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A Study of the Performance of a Simple Harmonic Motion Measurement System Using

Arduino Compared to Standard Laboratory Instruments
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Abstract

This study aims to evaluate the performance of a simple harmonic motion (SHM) measurement system using
an Arduino Uno R4, in comparison with standard laboratory instruments used in a general physics laboratory. A
mass—spring system was employed as a model of SHM. The extension of the spring was measured under
suspended masses of 150, 250, 350, 450, and 550 ¢, and the force—-extension relationship was used to determine
the spring constant (k). Subsequently, the oscillation time for 20 cycles was recorded to calculate the period
(T), and the spring constant was determined from the period-mass relationship. Under identical experimental
conditions, measurements were repeated using an Arduino-based system integrated with an ultrasonic sensor
for displacement measurement and an infrared sensor for time detection. The experiments were conducted in
five trials, and the results were analyzed to evaluate accuracy and precision. The results show that the average
spring constant obtained from the extension-mass relationship was 25.440 N/m for standard instruments and
25.034 N/m for the Arduino-based system, corresponding to a percentage difference of 1.612%. For the period-
mass relationship, the values were 25.177 N/m and 25.261 N/m, respectively, with a percentage difference of
0.452%. These findings indicate that the Arduino-based system provides results consistent with standard
laboratory instruments, with acceptable experimental error. Therefore, the developed system demonstrates
strong potential as a low-cost alternative or complementary tool for laboratory experiments, particularly in

educational institutions with limited budgets, and can be effectively applied in hands-on physics teaching.

Keywords: Simple Harmonic Motion, Arduino Uno R4, Ultrasonic Sensor, Infrared Sensor
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Abstract

This study investigated the persistence of latent fingerprints on ABS/PC blended plastic luggage surfaces under
semi-outdoor indoor environmental conditions across different recovery intervals and compared the
effectiveness of cyanoacrylate fuming and cyanoacrylate fuming followed by Basic Yellow 40 staining. Latent
fingerprints were deposited on luggage fragments and stored under two conditions: (1) a semi-outdoor indoor
environment and (2) the same environment with samples enclosed in black plastic bags. Examinations were
performed at 1, 3, 5, 7, 14, and 28 days post-deposition. The results indicated that during days 1-7, both
techniques produced very good quality ridge detail under all storage conditions. At 14 days, samples stored in
the semi-outdoor indoor environment retained very gsood quality, whereas those enclosed in black plastic bags
exhibited a reduction to good quality. By 28 days, fingerprints stored in the semi-outdoor indoor environment
were of fair quality. In contrast, no detectable prints were observed using cyanoacrylate fuming alone for
samples stored in black plastic bags; however, low-quality ridge detail was recoverable when cyanoacrylate
fuming was combined with Basic Yellow 40. Statistical analysis revealed no significant difference between the
two development methods (p > 0.05). Nonetheless, the combined technique produced superior ridge clarity.
These findings support the application of fluorescent dye enhancement to improve latent fingerprint

visualization on ABS/PC polymer surfaces under varying storage conditions.

Keywords: Latent fingerprint, Cyanoacrylate fuming, Basic Yellow 40, ABS/PC
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annzinzid oeluiesluanis Tnetdunsndadinlue1nis Potato dextrose agar (PDA) 7 58A UAMULTUTY
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$eway 0, 0.5, 1.0, 1.5 uay 2.0 MUNUNITNAaBIwuLduanysal (Completely Randomized Design; CRD) Useiiiunis
WiglaeinvuaduiuaudnandaladvasAungnsinisasy @afunsiou) Tasieianuunneig neadRvisyeu
p < 0.05 HANIINARDI WU ﬂim%aﬁﬂﬁNaﬂﬁzﬁummﬁﬁymmLé’uSL&JLﬁmﬁga 3 yilpogsiitedfy lneanudutuiovay
2 liendnsnnsia3eyasan loun 14.38 = 0.23, 14.60 = 0.12 way 14.26 = 0.23 TadwnssioTu Tuhausazylanudidu
Andumaifintutssannienas 19 f 26 uenanil vwaduiugudnandlaladlutuil 4 fenfsduogweoiow
syAupududuvenIadaiin uansdnuazn1snevaueUUT uiuUSI (dose-dependent response) N134AY
nsndadfinluszausovay 2 @awnsaduasunisiaiyveaduleinluana Pleurotus areldanag in vitro leognd
Usvansam wazdilinunadudaiiseauanududuiing s nan1sanuniddliiiuisdnenmeansndainlunis
Usrgndlfiiossmafudulowasfassansnmmsnanidialussuuimsidsndonduddely

a @
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Abstract

This study aimed to evaluate the effects of different concentrations of humic acid on the mycelial growth of
three edible mushrooms: Pleurotus djamor, Pleurotus ostreatus and Pleurotus pulmonarius under in vitro
conditions. Humic acid was added to Potato Dextrose Agar (PDA) at 0, 0.5, 1.0, 1.5, and 2.0% (v/v).
The experiment was arranged in a Completely Randomized Design (CRD). Mycelial growth was measured by
colony diameter and by calculating growth rate (mm/day). Statistical differences were analyzed at p < 0.05 The
results showed that humic acid significantly increased mycelial growth in all three mushroom species.The
highest growth rate was observed at 2.0% humic acid. The growth rates were 14.38 + 0.23, 14.60 + 0.12, and
14.26 + 0.23 mm/day for each species, respectively. These values were 19-26% higher than those of the control.
The colony diameter on day 4 also increased with higher humic acid levels, indicating a dose-dependent
response. Supplementation with 2.0% humic acid effectively enhanced the mycelial growth of Pleurotus species
under in vitro conditions without exhibiting any inhibitory effects. These findings highlight the potential of humic
acid as a growth-promoting additive to accelerate mycelial colonization and improve the efficiency of

mushroom production in commercial cultivation systems.
Keywords: humic acid, Pleurotus djamor, Pleurotus ostreatus, Pleurotus pulmonarius, mycelial growth
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2ue s PDA Miinansazanensadafinfinnududulosay 0, 0.5, 1.0, 1.5 uay 2.0 ¥iaviaa 5 81 1WKUA1TIAGDS
wuvduauysal (Completely Randomized Design; CRD) tinldvuiiguuniuguaumgfl figamgil 30 esreaidea
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ANANUWUTUT IS RFETUTLATL IBM SPSS Version 21 waziUSsuifisudadesieds Duncan’s Multiple Range
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Mycelium growth rate (mm/day) = (Dt - DO)/t (1)
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ANUnturenInddin Insanududurensndiiinfosay 2 Wensasyvenduloaanuaziidnsnisiasyunneig
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Taladl v1AY 37.10 + 0.55, 56.50 + 1.00 kag 77.90 + 1.14 JadLuAs ANE1AU wLazdonI1n13lasey iU
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Vv ¥ a a v
AMULVUTUVDINTNGRLN (Sovay)

Sauazany vnduiugudnaslaladl @aduns) . -
- o . o 9NN
YUAYDILUA Wuduves Vo4 Vo4 Vo4 Vo4 2 e a
a a UN 1 UN 2 MUN 3 MUN 4 MWUN 5 (HaaAINDIU)
NINTIUN
0 1130+ 0.27  28.10°+ 1.08  45.40°+ 1.14  66.30% + 0.84 - 12.06% + 0.17
0.5 14.10° + 055  31.30+ 057  51.30°+ 0.45 72.70° + 1.35 - 13.34° + 0.27
. 1 14.30° £ 0.45  32.40°+0.89 5250+ 1.00  73.60°+ 0.55 - 13.52° £ 0.11
§%13]
1.5 15.50° + 0.71 35.50° + 0.71 54.50° + 0.71 75.50° + 0.71 - 13.90° + 0.14
mau'za‘uuw‘

2 16.10* £ 0.55  37.10°+ 0.55 5650 £ 1.00  77.90° + 1.14 - 14.38* £ 0.23

%CV 12.34 10.07 7.55 5.55 - 6.03

F_test *¥ *¥ *¥ *¥ _ *¥

0 6.00 = 0.00 18.60°+ 12.4  32.80°+ 045  48.40°+1.29  64.10°+ 0.96 11.62° £ 0.19
0.5 6.00 + 0.00 19.10°+ 0.89 33309+ 0.91 49.80°+ 0.67  66.50° + 1.97 12.10% + 0.39
1 6.00 + 0.00 20.90° £ 0.65  3520°%0.45  5230°+ 130  69.30°+ 2.31 12.66° + 0.46
WiAUNaSH 1.5 6.00 + 0.00 2250+ 1.00  36.30°+0.84  5350°+ 146  73.50° +0.79 13.50° + 0.16
2 6.00 + 0.00 2350°+0.00  40.90°+0.89  59.30°+0.67  79.00° + 0.61 14.60% + 0.12

%CV 0.00 9.99 8.49 7.58 7.89 8.60

F_test _ *¥k *¥ *¥ *¥ *¥

- DAY o ' LAY o W aa a e A o W a
RUYLUR: ANAUVUEAINILATDNYIANAULTAIAIIUUANANBYWNUUYTIAY NN A (p < 0.05), ** UANUANNUBYNUULEIAYNNEDR (0 <0.01)
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A5199 1 WaveInsadlinAINTUR1e ¢ AenisiaserendulaWinuue1ms Potato dextrose agar (5ig)

fovazary vuafuiugudnaidlalail (Giadiuns) . o
- - . BNIINITHAIEY
YUAYDILAA LIUTUYBY Y 4 Y Y Y 4 Y 4 o .
o o UN 1 UN 2 UN 3 MUN 4 AUN 5 (UaauNTABIU)
NINTIUN
0 6.00 + 0.00 16.70°+ 0.84  28.70°+ 1.10 44.40% £ 1.24  62.40° + 2.10 11.28% + 0.42
0.5 6.00 + 0.00 20.80° + 0.45 34.70° + 2.86 51.50° + 1.06 67.10% + 1.98 12.22% + 0.40
1 6.00 + 0.00 21.90° + 0.89 34.60° + 0.74  52.10° + 0.96 69.90° + 0.89 12.78°+ 0.18
WIAUSUAD 1.5 6.00 + 0.00 2200+ 1.12  36.10° £ 152  54.60°+0.74  73.00° + 1.84 13.40°+ 0.37
2 6.00 + 0.00 22.60° + 0.65 38.20° + 1.20 57.30° + 1.35 77.30° £ 1.15 14.26° + 0.23
%CV 0.00 11.06 10.33 8.68 7.71 8.44
F_test _ *% *¥ ** ** **

RUBHR): Aiadeiuansiefsnusmetuuansauuaneseisitedfymieedn (o < 0.05), * Sawsiuesiiduddynisada (o < 0.01)

- 2 <
NT3LAIEYY aadulewin

. 90.00
=
g 80.00
€
S 70.00
E 60.00
= 50.00
&
@ 40.00
>
& 30.00
=
= 20.00
&
g 10.00 I I I I
S |
g 0.00

0 %HA 0.5 %HA 1 %HA 1.5 %HA 2 %HA 0 %HA 0.5 %HA 1 %HA 1.5 %HA 2 %HA 0 %HA 05 %HA 1 %HA 1.5 %HA 2 %HA
WIAUNUIATUY WAy HAUIITUAD

miuil miviz miuii miuiis mouins
A 4 nsvluananisiasauesdulainuuens PDA fiflkaunsagaiinanududumig o

5. aAUTIINANTTIY
INNsAnymavetsTAUANIdLTunIndfinsenisguendulemiaiuld 3 4ila ldun Wiauiausasuy
3 1 ° v & S a a a [ LN =
Wiauesy wagiinunesuan angldanniginngiisauue s PDA Miiunsadrdnluseduanuiduduiesay 0 G 2
nan1snaaekdnsliliuegadaauinnsadafiniinansziunisaiguendulewiaa 3 vda lnonsiinenududures
nsndrflndwmalivwiniduiiugudnandlalaiuagdnsinisasyiinduegraiidedAgmeada (o < 0.05) lnsangn
anududureansadiinfovas 2 Wiannsaiyveadulegegaludiannedn lnewaunsasuniidnsinisasywbe

14.38 + 0.23 faduaseoTy Winuesy 14.60 + 0.12 fadunseaTy wazfinu1asue 14.26 + 0.23 fadunseaiuy

WawSsuisuiuganiuauiiaududuveinsngiliniovas 0 FalA19RIINITATYNES 12.06 + 0.17, 11.62 = 0.19
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way 11.28 + 0.42 fadwnsdetu mudwu nsiiunsadafinanududuesas 2 Preiusnnsasyinduiesay
Uszannl 19.20, 25.60 UaY 26.40 ANEIAU kandliliud sdnwarANNFURUS TE IR U ULaEN15IaS fURs
wdulewdin (dose-dependent response) aegstaunieldanng in vitro

HANIVARBININENEEAABITUMLITEU0 Hrselova et al, (2007) 71518971131 humic acid-like substances
Mnazneutimindanansadfisfunatenion ectomycorhizal IUszanafesay 15 f 30 Waifisuifuamun
Yonanil Fozia et al,, (2020) 518974731 mna’%mm%nﬁﬂui’aawmLﬁmuwiuﬁmmlfﬁu%ﬁaaaz 0.5 89 1.5 22y
nandnneniiiniosay 18 fis 28 uazifluuiualusAududssaudosay 10 fs 15 W eifisuiuyamuau wii
sudsnarudunmnaeduianmizass (n vivo) uiwultiunsnovausndsuindeaududuiifisduiimuaenndos
furanisiaseyeadullusziutesu fiRnisvesmsdnuil

Twiupadeaiu Abdelgalil et al., (2025) 51897431 NM5M potassium humate Saufu1ad 1 luAsINELITR
unsuTINananTINTesar 22 84 35 waziinUsyAninmmsasutagmizuneniin (biological efficiency)
og1efifoddny Inonatiinduduius funisssmaiudulelussosiu deaonadastudoyalusudsedd wu
il Tussduanududusosay 2 fvuradurtugudnatdlaladluiudl ¢ qefia 77.90 + 1.14, 59.30 + 0.67 uaz
57.30 + 1.35 fadwns Tuiausazsiianud v gandgaaunuegadnan

oehdlsfinnu Tnssadsuazuvasiinvesnindrfiniinadenisnevaussueates swves Louzada Dos Santos
et al, (2021) Anwin15iasgyueaiineasud (Pleurotus eryngii) wuin ﬂm%aﬁﬂﬁﬁé’mdauﬂumﬂdu carboxyl qaﬂhmﬁ'm
Fasmsveriduleldussanaiesay 12 i 20 vazfinsadifiniiflassaierlnningiunwiaeiavzasnisiady
Tussordunandliiivinuaudiiidasedmomnsdunisiunmmdomunuedduresduls uenainid Majchrowska-
Safaryan et al,, (2024) smmudﬂmi%’aﬁﬂL%awnﬁsnémmimﬁuﬂJmmLﬁuﬂmquénmﬂﬂiaﬁsuau%aﬁ Metarhizium
§¥anay 10 fs 25 Fufuaraduty Teatvayuuunfniwavosansdafinddnuueit uoy fussduamududy
(concentration-dependent) Wuieafunansnnassnsel

Maffia et al., (2025) la®5 U187 humic substances a'mwmﬂiwfummamaammﬁuﬁlﬁﬁ’a%’mﬁu
nsmglasziuivadiaznisvudesineimns iuAanssueulesl 1wy dehydrogenase Lag ATPase danaliinisadis
Franaifisdu vaiedl da Silva et al,, (2021) Tvnuinsndafindaeifiveuannsalunisgadululanaunasleaoa
Tuqdundsldunninfesas 15 fsonmeduisnafiniuvessammasiyduledesas 19 s 26 fnulunuAtedls

o v

KIITNANITNAADILAAILLI L LILTIUINDE19A DL DITUDITLAUAINULVUIUS BUAT 2 LATI1891UYBY Wei et al.,

(2024) @liudn Tuunensdlanududugsenansliiinnadudutesiviia lnsanzidesinelsaiiy Mludu
lassasraluianauasUsunaansiiuedn Al ulseauaudutuiovas 2 agdelivaninaduddunisdnuil
windsinisnegeuluszaviigenitanududuiovay 2 iienvuaYAUdNtuvunza (optimal range) kay

1Y

sesufoasuAnNaufiy (threshold level)
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Pnuan1snaassduduiinsadidinfiunuinlunisnseiunsasyveadulewialuana Pleurotus neldantie
in vitro aghataau warlinaiistulurasiosay 19 s 26 Wafleutuganuey Fegluridndifeatuseanunount
(Usganmdosay 15 9 35) veluseduiesu foAnsuarseduianmnizaie wansliiiudneninvesnsadaiin
TumsUszgndliifiessmaidudulouazenaiinyssavsammandinludandyd egralsfnm msnwidedes

TusgAuaMuTTENNI 19T ULa TUsTUUNSINZS st sBuduANUMIN aUMAAsYEAIRa TN ATRL A LB 1TY

6. AnANsIUUsENA
HITeveveunmIamiagusuiigamsdnisun iniueyiasigiaisazatensadidnainuignsulille
WAZYDUAMAMEINGIMIANSNITUNNEG U Inendensie Hatuayusudseana waglinnuagainlunisldviesufjifinng

TwgUnsaiuavinsosiionns q naean1siderilienddeldnseaalulided

7. 19NE1591984

93a51 sdanuun way Usunsy 3ande. (2562). n153AT1eRuuLagNanauLnuNIsam i suialud wia
uAsUga: nstdlfnwmuwvaenisiseus. 2155759m89n71590015 99 INeIaeTIvAuATUTY, 6(1), 91-108.
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Udey nMInaastlinvuadnsdiuvemeiiofiiuanumnuiuassietidesiuandaiu lawa 150/0, 150/10, 150/20,

v '
=< e~

150/30, 150/40 wag 150/50 (nSu/n5W) melddeulunissndeuiusuiianmnll 250 esrwaidua usssn 1.72 MPa

U q U

wazszerlIanlun1san 2 Falus iieuseiiuaudinianienin Wna uasllisaiuiou nansinwnuituiuiagwaun

aa o o

gnsdansatusUliuasiidudasey anuruiture s iannauduwlduindudainusunadibos Tned
AgaEAUsEaNM 1.10 ¢/cm? Min31dIu 150/30 uay 150/40 (n$1/n5u) vaugfinnsgaduiniiufunuuiinaiibes
FuinanauantAveudITeidey MegeuauURTInanuIgnsId 150/30 (nF1/nTH) TANUATLLTIAIEIER

Fanandliiudanisaneloulsiniluseans ansesnInuuysnduasAasunsy autRdannusaunuInsinddese
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anA1N1sIANLSeuveian Fudunauinnnisiiuduresesinveinianglulassaiiswesian nanisAunumaiil

q
¥

Pl Tanaeulndn HOPE-Udesludnsdn 150/30 (nSu/n3u) daaaudfivisnianin 1Bna wazauseuiiauna
Wigdnsunueng o wu wiunnisluenans Feddesnisanuudansegs 8elundntu wwameldaluuuimidau
dmsunisliusslevinnveadouasativayuiasegianguioy
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Adfiny: wedleiduAnuvLLugs (HDPE) Uldey Taawasld-wanaiin n1sdnseu
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Abstract

This study investigated the development and properties of an eco-friendly composite from high-density
polyethylene (HDPE) waste reinforced with sawdust. The experiment used HDPE to sawdust ratios of 150/0,
150710, 150/20, 150/30, 150/40, and 150/50 (g/g). The materials were hot-pressed at 250 °C, with a pressing
pressure of 1.72 MPa and a pressing time of 2 h. The results showed that all composite sheet ratios were
successfully formed with smooth surfaces. The density of the composite sheet increased with increasing
sawdust content, reaching a maximum of approximately 1.10 g/cm?® at 150/30 and 150/40 (g/g) ratio, while
water absorption also increased due to the hydrophilic nature of sawdust. The highest tensile strength was
observed at 150/30 (g/g) composition, demonstrating efficient force transfer between the matrix and
reinforcement. The thermal conductivity decreased with increasing sawdust content, resulting from the increase
in air spaces within the material's structure. These findings suggest that the HDPE-sawdust composite at a ratio
of 150/30 (g/g) exhibits balanced physical, mechanical, and thermal properties suitable for applications such as
building wall panels that do not require high strength. Moreover, this approach provides a sustainable pathway

for waste valorization and supports the circular economy.

Keywords: High-density polyethylene (HDPE), Sawdust, Wood-plastic composite material, Hot-press
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(Wedelia trilobata (L) Hitchc.) uagnanan159anvaaLadaninain
(Capsicum annuum L. var. acuminatum Fingerh.)
Isolation of Indole-3-Acetic Acid-Producing Endospore-Forming Bacteria from the
Rhizosphere of Wedelia trilobata (L.) Hitchc. and Their Effects on Chili Pepper

(Capsicum annuum L. var. acuminatum Fingerh.) Seed Germination
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UNANED

nsldqdunidduaiunissyiulavesindusuimsdidy veansinensed 1988y nsanizuuaiienausondn

go3luun Y 18U n3ndulna-3-0¢¥An (Indole-3-acetic acid; IAA) N15ANYIT T TR Useasd i aAnLenLuaTLSe

s o

nauasrveulaales Nudna IAA mﬂﬁuiausmﬁuaﬂﬁuﬂiz@maaLé‘yaa (Wedelia trilobata (L.) Hitchc.) wagUsziiiuna
HON1390NVBUUEANS AT TN (Capsicum annuum L. var. acuminatum Fingerh.) LAUf10819AU 9 Free199 Nt U
WNINeFe N1 LarARLENULEMNT nutrient agar (NA) wulSinauuafiienguasiaeulaades aglurag 8.33 x 10°
f4 7.50 x 10° CFU slonfuvesiu wazkonldvienun 69 leluian n1svaaeunisndn 1AA #2835 Salkowski wuiy
wuAiiGeaunsanan IAA Ididlusmsiiduuaglaiiy Ltryptophan Tnefusunes 3.67 + 0.61 8¢ 28.70 + 0.33 uax
5.18 + 3.25 fla 112,53 + 13.76 lailasn$usiefiadans auddiu Tneleloian WTB3-1 TUSunal 1AA gefign n1svazeu
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AnugIsenadegefigauindu 24.32 + 301 fadwns uenaninsliwaduuaiiedsisanssaziaiadsluniseen
widerfies 1.24 + 0.62 Yu uagliadaimaseniafogefignviniu 9.40 + 1.60 nansAnuliFuiuuafidonguaig
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Abstract

The use of plant growth—promoting microorganisms is an important approach for sustainable agriculture,
particularly bacteria that produce plant hormones such as indole-3-acetic acid (IAA). This study aimed to isolate
IAA-producing endospore-forming bacteria from the rhizosphere soil of Wedelia trilobata (L.) Hitchc. and
evaluate their effects on the germination of chili spur pepper (Capsicum annuum L. var. acuminatum Fingerh.)
seeds. Nine soil samples were collected from the University of Phayao, and endospore-forming bacteria isolates
were obtained using nutrient agar (NA), with populations ranging from 8.33 x 10 to 7.50 x 10° CFU/g soil. IAA
production was determined using the Salkowski method. The isolates produced IAA in media with and without
L-tryptophan, ranging from 3.67 + 0.61 to 28.70 + 0.33 pg/mL and 5.18 + 3.25 to 11253 + 13.76 pg/mL,
respectively. Isolate WTB3-1 produced the highest amount of IAA. Seed germination assays showed that soaking
seeds in a bacterial suspension (10° CFU/mL) resulted in the greatest mean root length (20.20 + 6.84 mm) and
highest seedling fresh weight (0.0273 + 0.0058 g). In contrast, treatment with a standard IAA solution (0.2 pg/mL)
produced the highest germination percentage (96.00 + 2.24) and shoot length (24.32 + 3.01 mm). Bacterial
treatment also reduced the mean germination time to 1.24 + 0.62 days and produced the highest germination
index (9.40 + 1.60). These findings indicate that endospore-forming bacteria isolated from the rhizosphere of
creeping daisy can produce IAA and enhance chili seed germination, suggesting their potential as an agricultural

bioinoculant.

Keywords: endospore-forming bacteria, Wedelia trilobata (L.) Hitchc., indole-3-acetic acid, chili pepper,

seed germination

1. uni
mMafiunardanianisinunsegadsBunelideditaveminensuaznansznusedwindouduauiime
ddyrosnianuasludagtu nsldloiiuasansiiindngiivodwailoudiveiunaninssosdu widmansenu
HenugaNaNYy snivesAuLazaunagdunisluszuuiing dufunisldqduniddaaiuninaiyivinvosiiy
(plant growth-promoting rhizobacteria; PGPR) ﬁﬂﬁ%mmauklLﬁmﬁuiugwuwwﬁaﬂﬁLf]uﬁmm'aﬁlmmé’am
LAYAIITOAANITHINIET5LAL] (Compant et al., 2010; Olanrewaju et al., 2017) Mﬁ'ﬂuﬂaiﬂﬁﬁmmm PGPR A8
nsudnsesluuity lnalaniznindulaa-3-023fn (Indole-3-acetic acid; 1AA) Wusesluuiivlungy eandu Adunum
lun13mIvANNISHULEEE N15EARIT0LTAE KaYNITHAUITBITZULSIN tne IAA I8VENafan19ARTINKILY kaY

FINVUBU FadwalagnseraUszanTn1mNITATuLILars19eIMSVRINY (Spaepen et al., 2007; Duca et al., 2014)
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wuaiBonguaaeulaavesidunidunay PGPR Ailisuaualasgisunn Wosndmimanansalunsaina
wulnalos Wnldnuroaninuindeud blmuizay wazimuizausonisnaud udadasininisinens
AN UTAUITONER IAA u,a:a'aLﬁ%ﬁ,Jmiw%zysuaaﬁﬂusimmﬂﬁumiﬁmmﬂuaﬁzumwﬂLLazmiQﬂ%uﬁmmms
(Glick, 2012; Radhakrishnan et al., 2017)

w3nadi (Capsicum annuum L. var. acuminatum Fingerh.) \{ufivirsughadAnresszmdlng funumn
walupananelulssmanaznsdiosn ImEJ‘Uiswmlmaﬁ'ﬁuﬁﬂqﬂw%ﬂmmdﬂ 812,500 15 waziinandnsiuuInna1

250,000 fiusal (Amekawa et al., 2023) egslsAmunisnannsndinuszautymnmseenliadiauouaznisnfives

'
Y o =

Fundeii &denaronnurusuresiulasdneninkanan (Bosland & Votava, 2012) fi51897u37 Bacillus spp.
aunsarfiudnsnssenuazmsiaiyvesiundminlstiunalnnsudnsesluufisuas nnsdnaiunisgndusine1ms
(Radhakrishnan et al., 2017)

Auvinuseusniisduuasazauresgdunidfdunumddysonaaiguesiiv ilesansinfivamsn

wd @158 uns g i uuna andsuvesnfunid inliuinadindndanunainvalgvesgdundge

v
t% d

(Philippot et al., 2013) WyAaNALUIYTA LYW AunTEAUNBRdaY (Wedelia trilobata (L.) Hitchc.) inaaiunsalu

o [

mMaasguazUsuiigs Jraduunaweqiunidnidnenmlunmsduaiunisadyvesiiv (Mei et al, 2022) fsilunis
Anuenuuaiiionquaiseulaadesnniuuinaseusiniiiianuansausuimgdeaudusumeniidneninly

AU T eduasuN1TI0NkaE N IHIFIYDIRUNAIBENeT It

2. nQUszaeAn15IY

ANSANWIAS L9

'
o & A

ngUszasdiiadndonuarUszliudnanimues wuailisunguasiaeulnalasings 1AA

IINAUTBUTINVBIIUNTLANNDAADY UazAFOUNARENTTIONVINENTTN8lAan1Iznnaes

3. A8alun15398
[ o 1 v 4 a 4 ﬂy
N3AAUENLUATIENGNAT10ULAURIAINAUTDUITINVDIAUNTEANNDUTDY

Wiufeg i usauTINAuNsEAuNaRd esa i ufl neluuniine denziendiuiu 9 daeg1e ludeu

Y A v

figuisu-nsngnay w.a. 2568 lngaousuiivtuuvissulaniuiui@afiniusn dhaudaeds 10 n3u ldlurnguauy

a

UM 250 TadansHduINau 90 Tadans WweMons1t5 120 seurawld Wuwian 15 unf annduliainudou

Y 9

14 water bath #igunafl 80 °C 1urian 15 w1l wazUasslifunauuninesnoudialshIvassfAuuLInale
q Y

wuvaauaIudl 10”107 war 107 wd291n135 spread plate @a4UUOINNT nutrient agar (NA) A2M1L393198% 3 91

s
a =

Uuilgaumgfl 30 °C \Juan 24 fs 48 Falus denlaladnddnwaruanaiaduuvinliuiandaaeis cross streak
VU5 NA 9ntiufnwdnvasdugiuingivesgadnienisdoudunsuuas foudoulnauss desriendesqanssad
Maswee 1,000 W1 dunegusianasnisinsesinveasads Wenleluanfiiinsadeulaalesuifuinwiuuems

NA slant 0 working stock wagiiusnulundiwesea Sevaz 20 figamall 20 °C
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nsAnwANaINIIavasLUATiBenguai1seulaaUas Tun1sudn indole-3-acetic acid (IAA)

thuuafidenguad aoulaades MaSauuens NA slant o1y 24 Falus S1uan 1 vhadede widedluems
nutrient broth (NB) U3u1ns 10 faddns Msfusazlaifiu Ltryptophan anududu 1 nfusdedns lunasannass
1A 25 x 150 fadins vleluianay 3 41 Uuvuwedonagfisnnga 120 seustounii figaumnd 30 °C ifunan 3 u
anduilud wnd oedt 10,000 seUA DU ﬁ'qmﬂqﬁ 4 °C \duiran 5 w1 tivdula (supernatant)
Wions19Usuas 1AA Tnanauiu Salkowski reagent lushsndau 1:1 wasiivliludida 30 wil AewdnluTad
nsgAnduuasinNeIAAY 540 wluwng Auwinuiina IAA TasrSoufisufunsivlinasigiuvesaisazans IAA

(Glickmann & Dessaux, 1995) uazdndenlolataniiliusunal IAA geaaluvinsnaaessialy

nsedauANEINIsavakuafienguadaeulaaUss leluaniilddadendanissanvasudnnwiniin

4 v

nsssauuAiiBenguaaeulaauas leluanillddadan

uupfiSenguaueulaales lelmaniidndonundoduonms NB fdin Ltryptophan aoududy 1 ndy
siodns Uums 100 faddns Turinguvusjaun 250 faddns Uuuue3ouvg1idnsiss 120 seusdeudt Mgumgd
30°C Huaan 3 Fu 9ndhutiunded 10,000 seudeuitiigamnd 4 °C iWunan 5 wit itvanladiionsiasuim 1AA

AUNENBUARUINIA199I8UINAUUIIFIINT 3 ASTILAsUSUANU T UYBRIAIST LI UAREad bWINAY 10% CFU

v
o

sofaddns ivdnlawasansuriuasswadazgniluldlunsmeseunsienvesudaninditilunismeaessely

o 2 a &
NSLASBUNAANINIT
< a & P v a & PRy 4 v as 2 [ I~ <
waanin¥iildlunisvaaeslagann3ntfinndeaniisliasumsn (Makro) Tudanianzien deniuén
fauysaluazlifinisvudouresdies anuasorauazdndediinudalasududaninludindulsiaaniie
10 Jaddnsnay tween 80 U5u1035 100 lulasdansluvanunivuin 120 9addans waauvluaisazaiy
sodium hypochlorite $eaz 1 uaztenueasosay 70 Usuns 10 Sadansidunan 5wyl audsu Lagansnaein

nauUsIMmIINTEATIAY 5 WAl 311U 3 ASe (FAUIR) UV wazmny 2568)

NSMAFBUNIIONYBANAANIN TR

ddanindindidiunissnd ouda smeaounistenvenudalagraunuN1TIna LU NNy 0]
(Completely Randomized Desing ; CRD) wusn1svageauidu 5 nguvnasa 9 ag 5 A 9 Ay 20 LWAn il

ngumaaedil 1 widadndihugluindusaanide Uiines 10 fadans

ngunaaasil 2 winniniunugluevns NB Uuns 10 adans

nqunaaasii 3 wimdndihurludnlavesuuaiiFe leloian WTB3-1 fiufunuiduduves 1AA Tudwldly
wiriu 0.2 lulasniudeiiaddng

ngunaaesdi 4 wienindiugluasuriuasseaduuaiiie Teluan WIB3-1 anududy 10° CFU

folaaans
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ngunaaesdl 5 wimmandiurluasazansunsgiu IAA aradudy 0.2 llasnsurefiadans

Lzu5mw%n%yﬂﬂul,wfazﬂfcjwmaaﬂgﬂLLsu'Lflunm 24§13 neutlunagauniseensae3s Top of paper
PLINASFILTES ISTA (2016) Inenamdavunseaneiivgideudu 3 Fufiradetnduliineg 10 fadans Tuaume
L%amumﬁumuﬂuéﬂma 90 fadiums Tufinmssenveamdaidunan 14 Yu dnnafesaznissen Anadediuiuiud
THlun1ssen wardviinissenuessdn augmsded

fovarnsionveudan3nai AulaINgns

Fuudaten
JoYazNISN = —/——— x 100 (1)

o %
MUIUNAANILNE

Andedauiuildlunmsienvenudaninium fuinaingns

NAUINVRIIULEATI9BN x 31U TuAsen

AnadedwuTunlglunissen = 2
NATILYBLUAATIION
o @
o Fuuudngen
ATUNITIBN = (3)
UIVTUAINE

NFAATIERdaYANISERA
WATENveyanIuNUNIVIaasuUduNy Tl (Completely Randomized ; CRD) wawlUSeuiiieuninuuansg

v93A ALy Duncan’s Multiple Range Test (DMRT) shelusunsudi§agy IBM SPSS Statistics Version 21

4. NAN1538
nsfnutBinauaznsRausnuUafisenguaiaeulnaUas ndetausaunindunszaumaiion

1NN TgidegeAuseuTIndunsraunead sefiiiuaniuiiane 4 Tluusnaumiing dewsien
U3 9 F9eE13 WU dUsnauueiiSenguasiueulaaUss ogsening 8.33 x 10 fi1 7.50 x 10° CFU siansuvesiu
wavansnIausnuUAisenguaaeulnaves Tivomn 69 lelaian dwmedl 1 MsAnundnvazduguineivonsed
w1 leleanftomadunuafidounsuun sUieieu aunsaasaoulaateiniglumad uasnsiniesiiiseg du

wadihen Seweiuduae wavegsuiudungy

nsfnwAuEnsaluntanan 1AA vauuaisenduadaeulaaues dusnldandusaunndunszaumasidos
wuafi3enguasrseulnateifiuanléa 69 lelean thumaaeuauanusaluniswdn 1AA Tug s NB

Aduuazlsiidy L-tryptophan avsidutu 1 nfusiedns Wetdmldluiinseilagds Salkowski nuin wuadiFongy

aeulnalesannsandn 1AA Tiluisaosanme neuiuna 1AA fuuaiidonduadaoulnaled nanldluewname

NB #ilaitfiat L-tryptophan eglutiag 3.67 + 0.61 s 28.70 + 0.33 lalasnusiefiadans vauzdilueims NB fidu
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a

L-tryptophan agflutias 5.18 + 3.25 fla 112.53 + 13.76 lalasnSudefiadans uatlolwianiiannsandn 1AA légean
Ao WTB3-1

M19197 1 USunaardnukuaiienguaiaeulaalat 2nfiegaiuusnmsousndunsequnauiey

CLERN P USunauuaiise U
: WUNENUNIDYIY

fi (CFU/g) Tolaan
1 yeWnldnunine duneen (19.02971°N, 99.89303°F) 1.75 x 10° 14
2 SunuuUhadewdea (19.0282945°N, 99.9029692°F) 387 x 10° 9
3 AMUTANIFINTIUAERS (19.0308061°N, 99.9016177°F) 7.50 x 10° 3
4 Tadulamayruia (19.0308748°N, 99.8962056 °E) 8.33x 10 5
5 DIANTANIWESUAS (19.0338266°N, 99.8865581°F) 717 x 10° 7
6 T5e5suansauininendenzien (19.0351736°N, 99.8852699°F) 2.53 x 10° 8
7 whe1e13 99 U nszguidanUunase (19.0320168°N, 99.8948994°F) 5.13 x 10° 5
8 wisthegudnisiseuiiasugianaiiivs (19.0264337°N, 99.8999520°F) 5.85 x 10° 9
9 91PNV IBanELeN (19.0326120°N, 99.8915952°F) 417 x 10° 9
EREY 69

nsfnwmavasLUAiBanguaitaeulnaUas densenvaasdanindiv

dovaasunavatuueiiFonguasaeulnates lelaian WBT3-1 denssenvesudandnialn wuih vonga
nAaes THadeAue19310 AMNEIBER wavdvinanvesdundn (1wl 1) Tnenqunnaesdl 4 §audiude
Tuansuviuaesiaduuaiiiionuitudy 10° CFU defiaddns Tianuensnedsgeiian windu 20.20 + 6.8
fladuns sesasnfengunanesil 5 Mududnluasazaionnsgu IAA avundudu 0.2 lulasniudesiaddns vaizdingy
nAaaft 2 Aududaluains NB Tiraugnasndiian winiu 4.56 + 3.35 fadluns (1597 2) dwiuaruengen
18y wuin naunnasadl 5 AN wETLenRAsgeTian Wity 24.32 + 3.01 fAAlLAT LATUANANIINNGUNAADIDY
ot 9l ad Ay (o < 0.05) Tuvaed ngunaaesdl 2 Tend1ige iafy 10.04 + 5.18 Tadiuns 15197 2)
duesimiinanadsues fundt wuil nqunanesd 4 fiAngafiga wiidu 0.0273 + 0.0058 N3 Yz finduviaassii 2
Toedfigaintfu 0.0102 + 0.0027 nfu (A57971 2)

dofiansaniesaznisien Jesazmsiinsen Sunuiuedeildlunisien uazAdviinigien wui naumeaes
finasodosaznissen Yevaznisinuen wasdiuiuiuad edildlunisienagradfoddynieadd (p < 0.05)
vusiinvinissenliuanarsiuedwdved 1/ gyniadd ﬂ&jmmmaaaﬁ 5 S[,vi”i”aaasmiﬂama?{aqjﬂﬁqm
Wiy 96.00 + 2.24 sesRRNABNgUNARBST 4 dANYINAY 87.00 + 9.75 vazdfindumaaesil 1, 2 uay 3 HAUszana
Yovaz 77.00 (115199 2) dwFudruiuiued oildlunisaon nudn nguneassi 4 1narlunissentdesiign

Wiy 1.24 + 0.62 Tu wazkana9Nngudueg19iiteddynieana (p < 0.05) T893NABNIUNARBIN 5 YEINGY

q
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d d ' <

naaeafl 1 7 udwdaludindu ldaiuuian windu 2.58 + 0.42 Ju ludiuvesdwilnissen nuin ngunaaesi 4

T
o a I

Tienasiign Wiy 9.40 + 1.60 uay nduvaaesil 1 Wiadnfigea Wiy 6.64 = 0.53 duanslunsad 2

q

o % a &
M139N 2 Nﬁ‘ﬂfﬂa@‘uﬂ'ﬁﬂaﬂ‘ﬂ@ﬂLMaﬂWiﬂsﬂﬁq

ngu AMUENITNRAYE  ATNETIEEARAY dwiinanede Souaz fova fruauiuede aviinnsean
Vs (Tadwng) (Tadwng) (n3u) nsseniaie m3inganiaie l#lunseen iy

1 11.38° + 4.50 16.50° + 5.66 00187° + 0.0058  77.00° + 9.08 76,007 + 9.62 258° + 0.42 8.75% + 231

2 4.56° + 3.35 10.04° + 5.18 0.0102° + 0.0027 77.00° + 7.58 77.00° + 7.58 1.59% + 0.38 6.64° £ 0.53

3 11.26° + 1.65 16.48° + 343 0.0224%° £ 00035  77.00° + 8.37 47.00° + 5.70 1.83% + 0.56 6.65° + 1.17

4 20.20° + 6.84 14.47%° + 238 0.0273% + 0.0058 87.00% + 9.75 56.00° = 17.46 1.24% + 0.62 9.40% + 1.60

5 16.38%° + 1.18 24.32% + 301 0.0237%° = 0.0021 96.00% + 2.24 78.00% + 12.55 1.52° +0.82 8.55%° + 2.26

' a o DAY Y ' oAy o o aa
RUGLUA: ANFUVUEAINITATDNYIANNULEAIAITNUANANDY WUUYTIAYNIETDR (,O <0.05)

P 2 o X v A
ANWA 1 HANTSIDNVDUUBANSATNN au JuN 14

(A) ngumnansdl 1 wdamdntihugludindu

(B ﬂq';mmaaaﬁ 2 wianinthudluewns nutrient broth (NB)

(©) nduvinaesdt 3 winndndihudludnlaildannisideuueiiGonduaiaoulaaUes lelaan WTB3-1
7l 1AA enadiudiy 0.2 lalsnSusiofiadans

(D) nqunaaesil 4 wianindihurlumsuruasswaduuaiiFenguasaeulaados Tolaan Wres-1
fifleududu 108 CFU siofiaddns

() ngumaaesil 5 wianintihuluasazaeninsgiu IAA ewdudu 0.2 sefiaddns

5. 8AUSIENANTSIVYLALUDLAUD UL

nsfnwilanuisadauenwuaisenguasiseulaaUes 9INAusousINveIRuNsEAUNei aulaT 1w

69 loloian Inenuanuvuiwiureswuaiiseaglugas 8.33 x 10° §ia 7.50 x 10° CFU sianuvesiiu dseglutiafeaiu

senunillveiunidlufuuinaseunniiaidnnulauseunn 10° § 10° CFU donsuvesiu Tuegiuviinveiiy

N o

WATANINUINGBUVBIAY AUNUILUUVBIRAUNTIN FaluUTIUNTOUTINHUANIINAITATINNINS 98158 UnTd

Y
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v
' o a

WU UrmanaznInezilly S?fwi"mﬁwﬁt,ﬂuLmﬁqmi‘uauLLazwé’nmumaaqﬁuw?sﬁ (Philippot et al., 2013) wonanil
fafisngaudn Tuauuinuseusiniwdnnukuaiisengu Bacillus agluviauseunns 10° §3 10° CFU ansuvedfu
wavUszanas 10° 89 10° CFU sionSuvesiu Tuuiild (Garbeva et al,, 2004)

Han1IMAFRUAINANNTalun1SKER 1AA vesuuaTidefidauenld wudanansandn 1AA Taludae 5.18 + 3.2
fls 112,53 + 13.76 lulasnfusiediadans Ingleloian WTB3-1 WiAn1swdngeiian wansdadnoninlunisidu PGPR
fianunsoduasunisiasguesiiviunisduaneisefluuiiy Wewdsufisutuauideneumit wuiinisuda 1AA
vasuaiisonguaiaeulaaves onadanuuwdsiuasud1ege lnsurdlelaanatunsondn IAA lalugas 35 8
217 lalasnsusiefiadans (Shobha & Kurnudhini, 2012) Tnevilumsdauasies 1AA vesuafisesiniedeeiudums
unueaguild tryptophan Wuansaeiy Fanulaluansdandaainsnits (root exudates) WAZANIANTEAUNTATI
IAA gasRiun3gluusnsauTIniivld (Patten & Glick, 2002)

dlevnaeunaveslelaian WTB3-1 denssenveaudansndi nuinisudwdaluasuviuaesveuuniise
Aty 10° CFU dafiaddng anusmsnuasiniinanvesfundigaiian wiensdadisanszesinanaie
Fldlunissen wandiiuiuuafiierinanausoduasunisenwasnisiasysvesduraminldogadiuszadnsam
Feaenndosfuunuinves MM Tun1snszdunisutsnaznisdndivesieas lnslanizuiiaualssin
(Spaepen & Vanderleyden, 2011; Vacheron et al., 2013; Taiz et al., 2015) LINANHNITNARRITIMUIINTUTLLER
winluasazans IAA sasgilifesaznissengaiian uansliiiuunumvessesluueendusonisnsedunisien
vonudn oslafniu naudldsuwaduuaifoliausnsnuazdminanvesdundrgeniinguildsu 1A
\Wisseeafien Fro1ainannsTiuuaieanunsondnansduasunisadadusiudae W gbberellins (Glick, 2012)

KanIINARBIEAERAd st UTB IRt UTissyIUATISengY Bacillus annsnifiunissenuarn1aady
vouudandnldeeefidudfey freratu Hyder et al (2020) 169131 Bacillus subtilis ausaiiudesagnissen
nszana 86.7 lunguenuasdulseana 90 §3 100 uaztaelvfundrfinsiasiulpfiau e Qao et al. (2023)
wud nslTasausiann 8. subtilis ansadindnsnisenanUszanadesay 71 Wulszanudesay 80 89 81 uagtiiu
ArugeaIRundWszInnienay 18 i 21 aileufunguemunu uananidsdnenuinislduuaiiGssounniie
d1ursav unnssenvenudans nldUsvunmdosay 13 fe 23 waveaeldiudnsenidad uusvuna 1 fu
(Marquina et al., 2018) Faiuunltiaenadesiunanisnaasdusmudded

PnuanInaaeansiiuiLuaiisenguasueulaales lolaian WTB3-1 ddnanmlunisdaasuniseen
wazn1sies resdundmind i Tnslanznsiauiresszuusin deiranisadostuamuaunsalunisnan 1AA
wazansauasunses s uresuaiiae dufulelaaadinaniddnenimlumstauiduifuriieduasunsasy

YaINarann 1M Jeiaillussuumsinunseegeggy

6. AnAnssNUSZAA

L

K378 VvaUAMANEINEIMEASNITLINTEY UnInendensien Naduayusulseanu waglinuazainly

LY a v °o & !

