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Seo, Hye—Jin and Jeong—Ah Shin 2020. Exploring the relationship between the predictability and
the behavioral reaction time in sentence processing using corpus and deep—learning language
models. Korean Journal of English Language and Linguistics 20, 881—903. This study examined
whether the predictability is associated with the behavioral reaction times in sentence
processing. The information complexity measures have been proposed to quantify the
predictability for word—by—word human sentence processing. The most traditional information
complexity measure is known as surprisal, which calculates relative unexpectedness at each
word in a sentence (Hale 2001, Levy 2005, 2008). The most traditional information complexity
measure is known as surprisal, which calculates relative unexpectedness at each word in a
sentence (Hale 2001, Levy 2005, 2008), and some studies suggested that surprisal and reading
times are positively correlated (Monsalve, Frank and Vigliocco 2012, Smith and Levy 2013). In
order to calculate surprisal, the previous studies used one of two ways: Corpus based language
models and deep learning based language models. This study, however, used both of them to
analyze human reading times, comparing surprisal calculated from corpus—based language models
with that calculated from deep—learning—based language models. Many studies partially
investigated either of them. In this study, human reading times were analyzed by comparing
surprisal calculated from corpus—based language models with that calculated from
deep—learning—based language models. The results showed that surprisal calculated from
corpus—based language models is more suitable to explain the behavioral reaction time data.
Although the deep learning technology performs very well in the field of natural language
processing, it does not seem to be human—like processing. Nonetheless, this study can
contribute to the development of deep learning technology as well as computational
psycholinguistic research in that it tried to compare the outcomes of corpus and deep learning
technology with human behavioral responses.

Keywords: predictabililty, surprisal, corpus—based language model, deep—learning—based language
model
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SR L) ZH 28] HeY oo Bde Fge i
AZYH Y& Bhe A A AT

1. A&
AgES FE Ae W, @A Fold ANE EgE ggel of@ wel e
dZ5shua gtk Aeldols Aol o s AWe BEe] Bu & wolE
H

oug WAor  dFstdA  ¢olurte=Al WUz skItH(Clifton,  Ferreira,
Henderson, Inhoff, Liversedge, Reichle and Schotter 2016, Rayner 1998, Staub 2015).
vl % o3 dZ43 pAd 27 AW ATE B & BE golo] w Algtel %
dbgo] of|A WeAE wAAGG Tg (D] TFEe B HolA dZo] g
olo} o Zo] o2& wolz FAE olo]t),

(1) a. Since the wedding was today, the baker rushed the wedding cake to the
reception.
b. Since the wedding was today, the baker rushed the wedding pies to the

reception.

(la)oll Al et o], & FeAl A o= & F v o] ‘cake’?t (1b)ollAlet o],
FA o R dFo] oy o] ‘pies’7t FAMS < dFo] 4% dojETh
o So] o TdoE o AF, u ¥ SAgT= Fo] ¢ 5 FE AYRS FIA
B2 ¥ At (Balota, Pollatsek and Rayner 1985, Choi, Lowder, Ferreira, Swaab and
Henderson 2017). H3$H o]g3t a¥e= HIAFA AoAvm A=, nF
&Y X (semantic incongruity)d ©l UEFYE N400 A Eo] d o] o]gF d@o]rHT} o0
A wololA A" N400 &I (Reduced N400 effect)E o2 5 Ak =,
HaEA AFoRE oFo] f% dolrt o Fo] ol dololA ouwF LAV o
Aoh= AL 3213 4= 99t (Federmeier and Kutas 1999, Kutas and Hillyard 1984).

ojelgh A7 A= AA FH Eofol A ofF] o FAdo] AbEe] JIAFEAE (a cognitive
information processing)el o3I HATS F=x AHE el s HE
AAFEH(Clark 2013). o5 AT wf, Abde] H= &9 & Folx 2458 &85
goz AHAE o oflgt FHY S fa7AE wE A5 & Ao
3o (Kuperberg and Jaeger 2016). ojuw], mlg] o34 Ay AAZEZ AAFHgE A

dx gttt FF A2l FZ(processing facilitation) FEA7F YERA "k 2 AlE
Aodt okl wF A" R adel A T2 dSAY AdzdAs dTsta
Stk ol FAE ofmlE FekeiAl @Y 5 gl gfHelH(Chomsky 1965). sFX|%l
AberE TR o] REE BT g5 olFdy s &8 4 9= Aol ofdEh
T o7 AES migem dwbAdl dojd A4S FFaAUG. webrd ddojs
olgid wl, AEELS FAA AP doH SAHES EdzE vE As AHE
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132415} 729 HelY olo] L FE
N5 57 DE v AP

