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Green Recycle System on the Android Operating System
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Abstract

The Green Recycle application was developed to address waste
management issues in Kad Chamcha, San Kamphaeng District, Chiang
Mai Province, which lacks an efficient recycling system. This has resulted
in proper waste separation not being widely practiced. This research
aims to develop a Green Recycle system for the Android operating
system, promoting the systematic separation of recyclable waste and to
study user satisfaction after using the Green Recycle system. The
application is designed to enable users to learn the correct methods of
waste separation while also promoting user participation through a
system that supports recycling. The system was developed by using the
Flutter Framework and Dart programming language, along with Firebase
for database management. A satisfaction survey of 30 participants,
comprising general users and vendors in the market area, yielded an
overall average score of U = 4.51 and a standard deviation of S.D. =
0.52, indicating a very high level of satisfaction. Users expressed the
highest satisfaction with raising environmental awareness (U = 4.65 and
S.D. = 0.48), followed by ease of use (U = 4.60 and S.D. = 0.50) and
understanding of the waste separation process (U = 4.55 and S.D. =
0.45). This application helps motivate waste separation and supports
efficient waste Management in the area.

Keywords: Recycling Waste Management, Environmental Awareness,
Application, Dart Language, Firebase
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Figure 1. Context Diagram.
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Figure 2. Entity Relationship Diagram.

5. nadounazuAtuszuuulud aflunsinnsneaeusyuu Green Recycle i lieAdunavun
hnuldgneesnuniseenwuy lnensivaeunisuaniua n1stufindeya maliiuuazuanuiy wagn1siiouseriu
Firebase yinnwutaianatnazaniunisunluiieliszuuiianuaios

[161]

@cgg:@ Yapiang, N., Tangthaikwan, K., Jongpattanakorn, S., & Prangjarote, P. (2025). Green Recycle System on the Android Operating System. Journal

of Computer and Creative Technology, 3(2), 156-168. https://doi.org/10.14456/jcct.2025.13.

BY NC ND



Journal of Computer and Creative Technology | Vol.3 No.2 (May - August 2025) ISSN 2985-1580 (Print)
NIaseeaNimesuaziveluladadneasse | U7 3 atudl 2 (mguniey - Avinaw 2568) ISSN 2985-1599 (Online)

6. Wan13398 (Results)
6.1 NANTTWAIUITZUU Green Recycle UuszuUUfuRn1suauasasalumsduasunsuenvezvesslgfangns
Wuszuu

sWaLIUUNALATY Green Recycle ldsunseenuuuiielyiglinuszuvannsadnfisdoyadididalae
wustoyaseniluusazdiu Usenaude 1. msdidszuvvesdld 2. msuanwmadeyaluninnendn uazdoya
Aanssuiiiiendos 3. mswanveziiodzaunsuul way 4. mswanvessela lnedfegrmtvenmsyaudiusig 9
YDITLUY A4 Figure 3. — Figure 11.

CTUN RSN

=iiavse onmmnd,

| € minsunyddla

s

(a)
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Figure 4. Recycle Home screen (a) and Recycle icon action screen (b).
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Figure 6. History screen (a) and Rewards History screen (b).
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Figure 8. Delivery screen (a) and My Profile screen (b).
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Figure 9. Admin Recycle Home (a) and Admin Point screen (b).
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'5'18mi'17'1'r§163muﬁ'1mﬁa

sal o

dlefpuaszuunsendeyaiminvezduilaniy svuvagduinudy (Point) lnedaluiBasinasinfiimue
NnUuasanaYy Add Point eiinudylvifudldnuldviui wenaind wihedullensudwesiiyuuuyi
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dwiuldlunsdigguasruudinisavuduiianain faiduiidiglinisnuuduagain 590157 wazdauudugn
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Figure 10. Delete Point screen (a) and Admin Management screen (b).

371 Figure 10. Delete Point screen (a) egauaszuunalonauives svuulIzuanviiiae Delete Point
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Figure 11. Add Product Stock (Admin).
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6.2 nan1sAnwANuianalavesflderuszuu Green Recycle vussuuufjianisuaunsesd
52UV Green Recycle lasumsnageuiungudiegiediuau 30 au lnsuvadu ldnuily drwau 20

AU wagintunann 919U 10 au nsnaaeuasstiidmunediefnuanuiiswelasessuy da Table 1.

Table 1. Satisfaction Evaluation of the Green Recycle System.

Satisfaction

Evaluation Item

V1 S.D. Level
1. System ease of use 4.60 0.50 Excellent
2. Understanding and accuracy of waste separation 4.55 0.45 Excellent
3. Accuracy of reward points calculation 4.40 0.55 Excellent
4. Satisfaction with reward redemption 4.35 0.60 Excellent
5. Environmental awareness 4.65 0.48 Excellent
Overall Average 4.51 0.52 Excellent

910 Table 1. nan1sUsziiunLfsnelafosyuy Green Recycle 91nNGuF1887 30 AU NUTIALRAY
Tagsameg 451 (5zev "funn’) Inesdedildazuuugsgade arunsenindudwnden (U = 4.65) A
avpantunisldnu (U = 4.60) uazanudlalunisuenves (U = 4.55) iWugaiuddyy durnuiianelasonis
wans1ada (WU = 4.35)

7. @yUuazaiusnenan1sive (Conclusion and Discussion)

7.1 d5UNan13IY

waUndindu Green Recycle ldsunmsiamnifieneulanddymnisdnnisverluniadia suneduiung
Fiadedluel Taoszuusesiumsvhauassdumdn Toun duvesgliauilufiannsaldnuiiaesnsuenves
AraNAzLUL WANTTa wazAnauUsy iinsSleAa uazduvesgguassuuilannsadanisdeyasisiauazinnnu
msdnmsvez lhegradussuuuaziiuszdnsam

31nN1581539lunguiI9E1e 30 AW nuAufianelalagsiueglusedu Auin (WL = 4.51, SD. = 0.52)
Tnefumsainennunssmindudanndon (U = 4.65) I#¥unsuuugagn woundinduifdneamlunsatuayu
mMsdansveruazaaunIRaL Al uyy

7.2 aAUTIENANISIY

namsIseAnT U @nnsathueUndad Green Recycle fioanuuunniteldlunisdanisiiendu
msfauenvezslada Aimslianuiifeiunmsdnuenvesileda uaslissuunisazaunzuuuiiteuanyesssia
Buszuuiidelilitanudilslunsusnvesiiudu (U = 4.55) Ssvreaivayulasinssuinisvessledatiss
anUFerlundaiounazguey lnsnsdauenusdouivannsnanUsinamesiidesdaldogideddy
selfanmsnevesiledagninluldiamnguey widinddgm wu anuliuiveuvessawe:iledai
Wasuulasegiane waznmsmnanudilafefunszuunsiladalugusy msadausegslanazmslinnuiun
audnluguvuutadvddyiviglilasinisuszauanudusa (Pradabphetrat et al, 2010)

msfaueUndRdufiassaiauuuszuuUftRnmueunsesd azelvldiddeszuuldazanun
Fu waranunsadfassuuldyniinnnan tesanunsoldnussuukiugunsainsdeansindeudt feuazainluns
Tnulussdufiiumnnta (U = 4.60) Mnszuuiuieundiaduiionsdansdeyasuinisuss Tasnsildus
yosgumumilng sunewies Saiaunu Smsvieueenidu 4 ssuu ldud stuudnmsdeyaanndn svuuiue-
YL STUVUIINFIANTIEE LarsTUUNSLARINATIBI WiANazmIn TR AugnssuNsYRsuvLlusy
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msdafuteya wasrildmaiutoyadu ssuumniduiety 2) enisussdiudssans amdumsiaussuy
Huweundtatuiiion1sdanisteya suransves ngiformaeunisiauissuy amswegluseduann
(X = .13, SD. = 0.64) 3) samsUsziiuUszavsamiunsldouiuieundiatuiientsiansdeyasuians
YYLIINAULNITUNITEUINITVYE mwmuag‘luixé’wmﬁqm (X =4.58,S.D. = 0.61) (Hongsibsong et al., 2021)

8. YaiauauuraITe (Recommendation)

1) luowien mnuTinadoyalueundinduiiutu msimunagnslunisfdeyafifiussavinmddu
visoiiumsuatoyaundi ieannailunsinanteyauazifiuanuirlunsldo

2) Wusruumsuaninansiludalusuuuuideada wu USinaesiifisazau msaauTinanisudesfineg
€Oz WisuwiAudwausilifvgals uazUiinavesiianldazan (wanaduilansy) Wolvgldiuiswadnsan
msslefanasidmsulufonse fastenseduussgdalumsliueundinduinndeu
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Development of a Web-Based Application for Automatic Traffic Sign Detection and
Recognition Using Teachable Machine
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This research aims to develop a model for automatic traffic sign
classification using Teachable Machine, a machine learning platform that
requires no programming knowledge. The model employs
Convolutional Neural Networks, specifically MobileNet architecture,
trained using the Adam Optimizer on TensorFlow.js, enabling client-side
deployment via a web application. The dataset used consists of 17,440
traffic sign images across 27 classes, compiled from the standard GTSRB
dataset and additional photographs taken in Thailand. Data
Augmentation techniques, including image rotation, lighting adjustment,
noise injection, and perspective transformation, were applied to
enhance data diversity and reduce overfitting risk. The model was
trained with the following parameters: batch size of 16, 50 training
epochs, and a learning rate of 0.001. Model performance was evaluated
using standard metrics: Accuracy, Precision, Recall, and F1-Measure,
calculated from a 27 x 27 Confusion Matrix. The learning behavior was
further analyzed through Accuracy per Epoch and Loss per Epoch
graphs. Experimental results indicate that the model achieved high
performance, with an average accuracy of 98.93% and an F1-Measure of
98.90%, demonstrating the potential of Teachable Machine in
developing accurate models applicable to both educational contexts
and intelligent traffic systems.

Keywords: Traffic Sign Recognition, Teachable Machine, Convolutional
Neural Networks, Data Augmentation, Web-based Image Classification
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UNANED

mmaaﬁ“i’mqﬂizmﬁﬁaﬂ’muﬂuLﬂaﬁm%’mﬁuuﬂﬂﬁzmwumﬂwa]i'mi
§nlusid InelfiaTesile Teachable Machine Fafiuunanme funisiFousves
1A3 07t liifosendunnui i unsidoulusunsy Tneluinai wamwiede
Tasadeuszamifisunuunouligdu Tnslamzaandnenssu MobileNet &
Andedana3fiu Adam Optimizer Uufiug1uwas TensorFlowjs #15uNs
Tsuilsgldriuuueundindu il yadeyaiildusenoudenmiioasas
59 17,460 70 910 27 AGTE T939UTINANYATOYANIATFIU GTSRB Uaz
amateandszmalng ngladinisuseyndldinaila Data Augmentation
IFun nsmauamm MsUuuas MaiRdYQIATUNIL kaznTuUas LD
Wieifiummmannuanevesdeyauazanaadssain Overfitting lunagniln
fewmriinesfiugu Idun suanguuiriu 16 S1uauseunisiin wihiu 50
WagA1 Learning Rate 11117V 0.001 n1sUseLduUszans nanvesluinag
Fdunsshusitaussananimansgiu 1iun Accuracy, Precision, Recall
Lag F1-Measure 9 4/11204910 Confusion Matrix 3u1A 27 x 27 Lag
AATILNNGANTIUNITITEUS P80 Accuracy per Epoch uas Loss per
Epoch nan1snaassuansliiiuinlunaaiuisaswuntieasiaslaeeed
Uszansan lneflaadeves Accuracy WU 98.93% waz F1-Measure
Wil 98.90% agvioutiadnaninued Teachable Machine lunisasndluiaa
fusiuguazanunsatlulszgndldadld isluuiumesnisfnvinazszuy
319509038

ARy 3331895193, 1A30sle Teachable Machine, TassingUszam
Winnuuneulgdu, msuiudeyaiiion, mssuungUnmuuiuneyndindy

1. umi1 (Introduction)

Tugai srusuil$AuTy (Autonomous Vehicles) wag sz Ut 2811 05 3UT T 1ga (Advanced Driver
Assistance Systems: ADAS) faananaidumalulagndnlunianisuuds anuanansalunsiviuaziniuie
avsetsgniesiaiiuesdusznouddnlunmssnuweasafouuviosauy theasasimiiidomsmds Aufou
wazdeyaddnunfdud Inslanngluanunisaiidudeunievimuidon wu defignuats uasdmioyuuesi
Aoy Fuidutadeiionathlugmsaanuiianaiauaziiuanudssdenisiingd@meg (Kozhamkulova et al,
2024; Zhu & Yan, 2022) d@awalin1simunszuuinteasasieedaludl@ (Traffic Sisn Recognition: TSR) sy
awanlaegranalutadlaifU s

TuednmsiamuneluladirieanasofomaiaUszuiananinuuusin 1wy Haar-Like Feature
Detection 138 Template Matching F98ansiidadnindunnuusiuduazanudanguluanizuindouais
(Khunarsa et al., 2021; Thipsanthia, 2021) ‘\]uﬂit’ﬁbﬂLLu’JﬁﬂmiL‘%EJuiL%ﬂﬁﬂ (Deep Learning) lngtanzlassuie
Uszamiisunuumauligdu (CNNs) lisunisussendldegrsunsnatowasiigaiuaiinlusednsningslunis
FunnwkaziaguateUszian ansadsulidfuaninuandend vainuats (Dhawan et al, 2023;
Jantaragate, 2024)

agalsfinny dedrinsunnuimanaiauaznineinsensauriidndudmsunsilnlina CNNs Saag
Juguasseddysodifudu dniauuazdniseluszduialy demed muidvasuifadenld Teachable
Machine Fatfuunanosunuulideadsuldn (No-Code Platform) A Wauilay Google Creative Lab lag
awsail nlumanisiseugveandee (Machine Learning) vutiutusiiiwesldogrsazain wienatuayy
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annilnenssu MobileNet uazn15ingie Adam Optimizer 11 TensorFlow.js Geaelanunsaiinuaziluna
Tuldeuasaluilafld (Clent-side) letnsiiuszansnmlnglaidosfiadsniies (Google Creative Lab, 2020;
Kingma & Ba, 2014) n13Anw1lae Chen et al. (2020) 5¢yi1 Teachable Machine HeiUnlenialvigiseuanunse
\drdauuAaiugiures Al uag nsfouivenaiedddesrudlade dmenuidoves Kurz et al. (2024) way
Yim & Su (2025) AliituinedesdotifidnenmlunsilulssandldifionsBounsaeunaznisimuvinuslu
e K-12 uagsvaudsenfnwineuduliegnadiusedvgam

uananil swidesautiunsesnuuugateyalvifiaueseunquiidluudresnasiisnuazdnuugvoatie
99195 lnsnarudeyasingu GTSRB uaznmdsasaslulssinalne nfoursuszyndldinaia Data
Augmentation L% nMsMUNN MIUTULAS waznsiasymes Wleliuteyafieslueiln iaUszavEnmees
Tualifanunsadufleduanumainnatsvesnwluusazaana andlaymi Overfitting wasifinAinuauisalunis
Suunnluaanunisaifidudou (Alsiyeu & Duisebekov, 2024; Dineley et al., 2024; Ge, 2023)

A UNTreauAdedlogfinnsiiausuumisnatmuilinadsidieasasiifanuudugigs Tngld
in3eaflouuuliiFeadeulusunsusens Teachable Machine Saufumeiianisinioudeyailivnzan deanunsa
ludszgndlduassussuuivweundedunvuisealnd ngludndudeddninensaeuiuneslusaugs
MmATsT el e esenuuuuasiaulieaiidnfsite Ussndansnens uagannsoinldauldudily
anmundondiitosin vedssessumslinuldodivssaninmuugunsaiialy liinndureuiuneivie
gunsainnmn uneuatuiignaninssuiunstaukazmsuliiaasiu Teachable Machine Aausinisinsen
doya n1stnuaznegeuluna n1sesnuuuszuuiukeUndndu Tdaulinisiesginansvaasadeuiuimmiu
@T’J%"’immmgm ¢uf Accuracy, Precision, Recall uag Fl-measure tiosusuisnmudululalunisiinuimng
sanamluldasduusunvesszuudaaiesuurisinuu

2. InqUszaeAauITe (Research Objectives)
WianauluwadnsuakunlseLnnyastheastaseniuldd tngldeSesdia Teachable Machine

3. ATNUMIITIUNTINLAZNA U TAEadas (Literature Review)
3.1 yddeiiReadas

n13451918937195 (Traffic Sign Recognition: TSR) LiussAUsznoUdAguessTUUTIBIWMA B TUT T ugs
(Advanced Driver Assistance Systems: ADAS) wazenusussnlutf dsiunuimddglunisiinanuvasnsde
wazdszansnmlunisesias lnslanzegedaileldfunisaduayuain faunisvesmaluladnsFouives
\384 (Machine Learning) wagM3138u3L3En (Deep Learning) fipenseiulsedvEnmussssuuiinaets
frldrAny

uIdesu TSR lugrmassuii i unnansliiufinslilasaisssamiisunvuasulogdu
(Convolutional Neural Networks: CNNs) ifuwnumdnvesmssiaun 1esan CNNs fidnenmgdlumsaiauas
Suundnuazddgrennliuiluaninuadeufidudou f1081919u Kozhamkulova et al. (2024) T4 CNNs
Wi eUUU IR LWIug e an ST uunTeluueudSnluAnieldan1igvainuats Dhawan et al. (2023)
yafmunlunaiiensasaduuazduuniigludesseaior vaed Zhu & Yan (2022) Anwinisiiiuaamuniu
yoslaLnan oA MuIAd ou LA BuLUAY NDUNITUNITNATBT8 CNNS 35015 9LAn 18U Haar-like Feature
Detection wazn133uRAManyMe (Feature Matching) gnianly uwaiidedninsuaiunsiuguazaudaney
(Khunarsa et al,, 2021) usipaNIeannlasadsmsI9sudusoudaty 1Wu YOLOV3 S1uf Feature Pyramid
Networks (FPN) il oudtlaymnisnsaadutheawiadn (Thipsanthia, 2021) wagnisuiulassadislnaalisessu
nswasuutasesgunsauazauinte (Jantaragate, 2024) agslsfiniu anuvihednsdloglunsduesuasin
myuats vsededinvesyadeya
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InanTIAnaaziiulad ONNs Wunalulandnvessu TSR lulagiu Inedimsimwedenaiiio
elunuaadnenssy n3dnnisdeya wasinadaiuyusedniain WeenseAuANUKINE AT AIUNUNIUYDS
szuulvinfeusomsldnuate

3.2 lasedneuszamiieuuuunauligdy (Convolutional Neural Networks: CNNs)
lassingyszamiiisuuuupauligdu (CNNs) Wuandnenssuvedlassiessamidien (Artificial Neural
Networks: ANNs) fleenuuusndmiudoyadifllassasiadumss ity smwndeidos Inaamslunuidringuas
Fuwungunm ssruszneudAyusenaue
19 uﬂauif;amu (Convolutional Layen) vi1wil i ar AAMENYUYIINATINEUNAAIBAINTD
(Filter/Kerne) vuaidnfidounseuiiufidesvesnm ileasraunuiinuidnuas (Feature Map) fiagifoudnuas
drdnyvasdeya
2) Fulalfu (Activation Layer) ifinenuliidaduliliaaifiosesiunisdeuideyaiidudou Tay
fealdilardu ReLU Faflanudeuieuaztisanilym Gradient Vanishing
3) Suamuun (Pooling Layer) amﬁaLLazﬁﬂuauWﬁwﬁma%maﬁ’f@a&atﬁaﬂmﬁ’u Overfitting vauzdaas
Snwmasdnuaddsy Jeuld Max Pooling %58 Average Pooling MIuAINMMINEALIYEINY
4) Fud susiowfia (Fully Connected Layer) Sauqmé’ﬂwmzﬁlﬁmﬂ%udauwﬂﬂ wialdlunisuun
Ussnniensviunedy 4 Taedndedeiladdu Softmax wie Sigmoid iewuasrnduanuiasiy
5) Fuzensiuund (Softmax Output Layer) Ilun1ssuunnananana Tnsuvasrndonn (Logit) :1ndu
Bonsowdulndummnuinasdunuwintu 1 wavidenaanadifiinggadudney
fafu CNNs FafideldiugouluauannsnFouinadnuusaissedu dausveu 3Us laufeguiuud
Fudou mnzaududnuazvestosasiideserdenissiuunandnuasamsvesnin Snvisaunsausulid
1A59a19L07 19U MobileNet %38 EfficientNet 1l pananszUszananavugUnsalfininensdidn Fadu
wieluladvdniiannsouseyndlisamiuiniesiiontns Teachable Machine ldpg1sfiuszansnm
3.3 Teachable Machine
Teachable Machine 13 uuwannesuwuulideudfaulda (No-Code Platform) @ Wannlne Google
Creative Lab sanuuusiit el ldnsefuasnsoairanaziinlunanisissugvosai ealalasnsauuiv
Wi iwes w1y TensorFlow.js wavld Adam Optimizer lunsusuaniminveduina Tnsiamslueusuun
A unanrlesuiisesiunisldaniiinenssy MobileNet Fsfiaumngantuanmuandondiidedrindiu
NININT LU qUﬂiﬁﬁWﬂwm‘%amiﬂizmawaﬁh@% (Goosgle Creative Lab, 2020; Kingma & Ba, 2014)
nuAevaneTuldBusudneninyes Teachable Machine fislugnunsdaaiumsieusuagnsUssgndld
$1UA39 19U Chen et al. (2020) nuinedosilodveligidouilifitugumanadaansadlawnfevesnis
BoufvesaiasiunsnaasaBsufiR Kurz et al. (2024) uansliifiudn Teachable Machine Wwenusiulaves
atiaeu Al luszdumsfinuduilugiu uag Yim & Su (2025) Fliduiidvsslemisenindounsaeu Al lussdy
K-12 uenanil Teachable Machine fagniiluldlusuidedumsdsiingsng 4 1wy n1s3swdiavesun (Wong
& Fadzly, 2022) uazn 53dadememsunmd Wy nMsnsinaoudnuazvesauiitisosily Ueong, 2020) dauandli
ufsmdanguuazUszaninmusaatesilelunarnvansuiun
lunismunlunas 3101899195 1519 Teachable Machine saufiuinaila Data Augmentation 3
anuddnemsuidamanulsiaunavestoyauarnisifinanumanimatevesysiin wadafinaniasoungquis
nsvuAT USuuas Wiadayanasuniu wasnsusuyutes Ssiean Overfitting uaziiiuanumunuvesdlana
U778 19U Ge (2023), Alsiyeu & Duisebekov (2024) uag Dineley et al. (2024) wan sl 15 w71 Data
Augmentation Slduteifinauusiugivediina TSR Idoeeditaddry
MNMITUMWITIIINTTILAL TR e Wudn Teachable Machine Wuisasilefifidnaniwlums
fimulunadmiumssatheanas fedumeimedldiuie anuannsalumshouuuiulaghidesias
wovliuas uazmssessuandnenssudimne fudedrindunineins Teachable Machine 3afuia3asdiofil
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4. NIBUKUIAMIIUINY (Conceptual Framework)

Traffic Sign Data Sets o Automatic Traffic Sign Classification
. > Model Training > .
(Independent Variable) (Dependent Variable)

A 4

Using Model for
Prediction on [
Web-Based Application

Export Model from Measuring Model Performance with
Teachable Machine Accuracy, Precision, Recall, F1-score

Figure 1. Conceptual Framework for Traffic Recognition System

91 Figure 1. wanansouuIAneiTelneilasadrauunfngai

1) 6i94U5AU (Independent Variable) L{jusz’fa;ﬂamwﬂflmiﬂﬁ]iﬁgﬂswi’;mnm;m]”agammgm
German Traffic Sign Recognition Benchmark (GTSRB) qfammmmaﬁwamﬂ%’mﬁa GTSRB laanniiulad
N9A13 https://benchmark.ini.rub.de/gtsrb_dataset.html (Stallkamp, 2011) LLasm‘wmstuUssmﬂima?ﬁéﬁéT&
L‘f]uQLﬁUﬂWWLﬁ:JLanLm LﬁaLﬁmmwwmﬂwmmaﬂsﬁmﬂa

2) nszurun1inlulaa (Model Training) ii'fsﬁagamwﬁlm%‘auﬁmi‘]ﬂaauhma HuLwanWeosuy
Teachable Machine Wislaunsasiuunusznnuastheasasidegnauug

3) §uU5n 1Y (Dependent Variable) luinaiildaganinsasuunthoasasussandng 4 1¢

4) Myiauszansnmeesluna seuuduunteasnasenludd asnsainnanie Accuracy, Precision,
Recall wag F1-Score

5) Export lanaeonann Teachable Machine 1u TensorFlow,js neustanssulasadrafules
‘ﬁugm

6) thlunafildnadwsifianannsilndas Teachable Machine Tuianiduiuweundiadudmsu
N1595293Uuazan T899 50Ul R luan MKINA NS

5. 38AUUUIY (Research Methodology)

BndumAdowvsesniiu 2 wdelug) fe edesdlowargunsaiflilumiids wagnssuumsiauuas
wisulanea Tasnszuaunsiivsznoudae 4 daudidy Wi (1) mswSeudeyanniieasasuagnisinmemy
Foyaosaiflasiaine (2) maimuasiinaeuluinanisiSeuivoansodasldunaniosu Teachable Machine (3)
maveaeuling warnsiaiuvuasuimsteyanansvhuenuszuugudoya uaz (4) Mseanuuudiufnge
fldanu (User Interface) wlalianansaldaulunaluguuuuduueundinduldedisasaanuagiiussansam

5.1 in3asiiouazgunsaiitlélusuise
uisedldiededeuazmaluladnarnwansUssnmitemussuvansiiieasnassnlufduuiuued
waiadu nsuvseandu 3 nqundn il
1) wdasiiadmiuniswanniuled 191w HTML way €SS luniseenuuuiasinumlaswEdiswes
Vuma drufiasierld (User Interface) Wannlagldniwn JavaScript dieinanuasnsalunisldneu wu n1s
wananan1nLaza1nusiula (Confidence Score) wuuiiaalngl dmsunisuszananad wdsniies 14 Flask
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Framework Tunsdants APl wazaauaumssudstoyaseviedldfuline wioukld Nerok lunisasadadi
Uaensaiiiesisanuasmnlunsvageussuukiuaetedumesidnnieuen

2) m'%"aqﬁaﬁw%’umsﬁ'ﬁumu,az'c’]naauiumamiﬁﬂuﬁﬂjauﬂ?m 14 Teachable Machine §uu
unanlosuiiiaunlng Google Wieasslunalaglidoadeuldn onUszinn “Image Project” dmiumssiuun
sUnw Inerimuadmnsiiesnisiln loun auiangy (Batch Size) 16, 91u3us8UNSHN (Epochs) 50 wagdns
131383 (Learning Rate) 0.001 Famnzaufunmsinuuiuiuniees demsinadedu lunaszgndseaniuy
sULUU TensorFlowjs tlesasiunsuszananailslaaleuduuivueundindy

3) Lﬂ%‘la\iﬁaﬁ'm%'un'ﬁ‘dizmaNamwLLazmﬁﬂmsifaga 14 OpenCV.js d1msun1sdnnITnIn Ly
nsfunmannndes msuiuuas waznsinvey ewdsudeyaliegluguuuuiimnzaufunsuszananalag
Tina 91n1fuld TensorFlow, Keras wag NumPy d1mdunisuszananatd esswduaznisnaaauluiaaly
anmmwIndouiidudeu Wannuazdanstandw PyCharm daduanmwindonnisiamiuuuysannis (DE)
sesfulavsnidunsFeudvonnies luduvesssuugiuteya 19 MysQL dwiudaifudeya wu Jethe wanns
Fuun uaznaniivihnmswernsel Tnseenuuuliiiauduiusidonlosiuetafussuu Wielvaunsadenlduas
Inrzideyadoundildognediussdnsam
5.2 NTZUUNTNAUILALNTULULAR

1) nswssudeyatheasnas

iddeilldgndoyanmieanasinasunaman Idun grudoyaninsgiu German Traffic Sign
Recognition Benchmark (GTSRB) waznwaedneasiastudseimelnedinuisod ldsiusamd iy o ol
asounaudnuuztheldasdutiuniesiu sauin 17,440 nw aseuaqu 27 Aana (3azBenlu Table 1)

Table 1. Data Sets

ID  Signs Types Thai Name Engling Name  Amount
1 $1imA52 30 Speed limit 30
Red Mandatory Sign — Symbol Type 250
Vs Y i N3L/Y4. km./h.
2 f1imAs: 40 Speed limit 40
Red Mandatory Sign — Symbol Type 1,000
vos Y i N3L/Y. km./h.
3 d1imAN51 60 Speed limit 60
Red Mandatory Sign — Symbol Type 816
Yo Y i N3L/Y. km./h.
a4 ® Red Mandatory Sign — Symbol Type  Wu@a81911 No right turns 1,251
5 @ Red Mandatory Sign — Symbol Type #1111 No entry 1,091
6 ‘ Red Mandatory Sign - Symbol Type ~ ¥uvgnsn No stopping 500
7 @ fed Mandatony Sien - Svmbol T Tsoguman  Let incoming 791
ed Mandatory Sign — Symbo e ,
Yol Y P DU traffic go first
8 @ Red Mandatory Sign — Text Type hER Stop 250
9 @ Blue Mandatory Sign Taedne Turn left 1,151
10 (@ Blue Mandatory Sign a1 Turn right 500
11 a Blue Mandatory Sign Tigadny Keep left 311
12 @ Blue Mandatory Sign ANAUIA U-tumn 250
13 NIWAUTAN
G Blue Mandatory Sign e One way 630
14 ) TWnsdluvdeiden  Proceed straight
‘9 Blue Mandatory Sign . 253
L1y or turn left
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Table 1. Data Sets (Cont.)

ID  Signs Types Thai Name Engling Name Amount
15 Blue Mandatory Sign FNUINITI Pedestrian crossing 250
16 LN
Blue Mandatory Sign N Bicycle lane 250
17 <f'> General Warning Sign N9LASN Right curve 750
18 o - Beware of bouncing
<‘> General Warning Sign ousanszlan hicl 250
vehicles
19 o yuenAAnuUsy  Main roads intersect
<:> General Warning Sign i ° 2T sh 750
ina T shape
20 ) ) o o Secondary roads
<'|> General Warning Sign MUBNANNU it t i q 750
intersect main roads
21 ) General Warning Sign WA Roundabout 877
22 o Talumstense _
@ General Warning Sign Go left or right 897
U
23 o v o Narrow path on the
@ General Warning Sign NNUAUATUIY ft 750
e
24 o methumesaln Uncontrolled railway
@ General Warning Sign - 4 . 453
lafia3osiunny  crossing
25 @ General Warning Sign drygalvasnas  Traffic signal 627
26 ) ) LURYUBUAR City limit produce
General Warning Sign mq;“%j q 303
spee
27 Orange Warning Sien — Text -
. s A AnAINAULIT Reduce speed 586

Type

NNTIATIzEnUiI U nlusazaaaliaunadu (Class Imbalance) lngunspanaiinmioy
N1 100 A vuzAivseaadiinnnd 500 nw ansliaunadornvililiueaiianissides (Bias) TuSseaadiil
Joyaun eudlodeymil Suhwaila Data Augmentation mLﬁwﬁaaﬂaiuﬂmaﬁﬁﬁﬂmuﬁaa WU NITUYUAIN
(Rotation), nsagvioun1n (Flipping), N13U5uAIMETINe (Brightness Adjustment), n1sudasuses (Perspective
Transformation) uagn1stfiadayayaisunau (Noise Injection) Ll arfiundumainuansvesdesyalaslsigade
AANYUEd1AY Smideanilym Overfitting Tnereunsiin Tédidunis auazentaya (Data Cleaning)
dtoaunnitlaiawysal i waeifuly gnunts vieildyanasuniugs visnsussaanarisun sihlfldgadoya
Afnwluudagaaiasening 250-1,251 nw uazUSuruan iy 224 x 224 fina Fanssiudorivuadune
vasan1Unenssu MobileNet

2) nswsulaealy Teachable Machine

msfndfiunisuuunaniesy Teachable Machine lnsuendeoyaidu atln (Training Set) 85% waw
YANAEBU (Testing Set) 15% maq%aaﬂaﬁu’mm mstintumasuiusemsdenyszinniusandidy Image Project
dauliadunssulnannintieasiasniaudanguaiunata wu dreven dreinudi niethafiounsles
Mntudsimsiineslnglst Batch Size Wiy 16 1w Epochs winfiu 50 wag Learning Rate 11111y 0.001

3Rl Epoch 7 50 iudinansfiasnaszninenisidousifisaneiunisdosiu Overfitting mn
fmune Epoch foaiAuly 1wy d1nd1 20 Tueaeadiliaansadugunuvvestoyaldegrefiuszansam
(Underfitting) Iu‘umﬁmi&mﬁquﬁﬂﬂ Wy 11nn91 100 e19vilARTm Overfitting Tnsiawizlunsdlifiyn
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Foyafvuaiin Mdsdsmaroszovatlunsfinfifindulaglusuiu fafumndmunsiuiu Epoch winfu 50
Imma%nhm;m%aag@?lﬂﬁy’wmﬁﬂmu 50 A ‘lmwiazﬂ%ﬁa;ﬂa%Qmmaaam@uﬂqmaamu Batch Size tilevh
nssUiammniwesvedlunaidusengy iy lunsdvoseata “Speed limit 40 km./h.” Aifiniwsaavianan
1,000 5V Wouvaduypiln 85% uazganagou 15% azldnmdmiuiindiuau 850 U Fasleutsesnifunguees
WA 16 MuEBNAY aavlmwuauﬂamﬂmumﬂiumm 54 n&use Epoch (Uouutuann 53.125) IﬂEJmiﬁJﬂ‘Vl 50
Epoch agdwmaliluinalaiiouiannain 850 i‘ULL‘U‘U‘Zﬂ 7 fravin 50 S8U daun1siden Batch Size WAKENT 16
DRERRGH] el Flunastinnrnimiladaody iinanudangulumsFeuiuazyililumansuaussiens
nsranefvesdeyanardyyrusuniulad warldmizernudiles wnzdunsinuuwiuusiwes anvanly
nsUsEInanauazimuaNazadnlunsldau lnsanzed1ed dluvsuniiddesidadunsnens luved
Learning Rate fnuali# 0.001 Fuieifurnimunzaudmiunisiausiufudane3sa Adam Optimizer
(Kingma & Ba, 2014) 1itelsinnsandmnugade (Loss) ilulusgraaios Ing Adam Optimizer 1udane3sui
Teachable Machine ‘L%Lﬁuﬁugwﬂumi’i‘]ﬂiuma (Google Creative Lab, 2020) Ineifin Learning Rate fiszsiuil
Tnadnsfiatios Samefiasyiili Loss anasniglusiuu Epoch fitnun warliidniuluauililumadiuand
wingas (Overshooting) nnasasiiAuly 15y 0.0001 lmaaglFinaifinuiu uasmndsengaiuly Wy 0.01
019v1 Loss unteusliiiafios mevdsannisdamnavjuaziarmiimeinisiinidouiesuds seuvasidu
nszuunsinluealaesnludd Tnesznineanisiln szuuazuanansaw Accuracy wae Loss wuuisealsl wislii
AanuanuAuniile ndsinasa lueaaiunsadeeenidu TensorFlow.js dwmsuldauuuiu v3e TensorFlow
Lite dwmisugunsainnm
3) managauluna

nsnagouldyadoya Testing Set AnonliRausisu ioUssiduussdnsnmnssuuntisanasiild
weldiusnrou 1ngldsasangn laun Accuracy, Precision, Recall tag F1-Measure wenaNLsaadne Confusion
Matrix 1ileAiaszvigauds enseu uazaruduauestunalulsiazaana wieunsisaoumuiafiosvesnsFous
H1unsIl Accuracy Ua Loss iileszyiuali Overfitting %3 Underfitting Insfiansananiuaonadosszsrinei
AN IR nLazyanAdeUl UL TOUN B ﬁ?fawamﬂmimmaauﬁwmngﬂﬁmﬂsﬂumsaﬁﬂsw
na waziasananmzaednadmun iU dussuuiueundnduiivun

4) msilumaluldanuass

mendsaniluaalddunisiinuazdseifiunands nuidedlfilnealudsegndldluszouiuned
waladu el ldnuausaduuntisanasanamaeniennndeaivueilduuuizoalml Inglidndudes
Aasmsgendufifini uaraunsolfnuldihuiuusimesmluvugunsainnsgu wu eeufiunesldadn
wiuiden vieauinluiu Tneluinadildanuwanmie s Teachable Machine azgnasoonlugunuy TensorFlow.js
Fauseneudelugd json uag bin dmsuldluildlaaieud (Client-Side) Tnglsifesianndsnineslunisuszuiana
ndn Meilunaszgnilaadlulén HTML uaziFonldausiiu Javascript APl Tasfin1seeniuudaufnsiofld (User
Interface) lWanu1snuaninInainndes naesderuuansdetefingrany wouaninusiula (Confidence
Score) dladeuardonnumunsldognsdaiau

msUszananan wadunMsiiundesuuisualngl (Live Webcam Feed) Inglilausn3 TensorFlow.js
AIUARY WebRTC dmdumsidnfendasluilefld vildaunsousznananazduunanlilundeslélnonss
dwmaliianmuad (Latency) wazifinenuaenfovastoyanin fsissingld Opency js iewdsudayanin
WU MsUFurun msdnsuma uaznisusuauadiegluguuuuivnzaueudatigliea

waNAINNITUTELIANAIINNABINAT SruUSisessunssuTnannimannlud (mage Upload) iite
Uszananawuy Single-Image Inference Tnsuansranissuuniiuiiinsiinssdiadadu ndeutednsdaiu
nadws 1iun Jerana Annuiule wasnaiduun adugiudeya MysQL ilelilumsiinsgsinadeundsuas
Usuidlwdsvansnmwessruuluanunsainisldausss famseenuuussuuludnvasdiiuanudsudielunis
¥ Uszndansneins uazannsadifsliie mnzauiuinguszasdvesiideidesmsiauniaiodlofily

[176]

Citation:

Pirom, T., Hamniam, P., Thapatsuwan, W., & Thapatsuwan, P. (2025). Development of a Web-Based Application for Automatic Traffic Sign
Detection and Recognition Using Teachable Machine. Jounal of Computer and Creative Technology, 3(2), 169-184. https://doi.org/10.14456/jcct.2025.14.




