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Abstract

Reflections on Financial Distress Prediction Model

This paper examines three issues-choice-based sample bias, predictor selecting, and
consistency- in financial distress prediction. Support Vector Machine and Logit regression are
proposed to predict financial distress. The selected techniques are Altman analysis and forward
Wald selection method. In empirical results, the most important determinants of financial
distress are leverage ratio and operating profit ratio. The choice-based sample bias is
statistically significant. The predict results doesn’t decreasing following time passing. The
model with support vector machines and forward Wald selection method produces superior

results for bankrupt companies.

Keywords: Financial distress; Choice-Based Sample Bias; Support Vector Machines;

Logit regression
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—/\E“FﬁW? S5 BSTHEERRI U BT, 30 29 ’?[ EREH HETHL > [T Beaver(1966)' | HIAZE! V55 Mt &
1% (dischotomous classification Test)rf* T % 53 ?ﬁﬁgﬂ[ﬁ F SN e S Bf—ﬁﬁ?i’ e
Z-score(Altman,1968)f51 = ] YQF | 2R S L #?Fﬁ » Altman ﬁ# R
AR [k BB [ 53 #7 (Multiple Discriminant analysis ) » SR B[l 73 #7 & ?ﬁ%?};}:{ 53 e
N iE;I% (Ohlson, 1980 ) » i » S A w5rs B RERARL A 1 11k & }‘ﬁ Logit 355} 55 #7 (Ohlson,
1980) % Probit analysis (Zmijewski, 1984) » = ﬁE'JiﬁﬁxfEtiﬂi?ﬂfEﬁ Bl >3 FrEL (8 (Collins
and Green, 1982 ) [fi] 1990 & (> i’%l?ﬂﬁi%’Fﬁ““ﬁ’ TR [ E 57 5 1 S ( Altman et al., 1994 )
PR RSBEPORE EVR 1 53R AT S B EISR ) U P 477
‘?Eﬂiﬂiﬁﬂfa'y% I %E'ij*“1#1*3F‘?Eﬂi{;§ﬁé§<ﬁﬁq ° ﬁ\?ﬁlj&ﬁﬁf’%%@?@*ﬁ?@'ﬁ SIS
0PIt o iR R (- 9 B R R B
75 HlIBEPT™

B IR = I’ﬂ?ii ( Choice-Based Sample Bias )

o P BT AR R I#ﬁ" Fill IV 2555 2A (paired-sample) 1

( Beaver, 1966; Altman, 1968; Jo and Han, 1996 ) » $F [sY ¥4 ?Cﬁﬁlf“ [F‘[ﬁ@fﬁ&,

IR L P (Zmijewski, 1984 5 Platt and Platt, 2002) » [NF=: A L i Eh=
ATEPFRE =S > FRSHRA 2 i P 485 2 TR B D i A L e i sy
(S l@ﬂw‘?ﬁ“ﬁ:g?l’ﬁ[% I'ﬂ;é o [RIFA Y TR S H R S (Random) 5 A =445
R TR ETY > PR VR -

D PSR E IV

] ;@%Wﬁf’% BRI A B |V AB R ER 0 TS AdEfr( Beaver, 1966; Altman, 1968;
Ohlson, 1980; Zmijewski, 1984; Altman et al, 1994; Platt and Platt, 2002 ) > id] B3 eIV TN
o [V Y I NIRRT SRR s - RS Jﬁﬁ"fﬁg‘%ﬁﬁ%?l ’ FJ?;E”%%?'[%%
WE W BRIRPST SRR R - E IV LB (Altman, 1968; Ohlson, 1980;

Zmjiewski, 1984; Altman et al., 1994; Lennox, 1999; Platt and Platt, 2002 ) » 57 #iH =V EL ]
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ARE R S T FF' TR EE S OSSR E RV RER R 2 HAEEHE ~ i
f[ B ”Vp‘/i_F | f[ EAE . AT FF ZrhEE ﬁl[ﬂighﬁii (Genetic algorithm)="~ (Back et al.,
1996) ° Il:[ %‘E{_‘ﬁji—‘ﬁ l:[ I }“ﬂ;ﬁil‘gpg} jf\f'ﬁ IE[ JUE%T;FELT—\A ’ F[ i}gl r;f‘[ f—‘?ﬁ}lh FE’?‘HI I ]%KI:T]‘

D g R T
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PSSR & wvRE 5 s B i Rl 5 Y% (Altman etal,, 1994) > 3R

1 E VR A RSN RLA T HRBUS B - = At | e
SLPPHGETFI > S R TR T A SRR 7 NI Y R SRR
7 SRR A R R P -

[ pe = SRR RO SIRREAEE b 1980 & [*TUHFEﬁH“#UI'“‘FHf%“ EE QUIEIE)
L - IO s 55 puRess ~ SEU g o RO AR K Rl > S~ 3R o557
R o i) SR G TR v PO ) A > Rl R R
AR PSR S 1 (Jo and Han, 1996; Altman et al., 1994) - fRjfj Van Gestel
etal. (2003) LY [y £ (support vector machine approach, I'J™ fij# SVM) i ¥ -
i;{/ﬂj‘;ﬁ?%)ﬁ&_{‘gpg} = ol [ﬁj‘iﬂiﬁ PR Y - TPIE‘J“ ﬂ[“ ﬂ/}ﬂi[ 7&57« (SVM) @fﬁﬁ?j
i RS > IR BRI IR Logit U3 ATER R = SRR
SET B Y FR T A -

2 L
Beaver (1966) TP 7572 5. 4Lty » = fori 4 4 1% £1FR '] Dichotomous Prediction Test » £%
S RRETII PR R SRS SRR SV SRR R
N USRS S N 7 S AR TR AR T F i l%ﬁ”l%ﬁ#&ﬁ'[ﬁ, BT 53 LR
e B FEE Y 30 SRR o e RIS L R BT R A R
R AT AT B S A A 2l 2 F’JWF'#J?%E'I‘%ZEW‘%E}%WM%J/*F'FJ °

Altman (1978) I'} %7 B |53 #7(Multiple Discriminant analysis, I'} ™ i MDA)# 3

©) Z-Score 513% » MDA EL MG W] A 1B Il ERRCTREER ARET Tk BRI AT
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MTHERE 2 IR 10 2 T Y2 ) Beaver HHRLY TR 53 AT LSBT W@EE 5 Z-score
L A

Z=0.012X,+0.014X,+0.033X5+0.006X4+0.999Xs

X1 = FHEEYE B

= MR B Ay
X L R
X= W BT 0 1 P
Xs=48fi £ B

¥ Zscores K 2.99 FIISBIAFSEIETES STl F (S 181 IERAES ES 2 [l 0T 1.81
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Ohlson (1980) [ % &F MDA [ [EU[#H111'] “condition logit model™ L JIRSFFHEEH1A] -
F 7 MDA ] peﬁ;‘”F,Eﬁé’F'EFEE?E[J%"*EJ%ﬂf%E:'EJ@—ﬂ B B PR > B SR R R
53R ERA] logit 55 F7EE 0 1 5‘:%[ st [Ei% Logit 73 ikt = Fil it & P i 0 #
Fo= CRRPRERT A RRL RS B L R TRERLER P IR [ log-likelihood
Y Logit 53 P |1 KRR ELG0 7]+ {1001 Platt et al. (1990 ,2002) -

Zmijewski (1984)ffi™'] = 7 probit % (bivariate probit model ) 3 i[5 B FHHEREI
JA » probit 15 logit i 5~ V5% B BRI T il » Probit KB FEH A A 3 TRy
W [] logit RLFLA logistic 73 [ BIA55 el > FEifel TS5 il > Sk
WP~ e AR (0] R aREs sk o iR B o B sk
B BT B 3T F11 92,696 % 98.296

