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Abstract

The purposes of this research were: 1) to develop transformative learning model
with digital fabrication laboratory to enhance innovation competency and creative
product 2) to develop transformative learning with digital fabrication laboratory system
to enhance innovation competency and creative product, and 3) to study the effect
of transformative learning with digital fabrication laboratory system to enhance
innovation competency and creative product. The samples of this research were
50 undergraduate students program in Industrial Engineering Technology, Faculty of
Digital Technology and Innovation of Southeast Bangkok College who enrolled in the
industry innovation laboratory course. The tools in the research were the innovation
competency assessment form of the FINCODA Project and the creative work
assessment form. Data were analyzed by applying arithmetic mean, standard
deviation, Dependent t-test, One Sample, t-test, and One-way MANOVA.

The findings are as followings:

1. Transformative learning model with digital fabrication laboratory to enhance
innovation competency and creative product had 2 components as followings:
Component 1. Transformative learning consisted of 5 processes: 1) Learning Change
2) Find a new conceptual framework 3) New Planning 4) Testing and 5) Integrating new
Competency and Perspectives. Component 2. The Fabrication Laboratory was
comprised of four main processes: Design, Prepare, Fabricate, and Assembly and
Installation. The digital fabrication tools were divided into four categories, including
Hardware, Software, Material, and Storage and Simulator tools online. Transformative
learning model with digital fabrication laboratory is a learning model to enhance
innovation competency and can creative product, with the evaluation of suitability of
a model of Transformative learning with digital fabrication laboratory to enhance

innovation competency and creative product which was ranked in the highest level.
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fUsgansam LLasﬂvaiJ'cjﬂﬁammmmﬁauéwuam?ﬁyaﬁiamiﬁmm lagnszuIuNseRAsITUil
MsUsMsATiUsEAnEnw Wusssn uarliidenuftinnssnnenugisssunamdniisss
ssdesfimaimunszuuuimsdanisyaainsniasiiasisagdlauasfsgaliauiauins
hnsamdamaianuiiiaugsiuesiussiumalalunsfiazsiudundnlauussmalug
Wmneifislszasd (@rinnuaniamnmsasgiakaydsauuiand, 2561)
MngnsAanivid 20 U danalinsgnssiivaiiotasugianazdenulidnia
LNUENSAENSNTENTIATTLIATUgRIuALdIRAN WA, 2563 — 2567 IilanauaALDs
MIAnAuUve N UENSAEnIIR 20 lneditderiaide Wudiisasndnaunisldmalulad
uazuianssuAIviaLiiedundeulszimalneluguszmalne 4.0 TnBunugNsAEnT oz
Tszavuiinuam@infintulaelszaeuazarunsadifsdoganis q uaguinisld
ag9dzAIN 3957 Tusamnnsallasiiinsgunnanasguaziensuruszuumnalulad
Advianilaseneiivhfnariiussansnmie s iidusssy uenaindduadalviniady
Ufuiasunszuiunsminaugszuuadna fnsduaiudideauliiianiuuasines
G’huwmiuiasmmaLwammsmamumi%maaumimﬂwmﬂswLwﬁlﬂamimuma%m
ffuindeuseuinnssy’ (Value-Based Economy)IﬂsjL,Lmuqmmamuﬂﬁmaulﬂma
6 gsmansio grseani? 1 WawlassaieiuguAtvialfiusyansnmeseunquituiily
Uszinenazdisafidusssuamsnangld elisvuvuansadrdedeyauazuinigi
winfleudu gnsmansd 2 Wudngnmnsusdusonsldveluladuazuin nssufivaiiie
Wugadmaasugialasduaivatvayulifusznounislugraimnssuninnisndn
N15U3N15 TavnaguvukaznguiAsegnagiusintdinaluladuazuinnssuniia
Hynuseing szuudaluiRuasvuoud didnnsedindsaeioruardumedidniioiudnanim
LATAIINAINNTAlUNTLYITUAUNTHER N1sA1slusUkuueauladuazsruuNITULES
Auduarladafnd TauedsdaadunimaiauarnisamulunisinugnanssuAiva
gusEnanii 3 onseiuaunmTAnvesUszrvusemaluladidvia Weliszvvudaanin
Fndirtuanmslivsslovdanmeluladiataiionsimun Smart City Tnensadrsaniag
Lnmﬁa:uLﬁaL'Syaﬁiamia%ﬁﬂamaLLa“ﬂiWé’umﬂG{’fﬂsﬂwﬁmﬂLwﬂiuia%%ﬁaéfm%’wﬂmﬂ
dueganinfivuuazinda auaaﬂwﬂﬁv%wumﬂaﬂ%aaua walulagadianngluuuls
otvaieaTsd Swiviuueiienuiuinteunuididaaiumataniaieteguruiioans
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anuaszninuazidilalunisldinaluladadva uenanildadvayulinnaiadiuning
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AT0E191NINTIIU viTowlastayaaAnuIAuae 9 Tieglusunuudviauazide Waun
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neganuinnITukazinaluladfdvialiien1sAnyr n1siSeuinaendinuaznisivuinag

a

AUAUAIN LU unannasy wenndlatu lunanisiseunisaou eni/den19iseus
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gNnsAansi 4 duasunisiauinisuiussuvu a1asy wazatatenyuluguuuudina

€
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Tnsn1asgiinsusuildsunszuiunsviau/uimsnassgssuuaiviameonisdaaiali]
Tassadreiugudielarunsofmuiuinisdanioy (Smart service) uazuinnssuiiie
A15U3M3 (Service Innovation) S1uieAMAEAINIDRUALEIAINNFBINTYBIUTETTY
LaznIAgIAY uanntssdnaiuliAaunaniesunarsdmiunisliuinisvesniady
Msudmsiansdeyaafiivnenis msdafudeya msiesed madenles Wasudeyauas
n1sldveyavuinlvg N13USMI50Eg19lsTTNIAUIR N1TUTMITNITIANITHALNITRILFADU
Fuimugaiesingsuiinaiudeanuansalunimeinsaionnia venniddaeasa
Wiinsszuunsieaeuliliaugndesuazauaussuuasaunalindulunuunsgiuuas
afuinnssumaddaiiiesnssdunun minidulinsdeduinden gnseantdl 5 Wamn
dsaulvindouiingyandsia TasmsiaungiinaunnaiveInuasvdngasuaz nnsiaun
finwy anudsimgueluladivialiiuiniassuasenty venainidesidudesiamun
thirosdnslunmialulagadvalulilunmusuuasiamosdng sursdsduaiuniad
LWILTBIYARINTINAUSEIMATT AALTEURTTE wazevsmansdl 6 aiiauas
duasuanuidesilunsldimaluladfidvialinnnediuiinudesilunsldimaluladfdsa
AgMsmUIUTuUTIngrane seidou Ulguty LN NTOULEINIG UIRTNIT WINTTIULAY
nalniidegluilagsulituadowaranuiinionslulsenauag szaninassmanisiamn
wswgiauardsauAiva sanfdiaiuardnaiuliinanuiunsasnsonslewesie
W UuUssssuu vielaiesdlelvitiusyavsaw ensdesfunazsvusmunianseii
anuRanisaeuiiamed mudsndedlassadisfiugrudidynisansauma uasiauidi
asrnstumsiimalulagfdvaluldlunisnunuuasinunesdnsiageuimsinnislaseaing
ﬁugmiumw%ﬂqm sz UUAeansudn uardeasdiseniiesesiumsrinueti
sial,ﬁaﬂmqﬂamumitﬁ (ﬂizm’mﬁ%ﬁaLﬁamwgﬁml,azé’aﬂu, 2562)

NUELY fenandmaliniansanerdndudesinisusudimunisurugnsaans
uagn1sidsuudadlugailagiu vivliddnnudansensnisgaufne Inemans 33
uazuinnssudndudeasefaiaminisfne Sedaununisgaudnuifiendnuag o
Adenuveslszing w.a. 2564 - 2570 Liletdunseufianianiswauin1sgaudnu,
emans ITeuazuinnssuvesUssmaniglaiderial “gaufinwasiay asadyauiie
Waudsaulneegsdsdu Usznoudeussifugnsaansiduindounisnanuagiamn
Adirureslszsine Usznousie 3 Ussiau Ao Jadiauazinasau szuuilineide way
gaudnuiluinield 3 gnsarans Ao gnseansdl 1 Ao Waudneninau (Capacity
Building) qwﬁmam%ﬁ 2 fp duasuszuuiineidanudne (Research Ecosystem Building)



wargnsAIansi 3 Saszuugaudnunlal (Higher Education Transformation) 21013
3 gnsaand asdudifianuddglasiamslugnsmansil 1 dasefaudnaninan
[lemauausInsiauUsEmANugNsmManiud Jsaantugandnwisndunisianisinm
Lﬁamiﬁauimaamw%im (Lifelong Learning) Lﬁ@iﬁﬁ@msﬁauimaaw&w’?ﬁmLLazL%
Tondliussusuynauauisaidnfivesdnuiwarusnsmalvinisvesantugaudnuila
oelififadnin usasututinfnwanunsofasodeastulduondrsnafidutndne
stantugaudnudndufesnndenlssuaraivanuduudsditunisinuszdudu
TnensensefuamnInNIanIsAnwIess AU uguLag seRvo T @nuiiteld dndnwid
aunniodwielitusziugaufnu Wewauhdsauidlussuunsfinuuasuasfiegly
panLsInusoaglunguuen’sieu (Non-Aged Group) lsfiAfoumuussing uiifnis
dsp Dinweisadindmdulanluanssud 21 I6unsnu wazmsiauidaanings
MANATEILEING LaganunsniFeuiuarUius i Tausssumsvieiivanvanedu
Adsruditinudnuaranssausfinng aussauznisUseneuadniivinuznsu oAy
sesfuniluilagiiunazeuian wazaussousnndunalan aussousimariazsnelffdnn
annsnfmLIAues ATEUATY Raondudtay TaNfen siaUssmaegiedBu uenand
andugauAnudidndudesinanimuindouiitodonislitinvesdndnwviynnguly
an1tfugaudnu (Campus Life & Universal Design) T#iussennimBasanisdsunisaon
wazmsiiuinvesindnuiu deosmilefanadnfanslivseloniegrainiiiounasiae
mﬂﬁ'ug'uwi;:iﬁhjﬁmmﬁmmiﬁLmﬂ ﬂuﬁqﬁﬁﬁmmﬁmmiﬁmw (Special Needs) Ludnl
fin1sfideny dnvsfiwn dAanssy TaoudindoudmsudnAnuilifisane uonani
andugaudnusiduasslenanisitidigeunueswihiwasusssu Taslindlasly
219784 (Access & Equity in Higher Education) Lﬁasaﬂ%’uﬁfﬂﬁﬂwmﬂm nﬂi’aﬁmmﬂ
asounfineldtos doslonta fRinisanuusndadesduduin WesAniw e o7y
A0UEVIYARE FNAUT VisoALAAiunInIsdosdulidadoundydAuiesgesuyey
anusanfansfnyisedvgandnyiegrslinuainguiniieudulagldidenujda
anndugaudnwdndudesatuayugfiviawaaununindlvilonaFouriuiuganyu
mMstnfiuauyesdy Bununnsinw Suyudbuvionuyniuiloduianisinulusuuuy
Ae 9 imwxqamﬁuqmmﬁﬂmé’qﬁmﬁﬂﬁqﬁqmﬁmmiﬁﬂmﬁm%’uﬁqﬂmq (Education For
The Elderly) Fsaandugaudnwidndudesnisiamndnsawlidanuiuazsinuzifiownmn
AuAIMAIAlTaINsaaLanueala 3 naudAgdenddalrsiiuunisiseunisasy
Fudusosdinmaianitesosiuluansswi 21 gnsmansd 5 Reafuiamuidselindes
WhdeaAsugiakasdinuaiviaUsenau sae 1) auvinwesuwmelulagfidvialiuiyaains
TumanaussnuiimasguazonyunaIvoinuasntaete wae 2) daaiumsiauvinug
anudemgimaluladiongdnlifuyaainsaisivndndumaluladfidviaiujiaau
Tunafjuastenvuiiiesesiuanudosnislusuian Sedawalvandugaudnuidnduy
Feauiugluuunsisunsaeutiiosesiunmsinau laesluuunsieunuuasusiy



(Transformative learning) ﬁaLﬂugﬂwaﬁqﬁﬁm'méhﬁmiumaﬁﬂﬁﬁ’ﬂﬁnmmmsa
UiudsunszuiuviedlmiifionisGouslvaile

Msi3suiuuuiasusiny (Transformative leaming) Aaifuguuuudiseaiunisizeu
nsaeuluAnlssud 21 (@ndduagsate, 2020) Adulfdndnwvannsalasasgainuda
waraufAnvesnumesiudunauazshanudlalandml eiudn arandeiiogidema
Fafndamansznudenisisaiiausesniu samnisuiduiusfuaunazduandouseud
(AurAnenisidouduasAnyimansumiingrdusssumans, 2558) lugaddvatl uanain
welulaBansaunauasnisdeansasfudadoiuguiiddalunismssdindsesrustlu
mMsfnsedoas mIaFeunsaounarnminuudfaiueissdiefdfglunstauussine
Tasey Arndiludiusng 9 Lﬂiuﬁ’mmiu%misﬁagaﬁgqﬁmmEm A15udnEe ot
mmws'ﬂssmaLLamUﬁauLLaqumwﬁmﬂa (Hutchinson and Sawyer, 2000) a1nUszlevl
fing 9 Seiliuszmalnediudeeuddalunsldinaluladasaumauaznsd eas i
finsudndulimeluladansaumeanaznisdearsuldidueniodlieddylunsdundou
fmuUssimansduiassgRauasdany (Useans, 2557) Tagnsguaunisnisiieusuuy
WasusiwaziuliinAnvldiddunnaeuiieliiAinuszaunisainsdluninouin
vanviane Inslaynznisdinauaginmenuruazaudevenules dwalsiindnwiiia
n1sdune farsanlasnsesegieseuiuiazasilidn@nwiaunsaiuissunsveslym
A1 9 19 (AugIneInsiieuiuas@nwiA1ansun1ine desssuAans, 2558) wagiiun
waniAsufuiSeusiilelilddeasy (3ustln, 2562) Tutlagtuiinisadsnszuiuiinlng
dmunisseuilagnisiiuianssumaluladuidszendlddmsunisiSounisaou
(Andreev, 2023) vesiindnwn faouuazfiiades iogathlviin@nuiuszansanuay
wnwgludusg q 1nTu (Mykhailenko et al, 2019) 1y Winwglunisfunit n153Asze
N3 AUATIEN NTALYDUAR LAUARASINATIA JUAUINIT (WAYS, 2562) \egewauley
UnANwIEINTANMUINITRNTINANS 9 16 (OECD/EU, 2019)

Mniinduigifunsiseuiuvuivasurinudusduuunssuiitisativayuld
dnfnwlumssed 21 InUssiviuinnssulunsazdsshvsnanuuinnsaulddusiod
aniiilidnAnulineassufod TunsSeulumssed 21 duieuldlswszaniada
e?fui‘]uﬁmﬂﬁﬂ’amiﬁmmimaﬁumiﬁaumiaauﬁgﬂ 2 yuluu %Qﬂizﬂauﬁwqﬂmaﬂ
waluladfivuatiofaiuensiifuazeonduag

l59Uszansfidvia (Digital Fabrication Laboratory) AstlusiesufiRnisdmiusesiu
AILTUUNITAOULAZNITODALUUBENES19ATIA (Transformative Learning Technologies
Lab, 2018 : NTNU, nd) iled e sl n A nwianansnadauazUssAus uinnssu (Troder, 2016)
1wmﬂgummsa%ﬁmaumaaUﬂimmsawamﬂIuhamuaqmq L iaigesfndmiuh
1A39a379 2D uaz 3D \n3eafnBiduTdmiurhunnssuarBuduAifinuiiugn ndosiiu
30 waziaiesauny lasgunialivaniasyhauusendunsaeniunesdmsunsaiuay
Lﬂ%q%’ﬂmam%ﬁmq (Baijo, nd. : Troxler, 2016) 2MnAIUAAIUAMNTLTUNS 8 TUADILA



(Madatech, 2014) uaﬂmﬂﬂf‘liwizaaaa%ﬁaé’qu‘flul,méﬁam;musumﬁﬂﬁﬂmﬁ’u
dninalulagansiuued wieluuazaieassannuilumusig 9 (NTNU, nd. : Troxler, 2016)
Mnfnantedu silvasetuuanlumsiaunsuiuunsieuiuuuasurinme
TswsvanaRdviaiiioduaiuaussouruinnssuuassanuaisassdvesinAnyiilenauaues
nsFeunsaouluanissudl 21 Afunisdeunisaeunagnisinufdaiieatunisld
wialulagveslnAnw (Partnership for 21st Century Skills, 2012) WowIouaunsouves
tnfnulvanunsadiglanuianisihanuluswenats

1.2 dngUssaAvuain1sivy
1.2.1 W guuuunisissusuuuiligusdiunelsalszaefdvialiiedaasy
AUTIOULUINNTTULALNANUAS19ETIA

a o

1.2.2 1eWAIUITEUUN TS UTRUUUABUH A8l UTE A0 IRTNAL O LES

2

ANTTOULUINNTTULATNANUAT9ATIA
123 \ilefnuwinansmaasdldszuumsiFouduvuiudsuiiuielsaszaeaiaia

WiedaiaiuanssauzuinnsuuasNaNUaTIETIA

1231 WewSsuiiisuasuuuaussauruianssudouiounasndasoues
tinfnunfiieumneszuunsBeuduuuidsuinudielsesvas sndvialiloduaiuanssouy
WIANITTULATNAIUATIETIA

1232 WewSouiflsuasuuuaussauruinnssunasnanuaiassAnd oy
yostihAnniiBsuseszuunBeuiuuudsuiuselssuszasindviaifioduauansouy
winnssunazsanuaiasiAtazinAnvfiGsusensaeunuuUnd

1233 WewsuiisuasuuuanssouruinnssundaiouveaindnuiiFeu
fesruunMaisuduvuilasuiumelssszansAdvaliiodsaiuaussauzuinnssunas
HAUATATIANULN WS

1234 WewSsuifisuazuuunanuaiisasiavdasouresin@nmiiousie
sruunsdsuduvuaswiumelssrassidviaiieduaiuaussouruinnssunazany

AS9ATIANULNN

1.3 dUNAFIUVBINITINY

13.1 n@nwiiFewnessuunmaiFoudivuiasusiiusel ssszassiaviailodaaty
AUTTOULUIANTTULATNANUATNATIALALUUUALTTOULLIANTTUMGUTBUNINATINBULTEY

13.2 in@nwiiFewnessuunmaiFeuduuuiasuriiuielsssrassiaviaiilodaeta
ausTouzwinnIsulazNauasasTIAlinzuuuanssauruinnTTuLar NaUaeaTId
vdaFsunnniindnwiiseusensasunuulni

13.3 in@nwiiGewnessuumaiFeuduuuiasuriuielsssrassiaviaiilodaaty
ausTauzuiANTIULAYNaNUATaTIATinzuUNaNssausLInnTSUrdASswIAN TN



1.3.4 dnfinwliTeumgseuunsiseushuuiUasuruniglsaUszananivialiioduasy
AUTIOULUINNTTULALHNAINUAS9ATIAL AL LUUN A UAS 19ETTANS IS UNINAINLAUN

1.4 YBUWAYRINITITY
1.4.1 UsgyansAe dnd@nwrseaudige1ns arvimalulagieinssugnaivnis
AMYINgAansuasinalulal Inerdeisdariunanen
1.4.2 nguddegeme Unfnwseaudiyging a1vmaluladiainssuenainnig
AuEINEIFanskazmalulal Ineduwisdariunen amsidsuseulusiedninufus
N15uInNTsuluINI5gRaINIIUIINIY 50 AU T1uIU 2 vies LISNsduete (Simple
Random Sampling) lagldvieaseuduviinonisgy emmunnguiin@nuiilGousmeszuy
nM3i3euduuuasuriiuelssszassidvialiledsauaussousuinnssuLALHAIIY
a¥assAdiua 25 A waznguiinfnuiifeusensaeuluutnAdau 25 au
1.4.3 fuUsildlumside
1.43.1 fuusdufe 3BNsEeuNsaou
1.4.3.1.1 NMSBEUNTARULUUUNG
14.3.1.2 M5130UnN15a0UMIBTEUUNSISBuFuuUIAs U udIY
159Uszanemavia
1.43.2 fuUseuAD duITOUEUINNITULASRANUATINETIA
1.4.4 sgpzanildlunisveaes 1 MABeu $1udu 16 §Uavi Ae anaFeudl 1/2565
145 Womiflilumsidede Juilnuftinsutansslunamsgpamnssy

1.5 NIDUKUIAANITINY

nsoULLANNTITBIT0ssULUUM S suFuuuAuRufelssUsEaeaRdviaLile
duaduaussaus NS TILaENANUES sEssFadsEssAansn T 1-1 TneflsteaziBundeil

1.5.1 mn‘%auﬁuwm?{surﬂm (Transformative Learning) Usznausie 5 sunau fe
Funoud 1 maﬁauﬁﬁamaﬂﬁauuﬂaq (Learning Change-TLl) Funaudl 2 n1smn
nsauLuIAnlu (Find a new conceptuatframevvork TL2) ﬁuumau‘m mimumu
n15UfURlvad (New Planning : TL3) umauil 4 n15neaaes (Testing : TLA) uazdumaud 5
mﬁgsmmﬂmﬂmamiaumawgmaﬂm (Integrating new Competency and Perspectives :
TL5) (Mazirow, 2000 ; Brock, 2009; Lu51@05, 2558; Lunidnunlkavane, 2560 ; NAYg
LaEAfE, 2562 ; Beer, 2019 ; Yildinm and Yelken, 2019 ; aigniudasAe, 2560 ; Stork
et al., 2023)

152 TseUszaesiasta (Digital Fabrication Laboratory) Usznausng & fumoy e
1. n1599ALUU (Design) 2. N15LA38UN1T (Prepare) 3. N15a@319Na9U (Fabricate) whag
q, mﬁﬂﬁzﬂammzmﬁa@g}gﬂ (Assembly and Installation) (Lewis and Clark, 2017 ; Hamid
et al,, 2018 ; Lorenzo et al., 2018 ; Lee et al,, 2019 ; Putro and Wirasmoyo, 2019 ;



Soomro and Georgiev, 2020 ; Yuan et al,, 2020 ; Formlabs, 2022)

1.5.3 @ussausuinnssy (Innovation Competency) Usgnounie 5 93AUsznau Ao
1) nsundeyniee19a319a95A (Creative problem solving) 2) N15AALTITEUY (Systems
thinking) 3) AOET RICIRTIT (Goal orientation) 4) n15%191uLufin (Team work) way
5) N1585191A39918 (Networking) (Keinanen et al., 2018)

1.5.4 NaINUa319a55A (Creative Product) 1) Usznaunie 5 89AUIENaU Ao
1) anuudanlug (novelty) 2) AnuagLden (resolution) wag 3) @led (Elaboration and
Synthesis : style) (Besemer and Treffinger, 1981 ; Besemer and O'Quin, 1999 ; Cropley
and Cropley, 2005)



ﬂ‘]‘é‘ﬁ&lué’uumﬂﬁﬁlumu (Transformative Learning : TL)
Mazirow, 2000 ; Brock, 2009; w518S, 2558; windnwalunsanly, 2560 ; WAYY wasAMy, 2562 ;
Beer, 2019 ; Yildimm and Yelken, 2019 ; aignud uasaaiy, 2560 ; WAYg uazAy, 2562 ;
Beer, 2019 ; Yildinm and Yelken, 2019 ; aigniusd Uszduuiu unzAs, 2021; Stork et al., 2023

TssUszaasfiania (Digital Fabrication Laboratory)
Lewis and Clark, 2017 ; Hamid et al,, 2018 ;
Lorenzo et al., 2018 ; Lee et al, 2019 ; Putro and
Wirasmoyo, 2019 ; Soomro and Georgiev, 2020 ;
Yuan et al,, 2020 ; Formlabs, 2022)

1]

AUl 1 n13Bvus Ao UTeuLlag (Leaming Change : TL1)

=]

L]

unauR 2 ArTrinTaulkuaAa iyl (Find a new conceptual framework : TLZ)

=]

=i = e

wroUNZ Myaueunn s SURT] (Naw Planning = TL3)

te

=

£e

URDUR 4 Aaveana (Testing : TL4)
JuanuT 5 msusamsARaL I3 usLavapNedvl (ntegrating new Competency and Perspectives: TLE)

=

1. MsooniuyU (Design)

2. maw3uuns (Prepare)

3. AseEsanasy (Fabricate)

4. ﬂ’ﬁUSSﬂ@ULLagﬂ’lﬁaﬁl&?ﬁ (Assembly and

Installation)

4

L 4

sdsuunsBeuiuuudheusiud el adseaadidiamiadadSuausnuzuinn ssuuazna s e sRa 195350

Transformative Learning Model with Digital Fabrication Laboratory to Enhance Innovation Competency and Creative Product

v

AuTsauzuIAnTsa (Innovation Competency)

Keinanen et al., 2018

1) msuAdeywed1aaseasse (Creative problem solving)
2) msfisndiaszuy (Systems thinking)
31 nyaakiiving (Goal orientation)

4) przvienudiy (Team work)

5) pyasaeseis ( Networking)

v

waeUsF198997 (Creative Product)
Besemer and Treffinger, 1981 ; Besemer and

O'Quin, 1987; Cropley and Cropley, 2005

1) erswdantugd (Novelty)
2y pnsazkdes (Resolution)

3) dled (Elaboration and Synthesis : style)

] a a v
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1.6 Usgloniilésu

1.6.1 WsuuuumsBeuwuuiasuriiunmhlulflunsinnddusunuilunis@ngm
a3 wazidunmalunmshlu$uldluuundu 9 Wy msGeumsasulusefuentafnm
uarmsAnwItuiiug

1.6.2 IflssUszansiaviadmsullunisSeunisasuiteimunanssauzuinngsy

1.7 Henudwianiz

1.7.1 snuunmsdeusiuuAsusu vanefs sUsuumaBeuiivsenoude 5 dunou
Ao Juneuil 1 maﬁau%tﬁamsLUﬁwLLﬂm (Learning Change : TL1) Fumeuit 2 N5
nsaunkulIAnlui (Find a new conceptualframevvork TL2) Fumauiis mimumu
n15UfURLmal (New Planning : TL3) Uunaufl 4 n15naaes (Testing : TLA) uazdumaud 5
N1sYIUINISIMARaNsTausuazyuuealnal (Integrating new competency and
Perspectives : TL5)

1.7.2 Iiwi“ama%ﬁa IRERK ﬂi“mumiﬁauﬁﬂi“ﬂauﬁw 4 NTZUIUNTT AD
et 4 Supou fe uil 1 Mseenuuy (DeS|gn DFl) Fuit 2 msms*&mmi (Prepare : DF2)

[
Ud

$udl 3 nsa¥1amasu (Fabricate : DF3) uay 9uft 4 nsUsznaunazings (Assembly and
Installation : DF4)

1.7.3 \esesilovedlsasvasidvia et gunsalflflunisBounsaeuntseeniiu
a4 f1u fie 1. Frusreuas (Hardware) 2. Frusonlsiuas (Software) 3. duagiildly
nsHBRNAIL (Material) uag 4. fiufldmiumsdnfudoyaluzuiuuselat (Storage and
Simulator tools online)

1.7.4 §nsaugiin (Metaverse) vaneds nesilefldlunsiFounisasutsenaudie
5 994 Mg 1. 199n19158U3 (Classroom) 2. NM588NLUY (Design) 3. N5i0381N15 (Prepare)
4. Msa51amau (Fabricate) 5. MsUsEnauLasnIsAng (Assembly and Installation)

1.7.5 aussouruinngsy wneds auanunsnvestind@nuifenduanufnaieassd
NMsAnegiiNTINML ANNARTEY Mevhanuduiueseetie

1.7.6 wasuaivassanuneds dassAvsfinguiindnusauiuadaassdlaguiu
mMsUszfiunasnuimenisliazuuuuuusuiaditensvaussdymiindnwilg@nwiain
AsEUIUMIEBUMsABURUSTUUNS B BuiuuuIAsuuseTlssUszansidia

1.7.7 FBaouuuuuni vinefis msdanisSeunisaeunarnisiiujduiussulutusou
5NN havNAN Y

1.7.8 nfAnw vanede dnAnwseauuSyaes a1vmelulaginingsuenannig
ANINEImanshasinalulal Ingnaunsdariuinen amzileussulusedvinu]ianis
winnsslunamsgramnssilagliisnmstounsaousiusuuuunmaousiuuasuinge
lseUsgansiavianagldisnsseunisasuluuung
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LNAITHAZIIUIVLNINYIVDY

M998 Fee sUuUMISeuSiuuaswihuselsisrassidviaiiedaaiuaussnus
uinnssuuaskauaisassd fideldAnvienasuaranideiifendes dueludl

2.1 m3Feuduuuivasusinu (Transformative Learning)

2.2 159Uszansfadvia (Digital Fabrication Laboratory)

2.3 @usTauzuInNTsu (Innovation Competency)

2.4 WaUasEsIA (Creative Product)

2.5 uAdeRiAtes

2.1 ﬂ'liL'%EJuil,LUULﬂ?i'Elu&hu (Transformative Learning)

TunouidiifovotnausneazidoaveanisiouiuuuiUdsuniiu (Transformative
Learning) FsUsznaudiUseiAvesnisifouduvuasuiny  mnuminevesnisisous
LUUWABURY wagasAUsEnUTaINIsFouiuuuAsuRY Tnsusazihdediseandoadsd

2.1.1 UsgIivesmsBouiuuuideuniy

ma‘%auﬁuumﬂﬁauﬂhu (Transformative Learning) Qﬂﬁmﬁu%{ﬂﬂuﬂmwmiw
1978 Tagtindsruineg1v1iemiiude uda walsd Jack Mezirow) Tnglduurfnuiain
139113 3 v (Kuhn ,1962, Freire ,1970 and Habermas ,1972) siamnidunisisews
diensiAsuutasiauitiaaan a.m.1978-2006 Fanguiiildsuanuaulannduiifeu
waznIdeludiunisfiner Meziow na1aliin nsseudtiodunszuiunisvesnisld
Uszaumsaiisundiedrluusuldiieduwumslunssfiunislueues (John, 2016)
Mnnsisuuvameinunisinsdaudefnauilagtuilidngyn Disruptive Technology
fiianadsuulasiiiAntuegemniidmaliaodunisinvvatswdtlianunsausy
sUuundounsaeulidenadastuaniunisaiaseiiindulutioguld dufuguuy
ﬂﬁﬁauﬁuuuLﬂ?{sumuﬁagﬂLLUUﬂﬁL%uﬁmmzamﬁuqﬂ Disruptive Technology
(Mezirow, 1991; Mezirow, 2000) tn31zA15i3suduvutdsusiiudunszuiunislu
A1sIABUNTaULLIAR (Frame of reference) TnsnisnszdunazndndulifiSoutin
AMsLUABuLUAsNLS (Perspective Transformation) HunsazfouAnes19dnteain
Aglunuies (Critical Self-Reflection) wagn1saunun mm@mmmﬂﬁwﬁuﬁﬁu (Discourse)
mm;fqQL%auawuﬁia%'Uﬁaﬁuﬂfgwﬂwaj q eUsraunsalfildinenuinenneuluszning
nsseulutudey (Experience) ﬁﬂﬁr;:ﬂ,'%ﬂul,wiazﬂummmﬁwiﬂajmia%ﬁammwmsﬂ,mjﬁ
Lﬂ?iaumulﬂmﬂymmLLazmﬂwmaLﬁmléf (Mezirow, 2000)

212 PuvneveInsBuiuuuidsuniy
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mMsBeuiiuuiasurinudodusuuuunsFouiléduanuden Taefiindvnisane
yiuldlinnumneistunmsdeusioudsuinleeiineandondel

Habermas (1991) 1#l%A1umangv03n15158UFUUULUABURIY (Transformative
Learning) A® N1511A11LU11aN 15158 U5 IAYALAOILENAIINLANAIIVBING BN
MR NaasaarMsUfTRIUgN a1 sassAdesng

Mezirow (2000) 1#l#A21umu189890115150uFUUIUABUNIY (Transformative
Learning) fie Ns¥UIUNSISEUTHIUNTARYIBUARYBIRULEY (Critical Reflection) mvu'ﬂ,ﬂa
miﬂiuLﬂaaumaummmwul‘mmmiamaummmlwwLﬂﬂﬂm faudauundy
iielaninsafin iAseivieRansanuenaILLANG1 YNATOU 9 FegliseuasULaz
yndflddmautu savianmsadalaseniuiudaig q seusamntuauiilugidsuntas
auLed Inensysan1saudilaanyssaunmsaivesmuiessuaunsain ldgnsujuala

Taylor (2007) lél%A21umuievesn1si3ouiuvuiddsuniiu (Transformative
Learning) fia nsiUasuulasainniely Imamﬁamiﬁauimuﬂixaumadﬁcﬁumﬂuaﬁm
Tunsazvieuinnululszaunisaling 4 Juiliaanisdeusdas 3 1 fie 1. anude
(Belief) 2. unluvirti(Concept) wag 3. Aua1THRIANAN (Emotion)

Sutherland & Crowther (2008) Msi38usgn1sasuutas mneda nszuIunsitae
Tauldasunsevyusedunisudledgmifienn (problematic frame) MAnaINAIITET
finasewgAnssuanidovosusiazau uaranmslvianumnevesaNuAgiuviedsi aanis
puguLesosLiaray fagdelian nsuitlaymldduasies limnismslums uitiym
LidenuiUiuavdalalunisudtom SvdsimuaiaziiatuneldTausssy n1v way
UszaunsalvesusiazauiiayvaevasslviauiinsuasuuUasmunes msAnuazamddnau
Tt liAnsudsusadluiyanatu

Yildinm and Yelken (2020) ¢l ennavsnegveansi3suduuuivaeusiu (Transformative
Learning) Ao n15i3eusifieyatiuluiinisiasuulaswesyanauaznguynna lnguiu
nszvauMsTusishensiasusinuai mnude wavauAgiuvessiazyararunslngnes
DYNLINTUY U

