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aFERAERRTRI » d2R (5 P BT /550 DAL 5 48 = T b B A5 b 1 o2 — WEL R
2 R ERERRREMS - SR BEBLEARIEHFEER
HYES o A ESBUESCRR - AUFFT LI 280 (AR ~ SR &
PRI LR ~ SRS AT B RERE - WAERA WS S BB B EERE
T BUINSIAFEHRLT AR BEEEER (c.e THMEHEER) AGMIEFFAH
Fi BHVERERERNRE - Rl 52 Gat EaRAE i - ATFerI T
%5 1994 ££.2 2017 R A E A EERARET O - BRBEREUR © E8S1
R AF AR B E AR - HAETAST] (e.g. F1 08 A —ERE
FERYEETT - Horh SCEARE S A FAG FR 5 e e TH BAAL RAG TR e 4y (F1 3 Bm] 2
0.76~0.77 - WEEEIRETIEY 6%) - LLEUREIHOLFERE R M EE & K (EHE

"R BB R
AT S SR R Sy BT A (R (SR R A s S B = 5 AP Y o SRR
BRI - EHE BB AEINS - ST AR S E E ST RE S T
HI5 H R ERBCRE B BB RS - HEEERAGET - BEEEEHMEEEA
FEOLFAREREEE - SN ERARRER T RERGER Z EERSERE -
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JERTRZE L 2 IFZE A8 E (4R5% 1120.900201) -
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R - HBERITISRIZUL B R E H A ES > 40 2008 F3 LRSS
RE <l . 2020 SR P BRI e i 38 1 B 3 SR AV 5 VB 5 2R B EE Y 82
& - MYEAY IR T EG M LERESGEHESEMN - EXERMEFERT
R Y RIS ~ [ DRHERS Y e - SRS RHERE - iNE KRR rE
2 F 788 7 (> SE NI S I ] AE [ 3B R GR Y R 5T - ARIZERUE (Fitch Ratings)
Wt - ERERREAPEERE S EER e F A R EEEARRE
MRz - AE R EREREES 2E - AR ZEREMEFATEE
ZERETEZIFEENREPE  WEEBNEBEASE - ERAFSEENL
e E Rk - 88 (Fitch Ratings) 24 (S&P Global Ratings) S¥FfEE
i Ry AE > ERER T HAEAERE - AABR T E AR SRR > BEZTE
BFEITR A RE AT R A VSR EBGEN Z B E S - Nt - £ ZERE
1 > WRSERGE ~ (RBRLY ~ [EerlEe - REBZERES - g AMKEAN - &
FEN ~ 81T A~ BUFFIMNERFIE R AT ARERATRZER « Hoth o 0l E I
B HMFEAVE R > B1 RN E R (R A IR E—IHERE

T L BRSPS B2 AT B NER A E B (A AL R (i 1058 5 &L
I EEHERRR - REAGIREERNFZIERSEER EEZVRESHK
5 MEFVEREARASENEBAZEET] « [N &4 FEEHFERER
R > N AT RE & IR TR R TR AR LR - MR R LIRYE S - 1 BUR IR A
RE & 1SR Y5 FRF S AR E HIS B R B E R BUBUR 28 2R - & LAT
it - (5P bR E E IR E Y —IHEGE © KT (S HREE Z ARG
B (L) BERZAGEHRFA B SNSRI S B8 (X AT DU R R Al (i Ay B B
JE\ b 1Y B & Z wF Al o 28T > ARAE X E (S&P Global Ratings) ~ F% (Fitch
Ratings) ~ 21l (Moody’s) FAFZERF TIERAHES » HBEFERAK

BRFREFATIA - WFRERIE S ERP A EA BRI AR - B U7 HEF
RSV HREE ~ AR - BIRBUGRERE 22N F /(G AT R HIERY
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SRR - PR T RRER A Z DR H IR o AR NI F R (R AT
RIRF A €03 (5 P L B B R - USRI 2 sP S &R A B T V& 1R YE
o [ER > MRS RAEI AR EEHE RS 2 & saHE A - JRENE
IFEROEEHENEN - HAGHFFEER LR EMRAR - £ - E5F
HYEE S E iy B 5 1E - B2 ESFAEIRAE 2 1Y BB TR S WS ERF ZF B (- AP
SR o WK & IF S AHSE (OECD) Jt 2020 FEH{FRHY " £ ERE T 58
B e R EER ) WEiE o ERtE LG E SRR R KA T
J&l (Rating Inflation) ; Z15JF o REASHERGE S AR EEE - AUT5EE
R I i B B2 BRI R AR 25 Bl = (S 5V 07 7hem > &S SIA T FEC 5
e #E E{E{E | (Communicative value; Seebeck and Kaya, 2023) SEHz i {THE
gt - BIRETR BLAGSNERAI Z RR (A A B B H B HURF E & -

FE AR (S P TR BRRF ST o > 8BRS 53 SR A O w0 ZE TRHIAR R T
5t - HE LA EM B Gt LR KA (EAR R R E R A A8 - 40 Altman’s
(1968) Z-score ~ Jz Ohlson's (1980) O-score ° | #lthfF5e & &8s FRA 75 & st EE R Kz
He (EAHBE B A fF R b 5% 5 P b iy E RV EE B AR - IES1 - AR T Y
ST AR PR > (5 PSR RE 50125 e LA SR S 765 el e sz A 75 J e A T
AE SHRPAR IR T T LSRR LR AV IR o LA A1 7 e et R AR (B AH R &
TRy AT 1 SRS JRUBR Y — REL B SCASHHSE DAL Ry AR AU H £ A S8

S bR ZE /5 2 & B E B BEE L < BUE R - 1T kA FE 7R B
IR EELE M B R R VR - SR FEHCCANE T FTle 2 I ATIE M &
TBIEERNE - MAE G s E AT - " A& ) IMEE R
IEELAR T E—EEZA AT - Mayew et al. (2015) SN = EE RS
(10-K) 127 MD&A (Management Discussions and Analyses) f& | s EFE(E
P E S A B Y RTRE MR E S 5 1] Campbell et al. (2014) I Loughran & Mcdonald
(2011) HYBFEIRERE » 2 2B O E (S bR HEA RV RIS MR &ER - 2
B AR T DA SR EI R G 5t & AR SR T 5 S & R R 2 AR A
BRI HN  TNESNAAE TS AR A EE ) B (g THEMENEER)
{E Ry AU BRI MG NS R » Horp > T RSO AR BB B {5 (Seebeck and
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Kaya, 2023) RS HRAMEL I AN FEULS SRS 5 BHIRETE - HURE SO 3%
B 5E R EEARE - BRSNS A T RS ERE R E [ , B8 H Duffie &
Lando (2001) RAEFFAFEIREE A2 " Aoe &, 1Lam—2 » BoRbtFEE
PR S S - R B T 2 (B OO T (5 R 5 0 S TR B A A o Ay B B Al
A s A B RN M B SCATEE R LB A £ 2T AT - 2
HNEHI E R (0 N\ AR 2 5P A

H AT &S & HOUA B R S i es 2 B A A 1T 4 =115 F b TR R AH R
Sk DA A IR FE B E o 41 Mai et al. (2019) Kz Chen et al. (2023) »
Hdr > Mai et al. (2019) 5z Chen et al. (2023) 47 BIDUFEH  MD&A {5658 B #
173 57 SR W] S Bl R AR R R TRUMIARL B 7 S S 180 A8 - 2T - {E(5 FHRY
FHAZARREGTZE T - 525 P B 15 LL A B B 4 S e B2 0 Bk fE B2
RIACHEL T (5 FRFETOARR (S (e.g. Wang and Ku, 2021 > 3 1) » /07 LIFEHSL
FEUE R A EE B EE RS2 TR AR 5 A BB T 0T - 28 0 K
FIEE ST am AT A IR SEE TS L ERNM B a8 R (G LER) #
FHOC AR REEE R CEERLEIR) TR R A B RYRSCR - SIER A2
TH% e BRI TR © Bl ABHFEHKTE Mai et al. (2019) f Wang and
Ku (2021) Ffyfs A RA 75 S B (R (B8 SR Ry AR A R A S @ s 1 AR &
A — 2P ELEE NN A S B S m B ER R E (AIRMEEER) 1% 0 14
2 E AR S & A RN TRRS] o BETRBRIERTE A SISRES (L HLE MRy B
B A DUEIME TSR B TR AR B AR R (5% (5 FaPE &R -

KBS 1994 42 2017 FHYEE A EEHFFEER > WETER R
B RSB - BRI P E (RandomOverSampling ~ SMOTE) 42
Fei%g o MG A P2k 75 BraEl BT (Logistic Regression) ~ [ #x#f (Random Forest)
TR R E T (XGBoost) ~ K &M &% (Support Vector Machine; SVM) &0
fEtREs S B A AR ERETAE BRSNS | A EE i S0 A 0 7 1 (5 (B B R A A
TR » BEAN > RysAborArdd REVER(EM: - A5 E- H Rolling Window K5

it 1+ Wang and Ku (2021) (/] 28 A GBS R B RITAT A B > SESERT T 2 R R BUK
Fe ks » AMEEER ~ AEITHE - SRUFH - IR - EFEUWA -

163



BRoshd  BERCE ER MERE M

EARN SRR B Z U153 > JREILL 1994 42 2011 4F Ryl ekl - BAE%E
B R TR R —FHV A FE AR - &R Bl TS RSP M i 44 T
HIGER - BB REUR » DT AR AR A EE SR - HEISER
TR ZAERER (Accuracy) ~ FEHEZR (Precision) ~ #H[H]% (Recall) ~ F1 738 (F1-
Score) &HBIENINZ » 17 Bl MR IR A FE B2 T B B 1 AR M AU SR BRLAH 4 8 3%
(A0 F1 S38aliE 0.76~0.77 » SEERERTIEY 6%) LD - {5 ISP E MR AN 3 =
AV EE Bt A IR ) - B ROl P A TS i (E (2 BOE A AR ME
G B & o T B BURIA R IAY (S A EEAE R 2 T o2 =56l « & - Kiseirs
B B R v (E (B R D R (RIS B A IR H B I & R A =
HIEER » TREIEIER B R A FIRYREE 73 A e Y TR - Rt - o
ELid R A E E B RS R A B0V ST AR R A b B < it R r 2 (5 b -

BRGNS AUFFESE TR ol - AR 78 0 (5 (B B (R 4 U s B B &
EHFEERN BN BA Btk - OHEARERENATEMNS » FHX
AR R I (B B B RE BR S MA Y (5 A b B SR 5 11 S e E B
FRVAEIME » MG EBFrRe Ay E AR &SR AR % - E2RBEM
mEREREENN TR ERS B BEE T EERIK - SUFERSCTEE
B (E BT SR A M B Y B AR A S > 1hE Duffie and Lando
(2001) HYR e E BB —EL - 1% » BRI 4 2 5755 7
A o AT DUE—P (e F R R ERE L A F] » TRERINEBF Z R AL (3RS
HEBR Y —IH 2R/

FEEAYZE > Wang and Ku (2021) 4 H| It a3 52 B AT K e e BB 1R Al
AR TS RIS Z FEM » M P AR A SRR s & et R e (E AH R 22
B IR O T R R A B S 8 (T3E 14 S B & » Seebeck and Kaya, 2023;
Chen etal., 2023) - AW EEE B S © (1)5] A Seebeck and Kaya (2023)
J2 Chen et al. (2023)fTfg < S FAEE i F HE M (THEMEEER N A EEM
SPE TR 5 () FR B S P B B (B B MR I E K I E
N FEIHER A RIS E PN FIRIFEE - WAEA S A TRV EEAR 35 A b B #R
TTHIRAS R 5 (3)$2 BLAF SR S0 5 A B U 1 5 (E B8 B L (R 4 U 5 S B 8 S0 S
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MFFEE TR B A TR R RS © (4) AT B T e A L i ik
PRS2 P77k 1 (P E R HY (S FRFE R A FE S H R0 B (SRR
e o &R LRI > AHPFEEE A E v (5 S E TRNCORAY SR 1 > JREE#E
— S RIME A E R EE SIS R -

fg\ . @;I;Jeﬁb/épf

ARG 2 SCRRIEI RS 73 B = B0 B4 - 5 o 5 e e A B L i AL A A
Bge » HR B A FFRSCFEEE @ E 25w R AR SEEERREN
JEU B B TR Z BHTE  Forht » B FEA (8 F i s B2 ER A 7 R 1T B A\ B
B B AatBERBR (GETKRE TS ER) MG SR (A5
R Z LD B R B AR AH B SUBRFT 12 S 2 % w3 B2 75 1 A B e A\ SR
TERASL 2 FERESHARIE - W0 AR ZE (0 {7 3 2R ARIB TR S o 4T -

