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Lexical Simplification Using Word Embedding to Approximate Word Sense
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Authentic English passages are not always appropriate for learners due to their vocabulary level; hence teachers
sometimes have to modify the text by making sentences simpler or replacing difficult words with easier ones. This
process, however, takes time and could be a burden for teachers. The present study aims to build an automatic

lexical simplification system that can assist teachers in preparing materials for classes and examinations.

The

proposed system first selects target words based on CEFR levels and then lists candidates from a thesaurus. Then,
the paraphrasablity of each candidate is examined using a word embedding method. The results show that the
proposed method can provide correct candidates for more cases than the baseline and existing methods and is

robust even when the target is a polysemous word.

1. FLC®HIC

PEEOHEBRL T, BESREYEOEEOEME L
HDETHME UTHOWSEXOHS EDOREE21TS. HlZIE,
EREDOHEMEDUF T IR ZH U VFEIZDOWT, LR REANDS
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(CANDIDATE &IER) 2 #ET 5. migic, AJIXORk
IZJ5 U7~ CANDIDATE #HE LU TH$%. TARGET &
SV x A e CANDIDATE %, TARGET »%N 5 Ik
IZBWT, TARGET YA —0DEKZERIL, »DGEMIC
VEAEMEEZR B ITNELR LRV, 22T, ZO5M%H-
3 CANDIDATE #¥&3 3720 DfEY UT, ABIETIR
mEeans—YaviHy, AEXRICELZSWIRATF
EBERET D, REFIETIHIRNZ SEERE N O MERET
&% Common European Framework of Reference for Lan-
guage (CEFR) [Alderson 07] (ZHEJLU 7= 4 5 s % i U
T TARGET #¥E4 5. RIZ, FHEEEDN LG ERE
% H\WT CANDIDATE OEE%175. W&, anr— 3
VORI A HWTAHRICIR T 5552 /REL, HEENRY
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ANX
There is a finite supply of everything worth having .

1. TARGETDHFE

There is a finite supply of everything worth having .
L g, LAIL

TARGET: finite
2. CANDIDATE®D#Z DA
limited: B1L-/~\JL, restricted: C1L/N\)L, definite: A2L-~\)L

CANDIDATE: limited, definite
3-1. CANDIDATEC & (C4$#iZ hitt
limited: (0.83, 0.31, -0.09, ...), definite: (0.11, 0.02, 0.58, ...)

P e emmscan
3-2. B F B (C K S CANDIDATEDIEE

There is a finite supply of everything worth having.
SVMBX R : limited

1 FHEOMEX

W2 OFEMEBR OSSR, BAFOHENRY ML % F
WENR—=ZT A X MalE#R%E 5 U255 27 ML & NS
BEFFIRE U T, EFIEILEL Y Z <D TARGET (X
U TCIEf# CANDIDATE O$/RWAETH Y, HEZHEL L
TEFULWMEZFEOZ B LENE R o /-,

2. REFE

RETIFEELDFIEOMEL K 1 I1RT. ##EFIET
%, ETANIO LG EOEVEEREL, TARGET &9
5. WIZ, WEEERENS TARGET OEFEZIEL, F
B75€ D% CANDIDATE &9 %. 6472 CANDIDATE
EATIOP S AT Z A U, BT &) S0
A HE X HE L7~ CANDIDATE OV A h&2Hh$5. &FH
ZBITBMBIZOWT, FlE M RICERT .

2.1 TARGET O%E

Leroy & [Leroy 13] & KHiE I —/SAIZE T 2 HEED B
SE S EOIEEY LT TARGET 2RELT0W5d. —fik
WIS, HEG O EOEIR BB MK, 5 355 IS B



3G2-05

The 32nd Annual Conference of the Japanese Society for Artificial Intelligence, 2018

PEWEAIZH D [Leroy 11] A3
ETDILIFNEETHS.
AWZETIE, HFEHAEO G5 D=0, CEFR-J Wordlist
Version 1.3*" Z 5. ZMDY A ME CEFR (ZE DWW TH
FEEMHALONLIEIC AL, A2, Bl, B2 ® 4 B LN
NTRUEZEDTHS. AU English Vocaburaly Profile*?
DY AN%EFEGTEHILT, IHITEMND CL, C2 LJLD
HEEZBMU, AT 921T DB LEZED 6 Ex[%@%
Al %%f"‘ﬁﬁi%{’ﬁmbt. Z DOFEETIIHEOFI & i
\ZEE G FEDSBLEAT T SN T WS, AR OEICH A E %
ﬁmif‘ﬁ:é IXHHFED Y & SFDOERNBETH B 720,
Stanford CoreNLP [Manning 14] = AW/t 2175, #5
ED AL 3BETH D B2, C1, C2 L RVMIE I N4,
Ba, A, HlF &2 55E% TARGET &9 5.

