Erncterarxos Touog: Heipoua ko Aidookolrio twv @voikwv Emotyudv
Emuélero: Kovaroviivog . Kaotong, I'ewpyrog Ztdlog

H EKITAIAEYTIKH POMIIOTIKH KAI H TEXNHTH
NOHMOZXYNH, QX XYI'XPONA EPT'AAEIA
YIIOXTHPIEHYX THX IEIPAMATIKHY AIAAYKAATAX
THX OYXIKHX: Ol TPEXOYXEX ITPAKTIKEX

Apiototédng I'ciodpog!, Kovotavtivog Txopdovinc?, Tdvva
Korsioumovpo?, T'edpyrog [ppepdrnc?, Avoipnog Xaikidne®, Bacilikn
Poud®, Hhioac Mrowoc’, Zoypaeid Haxovayidtov®, Atkotepivn
Mrevion’, AdeEqvdpa-Tprovtapoiid Haxavayidtov!'?, @comodra
Xpvcoyob ! & Avactdoiog Korhag!?

! Emixovpog KaOnyntig IITAE - AIIO, *KaOyynuic IITAE - EKIIA, 3 Enixovpn
Kabnyntpia IITAE-EKIIA, *EAI, TITAE - AIIO, °Emiotnuovikée Zvvepydane HTAE -
EKIIA, *Yroysgio Midaxtopiooa ITTAE - EKIIA, " Yroyipiog Aiddxtopag ITTAE -
EKIIA, 8Mem7m))(lamy' Dovtnrpio [ITAE - EKIIA, M.Ed., IITAE - EKIIA,

DrIporrvyioxyy @orthtpia SEM®PE - EKIIA, ! Emiotnuovixy Zovepyénida IITAE -
EKIIA, PEmotnuovikée Xovepydrne IITAE - EKIIA.

agkiolm@eled.auth. or

HHEPIAHYH

2T0 TOPOV KEPGAOLO OIEPEVVATOL OIECOOLKG. ) XPHOT ODO KOIVODPYLWY - CYETIKA - EPYOAELWV TOV
eumAovtifovy Ta TEAEvTAiA YPOVIO, TNV TEPOUATIKY O1000KOALG THE PVOIKNG, 08 0AsS Ti¢ fabuides
¢ Exraidevons: e Exmoirdevtinngg Poumotikis ko s Teyvytiis Noguoovvyg. Meletdrou
70 Gepntikd Kol TAOAYWYIKO TAOIOIO THS YPHONS TV dDO OUTOV EPYOAEiwV, TapoTiOevial
EKTETOUEVO TOPAOEIYUATO, YPHONG TOVS KOL EPOPUOYHS TOVS KOl TOPOVTIALOVTAL Ol EKTOIOEVTIKOL
Ko LoOnalaxol oToyol Tov EMTOYYAVOVTOL e OVTA. Z0({HTWVTOL TEPITTWOELS EPOPUOYHS TWV ODO
epyoAEiwy oty epyootnplokn ordookalio tne DvoIKHG Kol ToapoTiOeviar JLAPopes HOPPES THG.
Télog avolvovior o1 deovtoloyikoi mepiopiouol oty ypnon s Exmoudevtikng Pourotixng xou
e Teyvptic Nonuoobvis otnv mewpouotixn exmoiosvon e Dvowne kor eéetdloviar ol
TPOOTTIKES XPHONG TWV 0D0 EPYAAEIV aTO HEALOV.

AEEEIS KAELOIA: EKTLOLOEVTIKY POUTOTIKY, TEYVITH VOHUOTOVY], TEPOUOATIKY 0100.0K0Al0. POOIKNG

Avapopa: Txolag, A. & Zxopdooing, K., Katoswapmovpa, ., TIppuepdkng, I'., Xadkidng, A., ... &
Koélog, A. (2025). H Exmoidevuikn Poumotikyy kor n Teyvneyy Nonuoovvn, wg Xoyypova Epyaleio
Yrootipiéne e Hepouatikng Aidaockolios ts Qvowng: Ot Tpéyovaes lpoxtikés, oto Kmtong K.O. &
Zwodog I., (Empérewn), Ieipoua kar Aidaockalio twv Pvoikwv Emotnuav, Ereteiaxos Touog yia to. 40
xpovio. tov [ITAE Iwovvivav, Epyactipro Exnaidevong kot Awdackariog g Pvowknig, [ovemotnpiov
loavvivov. ISBN: 978-618-82063-5-9

30
Open Book Press, EKT 2025


mailto:epafi@enefet.gr

Erncterarxos Touog: Heipoua ko Aidookolrio twv @voikwv Emotyudv
Emuélero: Kovaroviivog . Kaotong, I'ewpyrog Ztdlog

EDUCATIONAL ROBOTICS AND ARTIFICIAL
INTELLIGENCE, AS MODERN TOOLS OF
SUPPORTING THE EXPERIMENTAL TEACHING OF
PHYSICS: THE CURRENT PRACTICES

Aristotelis Gkiolmas!, Constantine Skordoulis?, Gianna Katsiampoura®,
George Primerakis*, Anthimos Chalkidis’, Vasiliki Psoma®, Ilias Boikos’,
Zografia Papanagiotou®, Aikaterini Benisi®, Alexandra-Triantafyllia
Papanagiotou'®, Theopoula Chrysochou'' & Anastasios Kollias'?

