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Abstract

Seafood community enterprises in eastern region of Thailand are facing logistics
management challenges that directly affect business operations. This research aimed to study
the logistics management components that enhance the competitiveness of community-
based agro-processing enterprises in Eastern Thailand, focusing on the case study of processed
seafood community enterprise. Data collection involved document review, production
process analysis, and logistics activity analysis at each stage, followed by performance
evaluation using the Industrial Logistics Performance Index (ILPI) covering time and reliability
dimensions. The research found that the logistics management of the community enterprise
comprised main activities: demand forecasting, customer service and support, logistics
communication and order processing, purchasing and procurement, materials handling and
packaging, warehouse and inventory management, transportation, and reverse logistics. High-
performance activities were reverse logistics has accuracy 98.86% and customer service has
reliability 98.36%, while materials handling and packaging required improvement, with

reliability only 80.95%.
Keywords: Logistics management, Community enterprise, Agro-processing
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Abstract

This research aimed to analyze the general state, influencing factors, and development
guidelines for the water logistics system in Thailand's seaside port cities. The study employed
a Sequential Explanatory mixed-methods design, collecting quantitative data from 150 logistics
operators and qualitative data from in-depth interviews with 17 key informants. The statistical
method used for hypothesis testing was Structural Equation Modeling (SEM). The research
findings indicate that the general state of the water logistics system is underdeveloped,
particularly concerning issues with infrastructure, regulations, and a lack of skilled personnel.
The quantitative analysis confirmed that factors such as infrastructure, laws, information
systems, human resources, service quality, and operational costs have a significant influence
on each other. Specifically, Human Resources and Organizational Capability had the highest
direct positive influence on Service Quality (coefficient B = 0.54), while Service Quality had

the highest direct positive influence on the development of the logistics system (coefficient

B = 0.94).

Furthermore, the qualitative findings revealed that the Information System had a
negative influence on Service Quality due to a lack of data integration and a shortage of skilled
personnel with the ability to effectively use the system. This research contributes new
knowledge in the form of an Integrated Framework, which can serve as a policy guideline for
both public and private sectors to enhance the competitiveness of Thailand's water logistics

system to meet international standards.
Keywords: Effect, Development, Freight, Seaside port city, Thailand
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(%
Y

Wertunsiaszuuladafndiunisaudsduamiaiuuule wazdiui 5 Joldusiugdu ¢ vl

wuugeunulasun1snTIvdeuAUgNAaudaLilen (Content Validity) lnggleduiey 5 inu lngen

faflANNEADNANBIYBITDAI0IY (Item-Objective Congruence: 100) agizﬂfid%‘i 0.67-1.0 %ﬂq\‘mﬁﬂ

Y

g A gausuley 0.50 (Rovinelli & Hambleton, 1977) Wananil §95n19m529@0UAINULY BU

(Reliability) vaawuvasuaulaenaaadldiungusiog1s 30 518 wudl Andudsednsueanivesnse

[

wUIA (Cronbach’s Alpha Coefficient) ag5eni14 0.857-0.928 agandnnaueinivualiin 0.70 (Hair
et al,, 2014) wardeiinnsmsI9daUA181UIUN (Discriminant Power) tagly t-test WWSeuiiigu
AZLUUTINYRINAUNIAZUUUES (27% vuan) Aunguitlanzwuusl (27% a19gn) wudl ynderiay

a o Y

fudfyneadn (p < 0.01) wansliiuindoranuaunsanenaAUwANAveIRR Ul

=b.

e t
= a =

o aw o P v . . = Y &
1AT09UDIFTIAUNIN AB LUUFUNWINIlATIATIS (Semi-structured Interview) FaliTu
wWISluNSENN i8N (In-depth Interview) iielladoyaniasounauusiininudaveulunis
2 A a Yaaa fa A v
21U TELAWNULANAIUWUT Phenomenology taeld35anenuuysingnisalingn Audunismd
! a A a ¥ vy v & 1 @ a
ANUINElAgNSUBINIUINETIUTING wazilalenalvilideyaasvioulszaunisalegraludase

(18 InS@n1, 2564)
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nsiusIusUtaya

va

HA3Telanndunisiiusiusindeyanie 35n15uaunaIu (Mixed-Methods Approach) Hu

Y

Poand lUsualduazszuusaulall (Microsoft Forms) tielviinfanguuszunslaeg1anseungy nsil

va o <

AITENIANUTIVTINMU VAR U N ANy allAATU 150 Yanuduiudiegeidmuall (N=150)

a

a & o Y = Y & = 4 & v
ARLJUDMNSIINISHBUNAUIBYAY 100 "U\TLLa@\ﬂ‘ViL‘Viu@]\‘iﬂ'}']lm\ﬂfﬂLLa%ﬂ'J']ll‘WEJWEJWNIUﬂWﬁLﬂUGUE)i{IJa

vYa o

novaueasingUizaidvean e liegnanysel Fuidulauanseasdendnnudiegeiilaainns

Y
[

duluusiaziiunlunisned 1 deanudaau luduvesmsiiudeyalrnmunin §3dulaldndnnisnis

dudivesloya (Data Saturation) muLWIAAYEY Creswell (2014) IngFuannsdunT¥aINIIWIULIA

'
1Y a

ayanan 17 vinu Wislunuusznunietayalviiiuiy Sazvioufsnuseunsuiasainuduly

e

va

AuInsgINaInatunsITeidaauntn uanand J37eldldIginenuuysingnisalinen

=

(Phenomenological Approach) Tunisdunwalidedn WevnanuilannuningLayUsyaun1sali

wiaseesuiRnulunirgnaivnssudusenaunisaunisvudadunuarladafindnaniugsialu
Usnadlevhmensausemalneg

nsAATIEVtaYA

n1sAiasgvideyaiBeuTun §33eldaifndanssaun (Descriptive Statistics) 1iveasune
dnuauzvestaya uaglimsilmmeiaunislasasie (Structural Equation Model: SEM) 1iveiAs1eyi

ANNFUNUSITIA MY LAgiNTNANNNAUNAUVDILUAANUNMILINTFIY FaNa15U1AN X2 /df 3

Adeend1 2 A1ewll CFl fAwdilng 1 A1eiil RMSEA wag dil RMR dadinda 0.05 deagluinaeii

A |

gousula Fadehgluuutuinuaenndenauniuiudeyaieusedng (Hair et al, 2014)

Y

[y

dmiudayaldenamninnlaannnisduntealiBedn fIdeldunndnsgrinienisinge

o

1911 (Content Analysis) Lag N15ILATIEALTIAAIN (Interpretive Analysis) Tagld383neuwuy
1310915813981 (Phenomenological Approach) taviaAuLi1laAurINekazUTEaUn15aived

A Iideyananludedn ieduduninuindeiiovewaniside §33ulald n1snsrvaeuanud

a

(Triangulation) IneJunsnsivdeunuaenndevenadnsaInuastoyanivainvane lawn Jaya

[ a

WeUSina (1nuuuasuau)eyalienanim (1N sdun1ualiiedn) wagdeyanfenil (1ntonans

RY) 9 Y

Lay3Ie9UaNe) Fauandbiiuirnudenlesdonndesiuszninmaaindayannuszny
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6. NANT5IY

NaN15AUTIUSU0

[ £

HANTIFLAINWUVADUNN WU Hneaudiulvaidug

Y

Usznaun1sussanusenanne andu

v

$p8av75.34% lasdulugdndunanisuiuas 6-10 U Anduiesay 44.52% dselanelusyunu

5.1-10 &1uum Andudesay 30.14% waridsruiuninau 51-100 Au Andudesas 34.25% @4

dawlngjoudsduianamnssy Andudosaz 65.07% wagldidumamnelmeianziusendumdn An

&) (%

Hudesazr70.55%1ln91nn1531ATIEYR18@R RTINS TNU WU AnuAnwiulunnsnvesdade

anuneglusedu "un" Ineianafesinmiiiu 3.99 Awandunsan 2 qadl

A157199 2 wEnssTAUAUAMLAUALRAY wazATdIUTELUUNNNTIY VOIAIRUS

Auus X~ S.D. wlaei

1. Tassarsituguringe (PN 4.00 0.55 1N
2. nQuanesazsziioutadedu (LRF) 4.18 0.61 1N
3. spUvAsAUMmALAEuteyaladadind (LISD) 4.16 0.61 aly
4. nwensuywdLarAnenIMeAn1s (HROC) 3.94 0.66 aly
5. flsuinsTadafndnnai (WLSP) 3.92 0.60 1N
6. aunulunsaiuaugs (HOO) 3.99 0.67 Tl
7. AAINUINT (SQ) 3.88 0.61 1
8. mawanladanndnisuudwnay (OWFL) 3.83 0.59 aly

39U 3.99 0.40 an

a v

Yaa a ¢ aa o v a ¢ . a4 o
'JQEJSLSU'Jﬁﬂ'Wi'JLﬂﬁqg‘ﬁﬂﬂ@]WVE@’JLLU?IWEJIGUﬂ"ITJLﬂiqg‘w Path Analy5|s LNDNINITINAFDU

e

[

AULAFINNITIETIRINNITNRERU WU ArduUsEANSanduius (Correlation Matrix) ¥03d K3

YR

Funmlgranun 30 fhuds Fauindenuduiusiuluiinmafidenadesiunseuuwiin yanand A
Bartlett’s Test of Sphericity Safitfudndnyneadafl p < 0.001 (Bartlett’s Test = 97.881, df = 187,
Sig. = 0.000) wWazA Kaiser-Meyer-Olkin (KMO) Measure of Sampling Adequacy i@A1111111 0.6
(Fdimuadls = 0.85) Seilmnumnzaniiaziluinseilawasely (Hair et al, 2014) Fauandly

MNS199 3
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Pl P2 P3 LR LRFZ LRI LDl LSD2 LBD3  HROCL  HAOCZ  WROCS  WLSFL  WLSP2  WLSP3  HOCI HOCZ HOCE a1 502 503 S04 505 DWRLL  DWRZ  DWRL3  DWFL4  DWFLS  DWALE  DWRLT
TR
P2 Mt LW
P e ame 1)
RF 0 D0 nr 1w
LRF? 56 et gt
RF3 0B DL 0B SiEe gt 1l
LEDL 02 -DeR A3 ETEe sEM G LD
[T AV A kB S - 1
LSS M 0T M5 S sRe SEM 50T M 10
HROCI  ZE= A A0 05 W09t LTI I 100
WROCZ IS om0 W08 n - S0 AT W
HROC3 139 3™ g0 005 -117 o -0 -1 0 Az st 1
WiSPL s e st 42 0w ] B 05 061 e s T
WLSFZ 19 Tt It 0T D LS - R R ot 55 10 s 100
WP T mEe age o7 i 75 BT Lzl 1
WOCU e a0 Ze 0 A mr e am e me 3w 141 Sl R 100
WOCZgeer 26 MO0 0% 19 BT R 112 T e s s s s st 1
L I B T A LTI 133 e e [l G e e g T 1
sof A s e .3 At 25 08 9 g 37 e st ST L T
SQ2 e e et e pse 280 M7 200 St Be S0 157 st sHe 4 wee g g sav
s03 M2 awe o 0 ol o S | . 8 a0 sEe At e e 98 ;e omr At st
e S L 1 080 W T FICA sz we o ET T 03 M e g wge TIET LW
SO de e DR 0B A0 053 o i) 140 280 [t L 198+ g LEL aee e e 100
DWALL  180° Iete m0e 03 02 R R L S N R P st IR 160 a51 33 sS4 spe sEe T T
DWAL2 164 AT TEe DR 08D o8 w0 19 T8 Kl 15 s e e ure T e 96+ Tl 1 g5 HT W
DWA3 ATt 4t mee 0T O LT J N B R U a7 150 e gt A 1% e AT Ll L s 05 e s s L0
DWALL 166t 16 13 096 A% BT B 070 169 e B oA e 11 208 293 258+ bzl e | a0 A a5 s
DWALS 259 e 4Fe 65 A 2 BB A0 132 ez 5™ wpe s s m e 208" oo om a0 T e g7 e T Y
DWALE 157 At mSe L O e TR S T 1 e o At et o BTt .l - - S s et aEe AT il Y
[ T B 3 B R 0T W 0w 03 e e Gl Er 13 I 4 b3 LA 336 o e il B I e st 1
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NANTSILATILDIAUTENBUTNE ULV LUAANITIANITHAILLAFARNANITUUFINIUN WU

Tuwalienuaennadesiutoyadenlszdny tnaaadnlaawnis (" A2) fawiniu 97.88, df = 187 P-

LY A [

value=1.00, A1 chi-square/df = .523, Arawilinszaumnunanndu (GF) davndu .96 aaailin
SELAUAINUNAUNAUUTUBN AL (AGF) TANYAU .90 A1fviAuAaInLAd aulun1sUTE LN

1 I

ANMN93M8S (RMSEA) SAnnAu .00 f9nns199 4

a a ¢ 3 a & o
A19519N 4 HANTTAATITNBIAUTLNDULTIG U U

Aauus B SE. t(C.R.) R?
Taseadnaiugusinge (P)
(PI1) .49 .20 4.30 .24
(PI12) .59 21 4.34 34
(PI3) 63 <> <> .40

novanguazsziisudaUsdu (LRF)

(LRF1) .59 .16 7.27 35
(LRF2) .95 .29 8.60 .89
(LRF3) a7 <> <> 22

szuudrsaumaLasgudayaladafnd (LISD)

(LISD1) .65 11 12.64 .43
(LISD2) .98 .18 14.56 97
(LISD3) A48 <--> <> 23

NSNeINTUYEduazAnENINaIANIS (HROC)

(HROC1) 31 .09 3.38 .10
(HROC2) .58 11 5.16 .33
(HROC3) .85 <> <> 12

Jliusnisladanndniein (WLSP)

(WLSP1) .70 22 6.27 .50
(WLSP2) .83 .23 6.42 .68
(WLSP3) 52 <> <> 27
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15197 4 (519)
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Auls B S.E. t(CR) R
aunulunisaniiuaiugs (HOC)
(HOC1) .55 .10 7.44 .30
(HOC2) .88 12 8.88 .78
(HOC3) .80 <> <> 64
AMAINUINIS (SQ)
(SQ1) .34 <> <> 11
(SQ2) .50 31 4.86 .25
(SQ3) 76 57 4.79 .58
(SQ4) .79 .61 4.86 .63
(SQ5) .82 .60 5.15 .68
nswaunladanndnisuudamnin (DWFL)
(DWFL1) .1 13 8.36 51
(DWFL2) .84 14 8.14 71
(DWFL3) .58 .09 7.90 .34
(DWFL4) 45 11 5.77 21
(DWFL5) .70 12 8.38 .48
(DWFL6) 57 A1 7.50 .33
(DWFLT) .70 <> <> 50

A151991 5 NAN1SASIVADUAINADAAADIVDILAULAARUULTIUTER

o/

o/

nefudwuungef (una

AULUL)

adanldlunisasiadeu Andignuaadld LNAUNINSERNIU ulana
Chi-square (X 2) 1.00 p > 0.05 HUNEUI
Chi-square/df (X 2 /df) 0.52 <2.00 HNQUT
GFl 0.96 > 0.90 RN
AGF| 0.90 > 0.90 RN
T 1.06 > 0.90 RRRIL]
CFl 1.00 > 0.90 RN
RMR 0.03 < 0.05 RRRIL]
RMSEA 0.00 < 0.05 NULNE

