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UY Raspberry Pi fing WebSocket

Real-Time Video and GNSS Streaming System on Raspberry Pi Using
WebSocket
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ngUsTaA: LﬁaﬁwmsswaﬁﬁﬁhLLazﬁﬁagaﬁﬂLmﬁﬂ (Global Navigation Satellite System: GNSS)

Uu Raspberry Pi lagld WebSocket dsunisdstayanuuissalnduuiugiugunsaliininenns
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Toyauuuisgalng lagvinsuselivlszdnSamvesssuuiudainndfy laun nsldaumniae
Usganananans (Central Processing Unit: CPU) Mslgeunuien1udn (Random-Access Memory:
RAM) LUUAIAN (Bandwidth) Lagmuniieian (Latency) d@gviouussansAmueese uuANmuIUY

Y _ v J o ¥ 1 = a a [ aa o 1
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Abstract
Purpose: To develop a video and Global Navigation Satellite System (GNSS) streaming system
on a Raspberry Pi using WebSocket for real-time data transmission, designed for efficient
operation on resource-constrained devices with low power consumption, continuous
functionality, and fault tolerance.
Methodology: The system was designed and developed to support real-time transmission of
video and GNSS data. Its performance was evaluated using key metrics, including Central
Processing Unit (CPU) usage, Random-Access Memory (RAM) consumption, bandwidth
utilization, and latency, reflecting the overall efficiency of the proposed system.
Findings: Experimental results demonstrated that the system achieves stable real-time
transmission of video and GNSS data with efficient resource utilization, thereby confirming its
suitability under the hardware limitations of the Raspberry Pi.
Applications of this study: The proposed system is applicable to reconnaissance missions,
area surveillance, or as a component in Artificial Intelligence (Al)-based image processing,
particularly in contexts that demand efficient streaming performance on devices with limited
computational resources.
Keywords: Streaming system, loT devices, Image processing, Raspberry Pi, WebSocket, GNSS,

Information technology

1. umi

nsiannalulaBiudumnesiinuesassnds (ntermet of Things: 1oT) $auAUNSUsEANAKE
A7 (Image processing) laignihunuszandldaulumainvaneds lidnezduludunisiss Tuas
Shwinulasndis N15N¥RTERTEE N1IATUANNITITIAT NTALAFUAINTEEEING ARBAIUNTT
atfuayunsRadugRamnIsILayn1TIng Insusazlounaindudiuiaiudeansszuuiiannse
nevauadlduuuiFealnl esesfumsdiiunuegsdiuszansam egslsfnu gunsal IoT ffndl
Todrdnsunineins 1wy mievUszinana mhoaudt wdnu wazarmansalumsioasioya
Fedawalinsimuiuasindsszuuvugunsnimanisndudeddianuddydenisuimaianis
ning1nsogalusEANS A Muasininzaniutedningadasainaweaunsal (Aazam, Zeadally, &
Harras, 2018)

sruuaenendyyIuIalolazdoyaiiuniadagiia1ans (Global Navigation Satellite
Systemn: GNSS) wuuidzalnil 1unsdadeyanmedoulmuasdoyaiunisaningunsaifunisluss

Uanemeuszuuinietigegnnailes Inglidndusedsdoyarimuniadadunounsuaniua suu
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L Ag) U

FTsTivdawuussalndlaglin1simseiiniawaznsmusuianmastialiuuseansninnisds
Toyaitenisiadeuln MliiAndnsderanainisasuarUsednsamuuuissalninfvu (Liang,

Jiayu, & Hu, 2020) #an15RmuIszuLanenendyaiflauuaunsalnoufiainosyuinanasns

A ]

s s

Raspberry Pi azgaitiunisldnisisaanusisieansauas (Hardware Acceleration) dmsunisdudn
3le MIvenuULTaNdALsTUTEAS I TuAsindudmiunsdaniamineinsiididauugunsal
19U Raspberry Pi iiteliiuiiladndeyaifloazgndu Tush wazdsograiiuszansawlusaziidsna
ANA (Khajuria et al., 2024) wagnseenuuumerliuasilinineinsidogodrednin
nsfnwitedldiauonsiaussuudenendyaniflouasteyaiingismansanszuy
pfeutimaialan GNSS Tagldduiunsfiaduasnnasunisldamuugunsal Raspberry Pid sisil
Tnguszasdifioszgndldaudmiuaisfaniafusvnuteyanm nsnsafunsynsnitui
sufinaihnsauaznisainnssnuiud feszuuiinanldiunalulad WebSocket andszandld
lun1sdarudaya N1seenkuUsTULAzItUMIIMIneInsdlgUseaianatasniigAIudnegia
wangau Snfadssesiunndendeaingldnuna mendeuiuld unaruisudulufissuurues
WseTeiild GNSS Taeld Raspberry Pi ldlaszuudedyaia GNSS dmsudymiainleunis
ns1adusreglng nMsmuauwuuliane wazsiudndes Wuwwesdansiledn wag GNSS d1msuns

Ya o

A58 ULATANATY (Saha et al., 2017) wanani anueRIvelmaanldisnsTudaninwuy Joint

Y

Photographic Experts: JPEG) unun1stduiasgiunisdudanuudu o eliaiuisaidnfuay
Usgaanadayaninlunsavinsulalaunses Fedresonisiiliussynaldauniuniiudesnis
UsziananmaieinaluladUyyrusedivg (Artificial Intelligence: Al) LazN13138U3V0UAT O

(Machine Learning: ML) Tuvugfin1seanuuuvedssuugaiuluiussdniainuaznisusesuiana

14 =

Joyanuuisealnyl winuvimie Wy nswaenandyaia GNSS wadugasiiuniva dnludes

fuasnisneulanudaunsuiieiiulatisnnuanyseivedeya (Samalla & Kumar, 2024)

2. InguszasA

1%
aAav aAaAaou

NUATpliTngUszasAiiopaniuulasiauseuuansuilialinlonas Joyamunuis (GNSS)

q

wuuiSealvsiuugunsal Raspberry Pi Tngl#imalulad WebSocket ffUszansanlunislimineins
warndaey wieumianunsavinnuldegreiedonaznuniusedeiianaia Tnednisussiiiu
Uszansawrusadia 1dua nstdaumiieUseanananans (Central Processing Unit: CPU) n1sTd
IUNRUIBAINA (Random-Access Memory: RAM) kuuaIny (Bandwidth) kagAinuniawlad

(Latency) titesassunmsidaulunisfianimauiuvsessuy Al vugunsalndninensdnin
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3. UMDYV

lugranaIsseniuun Insfnwikaziauissuvansuilsuugunsalnidnsneinsdndnedi

v N

AOLD9 LAULTUNIAIUNITIANITHUUAIAN NITAANITEINAIIU N1STUIATBUE BALNITLAL

Y

UszAnsaimnisuszananavugunsniilada 1y Raspberry Pi, Arduino uazgunsal loT du 9
wenanil ilnuAfefiAstestunsifmunszuy loT wazszuuilsfdmsumsdszandldamaidly
AAauy (Bua-ngam, 2019) wu nsimugunsainsiaingamad Ay dudenudou uavdy
azoosuvuBoalmilagliguasal IoT iosusmuniaihseTaadasassuazgunimluaniu@nw
(Siripanth, Tantra, & Jobkonsuek, 2025) d1%5UsgUU loT fdoainsuluaninuindeudilys
nsideusedumediinlagns Inglildsminoineluesdnafufnandunsmueugunsnl Fevaelv
annsamuaugUnsaiannneuenlidnsa (Tewa & Bua-ngam, 2020) mssimunaeseiiloadadina
TAnNsaieszuUssiiuaussouzsnu 1T lusuuuuduseundindu Aldsunmsldoueidussezen
waziiuseansninluseeaun (Sathidbhattarasombad et al., 2025) Sniadainigin loT Tuldly
MIATIABUANIINLELUARDITsTaNedYINEIuLAteTing TneRakssruuluiufiasenielddenls
Wanuarszautladefiunnsng (Bua-ngam & Khunsoongnoen, 2025) mu'i%’aiﬁumimwam%;ga
AleuvuiFualninglitediinvessiauriuaziaiotie ietnluussgndldluaniunisaiass
szvuihsgdmialng euaieauiy weznisddelufiuiivssaufofiod venaint Seduualvuly

Mskaudayamuiaeiiaans (GNSS) hiussuvansuils ieenseauUseansnnlunisinaiy

[
aAav a a

wagdaeideiud Tneflonddeiiefoetsd
3.1 szuusteveadyyaiftauuaunsalvunnibn
nMsWauszUUTevendyyadflevugunsaivunaidn THi5uduanaufam
vaunalulagaiu loT Tugaed a.a. 2010 Ingnuinnsiauissuuaenandyaainloungunsel
yundnluszozusnazidodifnsununimvesnimuazUszaninmmsdsdeya Wosandednin
Aunsnensvesaunsel (Atzori, lera, & Morabito, 2010) uazlauandliiiuintedinganan?
fnarennuiefievesszuudeneadyaailelotnnussyndldsmiussuutudaaios
(Smart home) (Samuel, 2016)
Jagtumeimuiszuuaeneadygraialevugunsalauimdniianuinniiiliedis
1 TneannzogsBsuuunanesuetne Raspberry Pi fiininennsiiunntu Weilmadefidiaue
sruudevendyaaiflowuuFalnififuseaniam Tnsdutiumsuimsianiminens wagld
walulad WebSocket fitheanaamisnalunisdsdoya safudenldnmsdusanimuu JPEG
Lﬁaiﬁmmim%ﬁaLLazUizmawa%’agamw’[,ul,wiaSLWiuléﬂ,mama (He et al., 2020) wu7luu99nN13
Wauszuvateneadyyraiflevugunsaluniadnagsaduluiinsfiuuszansainuaznis
Usegndldinalulad Al uag ML saufenisiaundnu Edge Computing fianunsavagliigunsal

Uszanaradeyalaias ieanuuuminviwazanumiiiiaitunisdiloya
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NN1sANwIANEEIdeTelaaanuuInIslunsimuIssuLaenendyy1ainla vy
Raspberry Pid Jadunuavmsifianumisnzay Jauyue danudanguas wazanunsansiliouseiu

v Y

guUnsaif3u3 (Sensor) fimannyanes sawdannslimalulad WebSocket $aufunisTudnnimuuy

JPEG iiletagandadnfasunslininensuazanudesnisuuudiavildognaiuszdnsam seadu

nsfesenNIUTEINaNanINY Al LagfidiAgAeannndasfuingUszasdiidosnisldausudy

astanafuniurisdeyanim mansadumsyngniud sufamainga weensanaespouiiud
3.2 msuszandld WebSocket d1ususzuudenandeyqyiainle

nsUsEgndld WebSocket dmfuszuudevendynaifledfngussasdifiondly
FosrinvaslusTnmoauuusafinegns Real-Time Streaming Protocol (RTSP)/Real-Time Transport
Protocol (RTP) wa Real-Time Messaging Protocol (RTMP) #iflnanudiuderlunisings ddesaia
Tumsiauvesssuusuiuyngn (Firewall) saufsgindonisuimsdnnmmineinsiiiesesiu
;ﬂ%’muﬁmn%w (Schulzrinne, Rao, & Lanphier, 1998) uaﬂﬁ]’m‘ﬁ WebSocket 5&LL516U1°]§QW]
AMUNUIIATENINNNSdayaludilatenisvediusinaea HTTP Live Streaming (HLS) uag
Dietary Approaches to Stop Hypertension (DASH) g HTTP L‘ﬂumﬂmﬂaa‘ﬁugﬂﬂums?{'ami
(Pantos & May, 2017)

WebSocket 1Huluslnasansdearsuuvassnuitldiusosnsgilud a.a. 2011
Fsanmnsatisanenumiisatlunsdstioya uazanlonosieaiiAinannnmadensessindeaatous
waidinineddenisdoudeifissadafier (Fette & Melnikov, 2011) virlHinungdmiudy
mMsUsggndlinuiussuuiidosnismsnevausswuuiBealng Toun szuundessasta ssuums
Usggunislng saufanisuszendldiugunsalvuiadndididedifasunineinsuas ndasu
(Pimentel & Nickerson, 2017)

uona1n WebSocket §ailuslnneaduiiarusatianldluszuudienendoyauuy
\Foalnyd LU WebRTC, MQTT waz QUIC Iny WebRTC nngaunun1saaiflonagidasuuy peer-
to-peer fiflAunI LI La TR UNNTRRasEewaleR wilinududeulunsindenazll
wangAulaseEs LUy client-server fidsn1snrunugudnats (Turkar et al,, 2023) iy Tuszuuil
dsu MQTT dudulusiareafifowiaiun ndanus ngdmiugunsal oT fdsfoyauunid
wilsianansasesiumsdsteyainleuvuseiloslsiegnadiusz@nsam @ QUIC Fevienuuu User
Datagram Protocol (UDP) liaanusalunisideusewasanaiunizanarldd wadaldidufisessu
sthaunsnanuunngUnsaiilelaaions Tnsiamzuniusiiwesuisuseian fufu WebSocket §3ps
dusudenfimneaufigadmivssuulunudded Wesmndanudelumstaun sesiuusriees
vl uaslivszdvBammevausauuuEealnildedrumnyaniutedinuesgunsal

nnsfinwnuantivediusinasania q auzgideliden WebSocket 1uldslnaea

9 1 ' o aa ! % -4 . d'
‘ViaﬂIUﬂWiWGMUW§EUUﬂ7U%@ﬂﬁmﬁyﬁm'}@l@i’lmﬂUQUﬂim Raspberry Pid Luaqmﬂmmmm’ﬂ%
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Y o w 1 I

Fasrinvoslusinnoanuunaiaedns RTSP/RTP was RTMP 1¢ Sniedstasanaumiiartuns
dsteyailaifisufuluslnnoa HLS uag DASH il HTTP saufeliusz@nsamnislininennsd
annsoanlonedignfiinannsifeusessninslaaouduandinesly Feladowmanitaudidy
fgdeninsiarsandmivnsiauszuudienendyyaiflevugunsal Raspberry Pid i3l
YAIIAAIUNINEINTUTEUIANALAT WA I
3.3 wWATANISUUBANIWAINTUITUUAENDARYYIUIALD
nsBudanimfunszuiunisanvuinvesdeyaninddva Tnefidmaneifioaniiui
Fafuuazuuuddasfildlunisdauededne Tunisdudanindmiviale waanstudnazan
'ﬁwazlﬁamaa%’agaﬁy’qmaiuLWiu (Spatial Redundancy) kagsgninansy (Temporal
Redundancy) (Richardson, 2010) nsdudannwualugesssinvvan fie nisdudawuuliayde
(Lossless Compression) ﬁmmaaﬁﬁu%auﬂawﬁu’mm wagn1sUudauuuiinisgeyide (Lossy
Compression) fivexliandetoyausduiiolildsninisiudaiigaiu lnenereusnmamnim
Suaqmwiﬁagﬂuizé’uﬁaam%’uiﬁ (Wallace, 1992)
umsgrumstusaialedilduanuienlutiagiulseneuse H.264 Fadusasguild

aa o

agaunsnanglunsdnenenn ndyaainlonaznisunsnniana (Wiesand et al, 2003) Tuvauei
JPEG gsassiunumdrdgylunistudanind msu I-Frames (Pantos & May, 2017) Taglgudnnsiwus
amIuudenuune 8x8 finwa warld Discrete Cosine Transform (DCT) touUasdayaiBsiudiu
AP (Mukherjee et al., 2013)

msusanmdmiugunsalifininensdnda wu aundvlvu gunsal IoT viFeszuuilesh
AOIA1H909ANANAATENTNAUAINYBININ UsednSatnnisTuda waznistonsneinsly
meUsziana madafitedldluanmundeuiiddosidamand toud madhswanuusnadnuiuld
(Adaptive Bitrate Encoding) iUsusnsdnmuainniaiotnauasainuainnsalunisaonsia
v83gUnsal (Chen et al,, 2018) uagluslamaa HLS fuvdinedudiuges 9 Wielwanunsausuilasy
aunwldegnadiavgu (Mukherjee et al, 2013) fstiu anzidedadenldnisfudaninuuy JPEG
\leannmngdmdunmstusanmiawuumsudesy lnglidesiiaondeyaanisunouviends
FunmneAuszuuidesnsuszanananmuuuSealniviolisedios (Pantos & May, 2017)

3.4 msysannsdeyadiuvisiiianieniaianssauiuiale
nsysannIsteyasurisiinanglimansiuinle.lussdusznaudrdglunisimun

] o

sruvaenendyIdmsugUnsal 10T vunan Tneianizeg1adeuy Raspberry Pi deilndnenns

311in ﬂﬁwammm’fagaﬁy’qaawismwﬁﬁdaEJLﬁuﬂizﬁw%mw"lumi@mmuﬁﬁLmu'ﬂLLasmsdwwam

amipdeulmuuuiFealnl
n1sysannsdeyadiunisfidanisgiimansiuiflearunsaniiunisitunalulad

WebSocket ""’3!\1L‘ﬂ‘LlI‘UiIG]ﬂ’e]aﬂﬁé’e}ﬁﬁLLUUﬁ@WlNﬁVTNWUUu TCP (Pimentel & Nickerson, 2017)
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¥ '
=N =

Fnsiitisannissresssuuidiofsuiuimauuudadnilld HTTP polling Inedoyamumisiifanis
afimansguiuutionm JSON fiseneusemazfign assdgn Annad uazfiamis (Wiegand et al,
2003) azgnasnrugluiudnysraidlenuuisealngd (Fielding & Reschke, 2014) NM3¥1191UYB45EUY
ansautsoonidu 2 dnwase TduA nsvhaunuuerddlasifa (Asynchronous Mode) ddoyafiin

(%
A [ Y

naiimansuazdoyainlodzgndsenainiuededase Ilefrenisdilayansaasisuanliiia

v a

n1sfadn wiluan1isinsetieliaies uideidefetoyaninuazdoyafiineasvldduiusuas

Y

v o 1

aonAnaaiu wazluugalasida (Synchronous Mode) lngmsdadeyamunusiinanigiimaniuag
wisAfleRfinmsmiunaasudeyaduriaazisuifle (Timestamping) Llelraunsouaniua
Toyalsgvaenadasiuwazinnuwiugiluaniediu eglsinu anumhawianluiedudgy
fifosinrsunlunsiaunsyuy anansiaiindnliludreiuliiiniudesnisauududivesnin
wazdunuslunanfeiu vilviaugdidedenuuimalumsdadeyalasyuiunisanauviiuag
Weuaenndosszrinsdoyainleuaziumisiin
3.5 LuUMNNIAINSTUUERS Sl TauugUnsalvunaln
MaWunszuvanudiviflevugunsalvuadniiviauelueided dlugueainay
FuthlumsysanmsteyaiiiangiimanifuaminlewvuBoalnilasanigluuiunuesgunsali
HUod1AAAIUNTNEINTOY1 Raspberry Pi nslawmalulad WebSocket sauiun1sudnnIntuy
JPEG uagn13dadaya GNSS wuu synchronous lagwuu Timestamp igafuiuusagzinsy daegli
annsnthiauedoyanmuazfitadumitldessaonadouazusiudlutisnanioatu ssuuil
AR U UMWANIS RTSP uiildnsnenns CPU eaninegredidedfey Sne JPEG s
BeastensUszananan muuUmsIReIss Samngfuau Al uugUnsaivey
dewSouifsufunuimnsdy « Wy RTSP/RTP/RTMP Geilqaninamgausdudouly
M3ARcs wag HLS/DASH fmsngfuiiuusiianumiiaggs viousiusd WebRTC fifiaududougdly
MFYIUINNTTeYA GNSS azifiulsinuuimis WebSocket Sauffu JPEG fthiausiqaaunasening
Anda anmielunsiaun wazamannsalunsieslesdoyadumiauuisealnildogad
Uszansam uhaeiidedrinlusnununimvesnnuaznnslduuusinéiigenin uifmnzaesisds
dmuarsaniaauiniifesnisnismevaussnaiitazanuwiugvesteyaluszduimsy 1

