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dlojglute|d #Z| Ao LHA BRUFE 4225 712d CART, CHAID, QUEST,
C4.500 4 WLy g Al Zs gtk CARTS HA g o) HYE ZirhE Abae
g F o, 97 E AESE A AEANA 15 S E Ho AdBEE T oA
H AFE B3] v st A8 s 71 A 2= CART, Enterprise Miner, AnswerTree,
Clementineg AH-&-3t G th 2 =29 A 3tE 2 4F A7 At o8t C4.52 CART
= 2E Mo A3 HelE 21 glon, CHAIDS QUESTE ¥l w4 A=
AFE o1 glglth

Fago]: AN, HeAd He] CART, CHAID, C4.5, QUEST

1. A &

tolElnte| S A BA A £ FEXN EH 1L (classification tree)= W% 838t d
2] A= = 7 ol th B R U= o &9 52 (predictor variable) E ©]-&3Fo] B 3L ¥ 4= (target
variable) 5 &3t 29 AP o2, RERSTY oo g FHE HolBHE W5
Ao B3t ERUFE WETH ol o ZF £ Ao ® 5o it (node) 7k ¥HE 0]
AY, Zk ultjo A= Wl o) El & B8 U A £ 7| E(splitting rule)= 2 3t o]}
2 2E7E2 EHUF g SoA M Fa8 98 sHAETH
AF7HA] & ERVHF g ol AdHgen, 2 7kt & 43 dugEoes
= CHAID(Kass, 1980), CART (Breiman, Friedman, Olshen and Stone, 1984), C4.5(Quinlan,
1993), QUEST(Loh and Shih, 1997) 5-°| 2t} & ol Kim and Loh(1999)+= CRUISE®}
EARE RRUT INES AGBAT obF 23 AL oUne & Aol
A st ol T W52 E-miner(Enterprise Miner), CART, S-Plus, AnswerTree,
Clementine 53 Z-& A8 2 ZES|o] 7| Ao FEFH] JleBR, ol H7|AE AH
v w7 2 Sty W FuEEE2 YA FEE w 40y AL A HEE, 2
Axo e HFIRNA 7HsdE HEE FA(default option)S ARE3te] A7 =
o
* 2 o] X Brain Korea 21 Project?] Aol 23 A ¢
1) (151-747) M&A BT AHF 2 56-1, A& Fga FASH, B
E-mail: songms@plaza.snu.ac.kr
2) (151-747) A2 A Tt AFF 41 56-1, Agvldta FA 5, sharay
E-mail: youngjoo@stats.snu.ac.kr
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L TEH‘J?JOE EAAE 4= 9tk & CARTAA ARS8 AR &R (exhaustive
search method)-2 H7} A7 AR dHA Ut &, FFY M7t g2 H5F o
ZW 7 Qg Ao o]l Mart ERHse dBd o] glojs R AdEE A
o] AX & EAH] ot o BAlof st EEAA AFE Ho o, £ =RAe
CHAIDS} C4.5(%+& C5.0)8 xEFate] vlwstnat sty, o] o] 7dE 7| A ollA HH
v wshe 3 sk
2ZES O H7|A Y FAFHE vty fote] B2HZE Rodde AR
, 24¥ A8 E AE 2 A, o) 5o diolHuteld H7AE AEAFHoH, A
9 FE5& F73H J"MS’Jr LE“‘“%‘% Z ARG TE +4/“b‘4 o ©]5¥ C4.58F CART
g A7 A M BT A e AZ4E A7t e ALE vEitew, CHAID
EouaA #ert d *‘ﬂﬁ}l QUEST7} 7} <+7g =l 73JJrE Boj3a gsith 23u
A4y Ao Ay 7HAR o dRstng, W4 A= o] CARTY CHAID
Bot AR 2o ¢ IS BoAFrh

o] AolAE BHRUFE A
S5, 7 =42 AWIEE Lu}

CHAID(Chi-squared Automatic Interaction Detection, Kass, 1980)= & &2 Bg|7
7] Y3 FrolAlF BAFE o] 8dth &, A5H dSHs s FHEE 2E3
Ho2 HEFAZ T, 7 SHF9 & tﬂ o FERERE Fo|AlF TAFES
absteh BE o &40 thste] FholAlg SARS Foka, o] 7k 7 {23 ﬁ-’r—
Agstel Belaan Age] Auk

