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Mepiinyn

Y10 mhaicto Tov épyov tov YIIEII® «Avadiotonmon kot Exkcuyypovionog tov [poypappdtov movdomv
otov Topéa tov Pvowdv Exommudv pe Zoyypovn Hopaywyn Adoktikod YAkod» kat pe v emonteio
tov IMowbayoywod Ivotitodtov, avomtdydnke omd ™V opdde HOG TO EKTOOEVTIKO AOYIGUIKO
«M.A.©.H.M.A.», vy tig té&eig B’ ko I” Topvaciov, pe Oepotikés evotnteg: Mnyovikn, Aviakioon —
d16Oraon, Oeppotnrta, HAextpiopds, Moviého & Atope. Xtnv gpyocio ovth TEPLYPAPOVTOL OL
OeopnTiKég apyéc Kol 1 erhocoeio Tov KaBodMynoav To oxedlocHd TG EVOTNTAG «OEpUITNTO» TOL OG
avo Aoyopkov. o 1o oxediacpd eMedncoy vrdoyn ot pabnolokés SuGKOAEG TOV AVIETOTILOVV Yl
10 Bépa avtd pobntég/pieg tov I'vpvaciov, kot wWdioitepo 6GOV APOPE GTNV KATAVON G TOV LOVTEL®V TNG
Sopng ™G YANG Kot g copatidtakng evong g YAnc. To mepiBdilov epyaciog otnv evotnTo TG
OepudmTag TPOCOUOIOVEL £va gpyactipo Oepudmrtag, 6mov o/n pabntig/plo pmopel va ekterécel
TEWPALOTO GYETIKA LLE TN LOGTOAN TOV GTEPEDY, VYPOV 1 aepimV, KaOMG Kot TEWPALATH AAAUYNG PAONG
oV vepol. Méoa amd TG TPOTEWVOUEVES dPASTNPLOTNTES, 0/1 pLodnTig/pra umopei va emainbedoet Tig
apoPréyelg tou/mg, vo eAéyEel TIG 106€G TOV/MG Kot Vo LAbeL T véeg évvoleg pEGO amd T HEAETN
TOAMOTADY aVOTAPACTAcE®Y KAOE Qarvopévov. o 10 okomd avtod, Yio TV KAADTEPT KATAVONGCT TNG
gpUNVEING TOL QPOWVOUEVOD, TTapEXETOL 6TO/M padnT)/pra 1 duvatdtro vo mopatnpel o Eexopiotd
Tapabvpo 0 GYETIKO HOVTELD, OTTOV JIVETOL EUPOON 0TI COUATIOOKT QOOT) TNG VANG Kol GTNV EMLOpaoT
mg Beppokpaciog otig Kwvnoelg tov popiov. Mia tpdt afloddynon tov Aoylopikov eiye Oetikd
OTOTEAEGLLOLTA.

Ag€erg — khewdnd: Exmoidevtikd Aoyiopkd, podnotokég duokorieg, Oeppukr| Staotohn, oAlayég GLOIKNG
KOTAGTUONG, TOMATAEG OVOTOPACTAGELS, AAMNAETOPOCTIKOTNTA, EVEPYT SOUNCT| TG YVAOONS.

Summary

The Educational Software “M.A.®.H.M.A.” was designed and implemented by our research team, in the
framework of the program “Reformulation and Innovation of the Curricula in the domain of Science,
with the Contemporaneous Production of Instructional Material”, supported by the Greek Ministry of
Education, and supervised by the Pedagogical Institute. It is addressed to 2™ and 3™ grade students of
Lower Secondary Education, and includes concepts from the following knowledge domains: Mechanics,
Reflection-refraction, Heat, Electricity, Models & Atoms.

In this paper we present the instructional approach followed in the design of the section “Heat”, included
in this software. Research data about students’ learning difficulties related to this topic guided the design
of this section and especially the fact that students of Secondary Education conceive matter as
continuous and they face significant learning difficulties in understanding models of matter-structure and
the particulate nature of matter.

The learning environment simulates a specific Laboratory, where the student can carry out experiments
related to the expansion of solid, liquid or gaseous materials, as well as experiments related to change of
the state of water. Through the proposed activities, the student can learn the new concepts by using
multiple representations of the same phenomenon, s/he can verify his/her predictions and check his/her
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ideas. For this reason and for a better interpretation of the phenomenon, the student has the opportunity
to observe in a separate window the relevant model, where emphasis is given to the particulate nature of
matter and to the influence of temperature on the motions of molecules.

A first evaluation of the unit Heat gave positive results.

Ewayoyn

To M.A.@.HM.A. eivar éva orokAnpopévo pobnolokd mepifdriov, vrootmplopevo omd
VIOAOYIOTEG Kot SIKTLO, TOL aToGKonEl 6TV VIoPorOnon g dwaokoiag g DvoKng TOV
Tvpvaciov, pe Eueoom og £vvoleg Kot QOIVOLEVO Yo TO. OO0 Ol HoBNTEG Kot Ol HLoBNTPLEG
avtipetonilovv Wwitepeg YvooTikéG dvokoAieg oty katavonon tovc. To Aoyopkd ovtd
glvar mpooavatolopévo yua yprion omd to/m pabnti/pua kvplog oto omity, yopic OpmG va
amokAeieton kKot 1 KaBodnyovuevn amd Tov/my kadnynty/plo aglomoinomn tov oty Téén.

