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Summary

Many studies have shown that students face considerable difficulties in understanding
the concept of matter and its physical changes. For example, they consider that air is
not a physical body and that has no weight, they consider matter continuous, particle
ideas appear later, but often are not in accordance with the scientific ones etc. We
believe that these difficulties are due to the fact that students form initial explanations
of matter that differ from the corresponding scientific ones. According to the
framework theory proposed by Vosniadou and her colleagues and based on relevant
studies (Vosniadou & Brewer, 1992, 1994; Vosniadou & Mason, 2012; Vosniadou,
Vamvakousi & Skopeliti, 2008), students find it difficult to understand some concepts
because they violate principles of their naive theories, which are formed by their
everyday experiences. These naive theories have internal consistency and provide
explanations for the phenomena, but differ significantly from the corresponding
scientific ones. This is the reason why they can be an obstacle in the process of
learning. When students are exposed to the scientific explanations, they try to
incorporate the new information into their own explanatory frameworks, but this
incompatibility can lead to inconsistency or misunderstanding. The understanding of
the scientific concepts requires the reconstruction of students' ideas.

The model of microcosm is a valuable tool for understanding these concepts and
interpreting the macroscopic phenomena. The particulate theory of matter is one of
the most important modern theories, providing accurate explanations for matter and
phenomena. However, even high school students have misunderstandings about the
nature of particles. For example, many students do not understand particles as the
basic components of matter, but as something within matter, they see them as
embedded in the material (Andersson, 1990; Lee et al., 1993; Nussbaum, 1985). This
is a strong misconception that is usually reinforced by the naive realism of the
students that leads them to assume that things are as they appear to be. Another
difficulty for students is their commitment at the macroscopic level and at the
macroscopic properties of material bodies: solids and liquids that are visible and
tangible form the ontological category of matter, while gases are something else,
usually more closely related to heat and electricity than with matter (Carey, 1991).
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Another factor that influences the process of learning is students' epistemic beliefs,
namely their beliefs, about how knowledge is constructed and evaluated, about the
process of knowing. Several studies have shown that students’ epistemic beliefs are
related to the conceptual change in physics (Stathopoulou & Vosniadou, 2007),
because only students with high-level epistemic beliefs achieved a profound
understanding of the concepts of physics.

In this scenario we apply a didactic intervention designed to promote the process of
conceptual change for matter, i.e. to help students move from their based-on-the
senses perceptions of matter to the more abstract concepts of the scientific theory,
utilizing a variety of resources, both material and digital, including the educational
model of microcosm. A basic element of the scenario is that it takes into
consideration students' perceptions of matter and the obstacles posed by their
limitations, while the introduction of the particulate theory of matter is attempted by
appropriate simulations. All the available material and digital resources are best
harnessed by compiling an educational digital scenario based on the scientific /
educational methodology by inquiry. Therefore the scenario incorporates tasks
dealing with less obvious cases of matter (e.g. invisible objects), other ways of
perception of matter (e.g. special tools, simulations), analogies introducing the idea of
particulate nature of matter, etc. The scenario also takes into consideration that most
elementary school students do not have the necessary epistemological knowledge to
combine what they perceive with their senses (e.g. solids and liquids seem to be
continuous) with some of the basic principles of particle theory (matter consists of
particles, etc.). That is why the scenario includes tasks that will help students
overcome their belief that "things are as they appear to be" and tasks related to the
uncertainty of knowledge.

With regard to the model of microcosm, the scenario incorporates appropriate
simulations adapted to the cognitive, deductive and synthetic abilities of students, but
without over-simplifications that usually create more misunderstandings. These
simulations were created in the Laboratory of Sciences, Technology and Environment
of  the University of  Athens (Kalkanis, 2013; http://micro-
kosmos.uoa.gr/gr/software/prosomoioseis.ntm) and take into account students'
misconceptions so that they do not reinforce them, therefore black background is used
and particles are in constant motion. Previous attempts to exploit the model of
microcosm (Papageorgiou & Johnson, 2005; Yezierski & Birk, 2006; Papageorgiou et
al., 2010; Gikopoulou R. & Vosniadou S. 2012; Gikopoulou 2013) showed that even
students of primary schools are able to exploit this model for the interpretation of
macroscopic phenomena.

Concerning the methodology, the scenario is structured on the basis of the scientific /
educational methodology by inquiry, which is a pedagogical approach to the
historically recognized scientific research method (Kalkanis, 2007). From a
pedagogical point of view, this approach presents a comparative advantage to other
traditional methods as it contributes substantially to the development of strong
cognitive, metacognostic, communicative and scientific skills (Hu et al., 2008; Sun et
al., 2014). Several studies highlight that Information and Communication
Technologies are effective teaching and learning tools that enhance the introduction
of the scientific inquiry (Papadakis, 2016; Kalogiannakis 2017). This methodology
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consists of five steps: a) trigger of interest, b) hypotheses (about the causes of the
phenomenon being studied), c) experimentation, d) conclusions (based on the
experimentation) and e) applications, explanations.

The proposed scenario exploits a variety of material and digital resources by
attempting a systematic effort to avoid limiting the student to simple passive
observing situations. In particular, it involves performing real experiments with
simple materials, but also exploiting many digital resources such as: interactive
whiteboard, instructional texts, static images, animations, word clouds, conceptual
maps, educational videos, videos with successive enlargements of objects, analogies
for the introduction of the idea of the particulate nature of matter, simulations of
microcosm etc. Students work on the basis of the worksheets created for the scenario
and there are also the corresponding (completed) worksheets for the teacher. The
scenario is designed for primary school students of 5" grade and its implementation
includes three activities for 2 hours each, covering all the steps of the scientific /
educational methodology utilizing all the above-mentioned material and digital
resources. Students divided into groups of 3-4 work in the computer lab, where the
interactive whiteboard is.

The practical implementation of the scenario to 16 pupils of the 5th grade (10-11
years old) showed that it affected positively both students' perceptions of matter and
their epistemic beliefs (Gikopoulou, 2017), supporting the view that the microscopic
approach of matter helps students approach the macroscopic concepts. Mare
analytically, students began to realize that things are not always as they appear to be
and begin to accept the idea of the invisible particles consisting matter. They were
able to distinguish material bodies from non-materials based on their properties and
classify them based on their physical state in solids, liquids and gases. All students
also participated with enthusiasm in the discussions and the experiments, but also in
the use of the interactive whiteboard.

Students’ progress is also evident in their sketches when asked to design the interior
of a solid, a liquid and a gas before and after the scenario was applied. Moreover, the
digital scenario increased students’ interest and their active participation in the
educational process. Apart from the experiments, students liked the creation of word
clouds, the videos with objects enlargement and the tools we use to "see" something
(e.g. telescopes, microscopes, radar, radiographs, etc.), the analogies as well as the
simulations. With regard to conceptual maps, most students said they found them
very useful, especially when they returned to them to check or correct them, because
they could identify their mistakes themselves. This observation is in agreement with
the findings of relevant studies that suggest that conceptual maps can be used as a
tool for exploring students prior knowledge, exploring students’ representations on a
particular subject, conceptual change and problem solving (Gouli et al., 2006).

To sum up, our results are in agreement with other researchers who argue that the use of
digital tools allows children to acquire a different learning experience, highlighting their
high levels of involvement, helping to promote collaboration and skills development and
helping students to understand scientific concepts (Kalogiannakis and Papadakis, 2017).
Educational digital scenarios can play a role as cognitive tools, support inquiry based
learning situations, promote problem-solving, decision-making and critical thinking,
promoting high-level cognitive skills.
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Iepiinyn

[ToAAEG épevveg €xovv Ogiet OTL Ol LaBNTES SVGKOAEDOVTOL VO KATOVOT|GOVV TIV £VVOLd.
™G VANG Kot TIC QUOIKEG UETAPOAEC TNC. OemPOE OTL 01 SUGKOAIEG WTEG OPEIAOVTOL
OTO YEYOVOG OTL £XOVV SLOUOPPMGEL OPYIKES EPUNVELES YioL TV VAN TTOL SlopEPOVY amd
TG aVTIOTOUYEG EMOTNUOVIKEG. To TPOTLIO TOL KPOKOGUOL €ivol €va TOADTIULO
gpyoAelo Yo TNV KOTOVOMGON TOV EVVOIDV OLTOV Kol TNV epunveia  Tov
LOKPOCKOTIKAOV  PUIVOUEVOV. XTO TAPOV GEVAPLO €POPUOLOLUE [0 OOOKTIKN
napéuPacn mov okomd €xel va Pondnoer tovg pabntéc va petafodv amd TIg
Bac1lopeveg 6TIC MeONOELS AVTIMYELS TOVG YOl TNV VAT OTIG TO AP PNUEVES EVVOLEG
mg  emoTuUovikng  Bewplag, aflomowdvrog o oEpd  amd  wOPOVLG,
CLUTEPIAAUPOVOUEVOD KOl TOV EKTOLOEVTIKOV TPOTVTOV TOL UIKPOKOGHOV. Baoikd
oTotyelo Tov cevapiov Yo pobntég g E° Anpotikov givor 6t Aapfavel vdyn tov
TIG AVTIANVELS TOV HOBNTAOV Yo TV VAN, EVO 1) E160Y®YN TG COUATIOWKNS Bempilog
yiveton pe 1 Pondelo TPOCOHOIMGE®Y TOV HOVIEAOL TOV UHIKpOKOGuHov. Emiong,
a&lomoovvtal 6Aot ot dwbéoiort VAol kol ynorokoi mopor cuvBéToviag Eva
EKTAdEVTIKO YNElokd oevdplo mov Paciletaorl otV EMOCTNUOVIKY/EKTALOEVTIKY
peBodoroyia pe depedvnon. H epappoyn tov cevapiov €0e1&e 0tL emmpéace OBetid
TIG OVTIMYELS TV podntov yio v VAN, vrootnpiloviag kot v amoyn OtL 1
LKPOGKOTIKY] TPOGEYYIoN TS VANG Tovg Ponbd  vo mpoceyyicouv kaAdTEPL TIG
LOKPOGKOTIIKEG EVVOLEC.