Odom and Sharda (1990)!"] Altman(1968)He111 = (A5 =S RLy AR » T [ KiHRT
1% (neural networks ) #FH57s BFRRAIAS 1/ PTok - RTRREARE ST - 0 AR > M
TR VY BT 2 TR - [ HARED R (Weighting
coefficient) 1T ”ﬁ—ﬂgﬁ‘fﬁi REIf=l 2 g - Y VR i - R g“upﬁ

o AR Vet g AR TP 1975 F 2 1982 & W 65 (W B il - 64
FRPRTL- 2 il 745 2 PIRRR R 0 55 5 2 pLRLIERRCE SR BT AT
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SRR Tk (81.81%) FLAHS MDA(74.28%) »

Altman, Marco and Varetto (1994)F={# 5 j| 75 17~ SI#fIEEAE%  (neural networks, I'[ ™ fi
78 NN) ™ g P50 5 0 Bk IS > e 2 s B T CRLB st » o R RS
AR 2 B )3 A P SR I RONNC BT (black-box)  [HIIE > B0 T R
9illogical ) VT = 7 7 s 3% T (overfitting) VZH4G4 » 57 ) NN = ] 2 JRpL g0
MDA - iR S i 909 -

Back, Laitinen, and Sere (1996) $2 ™ | K fifAafRe ™ F sy 5 0 ke » 1 7 2 85T
RBGH R = 72 20 STV 34 ~ logit 53 A7 FLNTEENE (genetic algorithms ) > Fl
PRSFT I | B Sy o e RCRIE R e BN BUA T B RS S

o 2l HTHITE 4 5 e < SEARRHIRRLET | BL PR R Tl 7 Aot R s
TS =1E I

Yang, Platt and Platt (1999 ) j&"| %@%Eﬁfgjifmﬁﬂ?i%ﬁ,m ( Probabilistic Neural Network, ']
[HTPET PN )RS F 25573 BRI ) PNIN 22 15 497~ ¢ ( back-propagation NN »

P BPNOF Y B ERE MRS RLET D. E. Specht F1 - AR (supervised)
KRR Y © 1R 6 (three layered) A=Y (feedforward) ATRFEAFEE - = Fr B
B e AR RO S B ] e RLSPSR SReOTRIE > PNN =R T
Bylfsd = [ KT KT (Bayesian classifier) » iy 4 2 [E LT PNN AFieh?t BPN iy = > EfE T
TR VIS BLbh- SRR B SRR CSERAEEEA o JIE 5 AT
VRGN -

Lennox (1999) F=ik = ZFRkFEE 3k » STH[[EVE 153 7 ~ Probit & logit 515 » I'] 1987 &
= 1994 5 B! 049 % 17y 2 HIERA 2 il H R E R R AFIRE FARAAR
HE PR~ L OSR]I [N logit 2 Probit A8 PRRIETE #8527 il V I
(E3 AL BAE e

Fan and Palaniswami (2000)8"'| SVM 4% [ 57 B 1 5] » < [ B ER A bl e
st | [ Sy P o (L P RSP R (= b e s e = R P ST R
W3 AT ~ 2% (Multi-layer perception)) = Learning vector quantization (LVQ) » SVM
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A RS (70.97% ) > % I I8 2o Rt ) I ek il 66.11% »
LVQ ‘/E—FE} £5 62.71% [ 7 A5 MDA 54 ’I—FE} £h 61.39%- Van Gestel et al. (2003) 'j&
B SVM 5 A5 L SR > =R AT logit S5 AERRE > ) EEE Fan et al. (2000) 7l
YRR Sﬁﬁ I/ kernel £ Fisher Discriminant Analysis » 74,1/ £} LS-SVM » 8555 b 58
L LS-SVM (BH= T [ 55 #7 logit 75 Frik o
Shin and Lee (2002)32 "' | 5L [ﬂifﬁﬁ # (genetic algorithm ) # Zv2{[&r) fIl] % A
(thresholds ) » B {F[J[™™ : IF [Debt ratio>1.5 and Quick ratio <0.35] then Dangerous ° ¥
I b R O B R - PACHINIEG 1995 & 1907 5 528 % il 264 %
Fs5s 8 2 il - 90% F@?"Q%ﬁi [ 109 Fhieg e - VAR VRV T SRR
— FbNZ 7P (factor analysis ) 37V CEidlyiz » 537 SRR BREWRE H TR o HRgE! )
PrCEET B P il > =030 20 S SRR 2SS 7 O W ﬁi¢?‘t by 80% = f > Kim
and Han (2003) -2 " | ELW?@ET??;:;? FF 3557 BSSEH] > == Shin and Lee(2002) T [ﬂ A
IR R R R AT (problem-solving knowledge ) » 7% [ 3L [T
N ETVEJ! e jé‘@ﬁlﬁﬁﬁj%‘i?ﬁ? (inductive learning methods ) ™ X #IATAHEE ATk -
BRI o st B 3 S _ERL R 537 |5 ?@i o REIHAAEE
Y R R R ﬁEJJ\}EIi%E'}'iJ * «ﬁ’rﬁﬁﬁﬁf’% ESVHEEARL > [RI]V9t
?Ji?l [}’jéﬁ:ﬁﬁkﬂ%‘iﬂ ﬁﬁ'%%@ » [FIOR  HiER A 2 (choice-based sample biases )
(Zmijewski, 1984 ) » 1 % % sk 2 #5710 (Platt and Platt, 1990, 1991) 2
Zmijewski (1984)F]’|3fm R P g PR - BIPEET RSEE AR
%Eff;[/j? fel 10 [0 KR 55 Bk T ﬁ IR e o F R RS A 2t Rl V@ﬁiﬁj
[iwﬁrﬁj ’F[J;Vf:i?v o P SR B FEAS IV 3 o PIIFEL ] Probit R E TR
R v R SRR R SR N R I 5L R probit ASLE] T 5
S EAN (3 Il E'Ji’ﬁfﬂféé Probit (Weighted exogenous sample maximum likelihood probit)fi’
MR+ 2SR ] (AR Y R SR AT st e 0 R
% Probit FEISL FI 135 485 2 il SRR ﬁ (BT 4596 % 55 /OEF Zmijewski 72 =
R B 5 flﬁurﬁrgﬁﬁ I BRI B9 LR By
5

FhEZHERICESMXIIEIE

The 5th Annual Conference of Taiwan's Economic Empirics



lﬁlﬁ YZH 44 o Platt and Platt (2002) 7 SfIF=FIE £ {’?}?ﬁﬁ%‘ » FRH] logit HRE = EEE > T R
e E\ﬂj » EIALERE50 [ logit JHR= J\]’f'l’?l'ﬁmgjr,j/ T R PR (787 (population

parameter ) 4 41> [0 (,Ab’— B)/ o huke LF}@%% [ o H VISR T, Zmijewski(1984)

FIE AR EEARP I AR R HIERAR o R O
98961°) b+ » FFE | BRR G 2 I o D RIDKTE B R o DI R T 2
PR Ry - P fppe h"* LT

Platt and Platt (1990, 1991)I | AT J\«ﬁ%ﬂ.% FAFs =k LR TR JEI§J A A

K i VSR TR S E"ﬁ;ﬁz“ﬁ'dfﬁﬁﬁg‘g? 2 RURUND - SRH PR R VY
FFo 2 LRSIV RV o SRR AR o I lﬂﬁh%ﬁﬂiﬁci’?ﬁ@/
R

