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Designing and Evaluating the Quality of Teaching-Learning
Sequences: A Case Study on Plant Nutrition

Oier Perdera, Oihana Barrutia; José Ramo6n Diez
Faculty of Education in Bilbao, University of the Basque Country

Abstract

Designing Teaching-Learning Sequences (TLSs) and evaluating their quality has recently been
described as a compelling research endeavour to bridge the gap between theory and practice
on science education. Thus, this work has a dual objective. First, it describes how different
design and evaluation tools can be operationalised in order to ascertain whether a TLS (in this
case on plant nutrition) is of quality according to three criteria: validity, practicality and
effectiveness. Second, this study conducted within the Design-Based Research (DBR)
framework aims to identify and discuss how plant nutrition could be more effectively taught
and learnt.

Keywords: design-based research, evaluation, teaching-learning sequence, plant nutrition

1. Introduction

The ever-growing gap between educational practices and theoretical knowledge is one of the
greatest concerns in science education (Nuthall, 2004). Consequently, the amount of
interventionist research aimed at designing and/or validating Teaching-Learning Sequences
(hereinafter, TLS) has increased recently (Méheut & Psillos, 2004; Tinoca et al., 2022).

One of the methodological frameworks that has been proposed to leverage the pragmatic
nature of TLSs and their potential to build bridges between theory and practice using iterative
cycles of design, implementation and evaluation is the Design-Based Research (DBR)
(Easterday et al., 2014; Guisasola et al., 2017; Psillos & Kariotoglou, 2016). However, although
systematically evaluating the quality of TLSs is key for this, design-oriented articles often
overlook details regarding the assessment methodology or the criteria that have been
considered to ascertain it (Guisasola et al., 2017; Plomp & Nieveen, 2013). In fact, literature
warns that “quality” is an oversimplified term (Plomp & Nieveen, 2013), and that many
publications do not explicitly link how evaluation guides design decisions (Guisasola et al.,
2017; Psillos & Kariotoglou, 2016).

The lack of explicit information regarding these aspects precludes reproduction,
generalisation and the empirical assertion of the quality of the TLS, which hinders its
subsequent improvement (Guisasola et al., 2017; Plomp & Nieveen, 2013). Therefore, the
objective of this work, is to explicitly detail how different design and evaluation tools have
been operationalised in order to construct and assess the quality of a TLS on plant nutrition.
Indeed, since the Scientific Model of Plant Nutrition (SMPN) is paradigmatically known for
its relevance, teaching-learning difficulty, and theory-practice gap (Pedrera et al., 2024), this
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study has the double aim of: 1) describing how this evaluation framework can be used to
design, redesign and evaluate the quality of a TLS; and 2) discussing the findings it draws
regarding how could the topic be effectively taught and learnt.

2. Methodology

From an educational perspective, there is a consensus that quality of a TLS is dependent on
three criteria (Plomp & Nieveen, 2013):

a) Validity. The TLS needs to be grounded on state-of-the-art scientific knowledge (i.e. be
relevant) and be logically designed (i.e. be consistent).

b) Practicality. It must be adequate to be used in the context for which it has been designed.
¢) Effectiveness. It ought to facilitate students achieve the desired learning outcomes.

In order to assess whether the designed TLS suffices these criteria this study employed
different design and evaluation tools in each of the DBR phases along two iterations (Guisasola
et al., 2017; Psillos & Kariotoglou, 2016) (Figure 1).

DBR PHASES Design Implementation | Evaluation Re-design  Implementation _
I —
QUALITY
CRITERIA Validity Practicality Effectiveness Practicality Effectiveness
ASSESSED Epistemological analysis Teachers' diary Pre-post questionnaire Teachers' diary Pre-post questionnaire
(Key ideas) (Noticing & materials' (Conceptual learning (Noticing & materials’ (Conceptual learning
. X adecuacy) outcomes vs. control) adecuacy) outcomes vs. control)
Curricular analysis
(Learning objectives) Students’ workbook . ) Students’ workbook . ;
DESIGN/ ) (Materials' adecuacy) | Mixed-methods analysis  (Materials' adecuacy) | Mixed-methods analysis
EVALUATION Textbook analysis (1. Qualitative analysis via (1. Qualitative analysis via
(Typical treatment) phenomencgraphy)  External evaluator's report|  phenomenography)
TOOLS Systematic literature review - - (Noticing & materials® - .
(Difficulties & proposals) (2. Quantitative analysis adecuacy) (2. Quantitative analysis
via ltem Response via ltem Response
Learning demands Theory (Racking & Theory (Racking &
(Diagnostic questionnaire; N=122) Stacking method) Stacking method)

Figure 1. Evaluation tools (and their aim) for each of the quality criteria and DBR phases.

Validity was mainly addressed during the design phase of the first iteration (TLS1) by
analysing the context (i.e. 16-17 y.o. from the Basque Country), defining the learning
objectives, determining its specific necessities and reviewing the scientific literature on the
teaching-learning difficulties and proposals of the SMPN (Figure 1).

The practicality criterion was checked after each of the iterations by qualitatively analysing the
evaluation tools of teachers’ diary, students’ workbook and, in the case of TLS2, external
evaluator’s report, which consisted on a rubric for classroom observation aimed at verifying
the activities were implemented as originally intended (cf. Guisasola et al., 2017). On the one
hand, these analysed the adequateness of the design and materials to implement the TLS. On
the other hand, they were used to identify issues with the materials or unforeseen problems
teachers noticed.

Finally, the effectiveness criterion was also evaluated after each iteration by means of pre-post
questionnaires. Students’ responses to these questionnaires (TLS1 N=95; TLS2 N=110) were
analysed using a mixed-methods approach and their results were compared to the ones of a
control group that employed direct instruction and textbooks (N=109). First, responses were
qualitatively analysed using phenomenography. Second, the phenomenographic results were
quantitatively analysed employing Item Response Theory: 1) by “stacking” the data to observe
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the individual pre-post change by cohort group; and, 2) by “racking” the data to analyse how
items’ difficulties changed and which aspects of the SMPN were affected the most by the TLSs,
which also informed the redesign (Wright, 2003). Thus, the following sections discuss how
these evaluation tools influenced the design and redesign of the TLS and what conclusions can
be derived from this DBR.

3. Results

The design tools employed during the design of TLS1 allowed a contextually relevant and
consistent design decision-making, which ensured the validity of the TLS. For instance, the
epistemological and curricular analyses showed that students should be able to understand
what autotrophy entails, describe photosynthesis and respiration in terms of matter and
energy transformation, and relate these processes at the ecosystem level. However, both the
systematic review and the learning demands tool demonstrated that these were particularly
challenging issues. Therefore, this served to define valid and auspicious design principles, such
as that the guiding question to start the TLS could be “Where did world’s largest tree obtain
its mass from?” or that students must engage in activities enabling them to express, contrast
and revise their mental models through scientific practices (Figure 2).

The evaluation regarding practicality and effectiveness of this first TLS1 evinced that this
approach promoted favorable student development towards mental models close to scientific
consensus. However, not every aspect of the SMPN evolved equally (Figure 3 showing partial
effectiveness) and the teacher journals and students’ notebooks indicated several activities on
the TLS were overly complex, allotted too much class time and presented pragmatic problems.

These results informed the redesign of the TLS2 improving the deficient aspects and activities
by either emphasising the aspects showing shortcomings, making them clearer, adding
scaffolding or completely replacing them. For example, the latter was the case of the activity
10. Since it was found too demanding and tedious (using practicality evaluation tools), it was
replaced with a hands-on modelling activity that helped students trace matter and energy
(Figure 2).
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Inquiry phase

Modelling phase

-slon of the TLS (TLS,) -un of the TLS (TLS;) )

& The largest tree in the world weighs 725000 kg.
o A1/AL. Where and how do you think it has obtained that mass? .
e -
S
3@ A2/AZ. How do plants feed?
FE A3/A3. What component has the biggest impact on plants' mass?
SR [Which of these are matter and which energy?] s
~ & /|
(\\Q,‘, A4, Van Helmont came up with the following ;‘.
S# A4, How would you prove your hypothesis? historical experiment. Analyse its method, | T
L = J 5 years
¥ Propose an experiment do you think it was a proper approach? | | T
,,,’“ & ‘Would you improve it somehow? \ e e
& & \| Soil (dry): 90 kg Soil [dry): 89,44 kg
Q@ & \pant: 228 kg Plant: B7 kg J
& 6’ AS5. Van Helmont came up with the following A5. What did he conclude? Do Van Helmont's
v historical experiment. What did he conclude? > conclusions align with your initial ideas?
bc%
_?Q' AB/AG, The radish problem. What happens to plant biomass when
é“‘ put in the light and in the dark? “~
N ™
$ S
q," AT7[AT. Hence, where does plants' mass come from? B .
o <
& 05 AB/AB, Considering the data from A6, why do you think mass
\Q"\ changes have been different depending on light?
o F
&F
@Qb?’\ A9/A9. Can you explain with a drawing what has
ero happened under the light and in the dark?
g /
&7 A10. s the drawing useful to explain that what A10. Is the drawing useful to explain how carbon |
Calvi becomes part of the plant? Use colour clay to |
in observed? [Plants are made of carbon] el P N 4
& ‘A11. What happens with the light energy? represent the processes in the radish experiment. |
& . PP g oy fAnalogicai modelling to trace matter and energyl \
Q-é A\
o A12. Photosynthesis and respiration. wsfp A11. Photosynthesis and respiration. [Expianaticn \
[Explanation via direct instruction] after inquiry through analogical ]
AL3/A12. When and where do these processes take place?
& A14/A13, How do roots obtain energy if there is no light?
é’,"&ub A15/A14. Why do plants absorb soil nutrients?
¢
S -
o & ,‘SD AL16/A15, How can we represent the integral plant nutrition scheme? <___
& @ S
§ e _— )
@(?' A17. A hypothesis holds dinosaurs disappeared AL1G. Plants appear to impact ecosystems, Could
abw\ & due to dust from the meteorite blocking the sun. s what you learnt explain the impact
& é\“ Could you explain why with what you learnt? plants have on ecosystem functioning?
&
o‘g'&
A

Figure 2. Overview of the activities in TLS1 and relevant redesigns in TLS2.

The evaluation of this second version (TLS2) was conducted employing the same tools plus
the external observator’s report. Thus, this analysis elucidated that the redesign was fruitful
both in terms of improving the practicality and effectiveness of the TLS2 (Figure 3).
CONTROL GROUP TLS1 TLS2

Difficulty of the item (b)

4, Conclusions

-1

-2 1

(N = 109) (N = 95) (N = 110)

@ Photosynthesis
.Gas exchanges
Respiration 0 Ecosystem
@ Ecosystem Gas exchanges

. Photosynthesis ® Gas exchanges

Respiration
@ Ecosystem

@ Respiration

@ Photosynthesis

Pre

Post Pre Post Pre Post
Figure 3. Pre-post items’ difficulty evolution.

The results from this study helped attain three main conclusions. First, the evaluation
framework resulted to be adequate to ascertain the quality of a TLS or, at least, whether its
quality is better than other interventions. In fact, DBR alongside these design and evaluation
tools was found to be an effective way of achieving TLSs of empirical quality. Second, this

13



research identified design elements that could improve the teaching-learning of the SMPN and
evidenced that providing students opportunities to engage in scientific practices is
advantageous for improving their mental models on plant nutrition. Finally, despite
promising, the last evaluation still presented some issues regarding practicality and
effectiveness, which shows certain aspects of the TLS2 could still be refined.
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H ocupBoAn tng TExvng otnv Eknaidevon ywa tn Buwoipun Avantuén

Avva AyyeAidov, IInveronn ITamadomoviov
Iaibaywyko Tunua Nnmaywywv, Iavemomuio Avtikng Makedoviag

NEPINHWH

H téyvn elval Queoa cuvu@aouévn pe Toug 0TOXoUE KAl TI¢ TPAKTIKEG T000 g Exmaidevong yia mv
Biwowun Avamtu€n, 600 kat pe touvg 17 Ttoxovg Biwoiung Avamtugng, omwg auTol mepikAgiovial otnv
Agenda3o. Zxomdg g €pevvag elval va efetdoel katd mOco umopel n tEYVN va ovuPaiet otnv
Exmtaibevon ywa m Biwowun Avasttugn, pe ) pébodo 00 g TO10TIKNG 000 KAl TNG TTOCOTIKTG EPELVAG.
Juykekpipueva Ba  ovAdexBolv mAnpogopieg peow epwrtnuatoloyiov mov Ba Swaveunbel oe
pabntég/Tpleg, MPWV KAl UHETA TNV UVAOTOINOT E&VIEXVWV JPOYPAUUATOV O EPPAaAAOVTIKA,
KOW®VIKA {Tiuata kat fgpata mov amtovial twv Ztoxwv Biwoung Avasttvuéng. Emiong, Ba yivet
mapatnpenon, Ba kataypa@ovv ot OKEWELS, 01 avTiSpAoelg, Ta CLVAICOHNUATA TOV EUTAEKOUEV®V TPV
KOl UETA TA TTPOYPALLATAL.

Né€eic kAbia: Exnaidevon ya m Biwoiun Avantu€n, v, 1000Tikn €pevva, TO10TIK £peuva,
Y10)01 Biwoiung Avasmtuéng

ABSTRACT

Art is directly connected with the goals and practices of both Education for Sustainable Development
and the 17 Sustainable Development Goals as included in Agendaso. In this paper, it is examined
whether art can contribute to Education for Sustainable Development, with the method of both
qualitative and quantitative research. Specifically, information will be collected through a questionnaire
that will be distributed to students, before and after the implementation of art programs that will
combine ways of approaching art in environmental, social, economic issues and issues related to the
Sustainable Development Goals. Also, an observation and record will be made, of the thoughts,
reactions, feelings of those involved with the programs.

Key words: Education for Sustainable Development, art, quantitative research, qualitative
research, Sustainable Development Goals

1.Ewcaywyn

[TpoonmaBwvtag pe ta véa dedopeva tng Agenda 2030 va mpooavatoAiofovpe otov opidovta
pag exmaidevong ya m PlwoluotnTa Je eKmadevTIKovg 0poug elval avaykaio ol &vvoleg
«TePIPAMOV», «KOWVOVIO» Kol «BlwoluoT)Ta» Vo CUYKPOTHOOLV Hid EVIAIA KATAVON TN
ovvagela (dAoyait k.a, 2021).

JT0V  TPOCAVATOAIOUO aUTO UIToPoLV va  avadntnBolv TpoOTol TPOCEYYIONS TWV
eP1IPAMOVTIK®OV KAl KOWVOVIK®V {NTNUAT®V pe veeg uebodovg exkmaidevtikng diadikaociag
IOV VA E1VAL EAKVOTIKEG OTOVC LAONTEG/TPIEC KA VA AVTATIOKPIVOVTAL 0T VEA TTIEPIBAAOVTIKT)
KA KOWVOVIKT TIPAYLATIKOTNTA TTOV £X€1 KUPLO (PAVOUEVO TNV KAILATIKT Kpion. ZOupwva pe
mv UNESCO (2018), ¢évag amo tovg otoyxovg g E.B.A. eivar n evBappuvon twv
pabntaov/Tpiwv va Aapfavovv amo@daocelg kat va avaAapfavovv §paoeig yia 1o mepifaiiov,
TNV O1KOVOUIQ, TNV KOWVevia pe 0efacpud oTnv TOANTIOUIKT| TTOKIAOLOP®IA, eV TTPowBdel TNV
OMOTIKI KAl UETACOYNUATIOTIKN ekmaibevon. Ymapyelr mAgov pia aviavouevn OSiebvrg
avayvopion g E.B.A. ¢ avamdomactou 0ToKeiov TNg TO10TIKNE ekmaidevong kal facikov
mapayovia ya m Piooun avamtuén. To oxoAeio Ba mpemel va elodyel veeg ekmadevTikeg
pnefodovg kar Spdoeig mov Ba APOPOLV TNV KOWMVIKI, OIKOVOMIKN Kal TePaiAovTiKn
TPAYLATIKOTNTA JTOV EKTUAICOETAL TA TEAELTALA XPOVia. O@eilel va e10AYeL Veeg OKEWPELS Kal
OpaoTNPOTNTEG OTO OYOAEI0 Ol OTTOIEG VA ATTOTEAETOVV KAVOTOLEG Opaoelg. Kamoleg amo
AUTEG WITOPOVV VA EPAPLOOTOVV KAl SIAUETOV TNG TEXVNG.
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O1 Té€Yveg KAl YEVIKOTEPA 1) AlOONTIKY) eumelpia eUmTAOLTI(OVV aPevOg TNV KaBnuepvn
eumepia agetepov v emotnun (Dewey, 1980). H aioOntikn eumepia eivar onpavtikn yua
mv ekuadnon twv emotnuov, kabwg Bonda tovg/Tig pabnteg/pieg va mpoadlopidouvv
ONUAVTIKOTNTA TOV OTOEIWV A ETOTNUOVIKNG SpaoTnploTnTag, va KATAVOOLUV KAl va
QAITIOAOYOUV TIC QUTONTOVMEVEG evepyeleg 1) TN Anyn amopacewv (Wickman,2006). H
KOWWVIKT), ePIBaovVTIKT) S1A0TA0N TNG TEXVNG TIPETEL VA EIVAL EVIAYUEVT] OTNV EIKACTIKT)
exmaidevon, n omoia Oa £xel wg 0TOXO va Kalkiepyrnoovv o1 pabnteg/tpieg to oefaoud ot
pvoT, oToV AvBpwIto, 0TOV MTOAITIONO. Na KATAVOT|GOUV TNV KOWVWVIKT TOVG LITOCTAOT] KAl TO
POAO TOVG WG evepyovg/eg kat vitevBuvovg/eg moAiteg. H UNESCO éyel Spaotnpromondei
oV TPo®ONON NG TTOATIOUIKNG TTPOOITITIKNG KAl TTOAAEG QIO TIG ONUOCIEVOEIS TNG QITO TN
dekaetia TOL 1990 £XOVV TOVIOEL TOV KEVIPIKO POAO TOU TIOAITIOLOV OTNV AEWPOPia—eiTe wg
«aUTOVOpO0¢ TUA®VAG Blwolung avamtuéng» (UNESCO,2013), eite wg OepeAo katw amd Toug
aMovg Ttperg muAwveg (De Leo,2012). Avto eival 18aitepa ONUAVTIKO OTO TAQICI0 TNG
Exmaidevong yia m Bioowun Avantuén (EBA), 671ov 0 ToAITIoOTIKOG TuA®Vag e0TIALEL EVTOVA
OTNV avayvoplon Kal o oefacud S1apopeTIK@V TOATIOU®V, TTOATIOTIKOV TALTOTHTMOV Kt
TOTK®V YAWOO®MV KAl 0TNV 7pomOnon avorytov Stahdyou kal cudftmong.

[Tep1Bar\ovTiKA, KOVOVIKA (NTHUATA LWITOPOUV va avaAvBolv HEGm TNG TEXVNC, ATTO TO APYIKO
epefiopa To0V/ NG KAATEXVN /180G LEXPL TO TEAIKO QITOTEAECLA TOV E1KACTIKOV mtpoiovtog. H
AVAALOT] TOV €PYOU TEXVNG MECA ATTO TNV KOWVWVIKT, epiBarovtikn tov Siaotaot, odnyel
OTNV KATAVONOT] TOL (PLOIKOV TEPIPBAAOVTOG, TV KOIWVOVIKGV (NTNUAT®V Kal otV S1abeon
UETAOYNUATIOUOV NG KOWVMVIAG, 0TOX0C APEVOS TNG TEXVNS, apetepov g Exmaidevong ya
™ Biwowun Avantuén.

"Epevveg 0mtwg avt) twv Dagla & Roussou (2018), pe titho «Artful thinking and Augmented
Reality in kindergarten: technology contributions to the inclusion of socially underprivileged
children in creative activities» peA&étnoe T oLVEIOPOPA TNG EMAVENUEVNC TTPAYUATIKOTITAG
(AR) HEO® TOV TTPOYPAULATOC TOV EVIEXVOL CUAOYIOUOU O€ TS AITO OIKOYEVELEG XAUNAOD
eloodnuatog. Ta Sedopeva g €pevvag facioTnkav GTnNV IAPATH PNON TNG CUUTEPLPOPAS KA
TV OTACE®V TOV HAONTPIOV/®V TPV KAl LETA TNV e10ay®yT) ToL AR katl kateder§av mwg HEow
NG EMAVENUEVNC TTPAYUATIKOTNTAG T TaS1ad avenmTuay HoTifa oKEWNG, KATL IOV 00T ynoe
O0TO OUUITEPACUA TTIWE ) TEXVOAOYIA O QLTI TNV TEPIMTWOT TPOowOel TNV CUUTEPIANTTITIKN
exmaidevon kar KOwwvikn &vrafn maldimv  amd  XaunAOTEPA  KOIVWVIKOOTKOVOUIKA
nepifarrovia. To eyyepidio twv Mmpaniton k.a (2023) pe titdo «Epya(Aeia) texvng ot
OXOAKT) TAEN» avaAvetal nj Sidaktikn mpooeyyion tov Evieyvou ZuAAoyiopov, |e Tpotdoelg
S180KTIKNG TPOCEYYIONG TWV PUOTKGOV LAOUAT®V HECK TNG EIKATTIKIG TEXVNG, EVK TAPOLOLEG
TIPOTAOELS EVIEXVWV OpaoINPOT)TOV yid UHAONTEG/TPlEG OTIC TEPLOYES TWV PUOTK®OV
EMOTNUGV, TNG YAwooag, Tng TIIE, g guokng aywyng, Tov mepiBAAovVTog kat g Blooiung
avammTuéng, avaivovtal oto BifAio Tov MayovAiwtn (2014).

Topa, 7oL N TEPPANOVTIKT) KA1 KOWVWVIKT KPioT) €lval 7T1o emikaiprn amod mote, £xel idiaitepo
evilagepov va peAetnBel KaTa TO00 1) TEXVN KAl OUYKEKPLUEVEG EVIEXVES TTPOOEYYIOEIG LTOpeEl
va ovpfdiovy oty vAomoinon Twv otoywv g E.B.A. ka1 pe molov/ovg Tpomoug pitopet autod
va emtevyfel aAG kot pe Tt amotedéopata. Eivar Aoutdv evBiagpeépovoag onuaciag n eépevva
yla tn oupfoAn TV elkaoTik®V TexYvav otnV E.B.A., 0ntwg avt tov Artful Thinking.

Me v ekmovnon g Sidaktopikng StatpiPrig Oa epevvnBovv Bepata tov oyetidovtal pe to
mep1BANOV, TNV KOWVOVIA KA1 YEVIKOTEPA TOVS ZBA, epeuvavTag TApAAANAQ TI¢ OTACELS TWV
AN TOV/TPLOV TPV KA UETA TNV EQAPLOYT EVIEXV®OV EKTAOEVTIKWV TTAPEUPATENDV, KATL TTOV
O0a efetaotel P Popd. Oa NTav evilaPEPOV va TPOCEYYIOTOUYV O18AKTIKEG TTOV VA
AVTAIIOKPIvovTal OTn oLYyXpovn) fpaypatikotta katr Oa Snuovpyroovv vmevBuvoug,
evepyoug moAiteg (7ov eival AAAwoTte okorol g E.B.A.) ka1 Ba BonOroovv otnv amoktnon
VeV 80T TV HEoA IO TNV EVAOYXOANOT] LLE TNV TEXVN, TO TEPIBAAMOV KAl TA KOIV®VIKA
O¢pata tov avarTooovTal YOP® artd avtd. Méoa amd to oxediaouod Si18aktikav pe apetnpia
TIC EIKAOTIKEG TEYXVES KAl TN oUVOEON TOLg pe Toug ZBA kau Ti¢ Staotdoeig g frwoipuomrag,
Ba epevvnbel 11 AVTATOKPION TOV TAGIOV OTA EVIEXVA TTPOYPAUUATA KAl TA ATOTEAETUATA
TOUC 0TO YVWOTIKO Kal ouvaloOnuatiko nedio tovg. ITpoypaupata, 0mg yia apadetypa avto
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tov Artful Thinking d\\wote, amotelel pa Sidaktikn mpooeyylon mov Sev exel peletnOel
EKTEVMG, amotelel kawvotopia kat Ba eival n mpotn @opad mov Ba cuvdeBolv Evieyveg
Sidaxktikeg mpooeyyioeig pe v E.B.A kot toug 2.B.A.

2.MeBodoloyia

O 0KkomOg NG €pEVVAG CUVOWPICETAL OTO TTAPAKATK epwTnua: «Mmopel n texvn va ocvpfaiel
otV Exmaidevon yia v Bioowun Avamtugn;», pe vtoepotmua « Mmopei n a&lomoinon épywv
TEXVNG LEOA ATTO OUYKEKPIUEVEG EVTEXVEC LADNO10KES TTPOOEYYIOELS VA EVIOYVOEL TOUG GTOXOVG
¢ ExntaiSevong yia m Biwowun Avantuén;». Ta epeuvnmika epotnuata eivatl ta e&ng: «Kata
71000 S1apopoTo|ONKAV 01 OTACEIS/AVTIANYELS TV Habntwv/Tpiwv oe nmuata Biwoung
Avantuéng peta v Sidaktikn mapeppaon tov Evtexvov ZvAhoyiopov;», «Ilowa emidpaon
eixe n Oldaktikn mapépPBaon tov 'Evieyvou TvAloylopov oto mwg ot padnteg/tpleg
avtilapBavovral gnuata ov antovial Twv LBA;». Ta v vAomoinon twv mapamave
OKOTI®V KAl epwtnuUatwv Ba aglomomnBolv évtexveg Si18aktikeg mapeupfaocelg pe a§loAoyiko
XOPAKTIpA.

JUyKeKpIUEva, yia va diepevvnbel 10 Katd o000 N TEXVN CLUPAMEL OTOVE OKOMOVS TNG
Exmaidevong yia m Biowowun Avasmttuén Ba xpnowposmomn0ei ) pebodog g kg Epevvag mov
a&lomolel TNV TOCOTIKI] AAAQ KAl TIOI0TIKT €peuva. TNV TOCOTIKN €pevva Ba ouAeyBolv
AN pOPOpPieg LEOM EPMOTNUATOAOYIOV TTov Oa StaveunBel oe padnteg/Tpieg, mPv aAAA kAl HETA
TNV VAOTOINOT TPOYPAUUATOV 7oV Oa mpooeyyifouv PECw NG TEXVNG TEPIPAAOVTIKA,
KOWVWVIKA, OIKOVOUIKA {nthpata kat Bepata mov antovial Tov Ztoxwv Biwoiung Avamtuéng
ka1 ovvBeTovv TV EBA. Oa xataypagel SnAadn 1 tuyxov Siagopomoinon towv padntov/tpiov
0€ OTAOELG, ATOWELG, OKEWELG TPV TNV VAOIOINON TPOYPAUUATOV TTOV APOPOLV TNV TEYXVN,
Onwg autd Tov 'Evteyvov TvAAoylopov, oA\ kal pETA TNV epapuoyr avtov. Kata v
JIOL0TIKT) avaAvor), Ba yivel mapatnpnon, Ba kataypa@ovv o1 OKEWPELS, 01 avTidpAaoelg, Ta
ovvaloOnUATA TV EUTAEKOUEV®OV TPV KAl UETA TNV VAOTOINON TV TAPATAV® EVIEXV®OV
TIPOYPAUUATOV.
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Avantuén, Epappoyn kot A§loAdynon pag Atdaktikic Madnolakng
AkoAouBiag yia tn Znpaoia tng Navotexvoloyiag otig loatplkeég —
BloAoylKkEC emloTpEG o€ MaOntég AsutepoBaduag Eknaidsvong

E1pnvn Zayapovia AvSpedakov, [InveAonn [MamadomovAov
Habaywyxo Tunua Nnmaywywv, IHavemomuio Avtikng Maxedoviag

NepiAngn

YKOTOg NG mapovoag Epevvag eivarl 1 avamtugn, n e@apuoyr kat n afloAoynon pag ASakTkng
Mabnowakrig AkohovBiag (AMA) oe padntég Asvtepofabuag Exmaidevong, 1 omoia agopd epappoyEg
NG GUYYPOVNG EMOTUNG TNG VAVOTEXVOAOYIAG TNV 1ATPIKT|. ZTOX0G TNG eival o1 pabntég va €pBouv oe
ETTAPT] LE TOV AVAITTTUOOOUEVO AVTO KAAS0, VA KATAVOT|O0LV BACIKEG TOL EVVOLEG KA1 VA avTIANPOoUV TN
OonNUacia TOV OTOV TopEd TNG 1aTPIkNg kat eidikotepa ot Oepameia aobevelnv OMwg 0 KAPKivog.
EmutAéov, Sivetal nf Suvatotnta otovg pabnteg va evnuepwbovv yia mbavoig kivdivvoug kal nowkda
NTHUATA IOV YITOPEL VA TTPOKVYOUV At TN XPTOT] TNG.

Abstract

Aim of this research is the development, implementation and evaluation of a Teaching Learning
Sequence on secondary school students. These interventions focus on the applications of modern
science of nanotechnology, especially in the field of medicine. Main objective of this research is to
familiarize students with this emerging field, enabling them to understand basic concepts, and
comprehend its significance in the field of medicine, especially in treating diseases such as cancer.
Additionally, through the research, students will have the opportunity to be informed about potential
risks and ethical issues that may arise from its use.

Né€eig — kAe1Sud: 1eyeDog & kKAipaka, povteAomnoinor, vavoKooHog, VAVOTEXVOAOYIQ, OTOXEVHEVT
Oepameia.

Key words: modeling, nanotechnology, nanoworld, size & scale, targeted therapy.

1. Elcaywyn

H vavoemotun amotelel Eva StaBepatikod kKAAS0 o peAetd VAIKA vavokAipakag (1-100nm).
O opog «Navo» mpoépyetar amd Tnv eMnvikn A&En «vavog» (Boholm, 2016). H
VAVOTEXVOAOYIOL QITOTEAEL TIPAKTIKI] EPAPLOYN TNG VAVOETIOTIUNG KAl AOXOAeital pe TN
UEAETT), TO OoXed1AOUO KAl TNV TTapaywyr VAK®OV vavokAipakag (N-ET) (Kumar & Kumbhat,
2016).

Ta vavoowpatidia epgavifovy 1810TNTEC LY. OMTIKEG OlAPOPETIKEG QN0 AUTEG IOV
TTAPATPOVVTAL 0TI UAKPOOKOTIKI KAIUOKA e QITOTEAECUQ TNV EVPEIA EPAPUOYT) TOUG OF
oMot topeig (Alivisatos., 1996; Filipe and Ferreira, 2021; Sim et al., 2021). v 1atpik)
Xpnoposmolovvtal otn Siayvwon achevelwv, onwg ta self — test kopwvoiov kabBwg kal ot
Bepameia aobeveimv 0mwg o kapkivog (Huang et al., 2020; Taléns-Visconti et al., 2022). Adyw
g paydaiag avamtung g N-ET, kpivetal avaykaia n evowpatwor) g otnv Exmaidevon,
Sivovtag ™ Svvatdmrta otovg HabnTeg va avakaAuyouv €va VEO KOOUO EMOTNUNG KAl
texvoloyiag. O Tougag avtog apevog TAPEXEL TOAEG BETEIS epyaoiag, APETEPOL AOY® OAOEVA
Kal auEavOUEVmV EPAPUOYQOV TNE OTNV KABnuepvOTNTA Hag kpivetal astapaitntog o Navo —
Cpappatiopog v véwv (Laherto., 2010). EmutAéov og avplavol moAiteg eival onuavtiko va
eVNUEP®OOVY yla TA EMTEVYUATA NG TPOKEIUEVOL VA AauBavouv opBoAOYIKES ATTOPACELG
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(Roco., 2003; Roberts., 2007). "Eva t¢to10 mapadetypa opBoAoyikng amo@aong eivat i xpron
TV VavoomuaTiSimv otnv 1aTpikn kal 81k o1 oTtoxevpevn Bepameia Tov Kapkivov pe
QITOTEAEOUA VA LEIMVOVTAL O1 TTapevepyeleg ov mpokalel 1) ynueobepaseia (Allen & Cullis.,
2013).

Baowkeg yia ) SiSaokaiia kar v katavonon g N-ET oty devtepofabna exmaidevon
BewpnOnkav 9 Meydaleg I6eeg (Stevens et al., 2009). H Meyain 16¢a MeyeBog kar KAipaka
Bewpeitar Paokn ya ) Sidaockaiia g N-ET oe oAeg Tig Babuideg Exmaidevong (Huang et
al., 2011; Sakhnini & Blonder., 2015; Wanson et al. 2009). H MeyaAn I6¢a «ISiotnteg mov
eCaptovial and 1o Meéyebog» Bewpeitar muAwvag otov Touea g Navoteyvoloyiag, kabmg
mapeyel ) duvatotnTa otovg padnteg va avtian@Bolv Tov AOYo Kal ToV TPOTO e TOV 0010
Ta vavoowuatidia epgpavidovv povadikeg 1010t teg (Bryan et al., 2015). I'a mapaderypa, ta
VAVOO®UATIOA XpLuooy UITOPOUV VA UPAVIOOUV S1APOPETIKA XPOUATA AVAAOYA UE TO
uéyebog tovg, AOyw Tov XuvvroviopoU Empavelakov ITAacuoviov (Surface Plasmon
Resonance - SPR)

Eivar Alyeg o1 €pevveg mov €xouvv mpayuatomomndet otnv EAAGSa ya m Sidaokaiia tng
vavoteyvoloyiag. Afloonueinteg etvatl o1 mpoomadeleg amo 3 epevvnTikeg opadeg, g A.
Ymvptov oto [Tavemotnuio Avtikrg Makedoviag, tov A. Etavpov oto [Tavemotnuio Kprjng
ka1 Tov E. Xatdnkpaviotn oto AIIO (Spyrtou et al., 2021; Stavrou et al., 2015).

21N ovykeKpUEVN epyaoia oxediaotnke pa Adaktikn Mabnowakr AkolovBia (AMA) yua
padntég Avkeiov 1) omoia pmopel va e@apuootel eite otV ta&n eite o€ opiAovg, Ue 0KOIO Ot
padnTeg va avamthouvy TV KPITIKI TOVG OKEWT, TNV OUAS1KOTNTA KAl va avTiAn@bovv
oToLSAOTNTA TNG VAVOLATPIKIG.

2. MeBoboloyia

O oyxedaopog g ovykekpiuévng AMA otpixOnke oto povtédo tng Exmaibevtikng
Emavowodounong (Method of Educational Reconstruction). Xkomdg tov eival o ouvdvaouog
TOV ETTOTNLOVIKOU TEPLEXOUEVOV KAl TWV OTOX®WV oV emupiel 0 ekTASEVTIKOG va emTUYEL
(Duit et al.,2012). [Tepaupavel 3 AAMNAEVOETEC CLUVIOTAOOES: A. TNV AWTOCAPNVION NG doung
TOV ETTLOTIUOVIKOV TIEPIEXOUEVOL KAL TNV AVAALOT TN ONUACTIAg TOL O€ eKTadeLTIKO emimedo,
B. v avadnmon Tewv atdPemv TV LadnTov Kal y. Tov oXeSlaouo Kat TNV agloA0ynorn Tov
nmepifarroviog padnong (Metaxas et al.,, 2021). To ovykekpyuévo povieho Oewpeitan
KATAMNAO yia TNV UEAETN EMOTNUOVIK®V MESinV ov Sev amote AoV akOun HEPOG TOU
Avadvtikoy ITpoypaupatog Emovdov Omwg 1 peAétn g Bewplag tov ydovg Kat 1
Navoteyvoloyia (Duit et al., 1997; Laherto., 2010).

Yotepa amo PiAoypa@ikn €moKOMNon UHEAETNONKE TO EMOTNUOVIKO TEPIEXOUEVO TNG
VAVOTEYVOAOYIOG KA1 CUYKEKPIUEVA TOV TOUEA TNG VAVOLATPIKNC KAl ATO@PACIOTNKE TTO1EC ATIO
QUTEG TIG EMOTNUOVIKEG Evvoleg eppavidovv taldaywyikn afia pe oKomo TV amAomoinot)
tovg. Me 1 PonBeia g Piphoypapiag kat epwtnuatoroyiov (Tretter et al., 2006),
avadntonkav mpovmapyovoeg 186¢eg LaONT®OV yia facikeg Evvoleg OTwg peyebog - kKAipaka.
H Soun tg AMA, 0ntwg paivetal otny mapakato eikova (Eikova 1), epapuooTnKe 0To TAAIo10
ouiAov oe 20 padntég g A’ Avkeiov tov 2% ITpotumov 'EA BoAov. IIpaypatomomOnkav 6
S18axtika oevapla ta omoia oyetidovral pe 3 ano 1ig 9 Meydaeg [6¢eg g N-ET.
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60 ALSaktiké ZevapLo

HaiaroaicEROZEVHpLe NavotogikoAoyia - HBkd Zntrjpata

Ewoaywyr otov Kéopo tng 9n MEFAAH IAEA: Emiotripn- Texvoloyia - Kowwvia
Navotexvoloyiag \
50 ALSaKTLKO Zevapro
20 ALSAKTLKO ZEVAPLO Epappoyég tng Navotexvoloyiag otnv
Méye8oc & KAipaka Iatpikr)(@epaneia acBevetwv)
1n MEFAAH IAEA 1n MEFAAH IAEA: MéyeBog & KAlpaka
\ 5n MEFAAH IAEA: I516Tnteg EEapTWHEVES
NANOIATPIKH and o peyeBog
9n MEFAAH IAEA: Emwotrjpn- TexvoAoyia -

30 ALSAKTLKO ZEVapLo Komiovta

Znpaoia tou Adyou Emupavera tpog 6yko

1n MEFAAH IAEA: MéyeBog & KAipaka 40 ALSaKTIKS ZEVApLO

5n MEFAAH IAEA: IS16TNTEG EEAPTWHEVES i

ané to péyeBoc Egpappoyég tng Navotexvoloyiag otnyv latpikry
(MpoAnYn acBeveLwv)

1n METAAH IAEA: MéyeBog & KAlpaka

5n MEFAAH IAEA: I516tnteg eEaptwpeveg and to péyebog
9n MEFAAH IAEA: Emotripn- TexvoAoyia - Kowvwvia

Ewova 1. Zuvontika stapovaoiaot g doung g [Mihotikng AMA

Yxedraomkav @UAAA epyaciag kal TpaypatomomOnkav §paoctnplotteg mov mpowdnoav v
EVEPYO CUUUETOXT TOV HABNT®V KAl TNV KP1TIKT) Tovg okePn. Kautowa armo ta SiSaktika vAtka
IOV XPNOILOTOmOnNKav Katd tnv epapuoyr e AMA sival kapteg wg mayvidt oelpobetnong
KAl avayvmor) KoUK pe 0&ua tn onuacia tov Adyov empavelag pog 0yko (avtiotpo@n ta&n).
Méow opadoovvepyatikwv pefodwv (Gallery Walk kar pebodog Jigsaw) peAetOnke n
onuaoia g vavoteyvoloylag otn otoyxevuevn Oepameia tov kapkivov kabwg kat ot
EMITTOOELS TNG TOOO OTO MEPIBAMOV 000 Kal 0TV vyeia Tov avlpmmov kal Twv nokwv
nmuatov mov evééxetal va mpokvypouvv amd T xpron g Ilapaderypa n xpron
vavoteyvoloyiag yua v mapakoiovfnon kat mn Sidyvwon acBeveiwv Betel epwthpata
OXETIKA LE TNV TPOOTACIA TG IWIWTIKOTNTAG TV aoHevmV Kal TN S10(EIP10T) TWV TIPOOHITIKGOV
SeSopévav g vyeiag tou (Tiefenauer, 2006).

Me amAd VAIKA 01 HaBONTEG KATAOKEVAOAV LOVTEAO TTIPOCOUOIWONG EVEPYNTIKNG OTOXEVONG
KAPKIVIKOU KUTTapov pe 1 Pornbeia vavoowuatidiny, OUYKEKPIUEVA TOU ALTTOOMUATOS
(Ewova 1). H povtehomoinon Bempeitan £va onuavTiko epyaAeio yia TNV HEAETH KAl KAAUTEPN
KATAVONOT] EVVOL®V KAl PAIVOUEV®VY 0TO vavokoouo. H omrtikomoinon toug xwpig ) xpron g
Ba Ntav ntav oxedov advvatn (Wilson et al., 2020).

KAPKINIKO

AIMOZOMA

Ewova 1. Zyed1aou0g povreAmv amod padntég

21



3. AnoteAéopata

H a&oAoynon g AMA Oa mpaypatomomnfei peow epmtnuatoroyiwv (stov 500nkav mpv ko
HETA TNV €@APUOYN TNG), UEOK OUVEVTELEEWV UE HAONTEG KAl [Ee TO TUEPOAOYIO TOU
KA EVTIKOV.

H avaivon towv epmTnUATOAOYImV KAl TV OLVEVTELEEWY B 0AokAN pwBOel TEAOg ATtpiAiov. ATto
T0 nuepoAoylo ExmaiSevtikoy mapatmpnOnke 0Tl péow Twv O18AKTIKOV VAIKGV IOV
XPNOOTTOONKaAV KUPlwg 01 KAPTES — ALY VIO, TO KOUIK KA1 1) KATAOKELT) LovTeAov BonOnoe
TOUG HABNTES va Katavoroovv Vv Tagn peyeboug Tov vavo, tn onuacia Tov AOYyov emgpavela
71pog Oyko kat tn Xpnon g N-ET otov topéa g 1atpikng.

4. Tuunepaopora

H AMA Bon0noe toug pabntég va katavorjcovy tn onuaocia tng Navotexvoloyiag 0tov Toped
g atpikne. H xprjon Tov KOUK TpooEAKLoe To evalapEPOV TV pabntwv, evioyvoe v
KPLTIKT) TOUG OKEWT) KAl EKAVE 0 KATAVOTTH TNV OTUACIA TOV AOYOU EMUPAVELA TTPOC OYKO.
Ao ™V aMIn mAevpa mapatnpnOnke Ott ot pafnteg SuokoAevovial va LITOAOYIGOLV
padnuatika to Aoyo. Ta amotedéopata ammod ta Stadpaoctika mayvidia oxetika pe to peyebog
Kal v KAlpaka — ovpgwvovv pe T PipAoypagia. Ot pabnteg SvokoAevoviar va
oelpoBetnoovy avtikeipeva vavokAipakag (1, DNA, 10¢g, pipoowpua) (Tretter et al., 2006).

H povteAomoinon BonOnoe onuavtikd tovg padnteg va aviAn@Ooiv Ta TAEOVEKTILATA TWV
vavoowuatidinv ot Bepasteia aocBevelmv kKabBamg KAl va OTTIKOTON GOV TOV TPOIO LE TOV
071010 TA VAVoomuaTtidia, 0mwg to Autdomwua povv otoxevuéva kat fonbovv ot Bepaseia tov
KApPKIVOL GUYKEKPIUEVA.

Ta mapanmdve amoTeEAECUATA/CVUITEPACUATA OTNPI{OVTAL AWTOKAEIOTIKA OTO TJLEPOAOYIO TOV
Exmtaidevtikod. Avapévetal o €Aeyxog Toug OTav OAOKANPpwOel 1) OTATIOTIKT AvAALOT] TV
QTOTEAEOUAT®V TOV EPMOTNUATOAOYIOV HEo® SPSS kabng kal 1 avaAvor) Twv GUVEVTEDEEWVY.
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MeAetwvtag tn Ixéon Anodoxn¢ kat Katavonong tng Oswpiag tng
E¢EAENG péow Duowkng EmAoyng oe oxéon pe tn N'vwon tng Puong
™G EmotAung: H Nepintwon twv EAAQVWV EKMOLEEVTLKWV.

Xapig-Mapiva Avtovatov, Kupiakog ABavaciov, Evayyedia Mavpikaxn
Habaywyko Tunua Anuotikng Exmaidevong, EOviko xat Kamodiotpiaxo Iavemiomnuio
ABnvov

NepiAnyn

H mapovoa epyaocia amookomel otn Siepelivion epwTNUATWY IOV OXETI(OVTIAL, APEVOS LE TO
Babuo efokeiwong twv ekmaldevtikwv Aevtepofabuiag Exmaidevong pe ) dvon g
Emotung kar agetépov pe v katavonon g Oeswpiag g EEEAENG péow duvokng
Emoyng. Ze oo Babuo, A.x. n kakvtepn Emotnuoioyikn Entapkela (yvwon mepi g ®vong
m¢ Emotnung pmopel va ennpedoel v katavonon kat v amodoyrn tng Oswpiag tng
E€eNEng peow duowkng EmAoyng Me xprion NAEKTPOVIKOU €PWTNUATOAOYIOU KAEIOTWV
EPWTNOEMV, eAEYXONKAV Ol ETOTNUOAOYIKEG AVIIANWELG, T KATAVONON KAl 1| YV®OOT TNG
Oswpiag g E&EAEng péow Dduowng Emoyng oe opdda 200 exkmaiSevtik®v Tng
AevtepofPabuiag Exmaidevong mov SiSaockovv 11 €rouvv Si8ager pabnuata Proroykov
meplexopuévov. Metd Tnv  avaAvon, mapatnpeital OeTikr) OLOYETION ¢ 7POg TNV
EMOTNUOAOYIKT) £TAPKEI KAl TNV ammodoyr) kal katavonon g Oewpiag g EEEMENG peow
dvoikng Emoyng.

Abstract

The present study aims to investigate questions related, on one hand, to the degree of
familiarity that Secondary Science Education teachers show with the Nature of Science and,
on the other hand, to their understanding of the Theory of Evolution through Natural
Selection. To what extent, e.g. better Epistemological Adequacy (knowledge of the Nature of
Science) can influence the understanding and acceptance of the Evolution Theory through
Natural Selection. Employing a closed-ended electronic questionnaire, the epistemological
perceptions, understanding, and knowledge of the Evolution Theory via natural selection were
assessed among a cohort of 200 secondary education educators who teach or have taught
biology-related subjects. The analysis reveals a positive correlation between epistemological
adequacy and the acceptance and understanding of evolutionary theory via natural selection.

Né€eic — kAetdia: Emotnuoviki Emdpkela, Oswpia t¢ EEEAENG Léow Duaoikng Emhoyng,
®duon tng EmotAung

Key words: Scientific Adequacy, Evolution Theory through natural selection, Nature of
Science
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1. Elcaywyn

H Emotnuoioyikn Endpkela avayvopidetal evpeng wg pia Oepehimdng pabnoiaxn emdingn
g Sidaockaiiag twv Puokmv Emotnumv Kal Xprnoluomoleital wg Opog yid va Ieptypayel v
eCokeiwon evog atopov pe mm dvon mg Emotiung (Bell 2004, Flick & Lederman 2004,
Lederman 2004). Ma amtd Ti¢ ONUAVTIKOTEPES TAPAUETPOVG TG eE0keiwang pe T Dvon g
Emotung oxetidetat pe tn SuvatotnTa avamtugng EVVoloAoYIKNG KATAavonong Tov fempiov
Twv duvowkev Emomuov. Zvykekpiuéva, pmopel va ovpfdiel oty Stapop@worn evog
KATAAANAOL TAA1G10V 710V Oa TPOCS®MOEL VO LA GTO £VVO10A0Y1KO LTTOBaBpO.

[Mapadinda, n Efehktikn) Oewpia peow Puokng Emioyng amotelel pia amd Tig o
onuavtikeg kat Svokoleg Bewpieg yia va katavonoet 1 va 518aet kaveig (Finley et al. 1982).
Q¢ evomomnTikn] Oewpia 0t ProAoyia, eUTAEKETAL OTNV €pUNVEIA NG OUOOTNTAS TWV
0pPYQVIOU®V, NG PlOAOYIKNG TOIKIAOTNTAG KAl AAA®WV XAPAKTNPIOTIKGV, eve Pondd toug
padntég va ovveldnrosmowjoovyv Vv PloAoYiKI] onuacia S1a@opwv PAIVOUEV®V, OMWG TNG
AVATTAPAYWYNC, NG KLTTAPIKNG Staipeong kat g Promowkindotntag (National Academy of
Sciences (NAS) 1998). ITpokertan yia pia oOyYpovn aykoouia Oempia 1) omoia mpemet va yivet
KATAVONTI) 0TOVG HaONTEG e TNV apAaBeon) eMOTNUOVIK®DV EENYNOEWV.

H mapovoa peAétn ouviotd 1o SeUTePo PEPOG LIAg EVPVTEPTS S1AYPOVIKIG EPEVVAG AVAUET
oe mAnBuopiakeg ouddeg @ortntov kat ekmaldevtikov Agvtepofaduiag Exmaibevong. Xto
JAQLO10 TNG EPELVVAC AVTNG, EXOVUE EOTIACEL OTA TAPAKAT® EPWTIUATAL

1. To emimedo yvwong towv EAANvav exkmaidevtikowv oxetika pe  ®von g Emotnung.
2, To emineSo yvwong kat amodoyrg g Oewpia g EEEMENG péown duvokng EmAoyrc.
3. O BaBpog ovoyétniong twv Svo.

4. ZUYKPL0T) UE OUABES (POITNTMV TTPONYOVUEVNS EPELVAC.

5. SUYKPLOT) [Le LEAETEG TTOV EXOLV YIVEL O€ OUASES EKTTAOEVTIKWV TNG AAAOS TG,

2. Me6Ooboloyia

lMNa mv amavimon ota TAapamave EPMTIUATA OUVIEONKE KAl HOIPACTNKE AVOVUUO
NAEKTPOVIKO EPWTNUATOAOYIO O€ eV evepyeia ekmaibevtikovg Pvoikwv Emotnumv, Fewmoviag
Ka Yyelag XwploUEVo O€ TPELG LITOEVOTITEG (EMOTNUOAOYIKES AVTIANWPELS, YVKOOT) TG Oewpiag
mg E&EAing peow duowng Emoyrg, amodoyn g Oswpiag g EEEAMENg peow duokng
EmAoyng) mov otaAOnke péow twv Asvtepofabuinv Exmaidevong Attikng kat IleAomovvroov
ota oyoieia apuodiomrtag tovg. To mapov epwinuatoddylo Paciletar oe SiebBvag
AVAYVOPLOUEVA KA1 EYKUPA EPMTNLATOAOYIA OTIwg 1) KAlpaka ‘MATE’ (Measure of Acceptance
of the Theory of Evolution) twv Rutledge & Warden (2000) wg 7pog TIg PWTNOELS YA TNV
asmtodoyn g Oewpiag g EEEMENG peow duoikng EmmAoyng kat 1o epotnuatoloylo twv Cho
et al. (2011) wg TTPOG TIG EMOTNUIOAOYIKEG AVTIANYELG, peTagpacuéva otnv EAnvikn I'\owooa
arto mpoyeveatepovg epevvnteg (Mavpikakn & ABavaociov, 2011). AmoteAeital Amd EpWTNOELG
KAE10TOV TUTTOV, UE amavTioelg fabuol cuppmviag kal S1apwviag 0 OUYKEKPIUEVES OTAOELS
KAl QItoWerg.
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To teAevTtaio pHePog MEPNAUPAVEL EPWTIOELS YVOOEWV KAEIOTOU TUTTOV (JTOAAQITATIG TAOYTG)
oxetika pe ) Oewpia g EEeAing peow dvowkng EmAoyng. 'Exel amavindet peypt otyung
IO TTEPITTOV 200 &v evepyeia ekmadevTikolg S1aPopwV EWBIKOTNTWV (PLOTK®OV, XNUIK®V,
BloAOywV, YEWAOYWOV, YEOTOV®DV K.(Q1).

3. AnoteAéopata

H enefepyacia Tov mpoOT®V 200 EPMOTNUATOAOYIWV, 08 OXEON HE TA 3 TPWOTA EPWTHUATA,
£de1le 0T o1 exmtadevTikol epPAVICOVV HETPLA eMITESA EMAPKELAG WG TTPOG TIG YVWOOELS TOUG
oxetika pe mm dvon mg Emotung. Eikotepa 1o m000oTtd emdpkelag mokiAel Hetaly twv
S1a@opwv e181KoTNTOV. Te 0TL aPopd oty amodoyn g Ocwpiag g EEEAENg péow ®Pvoikng
Emoyr)g, ol amavtroeig eivarl onuavtika Oetikég ywpig 18iaitepeg Siaxvpavoelg avapuesa otig
e181k0TNTEG, XWPIg OUwS va ovpPadilel pe Eva avaroya ONUAVTIKO TT0OC00TO OTO eMinedo Twv
YVOOE®V YA QUTIV.

Ye 0Tl agopd 0N ovoyeton petadd g dvon g Emotung kar g Oswpiag g EEEMENg
peow duowng EmAoyng, ta amoteAéopata ouvviyopovv yla pia OeTikr) ocvoyx€mon, oe
Srapopetiko Pabud avaroya v el8koTTa Kal 10 Babuo eE01Keiwong TwV EKTAGEVTIKMV e
™ ®von g Emotmung ko ) Oswpia g EEEMENG peéow dvowng EmAoyng and tig
JTAVETOTN LIAKESG TOVG OTTOVSEG 1°° KUKAOUL.

4. Zupnepacpata

A7t TIg apyIKEG AVAADOELG, 01 EKTASEVTIKOL OAWV T®V EI01KOTITMV ATOGEXOVTAL YEVIKA TN
Oswpia g EEEMEng peow dvowng Emioyng. Iapampeital Opwg pETpla yvoon em twv
Baoikav evvolmVv TTov TNV S1ETOVV, OPEINOLEVT OTO YEYOVOG OTL £va PLeYAAO TTOO0O0TO - KOVTQ
010 50% - Oev €xel SidayDel oTig mavemotnakeg omovdeg tov ) Oewpia g EEEMENG péow
®vokng Emoyng kal o1 07101eg YV®OELG TTPOEPXOVTAL KUPIWEG QIO TA OYOAKA ey)epiola e
Baon ta omoia kaAovvial va v S18agovv otig oxoAikeg aibovoeg. e 0T apopd oto Paduo
artodoyng e, paivetal va Stapoporoleital avaroya TV e81KOTNTa, Ta Xpovia Sidackaiiag
kaBag kat amo To av Exovv SidaybHel oTIg MAvEMOTNIIAKEG OTTOVSEG 1°° KUKAOV TO0O T1 Do
g Emotung 6o kat ) Oswpia g EEENENG péow duvoikrig Emoyng.

Yta emopeva Bripata mg epevvag, Oa avaADooULE TIC CUOYETIOELS TTOV AVATTVOCOVTAL 08 KOOe
e1ldkotnTa Kabwg kal katd oo eEaptaTal 1 aodoyn g Oewpiag Ao TV EMOTNLOAOYIK)
TOVG EMAPKELQL.

Emutpoobetwg, OKOMeDoUUEe va CUVOECOLUE TA EVPNUATA TNG E£PEVVAS WE TTAPOUOIES
JIPONYOUUEVEG €pPevveg O TEALOPOITOVS @oltNteg Oetikwv Emomuonv kabog ko pe
AVTIOTOIYEG EPEVLVES EKTTAGEVTIKOV AAADV XWPDV.
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H mapovoa épevva gxet eyxptBei ano v Emtponn HOwn¢ kat Aeovroloyiag tov EOvixov kat
Kamobiotpiaxov Iavemiomuiov AOnvav kat amo to Yrovpyeio Iaibeiag, Opnokevuatwy xat
AOAnTiouov.
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IXeSLOLOMOG KaL THAOTIKA edappoyn piog Adaktikig Madnolaknig
AkoAouBiag otnv yvwoTtikn neploxn tng EEEALENG Twv AcTtépwv

Mapia Ioavvidov, Avaotaoiog Moloyidng
Tunua @voikng, Aptototéeto Iavemomuio Oeooalovikng

NepiAnyn

v olyyxpovn WNn@oKn emoyn, ol padntég epyovrar oe ema@n pe pia mAnbwpa
EMOTNUOVIK®OV OpwV AOCTPOQPUOIKNG HEC® TOV OlA8IKTUOU KAl TWV UECWV KOWMVIKIG
SIKTVWONG, HEe ATMOTEAEOUA VA SLAHOPPOVOLYV EVOAAAKTIKEG AVTIANWELS YUP® a0 Ta
EMOTNUOVIKA autd Oépata. Itnv mapoliod epyacia KATAypaAPeTal 0 oxeSlaouog upiag
S18axtikng padnolakng akoAovbiag (AMA), oL EMKEVIPOVETAL 0TIV YVOOTIKN TEPLOXT TNG
e€eNENG Twv AoTEPV Kal amevbivetal oe padnteg Avkeiov, KAl 1) VAOOINON Hiag PTG
TMAOTIKNG EQPAPUOYTG. ZKOTOC 1] GLANOYT] SeGOUEVOV, UECK TTAPATIPNONG, EPWTNUATOAOYIWV
Kal ovvevievgewv, mov Ba aflomomBbovv otnv afloAoynon g moTNTAS KAl TNg
QITOTEAEOUATIKOTNTAC TS AMA wg 7TpOg TNV EMTEVEN TOV EKTAGEVTIKMOV OTOXMV TTOL TEON KAV
KAl TNV epaltepw PeATinot) g oe endpeva otadia.

Abstract

In the modern digital era, students come across with a plethora of Astrophysics terms through
the Internet and social media, often giving rise to the emergence of alternative conceptions
related to the corresponding scientific subjects. In this study, a teaching — learning sequence
(TLS), focusing on the scientific field of stellar evolution and targeting the secondary school
students, is designed and a preliminary pilot phase of the TLS is implemented aiming to collect
data through observation, questionnaires, and interviews. The collected data will provide
systematic changes and refinement to the TLS.

Né€eic kKAsbia: Abaxtikny Mabnowaxn AxorovOia, Aiepevvntikn Tpooeyyion, Evarlaktikeg
avriAnyerg, EEEMEN Tov aoTépwv

Keywords: Teaching-Learning Sequence, Inquiry-based approach, Alternative Conceptions,

Star Evolution

1. Elcaywyn

210 YVwoTiKO medio g Aotpovouiag kat e AGTPopuolKNng, ueAéteg £xovv avadeitel pia
TTANOOPA EVAAMAKTIK®V AVTIANYPE®V TTOU S1aTnPovV o1 HadnTEg, S1apopwv NAKIOV, CXETIKA
pe Stapopa Bepata, OTMG 01 PACELG TNG ZEATVIC, O1 KIVIOELS TOV OVPAVINV ACTEP®YV, T} PLOT
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kat n e€eNEn twv aotépwv kAt (Agan 2004 " Favia et al., 2014 " Gali, 2021" Pinochet, 2019),
YEYOVOG 7OV OPEIAETAL, €V HEPEL, OTNV EVTOVN EVAOYOANON Tovg e 1o d1adiktvo, Ta peoa
KOWVWVIKT G SIKTUMOTG, TIG KIVIUATOYPAPIKEG TAVIEG KAl TA B1Ala emoTnHoVIKNG pavtaoiag
(Horvath & Moraes, 2021).

>mv BipAoypagpia amoTuT@VETAL ETIONC, TO 181AiTEPO EVOIAPEPOV TwV HaOnTov yia v
Aotpovopuia, v Aotpogpuoikn kot v Koouoioyia (Krstovic et al., 2008). Qotooo, ota
AVOAUTIKA  TIPOYPAUUATA  TTOAMGDV  Xwpwv, ocvpmepiaufPavouévng g EMadag, Sev
eumepiEyovranl Bepata mov oyetidoviar pe v AoTtpovopia Kalt ACTPOQUOIKT] KAl, OTIG
TEPUITOOELS EKEIVEG TTOV O1 eKTASeVTIKOl emyelpovlv Sraovvdeoelg Slapopwv Oepdtwv
Aotpovopiag pe Tig OwW8aokoueveg evommreg duoikng, 1 Sidaokaiia Tovg Kpivetrat
avamoteleopatikn (Bektasli, 2014). H eMutng tumkn exmaidevon oe Bepata mov amtovan
mg Aotpovopiag kal NG AOTPO@UOIKNG OULUBAMEL TEpAITEP® OV S1AUOPP®OT)
EVOAMAKTIKOV AVTIANYPENV 0ToVg Habnteg kat kabiotatanl onpavTiko epmodio v mpowdnon
TOV ETMOTNUOVIKOD £YYPAUUATIONOD 0TOVE HAONTES. TTo MTAAIo10 AUTO, KpiveTal kKaBoploTiKng
onuaciag o oxe6100U0g ATOTEAETUATIKGOV S1I6AKTIKWV TTApeUATE®Y TTOV EMKEVIPOVOVTAL O
fOépata Aotpovopiag kalt TNV AOCTPOQUOIKNG, (OTE VA TPAYUATOTIOIOVVTAL ETTUXEIG
Sraovvdeoerg e Tig BeHaTIKEG EVOTNTEG TV AVOAUTIK®OV TTPOYPAUUATOV KAl VA VAOTIO100VTAL
QITOTEAEOUATIKA TIPOYPAUUATA EKTAISEVOTC OTA TAQAICIA OXOAMK®V OUiAwV.

