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Antioxidant activity and total phenolic content of fermented juice from sweet corn silk Zea mays L. obtained

by submerged fermentation
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Antioxidant activity and total phenolic content of fermented juice from sweet corn silk
Zea mays L. obtained by submerged fermentation
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auuauﬂiiwmammwmﬂm:J (Sarepoua et al., 2013; Eman 2011; Ebrahimzadeh et al., 2008) lasdanliizns
mlmwaaﬂ@]miaaﬂq"nﬁmammwmﬂvlmmﬂwm m‘smnmmﬁnquﬂmﬂﬂ%ﬂuwamnmmmmi TaoiAnySanm
fM38aNaNTNITIAN 'mfphwfsmﬂﬂnaaﬂ'm?m1:~nmwaq?lmzmniaam]'*nﬁ(ywu,mg,yjfaamw USunmansdsznauiuedn
Hanue uastsunmwanluasd Tagmsninluudalnannuuuuiwas (Submerged fermentation) waz@nmnauiTaALE
wihweasinnin FBmanaaaslwudalnannuaanug Hy-brix 10 windemeuuafiide Lactobacillus casei TISTR
1463 uazfad Saccharomyces cerevisiae TISTR 1464 Vadalasuaskan lagldanizninuouie Wwom 14
namsnaaasnui g waniufindnunu 14 5u lasie Lactobacillus casei TISTR 1463 fi5unadiuadniisnua
mﬂﬁq@ (0.27 UABNIUNIALNAAN /ARREAT) ﬁnﬁaﬁﬂﬁﬂ‘%wﬂmWaWIauaﬂﬁgdﬁq@ (31.4 VadnSuLnasTaudanINvad
f1IRNA) LLazﬁm%ﬁma%aﬁngaﬁa 63.89 %

ddndny:  mudnalwemom, madsznaufluednionua, ariduenyadss:

Abstract

Corn silk is classified as agricultural waste. Corn silk is a heat insulator, diuretic, useful for treating nephritis and
jaundice, nourishing the liver, curing diabetes and treating sinusitis (Hasanudin et al., 2012). Numerous health
advantages of bioactive substances and antioxidant activity have also been discovered in corn silk (Sarepoua et al.,
2013; Eman 2011; Ebrahimzadeh et al., 2008). The objective of this study was to to extract bioactive substances from
corn silk prepared by submerged fermentation. Fermentation can add value to food products by increasing amount

of bioactive substances.

This study aimed to examine the conditions of submerged fermentation as well as the functional properties
of water in the fermenter, specifically its antioxidant activity (including all phenolic substances). Fresh sweet corn silk
of Hy-brix 10 was fermented by the microorganisms Lactobacillus casei TISTR 1463 and Saccharomyces cerevisiae

TISTR 1464. in both individual and co-culture using stationary fermented in the still state, close with an air lock. The
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results showed that for 14 days the sweet corn silk fermented by Lactobacillus casei TISTR 1463 had the highest of

total phenolic compound content (0.27 mg GAE/mL). Additionally, it had the highest total flavonoids content (31.4 mg

CE/g of Extract) and antioxidant activity 63.89 %.

Keywords: Sweet corn silk, total phenolic compounds, antioxidant activity
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Antioxidant activity and total phenolic content of fermented juice from sweet
corn silk Zea mays L. obtained by submerged fermentation
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AMUEIARL 540 Wilwwas ihemsganiuuaafla
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USIaaa3aig (nSu/AaT) = [A1 OD540 x
gaMie99] / dnenuduvesnamanasgiunalag (1)

n1sitaszvdsunmansdsenavnadn
ﬁ‘:\muﬂim 839 Folin-Ciocalteu’s phenol reagent (Singleton
& Rossi, 1965) Thdadagrininanlnudinlne 0.3
NafaaT MmudeaIazans 10 LWasidue Folin-Ciocalteu’s
phenol reagent (Merck, Germany) 130103 1.5 UadaAT
T LY Na,CO, (7.5% wiv) U3u1ay 1.2 uaaam
LY mvl‘ﬂ,u‘ﬂm 30 W17 mnumﬂmmm@nauumw
ANE1IRaR 765 wiluiuas mﬂuumwaﬂmmms
narauthwminaisldSsufsufunnwinasgunsa
WNAAN (Gallic acid) (Fluka, United States) Lﬁaﬁ'lmmm
Usinmanududumsysznoufiuedniemnua lusinin
@28819

AarsidSanadalneadlagis Aluminum
chloride colorimetric method (A@uLU&331N Prommuak
et al, 2008) Thadragraiminanlnudnlne 0.5
VaRRAT ANGILLENIUEA UINIAT 1.5 UARAAT U628
10% aluminium chloride 38163 0.1 Jadaa3 ANGY
1 M potassium acetate 0.1 faaaas nimUsuUsINes
Freinaw 2.8 Ia8RaT Uy mm"l:maM%nwaamu
30 w1l mnumﬂmmi@@ﬂauuaawmmmaﬂau 415
W laas mﬂuumwaﬂvlm*mm'm@aaummmmasm
TwSsuiisununwanasgiuialadiin (Quercetin)
(Sigma-aldrich, USA) asnu S mansUsznoy
Wanlnawsluindndagnag

AsnAgauNsaaNgNaNIeEIAN

msaanqn%géf'mmimggaSaszfﬂﬂ"?% DPPH:
2, 2-Diphenyl-1-picrylhydrazyl (Brand et al., 1995) Tl
ghaghaiminannlnudnalne 0.3 fsdans Hinmsazane
DPPH 15313 1.5 Hadans winlidhiuuddanaly
Tuiidie 40 wfl ‘thlﬂi'ﬂmg@ﬂﬁuumﬁmmmaﬂﬁu
517 wlwuas I@sm’%aa UV-1201 spectrophotometer
(UV-1201, Shimadzu Corporation, Japan) vindnfilaly
fwatk % inhibition Tagwnldanaunsd (2)
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Ao = ethanol 0.3 ml + DPPH 1.5 ml
A1= sample 0.3 ml + DPPH 1.5 ml

A2 = sample 0.3 ml + ethanol 1.5 ml
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Figure 5 Total antioxidant activity and Total phenolic in
fermented corn silks with S. cerevisiae TISTR 1464.
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S: Saccharomyces cerevisiae TISTR 1464

+: L. casei TISTR 1463 + S. cerevisiae TISTR 1464
TAO: Total antioxidant activity

TPC: Total phenolic compound

TFC: Total flavonoids content

Note: a-d Different small letters in the same row indicate significant

difference at P < 0.05.
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Abstract

We report an innovative development of a hybrid oven that utilizes automatic temperature control through solar energy
and the Internet of Things, aims to 1) designing and developing an innovative hybrid oven using automatic temperature
control, controlled by solar energy and the Internet of Things, 2) promoting the product transformation of fermented
meat, aiming to increase community incomes. Functional testing and innovation appropriateness were evaluated by
three experts. To collect data for analyzing the mean and standard deviation of the innovation’s performance test, the
test was conducted over a period of 3 days from January 25th to January 27th, 2023. The comparison test between
the cabinet with fermented meat inside and the original method using solar energy drying revealed an overall average
temperature of 47 °C and an overall average relative humidity of 20 %HR for the developed innovation; by
using the original method of solar energy drying, the overal average temperature was 27 °C and the overall average
relative humidity was 52 %HR. The evaluation of innovation appropriateness revealed the overall highest level of
Mean (X = 4.73 S.D. = 0.23). The assessment of satisfaction with the use of the innovation within the community
showed that the overall average was the highest (X = 4.56, S.D. = 0.57). The machine can reduce drying time in

the sun as it has a higher moisture reduction capacity, leading to faster sales.

Keywords: Innovation, solar energy, Internet of Things
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Figure 1 Changes in the humidity rate with the temperature
of raw materials
Source: Department of Alternative Energy Development
and Efficiency, Ministry of Energy, 2015.
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Figure 2 Drying or drying machine design.
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Figure 4 Install the machine and temperature and humidity control system.
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Figure 5 The test results for the three-day average relative temperature and humidity during
25-27 January 2023 are as follows.
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Table 1 The electricity costs used in the dryer test from January 25" to January 27th, 2023, were recorded.

Date Electric power of the Electric power of the fan Power transformer Total Power Cost of electricity
bulb (in watts). (in Watts) (watts) (Watts) (Baht)
1 320 465 323 1,108 5.30
2 320 403 323 1,046 5.01
3 320 341 323 984 4.68
960 1,209 646 3,138 14.99

nanInagauLSuiouSnainninaes  aunde 3,420 n3u anadlUnIRn 580 NS FATEIN
Namﬁmﬁ%ﬁwmﬂﬁauﬁaywé’amuummﬁ@ﬂuazwﬁwm dmiinvesihlukaedaidoinminkan T aeime indy
Infvs 3 Twlipufisun3sennidu g wud Ysinm 16.00 M uazdaTdntininuastiiluniaduaide
dminuasnAaA i nniniaay 4,000 NN BA9EL  BNMINHAAA MR (T 18.00 M aydlain maldau
T 25 $2Tu9 30 WAt TSN ainvinAsnas 3200  LA3aIaUNEAAIHININRENTIINTINBUFIBNAAT
n%u anadly 700 3w Sandwiminuesinlundadmet  warwdsewlWinesdiunaninwiniteaninvinlwinlw
AOUNAINNAA MY LYiNAY 23.00 M uazdaaimn LA a9EINTNANTEEL AN I TANNLAR HasaNnaNNTa
imiinuessinlunaaAmrideiminnaa aeTus Wiy aannudwlduinnin §03INNT0UUHIFINTY FIFINA
25.00 M_ Ny Wisuifeuiudtanuunideg  meaihldémingldizinii deldrndumianszeziom
WU NI YN A M N wINAouaNn 4,000 lunswuda @9 Table 2
n5u wisennldine 25 $alus 30 wif TuUsunasimiin



14 Weerawat Kampoo, Chanchai Namphol and Suthip Penthong

J Sci Technol MSU

Table 2  The test results compared the weight of the product from the incubator or dried from the product with solar
energy and electricity for 3 days compared to the traditional drying method.
Weight content Residual Residual
The same amount of weight
(gram) weight M weight M M
. " ¢ (gram) W ¢
date Incubator or drying (gram) (gram)
Before After Before After
drying drying drying drying
1 4,000 3,700 300 8.00 9.00 4,000 3,820 180 5.00 5.00
2 3,700 3,400 300 9.00 9.00 3,820 3,600 220 6.00 7.00
3 3,400 3,200 200 6.00 7.00 3,600 3,420 180 5.00 6.00
Total residual weight 800 23.00 25.00 Total residual weight 580 16.00 18.00
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Abstract

This report presents a method for classifying text from the chat group within the Line application of the Faculty of
Science, Ubon Ratchathani University, to notify only relevant messages and reduce the number of notifications to
experts. This experiment compared five predictive algorithms: Random Forest, Naive Bayes, Logistic Regression,
Support Vector Classification and Deep Learning named Long Short-Term Memory. The results showed that the
Long Short-Term Memory algorithm had the highest accuracy of 90.66%, with the highest precision and recall when
classifying specific targeted messages or questions that require expert attention, and with the highest precision and
F-measure when classifying general targeted messages. Additionally, the research demonstrated that this method

could be applied to similar chat groups to improve the efficiency of notification.