3 PR

3.1 A
A 2RIV R 0 8L A S
L Bh PRSI B R TR
(A JOARYE [ 20 RIS Sl i VSl AR (Platt etal., 1990) > ) 2 Rl
PRSPt T [l ST o v AR B T A S S ey Bt g - [
P4 ¥ 225 Platt et al. (1990) fE1V =& = sk Fjﬁ*ﬂ I VAN i
[ I i T 35
2. PR
Altman (1968 ) ZHSABE IR - i i (NASE- & R H L] ook
A RS SR 22 ST Sy Altman 2 2 22 WS R
FERIEA 355 e A5 I e > BLFR R [ PCEIYERE L S SRS > Hioh Z-score A8 o 2
ﬁvw?&w%—t@mgﬁt@ﬁtbﬂﬁqﬁwﬁﬁﬁmwm%@@v:%é@
& R WPV - = SLEERR B Sh|  eERICEA  PIER T
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FUE 2 BIA% s ph B e HOE S SRS o LR R AL
Y SRR EEPRE | T FE Y - HLT Altman IV FUEL S 5 FIELF UERE
F’IJEEF iéﬁﬂj}?i/ %f’[ I'N2nz H‘[F[[Elmﬁ&ﬂ M T' U lﬁl ﬂiﬁgﬁi (Back et al., 1996)
EHFUEERBYNEIY > AV EYT R R A TR IV L i VL S AR
HEV o
3. AR RO R
TV RS 87 = 2= 92 5 o IJRASS B~ = R e R o 7 iV
= 88 5% » BRI ED 3 7 15 89 F 2 01 & » =t AN S R V}%Fﬁ o
4. B BR R
USRI 2 B IR A 0 TR T R s — EUSSTRE Y 0 R
L E S IR B T
5. AR B A
FIIFI SVM & Logit 35 U 557sy BRI SRS - 203 1 Revra IR e 1 2 [
3.2 A Erhl
A VA RS B ] IR o 2 RN AR T
FIEIEGE > G852 il RN WS @ va%,_é‘? CEIEIEY 49 ~ 50 ~ 50-1 [ HAapI Rl
e PR KL IEIEW7§’—J7E‘S°9§&E§J;%#T:_J I @F’ & PRIV 87 F = 92 5 5
BRI 7250 HIBRGORER P PR P B pl o MIS RS flEL 67 % o I i
LTS5 B 2 i 5 LR AR 05 B RS et )y (Beaver, 1966; Altman,
1968; Altman et al., 1994; Back et al., 1996 ) » PR ¥ - I'| 35573 B4 & - = VA5 p]
G VAR o R 2L RS SR R T R R o [
2R N RS L YA F S TR
BY o PERHIERACR R P - WP Rt S A - RS
ERBEASHR » elSSRA T 2O RRFRAT R J A AT SRR 10 1 Ve
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HIVD S BRI T e S Rl Iﬁ?’?‘**ﬁfﬁlﬁ v 1 If JERFEERE S P > b
v 2 fﬁ 4 FFb' - 6 fﬁ FFﬁb 10 ]flﬂ—uﬂ?ﬁiﬁqﬁq¢§f§i D o
33 W‘d%‘@@ﬂ/ T

b IS KRR g d Y EtE | (Dimitras et al., 1996) EE‘?’WEQ?FE'EI}‘
FTJIEN/EW%F} » RACETY 18 [  o 5 B WS T 5T IRV R =
HA lﬁ Tos BT S AR FrAR s L E W B 4 o Platt and Platt (2002)F§7i B35S e B
AR (financial leverage ) ’?‘}I—ﬁ'?ﬁ » [EREEEHE %fp’EfF ICHETEE IFU\,f[ (77 ~
JEERE R P B e g A E‘H?ziﬂﬁ? 55 e A R U [ I?J I IR~ REF AR

SRS P IR R |E[|?i L A ﬁ STl S B

%1 ﬂrju@g(ﬁé et

fe I e f
il i Ll 2= b
LI B W Al B AR %
(e
gy S22 Sk CH & PSR AR B 1 7 %
Ll L fiffies 1 (A A %
RH L2 2. Mok e it Y T %
Wil L3 3. I i F Y (A %
el L4 4 RERERAF (R A2+ 8 1 )/ L+ Ry %
L5 5. AR R RIS+ FIESE ) /FIRSE %
Pl 1. RS P EL) VU 2/ CTRAE %
EF| P2 2. WA (L) s e ek %
§70 P33 RV sk (BT EACTEEHF RS [* (1)) S5 Y& %
P4 4 FIEAE ALEAC /T P AR %
T1 LA s o YA/ S 2
e T2 2 R A/ T SRR o
s e SRR H7 67 =
Tl 4 s s o8 TR FT T -
TS 5. Jepuitiz s éﬁi T4/ f‘d?lﬂﬂ%ﬁ *
Cl 1 E&fE sk FRHOREazELE A 1 e
Fé
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3.4 ’Fp‘fé[‘fb 1+

3.4.1 ?‘rﬂﬁﬁﬂﬁﬁﬂt

FIrgr g Mg T oSBT R F 2 B
AL 9 24 I 2 IS P 2 B R S S o
i EEY Ll Mann-Whitney U A& » 7:3E = logit iS55 EE']: > s ébj% ,{Lﬁ%ﬁg\gﬁf |H so
fEE’ PRI SERERE R S 8 > F(|H ] Pearson i EHY Spearman At l_’ﬁ[jﬂ[ﬂ:;}
j#? °
3.2 Y li[p/EES (suort vector machine)
SVM SLHL T BGRB8 + ALY A S O I R R L B T
k> 11 Coter and Vapnik (1995) Z<=LHdil] » E Jﬁiﬁ P 22 ' (Bound of the

misclassification risk) °
TR O AN, T B R R SR d, TR R d

K - AR d =+ - ARG d = -1 RS FET P AEAE() :
W' x+b=0 (D
X R R w BRI E - b F R
F(2) PEIE B AR A B ) F'#E'IJ/%%I'%T’: o

w'x+b>0 for d, = +1

W' x+b<0 for d; =-1 (2)
16 W[l ¥ |t (discriminant function)?[i=* (3) :

g(x) =wgx+b, 3)

fEx = Rl G 1 BRSO (4)

(4)

£ rﬁﬁf&iﬂ > El £ ﬁﬁ] '\_I/FF J, 'ign,Wﬁqi £, {(Xm |)}—1 ,}%}El'ﬁ @gl[ﬂ[
BEw Rl b VAR > PR RHGHIZ AR wds T (RS 4 e 1FE(5) B
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.
d;(w x; +b)>1 fori=1,2,-- N

Lo
D(w) :EW w )
Tl A TR T b SR ORI AT IR B RLYYRI T
[l > PR s ORE T fiE T O)F A L

dw'x +b)y>1-¢ fori=1,2,---,N (6)

S 4, LR @R (slack variables) » = (6) [l EAR TSGR M ZRBHIEE -
P Joil 3 [P T Ji ] (1 SR ISR AL SVM LV 2 B g oyt ] (e
w RS B i R (7)-
®(§)=§§i

D(w.£) = w'w+CY 5 ™
U KB RS-V WP IR U RO trade-off) JIFT - 251
0

TIH= ?ﬁ‘@f’ [7-5¢" (regularization parameter ) » fl— I user-specified 1 f' | ke e

BRI (1 F} IR 1™ | Lagrange F=Bjg (Lagrange multipliers) ) » £52 Fgi ]|
BeV &5n IEF IfE (dual problem ) »

ET e {CH YA » I'] Lagrange 7% El\f{ }‘lﬁ{fu‘ﬁlﬁmg(ﬁ’
Qa) = Za 53 S dd

|1Jl

N

Za-d- =0

subject to () 1 0)0=a=<C fric12 N )
T
EIK(X"XJ') (inner-product kernel ) ]'*‘T?TX‘ i
K = {K 0, )"