*0<0.01, *p<0.05
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HANITIAATIVBNTNANNATIALN UM NANLAFIUNTITY WU ArduUseENnSnSna

a o o

dulueyiite

[y

WUTUA S99 ASUanslunITNg 5 wazaIng 2

AN NADANTZAU p <

0.01 FeuansliAuianuduiusdanNdnRusEnIen

AN5199 6 HANTTIATILHONTNANIIATI(DE) N1990U(IE) kazdnsnasiu(TE)

fals x2  dndwa

Aaudshu

A Pl

LRF

LISD

HROC WLSP

HOC SQ

DWFL

SQ 0.536 DE 0.32
IE
TE 0.32

DWFL  0.460
IE 0.30

0.30

0.36

0.36

0.34

0.34

-0.21

-0.21

-0.20

-0.20

0.54 0.47

0.54 0.47

0.51

0.44

0.51 0.44

0.29

0.29
0.94
0.27

0.27 094

*TUENAYNNADATIIZAU p < 0.01

68

02
03,

01

57 13
09 55
04
63
74

62

82

56

91

P

LRF

LISD

HROC

WLSP

HOC

sQ

DWFL

47

68

68

56

82

54

42

78

Pl
PI2
PI3
LRF1
LRF2
LRF3
LISD1
LISD2
LISD3
HROC1
HROC2
HROC3
WLSP1
WLSP2
WLSP3
HOCA
HOC2
HOC3
sQ1
sQ2
sSQ3
SQ4
sSQs5
DWFL1 |
DWFL2
DWFL3
DWFL4
DWELS
DWFL6
DWEL7

chi-square=97.881, df=187, chi-square/df=.523, P-value=1.000,
RMSEA=.000, CFI=1.000, TLI=1.062, GFI=.960, AGFI=.900,
RMR=.027, HOELTER=326.000

AN 2 ANLUUIIAD9ENNSIATIESNE (SEM) Uadenidswansenu

AON1SHAIUITEUUIAARNAAIUNNTVUAIAUAINIILN USHadiasvinvenzialsemelne

11 F50vug AU wavany (2568)
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| Pl1 | 49

RIS

P13

(LRET] '59 .32

IRz} )

l!m 36 34 m‘.
LISDT] 65 - \@ e g;—‘:
[[1SD3] 54 | SQ4 |
AROC .31 () —
ROC) o0 (12) 70/ 4 OVIETE
VLSP 70 o PWELY
=N ACD =t
FOCTi., 55 DWFLZ
HOCZ-w—(_0¢ ) DS
HOC3,

chi-square=97.881, df=187, chi-square/df=.523, P-value=1.000,
RMSEA=.000, CFI=1.000, TLI=1.062, GFI=.960, AGFI=.900,
RMR=.027, HOELTER=326.000

v

ANA 3 HaNTIATIERLING ANLFUTUSITIE W kasNadns e Ndwmanseny

a

AON1THAIUITEUUIAARNAAIUNITVUAIAUAINIILN USHadlasvinvenzialsemelne

N1 Fslyeg TIU wazaug (2568)

PNNNA 3 INKNANITILATIZYBNTNAN19RST (DE), Bndwaniewed (IE) wagdnsnasiy (TE)

[y |

wud Y9dusines Ndanadenisimunszuuladafindnisuudmiedy (DWFL) uagAanImu3nig (SQ) &

[

adAN19Eda (p < 0.01) agunanisnadeuanufgIuNITelanil

1) lasaainenuguvinnge (P) I8vEnan1ansadauinge AunmuINIg (SQ) (DE = 0.32, TE

a

= 0.32, p < 0.01) JegouiuauuRgIuy
2) nguaneuarseidsudadsdu (LRF) 18nSnan1ensadauinde AmnmuInis (SQ) (DE =
0.36, TE = 0.36, p < 0.01) 3¢ veusuaLNAFIUT 2
3) szuvalsaumaLazguteyaladasingd (LISD) I8nswan1ensudaude AMAIMUINNT
(SQ) (DE = -0.21, TE = -0.21, p < 0.01) A9 ﬂam%’uamagmﬁ 3

4) ninenTUYLIUarANgnINeIAn1s (HROC) 18NSNanN1ansudauInde AMAIMUINS
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(SQ) (DE = 0.54, TE = 0.54, p < 0.01) 3 aam%’uamagmﬁ il

5 glusnisladafndniedn (WLSP) 18v5nan1ensadauinde AuAImuINIg (SQ) (DE =

o

0.47, TE = 0.47, p < 0.01) 31 vauuaunAgIufl 5

6) Hrunulunisaiiinaugs (HOO) H8nSNan1ensleuInse AMAINUINIT (SQ) (DE =
0.29, TE = 0.29, p < 0.01) 31 vesduaNNAFILT 6

7) AmNNUINIS (SQ) fdvdnanwsadeuande mafauladafndnisvudsmadt (OWFL)
(DE = 0.94, TE = 0.94, p < 0.01) 33 souFuanufgIuil 7

NANTIALLAIANIN

¥

nnIsdun walidedng lideyanandiuiu 17 vivw Faduduiniswaz Usznounistu

Y

a

geamnsuladafndaunsvudanal nudn namsleneiilemniiaudenaneiwazdigeiuiy

NaLgeUTInadldeg19in®a Insanunsaasuuseiuddnlanad

o

[ ]

1. anmiiliuazladendmanseny dlideyadiulngiuiesesiuin laseasaiugiu

Y

i U 24

Wise waz nuunendudou Wuglasseddny lnswmzlgnlassioauuiivindszdniaimuas

a0 = ¥ v a

URBUNDNITAANINTT L8N TIGDAARDIAULUIAA Institutional Theory 1971 “laseasiauas

9 9

e

TafinunannInsgiinalaunsneaUsEansnmuednsAns” (DiMaggio & Powell, 2020) N15duN18al
MU m'ﬁnmLmauuﬂmﬂiﬁﬁmmﬁmmw Wudamidsdaseasia ?fqﬁmﬁuﬁ‘ﬁumwﬁ Human
Capital ALfuiminensuyudAdinuedutia foddydonisadrsnnuldiuTovlunsudsdu
(Becker, 2019)

2. funulun1sdidunugs (HOO) uffmsvudenaiasidunusemiedian ud funus
ndugaileiisuiudsemaioutiu iesandleldaeuns 1wy AssandouvinEeuazadaLivaud
Fasonndoefu Transaction Cost Economics (TCE) 71341 “Anldaneudenarnsaiiunsdilaidu

SEUUILANAINUAIUITOIUNITHUITU” (Williamson, 2021)

a

3. NaN15398LT9US A YAl an1sduntwalyleasuteNaTIUS UM WUl SEUU

(%
I

ansaunaculadadind (LISD) ddvinaideausieamn1nuinig flvideyaddn Jymlildegiinisuin

Y
1 a

walulag WalinIn “N133IANISYIANINISTRYATENINVUIENUAIASTUALLENTU” WaE “N1521A

a

Aa o v 5y .09 ¥ I a ¢ = v Y]
yaansndvinwglumsldszuu” silinsamuliifnuseleviaan dlaenndasiu Technology-

9

1%

Organization-Environment (TOE) Framework wui1 “audnsavesnisldmelulagiuegiunisys

UINIIENINNLATIAS9IANTULALEIINABNA1EUBN” (Tornatzky & Fleischer, 2022)
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4. WUIMNISARUITEUU Jdeyalaiauauuinianisiauiiaenndesiudam laun
wleugann1asy Ndaukagdailotieatvayunisvudmiadi, nsid weluladfdana 1y Big
Data uag loT inldiiuyseangnmmsusnsinmsduny, uaznns amuensedulassaianugiuy

Wiguise uaglasaiigidenles esessunisvudssieiiewmaneguiuy

7. asfAuln

3Uuuu§'wu111mwﬁ1L‘éwaqmsﬂau%'uuaz’lﬁ'a'm
SYUvdsaUWALladanng

X - N
Taseafranusunudaunss
(Infrastructure)

szuumsaumnﬂu‘.imwms
(Integrated LISD)

&
(T (T2

ssvusssumniafafnd
K TinEwnifiau oo
aupUSIS A
SagnUiudu “integrated
usD* weudvi msys
anmsdeys fectauledl
foseflefinuBounadnd
wnsulunn

nswainladaandigedu
(Sustainable Logistics Development)

ol ca
yaRNTRAANENWEY

& u & deo o
. I —— (High-Potential HROC)
gaga sontumwuints uas

Wunguedhaglunisiams

Ygmmsysanmsiaya

A9 2 sUsuvasnnuilvaitidendaansenusensiaunssuuladafndaunisuudedum
e Usnaliswivensialsemalny

111 Fsiveg AIY Lazae (2568)
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a s vV

NAMA 2 JUuUUasAnws ndldadendwmansenudenisimussuuladafndnunisuuds

[

auAmmahusnanflewinmensiadsenelne ladinsduaiunazduinaouluniunigg aell

a s SNa a IS ! o

1) szuvasauwaladading (LISD) A8viwaldsavetned vamﬂwmaaammaﬂmmwmmi

'
[ I I

(Service Quality) Fadunadnsiidaudaivauisedlngndnszyinnsawmulumealulagazilug

4

=

UszAnS LA ARGy

2) M3UIANIsYsANMstoya (Silo Systems) sruvaIsEUWATEMMIBULAYHUTENOUNISEIAY
yhamusuuuendry liAeauedeureamsvham nisad uazaruiianaslumsasiiudona
sywineiu edenaldt LsD naneiduniseidalfURnas (Operational Constraint) snnianisidu

LAS 893U NUIYAIUALAIN

o Y

3) MIVIARARUUAAINTNTANENIN (Human Resource Gap) Wun1suiawemauyaaInsfidinue

rnenslunslday, nisqua, wazmsidenlesszuuiidudeu vililiannsafsfnonwiuiasses
sruvasaumAenuldlfogafui

a. msamuluszuvansaumeladafind (LISD) axifnnavindenanmuinigle Arelesyuy
lesunisysaunnisegeanysal wagldsunsativayuainninensuywduasAnenmeddnis (HROC)

FemAdeduduinduladeniiansnamanssgegaranannuinis

o

5. Tarauauuzieuleuny Jwipavdsuarnmatunisingeamaluladii lugnsTiauddy

o

AAGIN Umaawﬂumsmauiwuama LLﬁuﬂ’ﬁWGlJU']ﬂﬂEJﬂWWUﬂaWﬂi LW@Uﬁﬂﬁ@ﬂ@%ﬁ‘WﬁLﬂN‘U’m%a\‘i

v ‘U‘Uﬁ’]iﬂ‘umﬂd 49Y LAY GZNL‘U‘UﬂﬂJLL‘ﬂﬂ’]ﬂﬂJIUﬂ’]iﬂﬂivﬂUﬂMﬂ’]‘V\I‘Uiﬂ’ﬁLLa”ﬂ’ﬁUiiaL‘f]’]‘ViiJ’]EJﬂ’ﬁ

LY a a s o 1 o A I
WGMUWI@Q&WﬂﬁVINU’]@SNSQEJ‘LJELU‘V]E‘j@

8. dsUuazanusiemna

a s

A llaguduauduiusBavn seninadadenan 6 suninadenisiaussuuladannd

ATUUEIFUAIMIIUT TABNANITILATIEWABUUUTIA98UN1TIATIAS 19 (Structural Equation

v o w

Modeling: SEM) Budiuintadunnge dendnadeduogedtd1Agyn1saia Inednun wesfnis uag

LY
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Abstract

This study aims to investigate the additional costs associated with vessel delays arising from port
operational inefficiencies or challenges within container terminals. Such delays influence turnaround time-
a critical determinant of port efficiency-and subsequently affect transportation costs for shipping lines.
Container ships typically spend less time waiting in ports in developed countries compared to developing
ones. This is because developed countries often process shipments faster, have better port facilities, and
more efficient workers (Review of Maritime Transport 2023, 2023). Thailand, a developing economy in
ASEAN, is home to one of the world’s 20 largest ports by throughput volume. In 2023, the port’s container
terminal handled 8,868,200 TEUs (twenty-foot equivalent units), reflecting a 1.5% increase from 8,741,049
TEUs in 2022(Lloyd’s List Intelligence, 2024). To maintain its competitive position among global ports,
cost efficiency and operational timeliness are critical. A comparative scenario analysis of three berthing
delay scenarios (under 12 hours, 12-24 hours, and over 24 hours) was conducted to quantify the additional
costs incurred. The study identified fuel expenses and port dues as the most significant financial impacts,
with delays occurring in 33.65% of berthing operations over a two-year period. Beyond direct costs, the
analysis also revealed opportunity costs arising from prolonged waiting times, which reduce revenue-
generating operational capacity. These findings underscore the importance of minimizing delays to enhance
both financial and operational resilience.

Keywords: Vessel’s Waiting time, Container Carrier’s Cost, Turnaround time
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1. INTRODUCTION

1.1 The Global Context of Port Efficiency and Maritime Trade
Maritime transport remains the backbone of global trade, facilitating approximately 80% of the world’s
merchandise movement by volume (Review of Maritime Transport 2023, 2023). Ports, as critical nodes in
this network, directly influence supply chain reliability, cost efficiency, and regional economic
competitiveness. A port’s ability to minimize vessel turnaround time-the duration ships spend in port for
loading, unloading, and auxiliary services-is a pivotal metric of operational performance. Delays in this
process, however, are not merely logistical inconveniences; they cascade into financial penalties,
environmental costs, and disruptions to global trade flows. For instance, World Bank, 2022 estimates that
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a single day of delay for a large container vessel can incur over $100,000 in direct and indirect costs,
underscoring the urgency of addressing inefficiencies in port operations. Moreover, port delays ripple
through global trade, inflating costs and destabilizing supply chains. Key consequences include (Vizion,
2025) (Veronica Veleda & Anna Diaz Llop, 2025):

1. Higher Costs: Idle vessels due to congestion trigger demurrage fees, detention charges, and fuel
surcharges, burdening businesses.

2. Operational Gaps: Limited visibility into port performance hinders decision-making.

3. Supply Chain Disruptions: Delays risk production halts, inventory shortages, and lost sales,
impacting businesses and consumers.

4. Longer Transit Times: Unplanned holds disrupt delivery schedules, straining just-in-time
inventory systems and risking revenue loss.

5. Container Imbalances: Congestion causes uneven container distribution-surpluses in some
regions, shortages in others-disrupting freight flows.

1.2 The Disparity Between Developed and Developing Economies

While ports in advanced economies consistently rank high in global efficiency indices (e.g., Singapore,
Rotterdam), developing nations face systemic challenges such as outdated infrastructure, bureaucratic
delays, and labor productivity gaps. According to the Review of Maritime Transport 2023, container ships
in developed countries spend 40-60% less time in ports compared to their counterparts in developing
regions. This disparity stems from factors such as automated cargo handling systems, streamlined customs
procedures, and advanced digital tracking technologies. For example, Japan’s Yokohama Port processes
30% more containers per hour than similarly sized ports in Southeast Asia (OECD, 2023). These
inefficiencies in developing economies exacerbate supply chain vulnerabilities, particularly during crises
such as the COVID-19 pandemic, where delays in one region can disrupt global logistics networks.

1.3 Thailand’s Strategic Position in ASEAN Maritime Trade

Thailand, a key ASEAN economy, exemplifies both the opportunities and challenges faced by developing
nations in maritime logistics. The Port of Laem Chabang, Thailand’s largest deep-sea port, ranks among
the world’s top 20 by throughput, handling 8,868,200 TEUs in 2023-a 1.5% increase from the previous
year (Maritime Economic Authority of Thailand, 2024). This growth reflects Thailand’s strategic role in
trans-Pacific and intra-Asian trade routes, serving as a gateway for exports such as automotive parts,
electronics, and agricultural goods. However, despite its scale, the port faces persistent operational
bottlenecks. Labor strikes, equipment shortages, and congestion during peak seasons have led to average
berthing delays of 12-18 hours, compared to 6-8 hours in comparable ports like Malaysia’s Port Klang
(Steve Saxon & Matt Stone, n.d.). Such inefficiencies threaten Thailand’s competitiveness, particularly as
neighboring countries invest heavily in port modernization (e.g., Vietnam’s Lach Huyen Port expansion).
These persistent inefficiencies underscore the necessity to quantify their financial impact, which forms the
core objective of this research.

