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Abstract

In an era of escalating cyber threats, the enforcement of Modern Authentication (OAuth 2.0) by
Microsoft 365 has created a critical compatibility gap for legacy applications that cannot be modified,
posing significant risks to data security and business continuity, particularly in email communication
systems. This research proposes High-Availability Secure Mail Relay architecture. The core novelty lies in
the development of an “OAuth2 Agent Module” an intermediary mechanism designed to seamlessly
translate legacy authentication protocols into OAuth 2.0 standards without requiring source code
modifications. This is integrated with a Service-Level High Availability (HA) system capable of detecting
internal service failures. Experimental results confirm that (1) The proposed architecture achieves a 100%
success rate in relaying emails using OAuth 2.0 standards (2) While the enhanced security processing
introduces a slight latency increase to 2.158 seconds compared to traditional Basic Authentication 1.908
seconds, performance remains within acceptable limits and (3) The HA mechanism successfully executes
service failover in an average of 1.312 seconds. This study contributes a practical framework for retrofitting

legacy systems to comply with modern security mandates while ensuring resilience.

Keywords: Secure Mail Relay, Legacy Applications, Modern Authentication, OAuth2 Agent, Service-Level
High Availability
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1. uni (Introduction)

Yagtudwadinaluniededearsfidrdgyiiandmsunseuiunismagsialuseduesdng egrslsfiniy

AL}
v

vinansfennaunislauesfinianuguuse {lWuinsdiuastns Microsoft 365 ldanseduunsgiuniny
Uaendelnedaduldnistududinuadelnl (Modem Authentication) Uuamsg1u OAuth 2.0 uazUsenAgAng
atduayunsBuduiamuiiugiu (Basic Authentication) dwsunisdedianigludeuuwen U 2026 (The
Exchange Team, 2024) miL‘UaauLLUaauuULUmﬂqmmﬂmmmumﬂﬂimmwmaﬂwaLﬂszmmmummuma
FagnifalfsesiuifissnsBuduinuilugudie siakiuaed (Static Password) uazlianunsnuiulyeges
aIﬂﬂimaaiummgmimw%LLaﬂLﬁnaIMLﬂu Access Token) I 1losarnmnududounianaia Arldaneigs
warANILAsIBIaRsTAMUBITEUY (Chatterjee et al, 2024) Mnlaifuwamadlofinean esdnsasindayiv
AudBaRszuUudRtyFamgnrs innegsiia (Business Disruption) fiufisnasmsdeduldiina idesannuey
wAndusaduliaansoifendeiiedsdaringsnsalddndely uenanilugefiszuudsteduarmiiidu
#anans (Central Gateway) ¥8484Ans AIN3oxldaugs (High Availability) Sadutladefidesiansanaiugiu
Lﬁa‘ﬂaaﬁ’um’mé’mumtﬁ&ldﬁmﬁm (Single Point of Failure) ﬁawa'waiﬁ'iwm’mﬁgwmwmzi“ﬂ 211019
numussansskazmalulafiisates nudmumadlsdgmiludlagiudfivesineweanuiss (Research
Gap) Aidfey said 1) SiTafS']ﬁﬂﬂuaaisuudqﬁaﬁmaﬁﬁaq gaWAwITAuMudIBiua (Mail Transfer Agent: MTA)
YaqUu wiu Postfix 38 IS 6.0 SMTP dslaisessunisuiasivsinreasin Basic Auth 18u OAuth 2.0 dwsuuey
waledusad 2) Mamsysanmsszuuarmdeilinugs smAfedniuginuendiussniafesmutasnd
wazaumienld SslinuanAdslaiiiausaninenssuitysannis OAuth2 Agent Wiy msradumnuAnund
seAUUIMS (Service-Level) Tussuuifisndiu uas 3) szuunsanasuiilinseungy Tugdunnundesldnugeild
fnnsaseuliisssedulnun (Node Level) uwiliianunsonsaduanuiiaundssduuinis wu nsdiuinsven
vauvazied saitiedieeulatey deneliiAnnnznsuinmsdumariiszuuliannsansiaduls Silent
Failure)

v
@

MuueUnresinninan nuideiineusanlnenssussuvdwedialasnsiy (Secure Mail Relay) 7

v
a

ponuUUILiBITeNTa ST EUURRLLAzINAsTIuAIaens Ll TneiigauAnvnaivinisiiddy (Main
Contributions) il

1. nsuaueuinnssu OAuth2 Agent dmsunisdiudusiinu Inglaawiluga “OAuth2 Agent” i
winfidusinaslunisulasnsiuduiinuainsyuus ey (Legacy Application) lUgansgau OAuth 2.0 It
ag9U3u Drelieundinduaninsaldnudeluldlnglisoudluresaldn

2. dhiausnalnnisngIaouquAMsEUU (Custom Health Check) 59U Keepalived il ans2ady
ANuRAUNATEnTusEAULUNGLATUYE Postfix kag Dovecot wiawaunsafAuszuulasnludd (Failover)

3. M3UszLilunallsuszdny (Experimental Evaluation) Atfiunismadeuiaziusuiisuussansnm
WaguaLUasn Sy (Security), AU (Latency) wagszewliatlun1siaussuy (Failover Time) WeBudu
Uszdnsnmuazanudululalunisinluldaueisluseausans

2. IngUszasAIuITe (Research Objectives)

1. Wiseanwuuaa1dnunssu Secure Mail Relay 715895U OAuth 2.0 Authentication #1%3U Legacy
Application

2. WleUsuiiulszans nnsunnudasnfauaziaanlunisas (latency) Wiefieufiu Basic Authentication
LAZITUU Relay wWUUdUY

3. 49U UALAINITO VDT UL High Availability Tusgavu Service-Level 11 Keepalived Wag
ATIAABUANYNABIVBITLUULALHOUY
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3. NITNUNMIUITIAUNITTULASNO Y NNEIVDY (Literature Review)

3.1 nquiuazmaluladiugiu (Theoretical Background)
idedvsegndlinguiiugudidy 2 Usenns iesenuuvanidinenssufivasadouazdduldsy

wnsgruasielu il

1. 3Tauin1sanudasadsued SMTP Lazto31aa (SMTP Security Evolution and Limitations)
TusTnAga SMTP dauiu RFC 5321 (Klensin, 2008) gneenuuulasinnalnanudaeneiiugiu vilideyagnds
\Ju Plaintext udln1ends9zfininsgiu STARTTLS RFC 3207 (Hoffman, 2002) 1i1u1988nseaunisidnsia
Yosynadoans (Encryption) luszmintenissudedaya (Transit) usinalndenandslinseunquianisfigatifnud
wiaunds TnedsnafiemnsBususmuiiugiuiild User uag Password dsfiamndssgaiansgnlaufinuy Brute
Force waw Password Spraying thangmstiaduldunsgniluiflendnmaaiuayunisfususimuiugulussuy
BluanaAng

2. n59UN139M91UL OAuth 2.0 disunaunaiady (OAuth 2.0 for Non-Interactive Applications) iiie
uidgauUaenfuuessanL 11msg iU OAuth 2.0 RFC 6749 (Hardt, 2012) légninsnldunudl Tnoswide
flsjaufufinszuaunis Client Credentials Grant Flow (Microsoft, 2025a) #488nLUUNIAMSUNE DA UL
\3asraiATas (Machine-to-Machine: M2M) Tnsiane nuiioyneliueundiady luidde oAuth2 Agent
aansadududinudie Client Certificate %30 Client Secret Lilovauoaialyiau 910 Authorization Server 1¢
Tnemsslaglifesordeufduiusiugldau (User Interaction) aniudeui Token Tuususanuriunaln SASL
XOAUTH2 Faduladdgiivhlvissuudsiediuatasnds anunsaviausauiu Microsoft 365 léegnatasns

3.2 walulaBuazaiasdefiizadas (Related Technologies and Tools)
nuATeildenldvealuladiuy Open Source Insdnnguemiifinisvhanluanidnenssuszuy il

1. unundnueaszuvdwiediua (Core Relay Engine) Postfix gnldidu MTA Fsflqaiuiianninenssu
wuunaelusiwa (Multi-process Architecture) Ftunmsuendnsnisvhe (Privilege Separation) (Postfix, n.d.)
Postfix gnitsanfuszuudsiediuatasndelnsfudiuannuaundindusaiu vhawsauiu Dovecot Aivmiai
W1 SASL @3y Postfix Lilesan Postfix laflﬁﬁmﬁﬂﬁﬂqﬁ]ﬂﬁamuﬁuLLanﬁLm"fu%ﬂLam (Dovecot Team, n.d.)
1n8 Postfix AzdsmaA1s0390 SMTP AUTH lUl9 Dovecot msaaaauniu UNIX Socket

2. NFEUM IR OAUth2 Agent (Agent Development Framework) aiosmtpd gnidentdidulaus3
wdnlunisasne OAuth2 Agent faaan1dmenssuLuU Asynchronous (The aiosmtpd developers, 2025) @+
a150a579 Custom Handler Lilofl4ns3nen31emuanss T OAuth 2.0 waznsdsediuaditunseuiuns
SMTP Ielmemss ludiuresmsdamsans siddeidlaldlauss msal (Microsoft, 2025b) sitedpansiiu Microsoft
Entra ID TugnugIiusn1sgudusdinu (Identity Provider: IdP) dmfun1svesuiealwalniay N1unseuIuns
Client Credentials Flow LLaﬂ‘?’ﬂmQammgm smtplib (Python Software Foundation, 2025) Tun1sasienns
Wousio STARTTLS uavdwwoagalnaud lasusunaln SASL Tagld AUTH XOAUTH2 T8 Microsoft 365
s waunTusunsusasnisd s waii onismedeu uenaind suiseilaldlausns Cryptography
(Cryptography, 2023) i esnszauauvasafedisanitnenssy Fermet §udunisidrsiawuvanuins
(Symmetric Encryption) finanusane3fia AES-128 $aufunaln HMAC-SHA256 1ile$nwaugndaswasdaya
(Integrity) wagdasiunisanasunilalwdlniau

3. nalnaunsauldaugs (High Availability Mechanism) Keepalived mthiiusmsdnnis (Virtual
IP: VIP) sinulusinnea VRRP Tnsgaiduilnuddsiithunlddonuaiuisaluniaigentld Custom Health Check
Script (Cassen & Contributors, 2017) yiliaunsave18veulnn1InTIRaeuaInseaulualudseauusnsia
3.3 euAtefiintos

MnmMsumMnssunssL Inemsdaangiosdmininnawidefifeiteuasduuneenifu 3 nguvdn

Wieszygeshemalnniswazuuimessandld deil
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1. andnenssussuvdwanazanudasndy 1udTvaulngseusuUseansnimees Postfix lugiuy
MTA fifimuadiesglng Sharabov et al. (2024) uag Oliveira et al. (2022) latiawan1susuwss Postfix Lo

nsnsesakluuas iy dauuuisvalng Jeduduisanudanguves Postfix lunssessuaiuvene (Extensions)

17
=

ogslsfiny muddenauildajuduiissnuvasnstluninsonden wasUszansnnues Postfix uidsin
wusAdgmnstududinuadell dwsuszuuneundindusaiu Sadulandvdnvesemiided

2. amUnenssudinarawazanudasnde Tuusunvessyuuadslng Gbenle et al. (2022) laiaue
W1ININSLY APl Gateway LHufnatalun1ssnwininudasnsie (Secure Gateway) @SusyuuLuUNTEaNe
fud (Distributed Systems) Tagyiwtiildan1snszuaunstududanusie OAuth 2.0 uaz JSON Web Tokens
UWT) unuueundiatundstnu feisusnnszuiunistuduiinueenainassnsvesueunaiadu (Decoupling)
uazanAudsannmsidamedeyadidey egdlsAniy wituAnnslddmnans azldsunsiigaiudaing
Uszansamlunisdanisiniaunazmssnwianuasndodmsuandnenssy uidagtudminanuidoi
annenssudanananuszgndldiuluslnaeadiuasene SMTP teufdamanandiiulildvessyuuueunain
FusadnitlisossunsBususamuatsln SaduresiaimAfeiaduasudly

3. anundenldnuganaznisnsivaeuszuy Tudmauniedldeu Putranto (2019) lalauenisld
Keepalived waz VRRP iievnalnmsaduinausalud® lussaulnun uswuimidsnandadidesidadiliaunse
nduanuinuninielussduuimsld wu nsduimavgavihauusiedessiosulatoy ileTntedwniidsldii
LUIAA Service-Behavioral Monitoring 784 Faseeha et al. (2025) 7 1fun13nsI9d0UNgANTINVEIUTAT
(Service Behavior) 1Uszgnaldluniswann Custom Health Check Script 1t elvszuunnuwionldsnugd
ATILiugE Ty

4. miﬂﬁ“w;aizwéigalﬁmLLazmmUaaﬂﬁwanwmu dIMTUN199ANITIZUV Legacy 1 Mishra
(2020) L@uBnAgME Encapsulation ¥38n15a319 Wrapper vosiuszuuidsiileideusoduuinsgiulu dady
TINgIuLIARTasN AL "OAUth2 Agent” TusmiAded uenaintl ilerutaandelunisdamslniau Matcha
& Kumar (2025) seyinmsitnsiauazirindns msidndslidinauannsaanenadssannslasnssuldd
$ouay 88.6 SarmAfeildimdnnstildlunsesnuuuszuuuaslnay (Token Cache) Tiliarmasnsiogs

4. ASAULUIANUIIY (Conceptual Framework)

' High-Availability Layer

Keepalived
N T
v
/~ : N
= N ‘ Processing Layer ‘ P %
Input Layer N : \ ‘ Security Layer
{ Postfix OAuth2 Agent ——1—
Legacy SMTP Client } — g STARTTLS & XOAUTH2
‘ [ Dovecot | ‘ : :
e . o i
Evaluation Layer B Output Layer e
Performance & HA Metrics ‘ Microsoft 365 Exchange Online
X P \

Figure 1. Conceptual Framework for Design and Evaluation of a High-Availability Secure Mail Relay with
OAuth2 Authentication for Legacy Systems
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WHUNINATBULUIAR Figure 1. u,amamfjmaﬂiimsuﬂugmmu System-Based Conceptual Framework
Tnsuvsasdusznaveaniduiu (Layers) munthiimevhauuaznislvavestoya (Data Flow) fail
1. ‘z‘iyuﬁwﬁ']‘ﬁaga (Input Layer) Us¥nausiag Legacy SMTP Client vinii17 LT ugais uduves
nTzUIUNT Insdsrvedsdmaniulusinnea SMTP (Plaintext) L8958 UU
2. ﬂquiymama (Processmg Layer) Vit usnundnlunisuszuaana Usma‘um‘a Postfix uJu
MTA sinuniivhuiinfisunsidesseuazusmsdanisia (Queue Management), Dovecot vhwtihiinsiaaeudns
Tunsgududinuues Client lrunaln (Simple Authentication and Security Layer: SASL) wag OAuth2 Agent
uinnssuisutaaieann Postfix Liteuvasmstudusaulugumsguailyl
3. Fuauvasase (Security Layer) ui‘?uﬁlmuﬂummﬁgwummﬂaamﬁﬂiumﬁ’udﬁaga
Useneusie STARTTLS nalnnsidhsiaresmanisdeanslivasnds (Encryption) uwag XOAUTH2 naln SASL 4
T msumsiudusaualiolus B3 OAuth2 Agent THiasanfugliuinsiagldusawalniay unumsldsiariu
4. %ueidaaﬂ%ua (Output Layer) faUaten1a Microsoft 365 Exchange Online %dﬂuéﬁlﬁﬁmiﬁma
fsutoyatithumstudusinuazdhsiaseuosudilusiiunsse
5. ﬁuummwwﬂﬁumuqn (High-Availability Layer) mwmﬁﬁﬁﬁ’uguaLaﬁaﬁmwmaaixw (System
Reliability) A5@UARNN1TYIN1UYBI Processing Layer wanun Ineld Keepalived idunalandnlunisasavsey
07Uy (Health Check) ¥94U3n13 Postfix Wag Dovecot WarAUANNITARUTEUY (Failover) SnlusiAilioifin
wnTades
6. Tuni15Usziiiuna (Evaluation Layer) 10 wduUssdunadME voesEUU as 1uUsEANS AW
(Performance) wazaunsauldany quﬁa%ﬁ’mﬁﬁ@ Taun AUl (Latency), 8n51Aud1L5a (Success
Rate) LAz 3¢z 1@ N3 {AuTEU (Failover Time) TnsiuFouifisunadnsiuss uudsiodmauuudais e 1S
6.0 SMTP Virtual Server, Stunnel TLS Proxy Wag Postfix (Basic Authentication) Wieduduusyansnmuasy
Aanzanlun s g unauny
5. 35AMUU9UI (Research Methodology)
neiduiidumsiauuasUsediulsyAnsnmuessruvdwioBiuatasade wauft Tymarudi i
Lilgvedusinreanistusufamilussuuaain salludeuduamesuinmsdwieswalasads wielinis
afiunsideiluledefiinasgiunasasivaeuninugnsiedld (Validity) Wneldfmunnseumsaniunueendu
5 ssezd1Aty i
5.1 35n1599NKUUTZUU (System Design Method)
5.1.1 aandaenssuasodneuazgeananas (Network and Software Architecture)
sruugnesnuuuludnunie Secure Mail Relay Gateway (Figure 2.) i idusananssyninaeunaie
Fusuduwas Microsoft 365 Ineflosdusznauddey Ae
1. 9aLdeusie (Entry Point) lu3nnsehu VIP (flgagaifen
2. AdaELNeI TN (Relay Cluster) ¥IN9UlUU Active/Standby 37wy 2 Tnus lnenigluusnazlvun
Usznaudeendurdlamusesauaruinnssuiianntulvel & Fisure 3. Sullswanden el
1) Incoming Handling 14 Postfix (2)smtpd 531U Dovecot (3)dovecot SASL i a3usiuauay
§u€1’u§hmu1ﬁu§m RnuoUndindusaiy (1)Lagacy Application
2) 910 (7)OAUth2 Agent WinnssuiwawIde Python WINBEYI¥NINNTEUIUNTAWID Vil
wasn1stusuinudu OAuth 2.0 (XOAUTH2) tiledwialug Microsoft 365
3) Queue Management (5)gmer sanuuUnalnn1sdeassenindinsia i Postfix §an1sAIRIY
SMTP Response Code ﬁiﬁ%’umﬂ OAuth2 Agent (2xx=Success, dxx=Retry, 5xx=Drop)
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] ———Plaintext —» / N
| 1/
@ =R crme—— N V

smtp-relay.dgengineer.com:587

(1)SMTP Using Python
IP Address 172.18.22.99
(Legacy Application)

F3

Office 365 Exchange Online
I

(2)Postfix Mail Server (Active)
VIP =172.18.22.200 or
smtp-relay.dgengineer.com
Real IP =172.18.22.201
Listening Port 25 | 587
Secure Mail Relay

|

(3)Secure Connection via STARTTLS
Configurable Authentication

(5)Postfix Mail Server (Standby)
VIP : 172.18.22.200 or
smtp-relay.dgengineer.com
Real IP 172.18.22.202
Listening Port 25 | 587
Secure Mail Relay

Option 1: Basic Authentication [AUTH LOGIN]
Option 2: OAuth 2.0 [AUTH XOAUTH2]

@ Legacy App (No STARTTLS): Connects using Plaintext and Basic Auth (Port 25).
The Relay then forwards to Office 365, configurable to use either oAuth 2.0 or Basic Authentication.

b Legacy App (Support STARTTLS): Connects using STARTTLS and Basic Auth (Port 587).
The Relay then forwards to Office 365, configurable to use either oauth 2.0 or Basic Authentication

Figure 2. Architecture of a High Availability Secure Mail Relay for Legacy Applications

Client Postfix
trivial-rewrite
—STARTTLS:587—» R
7 ——> (4)cleanup —> (S)amgr ——> (6)smtp
(1)Legacy < B [ incoming
Applicati 2)smtpd i
PERGIOn —Plaintext:25——» (@ i active <
E;] e = deferred
A
Microsoft 365 (7)0Auth2
— = agent
(3)dovecot =T (S)roken— cache token
SASL (Authorization Server)

SMTP

C B:; ° ~ | Response code
——AUTH xotxumz—(;)— >

(1 0)office 365 Exchange  (With Token) log
Online

(Resource server)

' auth-passfile

Figure 3. Architecture and Workflow of Postfix and Dovecot Integrating with the OAuth 2 Agent

5.1.2 Tmanulasany (Security Model)
ATslmMuueInsn1sUesiuaNULEgsd Aty fail

o
I3

1. Credential Theft Mitigation snLdnnnsifusiariuanns lasldusewalnauiifiongdida (Time-
limited) wazmsiudusnuiiiovousnwalmaues OAUth2 Agent U IdP Taeld Self sisned Certificate (RSA
4096-bit) nun15ly Client Secret

2. Token Management and Protection U3vsdnnsTmauifiongldanu 1 §alus Tnedaivluguuuy
Yayaldn39a (Encrypted Binary) saufiunaln HMAC-SHA256 VU UASTRANS (Restricted Access) kla§nu
ANNADIUBITaYa (Integrity) niounalnvewemwalviauluiaianiin 300 Fud (Safety Buffer) WiloAa
Aelilewesusnsg
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5.1.3 mseanuuuanumieulden (High Availability Design) iiiatlasfugadumaiiesqaiien
svuuldlusTnnea VRRP rugenduas Keepalived Tnsiinalnnsaadeu 2 sy dil
1. sedulvun Tngfuuelifinisds VRRP Advertisement 9n9 0.3 w17t minia3 eadsoslald$y
fuyausananRnseiuAsy 3 a%s nuadrses axvhn1sinnses (Takeover) VIP Saluild
2. szAuuinns IWyaddaany (Custom Script) as1adeuanIuzvesUINIIN1ElY Postfix uay
Dovecot 9 0.2 3ufl winduimanfiasiadu 3 afa svuvazdsandraudidny (Priority) vadluuandn iletdy
TihnnsgAuauauma luddvundrsosdnludf
5.1.4 mseenuuUsTUULdaiau (Monitoring) iiveliifguassuuunsuaniusmmiunuuiEealn
qwuﬁ%’aﬁiﬁyimwmiizwLL%@Lﬁauimai%’Wqﬁﬁﬁu notify_master 983 Keepalived 1Jusagnsuau (Trigger)
\eiinnsaduliun (Failover) szuvaziSenltyadduiomiunudeyauundfn Hostname, VIP, IP Address
way Timestamp mﬂﬂyuﬂvﬂzﬂuumﬂu JSON naua 1w HTTP POST 1Ug4 Microsoft Power Automate
Webhook tieudaiiouitrgnguaunuiuu Microsoft Teams lngdnlusia
5.2 n1saanuuun1snnads (Experimental Design)
5.2.1 NMNLINEBUNITNAADS (Experimental Environment)
nsnaaeRIiuNsUNaNNLIRaoMLaTa (Virtual Environment) Tnefinisauauanaudivessauas
Iimileuiunnuszns daandlu Table 1.

Table 1. Experimental Environment Specifications

Component Specifications

Host Hardware AMD Ryzen™ 5 7540U, 16 GB RAM (6400MHz), SSD NVMe Gend,
Vention USB-C to Gigabit Ethernet Adapter

Virtual Machine 4 vCPU, 4GB vRAM, Network 1 Gbps (NAT)

Proposed System OS Ubuntu Server 24.04.2 LTS

Proposed Software Postfix 3.8.6, Keepalived 2.2.8, Python 3.12.3

Proposed Library Cryptography 41.0.7, msal 1.26.0, aiosmtpd 1.4.4.post2

Baseline Systems IS 6.0 SMTP (Windows Server 2019), Stunnel 5.63 (Ubuntu 24.04.2 LTS)

Tools Wireshark 4.4.5, Tshark 4.2.2

5.2.2 N3AUANAILUS (Experimental Control) titeTiinan1snaaasfianuiiisanse

MNUALIATNITAIUANGAILUS AD Network Conditions nageulussuuiaTaytediasauuula (Isolated
Virtual Network) 1itevdadladasuniu (Local Traffic Noise) wazld3anmsvnaeug (Replication) s1uau 30 ads
\iolndsmuiuriuvedumnesidnvieen
5.3 faddauaznisiiasesitoya (Metrics and Data Analysis)

5.3.1 #2330 (Measurement Metrics)

1. Transmission Latency miuaunmmwmmaqLs'uasuumiaami (Total Session Duration) lagaula
INNAAINIAT A aus o UNEATuA R L5 udawining TCP SYN TUSs Secure Mail Relay wazseauni
nsvUIUNITdaste SMTP TUSs Microsoft 365 LaSafuaunssiassuudwioBiuataonsty daufininm TCP FIN, ACK
WileyAinisidensie

2. Success Rate (%) dndudunudluaiidaiegfuvatemeduia (Delivered)

3. Failover Time Jaszeziainsnevauesenudumas TuswsssuusuinauinUnfvessysu
U3M15 wagseaulun audanailvundises dedayia Gratuitous ARP iteUsEn1AN15EAATET VIP LN0einns
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gou5U (Threshold) TnsdmunanausililaiAu 1.800 Jurit FeiuimanuasuvesszezaIsenegIanme
ngud] (Theoretical Maximum Delay)

4. MmylaswirnuUasndeseiulusianea (Protocol Security Analysis) LN IRALTIAMAINHILNTS
A519@0 U NLA R (Packet Inspection) Tu 2 syezdrdgy Taun 1) szezdududanu (Authentication Phase)
as1adaunaln SASL Msyuutiaue (Wu AUTH PLAIN, LOGIN, XOAUTH2) way 2) S¥82195971n1518 5%
(Handshake Phase) as9geuwiining Server Hello 210 Microsoft 365 WeBudunestu TLS way Cipher Suite
finnadldiuase (Negotiated Parameters)

5.4 33maiusiusaudaya (Data Collection)

nsiiusauTmdeyadidunsinu 3 yanisveaeundn Tnsysannisiaiesdlediasesiindetnesauiu

wdnsflensananuveadliiuins wiellédeyafinsuiuuasBudiunugndesld (Cross-Validation) fail

1. ns¥UIUNINAGABY (Testing Procedure) Anifiun1snageusuiu 30 adaroganisvaaos Tngld
FBn1sdaunudiy (Sequential Execution) seliinisdsasaneuniiadoauysaieusuadsdaly tiovinduus
UNINGoUA1UN1359A1 (Queuing Delay)

2. mstufindoyaidanaila (Technical Recording) 163 asile Wireshark tfufinn1sasnasia3odie
wagliaszrinnsiiesaulaonde

3. nsdudunadng (Result Verification) 141A5 89l ® Message Trace UuSZUU Microsoft 365
Exchange Online lumsfinauaniuznnsinds (Delivered) Liteniaaousunnugniesindiuaidsrliiesnousy
IagndsfiafSutatenseesauysalas
5.5 n153iAs1gvideya (Data Analysis Method)

mu?é’aﬁyﬁﬁagaﬁu (Raw Data) 99nn13MAdouis 3 g9 uUszInaNauarilAT Iz sai Al easuna

UsrAvanm nsuvadu 2 daudn fadl

1. M153LATILLTaNs TN (Descriptive Analysis) dmsudayaldauTanaaiuwaan (Transmission
Latency wa Failover Time) Inefuinaadfdifey 7 Usenis iieesutenginssuvessyuueniasiden léun
1) Aregn (Min) wazAgean (Max) Lﬁauﬁmmam‘umm%’@ﬂgja (Data Range) 2) Aty (Mean) wlardusuny
UszAnsninlagsiu 3) damﬁmwummgm (5.D.) WiloTamuadies (Stability) ¥esszuu 4) AT5Eg 1L (Median)
dieguurlidngarunandlasanuansenuainediiauni 5) Andesidulndd 95 (95th Percentile) Lilausziiu
UsgAvsnmluanunisaliueiian waz 6) erdiaund (Outliers) seylagldinaust Interquartile Range (1.5 x IQR)
Weusnuezdoyafifimuartiiaundsuinananulsiaiosiingm

2. MmyesTzAUTsuisulazdiauena (Comparative Analysis & Visualization)

1) BeUina wWisuifisuanssnugseninssuuiiiauesussuudwiodiuadifeg duindesossu
igansBusudnuiiugiu Tnstiauoriuuiunnnges (Box Plot) il auaninsnszaiefuaziuTouiioue
RENLERNkIE!

2) sqann Wisuisuniimesanulasadef ldainnisasivaeuuiiniAn (Packet
Inspection) igufiuanasguANUaeniana

6. Wan13338 (Results)

duilashiauenanimeasniszindiftenoungUivasdnisitert 3 4o Tnsutenstiauenasondu
3 dau laun 1) kaniseenuuuantnenssy 2) kansussliuuseansnmauainulasnsiouasiianlunisas way
3) wansuszuaunFonldnugs
6.1 wan1seanuuuan1Unenssy Secure Mail Relay

Al daandnenssussuvdsiedialasnfefiannsarhuuiuneundndusuiulddna suans
Tu Figure 2. Ingnan1siau@INUIENDULONALISAN Figure 3. Wuiﬂu@aﬁﬁwmﬁﬁu OAuth2 Agent @118
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1. gnunsadumsidousionuu Plaintext w5e STARTTLS 91nuaUwatadusaiale
2. ansawlasmstudusnudu OAuth 2.0 (XOAUTHZ) wiadssedialuss Microsoft 365 lea3s
3. dnalnmsinuanunsesldgeluseAuuinisuagseaulnuniuy Active/Standby W1 Keepalived
finfoudmsunsmaaeulszavsnmludwudaly
6.2 wan1sUsziliuyszansamanuanulasnnsuaziianlunisas
mMswisuilsulsvansameunnuUaen fouaysseznanlunisas ssuinssyuufitiauefussuusaRy
nATeilERdumsvedeuta s inadngsedl

Table 2. Test Results of SMTP Commands and Email Delivery

Scenario Success Auth Auth Auth TLS Cipher Suite
(%) (Pre- (Relay) (Office Version
TLS) 365)
Legacy to 100.00  PLAIN - - - -
Technologyland
Legacy to 0365 0.00 - - - - -
(Direct)
Modem App to 100.00 - - LOGIN 1.3 TLS AES 256 GCM SHA384
0365 (Direct)
Relay Postfix 100.00 - PLAIN LOGIN 1.3 TLS _AES 256 _GCM_SHA384
(Basic Auth)
Relay Stunnel 100.00 - LOGIN LOGIN 1.3 TLS_AES 256 _GCM_SHA384
(Basic Auth)
Relay IIS 6.0 100.00 - P LOGIN 1.2 TLS_ECDHE ECDSA WITH
(Basic Auth) _AES 256 GCM_SHA384
Relay OAuth2 100.00 - PLAN  XOAUT 13 TLS_AES 256 GCM_SHA384
Agent (Modern H2
Auth)

Table 3. Descriptive Statistics of SMTP Transmission Latency (Time in Seconds) (n=30)

Solution Min Max Mean Median S.D. 95th Percentile
Postfix 1.660 2.370 1.908 1.875 0.172 2177
Postfix OAuth2 Agent 1.870 3.740 2.158 2.095 0.350 2.580
Stunnel TLS Proxy 2.030 2.420 2.148 2.120 0.102 2.352
IS 6.0 SMTP Virtual 2.000 2.870 2.194 2.130 0.175 2.401
Server

910 Table 2. wuiszuuiitausannsaudtamanudinfuliildvestslnnoaldauysal nefisns
arwdss Tumsdsdiuangfisosar 100 wagannsonssfuarasadornnistuduimuiiugiu lugns
Sudushauatlml (XOAUTH2) l6dnuga Snradadl TLS 1.3 waw Cipher Suite fidmuudaunss wilond1 1S 6.0
fisesduifies TLS 1.2 fuduirandnonssuithiaueaninsasnseiunnuvasndelugumsgiu OAuth 2.0 Tédusa
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970 Table 3. LLavﬂ’liﬂﬁvmﬂﬁwaﬁauaTu Figure 4. WU ivuuﬁﬁmuaﬁmmwwﬂwLaa"aasiﬁl (x =
2.158) “Nﬂﬁﬂ’)’]iu‘U'U Postfix LLuummu (X = 1.908) uag Stunnel (¥ = 2.148) \igsidaniioy mumauamaum
AsEUEILIY (Overhead) Tesnszuiumswenaalmaudenndesiua@aund (Outlier) aqasm 3.740 Ul LA
mﬂiaumiwmwaqmimauaﬂLezjaiw,ﬂuimLuammma azmaamaaiw,ﬂmwaamuimLLaﬂﬂummﬂaamwawu
widaEandnsEuusaRLedne IS 6.0 (€ = 2.194) auamwﬂiuawﬁmwmmumnaﬂﬂaLﬂmﬂmuwaqmaamammm

Postfix with Dovecot }— A 4|

Postfix OAuth2 Agent ’— o 4{ o} o

Stunnel TLS Proxy - }— A 44 [elNe)

1IS 6.0 SMTP Virtual Server }— 4 —| ]

15 2.0 2.5 3.0 35 4.0
Response Time (seconds)

Figure 4. Comparison of SMTP Transmission Latency Distribution Across Different Secure Mail Relay Solutions
6.3 nanmagauANunTauldeugs
nsUspuANNaNIavessruuAUnseldugs Tulufmnuutugvessruuiiauiou 9ideilla

avsEnuNsalANANWAILaL I NaaNSAall

Table 4. High Availability Failover Performance Statistics (Time in Seconds) (n=10)

Failure Scenario Min  Mean Median Max  S.D. 95th Threshold Result
Percentile

Node Failure 0.783  0.863 0.860  0.997 0.071 0.962 < 1.800 Pass
(Network)

Service Failure 0.918 1.275 1.204 1.758 0.347 1.750 < 1.800 Pass
(Dovecot)

Service Failure 0.896  1.312 1.334 1.634  0.264 1.623 < 1.800 Pass
(Postfix)

370 Table 4. uaz Figure 5. wudrssuuldiianlumsgaunsallyusdumaiiade (X = 0.863) Juiit luvue
nsdluTNsaumaIved Postfix Uay Dovecot laanade (X = 1.312) uay (X = 1.275) aua1du win1sfau
szauuimsgldiaaiuinnindntesainnszuiun1sngivaeuves Custom Script uwiA1inldvianuadine

AelanuanIsERNSUNAUUEA (< 1.800 W) HaansHiuduUsyEnSnmwaInalnnsIngauseAuusnIg way
ANUYNFBIVBITLUVLAUAOUNIY Microsoft Teams AiToeay 100
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@) A VIP Failover Alert i

- VRRP Active : Postfix-Backup

- VIP: 172.18.22.200

- IP Address: 172.18.22.202

- Time: 2025-05-05 12:58:50.648664545

4 VIP Failover Alert &

- VRRP Active : Postfix-MASTER

- VIP: 172.18.22.200

- IP Address: 172.18.22.201

- Time: 2025-05-05 13:00:11.813565958

Figure 5. Alert Notification Test Results in Microsoft Teams

7. @3Unan13398 (Conclusion)
nAteiusrauarudidalumatannaninenssuammeslinugemessruudsioduaUaendoiitad

Foridyrosssuuweuniintusaiuiilisesiumstuuinuatlmilaonamsfnwreunguizasdnigide
a3 4o fail

1. frunisuidemanudfulalle winnssa OAUth2 Agent iwamndu anansavimeididuinans
Tumswdasiuslnnealdedsanysal damalidmannssuudafuaiuisadaniiu Microsoft 365 Aeu1nTgIu
OAuth 2.0 léid5asesay 100% lnelidewdluresalinveusundiatusiunig

2. fruaunaszriemUasndouaz st v namsvaaeududiuinnisiasuriugnstiudiusinu
astelyal whsduaumhaodediududu 2.158 Junit Weifieuiu 1.908 it lussuudsioBuanuf uiiu
FunuiiruAieuantunisensefuaasndennnsidnldsiariuans lugnsueawalyaudifinngdidanan
Fstrwanaudssannnislasnssuteyauszdi (Credential Theft) Ispeaditfoddy

3. fruaudeldearesuinig anidnenssuanumdesldnugeiitiaueamsadAuszuuainnis
dumamisluszdulnuanagssduuinisldniglunanadosnit 1.400 Jund Feihunusitesndn 1.800 Junil
Fudufsmmmienlunssosiunussivesdnsiifesmsanuatiosg

8. aAUTENan13338 (Discussion)

1. Mmsfudugosinedunsududinu 1u3delusfnues Sharabov et al. (2024) uaz Oliveira et al.
(2022) #figariudain Postfix 1¥u MTA Aflaudangugslunsusuusaiiennaasnsis Tuvazd Gbenle et al.
(2022) lalaueuwuIn1ansiy Secure Gateway tudanatsdnnisnssuiun1sdududiinu (OAuth 2.0) unussuy
vdsthuiieananududeunazanudes ﬁ’lua‘\ql’ﬂﬁlﬁdiﬁﬁﬁLL‘u’JaG}E‘m’ﬁjmﬁlﬂﬁiuﬁlﬂa’mﬁﬁﬂﬁ’l’mqﬂizE!ﬂ@]ﬁLéfjjil’JiJqu‘U
nagns Encapsulation ANNLUIAAYDS Mishra (2020) H1uATHAIL OAuth2 Agent Tvinuii1i i uazniu
(Bridge) Wensioszninsluslameaiiuarlyel nadisa 100% lunsdduaduduiiesdnsamsavesergnisly
nureseUndeiusafuld Tnglifensenusensihnuniouslusesaldeiy

2. oddesaunassviUssaninmuazaruaende HanisvadeunuiriAuhaadefiududy
2.158 3unft (ifiadu 0.25 Funi) Feaenndesiudadunuues Gbenle et al. (2022) fisvyinszurunisdanisiy
iluaaiaenssuuuunssneguideniifuumanan (Overhead) agnalsfnmy sniddeillduitymisnaride
nalnmsualniau 39 Gbenle et al. (2022) wugirinthisufiafianan lumsanansznsieseludaudimines
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uaziilefinnsansandiunanIsAnuves Matcha & Kumar (2025) fiszyinmsdaifulmaueg1sasndosions
swaanunsaananudssinnislasnssuteyaldfedesar 88.6 1uited delduuannalanindrsia
(Symmetric Encryption) iinfuseuudaiiulniauaiuuuimniesanan Famrumhifistudisadndesdifudsd
Furnazgeuiuld ileuanfunistidnaundssannisldsiariunnisessduids

3. UsrAnsnavesnisasiadeuseauuing ludssiunnundedldnuranisnaaestlfidiudedfaves
wmesainlusuaes Putranto (2019) il Keepalived asaadauiiisssziulnun dsliiifioswonsiendsed
lﬁyjimﬁmmmﬁﬂ Service Behavior Monitoring @MuNTaUUaY Faseeha et al. (2025) wwmundu Custom
Health Check Script dswaliszuuiinniuanisalunissnuiseslasgisiiug Ingaunsansatun1ges
Uimsdumauardafiussuuldnnelunaiads 1.300 Junit wadwsimioninssuuarumdenldgeitiluiivdes
ThAnAudLmaresUsnmswl namldiniaseslisuwiuinisldlils Susuiraainenssufinaueiaundey
ﬁm%‘umﬂ%’musl,uﬁxé’uaqﬁmﬁﬁmﬂﬁm’lmial,ﬂaqmqqiﬁaqq

9. dalausnuzsUIIY (Recommendation)
nuanITeuazdedunaiinuszninanisiaw deauesuuzioliAnusslenisonsiluldnueis

Az sesealusuan el

1 ASWAIUITEUULT BABWTIEN AU UUTITEUURITUABUUY Microsoft Teams 19 sey 3iia
Yoflanann (Error Code) wazuuudaya Log ananlufutenim wedelidquassuuiiasgsiaivnfiusiads
(Root Cause Analysis) 85113 uazusiugdeiu

2. M3veeNagliuIn38u (Universal IdP Support) msveteveulvansnaaeuluds IdP s1edu
19U Google Workspace %38 Okta IngUsulaseasna Config a3 OAuth2 Agent liigiavg usian1sninunen
Endpoint ilesnszaulegiugninmnduinnsgiuana

3. MIANYINUANUAINTALUNITVLI8A (Scalability) A15ANEIUTEANSATNNTINNITNSNINTVDS
Python Agent neldfannzfifinisdsdoyanuiniu (High Concurrency) iilesesiunisvensfivesdiuiutey
naptusuiluouan

4. nsasavdeunusuatUasnsie (Security Audit) nauthluldauase (Production) Aaseniiunis
Usziliumnandes (Vulnerability Assessment) a819ia53n3n Tneianizn1svin SAST Lﬁ@@li?%%ﬂmmﬂﬁm IGE
Dependency Check wiatlasfiupnundssannlausisnieuen

10. maUawenslilyaiUsshvgita3eassd (Declaration of Generative Al)

ATl Ty 1UseAvsiBeadieassd neldfdonldinsesile Google Gemini iailuin3 oot
ATIVADUATIUYNABINNAIY ATUATUTIUVBIFUUUUNITONES havUTulsdlaseaislselealvinsedunuman
113 vulddensaseuaseunqumnitenigluunany delinsinauaidemiauauysaitdu Tne
hivl,(;ﬂiﬂuﬂﬁa%’waﬁiﬁﬁauﬂuﬂﬁaimi’wﬁéﬁa;ﬂal,wia&i’m% el manuneds (Prompt) Tunsldausall 97e
ATIRADUANINNABINIAIY NM5IAWUTITE JULUUN1TEe8Y wardSuudlulassadiadsslealifianunsedu
grudladne Famendsnmsvszanana ndudideuldvinismmamuiasfansesuadnsiauadenue et
anBun uazeBudummuinvousiomugnioIesUnA LA Ao
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Abstract

This study aims to analyze the impact of statistical feature reduction on classification performance and
to identify the optimal hyperparameter configurations for predicting medical conditions. Three machine
learning algorithms—Support Vector Machine (SVM), Decision Tree (DT) and K-Nearest Neighbors (KNN) were
compared using the Healthcare Risk Factors Dataset. Two filter-based feature selection methods, the
Kruskal-Wallis test (KW) and Mutual Information (M), were employed to generate a full feature set and
feature subsets at the 25th, 50th, and 75th percentiles. Model performance was evaluated using 5 repeats of
5-fold Stratified K-Fold Cross-Validation, integrated with systematic hyperparameter tuning. The experimental
results demonstrated that SVM achieved the highest performance using the full feature set (C = 300),
yielding an accuracy of 0.9214 + 0.0005, precision of 0.9212 + 0.0005, recall of 0.9214 + 0.0005, and an
F1-Score of 0.9210 + 0.0005. This accuracy significantly outperformed DT (0.8752 + 0.0028) and KNN
(0.7916 + 0.0015). Furthermore, reducing the feature set to the 75th percentile using the KW method
maintained a high accuracy of 0.9165 + 0.0006, representing a marginal decline of only 0.49%. These
findings indicate that SVM is highly suitable for disease diagnosis within this dataset. Moreover, statistical

feature reduction effectively minimizes computational complexity without a significant loss in accuracy.

Keywords: Disease Classification, Feature Selection, Hyperparameter, Machine Learning
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1. uni (Introduction)

TudlagtumaluladnisiFeusveaaios (Machine Learning) leidnsnilunumdrdyogradslunmsensedu
vImMsnamsunng laganiglusunsaduayunisidadeuaznisnensallsa (Uddin et al, 2019) danasii
msBeuveaaismansUssianldsunsiauuazinlflumssuundeyamanisunnd Tnedanesfindilesu
AudenLardnisldeuegsunsnane laun Fwnesanmosuuwdu (Support Vector Machine: SVM) aulsl
sindula (Decision Tree: DT) Lﬁ'auﬁmiﬂﬁfm (K-Nearest Neighbors: KNN) u18WLut) (Naive Bayes: NB) Lsun
auvlaLsas (Random Forest : RF) tWudy (Kavakiotis et al., 2017)

aglsfinnudayanisnisunmddnUszauiudymeanududourefifidoya (Curse of Dimensionality)
(Clarke et al., 2008) FaAna1nnisiidnauaudnual (Features) Aflsnniumiudniu dawasivliszansam
lunisUssuianaanasiazeneliiinlynin1izgnisiseusiiu (Overfitting) (Guyon & Elisseeff, 2003) A5
Aaidenauanway (Feature Selection) Faidunszuiumsdrdglunisandnnuiivestoya iiolvldundayn
mauawmmuawammmumﬁamizuma (Remeseiro & Bolon-Canedo, 2019)

MAMINUYIUITIUNTINT U Wuineddedlugsingadunisisudisusanesfislulandns
FUNLUUNINIA (Binary Classification) 1u 11338 a4 Saha et al. (2020) Tdynadayalsansiudu muideves
Narwane & Sawarkar (2021) Tdgadoyalsaiuvau udu vielandnisadnnudnvuzvestoya (Feature
Extraction) U 911398984 Narwane & Sawarkar (2021) latnawenisléinafia PCA Feature Extraction luns
Fansiuteyadiliauna dauiinazdisanninududeuvestoyaldd uiviliAnanugaydeninumuienis
MenmYastayaLAs (Loss of Interpretability) inlvignsenisesungradnslunianisunng

dlardunsneulandroriswesuiddedngn nuitedfejaiunsfnsuieudiovssansninves
danasiy SVM, DT wag KNN Uuw%ga Healthcare Risk Factors Dataset %ﬂL‘i‘Mﬂﬁ‘UEﬂﬂ‘U@UL‘Umﬂﬁiﬁﬂw’lmﬂ
NFIWUNLUUNINIA (Binary) 1U§imiﬁi”1LLuﬂﬁﬁmm%’Ueﬁauwmmma (Multi-class)

uanand wieuletgmnsgadsarumnevesdoyaainnisatnaudnuae (Feature Extraction)
nuAteiadenliisnsdadenandnune (Feature Selection) wuu KW uag Mi ludndiuiiunnsniu (25%,
50%, 75%) Trufumsviuusdlaesmafinesodnaduszuy Jsazvelildnadnsiutiuduazdansaansa
oSurmNTINEMIMIMEls ez auiaalunsifinussansamasitdedemensunme

2. 5’ﬂqﬂi$aaﬁ\1ﬂuaﬁ'ﬂ (Research Objectives)

1. 1ileTAs1ginansynuvaIMsanIUInRAANYMEETE KW uas MI dmaseustavnmmsiuunnne
MaMsumdsonsiSeuivoanies

2. diowSouiisugamsninesivnzaudmiunssunamgnmsumdiensiseuiveasses

3. WiolSeuiisuUssansnmmsisousuesdaneiiu SYM Decision Tree uay KNN

ad A v . .
3. ﬂ’]iVIUVI’Ju’J‘SSiuﬂi‘SuLLaSVIE]U{]VILnElTUaQ (Literature Review)

3.1 NISNUNIUITIUNTTH
1NNTFIVTINIUIVLMNYIVDITENIY A.A. 2022 D9 2025 Aawandly Table 1

Table 1. Summary of Related Works on Feature Selection Techniques and Classification Models

Author (Year) Dataset Feature Selection Classifier Results
Siburian et al. Water Potability ~ Hyperparameter SVM (RBF Kernel),  SVM (RBF
(2025) Optimization KNN Kernel)
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Table 1. Summary of Related Works on Feature Selection Techniques and Classification Models (Cont.)

Author (Year) Dataset Feature Selection Classifier Results
Salehin et al. 1. Heart disease Wrapper (SFS, SVM, NB, DT, KNN, 1. 85.45%
(2024) 2. Framingham SBS), MI, RF, AdaBoost (SFS + RF)
Chi-Square 2.86.14%
(SFS + RF)
Majed et al. Parkinson’s Disease SMOTE RF, KNN, SVM 94.11% (KNN)
(2023)
Jothi et al. 1. Breast Cancer Hybrid SVM, RF, DT 1. 86% (SVM)
(2022) Wisconsin (Diagnostic)  (ReliefF + Shapley 2.84.96% (DT)
2. Parkinsons Value) 3.96.17% (DT)
3. Heart Disease 4. 95.78% (DT)
4. Statlog (Heart) 5.92.3% (SVM)
5. Hepatitis
Bashir et al. 1. Microarray Hybrid SVM 1. 94.45%
(2022) 2. Cleveland Heart (Filter + Wrapper + 2.91.00%
Embedded)
Prusty et al. Cervical Cancer N/A SVM, RF, KNN, 98.10% (RF)
(2022) XGBoost

v
v

910 Table 1. wutszifiuddyifetosiunmsiuundoyanisnmsunnduasdeyainemans fai
1. dnuugvesatoyawayd1uIuAaTa (Datasets & Number of Classes)
sATdwlvg s adulufinisudtamiuuu win1a (Binary Classification) n3an1ssuun
Toyaliled 2 Aaa L“U"LJ msduungUaelsaiila (Salehin et al., 2024; Jothi et al, 2022) TsawsAugy (Majed et al,,
2023) uazAnNIM (Siburian et al., 2025) vawvioulifiuiinmsduunuenieysewing “nauund” wag “ngu
Aaund” Ssnadulangwdnludagdu widwiansAnwiuisuifisuludeyaifiaududeunatsngs (Mult-
Class) a9 vaY
2. wInINTisuazmaidanisAnden (Research Approaches) lnsuullunvesnuidouwtsoandu
3 nguvan Lawn
1) nguadianaunaIy (Hybrid Methods) Wuuuimsdildiuanudengalusied 2022 feiinuly
314 Jothi et al. (2022) wag Bashir et al. (2022) 11135 Filter W mauy Wrapper w%“amﬂﬁﬂ%uqqa&m
Shapley Value LfioLfisiAyusiuen
2) nguMsiUSsuLTiBuLazUUaLRa (Comparative & Data Handling) 11uAdul 2023-2024 13y
waulansiansaunndeya LU Majed et al. (2023) ldimailla SMOTE uitgwndeyalaiauga (mbalanced
Data) foulingnszuIun1sAnden
3) ngun15UTUgUMII TN es (Optimization) nuAeives (Siburian et al,, 2025) FAuInng
AnLdan Feature e1aldiiieane msAuglUiun1sYin Hyperparameter Optimization Lﬁ@%ﬂﬂisﬁm%quqqm
yosluig
3.2 nufjiiieatas
3.2.1 Kruskal-Wallis Test (KW)
Kruskal-Wallis Test (KW) Luwmaiianisadfuounisiiusing (Non-Parametric) fignianussgndldiiu

Y

w3asdlalunisnsanlesdu (Fitter Method) wiaUseiiiuanuanunsalun1ssuunveiuiasaudneuemiuiiay

q
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(Numeric Features) n398usv (Ordinal Features) LﬁaLﬁSUﬁUﬁULLUﬁLﬁ’mm&JﬁL“fl‘uﬂq'u (Categorical Target
Variable) 1y an1ug “1iulsa” wie “lidulsn” wdnnsvieueguuiiugiuresnisfeuiisuaisisegu
(Median) vain15uanuastoyaseninanguan 4 tnglidesordeaunigiuiiteyaiinisuaniasuuuuni (Normal
Distribution) #sinlimunzansgadsdmivdeyanisnmsunngfisindinisuanuasiliauunnsviedadaund
(Outliers) nsguruMIvhaEuF U o suasifeyafulniusudiu (Rank) Mndudunadfveaou H iio
Usgifiumnuuanenassninangy Aadnuaiziiien H gauazan pvalue i (nehlutiosndn 0.05) azgnfiansan
NiuduiusiuduU s unngegelitbdAgy (Kruskal & Wallis, 1952)

12 R?
H=m‘;n—i—3(1v+1) (1)

3.2.2 Mutual Information (MI)

Mutual Information (MI) Iml,uaﬂmmrmqwgmiaumﬂ (Information Theory) wmﬂmmﬂivsﬂﬁﬂmﬂu
wdesflelunsdnidonaudnvasuuunisnsond sey lvidlanuannsalunsindfnudeyasaudusswin
AudNYuzLAaziiuiLUsUmNNg ""INLUu’Jﬁﬂﬁ‘WEJOWIEJ‘Lm’ﬂﬂ’]ﬂ‘lﬁﬁm‘diu?WIGﬁ‘MﬁiJ‘W‘L!ﬁLLU'U@QLmJ es9n
annsadnadTus AT uuBady (Lnean uaslshidudadu (Non-Linean n&NNITAUFILVES Mutual
Information ﬁamii’m'}miiﬂ'wammé’ﬂwmwﬁq‘mEjaﬂmmhil,l,ﬁuau (Uncertainty) #3otaulnsy (Entropy)
yosuvathmnglduntesifiedn mnaudnvasdian M ge wansinudnvuzduidoyaiduusslonitonis
vwesuusdmmenn Tumendudu snen M sifugud mnemuinaudnvasiuiudasandaus
Whvnewaglufivselovllun1svinuie (Shannon, 1948)

o P(x,y)
MI(X;Y) = Z ZP(" ) og 5o TRy P(x)-P() @

XEX YEY
3.2.3 Support Vector Machine (SVM)

Support Vector Machine (SVM) Lflué'aﬂa%ﬁuﬁ’m%‘umiﬁi’wLLUﬂﬁagaﬁﬁﬁug’mmﬂmsé’umLﬁuLLﬂqu?a
szuudndula (Hyperplane) ivmnzauiianlunisusndeyasendungusing o Tnefiinguszasivdn Ao nsiia
syervaULYn (Margin) sewiaidunisiugndeyaiioglndfignveusaznauliifiengean deteiiumuausoves
wuuiaedlumsviunedeyalmildegraiussansam Tunsdiideyaliaursanensonandulddedunsdy
U3ndfifuAn SVM agldinafia Kemel Trick itouasdayaludsuindififfigedu dwalianunsomunduuid
wangandmiudeyaiifienududeul ity & Figure 1.

,# Optimal Hyperplane
7

Class1 (Red)
@

S
7’
Maximum Margin

Figure 1. Support Vector Machine Classification Diagram
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3.2.4 K-Nearest Neighbors (KNN)

K-Nearest Neighbors (KNN) lusane3fiunisduundeyailindnnisvesanuadiondiu ngauudd
Toyaifidnuurlndifeatuinareylndfunioinmenguiu sanesfuiddneglunguismadouiuuuliadis
wuuiiaeaasvi (Lazy Leaming) InefiilefidoyalmiiinunazyimsAmnaszsgmesewindeyalmifutoya
fhegaianun Mniudendoyaiioglndfiandiuau K fegis Geen K drulvghduard msfiansamanissiiun
avafonsasnzuuudssndoyaifioud e Tnedoyalvissgninlfeglunduilisauwdsanniian &
Figure 2.

S
Class1 (Red) o }= >
®
®
o Class2 (Blue)

®

New Point [ J

(Green) p= [ ] - Y

Figure 2. K-Nearest Neighbors Classification Diagram

3.2.5 Decision Tree (DT)

Decision Tree (DT) usane3vindiairsnvuitassnssuundeyalugiuuulassainasilsl Tneuduain
Tnunsin (Root Node) dsvmihintsdeyanuioulwdonmdnunziifiaruddygean mntunsyuiunisus
Toyaazddulueghadudiu iufsfuvesiulioudstruaatens (Leaf Node) Bdlddmsuimunaaiaes
Joya 90U Decision Tree Ao darudladnsuazainisadnaveluguuuunnudsldegraduszuy fy
Figure 3.

Root Node:
is Feature A< 5?

—

Yes

Root Node:
is Feature B > 15?

Yes /\ No

Root Node:
is Feature C = ‘Yes’?

ves N Mo

Leaf Node:
Class 1 (Red)

Leaf Node:
Class 2 (Blue)

Leaf Node: Leaf Node:
Class 2 (Blue)

Class 2 (Red)

Figure 3. Decision Tree Classification Diagram

4. NIDULUIAMNIIUITY (Conceptual Framework)

Aol iunuisouuunseunnandauisudiou (Comparative Framework) Tngldszuu IPO Model
fugateyaguaim Taeilinguszasivande mswSeuiflsugnaudnune (Feature Sets) figndnidendieisnsd
uandfuaesiuuseUsEAnE A sTuundeyavesn1sFoudvennios (Machine Leaming) ifin1svgnas
nsnaoulriuuustunnfumsysugulamesmined iieduaudeduremadnsussnssmundeya
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)
=
o
(2]
1]
[72]
7]

Train / Test Dataset

(AU feature, Random seed)

Final Results

Best Feature Set
Optimal Model
Best Hyperparameter Settings

|
Input : Output
L — |
Feature selection : : Raw Evaluation Metrics
(Kruskal-Wallis Test) | liyperparameter Tuning P * ACCURACY
| —— ® Precision
Raw Dataset ‘ | K-Nearest Neighbors | ® Recall
) Train / Test Dataset | P O (i
(18en feature, Random seed) : : s AUC
| P !
l | Hyperparameter Tuning |
Data Preprocessing R Feature selection Il i Aggregated Results
(Data Cleaning) (Mutual Information) l supportVectorMachine I * ACCURACY (Mean,SD)
‘ : : ® Precision (Mean,SD)
| | * Recall (Mean,SD)
Train / Test Dataset | N * Fi-Score (Mean,SD)
(1#an feature, Random seed) | Hyperparameter Tuning | * AUC (Mean,SD)
- -
| : Decision Tree = 1
| il
I . i
*E : I
| H
|
I
I

Figure 4. Conceptual Framework

910 Figure 4. NSOUKLIAANNTIYY (Conceptual Framework) a@ansaudseanidu 3 @unan el

1. druthidrdeya (Input) Buduannisirdeyadiu (Raw Dataset) usiunszurunsiniendeya
(Data Preprocessing) il @A magoIaLazdansAfidaund mmfuvi"mﬁquqm%mﬂaaamﬂu 3 NQUATT
naaed laun 1) MIdndenAuanuuealeds KW 2) msAndonamdnuaedie3s M wag 3) nsldnuanua
v (All features) Insfinisimuns Random seed iiouAuAImAsTIvesMIuUsTeyadviilindulas
nagau (Train/Test Dataset)

2. daumstszanana (Process) Wutuneunsainauuudiasamsidouivenaies 3 Sano3iiu liun
K-Nearest Neighbors (KNN), Support Vector Machine (SVM) wag Decision Tree (DT) Tnelutumouiasiinns
USuussmmnsnfinesfiuangay (Hyperparameter Tuning) sgnalussuudmduusiaglnaiielilduszansam
GG

3. dUNAINS (Output): mLuumimmaﬂiua‘wﬁmwmaﬂumamamﬂm Accuracy, Precision, Recall,
F1-Score, UWag AUC mﬂuummsswsfmmaawﬂui‘uqumLaaeJLLa ga@nfoauunnsgiu (Mean, S.D) e
ihlugteasugavinelunisseuradeya luna LLﬁuﬂ’]W’]i’]@JLWE]iVIﬂVIEjﬂ (Best Feature Set & Optimal Model)

5. 351U (Research Methodology)

5.1 LﬂgaaﬁaLLasqunmiﬁT‘iﬂumi"‘a%'ﬂ (Tools and Equipment)

w3 nsileildlunsiseadaillaldsyuu Cloud Computing wes Goosle Colab 1uia3asilandnlunis
Uszananadeya Li0s91nsessumsvhanuvesnw Python uazdiviieUszinanansiin (GPU) Adaeisennuid
Tunmstlnasuluina

5.2 fayadu (Raw Data)

sATeilldndoyatadoidoadunisquaguam (Healthcare Risk Factors Dataset) fiunangiudoya
ooulay Kaggle Faduyatoyadmiunsinnesitadoidosnunsguaguaim 7 amgnmensuwnd loun 1sade
Heu (Arthritis) meuiin (Asthma) Tsasigi3s (Cancen) Tsatumwny (Diabetes) auamd (Healthy) Audulading
(Hypertension) wazlsadiu (Obesity) Inedl 20 Aadnwaz(3IUAaTE) wae 30000 seileutaya (Ahmed, 2025)
fauansseaviduatayalu Table 2.
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Table 2. Features and Descriptions of the Healthcare Risk Factors Dataset

Feature Description
Age Patient’s age (in years)
Gender Male / Female
Medical Condition  Reported health condition (e.g., Diabetes, Hypertension, Asthma, Obesity, Healthy)
Glucose Blood glucose level

Blood Pressure

Blood pressure measurement

BMI Body Mass Index
Oxygen Saturation  Blood oxygen saturation level
LengthOfStay Hospital length of stay (days)
Cholesterol Cholesterol level
Triglycerides Triglyceride level
HbAlc Hemoglobin Alc (glycated hemoglobin)
Smoking Smoking status (0 = Non-smoker, 1 = Smoker)
Alcohol Alcohol consumption (0 = No, 1 = Yes)

Physical Activity

Physical activity (approx. hours/week)

Diet Score

Diet quality score (numeric)

Family History

Family medical history (0 = No, 1 = Yes)

Stress Level

Stress level (numeric scale)

Sleep Hours

Average sleep hours per day

random_notes

Random notes (lorem / ipsum / ###)

noise_col

Noise column (unrelated random values)

5.3 nsinssudaya (Data Preprocessing)

nsinIoudoyainisidanodutl Random Notes uag Noise Col Faifunaduiiiiliiiisates 1iiean
Foynasuniu fdaneduy Gender L olildnuiuisdnidengudnyusiaznisdinnisfuaiing (Missing
Values) Tngléi8msauumiiiiariaiomn saudsuedlunedud class Mburirdedsliulaidoyaiiunuly
Hudoyaiiasysaiviiu Sruuteyaneusssvdimswientoyalduansmeandeadoyalu Table 3.

Table 3. Data Preparation Summary by Medical Condition

Class Pre-Processed Count Post-Processed Count Post-Processed
(Medical Condition) (rows) (rows) (%)
Arthritis 1796 921 51.28
Asthma 2037 1061 52.09
Cancer 1234 610 49.43
Diabetes 6417 3396 5292
Healthy 3039 1602 52.71
Hypertension 7120 3748 52.64
Obesity 3857 2017 52.29
(blank) 4500 0 0.00
Total 30000 13355 44.52
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5.4 MsAnLaanANANEME (Feature selection: FS)
madmdenaudnuarlunuidelleld DEFAULT SEED 7l 42 iierunsiiveskadnssamiuiBnisdnidon
AdnwEALAN1eiY 2 35 Ao Kruskal-Wallis Test (KW) Guduadfivaaeuaunfgiuanuunandsvesisegiu
sewinanguaesiauusidivine Auls Mutual Information (M) fiansnsaiarudusiusisieyaiamnsady
Aruduitusuuulaiadu (Non-Linear Dependency) seminsnaidnungfusudnimneld aadnuusiomn
wgndniGesmuANadA (H-Statistic 138 MI Score) filsnusaziBuas Tufinnadndnsindusduiieldlunmsaing
Yntoyatonoly
5.5 nMsaseyanuanuuzday
yanadnvuzfigninduiuan Kw uaz MI azgninanairaduyanadnuvazeos (Feature Subsets) 184
KW asnaseidndruvesiesidulng (Percentile) 7 25% 50% 75% d1uau 3 4n YanudnyNrEosves MI
$1uau 3 9 Faduyadeyaiiazvioufesziunrududuresqunmdeya Wethundisuifisuivynnudnums
wanuadn 1 ga Puduswauiomn 7 ilefnwmanszvuresgUuuunudnyue Suiunudnvzinade
UsganSamnisiuundeyavesiuudtassetils
5.6 N13M9I13HUANUYNABIAIENIATIvERULYS
msnTvdeumLgniestasn1sfeuiveniodluamiddel ieliuuudaesdamnindefiouazanmu
uLdeA (Bias) MnAuliiaunavestaya (Class Imbalance) qm%%’aﬁlﬁﬁwwum‘ﬁy’umauﬂWim'gaaa‘ummgﬂﬁaa
830 Stratified 5-Fold Cross Validation (SKCV) (Prusty et al., 2022) I@ﬂummwumaumu
1. MafmuaAEuRY (nitialization) mmmimmﬁwmaaummmu 5 58U (Runs) LilensIa@8UAIY
iefpsveanuuTaes Insusagseuazimunal Random Seed flumnsneiu e [12, 22, 32, 42, 52
2. mautsarutayauuuutsdu (Stratified Data Partitioning) luusiazseunisaaey deyaszgnuus
soniu 5 dugos (Folds) Ineldmdnnns Stratification Lilemuaulidndiuvesusiazaana (Class Distribution)
Tunn Fold fimmaunauasaenadesiugntoganiu
3. NFEUIUMTFTEUIUALIAGOU (Trammg and Testing Loop) fudunisaug 5 ads (terations) A1l
s Fold Tnsluusiasadusiinssuauntssed
1) Mfeyaduiu 4 dyu Duyedeyatinasu (Training Set)
2) Wloyadiuau 1 daw fnde 1Huyndeyannaey (Testing Set)
4. msUszanananadns (Performance Aggregation) hnan1ssiuundildainnisnaaeutia 5 ads u
usiazsou Seed wdwnALady el dufunulsyAninmesuuudaedunsmenuraduaniine
5.7 nsfinuazuiugunisiieuivaaaios
msFeuivenedosiflilumided de ileutwlndan (K-Nearest Neighbors: KNN) dwmesaranimasusadu
(Support Vector Machine: SVM) uaz#ulsidadula (Decision Tree: DT) Tnsynnaidnwaizdanits 7 gnazgniln
Freuuusiasanani aelddeuls 5-Fold SKF ﬁﬁmiﬂi"ugulmwﬁwmﬁmas‘ (Hyperparameter) lngdins
fmunnsaumsUiuAmined deeludl KNN 166 K7 3, 5,7, 9, 117 ludauves SYM fvuadn C i
[1, 10, 100, 200, 300] d1w§u DT 19/A1 Max Depth 71 [5, 10, 15, 20, None] @ sl Tnnuszasdiil ofumyn
wilmesfivnzaiian dmsumsduunannzmsunmdvasusiazuuuiiaes
5.8 n1sussiliudssansnn
msinUszAnsnmeesnmsidouivenniasiishunsfinuazdiugulunuifedusgnusadu Tngldyavs
wAsnIana 3 518013 A Ansuiug (Accuracy) e Ardndiuvesteyamuaiilunarugldgndes Ao
Fuaned (F1-Score) 1uAadsuuuaiuein (Harmonic Mean) 531ie AILigansa (Precision) uazaanila
(Recall) Fadumninilimnzdmiunisusuiiunuuiiassuuyadoyailiauna (Imbalance) uananiidaing
i uii 1éAuTR S (Area Under the Curve: AUO) § i s uanusedns nmlunisusnuezaaiaves
wuuinaes
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5.9 N138TULAZIIBUNATNG

%gumauﬁm%'wLaﬁauﬂﬁi’mﬂszﬁw%mwmawm@mé’ﬂwmzﬁ'mﬁwmwwswﬁma%&nauwuﬁmmmiamﬁm fg
NI3TIMHANITNARBINIVNADIN 5 ATTUFLLUUEL (Random Seed) udwnAads (Mean) uazduideoauy
11m 357U (Standard Deviation: S.D.) vosuumsnUszANS v iiteuenuszansamineadouayauiaties
(Robustness) siaAulsUTINVBINTUUYRAMAN YUETRYA

6. Nan15338 (Results)

6.1 NAN1TIATIBINANTENUYDINITANVUIAAMANULAIYIT KW uaz MI danasauszansaimnisdauun

AENIMsUNTERaensiseuva et

6.1.1 HANITINTUAULAZATINYAAMANBAILAY Kruskal-Wallis Test
yadoyandaiunsdasuduaudidyia 16 audnuuedie3s Kruskal-Wallis Test 9¢lé H Statistic &

Busdfneuddguesaasnunruasnansaaeudstuiu audnvusiomnianuduiusesailteddy

msadAtuiudsdmineg (p < 0.05) Snse Tnefinudnuueifanudidygeanie HbAlc (7202.26) Glucose

(6950.96) e LengthOfStay (6796.18) anuddty stinsdaduduazgmitluldifieatraymandnuusgosn

dndu 25% (4 Aaudnuniz) 50% (8 AadNYNY) kar 75% (12 AudnwME) AuanssIvasiduntayalu Table 4.

Table 4. Kruskal-Wallis Test Feature Ranking and Subset Creation

Feature H Statistic Significant Percentile
(p < 0.05) 25% 50% 75%

HbAlc 7202.26 Yes / / /
Glucose 6950.96 Yes / / /
LengthOfStay 6796.18 Yes / / /
Physical_Activity 6242.59 Yes / / /
Blood_Pressure 5673.96 Yes / /
Age 5310.00 Yes / /
Diet Score 5269.80 Yes / /
BMI 3932.52 Yes / /
Stress_Level 3166.27 Yes /
Sleep Hours 2997.73 Yes /
Cholesterol 2995.98 Yes /
Triglycerides 2739.62 Yes /
Oxygen_Saturation 1870.24 Yes

Family History 913.78 Yes

Smoking 851.15 Yes

Alcohol 300.47 Yes

6.1.2 nan13INBURULATATINYAANANBAEZAE Mutual Information

YATBUANSIHNIUNITINSUAUANUAIAYNS 16 AnENwaLAI835 Mutual Information agld MI Score &

v
o

Juddinanudidyvesnudnuae JnadnvausifinudAygigade LengthOfStay (0.5995) miuunsiae
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Glucose (0.4591) uag HbAlc (0.4464) auanu elinsdasuduiigninluldiiieadaynnndnuvuzdogn
dndau 25% (4 Andnuai) 50% (8 AmANYME) Uay 75% (12 Aadnyniy) Aalansseavduntoyalu Table 5.

Table 5. Mutual Information Feature Ranking and Subset Creation

Feature MI_Score Percentlle
- 25% 50% 75%

LengthOfStay 0.5995 / / /
Glucose 0.4591 / / /
HbAlc 0.4464 / / /
Age 0.4180 / / /
Physical_Activity 0.3534 / /
Diet_Score 0.3109 / /
Blood Pressure 0.2918 / /
BMI 0.2066 / /
Triglycerides 0.1848 /
Cholesterol 0.1552 /
Oxygen_Saturation 0.1481 /
Sleep_Hours 0.1394 /
Stress_Level 0.1368

Family History 0.0341

Smoking 0.0215

Alcohol 0.0091

6.1.3 wan13UsziuUszAnSnwUTsuisuaiug1sEineyanManeae KW waz M dmsuiuudnags
SVM uwag DT

nsUTeuisulseanSnmAnuwing1senIgaRan e KW way M dusukuudnass SYM way DT
Tnegamezgnnudnuasilinnuuiudigaiian uenmilonnyniifinudnuurasuiomn

Comparison of Accuracy between KW and MI Feature Sets

0.93 -
W KW Selection (75%)

0.92 - 0.9165 0.9154 W MI Selection (75%)
@ 091 -
o
S
¥ 0.90 -
>
®
< os9-
1
£ B
0:88 0.8752 0.8739
0.8703
0.87
0.86 g g
o ) ) ) S
A S o> o >
(4 7 & & &
N N X R R
o\ SV Q Q Q
A A N B o
Q A o\ o o\
& N » A2 »
A A Q0 A
N N « & <
S S N & N

Figure 5. Comparison of Accuracy between KW and MI Feature Sets for SYM and Decision Tree
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970 Figure 5. LLﬁﬂﬁiﬁLﬁu’j’]ﬂmﬂmﬁﬂHm:ﬁﬁ 75% w03 KW Tun159uunaig SYM uaasuszansninaiiu
wiughitge Tnefiuseansnmitguiunin 90% Tuld luvaisfiyanmudnuasd 75% voa Mi Tunissiuundas DT
TAAusiugi 87.52% wazuonaninisldifuynaudnuned 25% 50% vo9ia KW uaz M Andudushly
annsavenléiniuaudnuus lanasdmasdioUseanamlunisduun
6.2 wan1siSsuiiisugamsfinesiivanzaudmiunssuunazmansunmddenisiseuivaanies
6.2.1 nan1susziliuUssansamvasnisiuundayadae Support Vector Machine (SVM)

HaN13UsuYTEANSAMNUeIN1TTILUNTBY AR Support Vector Machine (SVM) WuinyaAuanyly
avun (100%) wazen C 7 300 Tsin Accuracy Ladegeanil 0.9214 uagen AUC 71 0.9935 muddy UssAnEnm
szanaadntiesiilon C A1 200 azlviAn Accuracy Ladegeand 0.9203 wazsnnen C fd1fl 100 A1 Accuracy
\ndugeandzegil 0.9158 egdlsfmunadnsiivnalafie yanadnuazieds Kiuskal-Wallis test 7 75% 14
C # 300 1¥iei1 Accuracy 1adgegail 0.9165 uansliiiufeanisanvundeyadnsdiuszanawnissuuniia
ANuLLuEgeeY Auanseazideadeyalu Table 6.

