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Abstract

The emergence of the internet has created opportunities and challenges for many
businesses, especially businesses that trading of products and services through the Internet
in Covid-19 era. Additionally, elderly population in Thailand is growing rapidly and the
country is entering an "ageing" society. Information for entrepreneurs to be able to plan
and implement strategies to be in line with the elderly consumers is very important.
The objectives of this research are to study the level of the intention to adopt online shopping
by elderly users, and to examine factors influencing the elders’ intention to adopt online
shopping, which consist of usefulness, ease of use, enjoyment, trust in vendor, and risk.

The population in the study was people aged 60 years and over living in the area of three
southern border provinces. The research tool was a questionnaire that was created to correspond
to the aims of the study and was distributed to a sample of 450 elders. The data was analyzed
using SPSS and Smart PLS. The result from the level of the intention to adopt online shopping
by elders showed that the elders had the intention to adopt for online shopping at a moderate
level. Among the factors influencing the elders’ intention to adopt online shopping, enjoyment
had the most direct influence on the elders’ intention to adopt for online shopping,
followed by risk and usefulness. Meanwhile, the ease of use and trust in vender was found

to have no significant influence on the intention to adopt online shopping by elderly users.

Keywords : Covid-19 era, Elderly customer, Intention to adopt, Online shopping, Technology
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fiflonyszning 18 - 29 T i 4 finanaggede
fudnaananiiidndy Inedgeoylugaiinnug
uazquaflasiinniu fgnteuas maztios uas
fisnwleunndy (Positioning, 2016)

dafuannmspadnandneiuaedinnaddy
flazfpsmafnnseisAUANIRIAlLM NS
mateaufeeulatesgeoyuaziiadeiiianina
AonnuAslalumMIzaNsuMITeduianulatives
Jasongluiiufianadmiasouaumald ey
Foyalifisznaunsoouladuazgifsuiuados
Tanldsudyemsudmadanis msliu3ns

1%

NHARAIERARDIIUANNABINIVRNGNAN

E2%

geony Bavisldnenagnsmemanaintuns

e

v v o oY

anznguithnsnzgnifandnaudgeenssialy

U Y 9 RETRET)

o—

s

2. dnguszasA

1. WeRnwszduanusaialunsyensy
mBodufesulativosgeny (Intention to
adopt)

2. \fiefnwniladefifinasonnusslaluns
yauiUnITeAuioaulatvesgeny Usznausy
5 flade oA Anunelunslidau (Base of use)
masuifetselosufiiaannmsld (Usefulness)
ANWaYN (Enjoyment) Aadalalugune (Trust
in vendor) WaTANULELS (Risk)

3. ASNUMIUITIUNTIUAIBUSNNYITRINY
91U

3.1 adudslazasgndn (Customer
intention)
ausdlazesqniniTudehiymmneidu
fusBuazrunegniazintadud/uimmie
ndusndadrdnviali anudslazasyanaazidu
frnuanInssi i engAnsIuTesyAnatiy
(Armstrong & Kotler, 2013) mumwﬁ Theory
of Reasoned Action (TRA) lag Fishbein and
Ajzen (1975) 85118 anussiatiag iy
woinssnvesyAna Ingmnuaurulunisiag
fudunsndelisfiunsnginssulusunan
AN Ajzen (1991) [aWmiumamg] Theory of
Planned Behavior (TPB) mungugjasnaniigns
Tinuadaysarnusisla Seostnginnsuans
wopnssuvesyraaazladnsnalagnssannilady
Asala dedunmsAnmuazidnlaluEesausda
weegnn Wudsiidududwivinaisnaia
JUsznaunsfifinnsiauesdud/u3inig
FannusslavasgninazyiouliiiufienaluiBeuan
wanadsauildnanguilnalagasthlygnaingsy



asuslaaadslusuian dadnduiladuddey
fazuansliifiufenuegsenvasgsnalaiduoghe

32 fadpiifiandnananinunclanas
Juslan
AN IMUMUITIUATTETIA TRy
Hadufifidnsnasionnunciasazsassumatulad
Wun Jadpannuuudasemsyeusumalulad
(Technology Acceptance Model - TAM) U4
Davis (1989) Usznause mM3susiendnudne
lumsldeu (Perceived Ease of Use - PEOU)
wazm3susteselosuilifinannsld (Perceived
Usefulness - PU) luiladefilasunssansuin
denasansuaNsuwalulad

3.2.1 AanuduRussznieanudsluns
%970 (Perceived Ease of Use) fuanusdia
nssusdennudrelunisldeu
wnefa seivfedldaudoimeluladildazdos
fanuelumsldau (Davis, 1989) uilads
fifinnuadglunsvessumalulad anmsinm
284 Gefen et al. (2003) wud1 M3FUFIeANNOE
TunsldeuiiBndsoanudlat dudriussuy
saulavpasduilan Fawanisfnmlulufients
WEANUAUANIANNYRY Rasool et al. (2017)
Daweinanuhelunmsldonu Sansnaneviruas
nefisrenisBoresmsesulay sanndasiy Lee
(2009) AnwAspusUMITeEiusaulat
yostinawu Mgnudn anudhglumsldou
upnaNazidnSnasaiAuAR LT TIBNSNasia
AnuRdladngas BnilanannsAnwnaes Hassanein
and Head (2007) @awedn anssnaluaslfau
vauiulsdfomedarin anfi Sulasiainude
Tunslfseifiuderh fanusaslunmandeya
gy fieudufinstiodld waznisldneuiy

NIEINBAIANERTEIAAUSIYNG B
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Gulsddidudeidnlaldne dawasiaiiruafia
TumsPaidariniuszunesulay uskan1sfnm
AINAUTNAUNIANEVeY Ashfaq et al. (2019)
fisnpeudn mMssuiiennudglunisldeu
fimnuduiusedneldiveddyiuanusla
Tumsnduingeauiiissswmseaulativesgndn
Tutsznedu ananuddinaiundediu
3R dFuhanssuianudslunsldou
inldFnsdiusiuanusslagassulumsde

gum/usmansuladl Tuusunaesgnindgeeny

H1: mysuiiennudelumsldan (Base

of use) fANUAUNUSIBsUINDLTTRAYAY
AUASlA (Intention to adopt)

3.2.2 ANUFUNUSISNINNNITTUSN
15zl (Perceived Usefulness) fiuaaussia
masuiiaszlapdiiAnannnnsls

wnpie sisesidauiidoinnaluladiiunanls
azgaeindseansnwlumsvinanupesey (Davis,
1989) annmsfinmszassumealulad wudh
masuitesslosifiazldsuannsldinalulad
azifutladudfiiasdenaronmssansumalulad
N9 9 13U Lee (2009) Ansnansupssunstans
Hupauladzasinasmu wodinasugsslen
flssuiiansnasennuadla dmsuluysmoses
FoRudrwudoaulad assusdazlond
Aem33uivasgniitmatertieaulaagyinli
UszavBamlumsfeAufuazusmeivu mysug
Uselomifilasuioulladefifinasonisuousy
mMyBodudriuszuusaulall 1By anm3Anm
Rasool et al. (2017) wuin ms3ususzlenidlesy
01l v linsBaaudnlssnss mslidesiio
Ypsiide TBnsnasariruaimsiisnenistoas

neoaulay aanRdnsUNaNSAANYDY Gefen
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et al. (2003) 31U M33u3Faszlenififn
anmiald Tanseedninasarnusladndud
iusruveauladvesiuilae sedunsfnmi
Fahmssuifesslemifiinannisld anldfnm
mduusAUAMURTAlUM oAU /UM Inaulal
Tuusunuesgnidgeaglutszmeling looiaus
SRl

H2 : m33u3feUszlopidifinannnsld
(Perceived usefulness) HAUFUAUSITILIN

o Y

aeadisddiuAINUAalA (Intention to adopt)

(7

usnanaesiladefinanliedumunasg]
TAM Wa? ANTNUNIUITIUNTINTINDIN
fadgauayn (Enjoyment) mmﬁaﬁlwiaﬁma
(Trust) Barefuilaaiinnnuiaalalui3as
Aandssiiintudefinsfedudniussuy
duwmasiidn (Risk) uiladsfidduiidena
anAgausunseUfesnisidmaluladdndag
Taadfisngaziduamnuduiussznineilady
fananasesnlud

323 AMUTUNUSITHITNAINUAYN
(Enjoyment) AuAMumsia
anuayninanauuusegela
melufifiBnsnasemssuirnuasnaniunsidau
weluladuazdenasonsyausumaluladunls
Venkatesh (2000) axamsenwmseausumalulad
Tunudspusaulatuuiinfiavas Chen et al. (2017)
TeunANUayndunauduiladdfy
TunsfifiBnanasaiAuafLazANRIlaluANS
wunudenseauladuuiiedio dwsunsanmlu
3asmerilsooulatives Rani and Sripathi (2017)
numsdeuiiesuladaineszaumsaiiiayn
lunstedud Faduiladeniefidenasonis
fraulaldszuueaulavlunstoduduwasusnis

vesuilnariBuily donndssiunsfinm
299 Hassanein and Head (2007) fisngauin
anuaynaununanmaulunsdensu o le
flanpFufosulad danasprirunRTifluNsEENSD
mMaldeaulaudeaUil waznsFnwwee Ashfaq
et al. (2019) fisnpaudn MIduinuiEnayn
finuduiusagnefidudnduiuanusslialuns
ndvIngadufiloassnieeaulatvesgnén
Tutszwed dafumsfnsniaahiiaduenuayn
wAANAUIN R MARUS AU LAl
Tumsteaud/vinsesulad luuunussgnin
dgeoylutszinelng Tasiaupauufigusal

U q

H3: anwayn (Enjoyment) dnnudaiis
Beannagnefifeddiuanuaalalunseansy

(Intention to adopt)

324 AnuduRusszninenugela
@ (Trust in vendor) AuAMUASIA
ANANTNUNIUITIUATIUALIAY
MafAIEIlAlLIThsIATIIMYBuIme fLin
wazneaufuazusNseaulay aziiuldin
anuidelauladufiddiiisnsnasensla
WAYNNTURNTU WU MIANNVPY Hassanein and
Head (2007) T181udn e lasiefueaud
Tuszuuesulat 017 ANu3dnfneosulail
fianudednd danuundede Sanuldlaieaty
QA uazazliudnsiinungndn denasiosiruaf
firlumsuaxsumsteiuseaulal aenndasiu
AM3FREYEY Corbitt et al. (2003) ATlaNedn
aufifiaudofiludreudsnluszivgedinualiy
flazidnsanlumstodudmedidnnseiinduniu
wazRaFAIINISEaNSUAI T AU eaulatns
Juslanlutszineansuaulag Nabot et al. (2018)
Tsruheulindafenifneduihnuaseaina



A3t s RUA LazUIATHUSTUY
Sumasiinfinasanssensunstedusesulay
woefu3lan usaghalsimunansfnmdana
Tsiapandnedyu Bianchi and Andrews (2012)
firnnAudu3laneada wuh anadelasefune
Tallgdenasiaanusslalunisteduosulay
wag Fastoso et al. (2012) AnwlugszmAaifuaisdm
Feunanudslalufoialtfinuduius
aehefiTe A A AUNgRnTINM IR AU N ILIT LY
oaulatussgnin ey MsfnwniiFaheudela
Tudne inldFnwvnduiusanudsolasedue
AuauANRslalumITe aud/u3mseaulal
Tusunassgnindgeanyludszmalng Tnotaus

AuNAFIUeel

H4 : anuiBolasiofane (Trust in vendor)
fanuduius Beuneghadifudfiuanunsla
luns8au5y (Intention to adopt)

325 AnuduRusszniteanuies
(Risk) fiuaadela
Swinyard and Smith (2003) Wy
aandaluanEssing q vesmstedudEny
saulay 07f MAvIARLTBINEITATIATAR
fignaluguwdumesiin anuliliansdalunsld
wnolarRsAsen AnubidEeladrdanns
duweiils uiladadavnensvensunsld
mMytedudesulaufidndgiladevis aonndas
Audayavesdineuiningsnssmdianmssing
(2564) iwmuaqﬁﬁfaﬁmL‘%&Juaauiau‘cluﬂﬁ’m
sulszann 2563 wu HTmmsdeeSuuiendy
mstemnueeulaiiiduuanign S1uam 24,209 A9
Taediflgmiildsuudsannduilanfidfny @e
Hammsldlasuaua Jumlasuausuadum

1 I
U Valay

Taildnsemunds Sanerigemsuudumasinlad

U

NIEINBRIANaRISIAAUSTYnd 7
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mavamUinmiEosenuideievesiunsuy
Sumesiindnee Sadultlumadeaiuiumsinm
999 Nabot et al. (2018) fisgnuingnauuuuaauany
wnnndase win 68 wasidud hilianddaduny
Fudmsesulal uazaau 62 Wasidus fanuina
WA UNNSBITEANRUALATUSANTHIUT T
Sumnasiiin luvaefl Hassanein and Head (2007)
wu anmaiiguslaalaldnsdeaudesulay Ao
Tifinudela waziinnudnalalutesioya
dusfuazUaandy Snedrnafiuinnsussdiv
Aearugumrildenn waznns@awuee Rani and
Sripathi (2017) flesunsguilaaiidedudn
meszuvesuladdiulngfinnuivaluizas
AufUanuuaznunnuesduiduduilady
fruaviidswatnrneunsterieeulatives
Fu3larsniduifie deduannanuaaiinanan
Frediu mafnuluasedfeldiniadoanudss
Huiladpndefifdndnasaaiuaiusela
TumsBaaud/usmsesulat Tuusunesgnin

o

A0y logiausauufanunisinuneal

H5 : anuidgs (Risk) SanuduiusiBeay

pgniifddiuanundalumseans (Intention

to adopt)
4. NIDUWBUIAAIUNNTIAY

ANNNSNUNIUITTUATIHNUIRTA T8
TNAUENTT I UATOU WUIAA UANTITE A
AUNAFIUVDINNTINLAGT
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Ease of use

v

Intention to adopt

AT 1 NIDULUNIAAIUNTINY

suNAgILIEINTIaiivianun 5 4o dell

H1: mysusienudelumsldan (Base
of use) fANUdUNUSIBeUINDLS TR AYAY
AMURTlaluANIEaUSy (Intention to adopt)
mideaufosulativasgeens

H2 : m33p3ielselamidifinannnisld
(Usefulness) finnudunusiBeuinaneiivedrdgy
AuANURSIaluANTEaLsD (Intention to adopt)
msteaufesulativegeoy

H3 : anuayn (Enjoyment) dAnudaius
deuaneesfitudduiuanudela (Intention
to adopt)

H4 : aanielalugfune (Trust in vendor)
finuduiusiBeuanaenalituddiuanusdia
lunseewsy (Intention to adopt) M3t AU
spulatvadgeeny

H5 : Anuides (Risk) SanuduniusiBeay
aehefiduddiuAusdla (Intention to adopt)
mideauiosulatvasgeeng

5. A5atiun1933y

5.1 U5293705 BuanqusetNuazisnng
CHE PR gN
Uszannstunsfinutszsnnsiis
AUANNA (Finite population) ﬁaéﬁﬁmqﬁ’ﬂ L6l
60 Tuly endvagluiiufianudsminmounuanels
Ap Aindamil WRIRLZALAZNRIAUIDNE
FafidnuTwind 227,110 au (NSuN5UNATEN,
2661) FHUMIINUATUIATBINFNFIDLN
(Sample size) azl#35T)anN5719v89 Krejcie and
Morgan (1970) mjwﬁhaﬂ'wﬁiﬁﬁwmu 384 fng9
maguipgnsazldiBnsuuD UG
(Cluster sampling or area sampling) Tasut
Uszsnnseeniunguiiuiiniegfienans Aofmin
Pl pzan wazuadna lnsfousasdmdad
150 70 Fasimunaudmindwau 450 49
Fannainduautusiidinualy Tagnsifu
Tuusazdaninagldismaanuite Wldnguings
muiidsIRelgeenyiifionysoud 60 T antu
225U INQUITANANTITUUATIDANNTINTD
Tinquiihmnesenanaeuwuuasuany Seiu3s
MILENFDENIULLIRZAY (Purposive sampling)



5.2 iA5edinfildidn
wisesdlefildlunsfiusiusmdayaids
azifluupuanuny (Questionnaire) fis3edusn
Weasuaunguindelagdaihuuudanis
ThaanmdnaiuingUszasilumidunasiasna
ashwuaspanulidmeuuunaeuausiauies
Tosuuusovaulumsfnmiusieeniiu 4 dou fad

]
1 P

a1 AMaNEMILARNIDINGN
Whmnedsdl Dudgeensfifigfisiuneglua
Fwiareuauneld waziionydeus 60 Diuly
sauil 2 wodsunuRsRTayamllusney
WUDEDUDNY LU WA 818 318ld 9B Aafinm
mawlnsdnsazossiauludiui 1 way 2
azlufanudansila firuuarmaeu 3l
\donnay d w3y dawdt 3 WuuuussumaAeai
AnuRslaewil waziladeiitandnasarnundla
pousy Wumanuuoy Likert Scale lngfnoy
ATABUANTAUANIARTIUIBIAUIB BN Y
5 52U wazgavhedo dufi 4 Wunslsideiaus
wuznazANNARudY o Wumanuuuuaie@e
TnadnouaziduunUmMNANLANTUTEIAULD

5.3 NINANBUANANYDILATDND

Tumsiseassildaedonisnisfinm
MTINuBe3unad (Quantitative Research) agld
WUUABUANY {IT8a1NANIATIAEBUAMATNYDY
wwusauandly 2 fufie 1) ANTizenTwas
o (Content validity) Q’f‘sé’mzﬁw TGRSR
flasetiu Wiy iuuimassia manana
waznINAsIBIannTeting Aansannsiadey
mwgﬂﬁmmamﬁam lAssaseuuudauany
WAZANUATEUARNVDNNUIRY 2) ATIAEDY
ANULERIY (Reliability) Tuaaudawlsfitd
Tunsfinwduau 6 fuds fRdelihadeazi

NIEINBATANERTEIAAUSIYNd 9
U9 17 adufl 26 unanAu - Jquiey 2566

ANANEDTY TnugAndulszandsan
299ATUDNA (Cronbach’s Alpha Coefficient)
nunendudszanssarnvessulsildlunsfinm
fiefnagszning 0.842 9 0.939 Fennsauls
fidndudszandsanigendn 0.600 Fedialedn
wuAsUETeTesiy (Zikmund et al, 2013)

54 mTAlATidayauasafaniy

myleeidoyalunisfinm dmsy
doyanaluvesmevuvvasvauldada Ao
AM99IANNE (Frequency) Sa8ay (Percentage)
WATNNIANBNTEFUANUTIND A lUANTIEUSANS
YBIQNAN I aafnmameady (Mean) sy
1M35U (Standard deviation) Fedpyasenan
azdmzdmslaunsudiiagy SPSS dwsu
msfniladefifidndnasonnudcia 193
Anesifuuudumeidsansiosfigaunedu
(Partial Least Squares : PLS) suluudnanaaunis
Tasease Aldanuudsdsulunsimse
(Variance Based SEM) m3nsiaaauudasnzy
Tedums Wamen R Inelflusunsa Smart PLS
Version 3 #393LATZRAIMDULEUNISINAIEDY
tefigaunsdau laedayalididudosuanuasng
f3NT0IAINTAMDUEUTU (Confirmatory analysis)
(Hair et al., 2013) Feapanansivauifoasd

6. Wan153ay

6.1 doyafugruvasfnouuuyaauan
nRUDasUAINAaINI AN
Annesiifiensfnunsioan 450 ga wodu
WAneIBEaT 55.3 uasinAseianay 44.7
AReuuUUasUININANIATsliangseus 60 T
fia 65 T wuipgas 66.9 I99ANNAD DY
32rine 66 fa 70 T A wouiagaz 29.8 AN
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PRy 71 fie 75 Yuazannnd 76 T
Tnefidndufinedogay 2.0 way 1.3 muady
saulnaresdneuuuuasuauiisaunnauss
Joway 82.2 AWM IULTRFNAUWLIN Enpy
wussuauiarmaundaamanniign Andy
Fouaz 61.3 AUsYAIEUINNSIPYAT 36.9
Maup3aduazdu q Andudesaz 1.1 uag 0.7
AUETD fRounuusauanufsunswiednisa
mMafnngegalussAUSuanesfesosas 47.3
auele dsauRnuIpYar 22.4 aydIwan
Toway 11.3 gennUSaeisauas 47.3 uay
Bu 9 02 neldvesdreuuunanuanupeas 26.0
fivwleszwing 30,001 - 40,000 DN T89AGHN
Sopay 22.9 fvwlesznine 10,000 - 20,000 U
waz Sowas 22.4 Inaldazwing 20,001 - 30,000 L1
dauewaz 16.8, 7.1 uaz 6.8 Insilisnaldmni
10,000 U 321319 40,001 - 50,000 UM WAz
11AN31 50,000 UM MNARU

6.2 AMuAslagaNfuATEDAUA KL
ssuvenulatvesdgeens
HAMTIFINUIY Anuselagauiy
AsBedudHusTuueauladvnegeany
Tnsamsuggeenyiinnunslaseusulunste
AuAnuszuuesuladegluseiuiunais
(AzuuuRALalil 3.047) FefiwaziBoaos
anusslaluFeewine q sl anusslaluniide
aufsuszuuesulatduaznnsdnnsiisaiu
5InTIIMIBR AU uITUDDaulaUlinz LU
Anfign T09anAD ANNAslalumEaauHy
soulavlusunan wazmstoAueng 9 suszoy

' >
Al o

poulad musdy lusziiduaslaazidude
aumuszuuesuladinnTuiinzuuudosiige

6.3 AMInaadUaNNRgIULAgInDilady
NABNENAADAIUANINAIA IUNTHBNTUANTTD
fudesuladvesdgeeny

6.3.1 wan13Aszilanansin
FaudsTilglunideTnanmiu
Lﬂm%ﬁﬁﬁwmﬁﬂnﬂﬁa w5 (loading) lagiansan
Tsanethmiindasdiengendn 0.50 wianmnsi
futssnanausneduelnngnissilaunni
$owaz 50 A9 1 noathminegszning
0.550 - 0.936 eanunsaajulaindaudmnda
iunaifsnany Wefiansaneauidedole
Yp9e9AUIenay (Composite Reliability : CR)
wuin yneedUsznauiifngandinaidi 0.70

6.3.2 n1sUsziiiumINuATILTILRIDU
(Convergent validity)
PYULLRYINUANTUIZLTUAMNATY
Bawmdiau lneadnnliinanunsadauniioude
AANLLLSUTIURaTRleeAs (Average Variance
Extract : AVE) lagfnadn AVE az@ipedianannnin
WIDWNAY 0.5 WaANINALUTHAN B5U8ANY
wisUupeeiUsEldunnindesas 50 (Hair
et al, 2013) AMITINT 1 T19UTFTI TR
s 6 fudSienaaus 0.686 - 0.846 ananTnaziiay
Tosudslunsaraedsenauiinnuduiusiu
muludluagefnazaninsneduregUuuunis¥e
lussddsznavvesnuldidussed
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Construct Items Loading AVE CA CR
Usefulness PU1 0.878 0.807 0.920 0.943
PU2 0.917
PU3 0.883
PU4 0914
Ease of use PEOU1 0.901 0.686 0.841 0.894
PEOU2 0.550
PEOU3 0.875
PEOU4 0.928
Enjoyment EJ1 0.911 0.846 0.939 0.957
EJ2 0.894
EJ3 0.938
EJ4 0.936
Trust Trustl 0.852 0.702 0.858 0.903
Trust2 0.888
Trust3 0.714
Trust4 0.885
Risk Riskl 0.788 0.714 0.901 0.926
Risk2 0.845
Risk3 0.886
Risk4 0.885
Risk5 0.818
Intention IN1 0.889 0.765 0.923 0.942
IN2 0.891
IN3 0.825
IN4 0.885
IN5 0.882

ANYLAR : AVE = Average Variance Extracted; CA: Cronbach's Alpha; CR: Composite Reliability

6.3.3 NIINAFDUAINUATILTIANLUN

(Discriminant Validity)

MINAFDUANNATUTIRIUUNAY

Wnaivee HTMT (Heterotrait Monotrait ratio)

T armuiissnsaBeiuuniay wWisuisuidug

FeMINEMLLUIURS FRsnaazABeEiAntaEAIN

0.90 F9AZLEAAYINHAIULNYIHTILTIANLLUN

BADNANYINAUAIDNINATT 0.90 AAZWERAIIN

‘U’]ﬂﬂ’JWNLﬁEJ\WﬁQ BN LU Q’]ﬂ@ﬁiﬁ\?‘ﬁ 2 WU

FAFNAT1 0.90 waAINlULAARINEITTANUATS

BN LLaZ&’]ﬁJ’]iﬂﬂ’ﬂ,ﬂl’j Lﬂi’]ﬁ‘]/ﬂll bRAANNTT

Taseasnale
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msw"?’i 2 AanudisenseBesnnun (Heterotrait-Monotrait Ratio ; HTMT) (n = 450)

Construct EJ IN PEOU PU Risk Trust
Enjoyment

Intention 0.670

Ease of use 0.727 0.539

Usefulness 0.787 0.628 0.818

Risk 0.056 0.276 0.103 0.089

Trust 0.654 0.436 0.726 0.610 0.126

6.3.4 NMINAFDLNNITTIUEUATUTING
(Multicollinearity)
Tumsienzilunasanislaseas
ATABIRANIINATDUANILIINLAUATING
(Multicollinearity) 28999AUIZARUYINUN fiaz@n
Tifimnuduiusiuesegredlidoddgyneada
TasanTadansvenefeenN kLU (VIF)

AI5TIANANAIN 5 (Hair et al,, 2013) Feiiipfiansan
AT 3 nud pedUsEnauYinunedniady
MIVNYAVDIANULITUIUIZAINN 1.021 - 2.931
AARABSALAMITIITUA snaANNINlwE
auMslasEedmsumTITuasat ifinilym
MNIETIIAUATUT NN VDIBNAUTT AR LN BUBN

A19519N 3 MRz dadpiadunsvengmueeANNwlsUsI (Variance Inflation Factor ; VIF)

Path VIF
Usefulness 2.931
Ease of use 2.726
Enjoyment 2.490
Trust 1.756
Risk 1.021

6.3.5 NIFINMIVIIULANNWNULDDY
JUuwuuLdUNY (Cross-Validated Redundancy;
Q%

AMFINNAANNIIVIUIY AU LU
paegtuuuidume Sudununnunsaumslaseain

a9197 4 A R? way QF (n=450)

safasliaumInza (Fit Indices) fgen
MsvhngANLLiuN VU wULEUNNG %3 Q°
Fefien 0.351 Taglunmsaumannusssuns
Tassadadiauduiusiussiugs nasensned 4

R? R? Adjusted

aus

Q2 sEAuAMUFNTUT Vo IgmNIH

vasarums Iaseadna

Intention 0.495 0.489

0.351

g
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6.3.6 WANITILATITHLULAAFNNITIATIAINS

PU2

ogrs 09
PECU1

0901
*—0550

- 0.875 — _
0028~

PEOU2

PEOU3

PEOUL

7

P
0.082
0.393

PU3

7

0883 poua

U
0.250
N1

/

0.889

oo -
¥—g.894
0938 ——

0as6
o

EJ

-0.020

Trust1
0.852
*—o0.888

40714 ——
oess

Trust2
Trust3

Trust

0788 pagas

Ve

Risk1 Risk2

il

Risk3

\\“ S
» 0.825 —p
08ss
0.882
/ IN T

-0.259

-

osss 0818

\,

Risk4

INS

Risk5

AN 2 NANTIATIZAFIRUDANATT RTINS

AMANANTIATIZAAAENANT AT
(structure equation model) WUINAQ w5k
FAUEBLNEANNLLTUTIUVDIANAT RIS
vawsumItedudoaulavivesdgeony (/) ldouas
49.50 ilafansaunFnduyseansansnanuin
ANEYN (Enjoyment) fAVENABIINFEAINRSIA
Tunnssauiumstedudosulatvasigeeny
ﬁmmm‘/’iqﬂmwﬁu 0.393 (5.653, p<.001) 399a93"
fio Anudes (Risk) SBnsnaBeausaninusala
Tunnssauiumstedudosulatvasigeeny
fAYinAY -0.259 (t=3.997, p<.001) suUAIY
dnBnaresnssuiiasslerufiinainnisld