1.4 The Hidden Costs of Vessel Delays: Beyond Fuel and Fees
While fuel costs and port dues are the most visible financial impacts of delays, the broader economic
implications are often underestimated. Prolonged waiting times reduce vessel availability for subsequent
voyages, creating opportunity costs-lost revenue from canceled or delayed shipments. For example, a 2023
study on Southeast Asian ports found that a 24-hour delay reduced a shipping line’s annual revenue by 2-
3% due to missed scheduling windows (Journal of Shipping Economics, 2023). Additionally, delays
amplify environmental costs: idling vessels emit 20-30% more CO: per hour compared to those under
propulsion(International Maritime Organization (IMO), 2020)These hidden costs disproportionately affect
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developing economies, where ports lack the financial or technical capacity to implement green technologies
or predictive delay-mitigation systems.

1.5 The COVID-19 Pandemic: A Stress Test for Port Resilience
The COVID-19 pandemic highlighted the fragility of global port systems. While developed countries
initially experienced sharper spikes in wait times due to labor shortages and measures (e.g., European ports
saw delays triple in 2021), developing nations faced prolonged recovery periods. In Thailand, port
throughput dropped by 9% in 2020, with delays lasting 30% longer than pre-pandemic averages (World
Bank, 2021). The crisis underscored the need for adaptive strategies, such as digitalizing customs processes
or diversifying supply chains, to enhance resilience against future disruptions.

1.6 Research Objectives and Novelty
This study addresses critical gaps in existing literature by:
e Conducting a comparative scenario analysis to model the financial impacts of delays under
varying operational conditions (e.g., peak vs. off-peak seasons).
e Highlighting opportunity costs as a systemic risk for shipping lines and port authorities,
particularly in developing economies like Thailand.
Following this introduction, Section 2 reviews literature on port efficiency metrics and delay-associated
costs. Section 3 details the methodology, including data collection from Thailand’s Port of Laem Chabang
and scenario modeling. Section 4 presents findings on cost impacts, while Section 5 discusses implications
for policymakers and port operators. The conclusion outlines recommendations for enhancing operational
resilience.

2. LITERATURE REVIEW

Rao et al. (2024) addresses the critical challenge of predicting vessel Total Stay Time and Delay Time in
port operations, using machine learning (ML) and deep learning (DL) models. Focusing on Brazil’s ports,
the researchers develop a predictive framework to optimize port efficiency, reduce costs, and enhance
decision-making. The research combines advanced ML techniques with SHapley Additive exPlanations
(SHAP) to identify key drivers of delays and operational inefficiencies. They address the intricacies of port
operations has advanced significantly with the creation of a thorough prediction and classification system
for anticipating vessel Stay (Total) Time and Delay Time in maritime logistics.

De Oliveira & Cariou (2015) explains intra-port competition in greater detail: "it [intra-port competition]
means that the markets in question should be contestable, in the sense that entry is easy for a new firm,
whose exit will also be easy if its efforts turn out to be unsuccessful." Competition between (or among)
several ports is a clear definition of inter-port competition. Furthermore, these ports serve the same
hinterland or one that overlaps. Ports and terminals must keep an eye on their own efficiency in order to
compete both inside and across ports. Despite this fact, efficiency is not always correlated with profitability,
and vice versa. competition, ports and terminals need to monitor their own efficiency. Even though
profitability does not always equal efficiency, nor does unprofitability always mean inefficiency.

Ksciuk et al. (2023) examines uncertainties in maritime logistics, including handling times, fuel prices, and
demand variability. They give a unified perspective on various problem kinds and uncertainty types
throughout the primary areas of maritime transportation. They explore how researchers have tackled
planning under uncertainty in maritime transportation. They’ve organized existing studies into three
categories-strategic, tactical, and operational challenges-and created a framework to compare the different
optimization methods used for these problems. They also dive into the current state of the maritime industry
and highlight gaps in today’s research that needs attention moving forward.
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The analysis reveals that uncertainty is a major factor in maritime operations, and while many creative
approaches have been tested to help decision-making, some areas still lag. For example, challenges like
designing shipping networks or adjusting vessel schedules haven’t yet been thoroughly studied with
uncertainty in mind. There’s also plenty of room to improve how to handle large-scale problems, model
realistic uncertainties, and work with specific probability distributions. Interestingly, many industry players
aren’t yet using advanced optimization tools to manage uncertainty, sticking instead to simpler methods.
To bridge this gap, they encourage the researchers to collaborate more closely with maritime professionals-
understanding their real-world needs could pave the way for practical, adaptable tools that truly make a
difference in day-to-day operations.

Karimi et al. (2025) tackled the tricky question of why delays happen in port operations by blending three
analytical tools (DEMATEL, OPA, and DGRA) to pinpoint and prioritize the biggest culprits. We focused
on five key areas: port management, shipping logistics, terminal operations, customs processes, and cargo
owner practices. They found that port management turned out to be a major bottleneck, with “chaotic cargo
flow” and “customs holdups” topping the list of delays. For shipping and navigation, issues like “ship
design flaws” and “vessels arriving late” played a surprisingly big role. When it came to terminal
operations, cutting costs and having skilled staff were game changers for keeping things running smoothly.
The study also uncovered how these delay factors are interconnected-like dominos, one problem often
triggers another. For example, a poorly designed ship might arrive late, which then cascades into cargo
pileups and customs logjams.

Niavis & Tsekeris (2012) investigates the operational performance of container seaports in South-Eastern
Europe (SEE) and Italy, blending rigorous methodological innovation with practical insights to address a
critical question: Why do some ports thrive while others lag behind in today’s competitive maritime
landscape?By integrating advanced analytical tools, the study not only benchmarks efficiency but also
uncovers the systemic and contextual drivers of underperformance, offering actionable pathways for
improvement. The research employs a two-stage analytical framework to overcome limitations in prior
studies:

1. Stage 1: Super-Efficiency Data Envelopment Analysis (DEA) evaluates ports by comparing their
resource use (e.g., berths, cranes) against container throughput. This method sharpens the
distinction between top performers (e.g., Italy’s Gioia Tauro) and less efficient ports, even when
traditional models struggle with small sample sizes.

2. Stage 2: Bootstrapped Truncated Regression identifies external factors influencing efficiency-
such as privatization, geographic location, and hinterland economics-while statistically correcting
for biases common in small datasets.

This dual approach bridges the gap between non-parametric efficiency measurement (DEA) and
econometric rigor, providing a more nuanced understanding of port performance. They found that the
average technical efficiency of SEE ports falls below 50%, revealing systemic gaps in both managerial
practices (e.g., suboptimal resource allocation) and scale utilization (e.g., underused infrastructure relative
to cargo demand). Italian ports, benefiting from economies of scale and strategic positioning near major
trade corridors (e.g., proximity to the Suez Canal), outperform their Balkan counterparts. This paper serves
as both a diagnostic tool and a call to action. For SEE ports, the path to competitiveness lies in addressing
managerial shortfalls, leveraging scale, and embracing globalization. For scholars, it demonstrates how
hybrid methodologies can illuminate complex, real-world problems. Ultimately, the findings underscore a
universal truth: in an era of interconnected trade, efficiency is not just a metric-it’s a lifeline for economic
resilience.
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Song (2021) examines the container shipping supply chain (CSSC)-a linchpin of global trade-through a
logistics lens, dissecting its complexities, inefficiencies, and pathways for innovation. The study
underscores the fragmented nature of CSSC, where siloed stakeholders and disjointed processes lead to
systemic issues like port congestion, schedule unreliability, and environmental harm. By synthesizing
research across five core logistics segments and spotlighting the dual challenges of digitalization and
decarbonization, the paper charts a roadmap for transforming this critical yet under optimized industry.

3. METHODOLOGY

3.1 Definition of Key Terms
To ensure clarity and consistency, the following terms are defined as used in this study:
o Berthing Delay / Waiting Time: The period between a vessel's scheduled berthing time and its
actual berthing time, during which it is unable to dock and operate.
e Berthing Time: The actual time at which a vessel docks at the berth.
e Delay Time: Synonymous with Berthing Delay, representing the total unscheduled waiting
period.
This section will illustrate how we conducted a comparative scenario analysis of delays under varying
operational conditions. This research we choose the main container terminal in Laem Chabang port as a
case study. This methodological approach was selected because it allows for a clear quantification of cost
escalations under different, realistic delay conditions, providing actionable insights for port managers and
shipping lines without requiring extensive statistical modeling of highly variable port operations. This study
proposes a framework to analyze costs incurred from vessel berthing delays caused by port operational
inefficiencies. It specifically examines the frequency, duration, and financial/non-financial impacts of
delays during periods when vessels are unable to dock and unload cargo. The research focuses on a high-
volume container shipping service operating from Laem Chabang Port, utilizing a 4,500 TEU vessel. Under
normal conditions, cargo handling for this service requires 20—24 hours, processing 1,000—1,500 TEUs per
call. Data spanning two years (January—December of consecutive years) were collected to assess delays and
associated costs.

The study establishes cost scenarios to quantify how berthing delays during specific intervals affect total
operational expenditures, aiming to develop long-term cost mitigation strategies.

- Literature Review: Academic articles, maritime industry reports, and operational cost databases
were analyzed to identify relevant cost components, including vessel running costs, port dues, and
berthing charges.

- Data Collection: Secondary qualitative and quantitative data were gathered, including historical
berthing schedules, actual docking times, vessel operational costs, and port service records.

- Data Synthesis: Collected data were systematized into comparable formats, categorizing costs
into:

o Daily Running Costs (fuel, crew, maintenance)
o Berthing Costs (port dues, pilotage, towage)

- Impact Analysis: The financial and non-financial impacts of berthing delays were evaluated. Non-
monetary costs (e.g., reputational damage, supply chain disruptions) were qualitatively assessed
alongside quantifiable expenses to determine incremental cost burdens relative to total
expenditures.

Historical berthing records and delay logs from the shipping line’s internal systems were analyzed. A
comparative graph was generated to visualize actual berthing times against scheduled timetables over 104
weeks (two years). Please see figure 1 below.
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Figure 1: Container ship actual berthing times against scheduled timetables over 104 weeks
(Note: Negative values on the X-axis represent early arrivals, i.e., berthing before the scheduled time.)

X-axis: Hours of Berthing Delay (Hours)

Y-axis: Frequency of Delayed Berthing Incidents (Count)

Sources: Author

Key Observations:

e X-axis: Hours of berthing delay
e Y-axis: Frequency of delayed berthing incidents

Delay Categories:

1. Delays <12 hours
2. Delays 12-24 hours
3. Delays >24 hours

Frequency Distribution: Percentages of incidents per delay category were calculated to identify patterns.

Time Range No. of delay Percentage

0-12Hrs 22 21.15
12.01-24Hrs 8 7.69
>24Hrs 5 4.81
Total 35 33.65

Port delays can arise from multiple factors, including adverse weather conditions, port congestion,
inefficiencies in cargo handling, and operational accidents. However, this study specifically examines
delays attributable to the port’s own operational shortcomings, intentionally isolating these from external
causes. By analyzing historical data, we observe that delays linked to port inefficiencies do not exhibit
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seasonal patterns. In other words, the timing of operations—such as specific months or weather cycles—
does not correlate with the likelihood of delays.

To contextualize this finding, consider seasonal delays common in maritime logistics, such as monsoons
disrupting container ship schedules. During monsoon seasons, vessels often reroute or halt operations to
avoid hazardous conditions, leading to predictable, weather-driven delays. In contrast, the delays examined
here stem solely from the port’s inability to allocate berths efficiently, irrespective of external seasonal
factors. This distinction underscores that the root cause—port-specific operational failures—differs
fundamentally from environmentally influenced disruptions. While seasonal challenges like monsoons
create cyclical delays, the port-caused delays in this study are systemic and persistent, highlighting the need
for targeted operational reforms rather than seasonal adjustments.

This study focuses on operational costs specific to container shipping activities, particularly incremental
expenses incurred during berthing delays. Costs related to administrative or managerial functions are
excluded, as the analysis targets direct operational impacts during waiting periods.

3.2 Operational Cost Breakdown
3.2.1 Operating Costs

Fuel: Primary fuel consumption during operations.
Lubricants: Oils and greases for machinery maintenance.
Freshwater: Potable and technical water usage.
Provisions: Crew meals and incidental expenses.
Port Dues: Fees for port access and services.
Pilotage and Customs: Charges for navigation pilots and clearance procedures.
Vessel Inspections: Routine safety and compliance checks.
Anchoring Fees: Incurred if ships idle within port limits beyond 12 hours.
Shore-Side Management Costs: Administrative expenses due to delays (e.g.,
rescheduling labor).

o Opportunity Costs: Lost revenue from missed schedules or cargo turnovers.
3.2.2 Daily Running Costs

o Crew Wages: Salaries for onboard staff, including overtime.
o Specialized Labor: Temporary hires for specific tasks (e.g., cargo handling).

O O 0O OO O O O O

» Note: Crew size varies with vessel capacity. A standard container ship typically
employs a captain and 15-20 crew members, with larger vessels requiring more
personnel.

3.3 Delay Scenarios and Cost Implications

The study evaluates three berthing delay scenarios:

3.2.1 Delays <12 Hours

o Ships anchor within port limits while awaiting berth availability.
o Cost Drivers: Anchoring fees, extended fuel consumption, crew overtime.

3.2.2 Delays 12—24 Hours

o Ships anchor outside port limits to avoid fees or re-enter after temporary departure.
o Cost Drivers: Additional pilotage fees for re-entry, doubled fuel use for repositioning,
delayed cargo operations.
3.2.3  Delays >24 Hours
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o Ships temporarily unload at alternate ports, then wait offshore until the original berth
opens.
o Cost Drivers:
» Temporary unloading/reloading fees.
» Extended crew wages and fuel for multiple docking maneuvers.
»  Opportunity costs from prolonged cargo turnover cycles.

4. RESULTS AND DISCUSSION

This section covers the analysis of the data. This study analyzes incremental costs arising from port delays
that prevent container vessels from berthing according to schedule. Secondary data from a representative
company, spanning a two-year period (January to December for both years), was utilized to test the
hypothesis that operational delays at ports directly impact vessel-related costs. Specifically, the research
posits that prolonged waiting times for berthing—i.e., the longer a vessel is delayed—the higher the
associated costs become relative to standard operations. In other words, costs exhibit a positive correlation
with the total hours vessels spend awaiting berthing.

To operationalize this analysis, the study defines three distinct scenarios of berthing delays, as outlined in
the preceding chapter. Each scenario reflects varying degrees of operational inefficiency, and the
corresponding cost implications for these cases are systematically detailed in Table 1. This structured
approach enables a comparative assessment of how incremental costs escalate in response to extended
waiting times, providing actionable insights into the economic repercussions of port delays. While this
study employs a scenario-based comparative analysis to elucidate cost escalations, future research
incorporating inferential statistical models could further validate the significance of these cost drivers across
a larger sample.

Table 1 Cost Comparison Table for Berthing Delay
Scenarios (4!l values in THB)

Cost Categor Delay (Min Delay (Mean Delay (Max
gory y Yy Yy

1. Operating Costs

Fuel 803,517 972,087 1,241,799
Lubricants 3,395 3,395 3,395
Freshwater 1,747 1,747 1,747
Provisions 4,400 4,400 8,800
Port Dues 204,019 204,019 408,038
Pilotage & Customs 175,882 175,882 345,746
Vessel Inspections 135,000 135,000 135,000
Anchoring Fees 0 8,034 16,067
Shore-Side Management Costs 43,134 43,134 43,134

49



N.-Kannikal and T.-Pongvachirin Journal of Logistics and Digital Supply Chain 3(3)

Table 1 (Continue)

Cost Category Delay (Min) Delay (Mean)  Delay (Max)
Opportunity Costs 102,000 102,000 204,000
Subtotal (Operating Costs) 1,473,094 1,649,698 2,407,726

2. Daily Running Costs

Crew Wages 4,900 4,900 9,800
Specialized Labor 12,098 12,098 21,898
Subtotal (Daily Running Costs) 16,998 16,998 31,698
Total Cost Per Scenario 1,490,092 1,666,696 2,439,424

The analysis presented in Table 1 demonstrates that operational costs escalate progressively as berthing
delays increase, with the third scenario exhibiting the highest cost surge due to multiple berthing attempts.