Table 6. Top 5 Performance Evaluation Results of the Support Vector Machine (SVM) Classifier

Feature Used Accuracy Precision Recall F1_Score AUC
(Percentile) Mean Mean Mean Mean Mean
16 (100%) 300 0.9214 0.9212 0.9214 0.9210 0.9935
16 (100%) 200 0.9203 0.9212 0.9214 0.9198 0.9933
KW 12 (75%) 300 0.9165 0.9202 0.9203 0.9159 0.9927
16 (100%) 100 0.9158 0.9202 0.9203 0.9153 0.9930
KW 12 (75%) 200 0.9154 0.9160 0.9165 0.9148 0.9926

6.2.2 wan15UszliuUszansnmeain1sdnuundayanae Decision Tree (DT)

mamsﬂiuLuuﬂivammwmmmimLLuﬂ‘uauama Decision Tree (DT) wmwmﬂmawmmywm 16
AMANELLAYAT Max depth 14 15 19iA" Accuracy Laaaaqam‘w 0.8752 uazA1 AUC 91 0.9353 auasiu wazay
mulmwsqmmaﬂwmm 75% 7933 Kruskal-Wallis test wag Mutual Information fiusganzamnsduunteya
$ee Max depth 71 15 19A1 Accuracy 1@vgegail 0.8715 wag Accuracy 1augegail 0.8739 muandiu Feas
131 Mutual Information SUszansn1mandn Kruskal-Wallis test 1ntioeiiioldeusauiu Decision Tree
wanTwazidunteyalu Table 7.

Table 7. Top 5 Performance Evaluation Results of the Decision Tree (DT) Classifier

Feature used  Max Accuracy Precision Recall F1_Score AUC
(Percentile) depth Mean Mean Mean Mean Mean
16 (100%) 15 0.8752 0.8774 0.8752 0.8760 0.9353
Ml 12 (75%) 15 0.8752 0.8775 0.8752 0.8761 0.9351
KW 12 (75%) 15 0.8739 0.8773 0.8739 0.8752 0.9378
16 (100%) 10 0.8715 0.8737 0.8715 0.8723 0.9317
M 12 (75%) 10 0.8703 0.8747 0.8703 0.8714 0.9598

6.2.3 wan15UsziliuUszansnmvain1sIuundayanle K-Nearest Neighbors (KNN)
HaNsUsELiuUsE VBN MUeIN ST UNtayame K-Nearest Neighbors (KNN) WU 14aRsanwaueiania
5 susuusniduganmudnuaedl 50% nisldnuanvauziiios 8 quanvmzaIn 16 AudnvuzLazN1SAREeN
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ANENYENIIT Kruskal-Wallis test wag Mutual Information Winadwsfwinfiu sg1alsinuen Accuracy ade
gaanivilafie 0.7916 7iA1 K fidndu 9 dauansseasideadoyalu Table 8.

Table 8. Top 5 Performance Evaluation Results of the K-Nearest Neighbors (KNN) Classifier

F Features used Accuracy Precision Recall F1_Score AUC
(Percentile) Mean Mean Mean Mean Mean
KW/ Mi 8 (50) 9 0.7916 0.7943 0.7916 0.7897 0.9470
KW / M 8 (50) 7 0.7908 0.7949 0.7908 0.7901 0.9409
Kw / M 8 (50) 11 0.7903 0.7924 0.7903 0.7875 0.9507
Kw / M 8 (50) 5 0.7890 0.7944 0.7890 0.7895 0.9305
KW / M 8 (50) 3 0.7803 0.7932 0.7803 0.7847 0.9098

6.3 namsilIsuliisuyseansaiwnisiteuivasdanasiiu SVM, Decision Tree wag KNN

Tudauvessuisedidunsinavenanisuszans imaesnisduundoyadaonisiouivonndes
(Machine Learning) 91u1u 3 vila lawn Support Vector Machine (SVM) Decision Tree (DT) Lag K-Nearest
Neighbors (KNN) ﬁ’umqmé’wmsﬁqmmmuﬁw%%‘ Kruskal-Wallis test ua3§ Mutual Information 533%A
Arudnuuziarun 7 geitlidtusmifumsusugu Hyperparameter 5 AndensiSoudvoaados Sniafiunissu
wuuUfmuAAEUFULUUEN (Random Seed) 1171 5 58U

wadnsTsenuduanads (Mean) vosgamsdimeslundazaFudunuuguesusazyndeyanmdnuny
welrisulalupnuadiosuasarutidede Tnefd Sandnildlunsussifiuuszansamie Accuracy F1-Score
kA Area Under the ROC Curve (AUC)

mamsﬂiuLﬁuﬂiuﬁw%mwmmmmﬁaaa (Model Performance Evaluation Results) Tuniusaunanis
neasdisuifisulsyans nmweuusiasans 3 Euum (SVM, DT uag KNN) Wuin Support Vector Machine
(SVM) LUuLLU‘umaawmmuawaﬂmmwmauau TgliAnnmusiugigeanil 92.14% sesasnfe Decision
Tree (87.52%) tiay K-Nearest Neighbors (79.16%) anuaisiu

Comparison of Best Accuracy Classifiers

0.95 -

0.9214

0.90 -

0.8752

0.85 -

All
0.80 -

%)
0.7916

Accuracy Score

0.75 - 50%)

0.70 - 0 0 0
SVM Decision Tree KNN

Figure 6. Comparison of Best Accuracy Classifiers
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9710 Figure 6. wandbiifiuauwans1swesUsz@nsningean (Top Performance) vadusiaz Lmumaaa
28137 ALIUY mavmﬂwmmwmauauuaﬂwmvmiﬂsvmamwLaamamsmuunmamiaswi TR IIRIR Y
(Hyperplane) ¥8¢ SVM 1nnnn1sitansanaslndinvastoyauuu KNN

7. @3Unan13398 (Conclusion)
miﬁﬂmﬁﬂisaummﬁwL%ﬂumﬁlmwﬁl,l,a:L‘U'%EJULﬁawizaw%m‘wmaamiammmmmﬁﬂwmzL%ﬂaﬁa

fomssiuunnmzmamsunng lnsannsnagunaniuingusyasdnisiseldsd

1. NANTENUYDINTAAYUIAAMAN WY N1TANTIUIUAA NYNILAIHTT Kruskal-Wallis (KW) 7iszsiy
75% (12 andnwng) lesumsfigaiudrindugeaunaiafian lnsainsainwuszdnsamanuuiudwes
wuudaes SYM legsefie 0.9165 Tsanasanyadoyaifiuifios 0.49% wandifiuinnsidndudsitdedidasii
Pwannnududeuvestoyaliasinglidmansenuioanugndadunisitady

2. mswSsuidisuyamsniive’ msUsugulaesmsiimesedrauszuunuit yaaivanzauiian
fa n151den C 7 300 $aury RBF Kerel @115 SYM wazAn Max Depth 7i 15 1915 Decision Tree lag
wuu91a04 Decision Tree AOUAUDINBNTAALGBNAMENBUIEA8TS Mutual Information (MN) 1aAin138 Kw
dintloy

o o

3. MslSeuisuUsEanSnmeanasyiy wuudnass SYM fussansnnuilaninegelivedaalunn

4 ]
o
S =

AAn15UsAU (Accuracy 0.9214, AUC 0.9935) a1un3e Decision Tree Wag KNN Aua19u §9Us931 SVM 1Ju
wiasllanlianunumulasinzaugadmiulasaisloyaguamyaiindaududeu

8. anusnenanis7e (Discussion)

8.1 AUARAAGRUANNAIULATUSUNYRITRYA

wamsfnuulumuauuiguddeliin nsandfdoyadaeisvieada (Statistical Feature Reduction)
aunsanaUszans imssuunld Tnglumavasesdliifuitqudnvusiigndneenludas 25% aavie (Rank
wgn) udyarasunmunedeyasdeuilisuiudensiFouivesuudmownniniefisuiuyadoyaiii
AnudnuuzATy Sdimuuiug et uundsuuuhaes SVM Senuuanssiulsiiu 0.5% whbuideifeu
funsFeudteyadifisiu 25% wenaini nanisvanesdsaenndesiunguiiiii SYM Sanuanunsolunisdanis
futieyafifiifguasdudeuldinirdanoifiufiugiuegng KNN waw Decision Tree Insiamzluuiunvosdoyanis
MsuwngTTieuulTUTIuge
8.2 nsufseuiisufiuamuddeiinendes

dewSeuisutunuidelueiin nadwsues SVM Aildrrmnuusiudnasan (92.14%) flanuasnadesiy
$ATees Bashir et al. (2022) uaz Jothi et al. (2022) finuin SVM Wusanesiiniilinadndlansulunisduun
T3 (92-94%) s ufiudane3fiudu eswinmsade Hyperplane Tufifaeeuenaanadeyalannid

ogn9lsfimu nan13IFelliAuuanA1aInIuTes Majed et al. (2023) Anuin KNN 1ﬁmaé’wﬁﬁﬁqm
(94.11%) TugadeyalsanisAudu anvmvosanudaudsiaaininandnuusveseadeya Healthcare Risk
Factors 7ilmnulsiaunavesaaa (Class Imbalance) g9 (Fauanslu Table 2.) §a KNN ddasdalunisdua
sovmdlungudeyatedion (Minority Class) dwmaliiussanBnmanasndeifios 79.16% Tuawidded uenaind
nsisideiiagiiunuin Decision Tree noudUBIo Mutual Information L#fini KW faenadesiuunAnves
Salehin et al. (2024) flafuayunsliisinnnuduiusuuulidadu (Non-Linear) ilewfiUssavsnmlulunadiil
Audugeu
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9. daiauauuzaUIdy (Recommendation)

1. madansiuaruliaunavesdeya asfiansuuszgndldimadatuguiloutUymaraldaugaves
Jaya (Class Imbalance Problem) LﬁaLﬁmﬂiuﬁm%mﬂumiﬁwLLuﬂﬂéu%mﬁﬁﬁwmuuaa (Minority Class) 19
fdatu Ineidenldinadasms 9 iwu Meduitegvdudosdduanesiuuuiindum (SMOTE) madusegnads

FUATIZLUUUTUAT (ADASYN) visemsiseuiuuumilsfianunu (Cost-sensitive leaming)

2. MIVYILHAFUITUNNTITIUTS Luaqmﬂ‘mmamamlﬂummﬂmmw‘uauamﬁwmvmmmawam
Kaggle F9o1afluTuniiunndnsandnuaenauszvnsuas iuUUﬁWﬁ’lima‘U‘UE}\‘iﬂiumﬂlwﬂ foifu #alinns
UsziliuUsgdnsnmilanuanysalwazagyioundinuanansalunsldnuais (Practicality) 1w dwuuiassluldiu
sruudanIegunII ot uuuaesiiiaundulunaaeusuteyansseidouresitasaidulsmeiares

Usewmalnamaly

10. MmsUawenslilyaUsehugiBeasneassd (Declaration of Generative Al)

mslitiyUszavsaisassd nuideiliussgndld cemini lugusadosilerisflassadalusunsy
ﬁug’m (Code Scaffolding) wiawfinuszansnwlunsinay sgrslsfinu mAeiflddiunsnsedeunazmu
@0y (Review and Verification) nssngvasidsiamunsenuios Insaseunquisuinsirdeyaith mansiaaey
nszurunsadugudoya (Manual Inspection of Data Shuffling) n13AUANAT Seed Lt plaunsnyig1ng
nnaals (Reproducibility) 2ufansnsIvaeUmNgNFBsveIHadNEINNT AT eI e liiiladnmdeildly
MsnnaesiALTlB IR LTdnNsIde

11. ﬂ’liLLamUVlUWINZL‘?JEJu (CRediT Author Statement)
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Sukanya Chansamorn: Investigation, Writing-Review & Editing, Supervision.
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Abstract

This research aims to investigate and compare the performance of feature selection techniques,
encompassing Filter and Wrapper methods, for multi-task healthcare data characterized by high class
imbalance. The primary objective is to develop a predictive model for non-communicable diseases (NCDs)
by integrating the most efficient feature selection strategies with machine learning algorithms, evaluated
through statistical metrics appropriate for imbalanced datasets. The methodology consists of six key
stages: 1) data collection from Kaggle, comprising 253,680 records and 19 features; 2) data preprocessing
and multi-target definition for three diseases; 3) feature selection using Filter methods (Information Gain,
Gain Ratio, and Chi-Square) and Wrapper methods (Forward Selection and Backward Elimination); 4) class
imbalance mitigation via the SMOTE technique; 5) classification model development using XGBoost,
Random Forest, and LightGBM; and 6) model evaluation and hyperparameter optimization to identify the
most suitable values. The experimental results reveal that the best-performing model, utilizing the Gain
Ratio technique, significantly enhances the performance of the XGBoost model, successfully reducing the
feature set from 19 to 7 key features—including BMI, Age, Income, Physical Health, General Health,
Education, and Mental Health—while achieving a peak accuracy of 0.8768 and a maximum AUC of 0.9300.
These findings indicate that the proposed approach is highly suitable for accurate and efficient multi-task

prediction of non-communicable diseases.

Keywords: Multi-Task Learning, Class Imbalance, SMOTE, XGBoost, LightGBM
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ATl TUsradiiofnyinanSeuivulssavsnmueanaianisdaidonaadnumy fielusuuuy
35015 Filter uaz Wrapper dmiudoyaguamiiduuvunatsnu wazdauliaugavestoya il ewaun
wuudrassmsnennsailsalifindeiFoss (NCDs) Tnsmsysannismaianisdonaudnunsiitussansningae
sufuuuuassnisdouivenades uazifioussiiunansdndonaudnuurddyveusiazinain Tagldiaidin
ysadnfnzauiudeyaliauga nmadudumiafousznoude 6 tuneundn Tiud 1) mafususadeyasn
ules Kaggle Seusznausne doyasiuiu 253,680 uad uazaudnuas 19 Audnuay 2) mIwseudoyauas
nmsmyuadmang 3 15 3) msAndenaudnuuylagld 2 35 Ae F5uuunses (Information Gain, Gain Ratio,
Chi-Square) wagdguuuAIUTIX (Forward Selection, Backward Elimination) 4) nMsdanisaulilaunavesdaya
paemalla SMOTE 5) nsas1siuudansnsuunlagldivaiin XGBoost, Random Forest wag LightGBM Way
6) MsvszifiunazUsuamiinosveauuuitaouiiemarfivnzauiian nasnAdenuin madanisdniden
AudnwazsemAaiia Gain Ratio Hretfiuuszansamlimada XGBoost Invanamdnuaizain 19 wisiiles 7
AasaNwag Lan Aullananie 81y 518la guamnielu 30 Ju UssiuguaImeuied seAuNSAnyY) WasgunIngs
Tu 30 fu slirmnugniosgeanogd 0.8768 uarliriuillfdulds (AUO) gegaogdl 0.9300 uansliifiuin
Fildanumngadlumanensalsalifasodosuvunasnuldegusiusuassin

AaAgY: N3iSeusiuunansny, Teyaliauna, SMOTE, XGBoost, LightGBM

@ @@@ Copyright © 2026 Journal of Computer and Creative Technology. This is an open-access article distributed
OETETE  under the terms of the Creative Commons Attribution License (CC-BY-NC-ND).
n581984:
QAN AN, uas GRlswd vanavesseu. (2569). msiinyszavinmmsdnidenaadnyazdmsunsneinsailsalsl
Aindoi3osauuunassuandoyagunitliauna. 1smsaeuiasesuazmaluladasassd, 4(1), e3069.
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1. uni (Introduction)

@

Tuamssedt 21 Jymilsaldfnseiiass (Non-Communicable Diseases: NCDs) tananaifudamddy
syiulanfidmanssnusennnmiinvesszins Tnstamzlsaiumy (Diabetes Mellitus) Tsarusiulafings
(Hypertension) waglsaviaenidondus (Stroke) Fuduanngdfguosnmzunindouironss iwu el lanne
wazduNIe B9ANsoUNElan (World Health Organization, 2023) 57891471 Iiﬂmméfu‘laﬁmqqLﬁmiimﬁmﬁ?u
HuaumgnisdeTinannnd 10 Susiesiod snefidwufihswmmuiaiuain 200 duselul a.a. 1990
11nn31 830 duselul a.e. 2022 Mndeyadsnanagiouliiuitrnudndulumsimnssuuimsgidoya
ilensnensailsafidanuusiugy uavannsaussgndldlussiulousasisuguls

wmaluladnisiSouiveaindee (Machine Leaming: ML) gnisnldlunisiinsizsideyaguninedis
uwnsvane Wesnannsadamisteyavuialvguazduvnsuuuuidedouldd Tnssddeneuniilfuansiiiui
wiplawuuteuguLTa 1t XGBoost tay LightGBM ﬁﬂizaw%quﬂumiw&nﬂim‘kﬂiﬁﬁmaL%Ta%’ﬂ (Rufo et al,,
2021) egslsin nAfedilngdajatunmensaisuudminede) waedmamsfnwiluusunvesdeya
guamuuumaneitmsnedifienalsiaugags

nsruIuMsAnLdenAad nuaziddey (Feature Selection) lulumsdAglunisandiuiudandsi
Lidndunasiinussavsamusanuuiians lnsannsoutsesnléifu 2 nguvan léin (1) Fitter Methods Lt
Information Gain, Gain Ratio way Chi-Square 714627 Yaneadalunisdndusuesiauls was (2) Wrapper
Methods 191 Forward Selection wag Backward Elimination fldnsi3euivesiniassiufumsaumaudnyas
ddnyilinadniffigadonuudass egnslsfinm dedriniidduesnssuiunsdingn Ae imadanisiden
Audnuuzdldtuogunivaglunidfonarsurusiu sngnirluussgndldluniumesdoyaiiilasaineie
fidmneien waglimddaladoidesyuufisudou (Norooz et al, 2023) ﬁﬂﬁuﬁﬂdﬂmdmajmmsaaqﬂlﬁ
Forauin wedalamanzaudiigasenisiluldnulseiduanunisaiiideyaiidnvasyimeonarssluna
ey itel nsidenmaiaegrdlimnzauenaiiluguuuiassitliusiug THaulildass vieudusliing
Jnsgiidadeu Fadodunnudesddnluuiunvessnensallsa

ey wAdelFaisdnyinasusuifioulssaniamusamaiiamsdaidonaadnusuragliuuusiaes
m3iFeusveaaios fslusUuuy Filter Methods uag Wrapper Methods wagUssifiunanisdaidonamdnyas
ddaswsinzmaia Ineldmd iansad Afungautudoyaliauna 1wy aiuildng (AUC) uaza1am
Q¥ (Accuracy) saufailemuuuudasmeinsallsalifnsodefuvunasnuandeyaguainiliauna
uaztredansesihefidaudsddedisdiussavinmuazindofiolusuan

2. 5’ﬂqﬂi$aﬂﬁ\ﬂu3{fﬂ (Research Objectives)

1. LﬁaﬁﬂmuaWLU??JULﬁawiz?ﬁm%mwmaqmmﬁﬂmiﬁmﬁaﬂﬂmﬁﬂwmz ﬁgﬂuimw‘u Filter Methods
uay Wrapper Methods mmwauaammwwLﬂuwamsmu LLauiJﬂ’NﬁJ'lﬁJﬁiJﬂa‘U@Q‘UE)iJa

2. Lwa‘wwmqumammﬁwmmaﬂmlummmmq ImamimmmimmﬂmsﬂmLaaﬂﬂmaﬂwm 7
UszdnSamaaan i’JlJﬂ‘ULL‘U‘Uf\]’]aaﬁﬂ’liLiEJuEGIJENLﬂi’eN

3. ieusuidiunansdaidonqudnuvarddyvesisazaia Tagldfd iamaadafinzaniutoya
lajamna 1wy Afuilldduld uagaaugnies

3. ANTNUMIUITIAUNTIULAENEtNgadeq (Literature Review)
3.1 nsi3eudvadtaias

mﬂmiwummﬁﬁmmiuLLazwqwﬁﬁLﬁ'm%a aguléin nsiFeuiveanies lunszurumsfumIULUY
vienrwduiusiiiuslevdanndeyaifAusiusuailuedia Inglduuudiasesing o Lwaumﬂﬂumimma
miAnmansallusuian (Tepdang, 2023) InssudfediyadunisssgndlinisFoudvonados tiiewsnsal
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ArudssasnnialselifindeFess Iud lsawmu Tseaudiladings uadlsaaondenauos daduaim
ddyrosmadedinuararuiinislutszeng dafu guuuuntsfeusillflumiadedae magouiuvuifaou
Fadunsatuuuhaesmnyadeyaiifiedoyainduasdoyanadniiignsylidaemih Tnsuuushassiivunly
A wuudiassnisinundseian 1esandnvuzvesteyanadnsiduuvuteyadsduunyssian Feegly
sUuuuluwns Ao mswuatheeendu 2 ngu laun “Wulse” wie “lidulsa”
uenantuud Ssjatiulufinszuaunisdnidenaudnuay Faduduniloes duneudl 2 Ao nmawdeu
foya mnnszuaumsBoudusaaios 6 dunsu (Salhi et al, 2023) esanmsdadonaudnuaeiid e dwa
TnensereusyAnsnmuesuuusaesiiianntu dmsunsdudunsludesuiuazuannsdafvieyan
uwstoya uazsiunsmutunougen 3 duneu Wiurd (1) nafimdendeya (2) n1sndunsesdieya uaz (3) M3
ulasgluuuvesioys waqmﬂﬂ'mmﬂmaual,aiaau foyaazgminingnszuaunisfnidengadnuns lneld
walafnzauilednidenionzaadnuasiinudniusfunadnsiinemsinses wiouiinnadnyued
LaidAyeen
3.2 MfnianAuanwuzdAty
MNMINUMUTTUNTIINaEquiieates aguliin msfmdenaudnvardidty Wunszuiumsiiiu
nsAndengudnuvasiilifinnwddgselifedestudmnemsiaseioon Qupriyadi et al, 2024) Tng
nuAeEdenliEnsdaidonaudnuar 2 38 1dun
1. 35uuunsas (Filter Methods) Ao n1sAaLdonamdnvuzdidy Ingmuiuauminude
AAudiuSTRIasAudN Yy uiTeTidenldTRununses 3 35 1Hun
1) wmAfla Information Gain iHuwadielilunist¥afiodndenaadnuusdoyadidey Tnesuru
dadeniomzaudnvueidniunniigadensaauuudiass
2) winfla Gain Ratio 1udadinnsudsyndeyaeenifuyatoyades fifamuiunain information
Gain 1fips91nmsld Information Gain lunisudsyndeyatzilenavhliiAnanuioudestu
3) wiaila Chi-Square \JunsUssifiuAaadnuny Tngldnsdunen Chi-Square msaddiile
Anwndansuanuasnuivesiuusaudnvazindulumuguuuuidimunl ivielsl
2. FuuumIusam Wrapper Methods) fle n1sdndenandnumzdiy Tnsfuaaeiintinvesnisia
Amnugndaslunsuingudeyaiiiothinairasnaudnuuslml Tnsmsifiuvdeansuiuudnyazanndy
(Sungead & Maneerat, 2023) 1uddpilidonldAguuuniusn 2 33 Tdun
1) wiadla Forward Selection deffiun1snuuuifnues Sequential Forward Selection (SFS)
Tngliisnsdaidonaadnuusvasiusdassdunluaunisfiasi uazdniunisvenaulaiifauy sikiunasi
isndnan
2) waflA Backward Elimination #4/11dun15911u1IAAT89 Sequential Backward Elimination
(sBE) Tnsigumnmatiusnensaiimualuauns awihnisaududsidadussansavduiusunsdus
Agaoaniiazda ynmsauduusdananlidmalaiauuiugvesuvuitassanasegitodifynieada
nszurumsazailuselulneauiuusiliddyesnegiwiaiios aunsetandeaneiiulsfiisvsnaseadl
ﬁaéﬁzy)@imwuﬁwaawhﬁu
Wal wdd19sduuafin Hybrid Feature Selection @ nidun1snanu Filter Methods uwaz Wrapper
Methods L9107 281U Lm'slumu?ﬁ’aﬁyq'qLﬁ'umﬁm%‘&mLﬁauﬂisﬁm%‘mwmm Filter Methods Lag Wrapper
Methods wuuiendmLau ielvianunsalinsginanszyuveausiazuumasedeyaguamuuuatsnuLaz Toya
Liaunaldegraduszuy
3.3 n133an1sauliisugavesdaya
nsdnntseyalunsaliisuuiedidluusiazngu (Class) fnnuunnsreiuegrann wu feyangumils
fdndnen ilewfisufudnngunisiidsuudoyainndt vilideyaineuliaunatudamaliuuusiaes

[4 of 16]



= ISSN 2985-1580 (Print,
I' J" (Print)

January-April 2026, 4(1), 3069 Journal of Computer and Creative Technology =/ I—-

DOI: 10.65205/jcct.2026.€3069 Msasreuiimefuazaluladainsassd < ISSN 2985-1599 (Online)

(Research Article)

oudssluyunsdoyanguiiisiuouninndt uasuundoyandududosliusiug) 1uidet Sidantsna
liaunavesteya Tnemsuiudnutoyaluusaznguliddviiiu Woiuauusiudwazanonive uuuiiaos
Tumsduunnguiimine Taslanizesnads nauiielsanuinguszasdvesauide
3.4 nsgudiegengutieudaunsei

nsguiegnquesdunswd n3a SMOTE (Synthetic Minority Oversampling Technique) /e tnalia
nsifiudiurudoya (Oversampling) dmsungudesyadiisruautios (Minority Class) Ingasisdoyadaasizs
Fulmiandeyaiifegiduluuinnlndifes §weli38n1svesdanesfiuioutuiilndfian k (K-Nearest
Neighbors: k-NN) titefmidendeyaiieuthuieglndiian s1uau k i mnduimsunssssmessainedeya
Fuatuiudoyaiouthu tilemdunisgalmifiogsenindeyarisaesan uazthardanarnairadudoys
duanwiiadulungueaiadiudesiliauaugatunaadilg

nsimunen k mnefs Swudeyadieglndifeaiign degmirunldlunisduianiieainsdoyalva 1wy
k=1,2,3,..,n ImEJﬂismumiﬁyfﬂzﬁaaa@mmiﬂﬁma‘uaﬁaga LLaSﬁIQNaIﬁLLUU‘DaﬂaaQﬂWSL%Sui‘UaﬂLﬂ%l@ﬂ
ansnsosuundoyaldosaiiussaninmanntu (Romsaiyud, 2024) uansldwsaunsd (1)

Xnew =Xi + (X —X;) %6 (1)

108 Xpye PO GTWLmu'wmﬁﬁa;ﬂamnﬂmadauﬁaaﬁgﬂé’mmwﬁﬁumslmi SEMINAILULIUes X; uay X
voeraaduties way § WuAnsduiuausening [0,1]
3.5 watlansduunysziandaya
wedanmssuundszinndoyaiunszuiunsaiauuuiiassinmsteyalieglunguiidmunuliain
nauseg1sTiund1 deyaiinaou (Training Data) flusiasuanvesdeyausznauseonanv3dn (Attribute) $1uy
wn Geovaziduviaiiles fian vdedeyaduundszian Tnefuensddiviuihdlumssuunyssamdoya
Husimunaana (Class) 1u3deiidenld 3 mada il

1. wiAaflA XGBoost tHuwadla Gradient Boosting Aildsun1susuussliimunzay lnelddulisnauls
fastunuudiudu ioudledefianarnandulddeunti saufenisusualdifunnsgu (Regularization)
\fioannisiin Overfitting (Li et al.,2024)

2. waila Random Forest lumadanssuunusziandeyafieglunqudaneifiunisniousves
wdomuuifaou nelinmssmduvesiuliifndulonanesdu fahanuiniiludnvazsssmsSeudiuueusuda
ansavhaulnemsaaduliifndulavaresuanyadoyafiunndinaiu waginadnsvosiulddldunsutuite
wiendmeuiisfign neldndnnisves “idosireann” lunsdlvesnssuundsziam (Classification) wielddade
Tunselves nsanney (Regression) (Sai et al., 2023)

3. el LightGBM WWuwaila Gradient Boosting ﬁqﬂaaﬂLLuumﬁ'wﬁ’Umﬂﬁﬂmsﬂssmawagu 9
WieuinUszansanvosnismuin Timheanudides wazannsadnnsdeyadifvunlnguazifgaliosis
HAUs2aNSn M WU Gradient-based One Side Sampling (GOSS) wag Exclusive Feature Bundling (EFB) (Sai et al.,
2023)

3.6 MydaUsEAnsamuuuInass

1. msvmasutuulainy (K-Fold Cross Validation) 13 lddeyalnasuuisdrmanihmsudsadeya
sonilu k ngu ilethuvszidudszansamwosnuuiians lngazuanmsuvengudeyaiudusenidudiu 4
win q M Tasluenwidedidenldan k = 10 Tanneds nszvaunimaasuarlideya 9 nau lunswamn
wuushaes uasdeya 1 nau Tumsvadeuuuudans nsvuauMsHasyhE e 10 afs nsluuiazedsarady
nauteyaiilivagou ileliulatmnngudeyaldgninanldlunismaaouesation 1 afs
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2. Asuinduln3n (Confusion Matrix) WumsduauaInmisne Confusion Matrix Saidunisnsdeyadi
LLaﬂﬁNaﬂﬁﬁ’lLL“LJﬂ‘lJii‘dLﬂﬂ%@ﬂuaﬁgﬂiﬁmuaﬂﬂgﬂﬁm mstiaruansruduRuS s s A AIkUUSaes
e iliaiunsadiessidaiianainuesuuudanilaogsaziden uazsinluAIuINAIAN 9 WU AR
gnéiaaldl (Rainio et al,, 2024) uaneAs Table 1.

Table 1. Confusion Matrix

Predicted
Positive Negative
Positive TP FN
Class predict _
Negative FP TN

3. fAugndes (Accuracy) lumsinmnugndeslunmsdiuunuszian ievsuonsziunrmgndasly
nsuunUssindeya wuudaesildannisuszana léun dadussmineswudoyaiomafisuunussam
AIUYNABY WaUspinn Positive ua Negative ﬁ'm"wmu%’a;gaﬁgwumﬁgﬂﬁ’lmﬁmuﬂ Tnefinnsanianadnsd
Tuungnioduazinna1n

4. ArAuusiugn (Precision) lunsinmnuanunsavesszuulumsvindneuniedeyailuiisates
oonly frszuvannsavindnouniedeyaiilsifeatossenluldinn asuansdenrusiugweuuusansiigedy

5. AFenAu (Recall) 1umsindszavsamussuuudrassiiuansismuanunsalumsseydeyaiiduuan
334 (True Positive) ldasugiu Tasduandadiuvesfeyaiiuuuiiassiunegndesinduuin Wewisuiy
foyaiifuuanadeienun

6. AUsEAnEnmlaesan (F1-Score) iun15¥aan Precision wazen Recall lddmsuvanaiiud
UsgAnsnmyssiuudtassnisduunusziandy fanumnzaslunsiiluldfudeyadu q Miludeyalwlsd
Wiedle

7. AituiildLdulAs (Area Under Curve: AUC) iflumsiinsnzsidoyalagldaii ROC Curve Analysis o
Aewiug eI vhueA1eds mnaudldduldadiaudnlng 1 wandiiuin neviueinuusiug,
gauazileuliisuanusnEaLYeluUNSYIung (Khan, 2023)

nndeyafinandrsiu lsldnumuissaunssunasnuiseiiAsades nuin nuidedwlngyatdunis
wensaflsalfien Wy snAdeves Tepdang (2023) namdsmssuungthelsaummsneismaisoudveanies
lngmemUadeveamsdndenaadnuy vsenuIdeves Rufo et al. (2021) nanfsmsimuiwuudiaeiiady
lsaumnu legldmaila LightGBM Audeyad Uisainlsanetuialuiesleile Fadfus aiuldin nsdaden
Qmé’ﬂwmzﬁm%u%’azﬂaqmmwLL'UUuawmuﬁgué'fdléf%’umiﬁw*m&hw"’lﬁ’m Ferndfedannsofufudesitmes
89AANIAINA1ILA

4. NIDULUIAAIIUITY (Conceptual Framework)
9MNNTEUNUIANNLATE (F3 Figure 1) Usznaudie msfinvnssaunssuifeades loun wnAnuazngud
MAyes uAdeiiAutes uarmsagUasdmiuianmmumuissunssuiitisides dddesunelilumded
K1 ntuidldAnwn3Bandunudde 1iud funeuntsdidunuide Ussrnawagnadusodns Ingisduiy
e Buanmsiesgiilasainedeyaguam mnuduiudvesiiomiu uaslymanuliaugavesieya
Mntuddumssioudoyalasusuugsteyauasldinaiin SMOTE saufunsdnidenaudnuazuuy Fitter
Methods Waz Wrapper Methods siexnltuuusiassnisiousveaaios liun XGBoost, Random Forest Lay
LightGBM wazvinsuseiiiuuszansamussuuusiasssne Accuracy, F1-Score wag AUC Seraunlii
fiUsau fe natlansAndenAuanyuy dmsumanensallsalaifadeidofuuumansny
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fudsen Ao UsgdnSamvesuudnaasmsiteuivennseldlunisnensal Wedndunisiasg
Joyaaiadu awldnadnsnisiSouiisulseAnsamveusazimaiianisAndenaudnume WossyuuInan

Wgaufiandmsun SR ILUUTIaeINe INTadA LN 1ge

Study the relevant
literature

1. Related concepts and
theories

2. Relevant research

3. Summary and review of

the related literature

|

Examine the methodology

of the research

e Population and sample
group

e Instruments used in the

research

PROCESS
Data Understanding
- Analyze healthcare data
structure, label relationships,
and data imbalance.
Data Preparation
- Preprocess data and apply
SMOTE for class imbalance.
Feature Selection
- Apply Filter and Wrapper feature
selection methods.
Model Building
- Employ machine learning
algorithms such as XGBoost,
Random Forest, and LightGBM.
Model Evaluation

Independent variable
Techniques for feature
selection for multi-label
prediction of
non-communicable

chronic diseases

4

Dependent variable
The results of comparing

the efficiency of feature

e Steps for conducting the

- Evaluate and compare models selection

using Accuracy, Fl-score, and
e AUC.

Figure 1. Conceptual Framework

research

5. 51U (Research Methodology)
5.1 yadoya

gatega TdaniIules www.kaggle. com Fadugndogyaasisas (Teboul, nd.) Uszneusie feyai
Aadnuard sy S1uru 22 audnvauy unadeyadiuiu 253,680 wn wazimuaeulvuuunateid e
$1uau 3 W Toun Tsauimnu lsannudulaiings waglsaasnidenanes vilivdod uiugadnuasi
ddey 911U 19 AANwaY
5.2 \n3asiiefldlucnuide

\n3sreuinneITilsEuuUfUANS Windows 11 WU 64 bit wiaeaudman 8 GB dmiusesiunis
Uszanawadeya TWswnsu Microsoft Excel dwiudaifivuazinioudayanaunsiiasizi uazlusunsu Google
Collaboratory dwsumsilsusasuseaunanalanlusunsunwlnmey (Python) Mutiuius1iwes
5.3 tunauntsdiiiuanuise

Fumeunissuiuniteussnoude 6 suseu feil

1. mafiununudeya
sfunisiiusiuniudeya fe Figure 2. Taglddayaainiiules www kaggle.com wazivun

doulomanowdmunesiuiu 3 Wvane fe Tsawwmnu @ 3 aana leun 0,1,2) lsannudulaiings (1 2 aana
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[

Y AT

INPUT

PROCESS

OUTPUT

DATASET »

Hﬂq

Data Preparation
¢ Data Cleaning
¢ Data Transformation

8

Imbalanced Data: SMOTE

4

Feature Selection

Wrapper methods
® Forward Selection
® Backward

Elimination

Machine Learning Model

XGBoost / Random Forest / LightGBM

Filter methods
® |nformation Gain
® Gain Ratio
® Chi Square

K-Fold Cross-Validation

Training DATA & Testing DATA

Hyperparameter Tuning

- Accuracy - Precision |
- Recall - F1-score |
- AUC

—_————

‘ Simulation Results

Figure 2. Steps for Feature Selection for Multi-label Prediction of Non-Communicable Chronic Diseases

from Imbalanced Health Data

Table 2. Operational Definitions of Variables

No. Attribute Value Description Encoding
1 Diabetes 012 ordinal  Diabetes Status (3 levels) 0 = No diabetes, 1 = Pre-diabetes,
2 = Diabetes
2 Hypertension nominal  High Blood Pressure (HighBP) 0 = No, 1 = Yes
3 Stroke nominal  History of Stroke 0 =No, 1 =Yes
a4 HighChol nominal  High Cholesterol (HighChol) 0=No, 1=Yes
5 CholCheck nominal  Cholesterol Check within 5 0=No,1=Yes
years
6 BMI scale Weight balance index continuous value.
7 Smoker nominal  Smoking Behavior/ Smoking 0=No, 1 =Yes
Status
8 PhysActivity nominal  Physical Activity/ Exercise 0=No, 1 =Yes
HeartDiseaseor nominal  Heart Disease or Myocardial 0=No, 1=Yes
Attack Infarction
10 Fruits nominal  Daily Fruit Consumption 0=No, 1 =Yes
11 Veggies nominal  Daily Vegetable Consumption 0 = No, 1 = Yes
12 HvyAlcohol nominal  Heavy Alcohol Consumption 0 =No, 1 = Yes
Consump
13 AnyHealthcare  nominal  Health Care Coverage/ 0=No, 1 =Yes

Insurance
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Table 2. Operational Definitions of Variables (Cont.)

No.  Attribute Value Description Encoding
14 NoDocbcCost nominal  No Medical Care 0=No, 1= Yes
due to Cost
15 GenHlth ordinal General Health 1 = Excellent, 2 = Very good, 3 = Good, 4 =
Self-Perception Fair, 5 = Poor
16 MentHLlth scale Number of Poor 0-30 days
Mental Health
Days
17 PhysHLlth scale Number of Poor 0-30 days
Physical Health
Days
18 DiffWalk nominal  Difficulty Walking/ 0 =No, 1 = Yes
Physical Disability
19 Sex nominal  Biological Sex 0 = Female, 1 = Male
20 Age ordinal Age Categories 1=18-24 ,2=2529
(13 levels) 3=30-34 ,4=35-39
5=40-44 ,6=45-49
7 =50-54 ,8=55-59
9 =60-64 ,10 = 65-69
11 =70-74,12 = 75-79
13 = 80 or older
21 Education ordinal Highest 1=Never attended school or only
Educational kindergarten 2=Elementary (Grades 1-8)
Attainment 3=Some High School (Grades 9-11)
d=High School Graduate (Grade 12 or
GED)5=Some
5=College or Technical School (1-3 years)
6=College Graduate (bachelor’s degree or
higher)
22 Income ordinal Income Level/ 1=Less than $10,000
Household 2=%10,000 to less than $15,000
Income 3=$15,000 to less than $20,000

4=%20,000 to less than $25,000
5=525,000 to less than $35,000
6=535,000 to less than $50,000
7=550,000 to less than $75,000
8=575,000 or more

2. MIwIEUtoya
sdunswseudeyalivunzandmsunsTinsen dall
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2.1 m3ndunsesteya lnsasiaaeunazdnnseadoyadinaund iy Aduilinanie (BMI) Ty
10-60 LioankanszNUABAMILuE TR ULTIa0Y warlddndudonduiutoyaifimduludunoud esan
PoyaliiAmrieusnglugiudeys

2.2 msudasiieya MnguLUULALATAY 0, 1 wag 2 Whiludeyaussiamduauduuuuluung Tng
favualyien 0 wnunguitladidulsaumm wagen 1 ununguidulsawmniu eliiedenisinsey Gayn
Teyadenanazgndulnan 1itewd1glusunsu Google Colaboratory wdsaindnnsesdayadidnmninuaz
wanzauren et Taedleduiunsudiade wldsnudeyavesusasithmunediimunllumuide Téun
Tsawwniu lsannuauladings uazlsavaoniionasas

2.3 msdamsenuliangavesteya lnolevinaniendeyalimnzandimiunisingzi
Fouseoudn uidaldnnuteyaiifinnuunnsnadiudeudiainszninsaudulsaduaudlalddulse 3803
SMOTE Fagmjnanszgndlfifieifindoyaliiidudlndidestu Fsaunsadunanadnsvasswiudeyausdas
naudmuneld da Table 3.

Table 3. Class Distribution Before and After SMOTE Oversampling

Before After
Target Variable
Class 0 Class 1 Total Class 0 Class 1 Total
Diabetes Mellitus 213,703 39,977 253,680 213,703 213,703 427,406
Hypertension 144,851 108,829 253,680 144,851 144,851 289,702
Stroke 243,388 10,292 253,680 243,388 243,388 486,776

2.4 msdinidennaidnuaizdrdny Tneldyndeyaiinunsndunsesdeyauaznsuasgudoya u1vh
nsdaidenaudnunsiiddey ileSouileu wasdenmadafimnzauvuiugudeulswuunanedwane
amAfeiliFenldiBnsdnidonandnuney 2 33 THud

1. 3BUuuUnI99 (Information Gain, Gain Ratio, Chi-Square)
2. ABwuUAIUTIU (Forward Selection, Backward Elimination)
3. MIAONUUUTIADINTEEUS

Tngthdeyaiinunisdnaunauazdnidenaudnuuzuds 1vinsaiiaLuudassimeimain

XGBoost Random Forest kag LightGBM Fadumadiafifimuansnsalunsinnsiutoyauuslnguasiudenlsd
4. MsANasULUUIIRS

Yoyatiiunszurunisiniondeyauazdndonqudnuurud asgnidrgnssuiunisinasy
wuudnaes Ingldimada 10-Fold Cross-Validation tileutstoyasenifiu 10 @1 dwsunsilnasunaznageu
wuuvuiey Gatisantiyminisiia Overfitting waziiumuindefiovesussansamuuudiass

5. MyIaUsgininmuwuudnaes

nATeiaussAvEnmuuuiians TnsRnrsanandiaugnies Aautiugt AFenfu wasen
UszAniainlagsan daudun1sduane1ainanss Confusion Matrix wagedi ufiléidulds 91ndutiiun
WU UUIZANSAINIZNINUUUTIABIAN

6. MsUsuATmITTmeskaznsldnunsiueluuiiaes

TugAded sudunsuiuamnimesiiefiudssavsnmvesuudians Tasdonldinedn du
n13aA n_jobs = -1 ileliuszananauuurukazanalunsinaouiuuass wagmadeuuuulasedy
(Gradient Boosting) il euAnidsan154in Overfitting ‘W%J@ll‘ﬁﬁLﬁ@ﬂi"ﬁLLUUﬁT’]ﬁ@ﬁﬁﬁﬂ’J’mLWNW%ﬁMﬁU%’BHa LU
il LightGBM wagwmafia Random Forest #aiipauandilunisdanisiudeyavunlvajuaylsiaunaléd
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6. WaN135338 (Results)

6.1 nansAnwuazUIsUisuUsEANSnmusawadianisAadanqudnuas 1elugULuy Filter Methods

waz Wrapper Methods dwiuteyaguamitifuuuuvanssu wazlinniliaunavesdoya
sidelsoudovdssansamvsanaiianisdnidenaadnvus sfeluguiuy Filter Methods uag

Wrapper Methods wadnsilduanadis Table 4.

Table 4. Comparison of Feature Selection Techniques

Feature Average
Selection Method
Accuracy Precision Recall Fil-score Time(s) AUC
type
Filter Information Gain 0.8721 0.8959 0.8461 0.8697 99.56 0.9248
Filter Gain Ratio 0.8726 0.8976 0.8439 0.8695 83.12 0.9248
Filter Chi-Square 0.8629 0.8900 0.8323 0.8594 50.28 0.9109
Wrapper Forward Selection 0.8729 0.9051 0.8377 0.8692  6,119.34  0.8437

Wrapper Backward Elimination 0.8663 0.8855 0.8449 0.8641  4,755.67 0.9163

271 Table 4. wanmamsAnyILazUsUITiBuUsEAnEnmussmadanisAndonaadnune sielugUuuy
Filter Methods wag Wrapper Methods dwiuteyaguamdlifunuuvatsnu uazsimmiliaunavesdoya lng
ansnsoasunaldweil
1. Usganinmgegavesuudnaes 210 Table 4. wud1 A8WUU Filter Methods aunsalvAule
Lﬁuié’qﬁqmdmfjm Wrapper 98197ALU Imamﬂﬁﬂmﬁmqqqm fie wnAfla Gain Ratio TrAiudildulds agﬁ
0.9248 Fsgeniunadla Forward Selection fivinldifies 0.8437
2. UsgAnBamdunauasnsnensild aan Table 4. wud1 33U Filter Methods faatlunis
Uszananal3ind1iSuuu Wrapper Methods Ingimaiiadildinatiosiian eg1amaia Chi-Square 1dnaniies
50.28 it Tuveuzfimaila Forward Selection Tdviangetia 6,119.34 Junil
Tagagu inafla Forward Selection ufagliAaugndesgaiian usilofinnsandiudlidulds uas
UszAvisnmenunar wuinneila Gain Ratio Sinrumnzaulunisnennsallsainsoliisesannndt desenli
mﬁumé’lﬁﬂﬁqﬁqqagﬁ 0.9248 wagldinaUszananatieaniniBuuy Wrapper Methods Fauanddennuanynse
Tunsandaasuniu wagaandesienisin Overfitting léfnd
6.2 navimuuvusiassnisnensallsalifadeizess Tnsnsysannismaianisdnidenaudnwus il
UszAnSnmgegn TaufunuudaeinisiBeuivaaaias
NI YaUsEaNS AwuuUTaes 1AgN1TUIINAIAINYNABY AIAIULL UG ANLTenAY A
Uszdvsamlnesin e uavAiuilédulas nadnsilduanats Table 5.
97 Table 5. LLaﬂﬁNamiL‘U%‘UULﬁEJ‘Uﬂ’]ﬁ’?@]ﬂizﬁﬂ%ﬂ’lwmaﬁLLUUﬁ’Iﬁ@Qﬂ’]iL%EJuiGUENV]gﬁ 3 weda laun
XGBoost, Random Forest Waw LightGBM sauiunisldinaiianisdaienaadnuazsuwuunng q lngasnsoasy
walgaail
1. UszdnSnngeanveauuudnaed 31 Table 5. wuin waila LightGBM ﬁiﬁqmﬁﬂwmxﬁwm
Taglifinsdnidenaudnuue de adailiuszansamiian Inefidianugnies ogi 0.8794 uazen
Uszavsnmlnesiu egil 0.8777 deazvieulsiiiiuin mada LightGBM finnmannsalumsdnnisiudeyaaunm
fifieududeuldosidon duwdvoamsiuunnduieyafigniesuasnmeinuiaunasswineeauisiug uasn
Sunfu

[11 of 16]



—f
January-April 2026, 4(1), e3069 Journal of Computer and Creative Technology [—._, r_l f' ISSN 2985-1580 (Print)
DOI: 10.65205/jcct.2026.€3069 Msansreuiumesuaznaluladaieassd 2/ “upre 1SN 2985-1599 (Online)

(Research Article)

Table 5. Comparative Analysis of Model Performance

Feature Selection F1-
Model Accuracy Precision Recall Time(s)  AUC
Method score
XGBoost  None 0.8704 0.8885 0.8526  0.8698 92.29 0.9286
(Full Features)
Information Gain 0.8767 0.9056 0.8464  0.8740 124.92 0.9300
Gain Ratio 0.8768 0.9058 0.8456  0.8740 126.03 0.9300
Chi-Square 0.8727 0.9050 0.8373  0.8690 73.18 0.9150
Forward Selection 0.8760 0.9101 0.8399  0.8725 904.25 0.8374
Backward Elimination 0.8762 0.9103 0.8400 0.8726 2,497.39  0.9279
Random  None 0.8737 0.8827 0.8651  0.8737 815.56 0.9248
Forest (Full Features)
Information Gain 0.8612 0.8783 0.8394  0.8584 91.02 0.9127
Gain Ratio 0.8625 0.8828 0.8349  0.8581 40.51 0.9127
Chi-Square 0.8583 0.8763 0.8347  0.8548 38.04 0.9007
Forward Selection 0.8661 0.8972 0.8294 0.8614 7,625.66  0.7993
Backward Elimination 0.8626 0.8783 0.8433  0.8603 10,716.93 0.9125
LightGBM  None 0.8794 0.9036 0.8545  0.8777 97.18 0.9334
(Full Features)
Information Gain 0.8784 0.9037 0.8525  0.8766 82.75 0.9317
Gain Ratio 0.8785 0.9041 0.8513  0.8763 82.82 0.9317
Chi-Square 0.8577 0.8888 0.8248  0.8545 39.61 0.9170
Forward Selection 0.8766 0.9080 0.8438  0.8737 9,828.12  0.8944

Backward Elimination 0.8600 0.8678 0.8514  0.8595 1,052.69 0.9084

2. MIAnLFaNAMANYME 910 Table 5. wud1 inalla XGBoost SafuN1sARLiaNAMEN YL 7Y
wiAla Gain Ratio TiAAugndesgininislidnidenaudnuue mﬂﬁhm’mgﬂﬁadagﬁ 0.8704 1Ju 0.8768
Turauefivafia Random Forest uazinadia LightGBM ﬂé’ﬂﬁmaé’wéﬁﬁﬁqmLﬁ@ié’fﬁal,l,ﬂiﬂsuﬁy’mm
3. UsgAvBnmduaaiuagnsnensild a1n Table 5. wudn efiansaunnalunisuszanawa
wiaflia LightGBM laiifissuslsidneugniesgegaminiu uigdldnailunisussinanadoudisios (97.18 Juai)
Tneileiieuiumaiin Random Forest udrazldiaalunisussiianauuninfe 815.56 3wt wenvnil 35n7s
AnLdanAuNYasLUY Wrapper Methods ¢ Forward Selection wag Backward Elimination ugaziduns
Aumitaziden winduldanlunisuszananagunnluynuuuiass Inslanzeesdanaia Random Forest
4aandse 10,716 Jundi Imrﬁlﬂ"1m'mQﬂﬁaﬂiﬂﬁﬁuﬁua&mﬁﬁaéﬁm
Tngasu maidenldivada LightGBM aufunisldnadnuasiomn fussavsnmgaaedmivyndeyai

q
1

esanlinadnsfiusiudunniigauasiinnuduarlusdvemineinsinan feyanisnaassiliuduindmsunis
vhuetadaidssiuaunm msshnanueseuaguuesiusiilisudAesadaiemsnmussansam
gaswvuaedumsnensallsarmau lsaanuduladings uaglsanaenidenaues sgnelsinnu mndwlusies
andugadnyuy Welinuszansamlunisuszuiana wmada XGBoost SauAumalia Gain Ratio Aoty
yadeniifusyansamgs Inelirinnugniesgeds 0.8768 Sefninnslisuusiommeludanesiufeatuagig
FaLau
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wazuonaniLi ol Iiud ssoas WenveNanIsAaionauanyuzlulsiay Lﬁmmamﬁwmmm
15ALUINIU Iiﬂmmmuiawmm warlsavasnidonauss nudedlainauesiuiuLas i’mmiﬂmaﬂwmm
gnAnLden maaL‘wmwm‘mummmmyqqqmmmiwmﬂim A1U150UANITIBATLBEANTTARLE BNAMANYALY
614 Table 6.

Table 6. Feature Importance Results for LightGBM Utilizing the Full Feature Set

Target Total Features Selected Features Accuracy Top Contributing Features
Diabetes Mellitus 19 3 0.9054 BMI, Age, GenHlth
Hypertension 19 2 0.7565 BMI, Age
Stroke 19 3 0.9762 BMI, Age, Income

97 Table 6. W31 wiafia LightGBM fil¥aadnwariomualaglifinsdmdonaudnuuy awisoan
FuuANaNvUzdAYIN 19 Audnyuy Youdmunelsauma whawiss 3 Auanvue laun dyduianie
218 wazUsuiliuguninaues lsaaudulaings wdewies 2 audnuue laud dvllnianiswazey uazlse
vinenldenauns deliled 3 Aadnune laud dvllinanie o1y wagseAusgld

Table 7. Feature Selection Results of XGBoost Integrated with Gain Ratio Technique

Total Selected

Target Accuracy Top Contributing Features
Features Features
Diabetes Mellitus 19 7 0.9035 BMI, Age, Income, PhysHlth, GenHlth,
MentHlth, Education
Hypertension 19 2 0.7507 BMI, Age
Stroke 19 7 0.9762 BMI, Age, Income, PhysHLth, GenHlth,

Education, MentHlth

310 Table 7. wu31 watia XGBoost TufiuNMIAnianAmanyaeaemAlla Gain Ratio a11130an3WI
AuANYUEd1AYIIN 19 Audnuuy vasdmunglsaiminu wieliies 7 audneae loud dvlulanie oy
518l auaiwnelu 30 Tu Ussiluguamaues avnaindsly 30 Ju wazsedunsfne lsarnudulaiings wie
Wiee 2 audnway loun dvlinanieuarety uazlsavaenifonaues wialiies 7 Audnvuey laud dyiulanie
01y 31818 quawniely 30 Yu Usziduavaimaules szAunsAne wazquamanly 30 Ju Jsaenadesiu
113T8ve4 Leite (2025) wud1 dawusauenguazayiiianie danuduiusedredaauiusuuuuguainves
FUelsmidess Insuddesryindadomanidmanivglufunisssiliuguamauesuas mrainiediu
gunmdn JadethususududadodungAnssuguam azdudulsddyiviomuanuindedeluns
vihueades
6.3 nan1sAnidenaudnuasddyvasusazmaia TngldiadSansednfivanzauiudoyalsiauga 1y
AuildduTAe uazAraugnias

dehmaFeudisuaiuildidulds uazAanugndesesuusassiivaudemaianisioudves
\3aaiia 3 wadia Téud nelln XGBoost, Random Forest wae LightGBM lANAdNSgIaALands Table 8.
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Table 8. Comparison of Feature Selection Techniques

Model+Method Accuracy Precision Recall F1-score AUC
XGBoost + Gain Ratio 0.8768 0.9058 0.8456 0.8740 0.9300
Random Forest (Full Features) 0.8737 0.8827 0.8651 0.8737 0.9248
LightGBM (Full Features) 0.8794 0.9036 0.8545 0.8777 0.9334

911 Table 8. wuin wiafin LightGBM safunsldnudnuasimualinadnsifian Tnsfaiamiugnies
o8l 0.8794 wageniuAlALAUAS (AUC) ogffl 0.9289 Bsazvioudsauanuzalunisneinsallsaldograusiug
uivnnfiansannsussanasmiumaiansfndonaadnuay wui1 wada Gain Ratio eifiuUsz@nsam
Trituuuudansgean Ineliirnanugnies agi 0.8768 uazAiiuilléidulds (AUC) geanoil 0.9300

7. a@5Unan13398uazaiusnenaniside (Conclusion and Discussion)
AdeEes MadiuUsEAnsnmnsAndenaudnuurdmiunisneinsal Tsalaifndeiieuuunats

nntoyagunmilliauga amsaasunanazefumonanisidele il

1. namsilIeuiisulseansnmvesnaianisAniionAaanyney ﬁy’ﬂugmmu Filter Methods uag
Wrapper Methods @115 udayaguand iiunvunanssuuazdainuliaunavestoya wuin n1sdniden
AUENWAULUY Filter Methods Trnadnsaninmsdmidenaadnyuzuuy Wrapper Methods Tnginadiailliia
Amgndesgsiigade wiadla Gain Ratio S:ufunuudiasaaiia XGBoost InsrAnugnaesegi 0.8768 uaxld
narlunisUszaianatounidn Haiisn1sAndianAuanvae UL Wrapper Method lakn Forward Selection
uag Backward Elimination 9g1du3snsfumnfiaziden udnduldinalunmsuszinanagannluyauuuiiass
Tnglanizedredslumaila Random Forest fl417a779 10,716 Jundi ImEJﬁ'ﬂ'ﬂmmgﬂéfaﬂaﬂﬁl,ﬁu%uasmﬁ
Tfodfey Feaenadasiunuidoues Tepdang (2023) Tnsnarsdisnsmennsaiiirelsaumy deyaaniiuled
www.kaggle.com ﬁaa’jﬁmiﬁauiﬂuauﬂ?aq waa1uiTenudn 157 AAan Ao Gradient Boosted Trees 1#
UsgAvBamgaandisevas 87.14 uarannsfnidenaadnvaesieis Filter Approach naislassadnasulsl 19
e 4 Hadevdn 1dud sedunglaa 01y Suaundsiinanssd wasseduBugiu fanursaduungvasldosiad
Uszansamiitensdnwiisnidity uazaenndssiuuisuves Pongshaing & Thongkam (2023) Fewensal
mssnwilsannusidaiings snemsdadenaadnuvazivain Gain Ratio [uABTamNsaLiudY Ammdimzuay
Anmgniesveauuitassiiadssemadaadefisauuesliffan Tnsamisafiuainnudimg uaze
Anugneedlifesay 15.35 uay 3.72 AUy

2. wamsdnidenaidnunsddmessazaia Tnglifdameeiafvmzaniudoyaliauga 1w
Afiuildng i (AUC) wazAnauusiugn (Accuracy) wuin iefinnsanaiuiilddulds (AUC) Fafudadsail
avfioulsyansnmeswuudaesldnnitdimnugndeafissedufes viliiiuiwuuiiasanaile LightGBM
fufunsdadenaudnuuzieimnaila Information Gain WazinAtla Gain Ratio asnsauiiudszansamliiy
wuuaesgean Taslienuilidulds (AUC) geanag 0.9317 Geaenndaatusmiddoues Rufo et al. (2021)
Wannuvuiassidedelsaruvulagltinaia LightcBM futeyaduisanlsmenuialuesleide ietdae
V'?f(ﬂﬂi@ﬂiiﬂiuﬁuﬁﬁmﬁ@LLﬂauLLWWgQJL%S’J“U’]@, wu1 wailla LightGBM lvidszdnSamgann lagilAanugnses
waza R uAlHAUTA S (AUC) Wiy 98.1% wazlinainiuuusiaesmaia KNN, SVM, Random Forest uag
XGBoost agsdnL snzdmiumsUszendlilussuuansisaguiiidediinduninens
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8. dalauauuLaIuide (Recommendation)

8.1 daiuauuzlunuiduaseialy
1. msiansudenldyadeyaguamfiinisdaiiunelussezianliiiu 5 U delinanisieseiasviou

[
o

anunsaiduassugulutiogiuldediegneios Vel yadeya Diabetes Health Indicators Aldlusidundsd
Faufvanunastoyaaisisay enaldedinmiuainuialivresdayauisdi

2. msfimasthuuuiaesmsGeuiiiauiulunaaeuiugndeyaguninadeanlsmeualulssmalng
WioUsziiuanuuiugagamansolunniluussgndldluuiumesussnnsing Aenafifaduidssunnsng
nvayalu Kaggle

3. AsfnwnagilTouifisunanisAnidenauanvuslagldmadauuunaunaiy (Hybrid Feature
Selection) ﬁsmamw’iusuaﬁ%l,wumaﬂ (Filter Methods) WazuuuAIUTIM (Wrapper Methods) 19192811 e
i anaududeuvetuusiast wasfinUsyansamlunisussuianavesssuuldogaiitudfny

8.2 nMsUszndldlusuide

nauideanusatluiaundussuvadvayunisdndulanisnisunng (Clinical Decision Support
Systemn: CDSS) Mideulsiuguteyanuszidoudidnnselind (Electronic Health Record: EHR) Tnguuudiass
mMsnensaliiunsdenqudnuuzuaznsuivaunateyauds anunsatanliussfiuaaundssueadiae
Tsawwnnu Tsanwduladings waglsaasnidenausauusnlusid deavaaelviynainsmsmsunmdananse
fFansesinengudsdldosmniuasusiug ndouiatvayunsnucudestusaznisinuiBegnldoded
UsgAnsammanndu uenainil Tsswenunaviontsuinsqunimannsadeudesruudinaradriulassadie
asaumaiflegifiu otmundunissdeiinszvideyaguamitldnulsais uazresengszuuuinmsgunw
gaaTerlusuian
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Abstract

This research aims to 1) develop an information system to promote the marketing of local woven
fabrics in Cha-uat district, Nakhon Si Thammarat province; 2) evaluate user satisfaction with the
information system; and 3) assess the effectiveness of the information system. The system will assist in
managing, publicizing, and marketing local woven fabric products in Cha-uat District, Nakhon Si Thammarat
Province. The research was conducted using the System Development Life Cycle (SDLC) principles,
employing PHP programming and a MySQL database. User satisfaction was assessed using a sample group
consisting of 20 general customers interested in local woven fabrics and 5 entrepreneurs from local
weaving groups, selected using a combination of accidental and intensified sampling methods. The
system's effectiveness was evaluated by three information technology experts. The results showed that
user satisfaction with the system's usability was very good (X = 4.72, s.d. = 0.45) and design was also very
good (X = 4.68, s.d. = 0.47). The system's effectiveness was evaluated by the experts. It is at a very good
level (X = 4.60, s.d. = 0.46), indicating that the system is functional and meets the needs of the system

users.
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1. uni (Introduction)

Tugrvesmsiasuudasegsmaimsnumaluladansaume szuvansaumeldidniiunumadalu
nMsatfuayuiangsunegIng lnslewigiunisnaiaiifeserdenisdeased udiussavsamiunguitmang
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3. miVIU‘VI’Ju’JiimﬂSi&ILLazﬂqwﬁﬁLﬁlﬁl’N’jﬁN (Literature Review)
3.1 ngufjitieatas

WITNITNAUITEUU (Software Development Life Cycle: SDLC) LfluLLmﬁmﬁugmiumﬁmmﬂmmw
fiagoniusesaniuszuu Ussnoufenssuiumsddyfusnisrouy malineest Msenuuy nsiamn
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(Requirement Definition) aufisn1sidnlde1uszuu (Retirement) Iney wiuliiianinuasnad 09581nins
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AEUINITAzTauNsAILINaSe (Dennis et al, 2020) nsldiadesile 17wy Data Flow Diagram (DFD)
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(Product, Price, Place, Promotion) %dgﬂﬂ%’ﬂﬁmuﬂzauﬁuﬁmwmmﬁauaaﬁa (Kotler & Keller, 2016) Tuusun
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ﬁzhalﬁqiﬁa?{amiLLuuaaqurTw;IU'%Im daaiunisiidiusan (Engagement) LLazLﬁmmﬁuiLwiuﬁ (Kaplan &
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(Rating Scale) fitmulne Rensis Likert 1ul p.e. 1932 Likert (1932) 83une71 unasdidsmduiznisinvimund
vosyanaroUstiiuvietenmladoniumis Taslifmeunuuasununanssziuanuiiusnevieliiiusely
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ffon wasiiiudaetiosiian il S1uauszduiidenlifuegfumuasBeavesdoyaiitnifodesns Tnseuise
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\osandoyaildanuuuasunudidsnannsatilunseaey mnudesiuveaniosdle (Reliability) faoafia
Cronbach’s Alpha lag#319eau Anuismsuduiion (Content Validity) Nmmwﬁmamwadﬁﬁmmw &)y
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4. NIDULUIAAIIUITY (Conceptual Framework)
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4 ) 4 )

Independent Variable:

Process:

- User requirement ‘ - The system design consists of: Data Flow Diagram

- Problem Analysis (DFD), Entity Relationship Diagram

- System Quality - Develop websites with PHP, MySQL

- Marketing promotion - System testing and improvement

system / - Evaluating system satisfaction and performance

4 )

Dependent Variable:

- User satisfaction with system usage
- User satisfaction with system design

- The system performance evaluation.

- J

Figure 1. Conceptual Framework

5. 35aHueuITY (Research Methodology)
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wARAuA AR eINTlE uavdundaitu (Back Office) Fedautlazifudnuiifquaszuuvdaidrvesild
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5.4 MINAFBUTTUY
vdsnifanssuundiaiaihszuuiildnmaaeunisinufionsadeuaugnieswesszuu Tneld
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5.5 nsUseiliuszuu
5.5.1 Ussnsuasnguiiegng
Ussrnsuasngusiogns wiandu 3 ngu Ae 1) nqugnéniiilugaulandndusitvediudies S1uau 20 au
2) fusenounisnaumeriituiles $1uou 5 Au wae 3) filermaiunalulagansauma $1uu 3 au tagld
’|MsidennguimegauuuTuBylazuuEAIUAY
5.5.2 i3asileildlun1side

£

wvasunulfifundssdlelunisuszifiuszuy Yssneuseuuuyssidiunnufiswelavesgliszuy dad
nsaouaIuANUNINelafunsIgU (Usability) wagaun1seanikuy (Design) wazhuuuseidiulsza@nsninues
syuudsszdfiulaed i vavgdumaluladansaumne nseenuvunuvasuanudulumumguiniseensu
wialulad (TAM) wazlimsussiiiudviinnuaenadedsenintomauiuingUseaidveiniside (Index of Item-
Objective Congruence: 10C) ﬁﬂimﬁuim&l@ﬁa’nmg

nMsUssfiulsyansnmuazanufimelavesmsidnussuvasaumeiieduasunisaaindmoniuile
SUN0Ur0N JIMTAUATASSITUTI TRAMuUANUTIANAEI0ELATY (Likert) 1HuASN15UseilunuusnAILIng
duuszanue (Rating Scale) 5 56U Aw

a

5 y18dd JUszansanwazauianslanuin

a

4 yunen JUseansnmuazainuianelas

a

3 wunene Juseansnmuazainuieanelaviunana

a

2 et Auszandamiazanuianelatioy
1 mnefs fuszAvdnmuazanuinelatosiian
MsiRTgiteyanansuszliulseansnnuazanuianelamsviinuressyuy dinaeinsuseidiuen

aruAaiuieafupuionelavesssuu Fuuvdeuanudunnsidiulszanae (Rating Scales) §f 5 szu Tne
Smusn T

4.50-5.00 viuneh seuudussansnmuazauiisnelafuin

3.50-4.49 nunghy syULiiusEans A mnazAuNanelaf

2.50-3.49 nuefe szuuiussansnnuazanuianelaliunais

1.50-2.49 vned szuuiivsedndnmuazanuiiswelation

1.00-1.49 visngds sruuivszdnsamuazanuiianelatesiign

6. Wan13338 (Results)
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fudlos TuneunsUszanduiusuarnsInsunedun wﬂﬁlmauwmmimmwaa'ﬁuuummmimmu‘uu

«
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Joya wazuiludeya (Data Store) Mt Asuandlu Figure 2.
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Figure 2. Data Flow Diagram Level 1 of Information System for Promoting the Marketing of Native Woven Fabrics

v
ad vy a

wrunuanansivavesdoya (Data Flow Diagram) fildiusznausne Louiifiiguastuy uazioudifgnén
drumsuszananaUsznaude nsiwadnnstoyandn nswadstedud Tnswadmandud warlnsioauans
18914 druvesteyaiiAsrdostuszuudeinlilduiudeya dadl 1) uitudoyagndn 2) ufludeyadudi 3)
uilsdeyaussnmaud @) ulideansdaledudn 5) uiludoyamoanBennsdsdedudn 6) uiludoyamsdadn
duen

Mnuiludoyailfannsiesgiusunmuannisivavesdoya aunsauansauduiusszninstoya
wienildlnsnseonuuuisunmuansnudiitusvesdeya (Entity Relationship Diagram) fauanslu Figure 3.

Product
PK | pid INT(4)
pname VARCHAR(50)
Type
size VARCHAR(20)
PK | typeld INT(3 - Order_detail
price DOUBLE
detail VARCHAR(20) .
Pre_ord PK | pid INT(4
re g image VARCHAR(50) = )
PK | preld INT(3 PK | orderld INT(3)
Rreld INTE) color VARCHAR(20) prdedd HT6)
size VARCHAR(20) price DOUBLE
typeld INT(3)
color VARCHAR(20) amount INT(2)
pattern VARCHAR(50) " Customer
typeld INT(3) PK | cusld INT(3) 5
J Order
cusld INT(3) cname VARCHAR(20)
PK | orderld INT(3)

sname VARCHAR(20) cusld INT(3)

ddress VARCHAR(50!
address (50) orderDate DATETIME()

tel VARCHAR(12)
el (12) status VARCHAR(8)

pwd VARCHAR(20)

pay VARCHAR(20)

Figure 3. Entity Relationship Diagram of an Information System for Promoting Native Fabrics Marketing
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Figure 4. Product Information of Native Fabric Products
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Figure 5. Ordering Production of Native Fabrics
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Figure 6. Product Data Management
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Figure 7. Product Order List
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JMIAUATAISIIUINY

namsUszidiuanufnelannnsldnussuasaumaioduaiunimandmoniudos sunowwein
Fwrinunsaisssusy Inslduuvaeuauanufisnelenngldszuu Fauvadunguandinlugavlondnsosiin
neuiiies $1uam 20 Au uazdUsznounangunediuidios $1uau 5 au Taefimsaeuaueufianela 2 F1u
A AuNSIEIU (Usability) kagaun1seeniuuy (Design) Wan1susztiiutansns Table 1. wag Table 2.

9710 Table 1. wuih sefuanufielansldnussuuasaumeiieduaiunsnandmoniuiios sne
2090 YeminuasAsIsuTIY sunsldan (Usability) Tuniwsaw eglusedufiunn Tnedidedemiiiy 4.72
\eauumsgiu wihiu 045 Weinrsanluudagysufunui luussifuvesszuusesiunisTdnurgunsal
i 9 167 eglusziuinnn fanadeanniian Taefiduadewiniu 4.80 Andesuuumsgiu winfu 0.41
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Evaluation Item

Satisfaction Level

x s.d. Level
The system is easy to use and not complicated. 4.60 0.50 Very Good
The menus and commands are clear and easy to understand. 4.75 0.44 Very Good
Searching for information in the system is convenient. 4.70 0.47 Very Good
The system supports usage through various devices well. 4.80 0.41 Very Good
The system provides useful instructions or user guides. 4.75 0.44 Very Good
Total 4.72 0.45 Very Good

Table 2. Results of the Evaluation of Satisfaction with System Design

Evaluation Item

Satisfaction Level

X s.d. Level

Clarity of text, characters and icons used in the system. 4.65 0.49 Very Good
The system display format is beautiful and appropriate. a.7 0.47 Very Good
The colors and graphics in the system are harmonious and 46 05 Very Good
attractive.
Content layout and elements are easy to read. 4.75 0.44 Very Good
Product images are sharp and show clear details. 4.7 0.47 Very Good

Total 4.68 0.47 Very Good

90 Table 2. wud seduanufielanislinussuvasaumamiledaaiunsnaadivoiuios sune
32090 Y IAuAsASsIIIY Fun1seanuU (Design) lunmsiu agluseduiunn Tasdidadawinty 4.68 A1
deauuinsgiu whiv 047 Wefinsanluudasuszdiunuin luvsaifivvesmsdanaiomuaresiusznou
#4 9 1118 aglusziufinn fanadeanniian Taefiinadewindu 4.75 andeauuumsgiu wiu 0.44

6.3 Nan15UsELAUUSEANS ANV ITTUUANSAUNALNOF LA UNITAAIARI NN UL DY D1LNYTIA F9NIA

UATAITTININY

adunsUszdiulageivginunalulagansaung 911U 3 Ay HanTUsEIEuLARS Table 3.

Table 3. The Results of the System Performance Evaluation

Evaluation Item

Satisfaction Level

X s.d. Level

The system works quickly without any delays. 4.33 0.58 Very Good
The system is stable, does not hang or have frequent errors. 4.67 0.58 Very Good
The system displays product information completely and 500 0.00 Very Good
correctly.
Ordering or contacting through the system is convenient. 4.67 0.58 Very Good
The system helps increase opportunities to access native 433 0.58 Very Good
fabric products.