Ov popeilg mov ovppeteiyav ot oyedioon Kot vAomoinon tov €pyov Mtav to TuAuo
ITAnpogopiknig tov IMavemomuiov AOnvav, 1o TModoyoywd Tpqpotoe ANPOTIKNG
Exnaidevong kot Nnmoyoyov tov Tavemomuiov Osoooliog, 1 etapeio Aoyispukod 01-
IIAHPO®OPIKH «ot n EAAnvoyaiiin Zyoin epoid "O Ayiog [avrog".

H emoyn tov Bepotikdv evotnt@Vv Kot 1 ekTodevtikny oyedioon otnpiydnkav t6c0 oe
nmopicpoto g I'voowakng Emotung 6co kot og amotedéopata £pguvag TG ASaKTIKNG TNG
DuoIKng, amd T0. 0TOi0 TPOKVTTOVV Ol 1310ATEPES SVOKOAEG KL Ol TAPUVONCELS TOV £XOLV Ol
HOONTEC/PLEC GYETIKA LLE TNV KOTOVONOT] TOAADV QUGIKAV PUVOLEVOV KOl EVVOIDYV, GE OO TO
oacpo g vVANG e Duoikng tov Npvasciov.

v gpyacio avT TEPLYPAPETOL KO TEKUNPLOVETAL 1| TOPEI. TOV OKOAOVONCOUE Yo TN
oyediaom g evOTNTOG «OepUOTNTO» TOV MG Gved Aoyicukov. Agetnpia yio T oyediaon g
EVOTNTOG QTN AMOTELECE TO AOYIGHIKO «DavOpeva Kol LOVTEAX TOV QUOIKOD KOGLOLY Y10
™ OwookoAic PHOVIEA®Y NG SOuNG TG VANG 010 Anuotikd oyoleio kot to Ivuvdoio
(Ztavpidov, 1999), oto omoio yivetor GLOTNUATIKY S1EPEVVNION TOV 1OEDV TOV MOV GE
oxéon HE TN SWCTOAN OTEPEDV — VYPAOV — OEPI®V GTO HUKPOGKOTIKO KOl TO LAUKPOCKOTIKO
enminedo kot KaBodNynon Tovg ot OlodKaci HOVTIEAOTOINONG, WE TN GLOTNHOTIKN
TOPOVGILOCT] KOL EQAPLOYT TOV TPOTEWVOUEVOD COUATIOOKOD LOVIEAOD Y10 TNV TEPLYPOAPT] KOt
eENynon tov oyetik®@v eowopévov. To véo AOYIGHKO €yel TO SLVOUIKO YOPAKTNPO KOt
TEPLEYEL LEYAADTEPT TIOIKIAMO TEPOUATIKAV KATAGTACEDV, OTMG 0L AAANYEG (PAOTG TOV VEPOL.
Ot ovamapacTAcEl TOV PUVOUEVOV gival SUVOUIKEG TOGO GTO TEPOUATIKO OGO Kol GTO
UIKPOGKOTIKO EMIMEDO.

Duokd povréio

H emwvonom, n mopoywyn Kot 1 xpNOHOToinon HOVIEA®V &ivor cOHELTN pe TNV 101 T
Aertovpyio. TG EMOTAUNG KOL TOL EMICTNHOVIKOD TPOTOV OKEYNG KOl TPOGEYYIONG TNG
mpoypotikodtntag. Idwitepa o1 Puokég Emothueg sivor kateEoynv emoTNUEG TOV TOPEYOLV
KO YPNOLUOTOIO0V HOVTEAD Y0 TN KEAETN Ol0POP®V QUOIKAV, YNUIK®OV, PLOAOYIKOV Kot
GOV QovopEVeVY. AVOUEIoBNTNTN ON®G gival 1 CNUACIO TOV ETIGTNHOVIKOV LOVTIEA®V KOl
yw ) ddaokorio tov Quoik®v Ememudy, dedopévou 6TL 1| 6OGTH ElGAYMYN KOl XP1OT] TOVG
amotelel avaykoio TpoHmOHeon Yoo TNV OTOTEAECUATIKY KOTOVONGT Kot ndbnon nAnbdpog
QUVOUEVAV, EVVOLDV, VOL®V Kot Bemplov Tov Ovokdv Emiomudy, oe 0leg T1g Babpideg g
Exnaidevong (Ztavpidov, 1995).

‘Eva povtého Oewpeiton g amhomompévn  avomopdotacn pog oodikaciog 1 €vog
GUGTALATOG KO, Y10 VO, TEPTYPAWYOLLE T, KUPLOTEPO, YOPOKTINPLIOTIKA TOV, B0 LTOpOovGULE VO
moOpE OTL €ival «KAT» (GLYKEKPIUEVO OAVTIKEILEVO, GYNUOTIKY OVOTAPACTOOT), GUGTILO
e€lodoewv, ...) mov mailel POAO VTOKOTAGTOTOV HIOG TPOYUATIKOTNTOG TOAD ouvOeTng 1
ampOGITNG OTNV EUTEIPIO KOL TOV EMLTPETEL VO, KOTOVOT)GOVIE OUTHY TNV TPOYLOTIKOTNTO LE
T Ponbela KAmoov eVOIIPESOV O YVMOGTOV N IO TPoottov ot yvedon (Drouin, 1988). Ot
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Aertovpyieg €vOG HOVTEAOL TEPIAOUPAVOLY TNV AvVOTAPAGTOOY €VOG GULGTAUOTOC, TNV
npoPreyn g eEEMENG TOoL /KoL TNV EENYNON-CLGYETICUO TV TOPAYOVI®V OV EMNPEALOVV
TO GUGTNLLL.

