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NepiAnyn

H mapotoa epyaotnplaxr) mapovoiaot) agopd otov obvOLAoHO TG XP1iong Tov Aoyiopikod Easy Java
Simulations kat Tov pikpoeleyktr) torov Arduino, yia v Snpiovpyid dmA®V DIOAOYIOTIKAOV HOVIEA®V
npoocopowwoeav. Eivat évag ocovooaopog Aoytopikod Kat bAtkod mov propel va o@eAr)ogl 1000 Tovg
eKIaSeLTIKODG, 000 KAl TOvg padntég kat gottntég. Ot padntég kat portntég propovy va efokelmbody
He TOV IPOYPAPMATIoOpO g Java, ypd@oviag pKpd IPOYyPAdHpATd pe KOOWKA Kat pe Ttov éleyyo
Hikpoeheyktov TOmov Arduino, ®ote va evvondet kat va avamtoyOel 1 LIOAOYIOTIKI] OKEWT
(computational thinking). Ot exmatdevTikol emiong pHIIopody va SNEIOLPYICOLY Ta JIKA TOLG OevApPLa
010 aoKkaAiag yla IPOCOHOIMOELS KAVOVTAG Tlg MPOoOKeg KAl TPOIOMIOW|0EL oL embopody. v
napovotaor) Ba yiver xprion too Easy Java Simulations, oovdeor) pe tov pikpoeleyktr) tomoo Arduino
Kat eKTéAeon) TRV dpaotnpotrtev ot Science, Technology, Engineering and Mathematics.

A£€eig KAEd14: EJS, Arduino, Yohoytotikr) Zkéyr), ITpocopoiowon, STEM

Eicaywyn

Zmyv mapovoa epyaotnplaxi) mapovoiaocn Oa xpnowpomnowndet to Aoyopwko Easy Java
Simulations, xataMnAo ywa dnplovpyia npocopowwoeav. To epyaleio Easy Java/Javascript
Simulations etvat yvewoto og EjsS (EJS 1 Ejs), etvat éva dwpedav epyaleio ypappévo oe Java
ywa 1 Onpovpyla OSwadpactik@v mpooopowmoemv ot Java 1) Javascript Kopiog yia
exraidevtikong kat padnoiaxovg oxomovg (EjsWiki, 2016). Emuhéov to EJS eivar molo
eokolo ot xprjon (Chartier & Kreutzer, 2010; Psycharis, 2016b). Avto mmov To Kavet eDKOAO
ot xpron eivat ot dev xpeldletat o xpriotng va €xel YV®OeLS IPOYPARPATIONod o Java
(Psycharis, 2016b), otte va ypawet TOANEG YPAappEG K@OKA, ODTE VA yPAWeL KOOIKA yid TV
E10ay®YI] AVIIKEPEVOY yia TV oxedtokivor (animation) tov poviéAov Tov, aPov LIIAP)EL
n dovatomrta pe ovpoo kat anobeon (drag & drop) va Kataokevdoel oty KApTENa g
0¢aong To povtédo mpooopoiwong tov. Akoun, to epyaleio EJS ypnowpomoteitat yia wmy
Onpovpylda auTOVOH®V IIPOCOHOIMOE®Y KAl pHopel va xprowpomnowdel oe oovovaopo pe
aMa Aoytopwkda (Dormido et al., 2005), al\a xat pe dAAo vAwko6 (hardware) omeg eivat yia
napdadetypa o pikpoeheykt)g tomov  Arduino. Méxptr v éxdoory 5.0, oto EJS
KAtaokevaldotav Ipoooiolmoelg povo oe Java. Metd v ék0oor) 5.0, ondapyet i dvvarotta
dnpovpylag mpooopowwoemv oe Javascript kat oe HTML5. Tédog, Sivetal nj dovarouta
avTEG Ol IIPOCOPOLMOELG VA PIIOPOVY VA €KTEAEOTODY TOOO Of TAPMIAETEG OO0 KAl oe eSvmva
mAépava, apkel kaveig va katePdoet TV KatdAAnAn epappoyn) (app) yta v OLOKEDI) TOD.
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H ¢x060o0r) tov EJS oty omoia ekteAéotnKav ol Iposopol®oelg ov Oa mapovotactovv eivat
n5.2.