Andreev (2023) 1#l#Aunu18909n15150uFuvUIUAs Uk (Transformative
Learning) Aa n133818and1inn135U3 Fausazyanaamnsofasianufuauea sty
AEAn Anade Msduliugu wazaNLDIeRUTTAIATRIAULDY

azlden wavaniy (2557) dlrienamanevesnsiFoudiuuiasurinu (Transformative
Learning) fie MstUABuUUasusH UM TABuLUAINSEUINNT S ouUszaunisallas
nsa¥rsdrinlmivazivdsunaslandimiiiielfiAnannudlalunues inlalanuaz
ANdNTuSIeday dvinwelunisAuai Aesien duasedt avviouAniiaiuAnai19assa
LAZIUAUINTS

ANEINYINTTISEUIUAANYIAIENS UN1INedesIINAEnS (2558) lalviadnuvsng
yesmaiFeusuuuIAsus (Transformative Learning) Ao wunAnuazn1sufuaniyathily
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AEouldlasanigmnudnuazauddnvemues edinauagyenudilalandimiaude
mmLﬁnawmummaqwaﬂimumamimswmﬂs 917U immmiﬂgauwuﬁﬂmuum
mumaama‘um Nu’lﬂﬂ‘U‘Uiuﬁ‘UﬂﬁﬁumiLiSUSWMaﬁﬂVIa’]EJ'VNﬂﬁﬁ’]i’Jﬁ]LLau‘VI’WI’]EJﬂmﬂ’]
uazALLdovRImuIes ileWiAnN1ISuA N, Wmimﬂmmaqamﬁaumu LazaneARTI
oyanuAnAILToTuAnssInauILY AR LTl ALenTW AaENAYMLLAA
solfleuunudifiunniu

ysagan wavansy (2561) Ilsianumanevesnsiieusiuuiasury (Transformative
Learning) Ao n13i3suifienaiintulifaannnisuunseudredeiiferdostudundon
13917388 (Objective Reframing) lnsnslasasiayAstudeasunieauufgiuvesynnady
NN1581U MINATINdym visen1sieusiunsU R

MnfinaINILdgIdeaiunsaasuainunuisvesnisissuiuuuivasuniy
(Transformative Learning) Ao n3zuiunisiisusifieliiAnnsivdsundasludiies
fumnde wluvimd waz orsuainuidn Tnesiunisazieudn nislasnsesagiedl
Insagnanhlugnsuiuasunseunudalaesinsysanmsanudilaanuszaunisal
Yo9nUeRUlgNTU TR

2.1.3 dUsznouvesnsiGouiiuuasusiny

nmsimaluladiinsdsunvasinmiilsaniann dwannniadiudosd
nsusuldsumsizmaluladasifudedodidalunisWaundudwazuinig il
mansAnudududestusilasamsiisafunsianisSouaey Juhliinisihguuuy
nMaFsuiuuudsuwiuanyszgndldiieusudsunuiniudnveadiFeuliiudy
aruBsuudadlutiigiiu nefieanBenvesesdussnaudsd

Mezirow (2000) Nd1731058UIUN5Y03015 5 0uFuuuIUAD U IuUTENO UMY
10 tumeu Ao 1. n1siwdgiuaniunisaliidisainyuseais (Disorienting Dilemma)
2.119M57388UAULDY (Self-Examination) 3. n1sUsgidluduufgiuiau (A Critical
Assessment of Assumptions) 4. n1sseudunisivdsundas (A Recognizing of a
connection between one’s discontent and the process of transformation) 5. N1SAUM
madenlnsiesaes (Exploration of options for new roles, relationships, and actions)
6. MINWHUNFUFTRNY (Planning a course of action) 7. MsmANwSLazvinuefidndy
ALY (Acquiring knowledge and skills for implementing one’s plans) 8. N15NAaBY
NIMULAU (Provisional Trying of New Roles) 9. Myassanssauzuazauiule (Building
competence and self-confidence in new roles and relationships) k&% 10. N1TYIUINTT
mméﬁlm\i (A Reintegrating into one’s life on the basis of condition dictated by one is
new perspective) lnsusaztunauiiseazideadi

1. MeWBgyivanunsalfiinaanyuseiiia (Disorienting Dilemma) Lilayanados

[y

wayfuUszavnisaliiessuulanyuueainveswmuiaslusin Wy auge Alley

o

o

Toduiivgiu MMiyeraiinnuduantaznetedlun1sususi
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2. MINTINEABUALLBY (Self-Examination) inmsfiyaaaldnuaniunsalfiviliiin
Arwdvaundunoud 1 fnaviliyanadesmsnasuauidnuesmuentu muidnnd
Audnings anuddnda Wuduainaaiunisalingnd

3. nnsUszluanufgIuiau (A Critical Assessment of Assumptions) Dutuneud
yARaILIATIEY MsanLagnTRaouIigfUauLRg AN NyuLeAtTe I dluafn
Tudenuase Wedsauiniusssy vseednla

4. n1sseusunisildsuudas ( Recognizing of a Connection Between One’s
Discontent and the Process of Transformation) Iu%umauﬁqﬂﬂa%ﬁms?ﬁ'ammaz
uanidsuegeiivmradiuyanadu 9 ewanidsusutes daaztaelimuiedddiFeudiumes
yasyanaduq st ldudleaniunisalfivilinuie inauduauld suifa
mMsveniunazihlugnsiasunlasmusefudedinasonisainsnseunuafnlygl

5.n15AURINLaen A 18@ 109 (Exploration of Options for New Roles
Relationships, and Actions) ‘vié’qmﬂﬁgﬂﬂﬁlé’LU?ﬂlauLmamuumLﬁu ARBAIUATIINT DU
wAelmiudr yanavzEudrsamadenlmifiduldifgfusuunuim anuduius uay
NERNTIY

6. N191UKUN15UH TR (Planning a Course of Action) Iu%’jumawfqﬂﬂaﬁ%ﬁu
MINnsusuRfmsdanguiitelugunum enuduiud uaswgdnssali

7. mimmmifuasﬁﬂwﬁﬁwn“]um:uLmu (Acquiring Knowledge and Skills for
Implementing One’s Plans) Iu%umauﬁqﬂﬂaLLa’NmmmﬁuazﬁwmﬁﬂwﬁﬁﬁL%Lﬁdﬁ
annsasdunsnuueun U TReuilindly

8. N1INAABIIAINLNY (Provisional Trying of New Roles) Lﬂu%’jumauﬁqﬂﬂaﬁw
aFuasinuylulflumsufdRnuunuitlaonsld

9. nsadausTauzuazauiule (Building Competence and Self-Confidence in
New Roles and Relationships) 91nnsityanalduftanuunuilsnngisadunsifiamy
anuasaLazasnudeiilitunue

10. mwﬂammammif’lmj (A Reintegrating into One’s Life on the Basis of Condition
Dictated by One is New Perspective ) Lﬂumigimﬂ1'iagzuzuaﬂmjﬁmuﬂszmumiﬁauf
wuuAsusulUgitnsfdudie

Brock (2009) THuurAnnsdudiionisiudsurkiu 10 dunauves Mezirow (2000)
mnﬂumaﬂumsa%memmmmﬂméuawumaummueuaamiLiausmaﬂﬁLUaﬂumu‘lu
uﬂﬂﬂmﬂiwmm AUIMIEIia WU Suneuiididnian Ae Guumauw 1 My
anun13aifidnannyuseai (Disorienting Dilemma) S0%a9fe Tunaudl 3 Magansy
nMswasuas (Recognizing of a Connection Between One’s Discontent and the Process
of Transformation) Juneud 4 miﬁumﬂmaLﬁaﬂimiﬁwﬁum (Exploration of Options
for Nevv Roles Relationships, and Actions) Fumoudl 2 nMsmadeunues (Self- Examination)
LLawuumaum 8 msmmmmavmwmmLﬂumuLLmu (Acquiring Knowledge and Skills for
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a

Implementing One’s Plans) Lﬂu%’umauﬁﬁmmﬁﬁwﬁawqm
WsNANS (2558) TnsinsrurunismsdanisiSeudiiensiudeusinuves Mezirow
(1991) anldidunszuaunsBoudimhlugnmaiiuguausilunuieswesgnsumediamals
dFadufivnnuluadifeatesiunisldauguuse 2 af Ao 1) AfimnuRnReiuTinuay
$19118 uay 2) ARasRaRIume Lagldiiunseustluguiiinuazeusuiin uaz
w1 ludednvesnsufidnasduasoninuaziennvunieds 15 uisluszeziaan
agees 1 U anwnsnsueenideuld Willnniziaundnissianienazinla lnenseuiuns
msdamsidoudifionisiuAsusinuues Mezirow (1991) i 10 Funoudall 1) anagingmiivii
Iduau (A Disorienting Dilemma) 2) N13A57380UAULBIAIEANIANRANTRaZ018]]
(Self-Examination with Feelings of Guilt or Shame) 3) 15U 52 1HULTIANINER BT ®
FuilygIuaugININgT AuFIAuTnusTsy noa1udnla (A critical Assessment of
Epistemic, Socio-cultural or Psychic Assumptions) 4) nnsasguininaianulinelane
dandefunszurunisisundasldgnldsiudu vaznseninirauduldiinisiase
Tun1siasundasiindne iy (Recognition that One’s Discontent and the Process of
Transformation are Shared and that others have Negotiated a Similar Change)
5) N15d1529MaL AN MTUUNUIMNAMUFURUS wazn1snsyvinlug 9 (Exploration of
Options for New roles, relationships and actions) 6) N15219LNULEUN19VBINITATLII
(Planning of a Course of Action) 7) MIWwUIANNILazinwEIen st uwulUT M ANE
(Acquisition of Knowledge and Skills for Implementing One's Plans) 8) N15NAaRIUNUIN
Ms,iﬁgﬂ%’mﬁ%ﬂsn (Provisional Trying of New Roles) 9) n15&519ausSaUs LA
anudertulunuesdluunuimeazainuduiuslng (Building of Competence and Self-
Confidence in New Roles and Relationships) & 10) ﬂ’]iyimﬂmﬂiﬁﬂﬁﬂaw u
dunilsosdinuuiiuguvestafowindeuiignaruau Tasuinssmilyl (A Reintegration
into One’s Life on the Basis of Conditions Dictated by One’s New Perspective)
lwdnwal wazany (2560) finsthmsdanisiseuiilenisiudsuriuves Mezirow
(2000) %9 10 FuneunldlunisdnniniiounisaeuresinAnuineruianians
FuU 2 Inerdenernavsusveui svyTdelfiAanstannusadnuaianity fo
nsuinsseilarudunyud Tnenszuiunismsianisseufiiientsiuasusiny
489 Mezirow i 10 Sumeuiiall 1) mawdgivaaumsaiieidessniiianudounds fe
Liin 59Uy UNBUANVRIITEU 2) NITATITADUAIIUAN YUUDI ANUTANVDINULDY
3) n1sUssiiivauufigiuvesnuleslaelasnsigyeg193sede 4) n1silalagsusy
mMswasuuUarimueazgduannsadsuudadls uagseniuilsanudaiiiuvesidu
5) MsfummMadeniiieaznszsimuulyel 6) Mmanausuivz iRl 7) msmanul
LagsinugiiiniAuiieNazUjoanuuny 8) naaesfoAnuunudaduunuining
9) msmunanuasanazanusiulaluunumilvg wag 10) maysannsalusimilng
iAuTin TnefimsaeuiidaaiunsBouionsiwasuriiuldvatsuuy iun nsdouid
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sy InIsseu IATINITLUUNGN UNUImENLR Nsalfiny) anunisal/Meualiousss
3R s ATingge lunmsiaunduiuiidenisdils Ao fiouseamanlumiudnudiu
yosdu Juilaveuflaztiemdedu seusummuAnmaaITats MausmiuLUUNgY
deuiidumnifeatu uazyneuflenaniagildiusami q fu

fifwg uazaniz (2562) fInsinszuaunisnisdanisiFeuiiensidasuniiuves
Mezirow (2000) altiiledaasunuannsafunsAnaisassdiazanuaanvise el
vosutinAnuluingrdeinIetie 01Ana 1 an TunssusuTIvgun NTENTINENEITEY
$1uau 7 wie TeeiinnsuSunssuaumsues Mezirow (2000) Wy 9 funeu Ao 1) mMswdey
fuingAnisaliiliidulunuyuaesiinvesnu (Disorienting Dilemma) 2) N15A599a0U
AULBY (Self-Examination) 3) N15U s HUANNRAFIULANYBIAUDE1995999 (Critical
Assessment of Assumptions) iutunauns Ussiluegafidafinsgiienfuauufigiu
LLazsqﬂmmL%aﬁgﬂm%qmnﬁumwm%ﬁL%aé’mmi’wuﬁsiw%ﬁmia 4) n3¥lalagauiy
nsdsuulas (Recognition that One’s Discontent and the Process of Transformation
is Shared) 79 %’jusuaamst,ﬁudwLémﬁﬂ15mmﬂaLLaﬂLU%"sJuLﬁ'mﬁ’ummlajwa%’tumul@utﬁz
nszuuMaUAsuLUaIuesTINEInsniindie i audufiaes s Asuudasiuesil
1E7 5) n1shunimndsnivg Exploration of Options) Wudunisdrsraniauden
audululaluunuin duiusamuaznisnszyinlug 6) n1s31sunun1snsginlug
(Planning a Course of Action) 1u%uﬁﬁ]ummwLmusij'y’umauﬁuaqmsﬂﬁvv‘hﬁa%ﬁmsﬁu
Tndlusuian 7) Mi‘mmmiLLavmﬂwmmumiﬂgmmmLLmu (Acquiring Knowledge
and Skill Necessary for Acting on New Meaning) A® ﬁuumiLLmqmmmiLLau Winwei
Jndulunisiunul Ui us 8) mmmmaaqmLLauaswmmuuiammwmﬂm (Trying
on New Roles Provisionally) iiudunismaaesufifludinass nssvhuazadisannusiula
Tuunuanlngd waz 9) nrsysanniswazauinauluiddiamuyuuesinivesnu
(Reintegrating the New Perspective into One’s Life) FadunsmaeusiudAuiatislee
Avfivhiidutunainyune oo YT

Beer (2019) 151’131LLmﬁmmsﬁmm'u?l,%sjuifl,ﬁamnﬂﬁhushwaa Mezirow (1994)
fi 7 dumeu Ao 1) Mamdgyfuaniunisalidnsainyuueuiu (A Disorienting Dilemma)
2) N19A329@0UAULDY (Self-Examination of Affect) 3) LAnn15d1529lATATIYOY19E
I TUYIUADANLRFIUANVRINWLBY (Critical Assessment of Assumptions) 4) N15AUNN
niadenludaiediies (Exploration of New Roles) 5) 219hHuN15ANTUNITU U
(Planning a Course of Action) 6) mi%ﬁmmiuazﬁﬂwz‘ﬁ'ﬁﬂL‘ff]ummmu (Acquiring
Knowledge and Skills for Implementation) wag 7) N1INAABINIATLLNY (Trying out
New Roles) iloasauuulszifiugdalunmsussiiiunsFoudifiensuasusiuvesindnw
WYV NANEATINGIANT WTadin anun1sneuaging unninendelanuns Useme
danquaafuvdngnsnisBounmsasuuuuesula (MOOCs)

Yildinm and Yelken (2019) dthuwadanisdanisiFeusiien1siasusiiuves
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Mezirow (2000) 10 $unoufiusznaudas 1) n1swdayfuaniunisaifinianinyuusniy
(Disorienting Dilemma) 2) N1391399@8UAWLEY (Self-Examination) 3) inN1561379AIATIEY
281983915 VA RANYAFIULANVEIAULEY (Critical Assessment of Assumptions)
a4) miaam%’umim?{auwm (Recognizing of a Connection between One’s Discontent
and the Process of Transformation) 5) n1sAURINIsLdanlnia8@aLes (Exploration of
Options for New Roles, Relationships, and Actions) 6) 314kHUN15ANLTUN15UJUR
(Planning a Course of Action) 7) miﬁﬂmmiuasﬁﬂwzﬁﬁ’lL‘fJum’mLLNu (Acquiring
Knowledge and Skills for Implementing One’s Plans) 8) N15MAa%A UKL (Provisional
Trying of New Roles) 9) msassaussauzwazauiule (Building Competence and Self-
Confidence in New Roles and Relationships) taz 10) migim’lmim’mi‘hﬁﬁ (A Reintegrating
into One’s Life on the Basis of Condition Dictated by One is New Perspective) 11
Usggnaldlunszuiunmsvhauiuagavimeluladansaumea uaznisdoas udinisaia
wuuiamsdnnisiFeudiitensdsuinuvesasanvinaluladansauma uaznisdoans lne
Ausawruteyaduasarvinaluladarsauma waznsdears 385 auivhaululsaSou
Usvoudnw 4 unie lsaseudseudnwineusu 2 159 uaglsaieuiseudseudnwnaulany
4 wis Tudszinansh iiedlnszvideyasenisiinesiesdusenou (Exploratory Factor
Analysis: EFA) #u31 19 4 83dUsenau Aa 1) yuuedaA1unuie (Meaning Perspectives)
2) nsazviount9iiiansaigra (Critical Reflection) 3) nasladuszaunisal (Use of
Experiences) uay 4) N3nseyiiiludsuutas (Transformative Acts) ndaantutirdoya
N7iATIEveeAUsENoULReBUdY (Confirmatory Factor Analysis:) Wud1 Uayailaa1unse
\WelATIasIe (X2/df = 1.81, CFl = 0.98, RMSEA = 0.06, SRMR = 0.07)

afgnus wazanz (2021) IiuuiAnnssansSeuiiiensiasuriuues Mezirow
(2000) 970 10 FunougusLdu 4 dumeu Ao 1) nMsUszdunseuauAndiuane1g
meludala (adumeudl 13 Whdiety) 2) msuanidsuiFeulumsadinadonvie
wwaslunisiouduvulng (sauduneuil 4-5 141defu) 3) n1snnsunuluniseiew
aamesiioasisunumilnal (aduneudl 6-8 ddeify) 6) msadaasysanmsaussnug
dfuaniuduazuszaunisainteldyunesln (sudunouil 9-10 14 Fa8 /)
e auuudseiiunszuiumsiSeudiientsidvuiiuresidntadinfnu Anzagmans/
Anwimand pnasnsaiimine1ds Taefldananiiesssning 0.806 - 0.863 wagiaunss
1B9lATeasng (Chi-square = 259.516, p = .052, CFI = 0.972, TLI = 0.965, RMSEA = 0.040,
SRMR = 0.073)

Stork et al (2023) 1&1’13’1LLmﬁmmi%’ﬂm5L’§&Ju§|,ﬁamsm?{aumwuaq Mezirow (1991)
unfies 6 Suneu e 1) sl Auaniunisaifinnsainyuneniu (A Disorienting
Dilemma) 2) N15A5338@0UUsEaUN1TalvaInutasluadn (Self-Examination of Past
Experiences) 3) NM3Usediui@aininyg gissuasviouisauugiuvesmuaiazilniudoya
wazauidelyal q wntu dwmaliiAanisudsuutasuues (Criical Assessment, Leamers
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Reflect on their Assumptions and become more open to New Information and Beliefs,
Resulting in Perspective Transformation) 4) nseeusunsiUasuntas fnsuvstutlaym
dsnvesnu wavgiSounsniinineudy 9 Ievuzmnuyimenadiefuuda (Recognition
that one’s personal problem is shared, and leamers realize that others have overcome
similar Challenges) 5) nsAummaienlvimediies lnegiseuiinsdsia drsamaden
YBINTINTIRY warn1IATUTIRluLIveIrUENTUS UnUIM waznsnsedin (Exploration,
Learners Explore Alternative Ways of Being and Living in Terms of Relationships, Roles,
and Actions) ke 6) {LT8UIMHUNITANTUN1TUHUR (Learners Plan New Courses of
Action) wieldlunsarsransiidiusalunudsusarmsduundeuiieitesiuidoni
wazdRusitelinguiogradugiinisiuasuutamanisine Tnafudeyady
ngudegoaatasiiduinAnviuigyien 7 au dngudaedis 5 auAnluuseine
DKM (V1I9WININIAN 1 AU (Black American) ¥12t8RB13AU 1 AU (Haitian American)
LAZY1IBIIENIHIVY 3 AU (White American)) Lugenenainusemnaanlunt 1 au (Black
Jamaican American Immigrant) wazrlesiagin 1 Ay

2.2 TsaUszandhdna (Digital Fabrication Laboratory)

¥
a Ya v o

TuneuilideverdnaussiuazidenvaslsaUsyaniniva FeusznoumsUseiRves
159U52a09R37a ANNNLNEY09159UTEaIRINa NTLUIUN15Y09LSIUTEaBIRITa LAY
peRUsEnouReAsesiovadsilsransmavia Tnsusayihdoiisoavidonsad

2.2.1 UsyinvadlssUsyansnavia

A1an 319158 Neil Gershenfeld WnUszAwguazinineiaansdedsainanidy
LVlﬂIuIagLmesgLWﬁ (Massachusetts Institute of Technology: MIT) Usgineanigeiasni
Toad1els9Uszany (Fabrication Laboratory: Fab Lab) Fulud 2001 (Brown, 2021) lagdl
Hvneifiefasnsnisadisiesfoinsfidoudie Sanmuandey Yandugs wasatesde
ymAmnssuiiieainedsuszAugang q lusiagnuazsiasmnitlulan (FablabNi, 2013)
sounnaluladiinsimundugaveamnaluladndvarilidnisiieonvaluladfdviauldlu
mﬁaﬂszﬁwﬂu‘iswizam i lrtinsSunlsalsranadulseuseansdda (Krisada, 2018)

Stavric et al. (2016) naTyIUNUIMYRINISLssUsEaRIRIvialuNsAnwIuaaUnenssy
waznisoonuuuldifindulunmssuiiiium ndngmanisUszAvguuuAtfafelsmsyans
AvaiduiFosssualulsaSeuiaounmsnuaninenssumaneuisiliauduaydaadu
winnssulun1seanuulagniide wavmsUssAvguuuaaTa

TudszmAlvglfsuiieunpaveddsaszassnldifienmuinueanuduusansls
wnuazievulngluln.e. 2561 ’rudrdnauimunineidanswasinalulad i
(@) @owdu Ao dinnuanznssunsuleuiginermansinaluladuasuinnssuuien i
(@) warumanends Masddulasanise 10 wis teud umdnendomaluladsivusna

NFUNN UM INIFeNALULagIITUIAAA WYY UM INeIFenAlulags1vuenadyys



21

wImedemalulagnszaeunasuy’ aantumaluladnszasuinandinunmsainnsyds
wnIngrdemalulagnszasuindmszuasivile U INeIReYINT v Ineqeldesing
UMINe1du5TINAIEANT LazumInendvasvaiuaiuns elsduinunlunisiau
mnuannsaveny/inFeuvedsaFouiiininlasnis Wilinweduimnssy Sanudn
a¥3assA annsneenuuukazaitunulnenisliieiesiiondimnsy uazieiesiiatn
maineeans waeiinau/Aunudasanu Duiivsedngd waslinmsaduayunsdniud
N15438U3I U 150 wrie drdnauiaunineiaanseaginalulaguisndlaasng
Tsadszasaduuuy o tiuinermansasuss Wedulassadreiugiuiieniswauiinee
anuduwinnsunanuaziensulneg lneduasuliinisdafanssuwasndngnsilineusy
dmsuiniSeunazas llesdannuiuasyinwenienuingiAransiazininssuaans
fanufnasaassd anunsoldieiesdiofifioganglulssUszansaireturuduuuuldfae
puies Bnitdadunsaiussiunalaldtugiiaulaluednimnsuioutnnslusuian an
Mg (Ernauiauinemansuazmalulaguiend, 2563)

2.2.2 ANuvIngvedlsiUsEandsiava

finFunslalfenumnevedlsssyaosRinal i

Tssszanshdvia mnefls nszurunsidussuuiausinisads msseniuy nskdsgd
Tan msdaa%ﬁﬂmaa%fwuaa?ﬁﬂssﬁwﬁim81%1@%@3‘?@5%%17%%@ (Agkathidis et al., 2010)

l59Uszaesdvia vunefs anuiiyanalafldaiunsoadredalssivg agld
n130eNLUUATYA Adesfiud 3 i n1sddeiawed wagdsnsmaneluladdugedu «
(Madateck, 2014)

T59Uszanaddvia mneds viesufuAanisvuiadniifianmuindounsieuslnl 4
WenseduligiSouiamiudnaiieassd nsiausiudunaznisisouisrudu (Fab
Lab4Shool, 2016)

T59Uszansddvia munefls nszurumsfiBuduainnisoonuuuAdiauazaslsmasy
MNNIHERvedAIesdnsUszneufenisoenuuy 3 id nsldiedesile waziaTosdng
Tunisesnuuurauldlusunsuasuiilnestie (Computer-aided design: CAD) ha233
selouwuuiioanl3ludua3asdnsfivrendnnasu wu wiesiuwaufid (3D Printing) 5o
Lﬂ%@d%@u% (Computer Numerical Control: CNC) (Putro, and Wirasmoyo, 2019)

T59Usasddvia vaunefs vesUfjuAn1sadvansmsauazainlunswauninug
ARTAbuYaUURANeY TN Unenssy N13ReasIe N1RNIUY NSLARBU LavAIUAR
a¥19assd Aedrueeuazainiddiusimesudstutuindnw 812136 Hnide uiEw
03An3 uarUszvvu eduaiugluvvuinnssunvuilaniunisidinalul adadva
(SUPSI, 2023)

fifuannsnaguanumineeslssszassidsain wuieds HesfiRnnsAdsiad
g118ANUELMINITAUYARELUNTMUITINYEATTA dAuAnaseassa n1vineusuiy
waznaiSeuisaniu deliaunsnaineds sehvg lnoiFududnnseanuuy 3 I uas
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afdsseAuglagliinieadng i wdosiuianudd viie inTesdidud

2.2.3 AszUunuedlselizansnava

fAfeldmumunssuiunsveslssszassiaanuuuAnie vasindums el

Lewis and Clark (2017) n92U7UN15U99153U52a09A3%adl 3 NT2UIUNIT AD
1. N1508nKkUU (Design) 2. N158519WA91U (Fabricate) wag 3. A5UsTNaULATATSARAS
(Assembly and Installation)

Hamid et al. (2018) nszUUN13904l59Usra0IRall 4 NT2UIUNIT AD 1. ATODNLUY
(Design) 2. N19LA38UNS (Prepare) 3. N19a319Na9U (Fabricate) ay 4. n1sUsznauLas
nsAaRa (Assembly and Installation)

Lorenzo et al. (2018) nszuiumsuadlssuszassnaviall 4 nszuIuMs Ao 1. NTODNLUY
(Design) 2. N15LAT8UNT (Prepare) 3. N19a519NA9U (Fabricate) way 4. n1sUsznauLas
nsAaR (Assembly and Installation)

Lee et al. (2019) nseUIUNTURILTIUTZADIRINAL 3 NTEUIUAT AD 1. N1TDNLULY
(Design) 2. N15@519Wa9U (Fabricate) uag 3. AM3UsENOULAZNITARG (Assembly and
Installation)

Putro and Wirasmoyo (2019) nsguiun15989l594Usransndiail 3 nseuiuns Ao
1. A1508NLUU (Design) 2. N158319Na91U (Fabricate) Lag3. N15UsTNOULATANSAARS
(Assembly and Installation)

Soomro and Georgiev (2020) N5¥UIUNITUDILTIUTLABIAINAN 3 NTEUIUNNT AB
1. N390nNWUU (Design) 2. N5LH3BUNT (Prepare) Way 3. N158519Wa3U (Fabricate)

Yuan et al. (2020) N32UUN15984L59UTEADIAYAN 3 NTEUIUNT AD 1. NTODNLUY
(Design) 2. N13@319NaI1u (Fabricate) uag 3. nsUsENOULAYN1SAAG (Assembly and
Installation)

Formlabs (2022) nszuiun1svedlsiUszassianiall 3 nszuaunis As 1. N1599NLUY
(Design) 2. N3L0383N13 (Prepare) wag 3. N135a319WaIU (Fabricate)

AR3EaNNNTATUNTEUINNTVRAlTIUTEARIATTAN 4 NS¥UIUNTT A 1. NTBBNLUY
(Design) 2. N19LA3BUNTT (Prepare) 3. N19a319MaU (Fabricate) way 4. n1sUsznauLay
mﬁ@éﬂga (Assembly and InstalLation)ImEJLwiazﬂizmumﬁﬁmmwmwﬁ"ﬁ: Ly
aun it 2.1

1. N1999NLUY (Design)ﬂszmumﬁﬁﬁumzmumsﬁqﬂﬂa‘v‘hmsaaﬂLLUU
23AUTENRUAN 9 TeaNanUTiFeINITadns

2. A9LMTPNNTT (Prepare) TuﬂﬁzmumﬁﬁqﬂﬂaﬁflLﬁuﬂm,m%ummw%famaq
A30sile 4 fufie 1. dugnsawas Wy n3esinsanufii (3D Printing) 1n3asdnialses
(Laser Cutters) 130331513 (Computer Numerical Control: CNC) lulaspoulnsaiaes
wuwwes Wudy 2. augenduas wu lsunsu Solidwork, Autocad, Rhino, Tinkercad,
Wokwi iigndesiunisndnnaiiu 3. sutanililunisndnnasu gy 5’aaé’wu%’uﬁugﬂ
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Fusu (Filament) uag 4. fufidmunisdafudoyalusuuvuesulall 1wy Google
Drive, One Drive, Dropbox Dudu

3. n1adanae (Fabricate) lunszununisfiyanavhnisuantuauainfaniild
Tumsuannasuseiieafiorueiinuns Wy desfiuiania

4. nsUsENaULATNTANS (Assembly and Installation) Iuﬂismumiﬁuﬂﬂa
fflunisiussneutudiusng 4 vewmanuiildiiulassadmemanuildosnuuuls
wazihguninididnnsednd wu lulaseeulnsaiaed wwwed wdedadiiulassadises
nauLiianuANN s uaLlasidusing q veawanuiieenuuuly uddidiunimaaey
N19YN9UYRINEIY

Digital Fabrication Laboratory

LY

2NN 2-1  NSEUIUNSYRdlsaUsyanefava

2.2.4 YepsdUszneuvioninsiovedlssszanifdna

FiseldmumussdusznevvieinieaiievadlssuszasAdvianiuuuidndig 4 vos
s il

Karatepe et al. (2020) nd1791 esfusznaundeiniasiovedsiszaniadvall 3 du
fio 1. fusndaund (Hardware) 2. sumeniuag (Software) way 3. fuianiiltlunisuan
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NA91U (Material)
Gadjanski et al. (2015) na1291 sAUsznouniersasilovadlsilsyaniaviall 3 fu
Ao 1. fusnauas (Hardware) 2. sumanduag (Software) uag 3. suianildlunindn
NA91U (Material)
Aburas et al. (2016) na1331 seRUszRaUNSBIAsasilavelssUszaniaval 3 ¢

-2

Ao 1. sumondul$ (Software) 2. snuaniildlunisndanadiu (Materia) waz 3. fiud
dmsunisdminudeyaluzuiuvesulatl (Storage and simulator tools online)

Poustinchi (2018) na1in esdUsznouvielniesilevedlssszansiiviall 4 sy fe
1. fusn$auas (Hardware) 2. fumensuas (Software) 3. fruanildlunisnannaiy
(Material) uay 4. ﬁuﬁﬁm%’umﬁmLﬁu%’agaiu;;mwuaauiaﬁ (Storage and simulator
tools online)

Cometta et al. (2019: a) na1191 eeAUszneUNIaIATRilavadlsIUsraDIATAT
4 ¢ fe 1. Fusndeuns (Hardware) 2. fugensiuag (Software) 3. shutanildlunisudn
Ha91U (Material) wae 4. ﬁuﬁﬁm%’umﬁmﬁu%ayjaiugﬂquaaulaﬁ (Storage and
simulator tools online)

Cometta et al. (2019: b) n@1291 esAUsENOUNIBIASBsilovalsaUsEADIAT VAT
4 ¢y fo 1. susnias (Hardware) 2. frumensiuag (Software) 3. sutagiltlunisuan
Ha91U (Material) wae 4. ﬁuﬁﬁm%’umﬁmLﬁusﬁagaﬁlugmwuaauiaﬁ (Storage and
simulator tools online)

Y

Lorenzo et al. (2019) nd@1771 29AUSENBUNIaLATRllnYaalsaUseanIRdviall 3 AN
)

-2

Ao 1. sugondua$ (Software) 2. snuaniildlun1sndanadnu (Material) way 3. fiud
dmsunsdaiudeyatuzuuuuesulay (Storage and simulator tools online)

Yildirim et al. (2020) na1771 esdUsENEUVIBIATRslovedlsiUsyansAdvall 3 Fu
Ao 1. fusniauas (Hardware) 2. frumeniuag (Software) waz 3. snuianitldlunisnan
Na9U (Material)

Soomro et al. (2021) N7 ewrUsznaUNsaLASesflevetlssyansdaval 2 du
fio 1. sumeniuag (Software) way 2. fufanililunisndnnanu (Material)

{ifuannsnagesduszneuvieiniosiloveslseszansdasiall 4 du fie 1. fu
g15aun% (Hardware) 2. fumensuad (Software) 3. sufanililunisnanuaiu (Material)
ey 4. wummmumiwmumauaiusmmuaaulau (Storage and S|mulator tools onllne)
Tnausiazesrdsznouniairsasdiovedsszansiaviaiseasdensll waznunmi 2.2

1. frug1sauds (Hardware) foadusznoundoiniosfloveslseuszanifina
fussauasiilives wu wdesfinviaudd (3D Printing) ia3asdnlawwes (Laser Cutters)
\309815UT (Computer Numerical Control: CNO) lulasaeulnsataes wuiwed Huduy
Tnefidevethiaueeuazdunvetesduszneuvideiniosileveslssszasndviasnueaniauas

(%
v A

U
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[
=

1.1 n3eafiumianufid (3D Printing) iluindesiildadrsingarufiflaonisifiudy
vosdutanuuuseiiosauanysainugluuuiiadredululusunsy Sasznaudieia
P93A1UNTI ANBNILAZAINE (x, y, 2) MINwnasloyadiannselind (g3ail, 2565)
Tnginiesfaianufifiinanouuilneiinoasidenfo (sdavduasiisen, 2558)

