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Ewcaymyn

e —
AvaliTnon yopis TEAELOUO

"Eyovpe apaye meTivyEl KATOL0. EVOTNTA TS YVAOGTS 1)
INTTOS £YEL OLUGTUCTEL 1| ETLCTI|UN] GE OLAPOPU UEPT] TOV OTNPILOVTOL GE OVTLPUTIKEG
OcopnTikég apyéc;

ILYA PRIGOGINE (Nobel Xnueiag)-aro Peter Coveney & Roger Highfield, To pélog tov
Xpovov,Exdooerg Katomtpo

Térown avriotoryo epotipata 0o pog odnynoovy oe fadvTepn kKatavonen Tov «integrated”
STE(A)M



Ewcaymyn

Ta ocoonéva

To TpoPAnuata mov aviipeTonilel 1 avOpOTOTNTA ¥PEALOVTOL LUl OMOTIKT] OVTILETMTICT KO OEV
UTOPOvV VoL ETAVOOVY OO KUEUOVOUEVES) YVOOTIKES TEPLOYES 1 OO 6TEPEOTLTTEC UEBOOOAOYIKES
npoceyyioelg kabiepouévov yvootikov teployov (NAE & NRC,2014; Bryan & Guzey, 2020).

Eniong vdpyet yevikn cuvaiveon 0t 0 6Komdg TG eKTaidcvong 0ev eivar 1 ddacKaAia
LEUOVOUEVOV YVOOTIK®OV TEPLOYDV, AAAA 1 €6TiooT TNC O0ackaAiog Oa mpémel va eivar

“to develop a reliable compass and the navigation tools to find their own way in a world that is
increasingly complex, volatile and uncertain.”

(Schleicher, 2019, The OECD Learning Compass 20https://www.oecd.org/education/2030-
project/teaching-and-learning/learning/30).



https://www.oecd.org/education/2030-project/teaching-and-learning/learning/30

Ewcaymyn

v

XYNEIHEIEX-TIPOKAHXEIX

E&attiac tov Pabiov kot ektetapéveov aAlaydv Tov petacynuatilovv tov k6cUuo mov (OVUE KOLTOL £XOVV OVTIGTOLYEG
aAAaYEG otV Propmyoavikn dopn, £xetl 1ebel to BEpa TOL ETAVATPOGOHIOPIGLOV TOV GTOHY®V TNG EKTAIOEVONC, TOV
OOOKTIKMOV GTPATNYIK®OV Kol TV 0£E10TNT®V oL YPeldlovtot o1 LabnTEC Kol YEVIKOTEPQ O1 EKTAUOEVOUEVOL.

Hoykoopromoinoen tov A.IL O&pata «TayKOGULO», OO 1| KAMUOTIKT 0ALlayn, N flo-otkovouia , 1 TeXVN
VONUOGUVT], 01 YNOLoKES 0eE10TNTES KAT, amotovV VEEG OALIYEC GTOVG GKOTTOVE Kot LeBOd0VE TNC ekmaidevong.

Ta wapamdvo OEpata avadetkvoouy Kot to CTnue te avade®pnons TV GLVOPMOV UETAED TOV YVOGTIK®OV TEPLOYDV
0V aKkp@VLEiov Tov STEM, aAdd kot Tov AvBpomictikov Emiotuov, Le tig duckoreg va evtomilovTat:

) GTOV OPIoUO-0p100ETNOTN TG «OAOKANP®UEVNS/OAGTIKNG ekmtaidoevong STEMy,

B) 6TOV TPOGAOPIGHE TV GLVOPLAKAOV OVTIKELEVOV OV Ba 0106Y1ILoVV TIG YVOGTIKEC TEPLOYES KOTA TNV EMIAVLOT EVOG
TPOYULATIKOV TPoPANUaTog (.Y, evOg mpoPAnotoc frootkovopuiog),

Y) TNV AVELPEST] OOOKTIKMOV GTPOTYIKOV oL Ba eival cageic ko mhavag va yperaletol va otnptyfodv Bempntikd ce
véeg Bempleg padnong, Kot

d) ToV TpOTO 0100y GG TOV podnTtov/eottntev dtov QapuoleTal 1) «OAOKANPOUEVT)/OMGTIKTY EKTOLOELO)
STEM»,



Ewcaymyn

2ovoQn] EPOTINOTO UE TO TUPOTAVE ELVOL:

A) Mmopodpe va oplofetnoovpe vEOL TOTTOL KOVOTNTES (YVMOOELS, 0EEI0TNTES AL KoL TPUKTIKEG)
1oV d1ooyioVV YVOOTIKEG TEPLOYES LE CKOTO TNV AVATTLEN VEMV AVOADTIK®OV TPOYPUUUAT®OV TOV
Ba BonOncovv Tovg LOONTES VO ATOKTNGOVV TIG OEELOTNTEG TNG TETOPTNG PLOUNYOVIKAG
EMAVAGTOOTG KOl VO £YOVV GTN PLGIKT TOLS (o1 T £POOLA Yo Vo (GOVV LE EMAPKEIS TOPOLG;

B) Mmopole vo O0UNGOVUE VED, OVOAVTIKA TPOYPARIOTO - OTT) ZYOALKT KOl TNV
[Tavemomuaxr Exnaidevon- mov 0a Pacilovtol € vEOL TOTTOL IKOVOTNTEG;

I') Mropovpue va oprofetricovpe-kot e facetl moto kprrnpa- tic Aeyopevec ikavotntec STEM  (BA.
Boon Ng Soo, 2019, UNESCO, Exploring STEM competences for the 21st century,
https://learningportal.iiep.unesco.org/en/library/exploring-stem-competences-for-the-21st-century,
2019



https://learningportal.iiep.unesco.org/en/library/exploring-stem-competences-for-the-21st-century,%202019

Industry 4.0

*OECD FUTURE OF EDUCATION AND SKILLS 2030 OECD Learning Compass 2030 A SERIES OF CONCEPT NOTES

-nitps:/maw.oecd.Org/education/2030-project/teaching-and-learning/learning/learning-
compass-2030/OECD Learning Compass 2030 Concept Note Series.pdf

Figure 2. The race between technology and education
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https://www.oecd.org/education/2030-project/teaching-and-learning/learning/learning-compass-2030/OECD_Learning_Compass_2030_Concept_Note_Series.pdf

Industry 4.0

END OF THE 18™
CENTURY

START OF THE 20™

CENTURY

START OF THE

19705 PRESENT

INDUSTRY 1.0

Mechanization

Introduced mechanization of
production by using water and
steam to increase production
capacity and productivity,
versus manual craft work

1784 First mechanical loom

Mnyn: https://blog.isa.org/what-is-industry-40

INDUSTRY 2.0

Electrification

Introduced labor-based mass
production (assembly lines)
powered by electrical energy

1870 First production line,
Cincinnati slaughterhouses

5"y B

INDUSTRY 3.0

Automatization

INDUSTRY 4.0
Cyber-Physical Systems

Introduced electronics and
computers to replace manual
work by stand-alone robotic
systems

The convergence of physical,
digital, and virtual
environments through Cyber-
Physical Systems (CPS) and the
Internet of Things (loT)

1969 First programmable logic
controller (PLC), Modicon 084



PRESENT

INDUSTRY 4.0
Cyber-Physical Systems

The convergence of physical,
digital, and virtual
environments through Cyber-
Physical Systems (CPS) and the
Internet of Things (loT)

Inaustry 4.0

Reality
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Mnyn: https://www.symmetryelectronics.com/getmedia/ea4a8d32-2d97-4e5e-8ala-065ffa20bfc4/PSDC.pdf



Industry 4.0

PRESENT Avalvoel 6edopevwy pe 10T kat MicroBIT

|NDUSTRY 4.0 Electronic Device Micro:bit OBLOQ Module Internet

Cyber-Physical Systems

The convergence of physical,
digital, and virtual
environments through Cyber-
Physical Systems (CPS) and the
Internet of Things (loT)
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Remote LAB using ARDUINO and MICROBIT

Y
WEB Kauepa

POUMOTIKOC ‘ f 4

O KaloBpéktnc Kwvotavtivog, Mnxaviopog avolktol
UALKOU yla €€ aAmOOoTACEWC VAOTIOoLNON

e : EPYAOTNPLOKWY SPACTNPLOTATWY OE EKTTALOEUTIKA

3 . - nieptBairovta Quokwv Emotnuwy, STEAM kalt

o ' EkmatdeuTikig POUMOTLKAG: OVATTTUEN, EUXPNOTLO TOU

MoAUueTpO

- _ KOl TEXVOAOYLKN amtoSoxr Tou amo PEPLAC
o Bl ekrialdevutikwy , 2022, NO
KOKAwua
e T O Kalovrektis, Kostantinos, An open hardware
Rt Rz mechanism for remote implementation of laboratory
ls " % R3 s activities in Science, STEAM and Educational Robotics
e @ = | - . : . "
- . educational environments: development, usability

Kukhwyankn oyedlaon € LaKNC AoKNo: l
' ' L and technological acceptance by educators



Industry 4.0

16 MapTiou 2021 TO MEAAON THZ EPTAZIAZ

OIKONOMIA & | SPECIAL REPO I /‘lEB
ENIXEIPHZEIZ EKMAIAEYSH STEM

[Madeia STEM yia kaivoTopia Kal eunueEpPia

Zuyxpoves Emixeipnoeis, Zuyxpovn EAdaba



Industry 4.0

OIKONOMIA & | SPECIAL REPORT N
EMNIXEIPHZEIZ I EKMAIAEYEH STEM 74)‘:55

Maideia STEM yia kaivoTopia kai eunuepia

OIKONOMIA & | SPECIAL REPORT 7/’}

Liyxpoves Enophoes, Zoyxpovn EAdSSe

EMIXEIPHZEIZ EKMAIAEYZH STEM

Mapd Tnv atmroucia oAoKANpwHEVNG oTpaTtnyIKAG STEM, Ta TeAsuTaia xpdvia £Xouv avaTTTUXBEi
ONUAVTIKEC TTPWTOROUAIEC yia TNV TTPoWBNoN TNE eKTTaideuong STEM oe 6Aeg TNE Babuideg, Kupiwg
OHWC OTN JeUTEPORABUIA YVEVIKA EKTTAIOEUCT, KAI TTIO CUCTNHATIKA, OTNV IDIWTIKA HEON EKTTAIDEUON.
MoAovoTi TTpdKeITal, KaTd Kavova, yid HEMOVWHEVES KAl ATTOCTTAOHATIKEG dpdocig, n akia Kai n
ETTIOPACT) TOUC OTNV EKTTAIOEUTIKA KAl HABNTIKA KOIVOTNTA, AAAG Kal oTnV EAANVIKE KOIVWVia GUVOAIKA,
gival eCAIPETIKA ONHAVTIKEG, KABWCE aPevOC augdvouV TO eVOIAQEPOV TWV HABNTWYV yI' AUTEC TIC
ETTIOTNMOVIKEC TTEPIOXEC, APETEPOU gl0ayouv BabBuiaia Tn diIdakTikn STEM ota oxoAcia. Ztnv
TTAEIOVOTNTA TWV TTEPITITWOEWY, 0l BPACTEIC AUTEC UAOTTOIOUVTAI UE TN OUVOPOUN, 1] AKONA KAl UE
TTPWTOROUAIA, KATTOIOC IBIWTIKAC ETTIXEIPNONS N OPYAVIOHOU, OTTWC, VIO TTAPAdEIYHA N OTPATNYIKNA
ouvepyaoia Tng Cosmote pe 10 EAANVIKO okEAOC Tou Opyaviopou EKTTaIdeuTIKAG POUTTOTIKAC Kal

AloonueiwTn gival £TTioNg Kal n 3pacTnEIOTTOINON TWV EKTTAISEUTIKWY OF ATOMIKO Kal TUAAOYIKG
eTTiTTed0. EVOEIKTIKG ava@épovTal O OXETIKEC TTPWTOROUAIEC TNS EAANVIKAC ETTIoTHOVIKAC 'Evwong
Exmaideutwv STEM (E3STEM), Tn¢ Evwong EAARvwy Duaikwy, TnS MNMaveAAfviag Evwong Kabnyntwy
MAnpo@opikng (MEKAIT) aAAd kai Tou Opyaviopou Avoixtwy TexvoAoyiwv (EEANAK) Kupiwg péoa aTrd




O Apopog Yo tnv OleTiK

IIpocéyyion STEAM

1. Computational Thinking-
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O opopnog Yo TNV OMGTIKY
apocyyion. H Ymoloyiotikn XkEyn Kot 1 AlOOKTIKY)

|
O Y.Z. kot AldaKTIKN

O1 (Weintrop x a.,2016)mpoympovv ce pio TaSvopio ToAD GNUOVTIKY Y10 TNV GUVOEST] TNG
Y.X pe tic Dovowcég, Emomueg, to Mabnuatucd kot v Mimyoavikn oAl Kol otoryeio and 1o
computing.

H ta&ivopio amotereitonr 0wl TE06EPIS TPUKTIKES TG Y. 2. !

A)TPOKTIKES Y10 GLALOYT] OEOOUEVDV,

B)npaxtikéc povteAomoinong Kot TpoGoUoimong,

[NrpokTikéc VTOAOYIGTIKNC EMiAvoNG TPoPALOTOG Kot

A)TPOKTIKEG  OlEPEVVNONG  AELITOLPYIOG TOV GLGTNUATOV(CYEST TOV  TUNUWATOV TOL
GUGTNLOTOG LLE TO OAO GUGTNUA.) .

H mopomdveo talvounon eivoar Bepemmoove onuaciog ywori eumiékel v Y.2. UE TNV
GUALOYT OEOOUEVAOV 1] OTTOTOL TTPOPOVIDS GLUVOEETOL LLE TIG OLOGTACELS TNG Y.2. ,0MG 1] EVPECN
notifo og avtd oL UToPEl Vo 0ONYNOEL QO EUTEIPIKE dEOOUEVOL CTNV AVAKAALYT] PUGIKOV
Nouwv. Emiong cvvoéel dueca tv Yroloyiotikn Zkéyn pe v Yroloyiotikn Emotun kot
Vv emoTnUoloyio TG «ekmaidocvong STEMy.