Journal of Computer and Creative Technology | Vol.3 No.2 (May - August 2025) ISSN 2985-1580 (Print)
Nsasneniunesuazvaluladadneassd | U7 3 atuil 2 (mguaiay - Ainew 2568) ISSN 2985-1599 (Online)

nuldasduuiunmisfnwwarnisszgndldauiilulusedvansisae venanil fldnumunsaliazuuuainy
fanelawarenuiymiiiuwuunesuanudadiu deliiaunhdeyaildluuiulsssuulinevaussdons
Tulang i Fansiauiszuu ladinseenuuunt User Interface Tunsldauss Figure 2.

Home

Just press the SCAN

Scan

T f traffic si
T ypes of traffic sign
sarting colors

UredvAau

dovufUAIULEIBINERAQ

O
"

AA B 124 121 172 42 ngrok frec.app &

(a) Main menu (b) Signal prediction () Introduction of

camera traffic signs

16:52

Traffic Sign

Scan traffic signs in real time

AA & 24-121-172-42.ngrok-free.app .

(d) Traffic sign (e) Evaluate satisfaction

prediction results with the system
Figure 2. Web application user interface

91 Figure 2. wansihdndnsofldusundiatuuuiu SeUszneuse (a) nimdnvesszuu laeile
Fldnatsisy azansnsaidon wy Home teiingnihnsidenyszianuestiensas wasanunsadenlinundes
Wievinsviunetheasasladsiusnglunm (o) Ussiandtheuazndeswinunethe Wedlénaduiinndes szuu
swhihgnihaedmiunisviunednensies Inetendosiunmiinessias ssuuazdudunsmsaduuagyineg
UsgLanwasdng wiounanmansyiniuneLA3 e sinea5193 A (d) wievmngldiden wuy Scan lumih Main
menu szuvargldluSmidmsunmsvuetisasasdafiuandunm () wWuiulaessuuazuanssans
vwetheanas Sassneumetethsnsas wasmauuiuivesmsviiue wiouuaduluSindoes edu
amagiuglng dmnm (© waninsdenussinnvesteasnas lngszuvazianiauuziiuasigaziden
Fenfutheeseslulssaniigldidonssnsesuiu wazgavhelunsdiilfiden wy Setting luwih Main menu
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seuvasthludumindmiunisussiiuanufianalaiisessuu Fawanslunin () dmsunseuiunisuszliuaing
flanelavealda Wedldnalu Rating szuvavuansuuurlesuligldnsenanudniuwaglinzuuuninuiionela
Pflsaseuy

6. HaN15338 (Results)
nan s lunag iU wunUsznnvaslneasnasenlulia lagldiasaslie Teachable Machine
yadayanliluszuunmaduwarandntiessasuszneumenmiisasasivainuateguuuu laguus
I i Ao Y i 1l v & 1 o
sonilu 27 aana usaspanalidnuiudleg1gegi 250 - 1251 a1 Toyama1lgnIIuTINHIUNTEUINNTIANTS
wasNudayasgialuszuy nfeurslinisuiunmnInvesniw 1wy n1sdnveukasUsud elininzaudmsuns
Uszanana wadnsn1shuedeasasgnindie wnindanuduau (Confusion Matrix) Feuanslana Figure 3.
wadT InUsEAnEAIMENg 9 19U Accuracy, Precision, Recall wag F1-Measure wanstoyafiinling Table 2.
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Figure 3. Confusion Matrix

Table 2. Accuracy, Precision, Recall and F1-measure

Class Class Name Images Test Accuracy Precision  Recall F1-

Samples Measure

Speed limit 30 km./h. 250 38 1.00 0.95 1.00 0.97

Speed limit 40 km./h. 1,000 150 0.94 0.99 0.94 0.96

Speed limit 60 km./h. 816 123 0.97 0.94 0.97 0.95

No right turns 1,251 188 0.99 0.99 0.99 0.99

No entry 1,091 164 1.00 1.00 1.00 1.00

N PR~ WIN |-

No stopping 500 75 1.00 1.00 1.00 1.00

[178]

Citation:
: 5§@ Pirom, T., Hamniam, P., Thapatsuwan, W., & Thapatsuwan, P. (2025). Development of a Web-Based Application for Automatic Traffic Sign

et Detection and Recognition Using Teachable Machine. Journal of Computer and Creative Technology, 3(2), 169-184. https://doi.org/10.14456/jcct.2025.14.



Journal of Computer and Creative Technology | Vol.3 No.2 (May - August 2025)
Nsasreuimesiavinalulagassassa | I 3 adui 2 (wguniaw - Gsieu 2568)

Table 2. Accuracy, Precision, Recall and F1-measure (Cont.)

ISSN 2985-1580 (Print)
ISSN 2985-1599 (Online)

Class Class Name Images Test Accuracy Precision Recall F1-
Samples Measure
7 Let incoming traffic go first 721 109 1.00 1.00 1.00 1.00
Stop 250 38 1.00 1.00 1.00 1.00
9 Turn left 1,151 173 1.00 0.99 1.00 0.99
10 Turn right 500 75 0.97 1.00 0.97 0.99
11 Keep left 311 art 0.98 1.00 0.98 0.99
12 U-tun 250 38 0.97 1.00 0.97 0.99
13 One way 630 95 1.00 0.99 1.00 0.99
14 Proceed straight or turn
253 38 1.00 1.00 1.00 1.00
left
15 Pedestrian crossing 250 38 1.00 0.97 1.00 0.99
16  Bicycle lane 250 38 1.00 1.00 1.00 1.00
17 Right curve 750 113 1.00 1.00 1.00 1.00
18 Beware of bouncing
250 38 1.00 1.00 1.00 1.00
vehicles
19 Main roads intersect ina T
750 113 1.00 1.00 1.00 1.00
shape
20 Secondary roads intersect
i 750 113 1.00 1.00 1.00 1.00
main roads
21 Roundabout 877 132 0.98 1.00 0.98 0.99
22 Go left or right 897 135 1.00 1.00 1.00 1.00
23 Narrow path on the left 750 113 1.00 1.00 1.00 1.00
24 Uncontrolled railway
) 453 68 1.00 0.98 1.00 0.99
crossing
25 Traffic signal 627 95 1.00 0.99 1.00 0.99
26 City limit produce speed 303 a6 1.00 0.92 1.00 0.96
27 Reduce speed 586 88 0.98 1.00 0.98 0.99
Mean 98.93%  98.89% 98.93%  98.90%
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This research aims to develop digital media using community identity as
a foundation to promote cultural tourism in Ban Chok, Khwao Sinarin
District, Surin Province, and to study the satisfaction of Ban Chok
community enterprise group members with the digital media. The
sample group for this research consisted of 30 members of the Ban Chok
community enterprise group. The research tools included a
questionnaire on the demand for digital media, digital media developed
based on community identity to promote cultural tourism in Ban Chok,
Khwao Sinarin District, a media quality assessment form, and a
satisfaction evaluation form for digital media. The statistics used in the
study were mean, percentage, and standard deviation. The research
results showed that the digital media developed included Line stickers
with static images and motion graphics. These media represented the
history of the community, the traditional silverware craftsmanship of Ban
Chok, knowledge transfer in silver-making, the local silver handicraft
group, and the community's way of life, which included traditional
clothing, culture, unique customs, local food, and live folk music
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performances. The digital media, including line stickers and motion
graphics, were accessible via QR codes printed on designed posters. The
media quality assessment revealed a good level (average score of 4.43),
and the satisfaction evaluation from the sample group indicated the
highest level of satisfaction (average score of 4.71). In summary, digital
media can be used effectively for communication, expressing emotions
and feelings through LINE stickers, as well as promoting Ban Chok's
cultural tourism through motion graphics.

Keywordes: Digital Media, Line Sticker, Motion Graphic, Cultural Tourism,
Community Identity
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Independent Variable Dependent Variable
Digital Media Utilizing Community Identity to Satisfaction Levels of Members in the
Promote Cultural Tourism in Ban Chok - Ban Chok Community Enterprise with
Community, Surin Province Digital Media

Figure 1. Conceptual Framework
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Figure 2. Silver jewelry is worn with traditional silk attire from the Ban Chok community.
Source: Khwao Sinarin Community Learning Center (2020)
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Figure 3. Character design.
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Figure 4. The static LINE stickers with 16 poses.
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Figure 5. Motion graphic media promoting tourism of Ban Chok community.
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Figure 6. Promotional poster of Ban Chok community.
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Table 1. Results of the study on the satisfaction level categorized by aspects.

Satisfaction

Question Topics x) S.D.

Level
Sticker LINE Design Aspect
1. LINE stickers reflect the identity of Ban Chok community. 4.73 0.44 Highest
2. The design of poses is appropriate for Ban Chok community. 4.76 0.43 Highest
3. Colors and visual composition are attractive and engaging. 4.80 0.40 Highest
4. The size of the text in LINE stickers is appropriate. 4.70 0.46 Highest
5. LINE stickers can be practically used for general communication. 4.80 0.40 Highest
6. Colors and lines are interesting and convey emotions. 4.80 0.40 Highest
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Table 4. Results of the study on the satisfaction level categorized by aspects. (Cont.)

Satisfaction

Question Topics x) S.D.
Level

7. LINE stickers are aesthetically pleasing and suitable for 4.76 0.43 Highest
community promotion.
8. The content of LINE stickers can effectively represent Ban Chok 4.76 0.43 Highest
community.

Mean 4.76 0.42 Highest
Motion Graphic Content Aspect
9. Presents complete and clear content about Ban Chok 4.86 0.34 Highest
community.
10. The language used is easy to understand. 4.73 0.44 Highest
11. The sequencing of the storyline in motion graphic media is 4.70 0.46 Highest
continuous.
12. The length of the content is appropriate. 4.70 0.46 Highest
13. The content provides knowledge about Ban Chok silverware. 4.76 0.43 Highest
14. The content relates to the current tourism situation. 4.63 0.49 Highest
15. The content presented promotes tourism of Ban Chok 4.73 0.44 Highest
community.
16. The content can stimulate interest in community tourism. 4.80 0.40 Highest

Mean 4.73 0.43 Highest
Motion Graphic Design Aspect
17. Use of colors for graphic images 4.66 0.47 Highest
18. Aesthetic appeal of graphic design 473 0.44 Highest
19. Aesthetic appeal of animated graphics 473 0.44 Highest
21. Appropriateness of font size 4.60 0.49 Highest
22. Appropriateness of image size in motion graphic media 4.66 0.47 Highest
23. Image sharpness 4.63 0.49 Highest
24. Clarity of narration voice 4.63 0.49 Highest
25. Aesthetic appeal of image composition 4.70 0.46 Highest
26. Appropriateness of background music 4.60 0.49 Highest
27. The presentation style of motion graphic media is interesting 4.70 0.46 Highest

Mean 4.66 0.47 Highest

Mean in overall 4.71 0.44 Highest
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arlnifdeuuasiuwnaniosuesulal nansidenuin nsesnuuuiiomiinssusadu fnwuazdoya
Foru sasnugUuuuMsLEusiiviuay Frofiuanuhadlslumsiuey uazaiumsuiiferiusuuldesns
fivszansam Tasiamnenguiueeulaifenuaulalugumudiiniuegiedaio uarduuldudrsuRanssvie
Aunmanvieadienads deaenndasiu aenrdosiunuideves Waijittragum (2022) fildeanuuudedanfifeiiie
duafumavieadivrdmiaszues iethanliduiumslunsesnuuudesadiifeifiedaaiunisviondion lagle
Iinsevieaduszneusiugiussina Tausssu 38330 uazdszifmandiosiu dedrudududdnlunis
avviusdnuaivesiiuil namsidewuth mslideyadndnuaivesdunndusnundnlumsimunde ausaaia
anuthaulawasiinnueilitudenldosnediussansnm dssenseiunisiuuazanudlaluiuiidu q 16
Fgatudnie

8. YalauauuzaITe (Recommendation)

1) yuvuiidendvaussnduiusyuruiianusadifsldnaon 24 $2lue Feanunsameunsuazidndldio
yrann$vl uaggUnsaidy 4 siastinisuszenduiusmsldanludmhemuiifetouiiomsusssduiug
figatu

2) fimundeRdvialuguuuududidy 1wu Liuled vieusundiaduvioaiivayuuy tileresonuazvenstes
yamsUszanduiuslidnfnguitimangldvanvaieunntu
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Comparing the Performance of ORMs

nsd3euLieudseansninwas ORMs

Jakkapan Attala"’, and Chaiyaporn Khemapatpapan®

Fnswus dnan’’, war Tens wuznnvus’

Abstract

Modern application development requires efficient data access, and
Object-Relational Mapping (ORM) tools simplify SQL operations by
enabling developers to interact with databases using object-oriented
paradigms. This study compares the performance of three widely used
ORMs Prisma, TypeORM, and Sequelize when used with PostgreSQL in a
Docker-based TypeScript environment. The experiments involved four
types of table relationships: Single Table, One-to-One, One-to-Many,
and Many-to-Many. Performance was evaluated based on response
time, memory usage, and CPU utilization. The findings suggest that no
single ORM outperforms the others in every aspect, as each tool has
distinct advantages and limitations depending on the use case. This
study aims to provide developers with insights into selecting the most
appropriate ORM for their projects, thereby enhancing the efficiency of
database management in modern application development.
Keywords: Object-Relational Mapping, Prisma, TypeORM, Sequelize,

Performance Evaluation
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Tunnsidonld ORM Timangauduaudesnisvedlasanis uazyaoLii
Usgavsnmlumsdnnisgiudeyalunssuiunsiaueundinduadelv
AraAgy: Mswulidsingiugiudeyaidduiug, nieun, Indleensidy,
Farelad, n1yinUsednsamn

1. uni1 (Introduction)

n133nn133udeyalgaduius (Relational Database) iunumdrAglunisiauiweundiatuadsln
I@EJLa‘wwLﬁaﬁmﬂ%mmmmmmL%ﬁmq (Object-Oriented Programming: OOP) %dLLuﬁ%’]ﬂﬂ’]iL%’]ﬁﬂ‘ﬁ@%aLLUU
Fufusu SQL emadaugienidedosgualdnsiuiuinnluszeren feweil meluladnsuuuideingiu
grudoyaidadusius (Object-Relational Mapping: ORM) Fg nwmunduiii o1 eulesdayaningiudeyadu
Tassaadeingueslusunsuldlnenss awananududoulunmsifoudids SQL uaziiuanuasndivestoya
muuumm Type Safety (Prisma, n.d.) pgnslsfiniy w1 ORM ag ﬂmsf[,‘wuﬂwsummmimmmimumaualm
avantu wiudTeiiuan Wy ves Chen et al. (2016) Wu31 ORM fuunltiufiag Lﬂﬂmsmawauamﬁuau
(Redundant Data Access) SsdsransznusiaUszansnnvasseuulag iy wﬂumunaﬂumsmsmamaLLasmi
Tminens wu mieanusuay CPU wonani ORM uslazfafluuimnenisyiauuansnesu 1y isdans
WU Active Record %38 Data Mapper dsdssarewginssuasszuuiazanudeameulunndeoulusunsy

fefufearwdnduiiesdesaeligwaudilatedteidovomusas ORM wazannsndnduludenld
wieluladfusnzauiigalumsiauteuniadu Ssagiliandunuuasiindszavamlunsdidunuseniuy
szutluszozen dnsuindesdefidonundne léun Prisma, TypeORM war Sequelize iasaniduindosded
Iesuanuieugdlutagu

Tquu‘ié’aﬁﬁﬂﬁﬁmqﬂizaqﬁlﬁaL‘U%EJULﬁﬂwasﬁw%mwmaam%ﬂﬁa ORM (Object-Relational Mapping) #
Ix§uanadenluszuuiildniw TypeSaript léuA Prisma TypeORM wag Sequelize dsldsusmiugudeya
PostgreSQL meléanmiindes Docker IngnseunguamdNiusem1e 4 Ussian 1iun maaden (Single
Table) %1 95 @1 ¢ (One-to-One) Wil 46 8%a18 (One-to-Many) wagwaesanany (Many-to-Many) N1
Wisuileuasfinnsanandad fandn thud natlunsnouauss (Response Time) msldieamash (Memory
Usage) wagniieUszaiananand (Central Processing Unit: CPU) it aliiudedosiinves ORM wslazuszian
wagtunumidlunisidenld ORM Amnzaufudnuusvedlasims nslanglugaiimaiauiweundindusios
Tanudfyfuissansnmuazaun

2. ngUseaeAeIuIdY (Research Objectives)
W oTauazluSouisuussans nnn1svinaureaa3eeile ORM v19d1u Lewn Prisma, TypeORM Way
Sequelize

3. miwummssmn‘siml,a:wqwﬁﬁlﬁm%'m (Literature Review)

Tunstannueundinduasislmininsldgudeyasunlvguasdudou madeniedosiolunisitriuas
Fannsteyaiududsdidy Tnslanizegradanislinadia Object-Relational Mapping (ORM) & aidunuavad
Prelvanusaidenlosdoyanngudeyadduiusidriunmnandsinglunwilsunsuldasninundedu uni
avthiauswnAnfiAdoauaramAfofiiiun Ssdinadensimunuumisesnuiseativl
3.1 l,l.u'aﬁml,azwqwﬁl,ﬁ'mﬁ'u Object-Relational Mapping (ORM)

Object-Relational Mapping (ORM) Ae nafiafileslesszninauunanvesgudoyaidedusius Relational
Database (Monster Connect, n.d.) kagn158ulusunsad«ing (Object-Oriented Programming: OOP) lng
ORM vimihiludasteyaanguiuuasdiamnsaldaulusunuuvesaaranardoutandluntwilusunsule
Tnemsa uwAniidisanniaideu SQL uwudaiy uasannsadnmsdeyaldiumdsiindefuldndeing wu ms
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14 method wag property uag ORM d3ataulunisananududeoureinisiwazduiinteya atuayuaiy
Uasnsdvestayanu Type Safety (Prisma, n.d.b) wazifinanusslunisiamn egrslsfinny ORM Afidedin
wiu Jayvin N+1 Query (Vaja & Rahevar, 2016) nslininennsas wazaruldinngulunisasns Query fidudou
3.2 eAdeiiiAeatas
Chen et al. (2016) Id@nwinagUseiiunansgnudouszans amnisvinuvesnisdfsiayadidou
(Redundant Data Access) dviuueundinduiinaunlngldnsounavhnudisnifalussuuiild ORM Tnewudn
HymitdwalFszuuinanuaduarlinsnernsiiuanusuiu wenani Vaja & Rahevar (2016) Iéauonislé
In-Memory Caching $2ffu ORM iiteifisszavBnin lnsansaannishsdeyaddeunngiudeya wavaniian
lunisidedaya Tnefl Marchuk et al. (2023) IavinsSeuiisumsidniiagiudoyariau ORM, REST AP, ua
GraphQL Tngmuin ORM wsfazagmnlumsiannusffalimineinsgsluusaniunisal lasanzlussuuii
NSYI9UKUY Real-time wazlusuidoves Guvercin & Avenoglu, 2022) laalas1zsiuse@nsninues ORM vu
NET 129949 6 Lagnud1 ORM uslagdafigauiuiiunndnaiu 1iu Entity Framework Core ¥a1ulddilu CRUD
Wlu widandle Query danududou aziiuiiwiasdadseitasziussdniaimass ORM 11t audus
drumnnuamsunanlosunienwiany 1wy NET vise Java snddeiisedunumdnidaluusunveanis
Wisuifisy ORM fildsmsmiu TypeScript uag PostgreSQL IngoenuuunsnaasadaIuiunsauaquyn
Usziamanuduiugansns wagldimdTaussavsnmmannvans 1 Response Time, Memory Usage wag CPU
Utilization
3.3 wialuladfiieados
Tutlagiiu ORM filsuanudenluszuuilliniw TypeScript ldun Prisma, TypeORM uay Sequelize 84

fignvasianzeail

1. Prisma (Prisma, n.d.b) 1Ju ORM iuimiﬁLﬁummﬂaamﬁwaaﬂaxmwﬁ”ay)a (Type Safety) &
Prisma Schema, Prisma Client wag Prisma Migrate L uia3 oadlondn uagimunziuszuuidosnisaiun
lassainadeynegraduein

2. TypeORM (TypeORM., n.d) & 135995 Usta Active Record wa Data Mapper Pattern 14 wuafin
Entity-based Modeling uaz3045Un13l4 Decorator $ufiu TypeScript Tu TypeORM wiiazmnsidlugiudoya a¢
gnunUidu Entity (Class) wiagaaduilugiudoya azgnimuniu Property a1 Class 14 Decorators luns
MUUALATIASS 1WU @Entity(), @Column(), @PrimaryGeneratedColumn()

3. Sequelize (Renovate, 2025) 11 ORM iUy Node js soe3unanagiudeya fdnvarldau
118 wazdszuu Model Associations ﬁsm%’ummﬁuﬂ’uﬁ‘maﬁmﬂadwﬁﬂmw JavaScript #38 TypeScript
Model Tu Sequelize Wushunuyes n1313 (Table) lugudeyaistrslisausadansdeyalslaglsifeadou
saL Tneass uslldiusenves Sequelize unuwuIRavdnuas Sequelize Model Fatelsin1sdnnis

4. NIDUKUIANIIUIIEY (Conceptual Framework)
”Lumﬁaa‘”m’fa{qLﬁumim%a‘uLﬁwﬂis%m%mwmaqm%aqﬁa Object-Relational Mapping (ORM) #1441
afun1w TypeScript wazgudeya PostgreSQL Tnaidendnwianniaiesiiosenionanuuszian louA Prisma,
TypeORM wag Sequelize (Prisma, n.d.a; Renovate, 2025; TypeORM, n.d.) §uduias esflefildfuauiesly
MsiaueUnartumen1w TypeScript Saufiugiudeya PostgreSQL
mAseiiTnseumnAnlumdelagAnmesnuuuiioaswinuduTuEsEwIneiuUs & Figure 1.
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Independent Variable Dependent Variable

Response Time

Type of ORM ( )

) . Memory Usage
(Prisma, TypeORM, Sequelize) \ )

T CPU Utilization

Control Variables

1. Same version of PostgreSQL
2. Same Docker environment
3. Same size of dataset (100, 1,000, 5,000)
4. Table types testing including Single Table,
One-to-One, One-to-Many, Many-to-Many

Figure 1. Conceptual Framework.

910 Figure 1. oSuesteil
1. iU sAU (Independent Variable) Usznausig Uszianvas ORM tauA Prisma, TypeORM uag
Sequelize
2. fudsmu (Dependent Variables) Usgnausae Uszdnsninvesszuuludiumg q laun
1) nanlunsneuauss (Response Time)
2) MskmUIeAINg1 (Memory Usage)
3) MskmulgUszuIananas (CPU Utilization)
MIleTzdFuUsnu tneldnsiassiauuususiunaion (One-Way ANOVA) LiteRinsize
ANULANANTVBINAGNEINIADATENINNGY (ORM usiazUszun)
3. fuusAruAx (Control Variables) ld
1) 1¥g1udieya PostereSQL naftudenfiuluynnimaass
2) neaeuluanniindeu Docker gy
3) Tiyndayavunafieatiy (100, 1,000, 5,000)
4) ﬂ"’]Lﬁum‘mﬂaa‘uﬁugﬂLmummﬁuﬂ’uﬁ‘mmmswﬁﬂ a4 UszLamn taun Single Table, One-to-
One, One-to-Many Wag Many-to-Many

1Y v o

anesAUsznouruananaatilamnue aunfigiuvesnisiine Faussnoumedssnuddy 3 du A

o

1. 1A5849lD ORM wsiazUseinvadssanaussansnnvesseuuneanaeiuag1elvedny

o

2. Prisma @ 45835U Schema Uuu Declarative Uazil Type Safety §43v918ant ol Ana1AtTENI19NT

She

Wi
3. ORM #l4ifiu TypeScript fiunldunazgwlinsiannueundieduiusydnsnmunnniinisld SOL nss

5. 35a U1 (Research Methodology)
Tunsfinuiisld Docker WundnlunsdnwSeuanmuwindeunaaeu Wisliaunsaniuau Version a4
gevlduiiazmInalnegawiug sudaeanugdudeulunsinfiwazinnunan PostereSQL Wag ORM LAz
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1¥un Prisma, TypeORM waz Sequelize nMssaA1@nmuIng euazsnuiunissiu Docker Compose @sgaele
AusadansAsUULDIANEMlaazaIn InsanmniindeuazUsynauliunig

1. PostgreSQL 17 $uuu Docker

2. Node.js + TypeScript dmsusulan

3. Prisma, TypeORM, Sequelize nagoau CRUD Operations waztU3autiisun1svinaudiniunis
wUaadeya

5 Group £ Profile
123 id e
AZ name jp-bio
,‘ 123 userld
| £ User
[
pa 125 id
£ _UserGroups — £ Post
= - AZ name
123 A o= N 125 id
12358 A-Z email

@ Az title

AZ content
@ [] published
123 authorid

123 categoryld

EX Category
125 id

AZ name

Figure 2. ER table relationships used in testing.

TESTING Analysis Performance

Figure 3. Flow chart of the overall testing process.

910 Figure 3. 3on159zuus oenilu 3 dundn o Ao

1. M3faAan mLandon Lagn13iuuAR A1 ORM uiazdulasiizuuuuauduiusueaniang
\Weatunugy Figure 2. uaznsmsananmuandosluguuuiionielilddeyafinsamniian waznindousto
Database 1938 u3oe

2. nsvuaumanaaoy: masidunsiugiulugiutosa (Create, Read, Update, Delete: CRUD) Tag
9iin31Weu Script test Mg Jest (Zaytsev, 2025) Fafio framework dwiunsnagaUves JavaScript/TypeScript
Feazagiiliaines tests/* §4a1n Figure 4. LknuUszLanues ORM astdsunnaeudeyadiuau 5,000 Joyauas
msiitudeyalunszuiunismaaeulasazld APl vesia NodeJS (Node s, n.d.) tieitrdsnisldaumisenimd
Memory Usage 4@z CPU Usage lagnusauuafidedn Process 18 Global Object ﬁiﬁﬁ?wﬁq‘ﬁagauaxmuqu
nszuIun1sUagtu (Current process) Mmeluaninuwinden NodeJs

3. ﬂwﬁmsWﬁLLavmmawﬁamaImsﬂsﬁaﬂ%ﬂcﬁ ‘runWithMetrics.ts” anifuagldwduadnseanuniy
'i‘ULL‘U‘U Json “Mﬁ]‘“UWIﬂL’Ja’] ‘queryTimeMs’, Mui&lm’mmﬂauua“%aﬂ (‘memoryUsed’), LLa‘“ CPU usage U9
LmaylWamaa‘uma 30 afwio 1 nedivndeuaniurssunsdeyamunuazdunadfduadeiiugiu o
HAEWS Gt

{
“testFile”: “tests/typeorm/singleTb.test.ts”,
“queryTimeMs”: 106727,
“memoryUsed”: “159.78 -> 122.92 MB”,
“cpulUsed”: “282.00 ms user / 46.00 ms system”,

}
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COMPARING-PERFORMANCE -ORM-TYPESCRIPT -WITH-POSTGRESQL/
F— sres

| b entitys

|— oneToOne.test.ts
|— oneToMany.test.ts
L— manyToMany.test.ts

— cpu.ts

}— docker-compose.yaml
L — README.md

Figure 4. Code and folders used for testing.

911 Figure 4. anansossuneusiavivawmes il
1. src/entity/
1.1 Trlawmsildiiu Entity vos TypeORM dadunaaiiuudfunisislu PosteresQL
1.2 uraylna W User.ts, Post.ts MUUARIMUENWUS U One-to-One %38 One-to-Many
2. src/models/

2.1 T wsuiiu Model 989 Sequelize

2.2 Tassad1endneiu entity walduuanig OOP U8s Sequelize

2.3 UserGroup.ts T0dmsumnuduiusuuy Many-to-Many ({11 Table)

3. src/data-source.ts
3.1 limuansidensegiutoyaues TypeORM
4. tests/

4.1 Tawesisuilwdnnaouiléiusouiiiou ORM a 3 dausazinawmesdos (prisma, typeorm,
sequelize) TYANAABULENATNAITUAUWUS LU oneToMany.test.ts, manyToMany.test.ts 115U 3n
Performance vodt#az ORM

5. utils/

5.1 sauisAtuin n1sly CPU (cpu.ts) maguningaugn (memory.ts) I sunageU
6. runWithMetrics.ts

6.1 an3usndnTldsunmsnageuLiay ORM wionduiian/miheaus/CPU
7. docker-compose.yaml

7.1 19d 133U PostereSQL Ny Docker 1 815 n ORM LT eusiaf uguday Aoy
README.md

fadannsndnsuisisingienisldaulusandnioneiuienisiu nsinds waginguszasd uaz
anunsaaslaniuAld 7 GitHub Repository (Attala, 2025)
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6. Han13338 (Results)
6.1 nan1sInUsEANSMMWLAZIUTEUIBUNIY19IUYB9 ORMS UARzAQ

nsmagoUUsAVEAT ORM ¥4 3 duaziUFeuifieuteyalasazsusudeyaanmannasudsastinaus
Tas3ULuU CURD waganuduiusveanisns Tnsaziinisasudeyalunsveaeutaziuisuiiisuiinaasusunn
5,000 i@ ¢4 Table 1-3. uag Figure 5-7.

Table 1. Response Time Summary Table

Relationship Operation Prisma (ms)  TypeORM (ms)  Sequelize (ms)

Single Table Create 28247 46817 29464
Read 78 126 89

Update 29266 28825 29422
Delete 76 83 72

One-To-One Create 130379 58037 62647
Read 277 121 235

Update 47329 28791 42964
Delete 323 95 95

One-To-Many Create 70741 83378 95406
Read 199 181 557

Update 55661 59296 59669

Delete 2936 2820 3666

Many-To-Many Create 63739 69485 84870
Read 135 114 425

Update 84769 87757 78830
Delete 84 86 93

Response Time

150000
100000
ol I || il
o | .
] e 8 ] ] © 8 ] ] ge) 8 ] ] e 8 ]
®m 5 ®m T ® § B L B Fg ® L B Fg & B
© & g g ¢ & g g ¢ & B g & & B T
O 5 o o 5 o O 5 o o 5 o
Single Table One-To-One One-To-Many Many-To-Many
M Prisma(ms) M TypeORM(ms) Sequelize(ms)

Figure 5. Chart Response Time

9NN15NAEDU Response Time A1 Table 1. way Figure 5. @unsauuadu 4 nsdl@nwinan (Single
Table, One-To-One, One-To-Many, Many-To-Many) Tnedaiafldluwmay Operation (Create, Read, Update,
Delete) lngdimsasunmsiu Al
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1. Prisma taulun15a3ne (Create) wazdwinn (Update) ‘fl'aiiaLL‘U‘U Single Table, One-To-Many,
Many-To-Many (53171 TypeORM 6-18 %) uag LdewUseuriu TypeORM/Sequelize Tu One-To-One (41031~
40-70 %)

2. TypeORM taulun1561u (Read) %’ayjaﬁﬁmmﬁuﬁuﬂ%ﬁau (One-To-One, Many-To-Many) (152
191 Prisma 15-56 %) Wag 91111 Prisma 11nlusnu Create Wuu Single Table (47n31) wag One-To-Many/M-
to-M

3. Sequelize Uszansnmnas q laenmsiud1ndn Prisma way TypeORM lunatensdilaatauiiio
Un99aLau Update luMany-To-Many (:53n31 Prisma 7 %)

Table 2. Memory Usage Summary

Relationship Operation Prisma (MB) TypeORM (MB) Sequelize (MB)

Single Table Create 2391 10.35 16.16
Read 1.05 1.32 2.24

Update 24.71 5 10

Delete 0 0.05 0.1
One-To-One Create 24.64 16.16 22.32
Read 0.57 2.24 8.42
Update 3.08 8.35 8.98

Delete 0 0 0
One-To-Many Create 28.36 24.18 0.33
Read 4.15 2.66 1.28
Update 29.39 29.91 1.28

Delete 0.04 0.07 0
Many-To-Many Create 24.95 20.95 2.45
Read 0.61 0.87 1.72
Update 36.57 11.22 34.85
Delete 0 0 0.06

Memory Usage

a0

30

20

| | I

0 —_— I _m | | [ -
0] e] ] ] [ ge) [ ] ] © [ ] ] © ] ]
+— © +— 4+ +— S +— 4+ +— S +— +— +— © +— +—
® [} LS. © o] o9 o o] o Q@ I o] T 9
¢ o< T o ¢ ¢ § 9w ¢ £ § w ¢ & T w
O 5 o 0 S o O S o o 5 o
Single Table One-To-One One-To-Many Many-To-Many

M Prisma (MB) M TypeORM (MB) Sequelize (MB)

Figure 6. Chart Memory Usage

[208]

Citation:

@O0

Attala, J., & Khemapatpapan, C. (2025). Comparing the Performance of ORMs. Journal of Computer and Creative Technology, 3(2), 201-213.

EY MG ND https://doi.org/10.14456/jcct.2025.16.



