846 & 3 D2 M- N 1 M = A < Vol. 46 No. 3
2019 4F 3 H COMPUTER SCIENCE Mar. 2019

ETRESUNRIIEXBHESTTIE

A R R#EPT AxZ % T
(RREIARFUHENAFEEAFR KRR 430070
(I EHERTEEHAARATALEEE ABKEFXFL 43 100085)?
(ANETAFZXAGHBAAAILLZELALHE R RX 430070)°

i E 4L 835 (Automated Essay Scoring AES) Z 38 A 45 . 8 K& 5 AR 3E T FEMB K15
LHFEN R ErW LG, BSEMIMLZARETRENBW AN ETEZRRT A LEAERLADFELZAAN TR
“ARHsZ—, BHENOELAD TS E2ARAT 2R B ETENTFLORARLTAERL, Bt F B & 4%
BN SRR R BANSEEBELADFLOHRLTRINE,EAT HETEM S RBHELF S0 EEM, 4
ML FE LR R TEFTERNEIELADFL> T, E8 .6 BESAET ERRAELHINIL, G E AR
LMEFRHE TN LB G I ENARABM B E L F R ESBEETRS AT L, REMEL R AR
LT EMBTITS, FREREAN, A TRAAMG B F AR5 25 42 (Discourse Element Identification based
Random Forest, DEI-RF) #9f£ # % % 94, 13% ; A TR W =1 )3 69 % F 2 M A 35 3 5 4 A (Discourse Structures Scoring
based Linear Regression, DSS-LR) & # % 4~ % B (Introduction) . # iE & ( Argumentation) ¥A & ik % B (Concession) #7 3
7 Zi£# 0.02,0.11 #2 0. 08,

XBHR XD TS BFRS,BFEMOSN, ARBTAE MAAK, KW

HEZESES TP391.1 XHERFRIRED A DOI 10.11896/j. issn. 1002-137X. 2019. 03. 035

English Automated Essay Scoring Methods Based on Discourse Structure

ZHOU Ming'® JIA Yan-ming® ZHOU Cai-lan' XU Ning'"*
(School of Computer Science and Technology, Wuhan University of Technology, Wuhan 430070, China)!
(Research Center for Artificial Intelligence and Big Data,Global Wisdom Inc, Beijing 100085, China)?

(Hubei Key Laboratory of Transportation Internet of Things, Wuhan University of Technology, Wuhan 430070, China)?

Abstract Automated essay scoring is defined as the computer technology that evaluates and scores the composition,
based on the technologies of statistics,natural language processing,linguistics and some other fields. Discourse structure
analysis is not only an important research field of natural language processing,but also an important component of the
AES system. Nowadays, AES system has widely application. However, there is not enough research on the structure of
the essay,and the AES system does not focus on the Chinese students. The domestic researches on the AES are in in-
fancy,ignoring the importance of discourse structure in essay scoring. In view of these problems, this paper proposed a
method of automated essay scoring based on discourse structure, Firstly, the method extracts essay’s features,such as
vocabulary,lexical and discourse structure from levels of words,sentences and paragraphs. Then,the composition of es-
says is classified by support vector machines,random forests and extreme gradient boosting,and then the linear regres-
sion model with the discourse element is constructed to score the compositions. The experimental results show that the
accuracy of discourse element identification based random forest (DEI-RF) can reach 94. 13% ,and the mean squared er-
ror of automated discourse structure scoring based on linear regression (DSS-LLR) model can reach 0. 02.0. 11 and 0. 08
on introduction,argumentation and concession respectively.

Keywords Automated essay scoring, Discourse element, Discourse structure analysis, Natural language processing,

Random forest, Linear regression
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Table 1 Definition of discourse element

Background Introduction XEYENE
(BD
Main Claim(MC) FERAHERTHEH K- FANEENL

Reason(RS) Bl EFEENETERA I SEMRBRX A

Reason Interpretation

(RD
Evidence(ED)

H g B El AR

WEEREE RS FEHMRERX R

b E R ORI R AR R AGA R 7R
a4t L e AE R 7 UL A R IR L DLk R

IR A E S
EHEBDERBNWERER ATRELAXHRR
BR,THEEINEE A TREALANER
AR A THENEA N EET
50 E LA WA T R R R E U TR

Concession(CS)

Conclusion(CC)

Transition(TST)
Irrelevant(IRL)

B 1 WO SCE SCRY TR B A AR
(BI) Friendship is essential for everyone, but different

people have different principals to make friends. (/BI> (MC)

From my perspective, I will not keep on the friendship when
an old friend does some things I dislike. (/MC) (TST) In
what follows, I will offer reasons and examples to demonstrate
my argument, (/TST)