Y
nsldvieaUfuRnis sauigunsaluazin3aalons q aaeansidevilinuideiidnsaqalulaned
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7. 1ONEN919D4

FAUIal wevid, Sudnwal Tadew, uar sujal wsvadyyde. (2568). HaveLUATISENGY Pink Pigmented Facultative
Methylotrophs (PPFMs) #in@n Indole-3-Acetic Acid slan1sienvadudaniniuai. Tu N15YseyuIvINgg
Frinenmaniuasimalulad uninendosiuiguasarsse A% 4 (1.52-60). i ANENduIAUATATIIA.

Amekawa, Y., Hongsibsong, S., Sawarng, N., & Gebre, G. G. (2023). Chili pepper farmers’ pesticide use and residues
under Thailand’s Public GAP standard. Agriculture, 13(5), 1105.

Bosland, P. W., & Votava, E. J. (2012). Peppers: Vegetable and spice capsicums (2nd ed.). CABI.

Compant, S., Clément, C., & Sessitsch, A. (2010). Plant growth-promoting bacteria in the rhizo- and endosphere
of plants: Their role, colonization, mechanisms involved and prospects for utilization. Soil Biology
and Biochemistry, 42(5), 669-678.

Duca, D., Lorv, J, Patten, C. L., Rose, D., & Glick, B. R. (2014). Indole-3-acetic acid in plant-microbe
interactions. Antonie van Leeuwenhoek, 106(1), 85-125.

Garbeva, P., van Veen, J. A, & van Elsas, J. D. (2004). Microbial diversity in soil: selection microbial populations
by plant and soil type and implications for disease suppressiveness. Annual Review of
Phytopathology, 42, 243-270.

Glick, B. R. (2012). Plant growth-promoting bacteria: mechanisms and applications. Scientifica, 2012, 963401.

Glickmann, E., & Dessaux, Y. (1995). A critical examination of the specificity of the Salkowski reagent for indolic
compounds produced by phytopathogenic bacteria. Applied and Environmental Microbiology, 61(2),
793-796.

Hyder, S., Gondal, A. S., Rizvi, Z. F., Ahmad, R., Alam, M. M., Hannan, A., Ahmed, W., Fatima, N., & Inam-Ul-Hagq,
M. (2020). Characterization of native plant growth promoting rhizobacteria and their anti-oomycete
potential against Phytophthora capsici affecting chilli pepper (Capsicum annum L.). Scientific Reports,
10(1), 13859.

ISTA. (2016). International Rules for Seed Testing. International Seed Testing Association (ISTA). Bassersdorf,
Switzerland.

Marquina, M. E., Ramirez, Y., & Castro, Y. (2018). Effect of rhizosphere bacteria on germination and growth of
bell pepper Capsicum annuum L. var. Cacique Gigante. Bioagro, 30(1), 3-16.

Mei, Y.-H., Li, X., Zhou, J.-Y., Kong, F.-L., Qi, S.-S., Zhu, B., Naz, M., Dai, Z.-C., & Du, D.-L. (2022). Both adaptability
and endophytic bacteria are linked to the functional traits in the invasive clonal plant Wedelia
trilobata. Plants, 11(23), 3369.

Olanrewaju, O. S., Glick, B. R.,, & Babalola, O. O. (2017). Mechanisms of action of plant growth promoting
bacteria. World Journal of Microbiology & Biotechnology, 33(11), 197.

34



nsUszgRvIMsuinemansuasmalulad aming1denvdguasaissd A 5

7 NQUA1AN WA, 2569 AarINImaniuazmalulald ininetdesuiguasaissh

Patten, C. L., & Glick, B. R. (2002). The role of bacterial indoleacetic acid in the development of the host plant
root system. Applied and Environmental Microbiology, 68(8), 3795-3801.

Philippot, L., Raaijmakers, J. M., Lemanceau, P., & Van der Putten, W. H. (2013). Going back to the roots: The
microbial ecology of the rhizosphere. Nature Reviews Microbiology, 11, 789-799.

Qiao, J., Zhang, R, Liu, Y., & Liy, Y. (2023). Evaluation of the Biocontrol Efficiency of Bacillus subtilis Wettable
Powder on Pepper Root Rot Caused by Fusarium solani. Pathogens, 12(2), 225.

Radhakrishnan, R., Hashem, A., & Abd Allah, E. F. (2017). Bacillus: A Biological Tool for Crop Improvement
through Bio-Molecular Changes in Adverse Environments. Frontiers in Physiology, 8, 66T.

Shobha, G., & Kumudhini, B. (2012). Antagonistic effect of the newly isolated PGPR Bacillus spp. on Fusarium
oxysporum. International Journal of Applied Science and Engineering Research, 1(3), 326-331.

Spaepen, S., & Vanderleyden, J. (2011). Auxin and plant-microbe interactions. Cold Spring Harbor Perspectives
in Biology, 3(4), a001438.

Spaepen, S., Vanderleyden, J., & Remans, R. (2007). Indole-3-acetic acid in microbial and microorganism-plant
signaling, FEMS Microbiology Reviews, 31(4), 425-448.

Taiz, L., Zeiger, E., Moller, I. M., & Murphy, A. (2015). Plant physiology and development (6th ed.). Sinauer
Associates.

Vacheron, J., Desbrosses, G., Bouffaud, M.-L., Touraine, B., Moenne-Loccoz, Y., Muller, D., Legendre, L.,
Wisniewski-Dye, F., & Prigent-Combaret, C. (2013). Plant growth-promoting rhizobacteria and root

system functioning. Frontiers in Plant Science, 4, 356.

35



nsUszgaRvMsiuinemansuasmalulad aming1denvdguasanssd assi 5

7 NOuAIAN WA 2569 AarINImanTuazmalulal tninedesviguasaissn

nsilSeuifisunsidnasauuuamaivesennidenuliauduiinduvuiadnuuudluna
ngusuunstuluneundiadusiig 9
A Comparative Study of Battery Energy Consumption in a Small Training Quadcopter

under Different Flight Modes in Application-Based Control

suns nasnaw’, loann A3dumsnan’, aigins nonuing’, uluve) uaeds”

Tanakorn Thongklin, Ailada Srichanklan®, Nattapat Homchunchit®, Manoch Sangsiri“*

Tsa3uunansineay
'Phichit Pittayakom School; pox8146@gmail.com
T5950UNInTinenaw
2Phichit Pittayakom School; ailada09282@gmail.com
Nsaseuidnsinenau
3Phichit Pittayakom School; pangpond301152@gmail.com
Msaduuiansfineau

#Phichit Pittayakom School; sangsiri@gmail.com

unfnge
auAteildinaue “maisuifisunslindinuuunneivesoniaeuliautuiindusundnuuudluiaaingluuy
nsOuluseundindusing 9 Tagld DIl Tello EDU ugunsallunisnaaes iiesanlasuidumaluladfignmirunlily
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TUsunsuuaznaaounsiuguuuusing 9 vesomasuliauduilndurmadnuuudluin soudl 3 Weisuiioy
UsgAnsnmnisduguuuusng q vesermaguliauduilnduvuinidnuuudluin seudl 4 iileduauasiinseh
wianulnihuazidsliinedeildnnuunneivesemasuliauiviindunnadnuuudluin Ansesiteyanisada
Tngldrnade uardrudonuunnnsgiu namsise wui seud 1 enmeeuliaudidnduruadnuuuluiaaninse
UftRnugunuinfunnugndeamssudnuuzfeulviidivun aeufl 2 Tusunsufiesnuuuannsaauaunsuls
nssmnuieulafiimualfenagndesienas 100 nansdl meud 3 mstFoulisuusyavisnmnsunuin DroneBlocks
Uszudandsauanniign Tnedsnsnislduunne’ 0.161 %/s ungdl Scratch vnanlsiafian 79.10 Jurd uald
WES91UgIAN 0.186 %/s du Tello SOK fmnuasiiansveanisnuauanndign laefidn SD. = 1.02 wagdasinisld
W ILIEAUUILNATS 0.170 %/s Aol 4 n5itaswvndsaulniiinudn DroneBlocks FAndsuanzduade

498m 0.714 vued Scratch danadsnisldndanusian 0.350 wagriaalnilnean 0.0048 watiauAuNILES (SD. =
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0.077) du Tello SDK fianmaiianovesnislindanuuiniign lasslan SD. = 0.066 usiifdalwinads 0.0069

Aty Tello SDK Fawmnzausian1sinauauenireIulinudu esnliaiesnmvesseuugenan

Adnany: n1slindsnuiunees ainaeuliaudy nMsiUSeuiisuUsesansnn naKIULURAGS

TsunsuAIuAunITu

Abstract

This research presents a study on the “A Comparative Study of Battery Energy Consumption in a Small Training
Quadcopter under Different Flisht Modes in Application-Based Control.” The experiment employed the DJI
Tello EDU drone as the testing platform. Drones have increasingly been used in education and programming
skill development; therefore, understanding energy consumption efficiency is important for designing
appropriate flight patterns and optimizing battery usage. The study was divided into four parts. Part 1
investigated various flight patterns of a small quadrotor training UAV. Part 2 focused on designing programs and
testing the different flight patterns. Part 3 compared the flight performance efficiency of the UAV under different
programming applications. Part 4 calculated and analyzed the electrical energy and average electrical power
obtained from the UAV battery. Statistical analysis was conducted using the mean and standard deviation (S.D.).
The results showed that in Part 1, the quadrotor UAV was able to perform all flight patterns accurately according
to the specified conditions. In Part 2, the developed programs successfully controlled the UAV flight according
to the designed conditions with 100% accuracy in all cases. In Part 3, the comparison of flight performance
indicated that DroneBlocks was the most energy-efficient, with the lowest battery consumption rate of 0.161
%/s. Scratch achieved the fastest completion time of 79.10 seconds, but it also consumed the highest energy
at 0.186 %/s. Meanwhile, Tello SDK demonstrated the most consistent control performance with S.D. = 1.02
and a moderate energy consumption rate of 0.170 %/s. In Part 4, the electrical energy analysis revealed that
DroneBlocks had the highest average specific energy value (0.714), whereas Scratch showed the lowest average
energy consumption (0.350) and the lowest electrical power (0.0048), but with higher variability (S.D. = 0.077).
Tello SDK exhibited the most stable energy consumption with S.D. = 0.066, although its average electrical power
was 0.0069. Therefore, Tello SDK is considered the most suitable platform for UAV flight training, as it provides
the highest system stability during operation.

Keywords: Battery Energy Consumption, Unmanned Aerial Vehicle, Performance Comparison, Battery Energy,

Flight Control Program
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Tutlagtugunsaldidnnsedndldidundunumdrdgylunissruesanuazanuagnateidudiunisves
FAnuszdrTuvosyed lidesdulnsdwidede indesAniay veududidnnsednd ufserniaeniliauduviolasy
Fagunsaiimanidrudndudeddunasinondsnu lnsdnivajogluguvesuunne’ elfanusayauldosid
Uszansnm Tagenmimerulfaudurunnidn (UAV) iugunsaliilésuanudeuesiann Tnstamzlusunisiinduves
tduemesliauiy iesnanmnsolfifudelindnuefiugiu wu maaes mmueuiians uazamsdulurimig
e 9 neuthluldauads nsinduluszduFuduinerdonsmunuiuszuuneuinmoiviowoundindu dedead
anwaznsvhaulndifesiunsiuass (ansns Bufs, 2563)

Tudmdnns maluvesermagliautuiendesiunamansvedlva Tnslamznisaiiausien (LifH) 2nns
vy uvesluin deamnsnedurglddmendnnisvesuusyad (Bemoulli’s Principle) A5zyinusnaiienieluasie
Anudageazdanududii dawaliinanuuansisvesaudussnitefuuulasfuasvesluia viliAausaen

YaNAINT WIENSITUIEAUAIULEIVDIDINIA FIWAAILALTAUIINISIRLANUSWoTluRR Az dINa T TI8 NI UDE 9T

Y

o o a

Todey vasiertudaiussuennie (Orag) Jeflnasonisldndsnuueddasulaenss (SKYbrary Aviation Safety, n.d.)

Aoz davinidedioanisAnwuaziuisuiiisunislindsnununneiveseniae vl auduiinduvuaidn Inevi
nsiSeuiisunsidndanuangluuumstuluneundiadusiig dedinseranuduiusseninamdanuild way
Fnwauznnsiu FsmansAnuiildaztrodunumdunsidenliuunmeiwazsunuunsiinduilmunzay deiiu
Usrdvsnwlunsiin uazduaiumslinuennmasl$autuldesadurmuazmnyaniaiu
2. IgUseasAnsIdY

2.1 iilefinymsTuguuuusing q vesemasuliauduiindusunadnuuualuie

2.2 iitosenuuulusunsutaznaaeunsiugUsuLsine 9 vesemaslfaudiiindurunadnuuualuiin

2.3 ilew3ouiisuussavsnmnistusuuuusing o vesenmasliauduiinduruadnuuudlusi

2.4 efnamarinindanuliihuasidswiedeildnnuumneivesernmas il faudiilinduue

< .:4' 'Y
LANWUUELUIS

3. Faulun15idy

nsideenrenulsauduildlunisaassiie DI Tello EDU dadulnsuruiadnuseian Quadcopter 7ifl
sruumuAun1sTuwuuil il Ingldiguiwedsiuiu (Sensor Fusion) lawn IMU, Barometer wag Visual Positioning
System tesnwnassamlunstunuuiFealnl sruundanulduumneddiBeunediues (LiPo) A1ug 1,100 mAh
wseeulaii 3.8 V indsnusiudszana 4.18 Wh drelifiunewes DC 91uiu 4 fNuaseuAuaiss (ESC) N5
doansldiasove Wi-Fi aud 2.4 GHz Wiulusinaea UDP AUNIM5F1U Tello SDK 2.0 (Ryze Tech, n.d.) kagn1s
nasostidunsnieluoimstiniiu faduiuiiniflasaiUndeuseusu Wemuauanmuandesliliawasiuazan

1%

Tadysunuainnieuen desRuwuawmessuRuYiuegfavar 100
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poudl 1 ileAnwinsdusuuuusing q vesermaslfauduiindurnadnuuudluie
1.1 fAinwnagsiusuteya Weaiswuudumsnstuvesomaglaudiiinduvumdnuuuiluin

1.1.1 vinaeils (Hover)

1.1.2 yvinduguem L {FuvtiiFeaum (L-shaped Path Yaw Right)

1.1.3 vivdugus L iiunihidendne (L-shaped Path Yaw Left)

1.14 vhﬁugﬂ?ilm?iau Bunthiaeemn (Square Path Yaw Right)

1.1.5 yiugudvden dunihideadie (Square Path Yaw Left)

1.1.6 vhduluasegnaifien (Ascend/Descend)

1.1.7 Dufu-Ane-Tu-fns (Step Climb/Step Descend)

1.1.8 Tusy/meaisa (Aggressive Maneuvering)

1.2 funouniaifeusdsmuaunstuluustozunanriady

1.2.1 DroneBlocks
1) Weuselnsuuarldmds takeoff 1ileiFudu
2) 14#n&s hover way movement (forward, left, right) Wesmundunansdu
3) fvun delay Wislinsindeudiseiiies
1) 14#1ds land iileaumsdu

1.2.2 Scratch
1) Wouseuazlimds takeoff
2) Mudenfdsnuaunisindeudisuiu wait (delay)
3)

1Y [

afumdmseld loop wieasiaguuuunistu

Ee

v
a o

a) 14da land Lleduganisvinau
1.2.3. Tello SDK
1) Weusteru SDK warldFds command, takeoff
2) I%Iﬁﬂﬁl'ﬁmuqu 19U forward, yaw (cw/ccw) Wiaumuunan
3) 14 delay (sleep) WilomuAummznsinny
4) 141 land iieaunisdu
poufl 2 eeonuuulUsunsuwasagauNsTugULULAN q vesemasuliaudviindurnadnuuualuie
1. ponuuulusunsxluneundindusingg léun Scratch, DroneBlocks, Tello SDK munsSudidinuluneud 1
2. neapunsiuluguiuusing 9 yasomasuliauduEinduradnuuualuianulusunsufieonwuulianu
Houly Tnevhen 3 ade Tuusiazvindu
3. ayasunsvhauvesemasuliauduiinduruadnuuualuin

4. dunekazvuinng
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poufl 3 WleTvuifisulszavsnmnistuguiuusing 4 vesemasuliaudiiindunnadnuuudluia
1. ﬁmumgmmuﬂ'1sﬁumaqmmmmuﬁﬂusﬁ’u‘s’]ﬂﬁuﬁummLﬁmmu?ﬂuﬁﬂ
2. neaeuMsTugULuUing 4 Tuleundiaduusiazyila laun Scratch, DroneBlocks, Tello SDK agay 3 B
3. pasyvdeunsvhnuvesenmasuliauiinuruadnuuualuie
4. dunaaziuyinuaas
moud 4 WeduauaziaszindsuliiiuazidsliiiedeiilanuumneiveseinaeuliaudulnSusuindn
wuudluie
1. thdfeyananimaaeudszdvsnmmstuanmeud 3 veseniasuliaudiuiindurnadnuuuiluin
2. ArwasmdsnulnihdldanuunneiveseinimeulEausuiindusnadnuuudluie

2.1 qmiﬁwuamwé’wﬂﬂ/\lﬁwﬁwm

E total = V x Ah (1)
1o Etotal = w&sulwimne oy Snd-dhlus
Vv = wseulnihveunes’ fwdedu Thad
Ah = mmayuamumma%f‘ vanAMuENsalun1sIenselalise

Waanely 1 9lue T wauukUs—aalug

2.2 AUIMINAINULRNIZE I

= % x E total 2)
1y Etotal = wasulwiimue ey Sad-dhlus
E = w el Aldlease fuhedu Sad-dalug
% = Sdund s nuidunle

2.3 fudamidsladia

P=E/t (3)
1ng P = Adaladin Sviedu Yad
E = n&suliAldlea3e Swhedy Sad-dhlug
t = nan fvhedu Jund

3. AT UANHA LA

40



nsUszgaRvMsiuinemansuasmalulad aming1denvdguasanssd assi 5

7 NOuAIAN WA 2569 AarINImanTuazmalulal tninedesviguasaissn

4. HANTIY
moufl 1 wiefnwin1sduguiuusng 9 vasernmaeuliauduindurwadnuuudluin

fMagwily : vinaeetls (Hover)
Reulvwasindu : uannznsduiionaenliautuilnduruadnansaasiumisegiuimilenulanla

Inguseendavifuiminveserneaenu dwalilifimsedeuinsdusafuasuusu anusudaduiiawiniuegud

@ o
9
(95 jiover 0)

= | a N
AN 1 kananIUuasals (Hover)

fog1avittu : vindugus L iiuntidedui (L-shaped Path Yaw Right)

- | a < a o v o a ' LY ! < a 14 t%

Reoulvvasindu : Jugduuunsfuiiuseneusmenisiadeuiiaesiiman tnetusnilunstunssludramih
Tuwwaszau antueniaewrhnsyudalusnuAcluniawdn (Yaw Right) luyy 90 esriieswilenss wasidngeoe

gosronsdunssselufianislnd melddeulaifesshwssduaugaaranusilinafinaennszuiunisdu dwali

dunanistulaesiufdnuusduzud L egadamu (Vida et al, 2023)

€.y &
o )
,'.
¢ 9
Toke off Land

AWl 2 uanavindugui L iumthiaeaw (L-shaped Path Yaw Right)
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naud 2 Wissenuuulusunsuuazvageun1sduguuuusing q vaseinmasuliauduinduvnadnwuudluin

A15197 1 wansnsvihnuresendeuliauduilnduruadnuuualuie Tuvidusig o wenauweundindu

1 a a o o
NIUUY waUNALAYY WaNT1ININIU
Hover DroneBlocks

takeoff Lakeoﬁ( )i
hover(5);
hover ﬂ seconds land();
Scratch
5]
takeoff
land
takeoff
land
takeoff
@ tello. [ ]
Tello SDK "
@ tellopy > ...
1 from djitellopy import Tello
2 import time
3
4 tello = Tello()
5  tello.connect()
6
7 print("Battery before flight:", tello.get battery(), "%")
8
9  for i in range(3):
10 tello.takeoff()
11 time.sleep(5)
12 tello.land()
13
14 print("Battery after flight:", tello.get_battery(), "%")
vintu waUndAty NANISYINU
L-shaped DroneBlocks
takeoff
Path 931

yaw right m degrees
fly forward mm
land
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70U o GG WNANISNN9IU

L-shaped Scratch

Path @31

@ tellopy L[]

Tello SDK
@ tello.py ? ...
1 from djitellopy import Tello
2 import
3
4 tello = Tello()
5  tello.connect()
6
7 for i in range(3):
8 tello.takeoff()
9
10 print("Battery before flight:", tello.get_battery(), "%")
11
12 tello.move_forward(508)
13 tello.rotate_clockwise(90)
14 tello.move_forward(5e0)
15
16 tello.land()

18  print("Battery after flight:", tello.get battery(), "%")

poufl 3 wielSauifieuusy@vsnmnnsduguuusing q vesemeaguliaudulnuruadnuuudluin
AN51991 2 LAASANLRAYTINYDITLELLIATMINITUULALENTINIT LU UAMBDIVBILATUIINNT NAABIYINDUNIVNA 13D

muauﬁ’muaﬂwﬁm%’u DroneBlocks, Scratch wag Tello SDK

waunaLAtY seTIaLaae (s) S.D. sasmslduunned (%/s) S.D.
DroneBlocks 110.01 1.74 0.161 0.017
Scratch 79.10 3.18 0.186 0.066
Tello SDK 94.56 1.02 0.170 0.022
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nnsiIsuifisuanai vszeziiatlun1sdu wudn DroneBlocks ldiauniiga (110.01 + 1.74 Funil

a

s09a9nAe Tello SDK (94.56 + 1.02 3unfi) wag Scratch Hanfosfian (79.10 + 3.18 Funi)

150
= 110.01
RS 94.56
Z 100 79.1
e
=
[
S
< 50
<
=
<
Y4 0
=
DroneBlocks Scratch Tello SDK

waUNALATY

29 3 uansAinsilSeuiisusseganlunsiuveddasuannisnaassindunvun

LﬁamUQuﬁ?aLLaﬂwﬁLﬂ%’u DroneBlocks, Scratch wag Tello SDK

PNNsTEUUSnTINISLEWUAWeES (%/s) wuidn Scratch imslandaugeiign (0.186 + 0.066 %/s)

599a370 Tello SDK (0.170 + 0.022 %/s) Waz DroneBlocks T¥waanusiian (0.161 + 0.017 %/s)

. 0.3
<
X
— 0.186
w02 0.161 0.17
g
&
=2
L.i 0.1
i~
<
-
w0
DroneBlocks Scratch Tello SDK
waUNALATY

AN 4 LARIAINISIUSHUWTIBUDNSINS LU URMBSVRILATUIINNSNAABIMN T UNIVLA

WeAuANAILkaUNALATY DroneBlocks, Scratch wag Tello SDK
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a A o a ¢ o o w A an v a v U 4 a <
foud 4 Wermuwiakardnszvnaanulniuazindsdadiadenlaanwusmesvesennmagiulsauduiinduvuinian
wUUELUNS

A13197 3 wandAneduIuveImdNUaNzduRAswar AT RGEvedlaTWAINNTT NARewInTuTvn WeAluA

MeLaUNALATU DroneBlocks, Scratch wag Tello SDK

waunaLATUY WasuanIzawRge () S.D. Mdaluiade (P) S.D.

DroneBlocks 0.71 0.074 0.0067 0.0771
Scratch 0.35 0.077 0.0048 0.0309
Tello SDK 0.57 0.066 0.0069 0.0973

'
a

nnsSeuiisunaanulidenigdiuade (E) wuin DroneBlocks dAnasian (0.71 + 0.074) 58989117

Y 9

o A

Tello SDK (0.57 + 0.066) ua Scratch ffsiian (0.35 + 0.077)

(E)

2 0.8 0.71

G 0.57
= 06

= 0.35

‘§ 0.4

=

<& 0.2

=

<

Y 0

=

DroneBlocks Scratch Tello SDK
waUnaLATY

AN 5 LaAIAINSHUS U S UNS N URNIZEIUANRAYVDIATUIINAITNAABIVNTUNINLA

Lﬁamuauﬁ?mmﬂwﬁm%’u DroneBlocks, Scratch wag Tello SDK

nnsFsuiisumdsladineds (P) wudn Tello SDK fdngefign (0.0069 + 0.0973 Watt) 593a3178

' '
1 o o

roneBlocks (0.0067 + 0.0771 Watt) wag Scratch dANs yian (0.0048 + 0.0309 Watt)
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0.008 0.0067 0.0069

0.006 0.0048

(Watt)

&
L]

0.004

TWHl R

0.002

o

Anag

DroneBlocks Scratch Tello SDK

waUnaLATu

AN 6 LanIAINSIUSEUWsURaa N NLRReUR AT UANNNSNAARIYIN DU LA

WemuaumewaUnaLAtY DroneBlocks, Scratch wag Tello SDK

5. afiusnenanisideuasdatauauuy
moud 1 Wiefnwinstuguuuusng o vesernasuliauduinduvmnadnwuudluin wulvindui 1-8 @

AugnaewmsInueulaidvuaynnsil lagliAianugneesiesay 100 uaneinguuuuviduiianumungaudnu

o £

TgUseivaussaugnistuveaasuy wazarunsathlulineasulaase FedanmdesiuuITeved wANIR nsaSadan

wazaTsdnd Ny (2561) inuinnisivuadumaarsuuuunistuiidanunelilasuduldnsmudeulouasd
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ANusiuglunsIARoUN

noudl 2 wiepenuuulusunsunaznageunsduguuuusig q veseiniAeuliauduilnduruindnuuud

Tusia 91nA15799 1 wudlusensunesntuuaunsavinanulanswuEoulvvasning 1-8 Inennaausi 3 Asawazlvien

a a

AMugnAesiasa 100 Nnnsal wansilusunsuaunsanivaunsiuligndeuasiianuatios denndesiunuideves

o
[ 1

Sattar and Nawaz (2023) fiszyinniseenuuulusunsumuaulasusgradudfudusielinsfudulumuguuuud
muuauazilUldlunislinsensiseuiiumealulagliegndivssangam

pouil 3 WleSsuiiisudsyansnmnistuvesenasniliaudu wuin DroneBlocks SUsyanBamaunis
Tiwdanudiige Tnefisnsnslivunmedsiian (0.161 %/s) ufldszznatlunisfuiniign wansdsnsauauis
anwsieiosazannislindsnuilisndu vuedl Scratch fanusiniEilunistugean (79.10 Funf) wifisnsinsly
wé’muqqﬁqm (0.186 %/s) uarilnnuulsusIuge Feprainananamiisesnsuszananaids (delay) vililasu
Hosufuannanisiuvesnds damalwldndsnuindy Tusued Tello SDK #8nsnsldndsauseduiiunans
(0.170 %/s) usfim s aLeveINIAIUANGTIgR (S.D. = 1.02) lsanannsamunslusedu low-level virlvdnds
fanuusuduagsoiion annsuiuaunaseuressruy dwmalifiadosnmlunistuuniian

peudl 4 1iedwInLaziinszindsnuluinazidslniied svesuunined 91nA15197 3 wuin

DroneBlocks fiATndsuanizdiuadganian (0.71 + 0.074) uansdensldndsnusulunmsduniniian v
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P

Scratch flfmdsnuanizdmiedoniian (0.35 + 0.077) uaziifdslwilniedesiian (0.0048 + 0.0309) usidiAuriu
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6. inAnssuUszne
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Abstract

This research developed an Integer Programming (IP) model for the examination timetabling problem. To test
the efficiency of the model, we selected courses offered in the first semester of the 2025 academic year for
the DTI program for first- to third-year students and the CS program for fourth-year students at the Faculty of
Science and Technology, Thammasat University, Lampang Center. The selection consisted of 17 different

courses. Course-related constraints included the number of exam hours for each course, courses that must not
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be scheduled on the same day, courses of students in a particular year that should have only one exam per
day, and courses that must be scheduled for the same date and time. To conserve personnel resources for
exam supervision, we also set the objective to minimize the number of exam time slots. Running the CPLEX
program to find a solution within 0.98 seconds showed that the model could schedule exams meeting all
constraints and using only 7 exam time slots over 5 days. Compared to Al models, such as Gemini Pro, which
can also correctly schedule exams according to all constraints, it required 8 exam time slots, which is close to
the results obtained from the IP model. However, the ChatGPT model still produces results that violate the
restriction of taking only one subject per day, while the exam schedule generated by the Claude model has
the highest deviation, meaning it is not possible to arrange the exam schedule within 5 days. Moreover, there

are some subjects for students of the same year that have overlapping exam times.

Keywords: Optimization, Integer Programming Model, CPLEX, Examination Timetabling Problem, Artificial

Intelligence
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Abstract

This study presents a novel application of the predator-prey model to analyze and forecast daily concentrations
of particulate matter (PM2.5). In this framework, PM2.5 is characterized as the "prey," while relative humidity is
defined as the "predator." This approach aims to explain the influence of meteorological factors on the

reduction or accumulation of air pollutants in the Bangkok metropolitan area. The researchers developed a
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differential equation to describe the rate of change in PM2.5 levels, accounting for natural growth rates and the
suppressive effects of humidity on aerosol dispersion and deposition. To capture the nonlinear inhibitory effect
of humidity on PM2.5, the model incorporates a Holling Type Il functional response, meaning that the
suppressive impact of humidity increases slowly at low PM2.5 concentrations and accelerates as PM2.5 levels
rise. The model was refined and adapted from the fundamental predator-prey equations, with parameters
estimated using actual daily observational data collected during the winter season (November 2024 - January
2025) along with the stability analysis. Preliminary results indicate that the model effectively explains the
relationship between humidity and PM2.5 during peak pollution periods, maintaining a Root Mean Square Error
(RMSE) 16.2400 ug/m?3 for PM2.5 and 4.9400% for humidity. The insights gained from this research can be further

developed into an early warning forecasting tool for sustainable urban environmental management.

Keywords: PM2.5, Relative Humidity, Predator-Prey Model, Daily Forecasting
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Abstract

This research aimed to 1) predict the dropout risk of vocational education students and 2) compare the
performance of machine learning models. The dataset consisted of 3,405 records encompassing attendance
behaviors and basic information of vocational students. The methodology involved data mining processes,
utilizing the Information Gain technique for feature selection. The top three significant features influencing
dropout risk were 1) total absences, 2) normal attendances, and 3) total leaves. Seven selected features were

used to construct predictive models using Decision Tree, Random Forest, and Naive Bayes algorithms.
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Performance was evaluated via Stratified 10-Fold Cross-validation. The results indicated that the Random Forest
model yielded the highest performance, achieving 97.12% accuracy, 97.10% precision, 97.10% recall, and
97.10% F-measure. This was followed by the Decision Tree model (95.71% accuracy) and the Naive Bayes
model (88.61% accuracy). In conclusion, the Random Forest technique is highly efficient and suitable for
practical application as a core mechanism in developing an Early Warning System to screen and monitor at-risk

students in educational institutions.
Keywords: Dropout risk, Machine learning, Random forest, Data mining, Vocational education
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UnfAfiviunegndes, FP (False Positive) Ao S1wiuiniseuunafiviniuneindndungudsseannansdu wag FN (False

Negative) fio SruiuiniFeunguidsseannanduiivihuneiaindudnd

4. NAN15338

4.1 wamsweInsalarandssnsesnnansfuves]iFeuenidnm

iewensalnnudsniseonnansdu §33uliigateyaidngnszuiunsdadenaudnuas (Feature
Selection) feyALA Information Gain LﬁaﬁﬁzLﬁumﬁmﬁfﬂmmﬁﬁmaqLwiaz{]ﬁa Fauanauadnslunnsnad 2

a '

M19197 2 HANTSARLERNAMINYUENBVENaseAULEEN1TEBNNANAUAILMALA Information Gain

ddu Toamdnuns (Attribute) AU Ariwitin (Information Gain)
1 Total Absent $rnuadiiinaGeu 0.32572
2 Total Present ﬁi”luauﬂ%ﬂﬁmﬁﬂumuﬂﬂa 0.12394
3 Total Leave Srnuadiiimfsuazantae 0.10294
4 Major ATt din 0.03051
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a '

M19199 2 HaNIARERNANENYLNTBNENasaALLEEINITRNNANAUMEWALA Information Gain (si9)

a10U Yoquanun (Attribute) AULNY Athwitin (information Gain)
5 Total Classes SrunumUSEUTe 0.02106
6 Total Late SrunuadiidniSouans 0.02049
7 Gender LA 0.00617

1A 2 wudrUadeiddnswagean 3 duduusn loun FuaueiivinEeu IuiuasfinFeunuUng
wazdIwIuATINan Jdedsladansesnie 7 Audnvauzdndiivingauiian Mnduwilvadawuudiaesmismaia
Decision Tree, Random Forest kag Naive Bayes laglaunausussdnininnisdnuunuseiandoyan1unisng

Confusion Matrix AIWaAIlLA1II9N 3 D9 5

A1519% 3 A1519 Confusion Matrix ¥89bUUT1aNANA Decision Tree

GRUIHRIIEEN virungineglunguides vinnedneglunguuna
(Actual) (Predicted Dropout) (Predicted Normal)
nagudes (Dropout) 629 (TP) 84 (FN)
nauun# (Normal) 62 (FP) 2,630 (TN)

M1519% 4 11519 Confusion Matrix ¥89WUUI1aNARA Random Forest

#01UNINDI virungineglunguides e dneglunguund
(Actual) (Predicted Dropout) (Predicted Normal)
naudss (Dropout) 648 (TP) 65 (FN)
nguuUnA (Normal) 33 (FP) 2,659 (TN)

A157199 5 A1519 Confusion Matrix UedlkuUdaesnaia Naive Bayes

#01UNINDI viungineglunguides vinnnedneglunguund
(Actual) (Predicted Dropout) (Predicted Normal)
ngudes (Dropout) 459 (TP) 254 (FN)
nauuUn# (Normal) 134 (FP) 2,558 (TN)
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21nM1519 Confusion Matrix 119 3 M58 wWudndlaUSeuiisunmsviinenguidminenianumdss wuudiaes

1Y

Random Forest (151471 4) fienuanmnsalunssuunngudiSeusonnansduldiegiagnie (True Positive) gefigndia
648 519113 uazdduruanuiawatalunisvituienguidssinduund (False Negative) sinfigaiiios 65 31903
sagvioulyifiudsmuusiuglunmsnensaingudwanevanlafnindanefiuduogisdniou

4.2 wemsisuiisuyssavsnmuuuiaesnsiGouiueaaied

ielFsuifisuuszansamvosuvudnass §3seldUsuidunanismaaoudies Stratified 10-Fold Cross-
validation Tagfiansanainenadn & fadsa dun AIANYNEADY (Accuracy) ANAMLLILET (Precision) A1AI1SEAN

(Recall) kazAIAINEIAA (F-Measure) AIUARAINALUANTINN 6 Wazn1nil 1

A15199 6 N1SUSEULTBUUSEANSAMNUBILUUIIABINGINTAIANMLEL9IS 3 WATA

wuuIaes AUYNHDY AULLLEN AUTEAN AAUE9A
(Models) (Accuracy %) (Precision %) (Recall %) (F-Measure %)
Decision Tree 95.71 95.7 95.7 95.7
Random Forest 97.12* 97.1 97.1 97.1
Naive Bayes 88.61 88.1 88.6 88.2
Il Decision Tree | Random Forest g Naive Bayes
98 97.12 97.1 97.1 97.1
95.71 95.7 95.7 95.7
96
94
92
X
o 90
§ 88.61 881 88.6 88.2
" 88
86
84
82
Accuracy Precision Recall F - Measure

o ~ = a a o & a
AN 1 AFNUIIUNGUUTLANININVDILUUDNABIVN 3 NALA
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I LY

INH15197 5 hazAINgd 1 GuduNan1sUTeuLiguld1 WUUI1ae99 @5 19nenANA Random Forest 3

v
o

Usgavsnmlunisneinsalasanlunndidin lnganunsaduunanusiseuldgniousiugfieiosay 97.12 seswmaunee
wuuUsaee Decision Tree Wag Naive Bayes AMua1sU Han153984a i wnaila Random Forest tusanasyiuiil
AU ANEEatuNIIANIsiuANTudauresoya wasanunsatnluuszgndldilussuuudusioudimi (Early

Warning System) tiletiewmdefiseuldegiandugusssy

5. afiuseransideuazdaiauauuy
MNNSANBINUTY wuudtaesfiasiemiewaia Random Forest fiUsgansnngantunisneInsainudes
nsgannanAuL (ANuUgnAessesay 97.12) wnwavaniiuuudtaesiliivussdnsamvilenitmaiiadu 1iesa1n Random

Forest \Judanesiiulungunisideuiiuy Ensemble Learning fivhaulaenisguasiesulidndulatuindruiuannuas

'
aa o

UAUIUTUNIU (Noise) haz@nunse

(/A7)

twadwsunlmamdoasusiudu nalndviliuuudassdiamununudedoya
Fnnsfumnududeuvesdoyanginssumadnz sudisinruiuniugeldesnaiusyansam Faterunuilaenndastu
ULV Alenezi et al. (2022) ag Niyogisubizo et al. (2022) ﬁszqdwmaﬁm Ensemble Learning #aniyninis
Overfitting voslanaa wazlinanisiueiluduginirsanesiuduldsadul suvuiieretaiveddy vonani

n13Useyndldinaila Information Gain lunszulunIsAndenauanyMe (Feature Selection) §s¥ielibuudaes

'
v aada a '

annsalridaluiidadenanlaegawiudiunndu Ineannan1sidenudn Jadendavninagegaseninudsddunisesn

'
=

NANAY 3 duduwsn AuAsITostungAnssuNIsEEY Lok 91UIUATINVIAEEU IIUIUATIINLTBUANUNA Laz

v '
ad oy a

Fruauasafian visll ansasfungldin nginssunsdidussududvilyinfiasioud swnusuiaveu usegdls uay

a =

anupniuReaoufnwvesdiseuldedradugussudian Fweenndesiunuideves ¥all wanes uazane (2566) 7

q

o w

sryimgAnssunsioutaznsiintuissulutlideddyinedesiuunldunisesnnansfuvesindeuerddnwm

7

' < P a o & X ANY o W v o = = v o o v ol
atdlsfinu nsfnyidelualdmalidodninuisdsensiisesdieta Ysenisusn deyadauusindildly

¥
o w 1 wa A

nsasendaininediisslayanginssumadiseukasUseiiiugiu Jeo1avihlikuudnaedianudndes (Bias) way

aSursusunnIseannaAuldliseusu iesinintadedAgBanginssunasdian 1wy nadugvinianisseuy
(GPA) g1ugmnaAsYgNIvesaTauas niewsgdlalunisiiew Usenisiass yadeyanliunainnssuiunisidenngy
AI9819MUVLNEAS (Purposive Sampling) 3naufnyLieauriasien Fenadmaliiuuiiasainnisiseuindainiu

@

Uiumanzvesivendouisil (Overfitting) uaziidednfnlunailuagusrdsivanufnuluuiundu

forauenuzdmiumsinuiifonduiol ﬁ%ﬁﬂﬁfﬁaLauaLLuzLﬁamiﬁ@uumawiaaamﬁaﬁ

1. msinsysanmstoyaluiisu q Wsnfuduladetuin wu deyanadugrisvnanaiiou (GPA) deyasu
e vidoanunmaAsHEiakazaTUA leliuuLT AN AT siuTUes Sl dreuduBeiu

2. msﬁnmwaummmimaauLLumi’waaq"Lﬂé’ma;uﬁaa&Jwaiuixﬁu%uﬁu WU S¥AU U1d. v30anufnu
91 Anwuisdu ievaaeumuaiios uazanuansalumsasusidwesuudiaes

3. mimaaﬂL‘LJ'%EJULﬁauﬂizam%m‘wﬁuﬁaﬂa%ﬁm%uqﬂmjmgu 9 W n3eY1eUsEAmIEY (Artificial Neural
Networks) %38 XGBoost \lewiannduuuliiiuszdvamgeandmsunnilaisszuuudasouwuuisoalsl (Real-

time Early Warning System) mald
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6. AnANsIUUsENA

middatuidusqalulifsanudsudos {idevensruveunsean sosmans19138 as.n3e aufus
p1sdfiuTnvAneiinug Ainganliiduinu uugih naensunrvaeuuiludounnsesin q feauielaldedied
54 veveuRINYIdEeTAnwIgnIdl AlvianueyTziteyaainszuuguatiomaeiniFou (EDR) ilothunldly
nsfnelieTed naenauveTe UANANEATHATYAR NI NYuAduatuayulin s dunuidelunsldngagans

waziinUselegvusanIsimusruuNsanwsialy
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D.

[ v ¢

HaN13IANSISEUSITes TRduiusvasguisuadn lagldn1sdnanisiseuuu GPAS 5 Steps
SuAULNN Minecraft
The Learning Outcomes on the Topic of Dimensional relationships of geometric shapes

using the GPAS 5 Steps Learning Model Combined with the Minecraft Game
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Unanea

v
[

ANSITUASIN

IS o o s

nUszasALile (1) Mauununsiadouizos daduiusvesguisade lagldnmsdanisFeuiuu
GPAS 5 Steps Sufiuing Minecraft (2) Wisuisunanisseuivesinseunouwasnduioulagldnisdnniseusuuy
GPAS 5 Steps $ufiuing Minecraft (3) Wiguiiunan1siseuivesiniteundaseulagldnsdnniseuiuuy GPAS 5
Steps Saufuiny Minecraft fuinasinisiamnFesag 70 Afmualy (4) AnwenufianelavesinSeuiifdenisinnis
38USUUU GPAS 5 Steps Uiy Minecraft naufaoeeio tnidsuduiisoufnundi 1 lsaFoutuuanine
Fadamasys $1u9u 30 au dudunsiselumaiSeuil 1 In1sfnw 2568 S 6 Falus wedesiiefilélunisiiu
swswdeya fio (1) wuuneaeyianadugniniinisiFeu (2) uwuasunuauiionels adafililumsinszvideya
1¢uA Aade drudoauunasgiu uaznsmageud (t test) nanmsidewudn (1) UszdvsamussununsinGouslng

v a a

TdmsdnnisiSeusuuu GPAS 5 Steps 33ufuLny Minecraft fifndwiiuseansain E1/E2 gandnunasinasly (80/80) wax

v
1Y % o a a

Autiusyansua (E.1) Wi 0.65 waned1 wnuNMITANIseuINNmNTUTiUsEanSNaas (2) nan1sseudivadamans
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YoINITIUNEINITINNITIYUTUUY GPAS 5 Steps TaUNY Minecraft gendineunisinnisiseuiegraldedfgnia

a

afAnszeu .05 (3) HamaiTeuFINAdamansvainiseunaiN1sIANITSeUILUY GPAS 5 Steps $uffuiny Minecraft
geandunainisianiosay 70 sgelledrAynisadifinsedu .05 (@) anuiaelavesiniSeundinisdnnisiseuiiuy
GPAS 5 Steps $aufiuiny Minecraft agluszauunniian

v w6

AdAY: KanTsiSewl dAduiusvegUisvIntn MIIANITSEUIUUY GPAS 5 Steps, Minecraft

Abstract

This research aimed to (1) develop a lesson plan on Dimensional relationships of geometric shapes using the
GPAS 5 Steps teaching method in conjunction with Minecraft game, (2) compare the learning outcomes of
students before and after learning using the GPAS 5 Steps teaching method in conjunction with Minecraft game,
(3) compare the leaming outcomes of students after leamning using the GPAS 5 Steps teaching method in
conjunction with Minecraft game with the 70% development criterion set, and (4) study the satisfaction of
students with the GPAS 5 Steps teaching method in conjunction with Minecraft game. The sample group was
30 students in the first year of secondary school at Ban Laem Wittaya School, Phetchaburi Province. The
research was conducted in the first semester of the 2025 academic year for 6 hours. The tools used to collect
data were (1) an achievement test and (2) a satisfaction questionnaire. The statistics used to analyze the data
were mean and standard deviation. And the t-test results found that (1) the effectiveness of the learning
management plan using the GPAS 5 Steps learning management with Minecraft game had an efficiency index
value E1/E2 higher than the set criteria (80/80) and an effectiveness index (E.l.) equal to 0.65, indicating that the
developed learning management plan has high effectiveness. (2) the students' mathematics learning results
after the GPAS 5 Steps learning management with Minecraft game were significantly higher than before the
learning management at the .05 statistical level. (3) the students' mathematics learning results after the GPAS
5 Steps learning management with Minecraft game were significantly higher than the 70% development criteria
at the .05 statistical level. (4) the students' satisfaction after the GPAS 5 Steps learning management with

Minecraft game was at the highest level.

