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ABSTRACT

In this study, Random Forest algorithm was applied using data of 402 Korean argumentative
essays to develop an automatic scoring model for Korean essays. Recent studies on
automatic scoring of essays are developing into studies using deep learning-based
algorithms. However when automatic scoring is used in the field of education, deep
learning-based algorithms have limitations because the interpretation and explanation of

'.) the scoring results must be possible. Therefore, in this study, we tried to develop a model
Gheck for that can interpret the scoring results by applying a machine learning-based algorithm that
RS utilizes scoring features. In the essay, various parts of morpheme-based scoring qualities
were derived, and the number of sentences was used. As a result, it was possible to derive a
a OPEN ACCESS significant level of model performance. However, this study has a limitation in that it utilized
Brain, Digital, & Learning basic quantitative feature such as parts of morpheme frequency and number of sentences.
2023, Vol. 13, No. 2, 131-146. In future research, more in-depth grading feature will be developed to explore ways to
https://doi.org/10.31216/BDL.20230008 provide more meaningful educational feedback through automated essay scoring.
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Introduction

A

nJ2fe] ol w2 T+es] ko) x4 Bl 7iE2 e 7]stal 3)4dshe Ale HolA TRt ALR & Bl A,
A, &-gsto] ZAIE s ZskaL o] & A 9] loj & A3 st ST 4= Q= oAl H7k= 71 E A
oot Aeiy 2 Ty F4le] A3 Wt AAoll Qg dAF0] of|4lo] & At 5 A5l oAl
0|3 7t A-55k7] flalM= sME2] ek TollA thefdt 1t ol =Hllo] o] ol x{of gt e{ut
oAlo1E 7= A Tgoll A B ARt e o] FiE|ojof stEZ S71A Q1 Xk} m] tulfo] of P,
EOPE}—’F SHE AHshe Dol M A ARe] P S S She Zlo] HA] YTt o]t Tl E ol X2 WS

= FHIA| ‘REFE AN Z P ok e ol et Y AE SEe s S AljE Ao w !
E]X]%“ﬂ‘g‘_}-ﬂ%ﬁﬂ/\]’ﬁ AAEHAT o] A2 25 FE QlFAl5 7|HF AL 5 2, S 7 BHE3
52 AYsk 1T Al 71s2 B85l 43t H7HE JASkIAL ke Aotk o] A7 Al 7|Hke] gt
=3 g 7R ALAESY, 9HE £ 2159 H7EE 7iAlsto] Med, ollAlelg e B =S flsiAlE
Gh=rolof] s Al 7|4k} Absd Bl m] =l 7] so] WA oz @t ook

SejuEte] ws S e f ol oflA|o]d 7ot heo] AFs AR 7o) vl S a5k 2
H 2102 o FEJA| T k0] of|Af|o] As Al 1 Ak oF2] Eo] =3 Efolt) Sk s 7
of|A= A 201213 78 ZZ7HA] S0} AR5 A S Astal ok fhof ZRs Al Al A’ 7St
7] 514 2010 ctholl= e AR5 S S0 2 A7t Y% O L(Noh et al,, 2012, 2013, 2014, 2015,
2016), 2010\ o] o] F0f R A= 2 T Hetol] Yeht= 7|91 =5 2851 o]7] 7 Ao = A
2513171 wfizol| oflAlo| ek 22 th g2 st AY AE 719 =7} glo] A 710l 2715t Ajdsh=
20l GHAIZ} AUASITE. o]of] X Zojl= of|Alo] 2] Abs A A XL UTHPark, etal,, 2022).

F|Z2oll= AZAFE 7]8ke] Haid Fare]Eo| HEshHA s Ao E o] & 485 AT 53]
a Oh:]- 1:]-] X-I_E Park & Lee (2022)01]}\-]_‘; DIE-]L] 7]H 8]-_& k= H]_l‘]y_é Es].o:] 5_]—%01 oﬂ}q]o] _‘?_'6—]- x]-E

HZ—]—-_',]o]- J,]Z-]_,] 01—"!3,]‘: o El-/\l-l ]-Oﬂ]:]- D]E-]b] 7:“0:1_4 EJ-“%-‘_] .{1\_3]-A]74DP(RNN Recurrent Neural
Network), 37| 7]2(LSTM, Long- Short-Term-Memory), AA|°] E. <=8+ -3-H(GRU, Gated- Recurrent-Unit) 21!
2152 %85}o], 3] ollHlo] HeHAH S it Ay B TEAIT 5L v maic ol2id A5
o] SA1EIA] o] A ATE N2 EOP|E Wolal 9tk Teiih 2o olgol AT Qe |
)5 7lue) 25 ciage) sk tlolel} Ik vlalelg WAl Ret Hne A 2
4 glou}, A7 Tl offah elo] H4o) Qg FR=AIE Tletals Aol Brhsalthe
& 712150 9l olo} 2], mjAlelg 7|vte] ehaelE e aldol wla|iE Arj oz He e sl
flolEje] o] 27] ol A5 Ak 217 27] 48o] & &H o], Peld 71| Yol wlsiA
1 ko) s 7hso] EAlsHAIRE pialeld F]ite] ekalel S 4 8a17] Slahis wslo] st
A1 Scoring feature) S AL )k A7} B R aleh AHAVES Aala At e
Ol B2 A2} et W@ Sk of2igo] Slrk olol o] kB AN 714 A Al AEAEE B
A5t 72 497} 14402 24 We vt itk olefet 71z Q77 FHElojof A5 AIEe] Aot
27jof ufe}x] 4353 B4 7H5A7 AfolollA] TRt Aol 7Rsal7] ol