X0voeon ™G YmoloYioTikng 2xkéyng pe tic @.E, to Moadnuatikd, tnv Mnyoavikn Ko 1o
Computing(Weintrop « «.,2016)



Decomposition
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Pattern recognition

Computational thinking

Abstraction

O Apopog yo v OMeTiKn
IIpocéyyion STEAM. H Ymoroyiotiki) Xkéyn

Data
Practices

da.1 Collecting Data

da.l Creating Data

da.3 Manipulating Data

da.4 Analyzing Data

da.5 Visualizing Data

Modeling &
Simulation
Practices

ms.1 Using Computational
Models to Understand a
Concept

ms.2 Using Computational
Models to Find and Test
Solutions

ms.3 Assessing
Computational Models

ms.4 Designing
Computational Models

ms.5 Constructing
Computational Models

Computational
Problem Solving
Practices

ps.1 Preparing Problems for
Computational Solutions

ps.2 Programming

ps.3 Choasing Effective
Computational Toals

ps.4 Assessing Different
Approaches/Salutions to a
Problem

ps.3 Developing Modular
Computational Solutions

ps.6 Creating Computational
Abstractions

ps.7 Troubleshooting and
Debugging

Systems
Thinking
Practices
st.1Investigating a Complex
System as a Whole

st.2 Understanding the
Relationships within a System
st.3 Thinking in Levels

st.4 Communicating

Information abaut a System

st.5 Defining Systems and
Managing Complexity



O opopnog Yo TNV OMGTIKY
apocyyion. H Ymoloyiotikn XkEyn Kot 1 AlOOKTIKY)

Y.Z. kat Adaipeon

*H agaipeon eotidlel 610 PacIKA YOpAKTNPIGTIKA EVOS OVTIKEILEVOL 1] O1EPYOGTAC KOl
AYVOEL AETTOUEPELEG,

*H apaipeon glval n evepyela TG amOGLPCNS N TNG OTOUAKPLVGNG KATO10G OVTOTTOS OIt0
TO QOLVOUEVO

*H agaipeon givor n tpdén M 0100106100 TOL ATOKAEIGUOV oo TNV Bempnon, Vo1
TEPIGCOTEPMV KATAGTAGEWMV £VOS GOVOETOV AVTIKEILEVOV, £T01 MGTE Vo 000l 1
ATTOLTOVUEVT €0TIOON G€ AAAES LOIOTNTEC/YEYOVOTO,

*Mmnopel Kaveic va xpnoIUonoGeL TNV apaipeot otav Yvopilel moALd Kol OEAeL va,
LLELDOEL TIC AETITOUEPELEG, Y10 VOL TTAPEL Lo KaADTEPT 10€a Yo TO TL GLUPaivet.

Mopia Xtéka. MAE(2017) «MEAETH ITIEPIIITQEHY: EN2OQOMATQYXHTHY YITOAOTI'IETIKHYE XKEVYHEXTOEIZATIQI'TKO
MAO®HMATHXY EINIETHMHE THXZ [IAHPO®OPIKHXME TH XPHXZH THX TAQXEXAY [TIPOT PAMMATIZEMOY PYTHON»



O Apopog yo v OMeTiKn
IIpocéyyion STEAM. H Ymoroyiotiki) Xkéyn

Ytnv npotaon tne (CSTA-Computer Science Standards,

https://www.csteachers.org/page/CSTA Standards 2016) yia tnv E.Y. otnv MNpwtoBadpa Kot

AegvutepofBaduia Ekmaidbevon yivetat epdatikad avadopad otnv YroAoylotikn 2keyn. H
YrioAoylotikn ZKkEYPN pmopel va aélomolnBel o OAEG TIC ETILOTAMEG YLOL TNV EMAUON

npoPANUATWY-Katd tnv CSTA-
n Y.Z. Bswpeital pEBodocg enihvonc npoBAnpatoc-,

TO OXESLAOUO CUOTNUATWY, Tr}\&]uLOUpVLOL VEQG YVWONG KAL TNV KATAVONGCN TWV AELTOUPYLWVY
KoL TWV TIEPLOPLOMWYV TWV UTIOAOYLOTIKWY cuotnudatwy 2E KAGE EIAIKOTHTA


https://www.csteachers.org/page/CSTA_Standards

O Apopog yo v OMeTiKn

IIpocéyyion STEAM. H Yrohoyrotikf Xkéyn

H Yrohloyrotikn Zxkéyn(Y.X)  Evvoles-YToAoy16TIKES TPUKTIKES-
TTPOOTTTIKEG

]
Y.3.

O tpeic fuoordoel g Y.E.: EVWOLES, TIDOKTIKES KO TIDOOTTTLKES
YmoAoyWOmIKED EVWOLED, TTPpOKTIKED Kol mpoommKe; (Brennan 8 Resnick, 2012). Ov huoooaoew; e Y.L

. E .. Goun axolouBiag, emavaknine, emmAoyng, alyopBuol, Sdebopéva, kh
Yriol i my. avabpopkec oyecew;, adoapenikn duabkaoio, TunuoTonoinon, EMOVOXpoL-
- pomoinon koudwo, ovapeifn kwdwa (mov Exouy dnuoupynoer ouvrnBoe aldol) —

remixing.
T EXdpooT, ETIKON WVID.
- O eExmobEvoEVOL YWinpilouy ToOV TEXVORDYIKD KOO0, VIOTTUGO0UY TYECELD LIE-
YoM DYLOTIKE .
. . Tty Toug.
| o - O yEVLKOL OKOTOL TOU TpOYPAUUINTOC, ordaor) anevovtl oony Y.E. ko T Suobuon-
OLEG TNG.

Brennan K, Resnick M (2012). New frameworks for studying and assessing the development of

computational thinking. Presented at the American Education Researcher Association, Vancouver,
Canada.

Namukasa, I. K., Kotsopoulos, D., Floyd, L., Weber, J., Kafai, Y. B., Khan, S., et al. (2015). From computational thinking to computational
participation: Towards achieving excellence through coding in elementary schools. In G. Gadanidis (Ed.), Math + coding symposium.
London: Western University
Kafai, Y. B., & Burke, Q. (2013). Computer programming goes back to school. Phi Delta Kappan, 95(1), 61.

*Lye, S. Y., & Koh, J. H. L. (2014). Review on teaching and learning of computational thinking through programming: What is next for K-
12? Computers in Human Behavior, 41, 51-61.



O Apopog yo v OMeTiKn

IIpocéyyion STEAM. H Yrohoyrotikf Xkéyn

3. EITOUDYIKOI OpIOoUol ThG UTTOAOYITTIKIG TREPMC

O AeBwnc Opyonauopde -The International Seciety for Technology in Education (ISTE, 2011, 2016) ool n £-
wirn Computer Science Teachers fation [CS5TA) Exouv CUVEDYROTEL AE opyoviouolc Tmou kaSopifouw
v ExkmodeEuTxn mokokr), Ty Snurouvpyien Buopnpooeio, Kobwe ko pE exmodeutikous dopelg woTE vo
T Eouy AEToUpyYLEOU S opLoolg yuo Thw Yooy uortwn Zxsdin (Y.L

Dopduova pe tov opyaviopd auto n Y.E eival o Suobuwaoie emihuvong npoAruoarog mouw mepuhogPaved
peToEd Ao To arodouwbo Ko ook puUETLE G

(FA. mou hittpsfSfcymodn.comysiteswanaw csteachers.orgfresourcefresmgr/CompThinkingFlyer_pdf; Boc-
coni et al., 2016) :

K]

P Tnv Suordmwon Tou mpoPARuorog BE TETow Tpo- Apacrnpiérnra 1.1
IO WHITE W WG ETILCRENEL Tn epnon touw HYY ko
G EppnoehE L.

P Trwv choyikr] opydwneons kol ooedoon Twow SeSo- ENuewnoTe mweg ta duothova onueioa Bo-
AL nBodv Tous EXTELBEVOLEVOLIC W EONO-

= Tnv ovomopdoTtoacn Twy Sefopevwy pEcw odon- -_"'lf'IE_UL-J"-" HE “mm mpofhrjuoro
DETLKLWY SOLIEY OTTWE T UWOVWTEAD TIOU OTN OUWVE- oS T KeeBnpe povr T
¥eux Ba mpocououwwnSouw (Mposopoiwosn wovce- T T T 1
RLaw.

P Tnv couvTopornxomoinon e Avong Tww mpoBin-
MO LECLW TNG aivomolnonc odyopiBuewrw. 3
P Tov mpocSopuoud, TV avdAuon Kol Ty uAoTooi-
non evoAdoETuky ADCEWY KoL TV oovadrTrpon
B Thv yevikeuon ko «pUETOOXNMOTLFLO Y ToW Tio-
BArjporog mpog emihuon of GAAEG TUEPOROLEG KO- - oo |
TOOTETELS | LETO WL TUKT) EJATTELDLOL).
Tnw cruvoddymon mow Boaoifetol ornw Y. E_.
Tnw oo opLory WoTifuw koo Swonhoplow TipoT-
T

>
P Tnv ovayvwplon potifov ko Sueddépwwy mpote-

*ISTE (2011), Operational definitions of computational thinking, retrieved 24.12.2017 from:
https://c.ymcdn.com/sites/www.csteachers.org/resource/resmgr/CompThinkingFlyer.pdf. 10

*ISTE (2016), ISTE Standarts for Students, retrieved 24.12.2017 from: http://www.iste.org/docs/Standards-Resources/iste-standards_students-2016_one-
sheet_final.pdf?sfvrsn=0.23432948779836327.
Amo

K. Kalofpéktng Am. Egvakng X. Yuyapng I Zrapoving. Tithog Xvyypapparog: Extardsvtikn Teyvoroyia, Avantoiraxéc [Mhateoppeg
Poarmnrnriieta~ 12091 IoaT KeaoStwia~ RPiRY{any ,rerny FnSnZne T T11&6™Y "FuwvSarene 10/9507090 TQCRN . 0O77Q_0RANN119Q. 9979041 F K AOSEIN A TZINOA A O,



O o0popOG Y100 TNV OMGTIKY)

npoocsyyion. H Yrnoloyiwotikn Emotiun

Yasar, O., Veronesi, P., Maliekal, J., Little, L., Vattana, S., & Yeter, I. (2016).
Computational Pedagogy: Fostering A New Method of Teaching. Comp. in

Education, 7(3), 51-72. Presented at: ASEE Annual Conference and Exposition.
New Orleans, June 2016.
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O 0pONOS YL TNV OALGTIKY] TPOGEYYLION).
H Yrnoloyiotikny Emoetiun

:El.:lt.l-q:u.ul.ll:l: p= TowglShiflet & Shiflet [2014] n ¥rodopuomes] ERUOTR) cuwiealsl T MPOOo Lol HE T
PO HIY, TNV ERCTNMOVIDTY ONTIKOROL|E, Tr) RainEaTwsrng |.|.-:lmi.-|:|r|:-|:|"u1|:rr| TOV RPOFPOMUPaTICHD, TR S0

PET Oedoptnuy, Touf ahpOpuBpow, T0 CUMBORLED URCACTIONG, TI, HoSoS0u] BEATUSTORONGNG KOl TOUC
URCASEROROU] avAcd EMITESous Cr SIIHOPE FYWOTIKE GWTIKELNEVD.

T EFUCTIE oD ToEEL0 TG ¥ Loy LOTUET] G ETILS IR pn)G g 2= Tous Shifket & Shiflet {2006 xaL 2014,
(rttEs o fwwn oom. angdeinaniesfoontent/osretsfodvootion/cs208 2 wab finelpay]
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O 0pONOS YL TNV OALGTIKY] TPOGEYYLION).

H Yrnoloyiotikny Emoetiun

l o Tpitog opopnog Yo v Emoemuovikn I'voon-To neipopa otov HY pe npoypotika
ogoopuéva

Qo10060 £xel tebetl kat 1o €ENC epdTNUA: YTTAPYEL Kot TPITN «KOADVA/TLAGVAG-Oeperimony; Yrapyel pua véa dtadpoun
v va aoktioovpe Emotnuovikn I'voon Kot va pog 0onynoel otny «oyediaon tme Mnyovikno»;

H andvinon tov cuyypoveov Emetnuovav kot Mnyavikov eivor «NAD», pécm pog véog yvmoTikng Teployns, g
Ynoioywotikng Emotiuncy. H Yroloyiotikny Emetiun(Computational Science) eivat «n ypnorn vroloyioTikdv
alyopiBumv ®oTe vo «UETAPEPOOVVY) TO LOOMUOTIKA LOVTELD TTOV OVATOPIGTOVY TNV GLUTEPIPOPA TOV DVGTKOD
SOUTOVTOC, GE LOVTELN GTOV NAEKTPOVIKO DTTOAOYIGTIKY TO 0Tt0t0 TPOPAETOVY TO LEALOV KOl 0vadO OOV TO TapeABOV, EVD
YPNOYLOTOLOVVTOL Y10 VO TTPOGOLOLDGOLY £VOL LEYAAD PAGLO TPOIOVTIMV TOL KATAGKEVALOVY 01 Mnyovikol aAAd Ko
dwdtkaoiec ko cvotiuaton( https://tamest.org/news/newscomputational-science-the-third-pillar-of-
science/?tfa_next=%2Fresponses%2Flast_success%26sid%3D01c387cc23da8d99e7e79fad829792¢e).



https://tamest.org/news/newscomputational-science-the-third-pillar-of-science/?tfa_next=%2Fresponses%2Flast_success%26sid%3D01c387cc23da8d99e7e79fad829792ee

O 0pONOS YL TNV OALGTIKY] TPOGEYYLION).

H Yrnoloyiotikny Emoetiun

H ovagpopa the Emitponng « Computational Science: Ensuring America’s Competitiveness -
President’s Information Technology- Advisory Committeey eotiace oTnyv oVayKn E1G0YWYNS TOD
STEM otnv oyoiikn exkmaiocvon dtvovras éupacny otov opo «Yroloyietiky Emietijun)
ovopeEPovTag ot .... The President s Information Technology Advisory Committee (PITAC) is
pleased to submit to you the enclosed report Computational Science: Ensuring America's
Competitiveness. Computational science — the use of advanced computing capabilities to

understand and solve complex problems — has become critical to scientific leadership, economic
competitiveness, and national security.



O 0pONOS YL TNV OALGTIKY] TPOGEYYLION).

H Yrnoloyiotikny Emoetiun

H Yroloyiotiky) Emotiun kot n «oMotikij/oAokAnpopévn ekraidocvon STEM))-
éva kaOepopévo(;) povréro-Pedaste & Palts (2017)

YrnoAoyLoTiKa

mpofAnuata
Anpouvpyia Eniluan
adaipeang

AlyopLBukég
Srabikacieg Ko
bebopéva .
T
YMoAoyLOoTLKG

Movréha CUCTHpOTO
Npoyportike
npopfhiparta

Mvwon KoL avayvwpLon
npopAnuatwy

Ewkova: To Ymolononiko mpofinpa - o mpaypoTikos KOGHoS — 1) Y.E. KOt 1) «punyovi»



O opONOG YLO. TNV OALGTIKY)
npocéyyien H Yroroyiotikny Emomun (Y.E.) ko i Y.X.

H YmoloyioTiKn XKE

H évvowo ¢ aaipeong(revisited)

Amo

K. KoioBpéktng Am. Eevaxng X. Yuyapng I'. Zrapoding. Tithog Zvyypapportog: Exmordevtikng Teyvoroyia, Avortoiiokég

Mhatedéppeg Popmotikng kan IoT. Kwodwkoc Bifiiov 6tov Evdoco: 77115672. 'Exdoon: 11/2020. ISBN: 978-960-418-828-4. EKAOZXEIX
A. TZIOAA & YIOI A.E.



