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Abstract

In the twenty-first century, rapid transformation including population aging, the rising of
chronic diseases, inequities in access to health services, and technological change. The role of
nurses is changing from hospital-based bedside care providers to innovators and transformational
leadership who develop and operate health enterprises that respond to population needs.
Therefore, nurse entrepreneur has the potential to create professional expertise into diverse
health business models, including nursing and midwifery clinics; services for older adults and
people with chronic conditions; consulting services; digital-health ventures; health training
institutes; and wellness enterprises. These businesses help expand access to care, reduce
congestion in healthcare facilities, promote prevention-oriented services, and support continuity
of care. This article aims to analyze the roles, opportunities, limitations, and developmental
approaches of nurse entrepreneurs in the 21st century. The study employed is a literature
review and document analysis, synthesizing information from academic articles, research studies,
policy documents both national and international sources.

Nevertheless, the transition into entrepreneurship faces several barriers: gaps in
entrepreneurial competencies, lack of supportive systems, and legal and professional regulations
that restrict the scope of practice. These barriers affect nurses’ ability to launch, grow, and
sustain their businesses. Recommended directions to advance nursing entrepreneurship include
integrating entrepreneurship competencies into nursing curricula; building supportive systems;
reviewing relevant laws and policies; and strengthening collaboration among professional
organization and government agencies. These measures are essential to elevate the role of nurse
entrepreneurs in the twenty-first century, ensuring that people receive health services that are
accessible, timely, comprehensive, equitable, and appropriately supported. Ultimately, they
enable nurses to transition from service providers to health entrepreneurs, creating sustainable

service models that meet the needs of modern health systems.

Keywords: role of nurse, nursing entrepreneurship, nurse entrepreneur, nursing and midwifery clinics
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Iunbidausnsaudguargengwuueg
Uszdlsiuinisgua 24 21aa (Nursing homes)
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U3nsquaiitu (Home care) lngu3nsdegjgua
luithu vierudquarizeeny (Day care centers)
Tagldnundmgsunisussidunnizauam
AU HATTNYENIINITNYIUIA NITTANTS
Tsadesvludaseny uazadannuuandnean
Flrusn1svaly i nmseeniuvRanssuiluy
AUNINLTITN NITUTBEUNNILAVNIMTIEN LA
ns@endefuszuvuinmsgunmlulsameiuia
dodndu vilviweruraideldiusouedied sy
g3Ranguil (Saleh et al., 2025) gsRaUswinnil
LdiileanauaneInIUABINITVREEIRY UAEY
YIYANNI1TZVDIATOUAS ILATTZUUATITOUE
\osnngfasengldunisquastramanzanuay
soilos Bnvadafidneninadiaselduaznis
aulunIAUINITFUA N

4.3 qiﬁamswmma@umﬁn (Child
Care Services)

¥

U2 Uu UnATe991143UNING B
yMauuenUIu §3AadnINUInIsuaLind el
unvmdAylunisaduayunisid seguin
Uguie Tnglamyludanuiiiosfidosnisuinig
NUIMTFIUAT AN Iz NvEVRINEIUIAA 1Y
gunmifndadunsnensiiaansathuniam
\Juuimsfinunmuazuaenss (Steven, 2017)
dwfugsiamsnerunailiiertunisqualiinny
2 Uszamvidn ldun aauiuideain (Daycare
Center) Saitfunspuatiugukazeuasnse
LLazquéw‘”wmmiLﬁﬂ (Child Development
Center) ffunsaaaiuiannisvadugane
915Ul d9AN wazaA Uy werulaaIunTadl

unumdrAylun1sInfanIsuNMUIzaNnITY



n1sUsEURmEINIg kazn1TiAIUTnw LA
HUNATRY 9nuidevesufjynn sedouide
wazAy (2020) WuIMNEIUIAHUNUIMEAIATYLU
nsguaguainkinazianlusedvdgugd
lAgLanIZATUNSALANGIARBALAZNTAUATY
fimunsidinioifou nmsddugsiaqualdiniil
AN AB N1TAS1UINTFINAUANLUREASY
ANuAzeIn NsIaRansIudaasuimuinis
waznnsdeansegdlnddadugunases Tneld
WANSIUTINING WU MIUszliuiauInIsin
uszos wazmsfnaugunimdnogdelies
Fudugaudsvesmerialumsairsanuuansng
NnAudTlUTaavviouadnenmussnetualu
N13UEIBUNUINEgsAauTnITualintaaged
Usyangnn

4.4 530aVUIN1THIAIUTNwILaTaUTY
#gUnW (Health Coaching and Consulting)

Tugaamssuil 21 fuunldunisgua

guamasulugnisdaaiuguamdsdeady
LaENIPUALUUBIATIM (Holistic health) weuna
Ipgngunumannmisauadielulsameiualyd
n1sdulsiAUS Y (Health consulting) wa
TA5gun M (Health coaching) § siduunuini
wunsduasugungluszezeininnianig
fnwudeiduloe unumimaninsevaquiaus
nsteUIneIn1ugua1ndn n1sineusy
gunmluesdng wielsaeou luaudeiusnw
A1UgYNN (Timyan et al., 2018) WYIUIAT 5]
AINS AUAVAINUUUBIA TINAWT0Y 1T
Usgwnsdquanagfiadu uazenszduunuIm
NeuAlUTEUUAYANLAE T
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4.5 3INAHVAINAN ALATUIANTTY

(Digital Health & Innovation Enterprises)
waluladaisauinauaznis

WA BUHILgIEUUgUA AT (Digital Health
Transformation) tWalan1alyingruiaaiunse
asnaudanssulugvuuulng 1y n1swmun
waUNFLATUAANINAVAIN NITLAUTNITHIY
wasnasueoulal nsTnsieidayaguan
WeN1as Ao umUAG U ULl Ealik
weualusaUsEmeAEId1gasAa Health tech
FeuNUINT naInvane 1y nesnuuuYes
52U Telehealth dnmuilusunsufnmniulsa
n3 053 un R uTHY Start-up A1uA VAN
(Vannucci & Weinstein, 2017)

4.6 aa1dun1sfneuazausuliadnug
NGV

Tuvsunvasdaaulnei nnaawdng

Y

Faangeds Anudeanisyaansfidinuylunis
auaiauenguaziineFesuiugeluogwioiiios
gsfansAnwinazeusuneuiaiududnanis
wmadAgineruiaanansaimudugsaold
LAgLTUNITANENIAAIINT WAL TINYE N9 UAIN
lugynanasialy nSoynaInsgunIwifesnis
fauneudiiuiy foggsialungud Wun
nsdalsaseundeantuilnousuiidandngns
auaraeey fUaeiiesa viensquaiin sauds
NM90UTHNITNEIUIALT DaR uA MU A wa
pdngnamartinivanianguiuazaialfoR
el Fouanunsnthluldassleviug aziuld
neruraiiunumdarAgylunisvauin1sAny

WYIUIR 1AgLRNIZNIIIANangnIHnausy



NOUANBIIDAIINADINTVRIFIAY (Paterick
et al., 2017) fatugshatialdiieaunasnanela
Tidung1uia wideas1amansenuidauinee
Feau laglWuTIUIUYABINTARAH YN INT 3]
AMAIN BANTTEVRILIINEIVIA wazduasunIs
auaaunInluyuwy
4.7 33NANDFUNN (Wellness Services)
g3naLiegun I (Wellness Services)
= a Aa Yy A a | <
Wudngsfan duudlduidulneg19390157
Inganiglunguaudsyinauuazyaseig il
Anuddiunsguaguandelesiuuaznisd
Aa  da a dy ! a Y
AANTIATA g3RatuANAIINgSRaguAmIILlY
wagilunsdwasuguninuwazdosiulse
wnnINssneiloldulae werutaausai
Y v s . .
AN A IUAVNINUUUBIATIN (Holistic Care)
waznsUsziduguamanldlunsimuiusang
W alwiegunin nsIaviasidaunn tngld
AU NNNTNEIVIARNIZNI LU N15UTEEY
LAV UAENIIARANGLLUTIFUN (Khattar,
2025) fedugsiaieguamdaduniadend
wngdmsung1uandesnisaienuai bty
HAUNIUNITALAGUNINUUUBIATIN LAZAINNTD
Y A & A o ¢ o
waundugsnegedui noulandianainly

Useinabazraausemna

5. 1oN1ahazAIUN N8 VDINYIUIA

£

WUsznaunIg
lugaiszuuuINITaunIIlaniByiu

ANUT UG DU AINUABINISTILUA suLUAY hay

999719 UMD 9US NS NeUIatlenIdN A
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VEIIUNUINIINE L uFnaslussuu 1ug
¥ £ P 1< va a a
HUTZNOUNITATUATAIN FILUUKILINUINNG
guasusuulndAiautangu auseyivu
Wuguinans waznouaueIranINABINIg
WRNENa U013 (Thepna et al., 2023b)
agnlsiunsindigunumiuseneunisves
Wy UIatUINlen1anlaning LagAUNINIg
M179IIANTOLNTOUAU
5.1 Tan1avasneguagusznauns
5.1.1 499719UB9TTUUFUN NN
laildsunismauauag
srvvgunnlunateyseine
Tnsamglulssinalvenidulszmemasimun
fapa@ayiutednnanunineIns Yaains wasns
Y = A L A o [
Wrdausnsluueiuf egedaau naudssyng
Wegune W 7981y JUleieselasuuinig
v - |
gunniiliaseunguvselimangay werunaly
ruzgnianulnadaiuyurunaziinlaviunves

¥ = a

c{gﬂwaa’wa’”a%’a Jeiidnenmluniseanuuu
U3nsguatmannzmsiineulangng uidivane
a1l W eg el UszAns o lald1andunis
Fousmadentiu nsliduine sensiam
uTMNIsUUT AT 1T UNITARALUUDIA 52
Meintjies wag Maritz (2025) lalausin
weruradau1savergunuanlig nisilu
FJuszneunsetugunm Tnsanizluuiund
FEUVAUN NG 50MDUAUBIAIUABINTT
vosUszruldognaiie matiunumidsgnues
wenuradndunalndraglunisi@udutosing
YITLUUAVN N LazdLaTuauminienlunis

WIDIUSAIS



5.1.2 A9LAVIAY2INAIAH YN
wazmalulad

NN5YY1LAIVBIAANAFYAN

LaznsIUa susug sEUvaI A IalM e

lonmaldliiuneuialunsiaungsiaguam

Mdndelaninarnanasiisunuen saewmalulad

AAva WU telehealth, mobile health apps
Prglingrviaaiuisalvvinisauainlelag
Lignfinsiganiunvieial laganizlungy

s v a

AusulndnAuduiunisldinalulad aednis

q

putiulan (World Health Organization, 2021a)
IoausgsrmansseaulansuauaI AT w.a.
2563-2568 FAUUNITAUATUTEUVAVNINALTIY

[ a Y

A5uusnmsidugudnans lneldmaluladfda
\Juie3esiielunisvenenisdindsusmsgunm
pavifeNuarUsEanEAm Werutaausaly
walulaBwarilunisliduinuauameslad
msRanueMsUaeis s winuneUndindu vio
mMsdneusiaun T TULWaRTle SRR YA Belsiiios
PrganfuyunsiLiuny widiiinaiuagain
wazausedodlunisguagunm
5.1.3 ATEUUAYUIINNIATTUAE
WlgUEHVAIN
Tudssimalneduluune
guaaduayuling uiaaunsadiufanis
Aruguninlaeg1nduszuu nganizadin
werurayuvuevey dadunislusuuuuuing
flFsunsaduayuandinanundnyse iy
aunwwianA Tngaadnnenunasfidisalesy
nsatuayulunagau Wy sulssana dmsy
Usmsdasuavannazlesiulse nsaduayy
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sArmsuazszuueya Welviunsilnanm
wazu1nsgu wazn1siatenialineruiandu
Wiwedian1s Eninnuvdnuseiuauninuviend,
2566)

5.2 ANUTNMEYaINEIUIaUSENaUNS
5.2.1 997190 1uANTUALIINY

195519
wifimenuaazduivInid
AnudEIvagalufuguam msguadine was
msduasuguam wiiledhguiunveanisidy
FUszneuns wuindguassafidavananissudy
WAZILIENINTAUGINNAD N1TVINAIINI WAL
vinwgdumaidugusznounis deszneuludae
MIUTMTIANTT MIEY NTAAA LAZATTITKY
3319 (Amaert et al,, 2018) Yonan Melnyk
uae Raderstorf (2024) L¢3 litudn neruna
UL ANUANNTIUNTALAAVNINBENS
Ands windulaiffugrudunmsdnnisysiadana
Tinrsandufanisgeain awsadulala

oe9dEu
Tudsenelve ndngmsneuna
dallvgFaiundnluiinswauineenienain
waznsguarUaeidunan nedeldldysannis
finuedUsznoumadiluludom nmsBeumsaou
ag197mu dwwalingrutadwinaunsoly
nsid1glangsfaquaind fnnsudsdug auay
FeansmmAnaiIsassAlunITeonLUULINET

pavlanduszuvu



5.2.2 N5YIATTULATUAYULAY
AU3nun
weunaTNsIIgunUINYes
Fuszneuns nudldfissuvatuayudidaely
NsiRLYIANgIAINTeN SANTUAINITAY
gunmetnsdedy neruraduduInfideanis
Gudugsiainedyiuanulanid eanisenudn

a

o = a v o o v
LaEU1AT U3 N anunsali Awugdin 1ug 5AA
1 < d‘ a § v A v O
agnalusyuu Tuvneiigsfiansndniinisdnss
1ASINISUNNIEE A (Incubator) Wi eatuayw

a a

yaansluautue Iaunsanmuiwufngsh

]

a a

nsnan uazifaunamulaegadiusednsam
(Bliemel et al., 2019) wsing1uIaNaUTIVIA
Tassaseadvayu n19lyd9euui 14 s
(Mentorship) #38LA30%8{UTZNBUNTNYIUA
fiduuda vilvimeunadisidnenmseadsusse
uled do1aldauiuuazianudesgase
ANNALIMAY MIVIRUVEIS U Iz an s
danalvinervralyaiuisavaurinuea1u
N19981A N1SUTMITIANT UTONITINUNUTIAD
Fognaiud

5.2.3 4231 AR TUNYANIBUAL
ulauny

v °o v v

VIIMNAATUNHNUYLES

'
v A

ulevralunislutladeddiidanovauiun

o

n15UUATe T nesane uIaludssinalneg

=

Tagianizluus unveanislius nsavam
AsAUARULAd UsEANS AN wl e uiaaedl
unumdrglumsguarUelaenanesivuleuny
AugunMvetUTEma lagnandulvngiuadl
uwmwmaﬁyuiuiwuu%‘miqﬁumwﬂgmqﬁ
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Tnsiamzlufiufivislnaiivauaauyaaingmis
nswwng ag1elsian nsaniunisnanaids
ARNTYAUTTNARIUNYMUNELATN1TTUTEY
Jurdndi deliaseunquiiiesne 19U n1seen

Tususaaunng Msdslten vsemsitanelsa

6. BUINIINITHAUILALTDLAUD b UNS

daeRuunuImweuIagusEnauns
nsdaasulineruiadunuinlugiue
QﬂizﬂaUﬂﬂiqiﬁawaﬂmaLﬁuwﬁﬂuumma
A1AQYUDINITINTZAVIB NN VIR TAAILNTD
MOUANDINBAINY IMIBVBITEUUAUNIN LY
Anassed 21 Ideenafiusedniaim unuivmdn
yaaneuaguszneuns eun nsdudliuing
guamidaunm fiiniagsiauaim sauds
cfaﬁ”wuﬁ’mmimLﬁ'aﬁ’wmgmwuu?mﬂﬁ
FOAAA DIAUAITNADINITUDIUTLV 1T U
(World Health Organization, 2021a) VauglAgInU
é’qﬁwmmlumaLﬁuﬁﬁammazﬁﬂmimam
H USEENUOUaNAI I AN wavy aiuay i
wlgune (Melnyk & Raderstorf, 2024) Unuv
a1 Y BENTERUANENINYBINYIUN A
fusenoumssludfgsiauaznisiaungunin
sqmuashqé"aﬁu (Kraus et al, 2019) @slaiiiies
Walamaldneruianauidngn1nauies wads
YI8ULIUNITUITIUINITAVAIN AANITEVO
JEUUSY wazasuasuasugiagiusinegay
5U533% (Thepna et al., 2023b) Wl MSHgnsY
unumdananliAstuegadussuu suudes
afELLINIINITALILarT aauedleued

v

FARUINTUA DAL UL L AL TDLEUDFIT



6.1 N5V UANTTAULVDINGIUIA
HUsznauns
ATIWAIUIANTIOUSUDINYIUA
Husgnaunisiduiiladdglunisiasuasng
ununluanssud 21 Tnadosendevianinug
NNITNYIUIARALT NBENEINIAIUA (Y
(Thepna et al., 2023) @ussauLnan
UsznauiienuinanIswe1uiafiaianing
Lﬂ?'audmmmqmmwué‘mi (World Health
Organization, 2021) AUEAUNINYEAIUNITIANTS
mMaduUszneunts n1snan N1543U LagnIs
Naurudenagnsiiornudsdunagsia (Brush
et al, 2019) AMSWAIUIV NBLATUUITANTTULAY
AuAnasvassaiuosrdusznoud ¥aeli
W&nmammmﬂ’mmgﬂLLUUU?ﬂﬁﬁmauaum
GiamméfaqmiqsumwﬁLU?{EJuLL‘Uaﬂ (Kraus et
al, 2019) WeNa1NG 158 aNTTOULNI5E 0ANS
N154359178584 kaznsyinauduiuiuanaian
AndtievensnIoTisuaziinanusuiioly
M5ALIUEINAY (Melnyk & Raderstorf, 2024)
LUININITE LS UANTIOULAITLUUNITN AU
HIUNANEATIUTUAIUNITUTNITTINAGUAN
M5A39SYUUTIAEN wagnsaduaywdauleuny
NTghazan1vun1sAnen (Melnyk &
Raderstorf, 2024; World Health Organization,
2021b) W41 984288 TEFUUNUIMNEIUIA
;‘J’:Uizﬂaumﬂﬁﬁﬁ’ﬂEmea%fN@mﬁﬂmjmgﬂuﬁa
qiﬁau,amﬁvﬁ“ﬁumqmn'mﬁqmuaa'wsfqgu

(Kraus et al., 2019)
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6.2 NMINAUMANGATAITANYING VA
LﬁaLa%uﬁnwzQ’Uszﬂaumi
Jadnind Aty Aa N13VIANTTYTAN
nsvinwraunisduuseneunislundnans
msAnwmenuna farwerutadidnenmlunisld
Anufiugua i dugsavieuinnsd
novlandUszanvulaeg19nainuaie (Arnaert
et al.,2018; Melnyk & Raderstorf, 2024) 33A25
ﬁmiaaﬂLLuwé’ﬂqmﬁyim’lmiﬁﬁaﬁmmi
IANITTINY MIVURNUNNNITEY NIHAAUINS
qunn winnIsuagunIn wazn1seenkuuliiag