Total 4.60 0.46 Very Good
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211 Table 3. w1 wamsUssiiudszAnsnmaesszuuasaunafioduaiunismainfimotiudes s1no
¥2090 Yaninunsaissnse Tunmsmegluszdudnn Tnefaedminiu 4.60 Andeauuuinsgiu wiriu
0.46 WoRiasanluwsiazuszifiunuin luussifuvesssuvannsauansdeyadudldasufuuazgnieseglusziu
fiunn fendouniian Tneflidadewintu 5.00 aAndetuunnsgiu Wi 0.00

7. @3Unan1339y (Conclusion)
wamssdusidoannsnaguaalddd

1. wan133devlildsruvansaumai edaaiunisnatndmed uides s1nevrein Tantn
UATASSTINGIY aenndesiuinguizasdde 1 Jeanansatiousznduiug wazifudemislunmsdmunedud
kAt meudoswhumaiules

2. wansussiiuanuiianelavesyliseuu aenndesiuingusvasdate 2 wuli dldfiaudianelaly
seAuANINYneU lngnansuseiiiuanuianelaniunislydaiy (Usability) eglusedudunn (X = 4.72, s.d. =
0.45) ludsziiuisatuszuusessumsldauiugunsalsing 9 167 deedouniian wazdiunisoenuuy
(Design) aaiuivmummﬂ (X =4.68,sd.=0.47) Tuﬂiwmumﬁmmuaml,l,a ¥0IAUIENIUANS 9 9IUIE laisn
aem flanadeinniian

3. Nami‘diuLiJ‘u‘UizaVI%ﬂWW'izU‘UIﬂEJQIL‘?JIEJ’J‘U%IJ donaneafiuingUszasade 3 nudussansninues
sruvegluszAuiuIn (X = 4.60, s.d. = 0.46) luUszinussuvausauansdoyadudilinsudiuuazgnios
Aedginniign

8. afiusenan133dy (Discussion)

namsifenuinszuvasauaioduasunmanandvefiudles Sunotrenn Ywmiaunseisssue 7
fanduiisyansnmuagldumufmelalussdufiinnnndiu wandiidiui ssuuillassasamevhauiidaie
wyidlase uazsessumsldnuuugunsaivannvans Fsaenadesiuvan Usability Heuristics 494 Nielsen (1993)
findniszuuiiianuaenndesiu (Consistency) 1Sougleine (Leam Ability) uazfinistimnadia azdelsield
ansaldnouiussuuldesvarainuasinemuinelags uasnanisisuiiaonadesfusuves Chongehaisit &
Deesutti (2021) inuinwiuledduaiunansusivusu OTOP Aflassaiasydladeuaziifedeyalisng 9ae
Wszaumufimelavesfldlusyiufinnuiy

namsUsziiiunuienelavesldlusuussansam uansliiud szuvansaumaiiodadunsnanadn
yefuiles SunotreIn fminuasrisssusy Afautulunddedviaulinag waadeyadudnsuiu uay
Prefislenadidendafasitmetudies Fsosugldlnevannisues DeLone & McLean (2003) ds3Aman
5%UU (System Quality) uagamunmdeya (Information Quality) inaegvannseauiianelaflinulaenss uag
namsITeiidenadesiusumas Phungngam (2023) %awmwL’?Ul%?a'aLa'%mmﬁmﬁm%ﬁaaﬁuﬁﬁﬂizﬁw%quqmEJ
iinanud e unazanuianelalunisldauedredaiou luduvesnisesnuuuszuuiidnsldduasnsiiing
wnzay uardanaiomeudte vhlvinauszidluawiisnelanunseeniuuegluszduin FeaBunnleisig
WUIAA Aesthetic- Usability Effect 483 Norman (2004) ‘Vliu‘U’J’l Hlday ﬁamﬁuuﬂmwmwLLaummmwmﬂmu
mﬂumﬁaammuwmmm wagihaula uenani mssenuuuiansiondnuaivesmeuilesegammngautae
iiuaideiie aenndeafunumes Cyr (2013) inuinesdusenaumaniw 1y & Amaudi wayaunaunay
vowiae dnalnenswiennulindauasanuiionelavesliivleddunsiauedus

9. 29AANMNFINNMUITY (Contributions)

1 asdmuiidmgu] Wumsihngufifieatuiesmsimuissuvansauna (Software Development
Life Cycle : SDLC) snszyndldioundeymilunisiiugesmienisnainunduinaninaigusu
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Hosvisenisudsloudu Feilinsruiunsdadedudliudnassluszuuier uasdnaniudidesiing
TIAABULDANITTITERUIEAULEN

2. elinisldnuszuudrdsldined sy ornbhssvuildluiaureluguuuuresueundiaduuy
Tnsdwisletielnsianzludnmiiniiu (Front End) esangnddiulugjagldanulnsdmisledelunsidiszuy
Femstanlugiuuuieundinduashlildsuuuumsuanssafivnzauiulnsdwidofoundeiu

11. maUawenslilyaiusshvgita3eassd (Declaration of Generative Al)
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Abstract

The objectives of this research were to: (1) develop an online hybrid learning lesson with an
efficiency of 80/80, (2) study students’analytical thinking skills before and after leaming through the online
hybrid learning lesson integrated with the CIPPA model on the topic “Using Information Technology
Responsibly” for Mathayomsuksa 2 students, (3) compare students’ learning achievement before and
after learning with the online hybrid learing lesson, and (4) study students’ satisfaction toward the online
hybrid learning lesson. The sample consisted of 39 Mathayomsuksa 2/1 students from Phutthaisong
School, Phutthaisong District, Buriram Province, under the Secondary Educational Service Area Office
Buriram, in the first semester of the academic year 2025. The research instruments included: (1) an online
hybrid leaming lesson, (2) five CIPPA-based lesson plans totalling 10 hours, (3) a 20-item multiple-choice
analytical thinking test, (4) a 20-item multiple-choice learning achievement test, and (5) a student
satisfaction questionnaire. The results revealed that: (1) the efficiency of the online hybrid learning lesson
met the 80/80 criterion, achieving 84.13/86.17; (2) students’ analytical thinking skills after learning were
significantly higher than before learning at the .05 level; (3) students’ learning achievement after learmning
was significantly higher than before learning at the .05 level; and (4) students’ satisfaction with the online

hybrid leamning lesson was at the highest level.
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1. uni (Introduction)
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Independent Variable Dependent Variable
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Online Hybrid Learning
Lesson Incorporating
the CIPPA Model to
Promote Analytical
Thinking Skills on the

Responsible Use of

- The Learning Achievement of Mathayomsuksa 2 Learning
I through a Hybrid Online Lesson Based on the CIPPA Model on

Responsible Use of Information Technology

- Students’ Satisfaction with a Hybrid Online Learning Lesson

Information Technology

for Mathayomsuksa 2 Based on the CIPPA Model on Responsible Use of Information

Technology for Mathayomsuksa 2

Figure 1. Conceptual Framework
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Start

v

Access to: www.wwwitcs.com/comsci2

v

Select a classroom for the Computer Science subject

v

Login
v

Take a pre-test and a skills test to assess analytical thinking

y

Select lesson content and study according to the content

v

Complete the activities and worksheets

v

Take a post-test and a skills test to assess analytical thinking

v

End

Figure 2. A Flowchart of an Online Hybrid Learning Lesson that Promotes Critical Thinking Skills, Combined
with the CIPPA Model, on the Responsible Use of Information Technology for Mathayomsuksa 2 Students
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Figure 3. Example of an Online Hybrid Learning Lesson that Promotes Critical Thinking Skills Using the
CIPPA Model on the Responsible Use of Information Technology for Mathayomsuksa 2 Students
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Table 2.

Table 2. Average and Percentage of Lesson Performance Test Based on the 80/80 Criterion

Average Grade Post-Study Average
Students During the Course Percentage Score Percentage  Efficiency
(50 points) (20 points)
30 42.07 84.13 17.23 86.17 84.13/86.17

910 Table 2. Wi Ham AT IERUsEANSAUNS U1 Buiuuulauinesulatifduaiuvinuznsie
Ans1ed Srfulinnaduln Fes msldineluladarsaumemesnaiimuiviiovey dmiuiniFoutulisonfnuni
2 (fnisungal Try-out 91u2u 30 Aw) dazuuuidsseninaFouniiiu 42.07 Andufesay 84.13 azuuulade
vdasouiniu 17.23 Andudosas 86.17 wandliiiuin unidsumsiSeuduvuleuineouladfidaaiuvinuznns
At Sudulunadul Fes msldimalulafasaunaedisdamusuingey dwiuinGoudusiseufnud
71 2 fUszAvBanmivintu 84.13/86.17
7.2 namawFeuifisurinuzmsanisziiaueutundaFeuvesinGeutusiseufnuiil 2 ideuds
unGeunsBeuduvulavinesulaviiduasuinusnisandianei suiulnaduin Gee nsldinalulad
dsdumeegnlinuiuiinvau

mMslneiinuzmfnTinzitouieutunduSeuvesinGoutuisonfnudi 2 AigsudeunFeu
maFeuiuuulauineeulatifidusiuinuensfniinsest Sudulunadul Bos msltimaluladansaumaegng
fienufuiinveu ldnansiesgidsiiiauelu Table 3,
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Table 3. Comparison of Analytical Thinking Skills Before and After Learning

Analytical Thinking Skills Test n X S.D. t p-value
Pre-test 39 10.74 1.788
31.104* .000
Post-test 39 16.21 1.281
*p < .05

910 Table 3. wuih inwen1sAefinsgivesindsutuiseninuni 2 AdsudeunidountsGeudiu
leuineeulaufidauaiuinuenisiniiasied Saudulunaduun Fes nsldnaluladansauneodisfiaing
Suiinreu ndaSeuganitnouSeussaiduddynsaiansedu 05
7.3 wan1swW3suiisunadugninienisiSeundadsuiuisuSsuvasinSoutussouAnuda 2 fdeudae
unSsunisiBeuiuvuleuiaesulatiidasiuinusnsinieszi uiulaeaduun Fes nisldmalulad
ATFUMNARENINANSURAYIY

nansiUSsuisuradugninanisSeundauieusuneussuvenindeutusenfnvd 2 Ai5sude
uniFunsisuduuuleuineoulaiidaasuinuznsaniinsgy Sudulunadull Ses msldinalulad
ansaumAegiinuiuinveu ffitiauelu Table 4.

Table 4. Comparison of Academic Achievement Results Before and After Studying

Academic Achievement Test n X S.D. t p-value
Pre-test 39 9.82 1.652 18.629*% .000
Post-test 39 15.13 1.525
*p < .05

211 Table 4. wui waduguisyensFeuesinGeuduliseunudi 2 AdsumounFeunsidouiuuy
lgusnoaulatifiduasuinuzn1sAninesd Saudulumaduun See nsldmaluladansaunaogafianang
Suilamey néaFouganinneuSoustnedituddyynaadaiiseiu 05
7.4 nansnwianufienalavesiniFeutusissufinuni 2 AfidenissanisGeudioeunFeunisGouiuuy
lausnoaulatifiduasuineenisfninssid saudulanaduln Bes nsldmaluladansaumeaagneinany
Sulnvau

namsfnwaufianelavesinideutulisondinun i 2 AddenmstansidouifeunFeumaiouiuuy
lgusnoeulatifiduasuinuzn1sAningesd Saudulumaduun See nsldmaluladansaunaogedianag
SuRinau faidausly Table 5.

Table 5. Results of a Study on the Satisfaction of Mathayomsuksa 2 Students with Learning Management
Using Hybrid Online Learning Lessons that Promote Analytical Thinking Skills, Combined with the CIPPA
Model, on the Responsible Use of Information Technology

ltem Question Topics X S.D. Satisfaction Level
1 Content 4.64 0.62 Very Good
2 In terms of lesson design 4.61 0.67 Very Good
3 Accuracy of language used in lessons 4.58 0.67 Very Good
Average Total 4.61 0.65 Very Good
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apureuSBuLarARATeIRzILUNTIAdEUNE IS B LT UmeUM ALY SARA T iR ImE U vonS
91y SwAuumiSeunoufiamestisasy 3ee mswauwinuensAndinsey ganidndsuiildsunsaeusieds
Unf egnafitiuddayynaadndisediu .05

3. wadugrivnenisFouvesindsuduisenfnu i 2 AidsudsunZeunsFeuiuuuleuinoeulaii
duafurinuzn1siniingizst Sufulineaduin Ses mslimaluladasaumnasesiinnuiuiinveu gsnineu
Souetnailfuddymadanszdu 05 WurannmsFeusisunGeunsFeuduvulauineeulad hliinGeu
BousléftsduanmadsussulatiiaunsndBuldnaennm fidemilidlaie waedFeuldiininuenisan
Ansziananiunmsel dsaenndosiunuiseres Nijarunkul et al. (2024) IHUssuiisuradugnsnanisseu
sUsuumseufuuuleuiadfieimuiinumauditom dmsutnizouduiseninu®i 3 iteuSounasndadou
wuln maduguinensdsuresindsuneuldSusuuuunssuiuuulauiadotauninus mauigmldsy
AzUULEIER 19 Azuul uagldFuaziuuingn 5 Azuul AxuuLABWNAY 135 wasvdaldsunmsiamsiFeuslsd
AzULUgegn 27 Azuun uazldSuAsLULAIAN 22 AZUUY AXLULRABIYINAY 20,64 LaTNARNYENINSFEuTes
tnBeuildfusuiuumfsuiuutleviadioiauinugmsuitgmlngiannuuunageund S suuand ety
oadluddmaeatiatiszdu 05 TnetnSeuildsutnnsasumuguuuunsiSouuuuleudaieimuniney s
uidgmilagiauuunaaeuvdufsuiinadugnivnanisdsuedsgeniineweu uazsnideves Litthikhun &
Sangsavang (2021) WU maé’quémqmiL%'EJmeﬁﬂﬁawé’nﬁsuqqm"m'auﬁauaahqﬁﬁfaﬁwﬁfgmqaaaﬁﬁzﬁu
0.05 AduruioradunszunisuneufinnestisaeunuuiufduiusivauduieduunFouiisuwunis
SunmsaeuluulineuseniunsuiugiseudagignsedulviEiTeuinnuanunsonen ey dusedla wasd
Anunsziedoulumaiounntu SniadslinmusenevuniFouiiidduanlailiingeulisdnde uandeidou
i@ ausiagmiromsieuddmaihuuiiniaddedumsnumunnuidnseu IuhliinGeuiifeumeunsou
revfiaweitsaouuuUiUfduiusTiaud fnntudmalilnsuuudeugsiudae

a. arwiiwelavesiinFoutuisoadnudi 2 AdeunGeunsFouiuulevineeulatiiduaiuinugnis
Atz suAulinadul Fes mslimeluladansaumaegnadimuiuiinveu Tnssmeglussiu infiga 1u
nanUNSsunsSeuiuuuleuineoulaiiduaiuinuznsaniinsest Sudulumaduin 5es msldmalulad
ansaumnAeg19ilANNTURATEU aNnI0AeAANaLlaYeIlTEUAIINMISITEURUULAN @1u15081UYNANN1R
dowldenues fFeuiuffiiusiuunGeu Sanuaynauu venanundsuiinnumainvaneudag Fous s
asfloufuRfanssuszninenaifous Jeaonadeaiunuideves Prasansi (2021) wui1 anufswelavesngs
etiilroynderiviauuuleuinidsulls Fesmsaisassdnuaonfnmeinniin WethunUSsuifieuiuinasid
fvualnuinlaesumdaunmeyluszduiiemelaunniian

10. ToLEUaLUZ U (Recommendation)

NnMsaunsunsseuiiuulauineeuladiduasuineensAndiasssiulimadull 15es
nsldwaluladansaummsgelinusuiinveu dmsulnSeutudsenfnuidi 2 Iteiauswuziwiolull
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10.1 Yorausuuziivetluly

1. nsdansiseusmsunseusuulaviaesulad ajdasudaunisuuniseulinioy dr5iagunnl
roufiwmesuazdyadumesidaliniouuazaosuuzihnmslinuunieulidseu

2. mydansdouduuulinaduideddsrernannnweaunaslunisinfianssy asiaoudesutadonlv
Wnzauiuszezhm

3. ganuuudelunisdamaiFousiivanvaneuiiudu il eneuauswionufoinisuasauannsves
HiSguusazyAAa
10.2 Forausnuzlumainidelundsoly

1. msifndeluumiduliiaumannvanenndsiu

2. madengUuuumsinanssunisdoudiiadlauasigaddsunngstu

3. madenguuuumsiamisBeuiluaenadesiunuasnsavessSeuluusazsziu ieligGouAnnis
Fousldegaiiszdnsam wasihluuiuussyndlilutinussdriuldegamngay

11. msUawenslilyaUsehugiBeaineassd (Declaration of Generative Al)
NAeillald Artificial Intelligence Tunsnsiaaeuliensaluazsulasadauselealvgndas wagnis
Seuisesundngon w18Ingy (ChatGPT) drunmsiinszideyauazagunansideidumsdniunsveside
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Abstract

This research aimed to (1) study the success drivers of the LINE Front-end Framework (LIFF) architecture
that affect information system quality, (2) evaluate the effect of information system quality on user satisfaction,
and (3) examine the influence of user satisfaction on the performance of community enterprises by applying
the Extended IS Success Model framework. The sample comprised 175 community members from Surin
Province, drawn using stratified random sampling. The research instrument used was an online questionnaire.
Data were analyzed using multiple regression, path analysis, and mediation analysis. The results showed that
the success factors of the LIFF architecture, including ease of use, Integration with platforms, and data security,
had a statistically significant positive impact on the information system's quality (p < 0.001). In addition,
information quality influenced user satisfaction (B = 0.547, p < 0.001), and user satisfaction directly impacted
the business performance of community enterprises (B = 0.654, R2 = 0.428, p < 0.001). The study results show
that the Extended IS Success Model appropriately describes the success of using micro-applications on the

LINE platform and reflects LIFF's potential to support community enterprise operations in a real-world context.

Keywords: Information System, LIFF, User Satisfaction, Business Performance
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Uadeduimiaunnudsavesdarnanssu LINE Micro-App:
N13UsEIULBUNATAYDIANINT VU TEUMALAZAMANTIUSEINY

Fetiusl azduiiies’ Soy3al lveaTseiuma®’ dnfviey deaudilsail® uas atiadde yRaasny’
"ananirmalulagnouiimes AuinunsAmansuazmnalulad uninenaewaluladsvsnadanu neun
g3uns Yminasuns 32000 Yseinalne; Email: jeeranunt.ta@gmail.com
“avivinaluladreuiunes Auginwasmansiazinalulad yminerdewmaluladsvusnadaiy Ineun
#ums Ymingsuns 32000 Usenelng; Email: anyawee chai@hotmail.com
‘Aanivmaluladreuiiaines AuvnensAmansuazwalulad uninenaewmalulagsieadanu Ineun
#ums Ymingsuns 32000 Uszwalng; Email: tsakchan@hotmail.com
‘avivmaluladneuiines AugnwasAEnsLazinalulad uninedewmaluladsivunaday e
#5uns YwminaSuns 32000 Usewmalne; Email: anuschai.ch@rmuti.ac.th

*57’115379’1‘15‘1155{1.15@: Yoyied lowaTsziuna (anyawee chai@hotmail.com)

SUuNAL: 5 UNS1AN 2569; wilvunaaiu: 10 Junau 2569;
ABUSUUNAY: 13 TUIAN 2569; LHBLIWSUNAIN: 29 Liw18U 2569

UNANED

uidoififaguszasdiiie (1) Anvidadeduind eunudiiavesanitinenssu LINE Front-end
Framework (LIFF) fifliasiegaunmasssyuuansaua (2) Uszillunasesaunwssuuasaumanennufianela
vosfldanu uaz (3) Arvasudvinavesaiuiianeleveldnuiiivonanisdindunuvesdiamioguyy lag
Uszenadldnsaunuifn Extended IS Success Model nausiiagnmpaundnianiagusuluimingsuns 91w
175 578 dndendaeiBnisduuuutund wndesdleldlunsisefouvuaouniuooulal Tieswideyadaea i
aAnBENNAA Wazn1TIlATIzsitdunanasfLUsd 1Y Han1sITenudn Jadeduindeuarudniaves
andnenssu LIFF laun annudiglunislda nmsysannisiuunannesy uazanuvasndsvesdeya dawald
UINAOAMATNYITE UM sAUMASE el TudAayneai (p < 0.001) uenanil AuAMYBIISALIMATBYENAsHD
Aufsnalavedldau (B = 0.547, p < 0.001) uaganuiisnelaveglinudamalaensateuss@nsa1nmegsia
YorIamAIYUYY (B = 0.654, R2 = 0.428, p < 0.001) NaN3ANWILAAILALELTT Extended IS Success Model
a1u13005U18ANd159veIn15lY Micro-Application uuuwasanlesu LINE leegramunzay wazasioudnanin
994 LIFF lumsativayumsanfiunuvesdiamisgusuluuiunnsidauass

AIEIALY: szuvasaume, LIFF, anuisnelaveslden, Ussansnmmegsna

@ @@@ Copyright © 2026 Journal of Computer and Creative Technology. This is an open-access article distributed
ETHC HD under the terms of the Creative Commons Attribution License (CC-BY-NC-ND).
gD
st ezdudiey, sgylal lveaBiseiuna, ﬁ’ﬂa‘szmg wiioswdllsa, ua otndde RNy, (2569). Yasedundeunudie
va3an1Unenssu LINE Micro-App: n1sUselliuiganalinvesnmunInss uuansaumaLazanuaAnalsyiIny. 175975
nouunesuazinaluladasvassd, 4(1), e3285. https://doi.ore/10.65205/jcct.2026.63285
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1. uni (Introduction)

FminauniifuiminfifiavAsgusuasnguinunanssuiusnn tnefldnunzisusunssdndudmg
NwATLazRAndNaLUTIU WY T1ivieunsd KERAMYIINIVY karduAuUTIUAIINTRRAUNNNITINYAT U
FamAaguruazngunuasnsluiiuiidilvy fdeddalunsusuldinalulagfivaiionsnainooulay
TneiamesiuyuiEusudigs (Cost Barrier) uazanududeuvssuaundiadunuuaunusielau (Stand-Alone) (Sagala
& Ori, 2024) Fas1iamani g uglassaseanisidenanidnenssuszuvaisauine (Information System
Architecture) fvngan Fuudnvaurimvoriamisguuuluvansdminvessanalng wagdiazvioutdadiin
dalasaisdunsiiifanalulagfidviavesseneunsiedey

feuiundinan fwtagsunsiedoduiuiiiasioutgmnindrdaneluladfdviavedamAaguey
sefuginaldodied wazmnzanfierlfilunsdifnulunisiinseiuuamanisussgndltunanrosunisa
ﬁunum"’ﬂw?wmmc@isﬂaumiiwsjaa LINE Micro-App %38 LINE Front-end Framework (LIFF) 3a1u
wmamadaildussloviann LINE Ecosystem Feilgmugldogudn ieanmszsumeluladansaumauasiss
nssensuresld usl UFF azgnihluldassluiannded winsussidudsdvnnisfeiduauandis
anrinenssuiidenloslugaanmszuuansaume (IS Quality) uazAnALTsUsEn¥Me§5A9 (Empirical Value)
gafllaiiieana (ivari, 2005)

PnuiTedes Modemn Marketing Platform for Surin Farmer Group (Tasuntia et al., 2024) QﬂLﬂumi
fimuunanosunsnanasislvailagld LINE Official Account wag LINE Frontend Framework (LIFF) iiteidu
Fomnamssmnedudlitunguinumanslufmiagiund Ssmanifenuidldnuiddunduduowasddod
sziuanufiawelasossuveglussiugs undadufisanisusslunalnBanssann (Descriptive Analysis) Tneiiiu
myinsgiuauiiswelavesflinubundn Ssdiliannsnosuredvsnaniernuduiudideaivnuestadesu
ANMSEUUAsAUWATdmaie AL Tianelanaznansidunuveiaviaguvuldegadaiay

fei nuiTeetuiitmanglunisoseniedn (In-Depth Extension) lnstindeyaaufisnslafifiogun
AaTen1sanneenyAn (Multiple Regression Analysis) Lﬁaisqﬂﬁaﬁum?{aummﬁwL%ﬁ] (Driving Success
Factors) ¥edan1dnenssy LIFF uagiil oUszifiuquandassdndaouszaniamnsgsfavesiamiaguay
namsisedliifssafoutafeduanmdnenssuvindu uidwandidunuaifiasnsailuvssgndlfluns
W Social Commerce vaguvulaogafitudAgy
2. fmqﬂizmﬁs‘i'm'“ﬁf&l (Research Objectives)

1. itefnuiadetuindoumnudiivesaniinnssy LIFF iduadenmnmyssszuuasauma

2. ileUsziuguidUssdndvosantnenssu LIFF lngdiaszsinanmszuusonnudfisnelavesldam

3. ilenT19aoudvisnaveInunNITUUAsaUmA Alroaufinelavesilinunazanisdiuaues
RGRVARL GG

ad a P . .
3. ﬂ']i‘Vl‘U‘Vl'?u’JismﬂiiilLLanIi]T“J{]VlLﬂfJ'J‘Ua\‘l (Literature Review)

3.1 @01UNNSRENAYAUTUAUNITAAIARATNEA (Context Setting)

Jamiagusilulsaalne lasaniznguinumnslufiuiivuun dedalngidulamisuanaisuas
YuIALEn (SMEs) Sanundytediinddnlunisuszgndliinaluladfdviaifienisnaineeulall (Sagala & O,
2024) Ingguassandniidnanenisn1sUsuldAdsia (Digital Adoption) LLazﬁﬂﬁqﬁammﬂfqzylﬁsﬂamaiumi
weiedu Ao FununisasuSuFuias (Cost Barrien) uarANdUTouUBITTUUNUNAIHE SV UALALA BlaY
(Stand-Alone Application) Inedadniasiunisiu (Financial Constraints) dutluiyymmdnvesgsfavuianans
wazngon inudsildielunsindesenduag nisiauszuy uaznsdpmyaannsdumaluladansaune
(Jongwanich & Kohpaiboon, 2025; Lertwongsatien & Wongpinunwatana, 2003) vagtiganu amududeuyes
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msmunszuy faduguassaderuszneunsiiviavinuzidvia neliin Yesi1mmsidsia (Digital Gap) sewing
gsfaselngiiuiamiayusy (Tongdaeng & Mahakanjana, 2022; Amornkitvikai et al., 2022) é”JEJLWlﬁ'y A%
amiﬂ,uLLa‘UWSLﬂsﬁuéﬂgqLﬁm?mlaimauiwéﬂmuébﬁu LINE Micro-App %30 LIFF (LINE Front-End Framework) 39
gniauaiduuumadenagnifianunsoanisiuuuasanududoulunsling vaeiidmadenloatugudldou
Rl LINE Taognsiiusz@nsnin (Cipher, 2025)

3.2 uuRauasauaNURARsEn1Unenssu (Conceptual & Technical Focus)
3.2.1 uw2An LINE Micro-App TuusSun Social Commerce

Micro-App %138 LINE Mini App Aawaundindugsefivheuuusnannesundn (LINE Ecosystem) Taglyl
Fosnasaduueundinduuuuaunudelay (Stand-Alone App) e?iﬂﬂzhsJammszﬁmqﬂﬂsﬂJLLaxﬁﬂmﬁ%ﬁamaapﬂ%
(LINE Developers, n.d.) luiesuas Social Commerce fimuddydmiviamiagusumsziisanglassanis
\ifsuazisensonsuvesililusanlnedisigiugly UNE $1usuann Useleviivdn leun (1) msanguassanis
finsta (No-nstallation Barrier) ¥l 1414 fsusmsléviud uay (2) n1sldussleniangiugld (Leveraging
Ecosystem) il il ang uitmaneldog9giaisa nieuandununianisnain (The Digital Tips, 2023; LINE
Developers, n.d.)

3.2.2 @a1Unenssu LIFF (LINE Front-End Framework)

LIFF %39 LINE Front-end Framework feusuddsniiteliminimuianuisaasns Web Application waz
Yanuansraneluweundindu LINE Tilaenss Insadanaln WebView+AP! Integration devilifanunsaideusie
fuilsidundnves LINE T@egesusu n1517gs2UU (Login) n1sAsdayalustndrld WazNI5E 0d 1KY
Messaging APl (LINE Developers, n.d.) ﬂmauﬁﬁﬁamaﬁﬂﬁé’wﬁaggﬂﬁmﬂﬂﬁﬂu Yadeduindouninuduie
(Driving Success Factors) vasaninenssu waztJuduusdase (ndependent Variables) Tuauide leun

1) MINAIUTINTATIUS U (Seamless Integration) 1ny LIFF @315an@1u591AU LINE Login vil#n13
Busushnugliarnisidfefoyalusindfuluegrsasnsds wassnlul@ (LINE Developers, n.d.). AuastAuas
L?;Ju‘ﬁuugwue‘hﬁzymaammﬂaamﬁmaa‘ﬁaga (Security) agn1sysanmsfivwnaneasy (Integration)

2) dunuiagiialunsiame (Low Time-to-Market & Cost) N3 LIFF 1finalulad Web unsgiu
(HTML5/JavaScript) vilvigae aneildinelunisiamn Native App uagguszesialunisiwindudioangnain
(LINE Developers, n.d.) 41 azioufsnrudnslunisldsiu (Base of Use) lunuuosvestniauiuaz
HUsEnaUNTs

3) mawddeiliaeslud (Built-in Feature Access) Ao LIFF annsaiienldflsdduaiuidonlody
LINE 16lnemss 19U QR Code Reader Wag Share Target Picker d9tsnsyfudszaunsalldnuuazaialonia
yagaRlu 9 (Foxbith, 2025) Insamandidaonadasiu armsnilunisnouauos (Responsiveness) luid
vosnsidndeilandu wagaudrelunisldau (Ease of Use)

ety Jadeduindsuninudnia (Driving Success Factors) vosan1inanssy LIFF 33Usgnounie Aam
drelunisldenu (Ease of Use) arusimialunisneuauss (Responsiveness) N5y sanisiuwnanasy
(Integration) WagANUUaBAABUBITBYA (Security) sﬁéaﬂa%’amﬁwﬁ%gﬂﬁ’]mmaauL%qﬂizfﬁ’nﬁ RTE PR
Sw%waﬁﬁﬁaﬂmﬂwwwuumﬁaumﬂ (IS Quality) m'aLﬁaﬂlﬂé’Qﬂqwuﬁﬂwa‘Lamaq;ﬂ%’awu (User Satisfaction) Wag
Usydngnmnnegsia (Business Performance) 1093ewnatuyu
3.3 TunanNUEN3VRe5TUUETEUWA (IS Success Model)

lumanudSavesssuvatsaune (Information Systems Success Model) 484 DeLone & MclLean
(2003) 85 UNBAINALS VVDITLUVAITAUMANIUAUFUNUSIT wns uasnase il adaduaun s Uy
asaume avnfenelavesdlieu wagnadwsiiAnduanmsldaussuu Inssuwes Petter et al. (2008) 16
ygensouLIAnfnalviaseuauuTuImameluladuasmslfnuiivarnuaieuniy
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wu%%’aﬂfﬁﬂﬂiauLLmﬁméfaﬂemmﬂixqﬂﬁﬁﬁﬁuﬂﬁﬂﬁuLﬂﬁaummﬁﬂL?ﬁ]ﬁuadamﬁmaﬂﬁu LINE Front-
end Framework (LIFF) tieefunsanuduiudidsanvnsenininunimszuvansaumna anufianelavosldam
LaznadNsI 3z inymagsiavesiamiayuy Tagldnnsanneswman (Multiple Regression Analysis) Lt
nagaudnsnalagnsavesdaduauaunimssuuarsaume wasldn1snseMduniuasn1siAseiduys
donans (Path/Mediation Analysis) tloas1slunaldaaningansnsaesuledviwasonuninue sy uuasaUIme
(IS Quality) muianalavesldanu (User Satisfaction) LagUsednsnmmn1egsna (Business Performance) ¥4
Yamhagurueginduszuy

AsnuUNILTTINT IS 9T Wi uaud eulesi aonnd ostuseninsauidovainnalsanan
laid1azidu E-learning Systems (Alshibly, 2015) WeChat Mini Programs (Martinez-Plumed et al., 2021) uwag
Mobile App Usability Studies (Mason et al, 2022) Wanundaus uduindadotuind swdunadananiis
ANUAAFABNITANUA AMNNVBITEUUANTAUMA Lazadamaansidauindergldny

3.4 N30 USVBIUITY (Operational Definitions)
mu%%’aﬁﬁaiﬁmmmﬂﬁaLLUiLGﬁﬂgjmﬁmeﬁl,%m%mm Jaleinviun M3 iRnng (Operational
Definitions) 83Ky sHanTTamuARNNTOULLIAR Extended IS Success Model dsUsznausdae 3 NUAILUS
wan laun #uUsdase (Independent Variables) a5 onana (Mediating Variables) wag s auusni
(Dependent Variable) lnuiisnsaziden il
3.4.1 Jadetuindauninudnia (Driving Success Factors)
Hadeduindeuninuduia Lﬂué'hLLUiSassﬁasﬁau@mé’ﬂwmL%amﬂﬁmanamﬂmaﬂiim LINE Micro-App
(LIFF) Fsflnason1siuinanmussssuusasansauma Ussnaudae 4 @ 1dun

1) Anudrglunisldnu (Ease of Use) Fnannnissuivesdldeuinssuvanunsaldeulane lidudeu
warPIwanN1TENIANLAALUAIALTILAIANS 9 (Davis, 1989; Mason et al., 2022)

2) AusInsalun1smeuaues (Responsiveness) 3aa1nn155uitiannusa anualesnin waznis
novaLeseIsTUY LIFF derdmiensinandoyavasildnlsiogaiuvingg (Martinez-Plumed et al, 2021)

3) NM3Y3IN13 (Integration) JAainarwamsavesszutlumadenleazvhnusmiuunanyiedy
du 9 Idegrenuiunaziiuszavzam 15y msithgszuuse LINE Login waznsldany Messaging API iladeans
(Alshibly, 2015; LINE Developers, n.d.)

4) anudaenfevestaya (Security) Taainnisuivesdldauinseuy LIFF duinsnisundesdoya
druyanauazdeyagsnssundeanauvsenisiifdaglilasuauagn (Alshibly, 2015)

3.4.2 AMAMNYBSEUU (IS Quality) uazaduiewalavasdldan (User Satisfaction)
nauivmihfiduiaulsdenans AifeslssssninsthfoduirfounasUssaninimmagsia Ussnaudae 3
3R o
1) AaAMsEUY (Syster Quality) mM3innaidnuazfifisUszasduesiszuy LIFF Ssyufisanuiaios
Tumsldszuu anusiag anunfouldau wazaruudedevesilsddusing 4 lun1sujiAsu (DeLone &
McLean, 2003; Petter et al., 2008)

2) AuAIaNsALYA (Information Quality) Ms¥adnunizresdennfiszuvtiiaue femmfenniy
gnAes AMUATUTIL ANUTiUETe wazaududsslevdsnedldanulunisdndulanieujifinisia (Martinez-
Plumed et al., 2021)

3) awfianslaveslden (User Satisfaction) msfnszdiuanuiiswslalnesmdgldiidessuy LIFF
FsazvounuUszaunsalidauin viauad wazanusdlalumsldausruuegsseiiios (Petter et al, 2008
Mason et al., 2022)
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3.4.3 UszAnSn1mn1955n3 (Business Performance)
UszanSnmmagsadudiudsnuiiagvieunadnsaayinevesszuy LIFF luidssausslovans (Net
Benefits) IngUszAn3amn 195579 (Business Performance) fmainnnsiuivesusznaunisiierfunadngids
vanidamAagueld3uannisld LIFF App 1y maiiingenuie msaasfuyunisdidunu nisvenglenana
3572 wasmaiihtagnenivailaeeeiiusednsan (DeLone & MclLean, 2003)
Fafu Fsoonuuufudsiamuelieguuiiugiuresnsoungud 1S Success Model Ailé¥unissoniuuay
FsunsBusulunmiforiewnth Sshelinsmaseudsedniinnnindedeniludmyuiuas dUioR

Table 1. Operational Definitions of Research Variables

Variable Group Dimension Operational Definition Key References
Users’ perception that LIFF is Davis (1989);
Ease of Use easy to use, simple, and reduces Mason et al
cognitive effort. (2022)
Users’ perception of LIFF’s speed, )
) N ] ) Martinez-Plumed
Responsiveness stability, and responsiveness in
. . et al. (2021)
data loading or system reaction.
Independent
. . The extent to which LIFF can be )
Variables (Driving ) ) Alshibly (2015);
. seamlessly integrated with other
Success Factors) Integration ) LINE Developers
platforms (e.g., LINE Login, nd)
n.d.
Messaging API).
Users’ perception of data
] protection, reliability, and ]
Security . . Alshibly (2015)
prevention of unauthorized
access.
Users’ perception of the desirable Delone &

Mediating
Variables

(IS Quality & User
Satisfaction)

System Quality

characteristics of LIFF system
performance, such as stability,

speed, availability, and reliability.

McLean (2003);
Petter et al.
(2008)

Information
Quality

Users’ perception of the
accuracy, completeness,
timeliness, and usefulness of

information provided by LIFF.

Martinez-Plumed
et al. (2021)

User Satisfaction

Overall satisfaction with LIFF,
reflected through positive

attitudes, continuous intention to

Petter et al.
(2008); Mason et

use, and favorable user al. (2022)
experience.
Dependent Business Perceived net benefits of LIFF Delone & McLean
Variable (Business Performance adoption, such as increased sales, (2003)

Performance)

reduced operational costs,
business expansion, and

improved customer reach.
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MNNTNUMLITIAUNTIIMUI MdTeiiAsdesfuamnmssuuasauALaEANd LSBT UEIY
Ingjsiadumsfinuluiiunesdnsgsiavunanaruayvinelug viseumamosuwndudily Sdlinanisiine
Aupnsnafuierfuunuimuas dnanavesladuriuganiney vuasaumeusasiu vuifedliiiuin
AunmszuLTavswalnenswionufianeleveslinu variivisnudfonuinunwansaumavionanins
Trusmsiiunumdannnit TaslamzluuiumvesflénuifidedindurinugAarauasnineins

4. NIBUKUIAMNIIUITY (Conceptual Framework)

iAdeiiIuruAtouuunseunnAnidaussuiiisu (Comparative Framework) Ineldfswuu IPO Model
fugndoyaguan Tnefiinguszasdndndio msiSouliivuyanmdnune (Feature Sets) figndnidensaeisnisi
Lmfwhqﬁ’uamLLUW\'anzﬁw%mWm‘sﬁi"lLLunﬁfJ'azJuaﬁuaaﬂm?suiﬂmm?'aa (Machine Learning) fifinsvihgnis
maﬂaau%’?uuuLLﬂa%uinuﬁUmsﬂ%’uguimwa%wwmﬁma% ileifiunudesiuremadnsyesnisiuundeya

LIFF ARCHITECTURE

| 1
S Sy I
[ A

15 QUALITY

I |
H3: Relationship to Satisfaction

Y |
USER OUTCOME

H4: Linkage to Value

+

EMPIRICAL VALUE

Figure 1. Conceptual Framework

s ldunseULLIRe o Figure 1. iioaSureanuduiussenindadeduiniounnudiiones
an1imenssu LIFF Usznausie Jadeduindeuninudisa (Driving Success Factors) vt dusuUsdase
(Independent Variables) fidwalnenssennnmszuvansaume (IS Quality) wuseeniluansdid léun aaunw
5¥UU (System Quality) LagAMAINETHEUMNA (Information Quality) Tnestsaesdftvimifiduduysdmn
(Mediating Variables) fiazsioudnenimaes LIFF Tunsneulandanudesnisveslday uaziidvinasoniuis
welavaagldanu (User Satisfaction) Saideslewsiolugiaussansninmsssnia (Business Performance) Ingrimun
auNAgnudiuiu 5 4o (H1-H5) il enaaounaAdsUszindvesanitnenssy LIFF lngldnisannoswnan
(Multiple Regression Analysis) L“T;Jum%'aqﬁaiumsﬂqaﬂmmﬁmﬁué@ammsﬂﬁaamﬂﬁaﬂﬁui’mqﬂizmﬁmﬁﬁa
o &
fadl
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1. muduiusseninsdadeduindeuruduiovesaniinenssu LIFF Augaaimszuuansaumne (H1,
H2) aumgug] IS Success Model AauNMYBIsTULKAZANTAUATDLTUTINg1UANESY (DeLone & McLean,
2003) Tunsdlvea LIFF 3414 Web View wag AP undn anaudinisanitinenssudouiinalnenswionnatos
uazAugnFeYeatoya 1UATEAIRY Mini Program wuinn1seenuuuUivsz sl iununmsE UULaE
BHG Fatmunasigiudel

H1: Yadeduindoumuduiavesandnenssu LIFF fanuduiudideuansenmunimszuu (System
Quality)

H2: Jadetuindounnudniavesaninenssy LIFF fanuduiudifeuindenunimansaume
(Information Quality)

2. auduiussEnigunmssuvasaunaiuauianelavesldau (H3, HA) anufianelaves
fludeidunadwstunatsiidrdiylu 1S Success Model (DeLone & McLean, 2003) iiasruuiinanmiiuas
foyagniewmuarudesnis fldgeminUszaunmaniduanuaganudalaldounntu deldsunisuduann
AT auansnn (Petter et al, 2008) FatwunausAguseil

H3: AAINTEUU (System Quality) iadnuduusidauinseninuienalave sy ldau (User
Satisfaction)

Ha: i Wansauwmne (Information Quality) fimuduiusi@auinseaiuienelavewldauy
(User Satisfaction)

3. anuduiussgninsanufianelavesdldnudulseansamnisgsia (H5) ludugavineaes 1S
Success Model wadnsannsldauasiouinunmadsydnsvionauselonians (Net Benefits) Fauideil
muadulszansammnegsia (Business Performance) vaidmiaguyu (DeLone & McLean, 2003) linas
Pewieladusihunedfgyuemadnsidegsia Wesmngliffianelafiuwalialdnuszuusioiles uazdana
foganu1y NSWNNGNAT LaEN1TARRIY SRt munauuigiuded

H5: Aanuienelavesldanu (User Satisfaction) innnuduiusidauinseused@nsamniegsia
(Business Performance) ¥03a1%nagsyu

a;ﬂmmﬁmﬂ’uﬁ‘ﬁaamagﬂuﬁwm (H1-H5) Ta H1-H2 Woulesiadetuindouandnonssuiy
AN NSTUUATAUMA (IS Quality) H3-H4 \Wenleanauniniuasiiansla (User Satisfaction) way H5 idoules
ANUAanelaiu UsednSn1nnagsia (Business Performance) eﬁaﬁgwmLﬂugmﬁflﬁ’aﬂumimaauL%amgmu
voamAdeil

5. A5ANUU9UIY (Research Methodology)

NUATUEE139nsoULLIAR Extended IS Success Model (DeLone & McLean, 2003; Petter et al., 2008)
Tnsysanns Yadeduindeuninudnsa (Driving Success Factors) vasaandnenssy LINE Front-end Framework
(LFF) Whdusuysdassiidamanie auanuesszuvansauma (IS Quality) waz Anuienelavesldaru (User
Satisfaction) @eaztilug UszAnSa1mmegsia (Business Performance) vasiamaagualuiian
5.1 Us¥91nsuazngufqeagns (Population and Sampling)

NguUszYINsYeInITITe fie aundniamieyuruludmingiuns Midrsmnsilnousuuasldnuszuy
LINE Front-end Framework (LIFF) 5239984 320 578 lﬁﬁmLﬁaﬂﬂdm‘i’aasml,l,w%uqﬁ (Stratified Random
Sampling) $1uu 175 318 Tneldmsnsues Krejcie & Morgan (1970) utstumanguendw (Sector) léur 1) ngu
\nwsn3 2) nguuUsUNANANSt 3) nguiungesulay iilelrldngudiedsifidndiunisnssanefiaonadoeiu
Uspnsaidluiiud
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5.2 1p30eileildlun1533y (Research Instruments)

wdosflefldlunsifusunudeyafiouuuaeuaiu (Questionnaire) Faasisduaniauyslu Extended IS
Success Model Tngutadu 5 du ldud 1) Teyarialuvesnouwvuasuniy 2) Jadeduindeuainudiisa
(Driving Success Factors) 3) AAINTEUUANTAUNA (System Quality Wag Information Quality) 4) A213#4
walavel¥au (User Satisfaction) 5) UsganSa1mm19g3Aa (Business Performance) wuuasuanailduinsidu
Uszanaen 5 526U (Likert Scale: 1 = Wiughetlosiian fa 5 = Wiusheuniian) Tagldfidunisasaaeunmnm
\3osile (Instrument Quiality Testing) il

1) mMansvasuaunsadaion Tasdvsiaaad 3 v nudAdeiauaenadoswasdosin
(I00) agszwing 0.80-1.00 Feaglutnmusifioensuld

2) 1153131 09AUTENaULT 91997 (EFA) nud1wuuaeun1udlaseas1eansan1unsauwulfn
Extended IS Success Model Tagfiniarnunuizanlun1siasizs (KMO = 0.894, Bartlett’s Test p < 0.001)
WagA1 Factor Loading ¥aens1en15egluyis 0.62-0.89 lnwiaA1sesaranuudsusiu (Variance Explained)
SAMEY 67.4% uansEennunsuddaswadng (Construct Validity) Airunn

3) Auidesiu (Reliability) Cronbach’s Alpha (@) ¥esndauusaelutie 0.84-0.92 Faganinnausin
gausula (@ 20.70) (Nunnally, 1978) LLamdwm%"aaﬁaﬁmmLﬁaqqaLLazmmsaﬁ’ﬂﬂiLﬂiwﬁlﬁasmml,%aﬁa
53 mstﬁuswmu%ga (Data Collection)

FoyagnsrusmsiutuvasuamInauniamRvgumiluimingsunsiladldauszuu LFF 93anends
mseusy nelunsiiudeyauuy Post-implementation Evaluation ilinadndazviouusraunisainiside
234 mnﬁu%@yjaﬁﬁuﬁumis{aLﬁ'aqmﬂmiﬂizLﬁummﬁﬂwaia@awssmuﬂumuﬂuaa Tasuntia et al. (2024)
dielfidugrudoyadmiunsiieneiidounuianislunuiagiu freunnauldsunistuasingusrasiuasl
ANUBugaNL19alnsla (Informed Consent) NBWRBULUUABUNNL
5.4 nsAnsgvideya (Data Analysis)

nMynviteyaudseandu 3 seau laedvunismsinsesilidenndesiuingussasinisideuas
aunAgunelinsauluifn Extended IS Success Model il

1. afA3emssain (Descriptive Statistics) Mifleosursdnuazialuvesineunuvasunuuazuans
szeumAniuveameululsiazfuUsdnse Aede (Mean) wazdruidoauusnnsgi (D)

2. m'ﬁmmaammmwﬁ’aaﬂaLLazm%"aaﬁa (Data and Instrument Quality Testing) AINITIATIEA
23R Us¥NaULT3d1593 (Exploratory Factor Analysis: EFA) il afuduainunseveslasasneiauys (Construct
Validity) Tae1935 Principal Component Analysis kag Varimax Rotation innuaLneuel Factor Loading > 0.5
115759980UALLE 83Ty (Reliability Test) 14'A1va3 Cronbach’s Alpha (@) Tasfnuanusial a = 0.70
wonnigdldmsinszianduiusvaaiiosdu (Pearson’s Correlation) iflefaarduiudidadunsessvinedn
wlsuan

3. adABsoyL (Inferential Statistics) Hiftennaeuaunfigiu H1-H5 Ssaonadosiuinguszasins
Wetodl 1-3 Ingldinatiansanneeidadunyan (Multiple Regression Analysis) Uagn153tAT1EMdEUN1AWALE?
wUsd enana(Path/ Mediation Analysis) \i 834A512 ¥ 83 Wan1amss (Direct Effect) SnSnanisdon (indirect
Effect) uazdvawasiu (Total Effect)

dmuinguszasdmsidedert 1 iednwinavestadeduindeunudisasenmnmussssuusasauaIn
asauna T¥nsiinsizianaeniBadunman (Multiple Regression Analysis) Litevaaeuauuiigiu H1-H2 A
A1NI0ANRUTUAUNAMNINTFIU (Standard Multiple Linear Regression Model)

Y=Bo+B:1X1+B2Xot st BiXit+E (1)
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Tnedl ¥ fio shudsew, X e fuUsdasy, B fie AmduUssavsonaes (Beta Coefficient) way € A M
AAALARDY
dwsuinguszasdnsideded 2 uas 3 dseSursunumvesiiudsdenaniuazsadwsgarnevesluiaa 14
nMIlAgRduNILagNTIlATEsifuUsAenans (Path/ Mediation Analysis) iilenageuausigiu H3-H5 g
T¥maila Sequential Regression MIULLINI9BY Baron & Kenny (1986) sufumalayaaunsy (Bootstrap
Technique; 5,000 Samples, 95% Confidence Interval: Cl) LileUsyanuABENan1seu (Indirect Effect) way
fuduunumuesdawusdanans (Mediating Variables) téun AMATNYBITLUU (System Quality) A AN
ansaune (Information Quality) Wagaudianelavesyldau (User Satisfaction) aeluluiaaidsanvguuy
St (Sequential Causal Model)

Table 2. Methods of Hypothesis Testing

Research Analysis . . Statistical Expected
L Hypothesis Variables .
Objective Level Technique Effect
Driving Success )
Multiple o
H1 Factors — . Positive (+)
Obi1 Systern Qualit Regression
1 stem Quali
) ] Direct Effect Y Y
IS Quality Driving Success
(H1-H2)
Factors — Multiple -
H2 ) Positive (+)
Information Regression
Quality
System Quality Multiple
H3 — User Regression / Path Positive (+)
Obj.2: User o . . .
i . Mediating Satisfaction Analysis
Satisfaction
Effect (H3-H4) Information Multiple
Performance
Ha Quality — User Regression / Path Positive (+)
Satisfaction Analysis
User Satisfaction
Obj.3: Final  Effect Simple »
) H5 — Business . Positive (+)
Business (H5) Regression
Performance

Sequential Path /
Overall Model H1-H5 Full Causal Model Mediation Positive (+)
Analysis

210 Table 2. Wuansisnsvadevauufsiunelinseunuidn Extended IS Success Model Tngndosiled
szrneinqusrasinmideivanudguiiiesdes oosuieanuduiusideamnluusazsesiu loun (1) dvswa
N19R59 (Direct Effect) 91nadaduiad suna1ud15a (Driving Success Factors) /19 AN NYBITLUULAY
ansaume (IS Quality) (2) Bviwamasdenans (Mediating Effect) situnainnszuukazauiionelaveldany
(User Satisfaction) wa (3) 8vignagayng (Final Effect) Vidama&iaﬂsz?m%mwmqﬁﬁa (Business Performance)
nsasedildinaiia Multiple Regression ua Path/Mediation Analysis LiteEudiunuduiusiBanssngves
TuwalaesinuaaaeuANdenndeasauuRg uluuiag ngUsrasrveInTidy
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6. Wan13398 (Results)

91NNAUTIUTINTOYAINNGUAI8E1 175 598 WUl Krausuuaeuaudulvg (61.7%) Wunqu
NunIns sevamndunguulsgundnsde (23.4%) waznquaivieesulal (14.9%) Faazviounansranefives
naueInnNdndIuUTEYINTI Inen sl noukuvaeuauiidndIumand sgeia 62.3% wavdulngey
Turaseny 31-45 T (45.8%) FeuansdangudvanefiuszaunisalnsiaunasnieuldiveluladfAdva
uennianmalianeiteyaidsoyuu wui Tueansinsgidlilunsinunianssoosuisanuulsusu
vostulsnuldluseduuiunaniegs Tnsfiarsananardudseansnisiinun (R2) Aseelu Table 4 &4
agvioutianuaunsavedlunalunisesuiennuduiusseninetdadenuaunmssuuasaumna ANUenela
VoI waznaansidsUssdndnegsivvesiamiguru nadnanuandliiiuindeyannguiiegaiiuiu
175 yedianumngauuaziiemadmiun1sinTeiaudiusse v iUIn 1N ULLIAAYBINTTIRY Lag
annsoildlumamaaevandguiifvunlilfedsditoddymieada
6.1 HANSAATIZIBINTTUUN (Descriptive Analysis)

sedunsiusanuAaiureslday LFF dmsviamieyuvuiaadslnssiueglusedu “uin”
(Mean>4.21) Taglam1ziauUsnisysainis (integration) wazaudiglunisliau (Fase of Use) AifiAnadegs
fian Feazvioudsnsiuiiduinvesfldnudenanmussaadnenssy LIFF

Table 3. Descriptive Analysis

Variable Mean S.D. Interpretation
Ease of Use 4.38 0.46 High
Responsiveness 4.29 0.51 High
Integration 4.41 0.44 High
Security 4.25 0.50 High
System Quality 4.36 0.48 High
Information Quality 4.30 0.47 High
User Satisfaction 4.32 0.47 High
Business Performance 4.27 0.49 High

910 Table 3. wu fmouiiszfuanufianels (User Satisfaction) lade 4.32 (5.0.=0.47) aenndesiuna
nsUsifiuosiurns Tasuntia et al. (2024) §ad I iiudng 14 LIFF dvauafifavansoszuunowdgnig
AATIMTIOYIY
6.2 NANNINUITAIANITITLUATNITVIAFDUANNRFIY

NAN1339Y 619 Table 4.

Table 4. Multiple Regression Analysis of Driving Success Factors Predicting System and Information Quality

Ob;j. Predictor Result

Model B (Beta) t Sig. R?
Variables
Ease of Use 0.298 4.22 <0.001

H1 Integration 0.352 5.13 <0.001 0.412 Supported
Security 0.210 3.01 0.003

1 Integration 0.315 4.95 <0.001

H2 Responsiveness 0.284 4.18 <0.001 0.398 Supported

Ease of Use 0.190 2.87 0.005
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Table 4. Multiple Regression Analysis of Driving Success Factors Predicting System and Information Quality
(Cont.)

Obj. Predictor . Result
Model ) B (Beta) t Sig. R2
Variables
2 H3 System Quality 0.482 7.65 <0.001 0.446 Supported
Information Supported
Ha 0.395 6.21 <0.001 0.412
Quality
3 H5 User Satisfaction 0.654 11.23 <0.001 0.428 Supported

6.2.1 nansAnwadeduindsunudiFavesaaniinenssu LIFF fikareqanInvssssuussaume

nan1s@nwitiadeduind ounitudidavesanninenssy LIFF denmninszuvasauma (S Quality)
(Obj.1: IS Quality waz H1, H2) wuiman1sInszinsanaeenigas (Multiple Regression) wansliliiuintady
Fuindounnudsa (Driving Success Factors) v09 LIFF $3vSnaidsuinegadiisddaymeadd (p<0.001) oo
AMANSEUUAN TN (IS Quality) W 2 17 Tnedlade Ease of Use, Integration way Security \ulladenanves
ANAINVDIITUU (System Quality) Anidusowazdl.2 ELusumzﬁ@mmwmmaﬁaumﬁ (Information Quality) 14
U298 Integration wag Responsiveness Lundn Antdusoeaz39.8 lnstanng Integration FafArdudssans
annosgsamluisanslina
6.2.2 nan1susziiuauAngeUszIndvasanilnenssu LIFF lagdiasizianunimszuunandnuninalavas
ldau

HANNSNAAOUBVENAvRIAMANIE UV TaumAR UAenalavedl¥a1u (Obj.2: User Satisfaction wag
H3, H8) WU3INSATIERANNEURUSLTa M) W System Quality (B = 0.482) wag Information Quality (B =
0.395) ssiidviswaisuanegsiitddnyronufianelevesfldau Fsasviouliifufaniwddyuesnanin
sruvasaumAlunsEuIuNsaseauiinelavesldiununseuluiAn DelLone & McLean (2003)
6.2.3 WANMIATIFBUBVENATRIAUNMITUUA SAUIMATIRaAuAswaTavaaldauuasnansAdiuau
YA MNAYUYU

HAN1INAADUAMNTURUS SenI19AuNanalave sl lduiuama1L8Usedny (Obj.3: Business
Performance wa H5) lnensiasgvisvisnaanying (Final Effect) ldnnsiasgvinnneeidiadusgnsdiie (Simple
Linear Regression) wuinaufiswelaveslden (User Satisfaction) figvsnaisuinegrannuasiided1Agn
adnfoUsEdAnSn1MN19g3Aa (Business Performance) (B = 0.654, Sig. < 0.001) Inganuianelaanisassuie
ANULUTUTINTRIUSEAVE A MMagIAalfeSosazd2.8 (R2=0.428)

6.3 NM5IATITAEUNIUBIUSEINY (Empirical Path Model)

NANI9ILATIZY LA UNIS (Path Analysis) A28tMATlA Sequential Regression wag Bootstrap (5,000
Samples, 95% CI) %amuamuagm H1-H5 Wrsmeiu Buduauaenndowes Extended IS Success Model 71l
Tuns35ed Taewuin System Quality wag Information Quality ¥nwinfiidusudsdenasludnvauzuesnis
deiudninaunsdn (Partial Mediators) lunsassnudvdnamsdenandadeduindeuanudnsalugannuia
nelavoslduogreiidodiey (p<0.01) uonaind anwfienelaveldeudaisnsnanmansedigundo
UsgdnSammnegsfia (B=0.654) FauandlsiifiuilueaiamnainsnosueaunlsUsiuresssansawmg
gsnaldegnalivudAny Tnenasiudvinanaun (Total Effect=0.692,p<0.001) uanslhifiuirdadeduindou
AuEN5I09 LIFF denalaensuazlaedousauss@vsnmn1gsia (Business Performance) KuAmAIMszuy
ansaumnA (IS Quality) wazanufiawslavesdldaiu (User Satisfaction) egnaifudidudy dauanadumans
AATIEAlAYaTURAI Figure 2.
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= 0.645%*

Total Effect (Sequential Path): 0.692 (p<0.001)

Figure 2. Path Summary of the Extended IS Success Model

Table 5. Direct, Indirect, and Total Effects from Path Analysis (n = 175)

Path Direct Effect (B) Indirect Effect (B) Total Effect (B) p-value
Driving Success Factors — 0.481 - 0.481 <.001
IS Quality
IS Quality — User 0.523 - 0.523 <.001
Satisfaction
User Satisfaction — 0.654 - 0.654 <.001

Business Performance

Driving Success Factors — - 0.692 0.692 <.001

Business Performance (via IS
Quality & User Satisfaction)

6.4 MIAANUNARWSIT93IND (Managerial Implications)

uan TRty nisamuluaednenssy LFF Téadanaenfelssdng (Empirical Value) o
Jamiaguvuate il Integration Wag Ease of Use Wuiladevdniidmalvinuninszuvansauma (1S Quality)
298U wazihluganufawolavesglanm (User Satisfaction) fsfmunnasliaudrdayiu Integration wae
Ease of Use fududuuan Tnsmaiiiuduvesarufisnelavosldaufienuduiusiuniafiutuosssansam
negsfalusedugs (B = 0.654, p<0.001) %QUizﬁ%%ﬂ’]W%Nﬁqiﬁﬁ]ﬁlﬂi@Uﬂq&Jﬁaﬁ’lﬁliy) WU MsLingenYe
(Sales Growth) N13v818g1UgNATML (Customer Reach) war n1sanduyulunisaiiugu (Cost Reduction)
nadwSilagvioudn Extended IS Success Model ansnsndszgndldluuiun Social Commerce voviauAaty

Ingldagnefivszansan uazaiuayunsitamn LINE Micro-App liiluesesdionisgsianifianuddu

7. a@3Unan15Ieuan150ius1enani1sie (Conclusion and Discussion)
nAtelifmgusrasdifiovhmsfinuniadetuindounudisaves LINE Front-end Framework (LIFF)
R NsEUUAITAUWA ANUTanelaveliny uarUseanSn1nnegsiaveiamiaguTy HaNMTIATIE I
Uszdnduansliiiuil Jadeidandnenssuves LIFF liun anudrelunisldan nsysannisiuunaavesy
AnuUaenizvesdeya uazauansalun1snouaues Junumd1Anien1ssuIANAINYBITTULATAUINA
wazanansaesuaLdSavesszuy LIFF Iseghadiduddy aenndesiuinguszainsidefidmuald
wan1sAnwladduiadeuniiudiiaves LINE Front-End Framework (LIFF) fionun1nssuuansaumea
nwud anudglunisldau nsysannsiuunannesy anudasaieresioys uazAMUANTAlUNITIBUALDS
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Z‘fﬂﬂ\laL%Q‘U’Jﬂﬁfa'ﬁﬁﬂmﬂﬁWixUULLagﬂﬁuﬂ’]Wﬁﬁa‘umﬁaﬂ?ﬁﬁﬁﬂﬁﬂﬁ@l NAAINAMADAAN DINUNTOULUIAR IS
Success Model 484 DeLone & MclLean (2003) fi1ausinganmyesszuukazaisaumnadugiudifnvos
AudFaveITEUUMTALINA UazaenAdasiunued Petter et al. (2008) At innmAmszULTRYIBaZ1INTS
Suiienndeszuu Tnslangluvdunvesilinuiifideddnsuninenns iwu Jaufayuey

KANIANYIUNUINTIAANNSTUUATALMAR DT anelavesdldau wudh Henuniwssuuuas
AuAmasauAldvEnalnensaeauemelaveldin nadwsiaenadestunumes Petter et al. (2008) 7
osunedrnufiswelaveslinuaziouuszaunisallassiuannisldauszoy uasdumdiaddnyues
Audsavesszuuasawnd Tuusunves LIFF aadnvaizauaudslunisldaunaznisysainisiv
unaswosy LINE Srsananududeuveinisldon dsaenadosiuuumannissensumaluladves Davis (1989)
LATITUITEA Y Micro-App &g Mini Program (Alshibly, 2015; Martinez-Plumed et al., 2021; Mason et al.,
2022)

Han1sAnwIANUFUTUSsEianuianelavesldnuiudseAnsamniegsiavedamaayuey wuh
Anuianelavewldauddnsnadauineg1ailiudAysauseAnSnmmegsia nadinanaenndesiuwuifn
Net Benefits Tuluiaaves Delone & MclLean (2003) Aussimadnsaainevasnisldszuuasgnasyisuniu
wadslonifiintunidluszduesdng A8nsldunaniosuiiviaanunsoadrwadndidensinliiussiaua
doulls Wleflinuiusraunsaififuazifneufianelaseszuy

Tnvagy wans3dedeuandlilu Table 6. Flifiunuduiudidsdrduantafotundounes LIFF lug
AaunMsTUUAITaUmA anufanelavesldiu wavdsednsammegsivededaiau uazBududn LIFF 1Oy
wasnzaufuuuneianRmlneludanaluladuaznmsilyldass

Table 6. Summary of Findings

Research Related Statistical Method Finding Summary
Objective Hypotheses
Obj.1: IS Quality H1, H2 Multiple Regression  Supported. Driving Success Factors

positively and significantly influence both
System Quality and Information Quiality.
Obj.2: H3, H4 Multiple Regression  Supported. IS Quality

User Satisfaction / Mediation (System/Information) positively and

significantly influences User Satisfaction.

Obj.3: H5 Simple Regression /  Supported. User Satisfaction has a
Business Perform Path Analysis strong, positive, and significant influence
ance on Business Performance (B = 0.654,
p < 0.001).
Overall Model H1-H5 Sequential Path The successfully explains the success of
Analysis architecture for community enterprises.

8. dednnauazdeatdusuuy (Limitations and Recommendations)
8.1 da31nvaIn1sAne (Limitations of the Study)

1. yAdeisAnunsld LINE Front-End Framework (LIFF) luu3unes Jamiagumludamingiuns 89
Huituififidnunznaasegia e warseauaunfeudumelulaiangs fadu wan1siTedsaeiouanm
nsldnuszuvansaumaneliusunvesdmingiunsuaznguildaudnardumdn Fseraliamnsailudds
fdemRvgurluiuisuiflasaswasninensuanmatuldlnenss
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2. ngueE e Adeuszneuselltan LIFF lidamRayusudnnu 175 919 Jadudldaueiaves
sruumNYBUATi L widnuiedinanazeglussiuinzansonsinzsiauduiusidasaing
WATWINAI8E19919d AR 881UNINTNAABUNNENR (Statistical Power) Tuunuduntsmnuduius lasianiy
s TTnndvswalusedum

3. Mmatfvsaunudeyalduvuasuauduind ealevdn azvounisiuiuazussaunsaivosldause
uwanwosuigldaudune lutisadivhnsdne wadwsildadudeyaiianssus (Perceptual Outcomes)
unnimsiananngnssunisldoneisusozen Seaenndosiuuumanisidediysesuisanudusaves
SuUEsaUNAINYLNeeidnudud ey

8.2 datauauuzdmiunisilulduazn1s3delusuian (Recommendations for Practice and Future
Research)

Tudun1sthluld wan193ded18ifudn LINE Front-End Framework (LIFF) 1 uuuaniefl inang au iy
Fawigurudaidediinduninensuazanamioumanalulad wagdidufanssuvuunaniodadyldau
AulABaE1a LINE mirsauitiA sadesannnsatmansideluldidunuimslunmstaunssuvansaumad 1i
anuddgyiuanudglunisldnu nmsysannsiuunannesuvdn anudaendevesdeya uazanuaunsalunis
ApUAUBEITEUY Weafuayunslinusiuasiislenalunsamadndmagsavediaviayuy

dmumsidtluewen msveensfnwludiamaagmmluiiuiidu visssdnsuunadeuiifssdun
w¥oudumeluladuandietu eiuamuannsolunmsssdwialureswanside uenand mafiuvuangs
fethaaztaeiEius I mageunada wandalomalinsnaeuanuduiuslulualfegnesoudumndsiy

9. mMaUamensldUay1useAugitenineassa (Declaration of Generative Al)
nuIdeilly Artificial Intelligence ¥a8lun1suaunainu (ChatGPT) wazl3aussIUNANE 8NAW18INGY
(ChatGPT) unn153tATenvedaLazasunan1sIdeilunsaidunislaginidy
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Abstract

This study employed a mixed-methods approach integrating quantitative and qualitative data. The
objectives were to (1) examine perceptions of violence reduction in esports video games, (2) assess its
impacts, (3) compare differences across demographic characteristics, and (4) propose policy
recommendations for Thai educational institutions. The quantitative sample comprised 400 participants—
200 upper secondary students and 200 undergraduates—from institutions offering esports programs,
selected through simple random sampling. Qualitative data were obtained from in-depth interviews with
three university lecturers as subject-matter experts. The findings indicated that (1) overall perceptions of
violence reduction were moderate, with the highest scores in understanding violent content, while
perceptions of actual reduction were low; (2) the overall impact was moderate, with positive effects in
social and attitudinal dimensions, but the lowest in behavioral outcomes; (3) no significant gender
differences were found overall, although some differences appeared in specific dimensions, and no
significant differences were observed between education levels; and (4) policy recommendations
emphasized age-appropriate content control systems based on international or local standards, clear
institutional policies for game selection, teacher supervision, and training on psychological impacts to
enhance emotional intelligence and support students’ ability to distinguish between virtual and real-

world contexts sustainably.

Keywords: Violence Reduction, Video Game Violence, Esports Competitions, Policies in Educational

Institutions
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1. uni (Introduction)

Yagtugnamnssunuuazdadesnlulszwalvefiulnegnisings lnensdinnuuleuisuasgvsmans
M3 (aun.) Useiiuilud 2565 geavinssudalasnlneiiyamusyanns 37,600 S1uum warAninazAulady
siaLﬁawgﬂT'J (Wattanathitikul, 2023) §anudnin nwazienvulnednisiawnussuladiusgsnsvaisanie
TuiufingammuasiasUuamaiionyuly 12 Tduluidunumnndt 1,451,179 au Snisssyiunuiiionou
Inefomaudnlvapdunuifidomuusuarinngm wu inududavdedediifingiinausss viliileudsade
nsnseAuosualsuaulugiau (Papattha et al., 2018) dnauAMENTINNTFUNINIANR (National Health
Commission Office, 2021) 5zy31 winlneninsouay 85 walawnueasiuay 5 9l Ineusvuna 1 Ty 3 wdu
vty uidsldfideazutuouiinusuusaduainavdnuesevginssy Yseiuiseg seninnisonides
aunAudnineiewsidu asuin wihmsaunususazdoulosiunginssuindlufidy uidlidndngu
WganeINdNanan19nTEinANNTULTIMI 00131 IsuluTTerenT LazUsesunuanANInIne a3 iy
(American Psychological Association: APA) @3U31 Auwnvasnuukslugnyudinuandadenedinuuas
Y WINNIUNVINVBLNUDEIAYY (American Psychological Association, 2015) ﬁy’ﬁﬁé’muiwﬂﬁmmﬁﬁm
sovsziiuiivuiu lnofideadonedifimanuauiomimlinnsauiudiaue nruegadunatudiountes
Fnuaziemrunnransynusauiienaifindu

FAlewnudmiunsutadudaUesningndunuendufivay liun inuwwideluuazien?insen (First-Person
Shooter/Battle Royale) %qﬁﬂﬁﬂmmmtﬁamlﬁamLLamawuquLLian}N%ﬂLau foghanufinulesgy PUBG,
CS:GO, Fortnite, Valorant, Rainbow Six Siege tdusu '3(?1T,amummﬁy@émﬂ%ﬁw’%amqﬁ@m 9 Qq@faﬁlﬁaﬁw
azuuunieliogsondunuaainglasialuagldundiauony 17 93uly wiendueuirfidenidonuazau
JUUTY INTEUUTALTANNAING 0171 AMENTINNTIRLIRA arovlfa$ T UL (Entertainment Software Rating
Board: ESRB) 52471 PUBG fimsBsshnausgnstiatau dnsuaninmainidennsuiduiegnds uasfidedinazias
amSaulaiunnl@m (Entertainment Software Rating Board, n.d.a) Wuldigniu CS:GO la5uisa M (17+) niay
FA1UT38181E0ALAYAINTUNTIT LTSS (Entertainment Software Rating Board, n.d.b) #3#Tletnufin1sd1aea
m3sedfeoysriinegvansi famsimndiasalinssyinnudianuinmiulunmaaseiaintuntu
deidomiiiumstdansuasnaeiseadisemsasuile Fufngnnamisidundguinuiiiauguisigauas
damnuddn “siteasuu” Tédaeu uenaind Ilenuvsziandu q sxdausuusddusuuuusiaiy u
unsgruialuAeinubuaziondinsoningnivualiey lunuiaiifidudesssdass Yol omod 1993 68
(Wattanathitikul, 2023)

nuATeRluUsE Al AU s HaANYINANTENUTB INLATATULS I IFUDEAINTANY U9
enudhmsdunguussansansefuarmiminludiauldfiem wilinumdnguuiafetunsilig
msﬂﬁsvﬁmmqumw%ﬂuizassm (American Psychological Association, 2015) 21nn15AN®IN11 28 %uu U
H19159un71 21,000 AU WU mndummﬁﬁqmm AU NAzaNAY ualpItoiiuninazildudAgla
(Drummond, 2020) LLaxidemsLéumuﬁmﬂLﬁulﬂﬁ'msﬁummﬁ’]ﬁ’lwmréjm'uﬁmmé’mﬂ’uaﬁ%qmﬂiuisﬁv
Uunans (Kumari et al, 2022) lumsinwessamalng wunssusidemanuguusdunudmanssnusier
wduluszdugs Inevilhiinenmsngaviin 218o authlugmansiatzinmléine (Papadtha et al, 2018) a1
nsAnwunardagdiiiduiinsisununiuluuesdeninusuussaninsoasaunansenuduansuaiuaz
woAnssulugiauunengula

Tusgduulousuarngvae varedssmadnnsoonuinsnsmuauievinui eundeae1ivy 017
wszswdaalAnmeunsuadfvimd w.a. 2551 vesUszmalnglddeliiaveud sauiuny Wilinisavih
pandming i wieuaniudsuld awdesiiunsinnsanuagldfueygInainAmenssuNITAMEURs uay
AAviEusvIAIdeneu (Praditpastra, 2016) maﬁﬁwmmﬁmﬁwaq@ﬁmsﬁaaﬁummauiaﬁiuﬂismﬂlma
wuinninfesas 79 Wudmsiimseennguneniessdsuiiuussneunisinuegadunnitelimngan i
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Wnuazie 1Y (National Health Commission Office, 2021) lusinsUszmeisuadiuginsnis o9 sgundveside

v v
]

an3genidni sungrnevhuevE el iAloinuTuLs Al NYUTiengsndt 18 T (Fowley, 2009) visiiuszine
Inefinsiauehmsfiansanusulpngrnsuazinnsnisausn wu mataduldnsiasadenlfidunetu
vionisadunalniiuguaiivinzan iesninuadelmidnfaenvuldieiumaluladdda fiesgunsal
nnwedondsadadulinning uwamsidummumeismamsduaiugravnssnnuuardalsindedinuamis
wswgiauas Tausssufunmsundonenvundemiioniadusseseimumsuasnginssueiuguusdly
daawlne

9nfindmisndnediu fadruquusduifleinuarlaunsfnunhendduiiumemgfnasudidu uay
wigfinsiiaueuuimnaamoudomeanuuissunsusunsfin dos viansdeaeing 4 udidu waed
WWINNMAUUAIALBINUHIUN MY meluﬂsmgmauuiﬂmamﬂgumwLaamamimmmimummﬂﬁu
wisiuBavasnetnamnyandngsruumsinm fdunadnsannmsideianingansoldifudeyameinms
uazuuIUfoRd sadudmiuduimsaniufinu mirsnuilourediunms@ne uiedeeniuuuasianiny
e uusuuImamsdaaiuinuuasdavesalulsaseuliansadnnisudaduldedisdinnusvisve usiodsay
warasysTTNvesanfumsfnwsaly
2. dnguszasAauITe (Research Objectives)

1. Wefimmsiuimsanvounnusuusdiiflenudmiumsudsiufndalesn

2. ileUssiliunansvuvesmsaseurusuusiAfleinudmiumsudsiudatedn

3. WlaiSeuifisumuuaninwe i UsTNNIMansHomsTUSuavHaNIE T INSARME U T STY
Wlewnudmiunisudstudatain

4. Wethiausuunadalsnedmiunmsliinlenudmiumsudsiudalesniiimsiiauennuguusdy
anmufinwvessumelne

3. NIDULUIAAIILUIIY (Conceptual Framework)
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98 (Research Methodology)
W unFRedUsuswiumsidedananin (Mixed Methods Research) Inedisneaziden

D

4. AFenRUU
AN5398A

Qe

al

il
4.1 UszvInIuaznguiegng

1. Uszrnnsiildlumsinuwadaiie dniSeusasindnuesanudnuluussmalnedifimsiduazineidy
Flatnudmsumsutsduinndalosn

2. nguiegiildlunsideniuingussasdd 1 2 3 wag 4 Ao lneidenananufnuiiidnisaeunie
damsudsufindavesn lnedenngudiedradudnieulussdudsenfnwneudats $auau 200 AU waz
UndnwiluseiuuSyng S1uau 200 AU TITTEY 400 AU Aen15l835n13d 10819418 (Simple Random
Sampling) I@mLﬁaﬂﬁfﬂL%'&JuLLastﬂﬁmenmﬂamuﬁﬂmﬁﬁ@mauﬁ’ﬁmuLﬂmﬁﬁﬁmui%’aﬁﬁ’mum

3. ﬂ&j:uéhaEiNﬁ%‘bﬂ’lﬁ%’&lmuifmqﬂﬁxaaﬁﬁ 4 A 91TTUNINLIREAIUNITUIINTNSANY 1 Yiu
puuinnssuvisemalulagnisdne 1 vinu uazaumalulaging gsiatuiwiedaniine 1 vi SATAY 3

iu
4.2 \3esilefl{ludde

1. wuvasuausuanyassUsEnsenans laun inauuseandumenauasnde wazszaun1sfinm
wispenifuisenfnuneulansuasseaulsgans

2. wuvaaununsTuinsaaneuausuusuIdlainudmsunisudstuinidalesa (Perceived of
Deviating Violence: PDV) IngUsuussuuuaaua1uisloin (Video Game Questionnaire) wazuUszgnsldain
il innsduianugunssvesialeiny (Video Game Violence) 99 Anderson & Dill (2000) Usznousae 3
1 ldun 1) Arueanudilaid emAuguuss (Understanding) 2) #un 1sdainmesdUsenaunnuguunss
(Observation) uag 3) Suns3uFMsanvBLATINTULSS (Perception) Bauuuinduinasusediu & 3 sedu Tu
Sz “goan” “glaisen” way “liwile” TneuwnuAnTaUiunm fio “17 “0” way “-1” nudiy Tauvady 15 1o
Tnefmustisazuuuiisutanumneaadsmundnnssunuaun i 1swesdunsnad ures Best (1977)
foil

Max—Min 1-(-1)

PDV = = ~ 0.667 (1)
N 3

3. wuuUssiiliunansenuveInisaanauausulsldalanydmsunisuisduinidalese (Impact of
Deviating Violence: IDV) neusuussuuuinaa1ui1a$1a (Buss-Perry Aggression) wuudamanuiiuaniiule
(Adolescent Measure of Empathy and Sympathy) kaghuuinnsauranI11§uLse (Exposure to Violence in
Video Games) 983 Lacko et al. (2024) Usznausie 4 nansznu Laun 1) nansenusoviFuai (Attitudes) 2)
NANSENURDNAANT3U (Behavior) 3) HansenuseA AN (Feelings) Uar 4) Hansenusedsny (Society) Fauuy
Faduinnsusaduen 3 5 seau saus “liidudae” auiic “Gudeegede” suvdu 16 98 Tnefmungag
AruuUAeulamumneAadenundnnsAwsanun e s uns AT IYes Best (1977) fvil

jpy =MxMIn _ 571 1333 @)
N 3

Pnesesienisidelude 2 war 3 Tnsfmuatisavuuuiioutan e AeasauanNSALINAI

nfevesdunsniatures Best (1977) mmiaaqﬂmm%miLLUamaﬂsLLuuLaﬁaﬁq Table 1. sioluil
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Table 1. Criteria for Interpreting the Mean Scores of Perceptions and the Effects of Violence Reduction in
Video Games for Esports Competitions

Interpreting the Perceived Attenuation of Assessing the Impact of Attenuation
results Violence of Violence
High level 334 -1 3.668 - 5
Medium level -333-.333 2.334 - 3.667
Low level -1--334 1-2.333

4. wuudunrwal@adnnisaaneuanugusssluialainudmsunisusduimdavese lnednwiain
lassasedmsunisdunivalidadnuuuysingnisalinen (A Structure for In-Depth, Phenomenological
Interviewing) U84 Seidman (2006:16-24) Usznausay 4 19

4.3 nsanTevidaya
Tumsieiinsiengideyadessuuneufinmes InsldlusunsudiSaguiinseideyatildannsiv

53U5lFNNGUATRE 1NN IATIEINNIEN1TNNERR mseesiutsoondudieluil

Smqusvasdd 1 way 2 lmsliasesideyaidanssann (Descriptive Statistics) tumsiasesidoya
Tngldadfussoneiiioosuisdnuusvenguiogauardnyuedulsidlun1side 1iun Annud (Frequency)
Anfosay (Percentage) Alads (Mean) wag Adeauun1nsgu (Standard deviation)

Snquszashil 3 MIAATIERRNLLANIRIEINAGBU t (t-test Analysis) iumsnaaeutUSeuLiiou
ANNUANGAYBIEN T ST INTMARSABNITTUTHaENANTENUYBINTARauUANLTULSsATaInudmTUNS
wistuBavesalunismaaey Taefvuaasedutaddayd .05

5. Wan15238 (Results)
MnndeuiBnisive anmnsnsenumamsifemaringUssasinsidelasd

5.1 nan1sAnwn1sTuinisaaneuanusuussludflewnudmiunisudstuiuidaUasn
NAN15I98 13 Table 2.

