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ABSTRACT

This research aims to study the factors of choosing vocational courses
students of secondary grade 3. In this research, data were collected from students
who graduated with a vocational certificate from the Sarisongkram Industrial
Technology College. Nakhon Phanom University From the academic year 2012 to the
academic year 2019, 926 records consisted of 13 variables, the variables were
selected by the wrapper method, in conjunction with the Random Tree technique,
support vector machines technique, Naive Bayes technique, and the Chi Square
principle, and then used to create a model using K technique -Nearest neighbors,
Decision Tree C4.5 technique, Random Forest technique, and Artificial Neural
technique. Moreover, this research has applied the bagging technique, a joint
technique, to enhance the above techniques. To measure the performance of the
different models, the researchers used 10-fold cross validation to divide the datasets
into coaches and test sets, using the practice sets to create the models and the test
sets to test the models. And measured with accuracy, sensitivity, and specificity the
results showed that the method of selecting variables using the wrapper principle in
conjunction with the random tree technique was the most efficient and when using
the data that was selected by the wrapper principle using the random tree technique
as a dataset from the selection. The most effective variable to increase the efficiency
by bagging was found that the Decision Tree C4.5 technique, together with the

bagging technique, increased efficiency further with the accuracy increased by 5.93%.



9.38 and achieved an increase of 4.15% specificity.
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aggnihunsuifisuiunguivanlfanlinaiiienaaeuninugnies lasisnaziulge
Tuinasundtagldinugniedussduiiunels udsniuilefdoyalvsidiian iz

Toyarulieg Wnelunavzanunsainuenguuesteyailla

A. Chutipascharoen [14] lana1innisdwunusziandeyatudunisiseus
wuudgaeu lnaidunisadridunaswunussinmiianensainguuastayaluil n1sassg
LUUIIARINITIIRUNUTEINNURYALARAINAITMIANFUTUS Y aa lne Jayanavan Iy

1 I3 | A | [ = 9/ .. | a [ o
wuadu 2 daufediunsndeyaiseus (Training Data) wazdiuniaealunsmageunuuinaes

fia5197u (Testing Data)

2.1.3 Jundunsinmilasdoya

msinilesteyaidunszuaunislunisfumeadnuilugedeyavuinlg Teawnse
Tglunmswensed v3oTuun Jaivianin 4 Funou leikn
1. Mmawsentons Huduneusiusudoys 4azn15nIIIHoUAINGNADIVES
2. JuppunoumsastuuTIaet Wutuneuiondeya vinrnuazentoya
o = - (Y S & a d
Mlalauysa ywdnmsifendudsiiludassnndaudsany
3. Jupoun1saswuudnass Wudunsunisinenaiauivionisasia
° - ° = ¢ 1 o = 4
wuudnaeadialdlunisduun vienensalne q Wnniewnledynimsemguuuu

YosvayaluNIANNIAY



4. Jupeuni1susyiiulssansnnveswuusiassiluduneulunisuda

ANUMINENTAANLAZNSUSERUNAS NS AUz auvSenssiuTngUizasanfedns

= = = ° a &6 = 1% 1] '
y5all FamsiinsuausnalATIERlusUkULNL Ouaunsat bntadne



2.1.4 N15ANLABNALUS

nsAndenmLUsrsanIsAndonaudnyne (attribute selection) 1u3gnslu

v fv W

a o Aa o Y ° o Y a1 oa v Y]
LADNAILUTANUNUANUENNUTSAUAILUIHNL LLa%EJQGU'JEJA‘L‘Uﬂ'ﬁa@"U']U'JUGnG]‘UV]I@JLﬂEJ'JGUENﬂ‘U

Y a ] 2/

muUsiueenianyadeyanvziiliaiakuuitaesladnnie G. Chandrashekar [15] lanana

d‘dv ua"o

Ifeyaiisidhulsmanefesiiinlugteyaniiiadeyaguinn Wnsidenaudnuvazy el
anunsaannattumsiwInlIulTUssdnsnnnsnensaluasilateyarenisiiuives
m'%law%amswﬁﬁgﬂLLUUIé’ﬁ%u Tunsfmdonsuusiuiinaisds wu 33n1s Wrapper uaw
14935113 Chi-Square

2.1.4.1 Wrapper

A uaUtles (Wrappen) [16] 1 uisn1sanduuslidesaaiieiayinla

'
= 2

Usz@nSnminaau Sususisyadeyaiiinudnvauzuuuiuiazyiinisaunudnvuzinvgn

Y

Tnsasadenaruidululiimuauagsufdunisdely lunndonaudnuuzveddusunsy
ﬂi%U?Uﬂ’]iﬁ’N’m‘UaflLL’JUL‘U@%li;u"\]ﬁ’mﬁ’éLLEJﬂ‘Ui%Lﬂ‘l/ll’ﬁugﬂﬂ’li@li’sf\]ﬂaUﬂ?’mgﬂﬁadiﬂEJﬁ]z
AumriutesintvesnudnvuzialidnyauifieAumynaadnyuzalun1sfum
ansoluirmiaesndmiewyUdesdidnis Bufuanaiudosaiaty q wwes [17]

v ) = I ~ v YY) ] & o | < &
ﬂ]%ﬂu%’]@maﬂ@mﬁ X "i]gLiEJﬂ'J’]Nﬂ'J’]MLﬂEJ’JGU@QﬂUGnLL‘Uﬁﬂﬁjlﬁ/ﬁ@m?LLUiLﬂ']ﬂﬂJ']‘EJ@'EJ'NLLGUQ f

1 = [ 1 A J o - 1 r-:l' N
G]EJL&JEJﬂ’]iLLT\]ﬂLLf\Nﬂ'J'HJUV\]%L‘U‘L!EJEJ'N&IL\‘IEJUVLGU“UENﬂE}llI@EJﬂ?ﬁﬂ@f‘jmﬁﬂwmgmﬂﬂu@‘ﬂLU@EJ‘L!I‘U

[

A3 01 X, QNNNAR warAMANYAE X Assendidianuieitesiunguiysegeeau 61013

9

1 =

wankasnNdaz JusdsiReulvvesnquidlenvunwngosvanmaney S (3933 X)

[ [ v 1

PN v ° av v va a A = ]
Wagulldn X gninda audnwaglanldlainmuieitowegiudansedouasiseniniy

q

(%
Ya o

9 a1 = 1% o Yoo ¢ 9 a
AudnyuenldiiaiuneItes lunismeasins il fulaldisuavives swuiumaina
Random Tree wiafla Support Vector Machines wafia Naive Bayes L91411%1n15AaL80n
Aauys

2.1.4.2 Random Tree

wAtiA Random Tree (RT) [18] \udunauislunisadrrulddndulalaed
wannsastulfannnisdudulivate 9 wuu luwsaglvuaududenuszanana lnglily
N13N15AALAINY Random Tree W9 1uAa 8y C4.5 150 CART Usi Random Tree gy
donyngeuvaswenviziifneunavinluly Favuinvesyagesgnszsulaenisiivwesensndu

1 & o [ [y . | A 1 v | = =3
Yne/ae Random Tree [19] HuagyNNMUARIY 9 U Bagging WAkNuazgudayang1amgI

a (3

insduidenuenn3togd (Mwes) f1eg senundunaty o yauazasraluwmamemade
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Decision Tree ane dundruraiildusaslumainsuiundoufuanunaiiouiusi iy
unitgaameeninidunadwsgaring

J. Vongprasert [20] ladtauan1siUsouiiguAIAI1ugnAa99eInIsanwun
Usziannsaltoyaaeangu saemaia SYM maila ANN wazinaia RF ngliyataya 3 0
Iéun Yoyayail 1 Uszneusae duusasziiduteyailangy 7 fudsuazdeyasieiiles
$1uau 9 fuus Teyayed 2 Usznoudne shudsdassiduteyadangy 9 fuus uazdeya
¥afl 3 Usznausie fuusdassiidudayadoidossiuiu 9 fuds mensiiasgiaian
gnAed WUl adla RT uazinaila SVM ﬁ?ummzamﬁ%ﬁﬂﬂa%’mLLUUf\T’laaqﬁqm

2.1.4.3 Support Vector Machine

wAlla Support Vector Machine (SVM) [21] {udumeudinisifinnusings
wazidudanediuiianunsathundrsuidyminisduundeyaldlumsinseideyauay
Fuundeyalagerdendnnisvesnmsméuusganivesanninitoaiaduniuenngudoya 7
gniourirgnszviumsasulisruuBouslasiuluds duutuenuezndudeyaldfiian

v

LUIANARYRNATIA 35 SYM WuinannisiuiA1venguteyauninasluiiaasaily

Y
(%

(Feature Space) ludnuwuidaduainuudmdunldusioyanaasoanainiulagasinnig
P ') | A & v = =~ ¥ | ) a | | |
a51adunU (Hyperplane) Ml udunsstuan elinsiuin iduasdikuinguasinguesn
nfuidy @uladuduinfian Support Vector Machine [22] 9gla35n1stiazuusdoya
sonuaesdiulneldaunisiduiiouduvadeya 2 doyasenainiulaeazasiadunseges
| & Yo | | ) v & ' P a vy

sevinsiomividlsserinaseninadunie nidvesisaasngulvinnian SvM aelddeya
971 Input Space tU &4 Feature Space kaz@319g§1UTAAIINARIENLTENILABDSIUA
(WendulAasiua) Ui Feature Space