olof &2 Ao A= oflolo 4 4ol QRe T2k Higlol sfgeh AYATA S ZEalo] piAled o
2)% 7)eke] AHE A RLL el aa) sk o) gjs E5aSol et of aoowe] Zof chsl A}
Qoj2) g B3 AHALS 2213, 0] % ATEHAE Random Fores) L2} 5] 2&3}o] 2157
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2L kA BT £ Aol AASHE A5 AV 2L ofx] A 8ol YAlo] Safela ALg St
AP ot Thest BT 7]Hke] R AbA-S AL ST 9lol A AlEHA o] ik Tt B A B &
o} A5 AV 714 7] chere ebe A EstaL, A5 A 0] Qg A S ol 71HE B8t il AEtel o

SN LAY L

o 9jo|= ol o] AYA A 2ol ol g ARIHEY] A77HE 2 Ateke Hol 2o gict,

(o)

Background

Scoring Feature

AHAFE L2 ol|Alo]ofl thet HHE Zetshs 54 7hett £/d 0.2 mAle]dol Tl &= S oty
AR o] F013 22 H|A Y tlo|Efo)7] wiEe 7|AlE £AF It =9 HlolelE AT i ofsiist
A Fte} o]of| ZAFZ o] FoiXl 7t o] of|Mo] & thfR Al o= ‘:'“3}01 ANAle]7} 71l E/gE 71AI7L
A 7hset FEie] A tlole = vFslof et ZHiE = 54 ey 22 oMol tlol oA Lrehd
© 54 el ZhobA] o] sl Hete] Wt/ 2 ok O}UW H g RS Sk ol Al RS B8
o] 22 ol Mool 4E ol &THTHPark et al, 2022). WAL 7| AISHE BElo] 58 FFAI7]E Tl
1 525k A gt

AFE 2 AT 2715 o] S - R o] 3-8 -85 A=t tHEZ] O = Page (1966, 1994, 2003)
7} 7HkSE PEG (Project Essay Grade) =5+ 2|4 A 2 28610 2520 2 43513l AT} Page (1966)7F 7H
l‘ﬂ___l-ﬁ_]- _2_7] oﬂ)q]o] x].%jﬁ;g }\]/\E-HQ. A]—E]—o] Al ;H E o]- 7:]]1‘;'1:14 ZH;H x].xlg ﬁ;;q Ecqloﬂ 14.9_—]._ H]‘/\]O]
. of tf AL§ 3 AT AHALS F2 o] 4, B 4, W Ho] Lo, W EAH 4 50] Wze} Zo] 41
o|c}. o] Fo] ofefat At o] ElAE] ojn 27 24 glo] oMlo]o] U Q) S-S T A

r°"

nJlo
Hel
N

ol Blhe §H7] &= SFATHChung & ONeil, 1997). 1ol & &1kl o] 2idt AlRF dA-d-e 7k
SEUAME ofAo] 2 Al2E9] /d5E wY 4 7] WEe] 587 = 785 AR E AL
(Dascalu et al., 2017; Nguyen & Litman, 2018).

PEG 2ol ol 524 ATtollA AlFA Q1 A2 S E-goh= Atell= RIFISHT: Intelligent Essay
Assessor (IEA), e-rater, BETSY (Bayesian Essay Test Score System), IntelliMetric 5 @A AFE-E]= tHEE-2] of|A|
o AHEA AlLRE 7| EH 0 E Aol x{eS o) Aol A Hofet AYAFI S AFEEHTHPark, et
02,01 A2TE AYAUE 3Tl 33 25 S BT 2 JYPLL oI N2 K8
AR Gof o), 27 Zo] 5| u]aA 7hae AAA LM EE o] 54, B 0F 5o F =
e A AL o 2717HA] TSt EHPark, etal, 2022),

O1% A2 S ofzlolfi ol sl cstaiol ] /R A7 Z2UE) CobMetis 2
8o} LS 25T 4 YTk, Coh-Menrix'= 0154 2|4, S74, 017 k5] 1174 450l chshd
2 1071 ELAE QoS AHEd) ) b o] et olAlolo] dialAl oleiet T2 e
2-2510] AHAL S 247 EE3 4 e} T2} sh2ole] A9 obe A9l HlAE BA £ 37} gl
T}, Coh-Metrixx] & A4 Q1 Q 4o thsf] BIAE 222 B M= 1= x|k AL 12 g_]:Loﬂ Sk
2SI G 7 A0 7 F91 FJAE o] &5/ A AHsEA _E:LEH%E 2 oIt} o] A 2|4 AP
A T2 )8 Fojyt Ei_/l_ AL2) 2t _]/\E ekt el AE , Y =35} HIAEof tisfjA] o] =AJo]| Oﬂ%]-—E_T
HRlE g 2Rloz FAF 4, 7 Hat Aol 41 o9 HlE 59 291 AASIAAL, A&E = Sl AT
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oAt ol2fdt FA 2912 B-gsto] o] 54 A4E As o2 Sske T2 a3S JiEskal Jlh o] e
o|=/d A4 gt 27| AFsA A B8 4 e -8Rt A AR o] 2 4 Sl
o] 2Jof| = Z|o]l Nam & Won (2022)°11 M & B=0] 227] ZF&17d& 917t AojAd 2 FAllsiRlet o]

