice dochazi v poslednich letech k postupnému prliniku pocitaéem podporovanych experimentd
do pfirodovédného vzdélavani, avsak neni mnoho vyzkum, které by zjistovaly, zda jsou na jejich pouziti
Zaci i uditelé pripraveni a jakym zpUsobem zacleriu;ji ¢esti ucitelé pocitacem podporované experimenty
do vyuky.

Realizovany vyzkum se zjistoval pomoci dotaznikového 3etfeni postoje uciteld chemie (N = 65) a
studentt uditelstvi chemie (N = 38) k méficim pfistrojim. Zaroven se prostfednictvim akéniho vyzkumu
na dvou skolach (3 ucitelky chemie, 50 Zakl celkem) pokousel popsat, jak dochazi k zacleriovani
pocitacem podporovanych experimentl do vyuky chemie. Zapojeni Zaci vyplfiovali pre- a post-dotaznik
zjistujici zménu postoju k pFistrojim ve vyuce. Vysledky kvantitativni ¢asti vyzkumu ukazuji, Ze vSechny
cilové skupiny maji k pristrojim kladny vztah, bez ohledu na pohlavi, povaZzuji experimentovani v chemii
za dlleZité a méfici pristroje za uzitecné. Na zakladé pozorovani a rozhovorl se spolupracujicimi
pedagozkami byly popsany ctyfi pripadové studie zaclefiovani pocitacem podporovanych experimentd
do vyuky chemie. Béhem spoluprace bylo ovéfeno devét pracovnich list( optimalizovanych s ohledem
na POE (predict-observe-explain) pfistup. Zaci ani ucitelé pripadovych studii nejsou zatim zvykli
pouZivat badatelskou metodu, presto jim prace s experimentalnimi systémy byla pfinosem. Z&ci se
naucili pfedevsim organizovat praci ve skupiné, resit problémy, vyhodnocovat data. VSechny ucitelky
ocenovaly moZnost ukazat Zakim moderni zplsob experimentovani. Zaroven se shodly, Ze bez pomoci
s pripravou laboratore a pracovnich listd by nebyly samy schopny cviceni realizovat a naudit se s pfistroji
pracovat. Vysledky vsech casti vyzkumu ukazuji, ze Uspésné zaclenéni pocitatem podporovanych
experimentd do vyuky chemie vyZzaduje dlouhodobou pfipravu ucitele, idedlné béhem pregradualniho
studia.

Klicova slova: sSkolni experimentdlni systém, pocitacem podporovany experiment, stfedni Skola, vyuka
chemie, akéni vyzkum, dotaznik, pfipadova studie, postoje, Zaci, ucitelé



Title: Microcomputer-Based Laboratory in Secondary School Chemistry Education

Abstract

School experimental practice should reflect the real laboratory practice so that school science keeps in
touch with reality. Todays laboratories are fully equipped with instrumental devices that are often
presented in media, so it is necessary that students have experience also with this way of experiments.
For school purposes seem suitable probeware (school experimental systems), that combine modern
technology with concept of student-centered learning (eg inquiry based science education) that should
successfully prepare students for lifelong learning. During recent years probeware has become one of
discussed topics in Czech science education, but there has been a lack of research examining whether
both teachers and pupils are prepared to accept and implement probeware into school chemistry
curriculum. Almost none research has been done in field search describing the way of using the
probeware and microcomputer-based laboratory in Czech school curriculum.

Presented mixed method research focuses on attitudes of chemistry teachers (N = 65), pre-service
chemistry teachers (N = 38) and students (N = 50) regarding attitudes to general devices and measuring
devices (or probeware) to find out the obstacles when innovating school curriculum. The quantitative
data from questionnaire survey were analyzed and the results show that all focus groups assess devices
in life and in education very high, they also consider experimenting in chemistry as important and
probeware in education as useful, with no tender differences. The qualitative research that was
performed in two schools (3 chemistry teachers, 50 students), was based on observations and
interview with cooperating teachers who implemented nine POE (Predict-Observe-Explain) worksheets
and probeware in school education. Based on the observations four case studies were presented.
Students involved in qualitative study filled in the pre- and post-questionnaire that had similar items
as teachers’ questionnaires. The results showed that neither teachers nor pupils are used to POE
approach, but to scholarly methods. Nevertheless, the micro-computer based laboratories were
appreaciated by teachers who had the opportunity to show students a modern way of experimentation.
All three teachers agreed that without the help of assistant (myself) who hepled with preparing the
laboratory and worksheets, they would not be able to lead the laboratory and learn how to work with
probeware. The results of all parts of the research show that successful integration of microcomputer-
based laboraotories in chemismy education requires long-term preparation of teachers, ideally during
undergraduate studies.

Keywords: school experimental system, probeware, microcomputer-based laboratory, secondary
school, chemistry education, action research, questionnaire, case study, attitudes, students, teachers



Uvod a cile prace

Realny experiment je v pfirodnich védach klicovym prvkem vyuky, nebot skrze néj Zaci poznavaji
okolni svét a snazi se mu porozumét. V souladu se vzdélavacimi cili je proto vhodné jej zafazovat do
vyuky v maximalni mozné mire. Je také Zadouci pfiblizit vyuku chemie na ¢eskych skolach praci v rediné
laboratofi, tedy kvalitné vybavenému pracovisti s moderni ptistrojovou technikou, jaké znaji zaci napt.
z médii. Jednou z mozZnosti, jak Zaklm takovou praci pfibliZit, je zaradit do vyuky experimenty, které
vyuZivaji principialné podobné vybaveni jako profesionaini laboratore, tzn. néjaky z méficich pfistroja.
Skolni experimentdlni méfici systémy jsou soulasti prirodovédného vzdélavani jiz nékolik desitek let,
avsak v ¢eském zakladnim a stfednim Skolstvi se zacinaji vyznamnéji prosazovat teprve v poslednich
letech. Potencidl pocitacem podporovanych experimentl je Siroky, napf. Zaci jsou aktivné zapojeni
do procesu svého uceni, na zakladé konkrétniho jevu nebo cinnosti dobiraji abstraktniho vyjadreni
¢i obecnych zakonitosti, diky grafickému vystupu experimentalnich systému Zaci lépe rozumi grafim a
dovedou je interpretovat. Kromé naplnéni didaktickych cili mize pravé jejich vyuziti zmensit propast
mezi Skolnim laboratornim prostfedim a prostfedim realnych védeckych laboratofi. Samoucelné
implementace didaktickych prostfedkd nebo metod viak nemaji valny smysl bez pedagogického a
didaktického vyzkumu zjistujicitho dopady inovace na vyuku. V zahranici byla provedena rada vyzkum
vénujicich se pocitatem podporovanym experimentlim, pozornost se vsak velmi ¢asto upirala a upira
na prezentaci jednotlivych méficich systému, popis navrzenych uloh, nebo vyzkum vénovany zvlasté
fyzikalnim Uloham, nebot skolni experimentalni systémy jsou oblibené spise u ucitell fyziky nez chemie
Ci biologie. Maloktery vyzkum ma vsak dlouhodoby charakter zjistujici, jakym zplsobem pfijimaji a
pouZzivaji Zaci a jejich ucitelé skolni experimentalni systém a jakym zplsobem ovlivni méfici pfistroje
vyuku pfirodnich véd. Pravé tento absentujici vyzkum v ¢eském prostiedi se stal podnétem k realizaci
predkladané disertacni prace.

