MEEEDZHME RO IBEREFALIEI v BHRR

AE HEd

JEE vl

ks

= R Iem B A BN R E R

{doi.kosuke.de8, sudoh, s-nakamura}@is.naist.jp

e

AL T, TvtA HEFRAIZB W TSUERH
BERBTAIELDOMBIIOVWTHFLE. =yt A4
DIHMBHICIZ T, FEEPELLMHEZTVWE X
REEOEHRP, SEED 0BEREET LD AT
HwazreT, E7aAMERMELR £, &
FIORICIZ T, =yt fDRERaT Xk
AAT7TINVNFRRAZEEEZTS 8, T ALERED
kb kElmELE LrL, ¥EHENPELLIMHZ
TV A SGEHEE OFR E )ER D ofElRZHAG D
B THWTY, Az BB THW: & % L [
DETFTAMEREL 2D, WEZFRFHICHWS Z & DM
FRRITR SR o 7.

1 IXCHIC

Tyt A4 BERA (AES) X, ¥EENEVT Y
AR T7R VL NIVEDFHEEE 532 X 27
TH5. WNEZEHBITBWTIE, BEDFTA T4~
TRAVY—F 7 Wo PEHAEN OB R D EMRT
ZWMNEZIT, Ty eABEPHCSN 5D
WZTW3. L2L, Tyt oM, K&k
AH - FERI 2 2 3000 5. R 58 ERICRERE 28 2
MDA T, #EORSEMTOFMGDSHH
HEROZDICE, MRBEDIIMPRBETH 2. ¥
72, BRIEED 1L THoTDH, HHZRELSFE—OD
Ty A ICRR 2% 3T 25805 % Z L BME
INTVWE. 2D XS nifEZERIC, HBEERAN
HPITHbIL T3S,

Tyt A HEORLTEE, Ty iT LTI
DDRAAT7EMNEGT HHRENFHT L, SCEPHNEE
DEBOBE L TEN TR A a7 25555
MR- Rl 3. 72721, BREMFHHB W
Td, HMFHECTHW SN 2B TOHREZ D
HEL 2o TWVWBZ e —RINTH 3.

Zho0BSoFT, LS [1]11X, CEFR QXM
KRS (2] 2 5E 2, B RXa7 ZHEET % AES

ETFIVICOEREIARINCRIH 2 FIEERREL
7z. BARAYIZIE, BERTBlIC &k hfEohs Ty &4
DITEIRBNC, SEED OER, -3 EEDIE
LA TWASGEEHOBREES Lzd0oe 2
HWEBANOANLL, Tyt DRERaT RHEE
U7z [1] TESEEDY o2 = v 4 ORI %
AN LTHEE L TW=23, 2 OHEERSE ICHRED
Holz. £, ELLFHZTWE EEEOERIX,
EFAMEEDA] L2 DR B D - T,

Z ZTARMZETIX, ERDETIEE TV [4] DET
IEASRICE O XEE DB RBE L L THV 5.
[1] TIEL X TV A IEEHDERORN R 72
PoZBEE LTI, (1) TytADoEERE (768
Zot) TR LU TRE OO (KT 25 %00) A3
INEIoTzZl, QFEBICHERALEZF—Xty MZ
BEOLy b4 FEICHSSBERBEENTED,
FHIN L GEEEPEEEOEAELID S, Ty
A FEOHE LR ZIF T Wiz e AAEE e L
TEIFoND. Z TR TIE, 256 RITOHT72
TR E % VW, Automated Student Assessment Prize
(ASAP)V Z BRIV 5. RiMB L 7 — Xty b D
P OVWTIE, EhEn 3 i, 4.1 TR 5.