(Usefulness) §Bnanaidauinsonnusdialunis
gausuMIdodudoaulativasgeeny Bl
Wiy 0.250 (t=3.818, p<.001) muasu farfu
snunsaagLranImaseUaNIRTIUlFauNRa
M7 2, 3 uaz 5 Wsunsatuayu Tuvnzi
masuiiennadialumsldan (Base of use) waz
ANuLElalLg21e (Trust in vendor) WM TIATIZH
enubifidnsnasoanuidlalunsseauiy
mytoaudosulatvssigeeny efimiAy
0.082 (t=1.281) waz -0.020 (t=0.415) mMUaHL
FeunamMIMARBUANNAT W TITEA 1 waz 4
Tallesumsaduayu sesngaumnaned 6
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A9l 5 asUnansnaapuauNRgIuT 1 e 5

ANNAFIUMTIDY Beta value SE t-value p-values wa
H1 PEOU—IN 0.082 0.064 1.281 0.100 Tiaiveyu
H2 PUIN 0.250 0.066 3.818 0.000%** ﬁﬁﬂﬁHH
H3 EI7IN 0.393 0.069 5.653 0.000%** ﬁﬁﬂﬁ‘léu
H4 Trust 1IN -0.020 0.049 0.415 0339 Dimivayu
H5 Risk = IN -0.259 0.034 7.556 0.000%** ﬁﬁﬂﬁ‘léu

nNYLR : *p<0.05, **p<0.01, ***p<0.001 ; SE: Standard Error

'
=

WHDIATIZAIUNNTINTAUA ANAATTR
AdpTiEaNTisenTeedInuulun NI
(Goodness of Fit #38 GoF) LamInfiunys

v & Y

AUNINTNRUAEINITAAAAZLUAIN AU U IAIT IR
7. asaAdszna

MafnmsEiUAMARalaEa AU HuszUY
saulavaasfgeongluaudmiamaunumals
enuiegluszivihunans uaziadeiiidnina
sannulunsueniuasdedudeaulatues
Hgepne wudn Anuayniiansnaniensese
anusslalunmsseusunsiaauiesulatass
Hgeonyaasdgeongunniign aufdnsng
PDINNUIR S UAZBNBNAVDINTSD 3T s e
fiinanmsidanuady naafe dfgeenyiid
Uszaumsailunslddumesidaunn Wiuimste
audnuszuvesuladiduidesaynaiunsa
aerumanauls warsuitasslenilumsde
garuszuueaulay fazdananusslaluns
sonsumstouteeaulageduld uazlums
sy dgeeyiuinmstodufesulat
finnudsanndu azhlidgeengiinnussla
Tunswensuesulatdariinloras Ingnams3deil
ANUEDAARDIAUNANNTIAYVDY Rani and
Sripathi (2017), Rasool et al. (2017) k& Nabot
et al. (2018) MuaFy vz fin155D3 TRy
Tunsldau wazanudslaludune nansfinm

= '

U TEnEnasaanuRelaluNTEaNSy

P9FILUIHASNS LFRReala dwsunsRne
FE9UINAT GoF WiNAY 0.611 LanaINfLuy
TANURINZ AN

msBedudoaulativesigeeny wansideil
fnNNanaARRNUNaNTTIAYDY Ashfag et al.
(2019) fipeui m3suiieanunalumsldanu
fimnuduiusedneldfiveddyuiuanusla
Foauimeenulatuasgailulszimeiu uas
M3AAWYDY Bianchi and Andrews (2012) finui
anudelasedunelilddsnaseanusdalumade
aumesulatvasduilnannaBa
AMTUAINADARADIVDINANITAN L
Aunuudansmszansumalulad vas Davis (1989)
Uil MITu3ielszlesdfifaainnisld
Juiiesiladofeniidandnasoanudalaluns
youiUmMIteaudeaulaivasgoymuimin
FeuauAle Tusarmsstitennuhaluns
THaulsidenatonseaniunsfosuseaulay
ooy U IaT s wAUALS

8. PoraunuuzlunnsIdY

anunslagodudiuszuuasulatas
Aoy Insawsanegluszivtunate Baduds
TezTouhigengazeonsumslidtoameesulanld
iszneumandemhsnuiifsidesdilat
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Abstract

This study examines the price response to SET 50 index additions and deletions during
2011 to 2021, and finds that stocks added to (deleted from) SET 50 index have abnormal returns
of 0.87% (-0.93%) on the announcement day of the addition (deletion). The price of the added
(deleted) stocks continues to rise (drop) till the effective date, but reverses fully thereafter.
This result is therefore consistent with the price pressure hypothesis. In addition, this study
partitions the sample period into two subperiods. The first subperiod is 6 years from year 2011
to 2016, and the second is b years from year 2017 to 2021. The results from these two subperiods
show that the price effect of SET 50 index additions and deletions is more pronounced in the recent
5 years than in the first 6 years. But the full price reversal still occurs during both subperiods,
except for added stocks in the recent b years where price reversal is partial. This result possibly
indicates the higher degree of limits to arbitrage on the price effect of SET 50 index additions

and deletions during 2017 - 2021 subperiod, compared with that during 2011 - 2016 subperiod.

Keywords : Abnormal Return, Added (Deleted) Stocks, Index Fund, SET 50 Index, the Stock
Exchange of Thailand
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Significance of the Problem)
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dSunnimzlufudstiviunan o W §od S&P
500 VaNAAATUENSEY Winswh SET 50 Uas

aanarulng Wudy namsfinunfisusndeing
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U N Y Ao
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Hufignusudh (W5uesnann) sedduannneewu
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usna Nl Msasnuiiiagluamudsi

% '
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Gurel, 1986; Preston & Soe, 2021; Shleifer, 1986)
wazsBAIbaud (Biktimirov & Xu, 2019) U804
AANATUANIFOLEMN INTTaewT FTSE 100 999
99nge (Mase, 2007) wazasil Nikkei 225 U9
zﬁi'ju (Okada et al., 2006) Tl sUsuEneen
wowiuludaifuuosssmeaiinlnl (Emerging
Markets) pgneasil CSI 300 ¥993U (Wang et al.,
2015) @il FTSE-ASE 20 199n3% (Papachristou
et al., 2018) »otl FBM KLCI ¥29utasde (Lu &
Ahmad, 2019) kazant MSCI DUz nesg ¢
(Chakrabarti et al., 200b; Li & Qian, 2022)
UNUNIUITIUNTINYBNIINY M8 Index Effect
Tunany 9 dszwaananIngliannisfinves
Jenwittayaroje (2014) was Afego (2017)

NIEsnEATANaRssIAadszand 21

Ui 17 atiufl 26 unAx - Tquieu 2566

wana N AR Ny Index Effect
STANDINANTUSUTY (a9) ?Jmswmmmﬁuﬁgﬂ
Usudh (eanann) sefiduduuuuanas (Biktimirov
& Xu, 2019; Chan et al., 2013; Cusick, 2002;
Shleifer, 1986) wAfSinsAnAinuINNIUSDWEY
PovsAvesiuiignusuidesnduiiuiiiss
mausuiasuthaswiiiy (Harris & Gurel, 1986:
Okada et al, 2006) wana Nt wawAIANY
(Biktimirov & Xu, 2019; Chen et al., 2004;
Mase, 2007) Adnnunisilasuwdaiindu

o

pE9AinUnAvDILFUN AN B B DTTITY
fignusuduasuiignususenansaiisne iy
ASANBINANTZNUADIIATLAZUTN WY
AsBevsvesiuliuidneenlunaiaiulng
AauYee u3ne 3lunTYSNY uazAn (2554)
fdnwiuiiusudnesndsl SET 50 Tugas waa.
2549 £ W.A. 2553 LLazwudﬁﬁuﬁ'gﬂﬂ%’U N (800)
APNARBLUNURRLIAR L ATNR 6.67% (-6.17%)
wazfiU3anamsdomnsfiiugeRinunfnaluiu
UszmAuas Tuitinaade uaznuinnsiasuulas
gaemiuduuuuans

nsauANNARLasNgEfiingidaslunnsivy

(Conceptual Framework)

Nz unanfidszansainnandadn
Fufllsudmsoasnanndotfulinisianis
WAz aeeesmiuseliaUng isnzansi
Hulsudhesngeulifinisasuudasluflady

=1

fugu Tasenzasdiuildnariiduiigs
TRlauee YaradunumuIAInag (Market
Capitalization) LLazﬁ,I“ammi%mnEJ Tumsdndan
fudmseaanandoll visutazfiamswAsundas
FaiiReUnfanussdesiuliudiesn
figeninund fazlivnawmuiifineiina (Rational
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Tvestors) lWhanvhmlsednsaannmsivasuugas
NefiRaUARfaT wazvih s asuudas
TAitfinuUnfgsnaumely

oehlafionu IBnunanenguifignuLeus
TunuArnmasng q dieldesunendngubeszan
Index Effect naufjhsnes Price Pressure
Hypothesis #iifainnosmusriidudowihnite
@18) ﬁuﬁﬂ%’m?ﬁ (USupanann) dofifidday
yldnesiuignusun W3ueenann) siususa
Fu (a9) Fap51 zlannaapeliiisene
fonITe (@8) ﬁummﬂmnuﬁmﬁtﬂum?ﬁ"aFma
wanguLBeLszdnyfiatusyy Price Pressure
Hypothesis Ann13@nw1wae Harris and Gurel
(1986) finpnsUsusdu (849) FIATIVDITIAN
wosiuiignusudn (U5usenan) fudl S&P 500
funguifiansie Downward-Sloping Demand
Curve (W38 Imperfect Substitute Hypothesis)

' D2

Tudedn duiignusudmioesnandesddu

q

DY) o

douliffuiunuiiauysaluouls ilddug aed

q
[

Yoeiuludulduainas (downward-sloping)
fadu mainTuvesguasd (gunu) Tududign
YSuidh @5ueen) aanaaussil azﬁﬂﬁmmﬁu
USuTy U5usaas) 9123 %ﬁaamﬂé”mﬁ’wé’ﬂﬁm
\Betszanuway Shleifer (1986)

nawifiauAe Information Content
Hypothesis ﬁL%@’j’lﬁ:uﬁQﬂﬂ%JUth (@BNaNN)
ol WunaasfiousunaniBaun (Beap) Tesiams

v & >

st Fuiignusudn(eanann)faiidendsisen
ﬁgﬁu(amﬁﬁm)aﬂwmﬁ Feannnaneiy
nangIuLBezAnYeg1eYeY Cai (2007) udu
frungquifiddy Aviuisnsusudiduases
Aereasauiy Tag@edn duiigndsu
W (28NANN) ATl YOUAINNIILAANAEDY

P

figeBu (av) hlddnamuiinlafiazyszidiu

IavuiiUSudhWueenan)fliiigelu (Manag)
938041 Liquidity Hypothesis 9a0nndas
AunanauiBedszansues Erwin and Miller (1998)

NQ B IvinABNa B Investor Recognition

Hypothesis fifainufignusudnsdstiiuazidu
fissnudoaulavesinasmuinniu (Awareness/
Recognition) v l#finyssdlududignisudng
WnnTu AvuLSuEhRegeduetneanas uay
fengludativazgnusueen dexlinssanali
fnawuidn (Aware) Fudutiosasly fadfy
fulsueandehinsfinnsanaswasna mafinm

=l |y A

299 Chen et al. (2004) ANUINAUNYSU 02T

q

1Y Al o &

duiisnanfiugedu warudidsuasnuuling

q

mMaasuulasesnmenedidysny Jeatbayu

%)) Investor Recognition Hypothesis #

521021357338 (Research Methodologies)

whasdayauwazifnisdniiy (Data
Collection)

¥
o o Seg Y o

NTUIR EJuﬂﬂifﬂ‘iﬂu‘VlQﬂﬂ%JU [N LaYeRNAN

q

ABt SET 50 24U A.A. 2011 38U A.A. 2021
Faunqusegedivgnganmsinmnounin
29933nA FTUNTYSNE uazAe (2554) fiFne

Fuiiusudneandst SET 50 Tuzast a.a. 2006

9

=0

i A.A. 2010 manewannIndurelszinalng
azynsUSuiudniseananeesil SET 50
Uaz 2 A ARNNRBUNNINANLAZATALIANTDY

yn) wiann 6 ey Jayaduriunederiuiiodlu

9

[

¢l SET 50 JutszmAsederuiignisuidn
wazi$usenansell SET 50 wazuiisngderu
luswil SET 50 finalda3e (Change/Effective
Dates) snynsnmisannsiulasvosnaamannsing

wistszinalng (www.set.or.th)
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At 1 uuiuiivSudnuazyfusenanndsil SET 50 Tugasd) e.e. 2011 T 6. 2021

. fuuTUINAT | SuauTulSUEAT | SwausiulSueen
F2912a1 e 'a S on RULLHAR
Jiuideen 14#lunsfinmn ldluns@inmn :
2011 - A3slusn 12 6 6 finImIuT
- Adnag 4 1 0 A9
2012 - A3silusn 6 3 3
- A3ednay 4 2 2
2013 - A3silusn 6 3 3
- A3ednay 6 3 3
2014 - A39TuIn 4 2 2
- Ayednas 4 2 2
2015 - A3eduan 8 4 4
- Ayednas 14 7 7
2016 - A3sduan 6 3 3
- Ayednas 8 4 4
2017 - A3silusn 10 5 5
o NN N 14 7 7
2018 - A3siusn 12 6 6
- A3dnag 12 6 6
2019 - A39TlIn 4 2 2
- A3dunag 4 2 2
2020 - A3eusn 2 1 1
- pdnag 4 2 2
2021 - A3silusn 6 3 3
- Avdnag 8 4 4
974 158 78 77

ananed 1 g aed n.. 2011 8 A.6.2021
fifwauduiigndsuidheenaindall SET 50
Snunann 158 fuiiegluseurssiivioseutnd
Tppe3diusnAngae 1 uniANds 30 lguieu
ot uazdendnasiosae 1 nangnauds
31 Suneuwomrd Taemsfnmniazasauagy
enziuisdneenluseueddhBosouUnRuniis’
navaniniuaeuismiinisaiusauianis

s 3 nannngludersdindewodd A, 2011
naueEnswBsIAnENE Feriszaude 155 Hu
fiusudnesn Tnsutisdurul3udnanuau 78 fu
wazviuUSueRNAUIU 77 Y
sudpyariinanauuwnusiy (Total Retum
Index) vosfufiviuiineonuazansnaintu
Tusuildasd SET usununainiulneg
WAUIIWTINANTULBYA Datastream

upmufiuadedidn 14 Muitvsudhesnlu“seutsuussseminsseutnd” nanfe Wumsuivlussrinedieaddusnndsluseninegas
pDnas wazhignunanldJusheghalumafinunt warsdunanaiaiignusudheei SET 50 Tusseudsudgessniesoudni”dudu
winlmai (Initial Public Offerings) Aelsifidayanmdunsunisusudhded Saliaunsaimnzinansuunuliagnf (Abnormal Returns)

Tughersumsuszmele
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msﬂszmawaﬁaga LAZANSILATISH
(Methodology)

nudedlda5 Event Study lunisfinm
NANIZNUABTIAN (“Price Effect”) amsiuiign
suwieeanainaeil SET 50 asuiuviu
heenvesdsdl SET 50 ifindunn q A3
TnenansmannsnguiasmalngasUszmenede

>

ufigluded SET 50 Tuudazsaunisll doufs

q

$ul#75¢ (Change/Effective Dates) Uszanas 2 dUan
139 10 Furhms sty e tasinmmanszny
F3ATIslLUL52ne (Announcement Dates)
waIul#a39 (Change/Effective Dates) Waz3394an
Aounaznas Tuiesnasenanifag nanafe msfnm
fuszfiunanauuwnuRaUnf (Abnormal Returns)
Fefusaud 5 SwinisteunsUszmanyde
Hudsuidnenn (eRnwnansznufasIAi
anafinannmsmansalifuysudneen) laud
20 SundeTufitinaldase (Wetsediuinunanszny
somfidstunounidusuudianmienas)
kATUITUNARDUWNURAUNGAZEY (Cumulative
Abnormal Returns) Tug29a169nanae
NAIANBIVDN Patel and Welch (2017)
Ui CATRnwHansTNUAD T A YR Y
fignusuidnvdesenanawituld3s Event Study
TaeflgumuluNanauLnuRnUARsensUSY
KaneUUTBUTignUSUhoendsHanaU Ny
FUVDIRAA (market-adjusted return / net-of-
market returns) Wiy fsimanadsd Jsznsuan
3% Market-Adjusted Return faiu3sadenin
wazlsidudoumiisunslfuuudanaliinazidy
WUUSaaefid 1, 2, wie 3 Jadefinnu uananil
w5435 Market-Adjusted Return QZ@?Q?J@:

'
a '

vuaNNAT NI AN TRiuTignUsuidneen

& 2y !

whin 1 uiffedndusnuiguiiaumasuna

Tumsfinni wszduiignUSuidnosnaindat
SET 50 doufiadudupuialvaliledisuiy

o &

futonuelunae SET deifu Awdwosiu
nalnglaziedsuaidsmslndifss 1 agudn
15zn3fiaee MUz AN L anEanaung
annee (Regression) YBSUULANARIAN o Lauyili
IfanauUseansiliifisense (Biased) 16 1y
annmsfirnwiassiufisnansawasuud asld
naanLan (Kappou, 2018) sauviennsfiusim
fignusudnWsuesn)infinanouwnudia (ue)
mnﬁ@ﬂﬂﬁﬁaumiqﬂﬂ%’m% (Usuaanann)

L=

st vinlhldAwean (Alpha) fivszanadldidian

gesiiuly (fhduly) dmsuduiigndsudh W5ueen)
(Jain, 1987; Kappou, 2018; Lynch & Mendenhall,
1997) ety mIfnINEReFIMKanaUWNY
AnUndlaeldnisUsunaneuunuveswiuiignysu
LINDONAIUNARNDLLNUTINTDIAANA (market-
adjusted return / net-of-market returns) Lgu

o

WPEIAUAUANSANNDUATING P9Tl

oy
AR AaNanaULMUNAUNR (Abnormal Returns)
wouu 1 & ufl d
r FoHARPUUNUTINBY 1 & Tufl d
ADNARDLUNIUIINTDINAN
Toeldead SET Wufumusosnain
a uii d
At HaRRULNURRUNRIALYD n Hu
sl d %o AR snansaeuanileiail
“~ ARiq
AR =D

i=1

AN HaseUuNURAUNGIdZEN (Cumulative
Abnormal Returns) 2999994381 d N d, e

CAR  euonldissd
d1,d2



dz

d=d;
KALYNNIINAAD VU AN AT AVDING

AR waz CAR_ MIBNINAFDUWU ¢ (t-test)

wan13An® (Empirical Results)

N7 2 WA NARSLWUAAUARAIUA
5 SurlounusenA (4 AD) A 20 Sundauil
Inaa3e (3u CD) %39 AD-5 fiw CD+20 189U
fignuSudnludail SET 50 saunmil 1 wans
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amauunuAnUnPszauluwsiazu Tugag AD-5 fis
CD+20 wosuiignusuidngail SET 50 Tnawuin
Tugas 5 fureumstszmasudh ianveeuil
idazgnUiuin JSusgeiuuuuRaUnGf 0.64%
(¥38 CAR a1n AD-5 v AD-1) usiazlsififedey
neanAnmY lugaensumsysznie fu AD-1
Ao fuiilnansznusemanngafi +0.37% was
o fymeadan 10% wasliduaufudiden
namauunURaUAATTuLINe 60.3% wazannndn
50% penediduenAmeafinn 5%

(]

A3 2 WanTEMURTIANYRLTUSD AT SET 50 Tumastl am. 2011 AT A.A. 2021

mIsiluansnansznuss AUt Ul SET 50 Tugast) a.a. 2011 f) p.6. 2021

TAYANTINLEANATHAADUUNUAAUNFILRA LA ATNANDUUNURAUNTIIRAYaZEY ASWE 5 U

ApunsUsznAaudis 20 Yunaeiuldase Tngtudsearunumedansal AD wazTuiildads

wnusedudnsal CD Sudssamareanniuifinateduld 10 Swihans ewaneuunuAnunfiedy

(AR) uasANanDUUNUARLARaSaN (CAR ) naaRUTydANINaTRFIgNIINIZAYAILUY T

Taedl H A AR 3p CAR
0 d di, d2

= 0% AIUAITPYAZYDNAINANDY WNUARLAFRALTTULIA

A snasautiyd fumMeaRsgnINITaN8saluy Binomial lagd H fin T9LazYNANANDLUNY

Antnfnadsiuian = 50

o NamaUwNURAUNH P aa . """mi’m“"f 2
U 4 ANENA t P99A1 AR | WasauutnuRnlnfLRae
WAy (AR ) d prags
a Nvtluuan
AD-b5 0.41% 1.11 53.8
AD-4 0.14% 0.67 47.4
AD-3 0.07% 0.29 46.2
AD-2 -0.34% -1.36 50.0
AD-1 0.37%* 1.83 60.3**

AD 0.87%*** 4.10 62.8**
AD+1 -0.39%** -2.38 41.0*
AD+2 -0.20% -0.84 46.2
AD+3 0.15% 0.68 55.1
AD+4 0.20% 0.82 474
AD+b 0.79%** 2.02 56.4
AD+6 0.61% 1.65 53.8
AD+7 0.09% 0.33 59.0*
AD+8 0.05% 0.15 53.8
AD+9 0.28% 1.24 59.0*

CD 0.04% 0.16 43.6
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drgian Nd;amammuﬁﬂﬂnﬁ ANARA t PDIAN
LRagazsaN (CARd1, 2 CARd1, dz
AD-5 §i4 AD-1 0.64% 0.80
AD-1 §i4 AD+1 0.86% 1.38
AD+1 TN AD+9 1.58% 1.46
CD+1 §1¥ CD+20 -2.68% -1.67
AD-5 T CD+20 0.45% 0.21
WG %, % unuild AN eadnT 1%, 5%, waz 10% muEd

Al 1 saseuunuRnUnFszanluusa uve RSN SET 50 Tuzadd) a.e. 2011 &) a.A. 2021

amiluansnanauuuRaUnfazauluusas Supssiunusuidnesd SET 50 Tutasi a.a. 2011
9T ALA. 2021 AawsTu AD-5 auiieTu CD+20 Tnesudseamaunusedudneal AD uwasiuildase

unumedyanwal CD

5.00%

4.00%

3.00%

2.00%

1.00%

0.00% |

-1.00%

-2.00%

-3.00%

-4.00%

-5.00%

o>
6’6”‘6’6’@@&‘67(67((9(90

CAGPAJA iR

Futseaensusuidneed SET 50 Aafui
sulsuininaneuunuRnUnfilnasgsTigananeii
LfiAnINT 0.87% wazTipddumeatinn 1%
wasfiduaudulSudndidanansuunuiinlni
Wuuangafiuniniosas 50 (7 62.8%) sl
T fmeadfiseituiu’ SeAnanauuny
wmﬁﬂmaawamwﬁwmmu SET 50 284
aanaulnefivunediindifissivveessl CSI 300
2015)

wigsdasninAwaneuunuRaUnfilRavesiy

PoenaAuAUR 0.54% (Wang et al,

fsudnemll S&P 500 vasansaiinggeianszana
3% 719 5% Layiitfie) (Jenwittayaroje, 2014)
uananil Mawuiisudndl SET 50
Sepaususgediufioundsaideslaufeuildase
Tneilu AD+5 fifinansuunuisUnfinaygsds
0.79% uasiitidndyneadian 5% uaziiiagia
FrnamasiudsrmaauiisiunouTuitingads
(139270 AD+1 9 AD+9) NUNANDU WNURAUNG
szaunaniiaYefl 1.58% waAlifitddymeatin
dautufifinaaseiu (Yu CD) \AnHanauuNy
RaUnfilRdeifies 0.04% waslififuddaymeads

mﬁﬂﬂmuﬁmmummamauLmua ﬂNLQ@EﬂN‘ﬁ’N AD-1 94 AD+1 Lwamemwamm‘ummammmmwﬂmuﬂi:mﬂ Lﬂuaﬂ%’]ﬁﬁ’ﬂﬂﬁﬂﬁ\‘i
Iuﬂiﬂmﬂ’]iﬂ’muﬂ’mﬂi“’ﬂ’]ﬂﬁuﬂiﬂL‘lJ’]E]BﬂE]’]QﬂJﬂ’]iﬂa’]ﬂLﬂaﬂulﬂ ‘ﬁﬂNaVﬂﬂQ’]ﬂ AD-1 9 AD+1 UiﬂﬂaLﬂﬂﬁﬁ/ﬁwaﬁ’m’ﬁlﬂixﬂ’lﬂﬁéa

Tu AD Tuifien




aenlsfiony Wenssaansenuiidine sy
fusunluszEze1Iudn AT 2 Wazand 1
aznuhmaiufituessneiuluastoudiaz
msldasaiuinnsndusfuresaauiaumis
Tugnesoun Taslugae 20 Suvihansudeiudia
M3Ha39 (CD+1 Fe CD+20) Hufinnanouwny
AnUnfazasinasi -2.68% wiazlifdudfuinna
Tnotsznau U uiiiduiuiuiiiinanouunu
Aaundnifuuindoundn 50% viaiduauiiunin
50% edsdddfyegnatsTu oenelutuil
CD+2, CD+3, CD+4, CD+10, CD+13, CD+15,
waz CD+16* vildinanauunuinUnfidzauaes
ylagaianuafiAnm (AD-5 fs CD+20) agjfilies
0.45% wazlifitudnfnieadin desenndneiu
nansAnsnawntind (Harris & Gurel, 1986
Tudall S&P 500 VoA NKUERTS; Wang et al.,
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2015 Tugail CSI 300 veemaATiuaY) finudn
sUsuTuresauliudhdetduiiuuy
FATVFEIRANIAUNALTBNIIAN WAZEDARADS
NuauNAgIY Price Pressure
dmsunansznUse M siuiignySusen
gt SET 50 dunanslunmansi 3 Tnsuans
NARBULNURRLNARIIG 5 Suripunsuszme aud
20 FuvmswaeTuiitinaads Wioiu AD-5 fi
Hu CD+20) vosiuiignu3usenaindsil SET 50
funmil 2 uaseANaRsULNURAUAREZAY
Tuusiaziu lugae AD-5 fla CD+20 voswuil
anuSuseanansail SET 50 wasnunluzgae b 3u
AeumsdsznmeUueen MlSuesnnaUinanau Iy
AnUnfazauwasiduuni 0.80% wifliftudda

'
s Al

WiSiAUA AD-5 waz AD-4 finanauwnufinUnf

o o

wasnauuuInuazdivudday

(]

a3 3 wansenuseTAwesuiitsusenannasll SET 50 Tugad A, 2011 f4D) .6, 2021

masiluansransznusiesnwesiuiiusuesnandail SET 50 Twiad af. 2011 &

A.A. 2021 IPUANTINHEPNATNARDUWIURAUNFALRADLATAINAADUNURAUATIRAD AZaY AR 5 Tu

ApunsUszFAuEe 20 Sundeiuldase Inetulsemeunusisdanwal AD uazfuildadaunusig

Aqyanwal CD SutlszaaieannTuninaeduls 10 Suins AnasauwnuAnynfmae (AR ) uaz

ANNANDUKNURRL AR AU (CAR ) nasputydAUNNaIRRIEANINTEAEA LY T Lagdl

H b} AR e CAR_ =0% fauraazINANanauwIuAnUnFmasITuay YnnInaaay

WedAuMeaiiffmen1InNIzausluy Binomial lngdl H fin JpazvavANanaUuNUAnlNG

wagiuay = 50

o A Sazazanen
o NamayU UNUNAUNRA P ! A -
MW p AN&0A t BO9AN AR NandULLNURALUNG
1288 (AR ) d d d e
d wagntduay
AD-b 0.54%** 2.13 42.9
AD-4 0.45%* 1.75 46.8
AD-3 -0.31% -1.58 53.2
AD-2 0.09% 0.37 50.6
AD-1 0.03% 0.12 57.1
AD -0.93%*** -4.02 71.4%**
AD+1 -0.32% -1.46 54.5
AD+2 -0.25% -1.08 53.2

Maigspnuemaniiunasd 2
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o Sagazapenn
o NasRULNURALUNR \ an . - -
o] p Aaak t voeA1 AR NasRULNURALUNR
Qa8 (AR) d POt
d wagntduay
AD+3 -0.12% -0.56 b3.2
AD+4 -0.49%** -2.49 67.5***
AD+b -0.25% -1.05 62.3**
AD+6 -0.20% -1.12 62.3**
AD+7 -0.39%* -1.83 57.1
AD+8 —0.55%*** -3.35 64.9***
AD+9 0.37% 1.40 53.2
CD -0.32% -1.51 63.6%**
NaRRULNURALUNR PN .
, o ANaas t VDA
491381 IRayasay CAR
(CAR ) d1, dz
di1, d2
AD-5 99 AD-1 0.80% 1.05
AD-1 9 AD+1 -1.22%** -2.06
AD+1 9 AD+9 -2.19%** -2.14
CD+1 § CD+20 2.39% 1.57
AD-5 §9 CD+20 -0.25% -0.12