Keywords: Learning outcomes, Dimensional relationships of geometric shapes, GPAS 5 Steps learning

management, Minecraft
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1. unih
ns¥an1ssunsaeundinmanslussiudsudnwnousuioduiugiud Ay lunswaminuenisan
Ans1e9i Mslvaealnsang waganuansalunisuidgmvediFeu Tasiameegrdduionides nnitldan
nsuawnunth suds uazsuvuremsasviadaauid Juduidefidesedemnuannsasuiuauinisdds
(spatial visualization) uazAuannsalunsfuinuduiusvossunsdlussmesiiuandnaiu @nuiws afuia, 2563)
ogslsfinu nnisAnwmuiieuduunndsrautgmlunsienudlademding wWesinliannss
Beulsanmanfiluduauinstuamassfiifiusnguussuuldegnagnsies dsmaliAneuduaulunisfinslang

|
' LY

wavldannsaadridessunenmanuteulaiismunldednediusyavsnn (39unn TuAs, 2562)
{]mmé’méndawﬁﬂawLﬁ@m'm;g‘dLL:U’Umsé’]’mmiSwmaaauﬁé’amLﬁumimsmammmiimﬂgl,ﬂuquéﬂaw
Ineagdaoudnlnginliisnisusseeyszneunisendeginuuuuiiey uasteuninglitniseurhuuuiinindundn
feorlsiBertonsianiinuenisndaifuasmsaamnudladdnvesiFou fudu Sdanusiduiasfesuanm
WNNINsInnsBeusfiiiuss s amuazaenadeatuuiunnseuivesiFoulutlagdy
pauAansdansAnuluamnissui 21 msiaudFoudndudesiadumsSouiAdSoudugudnans
TnsdaasulifiSoulaisousiunssuiunisin 1as1ed wagn1sasiesdnnuinlgnues (@1nauaisnisan
5@, 2560) wuamnenieiilasunissensuinannsadauaiunisiFousananldegrefiussaniam fe sunuy
N53AMIEEuSRLNTEUILNS GPAS 5 Steps FsUsznausedunaunadousiuiuligSoulddududoya Anlasz
asfloufitiR a¥esdenud uazthenusluvssgndldluaniunisalsing q @ dneuamgnssumanisineduiiug,
2561) sUnuUMsTanzFoudiyauligSeuiunumadylunadous duaduinsemsfninmed madnadaassd
waymsdoansesaiivgaa Fsaenndestuiimnevesnisiausadugrsnansdeulusiunmsfnudagu
uenani mthdewaluladuazinuitenisi3oud (Game-Based Leaming) uuszgndldluntsdanisiien
nsasundinmansdadudnuummisiiannsafisusegslasazauailavesiiFeuldedeiifoddy Insanzatng
oy Minecraft fadunuasiousiuuvaniiafidalonaligi3ouannsoaauazdsoingluyuuesiivarnuangld

2e819ddsy é’ﬂwmmamm@f&ﬂa'nﬁaLﬁaﬁiamiﬂ’@ummmL%ﬂmﬁmﬁ’ugﬂmﬂLimm’jmamﬁa WaTYIUALASUNTU DI

o %

nMddidvesiSeuldegnfiuss@niam (algven T3eena, 2564) uITeiieesdmuin nsldiny Minecraft Tu

o

NS3 UM USNARAAINITAYIDTRUIANLAINNTAUNITUDINNT AV oY TIuvsdLasuiruARNAsansISeu

ANAANERNS

PMNANARINGTT §IT8T0IN1TIT8LTe dRduiusvesguisuadin lagldnmsdanisiseusiuy GPAS 5 Steps
Sufuny Minecraft WieiauinanisissuveiSoulatiu aasnauduasurinuenisaniinsesiiddfinazaing
wsegtlalunisSeuadamansiiunisussendldinaluladuagdonisiSeuinasandasiuuiunuasanuaulavesiseu

o

TugaRvia
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2. InqUszaeAnsIY

N3RS IngUssasddiail

v o &

1. Wewauununsdnsoudides faduiusvosgiisniada lngldnisinnisifeusiuu GPAS 5 Steps
SiuLNu Minecraft

2. WeiSsuifisunanisizouivesinGeu feunazudaSeulagldnsdansiGouiuuy GPAS 5 Steps i
kNI Minecraft

3. WS suifisunanisiSoudvesiniFou ndaseulagldnisdnnisisousuuu GPAS 5 Steps saufuLna
Minecraft Autnassinsiimunosay 70 Aidmualy

4. \iefnwanuiisnalavestinSeuiiiien1sInn1siseuiuuy GPAS 5 Steps Tauiuiny Minecraft

3. AWalun1s99e
3 s = v

3.1 NTINRAIUIAUNTITIANTTLIYU]

a v o ¢

HIT8WAUILHUNITIANISITBUT GPAS 5 Steps TIuAULNY Minecraft 1309 dAdunusves3Uisv1Adin

o '
= 2] = §  w °

dmfuiniseududseudnuli 1 lagandunisfinwiwaginsisindngns dvuagadszasdnisiseus Wemansy

Y 9

Aanssumatieud o uazmstaussdiuna ainduiununtsdaniadousasundiideng 3 i asaaeuguam
Tnglfuuulsefiunasduszanne 5 seiu udhuanmsssdiunuiuusadlodeumiluldaie msideadsiin
nseULWIAR 3 Uszns TiuA ngud Constructivism AiulyifiFouaiisosdamiiiunsasioufifase wnfn Game-
Based Learning Altinuidudonsziuussgdauaznsiidiusiu uaziuifn Spatial Visualization flsjsiannauaninsa

TuNTU0aEIANITIUNTATMR NTOUMNAATIENNINUINIYTUINITHIUNITIANSSEUTUUY GPAS 5 Steps Saufiu

a

WY Minecraft eflanmwindeuaudandelvilisoudsia a$1e uazuesgdisviadalinnvaisyuuedlunias funeou

v o € o v

maseus dwalifiSoudenlssupaunusssuinulifduiusidiiulssaunisaindudeddegralugusssy
3.2 \asasiianidlun1ive
a A Ay v o v P a v o a v & o
winledldiiusiusiudeyausenauie 2 via laun wuunaaeuiananisiseus Wukvunaasuusiy
4 daden 31wy 15 Yo IdiananisiSeuineaunaznaaioy 1AgHIUN1IATIFEUAUATUTUTBMINF LTIV 6y
lagAn 10C 9g5enINe 0.67 1 1.00 WALATIIABUAMAINANUANNEINGY IneAHeINd1e (p) 885endng 0.39 g 0.92
A181UNITINUN (1) BYTEMIN 0.20 T4 0.89 uazAILFRU (KR 20) Wiy 0.5196 uagluudeuninauianelaves

Q’L?EJuLfJuLL‘UUﬂaumummwdauﬂizmmm 5 56U 91U 20 99 L BE1529ANUNIND10V99UNSIUABNITIANT
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NTeiieseteyalagldriaie diulsauunnsgiu wagn1smagaaue t

3.5 Mwsagmsasvatiniusznauangnuianlaglding Minecraft

o] Jel [=

i 1 fMegramsusnadafiusznauangnuianlaglding Minecraft

66



nsUszgRvIMsuinemansuasmalulad aming1denvdguasaissd A 5

7 NQUA1AN WA, 2569 AarINImaniuazmalulald ininetdesuiguasaissh

4. HaN15938

{ v o &

N15738130¢ dAduiusvessUisvindn lagldn133an1siSeusuuy GPAS 5 Steps Saufiuwny Minecraft

o

av & &
AN UUNIU

M19199 1 Usgansnmvesuwun1sdnseuilaglinisdansiSeusiiuy GPAS 5 Steps sufiuiny Minecraft

wHUNNSIANsISeUsi/iFea AT Azuuuedy  Sowas
widl 1 509 manavideaiaguisuiadin 15 12.19 81.29
widl 2 o9 wihdavesgUisviadnaudia 15 12.10 80.65
w3 1309 mihdavesgUisviadnaudia 20 14.97 74.84
w4 Fos amdunii ameudng uazn iUy 15 12.23 81.51
Vs5ULIUVIANAEUIR
widl 5 309 amdunii ameiudng uazn iUy 15 12.23 81.51
Ve93ULTUIAAEUAR
uudl 6 1309 UisAdnaudAfiuszneuIngnuAd 20 16.39 81.94
e stdununTInnTsteussE it e 100 80.10 80.10
HAMILEUHUNTIANTSBUITEASIY (Wan15isew) 30 25.47 84.89

E1/E2 = 80.10/84.89

NA159 1 Ui Usgdvsnmvesununisdnseuslaelinisdnnisiseusivuu GPAS 5 Steps aufuinu Minecraft

v a

fifndviiuszAvsamm E1/E2 wihiy 80.10/84.89 ganinnausifisaly (80/80)

M19199 2 naaTUUsEaEnmMvIwNLNTInNTsSeuilagldrdviissdvana (E1)

o o < 1 a | a a
NaN1INAadU VIUIUUNLIYUY ATLLUULAU ALRa8 (Mean) SD ANAYUUIZENINE
fouseuy 30 30 17.00 3.72 0.65
wagseu 30 30 25.47 3.72

NA1999 2 WU AuTiusednSua (E.1) Wi 0.65 waned ununsiansiSeusiiannduiiusednsam

aay o ¢

a a P a | | o o a v | o
MN199N 3 Naﬂ?‘iL'ﬁEJ‘LlELiEN UK NWUS‘UENE‘UL?UW@QN] '53‘1/13’1\‘1ﬂE]uLLa%Maﬁﬂ’]iﬁ]@ﬂ’]iLi‘c’JugLLUU GPAS 5 Steps IUNY
LN Minecraft

AnWaZN1SEIU Mean SD t df p-value
593 faulseu 16.97 3.69 73.932 29 0.000
Na938Y 25.47 3.72

* fivfudAgyneadAnszau .05 (p< .05)

1NA15199 3 WU WHANISITBUS IV IARlAAIERT YT NITEUNAINITIANITITEUTWUY GPAS 5 Steps 93U

o o

WY Minecraft gendtneun1sdnnisiseusegradidedAynisatansyeiu .05
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M13197 4 HANTSITEUTINANAAEATNAINITIANITITYUTUUY GPAS 5 Steps $auiulny Minecraft futnesin1siann
fowag 70 Nimuald

ANYAIZNISLIIU Mean SD t df p-value
WnaeiNISNAILUNSaeas 70 - - 6.575 29 0.000
aaSeu 25.47 3.72

* fivdudAgyneadAnszau .05 (p< .05)

1M1 4 WU WANTLTEUF IV Al nAERSveinlTEUnaINITIANISISEUTWUY GPAS 5 Steps Saufiuiny

'
o o aaa

Minecraft gandnnusinmsiauniesay 70 egraditdudAgynsadiansesivu .05

M19°99 5 ANUanelareIliniS s unAN1SIANTEEUSIUY GPAS 5 Steps Sufiuing Minecraft

FTAU
318019 Mean SD Aufianala
1. ussemevasnsissulalenalidnSsuiidusidlunmsvihfanssy 4.57 0.57 anitga
2. ussenAveaN ey lriniseulianunsesiesefulumsiieuy 4.73 0.45 anitga
3. fanssunsiseunisaeuduaiuliiSeuinmnnisha ldeduse 4.63 0.61 anitga
FnaIuLazLANIALARLTY
4. fANTIUMTTEUS GPAS 5 Steps 3iuinu Minecraft Wraulauay 4.50 0.68 gl
wlalieeniseus
5. fANTIUMTTEUS GPAS 5 Steps 3iunu Minecraft el 4.57 0.68 aniiga
UniseuiauluiniannsasouuRase
anunsnwalalunwsay 4.60 0.60 wnilgn

31NA15199 5 wud AnuianelavesiniSeundenisdanisiSeusiuy GPAS 5 Steps saufuina Minecraft ag/lu
szauNInTian (X =4.60, 5.0.=0.60) ieRiansundusiedenui anadevesmufitnelafigeiignfe usseniaves

msSeuilidniSeuiamnunseiededulunisiSou (X =4.73, 5.0.=0.45) sesasnfe fRanssunisSeunsaeudaasy
TiBeuimunsfaldedivse dnarunasuansnnudniiv (X =4.63, 5.D.=0.61) A1uUinIAe UTTHINAYRINSISEU
Dalenalwiniseuildiusanlunisvinianssy (X =4.57, 5.0.=0.57) ANTIUNNTITEUT GPAS 5 Steps TaufULNY
Minecraft Yaglvinieuiauluirtiainnisadieujifase uasAanssunisiieus GPAS 5 Steps saufuiny Minecraft
Waulawaziilalviesniseus (X =4.50, 5.D.=0.68) muasU

5. 9AUT18HANT5IY

aa o s

NNANNTITBLT 09 AAduRuSvesgUsvadin lagldn15dan1sieuswuy GPAS 5 Steps SaufiuLny Minecraft

aunsneiusienan1TIvulanedl
1. HaMTIFBNUI uunsIansSeuilagldnisdanisifeusuuy GPAS 5 Steps saufiuing Minecraft dfnavil
Usg@viznn (E1/E2) winfu 80.10/84.89 Fegeninnauaifinvualin 80/80 wasdladuiiusydnsua (E.1) wiriu 0.65

v
[ =

WaA9IN HUNITIANI TS Bus e T udivseansamuazaiunsanmuinisiseusveiTeuldegranungan el
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\1891191ANTEUIUNITIANITITEUTMIULLIAA GPAS 5 Steps FUTENoUAIIUnUN1IIIUTINTYE NTUTEINAKA
foya n1sUszyndldnus uaznmsdearsinauetisduadulidiSoulidunulunsseuiiiunssuiunsdnegiadu
svuu Usenaufiunistéing Minecraft Sududonisiseudidaldnau (interactive learning media) Mlalonalyifiseuld

afauwvuTaesvesiuisniadinluaninwindeuiaiionass dwaliyiTeuaiusoiouleuiAnLgauINsITUYes

fiRduiusiuuszaunisainsasloujudlaegnnugusssu FuilinszuiumsSeuiivssdvinmaunaeifidivun

a s o

2. NaMT3EUTINAEAMEnSveinTEUNaINITINNITTEUTUUY GPAS 5 Steps Tauiuiny Minecraft g4nin

nounsdanisiseudednitvddgvaifnszau .05 wansliiudn nsdnnisseusluzuwuudenanaiunsaimm

v w6

anuuazanudilavesdSeululomifduiusvesglsuiadaldegafiusydvina Malidunauainnisdaianssy
nsseusRiuudud Ay lnediseulafilon1d1399 afuaznaaesdansglisviadaluaninwiadeuvany

FeYILNTEAUNTTUIUNIAMTITATITLS Bnvisdnuarveunuduhemuusegdlalunisieus vilvidSeu Ananuauls

v
o o

wazddiusalufanssun1sseuiungy dwalinadugvamenisiseundenisissugainiineunisiseuegdidudday
NARINANADAAADINUNUITEVRITING AN TSy tazane (2566) NG GPAS 5 Steps SaufudaUszaulaznyui
HadUgNENINSSuguegwiidud Aty Fatuayudinszuiuns GPAS WBadensadeanudnladdnauiuifa

Constructivism ¥84 Vygotsky 7tun1siieudiiunsujduiusivauindeusss

o @

3. NaMT3EUTINATAMERNSRtinTEUNAINITINNITTEUTUUY GPAS 5 Steps Taufiuiny Minecraft gendn

'
o w aa

nesinsuFesas 70 egdiduddgneadffiszau .05 wandliiiudn nsdnnisiSeudiinananunsadaaduli
Hissuussanamsiseuianuimnevemdnansinegadivse@niam vsilillesnn Aanssunisis suigneeniuuly
A0AARBINUTTTHYIRVRL TN IRAUTUS Feredanfunisuesn naiuiia nMsvyuvsensiudsuluuevesguisuadin

mslding Minecraft Falldnwauzidulanaudd (3D environment) PaelvifiSauanunsateadiuuazdanisiuguisuads

Y
Yaa =

Tunaeyuues dawalvgiSewinanudladaluimiladddu wsannsadinnuilussynaldlunisuidymla
4. anuiisnelavesiniSoundain1sdan1siseusuuy GPAS 5 Steps suiulny Minecraft agluszduanniign

(A1LadE=4.60, 5.D.=0.60) WeRarsunlusedonui Anadevesanuianelafigsiignfie ussenAvesNIsSaulA

Yy a

Jniseuinnunseiesasulunisiseu (Awae=4.73, S.D.=0.45) 589a911A® UNaNTsUNSSeuNISERUawEs LIRS o

Y

WaUIN15ARlAaAUTIE FnatuLarRanImNuAniY (ARde=4.63, S.D.=0.61) 5udIn1ssSsudalonaliiniSau

o

fidawsaulunisviienssu (Awade=4.57, $.0.=0.57) azviouliiiiuil nsdanisifeudfinaunaunszuiunisisoud

a o oA

WBesniudeinuddiaaiunsaasiausseiniant sieus iaunauiu vimie waznsedunisddiusiuveisoula

q

at1afiUsEAnSan uenanil mangiseuldaseuiRasanininy Minecraft Sstelvigiouiauluiainiedineans

daalvigisouiiviruainfsenisseuinadnmansuainnuiianelasenisdnnisiseuiluseAuinniian

6. VorduBLUY

1. MISANYINAVBINITIANITITOUTUUY GPAS 5 Steps TuAUNY Minecraft siovinwedu 9 voddiTeu L

WnwensAandadAdunus nsAndiesist msuidgm nsvireududin w3 enwenisldmaluladadsia welviiu

HaENSUeIN13InNTsSuiluna1e s
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2. msiimsiawazAnwsukuufanssuvsen1siansiseuineluiny Minecraft lvflauvainvianguasy
donmdasiuiiomadamansiuszauiuiu o dWeduwnmanisussendldindlunisdanisiseusadaamans

o

3. dwfulsadeuiiidesindugunsalnoufiunes annsauiuussgndlddonaunuld iwu nisldueundiadu
Minecraft Education Edition uvuuituidn n1sldwenduwas 30 wuuiing 1wy GeoGebra 3D wianslidoudendusios
16" (manipulatives) iielsigiFoudindlidudalsyaunsainsBoudidadiaduiusluguuuuilndidoeiu

1. yidelusuanmsveenguiiegslugalsaiounansuisazuiuniivannvany etfiuauannsaly

M598Il UYRINANITIVY

7. AnAnssuUsznnA

mﬁé’f&ﬂ%nfrﬁﬂL%ﬁ]qa'aaiéfm”aEJmmnqmLLasmwmﬁwmﬁamﬂwmwﬁw AUV UNTEAMANEAINGNAITE
maFeudadnmans TsaSeuthuuasingt Anganlidinu feisusuuy wazuumdumsduiunside naenau
aduayumstuinnssunisianadouditautululdlumsiansEsunseoudedmugfou voveunsrauans

wislsaseutuuanine ilinueyesziuardnsanuasaniunaiunurndeyailueg1ias Thefiged

anb

U

SCp @22
oF 2t

Y U & =

Jevereusiantamszanuesdn unsn Juduiddladdguazuseatuauulifidvamsefnyuazaniunsideau

aralesed

N, @
)

=2

aN&

q

o)l

8. 1aN&@15819949

Moyl Aun1as. (2563). NM3dnnsiSeuiieiniaeldluina GPAS 5 Tu. 27597539euaz i INI5ANY), 11(3), 15-28.

o a o

gum QuA29A wag aigiuY 8A19d. (2565). nanistinisdanisiseuilaeldsuiuunisaeu GPAS 5 Steps wuu
poulall NldoAuanIalunsAndnTwikarANianelaieon sian1ssuivesinSsutuUsEouAnyd
1 6. 2759715398 4%, A1VINYYIMANTUALIIRUAIANT (RUUTMINANY), 10(2), 113-125.

[

Weua Jawiafisey, uazanie. (2566). NMsHmUINEFgVEN1IINMISeWIANnAEnT 5o Souduamasu Tagldns

=)

3euFUUU GPAS 5 Steps Saufudeustan. 215a75A3A1am5 s19Feelna, 10(1), 1-13.

Hayaynydl qviBn1s waw g qvsans. (2567). maRmuinwesAnegiinsuguuasiadunnensSoude
NSIANMSTEUIWUU GPAS 5 Steps Safiunsanunagns. 39575aIAuiLII8I1TWNI15UTIINITAN),
5(1), 22-38.

255801 @314, (2561). UnUMYesA3luNIIANSIEEUIUL GPAS 5 Steps Aifldomsiannvinugnsdn. 275975399015
AnwImans unIngraeasuasunsalsa, 18(1), 101-115.

25813 Snanes. (2564). n1s9ansiSeuglnelinssuaunisAntuguassuy GPAS 5 Steps LilonmuInIsAninTIsY
RnendnusUSeygrumUudia ldlafiun]. sminendesvigumasaia.

1MFuNs wadial. (2561). msimuINadugnEnINITSeuRdamansiFeiniuiiandy IngnstanisSauguuy

5.

GPAS 5 Steps [inendnususygumUnds luladfui]. uminedesiuaums.

70



nsUszgRvIMsuinemansuasmalulad aming1denvdguasaissd A 5

7 NQUA1AN WA, 2569 AarINImaniuazmalulald ininetdesuiguasaissh

3330 @3n. (2568). MsnwuIAnTIuMnTeuslnelifnssuiugiusaudunseuunInSeusiluy GPAS 5 Steps
Wieianaussousmsutamsuusaude BnefinsUsyaumadnlildfifia. uinedeusens.

afya Fanau was s 33asundu. (2567). naveansldIBnsiFeus GPAS 5 Steps Miilfonnuansaluniseiy
3samaﬁaa’wﬁ?mammmmaaﬁﬂL?&Juﬁﬁguﬁ’ﬁauﬁﬂmﬂﬁ' 2. Interdisciplinary Academic and Research

Journal, 5(5), 1143-1158.
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ANSANYIANUFUNUSTENIN9TLELIAINTT I INTANNAUDDBNUITTAUAINULATEA
YBINBYUIATINITNLAY STAUNSINANYINaUUANY 159SeUNINTANGIAY
The Relationship Between Mobile Phone Usage Duration and Stress Levels

Among Special Program High School Students at PhichitPittayakom School

g Uuned udung’, aiging NouTUINTS, 93U wAduns’, uluve) weaeds®
Thapanapong Tamkroo', Nattapat Homchunchit?, Puthip Nakchan®, Manoch Sangsiri*’
T5a5suninsinennu
!Phichit Pittayakom School; khawoat0802721686@smail.com
As958uUidnsinenau
%Phichit Pittayakom School; pangpond301152@gmail.com
Nsassuidnsinenau
*Phichit Pittayakom School; puthipnakchan@gmail.com
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“Phichit Pittayakom School; sangsiri@gmail.com
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fAvserusounuinoulats noudl 2 Wiednwiszeznainsldinsdnidofovesindoulasnisiiauseau
Sseufnwineulats aeud 3 WewSouiisussruanuessavesindeulasimsfiawsssudseunwneulany

TABTILUNAUNA SEAUTUY kazUseinnlasansivee Useannsiid Town dnissududseudneinoulanslasanis

o

Ay lsaeundnsiingray Jmiaians Un1sfinyn 2568 911U 318 Au AvuAvwIANguAIRE1alneldnI51s
UszanaiuuInvenauiieg1aveasduasiosnu (Krejcie and Morgan) 31w 175 au 138n1sdudieganisedy

WUUKUSTY (Stratified Random Sampling) wagN15duE19d418 (Simple Random Sampling) wieadlefldlunis

v A ° [ 1Y ISP

Wefeuuuaaunu w2 di Uszneumedeyamlurewnou wasuuuinssduauinieniiianugeiures

a

wuugeunuviaatuilen Cronbach’s Alpha wihiu .87 nMsilaTeviteyaldadfilenssamn waradlseuni toun

t-test, ANOVA tiag Pearson’s Correlation Coefficient nan1539enwuin dnissuaiulveldinsdnidetiouiunin 6

% 6

Flussiou Tnswnandgsduwilduldnsdnidofiomnnitnavie dnissudnlngdseduanunseneglusydu
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“Urunans” TneinSeududsenfnunin 6 dsedumnuesvnntvadian dniSeumengdissduanuesoniafogs

niwnagegldedAny uazdnissudulissufnuin 6 dszduanuaisaginittudseufnuUin 4 eg1adl
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Abstract

This research project aimed to examine the stress levels of upper secondary students enrolled in special
programs, to study the duration of mobile phone usage among these students, and to compare their stress
levels classified by gender, grade level, and type of programs. Consisted of 318 upper secondary students
in special programs at Phichit Pittayakom School, Phichit, during the 2025 academic year. The sample size
was determined using the Krejcie and Morgan table, resulting in a sample of 175 students. The sampling
methods used were stratified random sampling and simple random sampling. The research instrument was
a questionnaire consisting of two parts: general information of respondents and a stress level measurement
scale. The overall reliability of the questionnaire, measured by Cronbach’s Alpha, was .87. Data were
analyzed using descriptive statistics and inferential statistics, including t-test, ANOVA, and Pearson’s
Correlation Coefficient. Revealed that most students used mobile phones for more than 6 hours per day,
with female students tending to use mobile phones more than male students. Most students had a
“moderate” level of stress. Grade 12 students had the highest average stress level. Female students had
significantly higher average stress levels than male students, and Grade 12 students had significantly higher
stress levels than Grade 10 students. Additionally, the duration of mobile phone usage showed a moderate

positive correlation with stress levels.
Keywords: Mobile phone usage, Stress, Upper secondary school students
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UYAAR LIINARUNIGEHIAY LLamﬁmmﬁi’fa;ﬂaﬁmmﬁuM FedanasdennugoudmeialauasseauauaIen i iiudu
%aawﬁﬂﬁizﬁummm%‘amﬁuqﬁu (Zheng & Ling, 2021) fau MsAnwIAMLduRUSE WIS EznaM s le
nsdwiflofiefusyfuanuaseavesiinSousyduiiseuAnwinautatelulasanisfieudednnudfey Weswinay
FaglidlaguuvunisliinsdwidlefiovesinGou ufawansenuiiidoguaindn Yeyaildannsaluldidu
wuanslunsdaasunisldmaluladogruvanzan nsquagua1iznedn uagdeliagiiusnvnazduins

anuAnwanunsanaunuguatinSeuldegnedivsydnsnmungadu

2. IUIzaIAvaINITITY
2.1 WieRnwszruauessavesinGeulasinisfiay ssuiseufnwnoulany
2.2 ladnwszeznainslinsdnviilefevesinSouredasinisfivie seaussouRnwnoulais
2.3 Wladnwauduiussysunuaioavesinoulasinsivey seiuiseudnuneulans Tnssiuun

PN STAUTY LazUseinnlasanisiee

3. AoAIUN1IY
3.1 Uss9nsuazngualegig
1) Uszans
Ussmnsiildlunisinuadedl loun dnBeuduisenfnumeutats Tasannsiivay lsadoufians
fnenau Siafians Tunadeudl 1 Unsdne 2568 $1uau 318 AU
2) nqufag

U '

nquiegaililunisinwiadedl Idun dnifoudusseuAnwineudats Tasansfives lsadou
finsineray SeriaRans lunaeud 1 Jnsdnw 2568 Mvuavuanguiieg1alaglimssussanaunnves
nquiteteNAsTazasunY (Krejcie and Morgan) léndudaagng S1uau 175 au léud dusiseufinud 4
$1ury 58 AU Fussendnun T 5 $1uau 58 Ay wastulseuAnwdil 6 $1uau 59 Ay
3.2 AuUsvaInIsAnYI
1) fuwUsau iAvestiniseu sregnainsitinsdniileds
2) FUTINY SEAUANLLAS RTINS YU
3.3 YBULUAVBINISANE
1) lunsenwadsil Anwiamzanuduiudssrinsssoznannisldnsdwitlone (@aluse ) fusesu
AnAsenvestniiey lnglduuuusediunnziasenvesaulng (Thai Stress Test: TST-20)
2) lunnsinenadedl Wszanstadu Tnoudusseudnmmeutans Tassnsfives TsaGoufansing
AL STfiFRS Havuasuau 318 Ay
3) Tumsfnuadall Wnausegnsdadu dnGeusssutuiseufnwnoutas Tasamsiiey Tsadou
#Ansfinenau Amuarwinngudiegs Ineldnissussinuvunnves ndudegaveasBuaviesunu (Krejcie and
Morgan) mszjmhasmLLUU%ugﬁmmﬁmﬁw (Stratified Random Sampling) kagn15gueenei1e (Simple Random

Sampling)
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3.4 1A599aLAYN15E3 1A 9NN I U UI Y

v
Ya o ¥ =2 P

in3asiiefililumsiduaied fo wuuasuam (Questionnaire) Fef3duasrstuuazidonliuuuin
wmspuieliununateyaanngusiogns Usznause 2 dwu il
1) feyavluvesnauuuugeunia
Husnuwuuidonmeu (Checklist) léur e szdudy uasnalneedeiliinsdwitofodetu
2) uwuudnsEAuAALATEA
anuzgfimvildasatulsusuusudly dauvasuuuaeuauainuuuinaueien (SPST - 20)
nsuguAINdn (2564) Feusznoudiediniy 20 4o uiadu 2 Fundn ldun enisuansveseunaien (10 4o)
nalnnisidgyainuiaien (10 90) fmeuusziliuautesluseu 1 Weudiiun Tasliazuuy 0-3 muauAves
p1imsvsengAnssu (0 = Lifliaw, 1 = fidnides, 2 = Surunang, 3 = fun) Msulananzluus
0-23 AZUU = SEAUAIILASEADEY
24-41 AZUUY = SEAUAIASEAUIUNAY
02 Azuuutuly = seRumLeSongs
anuzfanvhldmuiunsaiaedosladuuuasuauiielilunafununudoys Tasiduneudsd
1) Anwienans nqwl wuidn uazanAfeiiAeades
2) Anwrguuuulumsairaiuuaeuniy
3) snflunsafrsuvuasunnliinseunquinguszasdveaniside Tiduedesdelunisniu sausm

ToyanNNguiiees et sz ideyasialy

¥
=1

4) dwuvgeun UG e TN 3 YU 191519 TIREUENIANASATALEM (Content

¥
v a

Validity) pnsmngauussn el wazlideiauonuslunsudlulmmungan lnglanauaiusediu aell

+1 nedls wilahdnusediuinnugennsediuingussasd
0 wneds ludlaindanvssdiviinnuaenadeiuingUszae
-1 ety Waenndesiuingusyasd

5) sauswaguiedniiu folausuurvesifvavgy vunuiuugudluazmanuaonadomy
Torauonurvasfiforng lnemduinruaonadasszuindamniufuiden (Index of item- Objective
congruence : 100) #3993 10C filsvausiazdo agszming 0.67 - 1.00 Tnereuidedusauiatuwihiy 0.87
Feogluseiugs uansinuvaeunuiawaeaadesmeluiin wanzdwmiuliiiudeyalunside

6) thuugeuay lunaaeunnudesiu (Reliability) IFeensnaaeurdulszanssan (Coefficient
Alpha) va3asauun (Cronbach)

3.5 n1539usudeya
Anuzdansildsidunmafvnusadeys il
1) yoougmaNgsnenslsafeutazeassiuinm
2) wanApstantiiungusiaagns

3) ayvaeUANANYIalluTEUU Google form wietnlUlinszvideyasialy

Y
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3.6 myaszvideyanieaia

v o

Tavirladmsisideyadielusunsudnseguniead@ SPSS (Statistical Package for the Social

Xy

v £

Science) lngldunounal

a

1. Anngiteyamlunazsziuanuaion lHaffidmssaun (Descriptive Statistics) Wloyen
$ouay (Percentage) Antade (X) uazArduidsauunnsgiu (S.0)

2. mIwTeieLduS s siuguduyeraduasLuuA AR WadRiTseyau
(Inferential Statistics) 17 t-test WUUBaTE (independent sample t-test) LUIBUBUAULATEATZAINIUNE

3. mmngimeuduiudseninszegnanslifefotusefunrunadon WadAduuseans

anduiusuuuLilesdu (Pearson product moment correlation coefficient)

4. Nan15398

A151991 1 NUIULALSoYaTTRAInByuUNlnsAnidletie ataduluwrar U SMUNAUNA

o em o Y Y BIN Y 594 Y
nalginsAnidana/au Sowaz foway ORGH
(A1) (Aw) (Aw)

tenin 2 alus ; - 1 1.00 1 0.57
2-4 GZ‘JI”JIEN 21 28.00 8 8.00 29 16.57

a4-6 GZ‘JI”JIEN 20 26.67 35 35.00 55 31.43
1NN 6 Falaa 34 45.33 56 56.00 20 51.43
924 75 100.00 100 100.00 175 100.00

9151991 1 wudn dhiSeuvediulugldinsdwidete unnin 6 Falusetu 1w 90 au Anduiee
Ay 51.43 sosaaunAengui lilnsdndt 4-6 Falusdotu 311U 55 AU Seuag 31.43 dmsuinSeunds wuind
dndrumsldlnsdnet unndt 6 Tilussiatu unfigariuiu Seuay 56.00 vugNtnGeuwe I5euay 45.33 Fauans

o

T mavd i lbldnsdwsidetelussoznauniuwene

d a

AN5199 2 WIULAYSeLaTTRILNSsUNINSANYiene nanedyluwsar Ty IwunAINSEAUTY (N=175)

_ ownin . . 1NN
FLAUYUY FREGM 2-4 Y. rRLGH 4-6 Y. FREGH FREGHM
2 9. 6 .
STseuAnwn 9 1 1.72 14 24.14 18 31.03 25 43.10
STseuAnwn 9 - 0.00 4 6.90 26 44.83 28 48.28
TseuAnu Ui 6 - 0.00 11 18.64 11 18.64 37 62.71
57 1 057 29 16.57 55 31.43 90 51.43

v
[

NA159 2 wudn dnSeunnserududninglinsdnininndt 6 Tilusdedu Insaniztudsendnuy

' v
o 1 a (YY) =

7 6 Tdndrugagadn Toeaz 62.71 sevawnfedulseudnuln 5 Souay 48.28 wasduilseudnuUn 4 Souas 43.10
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Tunmsnduny dnBeunlelnsdnvidesnin 2 lusmeiu Jiigetusisoud@ne U 4 31w 1 au Goeay 1.72) Wiy

&

wansliiiuindeseautugadu dndeuiiuunlduldinsdwidefolussernannuiuegadnay

AN5199 3 SEAUAMULASEATDINNISUT U SEUANYINEUUANY TILUNATULNA

v = GU’IEJ v wm:q v iqu v
FEAUANLATYA Sogay SOHGH So8ay
(AU) (AY) (Aw)
9(1;7 (0-23 AZLUL) 25 33.33 30 30.00 55 31.43
Junang (24-41 Azuuu) 48 64.00 67 67.00 115 65.71
G (42-60 ALLUL) 2 2.67 3 3.00 5 2.86
Savay 5 100.00 100 100.00 175 100.00

NAN5199 3 wud dniseudlngiszAuanunienegluseiuliunats 91w 115 au Sesay 65.71
JemENABNFUNLTEAUANMUATEAAT T1UU 55 AU Feuay 31.43 wardliies 5 AU Sogay 2.86 NilsEAUAIIUATEN

g9 Weasanuenane wud dniseungaduwilduidsziuanunigaliunatsnninnaig dautnSgune

vala )

Meddndugniiszauanuaseasuinnitnandgs asulainlaeningiy dnSeudulngisnewazngadniieg

Y

wisenegluszaulunans nawmendaduwiliduanuaseageninaniey

A15199 4 LWUSHUTIEUSEAUAIIULASEATDINNLS 8 UTULTEUAN WM DUUA1Y T1LUNRULNA

A Swau () duels () deudsiuuinnsgiu (S.0) t df P-value

we 75 27.10 6.45

NI 100 30.20 7.85 -2.79 173 0.006*
*fifedfyneadffissiu 0.05

IINENTNN & INNANITIATIZIIEDR t-test LWuuNgudasy wud UniSeumandgalianafessau

o w =

ANAsERganIinSeumAgagwilduddymeadiiniseau 0.05 (t = -2.79, P-value = 0.006)

v
[

A151971 5 SEAUAILLASEATDIUNIS B UTULFEUANYINUUAE FILUNANUTEAUTU

. - u.4 v u.5 v 4.6 v 3 Y
FLAUAIMULAIYAN FRlEGH FRIEGH FRIEGH FRlGH
(Aw) (A1) (A1) (A1)
M (0-23 ALLUL) 19 32.76 21 36.21 15 25.42 55 31.43
Yunans (24-41 AzLkul) 39 67.24 34 58.62 42 71.19 115 65.71
49 (42-60 AzUUL) - - 3 5.17 2 3.39 5 2.86
Souay 58 100.00 58 100.00 59 100.00 175 100.00
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et 5 dndeunnsvduiudndugiissiuanuaien eglussduiiunans Sy 115 au Jesay
65.71 s09RuNADTEAUANILASEAA 1UIL 55 AU Fopay 31.43 uaziliiins 5 au Yevay 2.86 AisrduauATen
v ilefinnsanuenaussiudunuiiinGeutuisenfinwdi 6 fdndwarueienseiutiunasgeiian Sovas
71.19 sosunAedusisendnudil 5 fovay 58.62 uardusiseununi 4 Sova 67.24 Tnvagy nGFeunnsedudy

dlngifinmsaSeneglusziuiiunans uazdleszautugadu Juwnliufinmsnsensiiududniley

A19199 6 NANITUATIZIAMULUTUTIUMNAUAET (One-way ANOVA) LilelUIaulfiguseauauasenuestinsey

JudsguAnwInaUUAIY ILUNAUTTAUTU

uwnaefiunvenuuUsUsu SS df MS F P-value
'ﬁwiwﬂfju 935.62 2 467.81 8.95 0.000*
melungu 8937.40 172 51.96
PR 9873.02 174

o o o

*ydAensaAnIzAu 0.05

v
v a [ o o

INAI597 6 NUINUNLS8UTEAUT UL SeUANWITN 4 Useudnur 9 5 wavdseudnw1UN 6 dsveu

o w

AMULASEALANAN WY1t A NIsaiANszAUu 0.05 (F= 8.95, p = 0.000%) fan1wi 1

o

AN9197 7 NANSNAABUANAUNUSNYSAUTENINNTEaLIa1INS L INSANNL el o usEAUAINLLATEAUBITNS 8T

Jseufnwineulany

o

AU N r P-value

N 1Y

SLYLIAINTIIINTFANNL B <> SEAUANULASEA 175 0.482 0.000*

*lpdrAgmnisadanszau 0.01

& o o € o

NANTNA 7 WU sreznamsEinsdwidetelianuduiusidsuindussauanuasenagneiditudaey

a o

N9ERANTEAU 0.01* nade UniSsuildlnsdnidedolussoznaruiuneTu Juwdlduiiazisysuainuasen

4

a9ty Twvagngnldnsdwiliofiosseziiaios TumnlduszAuanupseadind
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— y=2.38X+16.50
50 1

Stress Score (points)
w S
(=] [=]
1 1

)
(=]
|

10 1

2 4 6 8 10
Mobile Phone Usage (Hours per day)

AT 1 LR UNNLEAIAILFUNUSTENINITEEEIANNT INSANN BN 8N UTEAUAILLATEA

5. afiusenanisideuasdalauauuy
5.1 a@sunanisAnen
nan1sAnwIIINNgNfMeginBeutulseufnyneudats 175 au aunuingusvadiasauufigu

i1 szAuanuasealaesin dniSsudiulngdszduanuniensglusedu Yrunans (Sevar 65.71) InelAnade

N o

AR 29.52 (S.D. = 7.29) aeglurieszauiiunans (24-41 avuuy) szeznainsidinsdwiliede dniSeudqu
Tnglilnséwnisiedio 1nnan 6 Tiluwiou (Sevar 51.43) nelissezanafioTinegn 5.54 Miluwiodu

1. M5USHUMIBUTEAUAIILULAS EATILUNAULNA

= 1Y

PNNANITUATIZN UnIToUWANBLAZINANGEITEAUANLLASEA LaNASIuegedldud1Agn

afid Nz 0.05 TnginBeunwavalanafeseaunnuniongenitneyg (e X = 30.20 918 X = 27.10) Ka

= o

NINAHUANNFAFIW: BNTU aNuRFIUN 1 UNSUUNANEUasINANglseAUANATIATILANAIIIY
2. MIUTEUIBUTEAUANLLASENTMUNANNTEAUTY

INHANISATIEN TniSeuluseautuilsaudnwvUN 4, 5 way 6 T5LAUANULASYR WANRIEIY

v
o w AQ &

pg19ldpdAyNIean 3 U 0.05 LZLI?JL‘U?EJ‘UL EJ‘lJLfJLli’]EJﬂI WUI1 UNISBUTU 1.6 ﬁi“ﬁUﬂ’l’]ﬂJLﬂ%Uﬂﬂﬂﬂ’jﬁ‘UU

o

' v
o = A [ = = [ o

Assufnw U9 5 wazdisoudnwUn 4 egrsiidvdrAny o miemsuumwmmﬂm 5 lli%ﬂUﬂ’NllLﬂiﬁlﬂﬁﬂﬂTmu

o

TsenfnuUi 4 eghaiidod ey dniSouduiseninui 6 daadeniuedengaiign (X = 30.60) Han1sMadoy

o

o

auuRgIU: gausU auNAgIun 2: UnSeuiegluseAutulsenfnula 4, 5 uar 6 HsgAunnueSuAwANeIIY

3. MSUTIUTBUSEAUAINULASEATLUNATLLEUNTIS 81U

°

PNHANITIATIEN UNTHUTMUNALUNUNTISBU H52AUANNLASEA WANANNAUE siTad Aty

ANGAGK] 3 ¥eu 0.05 LN@LU?EJUL‘I/]SULUU?’]EJ?’W WU UNSHULNUNTISEU Special Program ummmaamaaammw

U

o w

wHy INg-adn (MA¥AU) egefitudAymneada (p = 0.012%) uwun13i3eu Special Program SAadsananaTen

gafian (X = 31.25) wansnadeuaNuAgIu: Bousy auuAgiud 3: YniFouileguaunisiFousneiu fsedu

U

AMULASLALANFAIU
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A W o

4. ANUFUNUSTEUINITEELAINS W INTANNL oD o UTEAUAIILLATEA

P = =

PMNHANITIATIEN Srazhan1sionsdnyidiots Sanuduiusi@euiniuseauanuA3unes19d
TodRayn9add fisedu 0.01 (r = 0.482, p < 0.001%) namAe TnFeuiilinsdnidedolusyesnauusdetu @
uinliufiaziszdunnueiongelu nansvndevanufigiu: sousy aunfgiudl 4: sveznainislilnsdwidoded
auduTuSAUSE R UAILASERve TN BeudusseuAnwmauUany
5.2 aAUsIENaNISANEN
MnasUunansAnudduannsaihmednslulssifiudng o lnodeslssdunguiuazanuised
Aedeslasad

o

szezanslnsdnidefovesinsududssudnwnaulats wuin dnissudiulnglelnsdnvdes

wunI1 6 Pilusedu lnsanivdnFeuduliseudnuiln 6 drnadeaga Ae 5.83 Filuraiy sesasunfetuy

seudnwU9 5 wag 4 muaau Jeaenndestuwuilduraneivulugadagiuidnisiannsdnidedoly

v v
v o =

FinUsedriu MelusnunisiSeu Msdeans wasanuduliie Weseautugu dniSeulindanusuinveunianis
SeukarMIEndrnandu Ienaldinsdwilleteedunindeya vieaaeAUATEANINTUMNIY donARoITU
NuUITeveiMNIA YuBuns (2567) Nnudn szezhanlunisldnsAnidefiovesdniFeu lnvdusnnuaeyly