1.1.1 Binder Jetting I¥nswuansBanizuunstaguassinliuds arnduld
annaaRunsYaslfRsduduty

1.1.2 Directed Energy Deposition ¥iduanlansvisenundlanzasivue
wardduilindsnuiieliamnlansuiendavvazarefntuiunuseieadudy

1.1.3 Light Photo Polymerization lon158suaslagleglusianinasnieniss
aweflusslnlindwesidureanarussglunivurussy uasiloveanartiu Tauuass
Wasuanugifuvesuds

a a

1.1.4 Material Extrusion 19n1520a1509ud9namatvs o TanMduvadind uan

q

Qﬂﬁﬂﬁwaammmlﬁﬂu%u q Iz

1.1.5 Material Jetting 19n158a Photopolymers asuuzusuudadauasli
Wlslndwesuds

1.1.6 Powder Bed Fusion 14n15lvininusouainuadiatgasniodnuas
didnasouatlutaniiduns iy nelavguionaradn ieliiannamasumaiuazudasn
defufudutuenu mnduldgnnaafunsaglidutududy

1.1.7 Sheet Lamination T4¥anfifuusun1iuvsifudu ugldludadausu
nalidutngluutazdunagyiidiluFes 1 auldtmgluimieldnisdeuusulanyvifniu
shenauidsssansleinduazindnuiiusenderidalans

[y

1.2 wsewinawes (Laser Cutters) iugunsaifildlunissintanninuningunn

9
¥ U 14

fauusduguazannsadaldegenailasamzfaniitsuiedudou ssuunsdade
awesiagldanufeuriuluvuiag vliinguinailauanudouandinasazaisesig
nduargnineenuiuiusgvasiionmsny Tnsiaiesfaawes 2 wwudedu fe
wuudaseilouazuuufafaiuszuy Computer Numerical Control (CNC) fimununsde
peAeNNILADS (Chaijaroen Tech, 2024)

1.3 10309%18ud (Computer Numerical Control: CNC) n1sTdneufiaimesaild
muAuAiestidudasluneuiiumnedn q lWsnianldnusunalussuuufiinisiuled
v3e 1Wunsuiiimoifieanuuuuiiionugnamnssulngazyiin1sAIuANNITIaIUTes
iwsesinsidudsiiardsinliannsanannuldednasngs wiuduazgndes 1a3esd 1fud
anouuy Tnefiseanden fail (Uishgoaduday 9180, 2015)

131 @Buiiunes HiSuBiduinswis wmnzdwiunuda 50 1wy Tugyy
i1 3D Yan 1 wanafineradde Ty uenantuannsafiueendulunishaulany
AN Nearaes Nowns aglilleuldnie

1.3.2 Gdudnaradnmnziuanudalansldnnude wunisdalangnun L
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A 25 1. WWanudaiising

1.3.3 Fouddd iwumsvhauewadnlalasuluananuinun 9 Wy wnau
alavy

134 fiduTrewedidn Miussiuadunsdntunu muzdmsu da fiu
nsziios nils uaslaneilidosnisligadonmausionanuieulunisda awnsodnauld
v 100 . Fananaldiiedesdidudiemesiindatanldvnuiasou Soomro et al,
(2021) w@usuuamaiiiolviilaimsaesuuuasseAvnsesnuuuededsdu 1) UAUR
pnusiidusruvvesuuudiassmsanidaoonuuy 2) Wgldddmsulunszuiunis
DONUUULALTINANFBINMILATATIUTS0UTs N IR UALIN 3) DoNUUUNERSLTY/
sunuulagldfanimldluiosiu iesnagtelunsndananfuridugaefiduiingde
dawandouuazUszudn ) Iwenduad CAD ileifiuusyansnmnseenuuulunduesnisld
Sanuazaniidedlilunsdnideu 5) vandodnuaililildnuvenaiosdnsuasiiiunsld
iesdnsliiAnuselovigegalaonisidrusammnnimisauluudasadaioniili
nszvIuMsiivssAniamanni 6) deniedesdnsfivmnzanlnemsfnislindanuuas
msgudetan 7) nerewegaduiiilethiududidnnsedndandusuutoundriingusn
1#lwal 8) Anflanansznussdsuindenvesiagroudoniagdmiudunuy 9) 143
Bidnvsefindleunuszasdifiafiunisindualdlvmild war 10) neausndudufuLuy
viInnsvaaeULayIluAatanildudn

1.4 lulaseoulnsalaes (Microcontroller) g faAIUANNITNINIUYDIRUNTA]
y30rUIUN3A9Y Seenavitusnainieasiiinaln PLC 1an lulaseulnsaianfidy
gunsaissLvansisih AT ailsitunisiausig q Bnelusvestues Svuneidn
uazgamnsadeulusunsuaiuaunsieuvesgunsaiing 4 Mdeusefufisiu Tnoiiy
Auanysalngluivesivewazhesonsinluldnunssunludnuas (NECTEC, 2023)
Fafldruusznouiie CPU (Central Processing Unit), RAM (Random Access Memory), EPROM/
PROM/ROM (Erasable Programmable Read Only Memory), I/0 (Input/Output) - serial
and parallel, Timers, Interrupt Controller wazdulsznauduy % L% Analog to Digital
Convertor, Pluse Width Modulator 4184 %asﬁuﬁuﬁwﬁmﬁﬂﬂddauﬂizﬂawm 9 dhluile
unwaninsnveshilaseoulvsaiaes wazqausvasdlunisldau (NECTEC, 2023)

15 wuwes (Sensor) WugunsaidewhniniidmiunsaaduuTmauaziasiig o
Afinsdsuntadluanimuandeon 1wy gamgl Anueu uas @ ussdu n1sindeud
Aunie wagdu o udulandudyaraliiidiethlusiu Ya Ussunana wiedsdmao
seludssruuvitegunsaldu o ileuanudunadnsiidosns @ntumaluladnisudngia,
2566)

Ussiomiduimosillflugmamnasudised
1.5.1 WWuweingraduing (Proximity sensor) iludumesivinanilalaglsl
Fosduiatutng wasvilisRahumisesing vieanunsnssyldidingladanlusumied



27

15.2 Wuwednnaduinglaglduas (Photoelectric Sensor) WuLduigo{i
nraduimgiueadiutaslsdla Inghidesdusfatuinguasiauifiniidumesnsaiuing

1.5.3 1@uasnsiadusienn (Vision Sensor/Machine Vision) {uiduieas
fldlunrsdronmingiueu udrhamdlduinnesidnvarsunss iilensiaaey
arwiaunfvestunlunisuan

1.5.4 Wuwesinszuy (Displacement/Measurement Sensors) LUuLGulgos

1%
a S|

Sarurnuazszeznienisadeud lnsdauazidealunisiassduuly Wuwesvind
aansansiadulalusseylna

1.5.5 Wuwessaniilata (Ultrasonic Sensors) iuiduimesiilinsaduing
Tsalaldeenaatios wu Waula vanud nanain Ingldduwesauas vSefavyiouwas

156 wwuLass1ulfn (Code Readers/OCR) 1l utgugasailaluniseu
wslEasng q vsensavdeuTony faaw Fsnusuutunu wvmsdwadnsnsnsIedeu
e lUldnusmiugunsal videwedosdingdu 9

2. fugenauas (Software) Wulusunsuiildlulssuszansiavall 3 Usvian fe
1) Wsunsuitldlunisesnuuu 3 4d 2) WWsunsuiildlunisaiugunissitauses
Lulasaeulnsaiass uaz 3) Wsunsudildlunisavgunisinuveaaiesileosinuas
Toe wiavUseinmilseasionddl
2.1 Wsunsudldluniseonuuu 3 37

2.1.1 Solidworks 1ulusunsusenuuudmiuusuieanssy Wy sudiu
gUnsali3esdns udu Tae 1Juwenldnaslunszga CAD (Computer Aided Design and
Drafting) #sanunsasrasuuluwa 3 3Als wazdmnuaziBunnin CAD yhllunshnsien
dausn9 9 19U ANLDINse gl oan1sldau Wudu Solidworks Teiaueileriduy
MegunTeenLUURSUsEANS A 1eudedae User Interface fldlomoulunisiieuy
sdanslAgaad T lutunenud iefiuanusaElunssuiunisesnuuULaY
yliinniasaassdauldiBedu (M Report, 2563)

2.1.2 Tinkercad Juldsunsuadisluina 3 Hafiau1sariisuvuliv
wsriwesuazldnudte el Tinkercad Fsnaneiduunanosuiildsuniudsuuin
dmfunisasiauvuitaesdmiunisiud 3 48 MINgeanwuuAenNITVEI8NITEBNLUY
iy Aanunsadndalig STL wazdsesnluswoundmduduld Tinkercad Waiulgiv
Apple Classroom tagz Google Classroom 16 (Softonic International, 2023)

2.1.3 Autocad Julusunsuiildlunisesnuuulnsldnoufamasadewmun
(Computer Aided Drafting/Design: CAD) %18lun1511auuu wazuilanisesnuuy 2D way
3D laegrasiasinazdtgnie Idnuanuisaduiinuasdaiuldlusyuuaanig (Cloud
System) ¥ilgldauamnsadidslndauldyniinninat (Applicad Public Company,
2021) @315l lAluN1588NLUUNIIUIAINTTH UEITRENIIY WU NSITEULUUDIAIT
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NuedeIna nandaeisng 4 dreuszansnmiiliasifaiwilildsuanudendududu
Au 9 vodlan (WTC COMPUTER, 2020)

2.1.4 Rhino 3D Julusunsueanuuulaaa 3 4@ (3D Modelling Software)
UseLlanineaiu 3Ds Max, SketchUp, Maya, FormZ %38 Revit W@ Rhinocoros 7 1Uu
Tsunsuivinlinnsadslunadudosiiety mswlusunsuiinenmstdnulidudou T
$1e Tneausaadne uile Sinseed Sarenaisuansnandoulmuas wazdanuudugn
gnfed (Mawtoload, 2023)

2.2 Waunsuildlumsmuaumaiauveslilasaeulnsaiaes

2.2.1 Wokwi [ulusunsudivhauuundiiueeuladaisadeulusunsy
wazdnasn1svinauveslulasreulnsalaesuuy Arduino, Raspberry Pi Pico way ESP32
Wokwi \lumeniuafiesnuuuniiemsiiouinmadeulusunsulaglideslianiauaiads
(Suthinee, 2023)

2.2.2 JavaScript Blocks Editor uunannadu Makecode fildudonddsly
Mstdeulusunsunisanan3us Javascript) luguuuuresnsainuaznaiieldniuny
Micro: bit fadululasreulnsiaesvunan (wlug), 2561)

2.2.3 Python Editor 1un1si@eulsunsuluguvesniun Python laedas
ﬂmﬁf-ﬁ’wé’qLaaﬁ’jﬂwmﬁdsﬁmuau Micro: bit Faidululasaeulnsiaosvuinian Ty,
2561)

2.3 IUiLmiums&’ﬂumsmummm/‘fwmsumm‘%'au‘jaaﬁml,ﬁ

231 XYZprthﬂﬂmmaﬁwmw 3 fUes XYZprinting L‘UuIUiLmsm
wisdudoya (Slicer) othanis lulusunsuasdlimeduinang 1wy ml,muwmawumu
Infill support Lﬂumu LﬂJEJGI\‘]ﬂ’]Lﬁif\]LL@’JI‘UiLLﬂiﬂJLLUQa’JU“U@ﬂJaﬁ] wuslndlaea 3 AReendu
ﬁzme] (Layer) Fazuanssivazidonis lassadranely szoznatlunisiuy LLa”’mﬂ‘Vﬂ%
Huu ntuazlalnddmsuilufssizunulaevhluassufindulng GCoDE 3w Hudy
(ReviverSoft, 2023)

23.2 CorelDraw WJulusunsufildlunisituuvvesiuarudy file al
waglUsunsy Auto cad Wuldsunsuildlunisyiuuuvestusudu file dxf wieldlunisen
FuaudenIosdnaes warlddunuiitiinuiiswnsmuuuuidould (eefnawes,
2566)

3. Fudagitldlunisudanadiu (Material) 1Hutandmiuiuguiuau (Filament)
Imaﬁ"alﬂué’nmﬁuwmaaﬂLﬁu%qﬁIﬁLﬁaﬂiﬁqwuag 2 9u1nAe 1.75 mm wag 3.0 mm
Tneidunanaintuagyiunlusuuuudiu Yagtuiidunanainly donldauuinnd 50 oia
Tuviosmanm 1w (Bangkokgis, 2023)

3.1 PLA (Polylactic Acid) tiutdunatafinfindnainingAusssueid 1gu ain
PYHANWNITNEAT, V1INA, JudrUzaa wanaRnvfabmangunsldiueses 3D Printer
Aounnuiln 1osan Aeuinaasade lifindunanadinlvsl vadnties laidndusedligiuvi
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Anufeu udliterduagune Ae llanusanuaiuseuldligadn

3.2 ABS (Acrylonitrile Butadiene Styrene) iunanafinfildfuegsunsvaslu
gunsal wndedldlutiu wu duth S vievenduiisidniuiie Leeo doi Aonusio
anminadenled uiiifeidereuinamnn fe fusildenn e nisnsmsnasgs douds
suvhanufou v EindunaaRnlyl

3.3 Dissolvable Filament w38 idunaradnitazarsoonls 14lunsfuiludiu
support #asldfuiadosiiud FOM Advdndaud 2 aaduly wmaaﬂﬁﬁuﬁﬁ%gﬂazma
ponlundsnsfisnituny w0 (nehludueiesfiunififinagaasd 2 shin dioliBniin
wilsviiififant Dissolvable Filament)

3.4 3 9 vendnidunaainiinardlidieiunds Slidunaradinlidenldan
vannvatevin wu @ulll (Wood Filament) dunaunadnides (Bronze Filament) idunay
N0auAa (Copper Filament) Nylon PETG Rubber tJugu

4. ufidmiunisdafiudeyalusuiuuesulay (Storage and Simulator Tools
Online) 1un1sdmiudoyauuszuupaig tnedgliusn1smaieusen 1w Goosle Drive,
Microsoft OneDrive, MEGA, IceDrive 1{Jusi ﬁswamﬁamﬁm’f (TechTalkThai, 2022)

4.1 Google Drive Lﬂuu‘%miﬁyuﬁﬁu%gauuiwu Cloud U84 Google 1ag
féuifuandntayd cmail azannsaitildauuazdafvlndionans sunm uazlnd
U 9 uuitufiouin 1568 163 Taglifialdans wasdsanunsodiie wusing wasudladoya
§anyngunsal uena1niinnslu Google Drive Aafinounaiadudiviuinnisionats
9819 Google Docs, Google Sheets, Google Slide, Google Forms Lazdu 5 Tidenldanu
sheanuvannmanelunnsliuinisves Google Drive Fafluindensysusiu 9 AilEldnueg
F1UUNN

4.2 Microsoft OneDrive ifuuimsfiufiiiutayauuszuy Cloud 1as Microsoft
Huvnasluguuuuiieaiu Google Drive Tngfianinisifulinvesniosnoufianes
AflszuuUFTANT Windows w3ondnfueidug 109 Microsoft uaz Skype 98a11150
awmgifoudlfonu OneDrive vuiufiiutoyauuin 568 163 uazdannsaddanisld
Nusennatudinauuu Office 365 laanme

4.3 MEGA ihuuimsfiuiiiudoyauussuu Cloud fiflssuumnudasnsdedifun
FeTEmadsialndimuaiefinsdsiuluvuszuueand wihlidduaggnlasnssullas
uuif i sadalndtunnld Souaiufing 2068 dusuifudeyaunndt OneDrive
84 4 e LLazé’a:ﬁaaﬂﬁﬁuﬁLmﬁm%’umiﬂumaﬁuﬁiﬁﬁﬁumﬂmy}ﬁuw%amwﬂﬁ;ﬂ%’ﬁmé’?&
uetuuanivlny wasnadiey vidensuugiiuiteulviinldau MEGA Fdluusazisaglasu
fufifiraiutunisn 568 lusvernan 1 Ywhiy

4.4 IceDrive Wugliuinslmilunmefiuiiiudeyavuszuuaanddofiuing
yum 10GB annsadusunsldnusenisszydeieguesdiuaiiievinnisairetydilda
SURUULAERAIALT8Y IceDrive Tzimiiouty MEGA uinssfuudiiifudeyaiitosninaoasi
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HARDWARE

DIGITAL
FABRICATION
LABORATORY

STORAGE
AND SIMULATOR
TOOLS ONLINE

AN 2-2  29RUSENAUNTBLAS091I0Y99L59USE ARV

2.3 @us30UzINITU (Innovation Competency)

TumeuilfidoveriiauosoaziBoavesanssaus Tanssudausznaudeaumeves
ausTauzuInNgTY sdUsznevALTIourLInNTTN uaziAdesiloyssiluausInuruinngsy
TneusiazitodseasBondal

23.1 ANUMNYVRIANTIAULUINNTTY

uinnssuduuloviendnlunsianussmanslussdunimeuassedulan Teviilv
Unvmsuwagyhsnusng 9 WenwdAyiunsdninnssudiganufing insienswmun
ninensuyvdiedunsfedidgiigalunsfmuiuseme wazidleanssousduuuidai
wansismuanansaflaniduriilinisuoinuiudntegaasieiliAnuuaelumaruan
“aussouy” wag “winnssu” wWidedu Inegandeliduinisaniudnuilugudndu
nsdanisseunsaeusuuInnssuluanudnwegiulugusssu Tuszdnsam wazliiiin
dymananud avmdilafieaaedeu findnnislusazsisuszmaldliddonnvos
anssnusuInnssulifed

Vila et al. (2014) naaussauz@uinnssy vingds AuausavesyAnalunsIU3
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felenadmiuudsuutas amnsatdianuAalninfauiuianssuluanmuandon
mMavhendliiiusyavsnngagnnelimineinsitiegegisdnin

Woszczyna (2014) NA1IN@lssausinngsy Usenaunigaussousnisas nugaunus
ANURAALUNITN AT UGAUNUS inwerasnisadisufduius Ussaunisal nseeusy
vinwgnsAnsiedeans uazanzgih

nswandliiiufannuAniiunarairassdnsiannaufn uay UNESCO (2016)
naanssouzdeuiangsy vanefe wuamslniuagnisiuaseufoadedulu laun
1. aung1e1nlunisusulalasanis Aanssy 3sn1sanduaunagnssuIun1siiemu
2. vavennadenlnivienadenfiunndiaiioutdyminioaussseninudenisns du
3. daasunaglvgufinnsanuuwdauasuuinislug 4. Anuennseu Tasuszifiuamides
yesuAnlminazuuAnfifannandss uay 5. fdwsuluanuAauayisnisivadlunisi
RERR

Bozic (2017) 18l#mansa1udn aussauzuinnssuinduanssauzndniideglng
535UmIAkazITTIAUNTURURNUluEInUsEd Tuvemtinaunnauvesasdanisiagle
aéﬁameﬁ’wamﬁmuﬁaﬁﬂﬂiﬂugﬂLLU‘U@'N q lunsiseuntsaouasneluefingsing 9
Tnefasuanunsafiliifuesosdeasvioulidulunnsuiiofinanudilaforfvanssaus
uinnssuvesnisey LLasLﬂuﬁugﬂﬂuﬂﬁﬁwumé’ﬂqmﬁLﬁumiﬂﬁﬂ’alﬁam%m%ﬁﬁ
aussouzuinnssululifuinFoutazindnwidoly uazldaireguuuunisysannisi
thiauoaussauzsuinnssuiidoulosnudeyafiunndrsiumasuuinnssuuazuandy
diuaudauuaztieviliianudlafidduifsfuanududouresesdlsznouias
FuideungAnssuduinnssy Jugludaryaratiaussousuinnssunazanuasoly
miazﬁauiﬁﬁumﬁﬂizﬂauﬁumﬂmqﬁu%amﬁaﬁumammuzL%qui’mmimﬁaaﬁumu
wnfAnfiaglinenfinduliAnaussousuinnssy muami 2-3
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INTEGRATED MODEL OF INNOVATIVE COMPETENCE

CONTENT < > INTRA-
PERSOMNAL

INNOVATIVE
PRACTICE

- Heterngensous - Domain relevant - Explore - thampion - Autonomy - Self-confidence
knowledge knowledge -Generate - Implement - Intrinsic - Persistence

- Divergent thinking - Convergent ideas |deas motivation - Intuition

- Associational thinking - Openness - Risk taking
thinking ~Reflection \____j -Flexibility - Meed for

- Observation - Questioning - Curiosity achievement

- Experimenting - Problemn solving

INTER-
PERSOMAL

- Metwarking - Sharing

- Listening - Feedback

- Trust building - Conflict

- Empathic management
communication  _ Negotiation

- Im prostsation - Mobilizing others

AW 2-3 Integrated Model of Innovative Competence (Bozic, 2017)

9INTIN (2019) NATINENTTAULLINNTTY AB ANNLATINYEIBITANTTU (INnnovative
Knowledge and Skills) ﬁé’faawamwmwaau'mJﬁ’u%uﬁumm&wmsmamﬂaWﬂiswiﬂﬁq
msdnAlulad wazns3BunszuIuMslvg snatuayumsvhay

nind1uudrdnediu §isearunsnasuainununevesansauruinngsy Ao
ANLANINTITIYARATIUTENDUMEA LA inuEs1e o Anaeusantuiiuandliiufs
AsiianuAnsise auAnadassdlunisiauiuinnssulfaiusavirauldegned
Uszansnmnneléminennsifiegegisdnia

232 parUsznauvesaNsInusuinnTsy

Lei, Hitt, and Bettis (1996) wag Tippins and Sohi (2003) lena1211 aussauswinnssy
dusnniladeadieddgiidrslunszuiunisaisleunnuideeinuinisasnideunuy
Tnetanizausiledn (Tacit Knowledge) dsliiannsnasrstuldluiud uidoududsiidos
azauunnUszaunisal maieud Miuunluefinvesusazyana na1alédn aussouy
wnnssududsddyiastisassnnuliiuioulunisudsduresesing snsedunisudle
Yyun swlvfenisadisassannudnluduazuinnssuluilussans (Vila, Pérez, & Coll-
Serrano, 2014)
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(%
a

=2

Keinanen et al (2018) nannaussauruinnssuvesiseuluseivaauAnuiil 3 {f

B SEAUUAAR ANANUGIENINYAAS kavtAsete taedl 5 aussaus Ae 1. n1suidam
98198519655 (Creative Problem Solving) 2. N1SAALEITEUU (Systems Thinking) 3. N15614
\J9une (Goal Orientation) 4. n15vinarududia (Teamwork) way 5. N19E319AT99NY

(Netvvorkmg) Tuusazdntiaussauzeed wazaunnii 2-4
59 1 sEAUUAAA I 3 aussauy fe

1.
2.

3.

..
q.

AN
5.

NNt 98198519855A (Creative Problem Solving)
N13ARALTITEUU (Systems Thinking)
ma@?«ﬂwma (Goal Orientation)

2 sERuUANENNUGIENINYAAa § 1 aussous Ao
nsviaududia (Teamwork)
7 3 sesuedevs & 1 aussous Ao
NN3a319LA39918 (Networking)

_ Creative Prrblem -Solving

Individual % Systems Thinking
B

Goal Orientation

Interpersonal  ——————  Teamwork

Networking

AN 2-4  AUTTOULUINNTTU 3 TR 5 dUTTOUL

AUTIOULUINNTIUNG 5 aUTIaULLSUaLLDunGIL

1. nsuAtgyun1e819a519855A (Creative Problem Solving) n1sutauawuIAnll

nszuIuN1svinen 3n1sufuindieldlundladayvinelvussqudmanglunisyitau
ansadeaulaiionagalivnua

2. M3AMTITEUU (Systems Thinking) 1uainuanunsalunisidenlesnssuiunis

aluudaztuneu anansadanisiutedauduieliussqumunesiuiu linswensind
agluMIasNaTIANANY tazUsiduna
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3. masaiang (Goal Orientation) annsnszyiFesiiaulalulssiufiAeitasty
M uazvienldegsaideadielussaidmng
4. nsvauduiia (Teamwork) Suflsarufnuesii ausauiuiiale saust
anunsaviausmiugBuaTigindsunnssiule
5. mMsas1aetetne (Networking) ansnsavieusmfudideiviasinsanan Tiusslow
nededielunisinnu uagvhauimdudidervgsisas muﬁgqmsm%’agauaz
ANNARLIUIINLATOUY
Ovbiagbonhia, Kollafel and Brok (2019) nd1991 @usIaUsUIANTINYDIUNANEI
SEAURANANYIUTENOUAIY 6 ANTIAUL AR 1. AUARASINATIA (Creativity) 2. A1IEKN
(Leadership) 3. waslun13911974 (Energy) 4. NM133UIANAINNTOVDINULDIDENATINATIA
(Creative Self-Efficacy) 5. nddea (Risk Propensity) kag 6. N9 LLﬁﬂiymﬁﬂaqmﬂ%a (Solving
Ambiguous Problems) Tnsusiazaussausiisneazidon el
1. AuANAF19a336 (Creativity) 1un1suaranisnising q lunisvideeng q
f3usunns dnsideslosaudn mauAtym wazarmesndesiniiiu
2. A9z (Leadership) (Hugiiideding fin1sdnszifou n13danis uas
arwannsolumsszaunussiudielussatimnefiddaly
3. watlun15via1u (Energy) Wuusandneu aunsehiesesu wsegalalunisieu
wiindenumniies wardirsjsiulunmsidusulufanssuineliiAauians
4. mﬁ"uﬁmmmmimamquaﬂwa%waiiﬁ (Creative Self-Efficacy) WJu
anudolunuios arwsiulalunuies nsnszninilunutes Anuidnvssnisiaiunds
ausiulamadsauientuanuainsadadassivemuies
5. n&WAws (Risk Propensity) Lﬂu;ﬁﬁmmﬁm wasANaNnsaluNTTuAUEe
Ale
6. msLLf’ﬁjaquﬁﬂqmm%a (Solving Ambiguous Problems) tJug# iwounAdynii
ARILATD
Boydadmin (2023) lasauduuniinends Central Michigan ¥iMA1SWaAILNALTTOUE
winnssu FaUsznausie 5 aussaus Ao 1. AuAnad19assA (Creativity) 2. nsnailéndn
\de (Enterprising) 3. N13Y384N15 (Integrating Perspectives) 4. NINYINTOL (Forecastlng)
uaw 5. M3dansnisiasuudas (Managing Change) Tnsusiavaussausiiseasidon feil
1. MNUARES9ETIA (Creativity)
- MsEd1aaRe: wuewmeansuAtyniivainvane
- ANTARLTNINING: msixuasmﬁmqma’hLLu’mwﬁLﬂuIU"LéfﬁLmﬂﬁmﬁ’uﬁ?uﬁ
AUT9 uazgnooustdls uazmsliasizinanisiindu
- msdansei/nsusulaseadneesinig: Aunisanninlunisudlotymninioy
nmsduasgiuardnszidouteyal
- nsundgymegeasieassa: msldwwinlnl 9 Tunsuatamnlugiuegdin
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2. msnanlenande (Enterprising)
- nsszylam: seudnuasiiuiass amgvasdymuasnadinfidusingiuves

U

- MIumaNsUTuYTe: wesisUSuU sesdmseewiiles

- msnvnwdeya: mssvyuvasteyaiidulselovd nssavsiuuarlfianns
foyafidndu

- msfnegeBasy: msdnuennsey wiusasienadaudsiuauAniiuresty

- anwdrungdumalulad: nsiianudnlavasldmaluladifieusudse
NSEUIUM YN

3. N13Y3UINTT (Integrating Perspectives)
- msWanedieundn: andulafiezsuiletelauoiurangdu uazassuuidn
T 9
- M19UUINFITE: Msdanangingsuvesidu nsmauieianiiarins
madalafuuuAanagiBuidgmangdu msvinwduivyaealuaiiiedeaiodum
winnssuvieunliluigtuvesavdy
- 99USINAY: 119I9uSIAUERY LazualmANAniuYe By
iieumdeyaiadsassd
- msfdwsuiunalselevidliifefuan: fanuseuiuasumamndeyan
a1 Wedumuuamslval o Tuaanunisaisng 1
4. nMsngnsel (Forecasting)
- szuumsiud: Sunmunisiasundasiidn SoyfiAntalussuy iensananisal
wisn1sadlaagnauaiugn
- msUssifiunailuszegen: mﬁa'gﬂdwmiLﬂﬁsJuLLUaﬂuizw%dﬂmahiws
g139819ls
- Adevien: msmunmdnualvesan nnsineulugaunfreteInnig
- msdaniseunan: MmsUszfiuiiania wazaudedusuiaalaefiansanain
9wl gaau Tona wazdeaneulutagiuuazouan
5. Mydan1smsasunUas (Managing Change)
- awseulmseaniunisal: MmaUssiiulsmdnduvesaaunsaiimddaety
uazdavnanAslunsivasundas
- msvhmeanugiidued: anmdslaizdouisnsidsing o LUUR LAY
Sefimsdnunenisuuuussansameing o
- msduarudssediangasa: aandala uazauanmsalunsfuanudes
Sofimududu
- msnengmsddsuuda: nsatuayuigladedudynanisuidymlagly
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a

uianssu n1sfuduaznislisstanngifinnuAndiiu waziedeadieassd s1uae
anuaganlumsIBuMIaaUAsuulag

NnAnaudtnediu {iduidenldunAnesduszneuvesanssnuzuinnsunm
WAAYDY Keinanen et al (2018) i 5 aussauz Ao 1. n1uAUgnae19a35198556 (Creative
Problem Solving) 2. N15AALTITEUU (Systems Thinking) 3. n1sdadanune (Goal
Orientation) 4. M5y wduiiy (Teamwork) wag 5. nMsas19A3eY8 (Networking) WS
HunnAsifwuudssiiuilfnasgiununmi 2.5

&

msunlulaymagivasivassA
Creative Problem Solving AMSAQLTVS:UU

(System

E Thinking)
i Innovation a
(Networking) Competency

msdvidhkue
(Goal
Orientation)

: amsiiuluinu a

(Team Work)

o I3 )
AN 2-5  29AUTENBUVDNAUTIOUSUINNTTU

233 sesfleUsudiuaussouruinngsy

Keinanen et al (2018) %ﬂLﬁuﬂa"uﬁﬂﬁﬁwaﬂﬂNmﬁ FINCODA, Turku University of
Applied Sciences #13deflefmuIuuUssiuanssausuinnssuvesindnulusesdu
gauAnudadunuuusadiu 5 ssauiiliind@nwiviinisdszdiunuies Taswauiain
wuuUsegiiuves Marin-Garcia et al. (2013) A38N153ATIBATBYAMENITILATIEVVOYE
15981573 (Exploratory Factor Analysis: EFA) Wa¥1MN153LAT 1M 083asan8n153AT e
ToyaeBudu (Confirmatory Factor Analysis: CFA) U3 takuudssiiuaussausuinnssy
5 gussauz Usenaume 1. msunlamedsaineassa (Creative Problem Solving) 2. nN13An
LWI5EUU (Systems Thinking) 3. As@artimane (Goal Orientation) 4. n1svinawudia
(Teamwork) Lag 5. N15d5191A39U18 (Networking) 593 25 U0 Imiumu?%’aﬁﬁ%%’aﬁm
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Joyaoanly 3 4o wszdoya 3 JolllusivasiBuavesaussausliieadosiunisyineuy
Tnglusddelingudregraluinfnw Asugideddduvulssilivaussousuinnssy

a % a o ' a o A
WS 22 98 S1882L08AVIF 9819 UVUTLIHUANTTOUSUINNTTUAINAIT NN 2-1

d' a L2
A13199N 2-1 LUUUTELUANTIOULUINNTTY

318119 3121

nsunledey (Creative Problem Solving)
1.

)}

S YUAILTLEUDLUIAA IAAUD U AN UNTZUIUNITVINU

ol

)}

b

ol

guansaausuwinAa e ltlundledgmla

=

SeuausaaueIsnsuURndieliussauvaneg

D

b

e |eXp (@22p (@2
ol

guanunsadnaulaianageliveua

v a 1 Yal o & o 1%
. F’]’J’]Mﬁ’uﬂiﬂ“d@\‘iEblLiEJWU’JEII‘VW]@JUi%ﬁUﬂ’]’mﬁ’ILi‘\]s[,Uﬂ’]’i‘Vﬂxﬁuiﬂ

€

. HS8uANNS AU EUDLUNAR LR DRSO hazNaUs I TULe

2.

€

~N oo (e e |

A suann a1 lERuUssauanudisalunisinaule

.

