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3.3 Tx{z|

3.3.1 SEC ByA 43

SECE= 22]Ql dlo]ejmo] 22l Electronic
Data Gathering, Analysis, and Retrieval System
(EDGAR)< &3l 719 &4l dlolEE A3t
I Stk EDGAR 71 34 235 913
o ARbAQl A ejo e 2 TS 9
3t API(Application Programming Interface),
Submission Bulk®} -2 th=.2] o] Hlo]E]
&= 7= Agsta vk
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A A7) AIZEA 91”1 2020~2021 FRE
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T4 o FVHY AEE g
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MRk e 719e] SAIZE SEC kel <=
= 51,4787, HloJE =7]& 183GBHTE Hal
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Form 10-Q& 37,76971(73.4%) % SHRI=| AT

3.3.2 dlolH 7|& AlIF =4

COVID-19 st o] 7ol & HlolE &
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AZE 7128 BYE % 71 ARE HlolH
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U322 NTLK(Natural Language Toolkit)
o) B2 ¢] Sentence TokenizerE &-8-3}e]
7t BIAY HAES B TR 2390
 FE9 24 = 38,319,7057H1TE THA
iAoz oA Agolgk CovID-19 He &
& 719 =(covid, corona, pandemic, outbreak)
g T B2ES SYEsith AReR
1,126,66071¢] B2=E7} 253l oH o= A
Al HlolE ] 2.9%¢° 33ttt

334 % A

NLTKS] Sentence Tokenizer= Bl2ES &
A G2 FEATAR THASE SHE &
ARIAE B A= Feth I= s &4
&, o9& E9°] ‘COVID-19 Update’ ¢} o] 7+
4 A teEA 77t Sl "BVt

e 4 o BEad Hae BHoR Q1%

ok gl2E FZ 9l Eu}o]%(Tokenizing) *]
goll= NLP 2to]BE 2]}l spaCyE 283131
o} o] WS Tl ¥4 F=3F 1,120,6607 9]
H2E Z 3313719 B¢4d 92EE AlA

kg om U A] 1,123,347719) B|1-EE t)A+

3.4.1 FinBERTE &3 74 14

BERTE 20181 7-2°] 37lgt Transformer
Attention Mechanism2] 1o Zdo]tiDevlin
et al., 2018). BERTE 4 &Alo Tt
NLP &AlollA 71&9] 71e3 WS s7ksh=
458 Holy F5-& IItKDor et al., 2020).
BERT= AR Shgdl o] = (Pre-trained
Language Model, PLM)ZA4 54 2 43l
25t =2 44 Fine-tuning & <= 9J.om,
o] 22 o= <& BERTE 7[jFeE g
5,0007 ©]’2] PLMo] YHEo] % tHArslan et
al,, 2021). BERT= 74 A= ot A
Te BAFSlet, 2 vl A3olA 73,
o13] 7|qke] 7|&E WHE EE A2 AW T
22| RNN % LSTMHT} A%50] 953 Ao
Z  YEepRgtHAlaparthi and Mishra, 2020;
Dhola and Saradva, 2021).

B A= SEC RuAld 548k 58 &
H FE golo] mj11e& A& 918l FnBERT
(Araci, 2019)5 AR&-3I3ITE FInBERT+ 46,143
Mol a6 W FAolA F=3F 2,9007H7) ©]
o] g dolE FUIE S5 o] BY
o|th FiNBERTE T8 £oF] 244 7 &4

=
oA 7]&e] BERTEL} =& 25 AFgL.

== -1
oJFSITHAraci, 2019).
342 A 724 2
FINBERT A& #E7stald sk Hl2E
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st FashAl 1M E4E v skl
1gar o] S A el Agolskiia,
A el UEhA] 942 H2EE HolH

AZeE Al Al 2l ski:

343 744 B4 Axle] Atst

B A7olA A% A 240 Ak B
719] AR @92 vehdt 271 8 e A
e 7]1¢0o] s Aol COVID-19 AH|Y]
o thell dviikze] WL FASAE HoAF
oL 7Pgska ok ARk 2 2o
5

< w7] B2 nastAY, 97 thEF 4
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BuA pobe] oFy e HoFa
COVID-19 71$1EE AF3E A 571 2020