YA g = olsstE dH AV glor, T & Uxd ouE dvtygor FES)
W Ao AHES <X A AU(cognitive resource)el 9w, EAL 38 <o
ARE g8ty EAL HARAHoZ oS3t FEIH(Altmann and Kamide 1999,

Federmeier 2007, Hale 2001, Levy 2008, Linzen and Jaeger 2015). &3], &#<
AoAzi dAA7EA Folxl £ & HARE EQE, o olojd &4 TAHY TxE
BgH o g o=sou =gs9.
TAA SR, Chomsky(1965)= ZF FAtel webA T 4= e Holo] F/RE sHIRF

A} (subcategorization feature)® A E3}slHA], Al&Eo] olggl FALe] YT AHE S
gg3ale], T BAZ RS FE5FHoOR =3t Agsgtt. dE S, HA}
‘accept= "AF-(Noun phrase; accept a gift)®F 2 HZ9](Sentential complement;
accept that you have los)E HOZE HT = (¥ (1a)9k (1b)). AT A4
Ao A FAF accept= A HFolHUt= WA X U WX A AREE7] wiel,
AbEE©C] EAL acceptE IS =& A xR BARE FuE e
=3 (29 (la)). & U FAZoRE, AMgtEo] ‘He accepted the proposal ..)3 7
e eolurtal = FolS, ‘the proposals A BFoJe] FolEM Agd S
A HATEALE AREE F JAT AWH O R ‘the proposal & TBAMTE oS5
Fe ol (2’ (1c)). olFAl FAME FEE dASstHA  Hourinrl He
accepted the proposal was wrong¥ o] E7Fo] olojXthH, AlFEL Aw=EA EH2
EALA G5 gA) BEA ok 3th(2¥ (1d); Linzen and Jaeger 2016).

olggt olf=E, H HIFAE AT AN, prove) BT WATE U
AR, accepn)oll A HZFo7t o]o|XTHA, ‘was wrong ¥ o] e FERE
gporel = Q)= FYAol a4 79 (disambiguating region)oll A &7 A 27k
7AdFo] AEA ®Eh(Garnsey, Pearlmutter, Myers and Lotocky 1997, Trueswell,
Tanenhaus and Kello 1993). T3 %Al ‘forgefS FAY ‘accept 9t 7o)l A BZolHTU}
QA RS o AzstA R oheksl WO (forgot about the party, forgot to buy groceries)=
AL = A7) wWiEol, 449 sAE Asta o AUE £3Y A TERE 56
Aol T Aolt}, EF A =Fo HAstE BAME X9 o= 715 A (predictability )2
FAL forgef BTt AV ‘accept7t Y =7] wlEol BAF ‘acceptf Bt} TAV ‘forger o] ¥ 3HE
s Agstes o o 2# Agte] 29 7hsde] A
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A E 21 of HH 29 Gy ¢lo] RS & FF FHaY
YT Y& WS A B AT
(a) (b)
S S
—.____..-'"‘-—\.._‘_\_‘_h_h_ .:-"ﬁ'"‘“--..
NP VP NP VP
| — | ——
He v NP He v 5C
I I
accepted accepted
(c) (d)
s s
___,_-l—'-'-'-'--‘_‘_""‘—u.._____‘_ ———'-_'____'—-‘—\_‘_‘k_‘—‘———
NP VP mP L
| — T He W s
He A" NP I T T
| — accepted NP VP
accepted D N m
| |

the proposal the proposal

1% 1. he accepted the proposal was wrong’ 7 A& AXZF ARAZ &= A
(Linzen and Jaeger 2016)

oje} o]l Tl o FA (predictability) ¥ =% A2 olX(processing difficulty)
AFAA]o] At} (Boston, Hale, Kliegl, Patil and Vasishth 2008, Demberg and Keller
2008). © uYolrt AtgEe] gdew HE SAMH FRE AP dZste] FEAHO=E
dFstHA S HEgrhs & AAFSTH(DeLong, Urbach and Kutas 2005, Smith
and Levy 2013).