Journal of Computer and Creative Technology | Vol.3 No.2 (May - August 2025) ISSN 2985-1580 (Print)
Nsasreuimesiavinalulagassassa | I 3 adui 2 (wguniaw - Gsieu 2568) ISSN 2985-1599 (Online)

1NNAFaU Memory Usage 91U Table 2. Lag Figure 6. aansauvadu 4 nsalAnwndn (Single Table,

One-To-One, One-To-Many, Many-To-Many) lagianslaniieniudl M¥lunsas Operation (Create, Read,
Update, Delete) Tagfinisagunmmsam deil

1. Prisma I{fwhﬂmmﬁﬁqﬁqmiumi CreatellazUpdate U89 Single Table, One-To-Many, Many-
To-Many lu One-To-One 3zt memory Waeningudsdniioy (fleifiauiu Sequelize) usl Read/Updatendu
Tdgandteenaunn

2. TypeORM fits memory tioenin Prisma lun1s Create ynnsal wagld memory g3an31 Prisma 170
e s1udeyaiBsdusiug (One-To-One, Many-To-Many)

3. Sequelize I memory spike qdqmﬁ'aaﬁu One-To-One kag 81U Many-To-Many #1911 3
Uszdnsnnlunisldniieanudiuinly One-To-Many (Create/Update anasnin 95%)

Table 3. Summary of CPU Utilization comparison

Relationship Operation Prisma (ms) TypeORM (ms)  Sequelize (ms)
Single Table Create 9500 15500 9203
Read ar 141 94
Update 10563 9891 8765
Delete 15 0 16
One-To-One Create 38421 20484 21735
Read 266 234 297
Update 17328 9469 16734
Delete 16 16 15
One-To-Many Create 19235 31532 34453
Read 218 203 594
Update 20578 19203 18515
Delete 16 31 0
Many-To-Many Create 19640 26328 30078
Read 94 110 500
Update 26735 34202 32140
Delete 0 0 0

CPU Utilization
50000
40000
30000

20000

“ | II |‘ || |
0

Create Read Update Delete Create Read Update Delete Create Read Update Delete|Create Read Update Delete

Single Table One-To-One One-To-Many Many-To-Many

M Prisma (ms) M TypeORM (ms) Sequelize (ms)

Figure 7. Chart CPU Utilization comparison
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INANTNNIMAAOUNNILY CPU Utilization #1u Table 3. uag Figure 7. anunsautafu 4 nsdlfnwinan
(Single Table, One-To-One, One-To-Many, Many-To-Many) lagSansld cPU #ildluusiaz Operation (Create,
Read, Update, Delete) Iﬂﬂﬁmiaqﬂmmw ot

1. Prisma Single Table 14 CPU m"’wquq Create/Update t# Read wag Delete ﬁaq'lu’am”uma’].
AudUTusFudeu (One-To-One / M-to-M): CPU 14g4dn 14U Create One-To-One (38,421) uaz Update M-
to-M (26,735)

2. TypeORM Create 19 CPU 9031 Prisma 1101w Single Table (+63.2 %) uag One-To-Many (+
63.9 %) 115 Read/Update: Aaudsauna wilaiisudy Prisma u1ensdienafiu CPU fesndn 1wy Update One-
To-Many -6.7%

3. Sequelize Read ANFUNUSTUSDUUIUUATY L¥U Read Many-To-Many +431.9 % Way Delete
U9nIalUIENEn CPU (194 One-To-Many Delete = 0)

6.2 namsFeuiisunszulaunisuuasdnds Object Wu sQL

mideilielidladdndmgAnssuves ORM Tunszuaumsvhaiuess Seldiuieudeulaseadnadds
SQL ﬁgﬂﬁ%’ﬂﬂmﬂ ORM heanu léur Prisma, TypeORM, wae Sequelize Inentiuiinsél One-to-One Relationship
Tumsvhauluy Create wadnsaslans Figure 8. 91N NazLiulen

1. Prisma fidnwauznnsadne SOL fiutstumeustnadaiau wu BEGIN, INSERT, uay COMMIT wieuifu
14 RETURNING 1l o3 usinfignasns 1o id. 9aLauves Prisma Aon1sauRugsnssu (Transaction) Ingdalusia
seysnsidauduiudiu Sselinisvhanulaeafouazananududeuveldnilaiaun

2. TypeORM 143UlUU SQL WUy explicit Tnedaai5u START TRANSACTION LLaz?;uqmﬁ COMMIT.
n15d9AHY parameter 19u $1, $2 vilifanansansavaouuazaIunu flow ldastdeaunn wmungiussuud
AosnsanudangunaznisnIundanlusedulan

3. Sequelize @314 SQL Minsedu wazdndanisganssuuuusalusi@ (implicit) Liuudszy manual
transaction Taenss Audmarsfladndentulumdaieon ilimngdmiunsidanuidesnisanmsiluns
Wanuazaadnsfns Ui

Prisma TypeORM Sequelize

Query: BEGIN , Params: [] , Duration: 1ms START TRANSACTION

Query: INSERT INTO "db_test”."User™ (“name","email

Query: COMMIT , Params: [] , Duration: 19ms

Figure 8. SQL Query Comparison Across Prisma, TypeORM, and Sequelize.
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7. @yUuazaiusnenan1sive (Conclusion and Discussion)

7.1 a5Unan13398 (Conclusion)
mﬁé"aﬁﬁi’mqﬂsxaqﬁtﬁaLﬂ%amﬁauUw%w%mwmaqm’%aqﬁa Object-Relational Mapping (ORM) leilin

Prisma, TypeORM wag Sequelize 3711 UN191 TypeScript Warg udeya PostgreSQL lagvinn1snaasuiu
EUqummﬁuﬁuéﬁuam75wqﬁwmﬂwaw lgiun Single Table, One-to-One, One-to-Many uag Many-to-Many
wiouuszifiunasn 3 fatsavan lun arlunsmeuaues (Response Time), nslduiaenanush (Memory
Usage) agn15kd CPU (CPU Utilization) annanisnaaesanansaasulad:

1. 1sifl ORM Tedifiuszavisnniaaluyneny uragfigauduaztediiavomues

2. TypeORM fmnuangasevinalsz@nsnmuaznsldndnenns iz dussuuifanudusiué
Fudou

3. Prisma Wisnzdmiunudidesnisansdasndsvesviadoyauazamiilunisiau Tnslaws
n3ell Single Table wag One-to-Many usldnsnensgend

4. Sequelize Tdmiuanusitios wanzdmsulasinsvunadnisnansiidesnsiaunss
NAN1TI839TwEUTUIN n1T1denld ORM AITANTNTNANBAZITULAZTDIINAUDITZUY WINNIIAMUTEULNES
GRRNER)

7.2 8AUT18NaN15338 (Discussion)
dofansumamanasesiuiuingUszasdnsidouasassunssufiisatos sswusall
1. TypeORM uanswadnsfiunaulalunsdnissuteyananudusiudidudou 1wy One-to-One
uag Many-to-Many FaonadadfuiuImaves Repository Pattern Wwag Query Builder #ilsinnudnnegulunis
2ONLUUAIEY SOL (@anAdasfiu Guvercin & Avenoslu (2022)
2. Prisma lsfaan§alunsdl Insert wag Update Ingianig Single Table 4 saanadosiiun aauda
Type Safety Wazs¥uU Transaction onludid vilimnz Auiinwaunadelv (Prisma, n.d.b)
3. Sequelize wifagdpnitdulszansawluunsd wifnzdulasansiiunsiauisuas
Fodrfinduninens 1y RAM s Jensafudeiausluauideves Marchuk et al. (2023)
maisuiisuluadsifedieiusudnatedn i orm Tadfianlunnid ui madndulamsbetudnume

a

voefeya AuFudeuvesszu uasnsnensidey Wundn

8. YolaudLUzIUIIY (Recommendation)
8.1 daiausuuzidaunaila (Technical Recommendation)
1. asfnwn1sldau ORM mugfumadianis Cache ilaiisdstavsnmnisidhdstoya
INNANIITNAABINUT1 ORM U967 (19U Sequelize) fimsldmhoanudi uiinaluniseudoya
aﬂumqﬂim IG]EJLQWW”I‘LJMWH;JWWLLUU Many-to-Many mum queryTimeMs Wag CPU Usage aqamwmwu
muu A15NA158 YUY In-Memory Cache 191 Redis %39 Node.js memory cache Lwamwamw
fimsi3engves annsmanangiuteyalnenss Faaztasan latency uazn1se CPU Iepgnaiiodfny :uide
484 Vaja & Rahevar (2016) louansliiliiudn Caching @mnsnan Redundant Data Access laognsiusz@nsam
2. mavinideatieyy N+1 Query #8n13 Optimize Query wield Query Builder agawsnzay
91nHanAaBy ORM flatfuayy Query Builder 8813 TypeORM wuindiuszansamasluniseudeya
fifianuduiusdudou eawnanunsasiu Query Ifieegadaveu and1uau Query Frdfou
sathuensle eager loading, join queries, %38 tools LU Prisma’s include, Sequelize’s include, #3®
TypeORM’s leftJoinAndSelect Wiosa Query LNUATT query Yiag entity
Tolausuuy i aanadostunan1si 38909 Chen et al. (2016) 7152171 ORM sTndtuualdaifin
Redundant Data Access mnlalladnn1s Query agnsiiuse@nsain
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8.2 YaidusuuziBIn1sUszendld (Practical Recommendation)

1L AWRIUILaZ0IANTAITNANTILEDNE NAE Y83 ORM T nuzaudulszsianaesssuy 1wy 1.
NUUAILTINE N (Eng: RAM — Random Access Memory) 194 Embedded #58 Serverless aasta onld
Sequelize Fanan1snaassuansinldmizeainusidesnitfidustaiveddnlunaensd 2. svuviifiany
FudoureItoyauaroinis Query huudnangu U s¥UU Dashboard %38 Back-office vwialng AIsLdeN
TypeORM f15895U Repository Pattern wag Query Builder l¢# 3.5vuufidaanisauuiiugives schema uay
Type Safety g4 19U szuuiiitiunaasnfovestoyaniofiuiamundly TypeScript agnadudiu msidon Prisma

2. msimsUssliuanudeinsressyuuludunineIns :nnsvmaasstandliliuin ORM uneiald CPU
aehdnilunsdifeatuunis 60% dedussdnsaisia Resource Budget 1ty CPU/memory limit vasszuuli
Faaunowden ORM islimunzauiusyuuas
8.3 Jawusuuza1sun19398luauInn (Recommendations for Future Research)

1. ArsvEneNan1sAnwlusa ORM 31 9 1y Kysely, Drizzle ORM, MikroORM %13 Objection.js viel¥
wiunualdunnsidsuuUasues performance anugaasis Tngianiz ORM asielvsifiidfu “type-safe query
builder” nu traditional ORM pattern

2. psvedsuTIuAUIudeyadyu 1Wu MySQL, MariaDB 1139 MongoDB ORM U1af1813il performance
Anafuegnsdnnuiioldiusauiu database u SaisiSsuitsudnusyuuiiienaulandsdily stack unnsnaiiu

3. Anw1 performance 994 ORM luan1wwand oy cloud-native L% W Kubernetes 150 Serverless
Architecture Lilssananmundemnaniddesiiaduninensuazanuamaildtos nsdila performance
pattern w83 ORM mgldidoulaiaziussleniognann

9. 29AAUFANIUARY (Contributions)

aATeitelddleffeunnseiuusyansamues ORM usazs (Prisma, TypeORM, Sequelize) I
Faautu ssluudnatlunisnouaues msldviieannus way CPU Tnsneadeutunsisidanuduiuseaniu
uazmvaufuUsedaduszuy uonani SlAlIEmsTnaniundnadd wu nmeieneiAieds uag One-
Way ANOVA ieliussusiteuldegnaiitodiy nuiidadudiuanmidderoun Fednilvgdlinsounqums
nAaoy ORM 32ufU TypeScript wag PostgreSQL Tusziuauduiusdayanatsguuuy qavesiuised
@usluzuuIn1ensidenld ORM TiinungAudnuasauass wu miniduanusuas type safety 81aiden
Prisma usid#een1s query Bnveguaisidon TypeORM tlusiu

10. 1@na19919849 (References)

Attala, J. (2025). Comparing-Performance-ORM-typescript-with-PostgreSQL [Dockerfilel.
https://github.com/Jakkapan-a/Comparing-Performance-ORM-typescript-with-PostgreSQL.

Chen, T.-H., Shang, W., Jiang, Z. M., Hassan, A. E., Nasser, M., & Flora, P. (2016). Finding and Evaluating
the Performance Impact of Redundant Data Access for Applications that are Developed Using
Object-Relational Mapping Frameworks. IEEE Transactions on Software Engineering, 42(12), 1148-
1161. https://doi.org/10.1109/TSE.2016.2553039.

Guvercin, A. E., & Avenoglu, B. (2022). Performance Analysis of Object-Relational Mapping (ORM) Tools in
Net 6 Environment. Bilisim Teknolojileri Dergisi, 15(4), 453-465.
https://doi.org/10.17671/¢azibtd.1059516.

Marchuk, Y., Dyyak, I., & Makar, I. (2023, September 26-28). Performance Analysis of Database Access:
Comparison of Direct Connection, ORM, REST APl and GraphQL Approaches. 2023 IEEE 13th
International Conference on Electronics and Information Technologies, 174-176.
https://doi.org/10.1109/ELIT61488.2023.10310748.

[212]

Citation:

Attala, J., & Khemapatpapan, C. (2025). Comparing the Performance of ORMs. Journal of Computer and Creative Technology, 3(2), 201-213.
https://doi.org/10.14456/jcct.2025.16.




Journal of Computer and Creative Technology | Vol.3 No.2 (May - August 2025) ISSN 2985-1580 (Print)
Nsasreuimesiavinalulagassassa | I 3 adui 2 (wguniaw - Gsieu 2568) ISSN 2985-1599 (Online)

Monster Connect. (n.d.). Relational Database. https://monsterconnect.co.th/relational-database. (In Thai)

Nodejs. (n.d.). Process. https://nodejs.org/api/process.ntml?utm_source=chatgpt.com.

Prisma. (n.d.a). Introspection for PostereSQL in a TypeScript Project. https://www.prisma.io/docs/getting-
started/setup-prisma/add-to-existing-project/relational-databases/introspection-typescript-
postgresql.

Prisma. (n.d.b). Type Safety. https://www.prisma.io/docs/orm/prisma-client/type-safety.

Renovate. (2025). Model Basics. Sequelize. https://sequelize.org/docs/v6/core-concepts/model-basics.

TypeORM. (n.d.). Entities. https://typeorm.io/docs/entity/entities.

Vaja, D. D., & Rahevar, M. (2016, December 19-21). Improve Performance of ORM Caching Using In-
Memory Caching. 2016 International Conference on Computing, Analytics and Security Trends,
112-115. https://doi.org/10.1109/CAST.2016.7914950.

Zaytsev, S. (2025). Architecture. https://jestjs.io/docs/architecture.

[213]

Citation:

@ @@@ Attala, J., & Khemapatpapan, C. (2025). Comparing the Performance of ORMs. Journal of Computer and Creative Technology, 3(2), 201-213.

https://doi.org/10.14456/jcct.2025.16.



Journal of Computer and Creative Technology | Vol.3 No.2 (May - August 2025) ISSN 2985-1580 (Print)
MIasreuiIwesuazinaluladasneassa | U7 3 aduil 2 (wquniau - A 2568) ISSN 2985-1599 (Online)

The Digital Classroom via LINE Application about Using TikTok for Marketing
for Student with Intellectual Disabilities, School for the Deaf, Surin Province
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This paper aimed to achieve four objectives: (1) to develop a digital
classroom via the LINE application on the topic of using TikTok for
marketing for individuals with intellectual disabilities at the School for
the Deaf in Surin Province, (2) to evaluate the effectiveness of the
developed digital classroom, (3) to study the leaming achievement
regarding the use of TikTok for marketing, and (4) to assess the TikTok
marketing content creation skills of individuals with intellectual
disabilities. The sample group consisted of 10 upper secondary students
from the School for the Deaf in Surin Province, selected through
purposive sampling. Research tools included online instructional media,
a pre-test, a post-test, and skill exercise. Data analysis used the Wilcoxon
signed-rank test and percentage calculations. The results showed that
the digital classroom via the LINE application had an effectiveness score
of 1.51, exceeding the Meguigans’ benchmark. Students demonstrated
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significantly higher learning achievement after the lesson at the 0.05
level of significance. Moreover, students with intellectual disabilities
who learned through the digital classroom achieved a TikTok content
creation skill level of 65.9%, which meets the hypothesis threshold of
509%.

Keywords: Digital Classroom via LINE Application, TikTok for Marketing,
Students with Intellectual Disabilities, Digital Marketing
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Figure 1. Conceptual Framework
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Figure 2. Using MIAP teaching model with digital classroom via LINE application.
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Figure 2. Using MIAP teaching model with digital classroom via LINE application. (Cont.)
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Table 1. The results of the effectiveness of digital classroom via line application.

Average of test —
Students (N)  Total score x S.D. Efficiency
Pre-test Post-test

10 35 11.20 16.90 5.700 3.498 1.51

o
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Table 2. The results of the comparison between pre-test and post-test of students using the digital
classroom via the LINE application.

Test Students (N) Total score x S.D. z Asymp. Sig. (2-tailed)
Pre-test 11.20 4.211
- 10 35 -2.810 0.005
Post-test 16.90 3.348
**p < .05
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Table 3. The results of the assessment of students' skills for creating TikTok.

Students (N) Total score Skills’ average score Percent
10 22 14.5 65.9

8. &@3UNan15338 (Conclusion)
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This research aimed to develop an electricity consumption monitoring
system using Intermet of Things (loT) technology and to evaluate its
performance. The developed system integrates three PZEM-004T
sensors to measure key electrical parameters, including voltage, current,
power, energy accumulation, frequency, and power factor. These
sensors are connected to an ESP32 microcontroller, which collects and
transmits data wirelessly to Google Sheets using Google Apps Script. The
collected data is then visualized in interactive graphs via Google Looker
Studio. A purposive sample of 10 experts was selected to evaluate the
system using a questionnaire. Data was analyzed using mean and
standard deviation. The results indicate that the system effectively
captures real-time energy consumption data and presents clear trends
through a user-friendly dashboard, supporting systematic energy-saving
planning. The overall performance was rated at the highest level (X =
4.58, S.D. = 0.18), reflecting high accuracy, stability, and suitability for
implementation in educational and office environments. The findings
suggest that the system can be effectively applied in organizational
energy management to enhance efficiency and significantly reduce long-
term energy costs. Furthermore, it serves as a concrete and effective
prototype for loT-based energy monitoring system development.
Keywords: Electricity Consumption Monitoring System, Internet of Things,
ESP32, Google Looker Studio
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4. NTOULUIANIIUIVY (Conceptual Framework)
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Research Process
Input Variables

- ESP32 Microcontroller board
- PZEM-004T Energy measurement sensor

- Programming the controller ESP32 collects data from the
PZEM-004T sensor
- Data transmission Data is sent to Google Sheets via

- Wi-Fi Wireless connectivity Google Apps Script

- Google A Script Dat. i
0081€ AApps Script Yata processing - Dashboard design Real-time visualization using Looker Studio

v

Output Variables
- Electrical Energy Monitoring System Operable

Evaluation

-System performance evaluation by experts in four areas

1) Accuracy and efficiency in measuring electrical energy #—— in an actual educational institution environment

2) Efficiency in data transmission to the database - Capable of data visualization Including

3) Security, durability, and functionality of the hardware monthly and hourly charts

system - Capable of data analysis and Communication

4) Efficiency in visualizing reports via dashboard platform Supporting efficient energy usage planning

Figure 1. Conceptual Framework
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Figure 2. Devices and sensor connection (a) and a fully functional device (b).
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Figure 3. Data logging to Google Sheet (a) and dashboard visualization via Looker Studio (b)
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Table 1. The evaluation results of the efficiency of an electrical energy consumption monitoring system

using Internet of Things.

ID Evaluation Item X S.D. Level
1. Accuracy and Efficiency in Electrical Energy Measurement
1 The system can accurately measure voltage. 4.00 0.75 High
2 The system can accurately measure current. 4.00 0.82 High
3 The system can accurately measure electrical power. 4.50 0.58 High
4 The system can accurately measure the power factor. 4.50 0.55 High
5  The system can quickly detect voltage fluctuations. 4.00 0.71 High
6  The system can continuously measure energy without interruption. 4.50 0.52 High
7 The system can accurately measure electrical frequency. 5.00 0.00  Highest
8  The system can record measurement data. 450  0.61 High
9  The system can display measurement data in an easy-to-understand  4.50 0.67 High
format.
Mean 438  0.25 High
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Table 1. The evaluation results of the efficiency of an electrical energy consumption monitoring system
using Internet of Things. (Cont.)

ID Evaluation Item X S.D. Level
2. Efficiency of Data Transmission to the Database
1 The system can transmit data to the database quickly. 5.00 0.00 Highest
2 The system can transmit data to the database stably. 4.50 0.53 High
3 Electrical status data transmitted to the database is complete and 4.50 0.58 High
accurate.
4 Stored data in the database is well-organized and easily retrievable.  4.50 0.67 High
5  The system can sufficiently store historical data with backups. 4.50 0.71 High
6  The system can handle large volumes of data simultaneously. 4.50 0.76 High
7 The system can connect to the network stably. 5.00 0.00 Highest
Mean 4.64 0.19 Highest
3. Security, Durability, and Hardware Performance
1 Hardware is safe for users. 5.00 0.00 Highest
2 Hardware is durable against environmental conditions. 5.00 0.00 Highest
3 Hardware has short-circuit protection. 5.00 0.00 Highest
4 Hardware has overload protection. 5.00 0.00 Highest
5  Hardware has long service life. 4.50 0.71 High
6  Hardware is easy to maintain. 4.50 0.76 High
Mean 483 0.20 Highest
4. Efficiency of Dashboard Reporting from the Platform
1 The platform displays data clearly and understandably. 500  0.00  Highest
2 The platform provides appropriate graphical representations. 4.00 0.89 High
3 The platform can export data to Excel or CSV files. 4.50 0.67 High
4 The platform can display historical data. 4.00 0.82 High
5  The platform can be accessed from various devices. 5.00 0.00 Highest
6  The platform provides real-time data updates. 4.50 0.58 High
Mean 450 0.15 High
Mean in Overall 458 0.18 Highest

910 Table 1. MsUszifiutszAvdnmussszuunsrninnislindanulrlinlaglddumesidnvesassnas
amsUsziiutansliifuissuuivssdsnmlaesneglusziuainniian (Aede = 4.58, S.D. = 0.18) deazviou
femudniavesmaimunszuuluynfin iWefinsanusagdiu nuirdiuaaaseferunamunasnsvina
vesszuvsauslasunisUsiiiugean (Aede = 4.83, SD. = 0.20) uandlifiudsnnadotuvesldausie
anuvasnsiuaziafiosnnyeassuy sesasnAesulsransmnsdsdeyaiiigiudeya (Aede = 4.64, SD.
= 0.19) BeustRsmrmannsalumsianistoyauasmaldeusoinietofifiussavsam ludunsuanimauazns
¥y szuuilussansnmnisgsenu wruesa sglussduann (Aede = 4.50, S.D. = 0.15) Tnglaniulums
uanswadoyafidalauLaznissesiugUnsainanvaneviln udafifiulunsusulgsdunsuanssanuunsiin
dausumiudigndeanazuszansawlunisnsiaiandsewlin fenadesign (Anade = 4.38,SD. = 0.25)
wiHnaedinseglusediun wisdnidonuunguiigiignidinnunniosnnudivlunsuss Sudu
i meeneiddusnuunnsumelidusUuuuiihauls memsildasuuudia (@uede = 5.00) fid SD.

[239]

Citation:

@ @@@ Terapong Songputh, T., Boonchuay, S., & Bonwat, J. (2025). A Development Electrical Energy Measure System Using Internet of Things

Technology. Journal of Computer and Creative Technology, 3(2), 230-243. https://doi.org/10.14456/jcct.2025.18.



Journal of Computer and Creative Technology | Vol.3 No.2 (May - August 2025) ISSN 2985-1580 (Print)
MIasreuiIwesuazinaluladasneassa | U7 3 aduil 2 (wquniau - A 2568) ISSN 2985-1599 (Online)

= 0.00 uansisANTuRBsFasiugs Tuvneiisonisiifiazuuusiininden . geiu Ssaonadostunguinig
Usgifuitssyinarmdudoureamaluladindssaseanuvainansyesmssuivesilinu msiszuvannsaia
Aauiluihlsogasiugr nsuansradeyaiidniau uazmsiiiaangunsaivarnmansvinldsunisussiiuly
sedusnniganfeunnuiuiesdesiugs uandiifiudsgaudminvesszuy
wan1sfnunilvideiauonugiudseuuazdvszans amlasiulusedugs uddediuilunisuiuuse
Tagianigludunisiaalnifiugiuuas nsuanmanuunsiiin msfmudesenmsuduluiinafiuei
wiugrlunstauarnisuivlgnninauedeyalifauinaulauasidiladsnndedu welwszuvanuse
navaUBIANREINSYRIliulisgnTuR LA iiUsEAVIEN E R

7. &5Unan15338 (Conclusion)
7.1. wanm s szuunsdanslidndsaulnii
ssvuduuuuiivaduldvesadioais2 Saufuiduieed PZEM-004T dmfunsraiauseiuluidin
nszualnlill Mddlih wasndsnuaran nieudeyannupiotiglane die iiawevansud lUdiiadn wae
viauedoyaluguuuunsmiiiu qriaginesagile svuvanmsavhaulddeideuazinnuusiuglunsind
iy Madisesfumsidswadeneliane talagliindetianatn sndiulunsdllwiiney Fedmwasensrieu
Frasm
7.2. nan1suselivdseanianeessyuy
mMsUszidiuangideing nuiszuuivssavsamlunmsmeglusedu “uniige” Tnsutamanisussidiu

Rtet|

1) frupnusiusilunsnsaiandsnlii sedu “un” fedneds 438 wavdnidouuunsgm
0.31 Geagviouinszuvanunsainamdsaulninlunarsdiuys wu useduladin nszualviin Ml
Usenaumds uazenud Idossgnifedlusedud agndlsfinm Aasiuuluuiadidin wu nsfaussiuuaenszua
ol 4.00 Fadlaifsszdu “undign” oraiesnaniadesuanuusiudveaduises PZEM-004T fiiaana
AaALAdeU +1% AuLUsUTIYB ST ULy asUnIY Tuanmwindensienadsasonnuaiiosvesnis
o dawalvifuszdiudslalinsuunlusedugaan

2) fudszansnmnisdsteyainggudeya sedu “unfian” seaeds 4.64 uazdrudonuy
11051 0.23 uansfenuaiisvesssuulunissu-duloyariuniotie wu w3yl iaslaslidfinnsagme
vostoya sruvamnsadaivdeyadounds nsdisesdoya uaziSongteyaldegadussuy Feasvioufanis
penuuUsTUUgIuTeyatatlassadansdedeyaiiduszansam gunsal vesndioan32 Aldluszuud
anuanusalunsidesio indotneldmeiiatios Sniamssenuuugiudeyaliisesiunisiuduldiouasdoyala
1dou

3) funuUaDAfLaYANNAIMUTBITLUUBITALS SU “uinfign” daededs 4.83 uagdiu
\eauunnsgiu 0.24 uanafanmiiuiesvesuszifiudn eandawasildiinnudasadouasnuniu 1wy n1sdl
szuudosruliiingnises szuudesiulenesivanuaznisidenldgunsalinnsgiugs 1wy vesndleaii32 fawnse
vasaidesluanmuandonsing 4 167 uenaint mssenuuulsithssdnuildneuasiiongnisldauenauu &
Hrefiwenudesiilusunulasaiouazaunmuresstulussarem

4) fulsEavBAMNSYIIBNUEIULATUBSA SEAU “u1n” shedade 4.50 wardaidsauunnsgiu
0.23 fotuieemelumslduily uiasuuudihifessiu “unfign” Inslamslusunsuaassaiuunsfinuas
Toyadounda FeldFuiiies 4.00 siedl oraifesnandeditadiunnuianguvounanresy wu n1sle
uwanwosuuansHafiiliaesiiin nmseenuuy Ul Adslisenndestuglivarnuansngy wiedwinanuannsa
Tun1sUfuussmsuanimanIunLfisINTTanznay nitins Export Yayaniesesiu Mobile Responsiveness
wivilg wadadidesAndnuusyaunisallden (UX) deifisufiusyuuseiu Enterprise filemudulnauazysus
augunsallafnd

[240]

Citation:

Terapong Songputh, T., Boonchuay, S., & Bonwat, J. (2025). A Development Electrical Energy Measure System Using Internet of Things
Technology. Journal of Computer and Creative Technology, 3(2), 230-243. https://doi.org/10.14456/jcct.2025.18.




Journal of Computer and Creative Technology | Vol.3 No.2 (May - August 2025) ISSN 2985-1580 (Print)
Nsasreuimesiavinalulagassassa | I 3 adui 2 (wguniaw - Gsieu 2568) ISSN 2985-1599 (Online)

9NMFAAIEA nudn szuuiigaiudaiaudiunisdadeyauasanuuasndoveeniaua’ v
anansofaudin@lusunsfiteuwiuglunisiadmdsnu wagmseenuuuunrueialiaenndesiumsly
nuatsiinarnuateuniu sl Anedesuiassuuegi 4.58 uay drudeauuimsgiusm 0.35 daegluszdy
“unitgn” Gedusuldhszuuiinnimieuuazimnzandniunmsldnuaidussfuameaaunuvieide

8. @AUTI8Nan13533y (Discussion)

medenSiyatunsiauuasUssdiussdvinmeessr s ianslindsnulai laelnalulad
Sumediinvesassndslnenanisdndunuuandiifuitssuuiivanntuannsaioldegauug finnu
wafis wazanunsnuaniadoyaldeadvszansam Haluudvesnisiamidlain nsdsteyadngszuy
gudeyasaulatl naanumuansalunsuanmadeyaruuaruasauuuldney JsamnsanSouifivunay
oRUTeRaTtuATeiReodldd

ssuunsindauiiauniulunuisedimnuaunsalums iaussiuluih nssualvih hdslwih uas
wiaruazauvesszuulwihldednausiudwazseiiles anuwiuddsnarifinanmsidenfiduees PZEM-004T
fleenuuuiamezmedmsuindmdsanliin uaznisusznanameueindieaiiz2 fisessumsideuseliaeuay
mMsAauuuiiealn wiszuvaziinnuwiudlaesuegluszdu “u1n” wiriaruaainedou 1% vos
Wuwesuazladouinden Wy dyaasuniunionnuiuniuvewsuliii onsdmwadennuaissvonsin
Tunreaaa egslsinnu nadndluduiaenndesiuiuues Apiruchpinyo & Chaochaikong (2022) fiuaaslsk
windlsdnaninveanisliuesadieadiz2 suduueundinduuds lumsasiadasazauaunsldndsnuluenans
Sounuuisealngd wavaenadediua1uYed Hantoro & Setiawidayat (2023) Wau1szUUNIATIVIALAEAIUAL
nslimdanulnih ssvuanua Ingldinaluladiedornedumesidnfioduasuansuadoyadandanu ssuuil
aunsan T TaLTIRy nsrLa uazndsnuuuuisalnl wienaruaugunsalludinldainszezlng 1l iy
UszAnsnmnsldndanulumegaaivnssy vadsdinmmaaeulseansameesszuuiadefisufunmsgu
wuidamifissnssgauazannsaldnuldseties

suUszavsamueansdsdenainggnuteya stuuiiwannannsaddeyaiirggiatdnkulnsinaea
HTTP Idmssmudaaaaiinvuann 5 wifl erwdndalugniifinainmsaedimuatisaauuvesdieaiiz2 7
anuusiugrgaaznsldgiiadnlunsidendedugiudeyavunaid viliandgymnisiwesdeyauaznig
gMNAYAIANINTN SEUUEIasndaiiudoyadounduazdisesteyaldet1aduszuy T madns
aomndeIfuLLIMeBY Apiruchpinyo & Chaochaikong (2022) fBuguinnsdsdayandalriiidngaandan
wsasuiuldedrsadedustuumaluladdumesidnvaassnis

sfuanuUasnfeuarAuAmUYeIEauag ssuuldiumsussiiulusedu “unflan” Faazvioudanns
oonuuuiimilsfismuvasndovesldany Tnsfinsuenisasiifiusagauazusei Aasssiaduasiusnined
A migs msidenliveindioaiiz2 musegamaiuazussiululinlad ilissvuannsavhnusioideausily
anwuandeuiivannuans Fsanisussduiiaenndosiunumes Yasa et al, (2023) fiszyiwesndioaiis2 ({u
vesnlulasaeulnsataesfidanuamunasmnfunudundsnuifesnisanuaioslunisuszaiana
ANAAUIY MADATUILYDS Choochart (2022) fifinsUszgnalddioatiz2 Saufuiduwesiivndodne wiounis
PONLUUSEUULUUATUINS ansnsandndulfandumsinwmiessdnssuinnansdiiniesiiodnmsndsnuuuy
loT Afiuszavsnnuazduan THnuaiddiuiluuiunvesszimalng

ATUVDINITUAAINATOYAHUUATUDTA SHUUAIINTOUARINATRLAIINNLATNHIUUATUBS AT IgAIN DS AL
pileldogadladeuasiauamey Taofnsuansiuuunsmuasnsg famnegdunsinsgiualtunis
Twdalussosdunarszeren dmiumsvssiiunemsldauuasueiamagsiaviessdns Hielle et al. (2024)
Tiuadnsunruoiataelinistaduladaunmunndy uasduaiunsfnudeyaedisnniia sdslsin
aosutegevedvesgane fasgAlowy ANaINTaluNITRNTIBNUANIEY I visoUTuwssgUuuulian
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v Y 1

Y v ° A A Y A A 5 = <, v o a | 1%
seaugldtugs fedifedindlaivuiuiniesdiomieidle (Power BY) dserailuanvglifussidiuuisdiul

U

AzuunlifisszAugegn

uananil yaufiavioussdanuilmivesnuideide nmsvenuuuszuuiiiiniuasuaas daudng
n329¥n nsdedioya uarmsuansna Insysansiieniauiuaseeninnosaliussansam saufsnisaey
Weudmaaiasuiuieiesdionnsgunielivanauau Gedilivsngegradussuvluwmidenounth
nstnaueszutludnumedTaduduuuiiannsoiluvssgndldluniisnunenis aoufine viesedu
a¥aseulsats Inefaundonsuduyy wielulad uazanuaunsolunailldnusosenldegaddu

9. YatauauuzaIuIdY (Recommendation)

MnnamAdeiuszansanlusedu “mnfign” eg1dlsfinnn ilewannsyuuliaseunguuardsdun
B9ty anAdeiiaueuumilu 2 du ldud 1) Funuddesely msveressudlisessurialai 1 wia was 3 wia
iindnenmshensilesgideyadedniagldlyyszivg Anvmansznuszezenanmsldanu uaznaaedd
Tuiuiifififediasulasadsiiugiu dWeussdiunnumnzasvesszuuluuiuniivannuats 2) funislda
939 msiaued eafloatuayy 1wy alfonTousundindy umadeudoiugunsalmunuliindmlusi uas
daasunmsldnulussdvguvuniessdns eliszvvaninsahludszgndltldasuazinUssloviogadu
JUsITU
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The Effects of Blended Learning Management on Enhancing Multimedia Production
Skills for Children with Special Needs among Pre-Service Teachers
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This research aimed to 1) develop a blended learning management plan
that promotes multimedia production skills for children with special
needs among pre-service teachers, 2) develop multimedia materials for
children with special needs, and 3) enhance multimedia production
skills for children with special needs among pre-service teachers. The
target group consisted of 23 undergraduate pre-service teachers
majoring in Educational Digital Technology at the Faculty of Education,
Ubon Ratchathani Rajabhat University, who were enrolled in the course
“Multimedia and Animation Design” during the second semester of the
2023 academic year, selected using purposive sampling. The research
instruments included (1) a blended learming management plan, (2) a
multimedia production skills assessment form, and (3) Multimedia
Production Skills for Children with Special Needs. Data was analyzed
using basic statistics, including percentage, mean, standard deviation,
and relative development scores. The findings revealed that: (1) The
blended learning management plan designed to promote multimedia
production skills for children with special needs among pre-service
teachers was very high quality (X = 4.54, S.D. = 0.54). (2) The multimedia
materials for children with special needs created by pre-service teachers
were assessed as very high quality (X = 4.53, S.D. = 0.36). (3) The
multimedia production skills of pre-service teachers developed through
the blended learning approach were at a very high level overall, with a
relative development score of 85.00.

