F% HOJE LMY ANBFUS FE: FY
B A HUT FT MAL AR

Decision Tree Induction with Imbalanced Data Set: A Case
of Health Insurance Bill Audit in a General Hospital

8l & (Joon Hur) SPSS Korea (F)Ulo|E&FA4 AMEEE ZAHE
& & 2 (Jong Woo Kim) gordisti st AgeR Rug, wAAR}
2 %

e A9 2 B dYdME 17 Bis A Brkee
SA Aok 137 BEE A4 9k BYY) £ 24
ojF|A|gx= BEH w F2F Fokoln, 53] BY
& E3e, Mol £93 Hdg A 9FE FsD A

€ =ed olHe AFHAR AT A ﬂr%oﬂﬁ AR e M8 AT A T AA BTN
Aztel & & e WE AT Ag volE nto)d g SN LA, AR dulE A A
3 @ Ul Y 2R AIE A eA @ ol voldE A flof, 27 &4
A F e B2 Axs 7S HE3)e 2T dolH 27 EA7 EAse Aot o]
BHE A sy, v 24 F 71 224 A7 A3 18 A BA EdE TEe W
93k, dole} 7Y FAS) 712 W< Sampling? 257 vl 49| T EFA HES T,
A 218 7HAE A UF 2de B3

FI9E : Hol8 B7¥, dFEYYIAE L JAHEYHF 24, Sampling, LEFF HE

I.A & o)ggolx, BEMs] WF &3 HolE 4
o} vlgo] #43] Ao/t v A& dridd
dlo]e] vle]de] R8s 7] H(supervised learn- (SAT AEE 2001). UutHo g EFwise
ing) & FPste A Fol st FA F 3 He E¥E 553 HEE EA%E Fol A%
U7} dlolE] B ¥ (imbalanced data) A o|c}. d] g 7 EaiA HES oAl £ A
olf B7d EAE 21 WS(target variable)7} oz ddA g o= ARG e A4
o, 3 2o WEIL HFGH R & A, AR
t o] =22 Fory g YutadTE xPo e A7) 4 e A H LEFE A 3] )
A, 5o BFE Y £FE Bl s Hu

A-E(HY-2006-G)
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Qe 59 vl&-E FA Aok gtk 28y &
AoXe 18] 25t Ae7t Bol Slrk tigdes
A}7] 28N fraud detection)? 2-& FA7F 7H A
ARl o}il & 4 ATH(Fawcett and Provost, 1997).
& o, AEFE Al A7 HA 7L
= AMHAS F B O AR TlEE E
23] A3 A vl S Hom, Aot
A% A=A A Aotk 1 HIo] Ao
99.999: 0.001¢] HI&E, FAHALE 7ASe] A&
& Stk o]d AFA FAHAE e FHE)
A3 Axglsy 2dS A A & o, 94 b
o] El(source data)oll =35 7[HS THE A-E8)
A9 BF Heoe] vehdA A "ok old
AGItE BAALE AH ol9olx, B ¥ &
WA Fzo AE FAE Zolle A
(Radivojac et al., 2004), B}T} B9 A&
B, 718 &0 ZAHE & Fople A
#| (Kubat et al., 1998)1} ¥4 AP7] A3} 53} £
o] B3+ Alel|(Fawcett and Provost, 1996), Text(F-7)
2 % B4 2F W5 A E5de At
#ll(Lewis and Ringuette, 1994) 5 T3 334
dolg £48 FAE TS Bk o)y 48 4
g B =Rode e ¢ F3 8349 2
ZRYE AT ARAA Yehd HoH EF
3 EA 2 FA L AVETIE o