H oxetikn) emotnuovikn épevva €xel emKeVIpwOEel, HEXPL oTuUeEPA, KUPIwG OTOV OXeS1A0UO Kot
Vv avantuén AMA oe mapadooiaka Ogpata Aotpovopiag, 0TS eival 01 PACELS TNG ZEANVIG,
o1 eMOYEG, Ol Kvnoelg g I'ng, to Hhako Xvotnua k.a. (Hsu, 2008 Plummer et al., 2015°
Testa et al., 2015). Ta teAevtaia xpovia, EAAYIOTEG EMOTNUOVIKEG TTPOOTADELES EXOLV OTPAPEL
Kal o€ 7o ovyypova Oeuata g ACTPOPUOIKNG, oLUTEPIAQUBAVOUEVNS KAl TNG YVOOTIKNG
meployng g egeAEng Twv aotépwv (Colantonio et al., 2016° Colantonio et al., 2018). Zto
AQIOI0 QUTO, T TTAPOVOA EPYAOIA EMKEVIPAOVETAL OTOV OxeSlaopuo piag AMA pukpng
euPEAEIag IOV EMKEVIPOVETAL OTNV YVWOTIKN TEPIOXN NG €EEAENG TV AOTEPOV Kot
amevBuvetal oe padnteg Avkeiov. EmutAgov, emyeipeital pia mpmTn MAOTIKY EQAPLOYT TNG
AMA 0710 TTAQG10 OXOAIKOU OOV, e OKOTTO va a&loAoyn el 1) o0 Ta, 1 KATAANAOTHTA KAl
] WIOTEAECUATIKOTNTA TOV HAONO10KGOV SpAcTnploTNTeV KAl TV EKTASEVTIKOV HECWV TTOV
XPNOLOTTOONKAV, K¢ TTPOG TNV EMTEVEN TV HABNOoIaKLV OTOXWV Tov T€0nkav. Eidikotepa,
TA EPEVVITIKA EPWTNLATA TNG TTAPOVOAG EpyAoiag elval Ta e&ng:

1) TToleg evOAAKTIKEG AVTIANYELG S1ATNPoUV 01 HAONTEG OXETIKA LE TOVUG AOTEPES KAL TNV
aotpikn e€eMEn;

2) Ye molo Padud ocvpuPfdrrer 1 AMA oty BeATioon TG €VVOI0AOYIKNG KATAVONONG TV
HaONT®OV OTNV YVOOTIKI) TTEPLOXT] TNG EEEMENG TV AOTEPWV;

3) Xe mowo Pabud ocvpPdrrer 1 AMA oty kaAgpyela Seflotntwv Siepeviviiong kal
TELPAUATIOUOV OTOVG HLaONTEG;

2. MeBoéoloyia

Mia AMA amotelel pia, pikpng Siapkelag, oeipd Sidaktikwv mapepuaceny mov 0TIAdel 0
pia CUVEKTIKT) YVWOTIKT meployn Twv Puokaov Emomumv (Psillos & Kariotoglou, 2016). H
KATAPTION KAl 1) emavaAnNmTikn aflohoynon Awdaktik®v Mabnolakov AkolovBimwv ya tnv
S18aokaiia ovyypovwv Oepdtwv QUOKNG ATTOTEAEL Hia KUPLAPYT) EPEVVITIKT TAON OTO edio
g Adaktikng twv Pvoikav Emomumv. £to mAaiolo avto, n mapovod epyacia e0TiAleEl 0TOV
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oxedlaopo, v avamtugn, v viomoinon kat v afloAdynon piag AMA 7ov KEVIPOVETAL
OTNV YVOOTIKN 7IEPLoYT] TG €EENENG TOV AOTEPWV.

Ia tov KATAAMNAO HETACKNUATIONO TOU EMOTUOVIKOD TIEPIEXOUEVOL O€ OYOAIKI) YV®OOT)
a&lomomOnke to Bewpnukd poviedo g «ekmadevtikng avadounong» (Duit et al., 2012),
oLUUP®WVA UE TO OO0 &€vag TETO0G HETACOYNUATIONOC Kabiotatal emtuyng, OTav To
EMOTNUOVIKO meplexouevo mpog SidaockaAia avaivetan oe Pabog, mpoodiopiletar n
exmadevnikn Tov afla kot Aaufavovrar vIown epevvnTIKA SeSopeva OYeTIKA pe TNV
amoteeopatikn Sidaokaiia ko pabnon tov.

Ity mapovoa peAET, kataptiotnke pia AMA neplopiopévng epférerag (8 SiSaktikwv wpmv
o€ TAa&N 1) 4 CLVAVTIOEMV OE OXOAIKO OUINO) TIPOg TNV emiTteven Seka pabnolakmv otoxwy,
AVAPEPOVTAG, EVOEIKTIKA, TOVG EENG:

. Ot paBntég va mpoadiopidovv MV GHOTEVOTNTA KAl TNV Bepuokpacia evog aotepa,
yvwpilovtag ) 0€omn tov oto Staypappa Hertzsprung — Russell.

. Ot paBntég va meprypagovv ta Tpia Paocwkd otadia egehgng tov 'HAwov (kvpra
akoiovBia, epvBpog yiyavtag, Aevkog vavog).

. Ot paBntég va egdyovv to ovumEpacpa OTL 01 1810TNTEG EVOG A0TEPA AAAALOVY KATA

mv Stapkela mg {wng Tov peoa ammo Siepevvntikeg Sradikaoieg.

. [en] | Data Table |About
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Ewova 1: To tepifdAov g mpooopoiwong «Star in a Box»

H AMA mov katapTiotnke amoteAeital amd Spaotnplotnteg e€okeimong Ue 1o S1aypappa
Hertzsprung — Russell, §paotnplotteg mov emkevipovovTal oty HeAet kal v alomoinon
tov Sraypappartog Hertzsprung — Russell yia v e€aywyn mAnpogopiov, Siepeuvntiknig
@LOoNG SpaotnploTTeg yia TNV HeAETN NG eEEAENC Tov 'HA0V, TV TEAMIK®V KATAOTATEMV TWV
AOTEPWV KAl TNV LETABOAT TV 1810TNTwV EVOG A0TEPA KATA TNV Sidpkela g eEENENG Toug,
KaBmS ka1 §paoTNPIOTNTEG TTOV OTOXEVOLY OTNV TPOAYWYT] TNG KPITIKNG OKEWPNS TOV HaBNTOV.
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Ye moMEG Spaotnplotnteg, MEPAV TOV PUM®V  €pyaciag Iov  Xpnoipomononkav,
a&lomomOnke kau n exkmtaidevTikn mpooopoiwon Star in a Box (Brown et al., 2013), 1 omoia
oLVVIOTA &va S1a8paoTIKO HETO yia TNV peAET tov Staypaupatog Hertzsprung — Russell kat
TOV KUKAO {w1)¢ aotepmv pe Stapopetikn pada (Eik. 1).

3. AnoteAécpata

H ovA\oyn debopevav yia v agloAdynon kot v avabewpnon mg AMA mpaypatomomOnke
UEOW TTAPATNPNOTNG, CLUUITATP®WONG EPWTNUATOAOYIWV QIO TOVG HAONTEG Ko Sieveépyelag
NuSounuevov ovvevtebEeny. EvOekTikd, KATAPTIOTKE €va EPWTNUATOAOYI0 EPWTNOEMV
KAE10TOV TUTTOL Yla TNV a§loAOYNOT) TNG EVVOI0AOYIKNG KATAVOTNONG TOV HAONTOV OYXETIKA e
NV aoTpKn eEENEN, T0 01010 CLUTTAN PWONKE TPV KAl LETA aItd TNV S18aKTIKY) apeufaon.
2T0 €PpWTNUATOAOYIO AUTO CUUITEPIANPONKAV OPIOUEVES EPWTIOELS ATIO TO EPWTIUATOAOYIO
«Star Properties Concept Inventory» (Bailey, 2007), o1 omoieg peta@paomkayv otny EAANVIKN
YAwood. Ta aroTeEAEoUATA KAl TA CUIITEPATLATA TG TAPOVOAg epyaociag Oa mapovolaotovv
AVOAUTIKA 0TO OLUVESPL0.
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ALoAoynon tkavotAtwv KApotikng AAAaynG arto HeAAOVTLIKOUG/£G
eknadevtikoU¢ A/OuLag ekmaidsuong

EA&vn Mmtotdaxn, Anuntpng Ztavpov
Haibaywyko Tunua Anuotixkng Exmaibevong, Iavemiotnuio Kpnng

NepiAnyin

H napovoa S i8aktopikr) Epevva eotiadel oy ekmaidevon ekmadevtik®v oty afloAdynon KaAvoTHTOV
Khpatiknig AAayng (KA mov asmartolvtal yia ) S1apop@mon KAHATIKA eYYPAUUATOV TTOAITROV.
Eibikotepa, Oa avasttuyBel éva mhaiolo Stapopewtikng afloddynong ikavottov K.A. kal 6a Siepeuvnbel o
TPOMOg avantuéng epyaieiov kot Spaotnplotitwv afloAdynong wavottov KA. amd peAAovtikovg/Eg
exmtadevTikovg facel autol Tov mAaioiov. H mapovoa epyacia Ba emtikevipooet otnv eEeAEN TG MAOTIKIG
EPAPLOYNS Ko Ba Tapovo1acTolV TA TIPHOTA ATOTEAECUATA AITO TNV EPAPOYT) TOV TTAAICIOV SIAUOPPOTIKIG
afloAdynong avotitwv mov kaAkiepyovvral oe pa Sidaokaiia KA., kaBag kat and v  a&lomoinon
mapadetypatwy oxedliaouon kal xprong epyaieinv afloAdynong autav ToV IKAVOTHToV.

Abstract

This doctoral research focuses on teacher education in assessing Climate Change (CC) competencies,
required for shaping climate literate citizens. Specifically, a formative assessment framework of CC
competencies will be developed, and the development of tools and activities for the assessment of CC
competencies by pre-service teachers based on this framework will be explored. This paper will focus on the
progress of the pilot implementation. Preliminary results from the implementation of the formative
assessment framework of CC competencies as well as the use of examples of the design and use of assessment
tools about CC competencies will be presented.

Né€eic kAgld1a: A&lordynom, Ixavomreg Khpatikng AAAayng, Exnaibevon Exnaibevtikwv
Keywords: Assessment, Climate Change competencies, Teacher Education

1. Elcaywyn

H Khpatikn AAayn (K.A.) amoteAel éva amd Ta onpavTikotepa {NTNUATA TV TEAEVTAI®V
eTOV, &yovtag moAveminedeg emppoeg ot (wn Twv avlpomwv. Zvupwva pe to IPCC
(Mukherji et al., 2023), n K.A. ogeiletal xvping oe avOpwmoyevelg SpaoTnplOTNTEG OV
emPapuvovy 1o mepfaiiov, kaboTmvTag avaykaia tn prdkr aAAayr) ot 0TAoT TV TIOAT®OV
QITEVAVTL OTO OUYKEKPIUEVO {Tnua, n omoia Svvatal va emtevybel péow tng ekmaibevong
(Irwin, 2020). Eidikotepa, 1 ekmaidevon yia v K.A. opeilel va e0Tia0el 0TV KAOAAIEPYELQ
wkavomntowv K.A., éva ovvbvaouod dniadn yvooewv, deloTtwv Kal 0TAoemV, e TIG OTOIEg
o@eiAovy va gival eE0TAIOUEVOL 01 KAIHATIKA £YYPAUUATOL TTOATEG, KAO10TOVTAC TOVS IKAVOUS
va petplaoovy Tig ovvemneleg g KA. kot va mpooappootovy ev ugpet oe avtég (Bianchi et al.,
2022). Katd mv nmpoonddeia oprobémnong twv kavotntov KA. £xovv Stapoppwbet otkiia
mAaiola, €K Twv omoiwv ta o dradeSopeva eivar twv Wiek et al., (2011) kat 1o evpwTATKO
mAaiolo GreenComp (Bianchi et al., 2022), avagépovtag wg wkavotnteg K.A. ) cuotnuikn
OKEWT), TOV EYYPAULATIONO Yia To peAAov (future thinking), thv avainyn Spaong k.a.. T'a v
KaMgpyela ikavotntwv K.A. tpoteivovtal oUyypoveg SISAKTIKES TPOOEYYIOELS e EMKEVTPO
Tov/TnV pabntevopuevo,/n, mov va kabiotovv Suvartr| v vtooTPIEn TG evepyoL uadnong kat
mv emitevén avtoy tov ocvuvBetov pabnolakol otoyov (Favier, 2021; UNESCO, 2017). Xt0
TTAQIO10 AUTOV TV OUYXPOVEOV S1I8AKTIK®V mpooeyyioewv, N Sidaokaiia kat n afloAoynon
opilovtal wg aAinAemdpwoeg Sradikaoieg, evar mapddnia 1 aloddoynon avadekvoetal wg
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ua Stadikaoia vrrootnpiEng mg didaokaiiag kaBoAn ) Siapkera g (Pellegrino, 2014).

Qo1000, 1 afloAoynon wkavottov K.A. aduvatel va vrtootnpiyOel emapkag amo ovpuPatikeg
uebodovg a&loAoynong mov e0TiAdovv Kuplwg OTO TEAIKO QMOTEAEOUA TG HAONO10KNG
Swadikaoiag ko oy amokton yvwong (Grangeat et al.,, 2021). Ta v a&oAoynon
Kavotntoy, N fifAoypagia mpoteivel poppeg afloAoynong ov va LITOoTNPIOVV TNV EVEPYO
OUUUETOXT] TWV EKTASEVOUEVKV, KABMS KAl TN GLUAAOYT TIANPOPOPIGV A0 TN HAONo1aKT)
JTOPELA TOVG OXETIKA [LE TNV TTPO0SO KAl TI AVAYKES TOVG, WOTE BACEL AUTAOV O EKTTASEVTIKOG
va oyedidoel ta emopeva Pruata g Sibaokaiiag (Redman et al.,, 2021). Mwa popon
a§loAdynong mov Suvatal va 1KAVOIOW0EL AUTEG TIG QITANTNOELG, eival 1) SIaHopP®TIKT)
a&loAoynon (Annelin & Bostrom, 2022). Qot000, £peuveg OXETIKA LLE TO TAALO10 ASl0AOYNONG
TV Kkavot )tV KA. eivar tepropiopéveg (Redman et al., 2021) ka1 €0TIAOUEVEG 0T YVWOTIKT)
Siaotaon (Favier, 2021). EtutAgov, amo tn PifAoypagia mpoklstel 0Tt o1 ekaidevtikol 6e
S1a0eTovy TIg ammapaitnTeg YV oelg Kal 8e§10TNTEG OXETIKA LE TNV AEloAOYN 0T IKAVOTIT®V, WG
€K TOUTOV XPELAdOVTAl KATAAANAN LTTOOTNPIEN Yia TNV VI00ETNOoT CUYXPOVWV TTPOCEYYICEWV
a&loAoynong, omwg n Srapopewtikn (Schildkamp et al., 2020).

Me Baon Ta TOPATAVE, TPOKLITEL 1] AVAYKN QPEVOC yld avamtuln evog mAaioiov
S1apoPPMTIKNC AEI0AOYNONG TWV TKAVOTNTMV oV astatrtovvtal yia v KA., kat apetépov ya
S1epedivnon Tov TPOTIOV OXESIACUOV KAl AVATITUENG TTPAKTIKG®V KAl epyaAeinv afloAdynong
TV AVOTEP® IKAVOTTOV A0 Toug/Tig 1810vg/eg Tovg/Tig exmmandevtikovg (Redman et al.,
2021). ¢ €K TOUTOU OTOX0G TNG TAPOVOAEG £pyaoiag eival 1 ekmaidevon UEAOVTIKMV
EKTTAOEVTIKOV  OTNV AVATITUEN EPYOALIMV KAl TTPAKTIKMV Y1 TN S10UOP@®OTIKT] a&loAoynon
KAVOTNT®V IOV KaAiepyouvtal oe pia Sidaokaiia K.A.. To k0plo epeuvnTiKO EpMTNLLA TTOV
Satpeyel v mapovoa epyaoia eival, «I1og avamrtvooovy ot HEAAOVTIKOL/E€G eXTAISEVTIKOL
epyateia kar Spaomnplotnteg SlauopPTIKNG ASlOAOYNOTGS IKAVOTITWY OV KaAdlepyovvial
oe ua Sitbaoxkaria Khuatixkng AAAayng; ».

2. MeBodoloyia
Oswpntko MAaicto

IMa mv voot)pi&n oxedlaouol kal avamtuing epyaieinv kal §paoctnplot)tov afloAdynong
asto tovg/Tig ekmadevtikovg Oa aflomondei to mAaioo twv Harris et al. (2019), (BA. Zxnua
1), COUP®VA UE TO OTOI0 APYIKA OPIfeETal 0 HAONOIOKOG OTOXOC, O OT0I0g 0TI OUVEXELA
avaAletal oe a. Paocikeg evvoleg kat 18eeg, B. mpakTikeg ko §e§10TnTeg KAt y. 0p1lovTieg
evvoleg. 'Emerta, peAetwvral ot peta&h toug aAnAembpaoelg, meptypagovial ot embuunTeg
emdooelg kar opidovrar o1 evieifelg mov yperadovtal yia v mapakolovonon tng tpoddov
TV exmadevopevay, Kabmg Kal To Tola XApaAKTNPIoTIKA Spaotnplotntwv Bonbolvv otnyv
oLAOYN aLTEV TV evoeiewv (.. popen epyaociag). Télog, N avamtuln epyaieinwv kat
Spaotnplotntwv afloAdoynong oAokAnpavetal pe mbavry a&lomoinon Kal TEXVOAOYIK®V UECHY
(Harris et al., 2019).
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Tynpa 1. ITAaiowo oyediaopol epyaieinwv kat Spaotnplotrtov aglordynong (Harris et al., 2019)

Nepypadr) EUMELPLKNG EpEUVG
O oxeb1a0u0g TNG EUTTEIPIKNG EpevVag Xwpiletal 0e TPEIS PATELG.

daon A: Kata m Biphoypagikrn avaokomnon Oa mpaypatomowmnBel pa apykn diepevvnon
TV OTPATNYIK®DV, TPAKTIKOV KAl EPYOALINV SIAUOPP®TIKNG ASI0AOYNONG IKAVOTHT®V TIOV
aflomolovvtal oe S18aokaiieg K.A., kaBwg kal Tov mAAIOIOL eKTaidevong UEAMOVTIK®V
EKTTASEVTIKOV WG TPOG TPoTEVOUEVEG ato TN PifAloypagia yvwoelg kat Seflotnteg ya
a&loAoynon twv wavotntwv K.A.. H avaivon g Bifioypagiag Ba aglomomnBel ya a.
SlapopPwon evog mAaioiov SapopPTIKNG agloAdynong Kavotntev, mov Ba diemetal anmod
ApXEG KAl OTPATNYIKEG Sapop@wTikng aflodoynong otg Puowkeg Emotnueg war .
Snuovpyia mapadetypatwv oxedlaopol kot alomoinong epyoAeiwv  SlOUOPPOTIKIG
a&loAoynong wkavottwv. Katd m dtapodpemon tov mAaioiov kal twv napadetypdatov, 0a
AeBel voyn 1o mAaicw twv Harris et al. (2019), mpooappoopevo oTig apyxeg g
Stapopputikng aglodoynong (Pellegrino, 2014), kaBwg kat vploTApeVo S1IBAKTIKO VAKO atd
npoypauuata Erasmus+, 7TOU CUUUETEXEL T €PELVNTIKN] OpAdd pHAG, EPAPUOCUEVO OE
peAovTikovg/ g exmandevTikolg kAl o pabntég/Tpieg.

®aon B: To avotépm mAaiolo og ouvSuaouo pe ta mapadetypata mov Oa exovv avamtuyOet,
Ba SokpuaoTovy o€ pa CUVTOUT TAOTIKT) EQAPUOYT] TTOV AAUPAVEL XD PA TNV TPEXOLOA TTEPI0O,
pe 18 pedhovtikovg/eg ekmaibevtikovg A/Ouag Exmaidevong oto mAaiolo oeuivapiov tou
IITAE Kprtng. To oepwvaplo Ba Sie€aybei péoa oe eéva opadoovvepyatikd mAAio0 KAl ot
OLUUETEYOVTEG/0VOeg Ba EpyAOTOVV XWPIOUEVOL/eG 08 OUASES TWV TPLOV ATOU®V.

ITio avavtikd, n Sour g mAOTIKNG €pevvag Ba amoteAeital amd §vo uepn. TTo IPWTO UEPOS
Oa aplepwbolv KATO1EG OUVAVTI|OEIS OTNV £EOIKEIWOT TWV OUUUETEXOVI®MV/OVOMV UE .
Baowkég evvoieg g KA., B. Paocwkeg apyeg a&lohoynong wkavottov yia v KA. xat vy.
epyaieia kal otpatnykeg Srapopnikng aflohoynong wkavottov oe didaokaiia K.A.. To
Sevtepo uépog Ba a@opd TV evomudtworn g dtdotaong g afloAdynong amd tovg/Tig
peAovtikovg/ég ekmaidevtikovg oe Non vmapyxov Sidaktikd vAikdo K.A., mpooBetovtag
Spaotnpotnteg afloAoynong wavottov KA. 1 eumlovtidoviag Tig 1)dn vmdpyovoeg ue
otoiyeia StapopPmTKNng afloAoynong.
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Ta SeSopéva tng mAoTikng Epevvag Ba a&lomonBovv otov avaocyedlaouo Tov TAACIoL Kal THV
TapadelyHAT®V S1aUopP®TIKNC AEI0AOYNOTC, MOTE VA ATTOKTNOOUV TNV TEAIKT] LOPPT] TOVG Kal
va aflomoinBovv otV enOUEVN PAOT) TNG EPELVAC.

®aon I': H xuping epevva Ba Sie€ayBel oe avtn T @AOT e TN CUUUETOYT| 15-20 HEAAOVTIKGOV
exnadevtikwv A/Ouag ExmtaiSevong. H Sour) g kupiwg Epevvag Ba Stapoppnbel faocet tov
QITOTEAECUATMV TNG TMAOTIKTG EPAPUOYTC Kal Ba artoteAeitan astod §vo pepn. Eto IpwTo UEPOS
Ba yivel ) efokeiwon TV CUUUETEXOVTWV/OVO®MY CUUPMOVA e TIG KATELOUVTIPIES YPAUUES
mov Ba €yovv Stapoppwel kan BeAtiwdel amod ™ @aon B (mrotikn epappoyr)). Emutigov, Ba
TAPOVOIACTOVV WG TTAPASEIyHATA OXeS1A0UOU KAl a&lomoinong epyareinV S1aUOPPOTIKIG
agloAdynong, 5pacTnpPlOTNTEG TOL SI8AKTIKOD VAIKOU 0V S1a10p@®OnKe TNV PO yovUEVT
(AOoT), 0V0EG EUTAOVUTIONEVEG PE epyaAela (JT.X. POUUTIPIKA) KAl TTPAKTIKEG OLAUOPPWTIKIG
a&loAoynong wavottwyv (J.x. avatpo@odotnon anod opotipovg/ peer-feedback). 1o devrepo
UEPOG, 01 peAoVTIKO1/€g ektandevTikol Ba avamtiEovv oevapla Sidaokaiag ywa v KA., ta
omoia Ba vtootnpidovral Ao epyaieia kat Spaoctnplotnteg afloAoynong kavotntwv KA.,

a&l0TOMVTAG TO TTAAIO10 SIAUOPPHTIKTG AEL0AOYNONG TKAVOTHTWY, oL Ba £xel Srapoppndel
UETA TN TAOTIKT e@aployT). Teélog, Ba Adfel xopa Ha Hikpng EKTAOTG EQPAPLOYT) OE TEPLITOV
20—-30 padntég/tpleg OLVOAIKA, ®OTE Ol HeEANOVTIKOL/EC exkmaidevtikol va  Adfouv
avatpo@oSOTNoN Yyl TNV QOTEAECUATIKOTNTA TWV OAVATITUOOOUEVWV EPYOAEIOV  Kal
OpaoTnpPloTNTOV agloAdynong iavot v KA..

ZuMoyn & AvaAluon Aedopévwv

AegSopeva amo v mAotikn epapuoyr) (®@aon B) Ba culMexBolv amod ad. epmTHUATOAOYIA YA
QTOTUTIWOT] TOV APYIKOV QIOPEWV TV UEAOVTIKOV EKTAOEVTIKOV OYETIKA HE TNV
a&loroynon wavottwv KA., B. To vAkod mov Ba Stapop@ocovy 0To TAAIC10 TOV oepvapiov
KAl Y. TNV NYNTIKN KATaypaen Towv oudTnoemv Katd ) S1apkela twv ovvavtnoewy. Qg uéoa
ovAMoyTg Sedoucvwv g kupiwg Epevvag (Paon I') Ba a&lomomnBoliv: a. epwTnUATOAOYIA V1A
QTOTUTIWOT] TOV APYIKOV QIOPEWV TWV UEAOVTIKOV EKTAOEVTIKOV OYETIKA HE TNV
a&loroynon wavottwv KA., B. ta oevapia Sidackaiiag, Ta epyaleia kal o1 Spaoctnplotnteg
afloroynong wavotwv KA. mov Ba avanmtdéouv ol ouuueTEXovVTeg/ovoeg, Y. NXINTIKN
KATAYPAPT) TwV CLINTNOEWV KATA TN S1APKEIA AVATTITUENG TOV AVOTEPWV OTIC 0TT0ieg HETAED
AWV Ba amotutOVoOvVTAl 01 avaykeg, Ol SUOKOAIEG TOUG, O TPOTMOg Al0ToINoNg TWV
mapadetypdtwv mov tovg Sivovral, kabBmg kAl 0 TPOMOG AVANTUENG TV epyaAreinv/
Spaotnpottwv agloAdoynong kavotitowv yua v KA. kot 8. ovvevtev€elg avaotoyaouov
HETA TNV EQAPLOYT) TOL VAIKOV 71ov Ba avamtvEouv otovg/otig padntég/tpieg.

AOYm g S1epeuvnTIKNg PUONG TNE £PEVVAG YA TNV avaivon TV Sedouevov Ba aflomombovyv
mo10TIkEG uEBodot avaivong mepieyopévov (Bryman, 2016). Ta deSopéva Ba avaivBolv wg
7POG Q. TOV TPOJTO TIOV 01 LEAAOVTIKO1/€¢ EKTTASEVTIKOL EVOMUATOVOUV APYES OIAUOPPHOTIKNIG
a&loAoynong wkavothtov K.A. ota epyaleia kat 0Tig §paoctnplotnTeg Iov avamtuooovy, . To
mowa €idn epyadeinv kat Spaoctnplot)tov emAEYOUV yia TNV SlapopPwTiKT] a&loAdynon
wavottowv KA., kaBmg kat y. Tov TpOTo UE TOV 07010 TA EVOUAT®VOLV o€ i Si8aokaiia
K.A..

3. Avapevopeva anoteAéoparta

H mapovoa epyacia avapéverar va mapovoldoel dedopéva mov apopovv tnv eEeAEN g
mopelag g mMAOTIKNG epappoyng. o ovykekpuéva, Ba mapovolaoTolv a. To TAAICI0
Stapoppwtikng afloAoynong wavotntov KA. kar B. ta omowa mapadeiypata Ba exovv
SapoppnBel, kabmg kal y. 10 g exovv aflomondel 0To MAAIOI0 NG TMAOTIKIG EPAPLOYTIC.
Avtd ta Sedopéva Oa cupParrovy ot BeATiooT TOL TAAIGIOL KAl TOV TAPAdeyHATnV, KaBang

37



KAl 0Tov oxed1aouo kat v Sie€aywyr) g Kupiwg Epeguvag.
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Xprion epyaleiwv STEM kot EKatdeutikig POUTTOTIKAG yLa TN
HEAETN evvolwv Twv Quoikwv Emetnuwv ko tng Aswdopiag oto
nAaiiolo tn¢ MoAwtiopkng lotopkig Oswpiag TG ApaotneLoTNTOS

T'ewpylog KovkoLAng, Katepiva [TAaxiton

Haibaywyko Tunua Nnmaywywv, Iavemiotnuio Ioavvivov

NepiAnyn

SV Tapovoa €PYAOia ETMYEIPEITAL O OXeOIAOUOC KAl T) €PAPUOYN HIAG EKTAOEVTIKNG
napeupaong STEM 1 omoia oxedidomke PBaon twv apyov g I[HoMmiopkng-Iotopkng
Oewpiag g ApaoTnploTTa Kal eQapUOoTnke oVUP®va pe tov Emektatiko Kokho Mabnong.
Tivetar a mpoomafela epapuoyng twv Aladikaoiwv Emotmuovikng MeBodov, ya
O1EpevVI 0T KA KATAVOTOT) TV VOUWYV TNG PLONG, KAl TV Aladikaci®v Mnyavikng Xxediaong,
Yla TNV Tapaymyrn H0¢ KATAOKELNG T UAC EPAPUOYNG TAV® OTIG VEEG YVQOOEIS JTOV
arokOnkav and tovg pabntég. H epevva £xel wg okomo va Siepevvnoel eav n mapéuPaon
avTn pmopel va Bondnoet pabnteg E’ kar TT” Anupotiko va katavoroovy Bépata mov amtovtal
TV QUOKGOV EMOTNUOV KAl TTAPAAANAA €AV LITOPEL VA KAAAEPYT|OEL TOV ETMOTNUOVIKO TPOIIO
OKEWPNC KAl TNV avamttugn 610N Twv emALONG TPOPANUAT®V e POUTTOTIKEG KATAOKEVEG.

Abstract

In this paper, the design and implementation of a STEM educational intervention is attempted,
which was designed based on the principles of the Cultural-Historical Theory of Activity and
implemented according to the Expanding Learning Cycle. An attempt is made to apply the
Scientific Method Processes, to investigate and understand the laws of nature, and the
Engineering Design Processes, to produce a product or an application based on the new
knowledge acquired by the students. The purpose of the research is to investigate whether this
intervention can help students understand topics related to science and at the same time
whether it can cultivate the scientific way of thinking and the development of problem solving
skills with robotic constructions.

Né€eig kAslba: taxvta, pwtofoitaikd, Enektatikog Kikhog Mabnong, Atadikaoieg
Emotuovikng MeboSov, Atadikaoieg Mnyavikng Xyediaong

Key words: speed, photovoltaics, Expansive Learning Design, Steps of Scientific Method,
Engineering Design Process

1. Elcaywyn
H MoAwtiouikn lotopikn Oswpia the Apaotnplotntag

H IToatiopikr) Iotopikn Oewpia g Apaoctpiotrag (Cultural-Historical Activity Theory
CHAT) amotelel pia OewpnTikn TPOCEYYIOT] OV EMKEVTIPOVETAL 0TI LEAETI TV AVOPOITIVHOV
SpacTNPOTNTWV OTO TTAAIC10 TOV TTOAITICHOV KAl TG 10Topiag. Xto medio g ekmaibevong, kat
OX1 LOVO, XPTO1LOTOIEITAL V1A VA KATAVOT|OEL KA1 VA AVOAVCEL TIG TTOAVTTAOKEG AAANAETIO pACELG
petald twv avlpomwv kal Twv epydieimv péoa ota  mepiBaAovia  ota  omoia
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Aertovpyovv(IThakiton k.d., 2018).

Am6 Tig Paoikeg apyeg g Oewpiag TG ApaoTnPIOTNTAG OTNV TAPOVOA EPEVVA UITOPOVUE VA
Slakpivovpe tpeig:

a) H OSpaompomnta Sopeitar 1epapyikd oe tpila emimeda: Apaotnplotnteg-ApAoelg
Aertovpyieg (Leontev, 1978)

B) Ta epyaieia, amtd 1 vontikd, Stapecolafovv otn uadnon (Hasan & Kazlauskas, 2014)

y) O emektatikog kvkAog padnong (EKM) auotedel pia pop@n) UETAOYNUATIONOD OTN
Opaotnprotntag (Engestrom, 2007)

H eknaidsuon STEM

H exmaibevon STEM avagépetal o pia SIEMOTNUOVIKT] EKTAOEVTIKN TTIPOCEYYION TIOV
emkevipoveTal ot emotnueg (Science), v texvoloyia (Technology), T unyavikn
(Engineering) ka1 ta padnuatika (Mathematics). Etoyxog g ekmaidevong STEM eivan 1
PO®ONOT NG EMOTNUOVIKIG KAl TEXVOAOYIKNCG KATAVONONG, TNG KPITIKNG OKEWPNG, TOL
pofANUATIONOL KAl TV OeCl0TNT®WV OYETIKA UE TNV EPAPUOYT] AUTOV TOV YVOOE®MV OF
npakTikeg kataotaoelg (Peters-Burton k.d., 2019).

Jmv tapovoa Epevva emyeipeital 1 epapuoyr g ekmaidevong STEM ota miaiola tov
EMEKTATIKOV KUKAOL paBnong. Me autov tov tporo 1 ekmaidevon STEM Sev mepropidetar amia
0T OLVAAOYT HAONoIaKGV SPaACTNPIOTIT®V AITO S1APOPETIKEG emOTNUES. AvTifeTa, amotelel
U1 OAOKAT pUEVT) SIBAKTIKT) TTPOCEYYLOT) TTOL EVOMUATWVEL S10PpOopa 0TASIA EVOG ENMEKTATIKOV
KUKAOL pabnong. Avtd ta otadia tepthapavouy T S1atOnmon EpWTNOENY, TNV AVAALOT TOV
TPOPANUAT®V, TN HOVTEAOTOINOT TWV AVCEWV, TNV £PAPUOYT] TWV UOVIEADV O€ JTIPAKTIKEG
KATAOTAOELS, TNV EVOMUATMOOT] T®V YVOOEMV, TNV ASI0AOYNOT TV WIOTEAEOUAT®V KAl TNV
amtodoyn twv evpnuatwv (IMAakiton k.d., 2018).

H onuaoia g épevvag ykertal 0to yeyovog 0Tt avadelkvdel ToV TPOTIO IOV 1] EMOTHUOVIKN
pebodoroyia kar 1 pnyavikr oxediaon UmopovV va €PAPUOOTOVV OTNV  TASAYWYIKN)
Sadikaoia wote va fonOnoovv ) SidaockaAia kat ) padnon. EmutAgov, pmopet va odnynoet
OTNV  avAIITUEN Mg KAvotopov  ekmaudevtikng  pebodov mov  evowpatwvel TIg
npoavagepbeioeg pebodovg oy mabaywyikr Oewpia g Apaoctnplomrag, evlapplivovtag
m xpnon twv TIIE ka1 g Poumotikng otnv ekmaidevon.

Epeuvntika epwtiuata
Ta §vo Packd epevvNTIKA EpWTNUATA EIVAL:

A) Xe 11 faBuo ovuPdaier eva ekmadevtikd mpoypappa, oxedaopuévo Baon tov Emektatikov
KixAov Mabnong, 0to va KATaktoovv o1 uadnteg €vvoleg Twv PUOK®OV  EMOTNUOV IOV
APOPOVYV TNV TAXVTNTA KA TA POTOPOATATKA;

B) Ze 11 Babuod ovpParer n) exmaidevon STEM, 0mtwg oxediaotnke cupu@wva pe m Bewpia g

Spaomnponrag kar avantoydnke Paon tov EKM, otv avamtoén g Emotnuovikng
MeBoSoAoyiag kat tng Mnyavikng Exediaon oe mtadid E’ ko T’ ta€ng Anpotikov XyoAeiov;

2. Me0Bodoloyia

Ymv mapovoa Sidaktikn mapeppfaon STEM emyepeitar n Si8ackadia g &vvolag g
TaXUTNTAG KAl TV pwtofoAtaikawv. H Siemotnuovikomta g mapeufaong avaivetal g
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e&ng: 0oov aPopd Tig Yuotkeg emotueg Oa xpnolpomomnBovv o1 Aladikacieg Emotnuovikng
MeBodov (AEM) yia v Siepelivnon kat Tnv Katavonon g TayUTNTAS Kol NG Aertovpyiag
TV POTOROATATK®V. TNV mapepPfaon avtr) o vitoAoylothg Ba xpnoluomonbel wg epyaieio
TPOYPAUUATIOUOV, KATAYPAPTG QITOTEAEOUATOV-CUUTTEPACUATOV KAl emKkowvmviag. Ot
Awadikaoieg Mnyavikng Zxediaong (AMX) Oa ypnowosmoinBodv yia Tn UETATPONMNG TNG
EITMOTNUOVIKIG YVQOOTC OE TTPOTOV 1) LANPECIA LUE TN XPTOT) TWV EKTAGEVTIKMOV POUTTOTIKGOV KIT.
Télog, ta paBnuatikd Ba ypnowyomomnBolv wg epyaAelo HETPNONG, ULTOAOYIOU®V KAl
OLYKP10TG 0TI¢ S1Epevvnoelg o Ba xpelacTovy va yivouy.

H mapépPaon, obupuva pe tov oxediacuo, Oa Stapkeéoel 1eéooepig SI8aKTIKES WpPeg yia kAOe
€va aso ta vo peAétn Bepata kal Oa mpaypatomon et amo tov epevvntr. Ta dvo B¢pata Sev
epmAeékovral petaly touvg kal N mapeuPaon ya kabe Eva amdo avta Ba eivan ypapukn. H
emAoYT TV Sl1aPopeTik®V Bepdtmv yve yia Tnv eEA0KNO0T TV HAONTOV 0 5100 PETIKOVG

TOLELG TNG (PUOTKTG KA Y10 VA TIPOGPEPEL TTOTKIALA MWOTE VA NV XACGOLV TO EVOIAPEPOV TOVG Ol
padnteg.

Zxebdlaouodcg tn¢ napéuBaonc Baon twv apywv tn¢ Oswpiac TnG ApaoctnpLotnTas

O emekTaTIKOG KUKAOG pabnong, pe tov omoio oxedidotnke n ekmadevtikn mapeupaon,
QITOTEAEITAL QIO TA TTAPAKATw Pripata: Tn @daon tov mpofAnuatiopoy mov mepriaufavet
epwTNoelg kat fivreo apopunong. Tnv gaon g avaivong Twv UOIKGV EVvolmV Ue TN Bonbea
Tov Awdikaowwv Emotnuovikig MeBodov (AEM). Tn Onuovpyia &vog poviehov
akoAovBmvrtag Tig Atadikaoieg Mnyavikng Xxediaong (AMY). Tnv e€€taon Tov povTeAov Qv
eTUYaivel TOV OKOTO 1TNG apylkng Ttov oxediaong. Tnv e@apupoyn Tov HOVTEAOU
POCAPUOLOVTAG TO O€ veeg KaTaokeveg. TeAog, vmapyet 1 paon g aloAoynong kat g
amodoyng 07ov e€eTtAdeTal TO HOVTEAO OTIG VEEG KATAOKEVES KAl EAEYXETAL EAV TIETUXALVEL TOV
OKOJITO NG apy1Kng oxediaong.

Ta Sapecolafodpeva epyaleia ov XPNOIUOTOI0VVTIAL OTO CUOTNUA TNG OpaoTnpPloTNTAC,
elval Ta atd OTIWEG O LITOAOYIOTHC, TA POUTTOTIKA KIT, KTA, KAl TA VONTIKA, OnAadn ot
Awdikaoieg Emotnpovikig MeBodov kar o1 AtaSikaoieg Mnyavikng Zyediaong. Ot AEM
evtomidovianl ota e&ng Pripata tov EKM: Avaivon, EEétaon Movtédov, ASloAdynon kau
Amoboyr). Eve, ot AMX evtomidovial OtV KATAOKEUT TOU ApPYIKOL HOVIEAOL KAl OThV
EVOWUATMOT] TOV 08 AANES KATAOKEVEG.

H Iepapyia g Bewpiag g Apaotnpomrtag (Apaompomta — Apaoeig — Evépyeieg)
viofeteital 0NV KATAOKELT TOV TAPASOTEMV POUTTOT amd Tovg padnteg. Kabe kataokeun
QTOTEAEITAL QIO EMUEPOVS TUNUATA KAl KAOe Tunua astontel pia oelpd amd EeEXwploTeg
AE1ToVpYieg KATAOKELNC KAl AAYoplOUIKT KOO1KOTOINoNg avTioTolya. ZToV TPOYPAUUATIONO
KAl TN POUTIOTIKN asmoteAel ouvnfn Sadikaocia o mapamdve eMUEPIOUOG, OTIOV TO HEYAAO
npoPAnua Sraipeital oe emuEPoOLg LIKPOTEPA KAl 1) AVON avtwv odnyel oty emilvon tov
LEYAAOL APY1KOU TTPOPBATLATOG.

H épeuva

Ta epevvnmika epyaieia tov Ba xpnotpomomnBolv eival To EPpOTNUATOAOYIO TPV KAL LETA TNV
eknadevtikn mapéuPaon, Ta LUAAA epyaciag pe ta mapadotéa £pya Twv Habntov kat o
nuepoAoyto mov Ba dratnpei o ekmadevtikog. H Sour tov epmtnuatoloyiov mepiaufavel
EVVEQ EVOTNTEG:

A) Anpoypa@ikd otoeia padntowv/pov

B) Eumelpieg pabntov/tpiov oxeTika pe tnv emotnuovikn diadikaoia sipv v apeufaon
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I Anowerg pabnTomv yia v emotiun pv Kot LeTd v mapeufao

A) AvTANpeELg Kal amOWeLg yia T HNYavikn oxediaon mov eiyav ol HabnTeg mpv kat HETA TV
mapeupaon

E) Alepetivnion g oxeong tayUTNTag-amdoTaoT|C OTAV 0 XPOVOS KIVNONG TAPAUEVEL
otafepog mpv kat petd v mapeufaon

7) Alepelivi|on OXEOTG TAXVTNTAG-XPOVOL OTAV 1) ATOOTAOT) Kiviiong mapapevel otadepn mpv
KAl petd myv mapeupfaon

H) I'vooeig aviAnpelg kat amoyelg Hadntav yia ta @oTofoATATKA TPV KAl HETA TNV
mapepupaon

0©) ITep1BarrovTiKol TAPAYOVTES TTOV EMNPEALOVV TNV ATOS00T] T®V POTOROATATK®V TPV Ko
UETA TNV TTapéuPaon

To Setypa Baon tov mpoypappatiopov Ha eival 141 padnteg E' kar T ta&ng Snuotikov, ek
TV omolwv 10 74 (52,5%) kopitola kot 67 (47,5%) ayopia, amd OXOAIKEG LOVASES TOU ATuov
Iwavvitwv tov Bplokovtal 0 A0TIKES, UIAOTIKEG KAl AYPOTIKES TEPLOXEG.

3. AnoteAéopata

H &pevva Bpioketar oe e€EMEN ko Sev vTapyovv akoun amoteAéopata. ITapoia avtd Ba yivel
avagopd ota avapevopeva amoteAéopata. 'Ooov a@opd TOUG YVWOTIKOUG OTOXOUG NG
eKTTASEVTIKNG TTaApEUPaAoTC AVAUEVETAL va LITAPEEL pia OETIKT YVOOTIKI HETATOMON OTOVG
padnteg/tpieg ota Svo VIO peAETn BEpATA TOV ATTOVTIAL THV PUVOTKGOV EMOTNU®V (TayLTNTA
Kal potofoAtaikad). EmmAéov, pe ) xpron tov Stadikaciwv emotnuovikng pedodov,

QAVAUEVETAL O1 HAONTEG/TPIEG VA ATTOKTIIOOVV £va CLUOTNUATIKO, SOUNUEVO KAl AS1OTOTO TPOTO
€EETAONC KA KATAVON 0TS TV PUOTKMV PAIVOUEVWV. TEAOG, LE TNV EPAPLOYT) TOV S1a81KAC1OV
unyxavikng oxediaong, avapévetar ot pabnteg/Tpleg va QUITOKTHOOUV AVOAUTIKI]  OKEWN
paBaivovtag va Stapovv éva peydro mpofAnua oe vtompofAnpata, va emivovy 10 kabe
UIKPOTEPO TTPOPANUA TTPAKTIKA KAl EUTTEIPIKA UE TA EPYAAEIN EKTTAISEVTIKNC POUTTOTIKNC KAl
pe TNV aAyoplOuikn okeyn. XTo evpLTEPO TAALOI0 TNG EKTAGEVTIKIG KOWVOTNTAG AVAUEVETAL
va npotadei pa vea mpooeyyior) STEM mov Oa evowpatwvel vo pefodovg, Tng emotnuovIKg
peboSoAoyiag katl TnNg Unyavikng oxediaong, yia I HeAETN EVVOIOV TWV (PUOTK®OV EMOTNUMV
KA1 TNV KATAOKELT] EVOG AVTIOTOLYOV TIPOIOVTOG 1) U10g v peoiag.

4. Juunepaocpato

H épevva Bpioketan oe e€eNEn kau Sev vtapyovv amoteAeopata. Emopévmg, eival advvatov
va e§ayBolv ao@ain cvpmepaopata.
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AvAmntuén KOS EVTIKWVY SPOOTNPLOTHTWYV YLOL EVVOLEG OXETLKEC ME
T Quokég Emotipeg, to NepBaiAov kat tnv Asidpopia, oto
nAaiiolo tn¢ MoAwtiopkng lotopkig Oswpiag TG ApaotneLoTNTOS

MapuavOn Naotov, Katepiva [Thakiton

Haibaywywo Tunua Nnmaywywv, Ilavemiomuo Ioavvivov

NepiAnyn

H ITohmiopikn Iotopwkn Oswpia g ApaoctnpldmTag UE TOV TOALSIACTATO XAPAKTPA TNG UITOpel va
amroteAéoel eva Suvapikd Slahoyikd TAAIOI0 Y1 TOUG E€PELVNTEG TTOU HEAETOUV OIEMOTIUOVIKA EVVOLEG
OXETIKEG e TNV ekmmaidevon yia tig Puoikég Emotnueg kat v Agipopia. H mapovoa epyacia avagepetal o
U TaPEUPAOT) ETAYYEAUATIKNG AVAIITUENG YA EKTTABEVTIKOUG UE AVTIKEIUEVO UEAETNG TNV £VVOld T®V
“YAikov” kat tnv kaAigpyeia “Tkeyng yia tov KUkAo Zong tov YAK®V” Kal 0Tnv  avamtugn ekmaiSevtikaoy
Spaotnplottov pe v epapuoyr] pebodoroyikmv apyxawv g CHAT wg epyaleinv oxeSlaouol kat avaivong.
H emkévtpwon a@opd aTo TePIEXOUEVO KAl OTN SOUT TV CELIVAPIAKMV HAONUATOV TTOV VAOTIOWONKay ue
TOVG EKTTASEVTIKOVG, OTNV avOALOT] TV OANAETISPOVIOV oLOTHUATOV NG Spactnplotntag Kat otnyv
eVOOUAT®OT: a) NG apxng Tov Sumhov epebiopartog (double stimulation) kan ) tov Tpry®vou avaivong
Sokav apayovtwv g Spaoctnplotntag.

Abstract

Cultural Historical Activity Theory (CHAT) with its multidimensional character can be a dynamic dialogic
framework for researchers studying interdisciplinary concepts related to Science and Sustainability. This
paper refers to a professional development intervention for teachers with object the concept of “Materials”
and the cultivation of “Life Cycle Thinking” and in the development of educational activities by applying
methodological principles of CHAT as tools for design and analysis. The focus concerns the content and
structure of the tutorials implemented with the teachers, the analysis of the interacting activity systems and
the integration of a) the principle of double stimulation and b) the triangle of analysis of the core elements of
the activity.

Néeic KALbLd: aMniemibpavta ovomuara Spactnplotntag, SumAo epébioua, exayyeluatikn avantvén

exmatbevTIKWY,

Key words: interacting activity systems, double stimulation, teachers’ professional development

1. Elcaywyn

H IMoAtiopukn Ietopikn Oempia g dpactnpiotnrog (Cultural Historical Activity Theory CHAT)
glval po KOWmVIKOTOATIG KT Oempia n omoia aviimpocmredel TNy ovOyypovn e€EEMEN ¢ Bewpiag
tov Vygotsky evd mopdiinia evompotmdvel ototyeio and T Ocwpia TG ApacTnploOTNTIG TOV
Leontyev (1978).

[Tpoxkertan yia &va e€eMooopevo BempnTiko KAl PIAOCOPIKO TTAQIC10 UE TTPOCAVATOAMOUO OTOV
£ITOIKOSOUNTIKO XAPAKTIPA TTOV £XEL 1) KATAKTNON NG YV®WOoN S astd To 1810 To dtopo. Katd
Dewpla AUTH TO ATOUO EVEPYWVTAC HECA A0 Opyavwupeéveg Spaoelg kalr Spactnplotnteg
odnyeitau elte 0NV evioyvon piag non vLITAPXOVOAG VO TIKNG SOUNG EITE TNV AVAKAALYT H1ag
VEQG 1) TNV AVATPOT| H1AG VITAPXOVoAS VONTIKNG Soung kat otn dnuovpyia véag. Kata v
CHAT n pdbnon Sopeitar vrepPfaivoviag ta opia tov SimoAov epebiopa-avtidpaon kat
ompidetal ot SOUIKT| OXEON AVALECA OTNV TIVEVUATIKT SpA0TNPlOTNTA TOL ATOUOV KAl 0TV
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AAMNAeTiSpaoT) oV aAVATTUOOEL e TTOATIOUIKA KAl 10TOPIKA OTOIXEIA eVTOG NG KOVOTNTAG
otV omoia evrtaooetatl (Neubert, 2012).

H NoAwtopikn lotopikr) Oswpia TNG ApacTnPELOTNTOG KOL OL KOLVWVLKO-ETILOTNHOVIKEG EVVOLEG yLa
tov KUkAO Zwn ¢ Twv YAKwY

O Yrjo Engestrom xat o1 ouvepydateg tov Paocilopevol ota evvololoyika epyaieia tng CHAT
efeTaoav TIG 10TOPIKA HeTAPOANOUEVES OYEOEIS UETAED EKTTAOEVTIKOV KAl OAA®V
OpaoTNPOTNTOV EMSIMKOVTAG TNV KATAVOT|OT) TTOKIA®Y KOIVOVIKO-TTOAITIOUIK®OV 51001KA010V
KAl LETACYNLATIOU®V TTOV AUTEG 081 YOUV TOOO TA ATOUA 000 Kal TIG 101€¢ TIg SpaoTnplOTTES.
Axpoywviaiog AiBog tng CHAT eivar i) vtoBeon OTL 01 KOWVWVIKEG TTPAKTIKEG Pacilovtal og
Suvauikd ovotnuata SPAcTNPIOTNTAS KAl GTOV OTOXEVUEVO HETACYNUATIONO Tovg, Stadikacia
mov amoteAel amapaitntn mpovobeon yia e€eMén kal avamtuén (Engestrom, 1987; 1999;
Engestrom, Miettinen & Punamaki, 1999).

KaBe ocvomua Spaoctmpiomrag Sev eivar aveEaptnto amd aAa cvotnuata, kabe avaivon
opeilel va AauPavel VoY TA CUVLITAPYOVTA OYETIKA ovoThuata Spactnplotrtag. Tuyov
AVTUPACEL KAl OUYKPOUVOEIS UITOPOVV VA  AVTIUET®IOTOVV, UETAOYNUATI(OVTIAS TN
Spaotnplotnta ya my enitevén PeAtiwpévov amotedeopdtwv (Behrend, 2014). H peAét kau
1l AVAALOT) TV CLOTNUAT®VY TIPETEL VA YIVETAL O€ U1 10TOPIKT PAON woTe va katavondei 1)
e&eAI ToLg KAl 01 TAPAYOVTEG TTOV 0N YOUV TTPOC AVTH LEGA OTO TEPACUA TOV Xpovou (Botha,
2017).

Q¢ KOIWVMVIKO-ETOTNUOVIKEG EVVOLEG 0 « KUKAOG ZwN G Twv YAIKGV» KAl 1) KOANIEPYEIA «ZKEWPTG
yia tov KUkAo Zong twv YAKOV» epmtepleXovv moikileg S1a0Taoelg mov Amtovial twv Puotkov
Emotuav (D.E.), £X00V KOIVOVIKES, OTKOAOYIKEG KAl OTKOVOUIKEG TITUXES KAl apopolv Depata
TNg EVEPYOU TOAITEIOTNTAC. £2G €K TOVTOU, LITOPOVV VA AWTOTEAEGOLV £VA YVMOTIKO AVTIKEIUEVO
KO TAUTOXPOVA £VA EKTTALSEVTIKO LECO Y1 TOV OUYXPOVO TAldaymyo pe Ta omoia Oa emtiyel
yia toug HaOnTéG TOU AVANTLEN EMOTNUOVIKOU Kal 7eplBaAAovTiKol  YPAUUATIOUOD
ovvdvadovtag v ekmaidevon yua tig . E. pe v ekmaibevon ywa tig afleg, m  Anyn
QTOPACEMV KA1 TNV TayKoouid 10ayevela.

Z10)01 NG epyaoiag eivar va amavtmBovv ta epotruata: a) mog 1 CHAT pmopel va ovpfaiiet
oV avantuln oxedlaotikav Se€lontwy yia ekmaibevtikovg kal ) mola  cuoTnUATa Kal
LITOCLOTNHATA SPACTNPLOTNTAG EUTTAEKOVTAL O pia tapeufaon yia évvoleg yua tig @. E. kau
Vv Agipopia kat 7oteg o1 LETALD TOUG OYECELG.

2. MeBodoloyia

Ev evepyeia ekmaibevtikol (34 oUVOAIKA) OULUUETEIYQV O £PEVVNTIKI] mapeufacn 1 omoia
mepaupfave pia akolovbia €81 cepvaplakoVv pabnuUAT®V OYeTikad pe Tov oxedlaoud
eKTaASevTIK®WV Spaotnplotntwy ya evvoleg ®.E. kal Asipopiag pe faon tig apyég g CHAT
(Roth, Goulart & Plakitsi, 2013). H epevvnuikn mapeupaon eixe Siapkela Tpelg unveg kai
vAomoBnke amnd tov Iavovaplo €wg kat tov Mdaptio Tov 2023. Ot ekTAISEVTIKOL HETA TNV
OUUUETOXT) TOVG OTA OELVAPIAKA pabnuata, oxediacav cuvepyatikd oevapla Sidackaiiog ta
omoia epapuooav oTig Ta&elg Tov. EpguvnTikd epyaieia amoTéAecay Td EPWTNUATOAOYIA TTOV
CLUTTIAT POOAYV 01 EKTTASEVTIKOL -eva pre test tpv v evapén g mapéuPaong kat eva post test
pe t AnEn g epevvnTikng mapeufaong — kabmg kat 1 kAE1ISa automapaTprong Jov

OLUTTAT)POOAV UETA TNV EPAPUOYT) TOVL oevapiov Sidaokaiiag Tovg oto oyxoAeio. H epguvnikn
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mapeupaon ektog amd 1o pebodoloyikd mAaiolo kal Tig apyég oxedaopoy tng CHAT
EVOOUATOOoE ato 0 Xwpo twv ®. E. wg dtauecolafntikd epyaieia 1000 €vvoleg 000 Kal
Sadikaoieg (melpapatikeg Siadikaoieg, YAPTEG KATAYPAPTC EVVOLDV, KATAOKELT] LOVTEAWV).

To Bewpnuiko-@rrocopiko vmofadpo g CHAT kpibnke wg to eviederypuevo Bewpntiko
TIAQLO10 Y1a TNV £pEVVA KAOMG 1 KOIVWVIKO-TTOAIOUIKT) auTr) Bempia, Tpoo@epel T Suvatotnta.

va avaderyBel 0 KOWV®VIKO-TTOAMTIOUIKOC TTAOVTOC KAl 1) 10TOPIKOTNTA TOV BEUATOC HECW TNG
S1epevivnong kpav 1 Srevpuvpévov kovotntwv padnong (Engestrom, 2007). Eidikotepa otnv
TAPOVOA €PYAOIA TEPTYPAPOVUE KAl avaAvovpue: 1) T Sour, TO TEPIEXOUEVO KAl TNV
akoAovBia twv €1 oepvaplakmv padnuatov mov vAomomOnkav pe tovg ekadevtikovg, 2)
TA CLOTHUATA SPACTNPIOTNTAG TTOV EUTAEKOVTAL OTNV TAPEUPACT) KL TIG HETAED TOUG OXECELG
(Engestrom, 2019, 2020) ka1 3) ta pebodoAoyikd epyadeia: a) Tpiywvo avaAvong SoUKwv

TAPAYOVIWV NG Spaotnplotntag kat B) apyn tov duthov epediopatog (double stimulation)
(Engestrom & Sannino, 2020).

3. Zulntnon

H epyaocia Betel mtpog ovdrtnon m xpnon Bewpnuikav epyaieiowy KAl ETOTHLOAOYIK®OV APYDV
¢ CHAT wg Xpnoua epyaleia yia oxeS10010, avAaAUOoT) KAl AVAOTOXACUO 0g SpaocTtnploTnTeg
ETTAYYEALATIKN G AVATTTUENG. ZTIG HEPES LAG TA OPLA LETAED EKTTAGEVTIKMV KA U] OPYAVIOURV,
oAogva S1evplivovtal KAl 0 XOPOG AVAUECTA OTO «EVIOC» KOl OTO «EKTOC» EKTTASELTIKMV 1)
AWV KOIVOVIKGOV 0pyaviopomv petafaiietar Stapkmg. H avammugn tov ekmaidSevtikmv
0pYQAVIOU®V OTNpidetal OtV KIVNTOMOiNon Twv SUVATOTNTWV TV HEA®V TOUG, OTNV
EITAYYEALATIKT] TOUG AVATITUEN KA1 OTI GUAAOYIKT ANJPT ATOPACENY LECW SlEPYaTI®V nadnong
(De Geus, 2002). H petaoynuaTioTiKn TA0T T@V CUUUETEXOVTI®V EKTAIOEVTIK®OV OTO oLOTHUA
SpaotnplonTag ek@pAdetal ue TNV CAAAYN 0T OTAOCT TOUG QMEVAVTIL O  OXEOIAO0TIKEG
Spaomplotnteg, ™V aLENON TG EVOMUATMOONG OlapuecoAlafnTikov epyaielwv  oTnv
KAONUEPIVT TOVG TIPAKTIKT| KAL TNV AVATITUEN CUVEPYATIKOV EKTAGEVTIKQOV EPYWV.

4. Juunepaocpato

IIpwTog 0TOXO0G NG epyaciag NTav 1 cLUPOAT TG OTNV AVATTTLEN S1AAOYOL OXETIKA UE TIQ
oxedlaotikeg de€10tteg Twv ekmadevtikwv. H emitevdn tov emyeipeital pe v GLVONTIKN
emokonmon g PpAoypagiag kat v meprypa@r) tne akolovdiag oepvapiak®my pabnuatwny
antd omov avadeikvdetal 0Tt N epapuoyn apxwv g CHAT oty eknmaidevtikn Sradikaocia
LTTOPEL VO ATTOTEAETEL OT|LAVTIKO EPYAAELO Y1A TNV AVATTTUEN LETACYKN LATIOTIKNG TIPAKTIKNG e

OLUPBOAT) OTNV TTPOCWITIKT] KA1 ETTAYYEALATIKT) AVATTTUEN TOV EKTAISEVTIKOV. AgVTEPOG OTOXOG
NTav va amavtnov epoTnUaTd Yid TIG OXE0EIS HETAED TV OAANAETSPOVI®OV CUOTUATKOV
Spaomplotntag. H emitevén tov emyepeital pe TNV OYXNUATOTOUUEVT KATAYPAPT) KAl
avadeifn Twv oXEoEMV KAl (WVMV EMPPOTNE HETASY TOV CLOTNUATWV SpaAcTNPIOTNTAG TNG
EPELVNTIKNG Tapepfaong.

H aA\ayn tov tpdmov mov avTUETOMJOVUE TOVUG EKTTAIOEVTIKOUG ATIO EPAPUOOTES ETOU®V
TIPOYPAUUATOV 0 OXed1a0TeG O1K®V TOVg SpAcTNPOTNTWV, Ol Ofoiol eival oe Bgon va
AvVaITOOOOVV KAl va PETEEEAIOOOLV TNV KAOMUEPIVI] TOVC TPAKTIKI] QIAITEL AAAAYEG OTNV
eKTTAISEVOT) TOVUE KAl OTIC OPYAVWUEVESG OpPACELS emayyeAUATIKNg Tovg avamtuéng (Hudson,
2005; Kali, McKenney & Sagy, 2015; Augustsson, 2020).
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H Anpovupyikn ypadn wg epyaleio didaockaAiog twv Quotkwv
Enmwotnuwv otn Asutepofadpia Eknaidevon

Kwvotavtiva ITamadomoviov, ITnveAonn ITamadomovAov
Habaywyxko Tunua Nnmaywywv, Iavemotmuio Avtikng Maxedoviag

NepiAnyn

H efowkeimon twv padntov pe tov ypamntd Adyo kal n efopdivvon twv SUOKOAI®V TTov
TPOKVIITOVV QIO TN PLOT TNG EMOTNUOVIKNG YA®OOAS, (PAIVETAL VA QITOTEAOVV avaykaieg
ouvOnkeg ya Vv amoteAeopatikotepn didackaiia twv dvoikev Emotmuov. H Anuiovpyikr)
Cpapn, epooov eumiakel otn S18aokaAla pe mayvimdn TPOmo w¢ Heso €SA0KNOoNG Kal
KATAVONOTG TOV ETOTNLOVIKOU AOYOV, Oa LITOpOoVOE VA ATTOTEAETEL VA XPTIOLO EPYAAELD Y1A
pa SidaokaAia oV 0TOXELEL TPOC TNV mapanave katevBuvorn. H Swatpin) Ppioketanr oe
aApY1KO 0TAS10 Kal Oa €0TIACEL GTOVG AOYOUC KAl TOUG TPOITTOUG LE TOVG OTTOI0VG 1] STUI0VPYIKT)
ypaen Oa pmopovoe va aglomon el ammd toug ekmaidevtikovg PUOIKGOV EMOTIUGV.