Y

3313 WIAUIVITNNeIU1a 1Age1asuAINATT
a a A v a a v I
WasedwudentussauuSyes wazimuniy
MANANSIAaNIENIY vsoluseiutadindne wu
madudUszneunsduganindmiuneiuia
(Health Entrepreneurship for Nurses) uanaini
AITANETUNNTISEUSTUNUR Wu MsHnUUR
Tupddnnwe1u1aa39 #3901999201ATINITUN
a Y a ¢
W12§909 (Incubator) twaldInUszaunisal
lumsiaunansaunw
6.3 n13aT195zUvad AL ULAzL
Tassafenugrudmsuneiuiagusznauns
nsdeasulinerviainignisdu
v o & Y = ) S &
AuUsgnouns Indudediszuvativayuillaese
MSBUAUTINIALVYUTINVGUAN WU N1TIAA
NOIUANUAYUAINITAVAINYDINGIUNA
N159A8 9Aug Uln1eNan15aun1n (Nursing
entrepreneurship incubator) a1eluaaitu
N135A N9 AADAIUAITW AIUITZUUN UT NI
(Mentorship) Ingdf Weayeya1ugsnagunImn

slvA1UT e (Melnyk & Raderstorf, 2024)



v A

waNINY MIRuATeE N RATaLeaTUaYY
MIANGINY W unanresun1snanesulal

M3sUIMIQNAT warn1sdansmnensdu fady

a a

UavudrAagnaoinussdnsnimnisantiuey
(Kraus et al., 2019) §nsfemrsatuayuly
weuadiuiiliuinisaunmdldoslesugumy
W AudquAmYNYY 13 onddnweruiaii
MOUAUDIADAINADINITVDIUTZTIYU (World
Health Organization, 2021a)
6.4 miﬂ%'uﬂiqm;]mnﬂLLazuIstm'?'i
\Aeadaq
FadnfnsungrungluraieUssine
swislszmalngenadlaiilanielinweuia
anunsaadufanislaed19dasy wu Tan1vun
Sean1sdsen meentuiusesunms videtesdn
Tueyanaanuneua dwalineiuialiannseld
Fnenmldsiui Buchan et al, 2015) FefuSaens
fnsnuynuuarUfulssngvsneLas el e ud
\Aeades iledaasuatuayulving1uiaanune
Usznaufanisnielinsaumuvasniouay
mmﬂ’lu‘i“lﬂ%w (International Council of Nurses,
2020) uoNING N13UTIIUNUINTDINGIUIA
AUszneumMshiluukugnsmansavn1 e f
waznisavanulugiuenalndfyuesssuy
guanUgugll agtheiiudnenmyssme1uialy
N13NBUAUBIAIUADINITAVNINUALELATUNS
ﬁ’@umizuuqﬁumwasjﬂﬁaﬁu (World Health

Organization, 2021; Thepna et al., 2023a)
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6.5 UNUINVBIBIANTIVIT WAL
MUY

BIANTIYITN LU ANINITNYIUIA
AT unuImdIAylun1sATMUANIATEIUYRY
Aamsquawdidifiunislaenetuia samdenis
AAULAN TUANAINUALITETITUT VTN
W eadrsnnuulaliiulszunvu warduasy
audundalifuunuimiegsiavesmeiuialy
s¥8281 (Intermational Council of Nurses, 2020)
VauLAELIIU MBS WU NTENTIETITUAY
LAENTENTNNNTEANANY INemans TTuuas
uinnssu msTamysanmsulouns ienansuls
\Anszuuinaiiaduayune1uiaguszneuns
Faudnsaduayudiunguang ey luauds
Iﬂiﬁagﬁﬁﬁugﬂu (World Health Organization,
2021b) M3fidusaned 1993 eTI909 094 NS
¥ nhazniasgazyrgasundalvneauia
ansosnfugsaguaimdidaunin 33555y
wazAnudsiulaegraduszuu (Buchan et al,
2015; Thepna et al., 2023a)

NS AMUIUNUINNEIUIA
Ausznaunis lliduiieanagvslunisiasy
dnann wrdudugnsaansdrfyssszuy
gunmdiyaunisnszaeuinns umiaden
wazmeulanduszyvuluviuniivainuans uw
mansiauazdeauaidaleuisfituniig

FUIBTENINAIATY HaZENVUILYIVENTEHU
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=

dﬁl a 1 a wva
UnuIni nuudAag nsuUATdugUsssu
wazbasuas19AuNwdalATUIv TN we1ua
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7. unasy
unuImYesngIuIaluanassui 21
oW suudasannsiduliuimsquam
melfsruuuinmeuuudady gnadudiiluns
DONKUY WAL LagALTUNTITUUUINTEUA N
fiflanumainuany Sangu uazneuauDise
Audein1svesUszvuluiuniidutou
1 n8adu MaAsuutasiaingnldilalonia
InulnweruraaiuisavergunuIntugiue
Ne1UIA UsENoun1s Geaunsadnasianis
guamfivainvateguuuy daduunuimdify

Y =

Tunastvunisiddausnisiaeaniglungy

'
a a

Usg1nsnidadninlunisaunie n1s3nianig
n3idu Snvedaidiulunisananuuednues
anuwe1ua Wiinlonanisquaidedosty uas
atuayunsidusinvesgurulussuuguan
DI

unumneuiagusznaunsiinundu
3 sz fail

1) if Usgnounisiil edsau (Social
Entrepreneurship) Junalnvesnisivasuuwlas
nedeny Tnsyatunisuiletdaymguainuas
fepunnndinisiasvmls Wwuauauenia
NN UAEHATNSLTIFUAINUDIYUBY

2) #§Us2n8UN15N195519 (Business
Entrepreneurship) Lﬁugmmuﬁwmmaﬁm’m
\dudaszniedvndn uazdudugsia 1enns
waravanilsuazaugsduniegsia Adug

AMATNLAZNINTFINUINNT wavadauinngsy
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3) n1stdufUsgnaunisnieluesnns
(Intrapreneurship) L‘f’JuEULLUUWEJ’lmaﬁﬁ’lms
W& suulas waziaiuadisnsguanielussuy
gunnii flog lneduind suuinnssunaznis
Wasuwaselumisnu WeliAnuszavsam

agtlsfmunisdaaiuunuivmenuia
Tugnugdusznaunisdansiidedin faludy
BIAAILFVRINENUIAEUTENBUNNT MIVIANELN
aluany Aaenud eI ANIINNUIELAT
ulswedn@n Feduuummanmsianuasdaiaue
lun1sdaaiuunuimneruiag Usenaun1sied
ausndustneds leud nsUsudsmdngns
NSANYINGIVIA Y TUINITAIIUT A1UNIS
UIMIIANIIEINGUAMN N1saseseuvativayy
nsusuugsdongmanefiieidostuunumin
YBINYIUIA AADAIUNITAUATUUNUINYBY
peAnsIvdnliatvayunetutagusznaunis
Faduunumiseesldsunisduaiuegraniy
sUsT9u Wl elvimeunaamsaldfneaiwegag
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Abstract

Objective: To examine the relationship between factors associated with the results of
the national licensing examination for professional nurses and midwives among graduates of
the Faculty of Nursing, Vongchavalitkul University.

Methods: This correlational study involved 107 graduates of the Bachelor of Nursing
Science program, Faculty of Nursing, Vongchavalitkul University, from the 2023 academic year,
who registered for the first round of the national licensing examination for professional nurses
and midwives in 2024. Data were collected using a two-part questionnaire: (1) general
information and examination results, and (2) factors related to examination results.
Instrument validity was verified by assessing content validity (Scale Content Validity Index
[S-CVI] = .99), and reliability was confirmed using Cronbach’s alpha (Ol = .93). Data were
analyzed using Spearman’s rank correlation coefficient at a significance level of .05.

Results: Participants had a mean age of 23.49 years (SD = 1.58) and an average cumulative

GPA of 3.06 (SD = 0.35). The mean score toward attitude was high (X = 4.29, SD =

0.32), while examination preparation was moderate (X = 2.81, SD = 0.51). The institutional

review session was also rated high (X = 4.15, SD = 0.52), as was support from peers, family,
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and instructors (X = 4.33, SD = 0.48). Statistically significant factors associated with licensure

examination outcomes included cumulative GPA (rs = .305, p < .01) and comprehensive

examination scores (rs = .384, p < .01).

The findings indicate that students with stronger academic performance and

foundational knowledge are more likely to succeed in the licensure examination. Therefore,

educational institutions should prioritize strengthening students’ academic foundations and

implementing effective knowledge review programs to enhance examination success.

Keyword: relationship, associated factors, licensure examination, nursing and midwifery

1. annandunnazanuddgyvestyn

Uszmalngdnsiaunssuuanssase
sunsgitalddumseonuanineaisiugiia
yesUsemAanigoling dvlddasuiuuszina
fiflszuuguamdigalulanyszsil wa. 2562
Feilusmmalnsaglususui 6 vedan dewesly
TuswAnsyuuaa U lne BT aAuYinIeg
Tuanzilantmuiegalingeds wanns
Wasuwasiulszanslunsidigdenugsie
TsnluifodeisoSuarlsnguflml maUdeuutas

Y a

sudanndeuiidssansevuseauamUTE vy
Alenvasugulvg ldmansenunaneysenis
FOTEUUANTN TNA VAL UN UBIUTENTU T80
annAsugnaTesssmAlng (NesevsAmansuas
WHUNUENTINOUURA NTENTIENTITAET, 2566)
Tudw.a. 2563 dneruiaviauusnisguainly
wiazdein 91w 177,128 au Andudnsdiu
WY1V oUTEYINTINIAY 1 e 370 AU
detsuiiisudrurungrunalul we. 2560
Fafmerunavinueglumauimsavamdiuay
166,087 A i un9ufi ud uiiles 11,041 Au
Tuvngiluraana 3 U findnmsiingiuia

4

o = = ' Y
Hansansdnwilniuaglasulueugnusenay
3

YIYNNITHEIUIARALNITHASATIATUNTY

UR 38 auUR 2 nsnmau-sunay 2568
Vol. 38 No.2 July-December 2025

Uszuad 30,000 AU FadnsgaideneIuI
99NINTLUVUINITAVAINUINATT 18,000 AU
(@nnswenua, 2565) anteyadsvieuliiii
PPN uaIvTnlusEUUUTMIAUN MG
dudwunn Jedmananisiuinisaunin
Uservu

a = ¢ @

FANNTNYIUIALAENINAIATIATY
a a Aw 1% | &
FrAnidedvinisgua wazn1sdiendelnense
ABUAAR NALUARR ATBUATY kasyuvw Laglimns

s a 6] 4 a =

FERTLazAaUNNITNEIUIE HUTENDUIY N
n1sneutadsenduddainusuiiagougs
fnu3anutnglunsugiineluveuiun
Yo sdsasUgunm msdesiulsanmsinulse

& N P
wazn1siunanin Mellliien1s3nwinnggiuy
n1susznavindwliiduunsgiu Tun1sda
MIANWTEAUGANANYY FINITAIUANAUNIN

v o & = A & 1Y)

Yould1sINTANW Wallunsuseiununm
YOIHUTENBUIYANNTNE IV IALALNTNAIATIA
lngiinsmuauwaraiiunsiaganIn1sneua
(NBIN1TNYIUTE d1UNIUUEANTENT I
NITNTNAITITUGY, 2561) AMUUALAIKA159
MIANWIIINUENgATNEUIAAERTU A nAY
g osasuLiovad unzideusuluaygin

UsENauivITnAITNEIVIARATNI1THAIATIA



A v a a ¢ Y o =
ieAuAsasdvUslevivawltusns Weswn
HUJUATYITNAIINGIVIAUAENITHASATTA
4 = Y A Y a d‘d
NnAUIzABIANiIemelunsiiuInsndl

v v !

ﬂfwﬂTWI@8%@UQﬂUﬁﬂ7ﬂﬂiW8?Uﬂﬁ??ﬁ?8ﬂ?i

¥
= a

aoumuiietunsidounazsuluaygndu
AUTENOUINTNNITNYIWIAUALNITHAIATTA

WA, 2503 wazatuil 2 WA 2551 wazatiudl 3

£
=

w.A. 2553 Avualinisasunnugii edu
nzidounazsuluougaiudussnauiv@nnms
NTUNARAZATHAIATIA T UM sl S u 8 34
lnerlaauazaaslanziuuliivosninfosas 60
Y9I NIIIIVINT DANNLN I T AT NTTHAS
ANIMINY A MUAIILABIFBUN Y
NIARUNLAYE AR A aRE1 59N 15A N
IAga11150UURUAINUNUINUBINGIUTE
AT wazlasuarnauwnuluusznauivndn
sunsdadinason1siatsuin1sussdu
d1519n13 wenaniinantsasumiufiiovetu
nefouuariulueygnusznouinndng du
fodunusidAgueanisuseiiunadnsues
nangns wanisaeuiledaduninasviouds
AMNNVRITUNANABATUAUNINYDINENERT
uananitevaRuanInITHeILIE F1de
NANLNUIIN135UTBIa0TUNISANYIIVINS
NYIWIARALNITNAIATIA WA, 2563 N15TUTBY
dngnsfidndy Ao Fusdnadnsd 16 ndmie
Yovagveuanua11ug ved unsiousy
luayyInUsznaudvITNNITNEIUIALALNIS
HpaAssAUlLUTLIN (@n1Nsweung, 2563)
F1rSuT A Ng1U1aLAUITAFOU
Tunzidunariulueugnuszneuivdn
TNENUNARaEMSKAIASIun sl

a18U998 1INNITNUNIUITIUNTTUNHULN

UR 38 auUR 2 nsnmau-sunay 2568
Vol. 38 No.2 July-December 2025

21sd1SUK1INg1agI04bIaana
Journal of Vongchavalitkul University

wuiwansaeuvetunsdeusulueyg
AUTENOUINANNTNY U IARALNITNAIATIAL
auduiusgaaaiuinsaedsseivifiunis
weruailiAgatos sesan ldun insatade
avaunaonnangns (Jufiel uamsagys uaz
ATUSAY TusTUUY, 2562) LazHadou
UsEaianius (M358 4300 uazAne, 2561;
JUNE LLaqmaqwé WATASUSAY TRIUSTUUN,
2562) uonaNuNSwNFIABY Mtemie
YDI91A3E NFUTVTIVING WaganINLINg oy
fanuduius funansaeuamudivetuns o
desuluoygmidugiusenevin@nnsmweuia
wazn1sNaIAsIATunisegalufitod Ay
N1A A (YANT YTUSUN LazAue, 2562)
AuAffon1saay n1Tmseuaunsauly
M3sEeU (A3eyey1 AseY, 2560) NTLUIUNTIANTS
Seunsasulundnansneguiamansiudia
LagNIAAERUUAIAU UA U958 T 918
Audusius funanisaeured unzilaudy
Tueygmdugusznauindnnisneuianas
nsueATIATUNils (136 ganm uazane,
2561) Bnviatiafburisaudidaveanisan
Arwdvastin@numeruaiiiedeuiungfeou
Fulvoug1nusenaudvdn Usenaunie
anudaduiddn louwAgusvig 81373d dnfinw
wardsatuayumsiioud AunTEuILAIS
1fun N19219uKULAZNNTUTNITTANTT @
588281k UNTNT HUAUNTDUVDITNAN Y
MIIANINTIUNTADUATULUULIY N15TIdIUT I
¥930191589nAU N3inadaidlunisnioy
AUNT DY LAZAITATHUAINUNT BNBE

faLilas (Ueing Jawy uavane, 2560)



Jaqthuanidumsnuneuiaiiaiy
9819790157 wazflandunisdnwimeuiad
1ATUNI5TUTBIRINANINITNEIVIA TIUIY
Fadu 95 wis (@antudififaigansinyiuga)
TnedanitunsAnuionvuiindaneiuia
saueAu 25 st (@n1n15weTUIa, 2567)
Faumingrdersdvadanaiduniduanidu
nsAnwLonTuRiHBmETUIaRILAT 1. 2509
wazlasuni1ssusesaniduainauenssuNg
aninisneruia Jagduldndnansneauia
AansUnsnatuusuuse w.e. 2565-2568
Tnoyjsfumswantndinfdnunin a3o555u
wazaasssu Wu LS smasuinnssy
walesiiduuda TnsGeuinaendin nswun
figefu wagmseniinluguaivosmuLoniu
Foardafenrandutiaanyanadiinii
wane1aty Fedan1siSeus i iFeudy

¥

Audnane MmeTsMIsBSeusiviannvany n1sieu3

=

v

TuApsswil 21 MsdauszaunisainisiFous
wuuildiusnuazmsBousienues Jeludi
weruravrdendulfinnuguaginwenis
UfuRn1snweuia Tneridadsrnudussd s
vosFuuinamnieviediunie 3n dau uas
07 YYIUAIINA BINITA TUA VN TNAIY
UaniuuedETuUUINIg wazAunaINvaie
n1TussTn annsnufuamiAuaznseyin
unumldisnsadaaduguniw n1steatulse
nsquaTaizLiutag uazn1siulaniw il
JEAUYARA ATEUATY hasYUYY d1ansaussyns
AT A 1uAERT NITNEIUIARAZ AR T
Aendedlsiognaiusyavsam sufsdunAnns

Juduszneunsluaniu USnmsquaim a1wnse

[ a Aa 1 a Aaa v
millutinegudlinanmlugawalulagadva

UR 38 auUR 2 nsnmau-sunay 2568
Vol. 38 No.2 July-December 2025

21sd1SUK1INg1agI04bIaana
Journal of Vongchavalitkul University

NNaEdd 2 U (W.A. 2566-2567) NEIUUN
AMENYIVIAAIANT UMINISEEYITANG
W‘U'j']i{a"’]L%ﬁ]ﬂ’]ﬁﬁﬂmmmiaaaumumﬁu

= U [~ ¥ a =
netlvunazsuluaugnidudusenouivain
N1INEIUIALATN1SHAIATIATUnTaAm Ty
Souaz 35.13 way 43.48 mud1eu fedudu
[ d' c') 1 I3 d' I = I
gnsnaInInnasiuasgIuinsazily Jadu

LY

Anudfyssmuiiantuardesdiauddy
Tunsimurdnen muesdnAne LazinIom
Aaunseulyungaunis@nwrainaardula
mmsaaausﬁumLﬁ&JmLaz%’U‘luaummL‘fJu
AUTENOUIYANNITNG VIS WAZNITHAIATTA
Funislundwsnvesnisaou Heilnsaeud
ANEIAYRDNITUTENOUITITNN VAL UTI6

vYa o

Msveu uagnsUsEunangns é’mjju;pw
5saulafiasfnetasefifanuduius funa
nsaeudunzidous neldnsounuifnues
PRECEDE-PROCEED MODEL (Green et al.,

2022) §931nn115NUNIUITTUNTTUINTUN
3 Uadevian loawn Jadenh: insawde namsaeu
UILUIANAATIINI TIUYDN TiAUARFDNITABY
a 14 v dgl"
n1sinsguadunienlunisaeu Jadeide:
n1sdamuniueNuIvesantu wasdadeaty:
N15ad VAL UIINNA LW DU ATOUATT WAL
¢ o & A @ v & =
919158 Meilieludeyaiugiulunismisy
AaNundauvasinAnuilunisinieunisasy
dy I U a IS
FJungleu wariulueugnusenauivnTnns

weunaliussaivaneaulutses I



2. IQUseaeAN1TITY
WeafnernuduRusseninedladed
Weates laun 1nsnled vazay nan1saau
UsEaanusTIveen inuafnensaeu way
53 suANns enlun1saey IANUNIU
AuFvosantiu nsaduayunngaiieu
AsOUAYILAYE19158 AuramsaeuTunELToy
Fuluaug1nUsenauivnInnisneiuianay