o) WAL the) WER A7)
£

o] th(Weiss and Provost, 2001). W}

ARREE F& B AYsin, YA 2as
Weol B34 Bk Wee #A v F
BIE P AL AR IR TG B3
o, 1 AL v Hed, 48 9] A 98
7R )L e g Wes 98 ¥4
2 glolE Fdstete], 73 EPAAIE7HA A
BYZ AT AAE e 3 AApL ¢8998
[B2F 39 A disiMT, RYEFES WA
oldl AAl AT HFALe BYUaF AAR X8, F
o 39 5 2y gy A% A By
& 71EATE AL AFA APt gHlE 9B
Mul27h Aaehed EFo] ATk ZEI YA
3744, 2006). ©] FFAA 53] P FHEAL
ARRGAANE L TS ) A AAHL
2 BYE AT A i AR sty
AR Ao 2 AEE s @ EE FAE 9
3o, Aol HFYRG JBHPHE PAS L, &
3 3z} 2 ZW Y S wel AR
o) NZe) ALE F UE Ad5FHA A% B
By 22 dReo, HAHQA Aawe BT
2 AYsa, /HEE 378 BPSL A EA
dsE 313 Y ZE, 1995). tHEAF
ey AZFoz old By AAL 7R F
AlshE Qe oF 40 oz YA JLeH(o]
5 9, 2004), B AFE I HDAME,
A oA 2o Adarny F7 HAY
e 93 98 o] Y& 53 A AFA
= 10009 0] Aol Fajsta UK, 2000).

1.2 2 =29 £x1} Hio|6 782 =H

d QA BT A%l e HAY 9P vl
?

1.1 =20 uid - A2 2§ AAL Bt o mzdsith ARF A7t & o] FoIA A AV
AT, Wk Aol WASHE BS 217 A%

ZU) 2E 57| BAA Pt dr A F A HAEL 248 deth A WAE 99
A9 e AZEF F8& vA Hopj(d Aotk Aay Fof, 24 HALE FEA vl
ZREBFE, 2000 = SgHY IR A & oln] AZo] o, £& &g Zo] glvidl
FRYRE A Hof, EA= AA o856 T 23| I 8L REe HAoR A He A
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B3} Guo and Viktor (2004)¢] 73--9ll= DataBoost-IM
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A E BERNS 7tEAE UEA Fo
A, EF7F HE 715 HSIAAA 183 o
ole] EAE HEF 4 vk VA Christianini and
Shawe-Taylor(2000)2 SVM¥} #Ad 7)ukehs b
HolAM LEF B89 234 B2 E7Y dlo]
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fot o Mr gt rfu rir

mo o
tlo oft

a7 Z A ol9ox o JIHE Hu AT
s, F&e) gt A £2 7S FaA s
£ d7E°] A&, Batista 5(2004) Thk3h
E7 Y3 dolE oA SMOTES HI%S 4%
¢ sampling *$H & ©]&% dolE BT F 3
A WHEY HE B4, 7MY FL IS
1A} 5Tt E3 Huang 520052 A A
RE FA0E 23 749 AE HAE HolE
oA Yehd Bdg 9 FAd tsle] o8 o
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e ohed 2ok

<¥ 3>9 147 2 Wy AeE derFd
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A WegE K-BE FHAHE 0] &3,
T4 W3 73 ARG &5 59 74
FAd 7W7hE v W AES Adste W
< o) g3 A o] FA thdg WHY 2FHE F
A, & Aol 713 Age doly B ¥ d
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Az} 174 17
Hjakzk 4,057 193
3 Ak 55.5% 6.3%
Azt 106 85
w2zt 3,977 273
5 AAZL 50.3% 8.3%
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: ] .. 2.0 ReR
7)24% AUZ T RS AU AP dige] gg  PingTH AL ATAT T <& 7> ROS
7} vehr] wEolthE W3, o], 2003). (Random Over Sampling) ¥l L& ¥lE&=
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(E 6) RUS X 2718 el Ay ZuH(103 gs 58

1 50:50 15.5% 2.1 11.5% 18.8% | 20.9% 2.8 17.6% | 25.4%
1 65:35 20.0% 3.9 152% | 272% | 16.5% 1.9 13.4% | 20.2%
1 75:25 25.5% 55 204% | 35.1% | 144% 2.1 105% | 17.1%
1 80:20 31.1% 7.1 23.0% | 482% | 12.0% 1.9 77% | 14.3%
1 90:10 70.6 % 8.8 60.2% | 83.2% 3.5% 14 1.4% 5.4%
3 50:50 10.6% 1.9 7.3% 13.6% | 36.7% 7.4 28.1% | 53.5%
3 65:35 14.9% 2.1 12.0% 188% | 22.9% 3.6 152% | 27.2%
RUS 3 75:25 16.0% 1.9 13.1% 194% | 20.7% 19 16.7% | 23.2%
3 80:20 18.8% 33 13.6% | 22.0% | 18.3% 2.0 152% | 21.2%
3 90:10 31.2% 4.9 23.6% | 403% | 129% 1.2 11.3% | 14.8%
5 50:50 4.7% 1.8 2.6% 7.3% 56.5% 8.0 46.3% | 65.6%
5 65:35 129% 23 8.4% 162% | 29.8% 6.1 22.5% | 42.5%
5 75:25 14.4% 1.0 13.1% 162% | 23.6% 19 201% | 27.0%
5 80:20 152% 1.8 12.0% 178% | 22.5% 2.1 194% | 26.3%
5 90:10 23.7% 3.6 204% | 314% | 158% 0.8 14.8% | 17.3%

