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B =

KR B 2REE = R 572 (Bidirectional Encoder Representation from Transformers,
BERT) 1730 FHRENEA - DASHE D 2 BN~ B RS E B R i 23| 9k BERT - &
W95 78734t BERT 2 & S 1@ SC PR\ J7 7 ARVERES - S i& DAE & 7 IS 2 R
WEEERE AT RRERNIVE - FisiRaUn - KB ERNREE SR
(hyperparameter) 1% » BERT st & fH 8 7 SHAERE RS (=1 22 0.86 - 715 BERT ({520
B > ASCEFBLHAERIE S E s (B EfinYEE 5 - B AetieIp A g afiny£4ga - ML Li
(2010a) {# ] MD&A FEF 2 HFTEERANE » ACEB I ARBHEF IR HEEF
GHEL T — I RIBR R B en B ) AR ERAT - MR RN T RE R EINE N\ S A
FEIHERME  BEER RS F PR MD&A EaflN AR [E -

RASEER : BIEERE - (T » BTN - BURCREEE

FEEHFR TR MU EAERZAZHEER > X PEmBFEETaR -
S TR © A RIRBEE AT AR B RACIRAUS: -
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BRTE MES

1. Hi S

ZE [ Securities and Exchange Commission (SEC) ZE R /A BT A SN EHR P EEEH
PE e 5T 5m B 43 f1 (Management Discussion and Analysis, MD&A) » 58 F A 75 i 32 S H b5
FROEFR BT > & o DU Bh A 5 e (o P 3 B A ) 8 Bk B R FRURI A H) R 2 (SEC
1987) o (At SEC ZR A EHEHE MD&A » {3158 7 5 fif ] g8 B8 A2 BN B ERAE SR AR 2 ~
TEMEECE A TS, - Tk - BFECRHEE M (SEC 2003) « '

ML SRR » MD&A FE 5 & A2 1 7 17 B A S AR AR KR B AV i & B B i
TSR A T A SRR » B4 > Bryan (1997) 5% MD&A Z A RERE (EHAMERI M
Bl o Hb7E MD&A sEsRBURAREH & ~ BASI ~ 2 E 00 8 DR M er B L Z B -
GRS H MD&A HYHEBLR AT B 8IS AHRR - Cole and Jones (2004) #3RAEZEEMA - Al
MD&A & FEUT A AL Z SR (20 REA 15 84 5 pl & B B 5 T A IE BEAR R E AL
) AR EE AR RS G AR &R © Sun (2010) 537 - MD&A fFEHRRTEEE 1T E
B P B sl B R B HIAVER G DLRFHIR AR A §] 363 - Bochkay and Levine (2019) i
FHURB PRGBS A R R SHRBIRAS S MD&A 2 S & AHEL
TMEI G BEABAIIEAL - 58 B AR TR R 2K — - A e SR 2 o - 2RI A 2L 22 2R AR A
TR - BEEEAEERD - nIRe g S p i A KAV -

TR SR T M AR SRR » SR 20 R [B SR o A D5 A S ok b B Pl 2~ R - 31
41 > Li (2010a) f& MD&A {4 FijlE M gaft (Forward-Looking Statement, FLS) FEff&fdiEl = &
ATl efitEER H R 3 M8 S (Naive Bayesian Classifier) » Si$f—T2% 178 T H#EfTREH .2 07
S HAEH FLS BURARE B8R f B 6R 3 8) 2 A (FAHREH - Loughran and McDonald (2011) F|
MRF SRS SR T 0 BSCRREREL A SIRE(E ~ K5 & ~ #IRE T4 - Siano and
Wysocki (2021) #] A BERT (Bidirectional Encoder Representation from Transformers) ~ 5= #i
B B R R BT RE R TR M LY - 243 BERT RIS B Ryt o %SGR Ky
BEGEHATEZIRN BV &R E R AR - AR RS2 E T BRI SR o i
b AHIE EL PR S e 2 A A U (5 A RS 22 (transfer learning) T E ({540 : BERT) [fij
b -

' SEC Financial Reporting Manual ¥} MD&A 75 DL 25K K HEY
(1) FRHERH I A B s 2 SCE AUt - (R E B AR B IR g A i A F] -
() hnsa %R B AN 2 1858 - WHRILES T B EHZ &% -
(3) FRELA R A T & ek IR & 2 BB TR b i DU S E R E B R A B AR R ER
ATREME -
ERIE ¢ https://www.sec.gov/rules/interp/33-8350.htm
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EENFFRI A E ECZ MD&A - HEFEH PHIBHCR RS F N B E5<E] SEC M#
) MD&A R e H Y+ AT » ARIB AR T A R FSE Tae s B H AR 8 RE » &
RS S E S —FE &SRR - RELEREME - KRR F RS - 25
ST FEREE ~ VAR R SRRSO R Y B E < AL B R S B PR LA
STEEMAR - THRESITHEE - MBWCEI R IEMBETI 38T ~ RS IR E T DigsS - 1F
FRERIAAN > TRESRIA A EIE R 2 8B T8 - THIISH S 8E M HARKIE M FEHEUR -
JRBNE R e & H N FIE Anbr 3% ~ Foilrsg e ~ BTG E S AR - MELEEE
AFEVEHIEEEIRE BB EEENR - S OEREI R E S AT A2
R RRBR IS E SR L ENE G R IRE ARG A SRS EERL -

BEBNAR B R RS E ZHBESURAR - R BRR RS E LT ENERER
B (B0 > BIPHS > 2011 5 554848 » 2012) » TR ISR EEE A Z IERT > Abtgea]
LUBETE S Z A - AU ERERE T HER > T EAGREEHLEIRFE
BG o (B S SR B RN - PSR T B B E 15 SR U > TR 28 =K
ENBERICE - TP ERSSE T RINEE E n fR R A S L A AR IR ERE i E g
g 11 e P e e 3 R I A B R R OR B E - RUI] DA B R N TR 2R A BI85 - $20th » AHH
JL B AES 4R S R oY B RS S R B LB BERT » 857 BERT fRAUE N B HEE S~
48R ~ BERT SR LAIRESTIIE » DU b BERT B K (A S R ENT AR F .2
Vi > AR A HAN AT S R RS R E T AR ERES © 5550 - AW FTiEE EAL5E AH ISR BERT
AL BRI B RS F 2154 - 10— DS S BIR ZTENR A & 6 -

ARFFELL 2011-2018 SRR Y B (1) AEI SR B ES A REL > BHEEE
TN R B RS Ay P SR AR LR - BETE = BERT R B 45 S AT Y AE RS -
1 WEREE ~ » BERT fAU S A Rl 2 0 0.86 » HRFBIMES S HEH 778 (R
K& 0.55) > HFE AR TR IE [A) 55 38R & m) 55 8 A R BLAE R AH 72 6 4% > (B 7Y Loughran and
McDonald (2016) #I Siano and Wysocki (2021) AYIFZE45SFEFR A #E— {0 L7 &E
EE IS EIE AT A B R R e » DU S R S B E N EE - HRERET - &
FE RSB S N — FRer L EEREENN A 2HEER % - #HHRRE S 5=
BN S EWEEN MD&A R ERAMAZR » BEP R E L ~—
FERIBR R B RSB E A BRI