O oponog yio TNV OAMGTIKY

npoctyyion H Yroroyiotikn Emetiun (Y.E.) ko n Y.X.

H évvowa
™m¢ aaipeong(revisited)

d Anpovpyia adaipsong

MaBnpatiko 0"““‘0‘;-'
MovtéAo MPAYHATIKOG
KOOHOG

Autopartonoinon

https://www.open.edu/openlearn/science-maths-technology/computing-and-
ict/introduction-computational-thinking/content-section-0

Amo

K. Koroppéktng Am. Zevaxkng X. Poyapng I'. Ztapotvine. Tithog Xvyypapparos: Exknordcvtiki Teyxvoroyia, Avamtoirokéc

Mroteéppes Popmotucis kot IoT. Kmdwkég Bipriov otov Evoogo: 77115672. ' Exdoon: 111/2020. ISBN: 978-960-418-828-4. EKAOZXEIX
A. TZIOAA & YIOI A.E.


https://www.open.edu/openlearn/science-maths-technology/computing-and-ict/introduction-computational-thinking/content-section-0

O o0poOpOG YLO. TNV OALGTIKY)

apocéyyion. H Yrnoloyrwotikny Emwetun owefvog

2oppova pe tovg (Taub k.a.a,2015) «n Yroloyiotikn) Emotiun»-Computational Science- givou
£VOL OLVOTTTUGGOUEVO EMGTNUOVIKO TTEST0 TOL TEPIAAUPAEVEL TOV GYEOIUGUO VITOAOYIGTIKOV
LOVTELMV EMCTNUOVIKOV QOVOUEV®VY. To EdI0 avTO GLVOLALEL TNV EMIGTIUN, TNV EMICTNUN TOV
VTOAOYIGTOV(COMPULEr SCIeNCe) Ko To, EPAPUOCGUEVE, LOOMUATIKA KOO VO AVGEL TOADTAOKO,
EMIOTNUOVIKA TPOPA LOTON.

Youpmva pe tovg (Taub x.0.0,2013),n YroAloyiotikny Emetiun og emiotnuovikd nedio
aGYOAEITAL LE TNV Kocmcslcauféunokoywrmd)v HLOVTEAMV KO EMIGTNUOAOYIKE YopaKTNPileTon G
OLEMOTNLOVIKO Tted10, eVd O10ackeTon ota, [Tavemotia eved Tpdoeata £xel elGayOeL Kol otV
OYOMKY| EKTOUOEVLON.

Taub, R., Armoni, M., Bagno, E., & Ben-Ari, M. (2015). The effect of computer science on physics understanding in a
computational science environment. Computers & Education 87, 10-23.

Taub, R., Armoni, M., & Ben-Ari, M. (2013). The Contribution of Computer Science to Learning Computational Physics. In I.
Diethelm & R. Mittermeir (Eds.), Informatics in Schools. Sustainable Informatics Education for Pupils of all Ages (Vol. 7780, pp.
127-137): Springer Berlin Heidelberg.



O opopog Yo TNV oAeTIKY TPpocEyyen. H

Ynroloyiotikn Emotiun ko n povreromoinon
|

H Movtehomoinon ko n Exraidogvon otic Emotipeg

Ta povtéda pmopovv va fonbnocovy ovGlIaGTIKA TPOC TNV EUTAOKT GE CUVOETEC-TTPOIY LLOTIKES-
aVOEVTIKES KATAGTAGELS KAOMS OIGYOAOVVTAL UE TO OVTIKEILEVO, KOl TOL POVOLLEVOL TOV
TPOYLOTIKOD KOGUOV Kol 6€ avtd Ba PacioBel 1 omotadnmote mpocsopoimon , dtav avtn

TPOYLOTOTOLEITOL LLE OPOVG TOV LITOAOYIGTIKOV Ttelpdpatog (Psycharis,2015;Psycharis,2016)

Psycharis, S. (2015?. “The Impact of Computational Exlperiment and Formative Assessment in Inquiry Based Teaching and Learning Approach in STEM
Education ; Journal of Science Education, and Technology 25(2),316-326 (JOST) DOI 10.1007/s10956-015-9595-z

P?Icharis, S., (2016).°Inquiry Based- Computational Experiment, Acquisition of Threshold Concepts and Argumentation in Science and Mathematics
Education (Journal “Educational Technology & Society”- Volume 19, Issue 3, 2016.

Sh:iaflet, A. B. and Shiflet, G. W.(2006) Introduction to Computational Science: Modeling and Simulation for the Sciences, Princeton University Press, 2006:
p. 3.

Shiflet, A. B., &Shiflet, G. W. (2014). Introduction to computational science: modeling and simulation for the sciences. Princeton University Press.
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H Yrnoloyiotikny Emoetiun

Amno o0 TPACK o610 CPACK

H Yrohloyrotikn Ilawdaymyukn

Yasar, O., Veronesi, P., Maliekal, J., Little, L., Vattana, S., & Yeter, L. (2016). Computational Pedagogy: Fostering A
Jew Method of Teaching. Comp. in Education, 7(3), 51-72. Presented at: ASEE Annual Conference and Exposition.
New Orleans, June 2016.

To povrEAo CPACK, (Yasar x.a., 2016)
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Yasar, O., (2013). Teaching Science through Computation.\terna‘tionalsf:::ﬁ“m:o;:clhmbp- 7

(C-MST) ”

Journal of Science, Technology and Society. Vol. 1, No. 1, , pp. shs @l: -

10.11648/j.ijsts.20130101.12 . S



H évvowe. Tov computing-H cvyyvon!

This publication is a Science for Policy report by the Joint Research Centre (JRC), the European Commission’s science and
knowledge service.
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O 0pOpOG YLO. TNV OALGTIKY)

npocsyyion. Ov Emoetnuoioyieg tov
OKPOVOULOV




O o0popoG YO TNV OALGTIKNY

npocéyyion. Ov Emoetnuoioyies tov
OKPOVOLULOD
H Emoetnypoioyio g Teyvoroylog

>oueova pe toug Kroes & Van de Poel (2009), uropotv va amrodobovv dvo
vonuotodotnoelc otnv Teyvoloyio(Technology):

1.H Teyvoloyia ¢ dtadikacio/dpactnpiotnta, n onoia teptlauPdvel Tnv GALOYN
OLOOIKOCIMV GYENAONS, OVATTLENC, TOPAYDYNG TEXVIKOV
KOTOOKELOV/TEXVOLPYNUdTOV (artifacts)

2. H Teyvoloyio og mpoidv, Onradn) curldoyn «reyvovpynudtmvy(artifacts)
>tV éxbeon ¢ Emtponric  International Technology Education Association

(ITEEA),
https://www.iteea.org/File.aspx?1d=67767&v=b26b7852&source=generalSearch

mopovctdlovton BEpata oyeTikd Le To mepleYouevo g «Exmaidgvong otnv
Teyvoroyiom ce mEVTE O10GTACELS, OOV N KAOE O1d6TOCT TEPIAAUPAVEL OPIGUEVOLC
oeikteg(standards).


https://www.iteea.org/File.aspx?id=67767&v=b26b7852&source=generalSearch

O opopog Yo TNV OMOGTIKN

apocyyon. O Emoetnuoioyies tov aKp@yOULOU

H Emotnuoioyio tne Mnyoavikng

H yvootikn meployn tov Mnyavikov pmopet vo diopebei 6to mepieyopevo (engineering
content) kot otov oyediacud (engineering design). To wepieyOUEVO TPOKVTTEL AT TNV
toun ¢ Emotmunc(®.E.) tov Mabnuoatik®v kot g avaykng vo ypnoiorombovy
epyareia pe To omoion 01 Mnyavikol UTopovy va oY €01AGOVV AVGELS Y10 GUYKEKPULEVOL
wpofAnuota To omoia o VITOKEWVTAL € CLYKEKPIULEVOVC TEPLopioovg (Shirey, 2017).

Ot (Katehi x a. ,2009) avapépovv 6Tt «mBoavag To mo onuovtikd e [adaywyikne tov
Mnyavik®v ivar 0 6Yed0OUOS, 0 0TO10C AMOTEAEL TNV PACTKT TPOGEYYION TOV
Mnyavik®v yio, va AOvouv TpoAnuata Kot OTay ol EKTAIOEVOUEVOL EUTAEKOVTOL LLE TOV
GYEOLOG O OVATTTOGGOVY GUYKEKPIUEVES OEEI0TNTES KOl TUTTOVG GKEYEMV, OTTMC M
OVOALTIKY] KOl GUVOETIKT) CKEYT.

Katehi, L., Pearson G., &Feder M. (2009). Engineering in K-12 education: Understanding the status and improving the prospects.
Washington, DC: National Academy of Engineering and National Research Council.

Shirey, K. (2017).Teacher Productive Resources for Engineering Design Integration in High School Physics Instruction
(Fundamental).In: Proceedings of the 2017 ASEE Annual Conference, Columbus, OH, June 2017



O opopog Yo TNV OMGTIKN TPOGEYYLOT).

O Emoetnuoioyisg Tov 0KP@OVOUIOV

H Emotnuoioyio tng Mnyoavikng

H oot meproyn e Mnyovikig

/ AN

To wepeyopsvo O oysduaopdc g Mnyovikijc

Evvowes and Tic . E won
o Meobmuomsd chid o
TO computing

Ewmova: H yvoonikn meprog] s Mnyovuie

Katehi, L., Pearson G., & Feder M. (2009). Engineering in K-12 education: Understanding the status and improving the
prospects. Washington, DC: National Academy of Engineering and National Research Council

Shirey, K. (2017). Teacher Productive Resources for Engineering Design Integration in High School Physics Instruction
(Fundamental). In: Proceedings of the 2017 ASEE Annual Conference, Columbus, OH, June 2017



O opopog Yo TNV OMGTIKN TPOGEYYLOT.

O Emetnuoioyisg Tov aKp@VOULOV

H Emwotnuoioyia the Mnyovikng
H Adoktikn Xtpatnyki)
«OYEOLAGNUOS TOV MNYOVIKOW)

Ta tehevtaia ¥poOvia, EPELVNTES £YOVV TPOTEIVEL TNV ALVOOOUNGT) TOV TPOYPOUUUATOV
OTOVOMV TNG GYOMKNG EKTTOdELONGS MGTE Vo fondnbovv o1 ekmadevoUEVOL Vo, avarTOEOVY
KOVOTNTEG(YVAOGELS, 0EELOTNTEC, OTAGELS) TOL EIVOL ALVOLYKOIEC Y10, TOV GUYYPOVO KOGLO.
Mia potevouevn AVon eivor 1 €160y®YN TOV GYESLACLOV TV Mnyavik®v(cyEOMUGUOC TN
Mnyavikng)-engineering design- ota ovoALTIKA TPOYPAULOTO, DCTE LEGM CLTOV TOV
OL00KTIKOV LOVTEAOL VO EUTAOKOVY Ol EKTTOLOEVOUEVOL GE [UT] GUPADS OPLGUEVA
TPOPANNATE, OTOL OEV TOUPEYETOL ETOPKTC TAN|POPOPIN EVA OEV VTLAPYEL CVTO TOL KOAOVLE
Lo A0on, oAl BEATIGTEC ADGELS KATM 0O TEPLOPLGLLOVG.



O opopog Yo TNV OMGTIKN TPOGEYYLOT.

O Emetnuoioyisg Tov aKp@VOULOV

H Emwotnuoioyia the Mnyovikng
H Adoktikn Xtpatnyki)
«OYEOLAGNUOS TOV MNYOVIKOW)

Ta tehevtaia ¥poOvia, EPELVNTES £YOVV TPOTEIVEL TNV ALVOOOUNGT) TOV TPOYPOUUUATOV
OTOVOMV TNG GYOMKNG EKTTOdELONGS MGTE Vo fondnbovv o1 ekmadevoUEVOL Vo, avarTOEOVY
KOVOTNTEG(YVAOGELS, 0EELOTNTEC, OTAGELS) TOL EIVOL ALVOLYKOIEC Y10, TOV GUYYPOVO KOGLO.
Mia potevouevn AVon eivor 1 €10ay®YN TOV GYESLACLOV TV Mnyavik®v(cyEMUGUOC TN
Mnyavikng)-engineering design- ota ovoALTIKA TPOYPAULOTO, DCTE LEGM GLTOV TOV
OL00KTIKOV LOVTEAOL VO EUTAOKOVY Ol EKTTOLOEVOUEVOL GE [UT] GUPADS OPLGUEVA
TPOPANNATE, OTOL OEV TOUPEYETOL ETOPKTC TAN|POPOPIN EVA OEV VTLAPYEL CVTO TOL KOAOVLE
Lo A0on, oAl BEATIGTEC ADGELS KATM 0O TEPLOPLGLLOVG.



O opopog Yo TNV OMGTIKN TPOGEYYLOT.

O Emetnuoioyisg Tov aKp@VOULOV

DLOALKTLKIN T(POGEYYLOH TN ¢ OLOOLKAGLOC TOU TEXVLKOU GYEOLOCHOU
(Engineering Design Process)

Npwtn ¢don: MNpoobloplopog g avaykng n tou npopAnpatog

Tpitn daon: Avantuén mbavwv Avoewv

‘- Téraptn $aon: Emhoyn g BéAniotng Adong

‘Extn $aon: EAeyyog kat afiodoynon tng Avonc

Oybon ¢aon: Enavaocyediaopog ‘

nnyr: Ku:r.i'u.:uﬁpsmm; KJ;u'..ll:chru'rl.u‘cu; Kowvtol I'Icruccl,ruurm Wuydpng Eopovios, Nageagevonouhow Kok, Eudpocivn - A.".Km:rrn {2020 *OLTNE aTi; EMUSTAWES
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O opopog Yo TNV OMGTIKN TPOGEYYLOT.

O Emetnuoioyisg Tov aKp@VOULOV

To €ion Tov Tpofinuatov

Kd&0e mpoPAnua oto omoio €ite 1 apyIkn KOTACTAGN, EITE Ol EMTPEMOUEVES OLOOIKAGIES,
elte 0 oKOMOG 0€V €lval Kabapd eKTEQPPACUEVOL, 1 1] ADGT dEV Elvarl LOVOOTKT), TOTE AVTO TO
TPOLAN IO KOAEITOL UM 6O.QOC OPIGUEVO 1 1) 60.QMOS 0ounuEVo (To avtifeto gival Ta
COPOC OPICUEVO, TPOPATLOTA).
(https://www.oxfordreference.com/view/10.1093/oi/authority.20110803095957654)

2TINV GYOAIKN EKTOUOELON ,1 EKTOLOEVOT) OTIC EMIGTNUES £xEL dounOel LECH TOPDC
OPICUEVOV TPOPANUATOV. XT0 TEPIGGOTEPO AVAAVTIKA TPOYPALLOTO KO OTA TEPIGGOTEPO
OOOKTIKA LOVTELD OEV UPAVICOVTAL UM COPDOC OPIGUEVA TPOPATLOTO LLE ATOTELEGLLOL VO
Exel vLAPEEL KPLTIKN KAOMDG £T01 01 EKTOOEVOUEVOL OEV EUTAEKOVTOL GE TPOLYLOTIKA
npoPAnuata ota onoia tpemel va Adouv amopdcelc yia v enidvor) tovg(Fortus et al.,

2004). Fortus, D., Dershimer, C., Krajcik, J., Marx, R., & Mamlok-Naaman, R. (2004). Design-based science and student learning.
Journal of Research in Science Teaching, 41(10), 1081-1110


https://www.oxfordreference.com/view/10.1093/oi/authority.20110803095957654

O opopog Yo TNV OMGTIKN TPOGEYYLOT.