[y

M3d1593 A5l vieRemaudmunenuuedeui Faduuiunrdnueinisidell

4. nsandunudy
NuATelidudunisimunssuuaevendyyaiflenastoyaiinngdeansuuusealnduy

gunsalAauImasuUIaLEN Raspberry Pid lnaniseanuuuszuuasldinalulad WebSocket d1wsu

nmsdetoya I¥nsdudanimuuy JPEG wslianunsauszaianateyalundasinsuldlagnse siuda

5995UNsLYauseaNateleataudnsauiu Tun1sInUssaNTAINVBISEUU AL TURNINTUINT Y
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NNeIns Usznauiy 1) dnsdrunslideuniiguszanananas (Central Processing Unit: CPU)
30 CPU Usage 2) Ysunaunislavningaudn (Random Access Memory: RAM) 3) AufaenIsiiuun
109 (Bandwidth) lun1s3udsdayanse Memory Usage uaz 4) Annuniiaan (Latency) fiAnTu
meldaamnndeueietieiuandsiu meldieulunsusuasurmmaiinedsng 9 16un aunmw
184010 JPEG Sasnsalunisuanssa (Frame Rate) wazsiuiuleatoudidonsde Tnednnsduiuem

L)

a d’j
YU

.
4G WIFI MODEM | E
i 3

4G LTE USB Modem WiFi Hotspot

)
ﬁ o

VK-172 USB GPS/GLONASS Module

Raspberry Pi 4 Model B (8GB RAM)

\

l .
\ B«

-~

Logitech C270 HD Webcam Remax Power Bank 15000 mAh

A il 1 gunsaldwmsuigvendyyiaialewaztaya GNSS

4.1  MISANUAAIINABINS

sruvntenendyyIuIflenaztayadiunisiindmivaunsal loT I3ngUszase

[ [

Wisatuayun1sianunsiiseds atenseu wazsiiudeyaninluiuiivingdna lagviuuuy

Sealndaiufivanslunind 1 Iaefl Raspberry Pi 4 Model B (8GB RAM) ¥inntiifumniae
Uszurananarslun1siuteyaninainngas Logitech C270 HD Webcam wagiiind1umuaain
VK-172 USB GPS/GLONASS Module antiudsoyaiiuaietedumesiindogunsal 4G LTE
USB Modem WiFi Hotspot Haszuuldmdaauainuuninesidises Remax Power Bank A2131
15,000 mAh vilsansnsaldeulunaausldegnaivseansamlidosndn 12 $1lusetesiaiiles
wzdmdunsldanuluiuidldfiassadsfugrudunsiearsviondsnulniih Tngszuud
Formunsusinuisuaseeniusiddey foll

v

4.1.1 n1sFudayauazUszaiananunie seuuvinnissudeyaninainnassuasiaya

1% =

Auntsiiinangunsalsudyanssuuaniiisunieunswlasdeyatieglusduuuanasgiunnieuls

g ]

ulay JavaScript Object Notation (JSON)
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4.1.2 n1sUszunanatoya szuudesszinanateyanin Ineidennistusateyaii
UsgAnsnaw anansoUumaunmldnuteditaveaiotns wiewedosysunisteyaninuas
Toyaifinliaenndesiuniuial Timestamp

4.1.3 nsUszananadoya szuUTIldT WebSocket Server fifiaudaanisnsne1nseii
wazannsndsoyauuudealndludmanslaaeusnioniy warsesiunsdnenenti (Rebroadcast)
yfaioadl HTTP Server filiuinsdeyadmiuiiulnatous ieudmsgldemuiule

4.1.4 NIWAUIFREAN TrUUABITRISUNTUTEIIARAN NS WAuWmAlulad Al uay ML
Wieltanansadinszht as19du videdndulaananildsunuusnluli

4.2 MIAATINTEUY

INANUABINTVDITFUUEE VDAY aUIFlelardada GNSS dmsuaunsal loT vu1n
dn aunsolasgdssuuiolilumseenuuuiasimunszuuld il

4.2.1 arunrssudayauazuszatananunie ssuulasunsesnuuulvaiuisarinau
vugunsal Raspberry Pi 4 fiflngneg1nsdndn lagld Opencv dmiunisidrfsuazaiugundes
iflense s metwsieiiles wWannlugadmiuiudeyafidadumislusuiuy National Marine
Electronics Association (NMEA) wagdnlassasisdeyaninsiududeyadiinlugluuy JSON
ilesassumsuszinanauazduriuteyasgrsiiuszdnsam

4.2.2 FrunsUszananateya svuuidenldnisdudnnimuuy JPEG iileliaiunsa
Uszanananwluudazilsuldlaonss nouvislden Timestamp dmsumsddlasludteyaninuas
ffpdumiaiierfinnuisiugl uagsesfunsuiuanunmesnmaNdesiafuLuudinvinas
NINYINTVDITYUY

4.2.3 grunshiuinisdeya svuugneenuuulild WebSocket (luldsinneandn
dmunsdeansuuuasmng wioustaun HTTP Server dwfuliusmsdeyauivlaateudnugriu
U 3nvisdssesiunisidendeanglisnumatssensoutu wasifiuauamisolunisaienaen
#o (Rebroadcast) ilevensvauvANsIRUIMIoEsliUszANEA M

4.2.4 Frun1sAnauuazwauidesan ssuugnosnuuuliilasiaieteyaisesfy
msUsznanademalulad Al way ML wionvanunsnvhandldogaiiadosamluaniminadondid
AU liLUUOUTRId Y ULATDU

4.3  A9BNUUUTZUY

antlmenssuszuudevendynnaifeuazdoua GNSS dwiugunsal loT vuiadndils
oonuuuliFanmil 2 Ussnaudieasdusznoundn fail

4.3.1 Raspberry Pid n1gludsznausigdiusudeyainndas (OpenCV) Fmthildngs

i 1 [ a

nAeIkAeUNTUA duudayaiiindiumis (NMEA) viwmthnSudeyafinaiunisaingunsal

[

Sudyayras GNSS druysannisteyaviminfisiudeyaninuazdeyaiiin laeglyd Timestamp 2wy
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w3 WebSocket Server vimtifighenendayaaiflowazdifa wwuealmilusilaaeus wavdi
Y99 HTTP Server lsiu3nistid HTML dmsuiiuleaiousd

4.3.2 w3evne/Bumediin vivihiduresmdlumsdsieyaan Raspberry Pid 1U8s
AIGARLY

4.3.3 iuleataud aunsaldlivansiniomieniu viwiisudieyaniou WebSocket way
uamanadfleniendeyaiAnuuunuil nsvihauvesszuuBunnsuteyanmainndesuazdeya
AindwniaaIngUnIalsudaysyras GNSS uu Raspberry Pid aﬁﬂﬁuﬁwﬁagaﬁgﬂaaqmﬂgimﬁmwﬁw
sefulagld Timestamp dmiun1sdalasiud deyaikunisysannisudiazgnasiiu WebSocket
Server gwSulpaousang g fideusowiun luvazidieatiu HTTP Server avvhmidiliusnnsiiu

dmsunsuaninatoya

HTTP Sever
_— ~<_

Serve HTML to the Web Client ] - \

Integration S~oo \
Module WebSocker Sever I T~
Image and I Stream data along with GNSS coordinates } i?— _______ Internet
s GNSS Module > Network
with Obtain geographical coordinates: Lat/Lon .

Camera Module

. s i\
Timestamp ’ |> // |
OpenCV captures data from the camera

Al 2 andnenssussuuienendyaainlouazdaya GNSS

4.4  MINAIUISTUY

IINNITIATIERLAZRBNUUUTEUUAENOAd e 103 lewazTaya GNSS dwmsugunial
loT vunidn anef3dolddndunmsiamnssuunuandnenssudildeanuuuld Tasutsnisiaun
oonidu 5 duvdniiuansiannd 3 Taeduthiinisvhanded

4.4.1 dausudayaainndes drusudeyasnndesimihidifeuazarunundosi
Wousefu Rasberry Pid Tngldlausns OpencV fus Tnsaverumsunmanndesegseiiiouas
wuu Timestamp wieldlun1s@alasludiudoyadidn Fanmsvhausssiumsisranuazidonves
AuaznTlsulanIuAINReINTS

4.4.2 grufudeyaiiinduvis vuihiiBeusouazsuteyanngunsaliudyaa
GNSS (Global Navigation Satellite System) Wunesn USB %50 UART
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4.4.3 dauysuinistoya Mmthfsudeyaninainnasswasdoyaiiinain GNSS 1
aanndasiunual nalnd1Ayesduilfien1sTugtayaniunial Timestamp lngszuuastinsy
Amargasndugiutaya GNSS Nilianlndifesiign aeluinnuwandtsveiaeeusula (time

threshold) titearmutuglunsuannateya

Camara Module
FUNCTION getFrame(camera)
TRY

success, frame €— READ_FRAME(camera)
IF NOT success THEN

THROW exception "Failed to capture frame"
END IF

timestamp €— CURRENT_TIME()

i RaspberryPi

frame: frame,
timestamp: timestamp,
resolution: GET_RESOLUTION(camera)
}
CATCH exception
LOG_ERROR('Error capturing frame: * + exception)
THROW exception
END TRY
END FUNCTION

GNSS Module
FUNCTION getGPSPosition(device)
TRY
data €— READ_SERIAL_LINE(device)
IF NOT IS_VALID_NMEA(data) THEN
THROW “Invalid GNSS data”
END IF
lat 4— PARSE_LATITUDE(data)
lon €— PARSE_LONGITUDE(data)

time €— CURRENT_TIME()
RETURN { lat: lat, lon: lon, time: time }

CATCH err
LOG_ERROR('GNSS error: * + er)
THROW err U

END TRY ﬁ et

END FUNCTION L

Integration Module
FUNCTION getintegratedData(frameBuffer, gpsBuffer, timeThreshold)

IF frameBuffer IS_EMPTY OR gnssBuffer IS_EMPTY THEN RETURN null
frameData € frameBuffer.getLatest()
closestGPS € FIND_CLOSEST_GNSS_BY_TIME(gpsBuffer, frameData.timestamp)

timeDiff — TIME_DIFFERENCE(frameData.timestamp, closestGNSS.timestamp)

IF timeDiff > timeThreshold THEN RETURN null

jpegData — COMPRESS_TO_JPEG(frameData.frame)
RETURN {
frame: {data: TO_BASE6A(jpegData), timestamp: frameData.timestamp},
gps: closestGNSS,
timestamp: CURRENT _TIME()
}

END FUNCTION

!

HTTP Sever
FUNCTION startHTTPServer()
INTIALIZE aiohttp web server
CONFIGURE static file route:
MAP */static/” TO DIRECTORY "/static/"
(Serve HTML, €SS, JS)
ENABLE CORS on all routes
DEFINE HTTP route */":
RETURN indexhtml
DEFINE WebSocket route “/ws’:
ON_CONNECT:
ADD client TO activeClients
ON_MESSAGE:
PROCESS message (if needed)
ON_DISCONNECT:
REMOVE client FROM activeClients
START aiohttp server ON HOST x.xx, PORT 8080
END FUNCTION

WebSocker Sever

New Connection
FUNCTION handleNewConnection(websocket)
ADD websocket TO clientsList
LOG "Client connected"
TRY
SEND welcome_message TO websocket
WAIT_UNTIL websocket IS_CLOSED
CATCH exception
LOG “Error: " + exception
FINALLY
REMOVE websocket FROM clientsList
LOG "Client disconnected"
END TRY
END FUNCTION

Broadcast Data
ASYNC FUNCTION broadcastData()
WHILE server IS RUNNING

IF clientsList IS_EMPTY THEN
SLEEP(short_duration)
CONTINUE

END IF

TRY

ntegratedData €— datalntegrator.getintegratedData()
IF integratedData IS null THEN

SLEEP(short_duration)

CONTINUE
END IF

message € {
type: video_gps_data’,
data: integratedData,
serverTime: CURRENT_TIME()
}

jsonData — CONVERT_TO_JSON(message)
FOR EACH client IN clientsList
SEND jsonData TO client

END FOR
SLEEP(1/frameRate)

CATCH exception
LOG "Error: * + exception
SLEEP(longer_duration)

END TRY

END WHILE
END FUNCTION

Internet Network

A 3 Pseudo Code dnsumsaenendyaainlowaztaya GNSS
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4.4.4 WebSocket Server sihwmifidenendyanainlonazdeyafidnd oy
Foalniflugalaatoudidouse n15via1uues WebSocket Server Usznausneaosdauman léun
msdamsmadensionnlaaeudlvsinaznisenidnnsidensio waznisdedoyaimleuas GNSS wuy
broadcast TUéfmnlaaleudidessosgfednaumsudifmue

4.4.5 HTTP Server vuihiiliu3nsing HTML, CSS waz JavaScript d1m3uisu
lrateud lelgldaunsadrdeszuuldiuiuiusiwes Tnevienusiuiu WebSocket Server
iauansnateyainlouazdoyafitaduvdsuuuiFealns HTTP Server #ldlaus13 aiohttp lums
aaduginesiusyansamuaglininenstes sesunisliuinsiid static uaznsWalday
CORS (Cross-Origin Resource Sharing) L‘ﬁam’m%mjﬂumﬂ%ﬂ’m

4.5 MsAUUTEANSAINYBITTUY
nsUsvavsmmmsieuressyuuluannwndensse Tnefndaszuuuy Raspberry Pid
(8GB RAM) fafiuansluninii 4 Tasfnnsudusinauninvesnin JPEG Snsuslsulunsuaniua uas
$nuvedlaatoudiilonaaounislininnsalues CPU RAM Bandwidth LazAILMUa7 UL
yeaeuAANTAd  fail

1) mslnsnens CPU nageudnsnisidau CPU aeldnisusuarnunInuesnIn
JPEG (25, 50, 75, 100) wazonsusy (5, 10, 15, 20 FPS)

2) nslénhoanudt fauiiunisld RAM luan1iznisviauuniuaziiled

s pusaaNatelAaLaUR

'
1 a

3) USuauuwuumindt InUsunadeyanidewiaiuny (Mbps) meldnisusuainmnines
AMLAEENTLITLALANaL

4) Anuvhana (Latency) seazinanitinseusndestufinnmaunsssfanmysinguu
wihaevaslaaoud lasfinsuszdiunisldaninndouedotneiunnsrstu Téun indotieviesiu

(Local Area Network: LAN) kaztAsa918dumnasiin

— CPU usage
JPEG Compression Quality T <¥ T <L
Adjust

- Real-Time Video RAM usage

Frame Rate T<¥(M and GNSS Data

Adjust” Streaming System Bandwidth

Number of Client T«lﬁ%
Latency

Adjust

A9 4 MsnadeuUsEdvSamuesssuvanIuilcinlanariaya GNSS
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AN 5 szuudmsudnenendyaainlenasdeua GNSS

A157197 1 wan1snageun1sansnensiazUsyansnInaesssuy

wW1dnes Anfinagau Hadiles

n13lY CPU BnIUNTU 30 FPS, AN JPEG 75 60-70%
ASlEnUIEANG N1IVINUUNG 280-350 MB
wuuminvinelaalous BnTNNTU 30 FPS, AN JPEG 75 2.3-3.4 Mbps
AUNLAILIAT (LAN) \3etneviosiu 100-200 ms
ANMUIGIAN (Internet) \A3eUeB RSN 300-500 ms

Turlaaeuigen fsossulalaglsinsymuusyansam 6-8 918

5. WAN13IRY
n1siuIsEULaIgnendyyIuIflowastoya GNSS dmiugunsal Raspberry Pid lag
Uszgnaltinalulad WebSocket fdifiunsidonsegunsallvimdenldnussiuandunmi 5 lagls
wans3de ol
51  Usganiaimmsldniwenns
szuufiianntuanansoyhenlduugunsal Raspberry Pid fiflviiasanush 8GB Idaehs
fuszAvsnindafinandlunaed 1 lnenansnaaeunuinisseimangasdmiunisldanuily
fio S ulsy 30 FPS wagAmAMAIN JPEG 75 devlszuulivineans CPU Uszanal 60-70% waz
Tohenus 280-350 MB ity
Nnwansmageulumsed 2 nuimsfiusasinsuuazanmANERalAATIEeNNS
Tdwiwenns CPU Tasfinmsmaanasan (60 FPS wag JPEG 100) vhl¥ CPU shamufeuidudssansan

(95-100%) Fao19dualiszuurinauluadesiuseze
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M13199 2 NaN15MAeUNISLY CPU NRAMNANILAL SR NNTUTILANATSTY

answWsu (FPS) JPEG 25 JPEG 50 JPEG 75 JPEG 100
25 40-50% 45-55% 55-65% 65-75%
30 45-55% 50-60% 60-70% 70-85%
50 60-70% 65-80% 75-85% 85-95%
60 70-80% 75-85% 85-95% 95-100%

M19199 3 HaNINAGEUNSITRUUAIANTIAMNINANLAE SR WNTUTUANGN AU

5 nannsTuuuddasiil (Mbps)
a3 WU (FPS)
JPEG 25 JPEG 50 JPEG 75 JPEG 100
25 1.0-1.5 1.3-1.9 1.9-2.8 2538
30 1.2-1.8 15-23 2334 3.0-4.5
50 2.0-3.0 2.5-3.8 3.8-5.6 5.0-7.5
60 2.4-3.6 3.0-4.6 4.6-6.8 6.0-9.0

4

5.2 AMUABINITATULULAINT
nan1snadeulunsedt 3 wansliiuinaudesnisuuusinvussssuuiinuduius
1ERTINUTNTUNTULALAUNINAIN Tnefinnsaenmunzan (30 FPS was JPEG 75) #oansuuus
Aaviuseanas 2.3-3.0 Mbps selraeus Jsanunsasesduldluiniednedily
mmﬁmammwmwmﬂ JPEG 25 18w JPEG 100 danaliinnnudeanisuuusdavifiniy
2.5 Wi Turaueinsifiugnsimisuann 25 FPS 1y 60 FPS vilduuusdasifiuduusyana 2.6 Wi
Faududmdnilndiisfumsifisturesdns sy
53 anundnlanlunisdsdaya
HaN1INAgaUNUIIAIANUVIaT Tun1sdsdeyalilasunansenuegaiitdudfyain
maAsuuUasdnsisunienmamam uituegiuanmandouedotiedundn Tngluedotne
LAN Sguuiimundiaaaiuseanad 100-200 ms waglumsadngdumesidnilininumiisiaiuseuns
300-500 ms FsdsegluszdvisonsulddmiunslinuuuuFealns]
54  anuausalunissasiugldanuniauiy
syuvasasesunsiieuiaainuanslaaoudndeuiuly Tnefinsderimunzay
(30 FPS wag JPEG 75) awnsasessulaateunls 6-8 snelaglinsgnuneuse@nsninnisyineiu

Fanganadmsunsitanumlilunisiamsthnsiaazainnseiu
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55  ANUANWUSIEUINAMAINALAZNSINTWeINS

s 1

IINNITNAFBUNUAMUFURUTIENINAUAINAIN JPEG waznsldnnensvesszuulu
waedlf Feaunsouanslanansmsiolull

1) AnudNRusIEnIAunIn JPEG wasvwinlididy: nsiiuaunIn JPEG 210 25

Ju 100 vilivunalwdiistunuuliiadu lneeniziienunmgsnii 75 July
2) ANMUFNTUTTENINAUNINAINLALAIUNUINIATUNITUTEUIANA: NMTERLANAIN
= ' ' = 2 v | o
AminansEnuianunIalunsUsTnaRan wiieintes tnsanigluyiennnin 25-75 91l

Aumthanafisdudies 10-15%

3) AUFUNUSTENI NI UNTULALAIUABINITHUURIAT: NISLRLSAIIH TS
Anuduius i Baduiunnudesnisuuusion Taoedsnisiiiudnsisy 10 FPS vlduuusiny
Wi utszana 30-40%

]

Latitude: 14.649252 Longitude: 101.187045  Altitude: 14.7 m

Speed: 7.5 km/h Last Update: 15:08:58

Map Location

svissU
+ (ACTEORR AT P
uITUNNEN3
- 9IS

[200m | Leaflet | © OpenStreetMap contributors

AN 6 waneNITINUTBssTULARSUSTIAlakaUala GNSS wuulsealniiul Web Client

5.6  NITRAILITZUY

514 WebSocket lumsdstoyainlouas GNSS uuuiFualnsiuansuszansamdianid
Tuslameauuusaiu Taeflanumhanaiosndustanea HTTP-based (9 HLS way DASH) Usead
2-3 wh uazillenesienlunsidousiornnit RTSP/RTP uay RTMP Uszans 25-30% wenannil nsld
WebSocket 8stgliimsdsaganinu Firewall vinlddnedu idesmnliweinfeatunadeusatuiialy