Cile prace
Disertacni prace sledovala nékolik cilG:

O  Nastinit moZnosti vyuZiti technologickych pomucek ve stfedoskolské vyuce pfirodnich véd,
zvlasté chemie, a provést reSersi zahrani¢ni a Ceské literatury stran meéficich pfristrojd
v pfirodovédnych pfedmétech.

O  Sestavit soupis a strucné zhodnotit Skolni experimentalni systémy dostupné na ceském trhu;
popsat moznosti zapojeni a z nich plynouci vyhody a nevyhody.

O  Ovéfitv ramci predvyzkumu jiz vytvorené ulohy, provést pfipadné Upravy vyukovych materiald
a zpracovat dalSi ndméty na pocitatem podporované experimenty v chemii.

0  Provést dotaznikové Setfeni mezi stfedoskolskymi uciteli chemie a budoucimi uciteli chemie
zjistujici jejich postoje k pFistrojim obecné a k pocitatem podporovanym experimentim.

O  Navazat spoluprdci s nékolika uciteli chemie prazskych gymnazii a vypracovat individualni plan
dlouhodobé spoluprace béhem skolniho roku 2008/2009, béhem niz budou do vyuky chemie
zaclenény pocitatem podporované experimenty. Zajistit spolupracujicim ucitelim pfistrojové
vybaveni a vyukové materidly k planovanym uloham.

O Pred a po realizaci vyzkumu provést dotaznikové Setfeni s Ucastnicimi se zaky zjistujici jejich
postoje k pfistrojim obecné i k pFistrojim ve vyuce.

0 Béhem pfimého nezucastnéného pozorovani pofidit videonahravky realizovanych
laboratornich cviceni, které budou slouZit jako podklad pro analyzu ¢tyt pripadovych studii pti
zacleniovani pocitacem podporovanych experimentl do vyuky chemie

O  Prostfednictvim rozhovorl se spolupracujicimi uciteli zjistit jejich nazory na zaclenéni
pocitacem podporovanych experiment( do vyuky chemie.




Struktura prdce

Prace je rozdélena do Sesti kapitol: v prvni kapitole jsou nastinény motivace vzniku prace a cile
prace; druha kapitola se vénuje teoretickym vychodisk(im, a to soucasnym cilim vzdélavani, popisu
Skolnich experimentalnich systémQ, reSerSi pocitatem podporovanych experimentl a strucnému
pfedstaveni designu smiSeného vyzkumu; treti kapitola zahrnuje popis vytvorenych optimalizovanych
experimentl a pracovnich listl; Ctvrtd kapitola popisuje design experimentalni C¢asti, tedy
realizovaného vyzkumu; patd kapitola prezentuje a diskutuje vysledky vyzkumné ¢asti a Sesta kapitola
shrnuje vysledky smiSeného vyzkumu a pfinasi néktera doporuceni pro praxi.

Vyzkumny design

Pro realizaci vyzkumu byl zvolen design smiSeného vyzkumu, ktery umoznoval podat pomérné
komplexni popis stavu Skolnich experimentalnich systémU v ¢eském prostredi.

Vyzkumné otdzky

Disertacni prace byla ramovana tfemi hlavnimi vyzkumnymi otazkami, které byly dale rozdéleny na dilci
vyzkumné otazky.

1. Jaké jsou postoje ucitelll k pouziti skolnich experimentalnich systém ve vyuce chemie?
2. Jaké jsou postoje 7akl k pouZiti skolnich experimentalnich systém( ve vyuce chemie?
3. Jak dochazi k zaélenovani pocitatem podporovanych experimentl do vyuky chemie?
Vyzkumny vzorek a metody

Ad 1. Pro zaclenéni pocitacem podporovanych experimentl do vyuky chemie je klicova role uditeld,
jakozto zprostredkovatell pfirodovédného poznani, a proto bylo dilezité zjistit jejich jejich postoje vici
experimentalnim systémim. Vyzkumny vzorek sestaval ze dvou skupin respondentt: ucitelé chemie
(N = 65) a studenti ucitelstvi chemie (N = 38). Pro sbér a vyhodnoceni dat byla zvolena dotaznikova
metoda, sestrojené dotazniky obsahovaly nékteré shodné otazky, jejichz vysledky byly po vyhodnoceni
porovnany.

Ad 2. Dalsi sledovanou skupinou byli Zaci - druha strana ve vyukovém procesu. V jejich pfipadé byly
pouzity dva dotazniky. Dotaznikové Setfeni zjistovalo postoje zak( pred a po absolvovani nékolika
laboratornich cvi¢eni s pocitatem podporovanymi experimenty, co Zaci ocefiuji a co je nebavi pfi
pocitacem podporovanych experimentech. Vyzkumny vzorek tvotilo 50 zakG dvou spolupracujicich
gymnazii.

Ad 3. Postoje respondentl se vidy nemuseji shodovat se skute¢nym jedndnim, a proto jsme chtéli zjistit,
jakym zplisobem jsou ve vyuce chemie experimentalni systémy vyuZity a jak je Zaci a ucitelé pfijimaji.
V ramci akéniho vyzkumu byla zvolena za vyzkumnou strategii pfipadova studie, pti které byla data
shromazdovdana pfimym nezicastnénym pozorovanim. Vyzkumny vzorek tvofili stejni Zaci jako
v pfedchozi otdzce a jejich vyucujici. (Na dvou skolach jsem dohromady spolupracovala se tremi
ucitelkami chemie a ¢tyfmi tfidami.)

Prubéh vyzkumné prdce

PilotaZ vytvorfenych materialii

Za ucelem ovéreni uloh vytvorenych vramci diplomové prace (Stratilovd Urvalkova 2006) byly tfi
laboratorni Ulohy zafazeny do predmétu Experimentdini vyuka v chemii | pro studenty 1. ro¢niku NMgr
ucitelstvi chemie. Studenti neméli problém s vypracovanim ulohy. Principielné snazsi ulohy byly dale
pouzity pfi laboratornich cvicenich s instrumentalni technikou poraddanych na KUDCH PfF UK pro Zaky
sttednich $kol a jejich ucitele (iniciativa RNDr. Petr Smejkal, Ph.D. a Eva Stratilova Urvalkova). Pfi
opakovaném poufZiti laboratornich Gloh/pracovnich listli se ukazalo, Ze stavajici znéni Uloh je pro Zaky
prilis pasivni.