—  EHEEERIE R AR R

(=) B*h'& A#HILH

15 H g 2o = S5 AH R i 72 TP IR B SRR M 2 — » L HAE Rl e i
& > BEZ GRS EN - BN - BUSBTSESSN A ERE (A BE
HYEE BT - RTINS T R ez (E4Y) s 1M (8 (5 I P AR I Ryt
= (S R 2 248 (Baesens et al. , 2003 ; Kim & Ahn, 2012 ; Tsai & Chen,
2010 7 Yu et al., 2008) (L > B3E(E FHFFRE(E A B T EVER#RE L —
M {5 FH B A B8 28 4R s SN0 A 35 Bl (5 A & BRUE Y — JH I, > A0 4 SRR
CEL)) ~ B3RS~ REEZE AR E (Donovan, Jennings, Koharki &
Lee, 2021) ©

FRIZSEREAL (5 A JE B AL (Merton, 1974; Duffie & Lando, 2001) ®JA1 > &
FEEESE (BEEBEKEREEBERE) - 8FEKE - RAZEEIER
Jy0x EE BRI IE EFRE N T - Hor o £ Duffie & Lando (2001) Arf2 K
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By SE =G st &S BRI A - BN E R e > SMEEE A A ERER
BAEV B RREAEENEERESR S ERZ A 2R ER ML

BEANHERAETREAEI GRS —ENFZE - HNEHRI T AR S
EME (e.g. REAMKFER) ATARAEEEIEERE KN EFRE L - B
A SRR E R EERE - AU E A B B & s T R AL - K
{i& Duffie & Lando (2001) fEEFAEEE AL T A E2EMN, ZHE > B

BELAFFHROR ZIRER B RS S AR B H E E R - W HE
A B RIFFETRAERI G BARESEHEINERRR (5 A\ 5 AENfE H BRI HYRPE & -

(=) G*R'GHMFTT

110 S 2 BLE QYRR AHRH T 72

A A SRR E TROM 2 e AR P BR BT oy R et B b (Accounting-Based)

FeEE TG ELRE (Market-Based) [ A#E AR » PR Fyid W AT A B EELR |
BEHI S T A EINM G E RS EE - BERNES R - B gat e
B A FE R I B R~ et E AR - A SRR E RN E (BL) F
4 FIBEEGE AT R TN T » HPEREH 2505 Altman
(1968) F1 Ohlson (1980) =~ 1i>3EH FE TEMI o M ALEE BB RIE LI ZE T35 2 A8

SERKE R R ZERER - A2 P78 Merton (1974) 7 ZEf2HERH
FREEIFTOTA B KMV ELY TR R R A -

AT £ SE B E TEURTAE BRI 58 28 45 & T 55 S et Nt 52 117 355 W A% A\ B o it
TTIRSEBE SR Z TN © Mai et al. (2019) 5 ESE & ERABREE TS E R
AEEASMINA A FI4E#H MD&A FEl RS BAREST R SENZETEM ¢ 1l Donovan et al.
(2021) HIDAATS & &t b B FE T 35 E L R & ARET Z-score ~ O-score ~ EDF ~ 1
BN FE B EUE A (Credit Spread) Z EIHYRANHM: « EACHIE R RIAMBIE S
W E S B E SRR R TS B M 2 = AR - RIIL - ABHZE 5 LLUE 25 508
AE R B E TR BB R R A A -

2.5 FHEFE RN ZE

EHEFE RE AR P EENRE L — » (IR ESES 26 IR
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HIERRE ) 2 FEH¥sr (Huang et al., 2004 Lee, 2007) © {5 AaFEE Z FH80R
AE S B BB A EL 2 AT AR (B EEBUE LI A) (Martens et al., 2010) -
It S ESEZFIE HEPE I BN A F R G AR —(HE N E 2%
o DIBSEE RS RO - (a2 sV A B DA s R AL Ry e E 51
L2 I 0 W FErAG 28 2 S s T LARAL - AR A E] (S&P) B2
N E] (Moody’s) J5ids w8 73 AT 1 5% LW FS S BN AR 5 L1 (3 FIEFSF (Huang et
al., 2004) ; Hrf - FEAEE R 2 5FE T AR (R A 1B R i 2%~ SE 75 JE R (Business
Risk Profile) 14 #5 @\ (Financial Risk Profile) 45 & E #4 % 4% (Anchored
Rating) - 3lf 75 48 -~ [F] = 58 B AR H P Bl & =] 98 1L Z ¥ % (Stand-Alone Credit
Profile) - FLFRISE « BORToRAEIEIAN A% R % - BATURAIE Y RS R SR
(Issuer Credit Rating) - #E(E FSFE 2 5E B 2 —(E SRR BAEMERE - HiE
BHRESER A RAERKEHFR - BETRE T EER LB T %1%
T o Kk BEAERETAE T A B2 DUB R & e T B S T S s R T —
I8l 5 ety (5 P R\ b s A A A 77 AR R e P > At 1 5805 R S B =B -

Gr BRI - ABIERY(E SRS AERRNT 75 2 DARPE F TR R £ - H A DAET
0775 Ry B 2 5T Fisher (1959) FI A &/NFJ57% (OLS) 2RFHMIE 75 2 (5 HIET
% ; Pinches & Mingo (1973) AIFIFH % 5 I BI34T (MDA) 72 4= €7 14 H 71l eh 85t
B2 Z P& T REIRHUEE 1Y 0 FNET TR bR T EZ55FF 5 » Gogas et al.
(2014) F1 Karminsky & Khromova (2016) F| FH F¢ 51|14 [0]EF 15 Y (Ordered Probit
Regression Model) 2 TEHI<E R4t = (5 FH5FS ¢ Hajek & Prochazka (2017) Al
AL BER H T (Naive Bayes) Z AT (3 2 (5 FHEFS © Irmatova (2016)
IR FH £ o3 534 (PCA) ZRFEMN 30 {H B 5R 2 (5 FEPEF -

DL_E3BAE(S I SFEAH BRI SE AR DL E e AR 2ER T S R E - MEAAEIRET
FH{PEVE AR BB S - BN EFAERD - BELRIER
EHE - 1 EEFAEHES N RN G BEREFTEEIEGE D
ZALELS T BEFNEEBESNATNEE - EERH T EENEE A
M BASORH TR EREBAE B2 E RSN - AR ESRELEE
(EM B ETER) MIRE LS (FHoCFARREEE) - BEL—EZ
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BRohd  BUsCEL ER AMEH R
{ERETTEE R (RS RP TR -

= ARIFHRXFEMEBEEEN

BB E RSB TR gt MR TS SR (E8) B8R
o NBEORETTE R HBISE(HE - 8 DAEFRA T B SORZ FREE (L
g (EM) - BEBER SR ITL - M SCRREE I B—E RS L HE
PERYEEE - HRAUR T R E R E B ENGE AR TR > 41 B A S [A3E

Bl E IS (SEC B5R 5 ZAE) eIV L » 41 10-K (F#) ~ 10-Q

(F#H) ~ 8-K (EElsfeEr) ~ DEF 14A (B H G et &) © A Conference Call (2%
FEFEER)PARRK OB IIA R - TSR - R
A ENETEE TE M ERRHEHB Y& - 40 Mayew et al. (2015) Zi5ERY
10-K §1y MD&A E& T {5 B f AR RV AT IE R & ER - [ESh - Mayew et al.
(2015) [EIHFEEIL T BRI A EIR AR R B REFI4L = e U AHRARY 7 4t - SRR SER
AR R R\ A 1T BE R AN AT ERET - 1fiFR T 10-K §1H#y MD&A Z 5 » Campbell
etal. (2014) fI Loughran & Mcdonald (2011) 2 iZE /R EH 1> 2E B 3 25 1Y H At i
B SORTNEL S T {3 A b AH R AU AT BE £ & 5 Ganguin & Bilardello (2005) 7R
a3 n T AR E WIE FEEE &k (Conference Call) RSN EE R L (ER) FIJE
EREAL CEME) &N - DAERERERY S h RS R AR (S R -

BRGSO TR B R S S S B B T 2% E E N A E R E
TECHI » 40 Mai et al. (2019) 5z Chen et al. (2023)  Mai et al. (2019) Fl|FHFE#HF
MD&A HYzAARIE Ry 5 A SN DU S BB AL T SE e TEO 2 B 9%
B 74 REUR MD&A B SO R AT F2 - R R BE 78 FEOMIERERR © ifi Chen et
al. (2023) BIIH P B4y 4F S0 B 58 M Ko mB R AR il S 48 A\ BB DAt 23 523
FRIAGEST SR E TN » ERe S R i n M R aE B B T AR T
EWETARS) - EEREURFHRCFE A A e G et S 5 & AT i
AN AR5 b &R -

HE4h > Donovan et al. (2021) FJF 10-K tFfJ MD&A K /NG BEEE S5
FRHE > JeiE Al SR E R AT R EEREIE AN LUE A7 (Credit Spread)
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EF HEEZBOETIIGR - FERARE A RS OE P ERES - BSEBE
B AR Z Bl M T o AT RO RaT - BB RN &Ik (E AR 2

IHFe4E U » B E R MD&A 7 U R s e el ~ el (2
&) ~ NEEYNZEEE A REEAEE R

i EAAT R - A EIA B SO RHEAE BUHE A R R B EE AR E S R E st
BT 5 B AT A G B AR RO © BRIE » By 1T 22k B A EI S
NARIER » AR 10-K ZEECANE Z SR RA S AR - 280
BT E LIEERR(ERIR T - RZLIGH (TF-IDF) » AlEE M (Readability) ~ 5
= (Tone/Sentiment) {E B AR 2 #6512 o Eh > {(¢#% Seebeck and Kaya (2023)
MER > MRS 2 A M (Readability) fz5E & (Tone/Sentiment) /5 Ryl 1%
HEBEENEEEE - B KHFERKIE Seebeck and Kaya (2023) HY7E
0 DUE A rTRE A 58 TR R s - B i (] (E A (RE R -

= KRB BREANERRRSHRARI 2R

tR e S BUEG ISR T T A Z A DR A S AS R B e R BB 1T
W BLERRIARET JTAMLL - eSS EUEER T M, 2300 F o s Ty
7RI 03 B A e I SR B L 2 B [ B 4 » T 4 20 A A 3 52 T A 0 Yy
e FF S 7E A SRR T a5 S AU (B R TR 2 O EL R S e s TR AL R
TR > Tsai & Chen (2010) JREFHFETHERFHUAEMER N D SE G HEIE
HIs 2 > HWFR R E R E S Z TRNERERIES 1% - SRSERIE
FRVIRR SRR - L > EFFTERME BT 5 2R R B R I B B
HIRZE - el L EIEE BTN ) AYRSE(E RS TR AL - AT
FRRAERERE Y — > BORSCE BRI A g DIRER 22 R B Bl - W T T b
B S RS Z A -

FHITEAS SR _E 2 R RIURH AR ST J7 A R BLfE - 140 Fisher (1959) HYA:
/NSETF53E (OLS) ~ Pinches & Mingo (1973) #9258 #5143 #1 (MDA) ~ Laitinen
(1999) ; Reichert et al. (1983) 1 Thomas (2000) Fv3&#E [0]F (Logistic Regression)
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FI&RPEHIRI 771 (LDA) ~ Friedman (1991) B2 CH HIE[HEF (MARS) ~ Gogas
et al. (2014) 1 Karminsky & Khromova (2016) A% [1#&REIEFHEE] (Ordered
Probit Regression Model) % » {HH A &EaHE AL A 7 CHI R LA (RIRME - 208
Bz G REAE R a5 2 - Huang et al. (2004) Al Pai et al. (2015) 2
BTN B B e aa T ER Ra GBI RIREA TN - ERNAEEE T
Frep > BRI K ATRE R &r M3 BESE > AT A AR 7 150 A B E I e &t (B
BHINEEEEEEBYE  MIRSSTREER IR LA TR A T T A RO TR - S D
Rt E2 T AR 2 SRE B A R E A S B2 Y B P B oA S R IBAYZ (E )
FUIRE ST - F& - tRESEEE BN B v F] B2 T SOE I 9R ~ ETREA A4
ZHE > HINE M IEGR PR > u] DUT I 4 aria iR A 2 S M (s - 2l
tR e S E L ERRET AR A EEERN TR - WL - TFKEF A5 R
FEE AR EN PR R i a8 228 (E R ASHE Y > 401 Golbayani et al. (2020) &z Wang and
Ku (2021) -

R 7RI TENES ) H T AERE ) ASSERUAEAY » ARUHZERAF B AR
PRI RS ~ SCRr i EK - & & [0l e SR B R EUA R 1L SR (5T
FEOAREAY 5 2RI - AR SRR AT e REEE R AR EHYEGE - RS T E
FRYRI— AR T EEER 2RI BN eRREEFN S 0 A AT SERERE
LB E A & LR S Y SR B SRS BB BT % - I S ME A = R 4
ANEEFHER - Hith o AHSEEEE B A S 0 eE b - a0l
{2 (Recall) ~ #5fifE=R (Precision) ~ & F1 438§ (F1-Score) & -

