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Abstract

This paper will present the results of the study on the application of artificial neural networks and
adaptive neuro-fuzzy inference systems to electrical power systems, which can be considered significant
electrical power-related research to determine if it has the capability to enhance efficiency as well
as test the accuracy of programs and hardware tests in electrical power systems. Additionally, the
results can also be further analyzed for their validity and commercial applications. In this regard,
some examples of its uses include: firstly, the assessment of the transient stability with respect to
the key parameters of the synchronous generators, turbine control systems, fuel and frequency,
automated pressure control systems, as well as the load-specific characteristics. The root mean
square error for testing is 0.041. Secondly, the power generation system’s reliability index, through
the application of artificial neural networks and adaptive neuro-fuzzy inference systems, learned the
relationship between the installed power generation capacity and successfully predicted the power
supply index failure as expected. The efficiency has a mean absolute percentage error of the testing
results equal to 3.5219% and 4.0133%, respectively. Thirdly, the assessment of the electrical power
system’s quality is done by analyzing the electrical reliability and quality of the distribution system in
conjunction with the adaptive neuro-fuzzy inference systems by defining the ANFIS” Power Reliability
Index as the input and the Power Quality Index as the output. The power quality indexes selected are
SARFL70, SARFL90, and SARFI110, which are the average number of times in which the voltage drops
and overvoltage occur, respectively, for use in assessing the quality of the electrical power systems.
The results of the experiment can measure accuracy, with the root mean square error being 0.0202
and 0.0038, respectively. Finally, medium-term load forecasting through artificial neural networks and
adaptive neuro-fuzzy inference systems. The one-month forecast was conducted with just six sets of
data inputs, which included past records of peak power (based on a 12-month, 9-month, 6-month,
and 3-month moving average), the month code, and the Quarterly Ggross Domestic Product--QGDP
and tested with 2, 3, and 4 hidden layer neural networks. The best results were then compared with
the forecast obtained from the adaptive neuro-fuzzy inference systems. The results of both tests
gave a mean absolute percentage error of 1.1527% and 3.87399%, respectively. The assessment of the
study mentioned above revealed that the experimental results were considerably accurate and reliable
and can be used as a guideline for further development and application for other components of

the electrical power system.

Keywords: artificial neural networks, Adaptive Neuro-Fuzzy Inference Systems, transient stability assessment,

evaluation of generation system reliability, mid-term load forecasting
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Note. From Online critical clearing time estimation using an adaptive neuro-fuzzy inference system
(ANFIS) by W. Phootrakornchai and S. Jiriwibhakorn, 2015, International Journal of Electrical Power
and Energy Systems, 73, pp. 170-181. Copyright Elsevier
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Note. From Online critical clearing time estimation using an adaptive neuro-fuzzy inference system
(ANFIS) by W. Phootrakornchai and S. Jiriwibhakorn, 2015, International Journal of Electrical Power
and Energy Systems, 73, pp. 170-181. Copyright Elsevier
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USumile Wannakam and Jiriwibhakorn (2018)
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Note. From Molor C. MATLAB & Simulink Release 2023a by The MathWorks Inc., 2023, retrieved from

https://www.mathworks.com/products/new_products/latest features.html
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Note. From Molor C. MATLAB & Simulink Release 2023a by The MathWorks Inc., 2023, retrieved from

https://www.mathworks.com/products/new_products/latest features.html
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Note. From Evaluation of Generation System
Reliability Using Adaptive Neuro-Fuzzy Inference
System (ANFIS) and Artificial Neural Networks
(ANNSs) by K. Wannakam and S.Jiriwibhakorn, 2018,
International Review of Electrical Engineering
(LR.E.E.), 13(3), pp. 204-212 Copyright Praise
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Note. From Evaluation of Generation System
Reliability Using Adaptive Neuro-Fuzzy Inference
System (ANFIS) and Artificial Neural Networks
(ANNSs) by K. Wannakam and S.Jiriwibhakorn, 2018,
International Review of Electrical Engineering
(LR.E.E.), 13(3), pp. 204-212 Copyright Praise
Worthy Prize
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Note. From Power System Quality Evaluation using Adaptive Neuro-Fuzzy Inference Systems: An

exploratory Study (Master’s thesis) by A. Seangsai, 2013 Copyright King Mongkut’s Institute of Technology

Ladkrabang. Thailand
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Note. From Evaluation of Mid-term load forecasting case study based on Adaptive Neuro-Fuzzy Inference
System (ANFIS) and Artificial Neural Networks (ANNs) by S. Katruksa and S. Jiriwibhakorn, 2020, International
Review of Electrical Engineering (L.R.E.E.), 15(4), pp. 283-293. Copyright Praise Worthy Prize
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Note. From Evaluation of Mid-term load forecasting case study based on Adaptive Neuro-Fuzzy Inference
System (ANFIS) and Artificial Neural Networks (ANNs) by S. Katruksa and S. Jiriwibhakorn, 2020, International
Review of Electrical Engineering (L.R.E.E.), 15(4), pp. 283-293. Copyright Praise Worthy Prize
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Note. From Molor C. MATLAB & Simulink Release 2023a by The MathWorks Inc., 2023, retrieved from
https://www.mathworks.com/products/new_products/latest features.html
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Note. From Mid-Term load forecasting based on artificial
neural networks and adaptive Neuro-Fuzzy Inference Systems:
An exploratory study (Doctoral dissertation) by S. Katruksa,
2020 Copyright by KingMongkut’s Institute of Technology
Ladkrabang. Thailand.
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Note. From Mid-Term load forecasting based on artificial neural
networks and adaptive Neuro-Fuzzy Inference Systems: An
exploratory study (Doctoral dissertation) by S. Katruksa, 2020 Copyright
by KingMongkut’s Institute of Technology Ladkrabang. Thailand.
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Abstract

Allopurinol is the primary drug for hyperuricemia and gout treatment, acting on the reduction of blood
uric acid levels. Adverse reactions to Allopurinol have been reported worldwide, including in Thailand.
The hypersensitivity is genetically related. Currently, Thai National Health Security Board B.E. 2021 has
issued an announcement supporting the genetic screening of the Human Leukocyte Antigen-B*58:01
(HLA-B*58:01) allele before prescribing Allopurinol to new gout patients. Since the research results
found an association between Allopurinol hypersensitivity and the HLA-B*58:01 allele, which is found
in 16.33% of the Thai population, this allele screening test has 100 percent sensitivity and 96 percent
specificity, thus helping to avoid Severe Cutaneous Adverse Reactions--SCARs. This review provides
information on the pharmacology of Allopurinol, Hyperuricemia, and Gout, Adverse Drug Reactions-
-ADRs, prevention of ADRs by pharmacogenetics to raise awareness about the harm of Allopurinol

hypersensitivity, and pharmacogenetics analysis guidelines to prevent Allopurinol hypersensitivity risk.

Keywords: pharmacogenetics, gout, Allopurinol Hypersensitivity, HLA B*58:01
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v cd v Snwdnlulsamenuia FwnndasuininannnIswien
nswigndudgyminienisunngngdienn :

- o o dive “ SnwlsAn1ee Allopurinol TUULTY A1ALUANITEAL
Audaudes smnutinilisuainiuvigevsesn | :

i ve o “ e q sy  GEANANVINANANSELEIUTANEAIUIT HITENSNE19Y
AlASUMNARTNNINTTUNIBLSINYIUNRAIUNSOYIN b 3

- v e o ed L n3ulaegelsin suweswiewiale winldlasuly
LARNITWH BT NASNE NTULTILANATY ®azeD
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‘o o 4 oma v A o gIUUNDULATALNNDINTS LneUaguuin1sINang N1

Wusdumnsigaudadeddalbe duiilasarnduiinsienis , 3 ,
o . . LFYNUSAER SNEINIT0TINUIIYNIINUS NI TUT

TNUNTEUETIBENDINIANINYDY 3 Wazdee youtube : :

d o d duusriunsuionindng 9 saudaen Allopurinol
YBI3I8N15 WeTUN 12 NIngIAY 2566 (a1 1) Tu L P

< 1 v Y Y
P, gy Ul auussnArsnIsunIdnYsEiuaunm
Useiiu “Treelaioudlinl arlumnusuaduld '

Y vaa a

W@ n.a.2564 Featuayuligiiansainsnnsia

vueIfadera uien Rl Falifidevnegmdgluny ,
MU uin1sinduiugaansionnnsesoana

Human Leukocyte Antigen-B*5801 (HLA-B*58:01)

wnnglundinaiee1nsi i Uinleeanudnsa wang

Iitadeuazdtgensnuliaguiness eiUIn uag

o dewe PR Waeandn1sanwidenuin aulnendenniswien
grannsngIndelisnwilsanid gUlelasuuseniu

Allopurinol 88193uks99eLdadalnNT8 (Sukasem

et al., 2016; Tassaneeyakul et al., 2009)

YA IUUADLLBILALBINIT UL IIWINATY hANTU
WM I ULANTITUUTENUEINGULANBNATY el

9IN13NAULEAY Haviladniauiiannesiuniifen

, , NIANTIVINTUATINE DA W Te
U 18 atuf 1 Uszdufion unsIAu-luweu 2567 v A < B
i g atuinermansuazinalulad




& youtube.com,

= YouTube ™

—_—

"' " Dreendiniiioudan! adlumruenAiiuld ruo3todadinueniUUSLINOER
weilienisAINein aﬂﬁwuwm 1nuﬁovTonﬁoumﬂ

Swendaifisudia! aniusmkuaunluld kua3tadodo wae Gkl | EP1499 112 n.n.66

Q Twunseua [Hone-Krasae] official ®
6.37M subscrivers

335,432 views Jul 12, 2023 #inunszud

i mdusinstuadfiussfiaatudsan Ausionts #uunstua
a1 fund-ant nat 12.35 u. nwYas3HD nawan3l

@ Thanks =4 Save

37k QP /> Share

L Download

A 1 aduiinsen1sunsElaneanaIN1AN1aYed 3 Lazaed youtube 1839518013 Wedui 12 nsngiey

2566 Tulsziiu “dneeRafiouginl arlummueualuld vueiladelin wien Ralngd”

Note. From Misprescription nearly death! A girl met physician for fever The doctor misdiagnosed drug
allergy skin burn L EP.1499 [ 12 n.A.66 [Video file]. by Hone-Krasae official, 2023, October 24, retrieved

from https://www.youtube.com/watch?v=28TKggh5mYo.

WdYINY1UD981 Allopurinol (pharmacology of
Allopurinol)
Allopurinol Wugnitlianseiunsnginluiden

a

fnauantAdumiudaoules Xanthine oxidase @4
v fasu Xanthine iunsaginlusiamenywd
gniFagminanliuaelsand lsafalulauisia
TnsuumensuiiRdanlnguusshlidunid ug i
wsnlumsinwsnwilsandiiesaniiuszavsamgs
Ineltluguiuusuusenu (Thai Rheumatism Association,
2012) drunuu@ndnduidonazlddasiunisiina
tumor lysis syndrome #avilwnsag3nluidengstu
s alugesSe Wlesuen Alopurinol ih
#9719Meaziin metabolism fisrurdedi Oxypurinol
Fevonguimandineldfiniussiiaeieiingstu

D9SN 15 %’aimaﬁaugﬂﬁuaaﬂwﬂqim el

dwiuldruguaeiidulsaduuaslsala o1nnslaifia
UszasAannsldien Allopurinol finuléivialy léun flu
Rawils duld 0113w Anoulwivesiuiiugedu uay
indndeni daufinulddesnda léun liver necrosis,
granulomatous hepatitis cholestatic jaundice lag
interstitial nephritis (Qurie, Preuss & Musa, 2023)
uennioanuaMsuiguLsisenarh ATl fe
Allopurinol hypersensitivity Syndrome--AHS (Singer
& Wallace, 1986) Fafnannnismeuauasves T-cell
#oe1 Allopurinol Wageywusuesen Jenufinandes
wnFulugiildorduiiaane thiazide fielselnFess
seueil 39Ul vi3ediifsaia HLA-B*58:01 dswaliiin
NTUNEIMIEINTILUUTULTS (Severe Cutaneous
Adverse Reactions--SCARs) ¥ila Stevens-Johnson

Syndrome--SJS, Toxic Epidermal Necrolysis--TEN
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drug Hypersensitivity Syndrome--HSS Feidedin
16 (Hung et al., 2005)

aznsaginluidengeiulsanig (hyperuricemia
and Gout)

N3REINANIINNITAR1E DNA wag RNA T4
Junsnilnnddnngu purine Uszneudie adenine
waz guanine 1y 21 3 993 purine ¥191NN176a18
geansndlanddnluinenie dnfumdenanemsisu
Usgvnu Tagensitil purine ga leud 1n3osludnd
\odn T ownsmeia (Kaneko et al,, 2014) iodoely
alddnazaaneniu Adenosine Monophosphate—AMP
WAz Guanosine Monophosphate--GMP @7i18gn
gnuAsuiu xanthine waznsaginlasioules xanthine
oxidase ﬂi@g‘%ﬂﬁﬁm%uéauiwg Sowaz 60-70 579018
axduiamslalufutaanig (Danve, Sehra & Neogi,
2021) nangnilallddueaniineavasludenuazansih
lusenig mndlseauvesnsagintuiianuinnii 7.0
fadansusandansluwegsazuinnii 6.0 adnsu
Aawn@dnslumandgs vilinnnensaginluiongs
(Dai et al,, 2021) wngusisiondunatuuiled

s A a

Anudsslunsilulsaindvseiilule (nephrolithiasis)

(Deng et al., 2023) AnHszAvvoINIALINluLTOnEY

U

oA ! A a o aa & S
FABLUININND1 9.0 HaANTUNDLAFANTLUULIANILA 5

o vaa o

U flomalulsainiddeionay 22 Wisuiugiiiszeu

vaansagIntuiionluye 7.0-8.9 dadnsudeindang

Fafllonadulsainidedisesas 3 (Khanna, 2012)

TsmnmdnuanuRnundlutedesisniedain
dniau Vanua Feu Wuludedeanunsnitadoain
91139 mAUNINTIINI e fURN IR e IHEN
vosiluldouganiiazanludorowas odolude
Fadunaanmsiisziunsnginluidongs wanfiin
FurhlmAanesanimlnensedueadidaidonuringy

v

macrophage tag neutrophil Tinaslalalainszeiu

9

A1sontaulude 81N1SUNSUNUNTDABUS I EIUAN

| U 18 atuf 1 Uszdufion unsIAu-luweu 2567

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

vossrnelaianzdelautaviausiiih dausih doui
Y11 (Pillinger, Rosenthal & Abeles, 2007) lsaLns
Snwlalaenisldemivaussiuninginsiuivenan
nsdniau o1ilfifieanseiunsnginludeniagiud
2 nu Ao nguenfisudanisainensagin (uricostatic
agent) W Allopurinol, Febuxostat LLazﬂﬁjum‘ﬁ'Lﬁﬂ
ﬂ']i“i‘J'Uﬂimg%ﬂVl’NvLm (uricosuric agents) 11 Probenecid,
Sulfinpyrazone lagginguusniivssanininlu
n15¥nualsandladnia Allopurinol 1duendidl
UszAnsamgdlunisshwlsanid wuinsljialey
druluguugildidudsuusn (Thai Rheumatism
Association, 2012) wayly Febuxostatlua’mjﬁgﬂaml,ﬁ
gwisenusiosn Allopurinol lalls visedisedunsmgnlu

danluanaslaniudnune (FitzGerald et al., 2020)

2115l NeUsEaIAINN15MH81 (Adverse Drug
Reactions--ADRs)

Tunsldervuauniiionisdeatu ussmn
thdasnwilsrenaiiufito1veseriesnanevesldi
Andulaslallddlauasdusunnededldifndudon
9INTAING1IIN 8INThUTIUTEAIARINNNT I LA
Ldrmdanisldenluruiageaingifivenielagadla
wionnmsldeluniadinn nsernslafieUsyasdann
m3ldeuusladu 2 uwuu (Coleman & Pontefract,
2016) A9

1. Type A reactions (augmented reactions)
\HuonslifsUszasdainnisldenfiansaninnisal
Hat1aLABale AUTULIIVBIDINTEUTUSAUTWIREN
AlF3unaznsneuaussveduiazyana NINGNS
mandeingrveseniu fgtinisainisifndeud

g9 uAsdnsIN1IANE

2. Type B reactions (bizarre reactions)
Wueinislaisusyasaannnisldeniilianisanin
nsallaangnsnundinet llduiusivauined

lgsu dguinisalnisiinAoud19d waldnIINIg




M1EE AAINNITUINEIMTONITNBUAUDIUULANIE
(idiosyncrasy) adiaunainuataniaiugnssusdu

J38nan

p1MIkaRIeAATnTeInIsLREnTine1ns
wansmsiamilsfineadiulduarernisuanaieady
AURAUNRYeIDTBITAElY @unsalenaINTE Y
nanskansenslndu 2 wuu (Tempark et al,
2022) fg

1. WUULRBUNSY (immediate reaction) Wu
arnsuaneniely 1 daluandeannlasuen Tnwu
Auaufiy (urticaria) n1suanldRmlanazeidion
(angioedema) (@osmelanina (wheezing) vinaide

a =) U a
Neudser Anuaulainanas

2. wuuldi@eunau (nonimmediate reaction)
sxnundanleSueuinnda 1 $aluevdevanstu
anunsanuiiuauiufiing (delayed urticaria) #3®
NALMSUARTITLEMeRmTT (Cutaneous Adverse
Drug Reaction--CADR saniiafilaizuuss uazaind

JULT (Severe Cutaneous Adverse Reactions-—-SCARs)

' v
v a Y v a

Tagdiansdrdnnule s

£

2.1 Cutaneous Adverse Drug Reaction—CADR

SICNIEIER

® Maculopapular Eruption--MPE WJu
o1 siuuielndiligunss Ténvasduiuunaoy
F1unseywanties (macule waz papule) 529187
srmelagiamgluni drdewazdin Audnies

wage1adlaei q welaeslu 2-3 u

2.2 Severe Cutaneous Adverse Reactions-—-
SCARs ilnfi5uLs9

® Stevens-Johnson Syndrome—SJS Ligig Toxic
Epidermal Necrolysis--TEN Auienvfiniiguuss

@

< ' H a v
anwauzilugudilannes lnglamzuinaluniiuae
819 Al mneuagvaaasn SIS Inunrmla
Manaanse 10% luvaue? TEN agdliuf 30% du

overlap SJS-TEN 9zogil 10-30% Wuns&nLaUT

A A i | 1Y)
Weolanjuustlagianiziinn Yosuin uaveTersine
o a ) A A oA a
wanniduinsdniauniledonniiue misuay
madumela dldgadaoanizly TEN dnsaadeun
Meimts n1Elnewuy prerenal azotemia uag

Winldanunen

® Drug reaction with Eosinophilia and
Systemic Symptoms--DRESS W& Drug Hypersensitivity
Syndrome--DHS fifiudnwaizuuy morbilliform
eruption wazn1sUIMVRIRINTIUSAUluKT dn1s
sufiuvedlsadeauiiu exfoliative dermatitis 7ifin1s
Snuavvesimauaraonidureannnit 90% vasiiud
37908 uaﬂmm‘fﬁaﬁlﬁﬁqﬂ seutmdodln odnau
Fusniau N1NLAULUY interstitial 7ilawazUen win

A . .
WBAU1I eosinophil g4

® Acute Generalized Exanthematous
Pustulosis—AGEP fIHufu%UBIIIAENTIUILLIN
Fafuiunanim Jldge dadenuigs wazerany

As1uvedlaunngeItins1n

n1sdasiunisunenlaendyiugaans
WivWugA1ans (pharmacogenetics)

WdYugAEans Ao N1SANYIAIINLANGIY
vesdnuarmsiugnssulaeiamzBuiid waduius
sensneuaussewanAiuluuiazyana Jade
wienildmansenuseindraamansvioundumanmans
vesgvilivunaeiililuusazyanasiaunndneiu
pudnuwariugnssy Wun Builaauaunisaieiaiy
yeseuuinead Builriununisuantesnyeoules]
AfnasieInUeaTuYesn Buiialuay Transport
proteins g gwad Suiiiieadosfenaidna
feuszAvBainuasen nseengns uienseRusEUy

[

aiAuiulvineuauswagIauinn suieludnwee

q

' v = a ¢ v A aAa
2NN VI'JEJLVlﬂIUIaEJﬂ']imTJGU'JLﬂﬁ"lg‘ﬁigﬁ‘UUu‘VﬂJ

AanuAmuIndululagdurliaunudnwaenia

) Aoy o o

NUTNITUNTUNUD UNITADUAUDIR DUITIANNNTE
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thanldnsadnnseadusiudmaunduiusaans
(Pharmacogenetic markers) l9viunsn1siinenish
NUszaIAaINNIsIge19tnmIg ¢ (Cecchin & Stocco,
2020) W Sungy Cytochrom P450--CYP fimuny
nsasraeulesiunuedTuveseiify Tdnumenig
wugnssudessnaiulunsazyana dwmalviduidsu
eriloeluguiioannysldumnsinafiy saiamsaansen
Fadsmaseszivelunszuadonislinadnsnnsinw
neendimatumniuSunadivindu (Tomi & Backman,
2018) variant 1838u CYP2D6 fifinarenisoengns
03815 WIATLAST amitriptyline 871an1N15U20
codeine #15n¥LEI5IMTION tamoxifen (Austin-
Zimmerman et al., 2021) variant 898U CYP2C19
ﬁﬁmam’amsaaﬂqwémaﬂﬂwﬁﬂuLﬂﬁmLﬁam clopidogrel
g1 NLIATLLAT escitalopram gnghios1 voriconacole
(Dean & Kane, 2012) uonniadifu SLCO1B1 (Solute
carrier organic anion transporter family member
181) fimunuAnsains transporter Litevugidngsi
FanATITNUMIUABULUAMNTUENTILUY SNPs
# intron &1duft 11 vuBuidauudsuain Thymine
{u Cytosine azvilenanluduluidonngu statin
Lioonguiidesainelianunsadgwadduuazds
natU19LAEslAANIE Statin-Associated Muscle
Symptoms--SAM (SEARCH Collaborative Group et
al., 2008; Voora et al., 2022) @1un15Uaiun1sun
olnsinduiugmansldosdanuidslsnnnsane
Aeiiwuanuduiusiungudu Human Leukocyte
Antigens—-HLA $3A7UANNITLARIDDNVYDILOUALIY
vuiwadlussuunfiduiuvesyud osnewie
oyusvosuiiIunTEUINNTNATUBATNILYN Y
1ng HLA Uu Antigen-Presenting Cells—-APC o
s T Cell Receptors—-TCRs liAnn1snavuauss
Aognvilntiy (Redwood, 2018) Fatun13nsI98 Y
HLA fismnzreunisiuldondetestuauidese
nsuieienalifisuszasdainnisldendivihliiia

91M15 U eTI9guLsaudeinisvsedundinla

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 18 atuf 1 Uszdufion unsIAu-luweu 2567

HLA Ju glycoprotein uvuRtvoswadly

Y o A

a a v o a Yo
'ig‘U‘Uﬂullﬂllﬂu‘ﬂll‘ﬂu’ﬁ/lu’]Lﬁu@aﬂLLUaﬂ‘UaaNiWﬂU

9
a

T-lymphocyte ¥iauas HLA wualadu 2 wuu Ae
class | waz class Il Fauwlsgopmusunisuasdada
fGoninladaves HLA (HLA locus) vulastalwag 6
Tnefi HLA class | ladandneg 3 fMunis Ao HLA-A
HLA-B wag HLA-C diu HLA class Il Slafandnag
3 HUWAUUYUAY Ao HLA-DP HLA-DQ uag HLA-DR
M14951897U88 WHO Nomenclature Committee for
Factors of the HLA System (2023) a@3ua11uuann
WanevessIuILSada HLA S4iife 36,814 Sada lne
wingdadaonanuuanaeiulUmuLiaryAna AL
nanNanevedsaaa HLA dunusiun1siinnIsunen
wseinn1zgilufusesn (drug hypersensitivity)

v

(Fan et al,, 2017) JagtunaneUsemaiinisinfiue
manduiugmansdmiuealinms o Amsliedauns
vianeuariigUinisalvainisineNsluiiausyasd wu
Allopurinol Carbamazepine Abacavir Nevirapine 41
Tmnenatin (ns 1) Seyafausamalveennenssunis
vdnUssiuguamwisnAldiiyavslunismnadanses
9atia HLA-B*58:01 naulvien Allopurinol TugUaeg
Tsaindsgludiiedostunisuiien Tu wea. 2564
(The National Health Security Board, 2021) wag
1159579 HLA-B*15:02 TufUaelsnaudnnouEuen
Carbamazepine Tu w.A. 2561 (The National Health
Security Board, 2018)

N15ASIANNTD9IDaaa HLA-B*58:01 wiwalUaenunis

wwe Allopurinol

nsuwen Allopurinol vinliAne1nslaiiis
Usgasrniafavidsldiasiinliguuss (Cutaneous
Adverse Drug Reaction--CADR) fisnvasduiiuuag
wuusueuluntn dndeouazdiin do1n1sAu tazd
1461 ) Gevneleios uazuiinguuss (Severe Cutaneous
Adverse Reaction—SCARs) fivilwRanilsnieusnuas

WwayneluAnnsdniausuusauinnsnnevgn




aonvesianila eilonnaann desn edurzine ma
Wuems madunigla innzlanes Suiumadude
Fonnas uarfoundiald Feenmsmanilenuiintu
viuiivseenaldinamans Suvsevaneduai (fidiennis
W E1TULTINUERTINSL AT IngaReTaeay11.39
(Saksit et al., 2017) FaduiFosdrAnlunistlosiuly
fan1sufiendsnann deyaannvateanuidenuin
n15tAn SCARs Tunguetaedlé¥usn Allopurinol 4
Anuduiusiulademendiin lawn iemda mqé?al,wi
60 Buly maidulsadusan wu TsalaFess uielsa
Wilauaznaaadon NsldenlugUie asymptomatic
hyperuricemia wazn15ldsuivetudaaniengy
thiazide (Singer & Wallace, 1986) WagilAudunus
Audadesuiugnssuvesdadalungy HLA vila
HLA-B*58:01 (Somkrua et al., 2011; Sukasem et al.,
2016; Tassaneeyakul et al., 2009) luuszansinenu
Sadatladedenay 16.33 (Puangpetch et al., 2015)
Tnemuin §iifidada HLA-B*58:01 fllennaiiin SIS/TEN
DRESS uay MPE léinnningiilaidsadadenannia 579
430 uay 144 111 (Sukasem et al., 2016) AUAGTY
fatunsnsiadansesdaia HLA-B*58:01 Fedaely
nswinuidssuasdestunisuiioilasianzlugd
Foadaldien Allopurinol iunsausnviderfifiadus
Usznuen Allopurinol agsasiiauefndeiuldiiu
2 1fou TnegtaediliiAnornsuien esanszes
LAINT5A SCARs 31181 Allopurinol Tuuseyns
Ingfifseau fe 7-42 Yu Tudaud FusuUsmuen
(Sukasem et al., 2016) usnaniigUaeiingldzuen
uneulutsszeznatay q warlideifousiian
Fudusomyaeilunou vdefuussymusliaiaue
Tnglaifiontsurisuusaintulussnineviiendsnin
Suszmuenluuds mndedlden Allopurinol 8nase
919¢09fiaNsANTI98AFa HLA-B*58:01 inilousd

Suldenduasausn

MIATIVANYULINITUINTTULNRARNTBITaAA

HLA-B*58:01 msviesufjdAnnsldidenduaefiians

Mudenudaduila EDTA thlvadnansiugnssuvia
DNA uazihuuiins uiusdada HLA-B*58:01 fae3s
Polymerase Chain Reaction--PCR %38 real-time
PCR woananiionalddsnisnsaa HLAtyping iite
seuvllnuesdada HLA lagndnnisnismanduiua
(sequencing) ANUFURUSTENINAITATIVNUSDAA
HLA-B*58:01 fiunsuiieuu SIS/TEN fmanulives
MInsIafifosay 100 AIANTUNILVOINITATIAT
Yowaz 96 AshuienauIn (PPV) agiienay 76.47

wazAYueRaaU (NPV) aefsasay 100 @uANUEINLS

Y
¥

TEnINNIATIAINUSadatiiunswiewuy DRESS &
Anuhvesnsasaiifesar 100 AR
¥9sNIATIIfTesay 96 AnienauIneyisosay
76.43 wagenviuneraauagi¥esas 100 A uduTiug
funsuiteuuy MPE fidnnulhuesnisnsiaed
Sowar 85.71 MANUTWINEYRINIRTIWITUTOAE 96
AvnerauInegiiesas 60 wagAuINAAUDET
Sowar 98.97 wadilinutayanuduiusseninmis
MTIINUSAAA HLA-B*58:01 flunsuvienuuy AGEP
(Sukasem et al., 2016)