2.2 CANDIDATE D&Y A

CANDIDATE Of&HIAIIZBENT, Glavas 5 [Glavas 15]
IFHEER Y MVOBLEZFAVWT WS, TARGET EDOART
VDAY A VHELEDOEWEES CANDIDATE & LTW5 23,
NFENEGFENDEEEE L, CANDIDATE Y A hZ 57< )
RIEMRER G END 720, 0D CANDIDATE H5Z &
EENERIND Z L1285,

K55 TlE, CANDIDATE ) A b DE 2GS 2 728
CANDIDATE % Thesaurus.com™® » 5 {Ek U 7~ ¥ 558 ﬁﬁéi
NHHd 3. CANDIDATE OEEE FHEIZDOWT, £ A
XS U 2% TARGET IZDOWTCHEBIERHENS, [
—OD R UFE L WGBS SN2 ERE 2 I g, 15
LNZHHFEICH U CTHA LN G 217, TARGET #5E
MRAL 3 B THD Al, A2, Bl LRI E X N/-EE
CANDIDATE & ¢ 5%.

2.3 CANDIDATE DZ&EE

ARWFFETIE, SWIHZAEEZR CANDIDATE OYHIZ S W
TEBIRNEgM%2 TARGET ¥ DEHEN —-HTLHZ L, A
JIXNZH 1D TARGET & EIDGEE L DOSCGER, SUIRIEE S
MEMRFT2 I L EHTD. IO 2EETIRMEZ M
U, ANUIZBWTE W XN AHEZR CANDIDATE % Hbk
HELoTHETS.

Paetzold 5 [Paetzold 16] i&f &% {145 L7z TARGET
DR Ve CANDIDATE DAY MVOMELE, 2-gram $
LU 3-gram DEFEETIATY, CANDIDATE O 5D
HESELZ RS UTHASGDE TS, LML, 20
%@gt/bfiﬂbxmw [H] U ihid 2 FEODGERMN R D

AZHIETERNEEZ BND. FEFRMBRNEME O REAZF
%fz;t Navigli 5 [Navigli 09] I& 25% B EDHEEIZDWT
EHEICEHRZ TN TITH LY, EHEOSEE
EIFRZHNHETHD.

BEAF 0D HAGE \ﬁﬁﬁfﬁf 1, ALICHBIT 2 HEEIC L > TR
BEZEMIT D HS, —HEBEIZ DX —DODNMEB L 52, #
BOFE %ﬁfirz?fbtiéfﬁtéﬁfbi’). KT, HDH
FECABICHET DHENEREBETIEIN) L RD L
RET D, TLT, ZO&DBILHELZHE UTHIES R
BUIMA 2 Z LT, EHRZELT 2 HENHEIEZERTD.
HAKIIZIZ, TARGET & CANDIDATE OflA&HEIZD
W, AJdiZz TARGET & CANDIDATE i /i & 7

, BB oD B fiE 2 Y12 3%

IS B 5E (PairWord) 23d % LAKE L, PairWord % {1 5-
U7 BGEAN T DVOFLE % V5 2 & TRERHEE 2 Bl L
R R A S, T 2 HEEN Y MVIZHEE & PairWord
D2OMMSERT D720, FEHT—ANAN—ABRD LT
HINnd. %C’C“Tﬁ%%%’:?ﬁf BNV V& EIREE 720,
PairWord % {1 5-U 7z BB T MVEELUE I T@EE OHEENR T K
w®ﬁM§,2%%?»1:7%Mzts@%@%@;%ﬁw
%. T LT Support Vector Machine (SVM) [Cortes 95] %
JAWT CANDIDATE OFWHRA DA EHZ 58T 5. BUFT
I& PairWord %A1 5- U727 MIVELUE % BS99 5 FIEHICD
WCFH 2R R D
2.3.1 PairWord D%FE

