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Abstract

With the aim of removing human errors and providing critical feedback and suggestions
for improvement, considerable research has be done on computer-based automated essay-
scoring systems. Examples of these include e-rater, PEG, TEA, IntelliMetric, and BETSY.
This paper summarizes how these systems work in an attempt to comprehend their fea-
tures. They are also compared. An automated Japanese essay-scoring system named Jess
is introduced, including our analysis of its performance. Lastly, difficulties caused by its
treatment of Japanese passages and related problems are discussed.
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gjoddooooobobobooooooobbboooooooooonoobobooooDn
JoooooboobooobbbooobbboooboooDoObooooobOboooog
gogbooboodoobobooobobobooobbobooobbbobbboobbooobnoboa
00000000000 (Keith, 1998; Page, Lavoie, & Keith, 1996) 0 000000000
0 (Myford & Cline, 2002) 00 0000000000000 0O0O0O0O0OOOOOOOOO
gogoooooboobobobboboboodooooon

Bennet & Bejar (1998) 0 0000000000000 00O0O0OO0OO0O0OOOOOOOO
0000000000000000000000000000000000000 (rubric)
0000000000000 0000000DO00 (acceptabley OO0 OOOOOOODO
gooooobooooooooooooobb oo oooobbooooo
JoodobboobooooobbobooooobobooboooooobDoobooo1boboooo
gogbooooooobooobobboodbboboooobbboooobbboooobnoboa
gooboooboooobboo2000boobboo0bboooobooooubooo
JooboooooobboobbooobboooobobooooboooubDobobDboo
goooooboooooooooooobboooooooooboobbboooooa
JoooooonoooooobDbooobooobobooooboo000oobDob0oobDooo
Joooobooooooboboooooooobobooooooobboo3nooonoo
goobooboodbbbooobobooooboobbobooobbuoobobooobobooa
00000000000000000000 (D00D000)000000D00Oooooo
0000 (00O0000)000000O0OO0000U00OOOOOOOOoOOOOO

Bereiter(2003) 0 0000000000 0ODOOOOOOOOOODOOOOOOODOO (O
00o000)000000O000000000 (DDODOOOO0)0D0DO0DOODODODOODOOO
0000000000000 0DO0Do0DOob0O00Fridmand 198000000000
gogoboobobbooodooobooobbooooooboooobbbooobbooboboa
00000000000000000000000 (Bereiter) 0000000000000
00000000000000000 (rater) DO0O0OO0OO0OO0ODDOOOOOOOOOOOO
do0b00ooboboobbOooboboooboogJessboooboooboboooobOd
Joooooobobbbboobooooooooopobooooooooo
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gogoboboooobbooobobooooobobobooooobboobooobnobooa
Jooboo0o0obooo0bbbooobboboooooobooooboboo0oobDoooo
O00000O0erater 0000000000000 O0O0O0OODOOOO (Kukich, 2000)0

10000000000 (DOD0O0O “ concentrates”, "this conclusions”0 0 ) 00O 00O
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(00000,19900)000000000000000000DOODO0OOODOOO
00000/O0D0o0O00oo0O00O0o0O000o0O0DO0O0O0OOUOOO N=200000
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00000000 M%00000000000000000000
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00)D0O000000000(@0U000000)00000000DO0U0OO0O000OOO
gdodooobobobobbbbobdodooouooooboo
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20000000000000000000O0O0 Electronic Essay Rater, e-rater (Burstein
et al., 1998), Project Essay Grade, PEG (Page, Poggio, & Keith, 1997), Intelligent Essay
Assessor, IEA (Foltz et al, 1999), IntelliMetric (Elliot, 2003), Bayesian Essay Test Scoring
sYstem, BETSY (Rudner et ¢l., 2002) 0000000, 000000000. 00000
gooooooooooooooboboooooooooooooooooooon
000000000000000000000030000000000 (DO,00000
0)00000,0000000000000000000000 Jess (OO O, 2003b) O
doooooo.4000,0000000000000, 0000000000000 0d
ogoooooooooooo.
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2.1 Electronic Essay Rater, e-rater

0000000000 (000000 D0000O0)000000O00 Graduate Manage-
ment Admission Test, GMATO O OO O000O0000O00OO0O0OO0O,00000000,
0000000b000o0o00o00obO00o0. D000 bO0O0OoO0oO0 Educational Testing
Service, ETS 0 Burstein 0 OO0 O0O000O0O0O0O0O,2000000000000000 ETS
Technologies U O OO0, J000000OOOOODOO.

E-rater 0 GMATOOOOODOOOODOODO, 00000000000 OO0OOOO
gogoboobooobooobbooo. bbb booobbobboooboboa,
googd,0bbbedi200000000D0DODODDODO0O0O0O0OO0ODOODOOOO
Jod.dgjgoooooobbboobbobtboodooooobob.oobb 1000
Oo00dbobotb40b000b0O000bob0. bobberater00dbooooonootg
00000, Burstein & Wolska(2003) O 00 0O 97%0 0O O . Burstein et «l.(1998) O O, O
O0oodos8y% oo, 000000, 00000000ooooooooog.

Erater U000 30000000O00O0OO0DOOODO.

00 (Structure): 000000, 00000000000, 0000000000000
ygoooooon.
00000000000 MSNLP(2004) 00 0000000000000 OOOO0O
goooo,0obo,bo00,000,ogooboobobo. 0bbbo0dog,ogo
0000000 (would, could, should, might, may) D0 0000000000000
gooo. oo, 00000 oooboobobobobb,o00bbb,o00on



oobooboboooo,1gobboboooboobooboobboooboboobbooboon.

000 (Organization): 00 0000000000000 0000O0O. 00000000
g, ddogbbobobobbbtbddoouoooooooboon.
O000000000000000,000000000 (discourse) 00000000
uogoboooooodogob. oo, bbb bnbooobboooon
gooono.
U0o000b00o0b0o0booboooooobood,erater 000 0D00DOO0ODOOO
000000000000 cueword00 000000000000 (Quirk, Greenbaum,
Leech, & Svartvik, 1985). 0000, “In summary” 0 “In conclusion” 000 00O
O00O0O0oogno, “perhaps” O “possibly” D0 O0ODD0DOOOOOOOOOODOO
O000000,00000000D0. “his” O “hese” O, 00000000000
goodoooooooooobobbob. oo o
ooooooboboobooooog.