! Assistant Professor, Department of Primary Education, Aristotle University of
Thessaloniki, > Professor, Department of Pedagogy and Primary Education, National
and Kapodistrian University of Athens, 3Assistant Professor, Department of Pedagogy
and Primary Education, National and Kapodistrian University of Athens, *Laboratory
Teaching Staff, Department of Primary Education, Aristotle University of
Thessaloniki, >Research Fellow, Department of Pedagogy and Primary Education,
National and Kapodistrian University of Athens, SPhD Candidate, Department of
Pedagogy and Primary Education, National and Kapodistrian University of Athens,
’PhD Candidate, Department of Pedagogy and Primary Education, National and
Kapodistrian University of Athens, ®Post-graduate Student, Department of Pedagogy
and Primary Education, National and Kapodistrian University of Athens, °M.Ed.,
Department of Pedagogy and Primary Education, National and Kapodistrian
University of Athens, "°Under-graduate Student, School of Applied Mathematical and
Physical Sciences, National Technical University of Athens, HResearch Fellow,
Department of Pedagogy and Primary Education, National and Kapodistrian
University of Athens, ’Research Fellow, Department of Pedagogy and Primary
Education, National and Kapodistrian University of Athens.

agkiolm(@eled.auth. or

ABSTRACT

In the current chapter, the use of two - relatively - new tools is scrutinised, which enhance, in
the recent years, the experimental teaching of Physics at all levels of education: Educational
Robotics and Artificial Intelligence. The theoretical and the pedagogical framework of the use
of these two aforementioned tools is studied, extensive examples of their use and application
are detailed, and - finally - the educational and learning objectives achieved by these two,
aforementioned, tools are presented. Certain cases of implementation of these two tools, in
their various forms, in the laboratory teaching of Physics are discussed and listed. Finally, the
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ethical restrictions in the use of both Educational Robotics and Artificial Intelligence in the
experimental instruction of Physics are analyzed, and the perspectives of usage of these two
tools in the future are examined.

Keywords: educational robotics, artificial intelligence, experimental teaching of Physics

EIXAT'QI'H

Ta tehevtaio xpovia vVTapyeL pio S10pKNG Kot 0VEAVOUEVT] EVOOUATOOT d1EBVAC, TOGO
nloteopumv Extadevutikng Poprotikng (oto €€g, cuyva: EP), (Esportuno & Gerardo,
2014), 6co xar mepiParroviov Teyvnmg Nonmpoovvng (oto &&ng, ovyva: TN)
(Mahligawati et al., 2023) otnv dwackaAio kot pddnorn mov agopd tn Pvokn Kot
E0IKOTEPA TNV TEPOALATIKT Odackaiio ovtic. Kot ta Vo avtd Kouvotdpa epyareia,
delyvouv va gumlovtilovv kotd ToAd TV ekmaidevon oty DvoIKn Ko, EWOIKOTEP, TO
TEPOAUATIKO OKELOC AVTNG,.

Apykd og 0,11 apopd ™ xpnomn ¢ Exnadevtikng Poumotikng, épgvuveg (Ospennikova,
Ershov & Iljin, 2015) €yovv dei&etl 6T 1 eloaywyn g Exmoidevtikng Popmotikng oty
nepapatiky dwackaiio g Puowmnge: (1) avénoe 10 evolaEépov TV PadnTOV Kot
pontpiodv yoo ) peAéTn tov ovtikewévov, (i) PeAtimos v kaTOvVON oM TNG
ddayBeicag VANG, (iil) avEnoe v embupio TOV HodNTOV va eumiakobv pe ) Ouotkn
0€ UETAYEVESTEPO GTAO0 OTOVd®V Tovg (.Y, Agvtepofdba Exmaidevon) kot (iv)
avénoe Vv embopio TOVG Vo EUTAAKOVY ETUYYEALOTIKA LE TTEdiD TOV TTEPIEXOVV TN
dvown ko v Teyvoloyia.

Ao Vv GAn mhevpd, ta mepiPdriovio Teyvntig Nomupoovvng mov OA0 Ko
mEPLOCOTEPO YpNoonoovvtol otny eknaidevon ([Mapackevdac, 2024), népa and Ta
KAOOIKA TAEOVEKTNLOTO TOV TTapEYOVV, OmmG 1 e€atopkevpuévn ndonon, n doupkng
AVaTPOPOJOTNON KOL 1] GLV-OLUUOPPOGT) TOV Lo UaTOG 0 S10AcKOVTA Kot podnTéc,
TapEXOVV, OTMS POIVETAL, E0KA OTNV TTEPARATIKN ddackaiio TG DVOIKNG, Kot GAAL
nieovektuarto (Domenichini et al., 2024), énwg elvor 1) 1oyvpN EUTAOKN TOV HOONTOV
pe v Guoikn kot To TEipapa, Kot 1 1oyvpn Topm®ONcN Y10 TEWPAUATIKT TPUKTIKN OTN
dvowm.

OEQPHTIKO KAI ITAIAAT'QI'TKO ITAAIXIO

H ypnion ™ EP (Souza, & Duarte, 2015) kou tng TN (Kotsis, 2024) o¢ péca yio v
nepopatiky dwackaiio tov Pvowov Emomudv kour g Dvoikng edikodtepa,
npoékuye péca omd pio oelpd and ortieg Kot GuVONKeC.

Apyid 0 TEPAROTIKOG EOTAIGUOG TNV EKTOidEVOT) VPIoTATAL POOPES KOl OTDAELEG
Kol M OmopEN  TEPOUOTIKOV epYOieinv younAiod cuvnBmg ko6oTovg (OmmG oTnV
Exroudevtikny Popmotikn) Ko epyaleiov povieromoinong Kot tpocopoimong(6mmg o
dapopa tepiPdriovta Texvnmg Nonpoovvng) amotekel pia Bacikn 61€£0d0 o€ avTo.
Noa toviotet 011 o1 dwatd&erg EP etvan pikpng kAipokag (0yKov) e oxéon He TIg KAUGTKEG
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TMEPOUATIKEG GLOKEVES, evd PéPata tar mepiPairovta TN amoutodv amAd ) ypnon
VTOAOYIOTN Kol TOL AladIKTOOV.

AALOC, TOAD onuavTikdg Adyog givar, to tedevtaia 25-30 ypdvia, N mAateio di1ddoom
kot edpaimon g exnaidevong STEM, evog SEMOTNUOVIKOD EKTALOELTIKOD TESIOV,
oTNPLYLEVOL O TEXVIKEG oyediov dpdiong (project), 660 kot ot depedvnon (inquiry)
Kot TV enilvon mpoPAnuatog. Agdopévov 6tt 1660 1 Exkrtodevtikr| Poumotiky, 660
kot To gpyareia Teyvnme Nonpoohvng amotelobv kevipikés ocvuviotdoeg tov STEM,
akolovOnoav Kot ovtéc pio avtiotoyn mopela eEdmimong kot edpaimwong oty
EKTTOOEVTIKT] KOWVOTNTO.

