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Abstract The major educational goal of reading part, which occupies important portion in Korean
language in Korean SAT, is to evaluated whether a given text can be fully understood. Therefore
given questions in the exam must be able to solely solvable by given text. In this paper we
developed a datatset based on Korean SAT's reading part in order to evaluate whether a deep
learning language model can classify if the given question is true or false, which is a binary
classification task in NLP. In result, by applying language model solely according to the passages
in the dataset, we were able to acquire better performance than 59.2% in F1 score for human
performance in most of language models, that KoELECTRA scored 62.49% in our experiment. Also
we proved that structural limit of language models can be eased by adjusting data preprocess.

Key Words : Korean SAT, Deep learning, Binary classification task, Language models

*This research was supported by the MSIT(Ministry of Science and ICT), Korea, under the ITRC(Information Technology Research
Center) support program(lITP-2018-0-01405) supervised by the [ITP(Institute for Information & Communications Technology
Planning & Evaluation) and supported by Basic Science Research Program through the National Research Foundation of
Korea(NRF) funded by the Ministry of Education(NRF-2021R1A6A1A03045425).

"Corresponding Author : HeuiSeok Lim(limhseok@korea.ac.kr)

Received October 7, 2021 Revised November 10, 2021

Accepted January 20, 2022 Published January 28, 2022



82 &=gdssl=2x H13H H13

1.1

AotE TEotal w5 SHolA EATE 2= A
< %—53}. 53] oA =olus SoME 54 Ie

5 9E AR Yok LRI
A7 HuAo] 42@ E4 38 Folurnel 319 3
202 FHIUNE, FAlo| SH7E Folt oz
St 9 e WA 875 wp-Stse] oF 84t
I AAskal 1. wsset WA 2015 A8 2%
oo LI Sopt A wikE S50 g
2 875 okl S8% EHYde ARl T2l
g2 T8 diYd ARl SATSE 2] o Ank
B8l A gereis e A 199480 e Al
o A 99 PO et 1S BEE SHe FU4
Eo] AAF "4 o2 SA|Fof k= AlFo|t} A|Y
° B4, B0 AEStEL Tl 99, 5ot 9, o
of o, ARl o, Yo I Foz At
A,

Aol YesBls YA ol thordt Fe]
A3 99 Ago] 2Ajskd], qudoR ez 5
o A= WA ok TRt sk EAge ofgt
o) A3 gl AW e et Hehe AR
Qolog Z&sitt= AHoji THE Hylo
E40] QB 1 %, Fo] AL BA,
A2, Qlofo} vjH] Hofz Azaiect
%gi 17004 W} Aol that Olo = =z

Lﬁ

15719] Foix & B9l dej7t 2 dA|(T),
i% AdetA] d2AHE wdet7|E Q73
12 10] PUS HE3 [HSI4SISAHO| URX
20 H=E
=L Oo
Helats

Aol A sHEEolA 8Fshe ol &
7 HATE Fold A2 digt &2 &2 olsiE A
Az F}. BAE ARG olsfehs Bgol Lt Wojg
wersts el AR A 4jo] A AP & Sk
L ot} Aoz d8 (5 EX wilo] A=A
A< 2k gl SHESOIA Seshohs lwo] A7)
ATHA). ol 227 Folxl AR et S5 Age
BrhskaAt she diskrotselAl gl % ot ulA
S dolt}, £ =ROINE o3t B4 A7 AR

33} ol | AT A S4E o] 2
2 Fgsto] AFtIA At
oo} ZHL eSS ANT FA GLoA A

gt o7t FolFls W, ddo] Hdo] HAAE AT
H|&3E =39 52 B, Foi7l A2 Ef

2 sl 385 498 Idd 4= ok 280 =2
g 4 Stk & =2 o] 71%EY] PLM &f gt
TN 875k A FUS WA R, 9
X Aol et AEA ofFE Ak olER HA

AE YA} ol A =4 2ok Al 9, 1
22 0] o A 7o s 2 AFE KSQA
(Korean SAT Question and Answering, KSQA)Zt
ozt

2 =2 54 £330 t85t7] fls thdRt /R4
Al(external knowledge)S 53t AA| SS9
Sk W0l Atstod, dlole A2 w4 Gof-gh=
o] Back-translation[5]& AA Ho|g 5743 433t
T19} FAo] Tof 7+ 20, whojoie} 22 WAE '