Keywords: text classification, line application, deep learning
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Creating a deep learning model for classifying conversation messages

from a line application
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lastasaanian §3gdsldvimaiudeyaanlaingauuam
nuTudhangingmaas amIndsguanami Foud
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Table1  The number of chats in Working Hours.
Parts of the Day #Chats
Official Working Hours (08.00 - 16.59) 1767
Outside Official Working Hours (17.00 - 07.59) 1412
Total 3179
Table 2  The number of chats per time period.
Parts of the Day #Chats
Early Morning (05.00 - 07.59) 316
Morning (08.00 - 11.59) 804
Noon (12.00 - 15.59) 772
Evening (16.00 - 19.59) 857
Night (20.00 - 23.59) 407
Late Night (00.00 - 04.59) 23
Total 3179
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Figure 1 The number of chats per day (18/08/2022 to 12/12/2022).
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1 0 0 0 0
2 0 0 1 0
3 1 0 0 0
4 0 1 0 0
5 0 0 0 0

3) MIudasgmanuusuaITaya Suaauiitin
mmﬂammanumwmawaua lwaﬂmﬂuuuwmmsn
mvl,ﬂﬂi“mawaLwaai'ml,mumaaa mmmwu"l,maaﬂ
MIFIARIAFNY (bag of word) Fadumsudasiii
laigniulwiduiudasd lasfiddwilalidannglu
Uszlwa duetludssloaiuasfenin o uadrdremiile
Urnglutszlon sl loaduazfianiu 1 usas
@108719604 Table 4

ﬂ']‘ii”lu:%ﬂllizlﬂﬂ??l’aﬂa
ac AWM o a o AR a o 2 2
unjﬂﬂuvLﬂLaaﬂ 5 aanainy Iﬂﬂl] 4 aNaINY
Hun33eu3ue91a324UUUAGN (traditional machine
learning) @A dana3fin Random Forest (RF) 8ana3fiy
Naive Bayes (NB) ganaifiu Logistic Regression (LR)
uazdanaifu Support Vector Classification (SVC) @28

1 a {d‘ o v v
Awniitaasniinua ik (default parameter) Laz
a 8 o AR & a A & i A
annikidaneINudunTuuisedn (deep leaming) da
danasiu Long Short-Term Memory (LSTM) laonns
UV BILFAazdanas NNl Nazdnaadd

danasfiy RF MuwiAeuasmssansdulidaaula
(decision tree) Tunsasmuuy lagazansaulddasula
° (Y v o ao A Y o L.
Fuwan N du awglaimue nuddoitlalsinasia Gini
Index MIENNNTA (1) IMNUBINHAANTINNN TN ULV
waazdnwufaludnauveIiInuy lauiiandiaaud
TIAUNINTAEA (Pal, 2005)

Gini(t) :1—ij (1)

19



20  Phaichayon Kongchai

lasafn

t Lmu‘*ﬁayaf,%m%fuﬂnuaz p AD FAFINVITIUIN
' ] o
doyaflaglundazngu lav j iludwaungu wenand
a e gd af v a . .:: ' a [
NTeiimItldinefia Grid Search iNewiA N Ainas
Ananzay lasildn n_estimators (Sudw 10 §9 100 (U5
ALANTIaz 10) A1 max_depth 13uaw 5 119 20 (UTudLnu
= 1o a =3
fiaz 5) uazlddrnaanudn

Q af U a 1 < v =

danea3fiu NB ldumiAaanuiendudiong s
Paauy lagnIRIANNFNNRTVDITERINIGIMLT 1Wa kT
lumsaedaluy (Rish, 2001) d9aun3f (2)

P(X|C )P(C.
p(c, | %) = I SE) 2
P(X)

y
lash
P(C I X) Aa dranusanduiiiianann3dag X
I
' ' |
Aauanuuazdu C
1

P(C) fia aanuezilulunsiianaa C

&

P(X) fia dranuihandulunsiiawannsdag

ITRlFF9FIuUDaNN Multinomial
Naive Bayes uaziimanadiald Grid Search L'ﬁlaﬁﬁﬂ"l
wimasnanzas lasfian Alpha 536 0.01 9 10.00
WSueniRnfiaz 10 i)

Fane37iu LR [Fumdanesdaniassiaums
Luunanay Lﬁaﬁﬂms‘[amaﬁauﬁ@m@;msrﬁﬁaﬂa U&7
l%ﬁaﬁfuwﬂaauauuagmlﬁaaﬁumﬂ“ﬁaga (Antipov &
Pokryshevskaya, 2010)

P(y)
logf ——— |=b, +bx, +..b x 3)

1—=P(y)
las?
P(y) Ao mmﬂna:Lﬂulumﬂﬁﬂm@!mmiﬁaulﬂ
Q(y) Aa anuhanduwwaminifiaulalifia
=) 1 g a Q:
b Aa AFNUIZANTNITIANBY

&

x fia wann3oaq

J Sci Technol MSU

. . 5
FamyUszunmandulszansnsnanavazltany
iazdugega udnisuAunansvme iewdrinmne
"uaaé’hLL&Jilﬁ'lﬂéa”Lﬁmﬁ’uﬁagaﬁamnﬁqﬂ #anNIN
a e gd A v a . di ' a 6
NWITuRIMsRTinafia Grid Search iavnewINaas
Amanzay lawflen Penalty 1% L1 uaz L2 61 C 13ud%
0.01 19 100 (U3uALAufiaz 10 1)

danasfiu SVC (Cortes et al, 1995) lEuuifia
msvndulsEansUe IR Lﬁﬂﬁ%’]dLﬁuLLﬂdLL&lﬂfﬂyﬂ
(hyperplane) Tagfiduaay (margin) vasiduasefiiu
LRI Lﬁumauﬁuﬁon@;uﬂ%amnﬁqmaaﬁv’aaaamju
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vectors) wanannitawisiiinisildinedia Grid Search
(Bui et al, 2020). [RamfwIniiaeifiminzay lagd
A1 C agszning 0.01 fa 100 WSueufinfiaz 10 i)
1 gamma a3zn319 0.01 fis 100 Wsueufinfiaz 10
1¥11) waz Kernel 86118 linear, rbf uaz poly

danaSfiu LSTM (Schmidhuber et al, 1997)l%
whdauadlasstnudszamnifies (artificial neural network)
lagifauuuumaiuadoiuanainuse ﬁﬁugmm
ndana3fiu Recurrent Neural Network (RNN) Faily
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MIuaeIdanaINu LSTM @9 Figure 3 in1sdSudamn
miﬁﬂuﬁﬁ 0.0001 U@ batch LT 32 uazilszuana
100 8Wan @28 Adam Optimizer

1 def simple_LSTM(MaxLength):

2 inputlayer = Input((MaxLength,))
3 x = Embedding(NumWords+2, 400)(inputlayer)

1 % = ConvlD(32,3,padding="same’ ,activation="relu')(x)
5 % = MaxPoollD()(x)

7 x = LSTM(32)(x)
8 x = Dropout(®.65)(x)

9 out = Dense(2, activation="softmax")(x)

11 return out,inputlayer

Figure 3 LSTM python code.
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Line Describe

3 maudasdnliiduinniaasens Word Embedding I@uﬁ'ﬂ”agaEuvgﬂLﬁnﬁm"ﬁmuﬁnﬁv'wm’uaaﬂs:InauwnﬁqﬂLm:’ﬁay‘mmﬁwm
Wiy 400

4 %uﬂﬂﬂhg%mmu 1§ Yszneusn 32 fiter A1un 19984 kernel 1 3 uazinua padding 1w same flElumsinamieaves
input Tag' i Asuwmiauas output wazWarFunzdudu relu

5 'ﬁ']mqu?iﬂumuﬂﬂmaqiagalﬁLﬁnaqLLaszmwwmﬁ'éﬁ Anaiiuly @2 MaxPool am1a 1 5@

7 i LSTM Ailusna hidden state iy 32

8 N3 Dropout G288aT &% 0.65 (ﬁammﬁvl,ﬁmnmsmamlu Table 6) elasiuuuyudiaaaians Overfitting

9 gavhe da %’uﬁr’fj‘auimﬁn"ﬁagam x fawni Esazidmonlnua 2 Tnua wazAsridunszduidu softmax Huieriuidnuo

anuiaziusasudazaas Lmz@hﬁﬁﬂmmmayﬂuﬁw [0,1]

9N Figure 3 FIdpldimuadiudssuduyes
MaxLength f11vinfiu 30 (ANwenazasLszloanniign)
waz NumWords J@¥infiL 20000 (31wiusnsnaa) lag

o & Ao o a o ° a &
AMRINTIATYBDIUIYA Table 5 LLﬂ$ﬁ§ﬂfiﬂu’J%W'ﬁ']3JL@]ﬂi

@ '
o Al

MIRNAN I @9 Figure 4

Layer (type) Output Shape Param #
input_1 (InputLayer) [{None, 38)] @
embedding (Embedding) (None, 30, 400) 8000300
convld (ConviD) (None, 3@, 32) 38432
max_poolingld (MaxPoolinglD (None, 15, 32) @

)

Istm (LSTM) (None, 32) 8320
dropout (Dropout) (MNone, 32) @
dense (Dense) (None, 2) 66

Total params: 8,047,618
Trainable params: 8,047,618
Non-trainable params: @

Figure 4 All of the parameters.