MsuvanansaITIRTEsidm3UdTins Ny
adla HLA-B*58:01 tisarnmadia PCR e Sequending
(m1519 2) wansdanisiiaanuidsagenenisusien
Allopurinol wuuguuss mnuwnnddndulalden
Allopurinol sialy A3swugtinligUlsdaunnainisui
g1 Tosannzlugis 2 Weuusnudsanisulden win
nsIalinudatia HLA-B*58:01 wanadn g§Uleiindg
Aeaanisuien Allopurinol liiusnsnsannuszeins
drulney Weiimshamuensiuiauninienaiadu
na991nn151881 Allopurinol Tuualeg1lna®n wag
‘mﬂﬁmmiﬁ@ﬂﬂaLﬁmﬁuqumam@zﬂé’umwu
wnngiiieUszifinennisuazusueniisnuwiliimnyay
solU (Pharmacogenomics Research Project for

Rational Use of Drugs in Thailand, 2021)
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f1919 1

v & o

uand HLA aunisiunT5iin ADR Yade s asyin

YoEn Tsanldsnen  HLA fiduwusiu  nguuszeinsiiwu &nwag ADR iy
n1siia ADR

Allopurinol LA B*58:01 Thai SJS/TEN, DRESS, MPE
Han Chinese
Caucasian
Japanese
Taiwanese SJS/TEN
Carbamazepine audn B*15:02 Thai
Taiwanese
Han Chinese
Malaysian
Asian MPE, DHS, SJS/TEN
A*31:01 Han Chinese
Caucasian
Japanese SJS/TEN
B*15:11 Japanese DHS
Abacavir HIV B*57:01 Thai
Australian

African American

Brazilian

British

Indian

Iranian DHS
Nevirapine HIV B*35:05 Thai DRESS

DRB1*01:01 Hispanics
African DHS
B*14:02 Sardinian

Note. From HLA Association with Drug-Induced Adverse Reactions by W. L. Fan, M. S. Shiao, R. C.
Hui, S. C. Su, C. W. Wang, Y. C. Chang, and W. H. Chung, 2017, Journal of Immunology Research,
2017(Special), p. 4
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)
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M99 2

ANWULHANITNTID HLA-B*58:01 UasnIsuUana

NAN1IAIIINTAULGIS
allele specific screening (PCR)

N6 Yad
NAN1IN3IINTAULGIS
sequencing-based screening

nsudana

nansaatduuan (positive result)
AU HLA-B*58:01 130
nans1aduau (negative result)

d115U HLA-B*58:01

HLA-B*58:01/HLA-B*58:01

HLA-B*58:01/X (lainu)
X (adwu)/x ()

Furefanuidssgeionisinuion
lAun SJS/TEN DRESS waz MPE
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Note. From Clinical Pharmacy Guidelines for Genetic Characterization of HLA-B*58:01 for Allopurinol

Drug Use by Pharmacogenomics Research Project for Rational Use of Drugs in Thailand, 2021, Bangkok:

Kiratithanapat Co., Ltd. p. 11.
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Abstract

Falls in the elderly are a significant public health issue among the elderly. Due to the rising incidence and
subsequent falls correlated with the increasing number of elderly people, it is expected that the
number of elderly people worldwide will reach 1,200 million by 2025. The objective of this article
was to analyze the risk factors and reduce the risk factors for falls in the elderly. The definition of
a fall is an event caused by a person’s loss of balance and falling to the ground at a lower level.
Causing body organs to hit the ground or other objects, resulting in injury. It occurs in the elderly
aged 65 years and over. The World Health Organization--WHO is reported to be the second-leading
cause of death in the world. Factors related to falls have multiple factors, including biological risk
factors, behavioral risk factors, environmental risk factors, and socioeconomic risk factors. Biological
risk factors result in impaired movement and balance. Falls are affecting the physical, mental, social,
and economic well-being of the elderly and their families. Physical injuries from falls result in minor
to serious injuries that can lead to disability and death. Falls also affect the mental and social well-
being of the elderly. It can lead to fear of falling, loss of confidence, reluctance to leave home, and
depression. Affecting the economy of their family, they must pay for medical care, lost income from
work, and travel expenses, including wages for elderly caregivers if they become bedridden. These
affect the quality of life of the elderly in the long term. Reducing risk factors for falls can be achieved
through risk assessment, finding the cause, and addressing it. By promoting health through exercises
to increase muscle strength and balance, this is to prevent falls in the elderly. As a result, the elderly

will continue to have a good quality of life.

Keywords: the elderly, falling, risk factors, prevention
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naviligeongfiufisesiodauiianas sauiansld
29NTIUYBIANDIANAIAN Vi FenTaIANDADY
wiinfiilesaninzvasnidenudsfainengdiuin
fu fuaviliAnenisningn vielsanisaues Wy
lsamsiudu lvidgeonggadenisvmsaia 1ianns
wnduldineTu Jongkol P,2019)

1.7 lspuszdnsiiinadonisindoulmuas
N1395977 AUAUUIEIINLIATINA 9 VOIgIenY
fnarananisiian1snaannunau lastanizlsassuy
nstuaisuladinuaziala wu W ladulindanay
(arrhythmia) AMazlaviaiden (myocardial ischermia)
amewandl dwaliusnandeniloonsiniileanas
vlvidenluidssaedliine yhlgaeoreiAnenis
\uau winila wnauladne (Phaongthong, 2021)

1.8 msléiuermanestiandouri (polyphamacy)
dosnggeenganiluajilsadodusedimarsla
Junalidesduuszmugvansviandousuiionw
Tsarne 9 FaaprhlfiAaUfAserorusenineen uas
naY LRI aIiniveeeladle danansenuse
N199119UUDI5EUUUTEEIMEIUNA1YI ILARAY
Anunnsesdesinnzidesnonisiiandannundule
18 oildlugigeony 1éun erananudulain dawa
TAnnmeanuiulafndvusiudsunia (postural
hypotension) vilvifasegiine1n1svtiidea Jadeu
fswy vhlmAnnsunauldinetu suiludanislauen
UDUNAU LazeITNEINIINNTLIIAANBIN1TI1
Fu U n3TIuNIYIELaTdUaY Bnanseiutiana
Twdon eravliiAnsesuiiaaludend fo1n1s
winiln Wuay vaead Ransndaannnduld ey

(Training and Medical Education Center, 2019)
2. Yaduaungfnssu (behavior factors)

Uadgsunginssundnasonisndannunaulugg
p1giviatelade Fufertesiunisnseyinvesyana

) 3 a aa o w ¥ U
Wi sAndudinused1iu laun

2.1 MshugsvdeiAiosiuLeanased A
AnasunIUNITaINIELaUsTEIM LaznAsTUUUITEm
daunans lwnismsadaldduns aududuves
LLaaﬂaaaﬁLuLﬁam‘luizﬁuﬁqaﬂﬁmsﬁﬂﬁmmmmm
TumsmununsiadeulmvesszuuUszamaiunans
anasilinisAnuaznisanaulalud fo1n15929%u
a'awaiﬁ’ﬁmmLﬁﬂﬂgﬂumnﬁmmiwé’mmnmé’u
(Phaongthong, 2021)

2.2 nsldseavnilimunzauveianiy
Wi dusesringauiuly viliiAne nsuinidles wax
a 1 Y @ = a 1 Y a
Feauga ldseuvinduniovatuiuly dawalvifia
n1Inananunaula

2.3 ipseausimedliviangay asengunesiy
Tddernlivualug Maiu e1uagIusIu nansiu
919y lviazan IR viliianisvnay

3. Jaden1udewInasy (environmental risk
factors) Wudadeidgaianvaziindulutu uentiu
Wsomufias1sazang q Ineuvadudaneaesuniely

¥
v A

U1 WarFInaauA18uanUIW (WHO, 2021) 9l

3.1 Awandounieglutiu 9n1eauves
NSUAIUANLIA NTENTNATITNGUITYDN Seeay 85 Vad
Havengfindnmnunduuagldsuuadu iadumeluthu
Fedanndouneluduidnvae dil (Department
of Disease Control, 2020)

3.1.1 fiuthufifidnens livaends finsy
futudensudenndou fiudn fuwnsiin Auldidn
w1 FliAensaulAe wiotufiiiusieseduii
lsi3ou Muthufuandiuses Sewney sl viedaite
TiAnmsAueaan TaAnvnmaiu i wsudahi
laiBainny wawguiu fuduannmsiitiueuvamn Aavenil
vliaeongilenmainniswdnnnundulditety
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3.1.2 uasainelyiieanensauasaing
FuAuld vl udenismndesihnuntindesain
AVINENINIOUNTUOUTIUYRIEDIganaT Inelanz
Tunainansdu yihlvueaiulide e1annduainnsidu
azpavitelAuvudses viliAnnsndannundu

3.1.3 lifisdaduusnndule gaweny
U195185191N158U USBAMWINNaIAloaYULLAUT LAY
Jula i lmian1sndannunauls

3.1.4 osinveadunlidwmuizdusu
Heveny Wurenvesduiinazilennaeniial vse
laifisBanzusnuiosdin unsesduditdetunne
[ d v ] [ v A % =
Wuskuunidagas muimygqqmsgmuﬁzyjmﬂmmua
a & a A v I3 ° Vel
U LU awse TIN5 E0UVRIUDADLALLOU YN bAL
Jayminangn e1afine nisvie vivlvilleniainay
Wan1snannnurnaulade (Department of Disease

Control, 2020)

3.1.5 m3dareeddilaifusaifou
¥y JUnuueIesseuiiliansautuaisy
mﬂaauuﬂaﬂﬂmaqwmma W sEauANgaedliy
8 isaueu 1 Furaves viieiAsesSoulidnuas
isuasuagldau nsiideiden ilndesienisiin
nsndannundula ety

3.2 Awndounieuentiu fanudify
fuffgeorganniuiy esangdgsengiianansaiii
Aanssure 9 wontuls wu nsinunaeluld g
anéi Tuvhgsguentiu sy Aunedounieuend
Hudaduideniliigienginnswdannundy loun

o @ 1

MR OUUNVIVTE DUUAIRIRUUIN USRIV
a Yy Ao o & oA & A ~ | a
WinuenUuiiunde iuduvseun dvauus Ushnseu
U1 FFAATINIAY vTeUSHMNTAuNgNNE1Y
' 9 [ VPN Az o g vy

wu naatn Wusdy duvariliduaiveriliggeens
fanuidssnonisnannnunduladiy (Department
of Disease Control, 2020)

4. Yduideuirmusiauaydnal (sodoeconomic
risk factors) iutladeidewansiaanugmaasugiauey
anndsnneageengfifianuduiusiunisndann
WNAU MNASANE VB Training and Medical Education
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Center (2019) wuin fjgeengiegnuania lan vied]
anuzming ne1§s aueseldtion Snifnniswdn
anvndaldineningaeengiiondofuaseuns seld
foptilugnisnauaau aemsuagnsRnHeuTIY
Wasflegendeiiliidanedgieny liflsuussanmuiios
wolumsusudsanmeannaeluwazaiewentiu n1s
PauAaueIAelfiAnnsvInansemsnsnduly
fgeeng wu Tsiu vilsindandeanas unaiBen was
Fnndu I liR LU MAZIIBAUNUIRLUYRY
nsgananal yiliinn1iglafining Jedanaleg
o1gfuthiinduandiety fanudewionniznazgn
wyurlinszgnitnlding denasontsvndulddetu
WAEINN1IANYIYBY Worapanwisit, Prabpai and
Rosenberg (2018); Chaono and Khunkongme (2022)
wuin fgeongiiinisAnuduszandnyiniesing,
\dessionisunduninningaeengfisinisdneiganin
\lesaniidedidalubesnudilaludesnnuily
nsguagunldlviiinnisndannunay

NANIENUINNNITNAANNKNAY

Hasongiliinnisnannnunay danaliedey

]

AN 9 VBIINNNY LTU LU V) AT 4184 LAANIINTELNN

wazde1n1sUINIUAILNT dIanIENURaRILEeY
wazAToUATIUAIUANY 9 Al

1. 9NUS19NY NsunangaNyiliiinn1suIn
Bususiuiadudntos W indh iiawsarie Wedn
110 unseitiviaidusuusdidunsegniin Tnslawns
nszgnaglnniin NseandUnasin FanulgSesaz 20-30
vizeauedlduaunsenunssiiiey Setuinsnule
Sovay 5-10 Uazu19s18Ld3In (CDC, 2019) N5V
uwmanil vilviggeengunamegapdeanu aunsalu
myvhieinsusediu veanaiaanuiinsvseymann
Mun NTeyavesyailsanitu Ieuasiniugaeny
e 5199101 11U 5 veagfgeoneiinndualiianunsa
ndvunAulanuUnR dedldsadunSeusuiniediy
aaenTin vilirediauguanaentiandwaiduding
naenT3n (TGRI, 2020)




v

2. auInlakazdany mé’amamamﬁqqm

el

a [

AzRaAUNEINTSNNEUT (fear of falling) ImnnNIa
yaenuiulalunsiiv wazdedifiedidesiialy
nsiadeulm maenaugndenuivlalunisufoa
A TnsUszd1U ¥TaN159IULAAULDIAAAY UNTIY
fAnduene \dele wazddninauweaduniselifiuyns
MmuLLazﬁﬂﬁéfaqﬁquQ’ﬁu danalviinainunnd
NIUIUNAUIATD LARANULASEA WanAa Lupen
panluvinanssuuenUu (Nimit-arnun, Klinhom,
Wattakiecharoen & Thipkaew, 2020)1143’18%?1’%8@
Juuss o19nelAnA AT uiign (Belloni, 2021)

o A

3. Musegie dasengilasuuiniduain
nsunduiideadnfunissnelulsimenuia diwase
msdealdarelunissheneiuia 3nnnsuseunu
Aldaelilunssnuggieneiivszaugtfivmmnds
Rontnss Uszanas 1 uauum lusefidesineay
auaiiavazialdinegedia 1,200,000 umAsAu
si9U (Foundation of Thai Gerontology Research
and Development Institute, 2016) Tun15@nNW104
Usuinelvefilsanenunaidngu wui aldinelunissnun
fasonefitinnznsygnasinnlaisininuuuusingniien
19318 129,091.11 vsieau uaznsainszgnaslnn
wndodnilanldsoaie 239,737.42 uneeAu
(Artheeraphan, Srisubat, Jiamton, Jindapol, Boonyai
& Tasomboon, 2021) #4815 UNI AN YIFI0E
TSINEIVIAUIU 81AUANNNEUNTNGDUNTONATI LAY
W ukanaviu denszgneng 4 Aauds vieinnsin
Feluszuumapumelandessuumaiuiaanny
inlidesdialdanaiudusn venanidedialdsnei
IRIINNITNYAIUYDIYATNATY Andunsludeud
Tsameuia videandnsgpuatiasorglunsaliifenans
Fuffthendes donduluegtiu SmnnziiAniu
douiiunmszaildneliiuaseundanniuedmandes

Lailet

n1sussliuanudesdaniswaannunauluggeeny

N15UTEIUANNALIRBNITHARANNANAL
el E9918UATATOUATITUTAIULFLIVBINULDY

marudnduidgeenannsemsldsunisnsiasyiu

ANMULELIRE19TB8UaY 1 AS9 WpAuMUadeLdsswnay
muwmdlunisuilvavegliegragnees Al

1. lunsalitfgeongineiiusy Savnd msinUse 34
Tudaansundufiniuinegiazden wu Aanssuvne
{Ainvn aanuiAnmnuardnuarduindon $199a
AAn venndsuuaSiiinnsunauLardnyaY
YBIMIMNANT IR v dn v v
mMsvnduiAetuRmsldsumsdunallavasdungne
iy UsyiiluBesnmsduthesulluiendiledu Uss3h
Aenfuusyansamnisueadiu Jaymaen lsaves
auas [Wu lspoalviues lsAn1sAudy 1see1n15ves
Tsavaondonaues safdunaliidonuazeondiau
1UiAssauntanas 81n15v8snEtnaludonsn
omsuavUsyiaveslsanduibonde ldundmdedu
Uszanm saenauensuavlse Tivedlsatauasnsean
TnglanizAuRaUNAvesl ot kazaglnnuenaIn
fornsinunduarlsnveasififinadenisiunas
MsBu W andan e unalu viselasas1swevingn
Und 1Judu (Institute of Geriatric Medicine, 2021)

2. MImFRTIMeaznsUssdumudedu q
Toun n1s¥annusuladin wWoussifiunzaudu
Tafmsvauziudsuri (postural hypotension) N3
Ussiiumsiminitvesavesiiiieadestutann nns
Usviunisueadiu Wudu (nstitute of Geriatric
Medicine, 2021)

3. asldindesiolunisussifiuninudes
vosnsndannvndaluggeeny wuuussifiufifould
AUDYIUNINA18 Ao Thai Fall Risk Assessment
Tool--Thai FRAT fitaunlag §an1 ieuasduazany
Thiamwong, Thamarpirat, Maneesriwongul and
Jitapunkul (2008) wuuUszliiudsznausie 6 Jade
TAKA LA N15UBUFUUNNT DI NTNTIFIUNNTDY NS
Tdgnureuszinm UsedRnisvnas LLazamwﬁ'agmﬁa
gy 0-11 Axuuy fazkuuagluie 4-11 Aviuy
wanginflanudsson1sunay

4. myUssiurnuRaUunAluNSRLaE NSNS
(balance Assessment) lutlagUuiinsussiiuauaes
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NIINNANNANYIT WU 30Second chair stand, 4 stage
balance, Berg Balance Scale (Sribudta, 2022) wag
Time “Up & Go” test (TUGT) dulufifieald fie
N15USZIIUMBNITNAFDUNISAUAIYTS Time “Up
& Go” test (TUGT) 1Judsilddne Tududou ludes
“L%Lﬂ'%aaﬁaﬁmw%ﬁﬁmwmg TiieauRnITuan
LazdanavAu i'ﬁmaau‘lmaﬁuL’;afléﬁguwimiqﬂ%u
fuanidng nwdudunsssey 3 wWes nyufindy
wifefiiiu innsmeaeu 3 A thnavesnauads
fnsudanade nalunisiiumntesnin 10 JuId
Ap aUnAveegee1e nldaan 10-19 Uil uua
walein AnUnfdntosdeliunans fnnudessanis
nnaudntes arldanunnnia 20 Jufiudanala
Frfinsedeulmiigiun ﬁmmﬁaﬂumwﬂé’uqa
(Ministry of Public Health, 2021)

n15UsTRUAIERIR DN1SLAANISHEARN
vindu aztelifgeenguazaseuafilafuiaiudes
P9RULDY warsauAumuuInIsUesiulazanlaly
Fesitanunsadaadule

n1stasiunrsndannvnduludgeens

n1stesiumsndnanunauluggeeny uily
lasunisantadoides fadl

1. nseenmiaenielugaseny ludeilidung
panmdinewuutasiuay Ingflnndtuieliud uss

¥
a va v A

WBLANN1INTIAT ASUUR Asil

1.1 M38nMaINIELE3INNTNIEA (balance
exercise) f{g0grgayidnsEUuTTIeFon s
o939 IduA n1sweiiu ydulu vdendrudenn
uaztasia N130RNMANESUNIINIIEIRzYIlRT 1IN
nsaa Lty Wunseonfidsnmeiilinnismsssueg
aussanmlunisidiu asgrelesiunsvnauludgeeny
"TJ'%ms'E']ﬂaaﬂﬁﬁamsﬁugwmﬁmﬁmmimqﬁa W AT
Bunssivfen nsiauseiludunss nsiudu
anauvdesulaviln awsavingasnaivrieaniui

ToAle wagyihldvoumuiidesnis (Piboon, 2022)
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1.2 NseanfdanglasunuLdaswes
n&daile (strength exercise) Juniseeniidenieil
iinadusazinavesndnie vrlmaulaegns
HUs¥ansnm 2InMsAnwUe Raj et al. (2020) wu n
% (Tai Chi) Wuniseanddsmediladssaninalubes
YDININTIN NS 1e5ae018 e RN ITNwauga
nstadeulmnuy w1 d1é Uszanufunisiug n1sde
seifrunemenarnsmngla mssenmasnmemelvd aas
¥suau 8 Mn 2 adasedunndt iefinauinnisusu
snaunsadunldlunisysunimsesialunisinuly
FAinUsgatule wisenislaussanulunisusmsnanu
e liinnuudusanntiy Wy nsen adiua MIeTEe
éjmi’mﬁmﬁﬂ ABE 9 YINLaLADY Wihmtn vhvinas
8-10 %1 2 soUsTUNID 150 WiTidedUnY uazs
agarinae wwelindudeudusaduy (Vorvick,

2018)

1.3 Aerobic Exercise 1Jun1saanfidenie
mamé’mﬁaﬁﬂimj Wy 5 Judnsenu e 3
dudunslindudediolug Hedanseduliinns
wratgnaeulusienie vilvilaguaadenly
Gesdausie o W@ aansaviianssusing 9 T6eTy
dmfudfgeengitlianunsais dudnseu viednedld
Tdennsiiu lnedeiudeidosdindorty 10 Wi
wnwilosfinn uaziiurioauasu 30 Wi

2. Msldaunsalvlediu vunedia gunsalini
' | P v a YL <,

wglunisngaseneiieliaunsaidulanvu 1l
gunsaliglgtesiunsunaudmsugasenglunguind
Jyvlunsnsaduasdayymlunisiau aunsaldnedu
= 1 @ 1 a
Iva1eUseny wu lasanandigwiu (walker frame)
1giAndu (crutches) wagliivi (cane) wsikigaonganlegy
Lifleuldaunsalinanil wiedld Aldlumunzauvse
197035 Tneranznstalawin vinlminnaLde i vy
lonamindu Badggeengilinnisldgunsaldieiiuegng
aNABY uazwLNTaY anansatIstiuAtuadlunig
PN5IFLAENTAU LeandnsIN1sunauls (Foundation
of Thai Gerontology Research and Development
Institute, 2016)

3. Msusuanmiandeuniglulagniguen




tu Breanaudesensndannnay Havoeaulviay
1?1‘0?6]881‘14U’]14 mlmmdumaqLﬂaﬂumumwm Tfmﬁ
msUiUUiqwum‘wmmamu ¥un uthunsiduity
Lismm'mulumsﬁzmm muammamﬂwmamaiaﬂ
ﬁmmwaﬂaaﬂumsau (Rachmee, 2022) ‘wwaqm
msfuiuiiSouEleiv uenduuuasduion Hufh
lutenhmsiifnduariveny sis U uAUdNa
q Lsaummmumaﬂaammeﬂiﬂsmmamamm AS
A8 nanafnuieditidmiveiuii maaﬁuﬂmsmaa
IumLmuwhmuqmiummuw Wila psindasn
UuimLwaa‘vmﬂmmimmemsuuawulﬂ Julaly
mstunniuly vinaulaldaisndwesinans
miuLmeNmewamaamLmuu"Lm ViotuoumITey
Fuaawety ﬂ’J’]ZJaQ“UENLG]ENE]EJIui“ﬂ'U‘VINﬁQE]’]EI
mu,mam’ﬁmwmﬂmmwﬂmmummﬂﬂuwu TN
Weallsnadu dwinaisennidatewmazain (Nursing
Department Maharaj Nakorn Chiang Mai Hospital,
2019) @udsauasadng msdalifuasainafisane
weluthusazuentu Tneenzusnamaiiu tula
warlurosni asiAeasauduveuaEdng 100
&nd luresuouiinnadsnnuduvesuasaing 50 nd
(Institute of Geriatric Medicine, 2021)

4. USunmswedeulmliinas luniswdewhain
msweudunsts viladwinduide vidudunsiu
fosdalniy iﬂﬁﬂ%@?qﬁﬁuﬂa uﬁmﬁlmmﬂﬁmﬁwy
miﬂmﬂ‘U‘UEN‘U‘LJWU mamwawaqmﬂﬁuumamw
mawummmmmaaum

5. aulddeduazseavindines Mﬁ'w'%a
naduAuly iaqmﬁmm‘ummmamiaumwauuu
fmmmmﬂaauimmmwlm Wu‘iENL‘VﬂiJG]E]ﬂEJ’N iy
5aqmmm‘wmLsumaﬂuaamaﬂuaz@m daudornms
Tanweds Auenanlialseaedani sy
g1 lviazanduladny

6. MIFUUTENUL M IUUNUAITS NV INNG
w¥ondunnernsanunifienainty ldmstesndu
Usgyues ws1zeranadyniannuadiafesmso
quBueIL WU 39 Fu uazduau ilnAan1sngn
anunaula (Nursing Department Maharaj Nakorn
Chiang Mai Hospital, 2019)

<

7. aAVERIIMSPLeaNaged Samshuleanased
danasiaszuuUsEamaIUNane inlianuaunsaly
Asvihmidisng 4 unwses W denisnsas azviilil
deasensndannundalddiety

unagyl

mswammﬂwﬂaﬂuwmmaLﬂui‘]mmmmimaw
1AQY LLa%WUBUMﬂWimL‘W‘MSUUVI’JIaﬂ Luaqmﬂmmu

o

QE]’]EJV]L‘W&I‘U‘U ANMTNAL LUHMUQIUﬂﬁiJE]’]ﬂ’]iﬁ\‘i@’]EJ

SPe M,

RURT)

(genatnc syndrome) mmmmmiwammﬂwﬂauuﬁ%a
Gos 4 Jade oadl {JaﬁmLammummwmﬂmmﬂmi
WasuwUassene suluidsauuazmsiiamanasiin
wieuu vliAadesinmemsedeulmnaznvse
fiRnun® Funginssuldun n1sfuueanesoddedna
sensiadaulm nsussnigldmnzauiadeduas
e fudsndeuremelutasaeventiu il
Lgaﬁiaﬁaqaﬂa ﬁauéfmmwﬁﬁﬁ]LLayé’Qﬁﬂlé’LLﬁmiﬂ’ﬂ
DIAEAIUAINS imumsﬂﬂwma 5’181@ memma
Rnsndnnnunas ransenuiiistuiinasesneves
dasorglaenss loun nmsuiaduidniles nszgniin
AUNNNT amLaﬂmmmmsﬁlumimLuummﬂiumau
‘mammLamimmmsumaamm naden1ennudnlanay
&epal 1wy ndamMsvndssn sindeenluvihianssuuentin
INAAAREALAZLUNG UNTIRANTIETUA Nanszvu
ABN1ISLATHENIVDIATOUAT LAEA NS AT SEANEA
Pneldeldlunmssnuslulsmenuia nsvesels
IINNTANYANUYBIYA VAU AlTaelunsAuNe
TuiBeniilsamenuna orasuiludsiislumshagua
Tunsdliifgsengnaneidudihefnides danistesdu
madansndnnnunduiadudsdidy nsandade
Aouilatasiunsmnduseniseeniidaneiioiu
aundauswenduiefifisadesiunisindsulm
wastiiunnsEinn1snsesa msUSnwunmsludesnisly
81 msaquaﬂismﬁmLLawmﬁm%mé’auﬁ%msﬂu
way mauaﬂmu LW@I%Laamawaaaw CRERIRIMETN
immaﬂummmmawua ASBUAS? L‘wa’lwwaqmw
@mmwsmm

e —
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Abstract

In the current situation of the aging society of Thailand, the elderly population is continuously increasing.
As a result, the number of dependent elderly has increased along with the health situation, such as
illness from cerebral ischemia, chronic co-morbidities, dementia, and elderliness. Care management
for dependent elderly people to have happy lives is a challenge for nursing professionals. This article
aims to point out the move towards efficient and effective care for the dependent elderly. In this
regard, nursing professionals who provide care for the dependent elderly have the following main
roles: planner, implementer, coordinator, leader, counselor, and right defender. The problems in care
management for dependent elderly consist of: (1) insufficient personnel; (2) lack of cooperation in
preparation; (3) transferring knowledge, understanding, and necessary skills; (4) policy unpreparedness;
(5) data system disconnection; (6) inter-agency coordination deficiencies; (7) budgetary constraints;
and (8) caregiver-related issues. To overcome these challenges, nursing professionals must navigate
through their own capacity, through individuals and relevant environments, and through policies. This

is essential to leading to efficient and effective care for dependent elderly individuals in the long term.

