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Optimization of Reference-less Evaluation
Metric of Grammatical Error Correction for

Manual Evaluations®
Ryoma Yoshimura

Abstract

Grammatical error correction (GEC) is a task of editing a grammatically in-
correct sentence written by learner into a grammatically correct sentence. The
construction of a reliable automatic evaluation metric is useful for the devel-
opmental cycles. In automatic evaluation, the output sentence of the GEC
system is evaluated using an input sentence and a reference corrected manually.
Automatic evaluation is a difficult task because there can be multiple correc-
tions. Automatic evaluation metric of GEC can be roughly divided into methods
that use reference-based metric and reference-less metric. The reference-based
metrics are commonly used for automatic evaluation in the GEC task. How-
ever, these metrics penalize sentences whose words or phrases are not included
in the reference, even if they are correct expressions because it is difficult to
cover all possible references. In contrast, reference-less metrics do not suffer
from this limitation. Among them, Asano et al. (2018) achieved a higher cor-
relation with manual evaluations than reference-based metrics by integrating
sub-metrics from the three perspectives of grammaticality, fluency, and mean-
ing preservation. Grammaticality is the perspective of whether the corrected
sentence is grammatically correct. Fluency is perspective of how natural the
corrected sentence is to the native speaker and is distinguished from grammat-

icality in terms of its importance. Meaning preservation is the perspective of
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how well the meaning is preserved between the input sentence and the corrected
sentence. This is an important perspective because it is inappropriate to correct
a grammatical sentence that has a different meaning from the input sentence.
Evaluating with these three items is important because it can improve the in-
terpretability of automatic evaluation. However, each of these metrics has not
been optimized for manual evaluation of each perspective; thus there is still
room for improvement.

Therefore, to construct an automatic evaluation metric that is highly corre-
lated with the manual evaluation and can correctly evaluate various corrections,
we propose a method that directly optimizes each metric of grammaticality, flu-
ency, and meaning preservation against the manual evaluation of each perspec-
tive as an extension of Asano et al. (2018). Specifically, we use Bidirectional
Encoder Representations from Transformers (BERT), a pre-trained language
model that can be optimized for the target task with a small amount of data,
as the metics for each perspective, and optimize each metic by fine-tuning it us-
ing a dataset with manual evaluation. Although there are existing datasets with
grammaticality and fluency manual evaluation for learner-written sentences or
round-trip translation from machine translation, there is no dataset with man-
ual evaluation for each perspective in the corrected sentence, which is a ideal
setting for automatic evaluation of GEC. Therefore, we use crowdsourcing to
create a dataset of grammaticality, fluency, and meaning preservation of the
corrected sentences of five typical GEC systems.

In the experiments, we meta-evaluate the proposed metric by evaluating a
correlation with manual evaluation and using the Methodology for Automatic
Evaluation of GEC Evaluation (MAEGE). The experimental results show that
the our proposed metric improves the correlation with manual evaluation in
both system- and sentence-level meta-evaluation. The experimental results
show that the our proposed metric can evaluate more appropriate than the
conventional automatic evaluation method in both meta-evaluations. The com-

parison with the metric trained on the existing dataset and trained on our



created dataset shows the effectiveness of fine-tuning BERT using manual eval-
uation of the corrected sentences. The analysis shows that the proposed metric
rewards corrections of all error types, while the reference-based metrics penalize
many error types of corrections.

The main contributions of our paper are as follows.

e For automatic evaluation of GEC, we proposed a metric that directly
optimizes for manual evaluation using a pre-trained language model.

e We created a dataset of corrected sentences of GEC system with three
manual evaluations: grammaticality, fluency, and meaning preservation.

e The results of meta-evaluation based on the correlation with manual eval-
uation and meta-evaluation by MAEGE show that the proposed metric
can evaluate more appropriately than the existing metrics.

e The analysis results show that the proposed metric rewards the correction

of all possible error types better than the existing methods.

This thesis comprises as follows. In Chapter 1, we describe the background,
proposal, and contribution of this research. In Chapter 2, we explain related
GEC metrics and existing datasets, and the meta-evaluation of the automatic
evaluation metric. In Chapter 3, we propose a metric using a pre-trained lan-
guage model. In Chapter 4, we construct a dataset with manual evaluation
values for corrected sentences. In Chapter 5, we setup the experiment settings
for evaluating the proposed method. In Chapter 6, we describe the experimen-
tal results and their discussion. In Chapter 7, we perform case analysis and the

evaluation by error type. Finally, in Chapter 8, we summarize this thesis.
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Score = « - Scoreg + (3 - Scorep + 1y - Scorey;. (3.01)

Z 2T, Scoreg, Scorep, Scorey (FZNZNIENM, WRGHE, BRAERFEMEDFE
fifETH D, BHMEZ 025 112K 2 X5 WCIEHRILEZITS. EAa, 3, 71X
a+B+y=1THDH, WFHHADHEZIWSZ. BEADRDFITOWTIEH.2
HiCRIHT 5.



F4TE FTEXICH T B3AFFHMEREST—2EY FD
1B

SRR D BT IE O BEIRHEIC AR 72 7 — X THBIRHMEE 7L OFER 21T 5 729
12, BIIEY R T ADETIESUIN L THRIEHDO NFFHis M G 2T -2ty b %
MR T 5. SUEFR D ETIEOMEEAIC —fRAVICHIF T % CoNLL 2013* D 7 &
FF—&RTHD 1,381 XEEBDETIES AT LA TEIIELETIEXICR LT, XiE
P - TRGTE - ERREEO AT Z IS $ 5. TCoNLL 2013 7 R + 7 — &3,
FEERREEE LR WS Y AR —IVERLRFEDHAE 25 BT ko TEINIT v £ A4
ZHIMEonTna. BB e mEkicoVwTD 225D FE Y ZIZOWTHED
NTHH, FAOEHREZIIHBE .

