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ABSTRACT

This thesis entitled “Micro Self-Directed Learning through an Immersive
Virtual Reality Environment to Enhance Computational Thinking and Creative
Thinking” employed a research and development (R&D) approach. The objectives
of this study were: (1) to synthesize a micro self-directed learning process through
an immersive virtual reality environment to enhance computational thinking and
creative thinking; (2) to develop a model of micro self-directed learning through an
immersive virtual reality environment to enhance computational thinking and
creative thinking; (3) to develop a micro self-directed learning platform through an
immersive virtual reality environment to enhance computational thinking and
creative thinking; (4) to compare students’ learning achievement before and after
learning through the micro self-directed learning platform in an immersive virtual
reality environment; (5) to evaluate learners’ computational thinking after using the
micro self-directed learning platform through an immersive virtual reality
environment; and (6) to evaluate learners’ creative thinking after using the micro
self-directed learning platform through an immersive virtual reality environment.

The research procedure consisted of four phases. Phase 1 involved the
synthesis of the micro self-directed learning process through an immersive virtual
reality environment to enhance computational thinking and creative thinking. Phase

2 involved the development of the micro self-directed learning model through an



immersive virtual reality environment. Phase 3 involved the development of the
micro self-directed learning platform through an immersive virtual reality
environment. Phase 4 involved the post-implementation evaluation of learners
who studied using the developed platform. The sample group consisted of 40 first-
year vocational certificate students enrolled in the Introduction to Computer
Programming course during the second semester of the 2025 academic year at
Pathum Thani Technical College. The participants were selected using cluster
random sampling. The research instruments included: (1) a model of micro self-
directed learning through an immersive virtual reality environment to enhance
computational thinking and creative thinking; (2) a suitability evaluation form for
the developed learning model; (3) the micro self-directed learning platform through
an immersive virtual reality environment; (4) a platform quality evaluation form; (5)
a learning achievement test; (6) a computational thinking assessment form; and (7)
a creative thinking assessment form. The statistics used for data analysis were
mean, standard deviation, and t-test.

The research findings revealed that:

1. The micro self-directed learning model through an immersive virtual
reality environment to enhance computational thinking and creative thinking
consisted of four components: (1) Input factors, including learners, instructors,
learning objectives, content, and the metaverse environment; (2) Learning process,
consisting of four stages: preparation and goal setting, goal determination with
guided content, experiential learning through micro-activities, and reflection and
learning evaluation; (3) Outputs, including learning achievement, computational
thinking, and creative thinking; and (4) Feedback. The evaluation of the model’s
suitability indicated that the overall suitability was at the highest level (X = 4.71,
S.D. = 0.46). The suitability by components was also at the highest level (X = 4.80,
S.D. = 0.42), and the applicability aspect was at the highest level (x = 4.75,
S.D. = 0.44).

2. The quality evaluation of the micro self-directed learning platform
through an immersive virtual reality environment by experts showed that: (1) the
content aspect was at the highest level (x = 4.91, S.D = 0.29); (2) usability was at
the highest level (x = 4.66, S.D. = 0.48); (3) efficiency was at the highest level (X =
4.97, S.D. = 0.17); (4) design was at the highest level (X = 4.96, S.D. = 0.20);



(5) support for micro self-directed learning through an immersive virtual reality
environment was at the highest level (x = 5.00, S.D. = 0.00); and (6) suitability for
practical implementation was at the highest level (x = 4.89, S.D. = 0.32).

3. The comparison of students’ learning achievement before and after
learning through the micro self-directed learning platform in the immersive virtual
reality environment revealed that post-test scores were significantly higher than
pre-test scores at the .05 level of statistical significance.

4. The evaluation of learners’ computational thinking after learning through
the developed platform was at the highest level.

5. The evaluation of learners’ creative thinking after learning through the
developed platform was also at the highest level.

(Total 297 Pages)

Keywords: Self-Directed Learning, Micro Learning, Virtual Environments,

Computational Thinking, Creative Thinking
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Centre for Teaching Excellence, University of Waterloo (2023) laeSuieis
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Centre for Teaching Excellence, University of Waterloo (2023) miﬁauif
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nfinaudnesuaguledn dnsnauglin (Metaverse) lumaluladniidnann
lun1sidsuudasguuuunaiseus laganiznsasaussaunsainIsisous huuANaIHIY

AanueIns Jevreiiuauwdaniyy aunauiu waslalonalvdiSoulanaassunum

d' ! Aa a | I v = o v a o avy
NN INYINYINVI @EJ']\ﬂﬁﬂW]lI L LV]@IUI@?JQ%ﬁqmqiﬂaiqﬂﬁﬂqulﬂa @Nﬂ'ﬁlﬁﬂuzﬂ allzﬂiﬂvl,@
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e lio1anaunuunUIveIaglavianun nsiseuiiuiasdidesondeninudilaluniny
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1< L a a a ' al 1 a @ 1%
LUU&J‘H‘UEJ AMULUART WATN15aUSNIRTR ""UﬂLV]ﬂIuIa?JL‘WEN’EJ?J’NL@EJ’JI&JﬁWiJ’]iOLWLILG]%JI@

[y va 1 [ [y

vusferiu fifoisssmadulinnudidyiumsinulu Metaverse 1niu uazainy
wfAdeduiifstuegdeiioduauian
2.3.3 DIAUTENOULALANNIINGDULAL DU

anmwndeutaiiouss (Metaverse) iuanmwindouaiiouasefinaulanadia
dhfuUsaumsainsiuduiuslusvuvvands §i3suanansadeans siuifle wazyh
Aanssulsiaiiouaglulanass ssduseneudidgyuesinsaugie laun naluladiaiiouass
(VR/AR) anmiandaudda ilevnidisliney uazgumudliiifoslostuogadaiies

Kanharin and Chatwattana (2025) lAng1791 83AUsENaukasanInwINdouNu
Metaverse Usznaulushy 5 esdusenaussil 1) 93ms (Avatars) Ao funuddviavesilily
Metaverse Fsanunsaviuussldniuninudenisiienansinuuasyfduwus Auglidy
2) anwadeuiaiion (Virtual Environments) Ao a¥duainmaluladnsfinauddvili
Alfanunsaiumatazdsalanaiieulaegisdase 3) n1svieiusunu (Collaboration) Ag
Ynifsuaiuisariaussudululusidnduiefanssunisisouslulaniaiouasald wu
nIsvhaungurdenIsiEunuuTdy 4) nsas1uilevn (Content Creation) Ao n1sasiauas
USuusitlaniaiiouasalaayldios

Tupthong and Chatwattana (2025) lana1111 eeAUsznaulunisisgus iy
$nsnaugiin asuld 7 esduszneu dil 1) 0993 (Avatan) 2) Taniaiiouads (Second Life)
3) MsAeaIuarnITauTAY (Communication and Collaboration) 4) nsa¥aassd
wazduusanion (Content Creation and Customization) 5) tnu (Gaming) 6) N15UTELIU
(Assessment) ag 7) N13lARBULULTIUR (Real-time Interaction) &Ry

A selnsnys uaeiiidum dusdann (2567) land1371 wmndsavsedninaugiin
Aovosmmie Platforms nsinsodeansguuuulnididulanadousse Tugvuuy
0115 3 F Aldouausadidsiunsiassinulumsdrglanatiouiuunaniesy
flasrstu

Mnfinanandsiuaguliin ssduszneuvesIBeuiiiu Metaverse Uszneuse

sa & aa o % = a do v aa °
29IN19 ‘V]L‘Uu AILNURNY ﬁﬂ@ﬁﬁﬁﬂ,IaﬂLaﬂJ@uzﬂiﬂﬂzﬂqa@Qaﬂq‘WLL'J@@@@JLL‘UU 3 4R, A1TNNIUY
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] Y] a a ¢ 9 Y] & v = a Aa
iﬂmﬂULLﬁgﬂqia@ﬁqiLL‘U‘ULiEJal‘Vlll, mﬁaiwLLﬁzUiULLMLU@MWI%;ﬂ%, FIUOINYNTITUNU

anwazinuwazn1sUsEliunanisiseu; vianueiadigliinanisddiusiululszaunisel

)=

nsieuiauasaziufduiusgeruwnaniesulanalouat

2.4 NSANTIATUIN

2.4.1 ANURLIYVBINNBENTISAGLTIATUI

a

TugaRsiadn L‘VW’]I‘LJI@EJL?J'WILI']@JU‘I/IU’W]&’W’IEUIUV]ﬂlIGISEJEN“U'N] NNPENITANTIAIUIN

3

(Computational Thinking Skill) Iﬁ’fnmEJLUuﬁﬂwﬁf\i’%Uwiamiﬁaui nsuAdnn ay
N15915993M08198USEENS AN 1eaanluuUSUNNI9NISANYY NSHRILYINwaInatIgln

QJL EJTJﬁ’]ﬂJ’]iﬂﬂG‘l@EJ’NLUUiuUU ’JLﬂiﬁuW{jﬂJ‘Vﬂ wageenuuULWINLAlulfpg @S 19EssALaY

(%
Y

WNE 1191l

Y a a o v & o o =

VinwnsAnlsiuingulusngudidglunisBeusaumalulagan saune

o

2D

v a v

Inginseeufiames waznsFeusluamssei 21 Jaldnidenareviuliaumuisuas
oSutesiUsvneuvesinuzd Feghaiale

Algahtani & Almassaad (2025) N¥EN1SAALTIAIUIN mmmweﬁ AALUUL
spuvvesywidmiunAtgmifiazveununAanisihnuveseesfinnes lngUszneusie
NSPUIUNTUAN WU N15916UN (abstraction) il efsanszdda, N1seenwuudanes iy
(algorithmic thinking) é’ww%’uﬁmum%ummﬁﬂiym, 320090135 3Lﬂﬁwﬁuawimﬁuwa
(analysis and evaluation) HavesuuIMidaue deaeliifFeuamnsadanisiulandd
Futpulaeesiivszansnntazauisairluldnuuiunsng o lg

Dewi et al. (2025) nsAndsruandunszuiunsan@essuuiigFouldlunns
Ainziuarutdymiidudou Tneduannisutsdymesnidudiuges (decomposition),
é’qLﬂmmﬂﬁm%gmmuﬁsgﬁu (pattern recognition), A4LB1A1TEAIAYNIATINUUUTIADY
(abstraction) LLasaaﬂLLUU%umau’?%mmﬁﬂﬁymaﬂmﬂuﬁﬁu (algorithmic thinking)

ntuIahtunewvatulUldaswasysuugsnunagnsnla nszuiunisilliiieagli

[
=

wilatymlaandsdu wadsdaasuluaunsadlulgluusunes o 1aass niluiesiounas
a1y
Yan et al. (2025) Winwen13AnlaA1uIad (Computational Thinking Skill) fi

AuannsalunisAnegrudussuu Wiodasizduazudladynidalusunsuil eog 19l
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Iassasne lneusenoumlenisuuslavidudiuges (decomposition), eanuuudanesiu

(algorithmic thinking) kagn15Useyndluunfnlismssny (logical reasoning) Tunsweulean

v = ¢ 1

Raunsaiasuaudilaiunsianauiu LLM laviudl dedivannisenislaaives)iSeu
WAL RILYTINYEAUNSLAUYLaEAMSoRNKUUSaNo3IulAeg 19U se@ng AW
31nfinanundeiuaguladn vinwensAndisdiuins (Computational Thinking

Y v a a

skil) \flunszulunsAnegedissuuiivaeligiSouannsaiingest uonuey wazudiam
7 gudouldogneafusedniain lnvendeasdUsenovdday Taun nsuuedgmn
(Decomposition) N151FULUU (Pattern Recognition) N15AALTIUNNGESTL (Abstraction)
WALNITRONLUUEANBINN (Algorithmic Thinking) Wnwemand lifssdaasunsidoy
TusunsundonsGeuddiumealuladiinty widrannsndssgndldldluaniumnisuas
NAINPANLUTUNNRNITANE
2.4.2 93AUTZNOUTDWINHLNTANLTIAIUIN

dnnisAnwinareviiula liaaunuigve0saUTzNoUN Y NISAMTIAIUIM
(Computational Thinking) dsanunsaesurslsindunssuiunisiaiiedestunisldinada
waznagnsen q lunsuidymmiunisdwundym msdunauasinsensuuuy s

L% a Y o v 1

anesuniiusganiam sutanisidinsedlewmalulaglunisinnisteyaiardedniasiig q

a s

FINWL T LU LN ILA I LUAIUNI S IUTUTLATUNS DNITVIIUAUABUNILADSLVINT Y L 69

' £%
=

ansninluUssgndldluvany q auvestilausedniuiion1sAndulanaTu nshngeruIN
= & o Ao w Ql' aa v aa | a Y
Jadwinwend Ay luganmaluladliunumluynaueesdin lagdieiasuasenuaunse
lunsAnegnsliszuunariinszidamndudeulaegsiuszansain
o 1 a a [ = b4 U 1 a a o

anudiasunTaeuInemansazalulad (2560) lana11in n1sAalsAIUIM
(Computational Thinking) tJuauamsaiiugIuveInIsAasityniaig q Namnsadily
Useynaldlunisuidgmludinuseaniu waglanvunesrdsenounisndeaiuinld
4 93AUsENOU laun

1. nMsAnwuukenauUsEnaukagni1seestlyui (Decomposition) 1Wunns

Ansanuavuislgvsenueendudiudeaiiielidanisiulgmlsietu
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2. msmuuuurestaymi (Pattern Recognition) 1unisiansanguuwuy
wualduvesdeya viedaymi waziarsanauAdenIenuiloufuvesdgymigas
Moglulym