\\\?{r

\pgz—%;g

— RERE

R 2B R AR E T AT (B - %— » 4 FIfE Compustat I SEC
Analytic Suite ZHiHH A8 (b 3015 3 Eb R BB R 0 T AL R (U 2
(FTSIE  60) BOPS IR AL A - T BRFAER A AT (S&P) 13l
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FHOC AR B EE RN SIS AR - e AL fEH]

AFEERMERERE - £ EBETEMNHEE - G XREREER - HER
HEITEREAL ~ RIAFFEEE MR RS ORI 0.7) 288 Ra &R
FPEREE SRR - B= 0 DEMUIFIER - WLURFEREE T3 (Rolling
Window Approach) #EfTHAIGNGR - 550U LS AR ERE S ITIEA - &
& - A FAE BRI SRR TS R -

= AREEY

(- ) piE%i#

RNV IS0 DEE e 4 | NS R i SRoe S YRR ER i 3 BN I O N
HIESE R AERESEHEAE (S&P) ZhEEHNEZER - HEMNGERE
1994 £E2 2017 £F > S&P ZRPEIRFHHEMIRT Ry AAA ~ AA+~ AA ~ AA-~
A+-~A -~ A-~BBB+ - BBB - BBB-: BB+ BB :BB-:B+-B-B--CCC+~CCC -
CCC-~ CC - SD ~ D Didiior &F &R 25 Bk S - FH Ll BBB-ZFE(F K El
770 DB (&) R EES - LTI B ELR - RREFEHRZEFF RS FEE
15 R AR SR TR R = HI RS RGBS SR © IR
ZaFE o AIFROR SR A R R B 2 (5 F bR B AR SR 2 (24Y) mIRE M -
&F BRIt - AWEGE 2 Bed& AR A DI as S EE AR TR SR A Y (5 AT Y35
A A5 SE A AR B S&P 2 5V3E 50 o DRI SNERA = GR35 BIIAF ELRS TR
FEH - AR HUINER] - AHATERF S&P (5 ST R /N KB > 775l s Class
A (AAA ~ AA+ -~ AA ~ AA-) ~ Class B (A++~ A~ A-) ~ Class C (BBB+ - BBB -
BBB-) ~ Class D (BB+ * BB * BB-) * Class E (B+ B » B-) ~ & Class F (CCC+ -
CCC ~ CCC-~ CC ~SD ~ D) » HE&ERI#JH K Compustat [z Capital 1Q &} JE -

(=) #4F~ FAAET G 5~ Fh
ATHZEHAE Seebeck and Kaya (2023) Kz Chen et al. (2023) fYEFE » LIFH

AJFEME (Readability) e NEFEE (Tone) {F Ry 8o 2 BE I i (EEAY (AE S
8 - i B AU S R 2 BB /92K H SEC Analytic Suite ERHE > Ftat 37 (E
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SRR - Hoitp > N\ Bog index FYE R /5 H Professor Brian P. Miller
HE A 4uE o S GE 2) -

(2) Mg 380 Rk

FEHBE (S FH BB TSR > 1 A SR8 20 DA 75 e T LU R (R A A 22
Fy L EG AR - AL - RIFSEARIE Mai et al.(2019) F1 Wang and Ku (2021) it
fe ARV 5 S 8 - BEFH T ELeR 56 {845t B e (BAH PR LL R UM e A8
HEEK} &2 H A Compustat ZiRHE

= BEHfARE

AW Z BRI 2 VR S S B R M - REERZERE - BHE
ML ~ IRIRRF EE MR B M= 2 fe A B~ BRI PR EE ~ R iRA
BRI A VI EENSRELAEAE R} - &8 B T B0 B ] LU (R 2 52 8
PERI—2ME - PARR R S B AR Es 2 E AL - AVNETREEFA 48 AT 9E 2
ERTHEM 2 VBRI -

(=) =R FHAH

AHTFE 5 AR PRES RSR L 5 th L MO T A i (H ([ B B D ANy
N EE FRF ST » it S&P SFERR B & AAA B D —It4 22 {Ex¥
SFEH > Rehnamtsas BRI AT - AWTFERTE Wang and Ku (2021) /Y
% IR SERE RV T o8 > DU MRS - 280 A HT e
5 HEFE Iy RIS - AHHFEACETTE R A Z AT - #LL S&P (B 5F 2 il bz F &)
TE R AR WS FSFED Ry 7N REEGE 3) o AL - AEIH B 1 58
FE Ty B WITE R AR N S o R o [ R E 2 Ry oy SAT R
SFEERZ AR TR A] DL R B R A P

£ 2 1 BRIACE ¢ https://sites.google.com/iu.edu/professorbrianpmiller/bog-data

53 AIFTATIL - KTSCHE AAA - AA+ - AA - AABFIER Class A ; A+~ A ~ A-B#JE % Class B ; BBB+ -
BBB - BBB-§f}# B Class C ; BB+ ~ BB ~ BB-§F}E % Class D ; B+ ~ B ~ B-#l# & Class E ; CCC+ ~
CCC~CCC-~CC~SD - DFffiky Class F -
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S&P Rating

3000 31
2299

2000 1561

1500 13941219 e

1000 733

500 133 4 20433 I 280134 39 49 16 155
m . N I = _ _

S R R R Q’%QQQGQQ

1 SyJERT S&P FFEE R Z 53T

S&P Rating

7000 5982 6007
6000
4000 3301
3000
2000
1000 720

0 [

ClassA ClassB ClassC ClassD ClassE ClassF
2 OFik S&P FFEER Z I 1f

(=) # % Bl

F1/> Compustat WRDS F1 SEC Analytic Suite ER}E & A teFiidk(E » A
WHZEE SR R Gt &R - FROCFERE B EEBEER - I S&P 15
ERIEOF o A TERE R Z Sa 5L — ik - A 75K & s (LT iRk E

EiE ey EEEZ ER R eaT A EZ E -

FEBHVE » AU ZFr DABREL " R 2 Eer Rl 0720, BFERTER @ H
S E M BB RSP A SRR (S P FEEEE BN R - WUREIE

HENELRE o KL - BREUER G E T BT S E A I BRI T E
RIRHIEE o ABFFERTEB LRI U (e.g. Wang and Ku, 2001) S EEEL{E
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SRR Z s 8 > AR FGHA B RS2 52,192 SEREARERBIZEET
bR TOREIE E ROR B BRI B LBy 28.57%41 - LAt 32 T 6 A 75 S ik
FAEITAR S (BIETY 10%) o T TR 1 P 755 588 o o 7 i S - B i 3 {5 {1 88
SRR (B 1R Y B AR AR R 21,269 SEI 2 (E -

AR MR EE R KA TR Y &SP E R AR A LT TEMIBRGR L (E
Bl » R EPEEE4H (AA-BLE - A~ BBB BB ~ B ~ CCC+LLT) {5R4A4ERE AL
G153y 3Ry 6% ~ 21% ~ 32% ~ 20% ~ 17% ~ 3% ; MAEMIERELLE% » S PSR
(AA-DL E~A~BBB: BB B~ CCC+EAN) {dfFr{tz ARIELE 73 A1 Ry 3% ~ 16%
28% ~ 28% ~ 22% ~ 3% ° (At - TEMHPRELA(E R » IFRERERALL BT -
B PRRARLLBITERK - BB S @ ST EEHN M EMBRE ERIRAIZER
WAK > HEBHHERATELL THRERELE | Ry i T B AR Ry i -

(=) Rt

TEBE 2 S B E T IERs - R A B G T se R BB E
BEA/NARE -~ BERBRBEEARENA R ENAERESE - R UM E T2
R G -+ AT B0 A /M L A [LIERUE (Min-Max Normalization)
TR — (B A\ BRI METIER R EEEE 0 M 1 2R o BT Ry ME B
KRAEIFHRE (Min-Max Normalization) Z /3= » EH X min Al X _max FEREE A
S i/ ME B RE -

X—Xmin
Xnom =5 —€10,1] (1)

Xmax—Xmin

() FHR2 T HRIZ

TEHE S BB SR M2 %2 BB (Target Value) HUZEMERILE
[ B8 A (Major Class vs. Minor Class) S{EREEE 548 5 FIER - K RIE
BRI R T LB aTRS 2 © RS %0kt (Imbalanced Dataset) | «
b E R E 1A 2 T ST S TSR o SR Class A BT
SRR Class F{EFTA AR EEGIACHIRRIE » 425 BT (e RE » #E2Res B e
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TRE 1) B2 B EORHEL Bl = 8y TR RIREE BF4H (20 Class B ~ Class C -~ Class
D -~ Class E) » HEUBEHEES (Overfitting) ~ A - 152 B 8500k
IR o BUAIFZEEEF RandomOverSampling ~ SMOTE (Synthetic Minority Over-

sampling Technique) ~ BalancedBaggingClassifier {F 5 ZRI R et 2 a3 750k o
( 7 ) -l— Lp 3‘.1

HifY S&P {5 HISFEFEER B AR R ARV IEE » AT DURF R B B U) &
Sl SRR R AR Y AL 6 SRR AR IR BN T PR U 7 SRR B R E R - TR
B> AEAHT 2 ERASTRHAR] (1994 5% 2017 4F) 1 > J5LLI1994 5% 2011 4
EIFIISER 2012 FEEMBER 0 H&LL 1994 F£2 2012 FEFHIHE
o 2013 FE(FMBUER - RIS - ERIRENEERED K 2017 4 -
FEIET - B (ASEE ARG AN EGER (2012 £2 2017 F 7 (ERFRH
B%) o w1 PUCPIRY T ARG EORZE — 5 HEF ERUMRIEE R - S 2 FE ) &
oreH > AR ER VI AAEERAT © (1) A 5 DURZRE A BRI
GER A ¢ (2) WA BURIT 78 E B R B S ERYEEE - SRR ]
I (R R R B -

() HFHuE B

B RSEET . —EERETGHIEE SR AE R - ] E#EE
LR H BEME e AR B B LA e 4E SR JT (Curse of Dimensionality) /&
A e B E R R AR - AHITER R BUE AU L - — R PE AR
BEEM: R RERIREE R T R R E T - EREEUE T - BETSAR ( f
2 BRORER I % U R B R AR AL R A5 ) e SR A R B T e R 22
PEAREYEE » BRI R E R MO B A I B S B B S - AR
AEEREERETEEN T DRSNS A - Ko
FEREAAME St B E R EE B HREERE CLEHIE 2 (Information
Gain) Zkfr &) - Higst RO 2 P EMSEISER EE BHHERRE -

AR R E ABE) 8 56 VB Gt thRE R 37 {EFHR L
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BRoRR Bk

v A E E R R

BE MEH M

$t 93 {IE e AN EEH o Ry Mot o 4 S BH T B S AR P

o AW E s BB (REORY 0.7 Z R A - IRIERAM Z R EEE
PEMMFRIEA R 2 R ECR R &GS 25 (E B Gt thRE R 15 HaEH

B E AR EEE 0 3t 40 [ERFEER - R 1 KR 2 hl R ERARMAE
1B B ff B B AT e e 3 Pk H 2 SR LT E 3% -

%=1

B AR AR O AU AL BB A © T s B i

CUREARRE e

BUER

GP_REVT
DVPSX_C
BKVLPS
EMP

EPS

FINCF

CF
CHE_AMV

CH LCT
EBIT AT
Debt AT
INVT _SALE
LCT CH_AT
LCT LT
LT AMV
LOG_AT
PB

NI AT
LOG_PRCC
RE AT
WC_AT

CH

DCL

RE
MKVALT

Gross Profit / Revenue
Dividends per Share - Ex-Date - Calendar
Book Value Per Share
Number of Employees
Earnings Per Share from Operations
Financing Activities - Net Cash Flow
Net Cash Flow
(Cash and Short-term Investment) / ( Market Equity + Total
Liabilities )
Cash / Current Liabilities
EBIT / Total Asset
Total Debts / Total Assets
Inventories / Sales
( Current Liabilities - Cash ) / Total Asset
Current Liabilities / Total Liabilities
Total Liabilities / ( Market Equity + Total Liabilities )
Log (Total Assets)
Market-to-Book ratio
Net Income / Total Asset
Log (Price)
Retained Earnings / Total Asset
Working Capital / Total Assets
Cash
Debt in Current Liabilities - Total
Retained Earnings
Market Equity

it R 1 BAWTTEE IR RO UG % > (R S BRAR BRI A 0.7 2t (FIN) 8
B 4EEt 25 flE - TR R IR AS A A TUTRMR SR SR R FIN B2 -
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R2 BRI A

FHOC AR B EE RN SIS AR - e AL fEH]

MRS IR ¢ O

TCV S8 BHE

FSIZE XA HAEZEZ RN (BRALE megabytes)

FK_Ease Flesch Reading Ease : X AHFFHEE ~ FEFEHMEE ~ 100 {#H
i AfH5 (Personal References) FEAMIGTHE 2 X HEZ IR

(RIEZE&#EYE) - AEMEEE

CL Coleman_liau Index @ A& thdg— 5 [ B 19 F RIAI 9 5] T
HoE Tet B2 A REMESEER - SO =258

