L ==
sarsmsvamsinalulad
T s mmn G
iasuoanssuvavna
Journal of Technology Management
and Digital Innovation

Ji2 avun 1 unsAu-dguigu 2568

Vol2 No.1 January-June 2025

Faculty of Business Administration and Information Technology
Rajamangala University of Technology Suvarnabhumi

https://phO05.tci-thaijo.org/index.php/TMDI

@ tmdijournal@rmutsb.ac.th @ 065-8413-319



21581501159ANSINALU AT LAZUINNSIURINA

Journal of Technology Management and Digital Innovation

NUsnwn

NEANEATINTE A3, 4578 LUNYT

e e

1 U IS

YIWANENSIANSE AT, ANAUUY Uyl

CRE%

@32

21971590lauViY ANWLUAST

U550415115

N8ANEANTIANTE AT, WEINBY uﬂqﬁ\‘}

A
Y

SR9IUITUNSNNS

AIEAEn519158 3. dInd angningeee

HNSIAMIMNATUIUNAIY (A18UdN)

9

JRIANENTINTE A3, NIENAT JAIAugluA

JRIFNERTINTE AT, UWIIA LAY INIITTEU

s v

399A1ANT1A158 A3, F35A Buninde

a e

399ANENII9158 A5, 1aWISN dSufy

q

FOIANANTINNTINGRET 198U

S9ANENIINTEIEUS NUaN

aad a

WANENTIA5E 3. 5131 Inde

Y

A

=

YIWANENSIAN5E AS.

YIWANENSIANSE AS.

UA1AN319138 A3, §RTE Shu1

€

18ANENTI9150 AT. UAT araonil

YIWANENTIANTE AT, I5ERUS W1Tlve

YIWANENSIANSE AS.

8ANEANIIANTE A3, dnInTena audRsse

Y

1A% e slue

9

WANENTINGE AT,

WANANSIATE AT,

P

a
&N Yaysen

[

WANENTIANGE AT, UALTYST SAUASIIA

WANENTIANGE AT. ANAYIE HIITTAIN

el e e eXNp eXp Ve eXRp eXp eXlp eXDp eXNp e Ve

FUANANTI158 A5, 33190 TRy

913053 Ulugvsguns

,%a
4
d

UNINYRUNALULAENTZIDUNRTNIZUATIUTLD
WA UATUATUNTILIAL
WINRENALULAEIVIARTTYYS
UAINYIREUMEITANY

WM INRENALULAEIIYNIAATTYYI
WINRENALULAETIVIAASTYYS
UIINYIBULTALT

UNINY1ABULTAT

LN INYIABULIAT

UNINYIRBY TN

UNINYIRYY TN

UNNINYTHY TN

UNNINYTHY TN

UANINYIREUMEITANY
UANINYIREUMEITANY
UNINYRUNALULAENTLIBUNATNTLUATIUTD
UANINYRUNALULAENTLIDUNRATNTZUATINTD

v =]

LNINYIAUNA LU LA NTLIDULNA NS T UATHIL

o a

unIneasmAlulag s TIIRaS Y UT

]



q

WANENTINGE AT,

2WANEATINGE AT,

WANEATIANGE AT,

WANEATIANGE AT,

ANENTINTE AT,

2ANEATINGE AT,

WANENTIANGE AT,

WANEATINGE AT,

WANEATINGE AT,

eXPp e e eXRp eXp e eXVp eXNp eXp X0y

A5, UAN5 Toued

A3 LNUT NUNA

a

ANTIAMIANITUIUNAY

9

WANEATINGE AT,

WANENTIANGE AT,

NOFAANSIANTE M9
BFAANSIANTE7

e eXp e eXDp eXNp e eV eXlpe eXp e e eXNp eXp e eXRp eXp e Ve

WANENTINTE AT,

FUANANT1158YAL naulnese

I a

FUANANTITEANAD TIUTEIETY

[

AUNQUSIA NS A

q

FWANENTIANTOIUTUN NDNEUEAS

fudum aAsIAL

Y

nYNT ARty
aa3e Nuiya
JUNY AURFURaY
alng losunsng
UNAR NIy
Usehivg asruasen

BNUAUNS NP7

(nelu)

AASY LNAANTS

HruMmansInsdnaed Yedy

PIYANANTINTEVIYNTIA VyBUNS

3

18A1ANI191EAIFN LR Teuna

6 = P
HeA1ans1asdunsil leadana

s [ v s a IS
PruAmansInselTuuians asnsadles

JYANANTIANTEUIAG 0 F1WU

6§ v

JEAMANTINTETALAS duduga
PIYANANTITEIVINTOL WAN DA
EAEANTIANTEITYY Junsle

“Ww doudu

JYANANTINTIANTITIN TOU3F

’JEJ?T’]?HF]S']?]']?E?E{‘ WEUEU’] Lﬂimﬂﬂﬁua’]ﬂ

WMInendewmalulagsvienasyys
wMInenduwmalulagsvienasnulnduns
AN UIUALLA TN T8
WNINYIRYINVAUATIVEH
WNINYIRYINVAUATIV5H
UMINYNAYT VA A UNINYT
UININYSELO T8 ALY
UMINGIRENTUNNTUYI
UNINYRYTUINS
UMY IIVA ) TUNTN WY
UMINYLTUINT

LMNAINYIBBNSDAYIUINDA

WINeeAlLLAEIYNRaaITINYE
wIngdemAlulagsvunagITINgi
WIneeAlLlagvNIRaaI TN
I eAlLLAEIIYNPaAITTNYH
I demAlulagsvNnagITINg i
I demAlulagsvNnagITINg i
I eAlLLAEIYNRaa TN
I eAlLlAEIvNIRaa TN
I demAlulagsvNnagITINg i
I denAlulagsvNInagITINgH
I eAlLLlAEIvNRaa TN
I eAlLLlAEIvNRaa TN
wIngdemAlulagsvNnagITINg i

I deAlLlagIYNIRaaITINYH

WMINRNALULATIIYNIARITIUYT
WMINRNALULATIIYNIARITIUYT
I deAlLlagIYNIRaaITINYH
WM INRNALULAT VNIRRT ITIUYT



HYIEMERT19138a1U7 Ywun WIneaemAlulag s vLIRAE I TTYT
fthomanansdondng aszsssu I deAlLLlaEIYNRaaITINYH
ATIEANENSINTTOUTAN LENNYST WIneeAlLLAEIYNIRaaITINYE
A3. ¥iA1 uANYs wIngdemalulagsvunagITIugi
A3. 395 Wyse wIngdemalulagsvunagITIuNgi