[

3. MsAABIUINE3IN (Abstraction) Wumsiiansanseazideaiidfgves
Yaymnenuuzanszarfgaoanainadiuilddfny
4. NM3RNLUUTUAIUID (Algorithm) tluniseenwuuduneulunsuitym

U]
v o v A

$39N1591197U 1R8LARUAIAINTARU

[

Y (3 a Y a = s A o a a o
WAINIA “gLLﬂﬂua (2563) VL@E]G‘U']?—JQQ 99AUTENDUNAAYVBILUIAALTIATUILY

o

1. mawdstgmlvgidutymees (Decomposition) nsusnduUszneu
& aa a a a o A | 2 = ] | A o v
WudsnsAnlunuifaderwanginuslymuissueoniludiutos o tiavinlwnig
(Y] [y = a & o X o v v v < I Aa [
danmsiulgnimsenisiatudietu meviidgmndudeunasilullymessiivuindnas
wardudeulesatazyrelinisiinsiginazesniuvisnisuademviilaazainuas
Uz ANSAIMIINTY

2. MINA13UIFULULU (Pattern Recognition) Wn¥gn1sn1gULUUABNITM

v o & v a a 4 a o 4 v X

AINNFUNUS kARl UNTRIEWNN 4 Inen1siiansanUavivsedsnaulaanyuuesininedu
e Feunudgumseantunisalfiuiaule agldvinwenisuendiuusznauiiiavinliiiiu
asAUsEnaudey 9 n1glu ntuldvinuemsmsdiuuiieas 1vanulatmnueules
symisesnUsznaumaiiu laenisiansaninddawimsedaiunisalieraienuifinduuineuy

wialdl wndfaunsaudnisnisuddamiuuildlniuazusuuszandls Jaazdaelinisdanis

nullgynmsenisiauiuszansamannauy

]

3. NIARTAUINETIY (Abstraction) NSEUIUNITARLENAMSNYLNEAYI

v a A

a a 1 = A o £ Ao & o W
5’1863L@EJG]‘UaﬂEJEJ‘EJEL‘U{]%%W%i@ﬂﬁu%ﬂ’]ﬁﬂ‘W‘U’]im'ﬁﬂ@ﬂﬁiLLﬁJﬂLLS%%@%@W%"INULL@ZH"I BN

¥ I

v ay 1o & P v = 1Y = c{'
ﬁ]qﬂaﬂa;{!aﬂﬂlu(\ﬂLUULW@Im@SUEﬁJaV]LWUQW@LLazLMQJWSﬁZﬂUﬂqiLLﬂ{]QJWq Iﬂﬂi?NﬂQﬂqiLL‘V]uw

Y

" Y
1l o v 14

nauvaslaymvsetunsunisivasidsanaretunaumetunoulnindulasnssdu Jeyaeli
nsuntymiilaaeau
4. NM500NLUUSANDITN (Algorithm) ATEUAUNITNAIUNITNIAINOUADNTT

MvuatuneunyAravIareuiimesausaujifmueunlam TnensiauiwuImnienis
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i
LYY

witgmiifiddutuneudidaiau Lﬁ@lﬁﬂ’]ﬂ’]iﬂﬁ’]LﬁumimﬂuﬁﬂﬁU%uiumiLLﬁlGU{jQMWﬁ?u ‘
W ilasdesnslireufiamedviaunsesns mazdesdeuluswnsudddineufiunes
Fauntunouiiniual’ Welineufmesaunsnovausmuaugesisvoansilé
PAITTU VUL (2567) lana1271 99AUTENOUTDILLIAATIAIUIRL LA LA
p9aUsEnauld 4 esausznaulaziinununglnalfvsiu Uszneusme
1. MIuenavyUsznau (Decomposition)
2. MIgULUY (Pattern Recognition)
3. NMIAAWIUINGITH (Abstraction)
4. NMIODNLUUAIAUNITYIINU (Algorithm Design)
niind1nanteiuagdlenn ssdusynauveinuen sAmTsduind 4 dumdn
laun n1suentgmlngidudamniges (Decomposition), N15M13UkUL (Pattern
Recognition), N15AALGIUINGITN (Abstraction), Lagn1sesnuuusdanasyiu (Algorithm
Design) InsvinuweinanidrelieiFouannsadanisfuigmvienisialddedu lnons
wendgyudedeyasenifudiudes Ansziaudenlos uaresnuuuluImsuidym
fifsutunoudmeu Saasvilinmsudtymilssansnmannty
2.4.3 NM3IkazUIEiuNaNYeNSANTIAILIN
nsTanazUssidunNanneen1sAALIAIUIM (Computational Thinking)
Junszurunmsdrdnlunisiauinivainsalunisanuazuitgesefissuy eaunse
ihlUldlumaneus unvestinlses usarivdn msussdiuinusisefnauanuiname
naziaunsvesdfiSeu TneldiadosilenasiBnsiivarnuans wu msusziiunasinlasenis
vizeuuunaaey Wiedsvounislinuedimnalunsudtem
NSENITANEITANT (2560) N13UsTIURULBS (self-assessment) LHunsyuIunIs
ﬁL?Jmiama"lﬁ@’ﬁaummmm’sﬁm@ummﬁnwﬁwamumLLaz‘UszLﬁumaLU?&JULﬁEJUﬁU
Wmnedigals ImEJmiazﬁauwaﬂﬁiL%EJuifLLazéT’gﬁ??i’mﬁiN6] WU N9WEURIAINAR NauluviFl
578974 Uden 3nte WsemsviuuuUsyidiunues

Y Y a v = a 4a o a [

1. miﬂimﬁumamwﬁauuﬁaﬂﬁdwimLsauuumawmua e iyL TJYUT

Y Y

wiowriamvaevamasusulsslunsvihnuidazass lnensiieuiisuanuirminniu

U Y = ! L7

Whmnediaald FedeliiBouazvioudsan Wauns wietgymiiAndulusenin smsiFeu
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wazanusaldiuulssilivnuedlunisussliunnuiuasinee W vinwensWleulusungy

Inelinasinishirgiuundamu mideudsluiridiSoulanunuwaensnaeuaudiia

' 1%
IS =

TuLl 911U 9LAaZUNMS SUAEAULDY LABEINSAUEINTUNAUT W o uT UL US s uRs Uiy

[

Raluimindaowdaily Weailunsesadeuanugndeaasimuinisvesrudile

2. M3Uszidulaeiou (peer-assessment) N159AUTI8TILAULAZNITIA

U Yy a

ayadaundudunszurumsiitieligiseuldiseusaneudniuveadu Jazduasuli

Y

e

=

SUUNAUINAIIUYDINULDY LAYAISSUTBLEUBLUEANNLNAUSILS U LASailoaaulal wu

@22

guyuoauladuaziivuden annsadieativayunseuiunsil degiudu {Seue1adeu

TWsunsu Scratch udwusluranuluguruesulay dulalonaligduaunsalidedniiy

Y YA

wazAuwuzi ibigeuldsuilsmnuAniuwasdoduanusnfinae awnsaiu Usuly

Y
HaulRuule
3. mslaeiany asdaniseusnauduius lagldnisnsdauainseu

= L3 1

TS euAnIwnsnzd Wy msldrmaunitudusie “msewmela” e “agils” Weanseeu

TR\ SeuldodUsiouazuansnnuiunsoudliianasg1984asz A1ag1961070 19y

e3¢

“malulagasaumalaznisdearsiinansenunetinuse I T uveSeusgnels?” “wsemnla
oA Py & v 2 v 9 « Sad A v & |
Fufenanunul warazasiwunuildegials?” “0isnsdulunsundymiaseld was
wyieeels?”

4. Msl¥na3s KWL (know, want to know, learned) L“f]uﬂa'i'ﬁﬁsziasﬂﬁﬁﬁﬂu

Y

asuan

q

[y

‘;J = v Y 5 o 1 “SJ‘N v ” « v ”»

YIauagnan1siSeusmenules lnenisaeAnuy “dileusesls?”, “eenierls?
My ¥ v s P Yy ¥ a a v v

wag “Issuderlsluuas?” WelvdieulaussdiunanisSeuivesnuies wazyaouause

ideasUanmsvsuduilvldluniswleuuasuSuusinsaauluuniSeussly

ao1vudnasunIsasulInendans kazinealulad (2560) lananifan1sinway

nsUsiunaneen1sAndaA 1INl Wunisusediuauadesldinusinisuseiduluuy

& a v o v w =

sU3A 4 58U Ao Fudu Mdeiamu 7 uarsendon Jutanunszuiunsesuensuen
diulsynovdeslmdu 3 au e 1) Wilamudeanisvesdymuazesunetam 2) nsuan
JaymilngeeniBudywides 3) anudisalunsuntam

Dolgopolovas, et al. (2015) ldna1afa wuunnaey Bebras tasks Tudunil

lupsesiiadnauannsalunisAndsduinglwuunisasutelisu (Multiple Choices)
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lnguuunaaasuinuaariitegnduasizviuinedaursesdUsenaunionnyszian
N19L89NADUBIAUITENDUL DEVDIAIIUAINITALUNITAMTIA U (Components of
Computational Thinking) AtnSeultlunsundam Metrauuunagsuiide Beaver in his
canoe Tu Bebras tasks szautisaufnuinoudu

Brennan and Resnick (2012) leina111 msinuasmsussiliunayinue nsAnlamue
11UsENOUMY 3 35 Al

Id a 62 Y ¥ o
1. wilnazaunany Wumsiesendmsidiumudayalunisvie

1Y) ¢ ° 172N = Ay a = °
2. NMIAUN9E L‘UUﬂ']ifﬂ@'Uﬂ’]ﬂ’]ﬂifﬂﬁﬂsﬁaﬁsﬂﬂﬂﬁiaNaﬂ']uwaqﬂaﬁﬂﬂﬂqiﬂ']ﬂ’]u

'
[y o

3. INAIA9INTEENKUY WUNSANNUATEAUVBINISINGY 3 52AU A @
U1unand waggd Inglidniseudseiiunuiasainnisiaenseauroan1svinay nieum sl
v A a v o oA A A wva d' v (% (%
UNISYURTUILTEAUNITNNUILARN WANATILADN LAYAMANUAYBNUTNADAANDINUSEAY
o A

Y8IN5YIaIUALGEeN

Twfn1 a@ansau (2562) inwen1sAnlesAamipansaiauaydseidulanangds wu

Y ¢ ° & v o= & a v s

uwiluazaurany nsdunval nmdrassnisesnuuy 1wy dalunisussdulaglyinas
NsUTEEULUUFUSA

NAnaNINITAY @133aasUladn mylauavUseliunarineen1sAngIAIuIM

11889 wuImstunsvakuuIanaunsadavilavainnalgguwuy Meuuul sy

(Multiple Choice) hagluusnily SaNAIN1TIATIZATUIU (Analysis of Artifacts Produced)

' [
Ya v v

dusuwvunegeufigideinuduluwuudatevdadauney lngosnuuunuesAusznou
YoinweN1IAATeAIIN 4 A1 loun nMswuadymn (Decomposition) NMsRAITANIULUY
(Pattern Recognition) A13AALEIUNLEITH (Abstraction) LayN1T9NLUUAIAUTUADY

(Algorithm Design)

2.5 MIfnai1easIn
2.5.1 ANUNNEVDIVINYEN1TANDENATINETIA
Tuganwmalulaguasudnnssud i unuInd1Aga assuuLATYgN Ik
o Y VY LY S PE=1 ¥ [ Y a =2
AANALTINY MIRRTINYEveiseulusEiuaddnwinaensuiunmsasunlaiau

d991Juegneda Inslannzegn9da vinwen15ARDE19d519855A (Creative Thinking Skill)
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= & W A Yy a a Y a a a Yy oA | 9
‘UﬂLﬂu%ﬂH%%%'ﬂ?ﬂﬁEﬂLiﬂuaqmqﬁﬂﬂﬂu@ﬂﬂia‘U LLﬂ‘ﬂQJ}‘VnL%Q?%W%Wlﬂ@ﬂqﬂﬂﬂwqu LLASEIN

WUINIUS BNANULNUTR D UAUD IR DANUADINITVBIANIUUTENBUNIS A BT USLANT AN

o [

nwell el anudifgsonisnauiuinnssuluauansodn 1wu n15eenLUUNaad w9l

EN

¥ o
= v v =

N15808151195503 MIawdnIeRen1sUTuUTInssuINNsUllinun e Wy Aeiued

)]

Unidednuannilianuaulad@nwiwuininisduasuinuensaneg19a319a55A lung
o = - = 1% IS, | o
UniFeuangondn ieawseuanunsalunisiinglanuvinisianulusuian

Nasir et al. (2024) lananali9n inven13Aneg19a319a590 (Creative Thinking

Skil) nuedis anuanansatunisaiawnAaing Msvenlesnusiazyszaunsaliduive

aa v

asvassAddindegelidunuinig ngnigluuiunveamsiansemudenivia fiseuasla

WAUILWINIAITAAT a1NvaNe (divergent thinking) AIUARUNITAMTIAIN (visual

¥
IS eLs/yd

thinking) wazn1sAawawanles (associative thinking) FanszuiuniswailyarslvniTou

e

(%
Y

ANLNIAAUBNNTOU TBNBALLNARDE AT AT uardoasldeseiusyans am eil
maidBedluguuuAdvelifissurduaiuauAnadisassdviity widwiendenasurinus
nsdeans mawidapn uaznsGouimenueduanissui 21

