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ABSTRACT

The objective of this research was to (1) study the application of artificial intelligence in qualitative
data analysis employing a thematic analysis approach and (2) extract insights on the structural and
component characteristics of STEM activities aligned with the DIY framework. The researcher designed and
developed five STEM activity modules: UVC Box Experiment, Digital pH Meter, Air Sensor, Startup & Rare
Earth Board Games, and Motion Sensors, underpinned by the DIY framework. The employment of ChatGPT
4.0, an Al leveraging natural language processing (NLP), facilitated content analysis through an issue-oriented
analytical model encompassing four primary NLP steps: syntactic analysis, semantic analysis, entity
recognition, and relationship extraction. The content analysis results indicated that ChatGPT 4.0 could
analyze qualitative data promptly and precisely, mitigating biases inherent in researcher interpretations and
identifying central themes and repetitive patterns within the data. This research suggested novel
methodologies for qualitative data analysis, fostering the evolution and refinement of research processes.
In analyzing the results of STEM activities within the DIY, Tinker, and Maker frameworks, eight pivotal
characteristics were identified: (1) scientific inquiry and experimentation, (2) STEM concept integration, (3)
coherent educational curriculum organization, (4) innovative learning and interactivity, (5) DIY and
educational accessibility, (6) computational thinking and technology usage, (7) real-world application and
problem-solving, and (8) creativity and adaptability. The study concluded that the NLP-based Al, known as
ChatGPT version 4.0, was proficient in thematic analysis, offering significant promise as a tool for qualitative
research. Furthermore, STEM activities rooted in the DIY, Tinker, and Maker frameworks reflect critical
educational traits that are instrumental for enhancing learning management and the professional
development of educators.
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v
v a

I \

Trar ot Uit Uooge O |

J

AU Figure 2

Figure 2 Working Process flowchart ‘Lumﬂmwﬁmagama ChatGPT 4.0
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Fupsumseniiuauddelagly ChatGPT 1Uﬂ’]iijﬂi’]$ﬁéﬂs’@yjaLaﬁﬂ€Uﬂ’]W 971 Figure 2 1319Mnn"54Ua3
1W5Laﬂmﬂ‘1}aaﬂugﬂl,l,wﬁmmzau nthily ChatGPT ‘ZJI’JEJmi’J%WIuﬂ’NiJQﬂG‘{EN‘UENLﬁyﬁmﬂ Qﬁﬁaé’ﬂgmwmaﬂmi
Tymseudmiunmsiiasen warduTnanlnd POF miufunendiadures ChatGPT Lilely ChatGPT 3mew§{faaﬂa
sl e issiiundn Mﬁqmmfugﬁ%’amnaaummaamﬂgwuamamﬁmeﬁﬁ’umﬁmiwﬁﬁawﬁw
mnawaeanassliia 95% s1dunevundulurinsiesziln donunsasavaouuas wnuniuwanis
Ansendnadaiionugnaes nszuumsiuandmiiudinisuszgnaly ChatGPT luniAdoidsnanm dafinng
mmﬂmsmmaammmwimaéﬁmﬁmzylfdyﬂﬂﬁyw iielulanansiassndiundedo aswumdnivins uay
annsathivledszlenilnege Tnensiaureinshnsenilandnnisuaz nalnnisyiisuaes NLP waadlads

Figure 3

Textusl Comeent NLP System Arayui

Teaual Coment NP Sywem Ay

Figure 3 nalnn15vnauveIn1susEaIanan1e1s55ua (NLP)

910 Figure 3 N3UsINaNan¥5538%1R (NLP) fonssuiunisiiases (Machine) lolunisiwnlauavuszanana
A L%'mGi"umﬂﬂﬂyammu'%aﬁmumﬁgauL“Jﬂlﬂiuizuu NLP ﬁl@%UmiE]@ﬂLLUUiﬂLﬁﬁﬁmiwﬁ%@ga%’]dﬂﬂwﬂ
nsTUILIMSHUSENEUMEY 4 unaunal Figure 3 fil

o MshAszalaensal (Syntactic Analysis): Ts1zailastds1wwesUsElen WU MTTULNUSELANAD A3

fndrdudnunguadhienal

o MTIATIZNAIUMLIY (Semantic Analysis): anuelanrumnewazuunvesinglulsslon

. migﬁuauﬁﬁ (Entity Recognition): As13duuazsuunUssinnieufiiviodeiifiaununenns wu e

yAna anuil vietuil

o msatamuduius (Relationship Extraction): sxymuduiussEmalouifneg ﬁgﬂisqimjuamm

MERINNTFUINNMIUIEIIaNAWANE NLP aenannadnsiisuiivige éqﬁLﬂumaa%ﬁmﬂa LA ANATUEA
dielmaiesannsalaveyailanely lumandulunsassasureya nmaneuman viden1sviaudug finosnis
mmﬁﬂammwwé