Tvorba a optimalizace pracovnich listii

Ulohy byly optimalizovany tak, aby zaky vice zapoijili do celkového priibé&hu Glohy. Pro optimalizaci byla
zvolena strategie predpoklad-pozorovani-vysvétleni (predict-observe-explain, POE), ktera byla
zohlednéna i u nové vzniklych vyukovych material(. Dalsi tfi ulohy vznikly v priibéhu akéniho vyzkumu
na zakladé poptavky spolupracujicich uditell. Vznikla tak sada deviti Uloh pro obecnou a analytickou
chemii: pH elektroda: 1. Méreni pH, 2. Hydrolyza, 3. Stanoveni kyseliny octové, 4. Stanoveni k. vinné

Vodivostni elektroda: 5. Méreni vodivosti, 6. Vodivost a disociace, 7. Stanoveni chlorid(
Teplotni ¢idlo: 8. Hessuv zadkon
Tlakové ¢idlo: 9. Faktory ovliviiujici rychlost reakce

PilotdZ vytvorenych materidli 2

Vétsina optimalizovanych Uloh se dosud pouziva v laboratornich cviéenich pro 7aky SS konanych na
KUDCH PFF. Ukazalo se, Ze tato strategie vice zapojuje Zaky do vypracovani ulohy, avsak velka ¢ast zaka
ma problémy se vstupni predikéni ¢asti.

Dotaznikové sSetfeni — ucitelé, studenti ucitelstvi

V roce 2009 bylo provedeno dotaznikové Setfeni mezi ucliteli chemie (N = 65) zamérené na jejich
postoje k pfistrojim ve vyuce chemie a k vyuZziti Skolnich experimentdlnich systém( ve vyuce chemie.
Od akademického roku 2007/2008 byly distribuovany dotazniky s podobnymi polozkami i mezi
studenty ucitelstvi chemie (N = 38), ktefi absolvovali laboratorni cvi¢eni se tfemi pocitatem
podporovanymi experimenty.

Akcni vyzkum — dotaznikové sSetreni, pFipadova studie

Na konci skolniho roku 2007/2008 byla navazan kontakt s nékolika uciteli chemie prazskych gymnazii,
ktefi projevili zajem o zaclenéni Skolnich experimentalnich systéml do vyuky chemie. V zafi skolniho
roku 2008/2009 byla realné navazana spoluprace se tfemi vyucujicimi na dvou gymnaziich. BEhem
Skolniho roku jsem pravidelné prvni pololeti chodila na naslechy a v druhém pololeti jsme s ucitelkami
chemie naplanovaly nékolik pocitacem podporovanych experimentd. PFi cvicenich byli Zaci s jejich
informovanym souhlasem nataceni na videokameru a nahravky pak souzili k vyhodnoceni kvalitativnich
dat.

Vysledky a diskuze

Dotaznik - ucitelé chemie

Pokud si budeme vsimat postoji ucitelll chemie, Ize konstatovat, zaclefiovani PPE do vyuky
chapou pozitivné. Dotaznikové Setfeni naznacilo, Ze ucitelé si obecné s technikou rozumi a v pouZiti
pristroja vidi prostfedek jak zZaky zaujmout, ukazat jim bézné postupy soucasné moderni chemie.

Co si myslite o pouZiti pFistroji ve vyuce chemie?
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VyuZziti pfistroj vidi jak v laboratornich cvicenich, tak i v demonstracich. Vice nez 90 % ucitel(l —
respondentl povaZuje experimenty za dileZitou soucast chemie. Obavy uciteld stran pouziti Skolniho
experimentdlniho systému v bézné vyuce se nejvice tykaji situace, kdy pfistroj neoéekdvané vypovi
sluzbu. Jako komplikace pfi nasazeni méficich pfistroji do vyuky se také jevi pfipadna nedostupnost
manualu v ¢eském jazyce, pfipadné nutnost feseni potizi softwarového charakteru. Je tfeba zminit, ze
vtomto ohledu se patrné nejvice lisi vyjadreni zen — ucitelek a jejich kolegl, ktefiv téchto bodech nevidi
zasadni problémy. Pfesto na zakladé vyzkumu muiZeme potvrdit, Ze z hlediska postojl k vyuZiti pfistrojl
ve vyuce jsou zeny naladény stejné pozitivné jako muzi.

Dotaznik — studenti ucitelstvi chemie

K zajimavym vysledklim dospél vyzkum srovnanim vysledk( z dotaznikového Setfeni mezi
uciteli a studenty uditelstvi. Ti zaujimaji k pfistrojim sice spiSe pozitivni postoje, ale presto z
dotaznikového Setteni vyplyva, Ze méné pozitivni nez ucitelé. Rozdily se stdvaji daleko markantnéjsi,
pokud srovndme obavy, které maji ucitelé v souvislosti s pouZitim pfistroji ve vyuce. Také mezi studenty
ucitelstvi najdeme znacné (jedté vétdi ne? u uditeld) genderové rozdily. Zeny se nejvice obavaji nahlé
nefunkcénosti pfistroje, coz na jednu stranu odpovida zjisténi u ucitelll - Zen, nicméné tato obava je
uvadéna témér tfemi Ctvrtinami studentek ucitelstvi. A¢ se u muzd v tomto pripadé jedna o druhou
nejcastéjsi obavu, pak naprosto ,vitézi” presvédceni, Zze Zaky pouZivani pfistrojd ve vyuce nebude bavit.
Naopak, jestlize se u soucasnych uditel( v pfipadé pouzivani méficich pristrojd jevila jako komplikace
absence manudlu v ¢esting, tak u student( uditelstvi je tato obava daleko mensi, a to i u Zen. Ani
studentky uditelstvi by vSak v budoucnu nerady fesily byt drobné softwarové problémy pfistroje. Z
benefity pouZiti pfistroji ani muZi ani Zeny nepovazuji pfili§ zrychleni ¢i usnadnéni prace, ale spis
zpUsob, jak studentdim zprostifedkovat moderni praci, ktera je blizka realité chemické laboratore.

Pre-dotaznik - Zaci

Dotaznikové Setfeni provedené mezi zaky jen potvrdilo predpoklady v tom, Ze Zaci jsou dnes
technikou obklopeni a povazuji pfistroje za samoziejmou soucdst Zivota. Ve Skolach se zatim s jejich
pouzitim v hodinach chemie pravidelné nesetkaji, ale jejich postoje jsou k pouZiti pfistrojd ve vyuce
podobné kladné jako k pristrojliim obecné. PovaZuji je za uzite¢né, vitanou zménu ¢innosti a domnivaji
se také, Ze by jim mohly pomoci pochopit ucivo. Je potésitelné, Ze Zaci (stejné jako ucitelé) v chemii
ocenuji praktické provadéni experimentd. V pfistrojich vidi moznost usnadnéni prace a také ocenuji
schopnost pfistroje zobrazit graf. Na pfistrojich ocefuji velmi ¢asto pokrocilou technologii a oc¢ekdvané
zrychleni prace. Také u zakli muUZeme zminit nékteré genderové rozdily ve vnimani Skolnich
experimentdlnich systému a jejich vyuZiti. Pokud se divky na pfistrojich néceho obavaji, pak se jedna
hlavné o nepochopeni ovladani, pfipadné dlouhé zaucovani v préci s pfistrojem, naopak, témér
polovina chlapcl uvadi, Ze Zddné obavy ohledné pfistrojl ve vyuce nemaiji.

