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ABSTRACT

This research aimed to: (1) develop a learning activity package based on the
Creative Problem Solving (CPS) process for electrical maintenance problems in
industrial factories; (2) compare trainees’ achievement before and after training; (3)
evaluate the package efficiency according to the 80/80 criterion; and (4) assess
trainees’ satisfaction. This Research and Development (R&D) study involved 33
industrial maintenance technicians in Samut Prakan Province selected through
purposive sampling. The research instruments included five CPS-based learning
activities, achievement tests, a satisfaction questionnaire, training materials, and a
practical control and automation training kit. Data were analyzed using mean,
standard deviation, E1/E2 efficiency indices, and a dependent-samples t-test.

The results showed that the developed CPS-based learning activity package
was appropriate for actual industrial work contexts. Trainees’ post-training
achievement was significantly higher than their pre-training achievement at the .05
level, increasing from 26.50 (53.00%) to 45.67 (91.34%). The package achieved an
E1/E2 efficiency of 80.50/82.67, meeting the 80/80 criterion. Overall satisfaction was
at a high level (M = 4.16, SD = 0.69). These findings indicate that the CPS-based
learning activity package can effectively enhance training achievement, analytical
thinking, creative problem-solving, teamwork, and technology application in
industrial electrical maintenance.

(Total 214 Pages)

Keywords: Creative Problem Solving, Learning Activity, Electrical Maintenance
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Wond1 MyIduUssiamildaiuns “wdsidey” A vsernulanlineiunneudals
31nN15 T8 UgIU warn19Ideuseynan ey lusunanin/uinnssy nseuluns vie
M3U3INN Wl wieusuuse “lawlvd” vesdwne 4 warllainiidedduudanle

7 7
v A

veil ielvanunsadluldlalunisdJuaase 9 stunsliaudiniunisius wavussiliuves
AeIn3ld wazilyad1gandlyg nadnsnesnu1veIn1sIdY waziauUssaniaiuise

eXe
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inlUldasdiadniunulaviuigunnsidluanuadnsuoiniside wazimuiaosussnnusni
AessemsuaeuuneunlinanansalUlgUselewilunslfinlaess
nalavasy n1sivewazimunainnsadwuniidu 3 Ussian lawn n153d

[

flugiu MITeUsEYnd waznTIdeiaun Fausarussamilinguszasduazunuinuansng
fu ussinnudenlowavativayudeiunaziu Tnglemznsideiau Jujaiaaziuuss
uinnsallfanmsaiUgldese fadu n133deedeil Seuszgnaldnssuiunsisounasiaun
Junseulumsimungeianssunisdeudaunssuiunisuilaymegvasneasse (Creative
Problem Solving) $afuyaUftAnsuazlusunsudnaes elilsuinnssufifiaunmuaz

ansanluldlunsinnisiseunisasulaegialiuss@nsnn

2.1.3 NITUIUNTILUAZHRIL
ne91dn 1IN sAnwINTNIVING nFegnTasfnwidns Ieauinanuiisonin
Mangmsn13eUsATBUATR Boe maidedainmnsysulsaSey Fedifumeuninuesisas RE&D
fllunisadrmdngnsnHtedainunssiulanunamngsy il
1. ﬁﬂmamwﬂmmﬁqL%QU%mmLLazammw
2. MIBNLUUUIANTTY
3. Asaine viseRmLILIRNsUMNILD visonseuesgUMuULTRnTINiT LAl
4. msveaes wualu 2 szeg fie nisdiuianssuluneasdld (Tryout) Aungu
fhetnannadn uazmsthluneaesfungusogsiiegluaniunsalass
5. MIUseliung
nsiTekas NI SBuNTaeu feil
. M3AnsdgyminisSeunisasy
. MSMUA wagdavinuinnssunsseunsaey
- msdeiedesdioUsziliununin uazUszavEanuinnssunisfounisaou

1
2
3
4. MInAaAnYIAMAIN UazUsednSamuinnssunisseunisasu
5. mythudnnssunisiseunsasululdundaym/Manngizeu

6. NSWHUTIWNUNANITNAILIWIANTIUNNSITYUNTEOY

7. MSNULNSHANISHAIUIWIRNTINAISISoUNITEOU
nSYUIUMSYRINTISeuayiaun 8 ¢ Supou fadl

1. dufnuranumsiseiifdesiunanuidesinn

2. S?J’jua%wwamuwgmmmmﬁ%’a

3. SunpapnAEuLidnvarAdeAdRuTiav a3

4. S?J”'ul,tﬁlﬁuu%’wqqNamuLﬁaLLﬁ’lﬁUﬁi’J’auﬂws'aqmﬂﬁ?‘iwﬂumimaaumﬂaum
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Qe

unoudnremsidauasianni 11 fu fo
fvuanEn s sAnynfiagyhn st
suTteyauazddeiiieades
TNUNUNITIYUALITRLN
ﬂ’mmgﬂmu%’uﬁmmmﬁmﬁmsﬁ
yaaeiennaeuNEnfuTinded 1
USudgendndnriaded 1
yanowIevaouUNAnuTiasd 2
USuUgmanteinsd 2
yaaowiennaeuNAnSuTiase 3

0 o N o kR W =2

10. U3uigamandasindail 3 (aSsamvine)
11, LHEWNSHARNSDN
nanlagasl wuAemsideuarimumunsdnsfinraniedesiunsideadaiily

FIULNTBURUINNAEIMTUNSHAUIYANINTTUNITIT8UT MIUNTEUIUNTUA Uy nieg e
43198536 (Creative Problem Solving) dwsulgvnaugentazelnilulssnugnamnssy
Taeg3durinsguaunisidonasimunnlddaud nnsfnwanmigmuagainudosnis
nseRALUULAZRILNYARINTIY MsRsIaFURuATHnefiTewsy Msuiulsuily uay
mailunaedldfiuinmenthidhilsanugaamnss ileyseifiunadugrinisnisilneusu
UsgdnEnmueayananssy waganuianelavesiinsunsineusy fatfu unAnnideuay
simudaduiiugiuddalunstmuatuneunsiniiunsidowas il fan ssufidaundu
fimsnsivaeuwazUszdivesnadusyuunawhlvldlunsineusy

14

2.2 N ENI5EEU3

Mg uN15658U3 (Learning Theory) naneds LUIRANS EMANNINITIvINIS oS UNe
nsvUILNIEEUSiar M UAsuLamgAnssuresFaueradussuy laserdusdudures
nseuiaindielugenn rielvgiSeuianimg anudila sinws uazanunsathausly
Uszendldldoenamnzaumudnunsuasusazaans il n1sdoudiinaindszaunisaiuay
MsaailoUfUR dsdanaliiisomAnnisidsunvasiuaning sinve uazwaingsy (firun,
2554)

ynquiniadouiibuiugiuddglunmsosnuuuinssunsGeunisaou iewingas
ﬂ"mumLmeNﬂ'ﬁé’fmﬂivaumﬁaiﬁau%ﬁmmvauﬁ’uﬁl,%'au LLaveiqLﬁ%ﬂﬁlﬁmmiﬁmmmm%
vinwe uaznsfauilamedraduszuy dmsunsidensad Idodendszyndlingy jnns
Seuiiaenndesiumsimunyaianssunsous $1uau 2 undavdn fail
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2.2.1 NUHNITTEUTTUUNITTUI AN aNleanNUANTBIRETUISA (Herbart's
Apperception Theory)
AUWININTARUBUAUIINNTNUNIUANU RN SsuneunazlasuAusiivd uay
n1sWRISeuasauWenlesseninemnusiiuiuaui vl auladeasunaiunsadily
Uszgnaldunlulayifaniunsaiiiunnssiulagnessuagegnamungay
a = 1% =] = = 1% oA < = v g v
2.2.2 nufnsiseuiiuuiiuiie nqun1sseuieuusiuie WunsyuiunsSeuindaii
Assulduiienastrsmdeiulunisseuileeuusisauiidnnuaiusawnnaiueaniduy
nqandn 9 Widnisviheusndu dnisuanildeunufaiu Sn15vmdedu e
Sufingeuadiufuavdinnuifiolinuesasaudnlunguusravaudisanudinune
Afvuald
= = a Y Yaw Y Yo ad v o Yy = a
PNMsANwINgunsteus fidelahmguiidunisiuiiarniswenlesrufnves
LEsUISH Tagaiunrsnuninanusituieunsteus nd uasduasulvidSsudoulesnnus
Wuiuaus v auarunsasluussgnaldlunisundemlasgranunzay Safungug]
mMsBousuuusiuile deiaiulidiSourhausiuty tandsurnudniu Bromdedaiu
waziu i’Jﬁ,Wl\‘ii‘UNﬂ%@UM@ﬂWSLiSUS%@Q@UL@QLLaumJ’]eliﬂﬂﬂ‘EJI‘lma3J wielviussaimang
nsiFeusTiu
Y1 a = Y v { o ¥ & a
aguladn ngumisiseuianangnidiuldidunugiuluniseenwuuyaianssy
MIBeUIAUNTFUIUNSWATYM2819a519d39A (Creative Problem Solving) lngiviualiiy
WrsunsiineusuWeslesauiiasusraumsaliunuaniunsatymaugeudnselni
SeusiunsaseufUameyninufiiinig Aiesenaivuaziausiuinaunludymeany
TuRaUUDY CPS nasnausaniUasunuAniuwazyhausuiudungy nsyuiunsnenat
gnilulluntsesnuwuuluanus luianssu ludfumnas wazaniunisailgmnlugafanssy
eduasuliitnsunisiineusuainsaadeanuianyseaunisal Iinseikasuilulem
1 & ¥ Y ! o & a 14
agalusruy warUszgnaldanusiunudentisaliiiluaaiunisalasala

=
2.3 EULLUUﬂ'ﬁﬁEJ‘IJﬂ"Iiﬁa‘IJ
sUkuUNsiEgUATSaeU (Instructional Model) #1184 N159ANTEUIUNNTHTBVUNDY
lumsBeunisaeu lneazlddsnsuazmedansaeufitluszuussidoumunanysug vgud
VANNIIUITBANLTRAN 9 B lVEIEUARNITISYUALYAL LN AmUA
2.3.1 Usetanveaguuuunsisunisaeu
SULUUNSISBUNTARUANNN TR UIRBNANA Nz ues TR UsEasAlanIzvaIs UL Uy
a & Y v & ¢ o v a o o o
n1siseunsaewdu 5 Usean lagiduliseuduaudnaaninisdnfanssunimugiseu
M unnside Iniidouwasinweidosiunuinuenseuiunisnvailayegn fedl
2.3.1.1 sUwuuMsiseunsaeuiiun1siauInUnsHde (Cognitive Domain)
o s v = 1% 1Y a S [ Y v o % Y
TyausvasdniunsSeuineinuaitaya Mwdseendu 6 sedu laua 1) a3 2) anwdila
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3) malle 4) MsTesiedt 5) nsdaunsiedt uag 6) n1suseiliuen andeyalusuuuy
ToL719939 wlwiiml wieauAnTIVEDn
msiSsusauwnswde

(cocniTive oomain]
uiomsiuusiu 6 s:du

EVALUATION
msusaiu

SYNTHESIS
madowns s

APPLICATION
msusynd

COMPREHENSION
AWl

KNOWLEDGE
g

a o

AW 2-2 SEAUMIEEUSIMUNNETEY (Cognitive Domain) A1LWLAIAAYEY Bloom

2.3.1.2 sUuuunsBunsaeuiitiunsausnuiafids (Affective Domain)
NYAUTEAIALUNNTNAUNINAR ATIUL AMETTU ATUTITN LATANANYUEEUNIUTEAIAYDN
Bou TnesjsdunasaligiFouinmaasundasinuanuidn aude waardousimunnsd
dusulufanssumsous msuanasuaudniiu wasnsayviounanisiFeus anilug

ﬂ’ﬁLLﬁﬂ\‘lWﬂaﬂiiiﬂﬁL‘MM’]BﬁNLLagﬁ@ﬂﬂéjaﬂﬁUL{]’]M?,JWEJ‘UENﬂ’ﬁ%}ﬂﬂ']iL%FJ‘Hﬂ’li’d’eJu

@32

2.3.1.3 sUnuUMISsunsasuiifunsiaunduinueiide (Psychomotor
Domain) figpUszasAlunsiaunruansasunsufoR nslivinuenisideulm uay
MIUsTaLIIUTENINIANEANTUNSUR TR TnegiSeuldlinUfdAeseedeeidesauiin
ANty Anugndes wazannsaussgndlivinuglunsufoRaulfedelivssansam de
wnzdmsumsinnsiSeunisaeusuimnssy walulad wazdvdniuiunisininue
UFTR

2.3.1.4 JULUUNMTFsunisaouiiifuiamnsinygnszuaunig (Process Skill)
fyaUszraAlun 1IN RLINN¥ENTEUINNTAALAENTHAINMIANLT VBT o Tnsdaasy
N5ANIATIET NsAUALTaYa N1sARREeIRMsAUIN NIsARKATYMN WagsAnaseaTse
siufanssuidalonialvififousadamm dunidneu uanivdsunudndiu uazasuesd
AuEienuies WislrausainszuiumsAnlulszandldlunsuidamluaaunisalese
5]

2.3.1.5 JUuUUNIEeuNsaeuditiun1sysaInIs (Integration) fiqauszasdls
dBouannsaysannsesdmnuianmansivainranesUssgndlilunisiesiziuazuily
Haymedraduszuu IneduaiuligFouliisnug e wastszaunisaidmiunisvha
\udiy mssvavanes nsuaniUdsueudniiu aznisasiou foRes islmanmsBous
wuveIRTILazansaUssendldauslun1sujiRanlaegadivseansnm
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2.3.2 93AUTENOUTRIFURUUNTISBUN AU
sULUUMIEBuMsasulsEneufeesiUsznoudfyvateysens dailaudusiusiu
agndussuunardimanoUsz@nsnmuein1sinn1sssunisaou eeRUsenouTesURuY
msBsunsaouly Gl
2.3.2.1 vénmsvesguiuunsSeunsaeu Wuduiuansfaunin mnude vie
ngufAldiduiiugrulunistaugduvunindsunisaeu wasiduuuamsunisiun
aUszasd em Aanssunsiieunisaou uastunsunsdiiunuresyuuuunsSen
nnseeu
2.3.2.2 yaUsvash L'Uumu‘m3vumaawwsammmmmwmaamﬂ‘wLﬂmsuuﬂu
ﬁf&mmwmmiﬁﬁﬂqummsumiaau flasuenng vy uasnadnuuziifiassasd
2.3.2.3 \llow tludiuiifvusaisznnsiseuduazianssunisisounisasui
aonnd et UAUTTAIATIgULIUNNTISsuNsaRY il S euamnsoussananisifous
ALy
2.3.2.4 Ranssumazdunoumssifiung Wudwiismuaddudureu 353 uas
nszuUIUNTIRRansIINsEeumsaey WethsuuuumsSeunsaeulUldliAnyszansam
muingUszasATinimun
2.3.2.5 msfauazUsviiuna [WuduiiliussiiunamsBouivosiSouuasseiiu
UsgdnSnmuesgluuunisiseunisaou Lﬁaﬁmaﬁlﬁlﬂiﬂumsﬂ%’UU@QLLazﬁwmgULLUU
n3eumsaouliiusgansnmbsiy
2.3.3 MINAUIFULUUNTSEUNTHOY
AsALIULUUANSISBUNSaDU ImaLmeqmﬁﬁwmgULLUUﬂm'%smmsaauﬁLﬁu
3 mumau fmmﬁ]aumﬂ%muummﬂumimLuumia% Rl
fumeud 1 mssenuuunseumuAn unsfrusnsoukuAaiielfiduuuamdly
N1590NKUUIUVLUUNIITANITIS U Ta0U 1n8DIAUN1SANYING Y WUIAA NENNIT way
sUnuUnIsiSsunsaeuilAgados ethunduaseiduuuimisluniseenuuusuuuy
nseuntsaeuifinunnuasaenadesiuTngUstasAvesnsBeus
Tupoudl 2 n1sadrsguuunsideunisaou WunsiamgUuuunsiounisaey
MnnseuknAnileimuald lnefmunesrdssnaufiddy thud dunsulaznszuaunis
IAN19i58UN1TARY NANTIUNITITEUT I5N15TANTISoUNTADU IADAIUTTNNTIALAY
Uszifiua i olisunuunsisunisasuamnsniluldldegamnzauuazaonndosiu
amaﬂiuamwmuum
Tuneudl 3 nsvadeuUszAniamvesgduvunisfounisasu Wunisiguiuy
naiFsunmsaeuiiauntulunaaedd (Tryout) fungudosng iileUssiumadugninianis
SyuuaznTIRaeUUTEaANSA NYRIsULUIUNSSEUNTaRY din1veaedly fITee1auiule
psAUsENeLMEoRINTIUNTFoUNsABURANaNSUsEEY lelrldsuuunsBeunsasui
fanumneauuar sy ansn ey
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2.3.0 WWIAANITIANISISEUT
nMaidenguuuunisdsunisasuimnzanduiaded Ayl iFouvssaua

msdsudnuingusrasddimunll uasuundslunsidensUuuunisidounisaouly il

2.3.4.1 W mneuaringUseasa (Goals and Objectives Being Sought) Haaunals
Tanud i inguszasdueanisous Wemndutiadeiimmuauumidunisinfanssu
nsSeuntsasuLagnsteuvaneansslkigiFou dudu sUnuunsfeunisaouienns
aenadeatuingUszasa ivuald Wi eligiFsuaiuisaussquanisisouslded el
Usgdnsnm

2.3.4.2 u399sl9U09Ki38U (Motivation of Students) usegdlazesisouiulade
éﬁﬁ@ﬁﬁqma@iammé’]L%ﬁ]ﬁuaamﬁ@miﬁaumiaauLLas‘Uizﬁw%mwmaagULmeiﬁauﬂﬁ
aou fasumseanuuuianssansBeuidalendlifSeuiidiusiesunseiesosu neld
damsi3ounisasunasiSnsasudivainuaty aonadesiumiuavla AnvaIansa waz
ANuuAnAnesERINaYARa Ienszduliisouinaauls mnunsyiededu uazilusagdle
lunsiSeus dussilugnisddiusiulunisiTous hagn15ussanaans n15iSeus ny
TnqusvasAnivuald

2.3.4.3 vann1siseus (Principle of Leaming) faaumisUszanilinguinisiteus
AIUANUNITHITANANBUYWAIUINITVOIR LT Y ﬁaﬁmaﬁﬁ@w w5999l Nstauuse
i unaf wazaudesnsiuguvesues Weldifuuumdlunseanuuuuas
WwIEUNNIIANIsEUNsaRUliaenRRRITUANEAINKAZAINLANATIYBIL SEY

2.3.0.4 FI81U8ANELAIN gunsnl wansne1ns (Equipment and Resources)
nsugUsuunsissunsaeuldldiiinusednsaan Sududesdisdsniunsouves
Asseauazen gunsal uasminensiiieidos feduaniud Yangunsal elulad
uazdenisiSeumsasy ieatuayunissaianssuniseusliibuluegravanzay an
fodrtafiorainduseninnisdaniadountsaoy warduasulinmssuiuianssund uly
ae iUz AnNEA ez UTTR IngUsTAsAveInNTSITaus

agulddn nmsidengUuuunisisounisaeuil anzaualsmdfieinguszasdves

mM3Feud vdnnsFeus ussgdlevesiiFeu nasnauaamiensiide gunsal uaznineinsi
afuayumsinnsBounsaou elvieuinnsSeudegneiiusyavsnmuazussaruania
\Wvnedidmun 9nunAadina1n §3dedwszgndlduuianlunisesnuuuyeianssy
NsFeUINLNTEUILNSUATYMNRE AT 19aT3A (Creative Problem Solving) TneitiugiSeuy
Juaudnane duasunisasfleuUnase nsfndinsiest nsuidymedead 19asse was
msUszgndldmnuilunismunuueimesliinaumasslilasaeulnsaaed ol iFou
anunsaianaug inwe wazaussouglunsujiianulaegediusednsam
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{1 msfugarumsoiiDulnpn

- - - - o1 j srhauiinled
nszuaumsuiUywuBoasioassa 0 Eiabeeaand
ADWISY :
13 mssausaufioynvossy

Doy

2.1 msdeserusadulom

81 msdudusimelédonts 5.msAum diadu
Uiiseqndliuserumsn” .. - - | 2.2 mededdurnudinmas
oS sasaunsneidam G wnstawiadondog Wiaos

___________________ Tédumsuilsetradasou
2.3 msfonulguamauos
| 4.1 msvontaisnioiiasos ’ Onpny
el -
| 4.2 S Usaiu Sadviu
- oty Soial MSNAUORIET R IRRMS
| 43 fwusnaniisdon3ims. | L eonRGeramaneany
willogn Pl wanhai

A venadonsiiinnm 4 R 0000 R e T teeee

Ararssiaa

AT 2-3 TUADUVRINTTUIUNTLAUYMIDEWEF19855A (Creative Problem Solving)

nMssansseuslurnissud 21 dadunisianngSeulifianuauisalunisie
AT N3ARETIeATIA MIwATam wagnisuszgndliannuslunswdyivaniunisalas
Faduinuzddyidnduronsmsstinuaznisusznevendnlugafiinsidsundasedng
590137 el wuaRnnisuddamiednaadnsassd (Creative Problem Solving) Fsldsy
nsnnlilunisdansiieunisaeussisunsvane LlesnidunszuiunsBeuiiidaadul
JBvuanansndnsgidym afaumasudlaivainvats wazidenisnsimmzanly
msuitgmeginduszuy

2.4.1 AURLNEURINTHATYMIRE19a519a855A (CPS)

nsuidtlanes s essn (Creative Problem Solving) il uiuafafilesunsiannt usiaus
U a. 1952 Tae o1dnd Levl evauesu (Alex F. Osbom) gadlisunsendesrindy “Onuvamssyan
duey” LLazLﬁu@:ﬁﬁﬂﬁﬁm “Mmsunt inee 9as19a855A L“f]uﬁi’ﬁ"}’ﬂiu’mmﬁmiwmmiiﬁm
(Cognitive Psychology) Osborn (1957) e8unerin msufidametnsaswassdidunseuumnfnfionde
MRS MITUINNTG LagAnARas EsIAlUNSANIMaden WefiansaniBmsuiYami
wanlinazvsnzanian

MsuAdgegeadieassa Ae n1sAnasassfivszneudie n1sadiemuAad
vanvaneLfioragvetenseunLAn uaznsAninsuga dudunndenloangualile
thuUFeuiiiou mwansevu uagmadonilmnzauiigaiazianldlunisuidym g
aenndastuansivausuuaznedle fildausdinnsuitamedisadisassiidunisianu
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FUAUTENINAMNAAFDIUTENTT LA AuARBLUNilE (Divergent Thinking) wazAI AN
Ny (Convergent Thinking)

wmsnlanes leuvawy wavaesiea delatauein nsuidanegrsasrsassaidu
nMseulesnnuannsalunisadnaasse (Creativity) funseurunsuddamn (Problem-
Solving Approaches) Wilidetu Fudunszuiunisiifenlosaufnadsassddiiu
nszvIuMsAniiensuAtamlsegradusyuy

nndmvesnmsuidamegieainassanuiinaiou aunsoagdlsinnsudiym
pgsadaTsd e nasuiunsuidymdsiessrgndliannufnasnsassduaznisin
Bavgna WunsArmadeniivatnuany kanmeandsmsviesuiuuiy q wdmansan
Tadenlaii i gauazmngandigadvaniunisaiiiusyTuvmgdu n1suddym
a9 AsIATUsEAVS ANkt lnevialy

nnmsAnwdsmuazinfnvesinimnnsiiieades awnsaasuldin msuidym
g 1@ eassmdunszuIumsFeuiiysannisnsanainassasiiunsandaeea Lile
asnromudeniunisuidym TieseiuarUszfiunadonsgradussuy aulugnisiden
Fnsuitymioanzauiian deu §iTe3wszgndldunAnsnarndunseulunsiauneg
AanssumsiieusmunszuIumMsuitymedasieassa (Creative Problem Solving: CPS)
iiedaasuliBouannsaiinngillapn ey feduls wasusveandlinnuilunisaivas
wawasiihawamelulasraulnsaaesliegialiusedvsnn

2.4.2 Gz]"uumauﬁuaﬂﬂizmumiLLﬁ’ﬂzwms'Na%'Naiiﬁ (Creative Problem Solving)

nsgvIuMILdamegisaineassd (Creative Problem Solving) #ldlun1sidenssdl {34
UszgndlduunAnues Osborn way Pames deinmnnszuiunsuitgmesisaiisassnesig
Juszuu Tneuszneudae 6 Tuneu laud 1) nrsdunitamine (Objective Finding)
2) NM3AUNIToLiaase (Fact Finding) 3) nsAumIteymn (Problem Finding) 4) nsAUNY
wu2An (Idea Finding) 5) n13AUMILUININUATYMT (Solution Finding) kay 6) A1TAUM
Wl UR (Acceptance Finding) #3738 lenszuiunisaanaiunyssendlyly
msimungaianssunIsdoud lnedeulsausazdunoutuuiunveaarugontigeszuulnih
Tulssaugmamnssa fanandlunsei 2-1
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M13199 2-1 FuRoUYBINTFUIUNTS CPS warn1suszendldluanugontrsalih

Tumau Fotunau Hanrundangu NaNIIUNANUUIUNLIIIU
1| msseutam Objective syylgmuazimuadmunglunisuily
Finding Jaymaugauvigassuuliinlulsaanu
PNEAIMNTTY
2 | manudeya Fact Finding | s7usiuaya n5393nAmalniln uasies
WAEIATIEN UVBUAIINTLUUAIUAN LagnNTIFAUAIY
HaunAvesgunsal
3 nsAmualeynn | Problem Ansgrannnsnueslam (Root Cause
Finding Analysis) wagrinnuatgnid wiasves
szuuluiin
4 | msahunfa | Idea Finding | seavaueufieadisuuimenisudladami
wanviany laguseynaldnusaiuseuy
puaubniuazmalulad loT
5 | M3AUNLUINIG | Solution Ussidu WS guN gy LagAnLa anuwud
wideym Finding NNIIUA LT LI aNT d anunan
Aennssusazanudululalumsldnu
6 | msfumume | Acceptance | 279uNutMWINNITAnUUAUR naaes
nsgausy Finding LA¥NIIAOUHANIEYARNUURNITTEUY
muAnuamesiiil 3 wasiuiuszuy loT
wazUsuUsswuanud lulvimungauiu
MsUfURu

91nA15199 2-1 agiulaan nsyurunsuAtynied19a319a556 (Creative Problem

Solving) 1lunszurunsisiuniseginduaiiutu Busawanmssgylyn n1s5uTuLay

Ans1eiteya n13nvuadyiiuase n1sasisazAationuuInianisuily luauds

N5MNURAzTIMIIAEeNIUUUR nszuIunsaendneduasulidiseuinnisin
AATIEH NsARaseassA n1sieaula warnisuddemed1aduszuu nLUIARRINGT"
AIdedeUszendlinszuiunisuidaymegeasneassd (Creative Problem Solving) Wunseu

lun1sianyalanssunsiseus iWeduaiuaussauga Ui wikazn1sundamnily
n1saruANNalnes iaumanglulasroulnsaass laodslvdiSouausaussyndld
AnusuasinuglunsuiRnuatlaegadivssdnsam
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2.4.3 YananssunsiBeuinunszuunsuidymegaineassd (CPS) uaznnseanuuy
BIFINT U
msdansBeuilummssei 21 datunsiaungSeuliivinuensaniiasegs n1san
a¥9assd mauitgm wazmshausaniu faaenadesfuuuAnnisinnisBouduvuay
ffnw (STEM Education) fiysanmsesdaussuinemans walulad dennssumans
LAZAMAPIERNT HIUNTZUIUNITODNLUULTIIAINTTY (Engineering Design Process) SV
nszUILNILATaMetai1eassd (Creative Problem Solving) Litedaiadulyi3ouanunsa
Uszendldenuslumauitymitistuluaniunisaiaidldosnauszuy
MsdafanIsunsBudmuiuInIg CPS Meamvinwsursamsswi 21 lasiane
VINEEMIUAIIMANUIMEADI NITNNUTINAY N15ARTATIEALaznMsATym n1saia
winnTsy wazn1suszendldanuslunsaniudinuasnisysenoue¥n fissuazlaiseu;
FUNSTUIUNIAN MsasiioUfuR wazmsasieunanisFeuy dedwalifnnisiseusediel
Auvngkarausatauiluuszendldlaei
PNUIANRINGTY HITeTaUszendldnszuiunisuidamieg1saiieassed (Creative
Problem Solving) saufuuuiIAnn1senkuuliimnssulumsiugananssunIsiseus
ileduasuliiFouamisadeseviliaym sonuuunumisnisudly naaesUfUa uay
Usziflunansvianuvesssuumvauiemesiniauadglulasaeulvsamesliognuiy
sruulaviusednSaam
2.4.4 WM TIauazUsEuNAYARaNTINNISISBUIAUNTEUIUNSUA T nag 9
a379a33A (CPS)
nm3inuazUszliunaiussdusynaudrAgrenisdnnisiiousaunssuiun ity
081985198536 L e9anysUszdiuianntug Wnwe nsrvaunsfn uazaussouyly
nsufoRsuvesdSeuluaaunisaiflndifestunisufofeuaie dmsvewided gl
wumnsnT uazdssdiung il
2.6.6.1 nM3UseLfiuaInanInasy (Authentic Assessment) 1unisusziiiuna
MsBouFNNMIUURNL NsuanmaRngsy viensadamanuveiseuluaniunisaii
TndiAseiunsUURnuase Wieagieunug sinug nszuIunsan uazanadvear3ouls
GERNIVIEER
2.4.4.2 n1sUszifiunan1sUf iR (Performance Assessment) 1un1suseiiiy
aussIuEvesi3eunnsasieUjuRnuniuntsiavdeaniunisaliifmun Tagfiansan
ANNNABIVBINTFUIUMITVINIY AMNINYBIHAIUY karANaINTalUNTUSEYNAlIAINS
dioutemldeafiuszansam
MNuIMeFana1 §333simuslinisUssidunansouaguitnadugninnanaiiou
MURTRNY wagmrwanansalumsuitigm easvieuussansuavesynianssunisiGous
munszuIunwnlamedsadneassa (CPS) lnpgrensuau
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2.4.5 Uselevtiraen1sdannsseusnuiuInenssuIunsuidymedwasneassd (CPS)
NSIANTSIEEUIIURLININTEUIUNTUAT YN 08198519a35¢ (Creative Problem Solving)
nelAnUsslovirofSounasmatansSounmsaeuvaieyssms fail

2.4.5.1 gieuldsunsiauyineen1sAndiasen MIfnaseassd tasnisasng
winnssy lovaiuisaussgndldanugauinermans malulad wagiminssuaiansiy
nmsunlamlangramnzau

2.4.5.2 fiEouiinrwg madile wesifnpeRfifron1sUsEneUe INFuTTUY
AuANdnlulRkazugoNU1sluAIARaNTIY

2.4.5.3 {138UATNITOYTUINITOIAAIINS A IUTNGIANENT ANAAIART LA
welulad i ethludszynildlunisiinsed eenuuy wazudledymiliAeidesiuszuy
muanuewesniuazssuuliilunuenamnssuldegadussuy

2.4.5.4 duasunsinnisBousidenlesssnitenianguidunsufifase vl
A3ouannanUszgndldaudiaeiinuglunisufoiou sanisuidgmiluaaiunsaiads
ppeeiluszdnsam

2.5 YANAINTIUNITREUNTEOU

gARANTIUMIEEUNMIa0U (Instructional Package) 1uninnssuymenisanudilssy
naauiioduasumsdsuvesieusgaduszuu Tasmisfsmnuunndissening
UARA ANNNTON ANANNNTH wazAuaulaveiSeuLarAY YARANITTUNSISBUMN SO
anusa g lunaEsusfonues msBeuiuuungy upsmsdanisdouslududon
TnegaouihmihiidurunesnnuazainlunisiFeus dawaligiSouannsainminiiug
inwe uazaussouzldodiuaudnanIn

NnMsAnwenansuaznuITeiiades nuin dnivnsmaeviiuldesunemdnnns
uaznguiifeatostugnianssunisiseunsaeuld fil

2.5.1 nénnisuaznguiiiiieafuyaianssunisFeunisasy
nénnauaznnuiduiiugiurensiauigafanssunsGeunisaouly fed
2.5.1.1 NuANULANA19TENI9YAAS (Individual Differences Theory)
yaRanssuNsSeuntsdeuldfunisoanuuulneddafanruunnssvesi3ouusazau i
fuawEInsa Anuatin anuadla wazdnsinsiious Wedelenalgisouausa
Fousldnudnenmussnues Idotmguimuuenisssrinsyeeaiduiiuguddyues
NNFPONHUULAEIRINYANINTTUNTT U TaoU
2.5.1.2 wénmslideuszan (Multimedia Principle) ¥aRanssun1si3eunsaey

Hunsysannsdenisifeudnansguuuuidideiusgrudussuu Wy enarsuszneu
msiFou awils nmiedouln 3dle Wsunsurenfiamed viededvia ilelvidousay
Ussiavatiuayudeiuasiu wagtiofinussavsninueamsSeuslivmnzauiudnuazves
A
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2.5.1.3 NaufN3i58u3 (Learning Theory) MIARILIYANINTIUANTISEUNNTHBU
a'mawaﬂmwamqwgmiLiauimaﬂLaﬁﬂmLiauumui’gﬂuﬂmﬁaui leasdoufuRass
Isudoyadounduetisiailes waziinmsiasuusaieuszavanudisalumsGous T
ﬂﬁmiimmmaugQm]ma’m‘ummwlﬂa’mmum’mmmsmmaLiau adaasaliiin
nsseueg1aiiusyansaw

2.5.1.4 MENMIAATIERTEUY (Systems Approach) MIHAILIYANINTTUNTFEY
nsaeuALduNIIUENNITIATIeYTEUU Inelinsimuainguisasdnisifeus Inse
e sonuuuAanssutardenisiioud vasesld USuUss uastsufiunaesadudunon
ielvimnesdlsznauvesnisdanisifounisaeuinnuduiud uayatvayud afunagiu
surhlugnisussauanisBeudmudmneiinmual 3

INNNNITHAZ VYU AN AUliIINITARUIYANINTTUNIIB U TEDU
FududedflefennuunnireseninegiFou maidenltdonisBeudesavanzay vanns
Fou3 waznszurunsiwegiaduszuy ielhiAnussansamgeanlunisinnisisoud
dnueniddel Pfeldihmanmafsnadnunldidusmdumstauiyaianssunsidous
AUNTEUINNITHAUynnoe19a319a55a (Creative Problem Solving) @1vsunisauay
waweslihaumamelulasreulnsaiaes lngeenuuuianssdlidonndodiumuwaneiig
yos{i3ou 1WunisasileufiRase uarldnsvurunisiamnegadussuuiieoliyafanssy
fusgdnsnmuazanunsadnluldlaese