RUNBLAR %, %, * UNUUBEAUNNEDATN 1%, 5%, waz 10% muaay

i 2 wansuwuRaUnRazadluwsas Tupesiuiiususenanesil SET 50 lugasd a.e. 2011

Nt A.A. 2021

amiluanswansuunuiinUnpazaulunsasiuresiuiivueanaindsil SET 50 Tugasd

A.f. 2011 89T A.A. 2021 AausTu AD-5 aufiedu CD+20 Tagfudszmeunusedmdnsal AD

waziuildadeumusadudnwal CD

5.00%

4.00%

3.00%

2.00%

1.00%

0.00% |

Ho > d D
SR
-1.00%
-2.00%

-3.00%

-4.00%

-5.00%

NA b X S5 b A 9 0 N O
X X X X X NN h
SEFFTITT TS S

G
N N
&




TwiutszaAnisususenandsll SET 50
JuiuiuignUSueeniinaneuunuiinUn@eae
figanaesiisreiiAnu ~0.93% wasiifushety
meadn waslidwauiulsueeniififnananunu
ﬁmﬂﬂﬁl,fluauq\‘uﬁuﬂ’h 50% (fisoway 71.4)
pehelifeddneadfsiguiuy fainlndifies

P

AunanauunuiaUnfizeviuiidiussnanaail

'
P

CST 300 lums@nwnuae Wang et al. (2015) 9
-0.40% usitfoaninAKanauuURAnUNRveauil
Uueenanewil S&P 500 figendn ~1% uaulwg
(Jenwittayaroje, 2014)

waafuszne duiignusuesnainssi
SET 50 ShestSusnanassiaiias lnsfinanauunu
Aeunfszanieauiuaulyaude 1 Junsuiuid
natfefuld (B9 AD+1 fie AD+9) #i -2.19%
wasfidpdAneads dnsuiuildaseiuda
HaRBUWNURRUNFIRALT —0.32% unlifitusfay
yeadn wiinaslidwuiuitinansuuwnuinung
duauunnin3asas 50% (3afi 63.6%) penedl
HaaAynsadfnau

widinupenansznuiifisiesaduiiusy
pananRBTiluszezg1ILdd NeNINeT 3 uas
AT 2 [znuINASUSUMaRUURRUARYD
evulugsrioufiaefimslfadeiu Hanandush
AurasmAauiaursalugImaculEase naide
Tugremaeiuldasalydn 20 Swihmandeuseana

1
7

1 Waudgu (v383u CD+1 89w CD+20) Uy
AnNanaUWNUARUNREZaURALT +2.39% WAl
Todduneaia wifdsznauludietudisien
HanauuuRaUNAwAsTITuuIne e diiudfy

oenane iy ageluufl CD+5, CD+12, CD+14,

Ssifinzauanimanilumasd 3
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waz CD+17° auyilinanauunuinUnfsazauwny

1% '
o i

NN NNRNE (IDANLAIU AD-5 799U CD+20)

'
1Al

ayfiifise -0.25% uwazlifiduddynieadn
Fernnnaneriy AUNFFY Price Pressure Tumsfinm
299 Harris and Gurel (1986) Tusail S&P 500
POINAATUANST Waz Wang et al. (2015) lugasi]
CSI 300 Ypenannuau

AN 4 WEASFHARDL IMURRUNRIRAE

LazANARDUUNURAUARAZ AL LA DYDY

Y v

fiusudnuazsueanandsil SET 50 veik
%34 11 Diidnwuazgranan 6 usnuded a.a. 2011
N1 A.A. 2016 kazpekIan b Unawidad) a.A. 2017
9T pLA. 2021 WampuMaNNI T I AsULYAY
PDINANITNUAD A IBSUTIgNUSUIdheenan
il SET 50 wlananwuluwield diwuuves
anafl 4 Wuwesfuiignusudh Tnefiduaudu
fsudnlugae 6 Juanil 40 Fu wazi$udndn
38 #iulugae 5 Inas wansfnwvesiulsudh
wanalifiuinHansznUss T AR UL ST
AN RlugeIan 5 Drdssnaninlugaena
6 Tusn nanafe lugae 6 Tusn nanauunuRaUnf
wanluiudszmeavesfulSudnegiies +0.54%
wazldfTuddumeadn Wawsuufisuiuna
mauwnuRaUnfwasluiuyssameusudnluging
5 Tindsfigetie +1.23% wazdidpdAgyeadiad
1% Adien
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a3edl 4 wansznusesmwesiuiusudhriensnanndail SET 50 lugieewsing q

msilanawanIznuieTvesiuitiudwiessnaindail SET 50 Tuzae 11 T @
A.A. 2011 89T A.A. 2021) kazE9 6 Dwsn (BT A.A. 2011 90 A.A. 2016) UL 5 Tnas (BT
A.A. 2017 84T A.e1. 2021) TnumNauaRIFHARBLLNUANUARIRAU RAT A NaRBUWNURARUN AR D Az a
faus 5 Yureunsuszne auds 20 Tundeiuildade Tapfudssmeaunusiedudnual AD uway
SuilFaseumuiiedudnual CD A wanauunuAnUnfiedy (AR) wazewanauunuAnlnf
RAYaaN (CAR, ) nasaUTyAAMsaRRmIENINIEAYRILLY T laedl H 2R AR %30
CAR o= 0%

di,

117 6 Yusn 5 Tnas
AurSuudn @ a.A. 2011 - @ a.A. 2011 - @ A.A. 2017 -
1 aA.A. 2021) 1 a.A. 2016) 1 fA.A. 2021)
AD-5 0 AD-1 0.64% 0.49% 0.81%
AD 0.87% 0.54% 1.23%***
AD+1 T4 AD+9 1.58% 0.71% 2.49%*
CD 0.04% 0.32% -0.26%
CD+1 714 CD+20 -2.68% -3.61%* -1.74%
AD-5 719 CD+20 0.45% -1.56% 2.52%
119 6 Yusn 5 Tlnas
WulSuaan @ a.f. 2011 - @ a.f. 2011 - @ a.6. 2017 -
1 aA.A. 2021) 1 a.A. 2016) 1 A.A. 2021)
AD-5 719 AD-1 0.80% 1.85%* -0.27%
AD -0.93% -0.68%* -1.19%***
AD+1 ©9 AD+9 -2.19% -1.88% -2.51%*
CD -0.32% -0.45% -0.19%
CD+1 §i4 CD+20 2.39% 1.63% 3.18%
AD-5 £1% CD+20 -0.25% 0.46% -0.98%

RUNBLAR %, **, * UNUUBEAUNNEDAT 1%, 5%, waz 10% muaay
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il 3 wampuunuAnUnRszadluusas uvesiuiiUSudh el SET 50 Tugas 6 Dusn a1n a.A. 2011

9 A.A. 2016 Wigudugie 5 Urasanna.A. 2017 99 A.A. 2021

amiluansnanauumulinynfiszau (Cumulative Abnormal Return / CAR) Tuusiag Suvasiu

fiusudnesi SET 50 Tuzne 6 Tusnain A.f. 2011 &9 A.A. 2016 wWisuduwsas 5 T wdsann

A.A. 2017 &9 A.A. 2021 Aaufdy AD-5 aufieiu CD+20 laeulszmaunusmedyansal AD uaz

FuildaFaunussdydnsal CD

5.00%
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3.00%
2.00%
1.00%

0.00% F

——CAR - 5 Uuds

=-==-CAR - 6 Uusn

-1.00%

-2.00%

-3.00%

-4.00%

-5.00%

wonand JugrendeTulsznidaud
1 Furauiuiildase (AD+1 fis AD+9) #ur5uidn
FeaastSuidusgreiinUniluiie 2 329980
winsUsuiatulugae 5 Tndedl +2.49%
Fansgenimaususatulugas 6 Tusndl 0.71%
agennn Fadunsfuguiiednngasal Index
Effect 7ipiudaninlugaanan 5 Tnde fauang
Widuldeudalunng 3

vhefign lugrmasiulszmellsn 20 fu
s Fuusodnfiuualdudiaziinnnsusoen
anae3anaufiAmNe (Reversal) lnanmsndufiFns
duiadulugne 6 Dusnfl -3.61% wAningae

i ' o

b Tndsi —1.74% auyinlinansenuiiddasna

q

YSunlutaaian 6 Dusnuuiidnsazdunns

N,
YD O e NS 9P

I S A . B I o
T SIS TSI G FF S SIS S

S
~

%mnLLazaaﬂﬂﬁmﬁ’U&mﬁﬁ’m Price Pressure
shulutienan 5 Thdai nmandufirmeduifietu
Talann auhl¥denandsnansznuiiunanauunu
RauUnfazaul +2.52% wiiaelaiftodrdunieadia
fiona defu wansenudaAveviuiiusudh
Tugae 5 Tnas FeunazappndasiUauNRgIY
Imperfect Substitute 3NN FIWEASIUANT 3
LUy

fuaNeweININT 4 uazA NG 4 wans
maw3suifisunanszusesmupsiuiignusy
ponaneed SET 50 Tu 2 dasan laslugas
6 Dusnw3al A.A. 2011 2T A.A. 2016 FwIuiy
filsueanandail SET 50 dwau 39 Hu uas
Tuza9 5 Unaawndel a.f. 2017 D) A6 2021
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TurSueendiuau 38 fu nan1sfneluadauang
YN 4 wansliiunanITnUAsTIANDS

D]

Wuignusuaananaall SET 50 duilanaaudn

q

Tutnan 5 Dndsnnnintugiena 6 Tusn
AEAD MBI 6 3N NanURNURAUNFIRAS

2

TuSudsemevasfuiignusueenag -0.68% waz

U

'
ana

Iy dAgunNat RN 10% waioSauLiiay
funansuunuRaUnfnasluiudsenadueen

Tugae b Indsiigetia —1.19% wazfidusdmni

A8RN 1% Lagiifen

Al 4 waneuunuRaUnfazauluusasiuresfuiivsoesnandsd SET 50 Tugae 6 Dusn

AN A.A. 2011 9 A.A. 2016 WUAUBN 5 Urasaina.A. 2017 9 A.A. 2021

amiluansranauuuRnUnfidzas (Cumulative Abnormal Return / CAR) Tuusiay Juvesiu

fivsueanaindsi SET 50 Tugae 6 T wsnann e 2011 39 A.d. 2016 Wisudugie 5 O

Wa9AN A.F. 2017 B9 A.A. 2021 AeusT AD-5 aufieiu CD+20 I futsemaunumsdyansal

AD uazSuiildadeunusedydnwal CD
5.00%
4.00%
3.00%

2.00%

~ N,
II S \\
’
1.00% ~ o~ Jant
S==r AN ’ Seea
N ~ Rt -
~ --- 4
0.00% \.V/\‘ e+ :“\: + A
P
93,&,")1'1«,0’\.’1/'5&":b'\VQQQN’L"‘Jb%’b'\‘bq‘"@':m‘b&‘ab’\%qu
R o X X X X X X X X (& X X X X7 & x X X X N N N N N N N N N N P
R W R i N S I R A )
-1.00% N S

-2.00%

-3.00%

-4.00%

-5.00%

wanani lugrmdsiuyseaeauge 14
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FanSuMIanasagNRaUARtY 2 F3e3an
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s o W a

wazlsififydfun1eada daugae 5 Dnaey

LY =
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yesdin BadlunsBuiufenanssnusosaesiu
fignusuepnaindsil SET 60 Msudaninlugae

a1 5 Tnds Feuaneiiifiunsnasutsaluand 4

h LY

====CAR - 6 Uusn

——CAR - 5 Undq

vhefign lugrmasiulsemelysn 20 u
yihm3 udueeniuunufiaginnsnaufinmg
(Reversal) Taannsnavfianeduiiadulugag
6 Tusnii +1.63% Woeningas 5 Indsdi +3.18%
aurhlfnansznuiifidesaulsusanlui
2 Fenaniufidnvaziunstinmiazsanndes

NuaNNA§ U Price Pressure



I
LYK =3
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P

Aunndl 4 Iduaaslfifiuiielsnngnisal Index
Effect fifianuisudnundulugianainde q
Faliannnapsiunansfnwves Preston and

Y ol

Soe (2021) finunufivsudnent S&P 500 va9

q
1% '

AaAUANTEY dulnanauunuLRdsialnf
a Furszmefianasiugisanangn Sauddneeu
ﬁLﬁauLmUﬁ%ﬁﬁu (Index Funds) azivladu
AapAnATLAMATUaITuAzAAaTulne oy

vneilefeinduiiazgnusudhosnanngial
SET 50 wudavituinamifirnundudaiay
2E1NTALAUDENY YARAIUNUAINTIANAAA
(Market Capitalization) LLazu“amﬂﬁ%amﬂﬁu
maw’%ﬁwﬁgﬂﬂi’u W (USupanann) @il SET 50
doulnazuansiianismanisaliBeuan (av)
fifidonatsznaumslusunanasuIsn e
msﬂ%’uﬁu (a9) mmmmﬁuﬁgﬂﬂi’u N (P9AANN)
@l SET 50 Fefordunsifuaiuuanesnen
mmmmmwmmugaﬁwﬁugm (Mispricing) ety
madeauresnmiiguusanndulugimas
Sethagflanmaunain dadialunmavheondnaa
anMseuuYeesIAN (Limits to Arbitrage)
fifssnnduluzaenanangatunaiaiulng feth
wesfadialunisvhondnsa loud Wnaemu
fflwmadnafiniadrurhendnsia (Rational
Arbitrageurs) aatszauiamiuntamiunauny

o o

Hufignusuidnosnldendulugae b Tnas Wusu

q

'
=

FIan13RNVY Wurgler and Zhuravskaya
(2002) wmhmmL’é"mmﬂmsﬁiﬁmmmmﬁu
NN (Fundamental Risk / Imperfect
Substitution Risk) ufigndsuidndadl fina
AansUTUMTusEeAnUARvDIINANBITY
fignu3uidn as Sursemed3udn Taevun$udnd
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yiunuldsnnnindindiansysufduaesian
figendn a Yutszme dedu guasd (gUnu)
sutfuannnosuiildsuuvusesd SET 50 7id
AoRuiignusuidn (senann) ¢48 SET 50
Feldanansngnsasuldohafisensanninau
flmnfinafiniadhuiednasnan aurhli
AAMIUSUFMTY (39) DEegeRaUnRBeIIANTL
fignusudn (eanann) fwil SET 50 Tt

tselasiiaineuday (Contribution)

nansEnaNNWITeE g sleminay
Usemased Uaznsusn ideilduanaliidiug
MDY VRINANTTNUADIIADUUTUENREA
ol SET 50 masadianae 11 Dilusndausd
A.A. 2011 848 A.A. 2021 Fasngnisal Index
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sil SET 50 dudeiduslusnaitaivauufigiu
nandidIzanSan (Efficient Market Hypothesis)
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Anan (Market Capitalization) LLazﬁﬂaﬂ"]
MY

Usznsfiaes wanisdnsnoundag
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Harris and Gurel (1986) ka2 Wang et al. (2015)
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Chan et al. (2013), Cusick (2002) wag Shleifer
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Abstract

Energy plays a crucial role in economic systems in terms of consumption and production.
At the present, there is a high fluctuation of energy prices due to the business cycle movement
and the differences in business energy consumption demanding in each cycle; therefore,
the energy index prediction could help investor plans appropriately. The model used in this
study is Seasonal Autoregressive Integrated Moving Average model (SARIMA). This is a model
increasing seasonal effects which was developed from ARIMA (p, d, q) of Box and Jenkins.
The purposes of this study are 1) to construct a suitable model for MSCI World Energy Index
by using SARIMA (Seasonal Autoregressive Integrated Moving Average), and 2) to compare
Forecast Accuracy of MSCI World Energy Sector Index via SARIMA Model. The data in this
study is a monthly information from the MSCI World Energy Index from 2005 to 2019 (15 years).
In the research methodology, there is a data stationary tested by using the unit root test, and
simulating SARIMA model. After selecting the most appropriate model, the data prediction
test was operated. In conclusion, the result of this study revealed that the most appropriate
model for prediction was SARIMA (2,1,1)><(2,1,3)12. The prediction model outcome was very close

to the real indices, when the deviation of RMSE was 16.68 and MAE was 12.39 respectively.

Keywords: Energy, Forecasting, Index, Model, Seasonal
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Introduction

Energy is considered as an important
factor in human life and plays a crucial role in
the economic system in terms of production
sector and consumption sector. It is like a vein
in people’s lives driving from the grassroots
to the national economy. It is more significant
when the world has been developed the energy
production has been changed as it needs more
technology in production process. There are
various kinds of energy sources created from
human and natural. Energy sources that human
currently use are from fossil, biomass, water,
wind, geothermal energy, solar cell, electricity,
and nuclear power.

At present, The International Energy
Agency (IEA) revealed the number of world
energy situations that in 2020 the need in
energy around the world reduced 6%. It was
the lowest level in the past 70 years or after
World War 2. It was like the loss in energy
need all over India, which is the third largest
country in energy production. Even if social
distancing is relieving in the next few months
and the economy is recovering, the overall
picture of energy need in this year will reduce
3.8% if businesses recover quickly. When the
situation of COVID-19 infection is better in
many areas, the energy need will be reduced
over 6% around the world.

According to the IEA report, it indicated
that in the first trimester the energy needs
around the world reduced 3.8% compared to
the previous year. The energy source from coals

received the high impact from of pandemic
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in China, which is the world biggest energy
consuming country. At the same time, the oil
needs drastically dropped around 60% from
the reduction of crude oil needs to the
situation of transportation and airlines. People
tended to stay home, and most flights were
cancelled. This directly affects to the need
in oil consumption as well as electricity. IEA
expected that the need in electricity would
reduce around 5%. Therefore, the need in
natural gas in producing electricity will reduce
as well after it increased rapidly in the past
10 years (CNBC News, 2020).

Changes in global energy prices have
been affected the operation of the energy
business. The energy sector index is one of the
benchmarks that play a huge role for investors
and mutual fund managers, who invest in
energy stocks around the world to use the
energy sector index to compare investment
performance or investment efficiency in the
portfolio of mutual funds. MSCI is usually used
as a benchmark for investment in the portfolio
among global energy stocks.

Investors expecting a high return poses
a risk of a different return than expected.
To reduce investment risks, investors and fund
managers should study the information and
consider tools for decision-making. By analyzing
the movements of the index, investors and
fund managers can reduce their investment
risk (Bunnun et al., 2019).

Consequently, MSCI is important
and beneficial to investors and mutual fund

managers who invest in stocks of the global
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energy group. On the other hand, the investors
already know the behavior or movement of
the energy index, it is beneficial in decision
making and investment in energy stocks for
both domestically and internationally. From
the mentioned situation, the study of Energy
Sector Index changes is very necessary in
investor and fund manager in order to set the
direction and policy on investment. One of the
most popular world indexes which reflects the
energy price is energy index. MSCI Index is
a reference index of Morgan Stanley Capital
International (MSCI) which is the world - leader
in stock price. This index was created to be
the criteria and standard for foreign investors
in selecting stocks and returns.

MSCI Index is categorized into different
kinds of assets. In terms of stock, it is divided
by countries such as the US, China and
Thailand under the name of MSCI Thailand
Index. It is also divided by regions such as
America, Europe, and Asia or by developing
markets and emerging markets. The large
stocks with liquidity are selected and cost
85% of all stock prices in the country as one
of the country index components. Apart from
the stock, there are other kinds of assets that
can measure such as bonds, money market
and real estates. MSCI Index that relates to
energy is MSCI World Energy Index. It was
designed to gather large and medium groups
in 23 developed countries. All properties in
the index are considered in the energy group,
according to standards in classifying types of
industry all over the world (Morgan Stanley

Capital International, 2019).

Forecast and prediction are important
parts for investors in making any decisions.
One of the most famous techniques used at
present is time series analysis and prediction.
SARIMA Model is added as a seasonal variable.
The MSCI World Energy Index was another
set of data in the past which has a movement
with the seasonal relation. The reason is that
the amount of energy use in some periods is
different. However, the trends in many years
showed that the monthly and seasonal amount
of energy use was quite similar.

From the importance of the energy index
movement, this research aims to investigate a
forecast model of the MSCI World Energy Index
which was developed from SARIMA (Seasonal
Autoregressive Integrated Moving Average).
This is a model that add seasonal impacts to
find the equation for further decision-making,

planning, and investing.
Reserch Objective

The objectives of this research article
were 1) to construct the appropriate model for
MSCI World Energy Index by using SARIMA
(Seasonal Autoregressive Integrated Moving
Average) and 2) to compare of Forecast
Accuracy of MSCI World Energy Sector Index
with SARIMA Model.

Literature Review

Lee et al. (2007) mentioned to compare
the forecasting performance of a neural network
(NN) model and a time-series (SARIMA)

model in Korean Stock Exchange. In particular,



we investigate whether the back-propagation
neural network (BPNN) model outperforms the
seasonal autoregressive integrated moving
average (SARIMA) model in forecasting the
Korea Composite Stock Price Index (KOSPI)
and its return. Forecasting performance is
evaluated by the forecasting accuracy of each
model. KOSPI data and its return data over
past 390 weeks period (89 months) extending
from January 1999 to May 2006 to be analyzed.
We discovered as followed: first, the SARIMA
model generally provides more accurate
forecasts for the KOSPI than the BPNN model
does. This relative superiority of the SARIMA
model over the BPNN model is pronounced for
the mid-range forecasting horizons. Second,
the BPNN model is generally better than the
SARIMA model in forecasting the KOSPI
returns. However, the difference in forecasting
accuracies of the two models is not statistically
significant. These results hold for both weekly
and monthly data, and are robust across
different measures of forecasting accuracy.
Urrutia et al. (2017) suggested that
producing a model that can estimate a three-year
forecast of the Philippine Daily Stock Exchange
Index. Seasonal Autoregressive Integrated Moving
Average (SARIMA) model is applied for a total
of 4,927 daily data observations from 1995 to
2014. By then, actual and predicted values was
compared through the paired t-test analysis by
testing the hypothesis whether the two series
of values are having significant difference or
not, and other analysis signifying the accuracy

of the model to forecast the future values,
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that is created through all processes that are
included in the evaluation of the model.
This study may help the government in
generating well-informed decisions regarding the
topic discussed and for any improvements they
may be able to make in the stock exchanged
shares in the global market for the country’s
sake after learning about possible outcome of
the study. The study has shown a favorable
outcome by which the future values are
expected to rise up higher as time passes.
Thus, the investigators recommend further
inclusion of the future observations to be
compared to the future values of the Opening
and Closing Price indices of the Philippine
Stock Exchange index. This may be of use in
any important discussions of the government
for any reforms they can make for the
betterment of the Philippine economy.
Ahmed (2018) discovered that most
macroeconomic variables such as; inflation,
GDP and others have been described by most
financial and economics time series analysts
to exhibit nonlinear behavior. Therefore, to
cater for this behavior, the nonlinear class of
models have been largely adopted to model
and forecast such time series. In this study,
the Keenan and Tsay tests for linearity showed
inflation and CIC rates follow threshold
nonlinear processes. Hence, the two-regime
SETAR model was adopted to accommodate
these nonlinearities in the datasets. Using the
linear SARIMA model as a benchmark for
comparative analysis. Results from both

in-sample and out- of- sample forecast
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performance using MAE and RMSE measures
revealed that, the nonlinear SETAR model
outperformed the linear SARIMA model for
inflation. This was however different from
CIC rates, since the Linear SARIMA model
turned to outperform the nonlinear SETAR
model. Further analysis of forecast accuracy,
using the Diebold-Mariano test showed there
was no significant difference between the two
models for inflation, but there was a significant
difference between both models for CIC rates.
Nevertheless, it is recommended that, continuous
monitoring of these models, review market
conditions and necessary adjustments are
vital to make realistic use of these models.
Nwokike et al. (2020) adopted the use
of artificial neural network (ANN) which is
also a nonlinear model in contributing to
the debate by comparing different methods
of forecasting frequency of time series data.
The choice of ANN is informed by articles in
the literature which have shown that Neural
Network models outperform some traditional
statistical models in modelling time series.
The forecasting performance of seasonal
autoregressive integrated moving average
(SARIMA) model and that of seasonal artificial
neural network (SANN) were compared with
four forecast performance measures: - Forecast
Error (FE), Mean Forecast Error (MFE), Mean
Squared Error (MSE) and Root Mean Squared
Error (RMSE). Results from the study showed
that the SARIMA had lower error indicators in
forecast performance and thus was adjudged

better than SANN in forecasting frequency

of time series data. A t-test for significant
difference showed that there is no statistical
significant difference between both forecast
values.

The related research by creating the
SARIMA model and other models for time series
data revealed that the SARIMA model had less
error values than the other model. Referring
to The Lee et al. (2007), the SARIMA model
generally provides more accurate forecasts for
the KOSPI than the Back-Propagation Neural
Network (BPNN) model. While Ahmed (2018)
SARIMA Model is better than SETAR model
and Nwokike et al. (2020). SARIMA Model is
better than Seasonal Artificial Neural Network
(SANN).

All the factors above, this research
focused on the SARIMA model in the creation
of MSCI World Energy Sector Net USD Index
to analyze the most efficient forecasting model
which will be beneficial to the investor and

fund manager.
Reserch Methodology

This study was quantitative research
using secondary data in building SARIMA
(Seasonal Autoregressive Integrated Moving
Average) and forecasting which consisted of
four steps (Wang et al., 2008) as follows;

1. Data collection. Monthly data was
collected from secondary data as MSCI World
Energy Sector Net USD Index for 15 years
from 2005-2020 with 180 data.
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Figure 1 Index data of MSCI World Energy Sector Net USD

From Figure 1, monthly data of MSCI
World Energy Sector Net USD was shown
during the past 15 years (from 2005-2020) with
180 pieces of data. The index was always
fluctuated in the form of business cycle,
according to the picture.

2. Data stationary test by using
Augmented Dickey - Fuller test (ADF)

In statistics and econometrics, an
augmented Dickey-Fuller test (ADF) tests the
null hypothesis that a unit root is present in a
time series sample. The alternative hypothesis
is different depending on which version of
the test is used, but is usually stationarity or
trend-stationarity. It is an augmented version
of the Dickey-Fuller test for a larger and more

complicated set of time series models.

In this research, stationary test of the
MSCI World Energy Index was used to bring
the data to build the forecast model by using
data stationary test of the Augmented
Dickey - Fuller test (ADF). The equation is as
follows (Dickey & Fuller, 1979).

P
AX, =0X,_, + Z JAX,  +e
i=1
P
AX,=a+0X,_ +Y $AX,  +e,
i=1

P
AX,=a+pt+0X,_ +> $AX,  +e,
i=1
Where;
X, = Data information at time t

X, = Data information at time t-1

a f 6 ¢ = Parameter,

t = Trend
e, = Random error



44  Kasetsart Applied Business Journal
Vol. 17 No. 26 January - June 2023

To test the hypothesis with Augmented
Dickey-Fuller test (ADF), it’s the test to see
if the variable (X,) has unit root. It can be
calculated from €. If fis 0, it means that X,
has unit root.

The hypotheses testing is

HO : @ = 0 The variable information is
non-stationary or has unit root.

HZ : @ < 0 The variable information is
stationary or has no unit root.

The Unit root test is a test to prove if
time series are integrated of order 0 = I(0)) or
integrated of order 0 = I(d), d>0). If it rejects
Ho , it means the data is stationary.

3. SARIMA Model and Choose the best
model by using the least Akaike Information
Criterion (AIC) and Bayesian Information
Criteria (BIC).

SARIMA Model

SARIMA (Seasonal Autoregressive
Integrated Moving Average) is a model
developed from ARIMA (p, d, q) of Box and
Jenking, and added Seasonal component to
the model in the form of SARIMA (p, d, q)
x(P, D, Q)s. p, d, and q are variables not related
to seasons. P, D and Q are seasonal variables.
S is seasonal factor (Box et al.,, 2008) The

equation is as follows;

(B )p(B)(1-B")"(1-B)' yt =O(B")0(B)e,

When @ and ¢ are seasonal and non-
seasonal Autoregressive (AR) respectively. ®
and @ are seasonal and non-seasonal Moving
Average (MA) respectively. B is reverse
operator in the form of B(y) = y_ while (1-B%P
is seasonal difference (D) of S season, and
(1-B)* is a non-seasonal difference (d). & is
an independently distributed random variable.
P and p are orders of Autoregressive process.
Q and g are orders of the Moving Average
process. Finally, D and d are seasonal and
non-seasonal difference terms respectively
(Wang et al., 2008).