AMZATINNITANTUIIY

J8ANEANTITY AT, 1AL Uyl

s
| a

YAIANTINTODAANG ANTEFTTU

e e

v

PIAEARNTINTITALLAIT FuTuna

PIuA1an319158YRNT naulngsd

q

v eXp eXRpe e

YAIEANTINNTOUUTE FURAASLUA

e

p3.UTa wiln

9191580l Aaas WNeshfishna

HreUszanueu
mmaémga‘j 71999514

91913800530 Aslnsgny

Invlag
NBIUITUNTNNTNTANSNISINNSIALLlaBLas W IRNTSUAINA
ANEUSMTIINIRAEImALLlaganTaume v Inendemalulagsnyinaa TSl
1Al 19 nuuges suavinnan3 snnewszuasAIeysen Sminnsyuaseiegse 13000
INSANA 06 5841 3319 E-mail : tmdijournal@rmutsb.ac.th
Website : https://ph05.tci-thaijo.org/index.php/TMDI
InguITaeA
1. edudenarslunismewnsnanuinnisiasianuddesunissanismaluladuas
winnssupavalaraviiieates vesindneg 919158 Uiy wazthdsnnsialy
2. Lﬁaﬁwmﬁ’ﬂamwmfj?ﬂﬂ'ﬁmamﬂmﬂﬁf]gqmaﬁlul,l,azmauaﬂmﬁmmé’a AABAIU

waniUdguiseuIn1dnnisuarnuideaunisdanismaluladuazuinnssuadviauas

ANVINNYIVDY



ANVUANTITLHELNS
2 adudel  adu? 1 unsiey - dguiey

adul 2 N3NYIAY — SwIAY

VBULUM

MIasnsIansmaluladuaruinnssuadva umingraemalulagsvuenaalissugid Su
#1sUNANLIVINTAUIneImanswazinalulad laun inaluladarsawmnea (Information
Technology) inalulagfdvia (Digital Technology) In1n15ABNAILABS (Computer Science)
Adar5aunea (Geo-Informatics) @15aULMAAIAATLALN15IANTT (Information Science and

faa o

Management) Aauitnas@nwn (Computer Education) n1sdnni1sladafndadvia (Digital Logistic

Management) d0fdvia (Digital Media) walulagn13@n®w" (Education Technology) wazdu 9 7

e84

USTLANUNAUNSU
UNAUITY (Research Article)
UnANUUSYIAY (Review Article)

UNANNIBINIG (Academic Article)

N15WATAIAMUNINUNAIN
A a Aa ¢ ) ' T f ' . !
unANuduniasanadnuiszdesliimemeunsiunsaislauiney uaglieglusening
N13NNTUIVBNINTAITOU NNUNANUNLATUNTANUNABIHIUNITNAUNTOININENTIAANIA TUA1N

| v

#1709 ag19doy 31U lne nssgananUszidivunanulinsiutewiazyuaalinsuie

a_
Db

¥

N33R (Double-blinded peer review)



UNUSIUISNIS

aa o

M3asnsInnsinaluladuazuinnssuadvia (TMDI Journal) AnuzuImnsgsnawazmalulad
ansauwme unInedemalulagsivasragissagll iWunsasivinisaineimansuazmelulad
Javiiuday 2 ety TugUuuueeulad Weldiduundansunsunauuinssmi unanuivins
unmATemsunsiamsmaluladuazuinnssuddva videsudu q MAetes Tnensaduayu
I1NANNATTAVIIYITLUUASAUNALALABNTILNBTTIND AMEUIUTTINAUazmALULaganTauNA
uningdomeluladsvasnagissagiazaanasdanandunsingdu 4 Afetes

sarsn1sdanisinaluladuazuinnssuadiasuiasanadiuiunaiuivinisn iy
Ineramansuazinalulad loun waluladarsawna (Information Technology) tnaluladndvia
(Digital Technology) 3ng1n15ABNNLABS (Computer Science) HAa15aumneA (Geo-Informatics)
ANTAULNAAIANST LAZN159AN1S (Information Science and Management) ADUNILADS A N1
(Computer Education) n1siansladadndfdvia (Digital Logistic Management) dofdva (Digital
Media) weluladnnsfinw (Education Technology) uagdu 4 Agades

nsfRuiEeunsarsatuildul 1 adufl 1 uneu - Squisu 2567 Usznaudae
unmAdEuIL 5 unany demnuviemnuAndiunnunmidousaziesiiinauslunnsans
atuil ilunnudiuandidewtedifodmesunany lldmnuAadivnesnesussaninig waylald
ANNSUAATOUYBINBIUTIANENT NesuTTaNdMsimihilfissfinnsandafamiuazinounsiiie iy
donanslunistnevonasdauigdanuvinty

NBIVUTIAUNTNITNTANTNITIANITIMALUladuaruInNISUARYR AMzUIMITTINILarALLLaE
arsaune uvinerdowaluladsvasnagissund winduegrdeiyaainsisuaniufnuuas
anudsznaunsnsenaudaulalaeitiluagldfulsslominnisasativl

EANERT19138 A3, Uaamae Yyl

eX2p

UITUITNNS



d13U8y

UNAIY gl

= o/ Q‘ =] 1 a L] 1 L 1 1
ﬂﬂiL‘lJ%EJ‘UWIEJUNaﬁ&IQVIﬁVHQﬂ'IiLiElu munanssummauinunu Iﬂ&lﬂ'liLLU\iﬂZ‘!N ....................... 1

=]

fudugu’ Meivimadeulisunsndeing vasinfnwseiuyiyges T 3 drendvn
waluladAdaiNensinen

A Comparison of Learning Achievement through Collaborative Learning Activities with
Student Teams-Achievement Divisions for Object-Oriented Programming Course of the Third
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ABSTRACT

This article describes a submission procedure and a format of the manuscript for the RUS Journal
of Technology Management and Digital Innovation. Authors are required to strictly follow the guidelines
provided here; otherwise, the manuscript will be returned for proper correction. A good abstract should
have only one paragraph. Both Thai and English abstracts are required for paper written in Thai and the
length of each should not exceed 12 lines. The objectives of this research were: 1) to find the quality of
academic achievement tests through collaborative learning activities with student teams achievement
divisions for object-oriented programming course of the third-year students in digital technology for
education, 2) to evaluate the quality of satisfaction questionnaires, 3) to compare the academic
achievement of the students before and after learning, and 4) to find the satisfaction of students. The
samples consisted of two groups: 7 experts, and 21 students. The research instrument comprised
collaborative learning activities with student teams-achievement divisions, questionnaires, and quizzes.
The statistics used in the research were mean, standard deviation, difficulty, discrimination, reliability,
the index of item objective congruence of the learning achievement test, and t-test dependent.