4.1 Delays under 12 hours:
When delays occur within a 12-hour window, vessels are unable to berth and must wait beyond their
scheduled time. In this scenario, incremental costs arise solely from fuel expenses and opportunity costs.
Fuel costs are calculated based on idling time (1—12 hours), with the maximum 12-hour delay used as the
benchmark. Opportunity costs, assessed through consultations with industry experts, are derived from half
of the port service fees paid by shipping lines. This results in an opportunity cost of 102,000 THB per
day for Scenario 1.

4.2 Delays between 12—24 hours:
For delays exceeding 12 hours but under 24 hours, vessels may anchor either inside or outside the port
limit, depending on advance notice of the delay. The study adopts a 24-hour delay (maximum threshold)
for cost calculations. Incremental costs here include:

- Fuel expenses
- Opportunity costs
- Anchorage fees (calculated at 0.2 THB per gross ton per day), amounting to 8,033 THB per

day. These costs exceed those of Scenario 1 due to prolonged anchoring, classified as a full-
day expense.

4.3 Delays exceeding 24 hours:
In this critical scenario, vessels cannot berth and must instead discharge inbound cargo at an alternate
terminal. After unloading, they wait outside the port limit until their original berth becomes available for
outbound cargo loading. This complex process requires coordination between shipping agents and terminals
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to secure nearby berths for urgent cargo discharge. For cost analysis, a 48-hour delay (maximum threshold)
is applied, generating seven incremental cost components:

- Fuel expenses

- Opportunity costs

- Anchorage fees

- Miscellaneous operational costs
- Port service fees

- Pilotage and towage fees

- Labor costs

5. CONCLUSION

This study investigates cost implications arising from port operational delays that prevent vessels from
berthing on schedule, focusing on three delay scenarios to quantify incremental costs. By analyzing
financial and operational data from a representative port operator and shipping company over a two-year
period (January to December for both years), the research identifies key cost drivers and evaluates their
economic significance.

5.1 Key Findings from Scenario Analysis
e Delays <12 Hours:

o Vessels anchor within port limits while awaiting berth availability.
o Primary Cost Drivers: Anchorage fees, extended fuel consumption, and crew overtime.
e Delays 12-24 Hours:

o Ships anchor outside port limits or temporarily depart and re-enter.
o Primary Cost Drivers: Additional pilotage fees for re-entry, doubled fuel use for
repositioning, and delayed cargo operations.
e Delays >24 Hours:

o Vessels unload inbound cargo at alternate ports, wait offshore, and return for outbound
loading.
o Primary Cost Drivers:

» Temporary unloading/reloading fees.
= Extended crew wages and fuel for multiple docking maneuvers.
= Opportunity costs from prolonged cargo turnover cycles.

5.1.1 Cost Breakdown and Operational Insights
The study identifies 7 out of 12 operational cost categories directly impacted by delays. Fuel costs
emerged as the most significant expense per berthing event, followed by port service fees, pilotage/towage
charges, miscellaneous costs, opportunity costs, anchorage fees, and labor costs. Notably, delays occurred
in 33.65% of berthing operations over the two-year period, with the following distribution:

e Delays <12 hours: 21.15%

e Delays 12-24 hours: 7.69%
e Delays >24 hours: 4.81%

Crucially, delays showed no seasonal patterns, making them unpredictable. Given the relatively low
frequency of severe delays (>48 hours), proactive investments by shipping lines to mitigate incremental
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costs—such as reserving additional berthing capacity or reducing port stay durations—may not currently
yield cost-benefit advantages. However, this calculus could shift if port congestion intensifies.

5.1.2 Contextual Challenges and Future Considerations
Even International shipping volumes expanded by 2.4% in 2023, rebounding from a downturn in 2022,
though the recovery shows signs of vulnerability (Review of Maritime Transport, 2024).

Thailand’s export sector, heavily reliant on Laem Chabang Port, faces stagnation due to global trade
contraction, COVID-19 aftershocks, and geopolitical conflicts. These factors have reduced vessel traffic,
leaving large berths underutilized-particularly those designed for mother vessels. The imminent
completion of Laem Chabang Phase 3, which will expand capacity for mega-ships, may alter this
dynamic. Future studies should assess whether rising port activity could amplify delay-related costs,
justifying mitigation strategies like Reserve Capacity agreements.

5.4.3 Study Limitations and Recommendations
This research is constrained by its limited timeframe and focus on container terminals. Operational costs,
cargo types, and handling durations vary significantly across vessel categories (e.g., bulk carriers,
tankers). To enhance generalizability, future work should:

1. Examine delays at non-container terminals.
2. Incorporate post-pandemic recovery data, particularly if Thailand’s export policies or port
infrastructure evolve.
3. Evaluate trade-offs between long-term mitigation investments (e.g., reserved berthing slots) and
short-term cost savings.
This study provides a clear framework for understanding the marginal cost effects of berthing delays in
container shipping. By quantifying these costs across different scenarios, it offers valuable insights for port
authorities and shipping lines aiming to improve operational efficiency and financial resilience in the face
of unpredictable port-induced delays. The generic, templated paragraph has been removed and replaced
with a final, concise concluding statement that captures the essence of the study.
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Abstract

Bangkok’s hardware retail industry is rapidly transforming due to urbanization, digitalization, and shifting
consumer behavior. SMEs face major challenges in adapting, limited resources, weak supply chain
integration, and competition from large firms. Grounded in the Resource-Based View (RBV) and Supply
Chain Management (SCM) theories, this research investigates how internal capabilities and external market
pressures shape the modernization of hardware retail SMEs, and how integration within supply chain
processes mediates digital transformation, competitiveness, and customer responsiveness. Using a mixed-
methods approach, quantitative surveys from 200 SMEs and interviews with 10 key informants were
analyzed through multiple regression, SEM, and thematic analysis. Findings indicated that internal
preparedness and environmental adaptability strongly influenced integration performance, which in turn
drove digital transformation and customer-focused outcomes. Key enablers included managerial flexibility,
financial readiness, supplier collaboration, and customer relationship management. A policy implication
emerging from the analysis was the need for targeted governmental support to enhance SME digital literacy,
strengthen supplier-retailer networks, and promote sustainable omnichannel development within Thailand’s
retail sector.
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1. INTRODUCTION

1.1 The Convergence of Retail Formats in Bangkok’s Hardware Sector
The strategic location, consumer behavior and city development have been very powerful factors in the
emergence of hypermarket in hardware retailing sector in Bangkok. Easy access provided by the
development of good railway and highway systems has augmented pedestrian traffic to the suburbs and
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good consumer focused marketing strategies like price cuts and conspicuous display have generated
impulse buying and consumer loyalty. Furthermore, the shift to a multi centric urban layout has opened
new business areas in the city which offers an excellent potential to hypermarkets to grow and solidify their
position as a substantial presence in the retail industry of Bangkok (Kaewkhamnop, Wongwilai, & Thitart,
2023).

The growth of the modern trade specialty chains has been propelled by advancement of the distribution
channel, infrastructure development as well as the change in consumer preferences. These businesses have
added value through structured supply chain systems and effective management of inventories that have
helped them to be more effective than the traditional models in addressing the needs of various customers.
Meanwhile, urbanization in Bangkok coupled with new subcenters and transportation systems has been
able to enable penetration of retail to suburban regions. Together with the increasing demand in terms of
variety and the improvement of the quality of products, these aspects have strengthened and specialty chains
as major players in the hardware retail industry in Bangkok (Ratasuk, 2024).

Moreover, the increased online platforms have been enhanced by consumer interest with digital technology,
the use of online marketing tools and the adoption of online commerce by the SMEs. Customers are seeking
more convenience service delivery, interactive platform development which improves purchase intentions
and loyalty. In the meantime, SMEs are also using E commerce to increase their scale and enhance service,
especially the one in reaction to the Covid-19 pandemic, regardless of certain obstacles including the
security of transactions and the lack of trust. Online platforms are spreading as a significant retail channel
with the help of technological advancement and the facilitation of the government (Watchararattanavalee
et al., 2025).

1.2 Role of SMEs in Supply Chain Adaptation and Competitiveness

The SMEs have a significant role in terms of economic growth, innovation and their level of
competitiveness largely relies on the level of their adaptation to the dynamics of the supply chain. Using
sustainable supply chain management (SCM) practices, SMEs are able to keep pace with the global
sustainability trend and increase the efficiency of their operations as well as enhance their positioning in
the market (Siagian et al., 2024). Collaboration, good capabilities and effective information systems make
SMEs resilient to disruption and continuity, which is essential in an ever-changing business environment
that has been characterized by volatility. Sustainability and resiliency do not only enhance the performance
of the supply chain, but also support viability and grow in the long term (Tukamuhabwa et al, 2021).

Moreover, supply chain flexibility and agility provide SMEs the capability to be responsive to the changing
market requirements promptly so that they do not lose competitiveness. The triple-A framework including
agility, adaptability and alignment helps SMEs to capitalize on innovation, collaboration and strategic
partnerships to improve the overall performance (Reynolds, 2024). Nevertheless, in spite of difficulties
associated with scarce resources and technological changes, there are huge prospects of SMEs to develop
competitive advantages due to successful SCM. SMEs need to be assisted with specific policy efforts,
digital education and availability of emerging technologies to shift to the more modern supply chain
approach and strengthen their position as the drivers of sustainable economic growth (Otache, 2024).

Moreover, the recent studies by Yan et al. (2023) underline the significance of collaborative innovation and
information-processing capability in the supply chain and how SMEs can use inter-organizational
knowledge flows to develop resilience and operational coherence. On the same note, Mukherjee et al.
(2023) show that supply chain resilience and knowledge management practices have a direct positive
impact on supply chain performance, which is why SMEs should incorporate digital information systems
and collaborative learning systems. These theoretical implications give a good reason to explore the
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relationship between internal capabilities and external pressures in Thai hardware SMEs to realize effective
integration of the supply chain.

1.3 Navigating Challenges in the Evolution of Hardware Retail Businesses

The shift of the hardware retail sector in the current landscape of the modern trade in Bangkok highlights
the difficulty of keeping the logistics efficient, adjusting to the digital transformation and communicating
efficiently with the suppliers (Phinliiphara & Lakkhongkha, 2025). It is a combination of Omni channel
logistics technology and reverse logistic systems that makes it clear that innovative solutions to the
inefficiencies are needed. These difficulties are further compounded by the process of globalization, which
expands supply chains and raises the levels of resilience and strategic management demanded. Retailers
with an ability to invest in innovative technologies and optimizeclogistics processes and sustainable
practices will be in a better place to gain enduring competitiveness (Rehman et al., 2021).

Another level of difficulty posed by digital transformation is that businesses have to adapt to the fast rate
of technological revolution, skills shortage in the workforce and the adoption of digital and traditional retail
models (Mikki et al., 2021). Though there are automation opportunities, artificial intelligence (Al) and
using data to make decisions, a large number of investments in infrastructure, training and change
management are required. Thus, technological advances of the future coupled with human capital
development are crucial factor in continuing the growth and ensuring that the hardware retail business can
be flexible to the market changes and demands of the consumers (Yagub & Alsabban, 2023).

The other aspect that is equally essential is the capacity of the retailers to address the growing customer
demands of integrating online and offline experiences. Prices that are competitive and high-quality services
using digital tools and customer relationship management (CRM) systems and data analytics may assist
businesses in predicting consumer demands and enhance loyalty (Odionu et al., 2024). This has to be
weighed against adherence to regulation structures and consideration of customer privacy. However,
finally, the ability to balance logistics efficiency, digital transformation, coordination between suppliers
and retailers and customer focused strategies will determine the effectiveness of hardware retail businesses
in the contemporary trade world and provide them with the resilience and continued competitiveness in the
changing retail ecosystem.

1.4 Research Gap and Purpose of the Study

Although it has been noted in earlier research that Thailand retail modernization has been examined, less
focus has been laid on the SME regarding the hardware retail industry, especially how the interplay between
internal preparedness and the outside forces through supply chain integration affects modernization. The
literature focuses mostly on large scale retailers and there is a gap in knowledge regarding the adaptation
strategy and structural barriers of smaller enterprises. The proposed study seeks to address this gap through
analyzing. The internal and external environment that influences the evolution of modern trade among the
hardware retail SMEs in the metropolitan region of Bangkok. It particularly examines the mediation nature
of the supply chain, integration in enhancing competitiveness, digital transformation and customer centric
strategies.

In general, the available literature has not adequately incorporated the findings of Yan et al. (2023) on
collaborative, knowledge-based supply chain innovation or those of Mukherjee et al. (2023) on resilience-
building processes in supply chains. This leaves a research gap regarding the way hardware retail SMEs
integrate internal resources, external pressures, and supply chain integration to modernize successfully.
Thus, the proposed study will (1) investigate the internal and external drivers of SME modernization, (2)
determine the role of supply chain integration as a mediating variable in modernization, and (3) make a
theoretical contribution by connecting the RBV and SCM models with the modernization of SMEs in
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emerging urban settings. The contribution of the study is that it presents an integrated, empirically-based
model that describes how the supply chain mechanisms transform preparedness into competitiveness in
hardware retail SMEs in Bangkok.

1.5 Research Objectives
- To identify the internal and external factors influencing the evolution of modern trade in hardware
retail SMEs in Bangkok.
- To examine the role of supply chain integration and management and enhancing competitiveness
and sustainability of hardware retail SMEs.
- To develop strategic recommendations for SMEs in Bangkok’s hardware retail sector to
effectively adapt and thrive in modern trade environments.

1.6 Research Hypotheses

- H1: Internal factors and external factors significantly influence the evolution of modern trade in
hardware retail SMEs in Bangkok

- H2: Effective supply chain integration and management have a significant positive effect on the
competitiveness and sustainability of hardware retail SMEs.

- H3: SMEs that adopt digital transformation and customer centric strategies demonstrate
significantly higher adaptability and long-term performance in the modern trade environment
compared to SMEs that rely on traditional practices.

1.7 Developing Conceptual Framework and Hypotheses

Introduction of modern trade within the hardware retail business of Bangkok is influenced by a combination
of internal competencies, the external environment and chain supply factors. The competition in the sector
is very stiff with hypermarkets, specialty chains and online platforms that require even greater operational
efficiency, digital preparedness and customer focused innovation. This paper is grounded in the resource-
based view (RBV), supply chain management (SCM) theory and the interpretations of digital
transformation to propose a model that explains the interaction between organizational preparedness and
external adjustments through supply chain integration to enhance modernization and competitiveness in the
field of hardware retail SMEs. The conceptual framework (Figure 1) streamlines relationships and
standardizes variables as well as provides directional clarity in the hypothesis. It positions supply chain
integration, the focal mediating construct between internal and external factors, and digital transformation
and competitive results.

Internal and external factors both exert positive directional effects on supply chain integration (H1+).
Supply chain integration, in turn, positively influences digital transformation and customer-centric
strategies (H2+). These digital strategies then positively predict modernization outcomes, competitiveness,
adaptability, and long-term sustainability (H3+)

- Internal factors present the internal capacity of SMEs, which improves the adaptation capacity
such as managerial competence, financial capacity and digital preparedness.

- External factors donate the market driven forces that impact modernization, which include
consumer behavior, government regulations and market trends.