Akaike Information Criterion (AIC)
and Bayesian Information Criteria (BIC)

In finding to the pattern of the
appropriate model, various models must
be built and tested with the approach in
choosing the best model. It can be considered
from Akaike Information Criterion (AIC) and
Bayesian Information Criteria (BIC). The pattern
of the model with the least AIC and BIC is the

best model. It can be calculated as follows;



Akaike (1973) proposed the criteria in
choosing the model which was called Akaike
Information Criterion (AIC). It was built from
the regression estimate of Kullback Leibler
Information from the real model and the
appropriate model with accurate quality.
If the sample is large, choose the model with
the least AIC according to AIC criteria as
a model in describing dependent variables.
Large samples are well-chosen when using
AIC criteria as there is an error in choosing the
model with too many independent variables
with high possibilities. AIC can be calculated
as follows;

AICzn-ln(&g—EJ+2p
n

When n is sample, SSE is a residual
squared regression model, p is parameter
in a regression model, and In is the natural
logarithm.

Sawa (1978) developed the criteria in
choosing the model by adjusting Bayesian
Model of AIC criteria which were called
Bayesian Information Criteria (BIC). The

formula is as follows;

BIC = n- ln(EJ+ 2p+Dno” 2”2024

n SSE SSE
When n is sample, SSE is a residual
squared regression model, o’ is average
residual squared regression model, p is
parameter in a regression model, and In is
the natural logarithm, the model with the least

BIC is chosen as an appropriate model.
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4. Forecast accuracy comparison by
Root Mean Square Error (RMSE) and Mean
Square Error (MAE)

In building the forecast model, the
accuracy of the model should be considered
based on the residual from the model. At
present, Root Mean Square Error (RMSE) and
Mean Absolute Error (MAE) are widely used

with the following formulas (Kantananon, 2018).

i=1

. A
Z(yi _yi)z
RMSE =\|=—F———
n

Z‘yi_)/}\i‘
n

MAE:Pl—

When Vi and ﬁ where the actual value
and forecast value respectively, the most
accurate forecast model was the model with
the least RMSE and MAE.
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Results

Table 1 Unit root test by Augmented Dickey-Fuller Test

Test for Test Critical Value
it 100t i Model Statisti p-value
unit root in atistic 0.10 0.05 0.01
Level autoregressive 0.0831 -1.6156  -1.9424  -2.5777 0.6811
Trend Stationnary -3.0945  -3.1423 -3.4369  -4.0128 0.1115
1st
difference autoregressive -13.4456  -1.6166  -1.9424  -2.5778 0.0001
Trend Stationnary -13.4073  -3.1424  -34371 -4.0132 0.0001

From Table 1, it was a stationary test first difference was lower than the Significant
of MSCI World Energy Sector Net USD. It level (0.05). It accepted that the data was
was found that, p-value was higher than stationary and had the trend. The data was
significant level (0.05). Therefore, the data was  converted by using the first difference to build

non-stationary at the level. The p-value of the  the forecast model.
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Figure 2 ACF and PACF of MSCI World Energy Sector Net USD.

From Figure 2, when analyzing level, it was found that the result was over
Autocorrelation Function (ACF) and Partial the blue line. It can be concluded that it was

Autocorrelation Function (PACF) with at not stationary.
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Sample Partial Autocorrelation Function
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Figure 3 ACF and PACF in case of the data was converted by using the first seasonal differences.

From Figure 3, when analyzing
Autocorrelation Function (ACF) and Partial
Autocorrelation Function (PACF) with the
first seasonal differences, it was found that

the result was in the blue line. Only the data

Table 2 Seasonal Unit Root Test

in the twelfth position was over the limit line.
It can be concluded that the data of the past
twelve months had an impact on current data
or the data had the lag length at 12 months.

Significance Level

Seasonal Unit Root Test Test Stat.
1% 5% 10%
Frequency 2P1/12 and 22PI/12 11.35290
Frequency 4P1/12 and 20PI/12 16.31046
Frequency 6P1/12 and 18PI/12 16.36369
Frequency 8P1/12 and 16PI/12 12.24799 31.46 8.64 3.87
Frequency 10PI/12 and 14P1/12 17.92481
All seasonal frequency 16.42933
All frequency 14.15493

From Table 2, It’s a test for Seasonal
Unit Root Test for MSCI World Energy Sector
Net USD by Traditional HEGY Method. All

seasonal frequency test statistic is 15.42933.
It’s larger than 8.64 (5% critical value). So, it’s

no unit root processes at this data.
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Table 3 Parameters of five models - SARIMA (p,d,q)x(P,D,Q)

12

SARIMA
Parameter
(0,1,0x(3,13), (0,12x(313), (1,12x(@3,13), 210x(313), 21,1x(213)
AR {1} - - -0.7963 0.0770 -0.6571
(01 (0.0001) (0.2449) (0.0004)
AR {2} - - - 0.1347 0.2113
(ﬂz (0.0311) (0.0002)
SAR {12} -0.9797 -1.0000 -1.0000 -1.0000 -0.9066
(I)12 (0.0001) (0.00001) (0.0001) (0.0001) (0.0001)
SAR {24} -0.9562 -0.9244 -0.9132 -0.9180 —-0.8005
<1>24 (0.0001) (0.00001) (0.0001) (0.0001) (0.0002)
SAR {36} -0.1819 -0.1346 -0.1166 -0.1305 -
(I)36 (0.0076) (0.0795) (0.1247) (0.0901)
MA {1} - 0.0827 0.9018 - 0.6754
6’1 (0.2420) (0.0001) (0.0005)
MA {2} - 0.1276 0.1761 - -
92 (0.0324) (0.0097)
SMA {12} -0.0879 -0.0346 -0.0187 -0.0333 -0.0271
G)12 (0.513b) (0.7874) (0.8831) (0.7925) (0.0281)
SMA {24} -0.0837 -0.1318 -0.1140 -0.1361 -0.1116
@24 (0.4885) (0.2719) (0.3292) (0.2498) (0.0317)
SMA {36} -0.7581 -0.7996 -0.7913 -0.8016 -0.8101
@36 (0.0001) (0.0001) (0.0001) (0.0001) (0.0092)
Variance 286.2297 280.3767 276.1246 279.8927 278.3791
(0.0001) (0.0001) (0.0001) (0.0001) (0.0001)
AIC 1,543.00 1,543.30 1,542.60 1,543.00 1,542.00
BIC 1,563.20 1,569.20 1,571.20 1,568.70 1,562.80
RMSE 16.87 16.74 16.66 16.73 16.68
MAE 12.41 12.39 12.37 12.36 12.39
Ljung-Box Q 14.947 14.953 15.231 14.977 15.547
p-value 0.3749 0.3763 0.3824 0.3771 0.3920
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From Table 3, it was an experiment and p-value in some model do not contain the
in building SARIMA by choosing five best parameter like SARIMA (0,1,2)><(3,1,3)12 do not
models from the models with least AIC and have AR{1} and AR{2} parameter. Where the
BIC and Ljung-Box Q has no significance at  parameter has meaning as follows;

0.05. The number from the table is coefficient
@ was autoregressive parameters of non-seasonal components
6 was moving average parameters of non-seasonal components
@ was autoregressive parameters of seasonal components
® was moving average parameters of seasonal components

The five equations have formed as follows;
SARIMA (0,1,0)><(3,1,3)12

(1-®,B” -®,,B* -®, B*)1-B)(1-B%)y, =(1+0,,B” +0,,B* +0,,B)¢,

SARIMA (0,1,2)x(3,1,3)

12

(1-®,B” -®,,B* —®, B*)1-B)(1-B%)y, =(1+6B+6,B*)(1+0,,B” +0,,B* +0,,B )¢,

SARIMA (1,1,2)x(3,1,3)

12

(1_¢’1B)(1_q)12312 _(D24BZ4 _(D36336)(1_B)(1_Blz)yt = (1"'913"'9232)(1"'@12312 +®24BZ4 +®36336)5r

SARIMA (2,1,0)x(3,1,3)

12

(1-pB—-¢,B)(1-®,,B” —®,,B* —-®, B*)(1-B)(1-B?)y, =(1+0,B” +0,,B* + 0, B )¢,

SARIMA (2,1,1)x(2,1,3)

12

(1-@B—p,B)(1-®,B> ~®,B*)(1- B)(1-B?)y, =(1+6,B)(1+©,B" +©,,B* +©,8),

36

The best model was SARIMA 12.39. All variables had Significance level at
(2,1,1)x(2,1,3) . AIC was 1,542.00 and BIC 0.05 respectively.

12
was 1,562.80. RMSE was 16.68 and MAE was

Model Fit
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Figure 4 Diagram showing the actual value, forecast value, and residual
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In Figure 4, the upper picture was
the graph showing the actual value and the
forecast value of MSCI World Energy Sector
Net USD Index in the past 15 years from 2005
to 2019 with a total number of 180 pieces of

information. The lower picture was residual
from forecasting MSCI World Energy Sector
Net USD Index in the past 15 years. RMSE
was 16.68 and MAE was 12.39 as shown in
Table 2.

Table 4 24-month forecast from January 2020 to March 2021

No. Month Actual Forecast No. Month Actual Forecast
1 January 2020 290.73 306.84 13 January 2021 225.54 231.87
2 February 2020 250.05 281.32 14 February 2021 260.97 248.22
3 March 2020 176.58 200.33 15 March 2021 266.94 272.88
4 April 2020 205.19 183.37 16 April 2021 267.95 275.43
5 May 2020 207.99 199.55 17 May 2021 281.68 269.71
6 June 2020 205.81 222.69 18 June 2021 290.14 280.54
7 July 2020 197.99 203.91 19 July 2021 272.07 283.27
8 August 2020 200.87 197.91 20 August 2021 268.73 277.55
9 September 2020 172.96 193.21 21  September 2021 293.94 286.23
10 October 2020 163.75 17032 22 October 2021 317.59 308.69
11 November 2020  211.36 178.85 23  November 2021 295.64 311.87
12 December 2020 219.20 224.11 24 December 2021 307.08 305.13

RMSE 14.93
MAE 12.561

From Table 4, it was in about the
24-month forecast of MSCI World Energy
Sector Net USD Index from January 2020 to
December 2021. When analyzing the residual
from the forecast, RMSE was 14.93 and MAE

was 12.51 respectively. The resulting of

comparable between actual value and model
forecasting result in time frame 24 months
was reflected that RMSE and MAE values
from the forecast are approximated. The RMSE

and MAE values were obtained by the model.



Discussion

From the study about Forecasting
MSCI World Energy Sector Net USD Index with
the SARIMA Model, it revealed the seasonal
influences which affected to the changes of
the Energy Sector Index. Past seasons had an
impact on the indexes in the same period as
the need in using energy would be at the same
level in each month or season. Therefore, MSCI
World Energy Sector Net USD Index forecast
with seasonal factors would have less errors.

This study related to the study of
Kaewhawong (2015), conducted a study in
comparing time series data. The result showed
that adding a seasonal factor in the forecast
helped reducing the residual. If the past data
have a movement with a seasonal relation,
the forecast will be more accurate for all kinds
of data. Kirdjongrak (2017) used the forecast
with a seasonal factor to forecast products, and
the residual decreased. According to previous
studies, when the data have a movement with
a seasonal relation, adding seasonal factors
would help the model be more efficient.

The criteria used in comparing errors
in forecasting were mean absolute percentage
error (MAPE). According to the result of the
study, the most appropriate model in forecasting
Stock Exchange Index was SARIMA. The
reason was that Stock Exchange Index use
in each season was related. In addition, the
result related to the study of Urrutia et al
(2017). The purpose of the study is to produce
a model that can estimate a three-year forecast

of the Philippine Daily Stock Exchange Index.

Kasetsart Applied Business Journal b1
Vol. 17 No. 26 January - June 2023

Seasonal Autoregressive Integrated Moving
Average (SARIMA) model is applied for a total
of 4,927 daily data observations from 1995 to
2014. By then, actual and predicted values
were compared through the paired t-test
analysis by testing the hypothesis whether
the two series of values are having significant
difference or not, the results show that forecast
by SARIMA Model makes MAPE less.

If the data have a movement with
a seasonal relation, adding seasonal factors
helps the model be more efficient. MSCI World
Energy Sector Net USD Index was another set
of data in the past which has a movement
with the seasonal relation. The cause is that
the amount of energy used in some periods
differently. However, the trends in many years
showed that the monthly and seasonal amount

of energy used were quite similar.
Conclusion

In conclusion, this study is a
quantitative research focusing on constructing
a model used in MSCI World Energy Sector
Net USD Index forecast. The result showed
that MSCI World Energy Sector Net USD
Index information had influences from its
own information in the same season from
the past. It seems that seasonal information
in the past had influences on current indexes.
When the seasonal information in the past
influences on current indexes, the researcher
applied this factor to create SARIMA Model

(Seasonal Autoregressive Integrated Moving
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Average) and chose the best model. The best
model contained the least AIC and BIC and
Ljung-Box Q has no significance.

From the result of building the model,
the best model is SARIMA (2,1,1) x (2,1,3)12.
AIC and were 1,542.00 and 1,562.80. RMSE
and MAE were 16.68 and 12.39 respectively.
All variables passed the Significance level at
0.05. When using the best model to forecast
MSCI World Energy Sector Net USD Index
24 months in advance, it was found that the
statistic error was low. RMSE and MAE were
14.93 and 12.51 respectively.

Recommendations

A forecasting becomes one of most
useful research at the present. The predicting
the changes of interested variables may
improve better results in decision making and
planning. This research focuses on Forecasting
MSCI World Energy Sector Index with the
SARIMA Model. It is a beneficial to investors
and fund managers who invest stocks in
the Energy Fund. Moreover, the results of
the forecast can be used as components in
decision-making in stock investment in the
energy sector. Another beneficial aspect of
this study is that the energy index forecast
can be used the energy price forecast to
estimate business income. For these producing
energy companies, forecasting MSCI can
be considered as a forecast for income and
expenses of the business. The executive can
manage policies or plan suitably for their

business by using this energy forecast. The

interesting aspect improving the next research
is to add other models which are linear and
non-linear models. These models should be
enhanced the forecast to find the better best
model in the index forecast. Other energy
price information such as oil and coal, and the
relation and energy index should be included
to study to provide benefits to investors and
business. In addition, adjusting the model,
to forecast price stock and energy sector
as the changes of energy price, affects the
profit and loss in the business. Conclusively,
if the socioeconomic context has changed
continually, the established model should be
revised whether it is still suitable to be used

in forecasting to find the best model.
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Abstract

The main purposes of this research are to investigate tax problems in operating
businesses and test the effect of tax planning for sales promotion on tax performance
efficiency of VAT registrant. Data were obtained from 272 accounting managers of VAT
registered firms in Thailand by using questionnaires. The statistics used for analyzing
data were frequency, percentage, mean, and standard deviation. While multiple correlation
analysis and multiple regression analysis were used to test the hypothesis. The results
show that 1) most tax problems encountered by businesses are regarding withholding tax
(inaccurate amounts withheld); next is corporate income tax (unused tax-benefits); and last
is value-added tax (received incorrect tax invoices). 2) Tax planning for sales promotion has
a significant effect on tax performance efficiency. As a result, to achieve tax performance
efficiency VAT registrants should aware of the important of taxation and tax planning for different
kinds of sales promotions. They should also prepare relevant tax documents correctly and

completely according to tax law in order to minimize tax burden and maximize tax benefits.

Keywords : Sales Promotion, Tax Performance, Tax Planning
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Introduction

All businesses have the goal of
maximizing profit by increasing revenue and
decreasing costs. Sales promotion is a tool to
stimulate the revenue and create value and
brand loyalty. Sales promotion is normally
used in all kind of business as it is usually
has a direct relationship with revenue. When
revenue increases, it will increase relevant
tax burden such as corporate income tax and
value-added tax (VAT).

Taxes are cost of business operations,
all businesses need to lower this cost by
using tax-planning strategy. Businesses may
use tax-planning strategy by effectively using
tax benefits offered by the government. One
way for the government to support businesses
is to lower the sales promotion tax burden.
Therefore, not only the businesses can use
promotions to increase sales, means more
revenue, but they also get the opportunity to
manage their sales promotion taxation offered
by the government. Both, the increase in
revenue and reduction of tax costs will generate
more profit for the company. In order to gain
more profit using sales promotion tax planning,
management needs to have knowledge about
tax documents, tax regulations, and processes
relating to sales promotion’s tax planning.
Without the necessary knowledge about sales
promotion tax, the business may face with
paying more tax or tax penalty such as fines
or surcharges, and hurt the company’s profit.

There are many kinds of sales promotions.
However, most sales promotion strategies

used in modern trade are premiums, discounts,

coupons, refunds and rebates, free samples,
and bonus packs (Khan et al., 2019; Shamout,
2016; Wattanasin, 2011). Different methods
of sales promotions require different tax
treatments. Different tax treatments result in
different tax burdens and different effects on
corporate income tax, withholding tax, and
value-added tax (VAT). For example, buy 1
get 1 promotion, in the revenue code the
business must treat the transaction as selling
two units of the product, which means paying
VAT for both units, and leads to more tax
burden. However, there is no tax consequence
for a premium when delivery products at the
same time and the value of the premium must
be lower than another one. Furthermore, cost
of premium is an expense in corporate income
tax calculation and there is no withholding
tax involve (The Revenue Department, 1992).

Therefore, the company that has
knowledge and able to plan sales promotion’s
taxation will prepare correct tax documents,
correct tax payment which eventually decrease tax
costs and no tax penalty (Jaensirisak &
Tassawa, 2017), so-called “tax performance
efficiency”. Tax performance efficiency consist
of 1) accurate and thorough compliance with
tax regulations, 2) maximizing tax benefits,
3) minimizing costs, and 4) prevention of
contingent liabilities (Monsuwan, 2012;
Rojcureesatian, 2018).

After thoroughly reviewing the related
literature, the researchers found that most of the
research studies focused on the big picture of
business tax planning strategy which impacts

firm performance and financial performance



(Akintoye et al., 2020; Ebubechukwu & Obada,
2021; Raisangaun et al., 2014). However,
there is a lack of research about promotion
tax planning as a tax-planning strategy. The
researchers found only two research studies
pertaining to sales promotion and tax planning
(Nutepsu, 2013; Suwannakit, 2017). Nutepsu
(2013) only focused on corporate income tax
planning for sales promotion. And Suwannakit
(2017) used only 1 company as a case study
in tax problem for sales promotion. Therefore,
this research study focuses on tax planning
for sales promotions and tax performance
efficiency.

This research paper focuses on VAT
registrants since it is required by law in
Thailand that a person or company that has
at least 1.8 million baht will have to register
for VAT with The Revenue Department. The
government has a very severe punitive policy
for businesses that do not follow the tax law.
There are cases of severe punishment such as
when a business has avoided (or tried to avoid)
paying tax. A prison sentence of three months
to seven years and fines from 2,000 to 200,000
baht have been levied. Further, businesses
that issued a partial or whole counterfeit tax
invoice are fined double of the amount in the
tax invoice (Rojcureesatian, 2018). The lack of
VAT planning for sales promotions may lead
to civil and criminal penalties which lead to
adding more costs to the business and hurt
the reputation of the business.

Consequently, the researchers’ primary
purpose is to study about the effects of tax planning
for sales promotions on the tax performance

efficiency of VAT registrants. There are two
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objectives: Firstly, to study about tax problems
in operating businesses of VAT registrants.
Secondly, to test whether the tax planning
for sales promotions has an effect on the tax
performance efficiency of VAT registrants.
The researchers have collected data from
accounting managers of VAT registrants.
This research found that the tax
problems encountered by VAT registrants are
withholding tax, corporate income tax, and
VAT, respectively. In addition, tax planning
for sales promotion had positively effect on
tax performance efficiency. The findings from
this research help businesses to aware of the
important of tax planning for sales promotions.
In addition, it can help companies to achieve the
efficiency of tax performance by appropriately
prepare accurate and complete documents
under relevant tax law to minimize tax burden
and maximize tax benefits. On one hand, the
company will be able to prepare the correct
tax payments; while on the other hand, the
company will receive the highest tax benefits
from tax planning onward in the future.

Literature Review

There are three ways for business
to decrease its tax burden which are tax
evagion, tax avoidance, and tax planning.
Each of them has different process to achieve
the objective as follows:

1. Tax evasion is a violation of law.
This means the tax payer has intention to
break the tax law to escape the tax payments.
For example, the tax payer provided wrongful
information to the tax authority, counterfeit

tax documents, etc. (Sandmo, 2005).
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2. Tax avoidance is a method within
the legal framework. The tax payer engaged
in exploiting loopholes in or manipulation of
the tax law, in order to reduce tax payments
(Sandmo, 2005). Tax avoidance activities are
considered as unethical and irresponsibility
of tax payer and it also damages the country
(Soponvasu, 2008). In accordance with the
result found in Mahawong and Pajongwong
(2019), listed companies in the SET 100 index
engage in corporate tax avoidance and also
suggested that listed companies should comply
with tax regulations.

3. Tax Planning is the way of using a
financial method to minimize tax payments.
Tax planning strategy can be used to decrease
taxable income without impacting accounting
income (Gautam, 2013; Hoffman, 1961). Prior
studies indicated that tax planning is to gain
the advantage of tax benefits such as decreasing

tax burdens, and the elimination of fines and
tax-related penalties, while accurately and
completely preparing tax documents as a
good citizen. (Amadasun & Igbinosa, 2011;
The Securities and Exchange Commission
[SEC], 2013; Vasanthi, 2015)

The comparison among tax evasion,
tax avoidance, and tax planning

Tax planning is different from tax evasion
in that tax evasion is an illegal activity resulting
in a minimal tax payment. Tax planning also
differentiates from tax avoidance in that tax
avoidance is a way to use legal loopholes to
avoid the tax payment (Amadasun & Igbinosa,
2011; Dewi & Sari, 2015; Rohyati & Suripto,
2021).

The summary of the similarity and
differences among tax evasion, tax avoidance,

and tax planning are illustrated below.

Table 1 the similarity and differences among tax evasion, tax avoidance, and tax planning

Tax evasion

Tax avoidance

Tax planning

Overall objective Minimized tax payment

Primary objective Minimized tax payment

Methods Violation of law

Minimized tax payment

Minimized tax payment

- within the legal
framework

- exploiting loopholes in
or manipulation of the
tax law

Lower the tax cost
Accuracy and completion
of tax payment

- within the legal
framework
- Maximized tax benefits

Source : The author

According to Table 1 Businesses should
use tax planning as a method of minimizing
tax burden since it is legally and ethically

way of doing business. Therefore, the paper

is focused on tax planning.



Sales promotion strategy and tax
planning concepts

Sales promotion is one of several marketing
activities in addition to advertising, direct
marketing, selling by sales staff, and public
relations that happen from time to time to
stimulate consumers to try the product and
eventually purchase the product. The main
purpose of sales promotion is to efficiently
and effectively have the consumers purchase
more products and services, resulting in more
sales and profit for the company (Alex et
al., 2020; Charoensuk, 2014). Three types of
taxation that are associated with each sales
promotion activity are value-added tax (VAT),
corporate income tax, and withholding tax.
Each activity may encounter a different tax
burden. Therefore, businesses should carefully
plan their tax burdens that associate with sales
promotion to achieve the sales target and
profit goals with tax performance efficiency
(Jaensirisak & Tassawa, 2017; Lekjaeng, 2018;
The Revenue Department, 1992). There are
7 most well know tax planning strategies as
follows (Lekjaeng, 2018)

1. Tax Planning for Premium

Promotions
To be efficient in tax planning for

premium promotions means that businesses
are able to reap benefits offered under tax
law; or, the right to utilize tax credits from
premium’s input tax. Further, the business
is able to realize tax benefits if the business
delivers the premium promotion together with
the products/services. Also, the price of the
premium promotion has to be no more than

the price of products/services. The business
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will also have to indicate the premium amounts
in the tax invoice for this purpose. In addition,
the business is not responsible for withholding
tax from the value of the premium and does
not have to include the cost of the premium
in taxable income for the corporate income tax.
2. Tax Planning for Discounts
To be efficient in tax planning for
discounts means that the business does not
have to include the discount as a tax base for
VAT, and will only have to pay VAT from the
net value after the discount of the product.
The business can only realize tax benefits
from a discount only when the business gives
a discount at the point of sales/services, and
indicates the discount in the tax invoice.
3. Tax Planning for Brand Loyalty
In order to minimize the tax expenses
from brand loyalty program, the business has
to carefully choose brand loyalty program
activities. Stamps and prizes for accumulated
sales targets are considered as sales, which
are included in the tax base for VAT.
Therefore, using other activities such as
redemption purchases (as in redeeming ten
coupons for a kitchen set at 1 baht) are considered
as a discount; and only the net value after the
discount is used to calculate VAT.
4. Tax Planning for Contests and
Sweepstakes
To be efficient in tax planning for
contests and sweepstakes is to minimize tax
payments. There is a VAT for things given out
as prizes; however, there is no sales tax for
giving out cash. Thus, expenses occurring in
arranging contests must include the tax

expenditures that are incurred when calculating
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corporate tax income. Moreover, input taxes
associated with the contest can be used as
tax credits. With all the tax benefits from a
contest, the businesses are still responsible for
the withholding tax at the rate of five percent
of taxable income, whether cash is given out
in the contest or not.
5. Tax Planning for Samples

To be efficient in tax planning for
promotion-related samples is to minimize tax.
According to tax law, the sample giving to
end user in marketing event will not have to
pay output tax. Only when the business
follows the tax law mentioned, input tax will
be credited, and the costs of sample can be used
as expense in calculating corporate income tax.
Moreover, there is no withholding tax involve.

Input tax from samples given out in
a sales promotion activity to end users can
be used as tax credits in the calculation of
VAT. The cost of samples is also considered
as a tax expenditure for corporate income tax
calculation. Furthermore, the business is not
respongsible for withholding tax from the value
of samples.

6. Tax Planning for Gifts

The business may have tax credits
with no output tax in the case of the business
handing out a free gift in a ceremony or
traditional event such as in a New Year festival,
or an event introducing a new product.
Further, a free gift such as a calendar or diary
is eligible for calculating the company’s tax
benefits. Additionally, the gift must have
a logo, trade name of the company, or the
name of the business on it, and it is normally

given out for those occasions. Besides all the

stipulations mentioned above, the cost of the
free gift is a tax expenditure used in calculating
corporate income tax.

7. Tax for Refunds and Rebates

Guarantee refunds and rebates assure
the quality of a company’s products/services.
The business is not responsible for withholding
tax in the case of paying a guarantee refund and
rebate to the end users. However, the business
must deduct a three percent withholding tax
from dealers when paying guarantee refunds
and rebates to them.

Tax Performance Efficiency

Tax performance efficiency is the
business’s ability to follow the rules and
regulations of tax law, which results in accurate
and thorough procedures, while incurring the
least tax payment without breaking any law,
since that may result in government-mandated
penalties.

There are two directions of measuring
tax performance efficiency which are 1) financial
performance 2) non-financial performance
(attitude). In financial performance regularly use
effective tax rate (ETR), corporate income tax
and cash flow from operation ratio (Tax/CFO),
and corporate income tax and total assets ratio
(Tax/Assets) (Temboonprasertsuk, 2021). The
measures in financial performance normally use
with secondary data research. Non-financial
performance measuring using self-assessment
(attitude) which usually used in questionnaires
survey (Boonphunga et al., 2019; Monsuwan,
2012; Prempanichnukul, 2018).

This paper will follow Rojcureesatian
(2018) concept to measure tax performance

efficiency. First, the business can demonstrate



accurate and complete compliance with tax
regulations; meaning, the business is
knowledgeable and understanding of tax law,
including the revenue codes and court
rulings/judgments, to be able to accurately and
thoroughly execute proper tax procedures
according to tax standards. Second, maximized
tax benefit is the ability of the business to
study, find related information, and search out
new regulation/revenue code pronouncements
that help to reap tax benefits such as
those involving tax-exempt revenue, and
other benefits from any expenditure. Third,
minimizing costs is the ability to lower the
business’s tax payments or fees/additional
payments as a result of tax evasion. Fourth,
the business prevents contingent liabilities.
In other words, it has one or more plans to
prepare all tax procedures for the prevention of
tax problems that the business may encounter
in the future. Further, the business can avoid
problems from the Revenue Department (RD)’s
investigations caused by misunderstandings

Or inaccurate tax payments.

