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Abstract

This research aims to design and develop an intelligent load management system for an
educational building under the Smart Campus concept. A novel approach is proposed by integrating
advanced technologies: Blockchain for transparent data recording, Supercapacitor for rapid energy
storage and discharge during peak load conditions, and Dynamic Reactive Compensation (DRC) to
stabilize power quality. The system was implemented in the educational building of the College of
Industrial Technology, RMUTSV. The developed system represents a groundbreaking innovation by
integrating Internet of Things (IoT) and Blockchain technologies for the first time in the context of an
educational building to achieve real-time, efficient, and transparent load management. Real-time current
data were collected via loT devices from December 2024 to February 2025. Experimental results
comparing the system performance before and after installation showed that the phase load imbalance
was reduced from 12.8% to just 3.4%, and the power factor improved from 0.82 to 0.97, leading to a
28.7% reduction in reactive power losses. The Supercapacitor was able to supply up to 11.4 kW within
0.7 seconds, mitigating voltage sag during peak load periods by more than 65%. The Blockchain system
recorded load data every second without data loss, with an access latency of less than 0.6 seconds.
Overall electrical system efficiency in the building increased from 88.2% to 96.5% within three months.
The results demonstrate significant improvements to the building’s electrical system, indicating its

potential to be scaled up to a fully intelligent building or Smart Campus in the future.

Keywords: Blockchain, Supercapacitor, Dynamic Reactive Power Compensation, Smart Campus, Smart

Load Management
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Average Current per Phase (Dec 2024 - Jan 2025)
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Daily Mean Current Usage Heatmap
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Category | Measured Unit Remarks
Value
Response 180 - 320 | Milliseconds | Average
Time response time
to load
fluctuations
and sudden
load shedding
Load 28.70% % Reduction in
Shedding excess energy
Reduction caused by load
surges
Energy 92.30% % Overall energy
Utilization utilization
Efficiency efficiency of
(EUE) the system
Load 7 Days Time required
Behavior to learn the
Learning load behavior
Duration of the system
Blockchain High - Ensures secure
Reliability data recording
and auditability
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System Response Time under Real Load Conditions

Response Time (ms)
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Comparison of EUE: Integrated vs. Legacy System
92.3%

EUE (%)

Legacy System

Integrated System
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Phase Before After A Change
Setup Setup Current (%)
(A) (A) (A)
Phase A 4.24 5.46 +1.22 +28.8%
Phase B 10.14 12.65 +2.51 +24.8%
Phase C 494 6.89 +1.95 +39.5%

wBwe: Before Setup mnefeudl 1-15 funau 2567 / After
Setup MUBAITUA 16 SUAN 2567 — 31 UNTIAN 2568
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Average Daily Current Comparison by Phase

14 Before
12.65 After

10.14

Average Daily Current (A)

Phase A Phase B

Phase

Phase C
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Peak: 14.58 A
Trend of Péak Load Reduction Over Time

Peak Load Current (4)
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3.4 U3£aN5ATNVBN Supercapacitors
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Supercapacitor lunsifiunayInendsany

Parameter Value Description

Energy Stored 0.56MJ (max) | Maximum

per Charge energy stored
Cycle per charging

cycle

Power 18.2kw
Discharge Rate

Average
(average) discharge rate
during high-
response

demand

Round-trip 95.40% Indicates

Efficiency minimal energy
loss during
charge-
discharge

cycles

Supercapacitor Energy Stored and Discharged per Cycle
0.53

0.52

0.51

Energy (M)}

0.50

0.49 | —a— Stored Energy (M)}
d Energy (M))
5.0 7.5 10.0 12.5 15.0 17.5 20.0
Cycle

Dischargec

=

SUM 10 uananasnuasaliasnasuUaagved
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Abstract

This research aimed to mainly investigate using an industrial arm robot for proper welding carbon
steel as a fillet procedure. The Box Behnken was designed for the experiment and tested 30 times. The
three following elements were examined as follows: electric current, wire feed speed, and welding
speed. The used materials were carbon steel with a width of 100 cm., length of 150 cm., and thickness
of 4.5 mm., the welding wire size of MIG 1.2 mm., and the shielding gas of CO, 100% at a frequency of
1.4 Hz. Testing pressure power of the welding line was conducted by the machine, the Toyo brand with
a capacity of 60 Tons (Model 60T) using the method of the Corner Joint. The results revealed that the
proper welding elements were an electric current of 113.5 A, a wire feed speed of 3.0 m/min., and a
welding speed of 4.0 mm/s. achieved tensile/compressive strength 4,500 kg/cm?. A value of R” greater
than 75 percent indicates that the data from the experiment was reliable and accurate. The D value
was equal to 1, which can make the resulting response gain complete satisfaction. the quality standards

of a welding line that was completed according to an acceptable standard.