Keywords: Blended Learning Management, Multimedia, Children with
Special Needs, Pre-Service Teachers
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unAnga
2o & Aao 4 Y 9 aa v a
n153deAseliiinguseasd 1) Woiauiuaun1sdansiSeuiluunaunau
duasurinvemndndedafiidedmsuaniianudesnsinduiiay ves
tnAnwnivaneg 2) memundeladfifedmiuidniidanudeinisdnlu
iy uay 3) Wenmuvinven1sndsdedadfiidedmiunniianudonis
Fuduiiey vesindnwinanes nqudmune Ae Wndnwinanes szau
Ugay1e3 anwndgimalulagadviaiienisfiny) AuzAgaans univendy
F19AaUasIvs1d 31w 23 Au Namelsussuivnsesnwuudaniiae
a o = P vas - a4 A
wazuofudu man1sfnui 2/2567 lngldisnsidenuuuianzas tasesdlen
Tdlun93de laun 1) wiunsdnnisiSeuiuuumaunay 2) wwudssdiuinue
nswdndedafidife 3) Aesafiiifedmsuidnfifianudesnisinluiiay
Wnswhteyaleeldatianugu laud Afesay Anade dundesvuninsgiu
WAZAZLUUNAILINITAUNNS HAN1TITENUIT 1) UNUN1TIANSITEUT UL
HaunauNdLasIinvensndndeiadfiiedmsuiniidanudeinisindy
ey vesnAnudndnag dannmeglusedufuin (X = 4.54, S.D. = 0.54)
2) aundedaffiiiedmiunnfifiarudenisinduiiey MinAnwnindn
AT damunmeglusedudnin (X = 4.53, S.D. = 0.36) 3. inwen1s
a d4 o asaad o o & da v o & a Y ax @ a v
nandedaAiifedniunnifianudeinisdnduiiay deiEnsdnnisiseus
WUURANNEIY YetinAnwnindnagnudn dnAnwividnesiivinuenisnin
dodandine InesiuaigegluseAugaunn (Ashuuimuinsduimsvigy
85.00)
Y 9 = v 4 o aa a 2 aa v
Aa1AgY: MITansSeusuuunaunay, dedadiiily, infidaudenis
FnTuiivene, Unfnuivaneag

1. umi (Introduction)

Tugataqiuiimalulafuasuianssudivadwiiunuiedvdnd suazunsuarslunsimunssuy
msfnw weluladienaneueiessiodfyiitsdusiunasaivayunssuumsisousliianuvainvans uay
fiusyAvsamundstu Inslamyogaddunguifiniifianudosnissulufivas (children with special needs) §4
Hundui Seuiiidnuazameiazuanssandniillunaefii Malusuiaunismeameuasdla mesuy
YoyauazUszaunsal msdeans waznmisiidusulufanssunsiousiisndudesusuadsuliimnzaudv
dnunmuazdedinueusiazynana (Office of the Education Council, 2017) Winfifianudesmssufiases
wdgyiuanuimelumaisous wu Jymdumsladu nsueaiiu AuunnseInKsenIe wieanuanuni
NangAnIsuLazaalyan oty ms%’mmiﬁauﬁﬁqﬁwLﬁuﬁaqawﬁaﬁaLt,asm?aqﬁaﬁaamwmaww dielanunse
sesfunazatuayunsiFeusliognsdiussansaa asmudnonmuasdnuuziomzvesinudazauiiotfislonia
Tilsiddemmiuasvinuzenauvinfioududinialy uastiodaaduiamuinissnusing  (Saardaium et al, 2025)
amailynyn danu uazersual Inefindnguannuideiinudt deRdvauvuiufduiusansodsaiaunde
Wannsvesdniidanudosnsdnduiaslalunansfia 1éun futlyan (Cognitive Development) ¥enszdu
nm3deuiuuuaeedurssluuagiinnsAnegiadusyuu (Stalmach et al., 2023) dmudana (Social Interaction)
Aanssusudefiduaiunissanie wu tnun1ssuiiuungy uiemsneuldiudarasiadon aunsaiiia
NOANTINTIEIAN (Carter et al,, 2019) inua1sual (Emotional Development) nseenwUUdeiides & uavsa
azasiaannudnaends ansoanmnuinninalumsiioy uarduasuanuivlenuedumsiSous du
n1389a15 (Communication Skills) & a9 LU un 158 nyan3 eldnmdydnual 19U AAC (Augmentative and
Alternative Communication) Faesimundnlunguiifirnuunnsemnansyavionwsie
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devadiiifle (Multimedia) WudoguuvunisitldunssensuinannsanszduliiAanisildusiuves
f3ou adaussgilalumaioud wesdesdenisidouiuuuiameyana (Mayer, 2009) ilosaninaandilunis
waukautanny nm 1des 3dle uaznismevauesiodldldlussuuiien {iFeudeausaldnoutuidenild
Tngmsssunisedn den a1n e vievhuulininosulal Juminzauedndsdmiunguidnifiniudenis
sndufivaviidndeanisnianszd umsszamdudanaisdomns saudenisinufoie q eg1edangua
ATIEANIAENIZYARA (Panurat, 2023) agslafinu nuATevanstuldaseulmiiuliymuasdosindiddy
Tunszuaunisnandevesin@nuiindnag InslanngluduvinuznisesnuuuiBsaisassd daduinugidniy
sonsadisdedafiifefivaulawssmnyausungud wansogadniifdanudomsdndufivs vonanilss
wuh dndnwagdiulvgdlidedrinlunislivaluladegnufulsedvsnm aenrdosiunuideves Rafiola et al.
(2020) Anuiindnwiaslunansysemadnaanudsmnalumsysanmsmeluladiirfunszuiumsaouseis
fiuszansnm Bnvisaufinwives Chen (2021) Fiiuisfosfrlusuitnueniseonuuudefiainsassd s
mMsneawiAgiunsusudelimnzaniugFouifanudesnsiivay iliindnuasliannsanevaues
anudissnsiannzvesiFeuldeiaduil uenand sAdelne Hsu & Lin (2020) Ssszyinisiineusslundngns
Astinsjatiudiommeanguiunmitnisinufdiniseenuuude dsdwmaliindnwagideddrlumainmelulad
wazufmnssunildludusouegisdvssansug faoradunauainmavialenialndunseSousiniesiiouar
iadafiviuasiy safsmnuinndilaludnvasenzvesiSouiitiarudomsdndufimdsegluse duilsigs
w8 (Thangjai & Wongwatthanaphong, 2024) ¥l¥nnseanuuudeliineulanduagliiaenndasfuninudesnisi
wiassesiFounguil wonand awngddgiviliiAadosidadenan erananmsdaninieuntsaeuly
sunuuidslimannvane shlsindnudsliaansalssendldnnusuasvinueludeaj iRl degeiszdvdna

nsdan1sBeuduuunannay (Blended Leaming) unumisnsdnnisBeudinanussninanisSeusly
sUuuveaulall (Online Learning) waznsiieuslurieaiu (Face-to-Face Leaming) ¢ 1eiuag1aiiseuy
uduesguuvifensdalenalifisoulfidousmeonuesinudesivialunariiazain audiunisFeuiuuy
fiufduiusudaeusaziioudmiulursnaFeuuuundgmin SraaSiliAensuanudouaudadiu n1s
sufletuudlodom uasmadeusiTednl#Assdu (Thungkanai, 2021) dwiutinAnwisnagnisdaniadeus
wuusansauiaunyaLenshs mmrannsoldilunumdunsiinduinusdndnidudmouiuasds
UftRlFeswwiaifios Moty TudiuesnsiFeuseulay dnAnwannsadnwanuifiuguieatunms
sonuuude msldlusunsudinsionm 3dle wienisairsdedumesueniinlimenuesinundsuviondvaoy
drunsiFsusuununiiagaeuaziiunisinuinet uadyrianenin Msdlauonady Lagn15InIng
swiulutuou Seheiauiinugnisdomsuagnsindiasesiidadndn (Wannakul et al, 2025)

MnwmatinanuideiadimuaiafnymareimsiansGeudiuunamauiidaaiuinug nande

A

defaafidedmsuiinifinnudeinsdndufitavuesind@nuindnag ieduuumslunistamnianssunis
Seunsaeuluszavanufnuinianumizauwazaenndesiuaufeinisvesdnulugadagiu uavasany
wiouliuntindns isndnaglunsiwineeluusuldluaniunmsaiass madsuiludnvasdlifousigae s
tnAnwilinwemameadelunsudnde uididuaiunsAndadinsed madndulegraduszuy uaznisai
uinnssumsiiounsaevluel q fadunadnuasiiddylumsiiouaslimdeusuilefuaminmeluyaddia

2. ngUseadAeIuIdY (Research Objectives)

1. Wiofiauusunsinnisifeusiuunaunanui daaiusinue nsudndesfaddifodmiudnidaig
foansindufivay vesindnwiivInag

2. WiewanndesadtiAvdmiusniifienudesnsdudufimy

3. ieauvinugmsnandesiariliod miudnidanudesmssndufivee vesthAnuindnng
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3. MIMUMIUISsUNTIULATNgEIAEadas (Literature Review)
3.1 LLu'JﬁmLF'ia’;ﬁ'un'ﬁ%'ﬂmiﬁaué'l,muNammu (Blended Learning)

m3dansi3udiuunannay (Blended Leaming) vanefls msnanuniseudiuusdauihluduFoud
fumsiSeudtinumaluladasaumaniessuveeulatenaliuszavsnm Inefinguszasdifiefinanudaney
TuAgiFou (Graham, 2006) uaztelii3ouannsamueuian anuil uazdmnensFeuslimenuies (Staker
& Horn, 2012) M3dnnsiFeusiuunannausisdaaiumstannvinugnswande InelalenaligisouldiFous
luduGeunasimumelulad mudiunsiinujoReseesedeiios Falidouaieenuiienuosiumss
dudnlumsFeuiase lnsamzluviumesnsnandesiadfide dnAnwiivdnagegliFouiannuszaunisal
739 W1UN15aeT0URUR N15NAABIBDNLUY LaZN1TAZYBUNAINNAIUVIRLLBINIUTTULERUlal Yaeasns
UsvaunsainiaidousitanysaifadmguiuazUfoR Uonassen, 1999)
3.2 wuaRaReRUinusnsHAndelaRsiLfe

doadiifeiitensinuiiundesdodiiivieduaiunsGous lnslawzdmivdiSouiianudesns
lag nwennsudndetadiifeysznousisanuausaluniseeniuulasaing nsldniw ides domnu uaz
Ufduiusognamnzan odeasionilidnladiouarinauls nguinisSeulfetadfidienes Mayer (2001)
Fokfiuin rfil,%'auﬁ]vL%Uu%’lﬁﬁﬁmﬁa%mamﬁwLauaﬁaamwLLavﬁwwmﬁLﬁmﬁ’u AsanN13EN19lgan (Cognitive
Load) mum'ﬁmmLuamamamvuu wazidenlddefilsiddouriy ﬂsvmumﬁwamaammmmu ADDIE Model
Feusgnouse 5 dumeu ldun Jiasedt seniuy Wann thlvld wasdssdiuna uenaniinismamnimyesdeds
\Butuneuddgiitieussiiudssdvsnmvesdeiinantu TasfinrsananiinuznisdieseidFou manau
wazoonuuu nsldlusunsuuaziadesile nsesnuuudemnzaniuifinfidaudosnissndunies uaznns
Uszidiuuazsuusede (Heinich et al, 2002) 1l olwldd ofi damn iz ausunguidmane uazussg
TrgusvasinmsiFeu;
3.3 wuaAaigRunsHanderlagSauiiianudeanisdndudies

infifinnudeantssudufivme (Special Educational Needs) vianefi ifnfidannaunnsosmeinusianie
adtyan videnginssy FedndudeslisumsinnisBeuduazdemsiounsasuiuiulimnzauiunnuanso
uarALFBINISIaNNzYARa NMseanuUvdeLialiniidnudesnsndufitaunisiamdn Universal Design for
Learning (UDL) duulifi3eunneuanunsnidrdaionnldognaviniion (CAST, 2018) Usznaudae 3 o9
Usznoundn 1éur 1) nsiiaueteyavasuuuy lunsinaueidemlunateguuuy wu doniu nw 1des
3o iesesiunsuiteyaiiunnsrafuvesiounsazau 2) msdalenmaliuansnrmidrlelumainuans
suuuy Wi Feuannsauansanuianudloauaznevausslinatsds 1wy wa 1@eu 1 violddendva uas
3) nsduasuussgslanazmsiidrusalunsifous nszduanuaulowazairaussgdlelunisifoudseisi
vianuany 1w n1slding mavhaungu videRanssuiivhimeanuannsn

4. NIBULUIAAIIUINY (Conceptual Framework)
meifeihjsianumunisinnindeuduuunaumay Wodnasunuensnandefaffifed miudnis
mwdesmsiduiiawuesindnuindneg tneldsuuvumsiFouiiinauszninmsSousouladiunsiFeuly
Fuidou warnaFouiuvasioufiin
1. fLUTAU FiB WHUNITIANTISYUFUUUNANHATY
2. fudsma fie vinwemsuandesiaiilfvdmiuiniidausesnissndudiene
unun1sIansiFouduuunaunanduiuumdn lunsiwuinuenandofadfiide dudunisdiu
nszurumsHaundefitduszuumuguiuy ADDIE ModeLImmiaaﬂLLUU?%@@?W%ULﬁﬂﬁﬁﬂawué’mnﬁﬁ%ﬂu
fiayBandnnns Universal Design for Learning (UDL) ledndunsmuunumsinnisiSeus mninazdaaduli
dnAnviivinsfintu warausondndestadfifefidaua mmnrautudniifanudesnssndufieldoad
UsgANSAIN wanssa Figure 1.
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Figure 1. Conceptual Framework

5. 35alus1UIY (Research Methodology)
5.1 ngandvang
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Table 1. Results of Quality Analysis of the Blended Learning Management Plan (N=5)

Evaluation Items X  S.D. Interpretation
1. Clarity and completeness of the learning management plan 460 053 Very Good
2. Appropriateness of the blended learning format 447 0.55 Good
3. Appropriateness of media use for learmners with special needs 4.60 0.53 Very Good

4. Appropriateness of activities for enhancing digital media production skills ~ 4.50  0.55 Very Good
Overall 4.54 0.54 Very Good
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Figure 2. Multimedia for children with learning disabilities.
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Figure 3. Multimedia for children with speech and language impairments.

971 Figure 3. BaNKUUFBLABLIUNINTLAUNRILINITAUNISERES NSTAANMINETBINIYT KAZNNS
novaustegudussuYf IHnmnisaundaau danmlumnny Mdesusseneméninioussloadu 9 de
dosdmau 91 wazihideadufins handnesndewmna @am+des)

Figure 4. fofafilfiodmiudiniiiauunnsemeaideymuasnanslédu

91 Figure 4. sanuutdelaeldnm dan nnderummnedaiau lidudeu waieniduneudu q Wil
e Tnwdre Lilddwidvns Sideseudaieu melidnitudila dealuinsiivisadsussonadsuan
Aanssuuuuliney nude 9 Wy a1nne Jug @endiaey Tszvuidluusaflonsugniidesvunazusuile Tng
filsfansannisfanides wazdaieumsiFeudiiuamm nisiedeulm femmm uaznwivina wieldinidila
o ldegnafiuszaniam fMalovdouotwduiifinisuansniwile lddussensldnmmnidledonudy
Ustloadu q msdamnad iy wavesdsenoudy q wileutuluustasii
6.3 nanitesziquamassiadsiiAedmiuiniiiaudesnissuduniey ddnfnuninAnudvdnag
Wy

namsilaszsinuandesadiifodmivdnifanudeanssuduiiay Adnfnwdnd@nwiindnaeg
#aunTu & Table 2.

[251]

Wattanasirin, S., & Janjang, S. (2025). The Effects of Blended Learning Management on Enhancing Multimedia Production Skills for Children with
Special Needs among Pre-Service Teachers. Journal of Computer and Creative Technology, 3(2), 244-256. https://doi.org/10.14456/jcct.2025.19.




Journal of Computer and Creative Technology | Vol.3 No.2 (May - August 2025) ISSN 2985-1580 (Print)
MIasreuiIwesuazinaluladasneassa | U7 3 aduil 2 (wquniau - A 2568) ISSN 2985-1599 (Online)

Table 2. Analysis Results of Multimedia Quality (N =23)

Evaluation Items X S.D. Interpretation
1. Content quality 4.49 0.32 Good
2. Multimedia presentation 4.52 0.62 Very Good
3. Interactivity design 4.55 0.51 Very Good
4. Appropriateness for learners with special needs 4.57 0.51 Very Good
Mean 4.53 0.36 Very Good
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Table 3. Analysis Results of Multimedia Production Skills (N=23)

Average Score Average | ¢ Lof
mprovemen
ltems Before Score After P Level o
Score (%) Improvement
Training Training
1. Learner analysis 1.96 4.48 83 High
2. Planning and designing 2.04 4.61 87 High
3. Use of programs and tools 1.96 4.74 91 High
4. Designing media for students )
) . 1.91 4.43 82 High
with special needs
5. Media evaluation and revision 1.83 4.39 81 High
Total 9.70 22.65 85 High
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Abstract

This research aimed to develop an information system for network
schools supporting professional teaching practicum under the Faculty of
Education and Human Development, Sisaket Rajabhat University. The
study was motivated by the lack of an efficient system for managing
information related to student teachers, supervising instructors, and
partner schools, which posed limitations in management and decision-
making processes. Therefore, the system was developed using the
Software Development Life Cycle approach, employing Google Apps
Script as the development tool and Google Sheets as the primary
database. The sample group consisted of 10 experts who evaluated the
system’s performance and 254 users comprising 20 supervising
instructors and 234 student teachers who assessed user satisfaction. The
research instruments included a user satisfaction questionnaire and a
system performance evaluation form based on ISO/IEC 9126 standards.
The findings indicated that the developed system achieved the
“Highest” level of performance, with a mean score of 4.53 and a
standard deviation of 0.51. Similarly, user satisfaction was rated at the
“Highest” level, with a mean score of 4.56 and a standard deviation of
0.45. These results reflect the system’s effectiveness in meeting user
needs and its potential applicability at the faculty level or across
university teacher education networks.

Keywords: Information System, Professional Teaching Practicum, Network

Schools, Software Development
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UnAnga
meidunaiiingusrasdifteaunssuansaunadmiulsaiouniodein
Usyaun13iinTInarednneATAEansLALNISRILINYEY Nine dusudy
m3aziny lnsfunAnandammsuimsdanmsdeyaiifstestuindnm
AnvUszaunisal 019158 e uarlsaSouindovned awinszuudidl
Usgansawm iiiAndedndalunisuinisianisuaznisdnduladaleuis
ogafuszuu uiTeilFeianssuumsaumaningesnsiaugensiuas
SDLC Tneld Google Apps Script vuin3 safleaiun uag Google Sheets
Hugudeyandn nquinegraililumsiseussnausiedideimsy 10 aulu
nsUseiiudszdnsamwessyuy wasgldauszuudiuig 254 au G
Usenauaiee191sd dinan 20 au wazdnAnwilnussaunisal 234 au
13 peflefi 19 Uszneudsuuvasvatuauisnelanazuuudssiiiy
UszAnSamauinaeiunasgiu ISO/IEC 9126 wan153demudn szUudl
fimutuivszansamlusedu “aniian” Tasdidnadesiy 4.53 wazdiu
\Weauumasgu 0.51 drunansuszifiuanufianelavesldauwuineglu
sefu “wnfign” Wwudu Tnedanadesiy 4.56 wazdmdsauunnsgiu
0.45 ggvioutiadngnnvesszuuluNMINEUANRIANNABINITVBI [T ULAY
anunsailuussgndldlussdvangnianiavisunine1delaeg 19l
Usgandnn

AIEIARY: Seuvansaume, NIRNUsTaunsalivdnag, Lsaseunienie,
MINATENALIS

1. umi1 (Introduction)

nsiinUszauntsalindnegiadunalnddglunisiannasiiondn defesendunnusiuilesswinemay
AsAanT uminends uazlsuieuniedns lnslawizegsdsnsuimsdnnisteyadiii satesdunisin
Uszaunisal 1y deyalsedeuniotie anudasnisvesindnw uazranisUszdivaoudinw Suludesdszuy
flannsodaiiu Uszanana uazdududeyalsogaiiszdvinmandedmunvesngan ndngnsagmansadi
(5 B) dmualitinAnyinussaunmsalluanudnwiduna 1 3 Tnefagiidsuarorssimafidugiiugua
1na%n (Division of Teaching Practicum, 2024) ag1slsfinu Wuin nseUIWAITIANISISaS AT swn
szuvasaumafiiiusEavsnm sihlviAndes dnlunmsdmdenlsaSoufimnzauuasuimsinnsinanuinlelsl
WalszAnsnm fauszuvansaunaisfiunumddglunisaduayunisudmsdanisnisinuiegsseudiu
(Worapongpat et al., 2020; Krutkham et al.,, 2016) Tagtanizlun1susnisinnisdeyauaznisindulaids
ulguns el Techawattanasiridamrong (2020) 55431 nrsitaunlsasuindeteidigguuuy “Tsaousu
iyl ndnag” auuwafsgusunisieuindndn (PLO) fuesendedeyaigniewandulagiuluns
Usziliudnennlsaseu

nndedfafingm maiannszuumsaumaiioaivayunsiiiunureslsaisueietneiinussaunsel
Fafimnudnduegned dlngianizeged s szuvatsaumail aunsnsunNLazuImsianisteyasg el
Uszansnm Weslostoyasewinamhsnuiiieidos wazaunsadszananadeyaitothluldlunisdndulaide
wengluszozenldegraunnzay feduladeddysonnudiiareanisuimsianisesinslugaddva wusdn
fana1naenAdeaiy Laudon & Laudon (2020) fisey31 szuvansaumaiaasvinuididued esfiolunns
Uszanana 3isght uasuananedeya iieatuayumsduiununazdndulalussfunagndvasesdnsidoged
UsganSnw muﬁﬁaﬁlﬁaﬂiﬁﬁLmeqmiﬂ’ﬁumizwmuﬂixmumﬁ Software Development Life Cycle (SDLC)
Feusznauetuneuiifussuy Thu mslnszianudoms seniuuszuy Wawn nadey wasiluldauese
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dielilaldhssuuiiaunmuazannsoneuaueweaufesnsvesidldosauriads (Clark, 2024) uanainil
fadenld Google Apps Script $2uffu Google Sheets (Huiasaaelunsiaun iesnndumaluladfidaiu
Bangu Tnude lidesiadslsunsuiuiy sessumslinuhuiuuniseimnuszsnn uazanusadeusdte
fuims esfleves Google Iagranainvany §sdonndesiuusunvemuissui ddedrtadiunsne1nsni
malulad (Sompeewong & Predawan, 2021)

meitendsdisdynomnaifieimnssuumsaunalsadounietieflinuszaunsaiindnag lnowili
novaussdouIunvasldon 1dud dnAnwvilnUssaunisal 019138 Tman wasidminfgusin Snfsdas
Uszilluussan mwvssszuuiiwauazanuiiawelavesifldnluynsedu ielviinswauiieiosieassi
ansnsathlvldnuldasdumhsnunsine Tngldiadesilefilideadurldirafianiy Tnonsuaiu Google
Apps Script Wag Google Sheets il pasneszuvasaumnaAfifiusEansam ma‘uauaamif{Tﬂﬂﬁi’J’aaﬂaiuL%qﬁuﬁ
UAZTINALNS

2. ingUszaeAauIde (Research Objectives)
1. WieiunszuvansaumalsaSoundoteflnUszaunisaliviinng
2. ieUsziiuUsans sy uuasaumelsadsueieteflnuszaunsainnng
3. tileUszliunnuilmelavesldreszuuansaumalsaSoundoueilnussaunisalivdwng

3. MIMUMIUISIUNTIULATNgEIAEadas (Literature Review)
3.1. WUIRATEUUETEUWA (Information System: IS)

sTUUMsAUINA mnefa sTULiivszneudisesdusznausing 4 len yaains e1iauad wenduas deya
uaznsTUINS vhanusiuegraduszuuitesiusin Yszinana daifiu uaznszaredeyaenafiuszansaw
Tnefihmneiieatuayunisdadula msruau uagmsudmsianmsmelusadng (Laudon & Laudon, 2020)
Tuvunvesnisdanisiinuszaunisalindneg ssuvansaumeaiivnumddylunisdeulosdeyavedsuien
w3ete UnAnwiilnasu ﬂgﬁLgm 9191589mer nsAnnusansiln SauAwanisUssadiunsu oo fadu
YoyafidusunamnuazildsuuUasmasanan Msfmunszuuasaunafiaansadidadoyaldogiasniia
wiug uazsessumslinuvesiifstesmanuanengy Jsdianudnduedreds ilorrsanniszauienais an
Fofanan wazifinuszavsnmlunsdanisdeyalunimsn Inslamzegdduantunsinniiidedingu
suUsEMMALYAATNT SEUUATAUWAToonuUUIIise Ui Uy 1wy dnAnwiinaey asfidns 019138
fwan uagtdmiinf azsaliyndneauseldnuszuuimiuldonsiiussaniamuaznouausse TngUseeasd
sffuldedrauiads muafioaiuayunsfusus Ussinana wasdanistoyalfeglusuuuuiinyanse
mydnaulauesesAns (Zheng, 2024)

3.2, WATNITHAIUITZUU Software Development Life Cycle

1993015WALITEUU 95 0 Software Development Life Cycle (SDLC) 18 unuaned 1 lunswaun
oW fosaluszuy ilelissuuiiiauntufinuam novaussrufeinsvesdld uazannsaldanldoged
UsednSaw (Clark, 2025) Tag SDLC Uisﬂauﬁaﬂ%umauﬁwﬁm oA NMSANIAMUADINIT N1FODNLUUTEUY
s deulusunsy mvagouLasUssdiuna MsAnddldny uarn1sU3einwIsEUY dmSumsamn
ssuuansaumAiieatuayunuiinUszaunisalindnag SOLC Aerfummnmsiimnzanednads esanglday
szvuiivanenay IduA Wivthilgudiin enansdimad uazind@nwillnaeu Jsfinrmdosnsunnsnaiy seuuds
#esgnesnuuuNNITIATEideyam udessfidaay wagiauilagldiedesiiofivmnza 1wy Google Apps
Script flanunsadexlesiu Google Sheets eegnafiuseavsnmuazUsendanuyu (Hossain, 2023)
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wonaNil N15ld SDLC §a9rgantaranalnssninan1simul insizdnimaaaunaulda1uass wazaiunse
Usuugsmudeiausuuzainglinulisgsseilien dwmaliszuuianudidusazneulanduiunvenisdanisin
Uszaun1sadividnaslaes19uviase

3.3. ngufn1suauiumalulag (Technology Acceptance Model)

ngufiniseensuimalulad we Technology Acceptance Model (TAM) iuuwndniildofurenginssu
vosgldureniseniukarnsldmaluladasaumea lnefiosdusenaundnassusenis laud nsfuiteuselov
(Perceived Usefulness) Swnefls anuidovesldimsléaluladdudieldmehaudvssansamunniy
wazms¥uiiannudielunisldau (Perceived Ease of Use) damnafis anandoinssuvanunsaldonldlaglsi
dudou (Dwivedi et al, 2019) psiUsnoufisaosiidninase wnaRvesld (Attitude Toward Use) Fauilug
Lanunfiagldanu (Behavioral Intention to Use) wazvinefigadanase waAnssunislda1uais (Actual Use
Behavior) 1hsil Dawsiriro] (2022) 1#@nwin1ssensumeluladnamsiiuluzuiuy Gameri vesfuslaneaula
luuszimdlng Tnguszgndlivguinisveusumalulad (Technology Acceptance Model: TAM) Saufusiauys
Aguenfiady fie MsfuFennades nui nmsiuianuides funumdauientsdnduleldau lnaamzlu
nauilFnuidanutnasonnulasndevestoyadusuasanuindedevesszuunsiiuiive nuitedss
Piiudsanusniulunsaiuassanudulauigliiunsesnuuussuuiifinnalusda daoade uazaiuns
n3vaeuld dunsuszuvasaunadiunsinUszaun1salivndneg n1seentuualsiiuliszuuldaiude
f3umesilaiJuiinsfiuild sessunsdhdaldangunsalvannuans uasuansdoyaldnsstuausosnisves
fldedrnniduarinay Sunsdwduasulilidanudilalumslinussuuedwadewaniausslonigin
3.4 waluladildlun1swaiuszuu Google Apps Script waz Google Sheets

Google Apps Script i un1wndeulsunsud waulag Google Imaﬁﬁuugwumamm JavaScript 34
gankUUL L BlFus WA UUSN15A9 9 Y89 Google Workspace 191 Google Sheets, Google Forms, Google
Docs, uaz Gmail ldegdl$senste fimurananasreilsitudalut® (Automation) an3usidesmda vioszuu
Web Application #1uu3n15999 Google lalagliAasldidsvinosaiuda Sompeewong & Predawan (2021)
wui1 mawauiuueundiedilasld Google Apps Script $2ufU Google Sheets itodaviuuuUFTRIY Vil
Hénuannsadrfsdeyauazyhauswiuugutesadoiuldivuuiealn lnelidesani@mneivieszuy
guteyanieuen

Google Sheets AauaunaiaduaiUsadnuuszuuaansiiannsaldorumuiuusiwesidlnglifosingds
Tusunsuiianin sessumsvnusiufuuuusealml (Real-time Collaboration) wazanunsaldidugiudeya
guadniavunanslunisiaunssuvansaumald og1efiuszan amn Tnsanzdiothundeuseiu Google
Apps Script M54 Google Sheets AUARY Google Apps Script Faelvannsnasisszuugudoyaooulai
awnsadaiiv wanana wazdsvananadeyalaludunuai uzduantunisdnuiidesnisseuuansauma
melumienu laglidestonlasaiefiugiuiidudou 1nnsinwves Soontornwat & Bhrammanee (2017)
wui1 M3UsEENAlY Google Sheets FapadsrUUUIMTIVYsTINUATIUATY AevAussANLiBINsYB sl
wazdaaiunmshausmiuuuuiFoalnl Selnadernufisnelafigs waziaSuinueyesumaluladvesyaains
p9ANsog sl dATYy
3.5 MIUsTliuAMATNIZUUAUNAL ISO/IEC 9126

ISO/IEC 9126 Husnasgiuannadildlunsussifiuannmusswenliuag Ineflgauszasdiiiedmunansou
wAalunsitesesiuarssifiunudnvasvesmdnsusisendiuiiedadussuunazanunsansiaaeuld G
fvusinausimsUsziiuannmeenanasly 6 fu e funisvinnumiumiiif (Functionality) suaandedie
19 (Reliability) Arumnuainisalunislaau (Usability) arudse@ndain (Efficiency) snumauaiunsalunis
U1593nw1 (Maintainability) wazduAIEIsElunTAFeuie (Portability) Tneusassuasiisnd indesiivae
Tanunsadssidfiussuuldegruiussuuuasaseunquildvislufunaiauagssaunisaivosfld siedl
Pruksayakorn & Rapeepisarn (2017) N&1231 WuIAAY ISO/IEC 9126 Harsnuizanlunisurlulaussidiu
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geyiwasluuiunvesdliauass lnslannzlunguinaluladii ernuduiia 1wy inuesulay dmsuszuy
asaumaiiensuIMsianslsaieuedotefinussaunsalindneg uasgu 1SO/IEC 9126 Wuuuamnad
wanzaulunsusziiugunn iesanszuudessesumsldauvesldvansngu Téun dndnwiinaou 919158
fwnad wazidiiqudiln Jedudanudosnsiivainuats msuszifiumuinasisananiaeliannse
asaeulddruvamnsoyhaldnuving Sanuundede 1nude dsendaniweins Uiuugdldine uas
annsoiluldnuluuiundu 4 Idesadameu uenaini msldinasi ISO/EC 9126 Fuduilugiuddylunis
Udulssuagiannsyuuasaumalusyazonlifinunimauunsguainasg1edsdu
3.6 yATBiiEatas

NAMIMUILYITEnUI dnansuimsiiatuayuaudndulunisiaunszvuasaumeaiionns
dansinUszaun1salindnag laglanizluiunsuimsianisteya Mifaudneamyaains kagn1sasna
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Input
1) User Needs: The requirements and expectations of supervising lecturers, student teachers,
and administrative staff involved in the teaching practicum program.
2) System Design Principles: Adoption of structured methodologies such as the Software
Development Life Cycle (SDLQ).
3) Development Tools: Use of lightweight and flexible tools, specifically Google Apps Script and

v

Process

Google Sheets, for web-based deployment.

1)Requirement Analysis: Identify functional and non-functional requirements from user input.
2)System Design: Design of database structures and user interfaces for usability and scalability.
3)System Development: Build the system using selected technologies to ensure integration and
performance.

4)Testing and Refinement: Conduct trial use, gather user feedback, and adjust accordingly.

5) Implementation: Deploy the system in real-world conditions and provide user support.

'

Output
1)System Performance: Evaluate accuracy, reliability, speed, and data integrity.

2)User Satisfaction: Measure satisfaction in terms of accessibility, ease of use, and practical

usefulness

Figure 1. Conceptual Framework
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Figure 2. Dashboard Interface Screen for Network School Data Reporting.
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Figure 3. Interface Screen for School Data Management by Administrative Staff.
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Figure 4. Adding/Editing Network School Data and (a) Confirmation Dialogue for Data Deletion to Prevent
Operational Errors (b).
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Table 1. The results of the system performance evaluation.

No. Evaluation Aspect X S.D. Level
1 Functional Aspect 4.60 0.50 Highest
2 Reliability Aspect 4.53 0.52 Highest
3 Ease of Use Aspect 4.50 0.51 Highest
4 Performance Aspect 4.60 0.53 Highest
5 Maintenance Aspect 4.40 0.51 High

Mean in Overall 4.53 0.51 Highest
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Table 2. The results of the user satisfaction evaluation of the system.

No. Evaluation Item X S.D. Level
1 The system is easily accessible 458 0.46  Highest
2 The system responds quickly to user operations 455 0.47  Highest
3 Menus and functions are clear and easy to understand 452 045  Highest
4 The displayed data is accurate 460 0.42  Highest
5 The system organizes data systematically 457 0.46  Highest
6 The system allows fast access to information 454 0.43  Highest

The system supports the allocation of student teaching practicum )
7 477 0.46  Highest
to network schools

8 The system helps reduce paperwork 456 0.44  Highest
The system presents practicum results in an easily understandable .