Hypothesis Development

From the literature review, it is found
that most study and research relates to the
effectiveness of tax planning as it affects the
overall picture of the company. For instance,
Monsuwan (2012) and Thanjunpong (2013)
studied about business tax compliance and
found that a company with an accounting
system that complies with tax law had no
fines or additional tax penalties. It also
indicated that companies with effective tax

planning used tax benefits to minimize their
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tax burdens. It also lowered costs of operation,
and gained a competitive advantage.
Prempanichnukul (2018) also found that the
efficiency of tax planning of corporate income
tax in the dimension of tax law compliance
has had a positive relationship with the firms’
image in social responsibility, positive public
reputation, and their managerial processes.

Literature review on tax planning for
sales promotion and tax performance efficiency
is limited. There is only one study by Nutepsu
(2013) that found sales promotion often used
such as discounts, brand loyalty programs,
premiums, advertisements, and product
exhibitions by companies. Furthermore, the result
from the study show that planning for those sales
promotion’s taxation related tax performance,
which are 1) correctly prepare the revenue
and expenses documents as part of corporate
income tax, 2) maximizing VAT benefit, firms
able to credit input tax and decrease output
tax, and 3) filing withholding tax correctly.
It is consistent with Jaensirisak and Tassawa
(2017), the company that has knowledge and
able to plan sales promotion’s taxation will
prepare correct tax documents, correct tax
payment which eventually decrease tax costs
and no tax penalty.

There are many tax rules and
regulations associated with sales promotions
such as those sales promotion activities
associated with withholding tax and those
that are not. Further, some input tax can be
used for tax credits and some cannot. Therefore,
it is crucial for the business using sales promotion

tax planning to achieve tax performance
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efficiency by being ready for and knowledgeable
about all tax rules and regulations. The business
that prepares accurate and complete tax
documents, follows tax law, and complies
with the tax law will minimize tax problems

and tax penalties. In view of the above concepts

Tax Planning for Sale Promotion
-Using Premivm
-Using Discount
-Using Brand Lovalty
-Using Contests and Sweepstakes
-Using Sample
-Using Gift
-Using Refunds and Rebates

Control Yariables
-Industry
-Equity
-Revenue
-Time

jif

and literature reviews, the hypotheses in
this study are as follows:

le Tax planning for sales promotions
has a positive effect on the tax performance
efficiency.

Tax Performance Efficiency
-Aeccuracy and Complete with Tax
Regulation
-Maximized Tax Benefit
-Minimized Cost
-Prevent Contingent Liabilitics

Figure 1 Conceptual Framework

Research Methods

Sample and Data Collection

Data were collected from questionnaire
surveys that were sent to chief accountant or
accounting director of VAT registered firms.
The population of 1,176 firms were from in
e-tax invoice and e-receipt database and e-tax
invoice by email database from The Revenue
Department (2020) database. There were 272
completed response surveys (23.13%) that were
sent back within 101 days, which is higher than
the acceptable rate of 20 percent by Aaker
et al. (2001).

Measurements

The questionnaire in this study consists
of five parts:

Part 1 isinformation about the respondents
consist of b checklist questions as follows: sex,
age, education level, work experience, and work

position.

Part 2 isinformation about VAT registrants
consist of 4 checklist questions: type of industry,
registered capital, revenue, and age of business.

Part 3 isinformation about sales promotion
strategies and tax problems - withholding tax,
value added tax, corporate income tax.

Parts 4-5 are the measures of independent
variable - tax planning for sales promotions,
and dependent variable - tax performance
efficiency. Respondents were asked to indicate
on a five-point Likert-type scale that ranged
from 1 (The least agree) to 5 (Strongly agree).

The definition of each scale is shown as follows:

The least agree = 1.00-1.80
Slightly agree = 1.81-2.60
Somewhat agree = 2.61-3.40
Very agree = 3.41-4.20
Strongly agree = 4.21-5.00

Control variables in this paper includes

type of industry, registered capital, revenue,



and age of business. Wutthimahanon (2019)
found that each type of business has different
way of business operation and use different
tax planning due to different regulation in
each industries - tax benefits and tax policy
from the government. Moreover, the company
that have long age, sales growth, and firm
size will also less likely to do tax avoidance in
order to keep their corporate image (Indriani
& Juniarti, 2020).

Reliability and Validity Test

The reliability of measures was evaluated
by Cronbach a coefficients. Alpha coefficient
of tax planning for sales promotion is 0.939
and tax planning efficiency is 0.891, which is
solidly within the acceptable range (Cronbach,
1951; Hair et al., 2011). Furthermore, this study
uses Item-total correlation to test discriminate
power of each item in the questionnaire. It was
found that the discriminant power (r) of tax
planning for sales promotions was in the range
of 0.559-0.955 and 0.610-0.917 for efficiency
of tax performance. Overall, the questionnaire
developed and used for the study has a good
quality (Hair, et al., 2011; Nunnally, 1978).

Data Analysis and Hypothesis Testing

Descriptive statistical analysis using
frequency and percentage, to analyze the general
information of the accounting managers in
VAT registrants, the general information of
VAT registrants, and the general information
about VAT registrants’ tax problems. Mean
and standard deviation were used to illustrate
the opinion level of tax planning for sales

promotions and tax performance efficiency.
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Multiple correlation analysis is employed
to test relationship between variables.

Multiple regression analysis used to test
the effects of tax planning for sales promotions
on the tax performance efficiency of VAT
registrants. The equation is shown below:

EFF = [30 + [SIPRO + [SZIND + [33CAP +

[34REV + ﬁSAGE +€ (1)
Where:
EFF = Tax Performance Efficiency
PRO = Tax Planning for Sales Promotion
IND = Type of Industry
CAP = Registered Capital
REV = Revenue
AGE = Ages of Business (Years)

Results

General Information of Survey
Respondents

The sample group is the accounting
managers of VAT registered firms in Thailand.
The group consists of 88.24% females, those
younger than 35 years are 38.24%, 55.88%
have bachelor degrees, 41.18% that have work
experience less than 5 years, and 50% are
at the rank of an accounting manager. Most
VAT registrants (61.76%) operate in services
businesses, 64.71% have less than 10 million
baht of capital, 47.06% generated income from
selling products/services (from the previous
accounting period) less than 10 million baht,
and 35.29% have been in business for at least

5 years and up to 10 years.
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The Analysis of Sales Promotion and and tax problems in operating business of
Tax Problems VAT registrants is shown in Table 2.

Information relating to sales promotions

Table 2 Information about VAT Registrants’ Taxation.

Information about VAT registrants’ taxation Number | Percentage

1. Sales promotions often used by the company (respondent can select
more than one answer)

1.1 Discounts 208 76.47
1.2 Premiums 64 23.53
1.3 Free samples 16 5.88
1.4 Contests and sweepstakes 32 11.76
1.5 Brand loyalty programs 14 5.15
1.6 Rebates 24 8.82
1.7 Free ifts 22 8.09
1.8 Others such as cash back, commission, etc. 7 2.57

2. Tax problems most encountered by the company (respondent can
select more than one answer)

2.1 Corporate income tax 96 35.29
2.2 VAT 72 26.47
2.3 Withholding tax 130 47.79

3. Corporate income tax problems most encountered by the company
(respondent may select more than one answer)

3.1 Computation of corporate income tax 56 20.59
3.2 Preparation of tax documents 82 30.15
3.3 Not taking full advantage of tax benefits 144 52.94
3.4 High value of nondeductible tax expenses 63 23.16
3.5 Others such as collection of sales revenues at a lower market price 7 2.57

4. Withholding tax problems most encountered by the company
(respondent may select more than one answer)

4.1 Inaccurate amount of withholding tax 164 60.29

4.2 Cannot withhold the tax due to rejection of tax withholding 97 35.66
by money receiver

4.3 Others such as different methods of withholding tax 38 13.97

computation, incorrect information leading to incorrect tax
documents, company deducting incorrect amounts of
withholding tax

5. VAT problems most encountered by the company (respondent may
select more than one answer)

5.1 Submitting incorrect sales/services revenue 24 8.82
5.2 Received incorrect tax invoices 152 55.88
5.3 Preparation of tax documents and reports 83 30.51
5.4 Prohibited high amount of input tax 35 12.87
5.5 Others such as late tax vouchers, sales tax much higher than 42 15.44

input tax, implementation of e-tax invoices




Table 2 has shown that the first three
sales promotion often used by the company
ranking from the top are discounts (76.47%)
followed with premium (23.53%) and contest/
sweepstake (11.76%), while, the last three
are ranking from the least are others such as
cash back, commission, etc. (2.57%), brand
loyalty programs (5.15%), and free samples
(5.88%).

In addition, table 2 also has shown most
encountered tax problem is withholding tax
(47.79%). The second is the corporate income
tax (35.29%). The last one is VAT (26.47%).

More information in table 2 shown that the
most problem with withholding tax is inaccurate
amount of withholding tax (60.29%), and
the least is others such as different methods

of withholding tax computation, incorrect

Table 3 Descriptive Statistics
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information leading to incorrect tax documents,
company deducting incorrect amounts of
withholding tax (13.97%).

Moreover, the most encounter problem
of corporate income tax is not taking full
advantage of tax benefits (52.94%). In the
opposite, the least was others such as
collection of sales revenues at a lower market
price (2.57%).

For VAT problem, found that received
incorrect tax invoices (55.88%) ranked as
first and submitting incorrect sales/services
revenue (8.82%) ranked as last VAT problem
encountered by businesses.

Descriptive Statistics

Table 3 shows the descriptive statistics
of tax planning for sale promotion (PRO) and

tax performance efficiency (EFF)

. _ Standard Opinion Rating
Variables Mean (x) Deviation (S.D.) Level
Tax Planning for Sales Promotion (PRO)
Using Discounts 4.02 0.80 Very Agree
Using Premiums 3.66 0.83 Very Agree
Using Free Samples 3.72 1.08 Very Agree
Using Contests and Sweepstakes 4.08 0.87 Very Agree
Using Brand Loyalty Programs 3.60 0.99 Very Agree
Using Rebates 3.54 1.04 Very Agree
Using Free gifts 3.73 0.84 Very Agree
Total 3.76 0.73 Very Agree
Tax Performance Efficiency (EFF)
Accuracy and Complete with Tax Regulation 4.09 0.64 Very Agree
Maximized Tax Benefit 3.72 0.67 Very Agree
Minimized Cost 3.92 0.83 Very Agree
Prevent Contingent Liabilities 3.70 0.69 Very Agree
Total 3.86 0.58 Very Agree

Table 3 shows the total mean score for

the variable tax planning for sales promotion

is 3.76 and S.D. is 0.73. This means companies

very agree with using tax planning for sales
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promotion. The highest means score, 4.08
(S.D. =0.87) is using contests and sweepstakes.
While the lowest means score, 3.54 (S.D. = 1.04)
is using rebate.

It also shows in table 3 that the mean
score for dependent variable, tax performance
efficiency, is 3.86 and S.D. is 0.58. This result
also mean that the companies very agree with
the tax performance efficiency. The highest
means score, 4.09 (S.D. = 0.64) is accuracy.
While the lowest means score, 3.70 (S.D. = 0.69)
is prevent contingent liabilities.

Table 4 Multiple Correlation Analysis

Multiple Correlation Analysis

Table 4 shows the correlation matrix
between variables analyzed by Pearson
correlation coefficients. Although it indicates
high correlation between independent
variables (0.306 - 0.831) at 0.01 significant level,
the multicollinearity problem is not severe,
according to VIFs ranging from 1.403 - 4.509
(Hair et al., 2011).

EFF PRO IND CAP REV AGE

Mean (x) 3.86 3.76 2.18 1.97 2.32 2.21

S.D. 0.68 0.73 0.66 1.36 1.39 1.18

EFF 1.000

PRO 0.5694** 1.000

IND -0.370** -0.474** 1.000

CAP 0.306** 0.524** -0.385** 1.000

REV 0.262** 0.306** -0.414** 0.831** 1.000

AGE 0.447** 0.363** -0.497** 0.369** 0.336** 1.000

Notes. **p<0.01
Multiple Regression Analysis
The multiple regression results of the

effect of tax planning for sales promotion

on tax performance efficiency are shown in
Table b.

Table 5 Effect of Tax Planning for Sales Promotion on Tax Performance Efficiency

Independent Variables

Tax Performance Efficiency

t-statistic

coefficients Std. Errors
Constant (@) 1.692 0.265 6.393***
Tax Planning for Sales Promotion (PRO) 0.476 0.049 9.665***
Type of Industry (IND) 0.036 0.052 0.697
Registered Capital (CAP) -0.133 0.041 -3.213**
Revenue (REV) 0.109 0.037 2.903**
Ages of Business (AGE) 0.139 0.026 5.229***

F =41685 p <0.0001 AdjR*= 0.429

Note. **p<0.01, ***p<0.001



Table 5 has shown that tax planning
for sales promotion had a significantly positive
effect on tax performance efficiency
(b1 =0.476, p<0.0001). While control variables
are significantly effect on tax performance
efficiency as registered capital (b3 = -0.133,
p<0.01), revenue (b4 =0.109, p<0.01), and ages
of business (b5 =0.139, p<0.0001) respectively.

Discussion

The purpose of this study is to test
whether the tax planning for sales promotions
has an effect on the tax performance efficiency
of VAT registrants or not. Therefore, the tested
hypothesis is tax planning for sales promotions
has a positive effect on the tax performance
efficiency. In addition the researchers also
study about tax problems of VAT registrants.
This part will begin with the discussion about
tax problems of VAT registration and later
part will be the discussion of the hypothesis
testing.

The three most sales promotions used by
business are discounts, premium, and contests
and sweepstakes which align with the studies
from Khan et al. (2018), Shamout (2016), and
Watanasin (2011) that the most satisfactory
sales promotion by consumers and businesses
were premium, discounts, coupons, refunds,
samples, and addition products are the sales
promotions.

There are three tax problems in
operating business that VAT registrants
most encountered 1) withholding tax-
inaccurate amount of withholding tax. This
may result from the lack of tax knowledge

of tax employees (Suwannakit, 2017) since
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withholding tax is the most questions asked
to The Revenue Department by businesses
(Lairattanakul, 2018). 2) Corporate income tax
- not taking full advantage of tax benefits. It
is consistent with Lairattanakul (2018) that tax
benefits in revenues and expenses were the
most corporate income tax problems consulted
with The Revenue Department. And 3) VAT-
received incorrect tax invoices as mentioned
in the studied by Suwannakit (2017) that no
tax invoices issued as a proof of the payment
transactions was the VAT problem. Moreover,
Lairattanakul (2018) also indicated that the
most VAT problems consulted with The
Revenue Department were revenue problems,
expenses problems, tax documents problems,
and tax reports and tax penalties respectively.

From the hypothesis testing with
regression. The result shows that tax planning
for sales promotion is significantly positive
effect on tax performance efficiency. Therefore,
the hypothesis was supported. The result was
in accordance with Nutepsu (2013) in that
tax planning for relating expenses to sales
promotion expense will help companies to
pay tax correctly and completely according to
the tax regulations. It will also minimize tax
problems and lower fines and extra surcharges
for companies. Also mentioned in Raisangaun
et al. (2014) that the effectiveness of tax
management existed when companies followed
tax regulations, accurately and completely
prepared of tax payments together with tax
saving. VAT registrants should pay attention
and acquired more knowledge regarding sales
promotion strategies to understand and be

competent in tax rules and regulations. As
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found in Suwannakit (2017) that when tax
employees are knowledgeable about tax rules
and regulations, methods, the conditions of
tax points of withholding tax and VAT, and
the differences between sales promotion
expenditures according to accounting and tax
law, then companies can limit mistakes in
taxation and minimize tax costs. Then, VAT
registrants will be able to demonstrate tax
performance up to the standard of all the tax
regulations required; that is, their performance
will be accurate, thorough, and will gain
advantage from tax benefits related to the
sales promotion strategies their companies
have chosen.

Control variables - registered capital,
revenue, and ages of business are significantly
effect on tax performance efficiency. This is
consistent with the result found in Indriani
and Juniarti (2020) that the company that
have long age, sales growth, and firm size will
also less likely to do tax avoidance in order

to keep their corporate image.

Conclusion and Recommendations for
Future Research

Conclusion

The objectives of this research paper
are 1) to investigate a tax problem of
sales promotion and 2) to test the effect
of tax planning for sales promotion on tax
performance efficiency of VAT registrants.

The researchers found that withholding
tax problem is the most prevalence, follows
by corporate income tax and value-added
tax respectively. Moreover, the most

problem encountered by the companies with

1) withholding tax is inaccurate amounts of
withholding tax, 2) the corporate income tax
is not taking full advantage of tax benefits, and
3) the VAT is receiving incorrect tax invoices.

In addition, the results opinion rating
level of independent variable - tax planning
for sale promotion and dependent variable
- tax performance efficiency are very agree.
The hypothesis that tax planning for sales
promotion had a significantly positive effect
on tax performance efficiency was supported.
And the control variables consist of registered
capital, revenue, and age of business had
significantly effect on tax performance
efficiency.

The contributions of this research in
practice is to help the companies to aware
of the tax planning using sale promotion
strategies and their related tax problem. And the
companies will be able to prepare the correct
tax payment while receive the highest tax
benefits from tax planning onward in the future.

Moreover, there is a contribution in tax
planning research. While recent tax planning
research focus on overall tax planning, the
companies will not be able to see through
the details in tax planning. This result in the
companies may not be able to resolve tax
problems and use tax planning efficiently at
the right issues. Therefore this research paper
can fill the research gap and provide more
insight for the companies by begin with sales
promotion strategies and its tax planning.

Limitations

As the consequence of the Covid-19,
many companies were temporary close

down which resulted in only 272 completed



response surveys. Even though the number
of respondents were satisfied according to
Aaker et al. (2001), the result must be carefully
interpreted.

Recommendations for Future Research

Even though the seven sales promotion
strategies were used as measurements in this
study, the other dimensions and qualifications
of tax for sales promotion maybe explore in
future research. Moreover, this research study
has only focused on VAT registrants companies.
In the future, studies can be conducted by
focusing on other interesting sample groups
such as online businesses. Lastly, future
research may enable moderators such as
managerial support and communication within
organizations to enhance tax performance

efficiency.
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Abstract

This research aimed to study factors that affect operational performance of aluminum
window production and introduce guidelines for improving operation by reducing waste in
the aluminum window production with industry 4.0 technologies. A set of questionnaires is a
research instrument for collecting data from the sample comprises 140 parcels the aluminum
window production worker, and the data were analyzed by a Structural Equation Model (SEM).
The study found that factors of waste and industry 4.0 technology are factors that influence
on operational performance. Hence, the guidelines for improving operation by reducing waste
in the aluminum window production with industry 4.0 technologies are 1. Applying real-time
sensor technology into machine to control production from head office 2. Installing automatic
sensor technology to identify products with re-layout of production and stock area 3. Installing
5G to assist transferring data via cloud computing, as well as 4. Applying cloud computing
with head office for analysis data and production plan. As a result, production can increase

quantity of finished goods to 1,400 units per day that also increase profit margin to 25%.

Keywords : Aluminum window, Industry 4.0 Technology, Operational performance improvement,

Production, Waste
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et al., 2017; Mrugalska & Wyrwicka, 2017;
Sanders et al., 2016) aaa1%N394 4.0 (Thoben
et al, 2017) waz waluladana1wnssy 4.0
(Fatorachian & Kazemi, 2018; Fettermann et
al,, 2018; Xu et al, 2018) wiid1aziinsfnm
msldwealuladaaannasy 4.0 3auAUMIHER
wovsuifinasoran1siliueu (Tortorella et
al.,, 2019) usadudpadalilafnuianisysus
masfiunuiaznsanAigyian naeng
mandantiseegidflay sauiunsldinalulad
aRENANTIN 4.0 ﬁﬁﬁumﬁmmiﬂ%uﬂqﬁmsﬁﬁ Wiy
WumsteiingssandnmasufiRou s
msanaNugandunsusulsansuofin
fonsaananssufildneldiAnnmdn s
wAluladgnannssa 4.0 WUMIUITIRANALIL
ARNLUAIEAANINABNTRRAY (Cloud computing)
sruvBuweiinvasasnanBedumeiinoahed
(Internet of Things) N33Ry aBUA WY
(Big data) wazszuuisumasmuaNszezing usiu
Tadunlfnsnunguyna LU IZLIUAIHER
AawsirmunmINARTILuauRew T iYe azvihlk
snunsadinyszansanlunszuaunisnan
nihansagiifleuldinniu dsnasamseifiuny

3
PPNy

firtuuazilstusugenulyae

shewni §iduRadaemsfnmmsyilys
AMILlinuAIgAITanANNgUa1AIANNT
nanuntsegiausiudunisldnalulad
gnsnAnIan 4.0 lnefnsnaingstandamiisig

agfiflow Tudwminvouuniy



IngUszaeAnIsIde

1. WisAnwiladeiiddndnasenans
AU ERNTNFN9D R T

2. WiLaunuuIn1ensU5uU5enns
FUUAIBNTANANNGYEAIAINNTHER
wihehsaglifsusmiunmsldnaluladanannsy
4.0

NUNIUITIUNTIIN

1. wan19AtduUeIU (Operational
performance)
nsUsudyemeanifiveu (Operational
performance improvement) %aﬁﬁﬁﬁmﬂuwa
snannuam3efiueu Iy Chiarini and Kumar
(2021); Meredith and Shafer (2013); Totorella
et al. (2019) nanyi wansifiusuugunts
2RI ILIMNS 3o IUATRNIALIRDuAsD
YSudgeanssulunsnan wadednedsulge
masuiiuay elinssuiumssandausinstiig
TogAu nszvaumInEn waznandn Wullaw
Whnineweessia nsdsudgemsaiiiueu
FaAntuflefinnugawalunszuiunnsuan
ANudpensuesduilaafiAsundas uas
mawasuutaswoamaluladnandn nadmuun
Hymuaz st uuomIUsulennaismsfimnze

¥
a v oal oo

TuuAded Fsuudfnues Meredith and Shafer
(2013) finanie namIsfivaeuiaunsaunll
diudyensaniuau fausiszznalunInan
(Cycle time) WANAN (Productivity) BUAIANANS
(Inventory) AMANYDINAAAD (Quality) LAz
WIS (Workforce) sn@nwidusaudsluns
Uszifiunanseiueny Gl

1. szeznanlunanan fatunaniulss
MIFIUNUF IS TEON WUUTURBUANTHER
Tv’iﬁmmm’aLﬁmuazﬁmmgm Lﬁaammmq@mm
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Tumswan vhlfanszaznailunsungn wio
ARSI YD UNL

2. WARAW 3afunsUTul§ens
fifunuieISnsandunaunIngs e
naanMNINan agldnsnenaniananwinima
yhldmanazamsRanNugaulalunszuIunIHan
yudemInansrena uazmsiBunulunszuums
wamnALALl Feenadenarefunuiigeiu

3. fumAwras saidunsdiudyems
fMunumgNMITnnsaumeasRae Tagysuld
walulad dWelifauszlozigean shlfmadans
Aumaspdedimnuminzaukazdauudsaiign

4. AUANIYBINARAIN $aLTUNNT
Ysudgenissfiuesudisnisdnnalulad
dhanusuldiniasesdng enaasunann
yhlfnswaatinaanuazlfnassIuINn Ty

5. wseeu sfaidunsuTudsenng
sduumgnsmidsiisnuandinuazay
Uanafuuneussnuy el fofwihiintlsansam
vildnszuaunandnaun s dunuldogg
Aoilo

Yo o 0

nuuadededy §Idedsldmnun
namasdunuiidosmsySulye AU Sz8219A
AIRWBVFUAN NAANN FUAIASASS AUAN
vosHAnfiLazaNlanty oeelsfinny
asUiudpemssufunudndudemsuienis
guwaniiAntulunszoiumanan dafunsidy
a¥aiiFedpsAnmnsnnugaiananmnansely
2. ANugaaranaskan (Waste from
production)
ANUgaanmsHan uawme
Mfudy 9 fndadannuaiunsnvesgsia
TumanausupssianusaIMITDINA FaudN
MINAUAUNNIDITUA KAZLZNS WD LAY

mlsarnnsanianssudildnelifiindugae
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Tunszuunanan fedu aednsgIRadayeuiy
flazananugaanfitindunasanszuauns
W&n Ine Chiarini et al. (2018) naTyiANgakan
ANNMINEN ATDUARUASLA ATTIUAIIHAR
fidrdou ansdarinTagaendedilaianiy

NNIIDADYNIDAMUATT AIVUENRIDVUGNY

filsidndu uazmInanveady il

1. nzuiuAsWaRTiTEeu WuAy
guwafiisdestudunsunananiitdou vie
Tuppuiiliduiu Fedenasaszezianiumsnan
ilAAeAuaE wasnani s auenulldnin
1IAITILAN N

2. Msdafiutanaended sy
Wurnugaaiiisndasiunsdeiatanaenas
sudvianiolutuneumsnanuazauiaisagy
fdaAnInAuaNduiy dawalideiui
Tumsdafiy madaivuwiulindedaty
ApABazvh iiAaA L EsmEa e THe

3. MmysoARErIDANNENT Wuew
gauandifgadesiunsioroenienuain
Tunszuaumsuan Wasannisngan ey

YDINUNNURID Lﬂ%@ﬂ‘:fﬂi ﬁﬁiﬁﬂiﬁﬂ?ﬂﬂ’]iwaﬂ

PN

lisoiflos denaransdssudumiiardn was
Andunuaaseduundaloma

4. nsvudenieudefldaniu
Jurnugguafifsdosionsaudnedlina
Uszlupinsoyarfonizuiunsnan denald
Wannuadlumsnan vldgaidsuseny wie
npuaslaglianiy

5. mMIuanvandy uaiuguilan
Az dpeivaumAbiiuINATgIUAMA N
yifAefuugaadoeainnisniiadoy
waz il

anuwIRndedy vhldaanndesnzi

ANUFRIANANMIHEAR LazilaUD LN

Asdudgemssiifiunumensananugaian
gaziinsideildAauinisiinalulad
gRaMnIIn 4.0 nUszynsldiiieannanugay
wansinly
3. aluladgasmnssy 4.0 (Industry

4.0 technologies)

waluladanannnaay 4.0 WumsUsuld
weluladaiauazdumesiialunszuaumsuan
FeanansnthanuiuldrulssnugasnmaTsusous
svuulnwasW@da (Cyber physical system : CPS)
wiAluladn13U3zaanakuuNgauanse
AANIRABNTIRY STuDBUmesITnYaeETINGS
Windunasiineandiva (IoT) Jansshivg Al
MaBnsidayaruning wazITULIIWLeS
muRuszezing Judu (Shahin et al, 2020)
Wesaiunsnaauuussudaluiivienmsieans
STRiNA3Dedns Yivansafiugszansam
Tumswanmenisandunue (Low cost) was
NanUINNUNNN (Mass production) WaLaNIn
MBUAUDIFDAINADINIITVDIGNADEINTINT?
(Quick response) l9e Tortorella et al. (2018)
naiensUsuldmaluladanamnasy 4.0
fIgndnasalscansanasnanadeiidudazy
(Tortorella et al., 2018) vauziinsusuldmalulad
gnamnIIl 4.0 Selusgfududsdu q 1wy
PNAVDILINUANANTIY (Brettel et al., 2014)
WAZAIUNTDUATUNITAUNIDAMAINYDY
NI2UIUANINAR (Khanchanapong et al., 2014)
oehalsfinny MIduane 9 Adluilaqoudlalls
Ansnismuauiiuds wazdrulngAnsndu
fnghelssupuianasiivuinivg §3dy
Fufiudalanmafiazihiladosng o wnEnwniy
NANFIBYIURNIZLANZAY