4.1 FTIEXERDI-HDIGERDETIES R T L

ZREIRETIESCH L C ATl 2 INE T 272012, SANIXERENLZLLTO 4
DO EBRDFTIES AT AB LU AT AOEFRICAH I TV B THREG N
REDS AT L 20X o TETIEL, 7/ 7—>ary2Efid 5.

BSMT : EHRIBEMEIER (Statistical Machine Translation) 1230 €7 L.
Grundkiewicz & [21] OEIEIZH W, SHEET VB LOHES FASHEET IV
DFAIFRICIE, NEEN TV T —=2YD 5% part00 2> 5 part02 £TOD 30 @ % H
W7z, KenLM! [22] ZFIWTSEETNVDEE 21T/ o7, HiEZ 7 2AD¥EIC
& Word2Vec [23] & HwW7z.

*https://www.comp.nus.edu.sg/~nlp/conlli3st.html

TR SRR D ATIEDFHEIC W 5T 3 CoNLL 2014 % JFLEG % H#IFHEi€ 7L 0% 8 7 —
& LTS 2 ORAEY 2 72 D 35k 7z

12019 £ 7 IR

Shttps://github.com/grammatical/baselines-emnlp2016/tree/master/train-2018

Yhttp://data.statmt. org/romang/gec-emnlpl6/sim/

I https://kheafield.com/code/kenlm/


https://www.comp.nus.edu.sg/~nlp/conll13st.html
https://github.com/grammatical/baselines-emnlp2016/tree/master/train-2018
http://data.statmt.org/romang/gec-emnlp16/sim/
https://kheafield.com/code/kenlm/

# 4.1: CoNLL 2013 1I2BIF 3K AT LD Fy 5 fHE

AT A ARIRGE  SEATIHSE

SMT 34.20  32.30 [27]
RNN 35.50  33.76 [27]
CNN 33.04  31.96 [26]
SAN 35.57  36.20 [27]

SAN+Copy  40.89 - -

BRNN : Recurrent Neural Network (%D { RAIEHE F . FEEI121Z
fairseq™ [24] ZH\W7z. 4 J8§ D Bi-directional LSTM Z vy, HFEHOIAA DK
TEEUE 512, Ny FH A4 RF 32 ¥ L, ZOMDFEER Luong 5 [25] I - 7.

BCNN : Convolutional Neural Network 123D & RANEHE 7. K121
fairseq™ [24] Z Wz, S LiB I OESHEOXITTEIE 512 £ L, ZOMMDK
7E 1 Chollampatt & [26] IZE - 7z.

BSAN : Self-Attention Network 1240 < RAINZE 7 1. FEITE
fairseq* [24] Z W7z, REIZ Vaswani & [19] 1IZ0E - 7.

BSAN+Copy : SGERRDETIED AN XD HGEDNFTIEI N WEIGHAE W W I
HEZRELT, FlIET 20BN RWEFIZIAN > S HEEZERZ Y- L TH AT
X5 &5 av—HH%E SAN IENNLZET L. T—&ty b DIERRFICAR X
NTVWBETNLVOHTHREHEDET LV TH 7. Zhao & [20] DFEETE2 V.

HZETNLDINHD =012, SAN+Copy FFEE SHRNFL TV BHIEH T — &
(Lang-8, NUCLE, FCE) %, ZDftidE 71X Bryant & DAl 7 — %** (Lang-
8, NUCLE, FCE, W&ID) [28] W7z, 72721, 100 v =2 YDl EOXXZHIFRL

**https://github.com/pytorch/fairseq
tthttps: //github.com/zhawe01l/fairseq-gec
iih‘ctps ://www.cl.cam.ac.uk/research/nl/bea2019st/#data

10


https://github.com/pytorch/fairseq
https://github.com/zhawe01/fairseq-gec
https://www.cl.cam.ac.uk/research/nl/bea2019st/#data

72112, Byte Pair Encoding™ [29] Z W, #&EE%E 30,000 & L THEDOY 7
v — KMMbEITHR o7, %EFT L% CoNLL 2013 O F— & T 2 DEIRZZMEFIC X -
T L 751 B L MO E TEREIT > TV 2 EITHADOK RO i x £
40T, 2L, AT 2 EIREMEETIE <, NUCLE 7— & O—f
ZMEET — & £ LT CoNLL 2013 OFHi 2177 - T\ 3. FEATHE O & [
DUREEERTEDT, 2 DEIRERFED T R b 7 — 21200 F 35T IE XX ANFFF
fizft53 5.

4.2 FIEXICXY B3CAM - FstE - ERREEOTY / 7—>3>

CoNLL2013 @ 1,381 X ZHiffiD#{ S A7 ATE[IEL, EHE T3 IEXZRW-
BAEF 4,223 300 UTSGEE - TRiGHTE - BEWRBEED NFiHMbE 253 5. SOk
MB L CRIGIEZETIEX DA THii 21TV, BRI A SIS & 5T 1E ) & 5
275 &5 L.

BGEM  FTIEXOENRIEL X 23 2. Heilman & [12] @ 5 BFEFHE
(4. 528 3. o bhed\Wv, 2. Mg Tx 3, 1. B cxw, 0. Z0fth) 1o
TR L 7=.

Wi - FIEXOBEAS ZFHEiT 5. Lau & [16] @ 4 BRFERHM (4. JEEICH
2, 3. RRHA, 2. RRAER, 1. IEFITHER) it o TR L 7.