2.5.2 ANMUNNIBYBIYANINTIUNITTOUNITADU YANINTTUNITTHUNTHOY
(Instructional Package %5a Learning Package) vJuudmnssunian1sneld basu
maauwdloatuayumsdanisdouslhidussuy nlussszusndeulddngn “gans
@ou” (Instructional Package) Lﬁaﬂmmg'ﬂLﬁuwmmamﬂumﬁmﬁﬁmiimmiﬁaumiaau
m'amLﬁaLLmﬁ@mﬁmmaSauiﬁLﬁuﬁﬁawﬁuﬁﬁﬁm (Learner-Centered Learning) la5u
N1380UTURLILNINAY Falin151EAI1 “yansisen” (Learning Package) 13U Lile
avviouunumvesyseulunmsuaimnauiuazisoudmenues gslsiniu dnnsfny
naneviudeuldiii “ganiaiFeunisasy” ielaseuequitsunumussaguarfidouly
NsIANSITEUNS

ANERUNTTUMITRILINTSARULAEHER TangUNsal NuIwmInedy lalivemra
lunisldandn “ganisiseunisaen” 91 maseusidufanssuves|iieu diunisaeuy
Aunssumestaeu Suiassdudesiniiumudiuioliussgingussasvaamsinniaous
Fadu lueuidsadud {3de3udenlddin “yafanssunisSeunisaeu” leliaseungy
UNUINUDILADULASHISEUARDANTEUIUNTISEUS

INNTANBIUIAALATAUMIBTBINNSANYIMaIeviTY d1unsaasuladn ga
AANTTUNNTREUNNTHOU Vel uﬁfmﬂsiwﬁamﬂiuiaﬁwmiﬁﬂmﬁlﬁ%miaaﬂLLUULLaz

(3

WUW@&WQLUUiuUU ‘Uiuﬂ’&]'U@'JEJL‘UEWi’] ﬁ@ﬂ’]iLiEJ‘L!i ﬂﬁ]ﬂiillﬂ?iﬁ&ﬂ«li warn13InUIziiiung

o

dAudunusiu LW@?NLﬂ’ilIGL%EjLﬁﬂu&ﬂiﬂﬁﬂL’iEJU’?LW?]’]@JﬂﬂEJﬂ']WSUGQWULEN WQSLUEULL‘UU

ﬁuﬁ
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mMsFsuTeyanawarnsiToudsandu lnedaouvimiiidugsiueauazaan 1o
Auuzii uazRamunanisGoud eligFouussgradwsnaFoudmuingUszasdiiiimue
[l

dmduauided A3deliAunuereaianssunIsissun1saeuln Wuya
AunssunmsBeusiildsunseenuuueghaduszuy neysanmsidom densGend Aunseu
N15URUR wazn1sinUseiliung aunseuiun1snUaniegn9asnaassa (Creative Problem
Solving) tedaasulvgiFouaunsaimuinng inwennsaniinseyt inweasuitam
wazaussauzAUNIAIUANLamas llThatuwamelulasreulnsamosiiunsaiio U
TuanunmsaiflndiAssiunsufoRauase

2.5.3 UszinnvesynianssunIsiseunsaau YananIsunIsiseunITaeuaINnTndILun

AUENYEYDINITINNANTTUNIFEUT I 3 Useinn TokA YANITABULUUUTIENE YANISaou
AMTUAINTTUNAN UALYANMTABUAIMTUNSISEUTTIEUARS LagusazUselnnilanyzuaz
Inquszashiiumnanedu fail

2.5.3.1 YAn1saouULUUUSIINe WugnAanssunsi3eunisasudisonuuudmsy
nsvnnsBeusungiseungulng nedaeududaniunisaienennnuskiiunisussens
womstmuaRnssunsdsuiuasdentifonisfounisasussamnya tieduasali
J3suitdusalutuiounnndu dedldiniiudouszan (Multimedia) Wy tonans
U59n0UnI5UITeTe den1sunaue amusznay TAle uavd oAdvias u q 7YoLy
UszansnmlunisiSeus

a a a

2.5.3.2 yansaoudmiuianssungy Wugenanssunisiseunsaoudissdaasy

Y v A o

M33eusLuusnile (Collaborative Learning) lngliiriSourhAanssusiuiulungudes

Y
a <

Uszanal 5-7 AU HIuMsenUs1e nsianiuasuniuAniu uarnsswdunddam ya
AanssuusazyaUszneussdensSouiuazgUnsaliiiomesosiuiuandnlundazngy
dielialemalsiSeuynauldusnilumsseuiiasianninuemsiaududiy

2.5.3.3 yamsasudmiumsisouineyana 1uyafanssunisiSounsaoui
oonuuulifi3suannsadnyinasufoRfnssudenuesmudduiurenien Tnednsds
ATIUANANSTEIIYARR TaduATIEsnIn Armaule uazsninisFeud §iFouannin
Anwdnenuies nieuiasaidumiudnvivesmsdsudiuwutiintaviowuunaaouly
wiagnignsisey dugaeuiiunuimlunislidiuine wugid Lasinnunanisiseusnig
P RHIR G IREE R

1NNSANYIVILANVBIYATINTTUNITF BUNITARUAINGTD FziulaATusay
UssiandaamngansusUuuunisdnnisdeudduendeiu vanisdouduvuussens
nMaisuduvusanie uasnaiFeuidioaues dwmiuvenuided fiseldiaugafangam
N1938u3 ludnvarveInITiseuskuUNINTIUNqUs AU TaiiauURaTe Ingussendld
n3zUIUMIUATYMeE19aI9aTIA (Creative Problem Solving) tiledaasalyiiFousanriu
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Ansesitlyn wanwdsuanuAaiu senuuuimensuAly wazfRnusunsaunu
vawaslnihaumadislulasreulnsamesogindussuy
2.5.4 94AUIENOUYBIYANINTIUNNTITHUNITADY YANINTTUNTITHUNITADY

UsgnauseesaUszneunaeduildiunseenwuulifinuduiuduasaiuayudstunas
fu iiielinsdanisdeudiduluegaivssdnsain dsludunsdienonaaiuf nisda
Aanssumaeud wagnmsiananisGeud el sadUssneutespianssumadsunisaouat
uanaafiumaingUsEasALazULUUNITIANTSEUS WY YANTAOULUUUTIENY YANITARY
WUUAAINTTUNGY wazyan1saeuRUUTIeUARa tnulasdusenaudfny il

2.5.4.1 gileng (Teacher's Manual) affongidutenarsiidnvhiuiiodu
wumstunisliyeianssunisfeunisaeustnafisyaniamm lneUsznausaefduasnsld
YpRanTH U vEAeuLazdiFey wnunsinnateus dunsumssiduionssy doua
ouUnsaiflY FBmsiauarUsiiuna naenaulUUnaaouRouSsuLazvdTey ilelviaou
anansasiufanssumsseulldesadussuuuazussqingusrasdiiinmun

2.5.4.2 Tuneumneny (Assignment Sheet) Tusisumnenuduonansd
fruauuImLaztuneun AL iuianssuvesiFeu Inessynguszasdvasionssy M1

s JupounsUfiReu weenadnsiininnts MelvdGuannsnfnuduaiuasUR
Aansnildesnafudidudu niouiduatuenuiufisteusasmateudienuios
2.5.4.3 Li’i‘yamuasﬁamiﬁwj’ (Learning Content and Instructional
Media) ilomuazdanisSousifuasdusenovdidyuesnianssumsaisunisaou ienaey
lusunuuvetena1susenaunisisey lUsunsudiaes 3ale amusznau wuuRnUuR n
npasd wiedenavasu 9 lnvldsunseenuuuliaonndesiuinguszasdnisiouiuas
Aonssuiidivun eduasuligSoumunsaSouiuazasioUfiRldedsiiuszavsam
2.5.4.4 n15inuazUseliiung (Assessment and Evaluation) n5inlay
Usgillunaidussdusznouii ldnsiaaeunanisifeudves{iFou lnsenauszneudie
LUUNAABURETBLLAT MR aEEY wutEint nsUssiiunsURTRNY wesmsUseiliuiuay
Jdioussdurianimd e woraussnugvesBou sauivliidudeualunsuiulaas
fiannsdanisdouslitussansnmd el
91N03AUTENBUVRIYAN INTIUNITT BUNTABUAING 1Y aziiulddusay
ssAUsznoudunumddyuarinudenlastuegrulussuu fudn1snswuaunsdanis
Feous mstvusianssy m3dawieudensBeus TWaufamsiauazysyifiuna Welviou
ussHadwsMaFeudamiiivue dmfueuided §iTeldwmungniansmunadoun
nsruIUNsSuAUn1eg19a319a35A (Creative Problem Solving) lagUsenausiudilenaou
Tuweumnenu ievmuardensGousdmsumsufsansnuauuameasinianuade
lulasreulnsataes nasnsundesiotnuazUsziliuna ilelvfiouanansaeudiiiunmsas
feufuRuazimunaussauznsuilgnilasgadiuss@nsnm
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2.5.5 N158$19YARANTIUNITFHUNTARY MTHAUIYARINTIUNSITOUNTADY
Bunszuaunmsfisndunisegiaduszuy ek ududnsimuaieniuas Inguszasd
MsiSoud nseonuuuAanssunazdensiieus nasnaunisiauazUseifiuna el
AunssuanansndaaiunsGousvesidouldediediussaniam Tuneunisadayanisaeuly
10 Sumou fail

2551 fvuavsnavivesiiemuasUszaunisainisdous mvuaveuin
vouilemuasUszaunsainaGeuslvaenndestundnans 16391 uaskadnsnaiFeusy
fAoensiau tngenanmuadusedvsoysanIstumansnIuaLmNIzEy

2.5.5.2 famuamhsniadous wademeondumbenadouimugisu
aruduitusvoaion ieliaunsadafanssunaBeuslfedtamnyauneluuiagdiona

2.5.5.3 fuuntdeises fmusihdevesusragienisisousliaenndes
fuanszdrdyuaniomuasanssunisfens ieliieuasadenlssanufuaziiily
Uszgnaldle

2.5.5.4 MyuadluNANIavann15dIAY d3UluIAn Nann1T nIeuluwf
ddneusarmisonsieus ieliidunseulumsdnfanssunasiauinsGouive sy Seou
agnaduszuy

2.5.5.5 MnuaingUsgasAninseus Muuadngusvasdlanginssulv
aenndosiuilemuagRnssunisdous Tnsszynginssuiienan fdlii3ouansouaniaen
Igndsauanmsadeus

2.5.5.6 ONLUUAINTTUMSITEUS ANUARINTIUNISISEUS idenAdeaiy
Toguszasansiseus Wneulvdiseulidiusinlunsdn Junsies aaleUuR wazuitamn
ileduaiunsBeuienalnnumng

2.55.7 AmuamsiauasUszidiuna sonuuuiaiesilotauazUssifiunali
denpnenuingUszasdniIsieu; lnganalduuunnaey wuvyssdiunisuuinau vwie
MsUssidlunany teazieunansouivesdiSeuldetinseunay

2.5.5.8 idenuaiaundenisisous dadenvieiimundenisisous Yan
guUnsal Wsunsuneufiames uiedendviafivanzandiuianssuniseuiuazdnuzves
ABou Weatuayunsouslviussansam

2.5.5.9 n71980UUsEANENINYRIYANINTIUNTSEUNTARU 11YANINTTy
lunpasdliuardsudussavsnmmunasifisinua nieuitasuusudludounnses ield
gananssudinuninuazanunsoinlUlgldegadivsednsnin

2.5.5.10 thyafanssunsBoumsaeululy WeyaRanssusiumnsaaey
wazUuUgeuiiuszans nmwanuinaeifidivuauds Sahluldlunisdanisdounisasuiu
nautmane wiousRnmuuarssiunamsliauegweiios

Mnfupeunisaireyaianssunisounsaoudandn awdulddnisiaunge
Anssuiifinuamdndudownidunsegradussuy daudnmsienegiden nstmue



25

fnquszasd mssenuuUAINIIILarAon1sEeus msauazysuiliuna AaenIuNITNTIRABY
UsvAnsnmdeuthluliass dwsuendded didldssgndlduumsinanilumsiaungn
AANTTUNITITUTAUNTTUIUNITUAT Y N188198319855A (Creative Problem Solving)
dwsunsmuaunewmesiawadislulasreulnsawes lnedndunsiauegiadu
Sdutu saudnistmuanadwsmaFous nsesnuuuAanssuuazdemaiFous n1sains
\n3esilofanazUszifiuna nsnTadeuAuNMYBIYARaNTIL kaynsUsEduUTEANS A M
neutlunaasdlifiunguéaegi

2.5.6 MIMUTEANTAIMIBIYARINTIUNTFHUNTADU NIMUsEANTAINVBIYA
AunssunisFeumsaou WunszuiunsnsiareuamnnasaRIngsafififemundy Tay
thaaRanssuluneaaddiunduinegamuadudu Wesusdeyadmiuusuusaudlaney
thluldass mnransUsaidiutansingeianssuiiussavsamanuinasiidvualy uansing
AanssudananausndLasun1sBeuvesisoulaeg1wliusedninm waslaumangay
dwsuihlUlglunisdnnisiSeunisaou

mMsUseiliulsyavsnmueayaianssunsSounisasudenldinust £1/E2 Fadu
miﬂisLﬁuﬁgwiz?m%mwsumﬂszmumsﬁaui (Process Efficiency: E1) uagUsz@ndnim
YDINAANSNITEUS (Product Efficiency: E2) Tneiisneavdonsad

1) Usz@nSn1nuesnsguiuns (Process Efficiency: E1) Bu18849 S08a2U03
Azuuuad eigiFsulduainnisiianssy wwuilnsin wiemsUsuduseninaieunaon
nszvIuMsdaRansIIMsBeus Ssagviouliausansnmuesnisiiiufianssunuyaianssy
N1siUNTHOU

2) Usg@nsninuasnaans (Product Efficiency: E2) 11989 50808U99Az MUY
ld o Fouldsunnuuunaaeundasou 9 dduspiunadugninianisiSounionds
N1538UIAILYANANTTUNSISEUNTADY WazaroudsEAUN1TUTIRIngUIEaIANISIS oS
VOIS U

msfmumnaisTUsEANEa E1/E2 axBuagfudnunsaniion seduveiBou
nayIngUszasdveInIsinnisiieus Tnevialy mnadsyansamwssyaianssuduluny
inausinimualy azfiedyafanssunisiFeunsasudguanuazannsa lUldlunsdans
Fouslangadiuszansam

dmuanAded (afeldinasivssansnin £1/62 lunsussidiunmninvosyn
AINTTUNITFT YU AUNTTUIUNITUATEYN188198519855A (Creative Problem Solving)
dmsumsmuanuamesinihauamelulasroulnsames lneuseilivainasiuusening
nsUfURRINTINLAzATLLLLUUYAdeUMA S BY W efinnsandngafansudifmund udl
UsgAvsnmmuinasiidvuanewhluldiungusnegiduniside

2.5.7 wdndnineniinllumsiamngefonssunsiseunisaey Msimunya
AanssunaifeunisaeusidondnnameinineinisGeudiduiiugudidy Woduasuls
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Y a

BruAnnsFeudediedivszansain daduanug iy uasngfinssumaidoud Tnevn
pingTiuszgndlilunsiannyafanssunisfeunisaeuy Usznouse
2.5.7.1 NM3ATaEaAINUANAITENIYARD N1TTANINTIUNITTEUTAIS
Ailatiaruunninavesliseuluduanuauise anuatn anvauls wazdnsnsseus
iieidalomalvigiFouansaiFousldaudnonmueanuies uasussqruanIsiseusny
TngusvasAiiimun
2.5.7.2 msngseudud1fity (Learner-Centered Learning) N139nRanssy
n1sseuimsUaleMaligiseuiunumd A lunITLaIvIANIAIEAULEY HIUNTAN
fuadn MsAndAsIEd MsaaleUfUR uazmsuAdeyn laeaeuviiviiniidusue

H
3

AuazAINkar A LUz INABANTEUIUN ST EUS
2.5.7.3 nslddensBeudivainnats msidenlddenisSeusvanzay
uagviaInmany W tonansuszneunsiieu Tusunsudiass defdsia 3dle uavyannas
UHUR ssthonsziuarwalaves]Fou duasunnudilaludeomn uasnfiudszdninmues
nsiseus
2.5.7.4 Msduasuuduiusiunisitons nsdnfanssunisSeuimisdeasy
THAnUfduRus sevana aoudugifou suissendna]Foudeiu Wuniseivse
MsuaniasuauAaiy uayaIsius Ay ieausinuynnsieans Mo
wazn1TuATYRIE19ETNETIA
INUANNITNNINTINYIRINGTY NITHAWIYANINTTUNTSUNITABUAITINAGY
Aanssuanielugenn WalenaliiiSeulssudoyadoundu (Feedback) ogsdatiles uay
duasaligSouinmmunaniladeausajoananssiladise Fsazvwairausgalalu
M3euiuazdsraron s INadugS1snsSeuse ey anBam
dmiunudded §3deldumaninineniafouidinaniuiusseneldly
N39ONHUUIANINTTUMSTEUIIUNTEUINMTUA T MNRE19E519a536 (Creative Problem
Solving) TnednAanssulitfiFouldiFousriunsasiieufifass msvhausiu mslddeuay
yannassfivanvany nasnsunsldsuteyadeundussmitansufinu eduadunisan
AT N1TRATYN BaZNISTAINIANITAULAIUNITAIUANUBLADS bN aaWan e
lulasmoulnsamesliegeiiusedniam
2.5.8 AuUseleyUIYARINTIUAITITUUNITARUY LBTE LWasINes NaNIde
anuUselorivosmaianssunsSeunsasuly 5 Ysgnns dail
2.5.8.1 fiFsuanunsavssiiunnudiluguresmuesiouiuFou uazdon
Anvvszifuidannaudilaldetavmzay silvinnsSeusidulumuanudosnisuas
Anan nvaIusiasyAna
2.5.8.2 fi3puannsniFousldvnnaiuasynaniufiauaiuazainves
puies dwmaliAnnnudangulumatoud werannsanumudomldmudesnis
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2.5.8.3 fiFsuanunsaUseiiunansiouivosnuedlaiuiindaandnyiue
agmhensBou YilvmsuranisSeudiazannsauiuupdeunnseddediseries
2.5.8.4 n3ldyananssunIsiseuntsaeud el asuiinarlunislv
AUSnw wupth wasthowmdelSeuiiiitymlunisGeusldedisings esmngFeuaunsa
Anwunsdlanigniues
2.5.8.5 wadugmd n1an1aidsuvesifoud usy fuaiuauisanas
ATAmENETaIURaryARa fiSsuannInfnvnunuiionifuaunitarussquanGeus
mannauifiimug dwalAnnsFeudediauiiai
MMSANwMguE wiRe lasuAseinedes ansaasulin yeRenssunsEoy
msaey (Instructional Package) iWuuianssumamsinmitlédsunisesnuuusgradusyuu Tog
UszneusheosdUsznouddey Idun filedaeu evnuazdensfeus Tuianss wuinUfoa
uazia3 osfleTauazUssifiuna @ wihaud exlosiud ed e unisisous vosrSoueg 9l
Usgavisnm
mMsWagaianssumsgunsaeuddudosmlafisnuunnseseni vy Ana
wéndsinensieus madanseusiiuSouludiy madenlidonsseudiuanzay
uarn1seenuuUAansINN TS oul laenad st uingusrasd maseus el msnsiaseu
UsrAvBamvasyaRansaudenlinast £1/62 Wevsuduinlssaviamuesnszuiunsdous
uaenaansnIsBeuineutilUlyass
dmsuandded {3deldiunAndinanuussgndldlunstaugaianssu
nMsBguImMUnsEUINMI U 19es1assa (Creative Problem Solving) dwisunisauny
wawasihauwanielulasroulvsames lneyananssuysenaumualonaou WHuMTIANTT
Beu3 Tuianssy gaUfiRnng densieus wsesdlainuasussidlusa uasuunnaeuneuBou-
vy WeduaSaligSowiannamud inuensufianu msandies uaznsuddym
pRanuansaUszend A Tum s iRnueussuumunuliinlunigsamvnssulaeg el
Usgdvisam

2.6 NFIATILIN

YANINTTUNITT YU AIUNTEUIUNTUN TY1108198519a55A (Creative Problem
Solving) Al lun1s3seaded Tasunmswautuannisanuan wnssaflinousudunuden
trgaszuvliiilulssnugmainnssuweauism widu. ufninads $1dn (wmigw) Smia
aunsUsng Feliiumiisnunsd@nuluniside lnevangmsiineusui inguszasdiile
Wanaus Minvensuf i uazauaiunsalunisfninsgviuazunlymivessiinsu
msilnevsy wWislriaunsauszgndldmnuilunsuftRnusussuumunilnihuagauden
Unslulssnugnannssulaegadivseansnm
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2.6.1 myiaTzianmdamuesnisinausy

31NNSANIANINANTIRRNBUTUATUUgaNUITesEuUlil wazn1sd1s19tayaan
Faouuazfithiumsiineusy wuih msiineusudaszaudammaneuszns loun edesile
wardonaFeudanduaidugunsaiiugiu meeuiuadiouarliiBadensideudiBeUfon
enasusznounsineusitiuionmguiidundn uasiidemidFounsfnuuugs dwa
Wik iTeuvianuaula viaussglalunisiSeus wasdlonmainiinyenisiiasievinag
nsunlauluaniunisalaieraudednie

uenanil sukuUNTEIRRTnTsunseudElsiannsnduaiunsiniiesed n1sindule
waznisuideynieg 1adusyuy G?fqL‘f]uammuzeﬁﬁ’ayum%'wszfam"wsﬁaazuulﬂﬂﬂu
aAgmannssy MR unsiinevsudmnanusiulalunisuszandldausifiondly
PamiistulunsufiRausie

PNNTIATIERan MU minagn1sd1333n1UA0INTYeNH A ULAE NI TUNSHNBUTY
H 78T MUALUINI UM INAUIYAN INTTUNITT OUT AI1UNTEUIUNTLA T gy
9E19a579@33f (Creative Problem Solving: CPS) dmsumsaiuasuawmasininaumlane
lulasreulnsaiaes tieliidudeuarfanssunsisousnduaiunsfniiasz mauitiym
nsaaflouUR waznsvhausauiu TnosjmislagBouanmsainuiuassinusdlasuly
Uszgndldlunisufuinusussuumuaslniiasnugdeutisduningnavnssulaegig
fUsgansam

2.6.2 ANB5UIEIETYIYANINTTUNITHYUTAIUNTEUIUNITHAT YN8 1985198554
(Creative Problem Solving) s1ugenngeszuulnilulssauanaivngsy

YANINTIUNITT U AUNTBUIUNITULA T Y1108 19a5719855A (Creative Problem
Solving) nstlfnwinugentigsseuulnialulssnuanavngsy tasunisesniuukas i
nMsfnwanndaymiuaraiudeinIsresanuUsenauns lnvendetoyaainnisdisin
wagnsdunsaififendos I P1stouths dmns uarddnnisinendn dWoliidenuas
Avnssun1siBeusaenndesiudnvarnutazanssousisiduresypainsiuautentige
seuulwihlulssnuenavngsy

N1390NKUUYANINTTNEANTEUIUNITUATYN188 1985198 55A (Creative Problem
Solving) 1Junsevlunisdnnisieus Tneusznoumedunoudiiy laun n1sseydam
mMyeseideyauazavnvestym miadaunAniivainvats msfadenuuimandly
waznsthuumslunaassfuinazussfiuna ieduasulifiSouamsoAniiases
TN LLa“mmau“lfaLLﬂ{”JmmlmasmLﬂmvuduamuﬂmua]iwaamwaumiwwh\lﬁw
dHevmnssudaseuaguitugnurudouthssssuulai melneiasaiunuueinos
Tnifhanuwla nsesvaeukariiaduanuraunfvesssuy nsussendlilulasreulnsaaes
ESP32 wagwmalulad Internet of Things (I0T) @SUNSHIAAAINLAEAIVANTEUULUY
Sealnl naenaunsufuRnuneldvdnainuvasadonialuin il el iFouatusa
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Uszgnaltinaluladadelndlunsujifausussuuauaulnilunagaaivnssulaegndl
Usedndnm

nsdafanssunsSoudivunszeznatsin 135 $2lus Usneudae anangu]
30 $2las MAUFTRA 30 Falua uagnsAnwiduaiidienues 75 92lus lnsyafanssy
Uszneusgesdusznaudidy ldun ailensilneusy ununisdansiFeus densiuaue
uazyaUfuAnng deldsunmsesnuuulaenadesiunszuiums CPS uazatiuayunsizous
FamanguiueznmaufiRedradussuy

31NN5IATILNAD5UI818797 HITEMNUAlTYANINTTUNITS BUTH LU uNITmUY
anssourvesieusd Ay FnwensUfoR nishntiasied wagmsuidam diuns
BoudanaaunisaisiassuaznsufiRese Wieliamsaiinsied 3dede wasudly gy
ypsszuUAIUANNameT i ad e lulasaeulnsaaesldognaduszuy wiouts
ansavszendliausiiagyinveaainanlunisujiinunussuunivauliiiiasnugey
Ungslunmagaamnssulaeg1ediusydnsnm

2.7 Bumasiinuasassnas (Internet of Things)

Sumofiiinvesassnds (intemet of Things) Wumaluladiifiunumdrdaysionisiamun
szuudalugnaznismunulunirgaamnisy Inaidunsidenlesgunsaididnnsednd
wuwed LeAYoWas (Actuator) lulaspeulnsaiass wagszuuUssuiana WaiuAsene
Sumesidn iielienansafu-dideya naaevanuy uazdsnisgunsaianszeglnalauuy
Sealnsl dewaldimsuimadanisssuunuauuasnutonth sy avsnmandedy

dmsuanuided malulad loT grinuussandldsamiululasneulnsaaes ESP32 uas
szuumuauuainesluhauma el iFouaansaiousnisnsiaaeuaauz 83z Uy
nsAamateyanisviiay waznmsruaugUnsaii s ednedumesiidn Jsaenadeadu
wualumes Industrial Internet of Things (IloT) fignihunldlusyuudnluifvedlsany
gaamnssutudagiu

2.7.1 pramunevesdunesidnuesassnds (nternet of Things: oT) wunedia wielulad
Adeulesgunsaididnnsetind 1a30sdng wuwed uazszuumuaueng o WrdueTetis
Sumediiln ilelvianunsauaniudsudeya Uszanana uazdamsiausevinsgunssildlag
SalusfAnuaioviedoas Tnsgunsaludazudaanunsnsyydanusumnelavyszduns og
n3onun8Lay IP (IP Address) wazd oansseninaduludnwaz Machine-to-Machine
Communication (M2M) meldluslareanisdomsiuangay

Tunegeamnssy walulad loT gnihwnldlunsfinmuaauziaieaing nmsnsiained
N3 N1sAIUANsEUUSAluTA MsudadfiounuAaund waznsliezideyaliie
aduayun1sINNugauU13u8 U (Preventive Maintenance) Lagn15¥ouU15e
Fewennsal (Predictive Maintenance) silwansnsaifinusz@nsaimnsuan anszoznan
geLA0sdng uazandununsAiuny
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e loT Fadulassadeiugiuiiddgyvesszuudnludfgalu lneyaeliasasdng

gunsalmuay wagsyuvasaumaaunsarinnusuiuldedeliuszdnsnim wandunugiu
d1AYUeIN1IWAIUN Industrial Internet of Things (lloT) wag Industry 4.0

o

1. dugaamnssy 2. SMuinuasnssu 3. dugumw

ASI080UNB-AIVALNS VNS assvSoanmuacd suluulscineos Bamrugonwylensongeoy
usEualng dumudsEnErwnssdo 10U NINBU Qronnd naunumelinGolush uasnboiiouderion TN
4, dwwdonu 5. duboodoase: (Smart City) 6. drufoudodou

1520m

4550

assodeunslovwdoo st nauuindooas wdoose: QS RA 0L WA= G T
smuSmisiomsmsliwdonivod wous dngniw aomsliwdooumovu i wUissanie G3eniis: Sosmoysnadvuaodou

A il 2-4 fegenisusyyndldinelulad Internet of Things (IoT) Tugusing 4

Internet of Things 1138 loT SudunseuuwAnvesszuLlaseIeisesiumadondeiy
auUnsal warnvaneein faus rewfiumed Insdwsiiadoudl guUnsallasstng gunsal
idnnsednd lwuwes wazingene q akefu Sudunaliszuusing q annsafindedeans
wazvieusaniuldodra Susnludd Hedadunalduyudannsadfeoyaldvarnuane
By muaugUnsalnazszuUan  IfednsdiusednBamaniy

loT enafodunudalmififinanandsaiuiund ud o7 Huseduidesmesnstaun
szuvdumediiln Sellingusvasdiiienisaislasstneiiiedenlesgunsalifiinnsgunansng
fulanansn dearstuld ae 1oT asidalenalidinsdeudelusuuuuiivanvansundiy
wazsesfugunsaliimunlaegnand dmaluladunnsreduminningy Tuilagtuaianse
fandunisdousiegunsaling q Wrulassedumesideldmusuuuudwiolud

2.7.1.1 ﬂ']ﬁlf’?‘j'amiashuqﬂﬂiai?ﬁ'amiizazﬁgu (Short-range Devices) {Ju3usuy
nsdeustogunsal Tussesdumnlagldidsdasiun wmmngdmiunisdeansludiud
AseUARNULIALAN Teegludnvaznsidensioszitsgunsal (Peer-to-peer) Wiansideuse
wuulassineld fhegrevesnsiBeussludnuasdana Wu WiFi, Bluetooth, Z-Wave uaz
ZigBee \Hudu nadonsodssinmilimingdwiussuumuaumelulanuvieresjifing
fiFeanisaumiaae (Low Latency) @ nsieusieszuinslulasreulvsaaes ESP32 fu
gUNIAIVANVIBWULDSHIUATEUY Wi-Fi %38 Bluetooth
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2.7.1.2 madeudednlassdelnsdwiiadoud Wugluuumsliuimsfidaud
aseunquning lnsedensdeusegunsaiiniasgnine loT dnfulassadsiiugiuresszuy
Insfnviindouiiiflogudn degrwesnmsdenseludnuvazding1n wu malulad NB-oT
way LTE-M tJusiu
2.7.1.3 madouserulasstng LPWAN Wuguuvunsdesseriiulaseiemas
dan1u3naniia Low Power Wide Area Network (LPWAN) Tagitfuldaruludnuwagy
N1530a15UUY Narrow Band %38 Ultra Narrow Band #ifisnsinisdsteyasiunn Usenda
wasun wazdisnan gunsaldenisiinn fegrswesnisdeuseludnuuzdnan wu
LoRaWAN, SigFox &g Ingenu Hudy
2.7.1.4 msdesierulasstnedoarsaaion L‘UuiULmemamawmm GH
fumsldruiifuiinseunqunisliuinisiiniran LLWﬂ’]iL“U@NW@@Qﬂﬁ’]’JQ fiszeziian
nsmeuaues (Latency) Fininmsidensesuuuudu 4 esainszoznariidynaniums
lU-ndu sevingunsnideans madulaniazaaudien
2.7.2 msUszgndliaudumesideavesassnds
Sumosiinyesasands (Internet of Things: loT) Wumaluladaunsadenlssgunsal
Sidnnsetind wulwes 1A3esdns uavszuUMUAsiAUIAS et eBumesn WWelaunsa
sasndeya Uszadana uazdanisavnsalldainszorlng waluladdsnandaldsu
nsUszgndldesnanisundluvatsniadiu fadugaamngsy nsuIng n1sruds 91ans
§9a3u uazmsinunssanie Taedeyailsainaunsal loT anunsathandiasizsisauiu
syuugudeyauazinalulad Big Data ieatfuayunisindulauaznmsuimsianslduuy
1281939 (Real-time)
dmuanided walulad IoT gnihuussgndldfussuumunuueinesiniliaa
Tneldlslasnoulnsaiass £SP32 1WugUnsalndnlunissu-dedeyauazifousefuunanylasy
Blynk ilelvianinsnaniaseudnuz kazeuan i uysssuusaI ot odume fiald
g ailusEaANSA N
YagUwnalulad Industrial Internet of Things (lloT) lawandunuimdrdnly
nMsuTmsdanmineiesdnsuazsrvumunalulssugaaimnisy Tagerdenisinausauiu
yoawues lulasnoulnsaaes szuuinseve uazunanlesuuszaianadoya i oliv
susdeyanminureanisdnsuuneIaie (Real-time) wu nszualifin wssdulwdi
gaumall ANUTITEUTDWBNBS wazanUENISIUYegUnTal
fouafilsazgndsiunioinsdumesidnludszuugudeyavieunaniesu Cloud iile
THlunsiinay navaeu Iiesesiuunlii wazudaieuilefinnruiinundveaniesdins s
Taunsanaunun1sgentrsaedasiu (Preventive Maintenance) wagn15¥ouUlse
Fanensal (Predictive Maintenance) Ifogsiiuszansam ansvoznainsmganiesding
(Downtime) wagifisdszansamlunisnan
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Tunuidell fRdulaussendldmelulad loT Taudululaseeulnsaiaes ESP32 uavssuu
AruAuuanosliinauma il ol 13 suantsad@nwIn1InIIadoUAAIULYBITEUY
AMsTeTesideya uazn1smunNgUnsaliuAsev 8dumesidn 4saonndesiu
nsUssandltinalulad loT Tulssugnamnssugaln

1. SENSOR 2. ESP32 3.CLOUD
wuwad luirsnauinsasaas AATXIESWE

5. MOTOR
WI00s / QuUnsnl

O

Cloud Sarve

Aoy

toan
a Wo——r R ] ki
g/ Sora0 TR =
Currem Databese
Seraas
Souiuus * Lo Red-time waaned f gursai
= Uhtssama oo v vy
W P ) + bt (Nerwg
. et
1
‘ '
' ‘
i '
A iemRadmm Y W B b st Do e NS TN — p.
PSOcUNAL ! NISAUR
/ ) Suloaryvanmmcoiay L2 Sl s o e L oy | % Meas Hree F uanrlaqurerifire
wealoecd ool fana o bonte L endediiomun owivleridey

m‘wﬁ 2-5 miL%awia Sensor — ESP32 — Cloud — Dashboard — Motor

§umaiﬁmqmmwmﬁu (Industrial Internet) %39 Industrial Internet of Things (IloT)
unmsuszgndlfinaluladdumedidnvosasimdsluningramnssy lnedoulouniosing
gUnsaimuAY Wwulwed 1a3 ol odn uazszsuvaTauAd s ululaTeY e
msdeansteya ilelianinsauaniudsudeya asadeuan Ly LazATUANNITINIUTEY
szuliuUnaT934 (Real-time) dawalvinszuiunisnaniaonusiugn fnaeiilos uavan
nsflamnsUftRnuisusnuaulufurouiiannsohouseluiFle