ANNINUNIUITIUATTULALLBNENT
fiAsdavislutszimanazsinsdszmadnedu



o
oAy oA oal

RApRsumMsdiaTsienAdeiing iy
AUV FIMIANINNT ANUELAIRINMIHER
wazmsUulEmaluladansnmnasy 4.0 Wermua
fhutssne lnansldnguiives Totorella et al.
(2019) wundnlunmsmuuadingds Fewteuiy
fudsfuunazimudsny Inadudsdu ldun
fladuiifidnsnanonanisifiuenu ApUARY
welulafgmamnss 4.0 AeIfUNTZUUMIWGR
Fatiusdane (X1 fe X5) Faus X1 N30T
HARDRlUTRTTURATE X2 wuwesdwiuszuy
AILANKAZARNTAINIZEZING X3 NITUIUNT
Anngidoyarunlng X4 nsUsuldmanad
ABNTIRAY LAz X6 MIasssuupumemalulad
3 §if Tnesudsdanamanilfannasdanzy
nadsTinedesiumsldmaluladonamnnysy
4.0 TumstSurgen1asiiuay (Buer et al, 2018;
Frank et al., 2019; Kolberg et al., 2017; Totorella
et al,, 2019) vauzf adeiumugawaiifuls
dainm (X6 79 X9) paus X6 fUFTRNUATIAEDL
AavTaamdeRasaumtnaliddu X7 ffin
wasudeTaguiaduilagliddu x8
JUATROumaufiasdegnilaslidndu uaz
X9 tAnANNLRYRIYDDIRUAIAINNITHER
Taefudsdanailifsadaanand Ifannis
fupshanuddeiifuadesiuiadeduainy
gruianannnsuan (Buer et al., 2018; Kolberg
et al.,, 2017; Totorella et al., 2019) &uILIn3
T#uA wanssnfiuva Sefiduysdana (Y1
Y5) saus Y1 3T2ia nIdeuauiudn Y2
HARAWN Y3 S2AUUIINUEUAAIAGS Y4 AN
waz Y5 anudannipaesduionem Inusus
Funamand Iannnsdaaneiauddeiifedas
AUANTIANANIAEWSY (Chiarini & Kumar,
2021; Rossini et al., 2019; Totorella et al., 2019)
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uaziladudunnugaan Fsanaeaunfgu
LAZATOLIAAYBNUATY il

sunfgIu H1 waluladansnnssu 4.0
WeafunszuumsHaniiBrsnasonantsm vy

sunfgIu H2 waluladanannssu 4.0
WAYINUATZUIUNIHANTDNDNasaiadenu
mmqmﬂdﬂumzmumwﬁm

aunAgIu H3 Jaduaumnugayilan
TunszuunsnanTidnsnadaran1sa U

maluladgaanmnisy 4.0

NEINVNTELIUMTHAN

H1

NANITA MUY
H2

v H3

hdeduanugayalarlu

NILUIUNITHAA

ANN 1 NIDULUIAR

ABnsaiunisAnen

a v

sdeildnsdifnm nnsudaniinsng
ppiiilauzeeien nindnIdiaania Janin
YDUWNY Imaéjuﬁ’aa HNUUUNNY (Simple Random
Sampling) wazldwihelunsinazidoya (Unit
of Analysis) Lﬂuﬁzﬁuqﬂﬂalﬁ 0 wﬂ’ﬂmuﬁﬁﬁﬂ‘ﬁmu
luu3n nswdnididansa fSaminveuunay suau
140 99 (Kline, 2015)
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wn3nefiaNlslunsidy

ANNMNIFIEUNRFIUUAZATOUUUIAATDS
nuAdpdedy fideisesnuuudomanuild
Tuwwussuanutanela Fafuiesesdio Cronbach
(Cronbach, 2004) #l#lunsidsasadiuaz
14 Likert scale (Taherdoost, 2019) {usnmas¥a
snspuansANNARiY 3uanszuil 1 Ae
Taiftenelang1eBa aufiaszaufl 5 fie fianelant s
Toefidarnaluuuasunuasiia savisme
14 4 MRgdosTufulsfuuaziautanu lay
dhudsduldnedadmu 5 9 fiAuTasiumalulag
ananANIIN 4.0 ITNIZTUIUNMIHARTITENENE
ADHAMINLILNY ATIDAGUFILLIAUAR Aaus
AUAUNNINANTRIUTRITVUAATS 1 suiEes
fnsusruuAILANLardan1saInszuzing
nszUauMYBezitayaruaing mMausuld
AANIRABNTARY wazmMIaSRuUABmAlulaE
3 91 Jusiu

usnand Adedmadamanufiisidos
Aushudsdu Faduiadusuanugaiaian
mnan lngdsaranu 4 99 AsauAguEILLS
fauna daus JUATRNUATIREBLAGYTAgVTe
adsaufmlealidndy gUaTRnunaeuietan
windumlaglidu fUfrRnumauiiiods
anAlagliddiu waziamudsmesasdus
NMINER s

drudemanuiifisadosiuiaugsnu
Fadunanssfiuanu Jsznaumadamnny
5 4 ATPUAUMLLIAINA Aaud sTBzAN
MIRNBURUA WARNW TeAUYTINAUFUAAAGS
AN a2 ANsUaBATB YU IR W

NSNAFBUAMNATNYDILATDNED

WUUABUNNTA I TAKA LA HIUANTANAN
fudszdndasaunnadani () enaaauAy
Fetureaedasdielumaiduasedselysunsy
fiSagUieafioaiea SPSS nestu 28 (Fuans
RN AINGNRBVAUKAY) TuANTAUIMANATEY
ynAar (Cronbach, 2004) AAgATHT

2
a_[ k ] XS
| —1 RSPy
k—1 ZSt
Toy a #een dulszandunam
k @ S uiudeany
Si Fern AnuudsuysIueATLUY
Fofl i
SZ “
t ApAN ANNLYTLUTUYDS

ASLUUIIUN t

et FhduyszansaTauLIndarhaassiuls
1. walulaBgnamnssu 4.0 AenAunszuaums
NAATITIBNSWasaNan T ENOY 2. Tadudu
ANUGYWANRINANIHER LAz 3. nanseLiuau
WU 0.818, 0.833 way 0.797 AUANAU
Farunasivansuaunsahlulgle

gaunnaasy Validity Test Ua9RkT
fanm $ieh KMO wihdu 0.705 Tagenidnlng 1.0
wadnguiegnanunzas lay Bartlett’s Test
fIAN Chi-square Winu 1536.460 A1 p-value
< 0.001 waned wesnandusiuslduwnsn
wnanwal (Kline, 2015) vlfdudsdanala
14 dkts (X1 99 X9 way Y1 89 Y5) dAdny
fuiusiusgaminzay feanansathvieseit

Tuluinauuusiansaunsdelaseasale



MINUIIVINTDYA

dadelavhnsiniusndeys wady
2 du 1fun Tayarguall wazdoyanfuni sl

1. dayaUguqll (Primary Data) {utaya
fildannsifiuTiunadeyameuouasuaiy
Uanela hanue 14 Tafanu Aunguiegig
duau 140 4a Inengudesnsidudlidoya
TohuA URrRntifAsdesiumnaaninsns
pailiflon seustunaurimuAnNINaR LYY aufa
SunaunsIaivie Ineifiodeyaluzasnaiisaii

2. Toyanfunfl (Secondary Data) LU
Foyafildarnnsiiususindoyasuidy
fiivados soudle nikde MfAgadoeiy
AIUFMNTAANIINTIUIUNEN UATUNAIUNY
Arms widsnslukazinadszmea Tagns
AuAurug Ty akazsBumadidn

R ERIG R REEY

mMyduasslfaduldld383nsnzidoya

NNEDR LaTNAFDUEaNNRFIUNNTIAY psil

1. adfBeeyuNU (Inferential Statistics)
THlumsagunsfinundayanguiingng \Wanasay
aunfigu Iapdinanzdanunanuasaasdoys
13 Kline (2015) kaznaanuaAlsznaiBediugiy
(Confirmatory Factor Analysis: CFA) ip8usiu
ANLTiBeATamiiau (Convergent Validity) Waz
ANAEeATUBeNIauUN (Discriminate Validity)
Yauulssunaziauanu (Fornell & Larcker,
1981; Siguaw & Diamantopoulos, 2000) k&g
AT 18U (Path Analysis) anan Standardize
Direct Effects lagpszsuifasanieana
Sy 0.05 samanm3sveslainasunsinzeEse
(Structural Equation Modeling: SEM ) A431A312%
29AUI2NBY (Factor Analysis) Waz3LAINZA0ADDE

(Regression Analysis)

NIANINEATANaRSEIAaYIEand 79
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2. anABenIIdUn (Descriptive Statistics)
Tdlunsiemzidoyadeussnanioedngansng
ey WAteASeEalFa AR BTN
lunsedunududszandansnaveediiuys
fildannsifiudoya

NaN133ae

1. afpdifisnsnasanan1saiueu

NMInanntnsANe gy

ANMTIATEAANUUANUADITDYA
Wu3n AAna -0.67 e 0.83 FAnaanaleie -0.98
79 0.90 Slfiundoyatienuuanuasiudulis
1nf (Kline, 2015) ?Nmmsaﬂﬁmﬂalﬂ% WAIZH
parUsznausalule

NANINAFEURNAUINaUIBSEUU (CFA)
WU Swinenduyseand (Factor Loadings)
o 0.70 F9 0.88 Fewnndn 0.5 wazedy
mml,miﬁﬁauﬁgﬂaﬁ’@lﬁ (AVE) 0.54 ©1% 0.58
Fefienlaitoandn 0.50 Feagdlein Tuman1sda
finunseBegiindia (Fornell & Larcker, 1981)
foidndsfianuiduenainuaziiniaang
WigTad (CR) 53wdne 0.757 39 0.798 Hdien
wnndn 0.60 Feagdledudsiinnudisenss
WB9UN (Siguaw & Diamantopoulos, 2000)
ANNHAIAIIZReAU S naUL BB uL ARl ALY
 fhudsfinnuiisensadediuungs Sanudy
ALY LN asnsathdnlaea
wuuanapeanmIBelaseadele

sty Tamasum3lATIasng (SEM) 289
TnanuuhasstRiTEESNasNan STy
anmsudaniisneegiidoy Felaienzinas
Usuluwmalidanumanzay wazauysal el
Fatadunisansy T BiBaushuys Modification
Indices Waz¥iINMNIATINFDUANABHANUAAUNEY
2aIAAGNMTIATENY ERTREBUANALILLT
SwDeiLed agUNafAM 2 uaz anTnedi 1
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Chi-Square = 28.633 : df = 30

Relative Chi-Square = .954 ; P-value = .537
GFI=.972 ; AGFI=.902 ; CFI = 1.000
RMSEA= .000 ; RMR= .035

N 2 aumaBslasasuuudanetiadeiid

fandnasianansmdunuannmMnaaninseg ey

WUBLHG : ¥ muamﬂzym”mu 0.05 wag ** musﬁwﬁywﬁﬁﬁ 0.001

Wli'\\‘l‘i’l 1 ﬂ’]ﬂﬂ@]ﬂi"LﬁJ‘Hﬂ’J’]ﬂJﬂamﬂau%@\‘iamﬂ’]ﬂ?ﬁ\ﬂﬂi\ﬂﬁﬁ%‘iLLUUQ’W@B\‘]?U N8 ,=. 1dndna
FiRHANTIANTUNUANANTHAANEN AN HeY

srifldssfiunnunaunauasluie el wadws  wasgl 91989

p-value >0.05 0.675 WO (Hair et al., 2006)

Relative Chi-square: A >/df < 2.00 0.906 WY (Tabachninck & Fidell, 2007)

Goodness of Fit Index: GFI > 0.95 0.951 N (Schumacker & Lomax, 2004)

Adjusted Goodness of Fit Index: AGFI > 0.9 0.909 WY (Hair et al,, 2006)

Comparative Fit Index: CFI > 0.9 1.000 WY (Hu & Bentler, 1999)

Mean Square Error of Approximation: < 0.05 0.000 N (Schumacker & Lomax, 2004)

RMSEA

Root Mean Square Residual: RMR < 0.0 0.044 WY (Hu & Bentler, 1999)

NAIET 1 Ham AR zAlAAENNTS
Taseadsupudaneaasiladedifidndnane
HANIALEUNAINN TN AT LT
wud nasnnlelimaUsUlunafme BidousuLls
Modification Indices 3¢#inesauls Techl
vi3e welulafignanmnysu 4.0 Weaunszuu:
Han Wastes ¥39 Jadusuanugauilan way
Performance %#3a#an13otHUIIUNYEN

finnuaanrdasiudoyaBassindoglumiicnu
\a9sl p-value = 0.675 > 0.05 Relative Chi-square
=0.906 GFI = 0.951 AGFI = 0.909 CFI = 1.000
RMSEA = 0000 RMR = 0.044 Fesnndneiu
WWIFRUBN Hair et al. (2006); Hu and Bentler (1999);
Schumacker and Lomax (2004); Tabachninck
and Fidell (2007)



WBNAAE NAMTIATRLEUNBTENE
2p9fa415 (Path Analysis) Tuluinailadefid
BndnasonNan13aLIUUNNAIINARRENGNS
pafiflay wud1 fauils Techl %o welulad
gnsNnNIIN 4.0 WzfunszUIUNIIHER S
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fuszanBBn3nalagTiusiafiulsanu Wastes
3 adusnuanugiaduay windy -0.795
Foiuarduyszandsnsnani1ensianue
(3197 2)

A9 2 namAezAduNBnSnaesiadesonamsiifunuiiinananugaa

Tunmsuaandisnseglidyy

Aaudsnnu Waste Performance

Ay asu TE DE IE TE DE IE
Tech -0.795 ** -0.795 - 0.893 ** 0.675 0.218
Waste - - - -0.274 * -0.274
R-SQUARE 0.633 0.824

o '

wanewmeg : * IdadAwindy 0.05 wag ** Hdudewinau 0.001

s

izl Techl fA&uUszansdn3na
TaesIusafILLUSANY Performance #3aHANNT
sufiuey Seduuanwindu 0.893 Feuys
uaduyszan3snsnan1ensaindy 0.675
wazn198ay 0.218 Tuaaueil dauls Wastes
fAdudszandsnsnalaysiusafiwdsny
Performance fenuauwiniu -0.274 Faidusn
fifnduyszansansnalag it (el 2)

NANITIATIZALEUNS BN Navaeiady
Aanan13milueuiiiinainaanugalan
Tunswaaumisnsegfifiasannananed 2 dredu
snunsnthanasUnamMneseUausFAg Ll Ftl

sunfigu H1 welulafgnamnssy 4.0
RenAUNIEUIUASHARTBYENARDNAN T Y

HanIAsaUENLRsIY Wud1 melulad
NENNNIIN 4.0 VgaAUATIUIUNNTHER
dndnasananismidunulufisnadieaiy

fiindutszandananawiiy 0.839 laasuny
dndwaladawas 63 FadulUmuanupiguingdd

sunfigu H2 weluladgnamnssy 4.0
ReafunszoumsHanTvEnasanwgLa
Tunszuaumanan

HanIAsaUENLRsIY W1 malulad
gRENNTI 4.0 NLANUATTLIUMINERTIENENE
saanugadanlunszuaunisndnlufienig
aseiudny SendunssanSavsnawiiy -0.795
Tngasunednsnalafasas 82 Assiutudfay

'
ana

yeadan 0.001 Fadulumuanufigiuiiney
sundgU H3 Anugailantunszuiums
NandiBnSNanaNan1IAHUY
NaNWAEBUENNRAF W WU ANNGaUEN
lunszurunmsuaniidndnasonan1ssLluenu
Tufirmanssidng Sendudszansansnawiiy
~0.274 TawaSunudndnaldionaz 82 fiszdy
Todhdneadadi 0.05 Fafuldauauuigiu

1

figrals
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2. uwImemsUiudgennsaniiiueu
AIUN1IAAANGYLLAIRINNIINEARTIFA
pgfiflausaunumsidmaluladagmamnssu 4.0

N 8 re I PR T R e AR BRI TG
IAANUNANNEY (Goodness of fit measures)
wdansUSUAlAa anANT 2 T1edu wudn Tads
yasnuaugwan wazmaluladonannssy
4.0 VgIdUATIUIUNNTHER TBNSnase
Nansiiuny fefuideddemeiuenaiy
WamiulsAddnsnaunfigaassanduusn
TunszuaumInas a9lduasd

Fudsiunnugaan Saldansfauds
dunn 4 fuds eedudsdananfifiddnina
InNnfignanssusiuusnlsnn sinauwdsnailums
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Abstract

This paper employed the Markov-switching model for estimating the expected return,
variance, and covariance of the investment portfolio including large capitalization stock,
small capitalization stock and government bond. This model allows for changes in market
regimes, i.e. bull and bear markets. The empirical results showed that the large capitalization
stock and small capitalization stock have higher risk-adjusted return and could be allocated
in portfolio during the bull regime. However, almost all investment weights are allocated to
government bonds, which are characterized as safe haven assets, during the bear regime.
Comparing the portfolio performance, we found that dynamic portfolio allocation according
to the parameter estimation in the Markov-switching model has better performance
based on cumulative return, volatility and Sharpe ratio than those of equal weight portfolio

and Markowitz mean-variance portfolio for both in-sample and out-of-sample periods.

Keywords : Dynamic portfolio allocation, Market regime, Markov-switching model
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fifimnaudssuaznanauunusn fanwazidu
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n19n138u Faupodassdnwasidinegly
nguuuuassiildifuiBadunse waziinay
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luniazny (Regimes) FensfnwiBaszans
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Ang and Chen (2002) way Guidolin and
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(Regimes) Fefidlsduunaazlaglduoudans
Markov-switching sanidu 3 Ag laun A
NanaULNUge (High-return) AMIsHandywnu
1unans (Middle-return) bazAITHNARNDY WLsn
(Low-return) upnanty Seflunundy 9
fvasfnslunatandnnsndlng Taud
UFANNYDN Khanthavit (2001) k&g Nuanboon
(2009) #afl 9 AnvI289 Khanthavit (2001)
TsviansfnsiiansiRaaudTwuUanewuy
Two-State Markov-Switching LNeNWOADNNT
FuemazAaInluniIaeyu (Market-timing)
Tunaaulnev3als Tnsuuensrenane iy
(Bull periods) waz29na1nvu1ay (Bear periods)
YauzUAnUDe Nuanboon (2009) ¥msénm
feaudIniaasugiaunaialaglszyneld
WUUANaBe Markov Switching Hiansmannsal
fAMzAaniuYIaY (Bear market)
nMSTkLLAaeeUSUW NS UD kLY
119N ANUNTDAIUIUDRIINANDL WNULAS
ANl unSerdwideauuNInIFIu
funndreiuluudazaiizvesnaiald dedu
Fesnunsauszgndldlunsdnassihminmsasu
Alugunsnesing o (Asset allocation) ¥4 Ang
and Bekaert (2004) ldvihnnsfnuniensdnass
thntinasasmulugunindsng q leud aaariy
andg (Ideod s&P 500 wusaunu) [uan
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Bekaert (2004) IdwSsuiiivudseansannns
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Fnassihvinnsasmuluuendiedoya (Out-
of-sample) ‘sz‘wg’wmié’mm‘sﬁmﬁfﬂmiamu
ANULUUANaRY Markov-Switching WisuAUNNT
Fnasshninniaewusiieds Mean-variance
optimal lagyn1sUsuAINIT TR 5B
wupanaee Markov-Switching ¥ 9 oy wuan
m‘sé’maﬁﬁmﬁfﬂmaamumuLLuusi’ma\ﬁ
Markov-Switching 1ﬁwamammw’7iqx‘mdmaz
finnandeefisnndn Mldldsnsnanauunu
USufapanuides (Sharpe ratio) figendnnis
Fnassthninniaewusiieds Mean-variance
optimal uanann# Liow and Zhu (2007)
Ifhnsfnsfensdnassihninaisasmu
Tudzdaanguadmsunsngdly 6 Jazme
Toiur Uszmeigoans Uszmeagenlls dszmediu
USINADDAMTLAY AUINTDIUNINT WAzUILINA
an3gaIEmM wui1 mednasshudnnsaamu
AULUUAaBY Markov-Switching TWHAGNS
fiinin1sdaassthndnnisasquanis
Conventional mean-variance 35 World real
estate 4azdd Equally-weighted nanqfs
m‘sé’maﬁﬁmﬁfﬂmaamumuLLuusi’ma\ﬁ
Markov-Switching IGR Sharpe ratio, Treynor
ratio way Jensen & ﬁ@x‘iﬁéjm

79U Guidolin and Timmermann (2007)
sansdenssadulalunisdnassingn
maawuluusazdunsndszninsiusunalng
Fupnan waziusnIsauianiy 10 U amald
wUUsNaee Markov-Switching lnganufnwues
Guidolin and Timmermann (2007) lAkUi LA
A% (Regime) pamdu 4 ANdziaiy [Fwn
ANITAAIAANEN (Crash/Bear regime) a1
Wuladn (Slow growth regime) ANTAAAVITY
(Bull egime) #azA=HUs (Recovery regime)
Taga U0 Guidolin and Timmermann



94 nsansnsAsAanIEINAUITYNA

U7 17 atufl 26 an31AY - Tquipy 2566

(2007) THuvudanefiuansinedy 3 wwusnans
Tumsmanauthminnmsasu léud wwodiass
Markov-Switching &UU 4 A% WUUANADY
Markov-Switching Vector Autoregressive
LUD 4 2T LavluUaNans Vector Autoregressive
wuunienz Tauswdsesunafifisidnunly
KUUANARNUUY Multivariate AndnINRuUduNa
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Bulla et al. (2011) levhans@nui
msdnassihminmsasmulusdsiisenndnning
5 sl Tumaniu 3 Uszwa ldud el DAX
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waziad S&P 500 lagluaufnunuee Bulla
et al. (2011) #1438 Mean-Variance Optimal
Tumsdnassdminnsasu watinsuszenals
WUUSaDY Markov-Switching MA1SAIUIN
AN TmesgneAiedswazediudaiuu
wnsgruiteldlunismulradadiuthnn
N19897UAINID Mean-Variance Optimal
TFmunzaulusdazgdriaiszninenainiu
AUkuan (Risk free) InewSouiisunanauuny
NNIDVDIUUINEDN Markov-Switching HWguiy
ﬂasmﬁ‘%a waziin (Buy and Hold Strategy) Wuin
mdnassihninnsamulagldemnnines
flfanuuusnane Markov-Switching 38791
NARDU WNUUSUAIBAMULES (Sharpe ratio)
fiininnagmstouasiio uenanni Bulla et al.
(2011) Fevimaindazansnmnsnennsalyes
wpyudapsludnwaz Out-of-Sample Wu31
ARSI aBe Markov-Switching

nadnsfifniinandfaliel Sharpe ratio
wawnANSIINENANTEaNs WE TN
faunlAfinnstnuuudanass Markov-
switching sndszgnaidlunisasmulunaie
UszinARmuIudady 9 usnaananisT 1wy
De la Torre-Torres et al. (2021) Uazgneild
wWUUS1a89 Markov-Switching WA1SARA&TS
M389UITRINNY ETF Feawnuluds
STOXX 50, §Ya1auNusAUNUNIUYDS
nanuylal 930 VSTOXX wasiustinisguna
wosuideny 3 weu launanisfinen wausli
vhnsaeuly ETF ¢% STOXX 50 dndau
100% Wioazaanariuselunazanuiuaum
(Low volatility regime) wazazasnuly VSTOXX
WeaNUsURTIFUNAaINTDNY 3 1HpU AnaIu
100% WioazaanarueglunIzANURLNIUGS
(High volatility regime) #¢ m3asmulugduuui
TAnanouunuiigenin ETF dafl STOXX 50
Tneldnagmsdauaziia (Buy and hold strategy)
AnAuaNTRvaewuyany Markov-
Switching fausadszanansAnnniine s
Tuudazanaz (Regimes) voenanaRunsan1e
wswsAald Fududszlosddmiunisinunld
Tumsfnsnadnassfuningnisasmu (Asset
allocation) T#fianumunzanluLsazgaeia
iafd ufniUszgndlduuudiass Markov-
Switching lunsfasien1sdnassdunsne
maasuasesnmMIas dulnglrihmsfinm
Tundnnsndaretszing laslunsdinain
wdansnglnyg asFasAisuNn Khanthavit
(2001) waz Nuanboon (2009) flasjaidfuifies
mMInennsalimMIUsuasuATaane uadallle
Aenzirnudululdlumsihuuusnass Markov-
Switching M lunNTiRaIIRUNSNEVRINDSA
miawu fadu Feldesinlunuideiiihns



A sineimsanasIRUNTNE IR
Imaﬂazqmﬂ%’uuuﬁmm Markov-Switching
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sflunuiisuiunsasulugduoudu Bl
flansanmsiagunmzaain

3. 3Bn157]e

F3msanmildlunsfnmiiuszneudae
msUszanarlaglfuuudnass MS-VAR uaz
ANTINETIFUNSNG Banatn BesneaziBunvas
FBmsAnwuazdayaiildesunslsired

3.1 wuusIapsAMRIoalATInat U
nsU5uasussuuuuuunsaen (Markov-
Switching Vector Auto Regression - MS-VAR)

wuusNaee MS-VAR uuuudasseiisl
mMatszgnaldnsmnupaunsluluuudane
nAwesealdsinadu wildnsuszanumay
a3 TUSUIUABUaI T KUDINSREY
oty Fedunuudassranyfwl sTansay
S2uuaNns vhlfaNIadAsZYinanauuny
ANARIY AUMITUTIU HaTANULYSUTIUTIU
ypsnarsFunsndlunesalnalosiuduls
Tnaupudans MS-VAR awnsndaulugy
STUUaNAT bR

p
Tt = Us, t Z AjsTe—jt+ &
j=1

gun13 (3.1)

Wt = 1,1) fDnAwesueewinys

) g,t 1 2t nt .
meluBeldundnnuanaumussRunngsng o
Tnlunudnmassdazidudninananunuiu
Ingwnalng danwansuunuiulngvuinsn
LAZARTIHARDU LNUTUSTRTIZES TudIuses
Hs, fo pnieiiasiesr Tune s Tuduwes
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P
{Aj,St} j=1 fn n3ndueemaNyssandauys

andlunnag S, kA (ec&20)" nmantd
N(0, Q5,) nanafAe TANTHAN A RULUART A
fifaduwhiugud Toef Qg, Ao wminduos
anuusUTu-manlUsusn Fadudoya
fl#lunsdnassiminansasmuaundnnns
289 Markovitz
TusuRnwassdimualid 2 anag e
mazmmmﬁumﬁu (Bull regime) (S = {1,2})
LLazm’gmamﬁumm (Bear regime)
Tnansaduduiaguszninennzgnimmuali
ANAINNLELTY (Transition Probabilities) Ny
P(SIS ) finnazazinasudngnnag S nanfit
dansndeaniinnazldanagluniei s
a aAeuntd -1 fsil
P{S; =jISt-1 =0,St2 =k, ...}
= P{S; :j|5t—1 =i} = Pij
aum73 (3.2)
T ij =1, 2

ipeannaeg s, Lianunsadainmle
(Unobserved regime) n13suszsnaimndevinle
19¢A% Expectation-Maximization Algorithm
(EM Algorithm) \euszsnasmnsniinaiang o
leud M1, U2, 01,02, P11, P22

3.2 dnassuwminnsamulundnning

sdnassminasamulundnning
agldrmanfimesiivszanualaluusazioy
dans Iud Aledy ARauUsUsIu was
AanuudstTu ludundndiutvin
maaauluusazaunTeee78 Mean-Variance
Optimization 989 Markowitz FA8aZAIRUA
dnsuthwiinnsasuvasusasdunsnglunain
maamu Weldnuwsysusomeinnisasu
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MEALAZIA1LRANIDINANDL ULNUTDIND SR
Titipanineitdnun nanfe dnsssininms
sauluusazaunsne el Saswanouunuse
nilsmiiagAnudes (Sharpe Ratio) fiFgegatiu
w09 Tnasuuunanaldasalyd

n n
Min of = Z Z W,W,COV (Ryz, Rye)
i=1 =1
auns (3.3)
TnediSeuladodnin el
Z?=1 Wi = 7, 2?:1 w; =1,
W, >0 (i=12...,n)

=

Tog U;  fD ANLRAUSRITINANDUWNUYDS
dunsng 1 luanedi K
Taedi K = 1,2
COV fn ANANLLIUIIUIINYDIDAT)
HARDULNUYDIFUNSNET 1 WA |

Tunmzfi K Toedi K = 1.2

anasmuathninasamuluusaz
FuUnswgsauds Mean-Variance Optimization
Towsadaulafllilsmesnmaamuiitimsnnaiu
2991131 (Sharpe’s ratio) figefigalunisiuaa
Tnenudnulupsaiazrinnisysuw dsudhnn
N13899U (Rebalancing) dioaauzaain
(Regime) dn1swasuntas nanads windn
mﬁmhazLﬂummamuzmmmﬁumﬁu (Bull
regime) #A1AUUIALTUVDINIIAIDEY VDY
07Uy (Regime Probability) o803 0.5 aziu
wdazvhmIUsuasudminasasmu Tagag
MATUIZINUANIANN S TR DS N s LU
apsiildlunsfne (uudass MSM uas
WUUAaBY MS-VAR) Feazldrnianiiines
ﬁﬁwmmlﬁmﬂamuzmmmﬁumm (Bear Regime)
Teun dasmanauunuy AdwdoauusnaTsy
wazAANNLUTLIIUT TR Usas AU TN sl

TuFwudnduhminnmsasmuluusazdunsng
N13899U (Asset Allocation) 1435 Mean-
Variance Optimization e lAlsthninmsasnu
Amsnzaslunsiazgranaiiafiazldsudne
NARMBUUNUBALBEAINNLES (Risk-Adjusted
Return) flsnndu