Keywords: dependent elderly, nursing professionals, the role of nursing professionals
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Note. From Percentage of dependent elderly people receiving care according to care plan by

Department of Health, 2022, retrieved from http:// www.dashboard.anamai.moph.go.th/dashboard/

agedcareplan/index?year=2022.
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Abstract

Crisis problems from energy shortages and problems with air pollution from cars, especially the release
of carbon dioxide. The issue of rising temperatures in the atmosphere due to global warming is another
public concern and has received a great deal of attention. Electric vehicles have come into play
due to the need to reduce emissions, including using energy efficiently to preserve the environment.
Battery technology is one of the keys to electric vehicles. Electric vehicle-producing countries such
as the United States, Japan, China, and Germany have launched special projects to improve battery
performance to meet the needs of electric vehicles. As a result of much research, various technologies have
been invented and introduced in the battery, and this process continues to achieve the desired
performance target. This article presents a battery management model for electric vehicles that have
reached the end of their useful life. As an example of battery management for electric vehicles from
leading electric vehicle-producing countries, such as the European Union, there are requirements for
recalling used electric vehicle batteries. In the United States, environmental agencies require batteries to be
handled according to the Universal Waste Rules. In Japan, there are laws to address the problem of

electronic waste. And China has set a policy regarding battery recycling, etc.

Keywords: electric vehicle, lithium iron battery, a worn out battery
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w3ospunLialedu (Hawkins. et al,, 2013)
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\BosauATugiauazdinulsznouse NI
aonfignsalnidn nsldueundiadu nisdaasuau
Uaonde waznsadeemuidetudadunisdnduledia
aududaunaziieitastunansdie Jaseiifitvina
laun Auvasnds MNUANAIRILSIAT ATUANA
Fudmngsy nsUaesfinvidounszan wazauide
Suluwinnssy wwamsniswawsasusiadludn.g.
2566 sjatiulufinmssessusngudlwimdsnunine’
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wadlaLnauladaunionnnau (Chaiwannakup
et al.,, 2023)

grugudlniludagtuiidneninlunisan
amzlandeu (GWP) 10% &1 24% \ilewfieufusasus
Fumunmeluilfiedeseuifwandersesusuialedy
(Hawkins et al., 2013)
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AsBUAGUITEEYNgaR 200 lid tarlumesaliananso
anawaeag19tee 30 WM aiensldandunsaniuy
nsUfusaaluladuunine’ naniidestilunsvda
wuuE§ads definnsaniadeuazanudnmviiing
weluladuds narnveseusudlnindilduuninedae
fagaudaguludnluAldrevin (Faraz et al, 2021)
w3 wud Yinaenuesudliihasaululagiud
Fruuenueudlnihazauilaniiundi 10,000,000 A
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1. gnusualnihwasunay vislause (Hybrid 3. grusud i InSsuLUnme3 (Battery
Electric Vehicle--HEV) Electric Vehicle--BEV)

2. usuR i nunaLUUEsUUe YiYe 4. gnugud i ndauadwawmas (Fuel
U&naulaun (Plug-in Hybrid Electric Vehicle—PHEV) Cell Electric Vehicle--FCEV)

Global GHG emissions for 1990-2019 and preliminary estimates for 2020
Billion metric tons of COze

55

50 [ | SF6

45 EE R m PFCs

;g B mNF3

30 |B B R = N20

25 m LULUCF

20 mHFCs

15 m CH4

10 m CO2 (non-combustion)

(5) m CO2 (combustion)
g 2 8 § 8885558885 8 § 8
2 2 2 2 2 2 2 2 2 2 & & & & & =2

AN 1 LanIUSINUReEauUNTEaN Sausd A.A. 1990 - A.f. 2019
Note. From Preliminary 2020 Global Greenhouse Gas Emissions Estimates by Rhodium Group, LLC, 2020,

retrieved from https://rhg.com/research/preliminary-2020-¢lobal-greenhouse-gas-emissions-estimates/

Below 20 ) 20t % @) 0t 100 @ 10010 200 @) Above 200

1% g
LY

AN 2 LERINISUSIAARARA Ut ulan Tul 2022

Note. From Qil products domestic consumption by Enerdata, 2022, retrieved from https://yearbook.

enerdata.net/oil-products/world-oil-domestic-consumption-statistics.html

, , NIANTIVINTUATINE DA W Te
U 18 atuf 1 Uszdufion unsIAu-luweu 2567 < < B
i g atuinermansuazinalulad




Global emissions by sector
Share of 2019 net GHG emissions (%)

Electricity Industry
;?Ng‘::lral gas 5% Iron & steel
- 1% Oil 5% Oil & gas production

Buildings —— 3% Coal mining

4% Residential 4% Cement

1% Commercial 4% Chemicals

1% Refrigerants 1% Reﬁmqg )

9% Other industries

Agriculture, land — 1

Transport

use and landfills 2% :oad

9% Crops 2% Aviation

8% Livestock 2% Ships

4% Landfills & waste

1% Land use & forests

<1% Agriculture fuel

combustion

AN 3 N5URREAISDUNTTINIMUNAINAINTTY

Note. From Preliminary 2020 Global Greenhouse Gas Emissions Estimates by Rhodium Group, LLC., 2020,

retrieved from https://rhg.com/research/preliminary-2020-global-greenhouse-gas-emissions-estimates/

EV sales, cars, World, 2010-2022
Vehicles
12000¢
10 000 000
8000000
6000
000
R ! I
L]
: 20‘10 ';01'7 2012 2013 2014 ﬁ E % 2018 2019 2020 20 2022

AN 4 uansUSunaeususlniazausalandawsd 2010-2022

Note. From Explore and download the full data behind the Global EV Outlook by International Energy

Agency, 2023, retrieved from https://www.iea.org/data-and-statistics/data-tools/global-ev-data-explorer
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NN 4 LansUSuue T uEUd I avas
Whlandifinnsdnsimuneaudt 2010 auied 2022 &
11NN31 10 auAU Tngussimaluilusunueueus
nlfhavaugeanis 6 dudu Ssorusudluiliiommn
THuumaesidunndsrendey

finnsusziiugueudlniifasvunengnisld
uluanszaisng AnInegsendng 200,000 A A
500,000 Ausal o13tnana 1 aruAulud 2568 way
2 audunelud 2583 (A & Borucki, 2018)

wusaessasudlriaznaredudgming
lusuandulnaninluldsunisdnnisedegndes
fadfimsefiarsadfidufivgeadrenansenude
svuuilie wenaInwaTaRnas fviavanendaty
dwdidnnselind druildnuveswaduunneisie
Taveadyidussduseney wu vewas Snifia AiSeu
wazlauaad na1ans recycle wumAassaeuslni
WAulauuuninaiain 200,000 eEdnAuveILURLADS
grugudlninfianunse recycle Molud 2021 &q 7
duedndulud 2578 Feflyadniu 15 fudngls
(Muller et.al., 2021)

LUALABITN LY HIMSUITUBUA WaZEI WU LA

Hagtuiluunnedifies 3 wlawiduiigni
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Amunziunsiunldaulugugudlaiinuinige
\losnnauanifsuanuuiundsauigs 3
wusLaedatenfivuiauagimindesnduunines
g wazkuameIdnAafifiannugwiniu

1. wunwesUsznnaziangm (Lead Acid battery)

wumnedUszamaziilutagtuduiunned
silaildfunnigalugusud lagldidununne’
dwsuiniedeseundudning wunmesussnnnz
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2 wumsesUssavdiniiauanidien (Nickelcadmium
battery)

wewestnifaunaeuiuiunneimioniivie
sarlarduiinusn Insdesamlatiianananssdninglad
R adismiteglumSamlaiiluduusenou uumne’
Ussaniiniaunndlesiithuinwannaninfasenlss
(NIO(OH)) Hhaundnunannuandion (Cd) uazilans
avaneluuna@eulansenlen (KOH) udianinslan

3 wuawmesUssnvinifawsialelage (Ni-MH
battery)

wusneiriaiondeufiseadifdaauds
\dulavgnauiannsaviuiaserfulolasauauia
Huaialeladald Inelangwniindanaadorlugy
AB, 958 AB, 1tu ZrNi %58 LaNi, denalsiuunine’
yipifanundsnugIniuunmeUssanE AN
1N

4. wunre3UsTATIITALSS (MetalAir Battery)

WURLABIUSTLAN Metal-Air fiannumuiuiiy
ISR uATfesuunae3 Zn-Air iiudilasunis
W waznageuasetueueudlui Tnowunme’
Useuan Zn-Air Siauelunfindnaindensd wazin
walva Ae AweandlauaINeInd laswaausyinn
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Whu§isensenineanmismedseq

5. hUALWBSUSELNAAsUlaoaw (Lithium

Iron Battery)

a a = a8 ) a
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Tuthgtuuiadu 4 Useion fail

1. Lithium Iron Phosphate--LFP

2. Lithium Nickel Manganese Cobalt Oxide--
NMC

3. Lithium Titanate--LTO

4. Lithium Nickel Cobalt Aluminum Oxide—
NCA

wunnesaiisuleseunsazUszinmilnmau’i

warANUvRnzanlunsidauwana1eiuly fakans
Tuan 5 Inefiansanaaaudiluaiusng o 6ad

1. AIANUINENUTUNE (specific Energy)
N8R9 USUIAuLuaLneIienilaniivula i
niedu Whrke

2. AIMIAIILNNE (specific Power) w1884
AaawunmaIausaaelamenianiisulainiie
Wy wrkg

3. AuUaensie (safety) 8D ALAINTTA
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L!!Mum-nldm-

Tunsseunemnusou MuURMESANINSaTTUIEANLTBU
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Fuuumaes

5. onglunislden (life Span) vanedis 31w
Asslunsuseqlil

6. #amu (cost) el suyplumsndnuunines
sie 1 Alatasdalug

NN 5 hanan1siTeuiisuauaudRves
wusmedaifienlessuiiinisnanlutlagtulaeien
Weupaantive 6 ¢y wulummeIaselooon
\duunasdrwlidldFuanudenuiniigadmiven
gudlnii Toffie 018n15lENUETIUIL ANUINAIU
g9 Ussdndanga uenantl uunwedsiSeslooou
fausgnauseTaniiiufinsiedaindeuuas sy
AuUaaniygs (Muslimin et.al, 2021)

(NMC) sﬁncl m

A 5 msidSeuiisupuaudivesiunweiaiisulosouluunig o

Note. From A detailed comparison of popular Li-ion battery chemistries used in electric vehicles by

Circuit Digest, 2023, retrieved from https://circuitdigest.com/article/a-detailed-comparision-of-popular-

li-ion-battery-chemistries-used-in-evs
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Specification Lead Acid Nickel Lithium
Based Based
Cost Cheap Expensive  Average
Maintainance  High Low Moderate
Required
Estimated Life  Short Longer Long
Time (Years)
Application Solar Power Aircraft Space Vehicles,
Storage Applications, Cell Phones,
Emergency Laptops
Lightening
Depth of  20% for 500 20% for 20% for 300
Discharge  Cycles 2500 cycles Cycles
(Approx)
Charging Constant ~ Constant ~ Constant
Technique Current- Current Current-
Constant Constant
Voltage Voltage
Climate SevereEffect Moderate  Great
Effect Sustainability

Note: From Comparison of batteries used in electrical
vehicles (a review) by S. Muslimin, Z. Nawawi, B.
Y. Suprapto and T. Dewi, 2022, Proceedings of the
5th FIRST T1 T2 2021 International Conference
(FIRST-T1-T2 2021), pp 421-425.
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30 Winey
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Note. Adapted from. End of Electric Vehicle
Batteries: Reuse vs. Recycle by Y. Kotak. et al,,
2021, Energies, 14, pp 1-15
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Separation and _,| |
purification Recovery valuable metak

AN 6 TuURBUMENAIMTUNNS Recycle WUMADIALY
udrdmsuE s AL

Note. From Study on recycling and reuse of waste
battery of electric vehicle by Y. Du and H. Jiang,
2018, Proceedings of the 2018 8th International
Conference on Mechatronics, Computer and
Education Informationization (MCEl 2018), pp.
296-299 Copyright by the Authors. Published by

Atlantis Press
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WA (Battery University, 2017)
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1) nsiwieunsaNnau Recycle (pre-processing)
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wiseanidu 2 35n1s laun 38nsusnnisangaumgll
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Uiz@LLU@Lm@%iﬁMmm (dismantling to cell level)
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Usgqliiaunun neuflagiunszuIuns Recycle
Tutuneusioly
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(cell disruption) titelfdudruvosuumnesuand?
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Cell disruption TesummesaeusTsvuelve Stuneu
Aejaenuagildunseninun fathu nszuaunisiia
gnnssvilumeswmilahiufRemnaafifududiumg
warluussenafignussyfieineasueulaeenlas
Aralulnsiau feenineu se Aedidey ietostu
AsiAAUZRseN

3) JunauN1TueNIngAveaNIINTILeLUA-
wAlna (dissolution)
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4) fumeunisusnquuandinisnienines
@9 (physical separation) dletudrununnein
n3¥UIUNIS Cell disruption Wdl AzgNARLENAIY
AuantAnenenm iethingAundululdause
1 TnenszuiunsAnkentagldnaaudfnisnisnin
vos¥an lutumeuiisuseneulufeisnmsanzdnu
VAINVAIENTTUIUNITAIAITIN 6

Materials/ components Mass (kg) Relative (%)
Battery cells 80.0 32.0
Steel (stainless steel, ...) 75.0 30.0
Plastics (PP, PA..) 26.0 10.4
Aluminum 21.0 8.4
Copper 7.0 2.8
Electronic components (BMS, fuses, ...) 2.3 0.92
Elastomers 3.6 1.44
Composite materials 35.1 14.04
Summed 250 100

Note. From European Li-lon battery advance manufacturing for electronic vehicles by ELIBAMA project,
2011, retrieved from https://cordis.europa.eu/project/id/285385

M19319 4

UAPNANRRYTINTUYAALUNNDTUN AL UTLAY

Cell type unit NMC NCA LFP
Total mass ke/Battery 141 100 118
Total mass g/kg 1000 1000 1000
Energy content kWh/t 86 96 71

Note. From European Li-lon battery advance manufacturing for electronic vehicles by ELIBAMA project, 2011,

retrieved from https://cordis.europa.eu/project/id/285385
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nsrvaunIsaaueninglinmuautaniniIgnImvesiag

Cell Material NMC NCA LFP
(g/kg) (g/ke) (g/kg)
Cathode 191 175 173
-Lithium 14 13 7.6
-Cobalt 39 16 0
-Nickel 39 86 0
-Manganese 36 0 0
-Aluminum 0 25 0
-Iron 0 0 61
-Phosphorus 0 0 34
-Oxygen 63 58 70
Electrolyte 114 101 85
Separator 54 50 43
Anode-Carbon 140 131 111
Cathode foil - Al 39 a0 34
Anode foil - Cu 66 70 60
Cell case - Al 21 20 17
Others 6 10 8.5
total 630 598 530

Note. From European Li-lon battery advance
manufacturing for electronic vehicles by ELIBAMA

project, 2011, retrieved from https://cordis.europa.

eu/project/id/285385
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Note. From European Li-lon battery advance manufacturing for electronic vehicles by ELIBAMA project,
2011, retrieved from https://cordis.europa.eu/project/id/285385
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1NN 8 LLa@ﬁﬂ'ﬁL‘U%EJ‘ULﬁﬂU%ﬂWQUﬂqi
recycle wummodsususdlifianuIemiianiy
Aan1s recycle 91U 5 518laun Akkuser (Finland)
Duesenfeld (Germany) Recupy! (France) Retriev (USA)
waz Umicore (Belgium) 818n3085U16NI2UIUNTHNN 9|
I%aqﬂlﬁﬁqﬁ (Harpe et.al., 2019)
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(Hydrometallurgical metals reclamation)
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Aloy

A 8 uanINsUTeuTiBuTuRauNS recycle wummadaIueuRlinanuIEnTisuduRans recycle
Note. From Recycling lithium-ion batteries from electric vehicles, by G. Harpe. et. al., 2019, Nature,
575(7), pp. 75-86 Copyright 2019 by Springer Nature Limited
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Note. From Vehicle Battery Recycling by S. S. Alam, 2021, retrieved from https://www.researchgate.

net/publication/355477797

3. MTIATEINRITIN (Life-Cycle Analysis—LCA)
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Abstract

Cancer is considered to be the leading cause of death for the Thai population from the past to the
present. And there is still a trend of increasing continuously from the changing environment and social
factors. Many cancer patients have difficulty adjusting to difficult situations, such as treatment and
side effects from medications used to treat them. Anxiety, stress, and depression occur in the face of
disease. There was difficulty in adjusting, loss of work, fear of recurrence and do not accept having cancer.
This will cause the loss of meaning in life. If the patient experiences anxiety, stress, and depression. It
will affect the physical, emotional, mental, and social aspects. Therefore, counseling using cognition
and mindfulness training for cancer patients. The goal is to enable patients to identify and examine
their automatic thoughts to understand the idea emotion leads to a restructuring of thought towards
appropriate thinking with 5 steps as follows: (1) Discovery learning with guidance using questioning
skills (2) Techniques for setting 3 questions (3) Identify automatic thoughts, this step is combined
with mindfulness training by focusing on breathing. To allow patients to relieve stress, distress, fear,
and various anxieties from disease and treatment. There will be peace within the mind. (4) Assigning
homework or activities to do. It involves the patient gathering information. Test and record your
automatic thoughts and bring the information and ideas gathered to discuss in the next counseling
session; and (5) Ending the relationship, It is a conversation about feelings in counseling. Encourage
patients to have encouragement in living their lives and taking care of their own health. And able to

face problems that occur in daily life.

Keywords: cancer patients, cognitive counseling, mindfulness training
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= 2 o &y YY) oA
ign wzsaisetloheanaaludedurdiudu 9 aely
FNMENFENT NTUNINTEILWITeANAUTBNLTR Y

(metastatic)

mMsidutlemisuziSariidnwuznsidulle
Tngazdionnisifinunniuides o MNTEHTUDILTA TIU
‘ﬁqmimﬁsuuﬂawwﬁwmaasmmﬂauﬁaswzqmﬁw
unsetadeTin Jedamaliiiinesusiemuguusives
msduteann (Semprawat & Mookdee, 2018) e
Srurunnildfunisifadelsauziseasionnisid
Anuduus fuusazssey waziundsiiduuzide
9IRS eraIEeINsTIAng Nt (Koo et al.,
2020) malunzdussaranaiu Msitadeuasnssn
arirdwmalilsaanana iwu fouueiSedivuialvgtu
unsnszangldudodelndides uavreudindosds
Juanmweriibidedin (Guan, 2015) Feamsiduae
FrelsmuzSilunnszziiliAnammndnsunuiomns
ANUT1IN8WALINLY (Weber & O’Brien, 2017) A15
Wutheaelsauz5adnananu I ndiInlaeiu uaz
aussannlun1sinauetvanased1esunlusening
waznain1sinwlsauzisdluszezgnaly wazela

WanadAsaldldeunau daun1sguakuuUsEAY




UsgABY TR IQUaMIndsay LLasﬂwsWuvﬂiﬂmL%a
an11308nANUIEUIR HANSENUDY o) YBIlsANLIS
1a (Miller et al., 2019)

< <
nansznuann1stiulsauzis

HAT1ABIAINAISNEIAIBELATIUITR WU
ﬁﬂwﬁmmimﬁaaéﬁ 2OUNEY (Weber & O’Brien,
2017) Suusemuemsiaes a1nsvisan Vieuds
BRLERR Qﬁﬁmmuﬁﬁﬁﬂﬁam?gaiﬁdm aduld
DUIFYU WU BOUWEY To1n1591USaiienselin
néunilaseuuss e TMedinsaaydeninuawna
wagiidgmisessuulaans o waznszimztaaniy
(National Cancer Institute, 2016) HANTENUAIUIALD
wudgthednlgiazaseuniifoundyivanniems
ansuaifiuzSeldnanadudumildlunsindudin wu
WinAuInniIa kazaung vnlisanuuanuns
wazvuafiiadlalunisAunisnisine e1adlug
mazgﬁum%’%ﬁm%ﬂﬁ(Lewandowska, Lewandowski,
Rudzki, Rudzki & Laskowska, 2021) nansenuniy
$19n78 WU inAumilesdn nsueunduliung
Audulan on1sedulduas/vMioedeu vieasa &
Yamifentulsassuuyszam Auiiinmdadedufiv
Uande Urandnuiiie nmsvhaumamaunnses was
Uaymeunissus (Naughton & Weaver, 2015) 113
Wasuwdadudiadusng q saudeUszaunisaldu
aunsdenunazIniguia nsidadelsausiSadu
foanawsienuidnduns uaznsznusenuidn
wazesual uenwileannisiuiiefuauniend
Antuanlsauda lalfeaudld$uammndnauan
nsEuthesusaneuaznssnwinty uidisaw
DIFUNINTNNIBTANUNANTBIE19019T AUANT
AMILATEAVINDTTUAILAY U nIn19dnla 819vi AR
AnugInauINtudInusEa iU W luausariieau
Yyyn1ansiy uagn15InnTsatUaYUNISdIn
(Lewandowska, Lewandowski, Rudzki, Rudzki &
Laskowska, 2021) fUaeugisaduaunniideymilu
mMsUsusutiuaaiunnsaifigsennla wu ns¥nw
HAT1AEIINET geyiden1svinay de1n1sinniea

WAZDINITTULATIDYNUIN AULATEA LATAIINNE
msnautdugiveslsa Arueinaruinlunisususaiu
I5A o1y lvigaydennuvungludin wazniseeusy
TspuziSa Fsmaitadeh WulsauziSenamnauenuidn
vosaryAna wavrunineludinld fUieuzseand
Anuvsngluiineglusyiumiiuuilduiaseeusunis
< < ° v vl aa < I a
JulsangiSainluaig §nsendinunannisidulled
Anunwengulunisasisaunueludialilszauna
&15a dwalmAnnsrumithmneluiisuagnseeusu
& g o & va % va
nmaulsausise dsiugnanunsadunidanuielan
anunsagensuauiuUigvesnuesls wazdsnald
1017qun1MINNATU (Quinto et al, 2022)

nsifadelsaugiSidodumgnmsaiifuaien
ogrannifetestuazduad uaznuiiigiae
givdmnefis Uiy (Mehta, Sharma, Potters,
Wernicke & Parashar, 2019) N5 ulienielsaugiss
wenniiEeinanunninsuane Msveslsa
LazdsnarensiinuamTindiands Sadsmanszny
Aadeny NINMLILATYgNILAzdIANYRIUTEINA Lag
WIIZAUANATNUDIMINEINTNYEE N15iAnlsANISS
itheuenedeiinneuiedunis danuunnses
19U inaugidedngninlunisusenay
913 uenInEduRumszuiausouituadsaslag
594 (Ministry of Public Health, 2019) ﬁaﬁuﬁﬂw
auluguazAsounT v INTAUAMBARNATIA ANUNE)
uazAedued Welsauziinaeduduniaesdio
SEnmuavums nunfddlauazaameneudiagiumm
35lun1s$nwn (Baqutayan, 2012)

meshelsauzSadithmneiiunnmatiu thne
JuegfusroruasvinvomeideiildSunisidade
lsnugiSediulng Shurlaaenisnaunaiunasis
(National Cancer Institute, 2016) Tutlagiuisnis
Snwnlsaugise laun Asuide nsanesed waznis
$nwIA1usen1e samdseadivntn nsUurtawuY
mvuadmunglun1ssne Nssneiiggesiuu way
nsthdadiegiiduiu (Miller et al, 2019) §938A13
fnwnarDenldmsnaunanuna 333 Ao n1sendn s
219598 warnsidenalivndn wagdadinnsliauwugiin
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\Rerfunsine Bnsufoas waznisquanuiesun
fUhe aztvanaalidila uazauinnina 3
o1admaliUaglsin3unsinuInausuns 3w
1413 videenaluilanisinuisauililinisinuin
1101351U (Ministry of Public Health, 2019) uanain
ffinsvhemdomsindsauvdonslimuinwiiug
BauansieiudnlanagduiusnimnisdenuvesUae
1z159 (Periasamy et al., 2020) msliA1UsSnw Ly
3n33nndlefiduszaninmuaziiunuimddely
nsgamderUlsuzise msliduinw Aonisasne
duiusnnserinelidUInwnazg SuAUInw
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PremderFuiuInulaveaiuwuimslunisudily
Jymeanuiaunfivesaudn e1suainuidn uay
WAngsu BeanansatieimunUiuUssmue ety
fUF ey (Sharf, 2020) #anAAaBINUAISAN®EN
U84 JULAZYIU Voon and Chan (2021) wui1 A5l
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uzi5a Ingldvinuelunsliduinw daeSuyuues 3
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AINT5 ANUAIRNATIA ANULANLASY AUNE Lag
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yana TngdaasaliiAnnsdasundasuesyana $au
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guamanvetae yilvileuaaieaASen A
YN AIUNGD UazANINNAIIRA1N 9 nlsAuas

, , NFEFIVINTUM IS BaLiisuede
U 18 atuf 1 Uszdufion unsIAu-luweu 2567 v A < B
i g atuinermansuazinalulad

N3850 wagdnlaaauundu ieruasuguaiely
Inta wazUSuildsuasualvesnueantlmunsauly
dan1izonsualfivunzay
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YARAUITINIaINsHAUNALaziiaUasiun1sASy
vadlsa Prgyaaatunsuidymiuiinasagaoulv
yanauFuasuauAnfdaleundanadongingsu
¢ aia a Yo ¢ o a a
warasualiiaUng glidSnwnihnisussiiuaude
YouFumUInw elvillanutnlaeesdngaseleym
Ingldnsounisiaunielidlamanisalludin
wagUszaunsalitlugnisiauanudendn uay
nadslun1sw@yAuesen (Miller, 2012) n1sliian
Usnwlaenisian iluduiusnmisiuiiedusening
HiidUSnwasSumusne Sidwnawielvigiae
AUNLAEATIIADUANILID AUAANINAUVTOAIILAR
dnludifuarauAnAueTliaugauNg ANAR
ANa A ° ] 9 v a 1
Madou Wlugnisusulassadiameanudnluii
Wingay auusainainntu lngn1susudsugunuy
ANUAR B1sURlAINIEAN warNgANTTU awsavinle
yararludinvesnuedliagaiiussdnsnmuniy
(Sharf, 2020) MslimUSnwlaenisian gatdulun
nsUsudsuauAnuaza e Fudunwimnisly
A ¢ a o A g yx

naagunsuniwaengAnssuvesElle Livelvidgunn

a A

InNF wariaunvinvensudywasiiludym dlaela
SEUIIDUENLEY ULarTEyANARSRLLR Laganuse
Suflefudeym Thaneanudensavvesmuedls uay
nerarianiuludes q Wellaaunisalfuaien
vammmsailn 7 Aatufithnsedulfiannguai
H3uAUSnwaganunsadnnsivingAwaginariuly
16 (Ryba, 2017) saenadasfunsAnyveuiiuuas
LA Knapp and Beck (2008) wu nislvrusnwilae
msFAndunsatuayulizumusnwlduuamslunis
uilyilgym uazgliiduinuidunuvegieiifisnenis
Ugnilansiuianuanunsalunuies AnunseieIasu
wagAInTs EdFuAUTnuiuisanudnd

TAoUwaLANUAND ML UNAVDINULDY TILANAIGDIN




AnuAaTly Anlidanu sey uaglnsnsesninu@n
dnlufifvesnuies Ndwwananisiuiiagauensual

nszuruMsliAUInelaen1sian

sl Bnunlaemsfnthasnsiithlassets
I‘umiWUﬁUﬂ%\‘]LLSﬂ‘Vi%EJL‘ﬁu%a%%aﬂﬂ’ﬁﬂimﬁu{]mﬂﬁ
nsaunsinuswiwduiiy (collaborative
relationship) kagn13viasdilagsuaunw ¥ae
TeFumdinuiZeudifeafuanudailiaumgausa

Ao o
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A9 NN5TTUANMUAND ML ULF LAY NITUBUNUIEAISUIY

q

3ananssUlAvii (3UAUSNEzAUNULNMNNgYe4

Y
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USnwimuinisidlanutes nasnauamide 3
ﬁﬂlﬂgimimaaw,mm nsinlatalaseaianudn

¥
v

amlusRA f9t (Sharf, 2020)

1) MaGeuiuuudunuiifinduue (quided
discovery) vendaBen (socratic dialogue) 113
wansMANSFEMIRaAL M33udhuuAunUTd
mstuuniunmstsliyaradsuiamnudeuay

Y Y

anuAgIuneaU glamuinuasduug g uAUInm

U

AunuISNsAnuazngAnssulug q gliduSnwnaely

Winwensaaliladeyaiiterimenuitie nsusediy
ANUTDVBIETUAIUTNYY NAFRUAIINITRINNABY
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2)\MATANITRS 3 Fanal (the tree-question
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ANUNLNYRADDYLS

3) MsrUANUARSRILIR (specifying automatic
thoughts) tJuduneuiidduenislduinuilu
229usA Ao NsEAINLaLNSTUTINANARS A LULIR
InglauuunesuiuiinauAnRnund uagiihuunasy
dulunsldd3nunlunfanii Lﬁ@iﬁ@%’uﬁw%ﬂm
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5) mi??uqmé’uﬁuﬁmw (termination) {l¥iFn
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(Mehta, Sharma, Potters, Wernicke & Parashar,
2019) msinaidunisidenlsaiuanizeuinla
Tudsuan wandududsdrAglunisduasununin
FinvewUrg ilianuyninidnlaanas auaiey
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\Beauiieadulsa uaziinaudanguludin (Garcia
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5) ielviyaraiiaunsuavysnnuaulanelv
ausadunedsrig o seudlaediudila

, , NFEFIVINTUM IS BaLiisuede
U 18 atuf 1 Uszdufion unsIAu-luweu 2567 v A < B
i g atuinermansuazinalulad

6) viieliumpaimuiveniiule Wilagau

YR

6 wavdduiusamivyanadu

7) wielvyaraldainudneg1eslivgualy
N13RBUANRININNTINIETUATEUanI0NMIEAIY
Linela Tnssuseauiuyin

MsEinaRSvanURUR 3 Usems fail (1) mswie
$19m iilowdsuneslunisesndideniy nsys
mwaulasgadusruuisanie (2) maileay
\dunsiedeulnvitmeifianjanne seulouiad
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(Baydoun et al.,, 2021)
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Abstract

This research aimed to (1) create the ontology and knowledge inference rules for promoting holistic
health tourism. (2) develop Semantic Virtual Reality--SVR for promoting holistic health tourism; and (3)
assess the performance of SVR in Khaokho District, Phetchabun Province. The holistic health tourism knowledge
was collected from 10 tourism websites according to the 5ASM concept. These knowledges were verified
by three tourism specialists for creating an ontology in the form of an OWL file. The semantic rules
were created by the SWRL language, the algorithm for querying the ontology via semantic rules was
developed by the Python language and flask library, VR environments and objects were developed
by the A-Frame framework and graphic and multimedia software, and the ontology and MySQL
database management system were merged by the PHP language. The SVR performance was assessed
by precision, recall, and F-measure values. The 30 users’ satisfaction results with SVR were analyzed
by average and standard deviation. The results found that the ontology was classified into 4 levels
with 22 classes and 7 knowledge inference rules for connecting with the virtual reality media. The
performance of semantic virtual reality media was F-measured at 94.8%. The users have satisfaction
with SVR is overall high. The system will help tourists by categorizing access to tourism media and

building interactive tourism activities via modern media.