0000000000000 000000000,0000000 (APA, Annotation
Program) 00 0000000000000 00O00O0O0OODOOOOOOOOOOOO
udogdodoooooo. bbbl oon
gooono.

o000, erater0, 00 00000000O0O0OODOOOOO0O, 00000000
ygoooobobooooooodad.

00 (Contents): 000000000 0O0O0OOOOOOOOO.
uoggoboood, bbb boooouoboo,gbbobooobbooooan
googooooooooboooooooo. oooog,bbbobobbbboboon
uoggboob,ggbobboooboobooobboobbooobboboo.oon
erater 0, 0 0000000O00OOO,00 100600000DOD0OO0OO0OODODOO
gooooooooooooobbbboooodooooooooo, 0o goon
ugobooooobooooobooobo,gbboooboboooo.ooboboon
O000000000,00000000000000000O00OO0O00O0 TF(Term
Frequency) 0 00,000000000000000O00O0O0O0OOOOOOOOOO
0 0O IDF(Inverse Document Frequency) 000000000 TFOIDFOOOO. O
ogooob,0gob0ob0oobo 1gbebbboboboooboooooog
I A I I A Y
ugobooooo,bbgooooubboooouoboboboboooboboo. boodan
goooo,0obbobobotbddooooooo,0bbbobbo0goo,oon
gogooooo.

Erater OO O0O0O0OO0OD0OOO0ODO,00000O0DOO0O0OOODO0O0ODOOOOO
ooooOooo. oooboo,0db0bodo,0o000o,bo0oboooooosrbod
gooaono.

goooboobtoooooooboboooooouob,000oogo,boobos-120
gooboboooo. gobboooooooo, 812000000000 0ooboooooag,
go,dgbooobobooogwboobogoooooob. vsobooboo,booobog
gooooooooooo.
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O00000000000000 (complement clause) O O
O00000000000000 (summary words) O O
O00000000000000 (detail words) O O

10. 000000000 (rhetorical words) O O
googooboo,0ggoobooooo,oobboobo0. jggooo,boobooo
gogoooooooobooboooooad.

OO,eraterDO0O0000OD0ODO0O0O0OOODO http://wuw.ets.org/research/erater.
html 0000000000000 000. 000000000000 Burstein et al.(1998)
0000000000000 000000 Kukichi(2000)0OOOOODODOOODOOO e
rater 00000000000 (2001) 000. Erater 1000000 OOOO Powers,
Burstein, Chodorow, Fowles, & Kukich (2000) 00 0000000000000 2000
00000000000000O00 GPAOOOUOOO/O0O000OODOOOOOBODODOY
O00000@O0000erater 000 0) GREDODODDDODODDOODOOODOODO
000000000 N=721~8900000000000000Oeraterd000oonOg
O00000oooooooos% 0000000000000 o0oooooooooog
00000000000 DO0D00D00D00 GREODODODODODO 600000006000
001000 200000000000erater00000090000O0O0O0O0O0O0O0O0O
godoooooooooo

E-rater 00 0O, Critique 0000000000 (Critique Writing Analysis Tool) 0 0 O
O Criterion — 000000000000 O0OO (Online Essay Evaluation Service) O O O
000000000 . Erater 0000000000 0ODOOOOO(DOOODODODOOOODO
00000000000000)0000000, Critique J000,000,00,00,0
go,bogoboogobooobooooooooooobooo,boubbooboa
00000000000, CritiqueJ 0000000000000, 0000 Burstein(2003)
O0,0000000, http://www.ets.org/critique/research.html DO OO0 OOO
gd.

O00,ETSO Criterion0 00, c-rater 0000000 (short answer), 0000000
(free answer) 00 0 00 0000 (conceptional information) 0 000000000000
god. boooooodobdoooooooooobobo,bbbobobooooboooooaa
god.
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2.2 Project Essay Grade, PEG

gbooboboboboobooobooboboboboobob,0b0b0onDg Pageld
000000000000000000 (Page,1966). PEGOOOOOO,SATOOOOO
oooboooOooobOoOooOoooboo0ooooboOoooooboOoOoooooog. PEG
goboobogboobooobooboobooboobbobboo,oobooaog
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ooobobOobo. oooooobobdbOobOobOobOobD,0bobobOobOoooo
ooooooagd.

Page 000 0O0O0O0DODODOOO0OOOOOO,20000 (DODO0ODOO0OOO)OOOOOO.
000 trins 000, 000000,00,00,000000000000 trinsicdDOO0O
0.0000000000000000000,00D00000000 proxesODODOO. O
00 trins 00 0O (approximation) 0, trins 0000 0000. 000000000000
000 (D0O0O0O00000)00000 proxesO0O0O. 0000,00000000 trins
0,0000000proxes000000000000000OOO (Page, 1994). tris0 00O
00000,000proxes0000000000O0DOOODOODOOODOO. OOO proxes
goodbooooooooboboo,0oo0obobDooobooooooboooo.oooo,
Microsoft WORD OO OO OODOOOOO Grammatik-500000000000000, O
0o00,00ooooo,oopoooooooooon.

00,0000 (proxesO0O)00O0O0 Page0O0OOO0ODODOOODOO. ODOODODOO
1994 0000200000,00000000000,00000400,0000,000
00o0O0DO0oo0oOo.0ogo200000 PEGOOOODOOODODOOODOODOOODO
gogdogoooosOoOoooQg.

00,00000000D0000DO00000O00,00050000.

1. 00O Content

2. 000 Organization

3. 00O Style

4. 00 Mechanics

5. 000 Creativity
PEGODOOOOOOOO (Page,1966) 00, 000000 20000000, ODOOOO
0odo19o00oooooooooonoooooon

PEGOOOODOOOOOODOOODO, http://134.68.49.185/pegdemo/ref.asp 0 [
oodbooboOobooobooba.

2.3 Intelligent Essay Assessor, IEA

Landaverd FoltzO OO OOODOOOOOOOOOOODO http://1sa.colorado.edu/
0000, Knowledge Analysis Technologies (K-A-T) 0000000000000, OO
ooood,IEFAJ0ODODO0OOOOODOOOODOOO0OD0OO0ODDOO0OODOOO,oog
K-A-TOOOOOOoooao.

