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1 XL®IC

ISH S TICB VT, NEFEOERESICE
B ATBERYS (incidental learning) & 1%, [FE&E1S
BEHNTIERWIEBOH T, BRMCGERNEE
Bz (1], p2l) THA. HlzIX, 7F X+
HICHTE 2290 5 R WHEEO B EHERI L2235
SEREDRERZEE T2 FENINTDHT 5. (ThE
EB I LT, IFEERESZFEHNLE T 5FEHO
BT, REEEEE TR (1], p21) E TEXM
%#3% | (intentional learning) ¥ FEXR. 21X, WhHW
ZHGEIRE RIS 2 5167k, HEEY X M 2RET
52 CHEREDEELES T 2 FIEB ZhCH Tz
5. TR ERI AN, SEREOER
BZHMXE 2 IR TDH 2 —7, XRoFD
EOMONT R EHRCHBEE T I TWS.

SR BRI E D= 0121%, HEE D -7
TEANEHAVRZENEETHZ. FHEDOAD
LRBTHFAMNTIE, Fi-RiBEEBREIEZ SR
W, —%, HEFTERVWHEENZ T I, TFX
FNOFAEZ DD DIZEWT 2V R DEL, (TR
HBVZOBHONRIDOH V. [1] TR 2] 25%
W2, THZ2 LT, TFATHOHEDS B, 95%~
98%DSREHIFE T H AU, kD & BRICEERZ ¥ H
TRIENAREBICR EEbNTVWET) Ll|E
ERTV3B (p22). Witz iU, BEIFELERD
95%~98%I- A2 TWhIX, T+ X FHDOBEFFE
HADFE (REFE) ZHHRWMICHBHEBETIZ L
HICESEEIBICKITA3MELLTREIATYL
3. ZOMRIX, BARSELESE CISHEEY
PHORREL LTHHINAZ DBl Z2DZ2 0N
TREHIGELL RS Z O #iPHIC A > TWRUE T F A b S
PRTEDZ M EVORREID D, THITHAAA
CEREBIFICER T AR TH 5.

JEFSREE DT TO Z OERIE, HTMARSHERN
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FHEOLHDOTHR MERMEEN BB ZRFOM
BTH3EEZRLTWS. BHGEELEED/ N N VT F
A BB I X B EEREREIIE X B
722505, BEFGEELLRDEEL TR 2 &, FEEH
TXFRA M 2RAEDDE I NTETS, HENEED
o3, BEERENZFLIKLIRS. o T,
HEg e LTI, ZEEDNTRICKRIDZIVRIZ—
EICHMZBHS, EOFT, BEEEEINRDZT
SBTERANZERTIZIENKRDSNS.

IS SRS TR, ZOKEE, ¥EEPLT X
2 F OREHRERICESWTEBRLTWS | Bk
ik, MFEE I — SR TOHEHED G
WIEIZEEZH > TWVWd] EWOREZEL Z I
koT, #FHEERLTXFA LT, FEHE
WEoTTFRAMEEIRLTWS. 25 LAFiERER
RN RERIEZ OO TIENDE DD, HirD2EE
FHR T XA MOFEEE R TERV. £, B5FE
BENEOREICRZ20DOTHIS TERW.,

—7, BASHELUE T T -2~ =V 708
T, 25 L77FRMEROMEIEXD Z Db
TWVWRW., LA L, B EE OBHEEHE D&
WOWTIX, fRXES T ¥ R MEELDOE R
5, Tvuv) 205 =0t REICES S, A
DFHEZ DR R E R L BT 7 bz
XhTWVW3[5,6,7,8,9]. XX, EO¥EHENED
HEELZ Y OREOHMRTHI - TWE 0%, fli D%
BEOBEST, HEOEK, AMoLEOEX,
Vo ikk i mEERB LT, k) IERICTHIT
X2 59T oTETWS (10, 11, 12, 13].

AFETI, Aih O 2 B 75 O 80 & o
MERLL, B2¥EEDPDZTFRANEGHATR
L = DOBEREEIC X 2 B1RFERE DER ST % K
H3FEERETS. Uk, EFEHFORER
TXRANOFRMEEZER LGS, MENEEDOOD
7 & X MERFEEREICT 5.
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2 FEEDH

O D0, fleEF5 22T, TE3-T
IR Z S LTWBREEHAT 5. [abced]
DATBOHENORDZTHFA N EEZ L. HEIR,
ZHRZ[93,3,3,1] £ T 5. £/, &, HE¥EHE
WHEHLT, Zo¥EE T 28E0EIEHR 2
Eh 5, [abc,d] DEHEEZ - TV 3 ER % B
FEREEMFES>TTHIL, AFTEXZ2d0LL, %
NZ410.9,0.6,0.502] £ T 5.