FollA of3] TP, of3] U, of3] Mot 2 AYAA S ZASHE TAS AL, Zo] Dol
of3] 4, % o) 49k B 4, B I oA 4, ofF] Tk, of3] W, of3] A= A BEto] A
24054 130242 o) 20] Aol 2 Dl U skl 2 2ok ol 4 o 4 B

o] M2 Z2) Hepoll FF= PIA= A= E4H I

Machine Learning Based RF algorithm

HAl2]d-2(Machine Leaming) H|O|E}E 7|REC = 2]} afj il & Hsto] Helo|u gdare| 55 A/dstal
wiﬁﬂﬂﬁﬂﬂﬂﬂi°ahjw—PPWMmmmmMmmﬂmmﬂdﬂLﬂaﬂﬂﬂwﬂwdaﬂ
A 2732 A H ot A4 25 Arh A EE E8510] 7|A7} o] & 1k BAIE SHEoHA oS HEl S

Eoh= TAlolth A2t of|A|o] t|o|ElE- &3-S (train) Tll°] B2} H3-Etest) Tllo|E] = =&to}al, S5-& Eﬂol
B} S 2-8sto] Al g X33k ohe A 5-& tlo] B 2 HHlo] 455 RAl5k=Zlo] kARl o]t

QI7to] AP A 2f3t A A & E-8ohe e BRld 7IHke] dale|Eo] S4sHHA] tha 2 o] At
FAl 0 = QIAIE] 7| &= 5liet 12|yt Haid 7|Rke] dae|5-2 A4 oS AhE siAst7] o 7] wioll
W5 Fopol|A| Z-gsh= Aol AL S ‘:} 4»9} Zro] “Aitof| Tzt sfjAY o] FL3F FHellA+= 05| 1
Al 7|8ke] i e| o] £ Q61A| E-85| 1L Ut o]of] Park et al(2022)011 4= 15 F4]2] h=o] AFEA|
A 71 72 el A = %‘3—]“— Ui’\‘ﬂu 7|5ke] o] -4l w|ofof ghrtar )|kt vl Q1T

zole geld 7|9kl guE] 58 AHEstE et LIME, SHAPSH 22 AR7hsst Q1345
XAl(explainable artificial intelligence)(Adadi & Berrada, 2018; Murdoch et al., 2019)2] ThFot 21 2]50] #)|Qts]
olE]'(Rlbeer etal., 2016; Lundberg & Lee, 2017). ©]°]] Z|Zoll= B2ld 7|5ke] &t e]Fol A= A&
FZ5||A gk A 718 thE HALE 2 (feature-based multi-layer perceptron, MLP) A& Al 7442 &
%5}‘: A= AQF=E] 11 lTh(Kumar & Boulanger, 2020).

HAaled Al e A4 date] 5ol Lo B H|o] 2 E-F{(Naive Bayesian Classification), A1 E HE] T
21(Support Vector Machine), $1E 22| A E (Random Forest) 5 Tt &ate] 50| sttt 2 AFLof|A]= o]
5 R AE dH )55 A-8otarat Stk g L A E = OJAFE Y U Decision Tree) S 7HE 232
2 AMg3t0] 2R} 517) 2] Soll ATl oS ensemble) Bh4 W ] Aol k. PR Bl ol
o] ol E7| 5 Ao SRIAIAA St oS RelS ARSRE WET E2 oS A5 YAt ok 7]
ook Y ZAE ot th0] AMAH YRS S7Isto] oS RS A= Aotk

ll

ou:

J

WHEHAE= of2] 7] AP UR-S WAL, Z2ke] Lol X EEd B3HE BobM HF4Q oS
Ag vhso] wick ofu) R2H92 MelE AR AU S ALgte]l mES Baksld], ol2igh By Ags}
(randomization)2t1L ST}, ;LT W45 A}%ﬁ} Fol| 574 Hofl A|L|A| o E517] ek ekt 4
%%ﬁd@ﬂzg¢%;ﬁﬁhmhvr E2) 7ho] AT S A|AT 4 Qlct o] 2jg EASE 2l
k= R E =SS iR R N R G e ‘3—< o)} R ARG

NG EYAE Gy Eo| L T}E ER =5 L} B2 50 5] EAol|A] ZHHS 2 28R E0] 22 Ao
A 95 i 4= ok Aotk 27 Eﬂ]oﬂ*‘] 11‘474]—1—(G1m Index) 5= QI E 21 (cross-entropy) S ©-&-
oh1, 37 RElo A= B4kg ol gslo] 7} ke =5 Hatol HAE Meiich oS Sof 25 melojie A
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g o]

ol'

AE 2 Adfohs PO 2 e EE Fakole=t] 227 13olM AUAle7L HAshs 2ol 245
Q7= sl o] & E-8ato] AlA e o = Xl Z*(Importance Index)& AFE 4= AT

z| 2ol I AFolM = gtofut ol & Tl o2 YR AE g1 5E 485t A0l o] F
o]z 1t} B T AE E Fhato] A5 A g o] 835t JLE = Haetal. (2019)7}F Utk 0] Aol A]

© ettt Med 7 ARSI S flsiM P ERAE 21 ES E-Estol WAsIRkE Med AHs A
23S 7S S ARSI dte] 2719 i l~— AFEM S& Ao B2 9F2m A
TR I LHES 2RO IX‘ = A ol2tM 2 AHol e Aed 5ol 28 4tk