A_WPS averageWordsPerSentence | LA S5 4] )7 H %/ D EEFFE

A WPP averageWordsPerParagraph : SZ A i LI ERERE A 2/ D BR8]

FT Neg FinTerms Negative : 32 A3 H Loughran and McDonald FHN&
A5 4ETHE B 2 EEfI - sEEIERE

FT Mweak C FinTerms_ModalWeak count : X AF 5 H Loughran and McDonald
FHNEERMIIERR Y 2 8 SEETEE

FT Pos FinTerms Positive : 3 4<H17K H Loughran and McDonald 5% B A TE A
G4 fHRA B2 bR - SERIERE

Har Neg HarvardIlV_Negative : S A3 H Harvard General Inquirer 8 [N &
I ER B 2 EEfl - SEEIERE

FT LITI C FinTerms Litigious count : 2 A3 H Loughran and McDonald
BN ERAFRSFAER B 2 48 > SERTEIE

FT Mweak FinTerms ModalWeak : X A H1%3&H Loughran and McDonald 584
BRAERMTIERA B 2 48 - sERIEIE

FT LITI FinTerms_Litigious : A3 E Loughran and McDonald F##NH
R AR AMH R B o 2 EEf > SE RS

LM DICT LM Master Dictionary @ SZAH1E A Loughran and McDonald 57 HiAH
R Z Ehfl - SERTEIE

FT_ Mstrong FinTerms_ModalStrong : SZAH 7 E Loughran and McDonald F 1[4
HRAFEREEEM BT Z LY - sEEfRE

BOG Bog index : SCAH DI A)FRERRDAR R & ~ BT (85

P~ EEIEERE
ap MEFE AT

Pk EhaEE) ~ REPAFERAEEZ

k2 szﬁﬁﬁn@)ﬁ{%T&WF?WH{&LHY%'WJ@ REEZMEMERAERITE AR 0.7 Z S I mEE i

H{E (TCV) &

Folfe— W AR SR S T LR

HEET ISR > IR Ry ATUIERR R B E I TCV 85 -

o 7 A (B B B RO B T 1 B B (5 IR FUMI

Y EE B ME Kyfrl - ASBH TR i o - R R i B (E B B A s B 1% — 5] DA

MR =

TR RUEHL - EESEEIRAIR 3 Fon - i3k 3 HU&ER A Al © Al 26
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ERHEEN (NG E) WEEH T HFEERCFEREBEAERY - (REER
MY HER 47 Bl B * FSIZE ~ FT_Mweak C ~ FT Mweak ~ FT Neg ~ CL ~ FT LITI~
R Har_Neg - Hrpf & 2 T AT ME# 8 (FSIZE ~ CL) K SIETGER - & - F
INMESA E 858 (FT Mweak C~FT Mweak ~ FT Neg+ FT LITI - k. Har Neg) -
G RBEUR R ] M B M P R GE R B AR MEEEMEAEAT 26 &
HsE & S B E B A M B R % -

* 3 WBHEERSCF AR EEESE B R EEIGER

Rank Group feature Feature IMP| Rank Group feature Feature_IMP
1 FIN RE 0.068657 14 FIN EBIT AT 0.024709
2 FIN DVPSX C 0.062718 15 TCV FT Mweak C 0.024131
3 FIN MKVALT 0.054966 16 TCV FT Mweak 0.023801
4 FIN RE AT 0.044395 17  FIN NI AT 0.022958
5 FIN EPS 0.040640 18 FIN GP _REVT 0.022480
6 FIN LOG_AT 0.037588 19 FIN LCT LT 0.021190
7 FIN LT AMV 0.034118 20 TCV FT Neg 0.021031
8 FIN LOG _PRCC 0.031797 21 TCV CL 0.019612
9 FIN EMP 0.030618 22  FIN WC AT 0.019609
10 FIN  Debt AT 0.030209 23  TCV FT LITI 0.019346
11 FIN BKVLPS 0.026106 24 FIN FINCF 0.019324
12 TCV FSIZE 0.025937 25 FIN INVT SALE 0.019075
13 FIN  DCL 0.024892 26 TCV Har Neg 0.018273

&1 © Feature IMP (ERRHEEE: (Eilé®) © FIN & TCV 3Bl ZR 751 R A2 S0 7 R b (E (E
23R - BRBERRSRR IR -

BESL > AW SR SRR A AT AR B (H (5 B 8% - BB B E
BVEDRF S ESE > 404 Wang and Ku (2021) HYEEZEHRA AT = A0 28U
Debt_AT (FAfHEE=) - MKVALT (2 {E) ~ 2 EBI (B A1FA]) » MAEIASF
oL AR EEE R > EEMDFAI = REIEE N RE (fR¥ & ER)
DVPSX_C (FHAl) ~ F MKVALT (fézamif) » BESN - BTy #s S8y &
FVEBR IR A S - AL i (H (H B R R A 8 - 241 » 3R 3 HUES
FIREUR - BEANES AR S G a 8BRS N M B EEY - &
BN Fy S&P MY SE(E HRFELEAIAUE - eI e IE (402 Rk 5
b)) g s —(E )2 A E FaVEKAE R - HEEH AR # & st aR Bk M
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FHOC AR B EE RN SIS AR - e AL fEH]

1S E AN E RS » NI - 30 3 FiT 2 3R AN B 745 580 S B A sefy S - R i i (] (E 58
B R E IR Y S&P 1Y 2 (5 T S AE RIS REA 7T

R4 R 5 B R AW ZE AT EE R 2 s S B A S R T (S
Z R AT BT CRIEFME) - &REUR © 50528 (40 BKVLPS - FINCF -
CF ~ PB ~ CH » DCL ~ RE ~ MKVALT) K 4E #5057 Lt # i ({1 858 (FSIZE -
FT LITI_C - A WPP) Hiflm{HE » BURIEA LA HAZ M » SRS R
N SO 1T TE (L B 2 S A (B ) T IR SRASI LR (non-tree based) 125

BER | NEFEREETERE -

4
¥

x4 MBEBZRULMSETE

Variable Obs Mean Std Min Max
GP_REVT 21269 0.320 1.737 -189.486 1.000
DVPSX C 21269 0.535 1.344 0.000 95.500
BKVLPS 21269 16.432 1029.866 -71137.000  132253.000
EMP 21269 27.295 75.875 0.000 2300.000
EPS 21269 1.580 5.586 -229.670 505.086
FINCF 21269 -233.465 1842.928 -57705.000 33443.400
CF 21269 51.164 918.622 -42930.000 50435.000
CHE_AMV 21269 0.057 0.070 0.000 1.133
CH_LCT 21269 0.432 0.964 0.000 61.719
EBIT AT 21269 0.081 0.118 -5.537 1.066
Debt AT 21269 0.370 0.244 0.000 8.150
INVT_SALE 21269 0.100 0.584 0.000 82.250
LCT CH AT 21269 0.152 0.172 -0.920 6.337
LCT LT 21269 0.346 0.193 0.001 1.000
LT AMV 21269 0.472 0.218 0.009 1.000
LOG_AT 21269 3.509 0.620 1.197 5.647
PB 21269 2.967 90.257 -4027.244 7071.350
NI_AT 21269 0.022 0.174 -5.779 6.754
LOG_PRCC 21269 1.372 0.490 -3.000 3.240
RE AT 21269 0.070 0.595 -16.862 1.983
WC_AT 21269 0.123 0.188 -6.157 0.927
CH 21269 596.490 1683.757 0.000 53528.000
DCL 21269 448.012 4055.526 0.000 257764.000
RE 21269 2085.724 11386.530  -102362.000  398278.000
MKVALT 21269 10749.201 30363.533 0.007  790050.098

5 utf*ﬂﬂ&ﬁﬁnﬁﬁ@ﬁﬁﬁﬁ% SRR ET & CRIEFUL) - KERFREEG A S E - 5T
21,269 EER - BEERFSEER L -
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RS FEXTEERBEEBRRZAEIEGETE

Variable Obs Mean Std Min Max
FSIZE 21269 7969793 13102868 56010 434657609
FK _Ease 21269 25.279 3.930 -15.803 46.921
CL 21269 22.413 0.852 19.306 31.541
A WPS 21269 24.796 3.350 8.302 73.510
A _WPP 21269 133.445 3903.846 10.816 475998
FT Neg 21269 0.015 0.005 0.002 0.050
FT MWeak C 21269 223.271 173.128 1 2343
FT Pos 21269 0.008 0.001 0.0010 0.026
Har Neg 21269 0.041 0.007 0.0063 0.066
FT LITI C 21269 585.481 785.813 ) 18018
FT MWeak 21269 0.005 0.002 0.0002 0.035
FT LITI 21269 0.012 0.006 0.002 0.065
LM_DICT 21269 1 0 1 1
FT Mstrong 21269 0.002 0.0009 0.0002 0.018
BOG 21269 84.278 7.427 51 139

iE DR RSSO A Z AR ol Ak R (] (S AR AR T . CRIERL) - SRR AR
BERAE - 51 21,269 EEH - BEERFSRIEK2 -

PR BEE
PRI (E RS TECHIAY AE BE SZ Bk (Barboza et al., 2017; Mai et al., 2019;
Wang and Ku, 2021; Chen et al., 2023) B[4 » FEEEMA - TR EH% ~ 2858
[ElfF ~ HRERAH R b SR AL Ry i 6 (S R AP eS B2 AT - [ » AW TR ARTE
AR (8 A L2V o5 22 AU {5 PR Y S TR SR A - DL
T RFT AR TUE R B A R RE S -

(- ) %18 % 1k(Random Forest, RF)

FE % ARAMOERIE (Breiman,2001) JyH 2 546 (Decision Tree) Fr i i
Al Z RS AR SRR SR R B AE SRR ISR - TR — B HEUARER - Bg5tE
FEETEE M 2 (Information gain > £F 4) > i DUE RN 2880 KBV EFEUE By

it 4 1 HiHE z3(Information gain) /5% 3 Fs & i & (Entropy IR 7 Se HIIIRE A9 E R E: ©
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TIBURIEE - MBI AR5 Bagging (Bootstrap Aggregation) (V&K EH
AU BT RO TN > e DA BRI ZURE TSR - A E
TEEE Ry A EAN SRR 2B T E A S FEOH) -

(= ) & #w & (Support Vector Machine, SVM)

SVM (Support Vector Machine, Vapnik, 1963) J& i8S =AY 1% 23 22 5 #
A ERE AR S e AT L S W AR A1) 2 T Y B KL 2 DR SR S (Decision
Boundary) - —f&2&EE » SVM ] PR PLSRIE (—4) S0P (% 4E) 170K
HERL - B TITHYE R E RS EAR ] 5 8F - ATERA SVM-RBF (Radial Based
Function - Sl 80 2B EE o [ (E 0 2 FEORIAERE SRR - (5 SVM-RBF %K
T 53 i 7 R SRR A BV R B Y SVM-Linear (Min and Lee, 2005 ; Barboza,
et al., 2017) » BCATHFEHRAE LAESCRRFI A SVM-RBF AR5 FI S 70 S UM
T3 #7 -

(=) R+ #rw 7 (Logistic Regression)

& o T B BT TR AT RS R REENE - H E BREEA] K — T sl Tu

S - BT P BT (E R AR 5 B B RN Ry (5 R S A 8 (RRI(E S S H S

ZE5THILL 12 6 Fop > 5E 5) > MiHEE Mk es 2 E A » HRAE R 514
T A A SR S - FARA alAI3(2) K B) B

1
f®e = o= 2
1
P(h(X)g =1,2,.. ,6|90. ey en) = Tte-@ot01xit - +ONxXN) (3)

FEH)RG)H - x kO HINRSIHBA BB HREEE © m=3)/5ER
Sigmoid function TRT{SHY &I HI(E FHSFETN ZHERE(P) - BE5L > EiliEKk
BB R o MREHEE 2 i/ ME RIS R EESH 6 -

5 (EHRFEER SR EHEL 1 £ 6 751AF% AA-DIE - A~ BBB BB~ B~ CCCHEAUNENA(E
FRFEED -
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(=) &I & & - (XGBoost)

FPRL A% R HL T (Extreme Gradient Boosting (XGBoost), Chen and Guestrin,
2016) JYEFABERESETF 55K (Gradient Boosted Decision Tree, GBDT) » &
Boosting BUAZ — » HFHEBEI AL 550 B E e h— W@ oes  WElE
BRI S B SN BRI PE R E . B ISR e o BUBTE AL sEaR
GBI O] wE T s R R E YR SRER o T A E BRI RUR -
XGBoost fHEARIEFER S © EIERFRFELIBEE T FHY T =km MEsE 2 ~ A
TERITEE 7F B ETE DAE 7o 8% AR B B A 5t A (Overfitting) HYRGRE - H AR Ky
CART A - AIZ0(HFR » B o y1 (ARERTNEGER - N K f, 775
Ry PR AR (B B R B S B SRt -

};i - Zg=1fn(xi) 4)