Keywords: Industrial Arm Robot, Experimental Design, Proper Optimization, Welding

Please cite this article as:  T. Chaiyason and W. Insorn, “Optimization of Robotic Arm Welding Parameters for
Carbon Steel,” The Journal of Engineering and Industrial Technology, Kalasin University, vol. 3, no. 5, pp.
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AAzvadulsEansn1sdndula (R-squared)
MNA5199 3 Estimated Regression Coefficients
for Strength

A15199 3 A1 P AlglunisidentadeNinananns
NAFBUANULTISS (Minitab Release 14)

szaulady
gy | aau . anialu

Ausluy o

13 15 AsTuE ALYeu
wmos | dn | o msdouadn | _ _
] wauuus o
(LIRS/UN) (ufal’giﬂi/
)

18 13 113.5 3 q
19 15 113.5 3 q
20 16 70.0 1 q
21 3 70.0 5 q
22 2 157.0 1 q
23 5 70.0 3 2
24 23 157.0 3 6
25 18 70.0 5 q
26 12 113.5 5 6
27 28 113.5 3 q
28 25 1135 5 2
29 1 70.0 1 qa
30 11 113.5 1 6

3.4 msmwaaummgné’awmLmuﬁﬂam

fayailaannnisnedl 2 11vhn1snsIvaey
AMAINYBYATIAMIEaNYS oLl Tnens
ATIRFBUAMNINYRITRYA Aall

1. MIATIVHBUNITNTEINBUUULANUIIUNG
2. ManyvaeuAludasvvetoyn

3. NMIATIVADUAMULENYTVDIAUWUTUTIU

3.5 AsNAdaUAENUsEaANSVRIN1sAnaUTR

N9 INLAYIINITATIVEBUAIINYNAB IV
LUUTIADILUNIT BN 1,2 way 33130 AN
VANIZAUATULNUNITNAADY WUAIINUUNINTS

Response Surface Regression: Strength versus Current, Wire Feed Speed,
Weld Speed

The analysis was done using uncoded units.

Estimated Regression Coefficients for Strength

Term Coef SE Coef T P

Constant 1531.56 1497.73 1.023 0.319
C 46.95 18.64 2518 0.020
WFS 255.57 309.08 0.827 0.418
WS 71.52 349.27 0.205 0.840
cC -0.20 0.07 -2.749 0.012
WFS*WFS ~ -40.10 35.05 -1.144 0.266
WS*WS -2.60 35.05 -0.074 0.942
C*WFS 0.14 1.55 0.093 0.927
WS -0.14 1.55 -0.093 0.927
WFS*WS -3.13 33.68 -0.093 0.927

S =381.0 R-Sq=750% R-Sqladj) =85.0%

Analysis of Variance for Strength

Source DF SeqSS AdjSS AdjMS F P
Regression 9 1306333 1306333 145148 1.00 0.471
Linear 3 72500 964390 321463 2.21 0.118
Square 3 1230083 1230083 410028 2.82 0.065
Interaction 3 3750 3750 1250  0.01 0.999
Residual Error 20 2903333 2903333 145167

Lack-of-Fit 3 5000 5000 1667  0.01 0.999
Pure Error 17 2898333 2898333 170490

Total 29 4209667
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Maximize = 1531.56 + 46.95 (C)+ 255.57 (WFS)}+ 71.52 (WS)
-0.20 (C * Q) - 40.10 (WFS*WFS) - 2.60(WS*WS)
+ 0.14 (C*WFS) - 0.14 (C*WS)
313 (WFSHWS ).
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Parameters

Goal Lower  Target Upper  Weight  Import
Strength Maximum 0 1 1 1 1
Global Solution
Current (C) = 113.50
Wire Feed Speed (WFS) = 3.0
Weld Speed (WS) = 4.00
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Abstract