O Emetnuoioyisg Tov aKp@VOULOV

Katnyopromoinon npopinpuarmv(Grubbs & Strimel, 2015)

Zouemvo, ue tov Jonassen (2011) ta wpoPAnpota S1apEpovy MG TPOG TPELG O10OTACELS: TO TEPLEYOUEVO
(context), tnv moAvmhokoTTo (COoMmplexity), kot v doun(structure).

Ta TpoPAuata e Mnyavikng mov Pacilovtol 6Tov «oyedtaco e Mnyovikno» empovvtot o¢ Ta o
TOADTAOKO, KOl O TO AIYOTEPO SOUNUEVAL.

[TpoPAuata pe vynAd Baduo ddunong uropovv va Bpebodv m.y. ota Pipiia g Pvoikng pe ™ popen
L0C AEKTIKNG O TOT®ONC £VOC TPOPANLLATOC TOV 1) ADGT TOL armoutel TV epapuroyn pag pebodoroyiag
v TNV AO6T ToL KaODG Kol TV aElomoinomn KoTtaAANA®Y eE1I6MCE®V.

Grubbs, M. E. (2013). Bridging design cognition research and theory with teaching and learning. In P. J. Williams, & D. Gedera (Eds.),
Technology Education for the Future: A Play on Sustainability (pp.189-195). Hamilton, New Zealand: University of Waikato. Retrieved
from http://www.iteaconnect.org/Conference/PATT/PATT27/PATT27proceedingsNZDec2013.pdf Jonassen, D. H. (2011). Learning to solve
problems: A handbook for designing problem-solving learning environments. New York, NY: Routledge.



http://www.iteaconnect.org/Conference/PATT/PATT27/PATT27proceedingsNZDec2013.pdf

O opopog Yo TNV OMGTIKN TPOGEYYLOT.
. O Emetnuoioyisg Tov aKp@VOULOV
]

Ta eton Tov Tpofinuatev

Hopadsrypo capons opropsvov mpoprquoroc ety Myyavu

YmoB2otTe 0T SloTE pEAes wos opddos Miprovwdy mepifariovTicod oyedospon
KO TPEMEL VL TYEMOCETE KL VI KUTOOKEDATETE LU0, OWKOVOLIKT), S0K0AT] TN
YPNOY,  ovBEKTIKT) OTO YOV Ko SOKOAT) OTY) CUVTIPNTT) CUCKELT 1) omoin B
DA TUDGEL TV TOWOTI|TO TOD VEPOD  YPTCILOTODVTOL QENVE DAKGE OOTE v
CTOLLOEOUVEOUY To pikpofio and 1o vepd.
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O Emetnuoioyisg Tov aKp@VOULOV

Ta €ion Tov Tpofinudatov
Hopadsrypo pn co@os opicpevor mpofinpotoc oy Mnyovicn

KaBpéTTng

Ymobeote 6m1 siote péioc os opddas Mnyovikoy mpemset vo emAVGETE TO
TPOPATILLOL TNC CITOQUYT)C KLOMNC O EVO LWOVGCELD OTLUMOVPTOVTOS SVl
CUCTILO COVOYEPLOD LLE TV ¥PNOT ot Tnpoy aviyveLorc OTay TO
LODGELD EFEL «UN] KOVOVIKO® CYT|LLOL

T1o mupaive Tpofinuo ot sxmodsvdusvol mpérst va ypryopuonomcouy Moubnuotucs
neBodouo(Ty. TOIVEVOLOINGT TOU KTYpion) Kot vo ore@Boty To OKoVOLUKS KOOTO:, MOTE VI
?_pT]GLJ.LEJi‘IDLT]‘BEI: o Eh&;gﬂm; uplﬂnp%; u?cﬁnrﬁpmv- Emiomc Go *.lt!:uécat:-:t i_'tpD':-’P[i].l].l{f.'l:iUm}"f' TOU LDR - dwroavTioTaon
ooBnTpes mov Bo oTEAvoLY To dedousve Kot vo emelepyuctoly auTd To dedousv.
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H sicaywyn tov 6)ed1acpon e Mnyavikng oev onuaivel o€ Kapio tepintmon 0Tt eivot
OTNUOVTIKOTEPT TOLOAYMYIKT] GTPUTNYIKT] OO OTL 1] ETIGTNLOVIKT OLlEPEVVNTIKY
GTPOTNYIKY.

Ovo1aoTIKA 0 GYENACUOS TNS MNyavikng elvor 1 avTicToL N TOLOOYWYIKT) GTPOTYIKN
otV olepeLVNTIKN dbnon ya 1ic Emotuec.

O Emotpoveg avokaridmtouy véa Yvoon Kot ot Mnyovikoi facilovtol 6€ avTéS TIC
OVOKOADWYELS Y10 VO TAPAYAYOUV AEITOVPYIKG «tpoiovta» (Carlson &
Sullivan,2004).

H emompuovikn €pevva «dnuovpyei» dedouéva mov o Anebovv voyn amd Tovg
Mnyavikovg 6ToV GYEOLOGLO TOVG Y10, TV KOTOGKELT] TNG «UNYovic» mov Ba avTiototyel
oTNV povielonmoinomn wov £xel TpoéAbetl and Toug Emoetiuoveg, eved 1 KOTAGKELT QT
Oa otnpiletor 6To LovTEAD TV Emotnuovovy.

Carlson, L. E., & Sullivan, J. F. (2004). Exploiting design to inspire interest in engineering across the K-16 engineering curriculum.
International Journal of Engineering Education, 20(3), 372-378.



O opopog Yo TNV OMGTIKN TPOGEYYLOT.

O Emetnuoioyisg Tov aKp@VOULOV

H diepevvn i) H nméoyeyk etpatiyuc
TOLOQYEYIKY] CTPUTIYIK TOU «GYEOLAGNOU TNS

GTI|V EKTUIOEVET TOV Muyyoviagcs

Emepav

Ewove: Or ovtioToryec mondeyoyIKES CTPATIYIKES DIOUKTIKG povteia 6Tic Emoijpeg
Kot oy Mijyovia)



OL OKTW TPAKTIKEC yLa TNV ZXOALKN ekmaidsuon yla g EMotAeg Kot TV Mnxovikr

. O npokTikég TOV Emotnuovev Kot tov Mnjyovikov
]

Npaktikn 1 OuL ekmawbevopevol  B€touv epwthparta (Yl TG EmiotApeg) Kot
opiZouv mpoBARuata (yia tTnv Mnxavikn
Npaktikn 2 OL eKIALSEVOUEVOL OVATTTUGCOUV KOL XPNOLUOTIOLOUV LLOVTEAQ

Ot ekmaldevopevol oxedLalouy Kol UAOTIOLOUV EPEUVEC
Ot ekmaldevopevol cUAAEYoUV, avaAloUV Kal eppnvelouv SeSopéva

OL exmatdeudpevol  Xpnolpomololv Mabnuatikr Kot YIOAOYLOTIK
oKEYn

MNpaktikr 6 Ol ekmaldeuOevVoL avamTuooouV e€nynoels (yla Emotiueg) kot va
oxeblalouv AUoELG (yLa TRV Mnyavikn)

Npaktikn 7 OL eKTTALOEVOLEVOL ETILXELPNATOAOYOUV atlomolwvtag dedopéva

MNpaktikn 8 Ot ekmaldevopevol cUAAEYOUV, aELOAOYOUV KOl ETILKOLVWVOUV TNV
mAnpodopia

Science and Enqgineering Practices Progression Matrix
https://www.doe.mass.edu



https://www.doe.mass.edu/frameworks/scitech/2016-04/AppendixI.pdf
https://www.doe.mass.edu/frameworks/scitech/2016-04/AppendixI.pdf

O 0popoOg Y10 TNV OMOTIKN
npocyyion. O eykapoies évvores —Ta cuvopLoka avriksipeva

Crosscutting
Concepts Core |deas
i )
Practices W Awotaosc T ™mv Eyoiak] Exraidsvon CURQLVO LE TO
(NGS5,2013)
Avdoraoy 1 pakxTtiess AzfiomTe; KoL yveon  EmpEpouc
YVEITTLKENY TEPLOYN.
H AtspevvnTik uebodog G
Emotnuovikn] dodiocio
Avdctacn 2 8] O1 gykdpoisg/ MemoTuovike:
sykdpoec/Biemotnpovikes | Sworegdées(Crosseutiing Concepts)
avvoree (Crosscutting Ot &wwolss gUTEC Eyouy EQUPLLOTT) T8
Congcepts) TOMLES YVEOTINES TEPLOYES Kot
Asttoupyoly @ CUVOSOUOL BVANETO OTIC
EVVOLEC EMUEPOUC TVITTIKGY TIEPLOYEY.
Avdotoon 3 Enuovnikés fvvores, wfec | T vo sfvor o 1880 aomuonTidag
vrofidbpov mos | weée/swowe  vmoPdbpovs  WpEmEL  vo
TVOGTIKIS KOVOTTOLEL OPUTUEVEL KPLTH POy TTY.
repropjc(Disciplinary




O 0popoOg Y10 TNV OMOTIKN
npocyyion. O eykapoies évvores —Ta cuvopLoka avriksipeva

Iuopdwva pes v MRC (20123,b) o etra eykapolsg evvorsg/ LG v T Emuwotnpss kaL v Moyoavikn,

ELVEL oL

1) Maotipa/patterns

2 ) Atio-amoTEAEOPO: WY avIopoS kol £Enynarn

3 ) KAlpakss, avadoyies Kol TOTOTNTES

4} ZuoTnparn KoL TUOTHLOTn LOVTEMOY

G ) EveEpyEla ko OAn: poEg, kUKAoL koL Swatnonon

5] Aopn koL Asmoupyia

7) IxaBepotnTa koL adhayn




O opopog Yo TNV OMGTIKNY
npocyyion. O eykapoies évvores —Ta cuVOPLOKE OVTIKELUEVD,

O enTd £YKAPOLES/OEMOTNUOVIKES/EMKAATTONEVES £VVOoleg Yo TIC Emotiueg ko v
Mnyaviki, sivor ot :

1) Moripa /pattern: Hapotipnon potipo cite o€ dopnic, cite o€ yeyovoTa ,&iTE 6€ 6£d0uEVA/APLOPOVS
MOTE VO 001 YN 000V 01 EKTALOEVONEVOL GE 0PYAVAOGT] KUl KOTNYOPLOTOIN G KUl VO KAVOLY
V00£oE1C KoL EPOTNOELS GYETIKA IE TOVS TAPAYOVTES TOV TPOKAALOVY TO. HOTIPO

2) ortio-omotélesna, unyavicnog ko énynon : Ta yeyovota £xovv artieg kot po facikn TpoKTiK
™6 Emotung eivon n avalijtnon Kot o1Epevvion TOV d1TIOOOV 6YE6EOV TOV TPOKAAOVY T
YEYOVOTO, KOOMS KUl 1] O1EPEVVI|GI] TOV UNYOVIGUOV UE TOVS 0TOI0VS TPOKAAOVVTUL TO, YEYOVOTU.
AvTOl 01 uNYaVIGHOL PTOPOVY Vo EAEYYO0VY 6€ 0€00NEVE TAOLOLO EPAPROYTS KOL VO
ypnoomon)0ovv yia va kavouvv TpoPfréyerg ko va Enyfoovy GAra yeyovoTa o€ GALO TAIGLO.

National Research Council. (2012a) A framework for K-12 science education: practices, crosscutting concepts, and core ideas. National Academies Press,
Washington, DC

National Research Council. (2012b) Discipline-based education research: understanding and improving learning in undergraduate science and engineering.
National Academies Press, Washington, DC



O 0popoOg Y10 TNV OMOTIKN
npocyyion. O eykapoies évvores —Ta cuvopLoka avriksipeva

O enTa £YKAPOLES/OEMGTNUOVIKES/EMKAAMTTONEVES EVVOLES Y10 TIC EmotTiueg kat
™v Mnyoaviki), tval ot :

3) KApoKEG, avaloyies Kol TocoTNTES : OTOV TUPATPOVUE QUIVOUEVA EIVUL GCNUAVTIKO VO
avayvopilovpe Tic TaSels ney£00vs TOV TOGOTNTOV TOL HETPAUE KUl TMS Ol GAAAYES GTNV
KMPLOKO, 0TS OVOAOYIES | OTIS TOGOTNTES EMLOPOVY GTI|V OOUT] TOV GUGTI|ULOTOS, OTNV
eEVEPYELO KATT

4) ovoTNoTe Kol cVGTHRATE RovTEL®V: o Ty pelétn evog cvotipatog 0o mpémer va,
KoBopicovus TOL0 £ival TO CUGTN O KOL TO HEPT TOV, TOLO Eival TO TEPLPAALOV TOV KOL VO,
TPOGOL0PIGOVUE-GUVIIO OGS HECH APULPETIKOV OLUIIKAGLAOV- TTOL0 EIVOL TO HOVTELO TOV
GUGTINOTOG KOl TAOS GVTO GAMAETIOPA pe TO TEPLPAALOV TOV. AVTO PTOPEL VO 00 YN 6EL €
ELEYYO TOV EVVOLAOV TTOV EPTAEKOVTOL DOTE VO KOTAAEovpnE o€ e@appoyéc Tov Emotnpav
Kot TS Mnyoviknic.

National Research Council. (2012a) A framework for K-12 science education: practices, crosscutting concepts, and core ideas. National Academies
Press, Washington, DC

National Research Council. (2012b) Discipline-based education research: understanding and improving learning in undergraduate science and
engineering. National Academies Press, Washington, DC




O 0popoOg Y10 TNV OMOTIKN
npocyyion. O eykapoies évvores —Ta cuvopLoka avriksipeva

O1 emTd €YKAPOLES/OLEMIGTLOVIKES/ EMKOATTONEVES £VVOLES Yo TG EmoTineg ko
™v Mnyoeviki), givor ot :

5) evépyera Kon OAN ¢ poég, kOKAOL Kan oratipnon: Hapatiipnon g pong ™S evépyELag, TG
RACOS KOl AVTIOTOLYES TOTMIKES 1] OAKES OLOTIPIGELS (DOTE VU KATOUVOT|GOVUE TIS OVVITIKEG
KOTOOTAGELS TOV GUOTUATMV KUl TOVS TEPLOPLGUOVS TOVG.