ARG Z ATREERCA LUT =86 © 55— > FILIEM BERT RE R & HETHE S

> BRI : https:/law.moj.gov.tw/LawClass/LawAll.aspx?pcode=G0400022
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T o R GRS MD&A > F R HiUE - BERHEEDE (Naive Bayes) BUE HAME AT
PREREE I - B TTANEI9H 5 ERE SR BUREOEIN I - R g2 A
B EmERHmES o B RWAREMNE ARSI > I H AR & 4r ARk
R o AHEESEREUR > BERT [FHERERTIE AR B Rl & E 15 & i £ HLAERE
g o I DA IR SR G 5T SR T T AR iR 1 WS i E S R A 2
B 5 %5 Jy#t BERT BUEGECFIREN AR - DI SRR AR = 5 fEW
5 E B AR BERT AR HAE GO BRE T AR ESS - RARGEHISTRE B AT
(BRI PAMECE R A Z 3T © 55 = > ZE48 BERT FM| 2011 42 £ 2018 Ay s &
T4 - &i& Li (2010a) EERTHAIRA - SRR RS SR EENNM - TEREEHZE
FYEEH -

AHFEIA 5 6> BRAERIS SN - HERANEZHROT © 56 2 8 AoURERSS > 55 3 sk
It ZE et BURAR » 56 4 BRI EREAEIR - e — B0 Rddam DURAA 2R A -

2. XRhERSY

RETCRR ST & e BB & T S B e S REId > R > 58 2.2 i BT A 2 bk
WM 23N EHARESEE A BERT - %5 2.4 [0l MD&A 7 &8 B H
BEAWTSE -

2.1 [E##E57 BT (sentiment analysis) A< BLErE {482 FEH

BRAMV EE s CFE O BT HMNER 2 SCFER > M EES TR
E L TENERIE RS  EERSE AR EEAIATE R o B EIE 2 SRR 2 R oy
BB ~ AEYE - BRI ESE C EAN RIS BB T BUR/NETSC
FRIEIBELAE 4B 3 i B X« 1B4E T S TERRES SO RSV BIEE M RE R » HTTRE 24 - 46
Bl E BT - PHEEMEEATR > M ILEE o] DA Ay s = faEa » R R K ER 53 a1 B
AEER R AEE] - Li (2010a) 5387 MD&A HilEMAC - HEEHEN = &17a) Tl St E R
FOEEDE » EGUAIMAR A FHVREZIE R ~ &R~ PIrsCRHEE » JESEAE RN S T
o BREEFEWA ~ BRA ~ JEFE TR - &5 YRS (cross validation) 1% 0 GEEE
TEUHIER T RE TR 77 &4 0.67 1 0.63 HYAENERS © Li (2010a) #E— HIEAGE REUR > AiIlE

* E[HEME (readability) BT EE R AAE R AT ERAR SO S A R BRSNS T4 0 Li (2008) FRET 1
S AT - Miller (2010) TR RE R TEEEAHER LS E - MR EERS SCANE
BN H] b A [FIRA A B 2 B (% > B140 > Rogers, Van Buskirk, and Zechman (2011) 734/ & 85 5 & af i SafTal
JE\p 2 [l % - A RASBEFHREE » Li, Lundholm, and Minnis (2013) Z3Afr -8 30 2 e PR B B B8 Bl % -
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PERCAIL N 2558 S B R e i B 2 B 828 8) 2 IE [ B Gk - Loughran and McDonald (2011) 5]
Harvard Dictionary (Harvard-IV-4 TagNeg, H4AN) 4347 1994-2008 4. 10-K j'IZIK » MED ARSI
HAN £ [i] 5] S AT Sy 38 i 1 AU e (R BE R I =2 TR A BRI - (EEfEH - DUy 2 = 4% HAN B
BT T ﬁ%ﬁﬁ@&%ﬁﬁom%Mmmmemmumn>
FYMEILAR A ZHFIF M WAEEN (Lo - 45 R B A B E R it n
He (BB B T 2~ 525 50 5 S R T OR% B0 14 52 B 2% B 6k - Price, Doran, Peterson, and Bliss
(2012) B 7 FIH HAN P - [ERF4E & BT R ERERR s Y 73 - DIotEsR g &R -
BHFE4EIRETT - TES GBI NMED RENIS BRIV IE L - BB EX S EIEL -

2.2 SRR L b
SR R R A R A0 RT3 8 S PR R B 9 2 R B R - B0
SCRRERF A TR 2 ST SR AR AR T SR EE0E - AR S I TR
FRT AR R B A - TRERERRIEA TRA - IREE A BRI IIFSER0% - AT 4R
SCFGREN A R AR RS - AR 1 -

221 ATHIEE

BRI M 2 SUBE R R 2 AN TREE - DR S A G & S - 9140 - Bryan
(1997) % A TR 250 & MD&A > Cole and Jones (2004) Fi:8 568 BEEE R MD&A - [
B2 BER ¢ (1) AR () ERHERS ¢ () AN KIS - AIBLE ST~ STAN
Bt e E#EH ] (Named Entity Recogmtlon) o NLBREEZEGES © (1) FEKRE
ANTT 5 (2) BEAREED - [RFEVEFELE ROV AR TE (generalizability) ; (3) HIETH K FEE: -
RIS DG Y -

222 FHGE

FHUE RN THECHF SUATRL A - SO 58] 5 i — B 2 FHER AR [RIFR  F i)
LLoy B3l FHPE R B > 41 Harvard-1V-4 J2 5 A 225038 AL > Henry (2008) 1 Loughran
and McDonald (2011) ZEI7HYEFILAIE R GatH AR - BA H S0 0 SRR - Hoberg
and Phillips (2016) 73~ HZRF 10-K B2 Sndt R R R 2 53 A Sn i ey
XML > FE R A FEEGSEFIEE - FHTERERTE (1) J7AME - Q) BSEMR
AEEE - MHBEE © (1) RESHTE EEE R Z ok - 20 MD&A ot - Z#h] T

tHEE R IO R R RSO @ - G100 A # -~ SHARE - BRIRIE ¢ https://ckip.iis.

sinica.edu.tw/project/ner
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Ryt ILEER - EEM ARG T HE SR A EEEE © Q) ARFESEER
FEAFESRAAFENGER - M A A e b EER T - S e~ 2B © (3) 501
HIEBAN TR  RAWERSG TR © (4) HRES A 6) FRSHET] -

2.2.3 tRREE

eSS EAE RS EE > BABRUANTEEREERET] - MEERR G AT
#7572 0045 N-grams * ~ SZH [R]85 (Support Vector Machine) © J % F (i F 2 B2 H
HEDE - R HIERVAZRakar s 2 M1 - E A H IR E B ARy 2 81 Es - B
TR — 8] o I 5 s AT B At S S R o T B IV SR SR R R
TERHE SR HHEER AR - SR 2 ) 7 R ERAE R E S o Antweiler and Frank (2004) 3
£ Yahoo! HA&EHHE Kz Raging Bull £ 150 #AIREEERESC - FEHEEAL 1,000 RIRE SIS H
REEE - @EMSCHE R AR - 15 38R RS0y A S B Bh A R -
Li (2010a) i8S H I EE A4 - 2530 FLS Bl 45 B 65 K B 6255 8 2 IEAHRH - Huang,
Zang, and Zheng (2014) | It ZE H K HEEDE M 1995-2008 4[] S&P 500 1Y 363,952 {7343

R1 XFHREGEDLER

Wi -bill B, Ny FEIRE SR
ATHEE 1. JkfEE 1. FEE A& A JJEIRFRE Bryan (1997); Cole and
2. HERERE 2. AR ED Jones (2004)
3. SEFHAER AT 3. W EEIE - HEDIrER
ik 1. JIikfEE 1. ZWgise FREH L Henry (2008); Loughran and
2. RO FERRAFFE SERTRIE McDonald (2011); Hoberg
2. KRBEFARAFEZLTEE  and Phillips (2016)
M
3. AN TARE - ke
SO SEAERER
4. HEESHOEMER
5. REHREERES
e LR FEEATFEAHE 1 #HERK Antweiler and Frank (2004);
F[ibE et 2. FiFEZ A — T Li (2010a); Huang, Zang,
2. FIEEERTEAVEES 3. BREUBERETASSSE and Zheng (2014)
3. Reff R A MERESR