(RS) The f{riendship is unhealthy that one ought to be
tolerant of the other. (/RS) (RI)If you do not prepare to fi-
nish the relationship in which your old friend does something
you do not like,you need give tolerance to him or her. {/RI)
(RI)On the contrary,the condition should be enjoyable and be
relaxing with each other in genuine friendship. (/RI) (RI)
Otherwise the accumulation of tolerance will cause more se-
vere contradiction which is harmful for the both sides. (/RI)
(ED)For instance, Linda dislike a stranger to visit her home,
whereas her roommate takes different men to their house con-
stantly, but Linda chooses to be patient to keep friendship e-
ven though she feels unpleasant every time. (/ED) (ED) The
grievance of tolerance affects not only their relationship but
also her own work. (ED)

(CS) Admittedly, stopping the friendship decidedly may
manifest you are not generous and comprehensive enough. ¢/
CS) (CS) However, the empathy built on mutual understan-
ding and positive status on the basis of enjoyment of friend-
ship are the most crucial parts of the relationship. (/CS)

(CC)1In a nutshell, the people who recognize with you for
a long time do something you do not like are the people who
do not attach great importance to you. {/CC)

X A AT A RTE T AT O R —
E-rater” & i1 3¢ B # & % i Ik % ¥ > (Educational Testing
Service, ETS) I & W 1E 3C A 2 3T 53 F 48 7R A4E 3C A 2 3T 43 i
T gl BURS B BRAE S I B Burstein 25 88 H 89 5 55 004> . I 1
b T B3 A TR 3 1) R ok 5 O 1 SC R RS B A AT )
E-rater 8¢ ¥Z B A T ETS A9 FC 48 M8 SO b, (0 27 55
BEEERAT oy A5 TR T SO IR A MR AT R IR E AN
WERE AN B 1 LB T E-rater J& gl Ak 7= &, JER 25 45 40 1
SRR FLAR Y 2 X SR TEVR T LA T 45 AL T 43 A
MY EARSEIAN T . AEA R A 2 SO/ T R L 2 AR L% )
A7 AR [ 45 9 305 1R WU A BT 22 R0 I8 G A Y E-
rater R G0XF iV E 2% LR AR SCRYPE O B XS MR B, BE & T
KB NXOE  EHN AES RGMAEZ D L. Ayt o ™ 7E
] N R 2% 0 1R AR S 43 b B BT T 32 B X O B A A
B9V 43 OCR A B L JE TR 0 S0 B 114 8 A5 e 1 R DR AT
VEB 38 75 ER Wk itk

BT OA MU TAE X R T R L 45 A
ARk 1 AR AL BRSO SO 5 S5 4 43 BT 1 OB R L AR
SO T — ol B T ANOKL B R A MR SC A ST . A
S EZTTHR AN - D A8 T A R A TR B AR
B34 IO SR 4R 1) B S HE AR 25 2 AE 19 300 e R 3L, 3k 6083 A
A, LUR T O BRI R B AT, O O A R BB TTAR T
B3 HL LB S X SCRY R B A R AT TR A LA B
WRHE 2) B A AES F 80— MALET X DL iy Bl 09 2 4 1R
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SCHEAT AT A SCT7 12 25 S B v [ 2 2R 1 AR AR A L
THRSIRPIORIE TR, - ERE R TE RS
P 530 [ AMTUR 55 25 4 HEAT AT ST B A A 308 A 2 45 A X 4 S
ATV ST E AR ) AES RGP W AUA E-rater RETE
Vo I 25 08T RS A A L T N YR T A A A AT TR
T T R AR YR B AR Dk SHRL BE R 4 EAT IR
A AR R B S5 R AR SCHEAT AT 20 . AR S8 R R B 19 R )
L ZAT B LG IL TR SR S a5 M A 3031 . fESCH
SNV IR EE Ay WAL D R sy A 3R (Dis-
course Element Identification, DED) , iX 4~ 15 Bt $ B &5 1 45
Fa) VIR B 4] vk B R AE L I F 32 FF 1) &= ML (Support Vector
Machine, SV B #L #% #k (Random Forest, RF)™ Fil # I
B I T} (Extreme Gradient Boosting, XGBoost) ) 4 5 1k 14
3 AR R F B U AL DELFSVM (Discourse Element
Identification based Support Vector Machine) , DEI-RF (Dis-
courses Element Identification based Random Forest), DEI-
XGB (Discourse Element Identification based Extreme Gra-
dient Boosting) , #& J& 43 51 i FH X 3 i8S 180 > 1U50 AN [w) 28 7 (1
R R AT, i 1 R 2) B S5 # A 8 3T 43 (Discourse
Structures Scoring, DSS) , A He F) 55 — A B R0 H A
B AR R T AR I U Y R A A B o S LA
NEREHMIINS .