W31 yasien [231 laduaueisnisneinsallontadsanisfineives

=2

UnAnwalagldgnnasainmesiisdy lasldmafiadnnosaaninasuuadu (SYM) maia
suldnndula (Decision Tree) wavimalialassw18Uszamiisuwuugaunay (BP-ANN) WU
fuvunsmensaidlimada SYM lirisiugalumsneinsalgefigaiisosas 89.13
2.1.4.4 Naive Bayes
mAda Naive Bayes (NB) [24] Hudunoudsiilduanmsvesanutazdulunis

1Y ! o = o A av g v < ] a o v
AnnsasiazA1nau(class) Feildanesiiunlddudouiiuiuneuislunisduundeyalagnis

1 14 1
AN a = A

Seuidgmiiistuiieiuadateulunisdwundeyalniidunisduundeyalagldni
Wizl unazauinnIswanuasauiiasunuauuigiunannisvesudniudldnig

° ' 2 = ° 2 ad 1 ° a'
ATUAUWATIAITNUIVS LUU%QQﬂIGﬂUﬂqiwquqﬂmaLUU?ﬁIUfﬂﬁLLﬂ{ijn LUUNTTITLUNN
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ANUNTAAIANSURNAANS AL IATIZNAIUAUNUSTEUINAUSINBLY Tuns @s19dauly

' I3 ° o ! o o & ~ s & ado 1% A a a a =
AUUNLLUUA NS ULARLAIIUAUNUD u’]@WL‘UaLﬂu’JﬁQWLLUﬂGUaﬂJUaVlﬂJﬂigaV]ﬁﬂ']W 4
q

Sanosfiulunisienuiliduden murefunsdvosndeg1siiisiuiuuinuazauts
(attribute) vosiaoehdhituson

uns agaenun [25] lénaniunaiia Naive Bayes iunisvmilostoyaagnsdne
Tngiiuuuiaesllunishn uondssandeyariumdnmsauiegfuiieguuiiugiu
UYBINg W) Bayes

2.1.4.5 Chi Square

ladaunaas (Chi Square) [26] WJuiEn1snaaeunisadfiienidandslunis

AnLABNAILUSIMLNE AL TUNNSAS1IUUINABLNENITNEINT O AIFUNITN 2.1

2
2 n 3
E,
lag? O1, 02 ...On Wuanudvassudsilaannisene
F1,E2 .. Fn Wuanudnaands (Seanudfinisaziu)

2.1.5 wadaluauiae

2.1.5.1 Bagging
@ a . @ aa v v o i ya XA o o
winfie (Bagging) [2711Uu3sNsas 19 wievangsulaglddumnar e Suda
eI ANRGENIsTINNINNT BRI N salkad NS T UABa TLaZY NI TAIALRLLEI
Ingjillevinetuitew dnangliastuniniuainnsiin bootstrap B1veswansiseusuagly
Duganiaiseusivd nsvedevyadoyasseuazuuudiasdlasldnisdwunuazauling
angeskazn1sdondndoslunisannoaiBdusandlifiuiinisussgeannnsaliaiiy
wiug111nNTU aeAYsEneUTdAgy AeA e Lk N uYBITNITYIINIY MINN1TABNIUYA
learning o713V lAlARNSIUABUMases it dragludvihunefiad 1 umaiandniaiuds
aunsausuugeauwiugly wuinis [28] Wudalutunaunisauiuniiuszdnsninuin
= @ @ oA W Av A oA € 1 a o o
Nanlun1susulseilssuunvsefnendssinniliaiesddisslogiod 19848 msu
Uaymyndeyaniiifgs luntisldimuauuiAnisesnulibuiuouuasmHaans v v
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Wotnssinansanauulsusiueudniaedofnds) Tuilymnsinaulafionndsdau
Tugismdainsuszanumundinimegeunsannssiazn1sanduladmiuilsndunisannes
warfsuun nsimauleegraninsinlmanaulifuasar udnisavuansdidiuiins
Fnaulafionauniusiuiulnglinassfidesanasanasnnurannasuidees

2.1.5.2 K-Nearest Neighbors

wAfA K-Nearest Neighbors [29] fedsnsitldlunsdnutenana lnemaiinias
dnaulain eandlafiazunudeulunionsdilnaig 16 Tnonsnsanaeusiunuuiesiua Tu
funeuisnmailewtulnddian vesnsdvdatoulviniteutunielndidestumniian Tasay
AT (Count Up) vasdhuiuildouly vidensdeng q dwiuudazaana wastvunidouly
sl Theanaiwieusufuaanadlndifesiuuniiaadefvosnaiiniie ninideulonis
Fadulafinnududeuisidansoadrdumaiiivsransnmls fefumnia K - Nearest
Neighbor 1iumafiafildfudgymuuunissmunngudeya Tnemadanismiieutuiilng
fgpslrnuuansinsanmadadudilsifinnsudsdeyaynaou (Train Data) lunisadauudiass
wiaglidoyaragaunduuuudiaes lunislfoumaiaddiduasdesiinisssy Ardaas
Srnuieuthunien K Fsanifazlumvensuiuvesnsdl(Case) fazdosfuni luns
yunensalvagalaun 1-NN |, 2-NN 3NN K-NN Taed K i@usiuaudiuuan wu 2-NN
vinedeasinisiunt 2 nsdfifdnvaslndifoaiunsdlng (Nearest Cases) Tun1sviune
nsdilvsifeaunisiiedestiu KNN fyaunsd 2.1

TV-OB

D= *100 (2.2)
TV

lag D fip ANT¥EVINT0I9A 2 9AVBILUY Percentage Disagreement
TV fi9 Anangeg) (Theoretical Value)

OB Ao AfidsLnaiL (Observed Value)

= a ¢ v o PN ° P v A =
AILYNT WUN1AT [30] ',Lﬂu’lLﬂu@LVIﬂu@ﬂ?ﬁW']Lﬂan%a%a 4 NAUAY

)

a

Usznoauniunaila K-Nearest Neighbors tnatia Decision Tree C4.5 tnalla Rule-Base
wazinaila Naive Bays Ingldyatayaini 20 AuUs nan1svnaasanudnnaila K-Nearest
Neighbors fifAugnaesgeiianiissaay 86.13%

2.1.5.3 Decision Tree C4.5
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Decision Tree C4.5 [31] Wu3snilsfiazUszuauilsdduniafilideilos
(discrete-value function) Mg wHuHIAUlEl 919UTENBUMEWATDINGAN JLUUET-UA7 (if-
then) tielviuywdaruisasrunandilanisdndulavesiuldld Jofedrmilavasnisly

o w A

Decision Tree AaidonsiwlsiifinaudiAniivisnliwentoyasoninla C4.5 [32] agyins

v

Seuslanenisdnuun (Classification) yadeya eanllunay (Class) Ag o lngldnuauys

q

(Attribute) vastaglumsuenuezsulddadulantiainnisteugviliniuauaudilaves

Joyaniusimunnisdiuun wasauaudfusassvesfeyatulianudfyundesetials

' v
=

Faduvsslonifiosdroligldanansoiinneideyauazindulaligndesd iy nadndvosnis
Fouisuliidadulauszneusie 1) nuaniglu (intemal Node) 2) As (Branch, Link) #ie A
anauvivesnuanTalulnuanigluiiuanfsdoonun Falvuaneluszuaniaduduam
wihiudwumauantRveslnunnielutu 3) ualy (Leaf Node) fio nu (Class) g 9
Fadunadndlunsduundoys Tadutuseuisniaililunmsasdulivniulonsldmiing
Boniauni (Gain) Wusdndulaieslduenvitadlalunisutsdeyaiieltlunisdndula
TneAsmsimuslassasrsduliindulassndumudisuresiid avserninuesuennias
fiflengeian Baiumanansauma (information) usazuenv3didfsUsuenanuannsaves
wonv3tdlunmsuenusiazaana (Class)

N. Thaweechat [33} Iftiniauamaia Decision Tree C4.5 tiaad1euuusiaas
n1siuignisiiuaninvesndnet lnglddenain@nwidnuau 3,650 Taya uazin
UseAnSn1nAm3510-folds cross validation wud1 malla C4.5 anaslviAinugnaesioy
Ay 95.57 A1AINLNUE1T088Y 95.40 UATAIAINITANTOUAY 95.60