CHAIDO A= #&lWso ZF {71 st Fubt](sub-node) S & 3F+=
(multiway split) & As)stc}t. thAE e} o] JE 2] (binary split)= 2429 Ftt
uh o] Aol Bl ddo ¥3FE& S5 AL ofvth. CHAID &2 W
T2 Aot a3 2t} (Kass, 1980).
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g gt vl 3EgANA o2 gAY AA S AX 22 Bonferroni 4
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CART(Classification and Regression Tree, Breiman et al., 1984)9] A et H-> A
o] o] AR E Feth F Z vitoA, BRE 7Hs3 280 ‘:Htﬂ'oq = an
measure) S A4S, Eo4E 252 H4 R = B ES MY

A
Ay A<+ (Gini index) & @ol AHEoth 32 E2 U3 2o

1. z+

A =A% Oﬂé%—?ﬂt B2E n - 179 75
S EE|71Ee] A, k7S] HEFE e HEY A ESHsdE 28 - 17 b 287
Fo] St} wetA T &N Aol e S Fo A7t AL A
o A&HF o] thstoe o B2 4R EE , T BT ZE 2 ol=
W AEH "ot A9E 7137 gobdth Tt A4S A2 HEy WA HRe
F7t 2 dolth. &, )39 Mert Sl met RE 7 28729 e A
o %7]—‘]—UE WY st A8 71387 o] 2ol A "k o E o] k= 15¢ o
st B2 718 A 2857 — 1 =16,38370 71 Sith. o] &} &2 o|fZ CARTY A
A W Tt B S e R A7 Hejrt EX%
E§ ¢32% C4.5% Quinlan(1993)] A 2+ 7, Clementine 5-0] F“’ﬂﬂ‘ﬂ wel At
o1 Qe g Eolth C4.59 52 €AE STl st o]AR *l?‘%‘ﬂ
HEY AEFugo] et hdR & AlAshe Zolth C4s04 ALt 28 &
o] 5-4] & (gain ratio) o]t} HA 0]—,(ga1n)8 A EZ 3] (entropy)e] 22 A=,
T 7| Ee WEY Mert g HERe fYyrt AA4E o & Eo] IDASE
A= shte otz FeAd HH o] 5o A7t Atk eyt ol T EE= oS
ol m| 7k %iE‘r webA Quinlan(1993)-& (AEZ T 9] ZHa) /(e dEEZHYR
O] EH &S BEZTE AG3ATE C45o L ol 2ol BFEE o] 59 7
319 —1‘1:'/] EE2 ARSSA T, 2 E Bt B ATt B2 S
2o A= v A4AY Aoz q4ddn
C5.02 C4.55 LAAN ] Aotk ol & E90] C5.00A = ¥5H Wb EdA YRy
Fo]ATH B =Ro|AE C5.02 AHEEH7 2 3t C5.00014 ¥
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2. 7 WEF A Zusel A, oSS 1Y gol AL B HE 3
ek ol Sulgo] AUH A 3L WA o L WAV
3. SHEE Mg Bl FHAAL R)12E AE BT

Q
=
QUEST(Quick, Unbiased, Efficient, Statistical Tree, Loh and Shih, 1997)

T HsAE
o] £0]7] A U AEe] dAet AeE Hapo 7|23 FYr|ES 2 dAE e
210l B otk WA E-2 ANOVA F-FA ol BER| FhojAlF A A A p-2h= At
stal 7H 2E p-3toll S H = W E Eelde R 98t QUESTA deAdd €3
BE2 2ds 2t gt At