FRLIELRA FEE SR AL > E AR A (5)FT = ELop » k J p Sy RISl sl o
BEAR 2 g RO p AR - T20(S) LIRS (£) BydBSk BBy (Loss
function) » F]# B BEHS R FHHI4E 2 25 52 itk B IEAIEIE - FIEBHS
By RO\ 2 SRR ST K » B GuiBRER (Overfitting) = R - Hoo -
T R w S RIERE 2B A (TG E) RETEE E - 9, W
£, () (B AT ) K9, P (Z At TERIAE ) » BT & 1F 48 2 15— st
F 3 2RI I AR 2 3 o

Obj(p) — {.‘=1 f(yi,j?i(p_l) + fp(xi)) k= -Q-(fp) )

1O,
Whereﬂ(fp)=yT+§AZWj ’

=
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7~ BEVERIER

AU FEARTE B ESTRR (e.g. Chen et al., 2023) {# /R (Confusion
Matrix) s 4 25 5235 oy JE R RIS R G5 4 o A AR B 9 1 15 FH S 2 Ak i
S&P JE B4R 71 Ry 7S KIHRFE (Class A~Class F) » SORWTSEZJRAMEIE R 6 x
6 ZFEME - A1FE 6 A - HAEMEG 4EE P A ISR BEE BRI - H4E
HE[ 4 B E M (True Positive, TP) ~ (514 (False Positive, FP) ~ E[&4: (True
Negative, TN) - {424 (False Negative, FN) TUfEME R o ffj E {554 (False
Positive, FP) fl{fsf2 £ (False Negative, FN) X 7l fy A1 —§H 3 (Type I Error) A
T " §EuR (Type 11 Error) » 7 #EE A FEFH 7 sEAL 5 Ry RERER (Accuracy) ~
fifg% (Precision) ~ Z[E[FE (Recall) ~ F1 738 (F1-Score) » WL FHIEAFTR -

* 6 ZREEEE R EE

Predict Class Cor o) Cs Ce Corr o, C
Actual Class TR T
Coy ey Crq True Negative False Positive True Negative
Cr False Negative True Positive False Negative
Crs1r - Cp True Negative False Positive True Negative

(- ) %5 ¥ (Accuracy)
T IS AT A TR TR MER SSRGS DR R 2 EE A -

(TP +TN)
(TP +FN +FP+TN)

Accuracy =

(= ) # 525 (Precision)
TEAAITHHIZE Positive FYFTA &SR - # JSEBAIFE A EME ~ LA -

TP

P .. - -
recision TP + FP
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(=) 7 % F(Recall)
B IEE 2 Positive AL T » HioM SEIERITE A TERE ~ L1 -

TP

Recall = TP+—F1V

(= ) F1 » #c(F1-Score)
F1-Score FylEhtE=El 4 [0 %< 7 a1 198 - Fo—Hd -9 % -

Precision * Recall
F1 — Score = 2 *

Precision + Recall

HNANTE B % 0 W 5TERE - & EERI#A HAE SR (Precision)
AR (Recall) 1 F1 778 (F1-Score) ZH{H » R @& EHEI 2 SR a5y
At (ERFE2ERER]) - BCARTHZEER F =TEA [E IR J7 A Ry a Al A A 45 0B
4 > 43Rl E Weighted-Average ~ Micro-Average 1 Macro-Average » [ {2 & W52
455 DL Macro-Average 7774 5+ - HIFRERHHT © IR ATZE 2 TEHE 5

PRFERRA ) BEAE R AT BN P IRRIRE SR S BT A W R AR Y A
o H P AR B A B %« %5 Ll Weighted-Average 2t H 411
fE - AUBERITRASOD&E SRt o - TR SF B RE AR E - E0E 7o 07 SRSV 4 K
aFFZEF M HYTHHBRCIEESR © i Macro-Average /) Ry B P45 - BIAETE 7
[ MRS AT R 5 T IR AH I TROAPSO &5 R - (AL > A2 B A Macro-
Average {F Ry E TG REFLE TG

FE o RS (E HEFE0 8 R 6 (RS - SERR TR ERFEHRIRTEE A
ATREM TR EAL S 4HE RFEERT - BRI EESIERE 2 0 - Bt
R Y 88 5 TR AL TR AR = (G SR A YR B TR [543 Rl SR BRAH Y = A B =
PEIRA — CURHEEF Y & 5 3 A By e 5V S B B B MR R = P S Y A E ] B A
REFFEH B E MR S) o IR FL score Fy 255 IR BFAHAVAE IR (Precision)
K AEE (Recall) RGNS > SERS 8 17 HIEEHEFSEEE R EAEH
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MFFE TN SEREHEEIRE A REEN - A T DR s
AYERER - AT FE IR AE — 20 A FH R R A P 5 S B L A I e PRI e o 3 PEMI EE 31
A TR e LR AT -

AuZE TR 1994 F2 2017 FHYER A E] (S FHRES SRk BRaT a2
ER AL NN AR Ol AR B i (R B e B B Re e TR A (25 8 7S
S8 ATEARSCTT » Hrt > AREHFERT(E H R Es 2 B AL Rl Ry BE AR AR ~ 52
Frm 20 - MmIREEESET ~ M S bl MER A FHEE T EES
RandomOverSampling ~ SMOTE J; BalanceBaggingClassifier - [fij £ 58155717
GERAVARMERNE » ARHFTRR A ZR S RE 7 2RISR BLHE S E R 2 V) - JRE
LA 1994 2 2011 F Ryalll4R4H - ZR AR B2t SR TR 2 — 1Y =15 HEY
F o RAEF EHUNIEGE R P S i S TSR -

DU TR 53 A1 48 7 W AR A STt R B 50K I DR e o3 B2 8 1 A 1y 4 5 4
F e Hep o JRAEMBEL G oRT  NELBEREER T - AE/VEIT
TR R 57 3 CEURFBRRRHE A 47) sEAMRYSE GERIEEALR) - NIt - JRAEE
beb i — 51| 2 B (B INEE Ry 100% - HL ¥ A &R AV B {E Blrs - U3 THHIIE 1 EL (1] K
= 0 IR RSG5 T R A SR B E (R » (O A R FEOHI EL A

FREI S -

— » RandomOverSampling 7555212 S&P T2 &H

% 7 3 8 57 AR L RandomOverSampling J7AA R B B0 A P T 2 %
tREs LIRS AT 45 SR BDEEFERE - DL Accuracy ZRER > fENI A H S5
PERAEEETEE GRS EIR - WU S BERRETT BRI
FETt 4.56% ~ SCFFIEEERTETT 12% ~ MR E R HEITETT 5.44% ~ 2B
BT [ ER R AUER T 15.05% - Hoor 2 f R i sy 2 AR B S AR AR MR A PR ASE FE £ 7
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A - B HP A GRS TR m (E B e - BRI IS 2 76.35%
F176.89% © i T HEHEFEETF LASD » HA #5450 Precision ~ Recall #1 F1-Score >
BAHBEIIETT > DL Macro-Average J77AKCE - DUMEMBEY (BEMAM - ZFfm
S MRS - &S HrElE) /Y Precision 73 HIFEF 5.20% ~ 7.60% »
6.56% ~ 9.54% > Recall 53 BIFEF; 2.32% ~ 8.06% ~ 3.02% -~ 8.59% - Precision fI
Recall (WELA$E S » HFEFE T Fl-Score (Y3 » 2/ 2R & F1-Score fyHiTHI &
ZHRFIEI R RREREEEAIAYZ(ERES) « Ep o PUEBA (FEEAL -
SchrmE BN - MIREEEREST ~ & S HT[EIEF) §Y Macro F1-Score 737 &y 74.32% -
54.17% ~ 75.09% ~ K& 51.53% » ZRRI0 A G5 S5 BERRE 160 {88 (5 2 812 W 4
F2FE 4.14% ~ 10.15% ~ 4.77% ~ Fz 12.3% -

b b AR R RHE AR - AR 7T B R A s S M S SR I B IR - RENE
B b S E R A R & R A TR R s R R = B 2 B - CH R B R
TRAETE (Class D EUNEER) @ (E &% as 22 E AT FUH K B HETE (Class C
DA RS ZE0 - s AL (E S TN BB thR i SRV S5 - K
Bge Ty LIS R A FE R 4R 2 T A SIS T 22 0 A - JRENE R TS
WHAERITDA S AR Ay (RS S R ERERTER) « HER 8 AVAE R AT 41 - 5 DAY
TR SRR E A HIRE - RN A SRS (H E SR - BRI
ZUHY Class D A 1.99%HIELFI &4 THHI Ay Class B » H 23.84%F ELBIE #E M
% Class C o TI{EMIALE fi sl R B i (E E 8 e - HSEsATHNEL B3 3T
FEFs 1%F0 18.6% 5 LA » FENNAGE oL 57 BR B i 5 (0 S 3 1% - PEAR AR
HIHY Class E #8855 =il £y Class C HYEEZRHH 3.33%[# 2 0.96% - ML L F &
PR 0 A SRS S BRI (B 6 B 1% » Class D #:8EER (5 5y Class
A ~ Class B~ Class C AYEEZR 53 HIH 0.66% ~ 7.28% ~ 43.38%47 Bl [% & 0% -
2.33% ~ 29% 5 MAEMR PR BRI AL o> A SRS S T AL S i (E H B
% > Class D #3535 {5 B Class B ~ Class C fYEER T BIHT 1.66% ~ 23.26%43 HIl
[ 22 0.66% ~ 16.94% ;5 TAE4E S B EIBE A b - i A SRS P b m (H ([ 2
#1% > Class D # #5511 & Class A ~ Class B ~ Class C BYEEZE S RIH 1% -
13.95% ~ 40.2%53 HIFE % 0% ~ 2.66% ~ 29.57% o
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B E AN E GRS - Ess Sl

RT RIARSEEEE (S HFFER TR
BRI P B U774 % F RandomOversampling
e A SUHETT FIN 2% FIN & TCV &8
Accuracy 71.79% 76.35%
Weighted_Precision 72.57% 76.74%
Weighted Recall 71.79% 76.35%
Weighted F1 score 71.44% 76.03%
g Yy 7N Micro_Precision 71.79% 76.35%
Random Forest Micro_Recall 71.79% 76.35%
Micro_F1 score 71.79% 76.35%
Macro_Precision 74.64% 79.84%
Macro_ Recall 69.88% 72.20%
Macro F1 score 70.18% 74.32%
Accuracy 44.92% 56.92%
Weighted Precision 50.63% 58.58%
Weighted Recall 44.92% 56.92%
Weighted F1 score 46.05% 57.18%
i =% Micro_Precision 44.92% 56.92%
SVM Micro_Recall 44.92% 56.92%
Micro F1_score 44.92% 56.92%
Macro_Precision 44.32% 51.92%
Macro_Recall 52.95% 61.01%
Macro_F1 score 44.02% 54.17%
Accuracy 71.45% 76.89%
Weighted_Precision 72.05% 77.11%
Weighted_Recall 71.45% 76.89%
Weighted_F1_score 71.29% 76.67%
TR AR ST Micro_Precision 71.45% 76.89%
XGBoost Micro_Recall 71.45% 76.89%
Micro F1 score 71.45% 76.89%
Macro_Precision 72.12% 78.68%
Macro_Recall 70.74% 73.76%
Macro_F1_score 70.32% 75.09%
Accuracy 39.97% 55.02%
Weighted_Precision 47.70% 56.92%
Weighted Recall 39.97% 55.02%
Weighted F1 score 41.59% 55.24%
o 05 HIT [0 B Micro_Precision 39.97% 55.02%
Logistic Regression Micro_Recall 39.97% 55.02%
Micro F1 score 39.97% 55.02%
Macro_Precision 39.95% 49.49%
Macro_Recall 50.44% 59.03%
Macro_F1_score 39.24% 51.53%

2 ARSI S&P (SRS By /SO 0 43Rk Class A (AAA ~ AA+~ AA ~ AA-) ~ Class B (A+~ A ~
A-) ~ Class C (BBB+ ~ BBB » BBB-) » Class D (BB+ - BB « BB-) » Class E (B+ + B » B-) ~ J% Class F
(CCC+~ CCC ~ CCC- - CC -~ SD ~ D) ° MRS (FIN) SRR A H S AR (EE (TCV) R
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BE MEH M

R 8 BIRESEEIEAL TN 2 R A FEH AT R (RandomOverSampling)

(FIN 28 / FIN & TCV %)