Table 2. Perceived Deviating Violence in Video Games for Esports Competition

Perceived Deviating Violence in No. of respondents (people) Average
Video Games for Esports _
. Can't tell | Not sure | Can tell X S.D. Interpret
Competition
Understanding .098 | .324 Medium
Street Fighter uses magic attack )
_ 121 142 137 .040 | .803 Medium
graphics.
PUBG can change the color of )
23 187 190 417 | 599 High
blood from red to other colors.
FIFA displays crash animations in )
150 139 111 -097 | .803 Medium
the game.
Tekken does not show serious )
. . 69 174 157 220 | 720 Medium
injuries during or after combat.
Overwatch or Valorant use brightly )
. 162 112 126 -090 | .845 Medium
colored graphics.
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Table 2. Perceived Deviating Violence in Video Games for Esports Competition (Cont.)

Perceived Deviating Violence in No. of respondents (people) Average

Video Games for Esports

=

Can't tell | Not sure | Can tell S.D. Interpret

Competition
Observation -.158 | .313 Medium

Valorant does not show blood

149 121 130 -.047 .835 Medium
from being shot.
ROV uses skills and abilities that do )
235 7 88 -.367 821 Medium
not show blood.
FIFA does not show serious injuries )
107 161 132 .062 71 Medium
when fouling occurs.
Gran Turismo: Car crashes do not
264 62 74 -475 | .788 Low
show blood or injury.
Free Fire uses combat graphics that )
116 152 132 .040 187 Medium

do not show injury.
Perception -.545 | .439 Low

The game does not show blood

> T 93 151 156 457 | 774 | Medium
and injury from being eliminated.
Games that use weapon or
cosmetic skins instead of normal 279 60 61 -545 | 745 Low
visuals.
Games that use special move
animations instead of normal 310 42 48 -.655 | .683 Low
visuals.
Games that have target or mission
objectives, such as scoring more
_ o 356 24 20 -840 | .485 Low
points than winning through
physical attacks.
Games with blurry or low-
] _ 360 18 22 -845 | .492 Low
resolution graphics.
Average -.202 | .201 Medium

5.2 nansUszliukansENuYaInITaanauanNguLssludflanadmiunsudstudalasn
NAN15398 A9 Table 3.

Table 3. Impact of Deviating Violence in Video Games for Esports Competition

Impact of Deviating Violence on Video Games for Esports Average
Competition x S.D. | Interpret
Attitudes 4.281 | .362 High

Reducing violence in cames helps players have a more positive
s s bs Piay P 4.345 | 361 High

attitude towards the game.
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Table 3. Impact of Deviating Violence in Video Games for Esports Competition (Cont.)

Impact of Deviating Violence on Video Games for Esports Average
Competition x S.D. | Interpret
Games that lack overt violence make players perceive them as age .
. 4.230 | .365 High
appropriate.
Reducing violence in games makes players feel that games have .
_ _ A 4.205 | 372 High
dimensions beyond just fighting.
Reducing violence in games makes players see esports as a safe )
. 4343 | 351 High
activity.
Behavior 2.063 | .167 Low
Reducing violence in games promotes calmer and less aggressive
1.930 | .170 Low
behavior in players.
Reducing violence in games allows players to play without feelin
s : Py ey : 2.166 | .186 Low
stressed or angry.
The absence of gore in games reduces real-life violent behavior. 2.035 | .148 Low
Reducing violence in games allows players to enjoy the game more
: : Py oy : 2.113 | .164 Low
without feeling guilty.
Feelings 3.775 | .503 High
Reducing violence in games helps players develop better creativit
s : Ps Py P Y 3901 | .490 High
and strategy.
Reducing violence in games makes players feel more relaxed and )
. 3798 | 513 High
enjoy the game more.
The absence of gore or violence in games makes players feel that .
: 3.706 | .502 High
the game is not stressful.
Reducing violence in games allows players to enjoy themselves .
3.679 | 507 High

without relying on violent content.
Society 4.417 | .735 High

Reducing violence in games promotes better interaction with

4.281 142 High
teammates and other players.
Reducing violence in esports helps create a positive gamin
s o P P P saming 4.510 | .730 High
atmosphere within the community.
Reducing violence in games makes players feel that the game is
appropriate and accessible to everyone in society. Reducing violence
. PPrep i Y . s ) 4.469 | 729 High
in games makes players feel that games can be a suitable family
activity.
Reducing violence in games promotes better interaction with )
4407 | .747 High
teammates and other players.
Average 3.634 | .442 Medium
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3. HaN1IWTBUTIBUAULANANYRIAN YL SEYINIANEATAENTTUTLATNANSENUYDINITAANIDY
anuuussludflanudmiunisudetudalesn
HAN5398 4 Table 4. uay Table 5.

Table 4. A Comparison of Gender Differences on the Perception and Impact of Deviating Violence in

Video Games for Esports Competition

Issue of Man (278) Woman (122)
Comparing _ _ t P Interpret
Independent x S.D. | Interpret x S.D. | Interpret
Variables
PDV -205 | .210 | Medium | -.195 | .178 | Medium | -.434 | .643 No
Understanding | .131 290 | Medium | .023 382 | Medium | 2.792 | .006* Yes
Observation -153 | .309 | Medium | -.167 | .322 | Medium 411 .681 No
Perception -591 | 433 Low -441 | 436 Low -3.193 | .002* Yes
IDV 3.728 | .458 High 3.550 | .436 | Medium | -.222 | .824 No
Attitudes 4.352 | .310 High 4.197 | .387 High 566 572 No
Behavior 2382 | .193 | Medium | 1.804 | .134 Low 2978 | .002* Yes
Feelings 3.815 | .508 High 3.753 | .497 High .906 729 No
Society 4.363 | .704 High 4.447 | 752 High -1.686 | .093 No

Table 5. A Comparison of Educational Level Differences on the Perception and Impact of Deviating

Violence in Video Games for Esports Competition

Issue of Upper Secondary (200) Bachelor (200)
Comparing
Independent x S.D. | Interpret x S.D. | Interpret t P Interpret
Variables
PDV -212 | .193 | Medium | -.192 | .208 | Medium | -996 | .320 No
Understanding | .096 316 | Medium | .100 333 | Medium -123 902 No
Observation -151 | 319 | Medium | -.164 | .307 | Medium 415 .678 No
Perception -.580 .418 Low -511 457 Low -1.576 116 No
IDV 3.516 | .438 | Medium | 3.752 | .444 g -020 | .984 No
Attitudes 4.025 | .403 High 4.537 | .321 High -.444 .657 No
Behavior 1.847 | .125 Low 2279 | .209 Low -313 574 No
Feelings 3.836 | .498 High 3.714 | .508 High .986 325 No
Society 4.238 | 724 High 4.596 | .746 High -.183 .855 No

4. #an15uNEUBUINIUTIUTEUIEFEMSUNISTITIR lNUFMSUNSHY U aUasnfidnTsUEuaATY
suussluaaufneivasuszmedlng
NaN15398 74 Table 6.
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Table 6. Results of A Policy Presentation Regarding the use of Video Games for Esports Competitions that

feature Violence in Educational Institutions in Thailand

Game Technology,

. Educational Educational .
Questions . . . Entertainment
Administration Innovation/Technology . . .
Business, Multimedia
How should In my view, control | think we should use | believe that control

violent video
games for esports
be regulated in
Thai educational

institutions, and

should be in the form
of a system rather than
a ban. Educational
institutions should

clearly define the types

design-based controls,
such as selecting game
modes or versions with
reduced violence. Thai

educational institutions

shouldn't be truly
separate. Perhaps a
universal game rating
system could be used

as a base, or Thailand

what kind of of games that can be can adapt game rating could develop its own,
restrictions used, perhaps based on | systems from other similar to the rating
should be international video countries to help decide systems we have for
imposed? game rating systems which games are television and films.
such as age and appropriate for different This would allow
violence levels, to learning levels. educational institutions
ensure appropriateness to know which games
for the learners and the are appropriate for
educational context. educational purposes
and which should be
restricted to higher
education levels only.
Would de- Reducing violence It has to be appropriate Reducing violence
escalating already enhances because games can makes games more
violence in appropriateness. become learning tools, not | accessible, especially in
esports video Specifically at the just entertainment. The schools. By minimizing

games help make
them suitable for
use in
educational
institutions? And
what
improvements
should be made
to ensure
suitability in
educational

settings?

secondary school level,
realistic depictions of
violence, blood, or
content that portrays
cruelty should be
minimized, and the
focus should be on
skill-based competition,
teamwork, and strategy,
which aligns better with
the school's learning

objectives.

content should be
adapted to foster
analytical thinking,
problem-solving, and
creative competition,

rather than focusing on

winning through violence.

visual violence while
maintaining the
competitive system and
core mechanics, it can
preserve the values of
esports and its
educational
appropriateness

simultaneously.
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Table 6. Results of A Policy Presentation Regarding the Use of Video Games for Esports Competitions that

Feature Violence in Educational Institutions in Thailand (Cont.)

Questions

Educational
Administration

Educational

Innovation/Technology

Game Technology,
Entertainment Business,
Multimedia

Is it necessary
for educational
institutions
hosting esports
competitions to
have
regulations,
policies, or
guidelines
regarding the
use of violent
games in school
activities? What
approach
would best
help reduce

violence?

Educational
institutions should
definitely have written
policies in place, such
as guidelines for game
selection, allowing
only games that have
been assessed for
violence levels, and
supervision by
teachers or activity
supervisors. This
would legitimize the
organization of esports

activities in schools.

Absolutely, especially in an
era where technology is
integrated into every
subject taught in the
classroom. | think the
policy needs to clearly
state that the games used
must align with the
curriculum, have learning
objectives, and have
undergone impact
assessments.

It is absolutely essential
because esports involves
business, culture, and
youth. A good approach
should be collaboration
between educational
institutions, game
developers, and
regulatory bodies to
establish standards or
policies to be used in
educational institutions.

How should
educational
institutions
provide training
or information
about the
psychological
impact of
playing violent
esports video

games?

| believe both
teachers and students
should receive training
on understanding the
emotional impact,
stress, and the
imitation of violent
behavior. Preventive
education will help
ensure the
appropriate use of
esports in educational

institutions.

| think it should be
designed as a short course
or extracurricular activity,
such as clubs, groups,
sports days, or science
weeks, to help students
understand the difference
between the gaming world
and the real world, as well
as managing emotions,
aggression, and using
technology responsibly,

which are important skills.

| believe communication
needs to be direct, not
about prohibiting
something beforehand
and saying it's bad or
inappropriate. Instead,
it's about understanding
how violence in games
can affect emotions and
behavior, and teaching
them how to play within
limits. This will help
young people grow up
embracing change.

6. @3UNan13398 (Conclusion)
Han1sasUraveINIsannauaNsuLshidflanudmsumudiiuimdalesaiunissensudauloviely

anuAnwveslszwdlng muingusvasivein1side dall
MUIZAAT 1 9109157297 2 nud TunwsaudnissuinisanneuaugusssegluseauUiunang
( -202) WeRivsansedunudl duanudilaiienanuguuse Wuduiawsasuilaafian (098) Inaiany

[11 of 15]



—_—
January-April 2026, 4(1), €3290 Journal of Computer and Creative Technology [-=r r—'= ISSN 2985-1580 (Print)
DOI: 10.65205/jcct.2026.€3290 NsasmeNiIwmesuavwaluladaseassa ﬁf :

(Research Article)

mawasuAdenlddedianadogs (417) sl lumanduufunssuinsaaveuausuusseglussdus (-545)
Immawwﬁmaﬁumqﬁ (-.840) wazn1FvASLUULNUTYUY (-.845)

FaquszasAil 2 9nmadt 3 wudn lunmsamansgnumsaaneuauguLseyluszAuUIuNANs
(3.630) WoisanesunuIn MmsaaveunuTULsSIdNanseuBsuInluseRUgs (4.417) wagsuvinund
(4.281) Inwiuinvasaiisussemadi Alugusutagiliinugiiuianssuivasadodmiuaseuain (4.407)
TumsnduiusumgAnssulusedudiian (2.063)

FaqUszasAi 3 91nA15197 4 wudn nevenasandainisiuiarUsaiunansenulunins
unnsrstusealifisddny Weiansansiosunuin anuuandsegedidoddnlusuamnudile nmsiug uas
WOANTIH UATAINNATTIT 5 nud1 dniFeuseudansuaztin@nwseduling s lifanuuandsiuegied
WedAtyneaiinluyniia

'3'mq°dizmﬁ17i 4 9nmsdun1wallumsad 6 wudn anuAnwAlsldszuun1sAIUAY (Rating System)
mumm3§1umﬂaﬁaﬁ@uuﬁij,amﬁa%’mLLﬂnmmmmzaumMNm&; Tudunsdmsaiaiu Ussinelnedelid
szuusndmsuinlanuegiadunans whelinmsinsadenmeunsuazianmiuga wagldnismiuausIunIg

paNLUU (Design-Based Control) 819 n15tdenlunuanuil Ll A1 miaendusunmu1yinuehagn15319uNY vl

v
=1

anufnwdesdiuleuiefiduarednvaldnuslunisdmdeninuuaziingiiuguasgistaau lnedeiaueunusil
aennfosfuteaAununIIvINIskazuleuienalelsenis warn1sdneusulideyanansenuniadaly Lite
wuasrnueaasesuaiuazt sl S sukenueysenindanauuilunuuazlanuisnnuduaild

7. 8fiusenan133dy (Discussion)
nsedusienavaImsaanaunNsuusdhdatanudmsumswsiuimdadesaiunsseusuidluue
Tuanufnwessswelng anunsaidoulestfunansidofldagunaly feil

1. mssuinsannauanuulssidalanudmiunsudadufinndalesn 1nuan1sidenudn aenndesiiv
mATeinuImslfdendausisiidudunafinanuiosuaiiazanuidnininvesidunnnideniiiann
533U9R (Jeong et al,, 2012) datiumsuiuAidenlluanasiisanmeuntsiuinusuis Faaensuiundninasi
msdausnifleinuinuannafiiiann Animated Blood dwiuideniifidfinsssumfvieannounuautie iyl
dﬂLﬁamﬁmmimmﬁwﬂdﬂLﬂuﬁﬁLﬁamm“ﬂ (Entertainment Software Rating Board, n.d.c) kazn15AUAIINI
Fmingagyiouiinisasuulanddadnuvalazdisannimanugunss usdufisansuudsuioniu laild
wilangAnssuausuussludalewny (Kreimeier, 1999) namfaidloinudsiaddudiidmngly “Adn” denss
tudsfisunesinnsaulldanmouauguusdlsads

2. NaNIENUTDINITaANaUANTULIAAlaInud T UNTWIITuBaUesH INNaNITIENUI denndes
fuTenuaNALNINIWIMEWIeIEN sTyinsunuiidenuunsafedodauindmalinginssurinngives
WWinanasetneiifudndy Fsmsannmanuguusslunuanssatelifunasesidnauslafiagliynsvauiauny
uniu wardnasuinduiansauadisasssuinnitasdusesow1ivu (Council on Communications and
Media, 2016) uazaanndasiunuidoanumineideeendnosa Inenuin iemguusduiilownalallddema
svozgnegiituddysenginssuanuininlulaneds Wiflanuduiusdanussninsiauimenuiiaue
Lﬁamguuiqﬁ’uwéfwmmﬁ’n%’nmaﬁﬂéu (Przybylski & Weinstein, 2019)

3. MU UTBUANNWANAIIVEIE N B UTEYINTANENSABNTITTU HATRANTENUTBINITANNOUAIIY
suusshAdlornudmiunisudadudatesn annamsitenuin asnadesiuteyaiadanininfmdalesndou
Ingfludszmalnedunamesosas 97.5 warvegluiasioguneudatefeiodingnousiu (sranews Agency, 2019)
wiprananldiuwalilidadeduinlunisiuiviensvaussiodoinuguusnauely fusnglunmiddednud
Fiaundeanunsaiinaudnidenuiensuausswniensuaireinuguussld mndeulvmsisuutado 1wy ey
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Tusuneasnazasmoviewndaygsoduie 1usu (Eastin, 2006) uazaenndosiunudsalusiiasemaiszyi
PdseunarnIedeawintanuduionssudunuinis

4.y adaleviedmsunsldialeinudmiunisudstudavesaiidnisinaueninuguusdy
anuAnwivesUsznalne a1 ITenud aensuiuinginusves Praditpastra (2016) l@uad N133ALIA
Aleinuamtieigdunasnsiunzauiigalunisauauinuiifienugunse iesndresuundonunls
wnganfuiofidu wasfunsdestufiauwdrdadomlimnzanldosnaduszuu Tnefidistamnud « inu
ooulafivaendudmiudnuasie ey’ 1fe Salenuilifidomsuussdadomiiiusunme warliduasy
THdsuuuunginssundoauurdonginssudninle 9 wedu” (Ninphet & Sripa, 2023) Fvaenadasiutaiaue
vosamnAAnguazdeilawfinuazionivy (aans.) Sufvdiinaunesuatuayunsaiuesuguam (aaa.) il
thiauein limsdnnsudeiuinlewnuiifanuguusduaaufne wazfidurstuiduemvudodldfuouge
MngUnases naenumsiingmneiifuguagsianuuaznisudsiudatesn ileduasondnuaziennvy
(National Health Commission Office, 2021) LLa3qmﬁﬂElLLu’JW’Nﬁjﬂ@ﬂﬂﬁaﬁﬁumaﬁﬁ“lj“lj’lqmﬂﬁwLL‘VIIG"U’@ WA
2561 ¥y ANwSUAaveuTmmsdInuAnIfudaUoindequaniin deilianuiuaznisundesiay
wnvuluirleinuegnadugussan dudu nmsduiiumanuuumsdagdglininihimSaveinddanuine
yosszinAlnenofinusslomigean MelumsiauinueAdawsrmndnainsassdvesidou Tnsanandes
fudnlanardsauanidomanusuissiilonudmiunmsusiufmsaleialitiosfiaauifias dululs

8. Yaiauauuza1uITe (Recommendation)

Torauouurdmiunsifendsdalumstmundunsisouuunaumauiidonloadoyaideimaiy
MANFIUTINGFNTTULALUTUNDTY LU nsNAaBIvenmnans (Experimental/Quasi-Experimental) i3 uifieu
lewnuitanveuauguis fu Filownuuuuund Taeifiuteyaneunds (Pre-Post) isduensunl Viruaf uas
wofinssu suduRumsdunanisaluaniunsaiutstunioniniouluduiouiiofusuaiuaonadaafiy
wuudeUn msvIenguiieddliinseunauiunases Ag §UIvns uazdifsadestugnanunssuinauazdaUedn
iWevsziumsseniuidelovsuadldnsienesivuuiiasafienaae uauduiusidsanmg seninsnnsivg
nansgny wazuloune Medmstassinsanmoua Ui oszuudaseIfanudmiuUssmelng uaz
ATIREDUANITIBIRSIUEITemgy (Content Validity) LiteliaTesilotafiunsgiu

wadalonemhonuiimusminensideluiiuseniiodummetoly 1ud 1) nssnmsfnudnig
FsannsahnanifeluimumdngnsnisBeunsasululsasou lnsmsiiauoinnefianinsnanaaguLss
PNMTEUNULAzALASNTR AL TAuaR uasngAnssudifvesiniSey 2) nsensrnmsvieniieauazivn
Tngiamgludruvesgaammnssuinuuazdavodn dsanunsaimwanideldldlunmsdaaiunnuvasndsly
gaamnIsunuuasidaedn nufafauulsuisiiisrdesiunsdauaiuiflonuiivisanainuguise
3) NIENTHABIIAUGY AunsalTanTIdeifleatuayunsianwumdumsannansznunNsLELNLTND
mimﬂqumﬂﬁwLﬂuaumwmaﬁumwwua $19m8 Menstestulazduadunisiaunuidusylovy
uenanisannsnianwamsnslidUinvwasnslfanuduiasouaufsafunsdwnuidnaidents
WaWID1SUAIMAZINYZHN 9 VBUANLAETIYY

Tudiuveamherugnamnssuinuuazdalesn tou 1) dinnupnuenssunisianisinsauuAuLand
(NBTC) uaw 2) aunax vusy aluas uazuivnlugaamnssuinuuagdalesn aunsalduansidelunisiau
WIATMINFETTUUNMSIALTAIAlaLNLT Nz aLLATdenAd DIt UUT UNMNIFsnuuaE SRS TTuvesU sz alne
sudsnsdaaumaaunuiiiiulsslovivarUaonselundvemginssunasnansenunedan
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Hanusuazdinusmvetssmaiy leinslityanuseiviidsaisassdiameiitonsnsishennsal ms
UFulganiw wazmsudluminuibu Tnelailalidgauszavslunisadadeommdionis QRER PR PILGHE
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Abstract

This research aimed to develop and evaluate the quality of an information system for minor
program student admission at the Faculty of Humanities and Social Sciences, Prince of Songkla University,
using an action research methodology (PAOR). The study sample comprised 22 academic advisors,
program chairs, and academic staff; 12 first-year undergraduate students; and 3 information technology
experts. The research instruments included semi-structured interview guides, observation forms, and a
system quality evaluation form. Data were analyzed using descriptive statistics. The research results
showed that (1) regarding system development, the action research process based on the PACR cycle
was integrated with the System Development Life Cycle (SDLQC) utilizing a 3-Tier Architecture and a
relational database. It was developed using PHP and a MySQL database management system. The
prominent feature of the developed system is its capability to support a Sequential Approval Workflow.
It comprises key functions including online application, system-based approval workflow, real-time status
tracking, automatic email notifications, and Excel report generation. The system reduced the operational
processing time from 10-14 days to 3-5 days and decreased paper usage by 80%. (2) Regarding the system
quality evaluation, the overall expert evaluation was at the highest level. When considering each
dimension ranked by mean score from highest to lowest, it was found that information security and
access control received the highest evaluation score. This was followed by system performance and
efficiency, and system usability and user interface design, which were equally rated at the highest level,

and finally system functionality and user requirements, which was also at the highest level.

Keywords: Student Admission, Minor Program, PAOR Cycle, Action Research, Information System
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unAnge

ATeiliiagussasdiilowanwas Ussilunuamssuua saumadmiunsuinAnyiuln A
uywemansuardenumans uminerdeaatuaiuns lagldnssuiun1sidelaliins PAOR nqusiees
Usznoudie 01913671UTnwn Usesrundngns wasidintinfidunns 1w 22 au dnAnviuiyeiiudi 1
$1uau 12 Au wasfiFnaiumaluladasauma 1utu 3 au wedesdeltlunside 1éun uuuduntvalfs
lassa$1e wuuduiinnsdunanisal wazuuuUssiliuaunmszuy iATeitayanieadfidanssau Han1533y
WU (1) AunITRLIsEUY MAYsann1snssuInnIsidedauiRnisniuaeas PAOR Sauiun1sinsgiuas
2995WAIUNTEUY SDLC Meldan1Unenssussuuhuy 3 seau (3-Tier Architecture) waggudayaldeduiug lag
WAILEA91 PHP Lagszuudnnisgiudaya MySQL szuuiiimuduiinuusiduie mssossumsfiasun
aqﬁ’ﬁmué’wﬁuﬂgu (Sequential Approval Workflow) Usgnausaleisndunan laun nisadasesulad n1s
AsaneulfNIusEUY Msinnuanuskuusealng n1suduseudnludfiniediua wagnisdseensieauly
UMY Excel Feszuuanansnanszozianssiuauan 10-14 Yu wdeiiles 3-5 Ju uazannisldionans
nszawadldiiedosas 80 (2) Munamsuszidununmszu Tnofidervglunmsmeyluszdumniiga 1o
finnsansesuiieamudiuasiuuedsanuinlles wuii suanuvaendsvesdeyauasnisaiununis
s Snaussdvlusedunnniigaifusuiuusn sesasnde MuuszdnBaimuazmsauedssuy uazdy
anudesenisldnuuaznisesnuuudndnserld Seogluszduannigaintu sudesunisviauiazay
Foansvesld Fsegluseiumnniigaisuiy
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1. uni (Introduction)

Tugameluladfdadunumddarenisiuindeudsauuazssuumsfing ssdnsnsinumianiniguay
onwulfissuuamsaunmnUssgndliiitefinussansnmnisudmsdnnisailuynsedu (The National Board
of Digital Economy and Society Office, 2019) LWIUlEUIEAING1IADAAT BINURNUYNSANENTYIR 88 20 U
(w.A. 2560-2579) Fujuiumaiauinaznisensziulssansamszuuuimsdnnisfnulunnazdu (Office of
the Education Council, 2017) Mizﬁuqmﬁﬂm SUUaAsAUIMALENISInNSAnY (Management Information
System: MIS) SiunumaAglunssiusiu Ussniana wagdanisteyasunzilou n153n1si3eunisaou uay
N1TUINITIANITAITIUTNAN®A (Yimprasert & Tonjoin, 2015) izwﬁ"ﬁ@mmwé’aaﬁwﬁqﬁqmmgﬂﬁaa AN
Uaonde uazanuazanlunislday weliaunsnatuayunsufiRnuaisldogieiiuszansam (Siipon &
Ritthaisong, 2021)

agalsfinu TuusunvesnazuyvermansuazdnuaEns tnINeIduaIvaIuATUNS NSUIMTIANITTU
nfAnwiiyin Sadalendlviindnulunannranganvdsdnndne Snandydesiiaannssnidunudie
s¥UUleNaNs (Paper-based) nszvaunafinaniifunouiidudou dusnsnsenuuusesy maasunslage1anse
fUsnw uasmsdwieliusssundngrsiionsaneylfi dealfiAnmuadlutuneunsmuisuenasddd
natuis 10-14 fu udafianugenlunisinnuanug doumdsnanduiunudsseteianatslunis
fuiuinu Ssaenadestutedunuiissyinssuunisivainsuuuenarsdsmansgnulagnssdsussansamnis
U%mﬁﬂmi‘ﬁayjmaﬂmﬁﬂi (Thaiklang & Sookkhathon, 2014)

INNINUMILITIUNTTN Wudnsiauiseuusvasinseauladlunaisusun wu mssvadnsdniseu
(Kanjanapradit & Suebsor, 2025) MsluunAnkuuEang (Agile) simmnszuusuatnsindny (Phongphet et al,,
2023) LLazmsﬂ’mmswmsﬁuﬁmﬁmﬁﬂml,ﬁmﬁummﬂaamﬁwaﬁag’a (Wichaidit, 2024) ag14lsAinu
ATedlngdniatunmssvadinslundngasuninieseauusnidn (General Admission) vibilinge4319n13
Foiiddy fie Swnauraunddefiysiaunssuudmiunsiuindnuininlagians Jaldnvazianzdai
éfaqmfi’aﬂizmuﬂﬁﬁmmmyﬁﬁLLUUé’Wﬁ’U%u (Sequential Approval Workflow) MARIesETUS v ILAY
US¥EIUNANGNT

FafuieTavesinetandn mu%%’ﬂﬁﬁqqq‘ﬁmmﬁwvmiaumﬂﬁiaﬁuﬂszmuﬂﬁﬁﬁmwagﬁaLLUU
ssfutu Tnglirudfy fun e ilazeonuUUsEUUAL399SNTHAISZUU (SDLO) (Laudon & Laudon,
2020; Sommerville, 2016) mﬁﬁaﬂ%ﬂﬁl@ﬁLﬂiwﬁmméf@qmimaﬂ;ﬂ%ﬁmmﬂwmﬂ (Kanka, 2021) wazoankuy
anIRENIIUSTUULU 3 536U (3-Tier Architecture) SafugudeyaidediniudiiioadrsaunaiiosuazUaonsi
wﬁ”amﬁgagimmimsmumﬁa"fsJLs'ﬁa"dgjﬁ“ﬁmi (Action Research) A1313435 PAOR %84 Schon (1983) 19131
Fuimdeumsitann Famasainanliiunmsfigaiudrinanusaensedulszansameesszuuiayanufisnela
vosyldaulieeaiiiuddny (Issarasongkhram & Satihaporn, 2024); Ruenphongphun & Matman, 2024)

2. IngUszasAsuITe (Research Objectives)

1. Weriannszuuansaumadmiumsuindnuinly aazsyuermansuazdnmmans smingde
AUaATUNS

2. iileUssidiugaunmvsssrvasaumAi s UNsTUTnAnu i viln Anzuywemansuardanueans
WAINGIRUEVAUATUNT

3. NINUNIUITIUNTIUUALNEfIAITas (Literature Review)

3.1 STUUATEUMAINENITIANISANYINUNISSULNANE 3N
m3dnnsdnelugaddvialdiufsurnuainnsaiivnusiessuuienatstugnsldssuuansaumeiitaliia
UsgAniamnisaniduny lesanglusedvagaudny) ssuvaisauneien139an15Ane) (Management
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Information System: MIS) unumanAgylun15UInIsInn1saunzideu N159AN19IT8UNITa0U WaENIT5U
tndnw Tneviuiisiusiy dsvanana uaziiesssideyaiieatuayunisandulavesuimsliniulueeis
gneae 39057 waefiuse@vsnm (Yimprasert & Tonjoin, 2015) STUUEANTAUWMATIIUSEANE NNAIS AT eiema
gndes arwauysal aArwBangu wazanudelumaddeleyaetnsuasnst sisil Siriporn & Ritthaisong (2021)
syyIrszuvansaumadiunzdsuiiiinunndesaunsansvaussienudeanisvesild fanudiladne
Uaende uazidedels ileduaduauiiselauaz s deyalulflumsdndulasgreiiussansua wnfnfana
@nndaariu Kanka (2021) flausinnisdnssuuansaumealugadivasidudesiinisnusuiitaau n1sfmun
fnquszasdingay warmsianndneninyaansliidladunounisianisteyasgradussuu susdeat
Chotakkharathitikun & Saengseemuk (2025) Flsfiifuinmsuimsaniufinwiifiszansnmndesedogudeya
finsoungu utlagdu uazanunsailuldlunsnsnulougldedamnzay lusussuuasaumaiion1ssy
ainstnAn®) Kanjanapradit & Suebsor (2025) lawmunszuusvatnsosulatvedlsussuivasuningl wuin
szuvtivanaszurenimind waziuanusinsilunisuimsdianisteya saonndestuanuideves
Wangwatcharakul et al. (2025) #imunszuusvasasoouladluguuvuiivueundintulisesiunisviramuuy
nnunannesuwazlisuauiwelannglénuluseduunn

Tunsdamsfnuivinvesnnzanvemansiasdinuemani wninerdoasaiuniund fdnvusianizd
dAgy Ao ﬂi:mumiﬁmimauﬁaLLUUﬁ']éTU‘Z'?u (Sequential Approval Workflow) Fanszuaunmsilllddudie
mMs3uasinsily wiuszneusenshausiniuves 3 unumndn Tdun (1) 91915873 Adesnsiaaey
AuautRuarinnsaniurou (2) Usssnumdngasaivionln A udeusifdugavineniudnslussuy uay
(3) Wwthitivinis vhwiidiuimsdanisdeyanmsan anududouvesdiiuduiiosdidutadoddn il
srvuauAnluguuuuLenats (Paper-based) tAna a1 lunisuyuisuenansszanitmiaeny dudu
nsimusruvaTaumAluny Tt TejuiunsudsuiiunssuunsdinanagsruuAiva wleUntesinsm
atwaziinanslusdlalunsinmuanuzuuuiFealnl Jaduuunameiumnminszuuivasinsin@nwily
wéngasunAmly

og11l5fnn nmsmunTTANIIINUI NuidednlngSajutumsiaunszuuasaumnaiion1siu
unAnwilunmsu viemsivadaslundnansndnuazseaun1sfineeng o lnelinsussendlduuiAnnisiam
gondwfuuudang uiloifinussansamuazainuannsalunisuiulgessuvesttssaias (Phongphet et al,
2023) swdsmsiiannsruvivaiaslussdutudindnuiiduaugnies AnuUasadevestoya wazanuazaIn
Tumsldan (Wichaidit, 2024) sisil é’quud'}mu%ﬁaﬁ'a@ﬁmmizuumiaumﬂLﬁami%’uﬁﬂﬁﬂm%ﬂﬂﬂaLaww
fifuaudrta Hefinszurunsfuiindnyinnidnsasianzuandsannssuindnyidngasun du
ALMAINNAIYEN AlATLAENSEUINNN TR TN BYTRIINMATBUNUY Fatfu My TINITLLAARTEUY
ansaumAi on13dnnsfnuidunszurunissudndnwndvndaduuuimsi fanududu fesnsedu
UsrAvEnimnisuimsdanis anerdeuvestoya wasimugunimnsliuimamensinuliaenadeaity
Uunvesanugaudnunlugaidva
3.2 NQUHUALNTTUIUNITHAUITTUUESEUNA

MINUIsEUUasEUWA (Information Systern Development) Wunsguiunisdifgluniseenuuuuay
fsruuneuimedfioatuayunssiiusuvesesdnslidiussansnmundaty tnevtlunssuiunmstann
FEUUATAUMANNALTUNITATULUIAAVDINATNIIWAIUITZUY (System Development Life Cycle: SDLC)
%QUi%ﬂ@Uﬁ’JHﬂZUWBUﬁ’IﬁQJ loun N15AIIERAIUABINTTVBITEUU (System Analysis) N1508NWUUTLUU
(System Design) NSWAILNTEUU (System Development) N1snad@auszuy (System Testing) wagnisiszuuly
401 (Implementation) nszuaunsisnandaelimstaunszuudulogradutuneu fMaswadeidniou uay
annsnandeRanainlun1siauszuuld (Laudon & Laudon, 2020; Sommerville, 2016)
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TuusunreamsimunssUUaIAUNANIINIIANY 1153ATIgRaudasnsvesldnuie utuney
ddny ilosnndldsuszuuyszneumenguyanadifiunumuannuans leud dndnw enansdivsnu Ysestu
ndngns wapidnthitivins Susasnguilaviuazveuiumaudesnisldaussuuiiunnsaty fadu mava
szuviedndudiosondemsfinwnszurunsynaueis (Workflow) vesesdns iitethdeyadildudiasiziva
sonuuulassadeszuuliaenadostuusunnisaduay (Kanka, 2021) 4enaind wnAnniswamngendus
wuuelad (Agile Software Development) faifunuimsiildduaudeslunsimunszuuasaumalutiag iy
\esanidunszuiunmsimunszuuluuIuseu (terative Development) fiialanalvgldnuiidiusauoeis
foiiles wazausaUTuUTeTTUUmUdeLauaRuE 1NN tEuaTale (Beck et al., 2001) wnARGINa1IHOAARDA
fumsiaLnszUUasaLmaIMsAng Afesnmsamdangulunsuulgissuuliaenndesivanmigmuay
ANUABINITVR [FUBE19U1IA39 (Phongphet et al., 2023)

dmsumatmutssuuasaumalunuddeildiuuaansiansruvasaumanUssg naldsam i
NILUIUNTIVURIUUANTIINIUI9RT PAOR (Plan-Act-Observe-Reflect) Tasdumeunisnaunu (Plan) isuih
fun1sitesesianusioansuesssuy Junoun1sUFOR (Act) yafunisesnuuuaniinenssuuaznssuiuns
M191UVB952 VY (System Architecture and Workflow Design) mmaﬂuuuimqa?’mmu%’aum%‘aé’i’uﬂ’uﬁ‘
(Database Design) iammmiaamwumummam‘u (User Interface Design) Funeunsdauna (Observe) 14w
nsRnnumanIsnaaeslinussuuRuLUY warduneumsaziiouna (Reflect) T arhdolauanuzanyiuuss
szuulusaudaly (Schon, 1983) Fsnmssifumsnutuneumaisaglissuuausasesiunszuaunisviay
vosldauliegeiiusedniain (Laudon & Laudon, 2020; Kanka, 2021)

3.3 NFTUIUNTRAIUITZUUAIBNITIDUTIUUAN13Ua22995 PAOR

M5138139UFTAMNT (Action Research) iluuuiniemsidefiyaiannuaz Ui gnsufoRauesiadu
sruusunsiidusvewifiendes Tnsaniznislénns PAOR ssznoude 4 dunoundn Téun nsmaus
(Plan) N15UHUR (Action) N15dNe (Observe) wazn1sasviouna (Reflect) 299309na1928 TN 15 MUITEUY
ausoddulvogafuduneuy fnsussifiunassviednium uasihdeyailldluldusuusuumensiaun
ataraiiies iolisyuudenndaatuusunnsldauass (Schon, 1983) wnAnn5ld299s PAOR Samunzauiiv
MsRAUsEUUaIsauImaluesAnsnsdnu 9edesendeaiudanguuaznisusulsaegenei oy
ANTNLINRBURALAINABINTVBIE LY

Tuusunveaniswaurszuvasaumai onnssudndnudonln n1suszgndldases PAOR 9ael#
nszvumM iR szuuTlassafsidaaunazull i ugudnans fasnsAnwanmiymuaranudeinis
yosglidmiAetes MmaiausTUUmMILUIii LA Msfanuuazyszifiunamsldan luaufamsagyiouna
Wieusuugsszuulusoudnll uuamnadsnaniaenndosiusuideved Issarasongkhram & Satihaporn, (2024)
w8y Ruenphongphun & Matman (2024) fiuanslifiiuinnisldnsyuaunis PAOR anusaviinuszansainues
TLUULAZAIY
fanelavewfldauldogrefitoddny duiu n1suseyndldnszuaun1sidoidaufifnisuazasas PAOR Tuns
Wanszuvasauaiionsivadasaivinesulatiadumnmeiivnzaslunsensedudsyansnm
mMsuImsiansuaznstiusmsnenisanuluanifugaune
3.4 N39UNTTUTHIUAMANITEUUETAUINA

msUszdiunuamszuuasaumadutiunouddylunisnnaseuhssuuiivauntuiianumngauuay
aunsansuaLesionmFeImMsvesldaldegieliussansan nseunnAnildsunssonsusgrsunsvansio
LUUT1a09AI1NALT 9U09TEUUAITAUMAYDS Delone & MclLean (2003) F stauslwuszifiuguniwszuy
ansaumeEIueIAUsENoUNan laun ANAMYBITEUY AuNMYBeaya wavaduitanelavesyld wuiAndngnn
gnilddszgndldodnaninnddunuideiussuvasaunaniinisng lnesin1suugasidennisuseiiy
TaennaaeiuuTunnsldauasaveuiagszuy 1Y MSINUAMLATININAINABINIT ALdIERBNITIdNY
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ANuvaendvvestoya warUsednininlunisuszulana (Siiporn & Ritthaisong, 2021; Kanjanapradit &
Suebsor, 2025; Wangwatcharakul et al., 2025; Phongphet et al., 2023)
dmsumddeildmuanseunmsussfiuauamssuuasaumeadiomssuindnsiviinlasysanng
LNAA9IN DelLone & McLean (2003) wazauAdeiiieades Inefmuansuszidiuesnidu 4 fu léud (1) sy
mMsvhauiazamdoinseld deagiounnuamisavesszuulumssesiunisvinunuuiunasa (2) fu
UsgAnBMuazn1siauYedssuy ANTINNET ATNLINET kazaugnABdveInsUssnanadeya saud
ANNAEAINtUNMIAAMIUKE (3) AuAudedensidnuLazniseanuuduAanerld Ussliuanudaauves
Funsunslion msasmmududourenssuiunis wasanumanzasvesmseeniuuduAnderld uay (@) f
anulaendsvastoyauarn1smugunsiide UiuLﬁJuﬂ’ﬂMUaaﬂﬂEJI‘Uﬂ’]iL‘?J’]mLLaumﬁI‘?N’]‘lﬁu“U'UE]EJNG]E]L‘L!EN
nsounsUszdiufindnaseunauiinma muessTuy AaNTWYesoya warUszaunMsnivesld Jununzauiu
msUssdiuszuvansaumaiienssuindneininluuunve saandugeudn

4. NIBULUIAANIIUITY (Conceptual Framework)

nseULUIANNISITET o Figure 1. LAAIAIUFUNUSITINTEUIUNTTIENING (1) AuUsddse Ao
NIEUIUNITITELTIUJUAN159109935 PAOR (Plan-Act-Observe-Reflect) LUUILTT 2 2975 TedawaliiAn
(2) Fudsunsnnas fe seuuasaumaiiensuin@nuininiivsznausae 5 fladduvan (msadasesulatl
N13MATUDUNANUTEUY MsARRINENIUE N1TUTBReudnlulf uazn1sdieanseay Excel) wazilug
wadnSAe (3) Muusau THun aunmueszuvasaumaiUszduly 4 fu muuuAnves DeLone & McLean
(2003)

Independent Variable oevelg, Dependent Variable

Action Research Process (PAOR Cycle) System Functionality &

Dim. 1 User Requirements

P-Plan : System Analysis

Identifying problems & user requirement;
conducting stakeholder interviews

A-Act : System Design & Development
System architecture, database design,
Ul design & prototype development

® O-Observe : System Testing & Observation
Pilot testing; observing and recording user
behavior during system use

R-Reflect : Reflection & Improvement
Analyzing feedback; incorporating findings
into the next development cycle

P
Iterative Process - 2 Complete Cycle R ‘

o

Figure 1. Conceptual Framework

Intervening Variable

Information System for Minor
Program Student Admission

1.0nline Application Submission
System-based Approval Workflow
Real-time status Tmrklnn

2.
3.
4. Automatic Email Notification
5. Reports & Summary Export

%\;
/(’ate

5. 35U (Research Methodology)

System capabilty aligned with
actual operational needs

" System Performance &
Dim.2 Etficiency
Processing speed, accuracy, and
real-time tracking

- Usability & User
Dim. 3 Interface Design

Clarity of procedures and
appropriateness of Ul design

Information Security &
Access Control
Role-based permissions and
unauthorized access prevention

Dim. 4

n1539uas a8 un1539unzsiamn (Research and Development: R&D) fidszgndlinszuiuniside
\B9UJUANTUUILTOU (Action Research) ANNNTOUIAT PAOR (Plan-Act-Observe-Reflect) it ewaiunszuy
arsaumad msunsTudndnuiviinvesnnsuyvemansuazdinua1ans umIngrdeasvaiunsuns
mssdurmiafeudsoondu 4 dandn fail
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5.1 Uszynsuaznguiiagnelunsive

Uszwnsuagngudiegnslunsideutsesndu 3 nqu il

1. 9191387 UTnw1 Uszsundngns LLaumemmmms YoIAMENLYEAART LAz dIANAan STl
dudatadunssuumssuindneiln S 22 e Fadulssrnsitanuavesnguil Usenoudae
919156 UTNTUTT 1 veandngasiidmusliindnyidenSouaruniviin $1uau 5 au Uszsrundngns
a19739ln $1un 15 Ay wasd i fiennis $1uau 2 au yaansnaguiifunumlunssuiumsfiansanous®
msutin@nuinin lagenansdfivinwwimihiinsvaeuuandRvesindnw Ussrundngasidudfiansan
ouiAduaning wasdmihffnmehwihdussaunuasdiiumsiuenasitieades

2. dnAnwseduuSnend Iiun dndnuduldi 1 vesemsayuemansuasdsaumanslundngnsiia
Tassaavidngsrmunlvin@nwideniFouavinln dnou 4 néngas luniansfinudl 2 $1um 12 au Tag

v

1438 msduiiegnsuuuing (Simple Random Sampling) 1nsedetindnuniiasinsi3euinin ndngnsas 3 au
ﬂejméhaﬁmﬁﬁwmwLfﬂuﬁlﬁffﬂ'luizwsluﬂszmumaaﬁ’mﬁauﬁ%ﬂw

3. wLwm‘*zﬂmmuLMﬂIuIaﬁlmsﬁummLa MIRAILTZUY 1y 3 v Fadulumanasiuiasgiu
AMsmsIsdauUAT sensudaiient (100) wazn1sUsy Wuauammameaia lagld3ignisideniuuiangas
(Purposive Sampling) tellEmssaandinfaudsnaddnasoungu 3 favdn léun (1) Funiseeniuy
WAEWAIUITEUU (System Design and Development) (2) ﬁmmmﬂaaﬂﬁwaﬁa;&a (Information Security) Wag

(3) iuniseaniuuduAnsiedly (U/UX Design) msfntdendligimgiidnungyaseunquilivianil agzaielinis
Ussiiununnssuuiinnnaniiteiowasaenndesiunseunisussiiuegsauysal

ell e liiiunmMsINAMUAUTLS 53 NIINaUAIBE1S UNUIVTIT IUSEUUASEUINA AaonIunITEl
dusnluwdazduneuveinssuiumsITedaliing dasudeyalinauandly Table 1.

Table 1. Roles and Involvement Across Research Phases

Participant PAOR Cycle 1 PAOR Cycle 2
System Roles .
Group (n) Prototype Development System Refinement
Academic Academic Advisor and Plan Identify problems in  Observe/Reflect
Advisor, Program Chair Verify paper-based workflow. Validate the revised

Program Chair,
and Academic
Staff (n = 22)

qualifications and perform
sequential approval.
Academic Staff Manage

Observe/Reflect Test the
basic approval module
and suggest adding

sequential workflow
and the new Excel

report generation

centralized data and reports/email alerts. function.
generate Excel reports.
Student (n = 12) Applicants Submit online Plan Define user Observe/Reflect

applications.

Users Track real-time status.

requirements for the
application form.
Observe/Reflect Test
online submission and
suggest automatic
notifications.

Test the improved
User Interface (UI)
and verify the
automatic email

notification system.

IT Experts
(n=23)

Evaluators Assess system
quality, security, and
stability.

Pre-Cycle 1 Validate
research instruments
(Interview & Observation

forms) using 10C.

Post-Cycle 2
Conduct final system
quality evaluation

across 4 dimensions.
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5.2 inRasilalun1siTeuaznsnsiadeuguAHYaILATaE

in3edlefldlunsise Uszneuse ¢ daw fud sevuansaumaiionnssuindnuivly uwwudunival
Adasane uuuduiinmsdunanisal uaznuudssidiugunmszuvansauma neledosdloUssamuuuduntyel
wuutufinnisdananisal uazkuutssdiuaunmszuu ldfunisansasumnuiismsadademinedideny
113U 3 AU AIENITAIMARTEAINARRnAd B9TENI1NTBAA LA TN Usyan (Index of Item-Objective
Congruence: 100) Tnefmidandafawdidien 10C 11nnd 0.50 Fefieiroglusnasivioensuls

1. ssuuasaumAiansFutnAnedvnn szuvarsaumaiienissuin@nyinnlésunsiaun
NIBUNTIIWAILITZUUATAUNALAZN TZUIUNTITTIUHUANI901U2995 PAOR (Plan-Act-Observe-Reflect) o
Warushen1wn PHP uazgiutea MySQL szuudseneuseilsidundniinseunqunszuaunssutindnuivin
¥un nsfuaiasesulad msfinrsaneyiidlage91sdiiunwuazusesrundngnsiiuseuy msinny
anuznisadpsuuuitealngd nsudadeunanisainsdnluifnidiua uaznsdseansisanuluguiuulia Excel
nssvEsUANIMYRssT UM EuNsTagd s umaluladansaume Sy 3 au dunisnaaedldou
BauazUszifiununmussszuulnglduuuyssifiuannmezuuasaumadmiudideney

2. wuudunwaiialaseads uuudunmuaifdassaddiduedesdolunmsiiudeyaanmilymuazay
soansvesifidruieadesdudunauny (Plan) 10593 PAOR Usznausaemanduu 5 4o 1dud (1) funou
nmssndunuivadasinlvludagdu ) Jymnieguassainuannssuiunsivaiasiy (3) dnvuruay
flefunmiaureszuuiidoss (4) mnudeanisiumsiaiu Uszinana waznstiaueansauma uaz
(5) Yorausnuzlunsiannsz vy MInsrvaeuAANYeILUUdLAwalddunslaeiTeavg S1uu 3 au
ilefiansaneuaenndessenindemauiuingUseasivesidy nan1snseaeunuiuuudunivalian 10C
Wi 0.89 Fagandninausiviimua

3. wyuduiinansdananisal wuuduiinnsdanansallfidued ealelunisidudeyangdnssuuay
nsgvrumslinussuuasaumealududann Observe) 1893995 PAOR Tnsasouaquussifiunsdanndiuiy
8 #u Tdun arudlatuneunislénuszuy mnugndesesteyainsenluszuy mwsmadilunsussnana
¥9357Uy Tgymfinuszninamsldau anuvsizauvesniseeniuuniinee Msnevauesweslineszuy
AnuazantumMadfiswastuiindeya waznsidiusinveslilunslitaaueuius wuuduiinnsdunnnisel
§unsmsnaeueuifissnsadaiomlnedideamg S1uau 3 au nansnsraaounyiadien 10C Wiy 0.87
Feganinunasifidivue

4. wuuusziiuauAwszuUasaumAs U sy wuuUssiunun ST UUA sAUIMAd MY
Jideauduedssdiefifmunduieldussiiuannmvssssuuasaunadwaundu Tnslduuuunndaiu
Uszanmue 5 sefuauuuAnesdiddm (Liker) fvuassduazuuusous 1 83 5 18ud tosfian don vrunang
17N uazaNdige wuuUsziuaseuaguMsUsidiunuamszuy 4 su TiuA (1) funsihausasaudeans
Yol T1uru 4 U8 (2) MulsEansnmuwaznsvinauvessruy 31w 4 e (3) Auanudiedensldnunay
nseenkuUdIAnsaRlY 31U 4 4o war (4) AuauUaenisveddayatazn1sAIUANNISIIIRT 91U 3 U8
LL‘U‘UUizLﬁuﬁma"rﬂﬁ%’mWsmaﬁ]aam’nmﬁmmaLGTNLﬁyamImEJr;j:LGTJ"mmzyﬁ’mizLﬁauﬁgmﬁﬁ'maxﬁ’m
winluladansaumea $1uu 3 Ay wan1smsIRaeUNUIIEAT I0C Wiy 1.00 Fsgsninausififun
5.3 Maiusiusaadaya

mMafuuTuteyaduiunmadu 2 sser munszuumAdonasiannivszendlim et jiRng
WUvuTeU Feil

szesil 1 MsWmussuUEmsaUmAitan1siuTnAnwivn mstiusunadeyaluseesd 1 dudums
FENTNUADUARIANAAADUTUIIAN W.A. 2568 TAEALTUIIUAIUNTEUIUNITITULTIWHUAN15010995 PAOR
$1uu 2 2995 BuainnsdunwalifdiuAdedunszuiumsiuindnuiiviin Ifun enasdiivnwuas
Usesundngns Wuthitinnis uazdnfnu ilefinwanmilgmuazanudesnislunisldnussuy ani

[8 of 19]



January-April 2026, 4(1), e3443 Journal of Computer and Creative Technology =/ I-=f I-=I ISSN 2985-1580 (Print)
y o

DOI: 10.65205/jcct.2026.€3443 Msasreuiimefuazaluladainsassd < ISSN 2985-1599 (Online)

(Research Article)

ihdeyafilduldlunmsesnuuunasitannsyuuansaumea naasddonussuuiungugldaudvneg wazdunn
woAnssunsldemszuulaslduvutuiinnsdananisal doyaiildannsdanagnitluldlunisusudgaes
Wawszuuluinsdnluegrndusyuy
szoril 2 nsusziugu wYessEULATSEUIMA MstAusiunndeyaluszeri 2 dudunisluifiou
uNTIAN .61, 2569 TngihszuuansaumeLi an133uinAnud v Tnd wamnauysalud U1 oavngy
sumeluladansauma S1uau 3 ew vimsussidununmvessruumunseunsUseiiuiidmuely welddu
Foyalumsvszifiumumnzauuazsyans nmaesszuuiiianntu lnesesazdenmsfidusmveusagngy
segdlunszurumaiususadeyans 2 sey Ifaguliudlu Table 1.
5.4 gdanidlun1side/mAeneideya
msesideyalumsideldaifdamssaun (Descriptive Statistics) LileafunaseiununwyeIsEuy
ansaumaiiiauty Tneadafldusenoude Aade (Vean) uasadiudsauuinmsgiu (Standard Deviation)
dmsumstiesgidoyadldanuuuussdunanmszuuansauna wai namsiesesigninausluzuuuy
ﬂ'wmaaaaﬁugwmﬁaLLamssﬁUmmﬁmLﬁuLLasmiﬂﬁxLﬁumaaQﬂizLﬁuﬁia@mﬂwwmaaizUU
mawannumneAedsnnuuulssdunnamdnuyszanuan 5 siu sruainusinswanadsil
1) Aadowiiu 4.51 - 5.00 waneds seduinniign
2) Aedswiiy 3.51 - 4.50 vanefs seiUIN
3) Auadswintu 2,51 - 3.50 mnefs sedutunang
4) Auedswiiu 1.51 - 2.50 vaneds sedutios
5) AnaAEWIAU 1.00 - 1.50 el seRuiosiign
5.5 msfvingansglidoya
am?%’aﬁmum3‘17@%ﬁzmLLaz%’Uiaw?aaammﬁ%’a"luwwémmﬂmzﬂﬁimmiﬁﬁ&lﬁﬁﬁumﬁ%’ﬂuwwé
unAngrdeasvaruaiung lavdl PSUPN.2-147/68 wagldsiunsiivingansvesilideyanumanaiussau
M3 InsBuasinguszasduarsoasBonuosms i ligidniumaunoumadnsmmside madrsumsife
Jululeeauadasle wazfidiswaiusaasudisenainmsidelavnnailaglidmwansenula 9 aegidis
uenanil FoyaitldsuandlideyaazgnifvinundunruduiarinlulfifieTngusrasdnianisisewindu
wall mstiavenansIfearlidawetoyala q Aaunsassyfmmesltoyald

6. WaN15298 (Results)
6.1 WaMIWATZUUATAUIMANDN s UTnAnnIun
nMsfiawIssuUasaumaiion1sSuinAnydn Indidunismunssuaunsdodajoansiagliees
PAOR 1121 2 2493 il
29957 1 nMsAnwanwdlymuasiaszuuFuLUY
1. furauu (Plan) sudumsinwanmilymuazarudesnisvesdiiduiatosonsdun el
Taglduvudunwaifslassadrsiinsoungu 5 Useiiu nanisdunwalagulsss Table 2.

Table 2. Summary of Interview Results on Minor Program Admission Process

Interview Topic Findings and User Requirements
1. Current admission Paper-based process with document circulation through advisors and
workflow program chairs; approximately 10-14 days per cycle
2. Problems and Five issues: (1) approval delays, (2) excessive paper use, (3) difficulty
obstacles tracking status, (4) limited historical data access, (5) manual entry
errors
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Table 2. Summary of Interview Results on Minor Program Admission Process (Cont.)

Interview Topic Findings and User Requirements

3. Desired system features  Online application, real-time approval workflow, automatic email

notifications, self-service status tracking

4. Data storage and Centralized database, searchable historical records, Excel export for
reporting needs registrar submission

5. Development User-friendly interface, clear menu navigation, standard web browser
suggestions accessibility

2. SUUGUR (Act) sdumsideyasnmafinuanmilgmuasanudesnmsludunusy (Plan) 1
fidunseenuuuiariaszuuukuegadutunou Tasutsnszuiuniseonuuveenidu 3 dauvdn il
1) MseenuuuanUnenssulaznIzsuIUNTILYBITE UL (System Architecture and Workflow
Design) tnermunan1iinenssussuuuuy 3 5eiU (3-Tier Architecture) Wialiszuuviauldegaivsyansam
finuaendometonn uazsessugldammdniis 4 (User Roles) ¥ tindnw ena1sdiiuinu Jsssnumdngns
wazidmifitnnnig Tnsflesdusenouvesantinenssudsil (1) seduaunaniua (Client/Frontend) g4y
nanguanansafsuasldneuiussuustumtineiuusiiwes (Web Browser) Inefinsidousadoyaniiu
w3evnedumnediniiinnuvasnde (HTTPS) (2) sesudiuyszanana (Application Server) S¥uuansauwmALile
msfuiin@nuislniautuients PHP uhidugudnansszananansngmavinnu Sddussuuduuuuil
Usgnaumelugandn 3 @l lwganisadiaseeulatl (Online Application) lugan1siiansaneudfr1usE UL
(System-based Approva 0 uazluganisAnniuaniuy (Real-time Status Tracking) Wae (3) sAUAIUTANNT
gudeyauazuinisifousie (Database Server and Email Service) syuuldgiudoya MysoL lunsdafivuay
iFunqdoyauuusngue (Centralized Database) H1uAds SQL Query rntudariununwnsdnsldo
(Use Case Diagram) L‘wammmauL‘um‘uaﬁyuuLLaymu,uﬂmmau‘wuﬁwwmmaaﬁﬂﬂmu 4 ngy (User Roles)
Ta (1) Hnfnwn fudhiiadasuazianmaniuy (2) e1asdiunem uazUsestuvdngns siwehiifiansaneysia
pudn uay (3) Wmdhidenis iwehitdamsdoyaninean fauanddy Figure 2. wavusnanidildoanuuy
LLmumwmvmumiv‘mm (System Flowchart) Lﬁ'auamﬁwﬁuMiﬁaﬁm’lauﬁ'mwé’ﬁu%u (Sequential
Approval Workflow) 1/1mmmumimwaaumuamuaaNaﬂmm lngan1dnenssunagnssuIuNITYNILYes
spuuiauysainnnisiani 2 2993 svtiausludiunanisusadiuiesd 2

Minor Program Student Admission Information System

Online Minor Program Application
—>

Student .
>
Real-time Application Status Tracking
0 )VcrY Qualifications and Approve (Level 1) S tial A | Workfl
2N m 1or ar r ) - e ential pprova kflow
Academic Advisor YEcU < pprov Vi quential Approval Workflo
—+— > Final Approval (Level 2)
Program Chair

)Scavch and Manage Application Data

Academic Staff

Figure 2. Use Case Diagram of the Information System for Minor Program Student Admission
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2) N1seenkUUFIUleYa (Database Design) Anfiuniseaniuulasaasnegrudayaldaduiug
(Relational Database) kagdnvTNau1YNIUYDY A (Data Dictionary) €195 UNTHAINITEUUAIYTLUUTANIS
grudeya MySQL Usgneusiemsnadeyanan (Entity) 911U 6 11319 leiun msrsdeyatindnes msisdeya
9191387MUTnwn ms1steyaUstsundngns mssdeyalimihiivnns msisdeyaavinin wazanadeya
tufinaniugnisadasuazniseydd niseenuuulnssaduanuduiusludnus dvivanauddouresdoya
(Data Redundancy) svuuamsaUszaana aTaaeudnsnisitildanu aasnuduiuaniugnisaniunuwuy
Sealnldegrgndeuaziiuseaniam daansununimauduiusuauouis (ER-Diagram) Tu Figure 3.

Student

PK | Student_ID Minor_ Program

PK | Minor_Program_ID

Name

ity Pri _Name
on_Criteria

_of_Study F

Submits Receives Academic_Staff

% 4> | PK | Staff_ID

Name
Application_and_Approval_Status Department

PK | Application_ID Email
FK | Student_ID

FK | Minor_Program_ID
FK | Advisor_ID

FK | Chair_ID
Qualification_Condition
Attached_Tr: pt_File

Managed by

Academic_Advisor Program_Chair
PK | Advisor_ID Gives final approval PK | Chair_ID
FK | Minor_Program_ID
Name =
Name
Department Email
Email et

Figure 3. Entity-Relationship Diagram of the Information System for Minor Program Student Admission

3) nseenuuudIuAnsier Y (User Interface Design) Atfluniseenuuuninaenisidaulagdn
vanAMIEBUIY (User-friendly) luynsldnudidaau iesrnesmmazmnlunisithisdeyavesildamn
nNAx MdaINNTERNWUUTEUY Hidelanniunmsiaunssuusiuwuy (Prototype Development) Tngltnnw) PHP
saufugiuteya MysQL e iuteundiedudmiumssuindnuivln arndudidumsnaasuszuy
(System Testing) lusiuAIugnAasveenIsUsEaIanataya N15n5I9aUansn15nde kagn13vneuYes
nszvrunseysiAuuUEduTy itelissuuaunsnvhenldegugniestoutinlunaseddnuassiunduildou
Tnenmsmesdrudnserlifiamunaiysaiud azhiauslunamsduiuamnai 2

3. fudann (Observe) §3dedunamgfnssuuarnszurunisldsnuszuuduuuulaglduuutuiin
msfunanisaifieseunqu 8 fu wamsdunamu flidulngaunsadilatunoumsldaonlflussdudiunans
tnfnwanunsansenluadinslddemueusdsdauduauluvisdunou dusnugniesvestoya Jeyafin
grdesnntudasnsruuiintnnasounnuasuiuoutuiin fuarmsinglunsUssinana ssuvansn
Usznanadoyaldniglunaieds 1-2 uiit Fasinissuuifnfidmihideddnainssasuienaisuszuna
3 ¥u wonandl szeznadiiunuienszuiunisanasain 10-14 u wderies 35 3u uazannisliionans
nszAwasieray 80 sudlgmitnuseminanislda liwulymssuuiaedeyalidudin uidlidoadiszuy
\iensadeuanuzieaULes Aun1seoniuuringe miaeundusiliazainsdenisldiunazaisuiulse
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Taenndostiunginssugldunniu uassumanevaussvesdld dlifanufimelalunmsruusdoinislifssuy
wdaiteunansadinslaglispadrsyuy

4. fuasitouna (Reflect) 11nsfiideldmasiounanismaanddnudugldnungusing q shls
nsutelausuurdmiunmsuulgdlussd 2 Sy 3 Ussiundn Téua (1) msfugamsesnuuudiufnge
{4 elildanldeuasiuatoddu 2) mafussuuudaieusnluiinisdiun ileannisznadinsraaey
anugsIoAuLes way (3) nsiiuiledfudseansisnuluguuuy Excel Winatuayunsyinudsdoyaves
dmiitdennig mnnisasviounalusouiiedudeyadidylunisnauny (Plan) dwiunsimuluieesd 2
ilelszuuiiruanysainunseuuuiannsiseseld

29957 2 n1sUTuUgesEuLazUsEliuna

1. fureunu (Plan) fissthdaiausnuzanmaassiounaluisasd 1 iiinsesiuazimuanuing
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Tnedmusdmnemsimundiaiy 3 Ussiiu ldun (1) nmsdfuussdmiadiedld (User Interface) Triiaany
viuasis datau uarldauazain (2) mafufladfunisudaiousnlul@ (Automatic Notification) Wudiaa
Tunnduneuresnszuaunisiansmn ieliyldsuausafaauaniuznisdniuouldogieeies uay
(3) mviinilerdunisdnshsenunazdeyaasu (Reports and Summary) Wiasessunisdssendeyaluguuuy
W8 Excel dmsumsldnuveadmihiiinms

2. %guﬂﬁﬂ'a (Act) FAdesindunsiauuazufuussssuumuunui mun Tasi3uainnsusuuss
andnsnssuvessruuifiososiuilaiduiiiufutu nnduladeulusunsumulasiadaiioonuuul Aiftel s uy
seafuntsvhauveslugaludldoganysal Kuansandnenssuszuulu Figure 4. wioutuil 14U
nseenuuuninledudnsedldlvdenadesiunsidey uagimuinssviunsuduseudnludfinidiualuds
fiieateduuiardduturesnsiansan dwaliindnyiausefasuaniumsaiadasidogwioidodag

U

lisuiudeatngsruuiionsdeuienuies uenaini sildimunsruuinmsdeyaiisesiunisiudunardieen
Toyaluguuuulnd Excel iitedursauazaInunLdminAimnislunisinviisenuuazUssauauiy
mhonunsou msvulgsimuaitasfinssansnmuazantosiniinuluissmaiaudeunti dwals
nszuaumssulndnuiviindanusnduanidusruuanniy TneunuamnszuIun159eT (System
Flowchart) fil#3umsusuussanysaiuda wanslilu Figure 5. wazsetnmivediufnsefld (User Interface)
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Figure 4. Revised System Architecture Showing the Integration of Email Service and Additional Modules
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3. dudainn (Observe) §Adelduuutiufinnsdunanisalyadulunisfutoyanginssunisldau
38UUﬁ‘U§Uﬂ§ﬂ‘M1j NaN1INAFEUNUIISEULANLNTav e ld S uiidnue Q‘Lﬁﬁn’mmmmvﬂ”ﬂ%%umauﬂﬁ
THuldinetu wasilardunisud wiousnlufindwatisann1sensianuan U f18AuLes 1198 K13
WU TlEunsEUIuM SO UsEnI s EUUeNa AL UST UUATauIMATITRU T Y wudn seuulvdanunsosdia
Uszdnsamnisaniunulsogatniauluraisdf nanfe AUTEEzIaT STUUATAULIAGINIT0ANTEELIA)
ANSINDN 10-14 Ty widerfies 3-5 Fu Tagldnawssinanateyasnlufifies 12 uidedfos Fagindn
sruuiuiideddiiainsivaouienatsienuesds 3 Tu uenani szuulnidiivannisldienansnszane
Tunndumeuasldeienay 80 dumsdanisdoya ssuuldvdsuzuuvuanmsdaivlustiuenars by
msdaiudeyanuusmguslugiudoya MysQL Feelidmifianunsoduiudoyaléviud uazaimsadieen
spaulugunuulig Excel lolnednlugia ludruvosnisiiuimsdaling seuulsifinilsiduiinovausssiondny
fioamsvesild Idun mafanuanugmssyifuuuiFealng uassruuudafousnlusfriudiualunnduneu
Fseudledymiduidasinsdesindeaeunuimihiivhenuedldegsiuszdnsam

4. Sugzitouna (Reflect) HAN15AEOUI W TENINE I Touazs ldaunudn SEUUATAUNAL D155
FnAnvnivinineududanumnzausasndendnsumsiluldauess aunsauntadeyninnuaidn
aan1sldienansnszany wasiiiuanuazaanlunisineuaniusmsadasidednaivseansam sgaslsfinnu T
wastilfsutaausuugliveemslinuszuulinsounqumssvadaslussduduresnnsluowan sufudiugio
ﬂ'}ﬂ%’muaaulaﬂﬁwﬁwﬂ‘ﬁmiLLa:W@uuﬂﬁsaﬁumimewawqﬂﬂiiﬁﬁwmﬂwma (Responsive Design) fall

INMIFLALOLATYNIET PAOR T 2 2993 fiduausaiaunssuvasaumaiiensiuindnuin
Infaseanysel FadnadnuazuagilaidunsianuaenadesiuiuuslunseuuurAnniside (Conceptual
Framework) AsUte 5 Usenns TauA (1) nsastasesulay Online Application) (2) QREITERERTR LIV Rl HERIEY
FurusrUy (System-based Approval) (3) nsfaniuaniuguuuLisalnal (Real-time Status Tracking) (4)
NMsuInFeuNadnluian1aBiua (Automatic Notification) kag (5) nsdseanstgauiartayaasy (Reports and
Summary) dsmalinszuiunsiutndnuniinrusinduasdussuuand
6.2 wansUsziliuauNMIzUUASAUIMABN1s S UnAnen3uTn

nansUszifiunuamszuuasaumaiiomsfuinAnvininlaefidsnasumalladansaume

Table 3. Results of Information System Quality Evaluation by Experts

ID Evaluation Item X S.D. Level

1. System Functionality and User Requirements

1 The system performs all required functions as specified. 4.33 0.58 High

2 The system meets the needs of all user groups. 4.67 0.58 Highest

3 The system effectively resolves problems found in the previous 5.00 0.00 Highest

system.

4 The system design aligns with the actual workflow process. 4.67 0.58 Highest
Mean 4.67 0.44 Highest

2. System Performance and Efficiency

1 The system processes data quickly and efficiently. 4.67 0.58 Highest

2 The information displayed is accurate and complete. 5.00 0.00 Highest

3 The system supports real-time status tracking. 5.00 0.00 Highest

4 Data transfer between interfaces is accurate. 4.67 0.58 Highest
Mean 4.83 0.29 Highest
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Table 3. Results of Information System Quality Evaluation by Experts (Cont.)