Koatd v povielomoinon evog cvotiuatog mpémel vo Kobiotatal caeng m avtiotoiyion
AVALESO OTNV TEPYPAPT] TOV HOVTIEAOL KOl GTHV TEPLYPUPT TOL GLGTHUATOS, KAODS Kl Ot
S1091KaG1eC TOL 0ONYNGAV GTOV TPOGOIOPIGHO, TNV TOPAYMYN 1} TNV KATAGKELT] TOV LOVIEAOL.
Ipéner emiong vo Oivetor Eu@acn o1t OLAKPISN OVAPEGH ©TO HOVTELO KOL GTNV
TPOYRUTIKOTNTO, TG OTO{0G TO LOVTELO gival GUVIO®G £V OTAOTOUNEVO VITOKATAGTATO.
Inuovtikd otoryeio evog poviélov givar o 0pro. TG eykvpoéTTag Tov. Ilapadsiypotog
YOpwv, €vo cOUATIONKO HOVTEAO €lval OPKETO YO VO TEPLYPAVEL QUIVOUEVH OEPUIKNG
SLGTOANG OAAG OYL Y10 VO TEPLYPAYEL PAVOLEVE TTOV OYXETICOVTOL [LE NAEKTPIKES WOLOTNTEG TNG
VANG.

Kotd ™ Swaockaric tov Pvowodv Emomudv ot pobntéc/pleg mpémer vo kabodnyodvton
KOTOAMANAOQ DOTE Vo AvATTOEOVY VONTIKEG TOPOCTAGELS TOGO amd TO EUTELPIKO TEDI0, OGO Kot
omd 10 eMINEDO TOV POVIEA®V, BGTE VO, LTOPEGOVY VO GUGYETIGOVV LE AELTOVPYIKO TPOTTO TOL
dvo emineda (Ztowpidov 1995). Idwitepa oTa OIVOUEVO TOV 1| EPUNVELN KO KATOVONGT TOVG
OVAYETOL TNV KOTOVONOT TNG SOUNG KOl GUUTEPLPOPAS TOV HKPOKOGLOL, 1| LOVTEAOTOINON
oyetiletol pe TOPAOTACES UIKPOOKOTIKOD €MmEdOV. Ol MOPUCTAGELS OVTEG £PYOVIOL GE
GUYKPOVOT| L€ TO, VONTIKG GYTLLOTO TTOVL EXOVV NO1 avarto&et ot pobntég/pieg yio v gpunveia
TOV  QOWOUEVOV OUTAOV Kol 1) OlodKOGio AETOVPYIKOD GULOYETIGHOD HOVTEAOL KOl
TPOYLATIKOTNTOS TOPOVSLALEL OTNV TEPITTOOT OLTY 13laitepPN SLGKOALD.

AVOKOLIEG 6€ OYECT NE CONUTIOWOKA HOVTELD, TNG VANG

O Nussbaum (1985/93), kdvovtog avaokOnTnon TV SESOUEVOY TOV TPOEKLYOV OO EPEVVEG
OV £YIVAV Y10 VO AVOKOADWYOUV TIC 10£€G TMV TV GYETIKE e TN COUOTIONKT OO TNG
VNG, damiocTmoe OTL ONUOVTIKO TOGOGTO TOL OEIYUOTOG TOL YPNOIUOTOMONKE Ge €pguva
(Maxiog 14 etmv), PHETA T O100.0KAAIN KOTETVYE VO ECOTEPIKEVGEL GNUAVTIKA YOPOKTNPIOTIKA
TOV COUOTIOKOD HOVTEAOLY, KOl KOTOANYEL GTO GUUTEPOUCHO OTL «Ol pobntég mpooeyyilovv
™ pénomn 1Tov coOUOTIOWKOD HOVTELOL pE €vo OYETIKA oTofEPO LOVTELDO, GTO OToio 1 VAN
yivetor avtiAnmt] ©¢ Pooikd ocvveyng kot otatikny. O id10g epeuvnmg avagépel 0T
ONUAVTIKOS apBpog Tadudv duokoAgvovtal va Kotoddfoovv v dmapén kevod peto&d tov
ocopaTdiov evog agpiov Kot TOTEVOLY OTL PETAED TOV COUOTISIOV TOL 0gPiOV LITAPYOLV
«OKOVI Kot GAAC COUATIOW, «OA0 0épla OTmg To 0&VYOVO Kol TO ALMTON, «OEPAGY, OTL «Ta
copatida eivat ToAD KOVTd To £va 0T0 GALO KoL OEV VILAPYEL KEVOG XDPOG LETAED TOVC», KA.
To @awvopevo dev gival povo eEAAnviko. Amd épevva ov €yve og delypo 300 pabntov/piodv
nhkiag 15 etov oty Ayydia yoo ™ copatidioky eoon g VAng (Brook, Briggs & Driver
1984) mpoxvmret Ot

[Tepiocdtepot and 10 50% TV padnTtdv Ypnoyomoincov CcOUOTIOWKES 10€eG, YMPIG
OTOPOLTNTI KATOVONOT GAA®Y OVGLOCTIKMY OYE®V TOL HOVTELOVL. To vOAOUTO TOV SElYHATOG
dev avapépOnke 6€ COUATIOW GTIC OTAVTIOELS TOVG.

TV KOAVTEPN TEPIMTOON, €VOG GTOLG TEVTE UaONTEG €0moe oxeddV TANPELS OTOVTNGELS,
Booiopéveg o amodekTéc cOUATIOWKEG 1€ (T 1 avaroyio avénonke og Evav GToVG TPELS
Yo poBnTég mov eiyav d1dayBel puowkn N ynueia).