2.1.5.4 Random Forest

wAila Random Forest [34] tunsduidonuenn3dad@iaes) f1a  eanun
Junatee gasie wazaiislunanagmaila Decision Tree a8 9 A ¥aNN15DS
Random Forest [35] 9g¥1n15a3 90 UUT1889290 Decision Tree a8 §LUUTI00IE0Y €
(Hawdl 10 wuUS1a8e Senanda 1000 wuustaey) Tnsudazuuusiass 22193 data set i
wileuiy Saidu subset o9 data set Viaviain MBUY prediction AlWUAAY Decision Tree
1 prediction Ya3lATYNHULAZAIUIUNG prediction AI8ATT vote output ﬁgmﬁaﬂim
Decision Tree Mﬂﬁ?jﬂ (nsal classification) #58 #1A1 mean A1 output YOILAAY
Decision Tree (3¢l regression) Torveunadaiilunisandn correlation s¥wina Tree I&
f109971 function Random Attribute Subsets

Yogtium adlw [36] inawemaliamilestoya 3 naia Useneumemaia
Random Forest tnallA Naive Bays wazinadla Artificial Neural Networks lagla3s 10-

Fold Cross Validation tiainUsL@NSA 1NLUUIIEDY NUIN MALA Random Forest i
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a0

Usgansamanga eranugnaesdesas 91.37 Aranuuiug1esar 91.30 A1AINTEEN
Jowuaz 91.40

2.1.5.5 Artificial Neural Networks

madla Artifical Neural Networks 37] 18 uaaansuauanianiagiu
UyayuUsehvg(Artificial Intelligence : Al) 1‘7immiaﬁ’ﬂ,ﬂﬂisqﬂm“lﬁﬁmmwmaé”mlé’a&mﬁ
UseAnsam nénnnsdrdnvedlasatne Ussamifien fe annumenenufiazasndeuuuuns
vauveswadUszamluauesywdifiovnauliodis TUssaniam dnwuzialves
TnssreUszamdion fie n1siluun (node) #ne q S1aesnanlauuyd(synapse) vousad
Uszamszning wulasa (dendrite) uaguanwou (axon) Inefifsdtududiiinun dygie
999N (activation function or transfer function) Wuia SnwaizaalasideUszamiien
ansoutsld 2 wuu Ae 1) TasstneusTamiflonuuu Tuiien (single layer) dsasiliito iy
dryeyad Uszamangn LLaz%gué’igfgmUizmwmaaﬂ Wity 1wy Tassthewmeisunsoustis
48 (simple perceptron) waglasstnglauilan (Hopfield networks) Wudu way 2) laseing
Usvamiiteunuumanedy (multilayer) 3sildnvasiduiiorfulnssigyssamifiounuuiu

[
Y |

WAE7 WAAETUUBULKA (hidden) Wiawu tnsagdiunatsseninstuiiteyatoudnasduds
vayaganialiduleulaieaiiuinndl 1 4
99231 WHAU1e [38] lauaueinalm K-Nearest Neighbor 1nafia Decision
Tree C4. 1mALA Artificial Neural Networks waginaiian Support Vector Machine Lit®
L) ] a a ad o 1 a P a1
Wiguiguseaninmuesisnasdnuun wuin inada Artificial Neural Networks dA1a31u

gnAesaeannAYTeYay 98.1481%

2.1.6 N159IAUSLRANTAINKUUINEDY

Tumsiauuudiaedlunsyimiesteyalagdnlngly 10-fold cross validation
- = v = & @ adda o av A
[39] fio n1svhendudeyauuuauiienss Failulsnileulunisiremuideieldlunis
NAFDUUTEAVENMNUDIUUUITEDY WHasIINNANATANNUITDRD MTIN UseanSnnaaeads
10-fold cross-validation 9¥vianisidengudeyasenilu 10 yawing AU 99nTuaziinis
naaesassndedeyayni 1 Guduteyanaaeunazfmunliveyayaivioiludoya
oA D3 i < o v v S A

Yaaou waglumneaeiniiisenylddeyatyni 2 iWuyateyanageunazlvideyayaivie
Judayaynaeu vhaunseiideyannyndeyaldgnihunlugadeyanaaeuiovun Js31uiu
lunsnaaauilduIumiiiu K a3 lngnaansvlatuaganAuiumAladeaugniedves
nsiuunteyaluusiagsou T.-T. Wong [40] 1¢ina1331 10-Fold Cross Validation agins
wustayadudiuau 10 dwlaenisluudagdruagdounainguiienaslidoya inszaewi
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i Tnesn1svnaeuUszansninuuy 10-fold cross validation fUaldsfe 2RIV
nadouTnulnezAowiviauNen 10 59U AN 2.1

[ \Vvalidation Set
- Training Set

Round 1 Round 2 Round 3 Round 10
yaldation  939% 90% 91% 95%
ccuracy:

Final Accuracy = Average(Round 1, Round 2, ...)
AN 2.1 10-fold cross validation
Tun1sinusgansainnisvianuluimazduneuwis aunsadalnainwavesniswensal

NUAILUT WAZAINITONIAIAINGNABY (Accuracy) A1AIULY (Sensitivity) wawan
ANUANNIE (Specificity) [41]

A157197 2.1 WS NDANNEUAUE IS UNMTNEINTUUIELANYANUAANE

PREDICTED

A B C D E
A TPA EAB EAC EAD EAE XA
ACTUAL B Een | TPs | Egsc | Esp | Eg XB
C Eca Ecs |- TPC | Eop | Ece XC
D Eon Ess | Eco | TPor| " Eoe XD
E Fea Ees | Eeco| Eep | TPE XE

YA YB YC | YD | VYE

1o A-E AD ARNATNIADINISISNEINTO

E fin unudayainensailignsies
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Y A9 ANAIRDUTD4LTT AMMBUANE 1 AR9ienda 1 Class kaza1ddIuiu n
AU 92L38n77 n Class

X Ao Adsiivilandnay

TP (True Positive) e S1usutesaineInsaignses

TN (True Negative) fAa weansalanlaly uaalilyass o

FP (False Positive) fin wensalaly umass o udaladla

FN (False Negative) A wennsalinlaily wsiass o waasiule

A1AI1NgNADY (Accuracy) A1A1ugndes Wudeuldlunisin
Us2AnBnnuekuusaesdaditndsenareviwldwu Paranya [42] IeWmunduuudmsu
nensalnsiulsaindunesidalueniauy mewmaiadulddndula J4s, D3, LMT, CART
wag Random Forest wazlaldA1AI11gnABY (Accuracy) A1A11L3 (Sensitivity) Azl

Ya o =2 191

AN NINIE (Specificity) Tunsinuszansnmniswensaluesiuuudnast AstuniTedelea

Y

T#35M9NaMNTAUTEANTANLUUINEDY AIEUNITN 2.3

TP+TN

Accuracy =————— (2.3)
TP+TN+FP+FN

Am1ul (Sensitivity) Ao WWuadldinainuuiazlunsesnsndiunis

wensalgnaedluiiulsiaula dsaunisin 2.4

P

Sensitivity= (2.4)

TP+FN

1 [ P A I | Ay Yo 1 1 Id - 1
AR (Specificity) Ap LuAlginA1AINLNzITunTedn @Y

nsnensalgnaeslumuUsau q feaunisn 2.5
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TP
) o oS;zecnﬁaty :‘TN+FP (2.5)
A1519% 2.2 Wvisndanuduaudmsunisnensaiviaienaid
PREDICTED
A B C D E | Row | FN
A | 15 4 2 3 2 26 11
ACTUAL | B 2 11 2 1 4 20 9
C 2 1 9 1 1 14 5
D 4 1 5 8 2 20 12
E 2 2 2 4 10 20 10
Colum 25 19 | 20 17 19
FP 10 8 11 9 9

AMTP&TN = 53 feeilanuauINTIneINsaigndes
A1 Row - 100 AeAlAaInNAUIN Row
A1 Colum = 100 ApAlAaIANaU3IN Colum

F991N0A15197 2.2 Usznavuluaienenue 5 mand Ao AB C D wag E @11150

AIUMIAIAIINGNABY (Accuracy) AIMITula (Sensitivity) WagA1AIINANE (specificity)

£
v

YDIuAaz AR MUFIDE19 AR

A5199 2.3 775714 I04U8PA I A

Class A
o 15
TN 38
FP 10
FN 11
Accuracy =TP+TN / (TP+TN+FP+FN) 0.72
sensitivity = TP / (TP + FN) 0.58




specificity = TN / (TN + FP) 0.79
A9197t 2.4 MIFUINURIRATE B
Class B
TP 11
TN 42
FP 8
FN 9
Accuracy =TP+TN / (TP+TN+FP+FN) 0.76
sensitivity = TP / (TP-+ FN) 0.55
specificity = TN / (TN + FP) 0.82
Gﬂ'i']\‘iﬁ 2.5 AsAUINURIAAE C
Class C
TP 9
TN 44
FP 11
FN 5
Accuracy =TP+TN / (TP+TN+FP+FN) 0.77
sensitivity = TP/ (TP + FN) 0.64
specificity = TN /. (TN + FP) 0.80