SYELRANNINNTT 5 IS AadU S99A910AD 3 - 5 TLumaTY 1 - 3 TIluera iy way 0 - 1 Tlaeseiu suansu

srRuAMuIAEAvasinGeutusiseuAnunaulane

FTAUANATEAANILNA : wuIInSeunddiseiuaneseaginintnSeuny aenndeeiunuide
maneBuitiunendaingsnuaaisnganiinae o1aidesunanauuanemTnm s reuause
anumsalnadanu viousInaRuIINUTUIMMaWATIFBILAnIBENFIuNSLAININNIN eaenadpsiuauITeTes
9917 (2565) fimuin wavdgadivwiliuiinnuasenganitnaye dlosnanuhireensuaivarusainasunidnu

seAuAmATRRMsERUTY : WUt TniSeuduliseu@nwdi 6 Sseduaueioageiian uas
arueoniiuualiufintunussduty FiduinissuasarunadudiunsGeus malendoudumined
viseuannsfnuiidutuiuluiudiigdu WulefendndneliAnnueion Saonndostunuideves dgwad
(2564) finuih dnFeussiutugeinnuieisrundunnusnadudunisdeudn@nse

SEAUAMUASEANUUNUNISEEY : HaTinudn Tniewu Special Program ﬁﬂfmm%mqﬂﬂdmmu?ﬁu 919
\Duraunnvdngasiidudundt anumanisiigendn weznmsuwdsiulunguiniFouiedlassnisfiay Jady
wasflaananaIeasinnsliie Feeraunnisanauideves aigned (2564) flainuanuunnsiseeid
UUdIAYTZWINUNUNITITIU Miileraffonnandnuarves Special Program Tunsiseadaiiiinududuma
Fnsgaazinisutatuann

= £

LN o (5] YU §Aa 1 A v oo w
AMUFUNUSAUSZEZAINS Y InsAnidefe : ANIAUNUAINAUNUT FTIUINDY WU UYAAEY (r =0.482%)

Y & A o Y

sgningsregnan1siiinsdwidedefiiintu dussduanueSeaialu azvouliiuinnisiiinsdwiededu
waunu (1ade 5.54 Filuwiedy) lnsamzegesdnguinldinnndy 6 Miluseiuenaluguansenunisonsunivay

919 F901ANINNTTUNIUNTUBUNAU Uazanindeu nsiSeuisunuesiugdulule@eaiiifie nsgaydy

4

natlunsyihianssundaaadu g wiensitey Geaenadesiuiuidevesaigne Wandlyeny uay algidl e3uns

S o

(2564) W31 weANssUNS AN SalvudaMuduTusS I IUINAUAUIASERRE el T AN vEd ATIsEAU 0.01
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'
a ' aa

(r = 0.416) waridvdnwareaUAsEARLETYE A EDATISEAU 0.01 (B = .416) TngaunsaviuigauAIen
9fewar 17.3 wenantannsiesgideyalenmunin nsldaunsalnuinnuierdesiuanuasendad 1) s
L@ndEaVNaU 2) nskdaunsalniusgemeiiiog 3) nMsaaniinismeusu wag 4) msiwisuiisunuesiudnu azidiu

' o v € s | [ 4

31 AnuduiussenInsresaInsidlnsdnsidenefinnuduiusiBauinduseauauaTenueatinis e ua g9l
Tuddaymaadia (r = 0.482) lnedngeninnuideves aigned (2564) dntes Feoraidlomnandnuvazvongy
egeiiduinGeulasimsfitewdadanunadumanisidougainiy asu ngAnssunsldansalrudanuduiug
wazdlBvanarenuAsen kardaenndasiunuITeveInianTg QUaLEY wazAuy (2565) NUTMEANTIUNISAA
aunalrudlianudiusnisuinduanuesen wazneduaiilussiuliunan
5.3 Yaduauuzdmiunisinaansiuly

5.3.1 wauawugliinSeusdnmsldinsdwidefioagramngay Insanznisdndanaildlugdneu
UBULAZIZIINITEY

5.3.2 msdatansaunuziuvieAdndouifeaiu “nmsdanmsmnuiaien” dWelviiniFouausouiush
fuusanagunanmsGeuldaay

5.3.3 nuidelusuanasinuiadedu q fierdesiuaueden wu nsueundu nsfugnuLes
wseNsAtuayUIINATOUATY

5.3.4 lsassumsiiulevigmvaunisidinsdniliefelutiaanizeu

5.3.5 agfiUsnwuazgunasesmsinaunginssunisiilnsimivesinBoussislndauaslviduugii
GauantunisusvaunasenirnisidnsAnsidunisiSeus

5.4 $aiuanuglunsiduaaialy

5.4.1 maveeveuavenguiiedliaseunquindsulussiutuseUssianlsadeufivatnuans
wnndu Welianfiteannsadnedsuiniszannslinirstu

5.4.2 aslfiadosflovidolimafudeyaiifinnuusiuguindu wu mstufinaansldlnsdwidode
NNUoUNAATUIT LileanAuAaALAFoUIINNTU IR LD

5.4.3 msAnwsudsiiudu 1iun Sguseasdlunisliinsdwidetio wu tonsBeu oamuduiis
visoiodedsaussulatl esaningusrasdnmsltanueisiinasesziunuadonfiunnsiieiy wliszeznainsld
uwirfu i elvanunsnesursanuduius szuinanisldinsdwidefofussduanuiaisadanudauuay
ASOUARUININESTU

5.4.4 nausogsiilisziunueieageliduiuAeudneties (n = 5) Fse1adwarennuutiugwesng
AT1EEANLUTUTIU (ANOVA) Tatanglunuanunfisnvesninuuwususiu (Homogeneity of Variance)
feu manseTesimsiasanieeusziase T uazmsiinisinwiiudalnelinguiegaiinisnssaesai

wnrauunIulueunan

6. AnANSIHUSZAA

A o o

AN5ANYIANUFUNUS TENINTLULIAINTS W INSANNL DR NUSLAUAMULAS 8AUBI NS sUlATINTSRLAY

szaudseufnwineulateatuildisaaailulined deanunjuuarnisaiuayued9fg@invaleiig A

invhveveunanluegiega
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Problem-Solving Skills in Mathematics of Grade 4 Students’

by Open Approach.
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Abstract

The objective of this research was to study the mathematical problem-solving skills of Grade 4 students
recarding division by two-digit numbers using the Open Approach. The target group consisted of 28 students
from Grade 4/5. This study was conducted as Classroom Action Research (CAR) following the four-cycle PAOR
framework. The research instruments included: 1) Data collection tools, namely four lesson plans, and 2)
Analytical tools, including activity sheets and voice recordings. Data were analyzed based on Wilson et al.’s
(1993) framework using descriptive analytics, Data were analyzed using arithmetic mean and percentage. The
results indicated that the mathematical problem-solving skills of Grade 4 students through the Open Approach
were reflected across all four stages: understanding the problem, devising a plan, carrying out the plan, and
looking back. A key finding was the dynamic nature of the students’ problem-solving skills, particularly during
the self-learning stage. Students were able to construct mental representations through drawings and concrete
materials, systematically linking open-ended problem situations to mathematical concepts. Furthermore,
classroom discussions and ideas exchange stimulated reflection, enabling students to analyze, compare, and
learn from mistakes, eventually leading to logical knowledge synthesis. These findings confirm that the Open
Approach enhances sustainable mathematical problem-solving competency beyond merely following steps to

find correct answers.
Keywords: Mathematical Problem Solving, Open Approach
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1%

nautoya ToyalilunsidefetoyananiadsuresinisussdulssnadsthsinIndugs Wia) Inerdvertafinu
9n3571 Ymsfinwn 2568 Sy 579 au Tneldiuusinsandeanssaus 3 su leun aussaussuinueTin aussous
FuArBniiug i waranssougdAndmams §ideldimedanmsiniodeyauieneiuisudiou 3 Saneiviu
1Aun K-Means Clustering, Hierarchical Clustering tag DBSCAN Han15398wuI1 9ana3yin DBSCAN dusz@nsnn
nadifgega Taedieranudaiaulunisuenngs (Silhouette) geand 0.6546 LazeAANAANAIAlUN1T5MNEY (DB)
fgafi 0.2975 FeanusaduungiFouseniiu 2 ngumdn wazuengiFeuiivgangy (Noise) sonunldognadmau Tuvas

'
o

719ane37iu K-Means wag Hierarchical Clustering anansaduungiseusanidu 4 ngundnifidnuazadiendeiu
Aty Msdangudeya aussaugnNIsSeu nleweya UnAnwientidnw

Abstract

This research aimed to 1) cluster students based on their learning competencies, and 2) compare the efficiency
of data clustering techniques. The data used in this study consisted of the academic records of 579 High
Vocational Certificate students at Udon Thani Vocational College in the 2025 academic year. The variables
analyzed included the grade point averages (GPA) across three competency areas life skills, basic professional
skills, and specific professional skills. The researcher applied data mining techniques to analyze and compare
three algorithms K-Means Clustering, Hierarchical Clustering, and DBSCAN. The findings revealed that the DBSCAN
algorithm demonstrated the highest statistical efficiency, yielding the highest Silhouette Coefficient at 0.6546
and the lowest Davies-Bouldin Index (DBI) at 0.2975. This algorithm effectively classified the students into two
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main groups while clearly identifying outliers (noise). In contrast, both K-Means and Hierarchical Clustering

algorithms classified the students into four main groups with similar characteristics.
Keywords: Data Clustering, Learning Competencies, Data Mining, Vocational Students

1. unin

nmsdanmsentidnuniunumddgidunsdauasinumdseussdunarslunisiuindouniaasvgiauas
gRaNMNTINYRIUTHINA (FiinaulAYIYNTYRIANENIIUNSENSMERIING, 2561) tleimlugmaituuinnsfifiiiowy
%39 Super Worker \iemeuaueInufossvesanuUTznaUNsUAsuLaTlUag1933n5 (used uiamaas, 2562)
dourdrgningaaminssy ogdlsfinny seuumstanasUssdunadidounuudaiuiiondoifio sefuasuuuinioasas
(GPA) Wiesinanien Fernadsdananinsfunmsiiemadugminnseinivainvae aivatey Tviugiu
uazdrdniany TsLagmadeiy (hsensasdnwsng, 2564) FansdornviliiAnnwaimi fuatsanssousd

wintweuliSeunuadsaussouzuazanundnaniziuvesfisey dwalranufnwiaraniuusznaunsenageyde

U
yd‘d CY

Tomalunsfunusazianndiseu nquodainTndadufifivihvensufiRoududewsiinadugnslunanisniiugu

Y

agluinausinalivied nsussgndldinaianisvinniesdoyan1sfnyl (EDM) uazni1siSeuiveuased (Machine

Learning) lnglanwinatianisiseuiuuuliiiifaeu (Unsupervised Learning) Tdlunisdumsunuuanuduiusigeuat

U

lugrudeyavuinlng 3INN1INUNIUITINNTTURALIUITBTA BIT0anuN dane3finlungunisianaudoya

U

(Clustering) 19U K-Means Clustering, Hierarchical Clustering 4ag DBSCAN @131303 14U AnssuwasInnguiseu

Y

AudnwazAW wenaIni nssurunsimisudeya Data Preprocessing Saludunsuddgyivisuiuljanmninues

a a LY o w

Foyaund waziiuUszavsnmvesianuulaegaived iy

'
Ya o 2 A a a o v o <

meweil §IdeddiunifAnnazihdeyanadugniniamseuluynelvivesdiSeuseauusenialedn s an

Y

a [ o]

fugs (Ura) Inendeedafnugassd wrunssvunmawissdeyaiedanguiuiuuansandsaussous 3 fu
¥un 1) aussougduinusdin Seunedinguivununandiaiuairsinwenediny nsdeans uaznisuiusilu
TAmUszdriu 2) avssouzdudndniiugu mneianguivmguisasvdnnadesfuiidunngiuddyeesans s
91T uay 3) aussnuzduAndnany wneiinguiniitunisasdieuftiuasinueanuidsnalangmaeitilug
nsUsEneue@nais lneflinguszasdilodnngudiSounuanssausnenisiiou uaziiloiSsuiisuUssansnmues
Luudassnsiangudeya suaziilugnisaiegrudeyaasaumaiidrdydviunsianisisuiuuuneyana
(Personalized Learning) WayMsluz e dnidsdn daaztielingiaeutazanufnuanssaduaiudnonmgiFeuls

agnalususssu uaswlonaunfouingnataussnuldogansaiuaussousuiase
2. IngUseaeAnsIdeY

1. iedanquanssaugnamsiseuveiseuseaudsematleinsivdndugs lngldmadansdanquioya

(Data Clustering)
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2. WiawFeuiisudsedninmveamaianisdnnqudeya 335 lawn K-Means Clustering, Hierarchical

Clustering tag DBSCAN

3. Fwaniumsive
n153deiuszgndlinszuiunisAumaiiuglugiudesya (Knowledge Discovery in Databases : KDD) @4
FgazldgANITALuNIAal

3.1 Ussvnsuazngudieeng

-

3.1.1 Usgvns

v
o

Tudns@nwn 2568 3wIUNIEY 1,170 AU

9 UnAnwsgaudsznalotnsindndugs (Wa) WeduetnAnwanssnil nnawin

3.1.2 nquitegs dnAnwsedulssmalietngivdndugs (W) Inendeentafinuignsiil Unisfnw
2568 g5 sAnSIUIL 579 AU TIaveay 18,728 seifou (agnsunasamnsuasininimmuaniely 2 9
(30 2 ¥ 1 mABouggiew lnefiSeudesiuinusimieinazay, Sazuuuieds (GPA) lus1ndn 2.00, lunsUseidiu
WINTFIANIN, Anuszaunmsaliv@n uazihfanssuaiunangnsasuiiu)
3.2 1e3oadlofililunside
3.2.1 Google Colaboratory (Colab) 1uunanwesulunisuszuranadoyaniuniwn Python lngeide
lamﬁ'ﬁé’wﬁ’qg lAwn Pandas wag NumPy @msuidnnisdeya, Scikit-leam d1msuasisluinadnnguuazysviiiu
Usgdnsnm, SciPy dwsumsasiausunmsiulil (Dendrogram) wag Plotly/Matplotlib dwsumsasianindeya (Data
Visualization)
3.3 fupounisdiiunsive
FAdednidunsianuazenuaznisudeya doyadinandmaduneininszdanszasuazinn
waneinafiuluTuusiazanvndan 1935 Min-Max Scaler Tumiﬂ%’wﬁaaﬁwm%’anﬂaﬁgwm@fLﬁajSummammgwﬁmﬁ’uﬁa
seg 0 9 1 nspvaunnsiiviifioanaudidesmesimindoya JestulaliFuuslafutsmisdmaronisdun
syoginsvesdaneifiuunniiuly euvasdeyafivlsinaneidu dudsdunuanssauy fSoudiouiuldszninangs
57879

va o

d3delainsdnnguseivinagaamanadsuuuasiimin (Weighted GPA) Tneflinausivisongug
g1dslumsdnanguneinaulassaiavdngasusematlensivIntugs WnsAns1y 2567 vesdinanuamenssung
nso@afinu lnewuseandu 3 fudsudn fall dananssvaziBenlunnsed 1

M99 1 asuseavidendiulsnuanvue (Features) Mlglunssuiumsinngy

Fodauus (Feature Name) Fonrwlng (Description)
LifeSkills GPA AUTTOULAUTIN LTI
Basic_Skills_GPA amiauzﬁmﬁm%wﬁugm
Specific_Skills_ GPA AUTTOULANIMI NN
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3.4 N5ESwarUsEiulsEansnnuuInass

v o v =

Fedeyaniinunisulaassuiesuds 1ignseuIumMsiseuiveunIas (Machine Learning) tneiiantd

Y

N

e

v

watian1sdangudeya (Clustering) Fudunisifeusuuulifiaou (Unsupervised Learning) e 3delidantd
gane3iiy 3 sUsvuniinalnnisiauuandeiu WeSeuisuuagAumLuUIaeWigauiusssuIAveloys

nsfAnwuINTign nieussywsmalunisidenty Al

1. K-Means Clustering tdanldifiosniiudaneifiufiuguiiivssansamgslunisdanisiudoyauuin
Tvigy (Scalability) uazigaiulunsinnaudeyadifidnuusfunguieudaau (Spherical clusters) 1#38nsutangulng
AvuaduIungy (k) a1mdn wazdateyaitingulaeiansunainssueiieseninadeyaiuanqudnalsvengy
(Centroid) itoeiian Tunsimunduiunguiinnuiismsuazaonadoafudnuaslnsasesdoyaniuanundueds
#33elaldi5iealud (Elbow Method) Ium'ﬁmaﬁmumjuﬁmmzau (Optimal Number of Clusters)

2. Hierarchical Clustering i@onlfiflesannifusanesiuinanmanuduiudvesdeyaluguuuilaseaing
d1dudu (Dendrogram) Vilsiiuannsaueafiunissmngudesvesdidouansydiuasiuuulfosaiususssulngl
AoafmuAIIUIUNGUE T ﬁmﬁmﬂejmLLUUé’ﬁUsﬂzuﬁuﬁmamdm (Agglomerative Hierarchical Clustering) Wa138un
Armndeedsosdeyaainarstuuu §3dedenl i35 Inszerrinasenintanduuuuiesn (Ward’s Method) $afun1sin
sTEvMILULYARIAEY (Euclidean Distance) uisivisanamuuususuneglunguliitfoniian dmalvinguitladvunn
IndiAssiusazmuzauiutoyarisoy

3. DBSCAN (Density-Based Spatial Clustering of Applications with Noise) Lﬁaﬂwt,ﬁaﬁmﬂ‘ﬁa;gamaﬁmqw%‘
mamsiFousindimsnszaeiiilidunssnauuasiifSounisdruniinanisiouiiauni (Outliers) DBSCAN Fadumadla
fBsmuAuMLILLY (Density-based) Samunzauagnsdlunisnsraduteyaiiisunsidaszuazamnsauendoya
sUNIU (Noise) aana1nn1sdangulasgtauiugn iuisnsdnnqulnefinrsananuvuinduvesdoya fyanulunis

[

Jansiiudeyaniizusndudounazannsawendayasuniu (Noise) eanannisianguls lunsimuaAmnsiinesy

Y Y

va

d1dy 1éun $afiseugadona (Epsilon €) warsiuaugatoyadusia (Minpts) §3381438n17es1esinsmszssing (K-
Distance Graph) Lﬁam@mﬁﬂmw:ﬁmsm?{ammmmm%’uashﬁ’mL%H (Knee Point) Lﬁuﬁhﬁmmsamﬁqmiumiﬁmum
$ail € silsianunsaduunndudieudiflaussausinenguiumunuiuesnanngSeuiians sauslanwiuvideiinund 1o
pealUTEANS AN

4. a¥19uuUIaBIRIedane3iu 3 35 (K-Means, Hierarchical wag DBSCAN) Tagidulaviin1sussidiy
AAMYBINTIANGN (Cluster Validation) iilefudumnuimngauuazannindedevemadnsnsuvngumaada
Tngldafialunisusediuusednsnm 2 A laun

a

1) Adudsanagien (Silhouette Coefficient) iileUswiiiuanuaanadavesteyaniglunguifediu
wazMILenFIBaNANNENBURE YA (ANgTendng -1 B4 1 Andnlng 1 vanefesnnsianguilamnnaiges)
2) Ardviliadd-luadiu (Davies-Bouldin Index : DBI) i aTnAunUILLLAE T2 8L W19TENINNNGY

(Andlng 0 nnefawuuinassanunsauenngulinszdunaziinnuinnaindign)
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4. HaN15998

o

ML unaNssaurEiteuly 3 sy (Fnwedin JvTniiugu waglvidmanie) Usinguassil

4.1 HAaMIIANGUANTIOULNNITSBUMIEmATA K-Means Clustering
4

3.5

3

2.5

Vdg‘snms_m!ﬁads

2
4
35
15

25 ¥
; s

{ﬂf‘@. Sus LS 2 &
B A"Ws

4 > S i 'bc’\o‘/
AN 1 LARNaNIIANAUAI8TaNa3NY K-Means Clustering

M990 2 UARIHAATUVBINITIANGULUU K-Means

. . U AUTTOULAIY  AUTIOULAIU  AUTIOUZAU . .
WU o oan o . o o A anvaungu
unFnw (579) NNWYSYIN VVIVANUZIU IYITNRNIS
0 143 3.0035 2.8013 3.3648 NAuOTIAIVITN
1 32 2.1000 2.1456 25772 nauiugIu
2 196 3.4422 3.3953 3.6737 NAUSUR
3 208 3.8277 3.8397 3.8810 nauAnenINg

1NA15199 2 WUIINTIANGULUY K-Means Clustering 9MNNTMITIIUNGUNLMUIZEL Determining the
Optimal Number of Clusters fig Elbow Method wusldidnwau 4 nqu 0 fis nquatindunTn 1uiu 143 au 1 Aengy
WUFIU T 32 AU 2 FBNGUSHUR 91U 196 AU UaT 3 ABNGUANENINEY 91UIU 208 AU

4.2 HANFIANFUANTIAULN NS EUAIBINALA Hierarchical Clustering

4

w
wn
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vd9 SWIMS_BwaedS
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©
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v 4 , 2
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ffe__Sk, g Goa 7

Basic_Skills_GPaA

AN 2 LARINANNTIANGUMIETaNesY Hierarchical Clustering
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A15197 3 UARINAATUVRINNTIANGUUUY Hierarchical

f]a‘:g‘laa\liiﬂ‘i“!g o s Sa a IS dy a IS
U (579) NWSYIN VYIYNNUZY AVIYWRNIE
(Cluster Profiles)
0 nauANYANEa 199 3.8395 3.8484 3.8780
1 nganseun 169 3.4838 3.4659 3.6836
2 nguitugu 23 2.0235 2.2152 2.3743
3 NAUOIAIYAIN 188 3.0222 2.8236 3.4153

91NA15199 3 BAAINANITIATIZVANAAUANTIOULVNNISEUN 3 61U Tan inwed3n JvTniugiu uag

v o W ' = °

FTmany dednvhdnuvazsiu vesiFeudiuau 579 au lnswvuiaesaunsasiuungiseusendu 4 nguvdn Jdl

=1 oA Y °

Taziduansil nquil 0 naudnenIng 91

q ]

Dy

wingiFeu 199 au Andunguinddndiuniniian Inefiseunguiiinadugns
mensiseuwRaeluszAuandeunniia (Fnwedin 3.8395, ITIniugu 3.8484 Layiv1lnaniy 3.8780) Nl 1 nay

q

Sewd dmaudiSeu 169 au lunquitdnadugrdniinmseueiseglunasifuasianuauaaluyndiu (invedin

3.4838, IMTwitugiu 3.4659 uazrdvidwany 3.6836) nquil 2 nduitugiu fSuaulizou 23 au fedunguiifoun
nfian uifinnudAyludimsidugua WesngSeunduildnadugrinsnsSeuaiomiiaelunnda (fnwedia
2.0235, A@nilugu 2.2152 uardvimany 2.3743) nquil 3 nqundadudw fwiugFou 188 au fi3sunguils
Snwazuiiiiaulauazasvieuendnualvewifoumeotifnulseg 1sdniou nande faussaugdunsufoaau
Ve Tmamelusziui (3.4153) uinduiinadugrisiuindniugu/mgus (2.8236) uaziinuedin (3.0222)

4.3 HAMIIANGUANTIOULNINITSBUGIEmATA DBSCAN Clustering
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f15197 4 uaRINaaTUTRINSIANGULUY DBSCAN

Yangu inwein AvrTwiugny INTniane
0 3.4632 3.4065 3.6579
1 1.6500 1.8260 2.3920
Noise (1aaAngs) 2.2209 2.0543 2.7600

21NAN19199 4 LAAIHANITIATIZNANLRAUANTTAULNNINITIEU 3 AU (NWETIN, FIVTANUFIU LazIgTn

wnnz) Aldannnisdanguatedanesiiu DBSCAN dudumafiafidswmuaruvuiuiuvesioya Kan15AT1eRa1150

a '

Fuunnquiiseueandu 2 nqundn waz 1 nqudeyasuniu (Noise) lnefistvaziBendnunzinu Asil nquil 0 nqu

U ] 4

Uszwnswan Wunguifemnuvuuiuvesdoyaasiian fiseulunquilfinadugrsniinsSewedveglunad ftsduan

U

a )

Tuyndif (inwedIn 3.4632, I1ANiugIu 3.4065 uazimdnanie 3.6579) UsingnisallazvieuliiiusssuyAve

foyananisseuiiinaznszandunznguiuegimuisivlussauazuuuliunaisiiegs viliuuudiaewesiugiou

dalng Julassasrenquannalveifisnguides naudl 1 nquidesiinszgnds wiazddwuandnliinn uawuudaes

L4

annsasendiseunguiloenunludnniangule esndiSeuligyuuunadugnsiidnunnegaaaiendaiu (invedin

a

1.6500, 3w1¥niiugu 1.8260 wazidAnaniy 2.3920) foidunguiiseuiifinnzingandiyinistunndia Tnsanz

U

£
' oA =

nweilnuarindniiugruneglunaeiniuguaiiia ngu Noise (naangu) naaiseTsnnuiinunid nquilfediseud
£ 4

nansiseunsytefsguennguUsyrInsvan ldamnsedndndunguiidanuvuiuiuld Inefinadugvsad sroudn

1

A1 (Wnweddn 2.2209, IFNNUFIW 2.0543 ULagInananig 2.7600)
4.4 MsuSgUWiguUsEaNSNINYadUUINaDd

= = = a a o ado ° ) Y
A1INN 5LUiSULMSUUiSﬁMSﬂWW@%uﬂammaﬂuUUﬂWaaﬂﬂﬁiﬂmﬂqumaga

o o IuuUngy Silhouette Davies-Bouldin
BaNINA
(k) Coefficient Index (DBI)
K-Means Clustering a4 0.3469 1.0348
Hierarchical Clustering 4 0.3076 0.9976
DBSCAN 2 (+Noise) 0.6546 0.2975

o

NATNIN 5 Uansranisusziiudseansnmussdanaiiung 3 guuuy ansnsaasuanszdrAnlanail DBSCAN

<

]

fusgaAnsnmmeaiaan lnglirnanudaaulunisuenngu (Silhouette) gegail 0.6546 uagAIANMUNTEFUNElY

'
o

nau (DBI) sinfigndl 0.2975 egrslshinnu llesndanesiindadiseudulvgsulilunguideaiu diedumieuiivan

Y

nau (Noise) 11nnIn1stduvangusinee n1sieulileu K-Means war Hierarchical Clustering (k=4) 1l afi 91500

wuudhaesfiamnsaulaiseusendu 4 nquauinguszaainside wudl K-Means laawnudunisuenngulivinain
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AU (Silhouette AnI17 0.3469) Tuvaued Hierarchical lnasiusuAINLILULLAEAR 8T UYBENNTNlUNEY (DBI

An917 0.9976)

5. aAuTenan1TIdBuazdalsuaunus
Han1sANYLAALIY wiada DBSCAN linadnsiaTigalionndnuaesdeyaaussauzdisauiinisnszanes
wuuldidugunsanan (Non-spherical distribution) uaziifeyadutesiidurinung (Outliers) I3 DBSCAN @1u150

wenndeyamariesndungudyqinsuniu (Noise) lalaglitiundadauriadsveingumen 619910 K-Means

'
aaa

Gadulinyasesdainnguaialinudnauvesnouunnguanad FeaennaodiuNan1snnaauLTaaianil DBSCAN via
Silhouette Coefficient gegal 0.6546 Uagei DBI fiiga#t 0.2975 Budufsrumsnzadlunmsihanldinnguanssous

Tuanuided

5.1 A1SNABVDINANINAIAMIEGNITANE (GPA IlLusion) BAENANTAUNUANLTIOULTILIITTI HANITIFENUT

n1stdinaila K-Means wae Hierarchical Clustering anansaduuniiiousendu 4 nquuan lnegaauddgenis

oA

AUNU “NRUDURININ (NGUATnTAIvTmanizge uivinweilnuazivdniugivegluszauuiunan ) Janadnsil

q

donAnediuLLIAnvaY 188 2e¥lng) wazangn Wama (2562) NseyinisUssiiunauuuauinionduliiesnsiuuiade

azay (GPAX) finafanmarmmanisfinuiuadsnnundaemgiuvesisou uenannidiaenndaiuanideves

a =

Andini et al. (2025) wag Alawi et al. (2023) N8UGUI1TaN0INUNITIANG UVBLAFIUITAUYNUEYTEAUANTTOUY

o o

(Student Competencies) idousglugnudoyavunlnglliegralitedfey veliaoufnvweadiudnanmiluiaiwes

e

a

InAnwie1rifnuladmausa

2D

U

5.2 UsgAvBnmussiuusiassiusssumdvesteyanisnsdnu wWefinrsunludanaia nuirdanediu
DBSCAN flUsgdnSnimnieaiidgaan (Silhouette = 0.6546, DBl = 0.2975) Lnilan31 K-Means wag Hierarchical
\esnsssumnavesdeyananisSouindimsnszanemiliifusunssnauausng (Non-spherical) uazdiaumuiuyu

Y

N3eNAIEeluUNYIALILLY UM IIANGULUUBIAUVILILLLY (Density-Based Clustering) U8 DBSCAN 3¢a131130

q U

1% °

Toudouuarduunngugisounuaandusisldingt aenadesiusmuves Liu et al (2022) inudn DBSCAN fiaany
vumusiedeyaiidudeunazlnawiulunisiansesdeyasuniu (Noise) sonainmsinngueeadidoddy wudeafute
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Abstract

This research studied “Enhancing the Nutritional Value of Oat Flour Banana Cake through Protein Fortification
with Wolffia” and was divided into three phases. Phase 1 Designing and developing a banana cake recipe with
oat flour fortified with wolffia protein. Phase 2 Studying the protein content of wolffia obtained from cultivation
and Phase 3 Evaluating consumer satisfaction. The sample group consisted of 37 students selected using simple
random sampling. The tools used included five experimental cake recipes and a satisfaction questionnaire. Data
were analyzed using means and standard deviations. The results of Phase 1 showed that Globosa wolffia is
suitable for fortifying protein in banana cake due to its high nutritional value and its availability as a safe and
easily accessible local ingredient. Phase 2 indicated that the protein content of wolffia obtained from cultivation
was 21.9% of 50 grams of dried wolffia, which was lower than previous research and may be due to the analysis
methodology, environmental conditions, and limitations of the experiment. Phase 3 showed that consumers
were highly satisfied with the product. Considering all five recipes, recipe number 2 had the highest average
satisfaction score. The highest level of satisfaction was found with formulas 1, 4, 5, and 3 (x = 4.57,S.D. = 0.36),
followed by formulas 1, 4, 5, and 3, all showing a high level of satisfaction. This demonstrates that
supplementing protein from wolffia in oat flour banana cake can enhance nutritional value and remains

acceptable to consumers.
Keywords: Protein, Banana, Oats flour, Wolffia
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THnauyINIsuUanUMNNEYBLUEs (Best, 1981, p.195)
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a
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q
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2. addoau Tun Anade (Mean wie X) wavdrulosuunasgiu (Standard Deviation: S..)
3. adAldATEiANLLUsUT IR IRABTEINERS Teln MlleTgimNLUsUTIuMaFen
(One-way Analysis of Variance: One-way ANOVA) Lﬁam%mﬁwmmLmnmwaﬂﬂ'ﬂLa§8mmﬁawdwm;ﬁﬁimﬁa

P o

winndrgvengnsuladnldnatulusiuandng 5 gas uwagiinneiAnnuuanddlegldenaifives Duncan’s New

Multiple Range Test (DMRT) 7l sz Autisddaynisadf 0.05 (p < 0.05) selusunsudiifagd IBM SPSS Statistics
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YodniTuunn wazil ot ldidusimslunsmizidesdnivazUamuinduunasomsauning freaduayu

q

wissghaguwy Jununedunsimunduemsifieguainainingivsssuwd nedwndesddlute 2 e wieSeuiiou

¢ o
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AN 2 LEASHININDUDY VULDULATMEIBU

2. Alusauluauwisivsunalusiusosay 21.93 vaalSuaknue A wagus B sauiu 50 NSy

] ' a ° v 3 o o
M3 2 LLﬂ@NNaﬂ'li'ﬂﬂﬁaUﬂ'ﬂﬂﬁﬁlusuaqwqLLVI\?U'W‘Uﬂ 50 N3

10U 31YNINAFIU NANIINAEIU Vvl DNAEaUS19DY

1 Protein 21.93 % In-house method based on AOAC (2019) 981.10

3. {uslansianuiianeladnaidnnadlevengasudidldaasulusiuandiegluseduunn fe uniigai e
fa1sana1niie 5 @03 naSesmuaedsanuinldmidos wuin gasii 2 1 Judiuusn egluszduundian (X = 4.5)

way S.D. = 0.36) 5990301 lauA gns 5, gnsh 4, ansnl uazgnsi 3 Feeglusedvunn aud1du
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sULUUNERS U9 4.22+0.66 4.49+0.36 3.95+0.59 3.97+0.64 4.00+0.81
Y 3.97+0.79 4.43+0.46 3.59+0.73 3.97+0.54 3.68+0.90
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qmmwmnéf’luﬂﬁu 3.97+0.62 4.59+0.24 3.84+0.73 4.00+£0.52 3.97+0.68
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ANAILAYUINIT 4.43+0.41 4.65+0.23 4.27+0.52 4.27+0.55 4.59+0.49

\iesau 4.12+0.61 4.54+0.31 3.81+0.68 4.03+0.59 3.99+0.70

ToyarmuagninauslusUiuuaadesuivalsnuunnggiu (Mean = S.0.) iiauanawwiliuvawa

nsneaedlasnaniifdnusmnuasiunelurealifeIiy  wneisdlanuisnasiuegsltdedfgynisatanseau

Adediu 95% (p < 0.05)
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Abstract

This study sought to develop the Development of Oat-Based Salad Rolls Incorporating Wolffia. The research
comprised four stages: (1) analysis of the protein content in dried Wolffia; (2) assessment of the effects of
incorporating Wolffia at 5%, 10%, and 15% of oat flour weight in sheet formulations; (3) evaluation of how
varying Wolffia levels influenced the quality of the salad rolls; and (4) sensory analysis using a sample of 36
students selected via simple random sampling. Research instruments included the formulated salad roll
products and a satisfaction questionnaire, while data analysis utilized mean, standard deviation, and analysis of
variance (ANOVA). Findings indicated that Wolffia contains 21.93% of protein per 50 g dry weight and was
successfully integrated into each formulation. Consumer satisfaction was generally high, with the formulation
containing 10% Wolffia receiving the highest rating (X=4.20, S.0.=0.72). However, there was no statistically

significant difference among the formulations (p>0.05).
Keywords: Wolffia globosa, oat, protein, salad roll
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tudhdouauseu Food Dehydrator Getra ST-01 figmuvindl 60 asaneaidea iunan 6 92lus (wWsalla, 2567) 1nifu
wierheuwisimeinuusazinivatlunaeanaiainlaiinde
1.2 mydeneivinnlusiu augdideldhnsdsiegneheuuiaimiin 50 niu it lunasouyTinalusiude
35 In-house method §158591n3MA5§1U AOAC (2019) 3341 981.10 Fadnfiunislasaudduasuuazasisaounisnan
AULIATTIUANNYADANEN19EMT AuYIneImansuazmAlUlaE WIneIaeTuAg NGNS
aouil 2 AnvwavesUSinasiriuansineiulugasuiuutsdnlsniur

Anwigasunsguvedsunlednildn wag gasudadnldnasum innsfnugnsunnsgiuvesudnlen
lnganuUaignsandedss uazauy (2562) mmfuﬁwqmmmgmﬁlﬁ WWhNsAnwUTINa Ingdnuuasszauves
Unashannmsneil 1 uansdiuyseneutesunundstnldniiasudsinashuanetu 3 sy
2.1 Anwvsunavesisowdsinilen

2.1.1 ¥nnsanwusinamsiasuenluveniifsedudesay 5, 10 way 15 vesivtinudsana (wnsdl uay
Tauwi, 2564)
2.2 yinmsUsziludenaunmmegisnsdunauwaz duiinteyasuiidudaveudilaggide
2.3 agUnadnuazunuutlsilaluusazgns

A15197 1 wansuSunaeinlundednsurinaanlsaannudatnlonasusn

gy gnsil 1 (n3w) gashl 2 (n3u) gas?l 3 (n3u)
g 7.35 14.70 22.05
wdatldm 147.00 147.00 147.00

naull 3 inaAnwwavasusunasrihuandrsiuluwivutsinl8aturreamnmussadalsa
7INNSANYINAVDIEAALTAT ML UL T8 A LESUENAUSUuSesay 5, 10 way 15 Yasuntnwdsdnalen
TneudsadnlsalaSunnddunanfins1an 2

A15199 2 wansaruysenavlunisnanuaultaaanlsaannuiesdnalontas e

Y3 (n5u)

GeVUGH - - -
gasn 1 gasn 2 gasn 3
w12l 147.00 147.00 147.00
1) 5.00 5.00 5.00
\nFRYNY 5.00 5.00 5.00
dudan 175.00 175.00 175.00
Ay 7.35 14.70 22.05
o 145.83 145.83 145.83

- gash 1, 2 uar 3 Vessas uazaniy (2562)
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3.1 FBmsvhadnlsausiazans
3.1.1 funounisviutls
3.1.1.1 WSYUETUNANANLATTI
3.1.1.2 thaumauiiedeulfadlutunusuaunssidfideifioa
3.1.1.3 thutiduiSeuiesudiluvunsens Teflon WugUsnaufitidusingudnans 14 lwufins
uudeans
3.1.2 fuperlunsvieadnlsa
3.1.2.1 thutlsiildluvielsaruldiendonld oun
3.1.2.1.1 n3ulda 1 lu
3.1.2.1.215018a 1 lu
3.1.2.1.3 unssenooainsids uduuwisenuun 4 1 S1uau 1 3y
3.1.2.1.4 wpan1lng uduuisenive 4 81 $1uou 15y
3.1.2.1.5 anldiile uduwisenvnn 2 1 S1uam 2 5y
3.1.2.2 wseivadnlsannuitidnl8neaui doldanunfousuuszyu
3.2 imsdszfiudnunmiigiSnsdunasaziivtoya Audnvaninenn auBangu anuaunsalunisve
adnlsa wazihdudavewddadide
Aouil 4 LieAnwIgUATWINUsEamMENRAvesadalsaanuiladnlBaasurniisnsdunanneiy
4.1 Usgansuaznaudied e
0.1.1 Uszmnnsildlunsidondsdl fe dniSeutuiseunundi 5 %ioa 1 $1um 40 Ay
0.1.2 ngudedeildlunside Wun dndeudutseufinud 5 e 1 leBnadamasdndiuduiieis
youATITUazLeTUN (Krejcie & Morgan, 1970, pp.607-610) fiszdunuiindedie Sevay 95 lnsnsdungusiaeeis
wuude IdndusegnsmudadausnauiinSeudulisendnudi 5 %o 1 S 36 au
4.2 \Rosfloflflumside
4.2.1 wandauiadnlsaanudainldnesum
4.2.2 wuvasunwanufiswelavesuilnafiddondnsasiadalsaainudeinlsmadud Tnouvadu 2
fupou fio
poufl 1 1uUUURTINEeUTIENNS (checklist) anunmussinouLUUasUAIL ST 2 4o T6uA e ong
moudt 2 1unmsiduyszanaen (rating scale) ¥6in 5 se6iu A518n15UsEiiu 6 98 (Nualing Lazamy, 2568)
4221 dnwazlsing 42228 4.223 ndu
4.2.2.4 A% 0.2.2.5 iodufavontly  4.22.6 Anumeulaes
4.2.3 1@NENTIUTITUUALNTTUYRUNNTINY
diotuaringuazasd dusou Ustlow anudes wardvslumsneuiivesidndnide Tasuvady 2 aty

4.2.3.1 viladeuaninnudugauiiniiunisIdy dmsuigiinsiunsidy
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4.2.3.2 wilsdeuanaanndusondmiviunases dmiuvesyynunuilasveusssu Tunsdliings
feghaduenvu niouszyinnsnisguamniineinshifisUssad
4.3 maasaedesilefllunmaideliditumsataniesdonudunou fuioluil
4.3.1 Anwilenans M1 uazaATeiAades weluuumdunssniuem
4.3.2 mllunsiaiadaduadalsaanudeildnatuilaginesdannuiiasAuugdiangmsanmdisn
Usuugsaulsindndasinianysal
4.3.3 IPAIWUUVADUNUANUTINDLD T1UU 6 T8 (NUATING Uazanle, 2568)
4.3.3.1 anwaugdsng  4.33.24 4.33.3 nAu
4.3.3.4 5894 0335 \edudavesutls 4336 muveulnes
4.3.4 psdeuaTIiiomss laglinssgand 3 viu ansseunnuaeandestudemuazaty ilevnen
ptinuaanAaed (Index of item objectives congruence: 10C)
4.3.5 Yuasesilelunmasslifunguitedissiuu 36 au Wlesusuteyauariinesimgnsildiuanuii

walauniian

v
=1

AsUsElulUITEsuAsLUY aandu 5 ey Trnzuuulsasde Suwundsluwuvasuniusail

FEAULINTIgN Tdaazuuudu 5
SEAUNIN Tslanazwuudu 4
sEAUUIUNAS Tlanaznuudu 3
sEFUToY Tndamzuuudu 2
[ 3 a val 1 I
seaullaafian Trdianazwuwdu 1

o

4.4 nsiusunindeya FIdveladudunissiunudeyalaslduuvasuauemuiisnelandsanldnaaesiioussidiu
a
il

o ¢ @

anuitswelavesifuslnadifinerdnsiasiadalsannudsinldnasui anngusiosaild 36 au
4.5 MILATIenveys
4.5.1 MemALadY (mean yi3e X) uazdrudeauuannsgiu (Standard deviation %3e S.D.) Suuniduse
U9 lngldinasinisulanumineaediuas (Best, 1981, p.195)
AZLLULAAY 4.50 - 5.00 v sduauiienelaundiae
AzLULLRAY 3.50 - 4.9 e seRuAuanslain
ALLULIRAY 2.50 - 3.9 neds seduauienelatiunans
ATLULIRAY 1.50 - 2.9 maneds sedumnufianelatioy
AzLULLRAY 1.00 - 1.49 nefls seauaufiansladioniige
4.5.2 adfdldlumsinszitoyaluniside del
1. adAnldvaunnvesaiedle laun dvilanuasnndes (index of Item-Objective Congruence: I0C)

v

2. abfdewiu loun Anadie (Mean 3o X) uwavdrudeuunnsgiu (Standard Deviation: S.D.)
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3. adAnlgIneiauwlsUTINTeIRRaYTEnINgns i N133ATeRANLLUTUTIUNINGED (One-way Analysis
of Variance: One-way ANOVA) ilai3guliiguainuunnsisvesdnaisanuianelavesjuslaaseadalsans 3 gns

wardianeannuuandslagldaradfves Duncan’s New Multiple Range Test (DMRT) fisgdutiodfynnsadn
0.05 (p<0.05) selusunsud5a3u IBM SPSS Statistics Version 22

4. NanN1538

= a ¢ ' % d ° ]
AUl 1 Han1sAnwazInTsiauAimMalnsuInsaulusiuvesinauie

=

A7l 1 uansniug Globosa 50 n§u AildvinnnsdmaaeurlUsAUTIAUSALATULALATINABUNSNENANNINTIY

Y

ANUUaRAfENIeIMT AugIMEIRanskazmAlulad i Inendeaagiunanes

NNANTIATITNUSUUIUS AUV DB NUITUS LRI 3

A15197 3 LARINANISNAFBUANUSANVBIRNNDUWITEINTA 50 NSU

10U 3YN1INAEIU NANIINAEIU Vel NAEDU19DY

1 Protein 21.93 % In-house method based on AOAC (2019) 981.10

= = o o W ' v o a o
naull 2 AnwnavasUSuasiiuandreiulugasuduudednaldnaui

o A

IINMIANYINaTRIUTINANTsaAuA nvaLHLLTslANaR N1 4

AN9197 4 LARISN YL LU TaUBINARA i da AL saa Nkl EnLES LN

anwnzvadedanlsaanudetnldaasunn

Qﬁiﬁ o/ % 1 v [ o
ANWLATBUBN BNI1EIUVDIT1BA : B
1 wlelid Voo Warsudnadloy Msesulou vy 147 - 7.35

nanwdadinnumal wazliAssineituuin
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2 wiafiF@endy Waneu Wiuinildawazide /17 147 : 14.70
w3u3% vaugnanulanumaustesndgnsi 1
wardin1singsIveaLt NN
3 wleid e duaum Weneuuinuwazdniusiu 147 : 22.05

fldiSsuilow vaurnauwdadinnumilen

waglneiuAeut1es

naul 3 iaAnwavasUTuIunuandiuluwivuddlBaEsuHdeA WY HdALa
MNsAnwaunmvesadalsadnuruwladldanasuUsnamuanaeiy lakansussdununmlag

{138MUM1597 5

AN5199 5 LARIANWULYDINANN U FAALTANLTT IO ALESURT

anwazvaNAniugidanlsaa w1 l8nEs U

ansh
) RG] AnanwMzlagTIY dnTdUYeITIEN : B
1 pueviontalsa ausavialadny wakdainnig 147 : 7.35
LANLATANYINBBNIINNU WS1zLUsdnlunsau
warueuInau AUl
2 N pueviontalsa aunsaviaudalalnglaiinisuen 147 : 14.70
l( / A A = 1 ] [
G+ wsednvinvaads inseudedinuyuliuds
0 auiull wasdinnuruhunanslidesauiuly
3 ypuzviandalsa anunsaviewdale 147 : 22.05

! a .«:4' = 3
e EJ’]ﬂﬂT]E;IG]S‘VI 1 LLa%ajG]i‘Vl 2 LWiWSLLﬂﬂNﬂ%’]&JLL‘UG

& "
‘ uazannlAde
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Besdrduanadganuintutes wuinansi 2 lasuanuianelaninfigaainiia 3 @ns (X=4.20 war S.0.=0.72)

sosaun laun gasil 3 uagansi 1 auddiv
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518M3Us2INY gasil 1 (X+S.D)) gnsil 2 (XS.D.) gns? 3 (X£5.0)
anwazdsng™ 4.03+0.83 4.14+0.67 4.17+0.64
e 4.11+0.74 4.19+0.74 3.97+0.73
nau"™ 3.94+0.78 4.17+0.73 4.08+0.74
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o w
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ﬁﬂ’IWLL’JIﬂayEJJJmiLWWLg‘EN (Food Chemistry, 2017; Journal of Agricultural and Food Chemistry, 2024)
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o

uzdeumaanlusyiuionay 0, 25, 50, 75 uaz 100 Tnsvwiin uasdnuaseamdnuasmand Mo uazmsseusy
neUszamduda n1s3deidusuuilmnasdaawmisuusidomeandionisduuazun newdilundn duyeaursdan
91U 5 gAT UagIlAT1eiAT pH AWy Usinaidass (a,) A (L%, o, b¥) Avmaamiln saufienissensunma
Uszamdulia (9-point hedonic scale; n=30) uaziAT1eviveyanie One-way ANOVA uaz DMRT Han1sAnwInud
nsiiuuzdewmaanyinlian pH Lﬁuﬁfuaa'wqﬁﬁaﬁﬁﬁm (p<0.05) ag/lug39 3.90-4.09 LLﬁ:ﬁﬂ’J’]ﬂJ%ULW@J‘ﬁU@JQQ@ﬁ
Sovay 8133 visiian a, 085819 0.88-0.90 ArATuaa (L) uazAinrududivdes (0% iiudu uagenumin
iingelusziufesay 75-100 nansnadeuIUszamduianuinfuilnasonsunandnsiluseduliunarsiann Tng
gnsnaunuesag 50 WsuaziuuanuveulneTNgedn asuldinmeunireauslemanisuzilomeaniosas 50

winnzganigadmsunsimungeau1siALieaunIw
AEATY: FRaUNTUAN UsWeImAd NITNALNUYDE AMANYUENINIENNLATIAT U0

Abstract

This research aimed to assessed the chemical and physical characteristics barbecue sauce by replacing tomato
ketchup with fresh tomatoes at levels of 0%, 25%, 50%, 75%, and 100% (w/w), and to investigate the effects
on physicochemical properties and sensory acceptance. The study employed an experimental design. Fresh
tomatoes were prepared by boiling and blending prior to sauce production, resulting in five formulations. The
samples were analyzed for pH, moisture content, water activity (aw), color values (L* a* 6%, and viscosity.
Sensory evaluation was conducted using a 9-point hedonic scale (n = 30). Data were analyzed using one-way

ANOVA and Duncan’s Multiple Range Test (DMRT). The results showed that increasing the proportion of fresh
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tomatoes significantly increased pH (p<0.05) to a range of 3.90-4.09, while moisture content increased, reaching
a maximum of 81.33%. Water activity ranged from 0.88 to 0.90. In addition, lightness (L*) and yellowness (b*)
increased with higher substitution levels, and viscosity markedly increased at 75-100% replacement levels.
Sensory evaluation indicated moderate to high consumer acceptance, with the 50% replacement formulation
receiving the highest overall liking score. In conclusion, replacing tomato ketchup with fresh tomatoes at 50%
is the most suitable level for developing a health-promoting barbecue sauce. +0.19 in the 100% replacement
formula. Water activity (a,,) values ranged between 0.88 and 0.90. Physical analysis showed that lightness (L*)
and yellowness (b*) significantly increased as the fresh tomato content rose. Notably, viscosity significantly
increased at the 75% and 100% replacement levels, peaking at 15,560.00 +£105.83 cP in the 100% replacement

sample, likely due to the natural fiber and pectin content in fresh tomatoes acting as natural thickeners.