Table 6  Dropout testing with LSTM algorithm (ACC: accuracy).

No. Dropout Train/ACC Test/ACC
1 0.00 100.00 88.27
2 0.10 100.00 90.66*
3 0.20 100.00 90.19
4 0.30 100.00 90.31
5 0.40 100.00 89.92
6 0.50 100.00 90.19
7 0.60 100.00 89.59
8 0.70 100.00 89.83
9 0.80 99.96 89.83
10 0.90 98.80 89.95

NMFIANALAZNITUILLABHARNS
a o t;l L o G a a a
NWTERlarinn TS uisulss AN w9
A" LLuuﬁaﬁ’wﬁuﬁayn’lﬂ"ﬁt,ﬂmsnrﬁhmmgﬂﬁaa
(accuracy) ANANNLLUEN (precision) ANANUTEZAN (recall)

UAZAINNEGIGA (F-measure) AIRNNIIN 4, 5, 6 LAz

7 @NNE1AU iagm%w%’umiﬂ@aamﬂuiayjaﬁmgu

nagauliunm 11w 3 maaﬁagaﬁmm

AnUSum 2 Tu 3 maaﬁagaﬁwm Ltazﬁagaém%fu
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TP+ TN
Accuracy =——— (4)
TP +FP+ TN+FN

™

Precision = ———— (5)
TP+FP
TP
Recall =—— 6)
TP+FN
2 X Precision X Recall
F —measure = (7)
Precision + Recall

A
Tas?
TP fia Smuiinuisgnasa Positive
TN @8 f{hmu‘ﬁﬁwmﬂgﬂﬂma Negative

FP fia nuiunyinmsRanana Positive

'
a o

FN A nwmanivinwsianaa Negative
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Ndpitlavinmsiunndannuauiue e
udsidawanzunsdannuiideslifisormuaey Tasld
5 §ana3ny @9il danasfiu RF §anasiu NB dane3fiu
LR dana3fin SVC uazdana3fiau LSTM minaaadlag
FoudnFadaunisn Python lausn3 Scikit-Learn uas
Keras °iTa;3a‘?islﬂumu%'yiﬁuia;‘JlmrmmjuLL°1i‘n1u
waUwRtadulad NusuithaAnemans yninenay
QUANTEN FIUATUR 18/08/2022 BaTuA 12/12/2022
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16 1948 o usniudayadwiunasevgule 836
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(over sampling) LAz 1AL I=RNTAWDILUUINNDIALIAT
mmgﬂé’aa (FIANULNRET wazAIANNIEAN waadlu
Table 7 - 9

Table 7 The testing results of accuracy.
Algorithms Test/ACC
RF 84.80
NB 78.82
LR 85.52
svVC 83.97
LSTM 90.66*

91N Table 7 URAIMALARIEANDIAN LSTM Xen
mwgﬂﬁaamﬂﬁq@ fia Sauay 90.66 WAzdANDINY LR

[

ana3finu RF 8ana3fiy SVC wazdanasfiv NB Janany

v o

2
gﬂ@]aﬁaommmumﬁu

Table 8 The testing results of general chats (Class = 0).
Algorithms Precision Recall F-measure
RF 97.00* 84.00 90.00
NB 96.00 76.00 85.00
LR 95.00 87.00 90.00
svC 94.00 85.00 89.00
LSTM 93.00 94.00* 94.00*

210 Table 8 anasNy RF 100wkl
miﬁwmmma"ﬁaﬂ’nuﬁ’svlﬂmﬂﬁq@ fia Sauaz 97 ua

o o= A =2 . ! P

2aNaINU LSTM Nﬂqﬂ']']uizﬂﬂLLﬂzﬂ']ﬂ'nNﬂ'lﬂ@!ﬂ‘ﬂg{lﬁ;(ﬂ
= dl 1 Qs A v
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Table 9  The testing results of specific chats (Class = 1).
Algorithms Precision Recall F-measure
RF 58.00 89.00* 71.00
NB 49.00 89.00 63.00
LR 61.00 81.00 70.00
svVC 58.00 78.00 67.00
LSTM 75.00* 74.00 75.00*
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Abstract

This research article proposes a thermodynamic model of a freezing process in a tube ice-making machine to
determine process time and cooling load throughout the freezing process. Nowadays, for production of tube ice to the
required thickness, a tube ice-making machine will set the freezing process time to be constant in every production
cycle under only one feed water temperature. However, our experiments found that the actual thickness of the tube
ice produced was not as required because the feed water temperature deviated in response to two factors. - (1) the
ambient temperature and (2) the reduction in the feed water temperature at the heat exchanger using the chilled water
from the defrost process of production cycle ago for energy saving. Moreover, the prediction of cooling load from
earlier research models lacked consideration of the water temperature decrease period, which tends to be the maximum
cooling load. The results of this research revealed that simulation predicts the process’s time of the freezing process

with 15.18% accuracy compared to past research. The maximum cooling load occurred during the water temperature

1

fFadSaanln, ﬁ’]‘ll’ﬁ’ﬁ’ﬁ?l’lﬂii&ll,ﬂ%:adﬂa fniTAmnssuamans wﬁwmaumﬂiﬂaﬁmm‘% gunalios IInTauasvEun 30000

2 g1, m"unﬂm’m’mﬁmmama fHNITIIAINTINANRAT um’mm’mULﬂﬂIuIaﬂﬁimi dnatias JIRTAnATINITINN 30000

: @ﬂmawuwuﬁ ﬂumz«mﬁ WD DA M6401641@g.sut.ac.th
Master degree student, School of mechanical engineering, Institute of Engineering, Suranaree University of Technology, Meuang District,
Nakhon Ratchasima 30000, Thailand.

% Lecturer, School of mechanical engineering, Institute of Engineering, Suranaree University of Technology, Meuang District,
Nakhon Ratchasima 30000, Thailand.

" Corresponding author: Kamonwisit Phanwor, Email: M6401641@g.sut.ac.th



26  Kamonwisit Phanwor and Teerachart Pornpibul

J Sci Technol MSU

decrease period, then kept decreasing until the end of the tube ice-making period due to the temperature difference

between the water and the refrigerant and the thermal resistance of tube ice from increasing thickness. This cooling

load has a known evaporation rate of the refrigerant throughout the freezing process, which is the main result that

guides the determination of the refrigerant suction rate of a compressor suitable for the tube ice-making machine.

Keywords: Thermodynamic model, feed water temperature, freezing process time, tube ice thickness, cooling load
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Figure 4 Flow diagram of sequential simulation in the freezing process.
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Thermodynamic model of a freezing process in tube ice production

Table 2  Data for simulation in freezing process.

Variable Value Unit
Inner diameter of tube 35 mm
Outer diameter of tube 41 mm
Tube discretize quantity 9450 tube
Length tube discretize 10 cm
Ice density 910 kg/m®
Ice thermal conductivity 2.214 W/mOC
Tube thermal conductivity 15.09 W/mOC
Ammonia saturated temperature -8 c’C
Ice thickness required 11 mm
Feed water volume 25 m®
Initial condition
Feed water temperature 25 oC
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Table 3  Comparison tube ice thickness error between measurement and simulation.

Time Error (%)

(min) (Puvanat, 2004) Simulation
0 0 0
5 201.47 133.48
10 51.34 29.18
15 28.42 10.37
20 17.53 1.78
25 - 5.26
28 - 5.51
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Abstract

The 2021 report by the Mental Health Department stated that Thai children playing online games on average 5 hours
a day were affected by adverse emotional and addiction states. This research aims to study the situations of online
game addiction and effects on undergraduate students at Khon Kaen University, 2021. This is survey research using
questionnaires from 420 subjects in 3 major groups: Health Sciences (Health), Science and Technology (SC&TE), and
Human and Social Sciences (Huso). Descriptive and inferential statistics were used for data analysis, comprising t-test,
MANOVA, Chi-square test and multiple regression. Subjects were first-year students (31.67%) , second-year students
(26.67 %), third-year students (22.38 %) and fourth-year students (19.29). Most of the subjects spent 2 hours and
11 minutes on average per day, 33.57% were interested in Multiplayer Online Battle Arena games (MOBA), 29.52%
were interested in First Person Shooter (FPS), and 83.33% played games for entertainment and relaxation propose.

The average expernditure for playing games was 177.55 baht per month.

The Game Addiction Screening Test (GAST) was used to divide the level of game addiction into 3 groups:
55.24% for non-gaming, 17.86% for game addiction, and 26.90% for the frantic group. In the game addiction
group, 50.67 % were SC&TE students. There was a statistically significant relationship between the level of game
addiction and 3 major groups (p<0.01). If analyzing only the game addiction and the fanatic group, it was found that
they preferred to play in First Person Shooter (FPS). Severity of the impacts in all 5 effects (health, academic, social
and family relations, mental health, and financial) was at a moderate level (2.83 to 3.22). The highest score was the
health effects, followed by finance and learning. The average impact of the game addiction group was significantly

higher than the frantic group (p<0.05).

Keywords: Online games, impact, student, game addiction
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Criteria for grouping of game addiction level by Game Addiction Screening Test.

Score for male group

Score for female group

level of game addiction

under 24

under 16

Normal level or non-gaming group

between 24-32

between 16-22

Frantic group

greater than or equal to 33

greater than or equal to 23

Game addiction group

Source: Chanwit Pornopdol, et al. (2014)
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Table 3  Means and standard deviations of quantitative variables classified by 3 major group.