AéEerg/évvorec-Kre1ond
Ocopia yio Vv VAN, dvokoAieg padnTodV, mTPOHTLIO WKPOKOGOV, TPOCOUOIDGELS,
YMEKo oevAplo, EMOTNUOVIKY / eKTandeuTikn peBodoroyia pe depgvvnon.

Ewayoy

[InBdpo LEAETMOV GTOV YDOPO TV PUCIKDOV EMCTNUAOV £xEL deiEeL OTL O pabnTég, TOG0
™me mpoTofdbuiog 660 kot g OgvtepoPabuiag  exmaidevong, avtipetomilovy
ONUOVTIKEG OVOKOAEG OTNV KATOVONOT TNG £VVOLIG TNG VANG KOl TOV EMICTNUOVIKOV
eénynoemv Y Tig puowés petaforés mg (Piaget & Inhelder, 1974; Smith, Carey &
Wiser, 1985; Griffiths & Preston, 1992; Lee, Eichinger, Anderson, Berkheimer &
Blakeslee, 1993; Driver, Guesne & Tiberghien, 1994; Nakhleh & Samarapungavan,
1999; Wiser & Smith, 2012a). I'a mopddetypo. Bempodv 0Tt 0 aépag dev eivar VAIKO
oopo Kot 0T dev €xel Papoc, Bempodv v VAN OpOYEV KOl GLVEYN, Ol COUATIONKEG
10€eg eppaviCovior 6e PeyahdTeEPOLG HOONTES, OAAG CLYVA JEV €IVl CUUPOVES LE TIG
EMOTNUOVIKES, OVGKOAEDOVTOL VO KOTOVOT|COVV TN COUATIOWKT KATAGTAoN TG VANG,
VO UEYEAN SLOKOAMO GLVAVTOOV KOl GTNV KOTAVONGCT NG £VVOl0G TOL KEVOV, TNG
aévomg Kivnong Tov copatdiov Kot e OAANAETIOpOoT|G LETAED TOVG.

Oewpovpe OTL Ol SVOKOAEG OVTEC O@eiAovtal ©TO YeEYovog OtL ol HoONTEC
SUOPPADOVOVV apyIKEG EPUNVEIES Y10 TV VAN, Ol OTO1ESG SLOPEPOLV OO TIG AVTIGTOLYES
emotnuovikés. Opotr Odmwg «alternative conceptions», «commonsense knowledge»,
«mental representationsy, «alternative frameworks», «children's science», «schemes of
thoughty», «misconceptionsy, «private science» KTA. €OV TITAOQOPNGEL KATA KALPOVS
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v 1010 10€a OTL 01 HOONTEG deV €PYOVTaL GTO HAOMUO TOV PLOIK®OV EMCTNUDV YOPIG
dmoyn vy To eovopeva Tov Ba pedetnOovv.

Yoppova pe ™ Beopio mhoisiov mwov €xel mpotabel amd T Booviddov kot tovg
oLVEPYATEG TG Ko OTMG TPOKVLTTEL amd oyeTikés £pevvég tovg (Voshiadou &
Brewer, 1992, 1994; Vosniadou & Mason, 2012; Vosniadou, Vamvakousi &
Skopeliti, 2008) ot podnTég SLGKOAELOVTOL VO KOTAVONGOVV UEPIKEG EVVOLES YLOT
nopafralovy TOAAEG Omd TIG OPYEC TOV OQEADV OewplidV TOVG, Ol Omoieg
dapopedvovtal Pacel Tov kabnuepvov eumelpldv toug. Ot apelels avtég Bempieg
Booilovior oty ko Aoy Kot ompilovior oty avbdpuntn mopatipnon Tov
KaOnuePVOD TEPTYLPOL, JUOETOVY EGMOTEPIKN GLVOYT KOl TAPEYOLV TN OLVATOTNTA VO,
dtvouv g€nynoelg, dSapéPouy OUMS aetNTA 0o TIS AVTIGTOYES EMOTNUOVIKEG, YU avTd
KOl WITOPOVV VO OITOTEAEGOLV EUTTOOI0 KT TN Stodtkacior TG nanong (ko) otov xmpo
TOV ELOIK®OV emoTNUAOV. Otav ot padntég extifevion oTiC eMOTNUOVIKEG eENYNGELS
TPOCTOOOVV apYIKE VO EVOOUATOGOLV TS VEES TANPOPOPieG 6TO OKO TOVG
eneéNyNUOTIKO TAaiclo, OpmG ovt] 1 acvuPatdotnro umopel vo. oOMYNoEL GE
aCLVETEWD 1| OTn Onpovpyio mapoavoncemv. H katavonon Tov emMGTHUOVIKOV
EVVOLMV OoTeEl TNV avadOunomn Tov 0@V TOV Hodntdv, Oumg ot 10éec avtég dev
aALGlovv gbKoA, KOOMOG amoTteAoVV TPOSOMKS dnovpynpa Kae padntn kot etvon
OMOTEAECUOTIKEG, €MOUEVAOS O padntig mpémel va mewotel 0Tt M véa Bewpio eivon
OTOTEAEGLLOTIKOTEPT] OO TN JIKT] TOV.

Ewwcotepa, 66ov apopd oty évvola g VANG, COLE®VA LE TO ETEENYNUOTIKO TAOIG1O
v padntodv (Kovkd, 2000; Wiser & Smith, 2012a, 2012b) to. cdpota givar cuveyn Kot
N TawTOTTd ToLS (M oMol dev aAAALEL) TpocdlopileTon amd TNV EUPAVIOT) TOLG Kot TN
(QLGIKN TOVG KATAGTAGT). AvTiBeTa, COUPOVA LE TO EMGTNUOVIKO EMEENYNUATIKO TAAIGIO
vy v OAn (Kovkd, 2000; Koaikdvng, 2007) ta @UGIKA COUATO OTOTEAOVLVTOL OO
copatidw mov Ppiockovior e cuveyr] Kivion, T EUOIKE GOUOTO €ivar dSuvaTOV Vo
oALalovv TanTodTTO Ko 1 LeTdfaom omd T pio pUOIKT KaTdoTooT oty OAAN eényeiton
LLE TNV AAOYT] TOV EAKTIKOV SLVALE®DY OVALEGH GTa LOPLOL.

O dvokodrieg TOV padntov

H emompovikny copatdiakn Oewpia yroo v VAN givol pio and TiG Mo GNUOVTIKESG
oLyypoves Bewpiec, mov mapéyel axpPelc ENYNOES Yo TNV VAN Kot TO. QOIVOLEVA.
Qo1000, O0me¢ entonuaivovy kat ot Wiser and Smith (2012b), axoun kot ot podntég
TOV AVKEIOV £X0VV TOPAVONGELG GYETIKA LLE TN VO TOV OTOU®V KOl T1 COUOTIOWKT)
TpocEyyon Tov eovopsvev. TIoAlol pabntég dev avtilapupdvovrol Ta Atopa G Ta
Bacikd cvuotatikd TG VANG 0AAG Gov KATL HEGA TNV VAN, To fAETOLY, ONAddT, ooV
EVOOUOTOUEVE o€ évo VAMKO vrmootpopo (Andersson, 1990; Lee et al.,, 1993;
Nussbaum, 1985). Avt\ eivarl o woyvpn Topavoncn mov cuvidmg 1oyvpomToteital
and Tov aPeA peoMoud TV puadntdv mov tovg odnyel va vrobétovv OTL TO
npaypato givor €tor 0nwg @oivovtal. H VAN ¢aivetor cvveyng, emopévag eivon
ovveync (Harrison & Treagust, 2002; Nakhleh & Samarapungavan, 1999).

M GAAn dvckoAio Yoo Tovg pabntéc elvar 1 OEGUELOT] TOVG GTO UOKPOGKOTIKO
EMIMEDO KO OTIC LOKPOOKOTIKES O0TNTEG TOV COUATMV: T GTEPER KOl TOL LYPE TOL
gtvol opaTé Kot OmTd amoTEAOVV TV  OVIOAOYIKY Kotnyopia TG VANG, evd T aépia
etvan kdTt GAL0, cLVB®G TTO GTEVA GLVOEdEUEVA LE T BEPUOTNTO KO TOV NAEKTPIGUO
an’ 0,tL pe v VAN (Carey, 1991). Ot Wiser and Smith (2012b) emonuaivovv 611 ot
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LLOKPOGKOTIKES £VVOLEG TOV LoBNTAOV Yo TO BAPOS Kat Tov OYKO ennpealovy emiong Tig
nemoldnoelg Tovg yuo To copatiote. o moAlodg pabntég 1o Papog kot 0 6yKog elvan
WB10TNTEG UOVO TOV OVTIKEWUEVOV TOL UITOPOVV Va. Yivouy aucOntd, av Aoty To dTopo
dev €yovv Papog kol Oyko emedn eivor mOAD pIKPE, TOTE OEV UTOPOVV Vo, €ivar
oLOTATIKO GToLKEl0 NG VANG. AALOL HoONTEC GKEPTOVTOL TO COUATIOWN G OLOLOYEVN
KOUUATIOL TOV HOKPOOKOTIKMV OVTIKEWEVOV OTO OTOi0l OmodidoVV HOKPOGKOTIKES
W0t teg my. etvon Leotd, mélovtal, vypomolovvTal Katd v TEN, eEapaviloviot Katd
™ owdAvon «tA. (Griffiths & Preston, 1992; Lee et al, 1993; Wiser, O’Connor &
Higgins, 1995).