N1IHAIATTATUNTS

3. NFDULUIAANITIVY

133981 Anviauduius szndng
HadeiiAeatestunanisaeutunzideu
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5UN 1 uanINTauLUAAN13IVY (Conceptual Framework)

4. 3adun133Y
4.1 Uszvnsuasnguiaegng:

WS anIsAnyIna na ns
neuIaAIARSUMAR ANAMENYIUIAAIARS
UN1INEIFeEYIaAnNa Tamiauassivdnn
Innsfinm 2566 Aasiasanud unsidousu
luau 1N UTENaUIVITNNITNIVIALALATS
upensIitunilsvesnisaousoudl 1 Usednd
2567 91uau 115 au laengudiegiaudu

o

AdSansAinwidiuan 107 Ay
4.2 NMIAUINIUIANGUAIDE:
AIYEInveINguiiagelagly
Lsunsudnsagu G*Power (Version 3.1.9.2)
Inglgg1unan1snagaau (power of test) WU

0.90 A Significant level WiAY .05 Lag
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ANBNSNA (effect size) WinAu 0.347 F3991994
PNATBNANINNOUTR TUNeN Lamsns
WALASUSMY TRINSTUUY (2562) NANwIUIT8N
danarananisaauaIXs tievesulueyyin
[T a =~ &
JuUsenaulInBnmsng TUIaUAENIHA AT
YPIVUNANYIUIA @010 UNITNYIUNA
ASAa1SUNIT dn1n1swenulawslsemalng
Tuln1sfneyl 2560 (Tufien waansagns
wazAT Uy Taussdun, 2562) lanay
A0819 83 518 Malllaiunguddee198n
Sauay 20 v anawnulunsmAdn1snay
wuvasuauldauysal (Polit & Beck, 2017)
<3 o 5 t:’lj a o é’l dy < £

Wudwau 100 519 Msdmsideasatiinudeya

NNNGUAIBY1TUIWIMUA 107 518
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4) AMsatduay NNy
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upsasss Baideldfantuesnnisumy
2350530 1w 18 U uuudeunuluwuy
1A TIEIUUTZUIUAT (rating scale) Tawdinig
wUsineust 5 sy fie unndige (5 AzuAL) 110
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4.6 MINTIFBUAMNINLATENENTE
sMIIREBUAAANAT D831
LUUABUAIUNNA UL UTELTUAIIUATUTS
evvtsavuluusiagd1u (Scale Content
Validity Index: SCVI) laginsenaididnuiu
3 vi1u laun 813158lunguneu1anInn-
N1INLATNITNAIATIA 1 v 8197158 TuNgY
ABINTNYTUIAFVAINTAURLIALY T1UIUY
1 v ware1313gK SUnvaUlATINISIAS BY
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AL evinluusazay (5-CVI) Fernfieousuld
78 0.8 (Davis, 1992) WITS-CVI URaLuUEDUnA
Futrundsonisaeutunsdeustlueygyae
Frumsissuanundenlunisaouiunsifou
Fuluaun1nT AUNIITANUNIUAINUS VDI
a0y AunisatuayuInng W oy
ATBUASILALDI13158 A 0.94, 1.00, 1.00 Way
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= 0.99 mé’qmﬂﬁjuﬂimwﬁ’wqaLLazﬁwi‘U
nagau Reliability lnsuuuvasuniutade
‘vfwmamamiaawfumLﬁauﬁ’uiuaumm
U58NouTYTNNITNEIVIR UagNITHAIATIA
YRIUUTAIINAULNIIUIAFIENST UNINYIREY
wddanaluneasdddludaunisfnuives
AENYIUIAAIENT UNINEITIYYIFAN]
TuUnns@nwn 2565 §1uIU 30 AU 196 1UN"S
w1 o ussmA 1 duUsEaNs woa

9839A59UU1A (Cronbach's alpha coefficient)
g aA15eA AL a3 uveIwULABUATN O =
0.70 faledneglussRumungay uag O = .85
agluszauauin (Kline, 2004) Watl wanns
NAFOUAINLIEDINTEIL VAR UNUA UTIALAR
senisaeviungfousulueynins drmuns
w3 puaundenlunisaeud unsideusy
luaygn AumsIanuniuauivesan1tuy
frunsatiuayuInnguiien ATEUATI uaz
219158 A9 .75, .92, .95 WAy .93 MUAIRU LAYy
AdulszansuoarivssasouAsaty =0.93
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T audindunsu ndsndugiseduiunis
iuteyamauusuiifinun msnouluuasua

=

Tuwsazsreldnanlaeussuralihiu 30 Wi

o

a

Tnensmeuseulall (Google form) @ ededed
Tringusegsmeulugisnaniiazen Wudeya
Turaatudl 14 nuanius - 4 Tuiau 2568 Lile
NusauTindeyaldinsunudiuiy uazivun
FLYLIIAT HITLATIVEBUAIUATUNIU QNADY
YoUUABUNILYNRty Intuthdeyadldn
Juiin uaglmszideyanisadnnely
4.8 M3AATIVdaYa
nywTendeyalasldlusunsy

d11593U SPSS (version 21) lneiflstuazidan

4.8.1 Yoyadiuuana taun o1
\nsawdvazay Jadeiidnadonisasus leun
aundnonisaeud unsifeusulueygine
naessuaundeulun1saeut unsidous
TuauyIn MsIanunIuAuivesanItuly
nsnfsudiaoud unsifousulueyyine
uagmsauayuInnguiiiou AseuATILAY
919158 Wadfnsuanuasaiud (Frequency)
Jouay (Percentage) Anade (Mean) way
daulﬂ'mmummgm (Standard Deviation)
daume NanTARUUSTIIRANNITIVEEN Uay
wanisaeud ungsiieuivlueygynszney
TP ANNNTNEIIA UAENITHAIATIA T U9
Aumsaounsiusn) Wadfinisuanuasaanud

(Frequency) $98ag (Percentage)
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4.8.2 T1AT18U AINFURUS
swindadeiifauduius funanisaeutu
nzifauuazsulueygndulussnauiv@nns
NeUBLAZNTHAIATIAT Ui dlag AR fen
andunusiiasdu (Pearson product-moment
correlatio) LilenagauNInsrAefiavestoya
(test normality) wuindeyauanuatliuniis
Tonsiasigiauduiusseninednusau
wazaulinnu lneldad @ Spearman Rank

o w

Correlation szautiedAgy .05
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5. Han153suazanuIeNa
5.1 Nan15739Y

5.1.1 dayaiugiu nquiiogis
daulngifumande 91uiu 95 au (Seoas
88.80) 01gLady 23.49 U (SD=1.58) dilng)
01y 22-25 T (fovaz 93.46) InsnLad vavay
1ady 3.06 (SD=0.35) drilngjegflurae 2.76-
3.24 (Seway 49.53) A0UUTEUIANAAIINITIU
gaan1y 8 391 AnduSesay 28.97 s09asun
aoun1u 7 391 Andusesay 23.36 way
#oUrY 6 31 way 5 3v1 Anluseuay 15.89
Lar 14.95 AINETNU LAZEBUNIUNITTY
neifausuluaygrmdudusenauizndnns
WmmaLLasmimmmsﬁﬂ?wﬁa (lunisaeu
adausn) 93 8 3u1 Aevdudesay 45.79 uax

aoueu 7 SvAadusesar 31.78 (151991 1)

dayadiuynna 1Y Souay
LW
w8 12 11.20
N9 95 88.80
a1y (¥)
(min =22.00; max =34.00; mean=23.49; SD=1.58)
22-25 100 93.46
26-34 7 6.54
insLRRUazaY
(min=2.20; max=3.89; mean=3.06; SD=0.35)
2.20-2.75 21 19.63
2.76-3.24 53 49.53
3.25-3.89 33 30.84
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dayadiuynna U Sovaz
IUIUTIEIYITIUYNA
<3 8 7.48
4 10 9.35
5 16 14.95
6 17 15.89
7 25 23.36
8 31 28.97
UIUTYIVITOUNILENT
q 2 1.87
5 14 13.08
6 8 7.48
7 34 31.78
8 49 45.79

5.2.2 Fayanuldade At
IeuA insandsazaniiaade 3.06 (SD = 0.35)
TnefiAngsan 3.89 uagAdn 2.20 firuadse
msdeutunsdouiuluoygyin oglussduinn

(X = 4.29, SD = 0.32) MumseuamNun5aulunis

aeutunzdousuluayann eglussduiunans
(X = 281, SD = 0.51) dudadeide éud msdn
numuauivesaniueglussiuinn (X = 4.15,
SD = 0.52) autladeasu loun msaduayuain
nauilou AsouAsI wavenansdogluseiuann

(X = 4.33, SD = 0.48) (M5797 2)

] % % o a o % =1 o o &
M99 2 LLﬂﬂ\‘l‘U@Haﬂ']UVIﬂuﬂﬁ ﬂ']'in'iEJllﬂ'JqﬁJW'iﬂﬁJGLUﬂ']iﬁaU‘Uu‘VlZLUﬂuiUﬁanHiyﬂﬂL'Uu

HUI2NaUITIANNTTWEIUIALAZATHAATIATUNTN N1TTaNUNIUANNIVRIanItY uaz

N1FElUAYUAINNGULINDU ATEUATILAZE1R15E (n=107)

U2

Min Max SD nsudana

X1

Uadein

_nsnLRAnaza

- HANTUTENIAANNTTIVLEN

- NAUARADNITEDU

- MIwsNANUNSaulunTERU
Jesuize

- M3danunuANuivesEn1Uy

Jauiasy

- MyaduayuAINNGUTeY ATEUATI UALB1ANSE

2.20 3.89 3.06 0.35 -
1.00 8.00 - - -
3.00 4.75 4.29 0.32 41N
1.42 3.68 281 051 Uunang

271 4.90 4.15 0.52 un

3.00 4.94 433 048 un
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5.2.3 N153LATICHAUTUNUS
nsARA AT A (GPAX) wagnan1saauussuna
YIS TIVERRAYRIEINTUNNTINENSE 18T
Tauduwus funanisaoud unidoudu
luaynv edelitdedAgnieada (p < .01)
NaNIA8 NANITABUUIENINAINITIVYBAYDS
anntu fimnuduiusfunanisasutunsiCou
Sulvoyan Inodadudssansanduiuser

Tuszdusi (1, = 0.38, p < .01) (Bartz, 1999)

LazLNIARATALAN (GPAX) HAnudunusiy
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nan1saeudunzdeusuluoygyin lneden
ﬁ’uﬂizﬁwéamé’uﬁuﬁ‘a&ﬂussﬁwﬁ"n (r,= 0.31,
p < .01) (Bartz, 1999) @uviFiuARnon13a0U
Junzifousuluoygng manieumunden
Tunisaoud unsifeusulueygyins n1sda
MUMIUANNVDETU Uagn1satiuayuan
nauileuasouauarensdlifianuduius
Aunanisaeuluuszneudugusznauiandn
SN TUIALAZNITNAIATIITUNTR (r, = 0.02,

10.09, 0.19, -0.03, p > .05) (M15197 3)

] a 1 [ v 1 o aa k4 [ 49( = [
N340 3 L&Iﬂ’iﬂﬂ’]’s‘l%’s‘lﬁJWUﬁi%‘Vn"I\‘i{]QQEJ‘VILﬂEJ'J’U'eNﬂ‘UN?Iﬂ']’iﬁa‘U‘U‘u‘VlZLUEJU’i‘Uaanléiy’]G\U’iZﬂ8U

a IS (3 & =
IYIYANTTNTIUIAUASNTITNAIATINYUNAUI (n=107)

fanUs 1 2 3 4 5 6 7
1. nannsaeuiunsfou 1.00
Sulueuany
2. HansaeUUTEIRANN; 38 1.00
S1UYen
3, NSnLRALAYAY 1% 57 1.00
4. YirupRsan1TaaU .02 18%* 26%% 1.00
5. AIHTENAMUNT DU -.09 11 29%* v 1.00
Tunsaeu
6. MIIANUNIUANNS 19 29%* 26%* 42%* 47%* 1.00
Yo3an1vu
7. MAETUAYUINNGY -.03 22* 20% 48** 4™ 72 1.00

WOUATOUASILABIRNSE

“*p<.01,*p<.05

5.2 afUseNa
Ad U U sz 19T e
\Aeateatunanisasy i evesulusygn
U5ENaUIYITN NITNYIVIARALNITHAIATIA
Tund svestudanmznoiuian1ans
UMINYIFYNYVIFANA IINNANITITENUT
insatedsavaududadofifianuduiusiu
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Teddaneeda (r,= 0.38, p < .01) Jsaennded
AUIUITHVRITUNUNIA LUSIWRIUY LAy
Az (2567) fidnwanuduiusseninatlade
AIURIL funanisaeuiunzidou ey
TuUsenauIBTNAITNYIVIALALNITHASATIA

VoIV UM ATNYNE ENYIUIAUASH VAN



uvAnendesssgauaiunmuin wadugns
955 oy (GPAX) 1w sag1afeafid
ArudiiusBennfunamsdeutunsdewile
FuluaugIn vosUudningrdung1uia
WATHUAIN UMIINYII1VAaIUeE TUN
pgNUTsd1AYNINada (r = .71, p < .01)
(TUNUITA LUSIN MUY hazAY, 2567)
wenani wamsideluedsiatuayunaniside
firuan Fadrusenunalufiemaieatuin
nadugninansiseuiiauduiusiunanis
aovtunadounarsulueygauszneuiviin
aeadideddgvneadia (nAsinsal Yius waz
AMY, 2560; ANTAL 490N wazAMY, 2561;
FUNT LLE’J’mqm WazAE, 2559; AS AdeE,
2560; @n1iLhou londl wazAmy, 2561;
qineY JUNTAITIU UagAney, 2559; Mvula &
Msosa, 2023)
HANTTA0UUTEUIAAUITIVLDN
fauduiudfunanisaouiunzidousu
luau a9 N ANeIUa AN
WEIUIAAENT UNITINEI 8198918 AN
pgfidedAgynade (r, = 0.31, p < .01)
Lﬁaamﬂmiﬁauﬂizmammi’iwaam
HunaagsiousminAnvineruiadiaeusiy
dAapnudnlaluidonveudsiediv dwals
mmmaauﬁumLﬂau'%“uiuauﬁym°1 MU 8
e lundiusn Feaenndosiuruiseves
34l g0 uazAnly (2561) AAnwTadedd
AuduTuE funanisaeuved unsldeusy
Tuayg1nv v udinAMENgIUIaAIERS
UMINYIA BTV T08L0A WUIINANITAOY

Uszanananuisiveeniiauduiusneauin
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a

Aunan1Tao Uy 1Nl NydAYNNEta (A13al
0N BagAME, 2561) LATNANIIANYIVDY
Mvula & Msosa (2023) fidnuniladefifinase
anudsaveaindnwilunisasulueyyin
UsENaUIVITNNITNEIVIALALNITNAATIA b
AALATDIUTZIANIANT WU HWANITADUN DU
JUMsANIENNIawIeNanisaauluauye
U5NauInnAnnIsNeIUIawaENISHAIATIA LA
pg19lited1Ay (p < .001) (Mvula & Msosa,
2023) uenanil kansAnwIASiidenadas
fumuAdeluefaiisenunalufisnadetu
Hun 91uideves tufien uamsan? wazasu
Smu Taussuus (2562), @an1hou landl Lay
ARlE (2561), WasAsayayn et (2560)
nuan1sAnsnuindadeaa
AINFUTUS Turan1saeud unvideusy
Tuou 19 YU ANEIUIS AN
WYIUIAAIENS UNIINYI1898YIAANA
saiiduddyiifiesaestads fe wnsawde
A2AY WAZNANITABUUTEUIAAIINS TIVLEN

FIADNAADINUNTANBINMIUNT (LNASINTD

2

YWUS WazAE, 2560; A3 §INTN UAzANE,
2561; SUNS LLE’I@qu wazAMY, 2559; AN
AIBY, 2560; an1ineu lenil wazAne, 2561;
g3 JUNTAITIU wazAE, 2559; Mvula &
Msosa, 2023) Tnevisanstlaseiiofiansnnas
Juiledendniiduaiunginssuvesyana Ao
Uad81 (Predisposing factors) Fadudese
Falddesiivszneudiaud mnudila
(cognitive level) duasulvypnauananginssy

(Crosby Noar, 2011) istiinsaladuazan uag



Han1saeuUsENIanIus TIvsan i unasn
Usgaunisal n1snaeviasy N1sAnUUAvS
yAna Lagilunediuinaniiugnssy (genetic
predisposition) dnasiongAnssuvasyAnaly
n1suangean (Green et al., 2022) 4 slu
nsfnuiiidunanisaeudunzifousy
luaun1InUTENaUIVIINNITNEIVIALALATS
RCEEHE ot
Tuns@nwiadeiiwuinddadod
T flanudusitus funanisaeud unsdsudu
Tuaugn Ao auafson1saeud unsd oy
sulveuanm (r, = 0.02, p = .868) 4 wua
msfnwiiaenadoaturuitevennasasal ¢
fiud uazmny (2560) AAnwINUINTiRUARE
n1saeulddanudunus funanisaeuaiug
wesulueynmdufuszneuindnmaneiuna
uazHnInsss Tuvmzi et urantsdnwd
donARBINUAI YT AsaY (2560) Afnuiade
yhwesanisaeutunsdounazsuluayaan
WudUsznoudgndwnisneiuianasnig
uasAs3sid uni swostudiane e Ine1de
wgUIANDIINUN NuIWiALARTRdan1TaoU
yilinAnwimeuafinuianiauiug e
wazdsglovivasnisasuiunzsifou iody

Tuaugn MiAnauysuaslalviaunse

dounu (A3 Aseg, 2560) og13lsiiniy

[ 77
v

HANTITeATIH wudddsanisfinwainane
NENUNAFMENT AN EYITAN TviAUAR
densaouoglusziuinn dedslaiduseiud
unitge mngaouiliimundin avdaaiuniy
siasuddlalfinanaulunsaeulsifusues

WIBNITAIUANAULDIITINY Tl Uay
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ANULBNIALE SAIUNINISHANUAULDY LD TY
\inANUNTouNiTusnsinddladaniai

[

Tiyanaiinaauidla wasiAnnadsadsi
Yardald (n33un nsuseLasging, 2558) Fathl
annuiansugnils uazdaaiuanadiiane
mMsdousgesaiiios
mawseuanunsedlunsasy g

Cl U

ANUAUNUSAUNANITEBUT UNLLTU 8 USU

¥
N Yo &

Tuauaae (r, = -0.09, p = .349) frailfidisa
nsanwdlngiinseseudaeveglusyeiu
Uunaellszezia1nsessuia@autiounin
3 e udldemnunseieasaoulinaus
Fudn13AnY) @onAdoIAUNITANEIUD
inAsInsal Yus (2560) Aidnutadeid
AINdNNUS Funan1sasuaINg 1l o5y
Tuaygmdugusznauindnnisneuianas
HAATIA VIR @15 aN19A Nw191nTNende
werurIauTuI1IvTUlWeluLlnisfnwl 2560
WUIUIAAR N1TIASEUNT DN LazANAALTY
FONITIANITLI UUNITEBUVDIINY S olald]
Auduiusiunanisasuainug tiosu
TuoygiaduUsznauigndnnisneiuia
wazuneassd agelsfinunanisfnun i
ludenna e uuideves Granger et al.
(2024) Anwnszurunsmsdpuiifidninase
n1se1un1sasvlueyyInUsenauIvIdn
n1sneUIaesindnen wuidndneiiaeu
Wiuluoygin MWnagnslunisinToudai
wuafu 3 Juneundn I8ud msmuniudae
AULDIUTZNOUAILAITLASUNAIFDIEIU AD
N159a1281 (Entering Time) wazn19ta0n35
NUNIU (Reviewing Styles) NTa@RUNUNIU
viensaeulasy Feindnwiagldsunisasu

