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Coh-Metrix & /85 — > 888 7% B\ \ - 3RREES D B EhEH

IR BE—ER TR B
AR iTREI RERKE

ASE, Coh-Metrix & /3% — > Gk Beffiz T, SEEAEHIC L 2 3EA D HEREHT 234 5 S DTH 5,
HERHlOMAER, WEFORMlis A7 M X2 08HERE L, HURERZHE, BEfd2 2 8icd->T, KD Xz 2
T LDOARENEZ R 5,

Automated essay scoring using Coh-Metrix and pattern recognition

Yuichiro Kobayashi
Japan Society for the Promotion of Science

Toshiyuki Kanamaru
Kyoto University

The aim of the present study is to explore the possibility of computer-based automated essay scoring
system. By applying pattern recognition and Coh-Metrix to the assessment of English writings, the present
paper proposes a new method for automated essay scoring, and the result is verified by the comparison
with that of the existing writing-scoring system.

1. (FC&IC

PEEEE O T, B K DIGENT A NDMHHEL,
FAEREETTOA ) ¥ 2 7 MSHAAEN TV 8E
bHb, TNHDT A D% IE, HHRL 7 BATERNE
B3, SEEBE OIS FEEZ TS % &\ ) T ZHL> T
W5, LoL, AL 7AREEZBRT 2123, %o
KA E SNDTH A ), T, WDATHRL 78R
Fl- b DR D W Z N L2 LT,
BORFEROFHIS L a2t bH 2, ZDL ) 7
RIUZE T, BB EHIRE & iate T vz FvTE
AR HEE T 2 B2 BT 2 2 L3, SiEREA L
STHEHICHERLR I L TH 5,

AWIFETIE, HRAEOER G S N E S % 1)
REL, Coh-Metrix (Graesser, et al., 2004) OH %3
HABOBE T2 7 v L7 4 LA P RHOT, HEF
DOEMNEZHET 5, T, HIVEEE 72 5 HAES,
Educational Testing Service (ETS) %35a%& L 72 HEER S
¥ AT b erater 12 X BHEERER ET S,

2. FATHAR

P DOFHIMGE, 7% A PRI 25 EEEOHISRIC
Fao { ARRETHE (holistic scoring), 1150 % B4R 7s
EDEHEMICEEE L T W EHE  (analytical
scoring), Z LT, H2FEDHEK (BRI L) 3
EDOREMEUS IR I T\ 202 HHE L $ 2 REE TN
DFHE (primary trait scoring) @ 3 DIZIF 5B
(Perkins, 1983), 09 b, HBISEMEDE L, %< D
7 A bR TR T 3 DI EERINEHETTH
(Weigle, 2002), 1960 500 F > 7= HHIHELDH
TR AT LSBT, KRz AT, Bl
YHESLD AR 217> C & 72 (Shermis & Burstein,
2003), 7z, HEHRSS AT L TlibILS 2 L%\ 0dt
B EE, HEEOHBBEERY Py, R0k, &
FCBHEIR OB, ST TED B T2 O DT 1) FERIERA)
ETHA,

Z LT, HEERES AT LIS, 288 — ik tiiihs
HHIND WD D, Y — ik, S, T
SR, X A - CT Wi & DIFRDZM, 185 -
IR - W72 £ K 2R NG 72 & 2 Gkl 2 708 <
WHENTWS, N6 IFAET, WNROREERTM DD
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HeFonh @G, FEE #) L L, HROE
MWaRTHANT (HWEE, 77 R) ZEET 2 L0IH
TEMMLENS (e.g. Bishop, 2006),

SET— IR B8y — IR oBEB & LT, B
KX —7—F GEE) 2580757 = 7Y 4 FTh b
o (HNAR) ZHEL2D, 7XF A bho¥x—7—F @i
AR 726 28X =L 28L7 07 (HIVER) #
HEBREN L7220 9% 7% A M BOEMH s T3,
HERRRS AT L TlE, Z OSEEICE & FOEED 15
IS N SEEE 2 T ) GIHER) &L, EX
OH (HWAR) #H#EET 2, HERRNS AT LA THOWS
N3 7% A MO E LTIZ, 74 =74 A% kit
F7 EHFIS TS (Larkey & Croft, 2003),