<& 2> Form 10-K & Form 10-Q W& A COVID-19 HHH 2| 23 7| E F5F H|0

Form 10-K Form 10-Q
ol 24 i | QW0 | xa | ma | SO o
2AIMA | T | BB | 2RMO | ToTgp | ©D

1871 5,461 3,125 2,336 1,222 141 1,081
2020 23271 457 370 87 5,454 5,075 379
3271 386 344 42 5,540 5,320 220
4%7] 374 349 25 5,680 5,459 221
1271 5,781 4,922 859 1,192 1,093 99
2021 2%7] 491 432 59 5,998 5,696 302
3] 391 366 25 6,256 5,964 292
4%7] 368 350 18 6,427 6,114 313
A 13,709 10,258 3,451 37,769 34,862 2,907
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W 1E7] ddjido s e Ao] ol Hm, 710 HuAE Bl & TA3IIATE Form
o)|ZA& gAl COVID-199] 2 - 1HH 7 slFo] 10-Q A1F% COoVID-19 ¥ EAo] =
uk A2 A719S T o= 558 4 QUrh Hie B2 249 AuisF 94 2020193 1
<3 3>2 COVID-19 7|9E2 AF3F Ha waf 20210l AMHH o= A% s o
Aol g, A F 23, Hd B AATE
£ 7] wet Aelgk Aaolth Form 10-Kell <¥E 4>= COVID-19 Idy ¥ Ax) &3
AFE COVID-19 & B E32] 4= 2020 o th3t 744 FinBERTE <=3 272 1
| 28717 S7F] AlFa e 20214 2
<E 3> Form 10K & Form 10-Qe| & 2 "Hy 27 2| 27|Y 2%
s o Form 10-K Form 10-Q
BIM # 2% & gE 2% | BaN % | 24 | ®@r ex
187] 3,125 24,104 7.713 141 515 3.652
2020 287 370 9,460 25.568 5,075 140,306 27.647
3%7] 344 11,010 32.006 5,320 170,062 31.967
477] 349 10,896 31.221 5,459 168,223 30.816
187] 4,922 191,441 38.895 1,093 23,239 21.262
287] 432 17,621 40.789 5,696 103,387 18.151
2021 387 366 11,627 31.768 5,964 114,544 19.206
437] 350 10,676 30.503 6,114 116,236 19.011
A | H 10,258 286,835 27.962 34,862 836,512 23.995
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= = Mz | mst oM | MR | mTs A | ZME | mRs a4
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287] 17,839 0.122 80,865 0.553 47,361 0.324
2020 387] 25,591 0.144 97,568 0.552 53,576 0.303
457] 26,751 0.153 94,392 0.540 53,485 0.306
187] 33,481 0.159 109,814 0.524 65,981 0.315
287] 20,368 0.172 58,135 0.493 39,384 0.334
2021 387] 25,061 0.203 57,823 0.470 40,087 0.325
457] 24,172 0.195 58,504 0.473 40,972 0.331
A | B 174,567 0.159 572,133 0.522 348,619 0.318
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<Abstract>

Sentiment Analysis and Data Visualization of U.S. Public
Companies’ Disclosures using BERT

Kim, Hyo Gon - Yoo, Dong Hee

Purpose

This study quantified companies’ views on the COVID-19 pandemic with sentiment analysis of
U.S. public companies’ disclosures. It aims to provide timely insights to shareholders, investors,
and consumers by analyzing and visualizing sentiment changes over time as well as similarities
and differences by industry.

Design/methodology/approach

From more than fifty thousand Form 10-K and Form 10-Q published between 2020 and 2021,
we extracted over one million texts related to the COVID-19 pandemic. Using the FinBERT
language model fine-tuned in the finance domain, we conducted sentiment analysis of the texts,
and we quantified and classified the data into positive, negative, and neutral. In addition, we
illustrated the analysis results using various visualization techniques for easy understanding of
information.

Findings

The analysis results indicated that U.S. public companies’ overall sentiment changed over time
as the COVID-19 pandemic progressed. Positive sentiment gradually increased, and negative
sentiment tended to decrease over time, but there was no trend in neutral sentiment. When
comparing sentiment by industry, the pattern of changes in the amount of positive and negative
sentiment and time-series changes were similar in all industries, but differences among industries
were shown in neutral sentiment.

Keyword: Sentiment Analysis, Visualization, BERT, SEC, Disclosure, Form 10-K, Form 10-Q,
COVID-19
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