IEADODOODOOO,00000000000000O0000000, 0000000000
0O0000d0o0doodoDoO0O0ooooooOoOonoog. OoOgoo IEADD, Deerwester,
Dumais, Furnas, Landauer, & Harshman (1990) O Latent Semantic Analysis (0 00 00O
0000 Latent Semantic Indexing, LSIOO000)000000. 00000,0000
0000000000 (000 “pagofwords”0 00 )000000000. IEADDDOOO
goboooooonoooooonoooooooooobooooooooon

LSID000000000000000000000000000 txd0O0O0 X(tOO
00,d0000)000000

X =TySoDj

000000000.00000000000000000000000000 (coccurrence)
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00000000000 000000000000000000000 X0O00-0000
000000000000

T,000 DyO, Ty =ToT, =1, 000 DyDy=DyD) =1, 00000000000.
000,000 ,00000+¢0,d000000000.000<d<t000.'00
0000,S0000000000000.

00000 S000000 A000000,00000000 SO000.000000,
T, 000 D0 kOODOODOD0O,000000007T000 DOOO.O000O,

X =TSD' (1)

0D00,X0X0OO0OO0OO. 000TO¢txk0OO,SO0kxk00O0O0OOO, D'O
kxdODOODOO.

O00000000000000000000,X'X0000000oooooooooao,
(Wooooo,7rsoo0oo0Uo, 0000000000, DoDooooooouo,TO
000010000000000,8D'0000000000000000. 00000 (00
0 O Bellcore, ENCY O 56,530 x 25,6290 NEWS O 35,796 x 19,660) 0 O O, Deerwester
et ol.(1990) 00000000 KO B0 ~10000000000000O0O0O0O,IEADDO
100~30000000000. 0000000000000 000DO0DO0ODOODOODOOn
0000000000000 000000000000D0DDO0000oO000o0ooDOoO0n
0010000000000 0000000000000000D00000000O0O000
O00ooo00ooooo0ooooooooooooooooooooooooooon
00o0o0o0O00o000OoOO0O000D0O00ODOO0O00D0OOODOOOUODOO (DOOo
0)000000000OO0O00U0OO0O0O00D0OOODOO0O0DO0DO0ODOOOOOOOOO
ooooo

0000000000 e0,0000000000000000¢t000000000 =z,
0o00DOOo00oOoooOo,b0b0000,0000 DO00O0COO0O0 1lxEkO0000O0O00O0

d, = . TS™!

Oo00ooo000.00000000000000 00000000 (000000 dy
000000000. 0000,0000000 r(desdg) 0, 0000000000000
gogoooooboobooboobo.
(de.dy) o)
el lldq]]
00000000000,00 ||-|00000000000000. (200000000
ooo000d.0d,000000000000,0000000000000000000
000000000, (2000000000000 (cosine similarity) 0000000,
00, r(de,d,) 00000 r(ze,zy) 00D O0D00ODO TF(term frequency) O (Luhn,1957)
ooooooo. ooo TFPOOOODDOoOoobOooooboooooboOo,0o0ooooog
00000000 (inverse document frequency) 000000000 Jones(1972) O IDF
000000000 TFIDFO,0000000000000000C0O0OO (D0DO0OO0OO
00000 Allan, Carbonell, Doddington, Yamron, & Yang, 1998 00 ). 0000000
00 (erater 00 )00 TFIDFOOOOOOOODO.
OO0IEAD, 00000000 e0D00D0O00DOO0ODOODOOODOODOOODOODOOOO
000000000 0,00000000000000000000000IEADOOOO0O

7(de,dg) =
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oooooobgobo ooobobo,0bobobbobobooobobooboooboon
goboobooobooboobbooboobobooobooobooobooo

min(|[del| — ldgl])

oo0ooooo 1000000000000 ooooooooooooooooooon
ooooooooooooooooooo

OO00OLandaver 00000000 COO0O2000000000 http://1sa.colorado.
edu/paper.html 00 pdf 0000000000000 OOFoltz et ol.(1999) DO OO0
IEADOODOOOLSID00000000000000000 (Landauer, Laham, & Foltz,
2003)00,00030000

e Content: 00

e Style: OO

e Mechanics: 0O
O Overal (OO O)0O A-D,FOOODOOOOO

Landauer et ¢.(2003) 0 D00 OGMATOOO0O0O0OO0ODO0OO0O0O0OOOOO N =2,263
O00000000000000D0000008600000000IEADDODO (single raters)
oooooo8s 000000000000 0000000000000000000OO00n
000D0O00ON=1,033000000000000.750EADODODOODO 073000
000000000000 000000000 IEAO0O0OOOODOODOO0OOooOon
0 (N=2,263)0 08800000000 (N=1,033)00.780000000000000
(N=3,394) 00000000000 IEADDODO08 O0DDODDOOOO 300000
0000000 IEADOODOOD 083000 0.68, 00 06600000

O00000000000030000000000000000 70%080% 000000
OO0 10%020%00000000 11%0000000000000000000000O00O0
00 Chung & O'Neil (1997) 00 0IEADODOOOOODOOOOOOOOOOOOOOOO
O000oo0o00ooooooooooooooooooooooooooooooooo

K- A-TOOODOO IEACODOOOO, 0000000000000 00000o0o0og
000000000000, 0000000000000 000o00ooDo0o0o0 10000
(prompt) D00 300050000000, 00000000000000 2003000000
oo0oooo,IEADDO 10000000 10000000000000. 00000,00
O00000. Foltz et ¢/.(1999) 0000, 000000000 2000000000. 000
00O0D0OoooSO00000oDO0noOoDnDOonoOooOonoOng 199900 e-rater d Sun
Workstation, Ultra-2, Solaris, 137/MHz OO OO0 200 0000000000000000
OO000LSIDO00, 00000000000 WebOOOOOOOOOOODODODOOO
O,0000000000000000000000000. 00,0000000000
O0Jess0O0D000O000DOLSIDOO0ODDOOO0O, 00000000000 0Intel
Pentium ITI, 800MHz, RedHat7.2 00000 0.50000. 0000000000 O0OO0O
ooooooooooo.

00000 LSIO00D0000Do0oooooooooooooooooooon
O000000O000000oODO199900000000,2001 000000000 (DOOO
0,1999b). 000000000000 000000 (Jess)0D0O0OOO0O200200000
00000 (0ooog, 2002)0
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OO LSIO,0000o00obooooooooobooooooboooboo,oooooo
gooobooboobooboboo. ooobooboobobboobooboobo
gobo,0bogbooobooobooboboobbooobon.