@, j)=1

)P T HE R ELZE(9)
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Qo) = Za ——ZZaa did; K(x;,X;) ©
i=l j=I

e jﬂ 77 K(x, x1)3:E,l?§§Jﬁi Mercer’s %‘F]m ( mercer’s theorem ) » — 1§”ﬁ LT = R
B0 SIBRE [AESE o [P i T o SR f
s

1. Polynomial learning machine

(X" X +1)P

2. Radial-basis function

3. Two-layer perceptron

tanh(S,X" X; + f3,)

3.3 Logit 35555 #r
Logit 1.V R TR A U 2% L0 B8 P70 Logit 31
SR -2 PR AR N s 2 BB RO 2 57 1A (dichotomous ) ;'/‘]‘fjl% g

(10) -

Y=o+ BX, 4 B Xy ot B X, 5 —a+zﬂx i (10)
HiEY=1 [ Ji AL S o i Y=0 A qilfﬁéﬁi Wl & TR e ()= e
&=1-a-pX -pX z_-"_ﬂjxi Y=1
g =—a—BX =X, —..— B X, Y=0 (11)

& T IR ITEST R > 20 (10) 2 T aont 7 g gs - sy ECY,|[X) =7 > 1=

F POYi=1) > i, BARTE XIS VAR XERC I [ 2T 1LE X R

Ml #5085 0 Pl Xi VRIFORIRIIGEL- S fhise 128 (12) &A1

f(a+ﬁlxl+...+ﬁjxj)

7(X) = L4 (XA 0<7m <1
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Y =n(X)+¢ (12)

0 (13) fLpl s iEs (logistic transform ) [ » #5 % logit JHIERH5C » log( 7%_ ﬁ)
£ log odds ratio » i=P(Y=1) > (1-1)=P(Y=0) » [X] 77 1= 2 ZES SR U Pk > B odds
ratio o it logit }MHREL=C [ (g |ﬁ,“ﬁ“ﬁﬂ FIFF s AT (maximum likelihood
%mMmmMUD’U%H%#@ﬂﬁ*@%ﬁ%@““ﬂ°

ﬂ/(l—ﬂ):exp(a+zp:,8jxj)
j=1

T p
log( )=a+ ) X,
1-7 ;’ ’ (13)
Tt logit SPUSEHES FlIFR | Wald A3 AR B SRR 1% 5 T30 (14)heA
W = (5, /SE, )’ .
fe ﬁkt )i I fEys (14)
CENCRE B =0

34 [IpEEAVIE

SR BV BT EIVE - R SRR T R e

SefOF G - AT B RS AR B RS (B o A
THFEEVEE > 1) ﬁ%&tpﬁw LHLRE » }H‘T/‘F)’TJL%E[% ¥l g S [

FLSP] > [ BEE ] Wald SRS B FRATmERYE -

BN

4.1 FFraRET

2 KRR 2 I (T S L RO B S R 0 L A
H o PP ARTET R o I AR B T i@w%“** R
ER IR L
PRI RS e %55 12963 18961 Fmﬁ*}wﬁﬁ JET =S
& Peo gy > 92 5 (S0 [T A HL P9 0 OREYR] KB TORI I B 2 il 67 % -

| ZEHUIT i 89 F ~ 90 F % 91 F o WIELE) [ 4
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S LS SIS

[ & il SO T
OO OB OB R AR R WM EEOEMEF D @
B - frA FH S SRR R B SN e AF
kS I T (& il
Z € i (b)
87 86 2 2 1 1 1 1 8 437 1.83%
88 87 1 2 1 2 2 2 2 1 31 17 462 1.73%
89 88 1 1 5 1 1 1 1 11 531 1.51%
90 89 1 2 5 3 I 1 2 15 584 1.37%
91 90 7 1 2 1 2 13 638 1.25%
92 91 2 1 1 3 1 8 669 1.20%
AEE 1 1 15 3 12 9 1 1 2 10 3 2 8 4 72 3321 0.24%
e 3 SVRUR ASRTERE I Lo B RS R R

REI I 7 S S SRS BRI I S R
GO Y L4 o PRDT ARSI R [RL T Rl
%ﬁ@}%wﬁ7m%ﬁ?Eﬁﬁ%%@ﬁF} I M= T g
S AL % SRR 3 £ ST R BRSSO T >
A H AT S > ARG R AL B RER A L
ﬂﬁﬁiﬁﬁ S BT 5 (SO % o SR AP T A5 T
ST R A R WP ~ BT Pl - T
st v CTRAR DA P R BSREL T 1 (> ST B S (S e i
BTHRER 0 R SRR AI I R BT NV B
S DT B A B 7 Tl R - S B Pk
WIS PRSI BT SOOI » 2 (S0 YR %
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e 3 Rt ATRE A

AR5 A (N=67) El?ﬁ'ﬁ—ﬁfj‘ (N=67) E!a‘s‘»;yz—ﬁfj’ (N=3158)

@t Mean Std. Mean Std. Mean Std.
Deviation Deviation Deviation

S1 0.634164 0.871973  1.318549 0.966875 1.3601159 1.1501107
S2 0.507666 1.226918  1.421739 1.53699 1.5547765 2.4766053
L1 1.449342 0.587074  0.989649 0.363056 0.975181 0.3871781
L2 2.06097 6.788322  1.009557 0.274709 1.0291548 0.2742057
L3 3.214008 4434253 1.094868 0.63593 1.1784966 1.1600884
L4 0.894419 0.914002  4.390666 23.598901 1.9848258 6.3779446
L5 1.994493 19.94397  48.799737 510.716231 130.111144  1740.953287
P1 23.70026 93.357354  2.890468 13.435132 1.4565902 8.869226
P2 -6.035109 51.745639  1.310476 3.913846 1.1749421 6.6974429
P3  -60.312427 366.301777  6.024078 102.062969 0.2840203 15.6641903
P4 5.295084 78.427306  1.200261 5.008172 3.4352256  228.6809184
T1 3.007578 9.238123  1.279996 0.87639 1.3954422 0.9011264
T2 -1.566672 30.82155 2.7122 7.991949 1.6139076 5.7345161
T3 -597.912552 5657.297192  1.379561 1.418722 4.1158475 92.834866
T4 1.260298 1.683938  5.835641 32.378567 3.4735321 13.0487216
T5 -9.34746 124.04101 1.2927 0.893261 1.5364297 1.4419082

Cl -1.333648 16.370782  4.710544 20.707168 2.7486253 28.027306
C2  -21.059371 437.561882 -0.318701 16.744205 0.8512164 25.1404051

4.2 PAFSEESE

F A Y RN > 3RS D) o~ FRF R Altman (1968) 1TV 20

AR ETY > BV RETVEE
42.1 [rEE
F Y G (o 1—rﬁ'—ﬁ:ﬁﬁ£ A 4 RS BTSRRI
(i =kt ﬁ'F: > PRI 0 5 2 5 T I > FIHR Mann-Wanney U A > plizk 5 T2 -
PR B R S SRR T O R R
L& TR o BT B St e R DS A R B
e $57] Spearman LR AR ET A5 THRRBYALY AFRITS > S 6 Gl [ A AR
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AL R
gy o DA S
TS F‘?EU’@EW;T

—Fi

I8 {FFHARRT D A gy Sl bkl A R

@EAT jEE

‘¢W['Q§@rvaww P
%—:&N%ﬁijﬁl [/im[i’yj I —FIF“} »— £ ?{’F;I}JF“}(SI)

= RVEH R (P3)
422 [
LRI EIVER > S
P VPR R T

;TtE ISEEHE] o

%<4  One-Sample Kolmogorov-Smirnov Test

TSR s

T CTRER 2 4 )
[ VRS -

B %Ijﬁi &l

erlsR

’ P&JH_P‘

IR ~ P

KLEI LS SR(LD) -

DUET il Y YR (T4) » T R & B R (C) -

[ B g T2 VA (Back etal.,1996) » [

ALY

SRk BUAT 43 Logit BB

%< 5 Mann-Wanney U Test

7, Kolmogorov-Smirnov Z Sig. e 4 Sig.