Panel A. FET&ARARIETY

Predict

Actual Class A Class B Class C Class D Class E Class F
Class A 90.91%/ 9.09% / 0.00% / 0.00% / 0.00% / 0.00% /
81.82% 18.18% 0.00% 0.00% 0.00% 0.00%
Class B 391%/ 82.81%/ 12.50%/ 0.78% / 0.00% / 0.00% /
1.57% 81.89% 16.54% 0.00% 0.00% 0.00%
Class C 0.00% / 15.61%/ 79.73%/ 4.32%/ 0.33%/ 0.00% /
0.00% 10.30% 84.72% 4.65% 0.33% 0.00%
Class D 0.00% / 1.99% / 23.84%/ 65.23%/ 894%/ 0.00% /
0.00% 1.00% 18.60% 70.10% 10.30% 0.00%
Class E 0.00% / 0.00% / 3.33% / 26.19%/ 69.52%/ 0.95%/
0.00% 0.00% 0.96% 22.01% 76.08% 0.96%
Class F 0.00% / 0.00% / 0.00% / 3.03% / 63.64% / 33.33%/
0.00% 0.00% 0.00% 0.00% 63.64% 36.36%
Panel B. 37 [A] s 5
A Predict Class A Class B Class C Class D Class E Class F
ctual
Class A 90.91%/ 9.09% / 0.00% / 0.00% / 0.00% / 0.00% /
81.82% 18.18% 0.00% 0.00% 0.00% 0.00%
Class B 3543%/ 40.16%/ 2047%/ 3.15%/ 0.79% / 0.00% /
18.90% 48.03% 28.35% 3.94% 0.79% 0.00%
Class C 6.33% / 39.00%/ 48.33%/ 6.00% / 0.33% / 0.00% /
1.67% 22.67% 62.33% 13.00% 0.33% 0.00%
Class D 0.66% / 7.28% / 4338%/ 38.41%/ 9.60% / 0.66% /
0.00% 2.33% 29.00% 53.00% 15.00% 0.67%
Class E 0.48% / 0.95% / 8.57% / 34.29%/ 47.62%/ 8.10% /
0.00% 0.47% 3.32% 25.59% 58.77% 11.85%
Class F 0.00% / 0.00% / 0.00% / 6.06% / 39.39%/ 54.55%/
0.00% 0.00% 0.00% 0.00% 37.50% 62.50%
Panel C. ff[R A A5
A Predict Class A Class B Class C Class D Class E Class F
ctual
Class A 86.96% / 13.04%/ 0.00% / 0.00% / 0.00% / 0.00% /
86.96% 13.04% 0.00% 0.00% 0.00% 0.00%
Class B 4.72% / 78.74% / 16.54%/ 0.00% / 0.00% / 0.00% /
2.36% 81.10% 16.54% 0.00% 0.00% 0.00%
Class C 0.00% / 16.00% / 78.00%/ 6.00% / 0.00% / 0.00% /
0.00% 8.67% 85.00% 6.33% 0.00% 0.00%
Class D 0.00% / 1.66% / 2326%/ 65.78%/ 9.30%/ 0.00% /
0.00% 0.66% 16.94% 71.76% 10.63% 0.00%
Class E 0.00% / 0.47% / 2.83%/ 23.58%/ 70.75%/ 2.36%/
0.00% 0.00% 1.43% 19.52% 77.14% 1.90%
Class F 0.00% / 0.00% / 0.00% / 3.03% / 54.55% / 42.42%/
0.00% 0.00% 0.00% 0.00% 56.25% 43.75%
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Panel D. & &5 7 o Errfi 7Y

Actual Predict Class A Class B Class C Class D Class E Class F
Class A 91.30%/ 8.70%/ 0.00% / 0.00% / 0.00% / 0.00% /
81.82% 18.18% 0.00% 0.00% 0.00% 0.00%
Class B 42.19%/ 34.38%/ 19.53%/ 3.91%/ 0.00% / 0.00% /
20.47% 44.09% 29.92% 3.94% 1.57% 0.00%
Class C 11.59%/ 41.72%/ 38.74%/ 7.28%/ 0.66% / 0.00% /

2.66% 21.26% 60.80% 14.29% 1.00% 0.00%
Class D 1.00% / 13.95% /- 40.20% / 33.55%/ 10.63%/ 0.66% /
0.00% 2.66% 29.57% 49.17% 17.94% 0.66%
Class E 0.48%/ 1.90% / 13.33%/ 26.19%/ 45.24%/ 12.86% /
0.00% 0.00% 4.31% 22.97% 59.81% 12.92%
Class F 0.00% / 0.00% / 2.94% / 11.76% / 26.47%/ 58.82%/
0.00% 0.00% 0.00% 6.06% 33.33% 60.61%

¥ 0 ORWTSEE S&P (5 FEFE 57 RS AHE 0 47 BB Class A (AAA ~ AA+ -~ AA ~ AA-) ~ Class B (A+~ A~

A-) ~ Class C (BBB+ ~ BBB * BBB-) * Class D (BB+ ~ BB » BB-) ~ Class E (B+* B » B-) » J Class F

(CCC+~ CCC ~ CCC-~ CC ~ SD ~ D) - M EsH#L (FIN) BB I HE (TCV) R

BHO R ReFe | J3R 2 AR 25 JE R 15 THEERY - RIS A " B bL B/ B tb i, - piEF

PFIN+TCV SEE{E Rt ABEBOT (5 R T BRAE B PR B FEDHI By 7 S H R S5 B A (B B L (] 23

M, BEAER TFIN BEE AR ABE T &5 AT SR S IR TR A 78S A sF S RrAH 0
BELFIDAT, -

Gity BILAS T o MTEE R TR > AR AF R AR S E E E B (T
MR EER) & o DU RS S A S THEURIE IR LA BRI E - LHEE
EfEEFEAYEIL T - FEERRLE O T RERUREES o IR E S 2 USSR Y
DU B RGPS A B A E R © MR AR A A LRAY Class A H
EEGIE DEF T REAEEES > (KD S SEEPIRT[EIRE > &iE Rk R = RS
WARAL VBT - e A AERE R A a B 05 Z EEBIsEhn - Horfr - AfRASE E F2 7T
AR NI A o AR i (A E R (TR el ) B8k - Class A T
AENEA LR G - BARMZ EEBI R iR R R (K > BURHRERIRE « 2 1bAE
B H A o

— -~ SMOTE A/&RIE S&P & 25 ¥

9 K7 10 35 2L SMOTE (Synthetic Minority Over-sampling Technique)
TERER R PRI AT » SRS EEEEAN oS R FHEM - DL
Accuracy AR > FEMIA SR S FHEBEEBEEE (REEAGER) B81% > FEiE
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AR~ R R - RIRAEE IR T - S 2R I Bl B F AL 0 BRI 6.38% -
11.70% ~ 6.50% ~ Sz 13.47% » Horpr AEREAS iy v 2 A5 Ry B AR AR ORI R PR 2 42
It o HHEMA S S PR H S EE SR - BRI IS E 76.56%
F176.23% © Br 7 REREREEFFDASN - HA S22 Precision ~ Recall {1 F1-Score »
A BEZIEETT © DL Macro-Average J77AZKTE  WU{EEA] (BEAEARM - SR
B MRIRES T - 8 T Bl ER) Y Precision 73 AEETT 7.55% ~ 7.03% -
8.24% ~ 7.85% > Recall 41 FlIfE St 3.84% ~ 7.29% ~ 4.34% ~ 7.47% - Precision Fl
Recall FYELZRIEE » HHEUER T F1-Score B » = /&=AlRy F1-Score FsAiTRI &
Z PRI 8 RIS 2 E AR (baE )T - Horp - DU{EE A (FERE SR
Rf A MRIREEEETRTT 4 5 T [alER) §Y Macro F1-Score 777l &y 75.63%
53.51% ~ 74.86% ~ K 50.32% » JRRIH0 A5 C 7 BB 18 5 (E B 82 w70 7l
e 6.18% ~ 9.43% ~ 6.93% ~ [ 10.50% -
tEAh - 3R 10 BYSEIRETAD - 5 DI eR 2 E A 77 B KR - FENIASE

U R A EE ST - BEARMELIEY Class D A 1.99%HIEL B & 7
MRy Class B » 5 23.59%HY LG & TN Class C o ARG i Sl F BB

HEEEENR - HSERTAERGI 7 3 TR 1% 17.94% 5 $b4h » fEH0AF-#
XA R R EE R - FEEAMIEAIEY Class B #7885R Sl &y Class C #YLL
R 3.35%E 2 1.42% o AR 7 0 SEEATH o Ji AFH 7 E i EEEE
S E{% > Class D #i g3 = {fi By Class A ~ Class B ~ Class C AYLEZE 45 B H
0.66% ~ 7.97% ~ 42.86%457T HIfEZE 0% > 2.65% ~ 28.81% ; [ {EMR[RAES & FET|- 5
Brp > A EROC T A B E A2 1% 0 Class D ##EER S5 Class B »
Class C HYELZE 4TI 2.33% ~ 23.00%57 FIEZE 0.66% ~ 17.28% ; MAFZE S HT
[l BRAEAY b AR S P AR A (B (B 801% » Class D ##5EER S fli &y Class
A -~ Class B~ Class C HYLEZRITHIHT 0.99% ~ 15.23% ~ 38.08% 77 Hl[E £ 0%
2.99% ~ 28.24% -
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®9 BHEAMKSEEEI ERHFFETRENITER -
B P B 5 AR SMOTE

e e T A EFERE FIN 887 FIN & TCV 28
Accuracy 0.7018 0.7656
Weighted Precision 0.7107 0.7684
Weighted Recall 0.7018 0.7656
Weighted F1 score 0.7008 0.7640
(i E v Micro_Precision 0.7018 0.7656
Random Forest Micro.Recall 0.7018 0.7656
Micro F1 score 0.7018 0.7656
Macro_Precision 0.6885 0.7640
Macro Recall 0.7207 0.7591
Macro F1 score 0.6945 0.7563
Accuracy 0.4493 0.5663
Weighted Precision 0.5063 0.5848
Weighted Recall 0.4493 0.5663
Weighted F1 score 0.4606 0.5697
A Micro_Precision 0.4493 0.5663
SVM Micro_Recall 0.4493 0.5663
Micro F1 score 0.4493 0.5663
Macro_Precision 0.4422 0.5125
Macro Recall 0.5312 0.6041
Macro F1 score 0.4409 0.5351
Accuracy 0.6973 0.7623
Weighted Precision 0.7046 0.7628
Weighted Recall 0.6973 0.7623
Weighted F1 score 0.6964 0.7608
TR PR RS FE Tt Micro_Precision 0.6973 0.7623
XGBoost Micro_Recall 0.6973 0.7623
Micro F1 score 0.6973 0.7623
Macro Precision 0.6719 0.7543
Macro_Recall 0.7053 0.7487
Macro F1 score 0.6794 0.7486
Accuracy 0.4058 0.5405
Weighted Precision 0.4828 0.5629
Weighted Recall 0.4058 0.5405
Weighted F1 score 0.4225 0.5438
o 2 B[l B Micro_Precision 0.4058 0.5405
Logistic Regression MiCI‘O_RGC&H 0.4058 0.5405
Micro F1 score 0.4058 0.5405
Macro_Precision 0.4036 0.4821
Macro_Recall 0.5078 0.5825

Macro F1 score 0.3983 0.5032
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%10

BE MEH M

Eia B A U Y TN 2 SRR RS R (SMOTE)
(FIN 2%/ FIN & TCV R {#EE0)

Panel A. FET&ARARIETY

Predict

Actual Class A Class B Class C Class D Class E Class F
Class A 91.30%/ 8.70%/  0.00%/ 0
606 130a0 0000 8:88 é / g.gng, /- 0.00%/
Class B g?gzo/ 20.31%/ 12.60%/ 079%/  0.00%/ 8'88;) /
. 2.039 ' . 0 .
0.66% / DS L ima0.00%  0.00% 0.00%
Class C 607 18.60% / 75.75%/ 4.65%/ 0
0.00% 10.96%  84.39% 058 0.33%/  0.00% /
Class D 000%/ 199%/  23.59%/ S 053% - 0.00%
O i o, 0 ovis
o " 94%  70.10%  10.96%  0.00%
Class E 00%/  0.00%/ 3.35%/  24.40° .
0.00%  0.00% 1o 40% /  68.42%/ 3.83%/
00%  1.42% 1991%  75.36% o
Class F 0.00%/  0.00%/  0.00%/  0.009 oWo,  3.32%
000%  000%  000%  000% 45439  S4.55%
Panel B. <73 ] S HEAE 7Y — A% 5455%
Predict
C
Actual lass A Class B Class C Class D Class E Class F
Class A 90.91%/ 9.09%/  0.00%/ 0
: 00% / 0
o Ve 8.88 é’ /o 0.00%]
Class B 34.65%/ 40.94%/ 20.47%/ 3.159 o 0.00%
19.69° N /70 A5% / 0.79% / 0.00%
%  48.03%  27.56%  3.949 /
600 . 56%  3.94%  0.79%  0.00%
Class C 31%/  3854%/ 48.17%/ 6.31%/
oo a333v  ersr R (0
Class D 0.66%/  7.97%/ 42.86"/0 / A, 0.00%
T Ny 38.54%/ 9.63%/  0.33%/
Class E 0.48%/  0.96%/  8.61° o 52.65%  15.23%  0.66%
Wy A 3-7; %/ 3349%/ 4785%/ 861%/
Y, : 79%  24.17%  59.24%  12.32%
Class F .00% / 0.00% / 0.00% / 0 32%
3 00%/  6.06%/  39.39%/ 0
0.00%  0.00%  0.00%  0.00% 37.50% 54.55% /
Panel C. fBRREREHETHLAS = S0%  62.50%
Predict
cl
Actual ass A Class B Class C Class D Class E Class F
Class A 90.91%/ 9.09%/  0.00%
R oo~ D / 8.883//0 [ 000%/  0.00%/
7.81% / 0 00%8  0.00% = 0.00%
Class B 81%/  76.56%/ 14.84%/ 0.78%/
3.10% 77.52%  18.60%  0.78% 0.00%/  0.00% /
0.66% / o 60% 0.78% 0.00% 0.00%
Class C 0 17.94%/ 75.08%/ 5.98%/ 0
000 900m 83670 98%/  0.33%/  0.00%/
Class D 000% ! 2330/ 2v00mel Gho0Hl lotrnl 0000
0.00%  0.66% 17280 64.00%/ 10.67%/  0.00% /
000 : 28%  7043%  11.30%  0.33%
Class E 00%/  0.00%/  2.84%/ 0 ’
000%  0.00%  1.90% 23.22%/  70.14%/  3.79%/
’ 00% 90% 18.10%  76.67%  3.33°
C 0.00%/  0.00% 0 33%
lass F o/ 0.00% / 0.00°
Dol D0l Dbl D00l 2000l S0 0nce!
00%  0.00%  50.00%  50.00%
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Panel D. & &5 7 o Errfi 7Y