Abstract

Familiarizing students with word structures and smoothing out the difficulties arising from the
nature of scientific language seems to be necessary conditions for effective Science teaching.
Creative Writing, if engaged in teaching in a playful way as a means for practicing and
understanding scientific discourse, could be a useful tool for a teaching aimed in the direction
above. The thesis is in its early stages and will focus on “why” and “how” creative writing could
be used by science educators.

Né€eic kKAgbLa: SNUOVPYIKT Ypa@r), a@riynot), S16a0KaAia QUOTK®V ETOTU®Y,

Agvtepofabia ekmaidevon

Key words: creative writing, storytelling, science education, secondary school

1. Elcaywyn

To {ntnua tn¢ Emotnuovikn Nwooag

H yvmon g emotiung eykertal ot SuvatotnTa KATo10v va KATAVOEL KAl VA XPT|O1UOTTOLEL TN
yYAwooa g emotung (Martin, 2004). MAAoTa, ONWG TPOKVITEL A0 TIC EPEVVEG TWV
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Korperschoek, Kuyper, Van der Werf (2014) ka1 tov Yuanze Zhu (2022), o1 5e€lotnteg
TAPAYWYTS KAl KATAVONONG TOV YPanToy AOyou Sadpapatifouv o onuaviiko poAo otnv
KATAVON oM KAl emtuyid Tov Hadntov ota padnuata twv Quotkov emothumv, At OTLT) AploTh
Yvoon g padnuatikng y\wooag. tn Stadikacia tng Kataktong g YAWooag NG EMOTIUNG
mapovoladovial SUOKOAIEG KAl TTAPAVOTOELS Y TIG oroieg evBLuVETAL KATA KUPLO AOYO O
1510iTEPOG XAPAKTIPAG TOV EMOTILOVIKOU AOYOUV, 0 07t010g ouvtifetal asmo Ae€ikr) mukvotnTa,
0LO100TIKOTIOoELG, Kal apaipéoerg (Halliday, 1985).

H ouuBoAn tn¢ Anuoupyikng Mpapng

Me Bdaon ta mapamave, 1) OTOXEVOT 0TV KAADUTEPT) €E0KEIOOT) TwV HAONT®V e TOV YpaITo
AOYO @aivetal va amoteAel avaykaia ouvOnkn yia v amoteAeopatikotepn SiSaokaiia Twv
duokov Emotuav. 2Opeonva pe tov Fuchs (2015) ta keipeva mov viiokivoLy Tov avayvmoTh)
va STUIoVPYTOEL La AP YN LATIKT) AVTIANYN €lval fia OnUAavTIKn 7inyn pabnong peéoa amod v
o7oia 01 avayveoteg padaivouy mmg va XProuoTolovy T YA®ood yia v katavonon. H
Anuovpywkn T'pagr), e@oocov aflomomnbel wg pHEcO €EA0KNONG KAl KATAVONONG TOU
EMOTNUOVIKOL AOYov, O umopovoe va ammoTeAEel £va XPTIO1U0 epYaAeio yia pia Sidaokaiia
JIOV OTOXEVEL TPOg TNV mapanave katevBuvon. H Anuovpywn Tpagn eival éva diakpito
TAEOV YVWOTIKO QAVTIKEIUEVO, OAAA TAUTOXPOVA CLVIOTA KAl Hid OUYXPOVI EKTAOEVTIKT)
Brwpatikn pebodo, 1 omola ACYOAEITAl PE TNV TEXVI TNG OLYYPAPTS KAl TIG JIOAD OTEVA
ouvvdebeuéveg MPOEKTACEIS NG, YAWOOIKEG, avayvwotikeg, K.TA. (Kwtomovlog, BaxkdAn,
Zwypagpov-Toavtakn, 2013). Méow g Anuovpyikng Ipagpng kaAiepyeital 11 Snuiovpyikn
OKEWT], 1| OTOlA ETMTPENMEL OTOVG HAONTEG VA XPNOUOTOUCOVV TN PAVIACia TOUg Yld va
Snuovpynoovy 18€eg, epw T oelg, LtoBeoelg kal evallaktikeg Aoeig (Kampylis & Berki, 2014).
H @avrtacia cuvdeetat pe T SnUovpykotTa Kol €xel wg KAtevluvon v TpayUaTiKOTTA.
Svupwva pe tov Vygotsky (1987), Sev eivar Suvatr) n akpiffiig yvmon g mpayuatikotnTag
XOPIG KATO0 OTOEl0 @avtaoclag. Ao v AAn, 1 e@eLpPeon KAl 1 KOAAITEXVIKT)
SnuovpykotnTa artaitovy opBoAoyikn okEPn kal @avtaocia. e avtég g Stadikaoieg n
opBoAoykn okewn kal N @avtacia Aertovpyolv amd kowvov kat eviaia (Vygotsky, 1987). Yo
aUTO TO TPioUaA, 1) SNUIOLPYIKN YPAPT) elval SuvATOV OX1 LOVO VA AvaTTTUEEL Kal va BeATinoel
TI¢ YAwoowkeg Se&l0teg Twv pabntaov, aAAd va mupodotnoel T @aviacia Toug kal va
KaAiepynoetl v opBoAoyikr okEPN, apol Otmg avagpepet kat o Kotomovlog (2011), ) tpaén
TOV VA YPAPELG STLULIOVPYIKA EYKOATIMVEL EVAV OTOXACUO TO0O TNG SpacTnploTnTag, 000 Kol TOU
TTAPAYOLEVOL ATTOTEAECUATOC,.

Epeuvntiky Apaotnplotnta CYETIKA UE TO FEua

H a€iomoinon g apnynong yia mn pabnon oTig puoIKES EMOTIUESG EXEL YIVEL VA OTUAVTIKO
nedlo épevvag kal €xel otoryelofetnBel Bewpnrika (evoewtikd Norris, Guilbert, Smith,
Hakimelahi, & Phillips, 2005), ®0T000 TAPAUEVOUV APKETA EPWTNUATA OXETIKA UE TO TTMOC
enmnpeadetal 1 KATavonon Twv Hadntav kat ot oTotyeia NG a@nynuaTikng Soung eivat ta
7o Kplowa. Ztov eAAadIKO YWPOo £XOUV eVTOTOTEL HEAETES TTOV AEI0TTOI0VY TNV APT|YNON
10TOPLWV JTOV TIPOEPYOVTAL AITO TNV 10TOPIA TNG EMOTIUNG, OTNME AVTEG TOV ZEPOYAOL (2000),
Kawyahd (2019), xwpig ®OTOC0 va €UTAEKOVV TOV HAONT| OTNV TAPAYWDYT] A@NYNUATIKOV
KEWWEVWV. XE EPEVVEG TTOV TIPAYLATOTOMONKAV 08 XOPES TOV EEMTEPIKOV, ONWE AVTEG TWV
Shingo Uchinokura (2020), Jaakko Turkka, Outi Haatainen & Maija Aksela (2017) ka1 Ping-
Kee, T. (2003), mapot o1 pabntég katamaotnkav e In Snpovpyia med®v 1) TOUTIKWV
KEWEVWYV, OeV €EETAOTNKAV 01 TPOIOL JTOV £mdpA 1| SNUIOVPYIKT YPAPT) KAL 1) APTyNon oTnV
AVATITLEN TOV WTAPAITNTOV YA TIG PUOIKES EMOTNUES YAWOOIKWV Se€l0TTmV, Kabmng Kuplog
0TOX0C TWV €PELVOV NTAV VA SmMOTHOEl av 1 eUTAOKT e TN CLYYPAPT) AOYOTEXVIK®V
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KEWWEVOV WITOpel va enmnpedoel Oetikd Tig emdOoelg KAl TG OTACES TwV Habntov ya ta
padnuata twv feTik®v emMoTNU®V. APKETEG €ival €oNg Ol €PEVVEG IOV APOPOLV TNV
alo7oINoN «AVATPENMTIKOV KEWEVOV» Yld TN UEIWON TWV TAPAVOT|IOE®MV OTIS (PUOTKEG
emotnueg —evéewktika Trippet (2010), XxomeAitn & Booviadov (2020), KwtovAa (2023)- ot
o7oieg €6e1Eav OTL LITAPYEL ONUAVTIKT BEATI®ON TNG KATAVONONG LE TN XPTOT AVATPETTIK®V
KEWWEVWYV, ®OTO00 oLuvnBmg ta keipeva avtd elval emefnynuatikd, eve TO A@NYNUATIKO
AVATPENTIKO Keipevo Sev eivar tooo ovvnbouevo (Guzzetti, 2000).

2toyot kat MpokARoeLg

210)0g eivan va S1evpuvhei 1o medio S1I8AKTIKNG TPOTEYYIONC TV PUOTK®V ETMOTNURDV LLE TPOITIO
IOV VA eUTTAEKEL KAl €Eaokel TOV AOYo, 0 07ol0¢ Hadl pe v emotnuovikn uebodo ko ta
padnuatikd amotedov o TPiTuxo BepeAimong g emotnuovikng okeyng. Ta Svo Paoikda
epELVNTIKA epmTHATA Ba elval, TPOTOV, KATA OGO 1) SNUIoVPYIKT Ypagr) pmopel va fonOnoet
TOVG HAONTEG OTNV TTPOCANYPT] KAl KATAVONOT] TOV ETOTNLOVIKOU AOYOU KAl SEVTEPOV, LE TTO10V
TPOTIO0 EMOPA 1) S1I8aoKAAA TTOV EUITAEKEL TN SNLIIOVPYIKT] YPAPT] OTIS EMEOCELS TV HAONTGV.
Q01000 Ha Ao TIg PAOIKES TTPOKATOELS TTOL Oa TTpoKVYoLV eival 1 Snuiovpyid Tov KATAANAoV
EPEVVNTIKOD EPYAAEIOV MOTE VA EVIOMOTEL T CUOYETION TwV mapeufacewv ya Tnv
evluvauwon Twv YAwoolkov OSeflotntwv pe Ta padnolakd amoteAéopata sov  Oa
mapatnpndovv.

2. MeBoboloyia

I1pog VAOTTOINON TV TAPATAV® OTOX®WV 1) €pevva Ba mpaypatosmondel otig oyoAkeg aibovoeg
™G KouuaTt g kUplag SidaokaAiag kal Oa Pacidetal ota mapakatom Pripata:

° Anuiovpyia IPWTOTLAIEWY KEUEVOV- 10TOPIOV APNYNUATIKOD YAPAKTIPd, Ta omoia Oa
Baoidovtal otV mEPLYPAPT) PLUOTKOV PAVOUEV@Y. MEoa amtd autd ot pabnteg Ba avadntovv
TA PAIVOUEVA TIOU TIEPLYPAPOVIAL KAl TIG AEgelg kAeilSid mov Xpnoltomolovvtal yia Tnyv
EPLYPAPT] TV Paivopeveyv. Ta keipeva autd Umopovv va ouvduaoTolv HE WHNPLAKES
QAPNYNOELS, WOTE VA YIVOUV 10 EAKVOTIKA 0TO HaBntiko tAnBuopo 1)/kat va aglomomnBovv wg
AVATPENTIKA KEIUEVA.

° Anuovpyia §paoTnPOTNTOV/TPOTACE®V Y1a TOVG padnteg, ot omoiot Oa kAnbovv va
ypawovv T S1kr| Toug 10Topia PAcIOUEV O Eva (PAIVOUEVO [1e AEl0ToIN0T AEEEMV KAEIO1DV,
£X0OVTAC w¢ TIPOTLIIO TA TPWTOTLITA Keipeva mov Ba mapayBovv ato mpawto friua.

° Zyebiaoude  TOU  gpeLVNTIKOD gpyaAeiov tng kupiwg £pevvac. H efétaon twv
aroteAeopATeV Oa yivel pe epoTnUATOAOYIA (KAEI0TOV/ avolyTOV TUITOV) KAl CUVEVTEVEELSG O
padnteg mov dextnkav tng mapepfaoceig. Eidikotepa Oa xpelaotel va vmtapéet pia Stayvwotikrn
HEAETN YA TIG YVWOELS TOV HAONT®OV KAl TAVe 0 auTh va faciotolV Ta ATOTEAECUATA TNG
véag Epevvag.

° E@appoyn mpo-£peuvag kat MAOTIKN G £peuvag wOTe va LITAPEEL Setypa vitoabpov yia
TNV KOAUTEPT] HEAET TV QTTOTEAEOUAT®V TNG KUPLAG EPeuvag AAA KAl Y TNV a&lomoinon
XPNOU®V TTapatnpnoemy mov Ba §pacovy BEATIOTIKA 0TA EPELVITIKA EPYAAEIa KA UECA.

3. AnoteAéopata
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H Swatpipn) PBploketar axopa oe apyiko otadio kal Sev €xel ylvel akopa eQAPUOYT TwV
mapefAce®V KAl KATAYPAPT) ATOTEAECUATOV.

4. Tupnepaocpata

H Satp1pn Ppioketar akopa oe apyiko otadlo kal Sev €Xouv TPOKVYPEL CUUTEPACUATA.
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O pakTkEG Twv Duolkwv Emtotnpwyv Kat tng MnXavikig oto
ZxoALko Eyxeipidio BlroAdoyiag tng A’ Aukeiov yia tnv Avanapaywyn
otov AvBpwrmo

YePaotn Toayydapn, MiydAng kovpiog
Haibaywyko Tunua Anuotikng Exmaibevong, Iavemiotnuio Atyaiov

NepiAnyn

Ot mpaktikeg twv Puokawv Emmotuov kat mg Mnyavikng Stadpapatiovv onuavtikd poio ot pabnon
twv Puokev Emotuav. ‘Oumg, n épeuva mov peAetd tig mpaktikeg twv dvokwnv Emotnuav kat g
Mnyavikng ota oxoAika eyyepidia ®vokov Emomuov eivar mepropiopévr. H mapovoa epyacia
e€etddel 1o av kai oe oo eninedo ovptepthapavovtatl ot pakTikeg Twv Puoikwv Emotnuav kot g
M xaViKTg OTO TEPIEXOUEVO TOV OXOAIKOV eyxelp1diov BloAoyiag g A’ Avkeiov yia TV avamapaywyn
otov avOpwmo. Evtomiomkav 56 ava@opeg kat Spactnplotnteg o1 omoieg avaivdnkav pe Baon éva
mAaiolo mov afloloyei 1o eninmedo 010 070io CLUTITEPIAAUPAVOVTAL O1 OKT® TIPAKTIKEG TV DLOIKMV
Emotmuov kal g Mnyaviknig oe auteg. Ao v avaivon Stamotodnke 1o xaunAo emninedo oTo omoio
ouITEP AU BAVOVTAL O1 TTPAKTIKESG OTIG AVAPOPES KAL TIG SpA0TNPLOTNTES TTOV avaAvOnKav.

Abstract

Science and engineering practices play an important role in science learning. However, research
studying these practices in school science textbooks is limited. This paper examines whether and at what
level the science and engineering practices are included in the content of the first-grade high school
biology textbook on human reproduction. Fifty-six reports and activities were identified and analysed
using a framework that assesses the level at which the eight science and engineering practices are
included in them. The analysis identified the low level at which the practices are included in the reports
and activities analysed.

Né€eic kAsbia: mpaktkés v Puokev Emompwv kar me Mnxavikng, oxolikd eyxewpidia,

avamapaywyn avépasov
Key words: science and engineering practices, school textbooks, human reproduction

1. Elcaywyn

Ta oyohika eyyxepidia twv Pvowkov Emotnuov Stadpaupatiovv onuaviikd poAo otnv
exmadevtikn Sadikaoia, apov amotedov facikd epyaleio yia tnv opydvwon kat Sie€aywyr)
g Sidaokaiiag anmd Ttovg exmadevtikovg (Fricke & Reinisch, 2021) kal v kUpa mnyn
pabnong ya touvg padntég (Mulis et al., 2012). I'a toug Adyovg avtoig N €pevva ov eoTiAleL
OTNV aAvaAVoTn TV OXoAkaV eyxelpldiov Puokaov Emomuav eival 8aitepa extetapévn
(Papakonstantinou & Skoumios, 2021).

O1 un wavomomntikeg embooeig Twv padntov otig Pvoikeg Emotiueg, £Xouv mpooavatoAoet
Tig &épevveg oto medio g Adaktikng twv duvokev Emomuov, oty avad)mon VEwmv
S18axkTIKOV TTPooEYYloeE®V OV WItopovv va cvuPdiovv ot PeAtioon Tov pabnolakmv
amoteAeoputowv Twv padntov (Miller et al., 2021). IIpog v xatevBuvon avtr, 1o EBviko
Svppoviio 'Epevvag twv HITA, npotewve éva Néo IThaiowo yia v Exmaidevon otig duoikeg
Emotueg, oVupmva Ye T0 0010 KATAAVTIKO poAo ot puadnon twv Pvowkov Emotnuov
Sadpapatidovv ot mpaktikeg twv Puvowkev Emomuonv kot g Mnyavikng (NRC, 2012).
Edwikotepa, vmoompiletal OTL 11 KATAVONON TV 8E®V KAl TV €VWolRv Twv Puotkmv
Emotuav amo pabnteg edpadetal 0Tny eUtAOKN TOUG e TTPAKTIKEG TwV Puokwmv Emotnumv
Kat g Mnyavikng.
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O1 mpaxktikeg Twv duokwv Emommuonv kat ™mg Mnyavikng avagépovtal otig Paocikeg
TPAKTIKEG TIOV YPNOIUOIOI0VV 01 emothuoveg Twv duvokov Emomunv otig épeuveg toug
TIPOKEEVOL VA 01KOSOUT|o0VV HovTIEAd Kal Oewpieg yla TOV KOOUO 1) Ol UNYAVIKOL yld va
oxed1aoovv kal va kataokevaocovv cvotnuata (NGSS Lead States, 2013). 'Exouvv mpotaBei ol
mapakate mpaktikeg (NRC, 2012): a) vmofoAn epwtoenv (ya tig Pvowkeg Emotnueg) kat
kaBoplopog mpofAnuatmv (yia m Mnyavikn), f) avamtudn kat xpron HovteAwy, y) oxediaon
Kal mpaypartosmoinon Oepevvnoewy, 8) avaivon kol epunveia Sedoucvwv, €) xpnon
paOnUATIKNG KAl LITOAOYIOTIKNG OKEWNG, OT) ovykpotnon e&nynoewv (yua tig duoikeg
Emotueg) kat oxediaon Aoewv (yia ) Mnyavikr)), ) evaoyOAnon He emyEPTUATA TTOU
Baoioviar oe amodelkTikA oToxeia, 1) amoktnomn, afloAdynon Kal ETKOWVOVIA TwV
AN POPOPLDV.

MoAovoTt N gWmAokn Twv padntov pe mg mpaktikeg Twv Puvokov Emotuov kat tng
Mnyavikng Bewpeitatl 181aitepa onuavTikn yua v ekmaidevor) toug otig Puvokeg Emotnueg,
elval TEPLOPIOUEVT T} EPELVA TTOV EOTIAEL GTNV AVAAVGT) TWV OXOAK®V EYXEIPISiwV ava@opika
UE TNV CLUITEPIANYT TV TPAKTIK®OV TV Puotkeov Emomuov kat tng Mnyavikng oe avta
(Papakonstantinou & Skoumios, 2021). Avadvetal AowTov 1 AvayKaoTnTa TPAYUATOTOINOTC
TETOLWV EPEVVOV.

v mapovoa epyacia emAEXOnNke yla availvon To Ke@AAQ0 TNG AVATAPAY®YNG TOU
avBpomov (amd 1o oYoAkoO eyxepidio g Bloloyiag A" Avkeiov) kaBwg €pevveg Twv
Tedevtaimv dekaeniwv €xovv katadei&el Tig SuokoAieg mov avtiueTmmidovy ol padnteg oe
Depata avamapaywyng kuttapwy kot opyavicuwv (Aldahmash et al., 2012). EmmpooOeta, 1
Katavonon Bepdtmv mov a@opoliv OTNV aAvaIapaymyr Tov avlpmmov amotelel avaykaio
epOd10 yia pa vy oe€ovaAikn wn kata v evniikioon (Sydsjo et al., 2006).

YKOTOG TNE TAPOVOAS EPYACIAC EIVAL 1) LEAETN TV TPAKTIKOV TwVv Puokmv Emotnuov kat
¢ Mnxavikng oto oXoAko eyxeipidlo g Blodoyiag A' Avkeiov yia TV avasmapaywyr] 0Tov
avOpwro. ITo CLYKEKPIUEVA, TO EPEVVITIKO EPMTNUA OV KAAEITAL VA QIIAVTIOEL 1) €pyacia
elvat: oo eivanl to eminedo O0To 070i0 CUUTEPAAUPAVOVTAL O1 TIPAKTIKEG TwV DPuoK®V
Emotmuaov xat g Mnyavikng 0Tto epleXOUEVO Yid TV AVATApaywyn oTov avpmmo Tov
oxoAkov eyyelpidiov Bliohoyiag g A’ ta&ng tov Avkeiov;

2. MeBodoloyia

INa 1 Gepedvnon tov egpevvnTikoL gpwThpatog mov tebnke, aflomomOnke n avaivon
nepieyopévou (Krippendor, 2013). 10 7p®OdTO OTASI0 NG €£PELVAC AVAYVOPIOTNKAV Ol
ava@opeg Kal ot SpacTnploTNTeg, IOV QITOTEAOVV TIG HOVASEG AVAALONG, Ol OJoieg
neprAapavovtal 0to oxoAko eyxeipidio g Biodoylag A’ Avkeiov yia v avastapaywyr) otov
avBpwmo. e Sevtepo o0t1Ad10, MPAyUATOTOMONKE 1| AVAALOT] TOV AVAPOP®V KAl T®V
SpaoPOTNTOV KAl 0T OLvExeld €ylve emefepyaocia Twv Sedopevov kal e€aywyn Twv
OUUTTEPACUATOV.

To Setypa g €pevvag ameteAecav ol Hovadeg avaAvuong TOU KEPAAQIOV TG AVATTAPAY®YTS
otov AvOpwIto, ToV OXOAIKOU gyxelpidiov Blodoylag g A" Avkeiov. KaBe avagopda (tunua
KEUEVOL e OAOKAT pwLEVO VOTua) Kal kaBe Spaotnpromta (mpoPAnua, epatnon) Bewpr|Onke
g povada avarvong. KatapetprnOnkav ouvolika 56 povadeg avaivong.

Q¢ m\aiolo avaivong xpnotposomnke pia kKAipaka Stafabuiopéveov kprmnpiov teooapny
emnedwv (mAaioro SEPAR), mov afloloyel to eminmedo oupmepidnyng kabe TPAKTIKNG OTO
TEPIEYOUEVO TV OXOAK®V eyxelpdinv (Papakonstantinou & Skoumios, 2021). 'Otav pa
avagopa 1 dpaotnpomta Sev mapexel evkalpleg oTovg HAONTEG va eUTAAKOUV Ue pa
TPAKTIKT TOTE eVTAOOETAL 0TO eminebo 0. Ta vmoAouta enineda (1, 2 kat 3) StapopomolovvTal
avaloya pe Ti¢ MPwToPovAieg mov Sivovtalt otovg padnteg yia v Xpron autowv Tov
TPAKTIK®V.
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O1 povadeg avaivong mov evtormotnkav avaAvOnkav wg mpog To eminedo 010 07oio
ovpmepapfavetal kabe pa amo Tig mMPakTikeg, pe Paon to mAaiolo SEPAR. H avaivon
npaypatosto)Onke amd dvo epevvnTeg o1 omoiol epyacHnkav avefaptnta kal o1 Stapwvieg
TOVG EMAVONKAV HEC® OLENTNONG. XTI OUVEXEW, TTPOCOI0PIOTNKAV Ol CUYVOTNTEG KAl TA
TO000TA TV EMUTES®V TOV JPAKTIKOV JIOU TEPIAAUPAVOVIAL 0TI AVAPOPES KAl TIG
OpaoTNPOTNTES TTOL AVOAVONKAY.

3. AnoteAéoparta

Ytov ITivaka 1 apovo1adovTal 01 GUXVOTITEG KAl T JTTOC0O0TA TV EMITESOV TOV TPAKTIKMDV
TV Pvokev Emomuav kat tng Mnyavikrg, ot 0m1oieg GuUTepIAAUBAVOVTAL 0TO EKTASEVTIKO
VAIKO 10V avaAvOnke.

IMivakag 1: ZuYvOTNTEG KAl TOCO0TA TV ENUIES®WV TOV TPAKTIKOV TV Puoikwv Emotnuav kat g
M XaVIKTC OTO TIEPIEXOUEVO TOV OXOAIKOV eyxelp1diov BloAoyiag g A’ Avkeiov yia TV avamapaymyn
otov avOpwo.

IMpaktxég twv P.E. kar mg Mnyavikrlg | ExineSoo | Eminedo1 | Eminedo 2 | Emimedo 3
f % f % f % f %

'YtopoAn epwtnoewy kat kabBoplopog 56 100 0] 0] 0 0 0] 0
TPOPANUATOV
IAVATTTUEN KO XPTOT) LOVTEA®V 54 96.4 1 1.8 1 1.8 0 0
>xeblaomn kat mpaypatomnoinon Siepevvioewy 56 100 0 0 0] 0] 0] 0
IAvalvon kat epunveia Sedopevav 56 100 0 0 0] 0] 0] 0
Xprion LabnuaTikng Kat VITOAOYIOTIKNG OKEYNS | 55 098.2 0 0 0] 0] 1 1.8
>uykpotnon e€nynoewv ka1 oyxediaon Avoewv 53 94.6 3 5.4 0] 0] 0 0
EvaoyoAnon pe emyeipnuata sov facidovrat 56 100 0 0 0] 0] 0] o]
o€ ATOOEIKTIKA oToLYEl
IATtOK TN oM, AEl0AOYNON KAl EMKOVOVIA TOV 55 98.2 1 1.8 0] 0] 0] 0
TN POPOPLOV

4. Jupnepaopata

A7o TNV Tapovod epyaocia TPOEKVYE OTL OTIC MEPLOCOTEPES LOVASEG AVAALOTIG TOV OXOAIKOV
eyxelpidiov Blodoyiag A’ Avkeiov yia v avamapaywyn otov avlpwso, dev mapexovral
gukaipieg 0TOVG HAONTEG va eumAaKoUV pe TIPAKTIKEG Twv Puoikwv Emotnuov kat g
Mnyavikng. e pikpo aplBud povadwv avaivong mapExovial evkaipieg otovg padbnteg va
EUTAQKOVV LE TTPAKTIKEG, O1 07toleg OUMWG KaBodnyolvtal kKupiwg amd To EKTASEVTIKO VAIKO
Xwpig va Sivovtal mpwtofoviieg otovg padnteg. 'Ouwg, Exel emonuavlet 0TL n amovoia Twv
TPOAKTIKOV QIO TO UEYOADTEPO UEPOG TOU IEPIEXOUEVOV TOV EKITAOEVTIKOD LAKOU dev
S1evkoAlvel Tovg paOnTég otV KATavonon twv 18emv Kal TV evvolov Tov Puoikov
Emotmuav kat otnv e€oikeiworn toug pe avtég tig mpaktikeg (Tankersley et al., 2024).

H epyaoia aut) eotidotnke ot S1epevvnon TV TPAKTIKGOV 7T0L ovumeptiaufavovtal oe éva
KEPAAAL0 TOL OXOAIKOU gyyelpidiov Blodoylag g A’ Avkeiov. ITpokeipévou va oynuatniotel pa
TIAT PEOTEPT] EIKOVA TV TIPAKTIKGWV LLE TIG 07T01eg elval SuvaTtdv va epmAékovTal o1 pabnteg etvan
avaykaio va avaAvfBovv 0Aa Ta ke@aiaia Twv oXoAkeV eyxelpildiov dvokawv Emotnuov g
npwtofaduiag kat g Sevtepofaduiag exmaidevong. Emiong, Oa eixe epevvntiko eviiagpepov
1 AvAALOT) OXOAIKWV eyXelp1diwv t0oo g EAGSag 000 kal AMwV XmPaV Kal 1] CUYKPIoT] TOV
QTOTEAECUATOV.
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Aepeuvntikn AtdaokaAia kot Madnon twv Ogppikwv Qowvopévwv
HE Epudaon kot otn DUon Twv AlepeuvnTKWVY MPAKTIKWVY: pio
BBAloypadikn avaokonnon

Mapia EAévn Baikavov, Avaotdoiog Zovmiong
IHaibaywyko Tunua Anuotikng Exmaidevong, Anuokpiteto Iavemomuio Opakng

NepiAnyn

H mapovoa epyacia amoteAel HEPog piag Epevvag, OKomoOg g omoiag eivar ) afloAoynon piag
ABaktikng-MaOnowkng AkolovBiag mov agopd oe Oeppika @awvopeva ya padnteg
Anpotikov. v akoAovbia Ha evowpat®voval S1epeuVNTIKES TPAKTIKES LE ATIMTEPO GTOXO
MV avadell Twv ovoXeTIoEMV PETASD TNG VI0OETNONG TV SlEpeVVNTIKOV TIPAKTIK®V, TNG
€KUAONONG CUYKEKPILEVOL TIEPIEXOUEVOL KAl TNG BEATIOONC TNG KATAVONONG TOV Hadntov yia
noxeg g dvong g Emomung e autn v epyacia  mapovoiadovial Tpocmpiva
QITOTEAECUATA QITO TNV AvaoKOTMomn Tng BiAoypagiag kat OnuavTiKA EPWTILATA AVAPOPIKA
e TO TTEPIEYXOUEVO KA TIG SlePEVVITIKEG TTPAKTIKEG 1oL O aglomonBovv. O amavtioeig ota
epotnuata avtd Ba kabopicovv ) Sradikacia tov oyxediaouov g akolovbiag.

Abstract

The present paper is part of a study, the purpose of which is the evaluation of a Teaching-
Learning Sequence concerning thermal phenomena for primary students. Inquiry practices
will be integrated into the sequence with ultimate aim to highlight the correlations between the
adoption of inquiry practices, the teaching of specific content and the improvement of students’
understanding regarding aspects of Nature of Science. In this paper, we present temporary
results from literature review and important questions regarding the content and the inquiry
practices that will be used. The answers to these questions will determine the design phase of
the sequence.

Né€eic kAsbia: Sdaxtkn-padnolakn akorovBia, SiepevvnTikég mpaktikég, Oepuika
pavopeva, (pUoT NG EMOTIUNG

Key words: teaching-learning sequence, inquiry practices, thermal phenomena, nature of

science
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1. Elcaywyn

H Si8aokaAia tov Oeppikov patvougvov etval kopfikng onuaciag otn AtSaktikn 1owv Puokmv
Emotmuav, didtt gpmiékovtal oe mola media twv ®E (NGSS Lead States, 2013). X
BipAoypagia  eviomidetal ONUAVTIKOG aplBuog HEAET®V OTIG OToleg TPOTEIVOVTIAL KAl
peAeT@vTAl TPOTol Si8ackaAiag yia autd Ta @AIVOUEVA, ®WOTOCO O OXeSAoUOg piag
018aokaiiag mov Ba mpowbel TNV €Vvol0AOYIKI] KATAVONOT] TOUG JTAPAUEVEL {TOVUEVO
(Haglund et al., 2015).

ApkeTol epevvnTeg avag@epovy ot 1) Sidaokaiia twv OE mpémel va €xel OMOTIKO XAPAKTHPA
KAl va EMOIWKEL TNV EMTEVEN OTOX®V TTOV APOPOLV 0 SNAWTIKT KAl S1a81KACTIKT YV®OT) Kal
TAPOAANAQ VA EVOMUATOVEL KAl £MOTNHOAOY1KOUG otoyovg (Capps & Crowford, 2013). H
viobetnon g Siepevvnikng pebodov ot Sidackaiia ko pabnon Sivel ) SuvatdTTa OTOVG
HaONnTEG va MPOOCEYYIOOUV TOOO TIG EMOTNUOVIKEG EVVOIEG, 000 KAl TIG ETMOTNUOVIKEG
S1adikaoieg (NRC, 2000) kat ovvenmg ouuPAAAEL KAl 0TV KAAVTEPT] KATAVOTNOT) TTTUXQOV TNE
®dvong g Emotung (Lederman et al., 2014).

2. Me0Bodoloyia

H mapovoa epyacia amotelel pépog piag evpitepng £pevvag OKOMOg TNG omoiag eival n
afloAoynon piag AMA oyetikng pe tn Sidackadia Towv Oeppikov @aiwvopevev oe padnteg
Anuotiko) oyoAeiov. v akolovBia OBa evowpat@vovial S1EPEVVITIKEG TIPAKTIKEG e
AWIOTEPO OTOXO TNV avadelln Twv ovoYeTioewv HeTafy Tng viobetnong diepeuvTiK®V
TIPAKTIK®OV, TNG EKUAONONG CUYKEKPIUEVOL TIEPIEXOUEVOL KAL TNG PEATIWONG TN KATAVONONG
TV padntov yua ntoyeg g OtE.

[Tpog avtn v katevBuvon 1 epyacia Bpioketal ot @aot g PiAoYypaPIkng avaockommong.
Ao m Swdwkaoia avt Ba kaboplotel to akpifég mepieyopevo mov Ba Sidaybei, ot
OepevvnTikeg mpaktikeg mov Ba a&omomBolv pe oTOXO TNV KATAVONOTN QUTOD TOU
nepiexopEvou kat ot mruyeg g OTE mov Ba emdiwybel va BeAtiwbBolv, kabwg kat pe molo
TPOTO.

IMa kaBévav amd avtovg tovg Afoveg TPAYUATOTMOIEITAl CLOTNUATIKI] AvadiTnon ot
Bipaoypagia. Evieiktikd, yia tov aova Tov TEPIEXOUEVOL TTPAYUATOTOMONKE avaditnon ot
Baon Oedopeévwv Scopus pe Agfelg kAewlia: “thermal phenomena”, “science education”,
“teaching intervention”. H emmAoyr) twv apbpwv payuatomomOnke pe ta e€ng kprmpia: a) va
nepraapfavouy tov oxedraopo Sidaktikng mapeppaong, B) va eivar ypappeva ota ayyAka, y)
va elval Snuootevpéva o EyKPITA EMOTNUOVIKA meplodikd, kau 8) 1 xpovikn mepiodog
Onuooievong Tovg va eival amd To 2000 £€m¢ ONUEPA. TUYKEKPIUEVA, A0 TNV avad)tnon
pogkLYay 73 Apbpa, Ta osmoia meplopiotnkay oe 56 ePapuUOlOVTAG TO KPLTIPLO TOV XPOVIKOU
neploplopov. Katomy, petd amd ovvioun avayvwor touvg emAexdnkav 23 apbpa ta omoia
eivar Snuootevpeva oe Eykprta eplodika kat epriapfavouvy tov oxedraouo piag tapeupfaong
yia Oepuika pavopeva.

Epeuvntikd epwtiuata

Ta epevvnTikd epwTNUATA 7oV emdimketal va aravtnOovv peéoa amod Ty mapoviod epyacia
elvan Ta akoAovBa:

° [Toleg evallaktikég 18¢eg pabntaov eival kpioeg ya v katavonon twv Oepuikaov
(PALVOUEVOV;
° ITowa eival Ta YApAKTNPIOTIKA TV Si8akTikwv mapepfaceny mov evromdovial ot

BiBAoypapia yia  Sidackaiia Twv Oepuikav @atvopévmv;
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° [Toleg S1EPeLVITIKEG TTPAKTIKEG OYETICOVTAL UE PEATIWOT TOV ATOWPeEWV TV HAONTOV
yia ) O1E ka1 mwg emtuyyavetal avtn i feAtioon;

3. AnoteAéopata

Y& aQUTN TNV eVOTNTA TAPOLOIAOVTAL TA EVPTIUATA TIOV EXOLV TIPOKVYPEL ATTO T UEXPL THPA
avaokosmnon g BipAoypapiag. Ta evpruata autd AvAUEVETAL VA EXOVV EUITAOVTIOTEL KATA
TNV TPAYLATOTOINOT TOL GLVESPIOL.

Ava@opika pe evOAAAKTIKEG 18€e¢ naOnTOV SnuoTiKoL oyoAeiov yla OepUikeg €vvoleg Kat
pawvopeva, exel Bpebet 0Tt pabntég avtg g fabuidag teivouy va amodidovv vAkT vVIOoTAOT)
otV €vvola g Bepuotntag kat va Bempovv 0Tt eivan pia ovoia pe 1610t teg pevotov (Erickson
& Tiberghien, 1985). H ev A0yw 18€a @aivetal va eival kopPikng onuaoiag yia Iy eVVoloAoY1KN)
KATAavonon apketwv Bepuik®mv gaivouevov, kabmg eumodidel tovg pabnteg va aviiAng@bovv
AUTA T PALVOEVA e Opoug petapopag evepyelag (Kesidou & Duit, 1993). EmutAgov, pabnteg
Snuotikov tavtifouvv Tig &vvoleg g Bepuokpaoiag kat g Bepuodotntag kar Bewpodv 0Tt 1
Bepprokpaoia eivar to pEtpo tng Beppotntag evog avrikeluevov (Jasien & Oberem, 2002).
ApkeTol gpevvnTeg ya T Sidackaiia @aivopevav petapopag Oepuotntag aglomolovy eva
LAKPOOKOIKO «KAAOPIKO» HovTIEAo porg Oepuotntag. To ev AOyw HOVTEAO AV KAl (paiveTal
XPNOO ®OTE o1 padntég va aviiAn@Bovv avtd Ta @aivopeva, Al kal va dtakpivouv Tig
evvoleg e Bepuokpaciag kar g BeppotnTag, evioyvel TNV LVAIKN avTIAnyr Toug yld T
Bepuora (de Berg, 2008). Qoto00, 01 Wiser & Amin (2001) vtootnpidovv ot 1) S1akpion Twv
evvolwv g Bepuokpaoiag kat g Bepuotntag amartel oe TPMTO €MMESO PiA OVTOAOYIKT)
avadlopyavmon Tov aviAnpenv tov padntov sov Ba agopd otov Stayxwpiopd Tng
BepuotnTag wg evépyelag asto T BepuoTnNTa wg «{E0TNG» OV TEPIEXEL EVA AVTIKEILEVO.
[MapaAAnAa, o1 padnteg tetvouvv va Bewpoliv Toug TPELG Unxaviopovg Stadoong tng Bepuotntag
WG €Vvoleg MAPEUPEPEIC. TUYKEKPIUEVA, SUVOKOAELOVTAL VA KATAvonoouy Tn diapopd Tng
AYWYNG OTA LETAOAAA QIO TA PEVUATA LETAPOPAG OTA PEVOTA KA GLYVA BewpovV T N Sradoon
g OepuoTNTAg TOOO OTA OTEPEA, 00O KAl OTA PEVOTA OPEIAeTAl OTNYV Kivnon Twv atouwy. H
TAOT QLTI TV HadNTeV @aiveTal va eival avapevopevn, kKabmg ayvoouv Toug Unyaviopovg
S61a800m¢ TNg BepuoTNTAC KA TTAPAAMNAA 01 EPEVVES PAIVETAL VA LEAETOVV TOUG UNYAVIOUOVS
AUTOVG WG OTOLYEL EVOG EVPVTEPOL TUVOAOL KAl OX1 w¢ Srakprta gawvopeva (Coruhlu, 2017).

O1 S1epevvnTiKeg TPAKTIKEG TNG povTeAooinong kat g Ztpatnyikng EAeyyov Metafintomv
£xel Bpebel o oyetidovral BeTikd TOCO e TNV eKUAONON TOL TTEPIEXOUEVOD, 000 KAl UE TNV
KAAALEPYELA EMOTNHOVIK®V SEEOTNTOV 0TOUG HaONTEG kAl TG PEATIWONG TV ATOWPEDV TOUG
yia ttoyeg g @tE (Bichtold et al., 2023).

'Exel Bpebel 0Tt 0o ovvdvaouog pntig Sidaokaiiag mrtuywv g PTE pe avaotoxaotikeg
SpaomploTnTeg CUUPAAEL OTNV KAADTEPT] KATAVONOT) TOV €KAOTOTE TEPIEXOUEVOL KAL TV
ntoyov avtev (Witucki et al., 2023). Ot Akerson et al. (2019) ouvowilovtag ) BifAloypapia
AVAPOPIKA UE WEPEAUEG AVAOTOYAOTIKEG JIPAKTIKEG AVAPEPOLV (G IO ONUAVTIKEG TIG
akoAovbeg: a) opadikr) epyaocia, ) AVAOTOXAOTIKEG E£PWTNOEIE TOU EKITASELTIKOD Kal
ouvvakoAovOn ocvd)mon oe eminmedo olouéAelag Tafng, y) UHOVIEAOTOINOT NG OKEWPNGS ya
evvoleg g ®1E, §) hands-on Spaotnpiotnteg kat €) petafaon amd kabodnyoLuevn mpog
avoiytr Siepevvnon.

4. Iuunepaocporta

A0 TN PEYPL TOPA AVAOKOMN o™ NS PiAloypagiag eyeipovTal KATo1a ONUAVTIKA EPWTILATA
mov Ba kabopioovv ™ Sadikacia tov oxedaopov. H evalaktikn 18éa twv padntov ot n
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BepuonTa €xel LAKN vITOOTAON, AAAA KAl 1) 10€a Tovg OTL 1) Bepuokpacia Tavtifetal pe
BeppomnTa @aivetal va eival kKoUPlkEG yla TNV €VVOIOAOYIKI KATAVONON Towv Oepuikwv
pawvopevey. QOoT000, TPOKLMTEL TO EPWTNUA UE mola oelpd Ba mpemel avtég va
AVTILETOITOTOVV KATA TOV 0XeS1a0u0 piag amoteAeouatikng Si8aokaiiag, aAAd kot ola
DepUikd PaIvOUEVA PATVOVTAL KATOAANAQ Y1 TNV AVTIHETMITIOTN AUTOV TOV 10emV.

EmutAéov, agov kaboplotel to mepiexopevo mpog S18aokaAa TPOKUMATEL TO E€PWOTNUA
AVAPOPIKA LIE TO TTOlEG SiepeuvnTikeg mpakTikeg Ba a&lomomnBovv kot mmwg Ba TpooapooToLY
OTO OUYKEKPILUEVO TEPIEXOUEVO KAl TTAPAMNAQ mtoteg ttuyeg g PTE Ba mpooeyylotovv kat pe
TOIEG AVAOTOXAOTIKEG Opaotnplotnteg Ba SiepevvnBel n PeAtioon TwV AVTIANYPe®wV TV
HadNT®OV yia auteg.
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Aélonoinon twv Makerspaces otnv Eknaidsuon: BiAloypadiki

Avaokomnnon

Kvuplaxn Bakkov, Tacog XoPapdag, Zayapiag Zayapia
Haibaywywo Tunua Anuotixkng Exmaibevong, Iavemiotnuio Kvmpov

NepiAnyin

Ta tedevtaia xpovia, VIIAPYEL EVIOVO evOlaPEPOV yia v ekmaidevon mov Aapupavel 100 oe XMOPoug
Snuovpyliag kat kataokevrg (makerspaces) kat aflomotel v spoogyyion STEAM katd v Sidpkeia
™mg uabnong. Zmv mapovoa &pevva, péoa amod v aflomoinon g Paong Sedouevwv SCOPUS,
evromioTnkav Kal avaAvdnkav 31 apbpa ta omoia agopovoav epeuveg pe eumelpikd Sedoueva mov
pogkuYav Ao mapeufaoelg pe pabntég vimmaywyeiov uExpt Avkeiov, ot omoiot pbav oe emapn pe
Spaotnprotteg Snuiovpyiag kot kataokevng (making). Méoa asmd v mapovoa Epevva avadeikvietat
I QIOTEAEOUATIKOTNTA TNG a&lomoinong twv Xmpwv Snuiovpylag Kal KATaokevng otny ekmaidevon,
kaBng evBapplvetar 1 SnuovpykdTa, N Yvmon o€ otkida padbnuata kot n avatugn deflottwv twv
padntov.

Abstract

In recent years, there has been a growing interest in education taking place in makerspaces, utilizing the
STEAM approach during learning. In this research, through the use of SCOPUS database, 31 articles
were identified and analyzed, focusing on empirical research involving interventions with students from
kindergarten to high school who engaged in making activities. This research highlights the effectiveness
of utilizing makerspaces in education, as it encourages creativity, knowledge across various subjects, and
skill development among students.

Né€eic kAeLSLdi: exmaidevon dnpiovpyiag kat kaTaokevng, XOpog SnUIovpyiag Kat KATAOKEVN,
STEM, STEAM

Key words: maker education, makerspace, STEM, STEAM

1. Elcaywyn

KabBe ypovo, o1 amartnoelg otn Sidackaiia kat ) pabnon amartovv avasmpooapuoyn He tmy
EVTA&N VEWV TEXVOAOYIK®V TIPOOEYYIOEWY OTA OYXOAKA TIPOYpApaTa. Me TI VEES TTPOCEYYIOELQ
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ota Tapadoolakd oYoAKA Tpoypaupata evhappvvetal 1 mpooeyylon STEM ko n kaAMigpyela
6eClotwv tov 21° awwva. ‘Ocov agopd v mpooeyywon STEAM, oOu@wva pe Tovg
Juskeviciené et al. (2020), n exmaiSevTik AUVTI TPOOEYYIOT TEPIAAUPAVEL TNV EVODUATWOT)
TNg TEXVNG Kal Tov oxediaopov ota edia STEM, pe epugaocn otnv mtpombnon g ovvepyaoiag
peTAlD eXTAISEVTIKOV QIO S1APOPETIKES E181KOTNTEG, OTNV EVTALT NG SNUIOVPYIKOTNTAG KA
oe Spaotnplotnteg mov Pacidovral otn padnon peow g emilvong mpoPAnuaATog amd TV
kaOnuepwvn Cwn. EmumpooOeta, avagepopevol otov O0po making, ovpmepiaapfavetar n
Onuovpyia, N KATACKELT), 1] TTPOCAPLOYT) T ETAVAYPT|CILOTIOINOT] (PUOTK®V AVTIKEIUEV®YV, LUE
OKOJIO TNV TAPAY®YT] €VOG AVTIKEIWUEVOL JIOU UITOPEl va ¥pnolposmomfel, va maytel 1 va
TAPOVOLAOTEL, €1TE Y1 KAITO0 TTPAKTIKO OKOTO €1Te yia Ypuxaywywko (Martin, 2015). Avt )
Sadikaocia ovyva meplhapfavel mapadoolakeg TEXVIKEG Xelpotexviag (Y., pamTiki,
EVAOLPYIKT), K.ATL), KAl CLUYVA LITOPEL va tepAapavel Tnv aglommoinon Pelakmyv TEXVOAOYL®YV,
elte yua v kataokevn (7., laser cutters, CNC pnxaveg, extvnwteg 3D), eite ywa tov
oxed1aouo Toug (71.Y., ikpoeleykteg, LED) (Martin, 2015). Evoopat®vovtag otnv ekmaidevon
tov 0po making (maker education), €xovpe TV HAONOLOKT) TPOCEYYIOT OV EUTAEKEL TOVG
padnteg otn dnuovpyia KavoUplwV TPOTOVIWY, BACIOUEVOL O S1KES TOUG 10€€g UE OKOTIO TNV
emiAvon evog mpoPAnuartog (Shu & Huang, 2021). H mpoogyyon avtr) €xel Bewpntikeg pideg
oV KataokevaoTtikn Oewpia (constructionism) tov Papert, oty Bewpia tov Dewey (learning
by doing) ka1 otnv ekmaidevtikn uEBoSo Montessori 07tov 0 ekmaidevouevog/n pabaivel peca
astd o matyvidt (Chou, 2018).

‘Otav  avagepopaote otov  O0po  «making», S1d@opeg emOTNUOVIKEG  OnuUoo1EVOELg
XPNOLOTTO10VV S10(pOPETIKOVS 0p1ooVG. [TOAMES popEg, 01 GUYYPAPELS XPT|OTLOTTOI0VV TOV OPO
«makerspace», dAheg popég Tov Opo «fabrication laboratory/ fab lab» ka1 Atyotepeg @opég tov
opo «hackerspace». O S1aywplopog avTtodg yivetan pe fAoT TOV eE0TAIGUO TTOV XPNOUOTTolEITAL
o€ kaBe xwpo. QoTO00, MPETEL VA TOVIOTEL OTL FEV VTTAPYEL KATIO10G KATAAOYOG LLE QTTAPALTNTO
€EOMAIOUO TIOV TIPETEL VA LTTAPXEL 0 Eva Xwpo Onuiovpyiag kat kataokeuvng (Martinez &
Stager, 2019).

2. MeBodoloyia

H BipAoypagikn avaokommon mpaypatomombnke ypnowonowwvtag tm Paon dedopévov
SCOPUS (https://www.scopus.com/home.uri), kot akorovOnOnke n pebodog Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (Page et al., 2021) yia
va mapovolaotel 1 Swdwkaoia avadimong. To Swaypaupa porig PRISMA 2020
XPNOoHomoteiTal yia va mapovotaoctel 11 Stadikaocia ov akoAovOnOnke oTig CLOTNUATIKEG
avaokomnoelg. Xt faon deSopevmv xpnouomomOnke n akoAovdn aivoida avadimong: ("Fab
Lab" OR fablab OR "Fabrication Lab" OR makerspace OR "maker space" OR "maker
movement" OR "maker education" OR hackerspace) AND (education OR stem OR steam), ue
OKOTIO va oLpiepiAn@bovv otnv avackomnon g Pipaoypagiag 6Aot ot Opot/Tumol
makerspace 710V XprOLOTOI0VVTAL 0TI KOWOTNTES TMPAKTIKNG. Avad)monkav o1 mapamave
OpOl- KAEI81A 0TOV TITAO, OTNV TTEPIANYI KAl 0TIC AEE1G- KAE181A TV ApOpwv. TTo oXNud 1 710V
akoAovBel mapovolddetan N Sradikaoia NG CLOTNUATIKIG AVAOKOINONG 7OV AKOAOLONONKe
TNV Tapovoa Epeuva.
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3. AnoteAéopata

Baowkeg mAnpogopieg yia ta 31 apOpa mov meptrapfavovtal otnyv iPAIOYpaPIKT) AvaoKONon
mapovoladovial otov akolovBo ouvdeopo (BifAoypagia). ¥tov mivaka 1 ovvopilovial ta
OTATIOTIKA OTOLXEld Yia Ta apBpa mov emAExOnkavy.

To pabnua g TeEXVNG Kal Td YVOOTIKA avTikeipeva amo v nmpooeyyion STEM @pavnke va
UITOPOVV va eUTMAEEOVV QITOTEAECUATIKA TOVg pabnteg oe Spaotnplotnteg Snuovpyiag kat
kataokevn|g (Lindberg et al., 2020). H xpnon tg pabnong Paocwopévng oe Fab- Lab, yua
mapadeypa, emtpénel otovg padnTéEg va "avravakiovv, au@iofntovv, afloloyovv,
ovvepyadovtal Kat va kavouvv ovvieoelg peta&l 16ewv" (Togou et al., 2020). Apketeg amo Tig
peAETeg exovv eepevvnoel ta mbava o@EAN NG EVOMUATHONG TETOIWV SpaCTNPIOTHT®WV O
S10popa YVOOTIKA aVTIKEIPeVa, OOV HaONTEG PAVNKE VA UITOPOVV VA QITOKTI|O0LV YVOOEIS
kal Pabvtepn katavonon moAvmAokwv evvolmv peow mpaktikie (hand-on activities) kau
eumelpkng uabnong (Leonard et al., 2022 " Jia et al., 2021 Tofel-Grehl et al., 2021° Ng & Chan,
2019 Yin et al., 2020 Chou, 2018).

Méoa amo v mpooeyylon STEAM kat Ty exmaidevon Snuovpyiag kal KATAoKeLNg Sivetal 1)
SuvatomrTa otovg pabnTég va ouvepyaoTouV KAl VA EMKOIV@VIIOOLV ¢ opada yia va
OAOKAT POCOVV H1a TTOAVTTAOKT SpaotnploTnTa emAVOTg KATIO10V TTPOPANUATOC UECA AITO TNV
Snuovpyia wag kataokewvng (Timotheou & Ioannou, 2021° Iwata et al., 2020). EmutAéov, 1)
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exmaidevon dnuovpylag kal kataokevng pumopel va mpowdnoet Tig 5e€1o0tnteg Tov 21°° cmva
TV HaONTOV pe ToAoUg TpodTovg kabwg epmAékovtal oe pabnolakeg SpaotnploTnTeG HEOW
oV oxedraouov kat g Snuovpyiag kataokevnv (Gratini & Giannandrea, 2022 Iwata et al.,
2020). Emiong, &xel Stamotwbel 0T N ekmaidevon avtr) TPOAYEL TNV KPITIKT OKEWPN KAl TIG
6e€lotnteg emiAvong mpoPfAnuatwv (Weng et al.,, 2022° Wang et al.,, 2022 Timotheou &
Ioannou, 2021 Iwata et al., 2020).

IMivakag 1. TTaToTikd otoiyeia twv apbpwv g mapovoag B1PAI0YpaPpIKng avaoKOmnong

Xpovikr) mepiodog

2017- 2018  2019-2020 2021-2022
Ap1Ouog dSnuoocievpEvov apbpenv 5 15 11

Exstadevtiko emimedo (% oty i8ia xpovikn mepiodo)*

Nnmaywyeio 0] 6.7 9.1
A’- T’ Anpotikov 20 6.7 18.2
A’- 2T AnuoTikov 60 33.3 27.3
Tvuvacto 40 60 18.2
Avxelo 20 40 45.4
MeéyebBog Setypatog (UEoT T Kot TUTIKT] ATTOKALOT PHETA O 71.2 (55.7) 50.1(56.6) 67.6 (47.7)
mapevOeon)
IIpooéyyion
STEM 100 46.7 54.5
STEAM (¢} 46.7 27.3
Evvomomnuévn mpooéyyion STEM/ STEAM 0 6.7 18.2
Afiordoynon twv tapepacenv (% omy idia xpovikn mepiodo)*
T'voon (ovpmepriapfavopgvng g évvolag g Katavonong) 80 13.3 27.3
A€ot teg (ovpteprapfavopévev tov Selottov Tov 21%° aimva,
mg dnuovpykdOTag) 20 26.7 45.5
EmitevEn otoyov (uetpnuévn e eidikad oxediaopéveg
Spaotnplotteg) 20 13.3 18.2
Yvvepyaoia (ovumeprapfavouévng g aAAnAemidpaong twv
padntov) 0 33.3 9.1
Yraoeig (ovumep\apavopeving g auTo- ATOTEAECUATIKOTNTAG,
TOV eVAIAPEPOVTOG KAL TWV OTACEWDYV TTPOG TOUG EKITAOELTIKOVG 40 33.3 36.4
Toueig)

TUmog ¢ mapéppaong (%otmv ida xpovikn mepiodo)

IMepapatikr épevva 20 0] 18.2
Owovel mepapatikn Epevva 20 0] 0]
Mn melpapatikn 60 100 81.8

*Ta mooootd yia kafe xpovikn mepiodo pmopel va afpolotoliv neplogotepo amod 100%.
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Méoa armo v Snuovpyia g KAtaokevng, o1 padnteg evhapplivovtal va pdbovv amod povol
Tovg katl mbavov va touvg Ponbnoel va vimoovv avtomenoidnon oty mpoondbeia Tovg va
paBovv kat va emAVGoLY PO PANUATA, EVK TOVG ETMITPETEL TAVTOXPOVA VA EEATOUIKEVOLV TNV
EKTTASEVTIKT TOUG eUTEIPia eMAEYovVTAG Ta S1KA TOLg Epya kat pabaivovtag otov S1k0 Toug
pvOuo (Jia et al., 2021 Schlegel et al., 2019).

4. Jupnepaopara

Ao v avaoxkommon g PipAoypagiag vmoypaupidovral TA  TAEOVEKTHUATA TWV
SpaoTnploTNTOV SNUI0VPYIAG KAl KATACKELTC, AVASEIKVDOVTAG TNV EUTTAOKT TV HadnT®V oTa
nedla STEM ko Vv T€XVN, €ved S1eVKOAUVOLV TOV GUAAOYIOUO, TNV CLVEPYAOIA KAl TIC
OLOYETIOEIG LETAED TV eVVOL®V. Me TNV eVOmUAT®OT) TETOIWV SpacTnploTHT®wV 0 S1apopeg
EMOTNUES OTNV eKTAidevoT, o1 HaBNTEG LITOPOTVV VA ATTOKTIOOVV TTOALSIA0TATEG YVMOOELS KAl
pa 7o Babd katavonorn cLVOET®WY EVVOImVY HECA ATTO TNV TIPAKTIKT| KAl eusmelpikn pabnon. H
OLVEPYAOIA 0TOVG XMPOLG Snulovpyiag KAl KATAOKELTG eival {WTIKNG ONUACIAC, ATAITOVTAS
QT TOVG HABNTEG VA £PYACTOVV YA TNV €miAvon KaOnuepvav mpofANUAT®OV, va HO1pAcTOVV
NV SovAe1d TOVG e TOVG CUUUAONTEG TOVG KAl VA avamrtugovy Se€10TnTeg avatpopodoTnong
ka1 opadikng epyaociag. [IpooHeta, pmopovv va mpoayBovv 5e€10TnTeg TOL 21°° A®VA, OTTWG 1)
KPLTIKT) OKEYPN, 1] TTAVOT TTPOPANUATHOV KAL 1] VTTOAOYIOTIKT) OKEWPT]. ZUUTEPACUATIKA, TETOL01
XWPOL ATOTEAOVV Tiyovpa pia aglodoyn mpocOnkn o€ 0o108MnToTE EKTAGEVTIKO TPOYPAULA,
®OTO0O0, JIPOKVITTEL T] AVAYKN Yl OULVEYXT] €KITAIBELON TWV EKTASEVTIKOV KAl EVPECT) NG
100pPOTAG HETAED T®WV AVOAUTIKOV JPOYPAUUAT®V KAl TNG EVOWUATKOONG TETOIWV
OpaoTNPOTNTWV.
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MetafoAn Twv Ztdocewv Madntwv/TpLwv AuKeiov w¢ TPOG TN
Duown, Enewta and tnv Epappoyn Epyaoctnplakwv
Apaotnplotitwyv Atepguvntikic Duong

Baoiielog I'kaykag, Evputidng Xatdnkpaviwtng
Tunua ®voixng, AptototéAeto Iavemiomuio Ocooalovikng

NepiAnyn

H mapovoa épevva Siepeuva Tig otadoelg Twv padntov/tpiov mg B/Buag ekmaidevong amévavtt oto
epyaonplako uadnua g Puoikng oe S1apopeTiKEG XPOVIKEG OTIYUEG ETTELTA QIO TNV EPAPUOYN
Sapopwv Oy SiepevvnTikng uadnong. EnutAéov, Siepevvartar 1 enidpaon Tov @UAOL Kot TG TAENg
TV Hadntov otig otdoelg tovg. H Epevva mpaypatomnonOnke oe deiypa 22 padntov/tpiov mg a’ kat B
Avkelov ka Surpkeoe 4 prnveg. Ta amotedéopata Setyvovv Oetikn enibpaon tng Siepevvnrikng uadnong
OTI§ OTAOELS TOV HAONTAOV, Ve S1apOPOTOMNTELS TAPATNPOVVTAL WG TIPOS TNV TAEN TwV uadntov.
SUVOAIKA, TA EVPTIUATA LIOYPAUUIfOLY TNV ATOTEAEOUATIKOTNTA TNG SiepeuvnTikng puadnong o
BeATioon TwV OTACEOV TOV HadnTo®v évavt tov padnuatog Puokng.

Abstract

The current research investigates the attitudes of secondary education students towards the Physics
laboratory class at different time points following the application of various types of inquiry-based
learning. Additionally, it explores the influence of gender and students' grade levels on their attitudes.
The study was conducted on 22 first and second-grade high school students over four months. Results
indicate a positive impact of inquiry-based learning on students' attitudes, with variations observed
concerning the students' grade levels. Overall, the findings underscore the effectiveness of inquiry-based
learning in improving students' attitudes towards the Physics subject.