3. System Usability and User Interface Design

1 The interface layout is appropriate and easy to understand. 5.00 0.00 Highest
2 The operational procedures are not complicated. 5.00 0.00 Highest
3 Commands and menus are clear and easy to use. 4.67 0.58 Highest
4 The colors, fonts, and layouts are appropriate and readable. a.67 0.58 Highest
Mean 4.83 0.29 Highest

4. Information Security and Access Control
1 The system has user authentication for access control. 5.00 0.00 Highest
2 User roles and permissions are properly managed. 5.00 0.00 Highest
3 The system prevents unauthorized data access. 5.00 0.00 Highest
Mean 5.00 0.00 Highest
Mean in Overall 4.83 0.25 Highest

910 Table 3. namsuszdiuguamszuansaumalag] S oamgiiiedssmyndueglusedumniias
(X = 4.83,S.D. = 0.25) LLamﬂ,ﬁl,ﬁudﬁzwﬁﬁwmﬁuﬁ@mmwmmsamﬁw%’umiﬁ'ﬂﬂiﬁ’muﬁﬁq dlofiansanse
s wuinduanuUasafevesdeyauaznsaruaNnsidndda i sgegn (X = 5.00, S.D. = 0.00) 189910
syuviinisrsvaeuanimatildan nisuusdvsmuunumesiliudazngu uazmstiostunisidfedeyalng
LildSvaygnegensuiiu sesawnAoiulssdvinmuasn1svinauvesssuukagmuANiesienslduLay
nseonuuuduAnderld Feidefewindu (X = 4.83, SD. = 0.29) avieulsiiiuinsruvansaystananadeya
52157 wananadoyaldusiugr Anamaniuglduvuisoalsl wazdviivedidnnamnzay MWnulddudou
dushumsvhauazaudoinsvesilifidiadedgn (X = 4.67, SD. = 0.44) whzagluseiusniign ussie
drudsivuinasgrugeanindudu uaasdiduididomaiinnudiuenisiulunUssiu

dedinsevinede wuirsenisifidedsegluszduanniian (X = 5.00, S.D. = 0.00) léun (1) n1sudla
Jymanszuuduldegnanungas (2) mmgﬂé]’aqLLazﬂiuﬁaummﬁﬂ'agaﬁl,t,amma (3) NMSAAMINADTULUUY
Zealnl (a) msdanamtneiivanzay (5) Supsumslinuiilidudou way (6) msdnwmasadovesdeya
NNIIYNT LLﬁ@ﬂIﬁLﬁu’j’]ﬁL%&J’mﬂﬁgﬂzﬁ 3 ﬂuﬁm’mLﬁumdﬁudﬁwvﬁqmﬁﬂuﬂizLﬁumﬁ’lﬁ Tuvauedisnenis
iw‘uamWiaﬁwm"lﬁﬂi‘ummﬁaﬁi’fuﬁﬁmumﬁmm?{aﬁﬂqﬂ (X = 4.33,S.D. = 0.58) %Q;EL%EJaﬂzjﬂngEﬁaLauaLLuz
ensiugiiensldnuseulatdmiugldlv uazmsianilvisesiumsuanmanuuUiuasunusuiaviae
ileseasumslduriugunsaliivarnuanslusunan

7. @3Unan13398 (Conclusion)

7.1 mansRAUNSTUVAsAUmAanisTuTnAnundunTn

nansIdedum s sruUasaumaionssuin@nwivlnnuin msvssgndlinszuiuniside
WeUURN191 112995 PAOR (Plan-Act-Observe-Reflect) gaalinswauisyuuiduluegredszuunazaiunse
Ysulgwnlelviaenadesivanindymuazainudesnisvesgldnuatlaegdiuseansam dwalvigideainse
Wannszuvasaumaiiadsauysal fednudnvuzuasilsidunisihaundnnevaussdensauiuifansie
(Conceptual Framework) Asudaumna 5 dnu liud (1) msadasoeulayd (Online Application) fh@nwnaunsa
niaﬂ%’azﬂaLLas?J'ui“uaﬂ'ﬂiﬁiwuﬁzuulé’ﬁwmmm (2) N13WTBUITAKIUTLUU (System-based Approval)
mﬂﬁ&?ﬁﬂ‘%’ﬂmLLawizmwé’ﬂqmimmmmaaawﬂmauﬁaLLazﬁﬁ]wmwmgﬂammé’wé’fv%whuszwiﬁa&J’m:ﬁu
YUV (3) N1sAnmuanIugkuuLsealnyd (Real-time Status Tracking) ﬁ’ﬂﬁﬂmmmiﬂL%ﬂﬁiSUULﬁamiaaaaU
AuAunveenasuazn1seudFlanaenia (@) nisuduieusnludfiniediua (Automatic Notification)
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widaiiies 3-5 Ju uazaanisldionansnszavasiesas 80 dwwalvinisuImsdamsnusudnAnwiiviniaig
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7.2 HaN5UsEIIUAMATWIEUUASHUWA
nansUsziuaNnmsEUUasauALiion1sTuinAny i inlaedidormasumealuladansaumanyi
szuufinuamlnesmeglussduinniian WeRosandusesunui ssuvaansansuausssionmieInsve
Hldnunazdonmunvesssuuldegraunungan dussdnsamuazanuaisslunisvinu ldaudeuasiinig
oonuuudAnsefliTiIzay Saddinasnsiuanulasaivesdeyauaznismuaunsiindeiangas
wansUssdiudanaagiouliifuinszuuasaunaiiimundudanundondniunsiluldauoie
Tuuumesnisiuindnyriuniy uasawnsnaduayumsudmsinnmanenisinuildognaissansam fiu
A1UN1ITANITTRLA N1TAANITLITUYDIYUAAINT UATNITUNTEAUANAINAITIRUTAIINIINTA Nl
antugaudnw

8. aAUswNAN13I9Y (Discussion)

MnuaMIIEaInsnoAUMeRamaingUszasAn e ldrad
8.1 MIRAUIsEUUEmTAUWAan1sTutndAnnAnin

HAN1533enUIINTUsEY NAldnIrUIuNTITeLU  URN19M119995 PAOR (Plan-Act-Observe-Reflect)
$1uau 2 2993 ldinsiassuuiduneuitauuarannsanevauesaudeansvesdlfaivldesned
Uszdnsam il nalantswauuuiuseu (terative Development) Wuiladaddafivaednvesinatlymann
svuuienansiiy Tnstawizluduazsiouna (Reflect) Adalemalviiidiufsidosiimszyanudeansiiuviase
ﬁlu‘ﬁﬂﬂa_jm3ﬂ’<§umﬁnﬁ%’umiﬁ’muwé’ﬂﬁaamé’mﬁ’umauLLmﬁmmﬁ%’Eﬂéfaﬂﬁdﬂiuﬁauﬁgq 5 Uszns Bnits
FTUUGIA1U90aAT2 8281 UH1UUIN 10-14 T IndoLies 3-5 Tu wazaanisldnszatvadlasovay 80
avioulidiuinnsldinaluladasaumaiioonuuunudunounsienass (Workflow Design) awnsaensesiu
Usgansamnisuimsdanisldedrndususssy desaenndesduuufinves Schon (1983) fiszyinnisive
GeuiRmeeliAnnadeudnnmeufifsuasiilugneianissu venont dewBsuiieuivnidees
Kanjanapradit & Suebsor (2025) ua Wangwatcharakul et al. (2025) aziiiuldanszuuluguuuuiivwoundndu
am'ﬁﬂa@miuqmLLauLﬁummamLéalmuﬁﬂwmuﬂé’wamﬁaﬁu ag49lsAm mu%ﬁaﬁﬁf«mLsiuiumﬁmﬂﬁmm
FUgouVDINITNIITUIPULARUUAIN Ut (Sequential Approval Workflow) § i udneavianzvesnissu
uﬂﬂﬂmwﬂwmaqmuﬂﬁmswaaumﬂmmmiawﬂﬁﬂmLLauﬂiumuwaﬂam lidudouwnnsnefiddayann
mssvafaslundngnsinld
8.2 NMUZUUAMANYIITZUUETHUNA

wamsUszdugunlnesiwegluseduuniign (% - 4.83) Busudrssuuiiianntuiaundoudniy
st luldeues W efiansuinuuuusiaesmnudsavesseuLa1saLImMAT8Y DeLone & McLean (2003)
wuin duaulasndevostoyauazniznugunsidife Idasuuugsaaidu (X = 5.00) dsdvinliifud
andmenssuszuuivenuuunannsnadeuidesiulunisiansdeyadiuyanauasdeyamsnisne dadu
wladdyvesseuunelouluanduaaudnw
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uenanil Mmafigideamyusediulidunudedenisldouuasmsoanuuudmiadedls (U) eglu
sedusndign (X = 4.83) viliiudinisesnuuuiiadldiduguednans (User-centered Design) ¥asannn
Fudouvesnszurunsatasuazasinnuaniuyleiete widnudiormgaeiifies 3 viu uinansieszs
wuin Ardrudesuuninsgiu (5.0) daruiies 0.25 azvieufsnnuaenndesuasnuAniudandnegn
fitfuddey nansusziiuifadundngudasendfitusui ssuvansaumeiiemssuiindnuininiivanntu
i s tymiuanudid widadued ssfoddglunsatuayunishauresyaainsuasensedy
ANV ININMSANYIlaeg1eliusednann
8.3 doininvansidy

meideniiidedninusssnisfiaansaiiluvssgndldidusumsdmiunmsideluonan Yssnisusn
sungufnegne winsusaidunuamszuulnedidengdmou 3 v ssduldaanasiinsgi uilueuian
ArsLfiuAramaInuatsvesnsnad N euenanuielilduuesnsUssidiuiiniielu Usznisitaes
sumelulad Wesanszuuiagdudaduiuneundinduiidunisldauinueiosmeuiianesidundn Jsmns
Wanniudulisesfunisuanmasuuuiuldsunuvuianiiae (Responsive Design) wialianunsalda
sinugunsainnwldogsanysaidelu warUsenisaarine Fuveuiwanisldan iWesminsruugnesniuuaniiie
5995UNTEUIUNTTYINNU (Workflow) Lannevesnmzayweanswazdiaumans unninerdeasaiunsuns
msthludsegndldluuiunduiiidfunseyiiBuandseenly Feeradndudessulgsantlnenssussuulid
aruBanguunduluguuuululasiwesia (Microservices)

9. daLEuauuraUIFY (Recommendation)
9.1 YalauauusBU)Un

Tunisihszuuldldauase msdaigfenisldaulusuuuuiflearsanieyamaiuiinuies (FAQ)
wionfadneusdiRnisliundiistosouduldnuluwiaznianisine ieantymeanuliiduinsua
duasunsldamegagndes uenaini mstmuadfuiinveulunisaduayumanedaiuguidiemio (Help
Desk) fifndaldazninsansa dmsumsiannszutlussesdu mafuilsidunihdadoya (Dashboard) Liteagy
adfnazualtiunsadasdmivatiuayumanaunudauinsvesfiieates wienafiudomansudaiou
SaludRfivannvanstu wararsaniumanisiénuegaeiionioideiauonurnuivssssuununssuIums
SICILERREHRIEHT
9.2 dawuauuzdmiun1sideluauinn

WWosegoananisIdenazantodinfinu a1sdnsAnvinasimuiaadnenssuszuuluguuuy
lulasiwesia (Microservices) 3aszuunand (Cloud-based Architecture) titetfisiamdaveulunisysanns
SufUsTUUAsAUmMAB uesanTy 1y seuunzifoutazsruudanisiieuntsasu (LMS) nasnauiaun
druuanawalvisossugunsainnmi (Responsive Design) laeg19auysaliuy UBNINH AISVENEVOUIANTISE
Tathnszusunsitmunszuuludssgndlifuangrieaniugeudnundu ieuszdiuauannsalunissessu
Feulvnsfuindnuiidanuamzduandaiu sudenisifisanuvainuatsvesvsandiannaiguen
antulumstssiiuauam el duumemsdnnisiiniatulunisidessssely

10. AnAnssuUszniA (Acknowledgement)

meideidneaddfemiuounseiangiidusumansine veveunszan SosnansIInse 335
Feaftn #USneide dniuduusiduaenaeansyuiuns veveuauiidemydumaluladasaumei
awviudmiunisusziduszuuuasdeausuusiiduusslond veveulanAnw 8191587 U5nw Usesu
vénges wazimthitivinisveseazaywemansuazdsaumans dmsunnusiudelunismaasddszuuuazl
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WloATUALLNTFUIUNNTNUNILITTANTN MSNANATMT LaENsATIRABUmNNgNAeseshensainiu Tasld
Fda (Prompts) ludnwuznisagtitlenn nsUsuduiunwlidudainns uaznsmseaeuaudaaues
fonm il yaussivglalldfidalunssenuuumsiss maiusiusadoya melinsgideya mafiaa
KaM33de vidonsasunamside ifedudSuinveudeden maliaset wasdoasuiomeavesunany uay
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Abstract

This research aims to: 1) simulate the time-reversibility behavior in chaotic quantum systems (Ising
model), 2) analyze the quantitative relationship between noise levels (€) and system sizes (N), and 3)
propose the critical depth criterion for evaluating the preliminary limits of quantum computers. The
research methodology involves simulating the behavior of quantum systems via circuit simulation using
Qiskit to evaluate the return probability under depolarizing error ranging from 0-2%. The results indicate
that noise causes a rapid decay in the system's reversibility. Larger systems (N = 6) demonstrate
approximately 45% higher sensitivity to noise than smaller systems (N = 4), based on the relative reduction
of the critical depth, which decreases from 15 steps to 11 steps at a 1% noise level. Based on these
findings, this study proposes critical depth as a simulation-based index for evaluating noise-induced

limitations in NISQ-era quantum computers.

Keywords: Quantum Computing, Circuit Simulation, Loschmidt Echo, Noise, Critical Depth
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dlefiansunannsanaadsduivivesaiaudnings dsanadann 15 Fu wdouies 11 du fiseiudnye o
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Wnandgygasunivlussuuneuiamainiauiuga NISQ

ANMUFUNUSLTIUS U UL

¥

AEAGY: ABUTILABTAIBUAY, N15918091993, aovliadioale, AyaasuMmu, AMWANINgA

@ @@@ Copyright © 2026 Journal of Computer and Creative Technology. This is an open-access article distributed
BY NG _ND under the terms of the Creative Commons Attribution License (CC-BY-NC-ND).
n1581eBe:
Avizuunt TuAlsadna. (2569). NMsinTzinuiunduliiasAmudningauasnsusunsuiunesnelddyyiusuniuiienis
18092995, M3AITRENT AR SUazAluladaseasse, 4(1), e3448. https://doi.org/10.65205/jcct.2026.e3448

[2 of 8]



—f
January-April 2026, 4(1), 3448 Journal of Computer and Creative Technology r=f _=I=f ISSN 2985-1580 (Print)
DOI: 10.65205/jcct.2026.e3448 Msasreniiwesuavmalulagadisassd S/J . ISSN 2985-1599 (Online)

(Research Article)

1. uni (Introduction)

waluladnesiatmesmeudu (Quantum Computing) léfaiingegaiiiFandn NISQ (Noisy Intermediate-
Scale Quantum) Fafutisnafifisndauineuduuianans Uszaa 50-100 Ardn) Aenansoldauliase
widsaadesnmiilesindedidanismenimuazmaluladnisudluaanufianain (Eror Correction) Al
auysal (Kim et al, 2023) wihasufiamesmouduaziidnonmummalunsuitgmidanududougs oy
mydaedlulanag) viemaneAvsnganiiga (Optimization) HuanasRnsdouiu (Superposition) wagn1s
W (Entanglement) LwiﬁﬂamwﬁménﬁﬂgﬂawauaqLﬁammﬁﬂmamwi (Circuit Depth) W uuduney
nsfuMisEn Y

guasindAfianluga NISQ Ae “dayrrasuniu” (Noise) waz “adulaid euloanisaioudy”
(Decoherence) Fainmnuiduiusseninfrdnfuanwindeunisuen Hadoanifdswalianusaeudiiio
AnumanLed sutazgdedeyaluaunianal msvhanudlanginssuvesdyyrasuniuluiasiiiaay
Fudouiadulandifeiiddyenads lnsaniregeBenismanauin “lranansasuanlddnudlvunoud
wadnszruaamndofie” Uurcevic et al, 2021) Fududnuiiugruiifvuaveuivaaruduldldves
weundiatuaeusiilutagiu

wiklBnvaaeuiaiiosnmuesssuumeuiiiiussavinmAenisnsadey “Aufundulfuainan”
(Time-Reversibility) aunannafansataudy N1533awIN15veaa e eliaun1svisefaees (Schrodinger
Equation) t{unszurunsffunduld (Unitary Evolution) namde mnsussyndlénszuiunisdeunduiy
2UU SEUUMTIENdUAugan s uduldogwanysal Wisuaiiounisnsenneunsndunda (Peres, 1984)
atalsfinn lussuuiiianulnana (Chaos) nieddmrasuniu nsdeunduilagrildenduses o
Usngnisaiigninailddaenszuaunisiifondn Loschmidt Echo (LE) §adun1sfnainuivilou (Fidelity)
sgwhsamunsuduiUanurfigndeundu wnetianas wanshssuugadedeyaliiuduanden

uATsasuilgatiunisinudadiiadand i nmssiaessasaroudu (Circuit Simulation) UusEUY
$1999UUY Ising Model T ufuszuuiiingAnssulnaiva (Chaotic regime neldmnafiimes J=1.0, k=08,
h,=0.5) wazdaulisenissuniuas Iaeldinsudsn Qiskit (Aleksandrowicz et al., 2019) Tun1sasns
anmndesmaassiiiiniseuendyy AITUNILLUY Depolarizing Noise agnaduszuy fnquszasdndnfonis
AirTEiAUEITLSSE 1T UTe IS U UISUNIL TUINTBITHUU UAYATINANTD9I99S ietduaLnneid In
TyadTuguuuuves “Critical Depth” (AMUENINGH) %qﬁwummﬂ@mﬁm Fidelity anassininesst 0.5 Faazdu
Usglevisonsussilivanssousvaaninwisuaraanuuudanasiulimnsauiutedninlugadagdu

98141l3AA1N 1NATNUNIUITIAUNTIUNUIT WA edlng Faduns@nwivuesauasass Tedemsd
Po3319398lunsAnwiaruduiusiBeanaves Fidelity nneldnisaiuauseau Noise agruduszuuriunis
$10092993 UATEiR e nAnfuderidindm

2. IngUszasAsuITe (Research Objectives)

1. iiledrasmmgAnssunsdounduvesnaluszuuaeusiilnaiva (sing model)

2. iednsginnuduiudiBalsinauseninssedudyannsuniu (€) uazaunnszuu (N)

3. thiaueainasinudnings (Critical Depth) dmsuusziliudnsindesiuresrouiiinosmendy
3. ﬂ’]iVIUVI’Ju’J‘SSmﬂi‘SQJLLﬁSVIi]UﬁﬁLﬁEI’J{I'aQ (Literature Review)

W04 Peres (1984) 19119510 1WLWIAA Loschmidt Echo dmsunisuseiliuanuiaiiosvasssuy
MU Fasean Goussev et al. (2012) Idduaszriosdmniisnanifieliduunszuuiitinnalnaiva luuiun
YospaTiImasAIBUANEA NISQ 91UVB4 Preskill (2018) Fduindyaasuniu (Noise) Wudedind iy Tne
A0AAADIAUNITVNABDIUDY Lesovik et al. (2019) VLA B4 IBM Quantum finuirauianaiavedsns aunasds
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nansynulneasenenuansalunsdounauaniug oglsiniy mMsAnwiAuduRusieana (Scaling Law)
Y957 I sdounduniglinisamuauseAudyansuniueg1uluss RN 591889995 AI0UAN Lay 64T
FeUMsAnyiegag1ednia (Anand et al., 2024) feiu ynAdeiiFajuliunsfniugesineinag

4. NIDULUIAANIIUITY (Conceptual Framework)

aATeilimuslfssiudyanasunu (Noise Level) uagruintesszuy (System Size) Wusaudsdu i
AINANTENUABAMNAINTAIUNTEDUNS U IUEAIDUAL (FanUsny) lagdnniuaiaumiiou (Fidelity)
91nlusTanea Loschmidt Echo i) Iiiaueasudstsalmifie Araanudninga (Critical Depth) witeldidu
inausiUspfiuanssausdugUsssy
5. 35AUU9UI (Research Methodology)

sifedadunisnaasadsdiuan (Computational Experiment) H1uyaLAS 83fl oA 1Ba Wi L§
ATDURY Qiskit SDK (Quantum Information Science Kit) 138359u1.1.0 Tngfuuusas1aes Aer Simulator 4l
SraoamnAinssuvesszuumasiunieldanmadouiifinnsmuauiulsegiaadeain lnefswasdeadunon
il
5.1 KUUIIARNNANINAIEAS (Mathematical Model)

sAfeiidenlduuusians Transverse Field Ising Model (TFIM) 1 §if daduszuuaasgiulunisn
anuzAtRUANTaIEaUNIA (Many-body quantum systems) lngilaunisuwadialviileu (Hamiltonian) FaaunIs i
(1) (Anand et al., 2024)

_]Z Z Zl+1 hx Z?I=1Xi - hz Z?]:lzi (1)

TAgAINUAAINIT180LM8S J = 1.0 (Strength of Spin Interaction), h, = 0.8 (Transverse Field), w8
h, = 0.5 (Longitudinal field) las® X; waz Z; Assaauidun19Uiad (Pauli matrices) lukuannu x wag z
AUAGIU

nsidenAmIsdwesyaiilanud Ay iesnvzdawaliszuvegluaniig Non-integrable (Chaotic
Regime) Faduanmziumuganiiand msunmsnageuanulisenissuniuuasnisdounduvesia

5.2 Asulaaduneasniaudy (Quantum Circuit Implementation)

esandadiiunisluaunisusfialmdeuliannsaaduiifuld (Non-Commuting) s1uideiizldas
First-order Trotter-Suzuki Decomposition vl 8Uszu1auAN153 TmuIn1sidwaan U(t) = e HE 1idu
ﬁ'}ﬁwaqmmmauﬁuﬁugm Fadun1si (2) (Anand et al, 2024)

o (ZIHAL) Hj o (—iH;AL) 2)

Tnefuevaduam (Time Step size) At = 0.1 \ipanAIAAIAIAGEUIINNNSUsEANNAT (Trotterization
Error) Iﬁmﬁaﬁaaﬁqm Fi’]%y'una’lﬁgmﬁaﬂmmﬂﬂ’lﬁmﬁwﬁmmgjL%'W (Convergence Analysis) #swuinieane
#emITaemngAnssusrezsnlngliavauanuaaiaindeuanniAuly
5.3 LUUTIAR9HYIUTUNIU (Noise Modeling)

iionishassannewindouvesroufinmesmeuduga NISQ eganass muideildasuuudans
foya1asunIueile Depolarizing Noise Channel usian$auasa3sasiidyausuniusunuudusnse uinng

o
I~

donly Depolarizing Channel aaLUquLmammmuwamauﬂﬁmmﬁawam (Worst-Case) maqmmmamaua
AIOURY BUMINTEURENNTIATIZILLILTY muammaumi‘w( 3) (Preskill, 2018)
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E(p) =1 —p)p +3pXpX +YpY + ZpZ) (3)

Tne p Aoarudiesduvesnsiindefianain Inenudded dunsndyaiasuniuidiiluluisas o
AUty 2 90 baw
1. Gate Error: un3n Depolarizing error na4n19n5¢119841n Single-Qubit Gate Wag Two-Qubit
Gate (CNOT) Tneuusifuein p faust 0% &9 2%
2. Readout Error: unsnadsiiamanslud uneun1siana (Measurement) 1t ed1aosndmilaiasysal
Y839UNT0INTIIn

5.4 N5EUAUNMTIANAUATAIEIA (Measurement and Metrics)

n13Mnaadld38n13 Loschmidt Echo Tnst3uanninndsussuulieyluaniugiugiu (Ground State)
s Samnnisludra (Forward) Wunmanst waydfamnnisdeundu (Backward) Wuwnan t neld
2easiifidanasuniu

dmumsusziiudszansam Ieldsandnie Arwtandulunisdeundu Retun Probability) N30
AN Fidelity muanmrmmﬁammmuwwmuwi UUIENAUAUE A0 UL mwumulmamaaummwamuam
AEUIUNS Faunisi (8) (Goussev et al,, 2012)

F®) = [(Wo|Ul e (O Udear (O] 1o)|” @

IngAdazazvioufisssiuanunmuvesdeyameusduiindeny vl nisiudeyadniunisinensiud
(Shots) 31uau 4,096 A3 sagadaya lngdinsimunr1dususy (Random Seed) WagmnAnadeLielinsoungy
Anuuasdudadd welidulainAnedenvaidinuwivdwasiinndsauunnsgiusiiisamedmsunis
AATIYiKE uonINt AATelamMruanaeidmSuauEnIngs (Critical Depth) 13913ndeAn Fidelity anatsi

' (4 o < = a8 v ' < = = = [
et 0.5 (F < 0.5) iWesannidugaiiszuugaydedeyaninuavduluaimils fsoiluveuiungan (Upper
Bound) finadnwsainn1sdnaesasdinsiiniuidediotain

6. Wan15398 (Results)

6.1 wamsé”maawqanisumié’auné’wamaﬂuixwmauéfﬂnama
Han1sIaesuInlunsdlonund (Ideal) m Fidelity asiifi 1.0 usiilofdaraisuniu én Fidelity a@aﬂ,u

oY
o

dnwy Exponential Decay (F(t) < e 7t) & Fafusunaves Decoherence wmmaﬁuauamaumu ‘wqmmiuu

v
=

agviounalnnisaaiedidenmunin lnenuimmisdwesnisaaiss (y) ummeumuammumaﬂmym‘uazyzy'lﬁu
UMY

6.2 NANTIATIENAMUAUNUSITIUIUIUTENINTTAUR Y QY IUTUNIURASVUIATZUY

MISEULBUTEUU N = 4 lag N = 6 wuﬂﬁﬂgmifﬁmmiwiaé’zyzymwmuﬁLﬁu%ummu’m Tned
52U Noise 1% 52UU N = 6 fif1 Fidelity anadsiinin 0.5 159091580 N = 4 9 4 Time Steps wansian1y
Annanndiazanvigailuszuuiidudou

HAN13ILATIEN 79 Figure 1. 1Wuanuurazidulunisdoundu (Fidelity) 989 Loschmidt Echo ifiguiu
117U (Time Steps) Meldanivaauafvarddyyiusuniu (Seaudygyiusuniy € = 0.005, 0.01,
0.02, §1u3u shots = 4,096 waginaudt Critical Depth 71 Fidelity = 0.5)
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System Size N =4 (awasguu N =4) System Size N = 6 (2u1asguu N = 6)

Thermal Limit (IadAngaumnasmans)
—&— Ideal Dynamics (szuuaeanaf)
—&— Noise £ =0.005
4~ Noise £=0.01
—&— Noise £ =0.02

0.8

o
o

Return Probability / Fidelity
(anuthazdulunsiaundu)
o
=

o
N

0.0

00 25 50 75 100 125 150 175 200 00 25 50 75 100 125 150 175 200
Time Evolution Steps / S1uuA1a" (t) Time Evolution Steps / S1uuf1Ia1 (t)

Figure 1. Return Probability/ Fidelity

6.3 namsAnwnaeiauEnIngadmiuUssEudnsialosduvasreufianadnioudy
PINMITTATIERTIUTUI NUAMUEUTUS AT Ay se I uInvesyUURaYANLIUN IR O & TRy 10
5UNU nanafe syuuiifivunalng (N = 6) wananulImedyaIusuNINgINIsTUUTWIALEN (N = 4) 9819
FaLau T,maLﬁaﬁﬁmmﬁi”ﬁué’mmmumu € = 0.01 wuinAANNENINgH (Critical Depth) aRaean 15 u
(lunsal N = 4) .wdeaLiley 11 fu (unsdl N = 6) Feandusnsnisannesvessznsnmdsduing (ReLatlve
Reduction) Uszanaifosas 27-45 (@sAunnainauns [ DN = 4) - D (N = 6)] / D (N = 4) * 100)] éuazﬂau

UQGU’J’]?]’J’]QJNC’]‘Wﬁ’]ﬂiuiu‘U‘UﬂTﬂu(ﬂﬁJﬁJﬂqiﬂuﬁwﬂﬁLiTZJ‘LJLM@iuUUﬁJﬂ’J’]M“IJU‘U@HNWﬂ%U

7. a3Unan13338 (Conclusion)

Mnuamsifeanunsoasuldsd 1) nanisdiassdusuegiedaauin “dyyinsuniu” (Noise) lugUassn
ddvhansautAnisdounduresszuuneudy TaeviliiAnnsgaydeaudenles (Decoherence) vosdoya
2) NMTIATIEAAMNFURUSITIUTIIUNU I Lﬁ'aszwﬁﬁumﬂmﬁu muRnnaInzarausgt SR
(Non-Linear Accumulation) uag 3) Msfimnsaninasieudningauansifiuiisnaifissuvaansaiauly
ogagnipautiugduasegnenn

Pnudngrudelszdngd aguldheonfwesmeudilugailigiiu (NISQ) Ssdidesidamanieninlunis
$reoenszuaumsfifianududeunazeniuiu fadu maunmnnisUssgndldivadanisudlonufianan
(Error Correction) #i3en15ussmauianan (Error Mitigation) Aifiuszansam dnenmlunisldauaieazgn
Srfaogieansiunmszesdunagasiiterudnlanminy

8. 8fius18nan1333y (Discussion)

1. nalnN1sUNINIEEYBIAIURANAIR (Mechanism of Error Propagation) Wu31 Han1snaaeduansly
dudaaud anuianaeluszuumeusildlfiAntuuuuiendau (Local) usfidnwazmauninszatsuuugnle
(Domino Effect) Instanzluszuuiifiauniaiu (Entanglement) g4 msiiszuuvunn N = 6 flanulisedyga
suMUIIANIT N = 4 asm‘ﬁﬁaﬁwﬁzgﬁu #nARBINUNGUANUINAIMALTIAIBUAYN (Quantum Chaos) (Peres,
1984) FeeBuneilussuuidudou auiemarafisadntosiididnnisazgnusiena (Amplify) Hung Two-
Qubit (u CNOT) Tugafadndu 4 afassuy demalianiuzsan (Global State) gapdsniugniossanandy
NSANANITALTALE
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2. Anennwes Critical Depth Iugwugé’ﬁjﬂi’m (Benchmarking Utility) @1 Critical Depth i ¥auelu
3ded wandidiudeinenmlumsdusadia (Metrio) iaesiouniuiluase (Realistic Benchmark) léinan
nMs¥auisarnanufianaininds (Average Gate Fidelity) 1391 Critical Depth vands “TasniinnsTduase”
Jusannsafinasldanituneurouiinadnsandetiolils ailsiusslondegrumndmiuinimmdane3iiu
Tun1seenuuuiastiiianudnlidiiudasinvesensausiy q ienandsmadnsiiiduvey (Noise-Induced
Output)

3. dad1inuarn158IeKa (Limitations and Scalability) ag19lsfinin Asdingnisveevun (Scaling
Law) Aldannissraesillussgndldiuszuuiilngnin N = 6 niouusniauiiats msvhdseuseiings T
\dewnuuusiaesilld Depolarizing Noise Faudulunamuianaauuuialy Tuvariioianiasenaian
AANa1n3ULUUBUTINAE 19U Crosstalk %38 Coherent Error §481a¥11%AN Critical Depth anaai§andnd
wuushaesmanisally fadu manadeuiiudinuuaiesmoufuaiwarn1sldinaia Error Mitigation Sufuded
$ndudmsumstudunalussivanailngtuuenaini msasznininadngannnissiassiie Depolarizing
Noise 919UszIduAMNMUMugInitauduasaflofisuiuasauaiaieves IBM Quantum Aislszuudagial
sumuitdudaunin

9. YBLEUBLULIUIYY (Recommendation)

mstimsanwiisslagldineda Zero-Noise Extrapolation (ZNE) waziSeuifisunanisiassivteya
NN5TUULLAT 09ADUALATY (Real Hardware) sauflsmisinisvenenaludenguii oadrsuvudassaunis
AdinFnansTianunsaviung Scaling Law w84 Critical Depth Iuiswﬁﬁ‘ummﬁaﬁmgﬁu (N > 10) lgogauaiugn

10. 89AA211331N91U3Y (Contributions)

idpiiiaueunin "eharudninga” (Critical Depth) Faluiiaaussnuzasaseousuiifann
ForauludefoRunninisiaaiauianainiade (Average Gate Fidelity) wuuRda FadTnildaeliananse
sTYIaUANIAAgIgATiansawyn NISQ axsesiuldneuiinadndargaudaninnindeie

11. AnAnssuUszn1A (Acknowledgement)
VYBYDUAMUNAIBIAAIIN hazlaNa1TIvINIThULLle saudswendwisloinugesta Qiskit Jaddiuyae
wedhwilvianunsasniunsiasuaineissuuaaudiuliegeilusednsan

12. maUawenslilyaiUsshvgitea3eassd (Declaration of Generative Al)
ATeiimsldnalulad Generative Al litoativayunsusulsalann1sinassaie Qiskit wazn1si3eu

v
=1

Sesdesdmnamaialuuduvesiuatu Milfidedudiilunsdufunssanssy eonuuunsmeass a1

Y

4

o

HATNS LarnTI3a0uUAUYNADIvllaM T mUAfIEnLeY WazdinssulnvaudonIUgNABY AINATUNIY
AN eieveswITeatuilianun
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Abstract

The purposes of this research were 1) develop lesson plans based on the Technological Pedagogical
Content Knowledge (TPACK) framework with an efficiency criterion of 75/75; 2) enhance students’ analytical
thinking ability after learning through TPACK-based instruction; 3) compare students’ learning achievement
before and after learning through TPACK-based learning management; and 4) to investigate Grade 11 students’
satisfaction toward learning management activities based on the TPACK framework model. The sample
consisted of 25 students, Grade 11 students from class 5/2 at Triam Udom Suksa Phatthanakan Ubon
Ratchathani School in the second semester academic of 2025 year, selected by cluster random sampling, using
the classroom as the sampling unit. The research instruments included: 1) lesson plans, 2) the analytical
thinking ability test, 3) a learning achievement test, and 4) a student satisfaction questionnaire. The data were
analyzed using mean, percentage, standard deviation, and the t-test analysis (One Sample t-test). The results
revealed that 1) the efficiency of the TPACK-based lesson plans was 83.00/75.40, which met the established
criterion; 2) students’ analytical thinking abilities after learning were significantly higher than before learning at
the 0.05 level; 3) students’ post-test learning achievement was significantly higher than their pre-test
achievement at the 0.05 level; and 4) the overall level of students’ satisfaction toward the TPACK-based

learning management activities was at the highest level.

Keywords: Analytical Thinking Abilities, TPACK Framework Model, Learning Achievement
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wadugvisynanmsBeudiouFounasndadoulasnsianiseudmunseununaniiunn 4) Anwamnufianelaves
ti3sutusoufinudil 5 AfldeRanssunisdamaBeuinunsouuufniiune nausegn fe tnidsutuduses
Anwndil 5/2 Tsadoundsugaudnuiimuinisguasvsnd aaiFeud 2 Tnisfinwn 2568 S1uau 25 Au Fe
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msindeulm uazmsnouieAuATEnYeiY 3) LUUMAABUNAdLYYEYNINISFEU 4) uuuasuMMALTS
wels adanlilunsiesizideya Ao Aede fovay drudsavuninsgiu uay Mmeesgvadai nanside
wud1 1) mMausunsdamsEeudmunseuuuiAniiune fusyAvEa Wiy 83.00/75.40 Sudunuinasindald
2) Naﬂﬁﬁﬂmmmmmiﬂumiﬁmfﬁmeﬁwé’nL%‘auLﬁu%ua&i’mﬁﬁajﬁwﬁ’zquaaaﬁixﬁu 0.05 3) wansLUieu
KadunysmenisFeuivdaiouganieuousgaiitoddyeadivisydu 0.05 way 4) dnFeutuisoufingd
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1. uni (Introduction)

f\]ﬂL‘UgEJusLUGUI’NﬂWJﬁ‘Hﬁ 21 LﬂuaﬂLLﬁﬂmsLﬂﬁ&JwLﬂanaEJ"NE’ML%W?ﬂmiﬂﬁi’ﬁﬁ%ﬁaua MEUNITN 4.0
maqmamaimqaimﬂwﬁﬂa danu uaz gaguunsAnealan InsUssmalnewdganuiimieddy fellymiu
ansglauunans mmmaaummqmsﬂﬂm wmsgrumsAnuiliviafienssivanna saudsenudnduluns
Waninweuisamssudl 21 Iundieuiiesesiunisiasundasdanan dinanuandmsaninisdnule
SavukunISANUATR WA, 2560-2579 TiatunmstaniauamnsAnuseudu teanaumAsuduay
i@Suadesemundonvosaulnglunismseiinludinalanfiudsuntasiu (Ministry of Education, 2017)

§9NaT189UNITIATIENNITNA@BUNIINNIANWITERUNA TnnsAnwn 2567 finsuiausdeyaada
Aeafunanamaaeumanmsinunssdund Ssiunsfinuduiiugig (O-NET) sefudulisennuda 6 wud og
Tunasimninazuuuedsseiudsema uazininaeinzuuuededosas 50 iWefinrsanduneiv wuin 3
Ingrmans fduuiniFeufiaeuiunusitesiian (Regional Education Office 15, 2022) axvioulyifiuds
Uymniivannvansanszuu faeu §i5ou uazanmuwindey veansAnuineluilagiuiidinadumsviesduas
A0ULINNTINTHALNIANTIOULMIANTIIMEIANERS dRaliNiseuvIaTinye MIlssyndlddeys Innunangu
(Neangjakoun et al., 2024)

1N91897UHANITUTELTUAULEIYDIANIUAN Y (Self-Assessment Report: SAR) ¥84l54LT8ULAT 8
gauAnyIianNMsgUaTIveNTl 2567 Nuin wmsgiu def 1 sununvesiSeu Tqauiudidy fe fiSoud
fnenmuazanudnwifinnundesludurounalulad udegrslsAnu Samulssiduiimsfamunfiaduie
gnsEAUAAMNMININSANY Suldun nsdaaiunisdanisifeusuuy Active Learning il oatfuayulsidiSeou
anwnsadeuslédenues Tnedaowihminiduisisaruazan Sns Susduaiunnuannsolumsan
Ansesinazmsanegrsiinsugalunmsiden ddemaluladldegramnzay ufmsiaugliuumsiauas
Usziliuldognmmnuasuardusyansnminndstu dewnil Ssersfimansedulifioulddnuduaiuiiub
venunilonnviisdeiiou il emurnisAniieseildesnadussuy fady mstauanuamnsalunisia
Iinspvidsaenadesiudeiausuuzvosanudne uazasnadestuidivingvosansznsioudinemansi
Fosnsiaminurdfylunis@nwduait msiauianude waznsfadumanalulad Tnsamednyaei
Tanuuvadiviinemansfidavdnaudusyuy annsansiald widsasdimudavgu uazligndidasediiu
fumeu TunivesnszurunmsinmaSeuiaonadostuiuimisnisaeuinermans (institute for the Promotion
of Teaching Science and Technology, 2017)

ﬁwmqﬁu anuannsalunsAndinsgddadusnguddglunisdndula uazudlodymiluudund
Wasuwlaslueg59miE (Laowreandee et al, 2017) 3ntts aruATawdmnanaluladfifindudmwalinnis
damsiseusimnudnduiiavdesuivasuguuuuiasisnsaounuul welvinisdamsiFeus fuszansam
uazmsUAuBItauTUNvRsdsLfiluAsundasluinnBstu Reldaudesomaiharuiluvssgndlluiinasdldesng
Wazay (Mingsiritham, 2021) anan mtgmiaina1n danugennaodiuiLuifa PCK 989 Shulman (1986)
HunilduwwaeiiiannduulasmsysannisssriemudiudenuariBmsaeu ol fannsadanisFou
nsaeuldogeduszansain wazluiiaisesn Mishra & Koehler (2006) lemuinsauuuafia PCK Ineiiy
sAvsznevvoanaluladidnuu TPACK Hreliii3ouaunsnideslounAamaneimansiuusingnisali
AaTuas a%ﬁqmmL%"ﬂ,ﬁ]ﬁ%’mwuuazmwﬁ“ﬂiﬁﬁﬁauﬁaﬁLﬁﬂ%’yu (Phuaphan, 2019) Tag TPACK tunseu
unAnfiesuismuiisndudenisiamsiseuslivssansamauglufunisldimaluladesamnzan Jada
MneudiRugveseuda 3 F1u fo anudludwidenn () awdludunstanisFeud (PK) way eslu
sumalulad (TK) deffaeudndudosdmmudmmudlalunnuduiusvesusaziu ilelianansooenuuunayin
Aanssunisieusldednadussuu Mudnisdenvsewauildmalulagldegrunuvaunazivszdniam
(Fakkao, 2018)
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fatfu maawiamannselunisindinsgilasiiu Fos Jedeiidnadenmsiasyiivlauazaouauss
vosfiy veainiFoududsenAnudi 5 lnsmsdanisdoununsevumfniuna Jaduuumenisiaund
aonadostunantsUsziiu SAR vesaniudnw MialuduvesnisenszdunaamgFouuasmadenliqaidy
mainuanuniauveanaluladliiauszlevian suihlugnmatmundSeulndudiianuawisalumsdeu
naanTinuasiiaussausaenndesiunsiasuuadluvasdnuagiousioss

o

2. IngUszasdaude (Research Objectives)
1. WovanusunsinmsSeuslnensinnisoudmunseuunfnfiunalsiiiussdvsnm asunasi 75/75
2. \fletiannnuasnsalunisfninsgsindadoulnenisinnsoudmunsouinfnfunaisdues 16
Toddaynneadad 0.05
3. e3suifisunadugrimensFeuteubsunasndaSeulnsmsinmsisouimunseuinaniiune

4. WefnwanuiiswelavesinSsutuliseudnuUn 5 NlAeAINTsUNITIANIITEUIAUNTOULLIAATILNA

3. ANTNUNIUITIUNTIULALNAUTNEaTRq (Literature Review)
3.1 NFBULUIAATILIA

NIDULLAATILNA W@ummmﬂm’miﬁ’lmﬁaLLaﬁ%miaaummﬂg %39 PCK 99nuwAAves Shulman Tud
A.f. 1986 6Au1 Mishra & Koehler (2006) latnnalulagidnunysannis Tunisdanisiseunisasu laewduns
famadousiysanaududem FBnsasunarimaluladvesdaeudndaetu (Phuaphan, 2019) Liletaslu
QERINIGIG vf%aa%maLﬁammﬂmaJﬁiiﬂﬁLfJugﬂﬁsimwﬁu FsnovaussoruuansnsvesFouEes Uadeiing
pensasgAulnuaznevauswesitlfog1wiUszaNE W Tnsnseuluifndiuna (TPACK) dissdusznau ad Figure 1.

nsaULLIARNLINA (TPACK Framework)

« 1iuled 99 Canva Ai naassteduiiinasionmsienuosiuin

o n3zAu Padlet Uniauenasueesluuiyns 5 vila

« Edpuzzle Ainwiinle uazsamfunoumnuiieafumsnevausvosity
* Nearpod dugnnuazdny n1saeuaueIRonIUATYATDINY

eanuuuuazhmaluladniiaeandosiuisnisdeu fail
« 13Ulwd Canva Ai uas Nearpod $2uifuisnsasuuuu 5Es
o Padlet saufuiSdeuuuu Jigsaws

: * Edpuzzle 57uiU Situated Learning
« miseil 1 Wnmsdansdeuiuuy Uuy 5Es
[ ] o miwin 2 l¥nsdansiSe wy igsaw
=== o P
—~ !
=
] vy X | vy am
AU | PCK ] ANUIAUISNTADU
(cK) / (PK)
N - - /
o d 4
<
"‘ Q‘Qg é\_éo
N < nszuumsasuimiwndaianssumsiseuiiisnisaou
"]aquﬂuuanan"ﬁlv’wln\ﬁﬂua"nguﬂugq warnuan ioenn msdasgiiiden 15oe Uedeitiina
YOIy Uit s Aansiadad vouiiy Nfianuuand1eiy

Figure 1. Concept TPACK Framework Model (Based on TPACK Model)

3.2 A0 TUN1TARILATIZ

Anuamisalunisaniiasigit Wunszuaumsandiviglidladoiansa iiunisduun wenuey
osrUsznoufiddny Wenlssmnuduiug uazuuidanguiiiisades dilugnmsasdeasuuaznisinaulaldoss
figuazna (Moonkum, 2008) TneUsznausiae 3 a1 laun 1. drudasizianudidey iWunisszymdiday
Kunsuenuezeya 1Nty annsaimiuuarfamnangvesteyaldosaluszuu 2. fudngianuduius
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Wunsilseuiisunnuuansng mauaenndes kag TalaudaiIun1sdang 3. sulinsizinannis Wuns
Foulosunfn nienqud iiumsdaaizideya Ussiduuvasiiun uagtiiauoaudniu iilemdoagy
Afedeatudoyals
3.3 waduqnan1ansiSeu

wadugnsnensSeu WunadwsannszuaunsSeudiiannsotaldanmatamnlususing q wu g
vinwe wagarwanssavesinGou JsazvieufamsiUdsundameinssuuas UssaunsainmsiBous Inonadun’

MIMSSEUATIANgAnTsuAsUsEad 1y A3 AN ansdila Ysegndld Tiasien Ussiliuan aseasse
AUTEAUNNGAEY 6 UU Y89 Bloom’s Taxonomy Revise avuuiuuss (Ritcharoon, 2024)

Do &

4. 35aHueUIY (Research Methodology)
4.1 Uszvnsuazngunaeeng
1. Uszmnaililumaisended Idun dnifsuduisendnuwidil 5 lsnfoundougaudnuimuins
guasivendl uin ddnameiiuiinsinuiseninuguanesii S1raade $1uau 10 Wee Tasdunuunga
(Cluster Random Sampling) Inaldeaseudumielunisqu
2. ngudregeiililunsideadad ldun dnieudussendnudi 5 wodl 2 lsaFounsugaudnw
Wunnsguasvenil dafe drieasiuiinsfinudseAnuguasvetil swady $1uau 25 au
4.2 \3asiieiildlunsideuaznismamuninieiosia
Tunmsiteasiliinisliiedestoflilumsidounsmaairandoailedds &
1. wunsdamsdansiouimunseuuwiAniiune vesinGeussdutulisendnuii 5
2. WU inAuansalunsAn A
3. uUUvAdeURadLOYEINSISEU
4. wuudaunuAuienelanen1sInnse U3
mMsaauagAmaweaAdesile fueluil

e e

1. ununsdnnmsdnniadeudnunseuunfniiune vesinGoutuisoudnudi 5
NTATIHUNITIANTFEUTMUNTOULWIARTIUNA S0 Dafufifnasensissuiulnwasnouanes
oty $1u7u 4 mheden 1Wuan 12 Hlus szeznm 4 dansi (lisaunsvaasuneutasvdadoy uazlsisau
nsUguilnenawsew)

1.1 fudumsadeununsdanisfeuituaueeannseiivin wasihdwideny gad 1
Uszillumnuaonadeuamnumineanan dianuaenndos itdu 0.80-1.00 wag AAMMINZANLRAY
Wiy 4.87 Faflenmnumnzaslussduinniian danszuiumsinnisiFeudmunseuiinaaiiune e Jadeddl
HaseN1TIRsAUlaLAYABUALBIYRINY Usenausie 4 vthueay uaniniu Tablel.

Table 1. Synthesis of Learning Management Units Based on the TPACK Conceptual Framework

subunit Content Pedagogical Technological
ubuni
Knowledge (CK) Knowledge (PK) Knowledge (TK)
Factors Affecting Seed )
1 o 5E Instructional Model Canva Al
Germination
Jigsaw Cooperative Learning
2 Plant Hormones Padlet

Technique

Plant Responses in Terms o )
3 Situation-Based Learning Edpuzzle
of Movement

4 Plant Responses to Stress 5E Instructional Model Near pod
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1.2 wuuiaanuannsalun1siniiasedt See Jedeiifinadensiasyivuaznavausvesiv
wiadu 3 f1u Uszneumae 1. a1uidiesizianudifny 2. a1uilassianuduius 3. auiasiginannig lng
Usgnoudaeiilien fadeludl Jadedidnadenissenveawda sesluuiy nsnevaussvasiigludnumsnis
Lﬂaaulm LAZMINDUAUBIAEANUIATIATDINY wazdnduguuuudntde 4 ya gaay 3 4o 50 12 Jo lneads
ﬂzmmr\miﬂmﬂmaﬂamil,muﬂmamiﬂﬂmwwumu nysfna1y 2551 (UTugs 2560) muman slisugvesngy
aseineaniuasalulad 9w WuesesreTsSRUny nening uazthdsidemney yaf 2 ieusuiiiu
ATIAIAAZDIUBILLL TR AU 0.80-1.00 90ty AanuuiafiiunisUssdiuansanisdeus danun 36 4o
ihlunaaes (Try Out) futiniFoutuiseufinudil 6 TsaFouniougaufnuiianinisguasvend S 49 au
Anessuifomdesd Ideamuen (p) whitu 0.00-0.69 Adnasun Wiy 0.000.29 wariidAuidery
faty ey 0.98 Farunmet 30 T MnifudndennunUszasinnsGeus wile 12 4o uarTahluld
funquiegns

1.3 wuuvageuRadugnsviensidou 3es Yedeiifnasionisadyifvuasnevaussosiiy (Ju
sUsUUUsHs 4 fdon 39 40 do Tnsaddunnsinymdngnsununanamsfnusuiiugiu wisdngs 2551
(atuUfuUs 2560) munaniaifeuivenauarsyinemaniuazinalulad 9ntdu lauesoe1asEiuTny
Inerdinus uazihdsiderny gad 2 ieussiiunnudenadowweauuuvagounadugys vy 0.67-1.00
ntu Aanuunageuiiiunisussifiuansaniaieus Ko 66 4o wdilunaass (Try Out) futnisudu
Sreudnuli 6 Tsadsuwdougaudnuianinisguaesid Swau 49 au feedsudomidesd Idaany
&0 (p) WAy 0.21-0.75 A8 uasuun (1) Wiy 0.21-0.73 wazAAudesusatiu SAwvitu 0.80 ariu
\nausi 45 98 10 66 o nTudREeNALIAUsEAsTININEEELS Wde 40 Yo uardailuldtunguiiegng

1.4 uuvasunuanuianelasan1sinnisiseuinmunseulnAniuna LuuNnsd@IuysERIN
fin (Rating Scale) 5 53U 1w 20 T8 Tiad1aTuaueron19sefiusnuIneinug way dunsussfiuany
aenndesarANImINZaN NI Bave) gafl 1 fAnudenndes ndy 0.80-1.00 waztmiaensdnnis
Boudd 1 uaz 2 Tunanedld (Try out) funiFeuduisendnundf 5 Aldldnguiiedte feramuen wiy
0.55-0.81 uaw fidarmidosiuisativ wiiu 0.95 91ndu Faluldiunguseds
5.3 manususandaya

mafunusateyaluadsiliuvuununmeassiuunguien farudanudlaneusasndimanaaes
(One group pretest-posttest Design) U89 Poonputta (2022) Waninii Table2.

Table 2. Research Design of the One-Group Pretest-Posttest Design

Pre-test Treatment Post-test
O X O,

910 Table 2. Fydnwaldldlunside sl
O1 Mg NMsnedaUnouSY (Pre-test)
X nuneia nsaeulagldfanssumseuslaenmsinnisseuinunsouiuifniiuneg
O, Mg NMINAAUNAAUIY (Post-test)
Tnemaideluadsilldiiununudeys luniadeud 2 Inmsfinw 2568 wastuneulunmafunusudeys
Fasteluil
1. UguilmalasTuasiennadumsdanisidous uazesuieifeafumsdafanssumunsouuuidniiune
Tnsuugihnisldinalulaglundazmize wieas 3 $alue Sy ¢ miedes
2. FuhuuuneaeunaduqydmsnsiFeuneudeu (Pre-test) fmuaian 1 9alu
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3. dufdunsdnfanssunisdsudmunsouuuifaiiune Hadieduduiu 4 minegos lnglding
12 Falus ilunen 4 davt dlimunaildlunmenadugrinenissuteunasdaieu iy vins
naaosfunguiiegns Tunaeudl 2 In1sfinen 2568 Taeifuasuuuseniraieuluudasmieynads iietn
ANNENNTAIUNTAAIATIEN

a. \ieiSsunsuits 4 wiae lWinSsuiuuunaaeuradugns n1an1sis sund a5 su (Post-test)
fuaan 1 4alus warlsitniFewiuuuasunuaufionelavianan 4 du 59 20 1o

5. mwawlmﬁmmsﬂivLuumaamqwﬁmqmiLiauﬂauLLamaQLiau wuuinseninaseuluusagmiae 11
Ainsginanvadatugiu Idun anade fevay uavdruidonuuminsgiu iemardssansainlunisdanis
SeuimunsoukIAniune sevine UseAvininveensyuiunms (B wag UssBvsnmuesnadng (E2)

6. Unanwvuinseninassululnazning uniesizinaaiai (One Sample t-test)

7. dhmafildannsussifiunadugniveniafou slinngianuduiusieuasnduiou siud
AinsinrufienelavesniFeudulioondnudil 5 dfidoRanssunsdanindeus Ingldadanugiu Tdun
Aade Yesay uardnideauunnsg

5. Wan15298 (Results)
anunsaiiauenansifveenidu 4 4o feandeadeluil
5.1 HANISHAILILKLNITIANISEBRlaen1sinnisisauiniunsauuulAnfiunaliiuseansaw ananael
75/75
nansHaLILRUNsIan S suilnensdanisiieuaunsounnAniiune 1301 Jadufifinasionns
Waiulnuaznovaueswesiiy vesiniSeutulsennudi 5 WHiusvansnin aannast 75/75 feil
1. AnUszdnsnnvesnszuauns (Efficiency of Process: E;) wuneia asuuuildannnisiuuuda
Aruannsandsauganiaiouiluuiasmhensdaniaous
2. AUsEANEn MBINaaNs (Efficiency of Product: E2) nanedia ﬂzLLuuﬁléfﬁl’mmwmaauwaé’qué
MINSIIEUMEIININNITSBUSATUNIVII B

NaN15I98A9 Table 3.

Table 3. Average and Percentage of Lesson Performance Test based on the 75/75 Criterion

Process/ Product n Scores X S.D. Percent
Efficiency of Process (E1) 25 36 29.88 0.24 83.00
Efficiency of Product (E,) 25 40 30.16 3.08 75.40

Ei/E2 83.00/75.40

971 Table 3. wud1 UszAnSamununisinnisifouimunseuuuiAndiune 1309 Jadofidnase
nssgiulauasmovauevesivy vesinissutudsaudnuadil 5 e £ wirfu 83.00 1 E; wirifu 75.40
awsa aguladn Auszansnmussunumsdanmsseuinunseviwifniiune Suszdvsamduluniunae
75/75 finaly
5.2 nan1snaLIANEIRNsalunsRndn s inasseulaen1sann1sEBuinINn SaULIARTILNA

nansAIANamTalun1sAndiAsest Fee Jedeiidnarenisiadyidulnuasnevaussvosiia
yosinFoutuisondnudfl 5 daFeulnsmsinmaioumunsouiufaiiune ann1siesied Tngldada
AATIREDAT (One Sample t-test) 1 Table 4.
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Table 4. Analysis of the Development of Analytical Thinking Ability of Grade 11 Students after Learning
through the TPACK Framework

Subunit Content n Score X S.D. t P Percent
Factors Affecting Seed
1 o 25 9 7.32 1.31 5.02* 0.00 81.33
Germination
2 Plant Hormones 25 9 6.68 1.62 2.09* 0.02 74.22

Plant Responses in Terms
25 9 7.72 1.48 578*  0.00 85.78
of Movement
4 Plant Responses to Stress 25 9 8.16 0.98 10.95*  0.00 90.67

Total 25 9 7.47 0.24 596*  0.00 83.00

*5 < 0.05

310 Table 4. WU AzkuUAIINEINNITUNSARIRTIERved S pululdagmitensianssouiiinis
Wannegadeiies wifin miedesd 2 fuunliuazuuuiianaadeifisufuntiedesd 1 enaidlosnainms
Genldewalulad Tunsdnfanssumsiend idtliaonedesdnuarvoniomvssmietes fandn usoensls
finna nud yohedmnuuensegeiideddymsaiafiseiu 0.05
5.3 nanaSsunadugyinianisFeundadeulasnisianisdeuimunseunuifniiunagendtneudeu

NamsUsuRadunvnIsSsundaSeulasnsianisGoudmunsouuunAniiunaganineuSeu Seq
Hadeiifnasensissaivinwaznouaussosiiy vosinSeutussendnuiUi 5 & Table 5.

Table 5. Comparison of Analytical Thinking Ability of Grade 11 Students Before and After Learning through
the TPACK Framework

Testing n Scores X S.D. t P
Pre-test 25 40 20.52 5.96
13.60* .00
Post-test 25 40 30.16 3.08
*p < 0.05

971 Table 5. wui1 HaNSSBURAdME MM sundaFeulasnisdansidsuimunsouuulfn
funegeninoudou vesindeudusisenfnudi 5 deuSeu fasuuwade 20.52 uay ndadou Saguuu 30.16
vosazuuuinFouionun uandiifiuin azuuundaiougeniinouiou uasiilennaouad uuu Paired
Sample t-test WU HadgVENIMIFsUMAsFeugInneuFsuse ARy eadiATisau 0.05
5.4 namsAnwanuiiselavasinGsutusisendnudi 5 fifidenanssumssamaFeudmunseunuifndiuna

namsfnwAuienelavesindsutuissudnwdfl 5 AddeRanssunsamaFeudaunsouiuain
fune 3os Yadeiifnaronisiasyivlnuasnovaussesiiy it Table 6.

Table 6. Evaluation Results of Learning Management

[tem Evaluation Items X S.D. Satisfaction Level
1 Content 4.59 0.42 Very good
2 Learning Activities a.77 0.36 Very good
3 Instructional Media and Materials 4.83 0.30 Very good
4 Measurement and Evaluation 4.73 0.54 Very good
Average Total 4.73 0.34 Very good
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310 Table 6. wu31 AnuianelavesinSeutulseudnuiln 5 NlseRanssun1sIAMISeUIAUNTOU
WiNARTLNA 1309 Jadeiidinanani1saTyAulanasnouauouasiy Weia13wIsIwaIu WUl AU 3 Aude
wargUnsal (Instructional Media and Materials) dAuflanelaseduniniign (X = 4.83, S.D. = 0.30)

6. &3UNan15398 (Conclusion)

1. Han s UNSTANSTeuinunseuLIAnfiunATiUsEaNSa1w Wiy 83.00/75.40 Fadulunu
\neuat 75/75

2. NaﬂWSWGMUWQQWM?{’m’ISOIUMiﬁGW’QALﬂ'i’wﬁ‘iliél\‘lL?Uuiﬂﬂﬂﬂiﬁlﬂﬂﬂiﬁ&miﬁ]’mﬂiaULLuiﬁﬂﬁLLWﬂLﬁwﬁu
agnafifedduneadnTisesu 0.05

3. namsIsuifisunadugrinanisifeuteubsutasvdadeulasmsiansGeuinunseunnfniiuna
vdaSeuganitneuSeu sgadiduddynsainnsesiu 0.05

4. namsanweuianelavesinsutulsennu U9 5 A ABNINTIUNTINNITTHUIAUNTOULLIAN
Aune Immwagﬂiuzﬁumﬂﬁqm (X = 4.73,S.D. = 0.34)

7. 8fius1enan133e (Discussion)
NM15398 Fos mswamAuansalunsiniinszd Ses Jadefifinasonisaiyivlnuasmovaues
sty vestiiFoutuisonfinudil 5 TnsmsdanisFoudmunseuunfniiung anunsnefusenadsil
1. HaMsWLILEUANTIANISS Ui Inen13InNTIS s aunsoukAnTiunalidUsEANS am anu
el 75/75 U wumsdansBeudnnunsouuufeiiune Aiaunduiiissaninimyindu 83.00/75.40 9
Juluamnai 75/75 Tnefianuszdnsnmesinszuiunis (B1) gin1Asz@nsnmaenadns (E2) avviouly
it fiFsuanseiidininuasdeusldesnaediomannisdniansuluia 4 miseniaiFoud Sudunamn
2nms yaannsanudimuion Fnsaeu wasimaluladldoshamnzay smfumadenliiBnisdnmaisous
fivannuane ldun nsdaniadsuduuvduianzmainug 5 9u nadsuduvuinged uasnisioulaeld
anunsnl firenedestudnuuzveadenluusiasmioe sufamadenldinaluladfiatuayunssuiumaiious
Taonss 1y nsld Canva Al faufun1sdanisGeusiiun 5 4u nsld Padlet ufumaiFsuiuuuinged nsld
Edpuzzle $afun1aieuslngldaniunisal wagnsld Nearpod atuayuianssumutuneuresnisisuiuuy
5 du dswaliRanssumsdamadouiiifautuansadaaiunummsalunisiniinssivesd Foul degned
UsyAvEnm Ssaonndesiu neuuLaniiunn ves Mishra & Koehler (2006) ffumsysannisanudiia 3 fu
18w ewdduitlon Bnisaou wazmalulad Tasusznoudennuiiudenuuintuitasu (PCK) sazviou
arwannsalumadonifasunarnsinussduiinzantudemuasdiFou mmididevuuininelulad
(TCK) TjslitngidrladumelulafannsadsusuuuunmninaueidonuandoulowuaAndauisssuiy
Ui'}ﬂgmim%qlm wag mwmmmﬁaaummmmiuiaa (TPK) Afuarmanunsalunisidenldimeluladli
donndesfiuianssuMsSou; mmmvmmﬂumﬂmwmmemmﬂuivmu TPACK w.ﬂummmmsaﬁumm
TumsdnmsiSouiniiussavsnmuazduaiulyigSouaunsaainsesdanuilfednauiass Ssaenadesiuauidy
MuATbues Srisunakrua (2023) fifnw MafaIAIEAIRSEUINEmanitesinGsuiuTssuAnu DT 3 Beg
fanluTinusediiu Ineldmsdanmsdoudiuvduazmannd 5 u swtuenuiludonuuanisnisaousay
welulad wud UszdnSamdawviadu 76.50/76.59 1uluinasififvun wasideifisuiuanuidoves
Prommanin (2020) #ifnw Han1sdamsieuiindvine Bos msdanseisouas Tngldsuuuuindnsmsiu
ianzmand (56) Sanfunisidsuduuuianile dmdududsendnundi 5 wui Wan1IUIzAnSnwveaYn
ﬂﬁ]ﬂiimﬂ’]iLSEJuiVﬂ‘UﬂUﬂaiJWJ@EJN fleiszdvanmiiniu 78.95/78.10 gendinasi 75/75 fisald iadl o191
mﬂmi‘w@umumumsmmmauiLLauaﬁmmmmmaumiaawLLmﬂmNﬂu FaAteidniunseanuuy
AanssunsdansFoudfeiinisaouiivarnvans dwaliundemenaiindenlddemeluladiissliaonndos
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Abstract

This study proposes a RAG framework for Traditional Chinese Medicine (TCM) herb
recommendation, developing three systems: one focusing on symptom-herb relationships, one on herb
properties and meridian information, and one combining both approaches. Experiments were conducted
on 15,000 historical TCM prescriptions with 100 test samples. The symptom-focused RAG achieved
modest improvements over baseline, with 4.76% higher precision@5 and 2.22% higher recall@5, though
neither reached statistical significance (p > 0.05). The baseline LLM demonstrated strong performance
across multiple metrics, including accuracy (0.1900) and NDCG@5 (0.1475), reflecting substantial pre-
trained medical knowledge. The ingredient-focused and combined RAG approaches underperformed
relative to baseline, with precision@5 declining 7.949%, suggesting that naive knowledge concatenation
may introduce conflicting signals. These findings indicate that embedding design choices critically
determines RAG system performance in TCM applications, and that misaligned knowledge integration can
degrade recommendation quality. This work establishes a methodological foundation for future TCM
recommendation research, highlighting the importance of embedding construction, hyperparameter

tuning, and sophisticated knowledge fusion strategies.

Keywords: Traditional Chinese Medicine, Retrieval-Augmented Generation, Large Language Models, Semantic

Embeddings, Clinical Decision Support
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1. Introduction

Recent advances in artificial intelligence have shown promise in supporting syndrome
differentiation and herbal formula analysis (Zhou et al., 2021). However, many existing systems rely on
shallow feature representations or general-purpose language models, which lack sufficient domain-
specific grounding to model nuanced herb-symptom relationships effectively. Retrieval-Augmented
Generation (RAG) has emerged as a powerful paradigm for knowledge-intensive tasks by combining large
language models with external knowledge retrieval mechanisms (Lewis et al., 2020). While embedding-
based methods have been successfully applied in general medical contexts (Huang et al., 2019), their
targeted application to the structured and symbolic knowledge of TCM remains relatively underexplored.

To address these limitations, this study proposes an enhanced RAG framework tailored specifically
for TCM herb recommendation. The framework incorporates two specialized embedding strategies built
upon OpenAl’s text-embedding-3-small model. The first strategy employs symptom-focused embeddings
to capture semantic relationships between patient-reported symptoms and corresponding herbal
indications. The second strategy utilizes ingredient-based embeddings to integrate meridian associations
and chemical properties of herbs. These embeddings are combined with the DeepSeek Chat large
language model to ensure that generated recommendations are grounded in verified TCM knowledge
sources rather than unsupported generative inference.

The primary contributions of this work are fourfold. First, we design and systematically compare
four distinct recommendation approaches, ranging from baseline large language model inference to
specialized RAG-based systems. Second, we introduce dual embedding strategies optimized for different
dimensions of TCM knowledge representation. Third, we integrate the DeepSeek language model to
enhance clinical grounding and interpretability. Finally, experimental results demonstrate that the
symptom-focused RAG approach achieves a 21.43% improvement in Precision@5 and a 24.78%
improvement in Recall@5 compared with baseline methods. These findings provide empirical evidence
for the value of domain-specific embeddings and establish a robust methodological foundation for

clinically relevant TCM decision support systems.

2. Research Objectives

1. To develop and evaluate specialized embedding strategies for Traditional Chinese Medicine
herb recommendation systems

2. To compare the effectiveness of symptom-focused versus ingredient-based knowledge
representations in RAG frameworks

3. To quantify performance improvements of domain-specific embeddings over baseline LLM
approaches

4. To establish empirical evidence for the critical importance of embedding design in TCM

recommendation systems

3. Literature Review
3.1 TCM Informatics and Machine Learning

Traditional Chinese Medicine (TCM) informatics has undergone a significant evolution over the past
decades. Early research primarily focused on digitization efforts and the construction of structured

knowledge bases to preserve classical texts and clinical knowledge (Zhou, 2010; Xie, 2010). A
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computational methods advanced, these foundational resources enabled more sophisticated semantic
representations, culminating in the development of knowledge graph-based models that explicitly
encode relationships among symptoms, syndromes, herbs, and formulas (Weng et al., 2022).

In parallel, machine learning techniques applied to TCM have progressed substantially. Initial
approaches relied on conventional statistical learning methods, such as support vector machines (SVMs),
particularly for syndrome differentiation tasks based on structured clinical features (Zhao et al., 2015).
More recent studies have shifted toward deep learning architectures capable of modeling complex, high-
dimensional data. Convolutional neural networks (CNNs) have been successfully applied to tongue image
analysis for diagnostic support (Xu et al., 2020), while recurrent neural networks (RNNs) have demonstrated
effectiveness in pulse diagnosis by capturing temporal signal patterns (Luo et al.,, 2018). Furthermore,
advances in multi-target interaction modeling have enabled more holistic representations of TCM clinical
reasoning, contributing to improved decision support systems that better reflect the interconnected
nature of TCM diagnosis and treatment (Li et al., 2025).

3.2 LLMs and Retrieval-Augmented Generation

Large Language Models (LLMs) have demonstrated strong reasoning and knowledge integration
capabilities across a wide range of medical applications (Singhal et al., 2023). Within the context of
Traditional Chinese Medicine (TCM), LLMs offer advantages in modeling complex symptom descriptions
and supporting herbal treatment recommendations that depend on holistic diagnostic reasoning (Feng et al.,
2021; Zhou et al., 2021). By leveraging large-scale textual knowledge, these models can capture implicit
relationships between symptoms, syndromes, and therapeutic principles that are difficult to encode using
rule-based systems alone.

However, the generative nature of LLMs also introduces the risk of hallucinated or clinically
unsupported outputs, especially in knowledge-intensive and high-stakes domains such as healthcare.
Retrieval-Augmented Generation (RAG) has been proposed as an effective solution to this challenge by
combining dense information retrieval with language model generation, thereby grounding model outputs
in verified external knowledge sources (Lewis et al., 2020). Recent systematic reviews underscore that
incorporating retrieval mechanisms and similarity thresholds significantly improves the reliability and
safety of LLM outputs in clinical settings. Furthermore, specialized detection frameworks like ReDeEP
highlight the critical need to disentangle parametric knowledge from retrieved content to effectively
mitigate hallucination risks.

Beyond general-purpose models, domain-specific LLMs like DeepSeek Chat have emerged as
powerful tools for processing Chinese-language medical data. These models are specifically optimized for
medical reasoning and have demonstrated superior performance in professional competency
benchmarks, such as the Chinese National Medical Licensing Examination, making them particularly
effective for capturing the nuanced symbolic and structured knowledge of TCM (Liang et al., 2025; Hong
et al,, 2026). Nevertheless, research on RAG frameworks specifically tailored to the distinctive semantic
structures of TCM—such as pattern differentiation, meridian theory, and multi-attribute herbal
representations—remains limited, highlighting an important gap that this study seeks to address by
integrating these advanced domain-specific models.

3.3 Embedding Strategies and Herb Recommendation
Semantic embedding techniques have fundamentally transformed medical natural language

processing by enabling clinical entities and their relationships to be represented in dense vector spaces
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that capture semantic similarity and contextual meaning (Zhang et al., 2019). Such representations have
proven particularly effective for modeling complex clinical narratives and supporting downstream tasks
such as diagnosis prediction and treatment recommendation.

Within the domain of Traditional Chinese Medicine (TCM), prior studies have explored embedding
strategies derived from classical theoretical constructs. These include representations based on traditional
herbal properties, such as nature, flavor, and meridian attribution (Li & Yang, 2017), as well as
compositional embeddings that model the structural relationships within herbal formulas (Cheng et al,,
2021). These approaches aim to bridge symbolic TCM knowledge with data-driven learning methods.

In parallel, TCM recommendation systems have gradually shifted away from rule-based expert
systems, which rely heavily on manually encoded knowledge and lack scalability (Wang et al.,, 2004).
Recent research increasingly favors knowledge graph-based representations and multi-perspective
embedding methods that integrate heterogeneous sources of information, including symptoms,
syndromes, herbs, and clinical outcomes (Jin et al, 2021). Despite these advances, systematic
comparative analyses of different embedding construction strategies—particularly symptom-focused
versus ingredient-based perspectives—remain scarce, especially in the context of Retrieval-Augmented
Generation (RAG)-enhanced TCM recommendation frameworks. This gap underscores the need for
empirical investigation into how embedding design choices influence retrieval quality and downstream
recommendation performance.

4. Conceptual Framework

Enhanced RAG Framework for TCM Herb
Recommendation

Patient Symptoms & Clinical Data ‘

!

Embedding Construction Strategies

TCM Knowledge Base Retrieval Mechanism

+ 1,200 Herbs with Attributes

Symptom-Focused

Ingredient-Focused Cosine Similarity Search }

rmm |

Pl rties, Meridians, Effect: i o
roperties, Meridians, Effects Embeddings Embeddings Threshold: 0.3
* Indications & Clinical Usage Indication + Effect Data Attributes + Meridians Data
{ Top-5 Relevant Herbs }
+ 15,000 Historical Prescriptions

OpenAl text-embedding-3-small

« Traditional TCM Theory ((SsSidimensions) Knowledge Grounding -

Four Experimental Approaches

2. Symptom-Focused 4. Combined
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Figure 1. Enhanced Retrieval-Augmented Generation Framework for Traditional Chinese Medicine Herb

Recommendation
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Figure 1. illustrates the comprehensive conceptual framework of the enhanced RAG system for
TCM herb recommendation. The framework consists of seven interconnected components:

(1) Input Layer: Patient symptoms and clinical data serve as the initial query input to the
system.

(2) TCM Knowledge Base: A comprehensive repository containing 1,200 herbs with detailed
attributes, properties, meridian associations, clinical indications, effects, and 15,000 historical prescriptions
grounded in traditional TCM theory.

(3) Embedding Construction Strategies: Two specialized approaches for knowledge
representation—Symptom-Focused Embeddings utilizing indication and effect data, and Ingredient-
Focused Embeddings incorporating herb attributes and meridian information. Both strategies employ
OpenAl's text-embedding-3-small model to generate 1536-dimensional vector representations.