18



A1519% 2.6 N1SANUIUYRIAANE D

Class D
TP 8
TN 45
FP 9
FN 12
Accuracy =TP+TN / (TP+TN+FP+FN) 0.72
sensitivity = TP / (TP + FN) 0.40
specificity = TN /(TN + FP) 0.83
Gl’l'i'l\i‘ﬁ 2.7 ANSAUIUBIAANE E
Class E
TP 10
TN 43
FP 9
FN 10
Accuracy =TP+TN./ (TP+TN+FP+FN) 0.74
sensitivity = TP/ (TP + EN) 0.50
specificity = TN/ (TN + FP) 0.83

19
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2.2 ywAdeiineatas

Syna ndndu uazay [43] ldAnwsaneifiulunisdndenaudnvusivngay
dWian1siuienadugninienisiseuesin@nusefuedifinun lneldinada Feature
Selection snaifeiild A MuUsiidwaronadugninisnisFeud vovun 9 andnvue
Iéun namsieuRdongunis nuerdniazinalulad nwilvg adamans Mwisaszine
Ingnmans daan @wnivnfiou seunsiinBouin-Une) wazsUiluunsinwimi ana-
Un#)

A1 N wazaue [44] lad@auendeyanniensiauinvesiude wavdeya
suilguUseiives dansvaulSyaninasdisanisine andninauAuenISUNITANS
gaufnuw1daungs 5 Y Aol 2555 — 2559 91uau 65,335 seideu luaiunivininiu
AONNIADT hardAMANYMEUTENBUATIY NANTSITEY ANAUNTAILAY 91TNYeITn1UnTAN
5160U0ITAIMNITAT WA UMY AUAINARDIATYT d1U13Y] NAARIIAAINLILEIME
wadansiuwundeyawmataduliinduls wadanisduundeyamiedtusuneumlesisa waz
wmallansdwundeyarieisuinia udaldusednsameenisumadeyasendu 10 du
(10-fold) wagguladn wellan1sadauundeyanieds wsunsuvlesisalininugndaslunis

WeNselloyageian wiriu 84.29%

Y

4

v 4 (v Y= o < = v a [y a Ly

Waunad naswnid [45] lnAanwiAudnsaniIsAneveslniseuseaulsenAdedn s
a a = = P a a ° ¢ o & =
F1TNNDNISLUT U UYL ANBATNUBILUUI BB UNITNEINTUAIINE WTINTANYIVD
JnseuseauUsenateTns v udTedlaly 6 waldaniuszansainlunisasns
LUUI1a89 A Decision Tree C4.5, Random Forest, Random Tree, Reduced Error
Pruning (REP Tree), k-Nearest Neighbors (k-NN) wag Support Vector Machine (SVM) uag
TAUTEANTAIMNAITHEINTUVBIUUTTABIAILAIAIINGNABY (Accuracy) A1AINLLIUEN
(Precision) kazA1 AINUSEAN (Recall) nu71 wUUI1@89 Decision Tree C4.5 SUSEENTN N
TunsneansalaudisansiingvetnGey szavdsenate UnsivTnuindiands 95.36%

= = Ve = =1 a a o

Jgan Aa5es wazaue [46] ladnwimsiUSeuisudse@nsnmueuuuinasdunis
o a al L a a al £
IUNGLIUITNTIUVDS UNANEINIAITUNALULATENSAUNA ALNALULAEWALA 153NN

gnaIMNTIY U Inerdumalulagnse Feunaimssuasmie Ienundsnduys lagld

wailamilostaya 3 inallafe Decision Tree Naive Bayes Uz Rule-Based Classification
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IehsnSeuifioudsyavsamusdaunamssuunviuuuiimnzauditeldinnouyuin
Boufmnzauiuindnmaaivimeluladansauma lassumadeyavesindnuiniaion
walulad ansauna auzwalulaguasnisianisanannssy uingtaemalulagnszaoy
ndmszuanneine wadsiuyinaudUnasfnua 2508-2559 $1uau 759 suideu

AATIENURYAUNNNFINYRYIS 10-Fold Cross Validation auanldwmeiia Decision Tree

Y

AIMUGNABININAY 78.26% wazivatla Naive Bayes lvidnainaignagainiu 78.12%

g3ua @nsvnd (8] lnAnwduUsvesdnAnwiAngldAINTINAIEnS UN1INede

= v

walulagsgaeaaaiuul Wedlvil ndnadenisiseulaanda 1 §1ms5uiaing semaila

willosdeyaiioduwuntnAnwiesnilu 2 ngu Ao nqudssinaglirusednn waznquilidl

(%
[ Y

AL Imamﬁmeﬁsﬁa%aléftﬁui’miawﬁazﬂaﬂmawmzm 3 AU SIUDIAILUTAIU

q

UAAaduY vasdnAnw1diuiu 453 au lngldinaila Decision Tree wazinaia Artificial

Neural Networks #1015 1U2AUNMTNA28 Chi-Square Wag Gain Ratio Nan15AN®A

a0 =y

Wu31 38013 Chi-Square i lilaAiAnugnaesiiA1gean Ae 80.13% Lagn13duwundeya

Y 9

#8 Decision Tree Alvnalulun1afeanu lagilA1AUONABIEIEAT 75.83% AniNyMi

(% A

HIun1IARaeNTULanIfguanvurlud U ugIuANIveslnAnwiidunfeu 310

[

nanIdeluaasliiiiuii wadamdeoyaauisadnunUszandlanisiiunisdnelunis

1% =

IeseteyariawiUyniieiiunisseunisaauls

% = U =

naday InnIgnsna [47] laAnwinissvadasaeuAnfentnfnuilvivesusas

an1duluszAvaaudny Idinaliamilestaya unltlmsizivoyaratgadnsiasuniunis

Y Y

v A < v = ' = aa = = a a v ¢ o

Anvdantluindnuyilvy lneAneIon 15U Ug uUsEansaImAThuUNeIn Il I1uIU
UnAnwilndaioimailn ENSEMBLE 914 3 nalia Ao Vote Ensemble, Bagging uay Random
Forest wan1swieuiieuysednaainsauuungansalidawandnan g wuiin15a31e6s

¢ v a . Yo a = . a a a

wuunensalnIenailn Bagsing lneldeanesfiu Rule Induction fiA1Uszd@nsainaiy
QnAesaNaAnTagaE 83.96% tavsUsiidmaiumsiiadnwselusminendesuiguasusy
wndian Ao sUkuUNISAOUAREDN nIALRAETIN A T5aSeundnsanisAny danin ae

q

N15H58U LATANYNITITLEDN AUAIU
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93u% Wuln wavuuAdy ewnes (48] latauenisiUSeuis uuseanannueens
FMUNFULUUNITISEUS VARK saamatinivilesteya taaldisni1svuas 10-Fold Cross
Validation waglaldinafia Naive Bayes .nafia Decision Tree C4.5 Lainafim Rules-
Based HaN15AN®INYIY UsEansa mn1sIwuntoyanlgimaila Decision Tree C4.5 i
Uszdnsnnasgalirianugneesiosar 82.78% nuanisiieuisuusednsainmade
Decision Tree C4.5 a1u1satluldlunisviwngsduuunisiteusvesyiseulaaninmaie

Naive Bayes Wagmailm Rules-Based



unN 3

A5N15AuN1SIAY

v o

lun1safiunsidegautunsumilosdeys Weldlunisiauiuuuiiaenisiden

i%
o v

nanansszRuUsENIAtisUnsindn snludfnemilestoya davll nswleudeys Junau

a a

ADUNITATIUUUINADY TURBUNITAI U180 TURDUNITUIEIUUTLENT A NYe

LUUINRD9

v

1ynsinieadeya

A 4

g " o
2. YUABUABUNITASIUUUINADS

Ariaansauilsdan Wrapper uaz Chi-square

A 4

3. 2UABUNNSHIILUUANADY
fnewmaila Bagging, k-NN, Decision Tree C4.5,

Random Forest, ANN

l

4.9ununsUssiiulssanSnnwue uuINas

F5n15904 10-fold cross validation waryimsiUSeuifieuainie A1 Accuracy

#1 Sensitivity wazA specificity

d' 5 o a
ATNWN 3.1 YUADUNITALUUIY
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3.1 maaseudaya

v =2 o =& 1

NusIUTIMTeYalaen1ssuTndeyatinAnwindusanis@nyaniia 5 wdnges Lawn

Y

! a e a s

VANgNTIVIYeUR nangesIvydiannselind vidngasivgaliin wangasivnisUad
LATNANGATIVIABUTINBITINT AN e nAlulaBanaI NI TUASAIATIYN UN1INTHY
uAsWLY 91NUNISANY 2555 89 Tnnsnen 2561 Sdnamindnw 1200 Ay Wethundn
nsesteyaiaansothuldwaghanuazeindeya asudnuinfnwmiaunisnisinuiuay