6) ooun Ko Aettovpyio :

AvoQépeTat 6TOV TPOTO OOUNGNG EVOG VTIKEWLEVOL 1 (OVTAVOL 0PYAVIGLOV KOl GTOV TPOTO TOL T

VTOGVGTNUATO TTPOGO10PILOVV TIG 1010TNTES TOV GUGTILATOG.

7) otaBepoTnTo Kot aAlay] : AQopd To. QUGIKA KO TEXVITA GLGTHUOTO, TIC GVVONKES
otafepdTNTAC KO TOV TPOGOIOPIGHO TV puOUGY aAlaync 1 eEEMENG TV GLGTNUATOV

National Research Council. (2012a) A framework for K-12 science education: practices, crosscutting concepts, and core ideas. National

Academies Press, Washington, DC
National Research Council. (2012b) Discipline-based education research: understanding and improving learning in undergraduate science and
engineering. National Academies Press, Washington, DC



O opopnog Y10 TNV OAMGTIKIY] TPOGEYYION

O gykapoieg Evvoles-Avaivon

O1 emTd £YKAPOLES/OLEMGTILOVIKES/EMKUATTONEVES £VVoleg Yo TI EmoTpeg ko
™v Mnyovikn:

Patterns

“Patterns exist everywhere—in regularly occurring shapes or structures and in repeating events and
relationships. For example, patterns are discernible in the symmetry of flowers and snowflakes, the
cycling of the seasons, and the repeated base pairs of DNA” (NGSS,2013)

“Noticing patterns is often a first step to organizing phenomena and asking scientific questions about
why and how the patterns occur.”

The crosscutting concept of patterns is also strongly associated with the practice of “Using

Mathematics and Computational Thinking.” (NGSS,2013)
“Analyze and interpret data for patterns in the fossil record that document the existence, diversity,
extinction, and change of life forms throughout the history of life on Earth under the assumption that

natural laws operate today as in the past”. (NGSS,2013)

NGSS Lead States. (2013). Next generation science standards: for states, by states. The National Academies Press, Washington,DC, ISBN 978-0-
309-27227-8

National Research Council. (2012a) A framework for K-12 science education: practices, crosscutting concepts, and core ideas. National Academies
Press, Washington, DC

National Research Council. (2012b) Discipline-based education research: understanding and improving learning in undergraduate science and
engineering. National Academies Press, Washington, DC



O opopnog Y10 TNV OAMGTIKIY] TPOGEYYION

O gykaporeg £vvores-Avaivon tov pattern-Ilapaosiypo

O1 emTd £YKAPOLES/OLEMGTILOVIKES/EMKUATTONEVES £VVoleg Yo TI EmoTpeg ko
™v Mnyovikn:

Patterns -Ilapaderypa
Oa nmopovee vo 600si mg Tapddsrypa n onuovpyia tov fractals pe pa covroun
soaymyn oto Chaos

Yovroun ewoaymyn 61o Xdoc.

[Ipwv mpoywpncove G€ AVTO TO EKTONOEVLTIKO TOPAIELY LA, B0 LUAGOVUE Yo TNV £VVOLa TOL YOG LE OmAO TPOTO.
>ougpwvo pe tov Michel Baranger (Chaos, Complexity, and Entropy A physics talk for non-physicists), n 6sopnrikn
(PLGIKN TOV EIKOGTOV VA, TPONADE amd TNV «ETAVACTACT TNG GYETIKOTNTOC KOl TNG KPOVTOUNYOVIKNG LE
EPYOAEID TOV ATEIPOGTIKO AOYIGUO OOTE 1) TEMKN KATAANEN va eivarn 1 kPavTikn Oewpia mediov.

H Bewpntikn o1k Tov E1KOGTOV TPDTOL UAOVO TPOEPYETAL OO TNV KEMUVAGTUGT TOL ¥AOLE Kot TV Bempia g
TOATAOKOTNTOG YOPIC OUMG oKOpa VoL EEPOVLLE TNV TEMKT] KATAANEN.

KoloBpéktne, K., ZEevixnc,A., Yoyxdpne,2.,& Ztapovine,I.(2020). I'edpyroc. Exmoadevtikny Teyvoroyia,
Avantv&lokég [Mhatedpueg Poumotikng ko 10T SBN: 978-960-418-828-4. Exdoceig TGoA



O opopnog Y10 TNV OAMGTIKIY] TPOGEYYION

O gykaporeg £vvores-Avaivon tov pattern-Ilapaosiypo

Ol emtd €YKAPOIES/OLEMGTILOVIKES/ EMKAATTONEVES £Vvvoleg Yia TIg Emotneg Kot tnv Mnyovikn:

Patterns-Ilapaderypa
Oa pmopovee vo, 600si mg Tapdderypa n onuovpyio tov fractals pe pa cvvroun elcoy®yYN 610
Chaos

Ac Eexivnoovpe e To «yoptkod xaooy. Eva avtikeipevo mov givor yaotikd otov yopo kaieiton “fractal”. 'Evog «yolapdgy» opiopoc tov
“fractal” eivou 6TL TPOKELTOL Y10l (10 YEMUETPIKT OOUN TTOV gV YIVETOL ATAOVGTEPT OTAV TNV AVUADCOVUE GE OAOEVO, KOl LUKPOTEPO LLEPT).

Ot ponuoatikoi £xovv acyoAndel edd kot ¥pdvia pe T€Toteg Ye®UETPIKES dopés. Mo mapaderypa to cuvolo Cantor mpokvmtel wg ENG:
maipvoope £va e0OVYPALLO TUN O KO TO KOBOVUE GTA TP ATOUOKPOVOVTOG TO LECHIO £Va TPITO. XTNV GLVEYELN OTOUAKPVVOVLE TOL
ueoaio «&va tpito» amd to LIOAoUTA VO KAT. META OO KATEPES) EMAVAANYEISH TPOKVTTTEL TO cVVOoAo Cantor.

‘Eva dAL0 3160106 TaT0 Tapddstyo Ympiko YAovg TPOKLTTEL Al £VOL IGOTAEVPO TPIYWOVO LE TOV TOPAKAT® TPOTO:

Evavoupue ta péoa Tov Tpiiv TASVPOV KOl OTOUOKPVVOLLE OO TO apyLKO Tpiywmvo avtd 1o Tpiymvo. Ta amouévovta tpiymva Exovv
eUPado to Y4 tov apykov. Xvveyilovtag pe Tov id10 TpOTOo £XOVUE TNV TOPAKATO KOV TOV KaAgiton Tpiywvo tov Sierpinski.

KotoBpékmne, K., ZEevixnc,A., Yoydpne,2.,& Ztapovine,I.(2020). I'edpyroc. Exmaidevtikn Teyvoroyia, Avantuiiaxkég IThateopueg
Popmotikng ko 10T SBN: 978-960-418-828-4. Exdoceic TGidoA



O opopnog Y10 TNV OAMGTIKIY] TPOGEYYION

O gykaporeg £vvores-Avaivon tov pattern-Ilapaosiypo

Ol emtd €YKAPOIES/OLEMGTILOVIKES/ EMKAATTONEVES £Vvvoleg Yia TIg Emotneg Kot tnv Mnyovikn:

Patterns-Ilapaderypa
Oa pmopovee vo. 600si mg Tapddsrypa n onuovpyia tov fractals pe pua covropn elcayoyn eto Chaos

Ewova, : To Tpiyovo Tov Sierpinski

KotoBpékme, K., Zevixnc,A., Yoydpne,2.,& Ztapovine,I.(2020). I'edpyroc. Exmadevtikny Teyvoroyia, Avarntuliaxég ITAatpopueg Poumotikng
kot 10T SBN: 978-960-418-828-4. Exd6ceic TG0 o



O opopnog Y10 TNV OAMGTIKIY] TPOGEYYION

O gykaporeg £vvores-Avaivon tov pattern-Ilapaosiypo

O1 emTd £YKAPOLES/OLEMGTILOVIKES/EMKUATTONEVES £VVoleg Yo TI EmoTpeg ko
™v Mnyovikn:

Patterns-Ilapaderypo —Ep@tnon Yoyoroyikot mepreyopévov-Ilov fpiokovpne ta
fractals;

*H @von ivar yepdrn amod fractals. Mia fovvoypapun sivor yepdrn ano fractals. ‘Eva vyiég yépuco
dévtpo etvan éva. fractal. To avOpomivo chpa sivan Eva fractal dnwc kot 0 ovpavog oe o oxeTiKd Oyt
GUVVEPLUCUEVT] NUEPOL KAT.

*Ta mep1ocOTEPA OO AVTA TAL CLGTHUATO EYOVV £VO TOAD UEYOAO Babud «avToopoldTnTac) OTOV TO

e€etdlovpe 6€ OLO0YIKEC UIKPOTEPES KMUOKEC (TT.Y. 1 @TEPN).

KoloBpéktne, K., ZEevixnc,A., Yoydpne,2.,& Ztapovine,I.(2020). I'edpyroc. Exmoadevtikny Teyvoroyia,
Avantvélokég [Mhatedpueg Poumotikng kot [0T SBN: 978-960-418-828-4. Exdoceig TGoA



O opopnog Y10 TNV OAMGTIKIY] TPOGEYYION

O gykaporeg £vvores-Avaivon tov pattern-Ilapaosiypo

O1 emTd £YKAPOLES/OLEMGTILOVIKES/EMKUATTONEVES £VVoleg Yo TI EmoTpeg ko
™v Mnyovikn:

Patterns-Ilapaderypo —Ep@tnon Yoyoroyikot mepreyopévov-Ilov fpiokovpne ta
fractals;

To tpiywvo tov Sierpinski umopei va epappocdei axdpo Kot yio tnv TpoPAEYN TG AoTIKNG EEATAMONG GTO YOPLO
[Toyovia thc AttwAroakapvaviag ( Triantakonstantis 2012;Tewpyarr; kot Kpoupdda ,2015)

Triantakonstantis,D. Urban Growth Prediction Modelling Using Fractals and Theory of Chaos(2012). Open Journal
of Civil Engineering, 2012, 2, 81-86 http://dx.doi.org/10.4236/0jce.2012.22013 Published Online June 2012
(http://www.SciRP.org/journal/ojce)

I'ewpyorn,E «ar Kpoppdoa,B (2015). Ot Bempieg Tov yGovg Kot TG TOALTAOKOTNTOC GTO GYESIOGILO TOV
yopov,September 2015. Conference: 4o ITavelinvio Zvvédpro [Toreodopiag, Xmpotatiog kot [eprpepetaxng
Avartoénc: Tunua Mnyoavikov Xopota&iag, [Toheodopiag kot Ieprpeperaxng Avantoéng, [avemotuo
®eoccarioc, BoOlog



O opopnog Y10 TNV OAMGTIKIY] TPOGEYYION

O gykaporeg £vvores-Avaivon tov pattern-Ilapaosiypo

O1 emTd £YKAPOLES/OLEMGTILOVIKES/EMKUATTONEVES £VVoleg Yo TI EmoTpeg ko
™v Mnyovikn:

Patterns-Ilapaderypo —Ep@tnon Yoyoroyikot mepreyopévov-Ilov fpiokovpne ta
fractals;
Epatnon: Eyxete oxepbel 61t to Internet givon diktvo and diktva Kot 61t Kabéva amd avtd pmopet va amotedeiton and dAla diktua;

Emiong pnopeite va toug deilete pio potoypoeio amd Pnpokolo (1 ¢TEPEC) Kol va Tovg (NTNoeTe
V0. GOG TOVV OV DITAPYEL KATL TOV EMAVIAUUPAVETOL LE «OVTO-OHOL0 TPOTOY.

KoloBpéktne, K., ZEevixnc,A., Yoydpne,2.,& Ztapovine,I.(2020). I'edpyroc. Exmadevtikny Teyvoroyia,
Avantvélokég [Mhatedpueg Poumotikng kot 10T SBN: 978-960-418-828-4. Exdoceig TGoA



O opopnog Y10 TNV OAMGTIKIY] TPOGEYYION

O gykaporeg £vvores-Avaivon tov pattern-Ilapaosiypo

O1 emTd £YKAPOLES/OLEMGTILOVIKES/EMKUATTONEVES £VVoleg Yo TI EmoTpeg ko
™v Mnyovikn:

Patterns-Ilapadsrypa To Tpiywvo tov Sierpinski g Python



O opopnog YO TNV OMGTIKN] TTPOGEYYLION

O gykdpoieg évvoreg-Avaivon tov Cause and Effect-
IHopaoerypa
-

Ov enttd £YKAPOLES/OEMGTHOVIKES/EMKAAVTTONEVES £VVoleg Yo TIc Emotipeg ko Ty Mnyovikn:

“Cause and effect is often the next step in science, after a discovery of patterns or events that occur together with
regularity. A search for the underlying cause of a phenomenon has sparked some of the most compelling and productive
scientific investigations. “Any tentative answer, or ‘hypothesis, ’that A causes B requires a model or mechanism for the
chain of interactions that connect A and B. For example, the notion that diseases can be transmitted by a person s touch
was initially treated with skepticism by the medical profession for lack of a plausible mechanism.

Today infectious diseases are well understood as being transmitted by the passing of microscopic organisms (bacteria or
viruses) between an infected person and another. A major activity of science is to uncover such causal connections, often
with the hope that understanding the mechanisms will enable predictions and, in the case of infectious diseases, the
design of preventive measures, treatments, and cures.” . (NGSS,2013)

NGSS Lead States. (2013). Next generation science standards: for states, by states. The National Academies Press, Washington,DC, ISBN 978-0-309-27227-8

National Research Council. (2012a) A framework for K-12 science education: practices, crosscutting concepts, and core ideas. National Academies Press, Washington, DC
National Research Council. (2012b) Discipline-based education research: understanding and improving learning in undergraduate science and engineering. National Academies
Press, Washington, DC



O opopnog YO TNV OMGTIKN] TTPOGEYYLION

O gykdpoieg évvoreg-Avaivon tov Cause and Effect-
IHopaoerypa

O €10 €YKAPOLES/OLEMIGTNOVIKES/ EMKAAVTTONEVES £VVoleS Yo TS Emotipeg ko tnv Mnyoviki:

“Cause and effect Examples .”

“l.Make observations and/or measurements to provide evidence of the effects of weathering or the rate of erosion by
water, ice, wind, or vegetation

2.Develop a model that predicts and describes changes in particle motion, temperature, and state of a pure substance
when thermal energy is added or removed.

