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and effectiss predicions, n addition, leature sefection Deings oaivditation 3l efhcercy Iy reducang tha nuibser
af Tearures i rhe datasel. oEniang madel franng tane, ard improvieed datz enalysds elfiiency, eapedally on
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ImaranEng  aCOFAny Can b dare by leghirs saklsction and can prowcts solymars 10 43t anREls by
redureng ha rum ber of featuras withouT &ing impartant informaban i 2 datachest Feature ebec ban zlio Anes
tre evaluation of the attrdubes nr varahkes that @ most imporant o makeng decsions, provding «abahle
rights anto the factors that most influence the ansfysic rasults. Foature selockion resufts @ a subset of features
trat are comsiderad the mast redevart and edormative for usa | oded develocpmaont. The foatura salactian
process Invalves vanods 2igorithms and methods, sach desgned tosdentify the most refesant and informatve
features af a datasst (1], 2], [2].
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4.0 LITERATLIRE REWVEEW

eim selaction 5 an iImpartant stage A dita processing and machine ieaming model developmsnt. In mary
cases, a dataset may cortain mary features, aod not all of them may contribute significantly 1o the understandrg
ar predictean of the targst -.'grlahle. Therefore, feature selaction fechnpses are crocial to retasn the mest
wiformative Teatures, optimize model performance, and reduce complexiy (4], |55 6], [F)

Heszarch themesd on the use of Teature selection has been corducted with dateshests aooding 1o the
resgrch obiectives and by using varioos metfods and models. Festure Hectumlll milerrmetian gam e dane (4],
191 [100 awrg Rels+ feature s=ectin [111 cwng the chradiciton methad wth the C4.5 algorthim bised an
Tosweird salac o (111 s festure telection popreiatson-Saded |[13] using the Decsaon free algosdthm dose (14|,
g The -Negrpak Meigbor madel [151

In 1 nesigech copducted [LE] the madealep process oarpases fed divld wilhoul pregrsoessing, and
clata that hae besan pre-procesied wsing Feature selecton based on correbation snd dats thal ks been pre-
o ocedied uding sl ormaticn gan The ditaifiel used id dita reglr dirg dtud e Basrin g activibi im B E-Searrarg
nanagemend syabem, The dato 1esting pracedy is carried oul soeg 20 okl orcss vaSd@atian thee C4 5 metfod,
& catd evakesbor iy carried gul using conlusen malme, The fes] resuis ahoy el the gee e T dporithm
corririned with Teature selec i based o conelation pid o ey the Hghest accaracy, witech = 76 92% Meanwtils,
1hee sl readls oo raey dabs wiboul Tealure sefecton ard dats selected vsirg Whormation Gam fhawe the same
ACiuracy, whith i 75.19%

Research [17) ussdata mining feate selection fechniques 1o evakgte The impact of cousses o
Student shudy durstian The Teatrs selectaon technioues used «dude Carmelition Baeed, ERrmation Gain Based,
and - Learner Based Tre scouracy of each Feglire sesaction rethod wes measured useg the Nane B
classification algardhm. faperimental meiufe thew that ®he applcatan af featire salaction fechniouses can
mprovs the clseifeaton tcurany of Dhe Naive Bayes Sporithm Dapevimunts om g datasst “@Qtudent erades show
trat e Learrer Based technigee with the Wrapper madel groduces the highest, acouracy, whis the infarmation
Gain echnigae provides The lowesl acmeacy,

[1BE Thea fesar ch ain's Lo skstily ivdabars ar ablribiates thyfave inllunde by wsimng [Fe oot elalim-
based loalure selectiom mmihod, Furibermane, this stody evabiabes perfrmanee o the Random Fomest
Clersifeer ibl‘]’ll’l‘l o Tofecas) ihe scademic perfodmeance sludents n paine fearning based on the Leaming
M regmereadil Systesm (LS p0pen Leasming. The data Tor thisstudy ﬁmﬁ!.:iml:"ﬂ T 1P arad e ﬂl?llli'liﬂr&l:i‘ﬂl'l
and LMS-Open Leamning with & rual of 2,663 data Reseci@) (18], Sim& 10 aptimize the e ol the hiaive Bayes
SgoniEhim by applywng the Univanate Selection method B the LISGW-NE 15 data set. Oniy AD features with 1he
net ralEnne were telatan 4ar analysic. Furtharmore, the data eat was divided into bwn parts, namal data
=nd training data, with wariatiers o thie rato of 10% 408, 205 E0E, 306700, G080 ETE, : LM 0% Fram the
enperimental resifis, it can be concloded Phiat featurs selection hizs 2 significart empact an tha acouracy vakie

tawnad. Tha Righest acturacy bk achiowed when thedata set & divided inta $0880%, athaer with or without

atura sebaction. However, Nafve Bayes with ursalactod features acheewed tho @n;t accuracy valuo of A1.4 3%,
witile with feaiure selection, the ccuracy value imcreassd bo 91.42%. Thersfore, it oan b sevealed that the use of
featurs selzction meethod can ircrease the apciracy walue of Hake Bayes by 0.19%