Actual Predict Class A Class B Class C Class D Class E Class F
Class A 91.30%/ 8.70% / 0.00% / 0.00% / 0.00% / 0.00% /
78.26% 21.74% 0.00% 0.00% 0.00% 0.00%
Class B 39.84%/ 3594%/ 19.53%/ 391%/ 0.78% / 0.00% /
22.48% 42.64% 29.46% 3.88% 1.55% 0.00%
Class C 10.96%/ 41.86%/ 39.20%/ 7.31%/ 0.66% / 0.00% /
2.98% 23.84% 57.62% 14.57% 0.99% 0.00%
Class D 0.99% / 1523%/ . 38.08%/ 33.77%/ 11.26%/ 0.66% /
0.00% 2.99% 28.24% 48.50% 19.27% 1.00%
Class E 0.47% / 237% / 12.80%/ 25.12%/ 46.45%/ 12.80%/
0.00% 0.00% 4.31% 20.57% 59.81% 15.31%
Class F 0.00% / 0.00% / 3.03% / 9.09% / 30.30%/ 57.58%/

0.00% 0.00% 0.00% 3.13% 34.38% 62.50%

= ORHZE I S&P (ERIEFEE S By /N AKJE » 435 By Class A (AAA ~ AA+~ AA ~ AA-) ~ Class B (A+~ A~

A-) ~ Class C (BBB+ ~ BBB * BBB-) * Class D (BB+ * BB » BB-) ~ Class E (B+* B » B-) » J Class F

(CCC+~ CCC ~ CCC- ~ CC ~ SD ~ D) - M Bl (FIN) BB HE (TCV) R

BRI RoFe | o3 2 FRYIRZ 25 T B 15 JHEERY - RIS T Berbb B/ Bertb B, piE

PFIN+TCV SEE R & ANBECTN (5 IRV S B 40 E PR B TN Ay /S RS B A (B B LG (] 53

My 0 BB TFIN SEE R ABE T (5 SR B IR BTN A /(S F RS R4 69
G P T

= ~ BalanceBaggingClassifier 75,522 S&P &2 & H

% 11 3 12 43 B B LA BalanceBaggingClassifier {E & &R & B 75 k4
T BB EHEIE S G R R AR « 258 11 | EAF#HSCFE
B E (AN MGER) B - FETARAN ~ SZRF RS - SRR - &
28 75 B[O B A AR Accuracy 57 BIFE T 6.62% ~ 15.04% ~ 6.73% ~ ¢ 14.75% »
Horp AR iy 1 2 MR R R SRR T o HE PN AR S S B i ({2
1% o AERER T DUEET] 67.65% o bR T AERESRTETT DLYh - HAFEEL Precision
Recall f1 F1-Score » S HEEZRIET » DL Macro-Average 17555 » VU{EFEAE]
(BB AR ~ SFF I B4 - REREETE T~ 4 S Hr[ElER) 7Y Precision 73 A2t
5.87% ~ 8.03% ~ 5.98% ~ 8.25% > Recall ﬁﬁ‘ I ¥ 7+ 3.52% ~ 8.05% ~ 3.70% ~
8.33% - Precision I Recall FYELEFE S » HFE{FE T Fl-Score YIXE » BN
Ry F1-Score FyFili & 2 FM1 9% - BN 2 EHHEAAZ kST - He - U
{EEE RS (BETRARAR ~ S m S - RPRAEREERTT - & & Hr[alEF) 7Y Macro Fl-
Score 73 Al By 64.53% ~ 51.41% ~ 66.55% ~ Kz 49.35% » JRENNIAGE 3R S F B A8
EIREESEE A RIIRTT 6.38% ~ 11.74% ~ 6.12% ~ % 11.59% -
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HEY

T 11 RIS EEFA Y (GRS IR
BRI TR A8 A BalancedBaggingClassifier
tas SR EERE FIN 88 FIN & TCV %8
Accuracy 0.5807 0.6469
Weighted Precision 0.6155 0.6635
Weighted Recall 0.5807 0.6469
Weighted F1 score 0.5850 0.6482
R A A AR Micro_Precision 0.5807 0.6469
Random Forest Micro_Recall 0.5807 0.6469
Micro F1 score 0.5807 0.6469
Macro_Precision 0.5616 0.6203
Macro Recall 0.6702 0.7054
Macro F1 score 0.5815 0.6453
Accuracy 0.3891 0.5395
Weighted Precision 0.4755 0.5612
Weighted Recall 0.3891 0.5395
Weighted F1 score 0.4093 0.5436
SR Micro_Precision 0.3891 0.5395
SVM Micro_Recall 0.3891 0.5395
Micro_F1_score 0.3891 0.5395
Macro_Precision 0.4134 0.4937
Macro Recall 0.5019 0.5824
Macro F1 score 0.3967 0.5141
Accuracy 0.6092 0.6765
Weighted Precision 0.6373 0.6894
Weighted Recall 0.6092 0.6765
Weighted F1 score 0.6127 0.6779
T PR FE HE T Micro_Precision 0.6092 0.6765
XGBoost Micro_Recall 0.6092 0.6765
Micro F1_score 0.6092 0.6765
Macro Precision 0.5781 0.6379
Macro_Recall 0.6876 0.7246
Macro F1 score 0.6043 0.6655
Accuracy 0.3786 0.5261
Weighted Precision 0.4756 0.5488
Weighted Recall 0.3786 0.5261
Weighted F1 score 0.3999 0.5280
2 5 HiT [0 B Micro_Precision 0.3786 0.5261
Logistic Regression Micro_Recall 0.3786 0.5261
Micro F1 score 0.3786 0.5261
Macro_Precision 0.3886 0.4711
Macro_Recall 0.5086 0.5919
Macro F1 score 0.3776 0.4935
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BEAh > R 12 BYEERTH - 5 DAUTER Es BB 53 IR - TR
o R R A EE BT BEARMEELEY Class D A 5.32%HVEL B &7
M Fs Class B » 75 30.90%HY ELBIE #: FEUHIEY Class C o AN ASE# S F R B %
FAEEERR - HEERTEMELGI 7 A T FEFs 2.66%H125.91% 5 fh4h » fENIASE
o R R EE R o BRI Class E #3537 = {5 Fs Class C iy
EERH 3.81%[% % 1.90% © AL CH RSB - AR im
HEE % > Class D f#i#fsR={f fy Class A ~ Class B~ Class C AYEER 53 [
0.66% ~ 15.89% ~39.74%53 AIf& 2 0% ~ 3.99% - 30.56% 5 i 17 i [ 5 & 2 71
AR o A SR S AR i (F 52 1% - Class D i iR {di &y Class B »
Class C AYEEZ 3 HIE 4.33% ~ 27.33%57 BIEE 1.99% ~ 22.59% ; [fi{F 28 &5 47
(BRI cp > HI AR RO AR 1 (H (B 81% - Class D #5HaR Sl &y Class
A -~ Class B ~ Class C fYEEZ 57 0.67% ~ 17.33% ~ 36.67%53 Hllf# % 0% »
3.31% ~ 30.79% - #R#E _EHt MR 40 » ££{# F BalanceBaggingClassifier {E &
ACHAN S iy i B 075 05 IS B B e A R AT B Rt R e R S S R B T R R A e —
g
F 12 BPEEREEEA TN 2 R A FEHESE L (BalancedBaggingClassifier)

(FIN 87 / FIN & TCV R g8

Panel A. FER S MRIERY

Predict Class A Class B Class C Class D Class E Class F
Actual

Class A 100.00% /0.00% / 0.00% / 0.00% / 0.00% / 0.00% /
95.65% 4.35% 0.00% 0.00% 0.00% 0.00%

19.53%/ 67.97%/ 11.72%/ 0.78%/ 0.00% / 0.00% /

Class B 10.94%  73.44%  15.63%  0.00%  0.00% 0.00%
Class C 266%/ 3588%/ 5548%/ 5.65%/ 033%/  0.00%/
0.99%  2649%  6523%  6.62%  0.66%  0.00%
Class D 0.00%/ 532%/ 30.90%/ 51.16%/ 12.29%/ 0.33%/
0.00%  2.66%  2591%  58.14%  13.29%  0.00%
Class E 0.00%/  000%/ 381%/ 2667%/ 6238%/ 7.14%/
0.00%  000%  190%  2476%  65.71%  7.62%
Class F 0.00%/  000%/ 000%/ 0.00%/ 3636%/ 63.64%/
ass 0.00% 0.00% 0.00% 0.00% 36.36%  63.64%
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Panel B. SZ§F [ S5

Actual Predict Class A Class B Class C Class D Class E Class F
Class A 95.65%/ 4.35%/ 0.00% / 0.00% / 0.00% / 0.00% /
78.26% 21.74% 0.00% 0.00% 0.00% 0.00%
Class B 46.09% / 33.59%/ 15.63%/ 3.13%/ 1.56% / 0.00% /
20.31% 46.09% 27.34% 4.69% 1.56% 0.00%
Class C 10.33%/ 48.00%/ 36.00%/ 5.67%/ 0.00% / 0.00% /
1.99% 25.83% 58.61% 13.25% 0.33% 0.00%
Class D 0.66% / 15.89%/ 39.74%/ 35.10%/ 7.95%/ 0.66% /
0.00% 3.99% 30.56% 50.83% 13.95% 0.66%
Class E 0.47% / 2.37%/ 11.37% / 34.12%/ 43.13%/ 8.53%/
0.00% 0.48% 5.24% 28.57% 54.29% 11.43%
Class F 0.00% / 0.00% / 3.03% / 12.12%/  30.30%/ 54.55%/
0.00% 0.00% 0.00% 6.06% 33.33% 60.61%
Panel C. f[R i EFEFHEA
Actual Predict Class A Class B Class C Class D Class E Class F
Class A 95.65%/ 4.35%/ 0.00% / 0.00% / 0.00% / 0.00% /
91.67% 8.33% 0.00% 0.00% 0.00% 0.00%
Class B 16.41%/ 71.88%/ 10.94%/ 0.78%/ 0.00% / 0.00% /
10.94% 73.44% 15.63% 0.00% 0.00% 0.00%
Class C 2.66% / 32.56%/ 57.81%/ 6.64%/ 0.33%/ 0.00% /
0.67% 22.33% 69.33% 7.67% 0.00% 0.00%
Class D 0.00% / 4.33%/ 27.33%/ 56.33%/ 11.67%/ 0.33%/
0.00% 1.99% 22.59% 62.13% 12.96% 0.33%
Class E 0.00% / 0.00% / 2.86% / 27.62%/ 61.90%/ 7.62%/
0.00% 0.00% 1.44% 22.01% 68.90% 7.66%
Class F 0.00% / 0.00% / 0.00% / 3.03% / 33.33%/ 63.64%/
0.00% 0.00% 0.00% 0.00% 33.33% 66.67%
Panel D. & 25 /] EfE
Actual Predict Class A Class B Class C Class D Class E Class F
Class A 95.65% / 4.35%/ 0.00% / 0.00% / 0.00% / 0.00% /
86.96% 13.04% 0.00% 0.00% 0.00% 0.00%
Class B 48.03%/ 33.07%/ 14.17%/ 3.15%/ 1.57% / 0.00% /
25.78% 38.28% 30.47% 3.91% 1.56% 0.00%
Class C 12.62% / 47.84% /  33.55%/ 5.65%/ 0.33% / 0.00% /
3.99% 21.26% 59.47% 14.29% 1.00% 0.00%
Class D 0.67% / 17.33%/ 36.67%/ 33.33%/ 11.33%/ 0.67%/
0.00% 3.31% 30.79% 45.70% 18.87% 1.32%
Class E 0.48% / 2.86% / 12.38% / 24.29%/ 43.81%/ 16.19%/
0.00% 0.48% 5.71% 21.90% 57.14% 14.76%
Class F 0.00% / 0.00% / 3.13%/ 9.38% / 25.00%/ 62.50% /
0.00% 0.00% 0.00% 5.88% 29.41% 64.71%