3.Make and defend a claim based on evidence that inheritable genetic variations may result from: (1) new genetic
combinations through meiosis, (2) viable errors occurring during replication, and/or (3) mutations caused by
environmental factors”. (NGSS,2013)

NGSS Lead States. (2013). Next generation science standards: for states, by states. The National Academies Press, Washington,DC, ISBN 978-0-309-27227-8

National Research Council. (2012a) A framework for K-12 science education: practices, crosscutting concepts, and core ideas. National Academies Press, Washington, DC
National Research Council. (2012b) Discipline-based education research: understanding and improving learning in undergraduate science and engineering. National Academies
Press, Washington, DC



O opopnog YO TNV OMGTIKN] TTPOGEYYLION

O gykdpoieg évvoreg-Avaivon tov Scale, Proportion and Quantity
-Ilapaoerypa

O enTd £YKAPOLES/OLEMOTNHOVIKES/EMKAATTONEVES £VVoleg Yo TIC Emotnec ko v
Mnyovikn:

Scale, Proportion and Quantity Examples

“1.Support an argument that the apparent brightness of the sun and stars is due to their relative
distances from Earth.

2.Conduct an investigation to provide evidence that living things are made of cells; either one
cell or many different numbers and types of cells’. (NGSS,2013)

NGSS Lead States. (2013). Next generation science standards: for states, by states. The National Academies Press, Washington,DC, ISBN 978-0-309-27227-
8

National Research Council. (2012a) A framework for K-12 science education: practices, crosscutting concepts, and core ideas. National Academies Press,
Washington, DC

National Research Council. (2012b) Discipline-based education research: understanding and improving learning in undergraduate science and engineering.
National Academies Press, Washington, DC



O opopnog YO TNV OMGTIKN] TTPOGEYYLION

O eykdpoieg évvoleg-Avaiveon Tov Systems and System Models
-Ilapaosrypna

O1 enTd €YKAPOIES/OLEMG TN LOVIKES/ EMKAAMTTONEVES £vvoleg Yia TIg Emotneg Kar tnv Mnyovikn:
Systems and System Models -Examples

“1. Use a model to represent the relationship between the needs of different plants or animals (including humans)
and the places they live

2. Make a claim about the merit of a solution to a problem caused when the environment changes and the types
of plants and animals that live there may change”. (NGSS,2013)

NGSS Lead States. (2013). Next generation science standards: for states, by states. The National Academies Press, Washington,DC, ISBN 978-0-309-27227-8
National Research Council. (2012a) A framework for K-12 science education: practices, crosscutting concepts, and core ideas. National Academies Press, Washington, DC

National Research Council. (2012b) Discipline-based education research: understanding and improving learning in undergraduate science and engineering. National Academies Press,
Washington, DC



O opopnog YO TNV OMGTIKN] TTPOGEYYLION

O eykdpoieg £vvores-Avaivon tov Systems and System Models -
Hapaoerypa

O1 enTd €YKAPOLES/OLEMGTI LOVIKES/EMKAATTONEVES £VVoleg Yia TI EmoT)neg Kot tnv
Mnyoviki:

“Systems and System Models are useful in science and engineering because the world is complex, so it is helpful
to isolate a single system and construct a simplified model of it. “To do this, scientists and engineers imagine an
artificial boundary between the system in question and everything else”.(NGSS,2013)

“In more complex systems, it is not always possible or to consider interactions at this detailed
mechanical level, yet it is equally important to ask what interactions are occurring (e.g., predator-
prey relationships in an ecosystem) and to recognize that they all involve transfers of energy, matter,
and (in some cases) information among parts of the system”(NGSS,2013)

NGSS Lead States. (2013). Next generation science standards: for states, by states. The National Academies Press, Washington,DC, ISBN 978-0-309-27227-8
National Research Council. (2012a) A framework for K-12 science education: practices, crosscutting concepts, and core ideas. National Academies Press,
Washington, DC

National Research Council. (2012b) Discipline-based education research: understanding and improving learning in undergraduate science and engineering. National
Academies Press, Washington, DC



O opopnog YO TNV OMGTIKN] TTPOGEYYLION

O eykapotreg évvoles-Avaivon tov “Energy” -Ilapaosrypa

O €110 £YKAPOLES/OEMO T LOVIKES/EMKAATTONEVES £VVoleg Yo TIC Emotiueg ko v
Mnyovikn:

Energy and —Examples
“1. Support an argument that plants get the materials they need for growth chiefly from air and water.

2. Develop a model to describe the cycling of water through Earth’s systems driven by energy from the sun
and the force of gravity.

3. Develop models to illustrate the changes in the composition of the nucleus of the atom and the energy
released during the processes of fission, fusion, and radioactive decay”. (NGSS,2013)

NGSS Lead States. (2013). Next generation science standards: for states, by states. The National Academies Press, Washington,DC, ISBN 978-0-309-27227-8
National Research Council. (2012a) A framework for K-12 science education: practices, crosscutting concepts, and core ideas. National Academies Press,
Washington, DC

National Research Council. (2012b) Discipline-based education research: understanding and improving learning in undergraduate science and engineering.
National Academies Press, Washington, DC



O opopnog YO TNV OMGTIKN] TTPOGEYYLION

O eykapoleg évvoles-Avaivon Tov “Structure and
Function” -Ilapaosrypna

O €110 £YKAPOLES/OEMOTNHOVIKES/ EMKOAVTTONEVES EVvoleg Y TIS Emot)nes ko v Mnyovikii:

“Structure and Function are complementary properties. “The shape and stability of structures of natural and
designed objects are related to their function(s). The functioning of natural and built systems alike depends on the
shapes and relationships of certain key parts as well as on the properties of the materials from which they are made.

For example, the substructures of molecules are not particularly important in understanding the phenomenon of
pressure, but they are relevant to understanding why the ratio between temperature and pressure at constant volume
is different for different substances ”.(NGSS,2013)

NGSS Lead States. (2013). Next generation science standards: for states, by states. The National Academies Press, Washington,DC, ISBN 978-0-309-27227-8

National Research Council. (2012a) A framework for K-12 science education: practices, crosscutting concepts, and core ideas. National Academies Press, Washington, DC
National Research Council. (2012b) Discipline-based education research: understanding and improving learning in undergraduate science and engineering. National
Academies Press, Washington, DC



O opopnog YO TNV OMGTIKN] TTPOGEYYLION

O eykaporeg évvoleg-Avaivon Tov “Structure and Function” -
IHopaoerypa

O1 enTd EYKAPOLES/OLEMGTILOVIKES/EMKAATTONEVES £VVoleg Yia TI EmoTneg Kot tnv
Mnyoviki:

Structure and Function -Examples.

“1.Develop and use a model to describe that waves are reflected, absorbed, or transmitted through various
materials.

2.Plan and conduct an investigation of the properties of water and its effects on Earth materials and surface

processes’”.
(NGSS,2013)

NGSS Lead States. (2013). Next generation science standards: for states, by states. The National Academies Press, Washington,DC, ISBN 978-0-309-27227-8
National Research Council. (2012a) A framework for K-12 science education: practices, crosscutting concepts, and core ideas. National Academies Press, Washington,
DC

National Research Council. (2012b) Discipline-based education research: understanding and improving learning in undergraduate science and engineering. National
Academies Press, Washington, DC



O opopnog YO TNV OMGTIKN] TTPOGEYYLION

O gykapoireg £vvoreg-Avaivon tov “Stability and Change” -
IHopaoerypa

O enTa £YKAPOLES/OEMGTNUOVIKES/ EMKAAVTTTOREVES £vvoleg Yo T Emotiueg kot v Mnyovikn:

“Stability and Change are the primary concerns of many, if not most scientific and engineering
endeavors. “Stability denotes a condition in which some aspects of a system are unchanging, at least at
the scale of observation. Stability means that a small disturbance will fade away—that is, the system will
stay in, or return to, the stable condition. Such stability can take different forms, with the simplest being a
static equilibrium, such as a ladder leaning on a wall. By contrast, a system with steady inflows and
outflows (i.e., constant conditions) is said to be in dynamic equilibrium. For example, a dam may be at a
constant level with steady quantities of water coming in and out. . . . A repeating pattern of cyclic
change—such as the moon orbiting Earth—can also be seen as a stable situation, even though it is clearly
not static”’. (NGSS,2013)

NGSS Lead States. (2013). Next generation science standards: for states, by states. The National Academies Press, Washington,DC, ISBN 978-0-309-27227-8

National Research Council. (2012a) A framework for K-12 science education: practices, crosscutting concepts, and core ideas. National Academies Press, Washington, DC
National Research Council. (2012b) Discipline-based education research: understanding and improving learning in undergraduate science and engineering. National
Academies Press, Washington, DC



O opopnog YO TNV OMGTIKN] TTPOGEYYLION

O gykapoireg £vvoreg-Avaivon tov “Stability and Change” -
IHopaoerypa

O enT0 £YKAPOLES/OEMGTLOVIKES/EMKAAMTTONEVES £VVOoLES Yo TIC Emotiueg kot v
Mnyovikn:

“An understanding of dynamic equilibrium is crucial to understanding the major issues in any
complex system—for example, population dynamics in an ecosystem or the relationship between
the level of atmospheric carbon dioxide and Earth’s average temperature”. (NGSS,2013)

“A system can be stable on a small time scale, but on a larger time scale it may be seen to be
changing. For example, when looking at a living organism over the course of an hour or a day, it

may maintain stability; over longer periods, the organism grows, ages, and eventually dies.”
(NGSS,2013)

NGSS Lead States. (2013). Next generation science standards: for states, by states. The National Academies Press, Washington,DC, ISBN 978-0-309-27227-8
National Research Council. (2012a) A framework for K-12 science education: practices, crosscutting concepts, and core ideas. National Academies Press,
Washington, DC

National Research Council. (2012b) Discipline-based education research: understanding and improving learning in undergraduate science and engineering.
National Academies Press, Washington, DC



O opopnog YO TNV OMGTIKN] TTPOGEYYLION

O gykapoireg £vvoreg-Avaivon tov “Stability and Change” -
IHopaoerypa

O1 €10 €YKAPOLES/OLEMIGTNLOVIKES/ EMKAATTONEVES £VVoLeS Yo TS Emotipeg ko tnv
Mnyoviki:

[Hapaderypa n Aoyiotikn e€icmon

Ewaymyn.

Mo onpovtiky un ypappikn dugpopikn egicoon eivar n Aeyopevn Aoyiotikn eicwon: df(t) /dt= k f(t) (1-f(t)).Mwa tomikn epoppoyn avtig g e&icwong etvat to

povtéro avamtvuéng evog Brorloyikod TAnBuepHoL oL Tapovoldcinke Yo TPOTH Popd and Tov Pierre-Frangois Verhulst 101838, 6mov o pubuds avamapoaywyng K givat
avAaAOYOG TOV VILAPYOVTOG TANOVGHOV Kot TV dtabéciumv Topov(PA. m.y. https://en.wikipedia.org/wiki/Logistic_function#L ogistic_differential _equation).

To k avticroygel otov puoud avoamopoywyng kot A givat To péyioto tov TAnfucsuov.

H nopandve e&icmon og popen axorovbiog &xet nv popen(yia A=1):

Xn+1:kxn(1'xn)-

To X,.; avtwotoyei otov aAnbuoud g emdpevng yevidg o omoiog givar aviAoyog Tov cuviedeot) K, tov mAnbuopod g mpomyovpevng yevidg X, €vod ot
andreteg(Davator) meptypdpovtar and tov 6po (1-X,), kabdg -yio otabepn TOGOTNTO TPOPNG- 1 GLVEXNS AdENGT ToL TANBVoHOD 0dNyel og peimwon TV dwbéciumy
TOPOV(TPOPNC), ka1 dpa o€ Bavdatovc. Enuewnote ot av X,=1, 16te dev Ba v pyel TAnBvoOS, Kot dpa owt] 1 TR Ba givar To péyioto Tov TAnbvopov. Agybeite 6Tt
0<k<4 ko

1. Na ypyete tov kddika o€ Python yio tv mapandve egiowon yia didpopeg Tipég Tov K.Na oyoldoete ta amoteAécpuatd cag yio S1apopeg TipéG Tov K.

2. Na peretnoete BAMoypa@ikd TV AOYIGTIKY GLVAPTNOT KOl VO TV OVamapaoToeTe uéc® ¢ Python yio didpopa pavopeva dmog tov 16 COVIDI9 1 dhha
Qowvoeva


https://en.wikipedia.org/wiki/Logistic_function#Logistic_differential_equation

O 0poOnOG YL TNV OALGTIKY] TTPOGEYYIoN

Oh gykaporeg £vvoles- Avaiven) Tov
“Stability and Change” - Ilapadociyna

O en1T0 £YKAPOLES/OEMO TN LOVIKES/EMKAAVTTONEVES
évvoleg Y Tig Emotipues ko v Mnyoaviki:
[Tapdderypa n Aoylotikn e€icmon

matplotlib.pyplot as plt
numpy as np
f(n,k):
n==0:
initial_pop;

temp=f(n-1,k);
k*temp*(1-temp);

initial_pop= (
k=float(input(

( );
np.arange( )
(n format(f(n,k)));

X_val=np.arange(
y_val=[f(x,k) X
plt.plot(x_val,y val
plt.title(

plt.ylabel( )
plt.show();




O opopnog YO TNV OMGTIKN] TTPOGEYYLION

O gykapoireg £vvoreg-Avaivon tov “Stability and Change” -
IHopaoerypa

O1 enTd €YKAPOLES/OLEMGTI LOVIKES/EMKAATTONEVES £VVoleg Yia TI EmoTneg Kot tnv
Mnyovikn:

Stability and Change-Examples

“1. Compare multiple solutions designed to slow or prevent wind or water from changing the shape of
the land.

2. Construct an argument supported by empirical evidence that changes to physical or biological
components of an ecosystem affect populations ”(NGSS,2013).

NGSS Lead States. (2013). Next generation science standards: for states, by states. The National Academies Press, Washington,DC, ISBN 978-0-309-27227-8
National Research Council. (2012a) A framework for K-12 science education: practices, crosscutting concepts, and core ideas. National Academies Press, Washington,
DC

National Research Council. (2012b) Discipline-based education research: understanding and improving learning in undergraduate science and engineering. National
Academies Press, Washington, DC



O o0poOpOS YO TNV OALGTIKY)
npocLyyion. Ot eYKAPOLES EVVOLES —

Ta cvvopLoKd avVTIKEINEVO

]
B To cuvoploka avTikeipeva

Xy «orokAnpwon STEMy, epepaviCovtor cvyva mold onUavTIKol Opot GYETIKA LUE TNV KOAOKANP®OT)»,
OTMG 1 «OLAGYICT TOV GLVOP®V AVALEGH OTIC YVMOOTIKES TEPLOYEC, KOl TA KGUVOPLUKA OVTIKEILEVO.

Xy Biploypagio vapyel ektevic cL{NTNOT, CYETIKA e TNV «oAokApwon STEM», n onoia eotidleton
oTO OV VIapyel puo «@vony(nature) tov STEM @¢ dtokprm) ko Eexmproty amd TNy «QUoN» TOV
EMUEPOVS YVOGTIKAOV TEPLOYAOV TOV akpovouiov( e.g., Bryan & Guzey,2020; Akerson et al., 2018).