"Evog dALog mapdyovtog mov emdpd ot dadikacio Tng pdbnong etvor ot emotnkég
TEMOONGES TOV HaONTOV, ONANOT Ol TETOBNGELS TOVS TO MG KATACKELALETAL Ko
a&loloyeitor n yvdon kot yioe o tog cvuPaivel n dadikacio tov yryvookew. To
OTOTEAECUOTO OPKETOV EPELVAOV €£xovv Ocifel 0Tl Ol emoTNKEG TEMOONGELS
oyetiCovtal pe v gvvololoykny aliayn oty euoikn (Stathopoulou & Vosniadou,
2007), kabmg pévo ot pobntég pe vynlod emumédov eMOTNKEG TEMOIONGELS
Kotagepay o, Babid katavonon towv gvvoldv g euowkne. H Schommer (1990)
vroopilel eniong 6t M miot otV amAn évavtt TG oOvheTg Yvaong pmopel va
EMNPEGCEL TOGO TNV EMAOYN TOV YVOOTIKOV GTPATNYIKOV 00 TOUG HadnTég KoTd ™
dadikacio ¢ pddnong 660 Kot To. KPITPLE TOLS Yo TNV EKTIUNOT TOV HoONoloKOV
OTOTEAEGLATMV.

H Ipétaon

Mio mopéppacn mov oToxevel vo TPOMONCEL TN JOIKAGIOL TNG EVVOLOAOYIKNG
oAlayng ywr v OAn, vo Pondnoet dniodn tovg podntéc va petafodv amd Tig
Baclopeveg otig aotnoelg Evvoleg mov yapaktnpilovv v apeln Bewpio ToVg OTIG
To  aenpNuéves (Kot  TocOoTIKOMOMUEVEG) €vvoleg mov  yapoktnpilovv v
EMOTNUOVIKY] copatidakn Bewpia yioo v VAN, Ba mpénel var Aapfdver vwoyn g
OAOVG TOVG TAPAYOVTEG TOV PaiveTal va mailovy polo KOTA T Labncilokn dtadtkacio
Kol vo 0E0TolEl e TOV KOAVTEPO TPOMO OAOLG TOVG SLBEGILOVG VAIKOVG Kot
YNELIKOVG TOPOVS GLVOETOVTOG Eva EKTAOEVLTIKO Yymelakd cevaplo mov Pacileton
oto. PuoTo TG EMOTNUOVIKNG / eKmodevTikng pebodoroyiag pe oOlepgvvnon.
Ewwotepa Bo mpémer va Aappdvel vmoyn g TG avTIMYEL TV LadnTdv Kot vo
avaAVEL o PaciKd onpeio OV TOVG GVGKOAEDOVV VA TPOGEYYICOLV TIG OVTIOTOUYEG
EMGTNUOVIKES AMOYELS (Ty. pUIa OVIOTHTA EIVAL VAN OV Umopodue vo. thy avtilnglodue
UE TISC QOONOEIS LOG, ETOUEVMS TO OTEPEC KL TO DYPE. EIVOL DN, EVA Ta 0EPIO KL TO,
HKpd, oouota dev givar vAn k). T tov Adyo avtd ypnoiponoodvtal Py oL
oxetilovior Ko pe AMyOTEPO EUQOVEIS TEPWTMOOEIS NG VANG (my. Un opatd
avTikeipeva), OGAAOVG TPOMOVS  OvVTIANYNG TG VANG (my. ewWwd epyaheia,
TPOGOUOIDGELS), OVOAOYIEC OV €1GAYOLV TNV 10€a NG VANG AmOTEAOVUEVNC OO
COUOTION KTA.

To ocevaplo Oa mpénet, emiong, va Aapupdvel vroOy”n 4Tl o1 TEPIGGATEPOL PaBNTEG TOL
ONUOTIKOV deV SOBETOVY TNV OMAPAITNTY EMGTUOAOYIKT YVAOGCT] Yo VO GLVOVAGOLV
avTd oL avtihouBavovtal pe TG alcnoelg Toug kadnuepwva (m.y. ta oteped. kot to.
VYPA Paivovtal GvveEYH) NE LEPIKES amd TIC apyEG TG COUATIOWKNG Bewplag (7 iy
amoteleitar amd owuatioln ktd.) Kol ovtd 0Etel eunddio oty TPoomadeld Tovg va
KOTOVONGOLV TIG EMGTNUOVIKEG EPUNVELES Yo TNV VAN Kol T1g 10T Tég ™S ' avtd
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0o mpémel 6To Gevaplo va mepthapPdvovtar Epya mov Bo fondcovv Tovg pabntég va
Eemepdoovy TNV MEMOIONOT TOVG OTL «TO TPAYUOTO. EIVAL ETOL OTWS PAIVOVTOLY KOl
épya mov oyetifovtar pe TV avoykaldTnTo, TOV TEPAUATICUOD Yo TOV EAEYYO TOV
vroBécemv Kot TV afefatdotnTa TG Yvmong.

Inuovtikd poAo ylo TNV emituy N Oyt aSl10ToiNGT TOL COUATIONKOD HOVIELOL KOTA
™ poonotakn dadikacio tailel o TpOmog e Tov omoio elodyeTal, Kabmg Ba mpémel va
nopovctdloviol oTovg MaONTEC emopkelg mAnpogopieg oAb ywpig ™ YpNoM
paOnuoTik®VY Kot pe T Pondeia KaTdAAA®Y TPOCOUOIDCE®MY TPOCUPLOCUEVOV CTIG
VONTIKEG, OQUIPETIKEG KOl CLVOETIKEG OdvvaTOTNTEG TV HAONTOV, YOPIS OU®G
VIEPOTAOVGTEVTIKEG avakpifelec ol omoiec ouvnBmg OMUIOVPYOVV TEPICCOTEPES
napavonoel. Ot TPOGOUOIDCELS TOV  XPNOHOTOlovpE  dbéTovy  avTd  TO
YOPOKTNPIOTIKG Kot €xovv omuovpyndel oto Epyaoctipio duvowov Emotmmuov,
Teyvoroyiag ko IepiBariovtog tov TITAE tov Iavemommuiov Adnvov (Kalkanis,
2013, http://micro-kosmos.uoa.gr/gr/software/prosomoioseis.htm). O
TPOGOUOIDGELS OVTEG AAUPAVOLY VITOYT TOVG TIG GLYVEG TOPAVONCELS TOV HoONTOV
MOCTE VO UMV TS €VIGYVOLV, YU auTO KOl YPNOLLOTOlEiTOL Hovpo @OvVIO Kot Tol
ocopotidla Ppickovral oe cuveyn Kivnon.

HikpOKoopog HiKkpoKoopog

HikpdKoopog

ZTyHoOTUTO, SVVAUIK®DV TPOCOUOLDGEDY TOV BEGEMV KUl TOV KIVIGEDV TV LOPIOV 6TEPEOD, VYPOD
Ko agpiov, [e TaVTOYPOVN LOKPOGKOTIKT| OMEIKOVIOT] TOV GAOLUATOG
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[Tponyodueveg mpoomdbeleg  0&lomoincHg TOL  HOVIEAOL TOL  HIKPOKOGHOL
(Papageorgiou & Johnson, 2005; Yezierski & Birk, 2006; Papageorgiou et al., 2010;
Gikopoulou R. & Vosniadou S. 2012; T'kiomoviov 2013) €det&ov 0Tt akdun Kot ot
paBNTEG Ko Tov OMPOTIKOV oYoAeiov gival og BEom va a&loTomcovy T0 LOVTEAO OVTO
YL TNV EPUNVEIN TOV HOKPOCKOTIK®YV QOvOpévmv. ['o tnv opoAn elooy®yn g
10€0C TG VANG OC OMOTEAOVUEVNG OO GOUOTIOW, GE TPONYOVUEVI] £PELVA LOGC
(Tcwkomovrov, 2017), eavnke moAd Ponbntikn 1 avaAioyio. TOL GUIVOLE TOVAIDV,
Omov o1 podNTég, Hetd to oYeTKO Plvieo, KOAOVLVIOV Vo TOVV TMOG QoiveTonl omd
Hokpld (cov Eva eviaio GO TOL KIVEITOL) KOl TOSC GAIVETAL 0V TANGLAGOVE APKETE
KOVTA (OmOTEAOVUEVO OO TOAAG HIKPA TTOVALL TTOL KIvouvTol Olopkag). TIpoteiveran,
EMIONGC, N EIGAY®YN TOV HOVIEAOL TOV UIKPOKOGHOV VO, YIVETOL GE GLVOVACUO PE TNV
LOKPOCKOTIKY] TTPOGEYYIOT, MPOKEWEVOL VO, GLVOLAGOLV Ol HoONTEC TIG OVO
Bempnoels Kot vo TpoceYYicouV KOADTEPO TIG LEAETOUEVES EVVOIEG KOl POVOLEVO, KO
vo unv Bgpovv 41t avtd Tov pabaivovy Yo ToV KPOKOGLO glval SOpOPETIKA amd
TOL VMKO COUOTO YOP® HLOG.

H Me0odoroyia

To oevaplo odopeiton pe Pdaon to Prjpota TG EMOTNUOVIKNG / EKTOLOEVTIKNG
pebodoroyiag pe depehvnomn oL amOTEAEL L0 TOOAYOYIKT TPOGEYYION TNG IGTOPIKA
KaTtaSlOUEVIG  EMOTNUOVIKNG  €peuvnTikng nebBddov, g dwog pebBodov mov
akolovBel ko o emoTHUOVaS KOTE TV €pguva Tov PLGIKOL KOGpov (Koaikdvng,
2007).

Avt 1 depguvnTikn pebodoroyia Tpowbel tn daTvIT®OT VTOBEGEWV, TOV GYEIACUO
EPELVMV, TNV KPLTIKY BedPNon TOV TEPAPATOV, TNV KOTACKELT HovtéAwv KTA. (Lin
et al., 2004). And Todoy®YIKNG GKOTLAG, 1] OOOKTIKN OLTY TPOGEYYIoT TAPOLGLALEL
OCLYKPITIKO TAEOVEKTNUO TPoG GAAeES mapadootokés HeBOOOVG KaBDS ocuvrteivel
OLCLOOTIKA oV avamtuén kol otV KOAMEPYEWD  1OYVPAOV  YVOOTIK®V,
LETAYVOOTIKAV, EMKOWVMOVIOKOV Kol emiotnuovik®v de&omtov (Hu et al., 2008; Sun
etal., 2014).