T'evikda oty eAAnvikn exnadeotikr) kowotnta to EJS dev eivat moAv Stadedopévo xkat dev
XP1OHOTIOLELTAL EDPEDG Y TV Onpiovpyld MPOCOHOLOOERY, aviifeta amo ott copfaivet
otig HITA, dneg npoxomret and avadrorn oe dapbpa, ovvedpia xat meptodikda. Opmg ta
Televtaia ypovia napatnpeitat 0Tt €xet SEKIVIIOeL 1] XP1)01) TOL AIIO EKITAIOELTIKOVS, oLV 0ng
pe avtikeipevo v ITAnpogopikr), oty mpoorddeta dnpovpylag eKIAdELTIK®Y OevVAPi®V
onwg 1o NOAKTIKO oevaplo g petadoorng Beppotntag pe ayaoyrn ([Takovpag & Poyxaprg,
2016). Emiong o Psycharis (2016a) xpnotpomnoinoe to EJS oe npomtoyiakovg gottrtég AEI yua
va tpomomno)oovy 181 vIdapyxovia cevdpla amnd to ynelako amobet)pio Open Source
Physics 11 va avamtdfoov ta Owkd tovg mov fa ta xpnowpormoujcovv apyotepd oav
exaidevtka oevaptla ota oxoAeia. Ta anotedéopata amd v xpron tov EJS frav Oetikd.
Emiong amod épevva tov Psycharis (2016b) ta amoteNéopata €8ei§av ot ev dvvdapet
eKIaOeLTIKOL  OTAV  XPIOLHOIOODY  gPYAOCTPLAKEG OPACTNPIOTNTEG e OUYKEKPLIEVT)
pebodoloyia éyovv Oetikr) otdon ot xprjon povtedov pe 1o EJS. BéBaia, mpooopoiwoetg pe
) Xpron Java, agov ovolaoTIKA pe avTrv etvat dopnpévn to epyaleto EJS, éxoov aoyolnOet
apketol oneg ya napadetypa ot Poyapng xat Owovopidng (2010) ywa va avamtdioov éva
povtélo mpooopoinong yia tov alyopidpo Simulated Annealing.

Emiong, otav oloxkAnpwbel pua Spaotmpiotnra 13 pua mpooopoiwon oto EJS , o
onpovpydg TOL Hmopel va v evamobéoet o KataMnAa wyneuaxda amobetrpia.
YUYKeKPEV, DITAPXOLV KATAAANAG armofetpia yid Ta SIOAKTIKA CeVAPLA KAt T WP PLAKA
aviikeipeva moo éxoov OnpovpynOei pe To EJS, omwg 1o Open Source Physics
(http:/ /www.opensourcephysics.org) o) 10 Open Discovery Space
(http://www.opendiscoveryspace.eu), onoo ¢xet Snptovpyn et vriokowvotta yia to EJS.

To epyaleio EJS Stevkoldvet Tovg pabntég, potrtnTég Kat eKIatdenTiKodg oty Snptovpyia
IIPOCOHOIOOERV, EMIEWDN) IIEPIEXEL: (I) EDKONO OPIOHO PETAPAIT®V KAt OOVAPTI|OE®V, [3) EDKOAN
Sadwkaoia kabopopod eEENENG g mpooopoimong, y) MOAAnAeg Kaptedeg pe Stakpttodg
poAovg, 8) evKOAN Onprovpyla TOL POVIEAOL TPOCOHOI®ONG, HE OIIA) HETAKIVNON Kt
anobeon (drag & drop) otmv katd\AnAn xaptéda Béaong, &) vmootjpiln eNANVIKOV oTo
ypapuo meptPaAlov epyaoiag Tov xprotn Kat ot) Xxedtokivion g TeENKI|G IIPOCOHOiMong
Y1a KaADTePT) KATAVOIO1) TOD QALVOHEVOD IOV PEAETATAL.

