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Abstract

Since human decision making behavior is likely to follow nonlinear strategy, it is conjectured that
the human decision making behavior can be modeled better by nonlinear models than by linear
models. All that linear models can do is to approximate rather than model the decision behavior. This
study attempts to test this conjecture by analyzing human decision making behavior and combining the
results of the analysis with predictive performance of both linear models and nonlinear models. In this
way, this study can examine the relationship between the predictive performance of models and the
existence of valid nonlinear strategy in decision making behavior. This study finds that the existence of
nonlinear strategy in decision making behavior is highly correlated with the validity of the decision (or
the human experts). The second finding concerns the significant correlations between the model
performance and the existence of valid nonlinear strategy which is detected by Lens Model. The third
finding is that as stronger the valid nonfinear strategy becomes, the better nonlinear models predict
significantly than linear models. The results of this study bring an important concept, validity of
nonlinear strategy, to modeling human experts. The inclusion of the concept indicates that the prior
analysis of human judgement may lead to the selection of proper modeling algorithm. In addition, Lens
Model Analysis is proved to be useful in examining the valid nonlinearity in human decision behavior.

Keywords : Decision Making Behavior, Expert Systems, Modeling Method, Linearity and Nonlinearity,
Lens Model, Modeling Benefit, Bankruptcy Prediction
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[Cooksey, 1996). 1 FolAE ¢Ite] A2 A
& A& o)y, TFHOE Uzt Hdt
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AAARAY AF)Z dEE £ A [Levi,
1989 ; Svenson, 1979].
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Messier & Hansen 1988 ; Tam & Kiang, 1992].
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., 2000).
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AME A A AF(Decision Process-tracing)
g 2 gAEA #AAJE FHsE dd F34
& FRoy 1 ZARA, YgAEA B34S BA
371 93 g Wjo] A7hE < tHEinhomn et
al, 1979]. A& &9, A & 4359 FF
E& Z4317] $1s) /i2E Probability Scor-
ing Rules, 2 %A= Mean Probability Scores
MPS)E EFAAY ZEE FHsted F8
3 Aoz HrlET lov[Levi, 1989 ; Yates,
1982], Einhorn[1970 ; 1972]2 <QIzto] Al&-3l
oJA} 244 HeH(Decision Strategy)e) & T8
&1, I FFE B8k 2183 (Log Trans-
formation) BH& A3tk Brunswick[192]
of 9a] ML=, Foll Tucker[1964]5 ¢l <3l
W48 Lens Model(MZRE)EA ML 0719
2]\ 24 e (Decision Making Behavior) %
of EAste AIEA AHFS **a**(Linearity)
3} ] 1% A (Nonlinearity) .2 F&3tu Z7}
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a2 fFaAol %"‘%ﬂﬁt}[Cooksey, 1996 ; Levi,
1989 ; Stewart, 1988].
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ATHRET AAaw A9 B BA
o A% wekd F A7 FEE o o9
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g 7]F02 o] RqFTh #HA EFA FAAA
T2 A" W IARY, BEEY, 2A2
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A FEY HudTrt HE9FY E4
oju} 9JAlEAY Fejt 22 9919 FFof Ugt
agle]l F2 2YPLY dFENn FHE
FRJ7) W] 1 HEAfrt A8 HEHY
Attes KA o] A Chung & Silver, 1992].
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ATF7L By Aoz fdEn o] o= B
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4 gloE Holg{AAA 9, 2001 ; Chung &
Silver, 1992]. 2839 o] HE g 5
A B ARV gAEA A yiAd 5
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289 5L ndslo ALLEHE Az A
Fgoly vlXgA e E2AFT aA 4T B
F A o weA, ol A %S FE3)
, A AE AR EAolY A%
7te] PejA Bz 2L #H 2dEd O
£4o] Aegsjojol & Aolm o] £ A
A dEEYP9 & Prisiohd no 43
g 7t 7ted Aol M, AEIIA2HE
9 $8Eo 2 EFH AAD FEHIY
g EPoZAe A A€ Gt
T2 HFES 71T WriEYYE HE 4
TFATe dutsle] FAZ FEE $ JHKim
& McLeod, 1999 ; Levi, 1989]. w02 o]
£2 AA(Binary Decision)® & 2§32 44
dxe AR &4Heo] Ak BE FAA 0
T2 F}E7) o 2 Fe e gre] W
A B 4 7] otk AFEIY 24
ojyf Adol WA Holde BN A
ol g F=rt AAH3 wFEHA R F
A 2y Mun A8 Frts A o HA
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o o W oo ot (2
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22 AR AT