WREFIETIE, ANXITHBWT TARGET & ié iR
DiRVEEZ PairWord & UTHET 5. HLERBOEREL U
T Mutual Information (MI A2 37) [Barnbrook 96] % fH\»
. 2HGEa, bOMI ZAATIELETOARTERIN, f(a) B
KO F(b) IZTNTNHEE o & b DA—/SZAHNTOH B,
fla,b) i&a & bDIA—NANTOIAEE, NIZI—/SAD
FRHLFER 2 RS, MI A 71 2 BEEOERBE AR IV E Y
=] L\{E;E/T‘j— ﬁf, lﬁgﬁﬁx?nn IDOWTIE MI 237 «ifﬁ
ANE LS. MI AD7IEHHTIC Wikipedia @ dump 7 —
2 EHCCHALZSORFEHAT L. AJIXho2RiE»
5 TARGET & MI A7 2 b &V iE%E PairWord & U
THIH g 5.
Nf(A,B)
F(A)f(B)
2.3.2 HEANY MVEUEDRHE

PairWord D% 45U 72 HEEN T R VOAERRD 728, il
12 Wikipedia @ dump 7 —4& 2%#5—4& & U, word2vec
® continuous bag-of-words [Mikolov 13a, Mikolov 13b] (Z
FVRT NVDERETS. ¥ET—RAOKHRGEIZT VA —
N—"T PairWord #5952 & T, PairWord 0)‘[%%&’5:%
M=V ETEIENTED. HoNRY MLERANT,
TARGET & PairWord Z{15:-U7z h—2 >, CANDIDATE
& PairWord 25 U7z h—=2 VDX NVOFLE % KD,
RHEL UTHNS.

MI(A, B) = log,

3. FR{MsEER

ARETIE, REFEIZELD CANDIDATE O F W2 MpE
ZRHEY 5.

31 F—4%tvhk

T T —4 £ LT, CANDIDATE O WX D& % F
AT+ TEENT ) T — U7 Gold-standard T — &t
WS, ZOTF—RIFHEEKEREL CEFR LOMIZED N
7~ TARGET & CANDIDATE IZDOW\WT, UEMEESE, 25
FNEELE, AhXcBsa0r—ya>ro 3EHIC
WCHET S Z & TE WX ATRESR CANDIDATE @#UEIJ%
115, 77— 3avORRTF A M Rice KEDNFHEER!
BF =5 Y JNKFEDREZE) — T 1 /70)}‘&‘%1)3%\!97}@
5 EHL N DTFARNEH NS, Rice KEDHRIET
% ILITMERL U 72 7 — &1 CEFR-LS [Uchida 18]*¢ & b’C’A\ﬁﬁ
LTW3.

ol FEONEAE NI A WA, (http://ww. cofr-].org/
download.html &V 2018 £ 1 A& > O—R)

*2 http://www.cefr-j.org/download.html

+*3 http://www.thesaurus.com/

%4  https://dumps.wikimedia.org/enwiki/

5 http://cnx.org/

*6 http://www-bigdata.ist.osaka-u.ac.jp/arase/pj/
lex-simplification.zip
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FT—ROFSE | TARGET % | CANDIDATE X
FET—4 450 2,123
BAfE T — & 72 811
FTANT—& 270 3,140

* 1. EBRT— 2 OWR

7T avoiER, S0 R CANDIDATE %
—DLAEFD TARGET 792 flil, Z ¢ CANDIDATE 9531
(ZD>H, FVHAAREZRIEM CANDIDATE i 1954 {if) %
FHEHT—2 & UTHWS. EBIZIE, T4y h2&10D
DN EUTHATD. TART—XIZDWTIERAA YV
DY) %38 5728, Rice KFEOHERET—& 9fHTNT
NS TARGET 303 2% 7 >V X LTI U2 D % {HH
T3, FEF—RIZOVTIE, EHEEfIORY 2/ 3T
%728, % TARGET IZDOWTIEff# CANDIDATE & RIEfi#
CANDIDATE OAEEBIZRZD EDIH Y T v 7T 5.