ZOFE, WHESEEDTFRA N IN—RDEZ T
WENE, 7FZAFHD 95% KL EDHFERH - T
WILE, 7FAMEHO L THIS R WHGE R
B3rzenTx%. BERMNIZ, 7F A M N—
BN O5% A I2GELINELTALS. 20D
BlTiX, HEEa BERINICZ VD, HEEa 21T
95% ZFEZ 5 Z IFTERV. MEXEZ 2D,
Bz, {ab}ZH > TWVWT, {cd}ZHSRVIES
MHIToNs. Mo TWAHELZLITICHFEHLT
E, MEZ#EZ 2%581%, {ab}{ac), {abd],
{ac,d}, {abcd)DHETH 3.

XT, TOEEHENPH > TV B HGEN{ab)ITh
ZGBEWCHEHL XD, {cdliTOoOWVWTIEAS R Ve
EZTWLILICHERET L, {ablilh 2HERII,
09%0.6x(1-0.5)%x(1-02) LFHETES. ZOH,
AIARDISHEFEEDOH [1,2] 1%, TO¥EEN
DTFAMNEHLI LT, MISBWVWES {c.d} 28
RICBB/TIZL VWS ERLTVWS. Ldio
T, Mo OWHloBEFEICER L TWIHE, o7+
AMEFRE LT, COFRZEMNBEE/HEHTIC
BB TEBHEERD, 09x0.6x(1-0.5)%x(1-0.2) T
HBLHEZXBIeNTEL. MOHFEITOVWTD
FRRICEZ BN 5. FEEDIH - TV HEED (ac)
THHHERZ, FEENZDOTFAMNEHLI LI
Ko THITBETE Z2HGEN LA THHHERL
HABEZIOLNS.

ZHLT, TRTOBEICOVWTEZ, ZO¥EHE
MIDTFRALEFLZ LT [abed OFRHGERE
BTEx3MREEH LTV &, [0,0.18,0.27,0.576]
W25, 2055, HiEaIZOWTIIBETE 50
EPB0ICHoTWAD, ik, HEEazH ORI
UEZHZDTF A MDTDTNBEEE IR 5
VDT, MHENEEICK > THEEaPBETE S
CrREHVERNIEERLTWVWS.

X5, ZOEFHLIHEREDID, ZOFEEN
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COTFA L EHL I ETERTE BRI
bRDBZZepTES. HlZIX, 3HELEHETE
ZHERZ, HEE (b d)ZITRNTERITIHATHS
25, 0.18x0.27x0.576 D LD IFIHHETE 3. 25
L TEBRTE 2RO mIRD shUX, £ H»
5, BETE3E MO (HED diHETE 3.
BIETELEHBOT LRI VE NS Z i, R
NITER TERERDD R R enH g5
EWVWHZETHb. Thbb, FREEDERNESR
TEL37FAMEL, XWBRETEIEBHOTLY
Phnd D (BN WH D) BRI, fEE
WEERZ R 207, FHEBEICL o TUIFITR 5.
Thbb, BETE2ERODMHICET 2 7BOME
3, FEHEZL->TD VRZ ] 2EZBZENT
x5, ZD&IIT, BIETE2EHBOTEIREN
X, BIETE2BROVFEEOARSLT, THESE
35T, MEIEBRTEIEHZHECES X
TV RT | ZEE LT F A MEIRPATRE

35,

3 EEIIEDL

MEoONEErERLT 2. &, I BEOER
i, 2EZ, FEHLTWATF A MO v,
DIEEE n, ¥ 55, F2, BHLTWS2EEED v,
ZHIoTWBHERE p, TRT. ZOK, 7F XD
N—ROMEE r T2 (FHIHOFITIXr=0.95).
ZOF, THFRA M AIN—BNEEEZEZ SR,
RDEHCRES., £F, 7F X MHOKRHZEHT
N=YL,m eRED. T/, FEENHEE Y, -
TWAREHEIIT 1, 25 TRIFAUZ0I1CH 2 ROMER
BREEZEZD. 12170, {Zi,...,Z1} W EE NN
&35,

Z; ~ Bernoulli(p;) (1)