WnlUdsanalidnuuiadu 926 suieu sladegatoyaraning 3.2

A ] C F . ﬁ | ] K L N
AT 1ATATETN [kt i3

ol Al ammA neliin elimm | wdngn (ae) GRA

1 nnainl sdmnand  dsadonndy | Ansmion )
A AwRERE 25 13 2 18 133 25 e L5000 N i
(R AT 13 131 241 2 17 35 fosnii 150p00 T bpon 286
g | me inns AR 2 % 151 17 168 3m Haent Lsop00 T ok EH]
;| ™ inns AR i 1l 2% 108 5% 365 faent L5000 ok 1%
o m Rwwgsdwidm: ey 157 15 1 15 11 HH it ool i 15
;| m it suduitld 2 0 238 1 251 393 Jaentt so0d Fong 211
g | M inns AR s 3 25 ) 12 37 Haent Lsop00 T ok 3
g | m (eI {HRTA 208 30 4 27 246 1) dasnin 1500007 i 1%
0| M (A AT 2 133 153 B 108 115 Haeni 15a000d i i3
1| AT {HATT 287 13 eIt 225 195 35 dauni 150000 A 13
2| ™ AT RInG 106 3 263 5 1 i) Haen L5000 R 218
g™ inns AR 106 3 2% EE mn 4 Taent Lsop00 T ok 1%
u ™ suhainhl Feg i aae: 1 241 3 4 295 i dasain 1500001 i 2%
AR qﬁ'ua.‘w il ir?'uarw 157 14 1 166 14 295 dawni 150000 shish 02
% ™ e ANz 154 166 206 15 165 35 Jasni 150p00 awhkh 134
o i PRI JE] JE] m 1 15 295 i fuhlh i
| T mimgriuam minmigaieray 1 1w 2 15 5 11 it fublh EL]
w| ™ g e 258 15 19 185 0 34 it swhh 268
0| ™ fummnn {HAIT ) 1 27 ) 5 35 swhbh s
RL [l TR i3 157 m u 195 25 fubih 12
n|m™ (AT ATAT 1l Ehl] 4l 2 1 36 fublh 24
5 e Rwwgidwioiin: heeghiinieiia 4 E 35 0l 365 swhh HN
u| ™ AT {HAIT 5 45 2% 5% 3 swhbh 114
| T8 Wi minmigntueray 157 19 134 175 bl 266 fubih 134
55| T8 AmwEmEEA G fve i 1 1 1% 16 18 341 fhih EE

Ml 3.2 fregstayatnfnednsanisAneieiniia 5 nangns
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d1eiu R EGHGEN viinvasdoya

i
1 LA Nominal
2 | ¥ndan Nominal
3 | 91O Nominal
4 | ipsmwanelng Numeric

Min=1.08, max=40, mean=2.5, SD.=0.63
5 | 1nIAIvINeI8angy Numeric

Min=1, max=4.03, mean=2.09, SD.=0.75
6 | 1nspAvTinedans Numeric

Min=1, max=4, mean=2.5, SD.=0.63

7| inIrednegns Numeric

Min=1, max=6.06, mean=2.22, SD.=0.74
8 | InIMIFIFIANANEN Numeric

Min=1, max=23.8, mean=2.74, SD.=1.16
9 | insemimwazAned Numeric

Min=1.75, max=4, mean=3.31, SD.=0.40
10 | s7eladen Nominal
11 | s1elesunsan Nominal
12 | nsnwieau Wae.) Nominal
13" | viangms (class) Nominal

3.2 UABUNBUNTAS1ILUVINADY

TugunouneunIsassuuuInaesaselaiinisusuisuteys Weswindeyanadu

Y ¥ A & v v 4:1' 1 1 A o a V=2 Y o 1
favLazteyailuiidnysiliedluguuuunauisainlviasgilaaslaviinisunuad

Joyaliegluguuuuiianunsadiundnsisila wu waeie waudu 1, menduvaaiu 2,

51918 0A1 150,000-300,000/0 wdasdu 1, Yeendn 150,000/0 wlaawdu 2, u1nnin

300,000/0 wlandu 3, Wiiselsulandu 4, 7l9u15a1 150,000-300,000/0 wlandy 1,
1a8n31 150,000/U wlaadu 2, 11nnin 300,000/ wiaadu 3, lddsreldulandy 4,

wangasneuiawesssna wlandu 1, ndngastralni ulaaulu 2, ndnansyiseud uwuas
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Ju 3, ndngnstnediannsetind ulauiu 4, nangnsnista® wlandu 5 Wudu wazviinis

A Y Y a g a Y 1 o YY) Yad
denmuusaunidudasyronu uadanuduiusiuimindsniu (raia) lagldisn1s Wrapper
wax35n1s Chi Square 1ARImMI197 3.2

A15199 3.2 NaNISARLABNAILUS

Wrapper

support vector

Random Tree Naive Bayes Chi Square
machines

LN LN LN LN

1INV 2NTINUAN DNYNTA e ine

NIAVINIBINGY  DITNUIIN DITNUIA INNYIDINY Y

NSV INYIFNERNS WNSAIVVINNANERS WNIALRABIY v 1INeAEns

LNSAIYNEIAL selaunsan VANgAS FvALaAIEnS

LNSAITINAL AN wé’ﬂqm A NaL AN

seladnn VNGNS

snelaunsan

UANENT

A Y A o A 1% aa @ [ A Y
PITNT 3.2 WARIRILUINMIUNIFANLEDNN875N1T Wrapper WunsAnLaondkUs
37UATiA Random Tree 35015 Wrapper saufuLyalia Support Vector Machines 385a13
Wrapper $73tATlA Naive Bayes wagadnas Chi Square WU31 151015 Wrapper 3981 U

wmata Random Tree anunsnanmlisan 13 fuuswdosy 9 fuUsiilesain Random
Tree THi8MsduidoniuunnUszmanaiililoyadud sidanuiusiufunsneinsel
d1u75n17 Wrapper saufiuwmaila Support Vector Machines a@1u130anaauusain 13 ¢
wlswideay 9 Auys \{leannmadia Support Vector Machines 1433n153ms1evfauys
uazduunduys tngedendnmsvesnsmauysedviuesaunsiteaaduutauenngusi
wdsiigndeurtrgnszurunisasulviszuuBoud Tnefuludaduntuenuezngufuusia
fign 33n13 Wrapper $amfumaila Naive Bayes annsnandaulsain 13 fuusivdesy 5
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AuUs tesnmatla Naive Bayes 14ismsvinmilesdoyalunuy classifier ignasiadulag
Tindnaautiazily Naive Bayes agiiasngrinnaiutiaziluvesdandaliineiiniy lae
N1SANALANANEMILABLAATULIADY LaZIoNIS Chi Square @N1TRaRFILUTIN 13 Fauds

Wideay 7 fauUs Lle331n38n13 Chi Square 1lusnsusziliuArvesdiulslaenisldnis
AuuAsadfa Wefnn1innisuanwasaudvesints tululuauguuuiidimuall

sl

3.3 JUABUNITASISUUUSADS
v‘hﬂ’ﬁa%’mwmﬁamLﬁ@lﬁé’flumia%'mwmi”mmmiLﬁaﬂwﬁﬂqmﬁawmﬂﬂﬁﬂm

LarnNIsiaenuangnsseavUsenalgdnsivndndnlulifsemilesteya lneldinaina

Bagging, WwAdA K-Nearest Neighbors, wiatlA Decision Tree C4.5, wALJA Random Forest,

LazinAtA Artificial Neural Networks

3.4 YUABUNISUSLAUUTEANSNINVBILUUANIaDY

HaMIN15a5 19U U180 Uas AL UUUI a9 IMAFe UUSEUUSE ANS nnene
38159849 10-fold cross validation Inensutsdoyasanidu 10 nguwing fuaintuazii

& i vy & a P
nManegeuavun 10 seu lnsluwsazsevazldidoya 1 yaluyanadeuuazdn 9 yaivie

' [
=€ v %

Juyarnaeuluseuseluiligadoyadaluiduganeaeuaunsuia 10 Iadeyadeloyann
= a ¥ [

91U 926 Yoya wuseenilu 10 yadeya Fsdmdudndeyanaaeusedeyatnidy

Y

8n31d3U 10:90 WANUINSUTEUTEUAIAIENTTIMUNNGUTRLA AB AIAIINYNABY

(Accuracy) Araanula (Sensitivity) wagAIANTNNIZ (specificity)
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NANTISANUEUNI5IAY

a a o

NaN15ALTIUNI5IVBUTZNOUMY UTEANTAINUDIUUUINABINBUNITARLEDNFILUS
UszANS N MU0 IUU180mdsn1sAndondius wazn siudszansamuuusiassae
Bagging Tnelunnsnanaassusasasslaldundnns 10-fold cross validation Tun1suu ey
ToyasanilugsrnaousazyavaaaulasldyainlunisaiiuuuitaedLazynnago Ui