[

5 SCA R B Y 0 (B EEE o n TEEABIARL A (n-1) BT Ry — MR EE S A 8 E n {EEE
5] H B A R SR R HE BT 5B AT I 45 S - ORI ZRJE ¢ https://zh.wikipedia.org/wiki/N%E5%85%83%E8%AF%ADY
E6%B3%95

SE—TEIE S BURER 3T TP TR A B U E R > FHRIACIE ¢ ttps://zh.wikipedia.org/wiki/%E6%94%
AF%E6%8C%81%E5%90%91%E9%87%8F%E6%9C%BA

=N
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Mrbilise ey - S ITRlE S n PR L BRI N - I8 N8 A5 ) 2 SRR [R5 57
HZHREH A TGN TFEERRERETNEE - Li (2010b) f5H - B3R H RHE ARy i
AV TYERL - (1) DIt EREA R E AT (2) G FERERERTRAVEEST ¢ (3) el
SRR o MR UL - HERERIR © (1) SRy HIAKR © (2) g Z A — 2B ;
Q) EEAEERER M -

2.3 HAGESEM 75— BERT
RIS BERT » B AR/ 43R 20 - Pr 1 (a38 BERT R JEFH BERT 2
ST 0 E 14148 BERT #1{a 47 78314k -

23.1 BEZEE

Pan and Yang (2010) f5i} » Namefes 2 H e RS2 G HeGERIRESY - g4
— (& AV EEL TSR & RADAENE R AR TEAHEIAY 75 i K FF 22 (feature space) © ‘& 71ffi
DY RER ORI R E N RIS E R A E i — (A - IR S - EREEFER
N HEE—ERE - S B AR AR S R - BOR 7SR YA SRE R T
7o NIEFERE R D AR ERIIVFE K » R MR R Y R B 2 R E IR 2 FIE o DURR
SR R - BREENIMLERMEL - LRS- B2 Rt —(F
B T REIE , se iy T1EaNsR ) B HEE—/ N B g st B ISR E R (FRERk
DA TR | et B R I R B AV BT SR RS -

ATHARANS B 2AE = B BRI - 5P 2 I SR AU 442 Y - 40 ELMo (Peter, Neumann,
Iyyer, Gardner, Clark, Lee, and Zettlemoyer, 2018)’ ~ GPT (Radford, Narasimhan, Salimans, and
Sutskever, 2018)" ~ BERT (Delvin, Chang, Lee, and Toutanova, 2019) > {ELL NI E ZAE ST
fEAE 41 GLUE (General Language Understanding Evaluation)’ ~ SQuAD (Stanford Question
Answering Dataset)'’ §z SWAG (Situations With Adversarial Generations)'' FFHZEH, o iZER

" ELMo 551 22 i $7 ] € @ =] LSTM (Long short-term memory) » H TR St Ay 0 /e 845 FoAs 51 /2 2 X

* GPT /2 OpenAl F#% » FAIEEEFFLY Google BA#$ -~ Transformer 224 » Jy 2ttt F S W0 2 1t 4R 4E RE A5
o

’ GLUE 244 A « FERKTEAELMI DeepMind (Y EIBER HVEIESE - Hhfd 11 HE RN EES R
HI{EFS > {5140 CoLA (The Corpus of Linguistic Acceptability) ZHtBEHE &) T3 AR & LM » 302 SST-2 (The
Stanford Sentiment Treebank) -+ B8 i) FH[ELE 47 -

' SQUAD JZ S FHI REEFHEHIEHRE - HEE AT R G » SEFERNRTE - FEELA TN EE -

"' SWAG #5240 E — (R A ) FRIELAL PR A 7 SR e - LA R M A& B A R -

FREESIET) 1845 181 1 123-166 B | 129
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FERUEAEA LU R © (1) BRAGERIEE REREIEE % > 41 BERT 28AEEF % L1 {E
{l&l 5 (2) FIREHVERITHFIS - 41 BERT-Chinese J& M H SCHER RITHIISRIMTALAY - MiiELt
R B RE SR SRR 2 RATAVE ) & (word embeddings)™ » B4 : FfEESH &g
MEE R LML - BAME S ERA D RHREENFERER O ARk
&~ BEER HIRERTASH M E O R E AR -

LR S HA R IR TER GRS ASBAZE SRR BERT 2 EBFNATT :

(1) BERT & Google Bf&# 1 7 E Bl JREEE - (Lo ABRATLAFEA -
(2) Delvin et al. (2019) 5t » BERT £ [E H RGBSR E(LH o - FRIRGFE BT -
(3) BERT MY#E{EfGE - HAERAIEE L& -

2.3.2 BERT ZFER

AT > BERT BRAGIEF A & &5t St @RE2E » 41 Hiew, Huang, Mou, Li, W,
and Xu (2019) A= &AL 5 (Hong Kong Stock Exchange) i HLAEERAZ 5 2 IHY A4 H]
RWge R » BB =R A EIIIE (Weibo) JES - Gl SR TLREA EIHYIE4E AT A » 2535
BERT fi¢ffie # Mt} © Elwany, Moore, and Oberoi (2019) & 5l& 73 A H 1t sk R0 /8
17> BB S R 2w B [E E R S BIHHRVE 3% SO K &5 S0 A S s
BERT DLHE S fE R oy R AE R M > 45 SR 2830 Precision ~ Recall 1 Fl-score &5 =% J1% » Siano
and Wysocki (2021) £§5 BERT A Z 5 Z eR i e h 2 1548 o i E » 3% CEL#E Loughran
and McDonald #Y 57 875 ~ B2 H [RE L - BEE 77 B8 & BERT HY 15 45 o SRS Y - 253
BERT g HoAth = 77/ A R E Rt o ZoCE—0 MR BERT 2 & AR S AR B r AR a0 )
TGS o2 G5 EaER S - SRS - EE MRS AR E T G BERT 573 4Tk
FRELGETN o BRI = AR - BE TRl - BERT RIEE T -
IEeEE BERT 558 | N 3L » MR HARSEEREE M f5HIEr - Li, Li, Wang, Jia, and Rui (2020) 552
Eastern Stock Exchange AYMEEESR FEFam » K E DB Ry IER ~ &fm fehar » 6 Hal o B /(i
FEH > 5350 BERT SpJERIRE S i LSTM ° AR A {5 58 Fy MR -

2.3.3 BERT il fff54&
BERT /& Google DL 5 B S E IS K 8 AR MEFENHEA > FHiEEEHEUEE

Gl SRR A R R R R A B B -
" LSTM /2 H AiiEEF #H4848E% (Recurrent neural network) fie ¥ { FIHVBEL - 18 & BRI 75 HIRIRE - HIASC
FEEMEERIAFFAIRERE - At E A S i T AR -
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KA TR R R © SR SIS RE S U (Language Model, LM) )22
W S BURGE m RGN T ST T b w, . IR - &
BEY AT (1)

P(W):P(Wm+1|W1,W2, Wi, Wm) (1)

BERT 7[RI L IR 2 BARIME S + R a1 T/ il SR a2 e ) T 0
7238 » Delvin et al. (2019) 35 BERT 861314637 2 S50 L 1L 58 o 1| 7 25 00 8
ATSFAEIEE B b T S - BERT Hlgki (£ —

(1) SORTIHZE © BETRBERL 15% HRaeie FLE R, - S AYRE B AR i Y e 2 R ER B TR
WER o3 A TR HHER AR -

(2) T ET3C  $8E M A AR ER B TS W (8 A T2 A B b N SO 2 A (TR
e

BRI R e AR E A B AR BRI (S E T ) - [NIbEsEE
HH EHEEE RMIRHTE R LU & - E ISRV B 1% - F9eE o] DURAE{ERS
oK o M H SR SISV EIRAE BERT feft— il (BrEEE ) - LUF& T BE -
£ BERT 1A i (& — @il &RV s 1T iR - (NI - TEBEBRAG ISRV S B A @i 47
Mo 2N e - 25 BERT §l@0RE ([E 1) -