= RFRE S&P {E RS S B NAME > 43R5 Class A (AAA ~ AA+~ AA ~ AA-) ~ Class B (A+~ A -
A-) ~ Class C (BBB+ ~ BBB ~ BBB-) ~ Class D (BB+ ~ BB ~ BB-) ~ Class E (B+ * B ~ B-) ~ 7 Class F
(CCC+ ~ CCC ~ CCC- ~ CC ~ SD ~ D) ~ MMMAFFHE (FIN) S8 K AFH o F AR A (EE (TCV) Fi
BT R R 1 R 2 FTFIR 2 25 TE R 15 THERY - A& Ny 8L B/ SR LL s, - mrE R
FFIN+TCV SRR Fo s A SBHUT (5 F ST BEAH B PR o VORI B 7S (5 R B SE B A (B B LR 51 4y

i 0 BENE TFIN SEIE I ABEUT 55 A a4 PR B TR Ry 7S B8 (5 F R B A A (i
LB, -
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Gre Loyt - AR RAI TN 4SS RN A SO A R (E B
% - DUl 2R B I R R Y 4 5 B H F2 7T » HEEA Duffie and Lando (2001) {3 &
P B AL A 58 2 E AR (5 R Y EE B BN T ES — 2 - 8 K5
I FRL A S R E (E (E B B T D sV o T R F R E AR = 3
RACE SN HIERH -

BEAN - AW FEIN St B LA EE SN 0 FF S S S LB R (B R Y Tl
score INEFAEE Z BB NGt B E(FE 2P a0 - FEURBEMTT
T > AWFFELUEE SRR Wang and Ku (2021) Ay TR &G R Ry e 30 BRI 52
ERS AR EITILRL - DARHTERR G F S I TR A T 2 & RE A R T HI AL
FEAZE M - Wang and Ku (2021) ¢4 Parallel ANNs (Artificial Neural Network) f&
B BRI Z I ANN BAUAE Fl-score {5 EAIETF 1.66% (68.11%
~69.77%) ~ 2.37% (68.93%~71.3%) ; [1E Accuracy {7 B]F&FF 2.20% (67.75%
~69.95%) ~ 2.81% (68.51%~71.32%) - MAMICEFLEREIR - EINAFHRSC

BRI EEEEE - R REIRAEE A SRS S SMOTE K
BalancedBaggingClassifier ZE & RN L #EEE /A » Macro Fl-score HYIE I
FREQY Ry 6.12%~6.93% - B2 Wang and Ku (2021) FYEEEEEFRATEL - AHFEIA
T BB EEE BT THY Fl-score (6.12%~6.93%) 47/ Wang and
Ku (2021) {B{LERI % FrEFFAY Fl-score (1.66%~2.37%) Y 2.58~4.17 f - #{F
I S0 5~ AR 8 (R (B 2 A& e (5 S5 0 BTE T T (6.12%~
6.93%) A —EREHETEEM -

MAEGEHEE M ITH - AT REHAR (2012~2017) N DLZRERE)J5
AR HETT Z R T Z R —FHIEHFFE BB 0 PR E
TEHIMIAF R F AR R R EEERRE WM FERNERREAHENH
AR ERTt - UgsE H st 8ISt - BREERMEK 13 For - M3 13 /A
WMNZER T REGERBN - AFEREMNNNERSSZEEY > F£8&8
RandomOverSampling ~ SMOTE - k; BalancedBaggingClassifier &} A Sy
BRERTTIET » BN SO A B i (B B UL I RE (E AR R — R LAY
TEHIRTT (B Macro Fl-score fi18) BAZMIETF o EIRBUREHCCF A HIEE
EEEEHE PSRRI BT U R A RS T -
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Panel A. Combining RandomOverSampling

Model GER SR FIN & TCV &8 FIN 8§  Difference T-statistics
Weighted F1_score 0.7603 0.7144 0.0458 3.9392
RF Micro_F1_score 0.7635 0.7179 0.0455 3.9035
Macro_F1_score 0.7432 0.7018 0.0414 4.0237
Weighted F1 score 0.5718 0.4605 0.1112 13.7563
SVM Micro_F1_score 0.5692 0.4492 0.1199 13.0225
Macro_F1_score 0.5417 0.4402 0.1015 9.5854
Weighted F1_score 0.7667 0.7129 0.0538 5.8825
XGBoost Micro F1_score 0.7689 0.7145 0.0544 6.0047
Macro_F1 score 0.7509 0.7032 0.0477 4.5596
Weighted F1 score 0.5524 0.4159 0.1365 14.1245
Logistic Micro F1 score 0.5502 0.3997 0.1506 13.5476
Macro_F1 score 0.5153 0.3924 0.1230 16.1807
Panel B. Combining SMOTE
Model eI FIN & TCV %58 FIN 88§  Difference T-statistics
Weighted F1_score 0.7640 0.7008 0.0632 12.6943
RF Micro_F1 score 0.7656 0.7018 0.0639 12.1221
Macro F1 score 0.7563 0.6945 0.0618 6.1974
Weighted F1_score 0.5697 0.4606 0.1091 13.1558
SVM Micro_F1_score 0.5663 0.4493 0.1170 13.0088
Macro_F1 score 0.5351 0.4409 0.0943 10.5636
Weighted F1_score 0.7608 0.6964 0.0644 5.5539
XGBoost Micro_F1_score 0.7623 0.6973 0.0651 5.8719
Macro F1 score 0.7486 0.6794 0.0693 7.4062
Weighted_F1_score 0.5438 0.4225 0.1214 13.4503
Logistic Micro F1 score 0.5405 0.4058 0.1347 12.2776
Macro F1 score 0.5032 0.3983 0.1050 10.7305
Panel C. Combining BalancedBaggingClassifier
Model ER eI FIN & TCV 857 FIN 888  Difference T-statistics
Weighted F1 score 0.6482 0.5850 0.0633 20.6563
RF Micro_F1 score 0.6469 0.5807 0.0662 20.8628
Macro_F1 score 0.6453 0.5815 0.0638 14.9921
Weighted F1 score 0.5436 0.4093 0.1343 14.3521
SVM Micro F1 score 0.5395 0.3891 0.1504 13.8007
Macro_F1 score 0.5141 0.3967 0.1174 13.9786
Weighted F1 score 0.6779 0.6127 0.0651 8.4849
XGBoost Micro F1_score 0.6765 0.6092 0.0674 8.4254
Macro_F1_score 0.6655 0.6043 0.0612 6.9689
Weighted F1 score 0.5280 0.3999 0.1281 10.1698
Logistic Micro_F1 score 0.5261 0.3786 0.1475 10.5838
Macro F1_score 0.4935 0.3776 0.1159 11.2394

it 1 FIN } TCV 3 IR B 1 S A o R i (H B IR 2 8050 - RF ~ SVM ~ XGBoost ~ Logistic 7
BIRREERARM - SRR ~ IR - S TR 2 A -

198



FHOC AR B EE RN SIS AR - e AL fEH]

S DAIER Ratam mT A > FEII A S BT AR A EE R (AT e
REE) 1% WERSEEBEE SRR LA HBENNGE - FrAlE S 5 (5 FHRF
FHYRENL 5 BEAN - MRIRES TR R NI A SR S A R R (H (B R - B
FHO AR E B2 ALRE I i Bl 0 - F5% > AW T N3 3 SE O AR
(B BB A A B B RO & 5 AP RO A it > HrRe
RALT - HEHGERFNAFENS > BREEENA E2REERE - &
BEBE I EERS (BRI S B E RV BEBEERAN) -
DRI ILG 47 i S RE B 8 R (B B B A s SR S MA TN Y & SR A TR 5 1S H i
BRENAENS  BaHER Z2R R - 80 B8R0 E K
7, DR I 7 s S B 4 (2 B P RE B S MA I B Y B AR AR B s - B
Duffie and Lando (2001) YA 52 & & sHE B IR —2L -

T L RN AFNERRFFAENERVERE - HWIFEREEEER
EERERFEHERA OREIFEFER b SR FEER) » SR Tt E A A%
ee LR EIEA DL B it S&P 25T 7 ARTHM B SERI(E FFTFE - ARt
SR B R B B ELERERY (S 57 & R o BR T DA 25 & S AR 52 B 17 R AR B RE
ANBEHZ I KGNS 5 AEHSCF R B A EE R s S E A 2
G - ERESE R BN RO AN S B E Rk T reiem S RI(E R
AYTHAIEREE ST - 1 gE R R IR B AR (B FEF S A B & il R R E R A FHILE
e Wit FRXFAERBEERR RS ZEMEEEHEERIT g
SRR ERIE R RARRE LA 5 = EEh > BEIMARA T FEE AR il /€ S&P
B HeFEIA RN E st E R DS MY AR B H - B8 At e il a]
EEEMNEEIZAE - TR A SN E R (A AR HY % A 53 A bR
ZBERE -

A HRER B EA R R E A 0 2 ek EZ - HIERE
ST B AENEGGET R BRI AR i - Ras R E AR T
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BB TR, E T REPM R AT SR R R AR R 4
e - HasEt B A AT DA R B B NV IR SR M R 5 LR & R B 5 Ay
ERARER - AR EEE REUR - BB EFEHEET (e.g. Wang and
Ku, 2021) » BASMG [ A AEH S 5 AR 7 i (H {H 8 3T W B D S i 2 B2 R A 4
SR > ANZAEHERR (Accuracy) ~ FEHER (Precision) ~ 74[H[ (Recall) ~ F1 778
(F1-Score) /& - Mi%ftE Wang and Ku (2021) {8 £ AR5 & 5T 28 2 AR
AU AR AR i 1 1] 22 68.92% » AW IR AR BRI 5 | AAF 3 S0 5~ BL Bt 7 i ({4
1% o BRI A 2 76.56% © FEUR A WFFRRT 1L 2 MR A Bk
TR RAERERE 17 BESR - AWRFEINSE B AT 2051 5 T ASE o oL - B it 7 il (H E B
% » FAREEFEE (Class D DU RNEESR) #eTE N A1 B 4GP (Class C LA ESFER) ~
ELBIA BHERI D - SR O A R A (B E B R TSR A TRV IR
BANRFRE AN o LB 7N AE B IR R B 2] & B RS A M1 T 125 S 5 B
EFER > AR BB FE R 2 AR - A RaEe s &880
L RE I8/ P T e O 2 4 R e 3102 o B B g Y BT AT IS BRAVAR R - B AILAS R
JREL Mayew et al.(2015) ~ Campbell et al. (2014) * Loughran and Mcdonald
(2011) ~ Chen and Tseng (2021) HY&A—2 > JRHIFH THY MD&A (EH[E)E
HM BRI ELE SRS SmEL /3 4r) & Notes (MESEEM=E) FNEE &
SE(S F R\ tHRAEY FTIE MR R - 1%  AIHTREE RN o o At a E
E&EREHE AP EARER R BB ERTEIMERERE T » Rl IR &R
N FEIHEFE A B S TR -

BEAN - AT DR ] B 1E B U B30 4R 8 SO G SR By AR e - W BR B TR )
HAKZBFEEEIREER ZER - W BERUIE 38 - Br T RE®E 9 DIRZK
BT RN S S8 450 - TRAEA R T 72 88 B F i 25 B 1Y
BB > RN A M — 20 AR E R FEEEE AR o 281 > RS B AT SRR B
TR PR BRI B AN SRR - WU FE e [ S 8 A B i & R A R
e ERKERE e - B B sl REEEN A NG R LR
(Convolutional Neural Network) ~ JEE t#H2E4EEE (Recurrent Neural Network) B
RAIEC AL (Long Short-Term Memory) 55 » i5/E N Ay &G ot A1 7 2 Eth n]
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Different from the previous literature, this study employs American firm credit
rating data from 1994 to 2017 to explore whether additionally introducing the text-
based communicative value (TCV) variables of annual reports (e.g. readability and
tones) improves the effectiveness of credit rating predictions based on the machine
learning models only with financial characteristic variables as input ones. Empirical

results show that after additionally introducing the TCV variables of annual reports,
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the model prediction effectiveness has a certain improvement, and the random forest
and XGBoost models perform the best overall (e.g. F1 score reaches 0.76-0.77, which
increases by about 6%). This shows that the TCV information of annual reports has an
additional explanatory power for credit ratings compared to the traditional financial
variables. In addition, this study also finds that the TCV information of annual reports
can further reduce the ratio of non-investment grade firms being misjudged as
investment grade ones. That is, TCV information of annual reports has the greater
predictive power for non-investment grade firms. Therefore, this study verifies that the
TCV information of annual reports captures the information contents of the non-

quantitative factor adjustments of credit rating agencies.

Key Words: Text-based communicative value of annual reports, Credit rating,

Machine learning, Incomplete information.
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