Keywords: Semantic Virtual Reality Media, Ontology, wellness tourism, Khaokho District
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AatfuayunsdufuBannumnefiiussansamly
ATNMSEIUTEINAUR (SPARQL uag Cypher) (Kotis
etal, 2022) uazdoyaanunsadaliideslosneuen
Mnniduueundiadusiuluslnnoanisdeanseng 4 au
fiasradu APl 1316 was Ontology aunsariivum
wnAnLazing ieuansianuduiudidennuving
senineiu lasaunsaldlusunsu Protege Tusaiun
Ontology (Fox, 2021) waylusuideaes Li et al
(2023) liszendld Ontology Tunsdndsudunig
viveansaiisazn ierielvinEeuaansa
dnlalassadrsvesasnuldity waganmsaldidu

wuINslunsaseaInazUla g MUt lukuy 3 98

BANTIuN5I
1. 1158513 Ontology WAEFIUNHNITOUNIY
ANUSLTodLESUN VBN UTIUA N

FIUTWBIAANUI N T TEUTgunly
FNBWIAD ANULUIAA 5ASM wuseanle 7 aaui

, , NFEFIVINTUM IS BaLiisuede
U 18 atuf 1 Uszdufion unsIAu-luweu 2567 v A < B
i g atuinermansuazinalulad

ldun (1) wikelesiued saundaiiuueusiaesn
(2) IANTEEWNITEULTI (3) WILUTUSMRRINEY N TN
(a) Yomaimzianson wwsAsully (5) thanadavg
(6) WnezUgANIETaRsY WIAD Uay (7) aNEUUiei
Viugama Ineivdoyaviniiulas khaokhoherbary.com
imperialphukaewresort.com Wag phukaewresort.com
Tnefinauslumsdnienanuiivieadeats 7 wis a1
msfiansandn Wuaauil q Dredaasiligidou
laEeuiinein Wndeungeula IAanssudaasy waz
ﬂwﬂ'm%’nmﬁuvquumw (Chimpalee, 2020) 4318514
Ontology Tugusuulvldladuudiuea Ineldlusunsy
Protegé shuunld 4 Jumou ldud (1) Avuslawy
LAZYOULAYBY Ontology 9NBIAAIMSAFUAULE
Pnduledeng 9 (2) wanuassddaitormuadu
Aand Lazuavstaslu Ontology (3) MuunAmuaNUf
YDIAANEA harANUFNITUTIENINAANE Uag (4) @379
s1eMsteya (instant) Wletfusiusailunanasiaag 9
Wetiisnnsadne Ontology fendn flmnudenades
U389 Noy and McGuinness (2001) uag
Ontology l95uUn13nsI9aeUANgNABIATURIULAE
ANdenAddfuasdAAuiAuatuInivled lne
fTe2ngy o 3 Ay ivhinisdadenuuuianzag
mﬂﬁﬂ"?mmiﬁmmsviaaLﬁmﬁmqmmwsluﬁuﬁ%’w*?m
wasysal ndushnmsadngitedudueuddie
191 SWRL--Semantic Web Rule Language) lag
HinaTeafloduneny (extension) MilaliAadaia
iy warldauuulusunsy Protége el SWRL ({u
mwdifiarmanansadnfsannag uazuansngdiviu
n1seuuuANIvnbiiAateyalual (Kliangkhlao,
Kochakornjarupong & Boonchoom, 2015) R
ansathanldlunisivaudeyadanruvanglaogns
fUszanzam lagT8n1sasangnsousnuaug wus
ooy 3 duneu fail

1) AMvuaraawsIdIMEI8INN1TOYNIY 97N
ArwAniuresideirnia 3 au

2) finnsandenlvuanudiiisadedunis
AU LATET NN M IBULUTIAUVENEMEN T SWRL
Tngaidenrnudiniusssyduuaiiiedernumneians
&n aulsindawadndiinmne




3) dngniseusnudannuvnelUldusele
lneUalvidndiveusonu APl fudiuluganisi
W@UDEa VR

2. mawannderniiuaiuaiioudsamineg
iloduaiunisvieaiondeguamm

msaundonnuduaiuaiouds

ANUvInY Usenause 3 Tugan1suseanana
16 (1) N3A93 Ontology sugLNg uazas1e AP
iiefnseiude VR (2) msadsanminadenuas ing
auiluataaiiou uaz (3) Msdanisszuugiudeya
L%ﬂé’mﬁuﬁlﬁawmuﬁ’mmammﬂu Ontology il
uansteyamsaumaLuUEan Insuanstuneuds
nsUsvananafs Flow chart n1n 1 lngtumeudsnig
Uszanawavesdernuiuasiuatioudsmnumnegain
A 1 98uneldin Tusunsuvhaluguuuy AP Lite
atuayun1vineudy Platform seninediudnns
Ontology fiiausae Python wazlausa Flask fu

=D

&1 Mapping Aa@iuU DBMS Aen1w PHP Lagdsn
anmAdouad VR ¢y A-Frame lnsi3uainnissu
Aluslniddsuasngfnssuanuveuesinvioadion
F1U Web Ul 1duA 81y maundifufie uazwanislme
Tfuaauiivieadion wazianssunisvieiieng 9
uazSummanignntuingiglindnuudumesive
vosde VR tteifudoulvdslududunudiBseyuy
Ul Ontology #18ng SWRL ndurhnsunadns
\Huieraauazuenvisdon Aldannniseysnuaimg
datlugnszuiunisuseanu (mapping) Foranauay
wonn32AYee Ontology AUlATIASIIUDITEULIANTS
udeyaeduiusdmsunmsduaudeyalunsadeya
Wiedwniaude VR uuniimunaniseyuueuilsly
n9Ane 9 udugumsvhnunduluiinssuaunisiud
ddniyndntuingangldluGos 4 auningldazesn
91nlUIuNIH

A 4

preference behaviors via Web UL

Input tourist’s individual profiles and

Module 1

!

-

VR media Ul

Input object’s keywords from via

Developing by Python and
Rask lbrary in a form of

{

R X

Interact pr click

O VR's gbjects by related keywords

Query the inference knowledge on
an ontology with SWRL Rules from

API

the user ‘

attributes

Get outputs as classes name and

-

1

A 2

Mapping a ontology’s classes name
and attributes with a relational
DBMS for querying information in

Module 2 and 3
Developing by PHP and
SOL Language for querying

a DBMS
data tables .
Play VR media on the stage Developing by A-Frame,
according to the inference E—— Adobe Photoshop, and
knowdedge result Flash CS

iR

C = D

AN 1 Flow chart Tusaudsni1suseulanavasdannuduasialloudsninunune
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Wil anunsnendegensAaing SWRL ileuanang
Aanssumsvieaiieaiioduaduguamin luaniud
vionfigafiflanumnzaufunguiinvieafisnaniy
maunfituie fail

Place(?p) M Activity(?a) A Tourist(?t) A Religion(?r)
A QOrganize(?p, 7a) A hasReligion(?t,?r) A

IsSuitableFor(?a, 7r) ->sqwrliselect(?p,?a,?t,?r)

o a = v oA
mninveiieite A nsendeyaintuiie
AaudaaN MTuloAsngauuy aslanadnsly
° - = . N Y o =
n1suauede VR 711l Object Wgafuanufivia e
nifanIsuRwINzaufumaudaay Al

Tourist(“A”) A Religion(“Isalam”) A
hasReligion(“A”,” Isalam”) A IsSuitableFor(“Isalamic
activities”, “Isalam”) A Organize(“Some tour-

ism places”, “Isalamic activities”)

3. msUsziliudszansamdenuduais
wilowdemnuvaneiiedaaiunisvie s uleguam

[

wUatumauUNIsAiun1soanu 2 ddu sail

3.1 msUszfiulszansamdennuduaie
iedloudsmnumneiiedaaiunisvieaiisnBsguam
Tnedinausilunisnageu 3 wmnisal laun Iuuinguu
do VR duAuls uazgndeanumuala (A) $1uu
Fngquude VR figndeswnuainuaula uilsigndudu (8)
wazdauinquude VR fiduduls wdligndeanny
aaaule (O sndunanisnageulufudsee o an
AIUAUITEENSA N LauA Precision Recall kagan
F-Measure (Khelloufi et al., 2021) fEun1sh 1-3

Precission = A/(A+C) x 100% (1)
Recall = A/(A+B) x 100% (2)

F-Measure = (2Recall*Precision)/(Recall+Precision) (3)

IngnsnvIuansSainaaaU (test case) Tunsin
UsanSnm azmviun idenaaeaniu SWRL Rule 9117y
7 N 185199 nuuvinsmruaradnsiivune

, , NFEFIVINTUM IS BaLiisuede
U 18 atuf 1 Uszdufion unsIAu-luweu 2567 v A < B
i g atuinermansuazinalulad

(target results) 391N115 Query NYFHA AR Target
results ﬁLﬁuﬁfmq VR Uags1ensaduslaianiaan
11079 WU uuRadnSTLY Wearuanen
UsEAnSnmmuauni1s 1-3 U19AU

3.2 msUszifiumnufisnelagldredoniny
ussaaiioudsnrimngantinvieadion $1uau 30
au Insfmdonuuuianzasngidandonvsluaniy
feaitendegunmludnewide Tminmasysal
TnglimsimsevisneAiadsuasAdeauunnigiu
Tnedmmuanasiuanannufionela fadl

4.50-5.00 vanedis flemelasieszuuuniian
3.50-4.49 ynefs Weanelaneszuuunn
2.50-3.49 189 Manelaneaszuuliunand
1.50-2.49 18 flanelanassuutio

0.00-1.49 nunede Henelasiossuuiosiian

HAN15I9Y
1. Han13a31e Ontology WALNYNITBUNY
arwiifledaaiunisioadionBeguniw fail
1.1 Han15a31s Ontology LiledaLaBunns
vioafleaTaguam

990 2 Ontology Wiieduasunisvies
Wendaguamitadielu Tsusmenuidmivie
VR utsld 4 4 LLazﬁﬁﬂmu‘Immﬂmui’ﬁ”’wm 22
Tnua Tnefiveuwnnisiiaueanuififianuduiug
fu il Sviesflendumalvaniuiiveiion anui
vioafigransnueadiuldniiin anuiviesdifanssu
nMsviesfien ansnsaiiumalaessuLdsas ey Tu
anufivieadfieauanidunisnisiiunnsnisdneiang
Uaens uaglassiuieninuagnindng 1

siin15e13 Ontology lednnsaaugns
viwiisrdegunm axdvoumiilovnauiisen
n158$19 Ontology dmsumsviesiisaiia 4 T flenasjs
WiuausuaziuzneIdnuinNeIrUsENaU SASM
fidutenaiugiumintu us Ontology itedansmus
Moo ndeguamm azimuanadnsiimuneuy
do VR Tudnwaizvosingamils mwiadeulm uay




35l flenfumuauisaves Ontology Tunisdeu
Toadunsivienud iteriauedomansedisjatiul
tivioafienldsuduazidilalunisquaguain asugly
AUAULUTUNSUEUN1INITHRUNG MuesAUsENaY
Funsvieaiie SASM Tidsmarroauamvestinvioadien
\Hundn wu szuvanssauuzthitindlaflnannanu
Avieafigrauiuluiiiolulinsznudeguainves
tinviouilenge e nsthiauegaiifinisfiadaeiesile
Fremdensnsunmdluaniuiiviendien uaztiiaus
Tl ruegaisuu VR nuinisidenlsstunug
Besdmomsauam AuanuiGesayulnsitliuss
9113 WaznataAssInnsFuUTEL Aivaslin
vieafisninaudianzdnundatu

1A39a51990452UUIAN ST UL AT dTUS
wiesesfunisduAudeyanisvionien lunisedoya

¥
=1

A9 ¢ lATIE3519715 Mapping iU Ontology #sil

1.2 Han15a39NTIAMUNUIEAILN T
SWRL LiVeenanuanu3nsvieaie ndeguainuude VR

9100 3 sEUudnnsgiudeyaidadinius 7
Mapping ﬁ’uaaquIa%‘Lﬁaﬁuﬁu%agaﬂ'ﬁﬁmLﬁm il
Tnseadeiidonndasiu Tnefiusas Class Tu Ontology
sviausialuiu Table Yayalu DBMS wsi Ontology
wiingeymudanramang Wudmtiodenlosey
Fuiugaalusesiu Class Property uaw Value wlalw
Iinadnéitmneiigndes waziinmazidenluns
fe1uANUNNILENg o auveunaNaula

Level 0

Level 3
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Ontology

DBMS
C|ass_p|ace N Tab|e_p|ace
hag act

! p_id M- p_id :

L._._.J ......... = : -p_name :

has_act '~~~ ~~~7 | | -p_VR-OBJ |
! temple i i

AR H

|| Class_activity J Table_activity |
,,,,, s religion | |

! : . . .
; buddhism : act id :——:—ha id :
[ TI7oIIz | -aname i

meditation : | -a_service_price :

| i -a_VR-0OBJ i

prayer :
I

e

A 3 1A59a19085EUUANNISIUTRLATNENRUS 11 Mapping AuesulvlagiieduAuteyanisviaaiien

f1319 1

N4 SWRL 1ileauuIunIuINITonig utigunImuude VR

N130YNIUAINS SWRL Command NAEW5Ya4 Class uag
Attribute flawwernluly
Mapping Yayagnsaune

Tu DBMS

1. dnviesendndenannlng
AUADUNYVIBINYILALSIUBINNT
FUAMNUTI0MTIINEYULNS

#1199

Tourist(?t) A Accommodation(?a) A
Place(?p) Restaurant(?r) A Food(?f) A
Herb(?h) A Distance(?d) A select(?t,?a)
A hasDistanceToPlace(?a,DoubleValue)
A hasDistanceToPlace(?r,DoubleValue)

A Sell(?r,?f), hasingredient(?f,h)

->sqwrliselect(?a,?p,?r,?f,?h)

Accommodation Place

Restaurant Food Herb

U 18 atuf 1 Uszdufion unsIAu-luweu 2567
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1519 1 (M9)

N139YNIUAINS SWRL Command HadWsva9 Class uag
Attribute ldiaunlUld

Mapping dayaasauwme

Tu DBMS
2. anuiivienfienmsdnddld  Place(?p) A Route(?r) A Place Route
PNaUUTIdTAINALY Uay Transportation(?tp) A Transportation
anunsosiumadngdslaeniviugdl Access(r,?p) A hasRoadState(rr,
ViGRIANGREE! StringValue) A CanbeAccessedBy(?r,?t)
->sqwrl:select(?p,?r,?t)
3, gouiiviewiieniifanssud Place(?p) A Activity(?a) A Place Activity

duasugunmn TneifuRanssui Service price(?sp) A Organize(?p, 7a) A Service price
@oA1usnis wazludidea1usnis  hasServicePrice(?a, 7sp) —
>sqwrl:select(?p,?a,?sp)
4. Aanssunsvieadiesluaaud Place(?p) /A Activity(?a) A Tourist(?t) A Place Activity Tourist
‘1/1'@&Lﬁsaﬁﬁmmmmzauﬁmdu Age(?ag) A Organize(?p, ?a) A
ﬁﬂvimLﬁmLawwﬁzi'qu/i’a hasAge(?t,?ag) A IsSuitableFor(?a, ?ar)
->sqwrl:select(?p,?a,?t)
5. Aanssunisvieadiesluaaud Place(?p) A Activity(?a) A Tourist(?t) A Place Activity Tourist
Via\iLﬁﬂaﬁﬁmmmmzauﬁumju Religion(?r) A Organize(?p, ?a) A Religion
Tnvieadigaanizaauiituie hasReligion(?t,?r) A IsSuitableFor(?a, ?r)
->sqwrlselect(?p,?a,?t,?r)
6. anufiviaafienmsiiszuu Place(?p) A Security(?s) A Label(?) A Place Security Label
Snwianuvasnde wazUieuen  hasSecurity(?p, ?s) A hasLabel(?p, ?0)

nandaudmivinveaiisn  >sqwrliselect(?p,?s,?0)

7. anuiivieuiieanisiiszuu Place(?p) A Communication(?c) A Place Communication
U'%mié’mms?iami%’a;ga waz  Building(?b) Building Route
anufiinszninandmsu hasCommunication (?p, 7¢) A

Tnvieaiiien hasBuilding (?p, ?b) A isOn(?b,?r) -

>sqwrl:select(?p,?c,?b,?r)
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Bsguamuude VR 1uau 7 ng) azgnihlusesiunsans
PnAnlusividusuasgAnssumLvevenviouen
K1U Web Ul uazAddnyfigniniuingfigldadnuy
Sumosinavesdeo VR iteduoulvdslududuaiug
{39011 Ontology MEng SWRL WETE w3
Umadnsluguiuu Class uag Attribute Y Mapping
fulassasrsvesdoyaasaumely DBMS Litewnly
Hnsuanwmassdanufingdnuude VR lutuseld

1. wamsinnderuussuaoudnuming
WieduasuN Ve IBsgunn Milaliusmstinveien
 https://cooldev.plu.ac.th/csel/ Aail

NN A nThasvisnvaeUnaaty VR Usenay
% = = au & P
AILUNUN Google map TILARASTINANIAIYDIANIUT
visufgdsavanlugnewife Jaminunysysal
lnptinvisunerausandnluivye ieivude VR
1W9AUUNIE (SVR) vesanIuiivioannieanis ¢ la

NN 5 SVR @111501814AUNLNUBS
psRmnufiAeIAuTrunANE IAnsys1sngeuL i
LﬁuaaﬂuﬁﬂaqLﬁﬂaagjuuauuma 12 (route 12) uag
fRanssnsuiitsdusiuguamdnvoninvieaiien Ae
Aanssuiau3vat (meditation) Taedi Keyword
19U Route 12 uag Meditation a@uisadsluAum
mwmmﬂLﬁaa%maaaﬁmmflugmwu VR lalu
Stage sald

NN 6 SVR a@1un3afienunumingves
psAnuilunsvounnLifidanslasgung i
ALY Liieeduneiilemanszilidenlonansdn
Tudnwiuz Meta data il TnunAud Meditation
ansaBenlosanumngludilvuaruivesman
anlndiAvsiiRanssunsvhausiidaguieiu
Fansesrmrigounta saiadeuledludilnunaiug
Yoga Bafufansuiithviesdisnaninsadheauld iesn

Wudanssunlnlsylovilunisiasuaseaunsls

(z222) =)

=5 23] 2452

AN 4 B0 NANVDILBUNDLATY VR
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AW 6 WNTBLANT VR iewansainuazingiiduluaungidsnnnumang

Wi mstuuAn Ontology W lgiaugIY
mmi@amwwmauuﬁa VR ztheifiuussansam
lun1sduAuteya wardlievergaAuliidfdoya
Isegnsmnduasldnadnsnsemnuiiflifosnsinniian
(997N Ontology AztnaussenelassEduas AT IE LS
yeaszuurhulnunLUUaEUTY (Kerschberg et al.,
2004) Hisil qUal Yinuena wazAINIYAUT Waums
Tupmongkol and Pilabutr (2016) l§vi3duisoenns
dudutoyaldsnnumingresnisviendienlnedie

Ontology 1ngld RDF wag SPARQL lagnan1sauAu
WAzLUEINAMUIAENENNISTIRNUNLY denali
syuunulaegeiiuse@nsnm uagn13iin Ontology
nauNiumalulaganuduaseasy aviesiu
Yoyaiirineiu IhAnnsdeuloadanimmungludiy
i3 9 18 (Kim et al,, 2017) Fan1swaunauiuresas
waluladezgraiuanuiiaulaliiudenisvondion
adeluy fehelidnvsadisrauisaSududaniny
nuvesanufiiumaluladiaiouasdlunsdily
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AU IDINUNTNINNATIUIUAY KIDNITAUNIS
Whdeendunnleegsazainaune

3. wan1sUssliudsgdnsnmasninuluais
wloudnnumneiiedaasunisviosienTagunin

3.1 HaMTInUsEaNSmluNISUARINAENS
31NN13 Query 9 VR UazsIenN15ANNsNAgItes
Ineng SWRL uuOntology ¢4t

1319 2

NS 2 USEENEANIUNISUERINAaNS
31AN1T Query ng VR LLazswmsﬂ'gmiﬁLﬁ'mﬁz’J’aq
Tagng SWRL uu Ontology dwiuldlunisimunde
anudussaaioudianununaifieduasunisvies
\ieuBsgunim a1 F-measure Wiy 94.8%

3.2 wansusviliuaduienelaglddede
Anuduassalisudeminununy ¢ail

M3INUsEaNEAIMIUNISUARIHAaNEVINNIT Query T VR kaxs18n13AIUINEITRN Ineng SWRL utOntology

318N1NAEDU (test case)

o g Y ya o v
NAaNWSIINN1T Query IR VR LLﬁSi']ﬂﬂ']iﬂ'J']ﬁJEVlLﬂEl'J‘llaﬂ

uudenduduld  Judubeiigndes waudenduduld

Ltazgnéfaamumm AuAMNEUTD ue

aula (A)

usligneasniu

Ligndudu (8)  adwaula (O)

1. Ynvieadieadnideniinnlndfiuaniui
viewfisuaruensgunmiiussemsan
anulnssing 9

Target Results = LLammaamuﬁﬁmLﬁm
LLax%ﬁummiqmmwﬁmamm3ﬂ§qanﬂ
ayulngeng 9

2. gouiieuiieanisdidldainauui
AYAINAUNY LazdILNSAUMIADglng
Wuzfinanrane

Target Results = Lansadauivieniiend
wihdslaluauuaiaensdilidunquiduye
waziAumslalagsalagansusedmng

2 2
SOUUR LATIOUBLADS YR

3 1 0

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad
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A1519 2 (7d)

F19N1INAHDU (test case) NadWs31AN13 Query 109 VR UazI18n13Au3NneIdas

FJuaudenduduld  Jnududengnsies Juaudenduduld
uazgnAamuAy auanuaulaud  udligndasniy

dula (A) lidgndudu B)  adnwmaula (O

3. aniivieadisadifanssudidaaiuauam 3 0 0
Tnawdufanssufidonuinig wazldidy

ANUTNIT

Target Results = LLamNaﬁf\]ﬂiim‘ﬁa

qmmw‘luamuﬁﬁmLﬁaaﬁgﬂﬁ@aﬁw%mi

wagluidaaiusnng

4. fanssunisvieadiedlugauiivieniiond 3 1 0
feumingauiunguinvieaioians

439918/38

Target Results = LLamwaﬁﬁmsmﬁa

guawluanuivieaileniuengauiu

tinvieafieanuraseng

5. Aanssunsvieadisdluaaufivieadiond 3 0 0
famminzaniunguidnvieafioaans

Aaunfituie

Target Results = LAAINAAINTTULE

qmﬂwwiuaaﬂuﬁviaaLﬁaaﬁmmzauﬁ’u

Tnvieadieanueauiituie

6. anufiviaaiisnnisiissuudnuaiy 2 0 0
Uaende wavthevennafidmaudiviu

Fnvioadien

Target Results = LAAIHAFOUT

Vieufiefifszuuinvianulasnse uaz

o

JgUBNNINTRLIY
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M1519 2 (79)

F19N1INAHDY (test case) NadWs31nNN1T Query 0 VR Uars1en1sAuiiing1as

Juaudenduduld  Jnuiudedngnses Juaudenduduld

uazgnAaIMNAN AuANaula ud ualignaasniy

dula (A) ligndudu B)  arwawla (O)
7. anufivieadinnisiissuuuinisdiu 2 0 0
nsdoasdoya uazanuiinsznINmIs
dmdutinvieadien
Target Results = LAAIHAFOUT
vieaflenfifisvuuuinisdunisdeans
UoYa waranufinnszninmg
Mean 2.86 0.29 0
Precision 100%
Recall 90.1%
F-measure 94.8%

f1319 3

AnRdyTEaUAINTIe oy lTaodenuiuesuaiioudniiunie

s18n15UTIEY szAUAIUNIND A ulawna INDUAU
X SD

1. Auarsu/Anlgauees SVR Tuninsau 3.48 0.65  Urunang 5

2 nsdanaiion LLazLugﬁWmuﬁdw 3.49 0.57  Urunans q

3. anuvaeadelunisinudeyadiuiivesldau 4.46 0.78 N 3

4. n15uuzt19yaIn SVR HgatiuayunITIaLNuLag 4.49 0.67 w1 1
Fnaulalunisviondien

5. #Heanduves SVR naulandmiumeinisiardadnng 4.48 0.71  wn 2

Yoe7jgeenyliegeliusednian

P]I']LQgEJIHﬂWWS’JQJ 4.08 0.68 N

, , NIANTIVINTUATINE DA W Te
U 18 atuf 1 Uszdufion unsIAu-luweu 2567 < < B
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911979 3 seduarufianelavesldsiede
anuduasualiowdnumine lunmsweglusedu
170 (X=4.08 SD=0.68) Inganunsai3esafusmudil
Aadugeiigadsiian fail (1) n1suugtidouann
SVR Fatfuayunmsnausuiasdinaulalunmsvieadien
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Abstract

The aim of this study was to study the correlation between time spent sit-to-stand and stand-to-sit on
the toilet and lower limb strength in the elderly. The samples used in this research were twenty-three
males and eighty-eight females. They participated in this study after being informed by community
leaders and posters. Methods used were measuring time in performing sit-to-stand and stand-to-sit
movements. Five different handrail heights were used as one of the conditions in the experimental
setup. The lower limb strength was measured by performing flexion and extension movements in
the sitting position with maximum strength using torque measuring equipment. Pearson’s correlation
between time and muscle strength was evaluated with the significance level (p-value) set at .05.
Results showed that a range of Pearson correlation (r’) between the time consumed in stand-to-sit
and sit-to-stand movement and the elderly’s lower limb extension and flexion strength was -0.360
to -0.614. The negative relationship indicates that the time needed for the acts of stand-to-sit and
sit-to-stand movement increases as the lower limb strength decreases. Recommendations for further
use of this research were drawn. To install handrails in bath rooms to reduce the elderly risk of falling,
the handrail height should not be higher than 90 cm.