99 FZ(garden—path sentence) AlFEo] AAZF o] AHyE & uwj, FEo
7Igkste] 7heAd v vdE A Fx2E 7HEeteA, ofdd M The A e shue
A FENRE M- stEAE EAskE d A detr] wdel Aedold okl ol
thFolRth 291 e (2)9F o] EEAReE FoF A A (Reduced relative clause) 4]
Atololl Al LA A Q1 34 %gl‘é(temporary structural ambiguity)& ks L olH,
raced past the barn T-5 YA A Q FA Foo sfFst). (2)9 & FHL AlgEo]
elojurts Igolebd EEARl Yell's ReV7] A7MA raced past the barn & EEAEE
AT FX 9, FoF dAdEE BAT % Utk dyibFo® AEELS Taced
barn' & AR EASHHA B AE U (2 2a). 1 o] Fol ZY EEARI
fell= AsHA vk e AN FERE EEA Ao old FHoF dAEER

il
A2 s Bgel LFHETH (LY 2b).

r_{
[0 oX
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A1l E oF 229 Holy ¢lo] HES #4873
G5YF Y& v 7

o Mo
>
~

(2) The horse raced past the barn fell. (Bever 1970)
(a) &&AF &4 (b) oF ¥AE &4
S S
_—--.--__‘_‘_‘_‘_‘_'_‘—‘——_
— T NP VP
| — NP VP VBD
The horse VBD pp | — |
| T The horse VBN pp fell
raced IN NP | P
| P raced IN NP
past DT NN o~
[ I past DlT NlN
the barn the barn

a9 2. A 7+2E Y5 19 (Hale 2001)

e

AFolM= 29 S ez A F U wWHo
Huz goh A "HAR, ot A FRE gdER W
F5-%H (PCFG, Probabilistic Context Free Grammar)l. 2 %3+ &% 3¢
a language model)S &3t} F HAZE HYd 7==2 FH A,
ghg-stct. olglgt 7 A WAe® Fdsh Q1A e Ao A AT
dojwle] A7|zA 7] Al{H(self—paced reading times)¥e] <@ #
HWA, o5 RdZso] HAxAox FAMA FxE Agstes AFEe AdojAe] W
= o

o,
e
re.
2
2
i)
d H

N

~

o

o

o

o

i
2 X @ Qo ox
oo M X 2 @ & oo

I @ o g mx o2 i b oMm o
B Q2 > B & 2 i1 g .2

s d 288 5 glbA Avuag @k oldd BES BaM, Algel ol

2 BN AR ol e tE /AT FAANT o FE QA dopum, 7}
o] Abge o] A#l WA Arh} fARA, W@ BAH] AEAE AA
A g}

<l

2.1 3 xg A 22 R =)o) A (Surprisal)

2.1.1 A xZgo]de] o]2% A2

oA cdZ4a wEE AY AFAME W A7) S (cloze predictability) &
FgFUA, B & BE 9ol 1B dZ5y] 12 Bols AW A5y ofue
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dol® FAstAA w AE w2l EdES meotstazb sl shA|wE olelgh RIZE
Ag-7] AP A YAQlel whebA wfg- AgA o2 A FFE0] TAEHER, AEEY
=& A WA BAS glerslrle e ehAI7E lth(Ferreira and Lowder 2016). # < A7+
TEFE EF & Hix o] syrt oYt EAe EE doE9 dF54S getste
EA42 8 AR (computational models of sentence processing)S E-83FHA ALHE Q]
B4 A dolmgs Avstazl drh(Futrell, Wilcox, Morita and Levy 2018, Hale 2006,