1. €438 d&wgo i, ANOVA P-A A p-ghe AAaksict
o i, dSuised Exnse] EFdRoA slolAlFAF] p

3. 1,29A A 713 22 p-gho] Bonferroni A H A gETH od 14 th3HE

4. 28R o =AY A S st Levene F-H A 2 p-3h-& A 431 Bonfer-
roni= A A YA vl Fch p-gho] A GgEG Fod gSHE HeE A9
ol 1,2tkA S Al L8t 7 A& p-gholl UlgH = HeE RyHsE ddgin

o]} Zto] QUESTO M+ BEE T de S 78 F-34 B 7holAlF
AR pFL2 FHAFORA, ML HolF FoEE 4T
A8 S 7] A | A Hep A e G2 &8 w23 7] 9 8Fo] E-miner (M A 3.0, SAS Institute
Inc.), CART (¥ A 3.6.3, Salford Systems), Clementine (¥ A 5.2.1, SPSS Inc.), AnswerTree
(WA 2.1, SPSS Inc.) & AFE3FA T E-minero| A+ Y E£E 54 2 ‘Chi-square test’ 54
AH835t3, CARTOIA = TEE 349 ‘Gini” F4E A Fic} Clementined] A+ ‘Build
C5.0°-& M E5tT, AnswerTreeoll A= CHAIDS} QUEST €1 &|&2 A3t 37 x<}
duzEe HAE & 2.1 235

E 2.1 2axE0] 7| Aok dazF

7] & 3 7] A 718 daEE
CART CART AAGA (Y A 5)
E-y? E-miner CHAID
CHAID AnswerTree CHAID
QUEST AnswerTree QUEST

C5.0 Clementine C5.0
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E-minerol A Ay A4 F4E A3 2339} AnswerTreeol| A C&RT S4& AR
A3 25 CARTY Z#e} w9 vt S-Plust A Y A tfilof] AER I (EE o
2%, deviance) & AHZ A BF SR U] 5T 270Q) RA A& AY A2 dERT
o] atol7t A9 gloe==F S-Pluse] A= CARTS}F vh-¢ {-Abstt). wetA] CARTY 23
9} A8 E-miner®] A Y A4 A4, AnswerTree2] C&RT &4 % S-Pluse & =8 =
TAI 71 A &Skt

ApAE Aojoh A2 njmsty] Aste] 2HZE R4dY 78 sFSAT @
A WMo E AR flste] A5 5/ A5Rest oS3 SH SRS E AH
FriolE& FHEP o REVE Ath). SE¥ee {1,2}8 gds 2L HEE e ol
Ahgoln, W X174 Xo ' 244 AfEEs Aezed a2e d5% Wit ¥
Xae {1,2,3,4}8 oA 522 m2e €A% dFolv, = {1,218 = 22 &
B2 2 MY Wt e WEI2EA (1,2, k1Y e A2 FEER et
kA kE Xz R NeE vEdv, B d @l k=59 k=159 F 7HA] A5
£ aestalnh |

&
AN
2

#&3zk9] A4l N-& 200, 500, 10009] Al 7H2} A5 t+2 4ok 5712

P AEEEA Aol 4 X7t R E AuE g5 0.20] 00k ot O
Aol et 2t W] MeEgge] geABg, o AHEES EH|