INNENNIYINUVDY NLP éﬁﬁaﬁaﬂwiﬂﬂiané Tlunsmseniomuesianssuandununsevunanile
28 FUNBTUAZLUNNGS FINUI ChatGPT 4.0 @135 1A 1znliensal 1AsIERAUVLNY ';;yf\i"uﬁuﬁﬁ uaz

aunsoanaAuduius sanuduuseule saivadall
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NAN13ILATIZALL NN LENIAN WL IATIAT19ILALDIAUTZNBUVDININTTUALLAUAINNTOUKUIAAG bB Y

Aanas wazunnas

NNTAATIZALDMA NI TOUEAINANT) Lﬂi’]mﬁi@]ﬂﬁ?ﬂﬁﬂ Table 2

Table 2 ayUdnuard1AyvasianssuazAuaIunIouLLIAARLaMY fiunas waziunnes

o

Aanssun Yafanssu (luga) wuIAn Usslnueunu aunsalddny 010U
1 UVC Box Al Qﬂﬂizﬁﬁht,%a UVC Lamp Lﬂ%‘aﬂﬁammﬁ?iﬂmé?umuﬁﬂﬁm%u
Experiment ﬂg‘immmamiﬁaaammmau
vhaomENNsaNFelsn
2 Digital pH Meter nIALUA wiodiodam pHuy | iSuwesuazuesn | aunsaluumuedesinen pH
Favia Arduino mmsgwu‘luﬁawf]ﬁ?}miﬁiﬁmLlfwa
MedRINM AT
3 Air Sensor (Carbon Uisewnlvy uae \uizesin VBN KidBright andalyeszmindetopnannnen
dioxide Detector) msdelen msveulaoenlznuuy U MEEeUnsHan uavaT
Goumedumedidn UsraumsaimsBougiedumesiin
vaswes (IoT) rumsadiievh
4 Startup &Rare earth | #1519579) 5WYNEN VBRI WHLUBSAN ywarenaaiafeaiuns
Board Game uawmsthluly Uszenalismennlufieisoay
QAENYINTTHINA
5 Motion Sensor usaAEMSiARO ueosinnns KidBright engudmiunsUszgnalalu
wam el waoulyovesing | Simulator oWARASUUSHTLER 1w Msgua
Koy AL TN ssuY
welilaBnsraiumsiadioulin

Table 2 wanaudunisagy 5 Aanssuludnuazluga unazlugayauuluiimasousuufnfiysannis

ssvmeinerdnans inAlulad Imnssumansuaradindians ALAnaety Kunsasstuny faneluil

e 790354 1: UVC Box Experiment wndandnlufanssuiieziiervesiuadumanivnn iauns
d519nansadolsanieuds UVC siﬁamzl@ﬁ?augﬁmﬁuqmauﬂﬁ‘umLL&N UVC nalnnisenidolsa uagd3snis
Usznauaeaslivh

e 79N33% 2: Digital pH Meter gaLﬁu"LUﬁmﬁﬁﬂmS‘aqmmma &JL%auazlﬁ”a;mﬂ%;mﬁaﬁ’ﬂm pH Uy
fvia L%‘augt,ﬁ‘mﬁwé’ﬂmsi’mm pH wazAuddyveIn pH luiausysiu

e aN55U 3: Air Sensor (Carbon dioxide Detector) ﬁaﬂﬁmﬁmammummgﬁaaﬂﬁﬁ%a’umleuaz
nadeulan wmesy ;L%‘au%”lﬁa%wu%uwaa%ﬁ’mm%uau"Lmaaal%ﬁuwLs?j'am'a@umaiﬁm L%‘Eluglﬁﬁl’lﬁvﬂ%lﬂm
msvelnoonleluenme wazilndeulaniionanwanisin

e 719N33U 4: Startup & Rare earth Board Game UawaLNUNTEAUTALITUA1S19519 JiSeuzln

uMUTe 519 AuaulR wazAnuddnreswsnn1e 9 lsamnznahlvlvludasiamugueuuniseung
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e A9n55U 5: Motion Sensor Aanssuflag@nwifgaiuusuarnisadouil munsasduwesinns
wasulmveing giieuagladeugfeiundnnsinuesduges Andeulaniieniuauduees wasUssenaly