A13AALINSEUU (System Thinking)

8. fpuanInYnsUsEduNandinsinfanssy

9. ﬁﬁﬁlummaaL%auisaﬂ53munﬁﬂuLLﬁiaz%gumamaqmiﬁ’muiﬁ
10.
11.
12.
13.

b3 EJUﬁ’]%J’ﬁﬂﬁﬂ‘i‘&’]NﬁQW‘NSUENNEJ‘LW]lIﬂ’J’]iJLLfﬂﬂGﬁ\‘iﬂ‘leLﬂ

b3 EJ‘L!ﬁ’]ZH’ﬁﬂI“UV]SWEﬂﬂiVlM?JEJIUﬂ’]SﬂS’NﬁiSﬂNaQ’]‘H

b EJUM?Q'JWNLiEJUﬁ]%ﬁ’]&J’]iﬂWWUWGI‘LILENVLG]

ol

b3 ‘EJUﬂ’]@J’]iﬂ"\]ﬂﬂ’]iﬂU‘UE)“UﬂLLENLWEﬂWUiiaL'ij’miJWEJi’JiJﬂu

Ee e2f e 625 625
D

Aavdviune (Goal Orientation)

14, Q’ guaaNI0szyFosifSouaulald

15. {13 ummiammuamamamaaméﬂmiiaLﬂmma

16. 513 iﬂwmmaﬂﬂuﬂiuLmu‘wmmsumﬂumimmmwaimisaLﬂ’mma
nsviauduiiy (Team Work)

17. giseusuilsanuAnuesaudnludiy

18. guaINIsaynusINAUTLeula

19.

e2~e e2~e eze
oJHl

oJHl

‘L!ﬁ?ll’]im/l']\‘iWU§’JEJﬂUNEJUVllIﬂlIMaQLLG]ﬂG]’Nﬂu‘l@

Lﬂ%aﬁm‘a ( Networking)

20. fispuannsaldusglovinneseiiglunisviala
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A1519% 2-1 (o)

318119 3121

21. fipuannInnuUTIA U de s ula

e [

22. fissuanunsomdayauazauAniivanaseisls

2.4 Wasuas19d55a (Creative Product)
TumeuilfidoveriiaueneasfonvasnanuaieassdUsznaufenumaores
NAIUAS9ESIA LasLUUUsTlunanuaseasss Tnoudasdetissandundal
2.0.1 ANUNNNYYBINANUAS19ETIA
finAsnisnsssmeldlimnunevossanuadisasss sl

s

Briskrnan (1980) NA1771 Hasuaieassd nuneds swAas nsfunudsseivg
nswasuudainseuiuie wardug vieduisfnlunsfnulngldnnufnasnasse

Besemer and O’Quin’s (1999) Na1797 nasua¥1aassd munefs wansusifiaiis
Juuloefinuantd 3 Usenns Ao 1. aruudaniual (Novelty) iundnSasifiuandianin
wAnfausilAN 2. AwuazLBen (Resolution) 1undn Ausiiiinuan wavduselovy uas
3. @lma (Elaboration and Synthesis: Style) Wundndusidanuidusssusd adney
Fudou uavUszAvstuegnai

Runco (1996) Na1791 naswadeassd el wdnnsifiaiiunnlaefieaaudd
2 Usens e 1. Auwdanlual (Novelty/ Originality) TneidunisiuSeuiiisuiunandue
3uq Tuussnmidienty uaz 2. ssausslevel (Value/Utility) iundnfasififinnamungas
WroausanAdynle

Goldenberg and Mazursky (2002) N&1771 HAUATINATIA Lﬁuwaﬂwuﬁﬁﬂmé’wmz
Adanals Ao matdusfuati (Orignal) nsinaua (Value) aruvaniysl (Novel) amnsiinauls
(Interesting) A1M@3197% (Elegant) A2 uiltendnwal (Unique) haza1uusenainla
(Surprising)

Charyton et al. (2009) n@1291 adua¥1eassd wuneds waAanieiagiAnain
Aanssuaiassdlureuniiiivun

MnAnaILdT sy §Afuanansaasuin nanuaiisassd wnes ndndasivie
Asfiuseiustuinednsundelaeiimuunnssluanudndasiou Sendnvel uazawnse
Tdnunsoausanidymle

2.4.2 wuUUsHIUNAUAS19ETIA

TumeuiliiterethiauessaziBonvesnsiauuuuyssiiiunauainsassd Taed
foyadsdl

Taylor (1975) Wuilnivanisauusniildadanasinisiaussiiunasuadeassa
(Creative Product Inventory: CPI) Insdlinauailunisuseidiu 7 88 Ao 1. Ju (Generation)
ANUAINsvRmAndulun1snsEUlAAnAuAalal 2. sUluUlng (Reformulation)
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dnwazuargULULvesHAnSamUAsuLUaslUAN 3. AnuAR3 S (Originality) Wy
NanATTimnenuay s Tundndueiou q 4. auieates (Relevancy) \undnsioeid
annsouAlamuienauausInudenIsvegly 5. aunely (Hedonics) Wuainuiley
YILY wagHansynusondnimel 6. Auduteu (Complexity) 3In15l4nanTuginIe
Jan1steya uag 7. 113391AUARA (Condensation) 1WATYIUINITAUAALALINLA
HanuilASE U

Besemer ag Treffinger (1981) launulAnn15UsEIiuNaIUas19as5A: CPl 109
Taylor (1975) Wugulumsyiideiiieaunuulssfiunanuairsassaiifonin Creative
Product Analysis Matrix: CPAM Taadiinausilun1suszidiu 3 8@ Ae 1. Aauudanivg
(Novelty) WJusnuiusnazveulwavednszuiunisuid maidalvid viseuulfnlva sauds
aunUanldvisngluuaznisuenudndne 2. auasiden (resolution) Lusedy
Aulvsivewandueilundrasdnuiukar s vesian vl nsvuiumsui wag/m3suudfn
ﬁiamagj way 3. @lma (Elaboration/synthesis : Style) WusgdunInsInvetaAlsEnay
e 9 Mszneudundndneiflafunsuiuus Waun uaziinuaenndesiu Teaziden
PN 2-6

A 2-6 Creative Product Analysis Matrix: CPAM (Besmer and Treffinger, 1981)

Besemer and O'Quin (1999) lau huIAAN15US L A UNAI I UAS19855A: CPAM
(Besemer and Treffinger, 1981) Lﬁu%’ayjaiumaﬁﬁ%’mﬁaﬁmmLLUUUizLﬁumamu
a5719@353567M38n97 Creative Product Semantic Scale: CPSS Taefinasilunsusziiu 3 37
Ao 1. armuuvanlual (Novelty) \undndneifidauuansannudadueiiduluduian
NITUIUNTT WUIAA LAZIDNTASINANA N 2. AnUagtden (Resolution) WARNAMININIUY
wiadiledduiivihaulamfiedla 3. alad (Elaboration and Synthesis : Style) nAnsiauandl
aruifiusssud vgns dudou uasa¥rassdinedied uenanilul 1999 Besemer and
O'Quin Teuuulseidiu CPss Tunaaasld teninuasuddassadaesuulsziiiu
fainan SwasiBuanunnd 2-7



40

Attributes of Creative Products

Novelty

Resolution Elaboration and Synthesis

m‘wﬁ 2-7 Creative Product Semantic Scale: CPSS (Besemer and O'Quin, 1987)

U 1982 Amabile A1@ATIITTLAILNIINGIRBE1515ALALUIAA Torrance Test for
Creative Thinking (TTCT) 44 Torrance fiaulul 1966 unwmunduedosielunisuszdiu
N&UES19a55ATIEeN7 the Consensual Assessment Technique: CAT @l@§unisvunu
41471 Gold Standard (Baer and McKool, 2021) FeUusznousay 3 R Ao 1. ARAuAs
457198957 (Creativity) Usenaunae ANNAnas19assA (Included Creativity) aauaula
A1UAUAS (Timbral Interest) Lag3ULuUmIg 9 (Sectional Variation) 2. fifin1snaila
(Technical Goodness) Usznousigaune e uidalau (Effort Evident) 3Un33 (Form)
mMswasuuUaituRa (Texture Change) AuLaIUE (Accuracy of Performance) M3liandaan
(Expression) A21uG UG8 U (Complexity) hag 3. AAAI1UEI18914 (Aesthetic Appeal)
Usznaumenuasulaesin (Appeal) kazAuiiaunuie (Meaningfulness)

Cropley wag Cropley (2005) latuurAnni1suseiiiunas uasieassa: CPl 999
Taylor (1975) uaghuuUszliuNaIUas19a53A: CPSS 989 Besemer and O'Quin (1999)
HuteyalunsiideifionmuiuuussifiunanuainaassaiiFondn Creative Solution
Diagnosis Scale: CSDS Usgnausie 4 a9AaUsznou (Cropley & Cropley, 2015) A®
1. anuieidesuazyszdning (Relevance and Effectiveness) Suwamnauiilondnsamsiiy
fagvoufenuimadailuiifianuminzay aunsoudtam wazfinnudasadsly
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vaa

nsldanu 2. auudanind (Novelty) WWun1sldniuindeglunisad1suanSueind

Y Y
1

mnuuvanivl flesdusznevlnl Insuidamiluiiensifoguazndululd 3. amadom
(Elegance) 1Jundndasinflsluuvaisny ssdusznousng 9 iWrfulfodsasd uay
Hudinsdoduindon uaz 4. fuda (Genesis) Tuuamsudladymfnugiiiugiulnl
dusumsvinnusely wasdauwnAnlvdeestdym aansaiausinfndnsunmsuidym
Aquidieulaiieadoaiuld

H398UUIAAYBY Besemer and Treffinger (1981) Besemer and O'Quin (1999)
Amabile (1982) way Cropley and Cropley (2005) mv‘f’]mié’umwmﬁaiﬁlﬁ%agﬂu
MIUTEIUNANUASATIANILANT 19T 2-2

A5199 2-2 NTEWATITITHUVUSLLIUNAIUES 19855A

> | o
(o)) o
(o) o
o | o
on
c| >
& S| 3
‘ v o 2
29AUIZNBUYDINAITUEATINETIA Fl Q] O §
T | ©
c| & | T
JRIRIE:
] L o >
E| | €| &
@ 2| 2 g
2| <| &a| G
1. anundaniuy (Novelty) v ViV
2. puaztden (Resolution) v v
3. dled (Elaboration / Synthesis : Style) v v
4. GRAMNANES19EIIA (Creativity) v
5. ianamaila (Technical Goodness) v
6. ARANUAILIU (Aesthetic Appeal) v
7. ANuNYITesLarUsEansHa (Relevance and Effectiveness) v
8. AUAI191Y (Elegance) v
9. NMitln (Genesis) v

Ya v o

NM1997 2-2 §Aderin1sagUesdUTEnUTRILUUUTIUNAIIUAS19a A
fensTNesAUszneufifiauiieidestuddoiuy sivliaiunsaagussdusznevaes
WUUUSZEUNANUAS9ETIALY 5 03AUIENOU Ap

1. anuudanludasswasnu (Novelty) Humsswesddsznauil 1 uaz 4 Wmeiu
TnefisneazBen Ao Wunanuiiiisiuiu wazreulunveanssuiunisivg adalng
osAUsznoulmi Yanlus viouurdnlni Mélunsudtgmluiieneifieguazifululs
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sudsmnuuanivsliinelusazaneuen

2. arwandunveeray (Resolution) Wunsyinesdusenaud 2 wae 5 Wdeiu
lneiistwaziden Ao Wuszduaulvdvewanuluwivesiiwiukazusnsvesianin
nszuaumslvl wag/visuwnAniisey wasnandusvinnuniestilaiduivhauldfiieda

3. dlwd (Elaboration and Synthesis) \un1s5uesfUsznaud 3, 6 way 8 Wrseiuy
Inefiswaziden Ao 1luszfunimsuvesesdusznoudig q Aldsunisuiulss Waun
a59assrNnegneR waslinuaenndesiuainsausznaulunacudiiulaegisasia
frnudusssund ngna dudeu wasduiinsredsuindon

4. aisadetuazUszdnina (Relevance and Effectiveness) Swuaniauwaly
NEmﬁmsﬁ@uﬁazﬁauﬁammﬁmﬂﬁﬂﬂ"ﬂ‘dﬁﬁmmmmzau aunsanAlgni wazll
Anuvasanelunisldau

5. Miila (Genesis) LmeqLLﬁlﬁUﬂipm'ﬁ'LLuzﬁwﬁugwu’Lmﬁm%’umi'ﬁwmusialﬂ way
L%L.Lmﬁmimjmmﬂmm mmiaﬁ%auaL.Lmﬁmﬁm%’ummﬁﬁmmﬁmmﬁaulajﬁsﬁaaﬁulﬁ

uaﬂmﬂumua 1991100 (2547) lmml,auaumﬂmiumsmmﬂwvmsﬂgummﬂmumau
nszuaumsrhaulussazduney unsdiinssuiumsausimududeunaresuneufiay
dawalinanumaduiiduneunszurunislunisiauiidudeusie faiudailven
fen1siauszifiunmninuazdszansninesnasu detugiua (2547) Tékin1suts
audnunziefunszuunmsiaenidu 4 du fad

1. A mYesHany InannanuidaunmaenndesiuinasiinnsgIuiinmun 9ad
LazALYBIiINAIIY audaurnzanlunsiluldanu dnvaznieuenvemany
AMUALEIEI FNUTBIANUUTEEN waziuvesn a1y [Wudu

2. AuUTUIY mawuﬁﬁﬂmsﬁwmmﬁmmﬁnwﬁwmmaqmﬁgﬂm%q@mﬂ1W
waLIUINY

3. Fuenuduwddes farsananmstignvestunudldlild vienruildamuste
sl nurestuny

4. gruaulasnisuinadu Na1sunann1siinanululdnuass lnsazdesd
ALUaeAf T IMIE U ANLAE AU EUY

NNUIRAYBIEIN (2547) AgrfuLUVYTEITuAMANLALU T2 ANE NN INAI T
naundateiu §idesiinisdafadeiisafunisussiiuduusinaay uas
FrunaFuddesesnnazluanuifiseldsmualig3ouaimanuatisassdngduay
1 Wa9u LLazQaau%ﬁwmiﬂszLﬁuwamua%ﬁaaisﬁﬁﬁ%%ﬁ]LLé”J Fovilivie 2 adeillud
ANMNEFURUSAUNTUTZRUNAUAS19ETA

fifeRmunuulssfiunasuaiisassdfildlumuidoadedan 5 esduszney
SUENLL‘U‘U‘UizLﬁuwamua%ﬁaaiiﬁﬁﬁ%aﬁqmeﬁlé{ Ao 1. Anundanludvesnasiu
(Novelty) 2. arsaziduauoInadnu (Resolution) 3. @lmd (Elaboration and Synthesis)
4. puieatoinazUszandua (Relevance and Effectiveness) wae 5. iuiln (Genesis)
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JfukwIfinvesgiua (2547) lun1susziliuauninuazainulasnseveinasu Loyl
TYALLBEANIUATTI 2-3

o
[

A9 2-3 NUNYILUVUTLIUNAIUAS 19ETSANUABASIT

29AUTENAUVDILUU
UsSLHUNAIIY
U s8azdun aEgESSE
1 2 3 q 5
AN TNYDIIU 1AM NYBIHAIIUADAAR DA ULN U v v

FureInmAIIY | Aifmua

(Frunseadlefilindnnany, fMugunsnl
ATUALINITINGIY, ATUNITOBNLUU)

2. HAUIANLAZALAL v

(e uilienanwal, NsIANUARSISY
Tulunsasnanasnu)

3. naudanumangaulunmsinluly v |V
Wasuausanndgmnnivuall)

4. {AIUIANANUUTIUALAY v
ANMUEILIY

ANUUaBnNY 5. gaduiimnudasnsglunisinluly v v
BN
(HANUIAMULTILTS, NAUTIEADETAIN

Tumsigay, nanuilanulasnsie)

AIdglaiuuuyssiiiunanuasieassAnvmududiuig 10 desnairanaeinisii
AZLUULUUIUIA 4 53dU Aa 0-3 Azuwuu HAzuuuin 30 azwuy laeilisneaziden

ANUAITIN 2-4



AN5199 2-4 LUUUSELEIUNAUAS19ETIANIT LN IV

SEAVAZLUY
s19n15UsIAY AZUUUTIN
3 2 1 0
1. AMATNYBINANUABAARBANU | AN INVDINGIY AMANVBIHANY | AN INVDINANY AN IMNYDINAIU LY 3
naisueseslofldndnnany | denndestuinaeicnu | denrdeatuinad | denndesiuinasisny | denedastuinaeisu
wheslefldndnna | mueSoslefld wSesdlofldnanuanu| wsosleldnannaiy
U 3 A NAANAU 2 Wil |1 via
2. ANATNYBIHANIUADAAR DAY AMAMMUDINGY | AAITNVBINAIIY | AN INVDINAINY AN MYBINAU LY 3
NAINAIURUNTUAIUANNISYINIY | @OAARBIAULNAINATIY | dBAARBINUNME | @0AASBINUNMIIAIY | #OAASDINULNMIIAIY
gunsalmuauns | eugunsalmivan  |aunsalmivauns | aunsalmiuay
197U 3 ¥l AU 2 9la [vIeu 1 vdia A15VN9U
3. AUNMNVDINANIUADAAIDITU | AMNINYBINAIIY AMANVBIHANY | AN INVDINAIY ANNYBIHAIULY 3
LNAUSIATUNNTERNWUU FOAARDINULNMUINAU | #0AARDINULNNGT | @DAAABINULNENIATY | @DARRDINULNMIAIY
NSODALUY ATUNTOBNUUU NSOBNLUY ASODALUY
3 Handu 2 MeAdu 1 Hendu
4. wanuiliendnual HAUIIALeY HAIULIRALAIY HAIULIALeIY Hauliigasiu 3
390 2 30 190
5. msfiauAnssulllumsadne | Saudessulndly | Sanvdsssulndly | fawdessulully | lifenudndsuln 3
NAITU ATASIINAITY ASASI9NAIY ASASIINAITY Tunsasnamaany
390 290 190




STAUAZLUY

s19n15UseIY AZLUUSIY
3 2 1 0

6. uanuannsauidymiicinueli| nasnuanunse NAUENLNS0 nasua et wasulianansa 3
widadidmualy | widymdidvual | ficuely wAtandismualy
3 98 298 199

7. HAUNANUANNUI ALY NauiANSeUSey| Naulaw NauiAuSeusey | wasnulidiny 3

ANEIELIY 390 Seusos 2 90 1 qm Seuiey

8. NauIALLTS HAUEANULTIS | Haeuiiann Nauianundase | waenuliiinang 3
390 W39 2 90 190 IGATER

9. manuiadesnmlunisleau NaUTEIuNITNAaaU | Nauseiilu NaUszluNIIeday | Nadseilunisnedau 3
NAITUNIY MINPEOUNAINY | HATUEIY 1 ASs naaulaanu
3 ads Fw 2 s

10. wauinnuvasnse nauiauUannny | wauiaig nauiinuUaeasie | wasuluidinnu 3
faust 3 90 Fuly Uaonsoiaud 2 90 | ot 1 9atuly Uaensiy

Fuly
30

ATLUUTIU
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2.5 ueTNeIVa9

MAToRnfUMISeuiuUuRsURY

wsans (2558) ldAnwinisiauinszuaunisidoufiiionisivdsundag
Wiewaduainsmsiiiuguiuilusuomwsasnvumeiinszyinafnaguuse Tinguszasd
il 1) WlefnwinszuaunsiSeudihlugnsiiunuauiluauewesenvuredinggsi
ARARANTULT 2) WeiauinszuunsiSsuiifiensdsuulasilelaiuainsnisiiiu
AMAILITY AULBITDILIITUBIBTINTEINAAATAIINTULTS WY 3) LilaANYINAT D
mMsnaaeddnsruiumsBeuiiiensiwasuidaniiowduainans Wunuauilunueses
L1 UBIEAnTEYRAARANTULTY RaanauTlATIgRiaty wazdeulyueanisi
nszUIuMIBsufifionsasundadluly Tneldnszuiunsdnnisisoudiiiensidsusinu
99 Mezirow (1991) § 10 Sunoussil 1) nagingaiviliduau 2) msnsisaeunuiesde
ANUIAnAavIearesla 3) MIUssiludannddeteduilugiuiiugainel audaay
Sausssn visormudnla 4) msnszuiindnenaliwelasedsvilstunszuiunsiasuuasld
ganldsamiu wazmszninitauduldiinisasalunsddsuutasiindedu 5) nsdise
NIUABNEIMTUUNUIN AUFUAUS wazn15ATE7I9d 9 6) N5 ULEUNI9VD
nsnsEI 7) mastmunassieginusion s unulUlfRRena 8) msnaassunumlvl
figndalithnsn 9) msafuaussauzuazanudesiilunueduunumuazeudusiusivl
waz 10) Maysanisivdlinareduduniavesdinvuituguvesiafowndaudign
muailagUinssmilval nguilvane fe lwnvumsfimalddadufinnnuluafiiAeides
funsldaanuguuse 2 af Ao 1) afanuiafeafuTinuazsianie wag 2) Afinuin
Aerduma wazldiiriunsevsulugudinuazeusuiin uagtovu ludsinvesnsudida
uarduAsaNAnuAzisITUAET 15 wisluszeznanesnatios 1 T anunsneuoandeuld
LiflnnegRnunAmesrsnmeuariala sansdnyinuin 1) nssvunsieudihlugnsdiu
AuAwlunuLeIeLsITUTIBTINTEIAAARANTULTY Usenoude 2 §F Ae (1) TA
:

v = vt a a ¢ aa v Y
AIUNTEUIUNITLIBUFTILTUNTEUIUNTITIUAEULUAIUINTIAL ag (2) UANIUNAANS

'
=

nsFeuddaduszdunisiasuaiianisiiugudusilunuies 2) nszuiunsidouiii
nMsasuudasifielaiuaiieniniiuauduilunuiesvosivusiefinsgiinag
AuguLssdl 4 $u Tiud (1) SunenuezUsznoudie numusuies Rmuieseanainnnsdn
fin Aumanudaiviilidafin dedionn fuauies wasdumdauiiuiiaie (2) fuadis
wnunsual Usenausie MauRLnsnsei wasmieunn niousuensual (3) Tundwdey
Usznoudie asfloujuR uardunananisufoR uag (@) dulwuiuinssed uay 3) naves
msnaaedlinszuiumsFeuiifiensdsunlanileiaduairsnisiiunurusilumieses
wvrursfinsziifnafiaiiusuuss wudt nanindouiudagduiiinlugnisuans
ANUIURNTBEULALNTATIIdOUANT RN TIRaN LB R YL T AN TIuTinSUFUR

PdaLauNINTuLazisauity Mivuediuuszansnmlunisuenueziduddy lnelans
AW NLE NN TR TUBIINLUALNEAINULINTUY BWUINIINITASIBIAUITUILLLULT D
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Audaulunisye waznsnsevindilusunidssuiontiu suthangnsndndayiidenly
menudandesiulunuesediauyinss aguliin wnvuusazaulanisentegadnauly
fustassdunisuaneuiuingey uagnmnsadeunudensitenues dmtlade uay
GoulvveamsinszurunsiFoufiiiensasunvadlulduiadu 3 fu fe (1) Fuwuy
nszuIumsBeus 1aua mslimnssy Tanusnglanauudlan Weu-lanwi' nsianFes
agviounnuidn uaznisianunsualiidaiey (2) fuanmwanden Tiud usseniAves
MsiFeuisaniu uazmsatuayudeiuuagiu uay (3) dudyana ldun anumiouiiay
Daweianu msuansnnuddn wazanaduidou

Lwadnwel wazauz (2560) laAnwiideiAeadunsFoulifionisiudsuulas:
a5 luldlunnsAnwimeiuia inguszasdiiietauenistiiuuiAnnisisousiile
nsAsuuaslUldlunsfmundn@nsimeuiamansdudil 2 vedinerdoneruiauss
svvull 7193 eliiAnnsiauaudndnualanitu Ae msuinisdeilaandu
uyd Tnenssuunsnmsdnnisdeudifionisiisuriiuues Mezirow i 10 dunoudifed
1) mswdyivanumsaiseisessniilimnudouuds (dilemma) Aelinssiuyumaainvos
ALSEU 2) NIATIVFOUAIINAA 1NDI ANUFANVDIMULEY 3) N1TUTNUANLFFILVEINULES
Tnglasasigodneaseds 4) nsilalageusunsivasuutasitnuiesuasfduaiuisn
Wasuulasld uazeensuilsanuAniiuvesfdu 5) nisfummadeniiieaznseyiuuulug
6) M3uNuazUfURRUUIv 7) msmanuiuassinueifisduio oz foRnmun
8) naasaufvAnuunuiaduunumlng 9) nnsiamiaiiuamisanazausiulaly
unuwilysl wag 10) msysanmaluimilviitnfudin manisdnyinuiinisaouiidauaia
msﬁauiﬁ,ﬁamﬁLﬂﬁauﬁﬂulﬁwawaLLUU THun nMsSeuiifimsidyginssey Tasniswuy
N unumaLNA nsdifing anun1sal/Metaiiowass nsAnwUsE RTINS Tunisiaiun
nauiuiifonisdils Ae fi3eusonnswlueudaiiuresddu Sulieseuiinsasmdeddy
goufuAMNLANFIIAaIATaTy YiausmAutuunguiteuiJumanidedtu uaznnaui
Tomafiazfidiusaumii o fu uazagazdedddiamiinszduliindnuAnogmaoaiian
asseaduglilena uavsesuindnviane Faalusedrifdmivindnuiiezidela
nhagesiueauandaiivarnang Lol

fifwg uazanz (2562) leAnw3ean1siaugULUUNNIIRNTEUIUNN TS BuLile
suuUailodaaiumnuanunsasunsAnainsassAiarAIILaIAMIe1TLalves
Friiindnw Tmquszasdiite 1) Wannguuuumsdanszuiunsiioudiiensiudsuutas
iledaasunruaansasunsanaiisassAuazanuaainmsotsuaivesthinAne uay
2) AnwrUsgansravessuiuu MnsAnwdugininAnwludnerdeiasetie a1anais 1
ANNTUNTTUTUTIVIUN NTLINAISITUAY I 7 Wiks Tumeun1sAnwndl 5 swes 1dun
spoedl 1 nsAnwanmnnsainnenansnuideiiiendes uardunwalindnu svezi 2
msaaasiangUiuumsianssuunsiieuiionisasundaailodaaiumiuansisn
AuUMSAnaNaTIALarAIaaIAn1sesuniveinAnwlagdnsusuldnseuiuns
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MsdansiSudifienisiuasuniaes Mezirow (2000) svaedl 3 msfinwhseadiednmn
mwmﬁulﬂlﬁmmgﬂqumﬁmﬂszmumsﬁauil,ﬁamil,ﬂéaulwaqLﬁ'amsaiua%:u
ANANINIAFUNIANASNATIALAT AR SRR nAnY Sregil 4 A
gﬂLLuumié’ﬂﬂixmumiﬁauitﬁamiLﬂﬁauwauﬁamim?{EJuLLiJaaLﬁamﬁdua%m
ANuANNIIMUMIARa saTIALazANAAA I TalveaiiinAnw uavszeil 5
Uszifiuusgansnavesguuuunisdianszuiunisioufiientsivdsuudasiieduasy
AIINAINITARIUNITANAS19ATTALAZAIURAIAN IR S alve U1 TNAN 191N
(1) AUAINITANIUNITANETINATIA WazAILRAIANINeITHA] (2) AuianelasesUuuy
msdanszuiumsiseudiienisidsundasiieduaiumnuannsasunsanainiassiuas
AuaaIanesuaivesihindnw uag (3) sfusesguuuulaednsenandl 1usIvTm
Yoyalaslduuvasuanuuaznisaunuings Iinzideyaiieuiuna lasn1smAade
drudeauunnsgiu Independent t-test Jinswvidayaidananmlngnsliaszsidon
NaNSANEINUIT 1) JUNUUNNSIInszUIuAnseudifientsiasundaniienisdaaiy
AL TIRLNNSANAEETIALAZAIIaA AN S iR TN Anw A u Ty
Uszneusne 5 esdUsznoundn fe (1) faey (2) Uszaunisaiads (3) iasesilensiseusd
(4) nsrUIUN1TINNISISeuS uwar (5) walulagaduayunisiseus lnenszuiunisiseus
\Wion1sidsuulasUsyneudae 9 Tuneu fe (1) N3 AUINgAnIsal (2) N15MIIvEBY
AuLed (3) MIUszifiuanyAzufnvesnueg1eaTeds @) madalagenumsiudsunlas
(5) nM3Aummitdenug (6) n13319uRuNIsNIEYINY (7) Nsmiausuasinvedmiy
nsUFURALLEL (8) MIFuveaesimuunuvil nsadreeuanansasazausiilaly
unumnd wag (9) n1sysannisauiive 2) msuseilluyszansnavesgiuuunisdn
nszvIuMsSeufifionisidsuulanilemsdauaiuauaninsafiunsanainsassduas
ANNAAIANNDITNVRIUTNANYY WU ANNEAIITAMUNITANATNATIALATAINRAA
mamsmaﬁmmﬁﬁwﬁﬂﬁﬂmLﬁms'fuaéwqﬁﬁaﬁﬁ@mﬂaaaﬁszﬁu .05 (p<0.05) lnaiiAziuu
Wuan 3.66 10u 4.42 uag 3.68 10U 4.51 audu dndnuiiianufianelaszfuuin
in3enandisusessuuuunisdansruiunisiSeuiiiientsivdsuudandiontsdaaiy
ALAINITARIUNIIANAS1IETIARATAYINRAIAN 9D SHAlved ANy TaeLiudd
awnsaldlunsimuninAnufiduadunnvannsasunsanaiisassduazainuaain
AN EREHG]

5307 wazany (2563) ldAnwii3esUszandnaveanisldnszuiunisiioulq
nsidsuudasienisimuinudnaiisassalufindndnu $inaguszasdifiednen

N

1) sgauanuausalunisAnainassAavesirdnfnyilasldnssuiunisisousid
mMsdsunvasmendadisinlasins "msiaufinindnuluanissed 21" 2) @nw
sefuANuAniuvesiiinAnwilidoAanssy Tulasnis « uag 3) Anvuszaunisal
vosiinAnyindnndrsslasins 1 nguiregidlunisfin Ae fiirdnAnwsudi 1 91
WeRENgUIaUTUTIYYUT InendenisassuguuarIngdensunmdunulneaiegiues
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Tugafnanidunszususivrun $1udu 70 au Md139ulAsants = wanisdnyinudi
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ilonsavaeudngninvesszuumaluladlaniadounarulanuisauateiildnisinaue
MseRNULUULleseIfUNTeRNLUUNER S TTiaisassd nanFidenuin waluladlaniailon
HAULANLNIAIIUITHIUNTNAFRUAINNINTIU kaned nalulaglanialounaiulan
wisAATsannTaU Ul suiuinvosmAnsasdunuuldedesnuuudealng
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\Wonouaussuwalvl q 16 uenanivazldinaluladlanaiiounaulanusnnua3eild
msmenndvszansammioninmaluladlanaieunanlanuiinuasfivansuuiiede
a3uladn nsdnaueniseanwuuaasldinalulaglaniadounaiulanuwianinuad glu
mMsanenmduluamsiiaiuayuniseenuuunandusinazu s e iadassAs il
Tarricone and Newhouse (2017) lﬁﬁﬂwﬁfi’fﬂﬁm msmwaaummﬂm%aﬁmm
nslvazuuunanuasassd lnefiinguszasdiieudluyvinsuss funiiuasaumanui
sfedaszfng (WU nme YseRuinssy nme atwene) vesdniFeuliseufinw
noulane Ivvimual seawmsdensTunn waznszurunslunisiinzuuulaeldindesde
goulat Tnefidunoumssinidunside 3 svey fe sveril 1 MswamwaznsAnwses
srensdrsraanuiulylslunisiiauenauninyjoalusluuufda szovd 2
nsneaesldlulsaieu lnenisasiageunnudululavesdniSeulunisiausnaau
AAUfTRluULUUATTA wazszesdl 3 MIllaswiuarUseiduna Woagunmsin uay
aruvanzaslunmsiluufoartsieds nansidenuin nasnuaisassdvestnSeuanunsn
wandusuuuuAdviafifienuiewnss dniFouainsadanuvesmueaanlsadouludsssuy
wilunasussulald uenaniranusiig q l§sunisUussiiudendesdossuladlaei
nsldazuuutadadnssivandalioudiou nsrnwwansliiduiinsfadu
BaFeuiisuduisiuftalduazidedeldlunsussifiunanuainaassdluguuuuadsia
wandleldsufussuunisdeansesular iliAauuinefiiussdnsnmuarUssansualy
mslipzuun msndunses WagNSNRINININAT Tnwanzetebsluiuiivuun
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M53duIFes JUuUuMISeuiuuuasuiudelssUszassidviaiioduainaussouy
winnssunasnauaisassAlunsidouazimun (Research and Development) §3dela
fatustumeu nisiiunsiTentsmnaringuszasdnmsidesail

3.1 MywagULuUMISeuiuuuAsuRufelswsrassiavialiiedaiuaussnus
WINNTIUUALHANUATINATIA

3.2 mMswannsTUUMIBsuiluuasuriusmelsszassiaviaiioduaiuaussouy
WIANITTULATNAIUATIETIA

33 msAnwnanisneassldszuunisiieuduuudsuitudielssszansiana
WiedaiaiuanssauzuinnsuuasNaNUATIETTA

3.3.1 madSsuiisunziuuanssauzuinnssuneussulaynaussuvesinfnw
fiFvuseszuunsBouiuuasuiufmelsesrassiaviaiioduaiuaussausuinnssy
LAEHANUATIATIA

3.3.2 MSWSHUMEUALULANTTOULE TN TTULALNAIUAT NATIANA AT UV DS
nAnunfiioumeszuunsiBouduuuilasuinudielsewsrassidvialfiedaaiuaussaus
winnssunazsanuaiasiruasinAnwfiGeusensaeunuuUnd

333 maFeuifisuaziuuanssauzuinnssuvdsdouvesindnuiiliSouse
szuunsBuduvuasuiumelswszassidafioduaduaussausuinnssuuaznay
A319asIANUN

334 maWisuidisuazuuunanuaiiassandaiourenindnmiGoufessuy
nsi3euduuuasuriiusislssUszassiiviatiiedsialuaussausuinnssuuazHay
A319as AN
3.1 mMswamnguuuunsiSeuiuvuasuinudislseszassadviaiiodauaiuaussaus
WINNTTUUASNAIIUEE19E5A

Tudumeud §3deldutstunounisieud 3 funsudosie 1) funisdunse
nsi3euduuuasuriiusielssUszassidIaiiodaaduanssouzuinnssunazaany
a$3as9A 2) FunmsRmungluuunsdeudiuuAsuiiudelsssrassaiviaiiodaaiy
AusTnuruIANITILATNAIUA9ETIALAY 3) Tun1sUTEdunINLIINEANTEIFULUY
Msi3euduuuasuriiusielssUszassidviatiledaaduaussousuinnssuuaz Ay
as19as3n InsusaztumeudosineanBendall

a |

1. Fumsduasgrinisseuiwuudsuiiumelsswsvashdviaivedasuanssouy
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a

uinnssuuaznacuaieassd ludureudfiseldhnmsfnundoyaninonas dis vuide
UNAY WIAe ud wagineninusseduguitudierilusemenasiasamaiifed
M3Beuiuuuasuniu lswszansidva uinnsmainsassduaranssouzuiangsy

2. funmsitmurzluuunsiFeuiuuuisuiiudelsssrassddnaiodaty
aussauzuinnITuLaTHANUATNETIA :nMsTIdTeldvinsAnvimdeyauazdunsie
Toyalunueng 9 uidd §338YINsasURaimLINTEUIUNNTYRITULUY

3. tumsdsuidiu Iu%umawfﬁf‘sé’aﬁwmiﬁmmuuuﬂimﬁummmmzammgmwu
M3i3euduuuasuriiusielssUszassiivialiiedsiauaussausuinnssuuazHaIY
as19a93A uuuUUsEINaA 5 58U (Likert Scale) Tapfnamimsussidiu 5 ey fail