The results of the research found that: 1) the quality of the academic achievement test received
the number of examination items that passed the quality examination, amount of 60 items, the index of
item objective congruence of the achievement test was 0.60 to 1.00, the difficulty was 0.35 to 0.76,
discrimination was 0.24 to 0.53, and reliability was 0.92, 2) the quality of satisfaction questionnaires is at
an excellent level with the mean of 4.89 and standard deviation of 0.43, 3) the post-test learmning
achievement is higher than the pre-test with a statistical significance level of 0.05, and 4) an overall
student’s satisfaction is at excellent level with the mean of 4.53 and standard deviation of 0.67.
Keywords: Collaborative Learning, Student Teams-Achievement Divisions, Object-Oriented Programming

Course, Third Year Students, Digital Technology for Education
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ABSTRACT
This study aimed to 1) analyze linear relationships among variables across multiple datasets using

Pearson’s correlation coefficient, 2) construct simple linear regression models, and 3) evaluate model
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performance using statistical metrics including R?, RMSE, and MAE. Secondary data from five publicly
available datasets—Heart.csv, StudentMarks.csv, TestEnergyData.csv, Salary dataset.csv, and
Advertising.csv—were analyzed. The study employed Pearson’s correlation coefficient and model
evaluation metrics, specifically R®, RMSE, and MAE, to assess performance. The analysis revealed that
Salary_dataset.csv demonstrated the highest level of linear association (R*=0.9570), indicating that “Years
of Experience” is a highly effective predictor of “Salary.” StudentMarks.csv and Advertising.csv also
exhibited strong correlations (R*>0.80), while Heart.csv and TestEnergyData.csv showed lower to
moderate correlations. This study highlights the importance of comparative correlation analysis in
selecting appropriate quantitative variables before building statistical models. Such an approach can be
applied to predictive data analysis in various domains, including economics, education, and consumer
behavior.

KEYWORDS: Simple Linear Regression, High Positive Correlation, Correlation Analysis
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2.1 iigdnszimmudiiudidadussriusinyadeyavaeyn Tagldmduyssdvdandusiudifiefau
(Pearson's Correlation Coefficient)

2.2 Wisaisuuuiaesnsannseiiadusg1sing (Simple Linear Regression) dwmiufaidengauduiug
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2.3 WaUseiuU e aNS NNV UUINADBENUAITITTANI9EEH f8e1 R? A1 RMSE way MAE
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3. vpuiuazenAdeiiieades

3.1 @ndunus (Correlation Theory)

MTleTeRanduius (Correlation Analysis) Wumnafiavsadnfildnsraeumiuduiudidaduszninh
wUsogatesaesdi Tnsiany AduUszavsanduiusveadiosdu (Pearson’s correlation coefficient) Saifu
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Newspaper) kazanue (Sales) fuundszanal 200 wnawaz 4 edutl fnldaounisannesidaduiuude
waznvan lnaldunTinseinansenuvessulavfosan B EUA

1.2 w3esflefldlunmsifeusenaudie
1) mduUszavdanduiusveafivsdu (Pearson Correlation Coefficient)
2) LUUTNa0INITIN0RYLTNLEUDY19IY (Simple Linear Regression)

3) @1 R A1 p-value A1 MAE/MSE dusuuseidiumnuuiugivedluing




a 20
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1) m3fadenteya fensTuTmyadeyaanuvas Open Data fiindefie
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TeglusUuvuiBsUTinaiang ey
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Linear Regression WazIlAs1eANaaNs

6) MaLUTouLfisudszansam faeen B2 A1 RMSE wazan MAE vesgdaudsiisiunsinideniiem
Tuwnaimanzandig
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A19199 1 AduUTEAVSandRUSURIAILUT MaxHR Lay Age

Feature Age MaxHR

Age 1.000000 -0.382045

MaxHR -0.382045 1.000000

4 '

PNAITNT 1 HANITIATITRUAAIIAILUT Age waz MaxHR dauduiusideauluszauaiiisiunany

v
= @ Y o

Ao 1 = -0.382 wanyindlengindy 8nsn1siulaawEaiivwiliuanas uiaraenAReIn Vg uINETTINg
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A5999 2 AnduUszavsandunusuadialUs Marks ua time study

Feature Marks time_study

Marks 0.942254 1.000000

time_study 1.000000 0.942254




a 2

1NA1T19 2 KANITIATIEIRAAIIIFIUUT Marks wae time_study danuduiusideuinluseduaauin

fe r = 0.942 uansinmatiinattunsAnviluladenidnsnaddgysonisiiiupziuugsy vili time study
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A1919% 3 AduUsEASanduRuSURIiLUT Square Footage Wag Energy Consumption

Feature Square Footage Energy Consumption
Square Footage 1.000000 0.724039
Energy Consumption | 0.724039 1.000000
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Feature Salary YearsExperience
Salary 0.978242 1.000000
YearsExperience 1.000000 0.978242
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M15199 5 AduUsEANSandunusuaasiwls Sales way TV

Feature Sales TV
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5.2 HansaiuuIIRINITanneeidaduet1aig lanan1sins1enasgun 1-5
Heart Failure Prediction Dataset
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5.3 wausziliulszavsnmveduwmaniesdin loun a1 R (Coefficient of Determination) A1 RMSE
(Root Mean Squared Error) waga1 MAE (Mean Absolute Error) slamaludl
Ms1eil 6 MaLlTouliisugndoyadesdiamsusidiuluna