NUNIUAINATUIT BN ADU hagn1THNYUadaay



TngNISHNYINUa@aUas I8 19a@lLdNDL N D N5
WILUR WAENITANYIVBINITAL 830N (2561)
PRy a ) a o a
ARNYIN INUNMTAS sUAUNS aulunNSER UL
AMUFUNUSAUNANITABUVBY UNTLU 8USU
Tuaygne e nlunszuiun1sInnNIsseu
ANSABUYDIAULNEIUIAANARNS I8 N1SEBU
7 1a1NNa18 L UNISANTLATIZT RSN Y
nsaAnuldnAnwlasuiua AU ULERIANY
a 3 =1 3 o 1 & 2 =§’ o

Anviulaedl 919158 Usednquidu i edutey
n1saouNIAliddIuTINve Souvyin vl
Auy sdunarTndaluniswauinisiseus

° v a v faa o a )

WALV AL AANAA NN A SAUNITLUUR NS
e unbatnAnulanumuauiuas iz
WilnAnwiagduuland1Ay (mind map)

¥ )

Auaeuinsmisunisaeudueg19ilag
Inend1susenouNIsaaUNIBIENENSANEDU
Tdndnwlafnuatamiin (3d ganm, 2561)
uenand §efinsAnvrvesyiun ysusia
(2562) fifinanisAnenaenndeiu
msaduayunnguiou Aseuaia
WaE®19158 LuTAudunusSAuNan1SaaU
%ummﬁau%’ﬂuaqapm (ry =-0.03, p = .773)
Feliaonndesiunsfnuivesnls dlsstuv
(2561) fidnedadedidauduiusfunanis
asuduneidou i osulueyana Tnede
NEUIAUTUITIVBULNTINN NUIENNATOUAT
fuduiusfunanisaeutunzfou ey

luaunv egelidedAgnisada (p < .05)

'
=

{099 nna U897 apuk U suUA YN
flanunmaseunsHfia Aedanunsmetiedy
eiionsouniafef ugruddyvesden
AsaunTy (ly Tlsstium, 2561) uagn1sANwITas
yfisn ysusia (2562) fiadlunsinwnisd
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Lifianudusius funanisaeus e1aulesan
Hd15an1sAENWILASUNIINUNIUANNEET
SedunsieunsdeuINniNsTIemae
193919138 waglunguiiloufinisuonérendu
AAAIUINDUNITHDY WALNIT1AYDY VYD
FnAnvnduneinaeuen dedlngazllled
NMUMIUANNITINAY
uaﬂmﬂﬁmﬁwumummfﬁuaa
anduliifieuduiusfunansaeutunsd oy
sulueugn (r, = 0.19, p =.055) ¥l
donnaasiunITAnyIvRsan1fou lonll Laz
Ay (2561) Anwnidedadefinnuduiudsu
msaausﬁyumtﬂwuaz%’uiuauﬁgm°1 VO
Jadiang1uiainedowuivged nan153de
wud1 Jadeanumsaivayuannivede, egly
syfuandign de Uadsatuayuiuivinis
Town dnsueunineau itdndnwineuiunis
numuuNSeu n3Tanssiidesenisaies
Fadou N1snunInunG sudiInedesalid
AsNZaN 019158y limunu way
ajuansgivdnee neuasulinseuaquiniau
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winansfnwadei lfiauduiugogad
YodAgn1eadia uin13danuniuainugves
anudwurliud vedanuduiud danuin
AzLUURAIMIIANUMIUANLYRsanT U eg
seduan (X = 4.15, SD = 0.52) Gadysiouin
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WNEINBUDINITIANUMIUANT SRsmsT AT
muififsuaznsaeudiaes ileUsugLas
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UsLaNSAINUINGITU



6. UDLAUDLUY
6.1 dawausuuzlunsinamsidgluly
6.1.1 Han15358F 1f1iuqn
\NIA LA gazay LATNANITUTEUIANAAIIUS

srvgaadulaven dAudunNus o 19l

[
aa v =

HudAgynsadfnunanisaaudunziiousu
luaugy1n F9nd@nudnan1sisouwas
o X Aaa v A ' P =1
AU LnATuwIlduivaounulag Uy
AatuaadunsAnwImsliaudAyiunig
LATUAT N UFIUNITYINTTUATIALUTWNTY
NUNIUAIUT N AUTEANT AN L o181y
Tonalun 9@ UNILYIUNANY kaEAITHNNS
Suasuselalldugvsvesin@nymniul
6.1.2 arusnirdoyaluldilu
wUINluATHRILINSIMS U ANLNS B TUA1S
Q%’ =l [ a =
aautunsilousuluonginyusenauigdn
NIINYIVIALAZNITHAIATIA T UNT 3989
TNANYINYIUIE ANTNYIUIAAIARNS
a %3 4 a 1 1
WINedegrIannatususiely
6.1.3 annsaldidudoya Lite
arvayunsineidendilenieiuladed
fnasian1sapuunzlsuiuluaugynuseneu
FUITNNITNYTUIARAZNITHAIATIAVDIT AR
INAULNYIUIAFAIENITVBIAn LD URB LU
6.2 Jarduanurlunisindsensenaly
6.2.1 A13EN1TADUNINT DY AT
~ PE A = a v
AN Wivellavoyailedin uasliaugnsies
wiud Wy N1sdunwalieyaIINe1TeR AR
waria15anNsfnw
6.2.2 msldvayananwiaseilly
WU lUsHNsY watheluiinnsaaulunzideu
FuluaugInUsENeUIvITNATNEIUIALATNTS
HAIATTATUNT UL TN T

UR 38 auUR 2 nsnmau-sunay 2568
Vol. 38 No.2 July-December 2025

21sd1SUK1INg1agI04bIaana
Journal of Vongchavalitkul University

6.2.3 Aysin1sAnwangd1i5a
N5ANYINANGATNEIUIAAIEATUUANIN
a01dudu 9 Siuee Welvlateyaniaing

nannmany

7. inAnssuUsENA
VBUBUAMNANA DU A ANV
PNANLNGIVIAMANT UV NYWIFANA

PAaznaIINTINNSANEIATIL

8. LINAT591999

NTIUN NSUTBLESTING. (2558). ViAuAf AT
Al WoAnssu uay
@m”nwwn’zﬁ??mwmwa?u[aﬁﬁ'
danswasenisanaulalunisly
inSavrsalnsAnisalutifve
Ussyrwulungaunwumuas U 2558
[nenfinusUsyauinsgsne
WNUAR]. UM INYIRENTUNN.

NBINITNYIUIA ENUNUUSANTENTAN
NITNTNEDITUE. (2561).
NI Ve INE1UIA TIITN
(frindait 1). drinfuvidensiu
910,

NOIYNSANANTUALUNLIY dTINaTU
UaANIENTIEAT1TUA. (2566,
13 ganay). NIMeWIANTEUY
mﬁ’iimg"Z/ZWEJ (Thailand Health
Care System Foresight).
AugToLAY1IEIAUNYAUN
NIENTIEATITUG.
https://dmsic.moph.
go.th/index/detail/9331.



nATINTA! YIS, nilan WA, wag

U3 Ba51ugian. (2560). Yadei
fanuduiusiunanisaeuaug
wiesulueygmdugusznou
AVNTNNTNYTUIARAEHAIATIAVRY
AdSansAinwianivendy
URITRG R EAIIGINAHY
Unsfnw 2560. 275975159978
MeagNYIUIA UAZNITAIITAIGY

malg, 7(2), 74-84.

17 USeUsUR, 531 FUNAY,

UAEITIN YYUTELAIY, way

5193 Wegang. (2562). Yaged

v v fw 1

4 uﬁﬂumamiaaummgéﬁua

1%

Junzidouiteduluayn ey
HUTENRUIVITNATTNE U NAUAE
AREAURCEER G (RIDS LR R
NMsfnyIININe TN 1A

(% L1

UsUSvTUTaEsIAUSEANSNY

a o

UASEITIA. 2758715 UNTINTTY,
10(2), 229-248.

[

AN @3N, FIITTOU WNATLAY, Uag

W3UFuAT gaNn1ITa. (2561).
Hadeifanuduiusiunanisasy
Junsndeusuluoyaadu
HUTENEUIVITNANTNE U NAUAE
nsuAsAsIfdunisvestdi
ANENYTUIAAENS U INERY
17 Seeidn. 193575l59ME 1079

UIa15A, 15(3), 35-44.

UR 38 auUR 2 nsnmau-sunay 2568
Vol. 38 No.2 July-December 2025

21sd1SUK1INg1agI04bIaana
Journal of Vongchavalitkul University

SUNT WduanI, TYIINT WeFITI,

[

21ne1 AU, nuNYY T1ANes,
wazasla Anua. (2559). Jadedd
HARBN15ARUTUTDIANNTUA
YBMINYITYNLIUIANDINNLTD.

5AITUNNEUTT, 43(2), 1-18.

WINANT JaUE, NN MeENe,

WU ABgUTTIY, TUNFIT AdIN,
LaZANNNY anANDs. (2560).
Yadewrsanudnsalunisimun
mmif&uaaﬁfﬂﬁﬂmwmmaL‘ﬁaaau
Gﬁumﬁau%’uiuayzwﬂizﬂau
AVITNANTNUNG. 2758ITWEIVIS
NIENTNAI15045Y, 26(3),
170-181.

UUNB WAINTIGNS WazrBusHU TuusTtun.

(2562). Yaevinunenanisaau
Anuiitovesuluaygndy
AUTENBUIVITNATNEIUA WA
N1IHAIATINVBITUAANEIUTS
a0UUNITNYIUIAATAISUTT
aninvalneg Un1sfnen 2560.
151N IVIAAN NIV INE,
12(2), 235-251.

YN A3aYeNn. (2560). N1539e U

(Fusiagsh 10). gITenandu.



HUNUIR UEIWRIUY, AU UNINIY,
WINTIO 258N, Nllvg LA, way
anmf aadsy. (2567). Jadeid
SvEnasienanisaeuTunzioulite
Suludsenevivndnnisnenuia
WAENIHASATIAYRITMNIN NSy
WYIUIALALFUN NIV INEGRE
FUANFIUFUUMN. 975575
SyUsEmIaUmans un1Ine1ae
S, 7(1), 245-260.

Aanyeun Agee. (2560). Yadevihunenanisaeu
%umﬁauuaz%’uiuauzmmﬁu
HUTENRUIVITNATTNE U NAUAE
msmmmsﬁ%wﬁwmﬁ’msﬁm
WYIUA INYIGINYIUIANDIVINUA.
19FITNIUIANIITUR, 18(2),
228-237.

annakou lond, ANITIN SUNNTIATIA,
95101 ANS1ATUEY, LAy
v yaydnwal. (2561). Yadeid
AdusfunsauTunslou
wazsuluaygnduduszneu
AVNTNNINYTUIARAEHAIATSA
Funiisvesudinnerunainende
\WUAMEd. 275975990 UN7T
IANI13gUNIM, 4(1-2), 54-66.

ANIMINGIVNA. (2563). AlaNI55UTBY
a0IUUNITANYIIYINITHE IV IAUAE
n1aunenss (Fainded 1),
UTENYANBIINe.

A0ININEIVNA. (2565). UNUNALNENIT
NEIVIAUAZNITHAIATIS] N.A.
2565-2569 (fuindad 1),
dinfundens Tusain.

UR 38 auUR 2 nsnmau-sunay 2568
Vol. 38 No.2 July-December 2025

21sd1SUK1INg1agI04bIaana
Journal of Vongchavalitkul University

AN1N1SNEIUIA. (2567, 16 SUINAL). T1879

010N ITANINGNINTTNEIUIA
liinI55uses (@ IUuidianse
n75AN®IAT). 31N

https://www.tnmc.or.th/news/35.

FNTT JUNTAITI, 4N UNTITUAT, e

o103 ladfsBu. (2559). Yaduiid]
AdUS T URAN S TR
nevdousuluayaauseneuivan
mswmmaLLasmsm@qmsﬁ%’jwﬁq
UUInINg18gngUIAUTU UV
ANTIUYT. 27135797 ITNEIVIAUAY

175807, 9(2), 81-92.

gls Ulssiuv, suiud ASeussnuna,

Tednwal AsAndnual, wag

fvon 3nde. (2561). Yadeiidl
AudTuSfUNaN1SEUTY
nzfouiteulusygmiseney
VNTNAITNYIUIALALNITHAIATSA
1 1 Inendowerunausus v
NJUNN. 275575998188 1UIA
USNTITYNT NTUNN, 34(3), 108-

118.

Bartz, A. E. (1999). Basics statistical

concepts (4th ed.). Prentice Hall.

Bloom, B. S. (1968). Taxonomy of

educational objectives:
The classification of

educational goals. Longman.

Crosby, R., & Noar, S. M. (2011). What is a

planning model? An introduction
to PRECEDE-PROCEED. Journal of
Public Health Dentistry,

71(Suppl. 1), ST-S15.


https://www.tnmc.or.th/news/35

21sd1SUK1INg1agI04bIaana
Journal of Vongchavalitkul University

Davis, L. L. (1992). Instrument review: Polit, D. F., & Beck, C. T. (2017). Nursing
Getting the most from your research: Generating and
panel of experts. Applied assessing evidence for nursing
Nursing Research, 5(2), 104-107. practice (10th ed.). Wolters

Granger, J., Napa, W., Buadong, D., & Kluwer Health.

Punyoo, J. (2024). Social
processes influencing nursing
students in passing the nursing
licensure examination:

A grounded theory approach.
Nursing Open, 11(4), e2148.

Green, L. W, Gielen, A. C., Ottoson, J. M.,
Peterson, D. V., & Kreuter, M. W.
(Eds.). (2022). Health program
planning, implementation, and
evaluation: Creating behavioral,
environmental, and policy
change. Johns Hopkins
University Press.

Kline, R. B. (2004). Beyond significance
testing: Reforming data analysis
methods in behavioral research.
American Psychological
Association.
https://doi.org/10.1037/10693-
000.

Mvula, M. G., & Msosa, A. (2023). Predictors
of students’ performance in
nursing and midwifery technician
licensure examination in
Southern Malawi. Malawi

Medical Journal, 35(2), 106-110.

UR 38 auUR 2 nsnmau-sunay 2568
Vol. 38 No.2 July-December 2025


https://doi.org/10.1037/10693-000
https://doi.org/10.1037/10693-000

21sd1SuUK1INg1aglouBIaana a1

Journal of Vongchavalitkul University

UNUIM AN3ABINTS waznsidiusiuvasiidiulagiude
TunsdadSuguanmantinBew: mn‘iﬁnwﬁuﬁmﬂLLﬂulwsJ—ﬁ’ang?ﬁﬂ
Roles, Needs, and Participation of Stakeholders in
Student Health Promotion: A Case Study from

Thai-Cambodian Border Communities

n‘ Y o a
@ H H 1
Received : July 1, 2025 Ussans A19894, I.4. (Prasit Kachaiyaphum, M.Sc.)
Revised  : September 23, 2025 5999¢ 1Aula, Us.a. (Thawatchai Toemjai, Ph.D.)?
Accepted : October 1, 2025 WYTUY aauw?zy, U5.4. (Pacharamon Soncharoen, Ph.D.)?"
UNANED

TnUTEasA: [oAnwIunUIm ANABINTS kazkuInNsHdusmvesildiuladudely
TsunsudaaSuaunmdniseungunulve-fun

N5 MIITURAURAIUITUUUBS VLAY Nguieg1e 50 AL 210 5 NaX AB YAAINT

v v [ 4

4151508 A3 JUnATEY furguvu wasnszad nauaz 10 Ay Liudeyasienisdunivaliliednuas

9 Y U Y

AUNUINGY IATeRTaYaTIRUNINIIEN1TIATIZR LN TIUsTIAY Lastayaliausunaiieadfugg

WITUUT AFIVFOUMEITAULEN YSnIsaunseu ACTIVE

Y 1 1

HaN1338: Jilduladudsiunuinuandisudiasuiy yaainsaisisaguliuinisuasanug

ABIN1558UULHNTETayYsUINIT ($egay 90) ATTANISANYILAZALA ABINI1THOARAAHBITRIUETIY

3
Y
(Foway 95) HunATesquandn fosn1steyaitnfedne (Sevar 90) Hihryusulsvauau denisnaln

Taau (Fogay 85) wsrasdlviAwuzinarainanunsevin foan1sysannisianssueauw (Segae 85)

(% o

nagns 4 Usznns e (1) ia3evnenmmAssiudiua (Fesay 92) (2) svuvdeasuaunaiu (Fovay 88)
(3) Anssumuusuniaiusssu (Geway 85) (4) nsaudnmulszidiuna (Sevaz 90)

ayu: nsduaSuguamdnSsumenaulne-fuyidesysunnisnsiidusiuainvalenguniy
NalnaonAdoIuTUNTNUSITU NMSANYILIEUINTOURIIAAINANIUTIUTEIndd S URmu U sUNTY

gaguluuSUNINUTRILESSUAA18AGINY
menfey: unuwiETanlidnds, anudenis, msdaasuguamin, msildns, Nulieunulve-fumye

1N 3YIMIAIGITGUILIYNIT dninuasIsalgui s indegl

(Public Health Technical Officer, Chaiyaphum Provincial Health Office)
2919198 WEIAENITTITITUGUITUGT TInIngUaTIve Il

(Lecturer, Sirindhorn College of Public Health, Ubon Ratchathani Province)
5919158 AUSUNNEMANT URTINEIFEUNIAITAIL

(Lecturer, Faculty of Medicine, Mahasarakham University)
*@J”fuﬁrf)?fawwmm (Corresponding author)

E-mail: Pacharamon@msu.ac.th

UR 38 auUR 2 nsnmau-sunay 2568
Vol. 38 No.2 July-December 2025


mailto:Pacharamon@msu.ac.th

21sd1SuUK1INg1aglouBIaana 42

Journal of Vongchavalitkul University

Abstract

Objective: To examine the roles, needs, and participation approaches of stakeholders
in school health promotion programs in the Thai-Cambodian border community.

Methods: A sequential explanatory mixed-methods research design was employed
with 50 participants from five stakeholder groups: healthcare personnel, teachers, parents,
community leaders, and Buddhist monks (10 participants per group). Data were collected
through in-depth interviews and focus group discussions. Qualitative data were analyzed using
thematic content analysis, while quantitative data were analyzed using descriptive statistics.
Triangulation was employed for validation, and data integration followed the ACTIVE framework.

Results: Stakeholders exhibited distinct yet complementary roles. Healthcare
personnel provided services and health education, requiring integrated surveillance systems
(90%). Teachers managed health education and student care, requiring culturally appropriate
learning materials (95%). Parents served as primary caregivers, requiring accessible health
information (90%). Community leaders coordinated and mobilized resources, requiring clear
structural mechanisms (85%). Buddhist monks provided spiritual guidance and raised health
awareness, requiring integration of health messages into religious activities (85%). Four participation
strategies emerged: (1) multi-sectoral networks at sub-district level (92%), (2) integrated
communication systems (88%), (3) culturally-responsive health activities (85%), and (4) monitoring
and evaluation frameworks (90%).