MsTUTdeyannwuwes Wy gumadl nszualwilt ussiulaliih nsduasiiiou
AmNuSIseUTRBIeS WazanuznSvinaIuYeuad 8adns ilrannsadiaszsinualidy
nsvinuvesgUnIal A9TUANNRAUNA wazIuNUNTTRNUNTTadesiY (Preventive
Maintenance) 5318901580015 03anensad (Predictive Maintenance) laagnadl
Uszavisnm dwaliansyoznamegaia3esing (Downtime) andumuiun1sigainu uas
s sEAMENNURINTEUIUNNTHAR

uenanil nsdenlesdoyaszninssruunisndn ssuuadsdudn ssuuladadind ua
FEUUUIMSTANI509Ans viliausafnmudeyanazu3msdnnismsnensidegiadu
syuv aduayumsiadulavuiiugiuvesdeya (Data-driven Decision Making) wagLfindn
AuansalunsuteturesningnaInnTsy JaaenadestunuIAnYes granunssd 4.0
(Industry 4.0) MsjaitfunslfineluladidvauayssuusnluifilosnsedulsyAnsninnsuan
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dnsunuided §3dulihuuAnues Industrial Internet of Things (loT) wUswandld
lumsiaugaianssumsiBeuinunseuiunsuideymeeneaineasse (Creative Problem
Solving: CPs) lagltlaulasnoulnsaians ESP32 Wugunsaindnlunisifensessuuauny
vawofluihanumaiuiedetsdumesidn el iFouarunsonsadeuaniuzvesszUy
Anneideya wagmueunsinuvesgunsaliuumanesy loT 1¢ Jethoduaiumsious
AUsEUUAIUANSRLUTRLArUgaNUIFsluUTUNTadlssugaamnssulaag iU sEAnEAw

walulad Internet of Things (IoT) lasunsuszendldegrsunsnarglussuuaiunu
awnofliiiuaziugentrsdlulssugnamnssy laserdunsideudeseninawues
lulasreulnsaass aunsalaunn wazunasvlosudssananatoyanuaseviedumnesids
dieliiansnsansiaaevaniuzmshauvesaissdnsuazmuauszuuliuuuNaIass (Real-
time)

Toyailasuanisumes wu nszualnlih ussiuldh gumgi asndisevveaoines
Lagan1uzvesgUnsalruny annsndsludissuy Cloud nieuwanwesu loT Lilowandna
W1 Dashboard wazuduieudloiinnuiaund MIKFUTROuam1safama Iins1es
LazIHUNTEouTIgsleBgaliusEANSaIn anszariaINIIMgALAIBsIng (Downtime)
uaziinANdeieressEUUNTHAR

TusmAsedl {3delsuszgndlilalasneulnsaiaes ESP32 Sanfuunanwes Blynk loT
iedendeszuumuauuemesliiaumatuiiet sdumesiidn {Eouausansavaey
A0NUEYRITEUY d9N15AIUANEUNTA) warAnmiunan1syinaIuRIugUnsailnd outivie
peufialnoslauuuna1ate deiedaasumsseuisuszuumuaudnlufi nsaadiass i
waznswn Ty lutsunvesnudeningessuulniinlulsanugaamnssy

uwunwnsioudo
ESP32 — Wi-Fi — Blynk Cloud — Smartphone

O o
o~ -
| ~ ~
w2
v anraianani sy el T
¢ IR 0O0 W
o soumugiral i
5en o~ Biyrk Qo Sevartphone (Byek Aopl
Aurnomaiogs - - darstuncida Seafam Ut sy AR A TR

AT 2-6 WHUNIWNNTTeuse ESP32 — WiFi — Blynk Cloud — Smartphone
fian: §AdeoRannTulasysrgndanuuaAnnisviteues Blynk loT Platform
szuulasenglihdanses (Smart Grid) iWunsuszandldimalulad Internet of Things
(IoT) SaAuszuvdeanstoya wuwes gunsalngatn wazszruumuey WeliuuszavEam
Tumsuimssansndeonulnin wadunisudn nsds mssvne wasnnsldndaenuluiy
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IAgaN11500TI9IARaETIUTINTaYanTIIna 191U IngUnsalag o likuuiiaiase (Real-
time) vilvianunsadnsizvideya Useiiuanudenislinasauluil (Demand Forecasting)
wazAUANNITENasUlimInzaNdvan1sznsldulaegaiiusednsam

UBNIINAITUIMTIANINAIULAT Alulad oT SeatiuauuniIngiaauanIusYad
gunsalldih MsRamuannidsliin msudafoudloifnmuiinund waznsinsie
Foyariieatiuayunsnausuthssinugunsafluszuuliih Fstoifiuanusiunasesszuy
annsgaydendaanu uaziinanndetiolunisangllin

dmiunagaamvnssy seuulassgiglniiganierarunsavitausuiuszuuaiuny
13 09 nsuazgUnsalluinsiuin3odny Intemet of Things (IoT) virliaunsafanIy
anugnIsvinuveenaiinii szuualual wagaunsalliiisng 9 ldainszevlng wisy
featuayunstaduladiuniniigefnsuaynisdanmandsnureslssnugaamnssuls
ag 198U AnSnm

£
S WL

dmsunuidei JIdelmiuwiAnvesszuulaseigliindaaiesuussendlysuiu
lulasmoulnsaians ESP32 uagunannlasy Blynk loT Milefmuryaianssunsiiousnim
nsruIUNSuATmeg19a319as3A (Creative Problem Solving: CPS) lagkiSuuanuns
PIITABURALAIUANMITTILYDITEUULBMRS AR Aot Bumesidn auvis
insgideyauazuilaiiynifiiinduainaniunisaisnass Fsaenndostunisuszyndld
walulag 10T luszuumuaulviuagssuudnludfvesnimgnainnssulutagiu

wAlulag Internet of Things (IoT) lesunisussandldedaninswanslussuuansi sy
WeatuayunsAnAakazUSsTansTeyaguamaeftisiuunanads (Real-time) Tag
andugunsalnsraianianisunvd wuwes wazgunsalald (Wearable Devices) Tunsiiu
FUTNdeya WU 895 N15iAuvewinla Anurulain gamniisninie seaueendiauluiien
uazdeyanisiadeulm neudedeyanuiaievredumesiinlddsszuugiudeyanse
uwannesy Cloud tielilunisfinnu Jins1zdt uazUszifiuguanmuesiithoegsdeiilos

Foyansausamldamsathluldatuayunsidedelsn msudadeudlonuanuiaund
stz Teguamannsyetlna (Remote Health Monitoring) WagnsiiAszsidoyatile
AUAYUNITIN LA UESITEY viliymansnsnIsundannsabiuinislaegnesans)
waziiUszAvEamuInBelu

wi91nsUsEendlY loT TuseuuanssaauasdingUssadAunnm1931nN1ARAaINNT Y
uAndnnsddydaseg vuitugudeatu de msldisuweiuarssuudearsdoyalu
353059 A9t uazdedeyanuunanads eatuayunsaamuaniuzuaznisdnaule
Faduuundnifeiumuszendld oT Tussuumuauuazaugonthsslunagaamnssy

nsUszyndldimalulad Internet of Things (IoT) lulssugmamnssudndusdesody
unamslesudniunisfu-dadeya madaAudeya nmsuansua wazn1sdanisgunsairiy
iwsevnedumesiin Insunamesufinavimihidugudnarslunisidensioszinsgunsal
Amauy (Field Devices) wu wuwes lulasnaulnsaiaes waraunsalauau Augldau



35

HIUSEUUATEUIY YINVENUN5aRARINEanTUEYRITEUUKAAIUANN TN UTBIUNsallAIUY
1981939 (Real-time)

HagUudumanlesy loT fisesfunisimuiszuuaUaNLaTSEUUAANT oY anANe
sULUY 19y Blynk, MQTT Dashboard waguwansleda Cloud loT Fsanansauaninadoyaly
5ULUY Dashboard wewvudafeudaifinaufinunfvesssuy wazsessunisdensg
gunsalnszeglnarinuaeuime iegunsalindoudl duwmalinisuimsdanisssuuaiuay
wazmsthysinviaiesinsfinuasanuasiiussavinmanndedy

dnsuiuided §35edenld Blynk 1oT Wuuwanesuluniad eus ey
lulasaoulnsatass ESP32 1 e muIYAA9nI5UNITIT BUT IINTEUIUATTLA T Y
9819a35719a55¢ (Creative Problem Solving: CPS) @ wsussuuaiuauualaesianuma
LIS 8UALTANTIADUANTULVDITLUY UANINATONR kazAIUANNITVNNUYBIQUNTA]
ruASovBumesidnld JeisduasunsFeusiusruunuausalui® msingideya
waznsuitymiluusunvaanugenurzssyuulnilulssiueaamnssy

sruun1sTanisnsludiugaases (Smart Home) tdunisussyndldinalulad
Sumesidavesasnds (intemet of Things: IoT) tietgaslusgunsalliily e3addnelutiu
LaYIEUUMUANAN o Widueseviedumesidn vnlidldnuaiusafinniu nsiaaeu uas
Fsmsgunsalainszezlnaduandalnu uwividn viensuiunedldotaazainuay
fUsgansam

gunsalflanansaUszgndldsiuduszuy Smart Home laA wSas§uoinia gifiu szuu
wasaing LAsestnin nasuUsyndaaies sruuinweuaends ndendasln wazgunsal
Twildu q lnserdeimumesiuazgunsalimuaulunisnsaduanuznisvieuy udannsiu-
deteyariuinetnedumesidn ielszuuanmnsavhenldlaesnluffnutouliirvua
1y M5 dn-Unta3edldlaiiin msmuaugumgiaielutu msudadeudleiaimnnisal
HAUNRA waznsuInsdnnisnislonasauli

nsUszgndldimalulad loT lusyuu Smart Home %asiii uaruazaanauisly
M35sTin annslindanulnglisndy Wumnuvasnsslunseteds wazdeligldau
anunsauinsdnnisgunsallulifnatgluduldegeiivssansand1ussuuiaiovng
duwmeside udinsuszgnaldinalulad 1oT luszuu Smart Home azsjaitiunissuae
ANazaInlun1segode meé’ﬂmsﬁwﬁiyé’qmaguuﬁugﬂumaaﬂﬁﬁamaqﬂﬂiai nM3fu-
dsteya waznsmuauaunsalinuaetedumedidn Fadunnanferunissegndld
welulad loT lusmiddeadsd TnediouuAndananudssgndlflunmstanyafans
nssguInUnsEUIUNSUATMe819a319as5A (Creative Problem Solving: CPS) @3y
szuumuauuaneslrlinaumamelulasneulnsatass elvgiouaansonsisaouuay
ATUANNITYINIUVBITEUURULAT U8B WNES N Aaenauimuinyen1sAndATIEiLay
nsundgmluusunvesnugentigsssuulnilulssnugeamnssulasgiafivsednsnm
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szuvudtinaudnies (Smart Office) 1un1suszandldimalulad Internet of Things
(IoT) Wi aiudszAns amlunisuimisdanisdnneu sedrunsldndaeny n1sdnu
mnuaensie uaznsuImaingnineluesdng lnserdunsdenlosgunsal wuwes uas
szuumuANEIUATYeduesiln vilviaunsansaaeuuardinisgunsainig 9 Tiuuy
1181934 (Real-time)

nsUssendly 1oT TudinnuasauAguNISAIUANTEULLAATN SsUUUSuaINIe SeUY
FnwANulasnie N13TANIIN0IUTEYN NISAAAIUNTNETU N15UTMITTIANISIBNATS
pasnIuNsatuayunisineusuyaansmewalulaganmdusieaiiou (Virtual Reality:
VR) atheiiuszansaimnisiaiu andununssudunu uagaduayunislinineins
ot9duA 319il f51897U91n McKinsey Global Institute seyiinsUszyndldinalulad 1oT
Tudiinnuannsatsannislindsnuuazifinyszdns mmanssidunuvedesdnsliogig
filfdndny wikinsuszgndltinelulad oT TuszuudiinnudaaiozailingUszasdliloliia
UsganBnmnsUsmsTanIsesAns wivdnnsdfnydsasendunisifendegunsal nsiu—ds
foya wagmsmvausruURIwAS oY sBumesiin FuduwwAndesuauiteased oy
fidulsimelulad loT muszgndlisuiulilasneulysaiaes ESP32 ilofmunyafanssu
M35 8UIAUNTEUINNTUAUeE19d319a55A (Creative Problem Solving: CPS) @Sy
sruumIUANLaweskaula

loT Cloud
(Server)

« Sudoyaen ESPI2

o Usioouaesedaiudoya
* ADALRUNSNILY Real-tine
o uFndes U MaREu

MSHIUYDVSIUY
05932 fuboyn 15P32 Boudo > 0T Cloud US:-=Udaka =% o FBOWaWIROUALE:
Nnwuisadnsoddy Suinodoniu Wi-Fi wa-Safivdoga wioueounu asrsaduacw nsadd
wediinn rikoty Dogaluifo loT Cloud o drar WAL Real-time s Dastbosrd nlo Smartphone
Us=Tosd nounuakrsnild ’ ’ Unowdyow | @ Whono walsoany £ awsnioowue
BOVSIUY N unsacwhiddw YDA WIA0I NI Snsedmsldstoo

awi 2-7 szuumualiluasiasesUueania

a3Ula71 waluladduwmesidnvesassnd (Internet of Things: 1oT) la5y
n13Ussgndldeg1aunsvatglunalunindiu vier1uNISNERT gRa1MNIIL N1TANUIAY
N15USN1TIANITIT09 1515y N13A1UAN Niegende uwavdiniudaies lavdl
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5’mqﬂizmﬁtﬁaLﬁuﬂiz?m%mwhmiﬁwLﬁumu anAuUNY WianuagaIn nuvaende way
atuayunsfadulaandeyadiladunuunaiaia (Real-time) H1unsidenlesgunsal
wuwes uazszuvdoasdeyauuaioriedumesidn eglsfiniy nmsfaunszuu loT a3
AilsfsmnusiuasUaonfoveadoya mnindefevesszuu wagaruidudumvesltam
AualUme

AMTWAIUISEUU loT UsenaunigesaUsenouding 2 @i lawn dusnsauls
(Hardware) uag d@dunansiwls (Software) Ingduaniawisusznaumelulasroulnsaiass
wuwes gunIalsu-dwioya aunsaldunowes uazaasdiannsaiindsing 4 drugenius
Huyaddaiilimuaunisvihautesgunsal midoasteya waznsusznanateya o
annsaimunlddentvlusunsamatsniv vl lulasreulnsaaesidsuniuieuegn
unsvarelunswaulszuy loT 1 esandvuiaidn 1aUsendn Ussananalsogia
fiusgAvsnm sessumsdonseduaunsalneuenldnainvans wagamsoviiausauiy
iwser1edunesilalaagndiuszansnn

uasalilasasulnsaiaas (Microcontroller Board) iugunsaldiannsotinddiviimig
DunheUssinanawazaiuaun1sinmuresgunsainig o meluszuu lneausesudeya
Nnwuwed Yszanananalusunsuiidvue uazdsnsgunsaitending W 3iad uoines
il wasalvl vsegunsaluaninasiie 9 loegnednlud® Fadussdusznavddyvasszuy
muAUSALLITR syuvanesnailsf (Embedded System) uazszuudumesidnvosasinds
(Internet of Things: IoT) Fsla¥umudiesegaunsvaslunugnanmnsy nMsfng uise
LA SIALIWIANTTY

ﬁmﬁ’uﬁuas‘mlmimﬂaﬂmaLﬁ@%ﬁﬁﬂ&ﬂizmmﬁlé’%’ummﬁau W Arduino Uno,
Arduino Mega 2560, Arduino Nano Wway ESP32 dsusiazsuilnaidnwaziazaussous
wanAatumudnwarnsIEY Tnguesa Arduino Wulnanvesuwuuila (Open Source
Platform) 7ildsuniseenuutlildauite sesfunsfannlusunsudeniu C/C++ uag
ansad eusiefugUnsaldidnnsedndldvainnats Fanmugdmsuninseunisaoy
NSNRNIATINY LAZITUAUKUUAUTTUUAIUANDR LR

dmuveda ESP32 lfunsimunduiesesiunsdssandldamd intemet of
Things (IoT) Ineillulasmeulnsaimesuseansamas wissluga Wi-Fi uaz Bluetooth aelu
i villanunsadeudetuinietiedumesiinuazgunsaidoasidlaglifeddgunsniiaiu
Sndtsesiundeudeisuizes gunsaimuay uazunannlasa loT #g 9 WU Blynk oT,
MQTT uag Cloud Platform FamangdmiunmstaunssuumunLlasssuuRAmUTayaluy
11812349 (Real-time Monitoring)

dmiuauided §iduidenlduesn ESP32 Wuntheuszinanandnuesgafianssy
nsisguImUnsEUIUNTUAUavneg19ai1aassa (Creative Problem Solving: CPS) flosann
fiuszanBnmlunisuszananags sessunisdoanssiiuindetng Wi-Fi uazanunsaidouseiy
unanslofa Blynk IoT LileAruAuLazAanINNTYILYesszuUsoines Wi auasi1y
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WwiaUrudumesidnlaog 19l useansan FaaenadaaduluIAnvaITUUsnlulRnay
PAEMNTINDIRILY (Industry 4.0)

waldd  GLRERs)
LB-X : .

L . ot o5 wh W N
-;H. el o i

SILABS
CP2102

A) ESP8266 NodeMCU
AW 2-8 segnsvainlulaspaulnsameinieuldlun1simunssuuniuaukassEUY
Internet of Things (IoT) lalA (1) Arduino Uno (a)) Arduino Mega 2560 uay (a) ESP32

vasalulasreulnsaass Arduino Uno uasalulasaaulnsaiass Arduino Uno Ju
lulasmeulnsaaesawin 8 Sndilasumuienegrunsvas Wownillassadsitlidudou 19
Nl $1AUsEnda waswngdmTumseu MIRAIIIATIY ABRIUNNTATIAULUY
szuumuAudalulA uenaind Saiilaus3 (Library) uaggunsalsenas (Module) ld3u
MsRauLi osssunsTd rusaufuuesa Arduino Uno wusiwaumnn vilwaunsatily
Uszg Al i vauaudiannseiind syuvanesnail i (Embedded System) wagszuy
Bumesiinuasassnd (Intemet of Things: IoT) lfegemainmane
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Uasa Arduino Uno @nansawdseantailu 2 3u sudnvauzveddlilasaeulvsaiaes
1A Arduino Uno wuu DIP (Dual Inline Package) #sl3Ulilnsraulvsaaesianunsonen
Wasuld Tnefadssiudeniin (Socket) UuURIINT waE Arduino Uno wuu SMD (Surface
Mount Device) Falidulslasreulnsaiaesiitanifnfuuneses ilwliaunsononasudy
¢ usf71ue9a Arduino Uno #aanss uazdanuunnsrsiuludnumenisiag a3y
Lilaseulvsaiaed wivaesiuilnuaudidunisvhausieuty ddudumsdeulusunsa
amlUsunsuitld vensdwsdmuimulusunsy waznmsdessefiugunsainiouen Tnea
uwanesfiddayAe vesa Arduino Uno uuu DIP ansnsanemddeudululaseeulnsaaesle
Jaflngsninueda Arduino Uno wuu SMD Aslianinsanenasuduls

i 2-9 vasalulaseaulnsalass Arduino Uno

2.83.2 veinlulasraulvisaiaes ESP8266 NodeMCU Wuuesalulasaeulvsaes
fAundnluga ESP8266 dmSufinnodeasuunInTgIy Wi-Fi Genldausaudiuszuy
Suwesinvesasind ¢ 1l eadioa uantdlanizdaii 19 uainnsodsauvesn
llasreulnsamestldtuuusnlui® ussuuvoaulatlneglitusumodidndiutugunsal
wu aun Sl widide Wusdu Taevhaudiussiuliiin 3.0-3.6 v vhenldnszualaoiade
80 mA 5845UA4Y Deep Sleep ion1susendandsau lnssuatosnin 10 uA a1use
Sennsnduindsdeyaldinaidesnndt 2 ms aeludyn Low Power MCU 32 bit vinlv
ansadeulusunsudsauld $9995 Analog Digital Converter ¥ilanunsag ua1ain

Analog lelumnuagiden 10 bit viswldiigaumadl -0 fs 125°C

dlothdw EsP8266 wmdmdulugavians 1 Juuda fnazdududie ESP8266 wim
AI8IU WU ESP-01, ESP-03, ESP-07, ESP-12E Uag ESP8266 @iadariu Wi-Fi LUy Serial
Faanmsadeulusunsuadluludn ngld Arduino IDE Téiae villimaiTeulusunsy wazld
mufuFesiie adeadetunisld Arduino Judu 9 uavannsndasogunsal vieduiwes
74 9 IugﬂLLUUﬁmmsmaU%“UﬁﬁQmﬂ Arduino l9aen9510157

Tuga ESP8266 finanesu uaslifulminauieeninies q lnslassaine waguniiliay
wiidnunzadetumunndnuareseinlilasneulnsaaes ESP8266 NodeMCU sl
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(GP1016/—{ USER }-{ WAKE |
(GP10S |

GP104 |

(GP100 }-{FLASH]

| GP102 { TXD1 |

3.3V

HHHHHBEY
ARARARRAR"®

GND

- (HSCLK)
- M (GP1012]
= crio13}{ RxD2 }{nuMmosi]

Gr1o15-{T%D2 }-{ Hes
GP103 }-{ RXDO |
GP101 }-{TXD0 |

GND

3.3V

olmmOe

AT 2-10 Ve q vesuedalulasaeulnsaaes ESP8266 NodeMCU

GPIO0 Wumdmsuidenivun Taewdlesotu GND sz lnualusunsy wWedesnsli
yaulninlidesde

GPIO15 uiiFassieas GND wielilugavitnu

CH PD w3 EN Lutniidesalyl VCC tile Pull Up dgyanas Wilaugavihanu (ugaunagy
1319 Reset 1114 ifledipanisSien Wisiow1 CH_PD ffu GND)

Reset siaffulyl VCC wie Pull Up dayeunas Tnenfledeanission Tisedulil GND

VCC Wumndmdudngliiaes Wiwdes 3.0-3.6 V

GND @orulu oV

GPIO Wuv1A3nea INPUT/OUTPUT vieuitll 3.3 V

ADC 1811 Analog INPUT Suusediugsgn 1V mnuaziden 10 bit ¥38 1024 A1

2833 mwdnsunsileulusunsuves Arduino fie n1wildiU Arduino

Utk 2 drundnfelassadianivn (Structure) uuseasiiuasileidu (Function) A
299 Arduino 3EONBINIUATYT C/C++ 39819na13AINN1sWeEULlUSLASNEIMSU Arduino Ae
M3@eulusunsun¥@ (C Language for Programming) TneSenldilasdu wazlausiaiivng
Arduino We3eul3Ty Werhieddy wsindadaedu Saseninlusunsy Tnslasaasis
n3@sulusunsuves Arduino 9n 9 Tsunsuazsiesuszneulumeilendudiuauinlanle
Lwiasmﬁaaﬁqméfmﬁﬁaﬁ%’u U 2 WAt Ae setup() wag loop()
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o sketeh_jan17a | Arduing 1813 - o IEH
File Edit Sketch Tools Help

oy

1 ginclude<servo.hnx SA900 0979 50 servo.h (@ dTE il UnaH
Zlint Serve=9; SAOTHLATH S2rvol UMW Pin Digital-%

- v . - -+ -

I Eervo MySEIVo, J AT Object 9D myservo LWDAIUAN Servo

vold setup()
6l

ST SR,

7| myserve._attzch{Ssrval); S ANMUATH T Digit=1l-9 sf:ﬂa_lﬂ't‘gr_pm-:-'ﬂup_;. Servo
g1

Slwoid dcopl)

101

11 myservo.write(1B0): //AMMBEANATIMEITRAAL Serva — 150 DJAT

12¥]

M 2-11 whansRndslusunsuasaduiiovn Close wanstu waznaaeuldanuliswnsy

91NAMMA 2-11 1ATIEFNUFINVBINNTNYAY Arduino Usenaume 3 d@ul A
1. Header Tudgufiaglivsolafila drfidesimvualiludiusudureslusunsy Jediu
1 ] A @ . o 3 1 = oM LY
994 Header 1u @3unNLUu Compiler Directive 919 ¢ SIURIEIUVBINITUTENIANILUT WAy
1 d’ 1 lﬂl

AR 9 Naglalulusunsa

2. setup() Tudruthiduilsddutaduninestmvualidlunn 9 WWswnsy faudailuui
Taknsuazlddosmsldeu wasndudesssmalisioiaus sualifeadouddeln o
Hlusgninnedulnm § Al duiiimusvesavesileidu Ineflsiduilaglddmsuussy
AF U ADINTIAIU TUA U U 83T ULA BN U UAUYINII UV LUTLATUATILI A
Wil elaunAdsneafiunis Setup AINITYINIUAN 9 WU nsimuannnsltaues
PinMode waznsfmiuael Baud Rate dmsuldnunesndoasounsy usu

3. loop() Wuduilsidudsdunfasmuualidlun 9 Wssnsuguieatuduilaidu
setup() Wneilsidu loopOazliussymdenisesnsilusunsuyhanuiuasseud q Aululigau
FatUSeuisuiugukuuves ANSI-C daudiide fleidu main() Huies
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2.8 yATeiigadas

fideldAnufuaiddefifedosiumsiannyafanssunsiieudaunseuiunis
wAUayn1ee19a319a55A (Creative Problem Solving: CPS) dusuni1suitaymaugeudig
I lulsanugaamnssy iethesdaug uudfn 35adunside nasnsunansiden
Aordeanlfifunumslunsesnuuuyafanssunisiseus 1iesiledde uaznmsiinses
nan1533e TnefiseasiBondeoluil

Avizdy suymmd (2550) leAnw13duBos meimumginssunisiseumsasuitents
uitymedisaisassdvesnguaziniFoululsafoudaaiuinSeuiiinnuamsafimy. fu

a 6"

egmanslagldnsIteddning. nan1s3enuIn nquntasunsIanisiseuslagldyn

a ;%

AanssumuNsEUMMILATMeg e vassATnadug SN BugendInguAIUALagN
fitfddyyeadffisedu 05 wardiinuenisAnlinsgigaiuesiedniou namsfinwidingn
avviouliifiuinnisdnfianssunsBoudaunszsuauns CPS aunsnduaiunadugninienis
Frunariauinuzn1sAnvea 15 ouldeg sl uszdniaam 4 saonndeadunuinig
mssenuuugaRanssIMFeudiasnasinsUssdiuililunsifonds

01030 w3atan (2563) IdAnwmaTes yafanssuNEFeuSmunszUILMILATaM
o8 aisaTIA (CPS) Mildomsiannmnudnaivassdveminaulugnamnssunsnae
WaN153senuI yaRanssuiiuseansam E1/E2 iy 80.5/82.3 Segenininasiuinsgiu
75/75 wariidnsun1sineusudanuiiswelasgluszdusnign (X = 4.67, SD. = 051)
HAN1TITEAINAATUALULUIANTINITIANINTIUATTITIUFAUATEUIUNST CPS @150
WanndnenmyosiFeunazdussansamaainasin ivun Faduiumadidnlunns
fiaugeRanssudmiumsifoaded

algadl UszaeAsssu (2562) ladnwinisld nssuaunisudtaymednsasieassa (CPS)
TunsHNBUTUY9gAEIMNTTH HANTITENUI MIUINTEUIUNTS CPS anlidganseeziian
Tunisudtgmauthssdnwiadesdnsldiade Sevay 35 uagifiuamgndedunisidads
Pl fovay 42 ilenFeuiisuiungudililésunisiinevsy wamsAnuiduandiifuds
ANBAINVBINTEUIUNTT CPS Tunswmuninwen1sAndtaTgiuazn1suAUgynidinsu
UAAINIATUDAAMNTTY

Usziads qusngny (2561) I8 yanisaeuliesnisgestngaszuulnialseny
dmdudnAnwgneliin nan1s3Idenudn yan1saeudusyansam 79.8/81.2 uaviseuil
nadugMsN9NsFundaSsugsniinouFoustaiidodfamneaia nan1sifefananuand
ThiuinmsiaundonisBouifimnzauiuuiunvesnugentigassuulniiansadaasy
nadugnimanIsdsulasiamunaussousves Fouldegeflussansam dadunumai
fAfohuUszgndlilunisesnuuuyeianssumadsuddmiunsideadsdl

915A31 aundy, AneNITI SHUNeY wastuena seduasadna (2562) lauaue
MINaLILaZATINEEUUSEAVENIMMaNgRsHNaUTIMEIULUUNSdURUUasIANANY Tned

TngUszasAiiaimuILaynsIaaeuUsEAnS N MU Imang AN UTUAEFULUUNTABULUY
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azlAudney) ngudieg1aUsznaumBEdnsuNIHNaUINTIWIL 30 AU HANITITENUTT (1)
nénanstineusaiianiuldsunsUssiiuaunmaindidemaluseaud Tasdeiads 4.30
(2) vangmsiuszansamdulunanasiuinsgiuiimue waz (3) fiirsunsiinevsudl
mnufsnelanendngasegluszdunn lnefieiade 4.46 nansidouandliiiiuinisiamn
winansneususe kUM saRuRULazinAnwamnsatluszgndldlunisdanisseu
msapulaznsiinoustldegaiussansam Fadunuimafiatuayunsiauny afanssu
madsulunsifoadsd

Wang uag Chen (2021) 1§ @nw13 58135 09 Creative Problem Solving in Industrial
Maintenance Training lulssugaamnssuvesussmaliniu lnsSouiisunanisiinausy
semianguilldnszuiunsudtymiogisaiieassd (Creative Problem Solving: CPS) fungal
AldFunsiinousudaedsnisuuud iy nan1s3senuin nguiildsunisilineusudae
N3¥UIUNS CPS AN3N30ANTEEZIIANNTNYANIINER (Downtime) Yosanenisnanldlade
fowar 28 uariimmanunsalumsuidamifinnududougsninngumunuegiafitodfiny
n9adif wan153Tenenarazieulviiudiuszdnsainvesnszuaunis CPS lunisimun
Anen1nveIuAaININIUNITTaNUN T lUNIARAAIMINTTY

Puccio, Mance and Murdock (2011) ¢ Anw13deLs o9 Creative Leadership: Skills
That Drive Change lagnud1 yaansf iUl neusuaLnszuLUNTLA T eg1
a319assAdinwesun IRl MITassaTIAkara 1IN nauAIvANeg 1l T dAey
MeEdR snideanunsauimsdanistamiitinnududounielussdnsldognsivssansam
WINNI1 WaNISANEIRINAILERdlIAUIINIZUIUNTS CPS liifleundsasuinuenishn
a¥sassAviniu uddwheiaundnoninlunsinaulawaznmsuiamluaaiunisalas

Alciatore and Histand (2019) Lo @ nw1Usgdns a1naeeni1sldlusunsusiass
Programmable Logic Controller (PLC) Tun1s@nousuy1948na1vnssy nan133 38wy
AFeuiildsunmsiinevsuselusunsudiassdiauannsalumsidedeuasudlodgmszuy
PLC gandnauildzunmsineususmeisnnsusseneiitesednaiien uazaunsaanszeznanly
nsfinevsuaslduszanmfosas 40 namsitedinandlifuiinsysegndlfinalulasly
mMsdamsiieuaninsateiiuysyavsamnlumsiamuinusivInveGouldiduoened

Treffinger, Isaksen, and Dorval (2000) 95189111 gUkuunszuIuNswAdymagng
a¥19a35¢ (Creative Problem Solving Model) #iUszgndldluusunveaningnainngsud
mnuBangugs wazanansausulilimnzanivdnvarnuiivainvats Tnslmzauiides
adun1sAndeszi nsfedula wagnisudledgmidanedaegradussuu Jadamaldnng
UfTReuiisyansamiazannsosuiefuaniunmsaifidudeuldfteu

A3III0d Ansa3ead (2559) Tinauenisdnnisiieudniuwuingg asdufny (STEM
Fducation) ysannisviesdyu @saduliiSouldasieufuiade Sousaniamuaz
anunsaliiaduludinusestiu wiourduasunisaniinszd msudtam waznisng
wnumsviheuegtadugiiudu wamsidenuin fisuiinufeeladenisdaninFeuda
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wamefananegluseduan waasliiuinnsdafanssumsdoudiuiunisufoRaunsa
duasunmsiseuslaegdivsednsnm

Useadaas 194f (2562) leiaue susuuniseuslagldlassanudugiu (Project-
based Leaming) Ll pduiaiuanuamnsalunisiiidelutuiouresindnwiagatnndig
PAFAINNTTU HANITIENUIN (1) ﬁmmmq@ﬁmmﬁmﬁumgﬂqumiﬁ‘auifﬁﬁwmﬁuagﬂu
sEufIn (2) nadugndnisnsiseuvesifeundassugainitnouFsusgadidedidymis

'
aaa

adANIEAv .05 war (3) HiEeulianuianelasesuiuumsinfanssunsiseuilaesiueyly
seAuan wansAnwadinanaadliifiuinnisdanissousfiidunisasdeufoiamnsa
duaSuriamadugrimenisSeusazanufisnelavesdiSeuldesnaiiussansam

e 235 (2559) T uiaue jUkuunIsiseunIsaeukuvasifudnuily
ANINWINGBUNITLTBUT WUUNBILTBUNAUAU (Flipped Classroom) Wowasuadainuy
auAnaseasIR I AneImansuasmalulad aansidenudn nadugrdnianisdeusiy
VinweanuAnas1assAmanemansuazmalulagvegiseunaussuginiineussueell
Toddnymeaanfsysu .05 azﬁauﬂlﬁtﬁud'}miyimmigmwumﬁmmiL?&Juﬁﬁwmﬂwms
anansoainyensfnassassAkar NS euueiseuldegeliussdntua

nnsunuLAdeiiietesidulssmauaginaszma nudn madanisidous
Tnglnsguiun1suntgniog19a3519a556 (Creative Problem Solving: CPS) n15dnAanss
nsssuswuvanfuAng waznisuszendldmalulaglunisineusy aaudwmaidavinse
nsWauIHAFUgNE N9 38U FnwenisAadiasig avasolunsuddym wae
aussaurdmIrinvesd Founazynansluniagaavnasy detu fide3ldihuuAnuny
uansidedsnanuldduiugulunsiaugeienssumsseudaunssuiumsidtym
9819857194536 (Creative Problem Solving: CPS) @wsunisaiuausewnas inianunan e
wmalulad Internet of Things (IoT) tilenszRvaNsIaUrYBmEnuTsdeutrgdlul sy

QRAIVNTINUTTUTEUN
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A7UKaY09919¥9997U398 (Research Gap)
M1519% 2-2 aglnuideningidewaranuetlesiunuidelagiu

{338/ UszLhuie NaN1538EAY AmLFenleafy
nuedagiuy
angde wunwnmg | yaRanssu CPS NadgVS RS WWININTRONLUY
(2554) AINTTU nsineusy gendn | yananssu CPS
NANAIUAN (p<.05)
algydl UsvaaAsssy | CPS Tumsiinausy | asniangeudng MINRILTINYE
(2562) YNOAAINNTIU 35% nsunUayvnvesdng
PoyU5e
Uslasy qriswgnt YANSARUTNUIFY | Uszdngan WUINNA TR
(2561) Tnfinlsesnu 79.8/81.2 domduszuy
Tyivi
01050l Alatan CPS iiloriaimn E1/E2 = 80.5/82.3 | inquaiusednsnin
(2563) AIUANASI9ETIA VOIYANINTTU
Wang & Chen CPS Tuaugeut1se | an Downtime 28% | Uszansild CPS lu
(2021) AREINNTTU NULUUNT
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$9u (Related Knowledge) vasthstauthzsluih mndutwuaseszidenidomuosusiay