3.2 FHMIEE

HEERHEDO R VEEEZ XM D A DS S V2 TR
CANDIDATE 2 #E T2 L HIFTE5. TORdD, BEL
DOBMAEREZREIZE T, £DZ <D TARGET (8 LT
IEfEIZIEf# CANDIDATE 2478 < &6 —2 3 ITE3 2
EMEFLV., ZOFMIfEEE UT, MTFTOXRTRY Thva &
AWa. Tld TARGET 04, f(t) 1 TARGET O ¢ (Zx)
U CiEfi# CANDIDATE % —2Bl Fdiidhid 1, Fhnbisk
X0 %L 2K ERT.

TEval = 1 Z f(t)
|T| teT

—JT, VAL UTRT Y A NROREM CANDI-
DATE 138052, HELZOHMOEAHEZHST/-OEEL
W, ZD7=D, % CANDIDATE VA MIEGEFND S VHIH
A[REZR Ef# CANDIDATE OEIGERE WY A NEH T L
LEETHD. TIT, BUFNITRT Cprecision & W72 7H % 47
5. T' IXIEfMf CANDIDATE # —2LA EHi /1 U7~ TARGET
DEL, Ceorrect 1& TARGET 0D t » 5D IEf# CANDIDATE
B, Coutpus 1% t {IK LU TH L7 CANDIDATE #(% "9

1
CPreCision = W Z
teT

—%91Z, 1) CANDIDATE B2 % &, %< D TAR-
GET 12/ UCIEM CANDIDATE 21 T35 &512R%
— 5T, {1 A MIEENDSAREM CANDIDATE D
BEWINTS. 202D, Tha ¥ Chrecision 1& ML — KA 7
DERIZH B.

3.3 EERRRTE

i F#EE UT, Paetzold 5 [Paetzold 16] DRHEEtL v b+
ZHWS. F£7z, PairWord 5. U 2§55 27 MIVERED
ARMER TS 5 720, WEOHENY NVELE, SFETT
IWADT DAEMAEDEZEDER—ATL L, HRF
BE95.

SVM 0%# 2 U Tld Libsvm*” % i 5. RBF #—3 )V
EHHL, NAS=NRIA—=ZFck D2 EEMHET—
REANTFa—=vI95.

Ccorrect

Coutput

FEEL Y N | Chrecision | Thval | Tout Cout
FRETFIE 0.43 0.81* | 255 | 1,245
BEAFFE 0.43 0.76 | 250 | 1,173

R—=A5A YV 0.50" 0.67 | 228 782

# 2 BHMEYY MEOS WV ZKE L ) TARGET b &
" CANDIDATE #$t. * 13 fhod T3k & SR A =24 2 iR U
Il wRT. £/, Tow & Cow X TNTNHS TARGET
& i1 CANDIDATE D&% F£T.

L Y N | Cprecision | Teval | Tout | Cous
FRETFIE 0.39 0.80* | 116 | 622
A7 T 5 0.37 0.71 | 113 | 588

R—=A51 0.42* 0.55 99 | 343

# 3. £#HEDA%Z TARGET & ULLAEDS WA NEE &
HODBL T D TR e HEHIARE 2R L 2 2 e 2 R T

He took Psyche to his palace and showered her with
gifts, yet she could never see his face.

TARGET: shower
Efif CANDIDATE: give
RETFEDOH I give (PairWord: gift)
BEAFEFEDOH I pour

N—=AFA VD II:

* 4

storm

B\ 2 R

3.4 ERER

FEMEBROFEREZ K 2 1TRT. K2 &Y, XR—=ZAF7 1%
BEFFIRE IR U T, BEFEDOHD Thya VE. ZHI,
RETFENL Y Z < OWREE Y U CEMEmzEx TS
ZEeERLTWS. *ﬁ'@, Cprecision =8 Teval L RLU—RA
T DR E DD, Cprecision W EHE ENN—A T A VA
% ORWMHMAHNT VD, DI b, REFERIIHE
FHLBD IO DFER TG BNTEHE UERER O Z &8
NInG. Fi-, #2DEMEY, MOTFIEL KU TREFE
W& % <D TARGET 22\ T CANDIDATE # T
TWAIEWDhd.

Thesaurus.com (ZEWTEHZ 752 {HOE% L HiEL L,
TANT—ANE%ERE (122 ) DA% TARGET & U725
GOFIiFE R %2R 3 "9, £TOD TARGET 2Lz &
IR U, Cprecision & Thval IEEEIZHALTHY, £
EBOSVEADRNETHD Z 0D, UL, IBETED
Tival IZETD TARGET 205 & U724 L IZIZRAEE DM %
RUTEY, OFEL KL T HBIHBRFETH D &
WA 5.