Keywords: Barbecue sauce, Fresh tomatoes, Ketchup replacement, Physicochemical properties, Health-

promoting

1. uni

a . I3 = v aa a i | Y ° v &
uziWewna (Solanum lycopersicum L) \lunildludnfifinisuslamegraunsvatenilan uaggnimnlinsly

JUnUUanuazkAnd ueiuls3U 1wy veausilowme goauvilowmamdudy uazyeausssanis q lnsuzidomaduunas

[ a

d1AYURIANITONMNTRALANTEON NN INN 19U Fandiud Inunaldey uwagarsiueuyad ase lnsanizlalaty

£

(lycopene) Fuduanslunquualsfiuesdfifignisueyyadaszas Junumlunisananuaiensendindu (oxidative

stress) wazvredudanisiineandnduvesluturialalulusiuninunuinuusi (LDL oxidation) swdudladeiduuas

o

Tsailanasnasnden wenanildalldiurisanainudsaealsauztsau1svda (Liu, 2002) vaueiaediu Iandudlu

wzWamadlunumlunsiatuaineszuugiauiu uaglee It igdauasunsynureessUUNIuAL NS

q

Tugmamnssues usidemadngninaunudssuilundndueies Wy voauzidewme (tomato ketchup) uaz

goanam Wewwnmsulssvannsadisiinanududuresansdidyuiavin wu lalatu lnonishienufeusanunse

v
Y=

ililassasiaeadvesslamannndd dwalisnenivanunsanadulalaluldfdy (Gartner et al, 1997; Liu, 2002)
atnslsinnu wndaueigeauzidowadondivddunuanniindinisfniinia inde uagansusausdesa Welliusavfuag

2 o =

#ne1gn1siiusnw Seonvdwmanenuamalaruinsuarligenadaiuwuliunisuslaremsiiieavn nludagdu

1 1%

TugiwangUiiuan guslaalianudidyivemnsnidiunananingiusssunanavinisulsgutosas (clean label
foods) 1nTu nslEimgRvantunmsimwmdasusiemsIaduwuimmilnannsatisannisldasiiiuwi suvaan
Uinalafeunasiinalundndoue vasiforiudinaunseinwauamidasuiniswazaisoangnsniadanmiiu

Usglominaguamle
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gaaursUandundndusiveaniouldlusimisussnnilagnawazormisaeiunn Ingvidluflosddsenaunan
iun woauziliowa Uinna uhduaney uarnisaunanie 4 sgdlsinn nisliveanzilomaduiaguidudiulszney

v
[ o

ndnorvilindnsasiuinuthmanaslefouroudiags dafu nsthusdemaanunlimaunuseauzidoimausdiu
viovanuadsoraduummidumsiauneeausiafidauamdaruinisitu wasatvayunuandfisuns
duaSuguamuessAning daiu nuiTeifalguirasditeussiiugudnunsnaaiiuazmenn wasnssensuma
Uszamduiavemeaunsimfansaunureausiiemas sz idomeanluss fusis 9 lgin Sowag 0, 25, 50, 75 wag

100

2. nQUszaaAn1sIY
2.1 WisUszliunudnyaemaniivazn1enn kazn1seeniunmassamdudavewoaursiAminisnauny

YOAULLVDLNANILULLUDLNARA

3. A NTUNITIY
mMiseadaiidunsiseiBmnass (Experimental research) titewaungeausTmlaensmaunueoduzidome
mungiamaanluszaune 9 lawn Seeay 0, 25, 50, 75 way 100 veUSuugeauslowAlugnTUINTIY SR
5 gnsn1svnans Tasthweailsn@nwiandnuaueynamenin 1l waymsseniumsszamduiavesiuslng
3.1 IngAvuazdIuNEY
fngAvildlunsudaseaunifasznoudie unifomaan seausidowa thaansne diduaney indo
nszifion veslv) veaduvdos wazinTeaasng 4 lnsuziemaandaidenannuaidanugniangay laifidnd way
arihanuazetnneutultlunsnnass
3.2 NMSA3UNADE1ULLVBLNAER
vhuzidewmeanundraianuazeindlstiazein thluduludnien (100°0) Tneldaiussana 5-7 undl
Funaldnndnuaziidesyuvemanioma anduihluahundadwlusenudrundeiniesiulias Ben itelils
ienzFomeiiianududumnsaudmunnstddudiunanlureaunsinn
3.3 Anwdndiun1smaunugeausilawmaAflsusiawmddan lun1snanvadu1sTag
vhdrunauionun 1dun usifemaaavdoseausiioma timansie nanseifion nadaudi winlnedu
ihduaiey @8mnueziiazern smausudlunivuy mudadudidinun (1319 1) mnduhluldenudoud
gaunniuseanas 80-90 BrwaLded Tnofmunsveznaildlunsifevesia 5 YANINARBAYINIY Useuad 15 widl
wionsauogsaiavesudunaniidnvardunan dudoionty Weldanudutudivnzauudninlidu Sahly

ussglunwueiiazonuazUasslidunauilulasesisely
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A15199 1 dunaunazUsunalunisingeauistfmawnureausloinanisuslainAanNsesay 0, 25, 50, 75 way

100 Tagundn

drunay Usua (n3u)
faegedi 1 fangedi 2 faagedi 3 faagned 4 faagedi 5
YoaNLITOLNA 150 112.5 75 37.5 -
NzIToLnAgn - 37.5 75 112.5 150
drananse 5 5 5 5 5
NN TELTE 10 10 10 10 10
HeUIUIM 5 5 5 5 5
wsnlngdu 2 2 2 2 2
théduaney 10 10 10 10 10
F59m 15 15 15 15 15
¥hazon 40 40 40 40 40

anews : faegneil 1 geauniifnlulinisveunuyeausilemametsamean (YnAIuAY)

fag1e? 2 geaunsiainaunugeaus lawmameuslowmegn Sasas 25 Wneuinin

a

fag1e? 3 geaunsiaminaunugeauslawmeameuslawmedn Saaas 50 e

saa o

fag1e? 4 geaunsiaminaunugeauslawmemenzlawmedn Saaas 75 Wi
fag1e?l 5 gaaunsiAminauwnuveaNs dameAmauz lamedn Sasay 100 Ingtmiin

731 : Aawlasan AsItUEIUNT (2566)

3.4 Apnantanianil e wazn1seausunlssEamauds
3.4.1 AaTzvinIuAll

asiasiziataudunsa-ane (pH) : n1siaszvia1audunsa-ang (pH) vaeiega
geau1iTAridunsiagldiaiesindn pH (pH meten) Tnsuduiiisuindasieasazansdninosinnsgiuiian pH 4.00
uaz 7.00 neunsin Tntuthiedsweaiiinmawureaundemasousdomeanlussiuiosas 0 (wnaIuaw), 25,
50, 75 waw 100 Inenniin antas pH lasgudidninsnasluineduazeuraunsi vinisinseiinedisas 3 41
wagmsrumaidudiadsuarAndssuuinnsgiu

MsATEiUSInaAadY : MisiUsinanuuresiied weau i dAuaunsiaeld
Lﬂ%laﬁtmwﬁmm%u (moisture analyzer) §%a DKSH Sartorius s:u MA160 Imaiﬁﬁm&iwﬂszmm 2-5 N5 29UUDIN
H108197831A3 04 mﬂfuﬁaﬁwqmmmumiauLLﬁqmuﬁ'ﬂ"mum wazTnslAgRaunsetdinessieseadl

1A p99zkanINalluso8arAIUT UVRIRaE e TR lulR N153ASIEANLTUNISIUA9E19RET TN1TNALNY
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woausllanAnsNsllamaAanluseausosay 0 (YARIUAY), 25, 50, 75 wag 100 laenin MN15NAaedfIag1eas
3 91 wazenuNalduAtedouazAdoLuuIInTIU

n153AT1ERUSUNUNBdse (a,) - N9IATIRUSUNUUNBdSE (water activity; a,) V99719819

a o a

goauiiAuiunsiagldiniosinusunanidasy (water activity meten) lnawn3euinegslaiidnsasdudorontu
MntuussyiegwaslufieiognwonaioslutTumivmnzay uaziilutan aw aunsgisaniieuldad ns
Ansgsiduiunislusegwweafiinsaunuseauzdemameouzidemaanlusziuiesas 0 (ynrruaw), 25, 50, 75
uay 100 tagthwiin vhmsvaseshedisae 3 91 wagmssumaidusiadsuarAndssuuinnsgiu
3.4.2 AATIZHNIAEATN
nsIATIERANE : nslaszsiandvesiiegsmeaunidaniunisineldeIestnarduuuan
Tnslulafiines (Spectrophotometer) 8% Konica Minolta §u CM-5 Tngvinisufuifisuindesioususnasgiudun
(white calibration plate) foun1s¥n fhegseagndeslitdnsusduiomeatu uasussgadumausinegdli
HufnZevarhiaue anduinsiarnalussuy CIE Toun Apnuadng (L9, Adunse-@en (%) wasmdmdes-tiiu (b*)
Tngguaamnsuisfiuanssiuvesiieds wartuiindnades nsiessisiiunislusheggeaiiiinismaunuges
uzamAnsNsllamaantuseauiavay 0 (YaAuaw), 25, 50, 75 wag 100 Tngimidn vnsmaaeiiegnaay 3 o9
warsenunaliuatadsuarandonuunnsgiu
n1s3aszAraaaude : Tadraunila (Viscosity) fasia3 oaTarninuniln Viscometer 8%e
Brookfield Ametek LV §u DV Next Cone/Plate Rheometer 1dnaens 250 niu Tdasludninesuunn 250 mL 4in
(Spindle) LV-01 (61) udrinszozmsiifiaograindeudinieninmuiss 0.30 RPM LU 1an 30 Funfifigavgdl 30-32
pamgadea (NA9H MIuAs Lagame, 2557) N1TATIERLY 5 #108719 AD fodainaunureaziTemasszide
wieanisanay 0 (graauA), 25, 50, 75 wag 100 Tagtntn doghsas 3 51 iflevAnade uasadonuuinmsgiu
3.4.3 NMSNAFBUNNTHBNTUNNUTZANFURE
nsvaguMIzaNTUMIUsTamduia UsznaulufemssouiududnunzUsng & ndu sawi Ay
Funiln wazanureulaesi Tnevnshessilu 5 fegns fe fegiinauuseauzidemarouzdomaaniisoy
az 0 (¥AIUAY), 25, 50, 75 wag 100 Tngthwtin §1838 9-Points Hedonic Scale Test ldEmaaeuduiu 30 Au faina

ANYBU 9 90 (Wirlyacharee, 2002) ngiimsldavenainaninurey feil

FoUNINTign wihifu 9
YUNIN WiAU 8
YaulIUNaN WinAu 7
YaULANTIBE Wiy 6
L8 Wiy 5
lalwpuidniey Wiy 4
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TadyauUrunans WAy 3
Taivauunn Winiu 2
Tadwaunnniian Wiy 1

q

3.4.4 NFAATIZRINEDA
MTIATIERANLYSUTINYRBYAlAETS One-Way ANOVA Uagil3euiigundnuunnseuesnaie

1m835 Duncan’s Multiple Range Test (DMRT)

4. NAN158

nsfnwinuantAnaeiinuil mafindadunsmaunumensidemaaadwansznuseainuidun sasis
(pH) peailfadndny Tnggnmuauidinisliseausdomaiiosogiaufeian pH sand 3.85 udidesinsmaunusae
uziTowmeansauiSanay 25 89 100 wuinen pH Aesqiiutusgaifedfynieann (p<0.05) Turas 3.90 e 4.09
sy ludueufunuhiuldufutunuUinusdemeaniidiuadly Tneiuaindosay 56.57 lugaaiuny
Julgeanii¥orar 8133 lugnnsvanosiinaunuiosas 100 dwiuAUiinathdass (a,) feeglurae 0.88 83 0.90

FatlmnuunnaeiuegeiitedAgluuieseiunimeass Aslanslun1sei 2

AN5199 2 ATIATITINLALVDILDAUNS URAMALNUYBANE LU BLNAMBNL I BWmAdANSoEay 0, 25, 50, 75 way 100 lay

i
ANATIZR geausUAmauugeauzilawmadsuzidameadn (3avaz)
0 (¥AAIUAY) 25 50 75 100
AN pH 3.85+0.01° 3.90+0.01° 3.93+0.01° 3.96+0.01¢ 4.09+0.01°¢
ﬂ%’]ﬂJ%lu (5ovay) 56.57+0.13° 64.67+1.34° 68.61+0.77¢ 74.44+0.18° 81.33+0.19°
Ganaidase (a,) 0.88+0.02° 0.90+0.01° 0.89+0.01%° 0.88+0.00° 0.89+0.00%°

*Aady + AdeuunInsgIy

v o

e fdnwsnensiululiusulansnuLanANe g itud1Aynseiia (0<0.05)

lugurasgaaudninienin nan1sinadnuinnisldusiiomaandnalindndaeidainuadng (L* value)
Wintuegaiariosnin 24.96 Tugaaiuau 1 30.98 Wenaunudesas 100 wwdvriuAAdudvEes (b* value)
fifiugedunudadiunimmaunuann 2882 1y 34.24 luvefidraududung (a* value) limuaruunnstsogs
HedrAgludasnisnauvusovas 0 09 75 wiazifinduegadaeanlussiunsnaunudesar 100 A0 25.86 13U
Aramiln (Viscosity) nuinmanaunudsuzndemaanluiinags (Govar 75 uar 100) dwalviveaiimuniafiudu

aeilfuddny TneflAngegan 15560.00 cP lugeaunidfmaunureauzidamaneuzilomeansosas 100 dauandly

A15197 3
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A19197 3 A1AIUEIN4 (L* ; Lightness value) ArAnadudung (a* ; Redness value) azaranududinioes (b
Yellowness value) Wag A1AUNiln (Viscosity) (cP) UoaUu1sUAIMALN UL DALY DINAAILNLITDLNA

anfi¥ewaz 0, 25, 50, 75 uag 100 Inegrivein

AR gaaurstAmauuYaduzlamaAdsuzlamadn (5ovaz)
0 (YAUAN) 25 50 75 100

AANLEIN (L* 24.96+0.71° 25.83+0.12° 26.95+0.12¢ 29.13+0.07¢ 30.98+0.14°
value)
CREPRHIIE 24.96+0.66° 25.25+0.08° 24.97+0.05° 25..15+0.08° 25.86+0.09°
kg (@ value)
CREPRHIIE 28.82+2.52° 30.50+0.13% 31.55+0.20°¢ 32.70+0.06% 34.24+0.03¢
wdes (b*
value)
MAUnila 14826.66+70.24°  14846.66+30.55  14853.33+90.18%  15226.66+46.19°  15560.00+105.83¢
(cP)

*Aady + ALTELUNIINIEIY

e FonuINANAUlLLLILOULEAIALLANANDE 9T TN A1 AN 19adA (p<0.05)

nansUsELiunuanalstamduiavesweaunidiifinunaunugeauzilemadeundomeaanluszdu
$eway 0, 25, 50, 75 uar 100 wuddveaeuliAzuuunseeusuluauanvuzUTINg & nAY NAUTA LayIATIR ag/lu
syfureuUunansiisveuan Taefinzuuuadeeglutag 7.50 f 8.07 Fslaifienuuandnafusnsddoddymaadaly
VNYANIINARLY (>0.05) oeslsiinu TusruanuniianuanuuwanssedaivedAyn1sada (p<0.05) Inayanis
naaosfinaunuiouziemaaniosar 25 lefuaruuugegn (7.97) luvasiiganisvaassiinaunuiosas 100 165y
AzLULATgR (7.03) dmfunisiansanazuuuasweulagn wuilgansnaaesinauuf Nz demaaniagas 50
I#uazuuunsseNsugeiand 8.00 delmnuunnsnsegslifivddymeaiifuynnismaassiinaunusieuz demean
$ovay 100 (7.47) fauanslumsnedt 4 fefudlefinrsananmanmsseniuvesiuilaalunndiu Seagulfignsising
naunumeanzilemameuziomaanluseiuiosay 50 Wuseduiimnzanigalunsimundundafusisoaunidan

STLGEUREN
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AN5197 4 NaNITVNAFRUNITIBNTUNIUTLAMEUNAVDIWDEUNS URAINALNUYDAULIBIWARIEUL Y DN AAATN S 08 A

0, 25. 50, 75 uag 100 lagtmiin

Anuweue Yaau15UA2
MeUseamaueis faognai 1 faognaii 2 a8l 3 Faagnedi 4 Faognedi 5
anvauzUsng 7.93+0.69° 7.87+0.86° 7.97+0.61° 8.00+0.79° 7.63+0.81°
a 7.90+0.80° 8.07+0.83° 7.93+0.64° 8.00+0.83° 7.63+0.96°
nau 7.53+10.94° 7.90+0.80° 7.73+0.64° 7.67+0.92° 7.63+0.81°
AUULR 7.67+0.92° 7.97+0.89% 7.67+0.84° 7.50+0.14° 7.03+1.10°
nausa 7.63+0.96° 7.90+0.92° 7.97+0.72° 7.70+1.06° 7.50+1.04°
Y 7.73+0.91° 7.97+0.93° 7.93+0.74° 7.73+0.69° 7.70+0.88°
ANTOULAE T 7.67+0.92° 7.70+0.80°° 8.00+0.79%° 7.80+0.81%° 7.47+1.07°

*Aafe + ALJEAUUIINTFIY

fonws 7 AuanansiulunuiueulansndanuuanaweadfegsilitiedAy (0<0.05)

Soway 0 Soway 25 Soway 50 Soway 75 Seway 100

AT 1 SNUUEVRITDAUITURINALNUT DAL BMNAR WULLUBLNAAAN

Seway 0, 25, 50, 75 way 100 lagunnin

5. AUSIENANTSIVLLALUDLEAUD LU

o

NINALNUTRANEIIamAEzIlamAandnaliien pH anaseg1eiidedAyainyaniuay tnuan pH fiana
Tuts 3.90 - 4.09 lunguiilduzidomaan aonadesiusssumivemziomaaniifinsnduvdgs 1y nsndvidn (Citric
acid) uaznanuan (Malic acid) Turniieanutuiiiuliuegswoiiomudndrunismauny (nfosay 56.57 LHu
81.33) iinnnusidowmaaniowdusznavvesiganinweausdomaiiunssuiunadsaududunud fsenudud
aviuiduituslnenssfunadiisturesrnuiinahdasy (a,) luuieiaedis uiiie a, awdsnseglussdulndidsafiu
(0.88 - 0.90) Ain

dofinnsandd wuieanuaing (L) waganududivies (b9 iindunuuiinuusdemaaniifivtusgsd

U o W

Hedhdty UsngnisallleSungldieeauzidomadiiagudnaiunszuiunsmnennuseuisnuuLaznSiuAs o sme
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oty nldtiddunasaaniuzdemean doldurdomaaanauny Wedudauazdadlaledu (Lycopene) ﬁﬁqlﬁgﬂ
yhanedanufeuidouisviadiiainuaranlaninfy aonedosiuauiteres Gupta et al (2010) fiszyiins
Fanisanuseulundnfusiusidomainalasasimonisaarsdivendaduaznisfiauifisendiinia Browning
reaction)

MnaniTe wuhmaramiiadutunsdadiunmauny Insamefissiuiesas 75 uar 100 (15226.66 P
uay 15560.00 cP AmERY) e edsnaagiinrudugetufnnn fenrmiefifiud uienafinanuiana
ansnndiu (Pectin) uazidule (Fiber) Mniflauazildonvesusifomaaniisnuanay Seihmiiduanslianumie
AWsTINIA (Natural thickener) unningeauzidomnaionagnnsewierunszuiunsulsgaulasaaiianniu
Vsduaaesaly @enndestunsinuues Gujral et al. (2002) finuindSunauileduita (Pulp content) lunzidewmedl
NaRgNFRaNURTINEINTELE (Rheological properties) vaswod

doRimsaneuduiusiumsseniumessamduia nuiuigamaunuiesas 100 sgfirnammiagsgn us
ndulf3uazuuunseeuusuaamila (7.03) uazanuweulaesiu (7.47) shilgnegadideddy Tuvasiignsnauny
Sovaz 50 lefunzuuumureulaesingedn (8.00) uandiifiuitanuviafigaiuluannnlevemsidomaansis
dswaauieidleduiaiiguilaaduas fafunsmaunulussduiesas 50 Sudugafiinanuauna (Optimum point)
FEMINMIUTUUTIAUAIMNNIEATNLAENTEOUTUVDIUILAA

forauanuzdmiumsiforoly Ao nsfinwegmaiving desnnguillfugiSommandidaudugeds
Yovae 81.33 uardiaUTunuindasy (a,) geuszana 0.89-0.90 Fadswionisdondonngadainet Tamsfn
szozaaUasnitlunsinfiuiiguvnisng 4 uazasiinisiinsziaudvnalasuinig wu Uiinamsdiueyya
daspiinuvdondnszuaunianfe WewIeuifisuanuduanddaruinisuasduunisnanaiadedisuiunslivea

< °o
NzLRLNALIU

6. AnAnssuUsENA
H3780800UANA1VIIVIINGINTITNTUTENBURBIMT ANEINEIMEnsLaznalulad unInendesivdy
UATAISTTNIIY NN saduayuiuanIun gunsal uasiaselalunsaiiluauide naenluvevUANKLIU1IINNT

neaeuneUssamdndannviiinnusadedusgneh sauwhlinuAdeatuiidnsaqaried

7. 1@Na1591989

ndndl mung, qui] anam wag dundld Jgyaeuun. (2557). msUszndlfutamsinwuazutemmsnudaudsile
Wuanslimnudunilaluseausowe. 2715975398uas ) ¥as., 37(1), 45-59.

a¥athuaui. (2566). gnsweaunitm ases shineiign fealadasithuaiunil. (Fale].

https://www.youtube.com/watch?v=EGYmunLqCYI .
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Tadeniianuduiusdenuguusslunisiingdfimnainnisujinnuveuan
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Abstract

This cross-sectional descriptive study aimed to investigate factors associated with the severity of occupational
accidents among caddy workers at a golf club in Phra Nakhon Si Ayutthaya Province. The study population
consisted of 82 caddies who reported experiencing work-related accidents. Data was analyzed using the Chi-

square test with a significance level of 0.05. The results revealed that the majority of accident severity cases
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were categorized as non-lost time (48.8%), while 20.7% resulted in more than three days of lost time. The
primary causes of accidents included driving golf carts and lifting golf bags. Age and personal protective
equipment (PPE) usage behavior were found to be significantly associated with the severity of accidents (Sp <
0.059). Discussion of these findings suggests that older workers experience physiological decline, rendering their
bodies less resistant to impact and more susceptible to severe injuries or fractures compared to younger
counterparts. Furthermore, workers who wore PPE only occasionally faced a higher risk of severe injury than
those who wore it consistently, due to a lack of adequate self-protection standards. Consequently, golf clubs
should prioritize safety campaigns and strictly enforce the consistent use of PPE. Additionally, implementing
physical fitness assessments and health monitoring for older workers is recommended to mitigate the risk and

severity of occupational injuries during operations.

Keywords: Caddy, Occupational Accidents, Accident Severity, Golf Club
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midfeitanganseniuuusalutilaglitagsssuniiiou fulgnmuamirdmsunisgulag nsfnvudadu 5
dou oA msdniSestunses nswleudisummmunldnses msinwsammsinaveni msusadiuwdssavinmnis
anauuLarUUA pH wagmswieufisuganmihsswitaihaaes diainedesnses wastuseun Yagnsesiild
Usznaudie nnuznd1a diududud nse nsiadn waznsinivg lnensaainrinnuguuaza pH waglnsievideya
feAinds uarduDouuLInIgIU NaNSANYINUTN Sutunsesfivanzananarstuuy e nsanlng) nsamdn
71518 8NUNNTUA WAaTNINNLN51? WeTAIUNUET 5, 5, 6, 7 kAT 6 WURAIAT ANNa1AU W%@Mﬂﬁﬁsﬂuamwmm 2
fadwng FsliuszAnBamiiian vinisnseshilaanuguiade 8.69+0.09 NTU waze pH 1ady 6.72+0.40 gy

wnaingaudmsunsaulnalewiu ssuuaIUANGIY Arduino IDE Uaskaninan1uae LCD 20x4
AdATY: NN AN TAANTOIEITUYIR TEUUNTOSRLURA

Abstract

This research developed an automatic water filtration system using natural materials to improve water quality
for domestic use. The study was divided into five parts: arrangement of the filtration layers, comparison of
filter thickness, investigation of water flow rate, evaluation of turbidity reduction and pH adjustment

efficiency, and comparison of water quality between canal water, filtered water, and tap water. The filtration
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materials used in this study were coconut husk, activated carbon, sand, small gravel, and large gravel. Water
quality was evaluated by measuring turbidity and pH values. The data were analyzed using mean and
standard deviation. The results showed that the optimal arrangement of filtration layers from bottom to top
was large gravel, small gravel, sand, activated carbon, and coconut husk, with thicknesses of 5, 5, 6, 7, and 6
centimeters, respectively. The system used a 2-millimeter outlet hole for water flow, which provided the best
performance. After filtration, the average turbidity of water was 8.69 + 0.09 NTU, and the average pH value
was 6.72 + 0.40, which are suitable for basic domestic use. The filtration system was controlled using Arduino

IDE and displayed the results on a 20x4 LCD screen.
Keywords: Water filtration, Water quality, Natural filtration media, Automatic filtration system
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iGNARRN 54.53+0.48 7.02
ABUNTOY 54.2 6.89
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. EAUANYU A1 pH . . 3383181
YANIINAADY NOUNTDY . . A1 pH 1A9NT849 o
%“aensae (NTU) NAUNTDY (un)
(NTU)
1 58.7 8.8+0.4 8.4 6.73+0.09 0.95
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3 58.7 8.25+0.4 8.4 8.25+0.09 1.31
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W sEAumau(NTU) AT pH W 0a (U

942

1

3

o
AN 7 UAASTEAUANNYU AN pH WAZTEELLIANYBYANTNARBIN 2 VDINBUN 2

a & o | ' & & Y] ' '
A9 731005 1 ABTEAUANNYU AT pH UagIEELIIAINITNTOIATIN 1, 2 ADTEAUANYU A1 pH LAY
FLELIAINIINTDIATIN 2, 3 ADTYAUANUYY AN pH wazsvEzaINSNTBIRNsW 3 Inevimuaivunaldnsashianinuening

N 7 WURIRT, 6UANTUR 6 LURLIAS, NIEWWN 6 LUURIAS, NTINENTILN 5 [WURLLIAT, NNV 5 [WURLLAT

A19197 4 WEAITEAUANYL A1 pH UAZIZELIANTDIYANITNAGDN 2 NBUN 2

YAMS  FTAUANYUADY  SEAUAMNYUNES 1 pH fiau A1 pH wds  szezaan

NAADY N384 (NTU) N384 (NTU) QECN N394 (win)
1 58.7 9.8+£0.45 8.4 6.54+0.1 1.11
2 58.7 9.12+0.45 8.4 6.69+0.1 1.36
3 58.7 9.97+0.45 8.4 6.74+0.1 0.86

W iEAUmTIGUNTU) @A pH a0 (uTi)

1 2 3

i
AN 8 LAPITEAUANNYU AN pH UAZSZELIAYDYANITNARBN 3 VBInaUN 2
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AN 8 31NN 1 ABTEAUAIINYY A1 pH KATILELLIAINIINTOIATIN 1, 2 ABTEAUAIUYY A1 pH WAy
FTULLIAMNITNTDIATI 2, 3 ADTEAUAIINYL A1 pH WAEIEEEIIaIN1INTBIATIN 3 Inevianuadvuinldnsesfionin
NENFNINUT 6 LBURLUAT, AURUTUR 6 WwURlues, NTenu 7 WuRlues, NTIENUUT 5 WU, nsanlgnun 5

LYURALLAS

M990 5 UARITEAUAINYU A1 pH UAZTEEZIIAIVOIYANITNARDIN 3 MOUT 2

YANS TAUAINYY  SEAUANNYUNSY A pH ey A1 pH wds FTELLIAN
NAABY faunsas (NTU) N33 (NTU) N394 N394 (uni)
1 58.7 1.21+1.05 8.4 6.56+0.07 1.21
2 58.7 10.09+1.05 8.4 6.65+0.07 1.41
3 58.7 10.57+1.05 8.4 6.52+0.07 14

W zAUmTIgU (NTU) A pH e (unid)

131

1

2 3

o
AT 9 UARNTEAUAINYU A1 pH WALIYEZIIANYDIYANTNARDIN 4 VBInaUTl 2

AN 9 2NN 1 ADTEAUAIINYY AN pH UAZITEELLIAINITNTOIATIN 1, 2 ABSEAUAIINYY A1 pH LAz
JLYLLIAINIINTONTIN 2,3 ADTEAUAINYY AT pH UATIEEELIAIN1INTBIASIN 3 Inelanualivuinldnseshianin

NENENINUT 6 LURLIAT, AUNUTUG 6 lWURNAT, NTEUUT 6 WURLNAS, NSIENUUN 5 wuRluns, nsanlugnun 7
LOURLLAS
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M3 6 UARTEAUAINYUL A1 pH UAZTEELLIAIVOIYANITNARDIT 4 RBUT 2

YANS TAUANNYU  sEAUAMNYuUMES Al pH ey | . 538N
. A1 pH ndensas -
NAADY nauNsa9 (NTU) n389 (NTU) n399 (W)
1 58.7 13.1+1.78 8.4 6.55+0.12 1.21
2 58.7 10.02+£1.78 8.4 6.63+0.12 1.53
3 58.7 10.02+1.78 8.4 6.79+0.12 1.2

W SEAUR MU (NTU) I H1 pH a0 (un)

3

q' Y | ' A P
AN 10 LEAITEAUAITUYU AN pH HRZITYSLIANVBIYANTITINAGDIN 5 UDINBUN 2

A7 10 91An91W 1 ARsEAUAMNYU A1 pH WAEIEEELIAINIINTBIATIN 1, 2 ABT¥AUAINYU A1 pH WA

Y A 2 o ' ! Y A g =~ % d‘
FLYLLIAINIINTOINTIN 2, 3 ADITAUANNYY A1 pH LaZIZELIaINIINTBIRsIN 3 Inevanuadiauialdnsesdenin
NENE1IMUT 4 lwuRlues, aududud 4 lwuRues, NTenun 4 lURWLes, NSaAEnUT 5 wuRlueg, nTnlugvun 5

LYUALLAS

M19197 7 WERITEAUAINYL AN pH KAZIZELIANVDIYANITNAGDN 5 nauN 2

YANS FTAUANMNYY  STAUANNYUWAY A1 pH fiau . . LA
. A1 pH naINTDY -
NAABY naunsae (NTU) n329 (NTU) n399 (W)
1 58.7 14.4+2.68 8.4 6.54+0.04 1.19
2 58.7 10.39+2.68 8.4 6.57+0.04 1.56
3 58.7 9.22+2.68 8.4 6.61+0.04 1.69
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91NN15MAABINUI VAVedldNTeea1nTansIINYIR Aa NInuENE1IMUT 6 WURWAS, arutududnun 7
WURIAT, NTIBVU 6 WURIAT, NTINANYUI 5 WURLAT LaznNTImnun 5 Wufwes dssduanuguuagal pH 7
winzausanisgulaa lneliduiuseuiniiAinmvesninuuegi 12 seu uazilseAuauguagi 8.69+0.09 NTU, A1

pH 8g1 6.72+0.40 Fawmanziumsaulapunniian

= - = H P H H o s g
fAdUN 5 LWE]L‘U%EJ‘ULVIEJUF!NﬂﬂWH'ﬁ%WN\?U'IﬂﬁE]\? u’mnﬂgﬂniaaumwamium pazuIussun

M19197 2 WU usERUANYULAEAT pH 581719U1AR09 Y191NYANTEUILUUBRLWIR waviUseln

2

YUAVDIU U1AaD9 UIAINTDY WusezUn

ANVAZNINIYATN
FTAUAINYY
58.7 8.8 4.89
(NTU)
A1 pH 6.2 6.7 7.2

TngouarseAuANNYUNEINITNTDL M1LARN

ﬁ1n§uﬁ'u(Input‘)—?hwﬁ"qminiaq(output) X100 (1)
misudu(Input)
%
azlel
58.7—-8.8
X100=85.01% (2)
58.7

wazen pH vesneumMsUlaliawindu 6.89 uaznaansurlniaviniu 6.7 WeluTeulfiguiudinsgiunnn iy
wigau Faeglutiaseana pH 6.5 - 8.5 nudnhwainsidaiiateglugisiaingn Idiednlinunningausonts

Phlulgnunndy

5. afiusenan1sideuazdalauauuy

nsdndestunsesantansssumilunmeassadeil Fesdhsuannduuuasens WWud mnugndn i
31 nTIadn uaznsanlng SadunstaFesnntaniidauandenlugagiifiennuneivanntu Tnennuzni1iuas
suusfudannsatisgaduansduniduazdsanysnvunmdnlé dunse nondn uaznssluajdisnsesuazsesiy
dswvuaseifvualvgnin lunsinBesiannseslildfiosanams “suaduiuguinaiwosoyna” e
Wl wiiansanTindy “dnuaenianeninuazauandilunisnses” veslagme lnglousninuwiaivunadule

' o

Aoudnilng walllassadradudulevervuazivositegs iliaunsadndvdsanusnaualuguazdionsyarenlda
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Jegndnliidudunsn vusddutuiuiuaemmedeiauroymadnniuseiituiiings awvhmihiinseuasgaduans
vudeuruadnlugduialy uaslavinedrensndeesesiulsadwaniinnisinares dwalfseduaruguyes
hanasuazen pH Suualiindnlndannudunaradesnintagnses wu sufuifuduazninueninannsogady
ansduniduaransiidnanonnudunin-ine dwaliauliaunavesdn pH anaswazindinuadosuiniu 3
aonndesUNLUAITeYes Zahur-Uz-Zaman et al. (2023) finaninfansssundansaliidudonseaiieanautuves
ihlfogefiuszdnsam uazdaenadastu Compaore et al. (2022) inuinisdndssfannsewmansdu Ao nan
uzni1 dufuuiud vee nmndn uasnsaelng fedulsyAnnmeessruunsesi wageumnvesTasnseady
Snilafenilsiidmariouszansnmlunisnseni Tnsnanismaaesmudn ArumuIveININNENET 6 lWuRuAS
fufutud 7 1wuRiues uasnse 6 lWuRuns ansatisansEiuAmNuLArUTUA pH venildRTian esnan
mfingantisiuszesnainsduiaseniaifudenses viliAansgaduiaznisdniuasanysnldundy
eaenndasiuuiAnmssanuuuszuunsesifissyharnumuvesiansssumanidlunsnsesdinasiousansamlu
nshdnAsuruassuaraisuutiouluth (Tchobanoglous, Burton, & Stensel, 2014) wagdnsnisivavesidinase
UsgAnSamuaenszuiunisnses lnsanmsvaasswuinveadaiididuiuguinatsvunn 2 fadluns a1unsnaiuas
Snsnslnavesildmugay sliilvaiudunsosiamandusssznainmsduiatuienses dewalviaiusaan
spAuAMIYuLarUSUA1 pH TdAnTuuinteatiadu 4 GeaenadestulnAniimnssudunndouiiseyindniinis
Inavesiuazruntoadavesdonsos (umdurugudnarwessiilunariunisnses) fnalnemsateusyansamly
n13n50911 (Tchobanoglous, Burton, & Stensel, 2014) MstszuumuaudaluiiAiduesa Arduino UNO R3 $auiy
WwuwosnTTinAnuuuazan pH wldlugansesi dagliannsonsaaouamnimiuasauaunsrhauvesty
ihlfegnadivsyaninin Wedaruguvior pH laeglutisfimzan ssuuasvhmaguinndulunsesdiaunitagld
aunmihfingay unmsiinanaeandestunisussgndldimelulaglalasreulnsaaeslunsnsedeunasaiuny
Aun i luszuutainasielul (World Health Organization, 2011) 3nAsiUisuifieunmuaiminszsisiaaes
hvifananses wagidsein ‘wm'Tfmé“aﬂﬁﬂﬁmﬁ@i”mmmjut,l,asm oH fifnithaassrounIanses wazdlnann
TndiAsstuinuseun uandidiuinigansosh it uainsodisfutssamnimirnnuiasisssumnliimngay
son1sgulneld Ssaonadosfuinasinaunimihdniunisgulnafiuuzihlian pH vesieglutadlndifvsan sy
na19 (World Health Organization, 2011)

6. AnANISUUSENA

v
o o

MAdeiidnsalamensatvayuainlsudouidnsiveray Wanudiemiownaisiginisilddmiunis

AuAd1 naenIudelauanuzwaziiludaunnsowing q ginvihdsweunseanly o il
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Abstract

This research aimed to develop biodegradable films incorporating Mangiferin extracted from Nam Dok Mai
mango leaves and to evaluate their effectiveness in extending fruit shelf life. Mangiferin was extracted from
dried mango leaves using ethanol as the extraction solvent and quantified by measuring the absorbance at
the maximum wavelength of 397 nm using UV-Visible spectrophotometry. Biodegradable films were prepared
using starch as the primary polymer, and the most suitable formulation was selected before incorporating
Mangiferin extract at five concentration levels: 0.04, 0.06, 0.08, 0.10, and 0.12 grams per milliliterThe prepared
films were evaluated for their physical properties, flexibility, and biodegradability. The effectiveness of the
films in extending the shelf life of strawberries was assessed by monitoring changes in external appearance,
fungal growth, and microbial development over a storage period of 5 days. All experiments were conducted
in triplicate. The results showed that biodegradable films containing Mangiferin could delay the deterioration
of strawberries compared with the control and showed potential to inhibit microbial and fungal growth. The
film containing 0.12 grams per milliliter Mangiferin exhibited the highest effectiveness in extending fruit shelf
life. These findings demonstrate that biodegradable films derived from Mangiferin extracted from Nam Dok
Mai mango leaves have strong potential for development as environmentally friendly food packaging

materials.