This study aims to develop a 400-hook Jacquard shedding mechanism tailored for traditional
handlooms used by the Ban Nong Trat Noi silk weaving group in Buriram Province. The primary goal is
to create a functional prototype that can be effectively integrated within community-based production
systems. In addition, the research includes the design and fabrication of auxiliary tools such as a punch
card drilling machine and a card threading machine to support the production of patterned silk textiles
and reduce dependence on highly skilled labor. The innovation is intended to facilitate the transfer of
knowledge through technology adapted to local contexts. The findings from the study demonstrate
improvements in production efficiency and enable broader participation from younger individuals and
those without prior weaving experience, thereby contributing to the preservation of indigenous
knowledge and community-level economic development. The research methodology involved
assessing user requirements, designing and constructing prototype equipment, conducting field
installations and testing, and evaluating performance using both quantitative and qualitative methods.
Experimental results show that the developed Jacquard system improves weaving speed to an average
of 45.72 centimeters per hour—approximately three times faster than the traditional process. The punch
card drilling machine operates at an average rate of 25 cards per hour, and the card threading machine
completes each unit in approximately 3.5 seconds. Mechanical analysis reveals that pressure generated
from the knife box significantly influences the accuracy of warp thread elevation, directly affecting the
clarity of woven patterns. The system's design incorporates principles of motion dynamics and optimized
force distribution to reduce operator faticue and enhance operational stability. User satisfaction was
reported to be high, affirming the practicality and relevance of the system. Recommendations include
continuous training and customization of the equipment to suit various local environments, thereby

supporting scalability and sustainable application across different community settings.

Keywords: Traditional Loom, Brocade Weaving, Textile Weaving, Shedding System
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Abstract

In an era where the industrial sector is faced with intense competition and rapid technological
advancement, the strategic adoption of artificial intelligence (Al) technologies has become essential for
enhancing production and management efficiency. However, selecting the most suitable Al technology
tailored to the specific context of each organization remains a complex challenge due to the diversity
of available options, each offering different capabilities and limitations. This study introduces the
application of the Hybrid GRA-MARCOS technique, which integrates the strengths of Grey Relational
Analysis (GRA) noted for its ability to handle incomplete and uncertain data with the MARCOS method,
which ranks alternatives based on both ideal and anti-ideal solutions. This hybrid approach facilitates a
systematic and transparent decision-making process for Al technology selection. The research employed
expert input from 15 industrial engineers to evaluate 14 Al alternatives using 6 key criteria: accuracy,
coding capability, system integration, processing speed, cost-effectiveness, and real-world reliability. The
analysis revealed that Gemini (by Google) emerged as the most suitable alternative, followed by
Microsoft Copilot, IBM Watsonx, and Grok. These results affirm the robustness of the Hybrid GRA-MARCOS
method in supporting multi-criteria decision-making in complex industrial environments with high

precision and credibility.

Keywords: Multi-Criteria Decision Making, Artificial Intelligence, Hybrid GRA-MARCOS
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_ _ lunalemugesa UssAvsnngadmiunis | o e e o e
As Mistral Al | Mistral Al | _ ., AmnsrenAws UnWaul 91133y Al
Weulan
YyyUsehvgdmsuandeanssunisuan R . L.
A MANUS Al | MANUS ., FFINTNITHER TAINTHUBUA
IGEYAIAN
o \Wouse Google Workspace Aunvaya - A Y
Ag Gemini Google . ‘o IMNTINNY 338 TndinTevideya
WUU Real-Time Jwsgsidayalu Sheets
walulagnwitessia afannmesioniu | dniaun NLP 3mnsdeya i
Ag Cohere Cohere & - o - p
ARY AANEANIBTEAL PIGEREY
. atfuanun1IULUL Native Wausariy Fensaa1an Uninszvideyaiu
A1o Qwen Alibaba . o A o ~
JEUUAANIN Alibaba NAUUMLDUNAAYUN 1Y
A IBM B W19y UU Enterprise AiAsgvideya AmNITEULTLIAITG IAINTAATIN
11 ' o v a '3 I3
Watsonx YuAlug) NaUAUTZUU IBM Cloud UNIATIZNBIANT
Perplexity ) v o - v = C A e - cv o a cw
Az N Perplexity | Aumdoyaliamailn s198auvamindaau | Imnside dnlnseviveya
luwalomugesaan Meta Winzdmsu N
A3 LLaMA Meta Al . . n39e Al dniaunluinanie
MyUsunAILazITY
Wawsia X (Twitter) dUwmanaluladival 9 | daiwun Imnsiidesnisdoya Real-
Aug Grok XAl , . oo o
Tnumaunuiwuuliinges Time uAdsmalulad

Tszwa iunuA warenue, n1sUszendldinailn Hybrid GRA-MARCOS dmsumsinaulaidenimalulad iy vszavg
ey Useansnmnsanuayn153an iUl IvenaImnTsy
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3.3 A1sNIruAN Nt lun1suseiliy

LY NISUSELIUIIUIN 6 AubASUNIS
TMUANIUNITNUNIUITTUNTTULALNITUS NN

il
HLTeIvey [16] Asuanslunisai 2

] ¢ a o %
M13199 2 LNEUNNISUTLLHUINUIU 6 AU

Lﬂm“ﬁ mmwmmaqmm%miﬂs&ﬁu

C; | AMuuLUEn (Accuracy)