Tunsh Wl edsnmi 6 uandiiiunsvinnuesssuuasadeuiuisagnsueiiu
wuuiSealnl Favsnzdwiunmsinameumrussegunsalideud Tassudeyaifle fuvis GNSS
a$7 uazusuiidliFefuiiedivaruannsalunmsihssfauagdinseinginssinisindeufives

Wmneeg et Useansnw
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6.  ajunan1sAnen

mu%é’aﬁlﬁﬁflLauamsﬁ@umszuumamamé’aﬁg’]m%ﬁiaLLazﬁz’J’aga GNSS ﬁﬁwmuuuqﬂmaﬁ
yurALdnegns Raspberry Pid Tnsuszgnaldinalulad WebSocket 1ilon1sdsdoyauuuisoals]
szuviiimunduannsolivinsdeyanimadoulmuazdeyasunisldegnaiiussansain lngld
nngnsmauimesetausendn

wamsvaaeuLandlsiiiuinssuvansaviuldfigns sy 30 FPS uazgmn WA JPEG 75
Tngldnswens CPU Uszunad 60-70% wazlhuuniniuszanu 2.3-3.4 Mbps siolaatous inumiag
natlumsdsdeyauszanal 100-200 ms Tuiesevneviosiiu uaz 300-500 ms Tueetneduinesidn
eoglusziviivonsulddmiunmsldnuuudealnl vonani ssuudiannsnsesiunadeudoan
lpatawsndoudiula 6-8 31 lngliinsenuseusydnsamnisvinau

n15l4 WebSocket 1Huluslareandnlunisdeanstisanmiumihanailunsdadoyauazan
Toneflanfiinainnisideudessninslaaleuduazidsmiae luvngiinisldmsiusanimiuy JPEG
Prelwannsadnfanazszananateyan nlundazinsuldlnenss Sanunzdmiunisiily
Uszandldsauiumalulad Al waz ML Tun1sfian1sidingia a1nsseiou waziiusiusiudeayaninly

[

I A 1
WUNHN €

7. aAUsgwa
nan1sNAdeUUsEANSAmesTzUULansliifumduTusidaaus It fimedeing |
oA Sy aunwnm mslimineins uasuuuding Geagvioudanalnaneluvesssuudenen
fuanadleuas GNSS uazaunsInsehidednts deil
7.1 anudunussenitansfimefiuansneiy
nsiindsisuan 25 FPS 18y 60 FPS dawasenisifiuduveanisldnineans cpU
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Nickerson (2017) Bs581y31 WebSocket fmnuivsnganee989d1miuszun Internet of Things (IoT)
Afosn1smsmevaueuuBoall
7.3 UszAnsnwvainistiudnniwuuu JPEG
ndenldnstudanmuuy JPEG ununsldunasgrunistudnialedu 4 wu H.264
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wisy denalilduuuninitdesadlaedinsauninvesnnlilad Ingn1sussuianakuunalgwny
(Multi-core Processing) Uy Raspberry Pid &sfiniaaUsyuianaiuy Quad-core aaunsagaele
nsgvumsTuam Sudn uardsdoyavineusutusuuruuldogaiivsyansnmainndstu anaanu

a1t uawtiuauasnsatunssesiuldnunatgsenseuiuy
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ileButfumusioiilesvesmsiadeuiuazifineuindeiiovestoyamumis
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Abstract
Purpose: To analyze the book borrowing behavior of undergraduate students at Prince of
Songkla University using association rules and data mining techniques.
Methodology: This research is quantitative research using data mining techniques to analyze
the book borrowing behavior of undergraduate students from eight faculties, using data
extracted from the automated library system database of the John F. Kennedy Library, Office
of Academic Resources, Prince of Songkla University, Pattani campus. The dataset covers the
academic years 2021 to 2024 (June 21, 2021 - March 20, 2025). The data were analyzed and
presented using frequency, percentages, and association rules generated through the FP-
Growth algorithm with a minimum support at 0.3 and a minimum confidence at 0.7.
Finding: 1) Students borrowed a total of 40,581 items. The Faculty of Education had the
highest number of borrowings, with 10,246 items (25.25%). The most borrowed classification
was [600] Applied Sciences, accounting for 9,322 items (22.97%), and 2) The association rules
of students’ borrowing behavior varied across faculties, and the resulting rules showed that
the content of borrowed books (by classification section) corresponded with the students'
respective fields of study.
Application of this study: The research results can assist librarians or library staff by providing
useful insights for recommending books that align with students' borrowing behaviors.
Furthermore, the findings can support more accurate collection development based on the

user needs and promote more effective and efficient use of library resources.
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Aldusnistuiiadnudvau ewnnineinsarsawnanigluiesayaivTuiuuinuaziiniiy
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azlnoos (Apriori algorithm) (Agrawal & Srikant, 1994) wazdane3AnteWN-nlss (FP-Growth
algorithm) (Han et al, 2000) iowSsuifisuuszansamnisiiaueesdanesfiu wuin Sane3v
LONfi-nlss (FP-Growth algorithm) fiUszansamnisvrauldinii esndanesfiverlness
(Apriori algorithm) agldianaunudeyaraieseu wazasyadeyadiunu (Candidate itemsets)
uuileldfudoyaifivuinlng (Big data) uaziinnududeu drusaneiiiulenii-nlss (FP-Growth
algorithm) Tdianaunudeyaiiies 2 sou wavldlinnsasrsynadayadiiuny (Candidate itemsets) 3
laiaUuszansnmn1syinaulaanit UJongkasikit, 2018; Sriurai & Nuanmeesri, 2023; Phiwhorm,
2024) A1nHaNISUTEULEUNTYINIUYRI8aNa3 7Y (Algorithm) fanand fiTedadenlddaneiiu
Woylfi-nlss (FP-Growth algorithm) iiledumnguesmnudiiusuaznsideulesszninayndoyaves
UsgiRnstunsnensarsaunalugiudoyaiesaya (Rumdon et al., 2023) F99zRa1591nAN
auayu (Support values) fio Weasiduduasduiudayadiunu (temsets) WonuaiAnuly
g1uteya wazArmudesiu (Confidence values) fio Wosliudvasduuteyaiuny (temsets)
vavuaiiintulugudeya desruudeyadiunu (temsets) fAstumafudresioveany (Andi &
Utami, 2018)

Nnanud g §ifedsdinnuailaiasiinngideyaiddnifeaiunginssunsldiiu
MsBuAunSweInsansaumAUsTLIMNE I TIsaUIAsmaTamileadeya Jeraannisiasei
Amdtazaruisatdluldlunisnensalnginssuvesdldusnis sanludailudszgnaldlunis
IAUTNNITVRIVRAYATDU Lo WAuLA AN Aneninig wninendasauaiund venand anunse
inluldatiuayunisinauladednvesiuinislumsiivuanagnsuasinnisvesvioaynlidennaes
fumudiosnisuazaniunisaidagiunuuiunvesiiug saufsiushandnvesmteeu fedinis
Ansginginssuidadnlundaasdieliussanindlitoyafidulsslondlumslimuusimingins
ansaumATiaenadesfunareITIATzingAnssumslivineinsansaumavasdlduins vinis
AnsesiuuiliunislivineinsasaunaszanunsainadnsiunfruaununsUtRnudndodnm
n3NensUITRYMSNeINSasAUImATiaonadesfungAnssumsldnineinsansaumne ANFsng
waznseenuUUYsEAUNIalgldTamsasessulduinisuszianes q Ideghamsnzay wu nns
WAIUITEUULUETINTNGINTANTAUNA TEUURAAIUNTNINTAITAUNA TEUULIAFADUNTHUAY

NINYINTATAUNA KALTTUUNMTBNAUNSNEINTANTAUNAMEAUBINIULBUNELATY (Tusu
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2. InguszasA

WiedtAsisvngfinssunisiunlsdeniedevesinAnuiszaudIgyins uni1inede

awauasunslngldngaruduiusmemaiamvilosoya

3. 35115999

TUABUNITIATIZINGANTTUNTEUNTIFON T Fe VRN AN wITEAUUTYYI9T WnIneIae

avauAsUNs Memaliawvilosdoya aansauantla Aanmd 1

MINNTINTBYS mMhanuazanatays msm'%amj”aga
Data collection > Data cleaning —> Data Preparation
mydsziiiuluias MIRSNNYANNFUNUT
Pattern evaluation Association rules creation

A# 1 TuRaunTINY (lngElen)

3.1 mIsmsIudaya (Data collection)

Y

fidemusndoyaanszuuresayndnludfvesvoaynaeviu tew wuud drdnine
U313 uvnAnerdeasvanuaiung fMeoida SQL (SQL Commands) Uszneuse
1) ps1edoyansBuninennsansaume fousl we 2564-2567 $1uau 93,281 83
2) M319UeYaRlEUINIT WU 36,707 518013
3) astayanIneINTaITAUMA U 255,283 518013

[

NnwIMsdenuenysdng (Attribute) nasamslelumsiinsendeya fwmsned 1

M15199 1 wonn3tnlalumsliaseiteya (mselaeridew)

A3etaya wavm3dad AUAY
AlTUINg Patron_No sviaUseglduInIg
Patron_Type Usztangldusnig
NINYINTANTAUNA BIB No WaUsEITImMINeINTATAUNA
Collection USTNNNSNEINTATAUWA

Call_ No &yﬁﬂwzﬁﬁﬁmumijamsuaw%wmmmiaumﬂ
Usgianmstunsnensansaume Patron_No sraUsEElduIng

BIB_No WaUsEITIMINEINTATAUNA
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3.2 muiauaze1ntaya (Data cleaning)
fidovhmsnsieasuteyailignies laiauysal wazaring (null) Taeieenannyateya
Aounaiiased Gadeyafildandumeud Usznaudae

1) FoyamsBunineinsansaumna saustnnafin 2564-2567 (Suil 21 Squisu 2564
- 20 flunAw 2568) $1UIU 40,581 51913

a

2) Toyadlduinis lnefAndendeyaanizdldusnisuseiantdndnwiseaudiyyins
d1u7U 17,080 51915

3) Toyaninernsansauna lnsdndondoyaiameomsildeiasenisfeszuy
nAoAng (Dewey Decimal Classification) (Panmekha, 2016) 971u7u 184,575 5189115

33 mim’%su%’a;&a (Data preparation)

1) §3duAnnsaataya (Data filtering) wazdueteya (Data matching) s¥1I19M1519UBYA
seglUsunsu Microsoft Excel sgnonnidadiidmualy fmnseil 1 lngvihnstuiinliduenmia
Anuzdidarn ldun 1) ang@nwimans 2) anzuyveeanilazdiauaians 3) augngiuiamans
(ngnundanii) 4) anesgaans 5) augInermansuazinalulad 6) AngINeIN1IBaaIN 7) A
Inernsdeans uas 8) AnzAaUnssumans

2) thudh (Import) Intéfildanmstugtoya (Data matching) anntiuvhmssiusaudoya

(Data Aggregate) Tnely Operation felusunsu RapidMiner é"fﬂmwﬁ 2

Retrieve patronPOL... Write CSV

c omF

v

exa '"f‘*‘ exa

a it 2 nsld Operation lumsTiusiudeua (Data Aggregate) (A mlneridew)

3.4 n1sasengAnuduWus (Association rules creation)
Ud1 (Import) Ild#ilaanndumneunisinseudeyanililunisasiangainuduius
(Association rules) fedanairiuLeWi-nlss (FP-Growth algorithm) laeld Operation Aaaluswnsu

RapidMiner fan1wil 3
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Numerical to Binom... FP-Growth

C out F d exa f:’ E:Ial exa 3_5- Ef)r(:b
‘v’ v F

Retrieve patronNUXx...

o 1

Create Association ...
ite l,‘ rl
ite:

b

A il 3 Nsld Operation Tun1sasiangaaudunius (Association rules) (nmlaeriew)

3.5 nsusziliuluma (Pattern evaluation)

AIduA1vuaAtatuayudusi (Min Support) 91 0.3 wagA1A1ALFRTUTUA (Min

=

Confidence) 7

@ -
Ng) ANAINN 4

AssociationRules

Association Rules

[first (value)_ 616,
[first (value) €10,
[first(walue)_ 610,

first(value)_ 6€18]
first(value) 6€16]
first(value) 6€18]

—=> [first({wvalus)_
——> [first(value)

—=> [first(wvalue)_

[first{value) 617] --> [first(wvalue) 616] (confidence:
[first (value) 6€15] --> [first(wvalue) 610] (confidence:
[first(value) 6€15] --> [first(wvalue) 618] (confidence:
[first(walue) 6€17] --> [first(wvalue)_ 618] (confidence:

810]
618]
616]
0.86€4)
0.884)
0.507)
0.932)

a o u cal v a ¢ v v
Ml 4 ngenuduiusilannnsinseideya (nnlaegiden)

3.6 35ITUNMTITE UYL

(confidence:
(confidence:

(confidence:

0.7 eaiangAuduRus (Association rules) vastoya HadnslaasuanidnuIy

0.709)
0.722)
0.7€1)

la59n1539udlar1un155UTeInAneNTINN15358e55uNT1937elunywd

UNINYIREAIVAIUATUNS LaNLATINTT REC Number : psu.pn.2-098/66 LiiaFul 10 nUAWUS
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4. WaNISAN®E

[

4.1  MUIUNSTUNIIFVRMNANET F1UN5aanale padl

12000

10,246 (25.25%)

10000 9,043 (22.28%)

2000
6000
4000
2000

o

drwrunisdumiiaie (a3)

7,432 (18.31%)

6,256 (15.42%)

685 (1.69%) 652 (1.61%)
& Y & &
& & i &
& & & &
ﬁ\o‘} o \g\‘{\ '&5’-
& Q‘(’&e i AP S®
& & &
-@"’0 &
o o
& A°
&

'
o

AN 5 IUIUNNSTUNTIFDVBITNAN YU ING IR UEIVANUATUNS ILUNANUALUZNAINA

INAINA 5 31UIUNISUNTIFBVDIUNANWINMIINGIAYAIVAIUATUNS UNITANEWN

2564-2567 §91U2U 40,581 $19115 Lo UNAINANE NN A WUl dnAnwruSyginiamus

= s

ANYIATARN T

o

MWIUNTTUNTIERUINTAA F1UIU 10,246 518015 (Souar 25.25) T09AUIAD

o

X
UnAnwUSansausuyvemaniuazdiaua1ans 318 9,043 518015 (Feuay 22.28) uay

o

[ [

UnAnwuSyaesdsinanesgaans 91U 7,432 599015 (Seuaz 18.31) anua1nu

o

10060 9,322 (22.97%)

9000
8000 7,565 (18.64%)
oo
= 7000
5
&
> 000
TE 4,327 (10.66%)
= 5000 : )
- 4,032 (9.94%) 4,238 (10.44%)
£ 4000
§ 3,140 (7.74%)
g 2,684 (6.61)
3 2,181 (5.38%) 2108 (52%
2000
964 (2.38%)
1000
.
W i N & L 4
a‘\ _g,-»i‘* &8 N & @“e s s %@\ e '&@
Gl & & ﬁ‘ &2 & 5 & < S
\ 3 o g ; o AL
o W N X & & & $ o
ru & k@ c’;p & P
¥ % § et 5 &
al o @ AT
‘\) g
& ¢ 5
A Q@
LG EI D]

Al 6 uumMstuntiidevesinAnwiur e dyasvaIuaTuNs Twunaauvaavyntsde
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it 6 Srurunstuntideresin@nviunninerduasvaiuasuns Un1sdnw
2564-2567 4491U7U 40,581 519013 Lﬁ@ﬁi’muﬂmwmwgﬂ'mﬁfaﬁa WUl UnAnwUTygrnio
vifsdoninm [600] Iermaniuszynd undian 919U 9,322 $19m3 (Fevag 22.97) 509831170
nilsdonuan [300] d9AUAIERT T1UIU 7,565 519019 (Sowaz 18.64) wazutlsdanuan [400]
AWANENT 11U 4,327 518013 (Fovaz 10.66) MUEIRU
42  msleainganuduusnstunisdavesindnen aunsouansld fail

M1399 2 nAudNiusNMsEunlsdevestinAnwamueneuiamans Anewndanii) (ms1dae

ARE)
a6y ngANUTUNUS AAnudesiy | d1du ngANUTUNUS el
1 [617] ==> [618] 93.20% 5 [610], [618] ==> [616] 76.10%
2 [615] ==> [618] 90.70% 6 [610], [616] ==> [618] 72.20%
3 [615] ==> [610] 88.40% 7 [616], [618] ==> [610] 70.90%
4 [617] ==> [616] 86.40%
[610]  WANEAERSUATAUNIN [617] #aomans unnemansiongi Munuwmeeand dny
e landngn landuaing
[615] ndIneuarInnsinwilse [618]  USLYINE gRFanT NUITIVANENT LIYANARSEEY
(6161 lsn

31NAM15199 2 ngauduiusn1stunisdevestinfnwameneruiacans (Gnenun

v =

Uamnil) B9 7 ng legdnAnwaziivuildulunsdunildensdos [618] WS¥Ine gimans
NU1SIVANERS LIYA1EATEFIDTY I1UIU 3 NY wilsdenides [610] WNNYMIAATLAZAVNIN UaY
[616] 1sA F1uua 2 ng wazanunsananiauduiuslugluuunswiazeYie (Network Graph) g
Fan i 7

T

610

7229 _
&

AV

~ 88,49,

617
- 93.2%
618

CA] T

615

AN 7 ANUFURUSNSEUNLERYUNANEIAMENE1UNaAERS (nentnniil)

TugduuunsmiaIeLng
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A13197 3 ngANUduNusNsHunilsdeveslnAnyinnsuyvemansuazdianaans (m1319lae

ALE)
a6y ngANUTUNUS AAnuidesiy | du ngANUTUNUS AmuFesiy
1 [809] ==> [895] 85.00% 5 [491] ==> [895] 75.00%
2 [423], [413] ==> [495] 81.80% 6 [413] ==> [423] 71.00%
3 [413] ==> [495] 77.40% 7 [491] ==> [495] 70.00%
4 [495], [413] ==> [423] 75.00%
[413]  WAUYNTUFULUUN W IIATTIU [495]  nmwvesedunyiusenuaynyTueenidedld
[423]  MAUIUNTUNWIDINGWUINTIY [809] UsziRmans
[491] awdula-glsilounyiueanuazianas [895] 23suNTIIRLTRL TUBNUALAL TuRDNIRels

9MANT97 3 ngAnuduiusnnstunidevesinAnwiamiysemaniazrdiumany
1uu 7 ng) leednAnwaziiuudlinlunisdundsdonydoy [495] nwiveuellensueanuasy
nriueenidedld 31uau 3 ng nilsdenydeoy [895] 1TRunITUOWERY TURBNLAYAY TURBNBY Il
WA [423] MAIUIYNTUATWITINBUINTFIU 1WIUAE 2 N9 Uagarunsalansauduiuslusiuuy
n3MAIeTe (Network Graph) léidanmil 8

808 4, o

e

491

A0
413 ]
3
g

ca23
495

A 8 AnuduiusNstuvilsdevesinfnwineuyvemansiavdinueans

TusduuunsaIeYy
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M5l 4 ngeudiiusnstuniidevesin@nuans fsmans (msslaelidow)
a1au NAMNFUNUS Aanaderiu | drdu NAMNFUNUS AAnudasiu
1 [305], [330] ==> [320] 93.30% 6 [301] ==> [320] 78.90%
2 [327], [297] ==> [320] 92.90% 7 [303], [959] ==> [320] 73.70%
3 [321] ==> [320] 90.00% 8 [340] ==> [320] 71.40%
4 [327], [909] ==> [320] 83.30% 9 [342] ==> [320] 70.00%
5 [327], [330] ==> [320] 81.20%
[297]  eawdaay ansund wageauiuile [330]  LASWgAIERS
[303]  NSTUIUMTNGIAL [340] novIY
[305] nauAu (frueans) [342] NMANBIFEITUUYUALUNATDS
[320] $§Anans (Nsleen1sunATel) [909]  UsziReanslan
[321] szuauMsUNATOLALST [959]  UszARmnansielenyiuoandeds
[327]  ANdNUSIEVINUsEImA