2.4 IntelliMetric

0000/00000000000000 Vantage Learning0 000, 000000000
O0.00000000019910000000 Vantage R& DODOODOO, 19950000,
gooo,00oopo0ocoooo0ooo0,0o0ooooooooogoooooooo,
19970 70000000000000000ODODOOO0O,0000000000. 19970 11
00 IntelliMetricO 0000000000000 OOO00O0O0O,19980 2000000000
0000000000000 00000D0000000D. O0D00D00O0O0, Vantage Learning
0000,00000000D000000000000DODDODOODOO0000O0O0O0
00000.000000000 http://www.intellimetric.com/demosite/demo.html
0000/0000000000. 000000000 1100 (10 million dollars) 0 0 OO
O0000ooooooooog.

Oo0o0o0oOoODDoODoDOODOODOOO, Vantage LearningO0 0000000000000
0000000000000, 000000000o0ooooooDOoO0O000000ooog
0000000D.0D000,000000000D0D000D000000DDOODOOO0O0
oooooooo,00ooooooco00oooooo. ocogooooopoooogooo
000,000000000D00000000000. Vantage Learning0 0000000
0000000 (CogniSearch), 0000000 OOOO (Quantum Reasoning), 00 00O
00000000 (IntelliMetric) O, 00000000000 OOOOOOOOO,O00O
000000000. 00000000, 0000000000000DODOO.

O00000000000000000 (decision tree; 00 00 Berry & Linoff, 199700 )
0000000000000 00000D0DO0OD0OD0OOO0OO0O0O00 CART (Classification
and regression trees), CHAID(Chi-squared automatic interaction detection) 0 0 00 0O 0O
O0000DD0O0O C450 Ch.000000000ODOOODO0DODODO0DODODODOOOOO
0o0o0oooopooocoo0oOoooooooooooooooo

IntelliMetric0 00000000, 00000000000000,0000050000.

e Focus & Meaning: 0000000000, 0000000.

e Development & Content: 0000000000

e Organization: 00000000000

e Language Use & Style: 0O O0OO0O,000

e Mechanics & Conventions: 0000000000000

O0oo0O0Oooooo,0doe00OOOOOOO0OO,0D00D000000O00ODOG6
goooooooo. oooo0ooOo,00gooooooooooooooocoooog
goo0ooo0o0o,000000400000,0000,00000000000,1040
0000000000000 4000000000000000 (Sepos, 2000).

O00000000000,7200000 (Features) 00000000 . 00000000
000000o0oooooooooO0O0,00000000,00000000000DDAO.

Vantage Learning 0 0 000 0O IntelliMetricO0 000,000 20000.
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1.200000000000000O00, IntelliMetricOOOOOODOOODOO,00
goobooboooo.gbobobob 2200 0b0b0ob0eboboboOobg
00,20000000000000100000000 9%%0000, IntelliMetric
00000000 9w%ooo.

2.000000000,00000000000000000O0.00000,00000
O0000D00O0O000DoOoo00oDoooOoOon. IntelliMetricOODOOOOO
0000000000,000000000000000D0O0DOO000ODODOO0O0
o000, 00000000.

Vantage Learning 000 0O0OD0OOOOO, 1. O, IntelliMetricOOOOOOOOO
0000000ooooo0o000O0oDoO0O. o000 ooDoOooO0Ooooooo,Od
00o000o0oOo0O0o0o0oOo/ooboO0000UOoO,000000C0bOOOOOOObD
gooooo,00oo00ooooooo0o0ooo0oooOooooOoooooooo.
IntelliMetric0 0000000000000 0O0O0,0000000000D000000O0O0O
ogo0,000000opoooo0oooooo0Uooooog,0ogooooooOoog
OO000000000. 00000 Writing Ability O ¢, 0000 0000000 v 0O,
O000e 000OODO

yi =t+e;

Oo00O00oOoooO, IntelliMetric0 000000 e 00000000 0ODOOOOODOOO
gooboboooooboo. bbb, 000bbo0ooobbboooubooboooooo, 2.
ggdooooobooobobobtodbdooooooobobobobodooooooo.
ddddddddoooooob, bbb, oo oon
00000000000000000000000000000. Eliot(2003) 00000

e JIUJODODO30000(DDDOODOOO 50)

e 60000 D 1000000 GOOODODO 2000

e 20000000
goooooooopooooobobbbbbb, oo dg,ggguogoa
gogodobbooboooooooooboooo, bbb oooboboobooboa
gogd.

oo,00bdbb0bo0booboboboboobooboobuobo.obooob 2001
0000000000 000,00000000000 (Eleanor Chute) 000000000
OO0 IntelliMetricUOD OO OOOO, 60000 400000000000, 00000
0000000000000 000000000O000000O0O0OO0 (Chute, 2001). OO,
00000 (Chief Operating Officer) O Scott Elliott 0000 ,3% 00 7% 000000
O00000000000000000, 00 (too unusual to grade) 00000000, O
g, ggdogoboobotbotbodgodoooooooooooooobbooooooboooooa
gogd.

IntelliMetric 000000000 Elliot(1999) 000000000 700 (International,
Age7),1100,1400000000000000 (External Measures of Writing) O Intel-
liMetricOOOOODOODODOODO0OOODDODODOOOO0OOOO0OOOO0DO0OO0O0OOO0O0OO0
OO0 2000000IntelliMetric0 000 0O00O0O0O0ODOOOOODOODOOODOOODO
00000000000 o0640000IntelliMetricO0 0000000 0ODOOODOODOO
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ooooOoDos800600000ELetOOOOOOO0OO0OOOOOOOODOODOOO
(0000000000000 000)000O0DooOoOoOO

