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. trsrrdcr- thc qo.liq d strdcoE' parforDrrtc! clu.Ers
rfht s to th. rcturac)' of .trdents bclnS in goups b.t d m
thclr pcrformarce. lloi.tar, tha rGultht qurHtl .omctfunca
n r& ro h. lmprot.d b.ttuta ahc clultaring pnxcs.r irnolvc
fcrluB. lh.a .rf ltot ddrhana. l'urlhcrlnoJt, itr lh. Pr"r{qrs
rod(!, ma.lurcm.it d the qurlla) oa lhc clu.iacr. in
unsuptn'ired .r rlurlior oflGlt drly llr! lxk mc8urt
TlErcfi,r.. thL prpar flrurc3 lo cnhanc.t lh. qu.ll$ of._lulfarr
\' climineling fc.turct lt.t .t'. lrtElcr'.nl b1 rpp!-ing tht
fcrtu.e *lectlxl lllclM c.ll.d lh. Gird lrdcr. lle.nnhllc, ln
ttl. prplr, thc clushrln! mclhod .pplied i! X-ln..tl! for lhc
mihln8 proca.s. 'll|cn, *c pn,Pce thc cr'juetiro proctsr
mcrsurrd b1 thrc< nrctricn natlllrtt: lilhoirttc ctlfrci.nt
,t\O\',\ .nd t-i..t Thc Grp.rlti.tarl r.lulti dxn rhrt th.
Gird lndcr crn imprrrtc th. qu.litl of clltlt rs br!.d r alE

rhrtc proporcd mctrks Xc.trad+--<hlst ring lttdcnl!
p.rformaft!, fcrluR !.lc,tiloal, t-h3t (;ini lndcr. h'rncers

l. lNTR0Dtc'no^*

No\radats. almost sll prres.ses in the uorld o[edtrati({l
utilize trc odlance €nt of infomstio[ orxl commtmicotion
tcchnolorBt ll | $ith its securit]' &s?ect I2l. This coniition has

thc conscqrE-ncc ot tairxrd large umot[fls of dst8. (he ol'
lhem i.i stulent data. This dsta cnDourogcs n scschirs to
resqrch in thc licld of Edrrattrral l)sta Minrng (EDM).
oDc mc0xxl thot is quitc oftcn dorre is clustering l3l.

Rclatirry to clu*ering, researchers sPlt it to rnary.'

tkrmoins. Najdi et al do the clustering rn the tulent
t)""logre*141. Then. Cen"zo et 8l cvloit it to srEllze tlle
stud(,-Ils' I-MS intcraction potternslsl l{ar$8ti ct sl usr thc

clusterirg mclhql on 0r mappinlt of thc studc[ts'
perlinmancr 16l. Sir{h et ul also do the clusterin8 m
stu&r s 'Irrl'ormllme [7].

llo$cver. the clustering pr<xtss slill in\ ohi\l sll Olc

l'esture$ ol lhgso previous stulies Wtxlr€as- these t'catutcs

olit)n contqin irl€le\ant lb0tues [hich cao cause a decreas

in lhc qualtll ol thc Esulting clu{crs For this rcas{)n' s(me

rcseurcirers hare s.tulht to improve thc qualit\ olclustcrs hl
chursing rml! dominant fcaturcs. I"ooturc $l€clion is

uoolicrl .m tllc Dsrchom()tor domain [81. the hrbrid l'estule

s"i*tron is 
"*oloit"a 

nn lhe stu.leflts oichiE'\'cment l9l.
l'eatures selection also is used lo imprtrte l}E senlimcnl

arurlr sis trn the leuchinS elaluati([ [ l( )1. aft.l Icoturcs o[ dutu

set rclsting to c-c(xrrse are selectcd in I I I I to etaluate thc c-

learni(E frr(Eess. etc.

Cini is orE of the t'({ttrle selection methods th8t arc oot
mwh explorul in EDM[21. Gini 'is a mcliticalion of
anoth€r Enribute's qualit! f€twe called the Gini inde\. Iloth
the Gini lndcr ond Gini arc thc sarne as int'ormotion grin in
tcnrls d'bias toi\ards thc imp<rtancc of msnl hiSlF\oluc
dttributgs. So thc Gini Irxler us one ol the l'c{tttre sclc,ction

methtxls neds to be expk)red in ttle Iil)M domsi[.

