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HHEd BOlE ol o3 Altman(1968)9
thi g HEHEM S AH, 24 (Ohlson, 1980) %
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DEAZ ’\lo}oq 23 ZEE -rlxlo}—‘
4 DMUE® AAT & ¥& DMUE

Zo2 thA] DEAES AAde A3 & ‘?}5’0‘}1‘\:
71 o]tk (Thanassoulis, 1999). Simak(2000)
7% Paradi et al.(2001)2 DEAS Negative
DEAZ o]&std ZEHAHQ 7drid &g 317
AT o RA IS =Y vl gl o
Y 7oA FIHE F oA wWaoz A4
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4|27 e 0|83t 7Y AlE - DEA®H Negative DEA DARSS7|He 7Hd -

4.1 #=2| M3

B Ao A FES ey 2& A S
AR AAEAt AR, 20029 5FH 20049 Aol
of Tl WA 7gn wAbo] Wasx| ge
7199 ARdE dF AFAZE ARE FYHA
% =4, 719E ol dFold R Aolg <l
3 ojAA BAE AE] 9ste] ANEA 509
g o3 100949 Wkl 9 ARPAZ FAY
A 719E AT AR, AFE wesd o
M AFA7 de ZIde AYstidd. 1 A%
20029 As2FH =AY 134, HEAIY
5257, % 538709 EEo] AU, 20034
As2HE A9 2070, ¥lEAIY 54570, &
565709 EEo| AFHAUeH, 20049 AREF

Act. AHHoz dAF W 33749 AT W

F 2708 ¥R F 35/ e e SN
o £399 W5 day aa8y’e 4
At 8RA S AAIE olfE AA, DEA

9} Negative DEAGIA] BEY¥F7E e Az s

% tEEddel TasE AL WAL, A
A £8 A3l 244 Fozd ¥4l 3
4w A7 224E o)l dalMelt (E 1)
ITERE @M s JEaRdd, (@
DA wE sk o) 357 WaSd g 29
w4 23 11k s9e] 2asiar

oAl 7 29l ATk M4 FolN DEAS

Negative DEAS] £ 3 AEHFEA Agtsitt
3 adE e HeES AR, f5y Aee &

QR Ul £& 2742 s og #e

#gE A A58 ‘ﬁ*%% Z 10, ol &

AHEA(TA), ‘T’;‘H““Zﬂ wj A (SL), iy

ok A=H|(SC), Aﬂﬂ]% 2

Xd"l‘llo‘o%:‘(RE) F9ETTY 33 2Y(CP),

o]

H =A719 1870, wizArg 33570, & 35370
o FEo] AAHA. 28 AFZZA(MR), +HAE(WC), HAAH
SAAEeldd REHAHSE) oIt o} Al
4.2 gl MY (R 29 2
(F 24 (& 19 8969 aidate= A T2
2 dFdM e 7189 B EATFM F2 A G28F 55 EAR 5 2 d85tE 2
&stid x}]"tﬂ]% gAl AR de AA8E o, a8l 29109 At gddEEd 9
7hEekA] da AHgste RS fAeR At b 3 dgsgdol AAHA &L olfe FITAS
kg %@X}E—% FEANAAM fre e A3t Z2H(MR)# 9485F9 @53 8Y9(CF) %
Fotgm, WAz el EFUARZE ) F ®gd olg FEIF FE3 HFHUU L A
B7199 EAHAEERE ofd 59 MAAA 7] diEeo|th, EF 2218% 294 #Eete
wAageldde digt FFAAE T8 1a o&st  nFANEAseNH 3FFAE 7YY FUE
2) AR Eablgio] AR OB Az it de) 4o met B slApge], sle], st 5o thoRgt 8ol AoHa el
(BN A, 2000), ¥ APellMe o] W] 7k ool B% Eiehe o2 RAS Foda RENFE B
3) 893U RE ZYEENE SAMHORE Kaiser ATV A M)A (varimax) BHE ol &35}

AT H35H M4t 20064 8%
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(1) MFHE WSl slNudZ 8