Muliadi et al. (2025) lana1al311 Winwen15AneL a3 19855A (Creative Thinking
skill) #e ATwANINTavesdFeuluntsuanteenienuAnsGulmel A wARTidamgy n1sues
Jaymannmanamatenuues kazmsimunnuAndisissaziden Taounsanduusssy

o {

LaZLUANI19e

Y Vv a

awwiAnlud o Failigiseuannsaunlelaymilne9asngassd wagiauwn
a vala £ a a 9 . .

nsBguinHaunmIntuluuIunveInisiteusLuuldlasenu (Project-Based Learning)

Adnan, et al. (2025) laadu1e11 vinwen15ARDY19@319855A (Creative Thinking
Skil) mungfs Anuatnsavediseulun1sAnegidanguunaziisuaiieassd laganunse
wapseanNlnAANLYantm LANASINATEUANLAALAN Lazanunsauaueisuilulyn
nIouuIn iU ldeganainratguaziduauinis inweiddmuilaeg9dusz@nsamw
~ | a Y] a va v va & ¢ o & | a a
WeegluuTunvesmsiansseuinidudSsuduaudnais Faedensduasuyadnam
nsuanseen waznsmudnennaigluvesusazynana Ineanizlunguenivunoglug s
Wauinwen sty nagonsualog 19Ny

a ) L% U a ¥ (3 =

Aaun waundl (2555) Taliaumngin AUARESIETIA M8 ATTUIUAITNI

Jeyy15eaugan lWnseuiunIsmieauAavaty o 8g19u153u F9Usenaunie AuaAn
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AaeeLAal (Fluency) AnuAngavgy (Flexibility) A1uAASISY (Original) wagAIuAn
avldunaee (Flaboration) dmMTUANUANTONLITHULEARY BONUNTIAINARAI19ATIALABY
Junisadrsuwifalng warmiuaziiansanmiadeniivainvate winunas Ysuidm
LWINNATIIMALReNTMINALLaEAITaRNaIBE 1IN Y

31n7ina1u 19 uagula1n N13AneE19a519855A (Creative Thinking) fie
ANLENNTOLUNTANBENEANEL UBNNTOU wasHRILILUIAALLaETTUAUINTT Tneitiy

44' T S VI Y &

nsueslgmanuainvateyusaiwazn1sleulesUssaunisalindiioasedslny vinwed
= o o a1 v Y o e | v
finudiAgedned weSeuluseauedifnyr wsigeliaiunsaeeniuuwuInig
nsviunneulangIvnuasiauiuinnssulasgndivssdniam vadsdaatiunisseus
Bagnuaznswssunseglann1svinauluanissen 21

2.5.2 94AUIZNDUIBIANUAAAS19ETIA

[
a

3 a %4 VYV a U = 1 = Y v A

29AUTENBUYBIANUANFS 19ET AL TUNIP AN wazTNN1SANY na1Dal) sadl

AU UA @S UN1TARUINYIAIENS haznalulad (2555) TaldAr1unuieIn
AUANATINATIA NUIBDT ATUARTINDLAANANER LWIN1INTBIDN15INY 9 Nunnaiely
NANAY o MAsduInou Lﬁuﬂizmumiﬁmﬁﬁ@mﬁq@iamsﬁmmmﬂum 9 AU NITRTEY
) Y  a & Aad a £ = = P o v
WawmenuIngimanswasmalulagiinduaininewassaasa nefnautedagduau
LAPIINKEARANIINITANA S NHTTAVDIN UYL 0ONUININLENAIBUWIN 1Y Grilford Tuem
1962 Fuduguuuungindudlugatagiu Grilford linga1171 avuAnaseassdindy
AUANNITOIUNNSAR LA BE19MAINNAIY NI19bNA TI92LAAINBIAUTENIUNIANUARNE DY
4 93AUSZNOU bokN

1. ANAAAaaskAaY (Fluency) 111889 AINAINITIUAITANADUALDS

seduslilduinfigawifiszannld vieauausafnmAneuudawaznsilsEiaY

= =

d' LY [ d' v a a (J A o <
Unndnm %Q%SMUU?SL@UNWHWQ@ FILUVUTUIUANUAANIAIRDUNLAUTALAZATIUTLLAU

q

1%

wniign Fsaztuiinaumudniliniulubeaieaiu

2. Aufndangu (Flexibility) viuneds anuaiuisalunisusuanines
anuAnlunsUfvaninvesauAaluaniunisaliing q 16 anudndanguiiululs ee
vosUsaiidulssianlng 9 vemnufauuuAdeIwAaItiuLed Lﬂuéfua%ml,amﬁmqmmw

YoeAUAnATeIAa TN TUMEN IR umINA ez indnIn BT
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3. ANAASISY (Originality) n188s AmnuaunsafaLUaniug LANAI9IN

ANUARTITUAMTEANUAAIY 9| AUAATIUDIILLANIINAITUNDIAUSIANNAALUAS

[
]

uazUszgnalyianduddlaivu

4. puAnazldenaee (Elaboration) Munede AuaInsalun1suaLiy
easdonluddiaudunediviulasdimudinisdeuleduiusg q egnaiauming

Grilford (1967) l@fmunesAussneuvesmmRnadsassals dil

1. AnuAnaaesaal (Fluency) Wuninudnludeadorduildefuly
aeAUsznaull AnuAnaslanuauosnuannig

2. rnuinBiangu (Flexibility) \utszinmvideuuuvesmnudningteudnls
viangogsuansnatuy Wy Usslevdvesteuiuiloylstne vieeuAndangusunisdaulas
dawina g uldlAAnUselew

3. puAnsI5a (Originality) W udnvazanudaudaniyd wuansieain
AUAASIINAT WieruAndIe o MdumnuAniidulselevirenueaazdny

4. AruAnazidunane (Elaboration) WumuAafidesieausesingeds
LLazﬁﬂ8@35EJmﬁmmmﬁﬂﬁmmﬁma%aaiiﬁﬁ?uamyizﬁﬁﬁulﬁ

favlasea wazlauiliuas (Grilford & Hoepfner, 1971 814fi9lu gAus AusnIuum

wagAmy, 2551, Wil 33) ladnwinasii uesrUsznouresnumnad1easse u 8
29AUIENOU A

1. AuAA3IEYN (Originality)

2. MINAAAADIFT (Fluency)

3. AnuAndaeY (Flexibility)

4. pAnufnazdunaoe (Elaboration)

5. muAnlaraUgym (Sensitivity problem)

6. muausatun1slvtlonnlng (Redefinition)

7. AuTUTIU (Penetration)

8. AuaNsaluNISIIuIY (Prediction)



40

v a

wddl $nd (2560) 1Ana1331 ANANES19ETIA UTENauRIY AIUARNARBIFY
(Fluency) AnuAngaveu (Flexibility) AIUAAS 34 (Originality) %qmmm%’uiﬁq@m o uag
ilAnANuAnlagunTEUIuMIasoUURuavasvassAnaueanu bugUluusng 9

Nniinaandeiuasuliin amsnaguesduszneuvesauAnaiisassle

4 funan lawn 1) aAnuAnaaeswaal (Fluency) Ae AnuauisalunisAnAineula

'
a

viannviane 2) anuAngaveu (Flexibility) fis MsusulURsulnAnlivaneyutes 3) AuAn3iEy
(Originality) fie n1sAndslng wlan waney wag 4) MIuAnazldenaee (Elaboration) A
a a = (5] a A ¥ 1 = & Lo <) LY o o
N13AALTIEN LU wazReatazWonlusldogisdanumny eueldiuduiiladfy
Tun1smuANUAnES19asIADE 19 EAMN N
2.5.3 AS3UIUNITVRIAINANETINATIA
NITUIUNTNAANUARATNEATIAVILNIMI N azUNNISAN T AazyIun lgLu Ly
fvanguuy waudauaulaLazaiuasazying fail
Torrance (1963) @ w13auusoontu 5 Tuasl 1) A1TAUMITBLTR993 9 (Fact
Finding) 133 MnM13ANNTANANIA duanjung uddiliaunsae mUgmlaininainesls
Y a | a aoqyva a N Y . . A a
AoIfnI1dsnyilmAn Auaienfoozls 2) nisAunutdguri (Problem Finding) LiloAn
suilaaganansaventandym dunefsssls 3) MsrunuAuAngauAf (Ideal Finding)
AAKATAIANNAFIY MABAIUTIUTINTBYA 6149 LNBNAABUAIINAR 4) NISAUNUAINDY
(Solution Finding) NAAOUANUAFIUIUNUAIADY KA 5) N158BUIUIINNITAUNY
(Acceptance Finding) gausufnauNAuUNULAzAniaIINISAUNY Azt lugnunisiiagyili
WanwruAnlmiselun Bonin nasiamie (uiianig) vl (New Challenge)
washNU (Morgan, 1966; 919fitlu g1 Junsey, 2551 : 186) Na1131 38n1599%
) 1 o = a aa i 5t ¥ 5 o dy
ludnnudisalunisfinsisuaineassdgelsenoume 4 Tuneu fall
a . a a I a A vy
1. M3y (Preparation) ﬂamnmamﬁmﬁnﬂawamﬂgﬂaaﬂi
2. M3AANINIGUA (Incubation) WunisAnfiansandaymivsediiesinsin
wmdeyannilvy azauaisiusulaiiezlsdng
3. Mevilinszaneda (llumination) Aensupaiudsaie q lunisuiteym

4. nsuanau (Verification) 10UNISHUTUNAINAITNAADUI A5 01T

witgnla Nlvidmeulagniesiian
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Aanesn (Guiford, 1967; s1edslu wasen §2U3w0, 2554 : 21) na1237 AUTE

a v ¢ Y 1Y) al' v v & P N
ﬂ'ﬂ']ilﬂ@aiqﬂaﬁiﬂﬂgﬁaﬂﬂﬂqqﬂﬂﬂlﬂﬂ‘U%i‘Ui{jﬂJWqﬂJ@\iLﬁu{jﬁu‘ﬁqaqﬂqiﬂw zLuasuLlag

[

AMUARLAL o) LLavﬂﬁuﬂiqLLﬁlﬂmw Feinsandugsutuneu fil
1. msfuuaznisnla mfmmmmiuﬂm%’ﬂa]?iwm8] 981939057
2. M3 Msazandoyasiieg fi5eusinanunsaszansenanld
3. MsAnLUVaUNtY nsnevavedlivans egisandaididvusl
4. msdmuuuiend Auannsalunsnovaussigndeuasiianaindey
Al
5. mavssiiuen n1sfadutoyafismualiinnariaandly
J9881d (Wallas, 1962; 9195914 48591 TU3v0, 2554 : 20) ASLUIUNTANAS19ETIA

ponu 4 Turau Ae

£
[

1. FUWTHUNITTIVTITDITILUIAAFN9Y) LiNenIBuATgnn
2. Jumzaug n1sldrnudaiiatinugsauswlinwdusnidUsean
naunauiu
3 uneruAn ian1sudsiasevintadneudmsunsundymiu 9
S a ¢ ° o & i 19 Y |
4. Fuiigatl n1sanuiNAvTIUTInmegeuawnsaundymlavsel

Anu 13 AUA DY (2562) lenanain SUUG]EJ‘uﬂ’ﬁWGNU’WlﬂMuﬂ’J’mﬂ(ﬂﬁi’]\‘i’dii 11U

%
Y

WunsAauuuiutuneu wieusiimsinssitiymlaenesendoaudilaiioninieasy

1%
v A o

nnsAunulymuddymiu lngnanaglasuduedmeu drlugnisadieassAnay

TngriunszuunsAAnasvassALluNaunIg 9 wiodeUszavgl 9

(% '
v v a v

9107 na1m19 1R uaguliin nszuiunisauAeassassAdudinutui iy
n1siladynn s1usuveya 1ATIEY kagniuInIi e 1emainviany aunlug

N1IAUNUAIMBUNS BN Il AuAT laedndndngwazdnnisAnwiusasvinulaue

(%
[

TUADUNLANANAY WU NITATEN AITANFINNANLAN NITHAAIILAR LAZNITNTIVAOUNE
Fadtiunszuiunmsaemidusruukazilanninslunisadisuinnssuvsonanulul q
2.5.4 MTIAAINANASINATIA

nsTAANARas1easIALdunSEUIUNITEIA DY A dr i ousTAUNAUINAS

MeANUARvREISEY TnganunsainudssendlisiudunisdnnisSeuslunedvsing q 1o



a2

¥
v a a

RENMAINTAEY WIIMINMIUseTiufINaINugIuINLUIAnTeinnsANwIkaz TN T#INeN
waneviny Fdlaauenwiniuazdunoundawulunsimuinveanufnassassa welddu
isesdlelumsduaSudnenmySeueg1sliusvdvEnmuasvingauiuuTunuesn st suNsaeu

Turmnssen 21

o

MIANG Juausng (2559) lAna1vin MsUssluANUANaS9asIAlAENITYSNINTS

(Y [

AT TAVBINITANAT NETIATIUNUMTUTLLTUNAL AT U @10150UTLLAUNTAMY AU

n5UsEuLAazIv lnrualagluAoswennisUsELiunSANES 19 SARDNU LAY LAY

Y]