Ov Koroywvvakng xotr Ilamaddkng (2017) emonpaivoov 0Tt 1 €l00y®YN NG
EMIGTNUOVIKNG O1lEPELVNONG OMOTEAEL Lol OO TIG ONUAVTIKOTEPES KALVOTOUIEG GTOV
r®Opo TV Puowodv Emotudv, Kabhg mapéyel 6ta Todid avdevTikég EMOTNHOVIKEG
eunepieg dtvovrag vonuo ot padnomn kot PBeitidvoviag v KoTavOncn Tovg.
Awbpopeg €pevveg avadeikvoovv Tig Teyvoroyieg [TAnpoedpnong kot Emkowvovicg
(TTIE) ®g amoteiecuatikd epyoieion dwdackaAiog kot pdOnong mov PBonbovv v
ELCOYOYT TNG EMGTNUOVIKNG dtepevvnong (Papadakis, 2016; Koloywavvaxng 2017).
Ta epgvvmtikd dedopéva cvykAivouv oto 6t ot TIIE pmopodv va ypnoipomombotdv
Y va vrofonfncovy T YVOOTIKY ovATTLén Kot T HANnomn Todudy TPOCYOAIKNG
Kot TpATE oyoAkng nikiog (Koung, 2004, Karoywavvakng, 2017; Papadakis et al.
2016).

H pebBodoroyia oavtp Ponbd oamoteAecpatikOTEPO OTNV  OVTIUETOMIOY TOV
ToPAyOVTOV OV SVGKOAEVOVY TOVG HOONTES, ONANOT] TOV APYIKAOV OVTIANYE®MY Kot
TOV EMOTNUIKAOV TETOONCEDV TOVG, KOODS evOOPPOVEL TNV EVEPYO GLUUETOYN TOV
pontov otn padnotlokn Swdikacio, v €£0KelmON TOVG HE TNV EMICTNUOVIKY
€pEuVa, TOV TEPOUOTIOUO, TN GUVOECT T®V UEAETOUEVOV QOWVOUEVOV — HE TNV
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kaOnuepv (on kol v gpunveio Toug (Kot pe TO TPOTLTTO TOL WKPOKOGLOV),
amoptileton 0 amd to €Ng Prjnara

o) ‘Evavopa evolopépovtog (Yo Ty TpOKANGT TOL EVOLOQEPOVTOS TOV HabNTh)

B). Avutdmwon Yrobésewv (Yo Tov mpofAnUaticpd Kot n dttdnmon vrobécemy yio
TOL O{TLOL TOV HEAETOUEVOL PALVOUEVOD)

v) Tepapatiopog (yo tov EAeyyo twv vmobécemv)

d) Alatvmwon ZopmePASHATOV (BACEL TOV TEPALOTIGLOV)

€) Epapuoyéc, Epunveia (Yo v gpunveio Kot GAA®V QaivOpEVOV 1 TEXVOAOYIKOV
KOTOGKELOV KO LLE TO TPOTLTO TOV UIKPOKOGLOV)

O1 Yol kan ¥nouoxoi [opor

‘Eva amd ta o ovclootikd 06pato 6To 6YeSOCHO EKTAOEVLTIKAOV TEPIPAALOVTOV €5
OTOCTACEMG EKTOUOEVOTG OmOTEAEL 1] SloPAAIoN TG TOdTNTAG HABNnoNS, Kabmg dev
apkel LOVO M TapovGiaon TOL TEPLEYOUEVOL, OAAL KVPImG 01 vKapieg TOL TAPEYOVY
YL OAMANAETIOpaoT) Kot evepyNnTIKN LAbNnon. Amontel Kavotopeg Lopeég didackaliog
oV Olvouv EUPACTN GTN GLUUETOYN, CLVEPYOGio Kot gvioyvon Tov pobnt o€ o
dtdkacion ouveEYOVG OAANAETiOpacng pHe Tov dddokovto Kot pe To mEPPAALov
péonong (Karoyavvérng, 2013). I'a mapddetypa, Eva ekmoadevtikd Pivieo dev apkel
VO LETOPEPEL OMADG TAOVGLEG ONTIKOOKOLGTIKEG TANPOQOpieg aAAG mpémel va
onpovpyel kot amotelecaTIKEG TPOVTOOEGES AAANAETIOPOOTG LETAED TV PAGIKOV
napaydvtov ¢ padnotlokng dwdkaciog. Xouemva pe toug Anderson et al. (2001)
dupopot apdyovteg meplopilovy Tov apykd £vBOLGLOGUO Yo TV EIGAYMYN TOV
Bivteo oty exmaidevon Onwc 0 eYKAMPBIOHOE TOL eKTOUOEVOUEVOD GE pOAO Bgatn-
OOOEKTY TANPOPOPLDV, 1| SVOKOAID OAANAETIOPACNC EKTALOEVOUEVOL LE TO VAIKO
Kol M advvapio amodécpevons e padnolokng odikaciog amd To pOAO TOL
dwdoKovta.

To mpotewopevo oceviplo aflomotel éva mANB0g LVAMKOV Kol Yneuokov Topwv
EMYELPDOVTAG 10 GLOTNUATIKY TPOoTAOELn Vo amopevyBel 0 TEPLOPIGHOG TOV HabN T
0€ KOTOOTACES omANg mafntikng moapaxolovOnone. Ewdwotepa, meprlopPdver
EKTEAECT] TPOYUATIKAOV TEWPAUATOV LE OTAL VAIKA 0md Tovg padntéc, a&lomoinon tov
(évromov kat ddpactikov) PipAiov «Dvoikd — Epguvd kit Avakoivnto» yo v E’
T4EN aAAd Kot aglomoinon TOAADV Ynek®v Topov, OT®S: O100pacTIKO TIVOKO,
Kelpeva  oOMyudv, OTOTIKEG — €IKOVEG,  KIVOOUEVEC — €KOVEG,  oLvve(OAEEa,
EVVOL0A0YKOVG YApTeS, Pivieo TG ekmandevTIKNG TAedpacnc, Bivieo pe dtadoykég
OUIKPOVGELS OVTIKEWEV®V, AVAAOYIEG Y10l TNV OLOAT El0AYWYN TNG W0E0C TNG VANG MG
OTOTEAOVUEVIG OO COUOTION, TPOCOUOIMCES TOV pIKpOKospov. Ot pabntég
dovAgvovv e Baon Ta pUAAL gpyaciag mov Exovv onpovpyndel yio 1o oevdplo, vo
VILAPYOVV KOl TO AVTIGTOLYO. (CUUTANPOUEVE) GOUALD EPYAGIOG Y10 TOV EKTTOLOEVTIKO.

AWoKTIKOL XTO)01 TOV XEvapiov
Boowdc okomdg tov oevapiov eivar n katavonon g Evvolog g VANG, TG OOUNG
G KOl TOV QUOIKAOV KOTAGTACEDV NG amd Tovg podntég. Ot empuépovg ddaKTIKol
otdyol elvat:
1. Qg mpog 10 YVOOTIKO avTIKEipeVo, ot LobnTég:
e va OlKpivoLY TOL VAIKE GOUOTO 0td TO, 11 DMKA
®  va OlKPIiVOLV TIC PLGIKES KOTAGTACELS TNG VANG
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® Vo TOEIVOUOVY CAOUOTO BACEL TNG PUOIKTG TOVG KATAGTOONG
o va e&Nyolv TIS PLOIKEG KATAGTACES TNG VANG UE OvOPOPd OTIS KIVNOES TMV
COUATIOI®MV TOV IKPOKOGLLOV

2. Qg npog ) xpnon twv TIIE, ot padntéc:
va eEokelmBoHv pe tn ypnom epyoreimv TOv d1adPACGTIKOD TTivaKo
*  va 0E0TOMGOVY AOYIGHIKO EVVOLOAOYIKNG OPTOYPAPTONG
o va egowelmBolv e TN ¥p1oN AOYICUIK®Y TPOGOUOIMONG
®  va e£0KEIMOOVV LE TN XPNON EPOPHOYNG ONUIoLPYiG GVVVEQOLEE MV

3. Q¢ mpog ) podnorokn dwudikacio, ot pobnTés:
® Vo OamoKTooVV 0gfl0TNTEG GLVEPYasing kot oAAnAoPondeag péoo amd
GULLETOYT| TOVG GE OULAOEG KO VO, KOAAMEPYTGOVY OLLOOIKO TTVEDLLOL
® VO €VIGYDOOLV TNV AVTOTEMOIONOY TOVG AVAPOPIKE HE TN XPNON TOV VEDV
TEYVOLOYLOV GTN SadIKAGIo TNG Labnong

Ieprypaen Xevapiov

To cevépro pe Bepatikn v «OAN Kol QUOIKES KATAGTAGELS TNG VANG» £xel oyedlaotel
v podntéc g E” 1aEng tov Anpotikov Xyolelov Kot 1 €QoproYN TOV TEPIAAUPAVEL
TPELG OpaoTNPOTTEG Yoo 000 JWOOKTIKEG dpeg M Kabepio, KaAvmToviag Ola To
fRuoto TG EMOTNUOVIKNG / €KTodEVTIKNG pebodoloyiag pe dlepevvnon Kot
a&10moLdVTOG OAOVS TOVG TPOAVAPEPHEVTEC VAIKOVG Kol YNPLOKOVG TOPOVG.