Keywords: Biodegradable Film, Mangiferin, Nam Dok Mai Mango Leaves, Microbial Inhibition, Fruit Shelf-Life

Extension

1. uni
‘szymeuaawmaaﬂL‘?;Juiﬂqm?iaLLmé’amséﬁ’UIaﬂﬁﬁmmﬁqumamﬂmswﬁmLLazmwﬁmﬁﬁwﬁuad’ms’mﬁa
TneflUSnanisranasauunnnii 8,300 d1usu uislufaldifiedesas 9 dwaliiAnnisandnslufiu waduh wagssuy
Jnammeia naafnanllnsideuiisseznainisgesaalsuiuni 400 U nelilAnnsasaussessnuasaiwanssnu
Aoszuuiliamegedidedfty (Geyer et al, 2017; Thirathumthavom & Charoenrein, 2014) uffaggniunldidu

ussiaiemsedsunsuataiiietesiunnuiukazBaangnisinuing uanduiiunssasglussazen susiediy

o o

magadendinisiiuiesvemalddnlusunuddy lnanmzluwadou Wewinnszuiumsmela Msaei uaz

a6 1 4 [~ U 3 !
UNWY mmaiwmqmaLﬂmﬂmauamasqmmwamm (Kader, 2005) 94ANTISD1UITHAL LN YA THIAY

v
a a =

anlsgnvisienudy nsagydedintuludadiugdunguinuaskaldan (FAO, 2019) MduTinmanTansssuva wwu

a

N15L936)VDIRA

q

wlalfudends Sadumadeniigesaaisls agdlsiniu dalidedrinduaudfdnauarnisgaauiu Suduseaiy

aseengvsMetInmiieUTul R an TRl Ingausonisldanu (Pan et al, 2014; Kumar et al,, 2021)

s
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Tunzahaheenldiluianwdonmenisinensiduuduesuialuansindiiveaniigradueuyadaszuas

a

A1ugadn awsatiedneignisiusneiemsld (Imran et al, 2017; Saleem et al, 2018) N153ATIEIUTUIW

o

wusdmlesudnluseddansunsguiioiiunugniedasanuiiiug1vemansin eyt (Zou et al, 2014) u3fei

163



nsUszgaRvMsiuinemansuasmalulad aming1denvdguasanssd assi 5

7 NOuAIAN WA 2569 AarINImanTuazmalulal tninedesviguasaissn

HIUINS1891U0 ansadnainfigaunsaiisandiveawuilaudininwazdnange1msld (Martins et al,, 2020; Hallur,

v
a = av A= 1

2024) widadin1s@nwIrdaneriuilauwdsidvaswumaiuanluuzitainnenld deiunuidedaejavam,
wruflaudinnanudduduzndeuiuuustinesuy aiuauandivismeninwazBasngnisifiusneinald Fadu

a I a

wwanslunsiiuyaeJagmdeimanisinensuazinunussidueinduliasdedwindon

2. I9QUszaIANTITY
1. WeanawazyUsunaanseusdmasuanluusisinents
2. wWednwonsauivsanlunses LN uTant N N e g U e

3. iefnwilszAvinmussnuiiduTinmifsarsuusdmesulumsiinengnisiiushwansediuess

3. e dun15998
3.1 Jaauazaunsal

o a

Ja Tunzahahnenliiuwidd duingivlunisadaansddy wlaludiuznds uaznfiwesea lonuea
Anududu 70% waziindu Mdudviazatslunisadauazinssuaisazaty anse duessanlddmsunaaey
UseAnSnmuesilaudinn
wvaelle laun 1A3esdsRdvia Tnsnun devauseu wasnsasinn1saanauues (UV-Vis spectrophotometer)
3.2 JNIAiiueu
= - o a a ' H v
Aol 1 eaiauazmIUBInaE1suadmeIuaInlunztiasnantd

Uil 1 NM5a319NIMETUINTTINATULT BT

v
v v '

1. W3NaITaaeNIATEIULLINETY T 4 ANUNTY dell 0.006 nSusaliadans, 0.008
nSUMeNadans, 0.010 nSusiaiiadans wag 0.012 nSunoladans

2. ﬁﬁlﬂfﬂﬁﬂﬂﬁ@ﬂﬂauumﬁmLﬂ%‘laﬂ UV-Vis spectrophotometer figraAue1InGY 3959 -
405 wiluims wuAgIEAMIRANAULANEIEAT 307 uiluing

3. (ufininnsgandunasiinrueniadu 397 wiluwnes wdnhluahnsmasuinsgiu

it 2 MsatpansuusiweoIuanlutzahainaenls (Azmir et al,, 2013)

1. wiedlunvshaieenls Sredrethazenn wavmnurkslufisuauuisatn

2. uatunzaawislidunamelnssunen

3. Fawslunzaing dmidn 0.04 ¥y, 0.06 n$a1, 0.08 a1, 0.10 N34 wag 0.12 nfa wdnhlvurly
lovuea 70 % USunas 100 Hadans lnem3ousiaun 3 9

4. winansazanelvinaniuegsainane waznsinlidunan 24 $alus enmgiivies

5. NIRIENTALYANURIBNTEANWNTY LU Izasavatudula

6. ﬁwmiaﬁmﬁlﬁlﬁmmmi@mﬂﬁmmé’wm%ﬂ UV-Visible spectrophotometer finaa1anau
397 WlWUnS

7. wvansanenle i lunivuzuaziulBiluniiukas sldluniswssuwkuidudinnludunausdes
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7. asneenundumiuiiduTinmuazvilunagounuauiRveuduiliauTinim
YU

| 2 nsfnwnauANTRTe sWHLTIANTIN W
1. MSANWIANWULNIINEANVBILNUAALTININ

WnsUszfiudnuanenen mussRuiluianniimiouldanudlaiud s ud L fuasatn
wusdwesuanlunzshahmenls! Tnefiensan d mlusdla anuSeuvvesiiuin waseuaiausveaioldy i
MsdanadsanenuayTufinne N15NAassgnsIuIy 3 81 wuaneannsUseiusanaduisideldlunisAne aus
ﬁugm‘uamﬂiuﬁﬁm%ﬁmw (Gontard et al., 1993; Sothornvit & Krochta, 2005)

1.1 MsneaauAuBavey (Elongation)

'
LY 1 o a v

ARLNUTIANIUIN 2 WURIAT x 2 LWUAAT TAAINEENAY WILHUTdN LYY
iwdostsaUSauaziuussiauiiduun annuenaaie auaudiidianuddydensldnuas iWesmnusuiidudi
Anuudusarudangunzanaglidnuinie waramsathlvldnuldegnedivszdvsnim Gontard et al, 1993)

2. MIANWIFNYUENTINNVBAAUTEUTIN N
2.1 MIVNAFBUNISLDYFANYNTINN (Ahmed et al., 2021)
ihiegnausuiiduiliadufufifiensfumngay waefiulifigumgfites 9andutun

a19 vl wasdaivtniiemunaasiduinisdesaaeniuaunis

Biodegradation (%) = % x 100 (1)
0

Toeft Wo = dwitihBuduvewsuildy
Wit = Yroninndansileiu
aoufl 3 IaAnwUszABAMMvsIiLTdNTIn AUt ulunsasEnagmaiusnuanseduess
1. N5SA3BUA2DENNENTDIUDSS
Fnansesivesanslvunalndifesiu Liflsesdn s wiaidesn Manuazendrsdnauasssstiazen

wissNiegansalluess 913U 21 gn dwmSunismeaes 3 Gy
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2. NMUWUINGUNARDY
wUsfegansadiuesioandu 7 gansvaasdlaeriinisvaass geaz 3 91 laun
n1snAaaYai 1 : liviemeuwiuildudinin

= " v a6 o
N1MARRIYAN 2 : MomeusuilduauenemsNIly

N15NAARLYAN 3 : viereTlaundarsaiauuedinesu 0.04 nSuse 100 Jaddns

o a

N15NAaRLYAi 4 : vieselauniaisaiauuedinesu 0.06 nSuse 100 Jadans
NINAaaYad 5 : viedlgilaunilansadiauusdlesu 0.08 niuse 100 Naddns
N15NAABIYAN 6 : viereauNFNaTainuuIdWeIu 0.10 nSusie 100 Tadans
N1INARRIYATN 7 : viedlgilauiifvaisatiauusdivesu 0.12 nFusie 100 Tadans
" Y < o s '
3.3 MsviavuuaznIsinuIneAeEng
vieruansoiivesiudazyanisuaassieuiuiidunuansiimuualifiade usnwidegafisunglives

U

(Uszanas 25 + 2 ssruealdea) lunwusfiazennuazuis asuauanmwindeslunisiiuine Tinilousunnyanis
yanpwarALdunTIAaesE LY 3 TTluusargANITIAGes
3.4 myUszfiulssAnsnmwvaawiufisudanmmsiinangnisinuinenansedivess
3.4.1 MIUTLAUNNNILAINUAZNIAIYVDIRAUNTIULANTATIUD ST

a

U fudnyaeN 1IN 18N MKaN 1Y RRUNTIVDIAUNENTINI Tnan1dang Snwaen1anIenIn
fie @ uazmaindes Wnanaanseiiuess ﬁﬁmiﬁ’uﬁﬂﬁwmuﬁaasiwﬁwmmﬁmjuau%aﬁ SPHTIATIBUATIY
WUl wardnwaiznsnszaeiveateslulsar Sunasntisnnsiusne Tngsdunsmaaossiuiy 3 o1 (Han,
2004) Inggnmsvnaesiiannsntzaenmaindoslduunifioiivssavsamlumsiinegninfvinugni

3.4.3 MyAAszidayaneada

thfoyaiildanmannassdiuau 3 41 indnnumeiads (X) uasdinudeauumnsgiu (5.0) dield
lun1siSeuiisuanuuaniswesdsansamuruildudinnluudarges lnednavenaluguiuunisauasnsiu

dieliiunwiliumsiasuwlasnunmussanseiuassssnintnmsiiusnwsg1sdniau (Gomez & Gomez, 1984)

4. NAN153Y
noudl 1 WeAnwuazadauudinaiuanlunzsitninenls

1. HaN198319NINETUINTFIUULNAL WD Y

NINUNTTINVR LT BT ULARIANAITUSTENINIANUIdLTUYRsE Tar AN ST UL TBTY (W X)
wazAnsganauuas (wnu Y) tngldaunisidaduie y = 0.301x+ 0.203 waziiAduuszansanduius rR? = 0.945

AuALanslunmMi 1 (N) WagnsMNTPANTULASUDIATALANLUINTTIUMLANETY AN 1 ()
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[N

y=0301x + 0.203
2=
(ﬂ) R?=0.945 .

307 uilwans

o
o

o
o

o
=

Ainnmaanunduussinarus i

1)/

0 N\

0.006  0.007  0.008  0.009 0.01 0.011 0.012

o
(&)

Aemuiiuvasans (nfisaliades)
7@ ————

A 1 (1) NIINENTUNTFIVVBIATALAIEUINTZIU (V) NTINNTYANTULAIBIENTALABUIATTIULLTETY
Pnduldvihnveaesnuusinauutivesy Inenisldrmnisganiuiaivesasazanguinsgiunusdinesuy
wazansainuusdmesuantuuzianinenly lanan1sneaenamisnd 1

= = a a a oy ' H o
M19790 1 ﬂimmﬁ’l’mmf\]LW@’iu‘VlﬁﬂﬂvLﬂmﬂIUMSSJ’N‘L!’]@EJﬂbbJ

anudutuvasansain (g/ml) ANIRANTULAS (Abs) Ysunamasdasuluaisadia (g¢/ml)
0.04 0.355 0.505
0.06 0.387 0.611
0.08 0.493 0.963
0.10 0.702 1.658
0.12 0.871 2.219

T
a

31NHAN1TNAARLUATT19T 1 Wudl Adudy 0.12 nfuseliadansliusunaasuuimesugeiian wiiiu
2.219 nfureiiadians NA1N1sgAnauLas 0.871 wansiudlamuusinaluneslunsadn inaassddgynadaliay
TG
Aol 2 iaRnwdnsidruimunzaudmiunmsiwiuiandaninainuusdinesuy

& o o oA e

YUN 1 NINHUNANIINN

AN5199 2 LAnORNI1A@INEUSTUNSTYIHERANTINN

ANWAIZNINIBAN

gns 10: 90 15:85 20 : 80

a ' A s A va wa o & '3 A s Ay
NNITNN 2 WU LLNUWﬁﬂmlﬂﬂﬂmﬁmUﬁﬂﬁ’m‘Viu@ mmmmiﬂumﬂugﬂ mmauwmmammuﬂamwlm I@EJ
Aa a 1Y) o A o wa Al aa a 1Y) a s = &
qmwmﬂimmmiaﬂﬂuimuwmmzaﬂwﬂmﬁuum‘uammuﬂamwqmimmmaﬂ‘wms‘Wau AIUNAURN mmmu”ﬁﬂmﬁ‘uu

U uazauaNysalveukuilan asdwiy fe grsh 2 ulaludmusndsaunauludnaiu 10 : 90
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v ]
v oA ﬁ v 1 ard A
YUN 2 N9 ﬂwﬂﬂmauum%aﬂLquWau‘U’mﬂw

1. NIANIANBAULNINBNNYBIURUTANTIN N
M13197 3 uanstayadn vy veINIeN NYBILHUTAY

. wEuAduAuAITudY (g/ml)
% 4 o
Asef SNYENINIEAW
0.04 0.06 0.08 0.10 0.12
& 1a 1o Aoudnsla Aoudnsla Aoudsla
o o o o - -
1 ANUSEY Sau Seu Seu Syu Syu
AMSaBNBDNANUNRLN aanls aanla aanld aonls aonls
& 1a o Aoudnla Aoudnsla Aoudnsla
o - o o - -
2 ANNGBY Sou Sou Sou Sou Sou
AMSaBNBBNANUNRLN aonle aonle aonle aonle aonle
& Ta o o Aoudsld Aoudnala
o o o o - -
3 ANNSEY Sou Sou Sou Sou Sou
AN5AENBBNANUIUANA aonla aonla asnla aenla aenla

AN 3 ANWIANWULNINIEANVBILHUTANTIN MR SN AU NS U UAUTNTUA1IT Y WU

LRUTAUNANUUTY 0.04-0.06 NSuMBNadans AAIY

ANUuIdy 0.08-0.12 nSuraladdng wiuNduLFwa

laas AaSeu wazillefdualianefuinitlasnlade

p9au AUlusslaanandnies TRSeuLarAmLATLELDR
2. NN5808EA1ENINTININ

0.6862

075
- 0.¥5
0.626

=]

winfdsprmandadu (a/ml)

m e | a) st ade D5% m shrtrndata (=) 14 %u
AR 2 wanadeyanisdesaanevesuuilduTInm Tussegiian 14 Tu

15197 4 uansen Biodeeradation (%)

. weudauAuANTNTY (g/ml)
doya x S.D.
0.04 0.06 0.08 0.10 0.12
Biodegradation (%) 100 48 54.7 24.6

16.4 48.74 32.76
MNAMA 2 Wagan3197 4 nudn delausuiidudininvunn 3 wufwes x 3 wuiwuns luauduee 5
uminvesunuiiauanadlunnanududy uansdsnsgesaatem@nim lapansf 1 anududy 0.04 Tesidudnis

a

éaaama@wamﬁzmm ONGR

q sUldingesdnanaiivssavsnmlunisdesaatenstinmladnan wavannsadesaasls
ANUTTIUYRA
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3. NINAFBUANBANEU

M13197 5 uansdeyanisnageuninuBaveuy

o4 wrudduAuAutudy (g/ml)
aseh
0.04 0.06 0.08 0.10 0.12
1 2.5% 2.5% 2.5% 2.6* 2.5%
2 2.3 2.3 2.3* 2.4 2.4*
3 2.3* 2.3* 2.3* 2.4* 2.4%
X+SD. 2.4 +0.1 2.4 +0.1 2.4 +0.1 2.5 +0.1 2.4 +0.1

U * MUefa wiuilauAnnsanuin (e Ao leudlans)

9NA15197 5 WU msfnwanudanguuasnuiidudinwluguiesidudinisind a gaenn Taeinueli

YUIANDUNIAD 2 LURLIAT X 2 LWURIAT a3971U%UEN 5 D730U AswHududnasuusdmpsuliaianutudu 0.10

'
=

waz 0.12 nfusieladans daudaveuasian

= = a oA e A a o P oA & W ¢ )
AauRl 3 iaAnwUszinSamvasuruiautn UL ulun1sYrsEaegnsiiuinuansadiuess
1. M5UsHRUANAMNIINMENNVDIEATESIUBSISTIamIsuinY

AN3199 6 UARITELARNYUENIINIBAMLAZNSIRSYUBIRRWYEIULanse TueTseninansifiuinm

AMNUEAIANBAIZNIINIBATN

N1INARDY = — > — ANYAZNNNIEANLAZNISIES VB RAUTETuLERTa dluass
LBUNIIMAADY (U 1) duganisnnaey (umn 5)
/ v o P "y " v oo A X 2 o %
/ Tuil 1 ansediuessan duwns uazlinunisvedu Juil 5 ety drdn uasny
YAIUAINIILIN WosmazgaunIgsiuiunn waavindeuan msaiian
v o ¢ o = a a avva o o L & o ¥
Tudl 1 anseiuesian duns Adunarafinuuuialdd ud 5 dellu dadn uaz
YPPIUANNINEY nuesmazqauvIadntosuantihasarzaemsdenanimlalusziunils
v 4 e a X X e vuve e b ¥
Tudl 1 anseiessan duas ey linuies Tidwiefulds Juil 5 dad
0.04 VR ¢ A L a o avd
o a3 ilegeush wudesuaradursdundiu fanuduagay vlidenann
nSudedadans .
sgauUIunag
P ¢ ot = & ' ' & P I B V™ RPN §
Tuil 1 anseiuessan duns owiu ldwuides Tidwiedulds Juil 5 dad
0.06 Ao a e o 00w o .
o Wedewih nuldesuasaiunsdvatsn danuduazean vlideuannsyiu
nsudedadfing
Uunang
o & ¢ ot = & ' ' & P TN B V™ RPN §
Tuil 1 ansediuesian duns owiu ldwuides Tidwiedulds Juil 5 dad
0.08 X z o ax o A X o ay
o ‘ edewiiun wuldesuaradunsdvansuiiom deutuazan il
nSudedadans 4 .
e Wonanmsesuun
- > |
v o ¢ o = a s A & = Yo v
010 F Tudl 1 anseduessan duns Adulawuuiaf Juil 5 eluuasiisesdudnioy
v o an ‘ | muites dudinsanw annsavzasmadouannléi
nSudeiiadans ' | i . linuiden Fidudnsanin awnsavsasnsideuaninl
[/ . 7 o d ¢ em oo P L P A .
0.12 - Tudl 1 anseiuessan duns Adulawuuiag Juil 5 ey daandndes linu
\ X 3 M | :
n3usiediadidng R i W TldumsanIng uazsyaentsidenannlanian

a

NA13197 6 WU ansedivesslugamuauianisilisuwlatnuniniafian lnenusesaa N3N wazns

q

v
Y

wden1glu 5 Tu niaunusunuesuasAunsawaiun 3 vaenansedessNvenisiduaiuisoveasnis
@onanlaanin Ineflauviealusunu@eluiui 5 duilaudinnimaaandudy 0.04-0.08 ¢/ml ISunuidslutaeiui

4-5 Yuzinududy 0.10 uar 0.12 ¢/ml linun1sia3yvesduvsdnasn 5 Ju lnglaniganududy 0.12 ¢/ml 1

169



nsUszgaRvMsiuinemansuasmalulad aming1denvdguasanssd assi 5

7 NOuAIAN WA 2569 AarINImanTuazmalulal tninedesviguasaissn

Usgdvignndfian wazlinadenndesiuml 3 ASaweIn1Imaasd IntulavinIsinseidununsndnieUssiivany
Wululalu@amdivg damsnein 7

M19199 7 Wisulgusunulunisudauwiuiaudanim (umse 100 n3u)

wHuAduAuAITudY (g/ml)
51813

0.04 0.06 0.08 0.10 0.12

Funuingiu 4.35 4.50 4.70 4.90 5.20
AN 21.00 21.00 21.00 21.00 21.00
Aldsedy 10.00 10.00 10.00 10.00 10.00
S (V) 35.35 35.50 35.70 35.90 36.20

o

AuBIAe: 1A TINORUENIBIINAAINTOIRY I FDUILEIEL WA 2569 AMUSINLATUINAINSATIAILITTU uay
AldsedunuAmdsnuuazandensiaiaiesie

MM 7 nuiduunsvessargnsiianuansstudntos Tnefuulduftumuaduduresans
afin dsaonndesiuuTinaingiufldifindy oondlsfinig Aussnudinadussdusenoundnvesiunu Ssaasiionsn

N3anszegIaluNSHANNaNNUTEAVB N BATYgAIERS

5. afiuenan1sIdeuasdalauauug

oud 1 Msatmansuusdime3u wuih nmsafindeieniuea 70% eandudu 0.04-0.12 n3usde 100 faddns
Wunan 24 $lus anunsoadaansunsdmeiuldtazihlulfindsuwsiuiidudanim egralsinim Uinaansiiainléeii
naINIRIEIU 01ainanUsEAvEAmYBInsTUUNTaln vlinvesiiharats vieanningiu JelinaseuTua
ansdfyfinsiany Seaenndesiuauddoves Chen et al. (2014) finsnuiiadulunisataiinasousinuasddad
emndvay

noufl 2 MawnssunazamanTRTduTInw Wi Samdluudsiudusndsderdingu 10 1 90 uagnaLfu
ndiwesea 3 Haddns aunsaliuiuiduiiSeu athiaue uardanubavgusanzan nalfuasadaudieduiinase
Tassaisuazandivesiidy 91nem3deves Thirathumthavorn & Charoenrein (2014) fisienuiiuilannsaasisilas
Ifusfianuiusne uagnmaiumanadlowo fteiinanudavguuasiidu Martins et al. (2020) finanadnisldasarin
NnfiwieifunuaRidamihivesidudanim

poufl 3 UszAnsnmnisBaengansodiueds wuil uiuildudanmilinasataususdmledu 0.04-0.12 nfusio

P

100 fiaddns ansavzaomadonauamuaznsindenvesansefuesilafnianiuay Tasarududuiigaud
wulthmheBnognmaiuinulinntu Suandnviiugduniduasiusondindurosmsatauusiiedy
dalauauuy
1. msfnwandRidnavesilay
2. asfnwinsBuriulethvesiid

3. sansanulullldlunsrdnssduenannnssy
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6. inAnssuUsENA
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oglusziuanniign lefiansanmuiadesluudasgasanunlumidos wuindrduusn fe gnsit 3 dsvfuauis
wolaluszduundign (X = 4.63 uaz SD. = 0.28) 599a31 Ao gas?l 2 uazgasi 1 dsogluszdutiunans suddy
Farka 3 g3 aldSnmdumaniunnsstuoenly wagiimslddunauiidvssloniuardnasunmamalasuins s
wdosdsismuutantva uazamamslnruinsiidiuundu

Ly

Adfey: dnge Walsedn nswUssy AnAelagwINg
Abstract

This research presents the development of rice seasoning powder from dried vegetable fern (Diplazium
esculentum (Retz.) Sw.). The study was divided into three phases. Phase 1 aimed to develop rice seasoning
powder from vegetable fern using a food processing method. Phase 2 aimed to determine the protein and
dietary fiber contents of the processed vegetable fern. Phase 3 aimed to investigate consumer interest and
satisfaction toward the product. The sample group consisted of 349 students. The research instruments
included dried vegetable fern rice seasoning powder, a consumer interest questionnaire, and a consumer
satisfaction questionnaire. Data were statistically analyzed using mean values. The results of Phase 1 indicated
that vegetable fern could be successfully developed into three formulations of rice seasoning powder. Phase
2 revealed that the dried vegetable fern contained 16.04% protein and 5.14% dietary fiber. In Phase 3, the
consumer interest survey showed that 209 respondents (59.89%) had previously consumed rice seasoning
powder, with most consuming it daily (7 times per week), accounting for 117 respondents (33.52%). The most
preferred form was flake-type seasoning (25.50%), and taste was the primary factor influencing consumption
decisions (15.47%). The consumer satisfaction evaluation indicated that formulations 1 and 2 received a
moderate level of satisfaction, while formulation 3 achieved the highest level of satisfaction. Based on the
overall mean scores, formulation 3 ranked first (X= 4.63, S.D. = 0.28), followed by formulations 2 and 1,
respectively. All three formulations used different ingredient ratios and incorporated beneficial ingredients to

enhance nutritional value, with consideration given to product novelty and improved nutritional benefits.
Keywords: Vegetable fern, rice seasoning, processing, Nutritional Value
1. unin
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Abstract

This study aimed to develop and examine the efficiency of an integrated learning management model
combining science and Thai language, known as the SCAR Model. The objectives were to compare students’
critical thinking skills and rhetorical communication skills before and after the implementation of the model.
The sample consisted of 40 Grade 9 students from Lampang Kanlayanee School, selected through cluster
random sampling. The research instruments included SCAR Model-based lesson plans, instructional media
packages, a critical thinking skills test, and a rhetorical communication skills assessment form. The statistical
methods used for data analysis were mean (x), standard deviation (S.D.), and dependent samples t-test. The
findings revealed that the developed SCAR Model consisted of four stages: 1) Situation Analysis (S), 2) Claim
Formulation (C), 3) Argumentation with Evidence (A), and 4) Rhetoric and Reflection (R). The efficiency of the
model was 82.5/82.5, which exceeded the established criterion. The students’ critical thinking skills after
learning through the SCAR Model were significantly higher than before at the .05 level. Similarly, their rhetorical

communication skills after the intervention were significantly higher than before at the .05 level. Additionally,

students demonstrated the ability to effectively integrate scientific knowledge with persuasive language skills.

Keywords: Integrated Learning Management, Critical Thinking, Rhetorical Communication Skills
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nsazviouAn) - fANTNANLALLNALNE - Reflective Practice - Perloff (2003) - Weuldduszuy
\Unsuaruiiueing - Metacognition (1153 - Donald Schén Uiefie

a

- agvioufaiveianstew; @A) (1983) - Aoans/dnauaLiveliy

YDIAULDY - Kolb (1984) f3lasgnaningay (Sauds
nsagviounauiiveysuUse

2w
Msiseus)

MnMsfnwuardnasesiuundauaruidedifedomisluasnssina AITENUTT WUINNITIANTT
SoudiiiusyavBnmasUszneudie (1) msldanunsalalafiensedumsiious (2) mswamvinuennstivemauas
nsldudeogranduszuu uay (3) msduaiunisdeasidunauariumadouagnisyn dedu §ifeddimund
sULUUNTIANIaFens S-C-A-R Fafunsysannisuufndnanddesuegraduddudu el Fousnns

Seufegniinnnuming uwaranansaimuinuensAniinged n1sidudinsdey wasnsyadaisassdlaegnedady

2. IgUseaeAnTIdeY

1. Wlomunazmuszansnmwvesguuuunsinnisiisuiysannsineimanssauduniwilng (SCAR
Model) vosiinGeuduisonfinudi 3 saFoudiuneiaend Tiiusyavsammaunast 80/80

2. fanuifisuitnuensAniBinnsveninGeudusisenfnudi 3 douuasnds nsldgiuunsdanig
136u3 (SCAR Model)

3. iewFeuifisuinugnisioansegnairmaatvesinSeuduiisenfnudil 3 deuwasnds meléguuuy

N59AN13I38U3 (SCAR Model)
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3. Fwaniumside
mM7AdeiFes mewanuazAnyivansliguuuunsinnisBeusysannsinemanisiuiunwilng (SCAR
Model) 1un93duaziiainn (Research and Development) Fsfideldtmunssazidonduneunsdniumslisd
3.1 w3eddlefldlunside
wdosilefflilunsiteadsiinsoondu 3 Vssavudn Tun
1. iesesdlofldlunismaans (Instructional Tools)
1.1 gfiomstanisi3ous SCAR Model : B3uteseaziBeatunsumsaouri 4 Juney
1.2 wun3dnn1sioud $1uau 6 wnu 590 6 $2Tus Aysannisideninermansuas
nwlng

a a

1.3 uTRNSSULTINANN U9 (Product Innovation) : SCAR Canvas : WHUNSU1AAF 11U

N 4

Anszideyauazndlasiairnmaad fe ganinanumsal (Scenario Cards) : landanunisaldiasadosemsiasy
uazdelaan
2. wseddlefililunissiusideya (Data Collection Tools)

2.1 wuuneasutaradugninianiaifeu : Wuasznisinsgideyataznindeu
(U5t 9191 10 vo 10 AzluY Uazdntly 31U 5 U 10 AvLUL)

2.2 WuuininweMsAnlInINg : aatunsaidiaediinseulnsziuaslviveng

2.3 wuUszdiuinuznnsioansegnsiimaal (Rubric Score) : nausinsUssiiunsyauas
nsfeudalauds

2.4 wuussiuadviaiuaennd ol (100) dnsulredig §33elaurTeguiuy

U

o

N13TANITLT U UAZUNUAITIANITITEUTYTUINITUUY SCAR Model Lauarorlde3ugyduiy 5 M1y Liteiiansan

o

ANNARNARBITEINNEIAYSENDUTRIFULIUMSARUiUMT Talus e ivinemansuazatwilve manslasgsinudn
Adiauaennaed (100) daadusiuminiu 0.80 Inennsienisusediurunaeiduinusedeuiside §Iideddd
afiunsusuupneanBendnieenudaausiurvesiiemngynowilldass (Try-out)

3.2 Uy Iveulstunaunsaiuaueandu ¢ seer (Phase) ANU2995NSHRILN §iatl

Y

'
= U a

szoedl 1 mafinwdoyaiiugiu (Analysis) Jnsgindngmsununatsd fad indvnivemansuas
mwlng Sudseudnudf 3 Sinszilymuadugnimenisisuresindeulsuisudiuietasnd nuazuuuade
Yovar 57.69 Anwmauin1sAndsinng uazamAatnisdeans ilefmunnseuninfn SCAR Model

sepedl 2 nMswawILarasiuniesile (Design & Development) 374 SCAR Model Usenausie
S - Situation Analysis (N153LAS1gRan1UA158l) C - Claim Formulation (N15@351999na17979) A - Argumentation &
Evidence (M3lakgauaznang u) R - Rhetoric & Reflection (1mAaduagnisasyioudin) ndnuinnssu eenuuu SCAR
Canvas Wag minanunisal Waeandeatuinde "smnsiaiuuaznislavan’ "madaseugnssuiiesnuilsa” vie
"wansEnuvesiueadesneszuuiina’ asnaeuamn i wazyinadeaftormunliideavg 3-5 vihu nsvaey

ANLILTIBaMSS (Content Validity) Tngnan 10C (0.67 - 1.00) U§udga ulvmuduuzihwesfidomgnoutilunaass
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Tuaznismanudoiu (Reliability) ﬁwmemaauﬁqumaﬂ%’uﬂgwﬁﬂﬂ Try-out AutiniseutuisoudnuUa 3
Tsaudaiaend @lildnguiedng) S1uam 29 au tilemaraueInite (p) uazdruadiuun () dwiudeasy
Usife Tnegfideanuumeasulunaasddd (Try-out) futindeuitlilinguiiegne s1umu 29 au andunsialiasiu
Taedmualitefineugnld 1 avuuu wasdedineuiiald 0 Azuuy wdHARAzLLLINALIAIAIANLEINIE (p) VD9
Joapusnede lneligns p=R/N nanslinseiAmanuenievesteasuusily wui Jeasuiliinnnueinditgegsyning
0.32 - 0.78 FoglusziuAoudenTsdeut1de Inefiveasudulug egluseduliunals wansindeaoud
Az aansnthlUliianadugrisnansiFouvesgiFouls
svezit 3 MIneassld (Implementation) §338d1Ldunsmaassiunguiaogia fe Wnisoy

Fusiseufnuti 3 Tsadsugsfasd madoudl 2 Jnsfinw 2568 Tnedidunoudsd

- Pre-test nadaufeuisufeuuUInNsAndInINYazuuuRRUNAS U

- Learning Act 3AN19138u3AMUKY SCAR Model Tnglduinnssu SCAR Canvas Wagni3n
anunsalifudondn

- Post-test ifleAuganismaaasiinIsmarundussudenioslloyaifiu wasUssduiinu
nnsdeansegsiimaad

szoedl 4 nsUszifiunauazasy (Evaluation) Tiasizvdeyaniuszdnsnmvesguuuy
AM5e0U (E1/E2) matnaei 80/80 U8 ULTIBUAZLUUNDULS ULATNAUTUAIDEDR t-test Dependent 1W3sULTBU

ArLUUndLSeuiuniSesarlsussuivun Weligatnisuilymaingiu 57.69

4. HaN1598

N15338509 NsimkaAnwInan1sldsULUUNTIANs s YT TInemanssiniuniwlne (SCAR

1%

Model) leaiaaiurinyen1sAnBainnyuagnisieasegiimaad vesinSsuduliseudnudn 3 fidednaue

v
v

ayanuaAUIngUTEARNITIdY Al

&%

NANISIATIZUY

=

Aau 1 HaNMIWAIUIFULUUNITIANTSEEudysaNNsIngmanssauiuntwlne (SCAR Model)

FWelaanudunsiauzduuunisianisiseus SCAR Model anudunauni1sidouwazimnun (Research and

E>2Y

Development) 3aUsznausie 4 Tunaunan Ae 1) N3AnwIveyaiugu (Surveying & Analysis) 2) N1508NKUULAY

WAWIFULUU (Design & Development) 3) msmaaﬂi’fgmwu (Implementation) kag 4) MsUsLluNakarUTUUT

¥
Yo A

5ULUY (Evaluation & Revision) Han1sHaLFULUUNNTINNTSEUF SCAR Model asnsaasulsdail
1.1 29AUTENAUYBIFULUUNITIANTSLEEUS SCAR Model

¥
@ v

SULUUNTINMIEEUS SCAR Model Aty flosdussnauddty fod

S - Situation Analysis (NM53LASI¥YEAIUATSA]) INeA1ans: dnausUsviiu SSI (Socio-Scientific
Issues) fidudou 19 "ammsiadunaznslavan’ "msdinseugnssuiiosnuilsn’ vie "Wansenuvesiadeireszuy
fna" arwilne: Anniserudulaniny (Skimming & Scanning) 91 eunAEAINT WieTnTzraruuLTede

vosunasfeyauazuandeiivaseeenaindedauiu
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C - Claim Formulation (M5&31998na11819) Inermans: lidniSeuldenyndu (Position) Ingdl
auRgusesiu nMwilve: Inmaifeu "Useifiuddy’ (Topic Sentence) fidatau fiwds uaztaula pamdnnisideu
domhiiusavsnm

A - Argumentation & Evidence (N15laugauagnangu) Ingamrans: n1sduAudoyaidauszdng
(Empirical Evidence) msldifiay i@ vidonswiiltofudumnua nwilne: msld "duden” (Conjunctions) Auanang
wagna (W (osn... dawali . fowmil.) uasmssBaumdiinvesmaiiioainaimn

R - Rhetoric & Reflection (MmAaduaznisazyioudn) INe1eans: N139TIA0UAIILAUMAAUNA
(Reasoning) waznseeuiuilsnuAndiussnniivdng il nwilne: msiinyadnain nislddudes e uas
"ndad" Tunsldudnlagilesiufansemlunslaugs

donsiFeud Uszneuse wwunsianisieus Tudanssu Tuanud uasdestadtidesieg

nsiauazUszifiuna linsiauazUsifiunaiivainvas 1wy Luunadeusinuensandsining
wuuUsgdiusineynsdeansegnsiimaad TuAenssy uasuuuazsioudn

1.2 wan1sUsziiuAMANYRIgULUUN1TIANTSIEUS SCAR Model
fAdethgunuumsdanaigoud SCAR Model fitmuntu WUIiiBamay S1uau 5 viw Yseidiu
Anumnizan anuduldle anuaenndesiuingussasd wazaanmlnesiu nan1suszdllunudn srenisuseL iy
yndediaduiinuaenndos (10C) oejseving 0.80 fa 1.00 aflengeninunasifirimualy 0.50 wanddiifiuinguuuuns
FansFousiimuniufianuifiowmsadaiion (Content Validity) uasfinmaonadosiuingussasdmaide
noufl 2 wansAnynisldguuuunsdanisBeud SCAR Model futinGeudusisoudnedii 3
wamsAnyInslsULuumsiansEeud SCAR Model annsnagulddsd

2.1 wadugndn1anisSey

FAduFouifisunzuuuedenadugnimensifeuinineimaniuaz nwilnevesinizou
rouFounazudaFoufiosuuuy SCAR Model wut tiBouiinzuuuadondaFouginitnousou

M990 2 WisuieupzuuuteNadugvsnnan1sseuvesinSeuiouTsulazrauseume ULUY SCAR Model

R N Azuuwdy fauiseu SD. wawssu  S.D. t- test
o () )
NeFEns 40 20 12.23 2.65 15.35 2.21 11.31
mwlve 40 20 12.78 217 15.83 2.19 15.01

91NA1397 2 WU dnseudiaziuuRienadugnsnnIsEewivIveImansuauieu (x= 15.35
waz S.D. = 2.21) gaN91NOUFEY (x = 12.23 uaz SD. = 2.65) wasiniSeudavuuuad snadugnanianisseuiv

Mwilnendaseu (x = 15.83 uag S.D. = 2.19) gendineuwseu (x = 12.78 uag S.D. = 2.17)
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09 a a a 4
2.2 MNYSNITAALYIINING

N

o

WeTeuiisuaziunaieinuen1sAABOININEYeliniTsun o U S s ULAL AU BRI FULUY

e3>

SCAR Model
M19197 3 WisuiguazkuuRieTineen sAAInINYYetniSeunouSsuLas nauS sUmesULUY SCAR Model
. N ATLUULAN  nauleu  SD. wauSeu (0 S.D. t- test
e B
(x)
NIANLYS 40 50 24.60 5.70 38.30 4.29 15.91
nne

N30 3 wudn dniseulinvuuuedeinuensAndannrdaieu (x = 38.30 uaz S.D. = 4.29) geni

AauSeY (x = 24.60 Waz S.D. = 5.70)
2.3 finwensaeansednsiiamaad

HIduiUSsuisunsuuuaivrinyen1sdeaisegaiimAadvesinissunoussukas ndussume

JUUY SCAR Model Wuin

M19199 4 WiguiguArLULaieTinven1sHeansed il mAalvesinieuneuSsulas nauSsuMeIULUY SCAR

Model
N ATHUULAY fauseu S.D. Na938Y S.D. t- test
YNy - _
(x) x)
ms'?i"ams a0 50 25.48 5.70 40.43 3.87 25.55
AR
mRal

INATIA 4 WU TnSsulasiuundsTinyensieatsedsinmAadnduseu (x = 40.43 wag S.D. = 3.87)

gandnewsen (x = 25.48 uaz S.D. = 5.70)

5. afiusgran1TIdEuazdalauDUuY

nan153deLs s simunas@nvinanisliguuuunisdanisfoudysanmsinerimanisaiuniulng
(SCAR Model) annsaafiusenamuingUszasinisidelulssinuvainisimungduuun1sdanisseus SCAR Model
wud1 UL W d udaunmeglussdufunn (dads 4.50, SD. = 0.50) agviouliiiufianinumanzas
anuaanadosiuingusrasd uardnsamluninilutszgndldluuiunnsdaniadousldodieivssansnm ol
anfleannnszuiunmsesnwuuiiendenisdaasiziuunfnd day Toua wuafa Socioscientific Issues (SSI) wiIAA
nslauds uagnsdeansidalifuin deaelrianssunsBeusianudenlosiuaniunsaisduazdaaiumsildiuson

VBT HUBENLANUNUNY HARINANIADAARBINUIIWITEVBY Troy D. Sadler (2018) uag Dana L. Zeidler (2019) 9
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guduinslivssinunednuiifsudesrivinermansannsaimuinisdndniesssus aznsindulieg 19lvewa
vosiseuld
lugnunadugrisnianissey nuiinteulazuuuedendussuganitneussunluneivinemansuae

Mwlveed 19lveddgvneada wanslmiiuinguiuy SCAR Model fiuszansualunisenssiunadug nsnenisseu

Yot 3o Matliilosnnuuuudinarialeonalviseuddiusnlunssuiunsfousiden dunsduans e

o '
LYY 3

wazdoasegnadudiiuiu dudedenisasrsmmninladsdin nan1sifeiaonndesiuuuafaves Jonathan Osbome
(2020) FisvyinsdaniaFeudiidunsliudwanaiuadmudladeinvositou Snisdaenndoatumuissly
UszmalnedlinaFeudiuulitamiduguasmadsuiuuudume Sauiansaiausadugrimensdould
agnaiifeddy wasdlefansanduinvenmsAnddnng wuhtniSsuliasuuunduieuganitneussueeaditdud Ay
y3adid uandliifiuinguuuy SCAR Model ansaduaiuvinugnisAndsimnsldegtediussaniam naiideaan
Aanssulutu C (Critical Analysis) waz A (Argumentation) sjautiulsifiSouiinsesideya usnuerdeifiaaisoonain
anudAaLiy uazliivgralasedondng uideszdny dsaenndeaiunuiIAnyes Stephen Toulmin (2003) ity

lassadaveansiiinanasgiadusyuu uazaenndesiunuidesauadoniunslauds (Osborne et al, 2019; Kuhn,

v
o v

2019) AinuinsAnldudieimurinyen1sfntuaaes]ison vasiaeiu Tuduinwenisieansed1aliimaad

=

WU’i'lﬁ’ﬂL?auﬁﬁ’wmmwé’aLgauqasﬁ?uashaﬁﬁaﬁwﬁ’zymnaaa Feoradunainannisiaianssaludu A (Articulate
Communication) wa¢ R (Reflective Reasoning) Tliffun1siseuisssanuda n1sléniweghannza uazn1sdeans
iioltutinlasgnilivana nadnanaenndesiuanudduues George E. Hillocks Jr. (2011) uaganAdesunisideu
WFalA g aluy9mad (Graham et al., 2020; Andrews, 2021) ﬁ%IﬁLﬁu’iﬁﬂ’liﬁE]uL%EJuIﬂEJLﬂuiﬂiﬂﬁ%ﬂﬂ“ﬂmm&maLLaS
vdngIuansoiaLvinugnsdemsvesiSoulfesaiiusyavsnm

namsIduaslaonndesiuanidelulszmalneildnisdanissousuuuldlaywidugiu (Problem-based

Leaming: PBL) Uagn15i38uswuuduians (nquiry-based Learning) fanuinanunsaiauinadugninienisisouves

o w !

¥ v 1 N a v P v = £ <) v v a
ZJJL?EJUI@BEJ’NSJUEJEWQEQ bYU NUTIYVBIUGUA WIANN (2566) ‘V]ﬂﬂ‘iﬂ’]ﬂ’liﬂﬂﬂ’]ﬂiﬂﬂﬂﬂﬂl%ﬁi‘gﬁ’]L‘ng']‘uﬂUumiEJ‘u

Iy = o

FuliseuAnuUi 2 nudiseulinadugnininmisissunazauasalun1sfneg19ldinsuyIurduTeugnd

Y

neussuegulitud1Aynadanisedu 01 uenaind waenndesivnuidevesilatad Wiswmns (2566) Afn¥IN1S

o

JansseuslaeldnisdanisseuduuuldtgmidupulunginussRmansineg wuin dndeuiivadugnsninisseu

o

naseugInIneussuegildyd Agynaiinsedu .05 warguuuunsiteusivssavianauinuninivue s

nuifelussaveaudnunildnisdanisseudidagnuazysannsnsdnnisiseuduuuldlamidugiu (Problem-based

Learning: PBL) kagn15t38u3huuAULane (Inquiry-based Leamning) F4nMUdnanunsaRauINadugnsnensiseuves

=

diseuldegnadieddny wu uddevesdeiml fun wasane (2567) IRnwinsdnnisseuiuuuldlgwiluguiu
uniseuszaudseudnvinuindniseuinadugnsniansissundussuginitnewisuegeivedAgnisada dalu
wInNlndAeeiU Inquiry-based Leaming 19w $1uvaslenias a13de wazaAne (2568) ANUIINTITIANITISEUTLUY

lassnusiuiuesesdloneanudn aansaimwinuenisdndulasasradndnisisouiveisouldegelivssdnsnm

o W

nan1sAnwdananasieuliniiuil wwamanisdanisiseuindudiseududdy neldlagmaniunisalaie uas
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nsvvaumsduianziiugiu Sunvimdrdglunswammadugns manisifsulaginuenisind ugeos]ifou
?jaaamﬂé’aqﬁugmwu SCAR Model Tun153dunssiifiunszuauns S (Inquiry) C (Analysis) wae A (Communication)
aghaduszuy
dalauauuy
Advvethiauedalausuusiothnansideluldussfiomsfinusie dail

1. msAnwmansliuuuumsdiansiEeud SCAR Model Tundusogailnafiu uwarlussdutuviossin
3u 9 ielinanmsfeiinnuindetiewazannsatlUld e sunsvans

2. arsfinuifadedu q fienvdwmaneniswauinun1sAndiininyuaznisd earsedafivimdad
i wsegdlalumsdens usseniensseus uasunumuesas s

3. MIsHANFULUUNTTANTSougUuUUaY q fansaysannisauimeineimansfunisldnim

Ipegnsdiuszdnsan WedunumdituagiaeulunsdenldsuuuuiivunsaniuinSsuwas usunnsiseus
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Abstract

This study's goals were to 1) evaluate the effectiveness of active learning in conjunction with board games on

the topic of animal classification for fourth-grade students; 2) compare the skill development in active learning
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in conjunction with board games on the topic of animal classification for fourth-grade students; and 3) look into
how students view active learning in conjunction with board games on the topic of animal classification. Twenty
fourth-graders from class 4/ 1, first semester, academic year 2025, were chosen via purposeful sampling. The
instruments used were lesson plans, opinion polls, and an assessment. The statistical methods used were the
mean, standard deviation and t-test. The results of the investigation showed that: 1) The researcher's
combination of active learning management and a board game on animal classification produced an
effectiveness score of 81.50/83.95 for fourth-grade elementary school students, which was higher than the
required 80/80. 2) Following the learning intervention, there was a statistically significant difference (p < 0.05)
in the average score of fourth-grade students' development of active learning skills in connection with a board
game on animal classification. 3) When the active learning approach was combined with the board game on
animal classification, fourth-graders at Roi Et Municipal Kindergarten School demonstrated the highest level of

enjoyment.
Keywords: Learning Management, Learning Management Skills Development, Active learning management
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Abstract

The objectives of this research were as follows: 1)to develop a learning management model using the CIPPA
Model in conjunction with Activity-Based Learning (ABL); 2)to examine the results of implementing the learning
management model based on the CIPPA Model integrated with Activity-Based Learning (ABL); and 3)to validate
the developed learning management model using the CIPPA Model combined with Activity-Based Learning
(ABL). The sample group consisted of 30 Grade 11 students from Satit Tessaban Ban Chetawan School, Mueang
District, Phrae Province, during the second semester of the 2025 academic year. The participants were selected
through purposive sampling. The research instruments included: 1)the learning management model, 2) lesson
plans, 3)an expert opinion questionnaire on the model development, 4)an innovative thinking skills assessment
form, 5) a workpiece assessment form, and 6)a project evaluation form. The statistics used for data analysis
were mean, percentage, standard deviation, and one-sample t-test. The research findings were as follows:
1) The learing management model based on the CIPPA Model combined with Activity-Based Learning (ABL)
through agricultural projects, aimed at enhancing innovative thinking skills among Grade 11 students, consisted
of four components: 1)background of the model, 2)the learning model, 3) implementation of the model, and
A)outcomes for learners. The overall quality of the model was at the highest level (X= 4.71, S.D. = 0.30). 2) The
Grade 11 students’ workpiece scores after instruction were significantly higher than the criterion at the .05 level.
Additionally, their innovative thinking skills after instruction were significantly higher than the criterion at the .05
level. 3) All experts endorsed the developed learning management model using the CIPPA Model integrated
with Activity-Based Learning (ABL) through agricultural projects to enhance innovative thinking skills among
Grade 11 students, confirming that it was appropriate and could be effectively implemented in real classroom

settings.