To EJS propet va oovepyaotel kat pe aAa Aoylopikd, aA\d Kat ermurpdodeto vAko, Oreg
etvat ot pikpoeleyktég. Kata v oovdeon tov pikpoeheykt) tomov Arduino oto EJS, n
Oadwkaoia eivat eDKOAN KAt arhr). ZoyKeKPIpéva 1 obvOeon yivetal povo pe éva KaA@do
USB, agob npota eykataotabel oto EJS to katdMnlo mpoypappa oote va pmopet va
ovvepyaletat pe tov pikpoeleykty tomov Arduino. Agoo, to EJS avayvepioet tov
HikpoelekTr) Kat — mpayparonou)fel emxowmvia Hetald TOL HPOYPAPPATOg KAl TOv
HIKPOEAEYKTL), O XPI|OTNG PITOPel VA ypAWeL TOV KOOIKA TG IPpooopoiaong Tov oto EJS kat
va tov exktehéoel. H ovvtaln tov npoypappatog yivetal pe am\ég Kat obVTopeg EVIONEG OTO
EJS, wote va propody va eléyyovtat ot eicodot Kat €000t Tov pikpoeheyTkr) torov Arduino.

O 06pog STEM eivar 1o akpaovdplo tov AéCemv Science, Technology, Engineering and
Mathematics xat mapovotdotmke apyikd otig Hvopéveg TToAtteteg g Apepikng (H.ILA.)
Kat apyotepa epgaviotnke kat oty Eopormn. Zhipepa ta meplocotepd MAVEIOTH WA TOV
H.ILA. ¢{0o0V eVO®PATOOEL OTA IPOYPAPHATA OIOLO®V TovG (glte oav exmplotd padnpata
eite péoa oto mpoypappa omovdav toog) pabnuata STEM. H vlomoinon oe STEM yivetat
pe v Ymoloylotiky) Emotipn xat oav pébodo emilvong nmpoPAnpdrov xprnotponoteitat 1
Ynoloylotikr) Zxeyr (ITahtodpag & Poydapng, 2016).
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Onwg avagépet 1 Wing (2006), 11 Yrrohoytotikr] ZKeyn) amotelel pia amo Tig TEOOEPELS
Baowkég deClotnTeg (ot aAAeg eivat 1) avayveon, n ypaer Kat ta padnpatikd) moo 0a mpémet
va amoktovy ot pabntég oto ovyxpovo oxoleio. H Ymoloylotukr Zxkéyn Ponddet oty
emiloon OpoPAnudtov Kat omy oxediaon ovotpdIev, He TtV Xpron pebodev xat
povtélav, mov Oev emAvovtat avtovopa (Wing, 2006). Baowko ototyeio g bIIOAOYIOTIKIG
okéyng etval 1) évvola g agaipeong (abstraction) onwg avagépet 11 Bers (2010). AnAadr)
armo pid £Vvold vda yivel arnodopnor Tov MePrt®V OTolyel®@V TG ®oTe va KatdaAnSet va etvat
10 Paocwko dopko otoiyeio g Avong tov mpofAnparog. H Bers (2010) avagepet ot eivat
Kpiowpo aovtd To OTadlo, agov Toxov Aavlaopévn emloyr] pmopel va odnyroet oe
npoPAnpatiky) Avon. H Ymoloyiotikry Zxéwn e@appoetat oe MAODOLA DIOAOYIOTIKA
neptpalovrta pe myv xpron g e§éhlng oe Tpia otadia: a) xprjon, B) tpomormnoinorn Kat y)
onpovpyia (Lee et al., 2011). Ze avtd Ta mAODOLA DIIOAOYLOTIKA MEPIPAANOVTA AVIKEL KAt TO
EJS. Ot Barr xat Stephenson (2011) mapovowdloov pia oelpda amod mapadeiyporta
KaM\iépyelag g YIIOAOYI0TIKIG ZKEWNG He TV eprhokn) oo STEM.

Ot mpotevopeveg Opaotnplotnieg TG IMAPOLOAS IIAPOLOLAONG AVIKOLV OtV
«exmaidevor) STEM», évav opo mov avagépetat ot ddaokaiia ) pabnon otig dooikég
Emotjpeg, mv Texvoloyia, myv emotjpn g Mnyavikig xat ta Mabnpatikd omeg
avagépovv ot ITahovpag xat Poyxdpng (2016). ['a va propéoet Opmg va yapaxtnplotel pia
SpacTPOTNTA OTL AVHKEL OTNV MAPAIIAVe KATyoplda 0a mpéret TOLAAY1oToV TPeLg amo Tig
TEOOEPELG  EMOTIHEG VA  EVOMUATOVOVIAL OtV OLYKeKPevr Spaotnpotmra. Ot
OpaoTNEOTITEG IIOL IIAPOLOLAJOVTAL EUIEPLEXODV TOLAUXIOTOV TPEL amd Tig TECOEPELS
EMOTI|PIEG.