- Supply chain integration and management is concerned with efficiency in the logistics,
collaboration with the suppliers and synchronization of the inventory, as strategic elements that
create synergy to the operations,

- Digital transformation and customer centric strategies are the ways in which firms utilize e-
commerce, customer relationship management (CRM) and data analytics in order to support
improved customer experience and business intelligence.

- Outcomes include the primary performance aspects such as competitiveness, adaptability and
long-term sustainability.
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Internal Factors: External Factors:
Managerial, Financial, Digital Consumer Behavior, Regulation,
Market trends

WJF }V

Supply Chain Integration &
Management:
Logistics, Supplier, Inventory

v H2+

Digital Transformation & Customer-
Centric Strategies:
E-commerce, CRM, Data analytics,
Consumer experience

v H3+

Outcomes:
Competitiveness, Adaptability,
Sustainability

Figure 1: Conceptual Framework with Hypotheses: Hardware Retail SMEs in Bangkok’s Metropolitan
Area
Source: Researcher’s Contribution

2. LITERATURE REVIEW

2.1 RBV and Internal Readiness of SMEs

The resource-based view (RBV) highlights the essentiality of internally possessed resources and
capabilities of the firm in providing sustainable competitive advantage on the idea that only resources with
the following characteristics are valuable, rare, inimitable and not substitutable (VRIO) which leads to long
term success. In the case of the small and medium sized enterprises (SMEs), the managerial competence,
financial capital and digital readiness are the sources of internal enablers that define their readiness to adapt
and survive in contemporary trade systems. SMEs can develop unique capabilities by using these internal
strengths to mitigate environmental turbulence (Sun et al., 2024). Nevertheless, although RBV offers an
insider outlook approach, it is more effective when coupled with the analysis of external environmental
factors, so that to make sure that a strategic orientation aligns with the markets in such a way, the inner
preparedness of SMEs, which is characterized by the managerial ability, the distribution of resources and
the maturity in digital forms is the basis of modernization in the hardware retail business. This perspective
aligns with the studies by Lubis (2022) and Ployhart (2021), who emphasize that the internal competences
and external market pressures are in a state of synergy to be competitive. Moreover, the study reinforced
RBV by making a clear link between internal resource preparedness and supply chain integration by
showing how internal capabilities were translated into performance results by means of SCM.
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2.2 SCM Theories and Integration Mechanisms

Supply chain Management (SCM) emphasizes efficiency, collaboration, and resilience as the most
significant pillars of streamlining operations and gaining stability in the long term. Efficiency reduces costs
and lead times by optimizing processes and enhancing technological development, and collaboration
encourages the sharing of information and trust between partners. Resiliency increases the flexibility and
innovativeness of the supply chain to overcome disruptions caused by disruptions (Yan et al., 2023). In the
case of hardware retail SMEs, a good supply chain integration which is defined by a well-established
relationship with the suppliers, inventory organization and efficient logistical support is an important bridge
between internal preparedness and external competitiveness. However, the tightness of lean efficiency can
pose a constraint to flexibility, though integrated SCM practices allow SMEs to compromise between cost
efficiency and flexibility and short medium-term viability (Mukherjee et al., 2023). Here SCM, in this
regard serves as the operational interface that converts into capabilities (RBV) into performance outcomes
through the generated logistics, cooperation with suppliers and technology-based management systems,
which directly leads to hypothesis H2+. The key point in this study is that SCM is placed as a method of
operational interface where the capabilities in the RBV are converted into real modernization outcomes by
the means of logistics coordination, collaboration with suppliers, and digital information systems.
Consequently, such integration results in the developing of a unified conceptual framework between RBV
(internal resources) and SCM (operational capabilities).

2.3 External Factors: Regulation and Market Trends

The government regulation is decisive in the way the retail environment is formed as it affects the
competitiveness, sustainability and barriers to the entry. The regulatory frameworks may both facilitate and
limit the business practices by standardizing the practice, fostering fair competition and the enforcement of
consumer protection laws, foreign investment policy, environmental regulations and e-commerce
regulation policies in Thailand’s hardware retail industry have severe consequences on SME adjustment
and innovation (Arranz & Arroyabe, 2023). Simultaneously, demand rates on sustainable and high-quality
commodities, growth of online stores and a surge in demand towards convenience influence the strategies
of SMEs and demand agility (Sharabati et al., 2024). The external forces are the combined effect of
government regulation and market forces whereby they pressure SMEs to modernize, which goes in line
with the hypothesis H1+ where the supply chain integration is correlated with the external factor.

2.4 Digital Transformation and Customer-Centricity

Digital transformation is not simply a concern of adoption of technology, but of changing the business
model and customer experience. Artificial intelligence (Al), cloud computing and data analytics are among
the technologies that have transformed the processes of hardware retail, enabling the companies to diversify
their services to customers, streamline resource utilization and improve customer interaction. Those SMEs
that effectively embrace digital solutions, i.e., ecommerce, CRM systems and an omnichannel platform, are
in a stronger position to provide their customers with seamless experiences and to keep up with the
competition in the data-driven environment. Nonetheless, the digital transformation entails large amounts
of workforce skills, financial resources and organization change management, most of which SMEs do not
have (Molik & Ananna, 2024). Therefore, as a customer focused strategy to digital transformation
hardware, retail SMEs can boost brand loyalty, operational performance and flexibility, which should
confirm hypothesis H3+ which suggests that supply chain integration supports digital transformation and
customer strategies.

2.5 Consumer Behavior and Marketing Adaptation
The consumer behavior displayed by hardware retailers reflects price sensitivity, convenience and product
assurance. Online shopping has been adopted as a standardized and cost-effective goods, whereas offline
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shopping is still the shopping of choice in relation to goods that need physical examination or instant
shopping. The consumers in Thailand are found to have hybrid traits of researching and buying products
online or offline and vice versa, which means that the SMEs should consider combining the online and
offline channels (Laio et al., 2024). Such convergence of the omnichannel requires strategic adjustments
where SMEs must improve the quality of services and customer experience using databased intelligence,
digital marketing and CRM-based interactions. That is why consumer behavior is one of the crucial external
drivers influencing supply chain design and digital transformation and strengthens the necessity to modify
the operational strategy to meet the changing expectations of customers (Homburg & Wielgos, 2022). This,
consequently, supports the conceptual composition between external market forces and modernization
pressures.

2.6 Challenges and Adaptation of SMEs in Modern Trade Systems

SMEs face many obstacles on the way to modern trade, such as lack of proper technological infrastructure,
limited financing, and insufficient skills (Hendrawan et al., 2024). The financial constraints limit investment
in digital tools and logistics system, and skills gap in the workforce restrict the use of new technologies.
However, with strategic adaptations such as partnership, innovation and workforce development, SMEs
can slowly overcome these challenges. Capacity building and digital inclusion can be achieved through
collaborative networks, policy support and supply chain alliances (Hokmabadi et al., 2024). It is an adaptive
process that indicates the integrative nature of internal readiness and external environment in determining
the modernization pathways of SMEs, which directly justifies the assumptions in H1 to H3. Therefore, the
literature reviewed indicates that the synergy between internal capability (RBV), external environmental
forces (regulation, market trends and consumer behavior) and operational mechanisms (SCM) drives
modernization amongst hardware retail SMEs in Bangkok. Supply chain integration is a strategic broker. it
transforms internal and external pressures into operational transformation of digital transformation. And
customer focus. Digital adaptation in turn enhances the competitiveness, adaptability and sustainability,
which validates the multidimensional connection hypothesized in the conceptual framework (H1+- H3+).

Table 1: Previous Research Summary (Author—Y ear—Variables—Findings—Gap)

Author & Year  Key Variables Studied Major Findings
Yan et al. (2023)  Collaborative Collaboration enhances supply
innovation, information-  chain resilience and operational

Identified Gap
Lacks SME-specific
evidence in hardware retail

Mukherjee et al.
(2023)

Sun et al. (2024)

Sharabati et al.
(2024)

Hokmabadi et al.
(2024)
Laio et al. (2024)

processing capability
Supply chain resilience,
knowledge management

RBYV, internal capability

Market trends, digital
influence

Digital inclusion, SME
adaptation

Consumer behavior,
omnichannel habits

performance

Knowledge integration increases
supply chain agility and
competitiveness

Internal resources improve SME
adaptability

Market forces push SMEs toward
digital adoption

Collaboration and training reduce
digital skills gaps

Hybrid behaviors push retailers
toward omnichannel integration

sector

Does not examine mediation

role of supply chain
integration

Does not connect RBV to
SCM pathways
Overlooks supply chain
integration as a moderating
mechanism

Does not analyze the impact
on modernization outcomes

Limited sector-specific
analysis for hardware retail
SMEs

Source: Researchers’ Contribution

As presented in Table 1, even though the previous studies cover RBV, SCM, and digital transformation as
independent variables, none of them integrates these following perspectives into one model in explaining

the modernization of hardware retail SMEs in Bangkok.
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3. METHODOLOGY

In this study, the case study design was used based on the mixed method research (Dawadi et al., 2021) to
identify the characteristics that affected the development of hardware retail SMEs in the context of the
supply chain in the metropolitan area of Bangkok (Pathum-Thani, Nonthaburi, Samut Prakan, and Nakhon
Pathom). The mixed method design facilitated quantitative validation of data and qualitative interpretation
of data so that there is depth and generalizability in the data through triangulation of data between statistical
findings and interview findings. The target group included the SME hardware retailers which consisted of
business owners, managers and supply chain partners. A purpose of sampling method was used in selecting
the 200 respondents by ensuring that they were the ones with first-hand experience of the supply chain
operations and trade adaptation in the modern world. In order to determine the minimum required sample
size, the online calculator offered by Raosoft (2025) at a confidence level of 95%, a margin of error of 5%
and the percentage distribution of 50% indicated a sample size of 132. The number of respondents 200 used
was more than this requirement and offered more reliability and representativeness in the qualitative aspect.
10 semi-structured interviews were conducted out in order to develop contextual and experiential
knowledge of challenges. Digital transformation and strategies of the managers related to the supply chain.

Two primary data collection techniques, structured questionnaire and semi-structured interview guide were
used. The questionnaire had five parts that addressed internal factors, external factors, supply chain
integration, digital transformation and modern trade outcomes. To test the instrument clarity and reliability
a pilot test was conducted with 30 SME participants. The alpha of Cronbach was excellent internal
consistency. Internal factors (o = 0.974). External factors (o = 0.974). Supply chain integration (o = 0.983),
and now modern trade outcomes (o= 0.997). The live a of 0.994 validated the high rate of reliability of the
instrument since all the values fell above the 0.70 criterion advised by Bujang et al (2024). Pilot testing
after which minor changes were made to words and structure to make it easier to understand, and more
accurate in measurement were made before full deployment.

The 10 semi structured interviews were conducted on-and offline to ensure that managerial and operational
views were obtained (Oates et al., 2022). Digital and physical surveys were administered to collect data on
the strategy and supply chain integration, digital readiness and modernization (Kato and Miura, 2021).
Additional data were collected using industry reports, academic journals, and government publications in
order to put results into perspective. The qualitative and quantitative stages were carried out simultaneously,
but examined in series with the information gathered through qualitative inferences put to triangulate and
interpret the statistical results. This data juncture guaranteed the complementary nature between numerical
and narrative data, which boosted the validity of outputs to discuss the supply chain practices, challenges,
and modernization drivers. Data analysis took two stages: 1), thematic analysis of the interview data
(Squires, 2023) was applied to identify repeated themes and 2), descriptive analysis of the survey data with
regression analysis and structural equation modeling (SEM) to test the hypothesis and establish causal
relationships (Mia et al., 2022). The combination of the two datasets offered an overview perspective on
the impact of internal preparedness, external forces and supply chain integration as a combination that
brings out the modern trait evolution of the hardware retailing SME in Bangkok.

The reliability and validity of measurement model were assessed using Cronbach’s alpha (o), Composite
reliability (CR), Average Variance Extracted (AVE), and Heterotrait-Monotrait Ratio (HTM). All
constructs met the recommended thresholds: a > 0.70, CR > 0.70, AVE > 0.50, and HTMT < 0.85,
confirming acceptable reliability and discriminant validity. The results are presented in Table 2.
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Table 2: Instrument Reliability and Validity Metrics (o, CR, AVE, HTMT)

Construct Cronbach’sa CR AVE HTMT (range)
Internal Factors 0.974 0.981 0.846 0.41-0.72
External Factors 0.974 0.980 0.839 0.38-0.69
Supply Chain Integration 0.983 0.987 0.867 0.34-0.58
Digital Transformation & Customer-Centricity 0.979 0.984 0.854 0.36-0.65
Modern Trade Outcomes 0.997 0.998 0.931 0.28-0.53

Source: Researchers’ Contribution

All values meet the recommended thresholds, which means that there is a high level of reliability and
convergent/discriminant validity.

The structural model was tested based on the generally accepted SEM goodness-of-fit indices (Table 3).
No values were below recommended cut-off (CFI > 0.90; GFI > 0.90; TLI > 0.90; RMSEA < 0.08; y*/df <
3.0). These indices confirm that the model demonstrated excellent fit to the observed data.

Table 3: Structural Model Fit Indices

Fit Index Recommended Threshold Model Value
CFI >0.90 0.957
GFI >0.90 0.935
TLI >0.90 0.949

RMSEA <0.08 0.052
/df <3.0 2.41

Source: Researchers’ Contribution

4. RESULTS AND DISCUSSION
4.1 Demographic Profile of Respondents

Demographic profound (Table 4) gives a summary of 200 respondents, who represent the SMEs in the
hardware retail industry in the city of Bangkok. The findings indicated a balanced gender representation
(Mean = 1.50, SD = 0.511) which suggested that male and female participants were fairly represented in
the industry. The mean age (Mean = 3.55, SD = 1.160) corresponded to the age group 31 — 40 showing that
a majority of the participants were in the middle of the carriers, and they were engaged in the business and
digital adaptation processes.

Table 4: Demographic Profile of Respondents (n = 200)

Variable Category n % X o© Interpretation
Gender Male 98 49.0 1.50 0.511 Balanced participation between male and
female respondents.
Female 102 51.0
Age Below 25 years 18 9.0 3.55 1.160 Majority of respondents aged between 3140
years (mid-career professionals).
26-30 years 42 21.0
31-40 years 83 415
41-50 years 37 185
Above 50 years 20 10.0
Occupation Business Owner 87 435 1.99 0.985 Majority are owners or managers responsible

for operational decision-making.

Manager/Supervisor 71 35.5
Technician/Staff 29 145
Other 13 6.5
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Table 4: Continued

Variable Category n % X o© Interpretation
Years of Less than 3 38 19.0 2.59 1.066 Most SMEs have operated between 5-10 years,
Operation years reflecting moderate experience and business
stability.
3-5 years 49 245
6—10 years 71 355
Above 10 42 21.0
years
Number of Below 10 66 33.0 1.95 0.965 Most firms are small enterprises with 10—50
Employees employees employees, consistent with SME classification.
10-50 91 455
employees
51-100 28 14.0
employees
Above 100 15 7.5
employees

Source: Researchers’ Contribution

This demographic (Table 4) trend supports the demographic focus of the study in terms of the people who
hold the power of making decision and have experience in the field of modern trade activities. Moreover,
the average occupational score of 1.99 (SD = 0.985) indicated that the majority of the respondents were
business owner or manager and this is in line with the focus of the study of the operational leadership. Most
of the SMEs business operated between 5 and 10 years (Mean = 2.59, SD = 1.066), which is moderate
business maturity and experience in supply chain practices. The mean number of employees (Mean = 1.95,
SD = 0.965) confirmed that the majority of the participants are small enterprises based on Thailand SME
classification and have between 10 and 50 employees. These observations made sure that the sample was
suitable in investigating the impact of internal preparedness and external forces on the integration and
modernization of the supply chain.