S1 2.679 0 ** S1 -7.429 0 **
S2 2.429 0 ** S2 -6.588 0 **
L1 0.938 0.343 L1 -5.493 0 **
L2 5.166 0 ** L2 -5.596 0 **
L3 3.075 0 ** L3 -5.569 0 **
L4 4.976 0 ** L4 -4.457 0 **
L5 4.961 0 ** L5 -2.89 0.004 **
P1 4.073 0 ** P1 -1.346  0.178

P2 3.612 0 ** P2 -2.076  0.038 *
P3 5.172 0 ** P3 -2.565 0.01 **
P4 3.699 0 ** P4 -2.232  0.026 *
T1 4.352 0 ** T1 -1.629  0.103

T2 5.609 0 ** T2 -0.107 0915

T3 6.046 0 ** T3 -0.167  0.867

T4 5.075 0 ** T4 -2.997 0.003 **
TS 5.915 0 ** TS5 -1.324  0.186

C1 4.791 0 ** Cl -4.884 0 **
Cc2 5.401 0 ** C2 -1.106  0.269
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6 T

B
¢

S1 S2 83 L1 L2 L3 L[4 Pl P2 P3 P4 TI T2 T3 T4 TS5 Cl1 C2

S2 St st St St St St St St St St S22 P3 S2 S1 S1 S1 P3
L1 Lr §2 Ss2 S22 S22 S2 Ls LS S22 L2 L1 TI L1 S22 T1 S2 Ti
L2 L2 r2 Lr L1 rLr rr P2 PlL L3 L5 L2 T3 L2 L4 T2 LI T2
L3 L3 13 L3 L2 L2 L2 P3 P3 LS Pl L3 T5 L3 T1I T3 L2 TS5
L4 L4 14 14 L[4 13 L3 P4 P4 PI P2 T2 Cl1 P4 T3 T4 L3 Cl
L5 Ls L5 L5 L5 T4 P1 C1 CI P2 P3 T3 C2 TI T5 C2 LS

]

ETE/J P1 P3 T1 P4 P3 P2 P4 T3 T4 T2 P1
g P2 T1 T3 T1 TI1 P3 T2 ClI TS5 T4 P2
e P3 T3 Cl1 T3 T3 P4 Cl1 Cl1 TS P3
P4 T4 Cl Cl Cl1 C2 C2 P4
T4 Cl1 Tl
TS T2
Cl C2

4.3 Logit 358 =gy =gk fU

V') Logit 3 (1) ™ fip LR)g VAfi=" iy it I o g s
B 2 UREE 0 - ) PR3 BUEE BRL FIATR 8 R pO I g R R
ﬁl%g R T I R B T FRE S VIS AT LRASES A
Y B g

IS ALY TR 1 ) RS T T R B R - RS
FIRRE ) PRESiy - gy bha 2 RS 485 - P FIIR RV o [ (R
2 [ BERS 8 [ R SRR O > PR B (R RS I RE R Y 0
T ETH IR W T phaR S A -

SRV AR R SRR YRRt £ R T Gkl R
BRRTEEE " R Y R PR P TR RO R R Al o bR
Bk 8 452 9t H pETR A T PR == GRS G - pl- [WE )8
LGRS R R 1 lﬁbﬁrﬁ8 (A 9t H PR RHTE

+ IEVRLAFHEHS £ 2 B RARTRE o o AV SR ey AR % DR - -
T AR Ry o Ao N YR S o BT bR S RS - (ERUEFIE
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T T P R Sl R S
H BT BT *‘ﬁ’r?i VLA ALY T R ERRR > A

LR AL st ~ B= MR A~ i 1 0.5 5 R IS (Zmijewski,1984) -
qJ SHRLED i 2~ il 2 U5 BT BRI ER U RSP i = S ) > B SRR 2 il Es5

= 2 pITRESERR 2 2 P55 B 1 2l S S Ay S - B S 'F’?ﬁﬁ VIR
ﬁﬁjiféféqiis” B SRR N LRV B S BT %ﬁ?fwr—fr@s;w AT A A 8 o
ke O 92 [ L I » [PV R SIS b e bt | 1 2RI SRR £
[REREEE Jﬁ%’@\’f‘é@ﬁﬁﬂ% FEU0 o ) A PR O o R AR [ o
FEFUEGE P HE BT © fERE LR V%Z?Er’p’%ﬁ«ﬂ‘f%@& 81.119% > [ ik LR
P T ik T H9 T 80,0696 » Tt 5] 80961 ] & o AN Fy » ' Logit ISH: FT4A
i BRI I SR s L -