Aanssu lnesy AVRLY ﬂ‘UﬂTﬁLiEJ‘U’i 5 loun ﬂ'ﬁWu@Uﬂ'ﬂMi (RecaLL R) N1sUsy EJﬂG\sL“Uﬂ’J'HJi

(Application: A) wag mama‘laumwm (Transfer: T) Wiaumimumma’mmmaaLuam (X
dAgun, | = d1Agy, O = d1AyUeY) LWéﬂsuLﬂuﬂiauluﬂwsaaﬂme'«mssmmmauﬂﬁ
donAaIUINgUsEaInveINITIY

3.1.5 NM3MMUAINgUIEAIATINg AN T Ty AevidsnstvuaseagiBeaeion ekt
leimunnguszasAlangnssuveusazAanssumsifous iessynganssudiniandslo
rTunsineusHaIusauuRlan1evdin1steus Wy n1388UNY N1TIATIER N1508AWUY
nsUsrndld wagmsdssidiuse Vel Tnqussasddemginssulddumsimunliaenadasiu
sefuvaamaiend Iiun nsiufiueug (R) mauszgndldmnmd (A) wagnsenelouniiud
(T maamuizﬁummﬁﬁmmL‘l‘%m (X-1-0)

3.1.6 MInsavdeulageasdivnwmazilevy §iseirssynianssunisBeus

e

UsraadlBangAnIsy LAy 8asLdenueNINTTuNISseus lauesee1NonUTny ey

o)

A
9
il

Weruey L1 BNTINADUANNYNABY AUMNIZAN UaEAINARBAAT BB BNIY

e ey

Inguszasdvasmside niouvisihdaiausuurinsuusuasimunyeianssumadousls
mwanysaieuthluUssdugunmusaasesiiodde

3.1.7 msUSudgauazdnyhgaianssumsSeud menddldsudeiausuuzainenansd
Uinwuagideangy Gidelddunsusulsadon sduianssunisBeus Snguszacdids
WOANTIU WAXIIUALLEEATDIYANINTTUNISTEUS IRHAUMINZaui LT UNYBalTIaY
9AAIINTINUTTY A Tt sapnndestuLIAanTEUIN LA T uiegvainasd
(Creative Problem Solving) Haa nmsAunIsAIna1vinlulagafanssuMsseusIuIu
5 Aanssunsizoud TelneasiBendauandu asiei 3-2

3.1.8 m3tmuningUszasdiBanginssuatuauysal Werhumsnsaaeunazliuuge
mudelausuuzvesstiuSnwnaridoimauds §ideldhingusasdidmgingsun
ﬂizLﬁummaaﬂﬂé’mﬁ’uLfiuamLLazﬁﬂﬂi'ﬁmmiﬁauﬂut,wiazﬁﬁ]ﬂssm WielingUsvasdids
ngfnssudiaunsouaqu aenrdasiufiiin wazamnsailulfidunseulumsdnianss
nsieusiarnsussliunalaegannyay
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M13199 3-2 $18azDEAINUTTAIRLTINGANTTUVRIYANANTIUNSISUS

fanssu o o . T
o v VRLGIEEN IQUsEAIADINGANTIH
nslteus
1 ﬁugmmusdamﬂﬁq 1.1 a%uwwé’ﬂmiﬁug’mﬁuawwﬂw%LLaqumzﬁmsi’ﬂumwﬁau
Tl Tulsanu Unysldegegnsios
NAMNTIH 1.2 SuunuszinvessudonthgdliiuasgUnsaiiieadald
1.3 Ufuisumdnaiuvasnsielunisufufausulninlulsenu
guavnssulaeg19gnaies
2 myeszidynilu | 2.1 angilymuareinistateswesszuulninlulssnu
Nugenvrglii | aeaunssula
2.2 Anrwviamuasiymilaglivdnnmiuasiedosdlofivmnzanld
2.3 a%mammé’mﬁuéiwdwmmmmﬂﬁgmLLaswamsmﬁLﬁwﬁu
Iengafivaua
3 ANTAT IS 3.1 LauaLLmvmﬂﬁLLf’fLﬂJﬂa_;mﬁwmﬂwmamﬂamumiiﬁﬁﬁmumlﬁ
mauiluegig 3.2 DANUWUUKLINIINTSUTUUTISEUUmUAuNawasihauwalag
a519as3n Uszandltimalulad Internet of Things (IoT) teegnamungau
3.3 1Wisuiiisuden de9nin wazanudululdveaumdlousas
adenle
4 nsAIUILaE 4.1 Avuanagiansulseliusuamannamlaseannnye
ARLADALLINIG 4.2 UseidiuwanUSeudisumnmaidaymmunasiinmunle
wAUgyu 4.3 é’mLé‘aﬂLmeqLLﬁ{]zym‘ﬁmmsaﬂﬂﬂ%’%’aaﬂaﬂiznaumiﬁmauh
Iiognefimewna
5 NIRRT 5.1 MauwunssdunuuLmasdtygmidadonldesnaiu
wwnnuiUgmly | ssuu
UHUR (Acceptance | 5.2 WwimauitgmluneaesufjiiliegnsgnietuazUasnsy
Finding 5.3 UsziliuranmIaniiuiuwaziauaiumnauiulsalaegamungay

3.2 msansednmtyrinazaudesnissndulunisilneusuvesinsdon

Ursslulsesugnavingsy
AIdeaiunsdinvaninnisiineusuvesiistentngilulseanugaamng sy ngulssu

valngludminaymsusns Welfidudeyanuglunsiauyafonssunistouiai
nTzUIUNTLATY e 19a3 198590 (Creative Problem Solving) dmsunisuidgmiaugeon
Urgelniilulssnugeamnssy Ineiunusindeyaaindrsgentnslulssugnainnssy
913U 100 AU NLTNULAAMNTTUIUIALY 10 unia 1wl w.a. 2568 laun uS¥m gues
gnamnssy (Uszndlne) 9180 U6 wouees idndida S wmww) U3ew Inedudn To
Tamwns$n Budfand $1in Usw Teled ved Usemelne S1dn (Uaanse) USEW aeudivau

o o

e (U1ey) Ve Aslve 1171 Piie USEN Fueuslea AwINne i USEN dumes



58

TUad WauA 815AIS 91AM USEN TUAT WNULLDT 9119 LazUSEN LA.LBY. LiNLNAFT 3119
) Taglduuvasuniuesulatlkinu Google Forms Aauandlun i 3-4

wwuasunuanmlgynuazanufissnslunisiineusy
vasgndauiplulssnugasmnssy Jmindumdsnig

. oo X 2o - - -
DRI E N VIR Rt D TR T i el l“v WA AMOT 1""”1& LD T oo 'q‘
a1 e d . d:2 . o -3
ARSI NVAR TN S l.‘ﬂkﬂ'.'.l\ nm s WJ‘D.‘ rl;h\" vy f'zlf"\'l'}]w'"k,’:'d!
wanssuat U Aleeat e em v (Oreative P oblem Solving (PS) Idmesmiawadom

iR e selyer gy

examplegemail.com » i o

reyndudonainty

1. vinditfszaunrsallumnlfiRmududoui il
Tuilsarmgrammsidussusarsiole *

2. nponuarsrruAadiuraanausia i
vouruflglunsnlfiiReud sl lunduls ©

dneitan vise: vhunena n wniige

1 3 - 5

o O O O O

A 3-4 Fegsuvuasunueaulatikiu Google Forms dmsudsavan ndaymuay
AuRpINsiuNsHnausHYeweNUl JelulssugRa MmN T
Yoyaildsuainnisneunuuasunugnimninmesiiiednwianmigm A
Foan1stunsiineusy wazdsadiufinisléfunisiauw wWemansieserluldiduwuams
Tunsfmuaien NINTIUNTITLUF UariInqUIasAdanginTsuveynianssumsiseus
AUNTTUIUNTLATEYNI981985719855A (Creative Problem Solving) TiaanaaasiuuI un
nsUfURNuITwesIgenUrslulsanuenaImn Ty



M13199 3-3 Nan13d159ENMNTHNeUIHYRIYgaNUN TelulsINUERA N TY

59

o L4 Adaudes | szduau
JaA1au ALaaY
WUNIANTEIN | unzay
Fruilewn
1. Lff@ﬁﬁ:ﬁmmaaﬂﬂé’aaﬁ’umiﬂﬁﬂ’ﬁmwawm 2.16 0.64 Uag
PauUn3abnih
2. Usinanflewilenumnegay 2.19 0.70 Uag
3. Anugndevesiovniinumnyay 2.23 0.67 Uag
4. ievnilenatuasouavaonndesiumealuladlu | 2.26 0.58 oy
AIAYAANNTIY
5. ilomannsoitlutszgndldlunisufofnuld 2.26 0.68 o
ARAETI 2.22 0.64 1oy
auzUuuunsinausy
1. sUsuumsinausuiinnuvanvaiy 2.35 0.84 1oy
2. fiirsumsiineusulidwswlufanssunisteu | 2.16 0.65 o
3. sUwuuMsHneusHduaSuNITANILATIE R ANT 0.85 ae
wAteym 2.45
4. FouazfanssunsBeusiinumsnzay 2.19 0.67 o
5. sUwuumsUsEunaliauvaInyvians 2.26 0.78 o
ARAEII 2.32 0.76 1oy
frudausznaunisilnausy
1. fofinnudenadesiuiiem 2.16 0.64 oy
2. FeflUsnanfivawesenisilnousy 2.29 0.64 oy
3, deflanuvarnvatsuazinaula 2.26 0.68 oy
4. ﬁaﬁmmgﬂﬁamazﬁuaﬁa 2.10 0.65 oy
5. dovedudiunsiBouiuasnmsufoany 2.19 0.65 o
ALRAETI 2.20 0.65 1oy
fAun1sInLasn1sUsEiiuNg
1. M3UssliuNanIauARN INQUILENANG ANTIY 2.58 0.50 Uunang
2. Tonsusziiunalinuvainuany 2.16 0.64 1oy
3. Inein1sUsEudlanumnay 2.23 0.67 1oy
4. wuuUsgiiufianudauuazitnladng 2.32 0.65 1oy
5. MsUszdluanunsadsviouanssausvsfdns y
- o 2.19 0.65 Ung
nsilnausule
Aade 2.30 0.62 1oy
ALRAEII 2.26 0.67 1oy




60

NMITNA 3-3 LAAINANITAITIIANINNNTH NBUTNYDIY 199 put19Tulsea1u
gnamnssy naulsenuvuialngludminaynsusinig Ineuseiliuesdusznauveenis
fnausu 4 fu ldud Fudlomn Fusuuuumstinevsy Fudevssnaumsfineus uazdu
msfauazUssifiung Wetwaildunldiuteyatugiulsznaunisesnuuuiag iy
ANTTUNITF YU AUNTTUIUNITUATEYN188198519855A (Creative Problem Solving)
dnsunugenvrzelnitlulssnugnamnssy

rudenn wuin Tneamsaudianadewinfy 2.22 wazaudoauunnss iy 0.64
oefluseiutios lefinrsanidusiede wuh LﬂfamﬁmmﬁuaﬁaLLazaamﬂé’aqﬁULMﬂIuIaﬁiu
AARAAMNTTY LLaVLuammmmuwlUUi”mm‘“lﬂumaﬂgummlm ummaamammﬂu Ag
2.26 sa8091 laun AueIndeveniomilariuimvnzay fredoindy 2.23 Usuna
domfinnumngan fidadewity 2.19 wasdlomiimiuasnadosiumsufiRnuves
Frmoutrgeliiin feadowidu 2.16 audiu wadnaauansliiiuitesdusznaudiu
idlevvosnistineusuluanmiaguudsiivssfuiimsianfisnsandiuss Tnseniznis
deulsadlevifunisufifnuvesineuthyluih

sugtiuunsiineusy wuin Taenmsuiidedsiniu 2.32 tavdrudsauuninsgiu
winiy 0.76 agluszivties WeRansandusiede wuin sukuumsineusudaasunisin
Anneiuaznsuidam deiedsgsaaniiiy 2.45 s leun Unuunsiineusuiinng
vannmany SAedeiiv 2,35 sUnuunsUssiiunatiaumannrany deiedewindu 2.26
deuazAanssunisisousiianuwanzay fddnedewiiiu 2.19 wasfidriunsilnevsuiidou
suilufanssunisisous Sredewiiiu 2.16 mudiu xamsussdiulunmsudeglussdu
tfoguansliiiufsUsziiuiinasianiansanlunsesniuuianssunsineusy Tasiawznns
inmsiidusnvesiirsunisineusuuarmsdnfanssuiiduaiunsAniiasesinaznns
wATgyu

sudeUsznounisineusy wud1 Tnsnmsadaademindy 2.20 uazdrudeuuy
1AIFIUIINAY 0.65 agluseduties Wefinrsadusiede nuin AefiUSinanifismesionis
Aneusw dAnedsgegawiity 2.29 sesasn liud defieamanvateuaziinauls fidiade
Wiy 2.26 Aevadsaiumsifouiuaznsudau denedewindy 2.19 dedany
aenndosfuition dAnadewintu 2.16 wavdolinrugniewasiiuade danadewiiu 2.10
puEU madananandliiiuindeussneunsinousidussduszneuiiaasléfunisiaun
Tnelawizanugndes euviuaris wazaudenndostuldomiasuiunnsufoRnuads

funsiauazusziiuna nuin lneawswdAnedowindu 2.30 wazdrudoauy
1nsg It 0.62 eglusedutios iWefinrsuidusede nuin nsuszifiunanseungy
fnqUszasAiBanniingsy danadugeanindu 2.58 agluszdutiunans sesasun lou wuu
Usziiulaudanunazidilade dauedewindy 232 inaminsussduiinnumangan 3
AnadeinAy 2.23 mavsifiuansaavvieuanssauzvesiiisumsiinevsuls Jenade
Winfu 2.19 uariBnsUssiliunaiinumannvane Saedowiniu 2.16 Ssegluszduiios na
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Aanauanslimiiugi widnnisussilunaszaseuaquinguszasdidangAnssuluszauiiu
nans widsilsiiuiimsiaunlusnuaamainvanevesisnsUsziiiuuas A NaLNsa Y
iwsesiielunsarviousussnuzvesiirsunsiineusy

dofinnsumanisdizars 4 du wudn anmmsiinousuvestnsdontidulany
granvnssulasnmsdinadeiniu 2.26 wardrdsauumasgusintu 0.67 aglusesv
tfos lnofugunuunisiineusuiiaedoggavindy 232 sesasn ldun sunsiauay
Useifiuwa fidnadoniidy 2.30 dudenn fenadowiaty 2.22 ussdudeUsznounis
fAneusy fiaedswidy 2.20 amuddiu nanisdsafnanuandiiiuiiesdlseneuves
nsinevsuluanmiagdumumuAniuresdneunuuaauadlasunisussduluszdu
fovlunasuszifiu Jududeyaiivandwssifuiiraniufiasanlunisuiuissuas
WawnsdanistneusulivanzauiuanwaemsuiiRnuvesyswentrseludilulsasu
QAFMNTIN

fedu fidednimamsdiradinanunliidu deyatiuglumssuunesdusznoures
gaRanssumMseus Taoihussduildsunisssifiulusedudiesunfiansansuiunisne
W ngel uazeiteiiieades itermunidomliidenlestunisuf ihnuass Wamn
douazyaufiinislidanuiiuate dnfanssuiidialenaliiidrsunsiineusuiidusanlu
mnrgitgm el dadeniuamg wastuuvslunaaesUfoR sau
AMuUAITN1TIALarUsEiuNa AN T0a8Y DUNAN SIS YU WAL AN TAUL VR 1ITUNTS
Aneusulfedhamnzay Fadeyannanilugnisesnuuunazimun yaRanssunsiBous
AINNTEUIUNTTWATYNI9E198579855A (Creative Problem Solving) nsal@nwigynnau
donthydlaiihlulssnugramnssa Tutuneusely

3.3 AMIAMUAUTEVINITUALNHUADE

Uszrnaildlumsideadadl Iun Preveuthssliiiuiiaoululsanugaainngs
suussydaeiludminaynsusing dadulsanuidnsldszuuluih wiesdng wazsvuu
mvuansaludAluniinan lndrsgeutrgeiiniisuisvevlunisnmaaoy Urgesnm
gouur wazwilvtlgmussszuulniuagziedesing ilelvnssuiunsnanansasLiuay
Isiegedeiloariiusyansam

nqusieg9iililunsideaded THud dreteutrslnidiufoRnuluuiem wadu.
WinNATe 10 @) Sviaannsusinig Suau 33 au FadufuiiRaudug
SuilaveusunmInsadey Urgeinw wazudludguszuuliin ta3esdng uagszuuaiuay
aelulsanugeamnssy gadeidennaudiegslagld I5n15iHenuuulazae (Purposive
sampling) tesnnidunguyrainsfifinuanifnssmuinguszasdvesnside fussaunsel
lun1suuinuaugentisalnil wazaunsaid1sunHNeUTUIINY ARAINTIUNTITEUS
AUATTUIUNTTWATYN8E198519655A (Creative Problem Solving) lanasnssaziiainis
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Afiunside visll ngudiegsdanalunguifeaduildlunismeasaitednyiuszdvsnmn
YBIYANINTIUNTFUS uazilSeuigunadungnsnenIsseuneulaynaINIsne Uy

3.4 NPDNUUUYANINTTUATSIEUIAANTEUINNTUATYINRE AT 19aTIA

(Creative Problem Solving)

N1998NLUVYANAINTIUNITTBUT AIUNTEUIUNTWAUyrnag19aseassd (Creative
Problem Solving) nsal@nwdaymiaugeutrgelnitlulssugnamnssy g33eandunis
MURUININTITBUAEIALT (Research and Development) Tngtnaainn1sfinyenans
wAa Mwl wazauideiiAnades Uszneudunansdrsiaanmnisiineusuvestises
thyslulssougaamnssy ildfudeyaiugrulunislnsesiaussous fvuanseunis
Seug waresnuuuaiAUIENaUYRIYARINTsulidenndasiudnvusugaNU T b uay
UunmsufTReuse InefisoagiBendsil

3.4.1 mywengsiassauzsnduvestnonthsslainlulssnugnanmnssy

fidoinsianssousidnduvestisenirgdwiiainienans uuda nauf suAded
Avates uaznanisdisnaanmnisineusu Wedunlfidunseulunsimuningusvasd
oy Aanssunisfeud do wornmstauesusudune Tnvaussaugiiuldlunsesnuuy
ypRaNTINATEUAGY 4 Ay Gl

3.4.1.1 A3 uazinwenanaila (Technical Knowledge and Skills) AsouAgY
AnuSuasiinwzifeiussuulnihids mseurumatneslihansivla seuumuaudalusa
9Un3ain37393u (Sensors) lUsunsuilaasinaoulnsaiass (PLC) dunasinas (Variable
Frequency Drive: VFD) wazinalulad duinesidnvasasswads (Interet of Things: loT)
sufisnsennaasiiiin msldiasesiledn nsmsivaeumuiinUnd waznsinsIzvdeya
Wieuszneunsiftagedaym

3.4.1.2 N15ANILATIEVLAaEn1TWA Uy (Analytical Thinking and Problem-
Solving Skills) ATOUARNAIINAINTTALUAITILATIENADIUNITAL FIUTINTRYR TeUUAL
Wpseiamnvestdym duuaussiulym aionedentunisuily Ussiluniaden uas
Fadulald onuuamaiwanzdy 1neuinseuIunswd Janieg 1985198356 (Creative
Problem Solving) uldidunsavlunsiuiiufanssy wWeduasunisAnesradussuuuas
msdinAulauuiuguvestona

3.4.1.3 M3UfvAnusautunaznisdoans (Collaboration and Communication
skills) AsoUARuANAINTluNTIuTInAvaIn 3 nlunguuazyaaInsfiti ot es
mMsuanasuanudniiu msdeansteyamamaia nseduneiienuuamaudlatiom
MLAUENANTIATIE waznsTeuRansU TR Fahanldlunisesnuuuianssy
nauladaaTNsISouss Ay

3.4.1.4 m3Useyndldimalulaglunisufdfeu (Technology Application Skills)
ATRUARUAIANINTalUNTUSEYNAlsEUUAIUANNBIRT e e szuumuANgnlulf
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wazwAlulag loT lun1snsiaaey Jnsen wasunlutymaugenings Inedidetnaussauy
FruilanlfifufuguluniseenuuunmsfinufiRdeyaufoins ielifidrumsiineusy
annsadonlosmnuimamguifunsufoaemls
aussouziis 4 fudananildimunduesdusznouiiusnasnaindu WA NUILY TN
nslunseenuuugafanssunaiend Tnsanuiuesinvemanadaduiugiudimiy
NFIATIEREIUNAl NsAnIASIERLazn1suAUyridunssuiunisuanluniseiiy
Aanssu MsUFURnusmiuLagnsdemsaiuayunisuaniuasunasiamnuuamaudly
o variinsuszgndltinaluladifudinmesmsthaudiaziuamsiidenlunaasuas
Uszgnalglunisuinau
3.4.2 MAnTinAnuarnguiildlunisesnuuuyaianssunsiious
JAdeAnwnaziieseinuiAnuaznguifii orde i evmnldiund nunzves
NIPUIUNSISEUS FTANTUAINTIY WAUNUINVBELUITUNITHNOUTH LngidantuiAnLas
voifiaenadosiunisioudvesynainsiunugenthgsliin 18un nquinisSeusidems
Uayayn nsiseusuuusuile waznsyuiunsundaymeisainsassa il
3.4.2.1 nuinsSeusidammistayen (Cognitive Leaming Theory)
nuimsSeudiiammidyyilimnuddyiunszuaumsan maidenlesnimi
wudumNinad nsdnszuudeya wagnisiiauiluldlunisuidamn 3dedaiiuwidn
senauiltluniseanwuufanssulaglididasunisineusumuniuaNLasUseauniTel
udhunugeutrgsln Anwianiunisaitam siwsmnesiinsesidoya uazidoules
AnuginuszuUliiuarszuumIuAN A UanIUNSaITiAvLe il NEmTaluNS
Anspinazsnaulausledaymedraduszuy
3.4.2.2 M3138UsUUUTIMEe (Cooperative Learning)
n19igus ks udleyaiuliiseuddiusinlumasusiiunsvinnusuiy
MsianasuanuAaiu uazausuRayous iy §IdedsesnuuuAanssuligidniy
n1stneusuiuwdungulunisinssianiunisallym szauwuifa i@ueniuden
Wisuifsuuuamensudly dndulasaniu uasiiauenanisdiiiuny iWeduaiuinugnis
vhouduiin msdoans wagmsuanwasulszaunisaflumswdlatayvnaudedhgsli
3.4.2.3 nszvaunsunlemo9@ineassn (Creative Problem Solving)
ARdetinnszuIunNsuidmegsasneeassd (Creative Problem Solving) uldilu
nsoumdnluniseanuuunszuiumaioud Tnedeslestuneuves CPS fuanunisaitiom
NudouU13lni 1 Usenaud e n1snvuadmuievesdyni (Objective Finding)
N1359UTUALIATIZYoYA (Fact Finding) nsrmuatleymfiuiass (Problem Finding)
nsasLAntunsuAdeun (Idea Finding) nsUsziiiunazAnldanuuaniaknly (Solution
Finding) wazn15319uaut 1w NIUUGUR (Acceptance Finding)
lunisanliuAanssy fidrsunsinevsuaglamdgyiunsalfnvivseaniunisaldamn
Frusugontgsliily andfudidunismunszuauns CPS dusinisfnwianiunsaiuas
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foya Msaszsianivg nsfvualym msafraadendinainuats nsUsuifiulay
ARALIBNKLINIG AABATUAITINUHULAZNARBILLINIALUAIBYAU ] URNTSEUUAIUAL
waweilihauasiudunalulad 1oT nszuiunisaenanvibiiirsunisineusula
Foulssanumanaiiafunszuiunsanuagnsuialuanumsaiflndidsstunisviney
939
3.4.3 NMIMUUABIAUTENBUVBIYANINTTUNTITEUS
IINHANTTIATIENANTTOUL LUIAALALNABNITIEUT UaNTEUIUNIT CPS {IT81n
ToyadananunlilunisimunesduszneuresynianssunsFoud elvinsdatanssud
Arwdiiusseninetnguavasd e navvaun1sdeus do wosnmsvsaiduna Tassimun
oadUsznouddty 1Wud 1) YaquszasdmsiFoud 2) iemnnsidous 3) AnssumsiBeudn
N3¥UIUNT CPS 4) nsalfnwrlameugentigeliin 5) gaujusinisssuumivnuueines
Trihaumlauazmalulad 1oT uaz 6) n1sinnasyssiiunanisisous
psAUszneUfInanlisunseanuulhidenleatu lasiFuanmsivuaingUszasAls
aonndasiuaussnusfisataun ntusvuaioniwazaniunsalymliaenndosiu
Usunvesnugentizabiin eenwuufnssaligidnsunistineusuaniunsaunssuanns
cPs wagldypufsAnmsiudedniummnass avieaeu wazuszgnalduuimaudlydym
womstmunnsinuazysefiunaliidenndesivingusrasduasnadndniatousdtmun
13
3.4.4 N39BNLUUAINTIUNSITEUT
fifehesduszneuiidvualiuniamndugeionssunisSeus Suou 5 Aanssu Tng
fngriuannisasemnudiugulugnisiesed maadeuuanng msdaien wagnist
wwmaluuszgndld fadl
Aanssudl 1 Alugrunudentrgsluiitlulssugaamnssy yalwuausuay
nwed ug1mA srtuszuului anuvaends szuuatuauueimes ifnaa was
waluladiiferdes WewSournumiennoudngnszuiunsuitiam
Aanssudl 2 msdinszsidymlunudouvrgalai aslididrsunsiinevsy
susmteya Aaseionnsinnd Awsizianns wazdmundssiiudlgmfuiais Tae
L“?JIEJ?,JIENﬁU%u Objective Finding, Fact Finding ez Problem Finding wainssuiunis CPS
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3.6.1.8 YU uRsEuUAIUANNaWas TN Tsuaadu 3 wia wagssuy Internet
of Things (IoT) {3deWaugarnUURssuUmIUANLawaTNTnTeLasdy 3 ialazszuy
Intemet of Things (IoT) 1l o110 ud edm$un1sAnUfUAUTENeUYARaNTIUNTIT oS
N3EUIUNUATYMNRE19E19@55A (Creative Problem Solving) laeslslvigidnsunisiinausy
mmsaL%auimmmfquwﬁﬁumiﬂgjﬂ’ﬁfﬁa H1UN153LAIERT YN N15MAaeY
nsmsaedeUNa wazmsuiladyviifeatestunudenthssliiinlulssnugramnssu

YarnUfURUsEnoumessuUmIUANLaInasinihnseuaadu 3 wa gunsalaiuay
wazUaeiunalnih lulaspaulnsaiaes ESP32-S3 gUnsainsIainLashaniNg AaanIusEuUY
Internet of Things (IoT) @ nfun1ssudaiazinnudaya Inedi1sun1sineusuU)Us
AanssumuluufoRnmsneldnszuaunsiiouifidmun faeuihmhidudliduuziuas
s1neauazanlunsFoud elifidrfunisiineusuannsninsziaunauesiiym
afanazdndonuuiniauily naassuumsiiden uazUszifiunansindusuliegiady
YUY

feunsRNURUR giinsunisiineusufnwgilouazdermvuaniuninulaenioves
WU nduisindufanssumudduiidmun s nsmuaunsienuresmeimes
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Innssuaadu 3 wd N13AUANNITNAUTNANINITUYUTDINOADS NISLTBULATHRIU
TUsunsumUANY Arduino IDE Mstdesseuazyszananadoyasmy ESP32-53 Msuanina
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LED &

int LEDL = 13; //0dszsn oo Usendsuls 9% LEDL uMWAneae 13
int LED2 12; //0aZnen Wa Ussaidsauls T4 LED2 unbemosias 12
int LED3 = 11; //s2 a1 D Usenideauys 99 LEDS uvwanosms 11

void setupl)

{
pinMode (LED3, OUTEUT); I/lﬂﬁﬁvuﬂﬂ 11 1w LED3
pinMode (LED2, OUTEUT); I/lﬂﬁﬁvuﬂﬂ 12 1w LEDZ
pinMode (LED1, OUTEOT); //lﬂﬁﬁvuﬁﬂ 13 1w LED1

}

volid loop ()
|{
digitalWrice (LED3, HIGH): /flUﬁHbHﬁm 1110w LED3

delay (500)
digitalWrite (LED3, LOW): J/WAnwaAD 11 10w LED3
delay (500) »
digitalWrite (LED2, HIGH): J/wamsaz 12 (0w LED2 .
} delay (500) ;
digitalWrite (LEDZ, LOW): J/WAswaz 12 (0w LED2
| delay {(500) ;
| digitalWrite (LED1, HIGH) //1ABwEaD 13 10w LEDL
delay {(500) ;
' digitalWrite(LEDL, “LOW) ; /AABwag 13 10w LEDL
delayv (S00);

| ¥

AT 3-16 Fegremsideulusunsusag Arduino IDE kaynisuansuanIuae TFT 2.8 92
1aely ESP32-S3

viafl fidnfunisinevsulddndufanssumsiFsudmunssuaunsud daym
ogad19d53A (Creative Problem Solving) ognadludndiuiiu Uszneusae 6 tuney leun
(1) Objective Finding M3AunukazimuningUszasRvasanIunisailam (2) Fact Finding
ma?'i’miw‘ﬁaLﬁﬁ]ﬁﬁmaz%aﬁaﬁﬁm%’mﬁuﬂmjm (3) Problem Finding N153tAT1z%iLaAY
MuuaUssiuiavad drdey (4) Idea Finding n15aseuuIAnuazuuIniwilotgmid
vwanyane (5) Solution Finding M3UsziliulazAndenuuamanslulgmilmnzas ua
(6) Acceptance Finding M3nsusuaziuuImsitdonluuszgndldlunisu i laeg
wWhsumsineususiniviesiedeys seulam asauuimauily Ussiliunnaden naaed
UHUR uavdszidunantsanduau W%’auﬂgﬁmﬁﬁﬂEmfmmamsﬂﬁﬂ’ﬁmu WleUszifiu
Anuasatunsiesieidym maudlelagm waznisussgndldanuslunisufifam
gouthgslifilulsanugramnssy fauandlunind 3-17
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MW 3-17 MyaeudfuRvesiiirsunistinevsumuaugentigiiilulssnuenavnssy

AYNFIINAITHAUIYANINTTUNITTBUT AU sEUIUNISUA TRy vneg 1eas9assa
(Creative Problem Solving) nsdifinwdaymnaugentizslwihlulsanuenavinssy §33ula
thyaRanssniadeng sUkuumsTineusy wagdensdousiivanntuliflunstineusuris
donvrgdlulsssugnavngsy $1u9u 33 au laggiirsunisinevsudanudlafetu
N156197995 N13AUANNBLADS LU N9 TBUTUSUNTUAIUANIEUY waza1unsaUssyne 1Y
Austunisuianugdentisabninlulssnuanainnssy naenauluuifntunsiauiuas
soganlulassuiiuszuunuguuaimesuazinalulad Intermet of Things (IoT) Aauansly

il 3-18
= e Y

W <= 8>
o Y a = % v | o ¢
AINN 3-18 ﬂqﬁ‘UﬁgEJﬂC‘]“LGUGQWﬂ"i]ﬂiﬁllﬂqilﬁﬁlugC‘]']Nﬂﬁ%UQUﬂTiLLﬂ{]fy]ﬁqaﬂqﬂaiqﬂaiﬁﬂ

(Creative Problem Solving) lun1sinausunegenunsslulssaugnamnssy

3.6.1.9 4uUUTELIUANAINYANINTTUNITTHUS M1UNTEUIUAITWA Y QY
961983719855A (Creative Problem Solving) WUUUSELIUAMAIMYANINTTUNTISBUT MY
nsvUILNTUATyed19a31eassd (Creative Problem Solving) Huiedesilefli3duasnelu
\WieUszifiugaunmesyafanssunaiseus lnefnwviuufn ngud lona1s uazauided
Aeades Samfunsvedusnwiainenasdiivinu iethuldidunumislunisinua
sfUsEnoukarsensUssiilinseuaquiiuien suuuuRanssunisdoud demadeus
msfauasUssfiung uageunzaslumsthluliineusy nduiahuuulssduaue
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AT IRYLTENTIAUANLMINZAYN ATUdDAARBsYRien waglvdalausiuzdmiy

nsUsupsneulldlunisusslivnaunmgaianssumsisens

3.6.1.10 M5UTLLTUANAINYANINTTUAITS HUT MIUNTEUIUNTITHA Y QY11
9e19a519a33A (Creative Problem Solving) AewasandITelaimuIgnfanssunsiseus
MUNTEUIUNTUAUn10819a319a35A (Creative Problem Solving) dwfusugeuuis
i lulsanugranvnssuuduase lihyaanssunmsFeuifnaiaueidersey S
10 viu Useneudae fideamgsumsinniadoud Sau 5 viw wegdBeamadiuden
$1uru 5 vy (1edeuansliluaianuan) eUssfiunuanLazAMINTaNTD YN
Aanssuntsdeudludiusng q Wed wwunisaeu ludenvssneunisaeu yaflnufo

TUsuNINg1809 A09n13138UN15A0U Laslkuunadauianadugnsn1en1siseu lnlduuu

UsiiuAnNNER Ja$199U HanTUTEEIUAMNNYBIRITLI VI QLARIGIAIT1N 3-4

M13199 3-4 HANTUTTUANAINVDINTLIN Y TINABYANINTTUNITSYUIANUNTEUIUNNT

uAteyneen9a319as3A (Creative Problem Solving)

T . a | edwdes | szduaana
dafnny ARGy
WUNINSIIY | magay
ATUUNUNITIANINTTUNTREUS

1. UuUUNsIARINTIUMIBBUIIANLWINZHY 4.50 0.52 1niian
2. syt musluusiazAonssulasimenzas 4.42 0.51 1N
3. fanssumsiieuiaennaesiunssuiunsuitam | 4.58 0.51 1nniian
981985719a33A (Creative Problem Solving)
1. SrutuneurasianssunisBoudliaumanza 4.25 0.75 1N
5. MsiauazUsziliunaaanadativingussaddves | 4.17 0.83 N
AanssuNIsSeus

ARRgT 4.38 0.62 N

aluannuiusznaunnsiteul

1. \ilomnasounquingussasduosaionssumatous | 4.17 0.72 1N
2. flevniamugnéioauazsiuariy 4.42 0.51 1N
3. Uinandlomiarumngautuidrumstinevsy | 433 0.65 1N
4. madduillemiinnusnzausasdilade 4.25 0.87 1N
5. 0191 amdseneu wagglwuunisdauedaiiy | 417 0.58 1N
Wiz ay