Né€eic KAELSLA: OTAOEG ATEVAVTL 0TIV eMOTN N, paBnon péow Siepedvnong
Keywords: attitudes toward science, inquiry-based learning

1. Eloaywyn

KdaBe exmaidevtikog, peow g S18a0kaAlag 0To avTioTol o EMOTNUOVIKO TOV medio, embimkel
va powbroel Betikeg otaoelg otovg panteg/tpieg anmévavn oty emotnun. H mpowdnon
EMOTNLOVIK®V OTACEWV ATOTEAEL KEVIPIKO OTOYO0 OTO TAAIO10 TNG EMOTNUOVIKTG ekaidevong
(NRC, 2012) ka1 kata tn Siapkela twv Xpovwv, N €PEVva OYETIKA UE TIC OTAOEIS EXEL
TPOCEAKVOEL TO EVEIAPEPOV TTOMGDV EKTTASEVTIKGOV KAl PUXOAOYwV. ALTO oLpPaivel, apevog,
ene1dn) o1 Oetikeg otdoelg ovufarovy onuavtikd otnv embovpia Twv padntov ya pabnon
(George, 2006) ka1, a@eTepov, eneldn ovvécovtal BeTikd pe TV avENON TWV OXOAIKWV TOUG
emdooewv (Papanastasiou & E. Papanastasiou, 2004).

O Opog "otdoelg amévavtt oty emotnun” tomobeTeital amd OPIoUEVOUG EPEVVNTEG TIC
EKTTAISEVOTC OTO YVWOTIKO TOUE, ATTO AAAOUG OTOV GUVALCONUATIKO TOUEN, EVG KATIO0L TOV
Xpnowosmolovv evaAaktikd (Aydeniz & Kotowski, 2014). TOupwva pe tovg Osborne et al.
(2004), 01 0TAOELG, WBWUEVES ATTO TNV KOIWVMVIKOYVWOTIKI TOUG OTTIKY, teptiaufavouvv v
enmefepyaocia  TANPOPOPIOV  TPOC KATAOKELT] VONUATOG KAl YVOONG, EV® Q0 TN
ouvaloONUATIKT] TOUG OTMTIKY), seplAaufavovy Ta cuvvalcOnuata Twv padntov katd
Sadikaoia pabnorg touvg. TNV mapovoa UEAETH, Ol OTACEIS QMEVAVTL OTNV EMOTHUN
exAaufavovtal wg ovvalodnuatikeg avtidpacelg (evvoikeg 1 Oxl) TV HABNTOV ATEVAVTL OTA
OYOMKA pHaOnuaTa, amEvavtl 0Tovg eKTAOEVTIKOUE 1) YEVIKOTEPA QITEVAVTL OTNV EMOTHUN
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(Osborne, Simon & Collins, 2003) ka1 LIO AVTV TNV €vvold Ol OTACELS TOTOOETOVVTAL OTO
ovvaloOnuatiko topéa. H katnyoplomoinon twv 0TAoEwV 0TOV YVOOTIKO ToUEA eEpAauPavel
TIG «ETOTNUOVIKEG OTACEIG», Ol 0TT0leg OPIJOVTIAL WG Ol CUYKEKPIUEVOL TPOTTOL OKEWPNG OV
€xovv viofetnoet o1 emotnuoveg otnv kabnuepvr tovg {wn (avolktr) oKW, eNKpivela Kal
OKEMTIKIONOG) Kal €xouv Tn Baon tovg otnv kabnuepvn emotnuovikn npaktikn (Gardner,
1975).

'‘O00V APOoPA TIg OTACELG ATTEVAVTL TNV ETOTIUN, VITAPYEL YEVIKT) CLU@®Via 0Tl facilovtal oe
€va TOAVS1IA0TATO KATAOKEVAOA TTOV ATOTEAEITAL A0 S1APOopeg MTUYXEG KAl ekAaufavovtal
g ovvaloOnuatikeg avtidpaoeig mov kabopidovral amod Ta cuvaloOnuata, Tig memo1dnoeig kat
¢ mpoowrikég aieg (Osborne et al., 2003). O Klopfer (1971) mapeixe pwa ta&vopia twv
OTACEWV QITEVAVTL OTNV EMOTNUT, TIC 07T01eg TOmoOeTel 0TOV CLVAICONUATIKO TOUEA KA1 AVTEC
eivar ot: a) BeTikn OTAOT ATEVAVTL OTNV ETOTHUN, B) amoSoxr) TG emMoTnUOVIKTG Siepevvnong
g neBOdov oKEWPNG YA TNV AVTIUETOIMON TPOPANUAT®Y, V) VIOOETNOT TNG EMOTNUOVIKIC
peBodoroyiag, §) evyapiotnon amd T uadnon g EMOTNUNG, €) AVATITUEN EVO1APEPOVTOG Y
EMOTNUOVIKEG OPACTNPIOTNTEG €KTOG HAONUAT®OV KaAl, OT) AVATTLEN eVOlAPEPOVTOS Yia
KAPLEPA OTNV EMOTNUT.

Ta epeLVNTIKA EPMOTHUATA TNG TTAPOVOTC Epevvag eivat dvo:

1) [Mwg petafarrovral ol otaoelg Twv pabntov/tpiwv, g B/Pfuiag exmaidevong
QITEVAVTL OTO €pyaoTtnplakd udadnua tng dvowng otav epyalovral vid Sagopa &idn
SiepevvnTikng pabnong (emPefarwtikn, Sounueévn, kabodnyovuevn);

2) To @VAo (1] 1 Tan) emmpeddel TG OTACEE TV UAONTOV/TPIOV AITEVAVTL OTO
£PYAOTNPIAKO pHadnua mg Puoikng otav epyadovial vo dSiagpopa eidbn diepevvntikng uabnong
(emPeParwtikn, Sounuévn, kabodnyoLuevn);

2. MeBodoloyia

AvantoyOnke pa oelpa mapeppacewv Sidpkelag tecoapwv unvev (Pefpovaplog-Matog
2023) oe detypa N=22 padntov/tpiwv g a & f Avkeiov. H épevva mepiaapfave 18 ocuvedpieg
S1apkelag 40-45 Aentov n kabe pia kal amartovoe v gpyacia twv padntov ota miaiola
TPV TUTI®V StepevvnTikng padnong (emPefarwtikn, Sounuevn, kabodnyovuevn) (Hackling,
2005). O Bepamikog topeag mov kKaALPONKe oTig mapeufacelg eviayOnke 0To EMOTNUOVIKO
nebio g «Nevtwvelag Mnyavikng».

O1 paBntég/tpieg ovppeteiyav €0eAovIiKA 0TV €PEVVA KAL (POITOVOAV G PPOVTIOTIPLO UEOTG
exmaidevong kat tavtoypova oe Anuooia oyxoieia g Adpioag. O emdooeig Tovg 0To padnua
g PLOKNG NTAV AVAUEIKTEG HE QTOALTNPOVS PBabuovg amd v TPoNyovUevn TAEN Tov
Kupaivovtay amo 10 €mg 20. Kata m idpkela twv Spaoctnplot)twv o1 padnteg ympidoviav oe
UIKPEC OUASES TV 3-4 ATOUMV Kal evOapplivovTav va £pyacTolV OpadSoCLVEPYATIKA, 0T
mAaiola g Aertovpyiag evog Science Club dvokrg.

O1 pabntég/tpieg eiyav mpooPaon oe mpooouowwoelg (https://phet.colorado.edu) xat oe
epyaotnplako e€omhiopo mov mepiaaufave acvpuata apa&idia Pasco, payeg kivnong, oet
palmv, Ppnelakeg QLYAPIES KAl TTPOCMITIKOVS POPTTOVE LITOAOYI0TES. Ot padnteg oyedialav ko
EKTEAOVOAV TEIPAUATA TEPVAOVTAG ATTO OAA TA SlEPeLVNTIKA OTASIAL HOG ETMOTNLOVIKIG
gpevvag (Statdmwon Siepevviopov epwtnuatog, oxediaon & ektéleon NG €pevvag, ANy
TEPAUATIKOV UETPTOEWVY, EMECEPYATIA TV PETPNOEWV KAl EAywyr] ovumepacuatov). H
vroompi&n (scaffolding) yia v ektéleon twv otadinv g épevvag mapexoTav pntd, TOC0
YPATTTOG HECA OTA PUAAA £pyaoiag HETm KABOSNYNTIKOV EpWOTNOE®Y 000 KAl TTPOPOPIKA ATIO
TOV eKTTASEVTIKO, akoAovBmVTag TIC apyEg Tov SiepeuvnTikoV ouveyovg (Banchi & Bell, 2008;
Du et al., 2005). Xto téhog kaBe TOIOL Siepelivnong, ol pabnteég/tpieg kabodnyovviav va
YPAWOULV U1a AVACTOXAOTIKI| TIEIPAUATIKT] EPYACIA MOTE VA AVAOTOXACTOVV TOGO ETAV® OTIG
S1a01ka0ieg KAl TA AWTOTEAECTUATA TWV EPEVVMV TOUES 000 KAl OTWV LITOAOUT®MV OUASWV.

O1 Bepamikol Topeig otouvg omoiovg epydoTnkav SlepevvnTikd ol padnteg/Tpleg nrav 1
«Emtayvvon» omov &npene va Siepeuviioovy o mag Stapopetikeg petafAntég ennpedlouvv
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mv emtayvvon evog aua&idiov, 1 «Iltwon» Omov &mpene va O1EPEVVIIOOVV TO TIWG
Slapopetikeég petafAnteg enmpedadovv To XPOVO TOL XPEIAdeTal A opaipa va ayyi&el to
€dagog, n «Kivnon PAnuatog» omov enpemne va Siepeuvioovy To g SapopeTikeg petaPfAnteg
emmpealovv v PeAnvekeg evog PAnuatog kar ot «Kpovoelg» oTig omoieg empene va
O1EpeLVVIIOoVV TO TG SlapopeTikeg petaPAnteg emmpeddovv TV moocooTiaia HETABOAN TNng
KIVI|TIKT)G EVEPYELAG EVOG CUOTILATOC M1-M2 O€ LA UIYAVIKT] KPOLOT).

H ovMoyn twv 8edopévav oxeTikd pe T OTACES TOV UHAONTOV/TPIOV Eylve PHEO® TNG
OULUTTIATPWOTC QIT0 TOVG padntég g eMnvikng €kdoong tov Epwtnuatoloyiov Etdoewv
amevavtt otig Emompuovikég Apaotnpotteg (Test of Science Related Attitudes, TOSRA)
(Fraser, 1981) 1o omoio xopnynOnke oe teécoeplg Siaqpopetikeg ¥povikeg otyues. To
EPWTNUATOAOY10 XOPNYNONKE apy1KaA ota mAaiola g apyIkng Hetpnong tov deiypatog (pre),
KO 0N ouveXela xopnynonke akoua Tpeig (popeg - EMELTA ATIO TNV OAOKAT pwOT) Tov Kabe TOTTou
S1epevvnong (post). To TOSRA eival £va €pOTNUATOAOYI0 TTOV LAOTIOIEL TNV TAEVOUNOT) TOV
Klopfer avagopika pe tig Ltdoelg Towv padntov amevavtt otny emMOTHUN, Kal e0TIAdEL E101KA
oe melpapatikeg dpaotnprotnteg (Fraser, 1978). To epwtnuatoAoylo eivar otabuiopévo oe
eMINVIKO Setypa N=662 pantov ko padntpiov mg A’ kal B’ Avkeiov kot astotipd Tig Xtaoeig
padntwv g devtepofabnag ekmaidevong ol 0moieg OXETICOVTIAL LIE TNV ETMOTNUN O TEVTE
kMpakeg (T'kaykag & Xatdnkpaviwtng, 2024). Avtég eivat: a) ol OTAOEIS TOV padnTmv
QTEVAVTL OTNV emotnuovikn é&pevva (Attitudes to Scientific Inquiry), B) n vioB&étnon
emotnuovik®v otacewv (Adoption of Scientific Attitudes), y) n amdéAavon tov pabnuatog g
Emotung (Enjoyment of Science Lessons), §) to eviiagpépov avaypuyng oTnv €moTnun
(Leisure Interest in Science) ka1 €) to evolagpepov otadodpopiag oty emotnun (Career
Interest in Science).

O1 pabnteg amavnoav OTo EPWTNUATOAOYIO AVAOVLUA, XPNOILOTOIOVTIAS evav eEayn@lo
K0S1kO 0 omoiog NTav povadikog ywa kadBe ovppeteyovia. Ot amavnoelg Anednkav pe
BonBewa pag Srtafabuiopévng kAipaka tomov Likert mevte (5) O¢oewv (KaBolov aindivo, Atyo
aAnBwvo, Metpia aAnvo, Apketd aAnBivo, IToA aAnB1vo) pe tn @opd TG KAIHAKAG O€ KATIO1EG
EPWTNOELS VA elval BeTIKN KAl 0€ KATO1eg AAAES APV TIKT).

3. AnoteAéopata

O1 Seikteg afomotiag twv amavtioenv Tov padntov (N=22) mov CuuueTEiYav OTnv
napeupaon (katd v apyikr petpnon), Bpebnkav va eivan ioeg pe Tig Tipeg a&lomortiag twv
amavtioemv Tov yevikov deitypatog (N=662) (I'kaykag & Xatlnkpaviwtg, 2024) Kal OTIC
TEVTE KAIHLAKEG TOV epwTnuatoroyiov TOSRA. AmO tov mapapeTpikd €Aeyxo ave&aptntmv
Setypndtov (Independent Samples t-test) dev evromiotnkav oTATIOTIKA ONUAVTIKEG S10POPES
HETAEY TV HECWV TIH®V TV o SelyudTmv oe OAeg TIG KAIHAKEG O€ eminedo OTATIOTIKNG
ONUAVTIKOTNTAG P<.05. Ta mapamave eupriuata amoteAovy 10YVPES evieitelg kat pag odnyovv
oto ovumepaoua 0Tt to Setypa (N=22) 010 071010 EQAPUOOTNKAYV O1 TAPEUPATELG EiXE TApOUOIA
XOAPAKTNPIOTIKA UE TO YEVIKO Setyua Tov epwtnuatoloyiov TOSRA (N=662).

'Enterta amd v epappoyn tov diepevvnTikov mapepufacemv otoug padnteg tov detypatog
(N=22), tapatnpnOnke Babuaia BeATi®oon Twv OTACEWV TV LAONTOV 08 TPEIG ATO TIG TTEVTE
KAUOKEG TOV €PWTNUATOAOYIOV, 1] OTOlA €lval OTATIOTIKA ONUAVTIKI] CUUPOVA UE TOV
TTAPAUETPIKO EAeyyo paired samples t-test. Ta mapammdve VPTHATA ATTOTVTTOVOLY GUVOAIKA TN
BeTikr) enipaomn mov elyav o1 TapeuPACELS OTNV EVIOKVOT) TOV OTACEWV TV LAONTOV ATEVavTL
otv Emotpovikn ‘Epevva, otnv vioBemon Emotnuovikov Ztdoemv kat otnv amoAauon towv
MaOnuatov Emotnung, eveo Sev @aivetar va evioxvOnkav ot otdoelg v padntov oto
evolagpepov Avayvyng otnv Emotun kat oto eviiagépov Ttadiodpopiag otnv Emotnun.
Emiong amd v avdivon avefdpmtov Setypatwv (t-test) Sev evromiomkav oTaTIOTIKA
ONUAVTIKEG Sta@opeg otnv emidpacn Tov PUAOV TWV CUUUETEXOVI®WV OTIC OTACEIS T®V
pabntaov. Qotoco mapatnpnonke OTL 01 HECES TIHES TWV KOPLTOIMV T)TAV CUVEXMS VYNAOTEPES
QIO AUTEG TV AYOPI®V 08 OAEG TIG KAIHAKES TOU EPWTNUATOAOYIOV YId OAEG TIG XPOVIKEG
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OTIYLEG TNG €pevvag. TEAOG, EVTOMOTNKAV OTATIOTIKA OTLLAVTIKEG S1APOPES O KATO1EG ATIO TIG
TEVTE KAIHOKEG Ava@POPIKA ue TNV emidpaon g taéng twv padntov (A, B Avkeiov) otig
OTAOELG TOVG, O€ eMeS0 OTATIOTIKIG ONUAVTIKOTNTAG P<.05.

4. Jupnepaopata

2TV Tapovoa LEAETN) TTEPIEYPAPNKAV 01 S1a81KACIEG EPEVVAG OYXETIKA e TNV HeTAPOAT TV
otaoewv evog detypatog (N=22) pabntov kat pabnipwv mmg a kat B Avkeiov ot ormoiot
(POITOVOAV O€ (PPOVTIOTNPI0 HEONG eKmaidevong Tov vouol Adploag, AmEVAvVTl OTIC
nelpapatikeg Siepyaoieg duoikng ota mAaioia evog Science Club. Ta mAnpn amoteAéopata ota
EPEVVNTIKA £pWTNUATA KAO®GS Kat 1] avaivoTt) toug Ba Tapovciactolv 0To GUVESPIO.
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H evvoloAoyiki aAAayn otic Duoikég EmoTpeG Kot 0 poAog duo
YVWOLOKWVY KETOBANTWY UE YPOLHLKEG KO N YPORHLKEG AVAAUOELG

EAévn KaveAd, Anuntplog ZapofAaong
Tunua ®rooopiag kat [aibaywyikng, AptototeéAeto Iavemiotuio Ocooaiovikng

NepiAnyn

H mtapovoa epyaocia Siepeuva v evvoloA0YIKT aAAayT wg ouvapTnotn S0 YVoolakwv LETABANT®OV TG
Néo-TTadételag Oswpiag, tn Aoyikr) okéwn kat tnv avefaptnoia/eEaptnon ano 1o nedio. Zvykekpiueva,
e€etadetal 1 evvololoyikn katavonon padntov Anuotikot kat 'vuvaciov yia v évvola g Advaung.
Ta eSopeva cuMexOnkav pe Tpia epoTNUATOAOYLA, SVO YA TIG YVMOOIAKESG LETAPANTES KAl Eval Yid TNV
£vvola g AUvaung Kat oTnv avaAvoT Tovg ePApUOOTNKAV YPAUUIKES KAl un ypauuikeg pebodor.
Jvuykekpipeva, 1 Avaivon AavBavovoov Ta&ewv (LCA) avedei&e v vmapén emumedbwv 1) evolaueowv
otadiwv kot 1o povtedo cusp g Oewpiag Kataotpopmv othpiée mv vmdbeon OtL 1 evvol0A0YIKT)
aAayn etval pa pn ypapukn Stadikacia. Ta amoteAéopata tng £pevvag €xovv Bewpnuko kat
TPAKTIKO €VOlAPEPOV, OUVEIOPEPOVTAC OTNV EMOTNUOAOYIKT] kat peBodoloyikrn Siepevvnon g
£VVOL0AOYKN G QAAYTIG.

Abstract

This paper explores conceptual change as a function of two cognitive variables of Neo-Piagetian Theory,
logical thinking and independence/dependence from the field. Specifically, it examines elementary and
middle school students’ conceptual understanding of the concept of Force. Data were collected with three
questionnaires, two for the cognitive variables and one for the concept of Force, and linear and nonlinear
methods were applied in the analysis. Specifically, LCA highlighted the existence of levels or
intermediate stages and the cusp model of Catastrophe Theory supported the hypothesis that conceptual
change is a non-linear process. The results of the research are of theoretical and practical interest,
contributing to the epistemological and methodological investigation of conceptual change.

Né€eig kAelba: Avarvon Aavbavovowv TaEewv, yvoworakeg petaBAnteg, Suvaun, evvololoyikr

aAlayt), un YPaUHIKO HOVTEAO cusp
Key words: Latent Class Analysis, cognitive variables, force, conceptual change, nonlinear model

1. Elcaywyn

O 0pog evvololoyikr] aAlayn avagepetal ot diadikacia peow g omoiag avadopovvral ot
APYIKEG AVTIANYELS TV TASI®OV Y1 S1A@Qopeg EVVoleg TIPOKEIUEVOD VA EIVAL CUUPHOVES LLE TNV
EMOTNUOVIKT amoy). QoT000, Sev eival EekaBapo eav 01 TPOVTAPYXOVOES YVOOELG TOVG elval
OPYAVWUEVEG O€ EVA GUVEKTIKO EVVOI0AOYIKO CUOTNUA 1] €AV ATTOTEAOVV TO GUVOAO ETUEPOVC
AVTIANYEWV TTOL £X0VV ATOKTNOEL Ue ATOOTACUATIKO TPOITO0. To J)tnua avto €xel AmoTeAEoel
TO S1apPOVIKO AVTIKEIUEVO UEAETNG evOg Slakprtov epevvnTikol mediov mov efetddel v
TPOEAEVOT) KA1 TN SOUT TV VO TIK®V AVATTAPAOTACE®Y TV TSV, KaBag Kal Tov TpOTo e
TOV OJT010 QITOKTATAL 1) €mOoTnuUovikn katavonon (Panagiotaki, Nobes, & Banerjee, 2006
Taber, 2008).
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211 TAEIOVOTNTA TV OYETIKOV EPELVAV, T] EPUNVELN TOV (PATVOUEVOL TNG LABnomng emyelpeital
e€etalovtag HOVo TO HaONoaKO QITOTEAEOUA, XWPIG VA EVOWUATOVOVTIAL OTa Oempnmikd
povteAa avegaptnteg petaPAnteg/atopkeg diapopeg mov oe AMa media exel Serybel oTL
Sadpapatidovv kaboplotikd poAo otn pabnon (Stamovlasis & Tsaparlis, 2012° Papageorgiou,
Markos & Zarkadis, 2016° Stamovlasis et al., 2023). H tpoomaBeia cvoyetiong mpofAentikwv
HETAPANT®V HE TNV €VVOL0AOYIKT] QAAQYT] €XEL OIEVKOAUVEL TNV EPUNVEIA TOV AVTIPATIK®OV
eumelpkev Sedouevov, kat v avamtudn Bewpiag. [MapdAAnAa, pa tétola petatomon Oa
evioyve TNV avamtugn Kat tnyv emAvon ToV ETOTNUOAOYIKGV JTNUATOV TTOV £X0VV AVAKVYEL,
TAPEYOVTAG TN SUVATOTNTA EPAPLOYNS TPOXWPTUEV®Y OTATIOTIKGV HeBOSwV yia Tov EAeyyo
TV OXETIK®V VLMOOE0EWV OTO TMAAIOI0 TNG JPOONMTIKNG TV JIOAVTAOK®DV  SUVAUTK®DV
ovotnuatwv (Stamovlasis, 2016).

H Neo-Maléteia Oswpia oto nedio tng evvoloAoyiknc aAAayrg

Znv mapovoa epevva mpoteivetal n vioBemon g Neo-ITadéteriag Oewpiag kat 1 a&lomoinon
6vo petapfAnteov: Aoyikn Zkeyn (LTH) ko E€aptnon/ Ave€apmoia and to IIedio (FDI).
Avaivtikotepa, n LTH avagepetal otnv ikavotnTa TV TUTK®V T AP pnUEVOV CUAOYIOUGMV
(Lawson, 1985). H FDI oyetidetan pe tnVv KAVOTNTA €VOG ATOLOV VA EVTOTMICEL U1A OYXETIKN
TIAN poopia pEoa oe Eva moAvmAoko mAaiolo (Witkin & Goodenough, 1981).

2. Me0Bodoloyia

3’ eva Selypa evkoAiag, 103 pabntwv tov Anuotikoy (N1=54) kot tov I'vuvaoiov (N2=49)
mpaypatoso)Onke n ovAloyn Sedopévav pe Tpla epwTNUATOAOYIA Yia kaOe efetalopevn
petafintn. [a m Aoywn Zxéyn ovumAnpwdnke to ypamnto teot Tov Lawson (1978) ywa v
E€apmon/ Ave€aptnoia anod to medio 1o teot twv Witkin, Oltman, Raskin & Karp (1971) kau
yia v €vvola g AUvaung To KA10Tov TOmov epmtnuatoloylo Force — RQ (Vaiopoulou &
Papageorgiou, 2018), To 071010 ava@epetal oTnV LITAPEN SVVAUEMY O S1APOPES KATATTACELC,.
[MpaypatomomOnkav dvo avaidoelg ota eumepika dedopeva. H Avaivon AavBavovowv
Taéewv (Latent Class Analysis, LCA), n omoia eivan pia tpoxwpnpevn moivpetafAntr pebodog
7OV ¥pnoiluornolel Bayesian otamotikn kal to povteAo cusp, g Oswpiag Kataotpopav
(Catastrophe Theory, Thom, 1956), mov meptypd@el Un YPAUUIKEG OAAAYEG, TTAPEXOVTAG
LITOSETYLATA TTOV EXOVV TIEPLYPAPIKT) KA1 EPUNVEVTIKT) 1OYV.

3. AnoteAéoparta

H npwtn otatiotikr) avaivon, 1n ypappikn saAtvépounon €8eie ott o1 §vo avegaptnteg
petapinteg e€nyolv 1o 14.2% tng Srakvpavong g eEapTnUEVNG, TOGO0TO OV EIVAL APKETA
XaunAo. AkoAovBwg, n epappuoyn g LCA €8ei&e v vapsn Svo Srakprtwv AavBavovowmv
ouadwv. H emmidoyn g Avong twv 8o opadwv Baciotnke otnv pikpotepn tiun tov Seiktn BIC.
To Cluster1 (Ataypaupa 1) avtioTolyel 0to 72,41% tov detypatog kat tepthapupfavel padnteg pe
aovveneic amavtnoelg. Avaloyel oe é€va eminmedo 11 otadio Omov  eppavidetalr 1
katakepuatiopévn yvoorn. To Cluster2 (Aldypaupa 2) aviutpoowsevel 10 27.50% Tov
Oelypatog 01ov S1akpiveTal Y OUOI0YEVELA KAl 01 QITAVTIOEIS E1VAL OUVETEIG e TO LOVTEAO

g Bapvntac.
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Awaypappa 1: Anoteréopata LCA- Cluster 1 Avaypappa 2: Anotehéopata LCA- Cluster 2

Y10 povtédo cusp, (ITivaxkag 1) e€etaotnke 1 e€aptnuevn petafint enidoon (ACH) opidovtag
WG TTAPAYOVTA acvupeTpiag v avegaptnt petapAntr Aoywkn okeyn (LTH, a= 0.25624, p<
0.01) K1 wg mapayovrtag StakAadwong 1o afpotopa twv dvo Yyuyopetpik®v petaBAntov ([FDI
+ LTH], B= 0.24618, p< 0.05). Ot eixteg kaAng nmpooappoyng AIC, AICc kan BIC kat 1o Te0T
X (X'=53.32, df=1, p<0.001) avedel&av 1o Un ypaUUIKO HOVIEAO WG KATAAANAOTEPO G€ GUYKPION)
L€ TO YPOAUUIKO.

ITivakag 1: To povtédo cusp pe ) pébodo tng peylog mmbavopdavelag: ZuvTeAeoTeg, TUMIKA
o@AAUATA, TIUEG TOV Z-tests Kol SEIKTEC KAATC TTPOCAPLOYTS YA TO T YPALUIKO KA1 TO EVAAAKTIKO
ypappko povtédo. EEaptnuévn petapintn: Enidoon (ACH)

Movtélo Yuvieleon)g Tumkd oA Z-value
Cusp
a[LTH] Aoyikr) Zkéyn 0.25624 0.08467 3.026%*
E/A a6 to nedio + .
B[FDI + LTH] Aoytkh Sképn 0.24618 0.11271 2.184
W(ACH) Emidoon 1.29023 0.06431 20.064%**

ITATIOTIKA OTOXELN TTPOTAPUOYTS TV HOVTEA®V (EAEYXOG X2 KAAVTEPTC TTPOCAPLOYTIG TOU LOVTEAOV CUSP:
X2=53.32, df=1, p<0.001)

MovtéAa AIC AICe BIC
Tpapy. Movtédo 281.5183 281.9265 202.0572
Movtédo Cusp 234.2011 235.3800 252.6442

Znueiwon: *** p<. oo1, ** p< .01, * p< .05

4. Tuunepacporta

H mapovoa épevva gixe wg 0tox0 va e€etdoel ) Stadikaoia g evvoloAoyIKNg arayng wg
ouvvaptmon &vo yvwowakov petafintov g Néo-Thaletelag Oeswpiag, e@apuoloviag
YPAUUIKEG KAl U YPAUUIKES neBodovg oty avaivon Twv eumelptkmv dedouévav. To amio
YPAUUIKO povTeAo €€nyovoe HIKPO HOVO HEPOG TNG S1aKVUAVONG, EVK TA ATTOTEAECULATA TNG
Avaivong AavBavovoawv Ta&ewv (LCA) aveder§av Svo opadeg (clusters), tov onuaivel 0T otnv
vmo Siepevvnon AavBavovoa petafAntn vmapyovv dvo Sakpitd enminmeda emSOoEWV OV
EPUNVEVOLV TNV EVVOIOAOYIKI] AAAAYT], ®G LETATTTWOT] ATTO €va eMMESO 0TO AAAO, SnAadn a
aovveyn aAlayr, 1 omoia otnpidetal anmd v e@apuoyn g Oewpiag Kataotpopwv. To
LOVTEAO CUSp TEPLYPAPEL AVTI TN UN-YPAUUIKT] aAAQYT) WG CLVAPTNON TV SU0 YVWOTIKWV
petafAntov, g Aoykng Tkewng kai 1) EEaptnong/ Ave€apmoiag asno to I1edio, o poAog Twv
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omoiwv eival avadederypevog otn PBipAoypagia g SIBAKTIKNE TV QUOTK®OV EMOTNUDV
(Vaiopoulou et al., 2023).

O1 BewpnTIKEG TTUXES TV EVPNUATHV ETTAVAPEPOVV OTN CLNTNOT JNTHUATA TTOV APOPOVV TN
(VO™ NG YVOONG TV TSIV KAl OUYKEKPIUEVA T S1ad1kaoia g evvoloAoyikng arayng. Ot
emkpatovoeg Oewpieg (OUVEKTIKN KAl KATAKEPUATIOUEVT)) ETTYEIPOVV VA EPUNVELOOLV TN
S1a81kaoia auTn HEC® TNG KATAYPAPTS TV EVOAAKTIK®OV 100V TV TaAd1®V, ATtd 0I0V EX0VV
npotabel vonTikA HOVTEAQ, YA TNV EPUNVEIA TWV YVOOTIK®OV EUTOSINV KAl TV pHabnolakmv
SvokoAlwv. H mapovoa epyacia ouvelo@epel o€ auto Tov S1AA0Y0 TTIPOTEIVOVTAG AVeSAPTNTEG
petafAntég ya v €fnynomn g &vvoloAOYIKNG OAAAYTNG. AQETEPOV, emonuaivel Kot
avadelkvuel TNV aglomoinon TPoXmPnUEVAV YUXOUETPIK®V HeBOdwv, 0Otwg 1) LCA, mapdAAnia,
pue v e@appoyn tng Bewpiag KATAOTPOP®V, OV amoteAel UEPOG TNG UeETA-Oemplag Twv
TOAVTTAOK®V SUVAUIK®V CUOTNUAT®V, PEPVEL 0TI GLJ)TNOT] KAl ETOTNUOAOYIKA {NTHUATA TNV
ueboSoAOYIKT)  TTPOCEYYION TNG  E€VVOIOAOYIKNG aAAayng, w¢g Owadikaocia (Process
Philosophy, Seibt, 2022).
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MnapmnoUAag A.l.: Ot $oBot TG EKMALSEVUTIKAG KOLVOTNTOG YLO TV
gvowpatwon tng Texvntig Nonpoouvng otnv eknaidsvon

Oed0wpog Kapagpuiridng, Mapiog [TamagvputiSov, Zayapiag Zayapia
Haibaywyko Tunua Anuotikng Exmaibevong, Iavemiotnuio Kompov

NepiAnyn

H paySaia e€&Mén g Teyxvntrg Nonpoouvng (TN) £xet mupodotnoet pilikeg alayeg otn {wr| pag pe
v ekmaidevon va amotelel evav amo toug mAgov ennpealopevoug topeic. H mapovoa epevva emyeipel
VA OUVEOQPEPEL OTNV TPOOITTADEIN QITOTEAEOUATIKIG EVOMUATWONG Twv TteXvoAoyiwv TN omv
ekmaidevon, KaTtaypapovtag T KUPlEG avnovyieg ekmadevtikov kat pabntov devtepofabuiag
exmaidevong otnv Kompo, peta amnod m xpron §Vo Siaroyikawv epyaieiov TN yia v vAomoinon Tumkov
ekaSevtikav Spaotnplottwv. Td ATOTEAETUATA PAVEPDVOUV Uld TANOOPA AVI|CUXIMV TTOV UITOPOVV
va katyoplomonBovv oe SV0 KUpleg ouddeg: a) avnovyieg mov agopovv T @von g TN kat fB)
AVNOULYIEG TTOL APOPOVV TOV TPOTTO AE0TOINOTG TN ATIO TNV EKTASEVTIKT) KOWVOTNTA.

Abstract

The rapid evolution of Artificial Intelligence (AI) has triggered radical changes in our lives, with
education being one of the most affected fields. The present study aims to contribute to the effective
integration of AI technologies into education by documenting the main concerns of teachers and
students from secondary education in Cyprus after using two conversational Al tools for implementing
typical educational activities. The results reveal a plethora of concerns, broadly classified into two main
categories: a) concerns related to the nature of AI, and b) concerns revolving around its implementation
within the educational community.

Né€eic kAelbia: Aevtepofadna exmaidevon, Aradoykoi fonbot, Texvnti Nonpoouvvn
Key words: Secondary education, Conversational assistants, Artificial Intelligence

1. Elcaywyn

ESw kot Sexaetieg, o1 Texvoroyieg ITAnpogopiag xar Emkowwviag (TIIE) é€xouv yivel
0VO1a0TIKO PEPOG NG ekmaidevong kat eldikotepa g Exmaidevong otig dvokég Emotnpueg
(Linn, 2003). Me ) paySaia avamtuén g texvoloyiag, veeg poppeg, omwg n Texyvn
Nonpoouvvn (TN), apyxioav va KAvouv TNy eUPAVIOT] TOVS, LLE TNV LITOOYEOT VA AAAAEOLY pLdkda
10 Tortio g exmaidevong (Adiguzel et al., 2023). Q¢ anmotédeoua, n aflomoinon g TN &xel
TPOCEAKVOEL OTUAVTIKO aKASNUATKO evol1apepov, Le 0TOXO TN HeAET mOavav ekmadevTik®y
EQPAPLOY®Y Kal TV avadei&n tng emdpaong avtov ot Siackaiia kar pddnon (Ipek et al.,
2023; Zhai et al., 2021). [TapaAAnAq, Waitepa evrovn eival katl 1 ovdTNOT OXETIKA LE TNV
aAvVayKaotnTa TnNg evowpatmong tng otnv ekmaidevon, pe mAnbog exmailbevtik®v va
eKQPACOVV AVNOUYIEG OYXETIKA L TNV Nk, vTevBuvn kal emtw@eAr| a&lomoinor) g (Lee et al.,
2024).

Q01000, TOCO TA TAEOVEKTIUATA 000 KAl Ol TPOKANOES NG evowuatwong g TN otnv
EKTTAISEVOT) TAPAUEVOLV AKOUA AYVHOOTA, KUPIHG AOY® TNG KAIVOTOMIAG TNG, EVK TAPAAANAQ
TAPATNPEITAL EVA ONUAVTIKO KEVO OTNV KATAVONON TOU MG 1) EKTASEVTIKT] KOWOTNTA
avTauPavetan kat ypnoiposolel epyaieia TN katd TNV €VAOKOANOT) TNG UE EKTAOEVTIKES
Spaotnprotnteg (Casal-Otero et al., 2023). AeGopévov 0Tl 01 eKTTASEVTIKEG TTPAKTIKEG TIPETEL
va ovpPadidovy pe v emkapOTNTA Kal TIg TEXVOAOYIKEG e€eAielg, 1) vtevBLVN, Eykaipn kal
amoteleopatikn aflomoinon g TN kpivetal avaykaia (Alasadi & Baiz, 2023).
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AvTioTolya, 1) TapoVoa EPEVVA ATTOOKOTIEL TN CLVEICPOPA OTNV TPOCTTADEIN ATOTEAETUATIKTG
evoopatmong mg TN oy ekmaidevor), HEo® KATAYPAPTS TOV AVIOLUXIWV TNG EKTAOEVTIKNG
KOWOTNTAg OXeTikaA e tn Xpnomn mg TN, pe anwtepo KOO TNV AVTILET®ITION avt®v. ITo
OUYKEKPIUEVA, EMOIMKETAL 1) KATAYPAPT] KAl KATNYOPOMOINoN TV BACIKOV avioLXim®vV
padnTov ko ekmadevtikwv devtepofaduiag ekmaidevong otnv Kompo, petd amo ) xpnon
V0 Srahoyikwv epyaieiwv TN yia TV VAOTOINON TUTIIK®V EKTASEVTIKOV SPACTIPLOTITOV.

2. MeBodoloyia

H mapoloa épeuva mpaypatomolfnke 0to TAAIo10 TOV EpeLVITIKOV mpoypaupatog “AI4EDU
- Conversational AI Assistant for Teaching and Learning”, to osmoio ovyypnuatodoteital amo
mv Evpomnaikn Emtponn kat eBvikolg mopovg. Baowkd mpoiovia Tov mpoypauuatog
amtoteAovv Vo Saroyika epyaieia TN («StudyBuddy» ywa pabntég kan «TeacherMate» ya
EKTTASEVTIKOVG) OXESIAOUEVA VA TTAPEXOLVV €Va TIEPIEKTIKO OLOTNUA VTOOTNPIENG Kal
evioyvong g pafnowkng kar Sidaxktikng Swadikaciag pEoa amd TV TPOCEOPA
efatopkevuevng vootpiEng otov xpnotn. H Siemagpn twv dvo epyareimv akolovBel v
TUTIKT] pop@T €vog Sladoyikov mepifarroviog (PAéme Ewova 1 & 2) mov evowpat®mvel
Suvatotnteg TN.

Me 010)0 TNV €501KEIwOT HAONTOV KAl EKTASEVTIK®OV E TA OYXETIKA epyaieia vAoomOnkav
51a8pA0TIKA EPYAOTIPLA OTIC 4 XWDPES TTOV EUTTAEKOVTAL OTO TIPOYPALUA. Aglyua TNG Tapovoag
£pevvag ammoteAovv 16 padntég g B’ T'vuvaciov kat 11 ekmaiSevtikoi Iotopiag kan Biohoyiag
antd v KOmpo. H Siapkeia tov kdbe epyaotnpiov ntav S0 mpeg KATA TIG OMOIEG Ol
OUUUETEYOVTEG APYIKA EVIUEPWDONKAV YA TI¢ SUVATOTNTEG, TOVG TEPIOPIOUOVE Kal Ta Nokda
nmuata ;ov oxetidovral pe ta epyaieia TN kat oTn ouveExeld Ta XPNOUOToiNoav yia va
VAOTIOUN OOV TUTTIKEG OXOAKEG SPATTN PLOTNTES, OTIWG 1) KATAVONOT) €VOG OPOL Y1d TOVG padnTeg
KA1 0 0Ye81a0U0G £VOG TAAVOL HAOTLATOG, T) £VOg £pYov ASl0AOYNONG Y1A TOUE EKTTASEVTIKOVG.
Me TV 0AOKAT|p®OT] TWV EPYAOCTIPIWV 01 CUUUETEXOVTES KATONKAV VA CUUITATPOOOVY ATOUIKA
KAl QVOVUUA NAEKTPOVIKO £PWTNUATOAOYI0, OV OXeGIAO0TNKE QIO TOUG EPEVVNTEG YA TIC
AVAYKEG TV EPYAOTIPIWV, OXETIKA LIE TIG EVIVIMOELS TOVG ATTO TNV AAANAEmSpaoT) Toug pe ta
epyaieia. Meta&h AAwv, Toug NTNONKe va ATOTUTOCOVV UECK EPWTIHOEMYV AVOLYTOV TUTTOV
TIC KUPlEG QAVNOUXiEG TOUG OYETIKA L€ TNV EVOWUAT®OTN TAPOUOI®WY EPYAAEIWDV OTNV
exmadevtikn kadnuepvotnta.

O1 amavtnoelg mov CLAAEXONKAV avaAvBnKav TTIPOKEIUEVOL VA EVTOMOTOLV Kowva Oéuata
LETAED TV AVNOUXIOV TOV CUUUETEXOVT®OV OXETIKA Ue TN ¥pnon e TN otnv ekmaidevon kat
KatnyoplomomOnkav avaioya e T @uoTt Toug.

Tuvebpia
| TeacherMate

Néa ouvoptAia

Xpriowpeg evioAég KaAwg 1p8eg! Eipat o Teacher Mate.
Eipai £6w yra va oag Bondriow va oxedraoete £va oxédio SHidaokaAiag yia 1o avrikeipevo g emAoyng oag

AxoAovBouv pepika napadeiypata ya 1o nwg va aAAnAemdpacete pali pou.
1 BaBpoAoynoe autEg Tig anavinioelg Twv padntwy:

2 dnage 10 epwtioerg noAAanAng emAoyng oxenika pe m Sadikaoia g néyng yua to Saywwviopa Broloyiag

3 MNMwg 8a napovoacw ) Sadikaocia m¢ npwreivoouvBeong yia ta naidia mg B' N'upvaociov. YnéBeoe Svo pabrjpata

1.5 wpag 1o kaBeva

AMEDU Conversational Al assistant for teaching and karning Co funded by the Europea: mission, European Education and Culture Executive Agency Promet: 101087451 - AI4EDU - ERASMUS-EDU-2022-F [ ]

Ewova 1. Aietagn) epyaieiov TeacherMate
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Zuvebpia
,—;] StudyBuddy
Ales,

Néa guvopthia

Xpiorpe eVioAég KaAwg ripBec! Eipat o Study Buddy. Eipar edw yra va oe Bonriow va padeig pe Sraokedaotikd xat Sradpactikéd rpono.
AxolovBouv pepika napadeiypata yia 1o nwg va aAAnAembpaoerg paii pov:

1 E€nynoe pov ™ Sadixacia cuvBeons npwTeivwv e anAa Aoyla
2 dniage pepika napadeiypara epwToewv yia T paxn ora AepBevaxia

3 Bon@not jie va avalvow avtd 10 anéonacpa Ka va cuvoyiow Tig BacikEG EVVOIEQ

®povTioe va pnv cupneptAaels npoownika otoixeia ravronoinong xata m Sidpketa mg cuvopAiag pag
Avtn 1 epappoyr) Baciletal oto GPT3.5.

ersational Al sssistant for teaching and lesrning. Co-funded by the European Commission. Ewropeas Education and Culture Executive Agency. Project 101087451 ~ AMEDU - ERASMUS-EDU- 2022 1 [ ]

Ewova 2. Aientagpn epyaieiov StudyBuddy

3. AnoteAéoparta

SUUP®VA LE TIG ATAVTIOEIS TOVS, apKetol padnteg (5/16) e€eppacav avnovyieg OXETIKA LUE TIg
mBava avefedeykteg Suvatomteg Twv texvoloyi®v TN, @ofovuevol 0TI autd Ta cvoTthuata
Ba Eemepaocovv v avBpmmivny vonuoovvn kal Ba PAdyouvy v avBpwmotnta. Emiong, 4 ano
TOVG 16 HAONTEG AVAPEPOLV AVNOUYIEG OXETIKA UE TNV EYKLPOTNTA TOV TANPOPOPIOV TTOV
mapeyovral amo ta epyaieia TN. ITapddnia, @aivetal va vmapyel avnovyia Hetaly v
HaONT®OV OYETIKA PE TO ATTOPPNTO KAl TOV TPOTO Slaxeiplong Twv Sedouévwv TOVg KATA TN
xpnon texvoroyiwv TN. Téhog, opriopevor pabnteg (2/16) paivetar va EKTILOVV OTLT) XPT)0T) TOV
epyadeiwv TN pmopel va em@epel kar apvnTika pabnolakad amoteAéouata, Kabmg kamolot
padnteg evéexetan va e€aptmvral vepPoAlKA A0 AVTA YA TNV OAOKATIPWON TOV EPYATIOV
TOVG.

AvTtiotolya, o1 ekmtaidevtikol eEE@pacav pa mAndmpa avnovyimy, un e0tialoviag 0Tov TPOTo
a&omoinong g TN and tovg i810vg, aAAA Kuplwg oe mBava adgpitn xpnon g amd Tovg
pabntég. H ouvyvotepa amotumwpévn avnovyia tov ekmadevtikov (4/11) agopovioe v
TO0TNTA TNG LABNoNg, kabwg exTipovV Mwg 1) evowpatwon g TN Oa odnynoet o€ meploplopo
¢ SNUIoLPYIKOTNTAC KAl TNG KPITIKNG OKEYNS Twv padntov. IMapdhinia, 3 ekmaidevtikol
STAwoaV avnovyia OXETIKA e TNV AVTL-/VIT0- KATACTAOT] TOV EKTASEVTIKGV AIT0 TA pYaAeia
TN kat Tig mOaveg EMITTMOOELS TTOV UITOPEL VA ETMPEPEL TNV AAANAeTidpaoT ekmaiSevTiKov-
padntn. Telog, évag/ua ekmaSevtikog avapepOnke oe BEpata «avtypa@ng», eyeipoviag
dnmuata avBevtikotnTag g SovAeldg Twv HadnTmv kat T SVoKoAia avixvevong ng.

4. Juunepaocpato

ZTnV Tapovod epyaoia, LE OTOXO TN OUVEIGQPOPA OTNV ATOTEAECUATIKT evowuatwon g TN
oV ekmaibevon, emyelpnonke n KATAYpAPr] TwV PACIKOV AVNOUXIOV NG EKTAOEVTIKNC
KOWOTNTAG OYETIKA pe Tt Xpron texvoloywv TN omnv ekmadevtikr) kabnuepvotnta.
SVUPOVA e TIG AmOWelg ekmaSevTikov kal padntov devtepofabuiag exmaidevong otnyv
KUmpo, TpokOATOUV H1d TTOKIALA AVI|CUXLGV, O1 OTTOLES LITOPOVV VA S1a(®PLOTOVY 08 S0 KUPIEG
katnyopieg. H mpa agopd avnovyieg mov oxetidoval Le T pUoT] KAl TOV TPOITO AEITovpyiag
TV TeXYvoloylinv TN, omwg 1 Stayvon pevdawv mAnpogopiwv (Rudolph et al., 2023) kat 1)
mbava ave&éleykt e€ehifn toug (Natale & Ballatore, 2020). H Seltepn agopd tov Tpomo
a&omoinong g TN amd v ekmaSeuTiK KOOt Ta Kot ephaufavel avnovyieg ommg 1
avTypagt ko 1 peimon g Snuovpywomrag (Ipek et al., 2023). AeSopévov o N &ykaipn
KOl QoTeAeopatik] evowpatwon g TN omv ekmaidevon kpivetar amapaitntn, elval
avaykaia 1 avTUETOIMON TV OXETIKOV AVIOUXIWV TNG eKTaldevTikng kowvotntag. Ia v
KATATTOAEUNOT] AVNOUXIOV TNG TPMTNG KATNYoplag PoTeivovIal SpAcelg eviuepmong Kal
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efokelwong g ekmadevtikng kowvommrtag pe v TN (Alasadi & Baiz, 2023), eved ya
avnovyieg g Oeltepng KATNyopiag JPOTEIVETAL 1) AVATTUEN HOVIEAWV eKTASELTIKIC
adlomoinong kat katevfuvtplwv ypauumv ya tv nokn, vmevbuvn kKal amoTeEAEoUATIK)
a&omoinon g (Heeg & Avraamidou, 2023).
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ZTaOpion duo EpwTnUATOAOYiWV yLa TOV TPOCGSLOPLOUO TNG OTAONG
KoL TNG €ToLpotTnTog epapuoyng npoypappatwv STEM twv
EKTIOLO EVTIKWV

Ocave [Mamaylavvomoviov, I'ovAn BaiomovAov; Anurtplog Etapopfracng
Tunua ®rooopiag xat Iaibaywyikng, AptototeAeto Iavemiomuio Ocooaiovikng

NepiAnyn
H etoipdmta toov ekmaidevtikmv va epappocovy poypaupata STEM amotelel onuavtiko Jntnua ta
tedevtaia xpovia. H otdon kal 1 amoTteAeopanikOmTa tovg wropel va odnynoel oe arlayeg oTig
EMTAYYEALATIKEG TTEMOOT0€1C KAl OTIG SIBAKTIKEG TIPAKTIKEG TOVG. Z€ QUTI TNV TPOKATAPTIKY EPEVVA,
avamtoyBnkav ot KAipakeg Etolpotntag kat Ztdoewv tov ekmaidevtikov anmévavt oty Exmaidevon
STEM kat otaBuiotnkav oe éva Setyua 494 exmaiSevtikmv otnv EAAGSa. Ot kAipakeg kataokevaotnkay
VOTEPA QIO AVAOKOMNON TNg vmapyovoag PBipAoypagpiag kal smpayuatomondnke mapayovTikr)
avaAuon, ®ote va aviyvevbel n mapovoia omolaodnote vitokeipevng Soung kat va efaopaiiotel n
YyKLPOTTTA KAl 1] a&lomoTia Toug. O1 YUYoUETPIKES 1510TNTEG TOV EPYAAEIDV elval TKAVOTTONTIKES KAl
UIT0povV va ypnoiposonovv oty EMnvikn kovotnta.

Abstract

Educators' readiness to implement STEM programs has been an important issue in recent years. Their
attitude and effectiveness can lead to changes in their professional beliefs and teaching practices. In this
preliminary research, we developed the Teachers' Readiness and Attitudes Scales towards STEM
Education and validated them in a sample of 494 teachers in Greece. The scales were constructed after
a review of the existing literature, and subjected to factor analysis to detect the presence of any
underlying structure and to ensure their validity and reliability. The psychometric properties of the tools
are satisfactory and can be used in the Greek community.

Né€eig kAlbta: EMNveg ekmanbevikol, eTOIHOTNTA, 0TAOT, Tapayovrkn avaivon, STEM
Né€eic kAbua: Greek educators, readiness, attitude, factor analysis, STEM

1. Elcaywyn

Ta teAevtaia xpovia, €xel §obet pa avavopevn mpocoyr| otny ekmaidevon STEM 1000 otnyv
gpevva 000 kal otnv mpafn, kabwg €xel ONUAVTIKO AVTIKTUTIO Og S1APopeg MTUXES NG
AVATTTUENG VOGS TAB10V, OTTMWG 1) ETOLOTTA TOV YA TO OX0AEL0, TA aKASNUATKA EMTEVYLATA,
0l KAVOTNTEG £MAVONG MPOPANUAT®Y, 1) ETOTNUOVIKT] YVOOT] KAl Ol LEANOVTIKEG gvKApieg
amaoyoAnong otovg toueic STEM (Dare et al., 2021; Widya et al., 2019). ITpokewugvov va
evtayBel amotedecpatikd to STEM otnv kaBnuepwvr) Si8aktikr mpaktikn, eival {WTKNG
ONUAO1AG YA TOUG EKTTAGEVTIKOVG VA S100£TOVV ETAPKT) TIPOTYOULEVT] YV®OOT] KAl KATAVON o™
TOV AVTIKEUEVOD, VA TTPomBOVV TNV KPLTIKT] OKEWT) KAl TNV TPWTOTLIIA Kot va evBappivouv
Tov evBovolaoud kat tn ovupeToxn Twv padntov ota nmedia STEM (Goziim et al., 2022). H
BeTikn otAOT TOLG Elval EMTAKTIKI) O€ ONOLAST)TTIOTE AAAAYT) TOVU TIPOYPAUUATOS OTOVS®YV,
kabag SievkoAlvel TV Tapoyn evkapl®v, Por|felag Kat UTEIPIOV TTOL VAl ATAPAITNTES Yia
ToUg padnTeg wote va kKaAiepynoovv Tig ikavotnteg tovg (Kalliontzi, 2022; Thibaut et al.,
2018). Q¢ €k TOUTOV, N eMTEVEN TV HAONOIAK®V ATTOTEAECUATWVY EMNPEAZETAL OX1 LOVO ATTO
TOV EMTUYNUEVO OXESIAOUO VOGS TIPOYPAUUATOC OTTOVSGOV, AAAA KAl AIT0 TNV ETOIUOTNTA TV
exnadevtik®wv mov Si8dokovv kat kaBodnyovv tovg pabnteg (Sulaeman et al., 2022).

O1 HeAETEG AVAPOPIKA LE TNV ETOIUOTNTA EQAPLOYNS TTPOYPAUUAT®V STEM twv Si8ackovimny
EMKEVTIPOVOVTAL KUPIWEG OTNV OUVAIOONUATIKI|, CUUTEPIPOPIKT] KAl YVWOTIKI E£TOUOTNTA
(Abdullah et al., 2017b; Wu et al., 2022). H ocuvaioOnuanikn etopot)ta agloroyel v
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emiépaon Twv ouvaleHNUAT®Y OTNV EKTASEVTIKT ATTOTEAECUATIKOTITA, EVGD 1) CUUTIEPLPOPIKT)
ETOUOTNTA OUVOEETAL UE TTPONYOVUEVEG CUUTEPLPOPES T) EUTEIPiEg IOV UIOpEl va €Xouv
ouvavtoel o1 §18aokovteg 0To mAaiolo g SidackaAiag tov STEM (Scanlon et al., 2022). H
YV@OTIKT) ETOLOTNTA APOPA TNV IKAVOTITA EVOG ATOUOV VA EMAVEL ATOTEAEOUATIKA (NTHLATA
(O'Neil et al., 2014). H 8¢opevon kal 11 aUTOQTOTEAEOUATIKOTN TA ATTOTEAOVV TTAPAYOVTEG TTOV
emtiong ennpeadovv v otaon twv Sidaokoviwv (W. Yang et al., 2023). Qg 6¢ouevon, opidetal
1 APOCIMOT) EVOG ATOLOV OTO ETTAYYEALA TOV KA1 OTNV EKITAT| pWOT TOV KAONKOVTWV TOV, EVD 1
QTOTEAECUATIKOTNTA AVAPEPETAL OTNV EUMIOTOOVVI] €VOC ATOUOL OTNV KAVOTNTA TOVL va
extelel pe emruyla ovykekpiueveg ekmaidevtikeg epyaoieg (Yang et al., 2021).

>mv EA\GSa, Sev vmapyovv emapkn epyaleia yia v afloAdynong tng oTtacng Kal Tng
ETOUOTNTAG EPAPUOYTG TV TTPOYpAUUaTwV STEM TV S18a0kOVImY, YEYOVOG TTOV UITOPEL va
OLUPBAMEL OTNV AVETAPKT] LITOOTNPIEN TV EKTASELTMOV. ZTOX0G AVTNG TNG HEAETNG elval va
Snuovpynoet kal va emaAnfedoel KAIHOKES TToU HETPOVV TNV ETOIUOTNTA KA1 TNV OTACT TWV
exnadevtwv otn Sidaokaiia tov STEM.

2. Me0BodoAoyia

[Ipaypatomo)Onke pia mAOTIKN HeEAETN ya va eleyyBel n aflomoTtia kal eykupotTnTa TV
epyaleimv g €pevvag, N omoia Ste&nyOn amo Tov Okt Pp1o Tov 2021 Ewg Tov Pefpovdpio Tov
2023. O1 KAIHaKeG TPOCapUOoTNKAY atd S0 epyaleia mov avamtuyBnkav amo tovg Abdullah
et al., (2017) yia v a&loAoynon g etouotTag twv ekmadevtikov kat tovg Kah Wei &
Mistima Maat, (2020) yia Vv aflodoynon g ZTtAdong TOUg ATEVAVTL OTNV EPAPLOYT TNG
Exnaidevong STEM, avtiototya. H apyikr kAipaka twv Abdullah et al., (2017) nepiaaufave
Tpelg  Slaotaoelg  CLUITEPIAAUPBAVOUEVOV T®WV  YVOOTIK®V, oLvAloOnuaTiK®V KAl
CUUTIEPLPOPIKGOV TITUYX®V, O1 0TT0leC ATTAGG emvor|Onkav kat tpotadnkav BewpnTikd ywpig va
TAPEYXOLV TNV AITAITOVUEVT] EMKVPWOT] LECK TTAPAYOVTIKNG avaivong. H mapovoa epyacia
emave€eTadel AUV TNV APXIKT| TapayovTikn Sour| kot Ipoxmwpd oe Siadikaoieg emMKOPWONG.
Ta avaBewpnuéva epmTnUATOAOYIa SnuiovpynOnkav YpnouomoimvTag Ui Sadiktuak)
TAATPOPUA KA1 OTN OUVEXELA TTPOowONONKaV 0TOUG EKTASEVTIKOUE NAEKTPOVIKA UECK TYETIKOV
e-mail 7oV ATeoTAAEL 08 OAEG TIG OYXOAKEG povAdeg TNG XWPAS. TNV €pevva, avtamokpionkay
494 exkntardevtikoi [Tpwtofaduiag kar Aevtepofaduiag Exmaidevong avegaptn)twg tov kKAadov
TOUG.

3. AnoteAéoparta
KAipaka etoiuotntacg eapuoyne tne Eknaidevong STEM

H tur) tov deiktn KMO=0,966 1jtav vynArn kat o €éAeyxog opaipikotntag tov Bartlett édwoe
OTATIOTIKA ONUAVTIKO amotédeopa (x'=14789,665, p <0,001). ‘OAeg o1 emuépovg Tiueg MSA
Bpeébnkav >0,5 (evpog: 0,919 ewg 0,985) (Hair et al.,, 2018), ovvenwg tnpovvtav ot
npovmoBEoelg yia mapayovtikny avaivorn. H Siepevvnuikn mapayovtikn avaivon (EFA)
EPAPUOOTNKE XPNOUOTOIOVTAS TNV HEB0S0 KUPIWV CLUVIOTWOGOV HE TAQYIA TTEPIOTPOPT)
(oblimin). Ao T0 ApXIKO £PWTNUATOAOYIO, APAIPEONKAV OUVOAKA evveéd OnAwoelg AOyw
aoBevov (<0,40) @optiov. H avaivon kateéAnge oe eva HovIEAO UE 4 TAPAYOVTES , O1 OTTOI0L
EPUNVELOLY TO 72,5% TNG GUVOAIKNG S1aKUUAVOTG, KAl 01 SNA®OEIS TOUG OXETIOVTAL LE TIC
YVOOTIKEG TTpoUTo0ETelg kat ovvaoOnuatikeg mpovToBETElS eQPAPUOYNG TPOYPAUUATOV
STEM, Vv autoatoTeAeoUATIKOTTA KAl TI SE0UELOT EPAPUOYNE TETOIWV Tpoypauudtov. H
a&omoTia g kAipakag afloloyndnke xpnopomoiwvtag tov cuvteAeotr) dAga Cronbach. Ot
EMUEPOVC TTAPAYOVTEG EIXAV AKPWS TKAVOIIOUTIKEG TIUES TTOV KupdivovTav asmo 0,886 £ng
0,976, EMOUEVMC 1) E0WTEPIKI) OULVETNEIA TWV TPEXOLOMV UETPNoewV Ntav emapkng H
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emPefarwtikn avaivon mapayoviov (PA. ITivaka 1) €6e1€e OTL TO HOVIEAO T®WV TECCAPWYV
TTAPAYOVIWV EXEL KAAT) TTPOCcApUOYT) oTa Sedopéva.

IMivakag 1Tiuég Seiktov emPefaiwTiKng TAPAYOVTIKIE AVAAVOTS V1A TV TIPOCAPLOYT] TOU HOVIEAOU
TWV TE0OAPWV TTAPAYOVTWYV, GTO GUVOAO TV SeSopevmv

Agikteg N=494
X 1087,089
p (oTaToTIKN ONUAVTIKOTNTA TOL X°) <.001
TLI 0.938
CFI 0.945
GFI 0.993
NNFI 0.938
RMSEA 0.074
SRMR 0.062

KAipakoa Staocswv évavr tn¢ Eknaibevong STEM

Svppwva pe tov deiktn KMO=0,945 kat tov éAeyyo o@aipikotntag tov Bartlett (x'=7292,635,
p <0,001). Tnpovvtav ot mpovmodeoelg ya mapayovtikn avaivon. IIpaypatosmowOnke
O1EPELVITIKN] TAPAYOVTIKT) avaAvon pe v pedodo KUPIWV OLVIOTWOMY UE TNV TAAYA
neploTpoPn Promax. Ao 10 apy1ko epwTNUATOAOYIO, APAIPEONKAV CUVOAIKA TEVTE SnAwOoelg
Aoyw aobevav (<0,40) goptiov. H avaivon katéAnée oe &va HovIEAO LE 2 TAPAYOVTES, Ol
0710101 EPUNVEVOLV TO 65,6% NG CUVOAIKT|G S1akvuavong, 0mov ot dnAwoelg Tov ITapayovta 1
oyetidovtal pe v ZTaomn amevavtl ot 518ackaAia, eve ot Sniwoeig tov [Tapayovta 2 pe mv
Ytaon amévavtt oy Exmaidevon STEM. Ot tiuég tov ovvieAeotny aA@a Cronbach twv
EMUEPOVG TTAPAYOVIWV EIXAV AKP®MG TKAVOIOMNTIKEG TIUES, 0,960 KAl 0,902 AVTIOTOLXA,
ETOUEVWG T) ECWTEPLKT) CUVETELN TV TPEXOLOWV UETPTOewV etvan entapkng. H emiPefaimtiky
avdivon mapayoviov (BA. [ivaka 2) €de1&e 0TI TO LOVTEAO TOV TECCAP®V TAPAYOVTOV EXEL
KOAN TPOGOPLOYT GTA OEGOUEVAL.