WA A U Aol
<® 7>9 AFHNX LEF HIEo] 19 7
T3 over sampling?t 3 Az}o} E%l?ﬂ":}
29 <¥ 82 SMOTE g 383 over
sampling 2 ©]83}ed U ZAajolr}.
<¥ 8>& HW FF Hl&o] AAFH
HE QEFEo] Aoz W A
Jok. 2 of W AAEF
7349 B3t 30% AALATF
2334 59 <E € o)A
g Aolt}.
<E 6>FE <X 9>9)A YEhd 7071 B¢
Z Hd, AARAE 248 30%E DSATIR B
e AT 4y AA YEs oS
A3 YA B gt ALY 2B F

m{o

A
o
A=)
i

il

Eros

% do ret A

f“lﬂl l‘)‘ )

71E
A<

I under sampling$

&% FJazsty, FA AA GEFE UG
29 F =S A DY Fgol HL MR Y
g Aol <& 10>0]th,

89 <¥ 105914 B USWO ol 80:20
9] sampling Hl& 28|31 2LEF HIEo] 5% 7
Lo b £ Tdo] ARHE AR e
o} =3 A F o2 USWO R o] A Hl Q)
o], o]A42]E AAZ ¥ under samplingS 3=
o] A¥kHos AEAHA RS ¢ F Uk
wata @A AF3 707HA 3 FAAME o
9] <X 10>9] 159 WS HE83= 3o 7HF
AgFolgn & 5 Utk o] EdS HA HF
o A8E ZA$ HAE dHolg 71FeE E o,
AA 44417 F 901ATE AHA A8t FHA)
191749 A7 A FolA 1601 I=E LAY

54

Information Systems Review, Vol.9, No.1



ETY Hlole FelolMel oARZFHLR FE: T8 YR 71 EHE T oA Al

(E 7) ROS X 22FHIS ue] 4% ZnH(108] 2h $3)

1 50:50 56.7% 1.3 56.0% | 602% | 6.7% 02 6.3% 4.9%
1 65:35 55.5% 0.0 554% | 555% | 69% 0.0 6.9% 6.4%
1 75:25 57.1% 31 539% | 62.8% | 6.6% 0.5 57% 7.1%
1 80:20 58.6% 0.0 58.6% | 58.7% | 6.4% 0.0 6.4% 6.9%
1 90:10 65.7% 32 613% | 712% | 43% 0.4 35% 6.9%
5 50:50 27.7% 0.8 272% | 29.8% | 13.0% 02 125% | 13.1%
S 65:35 33.0% 0.0 33.0% | 33.1% | 114% 0.0 11.4% | 11.4%
5 75:25 41.1% 2.6 3717% | 46.1% | 10.2% 0.7 9.1% 11.0%
5 80:20 51.8% 0.0 51.7% | 518% | 83% 0.0 8.3% 8.4%
5 90:10 51.9% 6.0 424% | 613% | 81% 1.0 6.8% 9.7%

ROS
10 50:50 20.4% 0.0 20.4% | 204% | 18.7% 02 182% | 19.1%

10 65:35 24.6% 0.1 24.6% | 247% | 15.0% 0.0 15.0% | 15.0%

10 75:25 26.5% 1.4 24.6% | 28.8% | 13.4% 08 123% | 143%

10 80:20 31.9% 0.0 319% | 319% | 12.5% 0.0 12.4% | 12.5%

10 90:10 44.3% 6.7 34.0% | 57.1% | 9.5% 1.1 7.6% 11.1%

20 50:50 159% 0.2 157% | 162% | 23.8% 0.4 22.8% | 24.0%

20 65:35 14.7% 0.0 14.7% 147% | 22.3% 0.0 22.3% | 223%

20 75:25 18.9% 19 16.8% | 21.5% | 19.7% 1.6 173% | 21.6%

20 80:20 25.7% 0.0 257% | 257% | 152% 0.0 152% | 152%

J 20 90:10 33.2% 54 257% | 40.3% | 12.5% 1.5 103% | 152%
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(E 8) SMOTE X 22/ Wdo| 4 2103 et 3)