LU E R ANFEAET 9k BERT BRI FHEVEA #5w o e 483 @ %S (overfitting)
LUR R e (underfitting) 4 S 245 & I ALE PORBHER ISR € Bk - EEHADA BT
St A LA B R R FEUAIR AR 45 R - NI A SR B EF IR E R EREAE © Kte
BIEEIEERE AR - MOAEE IR E T T e R ERE T TR
EENERHESEREAE - LARRES P S 58 S e E B e ny i -

AR FARAC s i of - B 2/ DG & T Y 28 %

(1) B2 (learning rate) * AIEFEHIE R REREE MEREHERAVEE > BEHVEER

LETIAN T

BN BHRRIRE BERT 785]|{R1=5Y _ IE) (80%)
SR PIBTERE i ﬁﬁ?ﬁ% 5*,;5%% —> 17 (10%)
2. 788l E X i 80 (10%)

[(261)

1 BERT ill#&R#E
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B SOBRE T EASUN R ME - B RAYER A A R e 388 ik IME - B
HprfRZ s R - e A XEaEe

(2) Epochs © {445 (HARKEIRS MR FE — R Se R HYFIISR DRI HLAR A T —K > K% Epochs G{EE R
R HASpAR R HE S > K/ Epochs HIEEEAIH X EESHIEID |

(3) Batch Size : {RiF—KIISKATEAEH > Batch Size KA e EEUEE BT > Batch Size
KNI REEEUR S 15T

(4) FREBIENEREERE © B i " EmEn A e - EREEREN RS LIRS - [F
R ETIE SR RERERE B ERITRIIEE - R HEEEZIERENEE
THEHFIRE R i A -

Hrp B2 ~ Epochs J Batch Size FHRE fy | Bl RAHRA N f S HILEMER > [FHF
S AR S B BE S RV LB AR - TR BREE B R R U FEPR I 31168 S s B e R Z A MY TR
R = IR R Y B R > [N s Bt B R R LIS B R R S —il - WIEBZ A
FHENFSR LEBES BN SR EREESEMAESHIRE -

2.4 MD&A Z & E{EAHRISE

A ASHTS% E B9E 1538 BERT MR i (LB SRS B T N AR - Batiok
EEEE IR I P BE DN - DI BITEN T —E A6 R B SR, o DRI DL T R BT
SeL B (b2 MD&A SUFE 2 i A A RS

REB5T SRR S MD&A FEEAVERE - WIS e S 2 S RE B B & & o R TECH
INFEIARAEER o B0 > Bryan (1997) LA LR 1990 4 250 75 MD&A - £ MD&A #5521
SEE S RIS ER - HEE - B B - REM: - BERHIRIRRBEC RS - W
sy RS HABGZIER ~ 1L - BFBCYHEIRE - %o H KRR S REVIEEERIZF

shEd o HE—LTITESREUR - MD&A HRHEHE &2 LAIR RS S 2 1858 SRR — 85
BUG A7 5 B TEAHRE © AR S > 18 B LR 2k — AT EPS (077 ] [FBE 25
FZIEAHRA - ZRM C KRB R A (E e — (8 B R R 8 2{LJ7 mARE - thEL SEC FHHiE
481 #6525 RE TEDHI 2 R O S A IR A A © AR A TIMB R EN: - CREEA L Rk
RSS2 858 Al BN B R AR — B A S 8 [m 7 BEEE AR -

U A A S - ERESHSEEI IR B AR EREISaTE b o SEAEBIRIAE 6
HESEEERE NSRRI R ST - RIS e Rl 2 MR e s
ez -
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Cole and Jones (2004) FRafZE &£ MD&A 1572 AR EUWAZEZFRA (Hla > 2k
AR ERESHERA Z R ECEERE 2 #1(L ) - RS A TN FERREEEA S - %3
THEAIR] i 55 B8 1 A B 15 i e e R LR 2 S B ARl 3R IEAHRR - LIRS S B iR mIAE
BRAC R BRI (] SR IEARRR > DRELEER S IR B DA EE A F YA - &5 160
HEEHE MD&A &SR TP ARE - BR MD&A BB A FHE WA ZLERN B AR FENE
aflE(E -

Sun (2010) #*5T MD&A 1765 8 (LAY i R B N B R AR s S U2 R AERA © 5% St
568 i@ MD&A - WRHF EELRVAERE > R A ~ RRI R HIL - RS RETT - AFINER
SRR LA S ROA FISH UL AR R & 28 TEAHR - AR G LR RIEL N —
) ROA EEEE AR -

Li (2010a) /152 MD&A HHYATIE MR & B & A FIARASERHYEER © 5% SCFIFBER
HREEERATIE MR & T 0 R B H ~ AF R HIL - WIN4E Rahaa sy - bi7esi R
RUREE R R B B ) B R B B S RS TEAHRE - NI EEHEPSfE Y MD&A B A TR
BATEEEIAIIE » 2N E) T REERAS -

Bochkay and Levine (2019) ¥ £2 1994 4F % 2012 4 10-K & #} » i ] F§ Loughran and
McDonald (2011) gl » 51558 5% LR AARER © P28 (% ] Ridge Regression fifi %5 i 7.1l £
TR AR & B B A RV 3] 52 > SR — P DL EAVEE R E &g - ik m s
Moz — [FRHEEZESEBE R HEEE A ARG R IR - bF7E4E R
R EEMBETE MD&A S E SIS A TR 2 — /Y ROE 8 R A G & M B &Y
R EE Ry 48hfE - Bochkay and Levine (2019) [F]fF553H - MD&A Bl {8 H & & SRR A
[F] > RARGRFEREIR ~ RACGEGE ~ & N BB f ] e 8 4B B IR F A
5] - H MD&A BEAFE S HIERA M - °

P BN MD&A 2 BRSO A IR » (75 /0 8Ok B RRRE 8 o S DLSCAR S A e 4 2 B AR
{8 - fl40 > BT (2009) FERINE AR RS Ky IER R ARIEE AR - EEEREUR - AT &R
Z E RS E T A i B B R R A i SRS - BUPTS (2011) RS EBRRBEEEEFE
DAENSE T B 1 2 8 FESRNG - ELLANE A E 2007 £ BT (1) A SIS E &S TEESR S
SHERGRES - DIZEAEREUR - BEE RS EEE RAGHE AR IR - A2 SEERIE B bR E &5
e E BRI BRI MERE S A ZEEHEZR RIS BRI S B 2 - I8 (2012) REEH
X BB E ~ EIERN - Gt S BRI U EESS - et E R TR S BO%
WERGREMRRRSERIIET - PIREREUR - MBIEERE GBS 2 CF & AN SeE
BRI RS R FRECR. -
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3. Wteiat Bl i
3.1 WH5Eiite

B AUTSTERFERE BT () AR 28R MG E 2 08T AT > #%
ProrERtEE - MAREEREEARIN - BERER AR AR NECE R - (F AR
AE o Fzik > KA AR E RN B R S F EE TN WA & SR B & N R
EERETTTON - 2 R 2 WIERLE -

LUNRHRBT ORI - 26 3.2 B/ Al s \2E - Sl AR ZE T e
PRI E RIS - 56 3.3 Hioy BIER I RS SARRERRE - 55 3.4 /1480 BERT JE
PR BIERTECH] » BX1% 55 3.5 SR HA S BEACIBERY -