Keywords: elderly, toilet, sit-to-stand movement, stand-so-sit movement, lower limb strength
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Abstract

This research was quasi-experimental. The objectives were (1) to study the prevalence of anemia
and food consumption behavior, and (2) to study the correlation between knowledge and attitude
towards anemia and food consumption behavior of 304 female undergraduate students of Bansomdejchaopraya
Rajabhat University in 2022. Samples were selected through volunteer sampling to provide information and
get a blood test. Research instruments used to collect data include a questionnaire study on general
health information, knowledge, attitude, and consumption behavior, drawing blood, and sending it
to the laboratory. The data were analyzed using descriptive statistics and Pearson’s correlation coefficient.
The results showed that the cross-tabulation analysis of red blood cell count found that 54.94% had
normal, 36.18% had iron deficiency anemia, 7.24% were thalassemia carriers, and 1.32% had vitamin
deficiency anemia. In correlation analysis, it was found that knowledge and attitude were not statistically
significantly correlated with consumption behavior. The results recommended an educational program on
iron deficiency anemia, health counseling for Hb typing, and menstruation problems, and to study
the structural equation model of factors influencing iron deficiency anemia among female college

students in further research.

Keywords: anemia, knowledge about anemia, attitude towards anemia, food consumption behaviors
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Mean=4.57x106 SD=0.47x106 szAuUn@ min=3.60 x 106 max=6.11x106

Usuaudlulnatu (Hb: Hemoglobin)

i (<12 g/dl) 35 11.51
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Mean=28.88 SD=3.36 5¢auUn® min=16.10 max=36.20

Aadsanududuvesdlulnaduluindonuns (MCHC--Mean Corpuscular Hemoglobin Concentration)

A (hypochromia) (<28 gm/dl) 1 0.33
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1
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AufiAfunglafinans (X=6.13+1.94 sedussnn) 0.003 961
lwAARAaN1ElaRn19 (X=3.02+0.34 LAAARYIIIUIN) - 0.051 373
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3. anusingInunelaina e eadden 1y

[

TafnaslidauduiudiungAnssunisuilanemng

Sowaz 36.18 Faustfan1Izv1As1maN waeInnfiud 12
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A15HANLAIANRAUSU R SIIALAALAY (MCVY) LAy
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o . . N w 4 1 e YBIVUALLALRDALAS (RDW) 11nNUNA (anisocytosis)
Un@ (microcytic anemia) 588aY 25.65 YIUITRINTIE vt
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Abstract

Cannabis contains substantial amounts of the psychoactive substance delta-9-tetrahydrocannabinol
--A’-THC, which is primarily responsible for the effects of marijuana on a person’s mental state, which
could lead to an unnatural death. This study aims to evaluate the incidence of cannabis metabolite
detections in urine samples of suspects and corpses. The association between the manner of unnatural death
and the findings of the main cannabis metabolites in postmortem cases six months before and after
the notification of the Narcotics Act B.E. 2565 was examined. The retrospective data was collected
from laboratory results of suspects and postmortem cases whose urine samples were determined
for narcotic or psychoactive substances at the Institute of Forensic Medicine, Police General Hospital,
from December 1, 2021, to December 31, 2022. The result revealed 81 cases (2.75%) of positive cannabis
metabolites in urine samples out of 2,942 cases. Among these positive cases, 32 cases (2.32%) were
from the urine samples collected 6 months before the notification of the Narcotics Act B.E. 2565 (December
1, 2021 to June 8, 2022), and 49 cases (3.13%) were from 6 months after canceling cannabis from the
drugs of abuse list June 9, 2022 to December 31, 2022). Most of the positive cases were males of Thai
nationality, aged between 18 and 59 years old. There was no significant difference in co-substance
use before and after the law took place. The main manner of death in this study was unknown,
followed by accidental death. It was shown that during the six months after the cancellation, the
incidence of positive cannabis cases of all manners of death was higher than that of the six months
before the cancellation. However, when using the Fisher’s exact test, it was found that the incidence
of positive cannabis cases during the 6 months before and 6 months after the cancellation was not
significantly associated with the manner of death. Additional study with a longer period of time for

sample collection is suggested.

Keywords: cannabis, manner of death, narcotics act
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RIPPER PART waz PRISM lagld 5-fold cross validation lunisuusdeyasendugnteyadounasynioya
nagoy warlaldAiaIugnfes (accuracy) A1AINLLIUEN (precision) AMAINTEAN (recall) LaYAIAUWIEY
(F-measure) Tunsinuseansnmnisnensalvesianuu nan1sneaeslseaninimlunisneinsalvodiiuy
wui fuvuiildaindane3iiu PRISM saufunisuiuaunadeyasieds SMOTE Suszavsnmgeiign Tnedian
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Abstract

This research aims to develop graduates’ employability prediction models through rule-based
classification techniques with SMOTE in imbalanced data sets. After analyzing the data, a
class imbalance problem was found. In order to improve the quality of the data, SMOTE was used
to increase the minority class. Then rules-based classification techniques (RIPPER, PART, and PRISM)
were used to build the prediction models. Moreover, 5-fold cross-validation was utilized to split the
data into the training and test sets. This research has measured performance models with accuracy,
precision, recall, and f-measure. The experimental results demonstrated that the PRISM algorithm

combined with SMOTE had the highest efficiency, with an accuracy of 85.69%, precision of 85.60%,

recall of 85.70%, and f-measure of 85.60%, respectively.

Keywords: graduates employability, rule-based classification, SMOTE
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- PART Mohamed Salleh and Omar (2012)
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- PRISM Chiroma, Liu and Cocea (2018) ¢
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Class Label

Condition 2

1 (Leaf Node

Class Label
1 (Leaf Node

AN 1 Rule-Based Classification

Class Label
2 (Leaf Node

Note. From Rule based data mining classifier: A comprehensive guide 101, by Hevo Data Inc., 2024,

retrieved from https://hevodata.com/learn/rule-based-data-mining/
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A1379 1
#1379 Confusion Matrix uanaTIuIuYeddayalu

umazsznm
Actual Predicted Class
Class Class = Yes Class = No
Class = Yes TP FN
Class = No FP TN
Tned

True Positive--TP tdudruiudeyauszinmduuan
wazgniwunUsznninduuan

False Positive—FP {udhuiudeyauszinmduau us
gnimunuszianinduuan
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5.2 fdSafanunsaAuaalléann Confusion
Matrix Markoulidakis et al. (2021)

- AMALLUEN (precision) LUA5IAAL
wiugIveIfILuy lngNasuenfiazaaid

Precision = TP/(TP+FP) (2)

- AAusEdn (Recall) Wunisiaanugn

ABIVDIAILUU IBNIITULENTIAEARE
Recall = TP/ATP + FN) (3)

' = Y

ANANULIEY (F-measure) LDuUN15IAAN
Precision kag Recall W5aunuU8ImibuU tngna1sadn
weNiazAand

F-measure = (2 x Precision x Recall)/ (4)
(Precision + Recall)

- AnAugNeaY (accuracy) Wunisinay
ONABIVBIILUU IAeTATUNTINYNAGIE A U

True Positive ¥8nARNATINAU

Accuracy = (TP + TN) / (5)
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1InNINALIA Logistic Regression Analysis Bty
f¥evay 56.30 Faldimuinuudassszuativayu
nsdndulanisidendundsnulidenndesiuniiu
annsavesdudinlagliitouly 4 gadnwazdingn
wasradunvudrassszuulneeenuuudiufinge
ﬂisammu;}fl‘ifﬁw Microsoft Visual Basic

N2ULUIAANISIVY

TunisAnwidended diaussuuunis
WyINIlNMENISHIURIesiufinn1ewmAllAnIg
Fuundeyasong Huiuismsduiiiusoganguiion
vuyateyaiiliauna (SMOTE) Fadunisdunsiz
Toyauinlagenadenndeyaiiey amnsaairsnny
wannvianguasayalalardimansenisasauuuinaes
#1991n38n"15duan (under sampling) fisiin1san
ai’ﬂmuﬁi’fa;ﬂas‘?faawlsimmzﬁumia%’mwuﬁwaaﬂﬁ
ABINITANUNAINYAIBVBITBYA UarITN1IFUAY
(over sampling) fivhn1sdudoyafiflogudafiuiu
m%’fqawwa’qmaﬁﬁ’usﬂ’aa&aﬁﬁé’wmﬂaj%’m’faumﬂ
WUty TnefinsaululAnLanssanIn 2

TnnseuLwRalddfdiunis 4 Tuneu fe
1) rusiudeya

2) mswnssudayadmiunisvinvilesdoya
3) WAIUIFILUUNEINTa]

4) N15MTIEDUUITLANTAINVBIAILUY

AN

FUUNITNEINTAN TIENTHUIR TN
memalan1sduundeyaniengsauiuIsnisauiiy
Areganguissuuyateyanliauna (SMOTE) &
518azReAN1TANTEUNTITY el




1) nMssausudoya

I3

dudurouiiGuduanmafuusdeya
amgmsiinuyhitezianaiisiinuy Sedoyadilun
Tilunsasreduuuliinissivsuaindeyaniiznis
Tuyhvestadin W Ing1deT1vAuAsUTH 31U
11,971 ssubou vianiuasdunisnsaaoudoya
fAldvimssunuuldifiogainugniesvestoya

warfinnsaninalidoyaiomnniedndudondon
Taya v ldlumsiege Meavldeatoys
MHluns3ds Ao (1) Teyadruynrauazdeyanis
Anwn way (2) Teyan1izdauvivesdudin danisng
2 IngnTivaeuAuauysalvasdaya feduiudoya
anudnwaz L dululffazthuniinseviauasy
duluusazdaya

5-fold cross validation

Test20% Train 80%
Train 20% Test 20% Train 60%
Train 40% Test 20% Train 40%
Traln 60% Test 20% Train 20%

Train 80%

—

Model Construction

Model Evaluation

AN 2 ASOULUIAANISITY
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M99 2
TI8AZIBYANUAN YAy

A1519 2 (D)

aau

)

ANasunY

anu

Th)

ANasuIY

1

2

3

Gender

Major

Faculty

Gpax

M = 918

A1973%0 BRI IRN
JEUUVBY ISCED

1= IUiLmsuﬂ"ﬂULLasqmauﬁ’ﬁ
2 = NNSANYI

3 = favzuavuywe

4 = FapUAIENS 15aN5AERS
LAz AN TEULA

5 = N1SUINISTINIUALN YUY
6 = INYIFERS IR
AAAAASLAYEDS

7 = waluladansaumnelay
nsdeans

8 = IMINTIU, PAAMNTTUUAL
ARFRGERN

9 = INWATANERNS WWAEARS
nsUsTaaLardnILnme

10 = guamiazadannig

'
=

ABENANEN

01 = NFNAVINYIFNANThAY
walulad

02 = NFUANVINYIAARNTAVNIN
03 = nauadenuAansLaY
UYwuAIEnT

\nseLRduazay

G1 = 0.00-2.00

G2 = 2.01-2.50

G3 =2.51-3.00

G4 = 3.01-3.50

G5 =3.51-4.00

47

o
N

18 @

)

U

<
1

5

6

7

8

9

Honor

Hometown

Jobstatus

Jobtype

Talent 1

WesAtlew
First=tAgsAtoususu 1
Second=lAgsAlaudunu 2
Non=é15an15@nw
piinavesdaniaiidy
nldwn
Bangkok=N3unnunIuAT
Central=n1ANa"4
North=n1aLnile
South=nala
Northeast=n1Agiusanidsunile
Eastern=n1Anziuson
West=n1AnnzIuan
A0TUNINNTTYINU
Full=y1n91udsean
Free=yIn91udase
UszLnnaudivh
Gov=thsmmsdmihivinenusy
State=553a1M3
Comp=wiinNuuIE/eeRnIgsny/
LONU
Free=l91U0909N15/01 TN a5y
Agri=LNEnINITU

Etc=3u 9

ANNEIUTOTNLAIY]
A=n1ee19useina
B=n15ldmauines
C=AaNTTUFUNUINTT
D=AaUz/IMUsITN
E=uAad/aun3tuies
F=n15d0dns

G=N19AUE

H=1y4]

NIANTIVINTUATINE DA W Te

1 Uszdfiou unsiau-luwieu 2567

o A . -
atuinermansuazinalulad




A1519 2 (7d)

A1519 2 (D)

Aeu Th) AND5UY anu Th) ANB5UY
10 Talent2 @ayuaunsafivee? 15  Period SLYLNIAINNTIAIIEYN
A=AWA9UTENA PO=l@9uriudi
B=n15maufiames P1=1-3 \fiau
C=Aanssu&unuINIg P2=4-6 LU
D=fAauy/TRlusssy P3=7-9 \fiau
E=ungfal/aun3duios P4=10-12 \fiou
F=n15&0d15 P5=11An31 1 U
G=N15ANUIN P6=lRaNUSENINIAN®WN
H=laig
11 Talent 3 AUEIUITONLAY3S o o .
NPT 2 AENEULT 15 S28IaNIs ey
A=z i Bueradnvasilunquuestoyaildlunisdun
B=nslinaniiomes Taya lnewuseanta 7 ngulaun
C=A9NTIUAUNUINIG v e oA
PO=lAauviud
D=Aauy/TausIsu .
. P1=1-3 \fiau
E=ugdal/aun3duios
F=n13d0813 P2=4-6 1oy
G=N13AUI P3=7-9 \foU
H=lail P4=10-12 \iiou
12 Workplace piiniadaniaiiléauvia DA
P v P5=11nn71 1 U
Bangkok=N3NNUNIUAT 5 L.
P6=lAausErINadnen
Central=n1ana14
North=n1awile
South=aalé 2) nsin3eadaya (Data Preparation)
Northeast=nazJueenidsunile Tudupsunswseudeyadmiuinmilosloys
Fastern=n1Anziuoon Mg lUldlun1simsedt §Ideldindayaiilaann
West=n1aazTuan nsuTIuTwdeyasinduneuneunin feseluil
13 salary  Quilew/seldiadedeieu 2.1 myianuazeInteyauarulaitaya
Low=61111 10,000 lefinsandeyaiilaudiiitogauvinisdine wui
Medium=10,001 - 30,000 - dayaflarfimely (missing value) nsdl
High=1nn71 30,001 JulY sudeuiuiiteyanuamednuinnlaliisinsedeu
14 Match NuivhesafuannGey (Ignore the tuple) wantusenly waynstiszidou

Yes=m54 No=lins4

¥ o

Toyavinmediudniesudludmenisfiududeya

v

Aen1sUsEaIAYeyaldAlafe A AN vuLIAY
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'
| =

Andayadiiimely wu deyagiinavesdminiiiy
Qi Mvevne andy © 7 wWaewdu “aenans”

- Jayanilauiauni (outliers) Toyasuniu

(noisy data) Tayaiiauliiaenmdesiu (inconsistent
data) lnedanislvifianugndesauysal

- mauvasteya Tutuneumsudasdoyaly
wangaudmdunsliou lunuiteaded faails
FonldTusunsu Weka unldlunisadrsdinuuiddios
FounSeuwiueuy Wegluguuulnd arff faeeneds

A1 3 i lluauidey

2.2 mIguiindaeganguiios SMOTE
Tuideliinmamadanisduiiudedanguies
SMOTE Tu class Aifid1urudeyatios léun class PO
P2 P3 P4 P5 uay P6 fneogenann 4

NSRNYIINITFULLAIDE NG UTRY 68
walla SMOTE wafilel class Nvin1sduiiiudiedi

1% ~

eidoyaflumnefiuunn fann 5

Y

@relation npru-finnish
@attribute Gender {M,F}
@attribute Faculty {1,2,3}

@attribute Gpax {G4,G5,G2,G1l,G3}
@attribute Honor {Non,Second,First}

OCoOoJdooUuds W=

@attribute Jobstatus {Full, Free}

@attribute Major {(1,2,3,4,5,6,7,8,9,10}

@attribute Hometown {West,Central,Eastern,Bangkok, South,Northeast,North}

10 @attribute Jobtype {Comp,Free,Gov,Etc,State,Agri}

11 @attribute Talentl {A,D,H,B,C,G,E,F}
12 Qattribute Talent2 {H,C,B,F,G,D,E,A}
13 @attribute Talent3 {F,D,B,H,A,G,C,E}

14 @attribute Workplace {Central,Northeast,West,Bangkok,South,North,Eastern}

15 Qattribute Salary {Medium,High, Low}
16 @attribute Match {Yes,No}

17 Q@attribute Period {PO,P1l,P2,P3,P4,P5,P6}

18

19 Q@data

20 M,2,1,G4,Non,West,Full,Comp,A,H,F,Central,Medium, Yes, PO

21 F,3,2,G5,Non,Central, Full,Comp,D,H,D,Central,Medium, Yes, PO
22 F,4,1,G4,Non,Eastern,Full, Free,A,C,B,Central,High,No, PO

23 F,2,1,G4,Non,Bangkok, Full, Comp, H, H, H,Central,High, No, PO

24 M,2,1,G2,Non,West, Free, Free,B,B,H, Northeast,Medium, Yes, PO
25 F,6,1,G2,Non,Eastern, Full, Gov,C,F,A,West,High,No, PO

26 F,3,1,G4,Non,Central, Full, Comp, D, B, G, Bangkok, High, No, PO

27 M,1,1,G4,Non, South,Full,Etc,C,B,B, South, Medium, No, PO

28 F,4,1,G2,Non,Bangkok, Full,Comp, H,G, H, Central, Medium, No, PO
29 F,2,3,G1l,Non,Bangkok, Full,Comp, H, F, H, Central, Medium, No, PO
30 F,6,1,G3,Non,West, Free, Conp, C, G, B, Bangkok, High, No, PO

31 F,3,3,G4,Second,Central, Free, State,H, F,H,Central, Medium, Yes, PO
32 M,4,3,G4,Non,Central, Free, Comp, C,H, A, Bangkok, High, Yes, PO
33 M,2,1,G3,Non,Central, Free, Comp, D, D, B,Central, Low, Yes, PO

34 M,4,2,G3,Non,West, Free, Free,H,H,C,Central,Medium, Yes, PO

35 F,8,3,G4,Non,Northeast, Full,Agri,B,E,C, South,High,No, PO

36 M,2,2,G2,Non,West, Free, Free,G,B, F,West,High, Yes, PO

dormal text file length : 332,320 lines: 5,988

A 3 ulasdeyalvieglulild arff

, NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

)

U 18 atuf 1 Uszdufion unsIAu-luweu 2567

n:1 Col:16 Pos:16

Unix (LF) UTF-8 IN




Selected attribute

Name: Period Type: Nominal
Missing: 0 (0%) Distinct: 7 Unique: 0 (0%)
No. Label Count Weight
1 PO 648 648
2+'P1 2348 2348
3 P2 1216 1216
4 P3 270 270
5 P4 305 305
6 P5 314 314
7 P6 867 867
Class: Period (Nom) ~ | Visualize All

867

305 314

Log ‘ x0
o v 1
AN 4 LLAASINUIUY azgaimmazﬂma
Selected attribute
Name: Period Type: Nominal
Missing: 0 (0%) Distinct: 7 Unique: 0 (0%)
No. Label Count Weight
1 PO 1620 1620
2 P1 2348 2348
3 P2 1824 1824
4 P3 1350 1350
5 P4 1525 1525
6 P5 1570 1570
7 P6 1734 1734
Class: Period (Nom) ~ | Visualize All
1824
1734
I | |
I I
Log ‘ x0

A 5 uuteyanarantausudiy SMOTE
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3) NISWAILIAILUUNWEINSAl (modeling)

Waunsauuunensal laglaviinisiuseu
Weudienmaialunsaanisainmenisiauise
wedamilesfeyaimnzautudeyailissansam
firan nssuundeyasiongiithanldiussuiieuly
ATy 91w 3 wialla lawn RIPPER PART uway
PRISM B3¥ia1usamiu madanisguifindogangy
1oy SMOTE

4) N1505298UUSLANTAINAILUY (evaluation)

Tumsiadsgansnamuessnuuluidasinaiia
aaa o = =~ Y v
nhwdisuiisy lagldaianugnaesveiuy
91889 hpviNTdendeyad miuSyus Lavdoya
dmfunadeu nuideilidenldisnsguiiendeya
WUUANLIEINTY 5 nau (5-fold cross validation)
JunsinvsedvsnminuudasduunUssinvdoya
menmsuustayasandu 5 dadruauit 9 fu uus
[ ¥ ] a ! = o
Wudeyadeu 4 duuaydn 1 druilenagauazyiniu
Fraduasu 5 seu A lunfeuiewiniiauiie

[

2 & Y% Aa A |
AR] uaﬂf\]']ﬂu&]ﬂL‘Vill']%allﬂumaﬂuamuﬂiuqmimuqﬂ

NAN15398

N1IAMUIAIUUNEINTAIAIEN1 5T U
vesaudinnlewmalan1sduundeyaniongsiuiu
Bnsguiindedenquissuuyadoyaiiliauna
(SMOTE) lunuAdeillfidennisduundeyasaengi
anldiseuiieulunuide i 3 wella laun
RIPPER PART uag PRISM Gsvianusanifu inadanis
duifiuognengutios SMOTE lagnsinuseansam
VYBIMILUUIINAIAINYNABY AAUUIUET AR
s¥@n wagArAwIBs Faldinsisuiisudoya
wuRaBsLasdoyaldUsuUsEsmadanduia
Aegengutios SMOTE asulananisng 3

wAllA RIPPER kamyinusgansnmdanaing

RIPPER laglddayawuunaau lanadl Arrinugnaes
WINAUSaEaY 52.19 ANANUBLUELINAUSDEaY 58.70

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 18 atuf 1 Uszdufion unsIAu-luweu 2567

ANANUTEANMNNUSEAY 52.20 WATAIAINUMAIY

v i

wiriuSeway 48.70 wazdeyaniuSuaunateyanieds
SMOTE lasadl AIAINYNABY WINAUTeEAY 73.74 f
APULLUEWNINUTBEAY 72.70 ANAINNSEANNINU

Sp8ay 73.70 LATAIANUMIELINUSYAY 73.10

wAtlA PART wan15inUsza@nsninsanasiu
PART Tnglddoyanuudada 16 Aranugnios
Winiuesay 62.62 Arpuuugviniuieag 60.70
ArAusEAnItUSerar 62.60 WavAIALLAIE
wihfudesas 61.40 uardeyaiiuiuaunateyarieds
SMOTE Iéisil Armnugndfes iwhifufesas 78.62 A1
ANUNUEWYINAUSEaE 79.80 ANAINUIEANYINAY
$avay 78.60 wazArAuiswnuSesay 78.90

a

wAtlA PRISM wan1sinuszansnimdanesiiu
PRISM Tneldtayauuudndn Tadsd Aaugnies
Wwinduseyag 73.84 manuiuginAuSesag 73.60
A1ANsEANWINAUSeEar 73.00 wazAIAUWILT
wiriufesay 73.10 uazteyaiuuaunadeyaryis
SMOTE I#sil Aranngndes iwhifufesas 85.69 A1
AMUWIUENAUSoaY 85.60 MANLSEANWINAUSDYAE
85.70 wazAIAUWIBAVINTUSaaY 85.60

nnNsUTBUEUUIEANEANYBISaNe STl
WU Snuuiildansanesiiu PRISM saufunisusu
aunadeyareis SMOTE fuszavsnmgsiian lng
fApnugnees wiriusesay 85.69 ArAuuuEN
Wwinusesas 85.60 AANTEANVMNAUSPYaE 85.70
LagAPLIBainuSa Ay 85.60 Wagdangang
fiatalgainsanadfiau PRISM faa1w 6

Aty Az ITeRaienmiluuangana iy
PRISM sauffumsuiuaunadeyanieds SMOTE 1
WanndwuuneInsainznsiivuihvesindaseld




M1919 3

KANTNNABUUANFEEANDSIY (798a%)

ANUSLRNTNINIINNISNAFDUAILUU

> o
£ S 5 S
-l:' —_ — —_— (%]
T 5 G © 8
o O e 0 o
Ly 5 v & £
< < o o L
Rule-Based Classification
RIPPER 52.19 58.70 52.20 48.70
PART 62.62 60.70 62.60 61.40
PRISM 73.84 73.60 73.00 73.10
Rule-Based Classification + SMOTE
RIPPER 73.74 72.70 73.70 73.10
PART 78.62 79.80 78.60 78.90
PRISM 85.69 85.60 85.70 85.60

If Major =10 and Talent3 =B and Hometown = North then PO
If Gpax =G5 and Major =5 and Talent1 = F then PO
If Honor = First and Talent2 = A and Major = 5 then P1
If Honor = First and Major =3 and Talent1 = C then P2
IfFaculty =1 and Talent2=F and Gpax =G2 and Talent! =H
and Major = 6 then P3
If Major =10 and Talent! =G and Faculty =3 and Gender = F then P4

M 6 fed1angiiliaindanaiiiu PRISM

n15aAUsI8Na

nn1sneaeslaeldinaiamilosdoyaly
n1sAUITEUUNEINTaiNIEN ST g
wazuAaymdeyaliaunanimain SMOTE Wuil

nswidaymdeyaliaunamewaiia SMOTE
mmsaLﬁuﬂisﬁm%mwlﬁéfmwLﬁu%ﬂuﬁqﬂmﬂﬁﬂﬁ
IfianFeuiiou Wefiansandusn arunsoasy
¢ Aanugndes iistuadsdosay 16,47 ArAnu
wiufinduadedosay 1503 Aauszandiuiu

WAYIREAY 16.73 WATAIAIUNNELALTURRYSDYAY
18.13

Fnuumanselanninadia PRISM iushuuud
fiuszavsnmlunisaanisaigedign Samadla PRISM
\Dumeadindislgassvanendnifiendnidsanisainang
Fdudouiiideulagdeusiuauinn wazidlolgviinis
USvaunavasteyamels SMOTE udwhlilsydvznm
mMswennsalfisTusn lngilianugnees winfiusegas
85.69 AIALLLUEVNAUS8aE 85.60 AIAIILTEAN
wiauSesaz 85.70 wazA1AuwiBuvinfuSesas
85.60 Jadusuuuiimnzansenisiluuszgndld
FNSUNRILTEUUNYINTAUNIENSRUTIIB It TR
ol

defansananngild ety nsdlild

¥
v

Uil Andegangilaanunsowdala fadl

-if major =10 and talent3 = b and Hometown
= north then PO

01 8197310 = FUAIMLATATARNIT AN
ansaiiiay 3 = mMsldreufiunes ilduu = 1A
wile Wd srezlaIn1siaeui Ae lasusiug

- Gpax = ¢5 and Major =5 and Talentl =f
then PO

§1 nsneAvazan = 3.51-4.00 @1971397

NSUINITTINMALNNUNIEY ANUEINTONLAY 1

AN5EeaNs WA svuznaINThEwi A Teeuriui
- if Hometown = West and Major = 1 and
Jobtype = Comp and Gpax = G4 then PO
01 ailduun = arenzduan @191 =
Wswnsunll Ussnneuiivh = sdhauuisn/edns
3379/1eNTU \nILRAETaY = 3.01 - 3.50 Wa1 Sz
nanslaauin fe leeusiudi

Jaiauaue
msaafuuuiengnsalfmeunienadng
tfu tadeiidauddndaosdleis Ae Swiudeya
YoanguAnauviterainsnaldndlnalAesiu ie
figenindgmieyaliauna useenidu 2 o e
Toyanduiios uazdeyanguuin Fudulymiliie

e

(Y]

Juivlanudeyannuszinn Waden1svin1sdwun
Ussinndayanadnsnlaliiorinisduundeyaazgn
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Improving Performance of Using Machine Learning Techniques and Application
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Abstract

Not responding to consumer needs in the hotel business leads to decreased satisfaction, negative
word-of-mouth, and inefficient resource allocation. Machine learning can be applied to analyzing and
predicting guests’ needs and feelings to improve hotel services. This research aimed to (1) improve
and assess the performance of using machine learning techniques for perceiving tourists’ hotel staying
behaviors and (2) develop an application for connecting the predictive model to hotel businesses.
The dataset was collected from 300 tourists’ opinions by Google Form. The data imputation used
the K-Nearest Neighbors Algorithm--KNN, and some effective features were selected for training by
information gain. The selected features were sent to train and test performance by machine learning
algorithms including Decision Trees--DT, K-Nearest Neighbors Algorithm--KNN, Neural Networks--NN,
and Support Vector Machines--SVM. This research found that the best-performing machine learning
algorithm for predicting tourists’ repeated hotel stays and hotel recommendations for other people
was KNN. The KNN with k=3, k=5, and k=7 can give higher prediction accuracy than other algorithms

at 98.67%. The KNN was implemented to serve hotel businesses via the friendly web application.