Ot pobntég yopwopévol ce opddeg twv 3-4 atOp®v S0LVAEHOVY GTO EPYOCTHPLO
VIOAOYIOTAV, Omov oa&lomoteitor Kow 0 ddpactikds mivakag (otov omoio  €xel
eykataotafdel 10 oyeTkd Aoywopkd) pe ) Ponbeid tv QOAAWV gpyaciog mov
oLVOOEHOVY TO GEVAPLD. XTNV EMPAVEWL. EPYACIOG TOV VIOAOYIGTAV VIAPYOVLV
ocuvvtopevoels yo tov EBvikd Zuoompevt Pnoeoot [epieyopévov @wtddevpo Kot o
ovyKeKpYEVEL Yoo 0 Pnelokd Zyxoleio koBmdg Kol Yol TOVG VITOAOTOVS WYNPLUKOVS
nopovg mov Ba afromomBovv (AOYIoHIKO EVVOIOAOYIKNG YOPTOYPAONONS, EPOPLOYN
onpovpyiag cvvvePoremv, Bivieo, TPOCOUOIDGELS KTA).

Apaotypiotyra 1

Apyikd, yio Evovcpo Tov evOlpEPOVTOC, ot padntég mapakolovfodv e OAOpEAEL
€WKOVEG TOL TPOPdALovVTOL GTOV dladpacTiKd mivaka kot Eekvd pia cvlntnon petadd
TOVG GYETIKA [E TO T €fvo VAN.
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211 oLVEKELR, Ol HOBNTEC KAAOVVTOL VO CUUTANP®GOVY ovd ouddec (610 OYETIKO
dvAo Epyaciog) pia mpotacn mov vo mepthappaver ) AEEn «OAn». H kdbe opddo
OVOKOIVAOVEL TV OTAVINGT TNG KOl Ol TPOTACELS KATOYPAPOVIUL GTOV SloOPUCTIKO
nivako Kot arodnkevovtal yio va ypnotpomombovv apydtepa.

Ot pontéc ot cvvéE el KOAODVTAL VO CUUTANPMOOCOLY EVOV EVVOIOAOYIKO YAPTN
6mov vtapyovv dvo Pacikéc katnyopieg «kEINAT YAH» kot «AEN EINAI YAH» kot
TPEMEL VO OVTIGTOLYNOOVV TIS LIOAOMEG AEEEIC TOL  AVAPEPOVTOL OTY| GMOOTN
katnyopia. H dpactnpomra avt ypnoomoteitat yio mv aviyvevon twv tpdtepmv
YVOOEDV TOV HodNTdv, Kabmg épeuveg £xovv deiget 0Tt o1 padnTéG aVTg TG NAMKiog
duoKoAebOVTOL VO OEYTOLV ®G VAN T 0€plo, EVA OPKETOL KOTATAGOOLV OTNV
Katnyopio ™ VANG ™ BepuoTnTa Ko Tov niektpiopd. H kdbe opdda @tidyver tov
Ok TG XAPTN, TOV 0Toi0 amobNKeEHEL OC EKOVO KOl TOV TOPOVCIALEL GTIC VTOAOITEC.

AENTPO
[MTOTHPI HAEKTPIEMOZX

AEN EINAI YAH @

DPQTIA

l]l

KATINOXZ

OEYT'ONO
GEPMOTHTA

Axolovfel oulftnon oyeTikd pe TIG SPOPES OTIS TOEIWVOUNGCELS TOV UadnNTdV Kot
161 01 PaNTEG KOAOHVTOL VO OTaVTOOVY avE ORAdES OTIS pOTHGES ToL DVAAOL
Epyaociag oyetikd pe tig 1010tteg ™S VANG KOl TMOG UTOPOLUE V. KATAAGBOLUE oV
KATL glvor eTiypévo amd VAN Kabdg Kot av vdpyel KATL Tov va. givor VAN oAAd va
UNV WITopovUE Vo TO SOLUE N va TOo aKovumioovpe. Ot amdYelS TV Opadwv
TaPOLGLALOVTOL GTNV OAOUEAELD, KOTAYPAPOVTOL Kot AL GTOV SadpacTikd mivaKo
Kot arodnkedovrat.

Metd and cvlitnon kot pe TtV KoBodNynorn Tov EKTAUOEVTIKOD TPOKVTTOLV Ol
Baocukéc 1010tNTEG TG VANG, PACEL T®V OTOI®Y UITOPOVUE VO SIOKPIVOVUE TO DAMKA
COUOTO OO TO U1 DAIKG KOt 1| 6u{NTNON EMKEVIPOVETOL GTOV OEPO KOl GTO MG
UTOPOVLE VO SLOTIGTAOGOVHE OV €ivarl VMKO copa 1 oxt. Me 1oV TEPAUATIGUO TOV
aKoAovBel o1 panTég dromoT@VoLY 0TL 0 a€pag Exel Oyko aAld Kot pala, omoTe ivat
VMKO GO,
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Tepapaticpog yio Tig 110TNTEG TOV 0Pa

Topa n KaOe opdda pobNTOV EMGTPEPEL GTOV EVVOLOAOYIKO ¥GpTn OV £lxe QTIAEEL
apyKd Kot KAver Tig amapaitnTes S10pOADGELS.

mm

YXKONH e AEN EINAI
EINAI ; KOTA
EINAT

EINAI
AEPAXY EINAI

GEPMOTHTA

[TpoPdArovtan, emionc, ot amodnkevUEVES TPOTAGELS TOVS Yo TV VAN Kol ATOVINGELG
TOVG Y10, TIG WO1OTNTEG TNG VANG Kol Ot LodNTES eAEYOoLV LOVOL TOVG TIC VTOBEGELS TOVG
Kot av TPENEL KATL va StopBmbel 1 var oAAGEel. X cuvéyela ovalntovy Kot GALEG
AEEELS Kot TPOoTaBOVV Va TG EVTAEOVY GTOV EVVOIOAOYIKO YAPTY| TOVG.

Apaotypiotyra 2

Apyikd, yioo EVOVoHo TOV EVIIPEPOVTOC, Ol HoONTES TopakolovBovy e OAopELEL
EWKOVEG TTOL TPOPdALovTaL GTOV d1adpacTikd mivaka kot Eekvd pia cvlntnon petald
TOLG Y10 TNV VAT KO TIG SL0UPOPES TWV VAKDOV GOUATOV.

O | cmll wﬁoﬁ ==
& x«i\\ . s
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H ocv{iymon eotidlel 6T UOIKT KOTAGTOOT TOV COUAT®V, 01 LAONTES SLOTLTIDOVOLV TIG
OOYELS TOVG KOL OVOPEPOLY TO YOPOKTNPLOTIKE 1oV Vopilovv 0Tt droywpilovv Tta
oteped amd TOL VYPEA KoL TOL OEPLOL. XTI GUVEYELDL CUUTANPAOVOLV EVOV EVVOLOAOYIKO XAPTN
omov  mpémel va. TaupldEovv TV Kabepion omd TIG PUOIKES KATAGTAGEIS TOV COUATMV
«XTEPEA», «YI'PA», «AEPIA» pe 11g avtiotoyeg 1010TNTEG CLUTANPDVOVTOS TOV
oLVoEcUO «Eyovvy. H Opaoctnplotnto antn ¥PNOOTOEITOL Yol TV OViXVELGT TMV
TPOTEP®V YVOCEMV TV pobntov. H kdbe opddo mpoPAnuotiletol kot amoTumdver Tig
VIOBEGEIG TNG CLUTANPOVOVTOS TOV OIKO TNG YAPTN, TOV 0010 amodnKeHEL MG EKOVAL Kot
ToPoLGLAlel oTIg VITOAOUTES OpaAdeS. AKoAovBel L TNOT GYETIKA LE TIG SLOPOPES GTOVG
YOPTEC TV HoNTOV Kot PeTd amd cv{Ton Kol HE TOV EKTOUOEVLTIKO TPOKVITOLV Ol
Boowés 1W010mTeg g kdBe KoTdotaong. Xto onueio awtd 1 Kabe opddo pobnTov
EMOTPEPEL GTOV EVVOLOAOYIKO YAPTN TOL Elxe QTIAEEL KOL KOAVEL TIS OTOPOITNTES
dopOHAOGELS, oV VITAPYOLV.

-
2XHMA Moy OrKo noy

r s

STAGEPO STAGEPO METABAAAETAL METABAAAETAIL
ANAAOTA ME TO ANAMNOTA ME TON

2XHMA OrKo
2XHMA TOY AOXEIOY XQPO ZTON OIOoIO0

NnoY TA NEPIEXEI BPIZKONTAI

21 ovvéyela ot pantéc kadodvior va yphyouv avd opddeg LePIKE GMOUOTO TOL
avnKouv e KABe katnyopio Kol KATOypA@OLV TIG OTAVTNCELS OAWV TOV ORAO®V
(ovyKevTpoTIKA ava QoK Katdotoomn). Me cuvepyasio Tov opddwv oynuotilovv
T OVTIGTOL(O GLVVEQOAESH Y10 TOL GTEPEQ, T VYPE KOl T a€pla, Pe PAon OAES TIC
OOV T GELG.