ASCHE 2 T TR BT U SR R A A ST Y
FAOC AR 58 3 W IF AN UL B T AR SCHE HY 19 4 35 0 o B2 HCORP AR
P72, I B IR T TR A R A S R B BE Al B R R A A Y
WA T7 i s 28 4 WH I T SSRGS R A i s s JE R A A SO R
B,

2 MXIE

21X B T 43 E Eh LRI A BIF ST 32 B AT L4y S A AT
55 <R B 040 R B 4 F U] . R B R s A B IR Y
WF G2 AR X A B3 B ME B R, R A R IR R R
SERG 43 T 00 T R HE . Song 507 5E 1 4R 2 g Sc 2 P
TR I 22 IA] G FR 9 N SRR A BT SR I RS TR A L R T S
KRR g — 4> 43 28 R) oK A 4 SVML BB AL 1
2R P55 1Y 45 1 BE ML 3 5 A (Conditional Random Fields, CRF)
XA F B T L4y BEAT 4 25, A& FE 45 4 3118 (Rhetorical
Structure Theory, RST) R FL M /- Hr M EE ML Z —,
SCAS T LLRE HL 5 Ak 008 B 45 M AE R AT 4 00T 18 T &5 M A n
B 1R o B TESS FI R A I 7 47 50X 0 5 AN 5 22 BT, 5 R
P T H A EIRZ Ay A E N A BT RR b (nuc-
leus) o A5 & KB PY 45 10 B OG R 102 Csatellite) o AEPEF 795 4%
XN SR S0 AR B R AR ER O TR OB T B O &R
Burstein %1 i F§ RST #4 #6245 9 4, 32 BUSC 38 h A 4
T BRLTT (908 BE 25 H RRAE , 25 5 10T 55 4 45 5 0 B o AR G 1
FRAE (T C5. 0 J7 ¥k 2R XS 55 B 0T BT IR 10 R 3 8 4 i AT 4
%5, Duverle M ffi il RST & BF 78 5 2 8100 2 A8 & %
F I H A L 3 4R IO = R A A AR AE R AL AL AR
23] 05k SVM R g 3 45 0 A BT AR A, R AR | T R
LR IR BN A PERE . Feng 55 R A SUAEHEmE (0 T 1fi 1 A9 5

5 BT YR SCAS G A T A5 R 20 AT 2 U 18 R A
L VEHE CRE A5 BLA 5 55 45 4 70 AT A o i 2 42 7 2858, 204
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Fig. 1 Rhetorical structure tree

I P i 45 R 43 AT U R RIT 9 AR P TR R R O R AR
ST A BOR B R B OCRA R TS B UK A
1k, BfiE RSTDT,PDTB L & HIT-CDTB %18 %} 19 &
A R TR MBER Ik T LIl S5k, FiEXRDS
BT 32 BT F5 5 B 1 SCOC R MR T RST (4 B 4540 S -
BRELRB AN, MEXREES BB AMBXWH, 224E
FUULE PDTB # k2 1R I T — 436 T CRF 801 & =05
BTV B HA R AR B SR R ORI 2R R G
FIETTH RN TR AR E LR RNERE, BUR
TG AR 0E WA M HE BUR E B s A S UL (B AR
EXRTEENRERRTNS LB/ FIEE LR EER
MR TE T PN R R R . ALE IR I
2 SCRFAE DL R A 1 1 1 SRR AR L 4R T — b T A Y
B U 55 2 R AR R 4R R T PDTB o U K 2651 (tempo-
ral, contingency , comparison il expansion) [ Fat 2\ s 2 5 & 1Y
PO AMERG BE . ¥ T 200 [ g R A AR 7 R
AL T 10 DA R S e P 56 20K BE AT L 45 6 95 28 SR W 4R 5 1k
e 17 U] Y A e AR D T T R Y B SR T T
FRYGEROR B R AT R 0 A R ATS AR IR AT