Conclusion: Effective school health promotion in Thai-Cambodian border communities
requires integrated stakeholder participation through culturally-appropriate mechanisms. This
study presents an evidence-based framework for developing sustainable health promotion

interventions in similar cross-cultural border contexts.

Keywords: stakeholder engagement, school health promotion, cross-border communities,

participatory approaches, Thai-Cambodian border
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Abstract

Objective: This study aimed to examine the effects of a 30-day early childhood
developmental stimulation program for children identified with suspected developmental
delays on caregivers’ knowledge and caregiving behaviors.

Methods: A quasi-experimental one-group pretest-posttest design was employed.
Participants consisted of 130 caregivers of early childhood children aged 9 months to 5 years
who attended a well-child clinic at a hospital in Kanchanaburi Province for developmental
screening and were identified as having suspected developmental delays requiring intervention
within 4 weeks. The study was conducted between January and February 2025. Research
instruments included an early childhood developmental stimulation program developed based
on Bandura’s theory of self-efficacy and the Developmental Surveillance and Promotion Manual
(DSPM), as well as a questionnaire assessing caregivers’ knowledge and behaviors regarding
child developmental stimulation. Data were analyzed using descriptive statistics (frequency,
percentage, mean, and standard deviation), and paired t-test was used to compare pre- and
post- intervention scores.

Results: The study found that the majority of caregivers were female (83.08%), with a
mean age of 43.63 years (SD = 10.16; Min = 24, Max = 64). Nearly half of them (46.92%) were
mothers of preschool-aged children. The highest educational attainment for 36.92% of
caregivers was a diploma, while 32.31% were employed as company staff. Following
participation in the two-week early childhood developmental stimulation program, caregivers’
knowledge scores regarding the promotion of early childhood development across five
developmental domains significantly increased (Mean diff. = 6.35; 95% Cl = 6.02-6.67; p < 0.001).
Similarly, their behavioral scores in stimulating early childhood development across the same

five domains showed a significant improvement (Mean diff. = 33.57; 95% Cl = 32.41-34.73; p < 0.001).

Keywords: Developmental Stimulation Program, early childhood, caregivers,

knowledge and behaviors
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frddnduaduguaiviing lsmeuialudmia
NYIUYINNUATUIAYDING UAIDELAENTT
AUINA28LUTLNTY G*Power 1AEANRUAAN
Effect size auaLan (small) windu 0.2 Ay
ALULUIYBY Jacob Cohen (Cohen, 1992)
wariIuum O = 0.05, Power = 0.80 lawuin
VDINAUAIDYTIWIU 156 AU LALAINUA
WnaeiAA (Inclusion criteria) LAaUsINISAR
990 (Exclusion criteria) fisl)

4.1.1 wneusiaadi (Inclusion
criteria)

< 2 [} a
1) Wugguanan Ua1 11307

<

£ =3 a N oa ]
I’QIJUﬂ?ﬁEN GUEJQL@ﬂEJ’]EgLLiﬂLﬂW—S Un gaLatnn

'
a

m&i’jﬂl,wfLL':?ﬂLﬁﬂﬁqﬁmﬁuﬁm%’w%miw AGTN
FUAmANATUY 2 WeuunsIay — Juau 2568
warilgiaegludminnigyauys

2) yndlne doans
mMwnela

3) annsaltvdaemaluladly
Jagtula

4) 07 18 Ty

5) SugaunIWlUNSANN
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4.1.2 LAAN NISA ABAN
(Exclusion criteria)
1) §rediogordeluszning
insAn
2) Wa susf quandn o
139 {UnAses veainUguisseninihnside
4.2 \w3silal#luaudde Research
instruments) Usgnausiey
TUSUNTUNITNIZH UNRUINITLAN
Ugudednuwmuinisasdoaidn 1unisda
Aanssui otafuad s duwus sening
Aunases wazwin tneldvguinisiudaussous
WA IR U (self-efficacy theory) U949 Bandura
Wunsevsuidaluniswmunlsunsunis
nsze uWmuIN15A nUguelaen1uunas
atfuayuman 4 umas Idun 1) Ussaunisald
Usgauma1uaLia (Mastery Experiences)
2) n17MAIWUY (Modeling) 3) n1sldayn

U

¥n94 (Verbal Persuasion) uag 4) 1150380
1901548 (Emotional Arousal $3ufug ie
nsdrszTazdaasuiauinisinusute

dl U

(drdnadwaSugunin, 2561) NdvaukuzUn
a v aa ) 2 a )

N EINUISA NN weluLd NA NUNUINIS
asdeand Wuan 30 Ju AseupguiimuINig
19 5 91U bAWA WAIUINITAIUNTAA B UL
[ 2 ¥ 43} ] < a
Arunistenatuiledaldnuazad Uy
A1UN15:9710190 AIUNITITAIET kAL AU
A1SYIYLNABDAILDILALEIAY LAYl NANTTY
nsgAURRIUINTAIATY WU n13nen duia
WAZAUMIYYINIINAINNAYNTOUYA AT

o

WDAS1IAINUIUAINIIDISUILAZEIAL NS IR

v %

< [ v v a v adaa
WMNIUAUN A 9UD9UADRN N UNIFUN

LANA19NUY TR sUYE ontnleaNUasnie



THudanliivsasmadudunelrdaivasauiu
L WA UINISVRINA UL o AL NLAZ NS
wiladan nisiardmuiionseiuimuinis
ANUNTYILAENITEDAITNIAUNITI LN
AN AT SAIURINITNRIUINITVB
v & o " ! =

narutl e alug uiunisiai esusznou
VITN9 LU LA1L5 BIDTUILNS BUYINN NG
Usznouwaznisinguaguningasuinin
LALS BIERTNS BUVNYI LA JULUU bA L5 B4
YIUNIAULNS DUYINVINIIUTENDULAZLALS B
ADN1UN N BILT HINTBUYIVIINIA S ULUU
a [~4 %
ANIsU LWuUnU

4.3 \a50silan 1t lun15LAUTIUSIY
v v
Yaya Usznaume

4.3.1 wuuasunudaYadIuYAA

U5¥noumIgA1nan eIy inAveUnAses
918903 UNATEY INAvBIANTIgRA 018vadAN
Mgua Auduiusiudin szRun1sAnwgege
VBIAWS TNvRIEANA TelaTINveInTaUATY
W ULUUARUAINLUUASIFEBUIIENIT haY
WuAluyeeing

4.4 N1ATIVADUAUAINUD

a A Ao
LAS9930798
TUsUNTUAITNSZHURMUINITIAN
Ugudef nunwmuinisasdeadalasunis
ATIAABUAMNINAINENIIAAIA 3 Y laun
NSNS AU UINITUAZNAANITULAN,
9191IINLIVIAATUNNITIVNTTU LAWYV
a = Vo a LY a
FurBng SuliaveuuUguie tnenisuseidiy
ANUMLIZANTDY TRUITaA Lloun 3513
wazanad wlulalunsdluld (Feasibility,
Clarity & Usability) fusauainn viasa1nusuuss
RUR T} 9

TUUNTUANAMUEI VDI NTIR A LA A
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ulunaaesldlunquiquaiinuguiangudn
(Pilot testing) 911U 10 ﬂuLLazU%’uﬂqamfam
WAZITNTAUTBLAUDRUL VDI NTIN A LA
fauaiinUgutefidnianlusunsudnadaaud
Asnzasfiagthluldaie
LUUNAABUAILTLA 827UNNS
nszAuRRuINSIinUgudy wazuuuyssiiiu
wgAnssunIsALETUNRUINISRNUFUTBYRY
auaiinldsumsnsasouaunimdaien
(Content validity) TaggL8 s3v1qys 1uLin
Uguie wazsedoudsidey 9w 3 v laedl
ArAumsadailen 10C (Index of Item -
Objective Congruence) aijiz‘mﬁﬁ 0.67 014
1.00 dafianlsifosndn 0.50 Fo31a13130
nlUlglel (g3ua Asnntuv, 2556) w991

v

HIdewvvasunuluneasdldiugguandn
we wi funases voufnUgute 7lilyngu
f0819 kazu1suusn1saddnguniwnf
§119U 30 AU Tesimmudoriy (Reliability)
YBILUUNARDUAIINT LA BT UN1INTEHY
WauInswnUguiemeisvegnes-3unsndu
(KR-20) lainAiu 0.79 wassuuyseiiiungfngsy
N3N UTAILINISLA NUgLT BT 1129 A
anudesiulasnamAndulsavidarinvesese
UU1A (Cronbach's Alpha coefficient) L9 1A U
0.70 fodnmunzaudInTun1TeoNTUAIAIY

el (§Aua 09216l 2558)

L 0w

a v da
4.5 AITANNEHANTNAUNIDYUNY

9
v

1A59N T8 UHIUNITHIITUIAIN
ANIENTTUNITAANTAUNRTE5TIUN I Tunywe
d1dnaruaisisuavdanianiyauys
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Ugudeinuiaunsasdoandinfeudalenia
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avlitungusegnasunsundouasaneiiode
Pugpu13IMlATINTINY (Informed consent)
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$2uln3an15148 naenaunsATNEAVSITY
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Wsaulaseanisuas ludunvin 1 §37elv

A waLAnyLuUUsELEIY Pre-test Ma991n1u
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ANuFFesnInszduimuIng aeuLazadn
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waReialvAwuzalvinasla davin 4
fefiugaszaziian 1 ey Sauduasudam

9

o—

gUasIAluNT NN TUSUNTURADATEUELIAN

v ¥ =

1 ey sendeIduuazaua saudanaln
madlaungauaudlidguaaniiuuuysediu
Post-test lnswuiilfguaiiniiiinganysziiu
Post-test $113U 130 AW UALVINMNTAARBIIUIY
26 audsAndudoyagamesosas 1667 Gens
fdnnunguiiegnsanasnn 156 wie 130 Au
ylfru1nfieg19a3emndnfiinaunuly
gnadwnaliauansalun1snsiaduaiy
uANAATIUTTA3 (statistical power) anad g
iWinlonalunsifinauiiawainUssiani 2
(Type Il error) & so19viliiAnn150 nLd ou
nan15338la (Polit & Beck, 2021)

4.7 M3AAszvidaya
{3Tevnuvasunud ldney
SEUTPUUANTIVHUANNALYTAITDITYA
waauszurana taeldlusunsudnsagy
ARUNINBS STATA lngdnuasvaing Ui
W A 978 SEAUMSAn endnselainsien
MIAAR AT INTIAIUN (Descriptive statistic) thag
nswisuiiisunzuunidsnnuiuasngingsy
duasuimuinisianUguisvesdquala
VNI NAFBUNITUANKIIMUUUNAYDITBYA
(Normality Distribution Testing) #2875 U
Shapiro-Wilk Test nauld@fi @ Paired t-test
WenSsuiisunzuuuadsnuduasngAnssy
duasuimuinsiinUguisvesdguanauuas

PAINISU15ULUT AT



5. Nan15BLazaAUIIUNA
5.1 N5
5.1.1 YoyadiuynnauaILghaLin
Ugudenudruinnda 4w 51 dumandgs
(83.08%) Slongadnwinfiu 43.63 T (SD=10.16)
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(46.92%) d1ulnegy T52AUNITANYITEAU
auU3an (36.92%) wazdrulngifiondwdu
WINUUIEN (32.31%) Tudruvennniguie
wulnduinariesosas 53.08 LazlWANY
Youay 46.92 wazionglady 33.18 1o

(SD=17.15) sauanslumsed 1

A131971 1 deyadauynnravasdauaianUguie (n=130)

Snwauzinly U fowaz
wAvasunAsas
B8 22 16.92
wﬁq 108 83.08
a1gvasunasas(¥)
Mean=43.63, SD=10.16 ,Min=24 Max = 64
InAvaaAniigua
U618 69 53.08
VAN 61 46.92
9gvaAniigua (Hew)
Fovnsn (@eusniin - 12 o) 16 12.31
Foiiu (018 12 1pieu 1 Tu - 36 o) 62 47.69
Tunouseu (918 36 Wau 1 U - 60 wiow) 52 40.00
Mean=33.18, SD=17.15, Min= 9, Max = 60
AMNFURUSULAN
11301 61 46.92
Jan 17 13.08
4, €1, 1, 81 14 10.77
U, t, 38 29.23
sEAUMSANENgegAvaaua
Uszny 2 1.54
senfnwinousu 15 11.54
senfnwmoulane 38 29.23
aulsan 48 36.92
Yseyeye3 27 20.77
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A131971 1 dayadauynnavasdauaianuguie (n=130) (sa)

Snwauzinly U Sovaz
21TNYREAUA
usitiu (Liflordwman) 7 5.38
A1Y / g3NaEIUs 24 18.46
SudahiluGnetu) 26 20.00
NUNIUUTEN 42 32.31
FusnIg 25 19.23
199U 6 4.62
s19l@sIuveIATaUATD
10,000 U 17 13.08
15,000 um 44 33.85
20,000 um 51 39.23
25,000 um 15 11.54
30,000 U 3 2.30

512 158Ul suAzLUuLaAY
anuilumsnsgduinmnmsindgufoiiasde
a1t noukasnaala SulUswnINIINTEAU
WanswnUgude anelu 30 Tu

nd9d uaalusunsunis

nsgRuimuNsinUguisnuInARasAzwIY

[

anuslunisnszduiauinisianUguisues

43

'
a

AUALANLTANTUNS 5 duegrelided1Agmig
R ABAIUNITATEE UNMUINITATUANT

9

™N

Lﬂ?{aul‘m (Mean difference = 1.23, 95%Cl:
1.07 - 1.39, p-value = 0.000), @ 1un15Le

nanilesimidnuazaidaa (Mean difference
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=1.21, 95%Cl: 1.03 - 1.40, p-value = 0.000),
A 1UN15.0 1190191 (Mean difference = 1.21,
95%Cl: 1.06 - 1.36, p-value = 0.000), AU
N (Mean difference = 0.98, 95%Cl: 0.84 -
1.11, p-value = 0.000), AIUNITVILLNEDFLD
wazdaaN(Mean difference = 1.71, 95%Cl:
1.53 - 1.90, p-value = 0.000) LLazLﬁaiamnﬂ
ATULAINUIIANFIUNTNTEAURRIUINTVDS

¥

B auandaud13ulUsunsui ud ueg 19l
Hud1Agyn1ead i (Mean difference = 6.35,
95%Cl: 6.02 - 6.67, p-value = 0.000) ALER

Tumnsnan 2



21sd1SuUK1INg1agdoyblaana

71
Journal of Vongchavalitkul University
A51971 2 Wisulisuazuuudsanuflunsnssduiaunaanlguievesquainiauuas
waat1sulusunsy
A3 lunsnszduRauINTg n  Mean SD Mean 95% Confident  Paired p-Value
difference interval t-test
1. frumsidaulvn 1.23 1.07 - 1.39 1526  0.000
(0N 5 AZUUL)
noulsmlUsuAT 130 369 086 3.54 -3.84
naasmlusunsy 130 492 0.27 4.88 -4.97
2. grunsldndraniasindn 1.21 1.03 - 1.40 13.12  0.000
wazanUayey (A 5 AzuuY)
nouTmlUsuATY 130 349 092 3.33 - 3.65
naagsamlusuns 130 471 046 4.63-4.79
3. aunsidnlaniu 1.21 1.06 - 1.36 1569  0.000
(AN 5 AZUUL)
noulsmlUsuATH 130 369 0.79 3.55-3.83
naasawmlUsunTy 130 490 0.30 4.85 - 4.95
4. arunslgnien 0.98 0.84 - 1.11 14.06  0.000
(AN 5 AZUUL)
noulsmlUsuATH 130 372 067 3.61-3.84
naagrsamlusunsy 130 470 0.46 4.62-4.78
5. AMUN1STBLADALDY 1.71 1.53 - 1.90 18.61 0.000
wazdany (WY 5 ATLUL)
nouTlUsuATY 130 303 095 2.87 - 3.19
naadrsamlusunsy 130 475 0.04 4.67 - 4.82
FIUYNAIU (Y 25 AZHUL) 6.35 6.02 - 6.67 38.85  0.000
nouTlUsUATY 130 17.63 1.71 17.33-17.93
naagrsamlusunsy 130 2398 0.75 23.85 - 24.11

5131 USgUNgUALLUULARY Wud1Agyn19ad @ (Mean difference = 8.26,

noAnssulunsnszduimuiniadnuguisd
avduantineusasndslasulusunsunisnseeu
WawnsenUgude anelu 30 Ju

nd9d uaalusunsunis
nsedumLINIsIinUguienuinnzuuulade
WOANIIUNIINTLH UNMUINITANUFUTBVR

4 <@ 4

NALALANAIUNITIAA DUl IR U woe 9l

Y Y
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95%Cl: 7.77 - 8.75, p-value = 0.000), A1UN1T
19 ng 10 esfmid n wazad Ty (Mean
difference = 8.79, 95%Cl: 8.35 - 9.23, p-value
= 0.000), Aun15lan w1 (Mean difference
= 505, 95%ClI: 4.81 - 5.29, p-value =
0.000), AMUNISLEA1 (Mean difference =
6.23, 95%Cl: 5.94 - 6.52, p-value = 0.000),
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AUNISYIBLA B8R ILoIuaEd Al (Mean o uandat g aulusunsud ud veg el
difference = 5.23, 95%Cl: 4.95 - 5.51, p- Hed1Agyn19ani (Mean difference = 33.57,
value = 0.000) LLazLﬁas’mnﬂﬁmLLé”mwa 95%Cl: 32.41 - 34.73, p-value = 0.000)
WORNTTUNITH UNUINITANUFUTBUBIVDS fanandlupad 3

A13197l 3 WisuifisuasuuwRisnginssunssdunauinsinUguisvesdauanouuas

a v 1
wasnsisaulusunsy

WORANTIUNTTRUNRIUING n  Mean SD Mean 95% Confident  Paired p-Value
difference interval t-test
1. é’mmimﬁaulm 8.26 7.77 -8.75 33.58 0.000
(Lh% 20 AzLUY)
RISTRITEEEEY 130 697 211 6.60 - 7.33
NIRRT TR GEY 130 1523 208 14.87 - 15.59
2. gumsldndmilednidnuas 8.79 8.35 -9.23 39.49  0.000

andeygyn (sHia 20 AZUUL)

AU LUSWNTY 130 691  1.83 6.59 - 7.22
waalUIwNIY 130 1570  1.47 15.44 - 15.95
3. Aun1snlaniwn 5.05 4.81 to 5.29 41.18 0.000

(Y 12 AZLUL)

noulUsuATY 130 476 082 4.62 to 4.90
nau U TNy 130 981  1.10 9.62 to 10.01
4. arunslgnien 6.23 5.94 to 6.52 42,70 0.000
(1Hu 16 AZLUL)
noulUsuATY 130 684 127 6.62 to 7.06
S STRISUETaEEY 130 1307 101 12.89 to 13.24
5. ATUNNSYLNADALDIUAY 5.23 4.95 -5.51 37.23 0.000

Feau (LAY 12 AZWUL)

noulUILNTY 130 548  1.04 5.29 - 5.66
S STRISUETaEEY 130 1071  1.18 10.50 - 10.91
FIUYNAI (Y 80 AZHUL) 33.57 32.41 -34.73 57.10  0.000
noulUILATY 130 3095 4.44 30.18 - 31.72
ALl UuATY 130 6452  4.99 63.66 - 65.39
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Han153 Juuandliiiudngguad

v v
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v a [

WinUgu o ut vedsiveddynsadands
Wasaulusunsy §eanunsaesuielddn
TsunsunisnseiuiaunisinUguianislu
30 Tuluving nuwmuinsasdoandid
fmurdulasldndnnisliauiniugiions
wWaszaasdaasuiauinisinugude
(@dndaaiugunin, 2561) uagdaiuwuifn
wafiunvenLd o unuLe (Self-efficacy)
999 Bandura @eUsznousae 4 duitddey Sl
521 Usvaunisal v Uszau

AMUESA (Mastery Experiences)
AanssululUsunsu W N3
WU N1TEIENIU N1INBA KAXNITHNA LA
gunngestniin vibidaualdasdioujuRase
WAUKANEURINITNTLIIIAULES KazLAnAINY
fuladnanunsedaasuimuinisdnldduss
Uszaumsalnssiteadrausaasmdauinse
vinuzuazimuailunsguaiiin feaenadesiu
31UY849 Shonkoff tag Phillips (2000) g9
nslilenagualaiseuiainnisufiRasad
KareN I N wasnIFnaUlafimunzay
5.2.2 11519 AUy (Modeling)
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WeuwuungAnssulaegadula Featuayulag

a

NUITBVRY Lewis et al. (2023) iszy31n1sll
wuuegaiRanweusivSofflviidviswasenns
Wi wei N W IwazdInLvD AN
523 n15ldeyadng (Verbal
Persuasion)
n1slvinngsla n1sefune
ANUAIATYVDINITNTEAUNAUINAT uaN136"
famnuanansnvesdgualunisidssgifininiia
guan vl auaiinanud efulunuies
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& a S o o A
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n3ee ulvel o uad n19IUE suLUasngAnssy
A0AARBINUIIUYD Frosch et al. (2021) Misey
InshidayauarksEiuaLULANLAAIL1TD

v [ <

Winauassalunsnsesuiamnsanld
pEednLaU
5240190586 UN19015U 0
(Emotional Arousal)
ussEIMAYeIRanssu iy
Aues aunauty wagiduufdunusidauan
s guadud nvibiinaugniy AuEe

wazssiumatalunsidiusiusiawilas Asiane

' v
add a

R UaiAUARTIARBNISIEYIUANINTEAY
WAWIN1TLAN 9UTT8284 Jeong et al. (2021)
ua Gertler et al. (2014) 13 Wifuineuduiug
flevguuazsiunsseminagpuaruiin nalnemse
oM IALaILaE ST EUS lUsT Y1)
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fimunsasdoandr” liifeadiuyuaiuiuay
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nsawuluinlgudaves Heckman (2017) il
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6.2 N5 NAILLTIULEUNY
a' |
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Abstract

Objectives: This research aimed to develop a field epidemiology training model for
students enrolled in the Epidemiology Program at the Field Epidemiology Training Center,
Office of Disease Prevention and Control Region 9, Nakhon Ratchasima Province.