5 vinefle Suanzaunndign

4 vynede Awngauunn

3 manede AwnnzauUiunans

2 mnghe  duangautey

1 yangie Suanzaudesiian

fidvairsuvuvssidutagihuuulsziiuliennsdivinwguiinusnvaoy §3de
thuuuUssiiufiinunisnsaaeuannenansdfivinvudninauediBermgswiu 7 viu 7l
AnaNdAdal 1) aandinsfnulidiniisesudigyen uar 2) fussaunisallidesndy
5 ¥ flAgfusunsesnuuunaiSeu Mumaluladasaumeaiioniinismsiaaeunanin
Agatuanunssmuiionuazaimild aaonsumnuasuduauysnikagaunIounqy
vaamaulaglifviianugenndesseninadeinuwayingUszainvenisin (Index of item
Objective Congruence: 10C) muqmé’qﬁ

2R
[0C = —
N
I0C = dvdarudennaossenitdomanunayingUsasiveinisin
R = AzLuusm9INMIUseiiuveditionnsy

N = eIy
4 b ¥ = v oA v A = =
naEINTIiAZUULYREL LI N 3 SEAU A AzWUY 1 Wandd lieIilanuLdY

Iefinnudenndeiiuinguszadvesnisin, Azuu 0 wansdn Jilledgigyiiaanuiiu
LdwidladndedrnnaenndesiuingUsvasdvesnisin wazAvkuY -1 wanadn HLB8IYeY
fianuiivinderauldaenndesiuinguszasdvaanisdn inasinldlunisdnd uadud 10C
AmwinlafsnnIuseaminiu .05 (I0C > .05) (Rovinelli and Hambleton, 1977) Fawuin
wuuUseiiuyntedien 10C = 1.00

Ya U = o

A3d8vin1sUTuUTsazLAlun 1A wLs U veEITe191sy naIRINUUEITeT

e

[

wuuUsgliufiduni1snsivaeuaua Inka LR @eIv gduan 7 vivw tludusedu
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aa v <~

ANINgaNYesgULIUNMSTouSuUuAB U el s s ansRdvial oAl uans sous
uinnssuuaznacuaineassd lnefidomngdanauifsed 1) aandinisnuildsi nisedy
Usayien way 2) Suszaunsallitesndn 5 U Mienfudiuniseenwuunisiieunisae
fumaluladarsauma ndsnfidervigusziiuanuminzanvessuiuunadous
LuuAsuruelssssansAdvialiiodatuassous uinnsauLasNaUAT AT TALAN
fidevinmslinseideyalagldaiade (Mean : X uagAmnudonuuunggiu (Standard
Deviation : 5.0.) Tnefnasimsutannumanedsil (Uszaes, 2542)

4.51-500 wnefalanumnzansziunian

3.51-4.50 MeRdlANUWILNEANTEAULIN

2.51 - 350 vngdadlanuminzausyiuliunans

1.51-2.50 vunedaianumangauseautiay

1.00 - 150 vsnefsfimnanmnyaussiutiosiign
3.2 mswasTUUNMsEeuiuvuiuasuriiudielssszasendviailodaasuaussaus
WINNTIULATNAUEF19ETIA

TutunoudfifeldthsuuuunisBouiuvudsuwiudelsszansndvaioduady

anssouruinssuuasnanuaeassiiautuluiueoud 1 iiauidussuunisdeus
LuuAsuriuielsssrassidviaiieduaiuanssouruinnssulasnanuaiassd lng
A398ANTUNITRONLUULAEHAUITZUUAIUNANIIINITHAIUITEUY (Software
Development Life Cycle) wUU Adapted Waterfall Lws12nA52UUNITBDNBUUTEUYU SDLC
kUU Adapted Waterfall ﬁ%ﬁmm@wsjumm GRFAPRIUATTER LLﬁlﬁULLazLﬁquﬁ%’uﬁaM@a
msiuldegrunuiranuazasnndoadunszurunsaniuay JaUsznaudie
5 Jupeu Ao 1) 715915189 (Analysis) 2) 9OALUUTEUU (System Design) 3) NSHMUN
5%UU (System Development) 4) n1snaaau waz 5) n1sululy (Imaniawan et al., 2023)
Tneusiazdunouiineandondsd

'
a Ya v o

1. NTIATIZA (Analysis) Lﬁu%y’umaummsnmmﬁmawﬁuazé’amwﬁmﬂms s
NUITY UNAIIN WUIAR NBY LLazx‘ﬁu?}f:JJ‘&JﬁLﬁIS’Ji’JuﬁgﬂLﬂ%aﬂﬁaﬁLﬁ&J’JﬁUﬂﬁ%ﬂmiL‘%Suiﬁ
mmamm%’umiﬁmmizwﬂﬂiﬁsuﬁuwLﬂ?iaur;imé’wiiwizaaqa%ﬁaLﬁafﬁam%m
AUSIOULUIRNTTUUALHAIUASNETIAIY Metaverse

2. A1T9DALUUTEUU (System Design) 1 un1seonuuusivazidenan1dnenssy
(System Architecture Design) LLazﬂ?i‘VT’N’m‘U@Qi%UUﬂWiL%‘EJuiLL‘UULﬂgﬂur}\huéf’m
T5aUszassiivalfioduaduaussousuinnssunaznauassassfeonuuandnenssy
(System Architecture Design) aanilnenssulssuszansiavaiioduaduaussauzuinnssy
LagNaUaTaTIAUTENaUMIY 4 du lawn 2.1 dasukasiinfnw 2.2 M3danisseuaey
MMFPONLUY MTHTEUNT MIATN wazn1sUsENeUwAZNAdaU 2.3 1nseslloRdva : ensaus

BoNAwIs waziuian 2.4 Nufidmiunisdaiuteyaluguuuueeulal
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ARl AavE
= E P a 3 L
o 1815015 LT 2. 90 WAas 1 3.3aqnlelunts A WUNFIUTUNTS
UNANEN o = i : P i v @ w
- LAFaaRuamaia - Solidwork HARNHAIY LYU ﬁ)mnumaa&a’lu
- LASDAGRLALIRSAN - Autocad - SandmEiaugy suuuwoula wu
L ! Y
= - LASIULNI - Rhino U (Filament) - Google Drive
- lulasraninsalaas - Tinkercad - One Drive
5 - Luas - Wolwi - Dropbox
pEDL
u
=
A2 UIUNTTL YU
1.29NUY 2.L038UMs 348519 Aalssnauuaznnaay

a o

AN 3-1  wiURdlsIUSTaneRIva

dQJQQJ

3. ANSWAIUN (Development) L'U‘WU‘HG]’EJ‘NV]N’Jﬂﬂquaa‘v\lﬁﬂﬁﬂﬂ’ﬁ@@ﬂLLUU&I’]‘W@J‘N"I

Y
=]

szuundildeanuuuly Tnefidoazidentedesiionns 9 Afarumanzauuazaiansn
sesfunmsldeumdnuesiaeunaziindnu Weliszuuiinuamaenndewnuingusvasduay
nszuaun1svesnuifed Tnslunszurumsfmundfideldihauainununisdounisaeu
Aunmilevin1sdunisaey aunwdensiSeunisasu UsrAndamszuunisdeuiuuy
WaguruielssUszassRdvialiioduaiuans sousuinnssulasNauai1saTIA wazuuy
msUssdiunanuadiassdluligidemalsiu Inedneandeadsd

3.1 MsUsziuAmAMUEUNSSsUNSaRUYBIsTUUNS S BuSuUUI AU
Tswszansidviaifiodaaiuaussousuinnssuuasnasiuaiisassd luduneuddisesi
NI UUUTHIUAIUNUTANTDIAUN NN UNITIT B U TA W T UM VU T20 1 0AY
5 59U (Likert Scale) TnfnausinsUssidiu 5 sedfu il
vanede  wnzanluseduanndign
mneds  wnzanluseAuin
wnegde  wngauluseauiuna

N W B~ O

wneds  wungadluseautos
1 vaneds  wanzaulussaudesiian
Bﬁ%ﬂﬂ%’?ﬂLLUUUi“LZﬁULLa“ﬁWLL‘U‘U‘UT"Lﬁﬂiﬁ@’]ﬁ]’liﬂﬁﬂ%ﬂﬂ?@HﬁﬁWUﬁ@i’Jﬁ]ﬁ@U RhHd

a

ﬁ'ILLU‘UU’i‘“LiJ‘LW]N']Uﬂ’]iﬁ’]'ﬁ'ﬁ]ﬂ’ém’ﬂ’]ﬂE]']E]’I‘\]’]'iEJWTJ'ﬁﬂH’]LLa’JU’WLaUE]NLSUEJ'J“U']EU‘\]’]U'Ju 7 U

wva v &

ﬁfl NEUFNUAAIU 1) ﬂm’sﬁuﬂ’ﬁﬁﬂwﬂmg}’]ﬂ'J’Tﬁ”ﬂUU’iiUﬂJ’]LE]ﬂ oy 2 )NU?”ﬁUﬂ’]iﬂﬂﬂJuaﬂﬂ'J’]
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demuaznwmiild naonsusunsuiuanysaiuazenuaseuaguesiiniulagldyil
AINNABAAABITENINITRAIDIULALINQUTEAAY8IN15IA (Index of Item Objective
Congruence: 100) Tneflinausinislizuuuvesiiiosvail 3 sz fio Azuuu 1 wanain
Aiirgilanuiiuindedauasandesiuinguszasdvenisia, aziuu 0 uanain
Adsivgiianudivliudlaindedauaenadesiuinguszasdvesnisia uagaziuy -1
wansi fllsmadanudiuindedalisenadesiuinguszasdveanisin inamidildly
nsfadudddl 10C Adualddesunnnimiewindu .05 (I0C > .05) (Rovinelli and
Hambleton, 1977) ?fawud%wwizl,ﬁunﬂsﬁaﬁm IOC = 1.00
fATtnsUsulssuazudlunuduuzidiveadideaniy ndsanduliseied

¥

a A i vy o o ' [ a
LL‘U“U‘U?SL:LI‘LJ‘V]NWUﬂWiG\i?Qﬁ@UﬂmﬂWWLL'ﬁ?IWQL‘?IEJ')GUWQJR]WN'JU 7 U bUURUIELIY

e

AuNzANTaIR A LU sumMsaeulael BunlauaniAded 1) aandinsfinw
lishnisesudSyanen wae 2) Susvaunsellitdesnit 3 ¥ Aieatudumaluladansaune
i snnidenmgusiliumnumanzauyenan RIS suNsaeuLd I Sevihmsii e
foyalneldiads (Mean : X) wagaranuideauusnsg i (Standard Deviation: S.0.) lnedl
nasinsuUarmavanedall (sgaes, 2542) 5 vneds nzasluszduinniige

451-500 vnefdimunzaussRuInige

351-4.50 MNefallaUWINEaNTEAULN

251-350 wegddlanuminzausEaulIunas

1.51-250 vangfsdlanumisngauseauiion

1.00 - 150 mnefsdmmumngansziutiosiian

32 mavssdugunmidevmmiaiisunisaeutessruunaFeuduuuideuihudae

lssvansidviaifioduduanssouzuinnssunavaanuainsassa Iu%umauﬁsﬁé’sﬁﬂmiﬁwm
wuUssdfiuanumnganvesgunmioninisiieuntsasudunuuyszanmuan 5 sedu
(Likert Scale) TnefinausimsUszdiu 5 sy feil

5 yanedls wnzasluseiusnniiae

4 vanedle  wnzadluseauin

3 vaneds  wangadlusyauliunang

2 i wnzadluseauiles

1 vaneia wangaslusyiudosiian

Y o ¥ o

AdgasuuUssukazd L uuUssiu e NN U nugul tinusnsiaaey {31

a A

LUUUsEILARLNNIATI9aeUINesETUT R ud i iauedBeamasiuay 7 vinu il
ansautfsad 1) aandimsdnwlaldnisessusiyaien wae 2) Susvaunsallidesndn 5 ¥
fieriunsdumelulaasaumaiiovinnsnsaaeunmnmisiumiusssnuidenuay
awild maenaunmAsUiuaNysaitaza srinsdemauuas ingUstasduaanisin
(Index of Item Objective Congruence: 100) lagilinauainsliingwuuvasy Fenwall 3 s2iu

Ao Azuu 1 uanedn dulgivgianuiuiidediaivaenndeiuinguszasiueinisia,
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AzuUL 0 Wwanein fidermgdammiiulivilaindedawaenndesiuinguszasdvesnisin
uazAzIUY -1 uansi fismngdanuiuintednliaenndesiuinguszadvesnisin
inausildlunsdndudideil 10C Adnnalddownnnimieminfu 05 (0C > .05) (Rovinelli
and Hambleton, 1977) @awuiuuuussidiuyndesien 10C = 1.00
fATinsUsulssuazudlunudiuugdirsieasgy udsandudideda
wuvUszfiufiriunisnsrsaeuguanud i 3ervig i 7 viu Budussifiy
Avnzauvssnum M adsumsaulaedienmadauanticed 1) aundimsfin
liisnisedudSyanen wae 2) Susvaunisallidesnit 5 Y Aertudumaluladansaune
n&sa1ngiBsrmguanfiuanumuzanvesnuamioninisiFsunisasundifosi
M zideyalagldanadn (Mean : X) uagArnnadoauuanmsgiu (Standard Deviation:
S.D.) Tnefinasimsudannuvsnedail (Uszany, 2542)
451-500 wnefelamuimngaussiuiniian
351 -4.50 vngiedmumangauseiuin
251-350 wngfsdlianumngadszauUunans
1.51-2.50 ywefallmnumingausyauiey
1.00- 150 yunedsdimumangauszduiiosiign
33 MsUsziuAMAMNIEaNYDIAMATNA BT HUNTADUYBITTUUATIT BT
wuuAsuinuelsiszaesivailed et uaussnuruTnsuuasamuaiassd lutunoutl
fivevhmsimunuuyssiliunnumnzanvesnunEn1s Ssunsaeu i uluuUsE AN
5 5t (Likert Scale) Tnedlinausimstssidiu 5 sedfy dall
5 mnefs  wnzalussiuinniige
4 vaneds  wngaluseauinn
3 ynefe  wngalusgaudiunans
2 wngfls  wanzasluseauiloy
1 mnefs wanzaslusydutesiiae
fdsaauvuussiuasiuuulssduliennsdivinuinuiinusnsaaey §3dem
wuuUssliudiinunisasiaaeunenanssivsnwudinausdiderviysuau 7 viw A
AnaRdall 1) aandinmsfnwlisniseduEyyien uay 2) fussaunmsallitesndt 59
figriunsfumelulafmsaunaiioviinnsaaeunmaiieafumisassnudenuay
awild maenaunmAsUuaNysaitazam sninsderaunas ingUssasduaanisin
(Index of Item Objective Congruence: 100) lagilinauainsliaguuuvas] Fenwall 3 seiu
AD ATLUL 1 WAMIIT Q’L%mﬁngﬁm’mLﬁu’jﬁaﬁwmmaamﬂé’aqﬁ’ui’mqUizaaﬁéuaqmii’m,
AzLUL 0 wanein Gidermgdammdiuliuvlaindedawaenndesiuingustasdvesnisin
uazAzIUY -1 uansi filsmgianuiuittedaliaenndesiuinguszadvesnisin
inausiltlunsdndudided 10C Afnnalddosnnnimiemintu 05 (0C > .05) (Rovinelli
and Hambleton, 1977) awuiuulssiunndedien 10C = 0.85 - 1.00
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va o [ 9

A3Fevn1sUTuUTasLA bl A UYL T 8y YEIINUUEITT 0N

Y
a

wuvUszfiufiriunisnsrsaeuguanud i 3oy 7 vau Buduszifiy
Anuingaesnua o sunisaoulasfidenaiinuan i 1) qandimsing
lishniseRusSanen way 2) Siuszaunsalliitesndt 5 U fdeafudumaluladansauna
vEsNFiTennnussiiummngaivesnandensFeunsaoundisevinnin e
foyalaeldriade (Mean : X) uazArmmndsauusnnsgiu (Standard Deviation : S..) Tned]
nasmsuanIINedE (ssans, 2502)
451-500 vaneidianumanzausesuiniian
351 -4.50 MNgalANUmNIEaNTEAUNN
251 -350 vngfalanavingansyiuuna
1.51 - 250 vnefsenuiangausyaules
1.00 - 150 mnefadmmumngausziutiosian
34 msUsziuA Iz aNYesUsE AN AmsruUnsEsuiuuuasusinuse
TssUszaeaddvafioduaduaussnusuinnssuuasnaiiuainsassd Tudunouddive
yhmsitauuuuUssfiuaamnsane st ansamssuunisieuiuuuiUasusinudeg
T5sUsvansAdviaifioduaduaussausuinnssuuasnauaeassAidunuuyszanme
5 5t (Likert Scale) TnedlinaurimsUssidiu 5 sedfy dail
5 ymnefs wanzalusyduinniian
4 el wnzasluseuinn
3 ynede wngaulusgiuunas
2 wngdls wangasluseauiles
1 mnes wanzaluseiuiesiian
PiTvaauuUssiiuariuuussduliennsdivinwinuiinusnsasey fideu
LUUUsEIUTHINNIASI9@8 U815 I NUT A ud 1 naus v sy 7 vty
fiflaueaniAced 1) aandinsfnwildininssdutiygen uay 2) fuszaunsallddesnds
5 U fiRenfumsdumaluladasaunaiternensadeunmunimieifuaunseuien
uazmMwiild pasmaumNATUE ALY TallarMN SEinsternuuaz TgUszasR RIS In
(Index of Item Objective Comgruence: 10C) Imﬁmmsﬁmﬂﬁ%l,l,uwumﬂﬁmﬁuwzyﬁ 3 S¥AU
A9 ATLUY 1 LAMIIN Q’L%mmﬁyﬁmmL‘fﬁudw%’af-ﬁ’wmuaamﬂé’aaﬁui’mqﬂszmﬁmmmii’ﬂ,
AzLUL 0 uandd1 GilsmglenuiiuliudlaindemauaonadesiuingUssasiueinisia
uazAzIUY -1 uanein fidsimaiinnudiuindednnliaenndesiuinguszasdueinisin
il dlunsinduadail 10C fidualddesnnnimdewiniu .05 (10C > 05) (Rovinelli
and Hambleton, 1977) FawuiuuuUssidiuyndedia 10C = 1.00
faferiinsusussuazudlonuduuginvesdidernig wdsanntudifeda
wuvdseifiudiiiunisnsvaeuaan i ligidosviasiuin 7 viu 1ugussiiiu
ANUVIEELYaIUTEANBANTTUUNSITBuSuUUIAsus el s srasaRdiani oduaTy
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aussouzuimnssuuazanuasvasdlasdilenyiauaniidd 1) aaadnisdnull
fnisEiuUSen wae 2) Tusvaunsallitdesndt 5 U MAefudumaluladansaumne
n&ngLn1mgUsziiiunnuimiizanye sUsEAnSamsruunsSeusuuuAsur e
Tsadsvanandviaiiiedaaduanssausuinnssunaznanuaiassaudgiserinsiases
Yoyalagldriado (Mean : X) wazA1AudosuunInsgiu (Standard Deviation : S.D)
Tnefhnasinsulannunessl Uszaes, 2542)

451-500 wnefdlmungausziuInige

351 - 450 vngfedlanumangauseauin

251 -3.50 vneddlanumngadsEauUIuna1

1.51 - 250 vnefadlmnuvsngauseauley

1.00 - 150 vangdsilanuvngaysyiutosdian

3.5 nmsUsedlinaussauzuinnssy frdediwuulssifivaussousuinnssuves

1A59n15 FINCODA, Turku University of Applied Sciences %aLﬂuLLUUUizLﬁummgmm
UsuldifleUsviiuanssouzuinnssuvesin@nwidiuau 22 4o f3deinisuda uazdeuuy
Uszsifiulienasdiuinwiguidnusneaey §ifethuuuussifiuiiiunnsaaouain
mmaéﬁﬂ%mLLé”JﬁwEﬁ'ﬂﬁﬁﬁa’;ﬂﬁﬁyﬁmmwﬁﬂmu 3 91U LilERNTIVEBUANUMINANTBY
a1 Adehnmsusuusawuazidlumuduuzthveidoney

' [ '
fa YVa v v = A

3.6 NMUSTEIUNANUAS19855A LWULUUUTSRUNANUAS 1985 IATIE I 8WRILN UL
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UsziuauanInaese (Authentic Assessment) ansinausinislviaziuuuuuzuiad §33e1
wuUsziillenanseiuvinwnuidnudavaeu {iduhuuussiiuiiiunnaaeuan
019138 AUSnwudiaueidsrmgyduiu 7 viw Aflauandaded 1) gaadnisdnw
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11@3911 (Standard Deviation : 5.0.) Tnefinasinisutamumnessil (Uszaes, 2542)
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3.51-4.50 vNgfelAUNITaNTEAUNNN
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151 -2.50 wngfedlmiiingausyaules

a
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4. ey (Testing) udunaunismaasuszuunoufifideasihlulias Taugide
Henldimatianaaaunadadsn (Black Box Testing) (IRobust, 2021) 11¥NIATIAABUANAIN
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5. 115U lULE (Implementation) Aen151iiszuuATI3BuSRUULUA DKUY
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3-1 - 3-2 (Campbell and Stanley, 1963)
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M19197 4-1 FuAsieinszuiumsiseusuuuUasuriu (Transformative Learning)

—_ >
(=) —
2 S| 5
o v a ' 3 ~ ~ N
ﬂiSU’)‘Nﬂ'ﬁLiﬂugtL‘UUL‘UaEl‘LlN’]‘IJ \a-; % 5 a
0 ~
(Transformative Learning) - g o % EE N
o 8 33 FY) >_ a AN
1= N G < o
S| x| m| 2| @| ~| ©| 28|l A
Nl o] | €| oo c| & <
~ S ~ a 33 «— © jur T’“
g N T D E o Ao
5| | sl €| 2| 8| E| 3| ¥
s X @ @ <] = c
N O (e (e § 0] ho) « %f
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S| 6| 3| B | o| 5| | +#
1. Mawdeiuanunisaiisneein
N v I IV IVI IV IV IV IV v
3uue9LAN (Disorienting Dilemma)
2. NNSAFIADUAULDY
VIV IV IV IV IV IV v
(Self-Examination)
o 1 1 =1 /
3. Lﬂmmimiaﬁﬂmmamamm
TR DANNAFTIULAUVDINULDS
v Vi VIV IV IV IV IV IV v
(A Critical Assessment of
Assumptions)
4. MMswpNsSUMSUAsULUAY
(Recognizing of a connection
shizins VIivivi ivi]v v v
between one’s discontent and the
process of transformation) v
5. ANSAUMINIBADN LA IF LD
(Exploration of options for new VIV VIV IVIVIV v
roles, relationships, and actions)
6. VNLHUNITANTUNITUNURA
a Viviviviviviviv]v
(Planning a course of action)
7. Mmamanusiasinweninduniy
Wi (Acquiring knowledge and skills VI VIV IVIVIV|V
for implementing one’s plans)
8. NNSNAFDIVINNULAU (Provisional
v I iV IVIV IV IV IV

Trying of New Roles)
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A1519% 4-1 (Aa)
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(Transformative Learning) ~ — E S < g R
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9. ﬂ’ﬁﬁ%ﬁﬂﬂlﬁ’iﬂu%LLﬁSﬂ’JWNﬁUIﬁ]
(Building competence and self- Viviviiy v
confidence in new roles and
relationships) v
10. M3YIUIN1IANIIME (A
Reintegrating into one’s life on the JIiviviliviv v
basis of condition dictated by one is
new perspective)

NS -1 é’fﬂmeﬁmzmumiﬁﬂuiuwLﬂﬁaumu (Transformative Learning)
WU ﬂi%U’Jum'ﬁ“U@ﬂﬂﬁL%EJU‘::?LLUULﬂgaumuﬂwﬂauﬁ’w 10 Yumou Ao 1. AFHTYNY
A01UN150I7A199 1y uLDALAY (Disorienting Dilemma) 2. 115ATI9ABUAULDS (Self-
Examination) 3. N3Usgifiuanu@gnuLau (A Critical Assessment of Assumptions) 4. N1588X5U
mMsasuulas (A Recognizing of a connection between one’s discontent and the process
of transformation) 5. A1TAURINILABNTULAI8A L0 (Exploration of options for new
roles, relationships, and actions) 6. mm’mumumaﬂﬁﬁamu (Planning a course of
action) 7. msmmmiuazﬁﬂwﬁﬁwL‘flummmu (Acquiring knowledge and skills for
implementing one’s plans) 8. N15NAABIYINAIULNY (Provisional Trying of New Roles)
9. nsadvaussauzwazauiule (Building competence and self-confidence in new
roles and relationships) kag10. N15YIUIN1TAIIUFIN (A Reintegrating into one’s life
on the basis of condition dictated by one is new perspective) Taousasdunoud
wasdeadail
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2. MIATIIARUAULES (Self-Examination) InmsTyaralsnuanunsaliviliAs
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8. N1INAABININULKY (Provisional Trying of New Roles) L‘T]u%”’umauﬁqﬂﬂaﬁw
auduaziinurlulflunmsufoRnuumuilaanld

9. MsadaNsIaUzRazANule (Building competence and self-confidence in
new roles and relationships) 31nn"syaraldufTamuunulialigadunsifiuyy
Aansauazain I deiuliiuaues

10. mmsimmimmflmi (A Reintegrating into one’s life on the basis of condition
dictated by one is new perspective ) L‘f]um'igimﬂﬁagmaﬂmjﬁmuﬂizmumiﬁauﬁ
wuuasusnlugidnssniugin

Mnn1sdaasinuimaseudioudswihududuneuiidedeatu Juiligise
shnstanguiumeuniaFeuiuuuiudeuinud 5 %’jumauﬁlmi Usgnaudie dunoudl 1
nsiudifien1siudsundas (Learning Change : TL1) fumaud 2 nsmnsouuuAslng
(Find a new conceptual framework : TL2) tumouii3 mmwumumﬁgmim New
Planning : TL3) suumaum 4 n1sNAaes (Testing : TLA) wazdunaui 5 migimmﬂmﬂﬂ
amiaumamgmaﬂmj (Integrating new Competency and Perspectives : TL5)

fAdeldvhmsysanmanssuumadeusuuud sl SsUsznaudae 5 duneu
$ail wagaunnl 4-1

1) msﬁ%auiﬁammﬂﬁauuﬂm (Learning Change : TL1) Usznaudng 2 unoudes fe
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1.1) N399I UAULeY (Self-Examination: TL1.1)
TutumeuusnuesnszurumaiFeuiiuudsuriull iaanmsfidnny
wuimeudvvesnuedlidenadesiuaniunsaifiudsuntadlusgsmanninelulad
fdviaaelvddedamalfiinnisiudsuntasludinusedriunasdinni s auviali

v = a

UnAnwiinmnuduau wasiinAuddndne 9 wu ausdnngs ANUIanings anuidnie
Hudu TaslutuneudesifithmnaifielidnAnuinsmsesouyumomuesiiliuadie
udAamuFaneg 9 MlAnawdesnsmdmeuliiuauLes

1.2) nswenfunsasuula (Acceptance of Change : TL1.2)

SotnAnviAsmnudualunuesudr Tnfnwazinsnsaaeuytuefs
yesmueaisiumaluladidnamenisuanidasudeyatuyanady 9 eairinsouves
yusedlvsiiferfumaluladadviaadelmilvnuies vilinuesditeyaiansatunldudly
anumsaliviliiAeauduauld suviliAnnssesiuuaztilugnsiasusaueslysioy
inlugnisadrenseuuwadaln TnsludunoudesifitmueieliinAnygousy
MaAsuulasazaansouLuAall

2) MsInTauLUIAAluY (Find a new conceptual framework : TL2)

vdandiindnuanansnaienseunnlnmliund dhanwwihnmsdsamadentn
Weuddamiterfumeluladiavaasielmifinuewszau liinduituesiuneunislda
wlddeagivomnadeniml TneludunoudesivilitnAnwanmsoiiaueuudalmivie
madenivalunsuddamifertiunaluladfdvaaselvale

3) MsEUNSUS TR (New Planning : TL3)

detih@nwannsaasumadenlmilunsuitymiferdumeluladfdviaatelnl

Anuestszauliunda dnAnwidudunisiusuufiinisinegdedlivinginseslsti
Tumsuitigmanann lidresiduainug vievinue 1n3esile gunsal 1Wusu Tnsnisinau
e aduuniiamudanduiiosesununanndoufionniiat uld susauaamanmg
vievinuesing 9 1Asafumeluladfdvaadislmifinueslsil Weldnuosdiniuiviennus
finaq Wit uilelfaenndofunsuufiRinisiinuedlinnely Tnsluduneudagildindnu
ANTNURUAN TN ST AR fUUNLU TR uagldnineinsidegldeendl
Usgdnsnm

4) n1snnaes (Testing : TLA)

&snnithAnmldnaunutazuasnamd vievinueineg 15euiesud deld
Hunsruaunsvaaswimausuilindflustazdunou Inetindnuldamnuiunsinuedd
Tunsmeassuaziaminauldegaiuszaniam uazaunsaviusnfugideiuisy
pgennla

5 msysansiiinaussauzkazyuuasvi (Integrating new Competency and
Perspectives : TL5) Usgnausig 2 Funeutos Ao
5.1) Asassanssauzlul (New Competency : TL5.1)
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ot Anw s foamuunuiingaudusuds azdmalinuesddldammg
Viaewnuesn o auAnanutng FiinAnwilaussouglmivasiinnuiulelunues
5.2) mainyuuadivgd (New Perspectives : TL5.2)
wdsanidnAnwAnanssauzlnduazianuiulelunuieauds agvinli
annsaieszaunsaifildainnisiFeuiuuuiasusinudeymeslnlluldysannsiu
ddludl 9 ieliAnyuuesfiuandrsluainifuuazanansadnausuuifnlug anisiu
Vavaudalmila samﬁ'ﬁa?iamslﬁaemﬁﬂszaw%mwLLaw‘hmui”mﬁu;liﬁmmzyﬁmmmlﬁ

AWN 4-1  nszuuMseuskuuAsuNIuY

AIdpdaUeNaNITIATIETduATIgENaTLaENWITeNALITRIRUNTEUIUNT VRS
lssUszaesAdviaionvuanseuvedlsslszanidina
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A1 4-2 AWATIZANTLUIUNISVRLSIUTLADIAIN

7

a (Digital Fabrication Laboratory)

Installation)

> |2
- AN
o o
N N
— N N
~ — o >
— — (]
o | |& 3 | &
S13|8|~|E|5|8|~
X [N [~ | o b (7] N [N
s | |=12 |9 QY
aa o - — © o < o
N32UIUNITV9L59UsTARIRIYA O|®m|o|Q[2|2 (3|8
O 4(]-_; v | o © © 0
C [e) © C o — 0
O | 5| N|w|®|=)|0|®©
21| S1Y|o|E|c|E
2| E|Q|low|5|0 |8 ]| E
(@] T O | O > | O o) (¢
| | a4 (s 9] > L
1. N1799NLUY (Design) VI IVIVIVIVIVI V|V
2. NMSAIBUNT (Prepare) ViV vV v
3. NNTAS 1WA (Fabricate) ViV vV v
4. MIUTENDULAENITARNGY (Assembly and vl v v

1NAN519 4-2 §ITeidenldnszuiun1sueslsalszassfaniany 4 nsruIuNIg Ao

1. N1390NWUU (Design : DF1) 2. N13401383N15 (Prepare : DF2) 3. N1383519Ma3U (Fabricate

: DF3) uag 4. n13Usznaulazinfy (Assembly and Installation : DF4)

AITHUNAUBNANITIATIEVAAATIENONATLATIUITY

159Us2anIRva

a

N

A15197 4-3 Fuaseriasesilevedlselseaniania (Digital Fabrication Laboratory)

L8 URINULAS DLV

S|8lsl%(2|2|8 |8
O B BN =1 B S I R
— - o N = . ~ ~
c | OIN I TR ==
- - e = +— © © ©
A o o v .E c © v 4(1-3 + E
GELRIREONEMIFFR RN v | ¥ |GC|Y|® v

Q c £ |9 o
ol ElE|lw|B|IN|E|=
2|8 B |25 |E|E
C 1T 5 > < v |35 o
s |®|o|lo|o|lao|=]0o
Y O a wn O - > (%]

1. Aug1sALa3 (Hardware) Varan4 v v

2. suren@wIs (Software) VIVIVIVIVIVIVI]Y

3. gnudanilglunisudsanainu (Material) VIVIVIVIVIVIV|YV

X Ao [ v & v sL \,L & \/ \/ / \/
4. NuvdnIuNTIanNUYelalugluuueaulau
(Storage and simulator tools online)
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il 4-3 fidedenldieTestiovedlsrszansdiaviava 4 du Ao 1. Fusndaund
(Hardware) 2. fumenduas (Software) 3. fufaniildlunisudnnasiu (Material) uaz
4. futdmiunisdaiiudeyalusuuuuseulay (Storage and simulator tools online)

fidouansanuduiudvesnisliiniosiieveslsaUszansiavialundaznszuiunisves
l5eUszansddva

Y]

AN5199 4-4 N5IELAT0939U9l59US LA IR VA lILFAAENSLUIUNNSVDLSIUSLABIRINA

1r3a9linvadlsslsyanenava
TUTZABNING | ) ngauas | Erugonduns e nsiaiudaya
ANSHANKNAY .
Tuguuuueaulay
1. N599NLUU v v
2. NSLATHUNIT v v v v
3. ANSASIHAIY v v v
4. nsUsenau
-y v v v v
WAYNISAAG

9MAN3197 44 {ideagunszuviunmsveslsaszassidvianaznisliiniosileves
TssUszanshavaluusiaznszuiumslaeiineandondel wazmunind 4-2

1. mseonuuy (Design : DF1) lunssuiunsiinguinfnwdesdinuidoustoyasa 4
fiiioadestunisesnuuuetdusznaums 9 veemaiuaisassiiuaIsadofusnsawss
wu lulpsreulnsaaesuaziguires \udu wazdugenduas wu Tsunsy Solidwork,
Tusunsu Tinkercad us TnenguinAnunasshmsmaunuusassunsuuasdonuuuaud
annsavildasduusiasdunon