% 7 LR 7R
FLEE Al ViR
@t B Wald Sig. Bt B Wald Sig.
S1 033 1203 0273 L1 5363 10278 0.001 **
L1 -3.308 9.889 0.002 ** P3 0.542 8.568 0.003 **
g[ P3 0.134 5.666 0.017 ** T1 -0.485 7.89 0.005 **
514 0302 1.036 0309 Constant 6953 11.87 0.001 **
Cl 0.268 432 0.038 * **
Constant  2.571 4.41 0.036 * ok
S1 0332 1.235 0.266 L1 -2.106 6.609 0.01 **
L1 -1.553 4349  0.037 * Pl 0071 4517 0.034 *
g P3 0.094 4939 0.026 * P3 0.064 10.252 0.001 **
l'ljftl T4 0.164 0468 0.494 P4 0.114 7.717 0.005 **
Cl 0.182 2.648 0.104 Constant 2.687 7.677 0.006 **
Constant 1.171 1.176  0.278 ok
S1 0.201  0.408 0.523 L1 -2.471 12.092 0.001 **
L1 -1.593 6499 0.011 ** P3 0.172 8496 0.004 **
%';i P3 0.08 3.681 0.055 T1 -0.266 2.74  0.098
]ﬁftl T4 0.278 2.383 0.123 T5 -0.022 2.794 0.095
Cl 0.16 2375 0.123 Constant 4.386 18.263 0 *%
Constant 1.877  3.763  0.052 ok
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S1 0.204 0328 0.567 L1 -2.075 12.937 0 woE
L1 -1.839 10.404 0.001 ** P3 0.069 12.336 0 ok
E;Ei P3 0.05s1 4.775 0.029 * P4 0.068 6.48  0.011 **
% T4 0.358 5.075 0.024 ** Tl -0.371  7.035 0.008 **
Cl 0.036 0.498 0.481 Constant  4.757  29.499 0 HoH
Constant  2.81 9919 0.002 ** ok
S1 0.403 0.743 0.389 L1 -2.023  16.088 0 woE
L1 -1.948 10.625 0.001 ** P3 0.155 14.794 0 ok
E;Ei P3 0.079  6.996 0.008 ** P4 0.023  5.153 0.023 **
% T4 0.297 3.513 0.061 Tl -0.326 7998 0.005 **
Cl 0.046 0.825 0.364 Constant  4.959  42.583 0 HoE
Constant  3.213 10.202 0.001 ** ok
S1 0.743  2.102 0.147 L1 -1.633  11.187 0.001 **
L1 -2.001 10.071 0.002 ** L3 -0.23 2339 0.126
E;Ei P3 0.043  5.024 0.025 Constant 43 58.801 0 *x
% T4 0.314 4293 0.038 * *x
Cl 0.038 0386 0.535 HoE
Constant 3.167 8.844 0.003 ** ok
S1 0.469 0.824 0.364 L1 -1.972  17.777 0 ok
. L1 -2.099 12.155 0 ok P1 0.073  5.037 0.025
E;&;{i P3 0.05s1 4989 0.026 * P3 0.084 11.339 0.001 **
1, O T4 0.283  3.791 0.052 Tl -0.354 9532 0.002 **
ljfrl Cl 0.042 0449 0.503 Constant 5351  59.894 0 ok
Constant 3.846 13.414 0 *ok ok
#8 LR #FEaHN
Fisgey sy
86 ¥ -88 86 ¥ -88
R o . 89 F 90% orE wig  w 897 90 oL ity
TiF
Train +1 +2 +3 Train +1 +2 +3
Type I 17.65% 30.77% 46.15% 42.86% 34.36% 17.65% 84.62% 61.54% 71.43% 58.81%
E;T’ Type I 11.76% 38.46% 38.46% 42.86% 32.89% 11.76% 0.00% 23.08% 0.00% 8.71%
I-’ﬁéﬁ* 85.29% 65.38% 57.69% 57.14% 66.38%  85.29% 57.69% 57.69% 64.29% 66.24%
K Type I 17.65% 46.15% 46.15% 42.86% 38.20%  23.53% 53.85% 53.85% 42.86% 43.52%
)f’? Type I 20.59% 30.77% 23.08% 42.86% 29.32% 17.65% 30.77% 30.77% 42.86% 30.51%
Fﬁ I-’ﬁéﬁ* 80.88% 61.54% 65.38% 57.14% 66.24%  79.41% 57.69% 57.69% 57.14% 62.98%
%ﬁ; Type I 55.88% 69.23% 61.54% 42.86% 57.38%  44.12% 46.15% 61.54% 42.86% 48.67%
I'f'[ Type I 13.24% 3.85% 19.23% 0.00% 9.08% 8.82% 7.69% 7.69% 0.00% 6.05%
18
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AR 7255% 74.36% 66.67% 85.71% 74.82%  19.41% 79.49% 74.36% 85.71% 79.74%
m Typel  70.59% 84.62% 69.23% 42.86% 66.82%  58.82% 69.23% 53.85% 42.86% 56.19%
 Typen 1.47% 0.00% 3.85% 10.71%  4.01%  2.94% 1.92% 3.85% 3.57% 3.07%
i AR 8471% 83.08% 8242% 82.86% 8326%  85.88% 84.62% 89.01% 88.57% 87.02%
m Typel  70.59% 9231% 69.23% 42.86% 68.75%  64.71% 84.62% 76.92% 42.86% 67.28%
B Typell  098% 128% 0.00% 7.14% 235%  197% 0.00% 385% 4.76% 2.64%
i AR 89.08% 85.71% 85.71% 87.76% 87.06%  89.03% 87.91% 85.71% 89.80% 88.11%
m Typel  73.53% 9231% 76.92% 57.14% 74.98%  8529% 84.62% 84.62% 57.14% 77.92%
B Typell  074% 0.00% 0.00% 1.79% 0.63%  0.74% 0.00% 0.00% 0.00% 0.18%
i AR 91.18% 89.74% 88.03% 93.65% 90.65%  89.84% 90.60% 90.60% 93.65% 91.17%
w  Typel  76.47%100.00% 100.00% 57.14% 83.40%  67.65% 84.62% 76.92% 57.14% 71.58%
B Typell  029% 0.00% 0.00% 1.43%  043%  059% 1.54% 0.77% 143% 1.08%
10
[ LA 92.78% 90.91% 90.91% 93.51% 92.03%  9330% 90.91% 92.31% 93.51% 92.51%
4.9 LR ik ik
g Gl Pelssh RS LR BERS 2 £ BEES 4 0F BRSO fF BERS 8 ff B 10 f IS
86 & -88 # Train 85.29% 80.88%  72.55% 84.71%  89.08%  91.18%  92.78%  85.21%
‘l 89 & +1 6538% 61.54% 74.36% 83.08%  85.71%  89.74%  90.91%  78.68%
?jf 90 F 42 57.69% 6538% 66.67% 82.42%  85.71%  88.03%  90.91%  76.69%
o9 xE 43 57.14% 57.14% 85.71% 82.86%  87.76%  93.65%  93.51%  79.68%
5 66.38% 66.24% 74.82% 8326%  87.06%  90.65%  92.03%  80.06%
86 & -88 # Train 85.29% 79.41% 79.41% 85.88%  89.03%  89.84%  93.30%  86.02%
Fj 89 & +1 57.69% 57.69% 79.49% 84.62%  87.91%  90.60%  90.91%  78.42%
|
£ 90w 42 57.69% 57.69% 74.36% 89.01%  85.71%  90.60%  92.31%  78.20%
Bl
91 +3 6429% 57.14% 85.71% 88.57%  89.80%  93.65%  93.51% 81.81%
5 66.24% 62.98% 79.74% 87.02%  88.11%  91.17%  92.51% 81.11%
LR 5 66.31% 64.61% 77.28%  85.14%  87.59%  90.91%  9227%  80.59%
100.00% » )
N ?ﬁf;/‘; - _%"\
80.00% : 2
‘ — —e— [
60.00% f H—— —n I R
40.00% | M 5
[pRETVE s
20.00% F |
0.00%
fetssf [k 1 I'f“, [@%}2% @?74% I@}%}ﬁfﬁ 48 \‘F’, Fi:ﬂ%/‘l()]’ﬁ T 15l

LR st S
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4.4 SVM # Zidi

GEl S RITHE VB iﬁ;[%lﬂjfﬁ{ ;[%ﬁ})ﬁ"w@ VrpE} ( Van Gestel et al., 2002; Fan et
al., 2000; Altman et al., 1994) > ffli "] RBF [l ™| RBF fifel - FHijRe28ry w4
BHrC (C=27,27, .2 =220, 2% IR A DRl o YRR T AL
U YR LIB SVM ' Hi i At sV T S S SRS Y SVM VN sErA R 10+

SPCRPIHE s Bl RO RIS SR ST EIR! ) SVMAR IR ~ Bl
SR T SR AR 1L pliske 12 9000 2 SEZR > P B R SROIRIAT T e O
SETVLE AN > Ty B HALE AR P IR F U i [AE IR SVM B et T

T 83.0196 - [fi [ I SVM VT isf T 19 82,019 > T 2] 80961 ] b I 7
'} SVM Hrjiite ey 5SS I S ph P R L

Z 10 B hrk

R BHEC EHry  EEHEFR0%)
FielS5f 28 2 85.29
B 1 1 2! 2B 83.82
ks 2 ]’ﬁ 2° 27 76.47
ks 4 ]’ﬁ 2° 27 81.77
ik 6 1 2! 27 85.71
Bk 8 ]’ﬁ 2° 27 87.26
s 10 21° 27 90.91

% 11 SVM H5mii il #e

Tl sE TV Yk FEvE BHE
W 86 F-88 F 89 F 90 F 91 & 86 #-88 F 89 F 90 F 9] &
, i il T 14 = 15
=y Train +1 +2 +3 Train +1 +2 +3
Type I 5.88% 0.00%  7.69%  0.00% 3.39% 17.65%  23.08% 15.38% 14.29% 17.60%
ol
;T Type 1T 8.82% 61.54% 69.23% 57.14% 49.18% 14.71%  30.77% 69.23%  57.14%  42.96%
iy TR 92.65% 69.23%  61.54% 71.43% 73.71% 83.82%  73.08% 57.69% 64.29%  69.72%
g Typel 11.76% 1538% 15.38% 42.86% 21.35% 1471%  0.00% 0.00%  0.00%  3.68%
%P? Type 1T 14.71% 46.15%  46.15% 14.29% 30.32% 2.94% 23.08% 69.23% 14.29%  27.38%
lﬁf‘i TR 86.76% 69.23%  69.23% 71.43% 74.16% 91.18%  88.46% 65.38% 85.71%  82.68%