2.5 Beyesian Essay Test Scoring sYstem, BETSY

BETSYOOOOOOOODOODO RudnerDO000O0O0ODOOOOODOODOOOOODO,O0O
00000000000000000000000000000000000 (Rudner et
al., 2002). 00000000, 00,40000 60000000000, 000000R0
gobooooboooooboooooo. oboooooooooooooooog, oo
00000, 00 (Appropriate), 000000 (Partial), 00O (Inappropriate) O 30 0O
0do0o00ooogoooooooon. D0, 00dogboooooooboo 3000a0ad
000000. D0ooOooo0, 000000000 /o0b0000/oUDbDboooooo
go0fdobooooooooooooboooooooooooouoooooo. oooo
Pi(u; = 1|A), Pi(u; = 1|R), Pi(u; = 1|[) 000. 00 40,0000000000, w0
DDDDDDDDDDDDDDDDDDDDDD.A,R,[D,DDDDDD/DDD/DDD
0o00.0ddooooboooooooooboboboodooooooobooooooooon
go.oooo,oooooogoa

00 :P(u;=1A4)=0.7, 000 : P(u; =1/R) =06, 000 : P(u; =1/I) =0.1

000.0000000,0000000000000000000,00/000/000
0000000000000000000000. 0000 AbilityDOODOOO00000
000000000,0000000000000,0000 P(4)=P(R)=P()=0.33
00000.000000000000, P(A),P(R),P(I)00000000000000
000000000000000000.0000000000000000000000
000000000000000000000000000000

P(Alu; = 1) = P(u; = 1|A) % P(A)/P(u; = 1)

000. 0000 P(Alu; =1) = 0.7 x 0.33/P(u; = 1) = 0.233/P(y; = 1)000. 000
P(R|u; = 1) = 0.6 x0.33/P(u; = 1) = 0.200/P(u; = 1), P(RJu; = 1) = 0.1 X 0.33/P(u; =
1) = 0.033/P(u; = 1)000. 000000000000 P(w; =1)0,000000
000000000 P(Aju; = 1) = 0.233/(0.233 + 0.200 + 0.033) = 0.5, P(Rlu; = 1) =
0.200/(0.23340.2004-0.033) = 0.429, P(I|u; = 1) = 0.033/(0.233+0.200+0.033) = 0.071
000.00000,0000000000 ()00000000000000000000.

00000000000000000000,000000000 P(A), P(R), P(I)O
0000000000. 000000000000000000000

0000D0000000000020000000000000000 (McCallum &
Nigam, 1998)0 000000 BernoulliDO 00,0000 ;000000 ¢;000000
00

<

P(d;|cj) = H Biy P(wile;) + (1 — Bi) (1 — P(wilc;))]

o0ooooo.o0o0,voooooo,Bge(0,1)0000¢t000DO0O:000000OO
000000000000, Plwe;) 00000 w, 0000 ;000000000010

16



gobodbooooboboooboobuoobboobooooboooboobooon

D;
1+ Z Bit
=1

Plrles) = =735,
J

o000 p;dob0qg0oooodoobooogbobooooooooJoooooogoo
goood

U0000000bD multinomial OO0, 0000000 0OO0O0O0OOO0OOOOOO
goboobooobooobooobbooboobbobobooboobboonn.

v \Nit
Pltle) = T 75—
ooo N O, 000w, 00000:0000000000D00000. 00000000
P(uwylc;) 00000 w, 0000 ¢;0000000000000000000O0COO0O0
godoooooooooo 5
J
1+ZNzt
=1
D.
V+> Ny
1=1
000 p.000D0O0O000O0O0O000O0O0O0O000O0O0O000O00O00 “00000 (uni-
gram) 00000”00000 0000000000 Mitchell(1997) 0000000000
gdd
BETSYOOODODOODOOODODOODOOOO 20000000 46200000000000
008000000 (O0OD0O0O0O0O040000)00000000000O0ODOOO
0000000000000 0000O000O0O8ODOE40 B0%)DOOODODODDODOOODO
O,BETSYODODODODODODOODOOOODOOOOOODOOOODOODOODOODOOn
goooooooo.

Plule;) =

266 UUOO0OooobOoOoOoooOO

O0000000000000000000000000000 (helistic)DOOOOOO
oooobooboboobooboboboo2b00b000bO0o0obob0bobOoobon
gobooobogoobooobooobbooboooboboobbooobboooboo
000000000000 00000000d erater, PEGODODOOOOOODOODOO
gooboboo ogboboboboboooooooboobobobobobooboOoogoo
IEADDODOODOO

gboboboooboooboobooboooobooboooooobobbobo
OooooonpooooobobDbOOoOOOCOCOO00000O0OOddintelliMetricd BETSY
O,000bgbodintelliMetricU 00000 0OO0OOOO0ODO0ODOODODODOODOODODO
0000000000000 0000000O00000000 BETSYDODOOOOOOooo
0000000000000 0000000D (bOU0ObL)DDoDoDUUOoobooo
gooobobooboooboboooboooobuoobobooboboobobog
gooooopooooOooooooooOooooooooooooO ABCDOEFO 600
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0000000000000000000AOO0OOOOOFOOOOOOOOOO0000O
0000000000000000000000AOODOODOOOOODOOO0ODOOO
0000000 BOOOOOOOO0OOOOOOOO0OOOOCOO0O0OOO00O0O0O00
0000000000000000000000000000AOOOO0COOOOOO
0000000000ADOOOOCOO0O0OOO0O0O0OOO00O0O0000000000000
00000000 BOOOOOOOOOOODOO0OOOO0O0O0O0OOO0O0O0O0OOO0O000

000000000000000000000000000000000000Rudner
& Gagne (2001) 0 0 0 PEG, erater, [EAD0DO0OD0OO00OO0O000O0000O0000
0000000000000000 IEAD etater 0000000000000 0OPEG
00000 (writing quality) 10 00 00000000000000000000000O0O
0D0000000.7500800000000000000000000000000000
000000000 (0000 Page, 1996 O Page, 1997) 0 00 O O O Chung et al.(1997)
000000000 (IEA)0000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000

Shermis(2002) 00000000 (holisticscore) 0000000000 00000O0
0000000000000000000000000000 10000 (single raters) O
0000000000000000(0000000)0000000000000000
0000000000000 50001,0000000000000000000000000
0000000000000 (descriptive) 000000000000000

00 O Elliot(2003) O IntelliMetric 000 2000000000 (000000000 e
rater 0 PEGOOO000O00)000000000000000000000000O0O0O
0000000000 IntelliMetric 0000 2000000000 6000000000
00000000000000000000000010000000000000000
0ooO

00000000, Wresch(1993) 0000, 00000000000000001000
00.020000000000000,0300000000000000000000
00000.04000000,00000000000000000000000000
00000.05000,0000000000000000000000