BEREREFEYE - AN EFTEXOMOERNEDOEMMEZFME 3 2. Xu 5 [30]
D b SR (4. [F—, 3. DI ICE RS, 2. Bixd, 1. KiEICEZS, 0. 20D
) 1THE - TEHM L 7=.

Amazon Mechanical TurkV92HW\WT, 1 XH7/7=b 5 NDOFHEEZ HZEL 7-.
T—Xty FOHEZHMRT 2201, USEEEZEDS S, HOoEWLWHEEZITS
Master B ZRA L, B@ED X X 7 #GBHR 99% L 20 &FEE 50 YL D FRHfiE
PRHALL. £, ANXXRITIEX ZHE T ICRIET 257 HEE 2HEG T 2742912,

SShttps: //github.com/rsennrich/subword-nmt
1HIh‘ctps ://www.mturk.com/
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: iR
500 TR

e SRERENE

% 10001

SR

500

1 2 3 4
MR a7

X 4.1: FIEHOL AN T A

1.0
BHEEE - 0.8
0.6
et 0.4
-0.2

IEM 0.21
-0.0

EM TS EHEEE
X 4.2: ZIEHEDHBETY

ETOHEEIC 4 ZRZEXR2E5RKI—DRMERBE L. 51T, £THIEH
WA C RIS % T 25l e, M B R 28O GHEE IES Lz, BRI,
3 AN EDFHEE 2 10. Zofi 2 EE L X 2RE, Gt 4,221 XD ANF-FFi
EffEF—Xty bEERLE. FHEiE 1L ADD BB X ZHRHG 7.25 FLy B
b o TIEEETHLTHKIEL, At 10 FIFHTT—&2ty MERIERL .

AFFHEEDO B X + 75 22K 4.112RF. 2 UTOFHEiE 2FIchiz <, Kic
BEHRREEOEBIZZ P 3 L Lo iz S, SHEEROMEEITIIZX 4.2 12

HEARTER TR BRI,

12



AFBX  This will inversely improve the sale of the shop.
VAT LHA  This will definitely improve the sales of the shop.
XikE: 3.8 MEE: 3.8  EWKRFME: 1.6

ABX The increasing longevity is due to fast development
of the society so as the living pressure.

Y 2AFLEH The increase in Iongt_e\{lty is due to the fast development
of society so as the living pressure.

Gk 2.6 TGt 2.4 BR{RFE: 3.8

4.3: FEERDFHEI

Y. BEZBOEEILT Y v OBEBMHBEREZ RS, SEE L RGE L MBS
<, EHRAFEEMO 2 HER & OHEEMERV. G OB A SOEEOBAD &
FNTVEDEWHEICZsZEEZ LN 5.

43 WEEDT7 77— a YHlERT. LOFHEFITLE, SCEMB X RGBT
DM E WD, BIF D “inversely” 2% “definitely” 1272 - TW % 72 BBRRTFM:
FEWFHi & 72 o T d . ToRITIESHESES X OGO RHEIZ WD, BDZE
LXHEFADEEDENTH D, 2R LTIERERIIZEALED LRV DEKR
FHEEE VI 7o T 5.
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EH5E REXRE

REFEOEMMELMEES 272012, NFiHii e ORI & 5 X X 3B X f
MAEGE 12 & % X Z3Hii 217V, BEEFEL HEZ1TS. 618, RHFETERL
7z, BIIEY A7 2Th L CAFFHlifEZ 5 L7 7 — %+ v T BERT ZH¥E$
52 DAEMEEMEES 272012, 2.2 fiTHHALLBEHFD T — %+t v T BERT
ZEAELLGE L OHEGITS . KHE O BEIFHEE 7 VA D X 252 1T
2ok, 3FETHHALLEBHFMGE T LV 2HAGOELTED X X217 5.

5.1 BERT 0B%E

A BETHRELLT— &ty b Z23llR/MREE/FHEIC 3,376/422/423 THHEIL,
BERT OB¥#EICHAT 2. HKFHEICH T2 BERT OFEEDLDHIT, ik
WB XUORBECOVWTE 22 iCTHAL T — &2ty P 2HHT 5. ERRT
PEIZDWTIE, 2 XX O ERELE % [0.0,5.0] O fE TaHfi L 72 Semantic
Textual Similarity X 227 [31] O F =&ty M2HHT 2. XEME L G
W27 =Xty MI#E - 7230287 U TFHEiA (T 5 X Tnw 20t L, Bk
RIFETIFE D 2 & R vsohicn UTEHiZ 5 X hTnw . HiiEHEAD
BERT (BERT-BASE-CASED)'%, ZHZhD7—&ty b ZHVTHYETS. »
ANR=NRTRX—=RBIKFET — R 2 VT, mAXEIX 128, 256, Ny FH+ A XX
8, 16, FHHEIX 2e-5, 3e-5, be-dh, TRy Z7EIZ 125 10 DMEAGOENLL S
Uy R —FTRELT. ZOMDEEREIIEH L F/IEEFAE T VOEH]
FYEHKODDLFELTHS. BEET —X TR T < ¥ DIEMMHBEGRBEDIRAK L 72 5
BTNV ERLL.