9 450 0.48 Highest
format

10 The system provides clear alerts or status notifications 455 0.44  Highest

11 The system is accessible from multiple devices 460 0.42  Highest

12 The system is stable and has minimal operational issues 453 0.46  Highest

13 The system effectively meets user needs 459 045  Highest
The system can generate reports or summaries that are practically )

14 bl 451 0.47  Highest
usable

The system can be used as a decision-support tool for .
15 o 449 044 High
administrators or stakeholders

16 Overall, users are satisfied with the developed information system  4.57  0.45  Highest
Mean in Overall 4.56 0.45 Highest
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avenn uazdszAnsamvesszuy nslulssfiusunmsiaassindnulugilsadounietns daduilaidundnvos
szuv isunzuuuauiianelagege fanadesiu X = 4.77 wazdrufoauuinnsguwindu 0.46 azviouds
AuansavesszuulunsianisteyatinAnvinaslsedeuaietisegrudusyuu uazdivannnududounes
nszUILNTUIMsiamstifsadestunisiinsraunisaiindnng nedidaaiunsdaduladenagnivesanzag
viseguImsiAyteslsogaiuszavsam

f

3
i}
o
£
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7. #3UNan13338 (Conclusion)
7.1 GUNSNAIUNTEUUATEUNA

svuuiiianndulngld Google Apps Script war Google Sheets fAuanunsalunsatuayuNITUIMS
Jansteyaluddasaiuaznisdadulanuuidsalng Insasouaquitsdduddny Iun ssvuunuiiBsiud
lsauseuAseUns (GIS) unsuesaadianuniviuazanmuenissuln Aeidunsdanisdeyalsaieuniusyuy BackEnd
uazMIeenTBNUSAlUTALUY Interactive Fataelvigldnuannsadrfuazdanstoyaldodsivssansnm
wazlusdla sessumsldnuuunngunsel Taglisdusiosiadalsunsmiuiy wazosnuuulasfilaieanudg
Tunsldemaselunmaaun
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7.2. fuUsEanEAMURsTEUY

nan1sUszillulssAvEamussssuvansaumengidsmauarenansddmenisiuon 10 au lngldinasi
1MSFI ISO/IEC 9126 ATBUARY 5 ¢y WUt szuuiisdvBameglusedu “unfign” (X = 4.53) lnefinanis
Uspifimademedudal AugnFsessTUL agluszduanndian (X = 4.60) uandliifiuinssuvannsadnnis
uazuanstoyalsaFou thnw uazransusziiuldegnauiuguazasudin amnaniidefiovesszuu (X = 4.53)
wanatsafiesnnlunisvi anvanansalunsdisesdeya wasnsiAudeua Anudelunsldau (X = 4.50)
Tneszuugnesnuwuulildeude wydnaw wazdldaunsaseuinisldnuladienues audszansamely
sefuNTign (X = 4.60) uandliiufisanuanmnsalumsuszananauazuanaadoyalsogissinia usfaeld
Fodrinveaaioviedumesiin mnuamsalunstigesnuilddeds X = 4.40 Feoglusziuann azviouds
AuBanguresTUURBNITU UYL lisAndeya LLa%ﬁLaﬂﬂﬁﬂi%ﬂa‘uﬁlL%@Gif]miﬂﬁ\ﬁﬂwﬂ
7.3. fuanuianalavasgldau

nan1sUszdiuanufianelaanngldass 254 au nuirmnufimelasweyfisedu “unflan” (X = 4.56)
semsiilésunsuuuaiogean fo ssuvtivatiuayunisinassindnuldedieliussavsam (X = 4.77) Fauanq
fafnanmassszuvlunistisananssveadminiidisinnisuasiinanuldsdalunsyuiunsuimsdanis
sruuamsaumAiivaTuassoneuauaseTngUsvasdvosnisideldedsauysal Inedussansamaslums
fdumsuimsiamsdeyalsadouadotelnuszaunisaiiviineg Snaddldsunssonsuanglénusidugn
nqudvnelusedugs Seanunsahszuuludssgndldlaaidluseduamy wazddnenmlunisvenenaiie
atfuayunsruumsiinUszaunsallussduaminerdonelndetnongaansae U lfos e

8. 2AUT18NaN1333Y (Discussion)
mMsWasTUUasaumAiouTsiansteyalsaFeuniednelinuszaunisalindnag lasld Google
Apps Script uaz Goosgle Sheets uansliiiudsinenmvesszutlunsatuayunisdanisdoyaidalasasiawuy
Boaln eludunsdavhunuiilsadou msdanisgiudoya mitanwmadountuein uarn1TEaNTIBULUY
Sumesuendiv dslasunisusziliuandidorvguazdltauaieiteglusedu “undian” uandiifiufenia
Undefie mmgndes armdiglumisldan uazauaansalumsUssinanafiiuszdvinm aonadosiunmside
94 Konkid & Junlabuddee (2025) Fufmuruavuainitonsdanisteyatindnuluszdugaudnw Tasuiy
nIgUIUMIRIL SDLC uagn1sussifiuanaiionelavesdld nuinisansssuuiiuunAnmsssnuuuilndifssiu
wagliipnuddyiuanugniesesteyauaznisitrdeiidaeu Jadulladvddasontsdnduladanagnsves
HUIMNS S uATedwansliiuiinumnzanlunsidenldindedle Google W3iihEsing Wy Google
Sheets uaz Looker Studio Tngszuuannsaanmszanuenans uaziiinaslusslalunsuimsdnnisdeyals
0819l UsEANS A HadWSTHTAudonndesiuIWITaues Tangcharoen et al. (2023) waz Seenaha et al.
(2022) AlFimaluladunsuedaultlusefuinnisuagsziuviosdiu wuiiszuuannsauanmatoyauuunm
wazannsrnisiarhaenudenuedldesiednau uenaind nssenuuuszuulsesiunsldanuuyngunsel
Tnglsifsanalusunsuiiniy wansdsnsdrlavsunvesdldau feaonadostunanisidenes Srchan &
Suebsor (2023) fiwuinwuinuasseduvedlsaisudanaronnudosnislunsldssuuarsauma dady A
SavguuazmnuiFeuiglumsliindadulledvddnyiivieliszuvamsovenenauazssandldldluanii
uenaNil sruvasAUWATiaL TS atuayunsiiduuesngiidsuarerassimadlunssuiuns
Taassuazdaniunanisilnszaunisal € sazsounurAanisddiusanluszduiaiovie aud
Techawattanasiridamrong (2020) Iiaualilsaseuniotienataidu “lsadeusiuiauininag” dunuifn
gurun155EuIM3In (PLO) Fennszuvansaumealdfunisimuiiuiuiesesuanssunisima a3
nanudsuious uaznsusydiunasiuiu deuazensedumsuImsianisiinussaumsallugsssuiiiinnusiuile
oghawii daiussuuansaumaiiimutuinnalanwudumsysannemeluladfdvaduus awauns
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vsumsiinuszaunisalivdnaginty mndanansadususuuiivsuldluniunduresanudinuuasguwuiiie
msdnnsteyaegedadulaluauian

9. dpLEUauULIIUIY (Recommendation)
sruuamsauwalsidsuaietielinsraunsaiividneginmuntuannsnilUldusslenilunsuims
Fansdeyaiiisitestunisiinuszaumsalvesindnweteliuszavsnm Taslamzlusunsdnasslsaseu
nsAamumanisina uaznisidenlosdoyaseninomhsawiinades wWelvinisldnussuuiauseidouas
indsslamigegn msaaLaiumsua’miamaasﬂmmwﬂﬂaummmwumﬂﬂ Undnwn uazusnislsasou
i3t tunauEBNLU A "LiJa]ummiiJﬁwﬁﬁvwasmmaLum wieuadimsfinevsuileatisaa
lalunisldan dmsudeausuusidinnslueuian arsiinisAnuideiiaseunauuiuniivainyansuin
B9 1wu nsFsuifleuyssAvBamssinsssuuiiiauwersTUUAN MalessinadndiangAnssuveadld
szuu viemsamnszuulianinsaidenlesiugudeyaseiund uazsesiumsimeoouladuvuiioalnl e
WindarnuanunsavessTUUmsaUmAlTine uauswiemsinmsiinszaunsalindnasluganaviaegasousu
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Development of a Promotional Website for the Legends of Prasat Phumiphon and
Prasat Yai Ngao, Sangkha District in Surin Province
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This research aimed to: 1) investigate the requirements for developing a
promotional website for the legends of Prasat Phumiphon and Prasat
Yai Ngao in Sangkha District, Surin Province; 2) develop the website; and
3) evaluate user satisfaction. The system development process
employed the System Development Life Cycle (SDLC) methodology.
The development tools used were PHP for programming and MySQL for
database storage. The research participants were 120 tourists visiting the
heritage sites and three experts. The research instrument was a
satisfaction questionnaire. Data were analyzed using descriptive statistics
including percentage, mean, and standard deviation. The results
revealed that participants were satisfied with the website at a very high
level overall (X = 4.54, S.D. = 0.63). When examining individual aspects,
the content aspect received the highest satisfaction level (X = 4.62, S.D.
= 0.55), followed by font and color (X = 4.55, S.D. = 0.61), website
management (X = 4.51, S.D. = 0.65), and promotional media (X = 4.47,
S.D. = 0.61). This research can be applied to Dom Subdistrict
Administrative  Organization, Ban Chob Subdistrict Administrative

Organization, or similar organizations.
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giuns 2) ilevianniuleddeussnduiusdinnuusnamailuazsam
191 Sunedave Swmingiund uay 3) iednwianufisnelanisld
Hulwddeussnduiusiunuunamgiiluuiazusametoiman sunedaus
Farina3uns nszuiun1snauszuulduuIAnve9I99INITHAUITEUY
in3osdodmiuimunszuy Ae anwn PHP 1dlunsifeulusunsuuazaw
MysQL 19lun1sdatfugiudoya naudeg1eiildlunside Ao ngu
ﬁfﬂviaaLﬁmﬂﬁamgﬁiﬂuuasﬂﬁmmmawm 31U 120 AU LLazQL%’mmv
$1uau 3 au weFesllefldsiundeya Ao wuuuszliumwienels iase
foyaatanugiu léun Sovas Anads uasdrudoavunsgiu nanside
wuin nguiegeiiaudianelasienmswunuleddeusyandusiusiun
Usramgiiluunazysiamensine snnedee Jaminasuns lnesiueyly
sEUALNN (X = 4.56, S.D. = 0.63) WieRiasandusiesiunuii sufifianny
ﬁdwa%mﬂﬁqm Aoduiem (X = 4.62, SD. = 0.55) 599891 AoAUSYS
wazd (X = 4.55, S.0. = 0.61) 898931 Aanun1sIanseiulad (O = 4.51,
SD. = 0.65) uagfuidanufianeladesiign Aedudousyunduiug (X =
4.47,S.D. = 0.61) mufifl’aﬁmmiaﬁwiﬂﬂizqﬂm“lﬁlﬁ”ﬁuam‘ﬂﬁﬁmsﬁfm
FUAANLALDIANITUTINTA WA UaT LYY MTenunea1ud ufl Tdnwns
Adnemdsiulsegnadiusydnsnim

AaAgy: Mswauiuled, n1sussrduiusiana, nsvieafisnBausan,
Uswmmqﬁiﬂu, U@ mensLa

1. uni (Introduction)

Usramven Wuniduersessalunuidsdugigaluedens fusenidsddd Tnaiduuvdmsanma
Farussauiidusedld (Tangible Cultural Heritage) Faiduundsviouilondesyiimans uazfudsatuayunis
viosgudeimussauduiiunumddniviondnduasvgiadunisvieniied egralsfinm uvasisaiends
UseiRenanslunans fusenidaniovedlnedanansussaduiusiineulandwginssuvesinvieadiegelvsl
(Wanglee et al, 2020) Unamgiluunazumamensmn lusunedwe Swmingiuns idulusaanuiiinmue
Uy IRenansuar Tausssu uifnansinaueiudeiviasenafiussansam (Ketsirisuk, 2021)

9nadiAy 2567 wuindnnulinvieadivaii e namgiluukasunameisimn Smiagiuns dawlng)
Hutivieadioatssilnouazsinend Inefifidimmedodion 15 afadetu dmiuiiaesnamluiuiifomia
?ﬁuw§ (Sample group at Prasat Yai Ngao, personal communication, February 12, 2024; Sample group at
Prasat Phum Pon, personal communication, February 12, 2024) \U3gulileufiuusiamavsgi ﬁ@'l,"ﬁﬂ‘umaﬁla
364 AdasiaTu Uairassamee & Saitong, 2023)agvoufvnrmdndulumsusulssnisUssmduiusuagnisidig
foyaeoulal undsioniivnivsy Hmansluiuidinansslildsuanuien Jadsfiorvdssadeuultudndn
Igun msUszanduiusidliaseuagu madhdsiuiiliazan waedilifiivledineulandinvouiienldediad
UsyAvEnIn uenani L%ﬁnLﬁmﬁ’wswam*ﬁﬂamé’nmasﬂugﬂt.l,umawﬁmuﬁmeuﬁum yinlvirugulug
LLaxﬁﬂviaqLﬁawmmmilﬁmﬁ’wﬁ’wmmmzmmﬁwﬁ’m‘uawiwammaﬁﬁ (Thanapalo et al., 2022)
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11338983 Comengam & Kiatpradab (2022) Wanuiulwsiusznduiusmsvieadisalungaummwamuag
wuiunasosuesulativaeliildiinfedoyaanuivenfiowazidumsnsidunslfesaasaanuaz uiug uaz
ATemM IR IUleR i eduadunsussrduiusuva e sl deTausssuvissduiiunumddalunisadns
330§ (Awareness) uazusagdlalunsifumaieaiion ulediloonuuuegamnzandsiiesdusznouddsy
WU MIT033UNANBN1 52UUFTINNGLY uazunalaem awnsatisliuauAazensyUUsEaUNsalves
fldnulFegradiuszaniam (Floricic et al, 2023) Msnaunaudosiaiilie 01 amis nwadeulw Favim
LAz NN 360 B3 SatheaiauaNTiaznsrduauaulavesinvieaiealdundelu (Maprasom et al,
2021) Bnvhsssuugudeyauarlasaademildnieie Srdaaumaiiauedeyaosaiiusraniamuasisga
Fnvieafinnndatu (Ramadhani & Setiawan, 2024)

ognilsfion anAfereunihddnlvapjstauivleddmsuuvdsioaiioriiifodes uasdilinseunqu
widwienflendasziimansiiosiu Wy Unamgiluusesusamenemn fudu uideddsdimnuaulags
W uleddeussanduiusiumnynamailvutazusameiemn sunedwe Sminasuni Uszneusie
fruom dusnusuasd Funisdanisiuled uasdudoussvrduius dumswamadedadiiie 3dle
AW 360 9 LFe Tomnu pwiadeulm msufduiug uagsruugrudeyadiinfisine nseenuuusingn
Hroiiunnaule asuszaunisaliadiousss duasumsvieuiisndeimusssy adesoldyuey uavensedu
AunMEInoe iy

2. InQUszaeAauITe (Research Objectives)
1. wiednwmiudean st ivleddoUssmduiusiuiuusamgiluuuazusamesne gune

o o

v JmingIuns
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2. Wiefunuleddeusyyduiusiuuusamgiiiluwasysamenemnn sunedwe Jaminasuns
3. wiedAnwimnuianelananisldiivleddeusymduiusdmuiuusmamgiluuiasysiame s
gunedvy Jamingsuns

3. ATNUMIITIUNTINLAZNA U TAEadas (Literature Review)
3.1 nqufjnswWannde (Media Development Theory) UuiugUNS2UIUNTT 3P
Tugaddvia desfadilifefiunumddylunisnszaedeyaimansuasdaaiunisfous Tnalamzogiedslu

msUsEmduiusuvasiondsn fedndufenitauaideniuguuuuiiiaula wu 3dle ninds idesussens
waznsiln ierirfenguithmneldegnsivssansnm nszuaunsianndeduinduiunmsmeldinseunuidna 3
Fumeuwdn wie 3p fail

1. Pre-production (N19219bHULAZLATBNNITNOUNER) L“f]uﬁ]&umauL%"uﬁuﬁaiuﬁumsmmmﬁm 119
uNUASALILOU Weuunnmeuns (Script) waginssunisatevinegraduseuu wu n1sdavi Storyboard n1s
d1519801u 939 wazn19in3 vugunsalaevia 1l elsinszurunisnandeannsoduiululfegasuiu &
Usgdndaw LLaxaamﬂzﬁ”aqﬁuﬁmqﬂszaqﬁmaamiﬂixﬂné’uﬁ’uéuwdwiauﬁmmﬂmiﬁﬂwwaa Ayuwong et al.
(2023) I¥uansliiiuiinnudfuestunounsnasnlunsndninle dumesaliasusay Tnefinseey
UnnmEuns d1sandanuiiage wazidieu Shooting Script agsseuneu Tuvhusufientiu 1uideves Nitiphokin et al.
(2024) liFndunsnaunuiniiddledeuusiuvdwouiielusvawidu fmianin Tnendasadeaduan
ogsdnauda 7 an Aseumguunasie e fissliduiiin

2. Production (n15wan) ilutunsuesnisasiiogierhess Tnetufinam 3ile uasdesmuunuils
nilludunoudouni ydlilddofviidamuam itetlulfludunounisiase ©1uideuss Ayuwong et al,
(2023) sudunisareyiiidleluaniudiass laiunisianseauuy Storytelling L el vuanansaidonloaiy
USunvasuvasieaiiendasySimansldognaiiensualsan enAdeves Nitiphokin et al. (2024) ghaviannsng 1
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3. Post-production (M3faseuazimeuns) lutumeuil fumuasihilngdile s uavesrsznousig 4
uwhnsdase ldidemang auniusznou dmussens uasuSuuddimduiilenauysal wiesmeunssingoms
ooulail 1y Facebook w3e YouTube tiiaLdndenguidiving su3deves Ayuwong et al. (2023) léneuns
FAlerutoINIes . d1nuNIYyINY3 LasUsziliunannuianelaainngudiieg1ediuiun 100 AW WUl
Fuufianuiiawslalusziuga Tnstanizsunisian3esuazidssussereiivaiau :1uideves Nitiphokin et al
(2024) I&vhnsimeunsifleUssnduiusindelodoaiifovuiu wagyinisussiiiunadunguinvieaiie
$1uau 50 Au nuhfenafienelalusgduann Taglemedunisesnuuudsuazmsléides

3.2 quwf]'miaiammﬁamiﬁmu’l (Development Communication Theory)

ANLLIAAYBY Schramm (1973) nan1i1 Aeanswiavuanunsaiduiedsaielunswamnls Tagiamylu
Ussmaidsiamun namsunsdoyaiiuivleddaliifoudlinnudividy uidiamnsodaaiusndnuaiuas
Sauszsuosiuliduitidnluinti Ssmonadestutmnevesmsimunivledduunamluiiuiisae
dar Ywmingiuns

3.3 AUIULATAMAMIIIAILSTTNTRWUTA MY UULAU T E MN8N

v a

Unamvenludwmingsuns lnanniz Usamiivu uaz Usiameisma iuunadlusuaniud i
agvioufaiunuriesiunazainnudevosyusuluedn Tas Unamgiluu danulassulugiugusamiu
imunigaluussmalne forgsmmsamssei 13 uazifeadestudumunssuaies fes v vide “wszunsuy
Tng)” dedeiaFossnanuinuasianuignssuvesrudugdlugroandnsvenluna lusued Unamenemn
avviouARinusn ANUTERRY WarANNTednd Kus e wdwsauniiihseaniidslusensurunasndin
1JiwamLwia‘ifgﬂiﬁzﬁﬁuamuﬁﬂixﬂauﬁﬁmsumqaﬂﬁﬁyiym “grgina” 1uRanssulsedlivesuru auans

fanslgrhuuluniswenlesiuinmsssunayinTinvesguwuluiui (Chayavudto et al., 2023)

a

34 wqwﬁmﬁLﬂi'\zﬁuasaammuswu (System Analysis and Design Theory)
nswanniuleslueudsedlduuaia System Development Life Cycle (SDLO) IngUszynd lilung
Waterfall §f 6 Funou 1) M31UHLUIEUY 2) MIAATIEN 3) N1598NUUY 4) MIHAUY 5) NFVAGDY 6) 113
33w (lamsiriwong, 2012) lmadimngdmiulasinisiifiermdesnistaay wastwlimsimunssuudy
sruvssdou navaouldine luanuide {isuldld waterfall asunndunou daudmsiiaseiaudesnis
sonuuuIuteya fauiu naaeuszuu ileliiiuledneuaussiensldnuaialdesnadussansam uuimis
SDLC sauriuluaa Waterfall ¥aglianunsansvauesaiiudesnisvesdldsgrndussuunazivsednsam
(Ramadhani & Setiawan, 2024)
3.5 nann1seanuuutIUled (Website Design Principles)
nseonuuuiiuledfunsvisaiiamsmdsisnnuazainlunisldanu (Usability) msiauedoyai
FALIU UAZANNAILIINTBIDIAUTZNBUAY 9 19U Weust & N158Aane Trudsfinesiadiiie Wy wuiiliney
917815 wazdile 360 oeAn Lieadsauthaulawazdauasunisinaulaiunng (Tarker, 2020) TngosdUsznou
dfry 19U Bumesivly Mt uagiladdunsldnou fnasenssuinménvalvesgamnevatema uaziiiu
muindedeliiudlian dsuszaunsalldnuiifzdisnszdunsidumnuaznisuende Tuihueadeadu
Tarker (2020) Iflauondnnsesnuuuiuladvieadiodlu 5 37 Tdud 1) msoenwuuiiionn (Content Desien) 7
Lﬁuﬂayjaﬁ'j’mauLLaw‘?faﬁaM 2) szuuiildaenndie (System Design) 3) AnuaI8uv0INT T NLAzRIAUsENEY
(Sensory Design) 4) m3fufjduiusymedaay 1w $3mTonsuys (Social Design) wag 5) ANUAUNLAYNITAINA
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3.6 aAnunanalavaldeussuuansaumea (User Satisfaction)

Delone and McLean (2003) 85u1871 mmﬁawa%mmDﬂ‘ﬁtﬂwﬁ'ﬂuﬁ’ﬁyi’ﬂmmﬁ’%?waaszw
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Uszaun1sad % (User Experience) ageiluszdvsnm
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wigflday ToeiamzeeBduuIunvesnsdnevens i nuailasuTsIIMARNIZYBE Viseiea Maprasom et al.
(2021) Iftauein mslddesfadfifienainvateguuuy 1wy amia 3ale wasnmuuy 360 e fdrudielunis
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ﬂﬁmmua‘uauammwmmu LuﬂmaaLaiumsumusmLtammumﬂaﬂumwwmmuﬁiimaaamuwmaqmm
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NNMFIATEITTaNsIT ausaazulein mawmuiulsiieadiendeiansssuiifiuszansam
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tvieaiisauazairsnualitiuvdwioniiedludsTamsssy

4. NFDULUIANIUITY (Conceptual Framework)
NUABIMRUANTBULLIAATIUNTIVY A9 Figure 1.

Figure 1. Conceptual framework.
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5. AWantusuide (Research Methodology)
5.1 Usznsuasngauiiegng

Uszens leud nguinviesfiorumamaiiiuu SwaugiBessuionun 150 Ausiaiieu (Sample group at
Prasat Phum Pon, personal communication, February 12, 2024) ﬂq':uﬁ'ﬂﬁauﬁEn‘di’]mw&namw UL
L?Jlamju‘ﬁgwmﬂ 20 AUABLA DY (Sample group at Prasat Yai Ngao, personal communication, February 12,
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welulad fekous 0.6 Tuluynde Mnduuuuitosiam mgnifnuazdandudeaulmiliaonadosfiudu
fezUszidiunudoiausuuzvesiiferng sdunmeasddfuinvisadiesinadunsluiiiessamailuu
LazUsIEMEIEM S 120 Ay wasmAinnudeshilneligasnsmenduussavsusarivesaseuuield 084

3. uuvasunainanufimeladuiumsdavinlassairsuuaeuany IriidemasounguingUszasdues
19398 wuuaeuauutseenidusnoudsil noudl 1 foyarialu 18ud we o1y sedunsfnen suns way
Uszaumsaiianu neuil 2 anuileelavesnguiegaifiiedoUssmduiusdnnuunamailuuiaz siam
g1 SNy Tearinaiund Tnsuvadu 2 fu fe dmuilom dufdnusuasd dumsiansivled uas
shugdiuumstiauedeUszanduiug Tanvasidutuuinmsd s 5 seiunuisuesdidsm uazaeud
3 dorausuuzinfsmihuuuasunuiiaisiulididomgnsnaseuldmmiuaensdeadaion (100) wazaay
\ianss (Validity) $1u7u 3 viny fewsity 0.82 udaaranuidesiuresuuuasunusisaty Tneldgasdulss
avsuoarivasnseutia liAanuideiiuisatiu 0.89

4. nsaund sUszmduiusmuiuunamadluulazsusamensina snedes Samingiuns
Usznausiedenmils muadeulm dAvmiuseiiuTam Favimdinas uaznim 360 asmn Ingnisimunde
Ussmnduiusiundnamgiliusasyamenemn sunede Sminasuns Buannisinwianudesnis
Feuuudisanudesmsnnglidoya 100 au (fumvmudd 1) sndussnuuuiiemvesdonisiam
Auleduszduius LmelUMmmmmﬁu 6 vinu ﬂsvmuwmmwaa Usenaumiy m%mmmﬂﬁmmuiﬂu 3
v wagdiTenmauinameneinn 3 viu Sadufidemgiudommandaienfivimes feansuazdu
wAlulag

5. nsmuduliszduiudmuuusamaiivuwasUsiameema sunedws Swmingsuns lae
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Figure 2. Analysis of DFD level 1 of the website

910 Figure 2. DFD Level 1 vaaszuuliules éieil 1. Houaseuu (Admin) ﬁwﬁ'}mumﬁmmﬁaaﬂa
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Figure 3. Analysis of DFD level 2 of Process 1 “Login System”.
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Figure 4. Analysis of DFD level 2 of Process 2 “Information Management System”.
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Figure 5. Analysis of DFD level 2 of Process 3 “Tourist attraction information management system”.
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Usamaiildukasusamenena sunedavy Jmingsuns
5.4 MyAaszidayaidy

meleseiteyannuuuasunuanufiel Tneldadfnugiu Idun Aiede wavdudenu mesgu
wazidanaAiadsdunuuinediu Ussanuen 5 sefu @il 4.51 - 5.00 enuftanela seduunn 351 - 4.50
ANUTINalY SEAUA 2.51 - 3.50 Anufianela seduUIunans 1.51 - 2.50 anuiianela sedunely wag 1.50
Auianela seAuUTuUse

6. HAN15IVY

6.1 wamsnauAUledusTrduusuTamgiluusazunanetsnn
NITeliansauanmadnsveansiauIvledussrduiususiamgiivusazUsamenann oy
wundudndliviules wanswadaniw Figure 6.
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Figure 6. Promotional Website for the Legends of Prasat Phumiphon and Prasat Yai Ngao, Sangkha

District in Surin Province.

99nAM Figure 6 ansnanasusduglFnulad
(a) Public relations website page agiiuimiusnvesivledusyurduiusinisesnuuuntniuli
wingdmsudidrsuiuled
(b) Prasat Phumiphon page fidldanansadhndoyaioatusuuusiamgiiluy
(c) Music Video about Prasat Phumiphon #1011l @ 111309 3a letnasiuiuusiamaiiliy Il
TUsunsy Suno Higlumsasianauazyinues
(d) Information about Prasat Yai Ngao §fidnldanunsaiiraudeyaiferiumumndsnamensmn
(e) Music Video about Prasat Yai Ngao inldansnsagifleimasinuiudsiamensimva lagiilusunsy
Suno Baglunsasraunasuazyiiues
wenniliuleiussrfiniusfiansaifenlosluddonivaduarnmans fil
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1. &8 YouTube oA megmnLarUsamyuliy il
Usnameneman https://www.youtube.com/watch?v=a_oelccBPTs
Usamaiiluu https://www.youtube.com/watch?v=jlzNhFZTNm
2. Wasihda
Usnameeman https://www.youtube.com/watch?v=y-0kC9gnt2E
Usamaiiluu https://www.youtube.com/watch?v=IKeSECDLN3k
3. do 360 04
Usameneing
https://s.insta360.com/p/02f61a29a82d01ed6db07148e5cat63c?e=true&locale=en-us
Usnamgiluu
https://s.insta360.com/p/68066aadc506c124b9bc3c5c1c58ad3bre=true&locale=en-us
nan IR IUlRdARATT U wanwafnw Figure 7.
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Figure 7. Example of displaying the administrator menu.

NN Figure 7. WU31 QQLLaszwmmmLsﬂ’ngizwlﬁmuﬁwésuaaﬁaLLaszwLﬁaLsﬁﬂﬂLLﬁ‘lm iy au
Joyaluudavdiuvenuyluszuu lngluszuudulgdussnduiusysamgdluuiasysamesmnaziinig
uanssadoyadmiudauaszuy Uszneudis msdamsgldnunazmsiansteyaivled Gaazuansuadeyaluus
avuthdmiugguaszuy fall

1. wihnsdan1sgldanu Useneuse unludeyadiuii uagdnnsgldnussuy

2. wihudludeyadius Uszneudie UserlD Usemname do-ana swariu Sudusiasiny uazaniuznis
Tdau

3. wﬁﬁﬂmi@wmuiwu Usznauniy %a—aqa Username Password Repeat Password LLageaniue

Tuduvesthmsdanisdeyaivled avuansdoyadsd

1. wihmsdanisdeyaiv Yszneulue dantsmihdeyausiam dansuihdeyadnians uazdnms
Joyagunindlad

2. wihdamsdeyausiam Uszneudae damsdoua Jeusiam sunutsam dnnamuasdse i
wiuil 5U 37le swazBesile wazinlemas

3. thdnmsteyatmans Usznaudne wadern iemanuuuge iWemmuuuidiy warliduuy
wihdnnstoyagunmalad Uszneuse demnumthaiw Jeusiamidosnstinmlvuans waglnduuy

a. wihdamsdeyafanssa/ Inusenduiug gouassuvanunsaiiia au wily NeafuRanssuLaz
Usgnduniusla
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ﬂa’]’ﬂfﬂﬂﬂiﬂ NamiwwmL:JUlsmﬂsvmamwuﬁﬂﬁmmﬂﬂuLLaviJiwa'mmamm Wumstamduled
mmmqLﬂsamaaumaﬁLumwuﬂwmmmmmiammmnmwmmaaaaum uazdoyaveIuwsaryTIEmM HIUNg
Sulesuszanduiug SsUszneudie deafdiie $am 360 awalad 3ale Q‘meunummmvpmiamims
ReafuUseTRvosUsiamuaznw 360 vowiidosUstam

6.2 wansAnwrszauAIwawelave sfldsniiiseiuledussnduiususamgiluukasumameneman
unadivg JmIngIuns

1. ngudiegna

ﬂdmé’aaéﬂﬂumiﬁﬂww%ﬂﬁ Wudnvieadiersiuau 120 au Adumanidousuusamgiliuiay

Usamenema sunedsy Smingiuns lnenaanmsinssideyadostunudn daulvgifumends Govaz
83) wavilony 30 YUl (Fowaz 67) seiunsdnwdnlngifulsaynes Gesay 83) uasiluszaunisalimu
wnn1 10 Y (Seeag 50)

2. wamsenwsziuanuiiaelavesfldenidseriuledussnduiudunamgiluutazusamensime
gunedevy Ymingsuns fs Table 1.

Table 1. The analysis results of the evaluation of overall system usage efficiency in all aspects.

Efficiency Level

Evaluation Items Aspect

Mean S.D. Interpretation
1. Content 4.62 0.55 Very Good
2. Fonts and Colors 4.55 0.61 Very Good
3. Website Management 4.51 0.65 Very Good
4. Public Relations Media a.47 0.59 Good
Overall 4.54 0.63 Very Good

310 Table 1. wud greviuvasuamdnlngiianuisnalaselunnsiuegluseAuiuin (X = 4.54,
S.D. = 0.63) uaziilofiasundusIesiu wuin duiionn agluseAuALn (X = 4.62, S.D. = 0.55) AufIdnYs
waed agluseaudiunn (X = 4.55, S.D. = 0.61) Amumsdanisiivles egluszaufiuin (X = 4.51, SD. = 0.65) way
FuAeUsEnduius aglusyAuR (X = 4.47, S.D. = 0.59)

Table 2. Analysis results of the evaluation of system capability requirements.

Efficiency Level

Evaluation Items Aspect

Mean S.D. Interpretation

1. Adding historical information about Phumphon Castle / text / 433 052 Good
images / videos / 360-degree images
2. Editing historical information about Phumphon Castle / text / 433 052 Good
images / videos / 360-degree images
3. Deleting historical information about Phumphon Castle / text/  4.17  0.75 Good
images / videos / 360-degree images
4. Adding, deleting, or editing website public relations information ~ 4.50 0.84 Good

Overall 4.33  0.66 Good

3710 Table 2. nan15UsIUAMNABINTIUAINAINTIVEITTUY neTiu agluseduun (X = 4.33,
S.D. = 0.66) WieRaswndudelaSosaduanad sannunlumdesdald nsin/av/udly Toyard
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Usganduriusiiuled eagluszduann (€ = 4.50, S.D. = 0.84) msiiiadeyauseiimansusiamgiluu/doniy
awily File/nm 360 s sglusefuann (¥ = 4.33, S.D. = 0.52) msudledeyausyifmansusiamgiiluu
Yemu/n iy 3dle/n1w 36083 aglusediuunn (X = 4.33, S.D. = 0.52) wazn1saudeyausyifemans
Usamailuw/dernu/nmils/ 37Te/nm 360 sam oglusefunnn (X = 4.17, SD. = 0.75) auddy

Table 3. Analysis results of the evaluation of system functional accuracy requirements.

Efficiency Level

Evaluation Items Aspect

Mean S.D. Interpretation
1. Accuracy in data storage operations 4.83 0.41 Very Good
2. Overall system operational accuracy a.67 0.52 Very Good
3. Accuracy in system modification 4.83 0.41 Very Good
4. Accuracy in data addition 4.83 0.41 Very Good
5. Accuracy in data deletion 4.83 0.41 Very Good
Overall 4.80 0.43 Very Good

971 Table 3. #aN15UsERIUAMNABINSIUANINNABINTYINNUYBIsEUU Tnesau agluseduinniian
(X = 4.80, S.D. = 0.43) fleRiasandudelasiFesdduaiaisanuinlumdesdsil anugndeslunisviay
dafivdoya eglusedvuniign (X = 4.83,S.D. = 0.41) anugndeslunisuiluszuy sgluszdvuiniian

(X=4.83, S.D. =0.41) arwgndadlunsiiudeyavesszuy agluseduuiniian (X = 4.83, S.D. = 0.41) A1y
gnaeslunisaudeyaresszuu agluszAuunign (X = 4.83, S.D. = 0.41) uazanugnaedlunisaudeyaves

U aglusgdunniian (X = 4.67, S.D. = 0.52) Audwiy

Table 4. Analysis results of the evaluation of user interaction requirements.

Efficiency Level

Evaluation Items Aspect

Mean S.D. Interpretation

1. The text displayed on the website is clear and easy to 4.50 0.55 Good
understand.
2. The public relations content is organized in a logical and 4.83 0.41 Very Good
appropriate order.
3. The choice of colors, fonts, and background enhances 4.83 0.41 Very Good
readability.
4. The layout of screen components such as menus, images, 4.67 0.52 Very Good
and videos is well arranged.

Overall 4.71 0.47 Very Good

91 Table 4. HansUsziuasFesmssumsuiauiuiudly Taosaw eglussfumnniign (X = .71,
SD. = 0.47) diefinsanudelasFeshdudnadsanunlumiseded Wevmussvduiusiimsdadiduegis
wigau ogluseiuannitgn (€ = 4.83, SD. = 0.41) n9idenldd Mdnys uazitunds Yagliiniseudeyadneiu
oglusziunnniign (X = 4.83, SD. = 041) Msdasdrulszneuuumthes 1Wu Wy sUnm 3dle egluseduann
flan (¥ = 4.67, S.D. = 0.52) uazdernuiiuansuuivleddamnudaay sudilade aglussduunn (& = 4.50,

S.D. = 0.55) Muanu
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Table 5. Analysis Results of the Evaluation Data on Public Relations Media Requirements

Efficiency Level

Evaluation Items Aspect

Mean S.D. Interpretation

1. Historical content (text) related to Phumiphon Castle 4.50 0.55 Good
2. Supporting images, such as still images and animations, a.67 0.52 Very Good
that effectively communicate the content
3. Public relations video about Phumiphon Castle 4.50 0.55 Good
4. 360-degree visual media 4.00 0.63 Good
5. Use of audio elements, such as narration or music 4.33 0.82 Good

Overall 4.40 0.61 Good

910 Table 5. namsUsEuANUGoINIsAuAoUsTIEUWLS Tnesan agluszdAuan (X = 4.40, S.D. =
0.61) lefinsundudelnsidosddudnatonnunnlumidosdall sUamUsEney 1wy amils Mwiadeulnn
dommiilom iR oglussuinniian (€ = 4.67, 5. = 0.52) lomUseifemans Fonm) fidsatestusiam
iUy aglusedunn (X = 4.50, S.D. = 0.55) FaleUsvduiiususiamgilun eglusgduunn (X = 4.50, SD. =
0.55) msldidsaUszney 1wy Aussersvidemas egluseduan (¥ = 4.33, S.D. = 0.82) uazden1n 360 oaen
aglusdiuinn (X = 4.00, S.D. = 0.63) Aua1AU

7. 63Unan15338 (Conclusion)
meieilannsoagUunamsifomainguszasd feil

1. wansAnwiinsgideyausamgdluu Unameteiman wazanudeanisiaunivledde
Usspduiusdunulnamgiillusazdnamensive dunedz Swdagiund aquid dlddaudens
nuiszmwaﬂmaalwumLLaW“LsmumJ lngAuYNABIYEINTYINIULAE miaamwumummaaaius guLNTian
Faifu iwwmaqmmmmmi‘uamalwqﬂmw:u uily uazaulsl wonanil ! nssonuuuivledResimnadom
sthavnzan Wiuasisnusiisiuie doufudom Flilanuddnyifunm 3ale uardeyausy iamanii
Asufu Gedndudesdiilsdduiisessumsinnsdeniivssansam

2. wamswaduleddeUssndusinnuusamgiluulazusamensman aguin szuuduludi
anitannfuioduievssmduiusiiefulnamailuasunameomnilasaieivae lewvad 2
drundn fio druveliguaszuu (Admin) asnsadngszuuifiotanistoyaldvareussam sideyarnans deya
anuilvieadion uardeyadedfle wazdruvesildnuinly (Usen ansaddsfeyanazuansaavuniiniuvles
16laonss eilvinsidedoyatnas Aanssy uazseasdenvesanuivieaisndulusgrsazminlagliidios
admsiluaundn

3. uamsAnwasfisnelansliivleddeussuduiusiuulnamgiluuasunameiemn wa
fildanmsuszdiiu Taemsasunanisysaidiuannmsaeusuuasuamaudaiiulasnisihsyuuluneaesldau
s5siunguiiege tnelinaasdldeusruunazyimsifiudssansaniifideszuu nsuvvasuniudmsiv
fioy $1uu 3 eu gldaudiuan 120 eu wwuaeunuuiseendu 4 du i dudemn dufsnusuas
& sunsdanisiiuled uazsudeUssnduiug

4. womsUssiduanufinslafuion wud assmuarudenis oglusedufun (€ = 4.62, SD. =
0.55) Auiignuyiuasd nud aswuaudenis egluseduduin (X = 4.55, S.D. = 0.61) nansusuidiuaiy
fanalaszuudunisdanisiivled wudi assnnuaudesnislusedufuin (X = 4.51, S.D. = 0.65) wan1s
Useillumnufiswelasudeussanduius wuin assuausfesnislussdiufisnn (X = 4.51, S.D. = 0.65) uazna
msUsfiuaafianelasiuia 4 @ wudn assuaNuEesnng agluseAuAnn (X = 4.54, SD. = 0.63)
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8. afiUs18nan1339y (Discussion)

msfnw3dell wui Buledivaunduaunsanevaussminudesnsvesdliliegaivszdnsam ns
WnginansAne 4 a1 Usgnau sullen audidnwiuagd dunisdaniaivled wasinudeuseanduiiug
il

-e

1. fruden fdnadonnuiienslagean (F = 4.62) eglussdufinin agvioufiauledminausdeya
fuuUsiamegnsuiiunazinala warduasuliidvuinnnudlafsafuguamisuss Saman fues
widwiewdien aenndesfiutuAnmes Schramm (1973) na1vin delunisWmundenusnumsimeunsieyanis
Susssu nsnglddanuimeladoidomlussiugauandiiiuinivisdansodaaiunind-lagueimis
UsgiRmansuazsmdnualviosiulfesaiusyavine Seaonadosiutoyaannisduniuaives (Sample group at
Prasat Yai Ngao, personal communication, February 12, 2024; Sample group at Prasat Phum Pon, personal
commumcatm February 12, 2024) fﬂ,umuaammmﬂaﬁuaqUiwmmnmiﬂmﬂwumqmumiwmam&mam
rudonavia

2. fumsesnuuuiIdnusuazd daedsanuiianele (€ = 4.55) egluszdufinn azvieufisnny
winzanluniseanuuusuamdnuaivesivled nisldudnnisesnuuuildumnudaiaunagnissudie
aenndasiuanuAdoves Tarker (2020) funnuddyuesnisesnuuuivlediidmasdoussaunisainsveadien
msfgllFauuuduilus fugduiuinadenlifsnusuarddulienumnzauiuidonmaiaussa

3. frun1sdansiiuled fanedsanuiienela (¥ = 4.51 aglusedud uansisssavsamlumsidnis
warldemiuledifanuazain nnsiauivledlaglduuiniaves Ramadhani & Setiawan (2024) waz
lamsiriwong (2012) finsaunquiumeuddydurniseanuuugiuteya nslinsigsiszuy Tuaudannsdnms
o vhlidanunsadndsdoyalfesasmnuasiivsyavinm

4. frudeussanduius fenaderufianela (¥ = 4.47) oglusedud mslédedaafidionainvane
suuuv leuA 3dle nwene uaznw 360 osen Usznauduidss nmadeulmn wazdornuuszney a¥ienin
ihauladenadasiuauidy Maprasom et al. (2021) uagifiumsiidausiuvesildon nansdnuiaonadosty
MuATeves Floricic et al. (2023) fiszyimslidondiauuulinoutioifintssansamnisdoans uenainiiss
M3ITURANISANY1904 Nitiphokin et al. (2024) war Ayuwong et al. (2023) 7 nudnmATANITEa 115 B3
(Storytelling) wagnmiadeulmniiszansamlunisnszduauaulauaznisandeyamsvieaiilen

dulsidoussrduiusiunulsampilvuiasynameemniiauniduivssansninlunisaiams
Sudifefuuvawieaioriansssy wazanusadaaiunsvesiiolusuvuldoieddu Seaonadosivanide
%99 Nitiphokin et al. (2024) fiszyimsieunssiunuUsamruAanssuiausssuannsadonlomuauiuies
ideUsyYmansliognainda uenainil wansAnundsaenadestunsouuuAndes aruiianelavesldseuy
asaumA aonndediuuuIAnuas DeLone & McLean (2003) #ind1231 Avwiimelavesdldidunislusvil
Arwdnsessruy Inslamgluuiunvesnisusssduiusundmondien Snitaguuuumstiniausdoyauivled
nszdunasilaliiesofldnuastisairsussaumsaifimviuglda

9. YaLaUBLULITUAIY (Recommendation)

1. vnflsidudoufduiusuazdeolna 1wy wmaluladnuaZaau (Augmented Reality: AR) talulad
AuRsBadiew (Virtual Reality: VR) wiowmaluladaiuasnaunay (Mixed Reality: MR) unldiiiotfiuniny
ihaula wagenssfutssaunmsaivesglinulingtu

2. Woulusiudedsrunaulatl (Social Media) uazunasvosuveadienduiiiodas Wedieiiunisidnds
voanguiihving uazduasunisidwsmanglilinnty

3. fuddenawn (Multilingual) Tnglanzmwissngy ievenenguidvangludaisinsnduay
Thvieaiienldunniu
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Development of an Information System for Thesis Management:
A Case Study of Computer Technology program at RMUTI Surin Campus
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This research aimed to develop and evaluate user satisfaction with an
Information System for Thesis Management: A Case Study of Computer
Technology program at RMUTI Surin Campus, to address problems in
storing, retrieving, and tracking document status that were previously
slow and disorganized. The system development process followed the
Software Development Life Cycle (SDLC), covering system analysis,
design, development, testing, and evaluation, using tools such as Visual
Studio Code, PHP, jQuery, and MySQL. The sample group consisted of
five user categories: subject instructors, advisors, heads of department,
students, and general users. Data was collected through a questionnaire
measuring satisfaction across five aspects. The results revealed that all
user groups had high satisfaction levels in every aspect: system
capability (mean = 4.50, S.D. = 0.52), system output processing (mean =
4.52, S.D. = 0.51), system design (mean = 4.48, S.D. = 0.53), system
security (mean = 4.49, S.D. = 0.50), and overall satisfaction (mean = 4.51,
S.D. = 0.51). Based on the SDLC approach, it was concluded that the
developed thesis management system operated within the defined
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scope and could be effectively implemented to solve the identified
problems.