TovAdyotov €vag oTovg TPelg HaONTEG XPNOYOTOINCE EVOALOKTIKEG COUATIONKES 10EEG
(piktég avtnyelg) tétoleg 6mmG OTL Ta. copatidln dtuctéAlovtat, T copation (eotaivovtat,
TO. COUATIONN CUUTEPLPEPOVTOL OVILIGTIKA.

[Tepimov évag 6ToVG TEGGEPLS LAONTEG £3MOE LOKPOOTKOTIKES OMOVTIGELS, XMPIS VOPOPE OTIG
ocopotidokég 10éeg. AAot (Ladntég) Mrav advvarto vo tastvounbovv, yeyovog Tov oeeileTon
OTNV 0CAPELN TOV ATOVINCEDY TOVG,.

Avrtictotyeg SvoKoMeG Kot adLVaieg Yivovtal ovepEc HEGa amd EpEvVa TOV £YIVE GE OO
Tov Anpotikod ko @ortntég tov Iladaywywod Tpqupotoc tov IMovemomuiov AOnvaov



492 O1 Teyvoloyiec e Ilnpogopioc kor e Emikowvwvioc otny Exraidevon

OGYETIKA LLE TIC OAVTIMYELS TOVG GE HOKPOOKOTIKO KOl UIKPOGKOTIKO EMIMEDO, Y100 TNV OAAAYN
™g evong tov vepol (Hatzinikita & Kokkotas 1994). And mpdcpateg épeuves 6TV ASaKTIKY|
tov OQuowdv Emompuodv tpokdntetl dtt 1o moudid Tpofalovy HLOKPOGKOTIKES WOOTNTES TAVED
oto dropa kot ta popo (Anderson 1986/1990, Brook, Briggs & Driver 1984, Ben-Zvi, Eylon
& Silberstein 1986, Driver 1985/93). Zképtovtal Aowmdv Kol AEve:

O emGPoPog etvar KITPVOS Apa To ATOA TOV POWSPEOPOV givor Kitptva.

To vepd givan Leoto, dpa ta popila Tov vepoo givat (eoTdL.

‘Eva copo Mdvet, apa To. GTope ouToh TOL COUATOS AMDVOLV.

O cidnpog draotérdetar Otav BeppaiveTal, Apa. To GTOLO TOV GLONPOL SIACTEAAOVTOL.

M ovoia givar poAakn (m.y. kepi), Gpo Kot Ta poptd g givar podokd: "o LoAokn ovcia
dev umopel va amoteAgiton omd okAnpd popu" Aéve madid mikiog 15 etdv (De Vos &
Verdonk 1987).

To dtopo Tov YaAkov Ppicketal o€ otepen KoTdotoon (Ben-Zvi et al., 1986).

Amd 1o mopadetypoto ovtd yivetal opécmg aviiAnmTy 1 ovyyvorn HeTa&d HovTEAOL Kot
mpaypotikoémrag. [Moapodpoteg pobnolokég dvokolrieg eueavifovtor kot oe oxéon HE
ddaokaAio kol pddnorn evvoldv g Xnueiag, n omoio Kot eE0yNV YPNOILOTOEL LOVTEAD TNG
doung g HANnG.

Avtictoyyo mpoPAnuato cvvaviovtalr Oyt Uévo o€ pobntég, oAAG Kol GE  QOITNTEG
Howayoywkov Tpunpdtov. ATd épguva mov €ytve oe TeToptoeteis pottntég tov IL.T.AE. tov
Hoavemotpiov ABnvav yuo v évvola tov popiov (Hatzinikita & Kokkotas 1994) mpokimtet
OTL povo 25,6% tov odeiypatog (152 gortntég) amavtd 6Tt o Hoplo Tov VEPOL GE LYPN Kot
aéplo eaon givar ta o Kot divel pia omodext artioAdynomn. Ao 22,3% amd ovtovg anavtd
otTL givon 1010, oAAG xopic vo 1o artoroyel. Afoonueioto givar 6Tl 26,3% TtV @OtttV
ToTELOVY AavBoopéva ATl givorl SoPOPETIKA TO. LOPLO. GTO VYPO vEPO KOl 6TOV aTUO (Y®PIG
attioAdynon), dAro 8% Ot givarl Sopopetikd S10TL, OTMG avaEépovy, Ta LOpLo TOV ATHOD
glvanl peyodvtepo amd T HOPLO. TOL VEPOVL, N Yt To UOpL TOv aTUoV eivol o€ aépio
KATAOTAGT EVO TO LOPLXL TOV VEPOL givar 6 LYPY Kotdotaon. Téhog 17,8% tov gortntdv dev
yvopilel kot dev amovTd.

Etvar yeyovog Aowmdv ot pe ) ddaokoAio tov Puoikdv Emotuov 1o modid aroktodv
KATOlEG YVMOELG Yo TN dopun ¢ VANG Kol ylo. KATO EMGTNHOVIKG HovTéLD (ZTowpidov
1991). Opwg ovtég ot yvdoelg, oyl Lovo Egyviovvtal ypnyopa, 6tav dev cuvdebobv cmotd e
TV TPOYLOTIKOTNTO (KAOMUEPIVI] KoL EMGTNUOVIKT]), OAAG KOl GTEPOVVIOL OLGLUGTIKNG
AELTOVPYIKOTNTOG.

e OTL aQopa TIG OTieg TOL CUUPBAAOLY GTNV EUEAVIOT] HOBNCLOKOY SVCKOMOV, TIGTEOOVLLE
OTL OMUOVTIKN YN HeONCLOK®V SVCKOMMY Tov oxeTi{ovial HE TO COUATIOWKE HOVTEAN
opeileton akpPadg oto yeyovog 6t M ddackaiia Twv Puoiwkodv Emomumy dev kdvel copn
S1aKp1on avApeso 6To HOVIELD Kol TNV TPAYUOTIKOTNTA. Anpovpysiton £T61 po Kotdotaon
OV HO14leL va diVEL ATOVINGELS OGTO HKPOCKOTIKO EMIMEDO Y10 EPOTNLOTO TOV SEV £XOVV KOV
SotvrtwBel 6To pokpookomikd eninedo (Xtavpidov 1995).