*http://ixa2.si.ehu.es/stswiki/index.php/STSbenchmark
Thttps ://github.com/huggingface/transformers
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5.2 AXFEMEER
5.2.1 AFFM & OMEBEIC K D X 25

B ATLLRILDXAZETEM AT LALRALOFHETIE, M1 DES12, &
AT 5L~V O HEFHEE & N FAMEOMEEZM 2 Z 2 TX XF Mz TS, ¥
2T L LAOLO HEFHMEE, &FTIEX o BEIFHEEE > 27 4 Z 2 FH LT
iz, RES [4] 2 [FEERIC, Grundkiewicz & [15] AL TW2 7 —& % HW
5. ZOF—RF12 Y RAT 12k 5 CoNLL2014 D7 A b 77— X DEIEXIZAF
T1H255D7 Y73 %{THRo72bDTH%. CoNLL2014 DT A + 7 — R
CoNLL2013 @7 X b F— &R L FkRIZ, & ¥ HKR—IVELKFEDHE 25 ZEWN
oAb IELNTWED, "y Z2RRD, B rHEL Y —> vl
AT4T7D2DD MY ZIZDOVWTEINTVS. E5HIZ Grundkiewicz & [15] I
FDTIMBL—T 4 Y7 AT XL TH S True Skill [32] ZHNTS 2T 4
LAV TOANFFMiZEH A L7z, REF S [4] & HRZ1T 5 72912, Grundkiewicz &
[15] @ Table 3¢t O AFFHliZHWTER L. HEAGREIZIZEY 7 Y » ORERMEE
FE e 27~ > OIEMAHBEGREE Wz, X (3.01) OFEA a, 6, vIFERES [4]
LRBIC JFLEG 7— &%t v b [14] O ANFiHliz W TR L 7. JFLEG 7—X
Ty FEAWEOR, EICIZEET S [4] OfE L T 2720 TH 25, HliT—
RREENME 572 CONLL 7 —& &, A7 LD« HHHEDENE - fHERL Y
OMENKRE L RS JFLEG 7 — X 2o THEAZRD 5 Z ¥ TT — X KFEND
MEZHERTEDZNHLTHS. FHA o, B, YIX001LAT, a+8+y=1,%

ST — % ELRLGiE AFFHiiE

—>| 0.928 0.273

Cozz ]
Plezs ] | () | (s ]

HNSP N

FIIEY AT 2

THBIETE

STEY AT A2 0.690 w——4—|°-726
— —

X 5.1: AT AL ULTD X X

ITable 3c iTlF, 12 ¥ 27 LADLHEIB X X True Skill I & o THE I A AFTHENTLHWEI ATV S.
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72T HHAEDLELS 7Y v R —F 21TV, Y7 Y rOEEMEGREERES
5 X ICHIEL 7.

EXLANILDAZFHE XLNLDXZFHETRE, &&]1EX D HERHfifEZ AF7F
fififid & ERELER S 5. REF S [4] ¥ FAERIZ, Grundkiewicz & [15] D7 —&t v b
BT EBEBXNT ¥ F— L OIEMHEBEREBIC K 5T, £ED 2 DDITIEX
DEHHEREEITD. H—XCHRT 2> R 7 L HITOFHIEIAFE 72 5 R 7 O FFf
21TV, ZOIEMEHR (Accuracy) (3N (5.21)) & WMT2017 [33] TfEbLATWS
7Y F=LDIEMNAHBEFRE 1 (Kendall’s t) (X (5.22)) & HWT X X i & 1T
5. —HROUTH L TEEBAD MM 21T/ o TW 35, ZRoidhlHEfle A7 L,
14,822 R7IZH U CaHii 21772 - 7=.

e . HINCFRAL 72 7 2 (5.21)
VT KT ORI 5 R T |
B BT U 7= 7 5K — 00 B L 72 e 7 %

Kendall's T — N FEAM U 72 R 78 — W R L 7 /\7?51. (5.92)

ANFFHlli DKM ERTIZ 2 R T E

X (3.01) DEA , B, v & Grundkiewicz & [15] DF—X+t v b% 1:9 DEIG

CHEEEH & FHE A 2 EI L, BEEH 7 — X281 % 7 >~ F— L D AGAHBI R Bz /&%

KIES2 LB L. 7V vy FY —F OHRRHPIZ S X7 2 L~V DR & i
Z7z.

5.2.2 MAEGE IC& 3 X %5

Choshen & [8] 1, AFFHlie OB ZHW 2 X ZEHlICFET 5, FHlliE B
K CFHliE N O —HBMEWES, —H DT — % A4 A5 2T 1EZ EYN
TERVEICT 272912, ANFITX2ETIEZ AW BEIFHETFIED X & G
FiE (MAEGE) 2R L. AFRESFTET 77—y aypifdEaniza—x
ARV, B LT 5.2 1I2RT XS RAFORNEZILE T2 HREMET 2.
ETOFENERNLMEICFELLMEHT 2 8IREL T, T EOEHABTIEF D
IMThbNns. RWEEHLLIRD Xty 2 BERMEFE TS 21TV, BRI N
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FTEX
Families are our the dearest people in our life .

STEXM e STIESTKO) STEI™ -e. STIETK

T peopleZ BN
Families are our the dearest in our life .

T the Z3B1H0
Families are our dearest in our life .
Rhx1 FRHXn RO

X 5.2: Bk D S 2 AFDETIEZ LY LR (EX) 2 FEBoF (GX). %
BTy PIEIAFOFTIEDEHZRL, FTIEX EIFEED U LTk AHDETIEE
DETOFTIEEZEHAL/-XTH 5.

FIEFRBEGRE TV DT 37 LTHEREITWIHZ1T5. MAEGE T,
T—RAL NN E XL NIVD X XM ZITS Z e BT 5. #HMli723HHIE Choshen
5DFIX 8] #BHEE X.