HEA G FAUR F, BHZE WESE 30022 32, 3003 T

¥ 342 HEUEgES AU mets 4 &8 SA% 2EEL A% 0.0299 Tk

tug]Ee] Ay golR 7] $s)AlE ‘o] 5 23 (shifted model) ol A 29413

X1 & th 3 2 ExolA Akt
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2 FEo] F+F A o] &2 (wetA %) W
t] o] B &= SASo} A] normal, ranexp, ranuni <& ©|
ol Z+Zof teolEuteld HF|AE AL A F T ZF A 2!
node)oll A 2 M7t AEEE 42 FHSGTE Ao+ & 3.1
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24, 897
#* 3.1 ¥HpAdd FEe 2%
=92 15w
dAuEE m b T3 x4 Ts i3] T2 x3 T4 Ts5
k=5 N =200
CART 383 .350 .060 .013 .193 597 243 013 017  .130
E-x? 070 123 277 293 237 320 117 150 207 .207
CHAID A27 0 117 250 .350 157 393 100 143 .210  .153
QUEST 203 173 223 190 .210 ©.500  .120 .110 .107 .163
C5.0 017 .000 .107 .137 .740 097 .023 .097 .107 .677
k=25, N =500
CART 387 383 .033 .030 .167 793 127 .020  .007 .053
E-x? 1300 190 193 270 .217 563 067 .100 183 .087
CHAID Jd47 0 193 237 290 133 613 .047 137 157  .047
QUEST 87 0 .233 210 183 187 27730 .030 .097  .050 .050
C5.0 003 .007 .093 .153 .743 163 .007 103 133 .593
k=5 N=1,000
CART 360 460 .050 .003 .127 907 .080 .000 .007 .007
E-x? Jd17 0190 233 270 .190 750 .053  .053  .077  .067
CHAID 133 160 243  .330 .133 837 .027 .040 .080 .017
QUEST A77 .270 0 .233 (153 (167 933 .020 .007 .030 .010
C5.0 .000 .000 .153 .107 .740 347 013 087 .100 .453
k=15 N =200
CART 103 0123 .017  .003  .753 213 .077 .007 .013 .690
E—X2 133 167 223 370 107 303 153 177 297 .070
CHAID 163 203 .237 380 .017 360 150 200 .280 .010
QUEST 237 213 213 200 .137 457 153 167  .133  .090
C5.0 .003 .007 .007 .000 .983 .040 .003 .017 .013 .927
k=15 N =500
CART 077 137 .007 .003 777 480 .050 .010 .003 457
E-x? 120 .210  .250  .340 .080 590 087 103 143  .077
CHAID 163 193 247 387 .010 630 .080 .107 .180 .003
QUEST 190 207 233 170 .200 733 .087 .053 .050 .077
C5.0 .000 .000 .003 .003 .993 .060 .000 .003 .010 .927
k=15 N =1,000
CART 133 .093  .023  .000 .750 2750 .020 .000 .000 .230
E-x? 147 157 267 .350 .080 847 .033 .043 .060 .017
CHAID 160 177 283 377 .003 877 033 .047 043 .000
QUEST 217 220 .257  .147 160 943  .020 .020 .003 .013
C5.0 .000 .000 .027 .003 .970 177 000 .020 .007 .797
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FAZAE sEolth SHEFAAM k=5d o] A5 X1, Xp7F AEE FEo] H3IdR
D E8 FS LT AT AE ol k=5 N=2004 0 {X;,Xo}7F Aelg B5L 0742
FAE A { X3, Xy, X5} 7F AEHE 5L 026002 2AHT k= 1524 X9 H39
M7t B2 Aeole Xs7h A8E 80 g2 HsEg 45 He R 20 Ao7 eyt
Tk ol TRHAA k=549 wj= CARTY Mg =Ho] 253t Aoz yehygnh X, 02 o7k
o o7} EAEE AL EE QUESTSE &7 71 9l Aege Holrh k= 159
e X529 A7t Q7] wistoll Xp9] Mg o] Hoixy, dAHozE e g &3

vl ste] AR o] glg& HolErh
E-minerol A CHAID €385 ¢ ‘Chi-square test’ 4 AH&3 E-x?E= ¥z 3 b
b kK

b =]
Aol X,0] AeEFo] Zrkets AFHES B 4 9tk o] 2R P oA X, 9 MEE.L =71l
Aoz Blr)