C, | anuausaluns@euldn (Coding
Capability)

G | Anwamnsalunsysansiussuu
flagAu (System Integration)

Cq AnutslunisUszInang (Processing
Speed)

Cs | ANUANAIMINLATEFAA (Cost-

Effectiveness)

Co | anudesiulunsldeuase (Real-
World Reliability)

ineiwmandasounguNIRumnAdaLaANg
o £ a & o & ! a IS
lUldanuasadsdndusonisussliumealulad Al
ageflUsEAnSnnlulssnugnavngsy

< Y
3.4 NI3INUVIIVIINVBYA

Avualseynsidivang 15 AW ansves
Taro Yamane t3 80 1967 W 8A1UIUIUIA
A20819A9dUN1SN 1 [17]

N

N o
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aaudslugas:
N: YUINAIDLYITABDINIT
N: YUIAUTEVINTVIAUA

e: STAUAMUTDLU NIDANAINUAAN
\wanunigaNsuls (Margin of Error)

YunFeg19UsEr ST AUl 14.46 A
w3 15 Au lngldaunisil 1 mndufuioyalag
lduvvgouaruld alassas e (Structured
Questionnaire) & $A1L T UN1SAUT AINTT 3
Uszavunisalainateanusm e 9 Tulseenu
RAAMNTIY L ENENITHERN N15919uNY ez
TAs1evideya 5IuTUU 15 AU Lagy ney
wuvasuanagliAzLuunsUsEiiudsednsaan
yosmelulad Al usiazszuuattazidon Wisldly
AT YsalY

3.5 n1sUszandldinalian Hybrid GRA-MARCOS

Wi el anunsadaduladonimalulad
Jyauseaus (A) Mwmunzauiunisldauly
Isssrugnarvnssulaegraduszuvnasdl
UsyAvEnn suideilldussyndldinaia Hybrid
GRA-MARCOS daifiunissiudefivesandizndn
1auA Grey Relational Analysis (GRA) Fafunis
Fanisteyad lauysaluaslyuyuou fu
MARCOS (Measurement of Alternatives and
Ranking According to Compromise Solution)
Aanusauseidusazdadusuniudenlag
Wisuifisuiumadengauafiuagmadendiug
ﬁqmiﬁaéwaﬁﬂszﬁw%mw [10,11,18-28]

Jupaudl 1: nsgudoyauazasrauuningns
fmnaula (Decision Matrix)
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Mvuamning X =(x,) lne?l x, AoAzwuy

1Y
aaa

Auvesniadaenyt i aelanuin j Tuidd
Madanae Al 310U 14 7 wastnauniuseidu 6
AU

Tupauil 2: n1susuteyalimiuunnsgiuie
7% GRA (Normalization by GRA)

Udayafunnusuiluuinsgiudieds GRA
auansluaunsn 2 [11]

. x; —min(x,)
X

2)

- max(x;)—min(x;)

d’l o v 1 6 1 1
qmu%wﬂw%LLuuLLmazmm%aqﬂluma 0-1
NANAIEAADNINABNT AT AN LULA ALLNN

q 9
A I

Y
wazAanReNIienLeNanluLn ey <
TUADUN 3: AITATUIATFUUTLANG LT3
duWuS (Grey Relational Coefficient: GRC)

£ a L v 6"

AUINAIFUUSEANT LT U uSlngans A
GRORITIC

A+ CA
min é’ max (3)
Al.j + CA .

7(x0,': x[j) =
P
]3]

A, =|x, —x; | Aoszoviessmitensiuy

A

min > — max

wazUINTER
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AAsi ¢ aevaluimumidu 0.5 Wieaiuay

'
o

AUARTENINITLILNGIEAUALFNER

Suneudt 4: msadaumindmsdndulanuy
023U YN (Weighted Normalized Decision
Matrix)Vnnsaasuininuesudasinaeiii old
danndosfumuddnvosusazinast (lunsail
sl minuiunninush) dsaunsi 4

V,=x;xw, (4)

lag?l w,Ae dwdnveunmeidn j lunseldl

w,=— dmiuyninae

N =

Funeudt 5: MsALIAA (Utility Score: S.)
ATUIIAT S, TIUVDILAASNIUADNAIENATIY
YoIATUUUT a9y nud 2 lunnazin e
FaaunIsi 5

AT LaR T IUsEANE AINTINVO LA AY
ANGEI

Fufi 6: MsFuIANEITIMS K way K
(Relative Utilities)