SWVHZ O % 4 1TRT. BjE D shower 122 < D
Lty TS ] ® TRUOED ] LWIFERTHWLND D,
KRADANXIZBNWTIE [5ZX5] LWHFERTHNLGNT
W, EEDOHFENY MV FEIEROAZ (G U2 BEENR Y
FVTIE, WBBEHENE W EE 2 5NDHTE DFERITITNEED
HLUEAE . — AT, REFIETIE PairWord & U T gift
L THY, IEfif CANDIDATE Tdh b give x HITX
TW5.

SEWVHLZ DEMBIE K 5 IZRY. K5 TIE, pioneer & T

*7 https://www.csie.ntu.edu.tw/~cjlin/libsvm/
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Think back to pioneer days, when individuals knew

how to do so much more than we do today, from
building their homes, to growing their crops, to
hunting for food, to repairing their equipment.

TARGET: pioneer
Ef# CANDIDATE: settler
REFLEDOHJI: innovator (PairWord: equipment)

% 50 SRR (1)

Some disciplines such as biophysics and biochem-
istry build on both life and physical sciences and
are interdisciplinary.

TARGET: discipline

1Ef# CANDIDATE: area

BEFIEOH S curriculum (PairWord: biochem-
istry)

% 6: AR (2)

W#E] EVIFEZETHOOLNTWVS A, PairWord & U TAHE
Y75 equipment ZHiii L THY, FEMEBR>72. ZOHIT
i, day % PairWord & UTHIH T I NIXEMTH D settler
EHATE2LEZO6ND. T T, ANIXDORESRT #2170,
TARGET & OIKAFRIfR % KD Fh & EIEHIZ PairWord DR
KNRETDHIELT, SVHMAKELEDD LN TEDLH
AbNd. ZO&DBMKFBEKRZRHL T PairWord % RiE
T 5720, NRHEGE L DRERFRZ R8I 2 W/ MI A
A7 TF—RDIERPESHDOFETH 5.

F 72, PairWord IZEEITH M, RIEfRE Lo/ H%%K6
IZR9. 3K 6 Tl discipline I& 28] WS EERTHWON
TWd. PairWord & UTIEZDH 4 Tdd biochemistry
P INTEY, WY THDLEZOLNDD, EMTHD
area DHEIJIZTI BN o/., ZOFERE LT, IBEFETIES
HiZE & Pairword % 4% U2 BGEN Y NV DFEELTD 720,
FHET—RDAN—AWNFE L Ro/zzbeHFEROND.
DOFNZH T B biochemisry & area IXFEH T —XIZHWT 2 [0
U Pairword DB 2> TH 53, X7 MNVOFE AN
ThHh-o e L TE5. Tk TARGET % PairWord A3
MAGE R EDIRBEEFETHOIHBAE IV TRICHEE 25, £
D7z, HINDO RAASL VIR U =A% ¥FT—2 L LT
AN ZEBBETHD VD hd.

4. F&D

AWFZE T, HERE L2 HNE U is E b Tk 24
KU, BEFETIE, CEFR LAVIZED W TARGET
DOFFE, JEHIBELEZ H\V/2 CANDIDATE DiEE, ILidsE
NG UABENRZ NV E AW CANDIDATE OHIRID 3
DDATY T TREFEVFHEFEHU . SV KEE DRI
BROFER, IREFECTIIEAFELIY £ <D TARGET (I
K UTCIEf# CANDIDATE #1925 2 &N TE /2. Wk
REM UL 25, MESURWZFIH U 72 PairWord ORE
R, HINO R AL C# U 2T — 8 A2 HWAZRY MVETFIL
DFERHIZXDEEDM ENFIAEFNS.

S0E, HEEEEZFZELE ML A7 T— 2D, 7
L= X2 HR e U EGADFEOIEER217D FETH 5.

A

ARIFFEE A EIEAN KDDI MO % %1 72+ D TT.
%72, Gold-standard T—& XY FOERIZHYD, 7 T—
TV avETOTHE FULAMKE RS FE L5t o
Christopher G. Haswell #BUZIEHOEER L £7.
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