Health group SC&TE group Huso group Total
Variables B _ _ .
X S.D. X S.D. X S.D. X S.D.
GPA 3.06 0.32 2.65 0.37 2.73 0.43 2.76 0.42
Average daily minutes on playing game 70.13 66.30 135.19 107.35 154.54 120.67 131.38 111.39
Cost of playing online games per month: Baht 58.86 174.27 243.80 379.40 171.58 296.56 177.55 319.56
Score of game addiction test (16 questions) 9.94 9.78 19.04 12.44 18.60 10.98 17.14 11.84
o Male 15.96 9.16 23.78 11.22 22.36 9.98 22.07 10.63
e Female 6.81 8.62 14.19 11.80 14.45 10.58 12.53 11.05

Table 4  Number and percentage classified by 3 major groups.

Health group SC&TE group Huso group Total
Variables

n % n % n % n %
Total 79 18.81% 158 37.62% 183 43.57% 420 100.00%
gender
Male 27 34.18% 80 50.63% 96 52.46% 203 48.33%
Female 52 65.82% 78 49.37% 87 47.54% 217 51.67%
Year of study
1" Year 29 36.71% 52 32.91% 52 28.42% 133 31.67%
2" Year 19 24.05% 45 28.48% 48 26.23% 112 26.67%
3“Year 14 17.72% 37 23.42% 43 23.50% 94 22.38%
> 4" Year 17 21.52% 24 15.19% 40 21.86% 81 19.29%
income per month
< 4,000 Bath 7 8.86% 32 20.25% 31 16.94% 70 16.67%
4,001 - 5,500 Bath 6 7.59% 18 11.39% 22 12.02% 46 10.95%
5,501 - 6,000 Bath 18 22.78% 29 18.35% 26 14.21% 73 17.38%
6,001 - 6,500 Bath 24 30.38% 46 29.11% 37 20.22% 107 25.48%
6,501 - 7,000 Bath 11 13.92% 13 8.23% 28 15.30% 52 12.38%
> 7,001 Bath 13 16.46% 20 12.66% 39 21.31% 72 17.14%
Time period for playing games
06:01 AM - 10:00 AM 2 2.53% 13 8.23% 9 4.92% 24 5.71%
10.01 AM - 02:00 PM 1 13.92% 18 11.39% 23 12.57% 52 12.38%

02:01 PM - 06:00 PM 17 21.52% 27 17.09% 27 14.75% 71 16.90%
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Table 4  Number and percentage classified by 3 major groups. (cont.).

Health group SC&TE group Huso group Total
Variables

n % n % n % n %
06:01 PM - 10:00 PM 39 49.37% 73 46.20% 82 44.81% 194 46.19%
10:01 PM - 02:00 AM 8 10.13% 27 17.09% 36 19.67% 71 16.90%
02:01 AM - 06:00 AM 2 2.53% 0 0.00% 6 3.28% 8 1.90%
Place for playing games
Accommodation 76 96.20% 135 85.44% 159 86.89% 370 88.10%
school 0 0.00% 1 0.63% 0 0.00% 1 0.24%
internet cafe 3 3.80% 22 13.92% 24 13.11% 49 11.67%
Type of the most interests online game
FPS 10 12.66% 57 36.08% 57 31.15% 124 29.52%
MMORPG 7 8.86% 19 12.03% 21 11.48% a7 11.19%
MOBA 31 39.24% 49 31.01% 61 33.33% 141 33.57%
RTS 0 0.00% 5 3.16% 4 2.19% 9 2.14%
Racing/Sports 4 5.06% 15 9.49% 12 6.56% 31 7.38%
other 27 34.18% 13 8.23% 28 15.30% 68 16.19%
The main purpose for playing online games
To entertain or stress relief 75 94.94% 123 77.85% 152 83.06% 350 83.33%
To meet new friends or replace the feeling of
loneliness 3.80% 18 11.39% 14 7.65% 35 8.33%
To be a winner or to be Accepted by others 0 0.00% 12 7.59% 12 6.56% 24 5.71%
To make money, such as selling items 1 1.27% 2 1.27% 0 0.00% 3 0.71%
other 0 0.00% 3 1.90% 5 2.73% 8 1.90%

Table 5 Homogeneity and independent test between game addiction level and 7 variables (n=420).

Non-Gaming Frantic Level (L2) Game Addicting
rantic Leve e
variable Level (L1) Level (L3) Statistics
value
n % n % n %
Total 232 55.24% 113 26.90% 75 17.86%
Chi-Square 95.843**
Major group Chi-Square 31.341*
Health group 65 28.02% 9 7.96% 5 6.67%
SC&TE group 73 31.47% 47 41.59% 38 50.67%
Huso group 94 40.52% 57 50.44% 32 42.67%
Gender Chi-Square 39.258**
Male 89 38.36% 83 73.45% 31 41.33%

Female 143 61.64% 30 26.55% 44 58.67%
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Table 5 Homogeneity and independent test between game addiction level and 7 variables (n=420) (cont.).
Non-Gaming Frantic Level (L2) Game Addicting Statistice
variable Level (L1) Level (L3)
value
n % n % n %
Year of study Kendall -0.179*
1" Year 57 24.57% 44 38.94% 32 42.67%
2" Year 56 24.14% 33 29.20% 23 30.67%
3“Year 67 28.88% 16 14.16% 11 14.67%
> 4"Year 52 22.41% 20 17.70% 9 12.00%
Time period for playing games Kendall -0.234*
06:01 AM - 10:00 AM 6 2.59% 9 7.96% 9 12.00%
10.01 AM - 02:00 PM 9 3.88% 19 16.81% 24 32.00%
02:01 PM - 06:00 PM 37 15.95% 14 12.39% 20 26.67%
06:01 PM - 10:00 PM 138 59.48% 44 38.94% 12 16.00%
10:01 PM - 02:00 AM 35 15.09% 27 23.89% 9 12.00%
02:01 AM - 06:00 AM 7 3.02% 0 0.00% 1 1.33%
Place for playing games Chi-Square 46.630**
Accommodation 226 97.41% 85 75.22% 59 78.67%
school 1 0.43% 0 0.00% 0 0.00%
internet cafe 5 2.16% 28 24.78% 16 21.33%
Type of the most interests online game Chi-Square 109.339**
FPS 41 17.67% 56 49.56% 27 36.00%
MMORPG 15 6.47% 17 15.04% 15 20.00%
MOBA 99 42.67% 25 22.12% 17 22.67%
RTS 2 0.86% 3 2.65% 4 5.33%
Racing/Sports 10 4.31% 11 9.73% 10 13.33%
other 65 28.02% 1 0.88% 2 2.67%
The main purpose of playing online games Chi-Square 59.312**
To entertain or stress relief 213 91.81% 83 73.45% 54 72.00%
To meet new friends or replace the feeling of loneliness 9 3.88% 10 8.85% 16 21.33%
To be a winner or to be Accepted by others 2 0.86% 17 15.04% 5 6.67%
To make money, such as selling items, game competition 0 0.00% 3 2.65% 0 0.00%
other 8 3.45% 0 0.00% 0 0.00%

** (p<0.017)
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Table 6 Mean comparison between 3 levels of game addiction (n=420).
Non-Gaming Frantic Level Game Addicting
Variables Level (L1) (L2) Level (L3)  Levene’s F
Test
X S.D. X S.D. X S.D.
16.735**
1. GPA 2.86 0.39 2.62 0.42 2.68 0.42 0.066 o b b
L17L2° L3
19.484**
2. Average daily minutes on playing game 103.10 103.24 176.55 108.37 150.80 114.92 0.917 L1 L2° L3®
. . 16.681**
3. Cost of playing online games per month: Baht 100.22 256.62 257.26 351.06 296.67 378.50 22.868* L1 L2° L3®
184.168**
4. Health effects 212 0.68 3.04 0.48 3.48 0.52 15.991** o b ac
L1°L2° L3
224.786**
5. Learning effects 1.81 0.67 2.95 0.56 3.32 0.59 5.091** b
L1°L2°L3°
) ) . . 208.332**
6. Family and social relationships effects 1.71 0.62 2.71 0.60 3.24 0.68 1.040 b
L1°L2° L3°
153.202**
7. Emotional and mental health effects 1.72 0.68 2.71 0.62 3.01 0.63 1.538 o ab
L1°L2° L3
219.738**
8. Financial effects 1.64 0.77 3.03 0.71 3.29 0.61 2.124 b b
L1°L2° L3

Box’'s Test=196.425, F=2.634, Sig.=0.000; Pillai's Trace =0.667, F=25.698, Sig.=0.000

** (p<0.01); *° and ° are the result of a multiple comparison test
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Table 7  Correlation between game addiction scores and 3 quantitative variables (n=420).
variable X S.D. Pearson Correlation
Scores of game addiction (16 questions) 17.14 11.84 1
e male 22.07 10.63
o female 12.53 11.05
GPA 276 0.42 -.324"
Average daily minutes on playing game 131.38 111.39 436"
Cost of playing online games per month: Baht 177.55 319.56 373"
** (p<0.01)
Table 8  Regression analysis to predict scores of game addiction (n=420).
Coefficients t p-value VIF
Male group Adj. R’= 22.7%, Durbin-Watson= 1.681
(Constant) 9.095 9.690" 0.000
Average daily minutes on playing game 0.037 5.523" 0.000 1.000
Female group Adj. R*= 12.0%, Durbin-Watson= 1.782
(Constant) 38.041 7.845" 0.000
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Average daily minutes on playing game 0.017 2.169" 0.031 1.465
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Figure 1 The average of effects scores for 5 effects between 3 major groups (n=118).

