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[Mepiinqyn

O «xputikdg otoyoounog omoterel pwoe  pabnolokn  depyacic. mov  vmootnpiler 1M
petacynuotifovoa paonon kot tepthapPdvetl Ty kpitikn e€étaon Tapadoydv, Kadmg Kot v
SUOPE®OT VEOV TPOTOV GKEYNG. AVTIOTOL(0, O VTOAOYLIOTIKOG TPOTOG GKEYTG, MG YVMOOTIKY
dlepyacio. GCLOTNUOTOTOINONG TG OKEYNG, CLVICTA O POCIKN OVOALTIKN TKAVOTNTO TOL
eVIoYVEL TNV emiAvon TPOPANUATOV GE OAEC TIG EMOTNUEG Kol OYETICETONL UE YEVIKOTEPEC
de€1otreg Ko Tpoémovg okéync. H Ymoloyiotikn Zxéyn (010 €€1G YX) cLVOEETOL GTEVA IE TN
dw-emoTNUOVIKY TTpocéyyion ¢ ekmaidevong STEM (Dvowkég Emotiueg, Teyvoroyia,
Mnyovik kor Mobnuoticd) kot Oempeltor onUovIK) Kot Y100 TOUG EVIAIKES, HOAOVOTL
SmMOTOVETOL EAAEUHO EpEVVAV GE avT TNV TAnBvcoakn opdda. H mapodoa dwutpipn
cLUUPBdAAEL GV KATOVONONG TNG ONUAGIOG TG YX OTOVG EVAMIKES, OEPELVAOVTAS, UECH
LEIKTNG €PELVOC OPACC, TIG OAANAETIOPACELS LETOED TS YZ EVNAIK®OV EKTOLOEVOUEVMV, TNG
STEM eknaidevong, Tov KPTikov 6Toyacpol Kot g petacynpatitovoag pdnonge.

Mo 11g avlykeg ™G €pevVoc GYENICTNKE Kol VAOTOMONKE o €01KY] OO0KTIKY
napéuPacn STEM, Boaocwopévn otig apyés ¢ exmaidevong evniikwv. H moapéppaon
TEPILOUPAVEL OKT® GUUTANPOUATIKA KOl SLOCLVOIESEUEVE EKTTOOEVTIKA GEVAPLA, TO OO0
oLVOLALOVY TOWKIAES dPACTNPLOTNTES, OTMOG UIKPO KATOOKEVES, TEWPALATO KOl EKTOLOEVTIKY)
pounotikn. IlapdAinio, ot eKTodELOUEVOL GULUUETEIYOV GE OlEPELVNTIKE EKTOOEVTIKGL
natyvioww STEM, eniAvong mpoPfAnudatov pe otoryeio dpapoatoc. H mapéupaon epappoommre
o€ T€6GEPa. TUOTO 000 JopopeTikdv Zyoreimv Agvtepng Evkapiag (XAE) ommv Attikn.
2y épevva ocvppeteiyav 48 ekmadgvopevor nhkiag 26 - 75 etov. ['a v alohdynon g
YX pe mepopatikn péBodo ypnoyoromdnkay mpo- Kot peta-dokipacies (pre-post tests). 'a
NV HEAETN TNG OLVATOTNTAG LETACYNLOTIGHOD VONUATIKAOV omOYe®V GLAAEYONKOY dedopéva
amd EPMOTNUATOAOYIN KOl GUVEVTEVEELS, He a&lomoinomn Tov gpgvuvnTikoy gpyaieiov Learning
Activities Survey (LAS) (King, 2009). EmmpdcHeta, aflomombnkav epoTnHOTOAdYLOL
JLEPELYNONG KPLTIKOL GTOYOCHOV TO omoi Stopopdbnkay Paoel apyik®dv culnToe®V Kot
ONUEIDCE®Y amd TIG TapeUPAcELS, KOS Kol opadikég cuINTNOELS, e GTOYO TN OlEPELVTON
TOV KPITIKOU OTOYOOUOD TOV GULUUETEXOVTIOV €ml Oepdtov mov avékvyav Kotd v
exkmadevTikn dtadikacio. Onwg ivar kKaTavonto, 1 EpeLVNTPLL, MG 0EAOVTPLO EKTOOEVTIKOG,
elye v duvatdTo vo Tapatnpel 10 cuvoro g dwdwkaciag. H avédivon tov mocotik®v
OeOOUEVDV €YIVE LE TEPLYPAPIKT KOl EMOYOYIKT OTATIOTIKY], VM TO TOLOTIKA OEOOUEVAL
avaAvOnkav pEcw Bepatikng avdivong, Le TN (P o1 AOYIGUIKOD OVOIKTOU KOJIKO.