EmnpocOeta cuykekpipéveg meproyéc g Puoikng eivor advuvato va KaAveOovv e
KAOOIKT]  TEPAPATIK  Oookaiia, Om®mG 1 AGTPOPULGIKN, 1 ZYXETIKOTNTOA, 1
KBavropunyavikn kot dArec, kabiotovtag moldtiun ™ cvpfoin e TN. Avtictoryo
emyeipnuo voiototon kat yio v EP, pe mo kloaoikd mapddetypo v Hiektpovikn
(dlodor LED, tpaviictopg, motevoldpeTpa kot dAra), évav Kot eEoynv kKAAdo g
dvowmg mov - Bewpovue OtTL - dvokora Ba “katéPfaive” oe yaunAidtepeg Pabuideg
Exnaidevong and v Tprrofaduia, ympig ™ cvpfoin g Exmodevtikig Popmotiknig.

Emnpocbeta, péca oe Karaokevaotikd Eroucodountucd (Constructionist) mAaiota, ot
Luciano kot iAot (2019) katadeikvoovy OTL I TEPAUATIKY ekTaidevon o1 Dvoikn
pe ™ ovvopoun g Poumotikng, oyetileton dueca pe SO0KTIKOVG GTOYOVS OTMG M
KovoTNTa ET{AVONG TPOPANOTOC, 1) OMLOVPYIKOTNTA KO 1] KPLTIKT) GUAAOYICTIKY).

Kot" avtiotoyyia, n ypnon ko évtaén mg TN oty mepopatiky odocKoAio G
dvowmg oyetiletor pe KAdoovg onwg n I'voowkn Yuvyoioyia, m Emotiun tov
YnoAoywotdv kot 1 Exmondevtikny Teyvoroyio kot dntetor {ntnudtov 6mmg gival M
e€atopikevon g pudnong ko n “evkapyio” g dwackoriog otn Pvowkn (Tong,
Zheng & Wan, 2019)

MNEPIIITQXEIX XPHXHX THX EKITAIAEYTIKHX
POMIIOTIKHX

O1 1petg o dnpoetreig mAatedpues Exmodevtikng Poumotikng avt) m otiyun, oty
EXAnvua) Exraidoevon eivar - yopic apeiforia - Tpeig: 1o Arduino, 1o Lego Spike ko
10 BBC Micro:bit. Kot ot tpeig €yovv evpeia ypnon debvaog, oe 6,11 apopd v
nepapatiky ddackorio g Duoikng, oe Oleg Tig Pabuideg g ekmaidevong (Petry et
al., 2016; Petrovi¢, 2021; Kalelioglu & Sentence, 2020, Quyen, Van Bien, & Thuan,
2023). KéBe pia, dpme, amod tig Tpelg avtég mhatpdpues Exmoaidevtikng Poumotikng £xet
O TNG 1010TEPA YOPOUKTNPIOTIKA KOl TAEOVEKTILOLTAL, TTOL TNV KOO1GTOOLV KOTAAANAN
Yl0L GUYKEKPIUEVO ETITEON LOONTOV KOl GUYKEKPIUEVEG EVOTNTEC OTI O1O0CKOAMO TNG
dvown.

A. To Arduino

To Arduino eivan pukpo-greyktg. [aipvet “eic060” amd ToV LTOALOYIGTH LE TOV 0010
oLVOEETOL Kot UTOPEl  va. TPOPOdOTEITAL e PELIO amd aVTOV. AvTicToryo Topdyst
“katt” og €£0do. H “eic0d0g” pmopel va yivel gite yplpoviag KdOIKO 6TO S1KO TOV
nepiBairov  mpoypappaticpov (IDE, Pocwopévo ot yioooo C++) eite pe
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nmepIParlovia Tpoypappatiopod “pe miaxioww” (emi mopadeiypatt to Scratch for
Arduino, S4A). Avti n Aoy Tov 6t Tpoypoppatilel Kaveic kdtt kot BAETEL TAEOV TO
amotéleopo Oyt oty 006vn ToV VTOAOYIGTN, GALL GOV VAIKO OMLOVPYTUO UTPOGT
TOV (T.(. 6€ 0V TO OV AéyeTan “TAaKETA VAOTOINONG KVKA®pATOV” 1} breadboard) kdvet
10 Arduino vo VTayeToL 68 AVTO TOL OVOUALETOL “PLGIKY VTOAOYIGTIKY N “QPUCIKOG
npoypoppaTiopnds” (physical computing).

Ewévo 1. Avatogn “Zovaysppod Osppokpacios” pe Arduino (Ramos, 2024, Avapopoopévy
gKova: Avaotaciog Koriwag)

INUHovTIKG TAEovEKTLOTA TOV Arduino yio TNV EKTOLOEVTIKT TOV XPNoT Eival TO TOAD
YOUNAO TOL KOGTOG, TO €AeVOEPO VAIKO TPOYPOUUATICHOD KOl TEKUNPIMONG TOV
Bpiokel kKaveic 610 AadikTvo, T0 Hkpd Tov péyeog Kot dALaL.

Ewwdtepa o0pmc og 0TL apopd v melpopatiky] dwdackario tng Puoikng, Oa Aéyope
OTL aWTO OV TO KAOIGTA 11iTEPO YPNOUO Kot ONUOPIAEG EIvOl TOL KUKADUOTO TOV
umopel vo vVAOTOMGEL O OWAck®V Kot o pobntig oto breadboard xotr mov
neptlopupdvoov mAnBoc ovrtotntov DuvoKNG Ko, Kuplowg, 1 TEPACTIO  YKAUO
o TYP®V TOV ¥PNGIUOTOLEL Gav input Kot 1oL HETPOVV TTapo TOAAE DvGKd peyEom
(Beppoxpacia, amdcTact, Evioon EOTOC Kot TOAAG GAAa). EmmpocOeta, n yprion
006vnc LCD (Liquid Crystal Display) oe chvoeon pe Tov PIKPO-EAEYKTT, TOPEYEL GLYVA
™ OLVVOTOTNTA, TO PLOIKG HEYEON mov Aapfdvovior TEPOUATIKE ©¢ €16000¢, Kot
Kataypaeoviot otn Zeptakn O06vn (Serial Monitor), va TpoaALovTotl € TPoyHoTIKO
¥pOVO Kot va givar dStaféoipa yio KoToypagn 1 enesepyacia.