WIBULWiBU S, Y0urasnIaeniu S, 189
nadendidiaauaruefian wWisuieuiy

oA o -

NUABNTANER FIFUNITN 6

K==L (6)
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Wiguiguiumafeniiugiige feaunisi 7
Ky =—= (@)

Tnen

Aaa

S . FIRF S, gegn (Mudeniafgn)

S, AeAn S, ddn (Mudeniiugiian)

FUABUT 7 N1TAIUIMATLUY MARCOS
(MARCOS Score: f(K,))

UANFUNYS K way K 11AIUIMAZILUY
MARCOS Laun1AINI53ndunuwUvUssiUs T Ual
AIFUNTITN 8

K'+K;

8
1-K" 1-K. ®
1 + 1

f(Ki):

AfildnnnisAuatuansdenumanga
LagANALRAYRWNAeNUAaziLEen Tagend
ganinziduddenivunzaunindmiunis
AndAula

1%
Y

TURDUN 8: N15INERUNINGDA (Ranking)

FARIAUNIILE DNY INUARTLALLUY
(MARCOS: f(K,)) Immuﬁaﬂﬁﬁﬂmmugqﬁqm
zQnindudugean (Suau 1) laasluauis
madeniifnzuuusiiian
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4. Nan1538

n13Usvgnelginaila Hybrid GRA-MARCOS
dwsunisandulaifenmalulag Ugyausehvg
e uUszdns arnnnsndauazni1sdanisly
Tssrnugmaminssy Stuneudaseluil

4.1 wamsnvuadgymuazszynaden

msdennalulad Al fivanzauiigalunis
HinUszansnmnisanwasn1ssanistulsaeu
9 MAINNITN dAN19Ldon (Alternatives) 14
maden fal (A) DeepSeek (A;) ChatGPT (As)
Claude Al (Ag) Microsoft Copilot (As) GitHub
Copilot (Ag) Mistral Al (A7) MANUS Al (Ag)
Gemini (Ag) Cohere (A;g) Qwen (A1) IBM
Watsonx (A;,) Perplexity Al (Aj3) LLaMA (A;q)
Grok vnaui(Criteria) Aiazldlunnsimduladssl
(Cy) Auuiugn (Accuracy) (C) AEILTa Y
n15LU vula a(Coding Capability) (Cs)
AwansalunsyYIANMIsAUTEU Uy A
(System Integration) (Cq)ma1u1s 2lunas
Uszuiana (Processing Speed) (Cs) AIINAUAT
N1aLASEFN 9 (Cost-Effectiveness) (Cg) A3NY
Ferulunisldauase (Real-World Reliability)
uazfilemgyUsznousie Imnsfiiiuszaunisal
1na891ui199 Tulsanugaamnssy denis
NAM 5 AU NT1TIIUNY 5 AU LagR83LATIEY
Toya 5 AU TINIUIU 15 AU

4.2 wan1suszyne tdinad A Hybrid GRA-
MARCOS

4.2.1 as1uningnisenaula (Decision Matrix)
AIbERIlUAIS199 3
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A19719% 3 AzluuRdYy Al 91NN1581579 15 AU

maden | C; | G | G | G | C | Cs
A 5 4 4 4 4 5
A 4 5 4 5 4 5
As 5 4 4 4 4 5
A 4 5 5 5 4 5
As 4 5 4 5 4 5
As 4 5 4 5 4 4
A 4 4 5 4 4 5
As 5 5 5 5 5 5
As i i i 4 4 4
Aso i i i 4 4 4
An 5 4 5 5 4 5
Asz i i i 4 4 4
Az 4 5 4 4 4 4
A 4 5 5 5 4 5

NANTNT 3 WEANIPLLUULRALVDINALULAE
Al (A = Arg) RASUNNSUSEEUINAFAINS 15 AU
Tu 6 vneua

4.2.2 nsUsudeyalmluuinsgiudie3s GRA

(Normalization by GRA)
Udayafuunusuiluuinsgiudieds GRA

Ingldaunisn 2 dananslunisedn 4
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A131991 4 nsusuteyalinduuinsgiuaieds
GRA

maden | G | C; | G | Ci | Cs | Cs
Aq 1 0 0 0 0 1
Az 0 1 0 1 0 1
As 1 0 0 0 0 1
Aq 0 1 1 1 0 1
As 0 1 0 1 0 1
As 0 1 0 1 0 0
Ar 0 0 1 0 0 1
As 1 1 1 1 1 1
Ao 0 0 0 0 0 0
A1o 0 0 0 0 0 0
A11 1 0 1 1 0 1
A1z 0 0 0 0 0 0
A1 0 1 0 0 0 0
A1 0 1 1 1 0 1