Vyhodnocenim post-testu bylo mozné srovnat posuny ndzor( zak( na pfistroje ve vyuce. Ve svétle
ziskanych dat mazZeme fici, Ze posuny pfiliS nenastaly, jinak fe¢eno, zakiim jejich kladny pohled na
pfistroje ve vyuce zlstal. Z laboratornich cvic¢eni s PPE s navic odnesli i dalsi zkusenosti. VE vyhodnoceni
pfinosu, ktery pro né spoluprace na vyzkumu méla, se velmi casto objevovala zlepseni organizace prace,
prace ve dvojici (schopnost spoluprace), ale také zlepseni orientace v grafu nebo u chlapct zlepseni ve
schopnosti zpracovat data. Také v post-dotazniku Zaci znovu vysoce kladné hodnotili praktickou
laboratorni praci, ale také to, Ze se naucili néco nového.

Ptistroje ve vyuce mohou byt: A priimér pre
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Pfipadové studie — pozorovdni a popis

Akéni vyzkum, pfi kterém byly do vyuky chemie celkem ¢tyt tfid dvou gymnazii zaclenény
pocitacem podporované experimenty, probihal béhem skolniho roku 2008/2009. Prvni pololeti jsem se
pfi pravidelnych naslechovych hodindch seznamovala s tfidnim prostfedim jednotlivych kolektivl a
v druhém pololeti jsme se spolupracujicimi ucitelkami postupné zafazovaly do vyuky experimenty
s méficimi pfistroji.
Na Skole A jsem spolupracovala s pani Malou?, kterd do vyzkumu zapojila tfidy kvintu a sextu, a pani
Modrou, ktera ucila chemii pouze v septimé. Dohodly jsme se, Ze pfi laboratornich cvic¢enich budu
pfitomna, ale jako nezucastnény pozorovatel Obé ucitelky vyuzily pro laboratorni cviceni pfipravenych
pracovnich list(, ale ani jedna je nepoufila tak, jak se pfi tvorbé listu pfedpoklddalo. Uvodni otazky
s predikcemi tesila vyucujici spolecné s zaky na zacatku hodiny, nebo byly z divodu kratkého cviceni
Uplné vynechany s tim, Ze si je maji Zaci vyresit poté doma. Pani Mala skolni experimentalni systémy
nikdy nepouZivala, pfesto se béhem prvniho instruktazniho cviceni, které jsem vedla osobné, rychle se
zorientovala a ihned pomahala zak(m pfi praci v programu. V podstaté pri druhém cviceni, vlastnim
méreni zak(, mohla pani Mald ihned radit. S podrobnéji predstavenou pfipadovou studii sexty bylo
realizovano osm laboratornich cviéeni, s kvintou Ctyfi cviceni. Pani Modrd byla ze vznikajici spoluprace
nadsena, ale béhem provadénych cvi¢eni jen malokdy aktivné Zaky vedla. Mohlo to byt zplsobeno tim,
7e do nich vkladala velkou diivéru, nebo neméla ¢as se jim pIné vénovat. Zci septimy byli tedy odkazani
na obdrzeny pracovni list a postupné béhem jednotlivych cviceni bylo vidét, jak jsou frustrovani. Se
septimou pét cviceni.

Na Skole B jsem spolupracovala s jedinou vyucujici, kterda o pracovni listy nestéla, pripravovala si je
zdsadné sama. Pocitacem podporované experimenty byly v této Ctvrté studii do vyuky zacleriovany
rGznymi zpUsoby: v labotarofi, ve tfidé spromitanim kfivky na tabuli, nebo pfi Zakovskych
experimentech provadénych ve dvojicich. Se zapojenou kvintou bylo realizovano pét cviceni.

Na skolni experimentalni systémy reagovali obecné Zzaci kladné, presnéji feCeno pfirozené. Béhem
prvnich cviceni byli schopni s pfistrojem samostatné pracovat a pocita¢, techniku brali jako
samoziejmost. Samotna experimentalni prace je bavila (az na kalibraci elektrody), ale také méli
problém s dvodnimi otdzkami, pfipadné s formulovanim zavérl a myslenek obecné v protokolech.
Interpretaci vysledkl by tedy méla byt vénovana vétsi pozornost.

Zaver

Pocitatem podporované experimenty jsou v prirodovédném vzdéldvani Zivé diskutovanym
tématem jiZ mnoho let. V realité ceskych stfednich Skol se skolni experimentalni systémy ve srovnani
se zahrani¢im zacaly objevovat mnohem pozdéji. PfestoZe se pomérné dlouho jednalo o okrajovou
zélezitost, v poslednich letech se situace v ceském prostiedi zacala rychle ménit. V soucasné dobé je na
ceském trhu dostupnych nékolik Skolnich méficich systémd, takze by se mohlo zdat, Ze jejich vyssimu
rozsiteni do Skol nic nebrani. Nutno vsak dodat, Ze zaclenéni méficich pfistroji do vyuky neni pouze
zélezitosti technickou ¢i finanéni. Jejich vyuzivani ve vyuce zahrnuje také stranku didaktickou Cci
postojovou, kterd ma velky vliv na to, jakym zplsobem a s jakou efektivitou budou méfici pfistroje do
vyuky zaélenény. PredloZena disertaéni prace si kladla za cil nahlédnout na téma z vice ahll nékolikerym
zpUsobem, a poskytnout tak plasticky obraz vyuZiti skolnich experimentalnich systémU a pocitacem
podporovanych experimentl v praxi.

Na zacatku prace jsme se ohlédli za soucasnymi trendy v pfirodovédném vzdélavani s dlirazem na
vyuZiti pocitacem podporovanych experimentll ve vyuce. Do soucasného vzdélavani se stale vice
prosazuje audiovizualni technika, informacni a komunikacni technologie a vyukové metody vychazejici
z uceni orientovaného na zZaka. V prirodovédném vzdélavani se moderni technologie a badatelsky
orientovana vyuka Uspésné potkava v konceptu pocitacem podporovanych experimentl. Z toho
dlvodu bylo nezbytné zevrubné prozkoumat nabidku dostupnych skolnich experimentdlnich systému

! Jména jsou z divodu zachovani anonymity pozménéna.




v Ceské republice. Ze srovnani nékolika experimentalnich systéma Ize fici, Ze v Ceské republice jsou v
soucasné dobé dva dominantni systémy (Pasco, Vernier), které se nejvice prosazuji diky velké nabidce
vybaveni, poskytovanému servisu a mnozstvi volné dostupnych vyukovych materiald.