Ymv mepapatikn owdtaén g Ewovag 1 (Ramos, 2024), éva Arduino AapPavetl - pe
évav arcOnmpa - Tpég Beppokpacioc mg 6000 kot OTaV ot TIHES AVTEC VITepPovV Eval
opro, avafet éva Aaumdrkt LED (pmt0di0d0g) Ko gvepyomoteital évag melonAekTpikog
Boupnmge. ‘Etor xataypdoovpe twéc Oeppokpociog péco o KAmow  Opla
(mepapoticd) Kot Petd €yovpe “cuvayeppd”. Av mpocBécovpe ko 086vn LCD, ot
Tiwég Beppoxpaciog mov  kaTOypAPOVIOL Oomd TO GUGTNHO, HUTOPOLV KOl Vo
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nmpofailovTat.

B. To BBC Micro:bit.

To Micro:bit etvar Ko avTtd £vog PIKPO-EAEYKTNG, TOL EYEL TOALE KOVA YOPAKTNPIOTIKA
pe to Arduino. Otidymnke amd v Bpetavikn tAedpacm, ce cvvepyoacio pe
EMGTILLOVEG VITOAOYIGTAV, TPOKELUEVOL VO PEPEL TAOLE LKPATEPTG NAIKIOG OE ETOQPT
LLE TOV TPOYPUUUATICUO, TN “QLGIKT VITOAOYICTIKY]” KOl TV EKTodEVTIKY Popumotiky).
Eivar axoéun mo pikpd oe S100TACELS KOl aKOUN 7o OKovoulkd amd 1o Arduino.
AmevBovetal, g K TOVLTOV, YEVIKE, o€ PadnTég To pikpovg amd 6t to Arduino. Edm
T0 TEPIPAALOV TPOYPOUUATIGHOD €ival KUPIWG SLOSIKTLOKO, MOTOGO LIAPYEL TAEOV
epapuoyn mov umopel va eykotaotodel Tomikd. XopoKTnploTikd TOL OTOTEAEL TG
vrootpilel mePPAALOV TPOYPOUUOTIGHOD “pe TAOKIOW”, OAAG Kot TIC TOAD
Inpooireic yAowooeg Python ko Java (https://microbit.org/code/).

To Micro:bit £xet “Baoelg enéktaong” mov Tov enttpénovy va cuvoéetat pe breadboard,
og mopopoa Aoykr pe to Arduino, kot pmopet va “tpéyel” Kot TPOCOUOIMUEVO, GTIV
006vn Tov TEPIPAAAOVTOG TPOYPAUUATIGHOV (KATL oV TO Arduino dev Kdvel, andd 6To
S4A  etvar  “opatd”. Qotdéco, 10 Ynewkd mepiPdAiov  tov  Tinkercad,

www.tinkercad.com/circuits, TPOGEEPEL TN AEITOVPYIKN LOVTEAOTOINGN KOl TWV VO
mhateopumv Exmadevtikng Poumotikng). ‘Exel mepimov i1d1ovg aoOntipeg pe to
Arduino yw TEWPOUOTIKT OWONCKOAMO, €V EXEL EMITAEOV KOl EVOOUATOUEVOLG
KATO100G oo TAPES TAV® GTNV TAOKETO, €Ml TapadEly ATl oloONTIPa EMLTAYVVOTG,
KdtL Tov to Arduino dev €yel, pe e€aipeon pepikég exdoyég tov (evoektikd: Arduino
Nano).

Ewéva 2. Kataypagn (T010TIKG) TNG EMTAYVVENGS REGO OO TV TAYOVTNTA TEPLOTPOPIG EVOG
avepoT)po, pe Micro:bit ko oveOntipa emrayvvong (Kitronik, 2016, Avapépomon sikévag:
Avootaolog Kérirog)

Yav mopdostypo xpnong tov Micro:bit yia v wepapatikn ddackaiio tng GLGIKNG,
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dtvovpe pia ddragn pov ewoviCeton oty Ewova 2, ko katoypdeel TOOTIKA TV
EMTAYLVOT TNG TAOKETOS, OTMG TNV HETPdel o arcOntipoc, omewovilopevn otV
TaYOTNTO TEPIOTPOPNG €VOC UIKPOL oveptotipa. Otav 1 emtdyvvon HeYOADVEL O
avepotpog yopiler mo ypnyopa. EmmpocOeta, otav aAldéel popd n emtdyvvon,
aALalel popd kot | mepioTpoPr] Tov aveptotpa! H ddtoén amotelel epyastnplokn
doxnon oto Epyacmpio Poumotikng tov IMadaywywod Tunpoatog AnpOTIKNG
Exnaidevong tov Apiototéretov Iavemotnpiov @essorovikng.

I'. To Lego Spike (Essential / Prime)

To Lego sivon pio drdtaén Exmadevtikng Popmotikng apxetd peyoldtepov kO6GTOLG
amd 115 000 aAlec. IIpocopotdlel OpHmS TEPIGGOTEPO GTNV KAUGIKT E1KOVA £vOG Poumdt
exmodevTikng ypnone. [poypappatiCetar TALov Kot 0VTO ATOKAEIGTIKA HEGA OO TOV
VTOAOYIGTN, av Ko péEypL v ékdoom EV3 - ev avtiBéoet pe ta 600 mponyovpeva — giye
Kol pio VTOAOYIGTIKY] avTovopia, dNAadN TPOYPAUUATILOTAY KOl LE EVIOAES - LEVOD
nov J1€0ete ecmtepikd. To Lego drabétet kot avtd aiohOnpeg amdcTooNS, YPMOLUATOG,
EVTOONG PMOTOG, TEONS KOl YUPOOKOTIO, AYOTEPOLG amd TIG dVO TpoovapepOeioes
dwtdéers. [Map’ 6Aa avtd, dtapaivetal pio Téon oe OAEC TIC ETOPELEG VO Voo Bovv
ot ooOntpeg ko va ivor kowvoi oe 6Aa ta €101 Exmtoadevtikng Popmotikng. Emiong to
Lego AEN odwn6étel oe 1000 Pabud erehBepo Aoyiopkd, 660 ot 00O TPOTYOVUEVES
mhateopues. Ymoomnpiler 000 exddoelg mpoypappoatiopod pe miokiow (Block
Programming) ta Icon Blocks kot tao Word Blocks, kaBd¢ kot pia g1dkn ékdoomn g
Python.