1INANTNAN 4 NYAUFUTUSNSTUMTIEURINANYIANLIFA1anS 131U 9 ng) Loy

inAnwagiinwildulunistunilsdenyees [320] $§mans (N15uleansunATes) I1WIUTWNA 9 N4

wazanansakanIAudutuslugULuunsmAIeYIe (Network Graph) tassnini 9

321 337

301
330

a v o & a v o = Y] s R
AN 9 ﬂ'ﬂquaﬂiWUﬁﬂqiﬂﬁJWU\ia@TB\TUﬂﬂﬂ‘Uqﬂm%iiﬂqamﬁ IuEﬂLLUUﬂi']WLﬂi@GU']EJ
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M19199 5 ngauduiusnstuniidevesindnwiangIngin1sieans (slaeslde)

a1au NAMNFUNUS Aanaderiu | drdu NAMNFUNUS AAnudasiu

1 [006], [004] ==> [005] 100.00% 7 [004] ==> [005] 80.00%

2 [302], [152] ==> [158] 100.00% 8 [005], [004] ==> [006] 75.00%

3 [302], [158] ==> [152] 100.00% 9 [005], [158] ==> [658] 75.00%

4 [771] ==> [741] 100.00% 10 | [658], [005] ==> [158] 75.00%

5 [745] ==> [741] 100.00% 11 [158], [152] ==> [302] 75.00%

6 [006] ==> [005] 87.50% 12| [303] ==> [302] 75.00%
[004] AnenspeNiIAes [303]  ATTUIUNSNIHIAL

[005] maBeulusunsy WUsunsu uasdoyamauiumes  [658]  msdan1snaly

[006] FBN3TABUDIABUNILAOS [741]  MITVIRLFULAZAININLEL

[152] &ywusurrwidn msideuln uazesual [745]  sToumudad

[158] dnIneUszend [(771]  wala N52UIWIT gunIal Jag (NS
A1UAIN)

[302] BURTASYINNAIAY

1NM15197 5 ngauduiunstuvtidevesinAnuanginenisdeans 1w 12
ng lngdnAnwiazluulldulunisunidsdenydas [005] n150sulUsunsy TUsUATY Uay
Tayanauiiawed Iuiuay 3 ng wilsdenyges [158] InaneUszend [302] Sunsizeniadeny
wag [741] N13NAduRaZA MY F1uuaE 2 g vilsdenydes [006] TEN1TTLAYYRIARNUNILNDS

[152] dywusuanusdn msiadeulnl wazersual uay [658] M3dansaly S1uiuag 1 ng wag

anansauansnuduiusluguuunsmieSev1e (Network Graph) ladaninit 10
152
005

741 100. 771

naud 2

A 10 Awduiusnstunisdevesin@nwinneinginisdeas Tugduuunsiniaedne
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M19197 6 npAUENTUSNsEuTIdevesinANYIAMEINeIN1TBAA1N (INT9LAeELTEw)

a1au NAMNFUNUS Aanaderiu | drdu NAMNFUNUS AAnudasiu
1 [158], [370] ==> [155] 100.00% 5 [370], [155] ==> [297] 85.70%
2 [370], [153] ==> [297] 100.00% 6 [808], [370] ==> [297] 85.70%
3 [302] ==> [297] 100.00% 7 [305] ==> [297] 81.80%
4 [370], [155] ==> [158] 85.70% 8 [371], [808] ==> [297] 75.00%
[153]  Aszuumsmnsanisddnuasvnidenn [305] nauau (frueans)
[155] IV MANEILATININIWAIUINTT [370]  N15ANEA
[158] Fsanelszand 3711 Tssdsunazianssu (NsAnwiiley)
[297]  eaudaay dnsul wazaauuile [808] MANERIUANSINUTIUTIdRAL
13IUNTIY

[302] BURTASYINNAIAY

NANTNA 6 nANUFNTUSNSEUMTHveinAnwAugIneIn1sdaan 19113 8

v =2 = 4 IS o A a v a IS
né TnatnAnwiazduwilunlunisdunisdontigay [297] A1@UNIBAATN aNSUU wazAauIulle

Y

1 a

91U 6 ng) niledenygoy [155] InTneANAILAEIRINGWMUINTT Uag [158] InTneUseend
IIaY 1 g wazaunsawansruduiuslushuunsmazeYie (Network Graph) tadsnnit 11

158

5
ol &
S

ovle
0!
40!

153 370 808

371
_ 305 ~

sle oo™
of ¥ 59
W F o

302 o

297

Al 11 anuduiiusmstuntdsdovestnAnwianeineinisdaany Tugduuuniiasedne
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M19197 7 ngauduiusnstuniidevesindnwiangingimansuazinalulad (ns1alnudiden)

a1au NAMNFUNUS Aanaderiu | drdu NAMNFUNUS AAnudasiu
1 [158], [615] ==> [616] 100.00% 6 [616], [612] ==> [158] 81.10%
2 [616], [153] ==> [158] 100.00% 7 [616], [611] ==> [158] 81.00%
3 [158], [612] ==> [616] 94.70% 8 [615] ==> [616] 74.10%
4 [158], [611] ==> [616] 94.40% 9 [611] ==>[612] 71.90%
5 [616], [615] ==> [158] 85.00%
[153]  Aszvumsnsanisddnuassidaan [612] &TInenuywd
[158] Fsanelszand [615] ndIneayivINsinyilsn

[611] meInemansuyye Mensad wasligeiner  [616] 1sa

L

91NANTNAN 7 NANdNRUSNsEunsFevestindnwansInemanskazsmalulal i

[ a a

113U 9 ng nednfnwiasiuwiliulunisdunidsdenydeos [158] InTne1useynd 911U 4 ng
wilsFenytay [616] 13A 91uU 3 Ny wazntivdenigos [612] a35Ine1uuwd 31U 2 Ng wag
anunsanansaudNiusludnvaznIIMATeY Y (Network Graph) 1aaen nd 12

153

\ 00.¢
\158

\\615

615

a v o & = o o = a s =
AN 12 F’n']llall‘W‘Uﬁﬂ'ﬁHNVUQa@m@QUﬂﬂﬂﬁqﬂmg'}WEJ”I?’W?WWLL@SWlﬂIUIaEJ

TusduuunsaIeYe
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M19197 8 npAudNTuSsEuTadevesindnyianeAaunssumans (INselnelew)

a19U NAMNFUNUS AAnudeiiu | ddu NAMNFUNUS AAnudasiu
1 [741], [745] ==> [746] 100.00% 6 [746], [741] ==> [745] 83.30%
2 [709], [745] ==> [746] 100.00% 7 [746], [709] ==> [745] 83.30%
3 [751] ==> [741] 100.00% 8 [746], [741] ==> [709] 83.30%
a4 [743] ==> [741] 100.00% 9 [746], [709] ==> [741] 83.30%
5 [745] ==> [746] 100.00%
[709] Usgifmans n1sdansglianans FUsedn [745]  slunufad
[741]  MINAEULAZAINIIAGY [746] Aavzdme
[743]  mInaduLazAIIAEL SuunALEes [751] nafia NSgUIIT wonm1s6E gunsal Tan

sULUU (An3nsTu)

NANTNA 8 nANUFNTUSNsTunTsdevesinAnwinnefaunssumans d91uiu 9
ng) WnetnAnwazduwildulunstunisdenydey [741] MINaduLaznIInEY Wag [746] Fady

o/ a = [

dae Fuiuae 3 ng wilvdevydes [745] TaumuAad Iuiu 2 ng uaznidedenidas [709]

Y

o

Usgdfmans n1sdanisgiimans 33Usedd 91u3u 1 ng wazarusauanamuduiusludnuue

nsvie3etie (Network Graph) ladeniwii 13

743

3 \741/

e

709
746
\

745

AT 13 anudunusnstuvisdevesindnwausAaunssudnans

TugduuunsmiaIedg
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M19199 9 nAuENTuSsEunTIEevesinAnwAsAnwIA1ans (IN519lnekLTw)

a19U NHAINFUNUS Aanudediu | drdu NHANFUNUS AAadatiu
1 [158], [155], [150] ==> [153] 79.40% 6 [153], [155], [150] ==> [158] 73.00%
2 [158], [153], [150] ==> [155] 79.40% 7 [153], [150] ==> [155] 72.50%
3 [158], [153], [155] ==> [150] 79.40% 8 [370], [658] ==> [371] 71.70%
4 [375] ==> [371] 78.90% 9 [512] ==> [515] 71.40%
5 [155], [150] ==> [153] 74.00% 10 | [370], [001] ==> [371] 70.80%

[001] A3 [371]  lseSeuuazianssy (Msfinuiive)

[150] 3mInen [375]  viangms

[153]  nszurumsmednfifdinuasvidann [512] WAL
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Abstract
Purpose: This study aims to investigate the key responsibilities and qualifications of Al Product
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1.  Introduction

In the digital era, Artificial Intelligence (Al) has become a transformative force, reshaping
industries and revolutionizing business practices. The phenomenon is widely observed in
several sectors including manufacturing, logistics, media, commerce, healthcare, and financial
services (Du & Xie, 2021). Among these sectors, marketing stands out as one of the most
significantly impacted by Al. Applications range from analyzing customer data to inform
strategic decisions, to using Generative Al for content creation, and implementing Al-driven
programmatic media buying to optimize advertising efficiency (Kumar, Ashraf, & Nadeem,
2024).

Another emerging area in marketing is the incorporation of Al into products and services.
This results in Al-powered offerings that not only enhance the customer experience but also
serve as unique selling points, strengthening firms' competitive advantage. Additionally, from
the customer's perspective, products with intelligent features can add new value, making them
more user-friendly and versatile (Aldoseri, Al-Khalifa, & Hamouda, 2024). These products range
from vehicles with autonomous functions and digital personal assistants to virtual nurses (Du
& Xie, 2021). As Al-powered products continue to evolve, it’s only natural that the role of
product managers changes too. Today’s Al Product Managers are expected to go beyond
traditional duties—they need to manage ethical concerns, make data-driven decisions, and
keep pace with rapid advancements in Al (Parikh, 2025a).

Although the number of Al-powered products and services continues to grow, research
on how the roles and qualifications of the product managers overseeing them are evolving
remains limited. One study highlights the growing demand for experts with the ability to
develop and commercialize Al-integrated products (Ahmadi, Kheslat, & Akintomide, 2024).
Parikh (2024) also examined the evolving role of Al Product Managers, noting that Al introduces
new dimensions to the position. For example, product managers are now expected to ensure
that data is both available and of higsh quality, which is essential for effective model training
and deployment. However, these studies tend to focus primarily on the software and
technology sectors (Parikh, 2025b). Beyond that, academic literature often overlooks the
specific qualifications needed for Al Product Managers.

To address these gaps, this study adopts the T-shaped skills profile framework
introduced by David Guest in 1991. The framework highlights the need for deep expertise in
a specific area—the vertical bar of the T'—complemented by the ability to collaborate and

communicate across diverse disciplines, represented by the horizontal bar (Ninan, Hertogh, &
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Liu, 2022). The contributions of this study are summarized in Table 1, which provides a

comparative analysis of our research against key existing literature. The objective of this study

is to explore the role and qualifications of Al Product Managers using a text analytics approach.

The findings can be applied in several ways. Employers can use the insights to identify suitable

candidates and guide interview criteria, while educational institutions can utilize them to

design relevant curricula. The results also assist individuals who plan to pursue careers in Al

product management.

Table 1 Comparative Analysis of Related Literature

Study Focus Methodology Key Findings Contribution Gaps
Ahmadi et al. | Demand for Latent Dirichlet | Five ChatGPT- Empirical Limited focus on
(2024) ChatGPT- Allocation (LDA)| related skill sets| evidence on ChatGPT-specific

related skills

on job

advertisement

ChatGPT-related

skills reshaping

skills

data job roles
Parikh (2024) | Evolving role | Qualitative Al introduces Characteristics of | Limited sample
of Al Product | study using new dimensions| the software — only software
Managers grounded to the product | product organizations
theory manager role manager’s role in
managing Al-
based products
Parikh (2025a)| Evolving roles,| Qualitative Al Product Develop Al Limited sample
challenges, study using Managers roles, | Product Managers| — only US-based
and skills of Al| grounded challenges, Archetype technology
Product theory skills, and traits | Persona companies
Managers summarized in | Framework
managing Al- the Al PM
first products Archetype
Persona
Framework
Parikh (2025b)| Evolution and | Systematic Clarifies Clarifies product | Primarily focuses
responsibilities| literature review| evolving managers’ on software
of product product responsibilities industry; Does not
managers managers’ through literature | mention

responsibilities

across contexts

synthesis

qualifications or

skills
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Study Focus Methodology Key Findings Contribution Gaps
Current Study| Emerging roles| Topic modeling | 11 roles, 8 Data-driven -
& (BERTopic) on qualification evidence;
qualifications | 426 postings clusters, T- highlights T-
of Al Product shaped skills shaped skills for

Managers HR and
education; covers
multiple

industries

This study employs BERTopic as the topic modeling tool. As outlined by Bor¢in & Jose
(2024), BERTopic follows a five-step process that begins with embedding the text and
continues through dimensionality reduction, clustering, vectorization, and concludes with
topic representation. BERTopic has been extensively used in research focused on job posting
texts. For example, Lertmethaphat, Lekfuangfu & Treeratpituk (2025) explored characteristics
of Thailand’s labor market, while Raman et al. (2024) analyzed skill demand using job

description data from a U.K. job board.

2. Purpose

To explore the role and qualifications of Al Product Managers

3.  Methodology
3.1 Dataset
The data used in this study consist of job postings collected from job listing sites
such as ZipRecruiter, Indeed, JobsDB, JobStreet, and Glassdoor. To broaden coverage, we
supplemented these sources with job vacancy announcements from leading corporate
websites and professional social networks like Linkedin.
Data were collected manually between June 2024 and May 2025, resulting in a
total of 426 job postings. To ensure relevance, we applied the following inclusion criteria: (1)
the posting explicitly referred to Al- or generative Al-related product management roles, (2)
the job description provided sufficient detail on both responsibilities and required
qualifications, and (3) the posting could represent any work-location type (remote, hybrid, or

on-site). We excluded postings that were duplicates, not in English, or lacked substantive
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descriptions. From each posting, we extracted only the content related to job responsibilities
and applicant qualifications for further analysis.

Because job titles related to Al product management vary widely, we adopted a
job title taxonomy to ensure a consistent and relevant dataset. This taxonomy grouped roles
into distinct categories based on the primary function of each position within the Al product
lifecycle. Example categories included Core Al/Generative Al Product Managers, Al Data &
Analytics Product Managers, Technical Al Product Managers/Product Owners, and Specialized
Al Domain Managers (covering niche applications such as healthcare, gaming, or safety). Each
category was represented by specific keywords and example job titles from our dataset. Each
of the 426 job postings was manually mapped to one or more categories, considering both
job title and description to verify primary responsibilities and qualifications. Postings that did
not fit any category or were duplicates were excluded.

In terms of sectoral and geographical coverage, the dataset includes postings from
various sectors including technology & software, finance & banking, healthcare & life sciences,
consumer & retail, consulting, EdTech, energy, etc. These job postings were collected from
companies globally. Therefore, while the sample is not exhaustive, it reflects diverse industry
contexts and global hiring patterns.

3.2 Data preparation

As we used BERTopic, a semantic-based topic modeling technique, our
preprocessing aimed to preserve the original semantic structure of the text. To achieve this,
we adopted a minimal approach and did not perform manual tokenization, punctuation
removal, or stop word removal in the initial stage. Instead, the following essential steps were
applied to reduce noise:

1) AUl text was converted to lowercase to ensure consistent treatment of similar
words. For example, ‘Manager’ and ‘manager’ were treated as the same token.

2) Entries with fewer than five words were excluded, as they typically lack
meaningful content.

3) Boilerplate phrases commonly found in job postings, such as “what you will

» o«

do,” “in this role,” “you are,” and “you have” were removed. These phrases were identified
manually during an initial review of the dataset, as they do not contribute to the unique

semantic content of the documents.
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4) In the later stage, after topic modeling was complete, stop word removal was
applied during the extraction of representative words for each topic to enhance interpretability

and reduce noise in the keyword extraction process.

3.3 Topic extraction with BERTopic

Topic modeling is a natural language processing (NLP) technique used to
automatically analyze text and uncover hidden topics. In this study, BERTopic is chosen for its
flexibility over traditional approaches like Latent Dirichlet Allocation (LDA), which require a
predetermined number of topics. Additionally, BERTopic is based on transformer architecture,
enabling it to capture semantic relationships among words and their context.

The BERTopic process consists of four main stages. First, job posting texts are
converted into embedding vector representations using a BERT-based language model such
as Sentence-BERT. Next, the dimensions of the embeddings are reduced using UMAP (Uniform
Manifold Approximation and Projection), as most clustering techniques struggle with high-
dimensional data. Third, HDBSCAN is employed to cluster the texts into topics. In the last step,
words that best represent each topic are highlighted using a weighting scheme called class-
based TF-IDF (c-TF-IDF) (Khodeir & Elghannam, 2024; Madrid-Garcia et al., 2024). The overall

research process is summarized in Figure 1.
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Figure 1 Key research process

To achieve better model performance, we tuned key parameters using Bayesian
optimization. This method selects the next combination of parameters to test by learning
from previous trials (del-Pozo-Bueno et al., 2023). We ran 50 iterations of hyperparameter
search (Moreira-Filho et al., 2024), adjusting three main parameters: n_neighbors, which affects

local neighborhood size in UMAP, was tested at 5, 10, 15, and 20; n_components, which
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determines the target dimensionality, was also varied across the same range; and
min_cluster_size, which defines the minimum number of data points required to form a cluster
in HDBSCAN, was searched from 5 to 10 in increments of 1.

We chose these parameter ranges to strike a balance between generating
meaningful topics and avoiding excessive detail. After tuning, we applied the best-performing
parameters to extract topics and assessed their coherence using the ¢ v metric, which helps
evaluate how interpretable the topics are in practice. Hierarchical clustering is applied to
visualize topic similarity, and closely related topics within the hierarchy may be manually

merged to generate the final results.

4.  Research results
4.1 Responsibilities of Al Product Managers

We applied BERTopic to the role subdataset using optimized parameters obtained
through the tuning process. Specifically, we set n_neighbors = 5, n_components = 10, and
min_cluster_size = 10, which resulted in a moderate coherence score (c_v) of 0.44. To
complement this quantitative measure, we manually reviewed the resulting clusters and
assigned topic labels based on the top terms and representative job postings within each
cluster, ensuring interpretability and alignment with domain knowledge. The model identified
11 distinct topics, each representing a core area of responsibility for Al Product Managers.
Table 2 presents these topics along with their associated top keywords.

Table 2 Thematic Topics of Al Product Manager Responsibilities

Topics Keywords Label

ensuring, capabilities, collaboration, learning, prioritize,
1 Ongoing Learners
services, models, machine, stay, powered

backlog, sprint, stories, scrum, agile, program, owner, Agile Delivery & Backlog

governance, prioritization, progress Management

generative, concept, quality, evaluate, serve, results,
3 Responsible Al Operations
ensuring, operations, models, risks

content, positioning, compelling, messaging, goosle,
4 Go-to-Market Responsibilities
salaries, webinars, enablement, range, launches

environment, state, foster, complexity, maximizing,
5 Strategic Ecosystem Partnerships
mapping, netflix, informed, challenges, partnership

genai, gen, level, applications, policy, using, like, Operationalizing GenAl

application, feature, operationalize applications
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Topics Keywords Label

quality, studio, engage, gather, ensuring, developer, Developer Engagement &

! prioritize, term, outbound, varying Feature Prioritization
conversational, search, personalized, voice, models, Specialist in Conversational Al

8 powered, chat, natural, multimodal, language and Multimodal Design
learning, machine, problems, personalization, engine, Driving ML Problem Framing and

’ scientists, capabilities, testing, direction, using Experimentation

compliance, ensuring, oversee, gsovernance, offering,
Al Governance and Compliance
10 deployment, prioritizing, standards, capabilities,
Lead
operations

commercial, world, manager, join, projects, pm, project, | Client-Centric and Commercial
11
problems, client, portfolio Portfolio Management

Having identified the 11 core thematic topics, we now provide a closer look at
each one to better understand the responsibilities they represent.
Topic 1: Ongoing learners

» o«

With keywords such as “ensuring,” “capabilities,” “learning,” and “stay,” this topic
suggests that a key responsibility of an Al Product Managers is to maintain an appropriate
fundamental mindset and expected behavior. Specifically, they are expected to stay up to
date with the latest developments in the Al field, continuously upgrade their capabilities, and
share emerging trends with their teams.