2 PBERRZE

WD AES E7 L TlE, AFTERI NN EE
PHW STV ([5, 6] #ZHR). ] 213 e-rater [7]
X, ERDREROEM I OEELE T 12 FH
DORMEEZHAVTWS. [8] 13k 4 L SiER M oF
T, XIEOEMEXPLED I T 2 16IEICEVEAD
HOIRONTWZ e ZME L TWVWS. [9] 1EIE
MOMBMIBR R L DNLFRRAZEE RIS 2
T, AES OMEENM LT 2 2 ZRL 7.

WMETIE, EEEEHICHES S FELER - T
W3, RNN % Bi-LSTM % W= E 7L [10, 11] %,
BERT F¥ D HFFEHEASTHEET VICE DS ET L
[12, 13, 14, 15] BER IR TW3. T/, HEEY

1)  https://www.kaggle.com/c/asap-aes



WEILK 7 e —F e AFTERES AR EBEL
HABGDOELETLVDREEINT WS [16,17]. [18]
¥, BERT » 5856123yt DoMEHRICE
MY DEREMHAEDELZETAEZRE L. Ly
L, XEHEDIEROEME, 5L SEHERNATE
FOEREZ ] L X 7—7 T, AES TIEEIERM 1
Mofz. MNESGERDER, BIXFELLIHERT
WA SEEH OE#RE W, %EITE T VIR
Da| Iz oD Sk o 7=,

KRB SEETVEER LR IThbOTE
D, [19] % GPT3 TEEREEZHWS Z T, &
RABEEDA LT 222 BR L. [20]1&, GPT4 1
DPEORERE 525 2T, 85D SiERMIcES
T HOTF—2THE LTV AFEDERE
BoNEZEZWMELTWVS.

AR, FREEE e AFTER L NHEEZHE
AEbESLZ77a—FIZBWT, (1,18 THWHHR
TV SRR EZ MR L, AES TXIERHZE IR
HIZERT 2 Z L DMREMGET 2D DTH 5.

3 MEFHYEE
3.1 CEFR X E#45¢

CEFR [21] {3 5 FBRE % 31§ 2 EEfekE T, &
EE Al (FIFR) ~ C2 (E#) D 6 BXBEICX 73 5.
YD XS IERFERED CEFR D LRV Ik 2 f#
25X Ko TV PREFEI L ITHIFEEI AT
B D, JEFETIX English Profile Programme {2 & D Z D
Ko REE GEHERME) 2L IR > TV [2].
HAEEE MY CEFR O L~V CHEBN 72 SEEIHE B
THY, HZLNULEOEFRENELLfES 2 &
A3 T & % positive linguistic features (PF) &, # 5% L\
L DEEEE DR X %3 W negative linguistic features
(NF) 23® 5. NHEOREEX, ZhoDHEEZEHEL
BBOEEEDR T+ —<  AZFM LT VR LS
HNTED [2], AES ETFNMIZBWTIER#Z A
RHENCHIHT 2 T, EFAMEER M EXE S
COHIFETCE S, ITNOHEIT, EBRICHWS PF &
NF (IZDW T EARINCHAT 5.

3.2 Positive Linguistic Features

PF O 121%, CEFR-J Grammar Profile X {AJE H
SES T a5 522,23 EWS. RA7ar 5
2%, 501 FEOSGEHEEHDO 7 ¥ A M TOHEE %,
IERRBICHESWTHEMNTE S, [1] Tl =yt

1 T 5 SO
AR D Bd 100 G572 b DIHEXEHEE.
SCERFBE. i)

type256 fEHOAEEE, 256 IHH
err24 MO, Mmh X CHEE (24 FRE)
err54 DE, RO XRTERRD XA TOAEER

HAEbE (54 FEH)

AHFTHEONROSHEEENRZ VW Z 2ITX DRI b
WA= R85 Z e Z2i T8, ART25X
TCICEEGT LR E Z W=, =7 m E
WKIE ok okrolz. HKE LT, =yl Dsm
BRI U TR E O ROt/ N S 22 o T2 AT HENE
DD D7-5, AFFETIE TCEFR-J Grammar Profile #X
B 1ICEOXEE L 256 RITDR T LB R
BrLTHWS G 1 EE). SXotidarER
JHLTED, mykahTfELATHIUIL, b
nTwniiFhIo iz 3.