4.2 Descriptive Statistics by Construct

Table 5 presented the four primary constructs in the form of the descriptive analysis, including Internal
Organizational Capabilities, Supply Chain Efficiency and Integration, Digital Transformation and Market
Adaptation, and Business Sustainability and Competitiveness. Internal Organizational Capabilities had the
largest mean (M = 3.43), implying that the adaptability of the management and understanding market trends
were viewed a key driver of modernization, but financial constraints exist. Supply Chain Efficiency and
Integration measured in the middle (M = 3.24) remained moderate, indicating that SMEs maintained the
relationship with suppliers and inventory management but still faced challenges with logistics agility and
disruption resilience still have to be addressed. The average of 3.13 in Digital Transformation and Market
Adaptation means that there was a slow rate of adoption of CRM and e-commerce despite the rise in
technological awareness. Lastly, Business Sustainability and Competitiveness was the most overall mean
(M = 3.45), showed that SMEs consider modernization as the one crucial factor in ensuring the growth in
the long run. Overall, the descriptive findings indicated that SMEs were on the way to modernization but
still needed more investment in digital and supply chain capabilities.
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Table 5: Summary of Descriptive Analysis of Key Constructs (n = 200)

Construct Items Mean  Overall SD Interpretation
(Code) Range Mean Range
B. Internal B1-B6  3.02- 3.43 0.99 — Moderately high. Respondents agreed that
Organizational 3.71 1.21 managerial adaptability, market competition,
Capabilities and consumer preferences significantly

influence modernization, although financial
constraints remain.

C. Supply Chain Cl-C6 290- 3.24 1.10— Moderate. Firms maintain supplier

Efficiency and 3.57 1.21 relationships and improve inventory systems,

Integration but logistics efficiency and adaptability to
disruptions need improvement.

D. Digital D1-D6  2.76 - 3.13 1.11 - Moderate. Some firms benefit from digital

Transformation and 345 1.28  tools for efficiency and decision-making, yet

Market Adaptation CRM and e-commerce adoption remain
limited.

E. Business E1-E3  3.45- 3.45 1.11 — Moderately high. Respondents perceive

Sustainability and 345 1.12  strong competitiveness, adaptability, and

Competitiveness sustainability outcomes linked to

modernization efforts.

Source: Researchers’ Contribution

4.3 Influence Of Internal and External Factors on Supply Chain Integration and Digital Transformation
The first hypothesis (H1+) was tested using regression analysis. Table 6 presented that both internal and
external factors (B= 0.200, p = 0.009) and supply chain integration (B = 0.789, p = 0.001) significantly
predicted digital transformation and customer-centric strategies. Moreover, the greater impact of supply
chain integration proved its core position in facilitating modernization. The model has explained an
excellent fit (R2 =0.975) of 97.5% of the variance. These findings supported H1+: under the condition of
good supply chain integration, organizational operation, and environmental flexibility can speed up digital
transformation in hardware retail SMEs. The qualitative results were confirmed by qualitative data. Supply
chain was often pointed out by the participants to be improved through leadership flexibility and financial
management. According to one of the SME owners, the team is concerned with upskilling and technology
training, which is a mixture of conventional knowledge and digital operations. These trends were consistent
with the RBV and SCM views, which describe the relationship between resource preparedness and
environmental pressures and the results of modernization.

Table 6: Effects of Internal and External Factors and Supply Chain Integration on Digital Transformation

Independent Dependent Variable  Standardized t- Sig. Interpretation / Strength of
Variables Coefficient ()  value (p) Relationship
(Predictors)
Internal & — Digital 0.200 2.639 0.009 Significant positive influence,
External Factors  Transformation and indicates that managerial
(B1-B6) Customer-Centric readiness, financial capacity,
Strategies (D1-D6) and external conditions
moderately promote digital
transformation.
Supply Chain — Digital 0.789 10.411 0.000 Highly significant strong
Integration & Transformation and influence, suggests that
Management Customer-Centric significant logistics, supplier
(C1-Co) Strategies (D1-D6) collaboration, and network

coordination are the main
enablers of modernization.

64



B. Wongtong et al. Journal of Logistics and Digital Supply Chain 3(3)

Table 6: Continued

Model Fit Indicators  Value Interpretation

R 0.987 Strong correlation between predictors and dependent variable.

R? 0.975 97.5% of variance in digital transformation explained by the predictors.
Adjusted R? 0.974 Highly reliable model after adjustment.

F-value 3786.449 Indicates strong overall model significance.

Sig. (ANOVA) 0.000 Model statistically significant at p < 0.001.

Source: Researcher’s Contribution

4.4 Effect of Supply Chain Integration on Digital Transformation and Customer-Centric Strategies

The second regression model was aimed at testing Hypothesis 2 (H2+), and how supply chain integration
predicted digital transformation and customer-centric strategies. The results (Table 7) showed that the
positive effect (B= 0.937, p < 0.001) was strong and significant, and 87.8% of the variance (R2 = 0.878)
was explained. This substantiated H2+, which stated that the organization of logistics, partnership with
suppliers, and stable inventory helped SMEs to be more digital, reaching their customers. Moreover,
quantitative evidence was supported by qualitative data. Respondents explained that consistent sharing of
data with suppliers enhanced faster services and minimized discrepancies in stocks. One of the managers
mentioned that, “Every month, we sent them sales data to suppliers, but some of the smaller partners are
still manually updating.” This implied that although integration promoted innovation and responsiveness,
any disparity in digital literacy rates between smaller suppliers reduced optimization. Overall, the results
are consistent with the theory of SCM, which emphasized how successful teamwork improved the
performance and flexibility of competitive retail markets.

Table 7: Effect of Supply Chain Integration on Digital Transformation and Customer-Centric Strategies

Independent Dependent Standardized t- Sig. Interpretation / Strength of
Variable Variable Coefficient () value (9] Relationship
(Predictor)
Supply Chain — Digital 0.937 37.749 0.000 Highly significant and strong
Integration Transformation and positive effect. Indicates that
(C1-Co6) Customer-Centric effective supply chain
Strategies (D1-D6) coordination, logistics reliability,

and collaborative partnerships
strongly enhance SMEs’ digital
transformation and customer

responsiveness.
Model Fit Value Interpretation
Indicators
R 0.937 Very strong positive correlation between supply chain integration and
digital transformation.
R? 0.878 87.8% of variance in digital transformation explained by supply chain
integration.
Adjusted R? 0.877 Highly reliable model after adjusting for sample size.
F-value 1425.009 Indicates an extremely strong overall model fit.
Sig. (ANOVA) 0.000 Model statistically significant at p < 0.001.

Source: Researchers’ Contribution
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4.5 Mediation Analysis: Role of Supply Chain Integration between Internal and External Factors and
Trade Outcomes

In order to test Hypothesis 3 (H3+), mediation analysis through the Hayes PROCESS Model 4 was
conducted to assess whether or not supply chain integration mediated the relationship between
internal/external factors and trade results. The findings (Table 8) indicated significant indirect effect (a x b
=0.311, 95 percent CI =[0.208, 0.428]) that proved the partial mediation. Moreover, it implied that internal
preparedness and external environment had a direct positive impact on the trade performance, but their
most potent effect occurred through the harmonization of the supply chain. The overall impact (B = 0.562,
p < 0.000) and indirect impact (B = 0.311) showed that SMEs used internal and environmental advantages
by means of integration processes to pursue high-level results. Additionally, the validity of H3+ was
supported by the model fit indices (CFI=0.971, RMSEA = 0.038, SRMR = 0.029), that proved the strength
of the model.

Table 8: Mediation Results (PROCESS Model 4, 5,000 Bootstraps)

Path Relationship Standardized  SE t- p- 95% Interpretation
Coefficient value value Bootstrapped
(®) CI

a-path: B1-B6 — C1-C6 0.608 0.072 8.42 0.000 0.469, 0.752 Significant positive
relationship

b-path: C1-C6 — D1-D6 0.511 0.069 7.39 0.000 0.372, 0.645 Significant positive
relationship

c-path (total): B1-B6 — 0.562 0.079 7.11  0.000 0.406,0.718  Significant total

DI1-D6 effect

c¢’-path (direct): B1-B6 — 0.281 0.075 3.75 0.000 0.131,0.419  Direct effect

D1-D6 (controlling C1-C6) remains significant
(partial mediation)

Indirect Effect (a x b) 0.311 — — — 0.208, 0.428 CI excludes zero —
significant
mediation

Source: Researchers’ Contribution

Qualitative accounts were very contextually sound. Respondents emphasized the ways in which the
consistency of cooperation with suppliers and interaction with customers turned the efficiency of operations
into a brand loyalty. A business owner commented on that, most of their customers are known by name and
they have after sales advice, that is why they come back. These results indicated that although internal and
external factors had a direct effect on modernization, they had the greatest effect on modernization via
supply chain integration, which was in line with the theoretical framework.

4.6 Integrated Structural Equation Model (SEM) of Trade Evolution

The final structural equation model that involves both direct and indirect effects was presented in figure 2.
The supply chain integration was largely influenced by internal and external variables (B = 0.608, p <
0.001), which, in turn, had a positive impact in relation to the trade outcomes (8 = 0.511, p < 0.001).
Moreover, the direct path (8 = 0.281, p < 0.001) remained significant, which showed partial mediation in
accordance with H3+. Consequently, the integrated model emphasized that, SMEs that have strong supply
chain networks were be able to convert managerial and environmental competences in a sustainable
competitiveness. Additionally, the fit indices (CFI = 0.971, RMSEA = 0.038, SRMR = 0.029) proved that
the model is closely related to the theory that RBV and SCM are closely connected to the digital
transformation perspectives.
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Internal/
External Factors

Supply Chain
Integration/Management

B1-B6 C1-Cé6

Trade Outcomes

«—| DI-Dé6

Indirect Effect =0.311 (95% CI [0.208, 0.428])
Model Fit: R?=0.881, ** p <.001

Figure 2: Structural Equation Model (SEM) Showing Supply Chain Integration and Management
Mediating the Relationship Between Internal and External Factors and Trade Outcomes
Source: Researchers’ Contribution

4.7 Summary of Hypotheses Testing
Table 9 summarizes the results of hypothesis testing. All three hypotheses were supported:

- H1: Internal factors and external factors significantly influence the evolution of modern trade in
hardware retail SMEs in Bangkok.

- H2: Effective supply chain integration and management have a significant positive effect on the
competitiveness and sustainability of hardware retail SMEs.

- H3: SMEs that adopt digital transformation and customer-centric strategies demonstrate
significantly higher adaptability and long-term performance in the modern trade environment
compared to SMEs that rely on traditional practices

All these findings help to prove the fact that supply chain integration in a process and a facilitator so that
the organizational preparedness and environmental responsiveness can be transformed into quantifiable
business performance by SMEs.

Table 9: Summary of Hypothesis Testing

Hypothesis Description Statistical Key Model Fit Decision
Method Results (B, Indicators
t, p)

H1+ Internal and External Factors Multiple 3=0.608,t R2=0.364  Supported
significantly influence Supply Regression (B1- =842,p<
Chain Integration. B6 — C1-C6) .001

H2+ Supply Chain Integration Multiple $=0937,t R?*=0.878  Supported
significantly influences Digital Regression (C1- =37.75,p<
Transformation and Customer- C6 — DI1-D6) .001
Centric Strategies.

H3+ Supply Chain Integration Mediation Indirect 8 = CFI = Supported
mediates the relationship between (PROCESS 0.311 (95% 0.971, (Partial
Internal/External Factors and Model 4, 5,000 CI10.208, RMSEA =  Mediation)
Trade Outcomes. bootstraps) 0.428]) 0.038,

SRMR =
0.029

Source: Researchers’ Contribution
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4.8 Integrated Interpretation of Quantitative and Qualitative Findings
The combined results showed a high level of consistency between the statistical and qualitative findings.
The internal preparedness led to managerial flexibility and digital transparency; the external forces
encouraged the use of technology; the integration of the supply chain served as the operational interface
between strategy and performance; and the digital transformation improved customer experience and
competitiveness. Taken together, these findings supported the theoretical consistency of RBV, SCM, and
digital transformation frameworks.

Table 10: Summary of Key Statistical Results (B, Sig., Direction)

Relationship Tested B Sig. (p-value) Direction Interpretation
(Standardized)

Internal & External Factors — Supply 0.608 <.001 Positive Strong significant
Chain Integration (H1+) effect
Internal & External Factors — Digital 0.200 0.009 Positive Moderate significant
Transformation effect
Supply Chain Integration — Digital 0.937 <.001 Positive Very strong
Transformation (H2+) significant predictor
Indirect Effect (Internal/External — 0.311 95% CI Positive Significant partial
Outcomes via Supply Chain) (H3+) excludes zero mediation
Supply Chain Integration — Trade 0.511 <.001 Positive Significant positive
Outcomes influence

Source: Researchers’ Contribution

Table 10 of the summary of the main statistical findings indicated that all the hypothesized relationships
were significant and in the expected positive directions. The positive impact of internal and external factors
on supply chain integration (3 = 0.608, p <.001) was confirmed significant, which indicated that they played
an important role in determining operational coordination. Moreover, these variables also had a moderate
but significant positive impact on digital transformation (3 = 0.200, p = 0.009). The integration of supply
chains was found to be the best predictor of digital transformation (B = 0.937, p = -.001), which validated
its key role in facilitating technological and customer-oriented innovations among SMEs. Furthermore, the
mediation analysis showed that there was a significant indirect effect (3 = 0.311; CI did not include zero),
which indicated that the supply chain integration partially mediated the effects of internal and external
factors on the modernization outcomes. Also, the supply chain integration had a direct positive impact on
the trade results (B = 0.511, p <.001). In general, the findings suggested that well-integrated supply chain
systems are key channels in which SME capabilities and environmental conditions can lead to digital
transformation and better business performance.

4.9 Discussion
The results of the current research indicate that the external environmental pressures, internal organizational
preparedness, and supply chain integration interact in a dynamic manner in terms of influencing the
development of contemporary trade among hardware retail SMEs in Bangkok. Combined quantitative and
qualitative data proves the point that managerial competence, financial capacity, and technological
preparedness, when properly adjusted to the external market and policy settings, promote digital
transformation and enhance customer-based competitiveness. These findings supported the idea that SMEs
develop best when the internal resources, external pressure, and supply chain mechanisms work in synergy.

4.9.1 Theoretical Implications (RBV-SCM Contributions)

The paper supports and builds upon the Resource-Based View (RBV) and proves that internal resources,
such as leadership capability, digital literacy, and financial stability, are both the sources of competitive
advantage and condition to effective supply chain integration. The regression analysis (3 = 0.608, p <.001)
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confirms the fact that stronger internal preparedness SMEs attain greater levels of integration, which aligned
with Lubis (2022) and Ployhart (2021). In the expansion of RBV, this study highlighted the fact that the
value of resources was only maximized when coupled with the adaptive reactions to external pressures like
market volatility and regulatory systems. This is in line with Yan et al. (2023), who suggested that the
ability to utilize resources effectively in SMEs requires collaborative information-processing abilities that
match internal capabilities with environmental requirements. This theoretical expansion in supported by
qualitative data. The interviewees explained how the investment in personnel training and management
adjusting helped the process of digitalization of supply chains — “Our management team consists of
qualified personnel who know both the old and new digitalized approaches to the retail business.” This
reinforced the idea of dynamic capabilities, in which SMEs reorganized internal capabilities in reaction to
changing market and technological demands.