I8 — RO B A PG IO U 7258 Tife
D12 LT, AWk 40l (2012) EF s, D
XiE, HREDOEEIMNG SN HE R R E L,
12 MO SIEREETIHARE $5 7 v L7 4 LA
k& HOTC, BB 2HEFORMNE (5 B
ZHEE LTz, ZDHSEIZ 62.32% T, TACHAZEECO R
DYFHICEG L TWA 2 Lavyho Tz,

3. EEFX

3.1, B

AFECH 2312 %0E, Coh-Metrix 2.0 I2X->T
RS N7 56 DIEETH 5 (AFERREOAER 1 25,

Coh-Metrix (&, FEEDOBPXDEIDLI BT F A
DIERIZIAZZ T TR, XEX, HB0IIRF7T757
L8777 7 D ORHME (cohesion) % —E 1
(coherence) 7z EZHIFIC AN, FTLWLWY) —FEY 54
/T dH % (Crossley, etal., 2008), ZDfatEld, ZnE
TLYAY =507 (e.g. Louwerse, et al., 2004), F&iE
% (e.g. McCarthy, et al, 2006), *fEX DT (e.g.
Crossley, 2009; Crossley, et al., 2012), &5 L SEEDIHT
(e.g. Crossley, et al., 2011) 7z &, k& e SiEahminH
INTEL,

HERD FBIEHIT S A T L TlE, FEEES & ) S
DFIMNZEEL 2> Thwie\n I L% - 7208,
Coh-Metrix DFFfEE 2 Z EI2 k> T, BHELE %S
WNZHHIS 2 & L 2SATBEIC 72 %,

3.2. HBIEREL

MIBHFREL & 13, 2 ZBAHIDIERBIROB S 8 L U2 D
Tz TH 5, AWFETIE, Coh-Metrix 2.0 (2
Lo TERLI N 56 FREHOBIHARIC, FHETOEM
J& (Level) &\»9) HIWEBZMA 72, 457 ZBOMBHT
GBIk L, HINAE L BIROIROHINAR 2 2, 758,
HRSRBU RIS & 72 > T, HBIRE D thivEz v 2,

33. FVFLT7HLAL

BREHEE I 2T, Breiman (2001) 12Xk ->T
PRESINT VT LT AV ANTH S, WNICEZIL, 7
YENTF VAL E, WERDT VY TNVERTH 5,
PERE, FERIRHGG T 1 D& UThEMT 54,
FABDNEZ ] & D DOFRETHIE X &, DT TV EHE
Fg 25, FIEOMBERIL, AHECTXIRT 2 LTE,
IFTHEN Ok 9 i —LcETI LT3, %
7o, TV VER L, 3L DREEDOR C 0
DR OFERE ARG DY, HEZR EIE 55—
RO TFIETH B,

FVF LT ALVALTIE, T, 2ol —%ty
F25, NMHOT7—=VP A7y 7Y Va2 ERT %, K
2, HFADT—bAL Ty TV TNT—=FEHNT, K
BEDRRKDIEARZER T2 (HL, 2D/ — Fig,
FIUF LY T v T INTFHIAEED ) LIRED DD
T 3), 2L T, @TORREELETHRAEL, ¥
LWl A Y % (Hastie, et al., 2009),

FUTLTAVADOENE L TE, HBEIENIE,
RN  OFIAEEZEWS 2L TEL L, 2NN
DFHEBD PN G T LA 5 2k, I DS
o,

75k, AMKIZD (2011) 13, FEERIESRSCOEANEZTT
BRI, BIZERIGHT, FA—7 AR, WEAK, kEF
B 2= V% U=, FEXY PVEAHE, R
—bRIEY =y, RXXVT, T=RT4 VT, TV
L7 A LA EWH 10 BEOYEHSROBEIIR 2T 72,
ZORER, TyH v 7 NVAERZ G (ONF U,
T—=ATA VY, ZVF LT VAL OMEENEL, %
DITS U F LT 5 LA M & BRSNS D> 72,
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4. FBEREER

