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Context-sensitive Word Error Detection and
Correction for Automatic Scoring System of English Writing

Yong Seok Choi’ - Kong Joo Lee™

ABSTRACT

In this paper, we present a method that can detect context-sensitive word errors and generate correction candidates. Spelling error
detection is one of the most widespread research topics, however, the approach proposed in this paper is adjusted for an automated
English scoring system. A common strategy in context-sensitive word error detection is using a pre-defined confusion set to generate
correction candidates. We automatically generate a confusion set in order to consider the characteristics of sentences written by
second-language learners. We define a word error that cannot be detected by a conventional grammar checker because of
part-of-speech ambiguity, and propose how to detect the error and generate correction candidates for this kind of error. An experiment
is performed on the English writings composed by junior-high school students whose mother tongue is Korean. The fl value of the
proposed method is 70.48%, which shows that our method is promising comparing to the current-state-of-the art.

Keywords : Context-sensitive Word Error, Error Detection/Correction, Confusion Set, English Automatic Scoring,
Grammar-level Word Error

ARE A% A A=DE A% Y 27 ol oF HA]

2

o 2
b o

ox,
e S

¥ o to

-
RN
= 1

r
o G
o
=
; o
<
=
@,
o
=
w
@
&
N

-
4
ol
ol
x, 2
10
o
:cl>1£
[t
£
t
e
o
>~
L -
o\
o, o
oX,
o
it
ro
ol

2
Mo
{¥
A
{0
k!
%
o,
it
o
i
oX,
o
of
2
Sl
o
=2
=
=)
G
N
N
2
e
iy,
=)
12
-
=
ey
X
X
To
—
=
=
o I
ne
2
N
TN
1o
o
i 2
i
iy,
=)
=2,
I
=)
An
X

N
0
In
MO
il
d|
o
n
=
to
Ju
to
Ju
re
>
=
4>
0x
Tlok
ofn
ital
o
02
=
P

Ot
=>.'=
—IJ
Mo
4>
A
o
=
to
Ju

to
o)
offt
=2

o
~
rir
o2
o
Ho
>
>
o o2 o
Ry
ki
l
o
ofo
_O‘L
2
N
L
ol
)
oot
o)
>
oxl
ut
2

ol
o
ol
o,
rr
PO
o
4
32
N
=
Sl
=2,
ox
dobp
ot
o
o
]
ox
oX
_O‘_[g
rir
=,
o,

% o]
L]
3

Manu‘;cnpt Received : October 31, 2014 oo o - o B 2] ==
First Revision : December 19, 2014 ARk FEs nEs] Boks uw FAE o

Accepted : December 19, 2014 - e e L
* Corresponding Author : Kong Joo Lee(kjoolee@cnu.ac kr) '?”O] ﬂr O] 73'?‘7: SFE iR Ol't Ziyf‘a 7 ]’

L -
ox
o
fitl
-
0
>
>
)
@
s
Q
o
=}
2L
1o
il
2
30
X,
§2
o

o 1

O

i



(2015. 1)

=

1 M=

il

M4z

05F
S =

HIO0IE

D =EA/LZEH &

I

PSSP ES)