Aepovada
S 4€
42:,)/)\0 A e o 'OOI/ o0
/rO 7 (6 oo 2 Z Odd
i O SRS LS § o
S '1”0/(' O\ WE Z
SRO0L A B ©72S:

OG (/RLT IS S C Y §
2 A IS %5 =
5 o = | | Eogiodas

A U B < W%0vovo [
RN oNOTIERS g ) et PSS
haz o ot en— 22t 71 ol et

> ovvéyeln, ol pantég mapakoAovbovv ce oAopéAElD EIKOVEC Kot PBivieo pe TIg
(QUGIKEG KOTOOTOGEIS TOL VEPOL KOL OMOVIOVV GTNV €PATNOCTN TL KOWO Kol Tl
dpopetikd €xovv. 'Etot Eexva pio ovlnmmon petald touvg yio o av To COUOTO
£YOLV KOl OLOLOTNTESG EKTOG OO OLALPOPEG KOt TAG YIVETAL VO £XOVV KATL KOO OTOV
QOIVOVTaL TOGO OULPOPETIKAL.
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[Ipokepévon va SOmMOTOGOLY AV TPOKELTAL Yot TO 1010 CAOUO KOl VO EAEYEOLV TIg
VTOOECELG TOVG, OL HOONTES avad Opddeg ekTeAOVV €va Teipapa, aKoOAOLOMVTG TIg
odmnyiec mov TPoPAAAovTal GTOV JOPACTIKO TivaKa (KOl OV VRAPYOVV KOl GTO
OXETIKO QUALO €pYyacing). Apylkd GMUEIDOVOLY TN QULGIKN KOTACTOOT TOL 7AYOv.
O¢eppoivovv tov mhyo pe éva kepl, a@oL TOV TOMOBETNGOLV GE €val KOLTOAL
CNUEIOVOLV KOl TAAL GTOV OldPUCTIKO TNV TOPOTAPNCY TOVG KOl TN (QUOIKN
KATAoTOON TOL TAYoL Tov £Mmoe. Xvveyilovv va Bgppaivovv to vepd mov £xet
OTTOLEIVEL GTO KOVTAAL Ko TomobeTtodv €va dALO KOVTAM TAV® amd TO vEPO TOL
Bpdlet. Enueid@vouv Kot TEAL TNV TOPATHPNOCT TOVS KOl TN QPULGIKY] KATAGTOOT TOV
vePOV. ZTOV J1AdPUCTIKO TIVOKO TOPAUEVOLY KOl Ol TPELS EIKOVEC LE TIC ONUELMOELS
TOV LOONTOV Y10 T QLGIKY KATAGTAOT) TOL VEPOL o€ KABe pia mepintwon kot yiveton
ov(non ce oAopELELOL.

TTelpopatiopds e TIG TPEIS PLOIKES KATOGTAGELS TOV VEPOD

2 ouvvéyeln mpoPdAlovior 6ToV  SdPACTIKO TIVAKO E€IKOVEG COUIT®OV GE
SPOPETIKY] PLCIKY KOTAGTAOT Kol ot Hantég oyoAldlovv T QULGIKY| KATACTOON
ToVG KAOE Popd Ko TPOTEIVOLV KL aVTOT avTioTOY O TOPASELYUATA.

Cven  Ldacation 39



Open Education - The Journal for Open and Distance Education and Educational Technology
Volume 14, Number 1, 2018 Section one © Open Education

Méoa and tn cv{fjtnon tpokdmtel 10 epdTNLA TL B PAETOE HEGO GE KabEva amd Ta
COUOTO OVTA 0V UTOPOVCHUE VO UIKPUVOVUE EVOL OIGEKATOUUDPLO QOPES, EPMTNON
7oV 0dNYel 6TV EXOUEVT dPAGTNPLOTNTA.

Apactypiotyta 3

Mo v opoAn glcaymyn g copatdokng Bewplag g VANG Kot Yo Vo UTOPEGOVV
ot padntéc va Eemepdoovy TV EMGTNUOAOYIKN TOVG OEGLELON OTIS aloOnoelg (OTL
onradn ta mpdypota givor Ommg eaivovtol vao eivat) ypnolLonoleitol pio avoAoyio:
Ot pabntég mapakorovBodv pmtoypapies Kot Pivteo amd £vo GUNVOG TOLAIOV 1| [
OHAd0 YopI®V TTOV Omd HOKPLE QoivovTiol cov £va OO0, OV KIVEITOL, OU®G OV
TANGLAGOVUE QOiveTal OTL amoteAeiTon amd TOAAG uKpd TOvMA M ydpla oL TO
KaBéva Kiveital YoploTd.

Avaloyieg Tov glodyouv Vv 10€a TG VANG OG OMOTEAOVUEVNC OO COUOTIO
2N oLVEXELD TTAPOLOIALOVTOL POTOYPAPIES Ko BIVTEO AVTIKEIWEVMV IOV POIVOVTOL GLVEYY],
OAAG  peTd omd  JdoykEG  LeyeBOVOES HEC®  MAEKTPOVIOKOD — WKPOOKOTIOL 1|
TPOGOLODGELG POIVETOL OTL ATTOTEAOVVTON OTTO LUKPOTEPES OOLEC.

H ocv{inmon xot o TpofAnUatiopog yio To Kotd 100 UTOPOVUE VO SOVUE T TAVTO
pe to pdtior pog M Kamoleg opés xpetdleTol Vo YPNGILOTOCOVLE EWOKA EpYOrEia
(Y. TNAEOKOTMLO, WKPOCKOTLA, PAVTIAP, OKTIVOYPOPIES KTA.) e TpoPoin avtioTotywv
TOPASEIYUATOV 0OMNYEL GTN XPNOIUOTNTO TOV TPOGOLUOIDCEMY TOL Lo Olvouv pia
EIKOVA TOV COUOTIOMV TOL HKPOKOGLOV KOl TMV KIVI|GEDY TOVC.
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Ewcova oro Oepuoraucpo Axtvoypagpio Kaporoypagpnuo

JP\»«JLML

INo va amovtnBel 1o apykod epduo Tt Bo PAETOUE GTO E6MTEPIKO TV COUATOV, Ol
pobntég mopaoiovBovv 1o amdoTaco and To Bivieo ™G ekmoudevtikng mAedpaong «Ta

oouaTiOw OV ouvhétovy T0 LIKPOKOGLLOY
http://photodentro.edu.gr/v/item/video/8522/637

Ipooouoiwaon

@ PwT6dEVTPO em ——
poxpoKoo) HIKPOKODIIOC

| 45

- CEEE
HoKpoKoo oG ‘\;A_A_Apkoaym ™
[

To ocwpatidio nou ouvBitouv 10 PIKpOKOOHO

Bivteo g eknoudevtikng mAedpaons «Ta copatidi mov cuVBETOVY T IKPOKOGLLOY

Metd v mapakolovOnon tov Pivieo or poBNTEG TEPLYPAPOLV TIG TPELS (UOIKES
KOTAOTAGELS TNG VANG TTOL TTOPATHPNOAY GTO TEIPULO, LE OVOPOPH GTO. COUATION TOV
LKPOKOGLOL KO TIG KIVIGELS TOVG Kol e TN Ponbela oyeTik®dv oKitomv Tov vidpyovv
010 BiAio Toug Kot 6To PUALO Epyaciag.

oTepEd
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Enrextdosig Tov oevapiov

A) Ot pabntég umopovv va moiéovv 1o moanyvior «Kovviyodg YAkdvy emiéyovtag and 1o
YNEUKO mobETAPLO OVOLYTAOV EKTOLOEVTIKMY TOPOV TNV EMAOYN YOl TO EKTTOUOEVTIKEL
hoyopka (http://photodentro.edu.gr/edusoft). ITpdxettan yio évo maryvidl puzzle 6mov ot
poOntég KoAobvtal Vo, KOTOGKELAGOLV TO VAIKE TOv glval amopoitnTto yuo. Tnv
eEEMEN TOL TOMTIGHOV poc. Me Tig avakaldyelg Toug Bonddve po pukpn kowvdtnto
vo mepAoel amd TNV TPOIGTOPIKY) EMOYN OTO OmMTEPO UEAAOV péoa amd TNV
dNUovpyiot VAIKOV 0w to Yapti, 0 MUay®yds, To VOVOPOUTOT, ETIAEYOVTIOS TIG
TPMTEG VAEG KOl TO EpYaAeia TOV YpedlovTol amd TO EPYAGTNHPLO.

j
—— %)

gL =

B) Mmopel va a&romomBel yio eméktaot g evoTnTog VoG EVVOIOAOYIKOG GYETIKA LE TIG
KOTOOTAGELS TG VANG KO TIG CAANYES KATAGTOONGS, TOL OaL ¥PNGILEVLGEL KOl (G GUVOEST) LLE
NV EMOUEVT EVOTNTA TOL APOPE OTIG OALAYEG KOTAGTAGTG,

Zrryudtoma omd To ToLviol <2KUV11&(’)Q YAkcdv»

[I(ATAITAIEII THE YAI]Z
g T
e D
] e errdnres St
— - T

. o
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YAIKON EQMATORN
— I —— ek e
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— = ] o EEhad

YOUTEPAGNOTA OTTO TV EQUPUOYT] TOV GEVAPIOV

To mpotewvdpevo ocevdplo epoppdcmke oe 16 padntég me E’ 1aéng (10-11 ypovov)
Kol to amoteAéopata €310V OTL emnpéace OeTikd TOGO TIG AVTIMYELS TV HobNTOV
Yo TV VAN 060 Kot TIG EMeTNUIKEG Temodnoelg toug (Gikopoulou, 2017).
AvoluTtikotepo, ot padntés dpyoav va avtidapfavovtor 6Tt to. TpAypoTo ogv gtvor
navto Omwg eaivovtol va gtvor kot apyilouv va amodéyovtar TV 1060 TV 1] OPUT®OV
COUATISIWV TOL CLYKPOTOVV TNV VLAT. MTOpeca va S1oKpivouy ToL VAIKG GMULOTOL OO TOL
un VAKA PAcEL TV 1010THTOV TOLG KOL VO, TOL KOTHYOPLOTOOLV BACEL TG PLUGIKNG TOVG
KOTAOTAONG G OTEPEQ, VYPE Kot aépla. Evd apyucd 12 amd toug 16 pobntég Katétaooay

Cven  Ldacation 42



Open Education - The Journal for Open and Distance Education and Educational Technology
Volume 14, Number 1, 2018 Section one © Open Education

TOV 0£p0L OTO L1 VAIKA cdpoto Petd v aglomoinon tov cevopiov kot ot 16 pofntég
amovTohV OTL fvol VAIKO Gmpo «apol ammotedeiton amd poploy, «apov €xel udlo ko
oyko» kth. Emiong, 6Aot o1 pobntég coppeteiyov pe evOoLGLOGHO TOGO GTIC GLINTNOELG
0G0 Kol OTO TEWPAUATA OAAG KOl GTN YPNOT TOL OOPACTIKOD Tivake OAAY Kot TmV
AOYIGUIKAV KO EQOPUOYDOV TTOL aE0TOmONKAY GTO YNPLOKO GEVAPLO.