JunsaenndesiunisdanisiSeunisaeuniysannisfndiiuigdig o nsenguanse

[
a o 1Y [y

N1BEUTAN 9 MTUAIY dnvuzATelloUsulunelidinnsaingusrasAnisussiiiu

9

WeANsIUAUNSARET AT IRRgluIngUsrasAveatinSouderanunguimiauatazUs vy
nsdLaualasiag

weumasdw (Anderson, 1957 81985l WA HFaunsIug, 2556 : 47-48) N§1I

AIULANAIIVBIYAAADE 1 A1UANAS 1983 5A hazUszaun1salid udidey wazlauus

Y

NSTUIUASIARTNYEANARES19assARRMTL 6 Tunau Ae 1) TUNTUENIDDNDYNDET

fpuaulanazyneniunedn13vednlanazaues 2) n1sHanulage1derinuegsig 9

=

swsmdoyaniie q Adanudusiug uazthaule 3) duadreassd lndnsosdanisatuny
ponuUy TAssseuassULUIaNL 4) TuAnUseAuvgodadisassd iadunuinis
Tunsadisassd nasnilidn fennuudanluai 5) fumsiauinenulidussansam daow
Huasaasuanwaliiiulddaiou uay 6) dumnuAnadassngean TIUTINAMANLAS

wanseanudusuuuuranuamei adeasudungullnl dadunisinanufnasieasse

o
o & ¥ [

TneltuulIAnva e unasdu 3L TuAadldn15a5196A3 993 9TARUUSEAUANTNY DA AT

q

YBINIAATINYEAIUANATIIETIA
ANA AuAaRY (2562) liNa1331 n1sinAuAnas1vassAvaIusainlingu

sEAuAUAnTeI s ou Feaziludeaumalunisdnnisiseunisaeu wWeolidenndassiu

[y

ANNABINITHALLTORAILINITAIUANY 9 YaslSeuliiiuunndu dmsunuidell fidulaly

'
o

WUIAANITINAUAAES 19ETIA NNUUIAAVDILBULABT AU TILUINTLUIUNISIAAT NEY

[ 2
U A v a [ 1

AMUARATINETIA 6 U AD TUN 1 JUNITHANIDDNDLY1IDATE TUN 2 TUNISHANIULALDIFY

' 1%

Nweag 9 Tui 3 Tuaseassn Juil 4 TuARUIEAvEed19as9asIA JUN 5 TunNIIHRIUN
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[ ' [
v v

HaUlIUTEEANTAI wadun 6 TuanuAnaisETIAgean Inedin1smruasERuANAIN
vowusaztudmivlilunsTanauarUssidiusa

Nnfinanandreduazuleain msiaruAnaiisassdmuiuifnvesueunedu
Usznaudae 6 Sumeuiiasiounssurumsimuinuzegradussuy fuinsuansesnagis
Saszaudstunsainsasdnanuiifiendnuaianed lnensineinusissdunmuninaes
uiagdu Wi elannsavsnduseduanufnaiassduesSouldosadninuuaziilug

MINAUINITSEUNTAUNnaUaLR o neNNYBsTeulipE 1w Ay

[

2.6 91U NNBAVD

LY Y

wigaziiy aiuf (2566) lAviN173981509 N1590NLUUAINTIUNITSBUFIANIANY

InsaugdatioduasunisyadiauaremsadiadvsvidndnuiseauuIgying

@ o A

NinguszasivesnsIdesiie: 1. eenuuuianssuMsReuanAudns Nauglaiedeasy

N193ANAKALDINIAINE 2. WAINIFULUUAINTTUUAZUNAANDTY 3. LUTBUIBUNARUGNS

NI BUNBURASNAUT B 4. ST URaNITIA%a 8IM5AT9a wazAluienela

a

YIUNANYIMEINITITEUTHUAINTTY H3TATUN5ITY Tdelmaaes lagldngudiaeng

v =2 & ay al a (% o Ql' ) a a ¢ &
UNANYIYUUN 1IN EJﬂEiJ"IﬂL"'ZJ auu.a17 97U 30 AU NNz EJUIU’J?IW]EJMW']LG]EJiWUEWU

ANTdUN19NLUUAINTTUNITITBUS WUURAN1A (Micro-learning) WIUdNTINaUgiin

v

(Metaverse) uaafiudayanadugns ns3advia emsndva wazeufianela wwisdonly

Tun153deuaznsUseidiu 1. WUUAINTIUMSITEUS 2. WUUUSHIIUAUNN S ALAZ AAN

Y]

YININTTULATUNAANDTU 3. WUUNAGRUNAFUNT 4. huuUsslduns3AdviauazemMshava
5. wuuUsziuauianala kan1533e wudn 1. Aanssunsieusitauduliauwmzay
lusgauunn 2. unaanesudauainluszauunn 3. Nadugnan1enIsiTeunauseugendy

Ly LY v v a

nowssusglidedAgyneadi 4. seaunisifdviauazemsaIvianauseuegluseauauin
5. tndAnwilauiisnelasensiseusiuunanneasuluseauiin

usaIEWesT adedud (2565) levinnnsideises mseenuuunsFeuiiunimngsa
Ysassrriudnsnaugdaiieduaiuuinnsg v nefigagomneiiiewamnnssuiunsGous
LavduasudnwuzvewinnsyIvurumalulad Metaverse 47ngUsvasAvaIn1Ide

1. ieduaszrinsruIunsiBeuiaumlaInTIusasIAiuinTIauniin 2. liewmuiguiuy



a4

LaESTUUNMIREUS 3. ANy IHadugvIEnINsEeY Auieell waAnEnuMy eI inNseIvu

g a

Alssuanmsiseus $35edudunside Idouasiiamun (R&D) 19nsquuuungy (Cluster
Sampling) NgudeE 19 YNy 1.2 91U 46 AU 1SUSeuaSANVMINedoAI UATUNTI Ll
29A3NY AndunsiauIssuus Uiy Metaverse wazldnou-ndenisiseulunisiana
iwsesflofilflunsidouazmsusuifiu 1. wuudaeszsiuazuuuussidunsBoud 2. Uy
LATLNUNITTANITISEUS 3. I8UUNITIT8US MU Metaverse 4. WUUUTELTUAMATNTEUY

5. WUUNARBUNAFNNTNNNISITEN 6. LUUUTHLIUAMANYMEWIANT Uag 7. WUUADUAY

=< 1 [ Q‘

AMUTINElY Kan1937 wudn HiSsuinadugniniemsilgunauseuganiinous vy

(Y @ v a [

aéwqﬁﬁaﬁwﬁmmqaﬁaﬁimu 05, AndNYaEIANIEITUMSEURgluTEAUR, ANUTanela
youfiFousiaguuuunaGeuslu Metaverse agluszdusnniian (1ade 4.58, S.D. 0.19)
Agaoglu et al. (2025 1-13) lévin133sei3es: The effect of artificial intelligence
(Al) usage on creative thinking in nursing students, examining the mediating role of
digital literacy and the moderating role of academic support. ﬁﬁ’mqﬂﬁsaqﬁmmmﬁ%’a

WaAnwInareIN sl 1UseavgsionuausolunIsAnas 9as IR0l NANINEIUIA

'
Y] Y [

lagflunuINAena1vedAINIuAla kagunumiiuan uniIsalveIn1satuayy

[ LY Y a

$19391N15HIANTUNITIVY FFYLUUAIAFAVIN LALITIFTUNUSLUUNTI U ALdun1siu

Y

Un@nwmeuia 426 auann 3 unineagluusemensn Tidduegeing warlnsgviveya
A28LA3 891D SPSS, AMOS Wway PROCESS Macro LA3S89ief kibun1533gkagn1suseiiiuy

wuvaeunutayaUseuIng, kuuinn1ssuinisld Al wuuiauwnldunisAnaineassd, wuudn

| Y] v [y

ANUIWINIUARYA wazwuuianissuinmsaduayuniadvinis lngldung Likert 5 seeiu

a k% (3 a v

HAN1TIVE WU NS Al TalisuanaenisAnassassarestindnwinegruiasgiitsdAey

Y] [

Tnomnuiwiviuadviasimihidusanansiiddy uaznisatuayundyinsiiunumafiy
anumsailuanudusiusaandn Tnensadvayuszdugetieifiunaves Al fen1san
asassAlagegn

Alabbasi et al. (2025: 1-13) l§¥1n15398309 Examining the effect of primary
education thinking skills curriculum on the creative thinking abilities of gifted female
students #7nqUsraIAUaIN1TIE Lﬁaﬁﬂwwamawé’ﬂqm Primary Education Thinking

| v

Skills (PETS™) 71916 9A1U@IUNT0A1UNITAAET19ATTA USENBUNIY AITUAR DILAGN
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mudavgu uagauAn3isy vesinFsundiiinsmsdlussiuuszondnuilulszina
VALY H5ANTEUNTITY 168’§1JLLUU?§W%@& (quasi-experimental design) laguustinEeu
nijsiinsanssoaniiu 3 ngu A ngumeaes (LWsuunFeu PETS™ d1uau 16 uniou
Tuszozinan 8 dUani) uazngueunndn 2 ngu Wild3uumBeu PETS™ wdssdlelilunside
wazn1sUsziiiu (esge): THluunadauAILAnAS19d55A Runco Creativity Assessment
Battery (r-CAB) WawuUa191 (Verbal) wazwuUUATMN (figural) TAAZLUUAIINAGDILAGD

AMUEANY U UAZANANTISN HAN1TITY NUT1 NFUNARBIHIAZLULAIINEINNTAAY

a o (Y

ANARATINETIAGINIINguAIUANeE1niddAgnsailusuaunaasAdd (fluency)

o

wazAUEang U (flexibility) MElUN1TNAAULUYINAILATLUUAIN LATIAIIULANGIY

o w

TusuauAnzEY (originality) huusUsssu (figural) waliunnssegeideddglunuuinm

o

Diane Vassallo (2025: 4-126) l#¥n1539815 09 Fostering computational

thinking in early learners: an iterative approach in a Maltese primary school

v (3 a

MoUsraIAvaINITIdY LinedAny1IsnisduasuyinwenIsAngA1UIM (Computational

pmid )

Thinking) TWfutniSeuduuszaufnuii 1 lneldianssuviawuu Plugged uaz Unplugeed

HIUNTEUIUNNTIT0RNLUY (Design-Based Research: DBR) Mikauinfiung e Interest-

'
Y

Driven Creator (IDC) i abiinsngauivusunveslsemaueanf galuin1sussyrinue

% U

nsangiuan lundngasegraduninis 835anlun1side 433eaniunsidewuy

o '

NAUNETU (Mixed Methods) TagldnszuliunisIsemeeankuy Usenaunieg 4 JUnou tawkn

Asz9t oaAKUU AduN1T wazUFuUTe MaunsdaRanssulian 119 aulussaududa 1
[~ [ & o 6 = a a Y = 1 [y}

Wunan 10 dant dUaviaz 30 wiil Taeiiuainianssy Unplugged udadsAoy & Waiun
Ludfanssu Plugged nltmalulad insestlenldlumideuasmsuseidiu TdnsesiloUssiiiy
TechCheck (1A3 03dl9¥n CT wuu Unplugged) Aruaiunisiiudoyaainnisdans

nsdunIualng warnsUsEYNaziauNasedUa v nan1533e nudn: dniSeuliianuinis

o w

AUTINBENTAATNATUIAALTUR BT TuEAY lnuAziuWaaeaIn TechCheck LU

[
LY

7.05 18w 10.75 uonaniidamuin nsldRanssufiaundeiiosann Unplugged 1Ug Plugged

2 '
a = a v

vdFeuiianudlauwAnnisiadiunaeg1ednds asiinnudulalunisdnnmsiseus

Y

1%

WYY tazaunsausufanssulimunzauiuinsounianurainvatelaevuy
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Yan et al. (2025: 1-12) 1avMn153 9815 09 LLM-based collaborative
programming: impact on students’ computational thinking and self-efficacy

[y

TingUsratdveniide Wednwinavesnsidlunaniwilng (Large Language Models:
LLMs) Tun1siieusn1s@sulusunsuuuusiuie (Collaborative Programming) #idisie
N15AALT AU (Computational Thinking) wasUsza@nsninauLas (Self-efficacy)

(%
LY YY) [

yesiniFousziudulisendnwimeudu Msaidunisise fideldnmmeassuvuimeass
(quasi-experiment) TneutsinSeussiudulsyonnuitfl 6 Sulseudnwitf 1 §muou 82 Au
oonidu 2 ngu fie nqumuan (dmsBeudiuuhudienlu) uazngumaass (4 LLM sy
mseuswuuTiuile) WWusseznal ¢ duai 591 12 museu Wnaldniw Cr+ TunisSeu
M3A0U LazUssiliunasBLUUNAgeUn puLazndsS oy 1a3 oedledi 1tlun15idouas
N13UTEIEU: WUUNAADUNISAAWIAIUIAIN Bebras Challenge, Luuaauniu Self-efficacy
(Wang & Hwang, 2012), wuudauau Cognitive Load (Hwang et al., 2013), n1sduniwal
Aalassafauuugungudaog s wan1ide wuin nngld LLm TunmsiSounuusuilenaels
tniFsuiinstaminsdndeiuaiganinguauauegddodidynieada wazd
Cognitive Load fniInguaiugy daunuasnsalunsianinues (Self-efficacy) lainy

o w |

ANNLANA1RE TRy widkudlduanaideuniingumiuagl kaganNIsaNAIYaInUI
dnGeulunguild LLM wanspaiufionela avlaidensnndu wazanunsouddgymildosisd
Usgansainunnnin

Sisarnud et al. (2025: 56-74) 181153381509 The Outcomes of Project-Based
Learning System on Metaverse through Design Thinking for Buddhism Innovators

(% s a

fTngUsvatduaansive eauwrszuunisiseuiwuuldlasenuduguluumidsanu
N3LUIUNITANTIDDNRVUAIMTUUTANTNNTAIAUT WaAnwiduuesveesiSouinlissuy
sanantun1uysednsaan nadugninienisiseu dnwausuinng wazAunanela
ANad o a a v & | 1% ~ Aada o & v .