Regardirg the measurement of tlt! quslit! of rhe clustcr.
prerious sudies us€ lhc stpenised eialuatioD l9l. other
stulies u$ ttt unsupen'ised eloluation l8l. [t31. l7l. In
corurection r\ith tlB urbrpen'ised eraluattrn prcr'ious
stulies BeneEll! trsc a single measure.

l'lErEforc, lhis rDscarch t'octscs tn thc clustcring pnrcess
qiich onlv i 'oh'es rele\.ant or dominanl l'eatures hv
sppb'rn8 thB I'e{ture selcctior method. ]lds aPplication is

intcBlq! $ tlDl (he cluster prdrred hss hiSh ql,l8litv.

FurrlEmore. r\c proposc cluit€r qualin' measuem.nts in
wlsrdl mctrics. namch': silhoucttc crcfEcicnt. ANOVA. orxl
t-tilst.

t'inalh. (xrr papr is sg:ciliu! l'or 'l siec(i(xl\: ( I )

intrultEti(n (3) the pro,lDsed mettxrl (3) rcsult and. ('l)
crxrclusion.

voc.rion.l hirt .chool

Fig. l. Th€ tt oP{n{dt mcthod

silbudrc tuBlion f{r lh.
d.lc'rlirulion of lhc l|umbcf

Ferbrc icL.ri,tl tndlrxl
(iini nldc\

CftaLrinS mchod:Rcrult rmlyi:

!d l-t..!
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II. Mtr.NnD

This se.ctitn dqscribes the steps of the proposed method.
Ijivc steps irrcldctl thc student data as shoun in Fig. l.

Step l: Stulent data rnllected liom the Vocational High
Sch<xrl Surabava

'l}e erpkration of this research uses studcnt dala on
pretious reseanch I l.ll. 'fhe strdent data is stored w'hen thc
students interact uith the e-leaming systetn. esJrecialll'online
tcsting. This process gensrates l0l t'eatures and then t'canues
are ertractcd to pnxlrre the sinrple features. This activitl
obtains 5 t'cahnes. 'lhcy'are as follorvs: Donc, Itrcm{l'rue,
'l"ime. Hint arxl Scrxe rvhich having the nwneric data type.

Stcp 2: &tennining tlre optimun number o[ clusters uing
the Silhouctle tirrclion

Ille function usetl in this step is called the silhowtte
c*ltcient. lhis ftnction is also exploited in ttr elaluation
step as the last step. The l'ormula of this l'urrction is
rcpresented in cquation (2).

Step 3: doing the t'eature sclcction method

In this step, tlrc Gini irxlex as a l'eature :relection methorJ
is applied to otn strdsnt dala. '[he goal of this step is to t-nd
the uppropriatr: tbattuts tbr the slustenngi proccss.

(a).

(b)

Fig. 3. 'Ilre viualizetion chslering rsule in (a). riginll fcllrc rets & K'
meam on. (b). sckr:ted fetturu t€tt & K'rncam

So the process d<rs mt im'olte the inelerunt tbatures

utrich can &cline thc clustering perfcrrmurce. The tbrmula

of this feanue selection method is as tbllous:

-i 2

cm,(r) - , "i.[rrl (t )

Fig. 2. Silhoueie vrhe wtidl rhows thc optimel rumbcr of clurlct in 2

l0 timo mning

Where ttre Gini irxlcs measures the puri\'of tbature t tosard

catcgory c. p, is the probabilitv of an irntance tlrat is

classit'red to a particular class i I l5l[ 16l'

$ep.l: Applf ing tbe clustering methtxl

lor the clwtering process, our research explores th]
prpular clustering method. namely: K-means [3]' Almost
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pretieus $orlis in Fdulirul Dlrta Mining (EDM) lpph it
to do thE clustering Focass
Slep 5: Anallzirry OE rDsdts usinS silho.EtE ccffpi€rt,
Anovo. ard t-tcst

To e\,aluate clusleas. lhis resarch applies the
unsupenised crrhntion ulich only uscs Or intsroal
inf{rmation. ln this stsp, rve elplrre the silhoEne whE
I I 7l on etcn point I I 8l . This is the mtio of ptrints malclf,'r,
$ilh olher F)ints in a chrster $l|en l'acel *ith Jxints in
anolhcr cluslcr. In this contc(, thc &!ree of similariN
d.rp{,nds on lhc distsru: betqeen points. 'lAe morr similar a