Ewoéva 3. Meipapa pétpnong g péong toyvtntog pe Lego NXT ko Lego Spike Prime (Petrovid,
2021)

H ypnon tov Lego Spike, 1660 t0v Prime (npdnv Mindstorms EV-3), mov apopd
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pnantég devtepofdbag Ko Votepng mpwtoPadulag ekmaidevong, 66O Kol TOL
Essentials (mpoonv WeDo) mov agopd pukpotepeg nAkiec AnpoTikoy, eKTelvVETOL Ko
OLTI O€ OPKETEC TEPLOYES TNG EPYAOTNPLOKNG ddackoriag g Duvoikng. Oa Aéyapue
OU®G OTL M HeydAn SLVOUIKY Tov glvarl ot deEaymyn Kot S1d0oKaAin TEPUUATOV
Kuwnpatikng kot yevikodtepo Mnyavikne. Zmv Ewéva 3 eaiveton pio didtaén and Lego
NXT kot Lego Spike Prime, yio tn pétpnon g péong toyvtntog (n GLoKeLT KIveiTot
o€ Tunpota tpoyldg) (Petrovic, 2021).

Ewéva 4. To mo cvyypovo povrého Tov Lego Spike Prime, mov ypnowonolovpe yio 1o ngipopa g
péong toyvTnrac, avri Tov Tolorotepov Lego NXT. (Potoypagia: Avaotdciog Kéirrac)

2y ewova 4 eaivetal To o GVYYPovo LoviéAo Tov Spike Prime, mov ypnoipomotodpe
070 1010 TEeipapa, Yo To TUAUATO TG TPOYLAS, KATUPYDVTAS TEAEIWS TO TOAATEPO
Lego NXT.

HEPHITQXEIX XPHXHX THX TEXNHTHX NOHMOXYNHX

[Mopaderypo Aoyiopikov Teyvne Nonpoohvng mov televtaio ypnotpomoteiton vpeéms
vy 1t Oowoaokaiioa g Dvowng (Callaghan et al.,, 2021) eivon to Labster
(www.labster.com). To Labster mpoc@épel otovg pobntés pio celpd omd €KoViKa
mepdparta, Tomov hands-on, pe 10 emmPOGHETO YOPAKTNPIGTIKO OTL O1 TPOCOUOLDGELS
“mpocopudloviar”’ otig evépyeleg tov padnt / g pabnTplog Ko dtvovv - og
TPAYUATIKO XPOVO - OvOTPOPOOOTNOT Kol TEWPOUOTIKT KoBodynon. Ztnv Ewdva 5
eaiveron Eva otryptotumo o06vng and to Labster, 1o omoio mpocopoudvel meipapia yio
™ SlTPN O™ TG EVEPYELNG.

‘Eva debtepo, moAD evpémg ypnoiponoodpevo Aoyispkd TNy ™ dnpovpyio
nepapdtov Puoikng oty téén eivar to Magic School Science-Lab Generator
(www.magicschool.ai/tools/science-lab-generator).
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arnomoo  roaess: 1% G5 )

Ewéva 5. Ztiymétomo 006vng owd mpocopoioen tov neprpdriovrog TN Labster, 1) omoia
TPOGOPOIMDVEL TEPAUATA Y10 T1] OLOTHPON TI|G EVEPYELNC.

Ed®, to mepipdAriov TN oAiniemdpd mo mOAD pe TOV SOACKOVTO, ONAadn o/Mm
EKTTOOEVTIKOG KAVEL pio oelpd amd eMAOYEG HéG amd €vo pevov: o€ Tt Padbuida
argvBivovion Ta mepdpato Duoikng mov BELEL va KAvEL, Tola evotnTa OEAEL VO O100EEL,
TO10 TO VIOPAOPO TOV HAONTAOV, YEVIKA TTOl0 £ival TO TEPAUATIKO TANIGIO Kot TEAOG
molot €ivat ot d1daKTIKOL ToV 6TdYO0L 6TO TElpapo Kot To mepPdriov TN Tov Tapdyet -
o€ TAPTN TEPLYPAPN VO 1| TEPICCOTEPO TEPALOTA LLE TIG TPOIAYPOUPES AVTEG, KAOMDGS
Kot SLHopPOTIKY a&loAdynon Thve g avTd.

Generate an engaging science lab based on topics and standards of your
choice.

Grade level:

6th grade v

Science Lab Description:

§, Ways of Heat Transfer

Additional Context:

.!, My students are at the very beginning of their study of heat, so please
provide as much background information as possible in the lesson.

Standards Set to Align to:

& NGss
%

Ewéva 6.01 emhroyég mov Kavel 0 ekmodgvTikGg Yo 10 mepifpaiiov TN Magic-SChool-Science-
Lab-Generator, ®ote va wopay0ei éva neipapa yio 100 TpOTOUVG d1dd00nS TG Oeppétnrag
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[Ma mapdoetypa, otnv Ewkdva 6, 0 ekmaidevuTikog KAveL ETAOYEG Kol TEPTYPOAPES TOV
ApOPOVV TTEPALOTO Y10l TOVS TPOTOLS d1ddoong Bepuotntag, o eninedo Paduidag 6
(ZT" Anpotkov). Avtictorya omnv Ewkoéva 7, eaiveton to meipapo mov mapayet Ko
nepypaget to mepiaiiov TN “Magic School - Science Lab Generator” kot otnyv
Ewodva 8 o1 otdyotl mov Béter (my kotd NGSS).

Science Lab: Ways of Heat Transfer
Objective:
In this lab, students will explore the different ways heat can be transferred and understand the

concepts of conduction, convection, and radiation.

Materials Needed:

*  Styrofoam cup

= Water

=  Heat source (like a candle or lamp)
»  Thermometer

Procedure:

. Fill one Styrofoam cup and one metal spoon with hot water,
. Place the metal spoon in the hot water and observe what happens.
. Place the plastic spoon in the hot water and observe what happens.
- Hold the metal spoon above the heat source and observe,

o =

. Hold the plastic spoon above the heat source and observe.
Observations:

«  Record your observations of what happened in each step.