PULTULDT

NAN1TAATIZHUSEAUNEN (Thematic analysis approach)

delaveasulunwsmesianssuiamuauaiddeladuiunsiinmevsadundn lnen1dwivan
Laﬂa’lﬂugmw‘u PDF Lmﬂ%ﬁ’lﬁbﬂ "Conduct a thematic analysis of the uploaded activity manual PDF. Extract
and identify the predominant themes concerning the manual's characteristics, content, and strengths.
Create a summary table that outlines these themes and include 3-5 specific segments from the content as
evidence to support each theme."

Table 3 uaz Table 4 Ynauenafiee1191nN1T 1AL 2 A Tunsinsevadausn naandaszen
lomlamndeszidiu (Theme) $1uau 8 ﬂizw‘mLLasﬁmiis’qLﬁaﬂmmmm@ﬂaﬁ (Excerpt) Lﬁﬂ%ﬁjuﬁﬁﬂgﬁuﬁ
aﬁuaquﬂizLﬁumﬂlﬁfaﬂmwmw‘hlmﬁa ImaLLm'azLﬁuammﬁﬁmigwéwmzqﬁwﬂﬁLLazmiﬁm‘ﬁLf':ammﬁgu
Usng) 6‘3"&6{1'381‘1;;;3meﬁmmmmnaavmmL%ﬂﬂﬁimiﬂ%@:ﬂﬁl@?@EJ'N%’WLf\m nsleseluadifiaesdan
vdmnmeanedausn 1 5u lavdninamiientiu uasnadnsiaudenaassiunsinszAsausninnna 95% 3
fuduisnuund efovounaianistinsenilowasanuiadosvoseyad lnfunisussanananiu Al
UsganSnn mamﬁmwmuﬂ%ﬁLmLLasﬂ%’jﬁaaﬁqQﬂﬁwLauaLﬂu%ammmmﬁmqmﬁaqmn ChatGPT &@13158
ﬁwmﬁ’uLaﬂmimmé’mqwﬁimL'?qLLazﬁUizﬁw%mwmﬂﬂi’]mmlm mslnslssiundnludnuaeingiv
Yniseanunsansadeunarvhanueladiomvoenaisesnsazidenmenisly Al Lﬁaaﬁvauumﬁmiwﬁmq

Fnsiuiaus IS ez ikl uguN SR

Table 3 Thematic Analysis of STEM DIY Tinker Maker Activity Modules: Category, Description and Reference