46

Jlo u.%frwa@r%emﬂm %M%%mf%ﬂﬂ%@%ﬁ 4ﬂ4wmﬂﬂm4 M%aﬂ
X0 y = of o oS o 1R T N B o T s [T _ N
< W ¥ r o PR LR Ty T UEE BT Sy ET
M Mﬁ ® 3 T o o % ol I o) O = oxm g W XN KW SR TR BT ns | X o
T FEroPlcs® EEROKLE TT eI B yZRg o Eg® 3
S S T o= 2 PP WY Py 5 F o =~ X B gz P o
o ﬂ%om_mﬂwqﬂrm chravmﬂﬁ%powmz% ZT&QE@@W@%% TR "
N <k e o of o X > = L T 0 a0 do
= N T o BEREwm W T ﬂwoﬂemm@@ﬁﬂx KRBT L e 2w
o T Q ~ o N\ m° !
= i MAM AR .m.ﬁ X 2 = M.Mm ,cﬂ.#M M ) D mm 3 i M.WT ol m ol _.ﬂm B/ M oy i ‘.M M"#_m
= ﬂAnﬁALsoaTwW Aé%%o 3 S @ o T o5 ol o A Eolrymm EW_A
<] Sy B TR ™ B G R o0 = o - .o ey o
all imwﬁ%wm:hﬂﬁl%% uamwomoww.mﬂm%muf% wuﬁm__m dmﬂmmﬂ.mam s =
. PEEP=2T ) e wnodzTipET sET,mueiiogax
B T Mg TS LT RNEBEO®m ool WY g BT T2y T
R e sl B _ o) g EC oo = T iy o XN o D N8 e .
o e T O W T ﬂaLmOaa]%oﬂiﬂL@M%mﬂ =X & oW g oy
X ol o R iy T M oM F o~ Y L F fr X095 ot o M <o T g 2 5 B
h L L7 % o Epw X "9y RnelTr R e iy Hzxw
S @M@ﬂdrﬂﬂ%ﬂr gl BT R U O N S T o
o = = g o o= % %wmﬂrmM%mc__ﬂahﬁm/ﬂﬁqwi%urma@%ﬂ%tL Wore =
. — o — = i — — el _—
25 m TZFiizoelo ot CMEE_E%Ooiego@lVﬂEim%&ﬂm« X W g
= e - BN < N Wy B T S e T S T o g T T
ir ® fﬁé%mﬁ%emgﬂugmM%Hﬂziﬂ;magwm% ER DL
o ; T WX wea o wm Ry oy 2 E g 2 Em g o = o <
o B a PN s FrFauswhamsed 2N Uy *T Lo wE oo B X do Boor B B oz
o ow ke T A T B o TN X R SN T oo mpw e AR do tE 5 L T & T db i
LU S S Ho 4 B W oo ® © ) WO WO N E Y YR T B oA o
w= xR G R T & o B T . E TR M RT S5 W R o o
o] q4 T ey o 3 = T > = N of &) = . B 2 o .
v e T 5 S E E T ey T g% ST TR oy
T o TER . 5T FodBmO mImEokszIA TR
s ~a 0% e wlA.l [y X m e ™ oy o 50 = Ho o EWL ~ o ME ,Dl G .
UG T 5 # - X o D = ™
— " o = W Tuﬁ% = T B N o B Lo o A.Nxﬂo,ﬂamavmm%
T N o o M = e - - < g X N & o my o o T M
Tomook b "M 5 & . B ar%ﬂ%a%@@%zavmhm,%wwgo;a
RN ON oo 2 g B R O T RPN O < _ = "
R AT I - 5= L o2y EIR AT ITRaNER oK
< o TR & o a8 o mis ﬂﬂmﬂ%%&gw}imﬂmgmﬁ@ =
= 2o ﬁfjﬁanm g 2 & . 8 wj_;ow@lm%qﬁﬂmaﬂﬂmﬁu%@emg
o R W7 ™ < <0 8 e ool ° Rz Wﬂaf;nnmﬂ]o.s
" " ~ A= g B 2 8 & = S % ok oD =
&mnfﬂﬂdr.m%moﬂ%ﬂ‘s =l o5 gm%mﬁg%aﬁu‘mﬂ%ﬁﬂomiwfwm%gﬂmﬂﬂ
by o Ty g g B E e el - o & N o oﬂh] R . mm Wzv Mo N g
T 7 [~ ° N = X . 0 it X
*RTER T L STY 0 FE @ £ USsral Twad, irItag®
Poge T HmWT NN g B xS ME®Kw 87 HET T I ey oo W
Mouw.smﬂﬂﬂﬁ E}r@\qﬂﬁi .mum/.ww K 2 3 S ﬂ.L]uEi&Lum_lo,_dr.W 2 = wop AR FE
R 1) = - S o ve mOWE BR8N e XAy T
w T_ﬂd ™oRT = oq_l ,um,o \N/ ® oo 3 % oy .,M olp mm ~ nE W ,%_u ® B OM 3 s %A m ol 1 w N o W NRK
1 = N o = = ' N
WO oo U o TN = M o~ o —~ ~ ﬂo,_gﬂﬂﬁﬂ?%loﬂﬂﬂ@ﬂ%ﬂ%
o B W oo - R ok T ) ST Zmm o, TgE 0 X AT 0 s oo
W . of o 2 L ~ o T T B T T T O+ R -2 o Jl B TS © SR o
y ~ RN =~ S D) NIIIN =3 NN NS = S do oy X G i =
R oo o = o ™y x g MT oo 29 x w8 dTWE R of RO

L
L

wA7

1

k<l
o

Zkell A

Ea

]—l:l

olyeh

HH
ki3

b 7 olgishe] o u AR

9

o

e

| 2~38 o7 T4

o

H7hs Fojx 2ol giske] 109

25et0] ol

A
T
=

"