1 Q)= wordnet2 7|HEO 2 Hlojg &7} 7[HE S
ZLsto 24 QB A Al(external knowledge)S 7

(

N

ol ZFAZIG oje Z2 e AH F5dE
KSQA ®lol8 Alofl et 27 239 452 B71ot
© oI A= o] EF HiAT0] At =
o] PLMe] F3IQIA], TJ8]al EfAR 7|5 o] g
AE SE7] fsf 2ol 2E Woll A7t ofd, HloH
A g WollA ofd o] =dE o iAol o

o 28g Fol dYstna vk

P

O

B Q79 £AE Thew 2t 240 B8 B
ofe} H AelolXe, 123 Hlole] F7o] Bt B
AT, AL qesss AT & A7 73

St KSQA dlo|ElAlo] #afl A75taL, 47ofAe ARA
Sk B 7l AY, SRS 2 AT et 24 % @
A, 293 oA e s AR s =23t

Y

-

2.

ri

o7

[

2.1 ETHALN J]gE A DEO| 2

EW}AZH(Transformer) RE[6] 7|4ke] AFA a5
o] Zd(Pre-trained Language Model, PLM), T
oAl 27 @A (fine-tuning & 7/3E o] g% FH
9] o] dl sk dal= JiAE 914, HolgH, HAE



H =M golo| W] SHES 9% XelojH2 71YS £t 45 83

A4, BAE ERE HRS Rt AAoAY
(Natural Language Processing, NLP) £oFojA] ¥ o]

& 45 Hol gk AP HEY FYF ERLE

A=7E  7Hke] Abd S5 dof €l BERT
(Bidirectional Encoder Representations from

Transformers, BERT)= 9S4 A9 A9l
glo]E ARl SQUAD v1.1914 93.2%9] F1 A0} 7]
£3519101 o]&= Human Performanced 2.0%4 &
A Axjoldt.

F29 NLP taskold #& 4H5% Hole 2
Transformer 7|8t @2 MLM (Masked Language
Model, MLM), NSP (Next Sentence Prediction,
NSP), RTD (Replaced Token Detection, RTD) & 2
2 ookt 71HE AH-835to] ZF down-stream taskE 9
3 dAE Yo £ HH (contextual information)S
FE3UT oAl ghato] BofY] AFE 5] 9
8f t}=o] mBERT(multilingual-BERT, mBERT) =&
o] & AMEE oL, o]= gH=o] HolEHE AR <5
o] F43] o]FojXA] EHth= HolA A7 AU

2.2 ot=0] 7|8t AR SbE 210 2

F| 2ol = g0l AFUE oA Tt go] PLM
o] /=L o, gh=o] Hojg o E3kE]o] AP T
50| o]FojF = FolA 71E9 theo] HdE AY
Sh= Q1o ZEQl mBERT 53t Hlwsio] g€3et A5
= HQIth o] gho]9] wato] EAS K5l FH|
& RloA Y] H2of| 5T 4= 7] ol 25
HEAQ] g0 Ao Bl A" Ao 7§t
2 AP 8ol o]Fo]zl KoELECTRA, KoBERT 7}
AL, R E FAHA] 932 HE(comments) FloJE
AP 8h5o] o] F0jx KcELECTRA 5ol 9t 150
A% KoELECTRAE BF2 TEAE HIESH] 34GB
o] et 75 & HolHE St et 2
=9 doid g3k R TEXQA  NSMC(Naver
sentiment movie corpus, NSMC)E A|¢|3t tfFHo
sh=to] 7]4te] down-stream taskollAl 71 FHojdtk A
52 H9t

2.3 W FOHME| NLP E= Al
SAT= A2 71R1 ETSY| 3 st €t o
Uo7k ETSE NLPO| vt 7S &8s+, Ad

71e] agsjo] Fslol SIehy.

ah SpoekseiAI g e A9 w7k 7luel wat
H7h10] 3t sto] AYHE Ao A 2=
£ AgEe] #hdo] edls Breky, 1AS AR
Eaete] Solq EAslel AT obA] Almg
517} ik,

o
o

1

2.4 =20 PLM ¢

2.4.1 KoBERT

PLM-2 -85 Hlo|EAlE A Sk Zdolth. th=t
o]& 353 mBERTY] ¢, TH=ol& A3 A g%
3F ¢do] ey} vlwsto] H2 B H|FOo R Qg &
0] NLP HjAZ9] A-&E7] ojg] AHC] EA%
o}, SKTolA 2705 KoBERTE= BERTRY 72E &
8&oto] gh=to] 917] 59k Jjo] B4R 7|Nto R AR
Eincri= ik