Keywords: Information System, Thesis Management, Web Application
Development, User Satisfaction Evaluation
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Figure 1. Flowchart of the project implementation process.
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2. ngUseaeAeIuddY (Research Objectives)
1. WoWAUNTzUUASaUmMAINNITUIMNSInNSUS gy inus
2. Wesziliupnuiianelavesdlinusyuuasaumaien1suimsianisuSyarinus

3. ANTNUNIITIUNTINLAZNAuTIREITas (Literature Review)
3.1 nufineadas
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QL%J%’@Q (Abdul-Salaam, 2024)
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Tushunsdnnsgrudeya 1dszuu MysQL dafugrudeyauuuidame (Open-source) fild3uamiongs
Tngameidiothunldsuiu PHP fheanuanunsalunisvhauiidedelduarlaialdtne wi MysoL agieu
NuFdeussiads (Command Line) uiia1u1sausnisdnnishedned unu phpMyAdmin & w18y Web
Application fiidausny PHP wagsesiunisinnisgrudeyaluzuuuunsiiin favannauasdeianainlunisly
ulaegefivse@nsnin (Supaartagom, 2020)

nsUszliuanuianelavesldnussuvarsaumeing 198 uuIAnves DeLone & MclLean IS Success
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yaanseunalulagansaume

Inkaew et al. (2022) l@wauniuneundiaduiil en1sdufvasaumnaus yardnusseauls yyns
anaMivadn uinendesveuuny lnglduuifnasiianisiamwiseuy (SDLO) sruusesiugldnu 3 ngu laun
nfnw aunanse wazgquaszuu Tediladdundn wu madhgszu mavfindeya nsdufy waznisdanis
F1utoya mﬂ‘ﬁmwu"saiﬁﬁuﬁuﬁayjaiﬁasmﬂéﬁyu ﬁgqé”qLLamiwmuaﬁﬁLﬁmﬁuﬂ%iyzywﬁwuﬁ‘mwmwgLLaz
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Supapron et al. (2023) l@Wauseuvasaumei ousmsdanisauideneluansuidowaswau
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Tsvuvansanavauswensldiuaiiliegnediusednsamn

Tasuntia et al. (2024) lawawrunannesunisnanadelnddmiunguinunsnsdmingiuns lag
Uszgndldnszuinnis 1935n15WaILIsE UL (Software Development Life Cycle: SDLC) 1unseulunisimun
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4. NIDUKUIANIIUINEY (Conceptual Framework)
nseukUIAnNTITEluATIlonLuuAm Tulea Input-Process-Output (IPO) LilauanslasIas19n159au
YBIIPUVUIMITINNTUS ey nusANsunTu A4 Figure 2.

Input

® Thesis proposal form data

® User information (Student, Instructor,
Subject Instructor, Department Head)

® Requests for document approval and

examination Process

® User authentication & role-based access
control

® Electronic document workflow
Output

® Approval process tracking

® Approved documents ® MySQL database storage & retrieval

® Status reports & notifications

® Online thesis retrieval H

Figure 2. Conceptual model
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5. 38atius1uide (Research Methodology)
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71U 20 AU
2.5 yanavily $1uau 20 Ay

5.2 FuUABUNIHALIZUUAILNTZUILNS SDLC

msasTUUEsaumAitonisumsdanisUTyainusluaded Tnszuiunsiannssuun System
Development Life Cycle (SDLC) §7u2u 5 Sumou (Tasuntia et al., 2024) Fail

1. MINUNY

Anudapmuazaudeinsvesiiidaieides wu dnAnw e191387iuTnwm enansdusedin uay
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wdn el uaniindnwdusuunesuauemdeausygrinuddennsdusesiin ielinsadeuanuasudy
foudseliornsdiunufinsananusenzanvesinde Weldsunseyi tnAnwdasudiiumadeuuas
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syvunudanaiidediianatsuszns wu nmslfienansdiuiuann anuariilunsdsieienans armidesly
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warliinevauewiensvhanulugafdviaegauniean dwansly Figure 3.
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Figure 3. Workflow diagram of the existing system.
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Tunounstieneinldluniseenuuudiufndedlfom (Ux/U) Wisliamnsonsuaussnudasnisuay
waAnssunsldanvesiléldensiiuszaninmgean tneldiasesile Figma lunisesnuuuduuuuuazining
asrUsEnavvassruUlrlaumIzauaglduie
3. MIRAUITLUY
ﬁWLﬁumiﬂ’ﬁumﬁwum'ﬁaumﬂLﬁa%’mﬂ'ﬁgm%mﬁaﬁmmﬁwuﬁ muiildeenuuuly Inewndesiiedild
Tun1swauszuu 1dun Visual Studio Code 1uiadaafiondnluniswaun lagldarwn PHP uae JavaScript
dusunisusznanaluilad@sines uagldniw HTML, CSS Saufuinsundsn Bootstrap dmsunsuananaluil
Aldeu (Client-side) meldsguuuiinis Windows sauiian1sdanisi@sniiesuaggiudeya wenld Laragon
i Web Server uagld phpMyAdmin dwmiudamsgrudeya lnerdeusefussuugiudoya MysaL lelddaiu
wazusmsdanisdeyavessyuu lnemsiaunssuuiusesnidu 5 dauman laud 1) dmsuenasdusednin 2)
dmduannsdiiuine 3) dmsurimiananin 6) dwsvaindnindnem wae 5) seuudmsugldauiily as
wUadumsiafanaeliamisauimsdansans madfaasmiriivesudazngufldauldegned
UsEAVIEANUAEATINUAINABINT
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Approve member account

Set exam schedule
Assign advisor O

Review and approve documents
Instructor

Verify important documents

Heas of Department Approve exam results
Track approval status

Submit documents Student

O Submit request

Retrieve thesis information

General User

Figure 5. Use Case diagram

4. NMINAADUITUY

Fonldiin1smaasunuunaassi (Black Box Testing) Fadunszuiunsmageudilifinnsuilaseaing
meluviesavedlusunsy usdaziuiinisnsiaaeunnugniesyesmsyianumudeimun (Requirements) Tng
wun1steudeya (input) uaznsisdeunadns (Output) laglifiarsanldnnieluy aseuaquynunuing ldnu
1#un tnfnw 91915870391 @1998UsEd AN Fantiannn waryanaall nsvegeusidumInutuseu
N399I IVRITEUY G;JQLLGfﬂWSL‘f’JJdeUU nsdaenans MAnauanIue N1seudiR/JwEs NMsAumYSya
fwus aufsnsadenenuagy neldnsdvaaouiinsdunfuasnsdiadeuls isl¥asouaqunnaniuzuas
Foulumsvhauesszuy Insuansdsiivaaeunaznadnsiinianiasa Table 1.

Table 1. Black Box testing according to system workflow.

Process Step Test Input Expected Output
1. Login and Assign Enter user accounts for each  Access the main page according to
Permissions role permissions; deny access to

unauthorized menus

2. Submit Document Upload the file and fill in Accept only allowed file types; save
the information data successfully
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Table 1. Black Box testing according to system workflow (Cont.).

Process Step Test Input Expected Output
3. Track Status and Check the status after Display correct status; notify relevant
Notifications document submission parties

4. Approve Document Click “Approve” at each stage  Status changes correctly in sequence

5. Reject Document and  Click “Reject” with a reason  Reason is recorded; document is

Revise returned for student revisions

6. Search Thesis Enter search keywords Show results matching the search

criteria, or display “No data found”

7. Generate Summary Generate a report from the Report is accurate and complete; can
Report system be saved/printed

5. MIUTEIUNG
densWaunszuuadedu Iddidumsthssuululdnusiduanin Tnefnisussdueufioels
vouldnu 5 ngusegrmuiiimua Tnglduuvasunusnasdiuusyanae 5 sedu (Rating Scale) AsaUARY
AIUN130DNLUY ANNAEAINIUNITITIN YsednSamnsvinau anuvaensdevestoya wavnisatuayunisld
o TneAsumaiivdoya Iiinsuszanunuludsfidmiindes ieveanusiuiielunmsdszifiuniwiioele
st ssnanodldeuszuvaiduunuimeesay ndufwhnisussduanufianelaiiuuuuasuniud
Sawdenly wuvasuawdinanriunsnTnaeuun el ssdeluduaunsadaien (Content Validity)
TaeiTenvngy 3 viu uazasivaeuANuBesiu (Reliability) seFBmsfuamaudesiunuvdnada udsan
thidnideyaiildanuuuasuniy sndinseidieadfdmssau WWud Aads Sosas uasdudoauunasgiu
N OUAAUNARILLNUT N15UTE I UYDIALATY (Likert Rating Scale) (Srisaard, 2003)laadl sz uUAz LUULAY
ATuvBeil
4.21 - 5.00 a8 ¥AUUTEANBAIMYBITLUUANIN
3.41 - 4.20 visngds 3¥AUUTEANSMUBITEULA
2.61 - 3.40 vsngds 3¥AUUTEANBAMYBITEUUUIUNANS
1.81 - 2.60 Mgl szAuUsEAVEAMURITEULTRY
1.00 - 1.80 Media seauUsEAvEamvessEUUlaENIn
wamseszigniilulilumsusuusuasudlossuulianysaibeiu vielidoudmiunmailuldon
PeeefiuszAvEnmuaznevaueInuiesvesltnuldegisasuiiu

6. Wan13338 (Results)
6.1 mansaUNsTUVEsAUWAaTansgudeya Uy inus
namsWaIsTUUasaumaLledansgudeyaUsyandnusinmsduungldnu 5 dw Ao eransdusedn
31 9197158 Fnian am%mmx;ﬁ%ﬂ"ﬂﬂ Ima@‘l%ﬁ’ﬂﬂ anunsavihvudeyauaralinsandnld audnamnsaly
seuu IfdAugUnuuliinesdu msadaenasuionsifinunanuuyaninusvesauies e19158uazimth
a1 @nsainTUsTINduRLS warasuuenashd Tudmvesenasdussaiviiinihiidants nmsieumd
tu 1y Avusanssaeuimuamssdaenans danstadduazdu q Taeduungldnuannsidrgszu Tne
LARASNANITHAILMINANTBISZUUAS Figure 6. - Figure 9.
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Table 2. Comparison of Workflow Before and After Implementing the Thesis Management System

Comparison Aspect

Before Using the System

After Using the System

Document Approval
Duration per Round

Average 7-14 days; required submitting
paper documents and manual

coordination

Average 2-3 days; online submission

with automatic notifications

Data Accuracy

Prone to errors from duplicate or
incomplete data entry

Automatic validation of format and

data completeness

Status Tracking

Required manual inquiries, time-

consuming

Real-time online status tracking

Communication
Among Stakeholders

Relied on phone calls or emails, which

could cause delays

Automatic notifications sent
immediately to all relevant

stakeholders

Thesis Information

Search

Searched through separate physical
documents or stored files

Online search by code, title, or

author

Report Summary

Required manual data collection, time-

consuming

System instantly generates accurate
and ready-to-use summary reports

910 Table 2. uanswazidennisiseuiisulundazUszifiusgadaau nan1sinsginuinszuud
fiannduansoanszornalumssuiuan fumiugniesestoya uazsnnsarmagaanlumsianuanuy
I#ogafiuseansam Snvisdsrisufuginsdoansseninaifisatos medumdoyauTyaninus uagmsagy
senulinniussuiusiniu fasoufimuannsnvesssuulunsudladodiavesssuuiuuasensed

ANNMNIIANISUI Y nuslag s
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6.2 wauszidiuanuianelavesffldaussuuasaumeaionsuimsiansuSygrinud

msﬂisLﬁummﬁa‘waiamm;ﬂ%muizwﬁmﬁmmsﬂ%zyzywﬁwuﬂum%ﬁ 9198 naInIsUTELEUnan 5
A Taun (1) Aulszansninnsvineu (System Capability) (2) nuauagaintunisldau (System Output
Processing) (3) ANUN1588NKUUTEUU (System Design) (4) AruanuUasnisvestaya (System Security) Uag
(5) munmsmnsldau (Overall Satisfaction) wiiinunisussliundnasinieudulunnnguildnu uddedany
govlsuiuliannadesiuunumuazmiiivesildusiazngy 1wy dnfnuddedaufertumiudtelunsds
lonaNsuarnIsANRIAN LY Yazfienanssivinuiidedinmiiiedostuanudaauresduneusyifuay
AunmdeyaUszneunsiansan daunguimiavidudomanuisifuanugniesuesssnulasaiig
Hdilunsidhdedeya

nsoonuuutemauludnvuziaenndesiundnnisves nquiarufianelavesild (User Satisfaction
Theory) Mfuuszidiutszaunsaifldmuuunnslinusiuazarunianisamzvossazunuim ielsina

nsUssdiuasvieunuamssuuneulnliednsnsudiu Asuanananisusediulu Table 3. - Table 7.

Table 3. Evaluation Results of System Usage Satisfaction by the Subject Instructor (N = 1)

Satisfaction

Evaluation Item

H S.D. Level
1. System capability 4.25 0.00 Very High
2. System output processing 4.50 0.00 Very High
3. System design 4.00 0.00 High
4. System security 5.00 0.00 Very High
5. Overall satisfaction 4.00 0.00 High
Overall average 4.35 0.00 Very High

370 Table 3. uanwansuszdiuauiawelalunisldeuszuuresensdusedinn wuin amsieyly
e fann Tnefidnadesningu 4.35 wardnideauunnasguwiniu 0.00 Fauansisanuiiuiiaenadosiu
989 TALaN MnNaNITUTEluT R uaun saagula SYUUTIAIN T UANLNS R VAU IANUE 89N V8191915E
dldanuldegnadivseansanlunanediu Inslangluduainuasnds (=5.00) kazn15UsEaIARAYEITYUL (U
= 4.50) PldFuaruuiluszdufunn

Table 4. Evaluation Results of System Usage Satisfaction by the Instructor (N = 9)

Satisfaction

Evaluation Item

7] S.D. Level
System capability 4.61 0.06 Very High
System output processing 4.58 0.05 Very High
System design 4.50 0.10 Very High
System security 4.81 0.05 Very High
Overall satisfaction 4.78 0.42 Very High
Overall average 4.66 0.14 Very High

910 Table 4. wui1 Anadsamsamvesanufimelalunsldnussuuvesnauenansderil 4.66 dau
\Deawuinpsgruwiniu 0.14 Feeglussdufinnn WeRiansansesu wuin wanisusziiuynsueglusgdufiunn
nnsu TnesuanuUasndisvesssuy fnanisuszidiugeiian (u = 4.81) nansuszidudsnaniuandlififiuin
STUUATanavausINslnuvaingueasdlaealissdvsninwazuiiawelalunnenu
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Table 5. Evaluation Results of System Usage Satisfaction by the Head of Department (N = 1)

Evaluation Item Satisfaction
u S.D. Level

System capability 4.25 0.00 Very High
System output processing 4.25 0.00 Very High
System design 4.25 0.00 Very High
System security 4.33 0.00 Very High
Overall satisfaction 4.00 0.00 Very High

Overall average 4.22 0.00 Very High

9710 Table 5. wuin Anafsnmsinanuianelavevimihainegi 4.22 dudeavuninsgiuviiu
0.00 Fsegluszauinn nglunsazauinanisussludell AumiuaIuisavesssuy danade 4.25 duns
Uszanananadnsvesssuy dA1ade 4.25 dunisesniuuseuu dAade 4.25 duanuUaendevesseuy i
i a % ¢ a a a v oy o v & A o £
ARdY 4.33 fuauiianelalaesiy danade 4.00 nansussdiudsiuagviouliiuissuuiiamniuanse
auayunsyhauesivihavldegsdivsedngam wazadsenuianelalussdunifun

Table 6. Evaluation Results of System Usage Satisfaction by Student (N = 20)

Evaluation Item Satisfaction
u S.D. Level

System capability 4.68 0.08 Very High
System output processing 4.53 0.13 Very High
System design 4.64 0.12 Very High
System security 4.62 0.09 Very High
Overall satisfaction 4.75 0.54 Very High

Overall average 4.64 0.17 Very High

o

3710 Table 6. wuiman1sUszumuiianelavesnguaunBngldmnussuy 31w 20 au wud dsedu
Aanuianelalagsinegluseduauin lneddadesiuwinny 4.64 wavdmiloauuunsgiuwingu 0.17 e
a v | v Ao a a & v P v g v P
MN5UITLAIY WU Aunidanedegaian Ae duanufisnelalaesin (U = 4.75) uandlidiuindlddanuds
wolasoszuulunwsanduegrann Tuvaed suididiaedesiiiagn fo dunsussanananadnivesszuu (U =
4.53) pgslsinnu Anadedinandiaseglussiuanuiianelafiuin Jewansdsqaninvesssuuiiaiunse
ABUALDIANUABINITVBIANTIN LA g9l UsEANT AW

Table 7. Evaluation Results of System Usage Satisfaction by General Users (N = 20)

Evaluation Item Satisfaction
u S.D. Level

System capability 4.58 0.11 Very High
System output processing 4.54 0.04 Very High
System design 4.68 0.07 Very High
Overall satisfaction 4.60 0.49 Very High

Overall average 4.60 0.18 Very High
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910 Table 7. wuimanisuszdiuanuiiselavesnguilinuily $1uaw 20 Ay wudh dsgfuaiuiis
welalassaegluszauiunn lnsfidedesmmiity 4.60 uazdudosuunasgiuwiiiy 0.18 suildiuasuuu
\nABgeTignaRe FuNsERNUUUTEUY (U = 4.68) agviouliduinglénuhlulimnuddyuasfanelafuguuy
nsooNLULTeITE ULl usLasmnyan dusuiifiaadesiifian Ae dunisUszinananadnsuesTE U
(U = 4.50) usfazsitgelungy widsegluszdunniduiiy

7. @3Unan15338 (Conclusion)

1539815 09 NIRRUITZUVASAUIMAL DN15USISTRNISUS ey NS nsdidny anvnalulad
poufuAes wms.3au nennaiuns WWulumuinguszasdiindly TneBanszuiunisifamunssuuiuy SDLC @9
Sauunnsldaueeniu 5 ngu 1dud 919158051397 919138 mthanan aundn uazdlivialy wuirgmey
wvuasumuiinnufienelaluszdumnnfeannfigeluynd iy HaduauTIn U985 UL N15USEAaNALALLARIHE
foya msoonuuuszUY ANuUasnse uazaufieelalagsuilagiomzaindnuazerassivinwdslinzuu
Laﬁquqqmﬁ 4.75 (U = 4.75) uay 4.78 (U = 4.78) aUd AU wansliiiuinsyuuiinnuwengaunensidny
39 WarANNIANBUAUDIANABINT VRt LReE e liusE AVE I Anaminzauuazaunieuvessyuuly

AT INUDI

8. aNUT1LNANI5IIY (Discussion)

namsiTenuiglinnngu lin 919158UsEd 3 019158903 N Fmthanan hanw wazdldenmly
fawienelaseszuulussdugdlunndiu faaruaninuesszsuy n13Useanana M13eenuuy ATYaens
wagarmiiwelalagsin aonadostuiuifnues Srisaard (2003) Aiszuuasaumeaiissnuuulsldnudsuas
noulandanudesmsilioziinyszansnmuazmufimels nasnuatuayunanisdny1ves Inkaew et al.
(2022) waz Supapron et al. (2023) ﬁﬁuﬁu’hmﬂﬁ’fmﬁmmﬁawé;ﬁ%uw Role-Based Access Control kagn1s
AnnuanugniseyiRtiefiunusng uasanarutdou uonani SwaenadosfunseunsRALIENIS
FAmnsiiannszuy (SDLC) MuLINIIWe Tasuntia et al. (2024) MTunsINIUHY 98NLUU WRIL MIAFoU uag
Usziiunasgrauszuu Jadussduszneuddyiidmariennufieelauazniseensussuuve sl

9. daLauauuzaIuIVY (Recommendation)

1. szvvenariuiladdunisldaurumsldaunen LINE wu §ldamsaduiunsewsid enasla 9 s
LINE Official Account 1 Tneiilsideadngssuutanass fldamsansunants sudunissiu LINE Official
Account ¢ 1lusiu
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Abstract

This study aimed to: 1) examine the learning outcomes of students who
participated in the competency-based web learning system on
integrated marketing communication; and 2) investigate the acceptance
factors influencing students' adoption of the competency-based web
learning system on integrated marketing communication. The target
group comprised 53 second-year Higher Vocational Certificate students
from Saraburi Industrial and Community Education College enrolled in
the second semester of the 2024 academic year, selected through
purposive sampling. The research tools included: 1) the competency-
based web learning system on integrated marketing communication; 2)
a professional competency assessment tool aligned with the 2020
Higher Vocational Certificate curriculum in Business Administration,
Marketing major, under the Office of the Vocational Education
Commission; and 3) a questionnaire assessing acceptance factors for the
competency-based web learning system. The study employed statistical
analyses such as the index of item-objective congruence (I00),
percentage, mean, standard deviation, paired t-test, and correlation
coefficient analysis. The findings revealed that: 1) students’ post-
learning outcomes were significantly higher than their pre-learning
outcomes at the .05 level; and 2) all 28 pairs of acceptance factors
exhibited positive correlations, with correlation coefficients ranging from
.392 to .788., meaning that when one acceptance factor increases, the
other acceptance factor that is related to it increases as well.
Keywords: Web-Based Learning, Competency-Based, Acceptance Factors,
Learning Qutcomes
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4. NIULUIAMIIUINEY (Conceptual Framework)
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Learning via competency-based web

learning system on integrated marketing

communication for Higher Vocational
Certificate Students Under Office of the

Vocational Education Commission

- 1. Learning outcomes of students
who participated in the competency-
based web learning system on

integrated marketing communication

A 4 2. Acceptance of students' adoption
Competency-Based Web ) of the competency-based web
Unit 1: Introduction to Integrated learning system on integrated
Marketing Communications marketing communication

Unit 2: Integrated Marketing
Communications Tools

Figure 1. Conceptual Framework.
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Table 1. Description of the target group.

Status/ Category Number Percentage
Gender
Male 30 56.60
Female 23 43.40
Total 53 100.00
Program of Study
Marketing 6 11.30
Electrical Engineering 12 22.60
Accounting 9 17.00
Production Technology 8 15.10
Mechanical Technology 5 9.40
Digital Business Technology 13 24.50
Total 53 100.00

971 Table 1. uansinin@nuseiuussmadotasindndugs Ul 2 (Wha.2) endensendnaseysii
ameifouFouiuivdsguanssouy 13esmsdearsnsaainidaysanns iWumasies $1udu 30 au Andy
Foway 56.60 Ande S1uau 23 Au Andudosar 43.40 drulnaid@nwiluavinaluladgsianiva S1uw 13
Au Anduipeay 24.50 sesasnAeauiviluiy S1uau 12 au Andudosay 22.60 arwivin1stayd 1w 9
Au Anluiosay 17.00 awndsmedanmsndn $1uu 8 au Andudesas 15.10 @1wivINnatn 91UIU 6 AU
Andudesay 11.30 uavanvivimadiaiaieana $1uiu 5 au Andudesar 9.40

Table 2. Comparison of Learning Outcomes Before and After Learning through the Competency-Based Web
on Integrated Marketing Communication: Unit 1-Introduction to Integrated Marketing Communications.

Scores N H o df t Sig.
Pre-test 53 19.53 3.79
52 21.442% .000
Post-test 53 27.97 4.86

* Statistically significant at the .05 level

97n Table 2. wud1 arzuuuldNtinAnyIvieay 53 Au Svansvuuunaaeuneudeudimiudeg
aussauy 3esnsdeansnemaiadeysannis wised 1 avufidosiuiiefunisdemsmsnanideysannis
WABWiINTY 19.53 drudsauunnsgiuwiniu 3.79 (g = 19.53, o = 3.79) waznamshuvumaaeundaseus
rududagiuanssous Feamsdearsmsmaiaideysanms mied 1 anadidesiuietunsdearsnsran
\Beysannis waswindu 27.97 dudoauuinasgiusindu 4.86 (1 = 27.97, o = 4.86) WevuSeudiou

P

Ineldadfnisvaaeuaadainstinqulidaseroiu (t - test for dependent Samples) Winfiu 21.442 Ys1ng731

o o a

AzLUUMELTEUgINIIAzIuLnBWS sy sgnideddymeatiansedu .05

Table 3. Comparison of Learning Outcomes Before and After Learning through the Competency-Based Web

on Integrated Marketing Communication: Unit 2-Integrated Marketing Communications Tools.

Scores N H o df t Sig.
Pre-test 53 10.73 2.54
52 26.137* .000
Post-test 53 17.00 3.16

* Statistically significant at the .05 level
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NAIUITY A9 Table 4.

Table 4. The results of acceptance of students' adoption of the competency-based web learning system

on integrated marketing communication

[tem H o Interpretation
1. Computer Self-Efficacy (CSE)
o v ¥ s oa . - P 4.49 0.49 Good
AUNNIUUTE VB MNP UNI SRR IADS
2. Novelty Seeking (NS)
y . 4.50 0.46 Good
FumsiasmauLUaniygl
3. Subjective Norm (SN)
o o Lo 4.38 0.63 Good
PUUTIVINGIUAIUM
4. Perceived Usefulness (PU)
v can v o 4.60 0.43 Very good
pulsgleainlaainnisldau
5. Perceived Ease of Use (PEU) Very good
o o e , . 4.57 0.45
aumssuitennuiglunisldnu
6. Perceived Enjoyment (PE) Very good
9 o v o  a o 4.52 0.50
AuUMsTuiANUmaaNGuaINN1sld
7. Expected Satisfaction (ES) Very good
» =~ o o 4.61 0.41
fuaNUiawelanuNaNAInrTe
8. Situational Motivation (SM) Very good
o . 4.51 0.48
mumﬂgﬂammmumim
Mean in Overall 4.52 0.48 Very good

910 Table 4. wanawansdraiadonissousumsiFousiiuivdguanssaus 3ea Msdeansmsnaia
Beysanns vesindnmspdutulseniadetnginindugs lenmemeglusedu wnflan (u = 4.52) e
forsandusiediu wudr Jadesuigneuuvudisissensvuniigafe suanuianelafunaiinianis
(Expected Satisfaction: ES) eglusedu unnfian (4 = 4.61) s83asnie Audselowdiilaannislday
(Perceived Usefulness: PU) agTusedu unnftan (4 = 4.60) nwsag dunnssuiasanudtglunislde
(Perceived Ease of Use: PEV) aglusesiu unnfian (4 = 4.57) dndadoiuiifneuuuudisagensuiosiign

AB FMUUITTIAFIUEIUA (Subjective Norm: SN) agflusedu wn (= 4.38)
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Table 5. The relationship of factors influencing the acceptance of students' adoption of the competency-
based web learning system on integrated marketing communication
Factors SUMCSE SUMNS SUMSN SUMPU SUMPEU SUMPE SUMES SUMSM
SUMCSE 1

SUMNS TTT** 1

SUMSN 1397 749%* 1

SUMPU 561%* 744x* 627% 1

SUMPEU .585%* .638** .5a4** .624** 1

SUMPE .640%* .623** 120%* 6T .589%* 1

SUMES 438%* .532%* .392%* .658%* 78% .642%% 1

SUMSM 537 .675%* 415%* 667** 788 5ag** | 784%* 1

** Correlation is significant at the 0.01 level (2-tailed)

910 Table 5. wanwamsvaaeumANudITUsTesiiadonssnsumsSouiuiudguanssaus Seq
nsdeansniseanaLdeysannis maqﬁfﬂﬁﬂwﬁzﬁu%uﬂ%zmﬂﬁaﬁmﬁm%w%uqa NMTIATIBVAIUTUIUS
vavua 28 ¢ wuh fanuduiustudinyng dendudszAnsanduius (Correlation Coefficient) s¥wing 392
fia 788 nesnuidmuduiusfusnniigade sunisiuifannudelumsldau (Perceived Fase of Use: PEU)
fuinusegslamuaniunisal (Situational Motivation: SM) fianuduiusiuluseiuasga (r=.788, p < .05) dau
suiifiauduius fulesiiande suussiagiuduss (Subjective Norm: SN) Augiuaufisneladunad
AMMYIS (Expected Satisfaction: ES) ﬁmmﬁuﬁuéﬁﬂuisﬁuﬁﬂfjm (r=.392, p < .05)

7. @3Unan15338 (Conclusion)
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ms@nwdadunissonsumaseuiiuivdsgiuaussous 13e9 nsdeansnismaiaifaysannisves
tnAnwszduiulssmatiotasindndugs nuidateduildsunssensuuniianfe duanufianeladusad
AAne (Expected Satisfaction: ES) sesaanfe suusslevtiiitldainnisTdiu Perceived Usefulness (PU) Ay
#e Frunssuifennudelumsldonu (Perceived Ease of Use: PEU) fiaiannmstiasigvinnudusiusseming
HadumseonsumsiFousinuiudiguanssaus wuin Sarwduiusiudauinng nande Wetadoniseensu
nilafuduardanalidniadenssensuiiduius fuiu unuludae Tnediunissusdenudiglunisléda
(Perceived Ease of Use: PEU) fiugnuussgslanuaniunisel (Situational Motivation: SM) fmanudusiusiuuin
fian agviouhinAnwanusovharmdilasuundeuldfinnddu dedulednsFeusgnoonuuulildnude
aonAdoatu Yan et al. (2024) AdnwAsafuiladoiifvinasonnudilaldszuudiasuiseswioiies vos
UnfnwiUSeyay1es Tuwana1ed Yszwadu nuinusagelalumseuidmadiennuduiaslumsieusaulal g
n3¥u3tatadunieuen (a generalized sense of enjoyment) dawasian1suiisanudrelunsldau (Perceived
Ease of Use: PEU) uazUselonidiléanmsliau Perceived Usefulness: PU) unidsussulat uenainiiade
suauielunisliay (Perceived Ease of Use: PEU) uaztladaduussloviildainnsldau (Perceived
Usefulness: PU) §3dsnarianinuseidoslunisifouiuniouseulatdndie uazaenadesiunisdnuives
Wahyuni et al. (2023) wui1 n1s3uifsnnudresenisldenainnisesnuuuiifulinsfudldimalulad msdnw
(User-Friendly Designs) dsnasioussgdlaganudnialunmslinuueundfuidsnnuuuliney

9. YaiauauuzaITe (Recommendation)

AaouviseanufnuanufinmentAnwiamsadiuumenmsiaunisieuiinuiudgivaussourly
ysanmssAueiuneig  idnsiasaussfiunadsguaussougld WeldifudensaouamligSouldizous
Wandnaugluiunsiinivdnauluaaudseneuns Taedesiilsfansimuanadnsnisifousliaenndosiv
aussauzidazay dsaztasliiFouldteyadeundulunsinmuianssourauosioll wazdesmidafents
sonuuuszuumeluiulsdnseuiuasnsidenlosgurasiSeuineuenliiesenislinu Gavdmadauinsde
HATNEN1TTEUS
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Abstract

Plant leaf diseases, particularly sugarcane leaf diseases in Thailand,
represent a significant problem affecting sugarcane yield and quality.
Traditional disease detection methods are often time-consuming and
require specialized expertise. Therefore, this research aims to develop a
deep learning model for sugarcane leaf disease diagnosis by applying
Convolutional Neural Networks (CNN) techniques and integrating them
with LINE chatbot to support smart agriculture. This study compared the
performance of five CNN architectures to identify the optimal model for
sugarcane leaf disease classification, including VGGNet-16, ResNet-50,
DenseNet-121, AlexNet, and GoogleNet, using the Sugarcane Leaf
Disease Dataset collected by the researchers from real-world
environments. The sugarcane leaf image dataset was collected from four
provinces in the central northeastern region, totaling 4,000 images
divided into four categories of 1,000 images each, covering four types of
sugarcane leaves: red stripe disease, ring spot disease, rust disease, and
healthy sugarcane leaves. The data was split into three ratios of 75:25,
80:20, and 90:10 for training and testing sets, respectively. Experimental
results showed that the DenseNet-121 model with a 90:10 ratio
achieved the highest performance, with a Macro-average of 97.289%.
When the best model was developed into a LINE Chatbot system for
automated sugarcane leaf disease diagnosis, system testing
demonstrated effective user response capabilities. This research
demonstrates the potential of deep learning technology to support
farmers in quickly and accurately monitoring sugarcane plant health,
which is crucial for developing smart agriculture systems in Thailand.
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UNAngD