IMivakag 2 Tipég Seiktmv emPefalnTIKNG TAPAYOVTIKNG AVAAVOTNG Y1a TNV TIPOCAPLOYT) TOV LOVTEAOV
TWV TECOAPWV TTAPAYOVTWYV, 0TO GUVOAO TV SeSopuévmwv

Agikteg N=494
X 108.063
p (otamiotikn onuavtikdmra ov x°) | <.072
TLI 0.980
CFI 0.980
GFI 0.993
NNFI 0.998
RMSEA 0.022
SRMR 0.054

4. Iuunepaocporta

O 0T0X0g TNC TPOKATAPKTIKNG EPEVVAG TAV VA AEIOAOYTOEL TNV EYKLPOTNTA KA1 TNV aflomoTia
600 EPWTNUATOAOYIWV TTPOKEIUEVOL VA ATTOKTNOOVV YVMOEIG OXETIKA [E TIG OTACELS KAl TNV
eTolpoTTA TV ekmadevtikwv otnv EAAGSa oxetika pe v exkmaidevon STEM. Ta
QTOTEAECUATA TNC TTAPAYOVTIKIS AVAAVOTG LITOOTNPI{OVV TNV EYKLPOTNTA Kal TNV aflomoTia
6o epyareimv, g Ttdong pe 17 ototyeia kat g Etowotntag pe 24 otoixeia. Me faon tig
PYUYOUETPIKES I810TNTEG TV EPOTNUATOAOYIMV, PAIVETAL VA ElvaAl EYKUPA EPYAAEL KA T} XPTIOT
TOVG OTNV EAANVIKT] EKTASEVTIKT KOWVOTNTA ptopel va fonOnoet otnv mpoPAeyn tov emmedov
eTITELENC AVTNG NG eKTAISEVTIKTG kKavotopiag. EmuAeov, pmopel va Smoel mAnpogpopieg yia

83



S1pOPEG TTTUXEG KAl CLUVAPEIG TTAPAYOVTEG TTOV £MEPOVV OTNV ETOIUOTNTA TV S16A0KOVTIWY
KA1 0TIV 0TAOT] TOUG AVAPOPTKA pe TNV epapuoyt) tov STEM otnv kabnuepivi toug SiSaktikm
TPAKTIKT).

Neplopilopoi Kat peAAovVTLKN €pguva

H mapovoa TpoKATAPKTIKY] €PEUVA €XEL OPIOUEVOVG TEPIOPIOUOVG. ATTOTEAEL U1 APYIKT)
POOTADEIA V1A TNV IKAVOTIOINOT) TOV AWTATNOEWV Y1 aKkp1eig epeuvTIKEG HeTpT|oels. g ek
TOUTOV, elval awtapaitnto va AngBovv mpocBeta Setypata kat va mpayuatomonfolv peAeteg
avtypagng. Esmiong, o1 meplopiopol mpokvmtovy kat amo ) Xpron g nefodov ovAhoyng
oLYXPOVIK®V dedopevmy, N omola Paciletal oe epyaieia avtoava@opdag, kabwmg kat amo tn
oTEVOTITA TOV delypatog.

Ev 10 peta&y, n xpnon g poustoTikng exel Stadpauatioel onuavtiko poAo 0To OXeS100UO0
padnong STEM (Darmawansah et al., 2023). MaAlota, To evo1apEpov yia TNV eKTASEVTIKN
POUITOTIKT) €xel avgnBel Ta TeAevtaia Xpovia kal €Xouv Yivel ToAEG mpoomtabeleg o€ OAO TOV
KOO0 Y1a va GUUIEPIANPOOVYV TA POUITOT 0TI OYOAIKT) S18a0KAAIN QIO TO VITIIAY®YEID £wG TO
YULVAO10, KUPIwG o€ padnuata emotung kat texyvoAoyiag. IToAvapiBueg epeuvntikeg HeAeTeg
£XOVV VITOYPAUUIOEL T 01 AVTIANYPELS TV EKTAOEVTIKGOV Y1 TNV EKTASEVTIKT) POUITOTIKT)
(ER) ka1 n aioBnon g autoamoTeAEOUATIKOTNTAG TOUG UTOPOVV VA EMNPEACOLV TN
padnolakn Stadikacia (Agus et al., 2024; Schina et al., 2021). e ovvexela g mapovoag
TIPOKATAPKTIKNG €pevvag, Oa mpayupatomonBel LeAET TPOKEIUEVOL VA TPOCOI0PIOTEL 1)
ETOUOTNTA TV EKTTAGEVTIKQOV VA EPAPLOCOVV TN POUITOTIKT TEXVOAOYia 0TI S18aoKaAla Tovg
KAl 1 emidpact Tov KAvoTOHOU OXOAKOU KAIHATOG 0Tov Babuo amodoyng Twv KavoTopmy
AUTOV PeBOSwV.
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MNpodyouv ot Napeppaoceig oe Opata Navotexvoloyiag Tig
Ae§Lotnteg Tou 217 Awwva?: M Avaokomnnon the BipAtoypadiog

Adlapog [TeAekag, Evputiong Xatdnkpaviwtng
Tunua dvoixng, Aptototédeto Iavemiotnuio OcooaAovikng

NepiAnyn

H mapovoa epyaocia e€etadet v ovuPoin g Navoemothung kat Navoteyvoloyiag (N-ET) otnv
avamTugn Twv §e€10TN TV ToL 210V AOVA PETA Ao S1apopeg Si18akTikeg mapeufacelg. Avaivovtag v
oLYVOTNTA, TNV ATOTEAEOUATIKOTNTA S1apopnv Sibaktikmv uebodwv, kabmg kat tn ovoxETion Tovg Ue
mv mpo®bnon kpiolpwwv Se€loTTwv, OMTWG 1 KPITIKT OKEWPT), 1 SNUI0VPYIKOTNTA, N ETKOIVKOVIA KAl T
ovvepyaoia otig Sragopetikeg ekmaidevtikeg Babuideg, | epyacia mPOCEEPEL H1A EKTEVT] ETMOKOIMNON
NG TPEXOLOAG KATAOTAONG NG €pevvag kal avadeikvuel ) Siemotuovikn ¢uon g N-ET kat v
IKAVOTNTA TNG VA TIPOCPEPEL U1A OAOKAT|POUEVT] KATAVONOT) OUVOETOV £VVOol®YV, LITOYPAUUIfOVTAG TV
QAVAYKI YA TNV TTPOETOILACIA TV HABNTMOV OTIG TIPOKANOELS TOU HEAAOVTOG,.

Abstract

This study examines the contribution of Nanoscience and Nanotechnology (NST) to the development of
21st-century skills through various teaching interventions. By analyzing the frequency and effectiveness
of various teaching methods, as well as their correlation with the promotion of critical skills such as
critical thinking, creativity, communication, and collaboration across different educational levels, this
work provides an extensive overview of the current state of research. It highlights the interdisciplinary
nature of NST and its ability to offer a comprehensive understanding of complex concepts, emphasizing
the need to prepare students for future challenges.

Né€eig-KAetbud: 8e5romteg 2100 awva, Sidaktikeg mapepfaoceg, Siemomuovikomra, ekadevtikn

KawvoTopia, vavotevoloyia
Keywords: 21st-century skills, teaching interventions, interdisciplinarity, educational innovation,

nanotechnology

1. Elcaywyn

H Navoemotun - Navoteyvoloyia (N-ET), éxer avadeiybel wg €vag amd tovg mA&ov
TPWTOTOPIAKOVS KAl SUVAUIKA AVAITTUOOOUEVOVS TOUEIC TNG OUYXPOVNG EMOTHUNG Kal
texvoloyiag, kabwg aflomolel tn OSvvatomta Swaxeiplong Twv atOuwv, Hopiwv KAl
HAKPOUOPImV, TTPOKEIUEVOL va SnuiovpynBolv vAika kot Statdéelg pe karvovpyieg 1810TNTEG
ka1 Aertovpyieg (Ghattas & Carver, 2012), 7Tov o@eihovtal o€ SOUES TTOL AVIKOUV O€ €va DPOG
peyebovug mepimov 1-100NmM, TO 0010 AVAYVWPIETAL KOV®DG ¢ vavokAipaka (Jones et al.,
2013). H onuaoia mg evoouatwong g N-ET oty ekmaidevon eivar moAvorjuavtn, kabog
TPOWOEL TNV KATAVONOT TTOAVTTAOK®V ETTOTINUOVIK®V KAl TEXVOAOYIK®DV EVVOIWV, EVIOYVEL TNV
KPITIKI) OKEWT KAl TTIPOOPEPEL XPTOIUA EPYAAEIN O€ €va VPV PACUA EPAPUOYDV, ATTO TNV
LATPIKT) HEXPL TNV TEPIBArOVTIKT TpooTacia.

H onuoocia tov Bacikdv wemv ™ N-ET oto mhaicto g ddackariog tov Gvowkmv Emomuav éyet
TovioTel taitepa amd v emiotnuovikn kowvotnto (Stevens et al., 2009- Blonder & Sakhnini, 2016
Stavrou et al., 2018). Ou Meydiec 16éec (MI) givar £vvoieg Tov £XOVV SIETIGTILOVIKO YOPOKTNPO KOl
puropovv va e&nynoovy éva gupy Ao OVOUEV@Y. Ot £Vvoleg aVTEG amoTeAoVV ToV Tupnva TG N-
ET oopowva pe toug Stevens et al. (2009), kot emopévmg, Lo omd ToV SIETOTNUOVIKO YOPOKTNPO TNG
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mpofdrietol n evkaipion vo ovoadlopyovmbel 1o EMOTNUOVIKO TEPIEXOUEVO KOl O TPOTOC OV OVTO
SAcKETAL GOUPOVO LE TO TPOYPULLLLL GTTOVIDV.

O1 8810 TEg TOV 210V ALWVA (KPITIKT OKEWT), SNUIOLPYIKOTNTA, CLVEPYATIA, EMKOIVOVIQ) T
4C’s amoteAoVV (WTIKNG OMUACIAS OUVIOT®OES Yl TNV EMTUXIA OTOV CLUYXPOVO, S10pKKOC
petafaropevo koopo (Kaufmann, 2013- Lapek, 2018- Omiles et al., 2019- Rotherham &
Willingham, 2009). H evooudtwon avtav v 8e§lotntwv otnv ekmaidevon elvat amapaitnt
Yl va ;poeToluacel tovg padnteg, va evBappuvel v kawvotopia kat va Stac@aiioet v
OLLOAT] TTPOCAPLOYT] TOUG OTNV £PYACIAKT Ayopd Katl otV kowvwvia (Sanabria, 2016- Hirsh-
Pasek et al., 2020). H évta&n mg N-ET oty eknaiSevtikr Stadikaoia pmopel va evioyvoet
OTUAVTIKA QUTI] TNV 7IPooTtAbela, TPOGPEPOVTAG €va TAAIOI0 yla TNV €EA0KNoN KAl TNV
EPAPLOYT AVTOV TWV SEEI0TNTWV OE TPAYUATIKA Kal ovvOeTa tpofAnpata.

Znv tapovoa PiAoypa@ikn avaokosnon, eéetadetar n ovuPoAin g N-ET oty evioyvon tov
6eflotwv v 21" awwva peoa amo Sragopeg Sidaxktikeg mapeufaocelg. Eidwkotepa,
S1EpeuVATAl KATA TTOCOV 01 EKTTASEVTIKEG TTPOOEYYIOELG KA TIPAKTIKEG IOV OXeTI{oVTAl e TN
N-ET psmtopoiv va tpodyouvv v avamtuén towv 6e§lottwv tov 21" aiova, eéetalovtag tnv
QTOTEAECOUATIKOTNTA TwV HeBOSwV mov akolovBolv ol mapepfacelg oy mpowdnon Twv
O0eClomntwv, kaBwg Kal TNV CLOYXETION TOUG PE TNV CUYXVOTNTA OV gupavidovial oe kabe
Babuida tng exmaidevong.

2. MebodoAoyia

IMa va avTiPeT®MOoTEl TO KEVIPIKO £PELVITIKO epwTnUa NG epyaoiag "Tlwg mpoayovv ot
napeppacerg oe Bépata N-ET v avantoén tov Se€lottwv tov 2100 aiwva?”, die€nyon
avaokosmmnon g Biproypagiag. H pebodoloyia mepirdufave pia cuotnuatikn avad)tmon oe
akadnuaikeg paoceig deSopevmv, omwg  PubMed, IEEE Xplore, ScienceDirect ka1 Education
Resources Information Center (ERIC), yia tVv evtomouo apBpwv stov Snpooietfnkav amod tov
Iavovapilo tov 2000 £wg Tov Aekeufplo tov 2023. O1 AeEeig-kAe181a oV YpnotuomoOnkav

m"non

oV avadnton nepthapfavav "nanotechnology”, "21st century skills", "education", "STEM
education", "innovative teaching methods" ka1 Tig empépovg Se€10nTeg Tov 21" anwva (critical
thinking, creativity, communication, collaboration). Ta kpitipla cvpmepiAnyng HTav apbpa
ypaupéva otnv AyyAikn yAwooa, ta osmoia peAetotv Sidaktikeg mapepPaoeig oe Oépata N-ET
kat aflodoyovvtar péca amd  kawvotoueg peBodovg  Sibackadiag mov  mpowbovv
amotedeopatikd ta 4C’s, avefapttog Pabuidag exmaidevong. Ta kprthpla ATOKAEIGUOD
nepAaufavav apBpa mov Sev oyetidovian pe v eknaidevon otv N-ET 1 mov

EMKEVTPMOVOVTAL LOVO 0TIV TTPo®ONOoT TOL YVWOTIKOV mepiexopévov twv N-ET.

A7 ta 104 apBpa mov evromoTnkav apyikd, ta 27 dev mpowboliv kauia amod Tig TEooepig
8e€l0tnTeg TOoL 21" AWVA, eV TA 16 Jev a@opolV TNV &vtagn Tng vavo-texvoloylag otnv
exmaidevon. Zta 61 apbpa mov emAExOnkav telikd, mpayuatosmo|Onke cLOTHUATIKY KAl
ovvdvaoTikny avaivon, pe afoveg Tn YPovikn mepiodo mov Snuooieltnke 10 ApBpo, Toug
O0TOXOVG NG HEAETNG, TIG LeBOSovg, ) Pabuida exmaidevong,  Oepatoroyia g N-ET kot tnv
OLYVOTNTA EUPAVIOTIC TOVG OXETIKA UE TNV avaTugn twv 6e€lotntwv tov 21" aiwva. TEAog,
€EETAOTNKE 1] ATOTEAECUATIKOTNTA TV PEBOSOV wg 7TPog TNV mpowbnon Twv Se€loTntwy oTIg
exmadevtikeg fabuideg, Snhadn avadeiyOnkav o1 Sidaktikeg uEBodot twv mapeuPacewy mov
ouvdeovTal oUYVOTEPA LE TNV TTPOM®ONON KAl TwV TEGOAP®V SeE10TNTOV.

3. AnoteAéopata

H avdvon tov amote Aeopudtov ¢ mapakaten BipAloypagpikng avackommong Bploketal vmo
e&eAln, kat ta AN pn astoteAeopata Ba Tapovo1AoTOVV 0TO oVVESP10. QOTOCO, KATTOA TTPWTA
evOeEIKTIKA amoteAéouata mapatifeval TapaKAT.

Ta 61 apBpa mov emAexOnkav mpog avaivon, Ta&voundnkav xpovoroykd, ava 5-etia otnv
neplodo 2000 €wg onuepa. Amd avtd, 36 eppavidovial v mepPiodo 2014-2024, A0 OOV
@aivetal O0TL To OEpa evilapEpel HEYPL KAl OT|UEPA TNV EPEVVITIKT KOVOTNTA.
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Yyetikd pe m Pabuida ekmaidevong, 0To oUvoro Twv ApBpwv, N TAEOVOTHTA TwV ApOpwV oV
evtomiomkav, avagpepovial oe Sidaktikeg mapepuPfaocelg mov evracoovral oto ITavemotuio
(28 apBpa) to omoio axorovBeitan amtod To Avkelo (23 apBpa), To F'vuvacio (12 apbpa) kat teAog
TO AnpoTiko (7 apBpa). Akoun, oe povo 3 apHpa amo ta 61 1) Tapepfaon eivarl IPOCAPUOCTUEVT
o€ oAeg Tig exmaidevTikeg fabuideg.

'‘Ocov agopa Vv Bepatoloyia, n avaivon £ywve mpoodlopidovrag tig Meyddeg Ideeg tng N-ET
(Stevens et al., 2009). H emkpateéotepn Bepatoroyia o0to oUVoAo Twv apBpwv, @aivetal va
Baoietan ot Meydn 16¢a «Emotnun, TexvoAoyia kat Kowvaviar (52 apBpa), akorovBeitat
arto 1ig «ISiomnteg ESaptopeveg amd 1o MéyeBog» kal «Aour) g 'YAne» (34 apbpa) kat amo
mv «Epyaiela kat Meoa» (31 apBpa).

‘Ocov a@opd TNV ouxvOTNTA eUPAvIong Twv HeBodwv (Lepovopeva 1 ouvéuaoTikad), 0T
oLVOAO TV ApBpwv, N 1o Snuo@Ang etvan Ta hand-on activities (22 apBpa) kat akorovBeitan
asto 1o inquiry-based learning (12 apBpa), ta laboratory-based activities (9 apOpa) kot project-
ka1 problem-based learning (9 apBpa to kabeva).

Telog, OGOV APOPA TNV ATOTEAECUATIKOTNTA TV SIBAKTIKGOV TTPOCEYYIOEMV WG TTPOG TNV
npowOnon Twv SefloTTwV Tov 21" ALWVA, GTO GLVOAO TwV APBpwV, Bpednke ot 01 uEBodot Tov
TPOAYOUV CULXVOTEPA KAl TIG TEOOEPLS OeflOTNTEG elval ekeiveg mov LTOOTNPidovV TV
evepynTikn kat Stabpaoctikn pabnon (hands-on activities) kal otig 1écoepig Pabuideg g
exmaidevong mov eEetalovral.

4. Tuunepaocpato

v mapovoa BifAloypa@ikn avaokommnorn, OlEepeuvaTal KATA TTO00OV Ol EKTAIOEVTIKEG
TPOOEYYIOEIg KAl TPAKTIKEG Ttov oxetidovtat e ) N-ET pmopovv va mpodyovv Tnv avamtudn
Tov deflottwv Tov 210V awwva. H avaivon mpoodidopoe Tig TACES OTNV vaapyovod
BipAoypagia, e0TIALOVTAG OTNV ATTOTEAECUATIKOTITA TV SIOAKTIKWV TTPOCEYYITE®V WG TPOG
mv mpombnon twv tecodpnv deflottwv oe cuvduvaocuo pe ) Pabuida ekmaibevong. Meow
TV ATOTEAECUATOV TNG AVAALONG, 1] EPYACIA AUTI| TTAPEYEL UIA ETOKOMNOT NG TPEXOVOAG
KaTaotaong g épevvag oto otavpodpout g N-ET kot g exmaidevong, mpoopepoviag
TTAPAAANAQ TIPOOTITIKEG V1A ATTOTEAECUATIKEG TIPAKTIKES KAl LEANOVTIKEG KATELOLVOELG Yia TNV
EVOWUATMOOT] TNG OTIG EKTTASEVTIKEG OTPATNYIKEG TOU 217 AlOVAL.
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Ixebiaon & Avanrtuén Awdaktikn¢ Madnolakng AkoAouBiag ya tnv
KaAAiépyela As§lottwyv Katavonong Npadikwv Napaoctaocswv

Mapiva Toaovoidn, Avaotaoiog MoAoyidng
Tunua ®voixng, AptototéAeto Iavemiotuio OeocoaAovikng

NepiAnyn

H xprion ypa@ik®v mapaotdoemy yid TNV HETAPOPA CUUITTUKV®UEVNC TTAPOPOPIAG ATTOTEAEL HEPOC TNG
kaBnuepvotnTag Kat eivat avaykaio kabe moAitg va umopel va amokwS1KOTOOEL KAl VA EPUNVEVOEL
™V smAnpogopia sov mapeyxetat. Ot pabntég avriuetwmidovv SVOKOAIEG OTNV EPUNVELA TOV YPAPIKDV
TAPACTACEWY OTN (PUOIKN, AAA KAl OTNV HETAPOPA TOV YVOOEWV Tepl AVTEG Og SlapopeTika
TEPIEYOUEVA. TTNV TTAPOVOA EPELVA TAPOVOIALOVTAL 01 OXESIA0TIKEG APYES OUUP®VA UE TIG OTOIEG
oxebaotke wa Atdaktikn Mafnolakr) AkolovBia yia v avantuén twv 6e€loTTov avayvmong Kat
KATAvOnong twv Ypa@lkov mapaotdoeny and padntég tov Mvpvaoiov. To Sibaktikd vakd Bacidetan
oto 818axktiko povrédo 5E aflomoiwvtag v pebodoloyia g aveotpauuévng ta&ng kat v Xpnon
TTOAMATAGY AVATTAPACTTATEWDY.

Abstract

The use of graphs to communicate condensed information is part of everyday life and it is necessary for
every citizen to be able to decode and interpret the information provided. Students face difficulties in
interpreting graphs in physics, but also in transferring their knowledge about them into different
contents. This research presents the design principles according to which a Teaching Learning Sequence
was designed for the development of reading and graphic comprehension skills by Gymnasium students.
The teaching material is based on the 5E teaching model utilizing the methodology of the flipped
classroom and the use of multiple representations.

Né€eic kKAbLa: YPaPLKEG mapaotaoelg, Sidaxtikr) padnotakn akoiovdia, povtéro 5E,
TTOMAUITAEG AVATTAPACTACELG
Keywords: graphs, teaching learning sequence, model 5E, multiple representations

1. Elocaywyn

O1 Ypa@ikég TAPACTACELS ATTOTEAOVV ONUAVTIKO EPYAAEIO Y1 TNV ETKOIVOVIA TIAT| POPOPLOV
OTIG ETOTNHEG AAAA KAl 0TV kKaBnpepvr) (o). O1 8§10t TEG TOL APOPOVV TNV AVAYVHOOT) KAl
KATAVONON YPAPIKOV TAPAOTACEDV VAL ATTAPALTNTO £POSI0 Y1 0AOVG TOVG TToAlTEG KAOhg
OUVELOQEPOLV OTNV EYKVPT EVILEP®OT) TOUG KAL ATOTEAOVV BACGIKO OTOLYELO TOV EMOTIUOVIKOV
ypaupatiopov (Glazer, 2011). Ztnv emmotun ¢ PUOIKTG 01 YPAPIKES TAPACTATELS ATTOTEAOVV
AVATTOOTIACTO KOUUATL TNG LEAETNG PAIVOUEVRV. ZUVETKOC, Kol 0TV dibackaAia tng, Oa mpémel
va Sivetatl avtiototyn BapltnTa otV avayvemor Kal KATavonor) Toug.

Méoa amo v BipAloypagia yivetal (pavepo 0Tt o1 pabnteg avtipetmmilovy mpoPAnuata otnyv
AVAYV®OT] KAl KATAVOTOT] TOV YPAPIK®OV TAPACTACE®Y 0TI PUOTKT]. Zuyva Bempeltal Twg ot
padnteg yvwpidovv 1ndn va «drafadovv», kar pmopolv va e€ayovv, ta Sedouéva mov
xperadovratl ammo éva Siaypaupa (Araujo et al., 2008 Glazer, 2011). ZnV TPAYUATIKOTNTA
SvoKoAevovTal VA avayvmpioovV Kal va KATAVOT)OOVV TA OTOLXELA £vOg S1aypANIATOg KAl va
HETAPEPOLY TNV YVOOT] OV KATEXOLUV QO TO 7edio Twv pabnuatik®v og ypaQikeg
mapaotaoelg otn guotkn (Boote, 2014). Ot SuokoAieg AVTEG EXOLV KATAYPAPEL ATTO APKETEG
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gpevveg (Mmodwiav, 2000 Glazer, 2011° Ivanjek et al., 2016). EmutAéov €xel peetnBei n
emiépaon Tov MEPIEYOUEVOL TWV YPAPIKOV TTAPACTACE®Y OTNV KATAVONOT TOV padntov
(Ivanjek et al., 2016 " Planinic et al., 2012).

SUUPOWVA e TNV €PEUVA, U1 OUYXPOVN TPOCEYYION OTI) CLOTNUATIKI] KAl OPYAVWUEVN
S18a0KaAa TV PLOK®OV eMOTNUOV eival o1 Aildaktikeg Mabnowakeég Akolovbieg (Teaching
Learning Sequences). Ot AMA amotedoUv pecaiag KAIHAKASG OVOAUTIKA ITIPOYPALLATO
Sapkelag pepikav efdopuadmv. Eivalr tavtoypova epevvntikn SpactnplotnTa Kol mpoiov
(Méheut & Psillos, 2004) kat ovykpoTOUVTAlL QIO EYKUPOTOUUEVEG OPACTNPLOTNTES
018aokaAiag kal pabnong, mTpoocaplooueveg oto emimedo Twv ekmaidevopevmv. Emmiéov 1
XPNon S1a@popeTIKOV TPONM®WV avamapaotaong upmopel va Ponbnoet tovg pabnrteg va
BeATIOOOLY TNV 1KAVOTNTA TOUC VA OKEPTOVTIAL £VVOIOAOYIKA YA U1 KATAOTAON 1) €va
pawvopevo (Opfermann et al., 2021).

O1 épevveg mov €xouv mpaypatomondel e€ite a@oPoLV TOV EVIOMOUO EVOAAKTIK®V
AVIMNYEOV TOV HAONTOV 0 OYEON HE TIG YPAPIKES TTAPAOTACELS, €1Te eival HKPOTEPES
napepupfaocelg mov e0TAOVV 0€ CUYKEKPIUEVES TTAPAUETPOVS OTWE TI.Y. OTNV €mMdpaon Tov
TEPIEYOUEVOV TV YPAPIKOV TTAPAOTATE®Y, XWwPIg va €0TIAloVV 0TIg SeE10TNTEG KATAVONONG
TOV YPAPIK®V apaotacemv. H mapovoa £peuva 0ToXEVEL 0TV AVTIUETMITION TwV SLOKOAGOV
TOV HabnTov oV KATavonon Twv YPAPIK®OV TAPACTACEWV HE TOV OXeSAOU0 KAl TNV
avantogn pag AMA. EpeuvnmikOd €p@TNUA QITOTEAEL €AV Ol OXEO1A0TIKEC APXES IOV
emAexOnkav yia v avamtudn g oepdg Umopovv va vmootnpiéovv v PBeitioon twv
HaONO10KGOV ATOTEAECUATOV OTIV AVAYVKOOT) KAl KATAVOTOT) YPAPIK®DV TAPACTACEWDV.

2. MeBoboloyia

O1 oyedaotikég apyxég ovupwva pe TIg omoieg oyxedidotnke n AMA agopovv TO
LETAOYNUATIONO TOV Tepieyopevov g AMA, tov oxedlaopd Tov VAIKOU Kl TOV TPOIIO
epapuoyng tov. I'a Tov HetaoyNUATIONO TOU SI8AKTIKOD TEPIEXOUEVOL KAL TNV 1EPAPYNON TV
O0e€loTNTWV 7OV OTOXEVETAl VA QITOKTNOOUV Ol padnteg, alomombnke to HOVIEAO TNG
exntadevtikng avadounong (MER) (Duit et al, 2012) 1o 0moio mapovoladetal otny eKoOva 1.

Ewova 1: O1 tpeig Siepyaoieg tov povtedov g ekmandevnkng avadopnong.

3)

Exebiaon & abiordynon aepifalidoviev
Sibaoxaiiag xar paOnong
apaypankd S daxnka xar padnowaxa
aspipaiiovia

) % (2)

ANOOQ@NVION Xal avaivor eTMoTHOVIKOD ‘Epevva ot Sibaoxaiia xar udbnon
. aepexopévov ) Avianypeig padntov, Sibaxuxée &
ABaxnkig peraoynuanopds pabnowaxéc Sradixaoieg

Qg kOpla evomTa Sidaokaiiag emAExOnke 1 KIVIUATIKN KAO®G TPOTEPEPETAL YA AVAAVOT)
YPAPIKQOV TAPACTACE®MY, KAl CLVASEL PE TO AVOALTIKO TTIPdypauua toco tov I'vpvaciov (B’
Ta€n) 000 kot Tov Avkeiov (A’ ta&n). Ta UAa epyaciag mov ovuvodevovv v SidackaAia
QITOTEAOVVTAL OTO UEYAADTEPO HEPOG TOVE ATIO EPWTIOELS TTOAAITANG EMAOYTG. TIG TTPDOTES
Spaotnplotnteg kAbe evotntag o1 epwtnoelg kabodnyovv tovg padnteg va akolovdroovv ta
friuata mov ypelddetal Kal va Japatnprnoovv Ta Pacikd  OTOEd TV  YPAPIKGOV
TAPAOTACE®Y. ZTad1aka 1 kabBodnynon eAattovetal. Zta UAAA epyaoiag mepiaufavovtal
Kal 6paotnploTTeg AvoIXToL TUTIOV WOTE Ol HadnTeg va ek@pAlovv TNV KATAVON 0T TOUG
(Husain et al., 2012). Ta Vv emAoyr] mOAvVOV ATAVINCEWY OTIG EPWTNOEIS TTOAAITIANG
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emAoyng BewpnOnke KaAn TpakTikn va xpnoipomonovv o1 BiAoypagpikd Katayeypaupueveg
EVOAAAKTIKEG avTAnpelg twv padntov. Emutiéov BewprOnke onuavtikd ot pabnteg va
epapuodovv TNV yvworn mov 8axOnkav oe  SlaPOPETIKOV TEPIEXOUEVOL  YPAPIKES
TTAPAOTACELS. ZTO OTAS10 TNG ETMEKTAONG TNC YVMOONG XPTOLOTTIOI0VVTAL YPAPIKESG TTAPAOTACELG
a0 AAMOVG KAASOUE TG PLOTKNC KAl auto TNV kadnuepvotnta.

O oxedraouog g Sidaokaiag Tov VAoV Baciotnke oto povtédo 5E (Bybee, 2006). Zoupwva
HE TO HOVTEAO, 1 KAOe evOTNTA QITOTEAEITAl QIO MEVTE OTASIA: TO OTASIO TNG EUITAOKIG
(engage), tng e€epevvnong (explore), g ene€nynong (explain), g enéxtaong (elaborate) kau
g ektiunong (evaluate). EmmAéov a&lomouOnke n peBodoAoyia tng aveotpappevng ta&ng
kaBwg @aivetal 0T evioyvel TV katavonon Twv evvolwv (Strelan et al., 2020). Ze 6An v
€xtaon g Si8ackaAiag yivetal xpnon ToAMATAOV AVATIAPAOTACEWY HEC® OULVOSEVTIKGOV
EIKOVWV KA1 tapovaoiaong Bivteo.

3. AnotsAéopata

H AMA mov oyxedidotnke mepthaufavel T€00ep1g eVOTNTES: TNV AVAYV®OT] TOV AafOvVwV, TIg
HOPPES TV PACIKMOV YPAPIKMOV TAPACTACEMV KIVI|UATIKNG KAl TIC OXE0EIC TOV PUOIKGOV
peyebov mov Tig xapaktnpifovv, Siaypaupata kiviong S00 OCWUAT®V, KIVOUUEVGV
evBUypauua kal opaAd kal S1a80)1KEG KIVIOEIG VOGS OMUATOG, KIVOUIEVOL eLBUypapua kat
opaid. KaBe ma amo avteg asmmoteAel pia Sidaxktikn evotnta. H Soun g Sidackaiiag kabe
evotntag akoAovbel ta otadia Tov poviedov 5E. Apylkd a@lepavovtal KAola AETTA OTOV
TPOCAVATOAIOUO TV HAONTOV yld TO TEPIEXOUEVO TNG evoTnTag (engage). £10 0TAS0 NG
S1epevvnong (explore) o1 pabntég ovpmAnpmvovy eva @UAO epyaociag. O1 Spaotnplotnteg
auTtég kabBodnyovv Touvg HAONTEG OTNV KATAVONOT TOV O1a81KACIOV KAl TV EVVOIMV TNG
evoTnTag. Metd TNV CLUTAT PWOT) TOL PUAAOL £pyaoiag 0 eKmaSevTikOg ovdnTa kat e€nyel ta
onueia mov dvokdAewav meploodtepo Toug padnteg (explain). AkoAovBel to otadio ng
enméktaong g yvaoong (elaborate). ¥to 01ad10 avto ot pabntég kaAovvTal va HETAPEPOLY TIG
YVOOEIG 7OV QIIOKOMIOAV O€ YPAPIKEG IJTAPAOTACES OlAPOPETIKOV  TTEPIEXOUEVOV
OLUTTAN p@VOVTAG &va QUANO gpyaciag. Ot Spaotnpotteg oto 0tadio avtd mepriapfavouvv
xaunAotepo Badud kabodnynong. To otadio g aflodoynong (evaluation) vAomoteitanl peow
TN CLUTAT PWOTG EVOS PUAAOVL £pyaoiag 0To oTmiTt uetd Vv SidaockaAia. IIpwv v SidackaAia
kaBe evotntag Sivetal oTovg HAONTEG YA CLUTTATNPWOT) OTO OJIITL €&va UANO epyaociag yia
pUeEAETN TV evvolwv Tov Ba Sidaybolv. ITo ovykekpipuéva 1n Soun g eeApUOyng OMwg
oxedlaotnke @aivetal otV eKova 2.

Tradwua Egpappoyrg Tradwa 5E kabe DvAAa epyaciag kale
pre — test evomrag evoTnTag
Evomta 1 Ewoaywyikég évvole .

1 YY YIRES - 5 : Engagfa @E i.1 — ZupItAn pwor) oTo oTtiT

\ Ta idn TV Kivijoewy - KAion Explore .

Evotnta 2 , . . ®E i.2 -- Explore
YPAPIKGV TIAPATTATEDY Explain -

- - . ; . ®E i.3 -- Elaborate
Evomta 3 | Ipagikég mapaoctdoeg 8o ooudtwy | Elaborate - .

. ; g P ®E i.4 — Evaluate (o7tit)
Evomta4 | ZovBeteg KIVI|oeIg £VOG OMOUATOG Evaluate
post - test

Epwtnpatoldylo otdoemv
Znueiwon: To «i» atov aptBuo tov kabe OE avTioTolyel 0TO voUUepo THS KaBe evotnTag

Ewova 2: Aoun g epapuoyng g AMA.

4. JuunepacpoTa

H AMA mov meptypQ@etal otnv mapotod £pyacia avauevetal va evioyvoel Tig 6elotnteg
AVAYV®ONG KAl KATAVOT|ONG TOV YPAPIKOV TAPACTACE®Y TV HAONTwV, OX1 LOVO 0TO TAAIC10
NG KIVNUATIKNG aAAd kot og Sragpopetikd mepiexyopeva. H mAotikn epapuoyr g elval
TPOYPAUUATIOUEVT) va Tpayuatoson el otnv Siapkela tov Maptiov. H alohoynon g AMA
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Oa mpayuatomomnBel pEo® NG OTATIOTIKNG OAVAALONG T®WV  QIOTEAECUATOV  TOU
EPWTNUATOAOYIOV €AEYYXOL TPV KAl PETA TNV EPAPUOYT UE TNV XPTOTN TOU OTATIOTIKOV
epyaieiov SPSS 26, kaBwg kat amd éva epwtnuatoAdoylo aflohoynong mmg AMA mov Ba
oLUTTAN PWOEL A0 TOoVg HABNTEG peTd TNV 0AOKAT pwoT NG oelpag. Ta dvo epwTnuUATOAOYIA
Snuovpyndnkav oto MAAIOI0 TNG TAPOLOAS EPEVVAG. AVOALTIKA TA amoteAéopata Oa
TTAPOVOLACTOVV OTO CLUVESPL0.
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MaBntég lupvaciov Owkodopolv Movtéda Kataotaoswv
AwaBpoxng

EvBupuia Appavitov, EAévn Ietpidov
Tunua ®voixng, AptototéAeto Iavemiomuio Ocooalovikng

NepiAnyn

H SwaPpoyr| eivar éva olyypovo Bépa Duoikng pe TAEIOTEG £@APUOYES OTNY KABNUEPIVOTNTA, OTN
Blounyavia, v watpkn kat aAlov. Evtayuévo oe pia Siepevvnuikr Sidaokaiia pe faon ta povteAa
umopel va mpowbnoel Tov emMOTNUOVIKO eyypauuatiopo. IIpog autd to oKomo oXed1doTnke,
avamtoxBnke kat e@appootnke pia dSibaktikn mapeufacn ya v ewoaywyn padntov T'vuvaciov ota
awvopeva Safpoyng HEOw SpaoTNPIOTNTWV HOVTEAOTOINONG. XNV sapoliod epyacia yivetal
QUTOTIUNOT TWV ATTOTEAEOUATOV OMWS TPOKVITTOVV Q0 Ta PUAAA gpyaciag kat afloAdynong, kat Oa
ov{nOel 1 OTATIOTIKT] TOVG AVAAVOT.

Abstract

Wetting is a modern subject of Physics with many applications in everyday life, industry, medicine and
elsewhere. Integrated into an exploratory model-based teaching it can promote scientific literacy. For
this purpose, a teaching learning sequence was developed and implemented for the introduction of high
school students to wetting phenomena through modeling activities. In this study, the results will be
evaluated as they derive from worksheets and evaluation sheets, and their statistical analysis will be
discussed.

Né€eic kAebia: S1aPpoxi, povéha, povehomoinon

Key words: modelling, models, wetting

1. Ewcaywyn

Ta véa Avaivtika IIpoypdupata OTOXEVOUV OTNV  €VIOYLON TOL  EMIOTHUOVIKOV
EYYPAUUATIOUOD LE EUPAOT OTNV S1IEPEVVITIKT) TTPOCEYYIOT KAl 0TNV €E01KEIWOT TV Hadntmv
pe v emotnuovikn pebodoroyia (IEII, 2023). 'Eva poviédo S18aokaiiag Tmv @QUOIKGOV
EMOTNU®V 70V evBLypappidetal pe Vv 18€a g «ekmaidevong HEoW NG emoTHuNg», onAadn
TNV EVOOUAT®OT] EMOTNUOVIK®V apyav Kal uebodwv oto eupltepo ekmaidevtiko mAaioto, kat
OX1 NG «EMOTNUNG LEOW NG ekTaidevong», SnAadn n Xprion TG eMOTNUOVIKNG eKTAISELONC
Yl TNV emMTeVEN OUYKEKPIUEVOV AKASUATKGOV OTOXwWV 1) Tu)iwv, umopel va evioyvoel ta
eyyevl] Kiviitpa twv padntov, oty ekuddnon emotnuovik®v evvolimv kal Seflotntwv
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(Holbrook & Rannikmae, 2009).

H SwaBpoyn eivan n kavotnta evog vypov va Slatnpel emagr) He Hid OTEPEA EMPAVELA, OC
QTOTEAECUA S1AUOPIAK®V OAANAETIOPACEWY, LE XAPAKTNPIOTIKO LEyeBog TN ywvia emnagrng
(TE), mov Stapop@ovetal ammod Tig SIEMPAVEIAKES TATELG LETAED TNG EMPAVELAG, TOV VYPOL Kol
Tov aepiov (Bormashenko, 2018). O empaveieg avaroya pe v tiun g I'E xapaknpidovtat
vepLSPOPINES (0<10°), VEPOPIAES (10°<0<90°), VEPOPOPeS (90°<O<150°) 1) VITEPLVSPOPOPES
(6>150°). Ta va meprypagovv o1 Stapopeg KATaoTtaoelg Stafpoyrg, XPnolomolovvIal ta
povteha Young (Swafpoyr uag Savika Asiag emeaveilag), Wenzel (mmAnpng Stafpoyn pag
TPAXIAg empavelag pe opoloyevn Siemagr)), Cassie — Baxter (Siafpoyn tpayiag emepavelag
mapovoia BuAdkwv agpa PeTall TV em@avelakmv avopoloyevelmv) kat Cassie (petafatikn
Kataotaon avaueoa otig kataotdoelg Wenzel & Cassie — Baxter, pe pepikn Stafpoyr) twv
KOWOTNT®V KAT® aso TN otayova) (Bormashenko, 2018).

Ta emMOTNUOVIKA HOVTEAN EKTOG ATTO EPEVVITIKA EPYAAEIN YO TNV UEAETT), TNV ENYNOT) KA1 TNV
poPAeyn @arvouevov amd tovg emotnuoveg (van Der Valk et al., 2007), amoteholv kat
ouyypova epyaieia mpowOnong Tng EMOTNUOVIKNG OKEWPNG, OTAV EVOMUATOVOVIAL OTIC
S18axtikeg mpaktikeg Twv dvokawv Emomuonv (Windschitl & Thompson, 2006), evicyvovtag
mVv Babutepn KATAVONOT TOV YVWOTIKOD JIEPIEXOUEVOD KAL TNG EVVOLAG TOU HOVTEAOV, KaBwg
Kal TNV €E0KEIWOT) TOVC e EMOTNUOVIKEG TIPAKTIKEG KATA TN Stadikaoia povrelomoinong
(Gobert et al., 2011). Ao Tig 16 de&10nTEG TOL 21°° Al. TOV Ava@epovTal otn PifAoypapia
(Kennedy & Sundberg, 2020), n Soun g mapeupacng evvoel v avantuén twv padnolakaov
0eClontwv (kprmikn okeEWrn, OSnUoLPYIKOTNTA, emKolvwvia kal ovvepyaoia — 4C skills)
"Epevveg (Manou et al., 2019) Seiyvouv 011 01 §pacTnPIOTNTEG LOVTIEAOTTOINONG EVICYXVOLVY TNV
AVATTTLEN TOVG HECW TNG KATAOKELTG YVMOTG KAl TNG EPAPUOYNS HABNolaK®V evvolmv oe
TPAYUATIKA TTAQIO1AL.

Ye autd 1o mAaiol0, oXeS1A0TNKE, AvanTUXONKE KAl e@appootnke pia Sidaktikn mapepfaon
yia Vv ewoaywyn padntov I'vuvaociov otig kataotaoelg Siafpoyng Héow Spaoctnplothtmv
povtelooinong. toxog eivat 1 avadelln g emeEnynUaTIKnG KAl TpoPAETTIKNG XPTIONG T®V
LOVTEA®V, 1] YVQOOT TTEPIEXOUEVOL Y1A TN S1afpoxT) Kal TOVg TAPAYOVTES TTOL TNV emnpealovy,
kat N avantgn 4C skills. ¥komog tng mapovoag epyaciag elval 1 AmOTIUNON TV
QTOTEAECUATOV TOV EPWTNUATOAOYIWV KAl TOV UAA®V epyaciag yia ) diafpoxmn, ) xpnon
TWV HOVTEAWV, Kat TNV avamtugn 4C skills. Ta epevvnmikd epotnuata eivat: 1. Xe oo fabpo
ouvEPaMe 1) Tapeufacn OTNV KATAVON 0T TOL (PAIVOUEVOL TNG S1afpoyng KAl TV Tapayovimy
7OV TNV emnpeddovv; 2. Xe moto Pabuo ovveParie n mtapepfacn otnv KATAVONGOT) TNG EVVOLAG
KA1 TNG AEITOUPYIAC TOV EMOTNUOVIKOU HOVTEAOV; 3. e mo10 Babuo evioyvOnke n autemiyvwon
Twv padntaov yua ta 4C skills tov avanmtbooovy;

2. Me0Bodoloyia

To MAaioto

To Setyua g €pevvag amoteAovv 21 padnteg/tpieg g B T'vuvaoiov Ipopdywv AApwmiag. H
£PAPLOYT) VAOTIOIEITAL 0TO TAQIO10 EKTTASELTIKOV OUIAOV, OTOV 0TT010 01 HABNTEG CUUUETEXOVV
efeAovTikd ka1 0 071010¢ SMoLVPYNONKE YA TIg AVAYKES TNG EPELVAC,.
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Ta EpyaAcia Métpnong

Tpia epwTNUATOAOYLIA XPTOLOTOIOVVTAL TIPLV KA1 LETA TNV TAPEUBAON, Yia TNV AVIXVELOT TOV
18emV TV HadnT®V yia 1o Gpavopevo g Stafpoyng Kat Toug TapayovTeS IOV TO EMNPEALOLY,
Yla TA ETOTNUOVIKA LOVTIEAQ KAL YA TNV AUTETLYV®WOT) TOUG Yid Tig pabnolaxeg delotnteg 4C.
Emiong, ta ovumAnpopeva @UANA €pyaciag amoTeAolV epyaAeia yid TNV amoTiunon ng
KATAvONong Tou @aivopeévou dSafpoyng amo Tovg uadnteg kol g KAvOTNTAG Touvg va
01KOSOUN 0OV KATAANAQ LOVTEAA TTPOKEILEVOL VA EENYTIOOLY KA1 VA TTPOBAEWOLV patvopeva
SaBpoxne.

IMa v amoTipunon THV YVOOEDV TOV HadnTomv yia to pavouevo tng Stafpoxng avamtiuyxdnke
EVa EPMTNUATOAOYI0 L€ €PWTNOEIS KAEIOTOL TUMOL kKal avamtuéng. H PipAloypagikn
emMOoKOMMOoN avedelEe meploplopeveg P TNOEIg AS10AOYNOoNG oL va Tapladovy Ue o Bepa mov
mpaypateveTal ) mapepfaon ya to @arvouevo g Stafpoxnc. To epwtnuatoAdyto tov 500nke
TPV TNV e@apuoyr meplAauPavel epwtnoelg aviyvevong 18emv yia v oxeon petady
S1afpoyng kal €idovg EMPAVEIDV, TWV TAPAYOVI®V JTOV EMNPEACOVV TO (PALVOUEVO KAl TIG
TIPOAKTIKEG EPAPUOYEG TOV. XTO EPWTNUATOAOYIO UETA TNV e@aApuUoyn mepriaufavovral
ETMUTAEOV TPELG EPWTIOELG T0 €EE101KEVUEVES OE o)EoT) e TN Stafpoyn (i n yovia emtagng). H
astotiunomn Ba yivel pe ootk avaAvoT TwV aavInoewy, ol omoieg Oa katnyoplomonfotv
1EPAPYIKA, OCUUP®VA LE TNV EYYVTITA TOVG OTIC EMOTNHOVIKEG OE0E1g.

To epwTNUATOAOYIO TTOV XPTOIUOTOIEITAL YA TNV QITOTIUNOT) TNG KATAVONONG TWV HOVIEADV
atd TOvg HadNTEg, NPV KAl UETA TNV eUAOKN Tovg otn SiSaktikr mapeuPaon, mepiEyel
EPWTINOELG AVOIKTOU TUTIOV JIOV QPOPOVV OTIS OWEIS TNG PULONG, TNG AEITOLPYIAG KAl TNG
duvatomrag aAAayng Twv emotnuovikwv povtedwv (Iletpidov, 2008). H molotiki] Tov
avaivon AapBavel vIown 1EPAPYIKO CLOTN LA TASIVOUNONG TPLWV EMTESWV TNG EMOTNUOVIKIG
evnuepOTNTag TV padntov yua ta poviéAa (Petridou et al., 2013).

IMa mv amotiuynon g avtenmiyvwong twv padntov ota 4C skills ypnowomowOnke
EPWTNUATOAOY10 7OV TePIAaUPavel epwTNOEIE KAEIOTOL TUmov o¢ 5Babuia kAipaka Likert
(Kousloglou et al., 2023) ka1 tpocapuOoTNKAV OTIG AVAYKEG TG EPELVAC, O CUUPWVIA LE TNV
Ta&vopia TwV AIAVINCE®V IOV ATTAVTATAL 0€ AUTHV avag@opika pe §e€l10tnteg ouvepyaoiag,
EMKOVOVIAG, SNUIOVPYIKOTNTAG KAl KPITIKNG OKEWNG. XTO £PWTNUATOAOYL0 7oV §00nke petd
TNV EQAPLOYT) TNG TAPEUPACTIC TPOOTEONKAV 5 AKOUA EPWTIOELS EOTIATUEVES OTO TIEPLEXOUEVO
NG S18aokaAiag, TPOKEUEVOL va avixvevBouv Ta onpeia TV §pAoTNPLOTNTWV TG S1I8AKTIKNG
napeupaong, ota omoia Bewpovv o1 8ot o1 padnteg om aveémrvéav 4C skills. Ta tov
mpoodloplopd g petafoAng g aviemiyvwong  (self-awareness) twv  pabntov
xpnowpomoteitan o Seiktng Hake gain (Hake, 1998).

H Aibaktikn MapéuBaon

H 818 axtikn mapepuPaon oxedraotnke pe faon to Movteho Exmtaibevtikng Avadounong (MER
— Duit et al., 2012), cOupwva pe 10 00I0 AVOAVONKE TO EMOTNUOVIKO TEPIEXOUEVO TNG
S1afpoyng kal peTaoynuaTiotTnke, pokeluevov va didaybei oe pabnteg 'vuvaoiov. Emiong,
yia v évtan Tov Spaoctnplottwv povtelomoinong otn Sibaktikr mapéuPaon, Anednkav
LITOYN 01 SVOKOALEG TTOV AVTIPETWICOVV Ol PAONTEG OTNV epunveia PAIVOUEV®OV oV dev
avikouvv otnv aoOnmpiaxn avtAnyn, kabmg kat o1 SVOKOAIEG TOVE OTNV KATAVONOT TNg
PLONG TV povieAwv. I'a mv avamtugn g doung Twv Spactnplot) TV Xpnotorowdnke to
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018axtikd povredo 5E (Bybee et al, 2006), obupwva pe To omoio o1 padnteg
POCAVATOAIOVTAL OTO (PAVOUEVO TNG Slafpoxng, EUTAEKOVTAL evEPYA O O1EPELVITIKEG
MEPANATIKEG  OpaoTNPOTNTEG, OKOSOUOUV  HOVTEAA pe  TOUPAAKIA KAl pitaAovia
AVATTAPIOTOVTAG TNV EMPAVELA KAL TNV OTAYOVA TOV VEPOL AVTIOTOYA, YA VA EENYNOOLV Kal
npofPAEWouv 1o €160¢ NG S1afpoyn g Kal TOUG TAPAYOVTES TTOV TNV EMNPEAOLV, KAl ePapuolovv
TIC YVQOELG TOug o€ kaOnuepva mapadetypata (oynua 1).
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g.ré‘ AvVacToxaopoc

Tymua 1: H Sour) g mapeupfaong kat o1 pabnotakeg IkavotnTeg Tov avamtiooovTal

3. AnoteAéopata

H epappoyn mg didaktikng mapeufaong Ppioketan oe e€eAEn. H amotipnon kat n otatiotikn
S1aeiplon Twv AMOTEAEOUATOV DA TTAPOVOIACGTOVY OTO GLUVESPIO.

4. Tuunepaopato

H egpmloxn towv padntov otn Sidaktikn mapéufacn avapévetal va euvor|oel TNV KATavonor
TOV ETMOTNUOVIKOV TIEPIEXOUEVOL TNG S1afpoxrng, TN KAVOTNTAG XPNONG TOV HOVIEA®V Yld
e&nynon xat pofAeyn pavopevmv S1afpoyng kal g AUTEMYV®OOTC TOVG O OXEOT UE TIC
padnolakeg §e€10tnTeg TOL 21°° Al. IOV avasrtvocovy. Emiong, amd TV CUUUETOYXT] TOVG 0T
(pAON NG EMEKTAOTNG 01 padnTeg avapevetal va eioayBovv oe epapuoyeg g Stafpoyng otnv
KaOnuepvotta.
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Avantuén snyepnpatoloyiog tng puong tng EMOTAKNG OE pia
616 aKTIKA MapEUPaon OXETIKA e EEWTAAVATES

NikoAaog BAayootepylog, Kovpapd Avva, Avaotaoiog MoAoyidng
Tunua ®voixng, Aptototéleto Iavemiomuio Ocooarovikng

NepiAnyn

H von g emothung eivar pia Bepatikn mov av kat £l TOVIOTEL 1] onuaoia mg emavelinuuéva dev

paivetal va mepAauPAaveTal 0Toug 0TOXOUE TV HAONUATWV TOV OXOAMK®OV TASEwV. ZTOX0G AVTNG TNG

gpyaoiag, eivar n Snpovpyia Kat eQApUoyn Hag oUVTOUNG OE1pAg HAONUATOY, 0TT0V EEKIVOVTAG Amtd

TO (pavopevo g Stafaong g Appoditng, yivetan petafacn otnv amokpuyn tov aotepa Betelgeuse
ato Tov aotepoeldt) Leona — 319 kat kataAnyel oy aviyvevon eEomiavntov. MEoa amo autny v

mopeia 0To)0g elvat o1 pabnteg va e§otkelmbovv e Tig OYelg g YUOoNG NG EMOTIUNG.

Abstract

The nature of science is a theme that even though its importance has been made evident by many, it
does not seem to have been incorporated into the lessons in classrooms. The aim of this work is the
creation and implementation of a series of lessons, which begins from the phenomenon of the transit
of Venus, then follows the occultation of the star Betelgeuse from the asteroid Leona — 319 and ends up
to exoplanets. Throughout this discovery course the students will also discover some elements of the
nature of science.

Aé€eig KAelSLd: eEwmiaviiteg, ouon g emotiung, Sidfaon me Appoditng, anokpuyn Betelgeuse.

Keywords: exoplanets, nature of science, transit of Venus, occultation of Betelgeuse.

1. Elcaywyn

To ep®TNUA KATA TTOC0 01 AVOPWITOL ElHA0TE HOVOL [LAG OTO CUUITIAY, T) AV LITAPYXOLV KAl AAAEG
HOP@PES (WG LLE TIG OTT01EG LO1PAOUACTE TOV EVATTPO OUPAVO 10WE ELVAL EVA EPAOTN LA TTOV EXEL
amaoyoAnoel moAholg avBpwmovg. H avakdAvyn tov mpmtov efwmAavitn to 1992 amo
tovg Aleksander Wolszczan kan Dale Frail (Dai et al., 2021) &exivnoe pia vea emoyxn
avadnmong yia m wn €€w amod m I'n adld kal astd 10 NAIaKO pag oVoTHUA.

E€wmhavnteg ovouadovtal ol IAAVITEG OV TEPLPEPOVTAL YUP® A0 Ta aotepta. O1 KVpleg
pebodot aviyvevong Twv efwmAavntav eival pe aueon aviyvevong (Queon amekovion) n pe
eupeon aviyvevon (uébodog g dafaong, aotpopetpia, PapuTiKol HIKPOPAKOL, AKTIVIKN
TayvTa, 1) petatosmon Doppler) (Dai et al., 2021). A&1071010VTAG AUTEG TIG TEXVIKES KAl AAAEG
pEXPL oTjHEpA €XOVV aviyveLBel Tavem amd 5000 eEmmhavrteg (Tanner, 2023)

[ToA\oi epevvnTég oV S1ISAKTIKT| TNG EMOTNUNG OCUYKAIVOUV OTO OTL I} QUOT] TNG EMOTIUNG
eival onuavtikd va evtaybel ot Si8ackaAia Twv QULOKGV EMOTNU®Y O OAeg TIg TAEEIg
(National Science Teaching Association, 2024). ITapoia avtd, dev pmopel va vap&el evag
eviaiog Kat apetakAntog optopog (Koumara, 2022). Xe autr v epyacia Opwg, viobeteital o
akoAovbog oplopog o omoiog £xel mpotadel amd Siagpopovg epevvnteg (Lederman, 1999 Bell
et al, 2000):
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1. H emotmpovikn yvoon etvatl epmelpikn), facifetal/ TpokOITEL A0 TAPATNPTOES OTOV
(PLOTKO KOOUO.

2, H emotnuovikn yvwon eival epunvevoun (inferential), n mapatnpnon kot n epunveia
elval SrapopeTikd mpayuata.

3. H emompuovikn yvwon €xel avtoyn (durable) adAa otav epgpavidoviarl vea otoiyeia
pmopel va aAAEeL.

4. H emomuovikn] SnuiovpylkoTnTa KAl @avtacia amalteital o€ OAd T Onueia g
ETTOTNUOVIKIG EPEVVAG.

5. Av KAl 1 QVTIKEWEVIKOTNTA €lval 0 OTOXO0C, 1) UIOKEIUEVIKOTNTA HETAED TWV

EMOTNUOVOV €IVAL AVATTOPEVKTI, KAl JIPOEPXETAL QIO TIG TPOOWIIKEG MEMOION0Eg TV
EMOTNUOVOV, TNV TIPOTYOULEVT YVQOOT], EKTTAIGELOT], TPOTOOKIES KATL.

6. H emotnuovikn yvaoon eival eVOOUATOUEVT] HECA OTOV JIOAMTIONO, emnpeddel Kau
emmnpeddeTal amod KOWMVIKEG, TEXVOAOYIKEG, OIKOVOMIKESG, (PIAOCOPIKEG, OPNOKEVTIKEG KAT
TAPAUETPOVG TTOL OPEIAOVTAL OTNV 10TOPIA KA1 YEWYpAPIA TG KAOE eploxng.

7. O1 emotnuovikoi vopol eivatl Sta@opeTikol ammod Tig EMOTNUOVIKEG Dewpieg.

>mv EMdada to ekmaidevtikd ovotnua Sev eival mpoocavatoAlopevo otnv Sidackaiia tng
@ULONG NG EMOTNUNG, Ol OTOXOl TOU OYOAIKOU JIPOYyPAUMATOg omovdwv Sev v
ovuTEPI AU PAVOLYV, OTTWG ETTIOTG KA TA OXOAIKA EYXEIPIOIQ, UITOPEL TTEPIEXOLV KATIOIEG TTAEVPEG
Mg aAAa Sev v ovoudadovv. OmOTe 0 OPOC N PVOT) NG EMOTHUNG 1) OTIONITOTE AANO GUVAPEG
Sev avagepetan movbeva (Koumara, 2022).

ZT0X0G AOUTOV AUTNG TNG epyaoiag etval ) Snuiovpyia, KAt 1) eQapuoyn Hiag oelpag padnuatny
TTAVK OTNV EVVOLA TV eEATAAVITOV KAl TNV avadel&n g guong g emoTtiung.

2. MeBodoloyia

H oe1pd pabnuatwv Eexvael amod 1o nAlako pag cLOTN LA, KAl TOV VITOAOYIOUO TNG ATO0TACT|C
I'ng — 'HAov kat v mpoomadeld twv emotnuovey amd Ta apyaia xpovia va Bpovve v
KAlpaka avtov. Xe avth a&lomom)Onke to @awopevo g A@poditg. Tmv mapeufaon,
TPAYUATOIOIEITAL O VITOAOYIOUOC TN¢ amootaong I'ng — 'HAwov (1) aAwg TG aoTpovoUTKNig
povadag) péow g pnebodov g Siafaong ™mg Appoditng kat tng pebodov tov Apiotapyov o
omolog aglomoinoe Tig paoelg g ZeAnvng. Koplog otdyog oe avtn mv mapeufaon, etvar n
oLYKPLOT T®V SV0 HOVTEAMV (YEWKEVIPIKOV KAl NAIOKEVTPIKOD), Toleg ouvOnkeg Lmopolv va
QITOTEAECOLV KATAAUTN OTNV AAAQYT) EVOG ETTLOTNOVIKOU LOVTEAOUL.

Méoa amd T mapamave SpaoctnploTnTeg, 0 autd To pHabnua, yivetal pia mpoonddeia ot
pabnrTpieg va epItAakovV Kal va e§ePELVIIO0VV TIG AKOAOVOEG OWELG TNG PUOTG TNG ETMOTIUNG,
1) T EMOTNUOVIKI SNUIOUPYIKOTNTA KAl (PAVTACiA, 2) T} EMOTNUOVIKI] YV®OOT eival
EVOOUATOUEVT LECA OTOV TTONTIOUO KAl TNV KOWV®VIA, 3) T} EMOTNUOVIKI) YVQOT €XEL AVTOXT),
QA 0TV ep@avidovTal vea oTotyeia Hropel va aAAaget.

'Emterta el0Qyetal 1o AvOUEVO TG amokpuyng tov aotépa Betelgeuse amd tov aotepoeidn
Leona -319 1o omoio eéAafe xwpa o1ig 12 Agkepfplov TOL 2023 OOV EEEPEVVIETAL TO PALVOLLEVO
NG AIOKPLYPNG LECW L1AG TTPOCOUOIMONG. Z€ AUTH TV apepfaor, ot pabnteg elodyovial ota
S1aypAUUATA POTEWVOTNTAG — XPOVOU. APYIKA, LEAETOVTAL AUTA TA SaypAupaTa HECW NG
TPOCOUOIWONE OTA TAAICIA TNG ATOKPLYNE TOL aoTtépa Betelgeuse. Ttn cuvéyewa, yivetal
EMEKTAON KAl HEAETMOVTAL TA PAVOUEVA TNE ATOKPLYN G Tov Betelgeuse asd eéva pecoaotpiko
VEPOG (2019 — 2020) KA1 1] AVAKAAVYPT] TwV SAKTUVAI®V Tov OVPAVOD KATA TNV ATTOKPLYPT EVOG
aotepa and tov Oupavov. Xe OAeg TIG MEPUITOOELS TA SIAYPAUUATA POTEWVOTNTAG XPOVOU
€Youvv TV 101 ovumEPIPOoPA, A TAPOAA AVTA O1 EpUNVeieg oL EAYOVTAL ATTO AVTA gival
S1a(pOopPETIKEG.