Lizen and Jaeger 2016). o|#|3t A< ®WIAlL 7]&¢] AHH o]&(Shannon 1948)3 H
dstar e AAZHreal time)oZ £ & M2 dol59 AHHE H534 (information
complexity)& FAsHA, & Al WAS Fefet= Al Aol Rell(Hale 2001, Levy
2008)°] &€ Aot

AT7F Mg gel ®# % AHE AL EES Hale(2001, 2016)¢] Al
M Z2}o| A (surprisal) o] T} Hale (2001, 2016)2 =% & z+7} 9] ol
2] (process)st= dl &7%HE AA =¥ (cognitive effort)S A Zgto|dz2 4 o
Atk Elvk. AEZeelde FH & wo]5] oA o914 (unexpectedness )&
Abste, AA7EA] Folxl FHe ojojA] Hix dol(w) 7t YEY FES 59 =21 Hg

Ao (5 A1),

r e

Surprisal(w;) = —logoP(wil wi...wi-1)

G4 1. el 4

Hale(2001)2 45 AXrZtez Agd u, o3 9 dojd BFr7} Folel whA
ezt o &3 EAlA R BX(phrase—structural analyses)® AA] Folzxl o] FH
AE7E dupy BEXE HlHow ALketaat stk ol ¥ g & A (disconfirmation)+
Weto] Fojzl dojd HEE EgE AA Foxl o7t drpd yERr] o H A (RIE
H2A)E Atske Aol Abgrel 1AH F-3h(cognitive load)E W dhrha hg gk )
Sol A HIL7h we o 3= A xZetold Fho] Fil, WETVF 2 o3 A5l Axotold
gho] ok

MErepoldL FE AHAE o]&ste] FAHASY, HTole Hed 7es &85k
T8t k. vy ARHE ZBAE SIA AZgelds FEse HY "y
Zlee E&ete] sk WY 2 5SS deiA AuE A ok

1 X Zg}o] ™ (Surprisal) S AH o] 2o A Aol AR 2E(Shannon information content)o]d}il &
71% 3k,
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132415} ZA29 G2y olo] mEL $88 £F A
GEH7 PE vhg NI BA AT

2.1.2 I¥ 25 &85k Hxgold F+4

AxetolAe @Al oo A the wolz oldgd W wAs: %E

distributions) e} & o] . olEd FEE ‘"?“j/]% <3

il
&‘
O
Q
2
rr
4
i

(Wi-1 Wi-2...Wi-(n-1)) % A& D}_’ ”LG}EP(}\"‘Z) Chomsky(1956)°ﬂ/\1_ ZZZﬂ

o] &3t w23 wd(Markov model)2S &3}, dojE AHAistuxl st
A4 Fold wole} J7kE wrojiul oyl A ¢ o]ddl AR
ATE  Chomskyw AbgEo] A= ARgst= Fol—&FAF
subject—verb agreement) % EFH <L (coordinated phrase)9t #E  rhokdlk
i Hdo] d%% 4 glvfa ety 9 & 9]F(dependency)

o] Rl A4 dolE Argstke o dA7F vk (Hale 2006).

2L 2 o

t 2 X o (2 odlo md (K odfo T
-
2
o
o,
o,
o
_1

~

forQ )y et O dor et > for f
X Q2 e
>

b
ue)
il

R mlo
k)

m g;

S
o,

ol
o
o

ol
o

rlo

P(w;l wiz1 Wiz2...Wi—(m-1))
F2A 9. AR E
olgi3t Ao} ®mYo  IAZE FE3S7] YA Jelinek®  Lafferty(1991)+=
sl & 5-W (probabilistic grammar)S A|¢FsFA 2™ Hale(2001)3 Levy(2008a)+= IHAE
Eg Ao gETHS 73 F vk FAEIT SEEHolw Fekg 2 Ao E
fretet 52 o FYg o, dEA EH A= (PCFG, Probablhstlc Context
Free Grammar)olebal 3t} 54 EUAFEMe A2 7)Mo R 353 A4
T-Z%(a hierarchical phrase structure)E 3t ZH, dAl T o] HARE
EfE 9o Z AfE F v BEALF FXE 9 A JEs BE BEANA AXRES AUE
] bl PSS
<