(4) Retrieval Mechanism: A cosine similarity-based search system with a threshold of 0.3 is
employed to identify and retrieve the top 5 most relevant herbs from the knowledge base. This
predefined threshold is implemented as an optimization strategy within the 'Advanced RAG' paradigm to
filter out low-relevance documents and minimize noise in the retrieved context (Amugongo et al., 2025).
By enforcing a minimum similarity requirement, the system ensures that the language model's generation
is strictly erounded in verified external knowledge, which has been shown to effectively mitigate the risk
of clinical hallucinations and improve recommendation accuracy in specialized medical domains (Quidwai
& Lagana, 2024; Zakka et al., 2024).

(5) Four Experimental Approaches: The framework compares four distinct methodologies (1)
Baseline LLM-only approach without retrieval augmentation, (2) Symptom-Focused RAG, (3) Ingredient-
Focused RAG, and (4) Combined RAG that integrates multiple knowledge perspectives.

(6) DeepSeek Chat Large Language Model: A Chinese medical knowledge-optimized LLM that
processes retrieved knowledge and generates clinically relevant recommendations.

(7) Output and Evaluation: The system produces a ranked list of top 5 recommended herbs
with clinical justification, evaluated using multiple metrics including Precision@k, Recall@k, F1-Score, Mean
Average Precision (MAP), Normalized Discounted Cumulative Gain (NDCG@k), and statistical significance
testing (Paired t-tests). The Symptom-Focused RAG approach demonstrates superior performance with
21.43% improvement in Precision@5 and 24.78% improvement in Recall@5 compared to baseline
methods.

The arrows indicate information flow through the system, with solid lines representing primary data
paths and dashed lines indicating evaluation processes. The blue arrow specifically highlights the

integration of knowledge retrieved into the language model generation process.

5. Research Methodology

5.1 Dataset Description and Preprocessing

Our research utilizes two primary datasets: the TCM Herb Knowledge Dataset containing
comprehensive attributes (Pinyin, English/Latin Names, Properties, and Meridians) for 1,200 herbs, and the
PTM Prescription Dataset comprising 15,000 historical prescriptions. Preprocessing involves text
normalization to standardize Chinese characters and remove dosage units. We construct specialized
knowledge representations by partitioning herb information into symptom-focused text (Indication and

Effect) and ingredient-focused text (Attributes and Meridians). To enhance statistical power and ensure
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that performance gains are not due to random variation, we implemented a 5-fold cross-validation
methodology instead of a fixed data split. This approach utilizes the entire dataset for both training and
rigorous testing, addressing the limitations of the previous small-scale evaluation and establishing a more
robust foundation for clinical relevance.

5.2 Model Architecture and Experimental Design

The research architecture integrates DeepSeek Chat, a large language model specifically optimized
for Chinese medical knowledge and reasoning. To represent Traditional Chinese Medicine (TCM)
knowledge in a vector space, we utilized OpenAl’s text-embedding-3-small model, which generates
1536-dimensional vector representations.

To ensure consistency, reduce stochastic variance in medical recommendations, and maintain high
reproducibility across all experimental settings, the model configuration was standardized with the
following hyperparameters:

1. Temperature: Set to 0.3 to strike a balance between clinical reasoning depth and
deterministic output formatting.

2. Top-p: Set to 0.85 for nucleus sampling.

3. Max Output Limit: Constrained to 500 tokens to ensure concise and relevant clinical
justifications.

4. Expert Persona: The model was assigned a specific expert persona through the system
prompt: “You are a professional Traditional Chinese Medicine (TCM) practitioner”.

The retrieval mechanism employs a cosine similarity-based search with a predefined threshold
of 0.3. This threshold serves to filter out low-relevance documents and minimize noise in the retrieved
context. We implemented a retrieval depth of $k=5$ to identify the top relevant herb entries, a strategy
designed to optimize the signal-to-noise ratio and prevent the “lost-in-the-middle” effect.

Four distinct recommendation approaches were designed and evaluated within this framework:

1. Baseline (LLM-only): Relies exclusively on the pre-trained parametric knowledge of DeepSeek
Chat.

2. Symptom-Focused RAG: Prioritizes semantic relationships between patient symptoms and
herbal indications.

3. Ingredient-Focused RAG: Emphasizes fundamental TCM properties, including nature, flavor,
and meridian tropism.

4. Combined RAG: Integrates parallel knowledge retrieval from both symptom and ingredient
perspectives into a unified prompt.

To maintain recommendation validity and prevent out-of-vocabulary hallucinations, the output
space for all models was strictly constrained to a predefined candidate vocabulary of 200 commonly
used herbs.

5.3 Prompt Engineering

To ensure the Large Language Model (LLM) generates clinically relevant herb recommendations
while strictly adhering to the provided knowledge and constraints, a structured prompting strategy was
employed. The prompt design follows a role-based instruction format, consisting of two primary
components: a System Prompt and a modular User Prompt.

5.3.1 System Role and Persona Definition The model is assigned a specific expert persona

through the system prompt: “You are a professional Traditional Chinese Medicine (TCM) practitioner”.
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This instruction establishes the necessary medical context and ensures the model’s reasoning aligns with
professional TCM standards.

5.3.2 Structured User Prompt Design The user prompt is organized into four functional blocks to
guide the model’s reasoning process:

1. Knowledge Grounding (RAG Context): For the RAG-based approaches, retrieved symptom-
herb relationships and ingredient-effect data are injected as the primary evidence base.

2. Clinical Input: The specific patient symptoms are provided to serve as the diagnostic query.

3. Output Constraints (Candidate Vocabulary): A predefined list of 200 candidate herbs is
provided. The model is explicitly instructed to select recommendations only from this specific list to
prevent out-of-vocabulary hallucinations.

5.3.3 Model Configuration The baseline prompt follows the same structure but excludes the
Knowledge Grounding block, requiring the model to rely solely on its internal parametric knowledge. To
ensure consistency and reduce stochastic variance in medical recommendations, the model configuration
was set to a temperature of 0.3 and a top-p of 0.85, with a maximum output limit of 500 tokens. This
configuration strikes a balance between clinical reasoning depth and deterministic output formatting.
5.4 Knowledge Integration and Prompt Construction

To bridge the gap between retrieved herbal data and the generative process, we employed a
context injection technique within a structured prompt framework. The integration process is designed to
ensure the model prioritizes external evidence over its internal parametric memory through the following
mechanismes:

1. Contextual Placement and Grounding: The retrieved knowledge—comprising symptom-
herb relationships and herb ingredient-effect data—is placed at the beginning of the user prompt under
specialized headers. This “grounding-first” approach ensures that the model processes the verified
evidence as the primary context before interpreting the patient's symptoms (Amugongo et al., 2025).

2. Delimited Data Structuring: We used standardized Chinese medical delimiters and block
markers to separate different types of information. This structuring helps the DeepSeek model distinguish
between:

1) External Knowledge: The evidence-based medical data retrieved from the vector
database.

2) Input Query: The current patient's clinical symptoms.

3) Constraint Set: The candidate vocabulary of 200 herbs.

3. Instructional Alignment: The integration is finalized with a set of strict logical requirements
(e.g., “Recommend herbs only from the provided list”). By integrating the knowledge and the candidate
list into a single input window, the framework forces the LLM to perform a “lookup and match” operation
rather than an open-ended generation, significantly reducing the risk of clinical hallucinations (Zakka et
al,, 2024; Sun et al., 2025).

5.4 Evaluation Framework

Performance is evaluated using standard information retrieval metrics. Precision@k measures the
proportion of relevant herbs among the top-k recommended results, reflecting the accuracy of the
recommendation list. Recall@k evaluates the coverage of the ground truth by measuring the proportion
of relevant herbs successfully retrieved within the top-k recommendations.
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Precision@k

o [Relevant herbs N Top-k|
Precision@k = P (1)

Recall@k

[Relevant herbs N Top-k|
Recall@k = (2)

|Relevant herbsl|

In addition to Precision@k and Recall@k, we compute the F1-Score, Mean Average Precision (MAP),
and Normalized Discounted Cumulative Gain (NDCG@k) to provide a comprehensive evaluation of ranking
quality and overall retrieval performance.

To ensure that observed performance differences are statistically significant and not due to random
variation, paired t-tests are conducted with a significance threshold set at p < 0.05. All experiments are
implemented using Python 3.8 or later. Fixed random seeds and consistent sampling parameters
(Temperature = 0.3, Top-p = 0.85) are applied across all experimental settings to ensure reproducibility

and fair comparison among methods.

6. Results

6.1 Development and Evaluation of Specialized Embedding Strategies
The performance evaluation extends beyond the primary setting of k = 5 to provide a more

comprehensive understanding of recommendation quality across different ranking positions.

Table 1. Precision and Recall Comparison Across Different K Values

Precision@k Method k=1 k=3 k=5 k=10 k=20
Baseline 0.1900  0.1333 0.1260  0.0930  0.0565
Symptom RAG 0.1300  0.1233 0.1320  0.0900  0.0495
Ingredient RAG 0.1300  0.1133 0.1160  0.0900  0.0470
Combined RAG 0.1300  0.1133 0.1160  0.0900  0.0470

Recall@k Method k=1 k=3 k=5 k=10 k=20
Baseline 0.0340  0.0629 0.0946 0.1349  0.1685
Symptom RAG 0.0239  0.0580 0.0967 0.1366 0.1444
Ingredient RAG 0.0246  0.0561 0.0877 0.1297  0.1347
Combined RAG 0.0246  0.0561 0.0877  0.1297  0.1347

Source: Experimental results from the research study

Table 1. reports precision and recall values at multiple cutoff levels (k = 1, 3, 5, 10, and 20). The
results reveal interesting performance patterns across different retrieval depths. At the top-ranking
position (k=1), the baseline method achieved notably strong precision (0.1900), outperforming all RAG-
based approaches. However, at k=5, which represents the primary evaluation setting for this study, the
symptom-focused RAG approach demonstrated competitive performance with precision@5 of 0.1320 and
recall@5 of 0.0967, representing modest improvements of 4.76% and 2.22% respectively over the
baseline method. The ingredient-focused RAG and combined RAG approaches achieved lower
performance values (precision@5 of 0.1160 and recall@5 of 0.0877), suggesting that these embedding

strategies require further optimization.
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Across all k values, the results demonstrate the expected trend of decreasing precision and
increasing recall as the number of recommended herbs increases. Notably, the performance differences
between methods become less pronounced at higher k values (k=10 and k=20), where all approaches
converge toward similar retrieval effectiveness. The baseline LLM's surprisingly strong performance,
particularly at lower k values, may be attributed to its substantial pre-trained medical knowledge. These
findings indicate that while the symptom-focused RAG approach shows promise, the effectiveness of
retrieval-augmented generation in TCM herb recommendation is highly dependent on the quality of
domain-specific embedding construction, comprehensive knowledge base coverage, and careful
optimization of retrieval parameters such as similarity thresholds and context integration strategies.

6.2 Comparative Effectiveness of Symptom-Focused and Ingredient-Based Representations in RAG
Frameworks
To provide a more comprehensive assessment of recommendation quality beyond precision and

recall, we evaluated several additional performance metrics, as summarized in Table 2.

Table 2. Additional Performance Metrics Comparison

Method F1-Score@5 Accuracy MAP NDCG®@5

Baseline 0.0987 0.1900 0.0803 0.1475
Symptom RAG 0.1019 0.1300 0.0702 0.1400
Ingredient RAG 0.0908 0.1300 0.0658 0.1273
Combined RAG 0.0908 0.1300 0.0658 0.1273

Source: Experimental results from the research study

These metrics offer complementary perspectives on system effectiveness, including F1-Score@5,
which balances precision and recall; overall accuracy, representing the proportion of correctly
recommended herbs; Mean Average Precision (MAP), which reflects ranking performance across all
queries; and Normalized Discounted Cumulative Gain (NDCG@5), which accounts for the quality of ranking
positions with emphasis on top-ranked results. The results reveal a mixed performance pattern across
different evaluation dimensions. The symptom-focused RAG approach achieved the highest F1-Score@5
(0.1019), representing a 3.24% improvement over the baseline (0.0987), indicating a balanced
improvement in both precision and recall. However, the baseline method demonstrated notably superior
performance in overall accuracy (0.1900 vs. 0.1300), MAP (0.0803 vs. 0.0702), and NDCG@5 (0.1475 vs.
0.1400). The ingredient-focused and combined RAG approaches showed lower performance across all
supplementary metrics compared to both the baseline and symptom-focused RAG methods.

These results suggest that while the symptom-focused RAG approach achieves marginal gains in
precision-recall balance at k=5, the baseline LLM retains advantages in overall recommendation accuracy
and ranking quality. The baseline's superior MAP and NDCG@5 scores indicate that its pre-trained medical
knowledge enables more effective ranking of relevant herbs across the entire recommendation list. This
pattern highlights an important trade-off: specialized RAG embeddings may improve targeted retrieval at
specific cutoff points (k=5), but general-purpose LLM knowledge can provide more consistent ranking
quality across diverse queries. These findings underscore the need for further optimization of RAG-based
approaches, particularly in knowledge integration strategies and retrieval parameter tuning, to achieve

comprehensive performance improvements across all evaluation dimensions.
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6.3 Quantitative Performance Comparison with Baseline LLM Approaches

We conducted paired t-tests to determine the statistical significance of performance differences
relative to the baseline LLM-only approach. The statistical analysis reveals important insights regarding
the reliability and robustness of observed performance variations across different methods. For the
symptom-focused RAG approach, despite achieving numerical improvements in precision@5 (4.76%
increase) and recall@5 (2.22% increase), the paired t-tests yielded p-values of 0.23 and 0.31 respectively,
both exceeding the conventional significance threshold of 0.05. This indicates that the observed
improvements, while positive, cannot be confidently attributed to the RAG enhancement and may be
within the range of random variation given the current sample size and experimental conditions.

The ingredient-focused RAG and combined RAG approaches demonstrated performance
decrements relative to baseline, with lower precision@5 and recall@5 values. Statistical testing confirmed
that these differences were not statistically significant (p > 0.05), suggesting that the performance
variations fall within expected fluctuation ranges. These results indicate that none of the RAG-based
approaches achieved statistically significant improvements over the baseline method in the current
experimental configuration. This outcome highlights the importance of rigorous statistical validation in
recommendation system evaluation and suggests that further methodological refinement, including larger
sample sizes, optimized embedding strategies, enhanced retrieval mechanisms, and refined knowledge
integration approaches, may be necessary to achieve robust and statistically significant performance gains
in TCM herb recommendation tasks.

6.4 Empirical Evidence of the Importance of Embedding Design in TCM Recommendation Systems

The experimental results reveal several important insights regarding the performance of different
RAG-based approaches for TCM herb recommendation. The symptom-focused embedding approach
achieved modest improvements over the baseline method, demonstrating 4.76% improvement in
precision@5 (0.1320 vs. 0.1260) and 2.22% improvement in recall@5 (0.0967 vs. 0.0946). While these gains
represent positive trends, they are relatively small in magnitude and did not achieve statistical significance
(p > 0.05), indicating that the improvements may be within the range of natural variation rather than
representing robust systematic enhancements.

Contrary to initial expectations, both the ingredient-based embedding approach and the combined
RAG approach demonstrated performance decrements compared to the baseline method. The ingredient
RAG showed 7.94% reduction in precision@5 (0.1160 vs. 0.1260) and 7.29% reduction in recall@5 (0.0877
vs. 0.0946). The combined RAG approach yielded identical performance to the ingredient RAG, suggesting
that the integration of multiple knowledge sources through simple concatenation may have introduced
noise or conflicting signals that degraded recommendation quality. Notably, the baseline LLM-only
approach demonstrated surprisingly strong performance across multiple metrics, including superior
overall accuracy (0.1900), MAP (0.0803), and NDCG@5 (0.1475), which may be attributed to its substantial
pre-trained medical knowledge. These findings indicate that while specialized domain embeddings show
potential for improving TCM herb recommendation, achieving statistically significant and practically
meaningful improvements requires careful optimization of embedding construction strategies, retrieval
mechanisms, knowledge integration approaches, and potentially larger-scale training data to effectively

leverage the benefits of retrieval-augmented generation in this complex medical domain.
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6.5 Qualitative Case Study Analysis

To better understand the practical performance differences between the models, we selected
three representative cases from the test set. These cases illustrate scenarios where specific RAG strategies
either improved or hindered the recommendation quality.

Case 1: Targeted Symptom Matching (Symptom RAG Advantage)

Input Symptoms: “Dry cough with little phlegm, parched throat, and dry nasal passages
following a fever.”

Ground Truth (Top-5): Sang Ye, Xing Ren, Sha Shen, Bei Mu, Zhe Gu.
Comparison of Predictions: (see Table 3.)

Table 3. Comparison of Predictions in Case 1

Method Predicted Herbs (Top-5) Hits (matches Ground
Truth)
Baseline (LLM-only) Lian Qiao, Jin Yin Hua, Ban Xia, Gan Cao, Ju Hua 0
Symptom RAG Sang Ye, Bei Mu, Pi Pa Ye, Sha Shen, Gan Cao 2 (Sang Ye, Sha Shen)
Combined RAG Xing Ren, Gan Cao, Huang Qin, Bai Zhu, Fu Ling 1 (Xing Ren)

Analysis: In this case, the Symptom-Focused RAG successfully retrieved Sang Ye and Sha Shen
by prioritizing semantic links between “dry cough” and herbal “indications”. The Baseline relied on
general “Wind-Heat” knowledge, recommending Lian Qiao, which was too broad for this specific
“Dryness” syndrome.

Case 2: Holistic Syndrome Reasoning (Baseline Advantage)

Input Symptoms: “Chronic fatigue, poor appetite, loose stools, and a pale tongue with a thin
white coating.”

Ground Truth (Top-5): Dang Shen, Bai Zhu, Fu Ling, Gan Cao, Chen Pi.

Comparison of Predictions: (see Table 4.)

Table 4. Comparison of Predictions in Case 2
Method Predicted Herbs (Top-5) Hits (matches Ground
Truth)
Baseline (LLM-only)  Dang Shen, Bai Zhu, Fu Ling, Gan Cao, Shan Yao 4 (Dang Shen, Bai Zhu,

Fu Ling, Gan Cao)
Symptom RAG Dang Shen, Huang Qi, Bai Zhu, Sheng Jiang, Da Zao 2 (Dang Shen, Bai Zhu)
Ingredient RAG Fu Ling, Ze Xie, Zhu Ling, Ren Shen, Bai Zhu 2 (Fu Ling, Bai Zhu)

Analysis: For this classic “Qi Deficiency” syndrome, the Baseline LLM demonstrated its robust
pre-trained medical knowledge. It accurately identified the core formula (Si Jun Zi Tang). The RAG-based
systems retrieved relevant individual herbs but failed to maintain the “holistic formula” structure,
resulting in a lower recall compared to the model's internal parametric memory.

Case 3: Knowledge Noise (Ingredient RAG Failure)
Input Symptoms: “Insomnia, vivid dreaming, palpitations, and evening anxiety.”
Ground Truth (Top-5): Suan Zao Ren, Fu Shen, Yuan Zhi, Ye Jiao Teng, Bai Zi Ren.
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Comparison of Predictions: (see Table 5.)

Table 5. Comparison of Predictions in Case 3

Method Predicted Herbs (Top-5) Hits (matches Ground
Truth)
Baseline (LLM-only)  Suan Zao Ren, Yuan Zhi, Fu Ling, Gan Cao, Long 2 (Suan Zao Ren, Yuan
Yan Rou Zhi)
Symptom RAG Suan Zao Ren, Bai Zi Ren, Ye Jiao Teng, He Huan 3 (Suan Zao Ren, Bai Zi
Pi, Gan Cao Ren, Ye Jiao Teng)
Combined RAG Dan Shen, Fu Ling, Huang Lian, Mu Dan Pj, Gou Teng 0

Analysis: This case highlights why the Combined RAG and Ingredient RAG performed poorly.
The ingredient-focused embeddings (focusing on cold/heat properties and meridians) retrieved Dan Shen
and Huang Lian due to their “Heart Meridian” association, but these herbs were clinically inappropriate
for this specific deficiency-type insomnia. This confirms that simple knowledge concatenation can
introduce noise that distracts the LLM from the primary clinical symptoms.

7. Conclusion
7.1 Comparison with Prior Studies

Our findings present a notable departure from recent literature regarding the efficacy of retrieval
augmentation in clinical settings. While Singhal et al. (2023) demonstrated that large language models
encode vast amounts of clinical knowledge capable of achieving elite-level performance, and Flamholz
et al. (2022) reported significant improvements using domain-specific embeddings for general medical
text , our RAG-based approaches did not yield statistically significant gains over the baseline model.

The baseline DeepSeek Chat model demonstrated surprisingly robust “parametric knowledge,”
achieving superior overall accuracy ($0.1900$) and NDCG@5 ($0.1475$). This suggests that for high-
frequency TCM symptoms and standard herbal formulas, the model’s internal training data—which likely
includes comprehensive Chinese medical licensing benchmarks—may already be highly optimized.
7.2 Reasons for Discrepancy in TCM Context

Several factors may contribute to why RAG-based methods, particularly the ingredient-focused and
combined approaches, showed performance decrements or lacked significance:

1. Complexity of TCM Knowledge Representation: Unlike general medical entities that follow
clear-cut diagnostic paths, TCM relies on “holistic diagnostic reasoning” and “syndrome differentiation”.
Simple vector similarity (Cosine Similarity) may fail to capture the multi-dimensional relationships
between a patient’s “pattern” and the intricate “meridian tropism” of herbs.

2. Noise and Conflicting Signals: The 7.94% reduction in precision observed in our Combined
RAG approach suggests that simple knowledge concatenation introduced “conflicting signals”. When
retrieval mechanisms inject too much structured data (e.g., chemical properties and meridians) into the
prompt, it may dilute the LLM's focus on the primary clinical symptoms, leading to a “lost-in-the-middle”
effect.

3. Statistical Power and Sample Size: While the symptom-focused RAG showed numerical
improvements ($4.76\%$ in precision), the Sp$-values (50.23$ and $0.31$) indicate these gains were not
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statistically significant. This lack of significance is likely exacerbated by the current test sample size
($n=1009%), which may be insufficient to detect subtle improvements in such a high-dimensional label
space as TCM herb recommendation.

4. Retrieval Strategy Limitations: Our current strategy utilizes a fixed similarity threshold of
$0.3$. Future refinements in “Advanced RAG” techniques—such as reranking or more sophisticated
knowledge fusion—may be necessary to bridge the gap between traditional symbolic knowledge and

neural representations.
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Abstract

This research aims to 1) analyze real-world SQL Injection attack patterns from system Logfile, 2)
design and develop an automated SQL Injection detection and prevention system using rule-based
techniques, and 3) evaluate the system's performance. Methodology The study was conducted in three
phases 1) collecting and analyzing 4,649 historical log records to establish detection rules 2) validating
the algorithm with a new dataset of 4,312 records and 3) evaluating performance using TP, FP, FN, and
TN metrics through a real-world deployment on the Cultural Map Thailand information system over a
period of 830 days. The findings demonstrate that the system achieved up to 100% Accuracy and F1-
Score across all testing phases under controlled conditions. During the practical implementation, the
system successfully detected a total of 25,660 attack attempts. Furthermore, the results indicate a
significant decrease in the average daily attack rate post-deployment, illustrating the system's deterrent
effect and its capability to effectively identify complex evasion techniques. This approach significantly

enhances the long-term security posture of web-based information systems.

Keywords: SQL Injection Detection, Logfile Analysis, Weight-based Scoring, Web Application Security
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WieUsziliudssAniamaesssuu Fodudunsidoutseanidu 3 sve Buan 1) msnunuLarieeideya
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1. uni (Introduction)

Tuilgtuszuvansaumadimaweunsinudumedidn Huneundeduldnareidulassaisiiugiuddo
WU STUATAUIMARIL TR TILaY WL TAIus TN (culturalmapthailand.info) AiWmuIdI8 w1 PHP wae
MySQL tileisunsteyauisegasisae egnalsinig mslvuinsinueietisassagilissuuwuiuse
AnAunslatueieesdeliles Inslawiznislaufuy SQL Injection dsaenndosiusenuaifvesdrinu
AENIIINTNMSShvausiunsUaenduluesusnd (Securities and Exchange Commission, 2023) ﬁisqiw
nmslanfivueundindudmadudymmndnvemhsnululssmdlne

1897 OWASP Top 10 (OWASP, 2021) Budiuintedlnidseian Injection WazAUUNNIBIUITLUU
Guiinmanisal (Security Logging) luaandssddnyfionaviliiesdnslaiamnsansiadunislondlviuiasi
sATelugaal we. 2563 fs 2566 uandliiiuinglaudsinldimadanaudss (Evasion Attacks) Ll ala1zeu
svuuilasfusinuniiegna Web Application Firewall (WAF) silnstesfuiiestuionldiiome uavsnfudes
fumatiostudedniifussavsamanniu

1NN137TI980U Logfile VBI3¥UU culturalmapthailand.info sewineuil 25 furau S 24 wweu 2566
wudeyatiufin 91,027 18013 waznsTINUALREIBTlaNRLUY SQL Injection 11NN 4,000 ATs agvioud
Foanauiiintuatslalldudifiomgul (OWASP, 2021) ufsruuasiiniaifiu Logfile wimstufindoyanntens
Tnglidnnses azadunseoiiuiidniiuloyauasendomslinesidedn

fau ARt nalnnseduuasdesiunisTauiuuy SOL Injection Tngldiuuama Rule-based
Detection iflearintumieseiiiaunfriunisfmunguiuudids (Pattems) FuduiBnsfivansaudmiussuy
fninernsdrin efinuszansamlissuutuiinmmnsaiannsoilliinsesiuasnouausssossanails
agadugusssy

2. IngUszasAIuITe (Research Objectives)
2.1 Lﬁaﬁﬂmgmwumﬂwa SQL Injection ViLﬁmﬁuﬁqmﬂ%uﬂa Logfile ¥®358UU
2.2 \Wlpsenuuusaziaunszuunsvdulaslesiu SOL Injection wuudnlusiRsewmadia Rule-based
2.3 WiUszdiulsyansnmussssuudeftin TP, FP, FN wag TN

3. YDUIAYDINIFI98 (Research Scopes)

suAfeiljadumstaussuunsaadumslaui SQL Injection luszduiuneundindu tngldn1w PHP
ne¥tu 5.6 JulU waggrudeya MysQL leliannsnlFnusamiussuy culturalmapthailand.info seUuagyin
msnsraaeumissenglineuiignszuiunisuszmnanavdn msdfinsemuguuuuidiiienislend szuu
awginsuanmavemthiignizenldony uasduiunsmunalniidmualy

ns3eiilinseunqunisuszyndliivadia Machine Learning wion1sinsnzsiiBanginasutugs usiii
msfmumaitassathluldnulsasdussuuiiiininensdia uazanunsauszgndldiuiueundiadu
ldle

4. ATNUMIUITTAINTIULAENEtigadeq (Literature Review)

4.1 fvANAINAIY SQL Injection uazszuuvuiinimansal (OWASP)
L’“J'ULLaﬂ‘wam%’uLﬂuiﬂﬁqa%ﬁﬁugmﬁﬁmﬁL?%&Jwiaﬁﬂqﬂmuvlfmua% 1n8518971 OWASP Top 10 (OWASP,

2021) 36l3% Injection Humudssdusugu Fadeainnisfisyuuldanunsauen “foya” 8anaN “Gnde” Vinligl

Taufanunsaunsneds soL Lﬁ"aL%Wf’fnw%‘aurﬂmg’m%aaﬂavﬁ wona1ni faiugnile Security Logging and

Monitoring Failures 31M39Inszvuiufinuagiinseiigmsaiflimunzas azdwaliosdnslaiaunsonsiany

iesuilenumslandlaviumiagi
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4.2 anwaznslaufvazanuinmeglunislesiu

n1519ufuuY SQL Injection §nn3¢¥HIU URL Parameters %3 @ Form Inputs #11091AN15A53388 U7
Fanu uiiaedinigly Web Application Firewall (WAF) Lm'miﬁﬂ‘mwudﬂsﬁauammsﬂ%mﬂﬁwauL?ﬁm (Evasion
Attacks) 19U MIANTHERIES 1ilBL1YRLSEUUATISULLY Signature-based 16 (Kaur et al., 2023) wuININ1T
‘i’]aﬂﬁuﬁﬁﬂiuﬁm%mwﬁqﬁaamﬁamiﬁuLm'qngmmwﬂﬁmmuauﬁ’uu%umaal,l,aﬂwélm'fu (Mutedi & Tjahjono,
2022) aamﬂaaaﬂmwmwumuuuumwmmumﬂmaua Logfile TngldnalnnnsTidminazuuy (Scoring
Mechanism) titoandeRanannuazifiuamnudangu
4.3 UUINNNNITATIAIUA2Y Machine Learning

290 2020-2023 fin1514 Machine Learning (ML) il aLfi 1U52AN501MN15052950 190 115 Naive
Bayes Saufumadla SMOTE touitgyvnyndeyalsiauna (Amap & Kusrini, 2022) waznsilsuiiisusanesiiu
UszLan Support Vector Machine (SVM) #38 Random Forest Sﬁﬂﬁlﬂ"lmmuﬂusﬁ@ (Alghawazi et al., 2022)
uenanil Fu et al. (2023) wuth msdnsiginginssu mssudsdoyaianduasmoontasliuenuesianuss
voslanfléfau ogndlsfiom Bn1sndu Machine Learning (ML) dafifodindumsldvinensssuuuazan
FudoulunsiinlunasgteseLies

Pan et al. (2019) YiauoLUINIINITATIITUNISIaNAL I UL UNALAT U8 End-to-End Deep Learning
Tngldin3osilefi3andn Robust Software Modeling Tool (RSMT) v stufin Call Graph vaslusunsuvae
¥911939 wdhuiln Stacked Denoising Autoencoder Litai3sugunuunsiaulnd iedFosuelalsien
Reconstruction Error gjuﬁummsﬁﬁﬁmum syuvagdatndunislond 8nstannsansadulans soL Injection,
XSS uay Object Deserialization Tnglaifiosivun Feature feile Fauumnadanandesnstoysinaousuou
wnuagiinnududeulunmsfindigs saufadeanianindtis Runtime vasuoundiaduluszdu JVM Bslsimng
dmdusruuiitininennssiinegesyuu PHP/MysQL Aldluemiddet

Das et al. (2019) W@u035 05733V SQL Injection Tnald Edit-distance 1UFsuLaulATI85 19909
Dynamic SQL Query fiu Profile ﬁL'%auiiu‘ﬁaq Training phase @sanunsons1aduldonanislaufiuuy Injected-in
uae Injected-out Uu PHP/MySQL Taalsiny False Positive lugndayadians denuidesnanldyndoyaiiadns
Juedluanmuandeudians lilidoyannszuuilliuinsase

WBNAINH Muhammad & Ghafory (2022) léiUssuiteusanesfiu Machine Learning waneusziam Leud
Logistic Regression (LRN), Sequential Minimal Optimization (SMO), Instance-Based Learer (IBK), Naive
Bayes (NB), J48 (Decision Tree) uagdus dsun15ns1adu SQL Injection Ineianig Ingld35useifiuuuy 10-
Fold Cross Validation nawu31 SMO Tanuusiugigeaaiifesay 98.78 ogadlsfnu vuiduilddldyndoya
Panduazlulauszifivluanzmsldnuasaszezen
4.4 MsFeuifisunuiteiifeadestunuideid

NN IMUTILIsIUnsIuluiate 4.1-4.3 wud euAseiiumaiunsaudsesnldidu 3 ngundnanm
Wil g ﬂ&ju‘m% Machine Learning ﬂq'uﬁ'i%’ Deep Learning LLa%ﬂEj:iJ‘ﬁlsL“ﬁ Rule-based %39 Signature-
based Detection Insusaznauiigaudauaztedriniiunnssiu Ssdsnaemnumsnzanlunailuldfussoud
Insne1nsAin

1. ﬂaq':uﬁ 1 Machine Learning-based Detection

mu":ﬁﬂuﬂduﬁ lAun Arnap & Kusrini(2022), Alghawazi et al. (2022), Muhammad & Ghafory (2022)

LAz Kaur et al. (2023) Fauanaliiiiuin ML anansaliannuusiugigdun1snsradu sQL Injection 1¢ wiiile
Anszsidadnnuinuidetomslunguisiiunmsuugadoya Benchmark nieyatoyadians lilddeyaan
Logfile vosszuuililaliuinisads uenndéafidodrtamioutu Aedesnmanineinsszuugdumsiinlumg
uazifloguuuumslanfiuAsuudasazdiosniiunms Retrain linalvl Falimsnzanfiusyuasaumavuinidn
finsnernssrin Snesenidomaniorlildmenud False Positive Tuanmzmsldnuassvezen
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2. ﬂfj:ﬂﬁl 2 Deep Learning-based Detection
Pan et al. (2019) uag Fu et al. (2023) WU uYem1TNe Deep Leaming Aifawiting Tae Pan et al
(2019) 14 Stacked Denoising Autoencoder 31a512% Call Graph aslUsunsy efidoldiusouilidestivun
Feature Aeflouazasounqunislaufiviansyssinn dau Fu et al. (2023) 2uAs184 Traffic avndauazateen
wionu Paeszyamnvesdlanildusiuiu fufiaesnuiidodriafidrdnyfosomnislasaisiuguiidudon
Tne Pan et al. (2019) Faaidds JVM Runtime @sliis0e5uU PHP/MySQL uag Fu et al. (2023) fosn1snisinga
Outbound Traffic Alsianunsavinldlunnanmindey
Das et al. (2019) Ifinauemaiianisiliouiiioulassairedds (Edit-distance) Fsfinulanusivly
M3 andmsnsudaieuiianain (False Positive) auidugudldluanimuindondrass Fssmisefnandsaadl
fosinidesanldyatoyafiadnsduies (Synthetic Dataset) lalldtayaain Logfile vosszuuiidaliuinisass
Fsonalslagiiournutudouvemginssudliluaniunisalass
3. ﬂej:uﬁ 3 Rule-based ey WAF-based Detection
Mutedi & Tjahjono (2022) nunaun1sd WAF %’ﬁL‘fluummqﬁiﬂélﬁmﬁmm’?%’mfmﬂﬁqm NaN1T
munaunuin WAF fildngitluanunsngnidesdiemaianisvauides (Evasion) If fadugagoufisiseis
wAlurien1980NkUUNYRI29TUIN Logfile 93990958UU kaziasumenabnnistinzwuu (Scoring Mechanism)
fifsanuiunvesdeyaununisasaaeuiissiddy (Keyword) wsliszuuiinnudanguuazanunsosuiied
wiadiansvauidssldinin WAF fly
4.5 ¥a9719909UITeTidIuLn (Research Gap)
deowssuiflsunuiderome wwidslifnuitelafinseunquesdussnauasusis 4 dundoudu léun
1) 4oya Logfile anszuuaieiliuins (2) Ussiliumaluannznisldamaisssozen (3) mnuannsalunis
mUALazandaTIMIuduieuRianan (False Positive) Iindetosfigavieilugud neldioulvvessuuay
934 ua (4) wangaufussuuiiminensdie
it salsdndosinestanaadien1sWanssuy Rule-based Detection finau Whitelist Filtering
uay Scoring Mechanism lagUsgiliunauusyuu culturalmapthailand.info
4.6 UNUIYBY Logging Uazda9inguasiIuivy
mstufinmnmsel (Logging) Rdesnananmuandeunislénuaiannningedeyadiass ileliiasiiou
sULuUMslauAiind uass (Fu et al, 2023) 91NNFNUMIUITIUNTTINUT mmaamﬂwmLuumimumm
WU UV UUTIADS ML (Arnap & Kusrini, 2022; Alghawazi et al., 2022) n3on15UsztduUsza@n5n1nues
m?aqﬁaﬁwﬁagﬂ (Kaur et al., 2023; Mutedi & Tjahjono, 2022) waé’qﬁq’luf“gﬁ’mf’lmuﬁa&Jﬁﬂ'wmﬂgmwﬁu
(Rule-based) 911 Logfile 20353 UUa3a 7l dnliu3ns
4.7 famsvesuised
nuATeiFajlitoya Logfile Mnsvuvaiafiossniuungaadu SQL Injection fidenadasiungingau
nslaud Tnsuszidunadaedat aumsgiu Idud True Positive (TP), False Positive (FP), False Negative (FN)
uaz True Negative (TN) Wilewnunnalnifiruaugassyinsnuusiuduasamnuidoude wangdmiussuuiil
YaAAIUNTNEINT
4.8 #33AFIUN13IY (Research Hypothesis)
ﬂalﬂmﬂ‘mmLLuuu’muﬂm']ma&N (Scoring Mechanism) 521U Whitelist Filtering @1315018nA130998
Unfeaninddalandld lagliiianisudadoufianaia (False Positive) luanngnisldauaielaguyanis
fdiususenidu 2 swoy fil
szoedl 1 3iAsgsigunuunisloniann Logfile ftfuliluadin iileadrsngasiadu uaznaaeuiy
Losfile luthanandnlufiszuulsimeiunnou
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seegd 2 thszuufiiunisneasuluinsuwazldanuasy Wedseiiudseansamluannenmsldanuase
SEe?

Phase 1: Learning phase

System logfiles Analyze patterns Pattern / rules
Access log / error log Extract attack signatures Regex, SQL keywords

Phase 2: Real-time Detection

Step 1: Rule-based matching Detection results

HTTP request
GET / POST (real-time) Check against patterns — Detection output display
Step 2: Whitelist filtering | Action taken
Filter out safe whitelisted Block IP / Save log
terms | \
' Step 3: Scoring mechanism ' Performance metrics
Weight-based risk scoring | TP, FRFN, TN

Figure 1. Two-Phase Framework for SQL Injection Detection and Prevention System

5. 35aHun153398 (Methodology)
addvilduiunsludnuagnmsiauissuu (System Development Research) aug fun1snaaasds
Uszdni (Empirical Evaluation) Insededeyanisidldauasavesszuuansaumasuimusssunas unud
Yausssu (culturalmapthailand.info) 1ugulun1siiasizit senwuy waznageuszuunsTuLazdasiunis
TaUfLUU SQL Injection nsgUIuMSIdeLUIeanidy 4 Fupoundn feil
5.1 N1339UTUUALAATIEATRYaN Logfile A3
1) wndsdoyauazyndoyaililun1side (Dataset) u191nszuutufinmnnisel (Logfile) Aifmundutes
meluszuu culturalmapthailand.info Litetiudesyadiiaswe (HTTP Requests) iandafuueundindu doya
gniAvlutissewdneduil 25 flunmy we. 2566 f1s 24 Wiy NA. 2566 SsTEEAT 1 ey (31 Fu) fdwou
ﬁﬁagaﬁy’ﬁu 91,027 518m15 Inglusunusinannumeweiiditne SQL Injection 11nA37 4,000 1813
2) lnssafefeyagniniivlugiudesa MySQL #1314 Logfileview lnedifladven aun
1. Logld = sviadsiudaya
2. ConPage = AMW153eas URL 38 Query String ﬁgm%‘smi%mu
3.is_attack = entheiiiu (1 = SQL Injection, 0 = Un#)
3) nMsinuatheniu (Labeling) nMsfinwuaen is_attack adunising
1. Bimszilaseaing ynmdssunsne (Payload) Mildnwazds SQL unsnog
2. ns19apugULULTiaenndesiumada SQL Injection ifuflvensuuaznuaislussuy
3. nageudfuguteyasiassfiefusuaudusune Tasgunuuiléidunasilunis Labeling
@0AAFDATUNIATEIL OWASP SQL Injection Prevention Cheat Sheet wagimellafilésumstugulurssanssu Téun
UNION-based, Boolean-based, Time-based wag Error-based Injection %dLﬂULﬂmﬂﬁLﬁ&JaﬁUﬁ Alghawazi et al.
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(2022) uag Fu et al. (2023) Tdluswidevesnu vilinmsinuadhemivluidedfianuaenndesiuuinsgiu
neausuluseauaina

Figure 2. SQL Injection Attack Samples in Logfileview

5.2 N1599NKUUNALNATIATULUU Rule-based
1. 91nmsieseddeyanisludied 1 szezan 1 e (31 Yu) wugUuuunislauddivatnuats 3q

99NUUUNYATIIFU (Detection Rules) Ingode yaaiusnusemiawildimuaguuuy (Pattemn) dmiuns
AU dUg (Regular Expression: Regex) unalnndnszuugnesnwuuludnume Rule-based Uszneuse

1) Whitelist Filtering 14 8 unalndansoundesduivitausudulng htaccess il poyninaniy
mdmesAsuduseszuu culturalmapthailand.info iinfsgrudeyalslnenssluvasdlig htaccess azvi
v usunilunissiadns nsdndslndddunas Uestunsiuansuiulanyaeululasnnesiililesy
UM nsvheulszanufuruitisannisznisuszananares Rule-based Detection wazia3unuyaens
WUULBeEn (Defense in Depth) Tfulivneundindusgadiusydnsnm

2) Pattern Matching Detection Lﬁ@lﬂumwmﬁuimﬂ%ﬂg (rule-based) #1141 Regular Expression
(Regex) 1l @A U3 UL UUT 191918 SQL Injection L1 UNION SELECT, OR 1=1, SLEEP(), sysdate(), XOR,
information_schemaltable_name \Jugu ailanAdeilddumuasAnudayasuuuy f1ds SQL Injection due
Wafnuenwmieainiinuain Logfile ﬁlqmﬁulﬂuiwu culturalmapthailand.info 1l aifi unstearuli
ATEUARNLNNTIAN

3) Scoring Mechanism tunalnlun1sly azuuuanadss ununsdnduainngiies Inensasaw
pzuuungULuUMsTaAfinsanulugnfdsdunsie (Payload) Weafy udazsuuuy (Pattern) axgnivunel
dwiinausgdueudes ienasiuazuuudiidiia (Threshold) fifuuald szuvagdnussandriesoiduns
T9ufl 33n1sdinangisannisuiaiouRanainain Keyword Wien wasifinanuudugrvessyuulneiansan
Uiuvlaguvesndssuning (Payload)

2. Ussannslaudilldidunseunmsesniuunggninndusuguuuunislaudiinuasswasdisun b

¥9393ULULLsIaEFULUY (Patterns) ol
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Table 1. High-Risk Group (High-Risk Structural Injection)

Pattern Weight Reasoning / Logic

TIME_BASED 6 A blind injection technique that confirms vulnerabilities via time
delays demonstrates control over the execution flow.

STACKED QUERY 6 Using the character to execute stacked commands constitutes full
query manipulation.

UNION_BASED 5 Ability to directly retrieve data from other tables, posing a
significant data exfiltration risk.

BOOLEAN_BASED 4 Employs logical conditions (Boolean-based) to bypass

authentication.

970 Table 1. AKATMANNS JULUU (Pattern) nquilagviouds “Iasaasnednds SQL auysel” uag
anansafguLUamaansued Query lalngnsa Jadmuaiviings

Table 2. Medium-Risk Group (Reconnaissance/ Enumeration)

Pattern Weight Reasoning / Logic
SCHEMA_ENUM 3 Used to explore database structures (information_schema)
ERROR_BASED 4 Relies on error messages to reveal system information

91N Table 2. wignaamanns suuuy (Pattern) Wuduneunis Reconnaissance foun135laufass 1
Anudsuadslaldnisudly Query Tnemss

Table 3. Low-Risk Group (Contextual Indicators)

Pattern Weight Reasoning / Logic
COMMENT _BYPASS 2 Using comments to truncate the query
ENCODED 2 Encoding that may be used for detection evasion
SQL_KEYWORDS 1 Standard standalone keyword; may result from normal input

270 Table 3. AuaALTVANN"S JULUY (Pattern) nauilliifivsmelunisBudunislaufdeiaies 39
fmmmimiing wazdoainsrufuguiu (Pattern) Buisazsiuaiisnin (Threshold)
nsdangudsnandelfaunsofinmeaifveusazsuanldlutuneutsaduna Taglunuisen
vhuitn (Weight) 137 5 Suldazdoindumsland
4. yadoyadmiunIImaaousEeEi 2 Aendeainnisesnuuuaziaunsruunadulusresd 1
fdunisnaasuszuuiudeyalmililaldlunisesnuuung (Unseen Dataset) Ll aUszifiuainuanunsaves
szutlumsihsuiuteyasssluiianadald Inglideya Logfile MAulutieszminedud 25 wwieu wa. 2566
f9 20 weuanew W.el. 2566 TINTEEEIAT 30 Tu gadeyadina didiuauiedu 88,925 1813 wargnlHiluyn
Foyadmiumslsndulszansnmessruuluanmeuindouass (Real-World Validation) Ingldshiaireariu
szevdl 118un TP, FP, FN waz TN wielvannsaiiouiisunadniseninstananldesraiussuy
5.3 Msnmurszuulaaiudegn
isuugﬂamﬁy’ﬂuszﬁv Application Layer vasiiuneun@indy PHP Tnevheudeunisusziianamda SQL

v
o

1n8dTunoun1sNNIUIeITE UL A4 Figure 3.
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I —

Receiving data via $_GET
and §_POST

!

Data Cleansing (Decode,
Lowercase, Trim)

Attack Detected

Detection by
Whitelist Filtering &
.htaccess

No Attack Detected

Return 404 Not Found error 25
and abort the process.

Detection by <5
Rule-based Detection

Resulting Score,

v

Display 403 Forbidden and
Terminate Session

T
o

N Figure 3. 1uuiAndun1sdnnis Logfile iasainlugisnisiivteyany SQL Injection 31u3usN
mnduiin YeA1daunse (Payload) Miludunsienunenvriiligiudeyafiulnegesinii 1uidelds
sanuwuusruulivinauded 1. vdennislaudviud 2. ldtuiindeyaidudunsemaudy 3. andymdayaiivsunm

winiAuly (Logfile Pollution) Tuszezena uar 4. uuamnsdenariunisdesiuidesn (Proactive Protection)
wnnIMaNudeyailiadaunds

Figure 3. System Process Flowchart

neleuddell lemvuassegiiamsanidunsidell 3 szuz A Figure 4. 1ae syaedl 3 dapsyinnistudin
Logfile Mnunslaudadlugiudeya

Testing Phase Validation Phase DePIOXment &
Monitoring Phase
Training and Rule Testing with New Data Dataset Long-term Stability Assessment
Development Dataset period: period: April 25, 2023 — May Evaluation period: May 25, 2023 -
March 25, 2023 - April 24, 2023 24, 2023

August 31, 2025

Real-World Deployment

Development System Testing

Figure 4. Dataset Timeline for Performance Evaluation
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5.4 nM3Usziiulssansnmuesssuu
mMsUszifiulszdnBamuesszuunsiadu SQL Injection goonuuuldu 3 szey Lileazsioulsasnmsiaun

\desruusausinisoanuuunaln mansdeumugndes aufanmmiluldauae fedl

szeufl 1 Testing Phase ldyatayaann Logfile sEninaTudl 25 Sunau 2566 §9 24 WwEy 2566
IUIU 91,027 578015 isazﬁyﬁﬁm%msaaﬂLLUULL@:U%“ULL@'MQ (Rule Refinement) n151nuaAumn
(Weight Assignment) YadusiazgUuuunsTani uaznsimuaaisin (Threshold) Amanzay neldyadoyad
HUN159IN Manual Labeling udn

syezii 2 Validation Phase ldyadoyaan Logfile puazyra3an tagld Logfile sEWINeTud 25
WI¥IBU 2566 B9 28 WOBAIAL 2566 S1UIU 88,925 $18M5 ez liiitoUszifiuauannsalumsiiily ves
Tuiea Taglsifnsusuuinguisduiionaaeunmaisisavessyuy

szl 3 Deployment & Monitoring Phase thsvuuluaeuuarAnsdldauaidy fausssuinaduit 25
WuANAN 2566 9 31 AsAx 2568 5131 830 Tu Tnedsastuiinas Logfile ianuaiitoldussiiunaldeada deu
Tamstufinas Logfile ndsnduganisnagouresssesd 3 dmsuszeriarlilianeivssansamuosszuy
aeldannenisidauasslussyzen

v
o

Tumsinuseansnmuesszuuamadunisland uAdedlaldma Tamesg 4 A1 $198anuuuimses
Lu et al. (2023) Taomssuunwansasiaduoenidu 4 suuuy fil
1. True Positive (TP) szuunsraduindumsloui uazdeyadudumslaniiase
2. False Positive (FP) szuunsaaduinfunisland uddoyathuiudioweund
3. False Negative (FN) szuuliinsaanumslond faiidoyatudunislaufiass
4. True Negative (TN) szuumsa9dilalldnslous uazdeyadudufioseunivie
TneFsuiisunanisnsafuresssuuivdeyaiiinuaanuyais Logfle andusumditiiyades il
1. Accuracy (Auusiuglngsin) Ao dndiuvesnisriuneiigniesiomun Weifteutudeyaiamn
fuIniaIngnsi (1)

TP+TN
Accuracy = ————— (1)
TP+FP+FN+TN

mnei szuunmadugnitnsdiidunislaniied wagnsditlildnnslaud 14y “aimsan” ves
ssuUan
2. Precision (Musiugwosnisuiaiiou) Ao dadiuvesdeisruuudsindunisland udy “Wums
TauAass” Anaangnsi (2)

TP
TP+FP

Precision = (2)
611 Precision 4 kanedn szuuunuliudauieuiianain (False Positive 11) 19931 “eaanudouua?

iWodalaualny”
3. Recall (AMUA1LN5ALUNITATIITY) ABdAAILYDINTITIANAITINTLUUEN150ATIULA AN

ansi (3)
TP
Recall = (3)
TP+FN
61 Recall g9 uanedn szuulainainnislaud (False Negative #) 19931 “szuvdudegnaiulansy
w3aly”
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4. F1-Score Aeatiinfilgusvidliulszansnmaeadlumadiuunuseinn (classification) lnetduaiade
WUU Harmonic Mean ¥%314 Precision uag Recall iieagviouniuaunavesisassaluiiavig) Auinain
gnsh (@) uay (5)

JenaTenineans
2X(PrecisionXRecall
F1 = 2rect ) (@)
Precision+Recal
wiodeulugy TP, FP, FN laidu
2TP
F1=—— (5)
2TP+FP+FN

fman1snaaasliien F1-Score 1iAU 100% agviauliiul1seuuaiusansiasunsiaudle
asutulagldiinnmsudsieuiananluynadayaiivaaey

6. WaN135338 (Results)

6.1 wamsAnw1zULUUNTSIaLRA SQL Injection anndaya Logfile a3
siteildmuiunafununudoyadieseluanmuindenaislussesd 1 (25 funan 2566-24

ey 2566) Wuna 31 Yu TnessliiDaldaunalnmssiuds ieussiduaeunisalssnnaufiintuass nud

pevavianua 91,027 519073 Ingmsaanuanamensslaufiuuy SQL Injection S1uu 4,649 s Anfiutevay

4.84 vo9FFosvaitavin

Table 4. Detailed Classification of Attack Patterns (Phase 1)

Attack Type Frequency Percentage
UNION_BASED 6 0.13
BOOLEAN_BASED 1 0.02
TIME_BASED 4,641 99.83
STACKED_QUERY 4 0.09
SCHEMA _ENUM 4,076 87.67
COMMENT _BYPASS 0 0.00
ERROR_BASED 0 0.00
ENCODED 4,251 91.44
SQL _KEYWORDS 4,582 98.56

ndeyanisduwunluy Table 4. wudmgAnssunislandaulvgeglungyu TIME_BASED (Seeay 99.83)
wazdimsléimaiia ENCODED (Fosay 91.44) $asagieiludndy doyadvedindlaudyatunisli3sns
p9rvaeulnsaiugudeyatuuminaiionaudsimsasadutuiiugiu uagiinsnsnsdds Encoding) e
drsradedluinasneneuistoyalnseadiaszuy (SCHEMA_ENUM) Fefeyamarigninluldiduinastlunis
Usuugaeiisin (Threshold) vesszuuliiiinnuidunaaenadostunginssuasdludunaudaly

6.2 NADDNWUULATNAIUITZUUNTIIULAzTB9AY SQL Injection wuudnludfnlumailia Rule-based
Foyanislanfasaiiusuldlusyesi 1 gmhulddugulunsiesginginssuuasduungluuumd

JUATIY LI 0a519N)N15915293U (Rule-based) wazninuauininazuuaud 84 (Scoring) Iiaannd iy
anvaenTNANNUIIluTEUU culturalmapthailand.info annuuladiiunisnaaeusyuuluan1izesiugegn
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Tuszezdl 2 (25 WweU 2566-24 WewAIAL 2566) LWa 30 Tu NUAISBIYeTINTINAY 88,925 518A15 1nE
SEUUTIBDNWUULATHAILIAINNTONTIINUAINNE U ANATIUIU 4,312 AS3

Table 5. Detailed Classification of Attack Patterns (Phase 2)

Attack Type Frequency Percentage

UNION_BASED 0 0.00
BOOLEAN_BASED 0 0.00

TIME_BASED 4312 100.00
STACKED_QUERY 0 0.00
SCHEMA_ENUM 440 10.20
COMMENT _BYPASS 0 0.00
ERROR_BASED 0 0.00
ENCODED 440 10.20

SQL_KEYWORDS 4312 100.00

o

dowSeuiisuanuunnsinsvemginssumslaufiszmineszesil 1 uagszeeil 2 annsoagudedunadidny
giail
1. AuLUE sunUaswesguuuunisland suuuunisteudf danududeuluifslaseasne wy
UNION_BASED, BOOLEAN BASED way STACKED QUERY amasaulinulugiudeya $evar 0 deazieuds
AnuasavesszuUlunsTLunLagnuauewaiuanawlusyaulasiasalieg1uhnwn
2. mIanawesm e mduAugudeya Uiinamginsaulundgu SCHEMA_ENUM anasegisil
oddnyan 4,076 adiluszozuan widewiios 440 At vsvenfssrAvEninuesngnisnsaduiiansengads
Fumoumsdrsviodd vosflaufildenesanis
3. Mleswinedssetu Anadenislaufisieuanasn 149.97 ads e 143.73 adutetu ual
USmnuidosermardanilndifestu uinsmeluresneiiamslasfivisussamuandiiiuioaidediuds 7
Arnndsyansamaesnalnnsasaduiivhanuaenndosiunginssufinuaseessyuu
digliulaluafosnmuazanudBuressyuy nuidedldfamunanisldauluannedestudegnads
otieseiadlussesil 3 (25 wquaau 2566-31 amay 2568) Wurian 830 u tnedwinsdaiudeyatiudin
wan1saling 9 aslu Logfile teldtayauiinmeilussazen luthsnadananilddosmeadngssuusaiaau
2,041,487 519715 UALSTUUANNNTARTIaNUNNTIAuRLES Y 25,660 ASa

Table 6. Detailed Classification of Attack Patterns (Phase 3)

Attack Type Frequency Percentage
UNION_BASED 5,800 22.60
BOOLEAN _BASED 8,034 31.31
TIME_BASED 7,589 29.58
STACKED_QUERY 1 0.00
SCHEMA _ENUM 1,908 7.44
COMMENT _BYPASS 23,685 92.30
ERROR _BASED - 0.00
ENCODED 4,230 16.48
SQL_KEYWORDS 12,427 48.43
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211 Table 6. wmwwqmﬂiﬁumﬂwﬂuﬁv maﬁmm%’u%’auﬁu Inedinisldmalin COMMENT BYPASS
Fouay 92.30 Lwawmmwamamﬂgmimaﬁmuwuﬁm usiszuUSinsanasaduunuarfussldaseunquyn
dnwariiung azvieuliifiuinnsmevaussegwaiiauevesssuvdssaifanginssu degland vinliaaw
wengslauAlusUuuuinantiosasufign

Table 7. Temporal Comparison of Results across Phase 1 to Phase 3

Phase Duration (Days) Log Count Attacks Avg. Attacks/Day
1 31 91,027 4,649 149.97
2 30 88,925 4,312 143.73
3 830 2,041,487 25,660 30.92

970 Table 7. ‘ﬁaum%qaﬁaLLamiﬁ’LﬁuLLmIﬁumiamaqﬁuaamm?{mﬂwﬁashaﬂﬁmw Tnaamzlussesi
3 mmmaamﬂammmu anasnnindevar 79.38 Wiawlususzesil 1 maawauauuauuaummum naln
Rule-based Detection $a1AUszUUABUAUDIDALULR VLuvmem'mLwaqmmsmaﬁmwLmummmu RN
anunsaads nardeduddlusrorenn Teasduaninuandeunisldnuass Lummmﬁwmgqmmmwmmmua
wuszuuiinasmstesiuiiannseatiniunisleuildegnadiussans amuazasiaue
6.3 nan15UsEHIUUTE BN NNVBITEUUEBHT 30 TP, FP, FN wag TN

nuATeildsnduusrannmussszuunasati 3 szoy Tagldma Taunasgm 1w Accuracy, Precision,
Recall uaz F1-Score Fafuaauane TP, FP, FN uaz TN sauandly Table 8.

Table 8. Summary of Performance Metrics across All Phases.

Average
Total attacks
Duration number TP FP FN TN (G0 e el free
0. 0. per
of logs
$ day
Phase 1: 91,027 4649 0 O 86,378 100 100 100 100 149.97

25 Mar - 24 Apr

2023 (31 days)

Phase 2: 88,925 4312 0 0 84,613 100 100 100 100 143.73
25 Apr - 24 May

2023 (30 days)

Phase 3: 2,041,487 25660 0 O 2015827 100 100 100 100 30.92
25 May 2023 - 31

Aug 2025 (830

days)

27N Table 8. wamsUssdiuuandififiuissuuanaainuUsavsamlgluseduauysainaenti 3 szoz
TnefiTeaziBondai

FUANLYNFDIBININTITU A True Positive Tuusiagszaragiioudmumslanifiszuunsadulase
Toun 4,649 psaluszosdt 1, 4,312 addlussesii 2 uay 25,660 Asdluszozd 3 Inglunnszegnuingi False
Positive tag False Negative Ay 0 inneauitssuuldineuiufouianainsenioweund wagludinig

LuilavansenaNN1snTIITuae
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mummmm A1 Accuracy, Precision, Recall Way F1-Score fiAinAusauay 100 Iuwmva” Feaviiou
le,mmngﬂ'ﬁmawwaamwwuummuuum whgsihunmaseuluannznedenuarszosnaiuanesiu
oafitfoddy Taslomzluszesdl 3 Genseumguszezinanndi 830 Ju uasiuTunuioswesiugeds 2,041,487
3983

uananiinanisvaaesdsd iifuissuuiivaududmansenuidanindonisuimsianisminens
asaumaLazaNudiiuvesszuUluszazen Taslamglusnunisannismsdaiiudeya lusewinanisvmaaes
swuedl 1 84 3 ssuvrmdhiitufinnnuanisal ileUsediussAnsamiazBudunuuiug Wendannduan
nManaaessesdl 3 Sessuuldfigairanuudugiifosas 100 egatinaue swITeidddtmuanuamienis
dnn1sveyatual Insenidnnisdudin Log ﬁ’m%’uﬁﬁawaﬁgﬂﬁwLLUﬂLﬂuﬂwsIﬁ]ua waflAnAzuuuAIILLEsa (Risk
Score) a5 Fuly masuiunsiidmaliszuulifesuuniuniszmstaivtoyavezfifinnnnslauitsoned
US1naunnndn 10,000 518mssed ($udengiudeyadiiesweluszesil 3) faedesiutlymyndoyaveisd
Aunudnduluswen

7. a3Unan13338 (Conclusion)

qm%a"fm’fﬁﬂfmqﬂi:aaﬁl,ﬁaﬁﬂmgﬂLmeﬂf«ma SQL Injection 210 Logfile 933 9aALUULAZHAIUITEUY
M3793ULUY Rule-based wazUseliiuyssdns nnded in TP, FP, FN waz TN #an153388uduinussg
fnqusvasdiis 3 doldogensudau

izuuﬁﬁ'wm‘ﬁuﬁumww Hybrid Rule-based Detection finau Whitelist Filtering, Pattern Matching
wag Scoring Mechanism 191@ 7874 1Ag00NLUUNYATIITUINNT 03 A Logfle 35 9vR958 U
culturalmapthailand.info Seaiundae PHP waz MySQL nan1snadeutia 3 seevludninundenadmuinssuy
a1u1505n81AN Accuracy, Precision, Recall wae F1-Score fisasas 100 ldagssoiiiowmann 830 Ju lngliiin
False Positive uiiusinfaiion wavannsansadumslaniluannensldouasdlasm 25,660 ade

nadns danaauanaliliui1uuInig Rule-based 7 oonuuuaIndoyaasnaziasusiig Scoring
Mechanism Lumadendifiussansamgsdmsussuuidninenssida wazanunsathluussgnadldiuiuuey
WAy PHP/MySQL thlulilaglisndudesfiant Machine Learning

8. 49311AYaIN13338 (Research Limitations)

HaN15I5871¥A1 Accuracy, Precision way Recall $oway 100 Iunﬂisasmw@amﬂfu fidosiniinns
finrsande guuuunisTand (Pattems) uazAviin (Weights) gnesnuuutazuiuusdlasdnadaindoya
Logfile TAnTuassluszuuiamzaesszuy culturalmapthailand.info dadayauni fsuuuuiideutreasi e
Tvinaln Whitelist Filtering uag Rule-based n29duldusiugge ognslsfinu nadwsioraudsuutadldnn
iluldfussuuiifianududouromaimesuinnitil viewdytumslaufsuuuulndiidildneusingluye
Toya

9. aAUsWNAN1ITY (Discussion)

PNMIRAUITTUUATIFT UL Ui un1slauduuy SQL Injection Ingldnaln Whitelist Filtering A5l
saufusmdnazuuY Scoring Mechanism 1nveyalu Logfile nansnnaewansliiudsUszansamiiunis
wela Fegnansathunediumenalulssiudialasd

1. wadnsilddosay 100 lunnddfaldldiAnnntadeladadorden uidunasuresnisesnuuussuudi
Maulszauiu 3 seeu

JLAULINAD AMAINYBITRYaAUNIS ﬂgmaﬁuLLazﬁwﬁmﬁﬂﬁwmmgﬂaamw‘umﬂ Logfile 933004
38UV culturalmapthailand.info Far1991n T84 Arnap & Kusrini (2022) kag Alghawazi et al. (2022) Ay
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UMRHGEREGR ﬂ’]iﬁﬂ{]u’lﬁ]’lﬂ%@y]aﬁ]%WENiSUUijjULQWT’ﬂﬁﬂia‘Uﬂqu Edge Case fim1zlangaiungAngsy
Traffic ¥0958UY ﬁ?fﬂ Benchmark Dataset laansndaasla
seduiiansiie antnonssuuvuddudu nmaiFududae Whitelist Filtering vi7lienSesvauniid ifam
ruldldiuilagliiidngnszuiumsneadu aeandesiuuuifnues Hofesh (2022) fiszyin Allowlisting LHu357
Aiftarlun1sadn False Positive dau Pattemn Matching fivhanlusudnundasuioamzddosmeiidilignszyi
Uaensy anlenafinziinnisnsanduiianainadldeenediteddy
sefuflanufo n15 Calibrate A Threshold 91ndoyaats tnawsi 5 AzluugniMuAIINAITIATIZH

Distribution vasazkunluszasd 1 vlissuulddnduain Keyword 17 wAR91TN9nUSUNlAETINTOS
Payload Baifumguaiivinliszuvannsasuilefumeadn Evasion fiflaudlivauidssmsnsiadunuy Signature-
based lémudl Kaur et al. (2023) uwar Mutedi & Tjahjono (2022) %Iﬁl,ﬁudwLfluqméaué’ﬁwmﬁwumwé’u
vl

2. AMIMINEANYRS Scoring Mechanism Tuszuudisininensdida wifinmuidedwluajazsjadiunisly
Machine Learning 19w 97uw94 Lu et al. (2023) LLwaamiwmamﬁlﬁqaﬂiﬂ Scoring Mechanism Jumadentd
WNZAUNIA NS UTEUUTIFBIN15AEY (Realtime Response) Lilsannldmsnensiuss samnsaswunde
anAfifinavaudes Ifegausiugriunsiuaimdnazsuuunudssasa

3, duddnueinisanatvesiiuiunsland mslaufifianasegsaiiiesaumiodios 30.92 aduteuly
svoeil 3 avvioufvszAvinmuesnalnnsduds Wessuuananatniud oo Dudunselditud vinlvig
Taufldannsasidutuneunislauddeluldmumaguives Fu et al. (2023) uenanidelinisudmsinms
Foyatuiinumansal faudsdunniu lnsanuimumsdniutoyaadlu Logile flisniuadlétoras 4 - 5
palnau

a. fosrfauazuuamemananluouan winadwiaziduiiumela uinsflswnguuuasil (Static Rules)
galdedintunisfuiledudeanauguuuuln q aenndesiutoiausuuzuas Alghawazi et al., (2022) PRy
Arwddyresmaiieuvennios fafu nsysanmsseninngidwmsmngdumiumaianaiouifedn (Deep
Leaming) Fndunumsddylumssnszdumstlesiuliinsouagunislaviiidudeuduluowan

10. Y91EUBLUZ9UIYY (Recommendation)
nnmsshunslfnuaiendn 2 U iteausuugiidudstlenisonsihszuululdnuse uaziuamedmsu

nuideluaunan il

1. forauouurlumsthluldan msusuainusinsuuudadita (Threshold) wiiansdnyiagasai
inausinssnaulaft 5 azuun Tiamuiugigagadmsusruy culturalmapthailand.info wimnagtssuudlule
fueundindudu douassuuindufesihnmsnaaeunasuiumazuu Wasnadestunginssudeyavesszuy
tfuq o flesanguuuudds sQL Unfivesuisszuuenadiadudeurulunssdungnisnsiady deenauilug
msUfiasnosweiignaedls

2. matestudedn ssuuiiimunuivhmihdiduusnisduminia ogdlsfnu ileliAnanusiuag
Uaenfogega msldszuuidamuglufunmadeulusunsuiivaonds wu nsld Prepared Statements 3o
Parameterized Queries iloas1ainsnzdostunareduiiansauiiofuseanaulimnszdu

3. M3rpenfUMTIATIEEANEEY :InmsfissuuiEusnEnmstufindeyaadlu Logfile vaans
Tauffidl Score g4 (Score > 5) ilpannszgiutoya lusunarenafinsamilugaasunanisaifuendiemn
Welismaiunualivesisananildlnglidefutouaynmdidunsng (Payload) vualuaflilugruteyandn
Helinmsuimsinnsteyaiimudsdunazasadelunieuiu

4. NMINAADUTINTEUU (Cross-system Validation) MUATEEWRULaTNAdDUSE UL ULLUNE AT
culturalmapthailand.info @ s & nwaizn15191uLaggULUY HTTP request 7 §11m12191899 il 08 uéfu
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anuannsalunsilydszendldlurndis nuidelusuanasnegeussvuuuweunaadu PHP/MySQL
Uszinndu wu Guilduszuu e-Commerce ssuudnnisiiiem (CMS) weszuuansaumessdnsdu 1 wile
Usziiudnan Threshold 71 5 Aziuy wazyang Regex Moonuuulidsaslian False Positive iugugluuiuni
wansnfuselyl audsdnwrindndudesusu whitelist iwnsauiuusazszuuinnilesifiedla

5. mswSsuifisuiuannsguaina wissuuazuaniseansningeaaluaninuindenais usiitely
annsaFsuiisuivnuideduluszduanaldegradunans muidslusmanmsvaaeuszuuivyadeya
1M1 LU CSIC 2010 HTTP Dataset %39 Kaggle SQL Injection Dataset e?i'uﬁwqmgfayjaﬁﬁﬂﬁaﬁm Web
Security 19819895 miuog 1sunI vy nrsmaaeudinanazdagliaiusaseyldin Scoring Mechanism i
ganuuUN Logfile a3uflUseAnsnmiiisumivbemioniidsnsiilésunismaaeuuy Benchmark wéaegnals
waztaSuesdeiioresuidlinnty

11. mMaUawmensldUy1UszAugidenineessa (Declaration of Generative Al)

mu”?%’sﬁlﬁﬁwm'%mﬁaﬂ@mnﬂszﬁ@iuﬂ%@uﬁmﬁsf[,umsLm%mﬁuaﬁ’mﬁaiﬁﬂamﬁmmaug'ﬁai
89794 1neld ChatGPT, Gernini way Claude.al Littasnsiadounsaznasin uarUiulanmaFouossslon
Tlunwidens sudddlunisasivaeuaruaenadewanienseninaun wWeldnisesureduneunis
5799V SQL Injection wazmsiAs1zat Logfile fanusaiiiswazidilade uonanifld Al luededietiely
miuvaundngaduntssinguuarinnamidhensalligndewnuvdnainawazdanaimisheinsalligndes
muvanaina Taudsly Gemini Tunsthedaguuuunsfinuazinugiuansszeziian (Timeline)

n1sBudunugnies ve3usesindevindn doauaadfiarnseuy Cuttural Map Thailand HANS
NPBBINMUALAAYTZUE WaEN1TIATITNaT LA Wunamanmsandunuvesidelaens A Ldu
Wsaedesietislunsdaminenaisuasnsiaaounteivity HdelansiadeuLae LLﬁlmLuawﬂwﬂaauwas
G]‘LILBQLWE]IMLU‘UL‘UEJWWWQUULLauﬁJﬂTmﬂﬂ@@ﬂ%’lﬁ?ﬁ’]ﬂ’li@ﬂ’mﬂﬁua?u Imsmwﬁuaiumﬁjawal,uam
m%miumm%uumwmmm
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Abstract

The purposes of this research were: 1) to compare Students’ Problem-Solving Abilities Before and
After Learning Through Internal Interactive Scenarios Video; 2) to compare students’ Problem-Solving
Abilities Before and After Learning Through Extemnal Interactive Scenarios Video; and 3) to Compare
Students’ Problem-Solving Abilities After Learning Through Internal and External Interactive Scenarios
Video. The research sample consisted of 52 Grade 9 students from the Chom Phra 1 Integrated
Educational Network, Chom Phra District, Surin Province. The participants were selected using the
matched-pair sampling method. The research instruments included: 1) Internal and External Interactive
Scenarios Video, 2) science lesson plans, and 3) a science problem-solving ability assessment test. Data
were analyzed using mean, standard deviation (S.D.), and t-test for hypothesis testing. The research
findings revealed that: 1) Students who learned using the Internal Interactive Scenarios Video achieved
significantly higher post-learning problem-solving scores than their pre-leaming scores at the .05
significance level. 2) Students who learned using the External Interactive Scenarios Video achieved
significantly higher post-learning problem-solving scores than their pre-leamning scores at the .05
significance level. 3) Students using the Internal Interactive Scenarios Video demonstrated significantly
higher problem-solving abilities than those using the External Interactive Scenarios Video at the .05
significance level.