Tudunpusouiazynissouiiay
USYRNBMWIDIMULNADY NLUUNADE MS-VAR
F113¥aassthninANsasmuaIuis Mean-
Variance Optimization Wweldan13dmes
fiUszannAlfanieaeuuus1ane 819158
yilAnamae Lﬁumummwa%mmiamuﬁﬂﬁuﬂdﬁ
nsdimsnssansthminmsasuluusiazdunsng
Tudndruilvinfuuaznsdinnsdnassiimidn
mia\‘inumﬁ% Mean-Variance Optimization
LUURLANEIATNANDLWNUATIARTY AATY
wsUsaukazAuLlsUsusndudned
Liwasuluauszuy wiald Wafiansanann
NAADULNUVDIND A R) ANULEEUBIND SR
(Op) waz AMwanpuwUiUSDANLEDe Beld
Sharpe ratio (S Wuaunu

3.3 dayaiildlunsfam

Foyafildlunsinmasldidudoyaing
nanpUunuIeFauluITaT AR oY
na1Ax T 2006 i Wousunau T 2021 lnadaya
A9 9 AzLAYIIVIINAIN Bloomberg L.P.
Usznausnedayanalull

1. Tagadniwansuunuvasiulng
yunalng azld@ofl FTSE SET Large
capitalization Index

2. ToyadnITHanauunuYoeiulng
puraLdn aglddsll FTSE SET Small
capitalization Index

3. T9YadAIINANDUUNUVDINUSTRT
fyunalngszezdy azl¥wd Thai BMA Short

Term Government Bond Total Return Index



Tnamsfnmnillfidonldiusiinisguna
szpzdunnuTusTRITgUnaTzazene 1asan
doesmsliiustnsfgunaseozduiuduning
Aunupsdunsngdanniy (Safe Haven)
Tumasanisamu Weldamuludaefinaindu
funuge Feapnmdneivaufneaes Ang and
Bekaert (2004) Al4a713undsanssn a1
1 vfiou tudiunuresdunindlannds
2telsfnN MIATEAlUN AT AN TN 9
Wadnlaimsiausluduil 44 Wodnae
AMusaulmIveen U ansdiniunIg
Anszsimsamuluduningmadondu 9

4. pan1sAnENLBeYssany

HaMIANIBUITAnEEIRN M INAGEaY
AasuTRrsliasiayalaslinmmaseusiingn
Welklddoyadeinldszanamiuuoudiany
MS-VAR #iflnausaiiafiadnfimanzay anidy
JuausNanmsUsTINALUDANa8e MS-VAR
Han1sdanasalngla n1sUsuwasutngn

A19199 4.1 HanMIMeaaueingnuesiaya
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MIanU harmMIdisuiiisunanianiiueu
wpanesalnale melugredoyaiiszanae (in-
sample) azAguandIdaya (out-of-sample)
ToefinansAnuuansldesd

4.1 wanmanesaauglingnunednya

anulifisrasdoya (Non-Stationary)
duilgminansanumluludoyasynsunan
FeazfinasannuauTRann 1y ALeae (mean)
WazANNUTUTIY (variances) Tilinsiilundas
Frananfiuanseiu deiu anmessuyingm
12U N1INAEYU Augmented Dickey-Fuller test
statistic (ADF Test) fsgnihanldifiansaaseu
’hﬁagaﬁé’ﬂwmxmmﬁﬁ (Stationary) w3aly
TUHAMINAEDLANTDYATAINANDL WU
Aupunatng (Large) Aupuawén (Small) uay
Wustins¥gunaszezdu (THSTGOV) Tumansdl
4.1 WU anansaUfasauNRgIunanlafisesy
fuddey 0.01 Fevsdaedoyaiifanwasi

Test Critical Values

. Include in test ADF test

Variables . e Prob.
equation statistics 1% level 5% level  10% level
Intercept -11.92092***  0.0000  -3.466377 -2.877274 -2.575236
Large Intercept and trend -11.92136***  0.0000 -4.009271 -3.434706 -3.141318
none -11.86183***  0.0000 -2.577730 -1.942584 -1.615541
Intercept -10.49574***  0.0000 -3.466377 -2.877274 -2.575236
Small Intercept and trend -10.46343***  0.0000 -4.009271 -3.434706 -3.141318
none -10.39185***  0.0000 -2.577730 -1.942584 -1.615541
Intercept -2.996186**  0.0371  -3.466580 -2.877363 -2.575284
THSTGOV Intercept and trend  -3.648440**  0.0286  -4.009558 -3.434844 -3.141399
none -2.253108** 0.0238 -2.577801 -1.942594 -1.615534
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4.2 wansyszanamuuusnans MS-VAR
drudiazsnseuranisUszanaen
WINTRDIFYUULINEDY MS-VAR WUU 2 Mg
TuA a1 @0 m’s:mmmﬁumﬁu (Bull Regime)
Faflunziinaesulinanauunuiigs (High
Return) uazfinnaifuenuiilsigenn [Low Volatility)
wazAaNAYULIAY (Bear Regime) Milinanauunudl
AN WIeTNARBULNUARAAY LAYkUUABY
MS-VAR lusnuinunasadmouaunaiandn (Lag)
WindU 0 waz LifdauUs95une (Exogenous
Variables) {asannazyinmsfasanauuudnass
Afinududoulsininwazinasanistily
Uszgndld mnnadnsildannasinwieaning
Alddnduiiazdos@nslaglfuuudraneddl
ANMNENUATFUTRUTIINNNIY Beaanndeiy
NUFARNYDY Guidolin and Timmermann (2007)
Alalfuuudans MS-VAR Taglifisaudsesuney
FalmawainnsfnwiarsiazdulyFeuoy
Sansfifimnunefiganou
Zenrsmuuanidzlundazdisiian
AR TanAnAIANNLNAZITUTD LA aTAN2Y
LUUYSUIEYY (Smoothed Regime Probability)
Tagwin (S, = 1|r,) > 0.5 erdanaify

(Low Return) wazfiadufunauiigs (High
Volatility) taguin P.(S; = 2|r,) > 0.5
Adsinnduazgndnagluaienaiafuias
(Bear Regime) agnawiulugsd a.f. 2007 waz
Y A 2008 MAsdaningantaudadulng
(Subprime Mortgage Crisis) wazlugrefud
A.A. 2020 MAALAANITAINITUNITZUIADD
Tsaladn-19 F9nsiasusiuaniy (Regime)
aunsadrsnsilaainAianutnasiiuyes
wiazAZRULUSUSEY deuanelifiand 4.1
BAUARITANUIMINANYDILUTANaDY MS-VAR
Tumsrimuanmznann Geussifiulapnndeeiy
NN3FNwUeY Khanthavit (2001)

WONaNG NANIUITIUANTILARSAN
ﬂ?wmamﬂuiunﬁmﬁaur}hu (Transition
Probabilities) wayBIIANVDILAALTANIY
(Duration) Fufluredslunisawguosnsle
manile Seruialdannemanuinaziiuzes
mansaglunaziiy leaun

1 lewnnsAsegueeniag Bull
(1-p')
Regime whiu __ 1 = 1
(1-p'1) (1-0.6630)
20ULNN1IAIDEVDNNIT Bear Regime

= 3 Lfinu

azgndnpeflunnizaaaiup@y (Bull Regime)  yyihiy 1 - 24 By Fenaneadly
Tuduwesnngh 2 fin anznaaduanas (Bear - (1-0.5894)
. & o o eLg, o8 MIINN 4.2
Regime) Baidunniziinannviulvinanauunuien
1.0 1.0 —
0.8 0.8
0.6 0.6
04 0.4
0.2 0.2
e L————ﬂ 0.0 L—-—-—-
07 08 09 10 11 12 13 14 15 16 17 18 07 08 09 10 11 12 13 14 15 16 17 18
a) 11927 1 (Bull Regime) b) ﬂTJ%ﬁ 2 (Bear Regime)

And 4.1 AmanNtazduseliazag (WWudsut3ey) Smoothed Regime Probabilities
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st fvesheuuuhans  Aeae (Mean) AeuilsUsau (Variance) uas
MS-VAR wuin fmnsfiwesfivszanamldi  Aanuutsusiusau (Covariance) voaasiu
Aruanssaingudagieddesdynieads  vuialna Fuauiadn wazfusinssguna
yiausuelng) fusueaien uasiustassaona  sepzdu uanslddemaneinsansdalu

svzdu Inermiwasiivssnaeldosnamu

A139N 4.2 ﬂﬁiﬂi:ﬂﬂmﬁi’ﬁ/‘ﬂi’]ﬁm@ﬂﬂﬂLLIJIJQD’WREN MS-VAR

. . . .z ﬁuﬁ'm%’gma
Auvualng AUDUIALAN
: © : PSS
wUUA1aee 2 Regimes MS-VAR
1. ALRALEAIINANDLLNY
Regime 1 (Bull Regime) 0.014113*** 0.012038 0.0011657***
(0.00618) (0.00826) (0.00004)
Regime 2 (Bear Regime) 0.001109 0.002811 0.002512***
(0.00971) (0.002811) (0.00015)
2. anundstsiunazanuudslsiusau
Regime 1 (Bull Regime):
Hupinalng) 0.002058***
AuptnaLEn 0.002029*** 0.003177***
Wuiinssgunasasdu -0.0000019 -0.0000038**  0.0000001***
Regime 2 (Bear Regime):
Huptnalng) 0.004575***
ﬁummmﬁﬂ 0.004568*** 0.006795***
Wuiinssgunasasdu -0.0000077 -0.0000138  0.0000007***
3. Transition probabilities Regime 1 (Bull Regime) Regime 2 (Bear Regime)
Regime 1 (Bull Regime) 0.663037 0.336963
(0.465261) (0.465261)
Regime 2 (Bear Regime) 0.410636 0.589364
(0.481247) (0.481247)

= Tifudfneaianiseiuanudaiusasaz 99 (@ = 0.01)

R 3
=)

ANaAR D LARITANAINAAALAADUINATT YDA TU 32N AR
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AN ST bFAINNNTU TN AN
Tnsuuusans MS-VAR w1 Tuansfi 2 (Bear
Regime) ﬁqﬁumuwmim@jl,l,a:mumLﬁﬂﬁé’mw
NaReULNUTicn Tnelannziusunalngfidsns
Hanauunuiishainluaiisd 2 Taefidnan
HanaUWNUAes 1.33% 6aD dufuauIaLan
fidhsmanauunueas 3.37% fetl uenani
Tunedt 2 Refusnelvgiuazsunadniiang
Funaufigs Taedanuiumuwindy 23.43% sl
WAz 28.56% sl mnuansiu mssdudhaiuluay
fi 1 (Bull Regime) fiuaUIAIWEUAZINALEN
fANUNUEIULANEY 15.71% 61 wag 19.52%
ol MUEL wazldnTHanauunuIRAseTl
WD 16.94% shasususunalng way 14.45%
shusufuzuiaen Tudiusssiusnadguia
srazdu wudn lunnasd 2 S8 nanauunuf
ganinanedi 1 Inelugrenananiiviustnssguna
srurAuUTSRTINANDULNUgeAY 3.01% spT)
Wl RN ANT2 e T8RsHanaLwUIRALFET)
WEe 1.39% &NUTUAMUNUNIUYDIDAT)
NANDUUNURUST T SgUN ATz duialuned 1
waz 2 Sanuiuruiswaslilafiefiuansi
Auan sl angiifustaiiguiaTsezdu
Tuanznatandl TdnsInanauwnuiigendd
lunzaaianseiie leeanntuaniznaiand
Lfluﬂn:‘i?imamﬁuslﬁwamuLmuﬁ'ﬁmazﬁmm
Fundufige whlddnasuiinisdetuamu
luunineiimnuasndsannniniailaeiy
AUNUNIULAZANTVIANUVDIND TANTAYY
atheiusTnIigunassusdu vilisaiusiing
SUnaszuzAulufMgey

winthdoyadildainnisyszunaue
MITRD3TTFANURITUTIY (Variance) way
AANULYTUTIUTIN (Covariance) WiasNMIAN
fuszAndanduius (Correlation) azwu7n
Tuaned 1 SRIINANDLUNUDDIKUDUIA MY
FANUFURUSAUTAIINANDUUNUY DU

YUALEAWINAL 0.7936 usluduweeazi 2
s anSanduiusseninsduaunalngiuas
unaAninduu 0.8192 Fefiauduiusi
geninluannzii 1 aeardssivanudnumans
Guidolin and Timmermann (2007) finuan
AN ANS anduius Iz NI AT NanaL WY
wosfuua g waziuznaEniuaIzaa ARy
AneN (Crash Regime) fiAnuduiusiufisnnnn
Tunmzeanevuiiud (Recovery Regime)

4.3 MINAUYITENBANYDINIIANATS
wasansasulugaedayaiiszanaen (In-Sample
performance)

dlavhmsuszanammsinessmuwuy
f1ap4 MS-VAR Bausagudazldrmmnimes
fisianuandulunsldmuramdndauinngn
msaauluusiazduning Idud Aeds (Mean)
ANAMULYTUIIU (Variance) hazAIAIY
wi)3199u39% (Covariance) #lun133n&53
miawuluusazdunsndazireymeannmand
Touamihminnsasmulundasdunineli
wanzautuazresnaaiuluusazgaean
BT VRN A UL TN ANENUNTARERS
Taganuanuazidureswnizuuusuisey
fawansluand 4.1 anduieinisnaasy
ANUmINZaNTRINaIAnTaulugsoya
fitszanauen (In-Sample) (\WaunaA T A.f. 2006
8 Wausuanand a.f. 2018) lagazinnng
Wisuiiisuisansdnasanainmsasusas Uil

) MydnasInesansamuuuutnn
winiu (Equal Weighted Portfolio) Tunsias
aunsnsluusasifiou

i) N1SANETINDIANITAINULYUY
Markowitz Mean-Variance #srinsnunlieas
ANANNBUTUIIU WaTAIANULUTUTUINTRN
asfildiasuntasmunnizaann wazfithnin
msasuilvhiuluusazifou



iii) NIARATINTIAWUBINGTR AUFNET
fildanuuudans MS-VAR definstsuthnin
MIAMUANANIZAAN

FaN3INATINDIANNTANUANAST i)
waz iii) azdvualivinnsasuluudas
Funinddudovihlinesanisasuildni
nNamaUuUTiU3uMgRuEee (Risk Adjusted
Return) lunsaznnzgeiign Fslunuinuiasls
NATIANANITANTUUYDINDTANITAIYUY
#wAN Sharpe Ratio Iasazfmnualiinwin
maawulundazdunsngfivilden Sharpe Ratio
gafign’

amgimuualithninaisasyuly
Aunsndurazyszaniurilien Sharpe Ratio
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firngegn \fosane1 Sharpe Ratio sizviauds
sssnUszlamiannnsasuunsinaewu eann
doauuRvne Markowitz finana31unasnu
udiiflmadina (Rational) WasWENENNRANLALS
ANaLEEN (Risk Averter) Aty tnasyuaziden
asnuludunindaudadruthninnisasmu
fnlFonsnanouunurentemiizauLd
gefign Beazdenalifasuiiossadszlesain
MW UNEn (Maximum Utility of Investment)
fuies

Fanan3IAIIzAazIZUAINNNTUIL
thnifnnnsasuludundngusazyszianos
wasansasuluudasnadl ldnadnswanaly
et 4.3 spld

A13197 4.3 thadnnsasuluusiazdunsnglugae n-Sample

MS-VAR Portfolio . Markowitz
a o ¢ Equal Weighted .
aduUnIneg ) ) Portfolio Mean-Variance
Bull Regime Bear Regime Portfolio
ﬁummmslmy' 100.00% 0.00% 33.33% 64.11%
ﬁummmﬁﬂ 0.00% 0.22% 33.33% 6.27%
Wustinssguiaszezdy 0.00% 99.78% 33.33% 29.62%

fusuluuanans Equal Weight asansss
thntinmsamuluusazduningiioh o fu Ao
swulufusnalnaidndu 1 lu 3 vewmesanis
awnu asuluiupundn 1T 3 vewmesanig
amu wazawuluiusinsigunasszdudadu
11w 3 vomedamaasu ludussmesansasmu
AULDDANARY Markowitz Mean-Variance 0§53
thninmsasuludusualvgidadiu 64.11%
duswiaLandnaiy 6.27% waziustiniiguia
svnzdudngiu 29.62%

TnguuUAnans MS-VAR azuansiansusu
wosanMIaamuluil uaz AETTIULAaZ T
wanlaglunizaaanssfivasmnziunmaasu
Tudu daulunizeanand azumsnziumsasu
TumananTa s

aouilaldthninmsasuluudazaag
WARIUNNIAIUIUNARDULNUIINATAIY
uisUsIuazA1 Sharpe ratio mmwa%mmia\mu
e 3 n5dl iewSeufisudnuuusianle
fuUszAnsmmannnindu Inefansandsednsam

Savdnlmgudsnasianansiifunusesmeansamuaziosldinasin lduA Sharpe Ratio waz Treynor Ratio sy Sauwidnues Treynor
Ratio Wufindhundsify Sharpe Ratio wsisnsriums«fl Treynor Ratio thanudlasilifiussunanld Senufnunluasel] unsglunasamsasuldsoi

2 VPR LN P T ﬂuuaal
(]

Fulngmunelvg) srifulneauain wassnliusiasigunassezau B 3 sriiferiusiifasiounwsaammalayavasdunsweLszaniu o
Faurnanudsesmdaaanudsaiidussuuvesudazisd asfidnfilnddeetu dafy Fadenlden Sharpe Ratio Wumnasinna
MIALHEUY
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YDIKVUINADNANA 1. DRI IHARDULNUATHY
(Cumulative Return) 2. 9RS1NaADULNY
\aa8s0T (Annualized Average Return)
3. AdudsausnnIgiuaetl (Annualized

S.D.) 4a 4. A Sharpe Ratio WgNAdNSANANNT
NARDUUTZANSANYDIMAAZLUD1ADY banle
Tuansnsil 4.4 salyd

A195719% 4.4 wams‘mmguﬂiﬁm%mwmmLLUU@’W@E}{LMN%;&aﬁﬂizmmh (In-Sample)

o o o MS-VAR Equal Weighted Markowitz Mean-
AINTIANANIIALUUNY . . . .
Portfolio Portfolio Variance Portfolio
Cumulative Return 190.54% 102.26% 106.77%
Annualized Average Return 9.30% 6.82% 7.00%
Annualized S.D. 10.76% 14.36% 14.35%
Sharpe Ratio 0.6874 0.3423 0.3550

WNNBLAR : AN Sharpe Ratio Wiy (4 — Rr)/ 0 Tnpaufnmnlunselidniuansuunuysaann

AULERN (Rf) aﬂ%ﬂ'wLa‘émwLﬁaummﬁmwamauLmuﬂ’uﬁﬁm%’gmamq 1 1Hau
BIUADUAULIYU A.F. 2006 D9 LHDUSUINAN A.F. 2021

anmsthdnduhninmsamulundas
FunindaecudazuuuanslUinnimasasy
ULANSANYDILUUANADY WU NNTANETT
WBSANITAINUAILLUDANaDY MS-VAR
fUszansamilansuninn1sdnassnesa
ATAMNUAIBWUUANARY Equal Weight wag
wWUUAaDY Markowitz Mean-Variance 1
N 9 fu nadRe nansaniumueedng
HARBLWNUEZAN NIIRFTINDIANTA UMY
WUUAaee MS-VAR THnsnanayunuazay

190.54% (%ﬂ’i’mmzﬂaﬁiwamumham RIRtn]
5UMAN A.A. 2018 WiBUNDYaADILULANaDY
 LBURANAY A.A. 2006) BNIPANNITNAIN
UNANUAUAIYAUWINIRY 100 aULIN
 duFiouna1ay A.f. 2006 uiavihmMILSu sy
Waﬁfmmﬁamu (Rebalancing) Tunsiazanae
finBauupudass MS-VAR a aut) 2018
gaﬁhwa%mmiamwmﬁﬂamuazLﬁuﬁmﬂu
290.54 &1upnn auand 4.2 sialufl

310
260
210
160 A

110 o /N\_\f

60

1/9/2006
1/3/2007
1/9/2007
1/3/2008
1/9/2008
1/3/2009
1/9/2009
1/3/2010
1/9/2010
1/3/2011
1/9/2011
1/3/2012

=
o]
=
b=y
=

In-sample Back-Testing

|

1/9/2012

— Fqual-Weight

1/3/2013
1/9/2013
1/3/2014
1/9/2014
1/3/2015
1/9/2015
1/3/2016
1/9/2016
1/3/2017
1/9/2017
1/3/2018
1/9/2018

Markowitz

AN 4.2 MINAFDUNANDLUNUEDURAY (Back-Testing) Uo9uAasWUUANADS



TudWpaInI3Tna3INDT ANITA9NY
fgLUUAanY Equal Weight Wazuuuanans
Markowitz Mean-Variance Wi8nsIHanU WY
Ayduiniy  102.26% kay 106.77% ANNAINL
%ﬁﬁadﬁmsé’maﬁwa%mmimnuﬁwLmuahaa\‘i
MS-VAR T#dniwanauunuazauiiganinuuy
41809 Equal Weight wagkuuanany Markowitz
Mean-Variance 8819410 WazRIniaIIun
lushusnswanauwnURausat) nun MITRETS
WOSANITAINUAILUUDANADY MS-VAR
s nanauwnulausalil 9.30% Feidnn
NaRBUWNULAYRaTigend1n1sinasInase
ATAMUAIBLUUAARY Equal Weight wag
wUU91a89 Markowitz Mean-Variance flf8n9
HanaUUNULRALseTlinAY 6.82% Waz 7.00%
Ay TudiuweeseeRNLdedeiatsan
anArduLdssuuNInIgIuael wudn
AITTAATINDIANITAINUAIUUUAADY
MS-VAR fifdquideeinunnnsgiumngy
10.76% siol) Famninnsdnasaneinnsamuy
fYLUUAanY Equal Weight WazuuuaInans
Markowitz Mean-Variance fimnadutdsaiuy
1ASFIUABTLYINAY 14.36% was 14.35%
MUY wonandu Al Sharpe Ratio @913
fasanFednTHanaU IUTIUSUf AN ULEES
(Risk Adjusted Return) Wu31 nMIAREIITNDIAN
mia\muﬁqmmm"ﬁam MS-VAR #A1 Sharpe
Ratio WinAU 0.6874 @il Sharpe Ratio
1’7iQQﬂ’jﬁmsa”’masawa%mmia\muﬁ’mLumai’mm
Equal Weight kazuuyuanans Markowitz
Mean-Variance ABUT194A IAYRULAADY
Equal Weight bazukiuaNane Markowitz Mean-
Variance §lf1 Sharpe Ratio WinAy 0.3423 La
0.3550 AUAAL
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ety MsdnaTINeIAMIANUFIELLY
d$1ap9 MS-VAR agvhlfinasuiinanauwnu
figefunaznoinnisasuiirnuiunuiisn i
fauuUdans Equal Weight wazuuudnans
Markowitz Mean-Variance {peannnsdngss
NDIANTANNUMBUDDANEDY MS-VAR #A1g
fuwasunsasuluusazduning (Portfolio
Rebalancing) THmunzauiuae (Regime) U84
aanafuiimaundaydwhlfaiunsaniniaes
AUKUNIUNRTDANTVIANUVDIND SANNTAYY
Tugrsiinnzaanmegludrenizaainanas (Bear
Regime) T

aaving WnidunsBudulszansan
2997 Sharpe Ratio UeenDIAnTaeyUiidl
ASUSuMNLUUAane MS-VAR azyinnsnneay
auuﬁgmmmﬁﬁlﬁmﬁ’um Sharpe Ratio
PosuAazuuuIanedildainnmeasulugag
In-Sample fFfuanf1sTuatNedidydfay
winld Tnafauuamenanadsuaunigiu
fiAiwadoeiudn Sharpe Ratio fithiaus
Tae Opdyke (2007) Tnefiansifigiu fadl

SUNAFIUNAN (H): WBIANITAN UYBIUUY
dnaps MS-VAR Tailéifien Sharpe Ratio figandn
Lﬁmﬁsnﬁ’uwa%mmmmmwu Equal Weight
38 Wafmmimnmwu Markowitz Mean-

Variance
Ho: SRys—var — SREqual Weight <0
ek

SRMS—VAR — SR Mean—variance <0
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AUNRFIUTDY (H) : WD IANNTANUYBIUDL
§ape MS-VAR fifn Sharpe Ratio figeninidio
Wieununasansasmuuuy Equal Weight %38
WBIANT MULUY Markowitz Mean-Variance
Hy: SRys—var — SRequat weight > 0
kD

SRMS—VAR - SRMean—variance >0

FeanasfuluasldrafALaznanis
NAFDUANNATIUVDILARLLUDANADY Taeisu
NN INAERUFNNRFIUYTTANS A NA BT
AN Sharpe Ratio Ta9KUyAans MS-VAR gy
WUUANane Equal Weight feuanslunnsned 4.5

A13199N 4.5 HanmImaaUaNNRTIUYITENS A WATuAY Sharpe Ratio 28vuuuanasy MS-VAR

kazkuyaNans Equal Weight

SR LUUANADY wuua1ane Equal
ASDR _
MS-VAR Weight
Aassiafiou 0.77% 0.57%
AndudssuusnaTsusin oy 3.10% 4.15%
Sharpe Ratio* 0.1984 0.0988
AUUITHLAN (T) 147
P-value* 0.1345

* ANNBLNG : TDUALTUABUNIAUIELAT P-value TFpuanuinsvee Opdyke (2007)

ANNNINATBUANNRFIUYICEND AN
&3UA1 Sharpe Ratio Taquuyanans MS-VAR
Laziuuanany Equal Weight wudn An P-value
Wi 0.1345 sarfu RslsiansnsnUfiasaafiny
nan (H) T¢ na1@a A Sharpe Ratio VB9LUL
1889 MS-VAR Llafidunninnsdinesa

o o W

A3AULUY Equal Weight agnsiidbsnaaymasiin

faNNAenAdauaNNRgIuYITANS AN
&13UAN Sharpe Ratio Ta9uuUa1ane MS-VAR
LaswUUANane Markowitz Mean-Variance
sananslumaed 4.6

A15197 4.6 NaNMINAERLANNRFIUYTERNSA WA MIUAN Sharpe Ratio waenuudnane MS-VAR
wazkUUAane Markowitz Mean-Variance

wuya1ane Mar-

Coaa TTe O ]
ANENR kowitz Mean-
MS-VAR .
Variance

AassaLfiou 0.77% 0.58%
Adudssuusnassusio oy 3.10% 4.14%
Sharpe Ratio* 0.1984 0.1025
AUUITYLAN (T) 147
P-value* 0.1379

* NG : TDUALTUABUNIAUIELAT P-value TFpuanuinsvee Opdyke (2007)



ANNNIINAFDUANNAFIULIZENS AN
&1%3UA1 Sharpe Ratio Ta€uyyanans MS-VAR
KATUUANADY Markowitz Mean-Variance
WU fn P-value Wiy 0.1379 faif Selaiansna
Ufjasaufigiunan (H) 1§ nanade f1 Sharpe
Ratio 2094uDanans MS-VAR lalafidrannnin
ATAUNDIANITAMULUY Markowitz Mean-
Variance a8 98Tad A&

ApNgAing nsUszIiudsrAnsain
A2VNNITILATITANANITANTUNIUDDIND 0
mMIasuitin U5y Wasuhminauuuusans
MS-VAR {figuAuuuudasesmadendy (wuy
41899 Equal Weight wagkuuanany Markowitz
Mean-Variance) uangaedogyafilszana
(Out-of-Sample)

Famnaapulugae Out-of-Sample azvih
anaaavlutifiounnsian A.A. 2019 &
Wousuwnay A.A. 2021 Wuszuziian 36 whau
1AIN139AEIINDIANITANUAINLDDINAD
MS-VAR agriansduiasuhninansamu
(Portfolio Rebalancing) lunaiiou dafudedos
ynnstazanarinfwestunn q ey
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iathunmulramdadiuthndnnisasmu
lunsazdunsndlunasanisasyu saudl
wrihluusazifounizzwmaadusgluniazla
Imﬂ@mﬂﬁh Smoothed Regime Probabilities
lnpwanBaansdnasanasanmaaeulugae
Out-of-Sample Husssinlyd