No. Datasets Predictor (X) Response (y) R? RMSE MAE
1 Heart.csv MaxHR Age 0.1460 8.71 7.06
2 | StudentMarks.csv | time_study Marks 0.8878 a.Tr 3.89
3 | TestEnergyData.csv | SquareFootage | EnergyConsumption | 0.5242 571.39 477.20
4 | Salary dataset.csv | YearsExperience | Salary 0.9570 | 5592.04 | 4644.20
5 | Advertising.csv TV Sales 0.8122 2.28 1.83
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MNMSUTBUITEUATIR Tavienun nuduuudiaesain gadeya Salary dataset.csv fuUszdnBamgsan
Taediean R = 0.9570 §anunefis FuUs “Uszaunisalvineu (Years of Experience)” @1815005U18AY
wUsUsIUTRs “[uiiiey (Salary)” l6ifis 95.7% uasdiAn RMSE wag MAE aglusyfuiivonsuls uifwouduasgs
wiitdulunrnvuinvesaadduyndeya s09asu1fouuudiaeain gadeya StudentMarks.csv uay
Advertising.csv #iflan R? 49071 0.80 wanandudsAuaunsavihweduUsnulaegautugluseaugs Tuna
nsafudnu gatesa Heart.csv fimnuduiudanann (R? = 0.1460) Fslsimnzudnsthanldaiuuudiasads
wensal Tagvialudn RMSE sindidminndn MAE Tnlanzideyndoyafidinainindeufiunndnaiuges efl

=

Outlier Tuvaugivindoyai Error Minszateiladaue A1 RMSE wag MAE aglndlAssiu n1siuseuiigua

Ya o

RMSE wag MAE Faelvirfideanunsausediuguuuun1snsyaneves Eror b9 110 RMSE @3nd1 MAE 881910

Y

LR lunae1ad Uy iANASIALA AR LYLININUINIATIASLAS UNISHA LYY aRSIadR UL ALAL

afiuseNan1TIdY

HaNTIdLdenAtesiuNaNN1INERA Tusuresiuusiuuagiulsaualsianuduiusidadulusyiugs
Fanzansailuadauusassiifianmiuudugils (Monteomery et al, 2012; James et al., 2021) Tngianiz
Tunsdlves Salary dataset.csv @91 R? gannavioufnnufudaduiidaaussvidnuiiussaunisaluas
Suiteu uenvnil n1sil StudentMarks.csv fanuduiusgeseninaianlunisfinviuazazuuuasy dennded
fumquimsiseusiiin nanlunsiindudmadenadugrininisfeu Fwaduayunanlunedninginsin
(Bloom, 1976) aeslsfiniu yadeyauteyn 1y Heart.csv A1 R? i soraiilessnainanuduiusilaiduds
B videfisudsunsndeusiuunn dealinsonnesiBadustrsindliannsnesunelfifivme feiu Tunsdl
wianiimsinsanld msoanoswan vide wuuaesdilidudaduumy

WioiiuusgAnsnmvasnsneinsailuewian msiiarsunisisufisunadnsannisanneedaduoeig
$reiu efianisanoeswuuliifudady 1w Polynomial Regression 13e Spline Regression @ 4a@131503u
AruduitusifisUuuulAslafindt uenani msld Machine Learning 17 Decision Trees %30 Random Forest
Lﬁaiaq%umm%u%'auﬁuaaéﬁa;@ w¥ouiaUseifiuan Rz, RMSE uag MAE a8natfussuu sauiansaaeu Residual
Plot iileidenlumaiimnzauiignsiodeyausasen uaztindinseidoyamsBusumenisnsiaaoy Auduus
Faadid serinssudslagldeduyssansanduiusveadiosdu (Pearson Correlation Coefficient) tiladinideng
P PRIEEY ANuFuRus B uduluszaugs Fau5098ans LR UsT ld Aynaziiuuseans amaes
wuuTaeswensal ALY ANl (threshold) wangas wu r > 0.80 ievsuenferuduiudifeuanlu
s¥6TUge (Evans, 1996) uagfiansanduusidanumuieludsannaniolmauisaudas ldnisendee
Correlation Liieagnaiies wonannil Aasvi Residual Analysis ndsadlunannnes ileaadeuauuigiuids
Fu wazmnnuanuduiusliifudedu msRinnsanmeidadu wu nsaanesuuvliifudadu n3eds
Machine Learning titeifiumnsusiugwasnsnensallutiundoyasss
6. #3UNANIINY

meidendiliinguarasfifeiensiaudiiusssrinsiuuslugndeyasiuiu 5 gn laeldnmsinsgd
anduiud wazmsoanesiadusgisine ledmdengfulsidmuduiusidauings uazddneamlunisild

NYINTAUAIVBITIUUTAIYN NKNANITAATIZY WUT1 Yadeya Salary dataset.csv HAANudIRUSasEn neile
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R’=0.9570 wan9I@auys “Years of Experience” a@unsneduignisitasuuntasues “Salary” launnis 95.7%
dadaya StudentMarks.csv uay Advertising.csv finanamuduius  Tussdugatuiu lnedie1 R°=0.8878
wag R*=0.8122 audiu vausfigndaya Heart.csv iay TestEnergyData.csv fifin R” Andn 0.60 uanainlaimang

wnn st lUlgaswuUapadanensal

7. Andnssudssana
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szuugnyuasaniosuaznisiamunisldaunaua Wautuiioandgminisgyvnevesnaua s
Uaoadelunisidnfs wardieanuasainlunisdnnisnaualuesing Ingeenwuuligldansadfuagldanu
naualdedreiivssansnin wienssuuianunsldausuudsalndinuivueundindu seuudldinalulad
Internet of Things (IoT) mwjﬁ’u Firebase Realtime Database Lﬁ"aﬁmﬁuuazﬂizmama‘ﬁ'aga SLUVTANIS
gnosnuuulngld NodeMCU ESP8266 LTusaprunundn saudunasulin Siad uasiduiwesinszasnia
Ultrasonic iitetufinuazmsavaouaniuzvesnauavnnonuuusaluf@ szuuldiunisvaasudiy Black Box
Testing il oUszifiuanuaiosuazanugndesvesiladdu Taswuirszuvannsavhauldmudiosnuuy uay
seasunisldauluaniunisalaieednafiuszaninim 9nnnsussiiuanufisnelavesiiformguaz il
Wudﬁzwlﬁ%mLLuuéfmmmmmwaluﬂ’]iﬁwwummmw'faamﬂuszﬁ’uﬁmnmﬂrzfdj’l,%mmzy (X = 4.44,
S.D. = 0.38) LLaxisﬁuﬁmﬂ;ﬂ%’ﬁ"ﬂﬂ (X = 3.93, S.D. = 0.74) sruanudgsanisidnulasurzwuuluseauauin
mﬂ@lﬁ'?}wm (X = 4.61,S.D. = 0.48) LLazszﬁuﬁmmﬂ%ﬁ'ﬂU (% = 437, S.D. = 0.69) Wenanieunsulule
Uselgvdssuulasuaziuuluseauann (F = 4.48, S.D. = 0.61)