0000000000000000000000000000000000000000
BETSYOOOOOOOOOOOOOOOOOOOOOOOOO0OOOOOOOOO De-rater
00000000000000000000000000000000000000000
0000000000000000000000000000000000000000
O0000O000O0OPEGOOOOOOOOOOOO/OOOO00O0O0O00O0000O0O
O0OO0OO0O0IEAD PEGOOO0O00000OOOO0O00O0OOO0O00000O0000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000 000IntelliMetric0000000000000000000
0000000000000000O000BETSYOOOOOO00O0O0O000O0OO0O000O
0Doooooo
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01:. 0000000000000 (Wresch,1993 00O 0)

oooooo ooono oo oo O0Ooooo (o)
e-rater oo,000,0 000000 @ ‘“ricked’OODO0OO Powers et al,
O (2000)
PEG 00,000,0 000000 O0O/O0000O00O0  Pageet al (1996,
0,000,000 oood 1997)
TIEA oo,00,00 LSI O0000/000000 Landauer et al.
ooooo (2003)
IntelliMetric 0O0O0O,00,0 0O00O0O00O 0000000000  Elliot (2003)
O, 0ogood oog
0,000004d
ooono
BETSY oo 0b0o000 DOODOODOODOOoO0Od; Rudner et al
ooo (2002)

3 000O0O0000duoooogg Jess

3.1 Uoogobood

goo0bOobOooooooooOoobOoboobOooooOooOoob,0boobooo, o
ooo,0000000b00b0obobOoooo00oooobOooDOoo,oDoo0bobOoon
00000000000 oO0oo0Oo,00000ooooooD0oooboooooDoon
ooodbO,0000ob00bO0obOobOobOobOOobOOobOOobDOobOoDbon.

O0,0000000,00000000000O0000000DO00O00O00O00ODO. OO
00,0000000000000000,00000000000000000A0.

go0o00oooobOobOooooboOo,0b0obobob0oo0ooobobobooooon
0obooooooo.ooog,0boboboo2020000b000,0000000
0o0booobooooo201 000000000000 bo0ooDobOOo. Dooooobg
000000000, 000000000(00b0)0,000D0OODODOOOOOOOO
000000.000000000D0D000000000 http://www.aozora.gr.jp/ O
0doodooooboooag.

o0,000000000DO0DO0OO0O0O0O0oDOO0bOO0ObobOOooOobOOobDOo,0o0O0n o
0000000000000 0 JUMANOOODOODOOOODOOOD ODOoOoDOOoOoo
0 (0000, http://chasen.aist-nara.ac.jp/; 00, 000000), 0000000
Breakfast, NTTOOODOOOOOOOOODOOOOODOODOO,00D000O000D0O0O
000 KNPOODOODOODOOOOOODOO SAX,BUP, 000000 ODODOOODO
00 MSLROODODOODOODOOOODOOOODOO.

o000, b0b00bO0ob00bDob0O0oooobOo,0bob0obDooooDooboobon
00d0DOO0DbO00odoO0. 00000 bO0ob0ooOdoOOooOOoDOooOo,bo0bobOooboaoon
00000000000 o0o0ooooooooooDOOo,000booooogon
000000ooO00O000U0oOo0o0o0D0U0oOoOoOO0oUDUOoODOoUOUO (Dooo
0)0000000000000000000O00000. 0000000000 0o00OO0
0,00000 (199%.,b)000000,0000000000000000ODOOOOOO
oodboooooDooOooOobob0ooobo, 00000 oDobOobOOoboobooooon

19



gogboogo,oggboooood.

O00000000000000000000000000 Jess(ODOO)0DOOoooaQ,
JessOOOOODOOOOOOerater 000, 00,000000000000, (1)00, (2)
o000, 3)00030000000000. 00000300000 Oo0oOoO(oo)o
goboobbooooobbb. boooobbbooooob,000gs2300,b0d
100000. 000000000000 (1988) 0000000000, 000000000
oood.bobobobobobobooboboebbU0.bOobOobOobObDODOD
googoooboob.ogoboooobooobooboobooobooboobobg
0068%0000000000000000000O0O0DOOOOOOOOO0DOOODOO
goboobooboboobooobboobooboan

ooob,00d0Jessd00bobobobobgobognD. 320000,3300000
0,34000000000D0OO0. 35000 0OD0ODODUO0ODL,DDbODODUOODDUODOD
ob.3600000000.

3.2 00O

Jess 000000000000 (000/000)00000 (1995), 00 (1996) 000,
() 00000000, (2) 000000, (3) 0000000 (bigword, 1000000)0
00,(4)00000000,0000.00000000000000000000000
00,00000000000,00000CD-ROMOOO0O0O0O0O00O000,000000
ooooooo.

00000000000000000000000000000000,0000000
00000000000000000.00000,00000000000000000
00000000000000,0000000000000000000000,000
000000000,00000000000000000. 000000000 1500
ooooooooo.

(1) 00000000
000000000000000000000000.
1. 00000000,000

00000000, 000

0000000000000,000

00/00000

0000000 (00000)00

00000000000000000

S ok W

(2) 000000

000 (Yule,1944) 00000000000 0OCOOOO0OO,0000000 KOoOOO
goboobooobooboooog.
KOOOOoO,0000O2000000DOOOO fnlOODOODO,00000000:

T-S
= SZ

K x 10,000

20



ooa,

n OO0 nO00
S= 3 (axfl), T= Y (n*xfn)
n=1 n=1

000.$000000001000000000.70000000020000000
000,»020000000,000000000000000,00000000000
TOOODODOOOO. 000 7T00000000000000000000000000
0,00000100000000000 KOOD 000000 S000,0000000
0000000 (00000000 7T0 SO000000)000 $2000000. 000
10,0000 000000000000000000000.

KO00OO0OO,0000000000000000,0000000000000. 00
0000000,KO000000087.3000,00000101.30000. 00,000
00000000000,0000 KOOOOOOOOOOOOOO. 000 Tweedie &
Baayen(1998) 0000000 OO.