Aopn epyaotnplakng mapouciaong

H oovolkr| Stdpketa g OOYKEKPIEEVIG EPYAOTIPLAKNG Hapovotaong voloyifetat otig dvo
MPEG TIEPIITOD, O XMDPO EPYAOTPIOD pE DITOAOYIOTEG. Aev XPelaeTal ot OOPPETEYOVTEG VA
éyoov mpooPaon oto StadikToo, agoov ta anapaitta apyeia ywa my eykataotaor tov EJS
propovy va xopnynboov kat pe otkakt USB amd toog etonyntég. Ot ooppetéyovieg
xopifovtat oe opddeg TV dVO ATOPAV, GOTE vd £XOLV MPOOPAcT) OAOL O PIKPOENEYKTEG
tonoo Arduino, ot omoiot 8a diateBovv amd tovg ewonyntég. Etol o péylotog apbpog tov
OCOPPETEXOVIOV PITOPEL VA €lVAL E1KOOL 1) OTNV M0 AKPAL HEPUITOOL TPLAVTA AV X®PLOTOLV
og opddeg TV TPV atopev. Ot Spaoctpotnteg mov Ba mpayparomnowBodv @aivovrat
otov napaxate Tivaxa 1.

ITivakag 1: Aopr] epyactnplaxi)g mapousiaong dpaoctnplot)rov

Awadikaota eykatdaotaor) tov EJS kat meprypagr) tov nepipaiovtog epyaoiag tov EJS

TTeprypagr xat ovvoeor) Tov Arduino pe to EJS

OMryoderrto Aradeppa

ITpotn dpaotnprotta

EJS, Arduino xat pia 6iodo exrroprrig gpatog (Led)

Aevtepn Spaotnpotta

TTpooopoiwon gavapimv eAéyxov KukAopopiag

OMryoderto Araderppa

Tpiw Spacmpiotta
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TIpooopoiwon @avapiev ekkivnong g Poppovia 1

Avaotoyaopog - Zodrtnon

Mpwtn Apactnpiétnta

Zmyv mpot) dpacmplotnTa ot ovbppetexovieg pabaivoov va mpoypappatifoov Tov
Hikpoeheykty tomov Arduino péoa amd to ypagd mepipdaliov too EJS. H mpo
Spaotnpotta etvatl PAotkr), MOTE VA PIOPECODY OTI) COVEXELD VA EUIAAKODY EVEPYA OTIG
aMeg dvo dpaotnplotnteg. Aev amattel 10taitepeg yvaoelg MPOYPAPPATIONOD ®OTe vd
oAoxAnpmbel 11 Opaotnpotta, apket va akolovdnboovv ta Prjpata g Spaotmplot)tag pe
) oot oepd, oneg Ba tovg 6obet oto PouANadio dpaoctnplotitev. Ta anapattnta LAIKA,
Hikpoeheyktng torov Arduino, kalodia, diodot exmoprr)g eaTog Kat kaAadio USB Ba toog
StavepnBody amod Tovg £10NYNTEG TG Tapovoiaong. AvTO TMov elvat amapaitmTo eivatl ot
evOla@pepopevol va £xovv padi Toog popnTto NAEKTPOVIKO DIIONOYLOTH.
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Ixnpa 1: Zovdeopoloyia piag 810600 EKNOPING P®TOG OTOV PIKPOENEYKTI] TOIIOD
Arduino