o v o

AENARY: TTUUANALIBIRTLE, ASAARIUNITITINY, DUWNBDSIINYBIASINGY, Wuwas

ABSTRACT
The Smart Key Cabinet System and Key Usage Tracking was developed to reduce key loss problems,

increase access security, and facilitate key management in organizations. The system is designed to allow
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users to access and use keys efficiently with real-time usage tracking through a web application. This
system uses Internet of Things (IoT) technology coupled with Firebase Realtime Database for data storage
and processing. The hardware system is designed using NodeMCU ESP8266 as the main controller, along
with electric locks, relays, and Ultrasonic distance sensors to automatically record and monitor the status
of each key. During the development phase, the system was tested using Black Box Testing to evaluate
the stability and accuracy of functions. The results showed that the system could work as designed and
support real-world usage efficiently. From the satisfaction assessment of experts and general users, it
was found that the system received scores in the aspect of functionality according to requirements at
an excellent level from experts (¥ = 4.44, S.D. = 0.38) and good level from general users (X= 3.93,
S.D. = 0.74). The ease of use aspect received scores at an excellent level from experts (X = 4.61,
S.D. = 0.48) and good level from general users X = 4.37,S.D. = 0.69). Additionally, the practical application
aspect received scores at an excellent level (X = 4.48, S.D. = 0.61).

KEYWORDS: Smart Key Cabinet System, Usage Tracking, Internet of Things, Sensor
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Anuvaendedau Fulunsmevauswonnudensveslinuldegdiuszdnsam uazsyuugnayuadaaies

J9ldiansitiuenuazadnlunistdnu wadeadrepnudulalviudldanuinveadiaiaglasunisundesagnes

U

=b

an
2. TngUszaeAvaInTiaY
2.1 WieNwuseuugnyuadansesiasn1sinaunsldaunyuwaniivsednsam

2.2 \iieUsziliulseansnmsyuudnauasaaiuzuaznisinnunisidnunaualusiueiieg

3. nqufjuazauideiiiendas
3.1 NuiuasuuIAANUgIY

3.1.1 walulad Internet of Things (IoT)

Internet of Things w38 IoT L ukuaAn gunsalsineg arunsoifensouasdearsiuniunionis
Suwesiiln ngludndusesfinsmuauainuyudlagnsa (Ashton, 2009) wnalulad loT Uszneusieesrlszneu
wan 4 du fe Wuwes (Sensors) nsidiousia (Connectivity) n1sUszananateya (Data Processing) uazdiu
fAnsorld (User Interface) (Gubbi et al., 2013)

TumsWaunszuugnauasaaier walulad loT gnihunlédusnundnlunsdeusegunsaling q 1
iy ilvianansansdeuanugvenwakazdsdayaludssuudanisiauuuiealnd msdszandld 10T Tu
JEUUNSINNININddunaznisinwanutasadelasuniuaulasgrannluiagdu (Evans, 2011)

3.1.2 szuugudayauvuisealnyd (Real-time Database)

grudeyauuuBealniussuuiiannsadaiu Ussnana uazuansdeyaldviuiiviinisiasundas
Andu Tnglaiinnuadrfiiunissuniusenislday (Date, 2019) Firebase Realtime Database tdunilsly
szuugudeyauuy NosQL flssunnudeslumsiannueundindu loT esaniimuaansalunisdsddeya
wudealnsiszrinsgunsaivaneinisandouiu

3.1.3 1 ¥ULYasUazN15R$233U (Sensor Technology)

Fuwesidugunsaifianunsonnadunazininamsnoammiownd! ududandudnyaaling
aunsaUszananald (Fraden, 2016) Tumsiimunszuugnauadaaiey Wuwes Ultrasonic gnidenldiiesaind]
mnusiuggdlumsasiaduszegmaazanansavhauldiluanmwindoniivarnvans msléidueeslussuy
nsdananindaulfunsnansuniuiesmnduyuilanasuasssansnmilfuiu

3.1.4 53UUIANTSNT5LN0N (Access Control System)

szum’]’mmimilfi’hﬁqLﬂuiwu%’ﬂmm'mUaaaﬁaﬁmuqmm‘ﬁﬁw%“wmﬂw%ﬁyuﬁsmS] laenis

nTI9d0UANSVRI LYY (Sandhu et al., 1996) szuUAINEIUTENOUMEBIAUTENBUNAN 3 dIU A N1s8uduy

o

s
Ya a v

fianu (Authentication) N151%@n3 (Authorization) Lazn15ns29aeUaNS (Audit) Tussuudnguasaasoy ns

CURR]

'
I~

Jansmadndadudiuddg it biiulaldiddesldnuildsvougavintuiianunsadhtenguald
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3.2 walulaBuazin3asfiofiiisadas

3.2.1 NodeMCU ESP8266

NodeMCU ESP8266 tHuuasamuniifidy Wi-Fi lud vilfanunsadeusedumesiinlalaenss tned
umdn selduns wasivszansamgslunisldanudulusen 1oT (Kolban, 2016) ESP8266 5835Un 5Ty
TUSWNTUFIBAT C++ {1 Arduino IDE waziivisanudfiiissnedmiunsiamweundiady loT vunn
nana

3.2.2 Firebase wag Cloud Computing

Firebase LHuunanlaunisiannueundiadures Google lviuinmsgiuteyauuuiFalvsl msdnnis
i14 uaru3n1g Cloud Functions #1349 (Moroney, 2017) n15l4 Firebase Hgananududeaulunisiauissuy
Backend wawvilwanunsalnialuiiniswaiun Frontend wa Hardware ldunntu

3.2.3 umalulad (HTML, CSS, JavaScript)

HTML (HyperText Markup Language) \unwinasgiudmsunisasiaiuma ngldudinase Tunis
Folasadrailonn (Duckett, 2014) CSS (Cascading Style Sheets) I miun1sdnguuuuiagnIsuaninaves
Huwma dau Javascript i un1wlusunsuildmsuiiuanuldnevuazanudulawndnlifuiuled
(Flanagan, 2020) mssmfuveavaluladvieauidviliainsoaaduioundinduiiiiussans amuayldaude
e