135a1Iun1539y Puneulagde): 19seleuidiTouvunaasileou (Pre-experimental
research) lagldsunuunguiisrinneuunasndn1snaaes (One-group pretest-posttest
design) Aunqudlog @I INBNTIEIUTINIY 27 AW AT elle Ilun1sITeuas

n1sUszdiu bawn ssuunisifeusuuuldlassnudugiuluundsa wuuianadugns

wuuUssLiludnwazuinns uwasiuvasuauauianela nan1s3de wudl 1. ssuuiiguam



ar

agluseAufAuIn 2. nadugnsneMsissundussugInIIneaulseusg1livudAyn19aia
a' ) o o v gy ' v v )~ =
N3gau .01 3. dnwazveanvsuinnvasldseuvegluseauduin 4. diSsuianuiianela
luszuunisiSeuinanailuseiug

Tupthong & Chatwattana (2025: 150-159) la¥i1n153981509 Architecture of the
Micro-learning Platform Mixed with Gamification via Metaverse to Promote Creative
Problem-solving Skills #inguseasAvainisideil: ednwikaveanwuuan Unenssuves
waneasululasidsutlsinaunaiunalnny (Gamification) Kudnsnaugis (Metaverse)
Ingdgad e edvauinuenisun daniog19as19assAve s 1T eua1dafnwn
35 TuN1I3e (Wunoulagye): 15vleuisiveuuy pre-experimental lngldguuuy
one-shot case study NHUAIBYINABTLIVIY 9 AUTITEIYIYATUNITOBNUUUTTUUNIS
= 44' A Ay v a ¢ !
IFUUNITADU 1A3 09N 97 MABLUUADUNINUIZITUAIILANIZANVDI89AUTENDUA Y
rosunannesy wissdenldlunisideuasnsusedu (aege): 1. unaanesululasidsuils

v

790NWUY 2. hUUUTTHIUAUMLNSEN 5 520U IWananugIu towa Anady (Mean) wag

o9

gl g uuN1nIgIu (S.D) Han13338 WU AUNLIzaNYRIRdAlEnaulAg sy

a

vosunannesueyluseiuasnan (Mean = 4.91, SD = 0.21), AVWNZaNvedDRUTENOUE 08
wu Jadeudud nszuiuniIsHadns (Output) uagnaasieunau (Feedback) dausglu
sedfuge, unamosutanansauszandlfifuuumidunsiauumanesunsSeuiiidaes
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]
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V. NMIUAAINARIY printf
A. NMIUIZTNIARALYS

3. MsAIluTeaU (loop)

50. MNAIE
scanf("%d", x);

W dranudluly svunisunled

L4

(AN

Y

n. Wasy %d 1 %f v

2. fodbd & w1 x

A. AUANAS scanf V14

3. TdraduLiunds x
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5. WUUVAARUHATNEVIETNIINSS e uRp Ut ukAs A umeLnanasun1siseudnluuila
LUUIANIANTUANINWING DULAT O UT UT IR UA N BLETUNFINITAALTIATUIULAY

ASANES19ATIA (31U 30 VD)

IedemaliaunusIl ImIaunusil
wUUMAsaUouSsuLasiaISEY MaBeud 2 Unisdnen 2568
%37 21910-1003 5187391 nsBeuTusunsursuiamadidosdy
srauUszmatieinsivdn Uav.1 arvndvunaluladssnanding
Jadouuste 371U 30 98 ATLULLAN 30 ATLUY LIAEBY 60 U1l

Hoandesau : WAARNUN Aav3uns

yaUsEaeAsEIYn ila
1. Wrlananns@eulusinsunauiames
2. IinwelunisiAs1e9t 8N UURIU Saian wagnisauiluswnsy
3. farwamnsnUszgndlimdsnishnuaoufnnedidowy

[

4. fneduaziatdenflunsufiRnumeanuazidun seunsy
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AFuas : TiniSewaendnauiigndasiigaiiies 1 4o nnumaslunszanyAney

SWEIYT 21910-1003 2391 N15WLUIUSHNTUABNNILMBSIUBIAY
2 wiena sEAuTU Unv.1

EEEXXXEKXKEKXXXEKXAEKEXXXKXEEXEXXXXEXAKEXXXLEEXEXKXEXXXEKEAXAXXXXAERAXAXXXXAERAXRKXXXXKRAXRXXXXXKRX

1. felananlagnaesiigniieafiu “Annuninevedlusunsuneuiimes”

. AMAIITYUTUN LA UTHNTY

V. YAsvaAFng iR uTLNeineUmeTUTEIANA

£ '
= )

A. WaunsuiiannduiielviussanuingUszasd

1. nauidsiiFouedunaliensaiiagnsruiunisveiusiagniu
2. MINAFBUANYNFBIVBILUTUATY Fowhudnduneulasolld

n. sARRSLTIIY

V. N1IATIAADUANUYNADIVBILAR

A. NseulusLNT

3. mMseanuuulusinsy
3. fupeuLsNYBINsTUINMSTuTUsINSURRLMESAoTeln

n. N1seanLUUlYSLATY

9. ASTUlUsIATY

A. MTATIZITYY

4. Manegeulusunsy
4. Supsunsveaeulusunsy nlsunsuanansanensladusausuansuainnann
41419971301 NVB LA

. syntax error

. logical error

A. run-time error

4. system error
5. Holn laild dupouiiugiuvesnmswannlusunsuneuianes?

n. NN15IATIZRlEy

9. N1598NLUUIATIATIIUSHATY
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A. MINagauluswnI
1. Mitegunsnironfinosival
6. SiinBoudeinsesnuuuiinuiionnasuvesiian 1 s 10 msSududeduneule
n. SumdauEuGY
. LAAHATIY
A, fuaAIFLUsSusy
3. ATUIUNATI
7. windeaniseenuuuiinuiiomuiamAnassvesiiay 3 67 msEuduanduneyls
. JUAPILAY 3 A7
. LEAINAANS
A. ATUIUNATIN
3. AwInARAe

8. MINABINITODNLUVATUTBLARINAT) “Aaaaiisunluaveviserann” aslidydnual

Talunisasiasuauly

n. dydnwaludning (Output)

9. dyanwalnisA1uans (Process)

A. deydnwainsdndula (Decision)
9. Hyfnwalidudiu/Augn (Terminal)

9. Wousvaiiivuiilormnunasvosiaay 1-10 duneuusnasdudeln
N. WARINATINVBINILAY 1-10
9. Busutmuaadawlsildlunisimuin
A. SuAduuAavI N LY
3. AnnaRaTNvesavlugy
10. ndesmadeusiadieuiiomeunniigassineaiay 2 @ (A uag B) mslimdadlalu
NNIAIAEOU
A. LOOP
9. INPUT

A. IF ... THEN ... ELSE
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3. OUTPUT
11, windesniseenuuusiafisuiionsisdeuisaviisunduasuinvieay msldmds
ToHundn
A. OUTPUT
9. IF ... THEN ... ELSE
A. FOR ... DO
4. WHILE ... END WHILE
12. luniseenuuuisnuiemaiadsresiniarsiuiunds funoulamsegieunisuaniug
n. SuAlavIINEL
9. ATUINATILLALNITAILIIUIUAIAY
A. axavdaUmEavfitdeu
1. muupaIrasdsSudulngl
13, mndean1seenuuUsnUiiovaasInvessuauly N @ (Fsuadn N T5ud) duneu
Taaeslunsgurunis
A MIWE eI ULz UINAS LA ILaT
9. NM3AS19FUINIUTUUINYS oAU
A. nsiSeuLiguaasan
4. AshEnsanINURnmg
14. WhinGou 52y mmmanevesdaydnual Process (sUAMABLHULN)
n. MalEusy/Auge
Y. ATSUNSOLANINA
A. NIUTZUIANA
1. mysndulanuufidouls
15. WinGou thuuAalld @eusiadiouiion “vasimveaay 1 fs 57 delagnifesiian?
ASum=1+2+3+4+5

9. Fori=11to 5: Sum

Sum + i

A. Fori=11to 5: Sum

.i=5Sum=i+1



16.

17.

18.

19. MNABINITATIVABUINRILUS x TA111NN71 10 visali AsllasIasdle

foladulassadrsiiugiuvediusunsunte C fignies
n. main() include<stdio.h> { printf("Hello"); }

9. #include<stdio.h> main() { printf("Hello"); }

fA. #include<stdio.h>; int main { printf("Hello"); }

4. #include<stdio.h> int main() { printf("Hello"); }
Adslagniasdmiuszmaiindssmnudiluni C
n. integer number;

9. int number;

A. num integer;

4. float number;
Folaromstimdssursnnusuanglifigndes

A. scanf("%d", &num);

9. scanf("%d", num);

A. input("%d", &num);

4. input >> num;

n. if (x > 10) printf("Yes");
. if x > 10; printf("Yes");
A. if (x > 10) print("Yes");

4. if x> 10} printf("Yes");

20. addlaldasnalassaiinrudinuanan 1 84 5 lagnaes

21. ﬁ’lﬁﬂﬁgﬂﬁ@ﬂﬁﬂﬁ%ﬂﬁ’lwuﬁﬁﬂﬁﬁ’;LLU‘i sum WINAUKNATINUBY a kay b

n. for (i = 1; i <= 5; i++) printf("%d", i),
9. while (i <= 5) printf("%d", i);
A. fori=1;i<=5; i++ printf("%d", i);

4. loop (i = 1; i <= 5; i++) printf("%d", i);

N. sum = a plus b;

9. sum = a + b;

209
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A. sum == a + b;
d.sum:a+ b;
22. 9nldsunsusielud
int x = 5;
X++;
printf("%d", x);
NaaNSAevLA
n. 4
9.5
A. 6
3. Error
23. IvtiniSeu vandle mdeiilduanmatoauluniw C
f. scanf()
2. printf()
A. if()
4. main()
24. nlAn
sum = 0;
for(i = 1; i <= 3; i++X1
sum = sum + i;
}
W AU A1ves sum nasaugy
. 3
9.4
A. 6
3.9
25. Mnlusunsuselud

#include<stdio.h>
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int main() {
int a, b;
scanf("%d" a);
printf("%d", a);
return 0;
}
FolnrodeRananfidosudly
A, VILAZOIVINY ; NS scanf
. duld & Eeuds a
A. VIAILAU { %189 main()
3. Tenda printf Laigndies
26. loulusunsuuduanimadnsliinsstufinnly dhiSsuasvidsadugisunsn
n. UalUsunsusaiaadlny
. ATIvdeUNsUTENALUsIavlindays
A, aulAaanunuasSudeulnl
3. 1#&s print() Weuansdananisify
27. haseluiidefinnaale
#include<stdio.h>
int main() {
int x =10
printf("x = %d", x);

return 0;

. VIALATDINUNY ; %84 int x = 10

. NUNFNIATY printf Ha

'
[

A. liflAnda return

3. VALATeIe " Tu printf
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28. MnlAndivunlirelud
if (x =5){
printf("Yes");
}
Tusunsufimsudlvegslslidouluvhaugnies
A, 1WA if (x == 5)
9. Waswmdu if (x := 5)
A wWaswdu if (x = = 5)
g. lispaunly
29. minTusunsalaianunsaneylwdlduazaiudn “undefined reference to main” Maneia
oyls
n. funaadulu printf
2. duld return 0;
A. lififlangdu main()
. Wifnsusymasauwds
30. ynlUsLNsUMnaANaTLYeIaEauRnnfinals Ynssunisasiageudlanou
n. nsaaulnaluswns
2. NSTUAAINARNIY printf

A. NSUTLAARILUS

3. mMsAuluseu (loop)
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6. LUUUTZLIUAINEBAARBINITAARIAIUIN (IOC) bNUTNNIT AL LULATLENINDSS

LUUUSEIUANEDAAADINISANTIATUIN (I0C) LNEUFINTS IRASLUUATNANINDSS

o v Y Aa a 4
VINRIUVBINYTUNUD

919159NUSnwInan
219158NUS w137y

MIINNY

WUszaA

m3eudsaluuilonuuganiasiuanmnedesatioussadsium
LN IS AAT AN ALAE NN ARES 98T A

UNATIARNUS AUNITUNS

NANGATINY AU TR

anadvinaluladaisaumalas nsaeansiiionIsane

LMAINIB AU NTZABUNAINTTUATIATID

AYeA1En 19138 A3ty Audau

AERIN3E A3.UAN 530N

WOl W By UTEilUANNADARG BINISAATIAIUIMN Y 138 le

Y
[

—

[

XIRLTY

1. WaUszluANaanAABRINISAAIAIUI (I0C) NN AL LUUAIUENINDTS

(Rubric Score) ¥84n15138u3 8RlULNLALUULANIANIUANTNIING BULATDUITULT A 1A

W DLESUNAINITAATIAIUILAZ NS ARASIIATIA



214

LUUUSEIUANEDAAADINISANTIATUIN (I0C) LNEUFINTS IRASLUUATNANINDSS

vorfuseiiiy

AU

T T
AN95UNY

N3AATIAMIN AiD NsEUIUNTANWISEUURAvIvHalunIsuA T tnenisuen
Yaymeonidudiuges 9 Fadrutunou AuMIFULUL wazas1adsuidgmedindussuy
Helvgiseuannsadsrendldufnisreuiamesiutymvainvatels lidrdaanizeuy
TUsunsudls

Tnefledusvneuvesmsandaruan ¢ esrdsyneu el

1) n13uUatgunn (Decomposition) ANaIN1saluntswentgynivuinlugvis
“EIJ‘LJ“?II@‘IJEJEJM%U{]ZQMWEjaﬂﬁﬁﬂmﬂﬁd’lﬂ‘ﬁu

2) NMsn13UkUL (Pattern Recognition) A3 8@1115alunsHUNALALILATIENR
mumilewidomuuanseiitingy iethunldiduuuamslunsudtam

3) M3AAYaUINETIH (Abstraction) AwaRNIAlUNISHLduanzdayanselady

o w v a av 1o & P v v Yo X
a1y wezaziuswazdealidudu Welidlalgmladaauiu

=b.