Uszifiu (Theme) Tuga ilsAunienans (Excerpt) iioatiuayulssifiu | dumia
814989
Scientific Inquiry and Module 1 (UVC Box Experimenting with UVC light for disinfection Page 3, Line
Experimentation Experiment) purposes, demonstrating electromagnetic wave 38
principles
Module 2 (Digital pH Creating a digital pH meter, integrating chemistry Page 5, Line
Meter) and computational science 57-58
Module 5 (Motion Using motion sensors to monitor entry, exit, and Page 9, Line
Sensor) abnormal movements, emphasizing physics 146-147
concepts
Integration of STEM Module 1 (UVC Box Integrating physics and health science in the Page 3, Line
Concepts Experiment) context of the COVID-19 pandemic 38
Module 3 (Air Sensor) Designing a carbon dioxide detector, focusing on Page 6, Line
chemistry and environmental science 64-65
Module 4 (Startup & Using a board game to explore elements of the Page 7, Line
Rare earth Board periodic table, combining chemistry with 107-108
Game) entrepreneurial skills
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Uszifiu (Theme) luga ileAnuaniendns (Excerpt) Lﬁaaﬁuaquﬂizlﬁu Auvis
81989
Educational Alignment and Module 2 (Digital pH Aligning with computational science as part of Page 5, Line
Curriculum Consistency Meter) the science curriculum 57
Module 3 (Air Sensor) Carbon dioxide detector project aligning with Page 6, Line
current environmental concerns and curriculum 64
Module 5 (Motion Motion sensor project aligns with physical science | Page 9, Line
Sensor) curriculum and addresses societal challenges 146
Innovative and Interactive Module 4 (Startup & Innovative board game design to learn about rare | Page 7, Line
Learning Rare earth Board earth elements and business strategies 107-109
Game)
Module 2 (Digital pH Hands-on creation of a digital pH meter fosters Page 5, Line
Meter) interactive learning 57-58
Module 5 (Motion Interactive use of motion sensors in learning Page 9, Line
Sensor) activities 146-147
DIY and Accessibility Module 1 (UVC Box Emphasis on DIY approach using accessible Page 3, Line
Experiment) materials like a shoe box and foil 38
Module 3 (Air Sensor) DIY carbon dioxide sensor using affordable and Page 6, Line
accessible equipment 64-65
All Modules Overall theme of DIY and accessibility is Page 2, Line
emphasized in the manual introduction 29-30
Computational Thinking and | Module 2 (Digital pH Integration of computational thinking in chemistry | Page 5, Line
Technology Use Meter) through the creation of a pH meter 57-58
Module 3 (Air Sensor) Use of coding and technology in developing a Page 6, Line
carbon dioxide detector 64-66
Module 5 (Motion Incorporation of coding and simulation in motion | Page 10,
Sensor) sensor development Line 184-
185
Real-world Application and Module 1 (UVC Box Real-world application in addressing health Page 3, Line
Problem-Solving Experiment) concerns during the pandemic 38
Module 4 (Startup & Board game simulating real-world business Page 7, Line
Rare earth Board scenarios in the technology sector 107-109
Game)
Module 5 (Motion Addressing societal needs like monitoring elderly | Page 9, Line
Sensor) movement 146-147
Creativity and Adaptation Module 4 (Startup & Creative design of a board game to learn Page 7, Line
Rare earth Board complex concepts 107-109
Game)
Module 1 (UVC Box Creative use of everyday materials for scientific Page 3, Line
Experiment) experimentation 38
Module 3 (Air Sensor) Adapting technology for environmental Page 6, Line
monitoring 64-65

Table 4 Thematic Analysis of STEM DIY Tinker Maker Activity Modules: Core Themes and Evidence
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Uszidu (Theme) Tugauaziilonnuanianans Excerpt) wlaatiuayuusziiy AUnLed1939
nii VTN
Scientific Inquiry and Module 1: UVC Box Experiment - Electromagnetic wave 3| 38
Experimentation principles
Module 2: Digital pH Meter - Chemistry and computational 5| 57-58
science
Module 5: Motion Sensor - Physics concepts in monitoring 9 | 146-147
movements
Integration of STEM Concepts Module 1: UVC Box Experiment - Physics and health science 3| 38
integration
Module 3: Air Sensor - Chemistry and environmental science 6 | 64-65
Module 4: Rare earth Board Game - Periodic table and 7 | 107-108
entrepreneurial skills
Educational Alignment and Module 2: Digital pH Meter - Computational science 5157
Curriculum Consistency curriculum
Module 3: Air Sensor - Environmental science curriculum 6 | 64
Module 5: Motion Sensor - Physical science curriculum 9 | 146
Innovative and Interactive Module 4: Rare earth Board Game - Learning through game 7 | 107-109
Learning design
Module 2: Digital pH Meter - Interactive pH meter creation 5| 57-58
Module 5: Motion Sensor - Interactive sensor activities 9 | 146-147
DIY and Accessibility Module 1: UVC Box Experiment - DIY approach with accessible 3| 38
materials
Module 3: Air Sensor - Affordable DIY sensor equipment 6 | 64-65
All Modules: Emphasis on DIY and accessibility in introduction 2 | 29-30
Computational Thinking and Module 2: Digital pH Meter - Computational thinking in 5| 57-58
Technology Use chemistry
Module 3: Air Sensor - Coding and technology for CO2 6 | 64-66
detection
Module 5: Motion Sensor - Coding and simulation in sensor 10 | 184-185
development
Real-world Application and Module 1: UVC Box Experiment - Addressing health concerns 3|38
Problem-Solving
Module 4: Rare earth Board Game - Simulating real-world 7 | 107-109
business scenarios
Module 5: Motion Sensor - Monitoring elderly movements 9 | 146-147
Creativity and Adaptation Module 4: Rare earth Board Game - Creative game design 7 | 107-109
Module 1: UVC Box Experiment - Creative use of materials 3|38
Module 3: Air Sensor - Adapting technology for environmental 6 | 64-65
monitoring
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ﬁﬂLﬂG}la’iﬁﬂﬁﬁ%’ﬂﬂﬁjuLLazLL‘UIQUixLﬂ'Vl AUANS1T VBT Table 3 AwuANANI9N Table 4 uAwIveTIAT1IEN
lafimnuaennassiy Tasuwuadu 8 Snwawdrdamie Themes fiusing laun
o MsAuEZUAZMITIARRIISINEEERS (Scientific Inquiry and Experimentation)
o miyiammmmﬁfﬂamﬁu (Integration of STEM Concepts)
o MITANENgAINIIANYILALAIINAENAA DUDINANEAT (Educational Alignment and Curriculum
Consistency)
o« msFougduianssunasnisufduius (nnovative and Interactive Learning)
o flensuazamansalunisndenisdng OIY and Accessibility in Education)
o mspndaruamasmslamalulad (Computational Thinking and Technology Use)
. miﬂisqﬂﬁiﬂzﬁﬂaﬂLmqmmﬁaLLazmiLLhyﬂzym (Real-world Application and Problem-Solving)