O1 duGKOAIEG OTNV KOTAVONON TNG AELTOVPYING TOV COUATIONKMV HOVTEA®V glval vehBvveg
KO Y10 TTOPOVOT|GELS TOV EYOLV TO, TOUOLG OYETIKA HE TIC €vvoleg NG BepUOTNTOC KOl NG
Beppoxpaciog. Ot TAPAVONCELG OVTEC 0ONYOVV GTIV GVYYVON OVALESH OTIG dVO €VVOLEG KOl
GTNV 0SLVOLIO TOV TAdOV VL KOTOVONGOLV KOl Vo, EPUNVEDCOVY QovoEVa Tov oyetifovtot
HE QTEG TIG £VVOLEG, OMG T.Y. 1 SGTOAN, 1) aAAAyN QAo™S, 1 Bepuikn tooppomio petas&d dHo
COUATOV, KAT.

TyedraoTIKES apYEG TOV AOYIGHIKOD

To omoteAéopota g e&€MENG ot I'vooiokn Emotiun kot ot ABoKTIK) Tov OeTikdv
Emompov topéyovv onuepo otV EKTUOEVLTIKN TEXVOAOYIO AOYIGUIKOD L0 GEWPA amd apyEg
Yo ™V oyedloon KOwoTopK®V Honolokov mepiBorlldviov Tov vo ONUovpyolv VEE
ouvOnkeg pnabnong, vroompifoviog Mo AmOTEAECUATIKA TIG TPOSTADEIES TV HaONTOV/plidv
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Kol tov Kadnyntov/puwwyv (Vosniadou 1994a, Philokyprou et al 1995). H ypnion tov
VIOAOYIOT poG dtvel TV SuVATOTNTO LOVTEAOTOINONG QENPNUEVOV KOL LT TOPUTHPHCLOV
OVTIKEILEVOV 1] JIEPYUCLOV.

O1 oyed100TIKES 0PYEG TOL AoYIoUIKOD gtva:

Noa diver éupaon omv eumhokn tov/MG podnt/prag oe avbeviikés SpacTNPOTNTEG TTOL

ovTikatontpilovv avTd Tov cuuPaivovy 6Tov TpaypaTikd kocpo (situated/anchored learning)

(Brown et al 1989).

Noa vroompilet ) dnpovpykny dpacTnpldTTa TOV/NG HadNTH/Plag, ETTPENOVTING, HECH OF

OLYKEKPIUEVO TAOIGL0, Vo €yel Tov €heyxo TG oladkaciog tng padnong, oAAG emiong

mapéyovtag fondeia kot kaBodrynon otav ypedletar (Driver 1983).

Noa Aappaver veoymn tig PACIGUEVES GTNV EUTEPIN AVOTOPACTACELS TOV/1G LabNTH/pLog yio To

TPOYHOTIKO KOGLO, EMITPEMOVING G OVTEG VO EEDTEPIKELOVTAL, OOTE 0/1 Pabng/plo va

eléyxel TV 100 TOLG, VO £PYETOL OVTIUETOTOG/M HE TIG TOPOVONCELS TOV/MG KOl VO

vroPonbeitonr mpog Vv katevBvvon ™G peTa-evvoloroykng entyvoong (Vosniadou 1994b,

Duit 1991).

Noa vrofondncet Tov/mv diddokovia/ovoa oty KatehBvvon g avoapadons Tov dSdaKTIKov

Kol Tondoymykol €pyov, ditvovtag Tov/ng duvaTOTNTEG, VO KAVEL SIUPOPETIKE, KOAVTEPO KoL

TEPIOGOTEPO. TTPAYHATA, TAVEO OTO 1010 YVOOTIKO avTiKeipevo, diymg va vrokabiotd tov/mv

id10/a, 1 0 SBaKTIKA ToL gpyaleia (BPAio, epyactiplo).

No Aopfaver vmoyn TG TPAYLOTIKES GUVONKES O1000KOAOG HEGO OTO TANIGLO TOV GYOAKOV

GUGTNLLATOG,.

Téhog, va evBopplOvel TV OmOTEAECUATIKY) OAANAETIdpooT Kol emKowvovio HeTa&d

LOONTOV/PLOV KoL EKTAOEVTIKAV, LEGH OO KATAAANAEG EKTALOEVTIKEG OPUCTNPLOTNTEG.

IToAV onpavtikny Bempeital 1 vIOKivoT TOL EVIPEPOVTOS KL 1| EVEPYT CUUUETOYN TOL/MG

padnTy/plog katd tn ygpHoN TOL AOYIGHIKOD, KOl Y0 TO GKOTO OVTO TOV/MG TOPEYETAL M

dvvatodtToL

*  No yepiletor pe gokolio, pe ypagikd tpdémo (pe 1o movtiky), to mepiPdriov (Direct
Manipulation Interface), Tnv gpedvion 1 andxpovyn otoryeivwv Tov interface, KA.