Topic 2: Agile Delivery & Backlog Management

Topic 2 represents the traditional execution- and team-facing role of a product
manager. Key concepts include backlog, sprint, scrum, and agile, reflecting responsibilities such
as prioritizing and managing tasks to build and improve products—encompassing features,
user stories, enhancements, and bug fixes. When it comes to Al products, this duty means
tackling complex projects under time constraints (like sprints) and fostering structured iteration
and team coordination (through Scrum).

Topic 3: Responsible Al Operations

This topic highlights how the role of Al Product Managers is evolving. They now
combine technical quality assurance with ethical oversight and operational responsibilities,
especially for generative Al. In addition to building features, they must also ensure that model

outputs are safe, ethical, and reliable. This is especially important because the outputs are

probabilistic in nature and can have disruptive real-world impacts.
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Topic 4: Go-to-Market Responsibilities

Product launch is a core responsibility of product managers, and this remains true
even in the Al context. The role involves designing the product’s value proposition and
defining its market positioning. In addition, product managers are expected to craft engaging
content and prepare relevant marketing enablement materials to support a successful launch.

Topic 5: Strategic Ecosystem Partnerships

Al product development involves multiple stakeholders, both internal and
external. As a result, cross-functional collaboration within the organization alone is no longer
sufficient. Today, Al Product Managers must stay informed about industry trends and be able
to build strategic relationships with external partners.

Topic 6: Operationalizing GenAl applications

This aspect of the Al Product Manager’s role reflects the growing demand for
professionals who not only understand the principles of generative Al but can also apply them
in real-world contexts. A key task is to identify essential features and transform them into
useful applications for end users. In other words, the role focuses on integrating generative Al
into practical products.

Topic 7: Developer Engagement & Feature Prioritization

Al Product Managers must work closely with developers to ensure that the right
product is built. The primary objective of these engagements—whether internal or with
external partners—is to gather information and feedback that are critical to product
development. This collaboration supports both the collection of technical insights and the
effective prioritization of competing factors.

Topic 8: Specialist in conversational Al and multimodal design

The presence of keywords such as conversational, voice, chat, natural,
multimodal, and language suggests that Al Product Managers are expected to apply natural
language processing (NLP) techniques to build customer-friendly applications. These NLP-
enabled products include voice assistants, chatbots, and multimodal interfaces that combine
voice, text, and images, enabling human-like interactions and personalized responses tailored

to individual users.
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Figure 2 Example of Keyword Distribution Across Thematic
Topics of Al Product Manager Roles

Topic 9: Driving ML Problem Framing and Experimentation

This role highlights the Al Product Manager’s responsibility for identifying the right
business problems and translating them into data science problems. These challenges can
then be addressed using various machine learning techniques. The tasks require close
collaboration and experimentation with data scientists.

Topic 10: Al Governance and Compliance Lead

With the growing introduction of regulations aimed at protecting society from
unintended harm, it is the responsibility of Al Product Managers to oversee the deployment
and operation of Al products and ensure compliance with relevant laws. In addition, they
need to prioritize operational and capability-related issues that align product offerings with
ethical and legal standards.

Topic 11: Client-Centric and Commercial Portfolio Management

This topic highlights the growing importance of the B2B market. As a result, Al
Product Managers are expected to be familiar with overseeing a portfolio of commercial
projects for customers in this space. Their tasks involve identifying problems faced by clients
and translating them into Al solutions that deliver value to the client while aligning with the
organization’s goals.

4.2 Qualifications of Al Product Managers
For the qualification subdataset, the optimal parameters identified were

n_neighbors = 15, n_components = 10, and min_cluster size = 8. This configuration yielded a



Journal of Information Science Research and Practice

Volume, 43 Issue 3 (July - September 2025) 52 of 60

coherence score (c_v) of 0.46. Using these parameters, BERTopic extracted eight thematic
groups that represent the diverse qualifications expected of Al Product Managers. These groups
were validated through a manual review of representative job postings to ensure their
interpretability and alignment with industry requirements. The details of each topic, along with
its corresponding top keywords, are presented in Table 3.

The extracted topics reveal distinct qualification domains required for Al Product
Managers. We now examine each topic in detail, beginning with educational background.

Topic 1: Educational background

The first topic outlines the foundational educational requirement for an Al Product
Manager. A minimum of a bachelor’s degree in Computer Science or a related field is typically
expected. In addition to technical knowledge, strong presentation skills are also important for
effectively communicating ideas.

Table 3 Thematic Topics of Al Product Manager Qualifications

T-Shaped Skill
Topics Keywords Label
Dimension
field, computer, related, science, minimum, Horizontal
Educational Background
1 bachelors, education, bachelor, software,
presentation
customer, user, effectively, empathy, machine, | Customer-Centric Mindset Horizontal
2
saas, complex, executive, highly, features and Empathy
consumer, market, user, applications, portfolio, Horizontal
Domain Knowledge &
3 domains, industry, enterprise, extensive,
Industry Experience
customer
complex, features, market, high, quality, Product Quality & Market Horizontal
q
ensuring, trends, goals, customer, project Orientation
Technical and Business Horizontal
science, related, computer, field, market,
5 Blend
bachelors, tools, industry, mba, proficiency
cloud, science, services, azure, aws, platform, Cloud Platforms & Tools Vertical
6
like, tools, including, computer Familiarity
automation, computer, science, pc, customer, Automation & Generative Vertical
7
field, related, user, features, gen Al Knowledge
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T-Shaped Skill
Topics Keywords Label
Dimension
build, amazon, genai, program, enterprise, Driving Responsible Vertical
8 businesses, responsible, impact, environments, | Generative Al Projects in
driving Enterprise Environments

Topic 2: Customer-Centric Mindset and Empathy

This topic highlights that Al Product Managers should have a deep understanding
of their customers. They must be able to translate users’ pain points into features suitable for
machine learning experimentation, ultimately leading to valuable Software-as-a-Service (Saa$S)
solutions. Additionally, they are expected to effectively communicate these complex tasks to
executive stakeholders.

Topic 3: Domain Knowledge & Industry Experience

With the appearance of keywords like consumer, market, domains, enterprise,
portfolio, and industry, this topic highlights that domain knowledge in either enterprise or
consumer markets, along with experience in managing a portfolio of Al applications, is highly
valued by employers. Possessing extensive expertise in a particular industry is also considered
a strong advantage.

Topic 4: Product Quality & Market Orientation

This topic emphasizes the ability to manage complex product feature
development that aligns with customer needs, market trends, and broader business goals.
Strong project management skills are also essential to ensure high product quality.

Topic 5: Technical and Business Blend

In addition to holding a bachelor’s degree in Computer Science or a related field,
employers also value candidates with strong business domain knowledge—particularly those
with an MBA. Therefore, Al Product Managers are expected to excel not only in technical tools
but also in industry and market understanding. It is worth noting that hierarchical topic
similarity analysis (see Figure 3) indicates that this topic is closely related to the foundational

educational background (Topic 1) and could potentially be merged into a single, broader topic.
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Figure 3 Hierarchical Clustering of Thematic Topics Related to Al Product Manager

Quialifications

Topic 6: Cloud Platforms & Tools Familiarity

This topic indicates that Al Product Managers must be proficient in cloud platforms
like AWS or Microsoft Azure and the associated tools. This reflects the fact that most Al
products today are delivered as cloud-based service.

Topic 7: Automation & Generative Al Knowledge

This topic suggests that Al Product Managers should have a strong foundation in
Computer Science or a related field, especially in the area of automation. In addition, there is
a need to align customer desires with feature development—particularly in the emerging area
of generative Al.

Topic 8: Driving Responsible Generative Al Projects in Enterprise Environments

Al Product Managers need solid skills to lead generative Al projects within
enterprise settings. This means not only understanding the technology but also connecting Al
capabilities directly to business goals — especially in B2B contexts. Beyond that, they take
full responsibility for their projects, turning ideas into tangible results while ensuring

responsible and ethical practices.

5. Conclusion

This study has explored the roles and required qualifications of Al Product Managers
using BERTopic, a topic modeling technique. By analyzing 426 job postings, we identified 11
key responsibilities and 8 qualification clusters. These roles include both traditional product
management tasks—such as go-to-market strategy—and emerging responsibilities like
deploying generative Al applications and designing multimodal systems. In addition to cross-
team collaboration within the firm, Al Product Managers are now also expected to engage in

strategic ecosystem partnerships, coordinating with external stakeholders.
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In terms of required qualifications, an Al Product Manager is typically expected to have
an educational background in computer science, often complemented by an MBA. In addition,
they should possess domain or industry knowledge. Furthermore, they are expected to
demonstrate empathy and a deep understanding of customers, as well as proficiency in tools
and environments related to generative Al and cloud platforms such as AWS or Microsoft
Azure. These findings highlight the growing demand for T-shaped product managers, a topic

we explore further in the discussion section.

6.  Discussion

By leveraging BERTopic topic modeling on a job postings dataset, this study sheds light
on 11 distinct roles and 8 key qualifications that characterize the diverse responsibilities of Al
Product Managers. The findings illustrate how these roles and qualifications have expanded
beyond traditional product management to address the rapid advancement of Al technologies.
These insights carry important implications for curriculum designers, HR practitioners, and
future researchers, which will be discussed below.

6.1 Contribution to Existing Literature

While previous studies have relied on grounded qualitative approaches to explore
this issue (Parikh, 2024; Parikh, 2025b), the present study contributes to the literature by
adopting a quantitative, data-driven approach. Specifically, it employs unsupervised machine
learning to analyze over 400 job-related texts, thereby validating and extending prior
conceptual insights at scale.

In line with prior work, our study confirms that Al Product Managers must take on
new responsibilities, including ensuring data availability and quality for model development,
overseeing Al systems for transparency, fairness, and legal compliance, and collaborating with
cross-functional teams—particularly data scientists and machine learning engineers (Parikh,
2024). However, we extend this understanding by highlighting responsibilities that go beyond
internal collaboration. Al Product Managers today are expected to stay informed about
industry trends, navigate external ecosystems, and build strategic partnerships. These findings
reflect the reality that Al products often depend on third-party APIs, cloud platforms, legal
frameworks, and even coordination with regulators.

In addition, our analysis reveals frontier responsibilities that are not yet widely
addressed in academic literature. First, Al Product Managers play a pivotal role in

operationalizing generative Al—embedding capabilities into real-world products. Second,
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there is a growing need for specialization in conversational Al and multimodal design,
especially where NLP and user experience intersect to enable human-like interaction. It is
worth noting that we observe a shift in how continuous learning is perceived. Once regarded
as a qualification, it has evolved into a core responsibility, underscoring the fast-changing
nature of the field.

Regarding the required qualifications of Al Product Managers, our findings reinforce
several well-established themes in the literature. Specifically, our findings align with Parikh
(2025a), emphasizing that Al Product Managers should possess a strong combination of
technical expertise and domain knowledge, demonstrate effective communication skills, and
exhibit strong analytical abilities.

Beyond these established themes, this study contributes to the existing literature
by identifying emerging qualification areas that have received limited attention. It is worth
noting that our analysis highlights the growing importance of cloud platform proficiency and
the ability to operationalize generative Al in enterprise settings. Furthermore, empathy
emerges as a critical qualification—not only for understanding user needs and solving real-
world problems, but also for navigating ethical considerations such as fairness, inclusivity, and
the responsible use of Al

6.2 T-Shaped Skill and The Skill Mapping Framework

In line with the concept of T-shaped skills, Al Product Managers are expected to
combine broad interdisciplinary knowledge (the horizontal bar) with deep expertise in a
specific domain (the vertical stem). This hybrid skill profile is becoming increasingly common,
as traditional disciplines integrate with digital technologies. For instance, to collaborate
effectively with cross-functional teams, social media marketers now need to understand
product design—including UX and software engineering—as well as data science (Hafezieh,
Pollock, & Ryan, 2023).

Similar to infrastructure projects, which are often large-scale, complex, and
disruptive (Ninan, Hertogh, & Liu, 2022), the development and deployment of Al products
involve probabilistic outcomes that carry significant risks. These risks may include unintended
societal, ethical, or technical consequences. To navigate such uncertainty, Al Product Managers
must possess T-shaped skills—combining deep technical or domain expertise with broad
competencies across areas such as ethics, policy, UX, data science, and business strategy. This
diverse skill set enables them to foresee and mitigate potential harms while aligning product

decisions with organizational goals and public interests.
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Drawing from the topics identified in our BERTopic analysis, we propose a skill
mapping framework that connects key thematic clusters—spanning both qualification
expectations and role-based responsibilities—to relevant skills and curriculum components.
This framework offers actionable insights for developing training programs and academic
curricula that meet the evolving demands of Al Product Management. Table 4 maps each
identified topic to corresponding skills and example curriculum areas, providing a practical
foundation for curriculum design.

Table 4 Skill Mapping Framework for Al Product Managers

Topic Skills Mapped Curriculum Focus Example

Empathy, user experience (UX), | User research, design thinking
User-Centric Thinking & Empathy

communication

Agile methodology, Scrum, Agile frameworks, sprint
Agile Delivery & Backlog

prioritization planning

Al ethics, model evaluation, Bias mitigation, responsible Al,
Responsible Al Operations

quality assurance QA processes

Cloud infrastructure, AWS, Cloud services fundamentals,
Cloud Platforms & Tools

Azure, deployment hands-on labs

Industry analysis, partnerships, Partner management, business
Strategic Ecosystem Partnerships

ecosystem strategy environment analysis

Natural Language Processing NLP fundamental, chatbot and
Conversational Al

(NLP), voice interfaces voice Ul design

In addition to informing curriculum development, the skill mapping framework in
Table 4 and the T-Shaped Skills mapping shown in Figure 4 provide practical guidance for HR
managers and hiring teams. It provides a structured reference for defining job requirements,
designing interview criteria, and developing internal training or upskilling programs tailored to

the evolving Al product landscape.
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Figure 4 Mapping T-Shaped Skills and Selected Roles to Curriculum Development

Although the dataset for this study primarily draws from international job postings,
the insights remain highly relevant to Thailand businesses community. As Al capabilities
increasingly become integrated into products and services, organizations in Thailand are also
facing a growing demand for product managers who can bridge the gap between technical
development and business strategy. This framework can help local firms proactively prepare
for Al adoption by identifying and cultivating the interdisciplinary skill sets essential for future-
ready product management roles.

6.3 Limitation and Future Research

While this study provides valuable insights into the qualifications and roles of Al
Product Managers through topic modeling and skill mapping, several limitations should be
acknowledged. The first limitation concerns the size of the dataset; future research could
benefit from analyzing a larger number of job postings to enhance the reliability and
generalizability of the results.

Second, although BERTopic provides a structured approach to thematic discovery,
the granularity and labeling of topics still required researcher interpretation, introducing
potential bias—especially when categorizing abstract roles or hybrid skill sets. Furthermore,
overlapping or ambiguous language in job descriptions makes the interpretation of certain

topics inherently subjective.



Journal of Information Science Research and Practice

Volume, 43 Issue 3 (July - September 2025) 59 of 60

The third limitation concerns the fast-evolving nature of the Al landscape, which
means that certain roles or competencies identified in this study may change over time,
making some findings time-sensitive. Finally, the fourth limitation stems from inherent
constraints of the BERTopic algorithm, which can influence how topics are detected and
clusters are formed. For one, it assumes that each document is about just one topic, which
can make the topics seem more separate and distinct than they really are. It can also produce
repetitive keywords — for example, 'Al' and 'artificial intelligence' appearing in the same topic.
This not only can make certain ideas seem more important than they are, but it can also
crowd out other, more nuanced terms that are still relevant.

Future research could evaluate the influence of specific competencies—such as
ethical Al practices, user experience design, or cloud platform proficiency—on actual product
outcomes. It would also be valuable to analyze the evolution of roles and qualifications over
a longer period, using a 5-year dataset, and to leverage BERTopic’s Dynamic Topic Modeling
capability to investigate changes in skills and responsibilities over time. Furthermore, building
upon the proposed skill mapping framework, scholars could examine how academic curricula
or corporate training programs align with the identified skill sets, providing a practical roadmap
for addressing competency gaps in the evolving Al talent landscape.

In addition to these avenues, methods such as KeyBERT could be explored to
enhance topic representations beyond c-TF-IDF. Additionally, BERTopic could be compared
with other topic modeling approaches, such as Latent Dirichlet Allocation (LDA), and
qualitative validation could be incorporated to ensure that the topics are interpretable and

robust.
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Abstract
Purpose: To examine user behavior and the influence of using LINE application as a tool for
work, along with the effects of the application’s use on the characteristics of records.
Methodology: The data were collected through a questionnaire administrated to 40
administrative staff members of the Faculty of Arts, Chulalongkorn University. In addition, in-
depth interviews were conducted with five staff members, including three administrative staff
who completed the questionnaire and two executives from administrative teams.
Findings: The findings indicate that administrative staff often use LINE application in their daily
work, especially for communication and for sending or receiving records between officers
within the same division. The main motivation for this usage is that the application is already
used by colleagues, making communication more convenient. However, using LINE affects the
characteristics of records, particularly their integrity and usability.
Applications of this study: This study can be used as a guideline for improving best practices
for LINE application usage at work.
Keywords: Records management, Application usage behavior, Organizational culture, Records,

LINE application
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AUN-QA

Abstract
Purpose: To develop a curriculum management information system in accordance with AUN-QA
criteria, and to evaluate its efficiency for curriculum management.
Methodology: The research employed a Research and Development (R&D) design based on Agile
Modeling, consisting of six stages: stakeholder analysis, planning, system analysis, development,
testing, and evaluation. Data were collected through requirement interviews covering system
components, functional features, data elements, desired reports, and implementation context,
along with a Likert scale questionnaire to assess system quality, information quality, net benefits,
and user satisfaction. The participants included 52 stakeholders: 3 administrators, 21 curriculum
committee members, and 28 support staff. System development utilized tools such as Data Flow
Diagram, Entity Relationship Diagram, Microsoft Visual Studio Code, Apache 2.4, PHP 7.2, MariaDB
10.2, Docker 19.03.2, Yii2 Framework, and Vue.JS 2.5.
Findings: The developed Curriculum Management Information System (CA System) comprises
four main modules: data entry, data retrieval, data processing, and reporting. It was designed with
consideration of user roles and responsibilities, enabling access to reliable data and evidence for
curriculum management in compliance with AUN-QA criteria. An evaluation by 52 stakeholders
revealed that the system demonstrated a very high overall efficiency (Mean = 4.58, S.D. = 0.57).
Among the dimensions, net benefits achieved the highest rating (Mean = 4.71, S.D. = 0.49).
Applications of this study: The system can be applied in other higher education institutions to
enhance curriculum administration consistent with AUN-QA criteria, reduce redundancy in data
management, and provide as empirical evidence for quality assurance reporting. Moreover, it can
be extended for university-wide implementation as a standardized framework for curriculum
management and quality assurance.
Keywords: Curriculum management, Curriculum management information system, Curriculum

quality assurance, AUN-QA Criteria



Journal of Information Science Research and Practice

Volume, 43 Issue 3 (July - September 2025) 83 of 100

1. umh
Tugamsiasuulasegsmaniauiimnuimmiimanaluladuaznisiwdsusiiunusiduledas
naduazraenna mainwiluthgtudwiosdmsufumiliviviudensdsunasiefmundiFeuls
firnug vinwe aussouy uazAndnuuzduTidenndosiuauieINIsvesUssnaLazUszvImsilan vihls
andugaufnuniesuiuiilaaiuiionouausstenudeamsmevinuzedulua q fesiatuluouan
wazdesiaunalaliausansvauaseudesnsfiuisuuvaslufisnisufuudsunisuimansda
5N MswammdngsTiiuatouaznsUsusULUUNsBuN AR uTidensuAUANLABIN1TV RS
paRLsIULazsABuLaesdnulan edundnuszAuligBouldeulundngasifinasgu