M AES F 480 & &, AT 3 Kb B T 3030 N 45 R T
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B HE LT T, KR AE X SCE AR LG L) RSB B AR .
1 LSBT BN TR A RO R X
A3 43 A F IR AN R T ] S 4 BIF 5 % e [ A A A SR X
PER R . AN SC A RSN B 2 AR A T AR U8 SO IR R
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T B 3 00 T 3 0, AR 4R BUR B LA IR A ik
SEN SRR AE , BT 3 9 A # DEI-SVM, DEI-RF #1 DEI-XGB
Ry A SRR 5 DSS-LR 55 245 4 1 4 B R, AT
S T LAY (RN B R A Y B B RS
3.1 BERSNW

h T PRE SRS B RS R R S — Bk, S 3
RS 55 RE TAE b 2 TR IRER 1 e LW
i T LA AR S ST K 300 i SCHEIY 6083 AT HEAT BRI s A
2 B FRF R — A A F AR TR AR LS, Mg A = &
5 Vb FAE 050 R A B AL % KA bR TR B AR B0 %X
R F BEAT T AR AR AL B AR A R S R PIA ©
P B — 7 B R T R — B T ) I e 2w i R IR A
A AR 25 3R B Wl 3 & AT QTR G M4 i al +
WEARIPRTE ., £ 2 P T IE R A B AR G E L DR T R
G309 53 At B

®2 OWBEREAZITER

Table 2 Basic statistical information of corpus
it st % SR R
X #E 300
4 F 6083
Bl 670
MC 285
RS 564
RI 1232
ED 1579
CS 778
CcC 706
TST 151
IRT 118

3.2 4FMEREX

FRAE SR U ML A8 24 3] i & C LY 25 IR, A B 5% iy A5 A
HIPERE . RRAE 35 U 4 AL i 2% 30k T k1R 0 179 I 0 4
I8 e A0 A m] I A R R A B . AR SO Sl TR AR 3 B
TR T $2 WO ) P o 4 ) 7 55 06 B 5 A AR OG0 R AE S R IR )
FH A AIF 4 3 55 TR0 AY A F1F 25 G AR AF 1) L R R B A
) B AR AIE (] 3 g DT N A A 4 ) R D T A L B R R
SRS I R T LA 20 . A SR AL b K R ol 78 %6
RN AE R 22 0 iy B A 8 IR 288 530 3 A il a4, O B+
Y738 I E R B 22 M B e I AR Y, A SCHR A R AR F DL
WA AT,
3.2.1 M

SEAR AL 32 S 4R UMY 2 R B RO Y ) G TH R AE A R
TE LA R bR 545 S 4 AF . Biran 4071 & BLIE 5 28 5 5 2000 (14 °F
PR W A2 S Y s B BT, R AR SO R = T b
PR BB AR MR ST R IR N A BIRRAE S, A, R R
TR R LI AL B R AR DL RRR ST RRAE . R SR T
Ak H P8 3 2 B < et B B T A B TE SR T A BRI B O
TCEBRE T ALE . AR 8540 N A5 | a5 RIS, 248 5T
0 5 BT I 45 AR S S e A R B AR AR AR IE A T

XTI 2R e T A A R BT B A T BB T Y 45 4
K AR A TE A R R B AR A RN R TE R A RS KR

B B R A, DR b SRR B 5 AR A B A IR R
ETHEBEEM, il EESNAREEETSREACHN
ROBRRE R Z E TR SA R, A T SRR E
HITTH LR SCRAE AR I 43 28 3, A SO R & BT 1 i —
BATTHY R BRI — SRR . D R IE B AR 04 58 R
SO AN A TT T — A BT B RS B FE R 0,

X TR LSRR 43 S B AR SO BT 4 Ol B Al B
(Introduction) & 1IE Bt (Argumentation) . ik # Bt (Concession)
25 Be (Conelusion) . AT M T 44 Bovks v L% B9 5 2
B oA K B dE TR A R 9 R R A AN B 9 A
BAERHE . 7EPTiERHE I R BN AR TE — R S CE P
FELE B IR 145 o B I 4 B TS A MR SR B K IRtk
BeI& AT — B T G5 A TP o AR D i B I R SCRRAE L KR
S A BE— B m A B E Sy — 1, W B TR
& S TRLRS B  43 010 i 2 8 5 R T R 0 A A AR G
P R AT ST T B Y5 B9 IE B0 R T A4 A1 S T A g
A3 T3 22 18] Y e /0N 2 BB 9 8 LA Dy — A BOMH R AE
A BRI VE R E S
3.2.2 L4 AE

ARICK n-grams FE A~ IH A FRRCIA CESSR UL EAR
2 R AE R SRR AE . n-gram ARBLE — R g1z B
MG IHE SRR eI BB AR # 5K ER n—1 1 I
TN, N T IRBE A ERH A n-gram i H
RSB =70 n-gram BT, LT 905 1R A, AT
SRILM T H#& % n-gram i 5 B8, Xf 6] )& F — 28 5 3 4y
) B TR AT I, 4 A X — 2R R T R 2 19 nogram B
FETY JF 3 5K 4R R T BT 1Y negram W) 41 7E R W] R
HASIGEEM T MR, EMITAEE IR ELITCH o
gram [ 2,