VAFBULUUTIARIMNEAT ANNgNReY AIAINHLY uagAdNNe

4.1 Y5aNSNIMVIUUINABINBUNITAMADNAILUS
UsvanSaImveshuuinaeenaunIsAndendiuls 31nn1smnaedlneiini1swentaya

& 1 v o o & =2 ] S A g o
oot 10 FALT 9 NuUYAUYa 9 Yaudugarnaaw dIugRiaalluyaagay Lagvd

=

nsnaaeudIY 10 seulagudazsauyavadeuaznaaesligiiu ilinsveaesdlddoya

ldegluyadnapuluyalndouu1vinnisnaasuni A1A1U9AABY A1AIINLT wazan

ANUT N

4.1.1 HAANANYNABINBUNTARLTRNAAUUT
A1AINYNABIVBIUUUTRBINITIRBNNANENTTEAUUTEMATEURTIV TN N WTA
Aieiniletoyn aiginaila K-Nearest neighbors tnaila Decision Tree C4.5 tnAila
Random Forest inadla Artificial Neural Networks 18 usgndoyaiidlaiinsdadonduds

AIP15199 4.1

M19199 4.1 AANUGNABIVDILUUTIARIIN VYA

Accuracy of Models

KNN c4.5 RF ANN
78.05% 79.40% 88.66% 74.98%
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1NAN5197 4.1 uansrAugndBIYeILUTIansInteyaaTeneuntsAnidendy
WUTHUT ANANINQNABIVBILUUTIRBINISIFONVENgRTSEAUUTEN AT Uns Iy Tndnlulf
momilesteya lfaArnugniesgsfigaaemaiia Random Forest leAnagniadagi
88.66% so9aAeIATla Decision Tree C4.5 TdAAnugnivsegil 79.40% musomaila
K-Nearest neighbors lefrasnmgnéesagil 78.05% uazAmugndesiidndignaeimaiea
Artificial Neural Networks léenadnsgnéiaseeit 74.98% nadidu

4.1.2 wadpnalaneunsAndendauls
AranubivesuuItaensidenuangasseaulseniatodnsinTndnludfiaae
willesteya Alemaila K-Nearest neighbors 1natla Decision Tree C4.5 inafla Random

Forest inailA Artificial Neural Networks tUugadeyandaladvianisdaidandiuds

AIPR15199 4.2

P~ i ' o A Y
M19190 4.2 B\lammmhﬂaumiﬂmaaﬂmwi

Sensitivity of Models
KNN cas RF ANN
57.44% 59.24% 75.16% 52.71%

11915197 4.2 wansArnulivesuuuSassandeyadsieunisdnidendnys
wudn AahweanuudnaeinsidiendngasseRulsenalle Un Tvnanenludacewmiios
foya ldArmnalageiignfomaiia Random Forest fiAnAaalaagi 75.16% sevasufe
walla Decision Tree C4.5 ﬁﬁ’]mmhagjﬁ 59.24% muAELNALlA K-Nearest neighbors
Amnuliegl 57.44% wasArpnalifidiigarowaia Artificial Neural Networks dfnaana
hegi1 52.71% sy
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4.1.3 HaA1AUINNIZRBUNSARLRDNAILYS
AIAMUTUNILYBIL VLTINS BNTANgR TsEAUUTEN ATl UnTIvTndnluda
Aiginileatoya Alginaila K-Nearest neighbors tnAila Decision Tree C4.5 tnAtla

Random Forest winfia Artificial Neural Networks iugadayanidalivinnisamdendiuds

AIP15199 4.3

A15199 4.3 AIANUIWNIEABUNITANLABNAILUS

Specificity of Models

KNN ca.5 RF ANN
84.99% 86.01% 92.53% 52.71%

1MN5197 4.3 wansAnANEIINIEvesLUUSaeandeyaTIsneunsAnidens
wUsnudn Arpnhveswuuitasinisidenuananssedulssniatednsivansnludiane
wilestoya liRInmdInzgeiandeimaia Random Forest Slrmudimnzeoei 92.53%
s09a3N7AmAllA Decision Tree C4.5 fiA1AMLTUNTOYT 86.01% Ausunadla
K-Nearest neighbors fiA1A1ug1LINEeE# 84.99% wazArAILTImIE A Tianfemaia

Artificial Neural Networks ffnanudumigagii 52.71% muadu

4.2 U52ANSAINVBILUUINABINAINITAALENAILUIAY

nsfadendauys [49] Wuduneudeunmsadrsuuiaostdlumsaundulsiiina
siaﬂizam%m‘wsuaaLL‘U‘Uf\T’maﬂumifé’wLLuﬂﬁﬁamaé’m‘[uﬁaﬁfﬁlﬁmuf\?ﬂamﬁﬂizam%mwLﬁmmm
ol IuwmaaumaﬂléﬂmﬁmﬂaﬂLLJUL‘Uai (Wrapper) LﬂwaﬂﬂmﬁauimamLﬂmmmwa
ANAY muammamammanwmwauaLwamﬂamammaﬂwmvmamawmmvamu,mmﬂa:u
maa@maﬂwmma;ﬂawlmmmmmmmmmgﬂmwmmﬂﬂmLaaﬂmuﬂmmmmmLLamm
wsfiunazinadatuiifiaauaziinisvosledainad (Chi Square) )ifiuisnismadauiiie

Wiguifiguteyaniegly sUvesnrunvieluzuvesdnau fiege 1wu n1sAnwianaialng

Aniueiuaularseniseausulluau Feliauisaiarieonundudavikiuauladanise

=

Juundeyailiinanaisiivsivsananmudsineidesudiduunsenanduaudvse

[ i

AdLAINABINISANEIIINTHINKAIAINAveayatildiandmuUsulladudnvarlavie

(% 6 v L)

dmMInfeINISIUSEUWEUAILUS 2 NEunsenInndT 2 nquilauduiusiunselduazloavin

v A o Aa a ada ! = vy o
N15AALEBNFAILUINUANRALNUAININTT 60 % %Ql@maﬂﬂu
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4.2.1 HaAIANNQNABMEINTARLABNGILUS
AIAINNYNADIYDINUUTIaBINITIRBNTANERTIEAUUTENATE TR TINTN
anluisneivilaadoua smenaila K-Nearest neighbors inalla Decision Tree C4.5 nadla
Random Forest aila Artificial Neural Networks Lﬂuﬁﬂﬁagaﬁiﬁﬁéjﬂmﬂﬁ’]miﬁmﬁaﬂé’f’g
WU5A1835n15983 Wrapper laglginaila Random Tree natiA support vector machines
wAfia Naive Bayes wag3in13ues Chi Square lénasin113i 4.4

d. 1 Y U o A L
f1919N 4.4 Naﬂ']ﬂ’]’]llgﬂ@@ﬂﬂﬁﬁﬂ?iﬂﬂmaﬂ@'}uﬂi

— Jh. AMNNONABY
A9N1TAALADNAILUS *
KNN ca.5 RF ANN
Wrapper + Random tree 88.35% 78.81% 89.13% 74.33%
Wrapper + SVYM 82.95% 72.68% 82.44% 69.82%
Wrapper + Naive Bayes 65.10% 68.58% 65.75% 67.42%
Chi Square 87.28% 80.39% 87.59% 70.24%

INM15797 4.4 LARINAAIAIINGNFBINEInTANEDARILYTHIY Wrapper
YotuUTIaaINIsRenvanansseauUsznatetn v andnludfmemiiesdeya oAy
gnéinsgsfignromaiia Random Forest dlAmnugnipsiadeegil 89.13 Meisnns uwies
Tneldinada Random Tree auseimadia K-Nearest neighbors fiAtndsegil 88.35 waz
walafifa1nmgniesianiemain K-Nearest neighbors fiAaaesanagd 65.10 fe
315 wiwes Tneldimadia Naive Bayes uazi8ms Chi Square Ifrmugnivsgsiiandio
wAlA Random Forest ﬁmmmgﬂﬁaamﬁ'aagﬁ 87.59 509adu1ABLALlA K-Nearest
neighbors AfnARugNdasadEagT 87.28 musielviatia. Decision Tree C4.5 flA1Aa
gnieuAABeE 80,39 LavAANugNFafisnTiandoinaila Artificial Neural Networks J

ANNYNARIRALRYN 70.24 MR
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4.2.2 wasnanalmdinisAnigendauds
AAUlvesuuTIaeIIsdenangnsseRuUssMateUnTInangnludf
Aiginileatoya Alginaila K-Nearest neighbors tnAila Decision Tree C4.5 tnAtla

Random Forest naila Artificial Neural Networks ilugadoyanlandniniinisdndensy
wuslagldivaila Random Tree wAila support vector machines wAtiA Naive Bayes Laz