Table 9  Compare means of effects between 3 major groups (n=118).
Health group SC&TE group Huso group
Effects Issues ~ ~ ~ F p-value
X S.D. X S.D. X S.D.
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Family and social relationships 2.76 0.68 2.92 0.68 2.94 0.69 0.426 0.654
Emotional and mental health 2.57 0.65 2.82 0.66 2.88 0.62 1.378 0.255
Financial 2.82 0.72 3.21 0.69 3.1 0.66 2.114 0.124

Box’s Test=40.13, F=1.22, Sig.= 0.19; Pillai’s Trace =0.05, F=0.93, Sig.= 0.51
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Table 10 Compare means between gender for 5 effects (n=118).

All Male Female
Effects Issues t p-value
Mean S.D. Mean S.D. Mean S.D.
Health 3.22 0.54 3.28 0.49 3.1 0.59 2.08** 0.039
Learning 3.10 0.60 3.20 0.52 2.94 0.68 2.84** 0.005
Family and social relationships 2.92 0.68 3.03 0.59 2.75 0.78 2.61* 0.010
Emotional and mental health 2.83 0.64 2.89 0.59 2.74 0.71 1.55 0.124
Financial 3.13 0.68 3.27 0.54 2.92 0.82 3.29* 0.001

* (p<0.01); * (p<0.05)
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Abstract

This research aimed to study and compare the efficiency of three test statistics for testing homogeneity of variances,
(Levene’s test, Brown-Forsythe’s test, and Figner-Killeen’s test) when data are not normally distributed. The number
of populations considered in this study was three groups and considered only when sample sizes of all groups were
equal. The distributions considered in this study were Gamma distributions ((Q, B) = (2, 2), (3, 2), (4, 2), (6, 2), (10,
2))), Weibull distributions ((Q, B) = (2, 6.105), (2, 7.478), (2, 8.635), (2, 10.575), (2, 13.652)), Logistic distributions
(KL, 8) = (2, 1.559), (2, 1.910), (2, 2.205), (2, 2.701), (2, 3.487)), and Uniform distributions ((a, b) = (0, 9.798),
(0, 12), (0, 13.856), (0, 16.971), (0, 21.909)). The criteria used to compare the efficiency of proposed test statistics
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were the ability to control the probability of type 1 error, robustness, and power of a test. In this study, the test statistic

that could control the probability of type 1 error and had the highest empirical power was concluded to be the best

test statistic. The results showed that Levene’s test performed better than Brown-Forsythe’s test and Figner-Killeen’s

test in almost all cases when data followed Logistic and Uniform distributions because it could control the probability

of type 1 error and had the higher empirical power. In the case of Weibull distribution, Levene’s test still performed

better than other tests when the sample size of each group was 30 or more. Finally, Figner-Killeen’s was the best in

all cases when data followed the Gamma distribution.

Keywords: Homogeneity of variances, probability of type | error, robustness, power of a test
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éﬁarjwﬂsamquﬁv’amzﬁﬁmﬂ'wwmmﬁﬂ PUWIAUIUNE
uazawalng Meuaziduaas Table 1

Table1  Sample sizes considered in this study.
Cases Sample sizes (n1, nz, ns)
Small (5, 5, 5), (10, 10, 10)
Medium (20, 20, 20), (30, 30, 30)
Large (70, 70, 70), (100, 100, 100)

2. fAnAANNLANAITasaN LT TIRlaslE
@i’]W’lS‘lﬁL@la%‘lﬂﬁﬂuﬁﬂmd (non-centrality parameter, )
n s IaanuLanasuasnnuslsusInseslszansg

a s
IURLLDLAGY Table 2

Table 2  Population variance ratios based on ¢.
Levels Ratios ¢
Slightly (0 < ¢ < 1.5) 8:12:16 1.155
Moderately (1.5 < ¢ < 3) 8:16:24 2.309
Highly (¢ = 3) 8:24:40 4.619

o o
3. MRwaNITLINLIBaIlszTININANET 4

=y . . .
NMIUANUAY Ao NILINUIILNNLT (Gamma distribution)
msuammvhga (Weibull distribution) NILLANLAIAIREN
(logistic distribution) LLa:mSLLﬁmLLﬁ]\‘lLaﬂgﬂ (uniform
distribution) 3eazIBuaM It RUAEIMITIAIADIVEINS
wanuadeng g ke idayafianudanuldsfiuandrain
UFAIAY Table 3-6 UAZANHMLNILINUIIAIT) Mele
WITRLADINANWULRAIAY Figure 1-4

4. IAUATTAURDRIATY (A) YINNU 0.05

An efficiency comparison of test statistics for testing homogeneity

of variances for non-normally distributed data

5. ArwuatnmainltluniniUssuifisy
UseanTawredsaianasay As ANNEINITAMANNT
muqum’mmﬁmﬂmaammﬁﬂwmﬂLLuuﬁ 1 ANUUNTI
LRZMNAININARDL

6. lsunsunlglums@nende 1isunIn R-Studio

'
6 s

L3973 T% 4.2.2

Table 3 Parameters of Gamma distribution.
@ p EX)* Var(Xy*
(2, 2) 4 8
(3, 2) 6 12
(4 2) 8 16
(6, 2) 12 24
(10, 2) 20 40

* EX) = op, ** VarX) = af’

Table 4  Parameters of Weibull distribution.
(@ p E(X)* Var(X)**
(2, 6.105) 5.41 8
(2, 7.478) 6.63 12
(2, 8.635) 7.65 16
(2, 10.575) 9.37 24
(2, 13.652) 12.10 40
FEX) = a1+ 1/ B), ** Var(X) = a{r(nzj{r(wijﬂ
B B
Table 5 Parameters of Logistic distribution.
wu, s) EXy Var(X)**
(2, 1.559) 2 8
(2, 1.910) 2 12
(2, 2.205) 2 16
(2, 2.701) 2 24
(2, 3.487) 2 40

2_2

*E(X) =, Var(X) =
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Table 6 Parameters of Uniform distribution.
(@, b EXy* Var(X)*
(0, 9.798) 2 8
(0, 12) 2 12
(0, 13.856) 2 16
(0, 16.971) 2 24
(0, 21.909) 2 40
* _atb L PR
E(X)fT, Var(X)fﬁ(b a)
— (&.5={102
— @A=02D
& — (@5 =(32
(a.B={4.1)
— (@A =62

1)

Figure 1 Gamma distributions under various parameters.

— (e B =(2.10.575)
— (2. £)-(2,13.652)
— (. )=(2.6.105)

(e, H=(27478)
— (. £y =(28.635)

010~

0.05-

100 -

Figure 2 Weibull distributions under various parameters.

— {xY={2.1.559)
— (Ls)=(2.1910)
— {5y=1{2,2205)

(usY =(2,2.700)
— (a.5)={(2.3.487)

0.15-

0.0-

1(x)

éU 10 Q 10 dllJ

Figure 3 Logistic distributions under various parameters.
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T —@h=w9798)
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Figure 4 Uniform distributions under various parameters.
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Table 7  Hypotheses for power study.
Cases Hypotheses )
1 Ho : 021’022’023 1.155
H:0® =8,0%=12,0%=16
2 H :0, 0,0, 2309
H, : 021 =8,0“’2= 16,0'23=24
3 Ho : 021’022’023 4.619
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L0?, =8,0%,=24,0% = 40
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NAN13328
NanNTIT8duwnaantde 2 §auadd

1. Namsﬁnmmwmmm‘lumsmuqu
anainzasanafianaranuud 1

Namiﬁﬂ‘mm’mmmmlun’mmuQum’mm
urasnnuAanaauuud 1 sasadanagauns 3 5%
LEAIAY Table 8-11 uaz Figure 5

Table 8  Empirical probability of type | error when data

follow Gamma distribution.

Test statistics

Sample sizes

L BF FK
(5, 5, 5) 0.1407 0.0087 0.0003
(10, 10, 10) 0.1363 0.0448* 0.0531*
(20, 20, 20) 0.1289 0.0419* 0.0556*
(30, 30, 30) 0.1244 0.0455* 0.0616*
(70, 70, 70) 0.1266 0.0489* 0.0724*
(100, 100, 100) 0.1247 0.0480* 0.0754

Note: L = Levene’s test, BF = Brown-Forsythe’s test,
FK = Fligner-Killeen’s test, * Probability of type | error in control

nsiszmnTig 3 NEUANIUINUIILANNT WA
MIANEIWLTN alianagauvad Brown-Forsythe Wasaii
NAROUVLY Fligner-Killeen aansnaufuanuinaziin
YBIAMUAANAAULULA 1 VLﬁLﬁaunﬂmm'i HNLIWN Yt
MotNIWIAAN (1, 1, 1) = (5, 5, 5)) MuadanazaL
284 Levene Vl,sjmmmmuqm’rmmﬁ]:L‘ﬂmaammﬁ@
wanauuud 1'le uaeledszanmenurinasuwrasany
Aawaauuufi 1 FININTEAURDAAYVDININAFALNN
nsth atnslsfieny shanageuves Levene Juwaliufioz
TenUszanmanuiinezfuasanuianaiauuud 1
aaadLdavmadasna R (Table 8)
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Table 9  Empirical probability of type | error when data

follow Weibull distribution.

Sample sizes Test statistics

J Sci Technol MSU

Table 10 Empirical probability of type | error when data

follow Logistic distribution.