F.)inl is to anotlEr trrinl the clGer fiE point is to all)tlx(
tr)inl. l hc siltnrcltc valtr of ith point. S, , is e\trsssed in
cquation (2)

th -o\s,= " ': (2)' nEr(4,4 )

WlEr€, a, is the arErage distame calqrlated betu€en 0le

i-th poi and otlErr points on cluster i. D, Also. it repmcnts
lhe minimum distance msrsured behveen poinls to ()ther
pofuts i[ snolher clustsr. 'l]E siltnEtte valw is t'rom -l to
+1, $hcr€ {l highcr vslue mesns thrt thc i-th point is mre
srritahle l'tr the chster than l'or otlpr cluqers

TAtsLE I. AI{ALYSIS OTCLUSTEI TESJLTS IN TACII COUEIXATIOT{
tr'ITX AM)VA

lllhor.llc rdre on lh*
corlrbh.li.,o oforiginrl

ae.lllrr iel! rld X-monr

Silhooelle rrlu3 on lllc
tuhUnrri oi{lsct.d

fe.Iur€ t?l! and K{gtot

CI a3 cl c2 c3

0.581 0.568 0.J.1{' 0.503 o525 0.616

o.5l I 0.5,) 0.5t 0.525 0.941 0.673

0.J.I

0.5t.1

[.572

0.5 t I

0587

0.56t

o.647

0,539

os56

0.595

0.634

0.617

0.51 0.566 0 i -'l 0.548 o 5E2 0.666

0.621

0.6t2 0.58.r

0.J71

0.5{-t

lr Sl)i

0.46E

o 601

o5l -l

0.57E

0.4E5

0.535

0.679

0.6440.fi)l

o.6lq 0.56t 0.579 o.622 0.581

0.6 t6 0.571 0.5(,t 0.637 O,5EE 0.681

0.J5 0.6t6 0. J9.l 0.537

0 t8!

0 .lu

0.626 0.562

o.58i

0.649

0.65s

0.541

0.687

o.J3l 0.56E [_523 0.66 o.667

0.590 0.!7.1 0.:ol o.66rl 0.681

0.('01 0.50 0.657 0.644

0.492

o.l3:r

0.56J

r).642

0 -llr7 o.5t)

0.675

0.681

o.65,r

0.6.15 0.676 0.685

(!) (h)

Fig..l. Thc rilu.fizrln of rftc .iho'EttE rrl'E dl (r) dic trigiarl ti-
lnlxi, G.lrrc '{ rrd or (h} th!..1*{6d G:bn! i€t ti-mc.i'

More tfun thal. \ie nlso condlEt|'tl a clustr:rin8
arulrsis Nith ANOVA as anothet erBluation. In this slud\,
ANOVA uas uscd to im'cstigrtc \rhcther olc clusters
prultred b1' each methrxl dillerer.l signilican0! base{ on lhr:
valrr of the silhouctte. Firulh', the e\alurtion rras carried
out rDing o t-test to se thc qurlit! of thc clustcr het$en 2
methods ba.sd oo the ralue of the siltt(ltatte.

Ill. tlEsrrlr'

In this sccti(,r. thc c\ecuion ol thc p.(rponcd framcrvrrl
is im€srigatql. Wc descrihc this sction in 3 gbse<titns.
namelr': ttp optimun flrtnber d' clusters, clustering ]rnEe:is
tsing K-meanl arxl eraluation (tf the result

.1. 7 he optimum numlxr of chster

Aier tlr raN lb.tr!'cs arc e\racted. thc siltx)tEtte
l'rmcrirn is nm as lh€ rumbcr I 0 timcs (m stulent data

oblairFd. The rE$rlt rahE is &Trerented in the array- of the
silhrEtte ialue. as I'ollorrs: [NaN 0.1167 0.$26 0.1257
0.3950 o.,ll78 0.387.1 0.4039 0.377.1 0.35691. I'tis amrl
sh$rs thst Or optimurn lalu€ is 3 clustels. Ijurther, this
a.rl!\. is plotred in a graph $hich indicates thllt 0E optimum
nuulb€r of cluslcrs on sttrdcnt data is tkcc clustqrs. So \r'c

dl;lsnoirE thc nutnber ol cltlsters = 3 lbr the nc\t step as

shoun in liig.2.