AnswerTreeol| ] CHAIDE E-x29} 7|B&H o7
sich SYRF A X, 20 Ho| 7} B2k of
ol 52 o)A CHAID7} E-x2Hrh X, 2 A8
A& olt} AnswerTreeo] A QUEST = ¥ 9]
SHERANA AT A= glon, o] =
Z k=59 u]: CARTS} v]Z:3 AEe&S
= Hola Jlth webA A4E Mt A=
€ QUEST7} A A Ee] SHoM 2 dagEd Ao Azt
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digE x1 Ty x3 T4 z5

CART 653  .107  .083  .067  .090
E-x2 647 110 .083  .060  .100
CHAID 713 .070  .070  .060  .087
QUEST 493 150  .097  .090 .170

329 BYIAE E 319 o FEFeIAG nAAAE X0 HEE FEo] F52
B4 Mg 953 daelZoleka @ 4 gvk 28y C5.08 F A Clementines] A
£ o 72%el A Eel7h Qojub ghgkor, B2 dojhE s 2k G4 93in o)
2ol the GmelZatel Wazt olEie EelA A BGch F 319 SPRFoINE 2
= Ago] Bel7b dolukgol e Buaki 329 RRGIAE Eel7h Lolubx ke AL
C5.09) A5AY B 7t A%E AAT WEA RO JZHC

= 3.19) O ¥EPIAE QUESTZH ¥4 X, Adgol 74 43 Aoz Yehste
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9
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N,
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Bl
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= QUESTE A4 743 ey, 29 vlolelnteld A5 & A48 =4
S UHA A TS A w QUESTS ¥ AEE2 AHs] HolA& Aoz 4744
o} CHAIDE 7M3 52 AHEES Ho|a glon, CARTS} E-+ 237t -9 vl 8Hd
A CHAID th&o g =2 HA9es Ho|m grh # 3.19 % 3.29 A3 23 Adx=
Zr gduelEe] W A g Brkekr)e o AR QUEST= BF/49 71 o ol wlstn
U A CART, E-x?, CHAIDE= 25 289 X0 2MaEd Uyl Aoz Hodt

3.4. JHRIR| 7|2 gk

Breiman et al.(1984) 0] A ¢t8 CART €28 &= URE $E3) 712 g2 714
% 7] (pruning) & E3te] 29 YRE Addch I3} £ 3.19 X 3.29] AT M=
Z- o] MEEES A o A E S dot s Zo] SHo|ng, Bg nire
A AAY 287 dAUEE A4S AHEsth &, CART A= Model Setup 3172
Testing ¥} 9} A] ‘no independent testing’ &M-& A= sto] 7}X| %] 7] & Ht2. ™, E-miner?]
E-x?o A= Tree ==9] Basic oA Chi-square test2] ‘significance level’Z 1.022 %4
¥, ‘Maximum depth of tree’E 22 Z A 3lo] B] ujr)oA FXFao] HEH R 4
E2 7t H 4t i o= F A8t

Y EHEFH] Ao FHA A7) T FA A g5 Fe utrjoa 27t o
WA k=tid W Adge) #o= B4 7 52 9=t Kim and Loh(1999)E ©] & 2418}
2 feked SYR AN AN E oo 2o ARE ARGk L5e] Asho] o

.{
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E 3.3 SHEFNAM 27 dojd FEF 2R AsAdd FEY AL
=

AR ALY 5
dTEE  k N  EHIEE ) T2 T3 T4 Ts
CART 5 200 407 .361 287 .057 016 279

500 .533 313 394 .050 031 213

1,000 .603 331 436 .066 .006 .160

15 200 477 .056 .091 .007 .000 .846
500 547 079 098 .006 .000 817

1,000 508 .146 .066 026 .000 .762
E-y? 5 200 520 077 122 276 308 218
500 587 .165 227 188 .250 170