47

2 93t =oH
=0
04 o 2@

ALE
2 ZAb
ZAAL |

=

=

X

G+ =
L)ﬁai
w3 T T
%o o 7 EOA ul|
.%mbﬂ%lﬂ O
w2 o © X @ A = Wow T
il e o B o Jo o
_?mﬁﬂwmm ﬁﬂﬂﬂ.mﬁﬂr l
4_L(Hanav &b i%%éﬂ N EN
zow}ar_nnm Q.z@wrobo _womﬂ7aﬂ
. o o 2 Mmoo T ° (- =0 Moo
QEO‘%@LOLf %H&ﬂ‘amﬂﬂﬁo ATﬂﬂmDﬂmﬂu}gOf
o © = oo 5w » W + 20 ;
e RATIN) T X o f A o = > o b ~ e e B
o ¥ R ol T e s Sz g W X RN
nH 3 o
Q,E = < o X H oo i ) it R Y S ! 7 my A o =°
CN ®° A‘Q . 2 b o w = o ) iy ~ o X8 R o
w Lo]zodr Ofdl.% =T Ew @ﬂ]ﬂ? Q.LWQJ A M 2 s N of &
qm_ﬁm4ﬂ ufwﬂwag KTﬂwqﬂn&mm%wqmaH%1¢ S
o SR ol Ko M-H X XO o o o) <0 X ﬁ_.m B oo < ° go ®° pe ,IW - e Y W o ~ o 1,Ur| =y
5%1% ¢1ur§ﬁfﬁo@ﬂﬂ oz mJleﬂﬁﬂﬁo Ezmmﬁﬁ? ﬂ%wozneﬂorﬂrio
?@Vﬂ%@lk L11L ~ .rnuﬂ Vnom_t} ﬂma. = b nan zoﬁomMEdet
BT = = M SR = v o m ° 2 A 5 RNy o - Ho 5 B g 5 R or
i T 4 T HﬁEETﬁET = ® _.géo ?ﬂliﬂ;ﬂﬂidz g Mo Aﬁ%zﬂj
= L.]‘C ,|1roo XLAo < al — = —_ = o
‘% —_ JJIw ‘UI £ T ) HW ~E 2 w . o < o o M .m, S “ll X Ae ZT E ‘D| = = S o z.L ° 0 o o/ .
R,\‘Olﬂo T o ~ Tod 110&H5J|1&l0 All\mwlﬂowqﬂw‘_to UHEH.AH.AL.F ﬂu .
H%iqx%d.il} B M ou_oﬂuurI - S 5 BRI p BN T uaﬂﬁdr
o 7A.?ﬂrVMo7M o Hééﬂ%%r}ﬁiE@@lVMh% %.wfﬁ% ﬂo_]@
o g iy OQAATia:,M o_x]}uTi e_ohﬂ]m_%JUOAdﬁTMﬂ 4]W§ o xo
}ﬂrLl‘;._L. oﬁ_o_.T_Lﬂ ooL uuw_EooHﬂo s%ﬂ = t1rxoﬁ. 17mx
XO  o% o o o e o ol L.o o EH i 1o o ol o %] — X P N il = oju S ﬁlb N AR Nz W W T
»Urﬂ,._mu‘—.lulllo,mﬂ_ = AoJldIUT_ Mﬂlwﬁ O_,O|Xo WOW ,.:L %O HELI,F ,._1%0 w_ Eo d,q E)E,MHNU Exﬁ
ESICS o bl —~ = =R ol z0 W o Lﬂr W N X0 . S No & ™ = > A = e = n
1:L = N EE o .:L o — R R . T = ‘IW o~ o H_._ = ‘UI hall .Zl ~. 3 S HL s
_— e e ~ B 0n N ol H % — o ajo il ) — Z plo 3 of S o o 3
m e ogﬁloﬁi M.MATﬂJ4;ouomﬁixﬁzﬂ?ﬂ%mza4ﬂmC%TMH
fiff =5 i!m;?;if%f;p_iwO_ﬂw.mmiw?o
;%wwmaﬁs%a ’ 3?%3% ga%ﬂﬂgowmmx4ﬂ$}ﬂmﬂ = & o = &
L:;LL_,o?ﬂifoagP ® o b@;v@__A Ruréﬁﬂoaﬂ}.%eamaﬂ%ﬂ
il Lo o oF d.}?ﬂlr | . o &lﬂmeoq wE
i3 s % W B oy noX X qOEe ATHTMME i < ¥ o B g N o @ 2 T G _% wl o
%ﬂmeaﬂomwwﬂ_%ﬂ @ ool T m?%é%z%%g&mwwazurtﬁmwmqwzo
T o= e LL < ) ﬁ_u.A 1 JllﬁJ..O] -
e B o % W % 7! <L % X - nf %P W W oo R " h i b 3T % = M e L =T 2L N
1_ 9 o o T w 5 =) 3 ~ o %0 X o - by BH T = ~3 Wy o o} o)) s 0 oy
i mr TR r e o R ™ e L ~ o T 5 ! T w S
N Jl ) o X0 o ~ % or e A w = o Nz AR
Avo@pnigzEogE;w%ﬂrzngzmwoo 4 = H%}m%&ﬂgﬂ
= et s . = oA R ol o T ~ = g
A7Td£1%ﬂ§ﬁacmm“ev@§§mu mﬁm&w\no@ u%HT} anri}ovyﬂﬂo%
w2 g X B we N = & % 5 4 © k,% T Ne T < = & = A o o k. o i3 b,
oﬂod.LJﬁmPLJIﬂ_Alﬂmai.*TumATﬂulAAb o il .on#ﬁoﬂquTLE sz]ﬂLWﬂl
1urgolemE ;.Lu..su %moﬁa_ego)ilga 504}ﬂ N EK o B i
x - ° oeuTan O Eo_amﬂ uﬂ@%?dE ﬂ.éa B & = T T
17r0f R iﬂru%ﬂ;mmemcléemvuﬁ @ﬂoavaﬁ 1Pﬁuu§,wodlnﬁb -
oﬂgeawrmfkl%iouewevgz ié?mﬂo 7£ouoﬂ1ﬂ091c
u,%,@ o T B 5 % = Sy % % o w X 2 oV s S S e W o W,ﬂ
ﬂ_loXo7AM|MH0iMowTEoﬁeﬁuﬂLﬁawﬂLﬂwamXWWMFZM/M QMAHWMMM.IL%NAT ‘:Lwn =
0 —_ X —_ Py ol_ . J —
ﬁwuﬂthwmﬂmwbgﬁrd_%gim %E@vﬁwm @O_HT%M@@ o e -
qwiw1MWQEQMWQmeE%@@OE w5 e a%%;% = i
:ﬂAmxuomﬁ 15%@%%%% m#?}b%@mw E%gmﬁgeﬂwu..urr oo
I ﬂ}%me_nu _ g N AAEvﬂox :],4_5] 5o ~
ﬂAoaoE {o_%AeﬂeMoGt. ufae;uwr il thHﬁuﬁ%wnev o N
?Urﬂg_bf ]WmﬂﬁﬁTATMkAﬂro,ﬁ = Eoo,_Tn_rm ﬂdrﬂu %]Zo._i %0 = 5
4 z © T o = =~ % © S oy M o o B w B TGS % XF o 9o
oF ﬂ¥§?1ﬂ@ﬂ el z W= gﬂ&% & X <
TR Mo & O W w3 < - ) it
o N 3 N~ Fl N —_ == X N ~ :W = = o] = — [~ EW < s
X E w4 ?;.A%7ﬂ o B Efmnioiﬂwfoﬂo ) X
anzm.w.mg o evﬂr._q.ut}mm 47?&@%%]?? o1 o o
N H oy of r o = — 5 =l (- " Ay of ) ,U! XA
o UHOMMWU,W.X ~X = _EL_EH:iL S = =
= ok =T s 70 oS s B = % o < ol o & - e o) ~
- _o _ JIﬂwldﬂ%Ll }Lﬁo ‘Urx_uﬂleo
Oﬂﬂiz?‘IrQy ZU_LOLIOﬂ — L,\El\l_l\l_l
o?wuau%ur.@gzﬂﬂﬂu%mmaa ol I GO
& = — )
G & ) o W e = ﬂ w- %‘i B
= EuAﬂ_Almeoztﬂuﬁ q]o#xﬁ
< ol xﬁr@ﬂﬁo ol 1%@
T e om V%moww
T = N o = dlnf]oo
o 2% A <
o_ﬁo ‘m.wro7bt
R R o Lﬂﬂzv
T = B
2y >