[ 1

a v & = va & A o ° 1% & Yo va i vy a a o
LLa%NNaaWﬁﬂqiLiﬁJuz‘WLﬂuvlﬂmqﬂmﬂaﬂqmiﬂ']%u@ ai']ﬂﬂ'ﬂ']umuslﬁﬂﬂ/?ﬂUHuaju‘lﬂa?‘ULaﬂﬂaqﬁﬁqu

o

=

ﬁ’msﬁm‘ﬁ'é’ﬂL%ﬁ]msﬁﬂmmﬂamﬁuqmﬁﬂmﬁ@mmwuazLﬁui‘dmummgmwé’ﬂqmmiﬁmam
izﬁuqﬂuﬁﬂw’l (Office of the Permanent Secretary, Ministry of Higher Education, Science,
Research and Innovation, 2022) GawaluladasaumAuasnsdeansinsiauIeg1931n157 danase
sULUUNsYIaEnsUTsIansiunnaiadu

msUsziununmmsdng Wuszuuiaznalnlunisaiuauaanin (Quality control) As9dey
AN (Quality audit) uagn15UsziluAmAIN (Quality assessment) N3AnluIUMTUTEAUAMAN
nsAnwiidulumunnnasgiuresdisidinssuuuarnssuiunimdn nandn uagnadnsuean1sdn
A1sAn®wn (Office of the Higher Education Commission, 2017) amuﬁﬂmsgﬁuqmuﬁﬂmﬁéasﬂumi
WensvuuuseiuauninmsAnwniglulasgandnasnmmavinisuazanuidaselunisaniunis
vosanuAnwidentd eradussuuiinnznssunmsdsefuamnanelugaufnudaviitu vieduszuy
Fudufivensuluszduannafiannsausziunuamluseiundngns aug wazanitunsing (Office of
the Committee for Internal Quality Assurance in Higher Education, 2014) Lasaunses1s Uy
miqmmﬁﬂm n.A. 2562 (Office of the Permanent Secretary, Ministry of Higher Education, Science,
Research and Innovation, 2019) "Lé’ﬁmummisﬁﬁﬁylﬁmﬁumsﬁﬂﬁ’uaLLaLﬁaWamﬁ’uqmﬁﬂwﬁm
n1sfnwregadinunntazinsgiu Ineddedsaumuizan aududass LazAuLnAI9Yes
andugaudnuusazUseinnuaznauan i lnensuseiunuAInsEAUMANgRs AealinsuImisdnng
ndngnamuiafensiouuardnrhmsnumsussiiunuessefundngnanannasinisUsadiuiidenls
iiofumesnnavszfiuanauznssunsluyntnsine fedrunilsveanisuimsianmmdngnives
antugaudne

N1TUTMITNANGAT U38N15I1MHUITINT LTUNITITIUNY N1SAIVANRRE A1AURARRAIY
nsdnsruudeyafisaiumsdanisdounisaou TasanisinnisfianiuAnuidatu ileduaiunisly
NANENTULALNITADUY LAUADAARDINUNITHAILILIEU MUSNYULTITUYIANITITUSLATARUAUDY
ausuaiveIMdngms (Wongyai, 2011) Fsnsuimswdngmslnerasuywrmansuasdanumans

umdngrdeveuniy ldn1susedununinlussuulseiuamninnisAnwiaieluaniud@ne 1QA



Journal of Information Science Research and Practice

Volume, 43 Issue 3 (July - September 2025) 84 of 100

(Internal Quality Assurance System) wagUaduiin1snanAUNTUTEAUAMNAINIANAATAUN U
NNINY1801LTEU AUN-QA (Asean University Network Quality Assurance) Version 4.0 N15US#15
ndngnslugaagiudniudesmsldssvvarsaumaisidunisuinimdngns azdaeliaus
nssumMsUIMIndngnsindulosgiiussansamgeaalunngn daduitnmnileiaviivduaiulyiia
UszdnSnmangluy nislivdngesnisiduismsssuutigliliunszuiumshauniglukaznsinng
nangnslvllanizaziasnadestuniuisfunisivdsuudasanynudnayy daduisniefiagsinle
nangasiusEansaIn ansausumlvidanuaunaiuanizene 9 annieuen nanlagazunsuing
vangasfiluszansnn axdeddisnsthszuuansaumadiundiedniunsinnisaiuauiiiugua
(Wongyai, 2011) lUfliunifudeyaiiiouansenudutiogtiuvestoyandngns fedoyaludiuves
Jgavdunvanans laseaing 5187997 21959ESURRYUNENans 919158U5831 0191385 @eU N3
Ussmduiud uazimeunsieyandngns naenduteyatanssunsdaaiuiaunin@nwiindngnsdals
wazdoyadu 9 MaenndostuinaminisyseiugaunwmdngnsmunasisruUUsEfugaAINA1SAnY)
aeluanufne (I0A) Fansuimsdansndngnsmuesdusenauil 1 nsifulnsgiu e 1.1
MsUIMsIAnIudngasaan el sgIundngnsiiivualasddnauannssn1sNsgANAn Y
(@n8.) UarITUUMIUTEAUAMAINAMNMNLMINGTEBUTEY (AUN-QA) Tu Criteria 2 Programme
Structure and Content lnsadsuasitiomuamdngns iwu msuanseazBonvemingnsiidenados
fuvTundsantagiu annsameunsiazdeasludeidmlidnds iuromianisdoasdng q 7
anuviuarte Taefimsudulsslunndns@nwedaseliles

NLIIEINRAEADIUNTTAIRINGTT YIITNTUIMNSIANIINANaRsWAZNSUSEAUAMAINNTAN Y
Sudusiosusum ldssuvansaumaiamnsadeslosoyannvarsuwnaslsiuuEealnl ieanniszanu
\onans iinAaugneies uazneuaussen e svesdiidiulddiudeogieiuad dadu Tal4
faunszuuasaumaiisnsuimandngns Wieandauarszeziianlunsuimsinnsndngnsnia
\nausiINAsgIUMANgR s mualaensENTIaNTeuAne Inenmans Idouazuinngsy (01 16 dslu
wmm%xﬁwLauam3ﬁmmszwmiaummLﬁamﬁu%mwé’ﬂgm uazUsyAnBnnueaszuuiannse
povAUBILATSBANLATMNLARANSE LAz T TR Tesliannsauimsvdngns uazanansa
Foulosdoyafunisussfuquainsedundngnsvesnnsuyveaiansuazdeanaians

UNINYGVaURNULABE T USEANS AW

2. dnguszenA
1) WAL TEUUANTAUWATBNITUSININANGAT Aanaust AUN-QA

2) WieAnwseaniamnslduszuuasaumaiion1suTmsmangns auinast AUN-QA



Journal of Information Science Research and Practice

Volume, 43 Issue 3 (July - September 2025) 85 of 100

3. uwiAnuaznguiiieadas
3.1 MSUSHISUANGAS

N13UIMsnanans 1Wun15319unuivin1s ¥sen1suimsdanisnanans vuieds
N15219UKHL N15AUANGLA MAUAAAL MI3daszuudeyaiisafunisdnniniFeunisasuy 1asanns
FwnisiianiufAnudaty ieduadunisldndngnsuaznisaeu lnsaonadesiunisimugiFou
AINAN AL TITUYIANITIEUTUALABUAUDUIAUITUAIVRINANENT IAENITUIMINIUANGNTHULLIAANEAN
(Wichian, 2011) Aa 1) M5UIMIVANEAT HANUEIAYABNITINWHLIUIYING A5TRTEULTaYa
WefimuInisiSeunsasu nsaruguitiuguatiiedsiaiunisldndngnsuaznisiiounisasy
2) Mmanausumsimdngaslmidunuiivdngnsiin sxdedlinalumsvdsuuladlimnsuazifnna
nsznuiufiFoulvidesiign 3) Yedeiduaiuatuayunslindngns 1éud manTouaunioudas
warypansfiieadostunmslivingnslifianuienudlawasianaifiddendngns savlnisasis
anmuIndeniiduaiunsieus 4) mavimandngnssziugaunwidesuimsludnuaranznssuns
WletionsiAumasgiuaznisiioud uag 5) msdmadifugualasianizanenssunis MsUseiu
AULDY NTINWHY ﬂﬂiﬂi%LﬁUVﬁﬂ@@iﬁ]%L‘ﬁlul,ﬂ%‘lmﬂﬂ%ﬂmﬂ’]Wﬂ’lﬁi%VﬁﬂQGli ypuzil Sankaburanurak &
Sankaburanurak (2015) l#faguanumsnevesnisudmsudngms Ae msnaumuiiamusy MiuAna
guadaasuLazatuayuAanssusing q vesanufinul Lilemeuaussregassaneyemangas lneses
aeadesfiuniagiiou Jufedostuyaranansiiouastadefonyuinnne Weliudnansuse
Wnewagziivsgansam Tunsuimsianmswdngnsdsiesonfewunfanguiuasnanivlun1suinig
$ans ieusyAvEnmemdngnstu «

Wongyai (2011) nan1afis ndnn1suimsndngns Wudeadedrdyresnisldnangnsedied
UsednSam fie 1) lenansvdngns danudniau auysadvivade Puumslunisnaununisdafanssy
Msi3sumsaeu 2) fasuiinunn fe danug mundle uazianaRviddendngns annsaduiunnsg
Jansssumsasulinseiuauaula anudeinisvesiseukarussaidmungvewangns 3) dioud
aumdosiAafuaug Vinweiiugiu wiouflasieundnansld 4) Snsudmsativayy Sniweins
ndngnsfinuaziismeiidedenmslindngns 5) fnaznssunsuimsitesdussnouiiuasdniuns

[

a ) o A a a ca = = a a o a v
ﬁ]msUUUW’ﬁﬁmmwaﬂqmam\mﬂisa%ﬁmw 6) SEUUDIMTENUINNUTEANTAIN Wiamwﬁlﬂw

[ I

Jeyauazyiginasuwugil WeIfuUNaNganIn1IsTeuNITaUAULLTEY 7) HUTTUINIANINIVINTH

Y

v '
I o

LDRUILABNITHAINIANINT UITEIMNWEIAN LNOLETHATITNYENIIVINTUALTINYEN TNV DS

a

AL3UU Uz 8) STuumIUANMILENangns MsAnnunan1slivangnsegaiiuszansnam

NUENNITUIIIHANgns ddeldinundunseudidglunmsimunssuvansaumeaiions

A

UImandngns Ae anululagluesdeyandngns visdeyaludiuvessivasiduandngns laseas

o

518797 819159X5URAYUNENgNT 819158UTEA1 919138K@0U NTUTEIFUIUS waziHeunsTaya

WaNans naendutayanInTsuNsdsasuiRutnAnvIindngnsialy wazdeyadu q Naenndeaiu



Journal of Information Science Research and Practice

Volume, 43 Issue 3 (July - September 2025) 86 of 100

\nuTinUsERuamnmdngns nufideyalassaiuanievivomdngns iy mInansseazden
vesndngmsnaonndesiuuundsaudagiu annsameunsuardoasludsiidnlsdinnde iuves
neNsAoanseng « Aflaruiuadey Tnefinsuiuusdunndnmsfnumediedalies
3.2 n1sUsEAUAMNIWNNTANEITEAUNANE NS

msvseiugunmnisfneg WussuukagnalnlunisaIuauAMAIN ATIFABUANIN WAz
mMsUszfiuguaIm mMsiiununsssfuaunmmsfneidulumunnsgruvesieidiassuuuay
NSTUIUNIIHEN NaNER Lagnadnsvean1sdansAne nmsuseiununmnisAnuluseiugaudnuiie
\Judeiisndundenssdniunis iesnnquaimesaantugaudnvinaz Tudinneluuszinaii
waltuuananstunintu anusimevesdlanAfmidonisgaufne welulseiunisuinisdnudoy
nauuAL Maladoudietindnuinasindin nisUsznevenTnestiudisluswian adssnudosaia
anusiulanndsauinanansaimunssdmiuiuazndatuin asuausseynsmansnisiamuUszinel

v

1T uenanidiiussiunnusniudu 4 enii antugeuAnusdusediideyadeasismedidug
fidwldduds antugaudnudndusenlalondligiidulddndsidiusunsiaasuniulusila
\Ju#u (Office of the Higher Education Commission, 2017) auuszneAnaznssun1sUsAuamnIw
aelusziugeune Fos vaninasiuaziunufoRRstunsUssiununmangly sefugaudne wa.
2557 LUaN15UsEAUAMAIMNAISANYT 3 S2AU AD SEAUNANEAT SEAUAMY wazseauanItun1sAnY
Inganufnuiseavgaudnuiidasylunisiieonseuuyseiununinnisfinwiniglulasgandniasaim
maAvmsuazauiidaszlunsdudunisvesaniudinwidenld eradussuufinuznssunisussiu
aunmnelugaudnuinity viedussuudaduiivouiulussdvainafianmisayss fuamninly
seAUNENgRs AN uazan1Tun1sAN®I LWL T¥UU AUN-QA S3UU EPEX #3esyuudu 9 anud
AznssuN1sUsziugunmszaugaudnulianuiureundinazaiunsaiiouidedls (Office of the
Committee for Internal Quality Assurance in Higher Education, 2014) @onaasiiyu Wiz sUyQa
miqmmﬁﬂm n.A. 2562 (Office of the Permanent Secretary, Ministry of Higher Education, Science,
Research and Innovation, 2019) ldimunanszdrdieafunisiiuguaiiieliaadugaudnuidn
n1sfnwegalinuninuazunsgiu lneddadannumangan anuludase wagAuuanAves
andugaudnuusazUseinnuaznauan iy lnensuseiunmuAInsEAUANgas AealinsuImisdnng
néngnsnuiaroundsnuarinhenunssiunuessydundngasmunasinisUssdiuiidenld
ilosunsnsaUsziiuannanzassunislunadnisdne fediunilawesnisuimsinmvdngasves
antugauAny
nasinsUsziiununmitldsunssenivegnadunanwesns@nylusedugaudnuly
oy Ao nms AUN-QA Fudunnsgruainafisivusduifiosnseduamuninnisieunisaouly
Wiguwiniunesgiuaina AUN-QA 1uszuunssusesqun1mnisuimsanufinwiuaznisdanisfin

lusgAugaudnyl gniimunTulaeiaTedreun1ing deanieu (ASEAN University Network-AUN)



Journal of Information Science Research and Practice

Volume, 43 Issue 3 (July - September 2025) 87 of 100

Faduprusiievesaadugaudnuiszninslssmasuinauaud ssvfuisedens fusanidedls
wsea Ty nensulul w.a. 2541 fgeysnuneiieduasuanusiuiionieniunisine swdunaln

[y =

dAglunisasiesngulvinu n1suseiuRunIMNITIANITAN Y TEAUEALAN I VBIUNTIN 1S AN

[

onBeulriunsgruuazdululunmmafontu Tng AUN gniesaduiileifioungadnieu w.a.2538
593 13 010y wazsdoudinmsvensauimiioseninendeufiuiu vlfaundneietneuninende
anFeuiivsiwandu 27 aandu 910 10 Uszinelugiiniei@eu (Anuwong & Suppasuthikul, 2018)

Wleu1en15UTEAUANAINNITINNITANYIVOIAMNENYYEAANSUATTIANATANS
uAngdevouniy duumsmuininedeveuuiuimun dwuinausianesguildlunssedu
vangaslvidaanmauUssnianuenssunsUssiuguamanelussiugaufne 1303 néninasiuas
WA fusUsEfuaunmately sefuganfnyn e 2557 du Auzuysemaniuaz
damumans WANldsEUUMIUTERUAMAIMNSAN N SEAUNENENTANNMY IQA: Internal Quality Audit
waztaguimnuneiewduindounarduaiunisthszuunsfuTeInuNNLALMIFIUTEAUMANERS
wiesjsganufualuszduaina AUN-QA wildlumsdaviisenunisdseifiunuesseiundngns uas
msmsavszdiuquawnelussiundngnsunuszuuiin Inglulnnsdnw 2566 s ndngasi
noufUlHinast AUN-QA i 12 ndngms aanviavun 23 néngns uarlulinisfne 2567 dndngnsves
AuzayweAan fuardannmansiuunliuldinast AUN-QA ifisdu iioidunisfauiaunimnnsda
nmsfinwdaruludeaasanunsoutaduluszdvanna

el AUN-QA Version 4.0 Usznaulusie wnudl 8 criteria 53 requirements (910173
Version 3.0 fiflineusi 11 criteria 62 requirerents) LLazﬁmiLﬁummﬁﬁmﬂuUizLﬁuﬁagjmaié{
mMImuAesiUIMInangns Tufelatefidsmasenadnddnunsduiansinu venaind suuums
Uszlliu AUN-QA lusesundngns a3ty 4.0) In1suen criteria 5en319015U52484 AUN-QA s
antuuaznisUsziiiu AUN-QA sedundngnslvidniaudetu fail 1) nansfoudfiaemimamdngns
(Expected learning outcomes) il 5 requirements 2) Iﬂiﬁa%ﬁﬂLLaSL‘ﬁamﬂJawé’ﬂqm (Programme
structure and content) & 7 requirements 3) LUINNNAITINNITITVULALN1TEOU (Teaching and
learning approach) il 6 requirements 4) n13iaNaLazUsTluNatinAnY) (Student assessment) & 7
requirements 5) 819138 (Academic staff) 3 8 requirements 6) n1sdaa@INLaZlRUINTUATNANYY
(Student support services) & 6 requirements 7) Iﬂiﬂﬂ%WQﬁug’luLLaz?ﬁé’m’sEJm’mazmﬂGi’N 9
(Facilities and infrastructure) & 9 requirements Way 8) NaKARLATNAANS (Output and outcomes) &
5 requirements (ASEAN University Network, 2020)

ATWAITE A TALMARDNTUTMIENgRT Aunaet AUN-QA adailldldinasinis
UsgiuaunmmdngasmuinaeissuuUsziunanmnsanyineluaanu@ng (QA) Famsuimsdnnis
ndngnammesAUsznaudl 1 madiduinasgiu fdde 1.1 msuimsdansndngnanuinmsiinnsgu

[ d' o o v = I3 I3 d' ) < 1 [
‘Viaﬂqmwmmﬂimamuﬂmuﬂmzﬂﬁmmimiqmmmm (@na.) Wussadsenaunandusnanisuseny



Journal of Information Science Research and Practice

Volume, 43 Issue 3 (July - September 2025) 88 of 100

AuNNsEAUNANgasImangastnansafivenudulumunasinisiiuainsgiu wagseuunisuseiu
ARSI INgdeo ey (AUN-QA) Tuinaust 2 Tassadnauasiilevnueavdngms (Criteria 2
Programme structure and content) 11U MsLansTIgaziBenvesndngnsidenndasfuuiundsay
gty annsameunsuazdoasludeildwlidmids riutemiensdeansdng « fiflanuviuarte T
finmsusuusslunndnmsanwedsdetiles sndunseulumsiamussuy
3.3 uwwiAanIsWaunszuukuUelag

mMswaLIszUULUUelad (Agile software development) Wunszuaunisiangenswi s
Anduiiionsulanddesifnvesisnisiauiuvuduiy deldarunsnsesfuaududounasnis
Wasuuwasiintuethesaiiominiiadunelusaraneuenesdinsld uuanoladidinnud it
N15U5UT Nsmeuaueted1IsIng wavnisasenualiiugldou Tnedandlugudnaisves
n53UUN15 (Lehman & Sharma, 2011; Jaipakdee, 2010) nsmuILUUeladiSuguain Adile
Manifesto fiuszmelul a.a. 2001 (Beck et al, 2001) Fermunerdoundn 4 Usens tewn 1) nsli
anuddyAuyARaLaYMIABNTINNNIINTEUIUMTHazieTeslle 2) sdsweurodLITldnuliads
unnienansiiauysal 3) msswiledugniminninnisiniafudyan uar 4) nsmeuausiienis
Wasuulasnnnimsihmuusuingy

uennigaiimstusuimdnnssladmazautunisiauluneds Wosrnielonalsy

[y

fidufeadeaduniidiusa waztiunseensurnanulaedldnudunadiddsy (Knampachua, 2018)
Tuduuurufos elediindnnisdrdgfiuandieainnisiauinuusaiy 10 Usnis (Project-
Management.com, 2019) laun 1) wiunsidiusinveldnasnlasinig 2) Wswnanisandulawndiy
i 3) seufunisasunamiudesnts lnedianseunaniu 6) dafuiagdomsanudosnis
ptansedulazdnan 5) auuuuresdurosluazUuusen (incremental & Iterative) 6) Aoy
nanuataiane 7) vnilsitunidlauysalieuduilsdtulms 8) 190y 80/20 wlelfauamiiuas
a13130USULALA 9) YTUINITNITVAAOUARDAIIRITNITHAILT Uag 10) ALaSunITUTEaIuIULAZAIY
Suflesyninagilduladiude

nanlagagy wnAemsiauuveladuduuumeiiuiy anudavgu anusauile waz
mMsdanpunuAegsreLiles Jsaenndesiumsuimsianslasimsasislvl Tasemzluanmunden

nilanuliviueuuazilfguulategnasniian

4.  ABn1sAnu
n1939uAs9ll218UITITBuUUNITITBLaYiAIUT (Research and development method)
ANEUNTITYAULLIAANITHRUITEUULUUBLAE (Agile modeling) FainszUIUNSANIUNT 6 TURDU

laun 1) nms@nwrdeyaingldiuneides (Meet) 2) n13319uKY (Plan) 3) N1531AT1¥9 (Design)