Keywords: machine learning, web application, hotel staying behavior, tourist
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Introduction

In 2023, the hotel and accommodation
sectors in Thailand have faced high competition
from increasing new tourist attractions and the
number of new accommodation openings. While
the business cost trend of entrepreneurs includes
product price, energy, as well as financial cost as
interest rates are still rising. These factors build
challenges to prepare effective hotels’ business
plan for serving it in current and future time. From
surveying results of Kasikorn Research Center (2023)
concluded that the business hotels in Thailand
are still watched out to recovery of business.
The occupancy rate of hotels in whole country
in year 2023 are around 52%-60%, it still lower
than the year 2019, which was around 70.08%.
While the income from hotel and accommodation
businesses in Thailand in 2023 are around five
to six billion baht, it is lower than before the
outbreak of COVID 19.

In Phetchaboon province where is the area in
operating this research. There are a lot of country
tourists and foreign tourists who have visited in
the natural tourism areas. The hotel businesses
in the area face high competition same as other
tourism provinces. Consequently, the hotel
business entrepreneurs must develop motivation
factors for offering good services to tourist in
staying their hotels such as having beautiful
buildings, comfortable and modern furniture and
instruments, employees have services mind, and
good food taste and clean room, the hotel should
be near well-known tourism places and souvenir
shops. (Bian & Huang, 2015). Tourist behaviors
during hotel stays encompass the actions and
behaviors include the check-in and check-out
processes, room selection preferences, facility usage,
interactions with staff, feedback, complaints,
online reviews, length of stay, booking channels,

special requests, repeat visits, and loyalty (Zhang
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et al,, 2014). The tourists’ opinions data which
was collected from who used to stay in hotels.
It is useful information to analyze and predict
tourists’ hotel staying behaviors for improving the
hotels’ quality of services and offering suitable

services to tourists.

Machine learning techniques are in a form
of classification and clustering algorithm. It can
be used for building predictive modeling for
supporting decision making in planning hotel
business management of entrepreneurs. In
Runggaldier et al. (2023) used the correspondence
history of a large booking management system
for examining the features of quotation requests
from hotel guests such as the length of stay, the
number and type of guests, and their country of
origin in order to learn and predict their actual
booking behavior. In Alsayat and Ahmadi (2022)
developed a hybrid methodology based on
supervised learning, text mining, and segmentation
machine learning approaches to analyze big social
data on travelers’ decision-making regarding hotels
in Mecca, Saudi Arabia by suing machine learning
algorithms include support vector regression with
Sequential Minimal Optimization--SMO, latent
Dirichlet allocation--LDA, and k-means approaches
to develop the hybrid method. This research results
lead to build strategies for hotel managers and
provide to enhance their service quality and
improve customer satisfaction. From reviewing
several related research works in machine learing
for hotel aspect, they did not yet study to cover
the feature selection and feature dimension
reduction method for effectively training predictive
model. Most collected hotel staying dataset from
both internal application and questionnaire that
often consisted of a lot of features which are

not related to the target class. It certainly affect
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spending long tome for training model and getting

model’s unsatisfied accuracy.

From problem of having large dimension
of features, it may occur overloading of training
sample data and spend long time in training
model process (Alomari el al., 2023). It leads to
propose the feature selection method which was
used to select some effective features for training
model by information gain technique for dataset
which was operated by the data imputation and
the data conversion technique. The information
gain is a straightforward and easy-to-understand
method. It is particularly useful for feature selection
in data preprocessing. It helps identify the most
relevant features, reducing the dimensionality
of the dataset and improving the efficiency and
performance of machine learning algorithms.
Incomplete datasets can have adverse effects on
the accuracy of machine learning models, reduce
the effective sample size, have bias in estimates,
and lead to overfitting and increased variance.
KNN data imputation can handling missing datasets
to be effective and complete data (Chen et al,,
2020).

This research also presented using machine
learning algorithm for predicting tourists’ hotel
staying behaviors to offer suitable services for their
needs. This research also developed the effective
predictive modelling which was connected with
the web application’ s user interfaces for comfortably

accessing it by users with different abilities.

Objective

1. To improve and assess the performance
of using machine learning techniques for perceiving
tourists’ hotel staying behaviors

2. To develop the application for connecting

the predictive model for hotel businesses.




Literature review

The ability of artificial intelligence system
could be used to collect dataset from points of
tourism and create a model with machine learning
algorithms. At present, Al is widely applied in
tourism research, such as in resource management
of tourism companies (Casteleiro-Roca et al,,
2018) and forecast for flow and arrival of tourists
(Zhang et al., 2020). Machine Learning--ML is the
core processing algorithm in Al technology. It
was used with the statistical analysis methods in
many tourism research works such as clustering
the tourists into groups by using key parameters
of profiles such as age, frequency of vacations,
and the period between the reservation and the
vacation by K-mean (Yildirim et al., 2022), analyzing
and extracting sentiment features of tourist online
reviews by the Long Short-Term Memory--LSTM
framework (Fu & Pan, 2022) and finding correlation of
increasing number of tourist visits through tourist
attraction and quality of experience by Spearman Rank
correlation method, it was showed that the tourist
attraction and the quality of the experiences had
a positive effect on the interest of tourist to visit
the D’Dieuland tourist attraction (Anggraeni et al,,
2022). Al can handle with complex processing and
manage large amount of data [10]. In general, Al
algorithm works on the backend side which creates
rules for the operation of software backend (Singhal
& Sharma, 2022; Fan et al,, 2021; Roberson et al.,
2022)

Tourists and other general users cannot
really utilize it. For fully open utilization, Al must
be connected to application and dashboard
system. As in the research of Fariza Abu Samah
et al. (2022), a web-based dashboard model was
connected with Machine Learning--ML and put to

real use through real-time API to present diagram

and graph tools. The dashboard responded to the
system to present visuals and other significant
information (Durazo-Cardenas et al., 2022). The
developed dashboard in mobile application for
tourists consisted of only 4 functions: present
location, place information, searched destinations,
and log-out (Saad, 2022). The dashboard can
help tourists to access the ability of artificial

intelligence effectively.

Tourist behaviors during hotel stays
encompass the actions and preferences displayed
by tourists. These behaviors include the check-in
and check-out processes, room selection preferences,
facility usage, interactions with staff, feedback,
complaints, online reviews, length of stay, booking
channels, special requests, repeat visits, and
loyalty. Understanding and analyzing these
behaviors helps hotels improve services, personalize
offerings, and enhance guest satisfaction to build
lasting relationships with customers (Zhang et al.,
2014)

Methodology

The research methodology was classified in 6

part as follows.
1. Data collection

The tourists’ hotel staying behaviors was
collected by Google form with 300 tourists in
tourism places in Phetchabun province. In this
data collection step, the samples were selected
from who have participated in traveling on overnight
trips at Phetchabun province at least three times
in year 2022 to 2023. In Giesemann el al. (2023)
proposed a minimum sample size and training
sample should contain at least 300 cases. The
collected data consisted of 21 total features and

2 classes including 3 tourist basic information
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features, 15 hotel staying behavior and expectation
features, and 3 satisfaction level and place review
features. In taking care of open question features
are impressive hotel and review feature was
operated as follows; (1) the impressive hotel name
records were summarized to be the total favorite
frequency score and replaced them in the hotel
name feature for model training process and (2)
the review feature was analyzed from unstructured
contents to classify them into digit numbers are
1= positive feeling, -1 negative feeling, and 0 =
moderate feeling for model training process. The

dataset structure can be explained in Table 1.

Conceptual Framework

2. Data cleansing

The collected tourists’ hotel staying behaviors
dataset was cleansed to be complete data and
suitable format for improving performance of
predictive model training by using missing data
imputation and data conversion techniques in
following details.

2.1 Missing data imputation technique

K-Nearest Neighbors algorithm--KNN was
used for missing data imputation on the tourists’
hotel staying behaviors dataset. The missing data
was found in the tourist’s review feature at 56.7%
(not writing opinion is 170 samples from total
300 samples). It can be explained procedures
according to the flowchart diagram in Figure 2.

Data cleansing

Data collection - Missing data

From 300 tourists L% imputation

- Data conversion

Feature selection

- information gain

A 4

Application
development .
i testing
- Higqest accuracy
ML/predictive model
- APIs

- Web application Uls

ML Algorithms performance

- Prediction Accuracy (%)

Predictive model building
- Decision tree - Neural network

- KNN - SVWM

Figure 1 Conceptual Framework of this research
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Table 1

Tourists’ hotel staying behaviors dataset structure

Feature/Class name Option Type More Explanation

Tourist basic information
1. Gender 1= male, 2 = female, and Tourist’s gender who gives data
homosexuality = 3
2. Age Fill data Tourist’s age who gives data
3. Career 1 = government employee, 2 = private Tourist’s career who gives data
employee, 3 = self-business
entrepreneur, 4 = farmer, 5 = other
career, and 6 = without career
Hotel staying behavior and expectation
4. Roomprice Fill data (Thai Bath) The hotel’s room price that was
accepted by tourist
5. Nightstay Fill data (Day(s)) Number of nights that tourist
continuously stay in hotel
6. Distance Fill data (KM.) Number of distances from hotel
to tourism places that tourist is
comfortable and satisfied
7. Channel Multiple options The channels for providing
1. brochure hotel’s services that tourist
2. website needs
3. social media
4. newspaper
5. Television
6. Advertisement tag on road
8. Toilet Fill data (Room(s)) Number of toilets in hotel room
that tourist needs
9. Star 1,2, 3,4, and 5 star(s) The hotel’s star quality level
that tourist expects
10. Clean 1,2,3,4, and 5 point (s) The hotel’s clean point that
tourist expects
11. Safety 1,2,3,4, and 5 point (s) The hotel’s safety point that

tourist expects
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Table 1 (Continue)

Feature/Class name

Option Type

More Explanation

12. Polite

13. Foodtaste

14. Beautifulplace

1,2,3,4, and 5 point (s)

1,2,3,4, and 5 point (s)

1,2,3,4, and 5 point (s)

15. Modeminstrument  1,2,3,4, and 5 point (s)

16. Roomrate

17. Activity

1,2,3,4, and 5 point (s)

1,2,3,4, and 5 point (s)

18. Time of feedback Fill data

Satisfaction rate and place review

19. Overallsatisfaction 1,2,3,4, and 5 point (s)

20. Impressivehotel

Fill data to digit numbers of feeling (1=
positive feeling, -1 negative feeling, and

0 = moderate feeling)

21. Review Fill data to digit numbers of feeling (1=
positive feeling, -1 negative feeling, and
0 = moderate feeling)

Class

Repeatedstay 1 = repeat stay, 0 = not repeat stay

Recommend 1 = recommend for other persons

0 = not recommend for other persons

The reception employee ’s
polite manner point that tourist
expects

The hotel ’s food taste point
that tourist expects

The hotel ’s beautiful places
point that tourist expects

The hotel ’s modern instrument
point that tourist expects

The hotel ’s room rate point
that tourist expects

The hotel ’s activity point that
tourist expects

Number of minutes in solving
problems by hotel followed

tourist requests and complains

Number of overall points that
tourist assesses hotel’s services
Hotel name which tourist is

impressive to there

Writing brief note of tourist’s

opinions to hotel’s services

Class of repeated or not
repeated hotel staying

Class of recommending or no
recommending to other persons

for staying hotel

il
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> Load missing sample data

¥

Calculate distance from missing
sample data (p) to other sample data

(q) by Euclidean distance formula

d(p,q)
= J(q1—p1)? + (q2 — p2)?

v

of k

Select nearest sample data of number

k=5, it given highest accuracy for
data imputation

Average values of feature of nearest

sample data for filling missing data

MissingData = FilledAVG,

Does it found missing
data in dataset?

No

End )

C

k
1
FilledAVG = m Z value;
i=1

Figure 2 Flowchart diagram of missing data imputation by K-Nearest Neighbors algorithm

2.2 Data conversion

The values of feature which were in a
form of fill-in data and passed the missing data
imputation process (In step of 2.1) including
roomprice, nightstay, distance, and time of
feedback represented with valuei. They were
converted from varied values to be value of 1
and 0 by averaging valuei=1 to n for reducing

diverse data by equation 1 and 2.

AVG = %Z{‘zl value; (1)

Fvalue; < AVG Thenvalue; =0 Else value; = 1(2)

From equation 1, the values of fill-in
data feature were averaged by equation 1 and
replaced them with 1 and 0 by equation 2. The
values were less than Average--AVG replaced with
0 and other values were higher than or equal to

AVG, they were replaced with 1.
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This proposed method combined the missing
data imputation and data conversion technique
for filling some missing data and reducing diversity
of number values of features. It also helped to
decrease the calculation time of information gain
process. It can be shown as following diagram in

Figure 3.

3. Feature selection

For selecting some effective features
in training predictive model, we proposed the
Information Gain—-IG for reducing feature dimensions
in following equation 3 and 4. For equation 3. The
equation 3 represented the concept of entropy,
which is a measure of the uncertainty or randomness
in a system. “C” in the equation represents the
number of possible states or classes of the system.

“ ”

pi” refers to the probability of the system

K K

being in state “i”. Each state “i” has its own

Calculate

probability, and the sum of all probabilities for
all states should be equal to 1. The equation 4
described the Information Gain--IG is a measure
used in evaluating the usefulness of an attribute
X in splitting a dataset T. Entropy--T was deleted
by >splits is the symbol denotes the summation
over all possible ways to split the dataset T that
>splits was multiplied by Entropy--Si calculates
the entropy of each subset Si after the split. It
measures the impurity or mixedness of the target

class labels within each subset.

Entropy = — Y p;.log,p; (3)
InformationGain(T,X) = Entropy(T) — Zspms% Entropy(S;)(4)
From equation 3 and 4, feature’s Information

gain value which were top five ranking, they were

selected in predictive model training in Table 2.

RoomPrice

MissingData ......X,XXXX....
Fill

KNN Missing data imputation

FilledAVG = xxxx

Data Conversion
If roomprice < AVG_roomprice then

roomprice =0 Else roomprice = 1

x

Convert to 0 or | for reducing many varied numbers

Figure 3 Missing data imputation and conversion on fill-in data format
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Table 2

Top five ranking of selected features in predictive model training

Target class

Selected features

Information gain weight

RepeatedStay moderninstrument 0.237
roomrate 0.206
safety 0.159
clean 0.137
beautifulplace 0.134
Recommend beautifulplace 0.242
safety 0.150
clean 0.138
roomrate 0.130
overallsatisfaction 0.103

From Table 2, The top five selected features
by IG technique was sent to train the predictive
model on “RepeatedStay” and “Recommend”
target class by machine learning algorithms and
testing machine learning algorithms’ accuracy of
prediction.

4. Predictive model building

Parameter setting of four types of machine
learning algorithms were operated as follows.

4.1 Decision tree parameter settings
criterion="entropy” and max_depth=3. Decision
tree algorithm will use entropy as the metric
to make splits, aiming to maximize information
gain, and the resulting tree will be limited to a
maximum depth of 3 levels, ensuring a simpler
and more interpretable model.

4.2 KNN set parameters at k=3, k=5, and
k=7.In summary, by setting k to different values
(3, 5, and 7). KNN will make predictions based
on the majority class or average value of the
respective number of nearest neighbors. Smaller

values of k tend to result in more complex and
potentially noisy models, while larger values of
k lead to smoother decision boundaries and a
simpler model.

4.3 Neural network parameter settings
hidden layer sizes = (3,3), activation="relu’,
optimizer = ‘adam’ and train the model 500
times. Neural network is configured with the
following parameters: hidden layer sizes =
(3, 3) (two hidden layers with 3 nodes each),
activation="relu’ (ReLU activation function used),
optimizer="adam’ (Adam optimizer employed),
and the model is trained 500 times.

4.4 SVM parameter settings kernel="linear’
and data classification margins (C=1.0). SVM
algorithm is configured with the following.

parameters: kernel="linear’: A linear kernel
is used, suitable for linearly separable data with

a straight decision boundary.

C=1.0: The regularization parameter is set
to 1.0, striking a balance between maximizing the

margin and controlling classification errors.
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5. ML Algorithms performance testing

The dataset (300 samples) was organized to
training samples of 70% (210 samples) and testing
samples of 30% (90 samples) (Sitka, Wieczorek &
Wozniak, 2022).

For loading the training samples of
RepeatedStay class and Recommend class, the
samples were equally selected 105 samples in
“not RepeatedStay class” and “not recommend
class” and 105 samples in “RepeatedStay class”
and “Recommend class”. Then four types of
machine learning algorithms were measured

percentage of prediction accuracy.

6. Application development

The application was in a form of web
application which connected with the predictive
model via APIs. The tools used to develop the
web application includes Python for developing ML
algorithms and APIs to serve connecting between
web applications which was developed by PHP,
HTML, JavaScript, and CSS. MySQL database
management system was used to collect data
from tourists” opinions and feedbacks and collecting
prediction results by ML algorithm. From problem

of having large dimension

Result

1. Testing performance of machine learning
algorithms in building predictive model from
selected features by Information gain. It was
compared accuracy to training on all features
and random five features are Roomprice, Toilet,
Polite, Roomrate and Review. It can be shown
the accuracy of prediction of three methods as

follows.

From table 3, In the case of “RepeatedStay”
target class, KNN algorithm with k=3, k=5, and
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k=7, they have highest accuracy of prediction
at 98.67%. In the case of “Recommend” target
class, Decision tree, KNN algorithm with k=3, k=5,
and k=7, and SVM algorithm, they have highest
accuracy of prediction at 98.67%. The IG client
selection on Decision tree, KNN, Neural network,
and SVM also give more higher accuracy than

random features selection.

2. Developing application for connecting

with the predictive model for hotel businesses.

The application for predicting tourism’s
behaviors was developed for hotel businesses.
It connected with the KNN model and tourists’
electronic review data form via API. The system
architecture and application’s user interfaces

were shown in Figure 4.

From figure 4, The application will get
tourists” opinion review and vote results to hotel
services according to selected features in Table 2.
These review and vote data was sent via URL to
the API program in the predictive modelling tier.
The predictive modelling tier sent response by
predicted output class on JSON format to hotel’s
application on decode and save data function for
storing data into DBMS and reporting summary
data to hotel.

From figure 5, the tourists used this
application to input opinion reviews and vote
results to the hotel. Then the application will
have response the predicted results from processing
by KNN model for displaying and storing in hotel’s
DBMS.

From figure 6, the hotels can access the
report of summary predicting tourists’ repeated
hotel staying for hotel planning and management

that served actual tourist’s needs.




Table 3

Testing performance of machine learning algorithms on selected features by Information gain

Algorithm

Accuracy

Target = Repleted Stay

Target = Recommend

IG (5) Random (5) All (18) IG (5) Random (5) All (18)
features features features features features features

Decision tree  94.67% 89.33% 94.67% 98.67%* 97.33% 100.00%
+5.34% +1.34%

KNN

K=3 98.67%* 95.67% 100.00% 98.67%* 97.00% 100.0%
+3.00% +1.67%

K=5 98.67%* 96.00% 100.0% 98.67%* 97.33% 100.0%
+2.67% +1.34%

K=7 98.67%* 96.00% 100.0% 98.67%* 97.33% 100.0%
+2.67% +1.34%

Neural 90.67% 86.67% 93.33% 97.00% 96.00% 96.00%

network +4.00% +1.00%

SVM 92.00% 86.67% 98.67% 98.67%* 96.00% 100.00%
+5.33% +2.67%

Tourist

Request via URL

Decode

and

Save data

| DBMS

Response

: xx.x.x/vote ~ -L

by output class

on JSON format

Predictive modelling

Figure 4 System architecture of application for perceiving tourists’ hotel staying Behaviors
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Please vote to :

Modern instrument :
Room rate :

Safety :

Clean :

Beautiful place :

tourists’ opinion review and vote results

Hotel name : Ts9usutadans (sadiiauaf

Predicted Result : Repeated hotel staying (Target class=1)

Figure 5 User interface of input tourists’ opinion review and vote results

Report of summary predicting tourists' repeated hotel staying

Customer ID|Gender||Age|(Carees History of staying in room number||Vote&Review|[Predicted result
001 M 52 |[Teacher - 4,54.4,5 repeated staying
003 FM 28 || - 3,2,22,2 (No repeated staying
005 M 39 |- 512 3,2.3.2.2 (No repeated staying
015 FM 35 |company officer|518, 308 3,5,444 repeated staying
025 FM 46 |Lawer - 2,2,3,2,2 (No repeated staying

Figure 6 Report of summary predicting tourists’ repeated hotel staying

Discussions

This research used the K-Nearest Neighbors
algorithm--KNN) data imputation and conversion
technique and loaded some effective features
process for training predictive models by Information
gain technique. The IGfeatures selection is better than

random features selection for training process.
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The IG (5) features selection method has near
prediction accuracy with selecting all features
(98.67% || 100%) for training process. The best
performance machine learning algorithm as KNN with
k=3, k=5, and k=7 was used for predicting the repeated
hotel staying and the hotel recommendation to other

persons because it can give higher prediction




accuracy than other methods of 98.67%. This
research also developed the effective web
application for accessing the predictive modelling

tier. The KNN predictive model with k=3 was used

1. Should use automatic machine learning
or deep learning for automatically improving and
adjusting predictive model’s parameters to raise

its accuracy according to changed structures and

in the application development process because number of datasets.
itis a simple algorithm, it has performance equal

to SVM’s performance (98.67%), and it spent fast

2. Should use hybrid machine learning for

training and predicting complex problem domain.
processing time for predicting results to users.
3. Should develop more visualization

reports on dashboard which can serve for hotel

Recommendation , . ,
owners’ needs in many problem domains or

For developing future research, it should hotels’ different faced problems.
be improved performance of ML algorithm and
application as follows.
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Abstract

Natural Language Processing--NLP is the principle that enables computers to understand, interpret,
and utilize human language for communication. Specifically, it involves generating text to create coherent
narratives automatically. This is particularly useful for generating complex and narrative-rich textual content.
The main mechanism involves constructing sentences by assembling various types of words, phrases,
or groups of words into coherent sentences before creating meaningful content that humans can
understand. This research develops and designs a software machine to generate Thai language sentences for
storage in a Thai sentence repository for use in subsequent research on summarization. The design
includes both the architecture of the machinery and the methods. It is divided into two main parts:
generating a community dictionary of word types in the Thai language and generating sentences using
the cross-productive operations of relational algebra on a database as control rules for generating
sentences following Thai language syntax patterns. The experiment involves importing words from a
small-sized city dictionary of 30,000 words and generating 21 Thai sentence patterns. The experimental results
show that the machine can generate a large quantity of sentences, up to 7.63926x1016 sentences. The
quality of the results is assessed by considering whether the generated sentences are readable and semantically
correct. It is found that, on average, 36.70% of the sentences are readable and semantically correct, with
a minimum of 13.33% and a maximum of 64%. Considering the number of words used to create
sentences, sentences with two words have a readability and correctness rate between 44.00% and
64.00%, averaging 53.05%. For sentences with a length of 3 words, the readability and correctness
rate range from 22.33% to 57.67%, with an average of 34.57%. Sentences with four words have a

readability and correctness rate between 13.33% and 21.00%, averaging 18.00%.

Keywords: Thai sentence generation, Thai sentence corpus, Thai sentence engine, Cross-Product Relation
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AT sukuulsElenanauideiauees
Anzddeilainauetieiu sufunisimugiuuy
Usrlealndliladnuiu 21 guuuy

o o

W1AANY I NaRIYnsy LEXITRON 41
Anszsicnaianig q 3ndumussianlatie anse

'
o

faziladraduiiaduluszuudanisgiudoyads
d

YR

uslegelstng

pankuUNIUIYNIUINL3En31 Thai POS
Dictionary ielfnunsfiazdmaviiadu (m1319
Usztanvaed) loun Aty fasswui d1nsen A
Aerwad Aynum frdusu Agniu wiouiseaniuy
FunouAsdmuuvasdoyaainnaunynau LEXITRON
1910y Thai POS Dictionary waz@eulusunsuniudy
nouTBudasdeyaiulilunauynsuiielinaaowioly

gonuUUIASENsuAT Une IS e st len
muingUszasdniside uaz@eulusunsuiienaass

Uszilluna wazlleuseauidy

ﬁfaiﬂ‘ﬁ%mLauam?aﬁﬂia%’ﬂwwmﬂim
Thai POS Funeuisdmuadraniesdng uavdiuaes
idpsdnsadisssloandoudunaudiuseneu sauds

Uaueilerung q AldUsznaunIseduIeTunauIsN
#5319 UMLAIAY

LATRIINTATINNIUIYNTY

o [ £%

LUIAANITODNLUULATDIINTAIUSUAS Y

v
v a

WIUIYNTY Thai POS UAAIAINING 2 Fail

Fumeriitutadughuthid (inpub daudszana
wa (processing) wazdlulnasan (result output)
Aeunsiauedunouizsniudoninauedonud
Aedee wail

Heui 1 Amualvi L Ao nauynsu LEXITRON
Asgnaumemilne w, w, w,, .., w Buumusig

L={ W, W, W, e, Wi }

ferufi 2 fvuald WT fe adavesdiany
YilareAn (Part of Speech) U3syUlAYDIAT wt,
wt, wt, .., wt iTguunuiie WT={wt , wt , wt , .,
wtk}

He1uf 3 wb 1a 9 Tu L vesiionud 1 awsa
spyladn vilavesrladndu t Talu wT @euunuld
A28 wh: wix

0enet 1 v wuald L=fun, Ay, Yan, .}
Aviua WT={Auu (N), nsen (V), @asswuu(PRN), ...}

nfgIN 1 ke 2 @1115085U WAL LEYD
Tmdunnlanasiagied w =un, w2=Au, w3=Uan
Weuunudyanvalnuieud 3 1o un:N, Auv, va:N
vWusu

fgun 4 dwualy TPOS flo wWauunsy

Thai POS Dictionary N19aAUA1519 (ANUEURUS)
R, R, RR usiay R WAuAIYTn wt fsilennit 2

gnfleud 4 awnsananléin s duny
(Noun) @550 (Pronoun) A1nsen (Verb) wiuia
(Noun Phrase) finunwun (Preposition) viodu 1 7
Julumudend 1 awnsawnusisanuduiusaiy
Jod 4 18 wansdunevuisdmduatie TPOS fail
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Algorithm 1: Generate Thai POS Engine
Input: L= {wl, W, W, ., Wn},
WT = {th, W’[Z, Wts, o Wtk}, Empty TPOS
Output: TPOS = (RZ, R, R},...,Rj)
Create Empty RI, Rj Rg,...,Rj
Fori =1 Ton Do
Get w form L
TX = wt, of wi
Do case t:
1: Store w to Rl in TPOS
2: Store w. to RZ in TPOS
3: Store w, to R3 in TPOS, ...,
j: Store w, to Rj
End of Do case
End of For
Return TPOS

g 5 Mvuald TP unu waveeguiuy
Usgloanwnlne (Thai Sentence Patterns)

feufl 6 fvuali T, T, T,..TEP T,ﬂm‘/’i:
Lm'?x T Ulizﬂauéhaﬁﬁﬁumammyé’uﬁuﬂuﬁamﬁ
2 aausntennuduiusiuld lnen 1<qg<r
#oeeil 2 paflond 6 oSuielean UuuuUsElen

Input:(Ry, R, R3, ..., Rp, (T1,T5, T3, ..., T}) where
1<l<nandl<h<m
Processing:

(1) Forj=1To h Do

@ Analyze Thai sentence pattern of T';

and Select relation(s) from Ry £0 R; followed by T ;
rSj =T (R&f“’"’l) to Rff‘e"“)) Ry X .. to ..