AIFEDEERTIEX, CoNLL 2014 [34] DT A b7 —X 2T 5. EERIINFX
NTWRFES B[ LD, REWMET 2B AN E72IFTIER M L 72551
2N R WEDICETERMZ . 2 =282 L ~ULD X XTI Choshen &
8] L FIBRORET, ©7 Y v ORBHBGREE LAY 7~ v DEMAHBE R = H
WTEHH L7z, X L~vdD X XEHiCld Choshen & [8] & [FABRDEFET, 7> F—
NONIEMHBEBRE I BL Y7 Y v OBEBHEBRKTIMA L 2. & X XFHliics
FARIEHDEAIZ 5.2.1 HiDSL LD X ZFHMTHRD 7=l % F7z. Choshen
58] T, 2 AND7 / 7—=>a>D55 1 AHETIEZITR > TOWRWSUIHIBR L T
W3, ZRUTNA T, BElRUEE A =51 Xk > T, JTd 1,312 X5 808
XPEREIND. 2D 808 XIIMNFT 2G5 1,704 D7 /) 7 — a ¥ 5 E5ET 6,634
XHERI N, FHfICHER SN, ThZN3DODF VX Ly — FTEBREITVL,
FHEEZIRE T 5.

Shttps://github.com/borgr/EoE
TaEmweh 2, RIEFEEICHLTERINEZ DO TERL, FIEFEAITEDE T Choshen 5 [8]
HHERLZZDEZHVTWVS.
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53 RN=—XXFA4VF%

AFEETIZ, 3 20HFFMEFELIREFEZ KT 2. Sz Hv 2 BEhEE
fiFiie LT, 2.0 BiCaHBA L7255, SCGEIRD ETIE D B EhFHM©— i
HEhTtws M? [1] 8L GLEU 2] ZHW%. SRCE WS FIETIE, HHEE
ZHRAIZLUTHBRZITS 2012, "D 2 2OZHUTH A T Bryant & [5] @8
o 8 DDZM L Sakaguchi & [6] DEMD 8 DDOBMCENMZ 7= 18 3% HW
5. ZREHOWRVWHERHMEITFE L LT, EITHETH2EE S 4 oFiEE
w3,

18



FE6E REHER

BEBRERDORKICBIT S5, BERT w/ existing data ZBEHFD 7 — % T BERT %
B¥EHE L%5E, BERT w/ our data I3fE L 727 — & T BERT O H¥EHE 21T
IR TG E DR ERT.

6.1 AFFHl e DERIC K B X X5

R 6.1 SHEN - TG - BWRREE OB IHE o BEIEHEE 71 0, 1ERL U 73
T =R WX ZFHIORRERT. BRES 4] DY RAT AL BIT SR
BHEE LSOV, RS (4] oFiEr LT, BFEDF— & T BERT
ZHYE T 2 BRREEOFHEE 7 L 2RV T, BEFENEVHEBEZER L TV
%. BF®D 7 —% T BERT ¥ 3 2 BHRAEMEOFEE 7L OMEBEHE < 72
WX, BEEICHW T — 2B SAENRIRD 28 72030 nt LT AFEHiD
MfEEINTVWErOTHIEEZLNS. BFEEHICHVWSE T —Xty FOENWT
&, FADERL 727 — &2 THYH L &HliE 7 V03 iRm O N F3Hifi & OB &

£ 6.1 ERLEF— Xy MSH1 2SI HO HBFEHTED % 2 3.

HHE vrYy AE¥T<V

S 0.342 0.358

KR i oae 0.220 0.238
BEHRREE 0593 0.504

KM 0.608 0.624

BERT w/ existing data ik 2Rk 0.545 0.548
BEHAREE 0570 0.355

XM 0.700 0.719

BERT w/ our data TG 0.676 0.696
HEWRAREE  0.639 0.619
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# 6.2: Grundkiewicz & [15] DTF =&t v MIBIT 2 FHEHHE O BEFHETED X
Z il

AT ALV XL

THH ¥rYyry R¥7~r EfR FURr—n

SCIEME 0.759 0.835  0.641 0.283

RIS TR 0.864 0.819  0.707 0.415
HRERFE 0.198 -0.192 0.189 0.059

SCIENE 0.966 0.967 0.735 0.483

BERT w/ existing data e 0.865 0.742  0.714 0.443
HHRRFEE  —0.462 —0.610  0.502 0.016

XM 0.976 0.973 0.745 0.502

BERT w/ our data ik 21k 0.979 0.978 0.741 0.494
BEHAREE  —0.517 —0.621  0.504 0.022

2o TEDY, FIIEY R T AOMINTH T 2 N\FiHiiiciEbz 52 2 & OFMED
MERTE 5.

£ 6.2 13EM - G - BRI 0 £ IHH o BEIEHEE 71 0, Grundkiewicz
5 [15] DFHIEI 7 — & &2 W7 X ZEHlORIRZ RS, RES 4] DX AT ALV
B BRERIRET S (4] A5 DB, XLARUCBI AERIIEEELZDOE
AwTwa, R6.1 T, SEHBFHGE 7 VEES 2HE O ATl e O %
FHRELTWA2, 6.2 TlE, &BHEREHGE 7 VIR ENZ AT e O %5
BLTWS., BERMEEHIZS AT AL TIREOHEB, XL ~L TR EHEE
7ol 03, SOEM L RGHICE L T2 CoEE TR A DIER L 727 — & T BERT
PHEE LUFEPIR=—X A4 I DAV RoTW3. BREFED S R T
LLALTHEDOHEIZR > TV B I, FTIEZITHORVY X T 20T 2 BHRAE
FHERARDOFHEIIE 722 DI LT, MAENBRAFOFMETIIFTELRVWS AT
LR U TRV & 72 2 720 B OB > TWB e EZ 5N 5. EBUS, FHi
T—=RHDE Y AT LADETIERITORWE E REFEO BRRFTHMEE T L O T
HMED 2 ¥ 7~ > OIENMAHBIRENE 0.923 £ 72D, & AT LADFTIEEITHORNK
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#£6.3: ATLLAL (fF) eXXL~uL (F) X XFH