Avapévetatl va PIopEcouV apyKA Ol COPHETEXOVTEG VA EKTEAEOOLV TO IIPOYPAPPA HE TO
EJS xat va dodve 10 amotéAeoHa OMTIKA OTO YPAPIKO IEPIPAANOV TOVL XPI)OTr. X1 COVEXELX
Oa oLVOEoOLY TOV HIKPOEAEYKTI] OTOV (POPITO NAEKTPOVIKO DIIONOYLOTH Kat pe T Porfeia
tov mpoypdappatog EJS Ba tov mpoypappatioovv. Zto 1éhog, avapévetal ott Oa propécoov
va oovdéoovv tov pkpoeAeyktr] toroo Arduino pe to EJS xat va Sovve omtikda 1) 6iodo
(led) va avdapet. Zav ovvéxewa g dpactplotntag, ot ovppetéyovieg Oa xAndovv va
npoypapparticoov oe yAwooa Java (Ba toog divovrat odnyieg kat katendvvoeig) va avafet )
610dog petd amo ovykekpipévo xpoviko dwdotnua. H ovvdeopoloyia tov pikpoeleyKTr)
torov Arduino pe ) 8iodo, @aivetat oto Zyrpa 1.
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Ztovg ovppeteyovieg Oa Owavepnfel @uAAdo mov Oa mepiexel Kat TG TPEG
Opaoctnpotteg. Oa LIAPXOLY AVANDTIKA Ta Pripatd eKTENeONG TOV OPAOTPLOTITOV MOTE
va oAoKANp®Bovv pe emroxia ard Tovg COPPETEXOVTES.

AeUtepn Apaotnpiotnta

1) OGedtepn dpaoctnELOTNTA, Ol COPHETEXOVTEG EYOVTAG KaTaldPel @G yiverat n odvoeor
petalv ppoeleykty xat EJS, O6a mpoomabrjcoov va mpoocopolimoovv Ta @avdapila
KokAo@opiag. Zoykekpipéva, Oa xpetaotel va oovoeoovv Tpelg 6100006 EKITOHIITG PAOTOS, L
KOKKLVI), HLa IPAOLV] KAl pia MOPTOKAAL KAl vd Tig IPOYPAPHIATIOONV [e TETOL0 TPOIIO, MOTE
VA IPOCOHOLOVOVTIAL Ta @Pavdapld KokAogopiag tov odwkod Owktdov. O pikpoeAeyktg
Arduino kabog kat Ta anapatitnta LAKA yia v dpaoctplotnta 0a Stavepnboovy otovg
OCDHPETEXOVTEG AIIO TOVLG E0NYNTEG TG Hapovoiaong. AvTo mov eival armapaitto ivat ot
evOla@pepopevol va £xovv padi Toog popnTto NAEKTPOVIKO DIIONOYLOTH.

Avapévetatl va Kata@épooy ol COPHETEXOVTEG VA EKTEAECOVY TNV Oebtepn) dpaotnplotIa,
O0edopevoo ot otpietal omv mpot). Mmopet va ovovavtrjoovv SvOKOAd OTov TPOIo
evalAayrg @OTIORoD TV 51006V, SnAadr e molo TPOIo PeTd TV KOKKvI) 6iodo va avafet
1 npaotvr diodog, 1) omoia Ba Semepaotet pe TIg Katevbvvoelg mov Ba tovg dobovv amd Tovg
etonyntés. H oovoeopoloyia tov pikpoeheyktr) tomov Arduino pe tig 6100006, gaiverat oto
IZxfpa 2. Zav eméktaon g dpaoctnpldtnTag HIIOPOLY Ol OODHHETEXOVTIEG VA Opioovv
OLaPOPETIKODG XPOVOLG eVAAAYIG PETASD TRV TPLOV S10dmV.
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Ewova 2: ZovOeopoloyid Ipt@dV 51000V EKIOPIIG P®TOG OTOV HIKPOENEYKTI] TOIIOV
Arduino
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Ot ooppetéyovteg Oa xprotponou)oovy To GLANGSIo oL Ba Tovg €xet StavepnOet xat Ba
DOAPYOLY AVANLTIKA Ta Prjpata ektéleong g Oedtepng OpactplotnIag Mote va
oAoxAnp®Oetl pe emtoyiar.