O af the effosts o oo accuracy s by usrg feature selscon and are of the methods used in
feature w=lectian & inlemmeticn Galn. Indarmaton Gain k= do meazring howmuch unc=rairky o entropy of
e Liar gt wariable can be removed by kroneeng the walueaf & feglaee. irformationGen s caltulsted by companng
e anagy of the rget vasiable b=fore and sfter feature selection. The ertropy calculstson procsss 1 dare 1o
meanre the | evel of pocerL ety o Lhe datased, sformeton Gain i caiculoted as R dffereres beiweer e indis
anbriny ard The antropy aMer Testure selecticn, wk the aim ol massriesg oneestaety recuctsen 18], [30]

[iiad ar TR evlraduclion; e feyearch podtess inchudes com parrg wanouy dasiure salecton melkods
and welechrg dassifmation agoeithms b obtan figh docursoy vablees, The fegture sefeclion method Led i
irformation gaen with lurg cancer datashaat which s a pubdic datashect. The chassification algarithms uiad are
decwion tree, random forest and KMNK.

3.0 METHODOLOGY

Dta Analysiz Tednique

in conductrg Bhis research, data snakes was carmesd oul wsing the Enowi=dge Deciery I Databazes (KOD]
metficd KO0 E a e al activitis that cludes colecting and Lsing historical dats to denbdy regulaiess, patterns,
o Enleractions i Gargs dateeds (211 The resuaits of 1he dats min g pfocess are used to sugport dedsicm makes .




148 Jowrna’ of Anpied Busines and Techooiogy (IABT) 2004: 5031 145-130

Feure 1 iBustrates e KOO process. This procesys scludes severa steos, such as ga collection, data d=aning,
data Eegration, data selection, data trsdformation, data. mireng. dala minne evalustion Enowledee
presErtAticn. ard bncradadge utilization. Eackh of Bhese shaps s smpeeiant m gersating waluable Sfomation fom
Erg data o suppar! dasmea n-rmaking ared vn ket an e patbern g o regikaribed in Bhe data

*%:ﬁ

i
4

Dataghaet

T dlalasimal progessed 2 p dalashee oilained lom Wil echive.gs i eddu, The dotisfsel wsed = o
datashpel thal contairs data nelaied Lo kng Grcer ano B siored g OO Tee fung cancer csv), Thie lung caniss
datasheet can be downloaded a1 Mpge S danhive iy uc aduidatae gz kingroancer] . The datashe el Corsisrs of
3 para and carsEts of 16 ronimes

Tha information Gain afgorichm is wead o the canreor ot devalonng 3 decsion ree for featane sel ecton EEBpE
af tho Information Gain afgorthm:
1. Cabculate Scwrce Bntropy [Entropysi

Weasures the uncertanty or vagueness in the datashest [22].

The farmilz is:

]

® Entropy(s) = — Z.ut.wg:[p.}... S e

13 =1

witvmre i khe number of dagses, and pi ks the properton of samples belonging o clasi.

2, Calculate Ertropry Alber Feature Selacticn {Enbropy 5_FL:
Cakculpte the ertrapy afler Fepbuss selection bosed Gn a gorboutar Tegtuse vabse Thin & dore by caltulstrg
Tk @ik r oy T eack ufig e watue ol the feature nd then taking e @i of e vakies The i aie valoe
= pach walue wisighted accordeg Lo il propesbion of Treguency o s dela set Based on (B frequency of msch
bealare valus 22]
The Frevalais;

m
Ertrapi SF = [%.E‘ﬂ.rrup}' T8 e
[EL
wehiare im i i paenber of uricue values ol e feature, R i e number af samples baving Teabure value | W
s the wocgBsmber of samples, and Eraropy (3)] & the entropy of e sui liss hawing fedtuee value |
3. Cakulae the InformaEn Gain
mtarmnatinn Gaan b5 e dference heraeen s eniropy betore and atter Teature s=ction |22]. The tormadla
s
Irfarmartan Gadn = Enrrapi (5] = ERIFap¥ee - - e L3
4 Gelerd the FEaice mmu: Highe st Infasmatson GEn: )
Bagagl sheps 2 an@h:r et veilable Feature and sefect the featurs thal bas the highest Infarmatian Gain.
This: Femlure will b Phe bt Reglore Lo oplil The dabanet o ke va sleps ol detmam bres cors ucisan,