AT LNV LN

¥ryy R¥7~wYy HEA (afry) EFEE rrrF—n EA (a:f)

M2 0.674 0.720 - 0.464 0.294

GLEU 0.846 0.816 - 0.670 0.354 -
TS 0.898 0.912 - 0.690 0.390 0.02:0.82:0.16
BERT w/ existing data 0.937 0.912 0.85:0.00:0.15  0.744 0.502 0.88:0.12:0.00
BERT w/ our data 0.979 0.978 0.00:1.00:0.00 0.749 0.510 0.55:0.43:0.02

Br 27 ADANFONEN L DAY 7 < > OIENMHEIGREZ —0.549 & 7% - 7=.

£ 6312, 3ETHHALLZHEHEDET LV ZMAEDLELFED, YA T A4
LARLBIIX L NLD NTF-3Hli & OHEBINC K 2 X ZFHTiOMRZRT. EREFS
[4] DAERIZ, PRATALNLZBWTRERES (4] 12812 3HEZHAGDE
FHEOFTHEADOHBMEZLIH, L AMZBOWTIEEEELLZDOZHEHALTWY
5. AT ALNILEXLLDM T, BERT OF¥E 20 < BEEHMETED
o BEFHEIFE L D dRECEWHEREZ R L2 8056, SUER D ETIED BEIET
il BV THRTHEE XN X 5Ees BERT W2 2 OB HERTE .
BERT OFFEIMHHT 27—y bOEVOHILHIE, AT LLNILEX L)L
DODHFTEADT =2ty VA HEENATHEE O KD SWHERBEZERT
BZehbhd. ZDOIZehs, EBOS AT ADFTIEXIIHT 2 &IEHE D ANTFFE
fifiic HENRHEE 7% 2 F (kT 2 2 L OEMELHERTE 5. SOEE - IR
WP - BRGAFEIED 3THE 2HAS DY 2 FIETIE, 2RINICEREFEDOEHA
DPNE L IR0 TWVWD., ZHUE, HERDETIETIIANI X EFTIEXDZ { O HiEE) 3
W 5720, FTEORLELICESTZ DHBEIRERIED SR\ ¥ BRKZ
YEZD. XLV TRBEHOES (a:f:y) BHENEECEADTIATWS
DL, AT LLRALTIE 1 D0EAIZF>TWVWS. ZHUE, BEADF 2 —=
YN, ADDIRAT LN TEIANTFOT X I OWE JFLEG 7 — &t v b
ZHWTED, 420 X7 A0FHIISFHE ZHAGDET LS, EK - iiG
MO BARDFHEER CTEWEETTFRHNTETLEI> L THIEZI NS, FEF
2, TERR L 727 — R8T 2 SOEME RO FHEi#R X, JFLEG 77— &t v MIHL
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T0.976 DY 7 Y v OERMHEZRE, 1.0 DA 7~ OMHBRETH D, WGk
HARDFHEig T3z 24 0.978, 1.0 TH-7-. JFLEG 7F—&t v NMIRGE%E
BEEMHLTELNTWS 20, BERT w/ our data TIXIRIGIEDEADEL - T
W%. BERT w/ existing data T, F#GMHEEMAE LD & SGREEEDFHig: D )55
JFLEG ¥ — &t v MR T 2HBELNE WD XEEDEADREL Ko TWE EE
2603, FEBIC, SUEEHEADFHIRIE JFLEG 7 — &t v MIX LT 0.963 @
7Y v ORERMEEGRE, MG EAOFHMERX 0.957 ¥ T VY » OFERMEBERE
ThHo7-.

6.2 MAEGE I & 3 X & 5%

£ 6.4 12 MAEGE 12X 22— AL RILEXLRLOD X ZTTOFERE RT.
FEBROZRX AW FELE TROZRYZHWROWFELIRT 28, a—3
AL NUB IO L NVDM T, FHIZX L XIZEBWTESR SO VR WFED
BV o TW3., ZIRXEHVEFIED M2 EXLRLIZBWTE T Y ¥
DFEFMHEAREOI MR, 7> F— L OJEMHE TS 2 EEOMHBE L 2> TH
b, GLEUIZM? DR NERLTWVWS. M2 IZFE U XDER ZETIEICHRS
BIEFANTIEH 2BETHTZ 20, 2ENIC—EBLLHMEZS 22 I3 TET,
GLEU 320 oMEZROZ e 2B KL TW5. ZRXEHWZRWFER K

7 6.4: MAEGE 12 & 2 X & 3

a— 82 L NJL XLV

vryy A¥7vY v©¥rYVry Y FRF—n

M2 0.286 0.236 0.036 0.361
GLEU 0.798 0.755 0.250 0.045
RE S 0.874 0.918 0.271 0.480
BERT w/ existing data  0.882 0.973 0.376 0.642
BERT w/ our data 0.883 0.976 0.372 0.680

22



35, BERT T HWAFED KEFS 4 OFEIDEWHEE RoTWnd. KRS
BERT % H\W 2 FEERN— R 7 4 Y FRICHAR TV )LD 7 O FHfl R E T
HEZR>Zebhr s, ZOZe»5, BERT ZHWAFERIEFE U XDRTIERT
DIEFEAT T &, 2N —B LFHMEiOMm 2T 2N TELZe0bhd. H
HEHICHWSE T =2ty POEWTIE, RAENICRZE, ZRr2DF—Xty +&2H
WA DMHBEENE L 72 o 7.