H np6odog tov pabntov sivar epeavig Kot oto oyE01d Toug, 0Tav Toug (ntonke va
oxe014G0VV TO €0MTEPIKO EVOG GTEPEOV, EVOG LYPOV Kol VO aepiov CAOUATOS, TPV
KOl UETA TNV €QAPUOYN TOV oevopiov. Xmnv apyn 4 omd tovg 16 pobntég oev
oyedlacav kafdAov Kot ot vorowmol 12 EpTaéav oyédia mov amewkovilovy v VAN
OLVEXN, EVOD LETE TO GEVAPLO TO, GXEOLH TOVG OEIYVOLV TI COUOTIONOKT] OO TNG VANC.

Thyog vEPO VOPATUOG
WA N
(i
IIpw 1o [( fLy |
GEVAPLO
<oR3
Metd to0
GEVAPLO

Yy€d1a TV LoBNTOV Y10 TOV TAY0, TO VEPO KoL TOV VIPOTHO

Emmpdcbeta, n aglomoinon tov ymelakod cevapiov avénce 1o evOldPEPOV TMOV
paOnNTOV Kol evioyvoe TNV evEPYO GLUUETOYN TOVS OTNV EKTOOEVTIKY Ol0OIKOGI,
OKOUT Kol OVTMV OV 6T 6LV dwackoiio eivar o adtdpopot. Orot ot pabntég
dMAwoov OTL TOVG Apecav aLTA Ta LadNUOTA TEPIGGOTEPO Kol SOCKESOCAV, EVOD
UTOpECAV TAPAAANAO VO GUVEPYAGTOVV e TOLG cupupuadnTéc Toug. Olot {tnoav va
YPNOOTOUCOVV aVTIGTOLYO CeVApLOL Kol 6 GAAES Bepotucéc M padnuoto. Xtovg
poOntég apece 1iTeP, EKTOG OO TO TEPAULOTA, 1] ONOVPYIO TOV GLVVEPOLEEWYV,
ta Bivteo pe T1g peyefhvoelg aviikelpévay Kot to. epyoieios TOV YPNGILOTOIOVUE Yid
vo «do0ue» KATL (Y. TNAECKOMO, WUIKPOCKOTLN, POVTOP, OKTIVOYPOQIES KTA.), M
avaroyio pe to yépla Kol To TovAld KaBmG Kl Ol TPOGOUOIDGELS.

[dwitepa Betikn avagopd €xovov ot pobntés omv a&lomoinorn Tov JadPUcTIKOD
nivoka, emPefardvoviac to amoteAéopoto Kot GAAwov gpevvov (Beeland, 2002;
Becta, 2003; Levy, 2002; Smith et al., 2005) mov vrootpilovv 6Tt 01 d1adpacTiKol
nivakeg pmopobv va ypnoipomoinfodv ¢ epyoieion evioypone g HoONGLOKNG
JdKaGI0G, TNG KOWMOVIKNG CAANAETIOPOONC, TG EMKOVAOVING KOl TG GLVEPYOTING,
KaBmOG TapEYoLy Ui CEPA TAEOVEKTNUATOV Om®c: Ponbovv oty adénon g
KOVOTTOINoNG TV UaONTOV Kol TOL KIWATPOL Y10, GUUUETOYN OTn HoONGloKn
dwdwacio, OMUOVPYOVV MO ELYAPIOTN HAONGLOKY aTHOCEOPO, avEAvouy TO
EMINEdO MPOGOYNG TOV LOONTOV, TOPEYOVY TEPIGGOTEPES EVKALPIES Yo CLVEPYUTIN
Kol VTOOTNPEN TOV TPOCHOTIKAOV KOl KOWOVIKOV OeE0THTOV TV  HodnTdV,
TaPEXOVV TN SLVOTOTNTA GTOVS HOONTES Vo avTETeEEADOVY GE TTO TOADTAOKEG EVVOLEG
®G ATOTEAEGLO TG COPECTEPTG Kol OVVOLUKOTEPNG TAPOVGINOTG TOVS KTA.
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ZHETIKA LE TOVG EVVOLOAOYIKOVS XApTES, Ol TeplocdTEPOLl nantég (12 and tovg 16)
onlwoov 0Tt Tovg Ppnkav TOAD O10OKESAGTIKOVS KOl YPNOUOVS, 10img OtV
EMESTPEYAV GE OLTOVGS Y1 VoL TOVG EAEYEOVV 1) VL TOVG d1opBdGoLV, Yot propodoav
Vo, EVTOTicovV pOvVol Tovug T onueio avtd. Avtd, OUmG, NTaV Kol TO GNUeio Tov
dvuokoOreye TOLG VIOAOUTOVS (4) naBnTéc ot omoiot dev BV va TopadeyTovy OTL
OTOVG OPYLIKOVG YAPTES elyav Kdvel «AdBog» To omoio d10pObwcav PETA Kol SNAMoOV
ot Ba TpoTIOVoaY Vo £X0VV amd TNV apy] TOVG CLUTANPOUEVOVS TOVG «GCMGTOVCH
xoptec! H mapatipnon avt) Ppioketar 6€ cGLUQOVIo PE TOPICUOTO CYETIKMOV
LEAETAOV OV OVOPEPOVY OTL Ol EVVOLOAOYIKOL YAPTES UTOPOLV Vo ¥PNGLOTOIHovV
WG epyoreio dlepeguvnong g mPOTEPNG YVMOONG TOV UadNTdV, Olepedhvnong twv
AVOTOPUCTAGE®MY TOV HOONTOV Yo £vo, CLYKEKPIUEVO BENA, EVVOIOMOYIKNG OALOYNG
kol aglohdynong kot eniAvong tpoPAnudtov (I'ovAn k.a., 2006). O Jonassen (2000)
vroompiler 0Tt ot evvoloroywkol xdpteg Ponbodv TOVE EKTOOELOUEVOVS «vaL
pabaivouv g va pabaivovvy, vo amokTovv ONAddY EMLYVOOT TOV SOOIKACIOV
naonong, dtvovtdg toug emmALOV TN SVVATOTNTO VO TOPATNPOVY TIS OAAOYEG TTOV
VIOKELTOL 1] YVOOTIKY avT d0UNoT Héca 6to Ypovo.

Soumepacpatikd, 0o pmopovcape vo movue OTL To amOoTEAECUATO poG Eivol g
oupeovio pHe avTé GAA®V EPELVNTAOV TOL VTOSTNPILOLV OTL M YPNON YNELUKAOV
EPYOLEIOV EMITPENEL GTO TALOIGL VO ATOKTIGOLV L0l SLOPOPETIKY eumelpior pddnong,
OVOOEIKVVOOVTOG TOL DVYNAQ €Mimeda UTAOKNG TOVS, GUUPBAAAOVTOG GTNV TPodOnom
MG oLVEPYOSING Kot otnv avamtuén de&lothTemv  emilvong mpoPfAnudTov Kot
Bonbovtag to modd otV KATOVONGN EVVOLMV OmO TOV Y®Opo TV DLGIKOV
Emompov (Karoyrovvakng kot amaddkng, 2017).

Ta ekmodevtiKd ynerokd cevépio propovv vo tai&ovv poAo YvooTiko epyaireiov,
va. vrootnpiovv OtepeuvnTiKoD TOTOL WOONCLOKES KATOOGTAGELS, VO EVVONGOLV
dpacTNPOTNTEG EMALONG TPOPAUATOS, ANYNG amOPACNG KOl ovATTLENG NG
KPITIKNG OKEYNG Kol va vrootnpifovv dpactnplotnteg CLUPOMKNG EKQPOONC,
EMKOW®VIOG Kot avalnInong TANPOEOPLOY, EVVOMVTAG HE OVTOV TOV TPOTO TNV
avamTuEn amd Tovg LaBNTEG YVOOTIKAOV IKAVOTHTOV VYNAOV ETITESOL.

Bipioypagia

Andersson, B. (1990). Pupils’ conceptions of matter and its transformations (age 12-16). Studies in
Science Education, 18, 53-85.

Anderson, R., Dickey, M., & Perkins, H. (2001). Experiences with tutored video instruction for
introductory programming courses. ACM SIGCSE Bulletin, 33(1), 347-351

Becta (2003). What the research says about interactive whiteboards, http:/mirandanet.ac.uk/wp-
content/uploads/2015/05/wtrs_whiteboards.pdf

Beeland, W. (2002). Student Engagement, visual learning and technology: can interactive whiteboards
help? Action Research Exchange 1(1), 1-7.

Carey, S. (1991). Knowledge Acquisition: Enrichment or Conceptual Change? In S. Carey and R.
Gelman (eds) The Epigenesis of Mind: Essays on Biology and Cognition, (pp. 257-292).
Hillsdale, New Jersey: Lawrence Erlbaum Associates.

Driver, R., Guesne E., & Tiberghien A. (1994). O1 1déeg twv maudicdrv origc @voikés Emoriues. Exdooelg
Tpoyaiio, ABnva

I'cikomovAov, Ovp. (2013). Evvorodoyixy AMoyy otig Pvoikés Emotiues. Adoxtopikry Awotpifn,
Empiénovoa: Kabnyntpro Zt. Booviddov, Tunpoe Mebodoroyiag, Iotopiag kot Osmpiog g
Emotung, [avemotipuio Abnvov, Adva 2013.