Methods: This Research and Development (R&D) study was conducted between 2023
and 2025, consisted of three phases. Phase: 1 involved an assessment of existing field training
conditions and evaluation of previous training program implementation. Phase: 2 focused on
developing the training model based on experiential learning theory, integrated with workforce
development concepts and a competency-based framework. Phase: 3 involved pilot
implementation and evaluation of the developed model. Purposive sampling was used to
select three participant groups: 16 Master of Science students in Epidemiology, two instructors,
and three training personnel. Research instruments included document review forms,
evaluation forms, satisfaction questionnaires, performance rubrics, and portfolios. Data were

analyzed using descriptive statistics and content analysis.
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Results: The developed training model had a four-week duration and was structured
according to Kolb’s Experiential Learning Cycle, consisting of four iterative stages: Concrete
Experience, Reflective Observation, Abstract Conceptualization, and Active Experimentation.
The model covered 7 core competencies. All trainees met the evaluation criteria (100%), with
mean scores of 75.00 for knowledge and skills and 73.03 for attitudes. Overall satisfaction with
the training program was rated at the highest level across all dimensions. The main strengths
of the training model included strong support from the Health Region 9 network, the
availability of competent mentors, and opportunities for practice in real-world situations.
Identified areas for improvement included increasing the number of mentors and extending
the training duration.

Conclusion: The Field Epidemiology Training Model Developed in this study
demonstrated high effectiveness in enhancing the students’ competencies and promoting the
integration of theoretical knowledge into professional practice. Critical success factors
included expert mentorship and strong collaboration with local health networks. This training
model can be adapted to other contexts and serves as a prototype for the further

development of field epidemiology training programs in Thailand.

Keywords: training model development, field epidemiology, experiential learning theory,

epidemiological competencies
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Abstract

The deployment of solar photovoltaic (PV) systems in university buildings represents
a critical component of the transition toward sustainable campus energy management.
Grounded in the Environmental, Social, and Governance (ESG) framework, this study aims to
comprehensively assess the feasibility and performance of a rooftop PV system at a university
in China. A mixed-methods approach was employed, including PVsyst-based energy simulation,
a structured questionnaire survey (n = 486), and multiple linear regression analysis. The simulation
results estimate an annual electricity output of 773,503 kWh, corresponding to a reduction of
603.33 tons of CO, emissions. Survey data reveal a generally high level of user satisfaction,
with statistically significant sender differences observed in perceptions of resource conservation
(p = 0.033). Regression analysis identifies electricity usage time as the most influential factor
affecting consumption (B = 0.692, p < 0.001). The findings underscore the environmental and
social benefits of PV implementation in university contexts, while also highlighting the necessity

of data-driven governance strategies to enhance energy efficiency and system sustainability.
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1. Introduction

With the advancement of China's
"dual carbon" goals (carbon peaking and
carbon neutrality) solar photovoltaic (PV)
systems have emerged as a critical
component of the clean energy transition.
From 2014 to 2023, China's electricity
consumption surged from 5,523.3 billion
kWh to 9,224.1 billion kWh, with the
tertiary sector experiencing a rapid annual
growth rate of 12.2%. During the same
period, solar PV generation expanded
dramatically from 25 billion kWh to 583.3
billion kWh. In Henan Province, electricity
usage in the tertiary sector increased by
216%, primarily driven by the expansion
of universities. Campus building areas
grew from 50.11 to 81.3 million m?
highlighting universities as ideal sites for
PV system deployment due to their large
roof areas and stable energy demand.

Globally, the ESG (Environmental,
framework  has

Social, Governance)

become a widely adopted approach for

evaluating the sustainability of PV systems.

Environmentally, PV systems are proven
to significantly reduce carbon emissions

when compared to fossil fuel-based

energy (Zhang, 2022; Nakatani et al., 2024).

However, life cycle impacts, including
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emissions from panel manufacturing, should
also be considered (Yang et al., 2024). Socially,
user satisfaction and environmental awareness are
key indicators of success. Research suggests that
user-centered PV system design, complemented by
policy incentives, can enhance public acceptance
and promote sustainable behaviors (Muhammad et
al,, 2023; Al-Refaie & Lepkova, 2024). Governance-
wise, multiple linear regression and other data-
driven methods have been widely applied to
model electricity consumption and guide
energy management strategies in universities
(Lin, 2023; Fumo & Biswas, 2015). Effective
governance further relies on policy support and
technical integration (Xu et al., 2023).

This study applies the ESG framework
to comprehensively evaluate the performance
of a rooftop PV system installed at a university
in Henan Province. By integrating PVsyst simulation,
carbon reduction analysis, questionnaire surveys,
and statistical modeling, the research aims to
assess environmental impact, social acceptance,
and governance effectiveness. The findings are
expected to provide empirical insights for the
promotion and optimization of campus-based

PV systems in support of China's green energy

transformation.



2. Research Steps and Methodology

2.1 Research Framework and
Evaluation Dimensions
This study adopts a
multidimensional evaluation framework
based on ESG (Environmental, Social, and
Governance) principles to comprehensively
assess the performance of solar photovoltaic
(PV) systems in university buildings. The
evaluation is divided into three dimensions:
2.2.1 Environmental
Dimension Evaluation
This dimension focuses
on assessing the carbon emission reduction
benefits of the rooftop PV system. Specifically,
the study calculates the amount of CO2
emissions avoided annually by converting
the systems electricity generation into an
equivalent carbon offset compared to coal-
fired electricity. This provides a quantitative
measure of the environmental contribution
of the PV system in mitigating greenhouse
gas emissions.
2.2.2 Social Dimension
Evaluation This dimension
evaluates the social impact of the PV system
on university stakeholders, particularly in terms
of environmental awareness, satisfaction, and

electricity demand. It includes:
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Satisfaction Survey: Conduct a
survey of faculty and students to analyze the
satisfaction with quality and safety, resource
conservation, and environmental livability before
and after the installation of the solar energy
system.

Power Demand Matching:
Compare actual PV generation with building
electricity consumption to assess the effectiveness
of the system in meeting actual energy demand.

2.2.3 Governance Dimension
Evaluation

This dimension focuses on the
stability of solar PV equipment and the management
of electricity consumption, including:

Lighting Efficiency: Measuring
lighting intensity in the building before and after
installation to assess visual comfort and system
stability.

Energy consumption changes:
Compare building electricity consumption
before and after solar installation to study the
energy-saving impact of photovoltaic systems.

Electricity Management Modeling:
Using regression analysis to build predictive
models of electricity demand based on

variables such as human traffic, appliance load,

and environmental conditions.



2.2 Data Collection and
Analytical Methods
To ensure comprehensive
analysis, the study employs a combination
of field monitoring, questionnaires, interviews,
and software-based data analysis.
The overall data collection and analysis
strategy is summarized by dimension
below:
2.2.1 Environmental Dimension

Data Collection:

Meteorological Data:
Collected from the Meteonorm database,
including solar radiation intensity and
wind  speed, which affect system
performance.

Electricity =~ Generation
Data: Real-time PV output is monitored via
smart meters and acquisition systems, and
validated against PVSYST simulation results.

Research Method:

Quantitative analysis is
conducted by converting real-time electricity
generation data into CO2 emission reductions
using standardized emission factors. The
reduction in carbon emissions is calculated
by comparing the carbon intensity of coal-
fired electricity generation, approximately
0.820 kg CO2 per kWh, with the life-cycle

emissions of rooftop solar photovoltaic (PV)

systems, which are estimated at 41 ¢ CO2-
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eq per kWh (IPCC, 2014). This results in a net
reduction of approximately 0.78 kg CO2 for each
kilowatt-hour of electricity generated by the
rooftop PV system.

2.2.2 Social Dimension

Data Collection:

This study systematically
collected satisfaction data on solar photovoltaic
systems from 194 teachers and 292 students
through the design of questionnaires and the
conduction of interviews, while tracking the trend
of changes in their environmental awareness. At
the same time, an electric meter and data
acquisition system were used to monitor the
power generation of the photovoltaic system in
real-time, combined with the actual electricity
consumption data of the building, to evaluate
the contribution of the photovoltaic system in
meeting energy demand.

Research Methods:

In the social dimension of the
study, a structured questionnaire was used for
data collection, and statistical analysis was
conducted using SPSS software. Descriptive
statistics were applied to understand the basic
characteristics of the sample and ensure data
representativeness. Reliability analysis assessed
the internal consistency of the scale to ensure
measurement stability, while validity analysis
(via principal component analysis) verified the

structural soundness of the questionnaire.



Independent sample t-tests were used to
compare differences in satisfaction and
environmental awareness between groups
(e.g., by gender or identity), and one-way
ANOVA examined the effects of variables
such as age and education level on user
responses. Pearson correlation analysis was
conducted to explore the relationships
among the satisfaction dimensions. Together,
these methods formed a rigorous and
comprehensive analytical framework that
provided a solid empirical foundation for
subsequent modeling and conclusions.
2.2.3 Governance Dimension

Data Collection:

This study collected a
complete year of data from Yellow River
Jiaotong University:

Iluminance measurements
were conducted at different locations and
times before and after the installation of
photovoltaic devices to detect changes in
lighting.

Variable data: collected
data on electricity consumption of the
building, power of electrical equipment,
electricity usage time, and pedestrian

traffic in the building.
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Research Methods:

Paired Sample T-Test: Assesses
statistical significance in lighting intensity and
energy use before and after installation.

Multiple  Linear  Regression:
Develops predictive models of building electricity
demand based on usage and environmental
factors, supporting the development of energy

management strategies.

3. Results and discussion

3.1 Environmental Dimension
3.1.1 Solar Radiation,

Temperature, and Performance Ratio

As shown in Figure 1, monthly
solar radiation levels in Jiaozuo exhibit a distinct
seasonal pattern, with the highest radiation occurring
from April to August. Figure 2 demonstrates
corresponding temperature variations, showing
peak ambient temperatures during July and
August, often exceeding 27°C. These two

environmental variables significantly influence

photovoltaic performance.
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Figure 1. Changes in solar radiation per

month throughout the year

Temperature variations
are also shown in Figure 2. When
temperatures  rise, the operational
efficiency of the photovoltaic system
tends to decrease. This effect is especially
noticeable in the high-temperature
months such as July and Ausgust, where
elevated temperatures may lead to

reduced efficiency of the solar panels.

A
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&
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Figure 2. Monthly Temperature

Variation Throughout the Year
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3.1.2 Power Generation and
Environmental Benefits

To quantify the actual power
generation capacity of the photovoltaic system,
this study employed the PVsyst software for
generation simulation. By inputting meteorological
data into PVsyst, the simulation results illustrate
the variations in the photovoltaic system’s
power output under different monthly and
meteorological conditions, which are then
compared with the actual generated power.

In the simulation data, "E_ mock”
represents the simulated annual power
generation of the photovoltaic system, while
"E Actual" denotes the actual annual power
generation (measured in kWh), reflecting the
system’s performance during real operation.

Although  summer months
received high solar irradiation, the performance
ratio (PR) showed a decline - for example, July
reached 149 kWh/m?, but PR dropped to 0.841
(see Table 1). This indicates that high irradiation
alone does not guarantee optimal system
efficiency, highlighting the need for improved PV
system design and operation.

Based on PVsyst simulation
using Typical Meteorological Year (TMY) data,
the estimated annual energy output of the
rooftop PV system was 788,449 kWh, while the
actual measured output reached 773,503 kWh,

indicating a minor deviation of 1.89%. This close



alignment demonstrates both the high
reliability of the PV system and the
accuracy of the simulation model.

The monthly power
generation peaked in May at 80,284 kWh,
and was lowest in December at 47,514
kWh, corresponding to seasonal solar
radiation and temperature fluctuations.
Despite favorable irradiation conditions,

the summer months (June - August)

Table 1. Annual power generation data
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showed slightly lower PR values due to heat-
related efficiency drops, consistent with findings
in PV literature.

According to the emission
factor of 0.78 kg of carbon dioxide/kWh, the
annual carbon emission reduction brought by
the photovoltaic system can reach 603.33 tons
of carbon dioxide, which fully demonstrates the

environmental value of the system.

month GlobHor  DiffHor

T Amb FF E_mock E_Actual PR

kWh/m2  kWh/m?

°C m/s kWh kWh ratio

January 78 43
February 93 56
March 132 75
April 149 86
May 176 102
June 156 100
July 149 100
August 144 94
September 122 80
October 105 67
November 83 ar
December 7 38
Year 1461 886

0.48 24 51119 50182 0.951
3.81 2.6 57519 56453 0.937
10.78 29 66633 65387 0.905
16.39 29 76445 74986 0.878
22.48 2.7 81846 80284 0.857
26.48 24 76645 75166 0.841
27.98 2.2 76340 74893 0.841
26.38 2.1 75017 73571 0.849
21.26 2 66749 65460 0.866
16.29 2.1 60790 59641 0.889
8.69 23 50927 49966 0.919

2.8 24 48419 47514 0.94

15.38 2.4 788449 773503 0.882
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3.2 Social Dimension

This study focuses on user
satisfaction with solar photovoltaic (PV)
systems in universities and their influence
on environmental awareness. A structured
questionnaire was designed to assess
three key dimensions: Quality and Safety,
Resource Conservation, and Environmental
Livability. Each item was measured using
a five-point Likert scale, ranging from 1
(Strongly Disagree) to 5 (Strongly Agree), in
order to quantify respondents’ subjective
evaluations and perceptions. The structure
and content of the questionnaire were
informed by the methodology and scale
construction approach proposed by Xu
(2020) in his study “A Study on Resident
Satisfaction with Green Housing”.

To ensure the representativeness
and scientific validity of the data, this
study employed a stratified random
sampling method, categorizing the university
population by gender and identity (students
and faculty) and distributing questionnaires
proportionally. Based on a total university
population of approximately 22,000
individuals (including around 20,300 students

and 1,700 faculty members),
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the required sample size was calculated using
Taro Yamane’s (1967) formula, assuming a 5%
margin of error and a 95% confidence level.
The theoretical minimum sample size was 393.
A total of 500 questionnaires were distributed,
and 486 valid responses were collected,
exceeding the minimum requirement and
ensuring the reliability of statistical analysis.

In terms of gender distribution, 174
respondents (35.8%) were male, and 312
(64.2%) were female. Regarding identity, 292
(60.1%) were students and 194 (39.9%) were
teachers. The age distribution was relatively
balanced: 26.3% were aged 18 - 25, 24.5% were
25 - 45, 24.9% were over 45, and 24.3% were
under 18 years old. As for education level,
34.4% had a diploma or below, 33.7% held a
bachelor's degree, and 31.9% had a master’s
degree or higher. Regarding time at the
university, 28.0% had been there for more than
five years, 24.5% for 3 - 5 years, 25.1% for 1 - 3
years, and 22.4% for less than one year. Overall,
the sample structure is well-balanced and covers
a wide range of demographic characteristics,

enhancing the generalizability and interpretive

value of the study findings.



3.2.1 Reliability and Validity
As shown in Table 2, the
internal consistency across all dimensions
was excellent (Cronbach's o > 0.94). KMO
values exceeded 0.91, and Bartlett's test
results (p < 0.001) confirmed data suitability
for factor analysis. The cumulative variance
explained for each dimension was also
high, ranging from 81.14% to 84.04%,
indicating robust construct validity.
3.2.2 Group Differences in
User Satisfaction
To assess whether
demographic factors influenced satisfaction
with the PV system, t-tests and ANOVA

were performed as shown in Table 3.
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The results indicated that gender had a
statistically significant effect only on the
Resource Conservation dimension (p = 0.033),
with female users reporting higher satisfaction
(M =4.09) than males (M = 3.86), suggesting that
females may be more responsive to energy-
saving efforts. Additionally, education level
showed a significant effect on the Quality and
Safety dimension (p = 0.046), indicating that
perceived quality may be influenced by users'
educational backgrounds. In contrast, no significant
differences were observed between students
and faculty, or across variables such as age,
of

length of stay on campus, and level

understanding of PV systems (p > 0.05).

Table 2. Reliability and Validity of User Satisfaction Questionnaire across Three Dimensions

Dimension ltems Cronbach's g KMO Variance
Explained (%)
Quality and Safety 6 0.955 0.94 81.96
Resource Conservation 5 0.942 0.913 84.04
Environmental Livability 8 0.969 0.969 81.14

Table 3. Group Differences in User Satisfaction Based on Demographic Variables

Variable Significant Effect Dimension P
Gender Yes Resource 0.033
(Females > Males) Conservation

Education Level Yes

Other Demographics No

Quality and Safety 0.046

All Dimensions >0.05
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3.2.3 Correlation Between
Dimensions
As shown in Table 4,

Pearson correlation analysis revealed no
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statistically significant relationships among the
three satisfaction dimensions, suggesting that users
view quality and safety, resource conservation, and

environmental livability as distinct constructs.