3.3 Negative Linguistic Features

NF 12X, 10058H720 OFER Y BERH WS, A
REIZIX, ERRANT 241 XX o TG XN 33D &
ZWCFDE | 24 RTC (err24), B X U 54 KIT (err54)
DRHEEERT 2 (1 ). =yt HFOXE
A8 D METIEICIE GECToR-large [4] % W 5.

4 B

EERTIX, [1, 18] ¥ [FIFkIZ, BERT IZ#D < AES
ETNMZBWT, XEREZHWS Z R IZD
WTHRGEES 5.

41 FT=2Evh

FERITIX ASAP ¥ ASAP++ [25] B W 5. ASAP
WKIE8 oD v A EICHTI2ERNEENT
BY, HEI~6 3B ERa 7, HE7T~8 138
Ml R a7 ft5xhTwad. HE7~8 TIEB&A
H2a7DEFPRERATERE. T—ROYE
R 2ITIRT. ASAP++1Z ASAP O 1~6 DEZR
WKL TBENRAa7 25 LT —&X€y b T
H5.

AFRATEEL Y A FEOBER a7 2 THIT
BETNEBELL. BERHIR 7151, SUEIR
BT 2 2272 Da%k v AT R R ¥EEORB &
27 (42 #iBH) ITBVWTHW .

ETVOMREIHENE, FEATIZICHEN 5 EIR A=
MEEZ W TIT o 72, [10]) D ENCHE D =, 60%,

2) R 1~2, 7~8 1% Conventions, #fiH 3~6 IX Language.




;]2 ASAP7—Xty b OWE
P oA Ra7HIH

1 1,783 212
2 1,800 1-6, 1-43
3 1,726 0-3
4 1,772 0-3
5 1,805 0-4
6 1,800 0-4
7 1,569 0-30
8 723 0-60

20%, 20%% ZNEFNFH, R, TAMT—%¢E
U7z, Ml ERE & 2 N U TTY, FEME I 1
2 ROEAN E H v REL(QWK) Z V.

42 BRRETI

REET NV, TvvADTERE L XERH
BxANYL, vk oREGRa7ETFHT 5.
NR—=Z274 LT, Tyl DOHEHRDOAE
ANETEETAEE L. Ty 4 DFEERE
I21& BERT ® CLS b — 727 Y EH W, XERHE
i, K 1R 4BEORETETLVDOFE KA
L7z, catlid= vt A OHEHR L SUERBON Y
ML EBELEZDDORIEEH N =2 —F 1%y b
7 — 27 (FENN) ND A1 & U7z, net I3 IER %
FENN I L 72Tz vt 4 OERBE L S
72, multild net ISR T, MERa7 e FEA
7 TCRNF BRI ¥EZIT o7z, multi O FFNN (2
WBERZEGE 2R TS, HEEDAD SN S
Y LY. dual 3SERMOD 3 v b7 — 20530k
Aa7EWET AMEE L.

Tyt ADRAATIE 1251 OHFMHICER
{ft. L 7=. BERT & HuggingFace #:23AB L T\ %
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RlIE512 v—2 e L7 BREEI Y F s
Z M\, FFNN & BERT DM /7D 85 X — X %2 H
ML/, XERHoxy b -2 ORENEDOEIZ
3, BAOED /7 — FEUISUERBOXTTED 2 57D 1
¢ L7z. FFNN OFENEDOEIX, cat TIX{1,2,3,4,
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3} ZERRL, 8 1 OBy T QWK AERD &
{Iol-bDEEINL. FFNN ORENED 7 — F
BUX 512 2 L7z, multi & dual TOEX R 7 DK
3) R 21X Domain 1 (WASLHMKZ ) & Domain 2 (Cik

7Y) O2fEORaTHFEINTVWE. FX4 2Tk

EFNEEE L TENZHEIL, 20 FIIEAHE 2 OF

i e 72 5.