s v

Disertacni prace v teoretické ¢dasti predstavuje mnohé, prevaziné zahraniéni, vyzkumy tykajici se vyuziti
pocitatem podporovanych experimentl ve vyuce a vSima si predevsim, jakym zplsobem a za jakych
podminek ovliviiuje jejich vyuziti vzdélavaci vysledky Zakl v pfirodovédnych predmétech. V teoretické
Casti byla z divodu optimalizace vytvarenych pracovnich listd vénovana pozornost rovnéz badatelsky
orientované vyuce jakoZto vyukové metodé prohlubujici pochopeni zak( urcitych témat prirodnich véd
a zdroven motivujici k touze po dalSim poznani v této oblasti. Hlavni ¢asti prace byl pak dlouhodoby
vyzkum provedeny na dvou prazskych gymnaziich, za Ucasti padesati Zaka (Ctyfi tfidy) a tfi pedagozek.
Na zakladé pfimého nezucastnéného pozorovani, videonahravek potizenych z laboratornich cviceni
realizovanych v ramci akéniho vyzkumu a rozhovor(l se spolupracujicimi pedagozkami byly popsany
Ctyfi pripadové studie. Pro vyzkum, ktery vychdzel ze spoluprace pfi implementaci pocitacem
podporovanych experimentl do vyuky chemie, byly vyuZity optimalizované pracovni listy a nové
vytvorené pracovni listy celkem k deviti Ulohdm. Postoje zucastnénych zakl byly vyhodnoceny
kvantitativné (pomoci pre- a post-dotaznik) a kvalitativné prostfednictvim pfipadovych studii. Vyzkum
se zaméroval na postoje zakl k technice obecné i technice ve vyuce, na hodnoceni jejich pfinos i tskali
a na zhodnoceni pfinosl pocitatem podporovanych experiment(. Podobné bylo zaméfeno dotaznikové
Setfeni na vzorku 65 uéitelt chemie (ZS i SS) a 38 studentdl ucitelstvi chemie. Dotaznik zji$toval postoje
respondentl k vyuZiti techniky ve vyuce a k vyuZiti pocitacem podporovanych experimentd.

Celkové vysledky vyzkumu stran vyuZiti pocitacem podporovanych experiment( pfindseji nékolik
poznatkd. Asi nejduleZitéjSim z nich je zjisténi, Ze vuci technice obecné i jejimu pouZiti ve vyuce jsou
pozitivné naladény ,vSechny strany” vyukového procesu, tedy ucitelé, budouci ucitelé i zaci bez ohledu
na pohlavi. Ucitelé i Zaci jsou presvédceni, Ze vyuziti pfistrojl ve vyuce muiZe napomoci v pochopeni
uciva a presvédceni jsou o tom i Zaci, u kterych prirodni védy nepatfi mezi oblibené predméty (89 % z
nich je presvédéeno, ze pfistroje jim pomohou lépe pochopit ucivo). Rada 7akd vnima také pouzivani
pristroja vibec jako nezbytnou soucdst dnesni doby a podminku Uspésnosti. Je Zadouci také zminit
naprosto jednoznacné pozitivni hodnoceni provadéni praktickych experimentl ve vyuce a zaroven i
vnimani duleZitosti zaclenéni experimentl do vyuky ze strany uditell. Vzhledem k tomu, Ze pocitacem
podporované experimenty jsou pravé zaloZzené na zdméru umoznit Zzaklm prakticky experimentovat
osobné prostirednictvim pfristroji (které jsou z jejich strany tak kladné hodnoceny), mizZeme tedy
predpokladat, Ze vyuziti pocitatem podporovanych experimenti ve vyuce zdanlivé nic nebrani. Jsou tu
ale dalsi faktory: jednim z nich je zatim stale zanedbatelné rozsiteni Skolnich experimentalnich systému
ve 8kolach, jeho? pFi¢inou maze byt (a Casto také je) cena. Rada ucitelG s deldi praxi se se $kolnimi
experimentalnimi systémy nemohla setkat pFi vlastnim studiu na VS. Pokud o $kolnich experimentalnich
systémech néco védi, pak se k témto informacim dostali bud' na kurzech dalsiho vzdélavani pedagogd,
nebo z vlastni iniciativy. V kazdém pfipadé i dnes plati, Ze dosud nejsou ani studenti ucitelstvi
systematicky pfipravovani na pouzivani téchto systému ve vyuce. Za kladny posun lze oznadit sice to, ze
néktefi studenti ucitelstvi se se skolnimi experimentalnimi systémy letmo seznami, to vsak s nejvyssi
pravdépodobnosti nestaci. Ukazalo se to i béhem spoluprace s pedagozkami v ramci vyzkumu
provedeném na obou gymnaziich, nebot az delsi spoluprace jim umoznila proniknuti do podstaty
pouZzivani pristroju tak, aby byly schopné operativné fesit problémy, které jejich pouZiti ve vyuce nese.
Podobné je tomu oviem i u Zakd. Pokud maji pocitacem podporované experimenty vyuZivat skolni
experimentdlni systém hlavné jako prostfedek k dalSimu hlubSimu pochopeni latky (jak v souvislosti se
spravnym poufZitim téchto pristroji naznacduji mnohé zahranic¢ni vyzkumy), je tfeba, aby byla jejich
pozornost odvracena od samotného ovladani pfistroje smérem k podstaté provadéného experimentu.
Také v pripadé zakl nelze zminéného cile beze zbytku dosahnout jen obdasnym setkanim s timto
zpUsobem prace (napft. v ramci jednorazového laboratorniho cvic¢eni). Pfesto mizZeme fici, Ze i ne pravé
idedlni provedeni experimentl v ramci vyuky prineslo Zakiim mnohé benefity: prace je bavila, fadu jevi
pochopili rychle diky simultanné vznikajicim graflim, ucili se efektivné spolupracovat. Pokud by ale méli
ve zkoumani uplatfiovat vySe zminénou badatelskou metodu, bylo by vhodné, aby timto zplsobem
pracovali pravidelné, a to uz na nizsich stupnich skol. Jak vyplynulo z realizovanych pfipadovych studii,
prevazné kladné hodnocené pracovni listy slouzily Zzakiim v pribéhu cviceni predevsim jako svého
druhu ,kucharka“ vedouci postup prace. Presto se i zde vyskytlo nékolik moment( naznacujicich, ze



pfistroje v rukou Zakd maji ukryty nevyuzity potencial (jedna se o vice pripadd, kdy Zaci sami objevili
chybu v méreni nebo dokonce vadné cidlo na zakladé sledovani a rychlého vyhodnoceni Spatné kfivky).