ARAEI 4.27 0.67 N
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Ardulee | sEAUAIY
WUNIATEIY | e

JaAau AafY

sugarnUfURszuuauauNawmasiWiiuag Intemet of Things (I0T)

1. yoiinufiRaonndesiuidomuay inqusrasduesnts | 4.25 0.75 N
Hnousu
2. lasasisarniseankuuyannuunienuvangay | 4.17 0.58 10
3. ynrnuuRtinnugnieaarannsaldaulas 4.33 0.65 1N
4. YarnUURlEue Yasady wazagmnaonis 4.50 0.52 1niign
U15950W
5. yaRnUURduasuinyensiseuiiasnisunlagmees | 4.42 0.51 Gl
Ai1sumsiineusy

AaResu 4.33 0.60 N

a1ulUsUNINAIVANTEUU (Arduino IDE wag ESP32-53)

1. Wiunsuaonadessuiilomuaz Tnguazasdvesnis | 4.42 0.51 hy
Hnausy
2. 1A59837194agN1590NkUUUTHNTULA UM AL 4.50 0.52 1nitgn
3. dufinsianldeu (User Interface) §A1UwRNZEY 4.25 0.75 h
4. Wsunsudaugndesuazainisaviulaegaed | 4.33 0.65 1N
Usednanm
5. Wsunsuanunsaussendldiumeluladadeivduazan | 4.67 0.49 1Niign
gnamMNIIUlA

Anadesu 4.43 0.58 11N

Fudenisisaudie Microsoft PowerPoint

1. miifhLauaLﬁammaUﬂqﬁmqﬂigmﬁﬂummiﬂﬂaum 4.50 0.52 1niign
2. u1ednys @ wazninusenauiinumizay 4.25 0.87 1N
3. nadduillemiinnuduszuuuasdilade 4.17 0.72 1N
0. UsinaudlemusssisazBoadiaumnyay 4.33 0.65 0l
5. #ensiFeusanansadaasunisioudvesitasuntg | 4.25 0.62 1N
Hnausuld

AnafesI 4.30 0.68 11N

FrunuunngeuIrasugNE NN ISEY

1. JaapuannnaediuIngUIsasilianginssy 4.50 0.52 1nilan
2. PunudeaeuinNUmIza 4.42 0.51 10
3. Jamauiavsdendnaulinnudniaulasivangay | 4.25 0.45 10
4. szpzalumMIynuuurageulAUmIYal 4.33 0.78 1N
5. EAUATIHEINNBVRITRARUIANILMINT Y 4.25 0.45 1N

AnaRes 4.35 0.54 11N

ALRAYYRYNATY 4.34 0.62 1N
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2117 3-4 wansUsziug I gy iiddeynfanssunaSouda
nszuuMswnUamneeneai1eassa (Creative Problem Solving) dwsunugauuizabniiily
Tssnugaamngss wusan1sUszdiluusasdny fodl

ATULNUNITIANINTTUNITTEUS WUTT AINTIUNSITEUIAAAR DI UNTEUIUAIS
uiftyveg1eaineassd (Creative Problem Solving) flAiafugeanyiniu 4.58 seqaqun Ao
sULuUMsInRanssuMsEeusiinnamnzay fanadewiity 450 waysionsidiaademn
flgn fo Bnsiauazysziiunagenadesiuinguszasdvesianssunsiioud feadowindy
4.17 Tpenmsaudinnudaiuegluseiv 1n (x = 4.38, S.D. = 0.62)

Fnilunuiusznaunisiens wuin idomilarugndosasiiuate faadsasan
Wiy 4.42 sesasn Ao Uiinantemdaumngantudidi3unsiineusy danadewiy
4.33 uagsensiiiinnadesiian Idun evnaseunquingussasdvasyaianssunisfeus
Laz,w1 MUszney wagguuuumsiausimnuvnzay Seliedewinduil 4.17 Ty
amsmdanufeiueglusediv 1n (x = 4.27, S.D. = 0.67)

AUl nUHURsEUUAIUANNRIaT N ILAY Internet of Things (IoT) WU AN
Ut ude Uaensds uazagmndenisthizeinm fiaiafugeaawiniy 4.50 sosasn e
yoRnUfiRdaasuinuznsifeuiiaznsuitymvesiidrsunisiinevsu fidadewiiiy
4.42 wagemsiiidedssiiian fe lassai1suaznsesnuuuysinUfvafianumngan
fiAnadoiiy 4.17 Tnsnmsudiaudaiueglusesu 1n (x = 4.33, 5. = 0.60)

A1ulUSKATNAIUANTEUY (Arduino IDE kag ESP32-S3) wudn lUsunsuaunse
Usggnald TumeluladeasisIniuazugnamnssuld fidedvgeaauintu 4.67 sesasun e
Tnssaisuazniseoniuulusunsudantauvuizas Seadewindu 4.50 uagionsidl
Aadesifian fe diuAnserldau (User Interface) fananmnzay flduadswiiu 4.25
Tngnmsaudanudaiuegluseiu un (x = 4.43, SD. = 0.58)

fudonaiFouddan Microsoft PowerPoint wudn msunauationiasouagy
fogusrasdvasnsfinousy SAadsgeaniady 6.50 sesasun Ao Ui onuay
swazidenianumnzay faiedewiitu 4.33 uassensiiianededian fe nsadu
domirunuszuvuandilade faadeniiu 4.17 Tnenmsaderudadueglusedy
17 (x = 4.30, S.D. = 0.68)

Frunvunaaeuianadugniniin1afou wuin Yeaeuasnad et uingUszasd
FangAnssy SAnadugeaaviitu 4.50 sesan Ae Sutudeasuiinimimnzan danede
Winfy 4.42 uazsemsidanadesian leud dedaunazdndondnouiinudaauuas
wInzaN wazsziuANeIndeYesteaoulanuingan el adovindud 4.25 g
amsmdanuAeiueglusgdiu 1n (x = 4.35, S.D. = 0.54)

lagasu nan15UssiiuauAINYeIYANINITUNITITEUS AUNTEUIUNITUA T gy
9e19a319a53A (Creative Problem Solving) dwsusugeanunsalnfinlulssugnamnssy
WU denumeaulaesinegluszdu un (x = 4.34, S.D. = 0.62) uandliiuingananssy
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maiFeustannwisiunsdafanssunsiens e wellnUfoR TWsunsumuauszuy
donsBoud uazwuunaaeuianadugnivianisieu ansmiluldlunsiineusutnaden
thyshulssnugramnssuldognasmngan el §idmglfiauenuslfusulgaefinujin
Thdeudensasldazmindstu uazUsuusanionifaenndoatuinguszasdvosgaianssums
Foud musaeniufumalulafsruumueuiiimstaedwioos ileifiudsyansninly
nstldfneususialy

3.7 nsanfiunInaasiuasn1snuIIuTIndoya

n93deaseiidunisauasitmun (Research and Development) TnsthgnAanssa
N33 U AUNTEUINNITLi Uaymned19asneassd (Creative Problem Solving) @Sy
srugonthssliilulssugramnssuiigifoiaundy Tunaasddiunguies1edwdu
Preutiyslulsanugaainnssy iedAnwussansnmvesyaianssunisSeus nadugns
yamadou wasanafianelavesdidriunistinevsy sl nmsdidumsnaassuazniaiu
ssmdoyauiseaniu 3 duneu dedl

3.7.1 MsvinYanEnauiieg LA I35 TN TI

mﬁ%’aﬂ%’jﬂﬁlﬁ%’ums%’maa'«ﬁaﬁismmﬁ%’ﬂuwwémﬂ AMEATINNITNIITUNRTLTTTU
N5 luaywd Ine1den1sanssguasuss mingral MaasusTINN15Id8 SCPHYLIRB-
2569/453 Tagl@sun1siansainuy Expedited Review wagldsunissusondetud 22
WOYNIAN WA, 2569

fousidunsise §idelduszaunufvanuuszneumaitevesuaisasiiiuniside
WEouvaTuaTngUsEass dumaunsdniiunside ssevnainiadisin Uselevifiaindne
193U saudsdvsveslinTinidglnnaumetansivegnasuiiu tnegid1swidennaulasu
enansiuastoyadmiuenmaiaside uazilonadnoudoasdenousinauladismnsise
s Idennaulaatunlulenaisuaninnuiueeulaglasunisuennan (Informed
Consent) Memnuasiasly wagannsanouinnmaideldnndelas o avnna il
N1500UMIINNTIIEaL ldmansenudedniuselevivsen1sufUAnuresli1su3dous
ae14ln

fiduifuinundeyavesiiraidaiumiudy nelisfaunuielunsduiindeya uas
thiauenamidelunmaulnglidamedeyafiamsassysinuesiidninidels enans
wardeyadidinnsedndldsunsiniivevasnds wavazaniunsvhatedoyanuuuinig
fimualilulassmsifomevduatadunside
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(wlaladt sy urdgEmainadnmarissumdiues Sonnee)
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3.7.2 n1sandunisnnass ngusieg19nidlun1side tawn drgeuvigelulssau
QAATVINTINTVBIUTEN 1ALDL. UANINAAT 17im (uvnow) FamTaaynsusinig 917U 33 Au 3

1pa1nn15iaeNwULLR1ERe (Purposive Sampling) §3dedtdunisdnfianssunisineusulag
TdgpAanssunsiseusnunssuIunsuidymeteaineassd (Creative Problem Solving)
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dmsunudandrzelniilulssugnamnssy WefnuiUssAninmveyananssunisieu;
HAFUANSNINTeU wazanuiinelavew{ildriunisiineusy Tneddunoun1saniunis
nnaedarnIsAuTIUTINTeNa Awandlunmi 3-20

-
(S8

A

Tunsrwanduanideunnguaiantta

A4

NRdaUneunIsAnaY s (Pre-test)

Y

o

ANRNTTUNTIEBLS

lLiasu

Auduiisnssuasuste 5 fensau ?

Uiudsvuily

YadoundIn1sAnauTy (Post-test)

A\

Uszisiuanuwanala

A4

duan

il 3-20 FuneunisAndunisnaaemaznIsiiuTiuTndeya

NAMA 3-20 MasiufanssunisiineusuiisyefanssumsFeudmunszuauns
witdeymieg19a$19a3sA (Creative Problem Solving) dwsuaugautngalniilulssmu
QAAVINTN ANNINEUIET A DRl el

1. fAfetmeneandeanisiuiiunisidouinguitesns Sudutnsdeuthyafiu iR
Tulsanugeamnssuvuelvg faminaymsusnig S1uau 33 au dsldnannadonuuy
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'
va a vYa v o

11233 (Purposive Sampling) msnauinauauUANEITedmun Inetuasingussasd Junau

Y
N3 uN15398 srEznaINIineust N1sNUTIUTINdoya warkuIn1en1sUseLliuNg
el unistineusulianunlanseiuneusuadufans sy

v

2. {Aesndumsnadeunounisineusy (Pre-test) ileussifiuanuiiugiueidn
fumsiineusuneudhiaufanssy uadliidudoyaiuouifivufunadunyinisnisGounds
iaSaAunsiinausy

3. 1398A1L1IUN1399ANTTUNTHNBUTY AEYANINTIUNITTUTAUNTLUIUNNS
witgyn1eg19a@319a35A (Creative Problem Solving) @wsusiugenuisaluiilulssny

gAAMNTIN AU 5 AAnTsunsEeus nerldisunisineusudnuluaius UuRnanssy

wazd nUfvAnululfuanag nfeuitsussgnildanulunisiaseidgmi Aam
WU wasnaaesluRniunszuIuns CPS

4. mendaasadunisiinavsy §ideddunmnaoundinisiinausy (Post-test)
Uszillunan1auun wagliddniumsiineusumeunwuuyseliuanuiisnalaseynfianssunis
Feowd iohdeyaildluinesinadunvimensiGeu finvgnsufifnu wazaufimela
VoI FUNITHNBUITH

" i,—;‘iﬁ—_.—

A 3-21 N15IRAINTTUNTANBUTUMBYANINTTUNTLTUIAUNTEUIUNTUATYMDENS
I (3 . .
@3719@55A (Creative Problem Solving)
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3.8 gdanldlunsimszidoya

neideadailitngUssasditofmuuazmUssans nmvasgnianssumsSeusay
nszuunswnUamneegneaineassa (Creative Problem Solving) dwmsunugeauuigabniiilu
Tssaugmamnssy {iselddiiumsiinngideyaanmmsaaeununmveseiosiieide
mMevUsEavBamvesyaianssumIBeus maTeuiisunadugrisniinisSeunounad

NSENBUTYH TINTINTlATIginan1sUssuAn nkarauisnelavesgii1un1sineusy
lnglatlunsiaeideya Al

3.8.1 MIAATINAMAINVRAATEINDTTY
3.8.1.1 MsmARae (Mean)

¥-=
3 (3-1)
de X flo Anady
R0 0L G| o
A NaTINVILAYRITRYE
N fio Srurudeyaru
3.8.1.2 N1smddeaunNInsgIu (Standard Deviation)
- ny X-— (> X}
(=1
2\ « (-2
o S A AIANUELUUNINTTIY

X2 A ¥ ! U o v
2 Ao WaTImveIdayausnyfniawes
n Ae uuAulunguieg1e vsedmIudeYa L
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3.8.2 M3HUaANUNLNEVRIUTELTUAN 9 INAUTTIUNTR TN IUUARARAZLULANILUY
Y9998%U AUUAT LUa™ (Best & Kahn, 1998) Ail
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AZWUL 6-9 ATLUL M8 56U 2 wald

AZWU 10-13 AZLUY U8R T8AU 3 A

AZLUY 14-16 AZLUY MUINEDY T8AU 4 AU
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Turmmsmaaae 1 [ myidufinuammaan
Fowiaw sruunummatlih NAADY ANV
o4 msampugUNBiszUURILAUIEIRGSINET 3 A 1alanasL
Frduga Whin lsrvmugaamedinth 3 o -
" 2:dlanns2
szt ly
wWialEinwensesssvgunsdssuvmuuuaratly 3 a r
: 3aflanAS3
yuszRdnsEUufmginia
1) arrapugunsallussuumumaanadlnitldgndos
k| 3 L r}
2) wemwiumensdsssqunsallussuumusaaimaiinih T ——
wiaallounzqunsl
Lyrfinnsmvaamadind 3 ma fiuseuy oT wwunhusdad (nsadh)
2.4%aRwmod
Havuuasfonasszia

1 lhduuarmsandafuluna iR
2 mssriuatodiouasgunsalifiewrssnmsuffiRsuiligndos
Enfutunmmaass
1 1WiEvunsnasvanmwaineaindijunn
1.1 Wuilaflinodlufis wisnrafur RXL uaeuu 0 Ghm (Zero Ohm)
1.2 WlaRDimad frrmmuiuruseanh&udauardufinuaasigs
21ifRuursnasuan mBueAta NIURNADLUYAIDS
2.1 Wulardimadlufig s iaaradummu RX1 uaetBy 0 Ohm (Zers Ohm)
2.2 WitarDimat Tararaimony wartifinnaasmsn
3 Wduumsnasuanmmuuanvesiotiodivantiad
3 WulaRimodluftwiam iy RX1 s 0 Ohm (Zero Ohm)
3.2 Wilahfumod Tasan i i lita (Contac) wardufinnaassnd
a WifiFyussmasvanmmeusnvadivived Suwd
o.1 Penouisandiiug i Gocket

4.2 Wiuladthnafluflduinnen fumu RX1 uasiu 0 Ohm (Zero Ohm)

4.3 WlahDimed s usatindila (Contac) umduiintaa e
5 shuussvuTindilfadumes

A il 4-8 TunuluiinisuseneuyaiinUfurnisnisnszuiumsundamedeaseassa
(CPS) nstidinw Jeymnugenthsalniilulssnuenaimnssy

oS = i

A 4-9 N13IRAINTIUNTHNBUTUMELYANINTTUNNSITBUIMMUNTEUIUNTUNTRY1108n9
#519a55A (Creative Problem Solving)
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] = o/ Q‘ = Yy v v = 1 [
4.2 wansiIeuiisuradugnsniensBeuvasidnSunisiinausunounazna
nsldyananssuN1sBeuinszuUNsuileniaeneaineessa (Creative

Problem Solving)

fidelfddunsFouiisunadugvivnanisiineusuesgitriumsiineusuneuuas
NAINITUNIAINTIUNTFBUIIUNTEUINNTUAT Y108 198319855A (Creative Problem
Solving) dmsuaugentrsuillulssauenainnssy lnenguiiegrudugrsgeniiglu
15997UgRaMNsTNIUIAIIEY FMTRaLNTUIING 9N 33 AU kaglnTevitoyalaglyats

Dependent Samples t-test #ANITIAATIZALEAAIAINITINN 4-1

a bl I % Q‘ =2 1 (% =% Y Y v
M19199 4-1 ﬂ?iL‘Uif;l“UL'VIEJ“UNﬁﬁﬂﬂﬂﬁﬂ?ﬂﬂ?iﬁ]ﬂ@lﬁﬂﬂ@uua%%aﬂﬂ’ﬁﬁ]ﬂ@‘UiM‘ﬂ@ﬂ%L‘U'ﬁ‘Uﬂ’]i

Hnousy (319U 33 AY)

Aady Aoy | erdaudes Sig.
319N13 (43 50 Jewar | Luuawsgu | df t (1 Tailed )
LHUU)
NAADUNDUSEY 26.50 45.67 1.67
y 19.17 | 2851 | .000*
NAFDUNAITEUY 45.67 91.34 1.93

* Jod AN INERATNTZAU .05

INAITNN 4-1 WU NBUMITRNBUTUNNTUNSHNa TNl AzRUMRR WY 26.50

azuuy Antdusoray 53.00 wazddrulonuuninsgIuwinay 1.67 drundensineusudl

AzLUUABYINiY 45.67 Aziuy Andudesas 91.3¢ uazildlaauuninsguuindu 1.93

WallSeuiiigunziuunoulazrdIn1sinausulagldans Dependent Samples t-test WU

‘NI U =% U | =2 1 a o o U Qﬁ‘ﬂ' U
AZLUULARYMAINITHNDUTUFINIINOUNITHNDUITUBY NHUBEIAYNNAaANIZAU .05 (1(32) =

[Frnsiaaeulual, p < .001) wansliiuindidrsunisiinevsuiinadugnanianisineusy

MRANTINNINTIUGUY
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4.3 Han159IUsEANSNINYRIYANINTTUNTFBUIAUNTEUIUNSUNTYnIaEng

#519855A (Creative Problem Solving)

H378laALlun15mUseansameesyafianssun1siseus niunszuIunswi ey
9819@519855A (Creative Problem Solving) dmsuaugenuissuinlulssnuanamnssy
TngUseifiunnuszdnsainseninanisilinevsy (£1) Feldainazuuunisufuafanssu
M3Beud uazUszAnsamudanisilneusu (E2) deldanazuuunuunaaeuinnaduny’
yINSENOUTH HANTIATIEAUARIH 5187 4-2

M19197 4-2 HANTMUTEANSAMUBIYANAINTIUN TR EUTAMNTEUINNISWATmag
#519853A (Creative Problem Solving)

189013 N X Souaz
UszanSnnsemnanisiineusy (E1) 33 40.25 80.50
Uszansninumaanisuneusy (E2) 33 41.33 82.67

1NANTNIN 4-2 WU YANINTIUNITIS BRI HUTEANS AINsENIenIsHneusy (E1)

[ 7

WinAUse8ag 80.50 wardUseansninunadnisanausy (E2) i usasay 82.67 ey

a

UsgAninmviaimsinausu (E2) aandnusednsamseninenisineusy (E1) og 2.17 qndey
A Ay YANINTTUNIREUIAUNTEUIUNSUN T 0819a319a55A (Creative Problem
Solving) dmsuaniugauunsslnirlulsssugaaimnssy dusedniain E1/E2 vy

80.50/82.67 Saifulumuinasinnsgu 80/80 Adwualy wsdulumuainfisiuniside

4.4 pan1sUsziiuaanenelavasdiinsunsiinausunddeyafanssung

[Feuiniunszuunsuileyniatneainenssa (Creative Problem Solving)

{ideladudunisuszifiuanuianelevesfid1sunsiineusuiiideynfanssy
N5 8UININNTEUIUMTLATY M08 19a319855A (Creative Problem Solving) @wsusu
gauungabriinlulseuanamnssy laglididrsunisiineusumeuiuudseiiiuanuinela
mevduaiadunisiinevsu diethdoyauniiasgiszdunnuioeladifsonisdaiansau
M3538u3 HanTIATIEsiuansRamI1eRl 4-3
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M19197 4-3 Han15UsEUANN TNl 1S UNTHNEUTI NN YANINTTUNTSEUTAY
nszUIuNsuAleynieneaieassa (Creative Problem Solving)

o 4 R o4 | Adeauy | sEAUAI1Y
Uafn 578015UsEEU ARy
NINTFIU wala
N133AN1338UNTERY
N139nAanssuNIsSeusdelad1TunIs )
L v« " v 4.33 0.78
HINauTHaNIaasIIeInAILsvlle
N159ANANTIUNITITEUS ALATUNITAA
2 |4 p - 4.00 0.60 an
AATIENLAENITHAT QYN
AinSunsHnaususidusialufanssuns )
3 Sy 4.08 0.67
Souiathamzay
TUNDUNITIANINTIUNITT YU UMY
4 % 4.33 0.65 an
wiazauwaznladng
Aanssun1seuitienseduliinnisiseus ly
5 @ kL a.17 0.72
GEANRIEN
Aanssunisiseusdeasunisyieul uiiy WNan
6 . I e 4.50 0.52
WAZNITVINIUBYNNTUTZUU
AANTTUMTS U HUATUNNYEN1TE 0ENS
7 ' AL 4.17 0.83 170
wazmsulauenanITU URa
8 | 3UuUUNITIANANTTUNISIToUTAAINY | 4.25 0.45 gy
wizadiuiliom
Aii1Sun1stineusIAINSOAARLLaY
9 - < y 4.33 0.65 41N
Usziliuanunnmihuasauiesls
AanssuMsBeuiiUalonaligiinsunis
10 |4 5 o o Do 4.08 0.90 an
WNBUIHLANLUAEUAIINARLALIZI NN
11 | fanssumstseusdaasunisuaniuaeu
y P 3.75 0.75 41N
ANUSIAsUTEaUN1IAlTINAY
12 | msaduiiievikagnisasvuniseuiiniig
a.17 0.83 41N
Walway
13 | fanssumsiseusinisuusidauazaisiu
& , 4.25 0.75 41N
\evnegemunyay
14 | 1sun1sneusuatunsauseene by
nszuaunTuAtguiegsaseassalunis | 4.33 0.65 3170
Ufusaule
15 | 3ULUUYR9YANINTTUNTITEUS A AIY
. ~ 3.92 0.90 ann
WANNZEURDNITNNBUTH
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y - 4| Andeauu | szuaay
Uafn 578015UsEEU ARy
INTFIU wal
16 |1 owdi 1dlun1sfl neusuauisaly
Yo aoa.  avw 4.08 0.79 un
Uszgnaldiun1sufuinnuasle
17 | szoznaniildlumsdnfanssunisisoudd
? 3.83 0.83 N
AN TN
Anade 4.15 0.72 11N
aunsEnufUuRfsyananssun1steuimunseuIunsuitymatneaineassa
(Creative Problem Solving)
18 | yadnUjuanisdeunsalaenndesnulu | 4.42 0.51 aly
UjURnng
19 | lassasraiazgvuuureayarnufuanisil | 4.25 0.75 -
AN IZEN
20 | InguszasdvainsinufuRlianudaiau 4.00 0.60 1N
21 | Yswrandevlunsdnufuddaiiu | 3.92 0.79 AN
wangaufudiTunsinausy
22 | syaumIueInveIn AN UAd AN | 4.25 0.62 Gl
wngauiugisumsinausy
23 | MsWeulUsunsuAIUANIEUUAIY Arduino | 3.75 0.75
IDE uazn19id eusiogunsal loT daau gy
wnzausan1sHnUUR
24 | wuunaaeuskagluluRnIsinnumingay | 4.33 0.65 el
NUNANTIUNIINNBUTY
25 | {i1sun1sinevsuanansaiaui wag | 4.58 0.51
vinwed lasuluuszgadldlunsufifay 1niign
SRSl
Atade 4.18 0.64 N
Atadesaunndu 4.16 0.69 1N

NP7 4-3 Wi i fumsiineusuiianuiinelaseyaianssunisFouslaenin
saeglusziuann Tanadewiiiu 4.16 uavdrudsauumnsgiuminiy 0.69 Wefiarsan
S18A U WU AUNTHNUSUARI8YANANTIUNITIT U AINNTEUIUNITUA Ty
9¢19a519a53A (Creative Problem Solving) fidadewmindu 4.18 geninsunisdnfanssu

a Y =& a1 a ! [ v Y & U Y Y v v o w
NMILIYUF TIWANL[YLNINU 4.15 ﬁleE)‘LJELMLM‘U’J'WiLSU'W‘Uﬂ'ﬁI?]ﬂ@UiﬂJIﬂﬂ’NuﬁWﬂQ}ﬂU

= Yo A a wva ) Y L2 o a
ﬂWiLiSUENWUﬂWiaQN@UQU@LLEWfﬂi‘lﬂﬁ’JWllil‘ﬂﬂi%EJ‘ﬂmﬁ%ﬂUﬁﬂﬂuﬂ’ﬁﬂJﬂ’ﬁ%’]Q"luﬁ]N
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WaNTUINIUAITIANINTTUAITREUS WU T18n1sNdANRGeaIEn Ar AANTTY

q

msBeuiduaiumahauduiiuwaznsvihnuetaduszuy fanadewindu 4.50 oglu
syuIniian uandlifiuinisdafansaludnvarsuidiengidamuagmuuimiaudly
aunsaduasunslidiusinuazniauswiuves]idisunisineusulad egslsinny
semsfidaedes ud AanssunisBoudduaiunisuaniuasuniuf uagdszaunisal
sauifu dAnadeniniy 3.75 wagszernaitlunsdnfanssuniaSoudianumansan
fidad sty 3.83 Feevasiioudansdniluianssufiuszneudiensinse ity
nseAUTe Mmaas U uazmsavieunanisFeusdeddnarlunsuaniuasuniiy

ﬁmLﬁuLLa3UizaUﬂﬁajider;§L6i’f'1%’Umi?]ﬂamumaeﬁu AIAITNATUNINATT A UL

al

AansslvingauuasiistlomalunisuanilfsuissuiseninagitnSumsineusy

A v

dwsuaunsEnUuR wud1 stenisndiaadeasan fie {ldnsunsineusuain s
Anusuasinwenlasululssyndlilunisufifuasaly denadewiiu 4.58 aglusyiuuin
Mg axviouliindigafanssuausadsulesniius wazinweainnisineusulug

nsUfURMULY egslsfinna s1anmsnisdisulusunsualuauszuunag Arduino IDE uay

'
' a

nsWeuragUnsal loT danuwiangausan1sinUun dAademiaaviniy 3.75 o983

A9 Usunandanilunisiaujuadanumanzan daedewiniu 3.92 nafinaiasiauin

o

NsEnUHURMUNSTsUlUTUNTULAZNITBNADIEUY 0T onallrududaulazniasende

[
v o o A

walunsiiniinegannIvivenugu Jsadsiiunatun1sHnUUR dndiuiionaindte

0
=3

Ten wagdnvidegimseuuImelsenoun1sufUalndaaugy

4.5 @yunan1sIay
HANNTITLNUT YARAINTTUMIEEUTRIUNTBUIUNMIUATYMI08196319a536 (Creative

Problem Solving) dwisusugeutrzelnililulsenuanaimnssy aansaduasunadugns

[

MaMsHneuTvesEiIsumMsineusule lngazuuuransinausugendnounIsineusy

'
aaa [y

pg1efidedAyneatAnseau .05 Yananssuduseansaim E1/E2 wiiu 80.50/82.67 34

[

Dulusnunaet 80/80 Nifvun wazddnsunisiineusuiianuiisnelasieyananssulaanin

segluseauunn (Anade 4.16, @ulsnuunnnsgiu 0.69) lngnansusedivagyiauiign

Avnssuflganuaunisdaasunisvinnuduiin MsiseuiainnisasdoUud waznisin

Ausuazvinueluussynaldlunsuuianuese vusieiu amsimuisunsinassaan
N = v { Y v o o =

n1swanUAguiieus senI WS un1sinausy uagn1sinsinvens@eulusinsuuay

a ! 6 L4 a dy
nsWewsiogUnsal loT iwiunsaudedu
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A3Una aAUTIENE LasUalauauue

nsiteafailiingUszasdifiofmugafanssunsGeudmunssuiunisudilymeris
a¥19833¢ (Creative Problem Solving) dwmiuaiutesthssluiirlulssugnamnssy tie
duaSuradugrinnanistineusy faurnuensandinses nsuitymesnaadaassed uay
mi‘dsuamﬂsumm%‘Luﬂﬁﬂgummfﬂsqsuwzme?jammiﬂuisamuamm‘vmism lAeYARINTIY
nMsdsudiiannduusznoudae qilednens wunsdadanssunsfoud Tngussasd
Wanganssu luadiug luianssy LLaﬂUUgummsmmummsmmmaugm 5 fanssy
LUUMAADUNDULAE NN THNBUTH LULNAgeuianadugvsnanisiineusy devaue
Usenaumsiineusu (PowerPoint) wagyarnUfufinsauauuames iniaunamessuy
Internet of Things Ll unsiineuslaiEeudiunssuaunsuitamesiadaasse
mugrumsuFRatdluaaunisalifaenndeaiunugosthssliiilulsanugmamnssy

NI9IT8ANIUNITAILNTZUIUNITITLAZ AU (Research and Development) 1ag
SurnmsinyideyaiugiuuaraufeinisvesaniuUsznaums MeeniuuLAL ALY
AanssunsiBous mansadeunnnmeAsesiioldelaediBevigy miveasddd wagnns
Usutgaufladeuinlulais infesdeddeldunannaseunnunsadauion (Index of
ltem-Objective Congruence) LLaxﬂizLﬁummmmzauh8;3’15?1'mmzydauﬁﬂﬂmaaﬂ%ﬁu
NANFAIDEY

nsfunsidended lifunisiusestiesssunisideluuyudann auznssunis
WesysunmeIdelunyed Inerdensansisnauaiuss Svineyan 1aviiiuses SCPHYLIRB-
2569/453 aviudl 22 nquniey 2569 TaedAdeldmidunisidenumdnaiesssunsitely
uywdegiaateadn fdrumsineusimnauldsunistunsmeandennestasamside avsly
nsinsauvienousannnsiseldvndelaglidsmansemula 1 w¥onviasunylundade
uansnuBugenfeutn ATy Lagdeyadildiuanmsidegrituinuudunuduuas
thiauslunmsuiieUssleminedsinsviitu

nausegaltlunside Tiun Prsteuiisdlulssnugnavingsy Sminasmsusins
$19u 33 A Feldnann1sideniuuianzas (Purposive Sampling) wn3asdefildlunisifu
swsmdoya eud wuunaaeuanaduquinianisilneusy wuudssidunnudfianels uay
wuuUszifiudszaninnmesyaianssumsiioud Inglinszsiteyadednade daudssuu
WINTFIU NIIUIUTEANTAINVRIYANINTTUNISITEUT AU EL/E2 Uagn1snaaeuail
LUUNaUA288 19FUN WS AU (Dependent Samples t-test) Wi eSsuifisunadugnd
MINSHNBUTUNBULAE NAINITHNDUTY



108

5.1 #5UNan1599
A INEITELAA T UN1TITEN1UNTEUIUNITITEUAL WU (Research and

Development) agaiiuszuy dauinisfnudayai ugiunazainudosnisvesaniy
U3EN8UNIT N1T90NLUULAEWAINIYANINTTUNISITBUS AIUNTEUIUNITWA T ynn
0¢19a3715a55¢ (Creative Problem Solving) n13M3I9aauAMAINweLLA3 alaidelny
Adeavny medudunmsilineusy waznsiiunusuteyannnguiiedis Faduraden
Unselulsesnugnainnssy 3mdnayvsusinis 91U 33 AU AuUTTaANIngUsEatAves
939 {iduannsnazunamsideld fdl

5.1.1 wansimungananssun1sBeuimunssuIunMsualymed9asieassa (Creative
Problem Solving) HaN15338WUIN EITYALTANAUIYANINTIUNTFYUTANUNTEUIUNNT
wAUeyne819a3198557 (Creative Problem Solving) d@msusnugenuigeluinlulssau
gnamnssuldnminguszasdfidiualy negafanssunsiseuiusenaudneg gilednenns
LHUNTTINNINTIUNTHEUS Tngusvasddangfingsy Tuaaug 91w 5 Aanssu luianssy
TufoRnms uuunaseufouwazmdan1stineusy wuuvaaeuiasadugvsnensiineusy de
aueUsznaunsineustkaznrnUuRnsruaNsamasivlinauanessuy Internet
of Things BaW1UN1InTIIEBUAAMNAINEITEIvyAeulUlFa3e uazanunsaluldly
nsEnausueNUIslulsUeRamnssulAaEN LN vaN

5.1.2 wansiieuiisunadugrinisnsiineusudeuuasndsnisiineusy wan153de
wuin fiinsunisiineusuiinguuunadugvs manisiineusuneunisiineusuiads 26.50
AZUUY uazild D BauunTE VAU 1.67 Yairivdinsiinovsufinzuuuiade 45.67
AvuuY wazdidud sauuninsgiuviady 1.93 WeFsuisuasuuunsuLaynds
nsiineusuieadiA Dependent Samples t-test 1U31 AYWLURAGNAVENIINSHINBUTIVAS
nsfineusNgenInAeunsiineuTLegiltud Anyeaiiansedu 05 uandiiuinnends
1194913 70ANTTUNIB U AUNTEUIUMSUA T Y8 198T19a55A (Creative Problem
Solving) itr¥umstinevsudinaduguimansfinausugedu Sadulumuauufgiunsided
Avuabd

5.1.3 HaN1311UsEANTAINV0IYANINTTUNITITEUS HANITITENUIN YANINTTY
N33 8UIANNTEUIUNTLATYM0819a319d55A (Creative Problem Solving) dwsuau
fautrgebilulssnugeaivnisy JUsenSainvednszuiunis (E1) wihiuieeas 80.50
6‘??@ﬁwmmmmﬂmuumiﬂﬁﬂﬁﬁ%ﬂiimmiﬁaué’iwdwmiﬁﬂamm waziuszansnimues
nadns (E2) wihfiudosa 82.67 Fsruiamnaziuuiuunaaeyuianadugnsnianisiineusy
TnofiuszanSnw E1/E2 wiriu 80.50/82.67 Fadulumannaisnasgiu 80/80 Aifavunld

