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IHEPIAHYH

H epyooia diepevva, ty ooufoin uiag oeipas nodnuotwy yio. Tic OVVGUELS, OE TTOYES THE TPOKTIKHS TOD OPOPQ.
070 GYED100UO ADTEWV T€ abnTés Tov Iopvaciov. LoykpotnOnke eKTa1dc0TIKG VAIKO Y10 TIG OVVOUELS LOCIOUEVO
otV TPOGEYYIGN THS «UAONaNS tpicdyv diaotdoewvy, to omoio epopudotnke o 20 pobntés e B taéng tov
Topvaciov. H ovlioyn twv 0e00uEVWV TPOYUOTOTOINONKE UECH EPWTHUATOAOYIMV KoL TV QPOIAWV EPYOCIOS
TV UoONTOV. ATO THY OVEADGN TWV OEOOUEVOV TIPOEKDYE OTI, UETW OVTHS THS OEIPAS UAONUATOV, EIVaL EPIKTH
n Peltioon twv oxoiovbwv TTOYOV THS TPOKTIKHG TOV OQPOPE GTO GYEOLAOUO ADOEWY GTOVS UOONTEG:
KaBopioog TpoPANUATOS TPOS ETIAVOY, TPOCOIOPIoUOS KPITHPIOV KOI TEPLOPIOUMDYV TOD TO TPOIOV TOD
OYEOIOTUOD LDONG TPETEL VO TANPOL, GYEdIOON KOl KOTAOKEDY EVOS UOVIEAOD/TPWTOTOTOD DOTE VO, TANPOL
KATTO10 KPITHPIO 1 TEPLOPIGUO KOl AN OTOPOTHS OTOOOXNS § OTOPPLYNS TOD UOVTIELOV/TPDTOTVOTOD.

AéCeig kheroid: oyedaopdg Acewv, TPokTikeés tv Puowomv Emomudv kot g Mnyavikig, padnon tpiov
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ABSTRACT

This study investigates the impact of a sequence of lessons about forces on middle school students’ aspects of
practice related to designing solutions. Instructional materials about forces based on the "three-dimensional
learning” approach were developed and applied to 20 students of the 2nd grade of Gymnasium. Data
collection was carried out through questionnaires and students’ worksheets. From the analysis of the data, it
emerged that, through this sequence of lessons, it is possible to improve the following aspects of practice
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related to designing solutions: defining a problem to be solved, specifying criteria and constraints that the
final product must meet, designing and making a model/prototype to meet a criteria or constraint, and
deciding to accept or reject a model/prototype.

Keywords: designing solutions, science and engineering practices, three-dimensional learning

EIXAT'QI'H

To EOvikd ZopPovio ‘Epevvag tov HITA mpdteve éva mhaicto yua v ekmaidevon otig Puoikég Emotnieg
mov Paciletor og TPELS S1OTAGELS: TIG TPOKTIKEG TV Duokdv Emomuodv kot g Mnyavikng, Tig eykapoteg
évvoleg kat Tig Pactkéc 10éeg («udbnon tprdv dactdcewmv») (NRC, 2012). Mg Bdon awtd, avartoydnkay to
[Ipotumo tov ®vowkdv Emommudv Néog T'evidg (NGSS Lead States, 2013). 'Exet vmootpiytei Ot1 0
KOTavonon ToV BacIK@V 10V KoL TOV EYKAPGLOV EVVOIAV 0mtd TOVS LabNTEG £0pAleTal GTNV EUTAOKT] TOVG
ue mpoktikég Twv dvokodv Enomudv ko thg Mnyoavikng (NRC, 2012° Schwarz et al., 2017). Xvvenmg, 1
avamTuEn 6Tovg LAONTEG TTLYAV OVTOV TV TPAKTIKAOV KPIvETOLl amapaitnTy.