Jestlize se vratime k zminénému faktoru nedostupnosti experimentalnich systém ve skolach, mlizeme
odhadovat, Ze jejich nedostatek neni zplsoben jen malymi financnimi prostfedky, které skoly maji na
pomlcky k dispozici. Problém patrné spociva i v tom, Ze skolni experimentalni systémy nejsou zatim na
Skolach obecné chapany jako nezbytna pomicka pro moderni vyuku ptirodnich véd. Nutno dodat, Ze
sami ucitelé chemie ve své vétsiné o tom zfejmé nejsou presvédceni natolik, aby mohli tento stav
radikalné zménit. Zména je mozna pouze v pripadé, Ze se Skolni experimentdlni systémy stanou pro
ucitele chemie stejnou samozirejmosti, jakou je pro ucitele hudebni vychovy piano. Tomu vsak mize
napomoci hlavné soustavna pfiprava budoucich uciteld jiz v dobé pregradualniho studia na vysokych
Skolach tak, aby si pIné osvoijili vyuzivani pocitacem podporovanych experiment( v ramci vyuky chemie.
Jedna se nejen o zvladnuti pfistroje samotného, ale i o studium metodiky vhodné pro zapojeni
pocitacem podporovanych experimentl do konkrétnich témat chemie nebo bliZsi seznameni se s
badatelsky orientovanou metodou. Je nutné dodat, Ze ucitelé by v Zddném pripadé neméli byt fixovani
na jeden konkrétni experimentalni systém, ale predevsim na obecnou schopnost s podobnymi systémy
pracovat. Rozhrani skolnich experimentalnich systém( prochazi neustalym vyvojem a nékteré postupné
mizi. Je tedy pravdépodobné, Ze vétsina skolnich experimentalnich systéml, tak jak je dnes zname, do
nékolika let vymizi a budou nahrazeny napf. bezdratovymi ¢idly uzptsobenymi k propojeni s aplikacemi
na rapidné se rozsifujicich tabletech v rukou Zaka. Pravidelné vyuZivani pocitacem podporovanych
experimentu by pak zfejmé mélo u Zaka slibnou Sanci chemii i dalsi pfirodni védy ponékud rehabilitovat
a posunout ji smérem k oblibenéjsSim predmétim, které nejsou odtazité a odtrzené od reality, ale
naopak reflektuji kazdodenni praxi a v Zacich cilené povzbuzuji touhu k dalSimu poznavani.



Introduction and Goals of Study

Real experiment is a key element in science education. It is a tool of learning and understanding
of the world around us. With regard to learning objectives, it is essential to perform the real
experiments as much as possible. In addition to that, in science education, it is really important to
reflect the real and up-to-date laboratory equipment and procedures. One of the possible approaches
is to perform experiments which employ similar equipment like professional laboratories which
typically use various instruments like spectrometers, chromatographs, sensors etc. The example of such
devices are so called probeware or school experimental systems and experiments that are provided
with them - microcomputer based laboratory (MBL). MBL is/can be a part of science education few
past decades, nevertheless, in Czech. MBL offers wide range of possibilities. The pupils are actively
involved in the process of their education and they are able to get general knowledge and abstract
expressions on the basis of real phenomena. The graphic output of MBL systems leads to better
understanding of graphs and more efficient and correct interpretation and achievement of learning
objectives. However, there is no point in autotelic implementation of learning tools and methods
(including MBL) without pedagogical and didactic research focused on efficiency of the tool or method
in education process. In most cases, the research made in the topic, is oriented on presentation of
various MBL systems, description of possible lab exercises or research devoted to Physics exercises,
because the MBL is mostly used by physics teachers. Unfortunately, majority of research is focused on
short-term studies and long-term research, devoted to survey how the MBL is accepted and employed
by students and teachers and how the science education is influenced by MBL approach, is missing.
Hence, this long-term research is a principal part of these Ph.D. thesis.

Objectives
This Ph.D. thesis was focused on solving of the following objectives:

O Outline some possibilities of selected technological tools in secondary school science education,
especially in chemistry, and to make a search of Czech and foreign research (and articles) related to
MBL (microcomputer based laboratory) in science subjects.

O List and briefly evaluate MBL systems available at Czech market, describe possibilities of their
connections to various datalogger systems and their advantages ad disadvantages.

O Evaluate in a framework of pre-research selected pre-prepared laboratory worksheets on MBL,
update them on the basis of results of their evaluation and design, prepare and evaluate new MBL
experiments for chemistry education (experiments supported by computer).

O To implement questionnaire survey in a group of secondary school chemistry pre-service and in-
service chemistry teachers and focused on finding and evaluation of their opinions and attitudes to
laboratof instruments, MBL and computer supported experiments.

O Establish cooperation with chemistry teachers of Prague secondary schools and prepare an
individual plan of a long-term of the cooperation in 2008/2009 school year. During this period, the
MBL (computer supported) experiments will be implemented into education plan in classes of the
mentioned teachers. The teachers will be equipped with appropriate MBL systems and educational
materials as well as teachers will be provided with an appropriate didactic and technical support.

O In the framework of the long-term research implement pre and post questionnaire research with
participating students following their opinions and attitudes to MBL and to employment of
instruments in education.

O In the framework of the long-term research, to make videos of laboratory courses, which will serve
as bases for four case study analysis of implementation of computer supported experiments into
chemistry education.

O Interview cooperating teachers and find their opinions and attitudes to implementation of MBL (and
computer supported experiments) into chemistry education.




Organisation of the thesis

This thesis consists of six chapers: first Introduction charter presents motivation and goals of
study; second charter contains theoretical background, such as current trends in education, description
of available probeware in Czech republic, research of microcomputer-based laboratory in studies and
short presentation of mixed-research design; third chapter brings description of new developed
optimalized experiments and worksheets; fourth chapter describes design of experimental part —
performed research; fifth chapter presents and discusses results of research parts and sixth
summarizes the results of mixed research and discusses some recommendation for practice.

Research Design

For a complex descrition of probeware and microcomputer-based laboratory in the Czech environment
the design research with mixed methods was chosen.

Main research questions

Dissertation thesis was framed by three main research questions, which were further divided into sub-
research questions.

1. What are the teachers’ attitudes to use experimental school systems in chemistry education?

2. What are the attitudes of pre-service teachers to use experimental school systems in chemistry
education?

3. What are the ways of microcomputer-based laboratory and prbeware integration in chemistry
school education?

Research samples and methods

Ad 1. For the integration of MBL in the chemistry education is the key role of teachers as mediators of
science knowledge, and therefore it was important to determine their attitudes towards probeware.
The research sample consisted of two groups of respondents: chemistry teachers (N = 65) and pre-
service teachers (N = 38). For data collection and evaluation questionnaire method was chosen,
questionnaires were constructed the way that some of the questions were for both samples, in order
to compare and evaluate the results.

Ad 2. Another observed group were pupils - other side in the learning process. In their case, two
questionnaires were used. The questionnaire survey was constructed to examined pupils' attitudes
before and after passing several MBLs, what the pupils appreciate while performing MBL and what do
they dislike on MBL. The research sample consisted of 50 students of two cooperating schools.