AR} okl A 4+38E FHHuman Judg-
ment)ol] et A7 AT A EAY FAE
oldjat EAE 4 Y& VEHU EL A T3
I JHZacharakis & Meyer, 1998]. wehr 2]
AEAR dTe ARl WEAE A g3 o
T 23g F1 FRAJAEC] JAEA P
o F& e BASA HUew, 1 AREA
UZte] AHRetE JAMEAR AF FF 2 EA
S Yopla aE A¥E SR F JYe B
4 2 3 4y 55 /AMEstA = AHEinhorn
et al, 1979 ; Olshavsky, 1979]. <& 49, Q17+
o] 283 4% BEEE S48 98 AL
¥ Probability Scoring Rules, =1 |4 %, Mean

Probability Scores(MPS)= £84X49 A&
ZRsted 8% Ao FrtE 1 UrHLevi,
1989]. & dele A5 AA AR LAE A
#Fate g 2ok g MPSY Ha4E 1
exte) F# AFFe] B

MPS = X (Outcome - Prediction)2/n
Outcome(AAMZAH) : 0 or 19 #<L 2+ &
Prediction(Z&3 dlZX]) : 0~1A0]9 & &

e #E

MPSE 014 19 k& ZA =™ ‘MPS=0
BE oFo] S4dsta gHstA &S A+
o 7bseid, 4 MPS=12 #4384 g
o Z(Extremely Confident Prediction)e] &
2488 At bttt LAE SA%e
PQl o] MPS+ Q1zhe] ol & F X (Predictive
Validity)& £4317] 93t 2F& (Hit Ration)
o 87 gl AHEEHIT dcHLevi, 1989]. A& &
of, ¥ BAAZL TS mhikd 2ePAtee] o
ate] RS A SSHAA e (EE)E 24 07
#0622 H7HAHHE, HFES 7IEeE 9
€ 9 o] AN JEHJEE 100%7F =W,
MPSE 7I€2oZ 84 [(1-07)2 +(1-06)2]/2
=0.1257} "t}

Einhorn[1970]3% Einhorn et al.[1979]& <t
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FE wddte WHE AFsdT 2oy s
°o]-&¢ Einhorn[1970]¢} w2 1 ¥ o
A7NM 2 F840l 4FHAHKIm & Chung,
1995]. QIzke] SALAA el A B AEH A3
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Z+9] fFrEA(Validity)S A48 4S 43
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o & g 2L FrAAZ FAHJoH
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Ra : Yts} Tz Z@BA(AT Bare] AP x)
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(Cx(1-RtHA1 - REHD) 9] ol st AH
HEZ o] g& o] &3 H AT HI ] s

Ztzbe] RBo| Jlddte HAEE AT £ o
th AzR oA ztel gAAA e Fof A
FEPou A HAYEA gL REY EAdR
o} I FE9 {34, F A FEA 7Y
e ARE FA37) Ho}‘# ALEEHE WEE
MY BRE(CX(1-RtH(1-REHD)9 A%
¢ C-Index©]tHCooksey, 1996 ; Levi, 1989]. C
o e -191A4 1 Akele] g& ZHA =9 C3t
o Vol 7l7+E #E ZA HW M¥mYPo=m
AREA ¥ FE, £ A8y Jgez &
Axe & AAHEQY dAdo] gleS vt
o wex o] Ffole uAgH o] &)
32 ¥ RoZ BAHEY F gl wA Cglol
“I'oly Toll 7h7t& & ZA i o]& ]
¥ o] FHstA EAdte Aeg 34y
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Rol7] Wjio Fasitty 2R3 & A ot
[Cooksey, 1996 ; Levi, 1989].