bt

=

J

= =
g5z Fod 5 Jduri(Levy 2013). o3 5 THE &8st Azgto]d S
T e dog IHa o] Bda K23, T Ae <a¥ 3> P FAHeR
S A (Verb Phrase)+ 3744 #+%(‘'VP — VBD PP’, ‘VP — VBN PP’, ‘VP — VBD)Z
zZtom EAE7E VP — VBN PP'R Audozm Hie A4 AN 75%)F o= A
Tpet 3 4= Qlth

i

ﬂJ

2uf2 3 7de ojudt Alzie] WHAIGNS uw, o] WA Alle] FEo] JEgS wEvie FE
o]2Zo|t}. Chomsky(1956)0A&= o]2fdt nf2a X ndls 323lo], A& 3|
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A1l E oF 229 Hold 9lo] RdS #8F
G5YF Y& v 7

o Mo
>
~

1.0 S — NP VP .
0.876404494831 NP — DT NN
0.123595505169 NP — NP VP
1.0 PP S IN NP
0.171428571172 VP — VBD PP
0.752380952552 VP — VBN PP
0.0761904762759 VP —  VBD

1.0 DT — the

0.5 NN —  horse
0.5 NN —  barn

0.5 VBD —  fell

0.5 VBD —  raced

1.0 VBN —  raced

1.0 IN —  past

a9 3. 53 9 x4 3 4dA] (Hale 2001)

H 109 S HFEIE delHE Ed® 222 dgsts "l 7lse] wol g
et Held 24 Ik B A #AE "Eatete A9 &S] o] Fojxan
gt dEd 2d FoA 71 71E e £3A 7AW (Recurrent Neural Network; RNN)
Rde zpddo]l A Eoptwt ofuel Algdo]dt opll Ak wol &&Ea gtk H
Aol wEW, s3I ATe] AR A Ag Als wrdetal e A AREol
Bag 3 9Juh(Frank, Otten, Galli and Vigliocco 2019). 8144 Alge] 917
AlZH(human reading times)Z} ¢}7] ¥ F N400 I Hb-ES AwEr]  I8A

i
o

25 7] %= g (Monsalve et al. 2012, Goodkind and Bickneell 2018, Frank et al.
2015). B A FHZo] AA]¥E B E(BERT; Bidirectonal Encoder Representations from
Transformers) 2 <ABE(ALBERT; A Lite BERT for self—supervised learning of
language representations) R @2 TheFst zpdddo] A oA A AY Rd Rt 450
o Aol YSHATE AN vt Hejd REEo] Aol Qo] AHEE o=

a4
AL wrgst=Alol gk Avte wWol = =] ok}

Y92 Frank Rosenblatt’} 19573 oksk HAE Z(perceptron) U3 AAE%
g FoA AZE A=, HAERS s A7 95 (nput layer) &= FE0]7HA]
Z}zbo]l Aro TFE 7SR (weight) S Folsle] E&H AHE Z2Z(output layer) 2=
Btk g9 g5 d8S5y E935 Atoldl &Y% (hidden layer)o] 271 o]to= 4]
Hojde ZolH, gE¥S 2 FE€TF, 24TS of9A T webA vk Hed
Rdlo] AAlEn dHeld 24 FolA PF 7124l dEd s3AAY 2ds WA
A ETd, #3074 2dES deolHY d¥d 95 w48 AlF 2 (sequence) T E
Aelatm, o]deol dtEF AHEE Al SrFo] wIFoEM AZYEA BEHIA G
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A8 215} aZH29) Hey oo mue BET £F A9
NG Y& & e B o7

dolty, & v FAAeR Weakd, d¥d AEE Aelste] 29 Aei(hidden state)ol
i

K acia= oo AmEs JRE vlz2 Z e Z(the previous layer)ol] Add 24
FEjel dHet A HHE AFste] dAl F(the current layer)o] =Y Zejo] #7g gt}
Z4zyol Fg ERAZ A AYEA BEAA] &Y el A7etr] witel, dols 1Ho
TA7F e o] dHely AEgEs & W {&sith o] REe dEd FEE AFA d9R
vizet2 A 2shr] wiEol, QIZFA 9 (human—like) 3733 HFAQ Aol A& g