6.1 fip NFilffi & DMHBEZ W 2 EEB X U 6.2 fiio MAEGE 12 & % EER DS
R, fE L7 —%7TBERT 2 H¥E T2 FEIED LOKRe ko7, KIHHE
DFHE TN EER L7z T — Xty McRE(LT 2 2T, FEEHOFHEET LD
PERED M L L (6.1, R6.2), ZOHR, &t 7 L 2HAGOE - FHETHAE
M kU7 (6.3, £6.4). Ffi7—% (CoNLL 2014) OHE L 138 7% 2 BHFD
T — X TEYE L7256 i T — 2GR WEE O 7 — & (CoNLL 2013) TERK
LT — R CTHEE LEGAEOM A THEINTWS 2D, BEEHICHWS T—X
OWEIFKRERMEICRORVWEEZ OGNS, £ 2K 3 D X5 ICHEE D%
A2 RELHEBLTVE D, 7—2ERICHD 23X MY 10 THZERL T
b, #EHZ XD BEYNCEHE T 272012 27 A5 R L TH ST —
REEBRERETIHHEZILNS.
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ETE W

7.1 @G

M2, GLEU, &¥5 [4], fEfKL7-7—%& T BERT OF¥E 217k o 5B DR
RPFRIC X 2 - % 75473 % . Grundkiewicz & [15] OFHi 7 — Z 1235 % %5F
MiFEELR T 2. 7.1, REFEOADPIEL K FHETE A2 RS, M2 &
FIIEX 1 EETIEX 2120 L TR CaHlifEz 5 2 THE D IEL K FHiTE Tuwawn. XK
JERI 72 EER O—BERIZHED < GLEU &, 2832 “problems” 3Z £ MR\ DI
FTIEX 1 2R FHMi L, REIICIZMLI TV 2 25581517 “the” SA > TWBETIEX 2
ZEFHMELTL X o TW5a. — T TIREFIEIR, “disadvantages” 23 “problems”
W23 > TWT DR “the” 2SA > TWABETIEX 2 KD BEIEX 1 DIES & L G
ficxTHhH, RFWLREAHO—HRIKFRETIHETEZTWS. REFS [4] Ik
LLFHEiTETWARVWDX, RES [4] ARG, KICEWEREFEEZ ATV
(%6.3) 25, FGMEDRHEE 7 UG ANTRHE & OHEBIAMERN (R6.1) TeBIY,
BEIRREE DM€ 7 1 1d METEOR T® b A1 & DG —ECaHiifE %2 3 5H
T 2D ANIIRBEDOIVETIEX 2 Z2EFHET 206 THEeEZONS.

7212, ZRXHAVSEFIETRIELSFHEITE LD, Z2RXEZHVRVTF
ETRELLFHET E R o blZ2RT. SRV FETIE, SR
“child” AEFENT WS 72, “child” BEFNTWVWBEIIEN 2 Z& < FHiEi L TW

K 1.1 BEFIEOADIEL < FHliC & 720

AJIX There are a lot of disadvantages that people may not realize of .

ZH  There are a lot of disadvantages that people may not realize .

There are a lot of problems that people may not realize .
FIIEX 1 AFfHEi M?  GLEU  &¥5 4] 1BEFE
v 0.556  0.586 0.949 0.913
There are a lot of the disadvantages that people may not realize .
FTIEX 2 AFfHEi  M? GLEU &85 [4] REFE
X 0.556  0.630 0.977 0.826
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% 7.2: ZRX AW FEDADIEL K FHMliT = T 24

Therefore I believe the parents have their right to know

AJX the healthiness of their child .
B Therefore , I believe the parents have the right to know
about the healthiness of their child .
Therefore , I believe parents have their right to know
. the healthiness of their child .
FIIEX 1 - 9 . .
ANFaHli M GLEU &¥Fo #ERTFE
v 0.456 0.320 0.850 0.873
Therefore , I believe parents have their right to know
STEY 2 the healthiness of their children .

AF#HE  M? GLEU &%5 RBEFE
X 0.333  0.245 0.883 0.881

5. —hHT, SEXEHVERWFEETIX, “child” @723 “children” & 7% - T\
ZEIEX 2 ZELFHMliLTW3. ZhiX, ZRXEHAWRWE=D, ZIRTXOIERE
ZELEHMENTEXRWEDTH 3B.

7.2 IS5—2A 7RO

MAEGE Tl&, FED T T — XA FDFIEIH T 5D 02175 2 e 8T
22. REDLS — 2 A TOEIEDADRELZNLDRT (¢,d) DEEZHEL,
BT (¢,d) DEXEFHIL T, 2077 m(c) —m(d) DFEZFHET 5. ¢l
REDLT —XA4 TOFTIEZBEH L7BRDON, ¢ 3ZDLT—& A4 FOIIIE%Z#E
A3 2RO, m 3eHliFEEZRS. AOHEOPGEZFEFES LS —&x 4 7
DFTIECA LTRSS L, EQEDOFEEIMRT S I Z2ERLTWVWS. HIZIF,
T —XA4 75Vt (Verb tense) T, ¢ B “The medical treatment technology
during that time is not advanced enough to completely cure him ., ¢ 2% “The
medical treatment technology during that time was not advanced enough to
completely cure him 7 O X 712X L TEXDFH 2170 m(c) — m(c) BIER 5
WETIEL XD A E L FHECETWA 720, BYNCFMTETE D, ARG,
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K713 T5—&A T