! http://www.csie.ntu.edu.tw/~cjlin/libsvm
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= Typel 29.41% 61.54% 61.54% 71.43% 55.98% 3529%  30.77% 23.08% 42.86%  33.00%
}? Type 11 1.47% 19.23% 19.23% 14.29% 13.55% 2.94% 3.85% 26.92% 0.00% 8.43%
[’Fpl }ffﬁﬁ?ﬁﬂi* 89.22% 66.67%  66.67% 66.67% 72.30% 86.27%  74.36% 7T74.36% 85.71%  80.18%
= Typel 3529% 92.31%  76.92% 100.00% 76.13% 26.47%  84.62% 92.31% 100.00%  75.85%
}Fj/‘ Type 11 0.74% 1.92% 2.56%  3.57% 2.20% 0.00% 1.92% 2.56% 3.57% 2.01%
ﬁﬁ IF?E?FNEHH* 92.35% 80.00% 86.81% 77.14% 84.08% 94.71%  81.54% 84.62% 77.14%  84.50%
= Typel 47.06% 100.00% 100.00% 100.00% 86.76% 41.18% 100.00% 92.31% 100.00%  83.37%
E? Type 11 0.49%  0.00% 0.00%  0.00% 0.12% 0.00% 0.00% 1.28% 0.00% 0.32%
ﬁﬁ IF?E?FNEHH* 92.86% 85.71% 85.71% 85.71% 87.50% 94.12%  85.71% 85.71% 85.71%  87.82%
= Typel 41.18% 100.00%  92.31% 100.00% 83.37% 79.41%  84.62% 84.62% 57.14%  76.45%
}? Type 11 0.00%  0.00% 0.00%  0.00% 0.00% 0.74% 0.00%  0.00% 0.00% 0.18%
[’Fpl }ffﬁﬁ?ﬁﬂi* 95.42% 88.89% 89.74% 88.89% 90.74% 90.52%  90.60% 90.60% 93.65% 91.34%
g Typel 61.76% 100.00% 100.00% 100.00% 90.44% 50.00% 100.00% 100.00% 100.00%  87.50%
)F% Type 11 0.00%  0.00% 0.77%  0.00% 0.19% 0.00% 0.00% 0.77% 0.00% 0.19%
l’f} }ffﬁﬁ?ﬁﬂi* 94.39% 90.91% 90.21% 90.91% 91.60% 95.45% 90.91% 90.21% 9091% 91.87%
# 12 SVM [~ [T
BV e FREF TR L BEES 2 6 WS 4 DS 6 % BEES 8 % BEES 108 TIM
86 F-88 = Train 92.65%  86.76% 89.22% 92.35% 92.86%  95.42% 94.39%  91.95%
i 89 =F +1 69.23%  69.23% 66.67% 80.00% 85.71%  88.89% 90.91%  78.66%
§ 90 +2 61.54% 69.23% 66.67% 86.81% 85.71%  89.74% 90.21%  78.56%
- 91 & +3 71.43% 71.43% 66.67% 77.14%  85.71%  88.89% 90.91%  78.88%
I IS 73.711%  74.16%  72.30% 84.08% 87.50%  90.74% 91.60%  82.01%
86 F-88 = Train 83.82% 91.18% 86.27% 94.71%  94.12%  90.52% 95.45%  90.87%
Fj 89 +1 73.08%  88.46% 74.36% 81.54% 85.71%  90.60% 90.91%  83.52%
% 90 +2 57.69%  65.38% 74.36% 84.62% 85.71%  90.60% 90.21%  78.37%
1% 91 & +3 64.29%  85.71% 85.71% 77.14%  85.71%  93.65% 90.91%  83.30%
I IS 69.72%  82.68% 80.18% 84.50% 87.82%  91.34% 91.87%  84.02%
SVM =l 71.72%  78.42%  76.24% 84.29% 87.66%  91.04% 91.74%  83.01%
120.00%
100.00% Y S— :
oo (S e eS| T
60.00% i P
40.00% FipEEVE: R
20.00%
0.00%
TURF BRI BOEOM BN BEOY  BEMSH B0 T

[ 2 SVM Tkt T 14

hEERESEE
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45%@@@%‘Ea§?”vﬁEﬁV%ﬁ

SRS PRREHER  S HPRUSE  MRGEEE ©  REERE © i

N
4.5.1 @R
A T] Altman fl0 Y GRS IR R RIS Vi TS 5
A TR > b ORI R AR VAR [ [V > = FU TR
R AR T A R ERS  IR RIS 2R b
R o A 13 ISR RIS ORI o e B [PV R
BRI TIPS IV RS F SR - W B SRR (ST ) SVM VT
SFEREIVRBYY D (M SRR TN o T U R A IV - R A
HIpPETVEE EL I FREE VB SHRESAF RNV > B FR BV R

=

T

13 ABYEIV L A

Pk HIEEES
B e Typel Typell I-fiEF Typel Typell L[k
Fiel S 18.88% 41.04% 70.04% 38.20% 25.84% 67.98%
Bk 1 £ 29.78% 29.82% 70.20% 23.60% 28.95% 72.83%
Bk 2 £ 56.68% 11.32% 73.56% 40.83% 7.24% 79.96%
Dk 4 £ 71.48% 3.10% 83.67% 66.02% 2.54% 85.76%
RS 6 (F 77.76% 1.24% 87.28% 75.32% 1.48% 87.96%
RS 8 (F 79.17% 0.32% 90.69% 77.18% 0.18% 91.26%
ek 10 7 86.92% 0.31% 91.81% 79.54% 0.64% 92.19%
T iy 60.09% 12.45% 81.04% 57.24% 9.55% 82.56%

4.5.2 IR

R T RERAIEREC R FRE S IR (I3 14905 AR B iet Bl S B2 i

W Tk U SE L  (RR TGRS 0 [ 14 W R 3 B SRR A 4 e

EAS B SRR Y R B SRR IR - RS- 1 B 5

PR A VR B (L B 2 R T R T 48.769
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ﬁ—%ﬁ%#ﬁ’%ﬁmﬁﬁmﬁﬁﬁz Jw%ﬁ,iw%hﬂ SRR o

LR F- ST SRS - TR A T 9] RN T
T RS 4 lﬁ -6 l'f} lfﬂv 10 l‘ﬁ[?s@ﬁl O

R BT SR T SR S TR e
RGN FATRITAR < (Zmijewski, 1984) » 7] Spearman test /454 15 » B L
BAE S T 252> 41530 6 (514 8 fEL 5 10 ]g,ﬁ‘ 6+ T1RE]~ &
A o T2 BT S > C R RSk Tla'ﬂBL«IHfE'FTHJ”E%' B B st
GAE]- SiFE YR C B d/ﬁ'ﬁﬁ’été? T1 A ’TZ?BL«‘FTVFE'F—TJE'L«‘EJ%E
Ho B AIRECR ST SR B [ S PSS U RIS R
ABRUY B T R BV BRI S TR R -