Madel Evabastion

kaadel eyaligtion @ o crtical step in anderstandirg the -_'-:b:ﬂlw“:h the madal thil has bees Bl s able b
make pood predicising & comeman evauation metbexd nvolyes comparng Uhe moders predictons with the agius
wa s in Hhe Lend gl adet,
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31
In clasfication maodel =valiaton, accuracy s are of the commoniy el s iomeasre (ke extent
o vekich theimodal can carrsctly precicl IRE clas or label. Acuracy & calculated as rabio between e member
al corredt prediclioss (True Sosdive sl Tros Regatve) and the bkl rambes of cossreabons [19] The scoumacy
Torrsrla can e fermulabtsd m Pollowes:

Accuracy = FURDET B DOTEFOT Y ek A

e -4
Fracson is ore of the evaluation matrics in clesssdication modess that maasuras hiow meey of the positive

rstances predected by the moded ane actuelly positse [219]..
Trie Pt pex
P = s fivess Faise Pasiiives )
I, abea frvawen 28 Sensibwity or Tros Posdive Rabe, s an ecduation metrc in dassification modes that
measres how many of 1he overall positae instanoes are successhuly predicted by the madel [19), Becallcan be

calodated with the fofioring fonmua:
Traw Pasdiiuac

(4] Rl o e Foitiines TRatey Mepattes~ 1o (4]

F1-30a0e & an evaluation metric in cissification modets thar snciudes 3 balencs Detae en pRacison and
recall It privdies 3 single vatue Thar nines both meTrcs and Isusehil when Thers & 3 need ineomarehersyaky
ascecs madel performancs [19). F1-Scnna i calculatad by the Following farmils

Fl - Scove m § pirocsiome aeond 7

Preaso +Aroel!
Conbuman ety &= dasshicaton madel perfarrancs sakunor@Rg that presanrs 3 summary ot thia

model s pradicted rasuls sgairst the actual kroen sest data. This matis consists of foor man elements: True
Pasitive {TF], True Regative {TH|, Falia Posithes {FF], and False Megaties (FH|. Confusian matrie < a dazsificatian
modef parfomrance evaluzton tool that presanks & summary of the modol's prediction resufts agaret actual
n-:uun tet cata (190, Thes matbix corssts of four main sSsments:
True Positve {TE)
Eepraseris the number af posiive ohyervations coerectly predicied by the model.
2 TrieNegawe [T
Fepraserts the number of regatwe chaervatons correctly predicisd by the model:
5 Falie Positree [(FP):
Faprmserky B number of negatke pheprsatiany thol wers Peorrectly pradicts:d = podte b‘r e moced
sFale &lsrn or Type | Errad]
A False Megatue (FN)
Begraserks Tharumber of positee obissyations 1hal wers meomecthy pradicted a5 resg st ies by Che model { igs
o Tygee || Errie, ﬂ
Useng these syrmbals, the Cordusion matris (s presented in Flgure 2:

Acral Vakss
Pasiirer i Wegairen {0
; Fuattwn |3} Tee e
g Regarei | PR ™
Fgure 2, Confusion matrix
4.0 AESULTS AND DNSCLISSION
Bita Clearing and Integrataon

‘The cata deaning process s done by chedkng the dazsneet uzed Ths process 15 done by checkeng empry data,
claubbe carla, ot ler data and consstency of data contet |23), 1241,
Blank dats checking
Chiecking @mpty dats s done 5§ lookirg st the meang valus calumn on the datashest,
Faanioring duphcate dita
«  Dupbcate data cin e srmts i onderitanding The distabiiteom and charschanstics ol the dald, Sastcal
pnshysay parfoemed on unciean datasels iray redsall in smEcursls astimated,
Thecking Ted autlier data
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Eemoval of gutlen from a datasel is an imporiant corsideration in statstical smabssis and data modslleg.
Duthers, or pxtrems poims that differ significanthy fréen the maoety of the data, can afect vanous aspects of
shdimtica analysis

[ila aarasdere y cheekrg

[ata cors ptercy checkng s 1he procest of werfcabon and svalualion 1o smude Hhat Re dita an 5 dalest or
databage mesits precelined standards and rules, The process of dhatkeng catagorica dats i shown in Figre 3.

for moluen im ot .colummer
prrlaus_valews = dfcoluen) . enigue( |
prlet{ M inige Value Lo Valus Colosn  "foplien]"="}
bt {undoee_uslue |
pristf "t

Figure 3, Data conststency checking process

The result af chacking, @ach featurs aveady has 2 conestern wahe The GENDER faanre only conrasns L

and F data and obhar features are in accardance with condstant dats corfent. Thi checeng results are in Fygune 4

iedgas Vale d= Valew Dol  CUBEDRE"
SR |

Ledgan Valan G Vailes Trlos famm
4% 2% By KR TR W ONL BB MK EL T BN NN SF BT AL B2 ZH WY 0N 43 B &7 TT
T 4l AT TioSE T TE AR TN OB b AT )