IA15197 4 wanan1susudeyaliidy
1INIFIUAIELTS GRA (Normalization by GRA)Y®Y
walulad Al(A - A Tild3unsUsduann
Ang 15 au Ty 6 nua

4.2.3. mMsAwanAdulszans S edumug (Grey
Relational Coefficient: GRC

AUANAUUTEANSITaduNUS Taeldaunis

a

7 3 pakandlum1s1en 5
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(% v 6

A1519%1 5 NSAUIUNAAUUTEANSITIEUNUS
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151990 6 LunSngn1sdndaulanuunlsinn
(%9)

4.2.4 n15as1unsngn1senaulawuunledinin
(Weighted Normalized Decision Matrix)

YN0 39U NU NV ILA ALLN U9 LI B LA
donnadNUAINAIA VB Az Lagly
a4un1sN 4

A15199 6 LunsnTnIsaraulanuuaiun

n9dan G G, G Cs Cs Cs
Ay 0.167 | 0.056 | 0.056 | 0.056 | 0.056 | 0.167
A 0.056 | 0.167 | 0.056 | 0.167 | 0.056 | 0.167
As 0.167 | 0.056 | 0.056 | 0.056 | 0.056 | 0.167
As 0.056 | 0.167 | 0.167 | 0.167 | 0.056 | 0.167
As 0.056 | 0.167 | 0.056 | 0.167 | 0.056 | 0.167
As 0.056 | 0.167 | 0.056 | 0.167 | 0.056 | 0.056
A 0.056 | 0.056 | 0.167 | 0.056 | 0.056 | 0.167

mudan G G Cs Cq Cs Cs
Ay 1.000 | 0.333 | 0.333 | 0.333 | 0.333 | 1.000 Maden G C G Cq Cs Cs
Az 0.333 1.000 | 0.333 1.000 | 0.333 1.000 Ag 0.167 | 0.167 0.167 | 0.167 | 0.167 | 0.167
As 1.000 | 0.333 | 0.333 | 0.333 | 0.333 1.000 Ay 0.056 | 0.056 0.056 | 0.056 | 0.056 | 0.056
Aq 0.333 1.000 1.000 1.000 | 0.333 1.000 Ao 0.056 | 0.056 0.056 | 0.056 | 0.056 | 0.056
As 0.333 1.000 | 0.333 1.000 | 0.333 1.000 An 0.167 | 0.056 0.167 | 0.167 | 0.056 | 0.167
As 0.333 | 1.000 | 0.333 | 1.000 | 0.333 | 0.333 A, 0.056 | 0.056 | 0.056 | 0.056 | 0.056 | 0.056
A7 0.333 | 0.333 | 1.000 | 0.333 | 0.333 | 1.000 Az 0.056 | 0.167 | 0.056 | 0.056 | 0.056 | 0.056
As 1.000 1.000 1.000 1.000 1.000 1.000 A1g 0.056 | 0.167 0.167 | 0.167 | 0.056 | 0.167
Ay 0.333 | 0.333 | 0.333 | 0.333 | 0.333 | 0.333
Ao 0.333 | 0.333 | 0.333 | 0.333 | 0.333 | 0.333 ° \
4.2.5 nsAueAn (Utility Score: S,)
A 1.000 | 0.333 1.000 1.000 | 0.333 1.000
Asz 0.333 | 0.333 | 0.333 | 0.333 | 0.333 | 0.333 ﬂo"]u’(]mﬂl’] Si ERT N LLmlagquLﬁaﬂ(ﬂng Y
r o035 | 1000 | 053 | 033 | 033 | 0333 mai’;mamz},muﬁ dsdwdnudilusdazinud
y 4 o 4
o o35 [ 100 1000 [ 1000 T035 [ 1000 Togldaun1sh 5 Aanslunisnem 6

4.2.6 N1SAIUIUAIAUN NS K waz K,
(Relative Utilities)

a a 1 = U
Wigulisu S, 199uaazn1daniu S, ves
a Aaa | al v q' 'Y}
madeninnanuazuenan lagldaunisn 6-7 fs
WAAIIUAISI9N 6

42.7 A1SATUIUAZLUY MARCOS (MARCOS
Score: f(K,))

UAIFUANS K waz K, w1AIuIMAzLUYY
MARCOS LaumIAINISINduAUBIUUTE U LDl

'
a [

Tnelgaunsy 8 Adwandlumisnan 6
4.2.8 NM3IaIAUNILEen (Ranking)