*  No zmepapatiotel grevbepa, doxpaloviog Skég Tov/ng emA0YES, OTOL aVTO KPIvETOL
GKOMLO.

e No extelel d14Qopeg epyuciec, €YOVIOG OMTIKN OVAOPACT TOL OMOTEAEGUATOS TV
EVEPYEIDV TOV/NG, DOTE VOl SLATIGTAOVEL LOVOG/T TOV/MG TUYOV AOVOUGLEVEG EVEPYELEG KO
va evepyomoteital Tpog TV katevduveon g 610pbmong Tov Adbovg.

e  No avointel xor va Ppioker Ponbeo dtov tov/mg eivor omapaitntn, GOGTE Vo pnMv
OTOYONTEVETOL KOIL YAVEL TO EVOLOPEPOV TOV/MG.

e No &er mmrikn  evnuéPOOon KOl MYNTIKN  avadpoon TOV  EVEPYEIDV  TOL/MG,
oAMnAemidpaotiky (interactive) Kivovpevn €wkovo, (animation) kon dvvordtnteg hypertext
ko hypermedia, 6£d0EVOU OTL TPOKELTOL Y10l 110 TOAVLUEGIKT EPOAPLOYN.

Ieprypagn tng Ogpatikiic evotnrog «OeppdTnrTo»

IIpokeévov vo OVTIHETOTIGTOVV Ol JVOKOAEG oV gupavifovv ot pabntég/pieg oty

KATAVONON KOl EPUNVEIN QOIVOUEVOV BEPIIKNG S10GTOANG KOl GAAAYNG PUGIKNG KOTACTAONG

Kol OTn YPNOT OCOUATIONKOV HOVIEA®V, avamtoyfnke m evotnta «@gpuotto» Tov

Aoyiopkov 1 onoia TepAapPivel GevapLa Kot dpaoTnpoOTTES TOV GyeTilovTaL:

*  UE TN S0GTOAN OTEPEDV, VYPDV KUl AEPIOV COUATOV,

*  ue TIg oAlayEC edomng (0o OTEPEN GE LYPY KOl OO VYPT G AEPLAL).

To mepPdAlov epyaciog mPOGOUOLDVEL €va amAO €PYASTHPO OTOL 0o/M padnTig/plo €xet

Stabéoipa Ta akdA0VO0 LAKE KOl GUGKEVEG TTOL PTOPEL VOL PNCLOTOCEL:

*  Metodkn oeaipa Kot SOKTOAL0, amd TOV 0moio mepvdel 1 opaipa Loévo dtav givar Kpvo
(ovokevn KVPIKNAG SIGTOANG).

*  Avyvo Béppavong pe duvotdtra pHOong g AGYAS.
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*  Metodkég paPoovg pe SL0POPETIKA LNKT Kot O SLopOPETIKE VAIKA.

e Xvokevn Oéppavong wor péTpmorng Tov pNKovg S PEPdov (CLUCKELY| YPOLLUIKNG
S1CTOANG).

e O1dheg SPOPETIKOD OYKOL KOL HE OLOPOPETIKA VYPU, OV QPEPOVV GTO GTOULO TOVG
Swypappopévo kot Pabporoynpévo coAnve kot BepuoOpeTpo, dOTE va. umopel o/m
pafnmc/pla vo TopoTnpioet Kol Vo LETPNOEL THY adENGT TOV OYKOV TOL VYPOL, TV TO
Oeppaivet.

e ®10An pe 0€plo, TOV PEPEL GTO OTOULO TNG Stoypap o évo Kot Babploloynuévo coinva,
Qpaylévo pe oTayova vypol, Kot BepropeTpo, MGTE v AivETaL 1) SLOGTOAN TOL aEepiov
Katd ™ 8éppavon tov.

e Aoyeio pe mdyo Kol OeprOUETPO Y10 TO TEPALATO GALAYNG PACTG.

e Xepompro pe duvordomta Evaping — ANENg kot maydpotog g 8épuavens, dote va
mpoiafaivel 0 pLabnTe va onpetdvEL LETPACELS KATE TN SIEPKELD TOV TEPALLATOC.

O1 dpaotnptotnTeg ToL TEPLOUPEVOVTOL GTNV EVOTNTA TPOTEIVOLV Tal EENG TEPAUATOL:

OEpUOVoT UETOAMKNG GQOipag — SOKIUN OV TEPVAEL amd TO OAKTOAO, TPV Kol UETE TN

0épuavon (Bréne Ewcdva 1).

OEpHovon HETOAIKNG pAaPdov, kataypoen Tng avénong Tov UNAKOLS TNG GE OYEoM ME N

Oeppoxpacio — emavaAnym yo pafdo S10POPETIKOL PHNKOVS Kol Otd SopOPETIKO VAKO (BAéme

Ewova 2).

Tavtoypovn Béppaven dVo VYPOV Ge PLIAEG KOl TAPUTNPNOT] TNG AVENCTG TOV OYK®V TOVG LIE

) Beppokpaoio (PAéne Ewdva 3).

®épuaven vypold Ge QAN KOTOypoaen Tng ovénong tov OyKov Tov of oy£orm HE TN

Oeppokpacio — ETOVAATYN Yo VYPO SLOPOPETIKOL OYKOV KOl Y10 OOPOPETIKO VYpO (PBAéme

Ewoéva 4).

LI 364
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Ewova 1 — @éppoavon HeTahAKnG oQaipag
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Ewdva 4 — ®éppoven vypod oe eréAn — Movtého — I'pagikn mapdotacn
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®épuavon aepiov oe QAN, mapatipnon g adENoNS Tov dYKOL TOL GE OYECH WE TN
Oeppokpacio (PAETe Eucova 5).