4) n1seenLuUsana3viu (Algorithm Design) manuaunsalunisiinuatunou

aa =) A & o w 1 1 P 1% 1 I
20N13 NIBNTTUIUNTVLTURINUATINE DY NTALIU LW@IﬂUﬂﬂiLLﬂ{jﬁyM’]aEﬂﬂLUU§$UU
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o X
ALY
A15USELIUANNADAAA DINITAMTIAIUINY (I0C) LNEUNNITIAALLUUANNAN TN

VYBINTLTYUS ORI UUNLALUUAN AN TUAN NG DULANTDUIT T IAUA NN BLATUNAS

Y

NSAADIAILIBALNSANASINETTA USENBUMILLNUNNIT AR BLUUAINENINASS (Rubric

Score) A1ENIAAWGIAIUIN LAEV1UAINITaNIITUITI8azd onveIT UL UL

(%
=

ASIAAZLUUANNANINASY (Rubric Score) Naaunsaunull

Wsaasosmune v asdludesindddnseduainufnaeainu Inedinue

TunnsRansansad
+1 WU ANUADAARDIAUAIDIY
0 WEhs laiudlaluanugennassiumiany
-1 WU laiflpnuaenndasiuminiy
Aefiwuuandae

1. wuuUszEluAuaennaeINAneAuIn (100) inneinsiinzuuumNanInass
(Rubric Score) ¥84N15158U3 8ALUUNALUUIANTAKIUANINIING DILAN BUITUT A LA

LBLES UNAINISARTAIUIULALNISANES 1985 SA
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LUUUSELIUANEDAAADINTSANTIATUIN (I0C) LNEUFINTS IRASLUUATNANINDSS

Usziiu 3 J R R HLdeangy
- oINS IRATIUUUIHAUAINENINDTS
N15UILUY +1 0 -1
1. nswualgyun 1.1 wislgymeenilutuneudeslsnsuiu

ezl (3 AZLUY)

1.2 wisllymeenilutuneudeslsiiou
ATUAIU

(2 AZLLUY)

1.3 wusteymlaueaiu usgsligniau

(1 AZLLUY)

1.4 lignansauwustamla (0 Agluw)

2. MIMIULUY 2.1 seysUsuunsennumieululymls
ae9gnAes Talau wavanunsnuily
Ussgnaldlunisuilandluildegwmnsay

(3 AZLLUL)

2.2 seygduuunseanumilouludaymle
gnaasalng widsldansaeulemse
ilUlglunisudlandlnalaasudau

(2 AZLLULU)

2.3 swysuuuunseanumieululymle
Ve Wadsduaunialigneeanvin

(1 AZLUY)

2.4 ldgnansasrysusuuvsenumileuly

Tayla (0 Azuuw)

3. MIAALTIUNETIY | 3.1 awnsaidendeyadhAtyliegegndes
o v oa an o g 4 ¥
Toiau uagdnaenlidlueanlansuiiu

(3 AZLLUY)
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2D,

Uszihiu b

eXe

83v8Y

- Fanauains AL ULUTZEUAUENTNDSS
13U +1 | 0 | -1

3.2 anunsaidendeyadifalagneiesdiu

gy uadafiunsdunlasndunsol

\WNetaaaunient (2 AzLul)

3.3 anansawdiondeyadiAlaiunsdiu wid

fiveyailaidndulsduegdaau (1 Azuw)

0
o w a

3.4 lgnunsaidienteyadiftyeenaindailyl

Fuduld (0 pzuuY)

4. N1599NLUY 4.1 Weudwutuneurselanlagneies

. a = = a a 1 ¥ 1
aNIN TUszandan Layeuanlade (3 AZLUL)

4.2 Wgudiutunesuvselanlagnssdiou

YUUA (2 AZLUL)

[

4.3 WYUANSUTUNBUNSDLAR LA At Il

YDRANAIN (1 AZLUL)

4.4 l3i@1u1saguaPuTUADUNI BLAR LA

(0 AZLLULU)

Tolauakuzliuiy @msun13UseliuAIugenAa 831 TAAT AU (10C)
NN IIAZLULANLANTNDTY VBINTHEUIONUUIARUUTANIAHUAN I NKIAR BN B UTTS

IBIRUAMNDLASUNSINITARTIA LI ULALNITANES19E55A

va o

=Y 1 [~ ] d' a v a a o
HIVYVOUDUNTEAMMNUT U NFINNTUUIZUAMNFDAANDINTAATIAUIAL (I0C)
L ¥ [ 3 6 1 a o Q’Jl dy I 1
WNUNNTIIREL LU UL S lovURRuIdeasatiduagnaunn
WNENIARTW Auv3uns {33
05 063 214 4633

E-mail. Sasinan.kan@pttc.ac.th
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7. bUUUSEIUAULEDAARBINISAATIANWIAY (OC) bNUTNNST AL LUUATLEN NS

LUUUSEIUANEDAAADINISANTIATUIN (I0C) LNEUFINTS IRASLUUATNANINDSS

o v Y Aa a 4
VINRIUVBINYTUNUD

919159NUSnwInan
219158NUS w137y

MIINNY

WUszaA

m3eudsaluuilonuuganiasiuanmnedesatioussadsium
LN IS AAT AN ALAE NN ARES 98T A

UNATIARNUS AUNITUNS

NANGATINY AU TR

anadvinaluladaisaumalas nsaeansiiionIsane
UANINUIUNALULAENILADUNAN T UATIATD

AYeA1En 19138 A3ty Audau
AERIN3E A3.UAN 530N

WOl W I UTEIUANNARAARDINITANAS WA TIANHITELA

Y
[

—

[

XIRLTY

1. WinUszlumNuaanAaoINIsANas19a55A (I0C) LNAINIS I AL LUUAINENINDT

(Rubric Score) ¥84n15138u3 8RlULNLALUULANIANIUANTNIING BULATDUITULT A 1A

W DLESUNAINITAATIAIUILAZ NS ARASIIATIA
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LUUUSEIUANEDAAADINISANTIATUIN (I0C) LNEUFINTS IRASLUUATNANINDSS

vorfuseiiiy

AU

SOV
A5U"eY
N13ANaTI9ETIA Ao ANEINITalUNITARNIISNISIuY 9 Yuuesudanivy wse

waneuaneslunisuitamuagasiwanuy wunsliuauinsiazniswedlesniug

=] I !

aa 1 [ a a g [y o Y a
Vlll’e]“gjL‘W@‘WGJ,J‘LJ’]LL‘LJ')?‘]WVILUUU?@ﬂii@JLL@%@J?]QJ@WIUﬂW’iUWIUI‘UT\]N

9

[

Tneflosruszneuresnsinadieassh 4 esfusznou fai

1) muAn3sa (Originality) AanuasalunisadrsuurAalmifiliguuunie
Lﬁsmwué’?ﬁu Tanwuzanizuaziuanlvl

2) AuAnAaedLAga (Fluency) Ariuaiuisalunisadsiuifnldegiemaiies
59057 wagiisuiuninneluszesnaisuine

3) mnuAndangu (Flexibility) mnuaimnsalunisuiuludsununfanieyunes
TWvannans denndesiuantunsaiviedamiiuaneiei

4) AuAnazdenase (Elaboration) Auautsalunsiiniusisazdunniavens

wIRRlvtianuaIysal asuiiu wazaunsatludszyndlilaasa
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o X
ALY
A15USLLIUANEBAAABINISANES19ETTA (I0C) LNAUIINNT AL LUURUANINDT

VYBINTLTYUS ORI UUNLALUUAN AN TUAN NG DULANTDUIT T IAUA NN BLATUNAS

Y

NSAADIAILIBALNSANASINETTA USENBUMILLNUNNIT AR BLUUAINENINASS (Rubric

core) MEUNTANATIATIA LgvTuaIsaNaN TN TIEazidenvagUL Ui izl

£%
=1

ANUANINDSY (Rubric Score) NANIauNuLl

Wsaasosmune v asdludesindddnseduainufnaeainu Inedinue

TunnsRansansad
+1 WD ANNABAARDINUAIDIY
0 WD laudlaluanugenrdssiuAiany
-1 WU laifimuaenndaasiumny
SR IIRT AT ot

1. uUUsEUANADAARDINIIARATINETIA (I0C) NAFINITLYAZLULANNANINTS
(Rubric Score) ¥84N15158U3 8ALUUNALUUIANTAKIUANINIING DILAN BUITUT A LA

LBLES UNAINISARTAIUIULALNISANES 1985 SA
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RUUUSLLIUANEDAAADINISANES19855A (I0C) 1NUIINIS IAASUUAINENINDS

eXe
[=J)}

Usziau \We2u8y

¥ (4 %4 a a
FaLnauaIN15 AZLULUSSEUANENTNDZ

n5UsZLaUY +1 0 -1

1. ANUARSISY 1.1 wAnvsarauinnuwlantuy e

a5 uazlinme (3 AzuuL)

1.2 WUAAANSINAUTANUIALUNY wWaES

AANYYDIRY (2 AZLUL)

1.3 wAnvsenanululuuyill lides

LANE (1 AZLUL)

1.4 WA DNANUT LAY THkaRIAILAR

Twa (0 AzwUL)

2. ANUARDILAG? 2.1 auedoundamvsenuiaala

“aINNANBUINAL 3 35 (3 AZLUW)

2.2 lausdountgymusonuifals 2-3 35

(2 AZLUU)

2.3 @uelounlauvisenunAalalies 138

(1 AZLUY)

2.4 lignansaauedsundamvssuulfnle

(0 AZLUU)

3. ANEAEY 3.1 wuauwnfnvisedsuwidymliainvany
HUUDWALVAEITNUANGA AT URE 19 TR

(3 AZLLUU)

3.2 i@uawunfavsedsuidyminainyuses
MuansineiuunedIu widsldasoungumn
AU

(2 AZLUU)

3.3 @uawnfavsoTsundyminainyuses
Wandudaulug Ssnanuvainuans

(1 AZLLU)
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2D,

Uszihiu b

eXe

83v8Y

- YNNI RS ULUTZIUAUENINDTS
13U +1 0o | 1

3.4 ldansaausiunfnvseloundymly

HUNRINUANFLA (0 ATUUL)

4. anuazdenaee | 4.1 vengAnuAnvselAnliauyTel i

571982L08AATUAIU TH9ULA39 (3 AZLUL)

4.2 YpgAuAnrIelAnlaReul1ENY TRl

(2 AZLLUU)

4.3 Y818ANUAANIBLAA ALNESUIEIY WH

galyauysal (1 azuun)

4.4 lsiau150v818ANUAANSBLAR Lo

(0 AZLUL)

TorauawusiufY dmTUn1sUsHIINANADAASBINISARAIISETIA (I0C) WNeInIS
TAzLUUMLANINATY U013 83 onluuIlaluuan1ANIUANINLING BLATT D UATS

IBIAUANNDLASUNAINISARTIANLIULALAISANES19ETTA

H3d8veveunsrAuvulueg19geinianUsuidiunudenadeen1sAnas1eassa (100)

' v o < & 1 a o a & 1
WNUNNITIAREL UL UUTE lew LR 991R 8RS Il Tupe1911Nn
WNEIARTW Am3uns {33
05 063 214 4633

E-mail. Sasinan.kan@pttc.ac.th
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8. LUUUTELIUMUANINAIILUNINTIUNSAAIA LI (Rubric Score)

Medewmataunusl Janiaunusil
WUUUsHLiuAEN YN 1SANTIAIWIM 518391 N15WeulsusuARNImasIUDIY
AAEUN 2 Un1sAne 2568
o vy @ a v oA vy = o ‘/

A1Ruas liaeudunanginssuvesinGeuluseninuseu Wiaeudeuniaming

A1U518n15UTEIEY T19n158g 1 SEAU

BUUUTZHUAMANBAILNITANLTIATU I

STAUATHUU

s98n15USZLAY
3 2 1 0

1. mMsuustlynn (Decomposition)

2. n3m3uiuu (Pattern Recognition)

3. NSAALNUNINGISY (Abstraction)

4. M300NKUUSAN3NY (Algorithm Design)

JIUATLLUY

JEAUAMANYULNTAALTIAIUIN

A v a
AYDHUTT Ui




nsiUana
10.00 - 12 .00
7.00 - 9.99
4.00 - 6.99
0.00 - 3.99
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Az Ined dmsAndeiwinegluseRuiinian
Az U8 InsAndeiwinegluseAuiin
Az I8 AnsAndieiwineglussAuUunans

Az e AnsAndsiwineglussRuUuls



A1T1UNAUINNTTIAATHULTZAUAMANYZNITANTIAIUIN
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ILAUASLUU
F18n15UsY
3 2 1 0

1. mswualdgm | wustaym wuatgym wustgmla laaunsanus
(Decomposition) sonidutunen | senlutunou | unsd uadslyl Yaymlal

golapsudau | geglaliou LU

uaz AL ATUNIU
2. MIMFULLY | seyueuune | ssugduuuvise | ssygduuuvie | ldanunsasey
(Pattern aavilouly | anuwdeulu | anuwdleuly | suuuunse
Recognition) Tymlgegne | Jamlagndes | Jaymila Aol

andos Tanau | ddulvig) urds | vediu uids | Javnla

wazaLsn EIGRPTRET duauvald

ihlvszendld | delosde | gnifosisnun

Tunmsuilang | shlulalunns

Tndliioeng unlanglvula

AT AL ATV
3. NSAALTN anTaLaen au3aLa9n @130La9N laignunsaden
WETIY ToyadAgyla | TowadAnla | YeuadAnle | Jeyaddny
(Abstraction) GEERARELE andesdulng | vediu usidad gonanasiilyl

Yorou uazdnds | uidsiirsdin | Feyadlidndu | Suduld
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Abstract

This study proposes the Micro Self-Directed Leamning through the Immersive Virual Environments model,
designed to strengthen learners’ computational and creative thinking— two essentlal competencies in the 21st
century. The model integrates three core components: self-directed learning processes, micro-learning sequences,
and immersive virtual environments that enable learners to interact with digital spaces and peers through avatars.
The purpose of this research was to develop Micro Self-Directed Learning through the Immersive Wirtual

Environments model as a conceptual and practical framework for enhancing computational and creative thinking.