O, FEHENH o TVWAHEDTF X Mo
BRI S, Zing THE0 5, TFAMAIA-HIZ
Tl v 53, LEdoT, THRNHA—K
DBIMEE 2 2 TERIE P(XL, Zini > NT1) b RE 3.
FEEDTFA M EHOMNBENEBICXDEE Y
EHIERT AR, RO XS KEALTE
3. TERRANEGOMNBNEEIEZ 3729121,
TEXFRXIDRDIVEDRDHLDT, TFAMHN—
RKHPMEEBZ TORITIUR RS RV, X512, 75
v BHFICBERIN S 01X, 2EEITE &
HoSRNWZEPRETH S, Lzdo>T, ZOMER
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1%, P(Z; =031, Zin; > Nt) t £¥ 2. ZOMR%
q; £ BX.

XHIZ, TOTFRAILOMBEBINEEICXBE
SEBO M E KD T2,

A; ~ Bernoulli(g;) 2)

35, BREBOEREB A, A=Y AL
£ED. LEAoT, ADHERSERDIUZE, B
BEROTHORE S, 2720, {41,..., A} I3H
WIZHNL Y 5.

4 fRE

HECBVWT, 7FRAMIANA—KPNHMEZE
Z BHEHE P(SL, Zing > Nt) %, BEERD
A=Y A 2RDZ-DICIE, BRIRINERE
F o Te HNSHNL 72 ZIES AR ORI & 72 2 MR
D ERDZDLEDRD 5. RIIHERIE L ITHUL
ZIHEDMOMNIHAEEEROD, WINHERPERR S
728, ZOMNETIHESMIEZ SR, 25 Lks
ik, R7YZHESHREMIEINS.

P(XL, Zing = N7) 20T, BEHEIE % 7 <
e TRDIZAERZBERICERE L (3, 14]. fEE
WERWE, T, Zim BB THL e ZRHLT,
Nt Dl b ws &bz, Hny,. .., ni} DERZFIHT
FEwo) o fEEcREZXES. 20
B FIMEZ, T{n,..., n} FTOMTTENWLD
WCh2DDEENDHER) 5725 DP 7 — 7L
X 2 EVEHEE TR 5. SENE, FHICIA T,
P(Zi =0, Zin; > N7) ZRDBZRBBENH 3. T
b 5%, BINETEED DP 7 — 7LD, F
DENVREETD {Z4,..., Z;} OHERBEOEEHER
T BIREM T CTRIBE L. B, K7V
VG, FEHE BERD 3721 THNI,
S opi D, S pi(1-p) DAL 72 5. Rk
DE 2 #ELBICZ, CoMEEHWTEE L 98
ROz,

5 SRE&

FEEDH o TV B HGBEIIOWTIE, FEEH F
TRV =7 ERACTBERCRE LT — 22
»H5[11]. BRI, 799Ky =27 Lo
E#H (TOEIC OZE#EERD B 5 b DIZPRE) 100 A
12, 100 22 572 2 5E8 Y 4 XM O BEET 2 b
Vocabulary Size Test(VST) (VST)[15] 27T 5 -
JRERDOT &Ly b THD. VST IZZEGERE D
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FREh2BRERE

K1 FRIEh 2 ERERR DI DH.

TAMTHD, BXHRITIBHAFTN-HIEDO S VIR
Z ¥ U CHY BRI 2 4 ©0EIRE D Hhp 558R
TETANTHD. BBIEREDPOEIANTL->TL
TV, EREIE TR TXHOXTIN%E Z
D% FIBIRNFICE X2 T H SEMIZRIED 720
FRBIC kR X5 I T RETWAS.

HiEET 2 OfERE - T, FFYENHEGOH
FEEHI STV E D 2% RS % HERERIZ %
ERRL, ZOMEEER1ICBITS p; E LTHL
7o TAEHRIMETH 3720, =2 — TR0
EHWS 2 HTE S, SRR Z M X
B3 ZEAHWTIERWDT, Bk 274 v
7 [\l 7z AW CHERIER 2 MR L. ]|MEe LT,
COCA a2 — R A M#HEFE, British National Corpus (BNC)
a—RZADFEEEF W, 2720, SEEX -log( #H
E)DMICELTEE LTHWE., 7F 2L
TlX, Brown Corpus Wz, 7% R b RX 2356k
FERICHE L2\ X 512, Brown Corpus @ 500 D
HTERXMDSBH, JLHEHIS 300FEEYIDHL, H
BUCHW., ZDS500FDTF A 05, H5%H
FOMBHWEEICHEHL-TF A MRS
2, WADHNTH 5.