4) RZAJEEEEFOMELR L2, HEEOAD Y & X
Db QWK 2MEL Ao 7z,
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1+ re
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900 -0 0000
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1 FEEFATOERME D %

B DEAI {0.8,0.6) Zik L7z, SUEREOD X v
b — 2 ¥ FENN I B 2 G LB EUCIE relu %
Huwiz, &b 7 v ) X 40% Adam, 225 % -5,
dropout=0.2 & L, Ny FH¥ 4 X {4,8,16,32} T 10
IRy 7B EITo7-. 43HITIE, vt A#
FUICBWTHFEEL Y P TO QWK b EL Ko T2
Ny FH A4 X TOFREREPRET 5.

4.3 RERER

431 ETIVIBEDERER

IERHARIC type256 & AV, FE TG Tt
BRNANR=NRT R = RDODEREITo 2. £ 31X
FFNN OfEN g oz 2t 20, FE1 D
¥t vy b TD QWK DFERTH 5. cat TRRAILE
D E 1L L&D QWK (792) 1, R—Z T4
> (.813) DfE% A - TWiz. QWK IZFEN)E D5
ol E2lRdbEmLARoD, ROAEDOEK
FHPRPLTWL ERAICKETLTWS 72, net TlX
FFNN OFENEORE 2 £ L7z & 212 QWK 23 d
Bl o7, multi € dual TlX, £ BDICEXAID
HA% 0.8, FENN OFRNEOK T 3 L Lk 212
QWK b E o7z, BEDOERTIX, Zhb
DNAR—28F R — R B WTHEE 2 {To 7.

432 FIvtAFRETOHERSR

PFOME KETAMETXERBEL LT
type256 Z HW7z 2D, 7 A MEy MIZEBIT
2Tyt ENDO QWK 2 a7 %K 41Z/RT.
type256 Z W3 Z & T, 2T vt/ FHEDFEY
QWK X723, 2 TDETIHBEICBVTARN—2



+3 FFNN ORNBOBIC X 2 GRE 1, QWK dev)

R5 SORFHURIC X 3 LEE (dual,

R, QWK test)

# of hidden layers
Model 1 2 3 4 5 7 10
cat 792 .825 814 .813 .801 .766 .722
net 812 .824 817 - - - -
multi (0.8) - .819 .827 - - - -
multi (0.6) - .804 812 - - - -
dual (0.8) - .816 .824 - - - -
dual (0.6) - .820 .819 - - - -
FTa EFNEEIC K B (type256, FRFER], QWK test)
HEHRS

Model 1 2 3 4 5 6 7 8 avg.
baseline .807 .659 .671 .805 .799 .803 .819 .749 .764
+ type256

cat 818 .675 .673 .819 .806 .808 .832 .734 .771
net .822 .684 .685 .811 .804 .813 .834 .746 .775
multi .812 .682 .694 .817 .808 .814 .837 .749 .777
dual .820 .675 .700 .820 .809 .806 .831 .763 .778

A4 EbbmAEL (R4Davg). Tyt 43
TroRa7ERTYH, A E8 D cat, net, multi
ZREETTQWK Ra72mELTWS Z & h
5, AWK THW PEIZE TS AMEED A EICHR
BHdEEZILND.