O 06pog mpaxtikég Tv vowkov Emomuov kot g Mnyovikng avagEpeTol 6TiG TPOKTIKEG LE TIC OTOIEG
EUTAEKOVTOL O1 EMGTNIOVEG OTOV SLEPELVOVV KOl OIKOSOUOVV HOVTEAD Kot Bewpieg Yo TO PUOTKO KOGLO Kot
ot unyavikot Kabmg oyedialovv kat Katackevalovv poviéda kot cvotiuato (NRC, 2012). 'Exyovv mpotabet
OKT® TPOKTIKEG Yo TNV ekTaidevon tov padntov otig Pvowés Emotiueg (NRC, 2012). Mia ond avtég
agopd ot ovykpoton eénynoesov (v tig Guowkés Emomueg) kot oto oyedioopud Avcemv (yioo
Mnyavu). H gpyacia avt eotidletor 610 o)edacpd AVGE®V Kot EOIKOTEPA, OTIS AKOAOLOEG TTLYES TTOV
oyetiCoviol Pe VTN TNV TPOKTIKY: KOOOPIGHOG TPOPANUATOG TPOG EMIAVOT|, TPOGIOPIGUOG KPITNPimv Kot
TEPLOPICUMY TOV TO TPOTOV TOL GYESAGHOD AVONG TPETEL VO TANPOL, GYediaoT EVOG LOVIELOV/TPOTOTLITOV
MOOTE VO TANPOL KATO10 KPLTHP10 1) TEPLOPIOUO, KaBMG emiong kot ANyn amdeacng amodoymg 1 omdppyng Tov
novtélov/mpwtdturov (NGSS Lead States, 2013).

Evd éyovv mpaypatomomBetl épevveg mov eotidlovv Gg OplopéVES HOVO Omd TIG TOPOTAVED TTUYXEG TNG
npaktikng (Pitaloka et al., 2021), amovoialovv épgvuveg oL Vo dlEPELVOVY TNV EMIOPACT] SOUKTIKMV
TapePPAcE®V PAGIGUEVOV GTNV TPOCEYYIoN TNG «UABNONG TPLOV SOGTAGE®V» GE TTVYXEG TNG TPUKTIKNAG TOV
aQOPA 0TO GYESUGHO AVGEMV OV AVATTOGGOLVV Ot LOONTES.

MEG®OAOAOI'TA

YKomdg NG mapovoag epyaciag givor n depedhivnon ¢ emidpacns HoG O00KTIKNG TapéuPacng v Tig
duvapelg n omoia €dpdleTon GTNV TPOGEYYION TNG «HLAONONG TPIOV SUGTACEDV» GE TTVYEG TNG TPOKTIKNG TOL
aeopd 610 oYEdOGUO AVGEMY TOL avanTHccovy ot padntég tov INpvaciov. Ewdwotepa, 1 epyoasio avt
EMOIDKEL VO, ATTOVTIOEL GTO OKOAOVOO EPELVNTIKO EPAOTNUA: OO ) CLUPOAN OGS CEPAS LAONUATOV Y10l TIG
duvdpels, mov Paciletor 6TV TPOCLEYYIoN TG KUABNONS TOV TPUOV SOCTAGEWVY», GE TTUXEG TNG TPOKTIKNG
7OV APOPE 6TO GYESAGUO AVce®V (KaBoPIGHOG TPOPANLATOC TPOC ETIAVGT, TPOGIIOPIGUOG KPLTHPI®V Kot
TEPLOPICUDV, GYEACUOG LOVTELOV/TPMTOTLTOL MOTE VO, EKTANPAOVEL EVOL KPLTHPLO 1) VO TEPLOPIGUE, ANy
AmOPACNG OTOSOYNG N ATOPPIYNG EVOG LOVTELOV/TPOTOTVTIOV) 6 pabntéc e B 16Eng tov Nupvaciov;