The model was evaluated by experts from various institutions with professional experience in instructional
design and learning system development. The findings reveal that the overall appropriateness of the model is
rated at the highest level. The results confirm that the proposed model can serve as a guideline for developing
immersive micro self-directed learning systems almed at strengthening computational and creative thinking
among learners.

Keywords: self-directed learning, micro-learning, virtual environments, computational thinking, creative
thinking

L. Introduction

In the twenty-first century, the rapid advancement of digital technologies has significantly reshaped learners’
lifestyles and learning behavior. Traditional teacher-centered instruction, which relied primarily on texthooks,
lectures, and limited access to information, is no longer sufficient to meet the needs of modern learners. With the
development of computers and the internet, students have gained greater autononry in terms of seeking
information, leading to the rise of online learning and the integration of digital media into instructional practices.
Today, the emergence of artificial intelligence (AI) and immersive virtual environments has further expanded
learning opportunities, enabling learners to access knowledge anytime and anywhere. These technological
developments underscore the need for educational systems to adapt and equip learners with essential twenty-first
century skills to thrive in a rapldly changing world (Mational Economic and Soclal Development Board, 2016).
Thailand's educational reforms, particularly within the context of the Thailand 4.0 policy. emphasize the
development of human capital capable of adapting to rapld technological change. The national agenda highlights
the importance of preparing learners with competencies that align with digital era demands, including critical
thinking, communication, collaboration, and the creative use of technology (Office of the Education Council,
2017).

Similarly, the 2024 Vocational Education Curriculum underscores the need to cultivate learners’ capabilities for
sustainable living and professional advancement in a digital society (Office of the Vocational Education
Commission, 2024). Within this framework, computational thinking has emerged as a foundational skill that
enables learners to  analyze problems systematically, recognize patterns, and design algorithmic
solutions—competencies that apply to various vocational tasks such as programming, system design, and data
management (Wang & Wang, 2024). At the same time, creative thinking supports the development of innovative
approaches to problem-solving, product design, and workflow improvement, making it an essentlal quality for
vocational learners navigating dynamic and technology-driven environments (Wan Mohd Nasr et al., 2024).
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2. Literature Review
2.1 Self-Directed Learning

Self-directed learning (SDL) refers to a learning process in which learners take primary responsibility for
defining their learning goals, planning their learning activities, selecting appropriate resources, and evaluating
their own progress. SDL is closely associated with self-regulation, which involves the control of one’s thoughts,
emotions, and behaviors to achieve desired learning outcomes, as well as self-management, which emphasizes
the planning and organization of learning tasks. These interconnected dimensions collectively support the
development of effective and sustainable learning capabilities. SDL has been widely recognized as an essential
approach for fostering independence, critical thinking, and lifelong learning in various educational contexts
(Aulakh et al., 2025).

£.2 Micro-Learning

Micro-learning is an instructional approach designed to meet the needs of modern learners by providing short,
focused learning units that target specific objectives, This approach enables learners to engage with content in
brief intervals, supporting flexible, on-demand learning that can be accessed anytime and anywhere.
Micro-learning facilitates efficlent knowledge acquisition. allowing learners to absorb new information quickly
and revisit content when needed. It also supports personalization, as learners can select learning units aligned
with their interests and learning goals. Previous studies highlight that micro-learning enhances learners’ ability to
manage their own learning, improves skill development, and accommodates diverse learning needs throughout
the learning process (Rokraiphet & Chatwattana, 2024; Leela et al., 2019).

2.3 Wrtual Environments

Immersive virtual environments are digitally constructed three-dimensional spaces that allow learners to interact
with their environment and with other participants in real time through personalized avatars. These environments
create lifelike learning experiences that simulate authentic contexts, enabling learners to engage In activities that
would otherwise be difficult to replicate in traditional classroom settings. The use of avatars provides a sense of
social presence and personalization, contributing to increased engagement and motivation (Mystakidis, 2022).
Immersive virual environments have also been recognized as powerful educational tools due to their capacity to
support interactive, flexible, and learner-centered learning experlences. When combined with micro-learning
structures, such environments offer opportunities for short, focused, and meaningful learning tasks that enhance
learner engagement and experlential understanding (Tupthong & Chatwattana, 2025).

2.4 Computational Thinking

Computational thinking is recognized as a fundamental skill for solving complex problems, enabling learners to
think systematically and logically when approaching real-world situations. It involves a set of cognitive
processes such as decomposing problems Into smaller components, recognizing patterns within data, applying
abstraction to filter relevant information, and designing algorithmic steps that can be executed to generate
solutions. These processes help learners develop structured problem-solving skills that are essential in
technology-related domains, including programming, system design, and data management. The development of
computational thinking is therefore a critical component of twenty-first-century education. as it equips learners
with the analytical competencies needed to navigate technology-enhanced environments effectively
(Sintikhetkron & Sawangmek, 2021).

2.5 Creative Thinking

Creative thinking refers to the ability to generate ideas or solutions that move beyond conventional boundaries. It
involves integrating knowledge and experiences to produce new and valuable outcomes, emphasizing originality,
fluency, flexibility, and elaboration. As a key cognitive skill, creative thinking supports Innovation and effective
problem-solving in complex simations. Its importance continues to grow across educational and professional
contexts, where learners must adapt to rapid technological and societal changes (Rattanawarophat et al., 2023).

Given the increasing Importance of computational and creative thinking in a rapidly evolving digital society,
there is a growing need for learning approaches that support autonomy, flexibility, and deep engagement.
Micro-learning offers a promising alternative to traditional approaches as it enables learners to access short,
focused learning units that can be completed anytime and anywhere, while supporting efficient knowledge
acquisition and personalized learning pathways. When combined with immersive virtual environments,
micro-learning can provide realistic, interactive learning experiences that encourage learners to engage actively
with content and peers through avatars. Such environments promote experiential learning, motivation, and
sustained engagement, especially when designed to support self-directed learning processes in which learners set
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goals, manage thelr own progress, and evaluate their outcomes. Consequently, the integration of self-directed
learning, micro-learning, and immersive virtual environments presents a compelling framework for developing
learners’ computational and creative thinking skills, thereby preparing them for lifelong leaming and
professional adaptability in the digital era.

3. Research Ohjectives
The research objectives were as follows:

I. To study and synthesise the conceptual framework of Micro Self-Directed Learning through the
Immersive Virtual Environments to Empower Computational and Creative Thinking.

2. To develop the Micro Self-Directed Learning through the Immersive Virtual Environments to Empower
Computational and Creative Thinking model.

3. To study the results of developing the Micro Self-Directed Learning through the Immersive Virtual
Environments to Empower Computational and Creative Thinking model.

Expert evaluation indicated that the developed model achieved the highest level of sultability, confirming its
appropriateness for promoting computational and creative thinking amaong learners.

4. Methodology

This study employed a design and development research methodology to construct the Micro Self-Directed
Learning through the Immersive Virtual Environments model almed at enhancing computational and creative
thinking. The research procedures are as follows.

4.1 Participants

The participants consisted of experts from various institutions with demonstrated knowledge and experience in
instructional design and learning system development. These experts were selected through purposive sampling,
with the criterion that each expert must have at least seven years of professional experience in education or in
designing and developing instructional systems. Their expertise ensured the reliability and rigor of the model
evaluation process.

4.2 Research Insiruments
Two primary instruments were employed in this research:

1. The Micro Self-Directed Learning through the Immersive Virwal Environments model was developed
by the research team.

2. A model suitability assessment form. This consisted of five-level rating scales evaluating the overall
structure and components of the model.

¢ A score of 5 indicated the highest level of suitability.
¢ A score of 4 indicated a high level of suitability.

s Ascore of 3 indicated a moderate level of suitability.
¢ A score of 2 indicated a low level of suitability.

¢ Ascore of 1 indicated the lowest level of suitability.

The data obtained from the expert evaluations were analyzed using mean (x) and standard deviation (SD) to
determine the level of suitability of the developed model.

4.3 Research Procedures

Based on fundamental ideas put out by experts in the field, the sudy methods were created using the principles
of systematic instructional design (Khemmani, 2018; Utranan, 1982). As shown in Figure 1 of the original study,
the processes were divided into three sections.
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Synthesis of the
Conceptual
/ Framewaork
Development of the Micro Self
Research Directed Leamning through the
methodology En

\
Figure 1. Research methodology

Figure 1 represents the research methodology for developing the model. This consisted of three stages as
follows:

Stage 1: The synthesis of the conceptual framework of the model. The researchers conducted the synthesis based
on a systematic review of the relevant literature, including that relating to self-directed learning, micro-learning,
immersive virtual environments, computational thinking, and creative thinking. The conceptual framework
resulting from this synthesis is shown in Figure 2.

Self-Directed Learmning

Micro Self-Directed Learning through the Immersive

Micro-leal
ey Virtual Environments

Virtual Environments

D

Achievement Computational Creative
Learning Thinking Thinking

Figure 2. Conceptual framework of the Micro Self-Directed Leamning through the Immersive Virtual
Environments model

Stage 2: In terms of the design of the model, the researchers based the design on systems approach principles
(Khemmani, 2018; Utranan, 1982). This model is composed of the following components: input factors, the
Micro Self-Directed Leamning process through Immersive Virtual Environments, output, and feedback.

Stage 3: In order to study the results of the model, the researchers employed criteria for evaluation and the
interpretation of results (Srisa-Ard, 2013) to determine the outcomes after experts evaluated the model. These
criteria are as follows:

«  Highest level, with a suitability score of 4.50 - 5.00

#  High level, with a suitability score of 3.50 - 4.49

»  Moderate level, with a suitability score of 2.50 ~ 3.49
«  Low level, with a suitability score of 1.50 — 2.49

«  Lowest level, with a suitability score of 0,00 - 1.49
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5. Results

The design of the Micro Self-Directed Learning through the Immersive Virtual Environments model to enhance
computational and creative thinking can be concluded as follows:

5.1 The Design of the Micro Self-Directed Learning through the Immersive Virtual Environments Model

The model was designed for use as a guideline to further develop instructional models that integrate self-directed
learning, micro-learning, and immersive virtual environments. It is anticipated that this model will promote

learners’ computational and creative thinking, both of which are essential characteristics for systematic
problem-solving and the effective use of digital technologies.

The design of the model is based on systems approach principles (Khemmani, 2018: Utranan, 1982). The
structure of the developed model and its components is presented in Figure 3.

Inputs q\&p\ Envil Result

Computational Thinking

position Recognition

Y, <
Us )
Mtion prect

Figure 3. The Micro Self-Directed Learning through the Immersive Virtual Environmen ts to Empower
Computational and Creative Thinking

1. Input factors: This refers to the environments and the elements used to design and develop the model in this
study, namely:
¢ Students: Students refer to learners enrolled in the Certificate of Vocational Education program in
Digital Business Technology who actively participate in the learning process by applying creativity,
problem-solving skills, and collaborative practices within a virtual learning environment.

o Teachers: Teacher refers to an instructor with demonstrated expertise who plays a pivotal role in
designing, managing. and supporting learning processes that integrate digital technologies and creative
thinking within a virtual learning environment.

* Leaming objectives: Learning objectives refer to clearly defined aims or goals established for the
learning process to ensure that learners achieve the intended outcomes.