TARNAUNIILA BN SNUARTUAE b UY
(MARCOS: f(X,)) lngmudeniidazuuugeiian
WONINDUA VAR AauanIlUnTIN 6
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M99 6 NARTUIUAT S,

K' K, f(K,)uay

Rank
Alternatives | S; K' | K; | f(K;) | Rank
Aq 0.556 | 0.556 | 1.667 1.587 8
Az 0.667 | 0.667 | 2.000 2.667 5
Az 0.556 | 0.556 | 1.667 1.587 8
Aq 0.778 | 0.778 | 2.333 4.356 3
As 0.667 | 0.667 | 2.000 2.667 5
As 0.556 | 0.556 | 1.667 1.587 8
A7 0.556 | 0.556 | 1.667 1.587 8
As 1.000 | 1.000 | 3.000 12.000 1
Ag 0.333 | 0.333 | 1.000 0.444 13
A1 0.333 | 0.333 | 1.000 0.444 13
A11 0.778 | 0.778 | 2.333 4.356 3
Aiz 0.333 | 0.333 | 1.000 0.444 13
A1z 0.444 | 0.444 | 1.333 0.889 11
Aig 0.778 | 0.778 | 2.333 4.356 3

A151991 7 MsUSeuiieu MCDM Method

A15199 6 wansliiiuiunaila Hybrid GRA-
MARCOS @1315auenugzniadon Al fingay
Igogedaau Tnslanizdl oflvansinadifigos
Na1suITmiu nsldrdsziduszuon F(K,)
PIgALNDUANNALAATBIAAZNILEONLAR YW
ausnInsunuLaranaulalaegelinannisuay
WJ937y As aaslasunisiarsaduaiauusn
dwm¥unsldauaislugramnssy tiesand
mmamgaaﬁﬁﬂum’?qLwﬂﬁml,azmsaauﬁ’u As,
Aus, A Winzdnsuusundidesnisuszansam
TnaAee Ag uATTDIIN AR IUIVUTLUIUNS B
NTNYINT sf?umauqmﬁwﬁmaﬁwmmm S K
K, f(K,)%8% Rank tU58uLy 8y MCDM
Method srauanslun1sefl 7 wazwadwgnis
furAduUsEaNS anduwug (Correlation
Coefficient) fauandlunisndi 8

PSI Rank | MAUT | Rank GRG Rank | MARCOS | Rank | Hybrid Rank
Alternatives | Method Method Method Method GRA-
MARCOS
Ay 0.987 7 0.333 8 0.556 8 1.811 9 1.587 8
Az 1.022 5 0.500 5 0.667 5 2.025 6 2.667 5
As 0.987 7 0.333 8 0.556 8 1.811 9 1.587 8
Aq 1.060 3 0.667 3 0.778 3 2.262 4 4.356 3
As 1.022 5 0.500 5 0.667 5 2.025 6 2.667 5
As 0.986 9 0.333 8 0.556 8 1.811 9 1.587 8
A7 0.986 9 0.333 8 0.556 8 1.811 9 1.587 8
Ag 1.140 1 1.000 1 1.000 1 2.813 1 12.000 1
Ao 0.912 13 0.000 13 0.333 13 1.440 14 0.444 13
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A15797 7 NsiSeuiieu MCOM Method (s19)

PSI Rank | MAUT | Rank GRG Rank | MARCOS | Rank | Hybrid Rank
Alternatives | Method Method Method Method GRA-
MARCOS
Ao 0.912 13 0.000 13 0.333 13 1.440 14 0.444 13
A1 1.062 2 0.667 3 0.778 3 2.262 4 4.356 3
A1z 0.912 13 0.000 13 0.333 13 1.440 14 0.444 13
A3 0.949 11 0.167 11 0.444 11 1.616 12 0.889 11
A1 1.060 3 0.667 3 0.778 3 2.262 4 4.356 3