1 50:50 34.8% 1.5 325% | 3717% | 14.8% 0.2 14.4% | 152%
1 65:35 32.7% 0.7 319% | 34.0% | 144% 0.2 141% | 14.8%
1 75:25 32.5% 20 277% | 34.0% | 13.7% 0.5 13.1% | 14.6%
1 80:20 34.8% 1.8 33.0% | 382% | 13.1% 0.2 12.6% | 13.4%
1 90:10 42.5% 1.3 403% | 44.0% | 11.5% 0.4 109% | 12.1%
5 50:50 23.0% 1.1 215% | 24.6% | 179% 0.5 174% | 189%
5 65:35 25.6% 1.5 23.0% | 277% | 171% 04 164% | 17.6%
5 75:25 27.9% 2.0 25.1% | 304% | 16.9% 0.7 16.1% | 18.0%
5 80:20 27.8% 1.9 25.7% | 309% | 16.5% 04 158% | 17.0%
5 90:10 30.7% 19 277% | 335% | 149% 0.5 141% | 15.7%

SMOTE
10 50:50 18.4% 29 13.1% | 204% | 21.0% 1.2 197% | 23.1%

10 65:35 19.7% 1.3 17.8% | 22.0% | 19.1% 0.8 18.1% | 21.1%

10 75:25 22.2% 1.6 18.8% | 24.6% | 18.2% 0.7 17.2% | 19.1%

10 80:20 23.6% 2.8 17.8% | 28.8% | 18.1% 1.0 167% | 20.0%

10 90:10 28.7% 21 262% | 32.5% | 159% 0.4 15.4% | 16.4%

20 50:50 12.3% 0.7 11.5% 141% | 30.2% 1.0 287% | 32.3%

20 65:35 14.1% 20 11.5% 183% | 24.8% 0.9 233% | 26.0%

20 75:25 16.1% 2.6 13.1% | 204% | 221% 1.1 198% | 23.5%

20 80:20 17.3% 25 13.1% | 204% | 21.0% 1.3 19.1% | 22.8%

20 90:10 24.3% 29 204% | 293% | 17.9% 1.0 17.0% | 20.1%
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50:50 | 157% | 13 | 131% | 173% | 201% | 13 | 17.6% | 22.0%
6535 | 211% | 34 | 173% | 262% | 163% | 22 | 137% | 19.1%
7525 | 258% | 30 | 21.5% | 29.8% | 13.6% | 08 | 123% | 14.6%
8020 | 262% | 2.8 | 209% | 298% | 134% | 07 | 12.6% | 149%
90:10 | 34.0% | 32 | 293% | 408% | 11.6% | 05 | 104% | 12.5%
50:50 | 12.5% | 2.1 | 99% | 152% | 299% | 62 | 209% | 392%
6535 | 140% | 09 | 120% | 152% | 234% | 15 | 21.0% | 25.7%
USWO 7525 | 182% | 5.1 | 13.6% | 293% | 193% | 29 | 123% | 22.6%
8020 | 189% | 1.7 | 168% | 220% | 17.6% | 16 | 142% | 195%
90:10 | 27.2% | 33 | 220% | 340% | 142% | 12 | 113% | 152%
50:50 | 67% | 38 | 26% | 13.6% | 511% | 112 | 354% | 67.9%
6535 | 13.0% | 15 | 94% | 157% | 271% | 33 | 222% | 33.1%
7525 | 141% | 1.1 | 12.6% | 162% | 243% | 22 | 200% | 26.5%
8020 | 155% | 24 | 12.6% | 204% | 203% | 1.6 | 175% | 22.7%
90:10 | 24.4% | 30 | 204% | 314% | 157% | 10 | 13.6% | 17.0%
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QEFEL YE0E dlu, AR 24
XZ0 2 3l A sold. AR 00 717t
SFE B =FdA A 7I1Ed 33 wgel
#1 & F Jdoh <28 1>2 B9, uswo
3 RUS el HAE 000 77kl len,
53] SMOTE 9] A% 4% =7t & W
W3} vy, v F2 RS % F Ao O
WHEE JHR 80l =& WEe 37
A3td, 2wyl wet 2709 A Eel &pol7t )
A 1-way ANOVAE o|&3lo 74L& 3}Hth
1-way ANOVA #4 ¥ A$E4L2 Duncan 7%
< o) 83ReH, 3% Aot vy <X 11>