®épuavon mayov oe doyelo kot mapatipnon g petaPoing g Oeppokpaciog Katd ™
0éppavon tov, v TEN ToL o€ veEPOD, TNV BEpHAVEN TOL vEPOD PEYPL TO onueio Bpacod Kot
v e&dtomn tov vepol (BAéne Ewcoveg 6-7).

O/H pobnmg/plo €xet tov €AeyX0 TOL TEPANATOC (EMAOY Tapapétpmv, Evapén, mayoua,
AEN) Ko pmopet, petd amd emAoyn, vo mopoatnpioel e EeY®Plotd Topdbupo TN YPUEIKY
AmEWOVION TG HeTaPOANG UKOVG, OYKOV, KATT. o€ cuvapTnon pe tn Beppokpacio. H e&éMén
TOV TPOGOUOIDCENDY TOV TEPUUATOV, OTOV AVTH EIVOL TOCOTIKE, GTNPIfETAL GTOVG GYETIKOVG
vOpovg G BepLOSVVAKNG, GAAG YPNOLOTOLEITAL EKOVIKOG YPOVOGS, Y0 Vo Uy Kabvotepel
VePPOALKE 1) OAOKANP®GT TOV TEPALOTOG.

Onwg mpoavapépdnke otd)0g ToL AOYIGUIKOD €Vl Vo OVIYLETOTICEL TIG TOPAVONGELS KOt
dvuokoAlec TV HadNTOV/pLOV VO YPNOLULOTOUIGOVV COUOTIOIKEA LOVTEAD Y10 VO EPUIIVEVGOLY
QLOKE Eovopeva Kot KaTtaoTdoels. ' 10 okomd avtd T0 AOYIoUIKO eUTAEKEL gvepyd To/M
¥pnotn o¢ dwdikacieg povielomoinong Qavopévev Beppikig dooToANg Kot UETABOANG
QLOIKNG KoTdoTaons. Katd m dwdikacio avti povtedomoinong o/n pobntmg/puo Eekvd and
TO EUTEIPIKO €MimEdO avoyvopilovioag Opyoavo, VAIKA, OVTIKEIPEVO, KA., KOl KAVOVTOG Mo
TPOTN OVAYVOGCT TNG EUTEPIKNG TPAYUATIKOTNTAS. XTH GuVEYELD TiBeTaL £va epdTHL 1] éva
TPOPANUa oL dev pmopel va amovtnBel mapd Lovo pe T xpNomn EVOS COUATIOKOD HOVTEAOL
(m.y. Yol eved av&dvetar o 0yKog Tov vYpol otav Bepuaivetor 1 pdla tov pével otabepn).
Téhog mapovclaleTol T0 COUOTIOKO LOVIEAO KOl OL WOIOTNTEG TOV, KoL YPCLULOTOLEITOL Yol T
HEAETN TOL PAVOUEVOL. XTOY0G £ivol 0/1 LoBNTAG/pLloL va. TPOCEYYITEL TNV TPOYLATIKOTITO [LE
vEOLg OPOVG KoL VO avoTOEEL AVTIAMYELG CUUPATEG LE TV EMOTNUOVIKY dmoym (Xtavpidov,
1995).

Ewdwkdtepa o1 mpotevdpeveg dpaotnplotnteg mepiiapfavovv Tpofieymn amd HEPOLS TOV/NG
padnmy/pog yio to 1t o cvpPei, o ovvEXEw, HETA TNV EKTEAECT] TOL TEPAUNTOG,
emaAn0gvon ™G oxeTIkNG TPOPAEYNS, KaBMOG Kol epunveia Tov vd peAéTn gatvopévov. o
TV KOAVTEPT KOTOVONGN TOL QOIVOUEVOL, 0/1 LoBNTC/plo. umopel vo emAEEEL TNV ERPAVIoN
KOTAAANAOL COUOTIOWKOD HOVIEAOV, OV OVOTUPIOTH TO (QUIVOUEVO OTO WIKPOGKOTIKO
eMinedo, MOOTE VA GCLOYETICEL KOAVTEPO TIG METAPOAEC OTA HOKPOOKOTIKG HeyEdn mov
VTEIGEPYOVTAL OTO TEPApO HE TG HETOPOAEG TOV HIKPOCKOTIKOV TOPAUETP®V  TOL
oyxetifovtal He TIC OMOGTACE; TOV HOPi®V TOL VAKOL KoL TNV  Kiviion Tovg.

Wl l!
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Ewova 5 — @éppavon aepiov og @uoAn — Movtédo
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Ewova 6 — Thén ndyov — Extloyn poviélov
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Ewova 7 — EEatpion vepov — Ilpotevopeveg dpactnplotnteg

Mofnolokog 6to)0g ot TEWPGIOTO BEpIIKNG SUGTOANG vl aPEVOS LEV 1] KOTOVONGY TOL
yeyovotog 01t M avénon Tov SluoTAcE®V TOL COMATOS oegiletar oty avénorn g
KWNTIKOTNTOG TOV LOPL®mV TOL Kot TV HETOED TOVS OMOCTACE®V KU, APETEPOV O GLGYETIGUOC
™¢ OeplLoKPUsing TOL GMOUATOG HE TNV KIVNTIKOTNTO TOV HOPIOV. XTI dPUCTNPLOTNTES TOL
GLVOSEVOVY TO TTEPALATO OALAYNG TNG PLOIKNG KOTAGTAGNG TOV CAOUATOC, VILAPYEL EMTAEOV
0 o10Y0¢ Mg Obkplong peta&d TV evvolidv Bepudtmrag kot Bepuokpacioc. o v
TPOGEYYION TOV GTOYOV OVTOV YPNGLLOTOLOVHE T TEPAROTO TG TENG TOL TAYOL KOl TOL
Bpacion tov vepov, 6mov o/n pabnTig/pla propel va mapatnpioetl 0t 660 dlapkel 1 aAAoyn
@aomng, 1 EvosiEn tov BepUOUETPOL TapapEveEL oTtabept], TAPOAO TOV TPOGPEPETAL GTO VEPO
Oeppotta and to Aoyvo 8épuavong. g Ewdveg 1-7 mov akorovBovv paivovtat emheypéveg
006veg amd GTIYUIOTLTO TV SPOCTNPIOTIHTOV TOV UTOPEL v EKTEAEGEL 0/1 LaBNTAG/pLo.