e ANMUARATNATIALAZNITUSUA (Creativity and Adaptation)

osmmummmAteatuiifuaumiwesnidde “msfannaussouslumsesnuuuuasmsianisGeug
InenmansvesinAnwiaginussaunsaisinmeiansaaufumunseuifnilons funes azinines” Kaan
mArgiandmfunisnsaesununseuLwRsiioenuuuly aunsedvsunseULL AR RLANY AT MsANARY
TrggFeulvnszuaumsiilons Tumsasnedenng 4 monuewdeasesmiugdu nuianssu a5y geu Useney daulag
Awesntangunsn Waunsu 1AnRs sugaUsrasaiinasms annsthfanssulunaaedly wonasnsasidunislagis
uaw Ransais 5 lwpalegniluidushessdanssasfuiiuunseunin floe fianed wnined 1a ddailanadu

Tunalu Google classroom dwisungusiunsadlufanssuimuivdnag luvndnmsfing 2564 wavvenenaluyied
2565-2566

aAUs1e wasdarauaunu

;;'3”sJLLﬁqmiaﬁinLﬂjuaanéaummﬁfmqﬂismﬁﬂﬁ%’a éauu,ﬁmg'agwﬁ'%mﬂ%ﬂzyzymﬁzﬁmﬁiums
3miwﬁ6§a;&a@aﬂmmw Tnglumafanslinnemissaiu aufisontunenunidsunnlasasuay
asrsznauTesiansuasiudnu Inglanseuuundnnsasassamedievioflons funes uasiunines
nslddyausshvglunisiinnezideyadenanin TaeldmaianmsieseiiBasanu

Bnsenveyadinanmluefnfinunnagluideduiuuyvedueiosdlondnlunsiinsen lneniseu

wazassavaleninuds danuduldlnesrsuiniaziinnisasanusiuludedaidowasatsnsaasianuluudes

v
a o =

Imalﬁﬁﬁuﬁmmaaﬂﬁ (Bias) aynneladndriin (Kahneman, 2011) LL@I’ﬁ’1mmLGTfsmnzymwwﬁ’mm;;’iﬁmwéwlﬁ
nshnsendsgunindululnessd widiflveadbuazrefmuietumsaseasfsudunosdinehouas
nuyuasse Ui idedsnmninnedlaianameisny Ussaunisal waziaesnaman wianaedingly
govlauasfivelunsieTendinuam Wy Envivo n3e ATLASH ﬁé’aﬁaqmﬁaéﬁﬁaLﬂwé’ﬂ“lumsémuazﬁmm
dionssviariilugnisassssdiutenuny uenandl maivestusunsudvanimanifsaganniun 20,000 U1
fuld Fevilumsiniddusunsuessgamessunganeidululaen mafwesdygussingnie Al luguuuy
Natural Language Processing (NLP) virlmdalemaluniswaunnaianiowuimidnilunisinsgmiemaae
sUkuUMsiTeidaUssifiu (Thematic analysis approach) agmanganiiaunndadu tilesaindagtugloey
annsalyaulalagluiintleansly ChatGPT Lestu 3.5 wioarlyaumnusyuy Subscription Tusian 20 widsey