* Content: Content refers to the systematic design of instructional materials, knowledge, and essential
skills that enable learners to acquire and develop an understanding of fundamental computer
programming. The content is appropriately integrated to support practice-oriented learning through
concise, focused, and well-structured short activities. Leamers engage in developing logical thinking,
preblem analysis, and introductory coding skills using an appropriate programming language.

e Metaverse: Metaverse refers to an immersive virtual environment created through advanced digital
technologies in which learners can interact with the environment and other individuals via avatars in a
closely bling real-world experiences.

2. The Micro Self-Directed Learning Process through Immersive Virtual Envirc This ¢
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represents the learning process designed to be based on the concepts and principles of Self-Directed Learning,
Micro-Learning, and Immersive Virtual Environments. The details of these concepts and principles are as
described below:

2.1 Self-Directed Leamning is a learning process in which learners play a central role. They take responsibility for
establishing learning goals, planning strategies, selecting learning resources, and evaluating their own progress,
SDL requires learners to regulate their thoughts, behaviors, and emotions to solve problems independently and to
develop conclusions based on Inguiry, reflection, and analysis. It begins with helping learners recognize their
prior knowledge and learning needs, after which they are able to set goals, explore information, and engage in
learning activities that foster autonomy and lifelong learning.

2.2 Micro-Learning is a learning approach that organizes content into short, focused units intended to increase
engagement and motivation. Each micro-unit is designed so that learners can access and complete learning tasks
efficiently within a short period. Micro-learning activities must align with the intended learning objectives,
allowing learners to practice skills or reinforce knowledge while interacting with coneise, targeted instructional
materials.

2.3 Immersive virual environments are digitally-constructed wvirtual worlds created through technologies such as
virtual reality (VE) and augmented reality (AR). These environments allow learners to engage in various
experiences, including learning, practicing skills, collaborating, and Interacting socially. Because immersive
environments combine VR and AR, learners can interact with digital objects and the surrounding environment in
a vivid and realistic manner. According to previous studies (Mystakidis, 2022; Suzuki et al., 2020), immersive
virtual learning requires five key elements: avatars, virtual environments, collaboration, content creation, and
real-time interaction.

Referring to the study and synthesis of documents and previous research relevant to Self-Directed Learning
(Pereira & Pereira, 2025; Thossata et al., 2024; Wu et al., 2025; Aulakh et al., 2025; Bangpoophamorn &
Wiriyanon, 2019, Covindharaj & Swaminathan, 2025; Khan et al, 2025; Phueakaeim, 202Z) and
Micro-Learning (Hilsmann & Dodson, 2025; Albooghobeish et al, 2025; Gong et al., 2025; Plankarnka et al.,
2025; Tupthong & Chatwattana, 2025; Sarakarai, 2022; Virlyasitthared & Piromsombat, 2022), the researchers
developed the guidelines for synthesizing the Micro Self-Directed Learning process through Immersive Virtual
Environments, These are summarized in Table 1.

Table 1. Synthesis of the Micro Self-Directed Learning through the Immersive Virtual Environments model

Self-Directed Learning Micro-Learning Micro Self-Directed Learning through Immersive
Virtual Environments

1. Readiness assessment 1. Defining a single learning 1. Preparation and goal setting stage

2. Learning goal-setting ohjective 2. Goal-setting stage with advanced organizers

1. Engagement in the 2. Presenting key concepts 3. Practical learning stage through sub-activities

learning process 3. Toplc-specific activities 4. Summary and evaluation of learning outcomes

4. Learning evaluation 4. Summative assessment

Table 1 represents the synthesis of the Micro Self-Directed Learning process through Immersive Virtual
Environments based on relevant documents and research. The learning process derived from this synthesis can
be summarized in four stages as follows:

Stage 1: Preparation and goal setting. This stage involves encouraging learners to explore their prior knowledge
and readiness while identifying clear learning goals. Learners are supported in understanding the overall learning
content, enabling them to prepare effectively for the subsequent stages.

Stage 2: Goal-setting with advanced organizers. In this stage, learners are given opportunities to set their own
learning goals with the guidance of key concepts presented as advanced organizers. These organizers serve as
structured pathways that help learners plan their leamning in alignment with their needs and capabilities.

Stage 3: Practical learning through sub-activities. Learners engage in short, focused, hands-on learning activities
such as exercises, tasks, games, or through digital media. These micro-activities are designed to provide direct
experience, strengthen understanding, and support incremental knowledge development.

Stage 4: Summary and evaluation of learning outcomes. This stage focuses on reviewing and reflecting on the
learning process. Learners evaluate their own use of computational thinking and creative thinking skills,
summarize the outcomes, and identify areas for further improvement in future learning cycles.
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3. Output: The expected outputs of the model are the development of leamers’ computational thinking and
creative thinking skills. Through engagement in the four learning stages, learners are expected to demonstrate
improved abilities to analyze problems systematically, generate solutions independently, and apply creativity in
designing new Ideas or approaches. These learning outcomes represent the key competencies that the model aims
to strengthen.

4. Feedback: The feedback component involves using information from both the learning process and the
resulting outputs—computational and creative thinking —to refine and Improve each stage of the learning
process. This feedback mechanism ensures that the model becomes more coherent, effective, and aligned with its
intended objectives. It also supports continuous enhancement of the learning model for future use, making it
suitable for the development of essential twenty-first-century skills.

5.2 The Study of the Design of the Micro Self-Directed Learning through Immersive Virtual Environments Model

In reference to the evaluation of the design of the model conducted by experts from various institutions with
expertise In instructional design and learning system development. the results with regard to the model
architecture are as presented in Table 2 and Table 3.

Table 2. The overall Elements of the Design of the Micro Self-Directed Learning through Immersive Virtual
Environments Model

Evaluation lists Results Appropriateness
Mean S0
1. To what extent are the principles and concepts used as the 480 045 Highest

foundation for designing the learning model appropriate?
2. What is the level of suitability of the elements of the Micro Self-Directed Learning
through Immersive Virtual Environments model

2.1 Input factors 500 000 Highest
2.2 Learning process 460 055 Highest
2.3 Output 480 045 Highest
2.4 Feedback 480 045 Highest

3. To what extent does the learning maodel support learners” leamning? 460 0.55  Highest
4. To what extent are the components of the learning model aligned 440  0.55 High
with the development of computational and creative thinking?

Total average 4.71 D46  Highest

According to Table 2, the overall suitability of the model was rated at the highest level (Mean = 4.71, SD = 0.46).

This indicates that the model contains complete and appropriate components that can be effectively used as a
framework for designing Micro Self-Directed Learning through Immersive Virtual Environments. The results
also suggest that the model has strong potential with regard to supporting the development of computational and
creative thinking, which are essentlal learner competencies for systematic problem-solving and the effective use
of technology.
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Table 3. Results of the assessment on the design of the Micro Self-Directed Learning through Immersive Virtual

Environments Maodel
Evaluation lists Results Appropriateness
Mean SD
1. Input factors
1.1 Students 480 045 Highest
1.2 Teacher 500  0.00 Highest
1.3 Learning objectives 5.00 0.00 Highest
1.4 Content 4.60  0.55 Highest
1.5 Metaverse 480 045 Highest
Overall Mean of Input Factors 484 037 Highest
2. Micro Self-Directed Learning Process through Immersive Virmal Environments
2.1 Micro Self-Directed Learning Process
2.1.1 Preparation and goal setting stage 480 045 Highest
2.1.2 Goal-setting stage with advanced arganizers 480 045 Highest
2.1.3 Practical learning stage through sub-activities 5.00  0.00 Highest
2.1.4 Summary and evaluation of learning outcomes 480 045 Highest
Overall Mean of the Micro Self-Directed Learning Process 4.85 0.37 Highest
2.2 Immersive Virmal Environment 5.00  0.00 Highest
Overall Mean of the Immersive Virtual Environment 488 0.33 Highest
3. Suitability of the Model (Output)
3.1 Computational Thinking
3.1.1 Decomposition 460  0.55 Highest
3.1.2 Pattern Recognition 4.60  0.55 Highest
3.1.3 Abstraction 460 055 Highest
3.1.4 Algorithm Design 460  0.55 Highest
Overall Mean of Computational Thinking 460 0.50 Highest
3.2 Creative Thinking
3.2.1 Originality 480 045 Highest
3.2.2 Fluency 4.60  0.35 Highest
3.2.3 Flexibility 480 045 Highest
3.2.4 Elaboration 4.80 045 Highest
Overall Mean of Creative Thinking 4.75 0.44 Highest
Overall Mean of Output 4.68 047 Highest
4. Suitability of the Model (Feedback)
4.1 Feedback
4.1.1 Results of the Assessment of Computational Thinking 480 045 Highest
4.1.2 Results of the Assessment of Creative Thinking 480 045 Highest
Overall Mean of Feedback 480 042 Highest
5. Appropriateness of the model (Practical Application Dimension)
5.1 The appropriateness of the developed model in terms of 440 055 High
enhancing computational and creative thinking.
5.2 The appropriateness of the leaming process of the model in 460  0.55 Highest
terms of enhancing computational and creative thinking.
5.3 The feasibility of applying the overall model for further 4.80 045 Highest
development into a practical, real-world learning platform.
5.4 The feasibility of implementing the overall model in trial settings.  4.60  0.55 Highest
Overall Mean of the Model (Overall) 4.60 0.50 Highest
Overall Mean of Model Appropriateness 474 0.44 Highest
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Referring to Table 3, the analysis of the suitability assessment of the model indicated that the overall suitability
was deemed to be at the highest level (Mean = 4.74, 8D = 0.44). This suggests that the model comprises
appropriate components that can be used as a guideline for learning through a problem-solving process, enabling
learners to engage In systematic analytical thinking and authentic practice. The results further imply that the
model can stimulate learners to recognize emerging problems through systematic thinking supported by effective
use of technology.
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6. Conclusion & Discussion

Micro Self-Directed Learning through Immersive Virtual Environments represents a virtual learning process
designed through the integration of self-directed learning and micro-learning, implemented within an immersive
virtual environment. This model adopts a learner-centered approach that encourages students to engage in
autonomous learning in an enjoyable and challenging atmosphere. The instructional content is structured into
short, concise learning units, allowing learners to access and understand content rapidly and effectively while
strengthening both computational and creative thinking. Through immersive virtual environment technologies,
learners experience realistic and interactive learning, engaging with the environment and peers through avatars.
This design is pedagogically aligned with evidence that technology-enhanced leaming environments can provide
timely support and feedback that reduces leamners” cognitive burden and facilitates higher-order cognitive
processes, which are closely linked to improvements in computational thinking (Yan et al., 2025).

The assessment of the model indicated that (1) the overall suitability of the development of the model was at the
highest level (Mean = 4.71, SD = 0.46), and (2) the overall suitability of the model itself was also at the highest
level (Mean = 4.74, SD = 0.44). These findings suggest that the model encompasses appropriate and coherent
components and can serve as a practical guideline for developing micro self-directed learning processes within
immersive virtual environments aimed at enhancing computational and creative thinking.

The results are consistent with the view that the integration of virtwal learning media with computer and
information technologies enables leamners to learn independently, monitor their actions, and receive real-time
outcomes (Sreejun & Chatwattana, 2023). The findings also align with the argument that Self-Directed Learning
effectively strengthens analytical thinking by encouraging learners to independently analyze information, make
informed decisions, solve problems, and plan their own learning (Bangpoophamorn & Wirlyanon, 2019).
Furthermore, the findings correspond with the notion that micro-learning—through short, focused activities
within small leamning units—enables learners to complete learning tasks efficiently and assess their own
outcomes Immediately (Suvandy & Chatwattana, 2025). Additionally, research on computational
problem-solving has shown that both individual and collaborative implementations can significantly enhance
computational thinking, particularly when activities are novel, well-structured, and mativating—suggesting that
the immersive and challenging nature of this model may strengthen learners’ situational interest and sustained
engagement. Moreover, evidence Indicates that collaborative approaches may be especlally beneficial during
planning-oriented stages (e.g., algorithm design and flow representation), whereas learners may prefer more
individual control during intensive coding or execution stages (Celik & Bat, 2025).

In addition, evidence from learning-model development research supports the Importance of articulating a clear,
phased learning process and validating the model through expert review and preliminary fleld implementation.
For example, Muliadi et al. (2025) developed a structured multi-phase learning mode] and established its content
and construct validity through expert validation, followed by preliminary field testing that demonstrated
significant gains in students” creative thinking. Compared with prior studies that examined collaborative
programming ta enhance computational thinking (Yan et al., 2025) or cooperative learning within computational
problem-solving approaches (Celik & Bat, 2025), the present work advances the literature by proposing a
unified, implementable framework that integrates self-directed learning and microlearning within immersive
virtual environments to jointly promote computational and creative thinking.

However, this study is limited by relying primarily on expert-based sultability evaluation; future research should
conduct experimental or quasi-experimental trials with learners (e.g., control/comparison groups), longitudinal
implementation across settings, and direct measurement of learning outcomes and mediating variables such as
cognitive load, engagement, and self-efficacy.

This study’s seientific contribution is the development and validation of an integrated instructional model that
unifies Self-Directed Learning, Microlearning, and Immersive Virtual Environments into a single, implementahble
framework. The novelty lies in specifying how these elements operate together through defined components,
learning phases, and design principles—rather than being treated as separate approaches, The study adds new
knowledge by (1) formalizing a conceptual- procedural design framework for micro self-directed learning in
immersive environments, (2) operationalizing key components and processes for implementation, and (3)
empirically validating the model through systematic evaluation and application in practice. As a result, the model
provides a research-based framework that can be adopted and further tested to advance technology-enhanced
self-directed learning across contexts.
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