Ihl.ﬂ: Videt 3% Yelur Coless ORISR |
ik al

kgt VELa® B8 Vgt Lol "YRiidhe b lambka"i
[=-1]

icdnas Valan Bn Valas Colame  CARNIETY @
I 1]

Lrdgar Vabar o= Valar Cnlome ‘PP _FEULIET

It 4]
Figune 4, Duts consisbercy checking resudis
Diata Selection and Transformation

T data selaCion andrranshanmarson DreCess |5 a0 ampariand stage o e data anal=s oy hal ames 1o improwe
e quality amd refevance ol the information comamed in the datmst

The sftimate goal of fdata section ard ranshormation 5 6 e datasels Mar are Deter preqersd for
Analysis or modeFing, improse 1ha mbemrelansnn of recuits, ani sippon mare eReive deckson-maeing By
agtimizing data represantaticn, RSN naise, &0 emproueng comgautation af- ¥, Bhis procecs bacnmas 2
critcal etap i bringng added i to the orf ormation canfaned in the dataset Feature seloction & an affectve
way to reduce démenslonality by remaving redundant and rrekreant data |25, [26]

Mining
me comteal of Teature selection, fnlommaton Sam B s 19 ais how well g lealure cam separale & dalas
o clilfeenl classes, The main prindiphe = thal T'tﬂ': Ll pedicks prare slormation abl 1M Largel variaihe
Hizree hipmed Il araoe Gain. Faalunes Thal prosicke thie RiZhest miodmatlen Sain or e meas] D sepes Gl ol
e dataser. Featuras thar have Righ Informaion Gen ana consoened more nlormative anid haya 3 signilicam
smgact on thetarget vanahle, FRLEe 6, feature Selaction resufts on the datasheet
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HHETZON
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Flgure 5. Feature selecsion resy it

Bazesd on Figure 5. 5 fedbures that hove o Fgh gain rato were determmed The sekeched Teatures gre
aliesy, alpohel consumeng, wheeang, coughirg, swillowsng diflioaity,

adel Svaluation

khadel evaliabon b uied T messure e ddtuiady oilained Faim Che roode ] dciealed Modsd sealuadionis dones Ty
comgaring the resus of model Duiiding sonh decton res, fegiession Logistio and Random Forest algorihims
Mindellng is done by comoing 1he use of all adsting feanras and the esrs of feature selection, &Mer featura
sekacman, e nemiles tend 1o he mone oifient and 1hane |5 390 FRCraate n scodracy WAl A saller numhber of
teals ran merease 1he speed of madal trasmg. educe complanty, and maka infermratation sasier. Altough
e FrsUits may vary dapending on the feature salection mathod ussd, in general, a good feature electan can
improva the accuracy at the modal by maintalning or @sn Improving the predction performance agarst the
1arpat variabba [15], [15] [27]- The accuracy results of the B owpanmmants are presanted in fable 1

o558 BT 0,954

pre— agar  LwE 0947

Becall 0S4y 1, 958 04947 1958 096K 0=hy
Frecsan 094k 934 0984 (L1958 0958 [958
Flscure 084y [ oa5E Q3a? 0.558 ih=]:] [958
Confuion Matrix 1451} [A51) [1451] |50 20 [[514] 15011

[add]  |34TH  [ad6) (242 [ 243 1141]

The resufts of & model buldeg expenments show that the clesdicatian model wing the fegressian
Lt afg o thm with Festure selection bas a Setter acoumacy rate: The resafts of the b tnak of the accuracy value
ane rot oo Far apart |28-33)

&0 COMCLLISION

The feaiure sefection precsss |5 an Emportant step in the data analyss process that aime to smpeoee moded
perlormance by selectng the moat relevant subset of Feaiures, The feature selection grocess used & infarmatian
gan The advantages of usrg information Gan indode ity abiity to idemtify ifhe most afomstive Eatures,
saparabe the datass] smio more homapesneous grous, a0 mcreaes e efficsncy of the model by reducing the
clenergson of fe datesst. Feature selaction with Information &ain also Helos overcoms overfitrg, mantam
rnodéd infer pretahildy, ard Enpioss anderstanding ol sillueciial Bciord [35-47]

The epgalts showed that the accuracy valoe alter Teaturs seleifion resoitesd s higher accurany. The
mirmger of features talected wak 5, namedy dlergy, aloohal toreumeng, wheenrg, coughirg, swalBosing diffcuty
Ay it Begrestion Logists: alganthim srocuses & wales balore faglune seecton of 0948 and affer fasiyne
g lacdian procuses an acturacy wahus of O DER
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