maam%am%“gsia@au (ChatGPT, 2024)
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NM5UTELIANANIBITTINYIA (NLP) LﬂuazwmﬁL%auimwwéﬁum%‘m (Machine) vhlymadasanunsaila
muniistlolunisdedans Uurafsky & Martin, 2009) nszurumsves NLP Huduarnmsinsieilaennsal (Syntactic
Analysis) WiiaviauinlalaseasisvesslonuasAnnee 91niuazadunnsinsIEnALmIng (Semantic
Analysis) [iloAumATImINELazUSUNRIR (Manning, Raghavan, & Schiitze, 2009) NLP é’aiauﬁﬁﬂ’lsgﬁnauﬁa
(Entity Recognition) wa¥n15afnAuduus (Relationship Extraction) ‘zfaﬂﬁjm%ﬂmmsquLLamyﬂﬁ]
auduiussyaeuiinne lurenau (Russell & Norvig, 2010) nadnses NLP a¥saudaiave aeidunuie
{Jlaagja WAz ARSI v'iﬂﬁm?aﬂmmmﬁﬁayjaﬁiﬂiﬁumm%qaiqﬂﬁdyaaga MM3MBUAIANL TSI
GTmﬂ’ﬁmmLéﬂyﬂﬁ]mmwwégu 9 foenau NLP mmmﬁmﬂfz?l,umﬁaiywaqﬂsﬂ”azﬂamﬂwﬂmmm QUEILLY
fManieafurennuvisienats uaznisuwlantelaedaludd Uurafsky & Martin, 2009) Uselesiass NLP 54
vanvane sannisuiuuzinsdeansseymaaiasiuaywelumalulad ivaslunisiieseveyagnailugsia
nsmuas eelensUszdiunalunisine Tuaudsniseidesslunisunme (Russell & Norvig, 2010) & slu
mAfeadsinunannsoildlunmsienemdngruaznisianiadousladuosnsd deannssfunuifores
Lee et al. (2020) finumn mﬁmmzﬁﬁamﬁ%aﬂmzywﬂasﬁwﬁ (A)) fiUszavBamannnITIsnsuUULALTlonauay
NSNS kaETIN IS leRoLIme s aTeITEUTI esnmsiaTeiag Al luendede
LLazmmgﬂaTmﬁqmiw LLasmmiaé’]’mm'ﬁﬁuﬁmﬂaﬁi’ﬂuaumrﬂﬁ”@éwﬁﬂizﬁm%mw wnoealsfinnunislosudad
ﬁzjuaﬁi’wﬁmlwmaﬂizLﬁuﬂ'TMTWLﬂuﬁ%myaﬁﬁ’sJLﬁmLﬁmLﬁaﬁ’wmmﬂ%ﬂzgmmisﬁwﬁlumﬁmeﬁﬁam%}ﬁ

Useansnmungesdu

a9AUszNaULAZANYazEARY v sRaNSsHAZIANAUNSBULLIAANSES19EsIAR e iiavseflenne fiuneas wazwn
nas