Ta amoteAéopata g épevvag osiyvouv onuavtiky Pertioon otig emddcel Y tov

CLUUETEYOVTOV o€ oxéon e TS apykés. H Pedtioon avt) katoaypdeetal o€ OAo o emimedn



OVOKOALOG KOl o€ OAEC TIG O10TAGELS TG YZ (0&loAdYNOT, QQALPETIKN OKEYN, YEVIKELOT),
armocvvheon, aiyopiOuikn okéym). H STEM exmoudevtikny mapéupoon Ponbnoe tovg
CUUUETEYOVTEG VO avamTOEOVY  0e&l0TNTeS KPITIKOD GTOYOOHOD OYETIKO pe  Oépata
TPOCHOTIKNG, EKTAUOEVTIKNG Kol KOW®VIKNG {ong, dlvovtag 1daitepn ELPacT 6T GOVOEST TV
EMOTNUOV KOl TNG TEXVOAOYiag pe v kabnuepvotnta. [lave amd tovg picodg amd tovg
OUUUETEYOVTEC AVEPEPAV OTL OKEPTNKOV «TTOAV» 1 «Tdpa TOAD» TAve OTIS OmOYELS,
AVTUMWYELS KO TAPadOYEG TOVG GYETIKA e To BEpato mov Tétnkay. Evdeiktikd, Snlmcayv ott
oToYdoTNKOV YOp® amd (nTirate moAvTAokoTTaS Kot vpiTepng Bemdpnong, dmwg 1 vapén
TOAOTADV OnTIKOV o€ kdbe {ntnua kot M avalnmmon avtikelnevikng oindeag. o
oLVTPWITIKY TAEOYNOia TV cuppetexoviov, 1 STEM napéufacn Asrtovpynoce g £va €100¢
YVOOTIKNG dvcappoviag (éva amonpocavotoAoTiko Pilopa), eved mepimov €51 6Tovg déKa
avépepay 0Tl Blmoay po LETACYNUATIOTIKY eUnelpio Tov 0dNynce oe aAlaysg otig aieg, Ta
ToTEL®, TIC AMOYELS 1 TIS TPOGdoKies Tovg. H otatiotikny avdivon katédeiEe 6t 1 Ploon
TEPIOCOTEP®V GTAOIMV LETOTYNLUATICHOV TOL Mezirow cuvdéetal pe peyaidtepn mbovotnta
GULVEIONTOTOINGONG TOV OALAYDV. ZVUVOAKE, Ol GUUUETEYOVTEG OVEPEPUV OEKO, OLOPOPETIKES
KOTNYOpieg OALAY®V, OITOTLTTAOVOVTOG T LOVOOIKOTNTO KO TNV TOWKIAOLOPPIN LE TNV OTToia
kd0e dropo Pimwoe v eunepio g STEM mapéppacne. H €psvva éoeiée emiong 611, 660
peyoAvtepn eivon 1 Peitioon oty enidoon YZ, 1660 avéavetor o aplfpnog tov otadiov Tov
duvnTkoL petacynuaticpov (Mezirow, 2022) mov dlovOOLV LE EMLTLYI0 Ol EKTALOELOUEVOL.
H mpoétaon g epyacioc ywoo v evooudtoon e STEM exmaidevong oty
ekmaidevon evniikov apopd 6to tpotevopevo poviého STEAM-CT-CR, onAadn STEM + A
(All), pe xOplovg muAdveg TV vroroylotikn okéyn (Computational Thinking) kot tov KpiTikod
otoyocpnd (Critical Reflection), pe otdéyo v evioyvon mpoontikng petacynuoatilovoog

uéOnone 6to TANICI0 LG OAIGTIKNG KOl EVOTTOUTIKNG EKTOLOEVTIKNG TPOCEYYIOTG.