% 14 T 15[ PrA
k= Typel Typell [
BEES 1 i 26.69% 29.39% 71.52%
B 2 48.76% 9.28% 76.76%
BB 4 68.75% 2.82% 84.72% Z.':
FEFS 6 ff  76.54% 136% 87.62%
BEES 8 [ 78.18% 025% 90.98%
W95 10§ 83.23% 0.47% 92.00%

3 B i B i T
F 15 B BICPER BT 0 s U AR

Correlations

B T1 T2 C
Spearman's rho B Correlation Coefficient 1.000 .654*7 -.749*7 .786*
Sig. (2-tailed) . .000 .000 .000
N 96 96 96 96
T1 Correlation Coefficient .654*7 1.000 -.560*7 .186
Sig. (2-tailed) .000 . .000 .070
N 96 96 96 96
T2 Correlation Coefficient -.749*1 -.560*7 1.000 -.697*
Sig. (2-tailed) .000 .000 . .000
N 96 96 96 96
C Correlation Coefficient .786*1 .186 -.697*7 1.000
Sig. (2-tailed) .000 .070 .000 .
N 96 96 96 96

**. Correlation is significant at the .01 level (2-tailed).
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4.5.3 i Fg

TR TR - SR RLA R R R AR ALY
> # R A S B TR O 8 BT 5 ek (S FE 4
JEWIEE 91 = Vi (AT 89 # 90 & > F|H] Spearman test £ 7 fl] (Time) =
EfiE (C) Bl Gl (T1) WEIZ i (T2) VAIRIERE - 13 16 S
I3 = PR PR R TR BRI IR 2 D Ry e -

100.00%
90.00% SAA

80.00%

70.00%

60.00% —— R 89
50.00% F — Il RN 90
40.00% BRI 915
30.00%

20.00% |

10.00%

0.00%

[ 4 BRI T

F 16 B Bl PIER - BT 0 T U AR

Correlations

TIME C Tl T2
Spearman'srho TIME  Correlation Coefficient 1.000 .059 -.165 .047
Sig. (2-tailed) . .592 .133 .673
N 84 84 84 84
C Correlation Coefficient .059 1.000 .322* -.380*
Sig. (2-tailed) .592 . .003 .000
N 84 84 84 84
T1 Correlation Coefficient -.165 .322* 1.000 -.694*
Sig. (2-tailed) .133 .003 . .000
N 84 84 84 84
T2 Correlation Coefficient .047 -.380* -.694* 1.000
Sig. (2-tailed) .673 .000 .000 .
N 84 84 84 84

**. Correlation is significant at the .01 level (2-tailed).
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4.6 LR * SVM IV =i

FHRELR 2 SVM RS A el AL - = FZI,"JIJ[T@*E,'J ERSARE B
(Backetal., 1996 )> it % 17 f[1> T ﬁ?’”;\ RIS FLERF IR » SVM Tk :‘@:‘ﬁ LR
(7 S Fl 1 LR VAR EAS SVM > SVM RS Rl # B SR RL IS0 LR
B % [ R 4 R EVARE RER- SRR LR | (MBYEE ) 1
BV HFEEIVEE ST ST AR 18 WA 19 T B SHRER D IS
SVM {73 LR » 757 SvIf] SVM VLT (B LR - PRICEHGCA FEGE - (17 B I
[+ SVM VSR RS T I - ¥ R 7 - BRRRES 4 (1) Rt
> Il SVM LV AFRLIEAT LR o T AR 20 bR b o 1 s 0k P R 1

ERLAIE mﬁ@ T

# 17 LR » SVM #f il s

FIF LR 205 4% 6% 8f%  10fH T
WHARE] LR 85.29% 79.41% 79.41% 85.88% 89.03% 89.84% 93.30% 86.02%
it SVM 83.82% 91.18% 86.27% 94.71% 94.12% 90.52% 95.45% 90.87%
Hit] LR 67.40% 69.96% 66.67% 81.32% 85.71% 89.17% 90.68% 78.70%
] SVM 65.02% 79.85% 78.14% 81.10% 85.71% 91.62% 90.68% 81.73%
Hit] LR 17.65% 23.53% 44.12% 58.82% 64.71% 85.29% 67.65% 51.68%
HiH] SVM 17.65% 14.71% 35.29% 26.47% 41.18% 79.41% 50.00% 37.82%
il LR  2.56% 24.54% 64.84% 89.74% 100.00% 97.44% 100.00% 68.45%
] SVM 17.58% 0.00% 32.23% 92.31% 97.44% 75.46% 100.00% 59.29%

SR

STt |

18 FIEE LR » SVM #5mtl #
pesr o 1RE 28R 4 6 8fH 10 TS
U] LR 85.29% 80.88% 72.55% 84.71% 89.08% 91.18% 92.78% 85.21%
Lo PRI SVM 92.65% 86.76% 89.22% 92.35% 92.86% 95.42% 94.39% 91.95%
& UM LR 60.07% 6136% 75.58% 8.78% 8639% 90.48% O1.77% 78.35%
] SVM 66.48% 70.33% 66.67% 81.98% 85.71% 89.32% 90.56% 78.72%
| ﬁ”’ﬁaﬂfjﬁ LR 17.65% 17.65% 55.88% 70.59% 70.59% 73.53% 76.47% 54.62%
= FEREIR] SVM 5.88% 11.76% 29.41% 35.29% 47.06% 41.18% 61.76% 33.19%
!
]

i

|
2 B LR 39.93% 45.05% 57.88% 65.57% 68.13% 75.46% 85.71% 62.53%
H SVM  3.85% 29.12% 66.48% 88.46% 100.00% 96.15% 100.00% 69.15%
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% 19 FjEVE LR ¥ SVM ¥ 3EHN

FEOLR 28 4 60f 8@ 10 T

FARIAR] LR 8529% 79.41% 79.41% 85.88% 89.03% 89.84% 93.30% 86.02%
Lo PRI SVM 83.82% 91.18% 86.27% 94.71% 94.12% 90.52% 95.45% 90.87%
< BRI LR 67.40% 69.96% 66.67% 81.32% 85.71% 89.17% 90.68% 78.70%
AR SVM 65.02% 79.85% 78.14% 81.10% 85.71% 91.62% 90.68% 81.73%
7] FAUE] LR 17.65% 23.53% 44.12% 58.82% 64.71% 85.29% 67.65% 51.68%
S A
~ PRI SVM 17.65% 14.71% 35.29% 26.47% 41.18% 79.41% 50.00% 37.82%
ZE
2 BEMR LR 2.56% 24.54% 64.84% 89.74% 100.00% 97.44% 100.00% 68.45%
BRI SVM 17.58% 0.00% 3223% 9231% 97.44% 75.46% 100.00% 59.29%

H?WJ
NS ﬁ%g#Q%ﬁWFﬁ?#$’¢¢VT@QMWW&##W%@@E?‘*
Y EE - SRR R T RO B < URDSRE RA  i
T T I B B RV (SVMY R R R M Logit BRS04 T BT
SRR S Ul L U

PﬂﬁbmwwwﬁV@wﬁwﬁ’WWWPW#%%?PEH’WL%ﬁﬂ%%%’
T T T RSO0 SR RIS SRS (O L A SRR R B
ES3E IR ff D BT SN LR SRR D s
TP SERL o PR SRS - SRR R SR RS 1 R R
B IR Rt b ARV T AR R T ERE SRR
Sf o T EREIVIIN - SR A Y VRIS o 5T S SRR 2 A T
b

ﬁWL%ﬁﬂ%H&%%%”?’ﬂpr%@%ﬁbﬁﬂ% /I A Bl 1
T O RS (SVM)LY T HEL sty - ERREUARITR - g e e R
[ T R A FE R ’ﬁ“@sﬂ: CHRRIERARE Ll (S VM) W |
U A S AR
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