Sample sizes Test statistics

(n,n,n)

(n,n,,n,) L BF FK L BF FK
(5. 5, 5) 0.0966 0.0038 0.0002 . 5, 5) 0.0859 0.0048 0.0002
(10, 10, 10) 0.0816 0.0363* 0.0351* (10, 10, 10) 0.0690* 0.0342* 0.0339*
(20, 20, 20) 0.0754 0.0376* 0.0369* (20, 20, 20) 0.0595* 0.0392* 0.0386"
(30, 30, 30) 0.0725% 0.0398* 0.0405* (30, 30, 30) 0.0531* 0.0404* 0.0398"
(70, 70, 70) 0.0686* 0.0460* 0.0483* (70, 70, 70) 0.0532* 0.0472% 0.0450*
(100, 100, 100) 0.0685* 0.0483 0.0510* (100, 100, 100) 0.0530* 0.0494* 0.0471*

Note: L = Levene’s test, BF = Brown-Forsythe’s test,
FK = Fligner-Killeen’s test, * Probability of type | error in control

nsdidszrnsi 3 ngudimauanuashiys wa
MIFANBIWLLN aliEnagaLvad Brown-Forsythe Lazaia
nasauvad Fligner-Killeen aansaaiuauanuwazidu
YIANUAANAIALULR 1 ldifiounnnsdl snciunsd
MBHNVIALAN (1, 71, n,) = (5,5,5)) swmaianagou
284 Levene limuninaiuguanuianiuzasanuia
wanauuud 1 ldlunsdidnodrswain (n, n, ny)=
(5, 5, 5) ua (10, 10, 10)) WAZIWIANAT (1, 71, 71,) =
(20, 20, 20)) uazlwArdszanmanuinaziuvasnnuiia
WAIALULT 1 FINIIaURE @AY TaININAFALNNN T
athslsfiau sdanasauaas Levene Sumilitufiazlien
Usznmemnurihasdluvssnnufianaauuud 1 aasdile
PRI NIRRT W W B AUNSEU e NI 3 ngwil
MILINUIILNNUN (Table 9)

ndiszannTng 3 NFNANIIUINUAI ADTREAN
NANIANMINLTT FDANARaLVEY Levene alidnasay
294 Brown-Forsythe Uazafi@nagauuad Fligner-Killeen
mminmuqummuw:Lﬂumaammﬁ@wmmmuﬁ 1
ldifeunnnad sniiunsdidadamaian (n,,n,n,)
= (5, 5, 5)) (Table 10)

Note: L = Levene’s test, BF = Brown-Forsythe’s test,
FK = Fligner-Killeen’s test, * Probability of type | error in control

Table 11  Empirical probability of type | error when data

follow Uniform distribution.

Sample sizes Tests
(I, 1y 1) L BF FK
(5, 5, 5) 0.0906 0.0019 0.0002
(10, 10, 10) 0.0704* 0.0303* 0.0245
(20, 20, 20) 0.0573* 0.0288* 0.0265*
(30, 30, 30) 0.0548* 0.0316* 0.0294*
(70, 70, 70) 0.0496* 0.0368* 0.0398*
(100, 100, 100) 0.0521* 0.0436* 0.0440*

Note: L = Levene’s test, BF = Brown-Forsythe’s test,
FK = Fligner-Killeen’s test, * Probability of type | error in control

nydmlsEansng 3 nauiinisuanuasiangy
NAMIANEIWLTIN #DGNARELVEY Levene Wasadanagay
U8y Brown-Forsythe mminmuqmammﬁmﬂmaa
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Table 12 Empirical power of Levene’s test, Brown-Forsythe’s test and Fligner-Killeen’s test.

Sukanykaliberkl, BErapaticziypomar of Levene’s test, Brown-Forsythe’s test and Fligner-Killeen’s/t&st. Tecomig) MSU
and Korakot Wichitsa-nguan Jetwanna

Gamma distribution

Weibull distribution

Logistic distribution

Uniform distribution

Sample
Sizes L BF FK L BF FK L BF FK L BF FK
(5.5,5) 1155 - - - - - - - - - - - -
2309 - - . . . . . . . . . .
4619 - - - - - - - - - - - -
(10,10,10)  1.155 - 00852  0.0917* - 0.0800* 0.0756 0.1269* 0.0725 0.0697 0.1782* 0.0893 0.0785
2309 - 01568  0.1626* - 0149 0.1390 0.2106* 0.1311 01242 0.3380* 0.1866  0.1699
4619 - 02918  0.3035* - 0.285* 02723 0.3716* 02452 02362 05950* 03797  0.3461
(20,20,20) 1.155 - 0.1681  0.1894* - 01608 0.1554 0.1834* 0.1402 01354 0.3244* 02171 0.2344
2309 - 03767  0.3960* - 03731* 03586 0.3853* 03148 02964 06677 05343 0.5411
4619 - 07059  0.7149* - 0.6945° 0.6821 0.6990* 0.6248 06041 0.9378* 0.8833 0.8688
(30,30,30) 1.155 - 02628 0.2964*  0.3384* 02553 0.2519 0.2502* 0.2209 02058 04746 03812 0.4420
2309 - 05800 0.6093* 0.6686* 05829 05672 0.5597* 0.5099 04859 0.8664* 0.8040  0.8338
4619 - 09064 09150* 09435* 09138 009007 0.8820* 0.8530 0.8345 0.9955* 0.9909  0.9884
(70,70,70) 1155 - 05799  0.6482* 0.6724* 06151 06092 05576* 0.5374 0.5083 0.8750 0.8501 0.9344*
2309 - 00458 0.9610* 09711* 09610 09544 09295* 09242 09105 09990 0.9987  0.9997*
4619 - 09996  0.9997* 09999 09999 09998 0.9995* 09994 09987 1.0000 1.0000  1.0000
(100,100,  1.155 - 07571  0.8190* 0.8289* 07973 07903 0.7279* 0.7168 06959 0.9676 0.9622 0.9914*
100 2309 - 09906 0.9948" 09971* 09956 0.9949 09872* 09861 09811 1.0000 1.0000  1.0000
4619 - 09999  1.0000*  1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000  1.0000  1.0000

Note: L = Levene’s test, BF = Brown-Forsythe’s test, FK = Fligner-Killeen’s test, - Probability of type | error not in control, * Highest power
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Abstract

The objective of this research was to study the technique and compare forecasting methods using the three techniques
of the exponential smoothing method. - simple exponential smoothing, the trend method, and Holt-Winter's seasonal
method. This study collected data on the number of foreigners permitted to work throughout the Kingdom of Thailand
from the statistical database of the Bureau of Foreign Workers Administration, Department of Employment. The data
were divided into two sets; the first set, from January 2007 to December 2020, was used for the predictive model
(Training Data). The second set of data from January 2021 to December 2021 was used for checking the
accuracy of the forecast (Testing Data). The results showed that the Damped Holt-Winters’ Multiplicative Method
was the most accurate method for forecasting because it gives the smallest RMSE and MAPE values, with RMSE of
196.760 and MAPE of 7.769%, followed by the Damped Holt-Winter's Additive Method, with RMSE of 213.832 and
MAPE of 8.596%. Both methods yielded quite accurate forecasting results.

Keywords: Forecasting, foreign workers, exponential smoothing method, time series
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Introduction

Nowadays, foreign workers and laborers play an important
role in the Thai economy. This is due to the past economic
conditions in Thailand that have grown quite high.
According to the data on the number of foreigners allowed
to work in Thailand (August 2022), there are a total of
2,408,716 people divided into general types of workers,
2,167,937 people, representing 90 percent, skilled
workers, and others of 240,779 people, representing 10

percent. (Office of Foreign Workers Administration, 2022)

Based on the past and present data, it is found
that the number of aliens tends to increase in the future.
Especially general types of workers that consist of
1) workers permitted to work under the MOU, who are
migrants of Myanmar, Laos, and Cambodian nationality
under the agreement between the Thai government and
their origin governments, 2) foreign workers according to
cabinet resolutions, and 3) foreign workers who do not
stay in the country and work occasionally. Employing
these foreign workers to replace positions that Thai
workers do not usually do or must pay high wages with
more working conditions, specifically, the 3D tasks are those
that are difficult, dangerous, and dirty. Although the entry
of foreign workers will be useful in replacing the shortage
of domestic workers. But it cannot be denied that this
migration of foreign workers also has a negative impact on
the economy and society such as crime, public health, the
environment, illegal immigration, etc. (Thailand Development
Research Institute, 2011) These problems affect the
management of foreign workers by the relevant authorities.
In this study, the researcher wants to study the number of
foreign workers in the past to create a suitable predictive
model for forecasting the number of foreign workers in
Thailand. Although there is a tendency to increase, there
are still seasonal variations together with the factors of the
spread of COVID-19 and disease control policies since
2020 that affect the number of foreign workers (Tarat,
2021). Being aware of the number of foreign workers in
Thailand will have a positive effect on the foreign worker

management plan of relevant sectors.

Therefore, the researcher is interested in studying
techniques for forecasting the number of foreign workers
in Thailand. The purpose of this study was to study the

technique and to compare forecasting methods using the

J Sci Technol MSU

exponential smoothing method which is an easy,
convenient, and fast way to see patterns of seasonal
trends. The three techniques used were Simple
Exponential Smoothing (SES), Trend Method, which
consisted of two subtypes, Holt's Linear Trend Method
and Damped Trend Methods, and the last technique was
Holt-Winters’ Seasonal Method, which consists of fore
sub-modules: Holt-Winters’ Additive Method, Holt-Winters’
Multiplicative Method, Damped Holt-Winters’ Additive
Method, and Damped Holt-Winters’ Multiplicative Method.

Research Methodology

This study collected data on the number of
foreigners permitted to work throughout the Kingdom
from January 2007 to December 2021 from the statistical
database of the Bureau of Foreign Workers Administration,
Department of Employment, Ministry of Labor, or website
www.doe.go.th and created a forecast model by using the

R program which has the operation process as follows.

1. Data management

The researcher divided the data into two sets,
the first set from January 2007 to December 2020 was
168 values for predictive model construction using the
exponential smoothing method (Training Data). As for
the second set of data from January 2021 to December
2021, 12 values are used for checking the accuracy of

the forecast (testing data).

2. Statistical tests to check stationarity

The researcher used Augmented Dickey-Fuller
(ADF) test to test whether a given time series data is
stationary or not. If p-value less than significant level, the

time series data will be stationary.

3. Creating a forecast model

The researcher constructed a predictive model
using the exponential smoothing method which consists
of 3 techniques, namely Simple Exponential Smoothing
(SES), Trend Method, and Holt-Winter's Seasonal Method
(Hyndman & Athanasopoulos, 2018). The variables are

defined as follows:

A

YM = Predicted value to forecast at the time

t+1

Yt = Time series data values at the time ¢
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O = A coefficient of exponential smoothing,
0<a<l

[ = A coefficient of smoothing parameter for the
trend, 0 <f <1

¥ = A coefficient of smoothing parameter for the
seasonality, 0 <7y <1

The forecasting model for each technique is

detailed below.