H pébodog mov ypnoyonomOnke oe aut v epyacio ntav n Kt tpocéyyion. H épgvva mpaypoatoromnke
o€ 000 PAGEIC. ZTNV TPOTN QAoT (TAOTIKY €pguva) avamtHYONKE TO VEO EKTOLOEVTIKO VAKO U0G GEPAC
paOnuaTov yio T Suvapels (VAL epyaciog) Kot Eva epoTNUOTOAGYL0. XN 0e0TEPN PAOT EQPUPUOCTNKE 1)
oEPa HoONUATOV Kol COUTANPOONKE TO EPOTNUATOAOYI0 OO TOVG HOONTEC TPV Kol UETA TN GEP
ponudtov (Tpo-1eoT, LETA-TECT).
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To delypa g épevvog amotédesav 20 pabntéc ot onoiol portovoayv otn B 14En tov INvuvaciov. O pabntéc
VKoV 6To 1010 TUnpa evog onuociov INvpvasciov.

To ekmoudevTiKd VAIKO Yo TIG SVVAUELS TOL OvVOTTTUYONKE, focioTnKe 6TV TPOGEYYIoT TG «UddNoNg TV
TPV dootdoemvy (Schwarz et al., 2017). Avaueca otig SpactnptdTnTES TOL EKTULGEVTIKOD DALKOD, VITHPYOLV
dpacCTNPOTNTEG TOV TOpPElyaV gukopieg otovg pobntég vo xkabopicovv mpoPfAnuato mpog emilvor, va
TPOGIOPIGOVV KPITHPLOL KO TEPLOPIGLLOVG TTOV TO, TPOTOVTO TOV GYEIACHOV TNG AVONG TPEMEL VAL TANPOHV, Vo
00160V KOl VO KOTAGKELAGOLV LOVTEAW/TPMTOTLTO MGTE VAL TANPOVV KPLTHPLL 1) TEPLOPIGHOVS KOl VOl
Aoppévouy amoAcelg amodoyns N AmOPPIYNG TOV LOVIEA®V/TPOTOTUT®V.

To epOTUATOAOYI0 TOV GLYKPOTNONKE TEPLEYE EPMTNGELS AVOLYTOL TOTTOL Ol OTOieg EGTIALOVTOV GE TTTLYES
NG TPAKTIKTG TOL ALPOPA GTO GYESUGUO Abcemv. [ TNV a&loAdYNoN TOV OTOVIHGEMY TOV LoONTOV £Y1vE
avélvon mepieyopévou kot pe ™ Ponbeta KAipokag oPabuicpévov kpumpiov Katnyopromomonkay ot
amovTNoElS o€ Tpia emineda. [1€pav TV mopAmTAve omavINoE®V TOV HaONTOV, OC dES0UEVA TNG EPELVIG
OMETELEGOV KO O1 OATOVTIGELS TOV HLoONTOV 6Ta VAL EpyacioGg KoTd T dtdpKeLd TG el padnudtov, ot
omoieg avolvOnKkay e Tov 1810 TPOTO.

AITIOTEAEXMATA

A6 TV 0vIAVOT TOV SESOUEVMV TTOL TTPOEKLYAY OO TO EPOTNLATOAGYIO StomioT®ONKE OTL €ivart BeATiopéva
T0 EMMESQ TOV OTAVINCEDV TOV TEPIGCOTEPMY LAONTOV OTO PETA-TECT GE GYECN E TO AVTIOTOYO EMITEd
OTO TPO-TECT Y10 TTVYEC TNG TPUKTIKNG TOL aPopd 6To oyedtacud Abvcewv (kabopiopudc TpoPfAnuatog Tpog
eMIAVGT, TPOGIOPIGUOG KPLTNPI®V KOt TEPLOPIGUADV, GYEOACUOG LOVTELOV/TPOTOTVIOV MGTE VAL EKTANPAOVEL
éva kpumpo M éva mEPOPIoUO, Ayn amdeacng amodoyng 1 omdppyng €vog LOVIEAOV/TPOTOTLTTOV).
Ewwodtepa, 1 avénon o10 mocootd twv dvo vynAdtepov emmédov Nrav: 20% yoo tov kabopiopo
npofAnuatog tpog eniivor, 30% yia Tov TPOSIOPIGUO KpLTnpimv Kot teplopiopav, 40% yio Tov oxedacpo
HOVTELOV/TPMTOTVIIOV DCTE VO, EKTANPAOVEL Eva Kptiplo, 45% v Tov oyedlacUd HOVTEAOV/TPOTOTLITOL
MOOTE VO EKTANPOVEL éva mepopopd Ko 25% vyt Aymn amdeoonS amodoyns N amoppyns evog
HOVTELOV/TPMTOTLTTOV.