lod
O:

rl

23 A7=H

Svenson[1979]¢] F3X# Azt AAA
AFAA F Y F 38U 2¥ A7 9
AA% ARATE ABAE ATE R
ogoz wH ¥ 4 g ¥ oy A4
FHAME 717 Q& Aoz Bt aey
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o B4, A¥F uAY uYdFS AHeE 7
€ dSEFAITT A2 45484 L
H7tety] fste AFE oo MPS S &
4ote B A HrpPEE ATdn, A
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JarAA e e EA 9 BAE EE3}
grtERge e wdEET Fadol od &
2YFd J3M 2o FasA 2IFgEert
£ 4Wstax . olg T HA A3AT
71RE AgEte Add wdY dE3RdS §
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Ene 33E A7t AHSE AR S04

7108E 7HsAEE AHE F e Aotk

24 A7
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A9 Ro|tLevi, 1989 ; Libby, 1976].
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gule 2L whRAET B o ¢
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1974 ; Levi, 1989]0ll A Rud H¥gnge] <
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A @A7E EAEA F7] dE MR
Aog FAHT 4 vk Wty B dellA
23gle] AHSEE A7 JALAA e of
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W oolefdt By S Py EAzL
o FAE &= Aol 7teE Aotk ATLEY
(K28 1> #2)& EUZ gl d58 7HH
$ 7Hdgstd og i 2.
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7Hd 1: gA2RY FaA(AFZR)2
E@ "4 P A(Valid Nonlinearity)*]
EAq 59 A7 Ao

7Hd 2: FES 389 EAQi= B
Fuygel 4549 aAt e
U AZeg9 A543 #A7}
U

74 3: AAHAAY FRA(ASHAGA) =
oldaE HAY RPd uA 43
23d g 233 afVE A8
ol

3. o4y
3.1 Task : mhitofl 2

2 AFNAE b olf 2, 719 S ng
2% HU(Task) 22 AT 719 H4t
TE Altman(1968] o2 A9 |43 A
& ATaidl A AHeA AgEole e
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&

1 233 Z3e Azel gxEA PUE 2y Fo
24 04]%%@.‘5‘ ol AdHE &FE 9vjsiy & ¢
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HAY A7) ASZAHBEE AF Fom FHWE
a5 = 2Y9 dZFAYE - A7 7&041}(°17H
o 4&H8x).

FA A g & glon Az 8 oA
E AEHN &3 dgEGE, RAANY Fx
2474 T3 AF dZ2H7| "ol 2 997t gl
o3 & 4 tHZacharakis & Meyer, 1998 ;
Tam & Kiang, 1992].
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9] &) 21 F}E (4~6 H=
AAAE 28069 (22~2) 4545 (-6 45) et 24 88%

o 7|7 woltt A¥e AILE Fo
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A& (Confidence Level)Z 5% F(Quasi-Contin-
uous Scaling)2 2 Wyro] @A s
2hA Zodzte] By FAFEE OdA 1 7}