(&)

Result Output: 1S4, 1"S2, 1S3, ..., 'Sy

T1-T21 euNW 1 19U T1=NxADJ #38 T2=NPxBEXNP
Aatednduguuuuniieves T_q 1o ¢

fenufi 7 fvius TSC Ao pdafiudszlonnien
Inefivsznausediadunadnsvosnisasiausslan
mmlmmﬂgﬂLmem"stJm'mﬁmmﬁ 6 UL
e TSC={tspl, tsp2, tsp3, ..., tspr} il tspg n q
aepmgesfuasaiuiugliuulslen T q

faegefi 3 91ndewd 6 uay 7 eueld
11 tspq e wavean1sugUuuu T g la 9 wiasne
Usgloaniwnlng wu 61 T o Ao NP BE ADV Hadws
fiinannsadUsrlonnnguuuuisensiineg
NP BE uay ADV uniieassuszlonmunuinives
wsesdnsfiimuntulunidded Guandudisude
1v) Ao Siadu tspg Aussqlu TSC

fwdl 8 fvualst PT(1.f Ao Hufidaasn
lfifiudeTiatuiivszneuiueglusuuuulsslen T g
fiuszneusedfures wt la 9 fivszneududugy
wuulselen

Frag9ft 4 auflennd 8 61 Tq=NPXBEXAD)
funtiasdmsuiuglsuudinafie PT [1] i
NP PT [2] \fiu BE wag PT [3] 4iu ADJ 1Judu

Sentence Pattern

T: = N+AD)
T: = N+ BE+ADV
= N+ BE+ NP
Ta=N+V
= N+V+PP
= N+V+NP
T> = N+V+ NP+ NP
Ts = NP + ADJ
Te = NP + BE + ADV
/‘ Tio = NP + BE + NP
Tz = NP+V
Ti2 = NP+V+PP
Tis = NP +V +NP
Tia = NP +V + NP+ NP

Ri=N R2=NP Rs=PP

- BCEC

Generate Engine

XR[

Select Pattern
T, —>T,)

W sciect Relation
Depend on T

o

Sentence
Generation Using

SQL Command
Cross Join

Thai Sentences

Corpw

AN 1 @01URNUNTTULALTUADUIDVDILATDIAULUU

NIANTIVINTUATINE DA W Te

e o A o &
| U 18 aUun 1 Usyaaou unsiAL-luwigy 2567 atuinenaansuasnalulad




LEXiTRON
Dictionary

Generate Thai POS Engine

U

Thai POS

Dictionary

AN 2 1a3eednsasns Thai POS Dictionary

\3pesnwanuaztunaudsaties:len

Wesusndusesmunienniuizandou
YoINTIATIINILIYNTH TPOS il

WAL EMENTINITENLUUIAS a3
wualudaudnd G(nput) Uu TPOS waz sUwuy
Uszloa T, druuszanana (processing) Ao \A3eadng
FaNAWITNAN ATSGE--Automatic Thai Sentence
Generation Engine tagduiinasan (result output)
o Thai Sentence Corpus a e tqu Tuflenuil 7

v
a

LAMIAILATRIINTAIN 3 A9l

(%

wansTumewIafiaseUsslendeiniosing ATSGE il
Algorithm 2: ATSGE
Input : TPOS=(Ry, Ry, R3, ..., Rj), TP = Ty, Tp, T3, ..., Ty, Ty,
PTLL..flTSC={tsp,, tsp,, tsps, ..., tsp,}
Output: tsp,Add to TSC
L T.€T, NP

If T = @ Then

Read Tc form TP add PT [1..]

(field1) (fieldl)
H(RPT[l] to R pr(f) )

Tsp . & Cross Join Rpr1) X Rprpz) X

DA

Else

Return
End of If
TSC€ tsp.
10. Return

v © N o

A10819% 5 9INLUIAAVBILATBIINTAINATD
wanIn1sas1useleaneninglanasiegnasaludl e

duihudn: R =N, R =BE, R =ADV uagguuuy
Tg=N BE ADV lagauy@dnuiusanesaued N=100
BE=10 ADV=100

diunsusvanana: WWenjuluu N BE ADV
wazddluidenn1sne N BE ADV 91niuvinnns Cross
join 18 tspc= TT(N™"BE*?)ADV“*)--(NXBEXADV)
(100x10x100)

duihmasen: tspc MeUsualsaoInUselun
M lnednuiu 100,000 posa (Uselun)

firsanfeafumudavguresiuneuisi
\@ue (algorithm 2) wazdumeudsluaw 1 wuii su
pouTslmiiinuntuiinnudanguannnitlasaunso
AawazasUselealafiasguuuuvesusslen Tc
T,meﬂu'Qﬂamé”mgﬂmmwgﬂnﬂgﬂLL‘UUfﬁ’mau 14 U
wuu faiiauellunuddoneunt Tuvazideatu
Funouislvaitl sannsodudumstuusslongiuy

Tyl 9 waziiinguuuuysgleadudiuau 21 sUiuy

wn3aslianldlun1side
1. doyarainnauiynsudidnnsetindlne-
9angy (LEXITRON) (LEXITRON Data, 2018)

2. laseas19a9nsuselemniwibng

3. WsunsuuInsdnnisgiudeya MySQL

Version 5.2
4. Wswnsun1w PHP

5. awfiunesidndn ASUS @iy Core i3 1.8
GHz usu 4 Anglud a1sadan 1 wsilud

a

ananidlun1siesieidaya
adanioluniside lown Seuay (%) Aade

(X) drudesuuninggiu (SD)

Fr e ropnA: Vol. 18 No. 1 January-April 2024

Science and Technology



N1INAABDY

1. Y Ueyaann LEXITRON 31134 40,854
ISARDSA LANIFIDEYNRININ &

2. W lusunsume PHP af1eSiaduniugy
WUU weaz R g Lileasadu TPOS mudunouis 1

3. WAL USHASUAIY PHP AUTURauld 2
lngdwirguuuudselen TP uag TPOS aselsylen
M ling

(1) Ty "N ADSed) ) N x ADJ

(2) Ty D NIBE CIADY 64 ) N x BE x ADV
(3) Ty "(NrIgBINpL 61 ) N x BE x NP1
(@) TNyt \ v

(5) Ty (Nrourlyfvertlpplosl) N x v x PP

(6) TeDMNroyfvrtip 1oe) IV x NPY

x NP2 x NP3

(8) Ty ™ (NP1**ADJ ) NP1 x AD) NP1 x NP2 x NP3
(9) Ty>™ (NP1*=IBEBADVH) ) NP1 x BE x ADV
(10) Tip=>™ (NP1eDBECINP2s2 ) NP1 x BE x NP2 | NP2 X VX NP3
(1) Ty D™ (NP1syet) ) Ny x v

(12) T, (NP1wDYvebpples) ) NpY x V x PP

AN 3 LAS9INTTONALIS ATSGE

, NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

)

U 18 atuf 1 Uszdufion unsIAu-luweu 2567

(13) Ty~ (NP1eV\vebinp2(oa) NPy x V x NP2
(14) Tye=>™ (NP1(reV\fet)ypplosdnp3inad) ) Npy x ¥

(15) Tys=>"™(veeINp1 ©%1) yxp1

(16) Ty=D™ (VibiNpgetpdoosn) ) v x NP x N

(17) Ty D™ (NP1wONPZre2 Vi) ) NPy x NP2 x V
(1) Ty ol et oo Npod ) Ny v x NPL | (18) Ty D™ (VoetiNp1ie1) ) Np2os2 ) v x NP1 x NP2

x NP2 (19) Tyy=D™ (Virtipyloetinpzed) ) Np3osd) ) v x

(20) ToyD™ (NP10®INP2ood fetl)np3iel) Npy x

(21) Toy=>™ (NP1#NPZ"2 NpY x NP2

4. Feuluswnsunle PHP YU uiusiusiy
UULIARBS AN P ANNN15AS 19U Lo LA LD
TanaaUSu

5. Weulusunsuduuselomagnedaseainua
nsadelsgleaniuguuuulselea 21 sUuuy 31U
12 94n Yoay 25 Usgloa (300 Ustlonsatn) sauiis
A 6,300 Uselon ile Tanailenmnménenisfiansan
nsgilaanuninggnaeIvielyl

Thai POS

Dictionary

\ 4

Generate Engine

T

T.€T, NTP Tsp. € Cross
JOln Rp-rm X
Read Tc form TP

add PT11...f]

Rotpz) X Rorpz) X
w X Roren

Thai Sentences Corpus




word_id | words_word words_eng words_cad words_syn words_sample
1 Wandadnedu abovementioned PRON fanann misuvaanaueFuunumldluegd,
2 n1sanoanides labstention N mshiuanspnaiiunmEng
3 punguang according to law ADV ﬁnﬁaqmum‘]umu
4 Imn'(u'[aﬁaﬁu‘lmi fadvance technologies N ‘ma’[u'(aﬁaﬁ'u'luﬂ noufanesluladuddglunisiamalu.
5 F:Lﬁuuqﬂszmsﬂszqu agenda N ’é’qé’us’mmsn‘ﬁﬂs:'quﬁﬁ"muﬂ'l’i
6 nfluumany [testosterone |ﬂ1:ﬁﬂ%’1aﬂu’[audw‘l§vﬁwmi'nmu‘lummm
7 il Asia N foniv
8 LoLtiy Asia AD) Reatuniviedy
9 Ty Asian N nfimaeiTunz Yuvenidesls
10 ey Asian ADJ L?'mﬁugﬁmﬂluununx"a’uaam.ﬁm'lﬁ
11 \Dumdnuseiu Assure v Wundnuseiu msldelaussudn audundnussiuay..
12 lfiunan ft other times ADV U9, s, U1eASe unsiivnldaasazuveviinveshenusnouiu
13 luurensal |at some point DET NSl Tuurensal mﬁﬁ'lu'huaﬁnqﬁﬁaﬂsxnan‘lﬁ...
14 Saunawrit |authority and fucntion N |a°'m'1wﬁﬁi"i|

AW 4 Faya LEXITRON #ldmaaed

NEAN1INAEBD

MU sIRLALUSWN NN LEXITRON
Wgsruudan1gIudeyaungloafinea Lagldey
Tusunsumadunouds 1 vilwlddeyaud R, Fadu
msauazdnudielivaaes wansfiegrananis

NAFBITUNDUL FININ 5

dieldusay R, FININ 7 YAN3LaTUAINGa1?
THUsunsuiivaumudunewds 2 Taoidonsiadu
Rqa?il,?‘{m%’mﬁ’u TP el N=21,090 #n V=13,028 A
BE=4 A1 ADJ=2,879 A1 ADV=2,876 A1 NP=10,545
AN Ay PP=221 A"

msiauenan1snaassualy 2 du fAe
HANTTNARDUTIUTUIULATHANITNARDUTIAUN N
18A15719 3 kay 4 LanINan1INAasuTeusunel diu
AT 5 kag 6 LAAINANITNABUTIAMAINAIITUY

nUsgleanieulinnuvunggneies

WNaNISNAaYIUSuI

M1519 3 wangduuuAlsenaulsylen
fegrustloafildainnsinurenaiesdng v
Usgloaiswldmnuminegndeaarlianunsadile
Iilnsuonliifududagadnfiviuiusenouiudy
Usglom 91519 4 uanseaBsuiinaildnnnsases
Iﬂiﬁﬂﬁgwmﬁ’]LLuﬂmugﬂLLUULLasﬁﬂuauﬁumﬁ’]u,az

JaniuUsgneufunugiuuy 21 sUuuy

N5 4 83Uele wdesdnsadeUsslen
wuulaifsusunlasauiusiy 7.6392x1016 Uszlen
TneisuuvesUseloaildtunsefusiuuveasaedn
filunsiaz3iadunazduiuvesdlunsdazguuuy dq
nansiuildazdulununaguasidouves

sunuuAsalysen
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id | words [ words cat | |id | words [ words cat | |id | words [ words cat | |id |[words | words cat
P |2 mimeonidve N > It fandntudy  PRON P11 duwanusiu v P13 Tuvansd DET
4 welulagamibni N 2613 Tasfin PRON 25 gl v e Tudnnsdwide  DET
5 suleunemavsgy N a6l 18 PRON 27 wouslowives v 5039 yn DET
6 ofliumAny N Bass  lowy PRON 28 Suningdu v 6992 8 DET
7 w0y N 4220 viviu PRON 31 Runsoddnd v 7940 vy DET
9 oudeu N 4303 PRON 37 wiiuilo v 8500 T DET
14 gwnowdini N 4313 duwd PRON 53 Sndmn v 10469 19w DET
15 soouddivisaluid - N 4314 duudud  PRON 5 Genddens v 13084 o DET
16wl N 4gs3  wwi PRON 56 vmdvawa v 16860 Hoa DET
id | words [ words cat | [id | words [ words cat | [id | words [words cat | [id | words words_cat
P8 iy ADJ (] mungming ADV »[ 175 #rwmmezii CONJ (3320 dwiv PREP
10 oudou ADJ 12 uAvwii ADV 195 anula con 4333 4 PREP
33 nwyees ADJ % ambiu ADV 21 con as21  dwi PREP
34 swdned ADJ 42 lwwwwee AV 207 fweufvaiy  CONJ 4824 AsnAN PREP
35 swinsuna ADJ 109 Ay ADV 260 wndli CONJ 4355 muly PREP
60 Aty AD) 125 gmem ADV 2161 msuwini CONJ 5185 u PREP
143 nwai ADJ 157 il ADV 2260 Tumanduiy ~ CONJ 5688 6 PREP
265 1lamy ADJ 185 fiodn ADV 2123 wninothaey CONJ 5815 swin PREP
268 ldle ADJ 186 quiadimiv  ADV 2863w con 7862 wilo PREP
T
T T [ words [ words cat | [ia | words words_cat

P firs  dwwmerdl  con P | 164 treiiuce: INT

195 ala CoNs 262 il INT

231 dhwn CoNy 419 vivein INT

247 vhweufirai  CONJ 756 W INT

760 il CONJ 1315 INT

P61  avwwinl  CONJ 138 gy INT

A 5 HaN1SVAaeIasIsslatulLsiay Rq (Wentolanzitie1da3—N, V, ADJ, BE, PP, ADV, )

M1919 3
110¢/190aN715919A09Y09N 1585 19Tl aInn 1A sealysanmugUiuy T1-T21

sULUY fegeuszleaisnuldanuminegndes  diegreszleaiiswlaldaanuvane
T, (N+AD)) Wsadnsluirassd mumﬁaﬂamia

T, (N+BE+ADV) Unaysndfieufiadiowdnfaun wszuuJuwinu

T, (N+BE+NP1) N3Yzas|AB|N1IA At dunsoathy

T, (N+V) NSLEaUNTIALEUNINIIALEES 5@‘13ﬁ|LLa'uLLaaU

T, (N+V+PP) Tunsalfi|ye|unsngdu \We oo uing

T (N+V+NP1) Lﬁ’]’wﬁua|Lﬂmiﬂa|§ﬁﬁﬂﬁé’u§iwg§ m@iaauﬁhﬂﬂfﬂﬁﬂmmmamﬂi
T (N+V+NP1+NP2) wilsdodAgleoulinisluseliniusunsy  nedn|uiadulanuleudewens|{iidu
T, (NP1+ADJ) N15NAINTUII mm%wﬁ”l,wu

T, (NP1+BE+ADV) nsvhanedns|felelugnan Hnn1sAnw|As|iiuaag

T, (NP1+BE+NP2) AUANAU|AB|NTELLA ﬁaa%’uwnn|ayj|mié’u

, , NIANTIVINTUATINE DA W Te
U 18 atuf 1 Uszdufion unsIAu-luweu 2567 < < B
i g atuinermansuazinalulad



A1519 3 (79)

sULUY areg1eUszleanadnuldadnununegndes ddegsussleansululdauang
o I3 a asl’ v ¥ 1 |
T, (NP1+V) NUNUNUN UL UDENDYUDY N1TUUUIUAIDNR1IIABYDY
T (NPL+V+PP) nsilnsuldulln anuNUszNoUNI|[Mua|wen
T, (NPL+V+NP2) Nuaduansd Flandndnanusvine lumAun8jeandafdiundnung
T, (NPL+V+NP2+NP3)  dasenduunsfihavdsinstenelygwisivg  Arfininwi|feiigaen|dsasidnazidos)|
annan
U
T, (V+NP1) yaiulnsfinwiuenseuy n3zlANNIzIAN|NTUsEAU
T (VENP+ N) NAAYT3T1A|NTRUTL|NMTOUIIVIMSUTEAINIT 0180 NISWHSIA| N1 TUNSE
T (NPL+NP2+V) filsznau|n19ARIzRaIn N30 TERUUIUNA AUNEaIn
T, (VENP1+NP2) Wiada|nudunamiieau W AsAulanatseuselesil

T, (VENP1+NP2+NP3) dhidenuimadgmadudyaniiissnmsuszs aniindunadiveuauAIuLAL
T (NPLeNP2+V4NP3)  doluaflannuimisinens)dulnailayaussivg  dvaulnisuieldujuiumen

T (NP1+NP2) Runadsedunistitihdendauisssmalne  sangruialdiiunisuans

f1919 4

Usuaseleniilavinnisasealusanduunmiuguiuy T1-T21 uagdauailuusazSiadu

suuuy IIUIUAT Uszleaiild
T 21,090 2,879 - - 6.0718x107
T 21,090 4 2,876 - 2.4262x108
T, 21,090 4 10,545 - 8.8958x108
T, 21,090 13,028 - - 2.7476x108
T5 21,090 13,028 221 - 6.0722x1010
T 21,090 13,028 10,545 - 2.8973x1012
T 21,090 13,028 10,545 10,545 3.0553x1016
T, 10,545 2,879 - - 3.0359x107
T9 10,545 4 2,876 - 1.2131x108
T1o 10,545 4 10,545 - 4.4479x108
T, 10,545 13,028 - - 1.3738x108
T, 10,545 13,028 221 - 3.0361x1010
—l—13 10,545 13,028 10,545 - 1.4487x1012
T 10,545 13,028 10,545 10,545 1.5276x1016
T, 13,028 10,545 - - 1.3738x108
T 13,028 10,545 21,090 - 2.8973x1012
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A1519 4 (79)

suuuy 1A Uszladild

T, 10,545 10,545 13,028 - 1.4487x1012

T, 13,028 10,545 10,545 - 1.4487x1012

T, 13,028 10,545 10,545 10,545 1.5276x1016

T 10,545 10,545 13,028 10545 1.5276x1016

T, 10,545 10,545 - - 1.1120x108

RN 7.6392x1016

NAN1SNARDITIAUAN #91304197N911579 5 83 UelAI nadanunm

m1319 5 WWunadenauniminideyadildain

msasealusinudinsziifiensuiuresusslead
anunsaeuldaaununegnes uuniduiosas fn
wAsuaydudenuuinTgIu d1un1s8 6 LandnIs
Wisuiisusuiudesaziedevesnisinnsaniselen
fignuldmnuminegndeadefaisannuuszlead
Usgnoumiem 2 3 uag 4 A1

Waeemnsainaue dai wansnaasady
Han1snaassduusyleasg1edaselaglilusunsy
Aoufimed somadeulusunsuiteduussloaly
M1314 1 uraggukuy (21 JURUU) 311U 12 Y0 99
az 25 Uszlea (300 Useloasioyn) sauiiadu 6,300
Uszlen mnﬁu"?miwﬁmaé’wémmLwiazgﬂl,wuﬁw

'
Ya o a

AMLHEINY NU1RanUNIAIIEYTiazUselen A8n1s

Tianufiuvosanzdifodnduiivssloniiadnadu
annsaelaanunegndevield Wil lE iU
USUNAEAIF IS UTAUTELAMNEULARNEUINENIT
sulglanuvielaivingy

HAN1SILATIERLIAESIN (macro analysis)
WUl awnsagulianuniegniesdiuig 2,312
Uselea AnduSouay 36.67 Nan1TILATIEAING?

LANIAINITIS 5

o A

U 18 atuf 1 Uszdufion unsIAu-luweu 2567

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

fansnsasuldemmmnegnies lnewafiens 21 Uuuy
susuvay 300 Uszlon unuiterumnmsnglignies
I¢iade 110.10 Uselon Anduiesas 36.70 Tagdlen
Youanogiisosas 13.33 fie UuuuUsElundl 14 fn
uniignldfeienay 64 Ao sUnuuUstlond 1 uawdl
Admnudstloaadsnin 25 Uslonluusiazyadeya
Mg 9.17 Uszlen

Amsziludiusieaziden (micro analysis)
Ymanisnaasdlunisne 5 udesizifiudiy Tng
WisuiieuanuenivesUseleafiusznaudag 2 @1 3
1 uaz 4 /i TngUselon 2 A A gULUUA 14 8 11
15 wag 21 Useloauuy 3 f fAe ULV 23 5 6 9
1012 13 16 17 uag 18 Ussleauuu 4 A1 e JUwuy
§i 7 18 19=20 wan1snaaesfildnuin wWousslead
Usenausiedl 2 A1 a1unsasuldanuninegnaed
fi¥oraziadeszning 44.00-64.00 Antadaidudeuay
53.05 vauzdiUseloaiiusznousiod 3 M leseuas
WAETEIING 22.33-57.67 AnduAadsdeuas 34.57
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Abstract

The objectives of the research were to produce biogas from wastewater treatment of the water supply
system in RMU, Maha Sarakham Province. Fresh cow manure, which is the manure of beef cows,
is part of the biogas production process. To assess biogas production and demonstrate renewable
energy applications, the biogas system was constructed. The research focused on the fermentation
four times, collecting data one time a day continuously, and designing an experiment for six months.
The research results showed that the best ratio to produced biogas was waste water: cow leathate
was polluted water 200: cow manure 200, with a yield of biogas of 3,429 litter, a fermentation time
of 58 days, and the flammability of biogas of 171.39 minutes. The second ratio to produced biogas
was wastewater: cow leathate was polluted water 200: cow manure 150, with a yield of biogas of
1,656 litter, a fermentation time of 46 days, and the flammability of biogas of 83.07 minutes. The
third ratio to produced biogas was waste water: cow leathate was polluted water 200: cow manure
100, with a yield of biogas of 898.200 litter, a fermentation time of 29 days, and a flammability of
biogas of 45.54 minutes. The minimum ratio to produced biogas was waste water: cow leathate was
polluted water 200; cow manure was 5 with a yield of biogas of 522 litter; fermentation time was
17 days; and the flammability of biogas was 26.55 minutes. The research indicates that components
of biogas with methane gas (CH4) had a maximum average of 56.96% (vol/vol), followed by carbon
dioxide (CO ) at 25.44% (vol/vol), other gases at 15.28% (vol/vol), oxygen gas (O)) at 2.42% (vol/vol),
and hydrogen sulfide gas (H S) at 232.20 ppm.

Keywords: biogas, wastewater from water supply process, water supply process
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Show the ratios in each experiment, the duration of fermentation, and the resulting gas. (Liters)

Experiment Ratios in each experiment Fermentation Biogas yield
polluted Cow molasses  Accelerators period (day) L
water (L)  manure (kg) L PD.6 (bag)

1 200 5 10 5 17 522

2 200 100 10 5 29 898

3 200 150 10 5 a6 1,656

a4 200 200 10 5 58 3,429

The graph shows the height of the tank each day.(hr)
and The amount of gas produced. (L)
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The graph shows the height of the tank each day.(hr)
and The amount of gas produced. (L)
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The composition of biogas
Experimentation The composition of biogas
CH, Co, O, Other Gases HS
(Vol/Vol) (Vol/Vol) (Vol/Vol) (Vol/Vol) (ppm)
1 57.10 25.30 2.50 15.10 250.00
2 57.10 25.50 2.40 15.50 204.00
3 56.90 25.50 2.40 15.20 231.00
4 56.80 25.40 2.40 15.40 242.00
5 56.90 25.40 2.40 15.20 234.00
average 56.96 25.44 242 15.28 232.20
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Abstract

Radiology services are crucial for patient safety, serving as a cornerstone for accurate diagnosis. With
advanced, high-tech equipment, the radiology department conducts intricate diagnostic examinations and
treatments. Radiology’s intersection with sustainability spans multiple dimensions. Given Cambodia’s
limited access to modern radiological tools, the challenges surrounding sustainable radiology and
its implications for patient safety stand out prominently. A cross-sectional study was carried out in
the radiology department of tertiary hospitals in Phnom Penh, Cambodia, between August and September
2023. This research melded a technology-driven perspective with a sustainability conceptual model,
encompassing four dimensions and 20 attributes. To rank the significance of various attributes and
dimensions, the Fuzzy TOPSIS method was utilized. The closeness coefficient indicated that the
technology dimension ranked highest. From the viewpoint of radiologists, technology emerges as
the essential factor in radiology services for bolstering patient safety sustainably. The model offers
strategies that prioritize sustainable radiology services and patient safety, a fundamental goal in the
healthcare sector. This is especially vital for a developing country like Cambodia, where resources

are limited.

Keywords: radiology, sustainability, patient safety, technology, Fuzzy TOPSIS
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Introduction

In recent years, Cambodia, classified as
a developing country, has witnessed significant
advancements within its healthcare domain. Such
progression is quantifiably manifested in metrics
such as the decline in child mortality rates, the
enhancement of maternal health infrastructure,
and a noticeable reduction in the prevalence of
communicable ailments, encompassing HIV,
tuberculosis, and malaria (Teo et al., 2020).
Nonetheless, amidst these progressive strides,
Cambodia confronts formidable challenges,
accentuated in light of the global COVID-19 crisis.
Constraints such as restricted healthcare accessibility,
a paucity of requisite medical apparatus-inclusive of
radiological instrumentation and a limited healthcare

infrastructure present persistent impediments
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(Grundy-Warr & Lin, 2020; lwamoto et al., 2020).
Cambodia’s healthcare infrastructure, including
its radiology sector, has experienced steady
development over recent years, with marked
advancements evident predominantly in urban centers
such as Phnom Penh (Harrington, 2015). These
urban hubs host a range of radiological equipment,
from basic X-ray machines to more sophisticated
CT and MRI scanners, primarily concentrated in
private hospitals that have benefited from enhanced
investments (Harrington, 2015). While the private
sector seems to have an edge in terms of modern
radiological amenities, public institutions often
grapple with challenges linked to outdated
equipment and limited resources (Annear et al.,
2015). A salient concern remains the shortage of

trained radiologists and radiographers, although




initiatives involving foreign medical partnerships
have been aiding in capacity-building and training
(Harrington, 2015). However, rural regions of Cambodia
still confront significant barriers in terms of access and
affordability of radiology services. As the country
strides toward improved radiology services, it must
place equal emphasis on quality control and the
establishment of stringent regulations to ensure

safe and effective patient care.

While Cambodia has a pressing need to
develop its radiological examination capabilities,
it is also essential to consider other sustainability
impacts. This is mainly because numerous
international studies have presented the environmental
consequences of radiology services. These impacts
range from the high energy consumption of machines
like CT and MRI scanners, medical waste resulting
from radiological examinations, to the release of
carbon dioxide, a greenhouse gas, from radiological
equipment (Chua et al,, 2021; Heye et al., 2020).
Radiology also plays an indispensable role in social
sustainability such as global health, making its
social implications profound. Ensuring equitable
access to radiological services, especially in underserved
areas, is fundamental for health equity and social
well-being. Continuous training is essential, allowing
healthcare professionals to remain adept with
evolving technologies. Furthermore, adherence
to safe protocols, minimizing unnecessary scans,
and transparent communication about risks ensures
patient safety and reinforces public trust in the
healthcare system (Welling et al., 2011). Radiology is
both a significant expenditure and an economic
catalyst within healthcare. The purchase, maintenance,
and operation of advanced imaging systems represent
substantial costs. However, the sector also offers
numerous employment opportunities, bolstering

economic stability. Medical tourism, spurred by

top-tier radiological services, can rejuvenate local
economies (Grundy et al., 2009). Moreover,
timely and effective radiological interventions can
lead to quicker diagnoses and reduced hospital
stays, offering potential cost savings in the larger
healthcare spectrum (Harrington, 2015; Welling
et al., 2011).

The most important key factor for radiology
these days is Technology, Technological advancements
in radiology present a dual-edged sword. On one
hand, the transition to digital imaging, the rise of
teleradiology, and integration with Al enhance
diagnostic precision and accessibility while
potentially reducing environmental impact (de
Reeder et al., 2023). Energy-efficient equipment
designs, cloud storage solutions, and the seamless
integration of radiological data with Electronic
Health Records streamline operations and reduce
waste (Chua et al., 2021; Schoen, McGinty & Quirk,
2021). On the other hand, rapid technological
obsolescence can lead to challenges like electronic
waste. Embracing technology with a sustainability
lens is crucial to harness its benefits while mitigating
its challenges and leads to the ultimate goal of
patient safety (Kanokphanvanich, Rattanawong &
Vongmanee, 2022, 2023).

Objective

This study aims to understand the perspectives
of radiologists in developing countries facing
resource challenges, such as Cambodia. The researcher
seeks to comprehend which dimensions radiologists
believe are most crucial for ensuring sustainability
in radiology work and delivering maximum patient
safety. The tools used in this study can be further
developed to strategize for organizations to enhance
sustainability and safety for both staff and patients,

which are the utmost goals of healthcare
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This research study provides significant

contributions in the following areas:

1. Propose a model for sustainability
assessment that integrates ‘Technology’ within
its framework. This model can be employed to
evaluate the significance of specific attributes

and dimensions of sustainability in radiology.