Eniong, n perét tov aravrioeov OAov Tov pobntodv oto eOALL epyaciag, Katd Tn OpKELD TNG CEPAG
poOnuatov, aveédelEe Tig «LoBNGLaKES SLOOPOUESH TOVS AVAPOPIKE e TNV EEEMEN TTUYMV TNG TPOUKTIKYG TTOV
aopd 610 oyedtocpd Aoewv. [Tpoékuye 6t 01 TEPLGGOTEPOL BN TEG TOpOoLGiacay GTadlakT Peltioon ota
EMIMESA TOV OMAVINGEDV TOLG KATA TN OEPKELN TOV OPOUCTNPLOTHTOV TOV EVETAEKAV TNV TPOKTIKY TOV
oXEO10GLLOV AVGEWV.

XYMIIEPAXMATA

H Bektimon tov mtuydv TG TPAKTIKNG TOL apopd 6TO GYEOACUO AVCEWV 0 HoONTEG, LEG® TNG GEPAG
paONUaTOV Yo TIG SUVANELS TOL QapUOCTNKE, avadelyOnke epikty. Ewdwotepa, péocm avtne g oelpdc
padnuatov, ot meprocotepol padntég Nrav oe Béom vo kabopilovv mpoPAnuato mpog emiAvom, va
TPOGO10piLovV KPITHPLOL KO TEPLOPICUOVS TOL TO TPOTOVTI TOV GYEOAGHOV TG ADoNG TPEMEL va, TANPpOoHV, Vol
oed14ovV Kol Vo KATOOKEVALOUV HOVIELQ/TPMOTOTLTIO MGTE VO TANPOVV KPLTHPLOL 1] TEPLOPICLOVS Kot VOl
AopPévouy amo@AcELg amodoyNG N ATOPPIYNG TOV LOVIEAOV/TPOTOTUTMV.

H BeAtioon tov mtuxdv oavthg g TPOKTIKNAG 0Tovg pantég Ba pmopovoe va amodobel otn SOUKTIKN
TPOCEYYIoN TOL LIBETNONKE («UABNON TPV SACTACEMVY) KOl GTIS OPACTNPLOTNTES TOV EKTOLOEVTIKOV
vAkov. Epegvvnticd dedopéva €xovv ogifel 6TL o1 ddaxTikég mapepPdoelg mov Pacilovtal ce avt)y ™
SBOKTIKY TPOGEYYIoN UTOoPovV Vo BeATIdG0VV Ta pabnctokd omoteléopata tov pabntov (Xiang et al.,
2022). Qotd6c0, TO. EVPNUOTO TNEG EPYACIOG VTOKEWTOL GE TEPLOPICLOVS TTOV GPOPOVV GTO SElyUO TOV
padntov. Ipoteivetal va pehetnei n copforn avtig g oelpdc panudtov oty e£EMEN PaciK®Y 10DV
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(TOV ALPOPOVV BTNV EVVOLOAOYIKT TEPLOYN TOV SVVALE®MV) KOl EYKAPTI®V EVVOIDV TV Lontdv, Kabdg eniong
Kol GALOV TPoKTIKOV ToV Duoikov Emomuov kot g Mnyavikng oe padntés.
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