4.1. 97 —%

AHFEDFIRT — 5 1%, ERLRF DR 2 42 RIS
PEX (LyeA) 2L AELSDTHS, T
— 7 DUYEEIL, 2011 FD 10 Ho5 11 Bz, 2[H]
TR L 72,

FHEGHEICIE, ETS 2%8E L C\» % Criterion DA

kTRt X T\ 2 TOEFL JERDRIEY v 75,
“expository essay” & “persuasive essay” DR 1 {3
OB LT L7, miEEE b, e 300 FE0
5 350 FETH %, “expository essay” D%, “New
Product” £\»9) $DTH Y, RSN/ 0BUL 34
AKTH -7, “persuasive essay” D%, “Money on
technology” Zi#R L, IS oBiE 35 AT
b o 7= GREOFHIC W T, AFRREOMER 2 2501),
— RN T =41 300 ADLE, ZLC, KLU
20 AL EDSELTH 5 L ST\ 528 (Elliot, 2003),
SEIDF—2 Xy M2iE 2 DOTHEGEREICN L TAT
T 69 KDIHL L E TR,

FYEGREOPEIEE L C, Zadald, HIFRIRHE 30 4
DINICHEEC2ER L, HERHTS 27 L TH 5 erater
I K BN 232 7o, E 7, FHIICHDE L R Wiaicis,
—JE221F[E U 4T erater 12 & 252 SE TR
FHEET Z LD NI,

SRlDFEERT — & 2T 2 BICHI L 72 Criterion &
&, JEEFINATH S ETS 234EL C0B 74 74 v 7
BEICB TS 74— Ny ISRy — VDI L TH D,
Criterion &, #EOEEL T CiH§ 28EHIAT D7 4
— KNy 7y —chh, ETS I XD EEF S 72 TOEFL
TANDIA T4 v 7 HERR S AT L etater &HifEL
T3 (Attali & Burstein, 2006), Criterion TI3fHZ
DYHF% erater 23 10 HUNICERRL, SEChoii
D% THERL (organization & development) , [ C{#
(style);, H&& (mechanics);, & (usage)), 0%
(grammar); @ 5 DOBEUEL ST, —JEICPERT 5,
Criterion D522 7 4 —F v 7 LHflc k27 4 —F
Ny 7 QEGEPEZR G L 725 TIZE T, 0.97 WvwI)E
WAHBY (Attali & Burstein, 2006) $0.64~0.67 £\»9
FLEEDIHBE (Weigle, 2010) Z77R35F &\ #5035 2,

2012 11

INEE L 73 EC% erater 12 X > CHBIEHI L 72455 %
#£1ITRT, erater DFHIE 1 55 6 R ETORET
fibnd, 22 Tlid erater DREE, ZDFE FERELD
BHREOEEEE Ui L7z, HL, Sl S0k
XOHITIEFHLA 1 Db DIFRD > 72,

# 1 erater |2 X 2 EHAEOFHMRER (TECE)

L2 3 L4 L5 L6

3 8 17 33 8

4.2, ZRIROBR
F112H % 69 KOTAEL % TRIZ, Pearson DR

BRI E VT, 56 FREOBIIASIC, HETFOHMNE
(Level) &\»9) HIERZNA T, 4 57 2RO
2R L7z, 2 LT, HBIRED gz VT, 58
2357 DEEOHBIDOFMER RO 7, Z DFER, 2 2%
DRSS 0.39 P ETHIUL, 0.1%KEDEEEDH
L LW LIES 2 LYo Tz,

4 57 B OMBH TN BT, HIVEEE OMBIREK
23 0.39 DLEOFIIHASIL, HEEE (READNW) o 0.83
L35 (READNS) @ 0.54 DA TH > 7=,

4.3. FNEDHEE

FUF LT F LA MK BENEHEEICH 7> T, T
S LY 7 v 7T HHIEROBIL, SHABOBDIE
DV, KRB 500 & Lz,

213, 69 RDIHEXDEZTFOEMNEL 75 L7
# LA MTHEE L, OOB (out-of-bag) 1 X 23723241l
Birolfifkcdh s, WAL, OOB i, 7—bA T
Y 7Y TIND 35D 2 THEET IV ELL, DD 3
ZD 1 % FCEHIEIZ T AR OBHBIRTH 5, £
? accuracy 13, ZDL~VUIEIT AHEERERZEL T»
%, ZOXZERS E, 69ARKDH L 37 ADIEL HEES N
TW5 70, ERDOIEE (exact agreement) 23 53.62%
THDI Db, £z, LUV 4 ZLXN)L 3 PLX
V5 EHEELZBID & 512, 1 D TORER IFE L Ak
L 725E DS (adjacent agreement) 13, 95.65%Td
%, LT, RIFROHEERH L erater 1T K % FHfEH
OMHBIRENE, 0.63 TH 2,