3.2 B AUEE
B S T (B ARSI S R e 5 s T — (B AR R S TR A
B MRS e A AR LT AL - ' ABASE S — B0 (ol B A

AR

e

HIRRBSS
BHE TR

v

STRIBHEDE

¢

feEMEBEN

'

BERTEA

2 MEREE

16

EARIACE  https://en.wikipedia.org/wiki/Supervised_learning
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BTHAIGRAVEEL > W RIS F T U EE T HESERE e G N — R
HeR IS - DI S BREN 7 /AR B - USRI AT 7 B B B T s

BB AR EE O e lUE Y > R RIEECE R » R BRI DU AT & 5 HY
SISk R B LAZIKE%L SRR BRI -

() FEc &R - AR BR Rl S 0T RIEE « BRI ELE |
(2) i - BRCREE EAVE TS

(3) HABILERE + JHTHATAERS

(4) FTIE ST HFISR BB ERT -

Hep o FECERREE RS HEIAT] - NETREATHEECE - DU A T
TH4# » ZATFTHL Siano and Wysocki (2021) #58k BERT BLRIGIGREEA - AR & EARCERHY
Ji7E o ATFeinis i N TRsE Sk R 5 FEEC A THYE 4 > B Siano and Wysocki (2021)
HIRIBFERF R 2 LR - BB LR ATA A LELRAy P 28 > Al
SRR E MIER - HATARESGC &R > HAEAZERVESE © (1) KREME D &R H
(2) BuS-ForEkt © Q) hZEFEE & iR -

ATl Z B R S EREE A FE2ESRYN > BE BB AFERKRENE
% NIEREZEEWRR - BN EE GG ] R WA AR RBAE L - MEBHR
HERE-LEEANE - Wit AUTRER G A T B R - et E S e
N2 ETNBEZ S S R A FRIEDN - ZIRILL0ER Siano and Wysocki (2021) HIF
% ATREMEEIREET B2 (AR BV A T HRC Al (%) # -

3.3 PR

BERT fHEIF| S EF RS EGEE S 4558 - Bl & w4 BERT » ZEfH
RUREFH R /DIERE] ~ B/ DR R RS i SRR I - DUZ B AFHYRUEE < AB5T 275 Siano and
Wysocki (2021) HYE/E » BERSEEEL 5 48R A L 20% &) 7 & (EERs8 ERHE (validation) » %
% B BRI R L B R E A 28 TR & FR 80% / 20% ELBISY Ry T3
AL (sub-training) FUAGNERIEE (test) #EFTAC S EES - B AE&F 0377031 4R R SOHIE
BRHEEEA R BEEERATEE - B 3 HEEEERIZE -

3.3.1 {RBYEE
By TR R PR 23552« Epochs & F Batch Size K/ > ARHFEHISRET 2 A [EHY
AL GRS & B e BRI -
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Test

RIS BRI
Training

SlRERIE

Subtraining

FEIRRERIE

EHEHRR

Tuning
Validation | |, .. b J
P QU Best model parameters
WEENE = P t ,,,,,,,, J

3 RRELERERER

[#H77% Epochs % » FHIAZAEFSE(S ] Barly Stopping AY$5775 7 » #4845 5 & Epochs -
#¢ Delvin et al. (2019) #EEERY Epochs 8{& 25— - #:& E 3 Delvin et al. (2019) #EfE R[]
AP 205 + 36-5 + Se-5 RIEMARIFIHEAS 204 + 1e-5 - do-5 1l 20-6 § KL% »
le-5 FYEEET » ‘B35 2~5 {EHY Epochs ; [f] Batch Size HI'E 5K T 4 (@A 8 {H -

3.3.2 RAFEAI N2 7

AT FE(E R A AER# (confusion matrix) FFAEIARIHITEMIZRIE (273K 2) - HrEHEEG
F5 ¢ Accuracy ~ Precision ~ Recall {1 F1-Score °

%< 2 ot > True Positive (TP) X 3 {5 B4 ¥ 55 3 B B (R 5B 5 — 2 Ky IE (70 5 3 © False
Positive (FP) AR E I (&[5 {H g AL KT By IE (A False Negative (FN) (AR E IR
{5 IR [ {E AR F B Ry & 1A © True Negative (TN) (AR FHNET M FIFZEH 2/ E
[FI5EE © Accuracy (AT & #IEER /3 MHEEA (TP + TN) SATABEALLS] - (HZIEEESF

x2 REERE

B IE HERE
TEIH Ry 1 True Positive (TP) False Positive (FP)
TEHI R & False Negative (FN) True Negative (TN)

7 FEHEZRER T > Barly Stopping B TEAE(E R FIRAVEBE(E AN - A EHUBEESIEREE - £
FEEETES 1T > FISREE S BIAERR RS SRRV EE RIS (A EnE 2 1% - Mg i RaRE -
TEARFZE H2 DA validation loss {F By & H: 4 -
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rERER T - BEEREERE M - 41 B SRR N —T7 - GLLEIE AR
g o (HRHRIE R ER BAFHIEEE o Precision ﬁ%?ﬁ MIEFGER > HIE EHEEEIEE
#E [TP / (TP + FP)] - Recall (RREFE Ky IE[AIGEE - LAY g h FEOHI R 1E ()55 38 < EL 1) (TP
/ (TP + FN)) - F1-Score RI| Ky %#& 2% & Precision Ez Recall 7 #7252 [2XPrecisionXRecall /
(Precision + Recall)] o HIAAZER MR 7SR > RELRF Precision R B 28R -
& E—(E KEAIAYEES - o B R AR SO FOAIEESR B k iVEE - 07 REREER ETE
BRI R k AVEE - FHFRIE TSRS TN kORI IERERIELST - %= (2)

=y, Nh(x;)

h(Xl) k]

i=

* h(x) ETHHIE » vy, S BB RE k 2551 )

Recall 92 B51IE 24 E — (8 k BHIHVEEN > SR AEIEERHB KVEE - 275

B BTSRRI B K AR - MR R Ay kORI - S TERE T A
S/ DR KBRS R (3)
x ¥  Nh(x;) s o e -
E}if—ﬂmm%ﬁﬂﬁ’mﬁﬁﬁﬁ%k@% 3)
i, k

i=1

3.3.3 XX EREE

&S B R N R R R 2 R TR s B A IR o Kyl
TR SRERTHE R EE R - & S Irad g ©° (R 3) - B uiiig e ahioMy
AR EE Ry i Lt E R - B —4HE BRI E R - HAMIAHRIE Ralll gk &4 -
PRIt B 5 iF 72 A AR B R R PO 45 AR - WEMERSE » BB R 5 RAVBALET(EE
K BT o {E R R RIR IR T8 -

3.3.4 FEXE TF-IDF

T 1% BERT 2 B A SCPTEe K B S SCF5-Eh 7024 » A SORI bt b S Erss]
ZHlic & FHESTE A THUME4E 0 ¥ R BERT 2 X ERELLECESE - 155 #5851 BERT
RSB Ry [EIHARE - B3 02 8 v S ee) A %] g DA T 07 SRR S0 BB R U 5 48 -

" R ATTECER 5 HT IR S AT I R PR ARG - E CEH S 7 SRR - RIS AL - 2RI
F:J% BERT fERIIER FEA - HEH/IG— RIHIIERIF 50~60 738 - E{HEH E%?ﬁ%ﬁlﬂ’b«l%ﬁ*”‘g (ERERAFT
Pl - INEERARARTFTREER S 13058

" http://ckipsvr.iis.sinica.edu.tw/
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T2y +1~ Tk 0 BB B —1 o fER—DS4EREM o Btk o 43R #3% LL R, TF-IDF
(Term Frequency-Inverse Document Frequency) #1 BERT LLEGIH4E /3 AT HYARERER o DUN /M 4HA
B FEA ] 8 5 A5 TF-IDF