381589 Chi Square lANARINS19N 4.5

A15199 4.5 A1AUNaINSAALEDNAUS

. 1 Anuka
A9N1TAALABNAILUS
KNN ca4.5 RF ANN
Wrapper + Random tree 74.78% 58.63% 75.86% 50.49%
Wrapper + SVYM 65.82% 48.95% 65.03% 44.46%
Wrapper + Naive Bayes 38.16% 40.68% 39.19% 40.75%
Chi Square 72.75% 61.56% 73.12% 45.30%

910915797 4.5 wansuarinanlindsnisAndeniauuseie Wiapper
YDIUUIABINITRNMENgRTSEaUUsEN Ao Un I Ansnludfcemileseya larany
hgefignfemalin Random Forest fAnanulaiadeagil 75.86 fe3Bn1s uwalies Tagld
wiAtla Random Tree mupieLnAila K-Nearest neighbors ﬁﬁi%aﬁlaagj‘ﬁ' 74.78 wazwndnad
firnaailamanfeimnain K-Nearest neighbors fiA1adudanedil 38.16 Meidn1s ua
Wes Tneldmadia Naive Bayes uagdSn1saas Chi Square lidauhgsiignieinaia
Random Forest ﬁmmmiuaﬁaagﬁ 73.12 v99au1AomAlla K-Nearest neighbors A1
miladgeyil 72.75 ushematia Decision Tree C4.5 didemiliadvegil 61.56 uaz

A1ANbINaNanfemalia Artificial Neural Networks a1a313lladvegyn 45.30
AUAY



33

4.2.3 HAANANNIUNIENAINTAALRBNAIUYS
AT UNIEVBILUUTIABINSITONTANENTTEAUUTENATEURTIVIAN
anludifsneiviloadaya siewnaila K-Nearest neighbors inalla Decision Tree C4.5 nadla

Random Forest wiafia Artificial Neural Networks 1lugadayanvdsinnisdndansauds

Ingldinaila Random Tree WiAlla support vector machines MAlA Naive Laz3Isn1594
Chi Square A1 17 4.6

d. U o U U = L
A15199 4.6 WAAIAUIWNIZTVAINITAALABNAILLUS

o AAIUTUNNE
A9N1TAALABNAILUS
KNN C4.5 RF ANN
Wrapper + Random tree 92.35% 85.66% 92.86% 82.29%
Wrapper + SVM 88.54% 80.94% 88.18% 78.78%
Wrapper + Naive Bayes 75.44% 78.79% 75.81% 77.00%
Chi Square 91.60% 86.68% 91.81% 79.23%

PNAITNN 4.6 LAPINAATNAAIAIINTUNIZTUSIN1TANLADNFILUTAIY Wrapper

YW UUTIABINTITRBNNENanssEAvYTENIATeUn I T nenludianlewmilastaya larn
° i & a a ° N | al Y  aa

ATUIWNIZEINEAABLNALA Random Forest IAIANUIILNILIRALBYYI 92.86 NIYIBNIT

wlwaesd lagldinaila Random Tree auseinAlla K-Nearest neighbors dfladuag

92.35 waginAtiafilAinNuTnIzaIganamaila K-Nearest neighbors fifladunnanag
75.44 a1935n15 waliles legldinaila Naive Bayes Lazidn15ue04 Chi Square laan
o d' A a IS o N ral A
ANUINNENFAABNAUA Random Forest UAIAIUIINILLARYBYN 91.81 T8383U1AD
wAtla K-Nearest neighbors difinAudnmeladgedn 91.60 mumieinaia Decision Tree
C4.5 HA1ANUINWIZIRAYREN 86.68 LavAimudnmgnmgarainaila Artificial Neural

Networks dlfinAudninnziadeedil 45.30 Auawy
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4.3 MUz AV MKUUS1aDe8 e Bagging
%umaumnﬁuﬂaz?m%mwmﬁﬁagaﬁfﬂﬁﬂmﬁﬁﬂL%f\mﬁﬁﬂmmﬂ ENERGE
weluladgnamnssuiasnsiy univendeunsnuy 1 5 néngns Tduindngnsivtiseusd
wangnsivgedianvsefind nangasigigaelnil udngasivinsUnd wasndnansiv
Aoufianesgsia fd1uan 926 szilou MHunsAnidenduysiiaigaunfiuuszansam

WUUTNa0978 Bagging Ao35n13veeuIUes (Wrapper) saewnaila Random Tree lANG

U

&
3u
4.3.1 HaMSNUEANSANLUUTIABIAIANNABIAY Bagging

AIAIUYNABIVBIRUUTIRBIN TN UANANTTEAUUTENANE UnTIv 1T nEnlullf
Alenilesdaa fleinaila Bagging MATlA K-Nearest neighbors inatia Decision Tree
C4.5 winila Random Forest inafia Artificial Neural Networks 1Jugadeyaiiviinisdnden

FuUIn21838n15999 wrapper lagldinaiia Random Tree wan1snaasInuINNAln

Bagging 59ufiU WiAtlA Decision Tree C4.5 loA1ANgNADLNUTWREN 84.73% NiFuagT
78.81% uavinaila Bagging $Iuu alla Artificial Neural Networks lafainugnseiia

%uagj‘ﬁ' 75.71% mmﬁuagjﬁ 74.33% $lannseil 4.7

M19197 4.7 NaNANUTEAVBANUUUTIADIAIANLYNADINE Bagging

N ANANNANADY
9019 .
KNN ca.5 RF ANN
Wrapper+Random Tree 88.35% 78.81% 89.13% 74.33%
Bagging+Wrapper+Random Tree 85.46% 84.73% 88.59% 75.71%

4.3.2 {an1sNYsEaNS A muUUIIaasA1n1ulInae Bagging
ArALlvedLuUTIaeINITdenanansseiulsenateinTiviangnludfisae
wilasdaya Adeimnaila Bagging imAlla K-Nearest neighbors iatla Decision Tree C4.5

waillA Random Forest waila Artificial Neural Networks 1Jugadayaivinnisdndeonds
wU5A2875n15909 Wrapper Wagldivaiia Random Tree Nan13nAABINUILVALA Bagging

$3fU watla Decision Tree C4.5- laaaulaiinduadugegnogi 68.01% niAN agi

Y

58.63% wazAfA Bagging $uAU wiARA Artificial Neural Networks Méenenulaufindued

&

7l 52.92% anniAwEYR 50.49% FapN3naTl 4.8

A15199 4.8 Han1siiLUsEaNS N uUTnassr1ANlInIY Bagging
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- AUl
9119
KNN C4.5 RF ANN
Wrapper+Random Tree 74.78% 58.63% 75.86% 50.49%
Bagging+Wrapper+Random Tree 69.21% 68.01% 74.73% 52.92%

4.3.3 HAMIANUTLAVEAMLUUTIB9AIANUS INZHE Bagging
A1AUI NIV UUTIRBINSITONANanTIEAUUTENATEURTIN TN R lullR
Aeinileedaa fluinAila Bagging wAllA K-Nearest neighbors inatia Decision Tree
Ca.5 waila Random Forest inAfla Artificdial Neural Networks iugateyaiivinisdaiden

FalIA2838n15999 wrapper lagldinatia Random Tree HANITVNABDINUINNATA

Bagging $3uAU wAllA Decision Tree C4.5 loiA1Audnmiziiuduaghn 89.81% a1nidvey
71 85.66% LagnALla Bagging SauAU mAdlA Artificial Neural Networks — laia1anudinig
\inTuegil 83.28% NLFNBYT 82.29% fan1ni 4.3

A19199 4.9 HANTLUIEANEAINLUUTIAIAIAILALNIZA1E Bagging

B ANANNTNNEG
9N179
KNN c4.5 RF ANN
Wrapper+Random Tree 92.35% 85.66% 92.86% 82.29%
Bagging+Wrapper+Random Tree 90.34% 89.81% 92.49% 83.28%

N5ty sEANSNINTRIAIAIUNADY A1AU17 HagAIAIUINIE P28

Bagging 1w d@walviAiAugnses AAnaly wazA1AIINd e ETBRNs U LnALlAn3e

o

vangudeyaniaiu lagiidedunniidadiuresngudietdlundaraaiaszaoiiusuu

QU I

IndlAgaiuvsemniu nsaNNITNIzAIevaInguteyariegtluudasaaa ddndiunuansing

Y o

Auundsnaliimadla Bagging llgoiiinuszdndammluiusluuinass w0198

Usgdvsninang Bagging avdeslildteyaluusiarlaamanieniiviinaaaiuniieatadu 1
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dsunauazanUaena

5.1 agd
luns@nefinediudsvesnsidennanansiseuvestnAnwilagnsidenuanansseu

UseniatlsUnsividndnludfniemilasdeya aduinaila Bagging inafla K-Nearest
neighbors 1MALA Decision Tree C4.5 tnAlA Random Forest 1nALA Artificial Neural
Networks nuingadeyadouriinisdaidandiuusimaiaiifiuszansangandemnaia
Random Forest 1#A A2 mgndesainigaes 88.66% fiA1Aa1ala0g# 75.16% fid
AN UNIZOET 92.53%

aq ada 5 v v A o/ v v o
39N15UBY Wrapper kaz135n13 Chi Square WUt UNSARLER ARILUSLAINAIR1NUN

v o Y I~ v ¥ ada v adqa |
193a11M1N13ARLEaNFILUTAI8ITNNTVBY Wrapper U355 Chi Square HANITNARDY