(c) Information Processing Society of Japan

- 261 -



The Computers and the Humanities Symposium, Nov.2012

#2 SUFNLTFL RN BEHHEHEEDRR

L2 L3 L4 L5 L6 accuracy

L2 0 1 2 0 0 0.00
L3 0 1 6 1 0 12.50
L4 0 2 7 8 0 41.18
L5 0 0 4 29 0 87.87
L6 0 0 0 8 0 0.00

ZLT, K113, 56 FEOBEHARICRIL T, AFH
2B BE5E (MeanDecreaseGini) Ok E WIEIC 70
v FL7ebDTHS, ZORZHS L, FHEXDFRZTFD
EAEZHEE T 5 12b 7> C, HFHE (READNW) 25K
ELHFELTC0B 2 EWh 5, SHEXDFHIICH7- 5T,
AL 7R AE S E TRz A2 L v )W (eg.
Erdosy, 2004) &% 2 EH25, iUl TG ks R
ThHs, ¥, ZNLITIE, UL (READNS), 3L
£ (READASL), %269 nigs] & 822 §HiiEzo
R (SPATC), BB ERCHPRFEDE (INTED), £
fJDO% (DENSNP), 7 EAMEEICEHS- L TW» 5,

READNW ©
READNS
READASL
SPATC

o
]

oo

INTEi
DENSNP
TEMPta
CONLGni
CONADNI
CON

i

WORDCacw

CREFAau
EA

)
<
=
—
m
oooooooooooooooooooo
%044

TYPTOKc

MeanDecreaseGini

1 SHHERDOF LI

PO 2~4 1, 587 4L R MBI 32550
DI 7= TS (READNW), 08 (READNS),

Nefr

PSR (READASL) (CBHL T, HEVEIC X 201D

WEFHONTKTRL 72 DTH 5,
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2 %G5 L, BB RO IR T — F 12 BT 5 EH
JEDHEE RO TR TH 5 2 L0395, BEHA
JEIZ BT % SEER O A LB BT 21T &,
0.1%/K#ETOEEEMBR LGNS (F = 51.94, df = 4,
p~value = 0.00),

72, K32HSE, LXIVI3DELL6IZ0TT,
XEDOHFIAED D3> T 2 &35, BEAEITE
\F % 3D VB —ItRLE T O 2479 &, 0.1%7K
HWTOEEENRONS (F = 9.01, df = 4, pvalue =
0.00),

ZLC Mazis L, FHROMIE & BHEDM
OB D TS 12, FEEICE T 573
ROV —TBLES T BT 21T &, 0.1%KHET
DEEZPRSNS (F=9.54, df = 4, pvalue = 0.00),

5 &HDOHIC

ARIFFETIE, 75 L7 4 VA M EMAOT, HEEEC
ICBIF2ESTOERNEZHEE L7z, ZDRSEIL 53.62%
T, FGEEL S CPESCR, Be & hiER & EifEE
FI B DL, BB ECHREDOR, Lalfyo
B, T EDEICES L TCWB LYot

SHROBEE LT, FHT— 2HeL, LIS
B AEHEORD 263 2 Lo F o ns, SRl
BRICHE] U 72 3/ SCORHli S RIS i > 72 D b,
Criterion D7 4 — K2y Z7OFHZF AL Z LIk
EIAMRE, ZORIKT, ST =5 13EEEDHE
TIDLEDIAELTH 5 Aligtknsa <, 43 L b D
Rz L TV 250 LIFFARWHID & 2, AEEDS
D WG EDOSCEIR D PHIR AR v 7 R
BEDEGENTRMEXRWNRE LI & 2L, X0y
BOSAREDE 9 >, £To, 2D X9 R0 I R
L2 208000 TE, —RICABI N T0 5448E 2
— SR £ % T o788 & DL SIS TH 5,
& 512, CEFR (Common European Framework of
Reference) (2 &) % H#ERH: (Hawkins & Filipovié,
2012) 75 &, D BELHEREE & DBIR OIS s S
T 5%\,

2012 11

il
l_H

RSO O—HIE, Plysiiohe: Rlifka
eI (PD S25)) 3% — ik & FIAR S B D Ff
Z 7o BAEE ) (WHERFEH: AR —E)

(2012-2014 411%), FlAWHEEwie: gL B))