°}3l
Edjo] 1
Ao] W

IR

THT =om W,

- 07]' Zﬂq
= e

=

[¢)

j=3
Folo) AFE

7=
J_—:‘_ﬁ

[e)

s

ol 7}7t

=3
H

AR

N

*

A= 7]
o IIH o
=9



48 FEMEISS=2A/AZER0] H HOIH &% M4T M1=(2015. 1)

(o] 2) If you want to look better, how abut having a

haircut?

FHAL kel 291 wojel 1 Fd WIER FAHE i
E answer_word_list = {(you, 23), (make, 16), (slimmer, 4),
(look, 9), (about, 5), (want, 10)..}7} &A1 w (o 2)9]

3

o] ‘abut’= answer_word_listol]l EA8A] A FALEE Az}
£ zZk= ‘about’s answer_word_liste]l EATS &4 4 9l
= P

ol
il

A Azl 2579 7heAel Aes 4 T Atk
A7} answer_word_listoll EAFA 1 Ao
7t F5 FT& Hojd ©old u, Double Metaphone il
=3 HA2AYA Y Minimum Edit Distance)Z  AAHs}o]

ojgtolal WE gho] AT A AHem 3

01 | function GuessSpellingError (Wq answer_word_list)
02 | {

03 w_candidates = []

04 if (Wo != UnknownWord)

05 AND (Wo not in answer_word_list)

06 AND ((level(Wo) not in [Elem, Midd])

07 OR (freq(Wo < Threshold))

08 | {

09 w_meta = get_metaphone(Wo)

10 for (e, e_freq) in answer_word_list:

11 edit_distance = calc_edit_distance(Wq e)

12 e_meta = get_metaphone(e)

13 if ((W_meta N e_meta) = &)

14 OR (edit_distance <= 1):

15 w_candidates += [e, e_freq, edit_distance]
16 if w_candidates != []

17 Wi = best(sort(w_candidates))

18 //edit_distance$} e_freqE aleiste] A/ Mg
19 return (Wq ‘PSeudoSpellError’, W)
20 | }

21 |}

Fig. 1. Error correction algorithm using correct answer words

Fig 19 &u8]& 09, 1259 get_metaphone() 3= F
ozl o] oo digk 5 ARE YHs Fu FFEA
Double Metaphone &35S Ab&3ste] Fa&t) o

Table 1. Two collections of confusion sets

Confusion sets Examples

{accept, except} {advice, advise} {allow, aloud}
{assure, ensure, insure} {along, a long}
{morning, mourning} {praise, prays, preys}
{plain, plane} {poll, pole} {root, rout, route}
{wrote, rote} {see, sea} {seam, seem} {it’s, its}
{steel, steal} {some, sum} {vain, vane} {to, too,
two} {very, vary} {wait, weight} {wail, whale}
{youre, your, yore} {who's, whose} {which,
witch} {weather, whether}...