3.3 ¢Adeiiisatas
QB WINE wazanz (2560) leAnwN1sUssyndldinalulad Intemet of Things Tun1sAIUANTEUY
dosainsdmiuthudanies 19 NodeMCU ESP8266 Wudauaundn seuvansansindunisidn-senvely
wazauAunsla-Unlnlaeg19dnluls nanisvaaeunuitssuuiivsedniamlunisusendandaaunas
Tudng
fufien dufinasiua wazuames yayds (2563) IdWannduuuunisnsaaeudeundunisugniivems
Uaondglugumuiewmelulad RFD ssuvansafanunarduiindoyamanantouiSusuaudsuilng uand
WindeuszdnSnnveanistimalulad loT Tumsdanisuasinnumsngau
Patel et al. (2020) IF¥mLnszUUNTINNITNRYUALUY Smart Object (SO) AfUsEAVEAMAMIU 0T lng
Amuanszurunsameidou n13ae uagn1snsetenuaLien1sdoansivasafesevinalvun oT wa
msfnwuansiiuinsyuvanseannislivinensuaviinanulaendldegnadivseansnm
Alaba et al. (2017) lavinisdsrannudasadeuaznisdnnisnayualuaninuindsy loT eg19AsoUAAY
Tnedaseianudoinisiuanuasnde U3ns wazanauinmediieadastuseundiadu loT adeln muide
ﬁﬁiﬁlﬁuﬁammﬁwﬁzysuaaizwmﬁmmiqz:yLLfﬂﬁ'ﬁUizﬁw%ﬂ'1W’Lumi%Jﬂmmmﬂaamﬁafuaaizuu loT
Whitmore et al. (2015) la@nwuwwiltuuaziadon1s3dud1u Interet of Things WU 1sUszandly loT
Tuszuumsdnnamsndduiuualiudulnegnsing lnswmzludunisfianuuaznisaiuaunisdii
3.4 NBYNTNATDUTEUY
3.4.1 Black Box Testing
Black Box Testing s udEn1svnaeugenduisidunisnageuilsddunisyauvesssuulnglides

nyidlassadangluvedlan (Myers et al, 2011) nsvageuwuulaggdatulufinisnsiaaeuitssuuaunsn
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yhauldnudermusiidmunliviels Tnenslideyaidn (nput) waznsinaeunadwsiild (Output) 31gnsies
mufinanimselsl

3.4.2 mMsuszidiuanuienalavadly

mMsUsziiuaufionslavesfltidudiuddglunsiaunszuy Tnsannsolduvuaeunuiiilassaing
lumssiusiudeya (Nielsen, 2012) N15UszINATATEUAGUATUAN WU ANazAINtuNTldNY Ussdngam
YBIIEUU Uazauiianelalae sy
4. /aiiunside

4.1 YBULIAYDINTINY

]

M5isediinnsfvunseuwanisiiuvanulunsasdy wWelvnsiaunssuuduliegradusyuunasdl
Uszavisnm Tnouvsveumeanidugusiel

4.1.1 VBULINATUSZUU

swuﬁqmmﬁaa@azﬁﬁ@umﬂﬁmzﬁmwummaalumiﬁmuﬁqﬁ mmamsﬁagai’uﬁuaznm‘uaa@%’ﬁ
ldnugnauasanios msuansanuzTuiivaznanmsidin-eenvesgnnyus msuanisieazideaaniuglnyes

1% £

gnnawe mstuiindoyanisngnaualigniendsld nsameadouiieldszuudnaualsd waznsnsaasudeya
ANUgNFBsvaIlila

4.1.2 VOULUARIUTISALIS

gunsaisdaufldlunsiannszuuyszneuse NodeMCU ESP8266 duidumnunuvanyesszuy

nasulil nasuwlindndidnnseiinddmiumuaunisda-TUag Siad Relay dwiuauaunsyieuvesnasu

U

o

i Wuwesinszegma Ultrasonic dmiunsiadunisidn-senvesngus uasdgnauaiazldlunismaasy
STUU

4.1.3 YBULIAGRULBNALIS

e siiouazvensusililumsiannszu 16uA Firebase Realtime Database dmsudnifutoyauas
nsvihauuuisealngd Visual Studio Code WU Integrated Development Environment (IDE) tidnluniswomun
HBuneundiadu wag Arduino IDE dmsunsifsulusunsumunu NodeMCU ESP8266

4.1.4 YBUWARUATITUNITWRIUN

mwlusunsuildlunsiamnszuy Yszneudae nw1 HTML dwdunisasdlassasamiiniu aw
JavaScript @3 unisii uauldneuuazn1sianisdeyaludiu Frontend 1191 Co+ dmsunisidou
TWIuNsuAIuANENTALIT Wavn 1w CSS dmsunsdnguuuuuaznIsuanIHava IukeUNaATY

4.2 N139DNLUUKATWAILITZUY

4.2.1 NMSANYILAZIATIZRAINADINS

nsfnwiauieInsved i nevinisdisanasdunvalildaungualuaugingmansuay
walulad Wievhanuthladgmuazanudosnsiiuriais anmsanwinuindgmvdniinuesie nsgame
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4.2.2 nMseanuuuandnenssuszuy
JEUUgNaIIasevgnoenwuulillanUnenssuwuy 3-tier Usenausig Fun1suiaue (Presentation
Layer) Faduivweundinduiglilsineu dun1suszanananiegsna (Business Logic Layer) iviin1suszanana

v o v

VBYAKREAIUANNITNINUYDITEUY LLaz%umaga (Data Layer) Fa8u Firebase Realtime Database 7i9afu
Foyariamanuetszuy

4.2.3 MINAUIFITAUIT

nMsfaundusiaug lnsvnisesnuuuasdidnusedndiiouse NodeMCU ESP8266 fugunsnl
#19 9 iuiged Ultrasonic gninadluusasromasnguaiiensindumsileguesnaus nasulwihgnaiuausiu
310¢ wleiln-Undnaua uazilszuu LED ilouanianusvasusiaztesnmyua