1.000000

NPT NA 7 MU IULNIURAAWE NN 5

aa U a

5n1sandulanuunangnaet (MCDM) WuU3n Ag

0.999975

0.999950

lAsuguAY 121135 wansdaanumuzay

AIANDYNADAAADINY VAUEN Ag, Apy HAY Arg 191

q

0.999925

&

v v A

DUAUA D19 LY 99910118835 UI¥ D9AIU
ADAAA DIUDILUUINADY bUNIIATIAUT 1Y

NBABN Ag, Arp bag A, LTUAUAIZAINNNNTE

v = PR P2 - 0.999850
azvipuiaUsEanEAmMAI lun NN SUTEEY

-0.995825

Hybrid GRA-MARCOS  MARCOS

0.999800

~ v ¢ ° Y a £
M15194N 8 NAANTNITANUIUAIAUUTEA NS

ANEUNUS . .
= a I3
- SUN 2 AFNUTLEANTANEUNUS
Hybrid v
Method PSI MAUT GRG MARCOS GRA-
MARCOS
PSI 1 0.9998 | 0.9998 | 0.9998 0.9998 mﬂ'éjﬂ‘ﬂd 2 wansA1duUseans andunus
o 1 a a Q.glj a o 1 aaa
MAUT | 00908 | 1 ) ) . F¥1211995 MCDM 14 5 78 WU 1M NI58 4
o o & a % 1
are | o998 | 1 ) ) 09999 mmauwuﬁmeﬂiuiwqum Im{ﬂz
U [ s 1 1 = a =
VARCOS | 09998 | 1 ) . 09999 mmauwuﬁa&gﬁlpmﬂ 0.9998 919 1.0000 &<y
yord AxvaulNadnsAlaanLAazIsiANuanAA D
GRA- | 09998 | 0.9999 | 0.9999 | 09999 1 AUDYIITALIU LU ITIVANNITHAYT UADUNNST
MARCOS o 1 o U v} 6 o dyl S L%
ATUIUILHNNAY AIUAUNUTTLAUUBIYYUYTY

oA A o - Yoy
ANULTRNBLATAINIUAIYBINTSRENLYIENTS
Tasnsnilslunisadvayunisindulaluusun
\WIREAINNTTU
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5. afUseuazasUNa

HANSIT8AINAITUTEYNALTINATA Hybrid
GRA-MARCOS 1l aafuayun1sdndulaiden
walulad Tgygrusedud (A) fuduLiia
UsgdnSarnnisuaauaznisdnnistulssany
9naIvngsy nudnadedarusadadudy
madenlaegeluse@nsain lngRa15w1ann
naminsUszdiune 6 du leud Aty ns
WJeulan 1159119Us WA UTEUU ANLSAtUNNg
Uszanana ANNANAT Wz ostulunisly
UITINNTUTEUIAHATDYANI8TT GRA e
Fansiuteyadiliauysaluazliuiueu sy
n15UsIuLUU MARCOS TS suliisumiainy
TndiAssfumadongauninazyadeniiugiige
inlrlanadnsfidanudaeunazannsathlule
advayunsiaduladanaynslaase nanis
FAEIFUINANTT 6 TLiuq1 Maden Ag
(Gemini lng Google) taAzkuugIgalunnau
warlasunsdmsunulususu 1 e £(K,)
Windu 12,000 wanslfidiudaaulaaiausisly
AumAla ANAINITALUNITYININTT AL
AuAn wazmnudesiuangldanu Femslasunns
Narsaunduaiduwsnlunisdiluldlulsanu
QMANMNTTU NFUNINEBN Ag, Ay, WAE Asg Fadlan
f(K,) Wiy 4.356 wavdFususUT 3 waned
Anumnzanlusziugs a1 viuesAnsd
foan1sUsEaNSAINlnaLABeyU Ag wadUedninly
Frusulszanamsofoinisiadendidauaniy
F1u Maden A, uay As asl@susui 5 Sfnenw
Flusnunisideuldnuazn1sieusiusussuy
K23 mmz‘ﬁ'ﬂq’m Ao, Ao, BT Asy lé’é“mﬁ’wé’wq@
(Rank = 13) wansdsnumnzalunisldud
a7 g aluufunvesinms i 19 Usziiiu
A Ted azvouldiiudumaiia Hybrid GRA-
MARCOS @13150h8NLEZAITULANA 190D
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Abstract

This study aimed to (1) develop an educational website for the Computational Thinking subject
targeted at Grade 3 students and (2) evaluate users’ satisfaction with the developed website. The
findings revealed that the website effectively supported online teaching and learning. It featured a user-
friendly interface, simple navigation, and a design appropriate for the target age group. The overall visual
presentation was engaging and accessible, contributing to a high level of user satisfaction, with an
average satisfaction score of 4.51 out of 5, which is considered "very good." The analysis indicated that
the website effectively addressed the needs of both students and teachers in terms of content quality,
ease of use, and the learning progress tracking system. However, certain areas for improvement were
identified, particularly regarding the clarity of initial navigation and the integration of multimedia content
such as instructional videos, educational games, and interactive activities. Implementing these
enhancements is expected to further improve students’ comprehension, increase engagement, and
enhance learning outcomes. Additionally, it may reduce teachers’ workload in monitoring student

progress and support more efficient teaching and learning management.

Keywords: Learning Media Website, Computer Science, Primary Education, User Satisfaction, Online

Teaching and Learning
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