1,000 497 d54 195 282 228 141

15 200 463 .180 .230 281 .259 .050
500 470 A121 284 291 262 .043

1,000 493 .223 182 277 284 .034

StH, CART+ & =19 & 319 Vs S2E2F A F40% 3= E o= ghd o4
o Ee7F dojd ZeE HuH it

o4 CARTS} E-x?e] Zbztol A 747 2 719k A A F A€ AN 2 Ao & 3.12) 5
2Ro|A Be7 Aol BT, Belv} dol ke Wl 2 W47} A8E HEE Lol of
£ 938 CART | A= Model Setup 7] Testing R oA tZE 54 < ‘10-fold cross valida-
tion’& A ESLaL, E-x?o| A= Chi-square test2] ‘significance level’ 2 TJZ E 319l 0.200 2
A BT} o9} Zo] EE gor 2AH CARTS E*E & 3.19 SPE3 25 3007
of AR, ATe T 3301 LRSIy BolA B HE L Had e Bl
Aolg FEe) 2AZOIW, ZAR WA Y FEL Fel7h Aol W) 7 We 2
N g Ndg F5o] A gholth AnswerTree] CHAIDE= E-minere] E-x29} 7|2 & o8
T2 G Fo) AN AA FHA A= e Aol 7t itk o & S0 CHAIDOA & 7]
AF AR F942S UZE g9 0.052 447 W&o AAY F80% AT oA £
2l7F oA et} ¥ QUESTO A= Advanced Optionso) A 7FR 21712 43 34
zARo] 7}53e, UEE 222 Grow and Pruned AP A$o B2E B 7 dojut
t}. whebA] CHAIDS} QUESTE CART 2 E-x2$} vli7F o g tha st o] ZoA A&
ok

X 3.32] d3to] o)ty AA ] 2 40% ~ 60% o] H AT e 227 dojd
< & 4 Atk CARTS} E-x?0lA 27} dojuts &2 u|e 2ot} a4, £87}
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12 A3e} vf-¢ \l3hrk
£ CARTS] H¢Ad #
Zro] #eolo] o AE vl

Moo N pe
N
N
=)
>
L
ol
o
112
¥
20,
&
[
AvS
e
5
oo
[V
e
b
o
=
=2
>

=8 U
HE Hol7| & Frh
L1822 AR = E-miner® E-x?29} AnswerTree2] CHAID= Ho| 9 M
HolA EHAES AHRE HAFoth &, H5AE FHol= 44381 ¢AR o]l 529
A A A Ho] 74t 943 A oplth T2 & 329 LA FEEAME He A
&3t o2 YEETh
CARTE ¥gAd A+ A7 £Eo A Hy Hd™2 o439 Ho
5, W3 A7t B |3y HeRe] Wyt CHAIDY QUEST | vl st A ZrshA|
e @ GAFEx A= CHAIDS}E Zro] &2 ¥ MeEgg Holal QT
QUESTE #9 9] SHoA L 717 S53tA T figad oA RS AgstE
2 Z4e 7R ouls d@ o] e AR ddHTh
C4.5° 7]1Z 3 Clementine-2> M58 #Hol 7} CARTE T ¥ 4 Z-ety, mpeta] o]&d &
=]

1
g7 EAeE Aole Ws AHEE BolYS FAT 5 Ak

rlo
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A Study on Variable Selection Bias in Data Mining

Software Packages”

Moon Sup SONGY Young Joo YOON 2

ABSTRACT

We compare the variable selection methods in classification tree algorithms such
as CART, CHAID, QUEST, and C4.5. It is well known that the exhaustive search
method of CART has serious bias problem in variable selection toward many-valued
categorical predictors. In this paper we compare the commercial softwares in terms of
variable selection bias and power. A Monte Carlo simulation study was performed to
compare the softwares such as CART, Enterprise Miner, AnswerTree, and Clementine.
The results show that the softwares based on C4.5 and the exhaustive search of CART
are seriously biased in variable selection. The bias of CHAID is less serious than that
of CART or C4.5. QUEST does not show any serious bias. But, the unbiased methods

are not necessarily most powerful in variable selection.

Keywords: Exhaustive search method; Bias in variable selection; CART; QUEST.
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