4.2.4 MINAUIYINAWIT

nsianvendufuseeniduaesdrundn fe nsaun Firmware 113U NodeMCU ESP8266 4
\ToU8A19T C++ H1U Arduino IDE wagnswa iUl Unaadud simuidie HTML, CSS was JavaScript
Tneld Firebase SDK dmiunisifousiedugiudeya uueundnduiilsddunisameidou msidhgssuu ms
ATIRABUAN LALLM N15AUANNISUA-Tng waznsgUuseiRnisldau

4.3 NIMAFIUTEUY

4.3.1 n1INAgdULLUU Black Box Testing

NINAFBUTTUUMEIT Black Box Testing 1unisnaaeuilendunisvinanuvessyuulaglaifaamsiuis
Tassasuneglureddén mavarouazaseunquilsdundnitmuenasszuy ldud mavageuszuunIamzdou
Lazidng SPUU N1INAERUNIINTIATUNISIEN-B0NYRINYLA N1snaaauniIsAIuAunasuliliin n1svageuns
Suiinuazusnwadeya uaznsmeaeunsdendetuguteya

4.3.2 MInAdauUIEaNS AN

N13NAaeUUTEANEAIMTBITTULAZYIINTIALIAINeUANSaITT UL ANLNuE1vBRduges A
iigsvesnisidensaiaienie uazanuundedovesssuvlunisldnudeiies nsmaasuagdniunislu
anmndeuiimuaulduarluaninuindonads

4.4 msUssiliuussansan

4.4.1 NMANNHUAIDEN

Ussrnsiifinw Yszennsildlunsifeaded fe yaanslunasinereansuasmalulad uminends
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ABSTRACT
Road accidents are a serious problem that severely affects people's lives and property. Phra Nakhon Si

Ayutthaya Province is an area with heavy traffic and a high accident rate. This research aims to develop
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an accident alert application that enables efficient incident reporting and rescue unit response using
Flutter, Google Maps API, and Firebase technologies. The developed application has key functions
including emergency reporting to rescue foundations, sending accident data with location and photos to
officials, notifying accidents in the area for people to avoid risky routes, and providing basic first aid
information to reduce injury severity. Performance testing results by technical experts showed that the
system has excellent efficiency (X = 4.77, S.D. = 0.42), rescue experts rated it as excellent (x = 4.61,
S.D. = 0.54), and general users rated it as good (X = 4.32, S.D. = 0.67). Therefore, it can be applied to
enhance road safety and effectively reduce accident losses.

KEYWORDS: mobile application, emergency alert system, accident notification, basic first aid, rescue

foundation
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Firebase 1uunanwofy Backend-as-a-Service (BaaS) Alsiuinisgnuteyaiiealnsl nsiigaviany
(Authentication) ﬁuﬁlﬁu%’ayja (Cloud Storage) nsaedaruudaiien (Cloud Messaging) wazlgas ngld
lunadeyaldaenals NoSQL (Firebase, 2024)

£

Firebase Realtime Database tJugiudayauuy cloud-hosted Migaelvivoyagndarduvuiioalnigd

U

senIldnnau Gunugdmsuweundinduiideinssuinatayast1eioiia 1y n1suduiauguiveg
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Firebase Authentication lsfu3n1snissansliiivasnste iresensldeu uazsessunisidngszuuvans
JUuuy

3.2.3 Google Maps API

Google Maps APl L1 Application Programming Interface ﬁliﬁlu%ﬁﬂmu‘ﬁ'LLazﬂTaquJaGﬁLmu'wm
afimans §edrAydmiunisudsiiuni s A amn 819w ug (Google Maps Platform, 2024) API bk
AMua115alun13IEY MM (Geocoding) N15111Ld UMY (Directions) WAL SUAAIUNUT WUUIFRBY
(Interactive Maps)

1519 GPS way Location Services 331U Google Maps APl 81115058 UATUNU LA kel 1N g il
anuddnedidslumaudavggnidy iesnmnuwiudwesiuvisazdmasonailunsneuauss folvn
ANdUYemMUIL)Y

aa v

3.3 52UUINNIMARNLAURRNE

maianszuUTanamaanEuLUUAITalASumsauluRuty WesnanansaUulsssAniamnis
novausarannalunmstismideldedisiiussAniam svuumaniiinysznoussesdusznoundn 4 diu
laun n135uudang (Alert Reception) n15Useiiiuaniunisal (Situation Assessment) N15dfiunaUaANDS
(Response Deployment) kazn13@an1uNa (Follow-up Monitoring)

n15@n®1U8a Newgard et al. (2010) \Agnfuszazinanisliuinamnisundanidutaznissendinlu
AdreuInidy nuinnslidssuuAdviatiedfuliadssdvsnmnisnevaues uenniiseandefiananslunis
doansteyauaifiumnuusiudivesiumsiiinmg

3.4 ywAdeiiieades

maeyY Yased (2564) Tiannssuuiundavauasdansgniduwiuueundindu TaslilunanisiFeus
yoaAdasietednduladinig wan1sidenuiannsoansreznailunisudamaniduldesideddy Taed

wulndedy 3.1 wngluduazldiaanade 0.41 Juniineasilunisudam nsnaaeuanuaainnioulunis

| -

szyfuvimudinueaaedeuad 8.308 wns Feeglussdufiveniulddmiumsufinisunmdaniay

Anfsy avAsiad wazaue (2562) wmwiivledudufowatRmguuiosauu 14 Microsoft Visual Studio
C# uaz Microsoft SQL Server 2008 R2 namsideuandliiiuinssuvannsadielvigldanmnsandnideadunis
flgiRiauaraniymasasiade sudehelimhenuiiedoemsad luusladymildesnanniuass
UsAnsnmanniy
4. A5aHUN15I98/52108U75398/Research Methodology

4.1 NT0INUUULATHAUITTUY

ASHALILEUNALATURLILUNTALT URDUYDIITTNNTHAILISEUY (System Development Life Cycle:
SDLC) Uszneaudng 7 sumeu (Hoffer et al. ,2017) lnsilsuasiBondail

1. msimuataym (Problem Definition) Anwdayvngifiwnasasluiminnssunsasogsuuagiingey
muFsMsvesyaisTnday InsnmsdunvalidwihiuasAnuideyasinetimg