MR EIE T F A M 2D 2 HENDH 5 DT,
HRGEDOFHEFTREI DRI V. 3, ROEE
DR o 1228 (VST T 96 [IEME) % 51 EER
BiTo7. BR1CIO¥EENPDHT XA MEHA
EROBREREEO I MZ 1 ORd. B1 &b, &
HEERBODMIIEN D D, B HARHMED &
TEFRAPMEEXNZTIVWDUTIE RN 2 hh 5.

BT XA M EHRTBICTH SN2 EREEEDH
FHEE 7EE FRFICE RS % 72 DF 2 ICK/R L 7.
% & Brown Corpus D& 7 ¥ X M Th 5. EIRGE
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BRARBAOHMFE

1 2 5 6

3 )
BRARBADS K

K2 &7 %2 OBRHEEED M OMRE L 8L

BEEPYEZE L -oTONBrEZ L, BEHER
BEOMFHMENLF U Thiu, TEZLTEBEERE
DFEPD I NT X R P 2BIRT 255, MEFRICEE
BEHEPCHELDT, FEEHICL->TIBeRS. T
bbb, B2k, ZO¥EEIZL > Tk
S NMBRINATHER FE 21T 2 XERHTHE. 20D
oz, K2 oftinIFIE, HEMoBREREDS
BuxV R e A8, K213, BESIHETEZHIN
BZYRZ ) R—YORGRNE ARES.
K2D&5RVARZ ) Z—2OEFZRKIZBEWL
T, ELIMOHRBIKY 27 THIEZHERH %%
RWTHD, ZoMrzMENTIOCTLT V.
K 2 Tl%, 500 FH o7& R0, tHelzH
WTEIRN v YT 4 7ICET 27X A S H9E
Raniz. Thbb, FEEOMHENEEICHEL /-
TEIALNE /100 ICKBZENTER. ZDO5SHD
HTEDTF R b 2EIRT 200%, FEENEORE
EDN R 7% 5> CRBEEBEEPLIZVICE-T
EbHbDTEEE TR HEN—RTH 5.
RN 70T 4 7ICEENE T F R MNIEY
B TEDREELEDZDEAS50? 100 AD S
B, BAEDRW 30 NI LT, RIS FEEED
BT XA M ERAEGECTHI NS BEERRED
DL OMEN 70y T4 7ERDZ. FORER,
10 \LET, $hR 7>y 74 7B IR TF R
B THEDD, RBIZVHDT 14 NOFR 7 0
VTFATREENETIFANED o, TOFERD,
5, MR 7T 4 7IEEND T F A ML
ZELTWSZ AR TENS.
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6 BEHEMARCEE

RBENBHELH > TV AHER p 1I2OWTIE,
AR TIXHEGET 2 M EHWTHERIS 2 5152 AW
D, A= 7+ VOEEEE T TVRED» L
W2 eAEETH 3. FlZIE, FBEFEE L BER
BHEWSHIHREZZERL T, Ik > TEHIT 2
EAEWE D ET LT 2L EERZ I T
% [12,13]. 295 L72WF5E T, Bl 2 iIERBICHFE
ZEBL T HORMZR % p; ODETIVICHAA
N, Ffp7zor p, WELS B LS5 1ET ML
TBD, BEF—2r 5% 74 v bLiW0OME
bRINTVWS. 25 LEFEEHAANIUL, B
BB 7 7 On J S EEYE R O HEEIT
LT, RHEEM>TVWEHR p, NEHTE 3.

F 72, SROXERIRTIE, RICHRER2EE I
W2 7% 2+ B#ERL, FERNZFIEFOR
MEEETEZ7 Tu—FdEIoh3. 2077
0 —FIER(LFE T LB TES. SED kS
BRVARZRERLUIGERS, BREERMOARHEZ D
TREL RO EE R L TRILEEEIT5 7
R b OMERE CZE X LTV 5 [16, 17].