Ad 3. The attitudes of the respondents do not always coincide with actual behavior, so the goal of the
study was to find out in which way are probeware and MBL implemented in chemistry education and
how it is accepted by pupils and teachers. The action research | was elected as a research strategy case
study, in which data were collected by direct observation of outsiders. The research sample consisted
of the same pupils from two mentioned cooperating schools. (As a researcher, | cooperated with three
chemistry teachers and four classes.)

Development of research work

Pilot study (1)

In order to verify the laboratory activities created in the diploma thesis (Stratilova Urvalkova 2006),
three laboratory activities were included in the university seminar Experimental teaching in chemistry
1 for students of master study of chemistry teaching. Students had no problem with using the
worksheets. Principally easier tasks were also used in instrumental laboratory exercises held for
secondary school students and their teachers in the laboratory of Department of Chemistry Education,
Faculty of Science (the initiative came from dr. Petr Smejkal and Eva Stratilovd Urvalkovd). With
repeated use of laboratory tasks / work sheets showed that the current concept of activities wsere too
passive for secondary school students.




Designing and optimization of worksheets

The activities have been optimized so that students were more involved in the overall course of the
laboratory. To optimize the activities, the educational strategy Predict-Observe-Explain (POE), which
was reflected also in the newly designed teaching materials, was used. Based on the demand of
cooperating teachers from action research, three more activities were designed This resulted in a set
of nine activities for general and analytical chemistry:

pH sensor: 1. pH measurement, 2. Hydrolysis, 3. Determination of acetic acid, 4. Determination of
tartaric acid

Conductivity sensor: 5. Conductivity measurement, 6. Dissociation and conductivity,
7. Determination of chlorides

Temperature sensor: 8. Hess law
Pressure sensor: 9. Factors influencing reaction rate
Pilot study (2)

Most of the optimized activities are still used in laboratories for secondary school students held at
Faculty of Science, Charles University in Prague. The results from performing the MBL with optimized
worksheets showed this strategy keeps students more involved in performing the activity, but a lot of
students have problems with prediction part of activity.

Questionnaire survey - in-service and pre-service teachers

A questionnaire survey performed in 2009 with in-service chemistry teachers (N = 65) focused on the
attitudes of teachers to the devices in chemistry education and the attitudes to experimental use of
probeware and MBL in teaching chemistry. Since the academic year 2007/2008 questionnaires were
distributed with similar items and the students of chemistry teaching (N = 38) who completed the lab
with three computer-assisted experiments.

Action research - questionnaire survey, study cases

In academic year 2008/2009 the action research with three chemistry teachers on two high schools
was performed. During first few months | visited chemistry lessons to get familiar with classes that will
be involved in study. During second period of action research, about 5 chemistry MBL activities were
implemented in chemistry curriculum and students performed laboratory activites using probeware.
The labs were directly observed by me as a researcher and the video recording with the students’
agreement were also ensured. The recording were used for qualitative data evaluation.

Results and discussion

Questionnaire survey — in-service teachers

Focusing on attitudes of chemistry teachers it can be assumed that penetrating of
microcomputer-based laboratory into chemistry education is positively perceived. The results from
survey showed that teachers are quite familiar with didactic techniques as it can attract students to
studied subject or it represents up-to-date chemistry laboratory. Positive is that more than 90 % of
respondents evaluate the importance of chemistry experiments in chemistry education and they are
prepared to implement new (mostly easy to perform) experiments into their lessons.

Teachers concerns of using probeware in regular classes meets mostly with the fear that the device
unexpectedly terminates the service. Second negative aspect of MBL for teachers represent the
language used in cooperating problem or in manual. Teachers, women, mostly prefer Czech guide and
text book and are seriously concerned about troubleshooting software crashes. Nevertheless, based
on the research we can confirm that in terms of attitudes towards the use of instruments in teaching
are tuned equally positive women as men.




Questionnaire survey — pre-service teachers

Interesting results revealed survey among pre-service teachers comparing it to in-service
teachers. Pre-service teachers (respondents) have also positive attitudes to using devices in lessons,
but the survey shows that less positive than teachers. The differences become much more obvious
when we compare the concerns that teachers have in connection with the use of instruments in the
classroom. Also among the pre-service teachers can be found a large (greater than in-teachers) gender
differences. Women are most afraid of sudden software or hardware crashes, which on one hand is
equivalent to finding the teachers - women, however, this concern is reported almost 75 % of pre-
service teachers. Although men in this case perceive it as the second most common concern, the
absolutely “winner” is their belief that students will not appreciate implementing MBL in lessons high
enough. On the other hand pre-service teachers do not see problem in English guide book comparing
it to in-service teachers believes. The benefits of using devices in chemistry education are seen in
presenting the up-to-date way of experimenting.

Questionnaire survey - students

The questionnaire survey among students confirmed the predictions that todays students are
surrounded with technology that they perceive as natural part of their life. Their attitudes towads
devices in education are the same positive as to use it in their common life. They think devices are
useful, a welcome change of activities, and they also think it could help them understand learning
concepts better. In chemistry students appreciate practical work to just theory and in possibility of
using measuring instruments the way of accelerating their work. Girls are afraid of the time it will take
to understand how to work with it and that they will not understand it (comparing it to case study, girls
were as good as boys in using the PC and programme). More boys are not concerned of using the
probeware.

The results from post-questionnaire showed that the attitudes to measuring systems in chemistry
education did not shift. Students’ perceptions of MBL were positive: according to their opinions they
learned mostly the cooperation in pair or in group, they got better in organizing their own work, or
graphing skills. Boys also appreciated their improvement in interpreting the data. All students highly
rated the practical skills and that they learned new way of performing the experiments.

Case studies — observation, description

In action research four case studies corresponding to four classes that used probeware in
laboratory exrcises were evaluated. In first phase the researcher, myself, observed chemistry lessons
to get familiar with the milieu and students involved in research. During second phase MBL were
implemented in class chemistry curriculum and students were observed when performing MBL
activities.

On first school A, | cooperated with first teacher Mrs. Smith? and her two classes of kvinta and sexta,
and second Mrs. Jones with her septima class. We discussed the way of researching and my role as a
researcher: teachers will perform the activities with students themselves, but | will be in the lesson in
case of problems and to observe the laboratory exercise. Both teachers used designed worksheets, but
none of them used it in a way it was intended. The prediction part was solved by teacher and students
together or students should work on it after excercise because of lack of time. Both teachers have never
used school experimental ystems, so first instructor exercise was lead by me to teach students and
teacher basic work woth probeware. Mrs. Smith learned the concept right during first exercise so that
she could immediately help students with performing short tasks. Case study in class sexta and Mrs.
Smith teaching was closely presented in thesis. Second case study, kvinta with Mrs. Jones and third
study septima with Mrs. Jones was presented in not so closely because the videorecordings could not
be properly analyzed (students talking too quietly, or too many students so the voices cannot be
recognized).