X1 nGram IEFHREAKE L

A <R B R A bR A Y YI 2/ RTE RHE TC

it < U R R A R B0 Y nogram RRRBEAES

Stepl #4 TC /A 43 HI Wi % 87T 5

Step2 i W IITR NGB 9 AR TERHE 5

Step3  MARZTEAHE A B n-gram THECCE

Stepd . T b — 25 A B B 84 A ¥ (Interpolate) LA
K ATPr % (Kneser-Ney) Yl 2k n-gram i 5 #14 ;

Step5 M n-gram i & BT 55 04 15 R (9 B AN R LT 19 MR
B OIFTH R R R IT Y R AR

Step6 3R [l & Step3, ¥ T — bR &R E T L AT ER AR, HE
TR EA R ICAE 9 240 T L5 1 n-gram i H S
1 TR 2% 3 45 2R 5

Step7 i HH R B PE A R B0 R B A 54T 19 nogram IR
REES,

o AT R — SR Y 1) 2 A R R b S e R
SO, b, M — AN R R T H B Yas a result”“in a
word” ol “all in all”Z5 38 7 7] B, ‘B B8 A5 7] g & 8 4% a) i AS )&
BTEAHEA Y I therefore”“thus” B “consequently” 25 18
AT I B AT A ] T8 %R T AT AR Ty M Ay, AT
BB & AT I = M RS 3R (The Penn Discourse TreeBank.
PDTB) 2. 0 {8 T W i 15 75 17 410 3% op M BR TR 85 o B 4



238

i BN R

2019 4F

TR R B R T L 45 A TR R LB R R )L LR ICT 64
ANFE 7R B A X LA S T T T BT R E BT AR R 1R

T RHIE
3.2.3 k4
ST R BUR BB OT I ) IR AR AT AT T R R R
ROOT
/N\/\/P
NP SBAR VBZ SBAR
vms é i]luslt.rates Il
Happening  things Nlp/\lP that NIP
PRP  VBP PlliP
you dislike you
[ 2

JG AL B5 K L il Stanford 43 BT % K4 4D 25 2 A L 9 A AR
WU 1) TR AR S ) R R AR

{540 . “ Happening things you dislike illustrates that you
do not take over the important parts in their hearts. ” if) ) &

Ir BT B S R IR 2 TR

VBP!

& oht VM

take RP NP PP

ovler o B W I XNe
the  important parts in PRP$ NI|\IS
their hearts

RIS MR B S5 A

Fig. 2 Structure of parsing tree

WA 1R SCTE Bk i — 25 0 WA ik A BT AR A 7 A 2
— A AR S 2R S R T R R RR A 5 S, TR A A TR
O 1 A 0 a2 20 R XA AF BV R B AT AR A7 4% . SBAR 38
FAARIE F A T e AT A 35 W S 5 SBAR Y # i
R FEATCH F AR, i T IS — B A 2k A T R AR
A ST R OO R B B 00 1 1 I S AE S — A
AR FRIE

T3 A 38 A AT R PR R B AE TR o R B BRAC IR R &
A 441 ) A ) S o T A R B A0 1 A 303 4 should”
F“could” L 7 Bt BUAE & SR A b, S2E0 A NLTK iy
POS T H X5 B B0 1Y B3 47 18] P bs 19 4 3 A iy A BRAR
1] (PRP) &7 2 1 (NNP) K 1% 75 i8] (MD) f) i8] 451 £ >y i8] L
FRAE ) — 4%

140 :“ Linda will feel uncomfortable because she cannot
accept the smelling of smoke. ” % i B9 1) ¥4 45 1 Jy . [ (¢ Lin-
da’, *NNP”), (‘will”, *MD”), (“feel”, *VB’) , (* uncomforta-
ble’, “JJ 7). (“because’, “IN’), (‘she’, *PRP"), (‘can’,
‘MD’), (“not’, “RB’), (‘accept’, *VB’), (“the”, ‘DT ),
(“smelling” , *NN"), (of 7, “IN”), (*smoke” , *'NN") ],

3.3 BEEWITESFE

BEF 5 T A5 IR SC B I 4 O vk S R R A A U A
R PIRA . WG T 3. 2 A RRAE AR U i HE R
TS B AT RRAE R T S IR B k) 7R 5F 86 A RRAE B4
AR T i, BT RE i = B0 iR |82 8 DELRF, LI
Pk T 0 3 o A e R AT RS . RIE T LR M
FERS B A [ B 40 B8 DSS-LR, DL 52 A% % 30 25 B 7R
RISy, DSS-LR BEEMITEM N A MAEE 2 iR,
Bk 2 DSSLRHA®
A AR FIE S AR SCBUIE D= {(,e,9) [u=(i,e.s) €U}