Algio] glek. 2ol oljalo] £22] Sl gt AHEAY ATEE 0|20l A1 Y=t Fol A
o AFEALE LT A BT APZE Leectal (20227} Sl o] ATolIA = MEsheAfio] &=
ol 5EAH O R AFEE| T Qi SKA 2.0] 7ol A 475t 3431 9] oi|ulo] ehelel] thaiA] 207H) A
2 =2310] Y BS AHeloich Eh Pak & Lee 2022904 Q1B S 35 BlojEl7} Z2okA] ek
A¥3o]| A= KoBERTS 7|HFO 2 3= Y Afd RelH k= x4 212 2 &851= eig 2| AE 271g]
50 Hot 52 A5 Belvkal BYsilal, A e E-8shs o] 34 B7te] 7157 &% 7l~—
7go] AekarL ARksiTh o]0 A shin (2022) 3 A & E-&5hs HHEH|AE 7]Hke] daE) 52
&5k o] ’efd Alg e HdE 52 d5s Eole A0 2 Basigith

Method
Essay Database

2 Aol A<= Choi (2018)0N14] =718 F 40001 9] 22 A 2l 7 2 HS-S fitHlo|g|=2 &
&5t Choi (2018)°l1A] =743 2247] A= SHEE0A| ‘Aol 785kl e FH 2] A
712 T 144 p]REE T SERojof ST = =Aof] tisto] R at Rt o] I 5 shE A shar, =017l 2
Hol Atg 23 AP0 22 v o = 5to] =52 22 AVdsHe & sk 2| of ot shdEelA| Als-E A
522 O4EHY S AW 7I1E o g et 7IARE, @FH 4] Wz AR Aget S AE9
A 27 oS AR =7, OFK AW g 270l EH agta Ak ==oltt

Table 1. Writing Task

Task Prompt
[a]~[c] Using the data, write an article arguing for the thesis that 'the age at which criminal punishment is avoided among minor offenders
should be lower than 14 years of age'. Please consider the following <Conditions™> when writing.

<Condition>
@ Choose one of the positions in favor of or against the topic and write an article.
@ Write using the contents of [A]~[C] and correctly quote it.

@ ‘When quoting, when writing the same content from [A]-[C], mark it with double quotation marks (““ '), and bring and write the content,
but do not distort the meaning of the original text when replacing it with your own words and sentences.

% example

Main article: Dr. Jeong Geun-mo said that there is no problem with the safety of Korean nuclear power plants.

- When used the same way: Dr. Jeong Geun-mo's argument is that "there is no problem with the safety of Korean-style nuclear power plants."
- When used interchangeably: According to Dr. Jeong Geun-mo, Korea's nuclear power plants are stable.

(4) When citing, be sure to indicate the source.
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tﬂo]r—:i 4274 T Table 29+ 2T} F1-2 88, B2+ 1017, 532 955, 112 18P O &2 ShAH B S {At
oA FAISIALA 1AL, Hoh Y 1987, oSy 204 2.2 A BlE A RARM AES R

Table 2. Essay writer information

Grade Male Female Sum
7 45 43 88
8 49 52 101
9 47 48 95
10 57 61 118

Sum 198 204 402

$70% 22 ofell Table 37+ 222 17} 7| 2350 ofsfe] A o] ol Lojzlrk. 2 7k Aol se) Wt 2
A2 ST, 7} W7 a2 T2l 7} 7] 2o0) AAIE T Yk 227he) B4 7)ol chaiA 1t
0302 Aol Hlo] 7t 2 4W 2 344 wo] HES TG 7| E ol

Table 3. Essay scoring rubric

Scoring category criteria
1. The presented data is not distorted and used based on accurate understanding.
Analysis and use of 2. Selected the data suitable for the author’s argument and evidence.

argumentation material 3. For rebuttal, even contradictory data were used effectively.
4. The presented data is cited, but the discussion is developed by interpreting and expanding it.
5. Logical reasons are provided to support the claim.
The validity of the 6. Various evidence is provided to support the claim.

construction of the argument 7. Specific evidence is provided to support the claim.
8. Strengthening argument by using the refutation of the conflicting argument.
9. Argument is clearly presented.

Coherence of writing 10. The author's arguments and details are presented in a coherent manner.

11. The writing has unity of content without disparate content.
12. Using the structure of 'Introduction-Body-Conclusion!, it helps the expected reader’s understanding.
13. Paragraphs are divided appropriately to help the expected reader understand.

Cohesion of writing 14. The writings are organically connected with a development structure rather than a simple arrangement.

15. Each sentence is naturally connected using conjunctions or directives.
16. The tone or style that ussed are effective in persuading the prospective reader.

Expressive fluency and 17. Using accurate vocabulary to express writer’s thoughts.

diversity 18. Expressed concisely without redundant expressions.
19. The length of the sentence is not long, and it is expressed in a simple and easy-to-understand manner.
o 20. Spelling and spacing were used correctly.
Graml:g(rn;a;(i;natmn 21. Correspondence between subject and predicate or closing expression is expressed in an accurate sentence.