2 Used names are changed in the data description.



On second school B the research was performed with one teacher, whi did not use designed activities,
because she prepared the worksheets herself. The subject was inspired by designed activities, but
shifted in the way of Mrs. Taylor teaching style. The activities were performed in various ways: in
laboratory as a student experiment, in class as student experiment in big groups and one
simultaneously projected graph progress on the wall, and the best way in the end chosen: three
working places in class where pairs of students work on activities and change so that all students
perform the activity in the end.

Students generally accepted and achieved probeware and MBL very high, to be precise: they accepted
it in natural way, with no problem of using it. After two exercises they were able to use the probeware
and work with PC. They liked experimental work, but the problem was performing the prediction
activities and with summarizing the data from experiment. Interpreting data from results of
measurement was not problem, but formulating conclusions and thoughts was. The results showed,
among others, that there should be more focus on interpreting the data and focusing on the concept
of studied phenomenon.

Conclusions

The use of microcomputer-based laboratory (MBL) in science education has been a subject
seriously discussed for years. Compared to foreign schools, the school experimental systems started to
appear at Czech secondary schools much later. Although it was a marginal issue for a comparatively
long time, lately the situation has started to change rapidly in this country. Nowadays there are several
probeware available on the Czech market, so it might seem that nothing should prevent them from
expanding to schools. In reality, the implementation of measuring devices in education is not only a
technological or financial matter. Their use in class involves also the aspects of teaching methods and
attitudes which greatly influence in what way and how effectively these measuring devices will be
incorporated in science teaching. The presented PhD thesis aimed to view this subject from several
different angles and present a detailed picture uf the use of school experimental systems and
microcomputer-based laboratory in practice.

In the introductory part of the work we showed the current trends in science education with the
emphasis on the use of microcomputer-based laboratory in class. The audiovisual technology as well
as ICT and teaching methods based on student-centered teaching are widely promoted in current
education. In science education modern technologies and inquiry-based education meet successfully
in the concept of MBL. Therefore it was necessary to research thoroughly the availability of school
experimental systems in the Czech Republic. After comparing several experimental systems we came
to the conclusion that there are nowadays two dominant systems (Pasco, Vernier) which advance due
to the generous offer of equipment, provided service and a number of freely available teaching
materials.

In the theoretical part of the thesis are shown multiple (mostly foreign) studies, concerning the
application of MBL to teaching. It focuses particularly on in what way and on what conditions their
application influences the educational results of pupils in science subjects. In the theoretical part, with
a view to optimizing the making of worksheets, attention was also given to IB(S)E, as a teaching method
which helps pupils improve the understanding of certain topics in science and at the same time
motivate them to further exploring in this area. The main part of the work was then a longitudinal
research carried out in two grammar schools, with fifty pupils (four classes) and three teachers involved.
Based on non-participant observation, video recordings made in laboratory courses realised under the
action research and interviews with cooperating teachers four case studies were described. For the
research which was based on the cooperation with the implementation of MBL to chemistry teaching
optimized worksheets and newly made worksheets to nine tasks altogether were used. The attitudes
of participating pupils were quantitatively analyzed using the data from pre- and post questionnaires
and qualitatively using case studies. The research focused on the attitudes of pupils towards technology
generally and technologies in education, the evaluation of their benefits and drawbacks and the
evaluation of MBL. Similarly a questionnaire-based enquiry was focused on a sample of 65 chemistry




teachers (elementary and secondary schools) and 38 pre-service teachers. The questionnaire gathered
the attitudes of respondents towards the use of technologies in education and the use of MBL.

The overall results of the research concerning the use of MBL provide a several facts. The most
significant is probably the discovery that technology generally and its use in education is positively
viewed and accepted by all participants of educational process, i.e. teachers, future teachers and pupils,
regardless sex. Both teachers and pupils are convinced that using devices in education can help
understand the subject matter and convinced of that are even the students who are not fond of science
(98% are convinced that devices can help them understand the subject matter). A great number of
pupils accept the use of devices as an essential part of today’s life and the means for being successful.
We should also mention that practical experiments in education are positively accepted by teachers.
Considering that MBL, which are meant to enable pupils do experiments in class, are overall highly
popular, we can expect that nothing should hinder the use MBL at school. However, there are other
factors: one of them is the insufficient amount of MBL in schools, due to its cost. Many teachers with
a long practice could not get familiar with MBL during their university studies. If they are familiar with
MBL, it is either thanks to their attendance in in-service courses or their own initiative. Anyway, even
now it is true that even pedagogy students are not systematically trained to use these systems in class.
We may see positively that some pedagogy students get an elementary knowledge of MBL which seems
however insufficient in practice. It showed during the cooperation with the teachers within the
research undertaken in both grammar schools because only a prolonged collaboration enabled them
to understand the concept of probeware and MBL clearly enough to be able to solve problems with
them in class readily. Pupils are in similar situation. If MBL should use the school experimental systems
as a learning medium in order to fully comprehend the subject matter (It is the proper use of these
devices suggested by many foreign studies), it is necessary to divert attention from handling the system
itself to the principle of the running experiment. It is not possible to achieve the expressed aim by
occasional encounter with this type of work. (e.g. within one laboratory training). Nevertheless we can
say that even an imperfectly conducted experiment in class brought pupils a lot of benefits: they
enjoyed the work, they understood some phenomena quickly thanks to the simultaneously produced
graphs, they learnt how to work in team effectively. However, if they should apply the above mentioned
scientific method IBSE, it would be useful to work in this way on a regular basis, starting from primary
and secondary school. As it resulted from the realized case studies the worksheets, which were
generally appreciated, serve pupils as a kind of a cookbook during the laboratory training. In addition,
there were some moments suggesting that pupils are able to handle instruments in quite a
sophisticated way (In several cases pupils found errors in measurement or even a wrong sensor when
watching and immediate interpreting graph in progress.)

If we get back to the aforementioned factor of unavailability of MBL, we can assess, that their
unavailability is not brought about only due to insufficient financing of teaching aids. The problem
apparently lies in the fact, that so far the MBL at school are not generally aknowledged as a necessary
aid for modern teaching of natural sciences. It should be noted, that chemistry teachers themselves
are not convinced of its benefits enough, so that they could change this situation significantly. Any
change can come only if MBL become matter-of-course for chemistry teachers, just like a piano in a
music class. In order to fully master the utilization of MBL in chemistry classes, methodical preparation
of pre-service teachers at universities is the most crucial factor. This includes not only using the
instrument itself, but also studying of the methodology applicable for the employment of MBL in
particular chemistry subjects as well as a closer familiarization with a research-oriented method. It is
necessary to add, that teachers should not fixate on one particular MBL, but on a generall ability to
work with these systems. MBL probeware interface undergoes constant development and some of
them are gradually abandoned. It is thus likely, that the majority of MBL, as we know it, will become
history in the matter of years and that they will be replaced with wireless sensors designed to connect
with applications and all the more popular tablets.

Regular use of MBL in the hands of pupils gives a fighting chance for popularization of chemistry and
other natural sciences and to consider them popular subjects, which are in contact with reality, reflect
everyday experience and encourage a desire for further learning.
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