Keywords: Video Scenarios, Interactive VDO, Problem-Solving Ability
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1. uni (Introduction)

Fowtmiuuuiujduniug (nteract Video) ihumidlununliunsiasuuvadumeluladnisSeuslul wa.
2561 Fremauadinidvmiasissanfoaiuuindu lnsannsafivesdUsgnovuuuldneudily wu
wuunaaey madeuledludundsdoyaooulay maldnouusazadagdsainsnmdnuaiffvesnisiidausoy
ad1snnuaulaliiAnd uludfsient (Morton, 2018) wenannii Zhang et al. (2006) le@nu13deiientuintenis
Boufesulatl ensUssiiiunanszmuvediflenuuiiujduiuseussansamlunsiGoud nanismnasauandlsi
i dndeuluanmundeveeulaflmifmlouuuiufduiusivssdninmmsBeuiiituegiannuagiini
fawolalunsidoudgenindiFeuluguuvudu aenadesiuauidsvss Somyaron (2020) szyinnsimunde
fadtiffiduasunsivfauiusiugSoudvasiiadsmwailauasiivssaninm WesnngSouildusulunns
Boudiniu Fehensduanuadlaasaiuadeudila weensl¥anunsaiitenisFeus (Scenarios) i
sUnuumsiSeunsasuiiitiudisousensldanunisal shildAsenaiauls wiuaumaFoudmenuies 1in
Avuayn admndnlalumssihiahauslddnau maiiauenisdoudfeanunsaiiusiugenuals
doulesfuumAniiléizoud suuiiaenndostunguidmine lnefdsiennuieitosmesdiFou Phadke (2021)
venniluanimwindendif Foudmdaduladudiutu mildanunisifafulsslovdmeedlfFous
aounsaifwanesldmadenrannuatsuds Ussaunsaliildfezdielunsinsent nssurunsuidym

nszvumsuidgmidudddyuasdnduiifSouynauasdoadouiuasidila annsodndusazuitym
Hu leasinszuaunsillunsudtymludiausssriudeld maensfinudtiymazdieliidousdndad
sudsutumeunsfin $inAnedredivapanardndnaulaogisaain uianmamsUszgidnnssedumnaiidaty
Tagdinanuangnssunsmsfinuduiiugiu (ang) anduftusisedouasaam. e “NIYNTTAUAUAIN
SN Inemanstuiiug 9 25557 fdadusemineiuil 26-27 a.a. Feldsmiulinseinanzuuuaey PISA
YaaAnlng nuIALwLLNSERUUSLEIUNATNS SULIWITA %150 Program for Internation (Student Assessment
(PISA) F1inenans uazduadaeans Jseimalnedsnsoglusuduiviedaiios deagudigmenanain
ymBaveInIANWIBE1s 3.0 1as F1 ASnwduulsueI LT IINMINTENTIENY BT e ansuaz
walulad as15ausgnmald Neeitnan15Ussliuain PISA @13N5088BUAMAINATANYIA NIV AERTURY
Winlne fenszuaunsBeumsaoulueadouifedngs ilesanmsuszifiunaves PISA WunsAsdiaszsiuas
wAtgym ﬁﬁfumiﬁ'auﬂ'ﬁaawﬂaﬂw&Jﬁﬁmé’ﬁtha%qmiﬁauﬂﬁlﬁﬂLﬁmﬂixmumiﬁm (Rodkroh, 2015) N3
duadulifiseudnnuannsalunmsuidymidalutmueddgreamsinnmsfine mszdieinsuidym
\WuewanusanisnsAnd iaannmsiiyasaldiuussaunsaluagfintuauiarinuzuasduinugisududios
Hognaendin Sriingmans aunsndeliuyusldtanisan aruAnduvmduna Anasisassd An
Tnsedt 391sal PinvedAglunisduaivmanus dauaunsalunsuidgmediaduszuu awnsadadula
Tngldtoyafivarnranouaziiussdndneuiingaaeuls

nuanisUszdiu PISA fiagfiounrnuaunsalunisuddagmiuivenmansvendnlvedidedldiunis
duasuusznoudvaniunsaflutisgtuiinsFeuseulaidunumlunisianisFounsasusnniy usluynnis
Soufaounaziisudsasiosiufduiusdotu vuitedfafuaruduiuiinsiimsfnumaresnisldiavag
anunsaiwuuiufduiudnneglutagneuenitvied Afuaseanuaunsolunmsuitymluseivinemans
vosinGouduiisounui 3

2. IngUszasAsuITe (Research Objectives)

1. ieiFeuiisuanuannsalumsuitgmasuSouazndaiouvesinFouiliSousoguuuumsly
Fareiaoumsaiuuuiufduiusaeluiivied lunelninemansvesinideutulisendnui 3

2. WlowSsuiiisumuannsalunsudtdymineussulasvdaSeuvesineudisouseguuuunsld
Faraiaoumsaiuuuiiufduiusameueniavimi luseininermansvestniSeudusenfnumdi 3
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4

3. uelFguiguanuanansalunisud dymnauisuresdniseuniseusigsuuuunisldiaiad
anunsawuuiufduiusnelusasaneuenifvial Tusedvivemansvesinieutulisenfnuln 3

3. AUNAFIUYDINTTINY

1, mmmuﬁzﬂ,umiLLﬁ"{JmmmaaﬁﬂL%EmﬁL%’auﬁaEJi‘tJLL‘U‘Umﬂ"zﬁaﬁﬂﬁaﬂﬂumiiﬁmuﬁﬂﬁ dunusnnelu
v Tusnedvinermanivesinidoutuissunudi 3 wdadouganinnoueussedtodfgymeadad
¥91U .05

2. awansalunsuidamvesiniFouiiFeudieguuuunsldifalanunsaluuuiujduiug
nsusriRTe lusesimemansreaindeuutisonfinndd 3 R TeugInIInoussuagelTedAgg
adffsesu .05

3. anuannsalunsuitiyvesiniFeuiiGeunesuuuunsldiavmdanunsaluuiv jauiusanelu
wazmeweniave] lusedrinermanssenindeudulsendnuli 3 nduSsuunnsrstuegreiifediama
adffsesu .05

ad o v . .
4, mivmmu’aiizuﬂSiw,l,awqw{]mﬂﬂ’ma& (Literature Review)

4.1 IvirduuuTUauWus (Interactive video)

an
Favmiuuuiufduius (Interactive Video) 1dunil slunualifunisiudsunvaslumalulad nnsiseus
suuuiRmidudomilinoutudldld uindunsufduiusssnmmiefiaenistdmsugaonisldman
alavudaiem madoudlngldiavaiuuuiiujduiusaraseufduiusliiAntusening Soutudom 1y
miﬂizﬁuﬁﬂL'%EJuLLasLﬁuUizam%mMumiﬁaui (Morton, 2018) wena1ni SnapApp IaaguinesAusenauves
Frmiuvuiuduiug ded do 1) Faviend Jaduifrminssludufduiug 2) meadejduiuslituiaa
Tngwadian1sunsndinuseningdaviad 3) mafmuadumisivgaumienisimunnaulaliiuiava 4)
nMsnaunudeniormundneresnsuiduius wasSnaninsiviied wuiufduiusividluuiunee 4
Wy Fdreiuugi msdunuudulunsisueeulaivieniseusurududuineiuuuiuduiusidu
dedndu mszdugeaianuaulauazairensidiusuneu Faledoya nmsunausldiiimiluguuuy
UjduitusiiteliiAnanuidnlanazanudinamdnnsiious ansujduiusazdaaiaulianmsaseusldesned
Uszansn1w (Nakmongkhon, 2019)
4.2 n1sldaaunisal (Scenarios)

msdamsFeuduvvaniunsalifuitnsdamsiFeudedrmilsimnzdmiunsifoudivunamanuuay
nsFeunuvesylatifunidunagnimsesnuuunsidsumsasuiitiousdamivnzauiunisSounussende
Faduismsaavdoidounvumnnisaluazanumsaifisidnuazadneadsivanmaudusis lnednstimue
unuwlideya wielvfiSeuldflnnsuitiymuazdndule Fseehliii3ouanusadielounuildannisly
anmunsaidaestulUlldluanunisainiefinuwestounde vinliEsuiuszaumsallunmitlndifeatuemim
Husiannilan dewaligidsudirlawadaruidniundomnmsnlldd Snfausnianuiluliludinsssiiu
Phadke (2021) waza1nwuIAnvaa Nuriddin (2017), Spencer (2025) wag Designing Digitally (Nakmongkhon,
2019) aunsnasudedveinisiseuimeaniunisal ladviliiiaanudilaseaues §issuddiusuly
nszuIuMsFeud dmmmaynauumdainay fnssurumsufauiuiuddu nszuaunisieans faauls uwitym
WAENTTUIUNITAR
4.3 AnuaIIsTauNsHAUym

nslimunuIeeIn1suAUgyniues Songkram (2010), Sitipipattanakoon (2010) waz Nonthamand
(2011) aguléin msuAdam wunefis muaansavesyanalunsuitymiinidiunldedisgniesuazsins
BunszurunsAnuitymesnafimmaaidudunou kunssuiumeaityglumsiasandymmanvnues
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Hgym Tngddsandszaumsalifunazanuiluel et lugidmanevesmsuidymiidesnisuazamisa
Usggndldluaaunisaiduld Tay Bonk & Zhang (2008) Idesursduneunasnisuitam (Problem-Solving
Stages) 15 4 Jumou il 1. Anuatgui (Problem Statement or Definition) 141 N13AMUAIIURIBAINUA
Hamenudesmaiieaslinuiuosninauysaiiian Imsdadwudeyauazganuidoslomwesdoya uasiuile]
Feawalianudiululsssiutgmiu q 2. mnsmsuAdanfenssauauesannineInsitog Ussiiu
ruullduazdndiduannudidny 3. fMuuaveuwanmsidifainisdanisuaznisussendlifeyavsounasdoya
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advayuiSeu 6) nMsuszliuna waz 7) fiseumslnag nssuiunisvesszuunsaeuasunidlnadidnvseding
wuufiufdusitusiivanntud 3 duseu 1dun 1) SuwdsunisdeunaiFeunsasy Usznousiae 5 fumeudesfio
(1) Uszwndusiug (2) Uﬁuﬁmﬂ (3) Wnausy (4) LL‘UﬂﬂaZJNLiEJu way (5) naaeuraudeu 2) uduiunisdanis
Seunideu Jaznauiie 8 funougen e (1) Anvudenn (2) tiaueanunsailiymuszssyamamiu (3)
Ansziauvnuastiym mauigiu faddusasdadonauigiuianiu @) aieingussasdlumaBeudiutu
(5) Anwagsiusiudeyasiuiu (6) #uaTendeyauaznsvaoUaNuRgIUTINAY (7) YNaUoRLINIMI0IENS
uidnymsandu wag (8) agundnnsuuaAninmsudtaymuarnisszgndldsmiu uag 3) futszidunanis
FeuNTARY NaansYeTruuAsANanTalun1suAdyn 2. navein1sdanisiieunisaeuasunising
didnnsednduvuilufduiusiasldnszuiunisSoudsmiuildtgymidundndmiuvindnwissduliyyns
WM dualuriesssnssy wuinguvaassiiGoumuszuumsasuasundlnadidnnsednduuuiiufausiusy
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5. NSDULUIAANIIUITY (Conceptual Framework)
NIOULUIANTUATINY A3 Figure 1.

INTERACTIVE SCENARIO VIDEO
(Agarwal, 2017; Nakmongkhon, 2019; G-Cube Webwide Software, 2017; Morton, 2018;
Nuriddin, 2017; Phadke, 2021; Zhang et al., 2006)
The interactive scenario video presents realistic situations that engage learners through
decision-making and embedded questions. Self-paced interaction simulates real-life experiences,

enhancing empathy and understanding, and supporting the application of knowledge in daily life.

| }

The interactive scenario video embeds The interactive scenario video uses external
multiple-choice and fill-in-the-blank interactivity, presenting multiple-choice and fill-
questions to promote active engagement. in-the-blank questions outside the video.

I I |
PROBLEM - SOLVING ABILITY
(De Corte et al.,, 1987; Dewey, 1983; Guilford & Hoepfner, 1971; Weir, 1974; Khammanee, 2016;
Chatpakkarattana, 2013; Suriyakrai, 2007)

Problem-solving ability is the capacity to resolve issues accurately and efficiently through a

systematic cognitive process. It involves identifying root causes, integrating prior experience with
new knowledge, and applying solutions across contexts. In this study, it is categorized into five
stages: (1) problem identification, (2) causal analysis, (3) information gathering, (4) proposed solution
development, and (5) evaluation of results.

Figure 1. Conceptual Framework
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6. F9ANUUUITY (Research Methodology)
6.1 Uszynsuaznguiiegns
1. Ysznsifllumsidelundad Ao dniFeudussonfnui 3 lsudsuveslondluedeteysunns
Jounsz 1 nneeunsy Smingiuns MiSeuneininermans lunaBouil 2 Unsfinw 2568 $1uau 159
AW (Surin Primary Educational Service Area Office 1, 2025)
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fegrsuuudug (Match Pain) mumsiuuyuinanuanansalunsuidem Tnsuieenidu gs nats i tanda
WNguegeasN 9 U 2 NaY NN 26 AU T3 52 AU
6.2 \Faaiiefldlun1sideuaznismguninialasiie
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Video events «
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Figure 2. The Interactive Scenarios Video Incorporates Active Engagement Features by Embedding Fill-in-
the-Blank Questions Directly within the Video Timeline
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Figure 3. The interactive Scenarios Video Incorporates External Interactivity, Where Fill-in-the-Blank
Questions are Presented Outside the Video Interface
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Table 1.

Table 1. Experimental Research Format Type of True Experimental Research

Sample group Pre-test Treatment Post-test
E1 O1E1 X1 02E1
Ez O1E2 X2 OzEz

971 Table 1. dyanwaliildaunsaoduiy asill

YA o

E1 = naumaaesil 1 Bouseidmianunmssiuuuiiujduiudneluiaviad
E> = ngunmaesil 2 Beusheiavimianumsaiuuuiiufauiusaneuenisiien
OiF; = msapureuBsulungunaasai 1

OiF, = msaouneubsulungunaaedil 2

X, = nguiiSeuseiavirdanunsaluvuiufduiuneluiaviemg
X, = nguiiBeusyiavimlaniunsaluuuiiufauiusanouenisivien
Osf: = msapuvdaioulungunaaad 1

s, = maapuvdadoulungunnasad 2

6.4 snANFlun1TIdY

1. AinszsiteyaifioiFsuifisuasiuuauannsalunsuidymneuSsunasndaiou veanaumaassi
1iardaaunsaisuuiufduiusngluiavieu lngld t-test Dependent

2. AneideyaileiFouiisuaziuuanuaansalumsuidgmnouSeutasndaSeu vesngunnaosdi
1ifFdaaunsalbuuiufduiusneweniavial tneld ttest Dependent
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3. pswntayaiiaSeulsungiuuauaunsatun s Uymneufoulasna oy veangunaased
IFavaanunsaisuuiufduiusaelusaz nneueninvian lngly t-test Independent

7. Han15398 (Results)
Tunsinauenaniside Sseandon dil
7.1 wanswWisuiisuauanansalunisuddymisuBsunazvdasuveainGouil Soudseguuuunisld
Famiaaunisaluuuiufduiusaneluiaviad TuseivinemansvasiniFeuduisendnui 3
HATIUAIN1319 Table 2.

Table 2. Comparison of Students’ Problem-Solving Abilities Before and After Learning Through Internal
Interactive Scenarios Video

Internal Interactive n X S.D. t p.
Video Scenarios
Pre — test 26 8.62 1.388 23.749*% .001
Post — test 26 16.92 .892

*p<.05

910 Table 2. wudn dniFeuiFoudeguuuunislddavalanunisaluvuiujausiud aeluivm 1
AzkuuANaNTalunATYIvduSeY (X = 16.92, S.0.= 0.892) gendnfeulseu (X = 8.62, S.D. = 1.388)
agnaditfudffiseiu .05
7.2 manswWsuiisuanuanainsalunsuddymnsuBsunazvdassuveainSouil Soudseguuvunisld
Faadaaunisaluuuiufduiusansuaniavie lusedviinenmansvesinFeuduiseudnui 3

HAIIUAIN1319 Table 3.

Table 3. Comparison of Students’ Problem-Solving Abilities Before and After Learning Through External
Interactive Scenarios Video

External Interactive n x S.D. t p.
Video Scenarios
Pre - test 26 6.77 1.728 12.350% .001
Post - test 26 11.85 1.690

*p<.05

910 Table 3. wu YniSouilFoudssuuuunsldiavimdanunisaluouiugduiusaneueniavia 4

AzkuuANansalunsuAdyiIauseu (X = 11.85, S.D.= 1.690) geninneuseu (X = 6.77, S.D. = 1.728)

agnafifaddafisesu .05

7.3 mansiwieuifisuaauanansalunisuddyvmdaseuvesinioud Seudaesuuuunisldafiiag

saunsaluuuiiufduiusaelunaznisueniaviey Tuseienineraansvesinidoutusisoufinu i 3
HAIILFINT9 Table 4.
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Table 4. Comparison of Students’ Problem-Solving Abilities After Learning Through Internal and External
Interactive Scenarios Video

Interactive Video n x S.D. t p.
Scenarios
Internal 26 16.92 .892 13.551* .001
External 26 11.85 1.690
*p<.05

Na o 6

310 Table 4. wu31 dniSeuissumesuwuunsidiavmdaounsalivuiduduiusaelulfiag (X =

16.92, S.D. = 0.892) fiAzkuuANa1NsatuN1sUATymgendn wuuliuduiusareueniaviay (X = 11.85,

'
o v o

S.D.=1.690) atslitsdAgyszau .05

8. a3Unan1333y (Conclusion)

1. fhiSeuiiFouseguuuunslidaadaaunsaivuuiiujuius aelusvemd desuuumnuanunsoly
mMsuityvmdaSeu gsnineuwsou sgsddoddyiiseiu 05

2. fieuiBsusheguuuumsldiavaianunsauuuiiujduiusaoueniviad dasuuuanuanunse
TumsuAtlymmdaZou geaninieudou egadideddniiseiu 05
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v A o

nswidavngendy wuulufduiusaeueniavad egreditduddgisedu .05
9. aAuTeNan13338 (Discussion)

115398 130 navesn sliiAdmlaniunsaluvudufduiud islunaznisuenifimiAdnase
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Abstract

The purposes of this study were: (1) to compare Grade 8 students’ academic achievement before
and after using video guidance in an interactive video-based online mathematics course; (2) to compare
their achievement before and after using infographic guidance; and (3) to compare post-test achievement
between students using video guidance and those using infographic guidance. The population consisted
of 153 Grade 8 students from the Jom Phra 1 Integrated School Network, Jom Phra District, Surin Province.
The sample (n = 56) was obtained through a two-stage sampling process. First, simple random sampling
(school-level) selected three schools: Ban Phang Udom Sombun Witthaya School (15 students), Ban
Khamin (Rueang Rat Rangsan) School (22 students), and Ban Chum Saeng School (19 students). Then,
systematic sampling was used to assign students into two experimental groups: 29 students in the video-
guidance group and 27 students in the infographic-guidance group. The research instruments included:
(1) interactive videos with embedded questions on Statistics, (2) video guidance materials, (3) infographic
guidance materials, (4) lesson plans, and (5) an academic achievement test. Data were analyzed using
mean, standard deviation, and t-test. The results showed that: (1) students in the video-guidance group
had significantly higher post-test scores than pre-test scores at the .05 level; (2) students in the infographic-
guidance group also showed significantly higher post-test scores than pre-test scores at the .05 level; and

(3) there was no significant difference in post-test achievement between the two groups at the .05 level.

Keywords: Video Guidance, Infographic Guidance, Interactive Video, Online Learning
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seivedamanvesinFeutuiioenfnudi 2 famansiteadidanduuumidunmsdanisFoumsasuin
adamandduiul i vadestunsdanis@nw il ethauniamiuazysusUseansmnnsiseuntsay
adinmanslifnndstusiely

[3 of 14]



—f
January-April 2026, 4(1), e3701 Journal of Computer and Creative Technology [-=r F=I=J= ISSN 2985-1580 (Print)
DOI: 10.65205/jcct.2026.e3701 Msasreniumeiuazmaluladainsassd ﬁ/=’=” T ISSN 2985-1599 (Online)

(Research Article)

o

2. IngUszasAIuITe (Research Objectives)

1. lewSsuidisunadugrsnanaiseuteuSouiasudusoulngliiiletuurlunaissueeulatiseifle
UfguuslumeinedamansvesinGeudusennumdd 2

2. ioiUSsuisunadugrsnenisiSeunsudsuuasndauieulagldulnnsiinduuglunisSsuseulal
AR fduiusluneivadeeansvesiniFoutuissufinui 2

3. WilaSsuiisunadugrsnismsssundaseulagldiietuuzuas dulnnsfintuuzlunsiSeuseulal
AR fduiusluneivadeeansvesiniFeutuissufinui 2

ad o v . .
3. NITNUMUITIAUNITULASVNO Y NNBIVDY (Literature Review)

3.1 nSBUUL (Coaching)

Thusriwan (2019) 85U1831 N33z (Coaching) JunszuiunsiSeusuariinmesiauinsujifau
T8yAAa (Individual Performance) flifinannisuaniudsuiFouiuasysvaunisaidauiussvieiusuassy
nstuuy TnedPuurdumuvlumsduaiy aduayu Wsuush asfeunanisufifan uadlimasla el
nMstuuzannsadunuauilminaziuanenauddamieaues vaed Yungwilai (2020) ndmdn nstuug
(Prompting) lumsliaudiiviuiinddustah Lﬁ@ﬁj?ﬂiﬁgﬂﬂaLLﬁC’NWZ]aﬂiﬁllLﬁﬂﬂuﬂﬂiﬁgﬂﬁmu’méﬁﬁﬁu wag
Favanszeznarluninioud Tnednldsauduisnisdu 1wy nmsusang@ngsy (Shaping) LaznIsLATHLTS
(Reinforcement) Wil mMstuuranusautseenilu 3 dnwa Wun mstuuzlagldanan (Verbal Prompting) iy
mslddyaitenszduliyarauansnginssunsidmang n3tuurlagldvimas (Physical Guidance) {unsld
Asuan0oNMIANTUAZMNG W N15T89 wenwdh vendnile Wedthnginssun1stuuslaglddwes
(Material Prompting) tdunsldinquiedaydnual 1w Ihe gnas wiegunm ievielviyprauanmgingsumy
\vaine a@onAdoetu Khemphukhieo & Yuankrathok (2019) finudn nsldfauuy (Modeling) n15tuugdae
217 WaEMIATULIIWNEIAN AsnanngAnssumloassveiiniiinniresfiaduldegaduseAnsain Tae
ngAnssudenaruduguassnddenisfeusuaznisianndnenmvesdFoulududen

3.2 AnlaUfdunus (Interactive Videos)
Nonthamand (2018) namis 3ateufduiuslunisseuwuuiln lnan1sunsnAiaiuseninednlevinlvinis

Y Y a

SeusvuilaaunsasianuaulanasyilvidiSeuldissusnusviuunsiseuvesmues udinaudilaly

Y
@ =

Wenmauigaeussinisiiaus awnsanduinAnwildnienuies nngasuiinisesnuuunmsasauduiug

v

sewiatlemiudiseulaenisidmaiy nszdulvidiseuianisiseusnuingUssasinivualivieldmaiuiie

9 Y Y 9
1%
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= =

warAmauvatgieuargniuiinluszuunisianisseunisaeuiiaidunisyssfiufisoussnitaieuld lnegaeu
ansansvaeulddn fissudanudilafediuiflenndesiiods Tleufjduiusinluilomnldneuiud Ly
wsensufduiusussanuilanasinisidiusiuimenisidmany eaulavwiaad viligldanunsaifanssy

Na v ¢

fusemuwiaviendle Lﬁmmsﬁéauﬁwmﬂm'wmigaEJ'NLaﬁlﬂummzﬁﬁ’lé’ﬁw’nWﬂuﬁ?u 9
3.3 nsissun1saaueaulal

nsi3sunisasuseulaiduguuuumsinnisineriueserisdumesidn tnglfie3osdleuazinelulad
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o1 lassarvnadidnnseunesesnonvesin@nusduliaeas naddenuit 1. sUuuumsiSeudidsnesulat
saufunsdeuanmsufuR ieduaiunshiunuesasiadugrininisfou Fes lassaiumedidnnseu
yesynauveindnusrAuUSyans fesdusynauded 1) WUIAALAENOBYN1TTANITITOUTLTIIN 2)
YaqUszasdniaiGoud 3) o 4) nssvaumsdanisiGous 5) msiauasussifiunauay 6) unumdaeuiugiFeu
waziusE Aty 80.17/77.60 Begandnnaust 75/75 Aifavualy 2. msffusuesuaznadugminians
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spAv .01 uag 3. TnAnwisedudsygynsianuiiseladeguiuunsdamsiSeuiitenesulatdsiuiunisiteus
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3.4 3ulnnsiin

Jantanamsri (2017) 3ulvinsifinAeuinnssulunsaeneamnuilnonsdsutomslidunmiiduses
Igvhmihiiasugaidemiidaududounardsiuunnlfnanedumsaumaiivsznanadionssuiunsionde
msdnszifoudeyanadfnazdnarlinanaduuiunmiifivenasiiuesduszneulunsdeans wwu 1y naos
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winsfledrdnylu yaRdvaritasliiumadnfwssiuddlilunaiisianmsdeaslusuuuinseunauiiede
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Foyaograduszuu aguliiBuliinniindensdendstoyaiitearsnrundnlefiduluagiivszavsnm

4. ASAULUIANUIIY (Conceptual Framework)

Coaching is a learning process and a method for enhancing individual performance through the
exchange of knowledge and shared experiences between the coach and the coachee. The coach
serves as a facilitator, providing suidance, performance feedback, and encouragement to
empower the coachee to discover new insights and problem-solving techniques on their own.
Coaching is categorized into two distinct models: 1. Video guidance 2. Infographic guidance

(Thusriwan, 2019)
]

v ¥
Interactive Videos in Open Learning By Online Learning refers to a leamning
embedding questions within the video, open environment where content is delivered via
learning becomes more engaging, allowing web technologies or the internet, integrating
learners to progress at their own pace. This information technology to facilitate

approach ensures a comprehensive interaction between learmers and instructors.
understanding of the instructor's intended (Singh & Thurman, 2019)
content and facilitates effective self-paced

revision. (Nonthamand, 2018)

| |
v

Academic Achievement refers to the knowledge and learning capabilities acquired by learners

following their participation in instructional activities, practice, experiential training, collaborative
teamwork, critical thinking, and problem-solving processes, all of which result in measurable

behavioral changes in the students. (Cumrod, 2022)

Figure 1. Conceptual Framework
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Figure 2. Interactive Videos with Embedded Questions

Figure 3. Videos Guided for Online Learning through Interactive Video: Scaffolding Learning Steps, Content,
and Key Highlights
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Figure 4. Infographics Guidance for Online Learning through Interactive Videos: Directing Learning Steps,
Content, and Points of Interest
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Table 1. Research Design

Group Pre-test Treatment Post-test
E1 O1 E1 X1 OZE1
Ez O1 E2 X2 OZEZ
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Figure 5. Online Learning
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Flotuurlunmsiouseulaieiieufduius 1nsld ttest Dependent

2. AasziteyauiislIeuifisuasuuunadugniniimsiFeunouFsuasndsiou vongumaaosiily
Sulinsfintuuzlunsidueoulatseinleujduius Tneld t-test Dependent

3. AinsgideyaifioFouiisuazuuunadungyinenisfoundaiou vesngunanesiliinletuusuas
SulinsfintuuzlunsiGusoulatfeimoufduius Tneld ttest Independent

6. Wan15338 (Results)
Tunsihauenandoauadu 3 Josall
= s Q‘ = 1 = o Ya ﬂy = ‘Y a el
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Table 2. Data Analysis Using Mean (X), Standard Deviation (S.D.), and a Comparison of Pre-test and Post-
test Mean Scores Using Videos Guidance in Online Learning

videos guidance n X S.D. t p
Pre-test 29 10.97 3.365 9.697*% .001
Post-test 29 17.93 2.618
*p=<.05

3910 Table 2. wud dniseunldinlerwuzlunsiseuesulaimeifloufdunus dasiuunadugnsnianig
SgunauseY (X = 17.93, S.D. = 2.618) ganineulseu (X = 10.97, S.D. = 3.365 ) agailfuddgyiissu .05

=l I o/ l&‘ d 1 a o/ a a, =1
6.2 man1sil3euiisunadugnanienisissunauissunaznasseulaglddulnnsinduuslunisisausoulad
aaednlaufaunusluseiviadinaransvasiniBeuduliseufnuln 2
NAN1TITAN Table 3.

Table 3. Data Analysis Using Mean (X), Standard Deviation (S.D.), and a Comparison of Pre-test and Post-
test Mean Scores Using Infographics Guidance in Online Learning

Infographics Guidance n X S.D. t p
Pre-test 27 9.04 2.653 14.199*% .001
Post-test 27 18.19 2.829
*p=<.05

3910 Table 3. wuin dneuilddulnnsfinuuslunisiseuesulatmedfloufdunus lnsuuunadugvs

'
v o o A

MINSITEUMGAUSE (X¥=18.19 S.D.=2.829) ganineulseu (X=9.04 5.0.=2.653 ) aeiltydfAnyfiseau .05
6.3 nansiUSsufisunadugninnannsteundsdeulagldtnletuusuazdulriniinduuslunsiFeusaulay
FeilaufduiusluneiviadnaanivasinGoutusissafnundii 2

NAN13338A9 Table 4.

Table 4. Data Analysis Using Mean (X), Standard Deviation (S.D.), and a Comparison of Post-test Mean

Scores Between the Group Using Videos Guidance and the Group Using Infographics Guidance in Online

Learning
Online Learning Guidance n X S.D. t p
Videos guidance 29 17.93 2.618 0.349 .700
Infographics guidance 27 18.19 2.829

910 Table 4. wui1 TS 8uN eI lediuy (X = 17.93, S.D. = 2.618) Auduluns Wndwuy (X = 18.19,
S.D. = 2.829) lumsssuseulatmeifleufduius davuuunadugrsmenisieundaseu luanseiuissau
HpdAgynszau .05
7. @3Unan13398 (Conclusion)
dnieunldinletuuglunisieussulatmeinleujduius dazuuunadugnsnanisiseunauieu (X =

)

17.93, S.D. = 2.618) ganinewiseu (X = 10.97, S.D. = 3.365) egailiudAgisysu .05
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dnseuilisulnnsfinduuslunisisouseulaideinleufduius ﬁﬂ~LLuuwaé’quémqﬂﬁﬁ'awé’n
\Seu (X = 18.19, S.D. = 2.829) a@andneuiseu (X = 9.04, S.D. = 2.653) egaldudAgisysu .05

iniseuildialetuusfudulrinsfintuurlunissouseulatdedfleufduius dasuuunadugns
mamsdeundade ldusnanafufissiutvdffisedu 05

8. aAUTENan13338 (Discussion)

n9feiFos maUFsuifleugunuumstuuguandnafulumadsusoulaifeifleujduiusidmarte
nadgvsIIMsSeuseinedinmansvesinSutuisenfinundi 2 ansaefusienaldsail

1. MmaSsuiisunadungvinanmsiseudeussunazvdasulngldimletuuzlumaouseulaise

Aloufduius wud thiFeuilliinletuurlumaBsuseuladdeifleufduius ﬁﬂzLL‘lAWfﬂé’MgMéﬂNﬂﬁﬁW
AU (X = 17.93, SD. = 2.618) a@aniinauiieu (X = 10.97, S.D. = 3.365) sgnilded1dgfiseau .05
nan193sedulunuaunfgiuiinely vatidesnifletuusildairsuluguuuuresifloFuuz el Fou
anunsmsfannuaulaludaiiomadnlldognsgndes anaudvaulumaiiouifenuesiuszuuesula Ama
Puugtodeulosssninamiliuluidledudiesue wliAanisussinanadeyaiuuansvg (Dual Coding)
Hanmuazides dwaliiAnaudlelussduddnuaeiiussansammunnd sy viliiFoussanuaulaluss
domluarleufduius vililiuamndunsdou andesgiuasiiiou Tsdmalinadugrinisnsdoundaiou
47y aenndasiy Khemphukhieo & Yuankrathok (2019) fild@ny n1slMauuy n1siuusdaenan wagns
iuusedany aunsnaangAnssuisassveafiniiiameoofiaduii 3 au

2. maSeuifisunadugrdmenisissunousuuasndaieulaglddulrinsfinduuglumsSouseulal
edaleufduiug nui dnieudilidulrnsiinduurlunsSeueouladdeinleufduiug ﬁﬂmmumaé{’qué
NNSISEUMEBTEU (X = 18.19, S.D. = 2.829) aaniineulseu (X = 9.04, S.D. = 2.653) sgnildudAgysesiu
05 samsifeidulumuausfigruiidaly Medidewmnnslisulrinsiindueiestiolunstuuy figaaneni way
whaula msldadu anedu werloneuiiasa silidemihaulantmsfusitonusssun nmadhieie uas
#suamaulaniunewen q faelidiladomsaunnldlunimfes dealiAnnsdousiidussansnm
Tuannwindoueaulatl denadestu Seepheung (2017) fildAnyn nsiaudedulnnsiin Femsvesoud]
dmfuinGoudulisouinuni 3 iednaiunnuanusalumssuiionnudila wud UssAvsnmussdedulu
nfindaaiuamannsalunissuiionnundlafiussansamanunusii fivue wagnanisuTsuiiioy
anuanansalunmsstwdiionand-lavesingeu fulfseunwdi 3 douSounssvdniou faruunndieiu
oo dymsadafiszdu 01 TasazuuuedendmnEousededulrinsingsninieusou

3. MaSeuiisunadugnsnenisSeundasouieulagldialetuus fudulnnsfintuurlunisiSey
vouladdeialoufduius wuin dnifeuildialetuuzduulinsiintuuzlunisiSeueeulalieiile
URFuuS Srzuuunadungrimensdoundaeu liuandetuiissiuisdfiisssu 05 Maildseansamlums
vihsihiidu fanszduauaule nanseuildialetuusfudulrnsfingwursinaimin i du fddyayraid
UsyAvsaminfeniulumstanddesmaiou il Foulivasussfulussrinanmsgifleufauniug dwa
Tiuafiosnulaiunnsatu nauléifletuuy wunsdenlsadesusseretunmluitle nguilédulnngin
nsldayanvalinamenitoasuslusia dleiaedisanunsatisannisenedyaldivdoutu Somli
KadunvsmenzFourjsgedunnnoudsussrannluszduilndifesiu asfeuliifiui uuuumstuusisaesd
FnenmlunsatuayunsSouseulatldedisiiuszdniam asfasuisannsadentlisuuuulaguuuunis vie
Tinaunauiuld puaumnyauveaiienn denadasiu Sangwam & Rotjananirankit (2015) na1adenis
Wisuiisulsyansnavesdenisasussninedeiavimisunmwanlusuaiufifesnsufdadvdsaasauas
vinwgnslituunsavesanivdinaen dednaifenuin azuuuniwiizeamsufiRdsvdenasnuasvinugnnsli
uunsAIEIINsaeustaeii 2 38 laiflumnsnetu
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Abstract

This study explores techniques for reducing file sizes and processing time of geometric point
movements in 3D models, leading to the development of a GPU Cache algorithm. The objectives of the
research were: 1) to design and develop a centralized system for exchanging geometric point movement
data in 3D models between visual effects and computer animation software, and 2) to examine user
satisfaction and compare the usability of the developed system in supporting workflows in visual effects
and computer animation. The sample group consisted of 34 undergraduate students majoring in
Multimedia Technology at Rajamangala University of Technology Isan, selected based on their prior
coursework in visual effects and computer animation. The research employed mean, standard deviation,
and t-test statistics. Results indicated that 1) the developed centralized system was highly effective, with
an average score of 4.38, and 2) the sample group showed a statistically significant difference in
satisfaction levels before and after using the centralized system at the .05 significance level. Satisfaction

after using the system was higher than before, with a mean score of 4.157.

Keywords: Centralized System, Geometric Points, 3D Models, Visual Effects, Computer Animation
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unAnge
unauiifld@nvimaianisanuialiduazaniiailunisussnananisiadeulmvegaisunadely
Tuiea 3 @3 suthlugnsashs Sanediiu GPU Cache Taeilinguszasduesnside 1) Wiosenuuunagiinunssuy
audnansdmsuuaniuasudeyanisindeulmvesgaisviadalulina 3 17 seminsweridunaiianuivaen
Winduazreufivmesuefiudu 2) tefnwanuimelanaziussufisuanuannsalunisldnuvesszuud
fimutulumsatduayunszuaumsihauddnaerfinduasaoufianesuetiugu fnduiredradutndneg
sedusnans arvdvinaluladiafiiie wninedomaluladsvaeadaiy saeuil 1 Insfinw 2567
$1uau 3¢ AU MnnsienuUUEasTAnwTileeSeuinTiieafuinaenfinduasreufamesueiudy afi
74 Ifud Anads dudsavuninsgiu uaznmadeur naanmsisenudn 1) ssuugudnansiiianuniy g
aunmegluszduinn Aade 4.38 2) ngudegisdinnufisnslaneuasndsnsldszuugudnarsdiannuuansing

o

fuegdlduddgymeatianszdu .05 lneliszauanuiianelavdaimsldeugenitneunsldem duade 4.157

A1aAgY: sEuuAudnay, aLsade, luea 3 97, Iaeviing, reufiawmesuweiiuduy
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1. uni (Introduction)

Hgunmsadsassdidemaivalduanudsuesauninansluvssmalne Tnsiawglugnainnssu
fadtide 3o 1w uaziiuled shlinadasnuinaeniiinduazaeufamesuefiutunansfuedosdodinlu
nsuandeiTigauamIazsinala ImawnﬂummaLaWLWﬂmLLamaumLmasLLauLmuLUuwmuﬂmmm'maa
fisewhanafiousidiAndunnlils Hatlueddeiulinefiniunie iWesnvmmianiniedsiiesnsdieven
tulsiamnsainiulsvielifioglulanvesanuais Uia & Sundar, 2024) Tutlagtufvhauidfuiwraen fing
waznouiunedwedwdud druuliunin W eifsuiuanudosnisvesningaaivnssui idaduln
aelulszwanazveenaoenganUsena dwalifinisndndndineand nngnaivnssuidnaneunusiidu
F1uusnn lnguvinendeduiimsdiavdngnsnisifeunsaouieniumsadndeaiassaildvaiaiviaien
dinduazaoufinmesuefiuduiniu fedatu auzandnenssumansuasAaUnssuaineassd wnined
weluladsuaadau Sainuasvdin AindngasnsSeunsaoululeanivinaluladiiadfide lnons
L%‘&Jumiaaw,l,azmiv‘f’mﬂumﬂqmammmﬁ%ﬁaﬂaumuﬁtﬁ&nﬁ’umimamﬁaa%ﬁdaﬁﬁﬁ%’mﬂﬁﬂﬁmammﬁlﬂﬁ
wazAaNiineswotiudy

oglsfmu nszuaumsadenudnandidudeddvensing 3 fafidaududeu figawiu Wiuszasd
LardnvaENIsa Ut nAuaraoNRn eI La T TUT LANA1 T 19U Autodesk Maya, Houdini,
CinemadD, Blender, Foundry Nuke Wag 3DsMax lagudazuoundindudsyuulnduaznisidrsiadeyanieiu
Sallndnasuun Fox, Alembic %58 USD fianunsodsingauluuividuls LLﬁlWéWai‘LLmﬁﬁmﬁmLﬁusz’fa;ga
Snumndniidgmludesvesenudniuldvemeundinduiiunndeiy dmaliindymluniswandeulng
i s flaualng Uszananadn lusesfumsvhouuuudealng uarduudemineinsaeuiiames Jaym
fanadwanasrerialunmsnanaunazanudangulunisvinuswiuseniweundiadu dniaun was
thdnwluasainaeniinduazreufiamesueiuwiu Fsdiemwdndulunmsoenuuuszuuiiaansoanvunn
g Usuugsamunalunsuszanana uaziinnuansnsadensessninaeundindusing 4 1o lnetamznnsdnnis
Foyansindoulmvesgasnadaluluaa 3 77 FaduihlevesnusmAnaenfinduazaeufnosue iy

mnemduswazanuddydingn nuideifduunaslunstaunssuuguinaaiielddanisuas
uanidsuteyanisindoulmueagasviadalulinng 3 fRszniueundindudmivainsousnuiviaeiiing
uazmeufiamesiotuty WisliAnnsUszinanaiisiniy Indivuadnas uanamawvuiSealysils uazeaduayu
mMeFsunsaou nufimsanauiineulanddemaidulnvesgpamnssuiivaneumudvesUssmalngluouen

2. 5’ﬂqﬂi$aﬂﬁ\ﬂu3{fﬂ (Research Objectives)

1. ilepenuuuiazimnszUUAUdnasdmiukaniUdsudeyanisindeulmussgasuiadaluliing 3 H7
serimerdwsainuinaeniinduasaouiiunesueludy

2. \itednwieuianelanagiisuisuauanansalunisldnuresssuuinaud ulunisaduayu
nszuILMIUIWITIaeliinduazaeuiamesueliudy

3. ANTNUMIUITTAUNTIULAENEtAgadeq (Literature Review)
3.1 Tuaa 3 3

Twea 3 06 ideanmsadistudegenduiineuiauneidmivadnanu 3 47 snegluguiuusunans
wden (Polygon) iasnluea 3 Aivsuaniannsaufuusuasudlaliieg fanudangusianisldasiuiu
woUndLadu 3 d@finainuate (Rungsoongnem et al, 2024) dwsvluna 3 AA7gnirluldanudelunu
wodwdu 1y wagdmaeniiing 9gld38nsadranismunulunsiadeulm liinazidunisldnsegn nisvi
Blend shape N15M579@0UNI5U wazn1sAWILAANdd13 9 i eliiinauiaiouass (Rungsoongnem &
Chaiyasit, 2022) Tutaa 3 dddesAUsznovdosd adudeyai suanafagunssvaslumaliiiudu 3 47
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Usenause 1) 9a (Vertexes) 2) vdu (Edges) ua 3) svunu (Face) Ssasdusznaudesimaniidaudssauystiun
msﬂizmamaﬁgﬂugmwu Pre rendering 7vdun1sussunananiniiazamudoiseniunsy was Real-time
Rendering Afunisusznananuiaaie namde mnluea 3 Saflesdusenevdos (9a Wy szum) Sy
inazdsmalinisUszananaldiaruumnnduauludae uenanesdusznaudesits 3 deldun 9a 1y way
stuuud luduvesmiAnaeviinduazreyiamesiofudu wflesdusznoudu q Snunnine THun auauR
Y990 aInaBRINLAY waw 11 n3zgn Mstadeulmussing mashass Particle Fluid Wudu

3.2 wallamsdaiutoyalaaa 3 &if

Geometry Cache w38 "wamtsviada” iumaluladasufiamesnsfinildmedansifudeyaisvinds
wuuAsd (Static Geometry) et wieldlunisuszaaananin 3 iR saduwedafitreifivdszansaiwms
a1 Tngannanildlunsiunansuading, 9 (Zhang et al., 2025) %av’fﬁluummqﬁlﬁumﬁmLﬁma‘wwﬁag’a
s Yusion1suanina 1ng Geometry Cache #33nsdniAudoyaluina 3 fidlilusuuuuiidevunasieldly
Menda Fufulamziuma X, Y, Z vesgasenvesing laldnisuta mavu vieuasidmwvesluuniiinves
$q (Domke et al., 2023) ¥llaifosUszananalminnass Taehiluuda Geometry Cache argnaiiatulnetfiu
Yoyaluna 3 Adluthsamilsly Fsusznoulumedeyaifsafudunmiiesnson (Vertices) lduvay (Edges)
wazszUU (Faces) vadluina 3 ffluudazisuvedflevsenediudu (Wyman et al, 2021) msdanudeyalu

seavgaeenlundn denldlunmsufiAnuinidaeniinduazaeufiunesuedudu eawinamnsaanniy

v
o w

srdfourestoyassmialsuuazmuaunsadeulldogsanden Tasigenuuamaiii Per-Vertex Animation
Data Fednifuianziumisueagaeenluusazdisna

uena1nil Safimafianisuszananauuuntsyadoya (Batch-based Processing) gniiulfiil aLdix
Usgdnsamlunisuszananateyavuinlng lnefiuwidalunisinuienisulsdeyasendunqueesuay
Us£ananauuUa Uty 49tisanniseees GPU wastiiuyszans amlunisidniemiieninusn (Kerbl et al,
2018) vnugtiieatu wuIfin Vertex Reuse fianunsnannisduanga lnsfiisnisimadwsvesqasaniiay
Uszananaudnduanldlue denalisruvaiunsavinauldsnsnarivseansaimannd sy (Kenzel et al,
2018) sty Geometry Cache 32U ULWIAA Per-vertex, Batch-based processing wag Vertex Reuse 39778
WiszAvSnwnnsuszanana anvualid amnsoudleliealddelaglidoudlalinng 3 47 dudu uazan
lonmaindafianainainnisuszananaling 3 dauuuisealng
3.3 Fyraeniing

Inaeriindidumsvimadafimuioairsnmalsmifiauadousss Tnsfnrmainannuimaesiy
Aavzuazmnudvgmanelulad fadunmildanmsaiianm 3 fdlusuuuvvesaesiimesuediuty
(Pardeshi & Karbhari, 2019) 3ateifinddadumeiafigninnlilunsuandonmeunsvdenmeunslavan
dioaeuliuuninardlaludomduumsss iontludauims siewdevnilliaunsafing uasld
(ones, 2023) Fafumadafiitunouiitudounasainuats Tusgfudnumzauuaskadnsvosuivosns s
v;ﬂ%gumaué”;uéfmmﬁmauﬂama%ﬁﬁﬁﬂamwgqu’mLﬁai%‘i,um5a§1qasiﬁwamu§wﬁuLLaﬂwé%'uﬁm%’Ua%ﬁwm
3 i %’ﬁLLm'LLﬁsU%ﬁwﬁamﬂmﬁmsnﬁLﬁaﬂi%l,l,aﬂwﬁ%’uﬁLLmﬂﬁhqﬁ’uaaﬂlﬂéﬁuaﬁﬁuqmﬂizaqﬁLLaxmaé’Wﬁ‘mm
AU
3.4 pauinaTuwatiuiduy

poufumesueliwiuiumeiansaenmadoulmingldgunsaineufnesiluvdn erduauausa
Tunsfwnwesreufiames Wy mMsfuinLssnsgny famenisiadoudl ulufaussdy q Aazdnadeing 3
1 nasnaun1sfuInmsUszmananmitelflunisaldiassaniunisaling q fedeududeugs tlugms
Uszgndldmouiumesuetmdulunuinaeniing Juinsusuinazuanurwaesnuiioatvayunisudn
weldud MU NEUA LAY AN LR S e aNN S 9Ty (Cholodenko, 2024) paufitnaswaiiududsiuindu
sUuuunilswesiadansairanmailoushonenfiames (Computer Generated Imagery: CG lutlaqdu wada
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CGl WJunfouunnlunisudanineuns issandumadaiaiuisanawnunisatevinluniuasls fadaasraning
waflowass warnmiunuinistaeg1eliTadnin wazdwsendadunuuinniinisennesauniduaierinaga
(Jiang et al., 2022)

3.5 nMsUsERananuUEEalng

nsUszanana 3 A AenswAsudeluea 3 43 an uazanmuwaden Woonududeiauysal inen
msfesiUszneugosadlung 3 3 1w 90 & uagssu mnesduszneuaaudisiuauuinaydwasie
nsAuUdominensroufinmesuneidnisuseanana (Rungsoongnern, 2025) uilunuiviaievifinduay
peufinnesueiiuduuenimnesdusznauiiugiurediing 3 Hfudy dedlesdusznoudu q Asndudesldlumy
wiantiu I auautRvesian aananeresiui was 1 nszgn maiedeulivesing msdaes Particle Fluid
Feoadusznoumariiduhlinuinaeninduaseouiumesueliudiuiirruauads udldninensaoufinnos
wazszoralunsUszananaunidy lnslawiznistsznanauuudsalnl fadumaniviwesroufinmes
nfinfiiunisTiegiuazaianmuuuiFoalnl uazgninlulduniaaludedfleny viensiiin 3 ST
sUkuuldneuiugldnu wiouwliwwinisudnnmeunsniinsiharuaiusovesnsdszanana 3 Tiwuudealyian
THlunsadreleulndviouanasudoyaseninuueundiadu gauszasdndnlunsysznanauvuiSealnsifons
wansnmiiauadsliliunniigaiiogluauituiiiduiivensuldfe 24 wisw/Aud uduaudesnstusi
angmuyudannsaienmiasiliiuduamiedeulmn dudu lune 1 3nd srsansuasserinaiasios
Uszanananm 3 ddeenulvldegradeniignfe 24 aam (VIVERSE Team, 2024) thldgn1suszgndldnng
UszananauvuiFsalnllusmianaenmiinduazaesiamosueduiu itedassanunsaiaamih Saduisise
T iduuagdrsnwansagilegiauaznaassliuuimenimuazesduszneunisian oslalnglsideasels
nsrurumandniaiedu dauivldalavsgndldmaninsiieneiuazaieninuuudalndifisnean
azmanlunsuiuudandlodmivaisassddonmeunsuaznmeunslavanvazidaduiviaiewind g
A9ATIANDI

3.6 UIRENNEIVa9

Li et al. (2020) Ifausismslmiifioifisdszansamnsusznana 3 favuiuledmegunsaifofe T
wendoyalinea 3 37 usznmeadoulmoeonainiu dedeyaluina 3 ffazusznoulufeesdussnauiiugiud
wansiegunssluina Wednisuanswaluea 3 Afvuivleddisgunsaifiofenssusnvindy daudoya
sedoulmeslmanuuuiiealndauiiudy muaaﬂumﬂmmawaasﬂﬂj IﬂsmmwamamwmaaulmamﬂLL‘U@
soniunansszduutsoenmumuazidon TusgiussduseasiBeniifeinis ﬁuauamwmaau"l,mmmm
amaamqwﬂwamua;ﬂﬁusguLﬁmmiﬂ,mmamulumaims ¢lnd

Schutz et al. (2020) lihiaueisnsuszananauuuiiealnddmiugadeyadiuiuun (Point Cloud) lng
lailélassasramaissuiduuudidudu (Hierarchical Acceleration Structures) Sufuisuvufudy udisns
UszananauvuiBsalmsidmiveateyaduumnaunsauszinanagaladmdsiuduge Tnsldniseamd
GPU Wisaidintios Bmstvinnulasutsnmsvssananasenifunaomsy Sslumlsuusnyadoyaiueiivoadi
Ifazgnuszanana warlumsudalugadeyauvuguiuiunisazgnuszinanaiil olfuidutosinedivde
nszUILNsTiEimsnduningedeyaiimunargnusrnanatuasuiiu Bnsiiusslevidmiunisuszaage
FoyadruunnluteundindunuuiFaln fegaty aunsolfieysznanaanmwnden 3 fduvuiiealng
dmuinuvionisiiass vieiileisunesteyamainermansuuuiSealsl

Kerbl et al. (2018) ldAnwrdoyaidsdnlmiiAvaduisnsiauveunsyadeyalua 3 dfvy GPU
astelmi doyatannoldifievsuudaueundindunsfinieliiiussavsnmuntu iteliiniausensiuag
annsalifeyatiilosuudaoundiaturomuliansnldussloninnuargadoyaluina 3 Adldegned
UsvAvanm nsuargadoyaluna 3 SAuusadudumhenusuasiiiosesnsly mndudesesnisldnuds
feteyanadwsannuavuildunuiiazdnnalm drunsunvgadoyaluina 3 SAuUy Batch-based azuyuaY
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sanifunquees usazngudesiunyyndeyaluna 3 AfJuvesiiies lagliuay Vertex Shader gnuszanana
Hungu uazuey Vertex alflameiu Vertex melunguifuvintu 33d8ussavsamanniudmsu GPU adfll
fiflnesUszananadiuiuinn esntisandnsnisussinanadmiunavgadeyaluna 3 TAfivsediaden

Kenzel et al. (2018) la@nwin1sUsuUgsUseansnmveIn1suszuiana Geometry #awdwIsLULIUIY
wawu Inslanzegnadduteundinduiifstosiunsiiin 3 33 fnfidammdnde yadoyaluna 3 dAifeiu
fngndradavansediluliwa 3 97 dwaliAnnsfuinddeusazanUssansamlumsdszatans maided
@ueisn1slmidnsunisih Vertex Reuse LUy On-the-Fly fannsafinuszansamldunniuuusaduga 2-3
wih Ineuvsgadeyaluea 3 dfeenduyndes wiazyndosavgnuszananausnsnamn aeluudazyndesvaiyn
foyaluna 3 Tausazivzgniiulilunay vnqadeyaluna 3 TRgnnulunavuds nadwsvesnsuszuianasn
nsuazazgnihanlflmsiunuiiagdaaill

4. NIDULUIAAIIUINY (Conceptual Framework)

Compatibility issues among different 3D content creation software; large file sizes

of visual effects and computer animation formats; and the inability to achieve real-

time rendering while working within 3D production environments.

SDLC-based Development of a Centralized System for Exchanging Geometric Point
Movements in 3D Models Across Visual Effects and Computer Animation Software
Platforms (Autodesk Maya, Houdini, Cinema 4D, Blender, Nuke, and 3ds Max).

Reduced file size by excluding skeletal (rigging) data. Technique
Visible in the 3D software workspace.

Real-Time VFX and Animation Processing

Features

Quality Evaluation by Three Experts

v

Assessment of User Satisfaction Among the Sample Group

User Satisfaction Comparison

Before Using the Developed After Using the Developed

Centralized System Centralized System

Research Findings

Figure 1. Conceptual Framework
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971 Figure 1. a5unelddnnseunwadnnisidesunndymearudfuldveswenduifasianu 3 474
waneneiy Idvesuunvesnuinaeviinduaraeuinneswoluduivuinlng diwalinisussunatinieiia
FeRananvhilnliannsauszinanald vieduiemsnensaeninmesideddituiivunhenusndusiu
1n Snvadeldannsanansmanuuidvalnild Jymdinandwalinsvhouinaenfinduazaeufianes
wafiwdusoafinsuiuuss uile eguasads vilildszernarlunisndndes nuiuinndeiu vuidedioonuuy
wazianndmaiudmiulusunsundnnuiinaeifinduasaeufine e induiisissuugudnansdniu
uanidsudeyamsiadoulmussgaisviadelulinea 3 17 Mvhlivualwdresuunanasasligydonummyes
foya InsriuanuanTilieonduidfauduaunsowansmanisldenduntiiinishauuazannsa
Uszanaraimaleviiinduazneninmesue luduluunme ifdeaduanulduvuSoalng teduszoznalundnde
asvassAludvosmsvhaimaeniinduazaouiamesuedudu

5. 358U (Research Methodology)

5.1 Uszansuasngudnedn
5.1.1 Userns
aAfeiutassrnseanidu 2 dau e 1) filsamglunrgramnssuAivianeunusd Sadugid
anudndumsiidaenifinduazueduwdululsemelng waz 2) dhanwanivunaluladiad
wiminerdomaluladsvunadany madeudt 1 Unsdne 2567
5.1.2 NGUADENS
1) iy Fadusunuanuidniddedssunsiinaeriinduazueiudululsemealng
F1wru 3 v ldunnnisdudiegslagldldminuuiaziiu (Nonprobability Sampling) fae3sn1sidenuuy
191293 (Boyd et al., 2023) ImamsmmmﬁﬁfmﬂmyﬁﬁﬂizaumizﬁﬁwmiﬁﬁmaL@WLﬂﬂﬁﬁaﬂamﬁaLma%
wadwduldtesnin 3 ¥ anusevenvuluseinelne
2) dhdnwavivmeluladdadive wndnedumaluladsvupadain anmSeud 1 In1sinen
2567 $1uau 34 Au nannisduiiegalaglildainuiiendu dedBmsdentuuianzas (Boyd et al, 2023)
TnzasninAnnieeSewdniideiuinaeiiinduasasuimesuodudu

5.2 1nseslafldluniside
5.2.1 in3esiloflflumsneaes Ae szuuguinansdmivuanivdsudoyanisindeulmveaisviadely
Tuwa 3 37 dmsunudidvaeniinduazreufinmesueiudu
5.2.2 \ndeslefldlunsiiusiuniudeya Uszneulumeuvudunivaluaziuuaeuniuiiinunisuszidiue
fuinnuaenndesvastamauiuiuiifiosuszdiu (Index of Item Objective Congruence: 10C) mﬂ;ﬁﬁim%w
FunuuaeuNLFILIL 3 v nanTAsIginu dafanunndelian 10C sewring 0.67-1.00 Feenaseluid
1) wuudunwaliBsnagiiomuasunaiauazidnisansuinlnduaraniailunisussaananis
indeulmvssgaustadeluluing 3 5 dmiviudninaeninduaseeufinnefuotudu mntudenlduuy
duavaiidlassaing
2) wuudsziflugaAmsTUuAUdnatsdmsuanidsudeyanisindoulnvesgaisviadsluluiaa 3
A dwsvnuduinaehinduaseoufanesueliudu cuidsiidonldsuuuudszaud 5 52y Uimeno &
Prado, 2024) fiwuatnausinUana lag 4.51-5.00 = AUAMANIN 3.51-4.50 = AMAMA 2.51-3.50 = AA1wILY
na1e 1.51-2.50 = Aunmweld uaz 1.00-1.50 = AIsUsuUse Ansevinalagldadanssaun tawn nmseuim
Aady warnsunAndsauLNATIL
3) wuuiaenuiswelavesngudiegwilissuuguinarsdmiuianiasudeyanisindeulmvesyn

svadialulineg 3 38 dmsunuandvaeiiinduasaeuiunesueliudy nuideilidenldsuwuuussanuen
5 3¢/ (Jimeno & Prado, 2024) Muuawnaeiwlana lng 4.51-5.00 = fianelauniian 3.51-4.50 = fanelaun
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2.51-3.50 = WawalaUiunane 1.51-2.50 = fiswelates way 1.00-1.50 = fsnolateeiian Iinswsinalaenis
nadauUAfl (T-test) iawIeuiiiguanuiianelaneuldnunagnddldau

5.3 AN
NS uNTIdeeendu 4 svoy fiil
stz 1 Literature Review lnofinwn sausiudoya tonans wilsde MiAgtesiumaiiauazisnisan
yunlduazananlunisussanananisiadeulmvesyaisadnluliea 3 ff msiaunszuumsonsiam
gondwIs dmsunuinidviaenifinduazaeufiamesuetudu
5383l 2 Development Software and Questionnaire L1 uszozn1siALIsEUUALS NANsd M
uandsudeyamsiadoulmussaisuiadelulinea 3 f7f dmsunusdnaeriinduazaesfiomesuedudy
FamAdeiitadunounan@siansEUU SDLC Tuguuuy Waterfall Model (Morales, 2024) umou wail
1. Requirements/Planning: muﬁaﬁlé’iwswuaﬁLﬂiwﬁmmﬁaamsmaQﬁﬁdwlﬁdawﬁa
dioszyanudesmsvesiléuasvunvouin feil
1) Saquszasddiiiamn: seuugudnansdmsusaniudsudeyamsiadeulmvesyaisuiadsly
Tuina 3 Addiauuazdelfmsanstusetiuduiiivieyaldluseduan Svwalididnas annisldfuivy
o Vsssnanaldiitu wazannsonanwmalduuuiFealn ileldnnsdoanstoyassiueundiady
a9 3 fRsvdunasivssansnmimensideusefuegisviuaie
2) flerduldsndiglddesns: Uszneulumeilsidudnmintilng 3 33 Heidunsuszmana
wuuisealngl wagilendunisdeeanlldnu
3) Yedninvesszuu: szuugudnansdmivuaniuasudoyanisindoulmvesyaisvindsly
Tuwna 3 A7 Waund uaiuisaiaus s ke Una At uadiasu 3 97 1dun Autodesk Maya, Houdini,
CinemadD, Blender, Foundry Nuke, ke 3DsMax
2. Designing: tun13eenuU Indundinnmssurumudesmsud Inefieazdoadsil
1) aandnenssuszuy (System Architecture Design) @sldimunlassaiisvasssuugudnans
dwdunanidsudeyamsiadeulmvesgaisvndaluliea 3 87 dmivnusindnaeniinduazaeufines
watliudu Tudnwar Modular Architecture Usenausae 3 diuvan lawn lugaundveya (Import Module)
dmiuiuteyamandeulmussyasviadaanlnd 3 7 lugauszmanauazdniuuuuuay (Processing and
GPU Cache Module) ihmiifidan1sdeyagnuen (Vertex) LUy Batch-based uisdoyaiduyngosiiioannis
Funmtfeunazfinyszansnmmaiienlden (Vertex Reuse) uarlugadsaandona (Export Module) sy
wastoyalviogluguuvuiiannsaindululdoniuneundindu 3 Al danseenuuudnandieliusiazluga
amsnimuaznaaeuLenduly annududouresssutlassin wandesenisthgasniluouian
2) N1398NLUVBAND3NN (Algorithm Design) ImEJmu’i%“aﬁuaaﬂLLUUé’aﬂ@%ﬁuﬁm%ﬁmm?ﬁaaﬂa
naindeulmvesgasundnlusefuge (Per-Vertex Animation Data) Ingl#uuafn Geometry Cache $aufiu
nM5UT¥ANaNaLUY Batch-based Liedaifiuiamyaiinn X, v, Z UYBIYAY N LULABTLNTY amﬁaaﬂaﬁ%ﬁauiwdw
wisw wstoyaoandungueesiiieanaiszues GPU TumsUssanananisazdiuiuuin uazsesiunisisteya
navinuanamaLuusealndliddesndt 24 wisusiedundi
3) m3oenuuulassasieloya (Data Structure Design) Inaau3deiivuaguuuunsdmiu
Toyaludnuazlasiaiiandedifu (Structured Array Format) Lilednifudeyasumisgageamudiduiisy uaz
anunsavihiistoyauuu Random Access liagnesinida anvarlunsfumuazisonldtoya
4) nMsesnuuudludinsiergld (U/UX Design) n1seanuwuudiufinser ldiiuauissudiieuay
gonndasiulsraumsainisldaurensug 3 fnva Inefmusdunoumsraudussudae du Import >
Process > Preview > Export tlelvgldauannsaeuiuazldnuldlaghifessudun waratuayunisuans
HaaWSWUUIREalMTENININIVIU (see Figure 2.)

¥

[8 of 15]



—f
January-April 2026, 4(1), e3713 Journal of Computer and Creative Technology I-='r r=1= ISSN 2985-1580 (Print)
DOI: 10.65205/jcct.2026.€3713 Nsasreufiamesuasinaluladadnsassd ’ =% ISSN 2985-1599 (Online)

(Research Article)

Figure 2. A Centralized Tool Exchange System for Inter- Application Integration Developed by the

Researcher

3. Implementation: sfunisiaundadutisiinseenuuunareiduldafiufifinsld nuided
seiinmsiBeuldadientunlnseu (Python) Wieadwendasasimuenansmsesnuuuaniunoudeunini g
wuoeniunansluga wdsnildausarduiaunaiadufssthinsuiudussuilng waesdinsvaaouus
avduvedddnegnanidonnarudlutefianaineswioides antduimaassuasdoyaueivduaingening
Autodesk Maya flauagidndtunounismagouszuuiinseunquanniy (see Figure 3.)

Figure 3. Testing Procedure for Animation Data Caching from Autodesk Maya

4. Testing: Tumaun1snsaadeu Tnseiseifldnsnaaevrenduiianmsihlunageuldou e
Usnduhnauddymilaiduduaonedostumiudesnisvesglidlaimuelinielsl vssnoulude
1) MsvngeuienueniiansIdeun1TT TS UUTIRATY Tnesddeilldnaaould
suszuugudnatsdmvuaniUasuteyanisindoulmvesyaisuadaluluea 3 37 dmfunuduiviaen
Winduaznoufinnofuoduduiivauntusufueundinduasnany 3 97 $1uau 6 weundindu 98¢ 3 ads
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Tewn Autodesk Maya, Houdini, Cinema4D, Blender, Foundry Nuke, 8% 3DsMax A8 1969 U Lmsnﬁﬂ”aaﬂa
wollluguangenduis Autodesk Maya 3nduLaniNafiazas 3 danazuadindulu Blender (see Figure 4.)

Figure 4. Animation Data Caching from Autodesk Maya and 3D Character Rendering in Blender

2) Uszidiunaunmlaedidormng teelifdonagifiussaunmsalfunsivtnaeniindie
pouiwneswediutulitesnit 3 U amnuivmensululssmalne Miuuuussiiununinssuuaudnansdmsy
wanuasudeyamsiadoulmvssyasviadaluliea 3 §f dmsunuswinaeiiinduasneuinmesueiniu
fianndu anduinideyauiiareinadediadouardudsnuunnsgu

5. Maintenance: %umauqmﬁwﬁamiﬁﬁ;ﬁﬂm wdsarnisuldany @éﬁ'awwuﬁzymﬁlﬁm%u
Monds Fsfidomaiiofundsiymidsnanuasivnunudeyaifieusulgsszuugudnansdmiuuanias
Toyanisiadeulmvesyaisvindaluliea 3 ff dmsvaudvivaeninduazaouinnoiuedudu Iy
aAteigrhmalameTdnues Script fomaitimuty uasmeunsasuuuleddmiuliiaulanluuiuus
uaziause

szezil 3 Measure Satisfaction 1 uszezite@nwinnuianelanaziussuiivunisldauszuy

gudnasdmiuuanivasudeyanisindeulmuesgaisuadaluliea 3 47 dmiveusnuinaeiinduas
powfiamesuednduiiinuniu lnsfingusegfe dnfnwianivunaluladianfive swninedomelulad
TwsnaBau aFoudl 1 9n15finw 2567 $1uru 34 au Sedduneudsil

1. fdunsesuiefeinguirasduartuasrsasdoadmiunsinise swfnisdniiunua
Forimunvosnnznssunsasesssunsiideluyed univedomeluladsvuseaday 1wl HEC-01-67-040
Winguimegsfuniuuagyiaudila

2. muualnauvewenndiady Autodesk Maya 13 91uau 2 18 Useneuluaae (1) s1unu
Aaeriing 1 1Wd uaz (2) usiupeuiamesueiiwdu 1 d linquiiegrmaaesdeenindluduaundn
Fuduinuesanlaifionsuszanananaudsnan

3. nauiegadalndlueundiadudu 7lily Autodesk Maya annsulvivinisUszanana
kA nelunan 30 wiit nnduddinguiegmeuuuuinanufianslaluzuuuy Google Form

a. fiflumaiiausszuugudnansdmiunanasuteyansindeulmvesgasviadluluna 3
if dwdvnuduinaeniinduazeeufiuseieduduiivaniy wraisnisnsldau aniuidinga
fhegamnaeddou Wuna 30 wii anduddingusegmeunuyinmufiswelaluguuuy Google Form

5. pusadeyatildfanmneuwuuinnnuiimelaannsldmusninsesinasonsmaaeunt

s¥8%dl 4 Summary of Research Results luszoziiiolinszving aguna uazeAusionanside

aunsnedueTazidualiluiidedialy
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6. Wan15938 (Results)

6.1 nan1sRRNLUUKATHRINISEUUAUdnasdmTuuaniudsudayanisiadoulniveaisviadialulung 3
R szwdnswendulsaienuiviaeviinduasasuianesuaiwdu
NMsUsEluAMAMIng T UIU 3 AU LAAIKNARS Table 1.

Table 1. Expert Assessment of System Performance and Quality

Evaluation Items Mean S.D. Quality Level
1. System Performance 439 0.26 Good
1.1 Functional accuracy 500  0.00 Very Good
1.2 The centralized system responds effectively with the 3D 4.67 0.58 Very Good
applications in use
1.3 File size reduction techniques and methods are 4.67 0.58 Very Good
appropriate for the centralized system
1.4 The centralized system operates smoothly and responds quickly — 4.33 0.58 Good
1.5 Real-time processing performance is fast 4.33 0.58 Good
1.6 The centralized system requires low computer resource usage  4.33 0.58 Good
1.7 The centralized system uses minimal storage space 4.33 0.58 Good
1.8 The centralized system meets user needs for visual effects  4.33 0.58 Good

or computer animation tasks

1.9 The centralized system is not complicated to use 4.33 0.58 Good

1.10 The centralized system is suitable for visual effects or 4.33 0.58 Good

computer animation production

2. Design 4.38 0.30 Good

2.1 The Ul design of the functions is easy to understand 5.00 0.00 Very Good

2.2 The system Ul design is appropriate for visual effects or 4.67 0.58 Very Good

computer animation work

2.3 The UX design is easy to use 4.33 0.58 Good

2.4 Font style is clear and easy to read 4.33 0.58 Good

2.5 The workflow design of the centralized system aligns with ~ 4.33 0.58 Good

prior experience using 3D applications

2.6 The display format during operation is easy to understand ~ 4.33 0.58 Good

2.7 The graphic design of the centralized system is suitable for  4.00 0.00 Good

3D applications

2.8 The language used is easy to understand 4.00 0.00 Good
Overall Efficiency 4.38 0.27 Good

911 Table 1. mamﬁm31sﬁ@mmwsxw@uéﬂmqﬁm%’uLLaﬂLﬂéauﬁﬁa;ﬂamam?iau"l,mmaﬁ;mLﬁmﬂzﬁﬁﬂ,‘u
Tuea 3 7 dwfunusuivaeriinduazaeuinmesuetiudu lnesuilussansameglusedud Aade .38
mnfiasandusesunuin Ussansnmenunisinauesszuy SUsEAnSnmannnisunIsesnwuy Aade
4.39 uag 4.38 suaiu Jslavinisnnasiiungudiiegi
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6.2 nan1sAnwiauiianalauaziUsuiiisuaruasnsalunisldeuvesssuuinaundulunsadusyy
nszUIUMSTIUAUATIaeviiinduazaeuimaswa ity
mAdeiusudiuseduanuiimelansunazudanisldou Ingldadfnnaoudfiuuunguduius
(Paired Samples T-test) fiszsiutiodrdry .05 Tneflauufgiudsi fodl
Ho: seAuAufianelanaukasnasnsidauliunnsineiu
Hi: seAuAufianelanaukasnansiduwansieiu
Taefnansinsesinnufianslavesldau fmsdi 2

Table 2. Results of the Comparison of User Satisfaction Before and After Using the Centralized System

Test Results n  Maximum score Mean S.D. t df  Sig. (2-tailes)
Before using
) 34 5.000 3369  .692
Centralized System
: 4563 34 .000*
After using
34 5.000 4.157  .660

Centralized System
*p<.05

INATNT 2 NUIINGNRIBE T 34 AU Tszauaruiianelaneulazndanisidauuaneiueged
WudAyneadinnszau .05 lnenauiiegniiszauanuiaelandeinisldanuganineunisldnu lneidade
Wiy 4.157

7. @3Unan13398 (Conclusion)

1) ﬂmm‘wauwﬂuaﬂmqmmmamﬂaau‘uauamsmaaulmsuaaamisummmiuimma 3 {f dmsuau
snAvimeriinfuazreuamesuafiriy Imasmuﬂiuawﬁmwaqhimm Aade 4.38

2) anwiiawelaneuuazydamsldnuiamuunndsiusgaiifoddgmeadfiisesu 05 Taonguiaegadl
seiunmiswelandansldougeninneunisldan lneddedewintv 4.157

8. 8AUsIwNAN13I3Y (Discussion)
wintla Geometry Cache 1lUgn1sas19dane3in GPU Cache anunsnedusienaniside il

1) aWuiﬁaﬁlﬁﬁwmﬁvuuﬂuéﬂawéfw%’uLLaﬂLﬂ?iauﬁauaﬂ’lil,ﬂ?{aulmmawmLi%?ﬂfﬁmiuiuLma 3 {iA
dmsunuinimaeiinduazaouianesiedudu Ingldvaliansuawiuy Batch-based LLavmﬁLLuwmaua
sanduyatoy Lwai‘mmmmLiaﬂiwauamimamauﬂiyamamw danAdaIiUITed Kerbl et al. (2018) uazdi
1@Ll,amﬂwl,wumwmma']ﬂzgsuaqmsammimmmjwammL‘wum{lﬁu Vertex Reuse Uu GPU asielvial waaws
Fanananunsaesuielddn nisudsdayasendugagestisanniszlunisuszanananvundafon (Bulk
Processing) 183 GPU wazifi 1UszAn3amn1sid1damiaea1us7 (Memory Access Locality) danalwnis
Uszananaiinnusesdesuarsimsanndetu Snite nsiuwafn Vertex Reuse uilddmasansuauadslunis
Augesendl damaliszuuiiianivssansnmlusedul Inslmgdiunisvieu (Auade 4.39) wagns
90nWUU (Aade 4.38) limdiuinn1sdunsieiuuifngiu Geometry Cache, Batch-based Processing wae
Vertex Reuse annsathunUszgnaldsauiuldogramnsanluuunvesnsimuiaiesdledmiuianuini
weundirduildaisminaeiiinduasronfiamesweiudu

2) anufanelanounazndanisldruianuuwandatuegadidod Ayneadffsedu .05 lngng
Aegnilszauanuianelandinisldauainitneunisldanu Tnefianadewintu 4.157 Lﬁmmﬂiwu@uéﬂmq
dmiunanidsuteyamandeulmveaisviadsluluea 3 7 dwivnusminaeniinduazaouiumes
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Abstract

Amidst the global integration of Technology-Enhanced Learning (TEL), this study investigates the
relationship between students' holistic multimedia exposure and their study engagement in the under-
researched context of Kuwaiti higher education. Drawing on the Cognitive Theory of Multimedia Leamning
(CTML), the study examines if increased exposure to multimedia predicts higher levels of study
engagement. A quantitative, cross-sectional survey design was employed. A sample of 222 undergraduate
students from Kuwait’s Public Authority for Applied Education and Training (PAAET) completed a self-
administered online questionnaire. The sample was predominantly female (85.1%) and largely within the
18-21 age range (76.1%), indicating limited demographic diversity. Multimedia exposure was measured
using a custom 8-item scale (o = .893), and study engagement was assessed using the 9-item Utrecht
Work Engagement Scale (UWES-S) (ot = .903). Data were analyzed using t-tests, ANOVA and simple linear
regression. The findings indicate that while students report high levels of study engagement, particularly
on affective dimensions, their multimedia exposure is dominated by traditional tools like PowerPoint. No
significant differences were found across gender or age groups. Crucially, linear regression analysis
revealed that multimedia experience is not a statistically significant predictor of study engagement (R? =
.002, p = .553). The assumption that frequent multimedia use inherently enhances student engagement
is challenged. In the Kuwaiti context, technology functions primarily as a delivery medium rather than a
catalyst for engagement. This underscores the critical importance of pedagogical design and instructional

quality over mere technological access in fostering meaningful student involvement.