(A)
423 sets

{excise, excuse} {extend, extent} {extraction,
extrication} {expand, expend} {expert, export}
{action, auction} {whale, while, whole, wale}
{aluminate, illuminate} {alien, align} {allusion,
illusion} {adit, audit, edit} {fool, foul, fowl}

(B) {failing, falling, filling} {hear, here, hero} {hair,
3373 sets | hear, heir} {crate, create} {cast, caste} {leach,
leech} {manage, mange} {miner, minor} {moral,
morale, morel} {morning, mourning} {massage,
message} {mask, musk} {ballet, ballot} {soar,
sour} {cite, site} {tanker, thinker, tinker}
{through, thorough}...

web dh&o] fAIALHE HE 12) AT} FAKE W
11) &of e7} answer_word_listol EA1E o), wg e9 HA}
oBz 7}Ee)

32 ol2l HelE BEXEE 0183 Hol 2F F

E5 3 & (confusing set)> vyt e Zeoz <lahd]
A EEE ] AFSEE wol JFeoltH3]. EE ATl e
To7b EAeA HHE A A P de e £
ol tigk QL F 7S AT FH EY AHE &8
o] EeAPol e dol F s 9ol g A
wols  AAgh oue dlFe  I@H oA gt
n-gram AHu Ao} F W (collocation)9t 2L Tl ARE
gt}

E Agdxe 29 AR g8 E5dY Bed AMgst

7} 1 o]ste]™ Double Metaphone &ie]&S F335o
T owole] wFo] fAE W), o] EFFor wEH
olgA wtEolxl T AV 38730tk EEF %
KN =]
=]

H
(A9t B)E A= 253ME T Z&5A) & A
5 1

2 A 28 EEPde F2 A6l EASA @

= FAGEIAY (d

o td

: youre vs. your, all ready vs.
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Table 2. Error detection-correction rules according to POS ambiguities

POS ambiguity Condition Rules of generating Example sentences
of Wi candidates — set of error—correction candidates
. Wi/VB The students had been scold by their teacher.
! NN, VB} be + WiNN | G | vBN — {scold/NN, scolded/VBN, scolding/VBG)
2 {NN, VB} have + Wi/NN Wi/VB — VBN He has show maps to driver. — {show/NN, shown/VBN}
3 (NN. VB singular noun Wi/VB We know that the factory produce filters.
’ + Wi/NN — VBZ | VBD — {produce/NN, produces/VBZ, produced/VBD }
. Wi/VB The road is separate by the river.
4 Ul VB} be + Wi/JJ — VBN | VBG — {separate/J], separating/VBG, separated/VBN}
They have many relative to visit.
NNINNS|PN . — {relative/]], relatives/NNS}
g U NN + Wi/JJ Wi/NN NNS *They have several minute to think over.
— {minute/JJ, minutes/NNS}
. Wi/VB . . . .
6 {IN, VB} NN + Wi/IN . VBZ | VBD The baby like nanny dogs. — {like/IN, likes/VBZ, liked/VBD}

already) 9|V & 37 aealoF sb= A4t (o :
vs. healthful, childish vs. immature, innocent vs. childlike).
9 ol QoA 5 2
Folth, E AT i GoE A2YTolR Ashe

2/3F ARSE G4l AYF BAelt wy] £
5

healthy

ETERT 25(A)

Flok

A% E5A)EE A7t F He 497 24 5 vk
a7 Wi Ager EFHY EEB)S e A&
) ®azl gt ®d FEoR FHE E(A)dE TR
Exwole V2o g 5] (o : affect vs.
effect) EAstE W, 5oz 53 EE5B)de 71E

g o9 B8P BF EFHo] 9lo] (o : affective

vs. effective, affectation vs. effectuation) A 2o =

e 1 el

] S 3
o] tho] Wio] HAHAS u, WS TAHOE 4% o £l
AR “Co Cqp, Wy, Ciq, C2"9F9 collocation BRE o] &3}
o 5% F =Wl P A dolE A4
P(W1IC, C.y, Ciy, Ci2)9F P(WolCopy Cq, Cip, Ci2) & L
E o] =2 Aow AAT

o

P(WiIC-, C4, Ciy, Cio)
= P(W)) P(Co, Cy, Ci, Cial W1) e
= P(W1) P(CoIWy) P(C1IW)) P(CulWy) P(ColW1)  (2)

7} %%% E4& %—v‘i’—%‘] nkdala]) sk A9t st
a8 2y dgEde] ook oujE 1y gs e
L7 e Afew B 247 ATeR B4 U
T A7 gtk 53 948 24 wofdl FA T4l 9
= Aol a9 Aol JteEnh dF B0 vy e
oA FA4E 2Ak (o 3)9 ‘scoldE HAHNN)G A E
(VB) + el FAE 7K (e 3)9AE ‘scold &

Table 2= 1% wo] Wik 7bd & Q= F4F F40
el QFE FA Mok s Fu 2A5 1 x0] B
B2 0 oI oY WE AA OF £ Fu wolE
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Table 3. Two smoothing methods

Smoothing with lexical bigram

Smoothing with POS

P(Wi|Wi2Wi-1) x P(Wist|[WitWi) x P(Wix2l WiWie1) P(WilWi-2Wi-1) x P(Wi1| Wi-tWi) x P(Wix2| WiWis1)
L2P1:

L2
P(WilWi-1) x P(Wi1|Wi)

[ P(TilWi2Wi-1)+P(Wi| Ti-2Wi-1) *P(Wi|Wi-2Ti-1) ] x
[ P(Tit|Wiat W) +P(Wi1| Ti-t Wi) +P(Wist[Wi-1T) | x
[ P(Ti2d WiWis1)+P(Wis2l TiWie))+P(Wis2l WiTi1) |

L1P2:

P(TiI Ti-2Wi-1)+P(Wi| Ti-2 Ti-D)+P(TilWi-2Ti-1) ] x
P(Ti1| TietWi) +P(Wist| Ti-t T) +P(Ti1 Wi Th) ] x
P(Tie2 TiWis1) +P(Wis2 TiTi+1) +P(Ti2l WiTi1) ]

P(TilTi2Ti-)+P(Til Ti-2Ti-)+P(Ti Ti2Ti1) 1 x
P(T1+1|T1 1T1)+P(T1+1|T1 lTl +P(Tl+1|T1 lTl ]

[
[
[
P3:
[
[
[ P(Tial TiTix)+P(Tie2 T Tis) +P(Tis2 TV Ti41) ]

Qe AR7ME gETe AT oA Egolth 72
& Table 29| T3 o] #&57] $]§ qy FgLe ok
712 4 571 vt #4E ASoth

el A ol %01 Wi ‘scold 7} W Table 2
%o dlgett) oju] R who] A A W
FEAE -ing7t £ FE(VBG2)9t A4 H e (VBN)
2 Agstetes glojth oleh o] APE F FH o
Ak A 9 o= 831 {'scold/NN, ‘scolding/VBG,
‘scolded/VBN'} 7} T}, & Aol A=

sto] OF TR F od dolE HF 54 dolE He9Ex
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P(S)
= P(Wl)P(WQ|W1)P(Wg|W1W2)‘..P(Wi|WifQWi—1)><
P(Wint[ Wi tW)P(Wio WiWie1).. P(Wa  Wh-2, Wi 1) 3)

T ol Wiolth Wie
S Womz FEs] B2l Wie 48 dojolr Wlmo] m
& Aerololth. $el7t sof ¥ APe 4

Aol Wom Funwol F wel H8@

°F Fu o] 3

huv

2) FAMHEE Penn treebank(8]2] FAMAAE w}Et)

PS)E HU=Z e doE 2= Aotk
Woo] opd ¢ dd whojo Z-&(inflection) 25

o
o
drk F4F + 9

ol

Tl 7}

7t

% AN W, ith 94
AL YA golt mE 5o
Mg PaAE g (

3 »yl frh

o golg
15t 18y) o
(Eq. ¢ Al Egtol13)

L

lo,

9] &

2

nqm

ERig R

P(WiW; oWi 1) x P(Wia| Wi iWi) x P(Wio WiWi.) 4)

(m+1)7] o] FH thofof Eﬂé}"q (Eq. )& Axtste o 3
F ftol A7t = "ols A ¢ dolz Adshd A
S dolEll A Echolade HE gtol $1% W (Bg
49l ol 0o] & 4 Atk (m+D7H9] (Eq. 4) #el 2% 0

o o ojw whoirt 7bg AAEg FElA dae 7 gloh
w ﬁ?ﬂﬂ“ ol A doly Ho o Heks)
(smoothing) WH O & Table 33 Z& F 71#] WS 43

3 Horh

A A S 3R digk Egtolad JEI}F ¢l&
o o]Z ulo]x¥] AR Z thA 3= Ao|td (smoothing with
lexical bigram). 7 ®A WHE o3 A K] gt Egto]
# AEIE gls W, FARE OiAs= Aolth
(smoothing with POS). F 7}« WH& 33t 1 A%

£ HluE] Bt adr.
B AFolA= Aget g5 gho] asdk Zo] ojyx ¥
v

Hoo] Z 1
E

ol

"(smoothing with lexical bigram)
Lexical 3-gram)2.2 o] &&

-
W



Ag-ovk 1.2 (Lexical 2-gram) AHE o] &
& o]&3d Hetsl W '(smoothing with
Hel M Ho FES e wolrt 2R
A sk Aol 3do] & sk FAHPOS) AR E A
3k 1.2P1 (Lexical-2 POS-1) R9E& A-g&3}a, 2Pl =
Axol A Eates A9olvt LIP2 (Lexical-1 POS-2)5
Ag-sEaL wiA| ko 2 P3(POS-3)& AHE-3HT),

FAARE o] &3 Hutst WydAE (Eq 9] Fo] &
T EASA Fe A, @ "olE: FAF AR iAo
(Eq. 5)3 o] AAtgrh

nqm

P(WilWioWi 1) = AMP(TilWioWi1) + A2P(WilTi oWi ) +
A3P(WiIW; 9 Ti 1) (5)

(Eq. 5A Al &9 TaxE BF Fd3t T

ME A7 1302 dA4dth (Eq. 5)& A4 ol
3= (Eq. 42
&3 o] FAsY AME & 0“:} ((m+D7 9] ghyk
st H7) wiEe (Eq. 6)lA M #e A9l

O

[P(TilWi2Wi-)+P(Wil Ty o Wi )+ P(Wil Wi 2T )] %
[P(Ti Wit W)+ P(Wiat | Tioy W) +P(Wit [Wi D] %

[P(Ti2l WiWi. )+ P(Wio TiWi )+ P(Wi ol WiTi1)] 6)

FALE X HHP).