Tsalulufie Tnsaniglsaludesludsunelng \Duilgmddgyiidmane
NaRARUAEALINNESERY ManTraeulsadsiiaAuinlfauuases
oA denTylamed i KiunuideiidingUsrasdifioRmulinng
nsseuiigdndmsumaitdadelsaludes lnen1suunaiialaseieUseam
Wisuwvuasulagdu (CNN) waznisysannisiulatusnueniiiososu
nsinuassaasey lnensiseildvhnisdieudisuussins nmveslaeg
CNN ¥a 5 aoniinenssy ievlueafinfigaummnzautudymnissiuunlse
ludas Usznaunay VGGNet-16, ResNet-50, DenseNet-121, AlexNet wag
GooglLeNet lntldyndaya Sugarcane Leaf Disease Dataset 7 eudunis
Jafunnanmuandontis gadeyaniludesgnarusmannguituiifmia
lunengtusenideanilanaunane 4 39uia 31w 4,000 2w wuwdy 4
Uszunnagneaz 1,000 7w Uszneusenmludesnseunau 4 Ussiam bewn
lsadunandluwns Tsalugaisumiu tsasady wagludesund Joyagn
wuadu 3 §nsndau Ao 75:25, 80:20 waz 90:10 dwsugarnaeuLazYn
VAAOU AIUEIAU HaNITNAaBILansliiudnluiag DenseNet-121 ¢iag
§nsndu 90:10 TiszdvBamgsgn Inefldadeuuuinlas (Macro-average)
geilan 97.28% Wlethluwmaiiffigaluimunduszuu LINE Chatbot dwiu
nsatadelsaludesuuudnlud® nantsneaeussuusansliiiuinauise
novausslFuldegnaivszansam swideduandiiviufadneninues
walulagnsSeuidednlunsaduayununsnsliauisonsivaeuguam
fiwdesldoganasuazuiug Fadudiuddglunisvaunszuuinuns
daasurlulszmalneg

AraAgY: lasewigyszamiiieuuuuasuligdy, nsidadelsaluiy,
nsduunn, latugnuen, inunsdanses

1. umi1 (Introduction)

mamanenniunanuanifauddyesdiionsiauiasugia dau uazdunadenvelsive
Tne Tnefii uiinsinensnin 149.25 d1uls Amdufesas 46.5 voaii uilvisUszme (Office of Agricultural
Economics, 2023) fausidndiuvesnainunssonaniusinasiululseme (GDP) azanasetisdeliles usdsaad]
unumddaludunsienu mandnewns uwaznisdseen Tasawizlutg 5 9w Usemdlvedseldan
nsdseondufinunswarnaniusiadelag 1.39 d1udiuuim uaziunanisiiiede 8.6 uauduum (Kasikomn
Research Center, 2023) mawnwasdwimiisesiuusanuanmaasugiaduluiigings 1wy nsunsszun
ya1ladn-19 lepguiiuszaniam SuAnuualdunsiauuveluladiieiiunandn andunu uazenszdunia
InwAsgsEULINYAIEaTe (Smart Agriculture) ifimudduluszezem (Farooq et al, 2020)

Foudunilslufinasugiafiddyvesssinalne Tnslowigluniangfussnideunionsunars daudu
uwianmzUgnuunalvg Tulinsudn 2566/2567 Huilnzlgndossauiadu 11.39 1wls iinduandnountn
n1 376,000 13 Taeninferay 80 vesfiuiimzUgnldiusvounnu 3 Fumneaufuanmiuiiuiuds Office of
The Cane and Sugar Board, 2023) ﬂ']ﬁLﬁuﬁu%aﬁﬁuﬁLW']%iJ’sjjﬂébEﬂ‘LlUi%L‘VIﬂi‘VIEJ‘\HﬂLLu’JIﬁMSWﬂWﬂjWIWGIU
nanalanfiufuiagalu widsasUszautgmainlsafisiiuansenmsuuludes Tdun Tsmdunaduung (Red
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Stripe Disease) lsAlugmaaumiu (Ring Spot Disease) 1sas1adu (Rust Disease) s (Hamaan, 2016) Fedama
nsznusonananluduasugivegsdveddny maddedelsaiivfinaiuazuiud3dmndnduet 1wd wiens
PRUALMITYUIAKATARAYTINEEY

Tsafidudlgmddlugnamnssunsinuns lesandwarenandnuaziasugia uumandloiledy
mwadlslutagiufonisduunameinisvestsa lnsuszgndlfinaiianisiGeusidedn (Deep Learning) Fanny
LLﬂuﬁn%uaéﬁuU%umeLavﬂmm‘wmaﬁaua sufamsuulganmiteiindssavsammsduun snidelsaivd
Aendes VLﬂLLﬂ Wongsarapee & Puangmanee (2025) mLaumﬁmsuﬂmmwmwmammwLameamLLUﬂIiﬂuu
Tuanselued nuirdeifiuanuusiuguazananlunsuszanana Mekha et al. (2023) @nwinisdwunlsaly
41lnaeaglina InceptionV3, VGG16, Xception Wag Custom Vision Iag Custom Vision TiAsuaiugg gn
(98.1%) uagdvwnluma 21.2 MB Uszanananielu 6.89 3unil Harshitha et al. (2024) Waunszuunsiadulsn
TufivdalusfAdanusangs ouie uasuusiismsdnvnieudaidsdoosulatl Ganesh et al. (2025) 14
winansasedunmamiih msatanudnuae wardane3fiu ML uay DL Swfuiduees ilensaadulsaegng
wiugiauiszeniudu anmgydonanaauaznisliansiad Alyas & Mohammed (2022) wugthmsld SvMm
LAYNIIANGLIUY K-Means tionsaadulsannaadnuasiuasiiuio Ins SUM uansUsyansnmgdlunissey
TsA wnuedl Pujar et al. (2015) sjutfunsUszaanaranmiiiosuunlsadesiuuiis ionmsamatuiussses Sudy

MsUTEIIARANIN (Image Processing) gniunldeg1eninewnduisnisitiadelsaniie 4 Petrellis (2018)
Iimumussaunssuinfunmsinsusznanann sndslunsitedelse liinaeifedestuuyed dad was
iy Farheliiidermadenismssnuivmnzauld Tunsuszyndldlumidedelsadisnsdsdanilng nnazgn
Usuusssneismansestieya (Filtering Methods) fiviannuians uazasisensuisdIu (Segmentation) Litauen
druiifesnts uagdumeuganearshin1ssunnIm (Classification) uandininisuszanananméaiinauly
Tuaududy Wy myleszsinweandasionnsdmiuszuunsnaeuaniuzenatadniuguilng (Petrellis,
2018, Adulyasas et al., 2023)

wialulagn1siieusidadin (Deep Learning) lngianiglasstgUszamiiionuuumaulagdu (CNN) lasu
arwaulasganirswnslumsiinseinmaigmenisnees esndanuaunsaduunnmdudeuuay
Uszananalauiugiuazsinsy (Ditcharoen et al,, 2023) aéwaisﬁmué’wmmuﬁaﬁaiﬁLﬁuiiﬂiué’aaiw%‘w
Uszinelne Tnstangmsldnuassihuunanlesuiiinunsnsidnfsld wu LINE Chatbot annuualifusanann 3e
Wanluea CNN dnsuidadelsannamludes wazieudiisuusz@niamanidnenssy 5 wuu laun
VGGNet-16, ResNet-50, DenseNet-121, AlexNet Way GoogLeNet Lt aLdonluinadi tuunzanii ganeuiily
Uszgndluszuuneavondaluifiuu LINE iielildnuaiduniainuns sadwsuandiiuiunaluladidedy
AruuugwazanmszMInTIadn e auayunumsnslunstanislsaldlivssaninm uasduiiugiusie
gangsruunsudanseyluenan denndesiuiimmenisimununssaasezreIUsing

2. ingUszaeAauIde (Research Objectives)

1. Wi suifisuuszaniamuesanitnenssulassinsussamiisuuuuneuligdu (Convolutional
Neural Network: CNN) 7111 5 @an1dnenssu ldun VGGNet-16, ResNet-50, DenseNet-121, AlexNet uag
GoogLeNet lunmsduunuszinlsaiivsnguiludesanninene

2. Wlevannszuuienuonsaluiuuumanodu LINE dwiumsitadelsaludosuuudealn iflosesiu
nsUszendldlussuuinunsdanioy

3. NIDUKUIAAIIUIIEY (Conceptual Framework)

eifeiiduruifeuuuinuna (Cross-Sectional Design) Il 4 ayauuutgundl (Primary Data) 7
swralasnizasiufunusiudayanin (mage Collection) Mnnauituiivamialuainns fusenidoanile
mounae ¢ Janda loun Fswiaumansann veuwnu nudug uazsesda gadeyanmludeeiinisdniunis
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FonAvlutindiou nuaius we. 2567 83 lwwieu w.e. 2567 §1uu 4,000 AN Feinssuunlsaludes 4
Uszeam leiun Lsadunansluwas (Red Stripe Disease: RedRot) lsalugaawnau (Ring Spot Disease: RingSpot)
T5A3nailu (Rust Disease: Rust) uarludasuni (Healthy Leaves: Healthy) Tnen1siseiitnauensouuuiinms
UssyndlfinadiansFeuidedndmiunisitiadelsaludes Insusenousedunouddy Tdun nisiusiu
am msUsznanaiesiudsnsaunnitliiieates Usurun daam uazudadddliegluguiuuinasgiu
ndurhnsulsgadoyaiefinaouuasvaaeuludndiufionnsan uazdmfvediadiaseads dunounianous
TdaatnenssulaseineUssamiiondedn 5 wuu tauwn VGGNet-16, ResNet-50, DenseNet-121, AlexNet wag
GoogleNet WipuUsziliunameduil Accuracy, Precision, Recall, F1-Score kagilAsiziaeiun3ndmnuduauy
iioszylunaifiuszansangsan wazdhunimundussuuuenuensaluffvuunanwesy LINE dwsuns
AadelsaludosuuuBealn ieatiuayumsinunsdaaiereiiussaninim nefinsouluiAnuansis Figure 1.
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Figure 1. Conceptual Framework.

4. mswummssmnﬁuLkazwqwﬁﬁlﬁmﬁ'm (Literature Review)
4.1 M3Uszenald Deep Learning waz CNN dmiunisinssilsaiivdaenineie
mdadelsaivmenmaelagldinailanisiseusidedn (Deep Learning) uaglaseinguszamiieuuuy
Aowlagdu (Convolutional Neural Networks: CNN) liisuanuiiosog1aunsvane \flesananunsausyuiana
AnLazIunauRaUnAlsog19usiugn muﬁaﬁﬁaﬁaﬂuﬁmﬁﬁwmﬂ‘wmagmmu Hiluwivesdatnenssy
ld ediansiinaeu nmsuiuUszansamluena sadinsszgndldnuaidussuvaivayunensns
Saisangchan et al. (2022) lvﬁ”ﬁﬂmmﬁﬂLLuﬂﬂwwiuuzuﬂaﬁL‘fJuImLLashJL?Juiimﬁ’;ﬂmmﬁﬂmiﬁaui@q
an lngldan1tnenssu LeNet-5, VGG16, ResNet-50 LLazLLUUﬁwaaqﬁmesﬁumeﬂ‘ﬁugwumm VGGNet F9Usu
ammm‘uaﬁumsﬁauﬁuazﬁwmuwwswﬁma% Wiariuanuilunsussananalagliaaneuauudugy ns
naaetliyatoyanmarsluisunidiua 5,710 nw wisedeyailugeiindeusauas 80 uasyavnaouiosay 20
wamﬁﬁﬂwuiwam{]maﬂisuﬁﬁwuwﬁuﬁﬂawuLLﬁuﬁwqaqmﬁ 89.06% waigH LeNet-5 fimnsusiuginani 78.90%
Makkawal et al. (2022) éfffauniiuneundiaduilednunaneiiugndsadngldinaia CNN Tngsaus
AMNEBANN 5 areiuganasdnisaungnueians uazuudeyaiduyaiinasuiosay 70 uavyanaasuiovay
30 HaMTAATILEA Fl-Score uanInNuUsiugIgeani 83.00%
Jomesri et al. (2021) lawauszuuasiaidadelsaluresnrniodasldmalulad loT saudumeaiadn
WOIALIALMBSWUTTU (Support Vector Machine: SVM) dusunisduunlsalugnainainaie tneldnaning
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wslughil 86% uazszduaufimelanninumsnsegluseduanniian fadautnsldssuutsananufianaisly
nsatadyldededidudiy

Enkvetchakul & Surinta (2022) la@nwuaziueuiiisuaninenssu MobileNetv2 uag NASNetMobile
Fepenuuuanliimanzauiunisusznanavugunsaiindeud Ingldinadanisiiiudoya (Data Augmentation)
safumsi3eustneven (Transfer Learning) Hamsnaaemuin NASNetMobile Tnadnsiusiuggeantion
wAllANSUU (Rotation) n51deu (Translation) waEN13YH (Zoom) mﬂixqﬂﬁﬁ'mﬁuiwﬂu’umaumsﬁﬂaauimma

Amin et al. (2022) lsiFnmnsiaunlunamsi3ousiddnuuy End-to-End dmumssuunludnlned
flavnwiuazlaid Tneysandedrfniuruiaveddinaluaandnenssmialy iunssuaudnvuzdednan
Tasav 07 W1unisilneusuatanidn ldun EfficientNetB0 uaz DenseNet121 dasinadan1sid ouse
(Concatenation) w¥eUszgndldinaiianisiiudeya (Data Augmentation) tilalfiuenuvannvasuegndoya
Tunsiinaou namsifenuilunafifmunduwansauusiugigaand 98.56% daniiondn ResNet152 uas
InceptionV/3 7iflAnausiugh 98.37% way 96.26% ALY

Daphal & Koli (2024) lansdnausaadnenssunisiieusidedinuuunaneseausiuiunalnaiuauls
(Attention-Based Multilevel Architecture) du§unissiuunlsaluludes Tagldys Spatial Attention uas
Channel Attention lunsafindayadAty nan1smaaesmudn lueaanasaduunlsalinieainuuiugigeds
86.53% %QQdﬂ'jﬂﬁﬂﬂﬂGlﬂﬂiiM‘Uquﬂgu 9 19U VGG19, ResNet50, XceptionNet way EfficientNet-B7 Ingtaniylu
vunvesyndoyarundn uenanidslimsvssgndldausieiuoundiaduuuanialiuszuu Android iie
seefumTitadelsaludeslunipauiy

Nnmsumunyddsdieiu nuihuideliyasusasdesiiniiuansneiy swwes Saisangchan et al
(2022) waz Makkawal et al. (2022) uandlsiiiulszansninaes CNN Tunisduunlsaiiy waddedinnlunis
ihdsweanumsnsidesandedldruiuneunaindu suves Jomsi et al. (2021) fausfazdinmsussgndld 10T
wazldSuaufieswslagaaininunsns udldinada SYM 3 efluszansainsinda CNN :1uwes Enkvetchakul &
Surinta (2022) wag Amin et al. (2022) Wumswanlunafimnzaufugunsaiindeuiiuasiauutiugigs us
SrnanswauszuUTinuasnsaunsaldauldasiegadenin muves Daphal & Koli (2024) Fausfasdnisiamn
ueUndedudmiuludeslasioms usdshiimsysanmsiussuunmsdeansitnumsnsduiaglu@inyszd13u uas
whazdamAdoinnuneiivszendliinada Deep Learning waz CNN divsumisduunlsafiv uidsildwddwn
MsAnwIIde Toun (1) sAdefidiuemnslsaludeslutiunvesuszmalne (2) msvhszuuiiysannismalulad
Al dnfuunamesumsdeansiinumsnsldluiinsediu sofumsideilsdinmuddglunstmulune CNN
famzigasdmiunssuunisaludesluuiuniuiuresussmalne waznisysanniadafu LINE Chatbot
\Wuunasesuinuasnsingldiuegrsunsvany
4.2 n135UszuIananIn (Image Processing)

n15UsELIANANN (Image Processing) manefnszuaunsnisesianosivssyndldinadasing 4 1ile
Asziuagdautain widna TnsUsgnaudaet uneundn 1y n13UFuUsIRmAMIEININ (Image
Enhancement) Msiendiu (Segmentation) N1sAsAasinyazIanz (Feature Extraction) Wagn133nuunusslan
(Classification) tiearndeyaniadeasuiisesnisanain luvsunmsisesunsidadelsafis n1sUszanana
adlunuméfglunsnsedusarsuunisnananaglufivegadiussansam nszurunsiinanitunou
mssnfiunuiiduszuu Uszneusae nssunim (Image Acquisition) N15LA38UAIN (Preprocessing) N15UU4
d7un1n (Segmentation) N34 9A A NWZLANIY (Feature Extraction) wazn139nuunlsalaglddanesfiu
Machine Learning %39 Deep Leaming Liu Convolutional Neural Networks (CNN) ﬂﬁSUixQﬂﬁ%’mﬂIﬂagmi
Usznananmlumsidadelsefiviivsslevivatstsznns leun anuanunsalumsasianulseluszozisusiu nns
anmsgaudenanan warnsatduayunmanuesdsdu meluladltefiunnuusiuazaunaiilunidds
Fauduladedrdysenisinnislsafivesnaiiuseavdua (Ganesh et al,, 2025; Harshitha et al., 2024)
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IINNTNUNIUITIUNTTUNUTT MIUTERIARANMN (Image Processing) lisunisuszendldagaunsvany
Tumsidedelsalunywd dnd uaviiv oo lervglunisidenisnssnulmunzan foyanindldly
nszuIumsealfnndesienmuasiiueaiiuls visangunsalfituiindeyalurisanueninduiveslsifiu
WU uwesutvan Sansleidin uagndesganssat laevild mslinsgsinmaziEuainnsuiuysanunInamn
FeiBnsnsesdeyavannvanszuuuy sudienisulsdudienenuinaiiaula wasdugadedunounisdiuun
Ussiannm Bmawaigmintluvssendlunseunsvheudmiunsitadelsefuiiautulunuided wdewts
n389Bsdeiatin doulunisvnaes uasnadwsiiioatedununounth feliifuimaitededomaians
Uszanananwlinadnsifanuusiuggs uazannsasoseniioauiueundinduifdnvuglndidvamie
wanenalsagnafiuseansaim (Petrellis, 2018)

A5UsTLIaNanIN (Image Processing) 1unssuiunisléimaiauardanesfiudiowvasnnadialad
A mATuLasatadeyaiiiuseled Ineutsoonidu 4 nsvuaunmavdndsd

1. N15USUUTIAUNINAIN (Image Enhancement) iunssuiumsusuuganmlinuizausenisius
voayuensonIsUszRlanasely Ingldinatia Point Operations dmsunisusuauainawazAnuAudn n1s
nseudaituil (Spatial Filtering) dmSumsandaaaisuniu way Histogram Equalization ieUSunsnsyatae
CRRHILIVIEK!

ada 1Y

2. MsundunIn (Image Segmentation) Lunszulunisutanmesndunaneusginiaudnuous
Aa1epdenu lagldinaila Threshold-based Segmentation, Edge-based Segmentation 1&g Region-based
Segmentation LﬁaLLaﬂi’mqaaﬂmﬂﬁwé’q

3. msuvasduazituiid (Color Space Transformation) iunsudassyuudann RGB Tudsiluiiasu o
U HSV, LAB %38 YUV Wilolinnsiinsngsidiuss ansamanniu siudenisudunsad (Color Correction) wagnns
U5uaunad (Color Balance)

4. nsanad nwazLa (Feature Extraction) 1 unszuiunisanndeyad1dyainnin 1wy Edge
Detection Iaeld Sobel, Canny %59 Laplacian operators, Corner Detection @1115uqndAsy wag Texture
Analysis Lﬁaimiwﬁmmmaﬁmaﬁmqiumw (Archana & Jeevaraj, 2024)

4.3 nM338u313En (Deep Learning)

M5138u139an (Deep leaming) Wudugasrasnsifeuiveciaias (Machine learning) n1si3ousidsdn
LLazmiL%ug”maqm%'amfu WudiutesvaslyyiUseivg (Arificial intelligence: Al) (Koedsri, 2021) A3
uaneinadfyszrinansi3ousidedn (Deep Leaming) fumsi3ouiveaaiosuuusaiy (Traditional Machine
Learning) A9 A uA1N1satUN1sHAILIUSEANSAIMRINvUInvasdeya tnaluimaluy Deep Learning Snlv
wadwsTusiugBdudeldfudeyaduiuunn susiidaneifuuvuduiuuaslnssteussamidonvuanidnin
winzaufiuygadeyavuaidn nsdenlidanesfiuliaenndesiudnuausdymuazawindeyadauduwumiedAny
lunsiisustavsamaesuuudiasdlaglisdusesiianmuimadoyaiisnniausly (Vento & Fanfarillo, 2019)

N13438U31898n (Deep Learning) Wuwailafildsuanuiouegraunsrarslunulszananann (image
Processing) Lazn13331a1m (Computer Vision) lagerdelassinedssamiftssmansdulunsatauazdionon
audnvauranseiuinaiiohluldlunssuunussion laealuaunsoudseendu 3 Ussinnmdn léun (1)
TasstneuuuiiEfaey 1wu DNN, CNN uag RNN Jaanzdudeyaiimsszyratoasdnauinn (2) Tassouuuladl
{/@ou 19U Deep Autoencoder, DBN uaz RBM #ldi5sudaindeyalnslifesiimaians uaz (3) lasstnouuunay
ldnsFeuduuuldifaouludusiudeuiluusufeuuuiidasy 1y DBN Faufu DNN wie CNN Gsldsuanu
ﬁsmLﬁnﬁuLf‘iaqmﬂamwmﬂﬁ”ui%lﬁ”t.l,ﬁﬁﬁ’fagaa‘hmuﬁaa (Saisangchan et al., 2022)

4.4 \asevngussamiiisuuuuaaulagdu (Convolutional Neural Networks: CNN)

Tnseysyamiisnuuuaeuligdu (Convolutional Neural Network: CNN) §189401 5084 iuve sy we
Usznaudieyaues Convolution Wag Sub-Sampling Layer aus8Laleasld ousoag1sauysal (Shrestha &
Mahmood, 2019) Iﬂwi’wmuﬁ’umwiugﬂw%‘mi‘ﬁﬂmaLLaxﬁi’ﬂammsuauﬂuﬁyuﬁéaa 9 Wi o118 7uUN
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(Classification) LLaswmwﬁa;&a&iaamdwﬁguiumsszq?ﬁﬁﬁu dana3iu CNN wiamsvihauseniluaesdiundn
16iun Feature Extraction way Classification lne Feature Extraction ldflawmes (Filter) Tun1sAndonnasnuoe
ddyandeyaiiielilumsviniuenaiituseu Classification WamasmanmmmmmLLauaNaquumauaLwaiuu
Uinadfifesiinngiuarssinanasenun CNN LulassteUssamifiounanedy (Multilayer Perceptron)
a11130A 98 NuazlA Uty Akar TIMUNKNA LA LAEATY FamuzdmTun13TuungUAIN (Hongboonmee &
Kanyaprasit, 2021)

Feulunsifeil Sahiavensitadelsefviiunngenmsuiludes Tagld NN Wundnlunsuszanana
Hoyavesyngunwiavin uazUSeuifieulngldanvaslnssaing (Architecture) fiumnsinaifu 5 aniinenssu
4.5 m3iaUszansnmvasluna (Performance Measurement)

msdundszan (Classification) LﬂuﬂizmumiﬂizLﬁuﬂszﬁw%mwmaqLLUUﬁwaadﬁgﬂﬂﬂsﬁuLﬁa‘Lﬂu
M58 LuNNENYeITeYA (Hongboonmee & Sitthichokchaisiri, 2021) Tnglanizagsd sfuteyailsiinegnltlu
szarinensfinaeu (Training Set) mMadswifiuiliiinguszasdiiiatranuausavosuuudasslunisweinsal
nadwsoeagndaiuLning (Metrics) n3osiad 1nfildunmsgiu (Saisangchan et al, 2022) Taswilsluignis
ﬁug’mﬁﬁaﬂ%ﬁa Confusion Matrix Faifuasunamsduuniuandiifiudnoumsiuneiigndeaazinnainly
wiaznautmnevedlanng tngluauiseiiiinisld Confusion Matrix iiterduitugiulunisdiuaaeei 4 o
UsuifiuussAvBamuesuuusiass (Yap et al, 2021) léun anuusiugn (Accuracy) Avidisanss (Precision) fin
m3Senau (Recall 3o Sensitivity) F1-Score wazAnadsuuuilas (Macro-average) Semsinnasanaiveli
annsavsziiuauannsolumssuuntedinnaldodwnsounaulunainaiedd wasdufiugiuddalums
WisuieuUszavsamueanuusiassing 4 ituldlunmside

5. 38aiue1uIY (Research Methodology)
mAfeieenuuuuariiiummesedasuszgndlfinaiensFoudidaindelasmsuszamifisuwuy
Aoulagtu 5 antnenssu LA VGGNet-16, ResNet-50, DenseNet-121, AlexNet Uaz GoogLeNet \iolnsgh
waziUssuieudszansnmlunssuunlsaanamludssuugndeyaiiadiaduios niouiainunssuy LINE
Chatbot tipsasumsldsuadlutiuneanunsdaaios Inedunsunsdniunsideduielui
5.1 iudeyagunmitlélunisise
mafusvsndeyaninludosdmiunsideidldasisyndoua Sugarcane Leaf Disease Dataset #
Usznoufenmangludossiuau 4,000 nw Tnsutadu ¢ nqugesamanmyesludesludadiuiivinu i
Tsardunarsluuns (RedRot) Tselugaaunau (RingSpot) sasrafia (Rust) wagludoegunind (Healthy) filsi
uansensvedlsn nauag 1,000 nw dauansly Figure 2. (a) - (d) Muddu favmmifurusmananmuandoy
sslundanmnzugndeeileliilideyaiiasvieudnuureinisvedsafiuriaiauasinmmarnaglusnuanmias
HUNBY UAZTEEENITEIENIN

(d)

Figure 2. Images of diseased sugarcane leave (a) RedRot, (b) RingSpot, (c) Rust, and (d) Healthy.
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ATl TumsitedenseenuuunseuLLIRALUURATI (Cross-Sectional Design) Tnglddosauuy
Ugunfl (Primary Data) Aisausamninianundenudasneasluaninwandousis lnsasitufiivtoyalundu
Jmdananziussnidsundensunans 4 Smdn laun Tandauniansain veuwnu n1wdug wazsdeside
gatoyanmludesinisandunisdaiuluginseu nuaiiius we. 2567 §3 wwieu w.e. 2567 §1u3u 4,000
A NIrUILNNITIVTITRyaldnIuANIEnT anminden uasiuUsnuBy q ioradnadennininuosgUdel

1. anmuInden (Envionment) Mwiidaiivazogluanmuindouiiidnwazifeitu e ¥ranan
08.00 - 12.00 . ufurrenaitlinasiifiarumnzaniiomofunisaenm

2. nwaizieilunw (Features) lumsansnmazaronmludesiisidnuuziduiiiulddaay 1w Tui
fndeusngdnuarvedseludosdaiau warludosuniniliivsngernisvesisesi 4

3. gunsaldianm (Camera) Afiunsanennmendesiinmesiunnan ndewnuden 12MP (Mega
Pixels) A1g3uuas (f-stop) vuna /1.8 - f/2.4 gueenuuueeUiifa (Optical) 2 i yuRdvia (Digital) 5 Wi
5.2 MsdnnsengadayadmiunaituuIaansieuiidedn

mawFendeyadmivmiadeisniunslasusyanmludeseenidumeiinaeu (Training Data) uazep

vndau (Test Data) femAliAN1sdusiaag e (Random Sampling) Tuanudnsndau leun 75:25, 80:20 wag 90:10
\iednnevinanssnurestundoyaiinaouseUssansnmuedunamsieudidsdn nmsuadeyaynsnsidmag
ANUEANAAYBILARTAATH (Class Balance) wa 4 Yszian 1dun RedRot, RingSpot, Rust taz Healthy wiauusu
Ul 256x256 finwa WielimnzauiumsUszananavosuudiass CNN
5.3 NMIRAILILUUINABINTIEBUSLTEN

nAfeivanuieedasissraiieuwuuneuligiu (CNN) dwmsulianeiuazasnaeulsaly
9989NNMaY Iagadunsulnaniasy Google Colaboratory (Google Colab) 1% Python 3 wag Runtime
fisssumsUszananawuuruusie GPU T4 wiewlausn3 PyTorch dmsuiauiuasinaouluing Tnsanizly
Uiunvesypdeyaruniin nszurumsiaLUsEneude 4 sunoundn iun (1) msulsgadeyaludesludadiu
75:25, 80:20 waz 90:10 dwiuynRindoulasynnnaay fuuanisieazidenly Table 1. (2) msfndounasnngeu
wuustansdsanUnenssy CNN s 5 aanimenssy laun VGGNet-16, ResNet-50, DenseNet-121, AlexNet
uag GoogleNet (3) miﬂsmﬁuﬂizﬁw%mwmmwaaxLLUU@i’waam”';aﬁﬁyi’mmmgm Taun Avnuuugn
(Accuracy) ATaLiBanse (Precision) uazAn1siSeniu (Recall) uag (4) m'iihLLUUﬁwamﬁﬁﬂisaw%quﬂqsﬂ,ﬂ
wimun dussuunsmuandalusifuuunanwesy LINE wWenisidedulsaludesainamansuuuiSealmsl

Table 1. Partitioning the dataset into training and testing sets.

Class Class Name  Number of images Train/Test Train/Test Train/Test
No. (75:25) (80:20) (90:10)
1 RedRot 1,000 750/250 800/200 900/100
2 RingSpot 1,000 750/250 800/200 900/100
3 Rust 1,000 750/250 800/200 900/100
4 Healthy 1,000 750/250 800/200 900/100
Total 4,000 3,000/1000 3,200/800 3,600/400

5.4 nsnadaudseansaw

matuiiunifeludnidiigUsrasdifowioudoulsans imasuuuiaedasmiiussamidioy
wuumaeulagdu (CNN) lunsinsigiazdiuunnludesiiuansenisveslsadunandluung (Redrot), Tsalug
psuu (RingSpot) warlsasaliy (Rust) Msussifiunasiiunisuuyadeyanaaoulagldidaunsgu Téud
Accuracy, Precision, Recall bag F1-Score ?z’faﬂ"wmﬁumt,a?{mmu Macro-average Lﬁaasﬁauﬂﬁxﬁwﬁmwmm

wuudnaedlungudeyandduiumegauiniu nadnsainmmegeugniuisuiisunudnsidiunisuiadoya
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75:25, 80:20 war 90:10 teszyanUnenssuivanzauigadmunisiuunlsaludegainainais lunisvaaes

dfinsasAlawesnisfiwes (Hyperparameters) lnsuanssisazidenns Table 2.

Table 2. Hyperparameter Settings

Parameter Value
Image Type Color (RGB)
Image size (Width x Height) 256x256
Percentage for Validation (%) 20
Image Encoding jps
Dataset Healthy, RedRot, Rust and RingSpot
Training epochs 4,10 and 20
Batch size 64

5.5 ANS9DNLUUKATHAILNEUU LINE Chatbot

NuUATellsoanuuuLayaUISEUU LINE Chatbot Tngld LINE Messaging API Lﬂuﬁ’aﬂawizmwﬂﬁmu
fuluuTIaeINsiseusdidadn (CNN) Nuszansnmeeanainnisveass dmsuitadelsaludesanamene g4

| ' v a .. i . y = ° v P

anunsoden mEudd LINE Official ¥ “Sugarcane Disease” #ssyuvazUsvananauazduwunlsa laun lsaudu
nansluwnd (RedRot), Lsalugaiaunau (RingSpot), Tsasnaiiy (Rust) wazludaeund (Healthy) 3niudmadns
wiaunwiuatunauludeldlaednlud® Yiedrneanuazaindensldnuasdunmanunsnssy aandnenssu
VDITTUULANITIEAZLEALY Figure 3.

LINE Application Messaging API s N
= Sugarcane Disease Detection

1 A}

1 1

[} J

m ﬂ ' The DenseNet-121 model, 1
' which demonstrated the 1

! highest performance with a 1

@ ! 90:10 train-test split, is !

! hosted on our server. ]

N——r g

Figure 3. LINE Chatbot Architecture

6. HaN15338 (Results)
nuAdedldUssliulss s nmussnuudiass ONN fdenlddmiumsidedelseludes Tnevhmmaaes
funisudsyadeyaluausnsidiu laun 75:25, 80:20 waz 90:10 1l e nwiwavesvuIateyail naousie
UsyAvBammasuuuians nansvadeukaznsUisuLisuanansaagU il
6.1 nan1magaukaziSeuLisuUsEAVEAWYasuuUdtaasluntsiuunlsaludes
nsveaedldinadinnisi3eusitedn (Deep Learning) dmiuduunlsaludosuugpdeyaiuadudnsad
75:25, 80:20 WAy 90:10 wansliiuinszavlszdnsnimesusazlumaunnsiaiy Imaﬂimﬁumﬂﬁa?ﬁuﬁmﬁﬁm
& Accuracy, Recall, Precision uag F1-Score nansi3ouiiisuagdlilu Table 3, 4, uag 5 iiloTias1e
mmsnganesiuusassneliiieulivesmnayndeyaiinaouianaty mivsnglumsadunanisusaidu
21n#2%39 Accuracy, Recall, Precision Wag F1-Score Tasiianfmualiogluga [0, 11 Feanii fawvindu 1
nefsUseavsnmgeaaviseAnlu 100% Moy A1 0.9960 denadeeiuuszansaIn 99.60%

[325]

Citation:
@@@ Baipod, S., Savithi, C., & Sriwongsa, J. (2025). Applying Convolutional Neural Networks for Sugarcane Leaf Disease Image Classification and
@ TR Integration with LINE Chatbot to Support Smart Agriculture. Journal of Computer and Creative Technology, 3(2), 317-332.
https://doi.org/10.14456/jcct.2025.24.



Journal of Computer and Creative Technology | Vol.3 No.2 (May - August 2025)

MIasreuiIwesuazinaluladasneassa | U7 3 aduil 2 (wquniau - A 2568)

ISSN 2985-1580 (Print)
ISSN 2985-1599 (Online)

Table 3. Evaluation of model performance based on prediction outcomes using a 75:25 training-to-testing

data split.

Model Class Accuracy Precision Recall F1-Score

Healthy 0.9980 0.9960 0.9960 0.9960

VCG.16 RedRot 0.9870 0.9759 0.9720 0.9739

RingSpot 0.9710 0.9299 0.9560 0.9428

Rust 0.9700 0.9508 0.9280 0.9392

Healthy 0.9960 0.9920 0.9920 0.9920

ResNet-50 RedRot 0.9870 0.9836 0.9640 0.9737

RingSpot 0.9740 0.9274 0.9720 0.9492

Rust 0.9730 0.9588 0.9320 0.9452

Healthy 0.9950 0.9880 0.9920 0.9900

RedRot 0.9860 0.9796 0.9640 0.9717

DenseNet-121 RingSpot 0.9770 0.9416 0.9680 0.9546

Rust 0.9760 0.9593 0.9440 0.9516

Healthy 0.9930 0.9802 0.9920 0.9860

AlexNet RedRot 0.9840 0.9834 0.9520 0.9674

RingSpot 0.9710 0.9266 0.9600 0.9430

Rust 0.9660 0.9390 0.9240 0.9314

Healthy 0.9790 0.9598 0.9560 0.9579

Table RedRot 0.9770 0.9595 0.9480 0.9537

GoogleNet RingSpot 0.9740 0.9274 0.9720 0.9492

Rust 0.9640 0.9421 0.9120 0.9268

910 Table 3. wud1 wan1sUSeuguUsEaNSAmaAl8YAYasawuy 75:25 wuii DenseNet-121 i
UszAnsnmgeanlunsduunlsaludes wwizlsalugasumu (RingSpot) e F1-Score tauAnidu 95.46%
wazlsasiada (Rust) 1A F1-Score waedniduy 95.16% Tasamsauliid Fi-Score dvganinynlaea uasua
msiTeulileuUsednsammeyateyanaaey (Test Data) danuududilunsduunamludesggn lnesiudn
\Ju 96.70% &3 Figure 4. (a) vauzdi VGG-16 Tinadninlungulsaidunatsluuns (Redrot) wazlugesund
(Healthy) @21 AlexNet waz GoogleNet FUszavsamenindnteslunnaaia

Table 4. Evaluation of model performance based on prediction outcomes using a 80:20 training-to-testing

data split.
Model Class Accuracy Precision Recall F1-Score
Healthy 1.0 1.0 1.0 1.0
RedRot 0.9825 0.9603 0.9700 0.9651
VGG-16
RingSpot 0.9712 0.9402 0.9450 0.9426
Rust 0.9787 0.9644 0.9500 0.9571
Healthy 0.9962 0.9900 0.9950 0.9925
RedRot 0.9800 0.9600 0.9600 0.9600
ResNet-50 -
RingSpot 0.9825 0.9603 0.9700 0.9651
Rust 0.9812 0.9695 0.9550 0.9622
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Table 4. Evaluation of model performance based on prediction outcomes using a 80:20 training-to-testing

data split (Cont.)