In terms of Supply Chain Management (SCM), the findings confirm that teamwork, exchange of
information and responsiveness are essential to competitiveness. The high value of effect (8 = 0.937, p =
0.001) shows that integration is not operational but strategic, which in in line with the triple-A (agility,
adaptability, alignment) model suggested by Reynolds (2024). The research also supplemented Mukherjee
et al. (2023), who emphasized that the core of competitive and adaptive network development is supply
chain resilience and knowledge-sharing practices. The findings provide new contextual data that
demonstrates the influence of trust-based relationships and slow digital adoption in Thai supply chains on
the outcomes of modernization. Collectively, these results contribute to the theoretical connection between
RBV and SCM by demonstrating that supply chain integration was the mediating variable that helped
internal capabilities and external forces to become digital transformation, customer centricity, and long-
term competitiveness.

4.9.2 Managerial Implications

To practitioners, the results provide a number of practical implications. To begin with, the integration of
the supply chain turns out to be the most potent tool to boost the digital and customer-centric performance.
The fact that integration accounted 87.8% of the variance in digital transformation highlights the necessity
of both the public and the private sector intervention in the direction of logistics collaboration, supplier
information-sharing systems, and inventory synchronization among SMEs. Second, SMEs should prioritize
gradual enterprise digital solutions. This can be facilitated by policy agencies through the provision of tax
incentives, training programs with subsidies, and digital maturity assessments based on SME capabilities.

Third, the paper brings out the human aspect of competitiveness. The identified factors that have stimulated
success were training, communication, and relationship-building with the staff and customers. According
to one manager, most of the customers are known by their names and provided with after sales guidance;
they are always ready to go back. This result demonstrates that customer intimacy is a characteristic of Thai
SME competitiveness that supplements the digital efficiency with personalized service. To policymakers,
this means that they should develop SME development programs that are balanced in terms of digital tools
and human-focused service training. Leaders in the managerial practice must develop hybrid capability-
building: investing in digital literacy and maintaining cultural assets like customer intimacy and
personalized service, which are the pillars of Thai retail identity. This can also be supported by
policymakers by providing programs that encourage integrated supply chain standards, digital innovation
clusters, and SME-supplier networks of knowledge sharing.
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5.CONCLUSION
5.1 Summary of Key Findings

This paper has explored the reasons of the contemporary trade development of SME hardware retail in the
metropolitan region of Bangkok using an integrated supply chain approach. Using a mixed-methods design
using a structural equation modelling and thematic analysis, the study established that modernization is
contingent on the relationship between internal preparedness, external market adaptation, and supply chain
integration. Quantitative analysis revealed that internal and external variables have a significant impact on
the integration of the supply chain (3 = 0.608 = - 0.001), and integration of supply chain has a significant
positive effect on digital transformation and customer-centric strategies (3 = 0.937 = - 0.001). Moreover,
the mediation analysis established that the integration of the supply chain partially mediates the relationship
between the internal/external factors and the trade outcomes (indirect = 0.311, 95% CI [0.208, 0.428])
which puts supply chain integration in a strategic position as an intermediary between the organizational
readiness and market performance. This model was robust as indicated by model-fit indices (CF1 =0.971,
RMSEA = 0.038, SRMR = 0.029). These findings were augmented by qualitative findings showing that
there were five interrelated themes: internal readiness and resource capacity, external market pressures,
supply chain collaboration, digitalization transformation efforts, and customer-centric strategies. The
owners of SMEs enhanced that competitiveness and resilience in the fast-changing retail environment are
achieved through managerial competence, financial discipline, and digital adaption.

5.2 Theoretical Contribution and Practical Implications

Theoretically, the research adds to the Resource-Based View (RBV) by demonstrating that internal
resources, including managerial capability, financial capacity, and digital literacy, generate competitive
advantage only when mobilized via supply chain integration. This helps to argue that capabilities are
valuable when they are matched with the external environmental demands. The research also builds on the
Supply Chain Management (SCM) theory by showing that the operational pathway between RBV resources
and modernization outcomes is comprised of integration, collaboration, and digital responsiveness. These
findings are consistent with Yan et al. (2023), who note that collaborative information processing can be
used to improve the performance of SMEs, and with Mukherjee et al. (2023), who point out that supply
chain resilience reinforces the competitive positioning. In practice, the results indicate that SME managers
need to focus on logistics coordination, reinforce supplier relationships, and invest in digital tools, including
CRM, e-commerce, and inventory systems, in a strategic manner. Policymakers ought to support the
development of SMEs by enhancing digital literacy, providing supply chain financing, logistics networks
that are powered by PPP, and financial incentives that enhance modernization.

5.3 Limitations and Future Research

This research has a number of limitations even though it is methodologically rigorous. Its cross-sectional
nature limits causal inference, implying that longitudinal research would be more appropriate to understand
how SME adaptation changes with time. The sample is also limited in terms of generalizability since it is
restricted to hardware retail SMEs in Bangkok where digital readiness and supply-chain maturity might not
be the same as in other regions or industries. The qualitative sample (n = 10) is informative but limited and
could be expanded in terms of geographic and sectoral coverage. The external shocks, including post-
pandemic recovery and global economic volatility, are not included because of time limitations, but they
are likely to affect SME performance. Future research ought to broaden the framework to encompass
environmental sustainability, circular-economy practices, and Al-driven innovation, and compare SMEs
across Thai provinces, ASEAN markets, and firm sizes. On the whole, the research finds that the process
of hardware retail SMEs transformation is the result of the joint impact of internal and external forces, and
the integration of supply chains is the key process that connects readiness to digital transformation,
customer relationships, and long-term competitiveness.
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Abstract

Vending machine technology emerged as an increasingly popular innovation in modern
product distribution channels, effectively responding to consumers’ needs for convenience,
speed, and accessibility any time. In Thailand, vending machines have been developed to be
more modern to accommodate various payment methods. Despite, the utilization of vending
machines remained limited in several areas, as consumers demonstrated differing attitudes
and purchasing behaviors that affects entrepreneurs in determining marketing strategies that
are in line with the appropriate target groups effectively and to be a sguideline for
entrepreneurs to develop business strategies to sustainably respond to consumer needs in

the digital age.

This study aimed to examine the factors influencing consumers’ purchasing decisions
for beverages from vending machines located in large retail stores in Nakhon Pathom Province.

The data were collected from 400 respondents through an online survey. Statistical analyses
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employed included percentage, mean, standard deviation, t-test, one-way ANOVA (F-test),
Least Significant Difference (LSD) test, Pearson’s correlation coefficient, and multiple regression
analysis. The reliability of the research instrument was confirmed using Cronbach’s Alpha

coefficient.

The findings revealed that the majority of the sample group gave high importance to
overall marketing mix factors. Among these, distribution channels received the highest mean
score, followed by promotion, price, and product, respectively. Within the decision-making
process, the information search stage was considered most important. Hypothesis testing
indicated that gender, age, occupation, education, marital status, and purchase frequency had
statistically significant effects on purchasing decisions, while income and product type did not
differ significantly, the influence of product, price, and promotion factors affected the decision
to purchase beverages from vending machines, but the distribution channel factor did not.
The correlation coefficient between the relationship variables and the influence between
marketing strategy factors had a low relationship. There is a significant correlation coefficient

at the 0.05 level.
Keywords: Logistics management, Community enterprise, Agro-processing
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éun nsfustlam nsdumndeya msvsadiumaden nsdrdulade wasnginssanendanisde
Kotler uag Armstrong (2022) n3zurunisindulad evesjuilnadl 5 Tuneudidn 7idoules
sorfleafu louA mssuidamm mneds guilanduifannudesmsvietamidesnisudly n1sium
foya mnefasumdoyaanUsraunsalifuvieunasniousn 1wy Tawan 337 viemuuzih ns

U5z un1adnn Mun8ne n15.USgUgUAUAINIaUIN1SINNTANENILANA1NUTE LU 51AN

¥
U Aa =)

AN 3880 n1sdindularenunediudonduaineulandiaauavinduladelaeiladowindon

q

iy Tsludu viseduugtiainaudu weanssunevdinsdevanefsluslnaussiduanuiiamela

MnMsFentdiedamasieniudiniuaznisuense lneuilnawiazauaziinssuiunsindulawnneig

¥
[y

Auduegiuuseinnvesduin dududazyszinnealdiiaiuiunasdesnisteyauinysenaunis

andula Tuvazi duauisuszinneialdinaidesuasindulalaviudl Manopramote (2021)

o w

Univinmstatauedadendndfy 4 Usen1s Usenousie nisveusuimalulad nseasenIungy

o

91989 1135V ANULEEY wazAI N alavesd 199y (Sudprasert et al., 2023) YagUuguslaai
WANIIUNITAUMTaYaINAINUAIEYRIN Inglanigandessulall Ay n1sdea1sniinain

WUUYININITHIUY BN 9 Feliaudidglunisidnfanguidinunswazaine@nsnanenis

o

fnaula

(%
v @

fatiu Tuns@nuntadeiienswasenisanduladeolnsoenuainiasee1ednlud® (Vending

Y g v a Yy v

Machine)vasgnA1fildusnissuarvdnvualvglundminuasugy aslinudidyiunis

o
v v A

AT dadenie 4 dunTefiTend “4Ps” MuULLIAANAENSNIINITIAIN ATUR lAUN1TANK
a v a & Y o v daa a ' v a & = =
woAnsIukaznszUIuNsindulagevesiusiaa JadenidvnsnadenisindulatoinIesnuainaies
Y1e8nluls (Vending Machine)vasgnafildusnisiuauanvualngluiundwinuasugy e
AvuanagnsNwizauwaznaulandn1saiiugsnalaegeiiusednsningsan fusenaun1snITyil
A lanszuiunsindulavesiuslan uazivuanagnsnenIsaaIanlusednininiiie
navauaIAIINABINIsinglaueteyanasuiy viuady Whladny wazdgaliianisdndulade

usduasuliiiaanuianelandenisde weihlugnis@ediuavasisanuiniluszeze1isiely
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Ya o

iavedsaulafinuladendvinasenisindulatoniesiuniaTeswednluli@ (Vending Machine)

YosgnAmlduInIssuaanvnalvnglundminuasusy

4. 3aniunuive
4.1 UsE9nsuaznguna9gia
Uszn3(Population) Mldlun1sfnwiasadl fie fuilaaluniwminuasuguiinedndulate

AT DIANINLATRIVIEENIWITR (Vending Machine) vesgnatfldusnisiumuanvuiatugluiun

Jminunsugy

naumegi Ae Juslaaluwndminuasusuinedndulateiasosnuainiaesuesnlulia

(Vending Machine) vesgnmiildusmssumuanuuinlvg lundminuasugy 91w 400 au

nsivuansdungusiege (Sample) ldluns@nwiasan fie guilnaluundainuasugud
wednaularelnIeInNNATENednluliR (Vending Machine) wasgnaildusnisiuaiuanuin

[ [y

' O g & A A v [ o = ' Qll
Tugy Tuwadandauasdgy emdudssvnslunuiuasusssnsiduninefedalinsiuusesnsd

(%
v =2

winow MTuIddIsnisAumTvungudledsns nsdllinsiuuszring nisAnwilaenisAiuan
V99 Zikmund (2003)

P(1-P)Z?

fc;i(ﬂi n= o2

N WY 1UIUNTDVUINAID87197LAINNSAIUI
p unu dndrulszrinsuaglonianiaainyuszains (0.50)
i a a o v
e WU ANPNUAAIAPAIUNE LS UL (0.05)
7 WU ANLRNNSIUARNS19EDR Z Tneanfeaiui a/2

v i Y] A4 O X a Y
Iﬂf\]qﬂﬂqig@‘UﬂqqﬂiLaﬁaﬂJu PIUANUNINY 1.96

LVIUAN

_0.5(1-0.5)1.962
n —
0.052

0.9604
©0.0025

= 384.16
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INNTUNUANEATAINETD IAnduFIeg1 384.16 LiBARAINARIAARDULALAIILYIEANE

(3 [V 7
Y

Anwrddldauinngudiegns wiriu 400 Au luasatdvinsinudeyaded1aisdu 400 feddlng
N 37839l Tavinuuvasunudmsunguiieg i udn d%sautanuadu 400 daegns Tngld

£

. . 3 L4 ¢ 1
LUUEBUAIY (Questionnaire) waginudeyalaglduuuasuniueeulals1u Google form Uy
wnannasy 10 link nFldusn1siAedeLATeRnIINg ImUeduA1snluli@ (Vending Machine)

v oA g v oA ° o ¢ & ada
Mnnguitegemiduguslaalulnuasugudnnu 400 aulaglduuuasuniueeulatiieanniduisy
nquiegvasainisdeyaladednnudunisansseziauasaunsadsendaaildanglunisiu

¥

Toya
4.2 fauwdsnigliun1siae
FUsNLEluN15IY Usenaume

4.2.1 sudsdase loun Snvagnalssrnsmans wasnginssumansusenausig e ang
Y =2 y a1 A = al & a v v v s
sgaunsfiny egldadededon 013w audlunisde Yssnndud Jadedunagnsnisnain

U32NaUMY NARHUI 51A1 TBINIINITIAIINUIY NITAWASTUNITHANN

4.2.2 dwdseu laun n1sdnduladelniosnuainiaissungsnluiis (Vending Machine) 9e4

Y Y a Y Y I v W Y [y Y Y
anAldusmsiuadanvnelvgluuedwmiauasisy Uszneume nmssuitam nisAumdeya
n3Usziliumsann nsanaulado wazngAnITuNIenaINIITe 1eTINaINNISLTUINISToLATIRN

NLATOBERLULRA (Vending Machine)

4.3 YAULIANIFIAY

[
av A

& = v aa ' v a & al al al o wa .
mdeillluns@nniadeniinadenisinduladeiniesiuainiasesuednludd (Vending
. Y Ay Y a Y Y I Y < v Y
Machine) vasgnmiildusnissrumuanuunalngluuadmiauasugy lneiiudeyamenuuasuniy
soulatiiu Google form nngusegeniluguilaaluwnuasusy 31u3U 400 AU SENINdfoU

UNSIAU-LUIAY 2568
4.4 1A529NaN Y IUN15IY

wseslanldlunisiiusivsindeya Ae wuuasuauesulal Nas19sUuuu Google form lag

wuaidu 4 dau laun daufl 1 Toyadnuaen1aussvInsmansuasnginssuAmansuoynou

a v a Y] s

wuvgaUnny ddnwazidumaiulatsda 37U 8 U9 d1udl 2 Tauatfgafunagnsn1snana i

Y 9

o a

AnuazldunInsiawuU Likert scale 5 52AU 91U7U 22 99 d@1ufl 3 Jauatdgadun1sanaulade

Y
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LA38IAUANLATBIN8EALUNRA (Vending Machine) fidnwugidusnnsiauuu Likert scale 5 56U
° v ) d' v a a & ° a [
U 5 o druil 4 Toraustugiiuiy Wumaulatsile InsuuvdeunulanIun1InIIvEe U

ANAMAINKNTIAIA 3 vIMU kazdlA1AUTetu Cronbach's Alpha Wity 0.95

SEAUATLUU sERUAMNILTIUTERUNSARAUlaTe/
5 WUsEIINTIgAvEaTaeL 1L LuDY

2 v ~ | &
il WILRIUIN Y30 UN9LTD
3 WiumeUIunas vise liuwdla
< v ¥ & [ 4‘4’
2 WiuseUay vise luunazde
2 v B a o X ' ,
1 Wiumeteefian vise ludesdauiuey

< v
4.5 NI13NUIIVIINYVALUA

N

FRemsiiudeyadgugiilaslduuuasuauseulatiiiu Google form vuwwanwasuain

e

link iudeyandléusnisiiaedeiniesnuangsmuneduadnlud® (Vending Machine) a1nngu
v ! A & Yo [ [ o a v o 6 °o & aal
megemiduguilaaluiundaminuasugudiuig 400 au M53deasslldlusunsudsagunisataly

a a

NTIATIEINITaanaenan (multiple regression analysis) liveAnwiAuduTUSLALBVENaNaIY
fnlsdasziususmundauiuniinensinaulatouaziienagauisanuduiusuazdvsnalade
Jadunagnsnisnainiinasion1sdnduladoinsoanuainias asu1esnlud® (Vending Machine) vas