=  Mote any differences you observed between the metal and plastic spoons.
Analysis:

+*  Based on your observations, explain how heat was transferred in each scenario.
= ldentify which method of heat transfer (conduction, convection, mdiation) was at play in each case.

Reflection Questions:

I. Why do you think the metal spoon felt hotter than the plastic spoon?

2. How does heat transfer impact our daily lives?

3. Can you think of any real-life examples of conduction, convection, and mdiation?
Assessment:

#  Write a short paragraph explaining the concept of heat transfer to someone who has never heard of it before.
s Draw and label a diagram showing conduction, convection, and radiation.

NGSS Standards:

Ewéva 7. To meipapo yia Tovg TpOTOVS d10d001G TS OppnodTNnTaS TOL TAPAYEL TO TEPIPaLAOV
TN “Magic-SChool-Science-Lab-Generator”

e  MS-PS3-3: Apply scientific principles to design, construct, and test a device that either minimizes or
maximizes thermal energy transfer.

e  MS-PS3-4: Plan an investigation to determine the relationships among the energy transferred, the type of
matter, the mass, and the change in the average kinetic energy of the particles as measured by the
temperature of the sample.

This lab provides a hands-on opportunity for 6th-grade students to explore heat transfer concepts
and engage in scientific inquiry. It is designed to build a strong foundation for their
understanding of thermal energy and its applications in the real world.

Ewova 8. Or 6T6)01 KaL 1] YEVIKI] TEPLYPAPT] TOV TEIPARATOG YL TOVS TPOTOVG O100006MG TG
Oeppotnrog mov woapayer to nepipdriiov TN “Magic-SChool-Science-Lab-Generator”

[Tapoporag Loykng mepdrirov TN pe 1o to “Magic School”, eivan ko to “EduAide”
(www.eduaide.ai) mov £€yet “Onuovpyovg mepieyopévev  pobnquotoc”’  (“content
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generators”) kot €0IKA &vag amd avtovg, to “Lab + Material List” gpgocilel oe
ONUoLPYIN EPYOSTNPLOKDY KOl TEPAUATIKOV dPACTNPLOTHTOV.

AAa epBarrovia TN, 6nwg 10 10witepa ONUOPIAEG oty ekmaidevon “Wolfram
Alpha” (www.wolframalpha.com) e&ivor moA0 «atdAnAa vy enegepyacio
TEPOLUATIKOV PETPNCEDV OO TOLG HoONTEG (Y €0peon HEONS TIWNG, VTOAOYIOUOG
mAKoV, pridv KAT).

Evpémg ypnoyomoovpevo yio mepopotikeés mpocopolncel; Puoikng eivor kot to
nepiBairov TN, “Spline” (www.spline.design”) oto omoio ytiovtor €§° oAokAnpov
TPIOOIICTATEG TTPOGOUOIDGELS TEWPAUdTOV Duoikng, He Tov ypnoTn/padnt va
KOTOOKELALEL TO AVTIKEILEVO KO TIG OAANAETIOPACELS TOVS OO LEVOD EMAOYDV.

Axoun opmg kot khaoikd mepifairovia TN, o6nwc to ChatGPt ivor moAd ypnowa yo
TV aVAALGN TEPAUOTIKOV EVPNUATOV KOL TNV OVOTPOPOSHTNON TOV HOONTOV.
Evdewctikd, “dtvovrag oto ChatGPt v mapoakdto epmdtnon:

” I measured the period of a pendulum 4 times. The results are: 2.2 s, 2.3 s, 7.8 s and
2.4 s. What went wrong?”

AapPavetor n amwdvinon:

“In the measurements of the pendulum's period, one value (7.8 seconds) is significantly
different from the others (2.2, 2.3, and 2.4 seconds). This discrepancy indicates that
something likely went wrong with the measurement of 7.8 seconds. Here are a few
possible reasons for this outlier:

1. Measurement Error: There might have been a mistake during the
measurement process, such as starting or stopping the timer too early or too late.

2. Counting Error: It's possible that the number of oscillations was miscounted.
For example, the person measuring might have counted multiple oscillations as
one or missed counting some oscillations.

3. Environmental Factors: Something in the environment could have temporarily
affected the pendulum's motion, such as a gust of wind or an accidental
disturbance.

4. Recording Error: There could have been an error in recording the data. The
actual measured period might have been incorrectly noted down as 7.8 seconds
instead of a value close to the other measurements.

5. Faulty Equipment: The timer or the apparatus used for measuring might have
malfunctioned or been improperly calibrated during that particular
measurement.

Given that the other three measurements (2.2, 2.3, and 2.4 seconds) are relatively
consistent, it is reasonable to conclude that the 7.8-second measurement is an outlier
caused by one of the above errors. Ignoring or repeating the measurement would be a
practical approach to ensure accurate results.”
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IMveton @avepd 0t1 mepiBdAiovta TN mapéyovv cuyva yOVIUN avaTpOPOdOTNON Kot
avVIAVON OTNV TEPALOATIKY] TPAKTIKY] TOV HLOONTOV.

ATAAKTIKOI XTOXOI KAI MAOGHXIAKA O®EAH AIIO TH
XPHXH TQN AYO EPI'AAEIQN

Toéco n Exmowdevtiky Poumotikr), 6o ko 1 Teyvnt| Nonpoovvn e&vmnpetodv -
Oewpodpe - OLYKEKPIUEVOLS OOOKTIKOVS OTOYOLS Kol TOPEXOVV GUYKEKPLUEVA
padnolokd o@éAn, péoo amd v Eviaén Tovg TNV EPYACTNPOKT O00CKAAN TNG
dvowng:

- O poOnme/m pobnepla €xet mohd avénuévo Pabud oAAniemidpaong pe v
TEWPOPATIKT S1dTaén. Zuyxvd GUUUETEXEL Kol 6TOV KOO0 TO oYEdOOUO TO TEWPAUATOG.

- Yrdpyer d1oapkng avatpo@odotnon kot Bpdyot Sokiuns-Kot-Aabovg kot v
EUTAOKT] LE TN JldIKaGIa.

- AlevkoAbveTaL 1) - OGO GLYVY EMAEYEL - KaTaypapn (recording) TV LETPCE®V,
HE TOTOYPOVY aviAlvon Kot eneepyacio TOVG GE TPOUYUOTIKO XPOVO 1) LETA.