Fdnthminmsasmuluduningdudag
UIZandnTunaIAn1Iaenual U ans
Equal Weight Waznasnn15aeuaIsiyy
#1a@9 Markowitz Mean-Variance azfithuniin
msasyuwdeuiilugas In-Sample e Buudisy
AUNIITAATINDIANITANNUANNRULAABDY
MS-VAR laeis 3 n3diagiimausuwasudmin
N13a99u (Portfolio Rebalancing) ntanu
931NN 3AUINIAY Smoothed Regime
Probabilities uazdndrutninasasuly
AR AUN TN VD INDTANITAN UVDIUULANAD
MS-VAR luusiazifoulugae Out-of-Sample
wansldsemesalud

a13197 4.7 uminnsawuluwsazdunindusngrefoyavasuuudinass MS-VAR

4291081 Regime  fuwunalvg e U
: : EFEEAT
4.A. - 19 Bull 100.00% 0.00% 0.00%
. - 19 Bull 95.19% 4.81% 0.00%
fiA - 19 Bull 100.00% 0.00% 0.00%
WLy, - 19 Bull 100.00% 0.00% 0.00%
n.A. - 19 Bull 100.00% 0.00% 0.00%
8. - 19 Bull 100.00% 0.00% 0.00%
n.A. - 19 Bull 96.45% 3.55% 0.00%
a.a. - 19 Bear 0.00% 0.36% 99.64%
ny. - 19 Bull 90.65% 9.35% 0.00%
#.A. - 19 Bull 94.27% 5.73% 0.00%
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2291087 Regime  uaunavg Furuagn | CoURIAUR
: v : Jvazdu
n.e. - 19 Bull 98.73% 1.27% 0.00%
5.A. - 19 Bull 100.00% 0.00% 0.00%
4.A. - 20 Bull 100.00% 0.00% 0.00%
nn. - 20 Bull 98.73% 1.27% 0.00%
A - 20 Bull 100.00% 0.00% 0.00%
.. - 20 Bull 100.00% 0.00% 0.00%
n.A. - 20 Bear 0.00% 0.33% 99.67%
Q8. - 20 Bull 100.00% 0.00% 0.00%
n.A. - 20 Bull 91.05% 8.95% 0.00%
a.a. - 20 Bull 83.74% 16.26% 0.00%
n.a. - 20 Bull 68.72% 31.28% 0.00%
#.A. - 20 Bull 96.90% 3.10% 0.00%
n.e. - 20 Bull 13.03% 86.97% 0.00%
5.A. - 20 Bull 45.94% 54.06% 0.00%
qA. - 21 Bull 55.17% 44.83% 0.00%
nn. - 21 Bull 44.45% 55.55% 0.00%
fia - 21 Bull 40.60% 59.40% 0.00%
by, - 21 Bull 17.22% 82.78% 0.00%
n.A. - 21 Bull 2.04% 97.96% 0.00%
T -21 Bull 0.00% 100.00% 0.00%
n.A. - 21 Bull 0.00% 100.00% 0.00%
a.a. - 21 Bull 0.00% 100.00% 0.00%
ny. - 21 Bull 5.44% 94.56% 0.00%
f.A. - 21 Bull 0.00% 100.00% 0.00%
n.e. - 21 Bull 0.00% 100.00% 0.00%
5.A. - 21 Bull 0.00% 100.00% 0.00%

dlethihninnsasuluudazdunsng
2auAazLUUANaelynNAsNA&BUNAaNS
wenIallugie Out-of-Sample INHUUAADIA
fdszansamunnniidu lagazfiansun
U3eANSATNYDILUUAIADIANA 1. DA
NaMaUWNUEZEN (Cumulative Return) 2. 86191

NaRDUWNULRAYADT (Annualized Average
Return) 3. mmmﬁmmummgww{aﬂ
(Annualized SD.) ua 4. A1 Sharpe Ratio iUy
Tug29 In-Sample IAEHAGNSANAAITNAFDL
UseANBAnveuAazLuuaan Lanalass
ATl 4.8 wazawdl 4.3 sialud
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A15199 4.8 HaNINAERUUIZENSANYBMUDAaRelUYI Out-of-Sample

o o - MS-VAR Equal Weighted Markowitz Mean-
ANNIIANANTIIALUUIU X . . X
Portfolio Portfolio Variance Portfolio
Cumulative Return 21.10% 18.26% -0.92%
Annualized Average Retumn 8.42% 6.84% 0.88%
Annualized S.D. 20.33% 15.96% 15.75%
Sharpe Ratio 0.32 0.31 -0.07
Out-of-Sample
120
110
100 Ty
90 _
80 \/
70
60
[ I T A s B ol ¥ TR Y o = e O O o I O o I T o T = T s =« N = W e TR T oV I o O B o Ve T Y B = R e T B o N
o O O 0 O C 0000 dd 40 C OO0 Q0 00 dd-d 0 0 O 0 00O oA dA -
S :::- - >::=2::2:::::::==2:>>2:2>:>2:>=2=2=2=°%3
Lo oo OO oo O oo oo oo o A A+ A A~ o A o o o —~
Zggccgscgdesegsgegdggsesggsgsgggggsgggsgsagsgg
N e N NSNS NN NN NN NN N NN NN NN NN NN N NN NN NN
MS-VAR === Equal-Weight Markowitz

AT 4.3 MINAFOUNARBUIMUEDUREY (Back-Testing) 209hAarkULIIABNILLI Out-of-Sample

annmsthdnsuhninmsamulundas
FunindascudazuuudanslUinimassy
U5 ENEANURUUTa09luE Out-of-Sample
WUIN ANIFARETINDIANTAN UL LULANADY
MS-VAR fi5edn3aniilasduninnnsdnass
WBIANITAMUANLULANEDY Equal Weight
Lasuuyanane Markowitz Mean-Variance
Tudeuynsusnifudianudse [dud §ns
HARBULNUAZEN SATINANDLUNULRAYFDT
wazA1 Sharpe Ratio WAskUUSNaRe MS-VAR
{9nHNANBULNUEZENGINIUDLUANaRY Equal
Weight 1antioe usigendnwuuanans Markowitz
Mean-Variance faud19snn Femninaasu
IMATaaUAIgIIUINEY 100 d1UUIN
2 FuFausATIAN A.A. 2019 wdvmMsUUIWa

Wa3sAN1389NU (Rebalancing) luusaznag
firdanBumasuusians MS-VAR o duifiou
SUNAN ALA. 2021 YARINDIANITANNUYDY
thasyuazifisdintiu 121.10 Supm saamii 4.3

NIFTUBAIINAR DU WNULRA LA T
AMIAPATINDIAMIAMUMUUUANADY MS-VAR
auIndnTIHanaLwIULRAEsaT IFWinAy
8.42% BallidnsnanouunuIRAssailgendn
MNIARETIND M AW UUUILNaRS Equal Weight
LaruuyUINane Markowitz Mean-Variance
FeiisnsHanaUwnuLRAYAaTWINAY 6.84%
way 0.88% ANasy wazludiuwesan Sharpe
Ratio N3ARAIINDIANITAMNUMIBUULANADY
MS-VAR §ifn Sharpe Ratio winiy 0.32 Fsfien
Sharpe Ratio figeninmadnassnesanisamu
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fgluyINany Equal Weight wazhuyanass
Markowitz Mean-Variance fififn Sharpe Ratio
Wiy 0.31 wag -0.07 mMuaAy

pgnelafinny wnansaniernuiunau
PoeIANIAMU Beiarsanannaaudeey
1IATFIU WU MNFARAITNDIANTANUAIY
WUDAaDY MS-VAR Tugas Out-of-Sample
fidndrudauuuinasguiiganituuodans
Equal Weight kazuuyuanans Markowitz
Mean-Variance WoauA27 LAYUUUIIAD
MS-VAR fAndruifgeiuusinsgiu windy
20.33% &uUkuuaNany Equal Weight wag
WUUANaBe Markowitz Mean-Variance 3Ana7u
\Joeuinnssu WAy 15.96% waz 15.75%
mua tnsanmgiiuundiass MS-VAR fien
drudsanuinassufisnnnin desanalugog
Out-of-Sample o panausglunznaafy
273 (Bull Regime) wudulng Fedanalsk
MIANETINIINMIAMUMLUULANGDS MS-VAR
fimsdnassiminmsamuluiusinalnguas
Wuzuiatanidudadiuuin asedudrudy

AIFANATINDIANTAMUANUUUANABY Equal
Weight waskuyanany Markowitz Mean-
Variance fifidnduthninnsamuluiusiias
$sunaszasdunnde 33.33% waz 29.62%
ausney Asvhlinesansaeuianudumnoy
fisnnin agnelsfinu mafasanlususam
HamaUUNUAUSUMyANEes (Risk Adjusted
Return) @9azfiauaind Sharpe Ratio sty
ANTARAIINDIANITAINUAIYLUUANADY
MS-VAR #fu fad1fiUszansa1inuinnd
AIFANATINDIANTAMUANUUUANABY Equal
Weight waykuyuanany Markowitz Mean-
Variance
gavnanmadpuaNNfgIuyszANSA W
81%5UAN Sharpe Ratio 2avusiazluyaINans
NTANNLANAINAUD T Ty AN D A
{ur9 Out-of-Sample W3l Fvann1snaaay
sunfTuazlaraifLasnanmINAasUANNRTY

YDAALHUUANADY

A15197 4.9 HansnAdRUANNAFIWUITENSAEMIUA Sharpe Ratio 2894uUaa89 MS-VAR

azluyanaey Equal Weight

P oaa WUUANADY wuvUanane Equal
AEDR .
MS-VAR Weight
Andusaifiou 0.70% 0.57%
Asudsiuinmasgusiofiou 5.87% 4.61%
Sharpe Ratio* 0.0925 0.0892
AUUITYLIAN (T) 36
P-value* 0.4760

* RUNINAR : IDUATTURDUNNTATUIALAT P-value Tfmsraufnwuee Opdyke (2007)



BuainnadsuanufgIulszandain
§%3SUA1 Sharpe Ratio ¥9lyuaNane MS-
VAR Hhaskiyanany Equal Weight Wans
NAFDLANNAFIUYTEANBANAUIUAY Sharpe
Ratio U89UUANADY MS-VAR LashUUANaDs
Equal Weight Tu%29 Out-of-Sample ®u3n
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fn P-value Wi 04760 fariu Adlsiansnsntfias
suuAgIunman (H) I# na1afie 1 Sharpe Ratio
PHINITAIIINDSANITAIVUAIL BV A D
MS-VAR Taifien Sharpe Ratio figenindin ey
AUMIIRFTINDIANTAMUKUY Equal Weight

PRy

pYNTUY AN ATIF

(7]

A157197 4.10 WanINAERLENNAFINYTLENSA WA mTURN Sharpe Ratio vaauuyanase MS-VAR

azluyuaNaey Markowitz Mean-Variance

. LUURNaDY
AEHRA HuLANaRY Markowitz Mean-
MS-VAR .
Variance

ARaYsnLfau 0.70% 0.07%
Andudosuusnassusiofiou 5.87% 4.55%
Sharpe Ratio* 0.0925 -0.0188
AUUITYLLAN (T) 36
P-value* 0.0914

* RUNYINR : IDUATTURBUNNTATUIALAT P-value Ifmaaufnunuee Opdyke (2007)

RN NAERUANNRT ML SE AN M NE Y
AN Sharpe Ratio vaiuyaNany MS-VAR uag
LUUANaDY Markowitz Mean-Variance Wan13
NAFaUANNRFIUYITANSANAMILAT Sharpe
Ratio ¥99UUANaDY MS-VAR LazhuUaNang
Markowitz Mean-Variance 1479 Out-of-Sample
WU31 A P-value Wiy 0.0914 Fatiu 9811190
Ujiasauspgunan (H) 16 a0 szdudaadgy
0.10 Aa13FD NNIFRETINDIANTTAINUAIY
LUUIIaae MS-VAR vihldnesanisaenuie
Sharpe Ratio figendnidioifisuiunnsdness
wa%mmiammmu Markowitz Mean-Variance
pgeTudFumadanssiuanudeiusouas
90

4.4 M3AnaTINDIANNTaUNTInaTY
dszianduning

Tudqutlaziiauananyineinn
sunInueensldutudians MS-VAR luns
Faasaneinn1sasuiBeanainlunsaiid
Funingdiiudy §iseldawihmafnmdiadiv
Tagyhnisfindunsndlunasanisasuiiy
6 Aunsndanidndl 3 Aunsnd Tafindulng
PNANAN NMUSTRIIFLIS WMETZeIzT Lasnoe
dhanlumedansasu WonsaaaeugNUUUTaDS
MS-VAR fepsfianamnzasngniolsl wasd
UszdndSamunnninneInuuy Equal-Weight
wazNasm Markowitz Mean-Variance %3als
Feanmsmuramdadiuthninnisasyu
Tunsazdunsndvosnasanisasulugas
In-sample tuuAaznsdl wansldreansned 4.11
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A919d 4.11 thdnnsasuluusiazdunsnglugae n-Sample (n3d 6 Aunsng)

MS-VAR
Asset Equal-Weight Markowitz
Bull Regime Bear Regime
Hupunalng) 10.08% 0.00% 16.67% 8.89%
FUIUIALAN 0.00% 0.00% 16.67% 5.00%
ﬁummmmﬂ 5.83% 0.18% 16.67% 24.19%
NUSUATITUIATEUZEN 79.98% 13.34% 16.67% 25.00%
WusinssgUIaTzezay 0.00% 76.48% 16.67% 11.91%
NDYAN 4.11% 10.00% 16.67% 25.00%

anm9edl 4.11 azfiulddnlugae Bul
Regime thuinnsasvusulaeluiusins
Favnaszuzey npdnadiugedisdszina 80%
wuzfilugae Bear regime WosANIIAINU
famaunsasuludunsndiasnduiusulng)
pewusTTnTIgUaTTEzdU Uszina 76% Tanidle
Tedhwinasasulunsdazannzudy Fehan

ANUAUNAADUUNUTIN ATANNBYIUIIU LAY
A Sharpe ratio FPMBIANNTAIMU 719 3 ATE
WawIsudisuiuuudasddaiiussansaaw
sl lnenaansanmInaaauUssansan
POIARILLADY wansldlumId 412 solud
WAZAWT 4.4

M1919N 4.12 Namiwmaauﬂs:am%mwmmLumzi’waaﬂuﬁaﬁazﬂaﬁm:mmm (In-Sample)

(6 Aunsng)

WINFIANANIIALHUSU MS-VAR Equal-Weight Markowitz
Cumulative Return 80.11% 123.19% 127.85%
Annualized return 5.15% 7.34% 7.34%
Annualized S.D. 8.24% 12.28% 10.88%
Sharpe Ratio 0.3938 0.4430 0.5000
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In-sample (6 Asset)

260

240 o N\ A

220 N,\m"/" v R

200

180

160

140

120

100 4

80

60
L= T o T = N T = Y = O o T = T = T o T = T o T = O = Y o T = T o T = O o = R o 3 TR = ]
EDDDDDDDDDDDDDDDDDDDDDDDD
P 2 22222222222
o M~ M~ 0 00 O O 20 Q ™ = & o Mmoo s N W W M~ M~ 00 0
S o 2 9 2 @ @ = = = =3 = = = = = =@ A A = =S = = = =
oo O o o O o o o o o0 o o o o o o o o o o o o o o
[t IO o B o N o Y o Y oV A o Y Y o A o Y o Y o Y o O o Y oV A o A o Y o Y o o O o I o I o Y

MS-VAR s Equal-Weight Markowitz

AN 4.4 MINAFBUNARBUWNUTDURAY (Back-Testing) 289uAasUUaNang

U9 In-Sample (6 Funsng)

NNANTNT 4.12 WU NOFAMN IR LD
WUUAane MS-VAR fnanmssfiuauiingnin
NaINUUY Equal-Weight wazwasn Markowitz
Mean-Variance ﬁ'ﬂuﬁmwamammuua:m
Sharpe ratio WAlUAIUVDIAINULALINDSA
MS-VAR fianuidossiiige visil iflasann nedn
MS-VAR fidaduthninnsamuluiusing
syozaudiulnglugae Bull regime Favinli
anudslngTNT DA sawURauiem
Taemasn MS-VAR finanauunusnaingn 2 wasa
AaudeunAiasanlugae Bull regime wasn
MS-VAR fidndruntsasnulududesdeld
wosansasuladlasudsslarilugreiinantiu
vt Fean WARENANANESANN TR UWIEWN S
TudrwaeAlllddnnuuanseiusnain Fevinli
msdnasshndnansasullundazduning
Taifimnamanzay Bav nsfinesnnisaenu
fiaunsnasuaufianndurilinisyssanaen

wdmeifinuwivgiidesas Beazinlugnie
Fasstminasasuiilimanzauisuioai
AaAe ATTnesiidssinaenldainnese
7171 6 Fun3ne pEnatiu ARALSRTINARBLWNY
vosfurnatng wazfusuiaan Tugae Bull
Regime Jftdsdnsnuanauunufivasniives
wosaiidl 3 Funsnelugae Bull regime

D3N YINNTIATZANANIANTUNUDDS
NOIANNIAWUANUDUANEDY MS-VAR WWiuriy
WUUSNADINNEINEY (WUDENa8s Equal Weight
wazLluyaInasy Markowitz Mean-Variance) wan
Bredioyadiszanaan (Out-of-Sample) Fans
naaauluzae Out-of-Sample az¥iiANINAGBL
Tugrafipusnaau a.d. 2019 Fafipusuneau
A.A. 2021 uszezinan 36 wau lnadnau
thntinmsasmuluuningusazyssiand sy
WDINNITAMUANNLULAINGDY Equal Weight
WATNDIANITAMUAUKUUANABY Markowitz
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Mean-Variance asfithuinnsasuimiioudy
luaia9 In-Sample WawSsufisuiunsinass
WOIAMIAUANLLUTIADY MS-VAR Tnsiia
3 AsdiRsfimIuuAsuhwiinmsasyu (Portfolio
Rebalancing) 9oy Beannn1smuimia

Smoothed Regime Probabilities kazdnaiuti
winmaamulusdasduningasmosnmaasu
AULUDIane MS-VAR Tuusazifiaulugae
Out-of-Sample wanslamensrsslyd

n19199 4.13 ‘ij’mﬁfﬂmiamuﬁluLwiazaum%’wﬁuaﬂéﬁwﬁagmmu,uuai’ﬁam MS-VAR (6 &uning)

NUSTRNS  ANUSURS

. _ AUTUIN  AUIUIA  HUDUIR o o .
4991287 Regime “1 . : e f5u1a s N99AN
el nae an >
< 3111 O B A (1)
A - 19 Bull 10.08% 0.00% 5.83% 79.98% 0.00% 411%
nn. - 19 Bull 10.48% 6.16% 0.00% 79.12% 0.00% 4.24%
g -19 Bull 9.74% 7.01% 0.00% 79.19% 0.00% 4.06%
Ly, - 19 Bull 9.52% 6.57% 0.00% 80.57% 0.00% 3.33%
w.A. - 19 Bull 0.00% 17.45% 0.00% 81.80% 0.00% 0.76%
4.8, - 19 Bull 8.33% 6.97% 0.00% 81.37% 0.00% 3.34%
n.A. - 19 Bull 8.34% 13.21% 0.00% 68.52% 0.00% 9.93%
§.A. - 19 Bear 7.44% 7.08% 0.00% 82.52% 0.00% 2.97%
n.g. - 19 Bear 0.00% 0.01% 0.21% 0.00% 99.79% 0.00%
fm.A. - 19 Bull 0.00% 0.00% 0.37% 0.00% 99.63% 0.00%
w.e. - 19 Bull 0.00% 10.43% 0.00% 87.41% 0.00% 2.16%
p.A. - 19 Bull 4.96% 14.02% 0.00% 75.86% 0.00% 5.16%
am. - 20 Bull 0.00% 16.44% 0.00% 80.33% 0.00% 3.23%
nn. - 20 Bull 1.75% 15.00% 0.00% 75.99% 0.00% 7.26%
§1.Aa.-20 Bear 0.00% 15.23% 0.00% 72.43% 0.00% 12.34%
Ly, - 20 Bear 0.00% 0.01% 0.14% 0.00% 99.85% 0.00%
w.a. - 20 Bull 0.05% 0.00% 0.19% 0.00% 99.76% 0.00%
.8, - 20 Bear 0.00% 14.44% 0.00% 83.63% 0.00% 1.93%
n.Aa. - 20 Bull 0.05% 6.36% 0.00% 55.28% 0.00% 38.31%
a.a. - 20 Bull 0.00% 12.90% 0.00% 79.81% 0.00% 7.29%
n.g. - 20 Bull 0.00% 13.54% 0.00% 78.43% 0.00% 8.03%
fn.A. - 20 Bull 0.00% 11.18% 1.34% 80.89% 0.00% 6.59%
w.e. - 20 Bull 0.00% 11.23% 0.45% 82.41% 0.00% 5.91%
p.A. - 20 Bull 0.00% 10.55% 0.45% 83.09% 0.00% 5.91%
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n15197 4.13 ﬁmﬁfﬂmsamﬂu usazRunineuanyredayaraeuuuaane MS-VAR (6 funsng) (sa)

ANUSLRS  ANUSTNS

AUTUIN  AUIUIA  HUTUIR o o .
: : s S5u1a F5u1a NDIAN

%9919871  Regime

ng NANY \an Y
szagem sTEzAu
a.A. - 21 Bull 0.00% 10.19% 0.80% 82.77% 0.00% 6.25%
nn. - 21 Bull 0.00% 10.11% 2.56% 81.26% 0.00% 6.07%
A - 21 Bull 0.00% 13.85% 2.33% 77.91% 0.00% 5.91%
by - 21 Bull 0.00% 8.95% 9.00% 75.29% 0.00% 6.76%
w.A. - 21 Bull 0.00% 3.97% 12.80% 76.07% 0.00% 7.16%
o -21 Bull 0.00% 1.75% 14.72% 74.63% 0.00% 8.89%
n.A. - 21 Bull 0.00% 1.18% 15.01% 77.64% 0.00% 6.16%
a.A. - 21 Bull 0.00% 0.88% 14.31% 78.52% 0.00% 6.30%
ny. - 21 Bull 0.00% 6.43% 12.05% 78.21% 0.00% 3.31%
f.A. - 21 Bull 0.00% 0.00% 15.99% 77.43% 0.00% 6.59%
w.e. - 21 Bull 0.00% 0.00% 17.96% 76.38% 0.00% 5.67%
5.A. - 21 Bull 0.00% 0.00% 16.88% 75.66% 0.00% 7.47%

sondhminmsawuluwsazdunsng  lafidszansamannnindu Tasnadnsainnis
YPILAAHUUANaDUTNNNTNAFRLNANTT  NAFBUUILANBMNURILAAZUUINADY Lanale
wennsallusae Out-of-Sample WULAEBY  A9ANIIGT 4.14 waza i 4.5 aalUil

A13197 4.14 NaNINARDUUTLENSANVRIRUDIaD9IuTe Out-of-Sample (6 Fun3we)

o o . Equal Weighted Markowitz Mean-
ANNFIANANIIANLUUIUY MS-VAR Portfolio

Portfolio Variance Portfolio
Cumulative Return 16.24% 23.06% 22.78%
Annualized return 5.24% 7.67% 4.32%
Annualized S.D. 6.64% 12.27% 10.11%

Sharpe Ratio 0.5024 0.4697 0.2388
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Out-of-Sample (6 AUnswel)

125
120
115
110
105

MS-VAR  esEqual-Weight Markowitz

ANT 4.5 MINAEBUNANUWNUTDURAY (Back-Testing) 299uAazkuyanans
Tut9 Out-of-Sample (6 Funswe)

NNANTST 4.14 WU NDIAMIRTIUAN
WUAaee MS-VAR Tnanauunuasasluzg
Out-of-sample Wi 16.24% Feiinanoywnuil
fninesn Equal-Weight wazwas$n Markowitz
Mean-Variance N3HanauwNy 23.06% way
22.78% muady agnelsiony wasnnsaeu
AURDUIABY MS-VAR $Anusuniusinii
8n 2 wasansawurswinnn Wesannain
MS-VAR fdnsaunisasmuluduningidss
seeuludndquiitfonndn usnandumn
fia138u1en Sharpe Ratio Wyt wess MS-VAR
§iAN Sharpe Ratio Wi 0.5024 Sedidnfiunnann
5n 2 wednnsamu Selunsdid nudn wodass
MS-VAR fanumsnzadlunsanassaunsng
Uszaniu (ﬁp’ﬁﬂiai%a”ﬂm%’wﬂmmmimy—ﬂaN—Léﬂ)
WusTnT¥gUnaszezdu uaznasi Afldnwas
dudunsndasads Haswan udunsngid
HARNDULNULAZAMNLE BT ARG AT ALAY
Tuusiazanzaan uadlefinsiuiniustng
szuzealunpianisasnu Mslduuudany

MS-VAR azlgtselomdluudvasnisananuides
AIAMU AT DINARDUUAUNITAUIIY
agdinanssnifiuausanilidfitn Feinazanain
Ansfinusasfsuiaszezennlinnsdiuun
HARBULNULAZANILADSlULAAZAIZAATA
filslumnsneiusnn isiinsdenamuludnsu
figeisluansnneaan faiu naRaUWNUIIN
Falilgdnansasmuuouinasshninisamu
wh 9 Mlundazaunsing vion3aewuis Mean-
variance Bslsifimsussusnnnizaan

5. ajUwanIsAnsuasiniauauu

asfnsdinauanislduundans
AMsasuszuuiniaennmesoslisinaty
(Markov-switching Vector Auto Regression :
MS-VAR) U520 UATNANDULNUATARIS
ANUBYIUIIU LazAMULUITUIIUIINILAIG
aunsndnrsasuluneialndlotsznausig
Huvtnalvg) FusuIAEn uazaTaIMiTINa
sruzdu FefinnswdvuslasiBenaialuniig



AANAAY 9 wazinansuszanailaluls
Tunstspihninnsasmudmivnsdaassns
aenuluduningBeanatn nan1sAnE WU
wwusaasswasuszuuiniaen anansaunan
uuagrsadinainegluniiznsziicuazudl
waznennsainnsusuasuszovlueuanle
Tnsgrsinanaeglumaznszie Jusnealwgiuas
FupuadnazsJuiunindifnansuunuuas
mmLﬁ'mmmzaﬂumiif@asiﬁmﬁfﬂmiamu
Turauzfinnzaanemdl mﬁmaﬁﬁmﬁfﬂmiamu
Aepienunazotinsnanmisgunaszesdu
Fefisnwasiduiunsnduannde Wadnaed
HanseduNTIRImasAlnalanudn MsUSy
WBIANIAMULTNATR AUNANITUIZUIUA
Tuwwvdassasuszuuuuuiniaendunase
(MS-VAR) ﬁﬂiza‘?m‘ﬁmwgﬁﬁqm TagaINnTa
Transeifuanuiafiansanannnanauuny
WUUAZEY SRTWARLUNURADFDT] ANUEINIL
WwazAN Sharpe ratio WeWisuiunasnnisasuy
fdlunsdimadnassimiingneg Auluudazdunsng
WAZANIIANDIMNLIBANT Mean-variance wWUULNG
Fenamasndunuiiinidnulunsdinssuam
Alaglddoyalugaenatszanae (in-sample)
yaziidayaunngrennsyszanaei (out-of-
sample) W36 MS-VAR £NASINAADLLNUKIL
AzaY FRIINANDUNULRALADT waAN Sharpe’s
ratio figend1dn 2 wasanisawu uaAfin
fusuAisnnAdn
NAMNMTUIIULTUNDIANNTAINUAY
wudase MS-VAR sewinewasanisaenuiiil
3 Gun3ng Aunesamaaeuiill 6 Funsng nuh
WUDAADY MS-VAR fimnumansauiunase
maasuiiliswaudunsnelinnn wu 3 Guning
LazInzaNAiune AN Iaen Ui aunSngd
snwnzfiupnmesznisiuegedaauluwduns
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HARBUUNULAZANMNLEEY TNFeRuUNnSnEdaed
AN UDINARDL UTIUUAT AR AN AU
28199RLAUTTNINeANNTAAIANTSNY (Bull
regime) WarANzAaInnil (Bear regime) Way
NN AUNSNEINTNARDDUNULAZAINLAD
fliuandreiuain Tuwsazn1azaann gu
WusTnIsgunaszezen azldnosanisaewuiid
nanauunuilige dounsdiifiduning s
3 dazintnesiuy

anwan13tszaaAnd ldaduayunIg
Uszgnalduuudnanesniaaseainlunisudns
wosansasBenan wazihiauayszlos
msuudminnsasuiiuseos 9 muuudli
Po9nIZAAR Feanursamanisallaainen
wennsaluesnsUiuasussuulunudans
wsaen Fawuudassilldaansatanyszgng
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