Table 4. Correlation Between Satisfaction Dimensions

Dimension Pair r P Sig.
Quality & Safety vs Resource Conservation 0.029 0.518  Not Sig.
Quality & Safety vs Environmental Livability 0.07 0.125  Not Sig.
Resource Conservation vs Environmental Livability — -0.036 0.429  Not Sig.

3.2.4 Summary and

Interpretation
The results suggest that
the solar PV system enjoys broad social
acceptance across campus groups. Female
respondents show higher sensitivity to
energy conservation aspects, which can
guide the design of targeted energy
education initiatives. The independence of
perception dimensions further emphasizes
the need for differentiated strategies to
improve user satisfaction and engagement
with campus sustainability efforts.
3.3 Governance Dimension

To evaluate the governance

impact of solar photovoltaic (PV) systems

in campus buildings, this study combined
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independent-sample t-tests and multiple linear
regression to assess changes in electricity
performance and the key influencing factors.
3.3.1 System Stability and

Electricity Use

Based on independent sample
t-test results shown in Table 5, no significant
difference was found in illuminance levels
before and after the installation of the
photovoltaic (PV) system (t = -0.832, p = 0.407),
indicating that lighting quality remained stable.
A significant difference was observed between PV
power generation and electricity consumption
(t = 3.658, p = 0.001), with power generation
(M = 64,458.58 kWh) exceeding total electricity
usage (M = 52,262.07 kWh), demonstrating the
system’s sufficient energy supply capacity.
Moreover, electricity consumption before and
after installation also showed a significant increase

(t =-4.848, p < 0.001), rising from 59,794.65 KWh



to 62,066.97 kWh. This increase may be
attributed to post-installation commissioning,
expanded equipment use, and growing
campus activity rather than inefficiency of the

PV system itself. These findings emphasize
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the need for refined energy consumption
planning and dynamic load management to
ensure the solar

sustainability — of energy

integration in university buildings.

Table 5. T-Test Results: PV Installation Impact on Lighting and Electricity Consumption

Independent sample T-test

Indicator SD t p
Before installation 230.7292 24.69006 -0.832 0.407
After installation 235.2833 28.75704
Power generation 64458.58 11512.72 3.658 0.001
Electricity Consumption 52262.07 92891
Before installation 59794.65 1087.26 -4.848 < 0.001
Electricity consumption
After installation 62066.97 1206.01

Electricity consumption

3.3.2 Key Factors Influencing

Electricity Consumption
To identify the key drivers
of building electricity consumption, a multiple
linear regression analysis was conducted
using seven independent variables, including
electricity usage time, air conditioning power,
computer power, printer power, multimedia
power, the power of other electrical

appliances, and flow of people.
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Significant Influencing Factors

As shown in Table 6,
electricity usage time was the most significant
factor influencing electricity consumption (B=
0.692, p < 0.001), indicating that longer usage
duration substantially increases energy demand.
Other significant positive contributors included
air conditioning power (B= 0.178, p < 0.001),
multimedia power (B= 0.099, p = 0.002),
computer power (= 0.086, p = 0.010), and the
power of other electrical appliances (B= 0.050,

p = 0.045), all of which reflect varying degrees

of equipment-driven electricity use. In contrast,



printer power (B= 0.026, p = 0.280) and
flow of people (B=-0.027, p = 0.354) were
not statistically significant, suggesting
minimal or indirect influence on electricity

consumption patterns.

Residuals
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inflation factor

(VIF) values are below 10 (range: 1.079 - 6.158),

suggesting no serious multicollinearity among

independent variables. Additionally, residuals

were randomly and evenly distributed, satisfying

the assumptions for regression analysis and

confirming the model’s robustness.

Table 6. Results of multiple linear regression analysis: main factors affecting building

electricity consumption

Variable regression  Standard Beta t p VIF
coefficient Error

Constant 49616.269 553.752 — 89.600  <0.001 —
Electricity usage time 48.006 3.947 0.692 12.164  <0.001 6.158
Air conditioning power 0.999 0.284 0.178 3.522 <0.001 4.840
Computer power 0.930 0.353 0.086 2.631 0.010  2.037
Printer 1.622 1.490 0.026 1.089 0.280  1.079
Multimedia 0.681 0.208 0.099 3.273 0.002  1.749
Power of other electrical appliances 0.322 0.158 0.050 2.036 0.045  1.140
Flow of people -0.025 0.027 -0.027 -0.933 0.354  1.584

The multiple linear regression equation for building electricity consumption is

derived as follows: YA=49616.269+48.006X1+0.999X2+0.930X3+1.622X4+0.681X5+0.322X6-0.025X7
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YA: Predicted electricity
consumption

X1: Electricity usage time
(hours), indicates the total operating time
of the equipment.

X2: Air conditioning power

(KwW), which indicates the power
requirement of the air conditioning
equipment.

X3: Computer Power (kW),
which indicates the power requirements
of computer equipment.

X4: Printer Power (kW)
indicates the power requirement of the
printer device.

X5: Multimedia power
(kW) indicates the power requirement of
multimedia equipment (such as projectors,
speakers, etc.).

X6: Other electrical
power (kW) represents the power demand
of all listed

other equipment not

separately, such as electric lights,
electronic clocks, etc.

X7: Flow of people
refers to the number or density of people

flowing in a space.
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Based on this equation, a
multivariable linear regression (MLR) analysis
model for building electricity consumption can
be constructed. It is applied to predict
electricity consumption in universities, identifying

abnormal deviations in electricity use, and

managing electricity consumption.

4. Conclusion

This study, based on the ESG framework,

systematically evaluated the application
performance of solar photovoltaic (PV) systems in
university buildings from three dimensions:
environmental, social, and governance. The
evaluation was supported by empirical evidence
through field data collection, questionnaire
surveys, and multiple linear regression analysis.

Research results on ESG in solar
photovoltaic systems

In the environmental dimension: the
PV system achieved an average annual power
generation of 773,503 kWh, resulting in an
estimated annual carbon reduction of
approximately 603.33 tonnes. These figures
demonstrate significant decarbonization benefits
value,

and ecological aligning  with  the

sustainable development goals of higher

education institutions.



In the social dimension: overall
user satisfaction was relatively high.
Female users reported significantly higher
satisfaction in the "resource conservation"
dimension than males (p = 0.033).
Moreover, the more familiar users were
with the PV system, the higher their
satisfaction, indicating that enhanced
awareness and education efforts can
increase system acceptance.

In the governance dimension:
the system did not significantly affect
lighting quality (p = 0.407), but total
electricity consumption increased markedly
after installation (p < 0.001), which warrants
attention. Regression analysis identified
electricity usage duration as the most
influential factor (B= 0.692), while high-
power devices also contributed significantly
to the load, highlighting the importance of
behavioral management and equipment
control in campus energy governance.

Solar PV systems demonstrate
strong technical feasibility, environmental
benefits, and social acceptance in the
university context. However, their continued

application requires more refined governance

approaches and supporting mechanisms to

UR 38 auUR 2 nsnmau-sunay 2568
Vol. 38 No.2 July-December 2025

J1sd1SuK1INg1dgI9yBbIa@na
Journal of Vongchavalitkul

112

maximize the effectiveness of green energy
utilization. The PV system demonstrates technical
and operational feasibility, yet economic
feasibility and long-term maintenance costs

warrant further study.
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Development of an loT-based Temperature Monitoring

and Display System for Cocoa Bean Fermentation
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Abstract

Objectives: This study aimed to develop, implement, and evaluate a real-time
temperature monitoring and display system for cocoa bean fermentation using Internet of
Things (loT) technology. The system was designed to address the limitations of traditional
manual temperature measurement, which relies heavily on labor, provides low measurement
frequency, and lacks continuous monitoring capability throughout the fermentation process.
The goal was to create a practical and accurate solution appropriate for community-based
cocoa producers seeking to improve process control and product quality.

Methods: The developed system consisted of nine DS18B20 temperature sensors
installed at the geometric center of each fermentation bin. The sensors were connected to an
ESP32 microcontroller, which transmitted data via Wi-Fi to an loT platform for continuous
recording and visualization at 15-minute intervals over a 7-day fermentation cycle. Field
experiments were conducted at the “Kon Rak Cocoa” community enterprise in Nakhon
Ratchasima Province. The accuracy of the loT system was validated by comparing it with
manual measurements, and the economic performance was assessed based on reductions in
labor demand, operating costs, and overall payback period.
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Results: The system successfully recorded temperature data continuously with an
accuracy of +0.5 °C and demonstrated strong agreement with traditional manual
measurements (R? > 0.97). Temperature profiles indicated that the fermentation mass reached
the optimal temperature range of 45-48 °C on days 4-6, aligning with previous studies on
flavor precursor formation in cocoa fermentation. Economically, the system reduced labor
requirements from three workers to occasional system supervision, resulting in annual savings
of approximately 160,000 THB, a reduction in total production costs by about 10%, and a
payback period of only 1.9 months. These findings demonstrate that the loT-based system
enhances measurement reliability, improves process control, reduces labor dependency, and

offers strong potential for upgrading community-level cocoa fermentation through digital and

smart-agriculture technologies.

Keywords: cocoa, fermentation, temperature, loT, community enterprise
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Figure 1 Traditional cocoa bean fermentation temperature measurement process using manual labor
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Table 1 Summary of studies on cocoa bean fermentation conditions and outcomes

Study / Article Fermentation / Drying Key Findings
Conditions
Influence of fermentation time, Fermentation ~155.87 h Fermentation time and temperature
drying time and temperature on (= 6.5 days), drying at significantly affected bean quality,
cocoa pods ~50.25 °C meeting market standards.

(Saguidon & Dellosa, 2024;

Guzman-Armenteros et al., 2023)

The impact of controlled Controlled temperature Controlled temperature conditions
fermentation temperature on 45-48 °C during days 4-6 enhanced the development of
chemical composition of fermentation fine-flavor cocoa.

(Owusu et al., 2012)

Effect of fermentation time and Fermentation for 2, 4, 6,8  Six-day fermentation was sufficient for
drying temperature on days; drying at 60, 70, 80 °C  desirable volatile formation; drying at
volatile compounds 70-80 °C produced quality
(Rodriguez-Campos et al., 2012) comparable to natural sun drying.
Dynamics of cocoa fermentation  Temperature and pH profiles Temperature and pH dynamics
and its effect on quality monitored throughout were key factors in
(De Vuyst et al.,, 2010) fermentation controlling cocoa bean quality.
Effects of fermentation and Varied fermentation and Fermentation and drying times
drying durations on the quality of drying durations influenced final bean moisture
cocoa (Kongor et al., 2016) (optimal 6-8%) and overall quality.
Box fermentation and solar drying Fermentation 168 h (7 days), Box fermentation + solar drying
improve the nutrient composition peak ~46 °C at 96 h enhanced nutrient composition and
(Obinze et al,, 2022) followed typical heating-cooling

temperature trends.

The effect of techniques and Controlled fermentation for Beans showed desirable quality
fermentation time on 72 h, average ~44.67 °C attributes (fat, moisture, pH)
cocoa beans quality under these conditions.

(Torres-Moreno et al., 2015)
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Figure 2. (a) Overall installation structure, and

(b) Equipment layout inside the control panel.
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Figure 3 Installation and testing of the temperature monitoring system:

(a) Control box installation and IoT gateway setup, and

(b) Fermentation bins with embedded DS18B20 sensors.
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Figure 4 Comparison of temperature profiles between the loT-based monitoring system and

traditional manual measurement during cocoa bean fermentation.
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(Saguidon & Dellosa, 2024; Tzounis et al,

2019).

Table 2 Comparison between traditional manual data collection and

developed loT-based system

Parameter

Traditional method

Developed loT-based system

(Manual measurement)

Frequency of measurement

Data continuity

Accuracy of measurement + 2-3 °C (depending on operator)

Labor requirement
Data recording

Error risk

missed readings)

Cost efficiency

(labor-intensive)

Practical outcome

3-4 times/day

Discontinuous, point-based

2-3 workers/shift
Manual note-taking

High (human error,

Higher long-term cost

Limited analysis capability

Every 15 minutes (= 96 times/day)
Continuous, time-series dataset
+ 0.5-1.0 °C (sensor-based)
0-1 worker (monitoring only)
Automatic storage in database/cloud

Low (automated, with alerts)

Reduced cost

(~10% saving, ROl ~6 months)

Enables statistical and graphical analysis
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Abstract

Objectives: Unequal-area facility layout problems under predefined aisle constraints
are common in real manufacturing systems; however, most existing studies assume equal-
area departments or unconstrained travel paths. This creates a research gap regarding how
distance metrics affect layout quality when department sizes vary, and travel must follow
actual aisles. Therefore, this study aimed (1) to examine the effects of search distance metrics
(Rectilinear, Pathway, and Euclidean) and levels of department area heterogeneity (Space) on
layout quality when performance is evaluated by total travel distance along actual aisles
(Pathway distance), and (2) to compare the best layouts obtained from each metric and
Space level through cross-evaluation to derive practical guidelines for selecting distance
metrics in facility layout problems with predefined aisle constraints.

Methods: Four benchmark quadratic assignment problems (Nug12, Nugl6a, Nug20,
and Nug24) were modified to represent unequal-area layouts using three Space levels (20-40, 20—
60, and 20-80 m?2). For each problem-Space combination, facility layouts were generated
using a Genetic Algorithm under three search distance metrics, with 30 independent runs per
setting. Layout performance was evaluated using the total material-handling distance
calculated by the Pathway distance metric. The results were analyzed using a two-way
analysis of variance with factors Search metric and Space, followed by post-hoc comparisons.
The best layout from each search metric was further examined through cross-evaluation

using all three distance metrics.
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Results: Space had the largest effect on Pathway distance, with very large effect sizes
(N? ~ 0.85-0.93), whereas the Search metric showed medium-sized effects, and the
interaction was relatively small. When evaluated by Pathway distance, layouts obtained from
Pathway search had the lowest mean total distances across all problem-space combinations,
although statistically significant advantages over Rectilinear and Euclidean search were
observed only in some instances. In many cases, the geometric search metrics yielded
layouts whose Pathway performance was statistically indistinguishable from or only slightly
worse than that of Pathway search. Overall, the results suggest using Pathway distance as
the final evaluation metric, while employing Rectilinear or Euclidean distance in the search
phase for simplicity and computational efficiency, with candidate layouts re-evaluated using

Pathway distance before implementation.

Keywords: facility layout, distance measurement, unequal-area.
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1. Background identify eood layouts  within  limited

Facility layout design serves as a crucial
instrument for improving the operational
efficacy of organizations. The main objective
of layout planning is to arrange departments
or facilities within a given area in such a way
that the movement of materials, personnel,
or equipment is minimized, thereby reducing
total cost and ensuring smooth workflow
(Adeleke & Olukanni, 2020). Because the
number of feasible layouts grows rapidly when
the number of departments and constraints
increases, efficient solution procedures and

clear performance measures are needed to

UR 38 auUR 2 nsnmau-sunay 2568
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computational effort. A widely used approach
is to evaluate candidate layouts based on
distances between departments and select
the layout with the minimum total distance
(Balasundram et al., 2025).

At present, at least three types of
distance metrics are commonly used:
(1) displacement distance, defined as the
straight-line distance between representative
points of departments, typically their centroids;
(2) rectilinear distance, measured along the

horizontal and vertical axes of the layout; and



(3) pathway distance, which measures travel
distance along actual aisles while accounting
for corridors, walls, obstacles, and safety
requirements (Raman et al.,, 2007). The choice
of distance metric can significantly affect
both the evaluation of layout quality and
the resulting solution, as illustrated in Figure
1. In real-world situations, layout design must
specify clear transport routes in order to
control movements within the building.
However, many previous studies have still
relied on displacement and rectilinear
distances as the primary performance
measures for selecting layouts, even though
these metrics do not reflect the actual
walking behavior inside buildings where
flows must follow predefined aisles (Besbes
et al,, 2020). Existing comparative studies of
layout design under different distance metrics
typically consider only two types of distance,
such as comparisons between rectilinear and
displacement distance (Ofele et al., 2024), and
rarely address unequal-area layouts with

explicit aisle structures and obstacles.

1—11—4—{1—4-
’

* Siteobject [ "

.....

<> Euclidean distance
<€ - » Rectilinear distance

—> Astar

Fig 1. Distance measurement methods

(Besbes et al., 2020)
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The  authors’  previous  work
compared distance metrics under the
case where all departments had equal
areas (Wattanaweerapong et al., 2025).
The results indicated that different metrics
led to different best-layout solutions; however,
when total distance was evaluated, the
differences were rather small and not
statistically significant. That study did not
cover the more realistic condition in which
departments have unequal areas and
varying aspect ratios, for which a single
representative point may not capture true
travel distances, especially when aisles and
physical obstacles are present. Therefore,
the present study extends the previous
equal-area case to unequal-area layouts
with predefined aisle structures in order to
systematically investigate the impact of the
three distance metrics on layout quality.
The experimental design incorporates different
levels of area heterogeneity and employs
statistical tests and cross-evaluation to identify
the conditions under which each distance
metric is more appropriate. The results are
expected to provide empirical evidence for
selecting distance metrics that are consistent
with the layout context, reduce bias in cost
estimation, and support more effective
decision-making in facility layout design

(Aslan et al., 2025; Rusek et al., 2020).



2. Research Objectives

2.1. To analyze the effects of distance
metrics used in the search process (Search
metrics), namely Rectilinear, Pathway, and
Euclidean, together with the levels of
department area heterogeneity (Space), on
the quality of the resulting layouts when
performance is evaluated by the total travel
distance along actual aisles (Pathway distance).

2.2. To perform an in-depth comparison
of the best layouts obtained from each
Search metric under each Space level by
cross-evaluation using all three distance
metrics, especially Pathway distance, in
order to develop practical guidelines for
selecting appropriate distance metrics for
solving unequal-area facility layout problems

under predefined aisle constraints.

3. Research Methodology
3.1. Scope and conceptual framework
This study focuses on unequal-
area facility layout problems on a single
floor under predefined aisle constraints.
It analyzes the effects of three search
distance metrics—Rectilinear, Pathway, and

Euclidean—together with three levels of
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department area heterogeneity (Space: 20—
40, 20-60, and 20-80 m?2), on layout quality
when performance is evaluated by total
travel distance along actual aisles (Pathway
distance). The objective function is defined
as the minimization of the “sum of the
material flow between department pairs
multiplied by the distance between them,”
subject to non-overlapping constraints,
minimum aisle-width requirements, and
physical constraints of the building.
The study uses four benchmark quadratic
assicnment instances (Nug12, Nugl6a, Nug20,
and Nug24) as test problems. The overall
conceptual framework is shown in Figure 2.
In this framework, Space levels (area
heterogeneity) determine the unequal-area
layout geometry in terms of department
shapes and adjacencies, while the chosen
search distance metric (Rectilinear, Pathway,
or Euclidean) guides the Genetic Algorithm
in generating and iteratively improving
candidate layouts. The candidate layouts
are then evaluated in terms of Pathway
performance, defined as the total travel
distance along aisles, which serves as the
final criterion for comparing search metrics

and Space levels.