Journal of Information Science Research and Practice

Volume, 43 Issue 3 (July - September 2025) 89 of 100

4) AU (Develop) 5) nsnaaey (Test) wag 6) n1sUsziliunazsuiedatausiuz (Evaluate)

(Project-Management.com, 2019) unazunauilsiuazidunsail

o 4"‘2*
570'65:"73,:)0 )
{’7‘27\_):607,9
)

3 Agile
- =
5 software |28 2
BES
development [E8= =
G

A 1 nSzUINITIRILISEUULUUBlaa (Project-Management.com, 2019)

4.1  UABUNITANEUIIY

1 ada v a

fumoud 1 nsAnurdeyanindiidiuiieades tivdeyad1e33358idmmnn
semsduntwal Taefiuumenisdunmwaiiduedesilelunisifusiusudeya {lvdoya Téud diidu
Aeatedlunisuimndngnsuaznisuszfunmnnsedundngns anzuyuemansuazdensaans
UIMINYNTEVOURAY U 52 AU UTENBUME HUINIT 3 AU AMENTIUNITUTINTENEAT 21 AU Uag
YARNTEEATUAYY 28 AU

funoudl 2 ns11unn Wuduneuifadodaviunuuasyfiunsdniunisingei
DONUUUKALTANNSEUY SIuAufuins (Puufuarsesanufinednnisuaznisiaussma) sasteri
nMsnuNteyaenatsiiieadostunsuimandngasniuinas AUN-QA tielianundeslunis
ANUUNNT

funoudl 3 n1sinsredt Pifeldsidumsiinmeiionasuariinsgideyaantuneud 1
fldangiidnuiiendes iilewnimuanusiossszuy (System requirements) LAZEBALUUTTUY
Tneinsesdleldliun fanunisinavestoya (Data flow diagram) T¥lun1seSursnisinavesdoya

AelUTEUUALASUANAUAUAANTETUIUNITINNY wazluuTIaesnuduiussenitateya (Entity

relationship diagram) ldlunmsesunelassasrdlunisiniuteyanasanuduiusvasdeya



Journal of Information Science Research and Practice

Volume, 43 Issue 3 (July - September 2025) 90 of 100

afle Wounisaniunisausuanienisvauiszuusuuelad §3deldivuagiidu

=

Aeadeafiaefidudinlunssuiunisiiased senuuuuasiauiszuy $9uau 5 au ldun Auud
TRIAURHNETIYINTUAENITANUTENA TRIANUAHNEUSINT TRIRNUANNEUNUENSAEnTLaYITY Y
AMUAE1N1IA19UTENA UTEEIUAMENTTUNITUSUISVANGAT NTTUNITUIMITUANGAT 1avI1UN1T
ANENTIINTUIMIVANGRT uazminandnnis Welimuusiazasviounasg1seiilos

Fumeud 4 s Wutuneunsdeulusunsunuiildeanuuuly a1 dild éun PHP,
SQL, HTML, CSS wag JavaScript wdeadlofild Apache Web Server version 2.4, PHP Version
7.2, PHP Composer, MariaDB version 10.2, Docker Engine version 19.03.2, Yii2 Framework lag
Vue.JS Version 2.5 dailusunsufildaude Microsoft Visual Studio Code

fumouil 5 nsneasy gAfelfdszuuiitauiaiondaluldasadmiunisduiindeya

Y -

VANGATINBNITUIUNTNANGATAUNUI AUN-QA Y0anangnsinisine 2565 T1uvIaviin 21 vingns

8 Jvnen InglatinsdnussyuuarousuigaujuinsliuadldusazUszinmn loun Juims agnssunis
USMISNANENT waryAaInsalgaduayu 'ﬁwﬁgaléfﬁmiﬁ’mumﬁw%‘ﬂwsl,%”lﬁq%’a;gammﬁwﬁ
Anusuiaveun1IIRvinteya uazliSuilavounisnisuTmsvangnIniuinae AUN-QA vausay
ndngnasdunsingldszuuiiauntu

Funoudl 6 msusuidiussuy winldlFildudazusaandnldssuuuda §ifeduiiunis
UsniduszuulagldidedeUhina niesdiodfofuuuuasumuiiianndunuuun@n D&M IS Success
Model ¥81 DelLone and McLeane (2003) Usgnaunigsien1suseiy 4 ATUAe MMUANAINYBITEUY
(System quality) muAnmaIsawna (Information quality) sudselevtivedseuy (Net benefits)
wazauauianelavewld (User satisfaction) ANfiun15nsiadeuAugnAoILaza @y sal
voudomlasguins @uduanznssunisuimavdnansie) uasinssaandiiiszaunisaldin
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sefuvdngasmuInms AUN-QA s9uswau 3 au mntufusiusdeyanngidioifoilinnaes
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4.00 AT nuene Nanelasan1slnulusuasus seaun

3.00 AZLLUU Mue Nanelasan1shiaulusunsyus seaudiunans
2.00 AZLUU e fanelasan1sisaulusunsus seaunald

1.00 Azuy  vangds fanelasonisldanulusunsuy seauaisusuls
4.3 ATIATIdayaLAzILAUINANITIRY
TésunvuadABanssaun 1dun Aedes daudsavunnsgiu uaswusnaseinasily
NIWUIRZMULYBIUEAN (Best, 1977) Munsussensdsenaunsnt Tunsasuuazaiusenanisuseiiv
Uszansammsldaussuuasaumaiionsuinisnangns Tassnudsedinunisfiansaniusesan

ANENTTUNNTITESTIUNMTITIUNULE unInedevousiy WwInlasens: HE653278

5. wWan1sAnwn
NANNSANEINALNSEU AN TAUIMALBN15UTMINENgNIAINLANET AUN-QA Lazn1SAN®
UsyAvsamnslfnusruuasaumaiiomsudmavangnsaiuinal AUN-QA f51uasiBendsil
5.1 MSWANISEUUAIEUWMANENITUISHangA s AUN-QA
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5.1.1 99AUIZNAUYAITEUY
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Management Information System Aligned with AUN-QA) fiagiad1 CA System Usznaudieszuy
go8 4 STUUP
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CA System fianuarunsalunisaduayunisusnsvangasiidauninauinue
AUN-QA #isi]

1) Juiindeyanuseazideandnans s1eazdensgivn Useinen9nsd seaziden
09AnT NMNBLATINAITREITeS uardnasifieiduteyaatuayunsuimsvdngasliiinanineu
LTl AUN-QA

2) AUIUTIWIUAWNUINIVING AAANITANYT KaNWIVINT NaNgaT Lag
51879

3) Usgnana U IWan193nnNg AnAINIIANYT KAUTVINTT UANERNT Lag
$18391 AuNe AUN-OA uageaddsznouil 1 vesnusinisuseiduamuninnisinwinisly
SEAURANANYN W.A. 2557

1) msldnuszuueeulatsiuivled szuuiideyauaransaumediatuayunisuims
angassERuUTY193 USualn uazuSaaien muine AUN-QA wareddUsenoufl 1 veunmeinis
Uszifiuguannisinwinieluszdugaudnu wa. 2557 sudvledielifldiddsldieuazazan
Tnglisnamuiinazing nutsssuuliasaumafiauysaifisswedanssenunanisUssdiunuios
syiuvdngns Jatieuszndnsulszina anmlddiglunisfum uazsusndeyaanundsing o ield
Tunsatiuayumsdni s enunansUsHunuLeIsEAUNaNanTnILNMI AUN-QA

52  UszAnSamnsldauszuuansaumaiianisuimsudngasauinal AUN-QA

N13ANYIUTEANTAINVRIATAUNAINONITUSMITNANGA TN AUN-QA laed1533

1 a 14 (%

AMUAMLIUYRITidIuAE TR UNITUIM SUANGATAUNQUT AUN-QA 91131 52 AU WU S8UY
asaumaiionsuImsuangns Tuszansamlunmsuseduiiun Anede 4.58 (SD. = 0.57) ile
finsaunsesu w1 suussleviveassuy fldadugega Ae 4.71 (S.D. = 0.49) T89a9u1 Ao Fu
auitswelavesffld A1tade 4.59 (SD. = 0.51) uagFuANAMBITEUY 4.55 (S.D. = 0.57) AuaY
fununwEsaLMA SlAdediign Ao 4.53 (S.D. = 0.63) (3197 1)
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AuAMNNENTELINA (Information Quality) 4.53 0.63 LN
AuUselerivasszuy (Net Benefits) 4.71 0.49 AN
Auauanelavedly (User Satisfaction) 4.59 0.51 Qahy

NI 4.58 0.57 fAunn
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naMTIATIEUsEAVEAMMsIFusTUUm saumaLiionsUTIudngas anana AUN-
QA 9158151808 WU AIUANATMTBITZUY Ussiumuasainuazitenenislden (Usability) ssuu
annsadifdldieanyniinanar/madildouszuuiiamiuaznin daedegsga Ao 4.66 (S.D. = 0.55)
5998431 o AunTau (Availability) szuudalildausazaiuisaenliuansteyaansaumeala
naBALIaN A1LaAY 4.60 (S.D. = 0.63) uazszuvaIsaumaiaiild fAlade 4.56 (S.D. = 0.57)
Py il seuuiiniameuns/deansdeyaetisdeiiles o fufldosnsunsvas Senadesiiian
fi® 4.47 (SD. = 0.61)

fuANIWaTALIMA WU Useifiupiniindedie (Assurance) undsiiuiaznnsdnnag
Toyaasaumaluszuuiamnugndesiazindofie wazamiAeates (Relevance) syuulviansaunedi
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aud1Au e Toyaniududiuda (Privacy) stuvannsadnnmsdeyamizdiu lngtiaualans
druftannsameunsle Aede 4.55 (S.D. = 0.57) uariisvuusessudeyainseiuanudeanis thluld
Uselomild Anade 4.53 (5. = 0.67) mud1dy el Asaysal (Completeness) szuuliiansauma
flawysalifieswesemsthiaustoyaseiundngns dAnadoiiign Ao 4.43 (S.D. = 0.60)

aulselevivassruy wudn anrlddnglunisAum (Reduce search costs) seuudnasie
msanalFarelunisdum wazsusmdeyainunassing q ieuimsdanisvdngns Taedegega Ao
4.77 (SD. = 0.47) 59398331 Ao FMunsuIMsuazdadula seuviivseloviifsriunisinnisuay
msindulafierfunisuimnsudngns Aedy 4.72 (S.D. = 0.50) waryUszavsnm (Performance) s¥UY
ylFnsdudunuieafunsuimandngnsivssninmgstu dnade 4.71 (SD. = 0.46) nuddy
sl syvuvhlSdulfaudensuteyanisuimavdngns fauadesifian Ao 4.64 (SD. = 0.52)

sunnuiiswelavesdfld wuin armmmzanlunisianld suumanzasiioztunldly

MsUsMIndngns uazlddearsiugiidulddudsluouinn fdadogean fie 4.64 (SD. = 0.48)
sesaan fe AnuitswelalunmiusesTUUAsAUIMATioNTUSIIUANgATAILAMIT AUN-QA Aniade
4.55 (S.D. = 0.58) (51971 2)
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s19MsUsEIAlY Anady S.D. wuska

1.3 afineuauss (Response Time) szuuannsnUszalana Tuiintoya 4.49 0.54 0
Uuussdoya Wnauedoya wazanillvasenalslaisinga

1.4 MmyiauvesszuvasaumAlun nTndaNsInga 4.53 0.54 AN
1.5 mnazaInuazienenisieau (Usability) syuvansnsadnfladgann 4.66 0.55 Fann
yniynaymsdldnussuuiiauazann

1.6 szuvansaumalauuildnuy 4.56 0.57 AN
1.7 duinsiefiugld (User Interface) szuuiljuluulayminvesszuy 4.53 0.61 AN
(Navigation Patterns) JUiuuviiae Luudnws @enws daudaaunasdiy

sian1sldanu

1.8 syuviinisweuns/deasieyaetssoides iterdindsdldegrunsvany 4.47 0.61 g
2. fuAuAMEITEUINA (Information Quality)

2.1 puanysal (Completeness) suultasaninaianysalifiemesians 4.43 0.60 A
WiauedeyaseAunangns

2.2 avudladny (Ease of Understanding) NMsulaue n1suaninatoya 4.49 0.67 g
wagansaumediladng

2.3 amuiidefie (Assurance) wndsiisnuagmsdnnisteyamsaumely 4.62 0.53 AN
szuufimugndes uaziidedie

2.4 Foyarrumdudisis (Privacy) szuvanunsadnnsfeyannizdiu lng 4.55 0.57 AN
tiauelanyduiansoweunsls
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MSUSMSUANGAT
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s18n15UsELEY ALaaY S.D. wdsua
3.4 szuuhbigiidulddudensiudeyanmsuimsvangns 4.64 0.52 Qrahy
3.5 AUNSUSINSHarARaUla seuuiiusylemiiednun1sannswasns 4.72 0.50 fun

sndulaneatunsuImmvanans
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USoyey193 USeueynlon wazUSeyey1ien ananaust AUN-QA wazasdUsznaudl 1 veanmeinisusziiu
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wazazan Tnglisnanuiiuazina nuieduayunsdarhaenuranisussdunessedundngns
MALNEUT AUN-QA

Usgansarmnsldauvesssuu nansuszifiuaingiidaufeades 52 au wuin ssuud
UszAnsnwlunwsameglusedufiunn (Anads 4.58, S0. = 0.57) Tnsfiswazidendal dulselovd
yo958uU egluseiufnniianadogean (Awede 4.71, S.D. = 0.49) suanuitenelavesdld aglusediy
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ssuuiianuazaan SAedegege fe 4.66 (S.D. = 0.55) fuAMAIWAITALYNA WU Uszifuadiy
Unidedle undsinnuaznsiansteyaasaumaluszuuiaugniosuaziniede wazanuisides
sruulviansaumandiusvidaifeadesiunmsuimandngns Taadegagauintu Ae 4.62 (SD. = 0.56)
wag (S.D. = 0.53) mua1iu Audselevdvessyuy wud aadlddrglunisAum seuvdwasienisan
Aldarelunsfum wazsrumndeyannumasing q teudmsianvdngns dAedegeaa Ao 4.77
(.. = 0.47) srunrwdianelavesdld nuin anumunzaslunsinnld ssuumnzandiaztiunldly

MsuIMInangns waglddeansiugilauladiudelueuinn daadugean fie 4.64 (S.D. = 0.48)
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Abstract
Purpose: To investicate the causal factors of virtual museum quality in terms of user
experience that influence the acceptance of virtual museum technology to promote cultural
heritage tourism in the Bueng Khun Thale community, Surat Thani Province.
Methodology: This study employed a mixed-methods research approach. The quantitative
phase comprised 370 individuals, whereas the qualitative phase had 15 people. The research
tools included an interview guide for assessing virtual museum needs, a virtual museum
quality questionnaire, and a technological acceptability questionnaire. Data were analyzed
using mean, percentage, and structural equation modeling with latent variables using AMOS
software.
Findings: 1) The acceptance of Bueng Khun Thale virtual museum technology was at a high
level with a mean of 4.46. 2) The model demonstrated good fit with the empirical data. 3)
Virtual museum quality in terms of user experience had a direct influence on technology
acceptance, with the model explaining 96 percent of the variance in technology acceptance,
which is considered very high.
Applications of this study: The research findings can be used as guidelines for developing
and designing the Bueng Khun Thale community virtual museum to be user-responsive,
enhance cultural heritage tourism potential, and serve as a model for applying virtual museum
technology at the local level in Thailand.
Keywords: Causal factors, Virtual museum, User experience, Technology acceptance, Cultural

heritage
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1.4) filsniddesadevedsy (Root Mean Square Residual : RMR) 1nausinis
fsan et 0.08 (Kline, 2005) Faduriseniulfuazaiidu 0 fedduriidfian

1.5) fdinszdumnunaundy (Goodness of Fit Index: GFI) Bfiailng 1 u1n
whim'l,l,amdﬂw,maﬁ?uﬁmmﬂamﬁuaamﬂﬁmﬁ’wﬁ@;ﬂaL%aﬂisﬁ’ﬂwfﬁmmﬁuﬁw (Hu & Blentler, 1999)

2) svilinsyauanunaundudauSeuiiou (Comparative Fit Index: CFI) 1unns
naaouiSeudisuiuusiaesdasy dailliuenuuudeomaunauliftunaundud fe dulflundud
Uszneudne sudlinseiuannunaunduiivfuniuds (Adjusted Goodness of Fit Index: AGFI) ua

a1

v Ao [ A a =) o) 6 a 4 ! =) v
ATUINTLAUAIUNAUNA UYWL UTIULNYU LNAUINITNIITUILABINAININAINIBENINY 0.90 (Hu &

v o w

Blentler, 1999) Wa1su1ANATEENA maqmumuﬂaaﬂﬂsvﬂau (Factor loading) 111962t US
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(%
[ 0y

YN NaEdAlUIzAeIlA1atAY (t-value)

A o

welsdumuUsdunalavesiudsidy q armdnnddedn
Aaus 1.96 YUl (p<.05)
3.3.2 N15USZUNUAINISIAADS TULUUINaBY (Parameter Estimation) Wa15041910

(% IS

AduUsEANS A AYEdATsTAU 0.05 uazAnduUssavidasuuuInnsgulAlify 1
3.3.3 n15U5ulaaa (Model Modification) tun1susuusaiauusudsliudas
asrUsznaulidanuminzauanysaldenndesiudeyalielsedny lngdanannisiansanainaisudl

Jsuluwma (Model Modification Indices: MI)

4. HanISANED
4.1 HaNITAATIRNTTAUAMAINNNSAUIILETDY

M15197 1 AleAskaALTEAUUNINTFIUYRIILUSAMN A Sueliailou

AN X S.D. wlamumug
1. Fruilom 4.52 0.73 6N
2. funseankuUNtNIe (User Interface Design) 4.47 0.75 6N
3. AunsIUJEURUS (Interactivity) 4.45 0.77 a9
4. §uUN1509NLUU (Navigation) 4.44 0.78 GR
5. mMuAHETaluNSIIAs (Accessibility) 4.44 0.78 a9
Anadesan | 4.47 0.76 6N

11nM15197 1 Uit quamidssusiadeulwunsiadndenludsszaunisalild
fradosuuassnediu i 5 du Saunmeglusedugs Taglunmsiudidnadewhiu 4.47 (S..=
0.76) $1uuniu dwidewn Tasindewiiiu 4.52 (5.0.20.73) Fumseenuuuniie Tnstadewinty
4.47 (5.0.=0.75) swdndiu Andeauunnnsgiu wui lunmssuazesuiidideauuinnsgueg
581319 0.73-0.78 wansdniin1snszangvesdeyaunnseiuliuin

a v (4

A13797 2 AnRfeuarAnlywuulnsgIuYesIwlINsERNTuMALlUlag s Ao

Uademiseansuwmalulad X |SD. wia
AUNNY
1. funnsiuiieuselevd (Perceived Usefulness - PU) 449 |0.74 GR
2. é]JWUW’J’IN(g?ﬂﬂ%LWﬂI‘LJIag (Behavioral Intention to Use - BI) 447 | 0.74 G
3. gnuviAuafRan1seensumAlulad (Attitude Toward Using Technology - AT) | 4.45 | 0.77 GN
4. §1umsldauasa (Actual Use) 4.45 |0.78 g
5. gunsTuznenuieglunisldau (Perceived Ease of Use - PEOU) 4.43 | 0.79 g
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Uaveniseausuwmalulad X S.D. wua
AUNNY
ANRRYIIN | 4.46 | 0.76 GN

MNAI5199 2 Wudn nsveuFumaluladiisdusiialiouvesyuyulyunyia

fAnafeTIuuarseaIu N9 5 au finnseeusueglusedvas lnsluninsiuliAnadewindu 4.46

Y

(5.D.20.76) Fwunilu Arunisiuitalseleovd lngiadewindu 4.49 (5.0.=0.74) dumunslald
wialulad Ingladewinnu 4.47 (S.0.=0.74) Aud1nu ALdeauunnsgiu wudl lunmsiuiagsiy
AudiAnUeauuannIgIuegsening 0.74-0.79 wansdin1snseatevesdayauandieiuliduin