3.1 Simple Exponential Smoothing (SES)

Simple Exponential Smoothing (SES) is one
of the simplest and most popular smoothing methods
suitable for forecasting data without obvious trends or

seasonal patterns with the following equation:

Forecasting Equation:

A

Y =¢

t+1 t

Smoothing Equation:
t=aY+(1-a)
where ft = Estimated smoothing of data at the

time ¢

3.2 Trend Method
1) Holt’s Linear Trend Method

Holt’s Linear Trend Method is a smoothing
method that considers linear trends without seasonal
components, using Exponential Smoothing techniques,
computed with mean and trend values with the following

equations:

Forecasting Equation:

Y. =C+hb,

t+1 t

Level Equation:
t=aY+(1-0)t,+b)
Trend Equation:

bt= ﬂ(gt- ft—l)(l -P) bt—]
where /1 = Period of forecasting
2) Damped Trend Methods

Damped Trend Methods are smoothing methods
that consider a linear trend and do not have seasonal
components, but have a slower rate of change, either

rising or falling, with an equation component as follows:

Forecasting the number of foreign workers in Thailand @5
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Forecasting Equation:
V=0 @+ 9+ + g,
Level Equation:
t=aY+(l-a) +b,)
Trend Equation:

b= Bt~ €, )1 - f)pb,,

where ¢ = Coefficient of damped smoothing

0O<p<1
bt = Estimated slope of data at the time ¢
h = Period of forecasting
3.3 Holt-Winters’ Seasonal Method
1) Holt-Winters’ Additive Method

The Holt-Winters’ Additive Method is used when
seasonal variation is relatively constant throughout the

time series with the following components:
Forecasting Equation:

Y. =C+hb +S

t+1 t+h-m(k+1)

Level Equation:

t=a(Y,-S, yH1-a)t, +b,.)
Trend Equation:

b,=p(L,- €, )1-p)b,

Seasonal Equation:

S, = y(Yz_ gt—] - bz—1)+(1 - y)St—m

2) Holt-Winters’ Multiplicative Method

The Holt-Winters’ Multiplicative Method is used
when seasonal variations change proportionally at the time

series level with the following components:
Forecasting Equation:
YH—l = (€t+ hbt)St

Level Equation:

+h-m(k+1)

Y
Er = (X—[+(1—(Z)(ft_l +br—1)
S

—m
Trend Equation:

b,=p(l,- €, )1 -p)b,
Seasonal Equation:

Y
-yt +1_
s, 7(/ ) (I=7)s,_,

“t-1 -1
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3) Damped Holt-Winter’s Additive Method

Damped Holt-Winters’ Method is a Holt-Winter
technique in which damping is added as an additive
or multiplicative with the components according to the

equation of the Additive form as follows:
Forecasting Equation:

YH] = €t+ (¢ + (pz Tt ¢h)bt + St

+h-m(k+1)
Level Equation:
€t= (X(Yt‘i‘ St—m) +(1- a)(ft-l_'— ¢bt—l)

Trend Equation:

b=p-t )+1-pob,

Seasonal Equation:

=y, L, - 90 )+ A -7)S,,

4) Damped Holt-Winter’s Multiplicative
Method

Damped Holt-Winters’ Method has components
according to the equation of the model Multiplicative as

follows:

Forecasting Equation:

)A],H = ([,'i_ (p+¢>+..+ ¢h)bt)St+h-m(k+l)

Level Equation:

[, =a2 v -a)t,, b))
S

t—m
Trend Equation:

b=p-t )+1-pob,

Seasonal Equation:

S + (1 - 7)sz—m

f = }/—'
(ft—l +¢bt—1)

Where § = Seasonal estimates of data at the

time ¢
m = 12 for monthly data

k = Integer of hl
m

4. Model selection

The researcher used Akaike’s Information
Criterion (4/C), The corrected Akaike criterion (4/Cc)
and Bayesian Information Criterion (B/C) for selection of
time series models (Emiliano et al., 2014). The model with
the least AIC, AICc, and BIC values will be selected.

J Sci Technol MSU

5. Forecasting assessment
The researcher has examined the accuracy of

forecasting by 2 criteria as follows.

1) Root Mean Square Error (RMSE)

oY -,
2

MAPE =~

x100

where Yt = Observed value or real value by
i=1,2 ..,n

f’t = Predicted value by i = 1, 2, ..., n

n = Total data

If the MAPE value is less than 10%, the forecast
is quite accurate. If the MAPE value is between 10%
and 20% then the forecast is good. If the MAPE value
is between 20% and 50%, it is considered that the
forecast is fair and if the MAPE value is more than
50%, it is considered that the forecast is inaccurate

(Ungpansattawong, 2012).

Results

From the data on the number of foreigners
permitted to work throughout Thailand from January
2007 to December 2021, it can be shown in the form of
time series data, as shown in Figure 1. Considering the
graph, it was found that the number of foreigners allowed
to work in Thailand tended to increase, and there may
be seasonal variation in the time series because the
graph looks up and down repeatedly. The Augmented
Dickey-Fuller (ADF) test was used to determine
stationarity, it was found that the Dickey-Fuller statistic
value is -3.328 (p-value = 0.0686). Therefore, at a 0.10
significant level, the time series data is stationary. The

result of each modeling method as shown in Table 1.

Table 1 shows the results of the predictive
modeling of each technique. The Simple Exponential
Smoothing technique has only one initial value of the

smoothing estimate, which is 50, and there is only one
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coefficient from the smoothing equation is &, ignoring
the influence of trends and seasons, where O values
that make AIC, AICc, BIC the lowest are ¢, = 0.9999.

The results of predictive modeling by Trend
Method that is interested in the influence of trends, there
will be 2 starting values, namely the initial value of the
smoothed estimate (50) and the initial value of the slope

estimate (bo)' and there are 2 main coefficients: 0 and /3,
Foreign Workers: Thailand (2007-2021)

3000~

n
S
3
3

Number (1,000 persons)

1000 -

2010
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where @ is the coefficient from the level equation and /3
are the coefficients from the trend equation which Holt’s
Linear Trend Method gives the Ol and /3 values that make
the lowest AIC, AICc, BIC values are O, = 0.9928
and O = 0.0001, while the Damped Trend Method will
have the damped smoothing coefficient (¢») increased by
a, f and ¢, making the lowest AIC, AICc, BIC values
o =0.9919, f = 0.0001 and ¢ = 0.9460.

2015 2020

Year

Figure 1 Data on the number of foreigners permitted to work throughout Thailand (unit: 1,000 people)

from January 2007 to December 2021.

Table 1 Modeling results by exponential smoothing method.
Trend Method Holt-Winters’ Seasonal Method
Simple
Value Exponential Holt's Additive Multiplicative Damped Method
Smoothing Linear pamped Method Method Additive Multiplicative
Initial Value

t, 168.277 154.761 154.571 443,525 442,405 438.805 423.420

b, - 14.036 65.986 18.748 20.652 28.289 29.994
S 0 . y - 23.875 1.004 24.041 1.020
AP . y - 25.143 1.038 25.801 1.015
Sy; - - - 39.347 1.010 37.767 1.017
Sy . - - 59.781 1.027 60.237 1.024
SO' 5 . - - 28.014 1.039 30.079 0.995
S 0 . - - -39.503 1.009 -46.203 0.974
S, . - - -97.684 0.978 -97.271 0.966
S - - - -5.546 0.992 -4.193 1.005

=
o
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Table 1 Modeling results by exponential smoothing method (cont.).
Trend Method Holt-Winters’ Seasonal Method
Simple
Value Exponential Holt's Additive Multiplicative Damped Method
Smoothing Linear pamped Method Method Additive Multiplicative
S . - - -18.304 0.973 -17.447 0.994
So 10 - - - 0.981 0.979 1.348 1.007
Sy - - - -42.198 0.948 -45.827 0.974
Sy 1 - - - 26.094 1.002 31.637 1.011
Coefficient Value
a 0.9999 0.9928 0.9919 0.9891 0.7525 0.9878 0.9866
B 0.0001 0.0001 0.0002 0.0001 0.0001 0.0221
Y - - - 0.0001 0.0001 0.0003 0.0002
[0} - - 0.9460 - - 0.9800 0.9800
Model selection
AIC 2556.861 2559.456 2561.346 2577.528 2641.696 2579.408 2652.437
AlCc 2557.008 2550.826  2561.868  2581.608 2645.776 2583.998 2657.028
BIC 2566.233 2575.075 2580.090 2630.636 2694.804 2635.639 2708.668

The result of predictive modeling by technique
Holt-Winters’ Seasonal Method is a technique that focuses
on both trends and seasons. Therefore, in addition to the
initial value of the smoothed estimate (£ 0) and the initial
value of the slope estimate (bo)’ there are also 12 default
values of the season or seasonal indices (So,P So,z’ .
Sa,zz)' According to the nature of the monthly time series
data, there are 3main coefficients: Q is the coefficient from
the smoothed level equation, ﬂ is the coefficient from the
smoothed equation of the trend (Trend Equation) and y is
the coefficient from the smoothed equation of the season

(Seasonal Equations).

Holt-Winters’ Additive Method provides the value
for @, ff and y that make AIC, AICc, BIC the lowest
as follow; @ = 0.9891, f = 0.0002 and y = 0.0001.

Holt-Winters’ Multiplicative Method provides the value
for &, f§ and y that make AIC, AICc, BIC the lowest as
follow; Ot = 0.7525, 5 = 0.0001 and y = 0.0001.