Y Ay Y a o Yy i o W A O Y aa s
anAldusnissumvanvunalngluundmiauasugy naaeuaaeiunigisves Cronbach’s
Alpha Tagkuuaaun1ulAHIUAITATIVABUANNINAINKNTIAMIA 3 YITU kazdaA1AIuLyosly
Cronbach's alpha iy 0.95 Taegusiagslaglaldainuuiazidu )Nonprobability sampling )

A | o 1 CYN P Y 1 v . . < v

wuunisiienngusiiegreawuutadey 1 400 e Tnglduuuasuniy (Questionnaire) uagiiudeya
Inglduuvasuaiueaulatiiy Google form vuunannasy nlink 3ndldusnsnnedeinTasny
NgIMUI8AUASRLUR (Vending Machine) 3nnqudegsiiluguilnaluiuauasugudiuiu

v &

400 A TuiApUNNI AL TU1AN -2568 UBNINTTUNUTIUTINTOLaNALNTINLUIAA Vo]

'
A A A v

BazIIeMALIT9 aldidunuIn1lunIsATMuUANTaULLIAALAZ D INLUULAT 99D TE

4.6 NM3ATIzvidaya

V. ¥

i ”ﬂﬁwmﬁmiwﬁ%uamaiﬂil,miuﬁ%%gﬂmaaﬁﬁ Tl ad A TIansTuuIkay @nfLTa

Y

[

BUUIUA
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4.6.1 adfdanssaun lawn Araud Adesas Aede wazdruleuuuninggiu 19lunis
asuedeyailuvenduiiede wasseRuauAniuionagnsnIsnataLaznisinduladoiniadny

nngImeduasnlud@ (Vending Machine)

4.6.2 adrdsounu Tlunsvaaevauudgu laud (1) nsnaaeuanuuanssestade Nl

HAfBLATBIANINLATEIUIEENIUNRA (Vending Machine) Tng T-test W3suiiguanade2 nauly

Wiguiguanuuand19eIn1sandulate lng F-test WSsuiiguaA1denaIeng Han1snaaay

a v LY a

One-way ANOVA WuAUANANee19flludAynaadia (2) n1snaaaunuLanf19s1egnIeTs

<

Scheffe #50 LSD wassyindAnaisnisanaulagiouwnnsd1eiu wasnsAnwauduiussenine
wls duuszantanduiusinesdu ldTnnevauduiusnsimsigviannsenyans 193As1e9
a a 1 d'al ! v a d’lj U a dy d' 4‘ d‘ v va .

dvsnavenagnsnsnaniisenisiindulatenisindulitoinsesnuaininIeaviesnludf (Vending

Machine)

5. NAN1599Y

dauil 1 dayanaluvasdnumzuszynsAansuazngAnssunauLuuaaUaINIUIULAL SRy

M1319% 5.1 Jayadnuuen1asznImansiazngAnIsuvesnauluUaaunIy

n=400
anwuznIsUszIINIAEnsLaznNgAnsIY Fuau (Au) | Josas | drdudl
bW 98 229 57.00 1
AN 171 43.00 2
21 #nn 20 Y 6 1.50 4
21-30 ¥ 253 63.20 1
31-40 U 45 11.30 3
41-50 ¥ 96 24.00 2
51 Fuly 0 0
91N FUs1MI/MINNUSFIFENAL 120 30.00 1
WUNUUTENLENYU 170 42.50 2
LA1VBITIN/FINAEAIUA 50 12.50 3
Sudhaily 30 7.50 i
Hnisew/AdatinfAne 20 5.00 5
3u 9 10 2.50 6
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A1519% 5.1 (519)

n=400
ANEENIUTZYINTANEATLAZNGANTTY s (Aw) | Sowazr | drdudi
FTAUNITANG U3eyaes 240 60.00 1
YTy w3 150 37.50 2
Useyaln 6 1.50 3
U3y Len 3 0.75 4
Bug 1 0.25 5
AU ldn 230 57.50 1
ausd 150 37.50 2
NEI319 20 5.00 3
selandesoou #1771 15,000 U 160 40.00 1
15,001-25,000 umn 150 37.50 2
25,001-35,000 un 60 15.00 3
35,001-45,000 U 20 5.00 4
45,001-55,000 um 6 1.50 5
11nN71 55,001 Un 4 1.00 6
ardlumsie Vilaely 16 4.00 4
2-3 p¥/dunni a9 1200 | 3
1 ady/dan 61 1500 | 2
wuwuAss 274 69.00 1
UszLanauen AwUIT9I0 139 35.00 1
hdnau 148 3700 | 2
wald 106 2700 | 3
m%ﬁmyﬁwﬁq 7 1.00 4
Bug

ndeyalumssil 5.1 awnsolienesidnvarnisUssensemansuaznginssuveney
wuvgeuawladn dlvgidumeavie Aadudesaz 57 91y 21-30 U Andusesar 63.20 1Ju
wilnawenvy Andudesas 42.50 finsAnwsniUSyaes Andudesas 60 fanunmlan An
Judeway 57.50uazilseldadenoiou s 15,000 U ﬁmLid]u%faEJasdoﬁwqﬁﬂiimﬂamﬁiuﬂﬁ

FOUTUUIUASI AnLTUSREaZ69UseLNNAUAARLNSRAY ARTUSDYaZ37TAUETGU
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[

nquiegrunaifeidunquansulnimameviinuuidnensy lnsd@nwiainiu3ygn

q <
[ [ (%
[

03 fifdsdeluseduuiunans wagiunliulfanuauladeindaauduaulvguwasdanuilunisie
uLuAsy fey Q’Uizﬂa‘umi?quﬂﬁmmﬁ’]ﬁmﬂﬁ]ﬁ’aﬁﬁam%mﬂ’]ﬁé’fﬂ%u%%yal,ﬂ%aa?{m'mLfﬁaq
Y188mlusiA (Vending Machine) vosgnanilivuinsminanvualvglundaminuasga i
Batu

dufl 2 wan1sAesevidedy daudsavunnnsgu uag Jaseiitnadenisinduladainiosiu
MnATesUednluiiA) Vending Machine) vasgnéiilduinisiuduanvunlvgiluuadamia

UATUFUAUANATN

M19199 5.2 ayadnwazdadenagnsnisnain

n=400
Uadedunagnsnisnann Alade S.D. wlawa  @16ud
ARLRE 4.49 0.62 110 4
3711 4.84 0.48 11N 3
YOINNNITIAINUUE 4.91 0.34 170 1
NIENLESUNITNAN 4.89 1.32 110 2
37U 4.78 0.69 1N

o w [y

nToyalunised 5.2 wuin Juslaalianudrdgiuladenagnsniseain 2 lnesiueyly

szAuNn laedlAnadowindu  wazdudeuuuuInsgIuwiniu 4.780.69 wWearsandusiesiu
wui YademudemnanisdndiminediAadegegaminiu 4.91 (S.D. = 0.34) agluseuiin 58989
AB AuUNTALETUNIRATR deade 4.89 (S.D. = 1.32) A1us1an deade 4.84 (S.D. = 0.48) AU

HEAAMY delade 4.49 (SD. = 0.62) auanu FendadeegluseduniinudiAgyuinsenis

1%
o

Andulageveuulng

o ¥ (% =) g =) .&I o o o % a
M19149N 5.3 ?Jaaq\ljaanvmznszmumsmﬂau‘lwammﬂﬁu’lwamsamumnmsawwamiuum

(Vending Machine) vasgndlduinisiudiuanvuialug

n=400
nszurumsdnaulade Alade S.D. sefuanuddy  Srduil
nssuslam 4.38 0.84 110 1
NsAUMIYeYA 4.19 0.87 1N 3
nsUssiumaben 4.10 0.82 1N 4
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A1519% 5.3 (0)

nszuaunsinaulade Anlade S.D. seRuAuddy  Arduil
nssndulade 4.23 0.83 170 2
ngRnssLANEVEIN1STe 4.07 0.80 10 5

59 4.19 0.83 10

INVYaNIINN 5.4 WUTUNA 818 81N N15ANYY @nunm ANDluNTTe Nwansneiudl

6 v

astan1siinduladelasesnaneseesnluli@ (Vending Machine) ¥asgnAildusnisiuauan
uavglulwndninuasiguiuananeiy duselivazyssnnvesdus Aunndeiuiinasonis

Y o w

a & oA | | A W
Anaulagenliunna1sedsiidudney

d7U7 3 NANITAATITHANUFUNUSHALINSWaTLNINUReNNanan1sAnEUTlaTaLAS9ANRIN
\A389v18aAluliA  (Vending Machine) vasgnAldusnisiuarvanvualvgluiundmin

uATUFUAUANFAI9TY

A15149 5.5 AMUFUNUS aZBNSwaseni1eUadgNiinanani1sanauladornsasnuaIn AT o9uY

anlusiAvasgnAnnldusnisiudiuanvuialuglulvadmiauasugu

correlations

ZSAT ZX1 ZX2 ZX3 ZX4
ZSAT 1.000
Pearson ZX1 .019 1.000
Correlation ZX2 -011 1.000
ZX3 .160 1.000
ZXa 171 1.000

o

ndoyansneil 5.5 namsilasgianduyssansanduiusseninsiand svesnuduius
LLazﬁm%waizijﬂﬁaﬂaqmémqm'ﬁmamﬁﬁ@w%wa@iams@fﬂ%u%ﬁaLﬂ%q?{mmLﬂ'%laqsmaé’miuﬁa
(Vending Machine) maqqﬂﬁwm%’u%ﬂWi%’mﬁ’hﬂﬁﬂwmimﬁuwmumﬂgm duadulszans
anduiussymiemiuUsvasenuduiusiardnsnaseninetadunagninienisnaindanuduiusiy

SLAUMN
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M15199 5.6 NM15IATIRARRENRVRINAENSNITnaInNdinadan1sAnaulaaIA3a9ANINLAT Y

=

v1e8aludld (Vending Machine) vasgnAtnlduinisiudaruanvualngilulundwiauasugud

LANFINAY
INTNAVDY NAN15ILATIZH
e IINTb B Std Beta t Sig.
1.U9dvdunaundndiua (X1) 217 078 166 2795  .005%
2 Uagairunansne (X2) -414 103 -.296 -4.014  000*
3. U2 d I UNALY8IN19N1ITINNUE (X3) 175 182 081 960 338
4. JadvdrunaudaaiuniIsnan (X4) 498 161 192 3.092  .002*

R=0.69, Adjusted R?=0.60, SEE=0.458, F=7.349, Sig=0.000

*pdAgnsadfinszau 0.05 ** sgautivdg 0.01

<

¥ PN 1 a a 1 v aa | U a d’lj 2 dll d'
T\]WﬂSUE]J;IJaG]’]i'NV]S.é WU BNdnasErIneladeininananisindulatoin3oanuaniAIeewg

v v 6

gnluiiAvasgnenfldusnsiuauansunalnglualuwsdminuasuguiviadudss Gnsanduiug

ISP 1 [ ! a U a a 1 v daa a J
WA (R AAUNIAU 0.69) LAZaIUIT03UDTUI8ANNLUTHUVDIDNTNATEWINNUATUNABNT WA

nsdndulafiolrIesnnanieIesesnlutiieseitud1fy (1.96<t) (R2=0.60)

(%

TR8EILNTOYUANINITNEINT AL F19T)

Y1 = a+0.217 (X1) - 0.414(X2) + 0.175(X3) + 0.498 (X4)
(2.795) (-4.014) (.960) (3.092)

n1sinduladeinIoanuredgnen (Y1)=a+0.217 Yadud unaundndue (X1)-0.414 Jade
AUNENIIAN(X2)+0.175 U9 9@ IUNAUTDINIINITIADINUNY (X3)+0.498 U 8@ IUNEUE LES Y

N15MAN9 (X4) ANEUUSLENTUDNNANIILASIUIANANTENUTBIFUSDATERaN1sAnaulade (Y1) 1ag

a

A1 > 0 wUadkUsuuiNI Uz TuN1sAnaulata warAn < 0 hUaIFILUSUURNTUILARA

o w 1

wwlidunisinaulate YadenilnadAgysenisindulagelniesdiuaing Vending Machine laun

Tadedumaundndnm (X1) Inagauin lnodiunuauiindndusidmanaiiunisindulaae

fAnduUsyans uan )B = 0.217, t = 2.795, Sig. = 0.005) L&A1 Lﬁ'aﬂmmww?aqmauﬂ’ﬁﬁum

v
6 ! 6

HANAUIATY WU ANUVAINVAY USTAaazansien1suslaa vielinului szdanalignand

Y

o w a

wunlundeduladorintuegsitydAgynsadanszau 0.05
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[
= a 1

Uadediunausian (X2) dwaldisau drmefigeuiiensnasensdndulatevzanadlunia

[
aa a 1 U a I =

ASINULINANSIANaNasTBNTNa AensanduladeliuuInTuilAduyusesd@nsdau)B = -0.414, t = -
4.014, Sig. = 0.000) kazdtedrAynaianseau 0.01 axviawil WPITIANVOLATNUFWUITAING
insiinduladeanas Jeaenadesiunginssuvesuiinaalunianussulmiiesan lnsangly

A Y Ao = v Y]
Aduanimadanlnaesnulumnain

v

Jadpdrunaudomin1sdndniie (X3) wuin lldswasegsidedAgy semssinavladolag
Poany/funiansluiiuadnvuiaingludminuasisy danumunzaunselinnuuanangliann
woflazdidvinasdensinduleerafinnsaniessidednifiudin 1wy dumisd niudh-vuded qa
F1523u wavduadarduuszanivandniles (B = 0.175, t = 0.960, Sig. = 0.338) waldnuaaudl
g Ay n1eana wansdaseduremenssasmingldlddwasonsinduladosgretaau
o1aiflennngsmieduisaluilududuanvunalngiiiumiinisnsitindidsstu wu vina

1Y = 1 =

Ma1-98n Usolndgatiseu vibrgnAlusdnisanuuanaislusiunisidndisgamunedun

Y

DR LUIIR

Jadudiunanduaiunisnain (X4) Tnaauinuazaoud1auwss lngdiiun1sduasugae
nsrAuUNITellAduUsEansuln )B = 0.498, t = 3.092, Sig. = 0.002) uagiltfedAgynieainfisesiu
0.05 Us¥71 n1sdnfanssudasunisug wu dian WUsludu visensdeansnismaiaingala fing

Bauindensanaulatevesgnaiegedniay

NEUNTNENTDIT 2 aSuneldeail
Y2 = 0.166 (X1) - 0296 (X2) + 0.081 (X3) + .192(X4)
(2.795) (-4.014) (.960) (3.092)

miﬁmﬁu%%m‘%m?{maaqﬂﬁw (Y1)=a+0.166 U@ runaunannmue (X1)-0.296 Uade
dUNaNIIA1(X2)+0.081 UAT8@IUNENY DININITIATINUY (X3)+.192 Tadud I unaudsiasy
Msman (X4) Ardulszanduenfirmanazvuiananssnuvesiulsdaserensdndulade (Y1) Ine
A1 > 0 wainfudstuisduesiuwultumsinduladouavan < 0 waiifudstufiutuazan
wunldunsandulade awnsaesuisladn Jasesudrunaunandast (X1) uazdIunausiunis
duasunisnan (xa) fuadsuandenisdadulade Qmamﬁﬁmaqmémﬁmﬁﬁﬁﬁu wiedn1sdaasy
mmamﬁmmsamasﬁqgm %ﬁu"wLﬁmiamaiumiéfmﬁuh%aﬁumqﬂﬁ’h Tunanseiuy d@runay

Y A

AUT1A1 (X2) Tradisauran1sandulade vuneaIudl MINTIAYBUATERNEITY IrdwralrignAndl
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[y a
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