5.1.4 wan1susziiiuauianelavew]diunisineusy wan1s3denudn fidnsu
n1sineusuiiauimeladeynfanssunisiteuinunssurumsundymiedeaineassa
(Creative Problem Solving) @ nsunugeutizalninlulssnugnaivnssy Inunmsinegly
sefu 10 SAadswindu 4.16 uazdrudsauuminsgiuwindu 0.69 uansliifiudiyg
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AunssunmsBeusiiautudaumnzauidluduidon suuuuiansy nssuunmsGous
LarNISHNUHUR arunsadaasunisiseusagnsussendldlunisufufauaselaediadl
Usgdnsnm

fatu FeagUlddn gafanssumsidsudmiunssuvaunisud dymedsaiiasse
(Creative Problem Solving) dw¥usugesniigsluitlulssrugramnssuifisefamuiy &
AuNLATUSEAVBAMABLNATITI LA aasaauNadugvEIssTineuTIvesiinF
nsineusulaegrlitudAy wazlasuanuimelaluseduunn Jsanunsaihluussndldly
n1sneuTHLaziAIAne A MY esYegan U slulssnugaainnssuliegawmangauuasl
Usedndna

5.2 8fUs1ENaN5IY

M7TeEes MeiannyefansTunsiSsusunszuunsLAgmedsaiieassd
(Creative Problem Solving) dwisuauganuigeliiilulssugeainnssy dinguszased
Wl eamngaf anssunsiSsusmanszuIunsuidymegsadieassd dnwinadugns

o

Doy

M14N13ANOUTH UTdNTa1nveayananssun1Tiseuy wazauianelaves 15y
nsEinousa uamidEaIsnoAUT NI UsYaUeIMTIe Rereluid

5.2.1 HAMINAUIYARINTIUMIBBUsALNTEUIUN T Tmee19aseassA (Creative
Problem Solving) HAN1TILNUIN EITYALTANAUIYANINTTUNITSYUTAUNTEUIUNTT
witgyn1ee19a319a55A (Creative Problem Solving) dmsusugenuigelviialulssau
gnavnssuldnuinguszasdiivue Tnsyafanssunisieuiussneudiegiioineins
LHUNNTINNINTIUNISISEUS TngUszasalangdingsy lumnusanuay 5 Aanssy tufanssy
Tuuitinis wuuneaeunoulazvdIsEneUsH LUUNAABUIANadugMENIsineusy de
UaueyUsenoun1sineusy wagyalnufuinisaivauuemetiviraiumlanussuy
Internet of Things #alsfunseenuuuliidenndosiudnuvarsmiaziamitingentissly
159URa NI TuAB RN luNISURURUASS

uafandnienaidesnannsiaugeRansTunsSeudiBuiuannisinudoyaiiugiu
an iy uazANFBINYRsAnUYTENoUNT neuthdeyadiliuniinszinazdmun
o SngUszasd Aanssuniaious uaneesdeustiliunalviiaruaenadosiu mnduis
mmaammmwimmLﬂfwmmLLaUUiUUNLLﬁlmﬂauUWIUI%ﬂUﬂammaaawa dumalsiyniianssu
nssudiesdusznauasudu fdduduneudaau wasmnzautuiiugiunasuiun
nsuiRnwesidiiunisineusy

wonntl msthnszunsuidamedsadsassruiffuunmalunissaionssy v
TfidsumstineusuldldGeuiamademiunuseuthsslwihwindy widdlifinlnsey
wasuAtgmauduneureInszuILN1T CPS IduA nsdumingussasd (Objective Finding)
N3AUMTBIIAase (Fact Finding) nmsaum sy (Problem Finding) nMsAumuuIAn (Idea
Finding) N13AUNILUWINILA LY (Solution Finding) wagn15gausuLuINIUUF
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(Acceptance Finding) nszuiuni1sainaIndalenalvdiinsunisineusulasiusiudeya
Anneviamesiiyvn lauslnAniivainvans finnsamaden wagfmuauuamaudled
GREVA LAV IRIIRNEIEER

Nan5IsEdaenndeiuLLIAnTes Osborn fhaveinnisuidameyead1assfaag
duasuliyanaasisumnAaiinainraisnoufiansanuazdadenuuinieiinunzay uay
aenAdaiuLLIANYes Treffinger AoBU1BIINsEUILAT CPS 1HunsyuIumsiidenles
msvhanudilalgm msadsunda wazmnaurudnfallgnisuiifedadussuy
Jevaelvidiinfunmstineusuannsafiansantlymandeyauazteiiiants nasnaundnides
nsanaulannlamlagofuusyaunisalnsonULABTULNYIDE1LREN

nsdnAanssuludnvuzngudadialonalididrsunsiineusulduaniuasuniuiuay
Usgaunisal uandauAniiu Suilswwifnfiuands wagsanduRarsanumnai e
dsraliAnmsSeuifuiuwazmainueiaduszuy deaonadesiudnvaznisu iR
geargdlulsanugnaivnssufideserfonisussaunusenineduisinumateing Tnona
msUszdurnufianeladmuin stennsifidedogsaelusunisinianssunsBous Ae
AnssunsBousduasunsvhanuduiintasmaiouegiadussuy daedewindu 4.50
ogluseiuanniign FsatuayudnnisooniuuAanssumanszuIuTs CPS CQHAERENECH
nsuitavnuaznisviusuiuvesidiumsineusule

yausthgany nsiyeinujuianisaivaunemesiniiaiumanisseu Interet of
Things (IoT) anlfszneuianssy shlsidrsunsiineusuanansadenlesanuiiBanguiu
n1sUftRas RaudnsnsaaeugUnsal N15AATIERNITIIUTBSSTUY MIAUIANIRTES
ARaUnA M3deulusunsuaIuANAIe Arduino IDE Msiliousogunsal 10T nasnau
n1snaaedkarUseidunawuInaunly dawalifanssunisineusudanulndiasedu
anun1saliugenvrgelilulssnuanavnssy wazeliidrsunisilineusuusaiiu
wmslumahanuiuaevinuealasululszgndldlumsufuRnuass

Uszifudananlasunsatuayuainmanisusediuanufianela danudn s1ensid
AnadpgeanlusumsinUfua fe Jidrsunsiineusuanansathnnuiuasinueilasuly

a wa

Uszandltlun1sufumauaselea Srnadewidu 4.58 agluseivuiniign uansliiiuiiyn
NANTIUAITITEUS NRUIT U A udennd 8ei UanINNISU URIULAEADUALD D

v 1

ANNABINISlUNSHAILANTToUEYsigauUrTsluls s ugnamnTSU

At NIRAUNIYARANTTUNITFEUIIABYTUININTEUIUNTULAT Y ag19ai19assALN
LY & ! o =% a va v a =2 1 Yy Y o
fuillenaugeningsiihuasnsinujdianewmelulad 1oT Faduwuimenvelvigiinsy
nsineusulaimwINgeINsg Finven1sAndnset nsadanuamawidym nsvieudu
i wazmsUszgndldnnudlunisujifaueisliegradussuu dwaligaianssunisseud
g uaunsainlldlunisinevsugsdentrslulssnueeainnssuldegnamangay

a a Aa
Lazdusyansnn
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5.2.2 HansiUSsuiisunadugrsmnanisiinevsuneuuazndsnsiineusu

namsifewuin fiirumsiineusudasuuunadugrimamsiinousundsnfneusugs
nifeuMsneustes 1elitud A neadffiseiu .05 wandliidiuin nevdsmsdisauAanssy
nsEeugmunsEUINMIAUyeg19@seessA (Creative Problem Solving) Hiinumsiinausy
fnadugms nansinevsuiiiudu e oraud sanainnisdafanssudilalenals i3y
nsneusuladmseidayainaniunisalaug outngeliin dvuedgm asramadentu
mMsuAtywn Rsanidonuuamis wazthuummslivaassUjua vilriAanadeulessening
AusuaznsuuRcuegadussuy

NaN1T3 SR InanaenAd pefuLLIAATEY Osborn (1953) AilAnudAayiunsasig
WAATIYAINVANEA BUNS RSB DNLLINTIINYAY WAEIRRTEY Treffinger et al. (2000)
flesunensruiuntsuidymessasnsassAindunssuiunmsiduasunisianudlatgm
mMsaieuAn waynswsunadistuumnsUgmsUiua faiu medaRanssad g dnsy
MR NaUTUAMELNAITAUNTEUIUNMIAING 1A VMR NUG TR buaa unsal nug audnge
Iyl Fsorutadenisietuaylinadunysmenfinousuvdamsfineusigedu

5.2.3 HamsyNUsEAVEMMUeANINTINMISeS (E1/E2)

HANITITENUTT YANINTIUMIS BUIAUNTEUIUNTRAT e waseassA (Creative
Problern Solving) U3 amweinszuauns (E1) windusesay 80.50 4 3léa1nagwuy
MU UANAINTTUNMTS U TEMINNRNBUTH Wzl UseAnSanuawaans (E2) wiriusesay
82.67 AdldTnaziuuuuuvagouaRadunns mamsHnousy fafu gafansmunaEeudd
UsvanSam E1/E2 winfu 80.50/82.67 Fadulumannai 80/80 fifmunly dedenndosiy
uARvasTB wavaned (2556) fiszyininae E1/62 HUsmliuraUsyavEnmaainssuiunis
warnaansn195 susneudluldas uaraenadesiunan1sAne1ves Arkira, Kanokwan, and
Chaiyapon (2019, 2020) ﬁwudwm‘ﬂﬂammL%mﬁﬂ’aﬁmﬂizﬁw%mwcimmmsﬁ 80/80 WuLAEINY

Hasang 1aEiawdn Rri1sunsineusuansauiRnanssusendtensineusulany
nasifiinun wagdineduqvs nevdsmineusudulumuinasigufientu fdeadeanan
yaRanssumatousldsunstauetaduddu Tnefimstmuninguszasd Wom Aanssu
Myl MalnUfUR uasmsUssidiuwalifauaenad oaty s unsanvaeulag
Jdemguaznsvaasdiiewiluliungumsteds

5.2.4 namsusziduauianelaves Wrsunsineusy nanmsIdenudn Jinsu
nsineusudAnuianelaseyaf anssuNTTeus AunseuIuMTLA Uyneg 19aseassa
(Creative Problem Solving) dwsusnugenursalniilulssnugsavinssy lnenmsiweglusedu
n fiAnadewiiiu 4.16 wardruloauunasguwindu 0.69 wandiiuin dhsunsiineusy
fmssuuazaruianelaludsuindenisdnfanssunisdeudAvwundu Wefiarsan
HANTUTHEIUTIEA T WU PunSRAUGUReyananssun1ss su aunszuun1sui ey
oe 9@ aas3A (Creative Problem Solving) iriadewintu 4.18 uay fumsdafanssunsBous
fraduiity 4.15 Feoglussduanisaosdiu madsnamagioudn fdrsumsiineusy
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ﬁm'liJﬁQWEﬂWi8‘17?&ﬂi%U’Jumi‘:]Jﬂﬁﬁ]ﬂ’iiuLLazm’iﬂﬂﬂﬁﬁaﬁL‘ﬁuaﬂﬁﬂizﬂaU%amﬂﬁﬁ]ﬂiiumﬁ
Fouf dofinsaniduneds sunsdnfanssumsiieud wuin s1emsidaeasgegn Ae
AonssumsGouidaaiumshouduiinuarnsvhauegaduszuu feedeiniu 4.50 eglu
sgiuniian daudunsinufuR sensideedegen Ae furiunsiineusuaansnii
szl sululssgndlflunsufiRnusidds fanedewindu 4.58 eglussduanniign
namsUszdiuianaauandliiiug grnsunsiineusulienuianelawudaludssaumsiney
Fauiuegraduszuuwazmsihemuguazinueluusze nd ldlun1suf URnuass wansnann
#0nAa I ULWIAAYBY McClelland (1973) '171"Lauadwamiauﬂumﬁﬂﬁﬂ’ﬁmuﬁuﬁu@i’a%’s’m
Ameanansaitieuddapnnniimmdidmuiiesesadier Jsenaibumg nadidniviilig
drsunistineusulianuddyuaziianuiioneled saseused unisihanug waginuely
Uszynaltlunsuinauass

og1alsfn 1 el ansansIensTi A ed onn wud1 Aanssunisisoudaasy
msuanAsumiuFuasUszaunisalsauiu fauedewindy 3.75 uar ma@eulusunsuaiugy
s2UUsnY Arduino IDE wagnsifessiegunsal loT drmumsnzausensiinufod daedowiniu
375 witsasnemsdsoglussduann uifidiadesninnenisdu nadsnaniaiudeyadisny
dmsunsusuugseianssy Tasmsiiialenialunisuaniud sunrmfauiusewinsg g3y
MIANDUTH UAENAITANNITAZEUAUNT LA UNSIT BulUsunSUazN1T T usEUY 10T T
wanzaufuiiugumesdrsumsfinousunnB sy

Fafu wan1sUszdiumufiselaagiioudn fiiumsineusudanudianelad eyn
Aanssun1seuslasnmsiteylusydvunn Insmzaunsiianusiasyinueluusvynaldly
MU URMuas swaznmsdaEs unsinwluiiy vasdennu nansussdusedediessy
UssifufimsthlvsutsdunsianngafanssunsBouslueseioly

5.3 daweuanuzlunisidy
NNNANTITEE0S MafaugaRanssuNsGusnunszuIumsLAtamesvaiassd
(Creative Problem Solving) @wsuaugeutrsslninlulsssugnaimnssy {3784
Yorauauuy fail
5.3.1 TolEuakuEINNITIVY
5.3.1.1 nuddeilldnguitedunguietunst unounuszaniam maaesld)
uaztuneuIsuLfisunadunndnou-uds FseaLfanaainnsiuuunaaeusn (testing
effect) 1uAsadaneluasusnnaunaaedldauiaidn (tryout) sanainnguiiedease
sgdnunauluiudayadss
5.3.1.2 MmTelguuuuwnunguifed Ianeu-nda (One-Group Pretest-Posttest)
lagludnquatuny N5 -1adeddad1in arsiarsaeentuuliinqualuay
Wisudieulumsideaduieliiteriiunumnsinely (interal validity)
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5.3.1.3 NGUFI08 180N ULIRIZAS (Purposive Sampling) 3nan1uUsenauns
Ag7 33 AU Hadellvedina1un1591989lu29n I8 AITVEILVUIALATAIIUNAINNATEVDY
nausegdlumssidunssuiunmsifeadely

5.3.1.4 M3Usziluwuunaaeu/inieailold 10C Mndimauds uiuuulsedi
vinug fATadnaeRidausyiudsmsfiunsnsivasuanuiisssewinaUssifiu (inter-
rater reliability) iieanAupanAdewddnide

5.3.2 folauanuzdmiunsisensely

5.3.2.1 AITANYINAYBIYLANANTTUNISTIT HUT AIUNTEUIUNITWA U ynn
0819a519a53A (CPS) Aunausnegdlulssnugnamnssuussiamdu wienguiuitfnlu
awimnssunasmadaiiunndiedy WeAnwinavesnisiiyaianssululdluuiund
VanNaNe

5.3.2.2 A3sAneINIIi YAl nU Ud tauisay sunnsiuinalulad
gnamnssuasielug 1w Industrial Internet of Things (1oT), PLC, SCADA uag HMI 1ile
AnwmavesmsUssgndldinalulagdanaisiuiunszuiums CPS lumsiauaussaussu
uganyIgelnii

5.3.2.3 msfinynaveynianssunsiteusluszezend lnginniu n1sasegves
mnufuaiinue saensumsthuduasinuelussgndlilunisufoRnuede weussidy
arusteifiosamanisiineusumeviaiuganisiinousy

5.3.2.4 msAnwIsRmudensFeuslusluuuiava Wy nseuieeulal
(Online Learning) 3Aleansn n1saesaa1un1sal (Simulation) M50 SIEEUTLUUNALNAY
(Blended Learning) wazAnwinavesdofanadenadugniuarnisilnufifvesdidniu
nstlneusy
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ﬁqﬁmmfuamii"ﬂ’au%umm‘i‘]mmﬁl,ﬁﬂi’i’u'ﬂ‘%qlunﬂiﬂﬁﬂ'ﬁmu nsidrsmawituazdalviidy
annsavszdiulssdnianesaianssunssuiunmuidymediainessd (CPS) legamnzay
wazdoyai ldsuandudsslovisonsimunjuuvumalnausuianursoiilulssyndl i avia
Usgdvsnmnsvinulunmagaamnssusio

n'l‘jl."t']"l‘.i"miﬂ‘nmﬁﬁ’m%@ﬁﬁm’amif’rhuﬁ'imﬁun'ﬁﬁwi’mmmzmumiuﬁﬂcgﬁ'lati'n
a$19a33A (Creative Problem Solving: CPS) dmiunudentnalivilulsesugramnssu laedide
e lyiviTuRBULUUNAGDUABULAYMAINTSENeUTH Taudsuuuyssdiuauiiawaladayaianssy R
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AN A-8 BIAUTLNOUVDIHHIAIUANIUULTBIYANN U URNTS

(1) unasglinszuansauin 3V, 6V, 12V, 24 V uavunasanslninssuaaau220 v
(2) vesalulaspoulnsalass Esp32-53

(3) vokanIwa LCD SPI TFT 9u1a 320x240 2.8 ‘5’3

(@) S1ad (Relay) 3u1m 5V DC

(5) lugauniini Real Time Clock Module DS1302 RTC
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(1) wesAnwsnLNes (Circuit Breaker) 25A waz #ad (Fuse)

2) @309 (Switch) T amun 3 anwagsad Switch Pushbutton, Selecter Switch ,
Emergency Switch

(3) Tevesluan (Overload Relay)

(@) Saddaan (Timer Relay)

(5) huniufAn AeuLNALDS (Magnetic Contactor)
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ABSTRACT: The purpose of this research is to design and develop a demonstration Set of a water cooling system
using a Peltier with solar energy and technology, and IoT (Internet of Things), and test and measure the performance
of the Peltier Plate Water Cooling System Demonstration Set under different environmental conditions. To be used
as a model for clean energy systems and experimental learning materials. The prototype system consists of a 100-W
solar panel, a 12 V 20 Ah battery, a Peltier plate, a DSI8B20 sensor, and a NodeMCU microcontroller. The system
performance is determined by analyzing the energy drawn from the water (Q) compared to the electrical energy
supplied to the plate (Q2) and calculating the coefficient of performance (COP) value to evaluate the performance of
the system, as well as testing the operation under different light conditions (morning, noon, evening) with real-time
temperature data and control behavior recorded via IoT (Internet of Things). The results showed that the system can
reduce the water temperature by an average of 4°C-7.5"C within 60-90 min, with an average COP (COEFFICIENT OF
PERFORMANCE) in the range of 0.3-0.4 during unstable solar energy periods. The system can respond to commands
via the Blynk application in under 2 s and can also operate continuously on battery backup power during low-light hours.

KEYWORDS: Plate tier; solar energy; cooling system; efficiency technology; IoT (Internet of Things)

1 Introduction

Currently, there is a growing demand for cooling systems that are chemical-free and can be used in
remote areas. Peltier modules are a promising technology in this field because they do not use refrigerants.
They have no moving parts and can work with solar energy efficiently when integrated with IoT (Internet
of Things) technology. It can also be applied as a demonstration set for learning in underprivileged areas.
It helps learners understand the principles of cooling, energy management, and intelligent system control
concretely. Based on these considerations, the researcher proposes the idea of developing a Demonstration
series of water cooling systems with Peltier plates, solar energy, and IoT (Internet of Things) to be used
as both a prototype of a clean energy system and an experimental learning material in the context of
modern education. While the core technologies applied in this study—Peltier cooling, solar energy, and IoT
(Internet of Things) control—are not novel individually, their integration into a self-contained, low-cost,
educationally oriented system represents a unique contribution. This framework is designed specifically for
energy-constrained environments and aims to enhance real-world STEM learning while supporting practical
off-grid cooling solutions.

(D Copyright @ 2025 The Authors, Published by Tech Science Press.
This work is licensed under a Creative Commons Attribution 4.0 International License, which permits

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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2 Objectives

The primary objective of this research is to design and develop a demonstration set of a water cooling
system that integrates a thermoelectric Peltier plate with solar energy and Internet of Things (IoT) technol-
ogy. This initiative responds to the increasing demand for chemical-free cooling systems that are applicable in
energy-constrained or off-grid environments, especially in rural or underdeveloped areas. The integration of
solar power with smart control via IoT (Internet of Things) aims to reduce reliance on traditional electricity
sources while offering hands-on learning materials for STEM education. In addition, the study seeks to
evaluate the performance of the developed prototype under varying environmental conditions. By observing
the system’s behavior across different light intensities and temperature ranges, and analyzing the cooling
efficiency through the coefficient of performance (COP), the research highlights both technical feasibility
and real-world application potential. The dual aim is to contribute not only to technological advancement
but also to the development of pedagogical tools in energy and environmental engineering.

3 Literature Review

The design and development of a water cooling system using Peltier plates in combination with solar
energy and Internet of Things (IoT) technology requires knowledge from various fields, including physics,
energy engineering, information systems, and automation. Recent studies have explored similar integrations
of thermoelectric cooling and renewable power. Ref. [[] proposed a solar-powered Peltier refrigeration unit
for remote environments and implemented IoT (Internet of Things) based thermal control using Peltier
modules in electric vehicle battery systems. These studies highlight both the potential and current limitations
of smart thermoelectric cooling under variable energy conditions [2].

The basic phenomenon of energy transformation from the difference in heating and cooling temperature
on a conductor to electrical energy was first discovered by [ 3], a German physicist, who discovered that when
the ends of two types of conductors are connected, there is a difference in temperature at the junction of
the conductors. As shown in Fig. 1, the diagram shows the Seebeck Effect thermoelectric principle and the
structure of the thermoelectric module, drawing on information from an article published on the website
of the Thai Physical Association that shows the physical basis of the phenomenon. It also describes the
engineering structures of thermoelectric devices, both 2D and 3D, to facilitate the mechanism of converting
thermal energy into electrical energy in a systematic manner. The leftmost image shows a fundamental
experiment on the Seebeck Effect, the basis of thermoelectrics, using two metal A wires joined together and
with different temperatures at both ends. When there is a temperature difference between the two ends,
electrons move from the hot side to the cold side. This movement causes a voltage or current in the circuit.
The hot spot emits electrons. The cold spot receives electrons. This principle shows that heat can be directly
converted into electrical energy, which is at the heart of thermoelectric generators. The middle image shows
a diagram of a 2D thermoelectric module, which shows the arrangement of P-type (orange) and N-type
(green) semiconductor materials alternately in pairs, connected between the hot surface and the cold surface.
‘When heat passes through semiconductor materials, the movement of electrical carriers (electrons and holes)
occurs, resulting in a voltage between the negative and positive electrodes. This electricity can be continued
through an external electrical circuit, with a voltmeter displaying. This type of structure is commonly used
in engineering applications.
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Hot Surface

Figure I: Diagram illustrating the thermoelectric Seebeck Effect and the structure of a Peltier module, created by the
authors based on conceptual information from the Thai Physical Society [4]

3.1 Application in Peltier Module Systems

In the context of this research, thermoelectric theory, especially the Peltier effect, is of direct importance
because the Peltier plates used in refrigeration systems operate on this principle. As a result, one side is cooler
(cold side) and the other side is hotter (hot side). A heat sink or cooling system will be able to create an
efficient, small cooling system without the use of refrigerants. Prior to discussing component advantages, it
is essential to recognize that recent implementations of Peltier modules in embedded environments, such as
the work in [?], emphasize the need for real-time thermal feedback, optimized power delivery, and stability
under fluctuating load conditions. These insights inform the design direction of the present study [5].

3.2 Theoretical Concept of Solar Energy

Solar energy is one of the core components of the future renewable energy system, based on the theory
of the Photoveltaic Effect and the ever-evolving solar cell technology. The photovoltaic effect was discovered
during experimentation with electrodes in solution, and found that light can stimulate the generation of
electricity. One of the key processes of converting solar energy into electrical energy is the photovoltaic
effect, as reported in [6]. Solar cell technology is responsible for converting solar energy into electrical energy
directly through a physical process called the Photovoltaic Effect. The diagram presented illustrates the
principle of operation of solar cells in a three-dimensional manner that is easy to understand and realistic.
As shown in Fig. 2, Starting with sunlight, which falls on the surface of the photovoltaic cells coated with an
anti-reflective layer to increase the efficiency of light absorption. When photons from sunlight hit the cell
layer, the electrons in the atoms of the material break out of their bonds and move freely. When an electron
is excited by light and breaks away from an atom in the P-type layer, it is pushed by an internal electric
force to move to the N-type layer, causing a potential difference between the two poles, thereby generating
electricity [5).

3.3 loT (Internet of Things) Theory Concept

While many recent cooling systems incorporate IoT (Internet of Things) for basic automation, several
studies have noted shortcomings in their ability to adapt to fluctuating power supply and thermal load. Real-
time responsiveness and energy-aware control remain critical challenges that this study aims to address.
The concept originated from [7], which explained that ToT is the interconnection of devices that can
communicate with each other through a network without relying directly on human commands. Researchers
have proposed IoT (Internet of Things) technology as a medium for real-time monitoring and control [£].
As shown in Fig 3. ‘The status of the module and the power consumption via a smartphone or remote
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control device. In addition, the system can respond automatically through sensors connected to the Internet,
enabling efficient energy management, reducing losses, and increasing ease of use.

loT SYSTEM

Figure 3: Principles of o7 {Internet of Things) technology, created by the authors

3.4 Technology Performance Evaluation Concept

After the development of the prototype system, its performance this value is used to indicate how
efficiently the system is able to harness energy to achieve thermal results. Despite the established thermo-
dynamic foundation, recent literature indicates that achieving high COP (coefficient of performance) in
practical thermoelectric systems remains a challenge. Most studies focus on fixed-load scenarios without
accounting for variable solar input or adaptive control strategies. This research fills that gap by integrating
IoT-based power regulation with solar-powered cooling, enabling autonomous operation in off-grid or
resource-constrained environments,

4 Research Methods

This research is experimental in nature and aims to design and develop a solar-powered water cooling
system using Peltier technology, integrated with IoT (Internet of Things)-based control and monitor-
ing. To achieve this, the research methodology was divided into several key phases. The process begins
with a comprehensive theoretical study to establish the foundation for system design, as detailed in
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Sections 4.1-4 4, As shown in Fig. 4. This preliminary study supports the subsequent phases, including
system design, hardware assembly, and performance evaluation under real-world conditions.

Figure 4: Rescarch framework

4.1 Preliminary Study

The researcher studied relevant theoretical data to support the system design. This included

(1) ‘The Seebeck and Peltier effects, which explain the thermal-to-electric and electric-to-thermal
energy conversion in TECI-12706 thermoelectric modules, forming the core operating principle of the
cooling system:

(2) The photovoltaic effect, which governs solar energy harvesting and conversion into electrical energy
used by the system :

(3) The microcontroller-based control logic implemented via NodeMCU ESP8266, which processes
real-time input from temperature sensors and manages the switching behavior of the Peltier plate

(4) Fundamental [oT (Internet of Things) communication protocols, which allow real-time data
transmission and control through the Blynk platform

(5) The influence of fluid dynamics, including flow rate, water volume, and thermal mass, which directly
affect heat exchange efficiency and cooling duration. These theoretical foundations were used to guide both
the hardware design and experimental testing,

4.2 System Design

The system was designed as a closed-loop solar-powered water cooling unit, incorporating energy
harvesting, thermal exchange, control, and monitoring layers. The experimental platform configuration
included solar input, a charge controller, battery storage, a NodeMCU-based control module, temperature
sensors, and the water tank integrated with Peltier plates. This structured layout improves understanding of
the system interactions between hardware and control logic.

4.3 Assembling and Installing the System

‘The hardware setup followed a step-by-step integration process, starting with the solar charging circuit,
followed by the connection of the Peltier plates with heatsinks and fans, and then installation of the DSI8B20
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temperature sensors. The microcontroller (NodeMCU ESP8266) was programmed using the Arduino IDE
and mounted on a custom PCB board detailing component interaction and wiring logic [5].

4.4 System Testing
To ensure consistency and replicability, the experimental protocol was structured as follows:

. System initialization and baseline temperature logging
The system was powered on and allowed to stabilize. The initial water temperature was recorded
before any cooling began [9].
2. Exposure to designated light conditions (morning/noon/evening)
The system was tested under natural light in three time intervals to simulate varying irradiance:
«  Morning (08:00-10:00)
« Noon (11:00-14:00)
« Evening (16:00-18:00)
3. Real-time data acquisition via the Blynk dashboard
The NodeMCU controller transmitted temperature and voltage data through Wi-Fi. These were
displayed and logged on the Blynk IoT (Internet of Things) platform in real time [10].
4. Automatic activation/deactivation of the Peltier module based on sensor thresholds
The system turned the Peltier plate ON when the temperature exceeded 25°C and OFF when the
temperature dropped below 18°C, following predefined thresholds.
5. Data recording for AT, power consumption, and system latency
All changes in tank water temperature (AT), voltage/current draw, and control response time were
recorded for performance evaluation.

5 Results

The results of the design and development of a water cooling system using Peltier plates and IoT (Internet
of Things) technology show that the system can operate efficiently. The design and development of a water
cooling demonstration system using solar-powered Peltier plates, in combination with an IoT-based control
system, was effective. The key results are detailed as follows.

5.1 Design and Development Resulls of Water Cooling System Using Peltier Plates with Solar Energy and
IoT (Internet of Things) Technology

It was found that the system can produce cooling using solar energy. The solar panel supplied enough
power to operate the Peltier plates and the entire control circuit during the day. The system can effectively
reduce the water temperature in the tank. Details are as follows.

5.1.1 Laying a Water Cooling System Using Solar Plate Tiers

The system’s modular design enabled temperature reduction through two sequential Peltier cooling
stages. Under average noon irradiance (700-850 W/m?), the first stage achieved a AT of 2.3°C, while the
second stage provided an additional 2.5°C drop, leading to a total cooling of 4.8° C within 60 min. This staged
approach allowed greater efficiency than single-plate systems reported in [11] achieved only a 3.1°C drop
under similar conditions. The solar-powered configuration sustained operation without requiring grid input,
validating the system’s suitability for off-grid use. As shown in Fig. 5.
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Figure 5: Simulation of a demonstration set of water cooling using Peltier plates with solar energy and loT (Internet of
Things) technology, created by the authors

From the picture, you can see that the cooling system and IoT (Internet of Things) plate are installed
between the two sides of the heat sink. On the hot side, there is a fan to help cool it. While the cold side is in
contact with the insulated water tank. It is connected to the NodeMCU ESP8266 1o transmit data to the Blynk
platform via Wi-Fi and automatically control the on-off of the system according to the specified values [].
The core of the system is the Peltier plate, which is responsible for creating the temperature difference between
the two surfaces when electricity is supplied. The hot side is installed in conjunction with a heat sink and
cooling fan to help efficiently transfer heat away from the Peltier plate, whereas the cold side is placed in
direct contact with the wall of the water tank, which is insulated with polyurethane (PU) foam. 'The purpose
is to transfer cold water into the tank and maintain the water temperature within a certain range. To measure
and control the temperature of water in the system, DS18B20 series digital sensors are used, which have high
accuracy in measuring the temperature of liquids and can be directly connected to the NodeMCU ESP8266
board [#]. The NodeMCU board acts as an intermediary to receive temperature data from sensors and then
relay it to the Blynk platform via Wi-Fi, allowing users to track the temperature values of the water in the
tank in real-time through a smartphone or other mobile device connected to the Internet. A 12 V or higher
solar panel should be installed on a surface that receives the most sunlight. Connect the wire from the panel
to the Solar Charge Controller, which controls the current sent to the battery to prevent overcharging or
over-discharging [9]. Connect the cable from the Solar Charge Controller to the 12 V battery (Deep Cycle)
to store energy. Check the voltage supplied to the system with a multimeter to ensure that the system is stable
and safe before connecting to another circuit.

5.1.2 Installation of the Refrigeration Unit, Plate, Heat Sink, Fan, and Water Tank

‘The researchers installed Peltier ( 'ECI-12706) plates and applied thermal paste to both sides of the plate
to increase heat transfer efficiency. An aluminum heatsink was installed on the hot side, and a cooling fan
was used. On the cold side of the Peltier plate, it was attached to the wall of a 5-1. water tank, which was made
of plastic or stainless steel and was insulated with Polyurethane foam (PU Foam) to protect against external
heat. The structure was fixed using a base made from acrylic or MDF wooden panels to hold the components
securely. All parts were installed either vertically or horizontally according to the design to ensure efficient
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heat transfer and safe wiring. The signal from the DSI8B20 sensor was routed to the NodeMCU board. The
waterproof DSI8B20 sensor was installed in water or on the tank wall, with the sensor head in direct contact
with the liquid to ensure accurate measurement. The sensor’s 3 wires (VCC, GND, DATA) were connected,
with a 4.7 kQ pull-up resistor between the DATA line and VCC to provide stable digital communication to
the NodeMCU ESP8266 board, which functions as a microcontroller with Wi-Fi capability [4].

5.1.3 Calculation of a Cooling System with a Thermoelectric Plate (Peltier)

To assess the cooling capability and energy efficiency of the system, the researcher performed a series
of theoretical calculations based on thermodynamic principles. These calculations include the amount
of heat energy required to reduce the water temperature, the average power input, the electrical power
consumption of the Peltier module, and the thermal dissipation requirement. Additionally, the thermal
resistance and surface area of the heat sink were determined to ensure the system’s stability under continuous
operation. The results of these calculations are summarized in Fig. 6, which presents step-by-step equations,
substituted values, and outcomes that were used to guide the design and optimization of the thermoelectric
cooling system.

Heat energy required to cool water Total heat to be dissipated

Q=m:cp-AT Qnot = Qcool +P

0.60-4180- (30 —20) = 25,080 | 216 +617.1=833.1 W
Average power required Heat sink thermal resistance
p,% Rm:"m-fzmm

2080 = 27.87 W 0¥ =0.030 *C/W

Electrical power used by Peltier Required heat sink area
p=o5 A=

A8 =617.1W s5-a550 = 0.60 m?

Figure 6: Simulation results of the design of a thermoelectric plate cooling system to reduce water temperature

The researchers applied the basic principles of heat transfer and energy consumption in refrigeration
systems. They used physics and engineering equations to analyze and design simulations of the thermoelec-
tric plate refrigeration system. The goal was to reduce the water temperature and to evaluate the performance
of the equipment from quantitative data.

1. The energy required to cool the water was calculated using the equation Q = m x cp x AT. With
600 mL (or 0.6 kg) of water cooled from 30°C to 20°C, the system needed to transfer 25,080 J of thermal
energy, establishing the system’s cooling load [10].

2. The average power over 15 min (900 s) was found to be 2787 W, a critical figure for power
supply design.

3. Considering the Peltier plate’s efficiency at 35% (COP (coefficient of performance) = 0.35), achieving
216 W of cooling power requires 6171 W of input power, indicating system losses and the importance of
selecting efficient components.

4. The total thermal load including cooling and electrical power was 833.1 W, which must be dissipated
from the hot side to avoid system inefficiencies.
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5. The required heat sink thermal resistance was calculated as 0.030°C/W, a low value demanding high-
performance cooling equipment.