(3) 0000000000

goooooboobooobbo,obbooobo,0obboobboooboboon
goboooobo. ogoboobboobbooboobo,boobooobooobbog
gobooboobooboobooboobbo. boobo,obbooboooboobobd
goboog,obbooobooobbooobuoob,bboobbooobooobbo
gogooooobob. boboobbuooobboooobob,bboobbobooboboooon
goooobooooobogon.

goboboobob,0boboooobuobooboboobobooooboboa,
00000040,03000 (00 2%)050000.000000 600000000
gbooooouoobobobob,obooobobobobooooboboboboobobg
O000.000000000000000,000000000 25%0000000,0
goboobooobooboooog.

(4) 00000000

googbooobobooboooooooo,booobooobooboboobooo.og
g,0o0ogoobooobooooooog.

3.3 Uogn

gobobooobobgooo,booboobobooboboobobooooboboon.
gobo,goboboobbuogbooooo,bboobboobbuoooboooobogd
gobod. goboooboobboobuoooboooboobob,oobooboba
goboooobooon.

gbogoobdbo,oboo,b0o0booboooboobo. oboboobobobood
gobogoooboobobo,oboobobooboooboooboobboo.obobo
go,bogbbooboooboobobooboboobo.boobbooobooobobog
00000000000 0O0O000000.00,0000000 (199)000.

goooooboobogooag.

go: 0booooboboooobob. obobooobobboobboo. boboobobog
goooobooboo.0bbooboooboooog.
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gd. boobooooogoo,bobobo,ooboobuoa,obboobobobooaod
0000000000000 oo0. 00000000000, d0 (booooooo™
00000000oo0),00(0oo000,000000000000000,00
00000o0O0o00oon),00 (0000000 oOooD0oooO0,00b0oO000
00,0000000000000000000000O0DOOOO)DOO00.

go:. boobgobooboo.booboobobooboob,boobob,00ba
goooooboo,bbooboooooo,boobbo,0boob,0ooog,
uboboobooob.goboobobooboobooooo-b0oaoboo.

. 0booooboaooboooooooooboo,boooboobooo,oooobooag
goooobog.

gbobooobooboobboon.

O0: 0000 ACCOCOCOOCOOBODOODOOOOD,BOOOOOOOOOOOO
OO000000.0000AOO0BO,0A,00D0BO0ODOOOOOOO.

O0: 000000,A000000D0OQ000O0OC00OOOOO0.ODOOO0O0O0ODOOO
oo, 0boobbooboobobooobooboon.

. 0ogoboboooboboobbo,gobbooobbooobooob. oobobo
gboboodobo,ooboooboooood.

. Dooboooobg,bobo,boobooboouooooboboobobbaonogd
goog.

uboo,0boobodobooboooboobobobooboooboobo,obboobad,
000400,0800000000000. JessOO, 0000000000 (discourse,
0000000)000000000000000OD000,00000000000000
goboboooobooboooobbooobbooo. obbooobo,bboo,00b004
gobodob,0obo0booooboobboobooboooboobooobooa.

go,00dboboboopoobob,boooobobobooobobobooo. .
gooOoOoQoOoO0,000000000ULOUU0D0U0OO, 000000000 (O0,1999) O
Ob00d.JesUOooooooooobooboooobooboobooog,bobobobooo
gogbooboboooboo,bgobooboboobboobooboboooboon.

3.4 0UU

0000000000000 000000O0O000O0O000U0ODOOoOoOO, TREC(Text
REtrieval Conference) 00 0000000000000 O Latent Semantic Indexing, LST
0000.0000000TEACOOODOOD,0D0D00D0000000DO00O00000O0
goodaono.

O000000000000000000 XO000OO0OO0O0O0O00O (sparse matrix) 00 0.
o0,0000000000,00 XOoooooboooooooooo,0booooag
gdddoooooobbboobobooob. oooboboboooboo,bbobobooooaa
000000000000000000000000 Berry(1992) 0 SVDPACKO O OO
googooboo.oboosboboouogooobboobooooo, 00000 ooob-00
0000000000 0000O0000000O0O O (1999 ) 000000000,000
ooooooooooo. bbooooooobobooooooooDb Xoboooooao
0000 Duff, Grimes, & Lewis (1989) O O O Harwell-Boeing sparse matrix format 0 O
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0000.0000000000000000000000,0000000,000000
00000000000000000000000.00000000000000000,
00000000,0000000000000.
0000000,000000000IPAOOOO (THIMC097)0000000000,
00 (0000),0000-00 (00000000),0000-00 (0000000,00
00000),0000-00-00(0000000),0000-00-0(00),0000 (O
00000,0000000,000000000000000,0000,0000000),
000000 (000000000000, 000000000000,0000,0000
00)000.0000000,000000,0000,0000000,0,000,00-
0D0000,00,0000,00000000000.

3.5 000

erater O OO O0O0OO http://www.etctechnologies.com/html/eraterdemo.html
00000000, 0007000000000 (TOOOO0O0D)0OO0DOOOUDOOOOO
ooo.o00o0o0o00,60000,60,50,40,2000000100,300000 30
OO00. 000000 WebOOOOOOOOOOODOOOOOODO,0000 JessOO
Oo0O0.00000C02000.2000eerater000,3000 JessO0000D0DO,400
oo0o0ooOoooooo.

020000000

000 erater Jess oo CPrPuU(O)
A 4 6.9(4.1) 687 1.00
B 3 51(30) 431  1.01
C 6  83(5.0) 1884  1.35
D 2 3.1(1.9) 207 0.4
E 3 7947 726 0.99
F 5  84(5.0) 1478  1.14
G 3 6.0(36) 504 095

JessOOOOOOOSO,000020,003000 100000000, eraterd00
oooooooo,6edddoooooooooood.obnbobodderaterdddonon
00000000 JessO00O0O0O0O0O0O0O0O0,0000000O0O0O0OOOOOOOO.
O0erater 0 (00DOODO0OODOOO)0D000OD0OO0OO0OOOOOODOOODODOODOOO,O
000o0oOo000ooDoo0o0oooOoooooO,0o0ooooooooJessobonood
do0000000doDodoD. 0dbogoo cobodoO,erater 0000 6000000
O,JessO00000000,00000000O0D0DO0O000000000O0O0OOODOO0O, 6
oooooosoooooooooooooon.

000000000000,70000000000000000O0O00OOCOOOO (OO
O0)000,erater/Jess000000000O0O0ODOOOOODODOO. ODOO,0000
0(Q0O0000,0000000)0000, erater/Jess0O0O0000O0O00O0OOOO
oooooooo.