Io5—&XAT M2 GLEU %5 BERT exist BERT our
Wei: (Wrong collocation/idiom) 0.000 -0.047  0.062 0.036 0.064
ArtOrDet: (Article or determiner) 0.000 0.003  0.055 0.040 0.068
Mec: (Spelling, punctuation, capitalication, etc.) 0.000 -0.010  0.052 0.038 0.072
Prep: (Preposition) 0.000  0.005  0.063 0.038 0.063
Nn: (Noun number) 0.000  0.025  0.066 0.045 0.078
Vt: (Verb tense) 0.000 0.038  0.048 0.035 0.063
Rloc-: (Redundancy) 0.000 -0.025  0.052 0.037 0.074
SVA: (Subject-verb agreement) 0.000 0.024  0.047 0.029 0.058
Pref: (Pronoun reference) 0.000 -0.042  0.042 0.028 0.042
Vform: (Verb form) 0.000 0.025  0.048 0.039 0.070
Trans: (Linking words/phrases) 0.000 -0.041  0.052 0.038 0.069
Wrform: (Word form) 0.000 0.063  0.076 0.044 0.079
Others: (Other errors) 0.000  -0.057  0.047 0.035 0.052
Vm: (Verb modal) 0.000 -0.072  0.024 0.032 0.057
Ssub: (Subordinate clause) 0.000 -0.036  0.034 0.044 0.087
WOinc: (Incorrect word order) 0.000 -0.032  0.065 0.036 0.076
V0: (Missing verb) 0.000 -0.012  0.048 0.060 0.101
Pform: (Pronoun form) 0.000 -0.029  0.047 0.032 0.052
Um: (Unclear meaning) 0.000  0.009 -0.006 -0.005 0.012
WOadv: (Incorrect adjective/adverb order) 0.000  0.021  0.076 0.044 0.076
Npos: (Noun possessive) 0.000 0.010 0.067 0.020 0.054
Spar: (Parallelism) 0.000 -0.106  0.045 0.028 0.068
Srun: (Run-on sentences, comma splices) 0.000 -0.090 -0.046 0.039 0.084
Wtone: (Tone formal/informal) 0.000  0.017  0.052 0.038 0.060
Sfrag: (Sentence fragment) 0.000 -0.142  0.032 0.027 0.039
Smod: (Dangling modefiers) 0.000 -0.162  0.021 0.025 0.033
Wa: (Acronyms) 0.000  0.285  0.176 0.113 0.237

RIIEL72 XD R G L TWa 728, MUNCFHiicETuwiwn, =524 7
121X CoNLL2014 [34] THEINTWB 21 DT —X A4 TEHEHT 5.

I3 WHRERT. M2 TERETDOIZI— XA T THEEEMIIE 0 (0.0001 %
) Ko TEY* BEDLS —XA4 A L T—E L HMEZITZ TWiRWT

*Choshen & [8] DFERTHFAMKIC M2 B2 TOLT—X A 70 £721F 0 1SAWVHEE 2o TV 3.
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bbb, GLEU TEEZEL DT I —&X A 7ORIEIMLTEAELTWS. —F, &
B2 HWRWFHETFETIRIZFL ALY 2 TOLT — XA FTIEDEL > TED,
ZLDTT—RA TOEIIEHLTIETETWE Z b s, K, KA DIME
L7257 —&TBERT OFFE TR > FECBVWTEETOII —XL TD
EIECH L THIRTETCWS. 7, BFEDOT—XT BERT OH¥EE 21757235
BITHRT, BLF7—X4 AN T 5 FHEDEIREL KoTED, £L7—X
A TORTER L TEID KRELINMETETWS I e bhb. Rz, HoFEICH
NCEHBER <X DAY (Srun) RMFIEDFED (Spar) 1283 297
HREL, BEREDTHZZebh b, W2, PAICLAZWVWEEBENTERL
XS5 KD (Um) 1IMOFE L FRICFEEN NS, HFREDTHL 2D
L b.
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E8E H&DDOIC

AT, SOERDFTIEOHEFHMECEETH 2, UEN - WG - BEHREE
Mo 3 IHEOFHMiE 7 L2 ANFFHiiC KBS 2 FELRE L. miEhd 5729
O T — Xty "BPEFEELRWED, 5 ODFTIES AT 2D LT,
iEME, e, ERREEOBATAFTHEZI TV T =&ty P DIERZITo 7.
ER LR EEDTF— &2ty VT, HiiEE IS (bis0BEEE %217
W, BIHEOFHIE 7L EER L TENS EHAS DY TER D T IED B EFHf
PiTh o7z,

EBTIX, FIRHEEOMGE 7 L OO X X3z TV, FEHEZ ST
HYUNCFRTE20FER L. 2L T, ATl 0EIC X 2 X 2FHis & U,
ANFORTIEZ AWz X X3l T, SHEEOFME 7L &2 HAE b8 7 FiE % i L
7o, FEBROMER, IREFIRIMERFIRICHAT, SEEZ X DEYNCFMMTcE 2 2
¢, REHOFE T NV ZHAGOEFMETSH X DEYNCFHMETE 5 Z 2R
2. ZLT, HEiFE I XoF5kas TH % BERT ZEIIFETF L E LTHWL
5 ZeBIY, BADPMERLETESINT 2 NFFHMICHRELS 2 Z 2 25HB D
BN TH 2 ZehBbholz. DMOME, MERFIETEIVW 2D T —&
A TOFTIEIZN L TEA LTV DI LT, REFEEFZL2TOLI 24 DR
ERH U THEUNCMETETWS Z b o7z,

SHBOFEREL LTIE, ERDATEORKESE ICRE L HERMEFEZ GRS
52 TH3. BIZR, RE L7 HERMEFEOFAMEZ &M & U TRt EE i X
B EITOIER, BBETNDOT VY ITNAETOIRICHER LT, &b BV
EZBEIRT e RhEDPEZIOLNS.
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