22. The source of the material used is indicated and accurately quoted.

A 22 A4 A ollAlo] Elofele] SA2 melo] Aol Zo3 Y-S tlxith pAlzdS 3 ),
£ 4] Hlo]Ej7t F8814) ehe 49, mAle] dut 1 20| FE3] o|2o0j|7] ofd7] wEolt) &
ol 285+ ol Mlo] Blo]El= 27 4L 71702 ThE Table 42} 22 4= BALE Ho| 3 9lrk
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Table 4. Score distribution

Grade N %
.00 8 2.0
1.00 1 2
3.00 3 7
4.00 7 1.7
5.00 3 i
6.00 9 22
7.00 4 1.0
8.00 9 22
9.00 8 2.0
10.00 17 42
11.00 15 37
12.00 13 32
13.00 20 5.0
14.00 29 72
15.00 36 9.0
16.00 48 119
17.00 44 10.9
18.00 50 124
19.00 19 4.7
20.00 15 37
21.00 44 109
Sum 402 100.0

Table 401|141 A 2]513150] 227 REdol| A RE-el] slidsl= ofMoli= QlRlaL, ZH et & Rl =7} - 22 73
7t AU} EE AA| s S0] 2Vt oMol & 4 s oM e BE 4] oMlo|7F L EA| HaEshr )=
ofgirt. 2t 7| A7 H4rthe] ofjMlo]ol] chaiAl= mAlE]\d-& X13Ys17| of5d 7] wiiell Al Ad AdgollAl
T o2t A4t thsiil= & 450l Bold 4= it} =B 2 HAle]id-S 95l do|Ej|o| AS 153 uf
o= AA SYE2HE HloHE 4sk= A o= £ A4tie] ofMlolE 43| s E o] Al & 4
HE 2271 ]l} ol 50, R Aty 559 oMol & 7ok ] Yol wAh thghgo] dRe W2 4
02 ZIF 25 TR AT 4 9tk o] PR 25 AofAt= Al g tlolE2A19] W 28 B s}
of go|elE oAU Beksto] A& sk 7 Qs EEsh 0ol A 218714 & 1 B = ERst7 ol
£ 3APE Itk dsle] o] 5 H4tiE S53E E o lrka st 2712, 1740l slidshe dlol & Bl
7+1710]7] wize] o] tlo]El= 75-& tllo|El7t EAfE 4= gt o] ¢ HAled dale| 52 283 ol @77}
HHya}7] wiol] 1740l sdsh= tlo] Bl S AbAlstal 5 4017H o] Efol] chshiA] 432 %1sga} it

Park & Lee (2022)°1141+= 500%H2] $t=o] oj|Ajo] o] thal] x4 2 7ok 2ollA] 2 et ut
A 2 B4 Fejao Hert A2 dE s dst] sl 133 530l sidshe tlol el & AlelstaL, 2,3, 4
ol sljgoh= dlolElghE: g5 W H7HE lo|e = -85t o) 7 =] dlole7t &5 7%
Ut 0 2 Hlolg] By BAIS AT 4 =t B Ao glo|g HI=r} A2 ZefAE AHA5H
7] Boh= dlo|g & 2 oigh E-8&oh= JibkS Adsto] 72t STAE S8ehe S FSI3AT ool Lo
A& 257 2HAE SoiA 24 FPA0) sidets dolHE 2571 faliA 0~1082 1 2=, 11~174
2240 1824 3’0 2 Ajzhd S 51t o] A AjehE S o A3t 1740 sidsh= HlojEl=
17%, 27301l s Fsh= dlo|El= 51%, 370l] sl o= Bl B = 32% 2 2531
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The Procedure of RF Algorithm Application

2 Atol| A= mho]A(Python) 715 72 F3Y(Google Colaboratory) H30lA] HFZ|AE Adare] 52 2o}
At HA| Fea 4715 Z-E5tof oMol & 4, Tol B9l E FskaL, of|4lo] tllo]goflA xR & Al
Elisto] Hlo]&lE A 2]sto] malefdo -golat Fel 2 7155t tha-2.2+= 2] 2] H ojlA|o] tl|o|g
5-&Htrain) H|°]E12} 7 5-E(test) Tll°|E1 2 I =T & Aol|A= AS-& H|ofEl= 20%2 2753t o]
o, tjo] &l & FA91 = Al 5 A7 HIEol w2t ek5E- ol Ejet 58 o] H 2 Es| it

Theo 2 g2 AE due)5g S8ato] Al dS £3sth. mMale|d it =25 Zdof tis)
A 20%= A3 58 Hlo|El & o]-&sto] Rdls Hrloli=t olu, mdo] of|S3t Axpgtat AA| Azt
w2 vlaste] Y2, A%, HAE, Fl-score /ds AFE A4St 71412 2 2= confusion matrix 3t
5 AHEsto] &5 3 (Confusion Matrix)= Al4FS}, classification report $F4>5 A5} X = (precision),
A& Er(recall), F1 2 4(Fl-score) & ST B2 &2 FUTH 2 2|2 9] F-8 & 5 Slsii.