- Mmtopov va evtomotohv GUGTNUATIKA 1) TUYOIO TEPAUATIKE GOAALATO KOl VOL
anonelpabel eni TOmMOL punveio TOVG.

- O podnc/pnatntplo 1 eortnc/eott)Tplo. umopel €DKOAN Vo EMAEYEL KOl VoL
avtikabiotd tov eComAopnd av kATl dgv TOL/TNg KAvel 1 eBapnke. AvTO Yiveton
oLVNOWG e TOAD YOUNAO KOGTOG 1) KOl GE EIKOVIKO TEPPAAAOV.

AEONTOAOTI'IKOI IIEPIOPIXMOI I'TA THN EKITAIAEYTIKH
POMIIOTIKH KAI THN TEXNHTH NOHMOXYNH

Eivor pavepd 011, 1660 og 0,11 apopd v Exmondevtikn Pourotikn, 660 kKot o€
0,TL apopd v Teyvnt| Nonpooshvn vdpyovv cageic meplopiopoi deovioloyiog oe
0,TL aPOpPAd TN YPNON TOVS GTNV TEWPOUOTIKTN ddacKaAio TS DLGIKNC.

Kot" apynv, eivar Pacikd va Bvpdror 1660 o dddokwv 660 kot ot pabntég ot
KIVOOLOGTE TAVTO o€ Eva TepPAAlov digpevvyong (inquiry). AopopeTikd, Kot ta 600
gpyoreia aTd Oyt LOVO YEVOLV T1) SUVOLKT) TOVS GTIV TELPOUATIKY O10aGKoA0, AALG
Aertovpyohv KATA OVTIGTPOPO TPOTO, G EUTOSI0 ot uddnomn kot tn Peitioon tov
paOnT.
H ddackario wy tng Poumotikng pe copumepipoplotikod tpomo (“rdpe avutd to KaAmdlo,
BaAe To exel”, “oVVOECE TO UTOLTOV €0, KAT) LOVO OPVNTIKEC EMTTOCELS UTOPEL VO
&xel otn pdonon.
[Mopopoing oty TN, eivor tedeiowg AGOOG voo T YPNOLUOTOOVUE GTHV TOPAYMOYT
ETOILOV OmaVTOE®V 1| OYEdI®MV TEWPAUATOV, OAAL HOVO EMIKOVPIKE, QoD EXOvV
nponynOet amdnepeg oxedlacOD, EpUNVELNG KAT., amd To LOVOAVOVTO VTOKEIEVA.
Emunpdobeta 1 - avamOQevkn - EUTOPIKT XPOld oL £xovv Kot Ta 000 avTd epyaieia,
n EP xou 1 TN, ka0’ 6cov o€ peydro Pabud mpombBodvtal kot amd etonpeiec, opeilet
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and 10 d1doKovta va meplopileTol 6To EAAYIOTO Kot Vo TEPLOPIlETON GE O,TL EMIONUWOG
EPYETOL OO TNV EKTOOEVTIKY SOUN GTNV OTOL0L VITAYOLOCTE.

Eivor moAd onuovtiko, axoun, va unv evBappOVeTOL 1 aTOUIKY] 0AANAETIOpOON
ToV podnt pe ™ ddtaén g EP 1 pe tov vmoloyiot (otnv mepintwon g TN), oAAd
VO TOPAUEVOVE OTO TAAICIOL TNG CUVEPYATIKNG LABNONG, G OUAdES LE TO YVOOTA
podnookd Kot GAAL OQEAT.

Téhog, dev Ba mpémet va pag dtapevyel OTL Kot ToL VO OVTE CVLYYPOVO EPYOAELD -
OTMG Ko KAOE PLEGO KO TPAKTIKY] OTNV TEPOUOTIKT Odackaria g PVGIKNG - opeilovy
va glval avolKTé 6€ OAEG TIG KOWVOVIKES, PUAETIKEC Kot GAAEG OUAOES LaBNTOV KoL Vo
evBappivoupe OA0VG Kol OAEG VO EUTAEKOVTOL IGYVPA LE OVTA, YWPIC ATOKAEITHOVS
QULANG, VA0V, KOWMVIKNG TAENG, £0VIKOTNTOC, KOWOVIKNG opddag, Bpnokeduatog,
avamnpiog KA.

HPOONITIKEYX TQN AYO MEXQN I'TA THN HEIPAMATIKH
ATAAXKAAIA THE ®YXIKHX XTO MEAAON

Amotedel otabepn memoidnon pog 0Tt M KAaoiwkn, hands-on, gumlokn pe mepdpato
dvong amoterel TV KOAOTEPN OOOKTIKN TPOKTIKY Kot o Tov emBountd va punv
eykatalelpel moté, va Vv mpodyovpe Og, G O0ACKOVTEG, O€ KdAOe evkaipio
(Tepdipato eidEIENG, LETOTIKA, VONTIKA KAT.).

Ao TV GAAN - eKTIHOVUE - Oev glval kaAO va ayvonbei n SuVOUIKT] VTOV TOV dVO
Kovovpylwv epyareiov, g Exmodevtikng Popmotikng kot g Teyvntg Nonpoovvng
(mov Kkdmote oAANLO- emikoAvTTTOVTOL KOG otnv Exmondevtikn Ipdén), 6mmg kot ot
LEYAAES TPOOTTIKEG TTOV SIVOLV - v YIVEL KOATAAANAN XPNOT TOLG - Y10 TO LEAAOV TNG
Exnaidevong ot duok.

Ye o TpOTN ovAyvVmOoT|, avoiyel TO TESI0 Yo TNV TEPOUOTIKN EUTAOKT HE KAAOOLG
™™g Duotkng Tov NTOV TOAD OVGKOAO VA EYOVUE TEPUUOTIOUO MG TOPA (EVOEIKTIKAL:
KBavtounyoavikn, Zyetikdtmra, Ocwpio Xdovg, Hiektpovikn og 0,11 apopd Anpotikd
kat ['opvéoto).

Emunpdobeta, o poroc tov puadnm og eyediactiy toL TEWPAUATOG UTOPEL TAEOV
peAlovtikd va, ovofadpctel whpo moly, KaBdS Kot - [e TN GLVEYT avATPOPOdITNON
TOV TTOPEYOLV TA EPYOAELR OVTA - O POLOG TOV MG GLV - SIUUOPPMOTN TNG TEIPOLUATIKNG
dwdkaciog, poli e Tov S1000KOVTa.

