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ABSTRACT

The analysis of financial statement analysis is one of the major decisive information
sources for investors, lenders, and managers. It is an unstructured decision problem in
nature and a complicated and time-consuming process whose effectiveness is dependent on
the decision strategy of expert or CPA. Recently decision support systems or expert
systems have been developed for tackling with such work. However, it is of greatly impor-
tance and is a non-trivial job for building the decision model based on the knowledge
extracted from experts. In this study, we integrate the methodologies of process tracing and
output analysis in decision theory to construct the decision model for a senior professional
CPA and to improve the decision quality of the expert. First, the recognition process of the
investigated expert is identified by using verbal protocol analysis and is represented as prob-
lem behavior graphs. Second, an initial decision model of the expert is built from 166 empir-
ical cases he evaluated via applying probabilistic neural network (PNN), a non-blackbox
model which allows one to look into the impact of independent variables. The expert is then
asked to review and refine his decisive strategy according to the inconsistent cases between
him and PNN. The empirical study findings show that can the decision model constructed
by the methodology proposed not only alleviate the shortcoming resulting from directly
appealing to neural networks but also provides a transparent investigation for decision-
making process.

IKeywords: Decision theory, knowledge acquisition, verbal protocol analysis, probabilistic
neural network, liquidity analysis
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Paradice 1997) o Rt » ARHZEE LIEE
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WETATR » BRITERRRRIEAZ &AL
HISC B2 Z EBIR R TR IR (&R
= FE BB SR CE B 2 R
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RBIAIIE A o F3E B9 TR A0 (Ball et.
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BEERER G ERENEIIEEERREE
R FHATHEEEIAREST B
REEAEBT5#EHT4 o Wong & A%
BEIAENEE (BERRER - B3
|~ BEE+—E) c #E— N/ AN\E
—NAAER  BREMKIERESEE
HELFE F BAE B SRR AT LB MR AR > Mz
A E E B 9E 5 | (Wong, Bodnovich,
& Selvi 1997) o CHEt (Vellido, Lisboa, &
Vaughan 1999) HIIEL 1992 & 1998 B Ri& &
BRI ERE R R E HERER DI
Py FIRUE » Mt E Z EE BREEE ~ GRS
Rt — TR LR o B (Jain & Nag
1997) HE N BRAR A< 52 &t (sample design) EA
B 1 ¥ (performance metric) 38
HUA R > EATHETHR X R B AR RS R =
HULLER » A B 2 S SERRE B > B
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ization) RYEES] o TEMA B EEBERIE B
£ » Zopounidis AR HE— B TENFEE
HE R ERERRAREREIR R
B EHER LA ERAERE R
BOE THTRMARE ARG S ES
A S 1 5 B B 4R LR SR AR RO B 1
(Zopounidis, Doumpos, & Matsatsinis1997) o
Deng RIJiR I T — 2 SR INEEZE % (induc-
tive learning) BEAH M HE 18 = DA IR I
et LR A RIRE (Deng 1993) o

FH S DAE] B 2047 BR1E B 43 A 7R SL SR
RRIRANT » ¥ REIRA EREHE S
BB HEER LIRS - FuEHT
437 (normality) E2ILERM: (collinearity) »
T 85 3T B R R 7 R 7~ DA pe R B T 1k
BN ERRER A B EHEHRAATEL
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DAES P BT s IR EEBD TR - HLIE
IR TE R B AT HER E RS DI
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BE > MEX LS R EERER
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Lisboa, & Vaughan 1999) ; &H5EE R
R LAERIERSE » Th52 DAME Bl B4 B R 75 A
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B ERAT RER S DR R IR X (B
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BRI E BN » PRI > MR SR RESR
HIOEEER T » WERIFRALEE
DURAKRE » NGB HRESE o
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AR AEE E BRI ER » HEBIERER
BE o FHEEERIRIERI B S R HRE
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BERXBEHEEERRED (BEHIFER
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RERSGEE OEE L » WECHRAS S BsR
R TREARAER (AT ) ¥
ZHBIRE— AR (transcript) » AECEER
AEF BAIR IR R A e e TR SR B
FIBTEIREET o SLIEEE T UE B 58 A
B EREZREBPTERTER - BUE
7B HIEEER (Payne, Braunstein, & Carroll
1978) o B » BT EHZREN O ER
& TRRELSTE AR IR R RE I P68 FE AOAR
2R o & VPA P AR EE LI ET B E
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(problem behavior graph, PBG) & » LA
RNZRE LA M 2 fERERE (Erics-
son & Simon 1993) o PBG B—HEF &
ELFTAE B R [ > BT BLR R BHR R
HE—-EEMEELENARELE o FL&
PBG 7R 4% & % 48 #1 5%, 3 72 B 5 if-then-
else FHRANAYEIS » DIFBREAURRE o FEBY
SRR » TR AR E A UK HR
REFER - MEZREE R RS EERN