Ne\t. this research selects t'earun:s using the (iini IRle\'
Thc applied d this mctlxxl lLeneratcs t$'o ltaturgs. namcl)':

dom and prcccnt InE. this step has I !K)ol to increalE thc
qualilv of cluslsrs ond ils tcsull is flifixl \\ith the trDulsr
cluscrirur methtxl called "K-mcans".

B. I'hc ch$rering procd.tr rrsirg ('rreorrJ

Hcre, lhe clustating ptrocers rses K-mcans apllicd on trv(t

l'estues sel& nunell : origirul l'eoturc et alrl Ule seLcted

l'eatue st . Thc siltxmotte taltE is d€scrihxl in Tahle tl. fhe

o ol oJ ol 0r o.t

I

5r

^ EiffilA. rB:--: :ts4i4:t6rF-_

a 6.!f-
0 0.1 oJ ol oa 0J 0 o., oa 0,5

0.609
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lisu{lizuti(m of the clustering rrsult is depicl€d in rig.-l. h is
liuxl thlrl thc K-meons on the selqltql l'eatun: sct has t]E
cluster qualih bctter t}uo on tlE original l'esture sct. This
quBlitU is bosql on thc intr& and bcn\qm-clusls. IIE int-a-
cluster is rclatc1l to closcncss in qrc clustcr ad bettrcerF
cluster is rclat({ lo Urc dislafir.' ben\(*n clustLys.

(. Iha t*tluouon.rlthc r?s lt

ln tll(j linal slep. \rc analrTe the restrlts $ith l
meusurcmenls. namel!: silhouetle. ANovA. ard t-tesl The
silhouclte \.sluo itsell'can be used to see the lalidit! trf tlr
rcsulting clus|,. as c plaincd earlicr. 'llrc l'q\\er silhqrtte
raltrs bclou 0- lhe higtler the r'aliditl of thc clustcr.
Because th& \'alw ol'0 irxlicotqi thc co8nitivc lc\tl of
stl&L'nls is h('hr(!n 2 cllNlers find lhe valur - (ric?aliIe) (r|
thc silhouJtl'"' \alu: Nhich indicatcs thc unsuitablc of
studcnts being in thc clustl,r. I'h€ silholEtlc resuhs shoN that
the talidil\ ol'llrc K-means cornbination arxl thc selected
tlatEe sct is hrgher than thc K-me$s comtrination on thc
oriSinal l'ealtrre set. This is btxaure the numher of silhorEtte
yaluls is Jrnaller thsn 0 on thc combination of selcct(d
l'eature and K-means is less than m the combination ol the
origiBl l'eature sct and K-means as skr$n in l'ig.{.

furlh€rnore. ws e\olual! the results ol'the clusters bl
usinS AN()VA to in\esliSate r\hether lhe cltstcrs prvJwed
bv sacl mclh(rd dil'fcr si8nificsnth boyld on thc r'alur: of the
silhoudtc. So. thc c\Bluatim using AN()VA is dorrc t$icc,
the tirst: slusicr rcsults on a cunbirutim of *lected l'cattlle
sels flnl I'mcans. arxl lh€ secorxL cluslcr results on a

coNbination of qiSinal t'(Ituru scts and li-nlcans.

bdlelr,l tll Ct. td rt6 a.n 6

Fi& ,. Tlc clu{r. -utlti r..ut! frqi . cfirbiutin of K<nc.nr .nd
cilirl G.tr. rcl $ith AN0VA

tlallrlh.l 9!l cL tot rt& a..ra @

l-.-,
0.,46 0.3t4 o.atG o.aa5

Fig. 6. ]}lc Cltnrcr rltll5i! r6ull li.in ! combinrtifi of K-mcrllr md
fqlor. r€lr lcl€crod nilh ANOvr\

Dll!...B. r (.1]ucs.t Ctt - f r.ll!.ate t!)
t !116 ao. 61tt e6r -o.oalra
9lt crD.t bour.r lor drrl.et -3.0{99t

T.{BLE Il. TH I sr LHouElT[ vN,u E t)r THE coM B r\ATro.\- oF TH E

otatotN^L K-NtANs & gt ATtjRu sE'l (OF) ANDTttt (()tttBttAl loN o|rHE
sE LECTE D Ii-MfiNs & tra^TUIE Slr {FS)

I1\i

o.5ltl 0.50i

o5ll 0.6:5

0.J.lt 0.6.17

r,.5lt{

0.52 0.5.lli

0 62t 0.{6lr

0.612 0.{E6

0.!:i5

0.619 0.57{)