Tpitn Apactnpiotnta
Zmyv tpitn dpaotnplotnta ot ooppetexovieg éxoviag efoketbel pe to EJS kat tov
Hikpoeleyktr) Oa SOKIPACOLV VA IIPOCOHOIOOOLY TA PAVAPLA EKKIVNONG TG POppovAa 1
XP1OWOTIOIOVTAG TO POAANAOLO0 e Ta AVANDTIKA Pripatd eKTéAeong g OpaotnpLoTTag.
Avapéveral va KaTag@eépovv ol COPHETEXOVTEG VA EKTENECODV TNV Tpitn dpaoctnplotntd,
Oedopevov OTL elval ovvéxeld g IPWTG Kat tg dedtepng mpooopoimong. Mmopel va
ovvavtroooy SLOKOALA OTOV TPOIO eVAANAAYIG PATIOROD TOV Qavapi®Vv Kat mbavov oto
oPriopo TV S100mV peTd amod Toxaio xpovo. Xe mepimt®orn dvoKoAiag LAoIoinong Tov, ot
eonyntég Ba Spooov Tig Katalnleg kateobvvoelg kat odnyieq. H ovvdeopoloyia too
Hikpogheyktr) toroo Arduino pe Tig 5108000g EKIOPTING PATOG, Ppatvetat oto Zyfpa 3.
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Ixnpa 3: Zovdeopoloyia H100®V EKNOPMING P®TOG OTOV HiKpoeAeyKTr) TOIov Arduino ya
TV IPOCOPO0IMOT] TV PAVAPLOV EKKivNo1G ¢ Poppovia 1

Motoug apopd

H mnapobvoa epyaotplakl) IAPOLOLAon dQopd IP®TIOT®G TODG EKIIADELTIKODG TG
npotoBddptag xat deotepoPabdptag exmaidevong, ot omoiot Ba propécovv va €xovv éva
emuAéov epyaleio ®OTE va obvOLACOLY £PAPHOYES TV YVHOOTIK®OV meptoxav STEM. Méoa
amo tov oovdvaopo EJS kat tov pikpoeleyktr) Torov Arduino, propotdv va Snpiovpyrooov
EKTIIAOEDTIKEG TIPOOONOIWOELG KATANINAEG yia Tig evotnteg mov Bedovv va Sdadovv. Ot
exnadevtikol prmopovv va avamtd{oov Ta SIKA TOLG OevdApla I Vd XPNOUOIOU)00vV
IIPOCOHOROELG aro dtagopa amobetrpta eknadevTik®V oKomv mov diatifeviar dwpedv



‘Evtaén kat Xprion twv TMNE otnv Ekmaideutikn Aladikacia 1041

a@ov KAavouv Tig KatdAAnAeg tponomou)oets. Emong prmopotdv ot idlot va avaptjoovyv oe
emonpa anobetr)pla YnPuakeVv oevapiav Tig IPocopotaoetg mov Oa éxoov Onptovpyroet
€101 ®OTe va etvat Stabéotjieg oty eKIAOELTIKI] KOWOTNTA O OAO TOV KOOHO.

Emiong, 1 mapoboa epydotnplaky] IApovoiacn d@opd Kat ToLG  QOUtTeEg NG
TprtoPdadmag exmaidevong aMa kair pabntég g devtepoPdabpiag kar mpwmtoPadiitag
extiaidevong, ot omoiot eviiagepoviat va acxoAnbodv pe Tov MPOyPAppATIoOpo KAt va
propgoovv va ehéyoov évav pukpoeleykrtr) tormov Arduino. Ot gottntég kat ot pabntég Ba
HIOpEooLV va avamtoiouv TG Paoctkég apxég IPOYPARHATIONOD, PACKA oTolxela g
DIOAOYIOTIKIG OKEWNG KAl TV AOYIKI] T@V HIPocopotaoeav. Ot @ottntég xat ot padntég
propet va avamtofovv deSlotnteg SNPovpyKOTNTAG KAl ovvepyaoiag e aAAODG QOTTTEG
Kat padnrég otav epydadovial oe opdadeg MPOKEWPEVOD VA €MADOOLY HPOPAfjATA ITOL TOLG
éxoov avatebel. OAa opeg avta Ba prmopéoovv va emtevybodv pe v xabodrjynon xat
Vo0 P1E! TOV POLTTOV KAt PAbnTOV aIro Tovg eKIAOEDTIKODG TOVG.

Ta melpdpata avtd eVO@PAT®VOLY TODG AELTODPYIKOLS OPLOROLG TNG VIIOAOYIOTIKI|G
OKEWYT)G KAl IIPOOOOKOVIE OTNV ASLOIIOiN01) TOVG OTO EKIIALOEVTIKO COOTIHAL.
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