Keywords: CIPPA Model-based learning management, Activity-Based Learning, agricultural projects, innovative

thinking skills.
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msAaBvusanssu ndsiiinu:lumsnistd inaluladua:
1.3 GanuawnsaUfiaRowanBuniu AaBousanssy
o bl 3 d'n:;:“ulmn
5 G usvimuaulovio/
& um:‘::lwmu::m asougunsai/inalulag

2.2 Ganwansalumsiudufiu 4. dundomsn

2.3 GaxwansalumsAaos:uy @nangasadsysanmisiddunnsm

24 B Adadosuuuu 4

AWl 1 CONNECT-ABL Model sunuunmsiansiGeus Inglilamaduin (CIPPA Modelsaufufanssandugiu(ABL)

HULASINUNEAT WBALESUYNYEASAMTILINNTTY dmsutniSsutusiseudneUn 5
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wuaAauazauilusvesliung CONNECT-ABL Model &

C - Connect to Prior Knowledge : nszdfunazifoslosanuiifa

O - Obtain New Knowledge through Activities : waaAu3 vk uRanTsY
N - Navigate and Understand : @nwiuagyianudnlateyaainianssy

N — Network and Collaborate : #5191A38U8LAZIIIUTMAY

E — Explain and Organize Knowledge : a%mmazﬁmmﬁ&mmmi

C - Create and Perform : @3 19a@55ALAZUANINAIIU

T - Transfer and Apply Knowledge : Usgendldminusluaniunisallv

sezil 2 nanisvmaeanslgUuuuMsTanisGeus Tngldlueaduti (CIPPA Model) saududanssudugiu
(ABL) shllassnuinuns iledaiadurinunsindsuinngsy dniuindouduisenfnui 5
maedl 5 wamsUssdutunudmivinSeuduisendnui 5 ndnisdamaounisasulneldzuuuunisdans
Boud ngldlumaduun (CIPPA Model) saufudanssudugiu (ABD) ulassnunens ilodaaiusinye
nshadsuTangsy dufuindouduiseninud 5 Weufuinusiferas 80 Ussiliunanuiuny Wisuiy

\neuasesay 80

ATWUULAL N Mean S.D. WNaUTITaEaz 80 t-test

100 30 83.00 4.93 80 85.042

o w a

(.05,29) = 2.045 *dsdAyn1e@nnseau .05

£
v

NANMSUTELEIUTUNU WU ﬁfﬂL‘%‘&JuﬁL’%SuﬁaEJgiJLmes%’mmiGsuf Inglaluna FUUn (CIPPA Model) sy
Aanssudugiu (ABL) srulassnuinens Weduaiuinuenisanidauinnssy dmfuinieuduliseadnud 5 4
AvuuURAsund Loy Wity 83.00Andudesay 83.00 Wewssusufuinaeidnundesas 80 nuin tnieudy
oot 5 fazuuuiurumdaFougeiniunus egredtdeddgmaaiissdu 05
aed 6 nansUsvfiuinuensanduianssudnduinGeutuiseudnu i 5 udinisdn Aanssunisiieunisaey

Tngldguuuunsdnnssens lneldlueaduun (CIPPA Model) saufiufianssudugnu (ABL) rnulassay
IN¥R3 WiduasuTnYEnsAnBainnssy dvdutinteudussoufnunTi 5 Ussiliunavinuenisin @

YInnssuisununueisesay 80

ATUUULAL N Mean S.D. neusiZowaz 80 t-test

20 30 16.73 1.46 16 38.385

t(.05,29) = 2.045 *§dpdAynsadaszau .05
Han1sUsEiuinwENAn@Iuinnssy wud dnifewiiseudiguuuun1sdnnisiseu; Ingldlumaduun
(CIPPA Model) saufufianssuidugiu (ABL) iiulassanununs iedsasurinvznisandeuinnssy dmsuinSeudu

Pseudnu U9 5 dazluuedsnduseu wirnu 16.73 Aadusesas 83.65 wialUSouiisuiunueiniivug Sesas 80

wud dniSeutuliseufnuUn 5 IinvensAnl@ainnssundaseugaininnueiegaldedfty neatiAseeu .05
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sveil 3 nansfusessULuUMsinniFeus Ineldlunaduun (CIPPA Model) fafufanssandugiu (ABL)
Kulassnunens WoduaSuvinuemsAndeinngsy dwiuindeuduisondnui 5
A319# 7 wanawansusEIiunNuINzaNdenAdesUBIeIrUsEnaUYRIgULUIUN TInnSeuS Tnelluiaaduin
(CIPPA Model) Safufanssndugiu (ABL) sindlassnuinens eduaiuinuensfndeuinngsy dmsu

TniFeudulseufnutin 5 lngdldeivay

N=7
18U —
X S.D. TAUANUMNNTEY
1. AUMANNISHAELUIAAYRIFULUY a.57 0.53 mm?izjm
2. uingUszasdvessuiuy 4.57 0.49 mnﬁqm
3. ANueeAUIENBY 4.86 0.38 Wnitgn
4. uRINTIUNMTITEUS 4.57 0.53 Wniian
5. fnufanssuMTTeus 4.71 0.49 wniian
Aade 4.69 0.30 Wnitgn

Han1sUszduguuuunisdaninieus tneldlunaduua (CIPPA Model) saufufianssudugnu (ABL) W1
lAsauNEAs LiedaasurinuensAnBainnssy dmsuinseutudseufinutin 5 lnefideivgy 31 7 AU wuh

Tuawsamegluszdunniiaanndiu (X= 4.69, S.0. = 0.30) Wlafirsundusiedu nuinduesduszneu finade

‘:4 '

gegn Winilu 4.86 589891 fla AufanssuNsiteus daede Wity 4.71 uagaunannsaziudAnueguLuUAy

Y

'
a

TrgUszasAraegUL UL way Mmufanssumsiseus daededeeiian windu 4.57

5. 8AUSIENANTSIVLLALUDLEAUD UL

N334 1599 JUuuunsTaniaseus laeldlumaduun (CIPPA Model) saufufianssuidugiu (ABL) W

] a o a 1Y

IATsNUNEAT Weduasuinuensandeuinnssy dusutiniseudussendnuiUi 5 Sussiiunisedusiendideymi
TrgUszasn voinsidenwiolul

1) mansiaugusuunisdanisdeus lneldlunaduun (CIPPA Model) saufufianssuidugiu (ABL) W

ya o

1ASAUNEAT LN BFLAS U NWENISANTINTRNTSY dr1usuiniSsududseudneunda 5 Tussesusnid 33elanuiu

Y

NsiasURUUNISE Ui lagedeuIenIsdLATIeRdeyanNenals d131 kazauiddeinedates sauds Ay

AniuAINL@eagauae 9 Weaseguuuunsieuiimunzan WnewlunsduasuinwenisAndainnssy

'
a

(Innovative Thinking Skills) aadUsgnauveasgUkuuysenaume 4 diu laun 1) Mu1vesguuuunisiious 2) suuuy
13 Feud 3) MaigUuuunsdantsSeuduld 9) nafiistudediFou sUuuuitinuniing diauenuuuafnues
Joyce, Weil and Calhoun (2008) fauslii E‘ULLUUmsL'%auﬂﬁaaummzﬁméﬂisﬂawé’ﬂﬁmmiﬂlﬁ 4 gapUs¥nau
fis 1. flunvesguuuunsiiounsaey 2. JUuUUNsSeunsany 3. maiguuuunsinnisiiouslld was 4. wad

i = =

Antuseiseu Faazludunivdiiiunaluswanfissiindundsainnisiiguuuuld uazaenndesiv nuideves

o—

a a a v tﬁ. g a =% a wa a A 1 a 5 @ o U
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FniFeuantafine sunvuiiimanasmaiussmitniandoud Tngldluaaduun (CPPA Model) $auifufianssunugnu
(ABL) manmsfnwmuiinisseuilnelilunaduun (CIPPA Model) saudufianssuugiu (ABL) awnsansedunisan
fugs mauitym uaznisadiassdveadouldedediuszaniamidormnalivssdiunnumngansesguuuuiluy
seiu "nfige’ TneAnadesnesnsUssiiuegi 4.71 %aazﬁauﬁﬁm’msﬁmLﬁ)uLLagmmmmxammgﬂLLUUﬁﬁmm%u
ANABAAZBATU Hom & Staker (2011) syinmsiFeuiuvunaunausIefinyssansnmnsSousiiunsdenlss
sginunasieuduvuesuladuazuuum@ymin nan1sAnwvesnwansliivindSouaunsawmunsineens
Sinnginagmsndeinnsalddsdudleldsuuuutl 2 nanisussiliuinugnsfndeinnsmvosinidoudu
el 5 fisusesuuuumsianisisous Taeldlumaduun (CIPPA Mode) sauifuRanssuidugu (ABL) sy
Tassnunues oduaiuinuznisfaiBuinnsy dmsvindoutuioenfnu i 5 fasuuuedondniou Andy
Sovay 81.92 WowSsuifisuriuinasifidmua fosas 80 wuin dniFeuiivinuznisAndauinnssundaSougeninnasi
oafiddAymsadisedy 05 FsaenndostuiuiAnues Macdonald (2006) fidinmadsuiuvunamaulalona
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uaﬂmﬂ‘ﬁm'ﬁﬂizLﬁuwaﬁqaﬂ’hLﬂmeﬁa*&mﬁﬁfaﬁﬁﬁg fauansfian150eNUUUAINI UM AULALABUALB A 85T TUYIA
vosfioulugafdiia 3) nan1siusesguuuunsinniaiseus neldluwaduin (CIPPA Model) saufduianssudugiu
(ABL) HulAsseuinuns WieduaiudinyznisAndauinngsy dsuinFeutuisondnunmdi 5 dvwundulae
fusanandive 7 viu IFusessuuuunisdanisdeus Tngldlumadut (CPPA Model) saufufianssundugiu (ABL)
KulAssnunens deduasuinugmsdadeinnss dmudnSeuduisoufnunid 5 Afautuiianumngay
annsathlUldiansBeunisaeulsnis Feazvieuliifuinguuvudinanansaneuaussausioinisnienisne 1¢
967197 AnudenAdBIfUUTEAUAIA YuUIa (2568) imsAnwinswamadugninianisiswssanilng 13es
snifiesh meu Ananeidon TasdansFouduuuduuiluma (CPPA MODEL) faufuinuvestiniFoutulssonfinudil 6
asunmsmvessanuifeduandiiiuitmaiauiguuuunisdanisdeus Tagldlunadul (CIPPA Model) $2uffy
Aanssndugiu (ABL) sulassuineas iedaaiuinvenisdndauinnssy dwduinidsuduisendnudi 5
ansnduaiuinuensAndinnssuresindsutulisondnudi 5 IFegredussansam dnsoudauiiomii
ag19aulunuNIsARIATIEY NMsvnusuiy wazn1sussendldinalulad nansussdulunnssesasviouds
AN aNLarAdLSavesgULUUN TS suRanandsamisailuysegndldluandu q eaieiFouid
Fnenlunsuidamuasiau winnssufinevaussennudosnisvesdsnuluewinn

dalauauuy
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2. M3fnyITeraly Astinsiaugduuunsianisseus Ineldluwaduui (CIPPA Model) Saufiufianssu
Hugru (ABL) dulassnunuas dieduasuvinuensinifeuinnssy dwsuindsutulisondnud 5 Weusediuh

Pinuelasudinalseansnnuas gl udaniaive vl
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HAVRINITIANITITEUSUUUTRISBUNAUAT U INAUUNITEUBIANVTaling
a v < ¢ a v ¢ v o & o = oy a a o ) =
578391 n1sad1uvlvv1eduAIeaulatvawInBUTUNSINANYIUN 4 TsaSeuaiUnanasnal
FmIna1U9
Effects of Flipped Classroom Learning Integrated with Electronic Lessons on Online

Product Sales Website Development for Grade 10

3Aned fave

Thitipong Mingchua

Tse3suarreiaendl onetdies Jmrinanuie

Lampang Kanlayanee School, Mueang Lampang, Lampang, ajankoo@gmail.com

unAnge
1339813 0InaTreINTIANTSBusLUUTBASBundUdumsuniSeudidnnsedind 183 n1sadraivledanedu

paulauveninFeutudseudnwiN 4 ununsiSouATEgAIEns — UIN1333R9 lsuseudriieiasndl Saminaung

s Al

T Uszashfil oW muIuazmAUAINTBINUNITIANTSISBu LUUTBS Bundui1u Saudvunieudidnvsednd lu

a

= 1%

AnmsahaiulsdnedudeoulainuidnnanuimelavesiniFeutulisendnui 4 ndmniiFeuseundou
didnnsedind nan193denudn ununsdansiFeuduuuiesieundudiuiindvuniieudidnnsednd dnunimedly
AR (Aiade = 4.37) UssvsnmuesuniSeudidnnselind iusydvBamussnszuiunmsuarUssansnmueanadng
Wity 80.37/83.12 adulumsinust 80/80 s wadugyamensiieuvesinEsuiiieufsunieudidnnseing
seinnsasaniuledneiuiesulatreninSoutuiseudnundi 4 wuin Wadugysn1en1s3sundaieugeniy
roudou Tnsnansvadevauufgiufoadd ttest fan t iy 7.8527 wagilen p<.001 aguldiwadugvdnenis
SouvesiniFeundadsugeiniieueussailteddymeadafisedu 05 uazanufimelavesiniFoutulisendng
U ¢ ununsBouasugmans — UIsgsia ndaniliFeusisuniioudidnnselng wasnmsamniuoglusedu

WINAgn (Aafe = 4.55, dileuuuinggu = 0.53)
AdAey: uniieudiannselind WeuSeunduiu wadugvonisnisseu nsasaiuledvedun

Abstract

This research entitled “Effects of Flipped Classroom Learning Integrated with Electronic Lessons on Online
Product Sales Website Development for Grade 10 Students in the Economics—-Business Program at Lampang
Kanlayanee School, Lampang Province” aimed to develop and evaluate the quality of a flipped classroom

learning management plan integrated with electronic lessons (E-Lessons) in the course of online product sales
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website development, as well as to investigate the satisfaction of Grade 10 students after studying through the
electronic lessons. The results revealed that the flipped classroom learning management plan integrated with
electronic lessons was of good quality (Mean = 4.37). The efficiency of the electronic lessons, in terms of
process and outcome, was 80.37/83.12, which met the established criterion of 80/80. The students’ learning
achievement after studying was higher than before studying. It was found that the post-test learning
achievement was higher than the pre-test. The results of the hypothesis testing using a t-test showed that
t=7.8527 and p<.001. It can be concluded that the students’ post-test learning achievement was significantly
higher than the pre-test at the .05 level of statistical significance. In addition, the overall satisfaction of Grade
10 students in the Economics-Business program toward learning through the electronic lessons was at the

highest level (Mean = 4.55, Standard Deviation = 0.53).

Keywords: Electronic lessons, Flipped classroom, Learning achievement, Online product sales website

development
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Foam dwalinadugvivnanisdou Tasawizgludesnmsmdeddidnnseind ogluszduliuinela Yymdandrn
aonAdasiunamsinyiues OECD (2021) uay UNESCO (2023) AidlfifuinnisdanisFouiuvuiungidugudnandls
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sUuuueassundusu (Flipped Classroom) SafluguuuunsiBeuiindnunuimvesnisieunisaou tnslsinGeu
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Fneninuazanuaula Snidseifiusrdninaniiniadounarisegdlaluningous (Hodges et al, 2020; Bond et
al,, 2021)
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The Design of 3D Animation Media Integrated with Augmented Reality Technology to
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Abstract

This research aims to study appropriate and engaging approaches to developing tourism promotion media,
specifically focusing on the development of 3D animation media incorporating augmented reality (AR)
technology to promote Buddhist tourism. The study also evaluates user satisfaction with this AR media. The
research began by analyzing the historical content and Buddhist riddles surrounding the temple. This was
followed by the design of 3D characters to explain various information at each point within the temple, and

then developed into AR media displayed via smartphones. The research instrument was a satisfaction
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questionnaire. The sample group consisted of 154 individuals, including experts in four fields and tourists,
selected randomly. The results showed that: 1) The most appropriate media development approach is
presenting the content through 3D animation characters that create an identity linked to the zodiac animals,
via a web-based AR system that does not require app installation. 2) The quality evaluation by the four experts
indicated a very high level of appropriateness. 3) The satisfaction evaluation by the tourist sample group showed
an overall high level of satisfaction (X = 4.42), with the highest average scores in content and user experience.
The level of satisfaction was very good (X = 4.58), followed by usability (X = 4.25), indicating that the developed
media can attract attention and help the target audience understand the philosophical riddle more easily

through modern technological experience.
Keywords: 3D Animation, Augmented Reality (AR), Web-based AR, Media Design, Character Design
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Abstract

This research aimed to develop the Fast Job web application platform to support daily labor employment by

utilizing digital technology to enable convenient and rapid connections between employers and daily workers.
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The research process followed the System Development Life Cycle (SDLQ), including user requirements analysis,
system design and development, as well as system testing and evaluation. The evaluation results from three
experts indicated that the overall system quality was at the highest level across all dimensions. The highest-
rated aspect was Usability and Ease of Use (Mean = 4.87, S.D. = 0.23), followed by Functionality and Performance
(Mean = 4.73, S.D. = 0.35), Visual Design and Layout (Mean = 4.60, S.D. = 0.46), Overall Satisfaction and Value
(Mean = 4.60, S.D. = 0.46), and Content and Information (Mean = 4.53, S.D. = 0.46), respectively. In addition,
satisfaction evaluation from a sample of 50 actual users revealed that the highest-rated item was overall
convenience and ease of use (Mean = 4.78, S.D. = 0.46), followed by the job application system being
convenient, accurate, and uncomplicated (Mean = 4.62, S.D. = 0.60), and the speed of webpage loading and
system responsiveness (Mean = 4.60, S.D. = 0.57). Overall user satisfaction with the platform was at the highest
level (Overall Mean = 4.56, S.D. = 0.61). The findings indicate that the Fast Job platform has strong potential to
effectively address challenges in daily labor employment. Furthermore, it provides a practical framework for

developing a more modern, transparent, and equitable labor management system in the future.
Keywords: Daily Labor Employment, Web Application, Job Matching Platform, Labor Management System
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7. sruvadnsauanansaldauldagan gnaes waglidudou awnsa 4.62 0.60 1Nl
Soulameanuies

8. sruulUsinadldnuiianuasuiou mnean wardeatuauunisadag 4.36 0.69 1N
nulel
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A1519% 6 (5i)

Ten1sUITIIU X S.D. AUNUNY
9. Huwaunawnduiiuselew ansnsathluweunsiduduiuu 4.48 0.71 110
10. Auweundedulidiutisasisnmuamisdenu (Social Value) ludunis  4.60 0.64 il
NULarlaNIE@N1LIIN
Alade 4.56 0.61 wndign

9101597 6 ANUAATiuYeInguilegsiiddeunanesuiuneoundindu Fast Job ieatuayun1sdng

wssuse iU nesiumudn egluseduniniign (X=, 4.56 S.D. = 0.61)

5. aAUsIINANNTIVBUAZTDLEUBLUL
5.1 a5Unan1sivY

NansUsEEILNL ST 3 viu wudrszuuiinunmeglussiuanniiaannsu Taesuildnzuuugean
Ao arumuazankazdslun1slyeu (Usability & Ease of Use) (LA = 4.87, S.D. = 0.23) T998941 AD AU
U5gENTAINLAETZTUUINU (Functionality & Performance) (ﬁ%a?{a =4.73,S.D. = 0.35) ﬁ”lumiEJEmLLU‘ULLaSgIJLLUU
(Visual Design & Layout) (Auade = 4.60, S.D. = 0.46) fupnufiswelauazusslew] (Overall Satisfaction & Value)
(ALaay = 4.60, S.D. = 0.46) LLazﬁmLﬁamLLazﬁﬁaga (Content & Information) (ALady = 4.53, S.D. = 0.46) AuAIFU
dmiunanisUszidiunnuianslaninngusiegiegldnuais S1uau 50 au nuimensilasuanufiaelagean fe

AdazAINkazieiensidulaesIn (ARdy = 4.78, S.D. = 0.46) s83ae1 e sruvadnsnunldnuazan gndes

wazlududou (Aade = 4.62, S.D. = 0.60) wazAusIALSIUNISINAANT LI ULAZN1TMDUANDIVBITE VU (ALRAE

4.60, S.D. = 0.57) lngamsiungumegdauiisnaladounannesuegluseduiinian (Anadusiu = 4.56, S.D.

0.61) wan1s3duuansliiiuiunannesy Fast Job ddnanimlunisudletguinisdteusenusietulsee el
Usgdnsnm
5.2 aAUTENa

wansauNanlesuTuLeUNAIATY Fast Job nuianusauiindszansamlunsdaiiudeyaussny
wazn1sUufinnanmsieuldedignieaarnss annuianainanisnsiy uaztielinisuimsdanisussnu
e fuaznnunety dgviaufiunumvesssuuasaumaAlunsatuayun saiivueg iU avaan

wamsAnyiaonadesiu S9as1 Tavew uazamy (2567) finuissuumsaumadofinUssAnsninuay
anugndesastoyalussdng sdsaiuayumsuimsianisldftetu

Tugunsléau fidomauasldnulinsussidueglussduainniign uandifiuitssuuiinnudiese
nslnuuazannsoneuausinmfonsvesilils SsaonndesivaAdoves duviad awuds (2566) Taesayaying
S8msuautd waz wnsun lamdidadnd (2567) 1A mszvusaraufiselavesfldidudadud dyvos

wranasumaueaula
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5.3 Jalausuug
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v [ Y2 o aa

Usgavsnmunndstuld lnedelausuuglAuiiiedtosiuaiuauaigurensuanma tagn1sulauedoyaada te

v v '
N = ' v o o v w a
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Fnanmuesszuululssiudu o il
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2. engiiuilsrdunsdeasuazmsudafounuuiealng itelvinisussanuaussminadldonda

arAIN 599657 warduseansamunndaduy

6. inAnIIUUsEAA
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Fuuzihuazdaiauaiuy fideavirhmafedanduusslovivasdumdunsiaussuvatvayunisdausany

seiusialy Jwweveunseanvnyitu o lenadl

7. 1@N&@1581999

a v ¢ a

WANLAYIA Aaw, T9eus willvd wag Afug Autavud. (2568). n13WaIL1 Web application L#iBN15UIN151ATNTS

Seuddwmudninveayn uninedeysn. 29575ANWIMIANT unIINEIFEYTHI, 36(1), 1-16.

o

IS Amsuaudd uar lwnsun lididadng. (2567). unumlunisdugauvesdiidinguainueundiadumay

2

soulavl. 1579M I N TUYYEUAYDIANTST, 16(1), 1-29.

Tunad mawda. (2566). Yadelunsdndulafenldueundintuadnsaw. 1sarsusnmsgsieesaImnssu, 5(1), 15-29.

ARSI gI3IAUARR. (2567). MseenuuuLiukeUnAladuilonsiSouintwseUssme. Ratchaphruek Journal, 22(3)
1-17.

93251 Uy, 555034a quiasu waz Adn dnsdad. (2567). Msfnwiaussauzdiuyanatunisldszuumalulad
asaua: nsaiAny) YransdinunInedemaluladsvaenadany. 29597539839890159007T UNIINGIFY

$I939q5uns3, 8(2), 275-289.
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Development of a Blacklist Phone Number Verification Website
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Department of Information Technology, Faculty of Science and Technology, Pibulsongkram Rajabhat University,

chakkaphong.d@psru.ac.th

UNANED

ANSANWITY

o ¢ v A

mgUsvasAliio 1) Wawniuweundindussuunsiadeuwazssnuminearlnsdnivayden ey

o

insesilanhszTsfunnaumaluiues way 2) snszfuaniideiievesguieyasemmsnsnseasutoyatuuidunn
NIANYIALEIUNISHIUNTEUIUNSHAILISEUY (SDLO) Ineussgndldisuisnarsiiasiuiumalulagnaumuiuesiu
nsuimsdansgudoya yawuresuinnssuRenstiduluune g udsUsEdndynadiluniseny uasyTan
n33EUUAUSTIBIMARdmiuNIBugnsTal nanUsEliulsEAnSamssuuseyadoyanage UL 100 197

wudrsruviaianuudugilunisdansesteyanfosar 100 nan1suseliuanuianelanngldanuasseglusedvann

U

ign nansiesidliiuissuuausaandgminmsndunndsvulanseuladldedediduddy nsysannistoyadl

Jusnguddgdmsunissesenmaluladtyauseivg (A) waznisiauuweundinduuusausalvu (Mobile Native

o o«

App) Tuaunan

=

ty: Unddvnemulvsdng MInTivaeudeyawuudunn a1swiamsuisn iduiuRdva

@

sAnAuNdleues

Anan

Abstract

This research aims to 1) develop a Blacklist Phone Number Verification and Reporting Web Application as a
cybersecurity monitoring tool, and 2) enhance database reliability through Hard Validation measures. The
methodology followed the System Development Life Cycle (SDLQ), utilizing the Laravel framework and Docker
container technology. The system's key features include the mandatory submission of empirical evidence during
reporting and the integration of a Help Center for appeals. Performance evaluation with 100 test cases revealed
100% accuracy in data filtering. User satisfaction was rated at the highest level. Analytical results indicate that
these measures significantly reduce online cyberbullying. This data integration provides a crucial foundation for

future Artificial Intelligence (Al) and Mobile Native App development.

Keywords: Phone number blacklist, Hard validation, Laravel framework, Digital immunity, Cyber threats
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1. unih

Tutlagtiu nsiddeguasugRafaa (Digital Economy) uazmsgsnssumsdidnnsedndaulnetiedin
nstlan ledamalviorvanssumanaluladiiamnismuluse lasiamzeg1edsguuuunisdelnmisnsdnyinay
Tnsasunas (Cyber Fraud) Jamnisvaenalsnnnguiiandnvieufneadunes Idnaredusonnaaiiaiisany
Wdemeniaasugiaeg1eummanaUsz vy (Chen et al, 2023) 31N51891UaRAAN19N1TTUNUIN JUKUUNIS
saonansdinsuiudeunginssuliuuuiiounasdudouwnndedu iliusssmuiluandumdeussgadeningau
Wuswunnluwsiasd (guévszanunusususiuasasndomaluladansaumanianissunns, 2567)

wifsunazdamamenglunsutletigmanan diiunmsaianguioussuudednueseulatvions
Wannsruugudeyavingalnsdnidaydan (Blacklist) wiszuuadwlngSinandaiudesiaddysumnuindede
vpadaya (Data Reliability) iflesanszuuimaiudnideligldaunemumnoatlnsdnildogwdaselnsusiman
nalnmsdnnsesdngiu destyitinlugdaminisudsdoyaiiia (False Information) msla$iethed videnianduunds
mageulay] Fsuenanasvhlifuiqnsléfuanudemeuds Ssdsualigudoyauineuauysal (Data Integrity) aulsi
mmmﬁﬂmiaumﬂma'wﬁulﬂwlﬁwﬁﬂgmﬂisﬂaumiﬁnLﬁuﬂﬁmmgumzﬂﬁaﬂwLﬁugﬂﬁiiu

nsitanszuulundal lifissidunisahaaiestoataiudoanaumsluvesfifussaninm widuduns

1% 1 ¢ . Aa v = < o o '
asegudayawuusaneud (Centralized Database) NfunsguuazUsmndouavey Fasdusingrudidglunisse

'
P

ganlugmsimevmemnalulagUganuseivg (A) Wiens1adungAnssun1sing (Calling Patterns) uagnsimuiLey

Y o o

wAladuuuann il (Mobile Native App) tieasneiiduiuAdvia (Digital Immunity) lviwndspailneegnedsdusioly

2. IgUsEaeAnsIde

2.1 WlseenuuutazimuiuueUndindussuunsinaeuagssnumanaaulnsdmitaydm

2.2 WiteUsziiiumnuwiugwesszuulunsdansostoyaud annsis1nIN 1M TINAUNIIUNANFIULUY
Wil

2.3 iioUszifiuaufianelavesdldruiiiiessuunsiaaouuassssumneiansdmitay

2.4 viiotwaushiunnwaudiil

o

3. AAliunsIe
ANZAIYEANTUNTIAINAIATHAIUTEUY (SDLC) Tnsutsdunusdl
3.1 MylAsgiiaresnuuussuy MmieenwuuanUnenssuseuuldinsuiisnansiig (Laravel 12) wuu MVC
wazinaluladaoumuiues (Docken Tun1sdanisgiudena MySQL 1 eauiaios InofinnseenuuunauaIn
Anudustusueadoya (ER-Diagram) WUy 1:N szminagliuazsienistyd uazeenuuuiasnuszuu (Flowchart)

Roulun1snsa9deunangIuMUUASINATENS (339/4710) 9e9sanu
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USERS

bigint id PK

varchar | phone_number

varchar | name

varchar | role

Fisuinedn (1:N)

BLACKLISTS

bigint id PK

varchar | phone_number

text reason

text evidence_file

integer | status_id

bigint reported_by FK

Hugmesniiens (1:1)

APPEALS

bigint id PK

varchar | phone_number | FK

varchar | full_name

text description

text evidence_file

varchar | status

MW 1 wunInANEuTusveddeya (ER-Diagram) WUULN senineglduazsenisUayde

_ Lt j s siin

‘ [ESTEES CLRTEREE Y

il Tnanled
RETMINTH
winlaiz

dlismnsoniog

e
G i TnsiTenn

nangIHGndzY

st ;
- /
g ez durnaneiEg S
B ‘T'“‘]# g (Export C5V) tHanmafumay

[re—— [rE———

-

=] % A o s
AN 2 HI9UTEUU (Flowchart) V]llNau‘leuﬂ']iﬁif]'ﬂﬁauﬂaﬂiquiguuLLUUﬁﬁﬁﬂﬂqﬁmi
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3.2 AMsnnasukazlseiiulsEans A n1sUselluUseansninssuusuadu 2 d lown
MyUseiiunuLLug (Accuracy) %aﬂﬂaiﬂﬁliﬂﬁ]aavsﬁayjaLL‘U‘UL%&NQ@ lngdnaesyatoyanageu 100 5183
NAABUMBITNaBIN (Black-box Testing) warUsgifiunan1umsIuunsngauduau (Confusion Matrix) A18@un1s

NAAAAERNS Al

TP + TN .
TP + TN + FP + FN

100

Accuracy =

Tnorfmundauds $TPS (szuuseniudayaiigniies), STNS (Gruuufiastoyaiiateuly), SFPS (nauinads)
waz SFNS (Haauaay) eBudulssdvBnimnisatniudeyaifia

nsUsziuauianelasiiunisldeu (User Satisfaction) laeiiudoyaainnqusiieg1egldanu 30 au fae
wuuaaUMNNINSIEIUUTEIIMAT 5 S¥aU (Likert Scale) AsoUARUATUUTEANTAMNIEUY diudeUsvalu uagady

W¥etie TinsizvinameAady (Mean) wavdiudeauunnsgiu (SD.

4. Nan15238

NANIANBIITBLAZHAILITEUUATINEOULAZI 1B URLIBEYINTANI T A0 arunsantswanisaniuaiu
sondy 3 dumdn dseazduasoluil

4.1 wan1simuuweundiedy szuuansansdoulaysnuisalnsdwidaardnlinuguuuu ag
Teusauszaruduglyd (User Interface) fdunsnevausudailssdustaiuniasi Lﬁa;ﬂﬁfﬁ'aﬁuﬁ’mﬁﬁumummam

sala

Insdwiniiuszdinisdelng szuvazuanInanIsLILAuIEAUINgM (Danger Alert) Litea3nanissustiennudes

SCAMSHIELD . p— m SCAMSHIELD . oot (T

CHECK NOW

CHECK NOW

o asaowudoyaludiyida
Name:

TuwudufinAdound
-

A 3 vthaensAukarssumneaulnsdni U imve sl

wan il ludiuvesiguaseuu (Admin) dunimuaun1suuRnudmsun1snsiaaeuneunang Ul

Usgdnyg eudiRanusnnisnl wagdnnisAsesanssalliegaliusedvanin dwuanduning 2
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swmsguiieeio P SCAMSHIELD .

SCAMSHIELD .
swmsAsovomAuitBLLia e
« aiulimdsientsnda S=UURONISHavUIU
0888888882 Witarndteudld = == 1 [ 0 { 1

DATABASE MANAGEMENT wssc-ivis

0888388882 htT [.

0888888882 L

AN 4 uspruAuM U URUYesguassuULarn1sIaN A TosgnsTal

4.2 wan1sUssdulszdns nnanuwiug1vesszuy 31nn1svadevlszdnsannisadanudayaiaves

UINTNIATIVABUTBLAUUULTLIIN (Hard Validation) meyadeyanaa@audiuiy 100 518013 WUINTEUUANTOAR

nsemeIUnANg kA Inanusdoyalaeg Ay saluuy laefiA1auulugn (Accuracy) egfifesay 100 Aauans

NAGWSIUAT9N 1

M3197 1 wan1sUssiiulsgansamanuusiuglunmsdansesteyaudame

Woulun1snagaussuu 377U (3990139) NIIVINUYDITZUU AU
JoyansumuuazilaInmang 1y o
50 YUNNEFILT (F8RTIDU) 100%
(True Positive)
Joyarnlouly/ldiinmmangu - oo
50 Ufasmistuiinteya 100%
(True Negative)
nsalszuUinvaRANan
0 - 0%
(False Positive/False Negative)
EeHY 100 nugndenuteuly 100%

4.3 wan1sUsziliuanufisnelavesdldau nan1simsesyiuanuianelaninnguiiegagldauasediuiu

30 au nugldnuianufisneladesrutlunmsnegluseduinnian (Anade 4.65, dlsauunnsgiu 0.48) e

#13U1518A LNV AuANNUITeTe eIty ALALIIATNITATIIAR UNE I UMENgUlAS UAT UL TSI UG ean B

azviouliiuingldulianuiulalunszuiumsdansesfeyavesszuy
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5. aAUsIENANTSI AT TBLEUBLUL

¢ Ao a

5.1 8AUTIENANITIVY IINATHAILITLUUNTINABULALIIBUNNELaUNTANTI UM @mnsaeiusionals

o
v

fail szuufivssdvinmanuusiugilunsdansesteyatorar 100 Teaenndoafuinguvasinisideidaly anudisa
dhfunanannmssenuuuguteyadsduiusintunistedulfunnsnisnsaaeutoyauuuidunn (Hard Validation)
el seaudesuutndnenundngudaszdnsnnada (Evidence File) Maviuasszuugasataiunis
ﬁ’lLsi’JJ’FZJJEJQ‘J‘aGUEJ%LLa%am{]EUWM’Iﬂ”IiﬂéLI’ULLﬂéJﬂ‘UHIaﬂaaulaﬁj (Cyberbullying) lsngnaditdany yena Nt seuudsatiuayy
N15Y9UVBE QUATFUUR TULHIAIUANETUNA1MAEN1TTANSsEUUEnssal vihligudeyaiiuinsgiu Tusela uax
annsathansaumaildluldidudeyauszneunsduauveshsnuiiiededldodsiivssansam

5.2 orausuuzlun1sfnudseassdely nmsieseinginssunisideusyuy Az ITeivalauauuy
dmsunsiasesonluouian fil

5.2.1. msysanmanaluladdyusedivg (Al): arsdimallanisiseusvea3es (Machine Learning) 31

'
o =

UszgndldifioTinsevingAnssunising (Calling Patterns) aingiuteyataydsn ilewaunszuuneinsaluazasiadu
AMURAUNALUUSALUITR

5.2.2. NMSWAILILOUNSLATUU AR (Mobile Native App): A13ABgandn1dnunITUTE UUNAIUIU
(Backend) Fianngneansiaa Iideudefukeundinduuulnsdiiilede wWeadsiladdunsuanmandsiioudaandn

vuninevzilateisenidn (Caller ID Overlay) uazszuudinanednludfluuiioals

6. inAnssaUszNA

nsfnuideuarnaiaiuledssuuamadeuueiuuindadluaded duqardlulédaed ausdideue
nN9IUTEUNTEAM 91915EANTY AWy 91sETUEnwTassAde Aldnsanaasnanduilalunslviuinw uus
WUINN AaenuRTEsULarEdlafeunnsesing 9 eanueleldesiuninenaen

YONTIVVBUNTLAUAALNTINNTENTIAANA UaziTsamgmnvinu TildnganaaznalidUin asaaey
ANLYNABIYBITEUY WarUsziliuUsAndam nasaaulideiausuursuiulstlomiogieds sudwalinisinuide
uazmaianszuureniusluadifiouanysaiiaransathlulfonulfags

YOYBUNTEAMANNNTTUTEI @IV InAluladansauma anginemansuazinalulad unine1desvdy
fiyaasnsnu v Aldussaviuszamiviamnd waradvayuninensiumallafasaunaidusngiuddylu
msfiiuaiise asensuveveuamNgumsEsEmaaedtnuszuuyviuiliauudelunsreuuuvasu LTy
9E9A

ﬁﬂaﬁqmﬂf AR ITBVBNTIVVBUNTEAM TA1 11391 wazATOUATY ﬁﬂaﬂﬁmiaﬁuaquuazL‘f’luﬁﬁﬂﬁ]ﬁﬂ ey
\anouT AsnIULi uI A Ivinestemdeuazuanidsuanudaiiu auriilieuidsaduidifagainia
TgUszarnUsznis Qmﬁ’lLLazﬂiﬂ&lﬁuﬂﬁuﬁaﬁmmmﬁiifﬂaﬁuﬁ Aoz ITeveNauLdundyynaLinuadiing Ay

yiuld oo lannadl
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UNANEa
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n15398A5 il Tng Usyasdiowmunivledduasunisazauvesinues loayudunisasrsunanvasueaulaui

swsmvesazanlilussuuiie ilesesiunguiiifiniwauleluvesazauAsifuiseusd Julesd RETRO REPLAY
1ASUNTDRNUUULAE NAIUIANATLUIUNITHITNITHAILITEUY (System Development Life Cycle: SDLC) n5ou
fafinsUszidunalu 2 dw Idu n1sUssdulssansnmuesssuy uasnmsUssiiuanufianelavosldauns
Uszifluuszdnsnmwesszuudufiunislaegiormnaiunsiannssuu S1uau 2 v Wefiansananugnies
ANUMIIzaY warUseAnianlunisviiaueesssuy namsusediunud Usednsameuesseuulagsiueglusedu
Uhunans (Auade 3.69) Ineflgauiusunnugniesvesdeyauazauasuiiuvesilaitumsiaudunsussiiu
awitswelavesdldons dudunstaethdnumdiuou 18 au Fudunguimeaedliauszuuaie nanisussdiunuin
ansfisnelalnesinegluszivann (Aades 3.78) Tnaamzlusuanuiesensldau wazanuazmnlunisdum
vosavausansIdeuansliiifiudn uled RETRO REPLAY ansnsaneuaussnmsesnmsvesideanldluss fudiui
wele uaziiwumslumsitmunfisduite fisdssavsnmussszuuluswan

<

AanAgy: Buledvesazan vesazanaues uwnasvesusoulal

Abstract

This research aimed to develop a website to promote music band collections, focusing on creating an
online platform that integrates collectibles into a single system to serve users who are interested in
music-related collections. The RETRO REPLAY website was designed and developed based on the System
Development Life Cycle (SDLC). The evaluation of the system was conducted in two aspects: system
performance and user satisfaction. The system performance evaluation was conducted by 2 experts in
system development, who assessed the accuracy, appropriateness, and overall efficiency of the system.
The results indicated that the overall system performance was at a moderate level (mean = 3.64), with
strengths in data accuracy and completeness of system functions. The user satisfaction evaluation was
conducted with 18 students who participated as system users. The results showed that the overall
satisfaction was at a high level (mean = 3.78), particularly in terms of ease of use and convenience in

searching for collectibles. The findings suggest that the RETRO REPLAY website effectively meets user
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needs at a satisfactory level and has potential for further development to enhance system performance

in the future.
Keywords: collectible website, music band collectibles, online platform
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Abstract

This research aims to develop an automatic fish feeder and oxygenator primarily controlled by an loT
system, reducing the burden and saving time for ornamental fish keepers by allowing them to feed their
fish remotely. The goal is to improve the efficiency of automatic fish feeding and oxygenation through
control via a mobile application, enabling remote feeding of the fish. A satisfaction questionnaire was used
to evaluate the effectiveness of the automatic fish feeder and oxygenator system. The sample population
consisted of 20 ornamental fish keepers who raise fish at the household or small farm level in Phitsanulok
Province. Participant selection was conducted using purposive sampling. The results showed that the
overall opinion of the participants regarding the automatic fish feeder and oxygenator system was at the

highest level, with a mean satisfaction (5 of 4.73 and a standard deviation (S.D.) of 0.43. Overall, the
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research results indicate that the automatic fish feeder and oxygenator system was well-received by the
participants. The system showed high levels of satisfaction, usability, and structural efficiency according to

the opinions received from the sample group.
Keywords: Fish feeder, Oxygenator
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Route Recommendations in Mueang District, Phitsanulok
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AUANT 29AUzAl™*, SR U13AS>

Naphat Wongmaneel*, Ratiwat Paresri’

tanvinmalulagansauna auginermansuazimalulad uninedessdgiiyaaensiy
IDepartment of Information Technology, Faculty of Science and Technology, Pibulsongkram Rajabhat University,
naphat.wo@psru.ac.th
Zynivinaluladansaume anIneimansuasnalulad uninedesvdgiyaainsy
2Department of Information Technology, Faculty of Science and Technology, Pibulsongkram Rajabhat University,

ratiwat@psru.ac.th

s

Afeilfngusrasdifio 1) Anvuarnusdeyaidumassnitaniuiiviendoaddgynislumndesfivalan
2) faunusnuendmuuuzidums waz 3) Ussiliuanugndesuazanufienslavesgliay Tasdadenaniud
ddymsUseTRmansuas Tamsssudiuou 9 uwis Jeyaaauinasidngndnifiulu Google Sheets MsaNNTzUY
14 Goosgle Apps Script 1udiuuszunanandstiu Weusefu LINE Messaging API Lﬁ@lé’mauﬁmﬂ%@m FLUU
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Abstract

This research aims to 1) study and collect route data between key tourist attractions in Mueang Phitsanulok
District, 2) develop a LINE chatbot for route recommendations, and 3) evaluate the system's accuracy and
user satisfaction. Nine historical and cultural sites were selected for this study. Location data and
coordinates were stored in Google Sheets. The system was developed using Google Apps Script as the
backend, integrating with the LINE Messaging API for user interaction. The chatbot offers two routing options:
a direct route and a customized route with waypoints, providing navigation links via Google Maps. The

results indicated that the chatbot accurately recommended walking and motorcycle routes. Furthermore,
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the user satisfaction evaluation revealed an overall satisfaction score at a Moderate level X = 2.86, S.D. =
0.66). When considered by aspect, Usability was at a Moderate level (X = 2.92, SD. = 0.95), System

Performance was at a Moderate level (X = 2.83, S.D. = 0.79), and Usefulness was at a Moderate level (X =
2.82, S.D. = 0.76), demonstrating that the chatbot effectively reduces route-finding difficulties and promotes

cultural tourism in Phitsanulok Province.