02005000 Jess00000 (CPUOD)00O0O. 00OOOO Plat’Home Standard
System 801S; Intel Pentium IIT 800MHz; RedHat7.2 00 0. JessO COOOOOODOO,
jgawk, jsed, COODOO0OOO,0001000000000000. 0000000O00O,00
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000000000000,00/000000000 kakasi(http://kakasi.namazu.org/)
000000. 000 UNIXOOOOOOOO. WebO OO http://zaza.rd.dnc.ac. jp/
jess/ 00000000. 0000000OO0OO0OO0OOO0OOO0OO0OOOOOOOOOO0O0000
Windows 0000 0000000002004000 Windows 0000000000000
00000000000000000000000

3.6 UU

JessUOOOODOODOODODODOOOOOOOOODOODODOOOODOOOOOOODO.
goog,scodbolecodgbooobooboo,boob,oobooboboonbg
gob.odg,ooboooooobooobuoobooboobooboooboobooaog,
O0o000000000000O0O0O000O0OO0O0 (DO0ODOOOODOO0O,2003a). OOOOO
gobooobog,0oobooboobobobboboboobooboobooboobg
ooobooogn,JesdOd0boooooobobOoooooobobOobOoooon
uo.

gooodobo,boooboobbooobooobooob,boobbooboboon
goboobooboobooobooboooboo,bboobooboobooboanog
goooobobo,bobobooooboooobooboboboo.bob,b0bbobg
goboo,0ogbobobooooboo,ggboobobo-cboobooboobOoobg
gobooboooboboooboooboboobaa.

4 ODO00O0O0OO0OO0OO0OOOOODO

goooboooboobogboobooboobooobo,boobooboobon
gobogooobooboboob,0oobboobooooboobob.booobooobba
gobooboboooboboobo,obbooboooboobobooboboaboo. bdg
goooboboboboooboooboboobobooboboobooboobobg
gooobbooobobooboboboooobobooboboobobbooboboobog
gobooboooboooooboo

4.1 00000

gbogoodoooboo,boboobobo,bobbobobooo,bboooobod
g.gobooobdoooboooboobbooboooboobobuoobboob, g
googog,ec0bdpbggeotboobobboobooobo.obob,oboobg
gooooooOD0O0 GMATOOOO AWAOO,000 20000000000C0OO,0O 30
goobogo.

1. 00O (issue) D OO (analysisof an issue): 000000000000 OOOOOOOO.
I A I A Y

2. 00 (argument) 0 00O (analysis of an argument): 000000000, 000000
oooooooboboobboodo. bogdooooooooooobooog.

oooobobob30ogdoot4o0b0oobobooboobo,obbobssooogn
ooobobobobobobo.og,b0ob0obobob 40000000 2000000
ooooog,sob0oob 000000, DODOO0OOODOOOODOOOODOD
oo,0obgile00004000000000000400000. OD0ODOODODOD
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gboobobuoobobooobooboboobbobobobobooboboobaonog
o0o00000. 00000,000000060000(0O0O0O4000000)500
goedboopobOO.

gboboooogog,ecoC00obD 8OO0 O0ODLOODOO0bLObDODOODO, D
00000 (Writung Ability) 00 0000000000000, 00000000000
gobooobg.gobecodbbgsooboobboo,boobboobooobg
000000O0o00.00,00000000 (DD)booOoOogoOoUuOooo,1036500
gobodobob20bboobogboobboob.oobobooobooobooooobg,
00oo0o0200000000000000,0000000/00000O0O0OOOODOD.
o OO0 ODUUUO (U)oL LoOOOoOoUDUUbLoooDOoOoOoO.

gooooobooboogo,obboobb,0oooboobobooobooooboon
goboo,0o0boobooboobobobboboboobooboobooboobg
gobooo. g, goobobooooobooobuoobooboo,oobobooobobg
goboooboobooob,ogbboobooobobuooboboobobooboos0bO
00000000 (00 0,2003200). 000000000000 (Powers et al., 2000)
goo,oo0ooood.

googooboobogb 1e000b00,b0o0bo0bbOo0obo0oboobLDbOon
goboo.gbbo,bboooboobodobooobooobobooboaon.

4.2 0000000

goboooooboooboboobobuoobobooobobooboboobobon
gboobobooboobbobobooboobbobuoobobooboboobobbonog
gobooboonboog

gogbobooboboobobobuoboobooobobboboboobbon
0000 (discourse analysis) 0 00 0 0000000000000 O0O0OOOOOOOOO
gboooboboobooboboobbooboobooobobooboboobooobog
0000000000000000000000000000000000 Marcu (2000)
gogbooobooooon

4.3 0OUOO0O0OO0O0OOOO

ugb,bogbobooboboobbuoobboooboo,obbooobooooood
gobbooooboooooobobbboooooo. gobooooooobooobboo
0000 UNIXOOO (EUC)0D000000,0000000000 EUCO0OO,000
ooboooboooooobooJiIsooo,00obooooc0oboooooooooooJIs
goooooo,wWebOOOoooooboooooogobobooobooboboobobooo
00. 00000000000 0000O00O000O00oO0oooO,0o0ooJIsgoooo
000000000000000O (CoooDOOoOOoDUUO0)ODO0O0DO0DOoDUOoOoOoooO
O0000. 0000 Windows(DODO JIS)Dd @3 000000.

goobobobobooobboboboboboo,bobobOobooogooog. Jess
gbooboboobooboooboo,boboo,ooboboobaob,obabbobod
goboobooobooboooboobboobuooboooboon.
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5 Uogu

gbogbogboboboboobooobobooboboobobobbobooboobod
goooboboobobooboboboboooobuooboboobobooboobog
goooboboobobooboboooboboboboobobDoobobbooboobobog
gogbooboobboobooobbooboobboobd

HEN

200000000bO0O0O0ODO0ODOOOODOODObLDOOOODObOOODbObLOO
goboooobobobooobobboooboobooobooboboboooboobooobo
gboobobuooboboobooboboobobobooboboobooboboobaong
gbooboboobobbobonoobooboobooooobooboooboobbaonog
0000000 (OoO0O0O0000000)00000000000000000D000O0O
oboooboobooooooooboob bob7obooooobobooboobooobOooDooo
gbobobuogboobbobobboboooboooboboobobbooaobbonog
0000000000000000000(C)(00000 00 0000000 16500628)
gobooood
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