A&oroyNon 100 AoYIGHIKOV

H vhomoinon tov Aoywopwod «M.A.@.HM.A» olokAnpdbnke kot t0 7POypOpLUQ
napadodnke oto [Tawdaymywd Ivotitodto yia 1o TpdTo 6Tddo TG a&lordynong, and o onoio
npoékuyav Betikég mopatnpriosc. Oetikd TtéAog MTov Kol T oxOMa KaONynTOV/pLodv
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devtepofadiiag exmaidevong mov HEAETNGOV TO AOYIGUIKO. e enduevn @dom o Aoyiopukd Oa
a&loroynOel pe podntéc/preg Nvpvaciov.

BIBAIOTPA®IA

Anderson, B (1986). Pupils' explanations of some aspects of chemical reactions. Science Education 70,
549-563

Anderson, B. (1990). Pupils' Conceptions of Matter and its Transformations (age 12-16). Studies in
Science Education, 18, 53-85

Ben-Zvi, R., Eylon, B., Silberstein, J. (1986). Is an atom of copper malleable? Journal of Chemical
Education, 63, 64-66

Brook, A., Briggs, H., Driver, R. (1984). Aspects of Secondary Students' Understanding of the
Particulate Nature of Matter. Children’s Learning in Science Project. Center for Studies in Science and
Mathematics Education, University of Leeds.

Brown, J.S., Collins, A., Duguid, P. (1989) Situated cognition and the culture of learning. Educational
Researcher, 18, 32-34.

De Vos, W., Verdonk, A.H. (1987). A new road to reactions, part 4. The substance and its molecules.
Journal of Chemical Education 64, 692-694

Driver, R. (1983) The pupil as a scientist? Milton Keynes: Open University Press.

Driver, R. (1985/1993). IIépa and ta gowdpeva: i dwthpnon g Hélag 6Tovg PLGIKOVG Kot ¥NLIKovg
petaoynuotiopovg. In R. Driver, E.Guesne, A.Tiberghien (Eds), Or 1déeg twv moidiwv otic Dvoixég
Emotiues (M. pet.) Adnva: E.E.@., Tpoyoiia, 208-241

Drouin, A.-M. (1988). Le modele en questions. ASTER No 7, 1-10

Duit, R. (1991) Students’ conceptual frameworks: consequences for learning science. In S. Glynn, R.
Yeany, B. Brytton (Eds.), The psychology of learning science. Hillsdale, N.J.: Erlbaum.

Hatzinikita V., Kokkotas, P. (1994). Children's and undergraduate students' conceptions of the changes
in the state of water. In A. Bargellini & P.E. Todesco (Eds) Proceedings of the 2" European Conference
on Research in Chemical Education, Pisa, Italy, 247-253

Nussbaum, J. (1985/93). H copatidioxy eoon g VAng oty aépio. Kotdotaom. In R. Driver, E.Guesne,
A.Tiberghien (Eds), O 1dées twv moudiwov ong Pvoikés Emoriues (eMh. pet.) Abnva: E.E.®., Tpoyoiio,
180-207

Philokyprou, G., Georgiadis, P., Grigoriadou, M., Samarakou, M., Mitropoulos, D., Panou, D. (1995)
Cognitive research and computer-assisted learning of physical sciences. In G. Philippou, K. Christou, A.
Kakas (Eds.), Instruction of Mathematics and Informatics in Education. Proceedings of the B” Hellenic
Conference, Lefkosia, Cyprus, 537-546 (published in Greek).

Vosniadou, S. (1994a) From cognitive theory to educational technology. In S. Vosniadou, E. De Corte
and H. Mandl (Eds.), Technology-Based Learning Environments, Psychological and Educational
Foundations. NATO ASI Series F, vol. 137, 11-17. Berlin: Springer-Verlag.

Vosniadou, S. (1994b) Capturing and modeling the process of conceptual change, Learning and
Instruction: The Journal of the European Association for Research on Learning and Instruction, 4, 45-69.
Ztavpidov E. (1995). Moviéda @voikwv Emiotnudv kai dradikacies uabnons. Adva: ekddcelg Zappdaa.
Ztavpidov, E. (1991). Ta emotnpovikd poviéda ot dwackorio e Xnueiog. Modnookég Svokolieg:
attieg, amotehéopato, Tpotdoels. Xyuixd Xpovika, 53(5), 131-136

Stavpidov E. (1999). @aviueva koir poviéla tov guoikod koopov: €vo. Loyiouuko yia ty 010aoKkario.
HOVTEAWY THG doung TS VANG ato Anuotikd ayoleio kar to I'vpvaoio. B’ pépoc: Gawopeva Bepukng
Sootog, Ipoxticd 1°° Tavelinviov Zvvedpiov «ITAnpogopikf kot Exraidevon», Indvviva, 1999.