{r.6t6 0_637

O.JJ

0 {8J 0.52J

0 {tl r,.J.l I

0.5J I 0.556

0.5sJ

0.Jlt2

0 l9l O,JJ.I

o .l8l

0.61,r

0.5:, 0.622

0.J78 0.5r18

0.507 0.617

-tlle 
h!?othesis of the ANoVA test is as fdlo$s: 0x:

alcra1o ba*d on tlE silhouette \alrr of thc chlstering
rcsults on the combinati(ln of K-means snd the original
t'csturr slt snd the sclccted l'cstrrc set are:

l{O: therc is no diffsencc in the mcsns of silhouctlc \alues
in all clusleD prqft.q:d lmeandaverage of Silhouette Cl =
means of SiltxrrEttc C2 = means ol' Silhor.Ettc C3)
Hl : tlrre is a ditl'ercrcr ti<m thc means of siltpuette \alEs
in all thc cluJsrs producod
(means of Silhouctte Cl * mcans of Silhouettc C2 t
meaDs of Siltpwtle C 3 )
Wilh dp dcternirution of the confidcncs lcrel = 95% and
a = 0.05. This means that ifP-Value <Athcr reject II0.
Clustcr aoel!sis resulls l'rom s cqnbiulion of K-means qnd

origirul feattue sets alc pr€s€nted in l'i9.5. Monbers of
cluster cl, c2. c3 are -17, 59, and 17 slulcarts, rcspecli\elv.
here, thc rcsultinS P-Valuc is 0. so rej€ct I l0 and acc.pt I I I .

This mears 0ut tlr;rs is a silnilicflnt difi'ercrtce from 0te
silhouette rshEs irl the cluster Benerated bt the c(xnbiruti()n
of K-mcans ard the oriBinol featurca set as sho\rn (xr ['ig 5.

Mean\r'hile. lhe cluslerinp onal\sis resultr frorn the
combirution of K-means. 8rx, sclccted fcaturc $ts arc
prErotcd io Fig.6. The msmters ol' each cluster c I . c2, c3,
rorFrctii'ely. are I l. 52. anl 50 strdcnts. Thc rssullinS P-
Valw is 0, so reject tlo and acospt l'll. I'his ml}ans that

fig.7. l -l.rl of lhe merr$ sihoucu. !.h6 on bolh ,nelfiods
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there is a signihcant difference from the silhoette values in
th€ cluster ptaduced by the combinatiqr of K-means and tlrE
selected feature set. So the cluster quality of ttle two
cambirEtions is Sood because the clustsrs have E signilicsnt
ditTereoce in terms of the means of silhouette vahEs as
shown on Fig.6..

Finally, we arulyze the quality of clustering results from
both methods. We p€rformed a t-test on the average of
silhouette vakEs of the two methods (a combilation of K-
means & original feature set (OF) and a combiriation of
selected K-rnearu & feah[e sets (FS)) as shown in Table II.
Th€ hypothesis of this t-test is as follows: bssed on the
avel8ge of silhorEtte valu€s of the hYo methods is as follows
depicted in Fig.7:
H0: mears of silhouette value_OF ((the combination of K-
means & original feature s€t> me8ns of silhouette !,alue-Fs
(the combination ofK-m€ans & select€d featu€ set).
'llis means that (means of Silhouette OF> means of
Silhouette FS)
Hl: meEns of silhouette valrr OF ((tlE combination of K-
meam & original feah.re set) < means of silhorEtte
valw_FS 1a combination of K-means & f€ature sct selected
This means that (average SilhorEtte OF <av€rage Silhouette
FS).

With a confideace levet of 95% and A= 0.05 artd th€
altemative is "less than". This means that if 0te P-vdE <
d lhsn reject H0. T-test results show that the P-vahE = 0.

This means thai reject H0 8d acc€pt Hl as presented in
Fig.7. Thus, the combtution of the K-mears & the selected
featue set (FS) is of high€r qiality than tb€ combination of
the K-means & original f€atw€ s€t (On bec{use of(aversge
Silhou€tte OF < averag€ Silhouette FS).

IV, CoNCLLISIoN

The selectiqt of features using fle Gini lndex can
increase cluster quality. The me&suernent results show that
stud€nts vvho have low silhouette levels a'e rEduced. This is
also rupponed by the results of investi8ations frorn tbe t-tEst
and ANOVA which illustrate the same results that feature
selection can ircrease silhorEtte levels in students.
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