Orern | Ldecation 44



Open Education - The Journal for Open and Distance Education and Educational Technology
Volume 14, Number 1, 2018 Section one © Open Education

Icikomovrov, Ovp. (2017). To exkmaidevtixo Ilpotomo tov puxpoKoouov (kar) wg Epunvevtixé IAaioio
v Parvouévarv oo MaxpoKoouov. Metadidaktopikny Awatpp, Emprénov: Kobnynmg I'. ©.
Koikdvng, awdayoywd Tuque Anpotikng Exnaidevong, [Tavemotio Adnvov, ABnva 2017.

Gikopoulou, R. & Vosniadou, S. (2012). Designing Learning Environments for Teaching Theory of
Matter in Primary school, 8th International Conference on Conceptual Change. University of
Trier, 1-4 September 2012

Gikopoulou, O., (2017). Making the invisible visible ... things aren’t what they seem to be!, Primary
Science Journal, number 150, Nov/Dec 2017

TovAn, E., I'dyoviov, A., & I'pnyopiadov, M. (2006). O Evvoioroyikdg Xaptng oty Exmadevtikg
Awdwkocio tov padipatog g ITAnpopopwrg: M ITihotikn Atepedvnon. ®Oépata otnv
Exnaidevon, Ewdikd Apiépwua: Xoyypovn épevva otn Adoxtixn e Iinpogpopixig, 7(3), 351-
377.

Griffiths, A., & Preston, K. (1992). Grade-12 Students’ misconceptions relating to fundamental
characteristics of atoms and molecules. Journal of Research in Science Teaching, 29, 611-628

Harrison, A., & Treagust, D. (2002). The particulate nature of matter: Challenges in understanding the
submicroscopic world. In J. Gilbert, O. de Jong, R. Justi, D. Treagust, & J. van Driel (Eds.)
Chemical education: Towards research-based practice, Vol. 17 (pp. 189-212).

Hu, S., Kuh, G. D., & Li, S. (2008). The effects of engagement in inquiry-oriented activities on student
learning and personal development. Innovative Higher Education, pp. 71-81.

Jonassen, D. (2000). Computers as Mind-tools, Prentice Hall

KoAxkavng, T'. (2007). pwrofdbuia Exllaidocvon otig-ue tig¢ Pvoikéc Emoriues (I. o1 Oswpieg, 11. to
Davoueva. (Avtoékdoon) Iavemotipio Adnvov.

Kalkanis, G., (2013). From the Scientific to the Educational: Using Monte Carlo Simulations of the
microKosmos for Science Education by Inquiry, In G. Tsaparlis & H. Sevian (Eds.) Concepts of
Matter in Science Education (pp.301-315). Springer Series Innovations in Science Education
and Technology

Koloywavvakng, M., (2013). Awdaokorioo tov podnpoatog @voikég Emotueg ommv Ilpooyoikn
Exnaidevon oto cvotnuo dayeiptong pnabnong e-class tov Ilovemotpiov Kpnime. Ipodreg
dwmotmoelg and pio pedétn mepintwong. Adicvés Xovédpio yio v Avoiktiy & & Amootdoews
Exnaioevon, 7, NoéuPplog 2013, ABnva

Karoyiavvakng, M. (Em.) (2017). Ipaxtixe 9°° IaveAlinviov Zvvedpiov yia tig Pvoikés Emiotiusg
oy Ilpooyodikyy Exmoidevon: Zvyypoves Tdoeic war Ilpoomuikeg, 27-29 Maiov 2016,
Hoavemoto Kprng, PéBopvo: Mawdayoywd Tuque [posyoikng Exknaidevong

Kotoywavvakng, M., & Aproaptlakn, M., (2015). EE anootdoswg didackario Bepdtov actpovopiog
OTNV TPOCYOAIKY ekmaidevon: mn mepintwon tov HAEMA, [lpoktixa 8" International
Conference in Open & Distance Learning, November 2015, Athens, Greece

Kotoywovvakng, M., & Iomaddkng, Zt., (2017). diddoxovrag Dvoikés Emotiues oe moudid
mpooyolikic nhikiog ue to Scratchdr, Ipaxuxa 10° Hoveiinviov Zvvedpiov Aidoxtiric twv
Dvoikav Emotnuay koir Néwv Teyvoloyiwv otnv Exraidevon — I'epvpirvovrag 1o Xdouo puetald
Dvoikav Emotnuov, Kowwviag koi Exraidevtikne Ilpdéng, Evaon yio v Exnoidevon otig
Dvowcég Emompeg xor v Teyvoloyia, IMovemotiuio Kpnmng, IITAE, Ampidiog 2017,
0gl.403-411, http://synedrio2017.enephet.gr

Koung, B. (2004). Ewoaywyn otig ekmoidevtinég epopuoyés twv Teyvoloyiav e Inpopopios kat twv
Emixorvoviov, ABiva, Exd. Néov Teyvoloyidv.

Kovkd, A., (2000). H évvoia tov vepod ot ynuikn ekmoiocvon: AviAyels, Topovonoels, OvoKoAES oty
rorovonon. Awaktopikn Atotpin, Hoavemotipio loavvivov.

Lee, O., Eichinger, D.C., Anderson, C.W., Berkheimer, G.d., & Blakeslee, T.D., (1993). Changing
middle school students’ conceptions of matter and molecules. Journal of Research in Science
Teaching, 30(3), 249-270.

Linn, M. C., Davis, E. A., & Bell, P. (2004). Inquiry and technology. In M. C. Linn, E. A. Davis, & P.
Bell (Eds.), Internet environments for science education (pp. 3-28). Mahwah, NJ: Lawrence
Erlbaum Associates.

Nakhleh, M., Samarapungavan, A., (1999). Elementary school children’s beliefs about matter. Journal
of Research in Science Teaching, 36, 777-805.

Nussbaum, J., (1985). H coupoatidioxn popen tng VAng oty aépia katdotoaon. Xto Piprio Driver R. et
al. O1 19ée¢ twv maudidy otic Pvoikés Emoriues (0. 180-207). AbMva: Tpoyaiio.

Cven  Ldacation 45




Open Education - The Journal for Open and Distance Education and Educational Technology
Volume 14, Number 1, 2018 Section one © Open Education

Papageorgiou, G., & Johnson, P. (2005). Do Particle Ideas Help or Hinder Pupils’ Understanding of
Phenomena? International Journal of Science Education, 27(11), 1299-1317

Papageorgiou, G., Grammaticopoulou, M., & Johnson, P. (2010). Should we teach primary pupils
about conceptual change? International Journal of Science Education, 32(12), 1647-1664.

Papadakis, S. (2016). Creativity and innovation in European education. 10 years eTwinning. Past,
present and the future, International Journal of Technology Enhanced Learning, 8(3/4), 279-
296.

Papadakis, S., Kalogiannakis, M., & Zaranis, N. (2016). Developing fundamental programming
concepts and computational thinking with Scratchdr in preschool education: a case study.
International Journal of Mobile Learning and Organisation, 10(3), 187-202.

Piaget, J., & Inhelder, B. (1974). The child’s construction of quantities. London: Routledge and Kegan
Paul, London

Schommer, M. (1990). Effects of beliefs about the nature of knowledge on comprehension. Journal of
Educational Psychology, 82, 498-504.

Smith, C., Carey, S., & Wiser, M. (1985). On differentiation: A case study of the development of the
concepts of size, weight and density. Cognition, 21, 177-237

Smith, H. J., Higgins, S., Wall, K., & Miller, J. (2005). Interactive whiteboards: boon or bandwagon? A
critical review of the literature. Journal of Computer Assisted Learning 21(2), 91-101.

Stathopoulou , C., & Vosniadou, S. (2007). Conceptual change in physics and physics-related
epistemological beliefs: a relationship under scrutiny. In St. Vosniadou, A. Baltas and X.
Vamvakousi (Eds.) Reframing the conceptual change approach in learning and instruction
(pp.145-163). New York, NY, US: Elsevier Science

Sun, D., Looi, C-K., & Xie, W. (2014). Collaborative Inquiry with a Web-Based Science Learning
Environment. When teachers Enact it Differently. Educational Technology & Society, 17(4),
390-403.

Vosniadou, S., & Brewer, W.F. (1992). Mental Models of the Earth: A study of conceptual change in
childhood. Cognitive Psychology, 24, 535-585.

Vosniadou, S. & Brewer, W.F. (1994). Mental Models of the day/night cycle. Cognitive Science, 18,
123-183.

Vosniadou, S. & Mason, (2012). Conceptual Change induced by Instruction: A Complex Interplay of
Multiple Factors. In K. R. Harris, S. Graham and T. Urdan (Eds.) APA Educational Handbook:
Individual Differences and Cultural and Contextual Factors in Educational Psychology, Vol. 2
(pp. 221-246). American Psychological Association, 2012

Vosniadou, S., Vamvakousi, X., & Skopeliti, E., (2008). The Framework Theory Approach to the
Problem of Conceptual Change. In S. Vosniadou (Ed.), International Handbook of Research on
Conceptual Change (pp. 3-34). NY: Routledge.

Wiser, M., O’Connor, K., & Higgins, T. (1995). Mutual constraints in the development of the concepts
of matter and molecule. American Educational Research Association (AERA), April 19-21,
1995, San Francisco, CA.

Wiser , M., & Smith, C. (2012a). Learning and Teaching about Matter in Elementary Grades: What
Conceptual Changes Are Needed? In S. Voshiadou (Ed.) International Handbook of Research
on Conceptual Change, 2nd edition, (pp.159-176). NY: Routledge.

Wiser, M., & Smith, C. (2012b). Learning and Teaching about Matter in the Middle School Years:
How Can the Atomic-Molecular Theory be Meaningfully Introduced? In S. Vosniadou (Ed.)
International Handbook of Research on Conceptual Change, 2nd edition, (pp. 177-194). NY:
Routledge.

Yezierski, E. J., & Birk, J. P. (2006). Misconceptions about the particulate nature of matter. Journal of
Chemical Education, 83(6), 954-960.

Cven  Ldacation 46


http://www.tcpdf.org