2.4.2 KoELECTRA

KoELECTRAE KoBERTS} ©2 ELECTRA[9] =&
7]¥ke] gkto] PLMo|t}h. ELECTRAE= RTDE A=ist
£, ol E4 H89 EZS [MASKIZ HEsH 5o,
generatorZ sto{F [MASK]Ol YF=7]o] 23t &
22 BASIEE Sttt 1 B0 A discriminators
generator®] &2 EUYE ojb EFo| WA HU=A
£ wdsto 24 sk53ttt KoELECTRAE &, =

o] §7], BF9 HFXE Xl oF 34GY =0
232 Swtiol

2.4.3 KcELECTRA

KoELECTRA®} UF7}A|2 ELECTRA 7|9ke] gl
o] At Sk ol 9] AT} I Ho|A & Ao]7} A
o}. KcELECTRAE 4 H23} o] HA =7 42 gt
=0] HAE0| HEEl= tpygt NLP HjAZol| E3He
mdojt}, fEH O NSMCE A ARgAE9] g3}
g5 HlolB &, FojAd 45 ZE=rt KcELECTRA
£ YlojH 29 9iZ oF 17GBE $35t0o] gh5ot%
7] wf2o] AiH o R A EA] k2 tlo|E(unrefined
corpus)e T TEolgith AAE FAE ©lolH
(refined corpus)E AFA 8h&E3E ofefe] o] H|g)
NSMClA F1 A3 7]& 91.71%2H= 7P &-4gt
Aos BAH11]. ohFst gh=to] PLM Hao gt

Ol




84 =8eEEl=E

282 Table 1914 &I 4= 3ot

Table 1. Korean PLM

Model Architecture Trained Data

KoBERT BERT refined corpus
KoELECTRA ELECTRA refined corpus
KcELECTRA ELECTRA unrefined corpus
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1. Choose false sentence
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(® False Sentence

Fig. 1. Configuration of Korean SAT reading
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Korean-English

English-Korean

Translation EDA Translation
Input sentence Input sentence Augmented Augmented
(Korean) (English) Input sentence Input sentence
SR | 10% (English) (Korean)
RI 10%
RS | 10%
RD | 10%

Fig. 2. KSQA preprocess method
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Table 2. KSQA Dataset

Branch(#) Train data Test data Test data

(augmented) (True, #) (False, #)
QI2(56) 214.63 6.16 5.71
AEl(57) 209.07 6.53 5.33
5K562) 214.08 7.36 6.86
715(42) 213.60 6.95 6.31
0l1(45) 204.96 6.11 5.71
2101(23) 194.70 4.83 4.26
831(8) 399.13 10.25 9.75
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Table 3. Hyperparameter

Hyperparameter Value
Batch size 32
Optimizer AdamW

number of epochs 40
learning rate le-5

Table 4= 29¥ Macro F1 270& H|wdt A%
< Yehdch mBERTS} KoBERTE A 9lshd o F-E-9]
Ao 2@ Human Performances 3ok 45
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2 olgf s Helrkar & 4= Ql=H, oli= KoELECTRA
7b AFAskE B thE Bl Hs) JjHor
BAE o= 5% A o] Stk Higkres Y
A@9] o] J9 JA| o= FAE o= +4
Eo] okl & 4= Q7] "ot

Table 4. Experimental Results

Macro F1 Recall Precision Recgll. §
Model score (Average) | (Average) Precision
9 9 (Average)
KoELECTRA 62.49% 66.91% 61.22% 5.7%
XIm-Roberta 62.82% 68.61% 60.02% 8.59%
KoBERT 57.88% 61.69% 58.69% 3%
KcELECTRA 62.72% 68.12% 61.19% 6.93%
mBERT 57.34% 60.84% 59.76% 1.08%
Human 59.2% | 6238% | 5927% | 3.11%
Performance
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Table 5. Performance of Data Augmentation

Model Macro F1 Recall Precision ;rzz?s”io_n
(KoELECTRA) score (Average) | (Average) (Average)
Augmented 62.49% 66.91% 61.22% 5.7%
Non-
66.64% 94.86% 52.48% 42.37%
Augmented