BBz RS o
> BOREIRIOIT RS

PNN @ f D. E. Specht % H iy —7&
BB 5 (supervised) FEMHICHERS 2848 »
IRHHERERAR IR ER R
HBZNEE /7 (Specht 1990) - BEEH
= ER RN ERE - PNN B4
ERHBH TR ER RS ES
(Bayesian classifier) o 7£ H K4 ik »
R EE N TIERBAARE—EE B R
— 485 (class) A HIHZR% B X E (proba-
bility density function, PDF) fa(x) :

falx) =P(xlA) (1)

EFXBR-ENBAETR -
Parzen F5REEE M F G EEER PDF o]
% — #H PDF fi ] 7 8735 #1385% (Parzen
1962) » T Specht 7F 1990 32 H T —E%E
BIEG &8 F

14 (x)=

Hrp
P =BRAEBERZEE (dmension)

n, = FIRERZEE

X, = 85 A FE i EIIREE -

o = BHRE (smoothing parameter) ©

Bz (2) AT/ > HHlF falx) B n,

%8B i o il » BB RET
WER > MEMNTRES SR

{ (x X )(x X, )}(2)

(271,')2 I"’l, =1

I > AR AT E A S — ik SERIRIRE o
Specht $RH PNN ZSELIEEEA] fa(x) -

£ PNN 5 » FIfR& B o HER E 1 I

RIERBELRENME  Ei

Ck-X,) &-X,)=2-6 X, -1) (3

# (2) LR
(x 41 ]
fa(X)= exp 4
() (27-()2017711; |: ()
PNN £ =g (three layered) mijg& =

(feedforward) ;EE?Eﬁn‘;éﬂf[ B (A0E D > 2
— BB A (input layer) » HEZW AL
B FEEEE Rk =Ug (pattern layer) »
ERE—EYHER > MEEE (summa-
tion layer) AR TT (neuron) ¥ S — 7
RERVSER » BE— R TTAIE falx)
WEEETR @ - BEEWEINRER
BrER j o BIFEFE—EH#E (connection)
AR | BB IRTT j o TEREES
FIBRRE RS > HFFIRE R BIE B »
MEFSENRAETR X BHEIEER
FHRRERME falx) BERF » LETE
WTA (Winner-Take-All) f#f& T Z8HiH

WTA Unit

Input Layer Summation Layer

Pattern Layer

1+ # % AR e s SR B
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B o FIEERERE > THEERET S
HIEREE N SEBIITE > B
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B ABRHEZHRZBRATRE &
HrgE R A E BRI R E AR
WHIEERE T EEEEE (BEE) o
A
1.3 B2 ( Current Ratio, CR )

2. FEW IR sk Y sk HA RS ( Collection Period
for Account Receivable, AR )

3. 7FEHERIR ( Days to Sell Inventory,
INV )

4.7 %88 ( Operation Cycle, OC )

5. 1% % #EH ( Net Operation Cycle,
NOC )

6. % 3%8 ( Sales, S )

7. % %1%F] ( Operation Income, OI )

ZRABENETRMBEERERE »
BRI ST 165 RAFI RFEAE=ZFNTBEE
Bl A —EBI-CIEN 5B E R R (E
HAEfEREST » Rate ) #5F 1-56 UFS »
FrEEs BN EEE ©

Zz | ME | AW | BE | &
1 2 3 4 -

B2 3 BHE Bl A = B -G IE B BB S
% > HiBE AT RS HEERE I
RERIES o UABS 1402 AT &6
HEEBHEBETFESWT ¢ CR=2 ; AR=3 ;
INV=3 ; OC=3 ; NOC=3 ; S=2 ; OI= 1 o
TR E AT EBEE B ERE I FTE
%S E | Rate=2 » JREIEZAFTH
B HEER IEE - WHEREAEREZEN
TREFSBRINER » EfTPNN WEHE