Méoa amo v mapamave Stadikaoia ol pabnteg umopovv va eepevvnoovy 1) v Stapopd
avALEeca OTNV TAPATIPNOT) KAl TNV EPUNVELA TNG TTAPATIPNOT), 2) OTL I} ETOTNLOVIKI] YVQOOT)
elval eUTTEIPIKT] KAL 3) 1) EMOTNUOVIKT] STHUIOVPYIKOTNTA KAl (PAVTACIA glval avaykaia yud
S1e€aywyn g eMOTNUOVIKIG EpeLVag.
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TENoG 1) E1PA KATAAT|YEL 0TOVG EEWITAAVITEG OTTOV AS10TTOINVTAC TTPAYUATIKA Sedopéva yia Tov
eEwmhavin WASP — 33 b o1 padnteg mpémet va avakaivypouvv av Ba pmopooe va amoteAeoel
AO@AAT TPOOPIoNO yia pia avBpamvn amokia. [a Tov Xapaktnplopo Tov e§mwmAavnn, ot
HaONTEG X PN OO0V YVOOELS KAl VOLOUE artd TNV emoyn Tov Kepler (tov 17 aimva) peypt to
onuepa. Emiong, ta 8edopéva mov piopotv va amoktnBovv ylia Tov XApAKTNPIOHO €vOg
eEomhavnn etvatl Sedopeva amd SaypAUHATA POTEVOTNTAG — XPOVOL AAAA TTAPOAQ AUTA 1)
epunvela tovg odnyel OTO OULUMEPACUA OTL LITAPYEL €VAC TAAVITIG HE OUYKEKPIUEVA
XOAPAKTNPIOTIKA YUP® QIO £VA TTOAD HAKPIVO ACTPO.

'Etoy, o1 pabntég oe avtn) tnv teAevtaia mapepfaon, apyika PIopovyv va eEEPEVVIICOLY 1) TNV
OTUIOVPYIKOTNTA TWV EMOTNUOVOVY, 2) TNV S1apopd TapaTnpnong kal epunveiag, 3) ot 1
EMOTNUOVIKI] YVQOOT] €ival eUTEIPIKT, 6) 1) mMOTNUN €Mnpeadel Kal ennpeddetal amo Ttov
TONTIONO Kat TNV Kowvawvia. O akoAovBog mivakag cuyKevipwvel OAN T Soun Twv pabnuatwyv
KA1 TOLG 0TOXOUE TOV KABEVOS AItd AUTA OO0V APOoPA OTN PUOT] TNG EMOTIUNG:

IMivakag 1: Aopurn kal Xtoyot g @vong g Emothung g Zeipag Mabnuatwv

‘Operg g Pvong mg

Apaotmpromteg (oe mapevOeon ol Owerg g

Emotung (;rov epmiékovran

MaOnpa @UOT)G NG ETNOTI UG TTOV EUTAEKOVTAL OTIG omv apeupaon, pue mv
Spacmprotmteg) apifunon mg Oewpnukng
swaynyng)
1. T eivar o1 e0WTEPIKOL TTAQVT)TEG " H emomuovich yvéon
2. Yohoyiopog g Antootaong — I'ng 'Hhov pe s‘ivou eumepucr, BaoiZeral/
H Awdpaon g | ta edopéva tov Captain Cook (6) ’

TPOKVITTEL ATIO TTAPATN PTOELG

A@poditng 3. YmoAoyiopog Antdotaong I'ng — 'HAwov pe faon TOV VOIS KOGYO.

N peBodo tov Apiotapyov (3)
4. Metayvwotikég Epothoeig (4) 2, H emnomuovikn yvaorn
elvan epunvevoun (inferential),
JTOPATIPNOT) KA 1] EpUNVELQ Elvar
SagpopeTikd mpayuata.

1. MeA&tn tov @atvopévov tng Srafaong pe pia
spocopoimon (Srapopetikd peyEdn aotepoedmv oe
1610V yoviakol pey£boug aotépia Snuiovpyotv
Sragpopetikd Saypappata potevotnTag — xpovov) (1,

2)

3 H emotnpovikn yvoon

H Awapaon tov £xet avroyr| (durable) aAAa otav

Betelgeuse > H Meyéown Titron (The Great Dimming) (1, 2) sp(pav@ovml vea atotyeia pmopet
. \ . va aMGEet.
3. H avaxdvyn tewv SaktuAiov Tov Ovpavov
(1,2) 4. H emotnpovikn
4. Metayvwotikeg Epwtioeig (4) SNUoVPYIKOTNTA KAl pavTacia
amauteital oe OAa Ta onpeia g
1. Xprion uebodwv akTvikng Taxutnta Kat EMOTNUOVIKNG EPEVVAC,.
S1afaong yia mv e€aywyn XapaxkmplioTiK®y Tov .,
E€wmhavnteg | e€wmhavim WASP -33 b (1) 6,‘ H ETUOTIHOVIKT) YVOOT
g , £IVAL EVOOUATOUEVT] HECA TTOV
2. Katnyopiomoinon eEomiavi (1,2) ) .
3. Metayvotikég Epotnoeig (2,4,6) TOATTIOHO.

MNa v Snuovpyla Twv padnudtewv peletOnke apxikd oe PBabog T0 emMOTNUOVIKO HEPOG
TOV LITOAOYIOUOV NG awtootaong I'ng — 'HAov kan g Stafaong g Appoditg, g Stafaong
Tov Betelgeuse, twv eomAavntov kat g @UoNg NG emMOTNUNG. TNV oLVEXELQ, LeAeTnOnKav
OXeTIKeG O10aKTIKEG TaPEUPATEIS KAl Epevveg TOL LITAPXOLV 0T PiAoypagia g SidakTikng
Twv Betikwv emotnuaov. Télog, Snuovpyndnkav ta LUAAA epyaciag Kal £ywve 1 PO
EMKOIVOVIA e S1APOoPOoUS (POPEIS YA TO ETOUEVO OTASIO TTOL EIvAL T EPAPUOYT) TNG OEIPAG OE
€va oo aotpovopiag.

H oe1pd pabnuatwv avapévetal va epapuootel oe £vav OpiAo aotpovopiag oe Avkelo. Kabe
padnua avapévetar va Srapkéoel dvo Sibaktikeg wpeg. Apa, OAn N oepd padnuUATOV &xet
Siapkera €€ Sidaxtikeg wpeg. H a&loAdynon g amoteAeopatikotntag tne oelpag 0a Sie€ayOel
uEoa atod pre ko post tests.
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3. AnoteAéopata

Ta avapevopeva AoTEAEOUATA TNG OL1PAg eival 01 HadnTeg va yvwpioouy yid TO PAIVOUEVO
g SiaPfaong g Appoditng, kat g amokpuyng tov Betelgeuse, ald kot va okelomonBovv
HE TNV €VVold TwV eEWTAAVITOV, YVwpldovtag kal aflomoimvtag dvo uebodovg aviyvevorng
ToUG, TNV HEB0SO NG akTvikng TayxvtnTag (N aMiwg T pebodo g petatomong Dopler) kat
g nebodov g SraPfaong.

Méoa Opwg Ao TNV TAPATTAVK TTOPELA, 01 LABNTEG AVAUEVETAL VA AVAKAADYOUV Kal S1ApOopeg
opelg g PULONG NG EMOTNUNG OM®WG TNV SlaPopd AVAUESA OTNV TAPATIPNOT KAl TNV
epunvela, 0T n emotnun facidetal oe epmelpika dedopéva Kal OTL 1) EMOTNUOVIKT YV®OOT) eival
EVOWUATMOUEVT LETA OTOV TTIOAITIONO, £TNPeAdel Kal emnpeddetal amo TNV Kovwvid.

4. Jupnepaopata

O1 efwmiavnteg Oa propodoav va AIOTEAECOVV CGTUAVTIKO LITOPNPO YA TNV E10AY®YT
oLYYpOVwV Depatwy aotpovouiag otnv oxoAKn Tagn, kabwg epwtnuata Onwg N mOavotnta
N £Em aITo TO NAIAKO HAG CVOTNUA PAIVETAL VA EIVAL ATIO TA 10 EVO1APEPOVTA ETOTNLOVIKA
Bepata 1000 ya ta ayopla 600 kal ya ta kopitowa (Vieyra, 2023). Emiong, avt) n oeipd
POWOEL TN UEAETN AOTPOVOUIK®V (PAIVOUEVWDV, OMwg N Siafaon tng Agpoditng kot 1
amokpuyn tov Betelgeuse, yia ta omoia Sev vitapyovv ToAEG Tpoomtafeieg Eviagng Toug peca
0T OYXOANKN TA&N.

H ntpooéyyion g @ong g eMOTHUNG LECA AITO TIG EUTEIPIES TTOV EXYOUV 01 HAONTEG KATA TN
S10pKeld TV HadnuAT®Y elval Eva CLUTEPACUA OTO OTI010 EXOVV KATAANEEL TOAAEG Epevveg. O
vIToAOY10UOG TNG atootaong I'ng- 'HAov (1] adMmg to parvopevo g Stafaong g A@poditg),
N artokpuyn Tov aoteépa Betelgeuse kal TeEAMKA 01 €EWITAQVITEG UITOPOVVE VA TTPOCPEPOVVE
auTn TN SuvatoTNTA, LECA A0 SPACTPLOTITEG LEAETNG S1AYPAUUAT®V, 10TOPIKMV OTOLXEIWV
KAl JIpayHatikov petpnoewmyv. 'Etol, avtn n oepd Ba pmopovoe va a&lomomnBel kat ya v
S18aokaAia g pUONG TNG EMOTHUNG.
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MeA£tn TG madaywyitkng aflornoinong
Twv Smartphones péow Alepelvnong
otn AdackaAia evvolwv Duoikng oto AnUoTiko

Mapia I'eitova, Anuntplrog PHAAog
Haibaywywo Tunua Anuotixkng Exmaidevong, AptototéAeto Iavemomuio Oeooalovikng

NepiAnyn

H mapoloa epyacia avadeikviel t yxpnon twv smartphones ot SiSaockohia twv ypa@ikmv
TAPACTACEMY KAl TOU Ppacpod oto AnuoTiko oyoAeio. Ztnv miotikn Sibackaiia péow Siepevvnong
efetadetar n yxpnon g epapuoyng SPARKvue oe smartphones yia tn Snuovpyia ypagikov
MAPACTACE®WY GLVOVACTIKA LE TPAYUATIKO Kal e1koviko meipapa (Eikovikd Epyaotnplo Oepuotntag
YEII) oe padnteg g ZT' Anuotikov. Ao TNV avaivor Tov SedouEvmy TPOKVITTEL 1] XPNOIUOTTA TOV
YPAPIK®V TTapaotdcemy pe pntr Sidaokaiia oty katavonon tov Bgépatog amd tovg pabntég. Ta
smartphones amoSeikvbovtal ¥pnolua pe TPOTO CUUMANPWUATIKO OTNV E10ay®yN TOV YPAPIKOV
napaotdoewv otn Si8aockaiia tov Bpacpov 0o Anuotikod ZyoAeio.

Abstract

This study highlights the use of smartphones in teaching graphical representations and boiling in
primary school. In the pilot teaching through inquiry-based learning, the use of the SPARKvue
application on smartphones is examined for creating graphical representations in combination with real
and virtual experiments (Virtual Laboratory of Heat SEP) in students of the 5th Grade of Primary School.
From the data analysis, the usefulness of graphical representations with explicit teaching in students'
understanding of the topic emerges. Smartphones prove to be useful in a complementary way in
introducing graphical representations in teaching boiling in primary school.

Né€eic kKAgLSLa: SlepevvNTIKT TPOOEYYION, YPAPIKEG TAPAOTACELG OE TPAYUATIKO XPOVO, KT
uabnor, PUOIKEG EMOTNUES
Key words: inquiry-based learning, real-time graphic, mobile learning, science education

1. Elcaywyn

O1 Ynguakeg Teyvoloyieg (WT) ypnoilpomolovvtar cvyva otn Sidaokoiia twv Puoikov
Emomuav (PE), kabag &xouvv moAleg Suvatotnteg yia tn PeAtimon g Sidaokaiiag ko
padnong evvolodoyikng kat Stadikaotikng yvwong (WOAog, 2021). Te ouvOnkeg, Omov o
TIPAKTIKOG TEIPAUATIONOG Sev eival e@kTOg pimopel va aviikataotafel amd Tov €1Koviko
TEPAPATIONO T) VA Yivel oLVOVAOUOG TPAYHATIK®OV KAl EKOVIKOV OTOlelmv. Xprjoo kal
EVEAIKTO epyaleio yla v evioyvon tng Sidackaiiag amotelel n a&lomoinon Twv Kivntomv
ovokevv otnv ekmaidevon, mov ewonydn wg «Kwnt Mabnon» (Mobile Learning 1 m-
learning) (Furio et al., 2015).

H emtuyng évtagn twv WT oe ovyxpovo mabaywywko miaiolo ovvnBwg Paociletan oe
TIPOCEYYIOELG, OTMG 1) EMOIKOSOUNTIKT kat 1) Atepevvntikr| [Ipoogyyion. Ia toug okomovg g
moTikng Sidaokaiiag tov akoovBetl, emmAeyOnke n Atepevvntikn I[Ipooéyyion (Inquiry-based
teaching and learning), kabag emtpénel otovg HAONTEG VA CUUUETACKOLVV OE EPEVVITIKEG

104



Sladikaoieg kot va paBovyv Siepevvavtag ot idiot ta padnotakd avrikeipeva. H Kt Mabnon
umopel va ovvelo@epel ot padnoiaxn Siepevvntikn Stadikaoia (Furio et al., 2015), otnv omoia
pmopet emiong va ovpfaret n Sidaktikn otpatnywkn g Atadpaotikng Enideifng (Interactive
Demonstration 1) Interactive Lecture Demonstration, ILD), faciouévn otnv ekteAeon evog
TEPALATOG ETTOEIENG e TNV EVEPYT) ELITAOKT] TV HAOTOV.

>t Aepevvntikn [Ipoogyyion, Stakpivovtal 1) vIOPPNTN KAl 1) PNT uAOno”. ZTNV LIOPPNTN
padnon, ot padnTeg ePIAEKOVTAL XWPIG VA EXOVV YVOOT] TWV OTOX®V TOU HaOTUATOg, EVK OTN
pN T HABnon yvwpidouv Toug 0TOX0VG KAl TOUG KAVOVeS kal avaotoyadovral. H avaotoyaotikn
S1adkaoia eivan KEVIPIKN 01N pNTn nadnon kal n SidackaAia eotiddel 0to mwg ot padnteg Ha
amtoktnoovv yvooelg (Abd-El-Khalick & Lederman, 2000).

H xpnon ypapikov mapaoctacenv otn Sidackaiia twv OFE emtpémel otovg padnteg va
avamTTOEOVV SeEI0TNTEG TTOV AVTIKATOMTPILOVV TIG TIPAKTIKEG TNG EMOTNUOVIKNG epevvag (Shah
& Hoeftner, 2002). ITapd tn Xpnon 1oV ypa@ik®v mapaotacemy otn oidackadia tov OE,
ol pabnrtég ovyva SvokoAsvovial va aviAnoovv Sedouéva 1 va epunvebloovV OWOTA TIC
TANPOPOPIEG TTOV TTAPEXOVTAL QIO U1 YPAPIKN] TAPACTAOT, KUPIWG AOY®W TWV ONTIKM®V
xapaktnpotik®v g (Shah & Hoeffner, 2002). Q¢ anotéAeoua, tolol pabntég evdeyetal va
SvokoAevovTal va eEAYOUV CUUTEPACUATA ATIO TIG YPAPIKES TTAPAOTACELG.

To I'papnua oe Ipaypatikd Xpovo (Real-time graphic) amotelel éva epyaleio mov pmopet va
BonOnoel Touvg ekmaiSevtikolg va avripetwioovy tetoieg mpokAnoelg (Cicero & Spagnolo,
2009). H avtopatn Snuiovpyia ypa@ik®mv mapactacemy KATA T S1dapKela evog mepAaTog
QUITOTEAEL 1L QTTOTEAEOUATIKT] TTPOCEYYIOT] YA TNV AUEOT OLVEECT] TOV PATVOUEVOL WE TNV
AvVAITaPAOTAOT) KL TN Hafnuatikn avamapaotaot). Qot1oco, Sev exel Siepevvn el cvotnuatika
0TO ANUOTIKO.

ITeSio epapuoyng oty epyaocia amotédeoe n Bepatikn e Oepuodtntag. Av kar Siddoketal
OTOUG HaONTEG, OUVAVIA KAl APKETEG QIO TIG EVOAAAKTIKEG AVTIMYPELS TOUG. XKOIOG TNG
moTikng SidaockaAiiag eival n efokeiwon Twv padntov pe v ewwaywyn Sedouevwv oto
nepiparov tov SPARKvue, n ovv8eon 6edouevwv Pe TNV AVTIOTOLXN YPAPIKT] TAPACTAOT)
peow tov Real-time graphic kai n Snuovpyia ypagikng mapdotaong pe BAon oxeTiko mivaka
6edopevav.

Meletatal, av 1 Xprnon kKwntov tniepmvov katd T Sbaockaiia g Puoikng, Exel
npootifepevn afla otn Snuiovpyla KAl TNy EPUNVELA YPAPIKWV TAPACTACEWV LEe Sedougvo, Ot
01 YPaQPIKeEG TapaoTaoelg Sev amoteAovyv avtikeipevo didaokaiiag otn Anpotikn ExnaiSevon.
Ta epevvnTikd epwtpata Slatvrovovial wg e&ng: (1) Mmopovv o1 pabnteg va Snpovpynoovv
YPOAPIKI TTAPACTACT], AVIA®VTAG TA deSopEva amd OYeTIKO mivaka, otav Sev €xel mponynOet
S18aokaAia; (2) IMowa eivar 1 emibpaon tng aglomoinong Twv smartphones oto MAAIo0 NG
Sadpaotikng emibegng; (Ynoppnt Sidackaiia) (3) Mmopodv o1 padnteg va Snuiovpyrcovv
YPAPIKT|] TApAOoTAoT), otav eyel mponyndet oxetikn Sidackaiia (Pntn Sibackaiia), ywpig va
gyovv mpooPaon oe Real-time graphic;

2. Me0Bodoloyia

H peAetn eotiaoe oto parvopevo tov fpacuov, pe faon m Bepatikn evotnta tng Oepuotntag,
ovupwva pe 1o Avalutiko IIpdypappa Emovdav yia to Anuotikd ZyoAeio. H SiSaokaiia
npayupatosto)Onke oe PfoAiko Setypa ot ZT° AnpoTtikon, pe 14 pabnTeg, Katd T0 OXOAIKO £T0C
2022-2023, 0¢ AnUOTIKO XyoAeio Tng Avatohikng ®Oescoaiovikng. Ot pabnreg eiyav
nponyovuevwg Si8aybel to @awvouevo tov PBpacuov omv E Anuotikod. H Sidpkela tov
pabnuatog nNTav €6 (6) Sidaxtikeg wpeg. H SidaokaAia viomoum)Onke pe 1 Sidaktikn
npooeyylon g Siepevvnong. Kata m Sidackaiia aflomombnke n epappoyn SPARKvue ya
TN Snuovpyia ypapiKmv mapaoTaoemy CUVOVACTIKA HE XPTOoN TEPAUATOS S1adpaoTikng
emiSe1tng ka1 E1KOVIKQOV TTEIpaudtev HEowm Tov Eikovikoy Epyaotnpiov Oepuotntag ZEIL Ia
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Vv ektéleon tov ZEIT yprnowomomOnkav goprntoi vtoAoyloteg, kabmg dev vmootnplloTay oe
ovokeveg android, kat o1 pabnteg ywpiotnkav oe teooepig (4) ouades.

Apyka, §00nke otovg pabnteg o pre-test, to 0moio, OIS KAl To post-test, meprhaupfave dvo
'Epya. Zto IIpwto 'Epyo (nnbnke amd tovg padnteg va oyxediaoovv pe pia ypauun tnv
ATO0TAOT) IOV S1EVLOE €Va AVTOKIVIITO OE OYEDN e TOV XPOVOo, avTAmvtag dedoueva amod tov
oXeTiKo mivaka deSopevmv. ‘'Opota kat oto Aevtepo 'Epyo, toig {ntbnke va oxediacouvy pe pia
ypaupur) ) Beppokpaocia evog (mUoU AAXAVIKWV O OXEOT LE TOV XPOVOo. AUTO KpiOnke okompo,
kaBwg apd v EAEWP TTPONYOLLEVNG eUmElplag 0T Snuovpyld YPAPIK®V TAPACTACEDYV,
Bewpn)Onke o o1 pabntég €xovv Tig 6e€lomTeg va Srafadovv mivakeg dedopévwv amd ta
oYoAka eyyepidia. AkolovOnoe n daon Efowkeiwong pe to SPARKvue. ESaw ot padnteg
XPNOUOTToINoaV yia Ip®TN POPA TA KIVITA TOVG, TIPOKEIUEVOL VA e10axBoV oTnv e@apuoyn.
AoBnke oxetikd ®VAMo Efowkeimong, to omoio €€nyovoe avaivtikd ta Prjpata sov Oa
akoAovBovoav. 'Otav apyloav va KATaympovVv TIUEG oToVv mivaka deSopevmv, EfAemav Simaa
Va OYNUATIETAL AVTOUATA 1) AVTIOTOLYT) YPAPIKT] TAPACTAOT). ZTNV apXT), XPEALOVTAV S1apKT)
kaBodrynon, yla va e€oikelimBovv e to mep1farrov. Znv mopeia, 0pIoUEVOL TTPOX®POVOAV KAl
o€ emopeva Pripata xwpig kabodrynon.

Kata v Ymoppnt Sibaokalia, ektehéomke Ileipapa Atadpaotikng Emidei€ng (Bpaouog
VEPOV) QIO TNV eKTASELTIKO Kal ekel avadeiybnkav moAAEG eVAAAKTIKEG AVTIANYELS TV
padntov. I'a mapaderypa, o1 pabntég mapatnpnoav 0Tt petwdnke n otadun Tov vepou Kata
m O1dpkela Tov Ppacpov kal pe kabodnyovuevn oLTNON AWIAVINOAV OTO «Tl €YIVE TO
LIIOAOUTO vepo;» pe AgEelg Omwg «e€atpiomke». AkohovOnoe Ewkoviko Ileipaua oto XEIT
(Bpaopog T'alaktog), To omoio ektéAecay o1 padnteg. Xt Sidpkela kKal Twv SV0 TEPAUAT®Y,
o1 padnrteg kateypagav ta dedopeva oto ®VAAo Epyaciag kat oto SPARKvue, omov EfAenav
AUTOUATA TNV AVATTAPACTACT] TV TIU®V O YPAPIKT TAPACTAOT).

1 ovveyela, 560nke 1o Evéiaueoso ®@vAro ALloAoynong, mov eptdaupave povo to Iponto
"Epyo, yia va kataypa@oiv ol avTIANWPELS ToV Habntav ot Snuiovpylia ypagikng mapiotaong,
KATA Vv vIoPPN TN Sidackaiia, pv SnAadn SibayBovv otidénmote oyeTikO. AkoAovONOE Pntr)
Sibaokalia kata v omoia o1 padnteg ektehovoav Ewoviko IMeipapa oto ZEIT (Bpaouog
aAaTOvVEPOL) Kal ava opdada avakolvwvav Tig THég otnv oAopeAsewd. H exkmandevtikog
KATEYPAPE TIG TIUEG OTOV TVAKA TNG TAENG OCUUTANP®OVOVTAG TOV OXETIKO Tivaka SeSopevmv
KAl TN YPAQ1KT) TapAoTaon amooapnvidovtag oAa ta kpioa onueia. Katomy, ot padnteg
extéleoav Ewoviko Ieipapa oto ZEIT (Bpaouog Aadion). Avtr ) @opd emhexOnke okompua
va un yivel xpnon tov SPARKvue kat o1 padntég va kataypayouy Ti¢ aavioelg Toug Hovo
oto ®VA\o Epyaoiag.

Meta ) 618aokalia, o1 pabnteg ovpumAn pwoav to post-test.

3. AnoteAéoparta

O1 artavnoelg Twv Hadntov Katataydnkav oe Tpelg Katnyopieg: avemapkng (1), petpa (2) kat
TIOAD KaAT) (3) amoSo0n TG YPAPIKTG TAPACTAOTC.

Kata 1o pre-test, tooo oto ITpaoto "Epyo [ 1 (KaBolov kaAr amoSoon ypa@ikng mapaotaong):
9 padnteg, 2 (Métpla anmddoon ypagikng mapaoctaong)= 5 pnadnteg, 3 (IToAy kain amodoon
YPAPIKTG TapAoTacng): 0 padnteg], 6oo kat oto Agvtepo 'Epyo [ 1: 6 pabntég, 2 = 8 pabntég]
ol paOntég ep@avicav SuokoAieg OTovV OYESIAOUO YPAPIK®OV TAPACTACE®Y, XWPIS va
Aaupavovv vown ta Sedouéva Tov mvaka, yeyovog mov eviexouEvmg va ocuvdeetal Kat pe
SvoKoAla 0TV AVAYVKOT) TOV TTIVAKA.

'Otav 660nke to EvBiaueco ®OMo AfloAoynong, mapatpndnke ot PeAtiwdnke n amddoon
OPIOUEVKV HaBN TRV amd avenmapkng oe pétpia. To Real-time graphic péow tov SPARKvue toig
Bononoe wg évav fabuo otn Snuovpyia ypa@ikng mapaotaong [1: 4 pabnteg, 2 = 9 pabnteg,
3: 1 pabnugl.
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TéMNog, oto post-test, mov 500nNke petd ) pnt Si8acKaAA TV YPAPIK®OV TAPATTATENDV, TOGO
oto ITpawto 'Epyo [1: 2 pabnteg, 2 = 2 pabntég, 3: 10 padntegl, 6o0o kat oto Aevtepo 'Epyo [1: 3
padnteg, 2 = 2 padnteg, 3: 9 padnteg], o padnteg pavnke ot e€okelwOHNKaAvV pe T Snuovpyia
YPAQPIKTG TAPACTAOTG KAl EVETAEAV TTOAA QIO TA OTOLXEL, TTOV HOAG elxav SidayOel. Avtd
TPOKVIITEL KAl A0 TNV amtddoon g ypagikng mapaotaong oto ®VAAo Epyaoiag (Tleipapa
YEIT - Aady), xwpig va €xovv mpoofaot oto Real-time graphic tov SPARKvue.

4. Tupnepaocpata

SUUITEPACUATIKA, T Tadaywyikn) aflomoinon twv smartphones ot §idackaAia Tov Bpacpot
0TO ANUOTIKO OYOAEL0 TTPOKVITEL PE TPOTTO CLUTANPWUATIKO. To Real-time graphic Oewpotpe
OTL OLUPAAAEL, MOTE O1 LABNTEG va eival o BEon va SnUIoVPYNCOVY YPAPIKT) TTAPACTACT) LECW
mg voppnng Si8ackaAiag. Avtd To €UpPNUA, CLUP®VEL UE TNV ATOWN OTL UECW TNG
otadlakng kabodnynong Twv padntov pe katdAAnieg okaiwoieg padnong (scaffolds),
mapatnpovvtal BeTikd amoteAéopata kal, emutAgoy, 0Tt o1 WT mapeyovv OKAAWO1EG TOAM®DY
ewnv, mov pmopel va SwSpapaticovv  ONUAVTIKO POAO  OTNV  vIOOTNPIEN NG
amoteleopatikng SiepevvnTikng padnong (PoAog, 2021). Qotoco, yia ) Snuovpyla kat
EPUNVEIA YPAPIKOV TTAPACTACEWV pe akpifela n pntn Sidaockaia mapeyel otovg pabnteg
neprocotepa otolxeia. EmPefaimvetal, Aowtov, autod mov mpokLsttel ato ) PipAoypagia, ot
n pn Sidaockaiia eivat ;o amoteAeopatikn anod v voppntn (Abd-El-Khalick & Lederman,
2000), kaBwg evioyvoe TV eE0KEIMOT) TOV LAONTOV [LE OAES TIC ATTAPALTI TEG AETTTOUEPELEG KAL
TA SOUIKA OTOLXEI H1Og YPAPIKNG TTAPACTACTC, EMTPETOVTAG TOVG VA TNV KATACKEVATOLV LE
opBo Tpomo. Xpewdletan mepartepw Siepelivnon, y va Samotwlel eav 1 mapamave
e€okelwon Suvatal va epmedwhel ka1 wg KATAVON oM TwV HadnToV.
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OL Ztdoelg twv Eknodeutikwv MEOS yia tn Xprion NMpocopolwoswv

otnv Adackalia twv Quoikwv Emetnpwy

XpvoavOn I'dapn T'ovvapidov, Imavvng Aetvkog
Tunua Exraibevtixng & Kowvwvikng IoAitikng, Iavemiotuio Makedoviag

NepiAnyn

Tooo o maykoouo eminmedo 600 kat oty EMASa mpoxkaiel évrovr oulimnon 1 eVoOUAT®on TOV
Pneakov péowv oty ekmadevtikr] Stadikaoia kar mpaktikn. Eidikotepa yia v ekmaidevon otig
duoikég Emotnueg, £va amd ta Kupiapya Wwnelaka HEoa elval o1 TpoCoUOIMOELS. ZTNV TAPOLOd EpYacia
SlepeuvmvTal 01 0TACELS KAl 01 AVTIANYELG TV ekmaidevtikamv devtepofadunag ekmaidevong wg mpog )
XPNOT) TV TIPOCOUOIWOOENY 0TV S18aockaiia kal Hadnon Twv QUOTK®Y ETOTHUGOV, S1vovTag EUPaoT Kat
OTOUG EMUEPOVS APVNTIKOUG 1) OeTikovg mapdyovteg mov umopel va ennpeddovv v Kpion twv
EKTASEVTIKWOV WG TIPOG TNV EVOMUATMOT] TV TTIPOCOUOIDIEDV.

Abstract
Integrating digital technologies into the daily educational process and practice is causing intense
discussion globally and in Greece. One of the most powerful digital tools, specifically for science
education, is simulations. This paper investigates the attitudes and perceptions of secondary school
teachers regarding the use of simulations in the teaching and learning of natural sciences, probing the
individual factors, positive or negative, that may influence their decisions regarding the integration of
simulations in their teaching.

NEEeLC KAELSLA: PVOIKEG ETNOTIHEG, TPOOOHOIOOELS, OTAOELS EKTASEVTIKWV
Key words: natural sciences, simulations, teachers’ attitudes

1. Elcaywyn

Ta tedevtaia xpovia n ekmaidevtikn oltikn otnv EAAGSa, enevdiel otnv empuop@won tmv
eknmadevtikwv wg mpog Ti¢ TITE kal v evowuatwon Tovg otnv ekmadevtikn Sradikaoia
(Empoppwon B Emumedov TIIE). H evowudtwon kat xpnon twv mpocopoiwoewv (PhET,
PwTOdeVTIP0o) 0TO TPOYPAUUA OTTOVOROV TWV PUOIKOV EMOTNUMV ATOTEAEL HEPOG AVTIG TNG

OTPATNYIKNG.

Y TayKOOo0 eminedo 1) EKTTASEVTIKT] KOWVOTNTA PAIVETAL VA AvayVepidel TIg SuvatoTnTeg TG
exmaidevong He XPron TPOCOUOIMOEMY KAl TA O@PEAN TTOU Umopel va €xel TO00 O€
exmadevtikovg 000 kal oe padntég (Ben Ouahi et al., 2022). H xpron twv Tpooopoiwoemy
otV Sibaokaiia kal T pabnon propel va PEATIOOEL TNV EVVOI0AOYIKT] KATAVONOT S10pOpwv
EMOTNUOVIK®V OEUAT®V aTt0 TOUg HaBNTES, Kabng Tovg fonOA VA OTTTIKOTO)COVV AP PILEVES
emotnuovikeg evvoleg (Jimoyiannis & Komis, 2007° Wieman et al., 2010° WOA\og, 2021).
EmutAgov, o1 epeuveg exouv Seifel OTL 1) XP)OT TPOCOUOIOOEWV OUVEPAAE oV ALENOT TOV
evila@epovTog Twv pabntav yia 1o padnua, aAAd kat otnv BeAti®on g akadnpaikng Toug
emidoong, evo emupoobeta mapatnpnOnke 0Tt cuveParle kal oTnv BeTIKOTEPN OTAOT AVTWV
wg mpog Vv emotnun (Chen & Howard, 2010 - Perkins et al., 2014).

Eidikotepa omv EAAGSa, ot kivrioelg g eAANVIKNG eKTaSEVTIKNG TOAITIKNG paiveTal va
TelVOUV 0NV TTPo®ONOT TNE XPTIONE TWV TTPOCOUOIOOTE®Y, KabBng otig 08nyieg Tov Ymovpyeiov
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[Madeiag yia v Sidackaiia Tov padnuatov Tov BeTkOV EMOTNU®OV, TPOTEIVETAL TAV
VITOOTNPIKTIKO VAIKO 1| XPTOT TOVG, yld TNV &VioYuon NG KATAVONONG TWV EVVOIMV Kal
pawvopevev amod tovg padnteg (Ymovpywkn amogaon 4609/I'2, 2014). Avtiotoyn tpowdnon
ylvetal kal HEow TV emuop@anoewv B emmedov otig TIIE, eidikotepa yia Tig e181k0TNnTEG TOV
kAadov I[TE04. EmumAgov, elval apkeTol o1 ekTaldeuTikol Tov Kuplwg Ta TEAELTALA XPOVIA AOY®
TNg Tavonuiag Kal g avaykaoTikng e§ amootacewg Si8aokaAiag, OeAnoav va aflomorjoovv

TIC YNPLUKES AVTEC EPAPLOYEC.

Q0T1000, Tapd Ta OeTIKA ATOTEAECUATA EPEVVMV WG TTPOG TA OPEAN NG EVOMUATOONG TV
TPOCOUOIWOEWVY 0TI S18a0KAA, 08 TIPAKTIKO emimedo 1) XPr)oT TOUg OTNV TAEN TV PUOTKMV
emMoTNU®OV, @aivetal 0Tt aviipetwidel SuokoAieg (Guzey & Roehrig, 2009). Q¢ epmodia otnv
a&omoinon twv TIITE avagépoviar kupiwg 0 eEAAUTTG eE0TAIOUOG TOU OX0AELOV, 1) U1 €E01KEIWOT)
TV EKTASEVTIKOV UE TOV VITOAOYIOTI] KAL 1] EMTNG EMUOPPHOT] KAl KATAPTION TOVG OTA
OUYKEKPIUEVA PIPLAKA EPYAAELQ, OTTWG ETTIOTG O XPOVOG IOV XPEIACETAL Y1d VA opyavwBOel Eva
padnua, aAAa Kal o IEPLOPIOUEVOS XPOVOC e oUVOLAOUO e To peyefog g DANG IOV TIPETEL
va kahvgBel (Bo et al., 2018 Kwotaxn & Kaloyiavvaxng, 2019° ITovAtodkng kat ouvv., 2022).

Emopéveg mapatnpeital pia acvp@ovia petald TV epeuvnTIKOV Oedouevov kal Tng
EKTTASEVTIKNG TTOATIKNG QITO TN U1 HEPLA, KAl TNG EKTASEVTIKNG TTPAKTIKIG QIO TNV AAAN.
Qo1000, 1 KaTAoTAOT Paivetal mwg dev exel akoun Stapoppwbel, kabBwg véor mapayovteg,
OTIWG 01 GUVEYELG EMUOPPOOELG TTOV TIPOCPEPOVTAL 0TIV EKTTASEVTIKT KOWVOTNTA, 1) €EENEN NG
TEXVOAOYIOG KAl 0 VAIKOTEXVIKOG EEOTTAIOUOG TV OYOAEI®V TTOV YIVOVTAL OUVEXMG TPOOTADEIEG
yia va avaPaduiotei, pmopel va v emnpedcovv. Katd ovveémela &xel evoiag@epov va
KATAYPAPel 1 ONUEPIVI] TPAYUATIKOTNTA. EMUTAE0V 01 €PEVVEG IOV AVAPEPAUE TTAPATTAV®
(Kwotakn & Kaloywavvakng, 2019 ITovAtodkng kat ouv., 2022) S1epehivnoav Tig OTACELG
ekadevTik®mV avefaptntov eldikomrtag, N oe aAle xwpeg ((Bo et al., 2018).

Ynv mapovoa epyacia depeuvmval o1 0taoelg TV ekmadevtikwv [TE04 wg mpog T xpnon
TV TPOCOUOIMOEMV OTNV O18a0KaAla kal padnon twv @uolkeov emotnuov. Eidikotepa
UEAETOVTAL Ol QIIOTPENTIKOL TTAPAYOVIEG, OAAA KAl TA KIVIITPA EVOWUATWONG TV
TIPOCOUOIWOEWV OTNV eKTAOeVTIKN mpaktTikn. [Ipokeltan ya pa epyaoia vmo e&eMln, oto
m\aioto ITpoypaupatog MeTATTUXIAK®OV ZTOVSQMV.

2. MeBodoloyia

IMa mv avadeldn Twv onUAvVTIKOTEP®V TAPAYOVI®V OV CLUBAAOLY OTNV STIAUOPPWOT) TV
OTAcE®V TV ekmaidevTikwv Tng AcvtepoPfaduiag ekmaibevong mov §ibaokovv OE wg mpog
XPTOT TTPOOOUOIWOEWY, emiyelpnOnke Siepedvnon péow Wktov pefddwv epesvvag kabwg ot
0t1doelg amotelovv pa moAvmapayoviikn petafant (Kwotakn & Kaloywavvaxng, 2019).
Yuykekpleva, vhomomOnke €pevva pEow tov oyxediaouov g Emegnynong (explanatory
methods research design) (Creswell, 2011). e mp®OTO OTASI0 £€ylve 1| CLAAOYT] TTOCOTIK®V
S6eSopévav pe T Xpromn Tov epwTnUATOAOYioV, eve oe Sevtepo otadio Ba AngBolv moloTika
Sedopéva peow evog meploplopevov aplfuol nudounuEVmv CLVEVTEDEEMV.

Asgiypa - EpguvnTiko epyaleio

IMa ovAoyn TV oTIKOV dedouévmv, dnuiovpyndnke &va epeuvnTiKO epyaleio To omoio
Baolomke 010 epoTnuATOAOY10 TV Kwotakn kalr Kadoylavvakn (2019), agov tpomomomOnke
KATAAMANAA. To epOTNUATOAOYI0 QITOTEAEITAL KUPIWG AIO €PWTINOELS KAEIOTOV TUTOV, A
EPAQUPAVEL KAl UEPIKEG EPWTNOEIS AVOIKTOV TUTOV, T.X. «Ba/8e Ba efakorovBovoa va
XPNOUOTOI TTpooouolwoelg yia tig ®E emedn)...», otig omoieg 1 amavtnon dev ntav
VITOYPEWTIKT.

To Setypa amotedecav 139 ekmaidevtikol e1dikotntag ITE04, ®vowkoi (ITE04.01) oe m0000TO
37,4%, Xnuwoi (ITE04.02) oe mocooto 38,1%, BloAoyor (ITE04.04) oe mooootod 15,1% ko
T'ewAdyol (ITE04.05) 0€ T0000TO 9,4% KAl O1 TTAPAYOVTEG TTOV PUEAETNONKAVY, TIPOKEIUEVOL VA
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S1epevvnBel 1) emiSpaot) Tovg oV SIAUOPPHOT) TwV OTACEDV ATEVAVTL OTIS TTPOCOLOIWMOEIS,
opyavobnkav oe emuépovg topeig (ITivakag 1). H dertypatoAnypia yapaktnpidetar «BoAkn»,
kaBwg To ep®TNUATOAOYI0 asmtavinOnke pe eBelovtikn ovppeToyr), a@oL KOovomomOnke oe
HECA KOWVWVIKTG SIKTUMWOTG.

IMivakag 1. ITapayovieg S1apdpPwong 0TA0NG EKTASEVTIKMV OTIG TTPOTOUOIDOELG

Anpoypagucoi dOMo, NAkia o€ 11, 0TOVSES, E181KOTNTA, TPOLMNPETia OE TN, EMUOPPWOT)
otg TIIE, teproyr| oxoleiov, Ta&n Sidaokaiiag, padnuata Sidaokahiog.
TeyvoAoywoi AlaBeopua teXvoAoyKd Heoa Tov OXOAEIOL, YVQOOT] TNG LTTAPENS
TIPOCOUOIDTERDV.
Texviea xapaxm proka Enavaypnopomoinon, SiaAertovpyikdmta, IposapuosTiKOTNTa,
TPOCOUOLWOEDWV mpoofaciudmra, avaluTIKOTNTA, SiadpaoTikOTnTA.
Exntan§evtivoi Epsioxn) pabntov, Siadpactikdmra, evepyonoinon evolapepovog,

KATAAANAOANTA TpOGOUOIWOTC.

Adaktikot

Svppatdomra pe to ALY, KATAVONOT EVVOLMV.

3. AnoteAéopata

Ta QITOTEAECUATA TTOU AVAPEPOVTIAL OTNV TAPOVOA £PYAOia eival eVOEIKTIKA KAl TIPOIUQ,
kaBng n enefepyaoia Twv amavtnoemy eivarl vo eEEAEN.

Ao ta moooTikad Sebopeva kalr e181koTepa TA SNUOYPAPIKA OTOIXEIA TTOU CLAAEXONKAY,
TPOKVIITEL OTL 1] TIAEIOVOTITA TWV CUUUETEXOVTWV €xovv Adfel emuopewon otg TIIE (57,6%
emuoppwon enmutedov B’). EmumAéov, ava@epOnkav onuavtikeég eAAePelg VAIKOTEXVIK®V
VITOSOU®V OTA OXOAEIA TOV CUUUETEXOVIMV.

A76 ta ootk §eSopéva tov CUAEXONKAV QIO TIC TIPOAIPETIKEG EPWTNOELS AVOIKTOD TUITOV
TOV EPWTNUATOAOYIOV, TIPOKVITEL OTL 1] OUVIPUITIKN] TAEIOPNPIA TV EKTASEVTIKGOV
Satunwvel Oetikn TpoBeom TEPATEP® XPTIONG TWV TIPOCOLOIDTEMV, EVE ATTO TNV AAAN TTAEVPA
LITAPYXOLVV KAl KATO01 Alyol ekmaudevtikol mov Sev emBuuolv va ovvexioovv Tn ypnon
npooopowoewv otig DE 1) Sev Tig £xovv ypnopomooet ote. O1 ekmtardevtikol mov SnAwoav
OeTikr) mpoOeom, aveépepav OTL Ol TTPOCOUOIWMOELS EIVAL EVA OTUAVTIKO ETTIKOVPIKO EPYAAELD
KaBag kavouv N S18ackaAia Toug 7o EVYXAPLOTH, EVEPYOTIOIOVV TO EVOIAPEPOV TV UAONTMDV
Tovg, PonbBave oIV KATAVONOT EVVOI®V, TTAPEXOLV JTOAOUEC TPOTOVS TTAPOLOIACNC TNG
TANPOPOPIAg. AKOUQ, OTNV EPMTNOT) Y1A TNV XPT0T ATofenpimv epa ammod T0 pOTOSEVTPO Kal
to Phet, poAovoTt amavinoe povo &va HEPOg Twv CUUUETEXOVI®YV, TO 46% AUTQOV TTPOTELVE TO
Seilias, eva o1 vtoAouTol aveé@epav omopadikd pepovmpeva Stapopa amobetnpla. Avtifeta, ol
exmaidevtikol o1 omoiot SriAwoav 0Tt 5g Oa ¥pnoHoTO10VoAV TIG TTPOCOLUOIMOELS AVEPEPAV OAV
QITOTPETTIKO TTAPAYOVTA TV «VLTEPOXT)» TOV CUUPATIK®V TEIPAUAT®V OTO EPYATTI P10 KAL THV
ovpuPoAn tovg oy dadikacia g pabnong, kabwg kal v Sradikaoia ov aarteital oe
oLVEVAOUO pEe TNV EMeNPN XPOVOL KAl YA EVACYOANOT LE TIC TIPOCOUOIMOEIS.

4. Juunepaocpato

'OtW¢ TTPOKVIITEL ATTO TA TIAPATTAVER) AVAPEPHEVTA ATTOTEAETUATA, TTAPA TO OTL O1 EKTTAISEVTIKOL
AVAPEPOLV VAIKOTEXVIKEG EAAETYPEIG OTA TYOAELQ, Y1A TOVG TTEPIOCOTEPOVE AVTO Oev Paivetal
va €Xel apvnTiKn emdpacn OV OTAON TOUG QIIEVAVTL OTNV XPTOT TWV TTPOCOUOIMOEDV.
AvTioToyn ava@opd YIvETal Kal 0€ AAEG EPEVVEC, OTIG OTTOIEG AVAPEPETAL WE EUTTOSI0 YA TNV
epapuoyn mpocopoiwoewv otn Sidaokaiia (Kwotakn & Kaloyravvakng, 2019 ITovAtodkng
KA1 ovv., 2022° Ben Ouahi et al., 2022).

A7td ™V AN pepld @aiveTal OTL KATTO101 AlyOol EKTTASEVTIKOL §EV £XOVV AKOUA TEIOTEL YA TNV
ONUAOIA TV TIPOCOUOIMOE®V 0TV S18A0KAAIA TOV PUOTKQOV EMOTNUMOV KAl TOVG TPOTIOUG LE
TOVg 071010Vg Oa pITopovoay va TIg A&l0TOCOVY, MOTE VA EYOUV TO UEYIOTO OPEAOC Y1 TOUG
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padnteg tovg. Ta amoteAéopata avta Ba pmopovoav va amodoBolv ot OTOXELUEVN
EMUOPPWOT) TTOVL TPOoPEPeTAl 0To B’ eminmedo, aAA kAl 0TV avaykaldtnTa oV TPOEKVYE
KATA TNV avayKaoTiKN €§ amootacewg ekmaidevor, kabwg n e€okelmwon He TIg TeXvoAoyieg
elval &vag amd Tovg TAPAYOVTEG Yld TNV VI0OETNOT) TOVG, OTWG £XEL TOVIOTEL KAl A0 AAOUG
epevvnreg (Alvarenga et al., 2017° Kwotaxn & Karoyiavvakng, 2019 [TovAtodkng kat ouv.,
2022 Ben Ouahi et al., 2022).

Ye emopevo otadio g emeEepyaoiag, Oa emyelpnOet va SiepevvnBel o cuoyeTIoNOC PeETAlL TV
OMUOYPAPIK®V KAl TEXVOAOYIK®V TTAPAYOVIWV KAl TV OTACE®MV TOV EKTASEVTIK®OV Kal Ha
S1e€ayBovv o1 atopikeg ovvevievEelg.
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AVTIARNYPELG TWV EKTTALOEVUTIKWV KOl TWV HoONTWV TNG UTTOXPEWTLKAG
eknaidevong ywa tnv Aswpopikn Aratpodn

[Taoyaing Ocodwpov, ITnveronn Iamadomovov
Tunua Nnmaywywv, Havemomuio Avtikng Maxedoviag

NepiAnyn

To avtikeipevo g Epevvag etvat 1) Siepedvnon avTIANPe®V TO00 EKTABEVTIKGOV 000 Kat uabntaov
VITOYPEWTIKNG EKTaidevong yia v agpopikr| S1atpo@n. AVOAUTIKOTEPA OTOYOG EIVAL VA KATAYPAPOUV
Ol AVTIAYPELS KA 01 18€€¢ TV EKTTAGELTIKGOV KAl TV TSIV Yia NTHUATA OTTME ELVAL T] UYLELVT)
Satpo@r, 0 kKUKAOG (WG TV TPOPILWYV, 01 TePIPAAOVTIKEG EMUTTOOELS TN S1ATPOPTIG, N
VIEPKATAVAAWOT] KA OITATAAN TOV TPOPiNmV. [a TNV KATaypa@r) TV ATOWPENV TV EKTAUSEVTIK®OV
XPNOUOTTONONKE EPOTNUATOAOY10 KAEIOTOV KAl AVOIXT®V EPWTNOEWV, EVM Y1A TNV KATAYPAPT] TOV
18eqv v pabntaov aflomomBnke n nuidounuévn cuvévtevdn. H épevva Bpioketan otn @AoT GUAAOYTG
v Sedoutvwv. 2 ouveyela, Oa emyelpnOel 1 TO10TIKT KA TTOCOTIKT) AVAALOT TV SE60UEVHOV AUT®OV
yia va avabelyBet o Omog/e1dog Twv 18emv T000 TV EKTASELTIKGOV, 000 KAl TwV Hadntov/plwv, aAld
Ka1 01 KATNyopieg Toug, Kabwg emiong Kal 1] uXVOTNTA EUPAVIONGS TOVG OTO Selyua.

Abstract

The object of the research is to investigate the perceptions of both teachers and students of compulsory
education on sustainable nutrition. More specifically, the aim is to record the perceptions and ideas of
teachers and children on issues such as healthy eating, the food life cycle, the environmental impact of
food, overconsumption and waste of food. A closed and open-ended questionnaire was used to record
teachers' views, while semi-structured interview was utilized to record students' ideas. The research is
currently in the data collection phase. Subsequently, qualitative and quantitative analysis of these data
will be attempted to highlight the type/type of ideas of both teachers and students, as well as their
categories and their frequency of occurrence in the sample.

Né€eic kAeLSLd: AE1POPIKT Sratpo@n), exmaundevtikol, pabnteg, meptBarovTikég EMITOOELS, OTATAAN
TPOPIU®WV

Key words: environmental impact, food waste, students, sustainable nutrition, teachers

1. Elocaywyn

H agipopog avamtuén eivan évag evalakTikog 0pog g Pimoiung avastuéng. Qotoco, mapl
mn 81adoor) ¢ kat T padikn SnUoTIKOTNTA TNG UE Ta XPovia, N évvola e§akolovbel va gpaivetat
aoa@ng kabawg oAl avhpwItol cuvexiovv va KAVOLV EPMTIOELS Y1 TO VOT|UA KL TNV 10Topia
mg, kaBwg ka1 yia 1o TL ovvenayetal yia v avantudlaxn Oewpia kot mpaktikn. (Mensah,
2019). Aouka, 1 €vvola piropel va Bewpndel wg pa ppdaon mov asoteAeital amo dvo Aegelg,
«QAeUPOpog» kal «avamugn». Eav An@Oel xuplodektikd, 1 agupopikn avantuén Oa onuaive
ATAMG «AVATTUEN IOV UTOPEL VA OUVEXIOTEL €1Te €T’ AOPIOTOV €lTe yia T §eSoUEVT XPOVIKT)
niepiodo (Dernbach, 1998, 2003; Lele, 1991, Stoddart, 2011). O 70 oUYVA AVAPEPOUEVOS
0p1oUOg TNE Evvolag eival autog mov mpoteivetal anod v 'ExkOeon g Emtponng Brundtland
(Schaefer & Crane, 2005). H 'Exfeon opidel v agupopiki] avamtuin wg avamtun mov
AVTAITIOKPIVETAL OTIG AVAYKEG TNG TPEXOLOAS YEVIAS XWPIg va StakvPfevetal 1) IKAVOTNTA TV
UEAAOVTIKOV YEVEDV VA KAOADWPOLV TIC S1KEG TOUG AVAYKEG.
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H évvola NG asipopikns Statpowns

I[Mapa v mpoodo otV PEIWOoT TNG TAYKOoMAG TEIVAG, 0 KOOUOG AMEXEL TOAD QO pa
KATAOTAON PlOolUng EMOITIOTIKNG AOPAAEIAg Kol S1aTpo@rg yia OAovg. Xxedov 800
eKaToppLpLa Avlpwtol vitoottidovtal §m KAl Xpovia, 2 S1oekaATOHHUPIA AVOpwITol LITOPEPOLY
QTO AVETAPKEIN WKPOOPEMTIKOV OLOTATIK®V KAl 1,9 Sioekatoupvpla avBpwiot eival
vnepPapor 1 mayvoapkol (FAO 2015, IFPRI 2015). Avt) i) TputAn emPBapuvon cvufaiiel oe
BAGPeg 0N COUATIKT KA1 YVOOTIKI AVATITUEN TOU avOpmITov, 0TI HEIWUEVT TAPAY®YIKOTNTA,
oV evaodnoia oe poAvopatikeg ko xpovieg acbeveleg kat oe mpowpovg Bavartovg (Lim,
Flaxman, Danaei et al., 2012). Emiong, ta cvotnuata tpo@ipwyv emnpeddovy OnUAVIIKA TO
neplfaAAov. ATTO TNV TAPAYWYT) HEXPL TNV KATAVOAMOT] TTAPAYOVTAl QITIOPPIUUATA Kal
poAUvetal 10 mEPIPAAOV. AOY®D TOV HETAPOPOV TPOPIU®V, TNV OTATAAN TPOPIU®WV, TNV
VIIEPKATAVAA®OT] TPOPILWV KA TNG AITOPPIYPTE TOVUG QIO Toug Katavaawteg. H vmapén evog
BlOooV CLOTNUATOG TPOPIU®Y PITOPEl TEAIKA VA OONYTOeL OTNnV TNPNon pag «Bwoiung
dlartag», €vag Opog JTov OPloTNKE TPV At TTOAAA Xpovia amd tovg Gussow kat Clancy (1986)
Kkat apyotepa amo tov Opyaviopo Tpogpipwv kat T'ewpyiag (FAO, 2010).

310 TTAALO10 TTOL AdPA TEPLEYPAPTKE TIPLV, OKOITOG TNG LEAETNG elval 1) S1EPELVIOT) AVTIANPEWDY
TOOO EKTTASEVTIKOV 000 KAl HAONTOV VTOXPEWTIKNG EKTAISEVONG Yl TNV OEWPOPIKT)
Sl1atpo@r). AvaAluTikOotepa OTOXOG €lval va KATAYPAMPOVUV Ol AVTIANYPEIS KAl Ol 10€eg TV
EKTTASEVTIKMOV KAl TwV TAS10V yia {NTnuata 0nmwg eivat i vytewvn Statpo@r), 0 KOUKAOG {wrg
TV TPOPIU®YV, 01 TEPIPAMOVTIKEG EMITTOOELC TNG S1ATPOPTG, T} VIIEPKATAVAADGCT) KA1 OTTATAAN
TOV TPOPIU®WV. XT0 mapeABOv E€Youv yivel €pevveg OXETIKA pHE Ogpata avTApemv
EKTTASEVTIK®OV Yl TNV Satpo@r). Tvykekpiueva oty EAAGSa peAeOnke 1o apHpo yua tig
AVTIANWPELG KA TIG TIPAKTIKEG eKTaldevTiK®V yia T Prwoiun Statpoen otnv Koumpo (Neocleous
Maliotou & Liarakou, 2022). Emiong peAetOnke n Suthwpatikr epyaocia pe Ogpa Tig
AVTANYELG, TIC YVOOEIS KAl TNV ETOUOTNTA eKTASeVTIKOV yia T SidaockaAia Oepatwv
Biwowung Swatpopng omyv mpwtofabuia ekmaibevon (IMamabavaciov, 2023). TyeTkA pe
gpevveg mov SiepevvnOnkav and to efwtepiko, efetdobnke Eva apbpo mov avagepotav oe
pormreg exmaidevTikog g Broloyiag kat v mpoomabela touvg yia Sidackaia g Evvolag
Mg AePoPIkng datpo@ng. Zvykekpipueva to apbpo twv (Weber, Hahn, Fiebelkorn, 2021).
Emiong peAetnOnxe pia épevva oxeTika pe avrAnyelg gortntov otov Kavada ya tig fiwoipeg
Sratpo@ikeg ovumepipopeg Tovg (Mollaei et al., 2023). Katd v oAokAnpwon g eépevvag Ba
epevvnBovyv emmALoV Epevveg TO0O0 TOV eEMTEPIKOV 000 kKat Tng EAAGSac.

2. MeBoboloyia

Ma v Sieaywyn g Epeuvag 0ToUG EKTTASEVTIKOVG XPTOLOTOUONKE EPWTNLLATOAOYIO EV®
yia tovg padnteg ypnowwomomOnkav n nudounuévn ouvvevtevgn kAl yl avtd Tto AOYO
KATAOKELAOTNKE 08NYOG oLUVEVTELENG. To EpOTNUATOAOYI0 TV EKTAISEVTIKMOV ATOTEAOVVTAV
Qo 23 EPWTNOELS, 01 OTTOIEG AVATTTUXON KAV YUpw asto toug e€ng Bepatikoig afoveg: 1. Tevikeg
EPWTNOELS TPOPIA atopov, 2. H mapaywyr Tpo@ipwy Kal 0 avTIKTUIIOE NG, OTNV KAIUATIKN
arayn, 3. Eibog Siatpoprg kar mpoowmkeg emAoyeg, 4. Ot avOpwmiveg dlarteg kot ot
EMUTTMOEIS TOUG OTNV KAIUATIKY aAayn, 5. ZOWKI Tapaywyn Kal KAIUATIKT] aAAayn, 6.
Yrepkatavalwon Tpo@inwy, KATavaAwon TpoPiuwy €KTOG €MOXNG, N amoppyn (omatain)
TPOPIUWV Kal 1) emidpaot) Toug 0To MEPIPAAAOY, 7. ZNUAVTIKOTITA KUKAOL {WT)G TPOPIU®OV Kal
1 €vvold NG AEPOoPIKNg Satpo@rg oty ekmaidevor). I'ia T cvAAoyn Twv SeSopevmV yia Toug
ekmadevtikovg oxebiaotnke online ekBoyr] TOU €PWTNUATOAOYIOL KOl 0TI OUVEXEWA T
enefepyaocia twv Oedouévev Ba yivert pe to SPSS. Ta Touvg pabnteg yopnynodnke
EPWTNUATOAOYIO 11 TIPOPOPIKMOV EPWTNOE®V KAl e TNV KABodynorn Tov ekmaiSevTikov
TPAYUATOITOWONKE 1) KATAYPAPT) TOV ATAVTNOE®Y TOV HadnT®v. O1 EpWTNOELS TITAV OYETIKA
pe aviAnpelg twv padntaov oe B¢pata mpoowItikng SIaTpoPIKng emAoYNg, ePIBAAAOVTIKNG
emidpaong g Slatpo@Png, KATAVAAWOTG TPOPIU®MV EKTOG €TTOXNG, OATAANG TPOPIUWV Kal
KUKAOV {w1|¢ TpoPipnmy. 'Emeita &yve kataypa@n Twv QIAVINOE®V 08 NAEKTPOVIKO apXEio
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kewévovu (Creswell, 2011). X1 ovvéyela  avaAvon TV ovvevievEewy Ba ylvel [ie ToloTIKY)
AVAAVOT] TIEPLEXOUEVOU.

H moootikn) mpooeyylon mov e@ApUOOTNKE OTNV TAPOLOA €PELVA OTNV TEPIMTWON TWV
EKTTASEVTIKMOV ATTOOKOTOVOE OTNV QWIOKAAVYT YEVIKOV KAVOVIKOTNTWV 1| TACEWV, UECK TNG
S1Epeivong TV PAIVOUEV®DV auT®V og TAN00g meputtwoewy. MEow g e€E€Taong ueyaiov
OXeTIKA aplBuoy meputtOoe®wv €E100pPOTOLVTAL Ol 1810H0PPIES TV  UEUOVOUEV®V
MEPUITOOEMV KAL, WG EK TOVTOV, 01 KAVOVIKOTNTEG 1) Ol TAOEIS TTOV TIPOKVITTOLVV UITOPOLV va
BewpnBovv wg yevikwg 10xVovoeg. Ekelvo, Se, mov embiwketal eviéAel eival 0 eUITEIPIKOG
EAEYX0C TPOSIATUTIMUEVOV EPELVITIK®V LITOOECEMY, 01 0Toleg £xouv ouvayBel mapaywyka
atd ovykekpipeva Bewpnmika mhaiowa (Bryman, 1988; Kvpiadn, 2011).

3. AnoteAéopata

Ao v avaivon tov dedoutvwv mov Ba mPoKLYoLV TOCO QN0 TO EPWINUATOAOYIO
(exmtandevTikol) 600 ka1 Ao TNV ovvevtevdn (LaBNTEG/HabnTPIEG) avauEVETAL 1) KATAYPAPT)
TOV AVTANYPENDV TV V0 auTev opadwv oe Bepata agipopikng S1atpo@ng kat 0Tov TPOIO OV
618a0kovTal 0To OYOAEl0. ZUYKEKPIUEVA 08 DEUATA VITEPKATAVAADOTC TPOPIU®YV, ATTOPPIYN
TPOPIUWYV, KUKAOLU (wNg TPo@ipwv, meplPaAOVTIKEG EMITMOOES TNG TAPAYWYNG Kal
KATAVOA®WONG TPO@Piwy, vyeia Statpo@ng kat Sidaokaiiag Tng S1atpo@ng 0To oyoAeio.