2. n15iw3euNIs (Prepare : DF2) TunszvaunisiinguinAnwiduiunisinioy
anunfeuveuaiosile 4 fu fe 1. Fusniaund nquiind@nwidesihnisiamieiosieuay
9Un3alsing 9 YU Bread board, @1¢/lv, 3D printing, CNC, Lasercut vJusiu Tiflsanens
n15ldaru 2. Frugenlduad nquiinfnwidesdan Andsuaznaaoulusunsusis 9 1y
Solidwork, Autocad, Rhino, Tinkercad, Wokwi 1ugu figidesfunmsuannanuadeasss
3. shutanildlumsndnnany nguindnwidamiaguazvinvesianlvisuuismely
NINARHANUASINETIA LU iﬁ@ﬁm%’u%ugﬂ%mm (Fitament) uag 4. ufidmiumsdai
Tayalugluuueeoulall 19U Google Drive, One Drive, Dropbox tJusiu uaﬂmﬂﬁﬂeju
dnfnundndudeniouinslinugunsaiuaslusunsumdeouidnufshauAnrnueiiolsly
NIHAARANUATINETIA

3. msas1ana (Fabricate : DF3) lunszuaunsiinguiinnunaidunisaiiswanuy
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aassdlagyinisadsessusznoutestununuiioonuuuliiuweaesiionnlusunsy
3 §ifi 19U Solid work A ngushnsHAnTuaunTagildlunisdnsasudieiaiesile
FugsaLs fie wSea 3D Printing

4. maUsEnauLazngg (Assembly and Installation : DF4) 1‘14?]’38U?Uﬂ'1'§§ﬂ6jﬂﬂﬂﬁﬂ‘lﬁ’l
fufiududiusng q ildarnnsnanunszneudulassadievomanuadnasss wasi
wdesilodusnsaunns Ao gunsnididnnseinduinfndadnfulassaisvamanuaiaassd
dieruaumevhaunuiladdusig q vesmanuadassdiioonuuuld andunduiindny
FLIUNTAADUNIIN LY INANUAT9ETIA THanUaaTIAllannsaiaulind
¥oonuuuly nguiin@nuvninnsuanilasuanuaiiudstusagfuaulddoagiudnily
uilvnasuaisassdaudiie faavilinguind@nviinauiulalumies wazananso
Anuilaannmsdeuiluvsegndldadimanuaiisassddu q deld nszuIunisuay
\nTesilovedlsssranifdvia tuauedinind 4-2

$ SketchUp
Cla e ML uropesk
.4 Project Em TINKERCAD
8y, 4
.\.h o OG ﬁUT’ODE?!K
ﬂ Sensors éo ;:? ‘%’5. 1230 DESIGN
g I ) (
o T
Filarmenrt ‘!: :-'; CS
- 2 g = EAGLE
w o
6 5
WOKWiI
AT 23 L
g 3. P s 2
u ) Qﬂ D

SolidWorks

6!' ;C 3 te D??:,

o ' E}lhﬂtﬂhﬂf P
o aspberry Pi
taggn “ mmrrl.l

@ EMBEDDED
3D preic Y SYSTEMS

Y]

a « A aa
AT 4-2  ASTUIUNITLaTIATeIBvaslIsUTEaRIRdvia
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iAs

UauaNanITUsEUAUMUNZaNY0ITURUUNI SIS B USRUULURg UK WAL
159U52a09Ad

g
ARV AN DENLASUANTIOULUINNTTULALNAINUAS19ATIA LALTT8AZLDYNAIN
M13197 4-5 Han15UTEIIUAMNMINEANYReF UL UUNSISEUSLUUA S U UM g l5IUTEa09
AV AN DENASUANTIOULUINNTTULASHNAINUAS9ATIA

- Nan1suseLiu
518n15U3LUUY

X S.D. FZAUAMULRUIZEY

1. wwiRansenguf ildlunisduasevsueuunsiiouiiuudsuniunie
159UsEa0aRdvaLiod @S uaNIIaUE UIRNTIULATHAUAS19ETIA

1.1 msBouiuuundsusin (T0) 4.86 | 0.38 1nTign
1.2 159Uszanesdvia (DF) 4.71 | 0.49 UINNFA
\ade 4.79 0.27 mn‘ﬁqm

Y ]

2. 2eAUsENoURIFUIUUNSSBuTUUIURs U umel seUsERaaviattaduasy
AUTTOUBWIANTTULASHANUATIATIA

2.1 Yadwian (Input)

2.1.1 ngUsvasAuainsiteus 4.86 | 0.38 1nTign
wuuasusiiugelssuszansfasa
2.1.2 919159 4.71 | 0.49 uniian
2.1.3 tin@nw 4.57 | 0.53 1nTign
2.1.4 @nMLINGOUNISISEUUY 4.86 | 0.38 uniign
Metaverse
2.1.5 gunsalinuensauag 4.72 | 0.48 1nTin
2.1.6 gunsnlduTendwIs 4.71 | 0.49 1nfian
2.1.7 \ilomansy .73 | 047 wniian
2.1.8 WNUNTEDU 500 | 0.00 uniian
\ade 477 | 0.13 1 nfign

2.2 N3¥UIUNTIANTSIEUF (Learning Process)

2.2.1 FUAILUNITNBUNNSADU

2.2.1.1 M3Ianautindne 4.71 | 0.49 1nTin

2.2.1.2 m3uguilna 4.14 | 0.38 11N

2.2.1.3 myawmegilowdndny | 4.29 | 0.49 un
Tusyuumsiseus

2.2.1.4 MsUszilluaussous 4.29 | 0.49 g

YINNTTUVDIUNANWINDULS YU
RaY 4.34 | 0.47 11N
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- Nan15usELiy
318n15U LAY - "
X S.D. | 9EAUAUMUIZAN
222 tumsGeusuuuiAsusuielsssranaAaa
2.2.2.1 Fumeudl 1 madeul 4.86 | 0.38 1nTign
domstUdsuutas (TL1) uaztunoud 2
nMInseuliAalval (TL2) danuaenndes
fudunouniseenuuy (OF1)
2.2.2.2 Fugeudl 3 mInauwn | 471 | 0.49 1nTign
nsu Rty (TL3) Imnuaenndesiu
fupounisiedeunis (OF2)
2223 tugeuil 4 maveass | 457 | 053 wnilgn
(TL4) fauaenndesiutuneunsass
Na91U (DF3)
2224 fugeuil 5 msysan | 4.85 | 0.37 wnilgn
nsliinaussousiazyuuesin (TL5) 4
AnugenAdastuTumauNIUsENaULAY
n3fada (DF4)
1Ay 475 | 0.14 undign
2.2.3 msuszillung
2.2.3.1 MaUszidluaussaue 4.87 | 0.38 1nTign
WINNSU
2.2.3.2 MsUsIUNaIU a.74 0.49 mﬂﬁqm
GENNGERL
1@y 4.77 | 0.28 uniign
2.3 Wanan (Output)
2.3.1 aUssnULUINNTIY 5.00 | 0.00 1nTign
2.3.2 HauaieaTse 4.86 | 0.37 1n7ign
1dy 4.93 | 0.19 uniign
2.4 Yoyataundu (Feedback)
2.4.1 wan1sUsEiuaNsIaue 4.57 | 0.38 unTign
WINNITUVITRNININQUTEANA
2.4.2 wan1sUsEliuNay 4.73 | 0.49 uniign
ai9assAvITanNingussasd
BED 479 | 0.27 unTign
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A15147 4-5 (0)

s18n15US2L AU

WNan1suseLiu

S.D.

SLAUAINULNNTHY

AT

4.72

0.28

NN

3. m3daasuesnUsznaulugduuy
mMsiFousiuuiasuinuiielsaszans
AdvaLfiodaaTuaussausuinnITLLas
nasuassEssATia Nt uLazaeaLio

4.57

0.53

A
NN

4. ynosAavsenaulugliuunIsiseusiuy
WasunuselssUszaespaaLiiodeasy
AUTTOULUINNTTULASNANUAS 19 ITAY
AuduiuSaonadesdeiunas fu

4.57

0.53

PN
HINNER

5. NsBeulsgsanuYesesalsenaulu
sUnuuMsFeuiuuuIAsuruselss
Usvansiavaiiiodaaduaussausuinnssy
WAYHAUAS19ETTAANULANNLEL
aunsadnlaladne

4.71

0.49

PN
HINNER

6. nmTnvetesdUsznavlusluuuns
SeufuuuidsuiiusmelssUszassiiia
\lodaauansIausuIAnTTILaTHAIIY

a¥$19a33AlANANYTAl MUITANNTIAY
TUseasrvesuivy

4.57

0.53

PN
HINNER

7. sUnuUNsBouduvuasuinudielse
Uszansiavaiiieduaduaussausuinnssy
LaTHAUASSATS AT AT TlAa
WMHNZAUAUNTALETUANTIOUSUINATTU

4.86

0.38

PN
HINNER

8. sULuUMIBuduuuAsurumelse
Uszansnavaliiodaasuaussauzuinngsy
LaTHAUAS AT SRR Uil
WL ANAUNITRLASUNANURS19ETIA

4.57

0.53

PN
HINNER

9. sUnuuMsEBuSuUUABURIumElse
UszansRavaiiioduaduaussausuinnssy
LaTHAuASATS AR AUNT U Ay
Dululalunisiluneeeddd

4.71

0.49

11NN

WRAYSIN

4.64

0.47

NN
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2191597 4-5 wandliiiudn sUuvunTBsuduvuasuinudiielsaszansiia
WleduaSuaussouruinnssuuaranuasasaisemsUsadudel 1) wndardongud
AlFlunsdanszsiguuvunmsiseuiuuuasuiumelswsrassfdviaiioduaiuaussous
uinnssunazaauaieassd lnefuanisusziduamnumuizanegluszfuuinian
(X = 4.79, S.D. = 0.27) 2) p3dUsznauveIgULUUNSFouiLUUWABUH LMl sUTEARq
Advfaliledaaduanssauruinnssuuasanuainaassd lnefinansussiduniaimnganee
Tusguanniign (X = 4.72, S.D. = 0.28) 3) MsdaddussdvUsznaulusULuUsBouuuY
Wasuruielssszassfdvaiiioduaiuaussousuinnssuuasnauainaassadl
amudaauuazsoiiles Inednanisuszifiuanumnzaneglussfuinniign (X = 4.57,
S.D. = 0.53) 4) ynesdusznevluguuuunisieuivuiasuriuiielsssrassiaviaie
duasuaussousuinnssuwasnanuaiassAlanuduiusaennd ety nelinanisusudy
mmmmsamagﬂuizéﬁ’wmﬁqfﬂ (X = 4.57, S.D. = 0.53) 5) NSL58ULSLIARUVBIBIAUTENDU
sULuUMsBsuiluuiasuriumelssUssassiasiaiiiod sesuanssouzinnssuLazHaIIL
asnassAlaumngan awnsaiinlalddelaeinansussdiuanuminzaseglusgauiin
flgn (X = 4.71, SD. = 0.49) 6) AMmsavesesdUszneulugULUuMsEsusuuuasusudae
lseUszansidiaifioduauanssousuinnssuuasnanuaiasrsin ey salivmzaumy
uaznsanNingUsrasdvesnuide Tnednamsussifiuanuminzaueglusziuainiian
(X =4.57,5D.=0.53) 7) ’i‘ULL‘U‘Uﬂ’]iLiﬁl‘uiLL“U‘ULU@EIMN’]UWJEII’N‘Uiuaaﬂﬂ‘\]%aLW@ﬁﬂLﬂﬁJ
aussouruianssunasanuaiasdivautuiaumnzanfunisduaiuaussous
UIANTTY ImaﬁwamﬁﬂisLﬁummmmzauagﬂmzﬁumnﬁqﬂ (X =4.86,S.D. = 0.38)
8) sUnuuMsSsuiuvuilasunufielssUszassidsiaifiodaaiuanssouzuinngsy
LarnauASeasIAfiRa T uliaumanzanfunisduaiunasuaiisassdlaed
nansUszifiuaumnzaveglusefusindian (X = 4.57,SD. = 0.53) waz 9) JULUY
n3i3euduuuasuriiudslssUsrassfdvialiieduasanssauzuinnssunasnay
aassainmutuiianudululslunsitluneaedd Taefinanisussiiunumunzas
asﬂmwﬁ”wmmﬁqm (X =4.71,SD. = 0.49) LLazgﬂLLuumiL‘%ﬂuiLwULﬂﬁaumué”m
ssUszansidviaifiedaaiuanssousuinnssunagnanuaiieassataumanzanly
amsueglusziusniian (X = 4.64, SD. = 0.47) wansigidoannsairguuuunsizoud
wuuaBuEelsszansidvaiioduaiuausinuruinnssasnanuaiassalUldly
nsvuaunseelula
4.2 wamsWauszUUNsSeuuuuWAsuudselsessaasRaviaieduasuaussaus
UINNITTULALNAIIUES19E55A

A3 LAUINANTTUTHIUAMUMN LA VDIAMATNINUNITISHUNITADU AMAIN
deninisiFunisasu auamdoninieunisaeu UssAviamszuunisdouiiuy
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WAL UA815IUTEADIRN AL N EBAS UANTIOULUTANTSUBATNAIIUAS 19ATIALAY

a0

wuuUslunanuaieassaniunsUssiundiedvy tnedsieazidendall
1. HAN1SUTZEIUANUMUS AL YDIANATNUHUNNSISBUNTABY

M99 4-6 HANITUTELTUANIMINZANTRIAMNTNRNUN SIS HUNTABUVDITFUUNTITEUS
LUULUABUNIUAETSIUTEARIR AV AL N DAL AS UANTSOULUIANTTULATHAIIY

GRANGRED
Nan1sUszIEu
519N15UseIY
X S.D. | sEAuAMIEEY
1. mhiemsiseusianuauysel wsnzay 441 | 048 1N
uaziiswaviduniiaonadosduiusiu
2. WHUMIIANITISEUIaonARoduTUSHU 454 | 046 1niign
yhensiseusfiimunaly
3. uNUNIIANTSEuiTaswUsneud 1Ay 4.45 0.43 170
ATUIUANTUSTY
4. M3TeuasedAgy lulHugnaeg 4.43 0.44 170
5. eUszasdnsieusianudniuaseunqy | 451 | 0.47 Nl
fovnansy
6. UsrasAn1sSsuTwuInAnYIAY 456 | 0.50 1niign
ANLITINYENTLUIUNTUALLANAR
7. UsEaIANISS YU I AUNG ANTTY 455 | 047 1niign
ndelvenn
8. imuadevnansznyaniuaiuna 4.48 | 047 N
9. fanssuMsiTeuiaenafeaiuanUsseasd 452 | 045 1niign
wandomanss
10. fanssunsseuiaenndesiuInlseasd | 453 | 048 1niign
warszdutuvasindnu
11. AvnssumsiSeusiianuvannvaieuss 4.56 | 0.44 Nl
aunsUUR L34
12. AnssunsSeudifufenssudidaasy 455 | 047 1niign
NILUIUNTANEINETIA
13. AnssunsiSeudidaasuliAanay 458 | 0.49 1niign
GEASGRRT
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Nan1sUsEIdy
519N15UsBIEY
X S.D. | SEAUAMMMNNLEY
14. fanssuddbiin@nwiseuiannisu]on 4.57 0.43 y
. Wndian
34
15. Janaunsal Fouavurausousl 454 | 0.51 4
b UNNERA

AUNAINYIATY
16. Tangunsal euazuvauiousivunzay 452 | 048 4
o & wNTian
fusilomansy
17. Unfnwlalddeuasuvaasouimenues | 457 | 045 WNgn
18. UnAinwasduanuileldenui aowda | 424 | 048 Unvga
afsassAIINAIIMsheungdeuinvun
19. inmsinuazUsyillunaniaenniaaiy 452 | 0.49 U Nign
aUsTAIANSITeuS

WAy 4.52 | 0.47 NN

91015097 4-6 wanIliAuIINANITUTZEUAMUNLILAUTBIAMN NN UNITITEY
NNSaRUYBITFUUNTITEUIWUUURB U UmMelsaUssansidvialioduasuaussauzuinnssy

wagnauaivasfdauwnganegluseAuiinian (X = 4.52, S.D. = 0.47)

2. HaNSUTHEUANUMINEANYRIRMA N HENINSITBUNSARY

M19199 4-7 HANTUTHINANMENEANTRIAMN TLEDMIN ST HUNTAOUVDITEUUN SIS LS
WUULUABUNIUAIYLSIUTEADIRIN AN DAL AT UANTTOULUIANTTUBALHAIY

a5n9asIn
Nan1sUseLiu
18n15Us2LaU »
X S.D. | 5TAUAMUAUIZEN

1. AUUHUNTINNTEUS

1.1 UHUNFINNTIYUTOBNUUUATIAY 4.29 0.48 11N
UINTPIUAATTAUGANFANY

1.2 93AUSENBULANUTALIN ATUNIY 4.29 0.49 11N
NENG

1.3 yausrasAnsiseuidennneaniu 4.29 | 0.47 un
750
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A1519% 4-7 (o)

- NaN5UTZIAU
318U TEIU
X S.D. | S2AUAMUMINNTHY
1.4 ansznsiseuiaenndesiualseasd | 457 | 043 WNign
ARESE)I
1.5 Wemmngauiuiuazauaula 4.63 | 0.52 WINVian
vasinAnw
1.6 IuyafanTsuNsiseuiaseunay | 4.68 | 0.46 WNvian
GRECINEIS PN
1.7 fanssumsiseusivangauniy 457 | 0.52 WNign
AUsTAIALaYaITENISISeu;
1.8 Anssuilanuvainvaiy 448 | 052 1N
1.9 Mnssumsseuihensequliindny 471 | 046 WINign
NAEUTIOUTLINNTTY
1.10 Yeufialunisldynianssunis 457 | 053 WINAgA
Seuiidnladeg daiau
1.11 ssegnatlumsdnfanssumsngay | 429 | 0.49 1N
sonsssuluilanudazyniangsy
\afe 4.49 | 0.49 N
2. nudensiseus
2.1 mslawilanugnees daiau wWila
; 4.29 0.49 an
ME
2.2 @anAdRIuInUIEaIANISSIu; 443 | 053 1N
2.3 @aAAdeInuAINTIUNISITUS 457 | 053 WNign
2.4 wsngauiuin@nw 4.71 0.49 UINAign
2.5 rglrin@nyla WnnenuAnsIu y
< vy 4.57 0.53 UNVige
ganLaraTUBIARINS AR IENLDS
2.6 FelvinfAnun3Inslddeuas iy
S, v T | 486 | 038 1nitgn
uvdateayasig q an1sANYIAUATILNILFY
\ady 4.57 | 0.49 WINTgA
3. iun1susediu
3.1 InlansaumaunUsrasANIsISous 4.29 | 0.49 tly
3.2 huuUsediuansTausu NN ssudl iy
a.57 0.43 UNVIgn
AUMLNTEL )
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- Nan15UsHIAIU
3189N13UTZRIU _
X S.D. | 5TAUANMUMINTEY
3.3 wuuUsdiunanuaiieassad 4.63 | 052 1Nl
A VINE A
3.4 naeildiauasUssiliunansBeussl | 468 | 0.46 1niign
ANUMIZEY
3.5 JauazUseiunaniumsussdiuny 4.57 0.52 1niign
AN
1fe 455 | 0.48 undign
WdusIw 4.54 | 0.49 aniige

d‘ Y & J a & a
INNFEITNNN 4-7 LLEWQI‘VTLWU'J’]Naﬂ'ﬁﬂigLNUﬂQWNLMﬁJ’]Sﬁ@JGIJE}QQmﬂ’IWLua%']ﬂ’]ilﬁﬁlu

NMsaRUYBITTUUNTITEUIWUUURB U UmMelsaUsaasdvialioduasuaussauzuinnssy

wazHauaseassd dauwuivanlunmsivegluszauuiniign (X = 4.54, SD. = 0.49)
Fellsrensusediudell 1) Auunun1sdnninseus nelinan1suseiliuanumasaegly

seaun (X = 4.49, S.D. = 0.49) 2) mudensisens lnelinansussiliuanumnzauegly

seuINiIgn (X = 4.57, SD. = 0.49) uae 3) Amunsussiliulaeiinansussiiuanuvangay

ogluszfuanniiagn (X = 4.55, S.D. = 0.48)

3. WHaN1IUIZUAMULIALN 3amaqammwﬁamiﬁ YUNIIdaU

M13197 4-8 WHANTUTHIUANUMINZALYDIAUAINEDNTITIUNTABUVBITLUUNSITUUS

WUULUABUHIUAT815IUTE AR IRV A LN DE LS NANTTOUTUTANTTULASNAS U

a519as3A
- Nan15UsEiiu
T18n15UTTLIU — ”
X S.D. | SZAUANULANIZEY

1. AUAIBNYS (Text)

1.1 wnvesidnusildsuineuas 4.47 0.53 110
TALAU

1.2 sUuuusdnusildae 4.56 0.44 1niign

1.3 AAWIEANYRIER IS NYTUAYAYRY 4.60 0.49 1niign
Numds

1.4 ANUANNZENYDINITIAINGIDNYT 4.57 0.49 mm?izj@
WatoAuluLAazNTaU

1.5 ANUINADIVOITEANIUAUVANNY | 4.46 0.38 170
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A15197 4-8 (o)

- NaN5UIHIAIU
3189N13UTZRU .
X S.D. | 3TAUANNRUZEN
a5 4.53 0.47 wnilgn
2. $unnda (image)
2.1 WP NN zay 4.43 0.53 11N
2.2 Auazanudaauvosnmilld 4.57 0.47 1niian
2.3 Aruwinzauvesnildlunisie 4.31 0.49 11N
ANRLNY
2.4 ANUANAATDINTININRNNTUUADY 4.57 0.52 1nitgn
nsau
2.5 ANULANNZEALYDITIUIUNN 4.56 0.38 1nitgn
A 4.49 0.48 1N
3. AR (Video)
3.1 yuavedintedldiinyay 4.43 0.56 110
3.2 pudauvednlefily 4.29 0.43 110
3.3 aunzaNveialefildlumsde | 461 0.49 1niian
ANRLNY
ade 4.44 0.48 N
4. gudss (Audio)
4.1 sgfuemuiaveadesainame 4.53 0.48 1nilan
4.2 pudmauvendesiiesune 4.55 0.53 1niign
\ade 454 | 0.51 uniign
5. AUUREURUS (Interaction)
5.1 Walemalitnfnwlameunuunisew | 4.43 0.53 170
5.2 MsPIUANUNSEUYlaeLazaEan|  4.55 0.52 1nitgn
5.3 mmNzELYeIn s enle e R
\ i 4.70 0.49 UINNER
meluniionisiseu :
5.4 mmmmzamaqmu%zﬂ*&mwdw 4.57 0.34 Mﬂﬁqm
UNLSEULARLMIENISE U
5.5 ANUmNIzaNYeIN ity 4.37 0.48 1N
JOUNAULALNISLESULSS
1nde 452 | 047 andign




A15197 4-8 (sa)

- NaN15UTZIAU
5789n15UsSLUU
X S.D. | STAUANMNIZEN
6. ANUDU
6.1 PUMLNZANYBINSHALNEUHUSEY | 4.44 0.42 170
YAy NNie Nedeulmwazidadly
UNLSYUY
DEEERH 4.51 0.48 UINTNEN

d‘ Y ! a d‘ =]
1NM15197 4-8 LansliliuIWan15UsziduaUvinzauyenmaInden1sisey
n1sasudmiusEvuMssuiwuuldsultuiielsalseaesRdaoduasuanssaue

winnssuwagranuairassaiinnumanzadluninsivedluseduuinian (X = 4.51,
S.D. = 0.48) Fellsnen1susuidudiail 1) duimdnys lnednanisuseiliuanuminzasey lu

sgauinian (X = 4.53, S.D. = 0.47) 2) dunnils lneiinanisussdiuanumnzateyly

seAunn (X = 4.49, S.D. = 0.48) 3) awddle lneiinan1sussiliuanumunzaueglusyy

1N (X = 4.44, S.D. = 0.48) 4) muides Ingdinansussiuanumazaseglussduiinian

(X = 4.54, S.D. = 0.51) 5) suudusius (Interaction) Ineiinansussiliuanuwmaizatod

lusgauuniign (X = 4.52, S.D. = 0.47) wag 6) Audy 9 neiinan1sussdiuanumiizay

aglusgsaunn (X = 4.44, S.D. = 0.42)

4) HansusziuaNumInanvesUsEAniaInTzuun1TSsuILUUURgUR U Y
159052809 AL DAL AS UAN TS D UL U IANTSUBALHAITUAST19ATIA

a a a a a 2/ a ! 1%
M99 4-9 Naﬂ"liﬂigLlI‘Llﬂ’J’lllLM%J’WS?I@J“UEN‘Uﬁ&ﬂV]ﬁﬂ’]WiS‘U‘Uﬂ"IiLi‘EJUELLUULUaEJuN’mWJEJ

15905809 AL DAL AS UAN ST D UL U IANTSUBALHAITUAST19ATIA

Nan1sUsEIEu
518N15UTELEU _ N
X S.D. | STAUAMUKANNZEY

1. AMUNITATINIUAIUABINTVRE M TEUU

1.1 anuanunsavessyuuludiunisesnuuu | 4.53 | 0.48 maﬁqm
TRER)

1.2 anuaiunsavesssuvludiunisuans | 4.42 | 0.43 1N
UBYA TILIUHA

1.3 Aua1unsavessuuludiulans 4.60 | 0.45 mm’?iqm
\HovwesunEey

iy 452 | 0.45 unilga
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A1519% 4-9 (i)

Nan1sUsiaiu
3718n15U LU
X | sD. | sgRuanumisnzay
2. fuilerdunisviney
2.1 mansreaevans mslicudguniou | 452 | 045 undige
2.2 WUSNANTNRANWIVUTEUUNISIIEUS y
4 e o v 4.53 | 0.51 UINNER
wuUURBuEUmelssUsEannana !
2.3 14iAdesilovunannd senuvunazains | 4.52 | 0.44 1niign
NAITUES19ETTA
2.4 S9PNUNAALILUY WUURNYR Tuau 4.54 | 0.49 mm?iqm
AUTTOULUTANTTULATNANUAS19ETIA
2.5 Mshdadenudazsunisoud 4.43 | 0.44 110
austoiiendudsudy
2.6 NM15YNANTIH WUURNR Tuau 4.48 | 0.47 1N
fanuseidioadugdudu
2.7 msldiaseaiioads uily Usuuse 4.54 | 0.48 undiae
omunEeu wuuilnvinuazlua
2.8 m3fnsodeansiumsdsaunanid 4.56 | 0.50 1T
senintnAnwiugaeuuazindnyiiu
UnAne
1de 4.52 | 0.47 uniign
3. AUAMNIERBNITITIIUTEUU
3.1 wnsesflefilfiivafiunsSoud 4.56 | 0.48 1niign
wuuasurnuselssUszassiava
3.2 \n3esilefldiAnfunisinsodonns 4.54 | 0.47 wniign
3.3 \3esilefilfifefuuniou 4.52 | 0.44 1nFige
3.4 \n3esilefldiAafuyiAanssy 4.60 | 0.50 1niign
3.5 \n3esilefiltiAsfuiaUszifiuna 4.52 | 0.47 1niign
LAY 4.53 | 0.47 mm’?iqﬂ
Laﬁﬂiqu 4.52 | 0.47 mn‘ﬁqw

31nNA15797 4-9 wansliiulman1sussliuaumanzaureslseansamssuy
nsSeusLUUAguumelsIUsyaraRdTialloduaT A soUsUInNTTULALHANUAT19ATIA
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fanumngadlunmsineglusedvinniian (X = 4.52, SD. = 0.47) Failsemsuseiiiunail

=

1) AMUNIATWNUANMUADINTVDIR LTS UUTINANSUSTEIUAUmIN s auagluseRuLn g
(X = 4.52, S.D. = 0.45) 2) uilsAtunsvinnuiinanisusziuanumingauegluseiu
WIngn (X = 4.52, S.0. = 0.47) wag 3) AUANNMEABNITITUTEVUINaNITUSELEU

AU zaNegluseaulnign (X = 4.53, S.D. = 0.47)
5. HaN5USTENANUMNN ANV UUUSE I UNAUAS19E55A






A19199 4-10  WaNSUIEIEUAMIANNZANYOIMUUUTHNUNANUAS9ETIA

SEAUAZLUY Nan15UssLiu
F18N15UIZHIU
3 2 1 0 X | S.D. |szAUAURNNZEY

1. ALNINYDINAINY AN MNYDINGINY | AUNTNVBINAIY | ALATHUBINANIY | ADNINVDINAINY
donAABINULNUN donAaBINULNMN | @OnRaBIN UM | donraesnuinae | lidenndesnu §
Frueseasilofldudn sruedeslonld | duededlefld | duedesdeflld | wnasishuadede 468 | 042 HINYIER
WA NAPHAIY 3 ¥Tn | WAARaTIL 2 ¥0n | wAawaeu 3 via | AldnEanay
2. AAUNTNVBIHAIY AMAMNYDINGINY | AMNTNVBINAIY | ALATHUBINANIY | ADNINVDINAINY
donAFBINUNNIN donndeIfunuYl | @onaasdniuinm | @enraedfuinad | Lidenndeiu a48 | 052 7N
AugUNIRIAIUAY AugunIalmual | Augunsalmuay | Mugunsalmuny | inaeieuaunsal
nMsvineu meihu 3 ada  [mMsihou2eda |9 D ada | auRunisieu
3. AMNTNVBIHAIY AMAMYDINGITY | AMNTNVBINAIY | ABIATHVBINANIY | ANINVDINAINY
AOAAADINULNN FOARARINULNMUT | donAdBINULNM | denmdssniuinay | lidenndeanu ]
FTUNITOBALUU FIUNITIONLUY | §NUNNSOONWUY | dumsesnuuy | nesismumseenuuu| +73 | 051 MAVER

3 fandu 2 Handu 1 Hangu
4. nauilondnuol HAUTIANIU 3 90 | HaUTigawiu 2 90 | Kaaudyawu 19 | nanuliligewy | 457 | 0.52 mﬂﬁqm
5. psflawAedsulvl | SanudessSulnl | Senudedsulnl | ferudedsulnl | lifenudadisy
lunsasamanu lumsasimany  [Tumsasimanuy | Tunsaiawany | Inilunisashs 4.52 | 0.49 1niign

390 299 1qn NA9Y
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FTAUASHU nan1sUTEIu
519Uy
3 2 1 0 X | S.D. |3zAUAUMNIZEY
6. NAUANLNIOLAT QY | HaIUAINTE NAIIUAITTE NAIIUAITTE waauldaansn
Amunal widgmiidsue | witymiidvue | wiamiidvue | witayndidivun | 471 | 0.46 1nitgn
173 9o 172 90 171 90 13
7. NAUTAMNANY | HASIUTIAY NA9 AL NA9 AL Hasuliiianm a57 | 053 mﬂﬁ'a@
Undlauazanuaisny | Seusey 3 9n Sguses 2 90 Seuses 190 Seuson
8. HaruiiAuudause | wasuiaa NA9LIAL NA9LIAL naulifina a72 | 042 mﬂﬁ'a@
W39 3 90 W39 2 90 W39 1 90 IGAIER
9. nasudliafesn iy | nauseidiu HaUITLIU HaUITLIU NaUITLIUY ;
nslgau MSVAEBUNANY | MSVREBUNAINY | Msnadeurany | msvedeunasy | 0% | 042 2NV
N1U 3 ASe N1 2 Ads N1 1 Ads Taiu
10. nanuiimuUaoniy | Wasull AN ARNgIY MUl ;
ANuUaane ANUUasnne ANUUasnne ANuUasnne 4.58 | 047 2NV
faust 3 90 Tuly | foust 2 90 TUlU | dausd 190 Fuly
PelEetY a.61 | 0.47 anitgn

NA1519 4-10 wansliiuinuuulssliunanuadisassalianumunzasegluseivunian (X = 4.61, S.D. = 0.47)
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4.3 nan1smaasslszuunisiSouiuuuivasurtudaelseUszassddviatilodasy
AUTTOUTUIANTTULALHAIIUAT19ATIA

4.3.1 wawSsuiisuazuuuanssouruinnssuieuisularndaseuvesindnuiiFou
sheszuuNTsusuuuAsuuielsaszansAidviatiiedaaiuanssouruinnssuuay
HAIUATIATIA

A15199 4-11 WaN5USIUNYUALMUUALTTOULUINNTTUNDUL S UULAT AR NS B UVBIUNANYIN
SumeTrUuNISEuIuuUasuNUaIglsUsEaRsRdviaNeduaSuaNTTauL
YINNITULALHNAIUAS19ETIA

n =50
AZLUUANTTAUSUINNTTY X S.D t p
naaUSeU (AvUULLAYL 66 AZLUL) 60.40 498 | 9.01** | 0.00
neulseu (ATUUULAY 66 AYLUL) 46.48 6.55

*» p<.01

d' ) A a Y = 9 cs' i 1Y
NNITNN 4-11 WU'J']Uﬂﬁﬂ‘H’TV]Liﬂu@?ﬁﬁgUUﬂqiLiﬁluzLLUULUaﬁlumqu@ﬁ815\‘11]58@@\'1

A AN DANASUALTIOUSUTANITULASHNAIUAS 19ATIAL AL LUUANTI UL UINNTTUNA LS oY

'
aaa

(X = 60.40, S.D. = 4.98) ganIneuseu (X = 46.48, S.D. = 6.55) egreiltdedAgynieaiini
% I3 a a o ::4' ) %
szav .05 ulumuauuigrun1sideiinmuall
4.3.2 NaUS s UBUAL W UUALTIOUL U IANTTULATHNAIUAS 19ETTANA NS s UVBITNA NN
MIgurEszUUNSISEuikuuAsuruselselsrasmdvialioduasuaussauruinnssy
LALNANUAS 19ATIALALUNANITIS o UMILNTADURLUIUUNG