TRATFFARA BT 2 WGBTS ER R D B RIS
) 72 2Pl E O o — A3GH (e AU
52) (2010~2013 1), RleAisegeiih<a: L (B))

RSB A T4 v VR OBINEE L Rk 70
DFERE— 7 2706 OIS, WFeh 1 i
—F) (2012~2015 ) I & > Tz b DTH 3,
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8% 1 : Coh-Metrix 2.0 DIStE

1. Incidence of casual verbs, links, and particles
(CAUSVP)
Ratio of causal particles to causal verbs (CAUSC)
Incidence of positive additive connectives
(CONADpi)

4. Incidence of positive temporal connectives
(CONTPpi)

5. Incidence of positive causal connectives
(CONCSpi)

6. Incidence of negative additive connectives
(CONADNI)

7. Incidence of negative temporal connectives
(CONTPni)

8. Incidence of negative causal connectives
(CONCSni)

9. Incidence of all connectives (CONi)

10. Argument Overlap, adjacent, unweighted
(CREFAlu)
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11.
12.

13.

14.

15.

16.
17.
18.

19.

20.
21.

22.

23.
24.
2b.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

36.

37.

38.
39.

Stem Overlap, adjacent, unweighted (CREFS1u)
Anaphor
(CREFP1u)
Argument Overlap, all distances, unweighted
(CREFAau)

Stem Overlap, all
(CREFSau)

Anaphor reference, all distances, unweighted
(CREFPau)

Noun Phrase Incidence Score (DENSNP)

Ratio of pronouns to noun phrases (DENSPR2)

reference, adjacent, unweighted

distances, unweighted

Number of conditional expressions, incidence

score (DENCOND:I)
Number of negations, incidence score
(DENNEGI)

Logical operator incidence score (DENLOG;)
LSA, Sentence to Sentence, adjacent, mean
(LSAassa)

LSA, sentences, all
(LSApssa)

LSA, Paragraph to Paragraph, mean (LSAppa)

combinations, mean

Personal pronoun incidence score (DENPRPi)
Mean hypernym values of nouns (HYNOUNaw)
Mean hypernym values of verbs (HYVERBaw)
Number of Paragraphs (READNP)

Number of Sentences (READNS)

Number of Words (READNW)

Average Sentences per Paragraph (READAPL)
Average Words per Sentence (READASL)
Average Syllables per Word (READASW)

Flesch Reading Ease Score (READFRE)
Flesch-Kincaid Grade Level (READFKGL)

Mean number of modifiers per noun-phrase
(SYNNP)

Mean number of higher level constituents per
word (SYNHw)

Mean number of words before the main verb of
main clause in sentences (SYNLE)

Type-token ratio for all content words (TYPTOKCc)

Celex, raw, mean for content words (FRQCRacw)

4].

42.

43.

44.

45.

46.

47.

48.

49.
50.

51.

52.

53.
54,

5b.
56.

. Celex,

2012 11

logarithm, mean for content words
(FRQCLacw)

Celex, raw, minimum in sentence for content
words (FRQCRmcs)

Celex, logarithm, minimum in sentence for
content words (FRQCLmcs)

Concreteness, mean for content words
(WORDCacw)

Incidence of positive logical connectives
(CONLGpI)

Incidence of negative logical connectives
(CONLGni)

Ratio of intentional particles to intentional content
(INTEC)

Incidence of intentional actions, events, and
particles (INTEi)

Mean of tense and aspect repetition scores
(TEMPta)

Sentence syntax similarity, adjacent (STRUTa)
Sentence syntax similarity, all, across paragraphs
(STRUT)

Sentence syntax similarity, sentence all, within
paragraphs (STRUTD)

Proportion of content words that overlap between
adjacent sentences (CREFC1u)

Mean of location and motion ratio scores (SPATC)
Concreteness, minimum in sentence for content
words (WORDCmcs)

Genre purity (GNRPure)

Topic sentence-hood (TOPSENT)

5% 2 | ZAEXDFRE

“New Product” (expository essay)

Question: If you could invent something new, what

product would you develop? Use specific details to

explain why this invention is needed.

“Money on Technology” (persuasive essay)

Question: Some people think that governments should

- 265 -
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spend as much money as possible on developing or
buying computer technology. Other people disagree
and think that this money should be spent on more
basic needs. Which one of these opinions do you agree
with? Use specific reasons and details to support your

answer.
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