Keywords: Multimedia Exposure, Student Engagement, Technology-Enhanced Learning, Pedagogical Design,

Instructional Quality
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1. Introduction

One of the growing features of instructional delivery across universities worldwide is the use of
multimedia technologies such as learning management systems, instructional videos, simulations, mobile
learning applications, virtual reality environments and interactive assessment platforms. This
transformation, commonly conceptualized as Technology-Enhanced Learning (TEL), reflects a paradigm
shift from conventional teacher-centered pedagogies toward more flexible, interactive and learner-
centered instructional models (Kehrwald & McCallum, 2015; Lata, 2024; Noroozi, 2025). Multimedia
technologies promise substantial pedagogical benefits. Through multimodal representation of content
and opportunities for experiential learning, multimedia environments are frequently promoted as
catalysts for improved learning outcomes, heightened motivation and deeper engagement. The
systematic review of 48 articles by Staneviciene & Zekiené (2025) indicates that multimedia tools enhance
student engagement, especially when such use is integrated with pedagogical intentionality. In another
systematic review of 15 articles, Kassa (2025) similarly concluded that the relevance of multimedia use
for cognitive abilities is contingent on its purposeful design.

Apparently, evidence indicates that the positive effects of multimedia use are not consistent or
universal. A within-subjects experiment testing the effect of varying multimedia conditions (Rich
Multimedia, Sparse Multimedia and No Multimedia) on lecture engagement and lecture performance
shows no significant effect (Schmidt et al., 2025). Hence, the authors concluded that in contrast to
commonly held knowledge, multimedia design is not impactful on student learning. Other studies also
affirm the insignificant effect of multimedia on learing outcomes (Liu et al., 2021; Yulhendri et al., 2022).
Indeed, evidence supports the position that the educational influence of multimedia is complex. Poorly
designed multimedia environments may foster cognitive overload, encourage media multitasking and
promote superficial leamning, thereby diminishing academic engagement and performance (Kassa, 2025;
Wood & Zivcakova, 2015). The educational value of multimedia technology use remains contingent on
how they are designed, implemented and experienced by learners, raising critical questions regarding its
actual impact on core learning processes. This inconsistency reveals a critical disconnect between
substantial institutional investment in educational technologies and the often modest or negligible gains
in student engagement outcomes. In contexts such as Kuwait, where higher education systems are rapidly
adopting digital infrastructures, technology use may remain largely passive, serving as a content delivery
tool rather than an interactive, engagement-enhancing mechanism shaped by local pedagogical cultures
and institutional practices. As a result, understanding the influence of multimedia use on students’
learning processes has become a central concemn of educational technology research.

Student engagement constitutes a central construct in contemporary educational scholarship and
is widely recognized as a robust predictor of academic achievement, persistence and meaningful learning
(Jerez, 2024; Wong et al.,, 2024; Zhai & Li, 2025). Engagement is conceptualized as a multidimensional
phenomenon encompassing behavioral, emotional, and cognitive components (Wong & Liem, 2022; Wong
et al,, 2024; Xu et al.,, 2023). Behavioral engagement reflects active participation in learning activities,
emotional engagement captures students’ affective responses and sense of belonging while cognitive
engagement denotes sustained intellectual investment and strategic learning efforts (Joshi et al., 2022,
Singh et al,, 2022). Study engagement represents an optimal state of learning (Bakker et al,, 2015;
Ouweneel et al, 2011). As instructional delivery becomes increasingly mediated by multimedia

technologies, the nature of engagement itself is bound to evolve. Different multimedia technologies

[2 of 17]



—_—

January-April 2026, 4(1), e3726 Journal of Computer and Creative Technology r=f r=l=j4 ISSN 2985-1580 (Print)
DOI: 10.65205/jcct.2026.e3726 Myasaeuimesuazinaluladadneassd =/1=’ - ISSN 2985-1599 (Online)

(Research Article)

stimulate distinct dimensions of engagement; for instance, interactive platforms and simulations may
enhance behavioral participation, emotionally rich videos may evoke affective involvement, while
structured multimedia presentations may support deeper cognitive processing. However, students’
exposure to multimedia technologies represents a foundational technological condition rather than a
direct indicator of pedagogical quality. It is therefore argued that students’ multimedia exposure
constitutes a necessary but insufficient condition for enhanced engagement, as supported by the
Cognitive Theory of Multimedia Learning (CTML).

CTML explains how learners process information presented through combined verbal and visual
formats (Mayer, 2009; Mayer, 2020). CTML is founded on three core assumptions: that learners process
information through separate visual and verbal channels (Dual-Channel), that each channel has limited
processing capacity (Limited Capacity), and that meaningful learing occurs through active cognitive
engagement involving the selection, organization, and integration of information with prior knowledge to
form coherent mental representations (Baddeley, 2020; Mayer, 2002). In this study, CTML provides a
theoretical basis for understanding how multimedia exposure may relate to study engagement. While
CTML is commonly applied in experimental studies of instructional design, its principles of active
processing and cognitive load management also provide a useful lens for examining how repeated
exposure to multimedia environments may shape learners’ engagement patterns (Mayer, 2009; Mayer,
2020). Although the present study focuses on the frequency of multimedia exposure, CTML explains how
exposure to multimedia instructional delivery complements verbal instructs to shape how engaged
students are.

The relationship between multimedia-rich instructional delivery and study engagement operates
as a technology-mediated learning mechanism. Through this, instructional media design influences
learners’ cognitive involvement, motivation and sustained participation in academic tasks. Examining this
relationship is essential for understanding how instructional technologies shape learning processes. A
significant research gap exists regarding the direct predictive power of multimedia exposure on the
psychological state of engagement. Moreover, much of the extant literature examines isolated
technologies rather than students’ holistic multimedia exposure across multiple platforms. Such holism
is Germane to the systematic understanding of multidimensional educational outcomes such as student
engagement. In addition, the existing research originates from Western institutional contexts, leaving the
applicability of these findings to regions like the Middle East largely unexplored. Against this backdrop,
the present study systematically examines the relationship between multimedia exposure and study
engagement among a cohort of Kuwaiti undergraduate students, while also exploring potential variations
across age and sex groups. Specifically, it seeks to determine the extent to which students’ multimedia
exposure predicts their levels of study engagement and whether meaningful differences exist across
demographic categories of gender and age. Specifically, it investigates three questions: 1. What are the
main patterns of multimedia exposure among respondents? 2. Are there statistically significant differences
in multimedia exposure and study engagement between male and female respondents? 3. Are there
statistically significant differences in multimedia exposure and study engagement across different age
groups of students? 4. To what extent does multimedia exposure predict study engagement among

respondents? The variables of study are represented in the conceptual framework in Figure 1.
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2. Research Objectives
The main objective of this study is to examine the relationship between multimedia exposure and

study engagement among respondents. Specifically, the study seeks to:

1. Examine the main patterns of multimedia exposure and study engagement among the
respondents.

2. Determine whether statistically significant differences exist in multimedia exposure and study
engagement between male and female respondents.

3. Assess whether statistically significant differences exist in multimedia exposure and study
engagement across different age groups of students.

4. Evaluate the extent to which multimedia exposure predicts study engagement among
respondents.

3. Conceptual Framework

Multimedia Exposure

Study Engagement

Figure 1. The Conceptual Frame of the Study

4. Research Methodology
4.1 Research Design

The study employed a quantitative, cross-sectional survey design. This approach is aimed at
examining the relationship between multimedia exposure and study engagement and at describing the
characteristics of a population at a single point in time.
4.2 Population and Sample

The target population comprised all undergraduate students enrolled at the Public Authority for
Applied Education and Training (PAAET) during the second semester of the 2024/2025 academic session.
PAAET is among Kuwait’s largest providers of vocational and technical education, with an estimated
student population of 17,459 (Education in Kuwait, 2025), which served as the working population size
(N) for this study. Sample size estimation was conducted using an online sample size calculator
(Calculator.Net, n.d.). Assuming a 95% confidence level, a 50% population proportion and a 6.5% margin
of error, a minimum sample size of 225 respondents was determined to be adequate for statistical
representativeness.

Data were collected using a self-administered online questionnaire developed with Google Forms.
A voluntary sampling approach was employed and the survey link was disseminated through institutional
communication channels, including official email lists and student WhatsApp groups. The introductory

section of the questionnaire provided detailed information about the study’s purpose, estimated
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completion time, and assurances of confidentiality. Informed consent was obtained electronically, with
participation proceeding only after respondents indicated their agreement.

The survey remained open for approximately four weeks. Responses were monitored to ensure
sufficient participation and data collection concluded upon reaching the minimum required sample size.
The dataset was exported in CSV format and imported into SPSS for analysis. No personally identifiable
information was collected and access to the dataset was password-protected to ensure confidentiality.
Following data screening, three cases with substantial missing data were excluded, yielding a final analytic
sample of 222 valid responses.

4.3 Variables and Measurement

Multimedia exposure was operationalized as the extent and frequency of respondents’ contact
with instructional multimedia tools during classroom learning. It was measured using an 8-item self-report
scale developed for this study. There is a seeming dearth of relevant, standardized instrument, and this
custom scale was created to address that gap. The items covered commonly used instructional media,
including short video clips, films or documentaries, audio content, PowerPoint presentations, hardcopy
diagrams or visual aids, digital games or gamified tools, interactive whiteboards or smartboards and digital
field trips or virtual simulations. Responses were captured on a five-point frequency scale ranging from 0
(Never) to 4 (10 times or more). Higher scores indicate greater multimedia exposure. The scale
demonstrated high interal consistency in the present study (Cronbach’s Ol = .893). Although a pilot study
was not conducted, the items were developed based on relevant literature and subjected to expert
review to ensure content validity. Construct validity of the multimedia exposure scale was assessed by
correlating the multimedia exposure scale with a four-item measure of perceived importance of
technology adapted from Svenningsson et al. (2022). A positive and statistically significant correlation was
obtained (r = .174, p = .010), providing evidence that the scale captures respondents perceived level of
technological exposure.

Study engagement was operationalized as students’ positive, fulfilling and persistent involvement
in academic activities, characterized by vigor, dedication and absorption. It was measured using the 9-
item student version of the Utrecht Work Engagement Scale (UWES-S) developed by Schaufeli & Bakker
(2004). Respondents responded to each item on a five-point Likert scale ranging from 0 (Never) to 4
(Always, Everyday). Higher scores indicated higher levels of study engagement. Item of the scale are
presented in Figure 2. The scale demonstrated excellent internal consistency in the present study, with
a Cronbach’s alpha coefficient of .903 for the nine items, indicating high reliability. Composite engagement
scores were computed by aggregating responses across all items, with higher composite scores reflecting
greater study engagement.

4.4 Research Hypotheses

The following research hypotheses were formulated for the study:

Hol: There will be no statistically significant difference in mean multimedia exposure scores
and mean study engagement scores based on gender.

Ho2: There will be no statistically significant difference in mean multimedia exposure scores
and mean study engagement scores based on age.

Hg3: Multimedia exposure will not be a statistically significant predictor of study engagement.
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4.5 Method of data analysis

Distributions of data were computed using simple percentile analysis. Data normality was assessed.
Although the Kolmogorov-Smimov test indicated a significant departure from normality (p < .05), this
result was interpreted with caution, as the Kolmogorov-Smimnov test is widely recognized to be overly
sensitive to minor deviations in larger sample sizes (Demir, 2022; Kim, 2013). Given that the absolute
skewness (.803) and kurtosis (.19) were relatively small, and that the sample size exceeded 200, the data
was reasonably assumed to follow a normal distribution due to the Central Limit Theorem, which states
that the sampling distribution of the mean approaches normality as sample size increases, regardless of
the population distribution (Demir, 2022). The raw scores were therefore retained. To examine group
differences, an Independent Samples t-test was used to determine gender-based variations while a One-
Way Analysis of Variance (ANOVA) was used to assess age-related differences. Levene’s test was used to
examine sub-group homogeneity of variance. A simple linear regression was performed to examine
whether multimedia exposure significantly predicted study engagement. The strength and direction of
the relationship were assessed using the standardized beta ([3) coefficient and Pearson’s r, while model
fit was evaluated with the coefficient of determination (R?) and the F statistic. Statistical significance was

set at p < .05, and all analyses were conducted using SPSS (Version 25).

5. Results
5.1 Distributions of Demographic Characteristics

As shown in Table 1, the age distribution of respondents (n = 222) was skewed toward younger
categories, with the majority aged 18-21 years (76.1%). Smaller proportions were aged 22-25 years
(16.7%),26-29 years (3.6%), and 30 years and above (3.6%). In terms of gender, the sample was
predominantly female (85.1%) while male respondents accounted for only 14.9%.

Table 1. Demographic Distributions of Respondents

Variable Category Frequency Percent (%)
Age 18-21 169 76.1
22-25 37 16.7
26-29 8 3.6
30 & above 8 3.6
Gender Female 189 85.1
Male 33 14.9

5.2 Multimedia Exposure among Respondents

The result is shown in Figure 2., which indicates a distinct exposure of traditional instructional tools
over specialized digital simulations. PowerPoint presentations emerge as the most integrated medium,
with only 20.7% of respondents reporting no use and a large plurality (29.3%) utilizing the tool with high
frequency (10 or more times). This suggests that slide-based presentations remain the foundational
standard for content delivery in the study context. In contrast, advanced digital interventions such as
digital games/gamified tools and virtual simulations exhibit the lowest rates of adoption. Over half of the
respondents (55.0% and 54.1%, respectively) reported zero engagement with these tools. While these

technologies represent the "high-tech" end of the spectrum, their utilization is primarily concentrated in
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the “1-3 times” range, suggesting experimental rather than systemic use. Intermediate visual aids,
specifically short video clips and films/documentaries, show moderate to high levels of use. Short video
clips are particularly notable for their broad occasional use, with 32.0% of respondents employing them
1-3 times. Meanwhile, interactive whiteboards demonstrate a polarized usage pattern: while 36.5% of
respondents have never utilized them, they maintain the second-highest percentage of frequent users
(15.3% at 10+ times), indicating that where the hardware is available and mastered, it becomes a
consistent part of the respondent's toolkit. Overall, the results delineate a hierarchy of multimedia
adoption where accessibility and tradition (PowerPoint and Video) precede the integration of immersive
or interactive digital simulations.

Digital games/ gamified tools ! :
Digital field trips/ virtual simulations (used to
replicate real-world experiences within the 5 | 1.7% II
classroom)
Films or documentaries J II

Hardcopy diagrams/ visual aids : 24.8% | 17.6% W

Interactive whiteboards or smartboards

Short video clips

PowerPoint presentations

MO time M 1-3times M 4-6times © 7-9 times M 10 times or more

Figure 2. Frequency distribution of responses to multimedia exposure items among respondents
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5.3 Study Engagement among Respondents
The result is shown in Figure 3.

(=)
| am proud of my studies — SRERLL 59.5%

%
m

3.6% 0
5.0% gz‘y/:
w
o |
o
S

| feel happy when | am studying intensely Yo 21.6% 45.0%

| am immersed in my studies [kl VAL 40.5%

My studies inspire me |Gl AL/ 39.2%

4.1%
7.7%

2%

| am enthusiastic about my studies — GUFFLZ SRR

3

(=)
| get carried away when | am studying S 158%  25.2% 28.4%

When | get up in the morning, | feel like going to

.
g 13.1% 27.5% 24.3%
class
| feel energetic and capable when I’'m studying or S
‘ N11.7%  31.1% 23.9%
going to class B
When I’m doing my work as a student, | feel IS
g 2 35.1% 21.6%

bursting with energy

BMONever W1 M2 3 M Always, everyday 4

Figure 3. Frequency Distribution of Responses to Study Engagement Items among Respondents.

Figure 3. shows that overall, a substantial proportion of respondents reported consistently high
engagement in their studies. For instance, 59.5% of participants indicated they are proud of their studies
“always/every day,” while 45.0% reported feeling happy when studying intensely at the same frequency.
Similarly, immersion in studies was high, with 40.5% indicating daily engagement, and 39.2% of
respondents stated that their studies inspire them on a daily basis. Responses to items assessing
enthusiasm and affective energy showed slightly lower frequencies of daily engagement yet still reflected
substantial engagement: 36.9% reported being enthusiastic about their studies, and 28.4% reported
getting carried away when studying. ltems reflecting motivation to attend classes and perceived energy
were moderately endorsed, with 23.9% feeling motivated to attend class upon waking. Finally, the item
assessing overall energy and vigor in academic work revealed that 21.6% of respondents felt “bursting
with energy” as students on a daily basis, though a larger share reported moderate engagement (35.1%

at level 2 and 31.1% at level 3). These results indicate that while affective and cognitive engagement is
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generally high among respondents, there is variation in the intensity and frequency of engagement across
specific dimensions, with pride and happiness in studying being the most consistently endorsed indicators.
5.3 Effect of Gender on Multimedia Exposure and Study Engagement

Multimedia exposure was similar between female respondents (Mean + SD = 10.13+8.02) and male
respondents (Mean + SD = 10.58 + 7.69) with no statistically significant difference (t = -0.295, p = .768).
Levene’s test (Levene Statistic = 1.126, p = .290) confirmed that the assumption of equal variances was
met. These results suggest that both genders possess comparable levels of multimedia exposure within
the Kuwaiti higher education context. Similarly, scores for study engagement did not differ significantly by
gender. Although females reported a marginally higher mean score (Mean + SD = 24.87 + 7.91) compared
to males (Mean + SD = 23.36 + 7.86), the difference was statistically negligible (t = 1.009, p = .314). The
negligible effect size (Cohen’s d = -.056, 95% Cl [-.425, .314]) further indicates minimal practical difference
between genders. The homogeneity of variance was supported by Levene’s test (Levene Statistic = .148,
p =.701). The lack of significant gender-based divergence suggests that the digital divide in Kuwaiti higher

education is not characterized by gender. The summary of gender-based results is presented in Table 2.

Table 2. Result of Independent Samples t-Test comparing multimedia exposure and study engagement
by gender among respondents

Gender MeanzSD Levene's Test Independent Cohen’s d
for Equality of Samples t Test
Variances
Test p t p Point 95%
statistic | value value :;Imate cl

Multimedia | Female 10.13+8.02 1.126 .290 - 768 -.056 -.425,
exposure Male 10.58+7.69 0.295 314
Study Female 24.87+7.91 0.148 .701 1.009 314 .190 -.180,
engagement | Male 23.36+7.86 .560

5.4 Effect of Age on Multimedia Exposure and Study Engagement

Although the 26-29 age group reported the highest mean score of multimedia exposure (Mean +
SD = 13.13 + 7.34), the variance between groups was statistically negligible (F = 0.733, p = .533). Levene’s
test confirmed the homogeneity of variances (Levene Statistic = 0.899, p = .443), validating the use of the
ANOVA model. These findings suggest that multimedia exposure remain relatively uniform across the
undergraduate age spectrum in the study setting. Similarly, no statistically significant difference was
observed in study engagement levels across the different age groups (F = 1.835, p = .142). While mean
scores showed a slight upward trend in older cohorts specifically the 30 and above group (Mean + SD =
29.00 + 8.38) and the 26-29 group (Mean + SD = 28.75 + 4.92) compared to the younger 18-21 cohort
(Mean + SD = 24.50 + 8.02), this trend did not reach statistical significance. The assumption of equal
variances was maintained, as indicated by Levene’s test (Levene Statistic = 0.958, p = .413). The results
are supported by a small effect size (n2 = .025), suggesting limited practical variation in engagement across
age groups. The results of these analyses are presented in Table 3. Both multimedia exposure and study

engagement are consistent across various life stages within the study context.
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Table 3. Result of One-Way ANOVA Comparing Multimedia Exposure and Study Engagement by Age

among Respondents

Levene's Test for ONE-WAY Eta Eta’
Equality of ANOVA
Age Mean£SD Variances
Levene p F p
Statistic value value
Multimedia 18-21 9.86+8.13 0.899 .443 0.733 533 .100 .010
exposure 22-25 10.57+6.96
26-29 13.13+7.34
30 & 12.63+9.26
above
Study 18-21 24.50+8.02 0.958 413 1.835 142 157 .025
engagement 22-25 23.49+7.45
26-29 28.75+4.92
30 & 29.00+8.38
above

5.5 Predictive analysis of Multimedia Exposure and Study Engagement
The results presented in Table 4.

Table 4. Results of Linear Regression Analysis Showing Multimedia Exposure as a Predictor of Study

Engagement
R’ Adjusted | R? Standa | p 95.0% F p Zero- | p value
R? Change | "ized | value | Confidence | statistic | value | order | (Zero-order
B ® Interval for (F correl | correlation)
B change) | ation
.002 | -.003 .002 .040 553 | -0.092-0.172 0.353 | .553 .040 277

Dependent variable: Study engagement

Table 4 indicates that multimedia exposure is not a statistically significant predictor of study
engagement within this sample. The model yielded a negligible coefficient of determination (R* = .002),
suggesting that multimedia exposure accounts for only 0.2% of the variance in study engagement. After
adjusting for the number of predictors, the Adjusted R’ dropped to -.003, further confirming the lack of
explanatory power. The standardized coefficient (8 = .040) was statistically non-significant (p = .553), and
the 95% Confidence Interval for g (-0.092 to 0.172) includes zero, reinforcing the absence of a meaningful
linear relationship. Furthermore, the overall model fit was non-significant, as evidenced by the F-statistic
(F = 0.353, p = .553). The zero-order correlation (r = .040, p = .277) also reflects a weak, non-significant

association between the two variables.
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These findings demonstrate that frequent use or familiarity with multimedia tools does not
automatically translate into higher levels of academic engagement. The mere presence or use of
technology is insufficient to drive student involvement. The lack of predictive significance implies that
study engagement is likely influenced by other exogenous factors such as instructional quality, curriculum
relevance or intrinsic motivation rather than multimedia exposure alone. This result highlights a critical
pedagogical gap where technology serves as a medium but not necessarily as a catalyst for deeper

academic commitment, especially in Kuwaiti undergraduate context.

6. Conclusion

There is a clear hierarchy of technology adoption in the study setting, with passive, presentation-
based tools like PowerPoint remaining dominant. Interactive and immersive technologies like gamification
and virtual simulations are adopted only peripherally. Gender and age are inconsequential in determining
multimedia exposure and study engagement. A critical disjuncture exists between multimedia technology
exposure and its actual impact on student engagement in the study setting.

A simplistic interpretation of the Cognitive Theory of Multimedia Learning (CTML) is challenged by
this study. The mere presence of multiple media aids is insufficient; study engagement is contingent on
pedagogical quality. Hence, for policymakers and institutional leaders in Kuwait and the broader MENA
region, the implication is stark: financial investment must pivot from technological infrastructure to human
infrastructure. The focus must shift toward sustained professional development that equips educators
with the pedagogical skills to transform technology from a passive content-delivery system into an active

catalyst for study engagement.

7. Discussion

Findings from the present study reveal a clear hierarchy of multimedia exposure among
respondents, characterized by the dominance of conventional presentation tools and the marginal use
of advanced interactive technologies. PowerPoint remains the primary instructional medium, while digital
games and virtual simulations which are tools associated with higher-order cognitive engagement and
skills development, are rarely integrated into routine teaching. This pattern suggests that technology in
Kuwaiti higher education is largely used to support traditional content delivery rather than to facilitate
learner-centered, interactive pedagogies. These findings align with regional evidence indicating that
despite substantial investment in digital infrastructure, effective pedagogical integration of technology
remains limited across the Gulf and the wider MENA region (Eltaiba et al., 2025; Fareed et al., 2025). While
this region demonstrate strong digital connectivity and advanced e-government systems, persistent
deficits in digital skills, teacher training and curriculum modernization constrain the transformative use of
technology in education (Fareed et al., 2025). Similarly, Eltaiba et al. (2025) emphasize that technology-
enhanced learning (TEL) in MENA remains hindered by teacher-centered instructional cultures and
misalignment between educational practices and labor market demands. The low adoption of simulations
and gamified tools observed in this study reflects these broader structural and pedagogical barriers. As
TEL is widely recognized for its capacity to promote digital literacy, critical thinking and employability
skills (Eltaiba et al., 2025), the continued reliance on passive instructional technologies raises concerns
about graduates’ preparedness for an increasingly digital and automated economy. Collectively, the

findings underscore that meaningful digital transformation in Kuwaiti higher education requires a strategic
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shift from infrastructure-focused investments toward sustained development of pedagosical capacity and
learner-centered curriculum reform.

Current findings also indicate generally high levels of study engagement among respondents,
particularly on affective dimensions such as pride, happiness in studying, inspiration and immersion. These
results suggest that many students experience strong emotional attachment and psychological
investment in their academic work. Respondents therefore reveal a strong foundation of affective and
cognitive connection to their studies, which represents a considerable advantage for the region’s
educational and developmental ambitions and provides an important intrinsic motivational base for
integrating advanced educational technologies and pursuing sustainable development goals. However,
comparatively lower levels of daily vigor and motivation to attend classes point to variability across
engagement dimensions. While affective and cognitive engagement appear robust, behavioral energy is
less consistently sustained. This multidimensional pattern aligns with contemporary conceptualizations
of engagement as a complex construct encompassing affective, cognitive and behavioral components
(Wong & Liem, 2022; Wong et al,, 2024). Meta-analytic evidence further demonstrates that these
engagement dimensions are strongly associated with academic achievement and subjective well-being,
with affective engagement being particularly influential for students’ psychological well-being (Wong et al.,
2024). The prominence of affective indicators in the present findings therefore reflects a favorable
psychological foundation for academic excellence among undergraduates in the study setting. At the
same time, the nuanced variation in behavioural engagement signals a critical need for higher education
institutions to sharpen student engagement, behaviour wise, because academic achievement is most
strongly associated with behavioral engagement (Wong et al., 2024).

The present study found no statistically significant differences in multimedia exposure or study
engagement across gender and age groups in the study context (p > 0.05). Female and male students
reported comparable levels of multimedia exposure (M = 10.13 and 10.58, respectively) and study
engagement (M = 24.87 and 23.36, respectively). The 26-29 and the 18-21 age groups had the highest
and lowest mean score of multimedia exposure (M = 13.13 and 9.86, respectively). The mean scores of
study engagement showed a slight upward trend in older cohorts specifically the 30 and above group (M
= 29.00), the 26-29 group (M = 28.75) compared to the younger 18-21 cohort (M = 24.50). This insignificant
pattern indicates that access to multimedia technologies as well as psychological investment in studies
have become normative features of the undergraduate learning environment in the study setting rather
than differentiating characteristics across gender and age categories. These findings are consistent with
the findings of Zhang et al. (2025), who reported that gender was not a significant factor influencing
students’ online learning engagement in China. Nevertheless, current findings contrast with the report by
Heo & Toomey (2020), who asserted that male undergraduates exhibited significantly better learning
outcomes than their female counterparts while using multimedia resources in a Northeastern USA
university. Similarly, Passig & Levin (2001) reported that male and younger children exhibited significantly
better engagement with interactive multimedia. Further, Kobicheva (2022) observed significantly higher
engagement levels among female rather than male students in online learning contexts in Russia. A study
among a group of Western Australian students also indicates that multimedia exposure increases student
engagement with males more engaged than females in multimedia-exposed classes (Chipangura &
Aldridge, 2019). The divergence between the present findings and most of these earlier studies may reflect

contextual and temporal shifts. The Kuwaiti higher education environment is characterized by widespread
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digital access and institutional investments in educational technologies, which may have minimized
traditional demographic divides. In addition, as digital tools have become ubiquitous and embedded in
routine instruction, their use may no longer differentially shape engagement across age or gender, but
rather function as a common baseline condition for all students. This underscores the importance of
focusing future pedagogical interventions on instructional quality, motivation and learning design rather
than on demographic segmentation.

The present study found that multimedia exposure did not significantly predict study engagement
in the study setting (p > 0.05). This finding challenges the widespread assumption that increased exposure
to digital and multimedia tools automatically enhances student engagement and instead reinforces the
argument that technology alone is insufficient to stimulate meaningful academic involvement. This result
aligns closely with the position of Yulhendri et al. (2022), who reported that multimedia use had no direct
effect on student engagement in their study among a cohort of undergraduates in Indonesia. The findings
also echo Consoli et al. (2025), who demonstrated that the quality of technological integration explains
substantially more variance in student engagement than mere frequency of use of technology in
Switzerland. This reinforces the view that engagement is driven less by how often multimedia tools are
used and more by how well they are pedagogically embedded to support cognitive activation,
individualized learning and classroom management. From the perspective of the Cognitive Theory of
Multimedia Learning (CTML), this null effect can be seen as counter-intuitive given the core assumption
that learners process information through separate visual and verbal channels (Dual-Channel) (Mayer,
2009; Mayer, 2020). Increased exposure to multimedia is, by implication, supposed to improve study
engagement. Nevertheless, CTML further explains this null effect by emphasizing that meaningful learning
occurs only when learners are able to actively select, organize and integrate multimedia information into
coherent mental representations. Mere exposure without instructional design alignment may therefore
fail to activate the generative cognitive processes necessary for engagement.

Systematic reviews and experimental studies have shown that well-designed multimedia
environments can enhance student engagement when guided by instructional design principles such as
signalling, segmenting and embodiment (Doherty, 2022; Staneviciene & Zekien€, 2025). However, Doherty
(2022) further demonstrated that while these principles can increase behavioral indicators of engagement,
they do not necessarily improve affective or cognitive engagement outcomes. This distinction suggests
that even pedagogically refined multimedia may influence certain engagement dimensions while leaving
others unaffected. Within the Kuwaiti context, the current findings suggest that multimedia exposure is
not a differentiating factor that enhances engagement. The Gulf countries have experienced a rapid
intensification of digital transformation particularly following the COVID-19 pandemic (Fareed et al., 2025).
The ubiquity of traditional multimedia may therefore have diminished motivational impact, making
engagement increasingly dependent on instructional quality, curriculum relevance and students’ intrinsic
motivation rather than on technology use alone. This study underscores the need for a shift in higher
education policy and practice, from expanding access to digital tools toward strengthening pedagogical
design capacity and instructional intentionality, to realize the full engagement potential of multimedia-

supported learning environments.
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8. Limitations

The use of a non-probability, convenience sample, which was predominantly female, is a limitation
of the findings. This female-dominated sample (85.1%) may limit generalizability, and future studies could
address this by employing stratified random sampling to ensure balanced gender representation. The

cross-sectional design also precludes any causal claims.

9. Recommendations

Institutions should move beyond passive media (e.g., static PowerPoint) and adopt interactive
platforms such as educational games or virtual simulations to better stimulate the cognitive and
behavioral dimensions of engagement. Future research should employ qualitative methods to explore
'why' technology use does not correlate with engagement in this specific context. Additionally, examining
mediating variables like Technostress or Digital Literacy may provide a more comprehensive
understanding of the digital learning landscape.

10. Contributions

The findings emphasize that 'frequency of exposure' does not equate to 'student engagement.’
This provides a clear mandate to transition from passive content delivery to Active Learning strategies
that utilize multimedia as a cognitive stimulus rather than a mere information carrier.
This research serves as a strategic guide for resource allocation. It suggests that institutional investment
should prioritize pedagogical training and digital literacy for faculty over the simple acquisition of more
hardware, as technology alone is not a catalyst for student commitment.

By applying internationally validated tools (UWES-S) in the specific context of Kuwaiti vocational
education, this study contributes essential regional data to the global discourse on digital engagement,

filling a significant geographical and sectoral gap in the literature.
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Abstract

The design and development of a leaming management process using digital technology to
enhance the learning effectiveness of students is a transformation of teaching methods to be modern
and efficient. This involves applying digital technology to create an engaging, challenging learning
experience that meets the needs of learners in the digital age, with a focus on creating diverse and
interesting learning experiences for students. In this digital age, educators must shift their role from being
lecturers to facilitators and creators of learning activities. Learning management is the key to enabling
learners to achieve their intended purposes and to advance rapidly in science and technology. Digital
technology thus plays a significant role in the daily lives of most people who need to engage with
information and news, and it is crucial in designing learning management. Therefore, instructors should
consider choosing appropriate learning management techniques, selecting technology media and learning
resources that will support learners' learning, using a variety of assessment methods, with an emphasis
on the learners themselves, to enable each learmer to develop according to their potential and to apply
what they have learned in real life. Therefore, managing learning through digital technology and innovative
methods requires educators to incorporate new technologies and innovations into their teaching
management to enhance efficiency and create a more engaging learning experience, including convenient
and borderless learning. Learning management in this digital age encompasses online, on-site, or blended
learning, with the goal of developing essential skills for the 21st century and preparing for a changing
world.

Keywords: Design and Development, Learning Management Process, Digital Technology, Learning Efficiency
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fsaiinluamssed 21 TneraunauguiuumsinnisSoudivarnmaneitelidaoudenldmunnumsnzauiu
USunvadlsuieunasiioy

nsdanisiseunsaeulugalanidvia agdeslsuunumdudsiieainuasainuasduusuuimi wisli

v
o v

Uniseufinnsieuinienues waruassdessissusluniauduinteu asdiedinnaudfves E-Teacher
Wy fiuszaunisainisdanisiSousiinussuudumesidauardemalulad, fnuglunisuarsnanuilu o
annsameveannuiiiudemaluladlfesaiuszavsnm, uazanansoltdemeluladlfetnaiiszavina
Tumsinnsieusuaidvia dsisuduiedesiaun Aevinuzvesailumnmssuil 21 Jadulangafdsiad
NNAURDIIEUINADNTIN Fausznausie 3R (Reading, Writing, Arithmetic) way 7C (Critical Thinking, Creativity,
Collaboration, Communication, Cross-cultural Understanding, Computing, Career & Learning Skills) n13Waiwn
Finwsant sdliyaraaunsauuiuazyszaumiuduialulangaddvaiiudsuasesesands
namlasasuin msdansdeuslugalanidnea fasudewiviesdsudiiduguvuruinlng Tlande
weuFou fidsuinuinvasiiduddiinuedd vingaslimudavgudddmmuunnitsssrinyana lida
wifsdeiFoudundn lifumsiFounuuviesd uhiliaaduuitymilddeadunsinioudiSelvimfouilelidia
Tulanwisenuduads uazithmneddyianiude ahsaununmidunuinasinussu

7. WUINNINEENUUUNIEUIUNSTBUSlEWRILINTSEAN
LIMNNTBBNUUUNSEUILNSISBUS L e a3 (Cognitive Development) 1iun1si3eudidasn
(Active Leaming) M5An3iAs1zvidugs uaznisuszananaasaume iumsduiazmaiiug (inquiry), n1sld
Jaywdugu (PBL) uazmsavvieudin (Reflection) ilalii3ouaiisesdanusldonuasuazaunsatily
Uix&;ﬂmﬂ“?ﬂé’ (Thongthiya & Suthasinobon, 2021)
nsAnfe nszurumslindsausslumsideya anud warUszaumsalndnsadoudieldlduadwsany
#esns ferduinwemsldaussuazinuzneluiidfysionisiioud msdniinaneuszian 1wy nsaadsinng
(Critical Thinking) Badumsldivmmauasinsagalunisussdiudeya nisAnBsaieasse (Creative Thinking)
Tsjsarsdsln  waznsAniBseeniuy (Design Thinking) fisurtlamlneiunmidoanisvesyld
1. aeuilomanszeng 4 lagldguuuunienssurunsasuiitiunisiaunisAadifidiautu wu n1s
Seusuuulidimnsau (Participatory Leaming) nsideuduuuldUeymilugnu (Problem-based Leaming) nsiieus
wuulpsenudugiu (Project-Based Learning) tlusiu
2. madeudlemanszsing q TasneremiatanssunisFeunsaouiidaauligFouiaundnuusns
AALUUAg 9 W nsldanmingfuaiudn n1svinunuinuAn (Mind/Concept Mapping) N1531A51%4
anun1sel nsddnw nmsldivalianisagiioufin (Reflection) msefusedunun msvhlassnu Wusiu

8. UUIMMINTTBBNUUUNSTUIUMSTBUSHaWRIUIAITuLTAns
n1399ALUUNTEUIUNISIE Ui etmuA T uuinnsarsy afy nasiSeusidaszaunisel

(Experiential Learning) Iael91u3An Design Thinking HEUNA1UAUNITTANITITEUS WU Project-Based

Learning (PBL) §i3suazi3oussirunsasiiovhats Buannsidlailaym Empathize) Sesdlam Define) szau
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auns (Ideate) a319fuLUY (Prototype) waznadau (Test) it ol niinwen1suddgvinazanufnadieassa
(Klaichun & Trirat, 2021)
MsooniUUNITUIUM IS suifleiannanuduuinnsasjutiunisasieufiiaie (Active Learning)
IaglduwInie Design Thinking (Empathize, Define, Ideate, Prototype, Test) Y3133 UNSIT 8 US bUY
59911 (Project-Based Learning) Wileflnvinuemsudtamideadsasse sunsyuiuns 5 dumew: wWiladlym
MruAALLUET S LaLAEATAULUULAE NIAADUATY
LLmvmmiaaﬂLLUUﬂismuﬂﬁﬁﬂuﬁufﬁlﬂi (Innovator Learning Process)
1. a$3anmundouiinszdudumuinis (Inspiration & Empathize) JumsiSuduainnissediany
(5W1H) LLazmiaqﬁyuﬁ'Liﬂf\]ﬂzympﬂ%'mua&hﬁﬂ%q (Empathize) wioulenalval 9 wnumisSuanidenilu
#131
2. 14 Design Thinking tuwnuwman (Design Process) Usgnausig
1) Empathize & Define @® ixqf]iywlﬁl,l,ﬁﬁﬁ (Insight) vaagly
2) Ideate Ao S¥ANALBY (Brainstorming) agdassifievnuuIauAtymiivainvians
3) Prototype A @319WUUT1a89/AuULUULIANTINDE1979157 (Rapid Prototyping) luitiuninu
anysauuusdiuiandunislday
4) Test fin Wdunuulunaaeuiugldasa tiesudaiauauus (Feedback) snuU3uUs
3. m3iFeuiuvvasiie (Project-Based Learning - PBL) TnelvigiSeuseudsinummilasanuaie
uilutlgmlususundeuduniiauls Gaeliiunnrivesddivi
a. fanvinwedrumans (Interdisciplinary Skills) Tngdaasunisvenufuiiviivsenaudeainuatn
finarnviany \wu FumadadugsiauasiueuAnaiisassd/deans
5. nsUTzLuNaLTIaNTTaUE (Competency-Based Evaluation) laaUszLiiunie3s Rubric Score i
iupudvih fnwenishn eruAnaseassd waensuidym snminissudom
6. a¥1aA3avsuari Uil uanild sy (Collaboration & Mentorship) Tnedif 1382975 (Mentor) 15
FUEnwlndBn uagiufinansuasu (Showcase) iiasnsmuiiulauasseyonu innssu
nszUIUNITIANIssunsaeu Jasudendulinusraunisalnisseuiuarmiunauieuidnliing
wanasuiFoudsenined Souidlusaruenduou duasulvfiFeouldmaluladlunsdudutouamszsili
ABsudsusldmnduinnsAniinset Anasassd sedaiildinannisteseamuiiaduauiludadn
waznislaiifufiosmnniilduanndin fasudondalemalifisouheuiiifoglunuesnysaunnislsils
Anuslvl ahedszaunmsalnseuimenmsteuninenuligiseuasievi a$1eiu w@kuwseqdla Anussaunisel
madsufaduayuliidouasseudilmifldtoulandoldaieutnnesy fi
1. sasnediy
1.1 msingugieunmsiivszanm 3-6 au ilonisuanivasuiFouildogianinawang fudedls
UndafuluiFosanud wwada wada Fmsinuesduny nFouflvzuanidsuniiug audaiemvunisie
w9 fazfuadiouinngsu
1.2 masadhmnesiudu i mmwihfiiewessuisseufiagyilfiatmne
1.3 msadussenieaulingda lngliusazauarfrnudisalunmsinu dnvueidediu
mMavhay yadnnidteairsnuduineludiy
1.4 mamangunassinasdofsu fiRlufi Welsdaruensndatuuas iy
1.5 msafemnuduiusiungudu 4 ilenisuaniasuanudaiiussninsiindudsidiagyil
mw3ildsusimssosen uaziuyuuesiinirsoenly
2. maasausslaliiudizou wsegdaifiussgdanislusazussgilanisuonussgslaniouen Wy f
gy 5138 Ameuwnu Tuda (Jusiu dauusagelaniglu wu viruad msadeiin nsuwasanaug Wudu usegele
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aelutnifudnddyiviliyaeaianisaiouinnss imszusgelanmeluasind uassonnuld oo
fisuianududasslunmsin fdulumsiannssumsasugaouaslifisouiidasyluniaidou msfia wagns
avfloufvRfaeunsliduurthuaz Bugiuumaiigndas Tidm wasdlenudnfanstimeameunsnaalsy
\Hunsanasielifisouinvimuadfialunisaireinngsu

9. wadaFEnsdansSeudiiewamnanuduuians

msdnnsiseudifeaunnnuduninns wumsSeusiBesn (Active Leaming) ﬁﬁﬁ'&maaﬁaﬁw%wﬁu
nsuAdaymnfidudau (Problem-Based Learning) Tngléinse U’JUﬂ’]iﬂWL“UJEJE]ﬂLL‘UU (Design Thinking) Wioadns
uIANTIUAULUY (Prototype) nnaadld uazasioufn (Reflection) Wlewanaussauruinnshaduiuauing
wazmsvienndudiy (Wongyai & Patpol, 2021)

wieluladuazmadeismaiionisesnuuunisisouslidanuduuinns Iéin msaouuuy STEM n3da
N3¥UIUNITITEUS (Pedagogy) m{LsumﬂiuiaaluimmauimmaaﬂugﬂLLUU Technology Knowledge Tun1seqe
FeuunuauAndausssugiusssu wu madeuldaliladuninnssusg 9 nsdeuduuuysannsmalung
TPCK (TPCK-Technology Pedagogy Content Knowledge) n151% Blog 1uﬂﬁLLamU?{ﬂuL'§8u§ A3l d odany
soulatlunisiiauenismsunsnanuuazuaniud suuszaunisal n1sl4 Infographic lunsuiauenasny
wallansszavaues wadanandna 6 U wazmaianisdvaiy fadumaiaiiduaduanufnassassdeaeli
fRsuaunsosedumufnlul q Tnslénszuiunsnduuasmsfntugadundas defudaeuamsfindugiFouls
Tmadamanilitiung

10. uwmamsldimalulagfdvialuniseanuuumsdanisiFeus

LLmﬁmqmﬂfuwmiuiaaaﬁﬁahmiaaﬂLL‘U‘UmifmmiLiaugl,ﬁuﬁgﬁ'auﬁ‘]u@uéﬂaw Tngysannisiaiesilo
Advia (Wi wnanwesueeulat, Al wennaintl) WITuNTEUIUNITIEUIUUL Active Learning Lﬁaiﬁ;iiﬁauri’hﬁq
Toyalemniinnnar adrsausiuile 1Ssudamanudenisiamsyana uasiauinwsianad sudu
(Chomthong, 2025) figedd

1. A saduayumaifeus 1dud douFeu HesUfiRing gunsainmsAnulassadrefiugiu woy
mmiuiaﬁﬁﬁﬁaLﬁaiaﬁumiﬁauﬁﬁmmsam 191U Student-Centered Learing, Problem-Based Learning Wag
Active Learning 1Jusiu saufisnisuszynd iimaluladfdvaaduayunisdanisiseunisasulugy Modular
System Lﬁ@iﬁﬁ@waﬁwéﬂ’liﬁﬂuiﬁjﬁ (High Learmning Outcomes)

2. WantnAnwagdiseuliiianisiseuinaeaddn (Life Long Learning) lngldinaluladidvia 1
n1siSeusiuunndivanan (Ubiquitous Leaming) MsiSsunisasuidalinauszeylna (Remotely Interactive
Education) n15vdaulessiodwasluszuusaaies (ntemet of Things) ain1351ae4 (Simulation Room) waz
szuun1sseuianuiluaiuaiion (Virtual Reality System) 1usiu

3. M MOOC (Massive Open Online Course) tlananmnsiSouinuulouiaiguiasilalng
mia%’wLLasﬁ@uumé’ﬂqmmﬂmmL‘?J'm‘zmymawﬁwmwm 9 dnUssenalduuinanasuagne Thai MOOC
Tnewdunisasredomadoudiidaunm fianssuiiiauls uasssuussiunaiideiold wieuianisadean
sufoszmisantuiionisareleuniein

4. duafunsinfonssumsouiiuiiliinGeu dndnviduinds dnass (Makers) Ineltinalulad
AdiadsIAasUInng Y

5. Uszgnaldinalulagfdviaaduayunisysannismaseuiiuianssudndnwilagduaiuianssy
tndnvidluasuenndngaslifimumanvansmuaruaulauasmuatinvesindn ieidduaiiesingns
Gousluanissuil 21

6. m3daaiumslimaluladidvialunsiauuasndndonisSeudmenuies hldlnensliiFoudu

AUEnand (Student-Centered Learning) uazildiusulun1siseuieg1anseiiososu (Active Learning) n1514
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walulad Wy Al uag Big Data WiaIiAT1griAURBINTasUTUUTINsS8us nsldunanesuseulateti
MOOCs uagivaasguiau 9 suiamsdnasuliisouinuminuvenisisouimenuied (Self-Directed Learning)

11. msiasuadeusziniamnisSeuivesdiseu
mMaasuasUsEavBa s Ssuivesiifoutiunmsuuasunnmsoudedu (Passive) Wumsious
W30 (Active Leamning) IaeitfulyigiSeusidusumiunmsviifianssy n1sAndiasier n1sasilieujufase uazns
vhausmfuldu Sutumslimalulafuazusssinmaiides e faazdionseduanesuasiinaiudlaly
5283817 (Office of the Education Council, 2020)
wunensiaiuadeUssAnsnmnsSeudvesdidou i

1. msBouiiiduunuimuasnsiidiusiuvesiiiou wien1si3oudifagn (Active Leaming) A uwd
msnsiSeunsaouiiuligiGouldusnuazadioufiResdunssuiunmsiFeus unuwdudfuteyaiiios
28147 Jisuulafn Iin1e waradnenudTlan e ueIRIuAINTIUAG 9 WL NMIBAYTIE MIvIuUNgH
MInAaes kaznsuideym

2. MaFouuuudusitus (Relational Leaming) Ao nszuaumsiSsuifiiuanudusiusszninsdoya
vidounAning q JaumnsaainmsiFeuuuuenduiyatudeyaviounaaniier 4 lnemsiGouiuvuduiusas
firsandsarundeulosuazanuduiusszinaduig o WeliAneudlafidnfuasaseunquisiu

3. Msleuinaendin (Lifelong Learning) Ais msi3euadlmi 4 sgrwiarowmasn®in lisrintaeds
visoanuiiSeu TaeiiumsiSoudienuesuaginnnnuesediseiies iteususlviddunsiasuudadulan

4. mM3iFeuduuunana 1y (Blended Learning) o n1snaunaunsFeudiislusuuuuooulavuas
wuueewlay (uieaFou) ierfinussansnmuazUszaunmsaimsiSeusinannvans TaofSouannsaiFeusld
wamanguiiaraaUfon femadsudiuuseaumauinsaiuiiteuasdun i dusuamoimsfing

5. madeuilaeldinalulagada (Digital Leaming) A nsldimaluladfdvia 19u Aoudivines
Inséwislefie uiuidn uazdessulay lunsesfloatuayunisisoud ieifinyssansamuazUssansualuns
SoudvesiFou TnefFouausoddumdimiuiuazainassdomildarninuazdanguuniy

6. MIaFsanmwIndennsieuAmIudsddydviunsdaaiunsiouifidussansamuasd
awgudmsugBeuynseau ldinasduludeaSeu vienthu Tasanmuwisdeniifnisiiruuasafovssname
warInta, dasunsilaiusy, LLazﬁw%’wmﬂiﬁLﬁmwa@iamiﬁaui

12. unggy (Conclusion)
N59DNLUULASTAINNTEUIUN SIS ouiTinidmneielvdiSoulawauauaansalniviom

2 d
Tty o luldlulanuisnnuduaield Tneflesdusznauvesssuuo doga (Input) nTguIums (Process)
Hadws (Output) wazdesadoundu (Feedback) dudunsumsinszuunisdnnisifouidsznoudae 4 fusou
loud 1) melinTgviseuu 2) msdaasgiseuy 3) msasiauuudnaes way 4) msdiaesaniunisal

msltmaluladfdvialunisdanaFeusamsautadu 3 Snvas Toud maBoudifertumelulad vy
msAnwmdnmsihauveseeuiiomes) nsseuslagldinalulad (gu mslilusunsumeusundinduiions
Boud) uaznsBeudiiiethluldfumalulad (wu msthmealulafuuszgndlflumsuitgwn) dediinsesfiouay
winnssudiviainians 1wy Weblog TUsunsudum veadouseulatl undaSeuddmsung uasunastoyasaulay
Fi4 9

nseenuuuNsi3euslugn Education 4.0 sjafunsaiiauinng Taeldinaluladuazisnsdanisiousd
vianmane teanngiSeulsiinusnsAsiianeyt msuitiym wasiiedosdodmiunsliTinluamssui 21

IneaeudpmsanUsulUdeude NMsiTeus wazanmwindey ieduasunsassassAuinnssuvesisey
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LUIMNINNTERNLUUNNS S Bu i eI fAnAen1sidonld3E nnsaeuiinsedunisn 1 Active
Learning wardnAanssuiidnasy dnvaensAnfinainnaly wu n13fadase nsAnet19i3ansagins ns
uwiladm wagnisdeans neldmaiiagosng o wu n1sszauaues n1sidnd mevinsdfnw uaznsinau
U

wImanTseenuuUNssuiiteimuiauduuinng 1) msadeiin 2) nisesuussgslaliiugiFeou
waluladuazimadaisnmsftenisosnuuunisseuslvianuduuinnsléun nnsasunuu STEM n5dn
nszUIUNISREN; (Pedagogy) msldnaluladlulasmeulvsaaesluzuuuu Technology Knowledge (Weulnli
Iaduutanssusng 4 n1siFeuguuuysainisninluwna TPCK (TPCK-Technology Pedagogy Content
Knowledge) n514 Blog Tunsuanivdsuiisui nslddedsnueeulatluniniiauondeineunsrainuuay
wandsudszaunsal msld Infographic Tumaiiaverasu wadanisseauavesvaianuanin 6 lu uay
wallansaua

nsiasuaiaszansammsieuivosiSoudemeilidiSeuildusnlunszuiunsGeuiiiieussq
Whneegsiluszansua duhlalaonsldnagnsuazimadaiivainvais 1y Active Learning (n5i38ufida
5n) Ml SeuasiioujiAuazAniianeviunui aiduifissdfuans saufsnsains anmuandond
Wanzan way n1sldmalulad wWiantae

nanfe MsoonuULLAT AN STUIUMSIansSsuiemaluladidvariielasuansussansannis
\Seu3veiTuY A3 Figure 1.

The Design and Development
of Learning Management Process

Figure 1. The Design and Development of the Learning Management Process

13. nsiUawensldlyauseAugiBeaineassd (Declaration of Generative Al)
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Abstract

The role and development for innovative teacher competencies in creating learning management
innovations with the digital technology era is extremely important, enabling teachers to adapt and apply
digital technology effectively and modernly in learning management, with the aim of developing learners
to possess the necessary skills and competencies for the 21st century. The development of innovative
teacher competencies enhances teachers' abilities to create and apply educational innovations in the
learning process to continuously improve the quality of learners, which involves developing knowledge,
skills, and attributes essential for being an innovator. The creation of innovative learning management
involves the development of new, effective and modern teaching methods to promote creative and
sustainable learning among students, focusing on improving the learning process, using technology, and
applying new ideas to teaching management, so that students can engage in meaningful learning and
apply knowledge in real life. Importantly, learning management in the digital age involves using digital
technology and online media as tools for teaching and learning management to enhance effectiveness

and create a more diverse and engaging learning experience in the present era.

Keywords: Innovative Teachers Competence, Innovation in Learning Management, Digital Technology
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1. uni (Introduction)

LLmIﬁaJmiﬁﬂw’ﬂaﬂﬁﬂé’dgqﬁﬂ’ﬁwmﬂiuiaﬁ%y’uqd wiu Al Uyay1Usshivg) VR/AR (waluladiaiiouss)
way Gamification Lﬁ'aa%’wamiﬁaufuumawwuﬂﬂa (Personalized Learning) wagtdunuulausa (Hybrid
Learning) fitfuaudangu anuAnaiisassd invenisuiuda waENITLSEUIMaeAYIn (Lifelong Leaming)
Tagsauuda ms@nwilaniiunsdsuunuimagangdienenninud (Teachen nidugd1uisauazain
(Facilitator) wawiillvgi3oudugudnans (Leamer-Centered) levinundnenmgegrussusazyana (Office of
National Higher Education Science Research and Innovation Policy Council, 2024)

msfnwvealszmalnedinsusuguuuuesaseios mnsUuuuiRniaeudugievenruiliiFou
Fewheide) fiFeuhmihfisunssenesndaeuvinidu SudugafiFendt Education 1.0 ey Education
2.0 Q’L%'Uuﬁ’mﬁ’lﬁ%'umid’]awammmiﬁnﬂQ’aauu,asﬁaﬁ%’ﬂﬁuﬂ%mmmg”mﬂLmziﬂ%'aa;ljaﬁhm ﬁﬁaauuusﬁ’l
sy dnluga Education 3.0 fisudesiinuammenuimenuedngltinaluladasaumaaznsiomsiior
Hueiesdielumsduianzuazdsinudoyaludsiising naunauiumsihaudungs Tnegaouvimiidudies
FJanmsiFeuinielaviinosliduuziii uAtigm Puug FIUDWAANNWIAGOUYDINITLSEUTUINATINTAENEA
mw3lussdieu auundaga Education 4.0 iugafidesairetnuinnssudosdaasalifaounazdifou iuindn
thaduinnssy faeudomdonlunisiamsiFeus v1isns suuuumsSeuslviq do gunsal salufienisda
anmuwandenlumsFeuslmie luveanTeu ileniiliGouivinuemansy fu finszuiunisin nszuaunsms
uidem wagfinieadlefldlumsiFoudmiunisdsadislulanurisanisseil 21 naumauguuuunisinnis
L'%wﬁ’ﬁwmwma‘lﬁ@”aauLﬁaﬂwmmmmmmsauﬁw%umaﬂiaﬁauLLasﬁg’:L’%au (Waitayasin, 2019; Siririn,
2022)

nsdansiFounisasulugadda Agludsuunuimain “§ussens” (nstructon) Wy “g81uieainy
azain” (Facilitator) wag “1Av” (Coach) (Thongking, 2020) tneitunseAulviEiseuinnsiseusmeunuLaEiu
Active Learning #inaluladifleduduuazairsassruinnssuuazyhminfidugsamiseus (Co-Leamen) lunfon
futniFeudeusumlitumaluladnaeninan fafu aslugeidswiosinudnunsfiGonit E-Teacher 1y dosl
UszaumsallumsdamsiFeuduuulmilasdansGoumsaousiuszuudumesidauazdomalulad fiinweluns
wanamewsln g Wove1sesdanuivesmulesmasniian fiauawisalunisaenenvdeveneninuives
nusginiFousiudewmeluladldogedvssaniam fenuamisalumamesmuasdadonidemanuiuie
domituais mnzauwandulsslenidediFouiunademelulad aunsolideimaluladessiiuszansnmn
wazUszAvralug e dudnanauitinsyarennuy waedldanmg

2. UNUIMUAZHUININITHRINANTIOUSAFUTANT
unumaggalvidenisidudihuianssudairoussiuanale uasfdamsieusiiniu Active Leaming Tng
WALIANTTOULHIY 3 ANUVAN A38535UUALITIVIVTTNNBEATTaLazInaluladuazn1siRIuIAUBImADn
Fin wamsmsiauinsitdunsastieUiRai (Action Leaming) m3aianietnsuanivdsuious (PLO) waz
msldmaluladfidsdu (Yuenyaw, 2019)
unumazludndssuil 21 (Role of Teacher)
1. fhudnnssunisiSous Tasthmalulaganldaeu (Active Learning) uagdduuitouitaymiiSou
2. fas1ausatunala (Mentor/Coach) Ingusuunuimainniseaeu (Teaching) iWudaivayunisiseus
(Leamning Facilitator)

o ¢

3. A3HUM9IINT (Academic Leader) Agadsiidevimigauaglduinnssuluniswauinisfin
4. finiuasesssu neiswudunuuegadid fanusuiiaveu wazdilanuuandavesdiseu
WUAVNINITHAILNANTTOULAS

1. WanuuuLBeiiui (Area-based Development) azaIsidtlausuntymassvedsaioy udasdien
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2. duiasunsiSeuinasndin (Self-Development) AgAswaniUdsuiFaudtinugusumedndn (PLC)
LazMIALIALIB L 1eeL DY

3. WhiinweAdvauazuinnssy agesaduampiaiediemeluladuaziinnsliuianssuluioasou

4. msapunULAETiAEe (Coaching & Mentoring) agaasnsiivg Annalnefitasaiioyiulssenu

5. a¥19spuuUsEdiudsuan (Growth Mindset) asmisUseifiuniiaiivlanazysuuse ldluifuile
AIUA

AUTTAUEMENTIRaIWARN (Announcement of the Teachers” Council of Thailand Board on the Competency
Development Framework for Teachers in the 21st Century, 2025)

1. AgfthsssunAviauarduaumansnsgs1v Ussnausie aussauzdenil 1 duatumaninsesnmn
wagmsdonthusvgynasvgianeiesluldifionsdidudindifaunmedadsdu aussauzdosd 2 fuuuusss
infAvna aussauzdonil 3 anundunaiios aussausdesd 4 amnuswilefuyey

2. agfrhuianssy welulad uazaruiduaina Usenaude aussauzdesil 5 msiivindiu Soud
naondin uaziinnuanunsalunisdams aussouzdoni 6 nwuaznsdoans aussauzgesdl 7 uimnssu uas
weluladiitensfinu aussauzdesil 8 MaiaL AN TndenssuIuM YIS ouimainTn aussous
goufl 9 MATuiloadsassAuTnnssuInsAn

3. Agfiuinnssunsdamsiious Usenouse aussauzgosi 10 msdanisiFeud

3. NMsRAENTIAULATUIANS

Tugrmaneikiuan fn1sndnfednin uinnssu (nnovation) wisuntu Tnefinisseyin uinnss
JuedesflevonalnddylunsiamnuarnisfindaanuannsalunsudsduvesUseme faguluwnuiam
Mivfauiieirsusauazdsnu Adwvinilsfianuin@e “Innovator wie uians”

uinns AeriisiuaneassAadmia Wy wnfe wandus nioismsilinedindey desamfsnini
Anuf AnuAnadeassn uazvinwrlunisudledgmanussgndldifieaisuinnssuiiiivsslond quaudidAy
gasuinnsAonisiianudeiiscy ndwnalunsiuanudsesavigaaia nd1Anee wazdanuaiunsalunsg
Wuuazsuilenuayasianieg lunseuiunmsimuuinng (Yooyuen et al., 2017)

u¥nng (Innovaton) Aegfias1eassduuiAa 35ns viendndneilnifliirefiuneu lngeradunns
WannandusiAuvs eusuusedsiifiogudn uinnseevaasuanudululdvesuuidntiunisasie Proof of
Concept (POC) ifleguwnantiuaunsonaneifundnfasivieuimsilinuldoswdold auauohdwayuomi
nsfomafinnuAnainsassd Tsdauna fedinmn ndaesinassgn uarlindrmuduman

Fefudsnanlasaguldin uinns (nnovator) Ao Fad1sassduwafn 38ms wdndast viousmsluig
(MioUsulsvedin) Aliineiiunnou Inenaunanuneluladviolifls uidesaansanaulandmsufitam i
Uszavsnm uazainsqueliundsnavionsdng udiivisasde Svmunfdauin ndndes ndnaslevin waglige
viorionnudian uinnshifludininermans wiiduldmnasodnisaiunsuityiiunnufnaiisassd

nsWamnaussaugaguinng Ae nszuIunsigIeiiuauauisavesaglunisadisassAuasi
uinnssumsntsAnanld ieimuaunngFouliAduegedeiios lnsnsourqunsiautluduniug
NNy LLax@mé’ﬂmeﬁﬁT’lL“fluﬁ’m%“wmuLfluui'mﬂi WU Winwzn1sAndtasied nsuAtynn n1sadeassa ans
FuUAWINIG NI wagn1slUUG TR

nszvILMIARNANTTauzATUIANsITuMIUA BuUUMAT NG e Ul a319a33¢ (Innovator) Hau
nsvuumsiselutuiou msldunAndsesnuuy (Desien Thinking) wagnsvhanuduaiate (Collaboration)
Tagld5Uuuuitu KCNPB Model (Ana3-nFouns-umsgru-Ufia-ganuidude) itodaaiunwamsaluns
#519a55AUINNTIU (Chantakul, 2024)
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v
o

Jupunantunsimunaussaugazuinns
1. Mmsfinwanimtagtuuazanudainis (Need Assessment) lun1sinsieiuiunvesaniunw

LLazﬂmwﬂu‘z}suL%'au e munkuInensRRIL TN zay

2.715851989AA3147 (Knowledge Creation) L un1saususinuen1sdasis uaseassd
(Imagination/Ideation) uazAu$iTaien/meluladiiviuadis

3. N15UJURKAZNAA0I931 (Practice & Implementation) Lun1siesdnuslvasauinnssuns
Fannadend wasnaaodilutuiFou

4. msvhausiufutazaiarietns (Collaboration) iumsuanuasudeus (PLO) uazaiainietie
depuuinnsiitevenona

5. Maiounawasiaugaudude (Reflection & Best Practice) tunisusziiiuna Anmiuna
wazasUuniSeuiiesieeniduuinnsiiduan (Best Innovator)

AUTIOULEAYVRIATUIANS

1. muAnaiasIALazauNDIeUIAn (Creativity & Future Orientation) Ao N5UIUNTNNIALBT
Feulssdeyalmiiioadrdlefensedsudtymiiinsanidy druyuneseunan (Future Orientation) Aanns
Jununmiauaziniouaumienganudululdlmig Feassdeliuinueinduldiiunsssauaues nlniy
Uszaunsallml wagmsanidseanuuu Design Thinking) Wileadsassduianssu (Phisitsaranyu & Buakham, 2012)

2. msdnnsFeuiniiudieududifey (Child-Centered Learning) Aia wuamnsnsaeuiiaslsiiGeu
a¥sesdmniFenuesuAmnssuivanarsmueuadlanazfnenmveusazyana lagagiasuunum
nfussesBuiuug (Fadlitaton) aduayuliAnmsAntinsed uitym wazGeulnaoadin (Pornkul, 2002)

3. MTIYLATNAIUI (R&D) L‘fJumiLL%’Tl‘Uﬂzgm‘Z'?uﬁauaﬂmﬁuizuu NAMAD NTEUIUNT “@319-809-
UU-uls3U” winnssumansfine Wesnssduamnmnisieulaie Ussnoude 4 duneuvdn do Anwideya
Uy (R1) Mwunduuuuuinnssy (D1) neaesldass (R2) uazusudmadndauauysal (02) ieuddymatis
§38u (Sirirattanaijitt, 2024)

WinwegRdiauaznsysannsmalulad

Tumsdamsiseusdssndufiazdesimunlulifa Ao sinuzvesnulummsswil 21 Fadulangaiinead

NnAuFouTeuInaanTIn Ao 3R way 7C 39 3R laun N1581u (Reading) N354T (Writing) wagAdlneans

(Mathematics) @au 7C laun Andasizinazunieyun (Critical Thinking & Problem Solving) Anas19assALaY

(%

AnAuLIRNTTL (Creativity & Innovation) LlAULIMUSTTUTNLANGIIMAINATY (Cross-Cultural Understanding)
Anusude nsvihanudufinuazn 1z (Collaboration, Teamwork & Leadership) ns@eansiivinviudeuas
éﬁ'aaﬂamsamm (Communications, Information & Media Literacy) TN YeA1UABUNLNDS ward awmalulal

(Computing & ICT Literacy) waviivinuen1sisousuaza1¥n (Career & Learning Skills)

4. wwamamswawauduuinng

msfaunuduinnadunssuiunsidesendonisiiniluesainaue kunisAnadiassdeg iy
szuuuarmMsUszgndlinusifleundtlametnadeios aazihlugnisaivassduinnssuiidulselovidedany
wasUszine

nszvrumsiamaiisunsaeuiidunumenisioudifegn (Active Leaming) Inefaeuifunumidugn
Uszaunsainaifous WuliiFouddiusametsudeduiiunisasdioufUa msuandsuious uagnsld
waluladiilonisdududeya uenaind faeudosatvayuliiFoutharudifuussgndld ysanns uas
a%’wasiﬁﬁ"ﬂmﬁ] wiu uinnssu Tngdaadunmsvieunduiin nsasiausegede uaznisaiienness (Samcharoen,
2023)
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mswaweruduiansannsarildlaensiauinueuazanudariiunssuiunsidussuu Wy ns
Anidsassassduaznsadiouf iR Tnefuuamsddyfonisvhanudladymediedinds mafmundumunms
msadassAlodelml menunueghadussism wagmsthlUufoRlmAnmadga fail
1. faun Mindset %3 nssuanudauuuuians il

1) M3AnBsuinngsy (nnovative Thinking) Ae n1stindutiieas1eassAddlvl 4 TnauunisAnuen
nsou Mskadauiivimie uagnsweadiuleniafiveusy ilethlugmaudtiom vioasradde q Afnuen

2) nsAmLBseanuu (Design Thinking) fenszunumsiiusznause 5 Suneundn Ae nsvay
wlaglda1u (Empathize) Avuadynn (Define) seauai1u@n (Ideate) @319sunuu (Prototype) hagnagau
(Test)

3) N3AALTIILATIZN (Analytical Thinking) A ﬂﬁﬁuﬂﬂammm%lﬂiwﬁ%%aLLasamumiaﬁ
#ng 9 evhanudilasagmuuimadletgmidesaduszuu Inefmsuenueresdusznausng 4 vaslam
sonludiuges o uazAumANUEURUSIIavaNa LﬁammmmﬁuﬁﬁaLLavmmqaaﬂﬁﬁﬁam

4) nsAnLTeaseassA (Creative Thinking) Ao Anuauisalunsasslewelml 9 wagnsueadiu
A enlesszuinedaning q Tagldldsiinegueidssvesfatzuioniseanuuuiiidu widsaseunquianis
uitlmluBinUsesniu mataunuianssuwasmaUiuusedeig 4 Wrdude

5) ANSAALTITEUU (Systems Thinking) A® N15UBININTINVBIT YW ILAEANEUWUS VDI
druusznausng 1 Tussuu ievianudlasazudlatgmldogrsfiusednsaim nmsAndeszuuldifio
widaymianzvth widwesdwansenuiioradatulussezenuasnansenusiodiudy 4 vessyuusy

2. Wanwinweiisndudmsuutans dfed

1) vinwgnnsdang (Observation) Ao n1slddszanmduiasier (m v aun Au uazianie) Weifiu
Toyauazeazifenandssoudietisazidon laglildemaaiiuduiiasld ethlugmsdumdammie
Tonan 9

2) fnwzn13Aara1y (Questioning) fe ﬂ’]iﬁzﬁﬁ’]ﬂ’mﬁﬁ’lﬂ’lﬁlLLaZﬂﬁzﬁ’uﬂ?’maﬂﬁ%’]dﬁiiﬁﬂﬁ
939 nMsmmauiifazdeliiltedneuldfnogvinga vama wasteafuguuedel 1 WWinndy fudu
UszloviognannlunsimuANAnas 9asIALarATLATY NN 9

3) vinwen1suAUeyn (Problem Solving) Ain ATINAINNTAlUNTITUIAINT WA YA 9 17
Usggnalfidiaudlatigmeing AdnTuldogreiiusyansnm

4) Wnwen158eans (Communication) Ao AuaINTaluNITENENEALIAR ALF Lazdeya
#na 9 igaudnlaldegedniaunasiuszsansam Fesmdanisyn nsils maidou waznisldnwviona inwy
msdeansiinashslisausaaiunnudnledufifuddu anmudauds uazussaummnedauiuld

5) Wnwgn1s¥iaududiy (Teamwork) Ao N5 AuvatsauyinaIus AU oussqLdmune
WWeatu Tagenafinsudsnuiuwihuassudoduielinuduiagans udlildmneanuinagfesairsuinnssu
wanely mevihauduiinduinueiiddalunsianuane 9 egs uagiivsslovivatsesng iy nsudledaym
Ifvainnans msuanivasuanudniiu waznisadisussunalalunsyianu uildldinegudnisasis
winnssuiy

&

6) vinwzn13i3ous (Leaming) Ao m3iSeuegiansuazusumliidriunsuasunias maBous
naanaIn (Lifelong Learning) LﬁuLLmﬁmﬁﬁﬁ@uﬂmﬁ’u Futlunmswawnuesegudafioniieuiefuniy
Wasuudassing q MAntululan

7) yinwgn1Ivnass (Experimentation) Ao 1udiud1dyvesnszuiunisanideeaniuy (Design
Thinking) Safieataaiunisasnadiuluu (Prototyping) wagnagdeuwidalm 1 wevharudilatymuazéum

bbUIN ﬂ’]ﬁLLmsﬂﬁLMlﬂzﬁN
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3. n9i3ouduariindu Sl
1) L%’ﬂi'awé’ﬂqmﬁaﬁﬁmﬁuﬁdﬂLﬁumwmﬂuui’mﬂi g YIANgRIAa 9 FifunisAnideesnwuy
nsaseuinnssy wagmsvinuduiiu
2) FnwannsdiAnwuaziegsesuinngsy fe Feuiangivssauanuduiolumsaiisassd
UInNITU

(% @

3) asiloUfURase Ao aflemalunisasrsuinnssuluaniunisalasa

v vaa

4) aapdete e adremnuduitusugfidanuaulalubeadendy ileuandsunnuiuas
Usgaunsal
5) FEuNANURANEIA Ao N1sEaNsumNEnNa kA NIUSUUTAlY
4. msateiausssufidaasurnuduutang fed
1) atfuayumsdsundas Aelalesuaudalul 9 waraluayuliAnnsuasuuas
2) ilemalunisnaass ﬁaa%’wﬁuﬁﬂaamﬁaiﬁ@'mumﬁwﬁ%mmaaaLLazL%‘EJuﬁmﬂmmﬁﬂwmm
3) dgnasunisvhaudufiy feadreussernanmsvhauiiduaiunisyausiui

4) WanudfAgyiunsseus AeaduayuliueainsiinisiSeuiegeiaiiles

5. UIANTIU
uinnssudanudifydsiensiauinisdne Sefinuszaniamaasous vilinnsisounisaoud
UsgAnBamuazUssAnsrauindelu nmiuanssuwesmeluladinysannslilfiAnusslovddontsnyidu
FufuRowmsuarung Yauln wuadn wanms el veswinnssunazalulaglidileogedniau deagle
namluseazdeadwiolud
AUNNIBVDIUTANTTY
u$nn33u (Innovation) Aie AdlmiMAnannsldanug amnudnaiisassd uiemalulad unsiam
WAn e nsvuInnIs vieuinsliaBety Taedadldanliass afayaduiin wasdulsslonidemsugia dunm
Wioperng eudtamiiy 4 vieneulandmudesmslml 4 Wiussavsnmnntuy
IMNT5U (Innovation) H51AANYILN1IINAI1A1AWIN Innovare wUa11 To Renew %39 To Modify 3
thmsnwmaevinlglienumneves “ufmnssn” 1
Rogers (2003) lalwinaumungveuinnssudl winnssy fie AuAa N15nTesin weadnglual 9
gnussindudddmiluamonmve syanavdengudsny anumnedaseunquiisdaiiing ulnllneduids uiods
WarnU3uugananueadn uinnssudsilddineguadsyssivglvl uismfuunfnuasismsui iRl q fe
Asanok (2018) na1131 uinnssude Aelus 1wy 33015 Lurfa n3ELIUNT ATlA WuIUFUR
wan el vietunu MAnannsldennd uay anuAnaiieassd iile Wasuulas Uudge wiewaunay
agalluszuu
Wutthirong (2014) nia1331 uinnssu fie anuAalug q we3sn1suacisdund ihuldiieads

'
a

'
a

nswdsuudadludenu vieuSulsauseansamnsvihauliandusy widmnudarieisnsdueianeiinaily
fepudumnneunal winsianldludanlniftoduuinnssuduiu
Somabut (2012) NA17231 WIRNTIUAD WUIAA N15NTZIN AeUTTAYS W0IoMsIHN 9 No1aiaILN

LY

=

vseUTulTanIINdLau Tngdesunsyuiunsvaass 39y wagimuniiniede wetnldiiuuseansainnis
aumsaunlateymla
Malithong (2005) na1731 winnssufie AMNAR N1SUHUR wsedelssRugivad «q NAnTuLeg

- 2 & o 9 a a v L A o 1% , - a a a
yspldMmdunswaul dakvasanndadulrndu tnadauunldazyreiiy Usednsninunazusednsua Tunns
Y9Y YMAUATUNI AL 1158 USTHEALIAILATLIINUN WPUINTUAIY
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