T/, NI THULWLNTWZ I RITTDOREE %R
ASAP F— &t v MZBWTHWE 2, 7L
BEDIE BT 335805 -7 (B : SCEIEH OIERAF
%% CEFR-J L~V Z ISR LR E, 57
N iE=dual, AR 1=.827, ##RH 8=.755). [1] T PF
PRHOWTHETVHERERM E L2 > EREE L
T, AHETIE () FFEEDO BB/ NS o722
v, QFEBRICHERALET Xty MIZEBOZ Y
LA REICHDLKBERPEEN TV D 2D%
REt e L CERE LTV, iR Q) 2%
H323b0ThH3. 3bb, TvtAifEIFE—
THHZE, ToAfADRAT7HIZE>THWLAT
WASIEHENERR > TWE Z 2 REBINS.

type256 E W2 &, ETFILHEDOHTIX dual
PROEWVWQWK Ra7BER L7z (£4). ZD7k
», LEDOFEEBRTIX dual ZFHW, NFHM, BIKR
PF ¥ NF ZfHlAGHE - E DB OV THEEE
1To7-.

NF DFR £ 513, dual DFRE TEL 2 IER
WEHWEZLED, A +Ey PZBIFA2Z vk A
FRER D QWK A2 7% /RLTW5%. NF ZHMT
Auwir x, 2yt AR EDFE QWK R a7
R—=ZAF7A4 & bAEL (err24=.774, err54

B
Features 1 2 3 4 5 6 7 8 avg
baseline .807 .659 .671 .805 .799 .803 .819 .749 .764
type256 .820 .675 .700 .820 .809 .806 .831 .763 .778
err24 .814 .666 .690 .817 .809 .805 .833 .761 .774
err54 .820 .682 .677 .820 .803 .823 .836 .758 .777
type256 + err24 821 .674 .686 .827 .799 .809 .833 .751 .775
type256 + err54 821 .679 .690 .816 .816 .810 .835 .754 .778
Yang+ 2020 [13] .817 .719 .698 .845 .841 .847 .839 .744 .794
Cao+ 2020 [14] .824 .699 .726 .859 .822 .828 .840 .726 .791
Wang+ 2022 [15] .834 .716 .714 .812 .813 .836 .839 .766 .791

=7771). ¥/, Ty fFEIroRa7ERT
b, ETOFETQWK Ra7HhR—254 kD
b ELTWa. X DEEMRERD BReFoRE
(err54) DIEFSWENWR A7 EER LTV Z LI,
[1] TORROMER E —H LT3,
PF+NFD%R PF & NFEHASDOERLE D,
RL v A REDEE QWK Za 7IER—A T4
b ym L7 (type2s6 + err24 =775, type256
+ err54=.778). L L, ZDOAA7IXPF £/
NF 2B CHW/2r 2 FAIEE L k->TEBD, PF
Y NF 2 AHAWS Z Ik 2HBEMREIE SR
Motz AT, FEATHREDET IV ([13, 14, 15] 128
LT, &2y tAHEDFE QWK 2 a7 T .01~
OISTEEDEANAL ¥ R23H 5. AP TIX, PF &
NF DXR7 M EEE LD D2 ERBO X v b
V—JDANE LTEHERITELTWED, 20
FRERD ARy b2 IZETRYE, XD RERNR
PF & NF OflAGHLET a3 5 2 & T QWK &
a7 kA LEIEE e nSHBOBETH L. £,
B3 EREETHEE LT e 7 v T L
THZeHEZILNS.

5 E&HDOIC

KAWL T, AES THERMZERT 2 Z L D%
FIZOWTHEEL, PF & NF IZ3H2E 7L HRED A
LicFHFET A BRL:. £, A—DxTvt A
HETHNE, TovEADRATHICE->TRR S
SGREEMEDN TV AR R Sz, L
L&D 6, PF & NF ZH#lAGHOEL L X OHEENR
BRONRP o720, X OMRNEHABEDLES
EMET 5 e NS BROFETH L. Fi, EH
DREHLNTWAESGEEE 2 a7 & OBRES,
REET IV TLEFBRECEDIRONA TV S EA
ZOMT 52T, FEENIDEEKNL T 4 —F
Ny 7 BT ITERICOWT HRET L2,
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