3.3.4.1 FEEK

K72 £ Henry (2008) HUTEE » s Cat BG4 7 B 7 U R S R E
By 1 AT IE RIS e B R R A R s e R AR DAIE ) R & [ sa ey 48 B2
HFIIESE R - FHRNATSEE S R AES - RIS 2R UER ~ R IrRI&E A
GREL o AWFFURNE R IBE LR +1 > hILEEIEEC R 0 DU A RIS R — 1 RILRAT
HrrgiBEtmine - sHESTHTIEBE T BTE - RO AT 154 5 BEY o 18 -
AR IR ERRE BORHEERY R - BBV & A LB E R o B ~ thiL R E R P - AEF5E
& B P A BRI S — VU (L B E B o PR -

3.3.4.2 TF-IDF

AKB}t527% Loughran and McDonald (2011) FY1E/% » # R aw 6 H B4R — 54
A RHRNEE > BEZEYTRENEE  EREMAH EEAREEN T AlE T ES
NG - AL > fEERRIAE R ENIE AU E R ARIVESS -
M - B R RERE R  FEEHY T RERSMEBIE - B EST R
B> BEZEHTHRENPE @ FoEWERARERESOR PRy BRI - fl "~
H ) EEHBERAERA SNSRI REE > AMFERA AR EERRES " Bk
IEE " EFF ) B R HIREAREERS T A E] ) Bde RV REY D - [NIE TF-IDF R & Bt
bk TAE ) HEDE o ARHSUEA TF-IDF i ER BF EHE—GEHAS () FRETTF () &
AR (if ) - MEEZEARNTEE [df)  STREHEEFE S T HE ErEE
(W) > WHEE A (4) o

w; ; = tf ; Xidf; 4)

HEETE R
(1), - —4TE3As () TEREEAT ) AR - (R RN -
@) idf, : log (37) » N B/ FUBLR - df, By | 9 THE -

AT I T SO L4 755 & TR-IDF % IEEGT () 108 8e!
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B0 (5) BT

Sw [(i = Ef)] - S w, (i = &)

Wi

©)

mi% > BT SUEAAIE o BURESE S AU o A B o MR AR IR BREE BRI - B L
BRI — VU AL B E Bl oy IE A ~ Az e & R -

3.3.5 B A5
30 %% Siano and Wysocki (2021) HY{F3% » MR B X FIEFHT AL - DUBRsE
BERT B :E =451 B MEW A S & - SENTEATE G KIEREKE T AERERS -

3.3.6 BERT TR&1t
FH 7> BERT HYRE A E 0 1 5 » HLpT 223 209 RE 55 1R B — M ay 48 14 4 B 5046 =5 1

EEFARRETC A ERE T EEENESR - Nt ERR2ERHEZERE(C T ERE B E
ISR E YA - BERT fy B AV 6] fy Attention » & —Ff & SCFE £ T — M EFRT
(representation) 5 » & RHIEWFLL S BH H—F R E SCFF I E 2 > H Attention
MEE LG L HM ST » ARG E B R RITFE R Attention FEEEATA/N « Fifgk—F4l/
44 BERTViz {8 L T H & Attention £12 73 - G 1% R Hid 45 R 5 H BERT 8 (LAYEE
o ARUHFETHIA BERTViz §e49E 8 18 L7 20 > fife 8140 & sl B EAZ e g - DA
AN E G B R - B0 - B UCRATEIAR R o RESIFEIEE] T ok ) BTERAKE M
B AR A REES T RYIRECAR LR ) eI R RETER AR R ASR TS
BEER) | REAERRR D ZER - MIERR "EeiE TR EWEE AR > A
B R &EA -

3.4 ZERTHM

RS2 1 26 FI PR Bt e TS SRR 2 W6 £ 2011 4828 2017 4F B SR 2 2 4
T o B TR 2011 455 2018 (EAEIR IR AR - A
B S K B4 TR A L > BT 0 0 R IERRIET A 1 ZRamUET s -1 - &
T i {1 B S s R 3 B A TR () T AT -

K
N LN s N
SHAE, = E saa K = ZAEIEAFE
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PEE S Li (2010a) FEILEERTHNIMIRL » * i ARBFSEEL Li (20102) ZH1H — > —Z257
FHEE ALY > A ZE (A BERT £ - 1fij Li (2010a) ‘2 AR HRETA - 2 Li
(20102) i FHAYSZAZ B & 1Y MD&A Y FLS » 3 SCAA HIFR 10-Q F1 10-K Y54 - Atk
HIFMIARAK & b S B ER B BE AR Ry B AL - (HEEEUR Rl s F 2 A R RS
o BRI TR B AR R DAEE Ry BRAL  ARZEREE R B T — &R t + 1 5)
K EGRES) > BERE S R AR A EER F) - IREFERIER - EH
H -~ AFEHE - RESER - RERIRES) - ZEREE - 2EHEHBENRIIEY - K
WIS R i s e [ — R e MR B g 2 AR > RREEHEEE N A
BHEORFEE  RORE G N EGRBEE TS LT RIS RN - ERRG R AR
SRR B IEMEFURIAR SR B bh 2 FTRENE - RILTHENE R M eril N —F ek 2 1IEAHRY -

3.5 BRASERYL

3.5.1 BAHAR

AR LB LB EE BESR » TEERPEREELFER —EHBNARE
M~ NI FESR A SRR EREEHE T - PEREEEES EN&E
F1IC a2 » iy 1C BUEHE K Ty 1C E4E2ERT IC HIEtE - H IC BlE3E T3 DLS,
[Ef{ T2 DRAM #l38& By & - 2020 FF2/8 L EHG SV AEE (H ST GDP #i 15% H G2
B EBE AT 20% > ¥ BEBLURI TR - FEBENSEREEEELT RS LmES
BEs o R REE B P R i/ FE IR g H Ay A S8R B s R AN R K& L > RImT DL
Ton B FERIAR 2 N B R ©

% 3 BUR 2011 52 2019 - BESE X B R T F > IC EEEEAZFNE » K
FRARMREAL > ¥ 2010 R FHFFEE R - 357K - DRAM ZE ¥4 PC AR
BRECRMFRKASY - {H 2011 FEFELL T HAMRE - SESR A E R IR AR I L
JFARHLEARTRE - DUCHU ARSI E 2L PC R VBB WK - kS 2T
P PRI - BEET 2 A EI R HY—(EF A BRI - 1T 2012 52 2 2014 SR TR A T8

* Li (2010a) {57 5 SL g8 R R B 2 A AE R Hr i R EE BB R B SR AT e B s, » 5140 Fog
e~ REEJCIE H#E (number of non-missing items) ~ R [EEFTEIE « R[EHIEEE (number of geographic
segments) ~ FFHITEH (special items) FI1.\ T a7 FAME R FLINEE -

2OERIACR ¢ TSR RTIT S b A SR AC T B BT 2T 0 4R S I 2 L S B AR 4% hitps:/money.udn.com/
money/story/5612/5082831

2B AR ¢ T 3 R0l R 5 B e S R B R B 8% FT 4R %5 19 & - A Tl https://ieknet.iek.org.tw/book/
BookListFree.aspx
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*3 FEREXFRY  EERMERE

Ay 2011 2012 2013 2014 2015 2016 2017 2018 2019
K 503 488 478 476 473 448 439 427 42
IC EEZEFEME (JR / #rE 156 163 1.89 220 226 245 246 262 2.64
R (%) -11.7 4.6 156 167 28 82 05 64 09