R T LS T4 S

1. discourseUnits=NLTK. tokenize(D) //4>%{i##}

2. FOREEACH du€ discourseUnits DO
w=get_wordcout(du) / /3K B T 5.0 A% i8] K &
h=StanfordParser. row_parse (du). height () //#4 # 4] 1 4> #r
AR 2R ORS¢
pos=NLTK. pos_tag(duw) / /X f 5 80 HEAT ] M 72 , 42 L)
TRARAE
c=get_tag_context(duw) //#EH L F SCHEAE
p=get_punctuation(dw) / /3 UK £ 45 5 4 fiF
FOREACH e€ E DO //3F %4 & f 015 A W) 55 T 1Y
ngram R 2K

ppl=SRILM. ngram_ppl(du,e)
FOREACH i€ 1 DO/ /4 BU % 5 T 768 78 1 42 & i REAE
IF du. contain(i) THEN //%% % BI04 7 18 /1 1)
indicators. append(1)
ELSE
indicators. append(0)
F(du) =addToFeature(w,h,pos,c.p,ppl.indicators) / /# &
fiF 1]

3. normalize(F(du))

4. compute_min_edit_distance(F(du)) / /3155 Fe /N gt 1 25

5. DEI_Predict=DEI_Modal (F(du) , E) / /¥4 {45 B Y50 H 5 5 i 2

6. S=DSS_LR(DEI_predict.,s)

7. return S

4 LWERKSH

ASCOHTT 300 R P E A ROFE R B AR BB 3C. 3L 6083
AR, 3 R UL O B R IT AT RS B AR i
PABE Sy B JEAT i B0 45 R0 A 43 o LR A AR 48 T 43 Y 3K
UGS SR RHE . WAL H AP g 66 J5 SO L 38 1250 AFn
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SO UITGRAE A Y 234 R SCAS , 38 4833 AR sid), N T
15 P RE T8 4P R BT L AR SCfd T 37 3¢ R IE AT U SE 5
JEFI A Accuracy, Precision, Recall #l1 Fl-score $§ 7 X 55 %4 1)
PEREBEAT VI . SEI6 43 S WO 43 - e B 843 PR 0 R R 4 A
[ERSIRE R N
4.1 BEMRSIRF

A 3.2 7 Y U5 B AR B BT Y 45 A LRI M )
P AR HL 86 AN FEAE B AL 1| & Ak, 2R )5 F A 8] DELRF,
DEL-XGB #l DEI-SVM # #1 i JE 17 %) eS80 . RF BIL 7R
ZITAT S HE B T SR KA PR RE L BB S AR R e
BEARIK 0I5 3670, 5280 R W DELFRF (9 1 8 3% 8 0 +
DEI-XGB 1 DEI-SVM, X H 3286 45 J a3k 3 fr gl ,

F 3R AL R E T SR A X b 4

Table 3 Comparison results of accuracy rate of DEI

CLfiL %)
e A
DEI-RF 94.13
DEI-XGB 92.90
DEI-SVM 80. 69

A% 88 2R T L3 ek R 5 R A G A S ROk IR T 4 5
S, SZ Y6 A BT A8 UG E ) 90 4% 8 2R ok ok BOA R A 28 1 (1
UL S, LR R XY, E KL 1 ] DEFRF #
IR AR AS 94, 13 % By HEHGK .

¥ Y 3R (Precision) A 4 3R (Recall) & H H e i & 4 2
BRI PG . FRATTEA RS B4 o 1B BB, o8 M =
A Ry A8 f 1 AT T S 6 AR UK S B O [ R R R
YY) Precision fl Recall , 4 P(d) Ry FU S 25 1873 K d 1 4E
BT RMRE D d S W Precision #l Recall 115
N
&Z”\ P NTwl

. !
Precision="

‘P(d) ‘
1%:’)‘13(;17 ﬂ ’I‘((ﬁ ‘
Recall="*"——————
eed ‘T(d) ‘

Fl-score J& 3 T Precision fil Recall B9 & Al 3F ¥ & X
BT, SRR T 3 MBI R R R R 4 T Y Precision,
Recall F F1-score ,3 FRERI B X L 45 R 3k 4 — 3R 6 i 4],
SZUS LA Precision NYNAEHAR Recall 91 885 2 i A [6) ff 25 pQ
43 #) P-R(Precision-Recall) fh £k . 3 A5 4 iy P-R EI40E 3 —
B 5 i,