H ovokoiio oty «ohokifpmon STEM» o@eileTor 6€ EMGTNUOAOYIKA EPTOOLO. TO. 0TTOLN GLUVOLOVTUL
ILE TNV TOLOAYMYIKN YVAOGT TEPLEYOUEVOV-KAOE YVOOTIKN TEPLOYN £YEL TNV OLKT] TN TOLO ALY YLK
YVAOOT TEPLEYOUEVOD;

[Ipoxinon: EVpeon TMV GUVOPLEKOV AVTIKEIREVOV TOV OL0.6YILOVV TIS YVOOTIKES TEPLOYES KAL OV GUTA:
aAAalovy ypovika; Mmopovv va 001 YNo0VY 6E VEES YVOOTIKES TePLoyéc(m.y. Yroroyiotiki Broroyia,
Bo-ntinpo@opikiy)



Integrated S.T.E.A.M To
Ynoloyrotiko STEAM

IHoapaBeon amdyemv Yo 1o TL €ivarl N «0oAokApoon STEM»

And v BiMoypaeio TpokOTTEL OTL TOAAOT EPELVNTEC OTVOLV JLUPOPETIKEG EPUNVELEC KO TTPOGEYYIGELC
v10. Tovg Opovg «ekmaioevon STEM» kat «olokAnpmon STEM». Ot epunveieg dapépovv ®¢ TPog TIg
EVVOLEC TNG TOAVETIGTNUOVIKOTNTOG, TNG OIETIGTILOVIKOTTAG KOL TNG OL0-EMGTNLOVIKOTNTOC, TNV
EVVOL0L TNG «O1AGYION S GLVOPMV YVMOGTIKOV TEPLOYDV» KOl GTO TL EVVOOVLE LLE TOV £VVOla
KOAOKANpOCT.



Integrated S.T.E.A.M To
Ynoloyrotiko STEAM

HopaBeon amdyemv Yo To TL €ivar N «<oAokAfpoon STEM»
(English,2016):

Ynapyet moAd peydrog aptOudg apbpwv 6mov 1 «ekmaidevon» Kot 1 «oAokApwon» STEM
opiletan pe ddpopovg TPOTOVS OTOL TO PAGLN TV OPIGUOY TEPAauPavel apyilel and v
LLOVOETIGTNLOVIKOTNTA KOl TPOYMPE, LE GLVEYT TPOTO £MC TNV dla-EmoTnuovikotnta (.. Moore
and Smith, 2014; Vasquez, 2014/2015; Vasquez et al., 2013) ,

0oL M O1AKPLoT GYETICETOU LUE TOVG OPOVE KOAOKANPWOCT KAl «OLAGYLOT YVOOTIKDOV TEPLOYMV»
EVM OPICUEVEC POPEC YPMNCILOTOIOVVTAL KOl KOETKTEG OAOKANPOCTOP.



Integrated S.T.E.A.M To
Ynoloyrotiko STEAM

HHopaBeon amwdyemv Yo To T €ival N «<oAokifpoon STEM»
IMivakog: Ta avéavopeva erinedo ohokipoons soppmva pe tnv(Vasquez et al.,,2013)

ALERLOTLOVIKOTTA
(Interdisciplinarity)

| 0 |
| |
NeAvédotarn >
MpOoOE L
U':l.llti;;iciglinarﬂ o
|
E ,1
W d—
- | ] ' -1
l/’ r—x - #
> i
Movobiaotatn " d
np.m:r.s'n,-?,-mr.. L /
[Disciplinarity)

Ewovo: To erinsdo 0l.010]pooTc KoL 1] ovTicToly ] emoTnpoioyio (Vasquez et al.,
2013)



Integrated S.T.E.A.M To
Ynoloyrotiko STEAM

HHopaBeon amwdyemv Yo To T €ival N «<oAokifpoon STEM»

«Dhovifnpoon STEM: (Brvan & Guzey, 2020)

AVaQEpETulL O HOVTELD GOV OAOKATPGEVOVTUL TTEPLEYOGUEVD TEV YVEOGTIKOWV
TEPLOY MY A0 KOl TPOKTIKGOV IO TIS YVEOGTIKES TTEPLOYES.

Foppova pe tovs (Bryvan & Guzev,2020).1 woiowinpoorn STEM» sival

GLETLGTI|LOVLIKT] TPOCETYLET). LS TV SVVOLE TT|C SLEMLCTI|ULOVIKO T TOS MO0 TS ooy
oL (Newell & Green 1982).

Foppova pe tovs (Newell & Green ,1982), 01 dr1smoTOVIKES TPOGEYFLGELS SIVOL
GLEPEUWVI|GELS IOV CTHPLLOVTOL G HV0 1] TEPLECCOTEPES YVHOCTIKES TEPLOFES KAl
OO YOV OTIV «0A0KAT POOCT] SEVVOLOVY IT0 ETIUEPOVS YVEOCTIKES TEPLOYES.




Integrated S.T.E.A.M To
Ynoloyrotiko STEAM

HHopaBeon amwdyemv Yo To T €ival N «<oAokifpoon STEM»

Ot (Roehrig et al. ,2012) wpoteivouv pa 610.popomoincn g TPog TO TEPLEYOUEVO KO (O
TPOG TO TAUUG10.

€0TIALEL OTNV EVOGT] TOV YVOGTIKOV TEPLOYDV GE LU0,
LLOVOOIKT] OpaGTNPIOTNTO TOV AVOALTIKOD TPOYPAULATOC 1 oTtoia Ba divel Eppaon 6Tig
EYKAPG1ES 10€€C OV Bal TPOEPYOVTAL ATTO OLAPOPES YVIOGTIKEG TEPLOYES,
Oa e6TIAlEL GTO TTEPIEYOUEVO UI0G YVOOTIKNG TTEPLOYNS Ko Oa a&romotel mlaicia
amd AAAEC YVOOTIKEG TEPLOYES Y10 VOL KAVEL GUVOEGELS TMOV YVOOGTIKOV TEPLOYDV .




Integrated S.T.E.A.M To
Ynoloyrotiko STEAM

HHopaBeon amwdyemv Yo To T €ival N «<oAokifpoon STEM»

H dmoyn pog etvatl 0tL 1 S1EMOTNUOVIKT TPOGEYYion o mpemel va Tpoymwpa mepa amd
TNV GOVOECT] EVVOLMV KOl VO AVOPEPETAL GTIC AEYOUEVES EYKAPGIEC EVVOIEC/10EEC IOV
TOPOVGIAGAE GE TPOTNYOVUEVT EVOTNTO.

Enionc Bempovue 0TL 0TV OIEMGTNUOVIKN TPOGEYYIOT EMXLYEIPELTOL 1] ADGT EVOC UN
COPMOC OpLoUEVOL TPoPANUaTog Le a&lomoinon HeBodoroyidV TV ETUEPOVC
YVOOTIKOV TEPLOYDV 0L LE aBPO1oTIKO TPOTO OALG Le OAANAETIOPACELS LEBOOOLOYIDYV,
KOl QVTO UTTOPEL VO 00N YNOEL GE OPLOUEVEG TEPUTTMCELS GE VEN YVIOGTIKN TEPLOYT,
eEoutiog akplPm¢ avtic ™G aAnAETidpacnc-av Kol Bempode OTL 1] VEX YVOGTIKN
TEPLOYN EXEL TEPLOGOTEPES TOAVOTNTES VO TPOKVWYEL ATTO TNV O10-EMIGTNLLOVIKT)
TPOGEYYLET(LOPPT] OAOKANP®GONG).



Integrated S.T.E.A.M To
Ynoloyrotiko STEAM

.|
"Evog mp@Tog 0propnog g «ohokinqpoong STEM»(Zapavrog Yoyapnc )

Oewpovue 011 N «olokAnpwon STEM» tpoywpd pécm e d1doyIonS TOV YVOGTIKOV
TEPLOYMV , LUE OLETIGTNUOVIKN 1] OLOETIGTNUOVIKT] (ETIGTNUOAOYIKE) TPOCEYYIOT-UE
«OLVVOPLUKA AVTIKEILEVO TIC EYKAPTLEG EVVOLEC OAAQ KOL TOL GVVOPX, TOV TPUKTIKOV TOV
YVOOTIKOV TEPIOYDV EVA Ol TPUKTIKES TNG Y TOAOYIOTNC ZKEYNG EIVOL O AY®YOC Yol TNV
LETAPaoN AVAULESH OTIC TPAKTIKEC TMOV YVOOTIKMOV TEPLOYMV KO TIG OVTIGTOTYEC
OOOKTIKEG oTpaTYIKEG(avaKalvmTikn Ldbnon yia 1i¢ Emotueg ko oxedacpd g
Mnyavikng-mavta g cuvoplakd avtikeipeva ). H didaktikn otpatnyikn 0o npénetl va
elvau TETOW0L MGTE VO TPOKOAAEL TNV YpovIKN EEMEN NG OIEMGTNUOVIKOTNTAC GE O10.-
EMGTNUOVIKOTNTO, OGTE VO TOPAYETOL KO VEQ, YVAOOT] TEPOAY OVTOV TMV EVVOLDV TOV
YVOOTIKOV TEPLOYDV.



Integrated S.T.E.A.M To
Ynoloyrotiko STEAM

‘Evag opiopdg g «ohokApoong STEM»

moyn ovt  eivolr o  kovtd otnv  olokApwon STEMy). Ztv OLETMIO TN LOVIKT)

TPOGEYYIoN LILAPYEL VYNAO ENIMEOO OAOKANPMOONG TOV YVOGTIKOV TEPLOYMV UECH TNG
EOTIONONC GE IO «KOWN EVVOLO GOC OUTEC TOV OVOQPEPOUE MC KEYKAPGLED) EVVOIE

STEM competences for the 21st centur
ing-stem-competences-for-the-

21st-century ,2019)




Integrated S.T.E.A.M To

Ynoloyrotiko STEAM

Professor Sarantos Psycharis

Mapdyes epyaleio yoa epBdBueon oo
Emuorypn mapeEyel Kl mAaioo yua

Mean

szl SefuoTnteg

Dbnyel o

S G Ty

Evuoyiel m pabnom

Napéye epyakeio yua epfaboven ko
mapdyel Kol mhaiow yua

MaBnuoanxda
Mo s
SebioTnres

Ewova 3 O xuxdog aldnpAsmiSpoonc Twy Pwaaemy meEguoywy Touw STEM (Watson & Watsan (2013))




Integrated S. T.E.A.M To
Ynoloyrotiko STEAM

H Emoempolroyia tov STEAM - Yroroywetikn) Hawdayoyuk)

Ewova: H « Oiowinpopsen Yroioneroo] Ioboyereg STEAM:



H Y.X. ovvoéeTtan pe Ty Oeowpio TG TOAVTAOKOTNTOS

Fig. 8.2 Starlings flocking in Rome https://youtu.be/V-mCuFY{JdI

Integrated S.T.E.A.M To
Ynoloyrotiko STEAM

Mayes, R.(2019). Quantitative Reasoning and Its Roéle in
Interdisciplinarity .In Doig, B., Williams, J., Swanson, D.,
Borromeo Ferri, R., & Drake, P. (2019). Interdisciplinary
Mathematics Education. Cham: Springer International
Publishing. https://doi.org/10.1007/978-3-030-11066-6



https://doi.org/10.1007/978-3-030-11066-6

Integrated S.T.E.A.M To
Ynoloyrotiko STEAM

*H Y.X. cvuvoéetar pe v Ocmpio TG TOAVTAOKOTNTOS

*Birds flocking is an exemplar of a complex system. Starlings flocking in Rome (Fig. 8.2) organise themselves based on simple
interactions between birds (the agents), the result of which, are beautiful emerging patterns from random bird interactions.
Flocking is an adaptation that, among other things, confuses predators such as the Peregrine Falcon. Complex systems reasoning
is the ability to analyse problems, like flocking behaviour, by recognising complexity, patterns, and interrelationships within a
system featuring a large number of interacting components (agents, processes, etc.)

From Wikipedia, the free encyclopedia Flocking is the behavior exhibited when a group of birds, called a flock, are foraging or in flight.
Computer simulations and mathematical models that have been developed

to emulate the flocking behaviors of birds can also generally be applied to the "flocking" behavior of other species.

As a result, the term "flocking” is sometimes applied, in computer science, to species other than birds.

Mayes, R.(2019). Quantitative Reasoning and Its Roéle in Interdisciplinarity .In Doig, B., Williams, J., Swanson, D.,
Borromeo Ferri, R., & Drake, P. (2019). Interdisciplinary Mathematics Education. Cham: Springer International
Publishing. https://doi.org/10.1007/978-3-030-11066-6



https://doi.org/10.1007/978-3-030-11066-6
https://en.wikipedia.org/wiki/Flock_(birds)
https://en.wikipedia.org/wiki/Foraging

Integrated S.T.E.A.M To
Ynoloyrotiko STEAM

AN ASEARING SOCLAL COMMENTARN LSO B
ARIOCSY FUNNY?SES RUN 10 SEE THIS NOVIE

A DVZZIER' SELDXOM DO WE GET FIMS

H YTCO}\,O'YIG‘HKT’] ETClGTT’] L1 Ko 1) S0 BRI D30 (N

hkx

O OF THONE FIAUNTING MOVIES YOU CANT GET
(CTOFYOUR MINI

«oMmoTiK)/ oroKANpopuéV ekmaiocvon STEM»-éva kaBiepmpévo(;) T
HOVTé)\.O B R

STOCKARD CNRNNNG  WALSAUTH  DONAGD STHIRAND

"Evao mapadstypo o€ mp@torero popoen amo v Kowvovioroyio mov apyotepa £yive
0épa oty IIAnpo@opikn ko OgatTpikn mapdotoon

To @arvopevo Tov pKPov KOGHOV yy
@ Play frailer 130

https://www.theguardian.com/technology/2008/aug/03/internet.email

Giorgio Parisi Nobel Prize 2021-for groundbreaking contributions to our
understanding of complex physical systems.” Ising Model etc



Integrated S.T.E.A.M To
Ynoloyrotiko STEAM

Néa «wapaodetypoto» og I1X

H Yrohloyrotikn] Emotiun kot n
«OMOTIKNY/ 0AOKANpOuéEVY ekmtaiocvon STEM»-
éva KaOepopuévo(s) povtéro

"Eva mapdaderypa g tpotoreia popen omé tnv Kowvovioroyia mov
apyotepa £ywve 0épa oty IAnpoopiki] ko OcaTpiki] TapaoToon

To @arvopevo Tov pKpov KOGHOL

A Just six degrees of separation or fewer between the Dalai Lama and everyone else. Photograph: Carl de
Souza/AFP/Getty Images
https://www.theguardian.com/technology/2008/aug/03/internet.email 1p 3 world of 6.6 billion people, it does seem hard to believe. The theory of

six degrees of separation contends that, because we are all linked by chains
of acquaintance, you are just six introductions away from any other person

RpCiGy & SRy [ R



H oloxinpopévny demotnuovikin npocéyyion tov STEM: Yrdpyer ovvopiko
ailayng 1 pprixope v silver bullet; -

Tehkég Xkéyerg
Epyaotipro Aeromitov STEM Apaoctnprotnyreg
Topoatécovma 1 NOODLES?
loT
Al-Machine learning
Emerging Technologies —Natural Hazards —Remote Real Labs
"Ep@oon o€ maykoopo gavopevo, —Aredvoroinon Al

Future Research
Social Justice —Active Citizen-UDL-Inclusive Education-Kind of Learning objectives

Types of Assessment-Types of Boundary Objects ---University Pedagogy-Open data through Computational
Practices-




H 0W0oKkTIKY] oTPOTYIKI] GTNV OAOKANPOUEVI] OLEMIGTHOVIKIY] TPOGEYYLION
tov STEM

o —— |

Epurnon
On paBuéc Siepev-
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AnoSeidn - Tulhoyr
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nou Bétel 0 sxnadeun-
K¢,

Bownutvn

Erov paBn Siveral f
EpLITNON and tov £
Seunxd.