4. Tuunepacporta

H évvowa g aegwpopikng Swatpopng Sev asmotedel ovyva avtikeipevo Sidaokaiiag otnv
VITOYPEWTIKT EKTTAISEVOT). AVAUEVETAL VA KATAYPAPEL OTA EVPTIUATA HAG T) EAAEWYPT) YVDOEWDV
atd Toug ekmadevTikovg yia Bepata mov oyetidovran pe v mepifarrovtikn Siaotaon g
S1aTPOPNG 1| UEPIKES (POPES 1) VITOEKTIUNOT TNG ONUAVTIKOTNTAG AUTHG TNG S1doTtaong g
S1aTPOPN G KAl 1) EMKEVTPWOT) 0€ dnTnuata vylewng diatpoerng. Emiong amd toug padnteg ko
TIG LB TPIEG AVANEVETAL 1) KATAYPAPT] AVTIANIWEWDV OYETIKA UE TV TtepiBarlovTikn S1doTaon
g Statpo@ng mpdyua mov iowg Ba avadeikvue mOavr eUITAOKT) TOUG 0 S18A0KAALN OXETIKOV
Bepdtmv 1 kot Ox1. Me autov tov tposto Ba yivel pa tpoomdfela Katavonong TmV avTIANYEWV
padnTov kal ekmadevtik®mv oe Oepata Statpo@rg kat Oa emyelpnOei n Evragn Tov oUAVTIKOV
DEpaTog g AgPOPIKNC S1ATPOPTIC TNV LITOYPEWTIKN eKaidevor.
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AwdaokaAia tng Ztpatnykng EAéyxouv MetaBAntwv oto Madnua tng
Duowkng otnv Asutepofaduia Eknaideuon pe tnv xpion
npeoBARpatog avolytou Ttumou

Iwavvng KaAavtdg, Avaotaolog Zovmidng
Haibaywywo Tunua Anuotikng Exmaidevong, Anuoxpiteto Iavemomuio Opakng

NepiAnyn

IMapadoowaka, 1 Sidackaiia tov pabnuatog tng OuoKNg yivetal amd Tov ekTaSevTIKO GTO POAO NG
«auBevtiag» kat Toug pabnteg oe Evav mabnTikd pOAO va eTAVOVY AOKNOELS TTIPOKEIUEVOL VA 08N ynBovv
OTO £va KAl Hovadiko 0moTo AoTEAETUA TTOL SiveTtal asmo Tov ekmaidevTiko. H mapovoa HetamTuyiok)
gpyaoia apopd 1o oxediaoud kat tov tpomo epapuoyng @vAMwv Epyaciag (PE) yia ) SiSaockaiia g
Ttpatnyikng EAEyyov MetapfAntomv (ZEM) oe pabnteg g Acvtepofaduiag Exmaidevong. O oxediaopog
Mg S18a0KaAlag Ey1ve AVAPOPTKA LE TO PALVOUEVO TG TAAAVTOONS KAOmG Kal pe ¥pnon mpofAnuatov
avoltov TUMOL. e AUTHV TN CLVOYPN JAPOVOIAJOVUE TA TPMTA OXETIKA QIOTEAECUATA TNG
BipAOYpaPIKIG AvVAOKOMNOTG LAG.

Abstract
Traditionally, the teaching of Physics is conducted with the teacher in the role of the “authority” and
students having a passive role, solving exercises with only one correct answer which is being provided
by the teacher. This postgraduate thesis presents the design and implementation of Work Sheets (WS)
for the teaching of Control of Variable Strategy (CVS) in Secondary Education’s students. The teaching
design is based upon the phenomenon of oscillations and also open-ended problems are used. In this
summary, we present the initial findings of our literature review.

Né€eig kAELSLd: TPOPANUATA AVOLXTOD TUTTOV, OTPATNYIKT] EAEYXOL HETAPANTOV, TAAAVTOOELS, PUANA
epyaoiag
Key words: control of variable strategy, oscillation, open-ended problems, work sheets

1. Elocaywyn

To pabnua g dvowkng mapadooiakd Sibdoketan ot Aegvtepofadbuia Exmaidevon pe
QOKTOE1G KAE10TOV TUITOL KAl TOV eKTASELTIKO VA €Xel TO POAO TNg «avbevtiag» peéca oty
Ta&n. Qotdoo, ot PifAloypagia mapatnpeital peydrog aplBuog epevvav oV VTOOTHPioLV
WG ol pantég mapovoladovv UeyaALTepn katavonon evvowwv g duowkng otav ta
avapevopeva padnolakd amoteAéopata enekteivovial kat oe Sadikaotikn yvoon (NGSS,
2013).

Me autiv v &vvola vrootpidetal 6Tt pa Sidaokalia oyxediaopevn ya tn didayn g
Stpatnywkng EAeyyov MetafAntov (ZEM) (Makkonen, Tirri & Lavonen, 2021) kat pe xpnon
avoytwv poPAnuatwv (Land & Hannafin, 1997), pe v vtootnpi&n g Siepetiviong (Szalay
& Toth, 2016) kAt pe TAAIOI0 TO PATVOUEVO TNE TOAAVTMONG Oa €xel kaAbTepa amoteAéopata
antd v mapadooiaxn Sidaokaiia dvowkng. Evrovtolg, n ouvévaotikr xprion g TEM kat
AVOLXT®V TIPOPANUAT®Y EXEL UEYAAO epevuvnTikO eviiagépov kabwg 1 PifAoypagia eival
APKETA TIEPLOPIOUEVT] OTO OLVOLACUO AVTOV TV SV0 SIBAKTIKOV OTPATNYIKGWV.
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2. Me0Bodoloyia

YKOTOG QUTNG TG UETAMTUXIOKNG epyaciag eival o oxedlaopog kal 1 epapuoyn Hog
S18aokaiiag mtuxwmv e ZEM 010 TAQIO10 TOU (PAIVOUEVOD TN TAAAVIWONG 0 nabnteg g
Aevtepofabiag Exmaibevong kavovtag xpron evog avolytov tpofAnuatog, kabwg emiong kat
OTOIEIWV TEPAUATIONOV PEOA OE &va MEPIPAMOV TPOCOUOIWONG. ATTWTEPOG OKOTOG TNG
€pevvag etvat 1 Siepelivnon g ATOTEAECUATIKOTNTAG TG oLVSLAOTIKNG Xprong g ZEM kau
TV AVOIYTOV poPAnuatwv otn Sidackaiia tov padnuatog mg Puotkng. Xt cuvoyn avti
TAPOVOIAOVLE TA TTPOTA OXETIKA AWTOTEAECUATA TNG P1BAIOYPAPIKTG AVAOKONOTC.

3. AnoteAéopata

O1 518 axtikeg otpatnykeg g ZEM kal Tov avol(tov poAnudatmyv Bpiokovtal KAt amo Ty
EKTETAUEVT) «OpTIpEAa» NG Atlepevvnong (Inquiry), ) omoia Oa pesmet va eivat o€ peyaro fabuo
EUPAVTIC OTNV £PEVVA HAG. TN OLYKEKPIUEVT epyaoia Ba yivel xpnon g Kabodnyotuevng
Atepetivnong (KA). ITaporo mov oty KA amarteitan o ekmaideutikog va €xel evepyo poAo 0To
oxeb1a0u0 TV SpacTNPOTNTOV KAl o1 padnteg eival ouvnOwg ITEPIOPICUEVOL OTO EKTEAECTIKO
KOUUATL TOV TEPAUATIONOD KAl TNV €§aymYr OUWITEPACUAT®VY, T} TTPOCEYYIOT QAUTI EXEL
eSapetikd vPnAn amoteAeopatikotnta (Ogegbo & Ramnarain 2022, Machtinger, 2014, Orosz
et al. 2023, Chang, Lee & Wen 2022), eid1kad o padnteg mov Sev £XOUV KAUIA TTPOTYOULEVT
€xBeomn ot Atepevvnon.

H ZEM eivan pia kopugaia cudoylotikn 6e€lotnta mov Ponba tovg pabnteg oty ekteAeon,
pOPAeY ka1 a§loAOyNoN TEPAUATOV KATA TN S1dpkela Tng padnowakng Stadikaoiag (Van Vo
& Csap0, 2021), 1 o7oia TAPOLOIALEL OTUAVTIKA amoTeAeoaTa elte pe melpapata “hands-on”
eite oe mep1parov pooopoiwong (Schwichow, Croker et al., 2016). EmumpocOeta, n ZEM &xet
eEAIPETIKA  QITOTEAEOUATA ¢ TPOG TNV KATAVONON TOU QAVTIKEIUEVOL, AVEEAPTITNC
mponyovuevwv yvooewv (Schwichow, Cristoph et al., 2016) aAAd ko gOAov (Van der Graaf,
Segers & Verhoeven, 2015).

Evvololoyikd, n ZEM ywpiletan oe T1€00eplg Eexwploteg mruxeg 1 Oeflotnrteg, Svo
Sagpopetikav katnyopiwv Sdvokodiag (Chen & Klahr, 1999). Xto «gvkoAOTepo» emimedo
6e€lomntwy €xovpe TV KAVOTNTA S1aKplong HETA&h KATAAANAOL KAl UI) KATOAANAOUL
melpapatog yua v egaywyn ovpmnepaocuatog (Identifying, ID) kol tnv wavotnta efaywyng
OLUITEPACUATOE QIO TA QITOTEAEONATA KATOAMNAwV melpapdtev (Interpreting, IN). Ot
voAoTeg Svo SefloTnTEG ivarl 1 KATAVONOT TOLV AOYOU Yld TOV OTT010 €val TTEPALA glval U
KATAAANAO Yo TV e€aywyn ovunepacpdtov (Understanding, UN) kaBag emiong n ikavotnta
oxedlaouol evog katdAAnAov kat eéykvpov melpapatog (Planning, PL) (Schwichow, Cristoph et

al., 2016).

'Evag 1pomog ya va eioayxBovv o1 padnteg o pebodoroyia g ZEM eivan ta mpofAnuata
avolytov Tumov. Méoa and tn PifAloypa@ikn avaokomnorn pag sapatnpnonke mwg n xpnon
AVOLXT®V TIPOPANUATWV 00N Yel Toug HaBNTES va embetkvbouy peyaldtepo evila@Epov yia to
TPOG UEAETN) AVTIKEIUEVO, O€ GUYKPION UE TOV MEPAUATIONO UE TPOPAUATA KAEIOTOL TUITOU
(Szott 2014, Wilcox & Lewandowski, 2016). TéAog, Ta avolytd tpoPAuaTa TaApEXOVV OTOVC
pabntég ) Suvatomta va avadntioovv T SiKid Toug, EMOTNUOVIKA €yKupr, AUOT OTO
poPAnua, pe to omoio Ppiokovral avripetwiot (Randles et al., 2018) , ovvenwg o1 pabnteg Ha
TPETEL VAL AlOAOYT)OOVV KPITIKA EAV 1) ADOT) TTOL TTPOTEIVOUV Elval ETAPKNG YA va avTastokpiOel
07O VIO oL TNON TTPOLANLULAL.

To amotélecua tng ovvolikng PipAoypagikng avackommong Ba eivar o oxedaocuog pag
618aokaAiag 6vo SiBaktikwv wpwv g TEM kdvovtag xprnon avoytol mpofAnuatog
AVA@OPIKA He TO @avopevo Tng taiaviwong. O TpoOmog epappoyng meplappavel tnv
vAoroinon pag oelpdg pabnuatwyv pe otoyxo v mpowdnon g SNAwTIKNG Otwg emiong kat
e Stadikaotikng yvwong otovg padntég. H ovAloyn twv deSopévmy yivetal uEom Twv pre kat
post test mmov o1 padntég Ba cupTAnpP®ooLV.
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4. Iuunepacporta

JUVoAka stapatnprjoape otn BifAloypa@ikn pag avackommon nwg n Sidackaiia g ZEM &xet
EUPAVAOC OTUAVTIKO POAO YA TOUG HAONTEC MOTE va KATAVOTIOOUV KAl OTN OLVEXEW va
LITOPOVV VA £PAPUOCOVYV ETTUXMG TNV EMOTNUOVIKT HEB0S0. AvtioTotya, tapatnprOnke mwg
TA TPOPANUATA AVOLXTOU TUTOL TTPOWOOVV TNV AVATTUEN TEPAUATIKOV TKAVOTTOV OTOVG
HaONTEG, APKETA TEPIOCOTEPO CUYKPITIKA LLE TA TTPOBANHATA KAEIOTOV TUTTOL KABwg o1 padnteg
Sev mepropidoval HOVO O€ pia ADOT, AUTI) TTOV TIPOTELVEL T} TEPIUEVEL O EKTTAIOEVTIKOG.
Q0T1000, 0 CLVELACUOG AVTEV TWV SVO AVTIKEIUEVWOY dev exel peAetnBel cvotnuatika. Ia avto
TO AOYO, He TAQIOl0 TO @avopevo g Talaviwong, Ba oyxedaotel Sidaokaiia pe v
nipooeyylon g KA, yua v omoia ta ®E Ba avastuyBoiv pe otoxo m Sidackaiia twv
vmodeflottwv g TEM mavw o éva kafnuepivo mpofAnUa avorytol TOmmov.
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Anotipnon Zuvepyaoiag Mabntwv B’ Tupvaciov os Sibaockalia
STEM yia tov NMNpwto Nopo tou NeUtwva: AuckoAieg, MPOTLUNOELS
ko Npotaceig MaOntwv

Anuntpa Kamovoidn, @e6dwpog Koouavng
Tunua Mnyavikeov Iapaywyng kat Atoiknong, Atefveg Iavemotuio s EAMadog

NepiAnyn

1o mapdv apbpo, mapovoladetal Hd JMAOTIKN €pevva SpAong, LIKPNS KAILAKAS, YA TNV QTOTIUNOT) TNG
ovvepyaoiag HeTAE) TV HabNT®V IOV CLUUETEIXAY OTNV epapuoyn evog Sibaktikoy oevapiov STEM
70V A@opaA TN S18ackaiia Tov mp®Tov vopov tov Nevtwva pe ) pebodo g Sounuevng, cuvepyatikng
Siepevivinong oe 25 nabntég g B’ T'vpvaciov. Ta v amotunon tng ouvepyaoiag, xpnouomoinonke
EPWTNUATOAOYIO AUTOAEI0AOYNONG TO 07oio avedelle emumAéov TOvg mApPAyovieg SUOKOAIAG, TIG
TPOTIUNOELG KA TIG TTPOTACELS TV HaBNToOV yia n PBeAtioon touv oevapiov. IIpoteivetal n avasmtugn
TAPOUOIWV TEVAPIMV Kal 1] S1e0pUVon NG £PEVVAG OXETIKA UE TNV eMEPACT) TTOV AVTA EMPEPOVV 0TV
avamudn v Seflot v Twv pabntov.

Abstract

A small-scale, pilot action research, aimed to assess the collaboration among students who participated
in a STEM teaching scenario about the teaching of Newton's first law with the method of structured,
collaborative inquiry to 25 second-grade high school students is presented in this paper. To assess the
collaboration skills a self-assessment questionnaire was used which additionally highlighted students’
difficulty factors, preferences and suggestions to improve the scenario. The development of similar
scenarios and further research about the effects of those scenarios to students’ skills development is
proposed.

Né€eic kAglbLa: ovvepyaoia pabntov, Sidaktiko oevapio, Siepevvnukn pebodog, exnaidevon STEM.
Key words: inquiry-based teaching and learning, teaching scenario, STEM education, students’
collaboration.

1. Elcaywyn

H exmaidevon STEM (Science, Technology, Engineering, Mathematics) a@opa 1
S1emoTnUoVIKT pooeyylon Bepdtwy mov antovral twv Puvoik®v Emotunv, g Texvoloyiag,
g Mnyavikng kat tov Mabnuatikov, e otoxo TNV eUTAoKI Twv Habntwv oe Plopuatikeg,
£ITOIKOSOUNTIKEG KAl CLVEPYATIKES SPACTNPIOTNTEG AVATTTUOOOVTAS TIG ATTAPAITITEG YVWOELS
Kat 8e€10TNTEG WOTE VA AVTIUETWITIOOVV TIG TPOKANOELS ToL 21" atwva (Bybee, 2012 National
Science and Technology Council, NSTC, 2018). Mia asmo tig pefodovg mov vmootnpilovy tnv
vAomoinon Spacewv STEM kat guvoel v avanmtuén twv 8e§lottwv Twv padntov eival )
Oepevvntikn peBodog (Inquiry-based Learning, IBL) 1 ostoia eivatl amoAvTa GUVUQACUEVT L
m Sidaokaia twv Pvokev Emotumv (PE) (Bybee, 2012 Lai, 2018) agov npokeitat yia tnv
ekmadevtikn ekdoyr, TNV AVTAVAKAAOT, TNG €mMOTNUOVIKNG pefodov Siepedvnong (Bybee,
2006 Pedaste et al., 2015, Ivoritovto ExkntauSevtikng IToAtikng, IEIT, 2022).
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¥ ywpa pag, ta véa Ipoypaupata Emovdwv (I1X) g Puoikng mpoteivouy va akolovBeital
N ueBodog g Sounuévng, ovvepyatikng Oiepevvnong, kvupimg oto T'vuvaocio aAAd kat to
Avkero. Tavtoypova, poteivetal kat 1) vioBetnon g tpooeyylong STEM, pe tnv vAomoinon
Safepatikwv oxediwv Spaong (projects) kat ) xpnon €EOMAIOUOV 1) TPOCOUOIMOEDV KAl
AOY1oIK®V, TTEpa atd T Si8aokaAia pe mn Siepevvntikn peBodo N v art’ evbeiag Sidaokaiia
(IEII, 2022). Kata v emokonmon g PipAoypagiag epeuvmv ov €xovv vAomoBel ot
XOPA Hag oxeTika pe v e@appoyr) dpacewv STEM ot Sevtepofaduia, tumkn ekmaibevon
KAl evtog S18aKTIKOU wpapiov, TPOEKLYPE TO CUUTTEPACUA WS Ol TIEPIOCOTEPES EPAPLOYES
a@opovV mpAyUaTl TNV VAomoinon oxediwv Opaong (project), ovyvd 010 TAAICI0 TWV
padnuatwv g Texyvoloyiag, tng ITAnpogopikng kat twv PE (evdeiktikd: Aviwvomoviog, 2019
Zayxapakng, 2021). Ou dpaoelg avteg vAomolovvtal ouvvnBwg pe T Xpron e oMUV
POUITOTIKIG T) LIKPOEAEYKT®V, TTPOCOLOIWOE®Y, AOYIOUIKGOV KOl TTOAVUECIKOV EPAPLOYDV LIE
OTOXO TNV KATAVON 0T TOV EKAOTOTE TTEPIEXOLEVOL AAAA KAL TNV AVAITTUEN TV S§eEl0THTOV TV
padntov. Paivetal moTO00 Mwg Sev LITAPYEL AVTIOTOLKO TAN00¢ S1I8AKTIKOV TeVAPi®Y OV
vAoTOI0VVTAL HE ATAQ, KaBnueptva VAIKA kot Ta osoia ovvévadovv mn diepevvntikn pebodo
S18aokaiiag twv @E pe mv mpooeyylon STEM, ywpig  xprion eeidikevpevov e€omhiopov. I'
auTtd To AOYO, KpiOnke evBiapepov va oxediaotel Eva S18AKTIKO 0EVAPIO TTOV ATTAITEL AITTAQ,
KkaBnueptva vAtkda kan pmtopet va vAomon el eviog S18akTiko wpapiov kal va asotiunel, oe
TPWOTN PACT), WG TTPOG TN CUVEPYAOIA TwV HAONTOV.

2. MeBodoloyia

H epsvva mov S1eNyON asoteAel MAOTIKT €pevva Kal, 8181K0T8pa JTO10TIKN spevva Sp(xong
ukpng kAipakag (Grey, 2021). To Selypa amoteAeital amo 25 paenreg mg B’ T'v pvacnov ™oL 1”
Tvpvaotiov Evoopov Oecoalovikng ol 0710101 pyAcTnKaAV O€ EMTA OUASES TOV TPV ATOUDV
kat 6Vo opadeg twv S0 atouwy. To EPEVVNTIKO EPMTNUA TTOV TIPAYUATEVETAL TO TAPOV APOPo
eivalt 10 «Ilwg amoTiwovv ol puafnteg Tn ovvepyaoia TOUG KATA TNV VAOTMOINON T®V
OpaACTNPOTNTOWV TOV OUYKEKPIUEVOL O18aKTIKOU oevapiov sov akoAovBel Tnv mpoceyylon
STEM y1a tn 8i8aokaAia tov mpetov vopou tov Nevtwva;».

To AlSaKTiKO Zevaplo STEM

To 518akTikd 0evaApLo €XEl WG AVTIKEIEVO TOV TP®TO VOUO Tov Nevtwva. Méow tov oevapiov
o1 pantég kabodnyovvratl ot S1aTLITWOT) TOV VOOV, OTN UEAETT TV EVVOLMV TNG 100PPOTTLAg
Kal g adpavelag kal otn oLVEeoT) THV EVVOIMV AUTOV UE GAIVOUEVA KAl KATAOTACELS TNG
kaOnuepwvng Cwng. Xto oxeSlaoud tov cevapiov AN@Onke vmoyn n WatepodOTTA KO
TEPUTAOKOTITA TOV TIEPIEXOLEVOL ¢ avTikeipevo Sidaokaiiag (Hopf et al., 2011 Spatz et al.,
2020) kaBwg KAl 01 TPOVITAPYOVOES YVMOELS KAL Ol EVOAAAKTIKEG 18€e¢ TV LAONT®V Y TV
gvvola g Suvaung, g woppormiag kat g adpavelag (Enpovydkn, 2010).

Qg mpog ) Sopn, To oevaplo akorovBel to poTumo tov IEIT (Nidaotakng k.a.., 2022. Poyxapng
& Kahofpékng, 2017) eve TO LITOCTNPIKTIKO VAIKO TOL S18aKTikoV ogvapiov epthapfaver tpia
uepn. Apyikd, Stabetel eva uAAAS10 acLYYPOoVNG TTPOETOIHAOIAG TTOV S1AUOIPAETAL OTOVG
padnteg mpv amo ) Sidaokaiia. Ot pabnteg kahovvTal va CUAMEEOLY TA ATTAPAITNTA VAIKQ,
va VAOTIOI|OOVV HI0 KATOOKELN KAl va Kavouv ypnon evog kwdikov QR wote va
TTAPAKOAOVOT)IGOLV AITO TO KIVI)TO TOUE TNAEP®VO T) TO TAUTTAET £VA BIVIEO OYXETIKA UE TOV TTPDTO
voOpo tov Nevtwva. AkoAovBel To @UAAO epyaoiag TO 0TT010 CUUITAN POVETAL EVTOC TAENG o€ GVO
O18akTikeg wpeg kal mepthaufavel mevte @Aoelg: Tov mpofAnNUATIONO, TN oudTnon Kal
Slatdnwon vtoHecewv, TOV MEPAUATIONO, TNV €EAYWYT) CUUTTEPACUAT®V KAl TN YEVIKELOT).
TéNog, wg emekTaot Tov SidaktikoL oevapiov SratiBetatl va gUANO pe SpaoTnPIOTNTES YA TNV
EVAOYOANOT TV HABNTwV 0TO OTIiTL.

To Epyaleio Anotipnong tng Zuvepyaociag twv Madntwv

Qg epyadelo amoTiunong Tng ouvvepyaciag Twv uadntov - xpnowwosmowfnke  eva
£PWTNUATOAOY10 avToa&loAdYNong (N1aotakng K.a., 2022) To 071010 01 HAONTEG CUUTIAT pWCTAV
avovopa. To epwtnuatoddylo mepilaufdavel 5 epwTnoelg e amavinoelg 4 pabuwv
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(«kaB0AOV», «Aly0», «APKETA», «TTOAD») KAl 3 EPWTIOELG CUVTOUNG ATAVTNONG. O1 epwTNOELg
paivovral otov mivaka 1. O1 oOVTopeg ATAVTNOES TOV HadNTOV avalvbnkav wg Tpog To
TEPIEXOUEVO TOVUG KAl TA KOwA vonuata smov avadeiyfnkav amd tig OnAwoelg toug
opadooOnkav oe KATNYOPIES ATTAVIITEWV.

Mivakag 1. EpotnuatoAdylo Amotiunong g ouvepyaoiag twv uabntaov
Ap1Opog opddag:
To ovopatenmwvupo (kwdikog) pov:

kaBoAov [Ayo|apkeTd oA

EA

=

Fvppeteiya otnv opdda 100 T Kal €Kava o HEPOG TOU €PYOL IOV HOL AVAAOYOVOE:

EA2 |'Hpovv ouykevtpopévog/n otn SovAeld pag ko Sev amaoyolovoa Toug/Tig ouppadnteg/-
TPIEG LoV pe A Bepata:

EA3 [Akovya mpooekTikd Tig andpeig Tov aAwV mdve oTo B&pa pag:

EA4 |Bon6noa toug/Tig dMovg/-g¢ va pabouv:

EA5 |TIpoonabnoa va yiver suydpioto to pddnua:

EA6 [Tt pe Suokoleye:
EA7 |Tt pov dpeoe:

EAS8|T1 6a nbeda va mpoteivw yia va yivel mo eviiagepov kat amodotiko to padnua:

3. AnoteAéopata

Ta aToTEAECUATA TTOV TTPOEKLYPAV ATTO TN CUUITIATPWOT) TOV EPWTNUATOAOYIOV AITOTIUNOTC TNG
ouvepyaoiag Twv padntov, tapovoladovtal ota oyxnuata 1, 2, 3 kat 4. Ta oynuata 2, 3 ka 4
avadelkvOoLV TOUE TTAPAYOVTEG SUOKOAIAG TTOV AVTIUETMITIOAV O1 LAONTEG, TIC TPOTIUTNOELS TV
HaONT@OV KAl TIG TPOTACELS TOVG Yid TO HAOnua avtioTotya.

Amotiunor Fuppetoyrc oto AT1

B

Lo20 18 17 6
z ! 1
3

B 15 12 2

E

Z 10 o =

g 6 6 |7 6
g 5 4 2 3

o

: 3l el J] ]
D

E o 0 — o [ o ﬂ =] o |_|

= EA1 EA2 EA3 EA4 EAs

B Kabohov OAivo BApketa B IToid

Iympa 1: Anavtioeg otig Epotoeig Avtoafiohoynong EA1-EA5

EAG6: T1 ue Suokoiewe;

17

5

. 1 1 1
— — —
Kapia  Hwataokevy Elpeon  Awmokdynon Zuvpmhpoon

Guokodia  (tgpakéc  spyadeiwv  ovopsvey  @Ulv
Buokohiee) ko vhikowv epyaoiac

[T Boc avevhoswy

Tynua 2: IMapayovreg Avokoiiag Atdaktikov Zevapiov

123



EA7: T1 pov apeos;

9
5
‘g 6 6
&
o
o 2
-’é 1 1

. | |
Ta Oha 0] To Ta pivieo  Orobnyisg
TEpdpaTa Kataokevee SiupopeTikd TEV PUANGY

pabnpa epyaciag

Iynua 3: Ipouunoeig Madntov

EAS8: T18a nfeha va mpoteive yia va yivel mo eviiagpEpov Ko
arobonkd To padnua;

13

=

B

2

3 4

g > 2 = 1 1

2 N | | - — —
Kapia  Tepoootepo Mepoodtepa Tepocotspa 'Etowpeg  Mepoootepn  Xpriom
npdTaoT] ¥pdvo pivizo MEPAPATA  KOTAOKELES novyia KTV

Ko epychsia

Tynua 4: [potaceig Mabntomv

A6 0 oyNua 1 yivetal avTiAnTo twg o1 padnTeg gaivetal va amoTipovy OeTikd T cuvepyaoia
TOVE KATA TNV VAOTOINon Tov S18aktikol oevapiov, kaBawg o1 TEPIo0OTEPOL SNNAWOAV «APKETA»
KAl «JTOAD» 0TIg epmtnoelg avtoaflodoynong EA1- EAs. Qotooco, mapatnpeital pa dtagopd
070 TTAN00G TOV ATAVINCENV «APKETA» KAl «TTOAV» 0Tig epwtroelg EA3 kar EA4, epwtroeig
IOV APOPOVV TNV emkovmwvia kat v didbeon ywa va Ponbrnoovv tovg ovppadntég toug,
YEYOVOG TTov Oeiyvel OTL o1 HaOnTeg evieXouEvmG va XPeladovIal evioyvuorn OTnV avamTug
AVTOV TV SefloTTwv. To oyniua 2 avadelkviel OTL KATTO101 HAONTEG AVTILETOIIOAV TEXVIKEC
OVOKOAIEG OTIG KATAOKEVEG, TTAPOAO TTOV OTO OXNUA 3 PAIVETAL TIOC O1 KATAOKEVES ATOTEAOVV
pia Ao TIg TPOTIUNOELS TV HAONTOV. AKOUT, EIVAL ELPAVES OTO OXTUA 4 WG KATTO101 Habnteg
AVAYV®OPLoAV OTL T} EPAPLOYT] TOV OEVAPIOL ATTAITEL XPOVO.

4. Tuunepaocpato

A0 TA AITOTEAECUATA CUUIIEPAIVOVUE TTWE TETO0V €160V¢ EPAPUOYES, TAPOAO TTOV ATTALTOVV
XPOVO Kal 0pyavmwoT), paivetal mwg eumiovtidovv Betikd  Sidaokaiia, evioybouvv Tnv
opadooLVEPYATIKOTNTA KAl avadelkvOouV JNTHUATA OV TPEMTEL va ANPOoLY LITOY! KATA TO
oxedlaouo kal v vAomoinon avaioywv Spdoewv. Ta ocupmepdopata g Iapovoag EPEVVAS
Sev pmopovv va yevikevBovv, Hropovv wotdoo va amoteAéoouy n Baon ywa ) Sievpuvon g
EPEVVAG OXETIKA UE TNV AVAMTLEN KAl TNV AIOTEAEOUATIKOTNTA S1800KTIKGOV GEVAPI®V TTOU
npooavatoAiovrar oy eknaidevon STEM katl pumopolv va epapuootolv eviog S18akTikov
wpapiov oL Tpoypaupatog omovdwv g Puoikng I'vuvaciov, Aaufavovtag voyn T
SVOKOAIEG, TIC TTPOTIUNOELS KAl TIC TTPOTACELS TV HABNT®V yid 710 evE1a@PEPOV Kat amoSoTiko
uadnua. Ilpoteivetan 1 eTaAvVAANYN NG EPAPLOYNS TOV GEVAPIOV YPNOILOTOIOVTAS Ouada
eAeyyov, melpapatikn opada, pre kai post-tests kar ouvvSuvacud epevVNTIKGOV epyaAeimv
(mapatnpnon amd Seltepo epeVVITI, CUVEVTEVEEIS OUUUETEXOVIWV K.A.) WOTE va peletnOel
ETUTAEOV TO KATA TTOCO TETO0V €160VG CEVAPIA KIVITOTIOI0VV KAl EUTTAEKOVV TOUG HAONTEG Ko
EVIOYVOLV TNV KATAVONOT) TOV YVWOTIKOU TTEPLEXOUEVOL AMA kAt TN¢ iG1ag g Stadikaoiag Tng
Siepevivnong.
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MovteAonoinon otnv Eknaidsvon twv Quokwv Enotnpwv:
Ekmtawdevtiki Aélonoinon Onttikwv Maupwv Koutiwv

ITnyn A¢omowva Mmapumapn, Kovotavtiva Ztepavidov
Haibaywyko Tunua Anuotikng Exmaidevong, EOvixo kat KamoSiotpiako Iavemiotuo
AOnvav

NepiAnyn
H ntapovoa epyaoia mapovorader pa Sidaxtikn mapépfaoct, mov ovvévadel tov povteMopo otig Puoikeg
Emotueg HEow TOV HaUpmV KOUTIOV. TTOUG CUUUETEXOVTEG apovolddovtal So pavpa kovtid. Xwpig
va ta avoifouv kal &yovtag pia Séoun laser, kahoUvtal va Byaiovv cupwtepdouaTa OXETIKA e TO Tl
kpUPetarl péoa oe kabe kovti. Kavovrag vmobeoelg kal mapatnpmviag, mYEpovy va @TIaiovy éva
HOVTEAO. ZUYKEKPIUEVA EPEVVAOVTAL Ol ATTOWELG TWV CUUUETEXOVIMVY Y10 TA ETTOTNUOVIKA LOVTEAQ, AV
UITOPOVV va a&l0TTONooUY TNV TPOPAETTIKY) ONUACIO TWV EMOTNUOVIKGOV HOVIEA®V KAl KATA TTOCO
utopovv va Bewpnoovv v afePaloTnta g KOUUATL TNG EMOTNUNG EVAPLOVIOUEVO UE TNV eEEMEN TG,

Abstract
This paper aims at an educational idea, where modelism of Natural Sciences is combined with black
boxes. Two black boxes are presented to the participants. Without opening them and by using a laser
pointer, they have to infer the interior of each box. Making assumptions and observations, they will try
to build a model. Specifically, the research questions are about the participants’ views about scientific
models, if they are able to utilize that the scientific models can predict and if they consider the
uncertainty as a necessary part of science’s progress.

Né€eig — KAgtdua: Emompovika poveeAa, padpa koutid, omtik, pLom g emoTiung
Key words: Scientific models, black boxes, optics, nature of science

1. Elcaywyn
ontikn kot Laser

To pwg £xel tpofAnuartioel Tovg emotnpoveg Waitepa amo ov 16° awwva (Pedrotti, Pedrotti
S, & Pedrotti M, 2006). AV0 ONLAVTIKA (PAIVOLEVA TTOV OXETICOVTAL LIE TO PG ELVAL ) AVAKAQOT
kat 1 StabAaon (Halliday, Resnick, & Walker, 2008; Halliday, Resnick, & Walker, 2008).

KatdMnAeg emupdveleg yia avakiaon eivat ot kaBpemnteg, ol 0moiol avakAovv TV aktiva
PWTOG TTpog pia povo katevBuvon, xapn otn Aeta emeaveld toug (Halliday, Resnick, & Walker,
2008). I'a Tov €Aeyyo NG akTivag emTog Xpnoipomoteital ouyva o Stayxwpilothg Séoung (beam
splitter). IIpokeltan yia eva koppdtt yvaAl. 'Otav aktiva poTog JTPOCTECEL 08 AUTO UE
KATAAMNAN yovia éva pépog g diamepvd 1o yuahi ywpig va alagel katevBuvon, eve To
vrtoAowto StabAdton (Pedrotti, Pedrotti S, & Pedrotti M, 2006).

Emotnuovika MovtéAa kat Maupa Koutia

H emomun amaptifetal amd €va oUVOAO YVOOEwV JTov eptaaufavovv vmobecelg kal
QITOTEAECUATA TIEIPALATWV OXETIKA LE TOV KOO0 YUpw pag (Schlenker, 1993). Me okond va
TEPLYPAYOVV CUOTHUATA HAKPOKOOUOV (TIg pavpeg TpUeg), aAAA KAl TOV HKPOKOOTHOV (TO
ATOUO TOVL VOPOYOVOUL), Ol EMOTNUOVEG KATAOKEVALOLV HOVTEAA. Ta €MOTNUOVIKA HOVTEAQ
UITOPOVV VA AVATTAPACTIOOUV €val CUOTNUA EENYOVTAS TS AUTO AErTovpyel, alAd kKal va
npofAewovv Tig avtiSpaoeig tov (Capay & Magdin, 2013). ZAvia 01 ETIOTHUOVES UTTOPOLV VA
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£pBovv e AueoT) ema@t| LE TO CUOTNLA TTOV HEAETOVV KA1 VA EYAPLOCOLV O€ AVTO TIG 10EEG TTOV
gxovv. Emopévag, yia t€tola cuotnuata (.. T0 e0wTepKo g I'ng) kataokevalovv HOVTEAQ,
Ta omoia Pacidovtal og vtoBeoelg kan eupeoeg evoeielg (Schlenker, 1993). Avtd Ta poviéda
S10pK®G PeATIdVOVTAL HEYPL VA PITOPOVV VA TTPOPAEWOLV TIG AVTIOPACELS TOV CLOTHLATOG.

To pavpo kouti elvatl &va ovotnua pe KaboploueEvn eomTEPIKT] 0PYAVMOT KAl CUYKEKPIUEVT
OLUTIEPLPOPA, TNV 070l 0 EKAOTOTE TTapatnpntig de yvopilel. O mapatpntg wiopel va
€N PEACEL TO LAUPO KOVUTIL HECW T®V 1000wV TOVL KA1 va TTapatn prioel Tig eE0dovg (avniSpaoelg
Tov ovotnuarog) (Capay & Magdin, 2013). ¥ Si8aockaiia Pvokeov Emomumyv ta pavpa
KouTId avadelkvvouy Tig SuokoAieg, Ta adiefoda kal Tig augiPfoAieg mov kKaAovvTal va
AVTILETWITOOVV Ol emoTnuoves. Apa wBolv tovg pabntég oto va XPNOUOTOU|COVV TIC
a1o010€1g TOVG KAl TN PAVTACIA TOVE, VA KAVOUV LIT0OETEIS KAl VA 0XeS1000VV KATIO10 LOVTEAO,
IOV VA TTEPTYPAPEL TO TEPIEYXOUEVO TOV LAVPOL KOLTIOV, SnAadn va akoAovBroovv ta frjpata
g emotnuovikng epevvag (Nott & Wellington, 1996). Evtovtolg, mponyovueveg €pevveg
gxovv Oeifel Ol ol ekmmadevtikol elvarl Sotaktikol 1) Sev Eyouv egumelpia 0TO va
XPNOLOITO|GOLV HAUPA KOUTIA KAl KAT EMEKTAOT] TA EMOTNUOVIKA HOVTEAQ 0T S18aokaAia
touvg (Van Driel & Verloop, 2010), 11 8ev avayvwpidouv ta yapaktnpotkd tg dovong mg
Emotung mov avadewkviovial pHeca amo TNV Tadaywylkn Xpron TV ETOTNUOVIK®V
povtehwv (Crawford & Cullin , 2007).

Emopévag, mpoxvmtouv ta akoAovba epeuvnTikd epwTNUATA:
1. IToieg eivat o1 amowelg Twv ev Suvapel eKTaSeVTIKOV OYETIKA LE TA EMOTNUOVIKA HOVTEAQ;

2. Kata mdoo pmopolv va a&lomorjoovy v TPOPAENTIK] ONUACIA TV ETOTNUOVIKGOV
LOVTEA®V;

3. Kata mooo pmopovv va Bewprnoovv v afefaiomta wg¢ avamoomaoto KOUUATL TG
EIMOTIUNG EVAPUOVIOUEVO UE TNV eEENEN TNG;

Ta amoteAéopata g epevvag Ba pmopovoav va evioxvooLvV TV aodoTikOTEPT Si8aokaiia
NG EMOTNUNG, UE TPOTO IOV Oev Ba TAPOLOIAETAL ETOIUN 1) EMOTNUOVIKT Yvawor — “ready
made science” — , aAAd Ba Spovv o1 pabntég el T €pyw 0 €va TTAAICIO EMOTNUNG VIO
KATaokevn) — “science in making” — 0ntwg avageper o Latour (Nott & Wellington, 1996).

2. MeBoboloyia

H ¢pevva amevbBivetat oe tetaptoeteig gortnteg tov [Hadaywykoy Tunuatog AnpoTikng
ExmnaiSevong tov EKIIA, ot omoiot €xovv mapakoiovdnoet padnuata dvokwv Emotmuav
(®vown, Bloloyia, l'ewypapia) kat apa €Xouv T0 ATAPAITNTO YVOOTIKO LtoBabpo kabag
KAl ApKeTA epebiopata mov oXeTi(ovTal Ue TO POAO T®V EMOTNUOVIK®OV HOVTEAWY. EmmAéov
N €pevva Ba Adferl yopa katd  Siapkela tov padrpatog «Aldaktikn Puvoko®v Emomuaov»,
OTO OJTO10 KEVTIPIKI ONuacia £€Yel 0 EMOTNUOVIKOS YPAUUATIONOG, CLVIOTOOA TOU OJI0I0V
elvai 1) Xpron Kai n Katavonor TV eMOTNHOVIK®V HOVIEAWV. ETOUG OUUUETEXOVTEG Dev el
ylvel kola e181K1 ava@opa IPONYOULEV®ME YA LAUPA KOUTIA KAl ETTLOTNLOVIKA LOVTEAQL

Apyka Sivetan éva nAeKTPoOVIKO epwTNUATOAOY10 (popua Google) e epwTnoelg ToAATANG
£ITIAOYTG, TO 0ITOI0 CUUITAN POVETAL AVOVUUA KAl EOTIAZEL OTNV AvASEIEN TV AmOPewV TwV
OUULETEXOVIWV OXETIKA HE TA EMOTNUOVIKA poviedd. H Snuovpyia avtod Ttov
EPWTNUATOAOYIOV PACIOTNKE O EPWTNUATOAOYIA TTPONYOULEV®Y EPEVVMV JTOV EKAVAV
AVAPOPES OTA EMOTNHOVIKA povTeAa kat otn @Yo ¢ Emomung (Grunkorn, Upmeier zu
Belzen, & Kruger, 2014) (Upmeier zu Belzen, Kruger, & Van Driel, 2019). ITio cuykekpiuéva,
Ol EPWTNOEIS TOV EPWTNUATOAOYIOU KOAAUTTTOUV Tovg €E€ng mevie afoveg: a) 1 @LON Tov
EMOTNUOVIKOD HOVTEAOU (T elval TO HOVTEAD;), B) TOAMA poVTEAQ Yia €va oLOTNUA, Y) O
0KO7tO¢ Tov povtelov («ITov kat ylati Oa xpnoomolodoate 0 HOVIEAO TOU KUKAOU TOU
VEPOU;»), 8) EAEYXOC TOU HOVTEAOV KAl €) TPOIOIOINOT Tov povtedov («Av katl mote Ba
UITOPOVOE VA AANAEEL TO LOVTEAO TOU ATOUOV;»).
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A@ov amavtnBel 10 epwTNUATOAGY10, 01 POITNTEC BA XWPLOTOVV 0 OUASES TV 4 ATOUMV. X
kaBe oudda Ba Sobolv 2 «pavpa kovtid» kat pa deéoun laser. Ta pavpa kovtid mpv
KaAv@Bovv aivovral otnv ekova 1. Xwpig va Ta avoi§ouv Kal €Xoviag wg EPYAAEIo T
S6¢oun laser, kaAovvtal va ByaAovv cupTEPACUATA OXETIKA LE TO T KpUPeTal péoa o€ kabe
KOUTL, akoAovBwvtag Pripata katevBuvouevng Siepevvnong. ITo cvuykekpiuéva, kavovtag
VIT0HETEIG KAl OPYAVOVOVTAG TIG TTAPATNPT|OELG TOUG, EMYEIPOVV VA OYXEGIATOVV EVA LOVTEAO
Yia TV TEPLYPAPT) AEITOVPYING TV Havp®V KouTimv. KATl T€tolo emtuyyavetal ue
OLUTTIAT PWOT) €vOg VAV gpyaociag yia kabe kovti. Ot epwtnoelg Tov LA epyaoiag Ha
ToUg Ponbnoovy OTO VA CUYKEVIPWOOLV TIG TTAPATNPTOEIS TOVG, va SOKIHACOLV TIg
VT0DECEIG TOVG KAl TEAIKA VA PTIAEOLV Eva LOVTEAO TTOV VA TIEPTYPAPEL TO EOWTEPIKO KAOe
KOUTIOV.

Ewova 1: To patdpo kout aplotepd pe Sutho kabpemtn kat To pavpo kovuti 8e€1d pe Staywprot
Seoung laser mmpv oppaylotovv.

Meta Vv mapeupaot, ol cuppeTEXovteg Ha CUUITANP®OOLY EAVA TO EPWTNUATOAOYI0, WOTE
va kataypa@ovv mbaveg aAAAYEG OTIC ATTOWPELG TV (POITNTM®V OXETIKA L€ TA EMOTNUOVIKA
HOVTEAQ KAl TN QULOT) TNG EMOTNUNG.

Ta deSopeva mov Ba ouykevipwBOLV Ao Ta EpOTNUATOAOYIA KAl Ta QUAAA gpyaoiag Ba
avaAvBovv e ToooTikeg kKAl ToloTikeg pefodouvg.

3. AnoteAéopata

H &pevva mpokertan va Sie€ayOel oto eapivo e€aunvo tov 2024. ITap’ dAA avtd avauevetal Ot
UEYAAO TTOCOOTO TV POITNT®V Ba Tapovo1adel SUOKOAIEG OTO VA eEAYEL AOYIKA CULITTEPAT AT
KOl VO KATAOKEVAOEL KATTO10 LOVTEAO TTIOVL va e€nyel eva parvopevo mov Se pmopet va Set.

4. Zuunepacporta

Ta TPAOTA CUUTEPACUATA TNE TTAPOVOAG EPEVVAS AvAUEVOVTAL TOV IovVio Tov 2024.
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Edappoyn kat A§loAdynon pag Atdaktikii¢ MaOnoLokng
AkoAouBiacg yia to eplexopevo tng Navoeniotiung-
Navotexvoloyiag os padntéc/padntpleg Anpotikou IxoAeiov

Avaotaoia Owovopov, IN'wpyog I1ewkog, Avva EmvpTov
Haibaywywo Tunua Anuotikng Exmaidevong, Iavemotuio Avtikng Maxedoviag

NepiAnyn

H mapovoa epyacia agopd myv epappoyn kat afloddynon pag Awdaxtikng Madnotakng Akolovbiag
(AMA) yia ™ Navoemotnun-Navoteyvoroyia, eotiadovtag otig evvoleg: Méyebog twv avTiKeluevmy Kat
I810teg e€aptmpeveg amod 1o pEyebog: Pavopevo Touv A®TO. ZUUUETEXOVTESG/ CUUETEXOVOEG NTAV 22
padnteg/padnpieg, Xt Anupotikov. Epyaieio ovAhoyng Sedopevmv ftav 1o ypastto epmTNUATOAOYI0 KAl
1) CLUVEVTEVEN, TPV KAl HETA TNV epappoyn e AMA. Ta amoteAdéopata Seiyvouv 0Tt LETA TNV EQAPLOYT
UEYAAO HEPOG TV HAONTOV/HABNTPIOV aveéPepe WG TO IKPOTEPO AVTIKEIUEVO, €VA AVTIKEINEVO TOV
VAVOKOOUOV KAl TO O0WOTO Opyavo mapatnpnong. Emiong, ta&ivounoe owotd avTiKeipeva oTov
UAKPOKOOO, OTOV UIKPOKOOUO KAl OTOV VAVOKOOWO, €PAPUOLOVTIOS TO KPLTNPL0 TOU Opydvou
TAPATNPNOTG KAl 0€1p0BETNOE OWOTA TA AVTIKEIUEVA ATTO TO HEYAADTEPO TIPOG TO UIKPOTEPO. ZYXETIKA e
TO (PAIVOLEVO TOV AWTOV, 01 TEPIOCOTEPOL/TEP100OTEPEG LA TEG/ nabnTpieg eEnynoav o @awvouevo,
AVAPEPOVTAS MG ITAPAYOVTA TN vavoSoun Kal &va HIKPO JT0000TO KATAPEPE va TO &ENYNOEL,
AVAEPEPOVTAG TN VAVOSOUT] KOl TOV Agpa.

Abstract

This paper concerns the implementation and evaluation of a Teaching Learning Sequence (TLS) for
Nanoscience-Nanotechnology, focusing on the concepts: Size of Objects and Size Dependent Properties:
the Lotus Effect. The participants were 22 sixth grade primary school students. The data collection tool
was a questionnaire and an interview before and after the implementation of TLS. The results show that
after the implementation, a large amount of the students reported the smallest object as an object of the
nanoworld and the correct observation tool. They also correctly classified objects in the macroworld,
microworld and nanoworld, applying the criterion of the observation tool and correctly ordered objects
from largest to smallest. Regarding the lotus effect, the majority of students explained the phenomenon
mentioning nanostructure as a factor and a small percentage managed to explain it, mentioning both
nanostructure and the air.

NE€eig KAELOLA: SNUOTIKO oxoAeio, SLOaKTLKN pabnolakn akoAouBia, VaVoETLOTHN-vavoTtexvoloyia
Key words: primary school, teaching learning sequence, nanoscience-nanotechnology

1. Elocaywyn

H paydaia avamtuén twv mpoidviwv g Navoemothung-Navoteyvoroyiag (N-ET) &xet
empepel alayeg otnv kabnuepvotnta tov avbpwmov. Ymootnpidetal 0Tl OAOL Ol TTOAiTEG
XPEWETAL VA AVATITUEOLY TOV VAVOYPAUUATIONO TOUG, WOTE VA CUUUETEXOUV OTO SNUOC10
Sioyo ya Ogpata g N-ET (Laherto, 2010). Emotiuoveg kal oxeSl00TEG aAvaALTIK®V
TPOYPAUUATOV LITOYPAUUIOUV OTL pia TIPOKANON TOL 21" AOVA ATTOTEAEL 1) EVOMUATOOT) OTNV
VITOYPEWTIKN ekmaidevon tov mepiexouevov g N-ET (Jones et al., 2013 -Blonder & Sakhnini,
2016).

'Exouv 16N apyioel kal epapuodovial EKTAGEVTIKA TPOYPAUUATA Yid HaOnTEG/ HabnTpieg
Anuotiko XyoAeiov, mov mepthaufavovy évvoleg g N-ET, pe Oetikd amoteAéopata
(Mandrikas et al., 2020°Peikos et al., 2022).

IMa mapaderypa, ot Mandrikas et al., (2020), epdappocav pia Aildaxtikny Madnolakn AkoAovbia
(AMA) pe mepieyopevo oxetiko pe tig Meydaeg I6¢eq (MI) tng N-ET: MéyeBog kot KAipaxa,
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I610teg e€aptapeveg amod to MeyeBog kar Epapuoyég g N-ET, otoxevovtag Heta&d AAAwy
ot peAETn g katavonong evvowwv g N-ET. Ot epevvntég kateypayav Oetikd
amoteAéopata yia to MéeyeBog kat v KAijpaka. Eidikotepa, ot pabntég/padntpieg peta v
epapuoyn g AMA, NTav 1Kavoil/1kaveg va o UEIWVOLV TNV avTiotolyia LeTald Twv povadwv
UETPNOTG, T.X. OTL 1cm €lval 100 PE 10.000.000 nm KAl va oe1pofetoliv kal va Ta§vopovy ta
AVTIKEIUEVA OTOV HAKPOKOOHO, OTOV UIKPOKOOUO KOl OTOV VAVOKOOWMO. XYETIKA WE TO
(PALVOLEVO TOV AWTOV, 01 padnteg/nadntpieg, LECA QIO TOV MEIPAUATIOUO LE OTAYOVES VEPOU,
KATAPEPAV VA OLVOECOUV TN OCULUTEPLPOPA TOU VEPOL pe To €ldog g em@avelag,
xapaktnpidovtag ta vVAIKA vépo@ia, VEpoPofa kat vITEPLSPOPOPa.

Ye petayeveotepn €pevva, ot Peikos et al., (2022), avéntugav, epappocav kat aflohoynoav
AMA vy Ttg i6ieg MI, mpooBetovrag emumAéov T MI: Movtéda kal povrtelomoinon. Ta
padnolaka amoteAéopata eTd v epappoyn g AMA ftav Oetikd. I'a mapaderyua, 6cov
apopd 1o ueyebog, o1 padnteg/pnabnTpieg Ta§vounoav omoTd Ta AVTIKEIUEVA, AVAPEPOVTAG
®G KPLTNPLO TO OPYAVO TIAPATIPNONG NG KAOE OHASAG AVTIKEIUEVWV. TXETIKA LE TO (PATVOUEVO
TOV AWTOV, 01 JIEPLO0OTEPOL/TTEPLO0OTEPES LaBNTEG/LabnTpleg wropovioav va efnynoouvy 1o
(PALVOLEVO, AVAPEPOVTAS WG TTAPAYOVTIEG TNV VAVOOSOUT] TOU (PUAAOL KAl TOV AEPA, TTOU
eyKAwBidetal avapeoa oTig vavodouEG.

Orepevvnreg Peikos et al., (2022) tpoteivovv wg BemwpnTikd mAaioto yia ) peAétn g pabnong
evvolwv g N-ET, ) Sadikacia g evvololoyikng alayng. Zopeova pe v Chi (2008), o1
€VVOIEG OPYAVAOVOVTAL O OVTOAOYIKEG katnyopieg (S8evrpa), m.y. Tig OvioTnTeg KAl TIG
Awadikaoieg, o1 omoieg StabBeTouvv Srakprtd xapaktnplotikd. Ot £vvoleg otnv KABe OVTIOAOYIKT)
Katnyopia, pHolpadovtal Kowva oVIoAOylKA yapaktnplotikd. H kamyopia tov Aladikaciov,
empuepiletan otig Apeoeg kan otig Avadvopeveg Sradikaoieg (Chi, 2008- Henderson k.4., 2017).
Ov Peikos et al., (2022) om AMA mov avémtvav mepiEdafav  pntn SidackaAia
XAPAKTNPIOTIKOV TOV AuEonmV kKal Avadvouevov, mov eival aupolfaia amokAeiopeva (Chi,
2013).

O1 Apeoeg Sadikaoieg, mepraufavovv mapayovteg pe 181kn B¢on otn Sadikacia kat €govv
£vav 0TOX0 Kol Hia oe1pd amtd oKOIpa Brjpata, yia va IetdhYovv autov ToV 0TOX0 0TO eminedo
tov potifov. Ia mapadeypa: «'Evag mapdyovtag 1) pia vmo-opdda mapayovimv, pmopel va
TPOKAAEOEL TO KAOOAIKO Tapatnpiopo potifo» kat «MOvo 0 &vag 1) TeEPLOCOTEPOL TTAPAYOVTES
gxovv €1d1kn 0éomn otnVv mpokAnon tov potifov» (Chi et al., 2012, p. 10). Ot Avadvoueveg
Sladikaoieg, meprhaufavouy mapayoveg, ot omoiol Bpiokovtal otny idia faon, pe amoteAeoua
0 TAVTOYPOVOG GUVLITOAOYIOUOC TWV AAANAETIS pACEWY VA EKOAGVETAL OTO HAKPO-ETHTESO TOV
potipov, To omoio Sev mpokaieital eokeppeva amto kasolov mapayovta (Henderson k.d., 2017).
INa mapaderypa: «'OAot o1 mapayovteg LAl TPOKAAOVY TO KABOAIKO tapatnpiopo potifo» kot
«'OAo1 01 Tapayovteg exovv 10a&la B¢on otnv TpokAnon tov potifouv» (Chi et al., 2012, p. 10).
Me Baon avtd, ot padntég/pabntpieg popolv va AvaOoTOXAOTOUV TAV® O OAEC TIG
Sradikaoieg mov mepapPaver ) ekmadevtikn) mapepfaon (Sradikaoia g iwong, Avopevo
TOV AWTOV, KADAPIOUOG TOV VEPOU UE VAVOPIATPO) OE OXEOT LE TO AV AVIKOLV OTIC AUEDEG 1)
otig Avadvopeveg Sradikaoieg (ITéikog 2022, 0. 157), ®OTE va evioyvbel 11 evvoloAoyikn
Katavonon.

Ye £PEVVEG TTOV LEAETOVV TIG APYIKES AVTIANYPELS TV HadnTev/padntpiov ya eévvoleg g N-
ET, &xel kataypagel 0Tt oxetika pe t MI: MéyeBog kar KAipaka, ot padnteg/uadrtpieg
AVA@PEPOLY  AVTIKEIUEVA TOU pAKPOKOOoUOoL (Hupunykia), Tov pKpokoopov (kottapa)
(Castellini et al., 2007) ka1 Tov atoukov koouov (Peikos et al., 2023) m.x. popo. Qotooco,
SvoKoAgbOVTAL VA KATNYOPLOITOCOVV AVTIKEIUEVA LUE KPITIPLO0 TO OPYAVO TTAPATIPNOT|G TOUG
(Peikos et al., 2023). TyeTikA pUe TO PAIVOUEVO TOV AWTOV, o1 pabnteg/pabnrpieg e€nyovv 1o
Pavopevo g pa Aueorn dadikaoia, ava@epoviag mg TAPAYOVTA OV TTPOKAAEL TO OpATO
potifo (opaipko oxnUa 0TAYOVAGS), XAPAKTIPLOTIKA TOV (PUAAOV, TA OTTOIA EIVAL AVTIANTITA HE
Tig aloOnoelg 1. Aela em@avela tov @uAAov (Peikos et al., 2023).
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2. Me0Bodoloyia

2T0X0G TIG TAPOoLOAG EPELVAG EIVAL 1] EPAPUOYT] Kot a&loAoynon pag AMA yia to epiexopuevo
¢ N-ET oe pabntég/pabntpieg Snuotikov oyoieiov. H AMA mov epapuootnke avamtuydnke
amto tov [1&wko (2022). H AMA niepihappavet entd diwpa pabnuata. Ta tpia mpwta eotiadovv
OTNV TaSvOUNoN KAl TN 0e1poHETNOoTN AVTIKEUEV®Y TOV HAKPOKOCUOU, TOV UIKPOKOOLOU Kol
TOV VAVOKOOUOV, KAO®MG kal OTNnV €E0IKEIWON TwV HadnT®v/uadnTpiowv pe To OMTIKO Kal
TO NMAEKTPOVIKO HKPOOKOIO (Leow mpooopoiwong). To tétapto otn Stadikacia g iwong, To
TEUITTO KA1 TO €KTO OTO (PAIVOUEVO TOV AWTOV KAl TO £BSoU0 oTov KaBaploud Tov vepou e
vavoguitpo. H mapovoa epyacia €0Tiadel OTIG TPES MPWTEG EVOTNTEG, TTOV APOPOVV TO
Méyebog Twv aviikelueévov kal Ta ‘Opyava Tapatnpnong Kat otnv €Kt oL apopovV TO
(PALVOUEVO TOU AWTOV (Yl TIC OTOieg €XEL yivel MANPNG avaivon 8edouevwv). EKomog g
epyaoiag eivai n emavainyn epappoyng g AMA, oe peyaiutepo apifpo padntov/padntpuwv
2T ANUOTIKOU, MOTE VA KATAATIEOUE 08 CUUITEPACLATA YA TNV ATOTEAECUATIKOTITA TNG.

H mpotn ovyypageag g epyaciag peAetnoe to VAo g AMA, og 0TeVI) ouvepyaoia Ue
epevvn g Adaktikng twv @.E. mov aventuge ) AMA kat e€oikeiwOnke e v epapuoy
TV EKTAGEVTIK®V VAIK®V. ZUYKEKPIUEVA, Y1a KAOE Slwpr evOTNTA, 0pYAV®VE KAl tapovoiade
TO eKITASEVTIKO UAIKO OTOV EPEVVITI KAl JTPAYUATONOIOUVIAV CUJ)THOES Yl TNV
epappoouotTa tov. 'Emetta, epdppooe m AMA oty ta&n. Ta epeuvnTikd epOTILATA T)TAV
Ta e&ng:

. [Toeg eival o1 avtiAyelg Towv padntov/pabntpiaov ya v évvola tov peyebovg mpv
KAl LeTd TV e@apuoyn g AMA

. Mg e&nyovv ot pabnteg/pabnpieg 10 EAIVOUEVO TOU AWTOU TPV KAl UETA TNV
epappoyn mg AMA

Qg epyaieio cLAOYTIG TV SEGOUEVHV XPNOTLOTTOONKE TO EPWTNUATOAOY10 KAl I) CUVEVTELEN,
7oV €Xel ePapurootel oe mpoyeveotepn Epevva (Peikos, et al., 2022). Eviewktiko £pyo tov
epwTNUATOAOYiOL elval: «Avo adéppia, apov EmAvvay éva kouuati Aaxavo aapatnpnoayv 1o
e&ne: «ot oTayoveg HoAIg Eme@TAV TAV® OTO AAYAVo YivovTay oTpoyyvAes oav wiiAieg. I'ia oo
Aoyo miotevelg ott wropei va ovufaiver auto; ». EMItAeov, 0TIg CUVEVTEDEELS, TPV KAL UETA TNV
mapépPaon, n epevvhpla oe amd Tovg/Tig padnTeg/padnTpleg, yia To €pyo Tov
(PAVOLLEVOL TOV AWTOV, va oxedlaoovv Eva HovtéAo (pe (oypa@ld) yia va eEnynoouy, yati n
OTAYOVA YIVETAL GQPAIPIKT] OTO (PUAAO TOV AQAVOU.