# 4 DEL-RF f 58 i3 i PR 1 REXT
Table 4 Performance comparison of DEI-RF

BE R Precision Recall Fl-score
BI 0.95 1.00 0.97
MC 1.00 0.87 0.93
TST 1.00 0.93 0.96
RS 1.00 0.97 0.98
RI 0.88 0.99 0.93
ED 0.97 0.91 0.94
CS 0.96 0.96 0.96
CcC 0. 90 0.96 0.93
IRL 0.96 0.75 0. 84

5 DELXGB jm & U4 19 3050 M i %) e
Table 5 Performance comparison of DEI-XGB

BER Precision Recall F1-score
BI 0.96 0.93 0. 94
MC 1.00 0.83 0. 90

TST 1. 00 0. 80 0. 89
RS 0.95 0.97 0. 96
RI 0.90 0.95 0.92
ED 0.93 0.91 0.92
CS 0.92 0. 96 0. 94
cC 0. 94 0.92 0.93
IRL 0. 89 0.97 0.93

# 6 DEL-SVM f 5 43 19 HU PE RE X 1L
Table 6 Performance comparison of DEI-SVM

B E R Precision Recall Fl-score
BI 0.95 0.91 0.93
MC 0. 86 0.83 0.84
TST 0.91 0.67 0.77
RS 0. 89 0.89 0.89
RI 0.71 0.81 0.76
ED 0.74 0.85 0.79
CS 0.91 0.83 0.87
cC 0. 69 0.75 0.72
IRL 0.94 0.53 0.68
10{ =
08
5
% 08
N - MC
L g4 || TST
g —=— RS
—e— RI
—~— ED
02 1|-+-cs
—e— CC
o —— IRL
0 02 04 06 08 10
Recall

Kl 3 DEI-RF ## ) P-R &
Fig. 3 P-R diagram of DEI-RF

Precision

0 02 04 06 08 10
Recall

& 4 DEI-XGB ## () P-R &
Fig.4 P-R diagram of DEI-XGB

061

Precision

04

024

0 02 04 06 08 10
Recall

K5 DEI-SVM #iHIf) P-R
Fig.5 P-R diagram of DEI-SVM

SyHrLA b 3 A AL ) Precision, Recall 1 Fl-scores 1 fig
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JE R BE L R P-R A LAE L DEFRF A1 DEI-XGB #% # %f
ot B B I TR AT B A SR 5 R B AE U MCL, RS, RIL
ED.CS J CC % f§ & W 4 i, #H tb DEI-SVM, DEI-RF il
DEI-XGB (¥ £ 31 T {1, DEI-SVM Xf BI )35 51 fig 1 b %5 4,
{EASFE RIS, 3 M ALY IR TST 5 IRL B R BRI
HAl5S 2843, i B 7F DEIFSVM #£ % i TST 5 IRL B Re-
call fH4r 500 0.67,0.53, INE 2 MiGRENEARGEIFER
R LA L, TST 5 IRL A 250 85 H Al 5 55 A 43 f 20 o A1t
L 7E 3 A B A b I AR AR A AR D B L B S e R
IR Sy H A B ALY

¥ DEI-RF B8 5 8 A % 75 i 4 U0 85 B (DET-RF 5
Stab %2 5 i B9 SVM 2 H | Song %0 2 1 B9 CRF £ 74 Al
Burstein 142 H (1 3 48 3 19 4 D) 78 11 514 TR] 25 515 =
A5 B 1) Fl-scores HEATXT EE L 45 SR U=k 7 fir sl ,

X7 KRR Fl-scores %kt

Table 7 Comparison of Fl-scores of different models

BEKs  DEFRF  SVM  CRF  #FE#A  FiE4
BI 0.97 - 0.90 0.57 +0.235
MC 0.93 0.63  0.75 0.73 +0.226
RS 0.98 0.54  0.70 0.81 +0.296
ED 0.94 0.83  0.90 0.91 +0.060
ce 0.93 - 0.93 0.84 +0.045
IRL 0. 84 — — 0.75 +0.090

BT SVM KR CRF # R 5 & T 1 % /Y £ 8, DET-
R 5780 75 Y 550 A 1) 288 0 B0 00 2 I 4 2 R 40 4R T 001 2
FEPS BLMC LA R RS i RO S il &

Al If SEY R BETE T 3. 2 79 RE A AR A B A o) B
PRRFAE , S2 50 7 A B0 26 Th AT Al TR B BT R S5 A 1R D
R AR AEX DELRF #EEL Y PERE S , 25 R n ke 8 Fin gl

# 8 DELRF RFEFHIER Fl-scores Xt
Table 8 Comparison of different features of F1-scores in DEFRF

BERY HHEBE FILKE HEEFE
BI 0.93 0.52 0.19
MC 0. 86 0.47 0.22
TST 0. 80 0. 86 0.17
RS 0.97 0. 66 0. 40
RI 0. 86 0. 60 0.31
ED 0.388 0. 60 0.49
cs 0.90 0.52 0.21
cc 0.388 0.56 0.18
IRL 0. 80 0.71 0.58