H
=4
[o]

=

tlo X

flo

3} 2t}

<¥ 11>2 B 9 4719 Wi g 270
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AAE 3 under samplingS 3 F97} £FH
QEFEO 71} F& AoE YN, U
o2 43 <) under sampling®} SMOTEE &
3} over sampling o] T 2A0E YEKTH
o] 5 27K 2] WHH-& Duncan AME A A} zo]
7} e AL2 Jehytth o] samplingS 993
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2T Hloly HgoliMel AdARRFLE F

M

(% 10) 2= &

=

1 USWO 80:20 5 15.45% 20.28% 17.86
2 USwo 50:50 1 15.72% 20.10% 1791
3 RUS 50:50 1 15.55% 20.95% 18.25
4 RUS 65:35 1 20.00% 16.54% 18.27
5 USWOo 80:20 3 18.91% 17.64% 18.28
6 RUS 75:25 3 15.98% 20.68% 18.33
7 ROS 65:35 20 14.70% 22.30% 18.50
8 RUS 80:20 3 18.84% 18.33% 18.59
9 USwo 65:35 1 21.06% 16.26% 18.66
10 uUsSwo 65:35 3 13.97% 23.39% 18.68
11 USwo 75:25 3 18.16% 19.27% 18.72
12 RUS 80:20 5 15.22% 22.52% 18.87
13 RUS 65:35 3 14.97% 22.85% 18.91
14 RUS 75:25 5 14.39% 23.58% 18.99
15 SMOTE 75:25 20 16.12% 22.06% 19.09
16 SMOTE 80:20 20 17.28% 20.99% 19.14
17 USWO 75:25 5 14.14% 24.34% 19.24
18 ROS 75:25 20 18.86% 16.69% 19.27
19 SMOTE 65:35 10 19.72% 19.07% 19.40
20 SMOTE 65:35 20 14.07% 24.84% 19.45
65 ROS 90:10 1 65.66% 4.31% 34.99
66 RUS 90:10 1 70.60% 3.5% 37.05
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RUS 24.06% 17.59%

ROS 37.76 % 12.22% 64.307 56.817
SMOTE 25.73% 17.67% (0.000) (0.000)
USWO 20.58% 18.18%

EFEFORRE _

Docen A4 B3 USWO < RUS=SMOTE < ROS
ANGT Tk

Do 74 23 ROS < RUS=SMOTE=USWO

2001; Japkowicz, 2000) 2395 R{eTia ¢
4 Jth AARE 248 AR E deF
over sampling®] 7} GFE FLAATF AL
2 yehgon, Umz 3711 3 9] 30% 4
B Z220E A9 o A Aoz Yegth
B =R ¥ U BA F e HY <F 6>~
<E 9> U 7071A9] 27 FAA MNEH
o2 A &7 2dE = A oY
A k3 sampling WY LEF ¥IEE FTA
of Z=ASE Wo) dutxgoez wdd 1749
W (sampling == LEF HI§] 20 E &
H3 AR o g83HAA AL 3 He A
olty, & dutxgog Bu¥ uolHe A
M= samplingo)tt L7 H& W F 14
ok ol fahet, ol & 2714 WS A A3 o]
g3to, 179 NS A ARG O F
& A3E Yehlex #Astas she Aot
O AFRE <F 128 2o

A dole7} 15202 %A %7 Wi
RS A4 WY 3 209 589 Jes 2%
3= Mann-Whitney & o] &3tk o9
<% 12>9 272 B9, AR FFF 5%°lU
oA sampling LEF 8| &-L FAo 2Fse

0

o2 Jehgth o) AnE F3A, @3] sam-
plingolt} Q¥F ulgwk 3= ARGE
A o] Wasle 2dg AEstE Ao
B AN E g¢ andolas AL & F
Atk