7 &HOHIC

AIFFETIX, (FHYEEIC & 2REREHFICHE L
TXRAMNEERT 270, ISHEREEOHRICE S
%, i DEEE - fHx DT F A MK U THBER
FEZE-oTBEINIBRRZOHEBELZENT S
FHEZRR L. BRERELFEHHICL o TOF
BrEZDILT, EMITY¥ R THEDORZNERN
70V T 4 7 DERT R BESE SR DWIITEA
L7z, 251, ZLO¥PEOMEN 70y T4 7
EEND, MBENEEICEL: 88 #7F 2
FORTFET 2 Z 8 B EBRINTRL 7=
SHBROBEE LTX, HEBEY S vonsky
& O T RRRE 22 A SEBR, FERIN R RS0 2 &
T & B 0fiEb B DOEA, HEEEDIAANT b
VIR L OO E L /- 2B, —EICEEL
DT F A MEFHOGZEOEBT F R+ OEREHNK
A= 7+ V4 MG [18] LEBGETEME L&D TT
ST EeREDBETOND.

EEE

AT FEE IST HE M 19 Bl 38 iff 2% #E i 3 3¢ ACT-X
(JPMJAX2006) DZIE® 2T 7=.

This work is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



BE Xk

(1]
(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

P, SEHEEEE ORE. FSEAL, 2019.

Paul Nation. How much input do you need to learn the
most frequent 9,000 words? 2014. Publisher: University
of Hawaii National Foreign Language Resource Center.
Yo Bhara. 7 ¥ A b AN —RORERIHRIRICED <
FRET A b DB S DIENEFTEHE. 2019.

I. Nation. How Large a Vocabulary is Needed For Read-
ing and Listening? Canadian Modern Language Review,
Vol. 63, No. 1, pp. 59-82, October 2006.

Yo Ehara, Issei Sato, Hidekazu Oiwa, and Hiroshi Naka-
gawa. Mining Words in the Minds of Second Language
Learners for Learner-specific Word Difficulty. Journal of
Information Processing, Vol. 26, pp. 267-275, 2018.
John Lee and Chak Yan Yeung. Personalizing Lexical
Simplification. In Proceedings of the 27th International
Conference on Computational Linguistics, pp. 224-232,
Santa Fe, New Mexico, USA, August 2018. Association
for Computational Linguistics.

Chak Yan Yeung and John Lee. Personalized Text Retrieval
for Learners of Chinese as a Foreign Language. In Proc.
of COLING, pp. 3448-3455, August 2018.

John Lee and Chak Yan Yeung. Personalized Substitution
Ranking for Lexical Simplification.
the 12th International Conference on Natural Language
Generation, pp. 258-267, Tokyo, Japan, October 2019.
Association for Computational Linguistics.

John Lee and Chak Yan Yeung. Automatic prediction of
vocabulary knowledge for learners of Chinese as a foreign
language. In 2018 2nd International Conference on Natu-
ral Language and Speech Processing (ICNLSP), pp. 14,
April 2018.

Yo Ehara, Yusuke Miyao, Hidekazu Oiwa, Issei Sato, and
Hiroshi Nakagawa. Formalizing Word Sampling for Vo-
cabulary Prediction as Graph-based Active Learning. In
Proc. of EMNLP, pp. 1374-1384, 2014.

Yo Ehara. Building an English Vocabulary Knowl-
edge Dataset of Japanese English-as-a-Second-Language
Learners Using Crowdsourcing. In Proc. of LREC, May
2018.

Burr Settles and Brendan Meeder. A Trainable Spaced
Repetition Model for Language Learning. In Proceed-
ings of the 54th Annual Meeting of the Association for
Computational Linguistics (Volume 1: Long Papers), pp.
1848-1858, Berlin, Germany, August 2016. Association
for Computational Linguistics.

Siddharth Reddy, Sergey Levine, and Anca Dragan. Accel-
erating human learning with deep reinforcement learning.
In NIPS workshop: teaching machines, robots, and hu-
mans, 2017.

Yo Ehara. Uncertainty-Aware Personalized Readability
Assessments for Second Language Learners. In 2019 18th
IEEE International Conference On Machine Learning And
Applications (ICMLA), pp. 1909-1916, December 2019.
David Beglar and Paul Nation. A vocabulary size test. The
Language Teacher, Vol. 31, No. 7, pp. 9-13, 2007.

W B, AR, BIE—, FRER, AR, 7

In Proceedings of

(17]

(18]

— 507 —

Fre2 R, SRS, Ok E, KA I, BILEERA, others.
T & DL, 2016. Publisher: FRALHIAR.
AR (11D VR EERIRLEE. 5
¥ #lf#, Vol. 52, No. 9, pp. 818-823, 2013. Publisher: 23
ALEEA G E EhHIE =,

Harry M Markowitz. Foundations of portfolio theory. The
Jjournal of finance, Vol. 46, No. 2, pp. 469-477, 1991.
Publisher: JSTOR.

This work is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