2. Upon successful assessment, the model
assists hospital administrators in prioritizing and
selecting the most crucial dimensions and attributes.
This prioritization facilitates the crafting of sustainable
strategies for radiological operations to ensure

patient safety.

3. The proposed model holds versatility,
allowing for its adaptation in other sectors of
medical services such as public health and nursing.
Additionally, it can be applied to the broader

context of overall hospital operations.

Literature review

Radiology, a critical component of modern
medicine, involves the use of imaging to diagnose
and treat diseases within the human body. As
technology advances, radiological methods, from
traditional X-rays to complex MRI scans, have grown
in both capability and prevalence. However, with
this growth comes the responsibility of ensuring
these processes are sustainable. The concept of
radiology sustainability blends the principles of
long-term viability with medical imaging, covering
environmental, social, economic, and technological

facets (Kanokphanvanich et al., 2022).

Radiology in social sustainability

For radiology to be socially sustainable,

it must remain accessible, equitable, and sensitive to
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patient needs. This entails ensuring all segments
of the population, irrespective of socioeconomic
status or geographic location, have access to
quality radiological services (Chua et al., 2021;
Harrington, 2015). It also emphasizes the importance
of ethical considerations in radiology, such as informed
consent, patient privacy, and minimizing exposure
to radiation. Radiology’s social dimension further
touches upon professional education, emphasizing
the need for continuous training and development
to ensure radiologists maintain the highest standards
of care (EuroCham Cambodia, 2021; Grundy et al,,
2009).

Radiology in environmental sustainability

Radiological services, intrinsic to contemporary
healthcare, carry a multifaceted environmental
footprint that merits comprehensive scrutiny.
Advanced imaging modalities, notably CT and MRI
scanners, command significant energy reserves, often
resulting in escalated electricity demands within
healthcare facilities (McAlister et al., 2022). Such
demands not only strain institutional utilities but
contribute to broader energy consumption, with
associated carbon emissions and environmental
repercussions. Furthermore, the entire lifecycle
of radiological consumables, especially contrast
media and radiopharmaceuticals, warrants attention
(Schoen et al., 2021). The manufacturing, usage,
and eventual disposal of these agents introduce
potential ecological risks, particularly when regulatory
oversights are absent or inadequately enforced.
Mismanaged disposal can lead to detrimental
aquatic and terrestrial contamination, posing
harm to ecosystems and potentially entering
human consumption chains (Chua et al., 2021,
Schoen et al., 2021). Moreover, the emergence of

energy-efficient imaging apparatus, combined with




robust waste management protocols and green
procurement policies, can substantially miticate
environmental adversities (Woolen et al., 2023).
By embracing these strategies, the radiology sector
can fortify its commitment to both exemplary

patient care and ecological stewardship.

Radiology in economic sustainability

From an economic vantage point, radiology
stands as both a valuable asset and a strategic
avenue for cost mitigation within healthcare.
The acquisition and upkeep of advanced imaging
equipment necessitate robust capital investment
(Kc & Terwiesch, 2009). Yet, the dividends of such
investments manifest in the form of precise and
timely diagnoses, facilitating expedited and more
efficacious treatments, which in turn, can curtail
overarching healthcare expenses in the long run.
This duality underlines the imperative for
an economic equilibrium in radiology, harmonizing
upfront technological investments with the enduring
fiscal and therapeutic advantages they usher
(Wald et al., 2018). The Sustainable Supply Chain
Management--SSCM promotes cost-effectiveness
and better operations in supply chains, while also
strongly supporting environmental and social values
(Swarnakar, Singh & Tiwari, 2021). This aligns with
value-based healthcare, which focuses on wisely
using resources based on patient needs and
ensuring that the financial benefits in healthcare
are always clear. Healthcare supply chain managers
constantly face challenges balancing costs and

risks. They must understand that while saving

costs is important, it shouldn’t harm patient care
(Smith et al., 2021; Swarnakar, Bagherian & Singh,
2022).

Technological dimension for radiology

In today’s fast-paced tech world, radiology
stands out as a key player in medical advancements.
But as radiology grows, we must think about
sustainability. This involves using new innovations
for better patient care while also considering the
environmental and social impacts (Welling et al.,
2011). This includes looking at how energy-efficient
the equipment is, if we can recycle used equipment
and the environmental effects of producing
this technology. The digital transformation of
radiology-manifested through the ascent of digital
imaging and teleradiology-has reshaped how we
archive, disseminate, and interpret medical images
(Schoen et al,, 2021; Woolen et al,, 2023). Yet,
digital horizons introduce nuanced challenges:
data security, electronic refuse, and the carbon
footprint of sprawling data centers. At the nexus
of these technological shifts lies an unwavering
commitment to patient safety (Smith et al., 2021).
By synergizing radiology’s diagnostic prowess with
technologies like loT and Al, we can diminish
manual errors, expedite clinical decision-making,
and amplify the precision of patient-centric
interventions (Alhasan & Hasaneen, 2021). Such
a confluence not only bolsters patient outcomes in
the present but augments healthcare resilience
against future uncertainties, solidifying technology’s
pivotal role in steering healthcare, and specifically
radiology, towards a sustainable horizon (Kumar,
Raut & Narkhede, 2020).

Fuzzy TOPSIS

TOPSIS was originally conceived by Hwang
and Yoon (1981) as a tool for Multiple Criteria
Decision Making-MCDM. Later on, Chen and Hwang
(1992) integrated the fuzzy approach, enhancing
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its capabilities. Fuzzy TOPSIS is particularly adept at
managing multifaceted criteria, given its incorporation
of the fuzzy set theory. This allows it to adeptly
navigate the uncertainties in the subjective evaluations
made by decision-makers-especially when these
evaluations are expressed through linguistic nuances
or varying degrees of satisfaction and significance
(Chen & Hwang, 1992; Hwang & Yoon, 1981).

Conceptual Framework

The Sustainable Healthcare Supply Chain--

SHSC conceptual model focused on patient safety,

as presented by Kanokphanvanich et al. (2023) in
Fisure 1, has been adapted as an evaluation tool. This
allows radiologists to determine the significance of
various attributes from their viewpoint, emphasizing

patient safety.

Environmental

SOCIAL

Figure 1 Sustainable Model for Patient Safety integrates technology dimension

Note. From A new model for a sustainable healthcare supply chain prioritizes patient safety: Using

the Fuzzy Delphi Method to identify healthcare workers’ perspectives by C. Kanokphanvanich, W.
Rattanawong and V. Vongmanee, 2023, Sustainability, 15(9), 7123. Copyright by MDPI
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Methodology

The conceptual model for Sustainable
Healthcare Supply Chain--SHSC that prioritize
patient safety is adopted (Kanokphanvanich et al.,
2023). The model highlighted the importance of
enhancing patient safety from the perspective of
healthcare professionals in the context of developing
countries. To delve deeper and assess real-world
application, this study applied the Fuzzy Technique
for Order of Preference by Similarity to Ideal
Solution--TOPSIS method, a sophisticate decision-
making tool. This technique facilitated the ranking
of various attributes based on their importance,
helping organizations pinpoint the most crucial

elements for formulating effective strategies.

Questionnaire design and distribution

The survey consisted of 4 dimension, 20
attributes adopted from Kanokphanvanich et al. 2023
and was made available in both English and Khmer
to cater to the prevalent linguistic preferences in
Cambodia. It was structured in two segments.
The initial section solicited demographic information
of the participants, while the latter section
prompted them to gauge the significance of
each SHSC attribute. Responses were captured
using a 5-point Likert scale (1-Not important,
2-Slightly important, 3-Moderately important,
4-Very important, and 5-Extremely important).
The study was conducted in accordance with
the Declaration of Helsinki and approved by the
National Ethic Committee for Health Research in
Cambodia (protocol code No.097/NECHR, with an
approval date of 31 March 2023) and the Human
Research Ethics Committee of the University of
the Thai Chamber of Commerce (protocol code
UTCCEC/ Exempt019/2023, with an approval date

of 20 February 2023. The informed consent was

obtained from all participants in this study

The study was carried out in 5 tertiary
hospitals in Phnom Penh, Cambodia’s capital. The
selection of the five tertiary hospitals in Cambodia
based on their status as large-scale tertiary facilities,
equipped with comprehensive radiology services,
providing a representative sample that reflects the
broader healthcare landscape in the context of
Cambodia’s resource constrains. For a homogenous
expert group, satisfactory results can be achieved
with a panel of 10-15 individuals (Rodriguez, Otero-
Neira & Svensson, 2020; Serrou, Abouabdellah &
Mharzi, 2015). Thus, 15 radiology experts were
chosen for this study. Three senior radiologists
from each hospital were invited as decision-makers.
Questionnaires were disseminated to radiologists
from July to September 2023. Participants were
senior radiologists meeting at least one of these
criteria: (1) a minimum of 10 years’ experience in
healthcare; (2) an executive role in the radiology
department; or (3) possessing a doctoral or master’s
degree. These criteria ensured participants had a
deep understanding of radiology and sustainability
challenges. Web-based questionnaires were shared
via Email, Telegram, and WhatsApp for evaluations
and feedback.

Measurement

The variables employed in this research
were sourced from healthcare-related literature
and identified by experts in developing countries’
healthcare. The potential attributes have been
itemized and grouped into four dimensions, as

depicted in Table 1 below.
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Fuzzy TOPSIS

For this research, Fuzzy TOPSIS is utilized
to evaluate and prioritize the pivotal attributes for
the sustainability of the radiology service within
a hospital-based case study in Cambodia. The
method unfolds as follows

Step 1: A group of Decision-Makers--DMs,
representing key stakeholders from the radiology

department in private and public tertiary hospitals

Table 1

in Phnom Penh, are chosen to assess the signifi-
cance of SHSC attributes. This study employs a
five-point scale, permitting these decision-makers
to convey their insights. To capture the inherent
uncertainties of these evaluations, Triangular
Fuzzy Numbers--TFNs are used. The specific
TFNs deployed in this assessment process can

be viewed in Table 2

Attributes for healthcare sustainable model that prioritize patient safety.

Dimension Attributes

Reference

Social Health and Safety (SC1)

Skills, Knowledge, and Training (SC2)

Quality of life (SC3)
Equity (SC4)

(Cheang & Lee, 2010; Eizenberg & Jabareen,
2017.; Hussain et al., 2019; Tudor et al,,
2021)

Community health care accessibility (SC5)

Collaboration (5C6)
Environment

Pollution prevention (EV2)

Environment-friendly material (EV3)

Energy efficiency (EV4)
Economic Financial (EC1)
Process efficiency (EC2)
Marketing (EC3)
Relationship Management (EC4)

Service Efficiency (EC5)

Leadership and Governance (EC6)

Technology Information Management (TE1)

Cybersecurity (TE2)

Transparency and Traceability of

healthcare process (TE3)

Healthcare Innovation and Advance

Technology (TE4)

Healthcare Waste Management (EV1)

(Chua et al,, 2021; Elabed, Shamayleh &
Daghfous, 2021; Harrington, 2015; Heye et
al,, 2020; de Reeder et al., 2023; Schoen
et al,, 2021; Welling et al., 2011; Woolen
et al.,, 2023)

(Hwang & Yoon, 1981; Kanokphanvanich
et al,, 2022, 2023; de Reeder et al., 2023;
Swarnakar et al., 2021; Tejativaddhana
et al,, 2018)

(Akinwale & AboAlsamh, 2023; Apostolopoulos,
Makris & Stavroyianni, 2022; Bialas et al.,
2023; Biswas et al., 2023; Chandra et al.,
2022; Chen & Chiu, 2022; Garrido, Ramirez
Lopez & Alvarez, 2021; George & Elrashid,
2021a, 2021b; Kerr, 2020; Lu et al., 2016;
Pennestri & Banfi, 2022; Tsarfati & Cojocaru,
2022; Welling et al., 2011)

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 18 atuf 1 Uszdufion unsIAu-luweu 2567




Table 2

Linguistic scale for evaluating 20 attributes of alternatives and criteria

Linguistic Scale for Rating Abbreviation TFNs

Not Important NI (0,1,3)

Slightly Important S (1,3,5)

Moderately Important Ml (3,5,7)

Very Important Vi (5,7,9)

Extremely Important El (7,9,9)

The Triangular Fuzzy Number--TFN A is where

defined as (a, b, ¢) where a indicates the small- By = (Z—,}Z—,’%) @ = ming {ahb = LTk, byc = max 6 (4)
est potential value, b indicates average possible

value, and c indicates the largest potential value.  and
The membership function u, of A is described ¢; = max {c;;} ....importance criteria (5)

as follows
Ox<ax>c
x-=1
ue) = {pm @ SH =€ (1)
ZZp<x <a
c—b

Decision-makers, represented as DMs (s
= 1,..,p) utilize linguistic scales to evaluate the
significance of the 20 attributes based on n criteria.
The criteria’s relative weight vector is denoted
by W = (wl,w2,...,wn). An elevated rating signifies
greater attribute importance. Aggregated scores
from decision-makers form the fuzzy decision
matrix, symbolized as D as expressed in equation

(2).

B, = 2)

X11 X1 xln]

Xre1 o X

Step 2: The fuzzy decision matrix is normalized
using a linear transformation. The normalized

fuzzy decision matrix T is conducted using the

equations as follow

Step 3: The weighted normalization matrix
(7 ) is then calculated using the equation as follows:

Y = [37ii]k o= [£;; = Wi]kxn =12 ., kj=12 .,n(6)

Step 4: The Fuzzy Positive Ideal Solution—FPIS,
A" and Fuzzy Negative Ideal Solution--FNIS, A" can

be calculated as follows:

At = 3597, V) (7)
A" =019 0 P) (8)
where

yi = max; {§i;},and I = ming {12 1,20 K = 1,20 g

Step 5: The distance of each alternative
from FPIS df and FNIS d; is computed as follows

dl+ = j=1 dy = yij ;}71+1 (10)

di = Xi-1dy = Vij, V1 (11)

49 = (2= a)?+ (b= b2+ (6 — e)? (12)

Step 6: The closeness coefficient (CC;)

of each attribute is computed as follows:
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Step 7: The 20 attributes for radiology
sustainability that prioritize patient safety from
the perspective of radiologists are ranked. The
most important attribute is closet to the FPIS and

farthest from the FNIS.

Result

The model was applied to healthcare
facilities in Phnom Penh, Cambodia. For this study,
tertiary hospitals both private and public in Phnom
Penh were chosen. Fifteen senior radiologists and
hospital executives participated in the research,
with their backgrounds detailed in table 3. The

Fuzzy TOPSIS methodology was executed as follows

Step 1: The DMs assigned ratings using the
linguistic scale based on the four dimensions of
the sustainability model. The collective linguistic
scale of these four dimensions is represented using
TFN, as indicated in equation (1). The scores
initially provided by the DMs were consolidated
according to equation (2), with the outcomes

presented in table 4.

Additionally, the DMs evaluated the 20
attributes using a linguistic scale, reflecting their
significance. This linguistic evaluation of the 20
attributes was then structured into a fuzzy decision

matrix to facilitate the subsequent phase.

Step 2: The fuzzy decision matrix is normalized

using a linear transformation as equation (3-5).

Step 3: The equation (6) then was used

to calculate the fuzzy weight normalized matrix.
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Stepd: The fuzzy positive ideal solution (FPIS,
A") and fuzzy negative ideal solution (FNIS, A) were
calculated using equation (7) and (8). Subsequently in
step 5, the equation (9)(11) were used respectively to
calculate the distance of each distribute from FPIS
(di)and FNIS ( d}). The results of the distance
of each attribute from the FPIS and FNIS are

presented in table 5.

Step 6 and 7: The equation (12) was applied
to compute the closeness coefficient (CC;) of
each attribute. The 20 attributes for a sustainable
model for radiology that prioritize patient safety
were ranked. The most important attribute was
closet to the FPIS and farthest from the FNIS. The
results are displayed in table 6.

Based on the data presented in Table
6, the CCi values for the four dimensions-social,
environmental, economic, and technology-are
0.653, 0.638, 0.580, and 0.672, respectively. These
findings indicate that, from the viewpoint of the
hospital’s radiologists and healthcare executives,
the technological aspect is paramount for radiology
services. Within this technology dimension,
‘Healthcare Innovation and Advance Technology’
(TE4) emerged as the top priority. ‘Cybersecurity’
(TE2) followed in importance, with ‘Information
Management’ (TE1) and ‘Transparency and Traceability’
(TE3) ranking third and fourth, respectively.




Table 3

Background of five experts in Radiology and healthcare executives

Job title Gender Education Work experience

DM1 Head of Radiologist M M.D Over 20 years
Hospital A Interventional Radiologist M M.D 15-20 years

Head of Radiology Department F M.D Over 20 years
DM2 Chief of Medical Affair M M.D Over 20 years
Hospital B Head of Radiologist M M.D Over 20 years

Senior Radiologist F M.D Over 20 years
DM3 Interventional Radiologist M M.D 15 - 20 years
Hospital C Senior Radiologist F M.D 15 Years

Patient Care Unit Director F M.D Over 20 years
DM4 Hospital Director M M.D 15 - 20 years
Hospital D Head of Radiology Department F M.D Over 20 years

Senior Radiologist F M.D Over 20 years
DM5 Head of Radiology Department M M.D Over 20 years
Hospital E Radiologist M.D 15 Years

Interventional Radiologist M M.D 15-20 years

Table 4

Linguistic assessment score and aggregated fuzzy weight of criteria by DMs

Criteria Linguistic assessment of criteria Aggregated fuzzy weight of
DMI  DM2  DM3  DM4  pms  Crtera

Social S VI El El El 1 7.40 9

Environmental El El El VI El 5 8.60 9

Economic El El El El El 7 9.00 9

Technology El VI VI VI El 5 7.80 9

S e Vol. 18 No. 1 January-April 2024

Science and Technology




Table 5

Distance of each attribute for sustainable radiology from the FPIS and FNIS

Attributes FPIS d; FNIS d;
sc1 096 0.00 000 096 096 287 150 224 224 150 150 898
SC2 000 0.00 000 000 224 224 224 224 224 224 000 895
SC3 000 224 096 224 000 543 224 000 150 000 224 597
sca 096 224 096 096 096 607 150 000 150 150 150  6.00
SC5 000 096 0.00 096 000 1.92 224 150 224 150 224 971
SC6 224 096 096 224 224 863 000 150 1.50 0.0 0.00  3.00
EV1 000 000 0.00 000 128 128 172 128 280 128 000  7.08
EV2 172 000 280 128 000 580 000 128 000 000 1.28 255
EV3 000 1.28 000 000 000 1.28 172 000 280 128 128  7.08
EV4 000 000 128 128 128 383 172 128 172 0.00 000  4.72
EC1 145 314 000 145 000 603 186 000 314 186 314  10.00
EC2 000 1.45 000 000 000 145 314 186 314 314 314  14.41
EC3 314 314 145 314 314 1400 000 000 1.86 000 000  1.86
EC4 145 145 000 000 000 290 186 186 3.14 314 314 1314
EC5 000 1.45 314 000 145 603 314 186 000 3.14 186  10.00
EC6 1.45 000 000 1.45 000 290 186 314 314 1.86 3.14 1314
TE1 000 119 1.19 000 119 357 119 000 1.66 119 000  4.03
TE2 1.19 000 000 0.00 000 119 000 119 264 119 119 621
TE3 000 000 264 119 000 3.8 119 119 0.00 000 1.19  3.57
TE4 1.19 000 000 000 000 119 000 119 264 119 119 621

, , NIANTIVINTUATINE DA W Te
U 18 atuf 1 Uszdufion unsIAu-luweu 2567 < < B
i g atuinermansuazinalulad




Table 6

Linguistic scale for evaluating 20 attributes of alternatives and criteria.

Dimension Attributes d? di_ CC; Rank
SC1 6.03 10.00 0.624 3
SC2 1.45 14.41 0.909 1
SC3 14.00 1.86 0.118 4
SCa 2.90 13.14 0.819 2
SC5 6.03 10.00 0.624 3
SCé 2.90 13.14 0.819 2
Social 5.55 10.43 0.653 (2)
EV1 1.28 7.08 0.847 1
EV2 5.80 2.55 0.306 4
EV3 1.28 7.08 0.847 3
Eva 3.83 4.72 0.552 2
Environment 3.05 5.36 0.638 (3)
EC1 2.87 8.98 0.757 3
EC2 2.24 8.95 0.800 2
EC3 5.43 5.97 0.524 4
EC4 6.07 6.00 0.497 5
EC5 1.92 9.71 0.835 1
EC6 8.63 3.00 0.258 6
Economic 4.87 6.73 0.580 (4)
TE1 3.57 4.03 0.531 3
TE2 1.19 6.19 0.817 2
TE3 3.83 3.57 0.482 4
TE4 1.19 6.21 0.839 1
Technology 2.44 5.00 0.672 (1)
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Discussions

In this research, the sustainable healthcare
supply chain conceptual model, emphasizing patient
safety, was utilized in a practical case study at
tertiary hospitals in Phnom Penh, Cambodia. The
aim was to assess and prioritize dimensions crucial
to radiology services. This model integrated a
technological dimension into the traditional
sustainable framework. The Fuzzy TOPSIS method
was employed to rank 20 attributes across
4 dimensions. Senior radiologists and hospital
executives from five tertiary hospital in Phnom
Penh participated as the Decision-Makers--DMs.
Findings suggest that, from the viewpoint of radiologists
and hospital executives, the Technology Dimension is
paramount for sustainable radiology that emphasizes
patient safety. The most vital attribute identified was
‘Healthcare Innovation and Advance Technology
(TE4)’. This outcome aligns with prior research, such
as Andronikou S.’s study on the significance of
teleradiology in low-income countries (Andronikou,
2014). This study highlighted the benefits of
teleradiology in addressing challengesin regions
lacking experienced radiologists (Andronikou,
2014). Amidst the COVID-19 pandemic, both
telemedicine and teleradiology usage surged
to accommodate social distancing measures
(Haleem et al,, 2021; Mohammed et al,, 2021).
One key advantage of teleradiology, as noted by
Cambodian hospital executives, is the ability to
‘consult on complex cases and solicit opinions
from radiology specialists worldwide’. Furthermore,
advanced technolosgies like Artificial Intelligence-
-Al elevate state-of-the-art radiology, enhancing
patient safety. A senior Cambodian radiologist
emphasized that Al currently holds a significant
role in radiology. Advanced radiological tools,

such as MRI, CT, and Radiology Intervention, are
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often equipped with cutting-edge Al features,
assisting radiologists in detecting abnormalities in
radiological images. Yet, another senior radiologist
from Cambodia cautioned that Al technology is a
double-edged sword: radiologists should employ Al
as a supportive tool and must not become overly
reliant, allowing Al to overshadow their expertise.
For cybersecurity in radiology services is crucial
as it safeguards sensitive medical information and
ensures the integrity of diagnostic procedures. With
the increasing digitization of medical records and
the interconnected nature of healthcare systems,
the vulnerability to cyber threats escalates. A
breach in radiology cybersecurity not only
jeopardizes patient confidentiality but also poses
a direct risk to diagnostic accuracy and treatment
plans. Protecting against cyber threats is essential
to maintain the trustworthiness of medical data,
uphold patient privacy, and ultimately ensure the
reliability of radiological assessments crucial for
patient care. Radiological Information Management
encompasses the effectiveness, accuracy, reliability,
and accessibility of data within the healthcare
system, specifically within radiology services,
facilitating seamless communication among
stakeholders. It plays a critical role in ensuring the
precision of diagnostic information and the availability
of essential data for medical practitioners. Effective
information management in radiology not only
enhances diagnostic accuracy but also aids in
identifying and mitigating potential risks that could
disrupt the radiological supply chain. Moreover,
by providing robust data tracking and traceability,
coupled with efficient communication among
stakeholders, radiological information management
contributes significantly to patient safety, reducing
the likelihood of adverse events and enhancing
overall healthcare outcomes. Transparency and

traceability in radiology services are pivotal ele-




ments for ensuring patient safety and improving
overall healthcare quality. Transparent processes
in radiology involve clear communication and
accessibility of information among healthcare
providers, ensuring that all stakeholders have
a comprehensive understanding of diagnostic
procedures and results. This transparency fosters
collaboration and reduces the likelihood of errors.
Additionally, traceability in radiology, through
meticulous documentation and tracking of
diagnostic processes, contributes to a safer
healthcare environment. It enables healthcare
professionals to follow the trajectory of patient
care, identify any discrepancies, and promptly
address potential issues, thereby minimizing the
risk of adverse events and enhancing patient safety

in the realm of radiological services.

Although numerous studies have explored
the environmental impacts resulting from radiology
work, in this study, from the perspective of radiologists
in a private hospital in Phnom Penh, Cambodia,
it was found that the environmental dimension
was ranked third in terms of importance. In the
researcher’s opinion, it’s not that Cambodian
radiologists don’t consider the environmental
aspects important, but they prioritize technological
advancements that enhance accurate radiology
examinations and ensure patient safety even
more. The significance given to technology is

ranked foremost.

In this research analysis and interpretation
of results, the authors recognize the pivotal role
of transparency and methodological rigor. To
fortify the validity of the findings, the authors
have provided a comprehensive data collection
approach. The meticulous design not only guards
against the introduction of unintended dimensions

but also encourages participants to thoughtfully

weigh their preferences on specific dimensions.
This dual emphasis on preventing biases and
eliciting informed responses contributes to the
overall robustness of our study. By fostering
transparency in the methodology, we aim to
enhance the reliability of the results and ensure
a comprehensive understanding of the factors
influencing research’s findings. This commitment
to methodological clarity aligns with our broader
goal of delivering insights that withstand rigorous
scrutiny and contribute meaningfully to the existing

body of knowledge.

Conclusion

The role of technology in driving sustainable
radiology practices, with a specific focus on patient
safety, is paramount, especially in contexts like
Cambodia. The utilization of the SHSC conceptual
model in a tertiary hospital in Phnom Penh
underscored the significance of integrating
technological dimensions into traditional sustainable
frameworks. As the global healthcare landscape
evolves, the importance of technological advancements
in radiology cannot be understated. The emphasis
on ‘Healthcare Innovation” as the most crucial
attribute amplifies the potential of technologies
such as Artificial Intelligence--Al in reshaping the
radiological landscape. The benefits derived from
this research are that hospital administrators,
managers, and radiologists in Cambodia can
utilize this tool to evaluate and prioritize the
importance of dimensions and attributes in their
organizations. This can guide the development of
strategies for sustainable radiology services that
ensure patient safety, which is a primary objective

in the healthcare industry
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Limitation and future research

While a novel model of sustainability
integrated Technology dimension for radiology
proposed in this research study offers valuable
in-sights for healthcare executives and leaders in
their pursuit of holistic sustainability, it is important
to acknowledge certain limitations, which include

the following:

1. The survey, tailored to a group of
Cambodian radiology specialists and hospital
executives of a private hospital in Cambodia, may
limit the model’s generalizability to other sectors
or countries. Future research should validate this
model in varied contexts, explore its relevance
across regions, and compare it with other MCDM
methods to enrich the model’s understanding

and applicability.

2. This study reviewed the key attributes

from various literatures which pinpointed key

Y

attributes from the vantage of the healthcare
supply chain experts in Southeast Asia’s developing
nations. It’s crucial to note, however, that our
regional focus and literature review approach
might have missed some pivotal attributes tied
to patient safety in sustainable healthcare supply
chain. Expanding the pool of decision-makers
in future research could enhance accuracy and

provide richer insights.

3. The assigcnment of weights to criteria
in Fuzzy TOPSIS is often subjective, based on
expert judgment or decision-maker preferences.
This subjectivity can introduce potential biases in
this study. Therefore, for a more comprehensive
understanding, future research should explore
and compare other methods, enriching the in-
sichts and potentially addressing some of the

mentioned limitations

&>
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Abstract

The quasi-experiment, one-group pre-posttest research, aimed to study the effects of program
health literacy on the self-care behavior of the patients with hypertension and diabetes. The study
was conducted at Klong-Luang communities, Pathum-Thani. A total of 46 people from Klong-Luang
communities were randomly selected as samples. Study time is March-May 2021. Research tools
composed of the health literacy program consist of disease health education, risk of complications,
nutrition, exercise, and safety medicine. Data was collected by the questionnaires (2 parts; health
literacy and health behavior), with reliability equal t0.939. Analyzed with descriptive statistics and one
sample t-test. The results showed that after program training in the 3rd month, samples had a sum
mean score of self-care behavior higher than the baseline in every part, such as food consumption,

exercise, and medicine taking, significantly (t = 34.17; p<.05). The suggestion for the next study was

to follow up on blood sugar and blood pressure continuously, at least every month.

Keywords: Patients with Hypertension and diabetes, Health literacy, Self-care
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