Space levels (Area heterogeneity): Low (20-40
m?), Medium (20-60 m?), High (20-80 m?)

|
\ 4 h 4

Layout geometry

Search distance
(Unequal-area
metrics: Rectilinear}
department shapes &
Pathway} Euclidean

adjacencies)

Candidate layouts
o Generate layouts

o Improve layouts over iterations

v

Pathway performance

o Total travel distance along aisles
o Used for final evaluation /

comparison

Figure 2. Conceptual framework

3.2. Data and experimental settings
3.2.1. Number of departments and
interdepartmental flows
The number of departments
and the material flow between department
pairs are based on benchmark quadratic
assignment problems (QAPs), namely Nugl2,
Nug16a, Nug20, and Nug24, which correspond
to problem sizes of 12, 16, 20, and 24
departments, respectively as shown in

Fisure 3.
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3.2.2. Department areas
Department areas  are
unequal and are generated under a fixed
total target area. Individual department
areas are randomly assigned  within
acceptable aspect ratios of width and length.
The degree of area heterogeneity (Space) is
divided into three levels: (1) Low: 20-40 m2,
(2) Medium: 20-60 m2, and (3) High: 20-80
m?2. The specific department areas used in
the experiments are shown in Table 1.

3.2.3. Flow data: The material
flow between department pairs is taken
from the reference QAP data sets, and the
density of non-zero flows is adjusted to
cover multiple levels of flow intensity.

3.3. Distance metrics

3.3.1. Displacement  (Euclidean)
distance: measured as the straight-line
distance between departments using their
centroids as representative points.

3.3.2. Rectilinear distance:
measured along the vertical and orizontal
axes of the layout.

3.3.3. Pathway distance (walking-
path distance): measured along a predefined
corridor network that represents the aisles

inside the facility. The aisles are modeled as
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Table 1. Department areas

Department area by level of heterogeneity (m?)

Department
Low Medium High
1 30 20 40
2 25 40 80
3 20 35 50
4 30 60 80
5 35 55 55
6 35 55 65
7 40 55 50
8 30 a5 45
9 30 30 60
10 35 25 60
11 40 25 70
12 25 35 55
13 30 a0 60
14 40 60 70
15 20 a0 80
16 35 a0 45
17 25 30 55
18 35 25 25
19 20 40 80
20 40 40 35
21 30 25 65
22 30 20 60
23 40 50 45
24 25 55 25
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Figure 3. Problem instances used in this study

Objective function and constraints

34.

a node-edge graph, and

two

between

Pathway  distance

the

departments is defined as the length of the

(1)

shortest path between their access nodes

on this graph, so that all walking distances

respect corridor locations, walls, obstacles,

and minimum aisle-width requirements.
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where Z is the total material-
handling distance (meters), fij is the
material flow or relationship value from
department I to department J, and dij is
the shortest distance between departments
[and J.

The layout is subject to the
following constraints: (1) Departments must
not overlap; (2) each department is rectangular
with an aspect ratio within a specified range;
(3) departments must avoid forbidden areas
and obstacles; and (4) when partition walls
divide the floor into zones, each department
must lie entirely within its assigned zone.

3.5. Solution method

For this study, a Genetic
Algorithm (GA) was employed as the
optimization tool to search for good facility
layouts. Each chromosome encodes a
permutation of departments, which s
translated into a feasible layout by the
construction procedure described earlier.
In each generation, new layouts are created
by crossover and mutation, infeasible layouts
are repaired or discarded, and all constraints
are checked before evaluation. The objective
function is then computed under the
specified distance metric, and the best
layout found so far is retained. The search
is terminated when the population diversity
falls below 0.10 for a specified number of
consecutive generations or when a maximum
number of generations is reached.
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From a computational perspective,
using Pathway distance in the evaluation

step is more demanding than

Prepare problem data
Select Nug12/16a/20/24 and generate department areas

for 3 Space levels

v

Set GA and metrics: Define GA parameters and choose

Rectilinear, Pathway, Euclidean

v

Main experimental loop:
For each problem x (metric, Space)

run GA 30 times and record best layouts

v

Aggregate results: Compute mean, best, and standard

deviation of Pathway distance.

v

Statistical analysis:

Perform two-way ANOVA and post-hoc tests

v

Cross-evaluate best layouts:

Re-evaluate best layouts using all three distances.

v

Interpret results and derive guidelines
« Identify effects of Search metric and Space

» Formulate practical recommendations for metric

Figure 4. Experimental workflow




using geometric metrics, because
each layout requires repeated shortest-
path calculations on the aisle network.
Together with the stochastic nature of the
GA, this implies that Pathway-based search
may explore fewer layouts within a given time
budget than search based on Rectilinear or
Euclidean distance. This limitation is taken
into account when interpreting the
comparative performance of the distance
metrics.

3.6. Experimental design and analysis

This study adopts a two-factor
factorial design within each problem instance,
with Search metric and Space as fixed factors.
The Search metric factor has three levels:
Rectilinear, Pathway, and Euclidean.
The Space factor represents three levels
of department area heterogeneity: 20-40,
20-60, and 20-80 m2. For each combination
of problem instance (Nug12, Nugléa, Nug20,
and Nug24), Search metric, and Space level,
the GA is run 30 times with different
random seeds, resulting in a total of 4 x 3
x 3 x 30 = 1,080 runs across all problem
instances.

For each treatment combination,
the mean, best, and standard deviation of
the total material-handling distance are
recorded, with performance always evaluated
by the Pathway distance metric. The effects

of Search metric and Space, as well as
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their interaction, are analyzed using two-
way analysis of variance (ANOVA), followed
by Tukey’s post-hoc tests when significant
differences are detected. The algorithm was
implemented in VBA for Microsoft Excel and
executed on standard desktop PCs. Because
the experiments were distributed across
multiple machines with different hardware
configurations, exact computation times are
not reported; instead, all methods are
compared under identical GA parameter
settings and numbers of runs to ensure a
fair basis for practical comparison. Workflow

of this study is shown in Figure 4.

4. Results and Discussion

4.1. Experimental results
Table 2 summarizes the mean
total distances evaluated by the Pathway
metric for all combinations of problem
instance, Search metric, and Space level,
while Figure 6 presents the same information
graphically. Across all problems and Space
levels, layouts obtained from Pathway
search achieve the lowest mean Pathway
distance, but the gaps to Rectilinear and
Euclidean search are generally small, often
within a few percent. This indicates that,
in terms of average performance under
Pathway evaluation, the simpler geometric
metrics can produce layouts that are close

to those obtained by Pathway-based search.



The influence of Space is much
stronger. As the allowable range of
department areas widens from 20-40 to
20-80 m?, the mean Pathway distance
increases almost linearly for all three
search metrics and all problem instances,
as shown by the steep and nearly parallel
slopes in Figure 6. This pattern reflects the
fact that higher area heterogeneity reduces
the available flexibility for arranging
departments compactly and forces longer
travel along aisles, regardless of the search
metric used.

Figure 5 illustrates typical best
layouts for the Nugl2 problem with low
area heterogeneity (Space 20-40) obtained
from Rectilinear, Pathway, and Euclidean
search. Although the overall block structure
is similar across metrics, the shapes and
adjacencies of some departments differ,
leading to variations in the lengths and

directions of the main transport routes.
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Pathway search tends to place high-flow
departments in positions that align more
closely with the main aisles, whereas
geometric metrics sometimes produce
slightly more compact layouts that are
advantageous when evaluated by Rectilinear
or Euclidean distance but may imply longer
walking paths along actual aisles. These
visual differences are consistent with the
numerical results reported in Table 2 and

Figure 6.

4.2. Statistical test results

The descriptive results in Table 2
and Figure 6 suggest that both distance
metrics and area heterogeneity affect the
total Pathway distance, but statistical tests
are required to quantify these effects.
For each problem instance, a two-way ANOVA
with factors Search metric (Rectilinear,
Pathway, Euclidean) and Space (20-40, 20—
60,20-80 m?) was performed using the
total Pathway distance from the 30 GA runs
per treatment combination as the response
variable. The resulting F-statistics, p-values,
and partial eta squared (N?) values are

summarized in Table 3.
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Figure 5. Best layouts for the Nug12 problem with low area heterogeneity:

(a) Rectilinear search metric, (b) Pathway search metric, and (c) Euclidean search metric

Table 2. Summary of mean Pathway distance by search metric for each problem and

Space level (values in parentheses indicate % difference from the best metric in each row).

Mean Pathway distance evaluated by search metric

Problem  Space level (m2?) Best metric
Rectilinear Pathway Euclidean
Nug12 20-40 5,424.94 + 5,118.96 + 5,375.13 Pathway
184.27 (5.98%) 138.22 (0%) 129.31 (5%)
20-60 6,086.51 + 5,797.77 = 6,011.1 = Pathway
304.1 (4.98%) 268.81 (0%) 203 (3.68%)
20-80 7,359.82 = 6,762 + 7,237.99 Pathway
202.73 (8.84%) 224.77 (0%) 151.05 (7.04%)
Nugléa 20-40 14,593.33 + 14,318.71 + 14,506.33 + Pathway
466.83 (1.92%) 526.67 (0%) 399.1 (1.31%)
20-60 17,127.75 + 16,305.86 + 17,138.92 + Pathway
551.06 (5.04%) 567.94 (0%) 473.75 (5.11%)
20-80 20,503.25 + 19,316.24 + 20,847.71 Pathway
487.21 (6.15%) 556.42 (0%) 461.7 (7.93%)
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Table 2. Summary of mean Pathway distance by search metric for each problem and

Space level (values in parentheses indicate % difference from the best metric in each row).

(continue)
Mean Pathway distance evaluated by search metric
Problem  Space level (m2) Best metric
Rectilinear Pathway Euclidean
Nug20 20-40 2575141 + 24,829.01 + 2547241 + Pathway
609.43 (3.71%) 609.78 (0%) 484.14 (2.59%)
20-60 29,987.67 28,694.76 + 29,480.37 + Pathway
1041.16 (4.51%) 945.35 (0%) 827.49 (2.74%)
20-80 36,335.41 + 34,103.75 + 36,329.78 + Pathway
1169.21 (6.54%) 1131.66 (0%) 1081.55 (6.53%)
Nug24 20-40 37,885.51 + 35,850.59 + 36,834.57 + Pathway
1177.76 (5.68%) 1005.47 (0%) 1014.8 (2.74%)
20-60 44,446.59 + 41,152.37 44,168.26 + Pathway
1122.39 (8%) 1134.5 (0%) 1069.28 (7.33%)
20-80 52,292.25 + 48,584.7 + 51,047.17 = Pathway
1304.45 (7.63%) 1597.16 (0%) 1269.81 (5.07%)
~ 7500 ~ 21000
E £ 20000
Y Y 19000
E 6500 L:u 18000
5 6000 5 17000
2 2 16000
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& 5000 & 14000
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Figure 6. Mean Pathway distance for layouts obtained from each search metric across Space levels
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Table 3. Two-way ANOVA results for total distance evaluated by the Pathway metric

Problem Effect df F p-value Partial N2
Nugl2 Search metric 2 38.9198 1.61E-15 0.230
Space 2 745.1267 1.30E-108 0.851
Search metric x Space a4 2.5225 4.15E-02 0.037
Nugléa Search metric 2 42.6150 9.6493E-17 0.246
Space 2 1627.3230 4.1487E-148 0.926
Search metric x Space 4 7.7329 6.66028E-06 0.106
Nug20 Search metric 2 31.9534 3.86426E-13 0.197
Space 2 1716.5418 6.4858E-151 0.929
Search metric x Space 4 2.3709 0.05290665 0.035
Nug24 Search metric 2 61.3429 1.45462E-22 0.320
Space 2 1212.0133 7.8306E-133 0.903
Search metric x Space 4 3.0057 0.01891112 0.044

Table 4. Tukey HSD pairwise comparisons for Search metric

(evaluated by Pathway distance)

Problem Comparison pair Mean diff  p-adj Interpretation
Nug12 Euclidean vs Pathway -315.1622  0.028 Pathway mean > Euclidean (significant)
Pathway vs Rectilinear 397.5112 0.004 Pathway mean > Rectilinear (significant)
Rectilinear vs Euclidean 82.349 0.779 No significant difference
Nugléa  Euclidean vs Pathway -850.7169  0.057 No significant difference
(trend: Pathway mean > Euclidean)
Nugléa  Pathway vs Rectilinear 761.1732 0.1 No significant difference
Nugléa  Rectilinear vs Euclidean -89.5436 0.968 No significant difference
Nug20 Euclidean vs Pathway -1082.523  0.236 No significant difference
(trend: Pathway mean > Euclidean)
Nug20 Pathway vs Rectilinear 1346.5006  0.108 No significant difference
Nug20 Rectilinear vs Euclidean 263.9779 0.917 No significant difference
Nug24 Euclidean vs Pathway -2154.115  0.043 Pathway mean > Euclidean (significant)
Nug24 Pathway vs Rectilinear 3012.2277  0.002 Pathway mean > Rectilinear (significant)
Nug24 Rectilinear vs Euclidean 858.1127 0.601 No significant difference
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Across all four problems, both
Search metric and Space exhibit statistically
significant main effects (p < 0.001). Space
shows very large effect sizes, with partial N?
values in the range of approximately 0.85-
0.93, confirming that area heterogeneity is
the dominant factor influencing total
Pathway distance. Search metric has partial
N? values of about 0.20-0.32, corresponding
to medium effect sizes and indicating that
the choice of distance metric in the search
phase also affects layout quality, but to a
lesser extent than Space. The interaction
between Search metric and Space is
statistically significant for Nugl12, Nuglé6a,
and Nug24 (and close to significant for
Nug20), yet its partial N2 values remain
small (about 0.04-0.11), implying only
modest variation in the Search-metric effect
across Space levels.
When the Search metric factor is significant,
Tukey’s HSD pairwise comparisons (Table 4)
show that Pathway search often, but not
always, yields higher mean total Pathway
distances than Rectilinear or Euclidean
search. For Nugl2 and Nug24, the
differences between Pathway and the
geometric metrics are statistically significant,
whereas Rectilinear and Euclidean do not

differ significantly from each other. For Nugl6a
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and Nug20, no pairwise differences among
the three metrics reach statistical significance,
even though the mean values still tend to
be slightly higher for layouts generated by
Pathway search. These results support the
descriptive finding that geometric metrics can
deliver layouts whose Pathway performance is

comparable to that of Pathway-based search.

Table 5. Ranking of mean Pathway

distance by Space level

Problem Ranking of mean distance
(best — worst)
Nugl2 20-80 < 20-60 < 20-40
Nugl6a 20-80 < 20-60 < 20-40
Nug20 20-80 < 20-60 < 20-40
Nug24 20-80 < 20-60 < 20-40

For the Space factor, Tukey’s
tests consistently yield the ordering 20-80
< 20-60 < 20-40 for all four problems, with
all pairwise differences being statistically
significant (Table 5). As the allowable area
range widens, the mean total Pathway
distance increases monotonically, confirming
that higher area heterogeneity systematically
leads to longer travel along aisles. Overall,
the statistical evidence reinforces the
conclusion that Space is the primary driver
of Pathway distance, while the choice of
Search metric has a secondary but non-

negligible influence.



4.3. Discussion

The results confirm that both the
distance metric used in the search phase
and the degree of area heterogeneity
influence layout quality when performance
is measured by Pathway distance. However,
their relative importance is clearly different:
the ANOVA shows that Space has very large
effect sizes, whereas the Search metric has
only medium-sized effects and the interaction
is small. This indicates that the available
flexibility in department areas is the primary
driver of total travel distance along aisles,
and that the choice of Search metric plays
a secondary but non-negligible role.

From the perspective of Search
metrics, Pathway search generally yields
the lowest mean Pathway distances, but its
advantage over the geometric metrics is
modest and statistically significant only for
some instances (notably Nug12 and Nug24).
For Nugl6éa and Nug20, no significant
differences among the three metrics are
found, and Rectilinear and Euclidean never
differ significantly from each other. Together
with the computational burden of Pathway
evaluation, these findings suggest that the
simpler geometric metrics can often explore
the search space more extensively within
the same GA budget and thereby produce

layouts whose Pathway performance is

statistically indistinguishable from, or only
slightly inferior to, that of layouts obtained

from Pathway search.
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When the best solutions from
each Search metric and Space level are
compared, Pathway search still tends to
produce layouts with the lowest Pathway
distances, but the observed differences
remain small relative to the variation induced
by Space. This pattern reflects the heuristic
and stochastic nature of the GA: with a fixed
number of runs and common parameter
settings, the search cannot guarantee global
optima for any metric, and the comparison
should therefore be interpreted as one of
practical search performance under equal
computational budgets rather than intrinsic
superiority of a particular distance metric.

In practical terms, the results
highlight two main points. First, when aisles
and obstacles are explicitly modeled,
Pathway distance should be used as the
final evaluation metric to avoid choosing
layouts that look good under geometric
distances but imply unnecessarily long
walking routes in practice. Second, during
the search phase, Rectilinear or Euclidean
distance remain viable and often preferable
options, because they are easier to
implement, computationally less demanding,
and still yield layouts whose Pathway
performance is not clearly inferior, and in
many cases statistically indistinguishable, to
that of layouts obtained from Pathway search.
A reasonable guideline is to use Rectilinear or
Euclidean distance for GA search and then
re-evaluate the candidate layouts with the

Pathway metric before implementation.



5. Conclusions

This study examined how three search
distance  metrics  (Rectilinear,  Pathway,
Euclidean) and three levels of department
area heterogeneity jointly influence unequal-
area facility layouts when travel must follow
predefined aisles. Four Nugent-based problems
with unequal areas were solved using a GA,
and the resulting layouts were evaluated by
total Pathway distance and analyzed using
two-way ANOVA and post-hoc tests.

The results consistently show that
Space is the dominant factor, with very large
effect sizes (partial N? = 0.85-0.93), while
Search metric has only medium effects
(partial N2 =~ 0.20-0.32). Pathway search
yields the lowest mean Pathway distance in
all  problem-Space combinations, but
statistically significant advantages over
geometric metrics occur only in some
instances (Nugl2 and Nug24), and the
observed differences are small compared
with the impact of Space. In many cases,

Rectilinear and Euclidean searches produce

is

layouts whose Pathway performance
statistically indistinguishable from that of
Pathway search. These findings extend the
authors’ previous equal-area study and
complement earlier works that relied mainly
on geometric distances, by showing that—
even under unequal areas and explicit
aisles—the choice of search metric is less
critical than the level of area heterogeneity
and the use of an evaluation metric

consistent with actual walking paths.
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The occasional cases where geometric
metrics outperform Pathway search can be
explained by the heuristic and stochastic
nature of the GA under a fixed computational
budget, rather than by any fundamental
superiority of geometric metrics. Thus, the
conclusions should be interpreted as a
comparison of practical search performance
under equal computational effort, not as
claims about global optimality for each metric.

From a practical standpoint, the
results support a two-stage guideline. First,
Pathway distance should be used as the
final evaluation metric whenever aisles and
obstacles are modeled explicitly, to avoid
layouts that look good under geometric
measures but perform poorly in reality.
Second, simpler metrics such as Rectilinear
or Euclidean remain viable in the search
phase, because they are easier to compute
and usually yield layouts whose Pathway
distances are not clearly inferior to those
from Pathway search. A pragmatic strategy is
therefore to conduct GA search with a
geometric metric and then re-evaluate
promising layouts using the Pathway metric,
optionally refining the best candidates with a
limited number of Pathway-based search runs.

Future work could investigate other
aisle topologies, alternative metaheuristics
or adaptive parameter control, and multi-
objective formulations that incorporate safety,
flexibility, and space-utilization efficiency, as
well as validate the proposed guidelines on

real industrial case studies.
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