H epevvnpla avemtule katl Eva emmA&oV €pyo, TTOL APOPA TNV TAEIVOUNOT] TOV AVTIKEIUEVOV.
Anpovpynoe kapteg pe €€ avTiKeileva TOU HAKPOKOOUOU, TOU WIKPOKOOUOU KAl TOU
vavokoopov (stov dev meprapfavovtat ot AMA) kat TANPo@Popieg yia avtd, 0TS T0 OPYAVo
mapatpnong. Xtoxog nrav va aforoynbel n wavomta twv pabntov/padnipiov, va
XPNOUOITOI0VV TO OPYAVO TTAPATIPNONG WG KPITIPL0 YA TNV TAEIVOUNOT AVTIKEIUEV®DV (TT0V
Sev ibayOnkav otn AMA), 0TOV HAKPOKOOUO, OTOV UIKPOKOGUO KA1 OTOV VAVOKOOHO. AnAadn,
va OGiepevviioovpe av ot paBntég/padntpieg yvopilovtag ta avaykaio Kal emapkn)
XOAPAKTNPIOTIKA TWV EVVOIMV UTTOPOLV VA T ¥PNOIUOOU|O0LYV Yid VA QIOMPACIoOVV Qv
ovykekpluéva mapadetypata evidooovial oe avteg Tig £vvoleg (Siegler & Alibali, 2020-Peikos
et al., 2022).

SUUUETEXOVTES/CUUUETEXOVOEG TNG €peuvag Ntav 22 padnteg/uabnipieg Tt Anpotikov, mov
OULITTAT| pPWOQAV TO EPWTILATOAOY0, TIPLV KAL LETA TNV epappoyn g AMA. Evvéa cuppeteiyav
o1 S1adikaoia TG OUVEVTELENG, UE KPLTNPLO EMAOYNG TN O1apopeTIKn emidoon oto uadnua
Twv ®E oto oxoAeio Toug (VYnAn kal petpla-yaunAn emidoomn) kail, TAPAAANAQ, va eivat
padnteg/padntpleg, otv omoiol/omoieg va  ek@palovial TPOMOPIKA pe emapkela. H
KwO1Komoinon twv deSouévmv akoAovbel v Tapaywyikn avalvon repleXouEVoD, te Baon ta
emimeSa katavonong tov avamtuyxOnkav oe poyeveatepn epevva (Peikos et al., 2022).
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3. AnotsAéopata

SYETIKA L€ TA ATOTEAECUATA TOV EPWTNUATOAOYIOV Y1A TO LIKPOTEPO AVTIKEILEVO TTOV VOUI{OLV
01 HaBOnTeg/HabnTpleg OTL LITAPXEL KAL TOV OPYAVOL TTAPATHPNOTC TOV, TPV TNV EPAPLOYT], TO
VYPNAOTEPO TTOOOOTO (TTEPITTOV 40%) AVEPEPE WG TO LIKPOTEPO AVTIKEIUEVO, EVA AVTIKEIUEVO
TOV HOAKPOKOOUOV, Kataypagovtag AdBog opyavo mapatnpnong. Metd tnv e@apuoyn, 1o
VYPNAGTEPO TT0000TO (epimov 81%) Twv amavinoewv mepAuPave &va avTIKEIUEVO TOV
VAVOKOOLOV, LLE 0APTIG AVAPOPA TOV NAEKTPOVIKOD LKPOOKOTOV.

Ava@opika pe v tagtvounorn, Iptv TV EQApLOYT), Le BAOT) TO EpWTNUATOAOY1O TO HEYAAVTEPO
71000070 (TTEPimov 77%) SLOKOAEVTNKE VA TAEIVOUNOEL TA avTikeipeva oe opadeg e Baon to
peyedog tovg. Metd v eappoyn, mepimov to 36%, Tallvounoe 0moTd OAQ TA AVTIKEIPNEVA 1)
KATAPEPE VA TAEIVOUNOEL TOVAAKIOTOV TA TIEVTE QIO OXT® avTikeipeva (mepimov 1o 22%). Ta
QTOTEAECUATA TWV CUVEVTEDEEMV, YA TO €PYO TNG TASIVOUNONG TWV AVTIKEUEV®V, IOV OV
nepappfavovral otn AMA, Seiyvouv 0TL et amtd Tovg/Tig evvea padnteg/uadnpieg, petd
Vv e@appoyn mg AMA, kata@epav va EPApPUOCOVV TO TTOIOTIKO KPITNP10 TNG TASIVOUNONG.
Avaiutikotepa, Talvounoav cmotd OAA TA AVTIKEIUEVA, OTOV LAKPOKOOO, OTOV UKPOKOGLO
KAl OTOV VAVOKOGO O, AVAPEPOVTAS TO OPYAVO TTAPATIPNONG WG KPLTNPI0 YA TNV TASIVOUNoT)
Tov kABe avrikeywevov. a mapaderypa, evag padntg avepepe: «To oaitykapt xat v
macyalitoa ta éfaia otov uakpokoouo, ylati ta PAETOVUE e TO UATL, TO AEVKO QIUOTPAIPLO
Kat 1o Paktplo e QUUATI®OTS OTOV UIKPOKOOUO, YIaTi Sev Umopovue va ta SOUUE UE YUUVO
UQATL KQL XPT)OIUOITIOLOVUE TO OTITIKO UKPOOKOIIO KAL TOV KOPOVOIO KAL TOV L0 JTOV JIPOKAAEL TNV
LAapa oTov vavokoouo, ylati ta PAETw e TO NAEKTPOVIKO LUIKPOTKOITLO».

'‘Ocov a@opd TN Oe1PoHETNON TOV AVTIKEIUEVWY, TPV TNV epappoyn me AMA, ue Baon to
EPWTNUATOAOYIO TO 50% TwV puadntov/padntpiov oeipobetnoe AdBog ta avtikeipeva tov
HAKPOKOOUOVL. MeTd v epapuoyn tg AMA, mepimov 10 55% 0e1poBEétnoe owotd OAd Ta
AVTIKEILEVA TOV HAKPOKOC OV, TOU UIKPOKOGLOU KAl TOV VAVOKOGOV, AITO TO LEYAAVTEPO TTPOC
TO MKPOTEPO. ATIO TN OUVEVIELEN @AVNKE OTL €QAPULOOAV Eva OAPES KPLTNPLO TNG
oe1pofeong, OGS yla TAPASEIYLA TO KPLTNPIO TNG EYKAEIONG TL.Y. €vag nadntng avepepe
«Eme1dn ywpaet péoa otov 10 kat xovue pabet 0T, 0,7t YwpAeL HEOQA OTO AAAO EVAL TTLO UKPO».
IMa 10 @awvopevo Tov AWTOV, TPV TNV €PAPLOYT], TO VPNAOTEPO TOCOOTO (mepinmov 77%)
efnynoe 1o @awvopevo wg pia Apeon Awadikaoia, avagepovtag AavBaouEVoUg TapayovTeg.
Metd Vv e@apuoyn g AMA, mepinov 1o 55% KATaPepe va eENYNOEL TO PAIVOUEVO MG Hia
petapanikn Siadikaoia and Tig Apeoeg otig Avadvopeveg. Eidwotepa, avepepe ) vavodoun
WG TTAPAYOVTA IOV JPOKAAEL TO PAIVOUEVO, EVR €va UIKPOTEPO TTOC0O0TO (sepimov 14%)
e&nynoe 1o pavopevo wg Avadvopevn Altadikacia, avagpEpovtag T vavodour) Kal ToV agpa kg
TTAPAYOVTES, TTOV TIPOKAAOVV TO (PAVOUEVO. ATIO TIC OUVEVTEVEEIC KAL TA XVOYPAPTUATA TV
pabntov/padntpiov @avnke OTL Ol TEPLOCOTEPOL/MEPLocOTEPeS pabnteg/uabnpieg eivan
IKAVOL/IKAVEG VA AvaapacTOOLV T VAVOOOUT] TOU @UAAOU KAl €va HEPOS TWV
padntov/padnTpiov Kata@epe va avamapaoTioel T VavoSoun Kat ToV agpa.

4. ZuunepacpoTa

Jvuykpivoviag Ta amoteAéopatra g pabnong mpwv v e@appoyn g AMA, pe ta
QITOTEAEOUATA TNG LAONOTC HETA TNV eApLOYT), @aivetal 0Tt  AMA ovvePale Betikd oto va
petakivnBovv ol amavtroelg Twv pabntov/padntplov amd ag@eAeig mpog o EMOTUOVIKEG.

SYXETIKA UE TO TPWTO EPEVVITIKO EPMTNA, TO CUVOAO T®WV ATTAVTNOEWY, LETA TNV tapeufaon,
mepAQuUPBave m¢ TO WKPOTEPO AVTIKEIUEVO £vA AVTIKEILEVO TOV VAVOKOOUOU KAl TO OMOTO
OpPYQAVO TTAPATIPNONG, TO NAEKTPOVIKO UIKPOOKOI0. Meydlo pepog twv pabntov/uadntpiov
Ta§vounoe kal 0e1pofetnoe 0moTA OAA TA AVTIKEILEVA, AVAPEPOVTAG TO OPYAVO TTAPATIPNONG
WG KPP0y v kabe oudda avrikewévov. Ta eupnuata Tov ev AOYyw® E€PEVVITIKOV
EPWTNUATOS OUYKAIVOLV LE Ta gvpruata Tpocatwv epevvov (Mandrikas et al., 2020-Peikos
et al., 2022). Ao TiI¢ ovvevTeDEelg PAVNKE TWE Ol Hadnteg/uabnTpieg, petd v mapeufaon,
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£PAPLOLaV TO TTO10TIKO KPLTI P10 TOV 0PYAVOL TTAPATIPTOTC, Y1A TNV TASIVOUTOT) AVTIKEIUEVDYV,
mov Sev mepiaufavovtav ot AMA, 0TOV HAKPOKOOUO, GTOV UIKPOKOGLO KAl GTOV VAVOKOGLLO.
YXETIKA |LE TO BEVTEPO EPEVVITIKO EPWTN LA, TO LEYAAVTEPO TTOCOOTO TV HAONTOWV/HadnTpliwv,
efnynoe 10 @avopevo wg pia petafatikn Stadikaocia amd tig Aueoeg ot Avadvoueveg,
AVAPEPOVTAG OHOOTOVG HELOVOUEVOUG TTAPAYOVTEG, OTTMWG 1) VAvoSourn Tov pUAAoV. To evpnua
AUTO, QWTOKALVEL QITO TA EVPTILATA TNG TTPoYyevEDTTEPN S Epevvag Twv Peikos et al., (2022), otnv
07101a EPAPUOOTNKE 1 PNTI S18a0KAAIA Y1a TA XAPAKTNPIOTIKA TV AUECKHV KAl AvaSuopuevmv
S1a81kao1mVv. TV ev AOyw £peuva, TO LEYAAVTEPO TTOCOOTO TV HABnTOV/Hadntpioyv e€nynoe
TO Pavopevo wg Avadvopevn Aladikaoia, ava@epovtag Tn vavodour] Tov GUAAOL Kal TOV
neplfaAlovta agpa, wg IAPAYOVTEG TTOV TPOKAAOVV TO @atvopevo. To evpnua avto xprdet
TEPATEP® PEAETNC. YToOBETOLUE OTL LTOpel va opelleTal 0TO TAAIOI0 e@apupoyng g AMA,
LY. ol pafnteg/padnipleg Sev nrav efokelwpEvol/eCokelmueveg ne TN SlepevuvnTik)
TPOOCEYYLOT Kal TNV opadoovvepyatikn SidackaAia, kabBwg kalt oe AAAOVG TAPAYOVTEG TTOV
enmmpeacav Tov Xpovo epapuoyng mg AMA m.y. Swakom| g pong twv padnuatwv yia
TPAYUATOITOINOT) EVIIUEPOTEWY TOV OYXOAEIOL.

5. BipAoypadia

ITéwog, T'. (2022). darvopeva Kat £vvoleg 0TV KAlpaka tov vavo: Ogpata pabnong kat Sidaokaiiag
070 Anpotiko ZyoAeio [ASaktopikn Sratpipn), [Tavemotnuio Avtikng MakeSoviag].

Blonder, R., & Sakhnini, S. (2016). What Are the Basic Concepts of Nanoscale Science and Technology
(NST) that Should Be Included in NST Educational Programs? In Kurt Winkelmann & B. Bhushan
(Eds.), Global Perspectives of Nanoscience and Engineering Education (pp. 117—127). Springer.

Chi, M. (2008). Three types of conceptual change: Belief revision, mental model transformation, and
categorical shift. In S. Vosniadou (Eds.), International handbook of research on conceptual change (pp.
61—82). Routledge.

Laherto, A. (2010). An Analysis of the Educational Significance of Nanoscience and Nanotechnology in
Scientific and Technological Literacy. Science Education International, 21(3), 160—175.

Mandrikas, A., Michailidi, E., & Stavrou, D. (2020). Teaching nanotechnology in primary
education. Research in Science & Technological Education, 38(4), 377-395.
https://doi.org/10.1080/02635143.2019.1631783

Peikos, G., Spyrtou, A., Pnevmatikos, D., & Papadopoulou, P. (2022). A teaching learning sequence on
nanoscience and nanotechnology content at primary school level: evaluation of students’ learning.
International Journal of Science Education https://doi.org/10.1080/09500693.2022.2105976

Peikos, G., Spyrtou, A., Pnevmatikos, D., & Papadopoulou, P. (2023). Nanoscale science and technology
education: primary school students’ preconceptions of the lotus effect and the concept of size. Research
in Science & Technological Education, 41(1), 89-106.

https://doi.org/10.1080/02635143.2020.1841149

Siegler, R., & Alibali, M. (2020). The children’s thinking. Pearson.

134


https://doi.org/10.1080/02635143.2019.1631783
https://doi.org/10.1080/09500693.2022.2105976
https://doi.org/10.1080/02635143.2020.1841149

H Enidpaon tng Nawvidomnoinong otn AtdaokaAia twv Quotkwv
Emiotnuwv: ZXedLaopog Nepapatikic Epeuvag o padntég/TpLeg
NG T’ ANoTikoU otn HeAETN Tou DALVOUEVOU TNG ZKLAG

Yopia Towatola, MiyanA Karoyiavvakng
Habaywyxo Tunua IpooyoAikng Exmaibevong, Ilavemotmuio Kpntng

NepiAnyn

To evBagpepov Twv epeuvnTOV/TpLdv €£xel otpagel mpog ) matyvibosmoinon, O0mov peAetdtal 1
amoteAeouaTKOTNTA TG 0T Sidaokaiia twv dvokwv Emomumv. H epapuoyr) mg exel ouvdebel pe
evioyuon Twv HabnolakwV ATOTEAETUATOV AAAA KA TNV KIVNTOTOINOoT TV Habntov/tpiav. Ztdxog e
emkelpevng €pevvag eivarl va Siepevvnoel v emibpaon g maviSomoinong oty KAatavonon Tov
(POLVOUEVOV TNG OKIAG KOl OTNV E0WTEPIKT KIVNTOMOINOTN TwV HaONTOV/TPI0V, OUYKPITIKA UE TN U
mayvidomomnpuévn Sibaokaiia. To Setyua g Epevvag Ba astoteAeitan ammd pabnteg/tpieg Svo tunuaTwy
3T" Anuotikol, ta omoia Ba Srapopemvouvy Vv melpapatikn opdda kat v oudda eAeyyov. I'a
ovAoyn Twv Sedopévmv g €pevvag mpokertal va xopnynbovv, mptv kat petd tig Sidaokaiieg, teot
auTtoaloAOYNoNG TNG KATAVOTONG TOU (PALVOUEVOU TNG OKIAG, KAl EPOTNUATOAOY1I0 faciopuévo oTo test
IMT (Intrinsic Motivation Inventory), ev® Ba mpayuatomoinBolv kot nuiSounuéveg ovvevtevEelg pe
pabnteg/tpieg kat asto Tig Svo opade.

NEEeig KAELSLA: TAVISOTIOINOT,PAVOUEVO OKIAG, PUOTKEG ETOTIHES

Abstract

Researchers have turned their attention to gamification, studying its effectiveness in the teaching of
science. Its application has been linked to enhancing learning outcomes and motivating students. The
aim of the forthcoming research is to investigate the effect of gamification on students' understanding
of the shadow phenomenon and their intrinsic motivation, compared to non-gamified teaching. The
research sample will consist of students from two sections of primary school, which will form the
experimental and control groups. For the collection of the survey data, a self-assessment test of the
understanding of the shadow phenomenon and a questionnaire based on the IMT (Intrinsic Motivation
Inventory) test will be administered before and after the lessons, and semi-structured interviews will be
conducted with students from both groups.

Key words: gamification, science education, shadow phenomena

1. Elcaywyn

H teyvoloyia mpoxwpdet pe paydaiovg pubpovg kat padi tng gEpvel veeg SuvatotnTeg Kat uéoa
TA oroia prropovv va aglomomnBovv anmo v exmaidevon. H ekmadevtikr €pgvva pmopel va
a&loTmotroel TIg SUVATOTNTEG TOV YNPLAK®V TEXVOAOYIDV YA VO EVEPYOITOUNCEL TNV EUITAOKT)
TV HaONTOV/TP1ov, OOTE VA TIPOKLYPOLV TO0TIKA padnolakd amoteAéopata, aAAd kal va
KaAAlepynBovv Se€lotnteg Tov 21" Alwva, OTTWG 1) KPLTIKT) OKEWT KAl emmiAvoT tpoAnuatog, 1
£MKOVOVIQ, 1) ovvepyaoia kat n dnuiovpyikotnta (Partnership for 21st Century Skills, 2019).
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Avagopika pe tig dvoikeg Emotnueg (P.E.), 0t0X0g eival 1] amrOKTNOT EMOTNUOVIKNG YVHOOTG
A Kt SeE10TN TV TOL 21" Almva. AvadnTovval AOTOV TPOIOL KAl PAKTIKEG Sibaokaiiag
ompllopeveg oe ovyxpoveg Bewpleg pabnong mov Ba evioyVouvv TNV EUITAOKI TWV
padntov/tpiwv kat Ba &yovv moloTika amoteAeopata. Xtn Sidackadia twv D.E. Bpiokel
epapuoyn n Bewpia Tov emokoSouoHov, OTTOV 01 LAONTEG/ TP1Eg ¥peradeTal va facifovTal 0Tig
TPOTEPEG YVAOOELS KAl eUIeIpieg Tovg, kKal evepyd diayepidovran ) Sradikaoia g pabnorng
tovg (Chinn & Iordanou, 2023). H pafnon otig @.E. épyetar kal péoa amd aAAnAemidpaon
HETAED TwV EUTAEKOUEV®V, OTOIXEID TIOU e5pAEl OTNV KOWWVIKOTOMTIOUIKT Bewpia Tov
Vygotsky (Murphy, 2022). Ot S1a@opetikég amoOwelg AmOTEAOVV JOAVTIUO OTOIXEID TNG
S18aokaiiag, kabmg mavw oe avtég yperadetar va ompiyxdel o/n exmadevtikog ya v
01K0SOUN 0T NG VEAS YVWONG.

Mawyvidonoinon

H e@appoyn g mayviSomoinong (gamification) otig ®.E. £xel amaocyoAnoel Tnv ekmtaldevTik
gpevva. Me Tov 0po oy VviSosmmoinoT evvoovue Yid TNV a&lomoinoTn OToeinV mayvidiov oe
PEAAIOTIKA, U TTAXVISOTOmUEVA TEPIPANOVTA UE OTOXO TNV EUTTAOKT] TwV HAONTOV/ TPV
(Kapp, 2012). H mayyviSomoinon otn SiSackaiia twv ®.E. epmAékel tov/n pabnt)/tpla oe ua
evepyo Sradikaoia kal Tov/Tnv LITOOTNPICEL WOTE, LE ELXAPIOTO, TTAXVIOOTOUUEVO TPOTO, VA
Katavoel emotnuovikeg evvoleg (Papadakis et al., 2023).

H Mauyvidomoinon otigc Quotkég EMIOTHUES

To evlia@epov TV €peVVNTOV/TPWV TPOg TNV mayvidomoinon elval avgavopevo. Ot
VIIEPUAYOL TNG TTaVISooinong Bempovv 0T 1) AL VISOTOoINoT) EVIoYVEL TNV KIVNTOMOINOoT Kal
TNV EVEPYO EUTTAOKT] KA1 EMTLYYXAVEL TOVG pabnolakovg otoyovg (Papadakis, et al., 2023), eva
UEPOC TV EPELVOV EKTIUA OTL N Tatyvidomoinon otepeital OewpnTikod TAAIGiov, KaAMepyel
TNV AVIAYOVIOTIKOTNTA, eV £XE1 LAKPOTPODETUA ATTOTEAECUATA KA1 EVEPYOTIOIEL TA EEMTEPIKA
kivntpa yia emtvyia (Kalogiannakis et al., 2021).

M1ia 0AOKANP®UEVT) EPAPLOYT) TTALYVISOTTOINONG oL va TpowBdel Toug okomolg g (Zeybek &
Saygl, 2024) amaitel OAOKANPWUEVO OXeSaoud TTAV® 0 ovvapeg BewpnTikd mAAiolo,
OAPNVEIA OTOVE OTOXOUC Kal a&losmoinon v KATaMNAwv otolxelwv mayvidiov mov Ba
odnyolv 0g ALTOVG, €V( TA OTOIXEIA €VEPYOTOINONG TNG KIVITOMOINONG XPEIAdeTal va
xapaktnpidoviat amd OeTikd YAPAKTNPA KAl TPOCAVATOAIOUO KAl va Litootnpidovv i
Snuovpyia oxeoewv oefaocpol avapeoa otovg ovppetexovieg (Ryan & Deci, 2000 Khaldi et
al., 2023).

H rauyvibonoinon oto QALVOUEVO THG OKLAG

H mtaiyviosoinomn propel va Ae1Toupyroel utooTnPIKTIKA ot uddnon 18ing oe avtikeipeva
IOV VITAPYOLVV OVOKOAlEG yia Touvg/Tig padntég/tpleg. 'Eva tétolo mapdderypa eivar 1o
(PAVOLEVO TNG OKLAG, TTOV ATTOTEAEL TUNUA TNG OTTIKTG, KAASOU NG PUOIKT|G, KAl ava@epetal
0TI OUUTEPLPOPA KAl TIG 1810TNTEG TOU PWTOG. O1 padnteg/Tpieg £xovv oLYVA EVOAAKTIKEG
AVTIAYPELG Tov oxeTifovial pe Tig mpovmofeoelg eu@Aviong g oKlag, TNg aAAayng oto
ueyedog g ala kat g katevBuvong e (Akkas Baysal et al., 2022 Miscevic et al., 2021°
Pantidos et al., 2017).

2. MeBodoloyia
ZKomog

Ynv emkeipevn épevva Ba SiepevvnOel n emidpaon g maryvibomoinong oTnv KATAvVOnoT| TOU
(PAIVOUEVOL TNG OKIAG OAAQ KAl OTNV €VEPYOTOINON NG €0WTEPIKNG KIVITOMOINONG T®V
pabntov/pwwv ET° Anuotikol ot S18ackaAla TAAIOIOV E€UPAVIONG TOU (PALVOUEVOU,
OULYKPLTIKA pE TNV apadooiak), pun sayvidomowmnpévn popen me. H mapadooiakn SiSackaiia
Oa mepthapPaver pia Atdaktikr) Mabnowaxr AkolovBia (A.M.A.) Baciopévn og Tapovo1AceLg
kat aflomoinon tov oxoAkol eyyelpidiov, eva N maryvidomomuévn Oa akolovdel pia A.M.A
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mov Ba mapovolddetal oe pia e181kd SapopPUEVT TAATPOPUA, OTTov o1 padnteg/Tpieg Ha
£XOVV POAO WC XPNOTES, B OAOKANP®VOLV TTPoKANOELS Kat Ba avatpo@odotolivial ue otoryeia
ALY VISI00 PEYPL TNV OAOKAT) pwOT) TOU OTOXOV TOUC.

Emopévag, ta epeuvntikd epoTnuata Siapopemvovial wg eEng:

1’ epOTNUa: Xe oo Babuo n mayviSomomuevn Hop@n g S18aoKaAag TOU PATVOUEVOL TNG
OKLAG EVIOYVEL TNV KATAVONOT T®V HadNT®Vv/Tpiev, CUYKPITIKA e TNV Tapadoolakn Hop@r)
me;

2’ epOTNUA: Xe oo Babuo n mayvidomompuévn pop@n g S18a0KaAiag TOV PATVOUEVOD TG
OKIAG &eVIoYVUEL TNV €0WTEPIKI] KIVNTOMOINON TwV HAONTOV/TPlwv Yyl T HEAET TOU
(PALVOULEVOV, O GUYKPILOT] LIE TNV TTAPASOCIAKT) LOPPT) TNG;

O1 8o S18aokaiieg, Ba akolovBovv ta Baowka otadia pag A.M.A., eve Ba gxovv ta 18ia
npoodokopeva padnolakd amotedéopata kat v ida Sidpkela kal ya tig Svo opdadeg ot
omoieg Oa aoyoAnBovyv pe Tig 1d1eg S1aoTAoelg TOV PATVOUEVOL TNG OKLAG.

AsyuaroAnyia

[IpokelTal yia pa TOCOTIKT] EPEVVA TOV T ETIAOYN TOL Oetypatog Ba mpaypatomonOel pe
uebodo g tuyaiag SerypatoAnpiag. ITpoPA&meTal va OULUUETAOYOLV Ol HAONTEG/TPleg
OY0Agl0L AOTIKNG TEPLOYNG Tov PeBbuvov. H pia ta&n, autn Tng epeuviTplag, £Xel SUVAUIKD 14
padntov/tpiov kal Ba eivarl n melpapatikr; opada, eveo N aAAn tafn, pe Suvvaukn 15
padntov/Tprov, Oa etval n opdda eAeyyov.

SuAldoyn bebouévwv

I'a ) ovAoyn Twv dedouevwv Ba Sobet kan oTig SVo opadeg eva @LAAO a&loAoynong (pre test)
7ov Ba aviyvevel Tig TPOVTTAPYXOVOES YVMOELS TV HAONTOV/TPLedV YUpw Ao Tn oK1d yla va
epevvnBel n LTAPEN EVAAMAKTIKOV AVTIANPEDY YUP® ATIO TO AVTIKEIUEVO eV £XEL TTpoPAe@Oel
Kal pia mAotikn epapuoyr). Emiong, Oa yopnynOel epwtnuatordylo faciopévo oto Intrinsic
Motivation Inventory yia va peAetnBei o fabuog kivnromoinong twv pabntov/Tpiov. X
OLVEXEW, N TEPAUATIKT] oudda Ba kdavel ypnon g mayVISOMOMUEVNC HOPPNS TNG
S18aokaAiag, eve 1 opdda grgyyxov Ba akolovbnoel tov mapadooiakd tpdmo Sidaokaiiag.
MoMg ohokAnpwBovv kat o1 Vo Sidaokaiieg, Oa emavain@Oein xoprnynon twv §vo epyaieinmv.
TeAog, Oa mpaypatomonBolv cuvevtevEelg e pabnteg/Tpieg kat amo Tig dvo opddeg. Kata v
vAomoinon g epevvag Ba akolovBnbovv dAot o1 kavoveg Seovtoloyiag g Epevvag kat Ha
60000V 01 oyeTikeEg ouvaveEoelg Yovemy kat tadimv (Petousi & Sifaki, 2020).

H ¢pevva amotelel pépog petanmtuyiakng epyaciag kat Bpioketar oe e€ehgn. Kata ) Sidpkela
Tov ouvedpiov Ba mapovolaoTovv To pebodoAoyikod mAaioto kat o oxedraouog mg A.M.A yia 1o
(PALVOLEVO TNE OKIAG YA TI¢ S0 ouadeg Tng Epevvag, KabmS Kal Ta EPEVVITIKA Epyaieia Kat TO
TPWTOKOAMO TWV CLUVEVTEDEEMV LIE TOUG/TIg LA TES/ TP1EC.
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20vOeon EpwtnuatoAoyiov ACTPOVOULOG OXETIKA e TG DACELG Kal
v EkAewdn tng 2eAnvng pe Evraén MoAAanAwv Avanopaoctacewyv

Eppavouniia Toipryatn, EAévn TTetpiSov, Avaotaciog MoAoyiong
Tunua dvoixng, Aptototédeto Iavemotnuio OcooaAovikng

NepiAnyn

Ta epeuvnTiKA epOTHUATA TTOV dnuovpyovvTal yia v Sidaktikr) Oeudtwv actpovouiag amaitovy my
avamudn epyaieimv yia tn ovhioyn Sedouevwv. 'Etol ol epevvnteg odnyolvian otn ovvBeon kat
gykvporoinon  Sa@opwv  epotnuatoloyiwv, epyaieiwv Slayvwotikoy eAéyxyov kat avadeigng
EVOAAKTIKGOV avTIAMpewnv Tov padntov yia Béuata aotpovopiag. v mapovod epyacia
mapovotadetar 1 Stadikaoia oUVOeONG EVOG VEOU EPMOTNUATOAOYIOV, UE AVTIKEIUEVO TIG PACELS KAL TNV
gxkAerpn g ZeAnvng. To epomuatoroylo amevBovetan oe padnteg Sevtepofabunag ekmaibevong kat
£0TIadel o oLVOeoT HETAED TOMATA®Y AVATIAPACTACEDY KAl TWV (PAVOUEVHOV TTOU AVAITIAPLOTOVV.
Kevipikd aova tng epyaociag amotedel 1 7poCApUOYn TNG EMEENYNONG T®WV HOVTIEAWV, IOV
XPTOUOITOIOVVTAL OTO EPWTNUATOAOY1O.

Abstract

The research questions posed for teaching astronomy issues require the development of tools for data
collection. Thus, the researchers develop and validate various astronomy questionnaires, which are tools
for highlighting alternative ideas, diagnostic testing, etc. In this study, the development of a new
questionnaire, aiming at the phases and the eclipse of the Moon, is presented. The questionnaire is
designed to collect data from secondary school students and focuses on the connection between multiple
representations and the phenomena that they represent. The main purpose of the study is the adaptation
of the explanation of the models used in the questionnaire.

NEEeic KAELSLA: EPWTNHATOAOYIO AOTPOVOULAG, HOVTEAQ, TTOAATIAEG AVATAPAOTAOELS
Key words: astronomy questionnaire, models, multiple representations

1. Elocaywyn

O1 avamapaotaoelg etval aviikeipeva mov asmetkovidovy 1) cupfoAidovv pia 18€a, pia évvola 1
£VA PATVOLEVO KA1 ATTOTEAOVV AVAITOOTAOTO Koppat g emotnung (Tang et al., 2014). a v
QITEIKOVIOT] OUVOET®WV (PAIVOUEV®OV TWV QUOK®V EMOTNU®WV, XPNOIUOTOI0UVTAL EUPENS
moMartAgg avamapaotaocelg (multiple representations katd Ainswoth, 1999). O 6pog avutog
XPNOHoToleiTal yia va SnA®oel TNV TPAKTIKT] TNG AvVAIapAoTaong piag £vvolag UEoK
S1apopeTIKOV avamapaotatikov pop@av (Prain & Waldrip, 2006). Mia amd Tig o evpewg
XPNOUOITOIOVUEVES AVATTAPACTACELS EIVAL TA EMOTNUOVIKA HOVTEAA Ta oTtoia BipAloypa@ika
KATAYPAPOVTAL O AVTIKEIUEVA IOV AVATTAPIOTOVV TO TIPOTOTLIIO O S1APOPETIKT) KAlHAKQ, e
0TOX0 va vitootnpiovv enefnynoeig kat mpoPAewerg yia avto (Gilbert & Justi, 2016).

H avaykn ocvAloyng Sedouevwv pe okomo pHeéoa amod T OTATIOTIKT TOVg avaivor va Sofolv
a€10TMOTEG ATTAVTI|OELG O€ EPEVVITIKA EPWTIUATA, OOT)YNOE 0TIV AVATITUEN EPYAAEI®V OYETIKA
pe v agtpovopia oty gkmaidevor. Kamowa amd avtd, ta omoia mepiexovy, pHetaly Ay,
EPWTNOEIS OYETIKA LE TIG PATELS KAL TNV EKAEWYT NG XeAnvng eivat to Astronomy Diagnostic
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Test 2.0 (Hufnagel, 2002), to Lunar Phases Concept Inventory (Lindell & Olsen, 2002) ka1 to
Test of Astronomy Standards (Slater, 2014).

Ta mapamdve EPWTNUATOAOYIA €EETAOTNKAV VLIO TO JPIOUA TV  TEPIEXOUEVMV
avamapaotacewv. To epotnua mov Tefnke eival av o1 €PEVVNTEG IOV XPTOLOTOI0VV TA
EPWTNUATOAOYIA AUTA, EAEYXOLV AV TA TEPLEXOUEVA HOVTIEAA PonbBave otnv KaTtAvVONon TNng
OUOYETIONG TOUG UE TA (PAVOUEVA TIOV Avartaplotovv. Meoa amd peAetn g PipAoypagiag
aivetal N ovoyeton avtn va Bewpeitan Sedouevn agol dev Sivetar n emegnynon g
VO LLATIKTG art0d00mng TV poviedwv. EmmAgov, dev Sragpaivetal ot epeuvnTeg va e§eTadovy Ta
dedopéva amo T CLUTTAT PWOT] TV EPWTNLATOAOYIWV TTPOG AVTNV TNV KatevOuvon.

Kasola dAAa dntrjpata sov IpoeKupayv amod T HEAETI) TWV LITAPYXOVI®V EPWTNUATOAOYIWV
apopovv: a) To eminedo Twv pabntwv, kabwg oAa amevBivovian oe amdPoITovg Avkeiov Kot
ol Teg, ) To MEPIEXOUEVO, KABMS TEPIAAUPAVOLV YEVIKES EPWTNOELG TTOV APOPOLV S1apopa
Bepata aotpovopiag, pe e€aipeon 1o LPCI, 10 omoio eotiddel otig aocelg g XeAnvng kat y)
TIG EIKOVIKEG AVATTIAPACTACELS TTOV XPNOLOTOI0VVTAL 0TI HOVTEAOTIOINGT), Ol 0TT01EG € OAA TA
EPWTNLATOAOYIA EIVAL ACTIPOLAVPA ETKOVEC.

Ta mapamave odnynoav otnv okePn dnuiovpylag evog VEOU EPWTIUATOAOYIOU AOTPOVOLUIAG
yia ) Sevtepofabuia exmaidevon, €0TIAOUEVOV YVWOTIKOU TIEPIEXOUEVOV, OTO OI0I0 Ol
XPNOUOITOIOVUEVEC 0TI LOVTEAOTIOINGOT) EIKOVIKEG AVATTAPAOTACELS Oa elval EyYpwLES, O1KelEg
UE TNV KABNuePVOTNTA, HE OKOTO TNV KAADTEPT] VONUATOSOTNTNOT TOV (PAVOUEVKV, 1) OTTOI
Ba evioyVetal amo Vv enenynor TOL HOVIEAOV TV TIEPIEXOUEVHV AVATTAPAOTATEDV.

To epeLVNTIKO EPMOTNUA TNG TTAPOVOAG epyaciag eivat: Ze oo Babuo n pnn ene€nynon twv
LOVTEAWV JTOV XPNOIUOTOI0VVTAL O EPWTNUATOAOYI0 AOTPOVOUIAS YiA TIG (PACEIS KAl TNV
ke ZeAnvng cLPPAaAAel 0T VONUATOSOTIOT) TWV (PAVOUEV®V;

2. MeBodoloyia

To epwTNUATOAOY10 TTOV AvVATTUXONKE OTO MAAIOI0 TNG TTAPOVOAG Epevvag TepAaupavel Tig
@aoeg xat v exkhenyn g ZeAnvng. Ta povieda mov SnuovpynOnkav emkevipoOnkav oto
oLOTNUA TV TPIWV OVPAVI®V OwUAtwVv I'ng-HAlov-ZeAnivng pe xpnomn moAAamAemv
avamapaotaoemv. Yrootpidetal 0Tt yia va eival duvatr) 1 atok®SKomoinor evog HOVTEAOU
elvan amapaitrtog evag Eekabapog ovuPfoiopog pe m Ponbeia ypwUATOV, OXNUATOV K.q.
(Galano et al., 2018). 'Et01, 01 avammapaoTtAcEeLg IOV XPNOIUOTOI0VVTAL OTIG EPWTNOELS Elval
EYXPWUES UE OKOIIO TNV KAAVTEPT VONUATOSOTNOT TWV PAIVOUEV®V TIOV S1aTpaypaTebovTal
A\ kat T S1aovvSeot) Toug e v kadnuepvotnta. Ztnv Ewkova 1 gaivetal éva mapaderypa
avtutapaBeong epmTNONG EVOG EEVOL EPWTNUATOAOYIOU LLE Ui EPWTNOT TOV VEOU.

To napakdtw Siaypappa Seixver tn M kaw tov HAo kabog kaw névte Stadopetikég mbavég|| Mna va napatnpnBet and m M n daon tng ZeArvng nov daiveral otnv napakdiw ewova, n
Béoeig yia ) Zehrvn. Nowa BZon g Sehrvng Ba tnv ékave va daiverar dnwg n ewdva ota || Bon tng ZeArjvng, we mpog ™ 'n kat tov'HAwo, mpénet va eivar n:

Sefud drav v kottape and m n; A) A E) E

T
A . B
or B) B Mz J L
eB eA ‘HAwog nr 2) H E ' 'A
- vA ) ) H) © @
oA ) '3 ﬁ ! ! z 4 ) .@
B H

Ewova 1. a) Epomon tov ADT (Hufnagel, 2002), ) Epwtnon tov véou epmTnuatoAoyiov

S01VH,

EmutAéov, epeuvntég avag@epovy 0Tt oe Sedoueva HOVTEAQ, TA EIKOVIKA OUUPOAQ UE TTOAAEG
mBaveg epunveieg Oa mpemel va avagépovtan pntda (Testa et al., 2014). 'Etol ) xawvotopia tov
EPWTNUATOAOYIOV TTOV avamTuxOnke &ykeltal oty LIAPEN EMEENYNUATIKNG E10AYWYNC, T
07T01a TIEPLEYXEL TNV AWTOKMITKOITOINOT] TV LOVIEA®V JTOV TIEPIEXOVTAL OTIC EPWTIOELS, LUE OKOITO
NV £a0@ANOT NG VONUATOS0TOVUEVNG, Y1a TOVG HafdnTeg, xpnong poviedwv. Zmv Ewova 2
TAPOVOIACETAL VA AWTOCTIACUA TNG EMEENYNUATIKNC EICAYWDYNC.
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To povtédo

0O 'HAo¢ dwtilel mavra tnv pon smiddvela Tng IJeAnvng, 6nwe kat tng ng. O
TapaTNENTAC ORWCE amo t M BAEneL 6An TN dwTlopevn b dvela ) HEPOG TNE 1 KAl
kaBoAou avaloya pe tn B£on tou otn In.

To dompo PEPOC TOU KUKAOU amekovilel To pwTewvo pEpog TG ZeANVNG TTOU
BAémeL o mapatnentn¢ and tn I'n, evw avtiotoa to pavpo HEPOC TOU KUKAOU
arelkovilel To OKOTEWO HEPOC TNG 2eAnvng to omoio dsv daivetat amd ™ . H
TOPAKATW £kova Sivel Tn ouoxETon TnG pwtoypadilag pe TO AVTIOTOLXO MOVTEAO.

®OCCLON®

Ewova 2. Atdéomaopa tng emenynuUaTIKnG E10ay®YTE TOU VEOU EPpWTNUATOAOYIOV

Y& MPOTN PAON TO €PWTINUATOAOYI0 SrapolpacHnke oe Seitypa pabntov 15-16 etov (I
Tvpvaoiov kar A’ Avkelov tov Ilelpapatnikot ZyoAsiov IMavemotmuiov @ecoaiovikng), o
omoio Sraywpiotnke oe §Vo ouddeg eAeyyov. Me OKOTO TNV aviyvevon g oLUPOANG Tng
EMEENYNUATIKNG €10AYWYTNE OTA HABNoaKA amoTteAeopata, oty Tpatn opada 500nke to
EPWTNUATOAOYIO XWPIG TNV EMEENYNUATIKT] EL0AYWYT, EVGO OTN SeVTEPT Ue TNV eMeENYNUATIKT)
E10aymyn.

Ye enOpuevo oTad10 NG epevvnTIKNg Sradikaoiag, pe KEVIPIKO OTOLXELO TO VEO EPWTNUATOAOYIO,
T€0NKe To J)TNUA TNG AEITOLPYIKOTNTASG ALTOV. ANAAdST), KATA TOCO TO EPWTNUATOAOYIO, ()G
EPEVVNTIKO £PYAAELD, EXEL TNV IKAVOTNTA VA AVIXVEDOEL TIG EVOANAKTIKEG 10£€C TV HAON TGOV,
Va avayveopldel Ty aAAayn TV aVTIANYPe®V ToV HadnTov peta amo pia sidaokaiia k.A..

To epwTNUATOAOYIO TIEPIEXEL EPWTIOEIS YVMOEMV KAl KATAVONONG TOV QPAIVOUEVOV TOV
(PACEMV KA1 TNG EKAEIYIC TNG ZeAN VNG, EMOUEVMG LETA QIO Hia oxeTIKN Sidaokaiia avapgvetal
o1 pafntég oe kamowo Pabuod va exovv avabewprioel og KATOWA {NTNLATA TTOV APOPOLV TA FVO
awvopeva. Av T0 €pWTNUATOAOYIO €ival AELToupylKO, avapévetal va “avayvwopioel” v
aAAQyT) QUTH TV Hadntov.

Me 01O)0 AOUTOV, va eAeyyOel 1) AEITOUPYIKOTITA TOV EPWTNUATOAOYIOU WG TTPOG TNV IKAVOTNTA
TOU VA evIomidel TNV aAAayl Tov aviANpemnv Ttov padntov petd amd Sidaokaiiq,
npaypatomomOnke épevva oe 26 pabnteg A’ Avkeiov evog Snpociov oyoAsiov. I'a v Epeuvva
oxedraotnke SidaokaAia piag Si8akTikng wpag, katd v omola Srampayuatevovral faoikeg
£Vvoleg TV @avouEVeV. Ot HaOnTég CUUTTATIPWCAV TO EPWTNUATOAOYIO TPV KAl LETA ATTO TN
S18aokaAia.

3. AnoteAéopata

H enefepyacia twv deSopévmv mpayuatomom)Onke pe Xprjorn Tov OTATIOTIKOV TIPOYPAUUATOC
SPSS. Ta amoteAéopata avédelav tn OLUPOAN TNg emeEnynuUATIKNG el1oaywyng Kabmg
EUPAVIOTNKE OTATIOTIKA OMUAVTIKT] Sa@opd HeTald Twv 600 opadwv eAéyyxov, ol omoieg
CULUTTIATPOOAV TO EPWTNUATOAOYIO LE KAl XwPig TNV e1oaywyr). O evtepog eAeyyog, 0 0Toiog
APOPOVOE TNV IKAVOTNTA TOV EPWTNUATOAOYIOU VA avayvwpidel TNV aAAayT TV avTIApemV
TV HaONT®V petd amd Sidaokaiia, eUEAVIOE ETIONG OTATIOTIKA ONUAVTIKT S1apopd petald
TV pre kau post-tests twv padntov. Evieiktikd, mapakdto mapovoladovial Ypagika ta
amoteAéopata v pre (ummAe) kat post tests (roptokail) twv padntomv g A’ Avkeiov og pia
£PAOTNOT], 0TO 07010 PaiveTal 1 LETAPOAT OTIC ATAVTN ol TV Habntov (ue Siotikto yéuoua
arelkovideTal 1) OWOoTr) ATAvVINoT).
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Ewova 3. Evieiktika amoteAéopata epotnong amo ta pre kat post tests g A’ Avkeiov

4. Tupnepaopato

H epyaoia mapovoiadel mn ovvOeoT evOg VEOL EPWTNATOAOYIOU ACTPOVOUIAG LLE TIPOTELVOLEVA
OTOLYEIA KA TIPAKTIKEG TTOV (PALVETAL VA eVIoYLOLV Ta pafnolaka amoteAéopata. Ta otoygeia
avtd eivat: a) To yvwotikod mepieyopevo eivatl ToA) e0TIACUEVO, 00OV APOPA TIG PACELS KAL TNV
Exhenpn ZeAnNvng pe KEVIPIKO A&ova T0 OUOTNUA TOV TPLOV OVPAVI®V O®UAT®YV, TPAYLLA TTOU
BonBael otV KAAUTEPN KATAVONOT] TOV (PAIVOUEV®V IOV peAetwvtal, B) Ta epotnuatoloyia
Stapolpadovial EyXpwUa HE OKOMO TNV KAADTEPN VONUATOSOTNON TV EVVOI®V IOV
Sltampaypatevovial ol epPIEXOUEVES avartapaotaoelg, Y) H emenynuatikn eioaywyn towv
HOVTEADV TIOV TIEPLEXETAL OTO E€PWTNUATOAOY0 Sivel tn Suvatdomta va efao@ailotel n
OLOYETION HETAED HOVTEAOL — (PATVOUEVOU.
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Avantuén pog evomonpévng tautotntag STEM didaokaliag yio
NV eknaidevon yia to KAipa: To poypappo STEM-id

Ayaia MyanAidn, EAévn Mmotdaxn, ABavaoia KokoAaxn, Anuntpng Ztavpov
Haibaywywo Tunua Anuotixkng Exmaidevong, Iavemiotnuio Kpnng

NepiAnyn

To mpoypapuua STEM-id avtasokpivetal otnv avaykn yua pa evomowmnuévn npooeyylon STEM
Sibaokaliag otov amdnyo g OEUVOTN G NG KAUATIKNG AAAAYTG. 2 Hid TPOTN PACT), OKTGM EKTASELTIKOL
PLOKOV eTMOTNUOV (4 PLOKOL KAl 4 ekmadevtikol mpwToPadag exmaidevong) ovvepydlovial pe
epevvnTeg ¢ S186aKTIKNG TWV PUOTKOV EMOTNUMV KA TNG KAIUATIKNG EMOTNUNG YA VA AvaATTOEOUV
STEM &evoTtnteg yia v KAILATIKN adlayr). e pa Sevtepn @aon, 24 ev evepyela ekmadevtikol Oa
XPTOUOITOINCOVV QUTO TO VAIKO € TNV VIOOTNPIEN LEVTOP®V Yid TNV powdnon g avamtuéng pag
tavtotntag STEM Siaockaiiag péow ovpuPovievtkng kabodnynong. To STEM-id otoyevel va mapeyet
TIANPOPOPIEG OXETIKA UE ATTOTEAECUATIKA TTAQiOIA KAl epstelpieg yia v avamtugn tavtotntag STEM
S18aokaiiag eotiadovtag oty ekmaidevon yia to KAipa.

Abstract

The STEM-id project responds to the critical need for an integrated STEM teaching approach in the wake
of accelerating climate change. In a first phase eight qualified science teachers (4 physics teachers and 4
primary teachers) collaborate with science education and climate science researchers to create
integrated STEM modules on climate change. In a second phase, 24 in-service teachers will use these
materials with the support of mentors to promote STEM teacher identity development through group
mentoring. STEM-id aims to provide insights into effective contexts and experiences for STEM teaching
identity development, focusing on climate education.

Né€eig kAebia: STEM SiSaxtikn tavtomra, exmaidevon yua 1o kAipa, avantogn Sidaxtiknig

TAUTOTNTAG

Key words: STEM teacher identity, climate education, teacher identity development

1. Elcaywyn

H xAipatikn aAdayr ovviotd éva eyyevag Siemotnuoviko nedio, o0to omoio alnAemdpovv
TTOMA emotnuovika media, epthapufaverl pa IAN0mpaA KOIVOVIKGV TITUXMV KAl OXETICETAL UE
TTOMA TPEYOVTA TIPOPANUATA TOV JPAYUATIKOV kOouov. Emopévmg, n ekmaidevtikr Tov
Stampaypatevon amartel pa evomompevn npooeyylon STEM Sibaokaiiag 0mtov cuykAivouv
S1apopot kAot S-T-E-M, mpokelpévou o1 HeAAOVTIKOL TOALTEG VA £POSIA0TOVV LE 1) YVROOoelg
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OXETIKA UE TIG AUTIEG, TI OUVETEIES KAl TA UETPA UETPLAGUOV-TIPOCAPLOYTNG TNG KAIUATIKNG
aA\ayng kat ii) wkavotnteg frwopotntag (Bianchi et al., 2022).

Q0T000, TPOCPATES EPEVVES ATTOKAAVITTOUV OTL 01 EKTTASEVTIKOL (PUOTK®V ETOTIUOV TOCO TNG
npwtofaduiag 60o kal g Sevtepofabuiag ekmaidevong avripetmmifovv SVOKOAleg OV
viobetnon pag evomomuevng STEM Siaxktikng mpooeyylong (Corp et al., 2020), emouevwg
TPETEL VA OYXESIA0TOVV KATAAMNAQ TTIPOYPAULATA ETAYYEAUATIKIG AVATTTUENG.

'Evag mpoopata viofetnuévog @akog yia T UEAETN TNG EMAYYEAUATIKNG AVATTUENG TV
EKTTASEVTIK®WV elval 1 Kataokevr, g tavtomrtag Sibaokaiiag (Avraamidou, 2014). H
TauTOTTA S18ackaAiag meplAauPavel Toug TPOTOUG e TOUG OTOIoVG Ol EKTTAISEVTIKOL
TommofeTovV Kal avriidaufavovtal Tov eautd Tovg OXETIKA Ue T Si8aokaAia, tn pabnon, o
€KAOTOTE YVWOTIKO AVTIKEILEVO, KAOMG KA1 TOV TPOITO LE TOV 0010 01 AAAOL TOUE AVAYV®PILoLVV
wg exmadevtikovg. H Siemompuovik) STEM mtpooeyylon KaAel Toug eKTASEVTIKOVG va Unv
TEPLOPILOVTAL OTOV POAO TOV EKTTALGEVTIKOV EVOG LOVO YVWOTIKOU AVTIKEUEVOL AAAA VA XTI{OUV
vépupeg petald Twv S-T-E-M mebiwv kal TV TPOKANCEWY TOV TPAYUATIKOL KOopov. Ta va
£PAPLOOOVY amOTEAEOUATIKA 01 ekmtaiSevtikol Puvowkmv Emotnuov pa evomomuevn STEM
npooeyylon Sidaokaiiag, kKarovvtal va vrepfovv TNV TAVTOTNTA S1IGACKAAIAG TWV EMUEPOVS
YVOOTIKOV AVTIKELEV®V KAl va TNV evBuypaicovy pe pa o evomomnuevn tavtotnta STEM
618aokaiiag (Galanti & Holincheck, 2022).

H avamtuén g Sidaktikng tavtomrtag pmopet va vmootnpiyxfel HEow TG CLUUETOXNG TWV
EKTTASEVTIKOV 0  KOWOTNTEG MAONONG HECW TNG EVAOYXOANONG HE OUYKEKPIUEVEC
EMAYYEALATIKEG OpAOTNPIOTNTEG KAl KATA TN SlApKela TNng epUnveiag, tng agpnynong kai
OUVETI®G TNG AVAYVAOPLOTG AVTNG TNG CUUUETOYNS QIO TOV €AVTO KAl Toug AAAovg (Luehmann,
2007).

Me Baon ta mpoavagepfevta dntuata, to mpoypaupa STEM-id @irodotel va vootnpifet
Vv avadounon T®V TAUTOTHTOV T®V EKTASEVTIKOV PUOIKMV EMOTNUOV TpwToladnag kat
Sevtepofabuiag ekmaibevong mpog v kateLOLVOT piag o evomomuevng tavtotntag STEM
S18aokaAiag yia v kAipatikr) adayn. Zvykekpuéva, 1o STEM-id otoyevet va e€omAioet pe
opyavouévo Tpomo ev  evepyeia ekmaidevtikovug mpwrtofaduiag kot Sevtepofadag
eKTTAiSeVoNg UeE TIC ATTAPAITNTEG YVMOEIS EMOTNUOVIKOD TTEPIEXOUEVOV, TO PETEPTOPIO TWV
uebodwv Sidaokaiag kal Tig evkaipieg Sounuevou mPOPANUATIOUOD YA VA AVATTTUEOVY TIC
tavtotnteg STEM Si8aokaiiag kat va S1asrpaypatevtolv amoteAeonatikd O¢pata KAIHATIKNg
QAAQYTG KA TIG KOWVWVIKEG TOUG TTPOEKTACELG.

To kUp1o epevvnTIKO epOTNUA 7OV KaBodnyel T pebodoloyia tov mpoypappatog STEM-id
elvau:

Ilwg ot ev evepyela exmaIOeVTIKOL PUOIK®V ETOTNUDYV QAVATITUOOOVV LA EVOTIOUEVT)
tavtomta STEM Sibaokariag oto mAaioto ¢ ekmalbevong yia v kKAUAtikn aiiayn ue mv
VITOOTNPIEN UEVTOPWV EKTAISEVTIKWOV;

2. MeBodoloyia

To ¢pyo STEM-id eivan Sounuévo oe tpeilg Sradoyikeg paoelg.

H npo @aon Eexva pe ) Srapopewon piag Kowotntag Mabnong mov amoteAeitar amo
epevvnreg/tpleg g exmaidevong STEM, epevvnTeG/TPIEG TNG EMOTNUNG TOV KAIHATOG Kl
OKT® €V evepyeia eKTASEVTIKOUE PUOTK®MV ETOTNUAOV VPNAGDV TIPOCOVI®V. ZTOX0G AUTNG TNG
@aong eivat 1n daudpP®on &vog KOwoU EMOTNUOVIKOD, Dewpntikoy kat pefoSoloyikov
€8a@Povg oXeTIKA e Ta PackA OTOKEId TNG EMOTNUNG TOV KAILATOC KAl TN¢ S1EMOTNUOVIKNIG
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S18aokaiiag STEM mov mpaypatosmoleital Heow d1a {Homng Kal S1ad81KTuak®mV epyactnpimv.

Ye pa 8evtepn @aon, n Kowvotnta Mabnong Oa oxedidioet kan Ba avamtdet pia oAokAnpwuévn
STEM S18akTikr evOTNTA Y1a TNV KAUATIKT aAAayT, | ostoia Oa epaprooTel TAOTIKA Ao TOUg
8 ev evepyeia extadevtikog Pvokmv Emotnuov.

Ynv tpitn @aom, kabe évag amd toug 8 ekTAISEVTIKOVG TNG APYIKNG Kowvotntag padnong Ha
Aertovpynoel wg pevropag ueow opadikng ovpfovievtikng kabodnynong kat Ba eodayel
aMovg 3-4 exmtadevtikovg ota Oepelwdn otokela g STEM Si8axktikng evottag oto
TAQLO10 VE®V KOWVOTN TV HaBnong. Zuykekpipuéva 1 S18akTikn evotnTa rov avantuydnke otnv
PO YOUUEVT) @AOT Ba AmOTEAE0EL TO AVTIKEIUEVO KAl TO UECO AVAITTUENG TNG TAVTOTNTAC
STEM &18aokaiiag ya exkmaidevtikovg mpwtofaduiag kar devtepofaduiag ekmaidevong.
Meta v e€okeimon pe v STEM Si8aktikn evotnTa, 01 CUUUETEXOVTES/0VOES EKTTAISEVTIKOL
Ba kAnBovv va epapudcovv v STEM evotnta 011G TAEELS TOUG.

IMa ™ ovAAoyn eSopevav Ba a&lomomnBovv:

EpwtnuatoAoyta, ta omoid Oa eival e0TIAOUEVA OTIC APYIKES AVTIANWPELS TWV EKTTAISEVTIKGOV
yia ™ STEM S18akTiKT) TPOGEYYIOT) KAl GTOV AUTOTTPOCSIOPIoUO TV EKTTASEVTIKOV G TTPOG
™ STEM &i8aokaia kat tn Sidaokaiia g Khpatikng AAayng

2vvevtevéelg e Tovg/TiG UEVTOPES eKTALOEVTIKOVG, TTOV Ba ATTOKAAVWYOULV TIG EVTAOELQ
TALTOTNTAG 7OV Brdvovy wg pévtopeg ptag STEM Si8aokaiiag yia KAipatikn AAAayr aAAd kat
TNV ATTOTEAECUATIKOTITA CUYKEKPIUEVOV TTPAKTIK®V GLUPBOVAELTIKTG KaBodnynong

Ouabeg eotiaong e Tov¢ eKTALOEVOUEVOVS EKTALOEVTIKOVGS, TIOV DA EMKEVTPOVOVTAL OTIG
AVAYKEG TWV EKTTASELTIKOV KAL TIG TIPOKAT|OEIG TTOV AVTILETMOII{OVY KaTtd TN Ste€aywyn) pag
STEM &i8aockaAiag yia v Khpatikny AAayr, OTig eVIACEIS TALTOTNTAS 0V BldVOuV mg
STEM exnaiSevtikoi kat T ovpoAn g ovpfovAevtikng kabodnynong otnv viépfaot) Toug

Bivteookonnon oAwv twv ovvedplaov ovufovAevtikng kabodnynong twv kowvotntwv
uabnong, anod mv omoia Ba avaderyOel n emtedeon (performance) g STEM Si8aokaiiag twv
exmadevopevav ektaildevtikav, mtuyxeg e STEM tautdmntdg Toug aAAd KAl TITUXES NG
tavtottag STEM SiSaokahiag.

H avdivon twv debopevav katd ta Siagopa otadia tov mpoypaupatog Ba Aettovpynoet wg
epyaieio mapakoAovBnong ya v mpoodo Kat Ty TO0TNTA TV SPATTNPLOTITWV TOL €PYOUV.
Tavtoxpova, Oa mapeyel otV €pevVNTIKN] oudda TV amapaittn avatpo@odotnon kat
KatevBuvinpleg ypaupeg yia v avamtuén pag Siemotnuovikn STEM SiSaktikng evotrtag
OXETIKA LLE TNV KAILATIKT) QAAQYT) KA1 YA T S1ap0p@moT) eVOg TAALCTIOU V1AL TNV ETAYYEALATIKT)
avamtvén STEM ekmaiSevtikav.

3. AVOLEVOMEVA OITOTEAEGHOTA KOl ZUUTIEPACHLOTAL

Ta amoteAéopata tov mpoypappatog STEM-id avapévetal va Snuiovpyroouvy pia KaAUTepn
KATAVONOT] AVA@POPIKA HE TNV EMAYYEAUATIKI] AVATITUEN TV €V EVEPYEIA EKTTASELTIKWV
dvokov Emomumv oxetikd pe v evomowmuévn STEM Sidaktikr) mpoogyylon yua i
S18aokaiia g KA\patiknig AAQyng Heoa astd TOV «@AKO» Tng tavtotntag Sibackaiiag.

KaBmg 1o epevvnTikd avto mpdypappa eSETACEL TNV AVATITUEN HIAG EVOTTOINUEVNG TAVTOTNTAS
STEM &i8aockaiiag twv ekmaibevtikov ®Pvoikov Emomumv, 6a e€aybolv moAlh yprowua
OLUTIEPACUATA OYETIKA LE TA XAPAKTNPIOTIKA TOV TAACI®V, TV TOPOV KAl TV EUTEIPIOV
IOV €1Vl KATAANAEG Y1a TNV EVIOYVOT) H1AG TETOLAC AVATTITUENG.
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SUYKEKPIUEVA, LEOK TNG OUVEXOVG AEI0AOYN 0TS OAWVY TV 0Tadiwv Tov mpoypaupatog STEM-
id, Ba e€ayBovv ouumepdouata oxeTIKA pHE:

to medio ovykAiong mov pmopel va emrtevydel petadd g ekmaidevong STEM kat tou
TAAO10V 1A TIG TKAVOTNTEG PLwo1HOTNTAG OTO TAAIC10 TOV SIEMOTNUOVIKOU AVTIKEIUEVOL TWV
EMOTNUOV TOV KAIHATOG,

™V aflomoinon Twv XAPAKTNPIOTIKOV TOU EKTAISEVTIKOD VAIKOU kat Tng dradikaoiag
ovpPovAevtikng kabodynong wg mopwv yia v avasntuén mg tavtomrtag STEM SiSaokaiiag
ya v KApatikr AAayn)

Tig Srapopetikeg Sradpopeg mov akolovBolv o1 ev evepyeia ekmaidevTikol pwtofadulag
katl SevtepoPabnag ekmaidevong mpog TV avamtuén pag evomomuevng tavtottag STEM
018aokaiiag .

O pHaxpompoBeouog KOvmwVIKOG avtiktumog tov mpoypaupatog STEM-id oyetidetal pe tov
KAILATIKO YPAUUATIONO TOV HAONTOV KAl Tov padntplov. e pa KomVIKn TPayUaTikot)Ta
70V BLOVEL TIG EMINTMOELS TNG KAILATIKNG AAAAYTG, BEmpElTal AmapaitTo yla Toug JTOAITEG va
atoktnoovy Bepellmdn yvmon autol Tov TOUEA KAT VA AVATTTUEOLY TKAVOTNTES PlwoipuotnTag
g pneoo mov Ba touvg Swoel T Suvatotta (i) va avaidfouvv Spaon yia Tov UETPLACUO TNG
KAILATIKN G AAAQYTIC KO VAL TTPOCAPLOCTOVV OTNV TN vea mepiBarovtikn kataotaon kat (ii) va
AQUPBAVOLYV EMOTNHOVIKA TEKUNPLOUEVES ATTOPACELS YA OEpuaTa 1oL OXETI(OVTAL UE TTTUYES TNG
KAILATIKT G aAAQYTC.
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