BORIACIR « FABGHS - PABGHEET H i ~ L3ERARFFEE (ISTI) ~ RSPRES L 38)a) Bk T AE 3 HEB A = (SIPO) -

BAIEER ~ Elmrs iU K e e A (E O [ -

&r LA A - ZIKEH%H%‘%ZIKEHFE%E%EA 2011 22 2019 £ - NEZSHEIAN A — K 5 R TS
RESRR AN T Z B R S E - BRI EE2 1T 2011 422 2017 FAYERCER )
T AER > TN 2011 4% 2018 fﬁﬂﬁiﬁﬁx%i&%g (B4 HESSFIMBER
/EJEEEXE?-E*%EJJ& 5 \TRIGFBAF (2012-2019 47 ) A EEER - AR % COVID-19 i
FREIATREEN: - BRERR RS ERERBPHELNS - AR E S 2020 FHIER -

3.5.2 BRANEREE

5 o 5 Python % /X Bl & BRI G N 8 B () 2P EEG 2 ] 2011 4 2 2018 42
e o HEIA 1,203 2 - PEERABEEREDRISfEF 8 &R - IF PDF A£ 250 Python [Eaa K HLHY
336 F - IBEEAR 867 & - HX » BEBMKRBREE I XF  EREERK  —{7T
B — A RECE B — @ 9 E AU - HERRFS 2R - BHR &R A E B RS
EREIEFZEZBHEAE > AUEREAESNERENE AL EANEEEE - Fla -
SRR SRR 0 RN FENRE BV SRR BN RIE T o ¥ HARZE R HE
PR+ 28y RBEMREREERES oY S5 B2 A ERE
B/ (Siano and Wysocki » 2019) °

3.5.3 BAKES
EEEREE AT ET B FIERR > BEAREH > HIBEARBMNATESL - BT

PRSI RS E R T - SHNAEETF SN EMRSE - EHAETOER SR H I AR
32 HAAHIZERTE FATZ BERT dhsZFRFIGRIBAL - R 8 S R B R 2 55 S R R FR AT A i (RS - B 5%
{3 regular expression 88— &0 73 HE 305 DU LAY 75 SURE 37 S BT THEHG - G405 " DRAM ; BEHR T 50
TEHE - TMCU, B TOERISS | 55 - 3 Bl S E’J%fﬂdlﬁﬂﬁﬁﬁﬁﬁ4ﬂ$f%£ﬂi¢ﬂ’]ﬁ¥
FR R [ R ) FEILE BRI E S SR T MR RIS - SR S IR R
BERR GRS - A28 ARYED S B SR IA ST ROA DL A B TS B IR A RRUA
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fEESN > ARUFREOR = A&t AT R A B R SRCR IS & - DHRIRER (R 1L
] ~ BEEIL « i AR 2 I R -

AW FERERTILZ B SEER  BREAIEECIR » RE S N AR A T9F 00 Rl 6~ BRagA
HEEREE - R4 BUR » FEC&Z 2011-2018 4 L (fiff ) A SRR ety &4k 17,976 4
Ryt TR 2018 4 2 LR 5 F - BB HIHIN S ERE > AUt LB RHER PR
2018 FEAY 3,140 A] - 2011-2017 3 14,836 4] » Frr &G EFHE (80%) A 11,868 4] » i
AH AR (20%) F 2,968 4 o ARFFTRLRISREHEE D B Tl R (80%) SofllEtE e

®4 BRERESDFHRS B - BEMIRAERE

CIER i
e B (M) A FIBURRHREE (2011-2018) ( A FHIF) 17,976
Wt 2018 FEBUR R R = 3,140
PR L (A ) AFBICREREE (2011-2017) 14,836
B BRREERHE (validation) (20%) 2,968
ARE AL (training) (80%) 11,868
THIBRE R (subtraining) ( (HEIBRE IR 80%) 9,494
—1Em 46%
— &lr] 11%
SasAvA 43%
HIEAERHE (test) ( HABRERIEE 20%) 2,374
—1Em 47%
— &lA] 10%
Sa VA 43%
ESZEZORHE (validation) ( (HHEZERIE 20%) 2,968
—1EH] 47%
—&m 10%
SlashVA 43%

* ZRHFELL Python PDFplumber £ {5 2 B S 5 B AU FFIERC 2 50K - FAATRTEEREC AR
DICE|CaRBEse | 2 SURE T - AREFECB B R RS E » WHE A TIECIER « BRSPS
& o RoRIESC AR 2 FRIAIEECATIERC A BRI - WA GERSCA R BUE R - e
FHIRIEAHFEHHRC MR AFEAIH 2% Wk N B R EAERE 20T HEIEE N -
Btk - (FEHFTACARC A TE - DRI Z s E B AT Sl -
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(20%) « o FANREDISAGBIT A TER « 2 R IL2 ELBISHIES 46% ~ 11% F 43% -
MR BT B TE R ~ £ B P TL 2 LEBIS R RS 47% » 10% R 43% - Bt o) S i
BTN ~ i R LIRS - 57518 47% - 10% R 43% -

4. B E

4.1 B REAG R
4.1.1 fREISRE

5 5 ¥ BERT AU BRag B R AR 45 5 - R S BP0 R » 4038 3 | epochs
R le-5 (238 22 3)| 4k > Evaluation loss” % 0.37 » [fij Accuracy /% 0.86 » IF [A] ff Precision -
Recall ~ F1-Score 47 HI| £ 0.86 ~ 0.90 ~ 0.88 ; & [1] HY Precision ~ Recall ~ F1-Score 47 I £y
0.81 ~ 0.87 ~ 0.84 ; [fj H 1T HY Precision ~ Recall ~ F1-Score 43 FI] £ 0.88 ~ 0.81 ~ 0.85 - [It: 45
FAeH > AAHY Precision F5£E (0.81) B{EFAIER (0.86) K H11r (0.88) Y Precision 54 » T
H[FEHY Recall {515 (0.87) KR IEE (0.90) HY Recall FEEE{H SR I (0.81) HY Recall F54%
AIHFTBIZE AT - AR 5 R H T I BE m B WY R AT RE R AR F R L T 3 TR EFE By
IrEsCE FEE] o SRR HIE o T RER AR AR N B - R R EITEER
AoRFUSC AT F B Ry A FEET) > 2R R IEREPILsE ) » BRI ETE - (£ &
Precision #{E, - *°

xS MHESRERCR HE T FAERHETHER (M PR ) &2 BEER
EFIE o /£ 2K 2 ([ epochs J le-5 AYEE 33K 3|46 » Evaluation loss [ [F 4 0.34 > ifj
Accuracy 7% 0.88 o IF [A]HY Precision ~ Recall ~ F1-Score 43 Fl] £ 0.88 ~ 0.89 ~ 0.89 ; & [A]
Y Precision ~ Recall ~ F1-Score 43 HI| /£ 0.82 ~ 0.91 ~ 0.86 ; H* I7 HY Precision ~ Recall ~ F1-
Score 73l 55 0.89 ~ 0.85 ~ 0.87 - MRIBEREG AL RBUR » M AFAVEn A S8BT S FEHRUR TR
HSCA » (E2EA2E 1e-5 ~ Epochs fy 2 {[& ~ Batch Size 5y 8 il » 335 ¥ & Epochs Ajt

* Evaluation loss {445 ELEF (L ELHALY FUMIER —20 » BB B 4 2 80K - 2T DUBE & s
HEFTHEG o BT STRT (S Al 2 $R O e {4 cross-entropy © FHFSAIHEEAERES H Y (R B B R IMEIRK - DIZFIR
SFRIRNIR > PRI EE R I R AL S SRR -