B5E o
— ~ PNNZ 5k

AHFZE PNN Z 8l B8R A3 NeuroShell
11 iRt 1T » HAR B —E e (adap-
tive) PNN R » & ERERERHE
— AN E (8 B 1R R ER B (B LA
KB Z T8 R B (Specht 1990; Ward
1996) o It MEM: PNN Z 3R T1E5 Mgk
AT » B R UFIBE R (training data)

Ik PNN > MIRERRAE R (test data)
MRS FIERE » DERARIRES—
LN B o SEAEME PNN 32 it 5= — I U=
B (sensitivity) 4T T & » B F I REGH
BERA  RAZWARBERLERS
RZAIRIE - B RESREOEHREMEN
5y AU T R TR R R
TR » ATMEPFRFREZHAETS
TEMERE I » IKERIRERETT » i
HWIEBEE ST AERRHARENEE R
BERz REES M (distribution) o B3R
E5EE PNN B2 7 ghiaf » ARHFFEHG 165 &
HHEEHNSEB 1208 (H972.7% ) JigE
B~ 308 (#18.1% ) EIRER LUK 15
% (£79.1% ) BpEF&E! (validation data) o
Fi R EE R ARG E PNN Z#E28
EREEE LRI S BTl S = B R SR FH B =2 B
oo MEL TR EE ) (MisClassified
Rate, MCR) £ &l $ PNN = B 28 i 8%
(cost function) » EEZEIMT :

MCR(D) =" )
n

Hebn, REn BEHNESED
& > PNN Z FH# (actual output) EHE R
FUE (desired output) Z &R A— ( B)
RO ) BIEE -

E A g%ng%ﬁ*ﬁ

BEERENZHERABERZ
PNN Fif#5 2 © MCRy,, (HHEER
Z MCR ) B MCRvalidation ( ’%%—Qg*’l‘z
MCR ) 25l 23.3% & 33% < f&EA5
W8 ETR HIR R < E R - BE
WK 1 ZEBLFER (confusion matrix) °
RPHEBFRT > PNN ZHHRIEER
HERGHEBEINTFSAIEZER
HERBEMESHE o HEEBERRE
TR & 2= B2 A ECE = SR
£ o 8575 PNN B Al R E R 2 R R
= o
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41 PNN#L & £ 787 2 bk

Exp.

N 1 2 3 4 5 TS(;‘,EZJ
1 7 0 0 0 0 2
7 1 3 1 1 0 5
3 0 0 I 0 1 2
1 0 0 0 2 0 2
5 0 0 1 0 2 3
TS;‘& 3 3 3 3 3 15

S— AT » B PNN 7] DI T U
B3 it DA S B M SR B B
B AEARFTK PNN HERREZR
ZEBEEER R (1152 ) -
BN TR RIR IR A 2 » ETBLU
BEIERERRGEERREN KR

®2ER  RREOEERSTEME
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REXAETEEHEEEIFEREEER
RIAR - AWHEERLHEFR L -

HR » BRIBSIRFGEREAR ( AR ) ~
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&R RE RN 5 E > ZBP
fRre B BRI R DEESTS
HREHFHTERENZERR > At
MBEHRRSITERBBNRLHAEHHE
BT AIRERUERERRE » 25
BHEFS ~ 6~ 70

EEESTGE » BAEE AT EE

RENMERIBERFEEEY (NOC ) »
HEEEHRFR 2 - BErERERTER
BRI - (EEF GO R BREBEHIEERE
FIE s REESEDTUREILLER o
HRERE (S ) ATLEREB)EERE
BB R B ONTRG R — B - BB R
TEER SRR » ETTEEHEERE 1R
—F P - RERMERRE RS
BB > ARESFFRI o
HPEHEEE I THIRRTS »

BEER] (O] ) RATERB AR -

FEERER  EREERENE R
BREIFIERT: - BULERIEHIEE R EY
Hlh - UEERTEEARENEY - K

 EEMEARTIERE > N Ol WEE

TEHFRE4 o

F9E A &1 PNN BT T 88U %2 4
MRS R BB DT E R AR » B35
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