' v o v A v Y  ad o a =
wudryadeyaniinsAndensdiuusnigiznisues Wrapper laglginaila Random Tree i
UszAnSamgengareinaila Random Forest ldrnaiugndedindeagn 89.13% A1Aul
\nAgagile 75.86% warA1AUINWIZIRRY 92.86% WalUIsuifiguiuyntoyandsliviinig
(% A v a a a d' ay o 4 a .«.3 a ' al a
AnLdendulsndUsEanEamannanillaA1Augndeiudwadeegn 0.53 fir1aul
WinTuRaEegn 0.73 HAAINTwziiuTuade g 0.33 nan1maaeslaiunasanuile
1MENsAiinsAndenduUiae3sn15u8e Wrapper lagldnaiin Random Tree wuilu
aa Y a a ‘:4'
FBnsnleusgansnnganan

A o v a v oA Y Y aa 1% a =

diethdayaniudniendiulsniedsn13ves wrapper lagldimalla Random Tree 7
Juyadeyaliannnisdmdonsiiulsniivsganinmdnaauinnisimuuszdnsamaie
Bagging LUINULNALA K-Nearest neighbors LvAliA Decision Tree C4.5 naila Random

Forest wAfia Artificial Neural Networks 8an15vaaasnuataiuisasiddssansninliny

waila Decision Tree C4.5 laa1minignaauiisduiisiesny 593 lnAaiuliiiuutesey

12
= =

av 9.38 waglaAmaud Lz NNIUn5esag 4.15 Lavwnaila K-Nearest -neighbors U

wALlA Random Forest MflanAugnsias Aauly wagmanudtwgiiniadivana

5.2 aauanema

31NHaN1naeaguladnsiiuUsEaNnSnMuuUINa0InIg Bagging HuaINITaLY
UseanSanlinuinafia Decision Tree C4.5 waznAlla Artificial Neural Networks fa¢
aa Y ) v aa v a ) v )
BN15ANLEDNAILUTA1875n15U89 Wrapper lagldinailan Random Tree @sdanadnifiu
Jn1ns [50] Tavinn1siNUSEENTAINWUUIIAD9TENINFUUNEINT! BPNN wag SVMs 7
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1 sex fa_occ ma_occ Thai English science  mathematics social gymnastics fa_income ma_income  GPA class
21 1 1 2.25 25 2 1.8 233 25 2 2 Good 3
3 1 1 1 2.33 131 241 2 1.7 3.95 2 2 past 3
41 1 1 2 2.64 191 176 1.68 373 2 2 past 3
5 : 1 1 1 312 3 296 3.08 2.56 3.65 2 2 past 3
6 1 2 2 1.87 1.86 1 15 1.18 3.15 2 2 past 3
71 7 8 25 2.04 2.58 19 2.51 393 2 2 Good 3
8 1 1 1 2.75 3.6 2.85 245 3.2 3.7 2 2 past 3
9 : 1 1 1 2.08 3.08 242 2.27 2.46 3.62 2 2 Good 3
10 1 1 1 2 133 1.59 1.48 2.08 2.83 2 2 Good 3
1 1 1 1 2.87 213 2.18 2.25 1.95 35 2 2 Good 3
12 1 1 1 3.06 2.52 263 2.25 1.72 3.42 2 2 past 3
13i 1 1 1 3.06 252 263 2.25 172 3.42 2 2 Good 3
14 1 7 2 2.83 241 243 2.24 2.95 3.88 2 2 Good 3
15 1 5 5 157 141 1.6 1.66 142 2.95 2 2 past 2
16 1 1 1 1.54 1.66 2.06 133 1.65 35 2 2 past 2
17 1 1 1 1.59 1.33 1.77 1.16 1.6 2.95 2 2 Good 2
18i 1 5 5 2.88 2.09 2 193 25 2.86 2 2 Good 2
19 1 1 1 2.58 1.83 1.9 1.85 2.03 3.46 2 2 past 2
20 1 8 1 2 2 217 2 25 35 3 2 Good 2
21 1 1 1 35 2.57 272 211 2.95 2.83 2 2 past 2
22 I 1 1 1 241 323 241 2 2.18 3.62 2 2 past 2

'
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4. dveyanlaunvitnisAnidendaudsnielusungd Waka version 3.8.4 AINN V.4

& Weka Explorer

PrepmceﬁT Classify T Cluster T Associate T Select attributes T Visualize ]

Open file.. l l

Open URL....

Open DB... J L Generate.. J Undo

Filter

L Edit . J L Save . J

L Choose J‘None

‘L Apply | Stop

Current relation

Selected attribute

Relation: Csv_thesis2
Instances: 926

Attributes

Name: sex
Missing: 0 (0%)

No. Label

Attributes: 13
Sum of weights: 926

Type: Nominal

Distinct: 2 Unique: 0 (0%)

Count Weight

)L None J L

11
2 2
J L Pattern J

No. Name

2 _] fa_occ

3 J ma_occ
4] Thai

5 J English

6 (] Science

7 _] Mathematics
8 J Social
9 gymnastics
10 _] fa_income
11 J ma_income
12 (] GPA

13 _] class

Remove

Status

tC\ass: class (Nom)

546 546.0
380 380.0

E]l Visualize All J

_ 330

oK

Log w x0

A v.4 nsddndeya
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© Weka Explore:

a [ Preprocess ] Classify | Cluster | Associate T Select attributes T Visualize ]

Attribute Evaluator

o ol
b
@ 19:51221 - BestFirst + WrapperSubsetEval - a X
| Choose J‘WrappersubsetEval -B weka classiiers trees REP) Po
class T
Evaluation mode:  evaluate on all training data P
Search Method o
{
L Choose J‘EestFirst-D 1-N5
=== attribute Sclection on all input data ===
| Attribute Selection Mode Attribute selection
{ Search Method:
(®) Use full training set Best first.
() Crosswalidation ~ Folds 10 Start sst: no attributes
Search direction: forward
bl Seed 1 Evaluation oy Stale ssarch after 5 node sxpansions
Total number of subsets evaluated: 83 N

No class J
L l‘ === Attribut

Start Stop
Search Metho
Result list (right-click for options] Best
Star
19:51:21 - BestFirst + WrapperSubsetEval Sear
stal
Tota
Meri|

Attribute Su]
Wrap]
Lear
a Sche:
Subs
Numb

Merit of best subset found: 0.538

Attribute Subset Evaluator (supervised, Class (nominal): 13 class):

Wrapper Subset Evaluator

Learning scheme: weka.classifiers.trees.REPTree
Scheme options: -M 2 -V 0.001 -N 3 -8 1 -L -1 -T 0.0

Subset evaluation: classification accuracy

Number of folds for accuracy estimation: S

Selected attributes: 1,2,4,5,6,7,8 : 7
sex
fa_occ
Thai
English
science
Mathematics

Social

selected att]

BS

BRSNS Frlil <%

] Y | o Y Y aa
AINA 2.5 ANDYIINITAALABNAULUTAIYIGTNT Wrapper

T T T

6.\ilpn13AALEANAILUTUAININTTNTAeNa1lAlUMIY Classify walvin159i1n15asie

wuudnaslagltivaila Bagging, watia K-Nearest Neighbors, 1atiA Decision Tree C4.5,

wAllA Random Forest,uazinatia Artificial Neural Networks wagsin1sinusyansnine e

10-fold cross validation #40

TN .6



& Weka Explorer

Correctly Classified Instances
Incorrectly Classified Instances
Kappa statistic

Mean absolute error

Root mean squared error
Relative absolute error

Root relative squared error
Total Number of Instances

=== Detailed Accuracy By Class ===

TP Rate FP Rate

0.366 0.048

0.505 0.084

0.425 0.065

0.298 0.046

0.875 0.380
Weighted Avg. 0.512

=== Confusion

Precision
0.679
0.639
0.509
0.593
0.412
0.568

<-- classified as

1

2
3
4
5

Recall
0.366
0.505
0.425
0.298
0.875
0.512

51.1875 %
48.8121 %

F-Measure MCC

0.476
0.564
0.464
0.397
0.560
0.499

JLUUINAD

0.408
0.460
0.3289
0.337
0.418
0.406
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Factor Selection for Improving Vocational Certificate

Course Selection Model Performance using Wrapper
Method
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Abstract

The objective of this research is to relevant select factors for improving of the vocational
certificate program selection models of third secondary education students. In this research
paper, data were collected from students who graduated with a vocational certificate from the
Sarisongkram Industrial Technology College, Nakhon Phanom University. The data are from

e Inunmemmaen unTrndaanemnu
! Faculty of Informatics, Mahasarakham University
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