Results and Discussion

Extract Scoring Feature

AAFE-E-of|Mlo] 57} 710U A3 At M ko] i 52 A afsto] oA A e 4= o 2 A+t
oAM= Pl Rl= AP, 4 4 AR 22 7P 71249 AR 2 FEsto] Al 2dlS Adsieint
7 o, A ARE Rt 22 AR 2 A S A AdAFE S =55k ] 1R 7P 7124 1 A Aol
RICCiss

29 pES B e A AR = 7 4, TR AR RIS A A2 2] E3/dolu-SAR

e} bl
= J I = L
A4 52] 7] 0] 391 o) Jarg DTk Balgty] theolck 7] f3 e o) 2 2kt
r

1o} oleh £ AP

N

=
A s5ollA| 2L 1 o7k S 7k ok A Bkl & 4= QA Thssacson, 1985). 247] 520]
WA Tolu 24 5ollM 4 7P 78 d S st shke] 81191 7P thatd o 2= o] 4Lt
225 Al Wraolnh thEo 2 fd/d o] SV ke A2 A 7t ol T2 A5 (syntax maturity) =, B0t
B B2 ARg SR A w2 kst 4 Qlch(ssacson, 1985). SHdo| 22F44E Bk BRlehA| AYAJSHHA
Arle] AZE-S Bk 52 0 2 F¥sh= 53 0] 2rastal(Hunt, 1965; Owens, 2012 5), O FA| AF 2T 7Hs
Che A2 274<] Zo], Ae] Zo], F<&4 0] Hlgo| Z7FoHH(Hunt, 1965), BAFE 2A15k= FdolU AlA 3 &
2 Q A0 ARgo| F7FH = 7S 2 H] 3K Owens, 2012).
olo]] & A tolli= g5 st e TARITH: AS PElA] ARS RIEE FoliA Sok} sl ej4
A}g/d 9] of ol wpet 2bed Fefjaet o] & FEAR L1l O
nje} 7] 5ol we} A7 Fefact P4 Friacrd FEiN)E Useth FEiA SolM = 2HAR1 7152 5k
Al e A0 ARS Rl = =2 0] TS AL Qlths 22 U= EA oA FAlo) o8] 2o =
St £ E4o7|w st} BE Ale] g g o AAEQ1 oju|E 71x] 7] ¢k
FA PEIAE E-80] 2 Hejok= 797 HETh 12U 2 AollAl = EHAR1 QulE 7| 1L Q= A] FE)
kstal 3o 5kA Ak ] aliA] B4Rl 8 Avta sio] S o5k A 2 A5t
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==
o FALE R, SAF RAH 7545 %36P0fl °4EH HJE§ == OJ%L M= tEA
el £4719) B0k Kkma) 241715 B 8510] Table 59 242 el A} sfsick
Table 5. Scoring feature
Category Feature Kkma tag
botong myeongsa NNG
£goyu myeongsa NNP
ilban uijon myeongsa NNB
Noun -
dan-wi uijon myeongsa NNM
susa NR
daemyeongsa NP
dongsa \'A%
hyeong-yongsa VA
bojo dongsa VXV
Verb .
bojo hyeong-yongsa VXA
seosulgyeog josa ‘ida’ VCP
hyeong-yongsa ‘anida’ VCN
. ilban gwanhyeongsa MDT
Determiner
su gwanhyeongsa MDN
ilban busa MAG
Adverb .
jeobsog busa MAC
Interjection gamtansa IC
jugyeog josa JKS
bogyeog josa JKC
gwanhyeong-gyeog josa JKG
mogjeoggyeog josa JKO
Particle busagyeog josa JKM
hogyeog josa JKI
in-yong-gyeog josa JKO
bojosa JX
jeobsog josa IC
jonching seon-eomal eomi EPH
Pre-final ending sije seon-eomal eomi EPT
gongson seon-eomal eomi EPP
pyeongseohyeong jong-gyeol eomi EFN
uimunhyeong jong-gyeol eomi EFQ
myeonglyeonghyeong jong-gyeol eomi EFO
cheong-yuhyeong jong-gyeol eomi EFA
gamtanhyeong jong-gyeol eomi EFI
Final ending jonchinghyeong jong-gyeol eomi EFR
daedeung yeongyeol eomi ECE
uijonjeog yeongyeol eomi ECD
bojojeog yeongyeol comi ECS
myeongsahyeong jeonseong eomi ETN
gwanhyeonghyeong jeonseong eomi ETD
Prefix cheeon je(?bdusa XPN
yong-eon jeobdusa XPV
myeongsa pasaeng jeobmisa XSN
Suffix dongsa pasaeng jeobmisa XSV
hyeong-yongsa pasaeng jeobmisa XSA
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o2 4 4+ A S &It 24 & FE5517] HlaliAl= 1A ofAlo] OJEOH sl 24 22 &
ZIsyafjof sttt &% H2]+= Kss (Korean Sentence Splitter) 141 7] & &-8-511 T Ksst= +42] 42 UEHY
|E S0, 242 ZEs FALoNAN 281} 1 o &4} /\}Oloﬂ Sfolut =}

A= QAAZIY Kss 24 7]= Eo| 24 22 & w211 YetsiA| & 2ot

[¢)