A 01 B2 o) 10749 SRoz %@
F 9tk & HAE AP W Tabe] 2o

& BAREE 0602 FAHAD. Belxt
woel Andn ¢ 4 Ut S ofgH
3

233 7
S olft BAWSI 9BH, m: A%
F oz @ Bo

o= 3 Zozvl 2P ZN 3 &
ol BT 4= gle 5 ¢nygEy e

ZHe7] Sgoltt

5 94 wANNE 383} MPSE o] 3
o FAREY ASHREE Hreli, AZE
9g olgdte] UYAHY EAQY, 223 ¥

2adygEdoe] 2188 £ oy dzndo]
B dvbdeln a5t g2 M3 dF[Cooksey,
1996 ; Levi, 1989 ; Libby, 1976 ; Tucker, 1964]
oA F2 AMEE 7] o] & dFME @
Z2EHAE AB3gT. 53 d=xde] Rash
C-index< Rl ¥ S & HHFH FEHE
A ZAYE F 7] e & dFdE 9 F
st S AHCooksey, 1996 ; Levi, 1989
; Libby, 1976]. #lz2de T/ Hd¥rgo
E FAHE U stve 4 FAzty o4& ()
o il 10719 EYR-(AFH L) o] &3
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(E 2) ZoRle] OB 24
2y Beint No. Ra HZE MPS C-Index t-AAA
1 0.552 78% 0.1767 0.245 1.92451"
2 0.630 80% 0.1548 0528 473494
3 0657 83% 0.1430 0534 4.81005™
4 0573 7% 0.1757 0.287 2281711
5 0579 75% 0.1708 0.236 1.84956"
6 0511 73% 0.2057 0.244 1.91616™
7 0.546 8% 0.1758 0.186 1.44169"
;ﬁ} 8 0.447 73% 0.2105 0.104 0.79635
2% 9 0584 80% 0.1655 0310 2.48322"
10 0.426 68% 0.2180 0.026 0.19807
11 0.489 70% 02115 0.289 2.209061"
12 0517 75% 0.1963 0.15 1.155439
13 0609 77% 0.1708 0.359 2929339
14 0.49% 75% 0.1962 0.203 1.578876"
15 0.3%9 70% 0.232 -0.051 -0.38891
16 0517 68% 0.2048 0.281 2.229879™
17 0558 72% 0.1802 0.209 1.627642°
18 0.4% 73% 0.1933 0.048 0.365979
19 0488 72% 0.1932 0.157 1.210691
20 0.363 65% 0.2648 0.154 1.186989
21 0532 70% 0.1948 0.259 2.04217"
22 0569 73% 0.1732 0.201 1.562662"
2] 0483 70% 0.2083 0.253 1.991584™
T 24 0.3%4 70% 0.2553 0.057 0.434806
%5 0307 63% 0.261 0.004 0.030463
2% 0342 63% 0.2277 -0.101 -0.77315
2 0.425 68% 0.2473 0.051 0.388911
28 0.444 70% 0.2072 -0.007 -0.74223
29 0338 67% 0.2643 0.202 1570767
30 0.363 68% 0.2587 0.157 1.210691
3l 0.249 62% 0.2768 -0.111 -0.85061
2 0.348 72% 0.2475 -0.001 -0.00762

Dt > 12827, 16457 (0.1, 0.05 fFAFE)
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FAlM F43Ah FoAAES] AAA PE
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o tt& &8 F(-)9 #AE Holm gt

(B B C-indexe} IZHBE Ty}7| AT
4% | MPS (Cp:Ivnacllsg
Ra | oo | o8 | A
1%E * 08B < o000y
MPS * * (pfg?)?)g(’)l)
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= 068308 2T EAHOE
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Nonlinearity)®] &5 FA7L A= A
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(& 5 HEDYO Yuplu(aE Him)

IJAEMRY URETZzEY A7
C-Indexol 9% &F

58 MPS HEE MPS HEE MPS

21 E(n=16) 61.14% 0.1% 71.46% 0.187 73.23% 0.187
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(E 6 A4 1019 o HE: W(HES)

Zoda/2y (733 g Bz AFE ¢ 9
UFFZEY (Foat #3) 83.3% 1
FAA 43 (C-Index : 0534) (AFHEA o] 71 58 FAah) 83.0% 2
A3T By (FA #9) 80.0% 3
UR72EY (A3 49) 80.0% 3
ez} #9 (C-Index : 0310) (A3 AYAo] F Wiz 248 Fojah 80.0% 3
#o2} #2 (C-Index : 0528) (A& HBAo] F WiAZ $47 Fojzp 80.0% 3
AT 2E (AR #D 78.3% 7
AZG By (Fazt #13) 78.3% 7
U3z 2y (Fda #2) 78.3% 7
Zoi# #1 (C-Index : 0.245) (3 H Ao o WAR 43 Fojah 8% 10
CE T 2A9] 10012 o0& F&z b|m(MPS)
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UrTz 2y (3da 43) 0.1387 1
Fo2 #3 (C-Index : 0534) (A& AEA o) 7HF 58 oD 0.1430 2
ARG 28 (494 #3) 0.1434 3
UF3z 28 (Fzl 42) 01548 4
Aol Z #2 (C-Index : 0528) (l&AEAdo) F WARZ ¢ oA 0.1548 4
UrTz 2y (Fdz #9) 0.1583 6
AZY 28 (FoIA #2) 0.1608 7
AR By (Foi 49) 0.1647 8
ZeiZ} 49 (C-Index : 0310) (AZB Ao Al WAZ $58 Foizh 0.1655 9
U2z 2y (o #1) 01672 10
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#3)7} obd URFx B} 439 YEL o] £5% FAztY] JAHAA A HAHH
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L AdZAFEE MY EY wMEgHREoR Bz Ao Sl dg A7, FTFFH
PEgozH oldd A e 2449 ¥ gr3]z] 2001, #1268 A43F, pp. 55-70.
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