A15199 4-12 N15RTIvERUTennadLlesmures One way MANOVA

, L ae | ATLUUANTIOUY | ASULUUNANIY
&y ANEnR . . .
UIANTTU #5985
thdnwiiGouseszuunsfeus
wUULABURUMETSIUTEARR YA X 60.40 25.40
WDELASUANTTOULUINNT TULATHAIU
asnadssa S.D. 4.98 1.64
. R X 45.72 19.27
UNANYINIIUAIINITABULUUUNR
S.D. a.79 3.14
Leven’s statistics (p) 3.67 (0.70) 1.03 (0.31)
Box’s M (p) 7.85 (0.06)
Bartlett’s X2(p) 19.62 (0.00)
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N7 4-12 nAnwfiFeusessuumaiFeudiuuasuiiuselswsvassAivia
oduaiuanssauruinnssuuazauaiasiflinzuuuanssauruinnssuvduiou
= 60.40 AziUL ANLTBLUULINTEIN = 4.98 WALALIUUNAIILASNATIAVANTOU = 25.40
Aziul Andeuvunnigiu = 1.64 TuvngiidnAnuiieusiensaounuuunafingiuy
aussauzuinnsTuvdnSou = 45.72 azuuy ANTBUULINIEIY = 4.79 LATATLULKAIIL
a¥19assindadou= 19.27 azuuu andesuuannsgiu = 3.14 Wevinisnsadeutennad
JeafureinisiiasgianuulsusaufuUsnmuuLuun1aiien (One way MANOVA)
3 Usgns fe 1. aaduenifusvesnuulsusiuvesiudsusagfsevinadndnuilFou
MsszuunMsiSsuduvuasuiuselsssrassAdviaiiioduaiuaussouruinnssunas
nasuasreassauazdnAnuiiioudionisaounuuunilaeld Levene’s Test
HANIIATIVABU WU ATLULANTIOUTUINNTTULAZATIUUNAUAT NATIAAUTEUTENIN
infnunfiieumneszuunisBsuduvuasuinuiislsssrassianaifieduaiuaussous
winnssuuaznauaisassdtazinAnuiifousonsaounuuunatinnaudsusiusening
nquwiiy 2. anudueniusveaunindanuuususiu-miuwdsusiusiuvasioulsiagld
Box’s M Test NAN1TATIVABY WUIT LUNINFAMULUTUTIU-AUUUTUTIUTINVDIAL UL
aussnuzuinngs uazAzuuUNANUATIaTIAd IS ousEnInAnu S ouse sy
nM3i3euduuuasuriiusslssUszasaiavaifieduaiuanssouruinnssunaznady
asassruariindnuildoudienisaeuwuuunafiawansstuegidly e ddynieads
fi52du 05 uaz 3. AuduRussEninedauuslnald Bartlett’s Test of Sphericity
HANIIATIFADU WU Lun3ndaduulsusin-uwlsusiusiunislungy (Within Group
Variance-Covariance Matrix) ieduunnanin@nwiii3susessuunisdsuiuuuiasy
ruselssUszansRaviaiiieduaduanssauruinnssulasnanuaisassAuazindnuiiSou
shemsaeuluuUnAnUIN e mLAnsaIngudsgsliudfynisadafiseiu 05 wansin
ATlULANTIIULLIANTIN WazAzLUUNAATATIA LS susEnIsinAnuiTiSouse
szuunsBeuduvuasuiufelseszassidviaiieduasuanssousuinnssunasnany
assassduaziindnuiidousienisaeusuuuniianuduiusiuegraivedfyniead o
fiszdu 05 ansmideyalvienzsilagldnsiieseinuuusususulsmuuiuy
N4LAY7 (One way MANOVA) 1a



A15197 4-13 HaN15IAIIZ9 One way MANOVA 983AsMUUANSSOUEUIANTSULAL AZILUL
NauasaTIAvdaSEussinAnuiGsuse szuunaFeuiuuuasuny
elsUszansRaTaliioaas AN ITAUE L AN TIULATNAT AT SET IR LA
TnAnwiiSeusensaeuwuuUni

faudsdasy fan Value  Approximate F p
Pillai’s Trace 795 91.121 0.00
ﬂﬁjll Wilks” Lambda .205 91.121 0.00
Hotelling’s Trace 3.877 91.121 0.00
Roy’s Largest Root 3.877 91.121 0.00

Tests of Between-Subjects Effects

Aauusniu SS df  MS F p Post Hoc
ﬂSLLuuﬁNiiﬂugu%lﬂiill 2693.78 1 26937 112.7 0.00 1>2
8 26
AYLUUNAIUAS19ETTA 47032 1 47032 7497  0.00 1>2

AR 4-13 KANTIATITAAINLUTUTIUF LU TN UL VBIAT UL UALTTOUS
uiAnsTN warAzLuUNaUadsasIAnduisusEnineinAnvifiTounisasuiiesruy
nsi3euduuuasuiiusislssUszasafiviaiiedsasuanssauruinnssunaznady
a¥vassAuazin@nyi M3 sufenisaouluuun@ nuin centroid Y89AYLULALTTOUY
winNssY wazALLILNAN YA IasIAdaSsuwnasusgnlitudAynsadffisesiu 05
wariindnunfidsunsasusessuunmsBeuiuuuasuihudielswsrassndviaiiodaedy
AUITOULUINNITTULALHANUATNATIAN AL UUANTTOULUTANTTY LATAZLUUNAIIU
afsassAvdaFeunnnnindnAnwiiieusenisaeunuuUn@vinty 14.68 uay 6.13 Aziuy
muaiy hilunuamigiunmsideidmuely uazthazuuuanssouruinnssy uazaziuy
NaNUaTsETIAA IS suTe s Anwn i suseszuunsBsusluuasuiuielssszas
Raviaiflodaasuaussausuinnsmaznanuaiassdtasindnwioudenisaeuuuy
ﬂﬂaﬁ’uﬁuﬂugﬂLLUU“UENﬂiWWmam’]Wﬁ 4-3
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AZLUUANITTOULUINATIU - = AYLUUNANUAS19ETTA

AT 4-3  ATLULANSIAUZUIRNTSY WAZATLULNAUAS1NEsTANSLSouTaeTnAnY
fndnwifiFouseszuumsiieuiluuiasuiiumelssszassdaviaiie
daaSuaussauzuinnssularnanuadassfwazindnunldeusiensaeu
LuuUn#

4.3.3 WalSUULNgUALLULANTIOULUTANTTUNAUIIUVDIUNAN WL IUAIYTLUU
n1sisguuvuldguruaielssUsrassidaiioduaiuanssausuinnssulazNay
AS9ATIANULNN

= = = Y v o = o o
M1919% 4-14 wansilSeuiieuazuuiausTaurLinnsTIvd IS swresinAnmiSeusieseuy
nssguFkuUURgU UMl sUsERRwRaIian uN e
n=25

AZLUUANTTAUSUINNTTY X S.D. | wnaual 70% t p

PHUTHU (AZUUULAY 66 AZWUY) | 60.40 4.98 46.20 14.248** | 0.00

* ne 01

Y]

NENTNAN 4-14 dndnwsfiFeunigszuunsiseuiiuuudsunumelsUszasddva
AT UANTIAULUINNTTULAENANIUAS19ATIAT AL LULANTTOULUTANTTUNAUT O

[y

wnnInnaiegsiidudrdgynsadfnszdu 05 Wulunuanufigiunsidenivuall



4.3.0 §alUSeULNgUALWUUKNAIIUAS 19ATTANILS 8 UVDIUNANYI NS I UAIYTEUU
n1sissuILuulasuruaielssUsrassdIviaiioduaTuaussausuinnIsULATNAI
AS9ATIANULNN

a = = Y s W ) A a Y
A13197 4-15 wan1sIguiisupzkuuRauaiETIATALSsuvesinAnwnSeumesEuy
nsseukuuURgurumelseUsEaamIvialoduaT AL T saUTLIRNTTULAL
WAITUESeETIARUN AL

n=25

AZLUUNAIUEZ19855A

(o]

S.D. | ngual 70% t P

NSUSHU (AZWUULAY 30 AZWUY) | 25.40 1.64 21.00 13.381** | 0.00

** p< .01

=i = o % = % a ! % aa o

NATNIN 4-15 UnAnwINiSeumeszuunsSeuswuUAsuuiIelsUTEanIRiva

WO UASHANTTOULUINNITULALNAUAS9ATIA T AUUUNAII LA 19E TS ANA LT EUNINNTY
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aeadasiutunountzaiianasu (Fabricate : DF3) vadlstuszansnavia viaaniigSeuls
WwIsuAINTouANg 9 AuuUNSURTRLE fisuinamaaeniniuusudlenngl il
ardumanlu Metaverse oan1sa¥ianadnu ndsannaaosauiaaudiuigudiou
FnsasauuudulsEney @uemy) vewmanuaiisassiaelusunsusing o wu Solid work
pafinaunuly udnhnuuiiaistusdndiuuszney (Fuanu) Temanuaineassddae 30
printing, Laser Cutting wai CNC nuauiuagiinweigiouldinioudlutunoutiy
uaﬂmﬂiﬁaﬁgﬁauwuﬂmmLLaquaiiﬂ J3ouanansaUinwangidovganving q 16
vlnduiioudanssourutanssudunisuflodgm nsAndeszou nsdatmang
vy uazesedne
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SuritchSar

AN 5-9 FID8199RINNTAS1INAIU

Guumau‘vl 5 msusmmﬂmLﬂﬂamsauuuaummaﬂm (Integratlng New Competency
and Perspectives : TL5) maqmuiaumwLﬂaaumuLﬂumumawaaﬂﬂaamwumu
AMsUsEnoULAZRnG (Assembly and Installation : DF4) w9l53Usza0iAavia waeand
ndufiFeuldvimandstunuiasaSeuiosud nqulSeunsaetsznougUnsaiidnnseting

Y

L1 Sensors Embedded System 'vié’qmﬂﬁ?uﬂa'm’iﬁauﬁw%umwm 9 wUszneullu
lassafeveamany WsammmaﬂﬂimaLaﬂmauﬂﬁmu Sensors Embedded System a1
UﬁvnauLmﬂu‘lﬂiqaﬁwaamawuLwamummsmmumuﬁmwmq 9 YBIHATUANT
oonuuuld vdsmntundugFouwihmavaaeumsinuemanu fraruliasnsovieuly
flardusing 9 Wauitldosnuuuly ndugiseudesinsuanidsunudaiudetunas fu
Wielilddoaguresmsuflatymaunasuanmisavhanldynileddu annsiingudiSou
sidunsndntunuausrauaudiiaihliEsuininuglml fanwsiulalunues uas
annsathanuileluussgndldaisaanudy 9 el vilvingudiSeuilaussauzuinnssy

v a a ] o @
aunsiitaley nsAadeszuy Msnsduing waznisvinauduiiy
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AN 5-10 fMog1reIn15USENOULANTAARIVBILARENAY

nAnd1ukaIt s uRgItuANFNTUSTEri1enITssuTLuUIUAs U U Y
159Usranafavia §ITeveaiuseasdunveinUdURUSAIUATIN 5-2 kagn i 5-11

Y]

a v v 6 ! a b a 1 aa
M1919N 5-2 ﬂ’JWNﬁ@JWUﬁiSW}Nﬂ’]iLiUUELLUUL‘UaEJ‘UN'TULLﬁgﬂ’ig‘U’JUﬂ’]i“U@\ﬂN‘Uigﬁ'PN@"\]‘Vla

o

N3TUIUNMTNTREUSUUUIUABUNIY n3TUIUNSVRLlIsITanAdvia

Tupauil 1n1siseusiiion1sisunlas
(Learning Change : TL1)

5 . JupouN 1 N1509nNWUU (Design : DF1)
JUADUN 2 NITUINTDULUIARA AL 2

(Find a new conceptual framework : TL2)

Tupouil 3 MINausUNTUFTRLM v o
. YUADUYN 2 NISLAS8UNTT (Prepare : DF2)
(New Planning : TL3)

Funeul 4 n15MAaes (Testing : TLA) Fupauil 3 msad1esas (Fabricate : DF3)

1%
Y

wnaui 5 MIyYsanMsiiiinaussauzuae

U & N a o
. , YURDUN 4 NTUTENOULATNITANF
gmuaﬂwu (Integrating new Competency .
. (Assembly and Installation: DF4)
and Perspectives : TL5)
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unil 6
A3Una aAUTIENE LasUalauauue

'
aa v A

ATeFesgULuUNMsSeuiuuuAsuiislsUszansAdviaIfiedaaSuanssaus
uinnsTuLATHALASATIA UsgnaudeTngUsvasd fadl 1) iedmunsuuuunaiFeus
wuaswihudelsswsvassfdviaiioduaiuanssauzuinnssunasnanuaieassd 2) o
Wannszuunsiseuiuuuildsuinudelseszasspdviaileduaiuaussausuinnssuuas
Naauas1aasIA wag 3) tileAnwinaninaaesldszuunisiSeuiuvuiasuniudie
l59Uszasafdviaifiedaaiuanssouruinnssuuasnanuainassd Ussnaude 4 4o Ae
3.1 thinwiGeuseszuunsBouiuuudsuiumelssszassfdviaiiloduaduanssouy
WINNTTULAEHAIUATNATIATATUUNANTTOULUTANTIUNAUTBUNINNTINB UL BY
3.2 thinwieufoszuunsBeuiuuudsuriiuimelswsvassiaviaileduaiuaussous
WIINITURALHANUATNATIANATLULALTTO UL TANTTULALHANIUATATIANS LT EULNNT
hnwiiGeufonsasunuuund 3.3 dhnwiiSeumessuumsSeuiuuudsuiume
l5sUszansidiaifioduauanssousuinnssunagnanuaasAlinzuuLau sz inn sy
wdaFouninninnue uag 3.4 dnAnwifiSousieszuunisissuduuuiuduniudie
TsaUszassidviaifiodaduanssausuinnssunasnanuaisassAlnsuuuranuaiisassa
VRWSHULINNTINNA

ﬂduﬁaaﬂwaﬁiﬂumﬁ%’aﬂ%ﬂﬁ Toun dnfinwszaudTyaens arvunalulagienssy
29EaMN1g AgIngmansiazinalulad Ingrdeiwnsdanuianen amelsuiseuluneiv
AnufuRnisuinnssuluienisananssudiuiu 50 Au 91uu 2 vies IASNsduagede
(Simple Random Sampling) Inelteaseudumienisgy nguil 1 1Wungumaass $1uru
25 au 1unguitldgunuunsiSeuiuuuasuiumelssszassidviaiiiodaaduanssaus
winnssuLazsacuaiassd uaznguil 2 \unguauau dnnu 25 au Wunguildnsiiou
nsAouLUUUNG sreIalunmaaes 8 dUai nsllaTenideyaly Independent t-test,
One Simple t-test uag one way MANNOVA qumﬁﬂﬁﬁaﬂaﬁwLauaiwazlﬁamﬁm‘i’f

6.1 @5UNANISIY

6.2 AUTIENG

6.3 UslaualuL

6.1 a@3Unan1sAdY
AIduasURaNTIemuingussase Aswaludl

=b
®©
2N
Zo
N
o)
pimd

6.1.1 1WA FURUUNISITEUSUUUUABURIUAI8lsIUTEaR AT AL
ANTTIULUINNTTULATNANUAT9ATIA
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naMTANFULUUNMSEsuLuuAuiufelseUszanRdvialiiodaaiuanssous
uinnsTuLazHaTUasases Usgnaudeasdusznay 2 asdusenaudall asdusznaudl 1
nsdsuiuuuidsuniiu Usenoudae 5 suneudadl 1) nsdeudiientsiudsuutas
(Learning Change) & 2 Yunaudes fie 1.1 N135A5I9d8UAULEY (SelfExamination) uas
1.2 msvaniunisiUasuuias (Acceptance of Change) 2) N131INTULUIAA LKL (Find a
new conceptual framework) 3) N1153198HUN15UH TR (New Planning) 4) n15naaas
(Testing) war 5) NsYIANNTIARANTIAUL AT NLadlnY (Integrating new Competency
and Perspectives) il 2 Fumougos fie 5.1 nsadeaussauzlng (New Competency) uaz
5.2 msiAnguuesiyal (New Perspectives) wazosdusznaud 2 lssUszansidsia Usznause
4 Fupoudal 1) 119598nWUU (Design) 2) N15LATEUNT (Prepare) 3) N1T8319NA91U
(Fabricate) waz4) n15UsznauLazings (Assembly and Installation) Tnediadasiiaves
TseUszansAdais 4 fu fo 1. fusr$auad (Hardware) 2. frusenduad (Software)
3. fuanildlunisudnnasnu (Material) uag 4. fiufidmiunisdafuioyalugluuy
oaulayl (Storage and simulator tools online) #45UKUUNITIIBUSLUUIUAB UKL
TsaszassidviaifuguuvunsiSeuiduaiulidnAnuiaussouruinngsy 5 aussaug fe
1. nsuntgunet19ad1eassa (Creative problem solving) 2. N15AALTITZUU (Systems
thinking) 3. N15@91 8198 (Goal orientation) 4. n15919 uLTudiy (Teamwork) was
5. nsa¥1aa3edie (Networking) auvisanunsnainenasiuasneassdld Tnof3dold
UszillunanuasassAmeuuuUssiliunanuasassAuuIusad 4 se6u A 0-3 Azluy

nansUszliuresidnmaluFosmnumnzauvesguuuunsiSeuiuuuasuiiy
selsasrassAdviaifioduaiuaussouruinnssunaznanuaiassdlunmsmeglusz iy
winfign X = 4.64, SD. = 0.47) lnefinwazidonvesmsvssduia 9 dusgluseduinniian
fie 1) wwaAavsenguiilflunisdauasesisuuuunsiSeuuvuasuriumelssuszans
AdalfiedasuaussousuTanTsuLaTNaIIuas19a5IA (X = 4.79,S.D. =0.27)
2) aaﬁﬂizﬂawaagﬂqumsﬁauiuwLﬂﬁaumwué’aaiiaﬂizaaaaﬁﬁaLﬁadam%uamﬁauz
WINNTTULALHANUATINETIA (X = 4.72, S.D. = 0.28) 3) M3inasuasAUsznaulugUuuy
MsisuiuvuiUasuiiusslsaszassidvialiieduasanssausuinnssunasnai u
a%19assRdaudaaunazaotiios (X = 4.57, S.0. = 0.53) 4) nnosnUsznaulusukuy
nsi3euduuuasuriiusielssUszassiivialiiedsauaussausuinnssuuazHa Iy
a519a55AlAINUdNNUSFInAaeInY (X = 4.57, S.D. = 0.53) 5) N15L38ULIYIA1A UV
psAUsENRUIULUUNMTTsuTuuuIdsusitudelssszassidviaiiieduasuanssauy
YINNTTULALNAIUASI19ETTALANUMNNTEY @150 balAde (X = 4.71, S.D. = 0.49)
6) nmsnvesesdUsznevluguluunsBsuiuuAsuiiufelssuszassiidvialiiodaasy
AUTIAULUIANTTULALNAMUATINATIATANANY TO) IMNzANmULaEATInLIngUsEasd
Y9393 (X = 4.57, S.D. = 0.53) 7) JUnvUMIBeuFuUuAsurmelsszansiivia
JFeduaiuanssnuzuinnssuuasnanuadassiiautuiimuminzautunisdaada
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aussauzuinng (X = 4.86, S.D. = 0.38) 8) sUuuuNsEouiiuuAsuriiudelssUszand
AivfaifiodaiuaussousuianssunasrasuadsassAiia e zan iy
MsdaaunanuaieassA (X = 4.57, SD. = 0.53) uaz 9) JULUUMIBUuUUIAB LY
FelsslszanspaviaiieduaiuaussnuzuinnssuuasnanuaineassAfinaundud
anudululalunisihluneeedds (X = 4.71, S.D. = 0.49)

6.1.2 WeWaunszuunMsBsuiuuudsuriiuselsssrassiaviaiiieduaiuaussus
WIANTTULATNAIUATIIETIA

FAfuthguuuumsiSouiuuuddsuiiuielssUszassaaviaiiodaaiuanssauy
uinnssuuagnanuaiassaivaudunfaunfussuuniadsuuouduiiugie
T59Uszassfdviatiieduaiuanssausuinnssunaznanuainiassd lnegisuoen uuuuay
fmusruuaIndnisaTnsiaIUTEnoufe 5 Tunou fo 1) NTIATIE 2) DENLUY
JEUU 3) MINAUITLUY 4) NM5Vedeu wag 5) n1siluld

nansUsEiuresiieingyluFesnumnzanvessyuumsisoudiuuasuiudng
lseszansAdviaifloduaduanssauzuinnssulasnanuainsasiAusznaume 1) aunm
ununsdsunsaou lunmsmeglussdumniian (X = 452, SD. = 0.47) 2) ganmidion
MsBeunsaou Tunmsweglussdivanniign (X = 4.54, SD. = 0.49) 3) Aunwdonsiseu
msaeu Tunmsmeglussivanniian (X = 451, SD. = 0.48) 4) Usz@vdnmszuumsiioud
wuuasusiiuselsaszaefdvialiioduaiuanssousuinnssuuazranuaaassd Tu
sefunniign (X = 4.52, SD. = 0.47) uag 5) wuudsiliunanuaineassd agluseiuinniign
(X =4.61,SD. =0.47)

6.1.3 LilefAnwinanmsnaassliszuunsBouuuuasuiudielsewszasiidiaie
A NANTTOUBUINNTTULATNANUAT9ATIA

6.1.3.1 WaNTUSHULTEUALLULALTTOUEEINNTTUAD U ULAS AT HUTDY
nfnunfiioumeszuunseuduuuildsuinudielswsrassidvialfiedaaiuaussous
uinnssuLazNanuaIasd wuin dndAnwiniSeusessuunisieusuuuasusiiuse
TssUszansidviaiiioduaduanssausuinnssunasnanuaiassdiinzuuLaussauzuinn sy
vduSoumnnitneudsusdelideddmsadansedu 05 idulumuaunRgiunisiden
Avuall
6.1.3.2 HaN1TUTHUIBUALLULANT IO UL U TN T TURATNAIIUATNATIANES

SeuvesindnwifiSoumeszuunisouiuuuildsusituselssuszassidviafiedaay
aussouruinnssuLazrauaiiassdtazin@nu AfiFoudenisaounuuund wui
infnunfiGoumeszuunseuduuuildsuinudielsssrassiaviaiiodaaiuaussous
WINNITURALNANUATNATIALAZKUUANTTOUTLINNTTULAENAN AT AT IALINN TN AN
FfiFeusenisaeusuuUnfiegslited fuvsadffiseiu .05 TnetndAnuiiSeunisaeusie
szuunsBsuduvuasuiumelsssrassidviaiieduaiuaussauruinnssuuasasy
a¥easIAlinzuuuaNTIaurUIANg I uazATLULHAUASATTANd A s uInnITnAnynd
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SeufaanIsaeuLuUUNAYIAY 10.80 waz 5.20 Azkuunud1su Wuluauauaiignu
mMeAdeidvuald

6.1.3.3 mamaUSsuiiisunzuuuaussouzuIanssundaSsuresindnuiiSou
feszuunsisusuuuAsuufmelsiszassidviaifieduaiuanssauzuinnssunas
naduadIsassAfuInMe wuin dndnuiiieudiesruunisidsuiivuasuiiuge
lssUszansidiaifioduauanssouzuinnssunasnanuaiassAilnzuuLaussauzuinn sy
vdsSsudaruuuaussouzuianssuvdadsunnnninnaeio relitedfynieadffiseiu 05
Hulunwanufgunsideismualy

6.1.3.0 mamswisuiisunziuunanuaiisassivdsdouresindnniiGousie
szuunsBeuduvuasuiumelsesrassiaviaiieduaiuaussauruinnssuuasasy
aaassAtunae wuidnAnniGsusossuumsBeusuuuasuruimelsesyanidana
WledaasuanssauzuinnssukaznanuaiisasIAtinziuuNaNuaIaTIAnd LS suInn

o

I3 1 N v o W aad < a awv Ao 1%
inauiegnsliteddgvneadifnsedu .05 Wulunuanufgiunsidenivuall

6.2 aaUsENa

au A = o PN 1 Y a d a
ﬂ’]i?"\]ﬂLi@ﬂg'ﬂLL‘U“Uﬂ']iLﬁEJUELL‘UULﬂaﬁlumqumﬁﬂiiﬂﬂigaaﬂ ALNDEIFINAUIIOUY

ol
winnssuLazkaLaisaTsd §iTeivsndunisediusena 3 To il

6.2.1 gUqumsﬁauiuwLﬂﬁauﬁwuﬁaaisaﬂszaaaaﬁ Variodasuaussauy
UIRNTTULALHANUAS19ETTA

ANKNANITIVY WU i‘LJLLUUmiL'%sm%fufuULU?isJur;huﬁasﬁiwizaaaﬁ%ﬁaLﬁadam‘%m
AUITOULWINNTTULALN AN UAS AT IATNANTTUTLIUANUUNNZ@NYBY 1) mwgmﬁlﬁaui
wuuasusu waslseUszaninava 2) 23AUTENOUTBIFULUU 3) Audalauuazfoilloes
N3IRaRUDIAUSENOU 4) mmauwuﬁaacsmaaqmﬂuu,azﬂuﬁuamﬂaaﬂﬂszﬂaﬂugﬂLLUU
5) Anuwanray aunsainlaladiguesnisiseuisesdiduvesesausenauluguiuy
6) ANyl W zaunsInNingUsrasAvesnudfeluninsinvesesdusenaulugdiuy
7) SULUUIAMIMINZANAUN TAUATUANTTOUTUIANT TN WATHAIUATINETIA LAY
8) sunuufimmduldldlunsiilunaaeddedlussdumniianoun feilidumnedidols
theaiuremauinsiieuiuuuidasusiu (Mezirow, 2000; Wws1ans, 2558; 1w12&nwal
LavAME, 2560; WAL wazAMy, 2562; Beer, 2019; Yildinm and Yelken, 2019; sign1us
wagAuy (2021); Stork et al, 2023) undunuanidlunisadiegiuuunisiseuiuuy
Wasu waglingufveelssUseanifdna (Lewis and Clark, 2017; Hamid et al., 2018;
Lorenzo et al,, 2018; Lee et al, 2019; Putro and Wirasmoyo, 2019; Soomro and
Georgiev, 2020; Yuan et al., 2020; Formlabs, 2022) s1mneIosile 4 Fruveslseszans
A3 (Karatepe et al., 2010; Gadjanski et al., 2015; Soulaf et al., 2016; Poustinchi, 2018;
Cornetta et al., 2019:a; Cornetta et al,, 2019:b; Lorenzo et al,, 2019; Soomro et al,,

2021) WusiduirdoufindaasulidnAnuidanssousuinnssulazaiuisoasanadu
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a¥1sas3Ald Tnsnnsieuduvuidsusinuiingzuiunisivagliin@nuiuAsuyunesved
aulenilaadranseunwAaluy Tnedesriuniseenuuumuduneuveslsiszaniasia vl
AAnseunuLiieadsmauadeasssautuneunsnisunisveslseUseassiaa was
NnaBYALELT EeaRde iuTuRauNIsaS A uTedsiUsEan AT U AnALSTAUY
Uinnssy wavanansoadamauadsassaldmutuneunsuseneuarindaweslsUsrans
favia

6.2.2 MaWwusTUUNMSBsuiuuudsuiuselssussassfdviaiieduaiuaussous
UIRNITULATNAIUES19ETIA

MANANNTITY WU sruunsSeuiuuuidsusiuselssUszassiaviaifiedaiy
AUTTOUTUTANT TULALHAUAS 19ATIALARS 1 A IUNENNITOBNLUULATHAIUITEUULUU
Adapted Waterfall FaUszneudie 5 Tuneu fe 1) N15ILATIZY 2) N1TOBNLUUTEUU
U3ENoUunIY 6 91U AB 2.1 Hi38U a0 LATN1SIANISISEUNITABY 2.2 A1588NLUY
ASHZEUNTT N3850 waznsUsTRaULAAdaU 2.3 dunisldnunsedieniva wuses
wazlulaspaulnsaaes 2.4 sunstdaulusunsuwasduyadu 2.5 mMunsiseusldau
govfiag endauad wasdoa uay 2.6 funsligunsallunisnBntuaufe intesUSuauiia
LASBIRALALTES AN wazlA3esTIEUT 3) N1sWAILISTUY 4) n1svngau waz 5) n1sunluly
%a@%’aﬁmsaamwuLLaw"v’@umszwLLw Adapted Waterfall ins1zidungufnisesnwuu
LLa3ﬁwmisuuﬁﬁmm§wsjumm aunsausuly LLﬁ”LsuLLazLﬁuﬁaﬁ%’w%aimaamsﬁﬁmulﬁ
PN ANLALADNARDITUNTEUIUNTANTUIY (Imaniawan et al., 2023) uazlingud
n1sUsiiuszuusuuLudaton (Black-Box Testing) Fsiidod feo 1fun1snadaussuy
fanunsavinlasanga wazilunismaaeusyuuluyuueswesldanudundn (Robust, 2021)
yonanidamuin lufuneunisiaunssuy fnan13UsIduAMIMLNEALYRITEUUNSISEUS
LA uRIuG8TsIUsE AR ITaLi e aS AL TaUs U RN T SULAT NAIIUAS 198554
UseNaumey 1) AMATNWNENITEEUNITADY 2) @mmwﬁammsﬁaumﬁaau 3) ﬂmmwﬁa
N15LS8UNTEOU 4) Usz%w%mwwwmsﬁsuiuwLﬂﬁaumuﬁ’wiiwizaaaa%ﬁa Wil
AUASUANITOULWIANTTULALHANUASIATIA LAY 5) WUUUTLIUNAMUES9ETIA TUANSIY
oefluseduandiaevia 5 fu seiidunsgdidelfigaruremguinisiouiuuudoy
(Mezirow, 2000; W518W5, 2558; LoIanual kazAme, 2560; Ay wasAMe, 2562; Beer,
2019; Yildinm and Yelken, 2019; aignus wazAue (2021); Stork et al, 2023) 159Usza04
A3v1a (Lewis and Clark, 2017; Hamid et al., 2018; Lorenzo et al., 2018; Lee et al., 2019;
Putro and Wirasmoyo, 201 9; Soomro and Georgiev, 2020; Yuan et al., 2020;
Formlabs, 2022) wazir3esile 4 duvesdsaszaninana (Karatepe et al., 2010; Gadjanski
et al., 2015; Soulaf et al., 2016; Poustinchi, 2018; Cornetta et al.,, 2019:a; Cornetta et al.,
2019:b; Lorenzo et al., 2019; Soomro et al., 2021) YIHWINAUAIBTUIETIEIVHNUH TR
n1suInnssuluaenIsgeaInnssy (nedeiensdanuienen, 2017) Iuilidnanisussidiy
AN ANYBITEUUNN TR BuSuUUIUAwiusel ssUsrasRdviailedaaTuausaus
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WinnssuuazNauasassATiusznause 1) AN TNUWNUNISISEUNTARY 2) @mmmﬁam
M3Seunsaey 3) AunmAsMsiSounsasy 4) UstAvsnmszuunsiSouiuuuiasuniy
selssUszansRaraiiodnaSuaussous Ul NI IULATHANUAS19ETIA way 5) wuuUssifiuna
nuateassd lunmsweglussdiusniigan 5 fu
6.23 nanmsnaaeslisuuuumIBuiuuuiasurinimelsasrassndviaiiiedaady

AussaUTUTNTTULAYHALAZ9ESSH Usnoude 4 dessl

6.2.3.1 WNaNISUTIUWTIEUALLULENTIOULUIRNTIUNDULTUULATNAUT YUV
infnunfiieumneszuunsBeuduuuildsuinudelsssrassiaviaifiedaiuaussous
uinnssunaznanuaiieassd wuii dndAnwiniSeudiessuunisieuiuuuasusiiuse
TsaUszanshdvaiiiodnaSuaussousuinnsTuLasHaLas 98T sATAZLLUALSSaUE LI RNTSY
n¥aFeusnnnieudou = 13.92 azuuu eiidunsizssuunsidouduuudeuiiudae
TsesvansnariariiodaaduanssousuinnssuasnauadvassAdussuunsSounsdaou
#finszuaunisiidrelduninuiiiniswaundussausuianssuie 5 aussous Ao
1) nMsuAdamogneaineassd 2) msanideszuu 3) Mssadhnane 4) mevheuduiin wes
5) A15AS1ATDVIY HIU 5 Gﬁy’umaumaamsﬁau@LUULUﬁ'zmm'm (Mezirow, 2000; LUSENS,
2558; wdnwal wavAug, 2560; NAYY wazAey, 2562; Beer, 2019; Yildinm and Yelken,
2019; aign1ud wasAng, 2021; Stork et al, 2023) TnoiilseUszansiaviadusndaasuia
4 sﬁ’jum@u (Lewis and Clark, 2017; Hamid et al,, 2018; Lorenzo et al,, 2018; Lee et al,,
2019; Putro and Wirasmoyo, 2019; Soomro and Georgiev, 2020; Yuan et al., 2020;
Formlabs, 2022) ﬁﬁﬁﬂﬁﬁfﬂﬁﬂmﬁL'%'sméh853UUﬂ13L§8u§LLUULﬂﬁauwwuﬁaaiiqﬂssaaa
AATaLilodaasuausTaULLIANSTULAYNAUAS AT IRTAT UYL TTOUE U IR NTTUVa IS By
UINNINADUSYY

6.2.3.2 HANISLWUSHULNBUASLULANTTOULUIANTSULALHAIUES 198TIANAS
FeuvesinAnuiiFeusessuunsBsuduuuivasuiumelssszassadviaiiodaty
aussousuinnIsULasNaIuasvasTARaznAnw S oudienisaouLuuUn® wuan
n@nwifiBsunisaeusissruunsiouiuuuasuriiuielsiszassfdviaiiiedaaiy
AUTTOUTUTANTTULASHANUAS 9ETIANALLUNANTTOULUIANTIL WALALLUUNASIY
advassindaSsuannninAnen fidousensaouwuuUNRIMNAY 14.68 wa 6.13 AzUUY
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Abstract—In this paper, the researcher would like to discuss
the processes and components of Digital Fabrication Laboratory
for higher education in order to create Digital Fabrication
Laboratory for higher education. There are 2 steps of research
procedures: 1. gathering information from articles and papers
related to the processes and components of the Digital Fabrication
Laboratory for higher education, and 2. analyzing and
synthesizing the processes and components of Digital Fabrication
Laboratory for higher education. The findings r led that there
were 4 processes of Digital Fabrication Laboratory: 1. design, 2.
prepare, 3. fabricate, and 4. Assembly and installation. The 4
components of Digital Fabrication Laboratory were 1. hardware,
2. software, 3. material and 4. storage and simulator tools online.