eSS EAE SA ¥%9 U] SEE 8 XN0X:2 7He S8 25 87
b, 4= Improving Neural Machine Translation Models
with  Monolingual Data.  Association  for
2549] BERTE H|E3F AFH g o= & 7} Computational Linguistics, 1, 86-96.
A BEAAo] Atk AAZ, & Qo] ZEe g EX g [6] A. Vaswani et al. (2017). Attention is all you need.
A3 s}Elol A oF A 2 glom oulxel 8% Advances in Neural Information Processing
Lq] =P i" oA E Systems, 30, 6000-6010.
= AR ofgte Aol S, Clojelel [71 D.P D. Escoffi & M. Duch ki. (2015)
. et . Powers, D. Escoffery, . Duchnowski. .
e = o )
olef’= FEAl 2avh =] weol, dof Zd Validating Automated Essay Scoring: A (Modest)
o] ozl Tlo]HAE of@A olFtR=AE LFT Refinement of the “Gold Standard”. Applied
7|Z0) we} Wrlst= o) 3HA|7) Qi E3t olo] myl Measurement in Education, 28(2), 130-142.
2 A ‘i}i‘é}ﬂ ML B3t sf=go] glAAS [8] SKT Brain. (2019). KoBERT. Github Repository.
Q7o a7} 9low, o] AAT THS Eat A https://github.com/SKTBRain/KoBERT
L Mo tist 2A7} 2 2 9k [9] ]IE{I Clark, MP Luong, Q. Le, & C. Mannirég. (2020).
= 1 g ectra: re-training text encoders as
ol & ArelMe Hehrshs AR =l A= discriminators rather than generators. arXiv
=92 st KSA o2 Astel S Al preprint arXiv:2003.10555.
TEAEY s WA IE5te] Hole $42 ¥ (101 ] W. Park. (2020). KoELECTRA: Pretrained
ot g gojgAlo] thoFst sk=to] PLME 2-8-5}o] ELECTRA Model for Korean. Github Repository.

3} et Aol LA AUl Mo 54
w3} A|4o] grfete Folxl ARWS AR Be
% 9l A5 PAEAEA A5 B 1 2

3}, oi3 AgEke Erj2 Slolx $85] ol o]
7h AQEA] e ojRE WL 4 YL AT
Rtk AR, 54 ANA Fe A9 A% A
= ol 49 4 Slols, ol A2 A ol

A oJsfet Aoz K| offthe A8

REFERENCES
[11 M. H. Roh. (2011). Reading: the concept and
important issues of education. KEDI Research

Paper, 43(3), 1-43.

Ministry of Education. (2015. January). Korean
Language Curriculum. 2015 Revised Curriculum,
5, 1-178.

S. H. Kim. (2014). Analysis of Students’
Recognition of National Scholastic Aptitude Test
for University Admission -With Focus on the
‘Korean Language Section'-, Jjournal of
CheongRam Korean Language FEducation, 49,
135-164.

S. Y. Ryu. (2019). Critical Examination About
CSAT Korean Language and Its Developmental
Directions - Toward the Recovery of the Nature of
the CSAT Evaluation-. New Language Education,
121, 353-380.

R. Sennrich, B. Haddow & A. Birch. (2016).

https://github.com/monologg/KoELECTRA

[11] J. B. Lee. (2021). KcELECTRA : Korean comments
ELECTRA. Github Repository.
https://github.com/Beomi/KcELECTRA

[12] J. Wei & K. Zou. (2019). EDA: Easy Data
Augmentation Techniques for Boosting
Performance. Association for Computational
Linguistics, 1, 6382-6388.

DOI : 10.18653/v1/D19-1670

P. Rajpurkar, J. Zhang, K. Lopyrev & P. Liang.
(2016). SQUAD: 100, 000+ Questions for Machine
Comprehension of Text, EMNLP, 1, 2383-2392.
DOI : 10.18653/v1/d16-1264

Y. Y. Yang, S. W. Kang, J. Y. Seo. (2019). Improved
Machine Reading Comprehension Using Data
Validation for Weakly Labeled Data. IEEE, &,
5667-5677.

DOI : 10.1109/ACCESS.2019.2963569

Y. R. Lee et al. (2009. July.). Analysis of SAT and
ACT, Seoul : KICE.

C. Fellbaum. (2005).
Oxford : Elsevier.

[17] J. H Moon, H. C. Cho & E. J. Park. (2020).
Revisiting Round-Trip Translation for Quality
Estimation.
http://arxiv.org/abs/2004.13937

[15]

[16] WordNet and wordnets,



88 sl=gelstsl==xl M13H H15

0| 4= 2l(Soomin Lee) (5]
- 20184 8% : yEYsky AHYsl)
(3gsAh

- 2018¢ ~ @A) : vty AFE
st} Ay
- TAECE ¢ AFAE, AFA A,

\ 71A=3H
. - E-Mail : skyop27@korea.ac.kr
Z 4 2(Gyeong-Min Kim) [EHA5|2)

- 20179 8¢ : WAty PHEA
S HEH S ZEAD
- 2018 ~ @A : aSfchshal H5EE
St AERAlERlay
- AR 1 JIFAE, AAoIA T,
71A=S, AAESE
- E-Mail : totoro4007@korea.ac kr

ol 3| M(Heuiseok Lim) B

1992 24 @ are{hsla HFEETt
(clsaph

- 19949 29 : arehsla HFEETt
(els4

-1997d 24 @ are{ista HFE et
(clshapAD

- 20089 ~ @A : aefthskn HEShY W

- BHyIEE : Aelole, A Qo] A Al

- E-Mail : limhseok@korea.ac kr