(o] 3)o] 9J& ¥4 “The students had been scold by
their teacher.”ell 4] ‘scold & Table 29 (1)¥ 7ol 333}
W ooy oF FH o4 o] [ {scold/NN, scolded/VBN,
scolding/VBG}7} €tk 44 2 $1H dojol] ojsf (
HE A Aol (Eq. Nolth

P(scold/had been) x P(bylbeen scold) x

P(their|scold by) (7-1)
P(scolded/had been) x P(bylbeen scolded) x
P(their|scolded by) (7-2)
P(scoldinglhad been) x P(bylbeen scolding) x
P(their|scolding by) (7-3)

URZ TE ME AIAHES QB 20 T2 o] 22 ZHA| 51

(BEq. 7-1)~(Eq. 7-3) solA HA9gs 2= E971 (Ea
7-2)% BEEHAS 45 48 B4 01 ‘scold’el] ©]3
wshel #AAH o] S FHVF BAYY T Adsta oju 9

42 “They had been scolded by their teacher.”Z <74
I~
T

B omiol A A el g 3rks s theol 3
Aol Ags skt

<5 dHlole 2+ LDC Web 1T 5-gram[9] =, °1§4 Eg}
o9l FRE ARRste] Shpatgich WE] Aed £

SOl e FEAAA E5HFA) Thgoll A X ﬂ Ez}
olz1¥l M4E 16317462011, &5 HTHB) A= 65,891,295
olck. Bulg wed TyFEe] Holes FAA sl
A QA Edoladle] e 285552010 FA 4
w7l ¥ B35 g2 F437] $8A = Penn treebank©]
A UAE w9 BlE st B4 ARt ze
Egfo]la# o Mee F 432255570 0]t
Table 4. Collection of student answers for evaluation
(test sets)
. Average
Question Number of | Sentences Total words
. number of
Categories answers | /answer (word/
sentences
sentence)
(1) single 14,703 10 14,703 6.14
sentence writing
(2) 4-sentence 1,206 397 4784 10.02
completion
(3) paragraph
writing (2~3 sents) 3,324 1.97 6,064 10.01
(4) paragraph
writing 147 4.25 625 10.95
(> 40 words)
(5) Inferencing
and paragraph 164 427 701 12.87
writing
(> 40 words)
(6) paragraph
writing 2,139 5.63 12,037 12.80
(> 60 words)
(7) paragraph
writing 210 9.43 1,981 11.22
(> 80 words)
(8) Essay writing 85 15.16 1,289 14.61
TOTAL 21,978 42,684 11.08
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Table 5. Results of error correction using correct answer words.
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Table 6. Results of error correction using confusion sets

(A) 423 sets
(B) 3,873 sets

42 ojz2| Heof
collections

Table 6
Confusing set

= (perplexity)
F4o] ke

and

how abut

hansome

simmer.

more
shaped sugar in his coffee

Examples

you
cube

make
Im lee woo min i say woo you say min

woo!! — why

hey taxi gay do you go keng bog gong?

— back
treating a boy who has scar on his

He ware striped pants,so he look like

taller. — wear
talking about her projet — project

ordering coffer to a staff — coffee

clan customer’s hair — clean

If you want to look better,
having a haircut? — about

It
confidential — confidence

I think you are overweight.

Exercises will make you
— everyday

— slimmer
very taller — like
right knee — score

putting

becouse if your pants longlest your lag
— cup

Maybe, I have fever and dizzy.

— thus

Freq
25
23

1
6
55

Error
Detection
(correct)
Correction
(correct)
Detection
(correct)
Correction
Detection
(correct)
Correction
(wrong)
Detection
(wrong)
Correction
(wrong)
TOTAL