[

4.2 WAN1INIIIFOUANEMULNITUINUIITDYA
Fomnaudesiuiifidevinnisnsinasy Ao Msuanuasund (Normal distribution) Tned
eaziBon famsei 3

A15199 3 ANEDREIMSUNITNAFBUNITHANLLIIUNR

fauus Minimum | Maximum Al AMulag KS test Sig.
Qua 2.80 5.00 -1.35 0.57 .206 .00
Qual 2.60 5.00 -1.44 1.02 223 .00
Qua2 2.80 5.00 -1.27 0.51 .249 .00
Qua3 2.40 5.00 -1.18 0.27 217 .00
Quad 2.60 5.00 -1.29 0.49 253 .00
Quab 2.60 5.00 -1.24 0.53 217 .00
ACC 2.72 5.00 -1.40 0.78 220 .00
PU 2.80 5.00 -1.33 0.54 274 .00
PEOU 2.40 5.00 -1.29 0.76 220 .00
AT 2.20 5.00 -1.30 0.65 .238 .00
3] 2.60 5.00 -1.35 0.84 236 .00
AU 2.40 5.00 -1.32 0.72 221 .00

Qua] AunMARisSeaiiowlnys Iy Qual]l AMANALTEEN

QuaZ?] ﬂiLlﬂTW(ﬂ’]‘Uﬂ’ﬁE]aﬂ WUUNTNRD Qua3] QZUﬂ’WWéhUﬂﬂiaaﬂLLU'UiSU‘Uij’WIN

Quad] AuAMAUUSAURUS

[
[
[ Qua5]  AMAINATLAINANTALUNSDIAS
[

[

[

[
ACCl msveusumalulaginsdaeiaton  [PU]  nssudfeuselen
[PEOU] mMsusnemnudnglunislyda [AT] firuafson1suensumalulad
[ [

Bl enusslaldinalulad AU] AU 9
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91N91599 3 LleRAsanAtEfANugIL Laka AU AUlas YeaiwU SN 2 6

wls laun ddnvaridlunisvimseidnisuan (Positive skewness) lngdauusdiulngdeoglu
Youlwnnildnyaizn1suaniaseensulaeglunaeisening -1 §a +1 Fdaesiudannudagsening

-0.63 19 0.50 d@umA1Aules (Kurtosis) wuan @rulngidnwazaiulasund danugainulasazi

A19EMINe -2 B9 +2 legsaudlAiadulasegsendng -0.32 89 1.46 Aeilu n1sianendeyaluasail

va o

A33eslifinswasdeyadiudsle q dmsunanisnaaeuniswaniastoyanivadi (Kolmogorov-
Smirnov: KS test) wuin fhuusviavuniien Sig. Weanin 0.05 wansirfeyaliidunisuanuasuuuund
Aatiy nsiieszideyaddddadfuuuliiumstunin mauduiusseninaiiuys (Pearson’s

correlation)

s
a a

4.3  NaN1SIAATIZVANEUUSTANS andUNUS

HAN15ILATIZRANENNUSSEnIeflsTadeannnaunIniifisiudalion Tagld

s

AduUsEADanduRUSINESEU (Pearson product moment correlation coefficient) fan15197 4

M5 4 AnduUsEavsamduiusseinmanmiasUadudenvnmseonsuns s aiiaiiou

Aauds Qual Qua2 Qua3 Quad Qua5 PU PEOU | AT Bl AU

Qual 1.00

Qua2 0.877** 1.00

Qua3 0.871** 0.884** | 1.00

Quad 0.877** 0.867** | 0.848** | 1.00

Quab 0.863** 0.892** | 0.894** | 0.889** | 1.00

PU 0.863** 0.856** | 0.847** | 0.877** | 0.873** | 1.00

PEOU 0.844** 0.885** | 0.885** | 0.846** | 0.890** | 0.883** | 1.00

AT 0.824** 0.863** | 0.874** | 0.841** | 0.876** | 0.879** | 0.895** | 1.00

Bl 0.876** 0.867** | 0.856** | 0.878** | 0.874** | 0.897** | 0.883** | 0.879** | 1.00

AU 0.872** 0.881** | 0.884** | 0.865** | 0.905** | 0.891** | 0.903** | 0.891** | 0.911** | 1.00
Mean 4.522 4.469 4.442 4.454 4.438 4.485 4.433 4.452 4.470 4.454

S.D. 0.623 0.613 0.656 0.636 0.633 0.611 0.636 0.651 0.608 0.650

A a I a £ R A s v % o
INHITNN 4 Naﬂqi'ﬂLﬂiqgﬁﬂqaﬂﬂsgaV}ﬁawaNWUﬁLL‘UULWﬂiau53Vi'ﬂﬂﬁjLL‘Ui‘Lﬂ 10 1

N o a £

wls WU AAduUssAnsanduiusaane 0.824-0.911 lagdiauduiuseg1elitudiAgyn1sadan

seau .01 31w 10 @ wazlifiglanldduiusiu Wefasaunanuduiusvesinuls wui fudsind

Y

[ < v o 6 ! 1 v v & v 1

AmNNdUNUSes9llteaffNsEavU .01 WuaNuduNusn19UIn 10 A WARTINANNENTUS VR UUTYNG

Y

a1 o a 3

Fululufienadiertu Tnegiidaduussansanduiusiugean Ao fuvsausidlaldmalulad (B)

Y

QJ

AUNITIIUD39 (AU) Tnedimnudunusageiiteda: mqaﬁaﬁi .01 1wy 0.911 (s¥Aug9)
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5998901 A FuUsiuAMuEINIsatuNITIae (Quas) AunIsteeuass (AU) Tasiianuduiusesia
fitfuddymsadinfisziu 01 winfu 0.905 (sedugy)
4.4 WANISATIVFIUANUNANNAUVDIUAAIR

NIATIVFOUAIUNANNAUVBIUAALTNTIATIEBIAUTE N ULTEUSU (Confirmation
factor analysis) &}

4.4.1 NIATIVFBUANUNAUNAUVBLUABNITINAMUTUHIAUN NN Ausiadiouts
yunzaindeuludauszaunisalild

N1IATIEOUAINUNANNEUVRILULAANITIA 1AEN1TIATIETRIAUSENaULTIE U U

WienyasumuiisinswedinansTasulsus fannsndl 5

M139% 5 KANIATIRARUAMUNANNTUYRILLAANTIAMILUTURIAA ARG uaLaTlou

fauUsdaunald AMNTNYBIRILUTABNALE
Aniwtinasdusznau SE t-value
w W
Qual 1.00 .93 - -
Qua2 0.99 .94 029 35.00
Qua3 1.06 .93 .031 34.05
Quad 1.02 .93 .031 33.14
Quab 1.03 .95 .029 3591

Cual

Ouzd

bbbk

a | aaa v o Aa o ¢ A
NN 1 AFEEI LﬂiWSWﬁLUI@JL@aﬂ'ﬁ'J ﬂ@]'ﬂLL‘UiLLﬁJQﬂ UNTNNNEN UN LN DU

1NA1T9 5 waznInd 1 fwdsurenuniniiisdusiaiiouteunsiaingeyly

L3

Welszaumsalgld Useneumeimiwlsdunald 5 diwds dalunamsindudsudedaunauniuiu
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(% '
a A A

ToyaidaUsedny fansantaaineadaiinsiennell fe WeliansanAiuminesdusenaunlnain

o w a 1 aaa

J a0 1 1 1 a o aa U ! a a
AZLUUNTINTZIUNUIT UATBYITTNIN .93-.95 g NUUAIRYNI9EDANTEAU .01 NNAT LLAZUATFNAN

<

[

(t-value) 8g3¥M319 33.14-35.91 Fau1nndn 1.96 nndauds Inefuusdaunaldifidrdnn
psAUszneuldanaruuumasgIuanian 1iun duauanunsalunisidnds (Quas) dunis
ponuULNTiNe (Qua2) Inefidminniinesdusznauwihiu .95 .94 sy eazuli Tueanistn
fusursmsiufenudelunsldnuiinunimsiunasifdmue

4.4.2 n135A3REAUANNNANNAUVRTNAANITIARLUSURIN1TEaNT U ALlulaE
wisuealouvasynvudyunzia

N139539a0UANUNANNAUYRdLLAaN1TIn Inen1TiATeiasAlsenauedudy

\lensavaeumLsnsIvedlunan T IndauUTue fame1ei 6

A5 6 NANIIATIVABUAINUNAUNAUVDILULAANTIAFILUTHEIN1SE LS URRS S ugitaiiau

Aaulsdaunald AuNTNYBIRILUTABNALE
Aniwtinasdusznau SE t-value
w W
PU 1.00 .93 - -
PEQOU 1.06 .95 .030 35.18
AT 1.07 .94 .031 34.70

PU

i PEOU

AT

bbb lo

(% 6

AN 2 AaRRAsIzIlUleanNTIadUsHENSERNS UmALLlaE AN A ualLadl ou

A = o o Aaa o & A
NRITNN 6 LALTATNN 2 W?LLUiLLNQQmﬂWWﬂWiU@Ni‘ULVlﬂIUIaEJWWﬁﬂm‘V]LaN@u

Usznaumeiiwlsdaunald 3 dauds Felamanisiadudsuradaunaunduiudeyaielssing

(% '
A IS

fsanlaanaadfiasIeidall Ao WeiansaA1minesilsenaunlaanAzuuLInsgIuNY I

1A19g5ening 93-.95 ag19liledAynadansEau .01 nen wazlAadafl (t-value) agsening

o

1%

34.70-35.18 Fau1nn31 1.96 yndianls tnedwdsdunalaniisiminesnuseneuiilaainaswuu

g uNnge laud nsfuitennudiglunisldau (PEOU) firuaiireoniseensuinalulad (AT)
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IngfAnumtnesnusenoumifu .95 .94 arudiau eazuladn Tumanisindiudsueeniseeusuy
wialulagfifisiaaialouvesyurulagunegialanmun M uN Mg Inun

AN519Y 7 NANSATIEBUANUNAUNA UV TIARILUSHE AUARFABNISEaNSUWALLLAE

faulsdaunald AMNTNYBIRILUTABNALE
Aniwtinasdusznau SE t-value
w W
Bl 1.00 .96 - -
AU 1.06 .95 .026 40.74
PU 0.98 .94 026 38.09

BI
96

AU

PU

bk

AN 3 ANEDRILATIETULLANTSIAFILUS L SIAUARFRBNISRUSUWMALULAT

dl dl U U a ol U = ¥
PNAITNT 7 wazn i 3 dandsudsviauafsoniseausumalulad Usenounie

AuUsdaunald 3 duds Fedumansiadudsuradnnunaunduiuteyaidausedng fasanldan

£ '
v a A =)

AatadATIERall Ae WeiarsandminesduszneunlannAziuLLInIgIuNUIY dA1gEnin

.94-.96 agnsilddAyneaifnsgau .01 NnA1 uazilAana (tvalue) ag5¥1ing 38.09-40.74

o q

' (%
Yyaa i o £% (3

Fa1nna 1.96 ynuus Tnefudsdanaldidahminesduszneuilsanazuuumnggiuuin
fian Jeaguliivirunfdenisveniumaluladfnun meunasifidmue

4.5 wan1siazilanaladeideanmnuasnaniniiisiuiaiiouludwszaunisal
linsiavswasenisansunisldmaluladiiiissusiaiou

a o oa A Ay a ¢ ¢ a ! Y
M1919N 8 V’WWEUUV’TJ']Nﬂauﬂau‘m‘l@:ﬂqﬂﬂqiqLﬂiqg‘w LABUNLLASNANTTNANIEUN (ﬂ@u‘UTUIlIWIa)

ArdnAnuAN LNAUTINSIAFBUAN naun1susuluaa
naunau fdonAADY ARl NANITNATTAUN
1. A1 x/df <5 3.73 wold
2. A1 RMSEA <0.08 086 Taieinu
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AaaRAYEAY NSNS IVEBUANY naun1sUsulaaa
naunau donAdDY AR NANISNANTAN
3. A1 RMR <0.08 .004 U
4. A" GFl >0.90 932 WU
5. A1 AGFI >0.90 87 Taieiu
6. A1 CFl >0.95 98 FU

NANTNA 8 sriTamunaundunlaannnisiesizilueadalaidulunnuinaandinua

wanadn Lumanladsliianunaunduiudeyadausyanduansnanimi 4

D @

40

Bl

pppop

Chi-square = 123.1 df = 33 p=.000 GFI=.933 TLI=.979 CFI=.986 RMSEA=.089

A i 4 Tuwaddudamnvesnunmiiisdueiaiiou (Teuusuluwa)

MNITNT 8 waza i 4 wansUssifiuanudenndosnaunduresluinaniuaun s
ms3defudeyaldelszdndaeudiuluea wuir fAranuuezduiinlfAnaunainndey
(p-value of X?) 11U 0.00 NANIIATIVEBUAIEARLAGLALS UANIIAY 123.1 dAdnsiaiulaanais
aardasy (X¥/df) saudne iesnnelaaundd Tuulidufiesiided faviedd wui asnsidiu
laauprsasrdasziiaiu 3.73 dudasiniiddesaesainunatnndeulagUsyuias (RMSEA)
Wiy 086 dastisinidsaediadsveday (RMR) wiadu 004 fudlinssruaunaundy (GFI) Wiy
1932 Fulfasziuanunaunduiiusuniudn (AGF) wirdu .87 dadfasziuainunaundulds
WSguisu (CFI) winiu .98 ArdvilaiuaenmasInaunauninan’d viesuanslimiuiilananiy

¥ o ¥

aunfgudlifiamvaenndesiutoyaldelsedng WewnAmdnsdlaauwnisesmdarediegly

o A

seaunnaldle newnauesinnInualy Ao 5 1nNeN3 3 8RNI UBNANT AYTA15INA1AIE0 9D
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AALAaIRLATRUlAgUsTII (RMSEA) liiasgendn 0.08 dwieausulse dvdlinseAuanunauniu
(GFI) uazAvilinaszAuaunaunfuiuFuLiLa (AGFN) A13gendn 0.90 Tuld uagdvilinsgiumiy
naunAuLBAUTEUTgU (CFI) fAasgandn 0.95

WaUselumNUADnAa pINANNAUTBILLAARLENLATIUINNATLAINUFBAAA BINANNAY

9

[ L4 a

wud1 luwadildinnuasnndesnaunduiudeyaideuszany gidedusulumalilinnuaenados
wntu Tasnsuiueuamandeuvesiud sdanaldlidanuduiusfudelilddeyaiiaonados
fuanmauiduatsiusasiuusiionuduiudiu waelauaumaunaludmgud Taglumsusy
Tunatuazinnsandinardviuulinng (Model Modification Indices : MI) seminasiauusdaunald
wiazAauldlunadifinnuaenndenaunduivteyaifaszdng

4.6 wan1saaTilunaladeidavnuasnaunininsduaatiouludeszaunsally
fifavEwardanspensunsldmaluladiisfausiaiiou fusulunaudn

nneeuiliiunsiesesideiionin 4.5 ffeliGuduannnsusulueedaduuning

SvBnallsavnseinsdiudsneueniaziudsnelu Tnefiansananarduinsusulanadildan
mMslATzesauen vdanuiulmeaiinansiiesed dwsd o

A5199 9 ANPIRANUNANNAUNLAINAITIATIEN INUNWATNANITAINTUN (MaIUSUlLLAa)

AaaRAYEAY LNAUYINSI9EDU naun1sUsulaaa
naunau ANUADAAADS Al NANITNAITAUN
1. A1 x/df <5 3.30 U
2. A1 RMSEA <0.08 0.07 R
3. A1 RMR <0.08 0.04 A
4. fin GFl >0.90 0.95 Al
5. A AGFI >0.90 0.91 A
6. A1 CFI >0.95 0.99 A

1l o

= @ @ v ¥ oa a P = o w

AN 9 ndnUsulaea Inemsdndudvsnausdululunanlifideddymie
atf lngldendndun1aniidnsnatdesianoanainluwma bawa @un1edninassninegunInees
aa o (3 A =€ . [ % aaa £ (3 A = -] ¥
fisfnaaiioutayuneia (Quality) Auniseeusuwmaluladfifisduaaioulayuneia (Acce) il
IalupaanuduiusidsanngvesnaniniiiissudailowluidUssaun1salglniiansnadanis
gousunsldmaluladiiissuaialouiiod wasun1svote it sanmeinusssuvesyu Uy
nga dnasanudn darautasildunvilimifieeueaiaadou (p-value of X2) Wiy 0.00 HaNTS

[

A519@DUAADR bAALATS TANVNAU 92 TADnsIarulAaLAITeIA1daTy (X2/df) S3us78 LHB9971nAN

a v [ a =

Taawaas Juunlduasidod1funiana wuil Ao IaulaaLAIsaIA1daseyindu 3.30 audlan

<
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SINANAIFBIVDIAIAINNAANALAFEULABUTEU (RMSEA) 1A 0.07 AYTSININAIE092R 8 UDILAY

(RMR) WinAU 0.04 ayfInseauAIunaunau (GFI) 11119u 0.95 Autinseaumnunaunaunusuwn
ad (AGFD) 711U 0.91 ABRIATELAUAINUNANNAULT I USEULAEU (CFI) vvinfu 0.99 F9luLma
ANnuduTuslassaagadulunmsudicadanndinunzauuin Feagulailesninsiuudlueg

JadeiBeaunnvesquniniiiisdaaiaiiouluidalszaunisalfldniiansnasenissousunisly

q q

aaa v 3 =2

wialulagfiis dasiadouioduasunsveungnTwsanneinusssuvesguudayunsia Jamin

431903571 dannuaenndesiutoyailelsedny

Chi-square = 92.5,df = 28 p=.000 GFI=.935 TLI=.983 CFI=.990 RMSEA=.079

[ (3 <~

A 5 TuwaddedsamnvesaunimiiissausiaiouludisUssaumsalileniisnsnasonis

(3 =)

gousunsimalulad s Sueialiou (Masusuluwng)

o

[ a a v

4.7 AduUIEaENSIEUNNN (Path Coefficient)

1o a

AduUszansidunie Tuluearnuduiusidaivnvesnunindifis fusiadouluids
Uszaunsaigldasivswarienisvensumsldinaluladfifis fasilaiioutiled uadunmsvsaiionds
usanvneTausaresyruivunsia dmingaugiont Wuaildnanlueaninsuiuuiud 3
INNITIATIETEUNIIBNTNAN1MS (Direct effect : DE) BnEwan1sey (ndirect effect : IE) uag

dNSNasIU (Total effect : TE) Ka9131991 10
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A19197 10 AduUsEanSAzkuuIInsgIvvedlnaladeieanuesnun s foueialion

a |

PIBNTNARONITYBUTUNS RN A UIMLALIBU (n=370)

fauUsua N158UIU WiruaRsionseaudy | Anuddlaldnalulad N5 19UI
(Fauusna) walula8insAnel | waluladinsiu
wedlay Ladiay
faudswa DE IE TE DE IE TE DE IE TE DE IE TE
(FauUsu)
AW uiadon | .98 | - | .98% | - 97F 97 | - | 92F | 92¢ - |90 | 9ax
mMsvansumalulad - - -] .99 - 99** -] aax | 9gx - | .95% | 95%*
NiisAusiiaiiou
NAUARFDNITUDUSU - - - - - - 95 | - 95%* | 96%* | - 96**
walulad Ao
Ladlou
Fulszavsmsvinne (R) 96 98 .90 87

** iy A eatAnszau .01 AadRlAALA2T = 92.5, AMaeAddsy = 28, AvdaA1snmddesesAnuaanpioulngUssann =
0.07, Alisnninaedpaaisveady = 0.04, Aydinseaunnunaunau = 0.95, sullinseAuaunaunaunusuwiwal = 0.91, Awidn

sAuANnaNndudaUIsuieu = 0.99

a a

5197 10 wanssuUsiidwanedvsnanianss (OF) vidwanisdou (IE) Svdwanmesy
(TE) wu31 Aaunndifisfuaiadiouiidnsnanienseguinseniseausumalulagifisiueiiailou
(DE=.98,p<.01) {8vEWan1wweugsoviAuai (.97) anusslald (92) uagnnsldauasa (94) drunns
gouFumaluladiisdusialouildnsnanimssgannseriauas (DE=.99,0<.01) HavEnamedeusie
auddlald (94) waznslduass (95) duvirunirenisuensumaluladifisAusiasiou favswa
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