Ag&Eerg kAewd: ekmaidevon STEM, vmoroylotikn okéyn, ekmaidevon evnMkov, KpLTkog
oTOYOoNOC, petaoynuotiCovoa pabnom, Xyoieio Aegbtepng Evkopiog, Bebras, Learning

Activities Survey (LAS), STEAM-CT-CR,



Abstract

Critical reflection constitutes a learning process that supports transformative learning and
involves the critical examination of assumptions and the formation of new ways of thinking.
Similarly, computational way of thinking, as a cognitive process of systematizing thought,
represents a core analytical competence that enhances problem-solving across disciplines and
is associated with broader cognitive skills and modes of reasoning. Computational Thinking
(CT) is closely linked to the transdisciplinary approach of STEM education (Science,
Technology, Engineering, and Mathematics) and is considered equally important for adults,
although there is a notable lack of research focusing on this population group. The present
doctoral dissertation contributes to understanding the significance of CT in adult learners by
investigating, through a mixed action research design, the interactions between adults’
computational thinking, STEM education, critical reflection, and transformative learning.

For the purposes of this research, a specially designed STEM educational intervention
was developed and implemented, based on the principles of adult education. The intervention
comprised eight complementary and interconnected educational scenarios combining various
activities, such as micro-constructions, experiments, and educational robotics. Additionally,
learners engaged in inquiry STEM-based educational games for problem-solving that
incorporated elements of drama. The intervention was applied in four classes across two
Second Chance Schools (SCS) in the Attica region, involving a total of 48 adult learners aged
26-75. To assess CT through an experimental method, pre- and post-tests were employed. To
examine the perspective transformation of meaning points of view, data were collected from
questionnaires and interviews, using the Learning Activities Survey (LAS; King, 2009).
Furthermore, questionnaires designed to explore critical reflection were administered,
informed by preliminary discussions and field notes from the intervention, alongside focus
group discussions, aiming to investigate participants’ critical reflection on emerging issues
throughout the learning process. The researcher, acting as a volunteer educator, was able to
observe the entire process. Quantitative data were analyzed using descriptive and inferential
statistics, while qualitative data were examined through thematic analysis supported by open-
source software.

The findings indicate a significant improvement in participants’ CT performance
compared to their initial performance. This improvement was evident across all levels of
difficulty and in every CT dimension (evaluation, abstraction, generalization, decomposition,

algorithmic thinking).



The STEM educational intervention facilitated participants’ development of critical
reflection on issues related to their personal, educational, and social lives, with particular
emphasis on the connection between science, technology, and everyday experience. More than
half of the participants reported that, on average, they reflected “a lot” or “very much” on their
views, perceptions, and assumptions regarding the topics addressed. Indicatively, they noted
reflections on issues of complexity and broader perspectives, such as the existence of multiple
viewpoints and the pursuit of objective truth. For the vast majority of participants, the STEM
intervention functioned as a form of cognitive dissonance (a disorienting dilemma), while
approximately six in ten reported experiencing a transformative experience that led to changes
in their values, beliefs, perspectives, or expectations. Statistical analysis revealed that
experiencing a greater number of Mezirow’s transformation stages is associated with a higher
likelihood of recognizing personal change. Overall, participants identified ten distinct
categories of change, illustrating the uniqueness and diversity of how each individual
experienced the STEM intervention. The study also revealed that greater improvement in CT
was positively associated with the number of transformation stages (Mezirow, 2022)
successfully traversed by learners.

The proposed model for integrating STEM education into adult learning, developed
through this study, is defined as STEAM-CT-CR — that is, STEM + A (All) — with core
pillars being Computational Thinking (CT) and Critical Reflection (CR), aiming to foster

transformative learning through a holistic and integrative approach.

Keywords: STEM education, computational thinking, adult education, critical reflection,
transformative learning, Second Chance Schools, Bebras, Learning Activities Survey (LAS),

STEAM-CT-CR,
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