A E IR Ry I BRIAIRE T R B AT - G0 - FEAE T 104 F EEE U R TR 12 (8
7T T EHETT > BMEIFFIE R 8 T 8 HE T AHEN 103 42 g T 0.58% » FEIFFIANR /D 8 &
8 FAETT » Biik EPS By 2.99 7T ) & HsEfRaC EIR Ryrhar - R MU IF AV BV OE IIAEHE - (ERLEIA]
A E AT Ry A R - A0 E] T2016 FMEEHATISHIMRE PC M5 IVEER (B B—R LAREHAIR
f& - fEGUAEVE R B B A TR BLEC RSB T > R 9.6% > AIUE PC BLPAR SRSy AR T AR
8.3% , » % HIEEIEELEIE Ry PaL - ARSI R R PC BLPAR BRI R AHTE - (BRI AR I A T s
H R - BRSBTS AP T AW SRR S TR R SR SRR ) T FIE s R -

e
EFI++

I
f
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"5 BERT 2EREGENMEKNEER
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[ R (4 1T B N — AR A BR B B A IE MR (5 (A% 71 Ky —0.0025 B 0.0002) » {HREHZ » B Li
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BfR 0.5760"" 0.000 —-0.4557" 0.000
iR 0.0107 0.124 0.0150" 0.031
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B WeE -0.1396™" 0.002 0.0412 0.365
JEHIEH -0.0585 0.051 -0.1376"™ 0.000
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A EIE ~0.0086 0.318 -0.0012 0.889
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2018 0.0161 0.203 0.0244 0.053

W {E 840 W {E 840

R-squared 0.55 R-squared 0.35

Adj. R-squared 0.54 Adj. R-squared 0.34

F{H 59.02 F{H 26.08
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Abstract

First, this study applies BERT (Bidirectional Encoder Representations from Transformers) on
Reports to Shareholders (RTS) of the semi-conductor industry in Taiwan. Next, we discuss whether
BERT can overcome some weaknesses of traditional text mining tools. Finally, we try to assess the
association between the tone in RTS with company’s future financial performance by using sentiment
analysis. The empirical result shows that BERT classification accuracy reaches as high as 0.86, which
outperforms other techniques. Moreover, by visualizing the operation in BERT, we find that BERT
can capture the word association successfully. However, the empirical result fails to show that the
sentiment in RTS has significant and positive association with next year’s earnings and change in
earnings, which is inconsistent with previous findings. We conjecture that it may be caused by the
capital market attributes such as investor’s structure or information transparency in Taiwan, resulting

in differences in information content provided by RTS and MD&A.
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1. Research Issues

Recently, Siano and Wysocki (2021) introduce and apply the state-of-the-art transfer
learning model BERT (Bidirectional Encoder Representations from Transformers) to analyze
corporate disclosures. BERT is designed to mitigate the limitations of prior textual analysis
research, such as small sample size, the inability to deal with negations of stand-alone words,
and the long-range associations of words. Siano and Wysocki (2021) find a higher classification
accuracy in a sentiment analysis of Management Discussion and Analysis (MD&A) than in
traditional text-mining techniques, such as the word-list approach and the Naive Bayes Classifier.

Motivated by Siano and Wysocki (2021), this paper attempts to apply BERT to conduct
a Chinese sentiment analysis of Reports to Shareholders (RTS) in the annual report of listed
companies in Taiwan, which is similar to an MD&A for US companies. According to regulations
governing information to be published in annual reports of public companies in Taiwan, RTS
shall include the operating results of the preceding year, a summary of the business plan for the
current year, the company’s future development strategy, and the impacts of external competition,
the legal environment, and the overall business environment. The disclosures in RTS, such
as product or technology development and business prospects, are regarded as important
information for managers to communicate to investors. We first define and explain the concept
of transfer learning and machine learning. We then train the BERT language model with RTS,
visualize how the BERT language model works, and compare BERT with other traditional text-
mining techniques. Lastly, following Li (2010a), we investigate whether there exists a positive
association between the tone in RTS and the company’s future financial performance.

2. Research Hypothesis

This paper explores whether the BERT model performs better in Chinese textual analysis
as well. Analyzing RTS in Taiwan and comparing BERT with dictionary and TF-IDF (Term
Frequency-Inverse Document Frequency) methods, we expect BERT to outperform other text-
mining techniques in terms of accuracy classification. Moreover, by learning more complicated
word representations, we expect that BERT can show the relation between a word and its
negation or show associations between adjectives and nouns.

This paper also examines whether the tone in RTS contains information about future
profitability. Since RTS contains information not only for prior year operating results but also
for future development strategies, it is expected to provide information content for a company’s
future operating performance. As suggested by Li (2010a), the empirical tests in this paper are
indeed a joint test of the machine learning tool’s ability to capture tone in RTS and to discern
whether management follows regulations and provides forward-looking information, and
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whether management’s disclosure is truthful. If BERT is able to capture management tone,
then the evidence that RTS tone predicts future earnings is consistent with the hypothesis that
management is truthfully disclosing information in RTS. The results from Li (2010a) show that
the average tone of forward-looking statements in a firm’s MD&A is positively correlated with
its future earnings. If the results fail to find the association between the tone in RTS and future
profitability, we cannot reject the hypothesis that RTS have no information content because the
result could be due to the low-power BERT or other factors.

3. Research Methods

We start with a sample of publicly traded companies in the semiconductor industry in
Taiwan from 2011 to 2019. All financial and textual data used in this study are obtained from the
Taiwan Economic Journal (TEJ) database and the Taiwan Stock Exchange (TWSE) database,
respectively. We choose the semiconductor industry as our sample because Taiwan owns the most
complete and leading semiconductor industry chains in the world. Furthermore, the market value
of this industry accounts for 40% of total market value on the TWSE and the Taipei Exchange.
After excluding missing reports and image files, we obtain 867 firm-year observations of RTS
from 2011-2018 and select all the sentences in the RTS for our analyses. Finally, we collect
14,836 sentences, excluding 3,140 sentences in 2018, and split the sentences into a sub-training
dataset (9,494 observations), a validation dataset (2,968 observations), and a test dataset (2,374
observations) to be used for initial model training.

After training the model, we use the validation dataset to choose the best parameters and
assess the classification accuracy by using an out-of-sample set of testing observations. To
alleviate the concern that test results are driven by the random choice of training and test sample,
we apply a cross-validation technique on the evaluation process.

With the aim of measuring BERT comprehension, we shuffle the words in the sentences so
that if word order plays an important role in BERT, then shuffling the words should impair the
accuracy. Furthermore, we visualize how BERT works in training, which we expect to find the
relation between the word and its adjective. Finally, we use our final model to predict the tone
and combine the tone with other financial data, i.e., accruals, return on stock, market-to-book,
etc., to predict earnings and the change in next-year earnings, i.e., the year 2019.

4. Results

Examining a sample of companies in the semiconductor industry in Taiwan, we find that,
consistent with our expectations, BERT’s classification accuracy reaches as high as 86%, which
outperforms the result of dictionary (55%) and TF-IDF (54%) methods. Moreover, this paper
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shows that the classification accuracy significantly reduces to 60%, after shuffling the word
order, indicating that BERT is able to consider word order and context in the training process.
Through visualizing the operations of BERT, we find that BERT understands the relation between
a word and its negation and also knows the role of conjunctions, which cannot be understood
by traditional text-mining techniques. However, the empirical result of earnings prediction fails
to show that the tone in RTS has a significant and positive relation with earnings and earnings
change one year ahead, which is inconsistent with the previous findings using US companies’
MD&A. We conjecture that it may be caused by the different capital market attributes, such as
investor’s structure or information transparency in Taiwan, resulting in differences in information
content provided by RTS and the MD&A.

Although the earnings prediction is inconsistent with our expectation, this paper contributes
to accounting research by first applying a deep-learning model on Taiwan’s RTS that proved able
to overcome the limitations of traditional text-mining techniques in prior research. Additionally,
we have shown how BERT works inside the black box, so future research can study word
associations more deeply. Importantly, we create an example for future accounting research by
combining a transfer learning model with the earnings prediction model to evaluate whether RTS
contain information content.
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