Model Class Accuracy Precision Recall F1-Score
Healthy 0.9962 0.9852 1.0 0.9925
RedRot 0.9812 0.9556 0.9700 0.9627
DenseNet-121
RingSpot 0.9787 0.9692 0.9450 0.9569
Rust 0.9787 0.9597 0.9550 0.9573
Healthy 0.9937 0.9850 0.9900 0.9875
RedRot 0.9775 0.9375 0.9750 0.9558
AlexNet
RingSpot 0.9587 0.9371 0.8950 0.9156
Rust 0.9625 0.9250 0.9250 0.9250
Healthy 0.9850 0.9653 0.9750 0.9701
RedRot 0.9687 0.9268 0.9500 0.9382
GooglLeNet -
RingSpot 0.9662 0.9435 0.9200 0.9316
Rust 0.9650 0.9343 0.9250 0.9296

910 Table 4. HansvndaUsBYATaYALUY 80:20 WU VGG-16 T9AN Fl-Score gaftan Tunqulsadu
nansluins (RedRot) uazludenund (Healthy) wag ResNet-50 Tid1 F1-Score gaiign Tungalsalugaaumu
(RingSpot) uaglsasiatia (Rust) uaznan1silSeuliigulssavsnmemeyadeyanadeu (Test Data) dA1uusiuEN
Tunsduunamludesgean lnesiuAaidu 97.00% a4 Figure 4. (b) YousTi AlexNet uaz GoogLeNet §
Usgansnmsndndaau Taeanzlurana RingSpot way Rust

Table 5. Evaluation of model performance based on prediction outcomes using a 90:10 training-to-testing

data split.
Model Class Accuracy  Precision Recall F1-Score
Healthy 1.0 1.0 1.0 1.0
RedRot 0.9800 0.9509 0.9700 0.9603
VGG-16
RingSpot 0.9675 0.9677 0.9000 0.9326
Rust 0.9725 0.9238 0.9700 0.9463
Healthy 0.9975 1.0 0.9900 0.9949
RedRot 0.9700 0.9489 0.9300 0.9393
ResNet-50
RingSpot 0.9675 0.9393 0.9300 0.9346
Rust 0.9750 0.9326 0.9700 0.9509
Healthy 0.9925 0.9708 1.0 0.9852
RedRot 0.9850 0.9700 0.9700 0.9700
DenseNet-121
RingSpot 0.9900 1.0 0.9600 0.9795
Rust 0.9775 0.9504 0.9600 0.9552
Healthy 0.9950 0.9900 0.9900 0.9900
RedRot 0.9675 0.9142 0.9600 0.9365
AlexNet
RingSpot 0.9725 0.9684 0.9200 0.9435
Rust 0.9750 0.9500 0.9500 0.9500
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Table 5. Evaluation of model performance based on prediction outcomes using a 90:10 training-to-testing
data split (Cont.)

Model Class Accuracy  Precision Recall F1-Score
Healthy 0.9825 0.9514 0.9800 0.9655
RedRot 0.9375 0.8640 0.8900 0.8768
GooglLeNet -
RingSpot 0.9500 0.9081 0.8900 0.8989
Rust 0.9550 0.9270 0.8900 0.9081

910 Table 5. nansMARBUMEBYATOYALUY 90:10 WuIn DenseNet-121 T Fi-Score gaiign Tungu
Tsmudunansluuns (RedRot) Tsalugmasisnu (RingSpot) uarlsasnady (Rust) luaiefl VGG-16 T F1-Score
gefign Tunquludesund (Healthy) unizfl AlexNet waz GoogleNet uansuadndaiianluynaana lnstaniy
a1 RedRot Uag RingSpot wagkamsiUSeuiieulseaviaindieyadeyanaaeu (Test Data) fiaduuaiugily
nsduunamludesssan TnesauAedu 97.25% ¢ Figure 4. (c)

Model DenseNet-121 Model ResNet-50 Model DenseNet-121 55

Healthy
Healthy

175
200
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150

150 - 125 -

- 100
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‘ \ ] .
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Ped‘Ro( Ringépot Rust Hea‘lthy Redlﬁot nglspot Rust
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(a) (b) (©

Figure 4. Confusion Matrix Model (a) DenseNet-121 Train Data 75:25 (b) ResNet-50 Train Data 80:20 (c)
DenseNet-121 Train Data 90:10.

lunsussdudsednsamlnesinveswuuiinast laandunisAunaedevedal F1-Score lngldis
Macro-average Method sz yuuudnaesiilinan1siuunussianludesniiussansangegaluusazguuuy
YosyntayanIENLUY Kan1sIwunlsaludesmamalianisiseuiidadnuanisieazidends Table 6.

Table 6. Performance Comparison of Models Using Macro-average Method.

Model Train data Average Precision Macro average
75% 0.9631 0.9630
VGG-16 80% 0.9662 0.9662
90% 0.9606 0.9598
75% 0.9655 0.9650
ResNet-50 80% 0.9699 0.9699
90% 0.9552 0.9550
75% 0.9671 0.9670
DenseNet-121 80% 0.9674 0.9674
90% 0.9728 0.9725
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Table 6. Performance Comparison of Models Using Macro-average Method. (Cont.)

Model Train data Average Precision Macro average
75% 0.9573 0.9570
AlexNet 80% 0.9461 0.9460
90% 0.9556 0.9550
75% 0.9472 0.9469
GoogleNet 80% 0.9425 0.9424
90% 0.9126 0.9123

nanssuunlsaludessomaiansBeudiddnuandlilu Table 6. Fswuiuuusiass DenseNet-121 4
4deyailnasusenas 90:10 fidranuusiugilagsiu (Average Precision) gefianiifasas 97.28 uazen Macro-
average gufianiisosas 97.25 fufu vuideiTaudenlduvudaosilumsimunssuuiinneiuaranaaolse
mnnmludenifiesesiumainunssansesluduneusdely
6.2 HaN1INMUIEUU LINE Chatbot

HANMIWAILITZUU LINE Chatbot wud1 anunsedasigsiuazyinuelsedesld 4 Ussunn laun lsadunan
Tuuns (RedRot) Tsaluamauniu (RingSpot) Lsasnatia (Rust) uagludesund (Healthy) @ Figure 5. (a) - (d)

< @ Sugarcane Disease

ihTsalen

(b) (@) (d)
Figure 5. Prediction Results: (a) Red Rot, (b) Ring Spot, (c) Rust, (d) Healthy.

7. @3Unan15338 (Conclusion)

udeiliuszgnalduuusians Convolutional Neural Networks (CNN) $1uau 5 aniinenssu ldun
VGGNet-16, ResNet-50, DenseNet-121, AlexNet Lay GoogleNet d@1usunisinuuniazasagaulsnananly
o8 Tnasndunisuuunanilosu Google Colab #8 Python 3 Runtime wagld T4 GPU 1luiadosflaisenis
Useunana ﬂ;ﬂ‘ﬂ'a;ﬂam"ﬁumiwmaﬂﬁa Sugarcane Leaf Disease Dataset 71U 4,000 AW wuadu 4 Usenm
Lawn Tsardunatsluwas lsalugaaumu lsasiaty wazludesund nquaz 1,000 2w LiusIusINeIN
ANTNLINADUITINNTITUYIA

HAMINAaRINUIN MIkUsyndeyar naeuuaynaeulugnIEI 75:25, 80:20 war 90:10 dwaroUsavEAw
vosuuusnans Ine DenseNet-121 Trranuusiuggeanidelddndruilnaey 90% Tneil A1 Macro-average g
fi1 97.25% Favidenilumaadu q vl aunaddna191nN9idexle dwUUMLALIL (Dense Connections) U4
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DenseNet-121 vilianunsasnwaadnwazidadnvesnmludesfidudou 1wy niemiuLazAuiaunfives
& A ya =
Wegelu ladninlumasandnenssudu
aguladn msuszyndldinaila Deep Learning Aag CNN lagtaniz DenseNet-121 wisngaudnsunis
\szkaznsgevlsaluseeluaninuindausssud naansia iiutenudululalunisiaun ssuu

a

3
Fadelsadesdnludf Narunsaysunisidiiuunannesu LINE Chatbot Lilsatiuauuinunsdaniey uazd

ansarsgengnsfinwinavyszgndldiuiiveiingu 4 Tuewan

8. aNUT18NANI5IIY (Discussion)

waluladnisiSeus 18980 (Deep Learning) lastanig lasevguszainiieuuuuneuligdu
(Convolutional Neural Network: CNN) lasuaruaulasgnenitaunslunisussendldiunisiiasgiameane
nsnsinwes tesaniiauansalunisduunnmiidudounassrananaldetissnsuazusiudige
(Ditcharoen et al., 2023) M3Uszendldimalulagnisuszuiranannlunisiiadelsaiviivsslovivagusenis
leun msnsremulsaluszoziudiu msannsgadenandn wazmsatuayunsineasd s (Ganesh et al, 2025;
Harshitha et al, 2024) 4ana7n{ CNN eTﬂiﬁ%’Um'mﬁEmLﬁmﬁuLﬁaamﬂmmmUﬁ”u‘lsz’flé'LLﬁﬁﬁﬁaag,aﬁi’mauﬂaa
(Saisangchan et al., 2022)

Wan33der0se1uil s Iifiudn DenseNet-121 TifAnaruusiugigean 97.28% lunisduunlsaludes
Tnsanzilolddndrunsutsdeyaiinaeu 90:10 nadwiiaonadestuuuiliuresnuddefiisrdosdedusui
Tuinafifinisideusauuumuiutu (Dense Connections) annsaannisgaydetoyaszuinsdunazdisusuus
UsgAnSnmn1siSeus (Amin et al, 2022) awnnddail DenseNet-121 fiUszaninmganinlumaduy q 11910
nsdsrendnyy (Feature Maps) nynialsesluduatasdnlusgsnsuiiu Faeinuaudnuuzidadn
yosmwludosiidudou 1wu Tsalugaaumu vililueaaunsaduunlsaldusiugingt ResNet-50 waz VGG16
faiidnuarniadenlssmelunasanududouvesiuunnsaiu

daSsuiieufuemiddeidnuludnuaslndifesdu wu Daphal & Koli (2024) fildandnenssuns
Boudidsinuuumansssiumiunalnanuanla dusumssuunlsaluludos Tagldiis Spatial Attention uag
Channel Attention lunisafindeyad1Aty nan1svaasmuin leaaiusaduunlsalanisanuutuggeds
86.53% nimadnsvewided wenenil Saisangchan et al. (2022) 14 ResNet50 dmdusuunlsalunsun
FeuAmLiuEgEn 89.06% uillndlAsauddsrnnin DenseNet-121 wandlifiuinisidenandnenssuuas
Snwarnaideulssmeluiinadeuszansnwesnaiifod iy egrdlsfinmm suideiiiideodaunaszms 1hud n
Toyagniiuan 4 JminaanzJussnideanionaunans ieseg1aien vilieumarnvatgvesanmiuih
pImAaTugdesildiin Fsorvdamaronmansalumsussgndldluiiuiidy q Adanmuindeuunnsteiu
uen9nil usiisruuannIIYIANMITY LINE Chatbot ieatuayuinunsnsld widsiesinnsundadodiu
ASIBumesn mmgwugmmumﬂﬂaa wazmssossunm wielldnuldedduriunnumsdanios

MnmMavieuifisuddnngtunuisedeunti vuidedfanulaaauidudn anuudugives
wuudiaes uar msysanmsszuvatvayudldaieihuwnuen defmuldterlunuideiiinades etnalsiny
Faflauimeddesimunfinisluounnn 1wy nsifiuanumainvanevesyadeya nsageuUszansam
neldan nwIndenass warnsusuugsussaumsalfldusnvenlivungauiunguinuasnsine

9. JaLAuBKUZIIUIY (Recommendation)
9.1 Yardusuuzlunsidusiosan

mssummumuasmmwmﬂummamm%mﬂamﬂwmaﬁuﬁLLazsu'Nnm elilumaanunsausudase
ATMUANATIAN TNLINA DA U SolAATY, UssndldimafianisifiuuTunuteya (Data Augmentation)
uazMsENeMenNsi3eus (Transfer Learning) tileanriailunsilnaeunazifisdszavdnmlunisduunlse, vene
nsfinwiaseunqu Tsaludesvindu q wagszezlsafiuandnaiu mfenmeaoulunaiy fivesvgiadu « ile
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fs9gauANNa1Nsatun1sUsUlEluea CNN Tuusunrannrany, waswaunluwavasseuulvaiunsaduiin
ToyaiBsdn 1wy Ysziinaiinlsn melinsizsinnuguuss wasinliunsunsssuaiieatuayuaiidesoson
9.1 darausuuziBImMsUszendly

s sruulianysaidsiudeilsddunsliduuninisdestunasinulsn wieudeusaiy
guteyanensalenna ielnunsnsannsadamslsafivlfesaiiszaviam, Usuugemsysanmsiu LINE
Chatbot Trsasfugldsmumanvansndununns silufunivuardumedive ilelineuaussioaninuandon
934147 uazvsnensUszgndlilunaludaiiveiindu 4 teadunanefuamivayunidedelsafivuuuvans
¥l Gaausatisinuasnslunaisa e @ uazatuayuinunssandsgognadi

10. AnAnssudseniA
VBUOUANUNIYINITNYAT E1UNNUNBATTINTALMIAITAIN KaTNBASNTIITRENYITUT TR 1Y
ATIikaztIBmasn ey unauITellld Generative Al lieUSUUTIANTARULALA WYY
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Anthropomorphism, the attribution of human traits to non-human
creatures, has become popular in artificial intelligence-powered
educational technologies to improve user interaction and learner
engagement. This study examines the importance of anthropomorphism
in Al-driven educational aids, analysing its psychological foundations, use
in large language models (LLMs), and effects on student learning
outcomes. This paper employs a conceptual analysis of current Al
products (e.g., ChatGPT, DuolLingo Max) and utilises theoretical
frameworks such as Social Presence Theory and the Uncanny Valley
hypothesis to investigate the impact of human-like design elements—
voice, emotion, and behaviour—on learner motivation, trust, and
comprehension. The discourse encompasses advantages, such as
enhanced engagement and tailored feedback, as well as concerns,
including emotional manipulation, misrepresentation of Al capabilities,
and diminished critical thinking. The study concludes that although
anthropomorphism can greatly improve educational experiences, its
implementation must be meticulously adjusted to prevent ethical
dilemmas and reliance.
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1. Introduction

The rapid proliferation of artificial intelligence research is giving rise to a multitude of ethical
concerns including safety, risks, and more consequences than ever before. In order to properly address
these challenges and take part in a constructive normative discourse, we contend that it is vital to carry
out a scrutiny of fundamental concepts and categories. Anthropomorphism is leading in the categories. It
is common practice to anthropomorphize artificial intelligence (Al) functionalities and advances, which
signifies that they are conceptualized and described together with human traits. Recent breakthroughs in
Al systems have catalyzed a range of creative goods, services, and business models, while inciting
contentious public and academic discussions over the merger of people and machines (Vogt, 2021).

Assigning clearly human feelings, cognitive states, and behavioral characteristics to inanimate
objects, animals, and more generally to natural occurrences and supernatural creatures is an example of
anthropomorphism (Airenti, 2015; Epley et al,, 2007). Anthropomorphism is a phenomenon that is
widespread and is not necessarily tied to particular properties of the anthropomorphized object (Airenti,
2015).
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Furthermore, it is not dependent on the logical state of the entities that have been
anthropomorphized. People tend to attach human attributes to things like religious leaders, animals, the
environment, and technological artifacts (ranging from computational gadgets to robots), despite the fact
that there is no evolutionary connection between people and these things and that they are noticeably
diverse from living creatures. Consequently, anthropomorphism does not designate actual physical
qualities or behaviors; instead, it embodies a specific human-like interpretation of these features and
behaviors that transcends direct observation (Epley et al., 2008).

The practice of assigning human features to non-human entities, known as anthropomorphism, has
been shown to greatly improve user engagement and comprehension in the perspective of instructional
technology projects. This phenomenon is complicated because it involves a number of different
psychological and social elements that exert an influence on how users interact with technology. In
educational settings, anthropomorphism can improve learning by making complex systems more relatable
and accessible, hence enhancing mental models of virtual agents and avatars (Nowak & Biocca, 2003).
This can be accomplished by turning elaborate systems more tangible and straightforward. Furthermore,
it assists in the advances of emotional links, which are requisite for the successful completion of learning
experiences.

Folk psychology and basic psychology are both included in the field of anthropomorphism, which
enables individuals to comprehend technology through the use of human-like behaviors that are easily
recognized. According to Nowak & Biocca (2003), users tend to have a more positive reaction to
anthropomorphized interfaces, which means that this slant has the potential to increase user satisfaction
and contribute to the perceived legitimacy of instructional aides. Despite the fact that anthropomorphism
has the potential to significantly enhance instructional technology, it is crucial to be conscious of the
potential drawbacks associated with it. One of these drawbacks is the progress of erroneous expectations
regarding the capabilities of the technology.

2. Antecedents of Anthropomorphism

A number of elements were identified that contribute significantly in giving rise to
anthropomorphism. Initially, anthropomorphic characteristics have been considered to be a noteworthy
aspect in determining is anthropomorphism. Three distinct categories pertaining to human characteristics:
visible (such as appearance, movement of the body, facial expressions, and movements in the face),
vocal (for example, voice), as well as psychological (Cao et al., 2019). Literature did, in fact, reveal that
visual characteristics, such as a look that is human-like (Choi et al,, 2019; Kim et al,, 2019; Lee et al,,
2015), eyes (Niu et al.,, 2018), and emotionality (Kim et al., 2019); verbal attributes, such as voice (Waytz
et al, 2014) and language that is analogous to that of humans psychological distinctiveness, such as
expressions (Araujo, 2018); and expressions the reason being that autonomous vehicles (Lee et al., 2015)
can lead to anthropomorphism.

Wagner & Schramm-Klein (2019), findings indicated that social behavior, adaptability, and similarity
to the user, their temperament, their autonomy, their voice, and their look and interaction are the
elements that play a role in the evolution of Al enhanced technology (AIET), anthropomorphism. On the
other hand, empirical findings are irregular in nature; Schroeder & Schroeder (2018) were unsuccessful to
demonstrate that the human voice has the knack to motivate mimicry of human beings and also
advocated that there should be humanistic characteristics included in AIET to attain a certain level of

"humanness" in order to induce anthropomorphism.
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Finally, many kinds of partnerships via means of AIET (for example, by using AIET as a buddy or a
servant) promote the exercise of anthropomorphism. It was discovered (Kim et al,, 2019) that different
kinds of connections with AIET form the manner in which consumers are able to experience
anthropomorphism. Finally, studies have divulged that there is a considerable variation in the perceived
intelligence of AIET belonging to the category of anthropomorphism (Moussawi et al., 2021).

3. Research Gap

Although anthropomorphism is becoming more popular in artificial intelligence-powered
educational systems, most study focusses on its psychological and interactional benefits, such as greater
user engagement and trust. However, the long-term cognitive and ethical effects of anthropomorphised
Al on learners, especially in educational contexts where technological trust may impede critical thinking
and autonomous leamning, are still unknown (Scorici et al., 2024). Most current research focusses on user
experiences or commercial applications, not how anthropomorphic design affects students'
developmental trajectories, critical reasoning, and emotional reliance. There is also inadequate empirical
evidence on how anthropomorphic cues in Al systems may manipulate or mislead learners, especially
younger users, by producing illusions of human-like agency or comprehension. This study explores the
pedagogical benefits and ethical challenges of anthropomorphised Al in education to fill these gaps and
promote more responsible and informed design processes.

4. Objectives of the Study

1. To analyze the concept of anthropomorphism and its psychological foundations within the
context of Al-powered educational tools.

2. To identify and discuss the ethical implications and potential risks associated with
anthropomorphizing Al in educational environments, including issues of emotional manipulation, over-
reliance, and privacy.

3. To propose guidelines for the responsible and pedagosgically sound integration of
anthropomorphic features in Al-driven educational tools.

5. Anthropomorphization in Large Language Models

In order to comprehend the probabilistic structure of language, large language models, also known
as LLMs, are a category of neural networks that have been trained on a considerable entirety of textual
data. Throughout the course of their history, LLMs have been employed for downstream chores such as
machine translation and text categorization (Devlin et al., 2018; Raffel et al., 2020). Over the track of the
past few years, the effectualness of conversational LLMs like ChatGPT and BARD has enabled them to
become proficient at engaging with persons in a variety of settings. As an upshot of the fact that LLMs
(Buscemi & Proverbio, 2024) are capable of carrying on conversations, an increasing number of businesses
and manufacturers have begun to employ them for the purpose of hyper-personalization and

customization.
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Table 1. Al products based on LLMs and their anthropomorphic features

Model Developed Additional
Description Capabilities Parameters
Name By Notes

Seg2Seq Deep learning technique  Machine Google N/A Underlies
used for machine translation, several
translation, image NLP (Xue, current LLMs,
captioning, and natural 2024) notably
language processing. LaMDA,; also
Shaikhiyeva et al., 2024) used in

AlexaTM 20B.

Eliza Early natural language Dialogue Joshua N/A Introduced
processing program simulation Weizenbaum early
from 1966, emulating concepts of
dialogue through conversation
pattern recognition. al Al

BERT- Analyzes words in Natural Google 340 Grasps

Large relation to their language million intricate
contextual environment, processing meanings.
akin to human cognitive
processing.

Claude LLM focusing on Recognizes Anthropic 175 billion  Claude 3.5
constitutional artificial complexity, Sonnet is the
intelligence with humor, and most recent
branches Opus, Haiku, subtlety version.
and Sonnet.

Cohere Al system offering Custom- top-p, Provides
several LLMs for training for Aidan top-k, command,
business applications. fine-tuning Gomez frequency  re-rank, and

lvan Zhang penalty, embed
Nick Frosst and models.
presence
penalty

DeepSeek- Open-source reasoning Mathematical Liang 671 billion  Enhances

R1 model for complex problem- Wenfeng reasoning
reasoning tasks. solving, logical with

inference reinforcemen
t learning
strategies.

Falcon Transformers-based Multimodal Technology 11 billion  Open-source.
model family supporting  operation Innovation (Falcon 2)
multiple languages. Institute
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Table 1. Al products based on LLMs and their anthropomorphic features (Cont.)

Model Developed Additional
Description Capabilities Parameters
Name By Notes

Gemini Google's family of Handles text, Google 1.5 trillion  Available in

Ultra multimodal LLMs for images, audio, Ultra, Pro,
their chatbot. and video and Nano

sizes.

GPT-4o OpenAl’s multimodal Processes OpenAl 200 billion  Faster than
successor to GPT-4 with  voice, image, GPT-4 Turbo,
enhanced features. and text enables real-
(Liu et al., 2023) time

interaction.

Llama-4 Utilizes transformer Multimodal Meta Al 2 trillion Available
architecture, trained on  language under an
varied data sources. understanding open license.

Mistral Family of mixed expert ~ Text and visual ~ Mistral Al 123 billion  Includes
models with extensive data processing Pixtral Large
language support. for

multimodal
tasks.

Palm Transformer-based Coding, Google 540 billion  Drives the Al
model with a focus on mathematics, chatbot Bard.
reasoning tasks. question

answering

Qwen Family of models by Code Alibaba Upto 72  Supports 29
Alibaba Cloud production, Cloud billion distinct
supporting multiple data languages.
languages. comprehension

Al products that are built on LLMs and their human characteristics are some examples. Certain
goods are purposefully constructed to have an anthropomorphic appearance, (Hou & Lian, 2024) while
others acquire such characteristics as a product of the design process (CHATGPT to be more precise).
These goods have an ample series of uses, including those in academia, treatment, and entertainment.
Until recently, LLMs (Ren, 2024) were confined to research laboratories and technological demonstrations
at Al conferences. Currently, they are driving numerous applications and chatbots, with hundreds of

distinct models accessible for personal deployment.

6. Overview of Theoretical Foundations

The use of anthropomorphism dramatically improves social presence in online interactions, which
in turn influences user trust and satisfaction in a variety of scenarios, including customer service and
healthcare. Among the factors that contribute significantly to the formation of these perceptions are the
design aspects of anthropomorphic agents, which include human-like look and communication style.
Anthropomorphism serves as the cornerstone of human-Al interaction, influencing the way individuals
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perceive and connect with machines. Elements like an engaging appearance and relatable communication
style play a crucial role in shaping user trust and satisfaction. Theoretical perspectives such as the Social
Response Theory, Uncanny Valley Hypothesis, Cognition-Motivation-Emotion Framework, Faith Theory,
Social Presence Theory, and the Three-Factor Theory of Anthropomorphism shed light on the reasons
behind human social and emotional responses to Al. (Adam et al., 2021; Verhagen et al., 2014; Diederich
et al,, 2019; Kim et al., 2019; Yu, 2020; Gursoy et al., 2019; Yen & Chaing, 2020; Schroeder & Schroeder,
2018, and Lee et al., 2015). Collectively, these theories demonstrate that anthropomorphism boosts social
presence, fosters trust in capable machines, and encourages engagement. In practice, this is clear in
customer service and healthcare, where humanlike Al enhances user engagement and elevates the quality

of interactions.
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This research is based on a multi-theoretical framework that elucidates the reasons and
mechanisms behind users, especially students, reacting to anthropomorphised Al in educational settings.
Each theory (Basyal & Sanghvi, 2023) offers a distinct perspective; however, they are interconnected by
common issues of human-computer interaction, perception, trust, and emotional involvement.

7. Anthropomorphism’s Future in Al backed Educational Tools

Educational tools driven by artificial intelligence, anthropomorphism, which is the practice of giving
human-like features to non-human entities, can have a number of advantageous effects. The following
are some critical benefits:

1. Enhanced Engagement and Motivation- Students have a greater likelihood of engaging with
instructional materials that feel relatable and participatory. This is because learners are more liable to be
motivated to learn. Learners may experience a greater sense of motivation to utilize Al tools and maintain
engagement for extended lengths if these tools are endowed with human-like characteristics, such as
empathy, humor, or the skill to connect in conversation.

2. Improved Learning Experience- Anthropomorphized artificial intelligence has the possibility
to improve the learning experience by making difficult topics more approachable by presenting them in
a style that is more personable and intelligible. According to Bai et al. (2023), a human-like artificial
intelligence instructor, for instance, is able to explain complex ideas by employing metaphors that are
easily understood by the learner or by modifying its tone to correspond with the learner's emotional
state.

3. Personalized Learning- When Al-powered tools emulate human-like characteristics; they are
able to simulate personalized engagement, which is similar to the dynamic that exists between a teacher
and a student (Adam et al,, 2020). This results in an atmosphere in which students have a better feeling
of being supported, as they are presented with pointer that appears attentive and is tailored to their
specific requirements.

4. Increased Comfort and Trust- Human like artificial intelligence designs have the potential to
build emotional connections, so reducing anxiety, particularly in areas like as mathematics and physics,
in which students may sense susceptible or lack confidence. Students might have a higher level of trust
in artificial intelligence teachers if they appear to be understanding and empathic, which could result in
improved learning outcomes.

5. Encourages Active Participation- The use of anthropomorphic artificial intelligence systems
may inspire students to engage in more actively by providing them with the sketch that they are
intermingling with a human-like assistant rather than a cold, impersonal machine. This may encourage
students to ask questions or converse more freely.

6. Reduction of Social Barriers - Anthropomorphic artificial intelligence can serve as a non-
judgmental and friendly option for pupils who may be timid or reluctant to interact with human teachers.
In an educational setting, this can help decrease the obstructions that thwart individuals from asking
questions or seeking assistance.

7. Reinforcement of Positive Behavior- Artificial intelligence technologies that mimic human
behavior can imitate social cues such as praise, encouragement, or constructive criticism. This helps to
facilitate the development of a growth mindset and reinforce positive learning behaviors. As a result, one
may have a more optimistic outlook on the process of learning.
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8. Adaptive Emotional Feedback- Anthropomorphic artificial intelligence tools have the ability
to respond to the emotional requirements of students through adaptive emotional feedback. The artificial
intelligence may, for instance, provide reassurance or a reduced explanation to a learner who appears to
be experiencing frustration. This would make erudition more adaptable and empathic.

9. Designed with Humans in Mind- According to Angelov & Gu (2018), the development of
anthropomorphic machine learning is aimed at producing artificial intelligence systems that are not only
more effectual but also better suited to the requirements of humans, hence improving the eminence of
education as a whole.

According to Deshpande et al. (2023) anthropomorphized artificial intelligence has the impending
to make the teaching and learning process more pleasurable, hence encouraging students to participate
more actively with the subject matter. Users frequently develop emotional connections with
anthropomorphized entities, which can result in enhanced information retention and a more personalized
leamning experience.

“The inclusion of potential limitations and risks related to the use of anthropomorphism in Al-
powered educational tools has already been addressed under the broader discussion of ethical
constraints and complexities, thereby contributing to a more balanced and comprehensive perspective.”

8. Ethical Constraints and Complexities

As it comes to the design of educational technologies driven by artificial intelligence that
anthropomorphizes learning experiences, there are various ethical questions that arise. It is necessary for
these technologies to manage complicated concems about agency, transparency, and the possibility of
deceit, all while guaranteeing that users have equal access and that their privacy is respected
simultaneously.

1. Over-Reliance on Al - An Excessive Use of Artificial Intelligence, students may have the hunch
that these systems are more trustworthy or capable than they actually are if they are exposed to
anthropomorphized artificial intelligence tools. These tools simulate human-like characteristics, such as
empathy and humor. This can result in pupils placing an excessive amount of dependence on the artificial
intelligence, coming to rely on it for direction and potentially putting critical thinking or collaboration with
human teachers on the back burner.

2. Misrepresentation and Trust- When artificial intelligence systems are built to appear more
human-like, users may be more apt to trust them, even if the information they deliver is inaccurate or
biased. An ethical conundrum is created as a result of this situation since the system may unintentionally
deceive students into deeming that it contains human-level comprehension or emotions, which can result
in students placing their trust in it.

3. Emotional Manipulation- Anthropomorphized artificial intelligence systems have the ability
to affect students' feelings by imitating emotional reactions such as empathy or encouragement. This
type of manipulation is known as emotional manipulation. Concerns regarding emotional exploitation are
raised as a upshot of this phenomenon, particularly for younger children, which might cause the border
between genuine emotional exchanges and controlled, algorithmic responses to become blurry.

4. Privacy and Data Security - When students interact with anthropomorphized Al tools, they
may divulge more personal or sensitive information because they perceive the Al as a trusted companion
or instructor. This may escort to the disclosure of inappropriate or sensitive information. When the
information gathered is abused, shared with third parties, or not effectively protected, this can lead to
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serious dangers to the privacy of the individuals involved. Ethical considerations also include the
protection of data privacy and ownership, as well as the possibility of algorithmic prejudice, which might
worsen existing disparities in access to educational opportunities (Igbokwe, 2023). For the purpose of
mitigating these hazards and promoting the equitable utilization of Al technologies, institutions are
required to adopt stringent ethical norms (Igbokwe, 2023).

5. Dependency and Diminished Social Skills- It is possible that kids will have less opportunity
to develop their social and interpersonal skills as they interact with anthropomorphized Al rather than
with their acquaintances or instructors. Shen et al. (2024) this could guide to a decrease in the magnitude
of possibilities for students to form relationships with other people. Because of this, they may live through
difficulties in communication, working together as a team, and resolving conflicts, all of which are
imperative for their future personal and professional lives.

6. Ethical Transparency and Accountability - When dealing with anthropomorphized artificial
intelligence, it is of the utmost importance to sustain transparency on the limitations, functions, and
objectives of the Al. In the event that pupils are not conscious that they are slotting in with artificial
intelligence (Al) or if the knowledge is not entirely correct about the decision-making process of the
system, ethical concerns may develop. In addition, there is the problem of accountability: who is
accountable if the artificial intelligence gives the student wrong advice or if it makes the student's
educational experience more difficult? Apprehensions about the veracity of educational practices are
raised as a outcome of the usage of artificial intelligence (Al), which can funnel to state of affairs in which
pupils get deceptive information in an effort to boost their motivation (Sjodén, 2020). Transparency
should be given top priority in ethical frameworks, with the endeavor of making certain that students are
aware of the nature of their exchanges with artificial intelligence systems (Sjddén, 2020).

7. Stereotyping and Bias Artificial Intelligence Systems- They have the potential to
unintentionally perpetuate biases based on racial, gender, or other social characteristics. When artificial
intelligence (Al) appears to have human-like features, anthropomorphism can make these biases look
even more subtle and pervasive. There is a possibility that users might struggle to quickly identify bias in
these systems; hence, these tools may potentially promote harmful stereotypes and societal injustices if
proper oversight is not implemented.

8. Diminished Role of Human Educators- A potential threat to the role of human educators in
the classroom as anthropomorphized artificial intelligence becomes more integrated; there is a leeway
that the role of human educators will be diminished. It's possible that students will turn to educational
technologies driven by artificial intelligence for support or interaction rather than engaging with human
teachers. The rapport between the teacher and the student, which is essential for providing mentorship,
individualized guidance, and emotional support, may become strained over time as a result of this (Babu
& Adhithya, 2023).

9. Ethical Agency and Responsibility - Intelligent systems ought to be acknowledged as entities
that have ethical consequences, which call for a scaffold that takes into deliberation the function that
they play in educational settings (Reddy et al., 2021). The ethical liability that are tied with the
autonomous behaviors of artificial intelligence need to be tackled by designers in order to guarantee that
these systems behave in a mode that is congruent with educational principles (Reddy et al., 2021).
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9. Conclusion

In conclusion, anthropomorphized artificial intelligence-powered educational tools provide
substantial ethical distress that need to be properly addressed in order to verify that they are deployed
responsibly and in the best interest of students' well-being and development. Furthermore, these
technologies offer inimitable opportunities to increase leamning.

Anthropomorphism, which is defined as the attribution of human-like attributes to non-human
entities, is a significant factor that molds the way in which users interrelate with educational systems that
are powered by artificial intelligence. Through the incorporation of human-like characteristics, such as
personalized replies, empathy, or a conversational tone, these technologies have the potential to
encourage a learning experience that is more engaging and participatory. The user's comfort and
motivation are both increased as an effect of this perceived humanization, which also contributes to a
deeper emotional connection with the technology, which can pilot to beneficial learmning results.

On the other hand, despite the fact that anthropomorphism has the potential to bridge the gap
between human instructors and Al systems, its consequences is somewhat complicated. At the same
time, it has the potential to improve student engagement, foster trust, and make it easier for students to
have individualized learning experiences (Dhagare, 2024). On the other side, learers may be misled into
having inaccurate expectations about the capabilities of the artificial intelligence (Al) if they place an
excessive amount of trust on these human-like features. Additionally, this may generate a false sense of
companionship, which may restrict critical thinking or lead to an excessive dependence on technology.
It is needed to strike equilibrium between human-like involvement and clarity regarding the constraints
of the system in order to make successful use of anthropomorphism in educational surroundings.
Educators and developers must exercise prudence with the degree of anthropomorphic features.
Engaging educators, politicians, and engineers in the creation of Al technologies can improve their efficacy
and ethical implementation (Wangdi, 2024).

Facilitating access to Al technology for all students can mitigate educational disparities and foster
inclusivity (Gomez Cano & Colala Troya, 2023). This is to ensure that these facets contribute to the
improvement of the educational process without sacrificing the autonomy or cognitive growth of learners.
The development of educational tools that are powered by artificial intelligence will be based on the
creation of schemes that are not just user-friendly but also pedagogically sound. This will enable students
to take advantage of the convenience and personalization that Al provides, while simultaneously

promoting critical thinking and autonomous problem-solving skills.
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