Keywords: LINE Chatbot, Route Recommendation, Phitsanulok Tourism, Google Maps
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Abstract

The purposes of this research were to 1) study cybersecurity knowledge and guidelines for designing motion
infographics. 2) design and develop a motion infographic on cybersecurity knowledge; and 3) evaluate user
satisfaction toward the developed motion infographic. The informants consisted of 3 experts in content and
media, and the sample group for the satisfaction study comprised 25 individuals from the students. The research
findings revealed that: 1) The study of knowledge and design guidelines yielded comprehensive content on
cyber threat prevention, along with guidelines for creating engaging short-form animated video media. 2) The
overall quality of the developed motion infographic, as evaluated by the experts, was at a High level with a
mean score of 3.74. 3) The overall satisfaction of the students with watching the motion infographic was at the

highest level with a mean score of 4.80.
Keywords: Motion infographic media, Cybersecurity, Promote knowledge
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Abstract

This study aimed to (1) design and develop the Carbon Quest game on the Roblox platform to promote
environmental conservation awareness among students at Phuket Rajabhat University, and (2 ) evaluate
students’ satisfaction with the game as a learning medium. The sample consisted of 100 university students
selected using purposive sampling. The research instrument was a satisfaction assessment questionnaire. Data
were analyzed using descriptive statistics, including mean (x) and standard deviation (5.D.). The results indicated
that (1) the development of the Carbon Quest game was successful, and the game functioned effectively. The
designed game environment was able to promote environmental conservation awareness among the players.
(2) The overall satisfaction of players toward the game was at the highest level (x = 4.54, S.D. = 0.49). When
considering each aspect, Game Mechanics received the highest evaluation (x = 4.65, S.D. = 0.48), followed by
the Game System (x=14.53,5D.=0.52). These findings indicate that the design of the game environment,
character development, and graphical elements contributed to an engaging and immersive gameplay
experience. The Educational Promotion aspect was rated at a high level (x = 4.34, S.D. = 0.50), suggesting that
the game effectively integrates entertainment with environmental awareness. The findings suggest that the
Carbon Quest game can be used as an interactive learning medium to promote environmental awareness
among university students and has potential for supporting environmental education in higher education

institutions.
Keywords: Carbon Footprint, Roblox Game Development, Environmental Education, Game-Based Learning
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NMAFITBIUTEINA TIWNANIANYT (NTENTINANY, 2558)
anugaudAnunidunumddglunisduaiunsieuiiazairedadilndudandenlituio vy g
WA Green University lignihanldifodaaiunisinnismineinsednsdsdunaraireiansssuesdnsiidudnsse
Aswandeu Fsnsauarumseniingiisatunmsanasveusnsuilundguindnudinadunnusime esnguiuy
maeuduuudainondliannsonsgduaruadlawarnsiidusuvesfiFouldosafivane Tutamemssuiiiun
weluladinuAdvialdgninnldiduedesdielunisiFoudiiuinin Game-Based Leaming Sstapdaaiunsegslalunis
BoufuagiiunisiidindmmesiFouiussaunisalBsufEuius (Prensky, 2001) uenani 9nmsAnwadded
WannuAdvafiodusiumseyintdunndeudmiviniFoussiuuszondnu Ingldlusunsuy Scratch Satfufanssu
edydnual wu nsugnduliilung semeddouandidiuimaisiuresenudiaranufimelavesFouluseduge
aghalsfienu inudenandsddedidnlusiuanududouveanalnnisiay (Game Mechanics) WagszAUAINANITIVDS

Usgaunsaldly (algned Ingsd way Ay, 2568)

s a

Tutlagtiu mswaninuensiFousinisldunanvlesudivarnuats 1wy Scratch Jamnzdmiudiusiu wie
Unity fisesfunmsianninuszivgs usazunamiesufniifediinsunnududeunasfinugnisimun Tuvaeil Roblox
JuunanrlesuiiBodenmsimunnuuuuldney 3 7 LazFOITUMSIdULIUVAERiaY Fetsdaaunisiduiauas
usagslavestiFeu fafu nmaidonld Roblox lumsiamniny “Carbon Quest” Fafiamumnganiidluduauaznan
Tumsimuuazdnenmlunisdaaiunisiseuiuuuiidusuluuiunvesantugaufnm

MNMTNUYINTTUNTTUAINEN WU ATeiusnlFuandiiufednenmussnuddvialunisdaadunis

'
o S v

pdialurangyusenis laun (1) NIVIANITNAIUNNUNT AN YL ‘fJ‘Ll Real-time interactive

o [

BoudFudundon widld
sameplay fiad1auszaunsainsiidusiueteeiies (2) nsrensidenlonienudundendifuuiunasaes
fi5eu lnslannzlussdvaniugaudnw uay (3) MsviansysannsuuiAnduuleuisdwindon 1wy Green
University 141funisesnuuuing sredu suddedsedaialnl (Novelty) lun1swaimaing “Carbon Quest” v
uwanwasu Roblox lnenaunaiu (1) glJLLUUMiLéuL%aLLﬁﬂ%uLLUUL‘%‘EJa"Lmﬂ (Action-based Gameplay) (2) M5OBALUU
anmuandeuiidiasuiunvesunine deesngiin way (3) MsysannisuIAndunsanasuauanI Uiy

[

wleune Green University Wiaassusgaunisainisiseuiwuuiiujduiusianunsatonlosiuusuniseesiseuls

2. nQUszaaAn15IY
1. \fieesnuuukarimunny “Carbon Quest” uuunanylos Roblox duatuniseyinydundendmsu
UnAnwuninedesivdigaiie

2. WeUssiluszAuanuiisnelavesindnwnddeonsldiny “Carbon Quest” lugnugdenisisews
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3. FAnlunsive
3.1 Uszrnsuaznguiies
Ussmnsitlilunsfinunanuidendsd Ae UnfAnwuninerdesvdgaie fuusvuangudiegisainnsdon
wuuzas Insasdondufiifiarualelunsidunuuin Action loifiduls3ousiRefuuwAnsudandeuuasns
ANAISUBUEUNTEUIUNTSIAUINY (Game-Based Learning) UagBURL15IMARDHEUNLLAZADULUUADUNNY 100 AU
3.2 1nsesileflilun1sisy
3.2.1 insesdlefldlunsifuriunuteya Ao uuuasuawesulal Weuszifiuaufisnelavesngusiegnadil
faLny “Carbon Quest” lnsuusoanidu 3 iu sauMaw 10 U8 Usenaume 1) Auseuuing (Game System) 311w
3 48 2) Aunalnn1siau (Game Mechanics) 911U 4 98 wag 3) Aun1sduasun1siewus (Educational Promotion)
117w 3 4o Insutanasieanidu 5 sedy fail
ATLULIRAY 4.51-5.00 vaof mmzaumnﬁqm
AzLULIRAY 3.51-450 vanefa uzaNsn
AzuULIRA 251-350 vanefa snzasiunan
AzLULRAY 1.51-250 vnefle wanzauios
AzLULRAY 1.00-1.50 ety wanyauliosiian

3.2.2 vp3 osfledildlunswau 1y “Carbon Quest” 1uinudunuy (Prototype) AL ULLNanBTL
Roblox {3dtlspenuuuesdvsznevveanulnedisfauunfanisifousuiung (Game-Based Learning) Litodsiais
Arufuarariunszndnduntseysntauandeuuaruafnisatuamivourmwaurivesidu tnslessaiawenugn
sanuuulvilianuayn vivng waganunsaaiaseslalunisieuiiunisiidisinvesiiduy awnsouanaielaseEing

Game Flow Tuguwuu Diagram Framework Warilafusenaundnveanuusenauiigfmeludl

Start Game Stage 1 Stage 5
v ves (Boss Carbon)
Player Dead?
+No

Lobby Area

Stage 2
(PKRU Landmarki Learning Billboard) *
Stage 3
Scoreboard
Select Player v oreboar
Meode Stage 4 (Results)

(1-3 Players)

2N 1 1A59a519 Data Frow TuEULL‘U‘U Diagram Framework ¥84tnd Carbon Quest
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(1)Game Concept 4y Carbon Quest gneaniuuNglakuIAnuaLnuNIsiseuinudIndou Iagiau
srarnunumuiiasasiifinisfalunsidndnidadudunuves “ Carbon” wunAnvesnugudulifidunszmings

JagminsUdesaiveunazransenuiliindusielan KufanssumsawnaluzuuuunsianagnisiiuaIumeg Jiau

o v o =~

gAeITulonuminAnjuarvaraunziuuiouAUN L sEaUANNEINIRLTURINaIRY NMseankuundludnyue
sananiidmingieawszaunisalnsSeuiinaunauanaynauudiiunsaienunse A v Ina ey

(2)Game Mechanics nalnnistauany Carbon Quest gnesnuuulviglduaunsaldnouiussuuinumi

o

NSAIUANAIAEAT NSHadRUARS waznsHuAue1e neluny Tnediauaasadnsuaunulindonduan 3 Au

U U

' ¥ '
= A A £ ' ¥ '

Husyuudeud (Lobby) Fulufiufisudunsudignisiduny suuuunisiaundnvesnudunisiidndng (Combat-

Y

d

based gameplay) Ineffiausindldonyslunislaufdnsiidudwnuvesasven emdndasladnsaazamuisoniuaiu

v v
Y o a 1Y

waganfunsivludindalld Mellssduanugnvesnuzdindumudidu iWeasanuimelaiudiay

AN 2 WuSUAUReUNgNSELNY Laenateananny (Lobby)

(3)Game Objectives ngUszasArodng Carbon Quest ABNISTIAKLEUAINITANIUAIUAIY VauNUlAY

[

nsfdadasiidudunurenisveu uazgavauasiuuaNIsEwnuienuugUnsalvesiazasiliusy Angnmun

Tu nufivionun 5 A defdednslusdazaiudiivastanionaudaly wazlusiuaainediauazmdymiriudng

Y

szAiuved (Boss) Balanuudawnsannnindnginll fiaudeddvinveuasnagnslumsiaunuiiao1suzuazauing

[ )

(4) Game Environment a@n1wianaeunigluiny Carbon Quest sanuuulvdanwastJununa nsunis

soduarnisvinsiavesdiau lneUsenaumeniufidmsunisindeutivesiiazas madediudng uazmsiiumseny

51978 Tynsjamuneiiieaiaussemaidennsesiuiliemiudainaey wasiindszaunisainisiidrusinvesgiau lny

a0

Aflsinnumngadlunsianaznisiaunuuuunannasy Roblox welifiauauisaidiniisnuliegnsagain

oA

(5)Reward System syuuseialuiny Carbon Quest eanuuuitoairaussgdlalvfiduidiusiulunsdy

wnuegwailies Wekiauaisaidadaglidninglasumtegyseta (Coins) Famsalulflunissuinsnesues

@

MINTAT LWE]Lﬁuﬂi%?’m%ﬂWWIUﬂ’]i@iﬁ]éiu@l']‘lJﬁﬂiU wazoonuUUlMNUISUULANIAZ LU (Scoreboard) INBLAAITIUIU

wissgElauusavauarauld Seiienseiunswtituseninaiay wasiuauaynlunisEuny
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AumberXD_ TH 1030 Coins

394 Coins

A9 3 Reward System 89NkUUNT5UMSHEY19TA (Coins) kagIzUULERIAZWUL (Scoreboard)

v

(6)Player Interaction n153Uduus senineiaunuszuuiny iduesdUsznoudAyd ¥ieasi
Uszaumsaimsidunauaziiunstidusanvesiidu Tuinu Carbon Quest flauanunsaimuadnuazyesfiazasvie
91915 (Avatar) lanuszuuluslldvasunanasy Roblox faudnginy uaganmnsadenid1saunisauls 3 suuuuain
Hufl Game Zone lauA (1) MsiauLUUALLRE? (Single Player) (2) nstautuuaasau (Two Players) ag (3) N13Lau
wuvauau (Three Players) dnsunalnnismuauniglunuagld Mouse uag Keyboard saufulunisaiuaudiazns

WU nMsimuaieninsedeui n1slauddng Yrelididuamnsalineuiussvuinuldegediusednsaim awwise

v
=1

aunelAssaieTruUYeunI (Game System Architecture) SeInaglau SzUULNAANBTH UAzTTUUATLUL 1AR

29 4 Game System Architecture ismwﬂlﬁiu FTUULWAANDTY Laz I UUAZIUL

(7) Learning Integration lunswauiny Carbon Quest {33t lseonuuuesduszneuvesnuliiinsysan
nsillevinisiSeuimunseysnudaindey lnsgatdunisaseanunseminiediuwuifna1u Carbon Footprint uag
P ' I a v & A4 v val o & v v
nsfidhusalunisannansenusiedawinden senuuuiuisuduveunulilanuvauzilu vieslas (Lobby Area) 14l
dnwaradieiu yadaydnual (Landmark) Yeauninetdeswdggie Weasseruidndueealituiiauiiduindnw
YoumTivendy warlddnviielvianus (Billboard) vunalvg Jadnausileniieliu “5 aanitieveninuindes

lan” wenseduligiauinanuaulanasasgmindauumiddunisaanansenusdedingon

U
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o v a 3 = o 9 19 ¢« &4
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APEN AMSUDUWOWSUNUDVDVANS PIEIROMAT
= (Carbon Footprint of Organization) )
[]
5 aaannuandi
© , —
= : msuauwawsuri |
aawnaanisuouWawsur 3\ aevhiakant [
vovkawr KEo o | |
aawnaalansou ) ® dshumsesusszaunsono |
smnRuonousurumsudon . mn]mupﬁm!mns:on o !
FamiSounssonAifobudond .. ownertithiuo 3
mslduwensoqdu mswsia &
msvudo msthlule
uazmsidomin >
msuouwawsuri
uovovFns (CCF)
oandusevdoyaulvity
el o e Usznnuavaain
foonmsduluvu £ - =
0l | envonsucon sosoodns msuauwawsun ulne
0 Tutoos:exoan 10 G
: @
aawngalkua |
(Cool Mode) aan Carbon Offset
amnfiuouTRiidom / Carbon Neutral Ko
Weoudariurifdnwauds omnfinaaodnsadtur
Sundona:s:rennudould Tadhumsyssdunazauisaan
oy et msudoumsiSounszonld
, mwincurifidnua N
- (@4(8, (D

A 5 dyanwalnteaainiudsinasufitieduasunsianinensegslinusulingeu

fis: https://petromat.org/home/

warthedydnualveumnivendesvdggie gndnnsegluiundsfiawnsousadiulddaau lnssguiim
WWEINUTEUULAAIALLUNYBINY (Scoreboard) NT88NKUUAINANINAY IMUELHBATIUTTEINIAVBINITLAUNUT
WenleatuusunvesunIng sy wazasvioulwiAnnsildrusinvestinfnulunisatdvayuulouie Green University

FIFWITORAAILUIAANITYTNINITTENININNY N15158U3 wazuleu1evesun1Ingdy (Game-Base Learning
Carbon Quest
Game

(Stage/Combat/Mission)
Green University
Policy

(PKRU Sustainability Awareness)

Framework) 1aaadl

Environmental
Knowledge

(Carbon Footprint 5 Eco Labels)

] . 1 a i a 1Y
NN 6 Game-Base Learning Framework §813796N03 N15638U3 uazule UMY INY 1S

‘1’15@%’]?]'(]’15@6ﬂLLU‘Uﬂi’e)‘ULLu’Jﬁﬂﬂ?iyjim’]ﬂﬂiigﬂ’j’lﬂaﬂﬁﬂigﬂ@‘U‘U’ENLmJ ﬂi%‘U’Juﬂ’ﬁL%‘EJui wazulgurgau

Ya v a 1

dundenvesmIngtdeaanslunmd 6 gidulandunisiawieiesdod miuldlunisussidiunanisldauny

“Carbon Quest” Tugnugdenisious lnesatunsinsgauanuiianelavesfiaulu 3 a1 loun Auszuuing (Game

[

Systern) aunalnnsiau (Game Mechanics) Wazanunisasasunisideus (Educational Promotion) saonmnassiu

Y
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aaUsEnounanveInsaukuIAnfinmunll Ml ieliasedenldlunisidelinnugndeuasundetio §ideldnnun
wwnslunisnsiaaeugunmvaasadlolunuANAsduilon (Content Validity) kazadnuideduvesasodile
(Reliability) Aeululdlunsiiuniusiudeyasss lnelseazdendsioluil

3.2.3 MInTIvEeUANAMYBLAsale wuvasuamililunsiduasillasunisnsivaeunmuninvetasosle

Tusuauasagaiieny (Content Validity) wazaaugesiu (Reliability) Insdssazidunssil

v

(1) MInTIRaUANURTLTLLDM (Content Validity) {3deliiuuudeunuiauaseieisgydnuiy 3 v

U

' '
= aa o =

Feilnnuderrgaiumalulagnisfnwinazn1swaunuadia welszliuniuasnaa 095z ninggaaauiy

o

Tnguszasinside nglddvdanuaenanesenitslamaiuuas inguseasd (Index of Item-Objective Congruence:
10C) nan15UsEunyI1 A1 10C Yasdarnuynteegsening 0.67-1.00 Fsiiedtegluinadineeusuld wazaiunse

illdlunsiiusiusudeyals

a

(2) nsnsvdeUANTaiueAs Bl (Reliability) d3delauuuuasuaulunaaesld (Try-out) Aungu
Aegenflanuaelndifesiunguaieg19ase J1uau 30 au wavideyai lau1dnsgimiaianuedulaglden

duuszanduean1vesasauuin (Cronbach’s Alpha Coefficient) NaN153LATIZANUIN WUUFDUANTAIAINLT DY
Wil 0.87 Jeegluseivas uansliviuinaiadiefinnuadiaveniglusazdanuiidede anunsadiluldlunisiu

wsdeyalasgamunzay

4. Nan13IY
HANISWAILLNL Carbon Quest U3 inueenwuuludnuazresnuLwILdady (Action Game) lifiauls
SeuNeINULLIARAUA IR BUKAZNITARATITUBUKIUNTEUIUNSIAWNY (Game-Based Leamning) lagimunng

1U51N53 Roblox Studio ialidudan1siSeudauasindauniusuiuunisauiayn Audy Lagyinme giauassuun
Y Y 9 Y

1Y

Jufavasiidesrediudnsluguuuuvesdiazas Carbon Fegnesnuuuliduiunuddydnvalvewafiviidma

nsvnudedwinaey nalnvesnudaladuligiduida Carbon iiedsfinisanuuamisuaunaznisianisdam
wafiwluguuuuiidlaine msauresnugnaeniuulduszuunu (Level-based gameplay) Usingiuegnialilos uaz

'
o a

fisgfuauenifiud unuseAuresniu frefiuanuimeuazduasunsidmduvesiaulussninisauny
melunudadimaiaussuuiasegnanigluing (Currency System) Tneriauazlasuinioysneia Coins 3nN1513A
Carbon uaziill#lunistionnys Suinsngunsal viaiiunnuanansavesiiazes dnadulAanndunuogseiies

uananil inudsiiseuuniaanguuy (Scoreboard System) Tnefidufianansnyazuuuldgmioanunsoien

Finsenliuuungazgninduaulunnsnnzsuuy ssuuAnantsinANunMeLaen1swItuss ey damaln

[

LEULAAANUNY YU TUNISHALITNEENITLEUVBIAULDY TUATUNITOBNWUUANINLINADUYBLNNS 2 HuNunan Tawn

e

' %
=]

#iuil Lobby waziiuil Game Zone Ingiiuil Lobby vimiiduiiuiwieuanunieudmsuiau vasiifiui Game

e

Zone WuiiundmiumsufuiRnisianielung
lngagu wnu Carbon Quest LunuuuakdaduilasunisesnuuubinaunaIussiUsznouveInuT sy

N1338UNEITULIANAUAIWINABNLAZNTAAATUB LRI UNTEUIUNALNYBLNY SEUUAI SyUUATYgRanelung
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o

WAZIZUUANTNATRLY Taunsoasalsraunsalnisiseusuuuiiufduiug uaslidnaawlunmsldduieduasunis

asgninIaunseusnedunadenluutunvesandugaudnwliegaanyay

M19199 1 AnadewazdlsauuinsguvesseduAuisnalavesidunilsiainy Carbon Quest

T19n15UsTEU Aade x) daudeauu (s.D.) szauAURanala

AusTUUINY (Game System) 4.53 0.52 undign
1. N139ONUUUANTNIIASBUALTTS 4.55 0.52 wniige
2. MsoBNUULFIAZAT (ASUBY) Aemumane 4.60 0.49 wniige
3. uas & uasldessznevasnausseina 4.45 0.55 Gl

funalnnisiay (Game Mechanics) 4.65 0.48 unilgn
1. szuunsiunuusulaidugn (Endless Stage) 4.70 0.46 wniige
2. syyuseia (Coins) WagMsoUNTNe1Rs 4.65 0.48 wniige
3. nalnnsmunuiazasiazeysimaylie 4.50 0.51 wniige
4. sUUMSeALLULY (Scoreboard) Fraifiunsudsduuas 4.75 0.45 wniige

ﬂ'ﬂll‘WEJ’WEJ’]ﬂJI‘lJﬂ'ﬁV?’]ﬂ%LLuuq@Ejﬂ

funsdaisiunmsieud (Educational Promotion) 4.34 0.50 140
1. ilemmnudfumsanansuauriausun aeaunsnluing 4.62 0.49 wnitan
RERNAFRESH]
2. inutgaieenunszrinifedymasueunazuaiivly 4.58 0.50 wniige
sUuuuiiiladne
3. invdaiealviaualalunseyindduandon 4.40 0.55 RGTRE T
Aadnmaay 4.54 0.49 wniign

NnTsuansHansUseifiumufiemelavesiduiifiieiny Carbon Quest Fafuinuuuudadudilduns
sonuuulinauNauDIAUsEneUTaIA LT U sfUNTIS Ui BaduluiAndud swndentaznisanans Usuk 1y
nszuIunalnvasing Tu 3 fw agUlddsi 1) druszuuing (Game System) wuih diauliszAuasuuunsesnuuud
avAs (ASUBY) AoAuang ﬁmmﬁqwahasviiuisé’umﬂﬁqm (X = 4.60, S.D. = 0.49) Tug1FULIN LALNITODNKUY
ANTNLINADUFNI ﬁﬂ’l’mﬁﬂW@Iﬂ@Eﬂu%ﬁUﬂ’]ﬂﬁﬁﬂ (X =4.55,5D. = 0.52) lugdusetassn 2) smunalnnisiau
(Game Mechanics) wu31 faulazuuuszduaufisnelassuunnsnanziuy (Scoreboard) Hefinnisudsduuas
anunenenslunisiheziuugean eglussduanniian (X = 4.75, SD. = 0.45) Wudrduusn uarlsiazuuussduena
flmelanalnmsmunusazasuazensianudulva Tludduinegs uidsndldsunsussidivegluszduanniian (X =
4.50, S.D. = 0.51) wag 3) Aun1awasUN1IS U (Educational Promotion) Wu11 1y Carbon Quest @111150
aoaunsnilemanuidunsananueulnUIu aonunsnlunuesnamnzanlfesaiiuszansamluszdunniian
(X = 4.62, SD. = 0.49) azvieuliiufsdnenmueanylunsanenensadnuiifesiu Carbon footprint Tfuiauls

waznuInnuYIsaisnnunsertniiedymeniveunasuaiivluguuuuiidilanelisunsusediveglusedunnnian
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(X =458, S.D. =0.50) il nmsmvessansUsEdiunuin enufianelafidlseiny Carbon Quest aaﬂuazﬁumaﬁqm
Asvsuazuuwade 454 (X = 4.54, SD. = 0.49) Feazvoulidiuisdnanmveaunylunsueulszaunisainisiaud
auviauavaynauy wieukumdumsianlfnuiinuduvauasdsyansnmnndsdusely

Tunmsamvesnu Carbon Quest fioonuuuliiauldiaunuuundadudldfunisesniuulinaunaiy
psfUszneUvBInITusiuMsSeusiRnfuinasdudanadeuaznsanasueuinunszuaunalnveanaluns
\FougsuuuIAn Game-Based Leaning @ stsdaiasunsegalaluninfouduaziiunisfidiusinveafiTounu
Uszaunsal@sUfduiug daaunmsiioudaiuenufimelevesfiaunulsogsddodfgdeisuiisuiuguuuuns
Boufuvusiaiy uaznsliunAndulonisiundonvenmine1ds (Green University) a1enuuuanimiindon
meluiny vlvinnsdaasuniseysnsdundeudmivinindnuled ndmindisouadunuudaiinzuuuniuidiy
Auandoudiutu wardanufimelaroinluszdugs asiouliiiuin nisoenuuuuasimmnifionsdeus “Carbon

Quest” Uuuwanwasy Roblox luanmuwindenvesninendesvdggia anunsaldauldadwasduaiuniseysng

FunndendmsutindnwuminedeswigainailulunuingUssasdvesnuide

5. afiusenanisideuasdatauauuy

wam3densstuandliifuin mswauay “ Carbon Quest” Uuunanilady Roblox aansadaaiaaufis
welvvesiauldluszivanniian Inatamglusunalnnisiduina (Game Mechanics) Wagszuuina (Game System) @4
agviouliiifiuinnsosnuuuesdusznouvesnuiiun siiujduius (interactive Gameplay) wazn1sansausinme
ogwsiniiles flumumddalunisnszduussgilavesiau aenndestuuuannsBeuslneliinudugiu (Game-Based
Learning) Wtauain nsildusamdefduiusuararmaynaunudutiadoddgiivisdaasunisiouvesidu
A0AARDINUNUITEVBY M. Prensky (2001) wanantl svuUs1eTa (Reward System) LAz 1AW (Scoreboard) 7
I#sunseonuuuneluiny Ssanusasduneldmeonuifnsuussgsla (Motivation Theory) Bsszyinmslissiauas
ﬂ’1321%’1&miLLﬁdqsﬁ’ummmmzsﬁjuiﬁ;iﬁamﬁmmmwmmuLLa31?‘2%3u5'1u1ua’15L%'au%“um?iasﬁu denalvidiaudanuiis

@

W@IQIN?%&UQQ TPUNaNITIVLAINEIEAAABINUNUITBYBY Wouters et al. (2013) ‘VI‘W‘U’J']LﬂJJL‘W’e]ﬂ’liLi‘EJu‘iﬁ'Hﬂiﬂ

o o

diuusegslanazanuitanelavesiSeuldegradiduddey lusmunisdaaiunisiseus (Educational Promotion) Ui

o

Tasunisuseiiuluseauunn wadeedsdiniiaiuduanisy d9enazviaulimiiuiinisatevneaideriaiusaiu

Fuandeurunalnvaunudaansaimuiiuduls laganiznisesnuuuianssuviensianidedlesilemanuiiu
nstaunuegstalIud sy nan1s3dedwandiiuinnuansaaiiennuasenin i adudamansusunas

mmmaaaﬂ,m Guaaamﬂaaaﬂumumasuaq iu%‘V\N‘U lwfmsa azAg (2568) v]wmwmmﬁ“ “’ammsaa'aLa%ummguaxmm

o =

mmuﬂmuamnmaamawLsaulmamwmuamamw TuB9n1999nLUUNEITEEEAIULANAIINNUITENH UL
Lu@ﬂﬂ?ﬂiﬂu’]UiUW%@ﬂNﬂ’]’JVlEJ']ﬁEJLLa”‘uIEJUWEJ Green University HIYITUINITNY I AUEATNLINA DUV “N%’JEJI‘VTNL&H
ﬁ']ll']iﬂL‘UE]MIEN‘U?S?!‘Uﬂ"limﬂ’]iLaUﬂUUiUWQN"UaQﬁ‘ULE}Q ﬁ\‘iN?31‘1/1Lﬂﬂﬂ']iLiEJuiVIﬁﬂ’J'mWN']EJ&J’]ﬂENSUN E’]‘LlLIJ‘lJﬂ"Ii?JEJ']EJ

a

wwmweansseuilagldinuduguainnsiteuiidatomludnsieusiBauun (Context-based Learning)
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Ms3eudiuduandeuiifiussansan asnaunauesiusznau 3 du tdud (1) nalnnisiduiiadeanuimeunas
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= =
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ASNALNNEBD YT RnINEILUUIUgUHIe Unreal Engine 5: nsalfinenaiumand 5.9 i
Development of a Loop-Based Psychological Horror Game Using Unreal Engine 5: A Case

Study of Suan Luang Rama IX, Phuket

o a a S
SUINUY IEJ&Ia‘lJ, NN AFWURE, ANT nanua*

Thanawat Yomsin, Pita Jarupunphol, Pakorn Limmanee*

avunaluladidvia puringrmansuasmalulad uinedesudngie
Digital Technology Program, Faculty of Science and Technology, Phuket Rajabhat University,
$65114232119@pkru.ac.th

'
A [ £

el fngUsrasdifleWanuninudunuy “The Man Out” Faduinuuuaseswiandednineuuesyanadinis
(First-person Psychological Horror) Tagld Unreal Engine 5 wazszuu Loop Wieadauszaunisaimsiauiiiiunis
daune nmsdindula waznsfumidunsiigndes Tasesnuuuanmwiadenananiuiivss fe aumads 5.9 Smiaguin
m53deldgUnuumsiseuasiamn (RD) funquinetng 22 au Judenuuuianzianzas inseslefldlunsise léun
nuAuLUY wazuuuUssidunnafanelafiiiunisnsaaaeunnniwisesien 10C 0.60-1.00 uazAamdesiuyindy
0.87 wan1533enudn flaudiauienelalaesinegluszduunn (X = 3.52) lnglangd1uusseiniakarauuing
oedlsfinny wudymiulssAvBammnuuaznsnnszuy Tutorial Sededumuiianusaldiduuumdunisfaung

dvoaigtuinwenisdunmnely
AEARY: Inuagasuisy, Unreal Engine 5, 5¥UU Loop, N58aNKUULNY, Ussaunsalglau

Abstract

This research aims to develop a prototype game titled “The Man Out,” a first-person psychological horror game
developed using Unreal Engine 5 with a loop-based gameplay system. The game environment is inspired by
Suan Luang Rama IX Park in Phuket to enhance realism. The study applies a Research and Development (R&D)
methodology with a sample group of 22 players selected through purposive sampling. Research instruments
included the game prototype and a satisfaction questionnaire validated by experts (IOC = 0.60-1.00) with a

reliability coefficient of 0.87. Results indicate that overall player satisfaction was at a high level (X = 3.52)
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particularly in atmosphere and horror experience. However, performance issues and a lack of a tutorial system
were noted as areas for improvement. The findings suggest potential for using loop-based horror games to

enhance player observation skills.
Keywords: Horror Game, Unreal Engine 5, Loop System, Game Design, Player Experience

1. Ui

a o =

Tuthgiumelulaffidvauazgaavnssuinufimaiaunegvsnds dwalinuneuiunesliliiudieddoiie
Aty uidinevauosussgelanmelunasnstidiuimvesdldldogsiuseansam (Hamari & Koivisto,
2016) widsgnihanlfiduedesiielunisiGouiuavitannvinuesnusing 4 vesdiau wu msandasz nsudludgm
Asdanm warn1sanaula (Gee, 2007; Plass et al., 2015) LﬂuﬁaanLLUUWﬁLa'uﬁdauima&hwial,ﬁaammmﬁﬂﬂgj
anmzmslva (Flow) fiiaudunuasdududrglangesny (Csikszentminalyi, 1990) Snitedsduaiumaiioudan
Uszaunsal (Experiential Learning) SstaeliiiauinnszuiunsiBeusinunsasdioufjoifduaznisassinassgn

(Avywg vnLen, 2561)

U a a a

WNULUIEED T 93nINen (Psychological Horror) 1udnuszinnui i lasuaudeudiudy tesann

o

A13150@519UTTEINAANUAULAY ANUNARY BAZAINUIIANTIHIUNTODNLUUANINLING DY LHE9 WazNISa5a9be
ae19ilUsE AT Fanrseenuuusiiuseneumanlanunsodwadonisualayauianvesiauldeg1sdnds (sbister,

2016) uenaniimsiasedulanddviaaunsaneliiinuszaunsaliuauinsuagnisiuni (Immersion) Avilgiau

a

SAnudlousglulanveunuads (Murray, 1997) Snviemndiaudganiiznsiva (Flow) sgrafudl svdemaliiianisd

%
a = v

dUTIMALNIISEUINENTBUU (Csikszentmihalyi, 1990) Tnaiamznisldidesuseneuluinuasesyydunumddsy

o

Tunsasienuiinduashiedduasisussenieldegiediusednsam (Whalen, 2004) fiausndudedldnisdann
mud warnssadulesdsseuneuiislerurda unsaling q Anduntelung sﬁqﬂszmumsﬁaﬂ?mﬂhamzéju
msfndwsziuaznsandvesdiauldidueg1ad (Brown, 2018; Salen & Zimmerman, 2004)

yonang sULUUINILUUILgY é“ﬁLﬂuLLuaﬁﬂﬁﬁLéuﬁmﬁﬁ’sa]ﬁ”uﬁLﬁwgmmaﬂ%ng§amﬁ"’aﬁuﬂwr;mﬁmﬂﬂa

e sasuLlasiiindulunsiazseu nalnAinantneasnimufiassalaz TauIANT LTSN (Spatial Memory)

a

wagyinurnsaLnalaegsiiuse@nsniwn (Ryan, 2017)

U o = a a a a

PnAfna giavindadanuaulalumsiauiinuagesigdadnineuuiugy Tagldlusunsy Unreal

Engine 5 FalunIaadioimunnuifiemnuaiuisasuninfinuazimalulagniswaninadugs (Epic Games, 2023) vl

&

asUsraunisalmsaunuiiifnvanssuaziiaulannngsdu Tnedenldiuiiaiunais 5.9 fmiaguinlunsdfne

Tunseenwuuainuarussennienislung welvdlauinanuidnddiuiinuaraiunsodudaUssaunisalvosnule

1 [
DYNLANFULUY
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¥99791999991U47338 (Research Gap)

PNNTNUMIUITIAUATIUTNAY NUITIAUITeNauen snauANUsEANIARa1unsTanIun 23

v
a v A= 4

Aty nuddedfdilnUszariiieduiudesinadingt Inethndnniseenwuuinadauszaunisal (Schell, 2008) uaz

WWIARNITIATIZYBIAUTENBUVBAINY (Konzack, 2002) snUssgndldlunsiauinusuwuuluasall

nsdsatenaseuAdeiiieades (Literature Review)

91nN15ANw Salen & Zimmerman (2004) waw Schell (2008) l¢nanfménnsesnuuuinuiiidesainiauga
seniengniiniuazUsraunisaliiaudesaiaunasenitngniniuagUseaunisaliiay suiinslinseiesduseneay
yaanuLil aliinyszaunisaliivimie (Konzack, 2002) Tusauedl Plass et al. (2015) seyinnislideyadoundu

Yo a

(Feedback) fifazaeliifiauinnsisousananuianain Jaduiilavesszuu Loop-Based Gameplay wenaini

Brown (2018) laguduinnuaseswigidnineawnsansyduligiauldanesdiunsuinveunisdndulauaznisand

Fau3dves Ryan (2017) advayuuwifndinnisiaisewuuiuguieasuasnaudwdaunlidueded

A15197 1 A5 US UL 8V

NUIFE/Husie Uszinniny WuIRANEAN yaiu/tednin
LWUNITAUAININLT BI512
Ryan (2017) Narrative Game Narrative as VR .
U1n Game Mechanic 1111
e
Ay (2561) Educational Game N338usAIYEA wuinuenisiSeusialy
lalAlngasinwensdaung
N Psychological Horror Loop-based + Real WU BENITALNR + 91999
Location AOUNTI

M ufkazITET19R Y dINasan150eNkULINNYNULlAeN15115EUU Loop HIHLINAUNITIIRBdn Ui

%

939 WiaUsrulEaudesldrinwensdunaUS s Ui umuLANA19asan I nkInaadluLsarsau fakandlunIng 1

U
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R =
mUszgnalinquiiazmalulagnng q Lo oy 2
wassTldnMTIRehunsTULM AN

Hadeniwtn

TumsWanniny

Process

* mquimsGeuinnsyaunanl

(Experiential Learning Theory)

* NSRNLUULNIM BRI NA NG

(Psychological Hoor Game Desien)

o vuirradhddainG

(Spatial Memory Theory)
- &
weluleaduazipsesdl
* 1 Unreal Engine 5 (UES) tunsiann
o Taeuiivutuige
A 59 Smiagdin

Fumoumsiouavinnn

L AT0BNMUUATY (Game Design): Ay
uRsTNTUUNALNTBun!

2 nMaiResnTanRenai A e
Fraomniuitsis (@mens 5.9)

3. ssuugUiazeniiRaUnA (Loop &
Anomaly System): RLNTEUUATIAY
s wasmanmedudadnuni

4.mnmessuedleie: e
A0RADY (00)

5. mavpsauiungsfaaUy: wasauiuy

s 22 au(n = 22)

Uadenin ASYUIUMS NAANG

- o dd v
yeuiuazmnsideios

a o cdo &
o anfastimiauiy
* ghfuwuuini “The Man Out”
® ATz

| o edelolsemamosficueglussiug

ey
(Awady = 352)
Y v i,

o shmemmeaiaUIIEMAMANTNaE
FueRenlfoshaidinm

so @ X

WERSUTIRILNTY

o dauldliviensiursamviondouay
ArsdBdindaTs

o shudufuaiaminuymsiuuey

oa X,
AR

AT 1 NSRULLIAANNTINY

YaULUANISANEN (Scope of Study)

1. YOULARMUTEUUNY: WA RN IETEUUNMSEULUUIgU (Loop) 5¥UUN1IATIITUANNRAUNG (Anomaly
Detection) LLazszwmiLﬁu—%ﬁugm

2. vouluaduiuinaziian: Srassanmwindenunsduesmuna 1.9 Swiaguin uasaduainluny
U 9 AU TEELIAALT 8 FUA

3. yaulrAR1ugUnIal: naaeunuuugUnsainesfiumesduyana (PC) Afialua CPU AMD RYZEN 7 5000

SERIES FulU, RAM 21 GB uag GPU NVIDIA GTX 3050t Yy

Deudnianig (Definition of Terms)

1. \nuageuidadniven: inuiiduiunisaiennundisenuusseina des wasdningsnnniinisidniig

JULSY (Brown, 2018)

1y o ¢

2. STUUNSIAULULINAY: NalnNUNiauRa Ty iuan UM IalAug1) AUNINALaNTOAUM "Anuiaung"
1ad159 (Ryan, 2017)
3. auAaund: Asiiusnglunulinssiuanudusdwiaasuwdaminiy wu dagivigld dundsd

Waguly
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2. I9QUszaIANTITY

1. WeWainuaseigyde3nine1uuuingy 1389 “The Man Out” Tngldlusunsu Unreal Engine 5 193]
ANLANYTARNUVANNTORNLUUNY

2. ieoonuuuanmwindennglunaliifinnuauads Inegradaannaniuiinss fe aaumans 5.9 Smingiin

3. ileUszliudszansnmuazanuianelavesdidunidewnuauwuuiiamndy

3. Wadun15998

n9ideATatlldguiuunsidenaginiun (Research and Development: R&D) dseawidundsil

o ]

U3291nN5ULaSNaNAILNY

9

v
o = a

Uszrnslumsideasamnefanguyaeaifmiuaulslunmsidunuasesy iy dalnfidnuegludmingiin
TneUssmnsdinaniodunguiifinnufendedasnssiudomvsnny Wesmnnuitimulésnsds anmuwindonan
anuiaTdludmingiin 1wy aunans 5.9 WelifiduAnauifnausiuasdenleiUszaunsaldiusa dwiungu
Frogaiundne fuuiedu 22 au Fudendedinsuuuianiziatzas (Purposive Sampling) Tneruuaunaist
NIAALEDNDYNTALIU AD éfaﬂLﬂu@:ﬁLﬂ&’Jﬁﬂizauﬂ'liz:u“i,umiLduLﬂmaEJaw’iﬁgw%mmwﬁamdau Lﬁaiﬁlﬁ%aaﬂaa’m;g
Afrundlaluuanuding

\nFasiieiildlun1side

inFesdlefldlunsideuszneuse 2 dau loun 1) 1nuduuuy “The Man Out” Afaunselusunss Unreal
Engine 5 uay 2) wuvasuamanuieelavesdflaunuuinnsainuszanue 5 szdu S 15 4o ddddusziuay
Anwiuvesfidundanismaaesaulusiuniuanais anuiaula wasdszaunsainsldou wethdeyaluiinszsivas
UFuugany

NsEFaLAZATIABUAMNNLATE D

fAseldaauuvasuanlnefnumanenaisiiieates mnduiiluamsasuauiiomssweaden (tem-
Objective Congruence: I0C) I@EJB;L‘?JIEJTU”IQJJ 3 AU KaU31ng)31A1 10C 8g 521319 0.60 - 1.00 g awunaal 91niuh
wuvasuawlunaaedldiunguitlilinguiiesns $1uru 10 au e mTesiu (Reliability) 1neldgns Alpha
Coefficient 49 Cronbach léfvinfy 0.87 wansiuuuasunadinuidosiugs

nsAasvidaya

Tdanmaanssawn lawn Anade (X) dnndesuuansgiu (S.0.) wazdosas (%)
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4. Nan153e
i3 The Man Out lasunisiamnaudanuanysalludussuviaznmnsiin lnsdninalulad Lumen Tu
Unreal Engine 5 unldlunsadrauasuazialuainas q Tidanuanadwindadu dwaliusseniealunudanudnau

wagTIUVaeY iz iuuaew Ty fidesnisaiianuiusuiazanundiiiudiau ieadsnnunusifususniiu

frakanslunIng 2

THEMAN QUT

ATIURAHINTZNHTA

AIHIAT A

AW 2 ¥T9BYISHAWNY The Man Out

o

Tugiuvesnisesnkuuann NUTNMLA 9 AU tngkAara1ulAsULSITUANALINADUTNISIADEIUNA 5.9

Jwmdagiie Faiuiaunldassvavioavisluieweswdusying duldl o1ans wasusseinialaesey Weaeven

veg a a 1 a o a
AMUANveAnUTnSIeenuTiINTan dauansluning 3

AN 3 MN8N The Man Out LEAIUSTEINIFAENTNLINR UL ALAL AN
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dmfuszuumsiau glauazdeandyivaniunisaluuuiugy tnededdvinvenisdunam "anuiaund’

(Anomaly) luusiazau Inginuazuanminundliiauldaninsmeasden dwandunmi 4

a 3

AR 4 fegrannluanisunAngiaudewndiseasidun

v

WedlduAungiluseudaly erafinruinUn@yu Wy nMsiuisuwdasiunieing vsedwdanyasuil

U5n93u Mngiaunsialinuanuiaunfuasideoniduniaie ssuvazdnauludqasudu dwandunini 5

v

ANA 5 fg1eAuRaUnf (Anomaly) Mietuluannifeniu
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A15197 2 LeINSwUaNaA1LRRgTEAUAIINNaNDLY

ALade AU
4.21-5.00 1nilan
3.41-4.20 ey
2.61-3.40 Junang
1.81-2.60 oy
1.00-1.80 Tioniian

nan1sUssluanufionelamuinguszasdde 39nnsinudeyannngudingns 22 au kan1sUssiluaui

NOlA L ULARLATULARNILUAIS199 3

M19199 3 nansUssiuAuisnalaveiausiowny The Man Out

adu sensUsudiu Aade () S.D. ssAuauiNanala
1 AUAYN VDN 3.77 1.41 1
2 AUUINAILASUTTEINIA 3.82 0.96 1N
3 AUANDIIWDIRINUATAIU 3.50 1.07 Han
4 nsldau Ul wagdszaunisalifld 2.88 0.64 Uunang
5 awdulvaveany 3.64 1.07 1N
334 3.52 1.03 un

1NA5197 3 wudn faudinnuionelalaesweglussivann (X = 3.52) Wefinsanauinguszasdsede
wui aquszasdted 2 (uausiesarn) Tszdumufianelaogluseiunnn (x = 3.50) uazTnguszasddod 3 (M3
Usziueuitanela) Tnssameglussfumnisuiu Inefuenaiinduazussoimasinsuuuiodogegn (x = 3.82) 3
agvioufanwdsavesnsesnuuuiunsiinuazides Tuvasdidunsldon Ul Sazuuuadesian (< = 2.88) uang
Tiunfiduusdndilidloszuunaaulutiadusy

ety s¥UU Tutorial dm3ULnLuL Loop aseenuuulinaunduiuussennavesny wWiskllideessasa
anuasesutyy newdndesnsld Ul vunthaefidmauiuly wazidonldisnsuusihuuuuds wu nslduasimia

e viesrusznovvesannwnden ietielifiausoudienuesegndusssuy
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5. afiusenanIsITewazdDIAUDLUL
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Loop Tutsusn dadutedinineunly
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unag

nsiteadsdannsnvssgTngusvasdiia 3 dsensldduda lun 1) msimununuduwuy The Man Out #ae
welulad Unreal Engine 5 $1tmea319us581ne was wazideafiauase daalvigiauinensualsiuuaryszaunisainis
Wuifuszanam 2) mseenuuuanmwndenvesnulngd1dsananiuiini e aumas 5.9 Sminguin il
iwufdniadeusgluanufiasuasiinanuauaiwesussenamelung uaz 3) nanisuszdiuaudfionelavesdiay
wudregluszauuin TaglamgruussenIa ANANTIUBILAMALIAYY S9UAeTEUY Loop Gameplay ﬁﬁa&mséju
Finwrnsdanauagamus i

wihagiidelausuuziioafunisuiuussssuunugiiiau (Tutorial) Wetelvgiaulmidiilaguuuunisiauld

17U wilaesamuafauiinnuiaeladeinuluseauinn Adeifaunsaimuinuduiuunddnsainisluniu

waluladuazn1senuwuuny kazanusaldidunsaanwilunisssunisasusunisiaukazeanwuunusabule

6. AnANISUUSZNA
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