Z|Zoll= o] FEiA 249719 5= BASkAL 71t A} ke AqtEE YE AL QU fk=o] &
A A2 2 S8 B E o] Fo|A| 1L 9l=t o] B2 A|EA o] 57 (Sequence Labeling)@ A
2 A73(Sequence Generation) 2= WHATHChoi & Lee, 2020). 7] At 0|2 2lof| A= A|FAE ThF7] 98l
A1 LSTM (Long Short-Term Memory)= =& AME-5I1=t| o] A B2 F4 o] dojd&E 5ol €
o] 2|31 =2} 22| & sfioFst7] wiwell WE %27} =75 H(Choi & Lee, 2020). L2 Transformer 28
o] A|QFE]H A (Vaswani et al. 2017) HE 2|7} 7}55}0] 7|2 LSTME] BAIE s Asta ot T35t 220
+ BERT9} 22 AP 2815 o] Bedo] A QF=]HA| (Devlin et al. ,2018) ] FH2 1afgt 4= k.
o] ofollz= & A& = ELMo (Peter et al., 2018)2F GPT (Radford et al., 2020) =3 AP E7% Qlo] Belo]
A9t o] Rel2 BERTS} D] TR 2 52 Z18oh= Rdo|th T3t BERTE Wol& ESaket o,
WordPiece (Wu, 2016) *JHH-2 AR&SH=t]| o] = 7|29 EF 2-& W4 o] ofz} Tol9] subwordE AHE-SH ]
wjZol] Z A0 A7)0 vHlgste] EF 4~k ol = AleH S s AT 4= Utk ool oz 9] Ao+
FEIA 74712] 5= Hot 7467 ol et e A8l HAaL, of|Aflo] ARaAl Aol 7Hg A et &
A RS 2= Zlo] S5ttt 5] 2 Aol MY el A2 Bl 71249 AR = A she A
&, A 24 7]9] He T e S Q5.

o)

o

Result of Application RF Algorithm

N 25 B 4 Fejad AR HIE 21 H e} ojlxo] H4 HHE AR
02 mAlelde Agskal A 5-2 ASsIith

2] A A2 Al HH Table 60]A] z*s}E(Accuracy)h 07002 817§2] ME FollA] 70%0l| sF5ke=
Aoz 2uta A ol&sieth MAlzY Rale] LS A=t uj ke AL ‘A r’ Ziuk B skt o]=
tlo]|7} ZeAE E+tF o] 2 7d-Foll= siAell 797t B a5ttt ol & &0l 1007H«l AE SollA 80717H
A1 dlol&9] 7B, 100712] AE 5ol tisiA] 11 22 S5t 2he e 80%Etal Halk]7] e
o|c}. ufztA] tlo|g] B0l S A AT =To 2= ndlo] 458 Hrsl|of $HAI7} Qloj A A,
ANHE, F1 Ao 52 TFdobl Aw Ee 7o) 5251t

fol g 2 AE Ao

ol

Table 6. Random forest model performance(overall)

Test data 81
Accuracy 0.70
precision recall fl-score
Macro avg 0.74 0.66 0.67
Weighted avg 0.72 0.70 0.70
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olof] E 1o M = chofst A5 A B 5 £512] 0 2 Alni R 2} 51Tk Th2-© 2 macro avg= Table 791 Al|A|
Sh1,2,349] 7t 25 S 2 U & (precision)’, A & E(recall)’, Fl-score S Al4tstaL, o] &2 S 713t
Zrolth macro avgoll A AL == 0.74, ZHH-E-2 0.66, F1-scorer= 0. 67E LERATE weighted aver AU =, ZHS
&, Fl-score®] 7FE g wtgtolt}. 2 AE AE 4ol et 7525 Fofoh7] wizoll, 2717k 2 22fi2ol o
ko RS- "=t} macro avgs AU =, A&, Fl-score”}0.72, 0.70, 0.709& EZE i}

Table 7. Random forest model performance(by score)

score precision recall fl-score test data
1 0.86 043 0.57 14
2 0.72 0.71 0.72 41
3 0.65 0.85 0.73 26

52 2= Table 70114 AARH ZF SEAE 52 A EATH 17 2240 49 HE 710861 ©]
< 7IAPF 1ozt ol &5 2 5 AAIR 14”] 29 HIE0] 86%eh= Ao|t AdEa2 AA T UE S
zelo] ol S35 /4 AEQ] HIES e B = 17 2249 %, AA| 1- AE 5 43%7to] 2dlof ofsf
W= A SEQIch= Aoloh 14 S A9 R1E7F Ao] A Q1A] A = of A& &0l xfo]7} 24| UretstT.
v 23 S A0 A9 AU ot A &l 2 2fo] 7} Hol&] 9k

2alo|A= 13 S A0] 49237} 330 Hlsto] Ad5-0] HolH At % ‘%‘_}X—q.—oi 70% 4 =2 |52 5
+ g 50l2tal siAo] Zhasitt. ol2itt s ke ARl e o g wsly| = o P A ¥ st
H| 3= 7155 Park & Lee (2022)0114 = 2 A-1ef FAFSHA] 50072] FH=0f of|Ao]of] tisiA] FAL 7]1He]
AR A S E-goto] R AE dae| 53 486 2,3,489] 37l AR of| Sk 21 ZEl-S 7
25}, Park & Lee (2022)00|41= sHE ZHAE S 0]-&35F HAl2d2 ZI3ohHA] Tpafet vz gl 2|1 w2
gl 5 =52 fIote] thet stolm fetn| g mjA|27& R8sk = F17ko] 40% =2 /ds2 Halstd
OF. wheha] el vl e wjofl= o= = 7 dlo]2fal sjAf ek 4= Itk FESF Park & Lee (2022)

oAM= HAled AlB o] g ZHAE ofof = Hei'd A D AR Sh<5 109l KoBERTE A-&5H3=
o] 2L B3 d52 F1 41o] 9F20%21 Aoz B E ik o] 7] 858 o] 8 47} 5007 +-F o2 WA &
& 745oll= AP A2l A & EE-5he 2o Ethl#@ A= &4 Ak