V.2 &

2 RN Hold vhoge) Axshy
Q) SARFUE: F2E o83, Beel
3o HYR A4 4R o7, BE
% Sl e AANSD Aok 53] 2
=, dolEs 2FFOZ ANAHUR F
Az 28 2o FFIM, samplingh
Wg 237 2o 279 A Hel
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(F 12) sampling®t 2EF HISTYS S8fs YT DEO20 AZS WHle| bl

RUS(L.&F Hl&=1) vs. 32.56% vs. 13.47% vs.
037 0.027
(RUS X 2EF H& =4) 16.27% 25.94% 0.03
LEF ZA(sampling $15) vs. 56.75% vs. 6.92% vs. 0.001 0.001
(RUS X &E7F Hl& 23%) 1627% 25.94% ' ’
ROS(LEF Hl&=1) vs. 58.72% vs. 6.18% vs.
001 001
(ROS X Q87 u8& %A) 30.77% 14.23% 0.00 0
LB F ZH(sampling $1) vs. 56.75% vs. 6.92% vs.
005 .002
(ROS X LBF H4 27 30.77% 14.23% 0.00 0
‘:'— =]
SMOTE(L & u El% 1) vs. 3547% vs. 13.49% vs. 0.001 0.001
(SMOTE X 285 Hl-& 23 22.11% 19.42%
LEF ZH(sampling F5) vs. 56.75% vs. 6.92% vs.
.000 .000
(SMOTE X SBR 4 24 22.11% 19.42% 0.00 0
H 2 H
USWO(i—v—-gE]% 1) vs. 24.57% vs. 14.97% vs. 0,037 0.020
USWO X S 8F u& =3 16.44% 2427%
2EF A (ampling $2) vs. 56.75% vs. 6.92% vs. 0,001 0.001
USWO X Q2% 0§ 23 16.44% 24.27% ' '

o}, AT CT ol9fo] the ARTHANE  Ssol, BER HT 44l B4 dRol Agahe

48 & 98 Ao gudy 13 o8 E A7 WY tekd Ag ol 2Ly, s
of o]gjo] AEF= AZT Ao 2 HE AP] A Bolo] 71} 284349 Rdg Fohle A7}
W5 AME B g Festy, A9y gtk o volrl BEE A7 A7 B4 o
A IS AT FE YL Aok £ A9 9] o Aol A7 H1 Yl' 4F Hol
WA e dlolH mlo]d& o] &3 EEE A B 8578 EA g 283 dnE ML
TAL B AaE g Z2HAES 2ARO o g dnEe Hla A9 A&HHeR
2 38714 4A, ERY SRS BHOE, st

27387 cTAd §ete pilot ZE2HER 423

AL, & =FdA AN AT 2L ARE I3 EH

A3} 018 A2 FEa] AAE A

&F5 A7) Aol astd, @A) o] Fs} FEA, olFF, ZAE, “HolH ET4¥ A
I 3tk 5 dFFARZE & =EoA A oM} SVM HE 71 A8, B
WRlol9) thFd dioly £ 4 e 4 B753 g stewdeEd, A3, A2
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Decision Tree Induction with Imbalanced
Data Set: A Case of Health Insurance
Bill Audit in a General Hospital

Joon Hur™ - Jong Woo Kim"

Abstract

In medical industry, health insurance bill audit is unique and essential process in general hospitals.
The health insurance bill audit process is very important because not only for hospital’s profit but also
hospital’s reputation. Particularly, at the large general hospitals many related workers including ana-
lysts, nurses, and etc. have engaged in the health insurance bill audit process.

This paper introduces a case of health insurance bill audit for finding reducible health insurance bill
cases using decision tree induction techniques at a large general hospital in Korea. When supervised
learning methods had been tried to be applied, one of major problems was data imbalance problem
in the health insurance bill audit data. In other words, there were many normal (passing) cases and
relatively small number of reduction cases in a bill audit dataset. To resolve the problem, in this study,
well-known methods for imbalanced data sets including over sampling of rare cases, under sampling
of major cases, and adjusting the misclassification cost are combined in several ways to find appro-
priate decision trees that satisfy required conditions in health insurance bill audit situation.

Keywords: Imbalanced Data Sets, Decision Tree Induction, Health Insurance Bill Audit, Over
Sampling, Under Sampling, Misclassification Cost
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