6. Given the heat dissipation of 833.1 W and a convection coefficient of 50 W/m’-K, the necessary heat
sink surface area was determined to be at least 0.6 m”.

5.1.4 Refrigeration System Assembly Results with IoT (Internet of Things) Technology for Real-Time Control
and Monitoring

The researcher applied embedded electronic devices (embedded systems) and Internet of Things (IoT)
technology to enable automatic control and real-time monitoring of system status. Key findings include:

The real-time monitoring system showed high reliability, with temperature readings updated every 2 s
and IoT (Internet of Things) command response delay averaging 1.3 s under full load. This update interval is
appropriate given the nature of thermoelectric cooling and the specifications of the DS18B20 digital sensor,
which operates optimally at sampling intervals of 750 ms to 1 s depending on resolution. Since temperature
change in water-based systems occurs relatively slowly, a 2-s interval is technically sufficient for accurate
monitoring without unnecessary processing [4]. During evening operation, where supply voltage dropped
to 11.2-11.6 V, response latency increased slightly to 1.8-2.1 5. Nonetheless, the system maintained accuracy
within +0.5°C, confirming the robustness of the NodeMCU-Blynk integration in low-power environments.
Compared to similar PV-based IoT (Internet of Things) systems reported [3] which had delays of 3-5 s, this
implementation provided faster and more stable real-time performance.

5.2 Results of Hardware Application and Driver Writing with Arduino IDE

The researcher developed the system using the Arduino IDE platform as the primary tool for pro-
gramming and uploading to the NodeMCU (ESP8266), which functions as the microcontroller for the
entire system.

In the first step, the necessary libraries were installed to ensure compatibility with devices, including
OneWire and Dallas Temperature for communicating with the DS18B20 temperature sensor, and BlynkSim-
pleEsp8266.h for connecting the NodeMCU to the Blynk platform [9]. This Setup enables real-time data
control and display through the Blynk smartphone application. When the water temperature exceeds 25°C,
the system triggers the Peltier plate to turn on, and when the temperature drops below 18°C, it turns off via
the NodeMCU's Digital Output pin.

During development, a major obstacle encountered was the unstable Wi-Fi connection of the
NodeMCU in certain test environments, causing the Blynk app to lose functionality or real-time display.
Additionally, DS18B20 sensors occasionally returned null values or —127°C due to data contact errors.
Unstable power supply from the solar source sometimes caused the system to restart due to voltage drops.

To address these issues, the researcher implemented a Wi-Fi status check routine every 5 s with
automatic reconnection. Filtering conditions were added to exclude abnormal sensor values if the reading
was outside the 0°C-50°C range, the system would wait for a valid input. Capacitor circuits and voltage filters
were also added to the NodeMCU to stabilize operation under fluctuating solar voltage. The final system
code was uploaded to the NodeMCU via USB, setting the appropriate port in the Arduino IDE.

For remote control, the Blynk application was used to build a control interface that included a
temperature display widget, an LED indicator for operation status, and button/slider widgets for control
preSets. The authentication token (Auth Token) generated by the Blynk app was embedded into the Arduino
code, allowing for secure and real-time communication with the [oT (Internet of Things) platform.
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5.3 To Test and Evaluate the Performance of the Water Cooling System from the Plate under Different
Environmental Conditions

5.3.1 Energy Efficiency Used to Test for over 15 min

This Table 1 summarizes the power inputs and thermal energy transferred during a 15-min test of the
system. QI represents the power sourced from the solar panel, calculated using voltage and current input
values and found to deliver 34,290 ] of energy. Q2 reflects the energy supplied from the system to the
Peltier plate, calculated to be 219,780 ], based on operating voltage and current. Q3 measures the thermal
energy extracted from the water, computed at 68,659.44 ] using the standard equation Q = m x cp x
AT [3]. The efficiency of the system, expressed as Coefficient of Performance (COP), was calculated as: COP
(COEFFICIENT OF PERFORMANCE) = Q_cool/W_input = 68,659.44/219,780 =~ 0.3124.

Table I: Energy input, energy removed from the water, and coefhicient of performance (COP) calculation results during
a 15-min test

Power (Q) Meaning Calculate the power (W) Energy calculation Calculated energy
value (J)

aQl Power from the i]ou.rce {Solar Ungee * 1127 x 3 =381 Uiggue % Tx At =127 % 3 x 500 34,290
Panel

Qz Power the electrical box Usystem > 1 1L1 % 22 = 244.2 Ussystem > % At= 101 22 x 900 219,780

- supplies to Peltier
5.47 5.47

Q3 Energy extracted from the D % 4184 =(29.8 - 29.6) = 76.28 Q=mcp AT e x 4184 x (298 — 68,659.44

waler 29.6) x 900

COP (Coefficient of Performance) Calculation Results
Cops Besst _ GB63944 a0
Wingar 219,780

To demonstrate dynamic behavior, temperature values were recorded at 2-s intervals over the course of
60-90 min. The system exhibited a consistent thermal response under varying irradiance levels. The water
temperature decreased steadily from 30.0°C to 22.5°C within 60 min at peak sunlight, with control switching
events triggered precisely at 25°C and 18°C. The Peltier plate activation and deactivation correlated well
with sensor readings and predefined thresholds, confirming the responsiveness of the control logic in real-
time conditions.

5.3.2 Analysis of Performance Calculation Results: COP (Coefficient of Performance) of Peltier Plate
Refrigeration System

The performance calculation results for the coefficient of performance (COP) of the Peltier Plate Cooling
System were based on both experimental data and energy calculations. The prototype cooling system was
powered by energy from an external supply.

Power from the solar panel (Q1). The system received power equivalent to 38.1 W over 15 min (900 s),
totaling 34,290 J. This is considered the source energy value for the entire system.

Power supplied to the Peltier plate (Q2). The distribution box provided 244.2 W to the thermoelectric
plate over the same 900-s period, resulting in a total energy input of 219,780 J. This figure represents the main
electrical energy consumption used to drive the cooling system.

Energy absorbed from the water (Q3): The system successfully transferred 68,659.44 ] of heat energy
from the water. This was calculated based on the mass of water, its specific heat capacity, and a temperature
drop (AT) of approximately 0.2°C over the 900-s operation.
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The accuracy of temperature measurement was a critical consideration, given that thermal changes in
this study often occurred within a narrow range (AT = 3-75°C). All temperature data were recorded using the
DS18B20 sensor, which has a typical accuracy of £0.5°C and a resolution of 0.0625°C. To improve reliability,
each reported value represents the average of at least three measurements taken over the same time interval.

Solar irradiance data were obtained using a handheld digital lux meter and converted approximately
to W/m® using standard conversion factors, which may introduce an uncertainty margin of +10%-15%,
depending on ambient light conditions. While these values are sufficient for general analysis and trend
comparison, they represent a potential source of deviation in coefficient of performance (COP) estimation.

Future work may incorporate calibrated pyranometers and multi-point thermal sensors to reduce
measurement uncertainty and enhance reproducibility.

5.3.3 Effects of COP (Coefficient of Performance) Efficiency on Power and Heat Sink Design

Table 2 shows The coefficient of performance (COP) efficiency observed is low to medium, which
is characteristic of Peltier modules compared to vapor compression cooling systems. The calculated COP
indicates that the system consumes approximately 3.2 times more electricity than the amount of cooling
energy generated. This low efficiency is likely due to insufficient heat dissipation from the hot side of the
Peltier module, a low temperature differential (AT), power loss in the supply circuit, and poor thermal
interfaces between the plate and water tank.

Table 2: Effects of increased COP (COEFFICIENT OF PERFORMANCE) efficiency on power consumption and heat
sink design parameters

CcoP Power consumed Energy that Heat sink Required
(COEFFICIENT OF (W) needs to be resistance heatsink area
PERFORMANCE) drained (W) (°C/W) (sqm.)
Original value (1x) 61710 833.1 0.030 0.67
COP (COEFFICIENT 123.42 339.4 0.074 0.27
OF PERFORMANCE)
%5
COP (COEFFICIENT 6171 2777 0.090 0.22
OF PERFORMANCE)
x 10

Enhancements such as using high-quality heat sinks and fans, applying PWM control to minimize
average current, selecting Peltier models with higher COP values, and improving the AT range could
significantly improve efficiency. Table 3 illustrates that improving COP not only reduces power consumption
and cooling demand but also lowers heat sink size and performance requirements. Therefore, performance
optimization is crucial when higher efficiency is desired.
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Table 3: Results of water temperature reduction performance test with Peltier and IoT (Internet of Things) system
under different light intensities and times of day

Period Light Default water End water  Test duration Temperature Note
Intensity  temperature temperature {(min) difference
(W/nr’) °C) (*C) °C)
Morning 350-500 9.5 355 90 4.0 Soft sunlight. The
(08:00-10:00) system continues to
work from the battery.
Noon (11:00-14:00) T00-850 30.0 225 60 75 Maximum

performance. Enough

energy from solar cells.

Evening 300-400 28.0 24.0 90 4.0 The system is powered
(16:00-18:00) by a backup battery.

The results from Sections 5.1.1 to 5.5.3 show that the solar-powered Peltier water cooling system was
capable of reducing water temperature by an average of 4°C-7.5°C, depending on solar intensity and time of
day. The system responded to IoT (Internet of Things) commands with a latency of less than 2 s and operated
automatically through real-time thresholds, fulfilling the goal of autonomous, oft-grid thermal control [1].
While traditional solar Peltier designs require grid backup under low irradiance, this system maintained
continuous operation using a 12 V/20 Ah battery, performing reliably even under 300-400 W/m? sunlight.
In terms of system response, the reported control latency was between 3-5 s, whereas this system maintained
faster and more stable performance. While the system’s Coefficient of Performance (COP) remains modest
at 0.31-0.40, the combination of dual-stage cooling, solar-battery integration, and ToT-based automation
represents a novel step forward in compact, deployable refrigeration systems. This performance level is
promising for real-world applications in rural health, agricultural cooling, and STEM-based education kits.
Limitations of the current system include dependence on solar input stability for continuous operation.
Occasional sensor faults (null or —127°C readings) from DS18B20 during unstable voltage. NodeMCU Wi-Fi
fluctuations in low-signal areas [11].

5.3.4 COP (Coefficient of Performance)-Based System Optimization and Heat Sink Design Considerations

The researchers conducted calculations to evaluate the performance of the Peltier plates in producing
effective cooling. The analysis considered key variables including power consumption, heat dissipation
requirements, heat sink resistance, and the required surface area of the heat sink to efficiently manage heat
accumulation in the system.

Under controlled cooling output, system efficiency (coefficient of performance, COP) was varied from
a baseline (1x) up to 15x. As shown in Table 3, when COP was at the baseline level, the system consumed
617.10 W and generated 833.1 W of heat to be dissipated. This required a heat sink area of approximately
0.67 m* and a low heat resistance of 0.030°C/W to prevent heat accumulation.

When the COP increased fivefold, the power demand dropped significantly to 123.42 W, and the thermal
dissipation load decreased to 339.4 W. Accordingly, the required heat sink area was reduced to 0.27 m?, and
the allowed heat resistance increased to 0.074°C/W. At 10x and 15x COP levels, further reductions in power
and heat sink specifications were achieved, making the system increasingly compact and energy-efficient.

These results demonstrate the potential for optimized design through COP enhancement, which would
lead to more space-saving and sustainable systems. Additionally, due to the system’s reliance on solar power,
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performance is affected by daylight and weather variations. Hence, researchers also tested performance under
various light conditions, as illustrated in the next table (Table 3).

5.3.5 Testing the System at Different Times and Lighting Conditions

Table 3 shows the results of the water temperature reduction performance test under different light
intensities and times of day. As shown in Fig. 7. The analysis is as follows:

10 Water Temperature Drop by Time of Day

Irradiance: 700=850 Wiims
Start Temp: 30.0°C

Temperature Drop (°C)

Erd Temp: 215°C
Time: 60 min
AT = 7.5°C

Noon

Figure 7: Graph showing the efficiency of reducing water temperature with the Peltier system and IoT (Internet of
Things) under different light intensities, created by the authors

Morning (08:00-10:00) Light intensity ranged from 350-500 W/m?, classified as relatively low. During
this period, the system reduced the water temperature from 29.5°C to 25.5°C within 90 min, a 4.0°C drop
while operating primarily from battery backup.

Noon (11:00-14:00) This time yielded the best performance due to the highest light intensity
(700-850 W/m?). The system achieved a temperature reduction from 30.0°C to 22.5°C in just 60 min, a75°C
drop, indicating optimal use of direct solar energy.

Evening (16:00-18:00) Even with lower light levels (300-400 W/m?), the system successfully reduced
water temperature from 28.0°C to 24.0°C within 90 min (4.0°C reduction), again supported by the battery
during reduced sunlight conditions.

The graphical results from the system test confirm that the cooling system is most effective during
midday (11:00-14:00), when sunlight intensity reaches its peak around 700-850 W/m’. During this time, the
system reduced water temperature by 75°C within just 60 min.

In the morning and evening periods, despite significantly lower irradiance levels (300-500 W/m?), the
system still achieved a 4.0°C temperature drop, though over a longer duration of 90 min. This indicates

that while solar irradiance enhances system performance, the use of a backup battery allows for continuous
operation even in lower-light conditions.
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These results highlight the reliability and autonomy of the off-grid system, making it highly suitable for
use in remote areas without access to the main electrical grid. The combination of solar energy, loT (Internet
of Things) technology, and efficient thermal components makes the system adaptable and sustainable for
continuous, all-day cooling applications.

5.3.6 Stability Analysis of Plate Load Control System

The thermoelectric cooling system, which utilizes Peltier modules for temperature control, exhibits
varying behaviors depending on the time of day. This horizontal bar graph visually presents the system’s
performance through four key metrics: minimum and maximum light intensity (W/m?), supply voltage
(V), and response time (s). The graph is segmented into three operational periods: Morning (08:00-10:00),
Noon (11:00-14:00), and Evening (16:00-18:00) to analyze system dynamics under different environmental
conditions. As shown in Fig. &, Table 4 summarizes the Peltier plate control system behavior and stability
under different lighting conditions and power availability.

Thermoelectric Cooling System Behavior (Horizontal Layout)
(B Light Intensity Min (WIm7) B Light Intensity Max (Wiw) B Supply Veltage (V) I Response Time (3]

Evening {16:00-18:00} [Reduced load; Paltier shuts off periadically. |

Noen {11;00-14:00} [Systam oparates at full lead continuausly. |

Morming {08:00-10:00) - [Pelller Inund in Fange and maintains low Inm]

L L L L
1] 200 400 600 BOO 1000 1200
Measured Values

Figure 8: Thermoelectric cooling system behavior using Peltier plates under different time intervals and light
intensities, created by the authors

Table 4: Summary of Peltier plate control system behavior and stability under different lighting conditions and power
availability

Time Approximate Supply Control system Response time In-app
light Intensity  voltage (V) behavior (s) impression
(W/m?) status
Morning 300-450 11.5 Peltier runs in range, 1.4 Continuous
(08:00-10:00) maintains low loads. display, with
slight delay
Noon 700-850 12.7 Full load, continuous 0.7 Real-time,
(11:00-14:00) operation. stable display
Evening 350-450 1.6 Reduces load L3 Some data is
(16:00-18:00) intermittently, Peltier missing

shuts off periodically.
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Morning, the system receives relatively low solar radiation {300-450 W/m® ), operates at 11.5 V, and has
a delayed L.4-s response time. It runs in a limited capacity to maintain low loads, showing energy efficiency
but reduced cooling performance.

Noon Peak conditions (T00-850 W/m?, 12.7 V) lead to full-load operation with the best response time
of 1.7 5. The system demonstrates optimal efficiency and control precision.

Evening, with lower light (350-450 W/m?®) and 11.6 V supply, response time increases to 1.3 s, The control
strategy adapts by intermittently shutting off the Peltier module to conserve energy.

Owverall, the graph illustrates the systems capacity to adjust to varying solar input through adaptive
voltage and thermal load management, ensuring functional cooling throughout the day.

& Demonstration and Deployment

The completed system was demonstrated in both indeor laboratory conditions and outdoor field
settings. In the lab, the system responded reliably to temperature thresholds, displaying real-time sensor
values on the Blynk platform and executing automatic control logic. As shown in Figs. 9-11. The cooling cycle
was observable, with an average temperature drop of 4°C-6"C within 60-90 min. In field demonstrations,
such as in rural school workshops and simulated off-grid environments, the system remained operational
under sunlight intensity ranging from 300-850 W/m’. Observers were able to monitor sensor data and
control the system via mobile interface, highlighting the systems potential for STEM education, clean
energy training, and agricultural cooling scenarios. Feedback from demonsteation participants indieated
high interest in the system’s portability and its ability to operate without a power grid. Teachers noted its
usefulness in explaining thermodynamics and real-world o7 (Internet of Things) applications to students,
The system was also seen as promising for adaptation into small-scale vaceine coolers or smart farming

modules with environmental control.

Figure 9: Design and development of a demonstration Set of a water cooling system using a plate-tier with solar energy
and loT (Imernet of Things) technology, created by the authors

Beyond functional performance, the systens true value lies in its ability to bring applied science and
technology to rural communities, under-resourced schools, and off-grid scenarfos. Tt serves as a platform
that bridges theory and practice, and facilitates the teaching of thermodynamics, energy management, and
IoT (Internet of Things) in a tangible way. The system can be replicated using accessible components, making
it ideal for hands-on education and grassroots deployment in energy-limited regions.

190



191

4336 Energy Eng. 2025122(11)

Figure 10: Demonstration of a water cooling system using Peltier plates with solar energy and IoT (Internet of Things)
technology in action, created by the authors

Figure 11: Demonstration Set of water cooling system tested with solar energy in lab and outdoor Settings with different
water levels, created by the authors

7 Research Summary

‘The purpose of this research is to design and develop a demonstration Set of chilled water systems using
solar plate powered by solar energy and controlled through 10T (Internet of Things) technology.

Results of system design and development indicate that the designed system can effectively cool using
solar panels as a direct power source. Peltier plates reduced the internal temperature of the cooling chamber
by 6°C-10°C within 60-90 min under moderate to high sunlight conditions. The use of a non-refrigerant
system provides high safety and is suitable for portable use or applications in remote locations. Efficiency,
however, decreases in cold or cloudy weather without a backup battery. However, the efficiency decreases
in cold or cloudy weather without a backup battery. These results are consistent with the work of Kumar
et al. [12], who developed an air-cooling system using Peltier modules and IoT control that can operate
efficiently in remote areas, as well as with the work of BimajJaya et al. [13], which showed that using a
water-cooling system combined with 1oT can help improve the performance of solar panels, resulting in
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greater stability and higher overall system efficiency. These findings are consistent with the suggestion that
thermoelectric plates are promising for solar-powered refrigeration if heat management is properly designed,
leading to substantial performance gains [14].

This aligns focused on solar-powered Peltier-based systems tailored for remote regions, emphasizing
portability and educational applications. The current research complements this by offering a practical
demonstration Set for experimental learning using low-cost equipment and clean energy [1].

Although this study utilizes the Blynk platform for system monitoring and control, the primary
contribution does not lie in the specific tool used, but in the generalizable IoT (Internet of Things) control
framework that can be applied across multiple platforms and contexts [9]. The value of the proposed
framework stems from its modularity, low-power compatibility, and adaptability to energy-constrained
environments. It integrates sensor-actuator-control logic, enables threshold-based automation, supports
energy-aware load management, and provides real-time feedback. This structure is platform-agnostic and
may be implemented via alternatives such as MQTT or Node-RED, depending on scale and connectivity.
Importantly, the framework is designed for deployment in under-resourced or off-grid areas. By demon-
strating that an inexpensive, educationally oriented thermoelectric cooling system can be managed through
a lightweight IoT interface-even under fluctuating solar, this study offers a scalable model for applications
in environmental sensing, agriculture, vaccine storage, and STEM education. Delays in command response
do not exceed 2 s. The NodeMCU and DS18B20 temperature sensor exhibited stable performance with a
measurement tolerance of £0.5°C. These outcomes are consistent with findings [ 3]. Emphasized the enhance-
ment of control and energy efficiency in solar-dependent systems through IoT integration. Moreover, the
use of environmental sensors and IoT (Internet of Things) for smart solar systems has been demonstrated in
recent research [15], A real-time thermal management system for electric vehicle batteries using Peltier plates
and IoT platforms, showing the potential of adaptive control and alert systems. These examples reinforce the
practical applicability of the presented research in both educational and energy-sensitive environments [2].

8 Conclusion

This research demonstrates the feasibility of a compact, solar-powered Peltier water cooling system
integrated with IoT control. The system successfully reduced water temperature by 4°C-7.5°C under varying
solar irradiance, and maintained real-time responsiveness through the Blynk platform with a delay of less
than 2 s [9].

While the system’s coefficient of performance (COP) remains moderate (0.31-0.40), its ability to operate
autonomously using solar and battery power confirms its applicability in off-grid environments such as rural
areas, agricultural use, and educational contexts.

Despite certain limitations-such as sensitivity to solar stability and occasional sensor the project
provides a foundation for future development in low-power cooling, smart energy management, and
real-time environmental monitoring using affordable, open-source technologies.

Although this study does not introduce a new scientific theory, it contributes a replicable and scalable
integration model of solar-powered thermoelectric cooling with [oT automation. Its significance lies in
practical applicability, affordability, and educational accessibility-factors often overlooked in industrial
implementations. This aligns with global efforts toward inclusive technology, clean energy access, and
STEM outreach.

One of the practical challenges in designing solar-powered cooling systems is the intermittent nature of

solar irradiance, which leads to fluctuating energy availability. In the current prototype, the system simply
turns off the Peltier module when power is low or when the water reaches its target temperature. However,
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this control logic does not fully utilize the available PV power during periods of moderate or declining
sunlight. A more efficient approach would be to implement thermal storage strategies, such as pre-cooling a
water reservoir during peak sunlight hours and using it as a passive cold sink during low irradiance periods.
This would allow the system to maintain cooling performance without additional power draw. Future work
could explore intelligent power routing, battery-supercapacitor hybrids, or variable-speed operation of the
Peltier module to better match the available energy curve. By addressing this challenge, the system’s efficiency,
autonomy, and sustainability could be significantly improved.

9 Suggestions

1. The optimization of Peltier plates should be studied by using a switching power circuit design to
fine-tune the cooling rate and reduce energy loss.

2. The COP values in different lighting conditions should be continuously analyzed to better reflect the
system operation under real conditions.

3. The use of multi-point sensing allows for more accurate temperature control, especially in tanks with
a large water capacity or that need constant cooling.

4. The system should be tested in a variety of seasons and climates to ensure that the system can be
applied in real-world areas with unstable sunlight, such as the rainy season or mountainous regions.

5. IoT (Internet of Things) interfaces should be developed with an automated notification and data
logging system for retrospective analysis and long-term planning.

6. The system can be applied in field applications such as smart farms, rural areas, or locations without
access to electricity, using solar energy in combination with IoT control.

7. It can be used as a learning demonstration, Set at the high school or vocational level for teaching
physics and renewable energy concepts, helping students understand systemic connections.

8. In terms of commercial development, this system has potential for expansion into portable vaccine
storage boxes, food pantries in remote areas, or field-deployed electronics cooling units.

9. Government organizations or educational agencies promoting learning in remote areas can adopt this
demonstration Set to foster awareness of clean technology and sustainable energy practices.
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consisting of three phases: activity package design, quality inspection, and
implementation with a sample of 33 factory employees. The results indicated
that the developed CPS activity package exceeded the standard 80/80
criterion. with effectiveness scores of E1 = 87.27% and E2 = 90.12%.
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observed at the 0.01 level (p = .01). with averags pre-test and post-test scores
of 15330 and 39.52, respectively. Participant satisfaction was rated at
the highest level (M = 4.55), particularly in aspects conecrning
the instructor’s expertise and the participatory leaming environment. These
findings alTirm the switability and elTectiveness ol the CPS aclivity package
in lostering  practical  problem-solving  skills o mdustrial - electrical
1ﬂL{j]11EHHH{JE conlexls.

Kevwords:  Activity Package, Creative Problem Solving, Industrial
Maintenance Technicians

198



crg  WIT Nphee  IIITSA WX

IEEE Xplore'

Browse v

shoronomy > JUU% 1

My Settngs v Hdp v

t Irdbemwacend STIN (73

Creative Problem-Solving for Electrical Maintenance Re-Skills Development in

Factory

Publisher; IEEE Cw T

P

18
rul

Teat Vieaes

Abstiact

mert Sectons

Doc

Irtrocuction

wewserch Olneciaves
N Ressacch Methoodhogy
Y Beserrch Rewdn

VI Conciuson, Skoesion and

Racommendyane

Show Full Dathne v

Aulrers

Crannoen

meoochazratenyl  AllAuthors

0 < ©

Abstrace:
Thes study aimed to design, davalop, and evalusts the effectheness of a Craathve Problem-Sching [CPS) actvty package to
il D

nhance nosy seilisin e o martaonce withis industral (htones . The re

& phacss activity paciage design, qasity inspect
nchoated th
87.27%
cvemert was abssrved 3 the D01 ke (p <

of 33 factory amployees

t the devdoped OPS activty pockage sxceeced the standand &

32 < 90,12%. A statistcaly
1Y, with average pre test and post-test seores of 16,30 o
acbon was rated o the highest level [M

vt euctreanmess scores of Kl

ok rprgpement in lear

especively. Farbopatk sabs

1.55), partoudarly in aspects concervng the

DA LCtars axpartize and e paticinadany Baming s roevent Thace Mndings afMiem tha sukaliity and effecthonecs of the

CPS oty padkace (n fostenng pracbcal secbicai-zohving shlls i indistnal ahoctnca| mantensnca corkaxts
Published In: 2025 10tk Tntee-atians STEM Flcation Confumonos [ISTEM Eqd)
Date of Conferenca: 30 July 2025 -

O August 2005 DOI: 10.2L0SASTEM-LabS6L

511135382

Date Added to TEEE Xplares 25 August 2025 Publisher: 1CE

v ISBN Information: Conference Location: Pattaya, Traiand

199

Need

Full-Text

access to IEEE Xplore
for your organization?

CONTACT 1EEE TO SUBSCRIBE >

More Like This

Pradorenary Aeseans ad
Davivoprent cn the Prosiom

Solving Harmerord Mazsens dor K-

12 5w

n

2014 sl Comeonce of
Febac ation sl b okt

e ey
Pmianed 2014

fwvay

Moto: of axplosive gas
mimasplens Selsction-
natodat oo rapecion

mantenarce olowng |

Ardahed #n2

Show More



Conference (ISTEM-Ed)| 979-8-33154276-425831,00 02025 IEEE | DOL 10, 1109STEM-EJ65612 2025,1 1129382

| STEM Edh

inler

2025 1k

200

Creative Problem-Solving for Electrical
Maintenance Re-Skills Development in Factory

& Prasungmk Songsree "
Faewlty of Technical Educarion
Kimg Mongkut's University of Technology North Bangkok
Bangkok, Thatland
*Correspondimg anthor Jojoepian@ gmnl com

Abstract —This smdy aimed o design, develop, and
evaluate the effectiveness af a Creative Problemn-Salviug (CPS)
activity package to emhance new skills in electrical maintenance
within industrial factories, The research employved Research
and De\'rloplnem (R&D) methodaology consisting of three
phases am\m package design, quality inspection, and

with a le of 33 factary employees. The
m.ulls indicated that (he dewhped CPS activity package
exceeded the standard 80780 criterion, with effoctiveness scaros
of 1 = 87.27% and E2 = 90.12%. A stanctically significant
improvement io learning achievemnent was obseryed at the 0.01
level (p < ,01), with average pre-rest and post-rest scores of 1530
and 39.52, respectively. Participant satisfaction was rated at the
highest level (M = 4.55), particularly in aspects concerning the
instructor’s  cxpertise  and  the participatory  learning
environment. These findings affirm the switahility and
effectiveness of the CPS activity package in fustering practical
problem-solving skills in indnstrial electrical maintenance
contexts,

Keywords—Activity Padtagr. Creative  Problem  Solving,
Indusnial Mar

e Tech

T INTRODUCTION

In an esa of rap:d ndusmial wansformation drsven by
tachnological advancement and = automanon, electrical
mamtsnance _m  factonss has evolved bevond a purely
techaucal task. It now demands analvtical thinkuang real-ume
problem solving. and adaptability to complex and dvnamie
siuatiens [1] -In modam mdustrial contexts production
interriplions caused by techmenl malfusic hons—partienlarly
those 1elated to slectncal systenms—can sigmficantly disrupt
productivity. and operational continuity.

Several studies have highlighted that many electrical
maintenance techmeians soll faek assential probleni-solvmg
skills. Observations from real work enviroaments reveal that
selianee on traditional mathods and 2 lack of ereative thinking
are kay factors affectmg them alulity 16 address pmblmm
affectiv ely [2] (3] Alumugh techmicians may perform therr
tasks m accordance with standard procedures. they often face
challenges m applving existing knowledge and skills to novel
or imfnnnlinr 1ssues

To address this gap, i 45 ess2nnal to enhance the
capabilitias of personnsl especially electrmical maintzpance
tachnicians through rraming programs that align with actual
job demands Such maming should foster relavant new skills
systematically. This approach alims with Thatland s national
strategy for human resource development m the mdustnal
sector, as emphasized m the 13th National Economic and
Soctal Development Plan (2023-2027) [4]

Prelimunary studies suggest that the Creative Problem
Solving (CPS) process offers a promusug approach to
butlding both ereative and entical thinking skills, CPS enables
* Corresponding Author
979-6-3315-4276-4/25/331 00 £2025 TEEE
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leappers 1o navigale amfanibiar and complex problems
effactively, making it suitable for developing competencies in
unpredietable rechmeal tasks such as electrical mamtenanca
Tlhas perspective IS supportad by Kongnakoo [S] and NSES
[6]. who_emphasized that hands-on learmimg and self-
construgted knowledge contnbute to deeper understandmg
and higher performance. Additional studies confirm that such
experientizl rnning approzches mprove work eMiciency and
task readmess [7]. {8].

Thevefore, the resaarcher aims to design, develop. and
avaluats the effectivensss of a CPS-basad activity package o
enhance new sKills i electneal mamrenance that align with
real-world job charelenstics and the needs of the mdustnal
sector,

ILRESEARCE OBJECTIVES

2.1 To dessgn and develop a Creative Problem-Solving
(CPS) actwvity packag? to enbance new skils m electnical
maintenance in factories. i accordance with the needs and
nature of mamtenance work i the mdustnal sector.

22 Toevaluats the sffectivensss of the Craative Problam.-
Solving (CPS) actvaty package i electneal mamtenance for
industrial factones

2.3 To assess the satisfaction with the Creative Problem
Solving (CPS) activity peckage m enhancing new skills m
elactrical maintenance for factories.
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Figure 1. Steps of the Creative Problam-Solving {(CPS)
Process and the Learning Management Process Basad on
Creatsve Problem Solving
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The Creative Problem-Solving (CPS) process is an
approach that promotes the development of systematic
thinking skills among learners. It consists of six key stages that
guide individuals through a structured path of ideation,
analysis, and execution, as illustrated in Fig. 1:

Bramn — Begins with an open mind, positive thinking, and
building self-confidence to prepare a constructive attitude for
problem-solving.

Problem Identifies interesting and significant problems by
recognizing their connection to real mpacts and underlying
values.

Understanding the Problem Analyzes the root causes in
depth by considering data, facts, and relevant evidence.

Many Diverse Ideas Encourages open brainstorming to
generate a variety of new, different. and creative ideas.

Integrated Solutions Selects the most appropriate solution
based on clearly defined criteria that align with the objectives.

Implementation Plans. carries out, and evaluates actions in
a concrete and measurable way.

IV.RESEARCHMETHODOLOGY
This study 1s classified as research and development (R&D).
The research process 1s divided into three phases:

A. Phase 1: Designing and Developing the CPS Activity
Package

The researcher studied information from related documents
and previous research. In addition, the researcher conducted a
survey  and analyzed problems related to electrical
maintenance work m a packagmg factory by interviewing
relevant personnel namely, technicians, engineers. and
production managers to gather data on the problems
encountered, their causes, and current problem-solving
approaches.

Experts were also interviewed to aid in designing the
structure of the activity package based on the CPS process.
which consists of six steps opening to the problem. identifying
the problem. understanding the problem, generating diverse
ideas, selecting integrated solutions. and implementing the
solution. The researcher then developed the content and
accompanying materials. such as manuals. lesson plans. and
simulation programs.

B. Phase 2: Quality Inspection of the Activity Package

The developed Creative Problem-Solving (CPS) activity
package was evaluated for quality by three experts: a training
expert, an electrical engineering expert, and a content expert.
The data analysis was divided info four main parts.

1. Analysis of the Quality of the Aectivity Package
The researcher invited experts to evaluate the appropriateness
of the content, the clarity of the activities. and the alignment
with the learning process using a 5-point Likert scale. The
average scores were then calculated to assess the suitability in
each aspect [3], [4].

2. Analysis of the Congruence Between the Test [tems and
Behavioral Objectives
To confirm content validity, expert judgments were gathered
using a rating system of +1. 0, and —1. The Index of Item-

201

Objective Congruence (I0C) was then computed for each item
to evaluate alignment with behavioral objectives [8].

3. Analysis of the Effectiveness of the Activity Package
The effectiveness was assessed by comparing the average
learning scores during mstruction (E1) and after instruction
(E2) against the 80/80 standard criterion commonly used in
fraining evaluation studies [4].

4. Analysis of Learning Achievement The researcher
analyzed the statistical differences between pre-test and post-
test scores using a paired-sample t-test to determine whether
learning through the activity package had a measurable effect
on mmproving learning achievement [9]. Based on the analysis
and expert feedback, the researcher revised and refined the
CPS activity package to enhance its accuracy, instructional
clarity, and overall effectiveness.

C. Phase 3: Implementation and Evaluation

The researcher mplemented the activity package with
sample group of 33 employees from an mdustrial factory. The
activities were conducted in accordance with the CPS process.
The effectiveness of the activity package was evaluated using
the 80/80 eriterion, measuring the learming progress during
and after the intervention. Learning achievement data were
collected through pre-test and post-test assessments and
analyzed using a t-test to determine whether there was a
statistically significant difference at the 0.01 level of
confidence.

V. RESEARCHRESULTS

This research aimed to (1) design and develop a Creative
Problem-Solving (CPS) activity package to enhance new
skills i electrical mamtenance for industrial factories, (2)
study the effectiveness of the developed activity package,
and (3) evaluate the satisfaction toward the use of the CPS
activity package mn enhancing new skills in electrical
maintenance for factories. The research findings can be
summarized as follows

5.1 Results of the Activity Package Design Based on
the Creative Problem-Solving (CPS) Process
The activity package was designed based on the Creative
Problem-Solving (CPS) process, which consists of six steps.
problem  awareness, problem  amalysis, solution
development. collaborative planming, expermmentation and
refinement, and evaluation of the solution.

The activity package includes content related to the
principles of electrical systems in factories, mamtenance, the
use of modern technologies. and safety. Supporting
materials were also developed. including manuals, learning
management plans, presentation media, and practical
exercises.