2. MFNATIERTTUY (System Analysis) Tiaszvimnudeanisvesildan 3 ngumdn Tiun Ussmvuinly

o

Wty wazgauaseuy lnemsdisannudeanisuaznisdunivainguidmang
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3. N1508NLUUTEUU (System Design) @@nuwuUU User Interface, Database Schema, wag System
Architecture Tngldvdnnnseenuuuiitiuanudiouasdiusyansnm wazviinisasne Wireframe vasuaundindy

4. nM3au (Development) aiuwoUndindusiae Flutter Framework agld Firebase 1ugiudoya uaz
Google Maps APl d115UNTSLARFILALA

5. NINAABUTEUU (System Testing) Naaeun1svinguuesszuuly 3 a1u Ao nsvisumuisdu A

Uapaiy wazAudemnanishiueau

'
al

6. M3AnGa (Implementation) Aindsszuuuazuuriglfonu Tnsuusinsldaulvitudmindyaisuey
Al

7. M3U1593017 (Maintenance) AinmuuazUiuugeszuvegeliles tiudeya feedback wazusuud
UYBUNNTBIVBITLUY

4.2 \w3psiiouazinalulad

mswaueUwAlatuyalissundaygagld Android Studio lueIestledmiunsanmdn $aufunw
Dart wag Flutter Framework Tun1sasiaweundinduduunannesy dmsunisdanisdeyald Firebase 1u
guteyauuuidoalng Sesesfunsdeddoyaruiissinadlduasdintdg sy vonainddsdduinng Idur
geolocator dmTun1ssEYAMMUA flutter phone direct caller dmsun1sinsaniau cloud firestore dsu
n59AN13gIUTeYa firebase_messaging dwSusyuuLILABY Wag google_maps_flutter AATUNTUARINLT
wazmumaTiiAnLY

4.3 miaammugﬂu%’aga

v
s

JLUUUTENBUMEATNTRYANAN 5 71319 wagAUAUTUSAS]

1. snsnedeyadfld (users) iudeyarldnuily

2. s1sdeyari g (rescuer) iWudoyadmihitife

3. p13egilaUgune1a (firstaid) Lﬁu%’a;ﬂaﬁjﬁaﬂiuwmmalﬁmﬁu
4. myudafiounifivg (notification) Wiudeyanisudafiougtfive
5. msun1sudaneg (alert) udeyanisudaveaniau

ANUFUNUTIZIINAITRUAAIIELNUNTIN ER-Diagram fIn WA 1




U aa

USERS RESCUER FIRSTAID
string | user_id PR string | rescuer_id PK string | guide_id | PK
string | name string | name string | title
string | email string | position text | content
string | phone string | contact_info string | images
date register_date string | availability_status string | category

T F

4:M udann 430 Frg

ALERT
string alert_id PK
string user_id FK
string rescuer_id | FK
string location
string deseription
string images
datetime | timestamp
string status

11 @hausadiau

NOTIFICATION

string notification_id | PK

string alert_id FK

string title

string message

string lecation

datetime | timestamp

string status

.ﬂ']‘Wﬁ 1 WARIUNUNIW ER-Diagram U895¢UU
4.4 NNINAFDUITUUY
& oo &
AINAFDULUWTU 3 Nad AU

v o a & W a v a a o a o
1. Adgamngynianada (5 au) duilndrnsiumaluladasauma TUsvaunsallunsiauueundindu

117031 5 U

@ aa i @

2. fidrmngsigde 9 ew) Wudmihiussormatasiiovesyaissunday fszaumsailunudfe
Wi 3 Y

3. fldanuily (13 ew) Wudssswwiluifionysewing 18-55 U Taundvinudulseduaeiiuszaunisal
nslduweundinduiiefio ordealumianssunseSoysen wazlinelduauniindunniduinneu

AsuseiliuwUady 3 a1 lawn n1sviheumuieddy (Function Test), Anudiesenisideu (Usability

Test) Wag AuUannAy (Security Test)

5. WAN15ILazaNUS19NaNI5IVY

5.1 NaN1SNAILILAUNELATY

v
v

woUnAiaduiitaun Tl dundnda
o nsudnvmanduludayaiisise
o NsdoyagURvanTaNAUMLLaEANAY
e msudafiougiiveluiiui

U= tﬂy v ¢dl Y = v L4
° ﬂJJE]UﬁMWEJ’]UTﬁ Wessunanunsainaalanuveenlall
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5.2 Han1snaaauUssansnIw

M19199 1 agunan1susziiuysednianvesseuy

Function Test | Usability Test | Security Test | Aadgsau

ngugnagau
X S.D. X S.D. X S.D. x | SD.

Wengyanela | 4.79 0.42 4.65 0.49 | 487 | 034 |4.77|0.42

Wedvyenudde | 4.63 | 049 | 444 | 070 | 475 | 044 | 461|054
Aty 4.23 | 0.67 | 4.22 | 072 | 452 | 0.61 |4.32]067

eXp | e

3

AuUNIYIUANiaAty (Function Test) Hilieavgymanaiiaussiiiulusedudsnn (X = 4.79, S.D. = 0.42)
DRI = a a o & o v o v Yo a v o —
wandlviindnszuudvssaniamnisiaunuilaidu Qisingiugdeussidulusedusiunn (f = 4.63,

U

S.D. = 0.49) uagldnumluvsudulusedud (F = 4.23, SD. = 0.67) Jauansinssuvasaviaumuileid

nanlan lneanglunsdedeyauaznisudame
suandesiansldanu (Usability Test) filagimngmanafiauszdiulusgduiiunn (£ = 4.65, S.D. = 0.49)
Vs TeInauifeUssiiulusedud (X = 4.44, S.D. = 0.70) wansdsniseanuuuszuulimneauiunisly

Y

sniluanunisaignidu flieuiluussdulussdud (€ = 4.22, SD. = 0.72) Fafosdinisusudse UVUX sk
diladeBeiu

shupuaende (Security Test) iusuiilefunisussifiugeasiunnngy Tnegidesmymanadaussiiiy
Tusedufiunn (F = 4.87, SD. = 0.34) wansiszuuiamnuvasads flegdudfoussfiulusedufun
(X =4.75,SD. = 0.44) LLazng”wmum”‘alﬂﬂizLﬁuiuiw‘"uﬁ (X =4.52,5D.=0.61) n15}4 Firebase

Authentication wagsyuulinsviadeyavilvissuuiiamnuniigeiog:
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nsieildianueundinduyadihundyydmivszuuudangeniay nsuduiiou wareileUsunenuia
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