Keywords—digital fabrication laboratory, fab lab, higher
education

I. INTRODUCTION

In the digital era, information and communication
technology had advanced quickly as to satisfy the demand for
convenience in a variety of areas such as business, medicine, and
particularly industry in the ‘industrialization 4.0" period. This
caused the shift from the utilization of labor to innovation and
machinery adaptation. Hence, a wide range of goods were
effectively manufactured by the use of special materials [10], in
accordance with the unique requirements of each consumer. Due
to these changes, the education sector had to alter to stay up with
the technological advancement to support the current labor
market [28]. Thus, Digital Fabrication Laboratory was
developed to enhance academic institutions and lessons.

Digital Fabrication Laboratory is a workshop that supported
the 21st century learning and teaching [21] by the processes of
playing, creating, learning, mentoring and inventing [22] via
modern technological tools such as 3D printer, laser cutting and
programs, in order to raise various skills such as innovation
skills [23]. Furthermore, Digital Fabrication Laboratory was
considered as creative labs that fostered creativity and individual
learning, which leaded to knowledge acquiring and innovation
value development [24].

According to the previous passage, the researcher decided to
study this topic by reviewing papers, articles and research
relevant to the required processes and components of Digital
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Fabrication Laboratory in order to prepare the establishment of
Digital Fabrication Laboratory for students of higher education
to improve the learners” skills to get ready to explore the career
path in the industrialization 4.0 era.

II. THEORETICAL BACKGROUND

A. History of Digital Fabrication Laboratory

In 2005, Neil Gershenfeld established the "Digital
Fabrication Laboratory" (Fabrication Lab: FabLab) within the
Center for Bits and Atoms at the Massachusetts Institute of
Technology (MIT) Media Lab. The objectives of this creation
were to function as a platform of technological prototyping for
creativity and inventiveness, serve as an innovation and learning
platform, create a worldwide network of standard procedures
and tools, connect to the global community of different groups
of users (researchers, technologists, innovators, educators,
learners and creators), establish a network for knowledge
sharing, and distribute laboratory of invention and study [25].

In 2009, Assistant Professor Dr. Paulo Blikstein of Stanford
Graduate School of Education had utilized the concept of Digital
Fabrication Laboratory in academic institution to improve the
21st century essential skills and learning potential by
implementing Digital Fabrication to improve the ‘mindset’ or
‘goal” of students to be more practical in order to encourage
them to adopt the innovator habits [26].

B. Digital Fabrication Laboratory in Thailand

In 2018, Thailand had developed a policy on 20th February
2008 to fund ‘Big Rock Project” after the country recognized the
importance of Digital Fabrication Laboratory. This helped
Thailand to prepare for the situations in 21st century by reducing
the inequality among people, inspiring the new generation to be
creative scientifically and technologically, and increase the
citizen’s potential to use innovative techniques. Big Rock
Project was assigned and carried out by the National Science and
Technology Development Agency (NSTDA) in order to
increase the innovation skills for Thai youth as stated in the
“Science creates human’ policy conducted by Ministry of
Science and Technology. The project was performed in different
academic institutions and Sirindhom Science Home (SSH -
NSTDA). In addition, Big Rock Project provided various
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engineering and scientific tools such as 3D Printer and Laser
Cutter to support activities, raise students and instructors’
engineering skills, creativity and ability to innovate workpiece
by the utilization of engineering tools and scientific instruments,
and inspire them to be interested in engineering and innovation
creation careers [27].

I1I. RESEARCH METHODOLOGY

This study was divided into 2 steps. In the st step, the
researcher studied data and information from documents and
research related to the processes and components of Digital
Fabrication Laboratory. For the 2nd step, the researcher
analyzed and synthesized the relevant studies of the processes
and components of Digital Fabrication Laboratory as shown in
Table I-1I and Figure 1.

According to Table [, the analysis and synthesis revealed that
there were 4 processes of Digital Fabrication Laboratory: 1.
Design [1], [2], [3]. [4]. [5], [6]. [7]. [8], 2. Prepare [2], [3]. [5].
[6], [8]. 3. Fabricate [1], [2]. [3]. [4], [S], [6]. [7], [8]. and 4.
Assembly and Installation [1], [2], [3], [4]. [7].

According to Table I, the analysis and synthesis revealed

that there were 4 components of Digital Fabrication
Laboratory: 1. Hardware [11], [12], [13], [15], [19], [20], and 2.
Software [11], [12], [13], [14]. [15], [16]. [17], [18], [19], [20].
3. Material [11], [12], [13], [14], [15], [16]. [17], [19], [20], and
4. Storage and online simulation tools online [14], [16], [19],
[20].

TABLEI. THE PROCESS OF DIGITAL FABRICATION LABORATORY
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Fig. 1. Digital Fabrication Laboratory for higher Education.

From this study, the researcher would like to introduce the
process and components of Digital Fabrication Laboratory as
follows:

1) Design: DF1 — In this process, students designed
components of creative workpieces. Moreover, Students
planned each step and chose the plans and designed and create
parts for each workpiece via programs such as Solid Work,
Autocad and Rhino.

2) Prepare: DF2 —In this process, students had to prepare
the 4 components of the Digital Fabrication Laboratory as
follows:

a) Hardware: The user group had to seek for the digital
tools such as 3D printing device, computer numerical
controlled (CNC) milling machine, laser cutting tool for create
workpiece.

b) Software: The student had to find programs for
simulation to print and cut the workpieces to the desired shape
by controlling the cutting or drilling speed.

¢) Material: The student was required to obtain enough
of the right kinds of materials, such as PLA, ABS and Nylon
(PA) filament to be suitably for each type of workpiece.

d) Storage and simulation tools online: In this process,
The instructor had to provide storage and simulator tools that
supported student to study and practice to use tools.

3) Fabricate: DF3— In this process, the students created the
workpieces via programs like Solid work, Autodesk 123 Design,
Rhino and CS Eagle from step 1. Then, the workpieces would
be built by 3D printing, Laser Cutting and CNC machines.

4) Assembly and Installation: DF4 — In In this process, the
students proceeded to assemble different parts of the structure of
workpieces and added electronic devices such as Sensors,
Microcontrollers to the workpiece to control and enable various
designed functions and features. Then, the students perform a
functional test of the work piece.

According to the presentation about the teaching and
learning processes that integrated 4-step digital fabrication, the
researcher would like to conclude the findings of this study as
follows: The teaching and learning processes that integrated 4-
step digital fabrication could satisfy the 21st century teaching
and learning that emphasized on critical thinking, planning and
actual operating. The learning process was also supportive and
continuous in every step. The first procedure was ‘Design’,
which was crucial to students since they were required to study,
plan and select different data that could satisfy workpiece
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development. Furthermore, the students had to design their
workpieces in 3D program in order to be able to see the overall
of digital workpiece. The second step was important, because
students needed to study different data about characteristics and
features of hardware, software, various materials, storage, and
online simulator tools. Additionally, students had to use each
factor to be suitable for the component creation. In step 3,
students had to assemble the workpiece in the program by
following the feasible details. This helped students to see the
workpiece from different perspectives, and fix the workpiece
before the actual demonstration. Then, students developed their
own workpieces by the implementation of modern technology
as planned. For step 4 or *‘Assembly and Installation’, students
had to demonstrate the actual workpiece development by using
their selected knowledge, technique and device to assemble and
test the workpiece to be according to what they had designed in
the first step.

IV. DISCUSSION

Based on the analysis and synthesis of research on the
processes and components of the Digital Fabrication Laboratory,
this article discusses these processes and components. The
results of this study revealed 4 processed of Digital Fabrication
Laboratory: 1) Design: DF1 2) Prepare: DF2 3) Fabricate: DF3
and 4) Assembly and Installation: DF4 as follows: 1. Design:
DF1 was the first process of Digital Fabrication Laboratory,
which allowed student to design their creative work piece via
supporting programs such as Solid Work, Autocad and Rhino.
This was relevant to the concept proposed by Lewis and Clark
Community College [1] that Digital Fabrication Laboratory was
knowledge, idea and resource exchanging place. Additionally,
the research of Hamid et al. [2] posited that students should
study the guidelines and basic knowledge of product component
development to realize how they could support the operation.
This could be concluded that “Design’ process was an essential
step for both designers and fabricators. 2. Prepare: DF2 required
student to prepare 4 components of Digital Fabrication
Laboratory as follows: 2.1 Hardware was the component that
supported students to create parts of their work piece
successfully such as 3D printing machine and Computer
Numeric Controlled (CNC) milling device, as stated in the study
of Gadjanski et al. [12] about *Stimulating innovations from
university through the use of digital fabrication — case study of
the SciFabLab at Faculty of Mechanical Engineering, University
of Belgrade’. 2.2 Software was the component that helped
student to practice realistic designing 3-dimension model via
different programs such as Solid work and Autodesk 123 Design,
as mentioned in the research of Lorenzo et al. [14] about
‘Designing, testing and adapting to create a distributed learning
program in open design and digital fabrication’. 2.3 Material
was an important component to be utilized to build the
masterpiece that had different functions and features. Thus, it
was a must for students to learn various categories of materials
in order to choose the most suitable material for their work such
as PLA Filament, ABS Filament, Nylon (PA) and Electronic
components, as stated in the study of Gadjanski et al. [12] and
Soulaf et al. [16]. And 2.4 Storage and online simulation tools
were referred to devices and tools that students could implement
to practice designing 3-dimension model and using electronic
devices. Moreover, student could use this component to store

and arrange both big data and numerous information, as shown
in the study of Poustinchi [13]. 3. Fabricate: DF3 was the
process of model and work piece fabrication by the utilization
of software and hardware. The research of Formlabs [8]
suggested that students were required to have both software and
hardware in hands to proceed this process. And 4. Assembly
and Installation: DF4 was the process of assembling components
from each procedure into the work piece. This step also included
installing and testing different electronic devices (Ex. Sensors,
Microcontroller) to check their performance, functions and
features. This process was mentioned in the study proposed by
Lee et al. [4] about a digital fabrication process for prefabricated
parts. Apart from component assembling, this process also
consisted of material installation, which allowed the work piece
to operate successfully according to its designed functions.

V. CONCLUSION

The Digital Fabrication Laboratory is the 2lst century
classroom that encouraged student's creativity and academic
growth. This also contained a variety of skill development
programs that aided pupils in coming up with new ideas. Thus,
the higher education sector should focus and utilize the Digital
Fabrication Laboratory in instruction more.
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ABSTRACT

This research’s objectives were 1. To develop system of transformative learning with digital fabrication
laboratory to enhance innovation competency and creative product. 2. To study the results of the
demonstration system. The study included 2 process: 1) the development system of transformative learning
with digital fabrication laboratory to enhance innovation competency and creative product, and 2) the result
of the demonstration system. The use of transformative learning with digital fabrication laboratory was
demonstrated to students in Southeast Bangkok College who registered for the ‘Industry Innovation
Laboratory” subject in their first semester of B.E. 2565. The findings revealed that the scores with regard to
1) the curriculum, 2) the context quality, 3) the quality of the lecturing media, and 4) the quality of the learning
system were rated as being at the highest level. Moreover, after studying the subject, the experimental group
had greater innovation competency scores than they exhibited prior to the learning process. In addition, the
experimental group had higher scores with regard to innovation competency and creative product after
studying than the control group and the criteria. A system of transformative learning with digital fabrication
laboratory to enhance innovation competency and creative product is a new teaching model that can develop
students’ skills in the 21st century. Therefore, it should be applied to other subjects in this field by only
subjects that are practiced so that students can develop their own skills.

Keywords: Transformative Learning, Digital Fabrication Laboratory, Innovation Competency, Creative
Product

1. INTRODUCTION life, interaction with other people, and the
environment around them. The transformative

In the digital era, information and communication
technology (ICT) is a tool that assists in many
aspects of everyday life such as working,
communicating, and teaching. Additionally, ICT
also supports the country's development in various
industries [1] such as business, medicine and other
industries included in the ‘industrialization 4.0 era.
This has resulted in a shift from labour utilization to
innovation and mechanical adaptation. Thus, a broad
range of goods are now efficiently produced by using
customized materials in line with each consumer's
particular requirements [2]. As previously
mentioned with regard to change, the education
industry needs to adapt by designing learning models
that can handle change in order to keep pace with
technological improvements in such a way as to
facilitate students' entry into the labor market.

Transformative learning is considered as a model
that emphasizes the learners’ ability to reflect on their
own experiences based on their personal thoughts,
feelings, and beliefs. This affects the learner’s daily

learning process focuses on allowing students to
participate in experiments in order to obtain direct
experience in a variety of learning areas, especially
in terms of exploring and challenging their own
values and beliefs. This leads to better consideration
and observation that supports the students when it
comes to seeing the root causes of problems [3]. The
students can also share what they obtain with each
other to find a solution [4]. Nowadays, modern
technology associated with teaching and learning is
being used to develop a new paradigm for learning
in order to make students more efficient and
proficient in a variety of areas [5] such as withregard
to skills related to research, analysis, synthesis,
reflection, creativity and imagination [6]. This
helped students to develop a range of innovation [7].

As mentioned in the previous paragraph,
transformative learning is a learning paradigm that
encourages students to innovate. In order to do so
there must be a study location where students may
experiment and practice. Digital fabrication

T —
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laboratories have been widely utilized to develop
innovation [8], [9], [10]. This consisted of learning
systems and modern technology equipment in terms of
both hardware and software [9], [11]. The digital
fabrication laboratory is a teaching and creative
design [12] that encourages students to engage in
innovation. Such a laboratory may be outfitted with
a variety of high-tech equipment and devices such
as laser cutting machines for 2D & 3D model-
making, CNC milling machines for making circuit
boards and specific parts, 3D printing machines,
and scanners. These devices use computer software
to operate them in order to manufacture items [13]
as a change from abstract thought to be in favor of
practical material output [14]. Additionally,a
digital fabrication laboratory is also a place where
students and technologists may share and generate
knowledge in a variety of sectors [13], [15].

From the policy of the industrialization 4.0 era,
which the old teaching model cannot respond to, it
is necessary to develop a new teaching model to
respond to the national policy. Therefore, the
researcher decided to develop transformative
learning with digital fabrication laboratory to
enhance innovation competency and creative
product, as a means of supporting digital learning
and technological practice [16] in order for students
to have the skills to be able to enter the labor market
in the future.

2. RESEARCH OBJECTIVE

2.1 To develop system of transformative learning
with digital fabrication laboratory to enhance
innovation competency and creative product.

2.2 To study the results of the demonstration
system of transformative leaming with digital
fabrication laboratory to enhance innovation
competency and creative product.

2.2.1 To compare innovation competency score
of the experimental group before and after
studying.

2.2.2 To compare innovation competency and
creative product scores of the experimental group
and the control group after studying.

2.2.3 To compare innovation competency score
of the experimental group after studying and the
criteria (60 percent).

2.2.4 To compare creative product scores of the
experimental group after studying and the criteria
(60 percent).

3. RESEARCH METHODOLOGY

3.1 The development of a system of

transformative learning with digital
fabrication laboratory to  enhance
innovation competency and creative

product. The details are as follows:

1. The researcher analyzed and synthesized
principles, concepts, and theories related to
transformative leaming (TL) by considering the
publications of Mezirow [17], Mayo [18], Sharpe
[19], Beer [20], Jacobs [21], Yildirim and Yelken
[22] and Johnson and Olanoff [23] consist 10
processes: 1) Disorienting Dilemma 2) Self-
Examination 3) A Critical Assessment of
Assumptions 4) A Recognizing of a connection
between one’s discontent and the process of
transformation 5) Exploration of options for new
roles, relationships, and actions 6) Planning a course
of action 7) Acquiring knowledge and skills for
implementing one’s plans 8) Provisional Trying of
New Roles 9) Building competence and self-
confidence in new roles and relationships and 10)
A Reintegrating into one’s life on the basis of
condition dictated by one is new perspective. The
researcher found some steps of transformative
learning are continuous processes. Therefore, he
researcher regrouped the transformative learning
steps into 5 steps: TL1) Learning Change: consists
of 2 sub-steps: TL1.1: Self-Examination: and TL1.2:
Acceptance of Change TL2) Find a new conceptual
framework TL3) New Planning TL4) Testing TL5)
Integrating new Competency and Perspectives
consists of 2 sub-steps: TL5.1: New Competency
and TL5.2: New Perspectives as shown in Figure 1.

Figure 1: Process of transformative learning
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Additionally, The researchers analyzed and
synthesized principles, concepts, and theories
related to the use of Digital Fabrication

Laboratories (DF) by considering the publications
of Lewis and Clark [24], Hamid et al. [25], Lorenzo
etal. [26], Lee et al. [8], Putro and Wirasmoyo [27],
Soomro and Georgiev [9], Hsieh and Chang [10]
and Formlabs [28], together with the components
of tools used in the Digital Fabrication Laboratory
by considering the publications of Yildirim et al.
[22], Gadjanski et al [29], Poustinchi [6], Lorenzo
etal. [26], Soulafetal. [30], and Comettaetal [11]
consist 4 process : 1) Design : DF1 2) Prepare : DF2
consists of 4 tools: 4.1) hardware, 4.2) software,
4.3) material for making the product, and 4.4)
online storage and simulator tools. 3) Fabricate :
DF3) and 4) Assembly and Installation : DF4) as
shown in Figure 2.
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Figure 2. Digital Fabrication Laboratories and tools

As mentioned previously, the researcher led the
process of transformative learning and digital
fabrication laboratory to develop a system of
transformative learning with digital fabrication
laboratory to enhance innovation competency and
creative product. The researcher designed and
developed the system according to the concepts of
the software development life cycle entitled the
Adapted Waterfall model, because this design
method is extremely adaptable, with the ability to
modify, change, and add functionalities and task
modules as needed [31]. It is also consistent with the
four-step operational procedure:

Step 1 : Learning Change (TL1) and Finding a
New Conceptual Framework (TL2) are components
that relate to one another, and are in line with Design
(DF1). When the students found that their previous
experience of technology was not related to the new
technology, they had to find the necessary
information and exchange it with other people. This
process created new experience related to the new
technology. This in turn allowed them to build a new
conceptual framework to solve problems related to
the new technology. This allowed them to engage in
creative product planning leading to a practical
outcome.

Step 2 : New Planning (TL3) was consistent to
Prepare (DF2). The students used this to arrive at a
solution to solve the problem associated with the
new technology to create creative product. The
students then prepared 4 types of tools for this
purpose 1) hardware, 2) software, 3) material for
making the product, and 4) online storage and
simulator tools. The students also practiced and
learned how to use these tools in order to hone their
skills.

Step 3 : Testing (TL4) was in line with
Fabrication (DF3). This was done according to the
plan. The creative product was designed with the use
of programs such as Solidworks, Autodesk 123
Design, Rhino and CS Eagle. The product would
then be produced using 3D printing, Laser Cutting
and CNC machines.

Step 4 : Integrating new Competencies and
Perspectives (TL5) was in line with. Assembly and
Installation (DF4). After the students had completed
testing, each component was brought to be
assembled in order to create product. Electronic
devices such as sensors and embedded system were
installed to control the designed functions. As a
consequence, the students increased in competency
and enjoyed better self-esteem. Moreover, they were
able to adapt the knowledge that they developed to
create other creative products as shown in Figure 3.

2. The researcher created 4 types of evaluation
form to support the teaching and learning associated
with the system of transformative learning with
digital fabrication laboratory enhance innovation
competency and creative product.

These forms were evaluated by 7 experts who
had 1) doctoral degree, and 2) five years or more
experience in Information and communication
Technology. Purposive sampling was used to select
the sample for this study to check the quality of
details and language as well as the completion of the
questionnaire with Index of Item Objective
Congruence (IOC). A five-point Likert scale was




161

used in this study, from 5 indicating the highest
rating to 1 indicating the lowest.

The forms were are follows: 1) Quality of the
curriculum 2) Context quality 3) Teaching-learning
media quality and 4) Teaching-learning media
quality. The data was analysed in terms of mean (X)
and standard deviation (S.D.). The actual scale used
to rank the suitability of the overall assessment of
transformative leaming with digital fabrication
laboratory to enhance innovation competency and
creative product was more granular with the
following five levels: 4.50 - 5.00 indicating the
highest suitability, 3.50 - 4.49 - high, 2.50 - 3.49 -
medium, 1.50 - 2.49 - low, 1.00 - 1.49 - indicating
the lowest suitability. The results showed that the
overall quality of 1) the curriculum, 2) the context
quality, 3) the quality of the teaching-learning media
and, 4) the quality of the learning system were
ranked as being of the highest as shown in Table 1.

Based on the previous paragraph, the
researchers were able to conclude that the system of
transformative learning with digital fabrication
laboratory to enhance innovation competency and
creative product could be utilized as a guideline for
creating a learning system that could develop
innovation competency in such a way as to
encourage creative output.

3. In addition, the researcher created 2
evaluation forms: 1. Innovation Competency and

2. Creative Product. The innovation competency
form was adapted from the evaluation test of
Keinanen et al. [32] and has 5 competencies:
1) Creative problem solving 2) Systems thinking 3)
Goal orientation 4) Teamwork and 5) Networking.
The innovation competency is a self-assessment.
This evaluation of innovation competency is a
three-point self-assessment and has 22 assessments.

The adaption of four tiers of rubrics resulted in
the creation of the creative product according to the
concepts of Besemer and Treffinger [33] and
Wongwanich [34] which have ten questions and a
score of 0-3. This study was evaluated by 7 experts
who had 1) doctoral degree, and 2) five years or
more experience in Information and communication
Technology. Purposive sampling was integrated in
this study. To check the quality of details and
language as well as the completion of questionnaire,
Index of Item Objective Congruence (IOC) was
utilized.

The consistency between the evaluation form
and the intended purpose was measured by the
experts” opinions on each question, with +1 indicating
consistency, 0 - not sure and -1 indicating lack of
consistency All the questions were rated as+1, hence
they were consistent with the intended purpose. The
criterion for determining the calculated IOC index
value must be more than or equal to.05 [35]. The
Index of Item-Objective Congruence (IOC) score

Ub: LeANNING Chang,

: 8 Setciln é%
~ i Project B s
L $
o
g3

ate | OFF i
@ =

! m
», -
3 3
OF Asey,
o0 H»dlrw’b’:’b(j_
"y
Y 3 4\1-'
By, R
fia)
o
Homauses eradd?*

Figure 3. The conceptual framework

Table 1. The result of the overall assessment of transformative learning with digital fabrication laboratory to
enhance innovation competency and creative product.

Types of evaluation X S.D. Appropriateness Level
Quality of the curriculum 4.52 0.47 highest
Context quality 4.54 0.49 highest
Teaching-learning media quality 4.51 0.48 highest
Teaching-learning media quality 4.52 0.47 highest
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was 1.00, with an intercorrelation value of 0.84.
Furthermore, the instructor took the innovation
competency assessment and tested it on 30 students
to find the reliability value by using Cronbach's
Alpha Coefficient. The reliability value was equal to
0.93, which could be described that this innovation
competency assessment was practical.

3.2 The result study of the demonstration the
system of transformative learning with digital
fabrication laboratory to enhance innovation
competency and creative product.

1. Research Hypothesis

In this study, the researcher had set 4
hypotheses as follows:

1.1 After studying, the experimental group
had higher innovation competency score than before
studying,

1.2 After studying, the experimental group
had higher innovation competency and creative
product scores more than the control group.

1.3 After studying, the experimental group
had innovation competency scores more than the
criteria (60 percent).

1.4 After studying, the experimental group
had creative product scores more than the criteria (60
percent).

2. Population and Samples

2.1 Population

The population was the cohort of Bachelor’s
degree students who enrolled in the science and
technology major offered by the Southeast Bangkok
College in the first semester of B.E. 2565.

2.2 Sample

The sample group consisted of 2 classes of
students who registered for the industry innovation
laboratory subject in the first semester of B.E. 2565.
Simple random sampling was implemented. The
classroom was the sampling unit, which was used in
order to classify the students as either an
experimental group or as a control group. The
experimental group consisted of those students who
studied using the system of transformative learning
with digital fabrication laboratory to enhance
innovation competency and creative product,
whereas the control group consisted of students who
studied in a traditional teaching-learning context.
The results revealed that the innovation competency
of the experimental group and the control group
before studying the subject was not different at a
significance level of 0.05 as shown in Table 2.

3. Variables in this study

3.1 Dependent variable were innovation

competency and creative product.

3.2 Independent variable was the system of
transformative learning with digital fabrication
laboratory.

4. RESEARCH RESULTS

The details of the research hypotheses are as
follows:

Hypothesis no. 1: After studying, the
experimental group had higher Innovation
Competency score than before studying.

In terms of Hypothesis No. 1, the mean
innovation competency score of the experimental
group before studying was 46.48 with a standard
deviation (S.D.) of 6.55. However, the mean
innovation competency score of the experimental
group after studying was 60.40 with a standard
deviation (S.D.) of 4.98. Consequently, after
studying the experimental group had a higher
innovation competency score than before studying at
significance level of 0.05. Furthermore, after
studying the subject, the experimental group had
higher innovation competency score than before at
13.92. This complies with Hypothesis No. 1 as
shown in Table 3.

Hypothesis no. 2 : After studying, the experimental
group had higher innovation competency and
creative product score than the control group.

In terms of Hypothesis No.2, the researcher
analyzed this data set by using one-way MANOVA
since this data set was consistent with one-way
MANOVA Assumption Statistic Test (Levene’s
Test, and Test Box’s M Test) at a non-significance
level of 0.05, and at a significance level of 0.05 for
Bartlett’s Test of Sphericity as shown in Table 4.

The analysis result with regard to the one-
way MANOVA in terms of innovation competency
and creative product after the experimental group
and the control group took the subject, revealed that
the mean of the innovation competency score and the
creative product score were different at a
significance level of 0.05. After studying, the
experimental group demonstrated a higher
innovation competency and creative product scores
than did the control group at 14.68 and 6.13
respectively. This result supported hypothesis No. 2
as shown in Table 5. The scores with regard to
innovation competency and creative product after
both groups had taken the subject are illustrated as
shown in Figure 4.
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Table 2. Innovation Competency score of the experimental group and the control group before studying.

Group X S.D. t P
The experimental group 46.48 6.55 1.616 0.113
The control group 49.60 7.09

Table 3. The experimental group’s Innovation Competency score before and after studying the subject.

Experimental group X S.D. t t
After studying 60.40 4.98 9.005** 0.000
Before studying 46.48 6.55

Note : #¥p <0.01

Table 4. One-way MANOVA Assumption Statistic Test.

Group Statistic | Innovation Competency score Creative Product score
; X 60.40 25.40
Experimental grou;
3 o S.D. 4.98 1.644
X 45.72 19.27
Control group
S.D. 4.79 3.138
Leven’s statistics (p) 3.67 (0.70) 1.03 (0.31)
Box’s M (p) 7.85 (0.06)
Bartlett’s 42 (p) 19.62 (0.00)

Table 5. The one-way MANOVA results of Innovation Competency and Creative Product scores
after studying between the experimental group and the control group.

Independent Variable Statistic Value Approximate F P
Group P11.1a1 s Trace 0.795 01121 0.000
Wilks” Lambda 0.205 01121 0.000
Hotelling’s Trace 3877 01121 0.000
Roy’s Largest Root 3877 01121 0.000

Tests of Between-Subjects Effects

Dependent Variables SS df MS F P Post Hoc
R 2693.78 1 269378 112.726 0.000 1>2
Score
Creative Product score 470.32 1 47032 74.97 0.000 1>2
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Figure 4. Innovation Competency score and Creative Product score

Hypothesis no. 3 After studying, the
experimental group had innovation competency
scores more than the criteria (60 percent).

In terms of Hypothesis No. 3, the mean
innovation competency score of the experimental
group after studying was 60.40 with a standard
deviation (S.D.) of 4.98, whereas the required
criteria score of innovation competency was 39.60
(60 percent of 66 scores). Consequently, after
studying the experimental group had a higher
innovation competency score than the criteria at
significance level of 0.05. Furthermore, after
studying the subject, the experimental group had
higher innovation competency scores than the
criteria at 20.80. This complies with Hypothesis No.
3 as shown in Table 6.

Hypothesis no. 4 After studying, the
experimental group had creative product scores
more than the criteria (60 percent).

In terms of Hypothesis No. 4, the mean
creative product score of the experimental group
after studying was 25.40 with a standard deviation
(S.D.) of 1.64, whereas the required criteria score of
creative product was 18.00 (60 percent of 30.00
scores). Consequently, after studying the
experimental group had a higher creative product
score than the criteria at significance level of 0.05.
Furthermore, after studying the subject, the
experimental group had higher creative product
scores than the criteria at 7.40. This complies with
Hypothesis No. 4 as shown in Table 7.

Table 6. The experimental group’s Innovation Competency score after studying and the criteria.

Experimental group X

SD.

The criteria t P

Innovation Competency score 60.40

4.98

39.60 20.87** 0.00

Note : **p <0.01

Table 7. The experimental group’s creative product score after studying and the criteria.

Experimental group X

S.D.

The criteria t P

Innovation Competency score 25.40

1.64

18.00 22:50%* 0.00

Note : ¥¥p <0.01
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Table 8. The results of the hypothesis 1-4.

Hypothesis Results of hypothesis
Hypothesis 1 : After studying, the experimental group had higher innovation Accept
competency score than before studying.
Hypothesis 2 : After studying, the experimental group had higher innovation Accept
competency and creative product scores more than the control group.
Hypothesis 3: After studying, the experimental group had innovation Accept
competency scores more than the criteria (60 percent).
Hypothesis 4 : After studying, the experimental group had creative product Accept
scores more than the criteria (60 percent).

5. DISCUSSION

1. The overall assessment of transformative
learning with digital fabrication laboratory to
enhance innovation competency and creative
product was ranked as being at the highest. This was
because the researcher had utilized transformative
learning and digital fabrication laboratory theories as
a guideline to create a learning model to enhance
innovation competency and encourage creative
output. This complied with concepts posited by
Mezirow [17], Brock [36], Mayo [18], Sharpe [19],
Beer [20], Jacobs [21], Yildirim and Yelken [22],
and Johnson and Olanoff [23] which stated that
transformative learning was a learning method that
involved critical reflection on new and diverse
concepts. Transformative learning also supported the
operational process of the digital fabrication
laboratory according to the concepts proposed by
Lewis and Clark [24], Hamid et al. [25], Lorenzo et
al. [26], Lee et al. [8], Putro and Wirasmoyo [27],
Soomro and Georgiev [9], Hsieh and Chang [10] and
Formlabs [28], with the use of 4 tools: 1. hardware,
2. software, 3. materials, and 4. storage and simulator
tools [6], [11], [22], [26], [29] the use of which
encouraged students to develop innovation
competency, which in turn led to creative innovation
and output.

2. The reason why the experimental group had a
higher mean innovation competency score after
taking the subject compared with the score before
taking the subject, was because the researcher
integrated the process of transformative learning and
digital fabrication which consists of 5 steps. Each
step helped to develop students' innovation
competency for them to be able to create creative
product [17], [18], [19], [20], [21], [22], [23]. [36]

and the experimental group students were able to
engage in practical work following the digital
fabrication laboratory approach [9], [10], Formlabs
[28], The experimental group could follow the
digital fabrication laboratory guidelines and use all
sorts of tools related to hardware, software,
materials, storage, and simulator [11], [26], [30] to
produce the creative product. This information was
relevant to the study of Poltana et al., [37], Pitkanen
and Andersen [38], Chan and Blikstein [39].

3. The experimental group had a higher mean
innovation competency score and creative product
scores than the control group because the
experimental group had learned the transformative
learning system with a digital fabrication laboratory
to improve innovation competency and creative
product, which was a learning system that included
a process to encourage students to develop
innovation competency through five transformative
learning stages.: 1)Learning Change : TL1 2) Find a
new conceptual framework : TL2 3) New Planning :
TL3 4)Testing : TL4 and S5)Integrating new
Competency and Perspectives : TL5 [17] [18], [19],
[20], [21], [22], [23] , [37], with digital fabrication
laboratory 4 process [9], [10], [28], and encouraged
the experimental group to develop creative product
using 4 types of tools in digital fabrication laboratory
which were 1) hardware, 2) software, 3) material,
and 4) storage and simulator [26], while the control
group did not go through the process to raise the
innovation competency. In addition, the control
group did not have sufficient tools to produce
creative product.

4. Hence, the experimental group had higher
mean scores of innovation competency and creative
product than the control group. The experimental
group had a higher mean innovation competency
score compared to the criterion, because the

8
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transformative learning system with digital
fabrication laboratory to enhance innovation
competency and creative product was considered as
the learning system that consisted of the processes to

encourage students to develop innovation
competency; which included creative problem
solving, systems thinking, goal orientation,

teamwork, and networking [32]. There were 5 stages
of transformative learning; 1) Learning Change :
TL1, 2) Find a new conceptual framework : TL2, 3)
New Planning : TL3, 4)Testing : TL4, and 5)
Integrating new competency and perspectives : TL5.
Additionally, there were 4 steps of digital fabrication
laboratory; 1) Design, 2) Prepare, 3) Fabricate, and
4) Assembly and Installation. Thus, the experimental
group had higher mean score of innovation
competency than the criterion. This was in line with
the policy stated by the Southeast Bangkok College
[40].

5. The experimental group had higher mean
score of creative products that the criterion, because
the transformative learning system with digital
fabrication laboratory to enhance innovation
competency and creative product was the learning
system that encouraged students to develop creative
product via the transformative learning process with
digital fabrication laboratory and 4 tools in digital
fabrication laboratory, 1) hardware, 2) software,
3) material, and 4) storage and simulator. These
4 tools were important for students to create creative
product. Therefore, the experimental group had a
higher mean creative product score than the
criterion. This was consistent with the policy
established by the Southeast Bangkok College [40],
which encouraged students to practice what they had
studied.

6. CONCLUSION

The system of transformative learning with
digital fabrication laboratory to enhance innovation
competency and creative product. The researcher
developed using the concept of transformative
learning to change thinking Students' perspectives
and use of the digital fabrication laboratory to create
product that is a teaching model that helps respond
to Thailand's 'industrialization 4.0' era policy to
develop students to be innovators in the future.
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