1
(2)
3
4)
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Table 7. Examples of correct and wrong error-corrections AEdAE EF5HT {pool, foolte] #X & 4 itk
E ole} e EFEHFTE A V] HaAME I A E
rror
. Examples . _ -
correction P 2743+ Double Metaphone €ilg]&olA] dh=oEo] Z
but it’s value is continued forever. — its TEEHA et B ARE 1gd FEF FAsIe Aol
he meat a person. — meet 2 937
meat = :
go strait and turn left. — straight 428l
Correct | Because it’s weather is very snowy. — its
Its to heavy snow. = too ) Table 8. Examples of error correction according to
oh whether so terrible we cannat climb m. . , )
(A) — weather error detection-correction rules in Table 2
423
sets Then write the place and show the paper Condition Examples
lto 'taX(; dnver.dH nggiht book you are change your hair stylie. — changing
— . . .
W MLR Own gn hrea ng boo . set Sylvia's mother is cook the food. — cooking
s . . o .
rong I anydl% mn }E ¢ JunE‘ " relgnd 1 I am wait for tonight concert. — waiting
g . .
Prieal borea story dOO ) ri L Who is call me? — calling
EOpe %}meore and more that price 1s If T were study hard, I could pass the exam.
cheaper. v — studying
Would batter go home now. — better I sometimes heard Mary had play piano. — played
He head no lift above could longer it. — 9 I have study for seven years. — studied
had Some people have think “I'm so ugly/J]",... —
young ago learn to dance very very fun. — thought
ase . . Recently the world experience a lot of change
He rid on the taxi. — rode - . q
I hoop see you soon. — hope 3 expenence
C . th412 K i t food i ' 4 food. — think The price is lower, the person buy more — buys
orree lank fast food 15 good food. - " He talk that he maybe know everything. — talked
a live with injury on my face is horro.. —
life 4 I am clean a room in free time. — cleaning
The men is sitting in the texi. — man _ Firsr of all, all people have human right that no
Then shell we go to the library? — shall 0 one can violate. — rights
they we.nt to go to see a movie. = want 6 my father like to eat. — likes
What kink of food do you want to eat. —
(B) kind
3873 = o o
sets Using nick name kills some people — neck 43 AHATL: BWE DSt BYH F=Fo| to] 2F
HVZ; met at gym after we had a dinner. — Table 8 aAlolA B nlol 7to] 9l2 BgFL el
I bake because it makes me feel good HRE X8t Jde A7F g2k A WA oA S
when I create the recipe... = bike Ax} 0 F(stylie)S Takah 9o 1 gjo® ou]F o]}
The last reason is that you can get fast
Wrong food anytime. — least HegHor FaRAxe]E BAE0] th4 @A Table 8
Many pf)ol people can eat this food for A BE &9 fREL 9y Eago| ttE s ¢B7}
cheap price. — pull )
The sun was just far enough in the west... $= Aed ke ASEd A 24 434S Bl S
= soon 23] 2ed 4 Qe ATk T B AFdA e
So past food is bad. — best . - e .
- - e _
My best pride habit is the helping an NS 2/FH A S8 7K g5l Ags £
stranger. — past gaelt 2oty 0FE s AAR T 24
Ne Seehe B A3Rel e e Sl gt 3,
o ojn] seto] o@AY RAFH wole] Ao} RAY  gurel Lol 1 B4 wrdA ok AnE s 5
g o] Z8ol AHEH EEHYE FTAM A A4 nE i BAE S oR/E AA/AAFEE AL B
Hol s AAsts dl 9FE vAE Ak dd stk ® Qe 219 AaRlg vEow dta gk 2]
Asoz A 5378 ES5B)+=  (hoop—hope), A= o9} e BAES Fdsty] Ysld AA FE BEAHLS
(thank—think), (shell=shall)$} 22 <Jo]fHol s ARHA TPsHA] a1 HFETS ur BT 4 Qs #3 gE 2
o0F EFFFoR FHA &E AEC] FASt] o9 Z EnlElE o] &sto] 4 LHE HAMSH o7l A tFaL
2 2FE AT F AUk WA eFHIF ofd AL de A FE TE B4E sdaE A dEEHA ¥
B A A7t 1825% A th oA A (pool—pull) > AHE = SFE°Ih
o2 AR E5EE {pool, pull} wiEol LAETH =t MA Frrdlole 42684 % 5, Table 29] 7 Zte
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Table 9. Accuracy of error correction according to
smoothing methods

Smoothing with lexical Smoothing with POS

bigram
1098 / 1373 = 0.7997 1098 / 1373 = 0.7997
1454 / 2051 = 0.7089 203 / 289 = 0.7024
L1P2:
1016 / 1594 = 0.6373
P3:

255 / 322 = 0.7919
2572 / 3578 = 0.7188
2572 / 3818 = 0.6736
0.6955

2552 / 3424 = 0.7453
2552 / 3818 = 0.6684

Precision

Recall

F1 0.7048
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Table 10. Comparison with the related studies

Related studies Accuracy

6]

Objective: choosing a correct preposition out
of 6 most frequently used French prepositions
by using confusion set [5].

Training data: frequency extracted from web
search

Testing data: 133 sentences with errors
written by second language learners

69.9%

(2)

Objective: choosing a correct preposition out
of 34 most frequently wused English
prepositions [4].

Training data: 1M prepositions with context
from New York Time (NYT); using
lexical/POS n-gram language model

Testing data: 10K unseen test set from
NYT (error-free sentences)

75.4%

3)

Objective: Detecting and choosing a correct
preposition out of 12 most frequently used
English prepositions [6].

Training data: 25M sentences from various
sources; lexical/POS n-gram language model
(native text)

Testing datal: 30% of Training data (trained
by 70% of training data)

Testing data2: 12,755 English
written by East Asian students

776%
(Testing
datal)

41.3%
(77.71%)3
(Testing

sents S
sentences data2)

4)

Objective: correcting word errors such as [6]
verb-related (ex: I have studying/studied?)
adjective-related

(ex: T am interested/interesting?)
noun-related (ex: door of bus vs. bus door)
Training data: the same as (3)

Testing data: 12,755 sentences written by
East Asian students

55.1%
(83.0%)
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