2
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5.2 Effectiveness of the Créatve Pmoblem-Solving (CPS)
Activity Package for Electrical Mawmtenance m Industial
Factories

The researcher desigaed. and developed a Creatyve
Problem- Solving (CPS) activiry package to 2nhance skdls in
clectrical maintenance within industrial factories. Supporting
materials and tools were created to ensure completensss and
appropriatenass for use in hands-on learning processes. These
meluded four main componeats: (1) Manual. (2) Learming
Management Plan. (3) Presentation Media, and (4) Practical
Actvity Kit. Each componant was destened to align with the
principles of the CPS process to support both theorstical
learning and practical training

The Manual 15 8 primary docoment that clearly explamns
the basic concepts of the CPS process. specifinug activity
procedures. leammng management methods, and systematic
evaluation guidelines, such as analyrical thuking assessment,
rubnic-based scoring, and reflection logs. The manual was
designed to be a support tool for both 1astructors and learners.

The Leasning Management Plan 13 a structura of activires
covenng all steps of the CPS process, flom understanding the
problem. generating ideas. plamung and implementation. to
evaluating each learmng unit. The plan clearlv specifies
objectrves, activaty datails. tumefvames, and  expectad
outcomas. For axample. the l2amnmg un:t “Analysis of Faults
in Motor Control Cireiits” raguires leasness to analyze real
sttuations, practice reading cwewit diagrams, and use
measuring tools for problem diagnosis.

The Presentation Media 1 PowerPowmt format was
developed to help leammers wnderstand theoretical content
ralated to electrical systems in the indusmal sector more
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easily. such as basic slecteal primeiples. coeutt analysis, and
preventive mamtenance techmques. The content was designed
w mfograpmuc and diagram formats to enswre effective
learmng

The Praetical Actvity Kit, winch is a key part of skill
tramng, mcliedes workshests, exercises, electneal measunng
tools (such as multimeters), and simulated modsls of 2lactrical
ciewts o acmal  factories  Leamers practice  tlaough
hypothencal scenamos. checkmg  equipment,  measuning
voltage. and analyzing cemt faults to find reasonable
solutions.

Figura 3. The mmplementanion and effactiveness evaluation
procass of the creative problem-solving (CPS) activity
package for enhancingnew skills m elecincal mamtenance
1 factories.

1.5.3 Results of the Effechiveness Evaluation of the Creative
Problem-Solving (CPS) Activity Package for Electricsl
Mauntenance i Industrial Factones

The developed Creahve Problem-Solving (CPS) activity
package was cvalpated for effecfivencss. The data analysis
was conducted 1 four kev aspects as follows.

531 Analysis of the Querall Quality of the Activity
Package
Experts assessed the appropnateness of the content, the clanty
of the sctivities. and the alignment with the CPS learmng
process using a S-pomnt Likert scale questionname The
evaluation results revealed that the overall quahty of the
activity package was at the highest level, with an average
scoreof 4.63 and a standard deviation of 0.25. These results
wdicaze that the CPS activity package 1s hughly smtable for
application - real-hfe mdustnial mamtenance trammng
contexts.

5.3.2 Analysis of the Congruence Between Test Items and
Behavioral Objectives

The alimment between test ttems and learmmg objectives was
assessed by three experts using a ratng system of 1. 0, and
1 The Index of Item-Objective Congrusnce (10C) for all S0
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test items ranged from 0.80 to 1.00, indicating a very high
level of content validity.

5.3.3 Analysis of the Effectiveness of the Activity Package
The effectiveness of the activity package was calculated based
on the average scores obtained during the learning process
(E1l) and after the learning process (E2) from the sample
group. The results showed effectiveness scores of E1 =
87.27% and E2 = 90.12%, both of which exceeded the
standard criterion of 80/80. This finding demonstrates that the
CPS activity package 1s effective m promoting learnmg and
achieving the mtended mstructional objectives.

TABLEIL SUMMARY OF THE EFFECTIVENESS OF THE CPS

ACTIVITY PACKAGE
Summary of the Effectiveness of the
CPS Activity Package
Average Score 'z;m.:‘"h."‘d Evaluarion
(%) ”Ir;;;o“ Result
Effectiveness of the activity Meets the
package Dbased on  pre- 8533 =80 crile.riun
training scores (E1)
Effectiveness of the activity Meets the
package based on post- 90.12 >80 crite;ion
training scores (E2)
Higher
. i il ) 85.33/ ’ than the
Summary of effectiveness 90 12 80/ 80 siaddar
level

2 Sanple of a Table footmote. (Tabls foomore)

TABLE IIl. RESULTS OF THE EFFECTIVENESS
OF CREATIVE PROBLEM-SOLVING (CPS) FOR ENHANCING NEW
SKILLS IN ELECTRICAL MAINTENANCE IN FACTORIES

Score Mean | Standard t Interpretat
Type X Deviation ion
(8.D)
Pre-test 1530 | 2.93 34 49
Score
Post-test 39.52 | 3.69 Statistically
Score significant
difference
(p<.05)

5.4 Satisfaction Results Toward the CPS Activity Package for
Electrical Maintenance

The results of the satisfaction evaluation regarding the
Creative Problem-Solving (CPS) activity package for
enhancing new skills m electrical maintenance in factories
revealed a high level of overall satisfaction. The participants
reported an average satisfaction score of 4.55 with a standard
deviation of 0.52, which is interpreted as the “highest” level
of satisfaction.

In detail, participants expressed the highest satisfaction
with the knowledge and communication skills of the mnstructor
(Mean = 4.70. SD. = 0.47). This was followed by the
completeness and relevance of the electrical maintenance
content to real work situations (Mean=4 60 S D =052) and
the learning atmosphere that encouraged participation and
1dea exchange (Mean =4.62, SD. = 0.50).
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Moreover, the CPS learming process was found to
stimulate creative thinking and enhance problem-solving
skills (Mean = 4.58. S.D. = 0.49). Participants also reported
that the traming helped them gain a deeper understanding of
real mamtenance problems (Mean = 4.55. S.D. = 0.51). The
sequence of activities was perceived as highly consistent with
actual maintenance scenarios m factories (Mean =452, S.D.
= 0.55). and hands-on practices were considered useful for
real-world application (Mean = 4.50. S.D. = 0.53).

Regarding assessment methods and in-tramning actrvities,
participants rated theiwr effectiveness 1 measuring
understanding at a high level (Mean =4.46, S.D. =0.58). The
CPS activity package itself was also percerved as contributing
to the development of essential new skills m electrical
maintenance (Mean = 448, SD. = 0.56). Fmally, the
appropriateness of the materials. media. and technologies used
to support learning received a satisfaction score at the highest
level (Mean =455 SD =054)

VI Conclusion, Discussion and Recommendations
6.1 Conclusion

The research on the Creative Problem-Solving (CPS)
activity package for electrical maintenance in factories
revealed that the developed CPS activity package was rated by
experts at a very good level in terms of content. structure, and
relevance to real work. The average expert evaluation scores
ranged from 4.38 to 4.61. with an Index of Item-Objective
Congruence (I0C) of 0.90.

The activity package was implemented with 33
purposively selected participants working in a large packaging
factory in Samut Prakan province. The results showed a
statistically significant improvement in learning achievement
at the .01 level with pre-test and post-test mean scores of
15.30 and 39.52. respectively. Effectiveness scores were E1 =
87.27% and E2 = 90.12%._ exceeding the standard criterion of
80/80

The overall satisfaction with the activity package was
rated at the highest level (Mean = 455, S.D. = 0.52). The
highest-rated aspects were the instructor’s clarty and
expertise (Mean = 4.70). the engaging learning atmosphere
(Mean = 4.62), and the completeness and relevance of the
content (Mean = 4.60). Meanwhile, test effectiveness (Mean
= 446) and skill enhancement (Mean = 4.48) were rated
slightly lower but still at a high level.

6.2 Discussion of Results

Electrical maintenance in factories 1s critical to operational
safety. production efficiency. and cost management. Complex
maintenance issues that arise in industrial contexts often
require problem-solving methods beyond routine procedures,
thereby supporting the application of Creative Problem-
Seolving (CPS).

CPS emphasizes idea generation, perspective-shifting. and
the pursuit of effective solutions [2]. In electrical maintenance
contexts, CPS can be used in various areas. mecluding root
cause analysis. preventive strategy design. and even in the
integration of technologies such as IoT for real-time
equipment condition monitormg.

Moreover, mtegrating CPS with Lean Mamtenance
principles—which aim to reduce waste and mmprove
efficiency—can enhance the value of industrial operations [9].
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Equipping technicians with CPS capabilities prepares them to
solve problems quickly, safely, and creatively in increasingly
complex technological environments. As such. CPS
methodologies are ideal for Reskill and Upskill training
programs targetig industrial mamtenance personnel [1].

The qualify assessment results of the CPS activity package
align with the findings of Saengsanga [7]. whose study on a
pneumatic and hydraulic control systems training kit revealed
high levels of expert agreement on quality—especially in
design, material use, and instructional structure.

In addition, the CPS activity kit was designed to be
learner-friendly by including clearly structured electrical
circuit diagrams, a comprehensive manual, and illustrated
guides. These materials supported learners throughout the
hands-on training process. This approach is consistent with
Wongkhiat et al. [10], whose PLC touchscreen training kit
helped learners gamn practical skills safely through direct
interaction, enhancing learming retention and transferability.

6.3 Recommendations

6.3.1 When applying the CPS activity package for
personnel training. the content and examples should be
tailored to the specific characteristics of each industry and the
types of machinery used. This alignment helps learners
transfer knowledge to their real working environments.

6.3.2 Traimng materials and practice equpment should be
adequately prepared and proportional to the number of
participants to ensure full participation in hands-on activities.
This includes simulation software and scenario-based practice
kits, which are vital for developing problem-solving skills

6.3.3 Multiple evaluation tools should be used to gather
comprehensive insights mto training effectiveness. In addition
to academic assessments, 1t 1s recommended to evaluate
analytical thinking. teamwork. problem-solving skills, and
leamer satisfaction.

6.4 Recommendations for Future Research

6.4.1 Future studies should explore the long-term impact
of the CPS activity package on employee performance and
sustained outcomes in electrical mamtenance operations.

6.4.2 Comparative studies should be conducted between
the CPS activity package and conventional training
approaches to highlight the advantages and added wvalue of
CPS-based training.

6.4.3 Research should also investigate factors influencing
the effectiveness of the CPS activity package, such as learner
characteristics, mstructional methods. and workplace
environments. These insights can help improve and refine the
CPS package for wider and more impactful application.

VIL Research Limitations

Thus study was conducted with participants from only one
industrial factory, which may linut the generalizability of the
results to other mdustrial sectors or diverse working
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environments. The context-specific nature of the training and
evaluation may not fully represent broader applications in
varied settings

Furthermore, the study focused on short-term learning
outcomes without assessing long-term knowledge retention or
actual on-the-job performance. This limits the understanding
of the sustained impact of the CPS activity package over time.

Additionally, due to time constraints. the 1mplementation
was conducted through a single traimning cyele. This limited
duration may not have captured fluctuations in learner
engagement, variation in learning progression, or adaptability
of the activity package across multiple cohorts or training
rounds.
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Effectiveness of Creative Problem-Solving (CPS)-
Based Training Using an IoT-Integrated 3-Phase
Motor Control System for Industrial Applications
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Jojoepum@ gmail.com

Abstract—This study aimed to design, develop, and evaluate
the effectiveness of a Creative Problem-Solving (CPS)-based
training activity package using an InT-integrated 3-phase motor
control system to enhance technical and problem-solving skills
in industrial electrical maintenance. The research employed a
Research and Development (R&D) methodology consisting of
three phases: training package design. quality validation, and
imple tion with a le of 33 industrial employees.

The results indicated that the developed CPS-based training
package exceeded the standard 80/80 efficiency criterion, with
Effectiveness scores of E1 = §7.27% and EI = 90.12%. A
statistically significant improvement in learning achievement
was observed at the 0.1 level (p < .01), with mean pre-test and
post-test scores of 15.30 and 39.52, respectively. Participants”
satisfaction was rated at the highest level (M = 4.55),
particularly in aspects related to instructor expertise and
participatory learning processes.

These findings confirm the effectiveness of integrating CPS
with an InT-based 3-phase motor contrel training system in
enhancing maintenance competencies and problem-selving
capabilities in industrial contexts.

Keywords—Creative Problem-Solving (CPS), IoT-Integrated
Training, 3-Phase Motor Control

I INTRODUCTION

In the era of Industry 4.0, industrial systems increasingly
infegrate automation. Internet of Things (1oT) technologies,
and intelligent monitoring systems. to, iniprove operational
efficiency, reliability, and _sustainable manufacturing
processes [1]. [2]. Three-phase motor control systems remain
fundamental components (in  industrial production lines
because they are widely ised in manufacturing equipment,
conveyor systems, and automated machinery. Consequently,
maintenance personnel are expected mot only to possess
technical competencies but also to demenstrate analytical
thinking, troubleshooting capability. and adaptive problem-
solving skills in complex industrial environments [2]. [5].

Despite rapid technological advancement, many
industrial maintenance training programs still rely on
traditional instructional approaches that focus mainly on
procedural practice and theoretical explanation. These
approaches often lack real-time moniforing systems,
portability, interactive learning environments, and integration
with Industry 4.0 technologies [6]. As a result, trainees may
acquire operational knowledge without sufficiently
developing higher-order thinking skills or the ability to solve
authentic industrial maintenance problems.

*Corresponding author

Chaiyapon Thongchaisuratkrul
Faculty of Technical Education
King Mongkut's University ofTechnology NorthBangkok,
Bangkok, Thailand
siptc@hotmail com

To address these limitations, this study developed an IoT-
integrated Electrical Motor 3 - Phase Control Training Set
(Moving Unit) designed as a portable industrial training
system. The system integratess ESP32' microcontroller
technology with the Blynk IoT platform for real-time
monitoring, remote operation, and electrical system analysis.
The training set enables frainees to practice industrial
electrical maintenance, (through realistic simulations,
including circuit - confipugation, motor troubleshooting,
electrical parameter monitoring, and fault diagnosis.

The IoTy.architecture consists of an ESP3 2
microcontroller) relay-based motor control units, voltage and
current, monitoring modules, and a cloud-based Blynk
dashbeard that supports real-time monitoring through mobile
dewices.y This architecture allows trainees to observe
operational parameters, monitor abnormal system behavior.
and perform remote diagnostic activities within a simulated
mdustrial environment.

In addition to tfechnological integration. this study
employed the Creative Problem-Solving (CPS) framework as
the core instructional approach. CPS is a structured thinking
process emphasizing problem identification, problem
understanding, idea generation, solution selection, and
implementation [2]. The CPS approach has been widely
recognized for enhancing analytical thinking creativity,
collaborative learning. and problem-solving capability in
technical education and industrial training contexts.

By infegrating CPS with IoT-based industrial training
systems, this study aims to enhance both technical
competencies and cognitive problem-solving skills among
industrial maintenance personnel The findings are expected
to contribute to the development of modern industrial
workforce training models aligned with Industry 4 . 0
reguirements and smart manufacturing systems.

II. RESEARCH OBIECTIVES

2.1 To design and develop a Creative Problem-Solving
(CPS)-based training activity package using the Electrical
Motor 3-Phase Contro]l Training Set combined with an IoT
system (Moving Unit) to enhance technical and problem-
solving skills in electrical maintenance in industrial factories.

22 To evaluate the effectiveness of the CPS-based
training activity package using the Electrical Motor 3-Phase
Control Training Set combined with an IoT system (Moving
Unit) in improving electrical maimntenance competencies and
IoT application in industrial settings.

645



2.3 To assess participants’ satisfaction with the CPS-based
training activity package using the Electrical Motor 3-Phase
Control Training Set combined with an IoT system (Moving
Unit) in enhancing electrical maintenance skills.

III. REVIEW LITERATURE
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Fig. 1. Creative Problem-Solving (CPS) process and learning
management framework.

Creative Problem-Solving (CPS) is an instructional
approach designed to enhance systematic thinking, creativity,
analytical reasoning. and collaborative problem-solving
abilities [2]. CPS has been widely applied in technical

education and industrial training because it supports leamnefs

in addressing complex and ill-structured problems through'
structured thinking processes. { "
The CPS process applied in this study consists 01) L
major stages: (1) Brain/Open Mind, (2) {Preblem
Identification. (3) Understanding the Problent, (4)-Many
Diverse Ideas. (5) Integrated Solutions, Land (6)
Implementation. These stages encourage leamers 1o analyze
industrial problems systematically and develop practical
solutions through hands-on activities.
Previous studies have
instructional approaches can ificantly improve learning
achievement, technical l:(;]!lpetencies, and  learner
engagement in engineering.and vocational education [7].
[10]. Furthermore, IoT-infegrated traming systems have
become increasingly, important in Industry 4.0 learning
environments ‘they allow learners to interact with
real-time industrial” data, monitering systems. and smart

control t::ch.ﬁ:ul;ylgiw 1]

In industrial maintenance contexts, IoT technologies
support predictive maintenance, remote monitoring,
equipment diagnostics, and operational efficiency
improvement. Therefore, integrating CPS with IoT-based
training systems may improve both techmical performance
and higher-order problem-solving skills among maintenance
personnel.

The conceptual framework of this study integrates CPS
learning processes with IoT-supperted industrial maintenance
training to promote analytical thinking. troubleshooting
capability. and practical electrical maintenance competencies.

ated that CPS-based

IV. RESEARCH METHODOLOGY

This study is classified as research and development
(R&D). The research process is divided into three phases:

The research emploved a one-group pre-test/post-test
experimental design to evaluate learning achievement after
participation in the CPS-based training activities. Although
this design allows preliminary evalvation of learning
improvement. causal interpretation should be made
cautiously because the study did not include a control group.

A. Phase 1: Design and Development of the CPS-Based
Training Program

In this phase. the researcher conducted a comprehensive
review of related literature and previous studies on Creative
Problem-Solving (CPS). electrical maintenance training.
three-phase motor control systems. and ToT applications in
industrial contexts. J

A needs assessment was,also performed through field
surveys and in-depth mmterviews with relevant personnel,
including maintenance technicians; electrical engineers, and
production managers in‘an industrial factory. The purpose was
to identify existing s. their causes, and current
problem-solving a;{nmaﬂm in electrical maintenance tasks.

Based on Mﬂtcted data, the researcher designed a
CPS-based training program integrating an ToT-integrated 3-
phase motor control system (Moving Unif) as a hands-on
trainifig tool The training activities were stmictured according
tothe CBS process. consisting of six steps: (1) opening to the
problem, " (2) problem identification. (3) problem

,understanding_ (4) idea generation. (5) solution selection. and
(6) implementation.

Y The researcher then developed instructional materials.

including manuals, lesson plans. activity sheets, and
simulation modules using IoT platforms for real-time
monitoring and control.

B. Phase 2: Quality Evaluation of the CPS-Based Training
Program

The developed framning program was evaluated by three
experts: a training specialist, an electrical engineering expert,
and a content expert. The evaluation consisted of four
components:

1. Quality Assessment of the Training Program: Experts
evaluated content appropriateness, clarity of activities, and
alignment with CPS using a 5-point Likert scale. Mean and
standard deviation were calculated. [3]. [4].

2. Content Validity (IOC): The Index of Item-Objective
Congruence (I0C) was used to assess alignment between test
items and objectives, using scores of +1. 0. and —1. [8].

3. Effectiveness (E1/E2): The training efficiency during
(E1) and after (E2) training was compared with the 80/80
standard criterion. [4].

4. Learning Achievement: A paired-sample t-test was used
to compare pre-test and post-test scores. [9].

C. Phase 3: Implementation and Evaluation

The CPS-based training program was implemented with
a sample group of 33 industrial employees. The sample
consisted of 33 industrial emplovees working in a large
manufacturing factory in  Samut Prakan Province.
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Participants were selected using purposive sampling based on
their involvement in industrial electrical maintenance
operations.

The training followed the CPS process and involved
hands-on activities using the IoT-integrated system.

Effectiveness was evaluated using the 80/80 criterion.
Learning achievement was measured using pre-test and post-
test and analyzed with a paired-sample t-test at a 0.01
significance level.

Participants’ satisfaction was also assessed using a 5-
point Likert scale and analyzed using mean and standard
deviation.

V_RESEARCHRESULTS

This research aimed to (1) To design and develop a
Creative Problem-Solving (CPS)-based fraiming activity
package using the Electrical Motor 3-Phase Control
Training Set combined with an IoT system (Moving Unif) to
enhance technical and problem-solving skills in electrical
maintenance in industrial factories., (2) To evaluate the
effectiveness of the CPS-based tramming activity package
using the Electrical Motor 3-Phase Control Training Set
combined with an IoT system (Moving Unit) in improving
electrical maintenance competencies and IoT application in
industrial settings., and (3) To assess participants’
safisfaction with the CPS-based framning activity package
using the Electrical Motor 3-Phase Control Training Set
combined with an IoT system (Moving Unit) in enhancing
electrical maintenance skills. The research findings can be
summarized as follows
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Examples of Activities by CPS Stage
Exnmple Activities

Simulate an opening exercise to develop a

positive attitude toward work situations.

CP'S Siage

Brain (Open Mind) Encourage participants’ brainstorm
questions such ag an jssue that sparks
| eariosity (e.g. an issue to handle) |
Faster learners” critical thinking skills by
conducting rool canse analvsis exerciies,
| Teach how toclarify & maintenancs problem. |
Create a cavse-and-effect chart (eg..
Fishbone Diagram) for the chosen
problem—power, lighting, motor, and
| enethsesd. |
Students to generate al least five different
possible salutions using a hrainstorming

| sessbon.

Problem {(Clarify Problem)

Understanding Problem (Dig Deeper)

Many Diverss Iileas (Generate Ideas)

Conduct 2 conperative group discussion |

with the intent of combifing and evaluating

alternative selutions, slecting an optimal

selition. - % 1 |

Support keamers in plAnniogeteouting, and

evaluatingaetions ta imfplement the best
| solution sffectivel

Integrated Solutions (Cormbine &
Evaluate)

Tmplemcntatbon [ Test Solution)

N
5.2 Effectiveness of Creative Problem-Solving (CPS)-
Based Training Using an IoT-Integrated 3-Phase Motor
Confrol System for Industrial Applications

The researcher dﬁzimd and developed a Creafive
Problem-Solving (CPS)-Based Training Using an IoT-
Integrated 3-Phase Motor Control System for Industrial
Applications. Supportilg materials and tools were created to
ensure completeness and appropriateness for use in hands-on
learning processes. These included four main components: (1)

(2) Leamning Management Plan, (3) Presentation
Media, and (4) Practical Activity Kit. Each component was
designed to align with the principles of the CPS process to

5.1 Results of the Activity Package Design Based on the ~ ssupport both theoretical learning and practical training.

Creative Problem-Solving (CPS) Process The acti
package was designed based on the Creative Probl
Solving (CPS) process. which consists of six steps. probles

awareness, problem analysis, solution developnient
collaborative planning, experimentation and refinement, and
evaluation of the solution. - .

The activity package included essential content related to
electrical systems in industrial 165, ‘maintenance
procedures, the application of medemm technologies,
particularly IoT-based monitoring gﬂi{;‘pnh‘ol systems, and
safefy practices in electrical npgausqs

Analyzing and Resolving Electrical Motor Malfunctions
in-Production
Learning Topic: u)ﬂingand resolving electrical motor malfunctions
Objectives: Analyzingelectrical motor problems
= Developing creative solutions for problem-solvolving i
. Perfu?@’i‘z@mtintesting using tools and equipment ement
related rs' operation and safety
Main Content: Types and mechanisms of electrical
1. Control systems and motar operation
3. Power supply issues (e.g., power outages, low voltage, circuit breaker trip)
4. Diagnostic tools and equipment usage (e.g., Digital Multim
Thermal Scanner)
5. Safety measures and procedures for troubleshooting

TABLE I SAMPLE ACTIVITY PACEAGE BASED ON THE CREATIVE
PROBLEM-SOLVING (CPS) PROCESS

h] g ) The Manual is a primary document that clearly explains
% the basic concepts of the CPS process. specifying activity

procedures, learning management methods, and systematic
evaluation gmdelines. such as analytical thinking assessment.
rubric-based scoring. and reflection logs. The manual was
designed to be a support tool for both instructors and learners.

The Leamning Management Plan is a structure of activities
covering all steps of the CPS process, from understanding the
problem._ generating ideas, planning and implementation, to
evaluating each learming unit. The plan clearly specifies
objectives, activity details. timeframes, and expected
outcomes. For example, the learning unit " Analysis of 3-Phase
Motor Control System" requires learners to analyze real
sifuations, practice reading circnit diagrams, and use
measuring tools for problem diagnosis.

The Presentation Media in PowerPoint format was
developed to help learners understand theoretical content
related to electrical systems in the industrial sector more
easily, such as basic electrical principles, circuit analysis, and
preventive maintenance techniques. The content was designed
in infographic and diagram formats to ensure effective
learning.

The Practical Activity Kit, which 1s a key part of skill
training. includes worksheets, exercises, electrical measuring
tools (such as Analysis of [oT System). and simulated
models of 3-Phase Motor Control System in actual factories.
Learners practice through hypothetical scenarios, checking
eguipment, measuring voltage, and analyzing circuit faults to
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find reasonable solutions.

Fig. 3. Implementation and evaluation of the CPS-based
training activity package.

5.3 Results of the Effectiveness of Creative Problem-
Solving (CPS)-Based Training Using an IoT-Integrated 3-
Phase Motor Control System for Industrial Applications

The developed Creative Problem-Solving (CPS) activity
package was evaluated for effectiveness. The data analysis
was conducted in four key aspects as follows:

5.3.1 Analysis of the Overall Quality of the Actvity

Package 5
Experts assessed the appropriateness of the content the clal_il;'(\

of the activities, and the alignment with the CPS lealﬁi@; ;

process using a 5>-poimnt Likert scale questionnaire The
evaluation results revealed that the overall qualify.of the
activity package was at the highest level with an average
score of 4.63 and a standard deviation of 0.25. These results
mdicate that the CPS activity package is h]gtllrsmble for

applicafion in real-life  mdustrial )lamlmnnce training
contexts.

5.3.2 Analysis of the Congrum:kéBetween Test Items and
Behavioral Objectives. The alignment between test items and
leaming objectives was assessed by three experfs using a
rating system of +1, 0, and <1< The Index of Item-Objective
Congruence (10C) for all 50 test items ranged from 0.80 to
1.00, indicatinga veryhigh level of content validity.

5.3.3 Analysis of the Effectiveness of the Activity Package
The effectiveness of the activity package was calculated based
on the average scores obtained during the learning process
(E1) and after the learning process (E2) from the sample
group. The results showed effectiveness scores of El =
8727% and E2 = 90.12%, both of which exceeded the
standard criterion of 80/80. This finding demonstrates that the
CPS activity package is effective in promoting learning and
achieving the intended instructional objectives.
TABLE O SUMMARY OF THE EFFECTIVEMESS OF
ACTIVITY PACKAGE

THE CPS
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SUMMARY OF THE EFFECTIVENESS OF THE
CPS ACTIVITY PACKAGE
Average Score ?:.';;":.:I Evaluanion
(%) %) Result
Effectiveness of the actmity ) Meets the
package based on  pre- 8727 =80 cxiterion
training seores (E1)
Effectiveness of the activity
package based on post- 90.12 =80 T;f;ie
fraining seores (E2)
Higher
. 87.27/ ' than the
Summary of effectivensss 80/ 80
- 90.12 :iﬁndalrd
eve

TABLE Il RESULTS OF THE EFFECTIVENESS OF CP5-BASED
TRAINING USING AN IOT-INTEGRATED 3-PHASE MOTOR
CONTROL TRAINING SET

Score Mean | Standard t P
Type (k9] Deviation
=D '\
Pre-test 1530 [ 293 by
Score N
Post-test 39.52 [3.60
Score N 3449 < 01*
™ F g "::Sml:isﬁrall}' significant at the .01 level
¥

54 S‘a,tlsfacum Results Toward the CPS Activity Package
for Electrieal Motor 3-Phase Control Training Set combined

ﬂi,qu ToT system

"['lm résults of the satisfaction evaluation regarding the

» Creative Problem-Solving (CPS) activity package for

ing new skills in electrical maintenance in factories
revealed a high level of overall satisfaction. The participants
reported an average satisfaction score of 4.55 with a standard
deviation of 0.52, which is interpreted as the “highest” lewel
of satisfaction.

In detail. participants expressed the highest satisfacfion
with the knowledge and communication skills of the instructor
(Mean = 470, SD. = 047). This was followed by the
completeness and relevance of the electrical maintenance
content to real work situations (Mean =460, SD.=0.52), and
the learning atmosphere that encouraged participation and
idea exchange (Mean =462, 5.D. = 0.30).

Moreover, the CPS learning process was found to
stimulate creative thinking and enhance problem-solving
skills (Mean = 458, S.D. = 0.49). Participants also reported
that the training helped them gain a deeper understanding of
real maintenance problems (Mean = 4.55. S.D. = 0.51). The
sequence of activities was perceived as highly consistent with
actual maintenance scenarios in factories (Mean = 4.52, 5.D.
= (.55), and hands-on practices were considered useful for
real-world application (Mean =450, SD.=0.53).

Regarding assessment methods and in-training activities,
participants  rated their effectiveness in measuring
understanding at a high level (Mean =446, 5.D.=0.58). The
CPS activity package itself was also percerved as contributing
to the development of essential new skills in electrical
maintenance (Mean = 448, SD. = 056). Finally. the
appropriateness of the materials, media, and technologies used
to support learning received a satisfaction score at the highest
level (Mean=4.55. S D.=0.54).
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V1. Conclusion, Discussion and Recommendations
6.1 Conclusion

The research on the Effectiveness of Creafive Problem-
Solving (CPS)-Based Training Using an IoT-Integrated 3-
Phase Motor Control System for Industrial Applications
revealed that the developed CPS activity package was rated by
experts at a very good level in terms of content. structure, and
relevance to real work. The average expert evaluation scores
ranged from 438 to 4.61, with an Index of Item-Objective
Congruence (I0C) of 0.20.

The activity package was implemented with 33
purposively selected participants working in a large factories
factory in Samut Prakan province. The results showed a
statistically significant improvement in learning achievement
at the 01 level, with pre-test and post-test mean scores of
15.30 and 39.52, respectively. Effectiveness scores were E1=
§7.27% and E2 = 90.12%, exceeding the standard criterion of
80/80.

The overall satisfaction with the activity package was
rated at the highest level (Mean = 4.55, SD. = 0.52). The
highest-rated aspects were the instructor’s clanty and
expertise (Mean = 4.70), the engaging learning atmosphere
(Mean = 4.62), and the completeness and relevance of the
content (Mean = 4.60). Meanwhile, test effectiveness (Mean
= 4.46) and skill enhancement Meanwhile, test effectiveness
(Mean = 4.46) and skill enhancement (Mean = 4.48) were also
rated at a high level.

6.2 Discussion of Results

Electrical maintenance in factories is critical to operational
safety, production efficiency, and cost management. Complex
maintenance issues that arise in industrial contexts often
require problem-solving methods beyond routine procedures,
thereby supporting the application of Creative Problem-
Solving (CPS). Compared with conventional lecture-based
technical training methods, the CPS approach encourages
learners to engage actively in problem analysis, collaborative
discussion, and practical decision-making.

The IoT-integrated moving unit also contributed to
experiential learning by providing real-time, monitoring,
remote control capability, and realistic industnial simulation
environments. Unlike conventional © electrical » training
systems, the proposed moving unit enables learners to interact
with real operational data and system conditions, thereby
improving  industrial relevance  and practical  skill
development.

Although participant satisfaction was reported at the
highest level, satisfaction' dafa should be interpreted as
supportive evidence  rather than direct ewvidence of
competency improvement.

CPS emphasizes idea generation, perspective-shifting. and
the pursuit of effective solutions [2]. In electrical maintenance
contexts, CPS can be used in various areas. including root
cause analysis, preventive strategy design. and even in the
integration of technologies such as IoT for real-time
equipment condition monitoring.

Moreover, integrating CPS with Lean Maintenance
principles—which amm to reduce waste and improve
efficiency—can enhance the value of industrial operations [9].
Equipping technicians with CPS capabilities prepares them to
solve problems quickly, safely. and creatively in increasingly
complex technological environments. As such, CPS
methodologies are ideal for Reskill and Upskill training
programs targeting industrial maintenance personnel [1].

The quality assessment results of the CPS activity package
align with the findings of Saengsanga [7], whose study on a
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pneumatic and hydraulic control systems training kit revealed
high levels of expert agreement on quality—especially in
design, material use, and instructional structure.

In addition, the CPS activity kit was designed to be
learner-friendly by mcluding clearly structured electrical
circuit diagrams, a comprehensive manual, and illustrated
guides. These materials supported leamners throughout the
hands-on training process. This approach is consistent with
Wongkhiat et al. [10], whose PLC touchscreen fraining kit
helped learners gain practical skills safely through direct
interaction, enhancing learning retention and transferability.

Nevertheless, the present study employed a one-group pre-
test/post-test design without a comparison group. Therefore,
factors such as testing effects, instructor influence, or short-
term familiarity with the assessment may partially contribute
to the observed score improvement.

6.3 Recommendations

6.3.1 Multiple evaluation tools should be used to gather
comprehensive insights into training effectiveness. In addition
to academic assessments, it is recommended to evalnate
analytical thinking teamwork. problem-solving skills, and
learner satisfaction.

6.3 2 Traming matenals and Practice equipment should be
adequately prepared and proportional to the number of
participants to ensire full participation in hands-on activities.
This includes simulafion software and scenario-based practice
kits, which are vital for developing problem-solving skills.

6.3.3. When ‘applying the CPS activity package for
personnel training. the content and examples should be
tailored to the specific characteristics of each industry and the
types of machmery used. This alignment helps learners
transfer knowledge to their real working environments.

6.4 Recommendations for Future Research

6.4.1 Comparative studies should be conducted between
the CPS activity package and conventional framning
approaches to highlight the advantages and added value of
CPS-based training.

6.4 2 Future studies should explore the long-term impact
of the CPS activity package on employee performance and
sustained outcomes in electrical maintenance operations.

6.4.3 Research should also investigate factors influencing
the effectiveness of the CPS activity package, such as learner
characteristics, instructional methods, and workplace
environments. These insights can help improve and refine the
CPS package for wider and more impactful application.

VII. Research Limitations

This study was conducted with participants from only one
industrial factory, which may limit the generalizability of the
results to other industrial sectors or diverse working
environments. The context-specific nature of the training and
evaluation may not fully represent broader applications in
varied settings.

Furthermore, the study focused on short-term learning
outcomes without assessing long-term knowledge retention or
actual on-the-job performance. This limits the understanding
of the sustained impact of the CPS activity package over time.

Additionally. due to time constraints, the implementation
was conducted through a single training cycle. This limited
duration may not have captured fluctuations in learner
engagement, variation in learning progression, or adaptability
of the activity package across multiple cohorts or fraining
rounds.
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