Tuauresorunuiifvestumslinseniom fanssuandununseuunAnilons funesuazunines
wanIdNwaIzdIRYLINAD NMITUIEITHAY NTVARBINITINEIAERS %’ELﬂusmgwuﬁﬁﬁﬁ’maﬁmmmam%ﬁﬂmuas
anifudnw fedinrudenlssfuesnsdnauiunguineuania@ian (constructivist theory) (Fosnot, 2013) Tag
wiFoululadufiowduenugundugfiassanug Bagnununsfureyantszaunisaliasaosonanmiu
LsdyﬂaLamBhumiﬁmL%ﬂm%mmLLasmiSEJugmﬂﬂizaumiaj (Enger, 2017; Cobern, 1993) A157uUnIuuas lasnses
(Reflection) Uszaunisaliiusiwsanasuinuen1samddning eﬁaaﬁL‘f]uﬁmivums%’mﬂﬁﬁ’uﬂaymﬁsﬁ’ueﬁyau R
aonAaesiuNIsesUNENTaUTILINTINTSEEUFeeEIan (Piaget, 1950) WATULAINNVBIANTITOLMIIR Ussine
aw%’gam’%ﬂﬂuwﬁﬁaﬁ%a’h How people learn (National Research Council) (2000) Fauanslmiunnanssues
\WumunsouuwAnlens fanssuaziunines aamﬂaymﬁ’umﬂ%'aujummsswmﬁmaﬁwmmam% CRIGEHIET
SougiBegnuasydsuiiosuislanienquinisdsugnunuarouaninitan uarveeidunsuansatuiianing
Papert wag Harel (1991) i@uem maiFousfinnaniniudoy3ouassdwesns 4 nsassioraasduingma
nenm Waknsuaufinmes udeu vieuuuiiaeamieaiufa (Mental model) nisasswaelvg Fouila
v AnvinwznisAnTinsiey way Wauwinwznisundom S’Jm/lxﬂﬂ’ﬁﬁﬂﬁmﬂ%ﬁ\i’mm3L§8H§LLUUH§’N3§3F§1H%H
Seu

dnuazdrdnuesianssumunseunwiAailons Aunesuazuninesdnuszifunils Fon1sysunnisuuifn
puazifiu MadansAnwiunsysannsnAsasiuilnauddgifuuumaouaninemauaenaious

YIUANENT FIATNOUDISITUIANT o UT9RINUVBIINGIF1ENT WALULAE AFINTTUANEASHALAMAFAIERNT NS
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UszgnalglulanTingds Ineysarsuszaunsamensinwiinseunquuandenlodudnuusforiuisiiiniuly
Finasauarlanvesnsvhanu Aludinsuenmaniviednn msdanisdsugnumnanivdnasyisgausene
arwaulalumuasfuuasifiunadwsnisidoug (Wang et al, 2011; Sanders, 2009) F3dannassiuuuIAnves
Bybee (2013) NM15LATI¥MUUUBAUMANEULANTI9ADUNATEINTY TN A fiukaE a1 NaysamsaLiy
AanD maﬁwémwmﬁ'auﬁmaaéjﬁﬂu (Ahn, Choi, & Kim, 2017) saalludsiinwensaniinszinazanuaulaluas
Lﬁmadﬁgﬁ‘ﬂu (Yildirim, 2016; Siregar et al., 2019; Tasdemir, 2022; Hidayat et al., 2023)

TuaureswesauasraeINsAnYILaEndngns asdiulaidlernfnsaludsilons funes uaziun
inosnoanuuuiiuanssuluiunmenieulnd ai’%ﬂuﬁ%éjmﬁmmaamgmﬁ’uﬁa%yi’mt.l,azwaﬂm,%ugmu
wmsgruinnants Tnsfinisesnuuuunisusuudutuneuiieasaiuanuniiminlunisifous (Marzano, 2003;
Porter, 2002) uazdanAaedfULLLEILEY Piaget (2013) ifgfunisitanayg wielvgasutulalanusyaunisal
wwm'iﬁﬂmﬁaaﬂLLUU:;Jﬂﬂ;s;ﬁﬂuﬂfulhy'%’umm’mimqa;ﬂaashnﬁ ﬂamﬂgadﬁ’umamiﬁ‘auiﬁ'ﬁmuﬂ virln
nszuaunsdsusdmivgiSeulalanensenainninisug Uninumdngasununansiifinualidadulangide
Usziiunilnnfenssuasifiumuiinia aslens funesuaziunined Falsingiusnanns@nyinud sordeas
wndsnsfinuluszuu (Formal education) laagnsls

Snuwaizdddnusenaniliwesianssuileans fanesuaziunnesie miﬁaugﬁujuui’mﬁmLLasmiaéuN
UfduituslmAniulunssuiuniaous SetsaesssifuatuayulninnsSousidegn (Active leaming) ToSoy
ﬂ’]iﬁaugl,%aé’muL‘f]‘uLﬂ?j‘aqﬁaﬁﬁzﬂumiﬁmmmmg (Vygotsky, 1978; Kukla, 2000) St IANT Y
numsuanivdsumaluladdaduladoddyiiniensifaunnmsidiinvemywe ffiviade "The Secret of Our
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