Cheo 2= AP EAE RHo|X 2558 73w £k 7HA] Zl(meandecreaseGINI)< ©]-&-5}0] XH
Ao e F8 8 FA6IIT: g 2 AE EH‘Oﬂ/ﬂ o= W A7 Bl 22 VEe
AElshs tlol] AREE ST s AaAd = A= FFo g & 73S AEsH] Q—Eﬂ GINI Al °“
E21]= E7 2AlellA /\}&5]—! 31 Aol 1% Abo|u HHt Al S 1S ARSSt] e E AR,
wEbA & 29 Ao EaEolA £ o] S E A IS AlLteHA Hl=tl & E7H ko] 2
5 Hof a0l Faolgtar w4 Qlot % HRYAE RdojA & o]2fdt Sk /IS Eol=
tllof] 7]ofgt 22 o] A S =5 A 4 Ut} T A= Table 87 2T

Table 8O A1= AT 20 T 7F =2 AR9] 157]19] A -AA S Hoj=11 Qic) ey Y| AE Rdloj|A] ZH S
e T U 7P 710127t 2 AR HE AP o] L, o]0l M TR ZAL SAL BT %/d ofm|
ol eAHiR S =7 = QE}”EP WA 7| szl 24 ’“9}7 ro] 20} Zo| 5 HolF= A A2
271 §3/d= S4che F o Aol 2y T4 49 B AT S0 A UElgtET o] 24
oAM= T4 4 diilel 2 B AT 4 Qe 'H@ZVE‘% APd7gstol A Bde 47gstarak gk
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Table 8. Feature importance

Feature Feature importance
NNG 0.089959
JKG 0.064654
'A% 0.047990
ETD 0.045409
JKS 0.039567
JKM 0.038767
XSV 0.037304
JKO 0.037025
ECD 0.035690
X 0.035301
ECE 0.033877
VXV 0.032836
MAG 0.032168
Number of sentence 0.032117
XSN 0.031338

Park & Lee (2022)0l| 4= ‘E&’ 2] 4= E7oll QlojA] 03] =7} ek 0.079] == 7P =7 UEhst
11 TARS] 79 0.0500 THA: & PlA|= SRR THA] 9l = UERG T ofwsh XAt o] EFoll =7 7]
ofstil QleAle TRt A7t BHEEHA] Bt f-ojust v w7} 7heah A 0 2 AYZHEch et 2 o]
A FEla Yeet B ot -2 71241 A A THS ARESERL 7] wiiEol ZH AR & 22 EA
oigh Al 9 o] =El o 2 A GH= o 9}7417} Atk L2} o] o= waA 0 = Hrt fojn|gh Ay At
= Aot Belo] /g 52 v s iz} St
2 Aol A ARSSE A E2 FElA BAS Bol A2 7P ©edt JEjQ] 2k ol Rahimi et
al. 2017)ellA1= A2 o] 7|2 Fuht 2 Adrgstal ol webr] 25 a7 o] HEhwol &2
o

BRI ARESHITE F- 2ol M AR S AR She A oA AR EA| ot 5 el A

7|8 EHE Ot A S Al 22 tigeolu 24, B 58 Hoh FAld o2 dRE 4 9
= WAL S EESILA _IT F 2 oMb I AR 2 2 w2 aee] S ERu= 58S
THoR A o, Y2 aF0] S22 FEcH FEst W2 aF 22 tEshe A S B8ske

Zio] B} gitAolgkes AF-EE A9t 11 It} of|E 501 Revision Assistant (West-Smith et al., 2018; Woods et
al, 2017y= AR 7]E2} Tl e AREel tishiA 24 59] T Bl Al gkt R 5] 2ol =
Y= EAIS A AxA 2 85)o] o] wjeu] o 2 = AASHT Q)t} o)X H AR o] AT Qo] & 1]
Tl s negk Az o] A gt F 5k At A7} Zojoh Eo & PojHollA= 2 ASAP T o] E]
H|o]A S 2H85to] Halld 7|Hke] Relg A-85ko 24, A HAE S AAlsHA Y eh58 tlol8 & T55hs
g glol, AFs A Y] A5 =0l = Alego| & o] FoiRinh 1y ZZoll= e5E HlolgY =
T30l T2 A|ARIL] AlgHe 2 s axst7] flsl| sl Q] At G o] Tes] ZAIEkE HwrHee] F<ol
ofz} A =2 tl|ofEHo| A 5, AR A/, AR Al Sk 22 A2 A4l AE7keol EY
stof Zlggsfiof k= o] S8 A| 2L QT Kuma & Boulanger, 2020; Madnani et al., 2017; Madnani & Cahill,
2018). & Aol A =t FEA 7]Hke] A AR Qof] Bt AlFAQ) AR S =Esh7] lsiAl= Ak
oA 2] Me7t, 71AIekE A7kt wolus AErks 7o) Aet g A7 2 e g Zlojoh
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Conclusions

2 Aol|A = 5880l A/d3t 4013 2] 3=ro] ofjA|o] t|o|E| & E-goto] HEHEAE |Hke
52 7 g3lo] A RS AYEET 1 45-S B 1 83070 Yo e o)
T}, o] 235 oA et 22 22 TE9IlTh
2 Ao EETH -2 o] o lo| & o Sh= A3 Aret v sk wf A%
4 Aok AH o 2 450 = e o] 9+= of2] 7HX 2 s S 4= UA|RE Al of] AF
1l°lE1-4 Zo] P2 nH okl & 4= ok ARERH HlojEl9] 271 fAFskaL 2R /-,
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