Frov paBntn Sivetal n
andSelén xan ta Sebo-
pEva and tov exmandey-
X0,

Erov paBnur Slverad n
avaiuon g anddedng
) xaBobayelvat and tov

EXMASEUTIND JE IO
TPONO VI MPAyHaTOnoe-
floeL tyv avaiuvon.




H o0wokTIKn] oTpotyikl] otny

Tov STEM

EGynon

Ov paBnreg napayouv

sfnynosi/spunveisg
nov Pacilovral onv
anodein

Iovdson
Ot pabnrés ouvbéouy
TG EENYHOELS pE TV
ETULOTNPOVIXS) VIO

Eruxoivwvia
Ot paBnrég smxotvw-
VOUV KOt arToAoyouv
v e€rfynon

Avaotoxaopdg
O padnréc avaoro-
x&lovzar otnv Siepeuvn-
-avaxgAunnxn Sua-
Sucaoia mou axolotBn-
oav xai otnv padnon
TOUG

O pabntrig anodaoi-

JEL POVOC TOU TIWE Va
npoxwpnoe otnv £&h-
ynon Baowdusvog otnv
anobefn.

O paBnrig npoxwpd
pdvog Tou otnv ouvbson
G £6fynong pe v

EMLOTNHOVIXT] YVor.

O paxBnrig npoywpa
HOVOG TOU OTNV EMKOL-
VIVEDr KO TNV aUtioho-

ynon g ffynong.

O pabnuic anodaot-
LEL MOVOC TOU MWE va
Sopnoel v avastoya-
ouxr tou Sabxaoia.

OAOKANPOUEVY] OLETIGTIUOVIKY

O pabnrig npoxwpa
oy &rynon péoa and
Suadopouc Tponoug ou
MQPEYOVTAL QMO TOV EX-

nawSeUTIXO.

O paBnTic napdyet
v ouvbeon péoa and
nnyig nov napéyoviat
and rov exnabeunxd.

O padnic smkowvw-
vel kaL axnoAoyet Tnv

gffjynon pe oxenxn po-

fBewa and rov exmo-
Seunxd.

EZrov pabnug napéxo-

vial obnylss yua tnv 56-
HNon TG aVaoToxaoT-
xnG Tou Suabwkaoiag,

Itov pabnt) napdye-
tat n e€nynon ano Tov
sxnabsuTikd,

Itov paBntr napsye-
tat n oovlson an’ gu-
Beiag and rov exnabey-
nxd 1) dAoug népous.

Irov paln napéxo-
VT TO BApaTa yua wa
ETUKOWVLVITEL KL VO

QITIOAOYNOEL TRV
egfiynon.

EZrov padn napéxo-
VIGL Ta Prjpata yie va

SourjoeL TV avaoToxa-
ot Tou Siabuaoia.

IMivexac: H Argpzovynriay/Avoxoivatia o10okTiky orpanyiki oy Exraidzvon onig

Emomjues

TPOGEYYION
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https://www.doe.mass.edu/frameworks/scitech/2016-

04/Appendixl.pdf

Scientific Inquiry and Engineering Design as Holistic and Dynamic

Processes
Scientific inquiry and engineering design are dynamic and complex processes. Each requires
engaging in a range of science and engineering practices to analyze and understand the natural
and designed world. They are not defined by a linear, step-by-step approach. While students may
learn and engage in distinct practices through their education, they should have periodic
opportunities at each grade level to experience the holistic and dynamic processes represented
below and described in the subsequent two pages.
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H «owemotnuovikn aSrohoynon»

Boaowka otoyyeia g a&loAoynong

H a&rodoynon oto «Ymoroyiotikdo STEM»

Ewkova: To tpiyovo e alwiomons (NRC, 2001) pe mv apocBzon g adrodoynong
GTV «oloiapoctn STEM».



H «owemotnuovikn aSrohoynon»

Boaowka otoyyeia g a&loAoynong

Mayes, R.(2019). Quantitative Reasoning and Its Réle in Interdisciplinarity .In Doig, B., Williams, J., Swanson, D., Borromeo Ferri, R., & Drake, P. (2019). Interdisciplinary
Mathematics Education. Cham: Springer International Publishing. https://doi.org/10.1007/978-3-030-11066-6

IxavotnTo IxavotnTo
ArtioAoynon onuovpylag
nov BacileTan

H artioAoynon
Paciopévn oTig
OL0OTAGELS TG

ArtioA0ynon pe Pacel

H ovtioro €
LTIOAOYTON N mv

Baocel Tov

GTIV AVAAVLGT) Yo,

™Y E5ynon EVVOLAV
QUIVOUEVOV

TOV GYEGEMV NETAED

Ewkovo: Awootacelg g a&tohAoynong

Gao,X., Li,P., Shen, J.,& Sun,H.(2020), “Reviewing Assessment of
Student Learning in Interdisciplinary STEM Education,” Int. J. STEM Educ., vol. 7, no. 1, pp. 1-14


https://doi.org/10.1007/978-3-030-11066-6

Physical Computing kot loT oto STEAM

Owovouia tng Nvwong & E€UTVEC CUCKEVEC
STEAM Physical Computing

H xprion €EunMvwv CUOKELWV OTNV TAEN ETIITPETIEL OTOUC LaONTEC va
avamntuéouv de€Llotntec Tou 21ov alwva OMwC:
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Physical Computing kot loT oto STEAM

‘E€unvec ocuokeveg & Awadiktvo twv mpaypatwv (loT)
Physical Computing(K.KaAoBp&Ektnc)
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Physical Computing kot loT oto STEAM

ALaSIKTUO TWV MPAYHATWV (IT)(K.KaAonéKtno)

Nepiudpeperlako Evowpatwpévo
UALKO ouoTNMA

Tomuko
AiKkTuo

ALcOntnpeg
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ZigBee
Ethernet

LAN
WAN

Physical Comput
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Physical Computing kot 1oT oto STEAM (K.KaAoBpEktng)

Gateway Shield Node Shield Things



Physical Computing kat loT oto STEAM(K.KaAoBpEktng)

Awadiktuo Twv rpayuatwv (loT)

N\
- ON )

Q) L _w_:UNOJ e
' ARDUINO 4

L T

’
3
—_—
Ead
Eand
-,
—
.

L
X
RX

T

.. P
vy R




Physical Computing kot loT oto STEAM(K.KaAoBpektng)

Awadiktuo Twv npaypatwv (loT)
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Temperature

D

Humidity / Moisture

Leaks / Levels

Acoustic / Sound / Vibration
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Strain / Pressure




The silver bullet has a long pathway
Ta dvvapikd aAraync xovv actadrn onueio 1oppomiog

To paraphrase Richard Feynman..Maybe...
If you think you understand STEAM, you don’t understand STEAM

spsycharis@gmail.com, spsycharis@aspete.gr

>0G Evyapioto yia v tpocoyn cog !

Xoapavtoc Poyapnc


mailto:spsycharis@gmail.com

BiAoypapia

Akerson, V., Burgess, A., Gerber, A., Guo, M., Khan, T., & Newman, S. (2018). Disentangling the meaning of STEM: Implication for science
teacher education. Journal of Science Teacher Education, 29(1), 1-8. https://doi.org/10.1080/1046560X.2018.1435063

Akkerman, S. F., & Bakker, A. (2011). Boundary crossing and boundary objects. Review of Educational Research, 81(2), 132—-169

Brennan K, Resnick M (2012). New frameworks for studying and assessing the development of computational thinking. Presented at the
American Education Researcher Association, Vancouver, Canada.

Bryan, L., &Guzey, S.S. (2020). K-12 STEM Education: An Overview of Perspectives and Considerations. Hellenic Journal of STEM
Education, 2020, 1(1), 5-15

Bryan, L. A., Moore, T. J., Johnson, C. C., & Roehrig, G. H. (2015). Integrated STEM education. In C. C. Johnson, E. E. Peters-Burton, & T. J.
Moore (Eds.), STEM road map: A framework for integrated STEM education (pp. 23-37). New York, NY: Routledge.
English, L. (2016). STEM education K-12: perspectives on integration. International Journal of STEM Education, 3(3), 1-8.

Engestrom, Y., Engestrom, R., & Karkkédinen, M. (1995). Polycontextuality and boundary crossing in expert cognition: Learning and problem
solving in complex work activities. Learning and Instruction, 5, 319-336.

Katehi, L., Pearson G., & Feder M. (2009). Engineering in K-12 education: Understanding the status and improving the prospects. Washington,
DC: National Academy of Engineering and National Research Council.

Kolodner, J.L., Camp, P.J., Crismond, D., Fasse. B., Gray, J., Holbrook, J. & Ryan, M. (2003). Problem-based learning meets case-based
reasoning in the middle schools science classroom: putting learning by design TM into practice. J Learn Sci 12(4):495-547

Leung,A.(2020). Boundary crossing pedagogy in STEM education. International Journal of STEM Education (2020) 7:15

National Academy of Engineering(NAE) and National Research Council(NRC). (2014). STEM Integration in K-12 Education: Status, Prospects,
and an Agenda for Research. Washington, DC: The National Academies Press. https://doi.org/10.17226/18612

National Research Council. (2012). A Framework for K-12 Science Education: Practices, Crosscutting Concepts, and Core Ideas. Washington,
DC: The National Academies Press. https://doi.org/10.17226/13165.

NGSS Lead States (2013). Next generation science standards: for states, by states. The National Academies Press, Washington, DC



https://doi.org/10.1080/1046560X.2018.1435063
https://doi.org/10.17226/18612
https://doi.org/10.17226/13165

Biphoypagia

Psycharis, S (2018a) STEAM in Education: A Literature review on the role of Computational Thinking, Engineering Epistemology and
Computational Science. Computational STEAM Pedagogy (CSP). SCIENTIFIC CULTURE, Vol.4, No.2, 51-72. https://sci-cult.com

Psycharis, S. (2018b). Computational Thinking, Engineering Epistemology and STEM Epistemology: A primary approach to Computational
Pedagogy. International Conference on Interactive Collaborative Learning, ICL 2018: The Challenges of the Digital Transformation in Education pp
689-698.https://link.springer.com/chapter/10.1007/978-3-030-11935-5_65

Psycharis, S. (2021). Editorial: A New Era with STEM Education?. Hellenic Journal of STEM Education, 1(2), 43-44.
https://doi.org/10.51724/hjstemed.v1i2.14

Psycharis,S.& Kalovrektis,K.(2021). A Conceptual Framework for Computational STEAM Integration. Crosscutting Concepts, Threshold Concepts,
Border Objects and their propagation in STEM integrational fusion.Helelnic and International Conference.STE(A)M Educators and Education.Patras
7-9 May 2021


https://sci-cult.com/
https://link.springer.com/conference/icl
https://link.springer.com/book/10.1007/978-3-030-11935-5
https://link.springer.com/chapter/10.1007/978-3-030-11935-5_65
https://doi.org/10.51724/hjstemed.v1i2.14

Biamoypapio
Roehrig, G. H., Moore, T. J., Wang, H. H., & Park, M. S. (2012). Is adding the E enough?: Investigating the impact of K-12 engineering standards on
the implementation of STEM integration. School Science and Mathematics,112, 31-44
Vasquez, J., Sneider, C., & Comer, M. (2013). STEM lesson essentials, grades 3—-8: integrating science, technology, engineering, and mathematics.
Portsmouth, NH: Heinemann.
Vasquez, J. (2014/2015). STEM: beyond the acronym. Educational Leadership, Dec./Jan.,10-16.

Shirey, K. (2017). Teacher Productive Resources for Engineering Design Integration in High School Physics Instruction (Fundamental). In: Proceedings of the 2017
ASEE Annual Conference, Columbus, OH, June 2017

Star, S. L. (1988). The structure of ill-structured solutions: Boundary objects and heterogeneous distributed problem solving. In M. Huhns& L. Gasser (Eds.),
Readings in distributed artificial intelligence.Menlo Park, CA: Kaufman.

Star, S. L. (2010). This is not a boundary object: Reflections on the origin of a concept. Science, Technology,&HumanValues, 35(5), 601-617.Journal of Research in
Science Teaching

Star, S. L., & Griesemer, J. R. (1989). Institutional ecology, ’translations,” and boundary objects:Amateurs and professionals in Berkeley’s Museum of Vertebrate
Zoology. Social Studies of Science, 19(3),387-420.

Tytler, R., Prain, V., & Hobbs, L. (2019). Rethinking disciplinary links in interdisciplinary STEM learning: atemporal model. Research in Science Education.
Advance online publication. https://doi.org/10.1007/s11165-019-09872-2

Vasquez, J., Sneider, C., & Comer, M. (2013). STEM lesson essentials, grades 3-8: integrating science, technology, engineering, and mathematics. Portsmouth, NH:
Heinemann.

Watson, AD,& Watson, GH (2013) Bonus Article: transitioning STEM to STEAM: Reformation of Engineering Education. J Qual Particip 36(3

Weintrop, D., Beheshti, E., Horn, M., Orton, K., Jona, K., Trouille, L., & Wilensky, U. (2016). Defining Computational Thinking for Mathematics and Science
Classrooms. Journal of Science Education and Technology, 25(1), 127-147. https://doi.org/10.1007/s10956-015-9581-5



https://doi.org/10.1007/s11165-019-09872-2
https://doi.org/10.1007/s10956-015-9581-5

	Slide 1: Σαράντος Ψυχάρης, Καθηγητής Α.Σ.ΠΑΙ.Τ.Ε.  και Πρόεδρος της Ελληνικής Εκπαιδευτικής Ένωσης STEM-  PhD University of Glasgow
	Slide 2: 1. Η Επιστημολογία του STEM 2.Παραδείγματα Υ.Σ.-Υπολογιστικού STEM
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18:    
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24:           
	Slide 25
	Slide 26:         
	Slide 27:         
	Slide 28:           
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40:    
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103