Eivon - motevovpe - epiktod, péca amod and ta epyareio g EP kot tng TN, va ptdoovpe
o€ LOPPEG TEPAUATIGHOV 0T DLGIKY, OTOV 01 LAONTEG YIVOVTOL KATAGKEVAGTES Kol
onuiovpyoi oviotNTOV TAEOV. OvTotNTOV OTMC “EELMVEC” GLOKEVLEC, “EIKOVIKES”
(virtual) onuovpyieg kKot GAreg. Ecpehyovpe dSNAaON amd TOV KAUCIKO TEPALATIOUO
KO TNYOIVOLLLE TPOG TOV TEIPAUOTIGUO-KOTACKEVT KOl TOV TEPAUOTIGULO-ONIOVPYiaL.

Emiong ta epyodeia autd - pe nAektpovikég dopés 0nmg ta hubs ent mapadeiypart -
duvavtalr vo odnynoovv oe egvpeieg, Oebveic kowvottEG YpNoTAOV, TOL Oa
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ouvOlAEYovTol Kot Bo onpiovpyohv move ce vEL EPYOAElD KOl TPOKTIKEG Yo TNV
exmondevTikn Gvoikn ko v mepapatiky Exkroadgvtikn duoiwk.

O xpovog, puoIKd, Kol 0 TPOTOG ¥PNONG TV EPYOAEI®V avT®V, Ba dei&el av avTéC o1
TPOOTTIKEG EYOVV PAom kat B vAomomBovv N av ta epyoireion ovTd Bo TOYOVY KAKNG
xprong M Ba vroPabuictovv,. Eueic, wg avBpmmot g ekmaidevong, opsilovpe va
elpoote 0161000£01 KO ONUIOVPYIKOL.

ANADOPEX

Callaghan, N. L., Khaira, S., Ouyang, A., Cadavid, J. L., Chang, H. H., Co, L. L., ... & Kilkenny,
D. M. (2021). Discovery: virtual implementation of inquiry-based remote learning for
secondary STEM students during the COVID-19 pandemic. Biomedical engineering
education, 1, 87-94.

Esportuno, F., & Gerardo, B. (2014). Influence of robotics-aided lessons on students' physics
achievement. WVSU Research Journal, 3(1), ceh. 1-14.

Kalelioglu, F., & Sentance, S. (2020). Teaching with physical computing in school: the case of
the Micro: bit. Education and Information Technologies, 25(4), ceh. 2577-2603.

Kitronik (2016) Inventor’s Kit Experiment 5- Further Help. Avaxtfnke omd tov 16t6TONO:
https://kitronik.co.uk/blogs/resources/inventors-kit-experiment-5-further-help, otig 30
Iovviov 2024.

Kotsis, K. T. (2024). Artificial Intelligence helps primary school teachers to plan and execute
physics classroom experiments. EIKI Journal of Effective Teaching Methods, 2(2).

Luciano, A., Giacomassi, A., P., Altoé Fusinato, L., Carvalhais Gomes, A., Luciano, Takai, H.
(2019) "The educational robotics and Arduino platform: Constructionist learning
strategies to the teaching of physics." Zto: Journal of Physics: Conference Series, Topog
1286, No 1, gek. 012044. IOP Publishing.

Mahligawati, F., Allanas, E., Butarbutar, M., H., and Nordin, N., A., N. (2023) "Artificial
intelligence in Physics Education: a comprehensive literature review." Xto: Journal of
Physics: Conference Series, Touog 2596, No 1, ogh.. 012080. IOP Publishing, 2023.

Ospennikova, E., Ershov, M., & Iljin, 1. (2015). Educational robotics as an innovative
educational technology. Procedia-Social and Behavioral Sciences, 214, 18-26.

Petrovic, P. (2021). Spike up prime interest in Physics. Xto: Robotics in Education:
Methodologies and Technologies (ceh. 146-160). Springer International Publishing.

Petry, C. A., Pacheco, F. S., Lohmann, D., Correa, G. A., & Moura, P. (2016). Project teaching
beyond Physics: Integrating Arduino to the laboratory. to: 2016 Technologies Applied
to Electronics Teaching (TAEE) (o€h. 1-6). Exd6oeig: IEEE.

Quyen, K. T., Van Bien, N., & Thuan, N. A. (2023). Micro: bit in Science Education: A
systematic review. Jurnal Penelitian dan Pembelajaran IPA, 9(1), ceh. 1-14.

Ramos, S. (2024) Stay Alerted: Building a Temperature Alarm with Arduino & DHTI11.
Avoktnke ond tov 1otoéTomo: https://arduinointro.com/articles/projects/stay-alerted-

building-a-temperature-alarm-with-arduino-dhtl1 1, otig 30 Iovviov 2024

43
Open Book Press, EKT 2025


https://kitronik.co.uk/blogs/resources/inventors-kit-experiment-5-further-help
https://arduinointro.com/articles/projects/stay-alerted-building-a-temperature-alarm-with-arduino-dht11
https://arduinointro.com/articles/projects/stay-alerted-building-a-temperature-alarm-with-arduino-dht11

Ereteroxog Topog: leipoyo kot Aidackolio twv Pvotkdv Emiotnuay
Emuéiern: Kovoraviivog ©. Katong, I'ewpyrog 2torog

Souza, M. A., & Duarte, J. R. (2015). Low-cost educational robotics applied to physics teaching
in Brazil. Physics Education, 50(4), ceh. 482.

Tong, M. S., Zheng, H. Q., & Wan, G. C. (2019). Improvement of Education Method by Using
Artificial Intelligence Technology. Xto: 2019 IEEE International Conference on
Engineering, Technology and Education (TALE) (ceh. 1-5). IEEE.

Hopaockevdg, M. (2024). H Teyvnti Nonupoovvn oty Exnaidevon. Awdieén oto [ondaywyiko
Tunpo Anpotikng Exnaidevong tov IHavemotuiovv Osocariog. AvaktnOnke and 1o
Awdiktvo otig 25 Tovviov 2024.

44
Open Book Press, EKT 2025