MR 8 Hu] LIE S5 M FRAEAE T 28 LI IE T R R
U m] ARG U5 H R SR T Y BLLRSLED, CS Al CC 455
B GT  T3K SE AR A TE 2 — 0 e e LR L B L E 4.
TAE TST il IRL 3X W28 55 3 o3 b — O & A 48 7n 1, HL i)
L3R B — o n-gram R¢AE AH EE O fib R 2 6 43 3E S B 2, P9 i
T VAR AR X PR 03 36 A B A 1 B R . A AR X TR
SR T B A3 W A AN B 8 AFUAH X 1 HC At R 55 i 43 2 1 ) vk
FFAETE TR ED A IRL (95 #0807 1A 5 e B HE A 2
4.2 EEZMAZITS

DSS-LR LB Ay B A7 % 35 BE P 1 5 55 45 44 3 17 97 43 Be
T AR T R P R A 4 O B o A 44 B (Introduction) | 38 TE B
(Argumentation) . il 2 Bt (Concession) LA & 4% & Bt (Conclu-

sion), WHRANHE LM EFHNFENSH BLMC f TST,
S UEBE =8 & 1 ks 24> RS.RILED #il TST, ik B &
TR TR SA CS,MC M TST, 458 B R4 CC Ry
TR . WERHE B 4 FRBLE R BCEE B NEE 9 fr i,

9o BEHEEA

Table 9 Number information of paragraph

B% HE
Introduction 294
Argumentation 575
Concession 276
Conclusion 277

FATHE 4.1 B FERE L6 DEFRF A8 350 H 3k 42
rh AN e B B TT I A B R4 R R R AE R IRORR ) i IO [ B
T A0 B A 3 A R AE L B SCARAE AN R /N G i B R AL L O
R 35 v 30 M % 1 SR SR O 75 EllipticEnvelope
SR 528 5, 2R J5 #  DSS-LR #RY

JE AR P By O R 25 R A T AT 45 o B A M RE
i, Al 4 J7 25 (Mean Squared Error, MSE) Jf: 45 &4 R
J7 (R-squared, RS) & il DSS-LR A & 7E 3 4 | AY P fig .
(EAF B, & RAEVE S B v & 7= A — 8 R B HLIR 2% . 1
FE SR TT 43 v — B A Sy 43 BOEE 55 /N L I ) i 2 S 5 e AR SC
B S BR B A L L A2 A 90, 3 435 90 43 B ST B B 22
AR, FRAELBHRMGEELEWIESEE T AL
BRI P 2 i F I 0.5 43, AIFE XA 2 B A
B0 B P 00 43 25002 AR BL Y o El TR AT T LA 5 AR A ) 25
253 %1 (Tolerance Score, TS) ., A [ B4 ) MSE,RS 1 TS
W 10 frg,

F 10 A BT VE 4 M AR % L

Table 10 Performance comparison of different paragraph scores

Bk MSE RS TS
Introduction 0.02 0.91 0.93
Argumentation 0.11 0.87 0.89
Concession 0.08 0.82 0.96
Conclusion 0.21 0.58 0. 84

M 10 7] DL F H, DSS-LR #& A %} Introduction B, Ar-
gumentation B } Concession Bt [ ¥ 43 #0338 4% . 1 %F Con-
clusion BB P4 U8 2, F 2 I #E F Conclusion B AL
B — PP EE A4 DSS-LR B8R 78 % B bR B IR = 4
FRAEIE /D> T HoAt 3 25 Be s . o8 52 bR AR SCEUHE i, Introduction
B . Argumentation B L) } Concession B i & 5 90% UL F
Hf Argumentation BE¥ RS IR 5 50 %6 22 47 » R I 340 Wr — R AR
R B GEM A IR, EE I T Introduction Bt , Argumenta-
tion Bt A & Concession Bt

GRIE AW EETAES HW L, B TR E R
S SR 5 AE IR L AT AR SO R A A BT . B
FI A 92 N 25 2 AR AR SO R S LA ) 7 g B R R T R
JG » I $EBUR T PR IT Y 25 48 IR DA S R) ¥R AR 86 A 4l B R
fiE . ff il DEI-RF, DEI-XGB Fil DEI-SVM 3 Fi £ 5 3k 1 5 7
TRLAY . IR M AT DSS-LR AR B X AR SCHY R B A5 R 3E1T A
ST, S5 5 B Hh 52 TR AR B B R R A U0 A RO
AT IR TR T O ME R R RE T S AR B
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