For the last method, the Damped Holt-Winters’
Method, which is both an Additive Method and a
Multiplicative Method, the Damped Smoothing Coefficient
(4) is added. Damped Holt-Winters’ Additive Method has
The values of @, 5, y and ¢ that result in the minimum
values of AIC, AICc, BIC are o = 0.9978, /5 = 0.0001,
y = 0.0003 and ¢ = 0.9800. The Damped Holt-Winters’
Multiplicative Method has the values of &, f3, y and ¢
that result in the lowest values of AIC, AICec, BIC
have minimum values of & = 0.9866, f = 0.0221,
y = 0.0002 and ¢ = 0.9800.
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Table 2  The result of forecasting assessment.
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Training Data

Testing Data

Exponential Smoothing Techniques

RMSE MAPE (%) RMSE MAPE (%)
Simple Exponential Smoothing 152.913 6.410 227.715 9.391
Holt’s Linear Trend Method 152.274 6.322 308.644 13.311
Damped Trend Method 152.225 6.528 227.850 9.397
Holt-Winter’s Additive Method 149.612 7.918 319.368 13.533
Holt-Winter's Multiplicative Method 159.429 7.988 337.302 14.185
Damped Holt-Winter's Additive Method 149.558 7.947 213.832 8.596
Damped Holt-Winter's Multiplicative Method 151.192 7.616 196.760 7.769

From Table 2, the researcher intends to evaluate
the forecasting accuracy of the model for the period
between 2007 and 2020 (training data). From the results,
it was found that each method was quite accurate since all
methods gave MAPE values less than 10% with Damped
Holt-Winter's Additive Method giving the least value of

RMSE. The method is close to all true values as shown

Considering the forecasting assessment of
each method to forecast in 2021 (Testing Data), Simple
Exponential Smoothing, Damped Trend Method, Damped
Holt-Winters’ Additive Method, and Damped Holt-Winters’
Multiplicative Method were found to produce quite
accurate forecasting results, with MAPE values of less
than 10%.

in Figure 2.
Actual Values VS. Forecasting Values in 2007 - 2020
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Figure 2 Forecasting by Exponential Smoothing with Various Techniques in 2007-2020.
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Actual Values VS. Forecasting Values in 2021
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Figure 3 Forecasting by Exponential Smoothing with Various Techniques in 2021.

Holt’s Linear Trend Method, Holt-Winters’
Additive Method, and Holt-Winters’ Multiplicative Method
produced good predicting results because the MAPE
value is between 10% and 20%. In addition, the Damped
Holt-Multiplicative Winter's Method had a lower RMSE
value than other approaches, indicating that it had

a higher level of predicting accuracy.

From Figure 3, when the models of each method
were compared with the actual data, it was found that the
simple exponential smoothing method and the damped
trend method overlapped and were found to be relatively
stable. Holt's Linear Trend Method provides a forecast
line that shows an increasing linear trend. Holt-Winters’
Additive Method and Holt-Winters’ Multiplicative Method
have higher trend forecasts, but there are fluctuations
from the influence of the seasons. Damped Holt-Winters’
Additive Method and Damped Holt-Winters’ Multiplicative
Method are methods that add damping to slow down
the rate of change in the number of foreign workers and
are relatively stable but still influenced by the season.
In comparison to other approaches, Damped
Holt-Multiplicative Winter's method offers the prediction
line that is most closely related to the true value and has

the minimum RMSE value.

Conclusion and Discussion

This research presents a method for constructing
a forecast model using exponential smoothing to time
series data of the number of migrant workers throughout
Thailand. This study collected data on the number of
foreigners permitted to work throughout the Kingdom
from January 2007 to December 2021 from the statistical
database of the Bureau of Foreign Workers Administration,
Department of Employment. The total of 180 values
from the data collection were divided in to 2 sets: 1) 168
values for predictive modeling using 3 techniques: Simple
Exponential Smoothing (SES), Trend Method, and
Holt-Winters’ Seasonal Method. Trend Methods can
be divided into 2 types: Holt's Linear Trend Method
and the Damped Trend Method. The Holt-Winters’
Seasonal Method can be further subdivided into four
methods: Holt-Winters’ Additive Method, Holt-Winters’
Multiplicative Method, Damped Holt-Winters’ Additive
Method, and Damped Holt-Winters’ Multiplicative Method,
for a total of seven methods. 2) 12 values were used to
check the accuracy of forecasting using the lowest MAPE
and RMSE criteria. The results showed that the Damped
Holt-Winters’ Multiplicative Method was the most accurate
method for forecasting, indicating that the data tend to
increase and the influence of the season is unstable, with

the following forecasting model.
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Forecasting Equation:

h
Y, =0, +5,2.0.98)s,, i

i=1

Level Equation:

(= 09866 +0.0134(7,_, +0.98 )
S

Trend Equation:
b =0.0221(,- €_)+0.9779(0.98)b, ,

Seasonal Equation:

Y
s, = 0.0002 :

— 40.9998s,_,
(¢, +0.98b,_,)

The initial value of the smoothed estimate (£,)
was 423.420, the initial value of the slope estimate (b))
was 29.994, and the initial value of the other 12 seasonality
estimates or indices were 1.020, 1.015, 1.017, 1.024,
0.995, 0.974, 0.966, 1.005, 0.994, 1.007, 0.974, and 1.011
respectively from January to December. When using the
forecasting model to plot a comparison graph between
the actual data and the forecast for 2021, it was found
that the Damped Holt-Winters’ Multiplicative Method still
had a clear distance between the actual data line and
the forecast line despite the MAPE value and the lowest
RMSE. But from the forecasting equations obtained, it is
still enough to explain that adding damping has caused
the rate of change in the number of foreign workers to
slow down and be relatively stable, consistent with the
situation of foreign workers in Thailand in 2021, which
is still during the outbreak of COVID-19. Especially the
third wave of the outbreak where the factory cluster was
one of the sources causing the virus to spread across the
country. As a result, migrant workers from neighboring
countries who come to work in Thailand are seen as a risk
group for both infection and transmission. Thailand has
taken various measures to help control the outbreak of
the disease among foreign workers, such as suspending
the movement of workers along the border, delaying
the approval of importing foreign workers, and providing
flexibility for foreign workers whose permits will expire to
be able to live in Thailand (Puey Ungphakorn Institute of
Economic Research, 2020). This is the reason why the
rate of change in the number of foreign workers slows

down.
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The forecasting model has shown that the
number of foreign workers in Thailand fluctuates according
to the trend caused by the increasing demand for labor
in the industrial sector which corresponds to the research
project on the needs of labor in the eastern region in the
next 5 years (2018-2022). It was described that in the
next 5 years there will be more demand for labor. This
is because factories are constantly in demand for labor,
especially in manufacturing industries with the highest
demand for labor causing foreign workers to increase as
well. Furthermore, there are also seasonal fluctuations
caused by groups of migrant workers who use border
passes under the border crossing agreement. which came
to work in a round-trip season (Labor Economics Division,
2021) and irregular fluctuations caused by unusual events
during the COVID-19 epidemic (Puey Ungphakorn Institute

of Economic Research, 2020).

The forecasting using the exponential smoothing
method prioritizes the most recent data and exponentially
prioritizes the next data (Labor Market Research
Division, 2007). This method does not take other factors
into account at all, which are expected to affect the number
of foreign workers in Thailand. In addition to the spread
of COVID-19, there are other factors such as economic
expansion (Labor Economics Division, 2021) or the
expansion of industrial investment (Labor Market
Information Administration Division, 2021). Therefore, in
improving the model to forecast the number of migrant
workers, a relationship model may be built by using
other variables that correlate with the number of migrant
workers, such as GDP, population, etc., to forecast as

well to get more accurate forecasting results.
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Abstract

The purpose of this study is to create a suitable forecasting model of the spice export volume for Thailand by
4 statistical methods: Holt’'s exponential smoothing method, Brown’s exponential smoothing method, Box-Jenkins
method, and combined forecast method approach using the ordinary least squares method to estimate the regression
coefficient. Time series of monthly spice export volume (which were gathered from the website of the office of
agricultural economics from January 2017 to December 2022 comprising 72 observations) were divided into two datasets.
The first dataset had 66 observations from January 2017 to June 2022. The second dataset had 6 observations from
July 2022 to December 2022. The first dataset was used for creating the forecasting model. The second dataset was
used for checking the accuracy of the forecasting models via the criterion of the lowest of mean absolute percentage
error and the lowest root mean square error. The results showed that Brown’s exponential Method is most suitable
for this time series (MAPE = 28.93, RMSE = 222,979.17).

Keywords: forecasting model, exponential smoothing, Box-Jenkins, combined forecast
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Figure 1 Movement of spice export volume time series from January 2017 to June 2022.
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Figure 2 ACF and PACF graph of instability volume of exported spice.
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Figure 3 ACF and PACF graph of stability volume of exported spice.
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Table 2 The actual and forecasted values of the export quantity of spices (in kilograms) from July to December
2565, along with the MAPE and RMSE values of the studied forecasting method.

The quantity of spice exports from the forecasting method

Time Actual value
Holt eq. Brown eq. Box-Jenkins Combined forecast

JUL 2022 514,020.00 907,159.42 929,074.43 921,826.30 839,351.60
AUG2022 833,871.00 905,033.61 910,330.71 952,390.20 872,866.40
SEP 2022 777,748.00 902,907.80 891,586.99 985,357.00 908,846.90
OCT 2022 552,219.00 900,781.99 872,843.28 1,020,905.00 947,475.70
NOV 2022 812,504.00 898,656.17 854,099.56 1,059,228.00 988,953.20
DEC 2565 887,438.00 896,530.36 835,355.85 1,100,542.00 1,033,500.00

MAPE 29.31 28.93 43.25 32.43

RMSE 225,199.44 222,979.17 302,601.65 235,670.81

* Show the lowest value

Table 3  The forecasted values of spice export quantities (in kilograms) from January to June 2566.

Time Forecasting value Time Forecasting value
JAN 2023 1,465,735.00 APR 2566 1,560,119.00
FEB 2023 1,497,197.00 MAY 2566 1,591,580.00
MAR2566 1,528,658.00 JUN 2566 1,623,042.00
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Figure 4 Comparing the actual and forecasted values of spice export quantities (in kilograms)
among four forecasting methods.
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