W E 1 2 3 4 5 6 7 8 9 10 11
HAH ] Btz ol 0.954 | 0.134 | 0.118 | 0.067 | -0.081 | 0.062 | 0.076 | 0.002 | 0.009 | -0.015 | 0.021
371209 0.952 | 0.142| 0.099| 0.051 | -0.082 | 0.073 | 0.061 | -0.011| 0.029 {-0.025| 0.011
7409 0.940 | 0.068 | 0.130 | 0.084 |-0.118 | 0.058 | 0.062 | 0.019 | -0.025| 0.038 | 0.015
Fely 0916 | 0.058 | 0.174 0.072; 0.066 | 0.109 | -0.015|-0.022 | 0.000 | 0.121 | -0.136
Agdolgelo s 0.698 | 0.080 | 0.098 | -0.077 | -0.284 | -0.073 | 0.172 | 0.053 | -0.044 | 0.103 | 0.205
FHEFEY A5y 0.109 | 0.967 [ -0.001 | -0.002 | 0.057 | 0.104 | -0.107 | 0.037 | 0.041 {-0.098 | 0.029
oZE A5 AF3EY 0.133 | 0.965!-0.016 | 0.008 |-0.029 | 0.111 [-0.088 | 0.074 | 0.012|-0.113| 0.033
FEAYIA BT W358 | 01461 0951 [-0.015] 0.005|-0.088 | 0.096 | -0.062 | 0.100 | 0.014 |{-0.132| 0.003
IrAzzdd 2355 0.083| 0.768 | 0.059 | 0.024 | -0.046 | 0.094 | 0.039 |-0.593 | -0.081 | -0.098 | 0.003
5&%‘3%"]%‘ 0.187| 0.758 | 0.033 | 0.037 | 0.072 | 0.079 {-0.107 | 0.049 | 0.027 | 0.596 | 0.002
FYFAZ22Y -0.038 | -0.723 | -0.048 | -0.021 | 0.044 | 0.263 |-0.013| 0.601 | 0.089 | 0.096 | -0.012
HEZ Fol 0.142 ) 0.617| 0.077| 0.586 | 0.071 | 0.053 |-0.038 | 0.028 | -0.001 | 0.481 | 0.047
&4t 0.094] 0.014| 0.983| 0.012| 0.089 | 0.013 | 0.049 | -0.038 | -0.057 | 0.012 | 0.029
#3722 247} 0.113 | -0.079 | 0.977| 0.019| 0.069 | -0.004 | 0.041 | -0.059 | -0.052 | -0.053 | 0.029
37184 20 & 0.099 | 0.019| 0.957{-0.038 | 0.084 | 0.028 | 0.032 | 0.015|-0.038 | 0.022|-0.015
WEe 3¢ E5ady 0.144 1 0.081 | 0.957 | 0.167| 0.084 | 0.010 | 0.030 {-0.050 | -0.050 | 0.072! 0.040
& 0.185| 0.021 | 0.954 | 0.173| 0.091 | 0.022 | 0.055 |-0.038 | -0.060 | 0.025 | 0.028
Soful o} gejy] -0.026 | 0.010| 0.062 0.985| 0.004 | -0.009 | 0.069 | 0.001 | -0.042 | -0.001 | 0.101
A3 sl o} Felx) -0.019 | -0.004 | 0.087 | 0.979 | 0.021 | -0.019 | 0.087 | -0.021 | -0.040 | -0.010 | 0.080
REE 0.500 | 0.041 | 0.149| 0.834] 0.041 | 0.055 | 0.047 | -0.012 | -0.034 | 0.068 | 0.004
FAHEA -0.321 | -0.026 | 0.159 | 0.041} 0.898 | -0.033 | -0.018 | 0.101 | 0.029 | -0.039 | 0.117
57 0.076 | -0.045 | 0.117| 0.089 | 0.770 | 0.106 | -0.016 | 0.144 | 0.034 | 0.020 | 0.497
ol 2] &3} g -0.193 | 0.034 | 0.125|-0.082 | 0.697 | -0.054 | -0.156 | -0.299 | 0.238 | 0.120 | -0.037
e iA -0.229 | -0.030 | 0.257 | 0.091 | 0.693 | -0.052 | 0.068 | -0.026 | -0.609 | -0.022 | -0.070
4543225 43359 0.124 | 0131} 0.031| 0.007 | -0.007 | 0.971 | 0.073 | 0.014 | 0.023]-0.008 | -0.024
7 % 435E 57 0.124 | 0.131] 0.031] 0.008 | -0.008 | 0.971{ 0.073| 0.015| 0.024 | -0.008 | -0.024
A A -0.116 | 0.139 | -0.106 | -0.089 | 0.293|-0.039 | -0.850 | 0.170 | 0.174| 0.026 | 0.217
FFAE 0.175 | -0.175 | 0.200 | 0.161 | 0.369 | 0.127 | 0.801 | -0.041 | -0.138 | -0.008 | 0.212
AL 0.371 | -0.127 | -0.064 | 0.057 | -0.323 | 0.161 | 0.648 | -0.012 | 0.450 | 0.013 | 0.254
PPAEFALELY 0.062 ] 0.088 | -0.101 | -0.028 | -0.043 | -0.014 | -0.131 | 0.954 | 0.130 | -0.024 | 0.000
IHHA -0.095 | 0.009 {-0.158 | -0.077 | 0.194| 0.031-0.122| 0.171 | 0.912|-0.021 | -0.053
et gEd da E3aEY -0.084 { 0.4001-0.044 | -0.050 | -0.011 | 0.047 { -0.015|-0.010 ] 0.024 | -0.896 | 0.038
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q99+Y -0.026 | 0.067 | 0.085| 0.072| 0.068 | -0.180 | 0.063 | -0.104 | 0.053 | -0.094 | 0.620
FoARTRE Y BN -0.135 0.015| 0.010 | 0.104| 0.102 | 0.081 | -0.053 | 0.180 | -0.150 | 0.063 | 0.296
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a3 2003 AEeF 2004 zige] 89 F3UPES A8std DEAE 536} &
el B2AS ¥z ARE AHsE (F 108 A ZEEY g Y3 DMUE EAStL, olE
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o35 1 23.08% | 30.77% | 53.85% | 69.23% | 76.92% | 84.62% 84.62% | 92.31% | 92.31% |100.00%
HZA | 97.90% | 95.43% | 91.81% | 87.24% | 82.10% | 75.43% 68.38% | 61.14% | 55.05% | 48.95%
- =4 | 30.77% | 53.85% | 69.23% | 69.23% | 76.92% | 84.62% | 84.62% | 92.31% {100.00% -
HIRAY | 97.14% | 92.38% | 84.76% | 76.57% | 66.29% | 54.48% 43.05% | 32.00% | 21.90% -
oaig s 30.77% 53.85%‘ 09.23% | 76.92% | 84.62% | 92.31% | 100.00% - - -
HLA | 97.14% | 91.62% | 83.43% | 73.90% | 60.19% | 45.14% 32.38% - - -
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2003 =4 1 5.00%! 5.00%(20.00%)30.00% 35.00%| 45.00%|65.00%|65.00% | 70.00% | 75.00% | 85.00% |95.00% | 100.00% | -
A 198.72%197.25%193.21% | 89.91% | 86.61%180.73% 1 75.78%170.28% 63.67%| 57.06% | 51.19%|45.32% 38.72% | -
2004 T4 1111%]11.11%38.89% | 38.89% | 50.00%{61.11% |61.11% | 66.67% | 77.78% 1 83.33% | 88.89% | 88.89% | 88.89% | 100.00%
H A 198.81%196.42% | 92.54% | 87.16% | 83.88% | 76.12%169.85% [62.99% | 55.82% | 48.36% | 39.40%131.94%| 24.18% | 19.10%
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Nonparametric Approach to Bankruptcy Prediction:

Developing Cross Peeling Technique integrating DEA
and Negative DEA

Jae H. Min* - Chul Woo Jeong™*

Abstract

Many statistical models have been developed to predict a firm's bankruptcy: however, the
previous models have some weaknesses such that they need ex ante information of whether
sample companies are bankrupted or not as well as ex post information of which factors
affect the bankruptcy. Besides, the statistical models require that the data satisfy the
assumption of linearity and normality, which rarely holds in reality. To overcome these
weaknesses, DEA, a nonparametric method, has been suggested as an alternative to existing
statistical models.

DEA has strong points such that it can measure the financial soundness of firms without
ex ante information, and it does not need any assumption like linearity and normality of the
data, which other statistical models do. It can also use raw data of various numerical
scales. Nevertheless, DEA-based models have the difficulty of taking undesirable outputs
into account: hence they have been little used in the literature as an alternative method for
bankruptcy prediction.

The purpose of this paper is twofold. First, it is to suggest Negative DEA as a
complementary method to normal DEA. Negative DEA is an approach of identifying the
worst performers by placing them on the efficient frontier with taking undesirable outputs
into account. Second, it is to develop “cross peeling technique’, a new method for bankruptcy
prediction integrating DEA and Negative DEA, which shows improvement in terms of

prediction power as well as misclassification cost over the existing methods.

* Professor, College of Business Administration, Sogang University, CPO Box 1142, Seoul, Korea
** Research Assistant, BK21 Team for Business Competitiveness, Sogang University, CPO Box 1142, Seoul, Korea
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Specifically, we empirically compare the prediction performance of three existing methods
("a method employing respective cut-off points of DEA and Negative DEA", “a method
employing peeling technique applied to Negative DEA", and "Simak’s peeling technique’) with
the one of “cross peeling method that is developed in this paper.

From the experiment, it is shown that “cross peeling technique” is a superior method over
the existing peeling techniques in terms of prediction power and total misclassification cost.
In addition, it turns out to be a useful method for rating firms credit risk for risk
management purpose.

In conclusion, this paper makes contribution in two points. First, it reports the usefulness
of nonparametric approach as an alternative method to the existing statistical methods.
Second, it develops “cross peeling technique’, an improved method over the existing peeling
techniques for practical bankruptcy prediction purpose.

Key words: Bankruptcy Prediction, DEA, Negative DEA, Cross Peeling Technique
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