° i

stAIRE Al dEE AREE vE AAY T AgE 24 AEHe] Arewt Agtei
A2 (processing)8t7] wjitoll, A|A27E Aotk o] Qo] HrIE HE FE3] AEHA
7] witel] mdo]l AR TFHA Fe= ol vk olYd WS Hekstr] fsiA
A Bde FRgY o] dF AuriHie] RE(LSTM: Long Short—Term
Memory models)o|th, FE7vEe Rde A4 LAY Rdpyg 24YFS U
AFAoz Yo Fdridirg 2 Aol E(input gate) = Wzt
Aol E(forget gate), &% Al°o]E(output gate)E o]Fojx]gitt. ol&EA FJozH g
Lol EEes AR Afa, 79dord ARES 1t AY7HA At

B E(BERT; Bidirectonal Encoder Representations from  Transformers) %

o
rlo
Eiw
ol
flo
o
JE

S E (ALBERT; A Lite BERT for self—supervised learning of language representations)
RS vud Hto] ARt Hed Edolw, fj7|ytol Bl HXAmw o] oF 339 U9
oz FAE ti#e] dHolHE AR 8HF(pre—training) 21X -2 (Google) 9] dojmdolt},
ML AFAEC] oA diFe] Y2EE 7HA A Held g5S Al7)7] A dEet
e Fdaw st sEA7]7] HElA AW RS dHeld A=, % vy o
Ak FAfstolop gkt olggl Hed g 9RS Bkt fEiA A9l AT AbE
1=

AT Hxel webd &G4 Q1% (fine—turing)dte] &8 4 A WE =Rdo]
aotE ek ME Rdo B =2 oY (sentence embedding) 71HS AFEsHAA AAH
o]l ArREuE ol e HAR/AE &8 d F e e mdolti(Devlin,

Chang, Lee and Toutanova 2018). YH|d-S AdAoE AFE7} o8] & & I=EZH o}

2o Wegon wadr. o%s wol ¥ B4 wegow mAJoDM, PFEH
AGAR ol % BAS oldeli, FET & A HTh QML gEHR ol
Qulgst B Qulgel Ak 20179 oldelt F= wol AWy /WS BEto]
AAAA AAE WolE9 A JRE w1 R HupE wolst RoelA o5t
sherste wAelATh AT wol QHlY JlMe 7 wold ouE WER BAY Fi
QAR Fulo] webq gebds Fgolelels Fustd Telu BAF WEHGS et
oHF WHS ness] A B QMY JEel AA B B 9y Ee B
% QolEe EUe 7 oo ojng FESY| B, Folelo] HolSE 217} wulo
webd theA MEges WEd £ Ak @4 ME RS EfE g o] meol
AT gon, Adcde] A Hokld 4P £ AEe W Yok BMEE WE
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132415} 729 HelY oo mEe FETF £F A
GEH7 PE vhg NI BA AT

ndol g E F94 g Ldolt}, Fd3 dojE B AZlo]
FolRE W, dHeoly dF £E7F w21 o @ g5 UEYIAE 4T 7 7] wiel
HEZA] wdrng deol ¥ vl 4y Itk & AFddAs Feridey 2 HE,
UHE Rds ofw, 7 RaSd Algel B A" AddAS BNsiEaA gt
A7 22 (LSTM) 2492 Gulordava, Bojanowski, Grave, Linzen®} Baroni (2018)°l]A
ol 971 t]ole] oF 99 7] wojg A ol = ShFAIXl RS Agstarat abn,
ghom  FEvpl Edola A ERh,  WEWo]Xx(bert—base) E,
HEZA] (bert—large) B2 3 dHE RES AREstazl i, HEDA] UL B Exo] 2~
RdlEn sh5S o] ol AlAA ol Alole] #AE E‘jr o oz A = ok

HedS &8st Axzgtold S T3k TS <52 3> Ao wie A AAE
tojolal, hio = wiE FE97] A &Y AH(hidden state)olW, FELS LT EW A
24 313k (softmax activation)3E AF-&3sfo] F-3hc),

Surprisal(w;) = —logoP(w;ilhi-1)
T2 3. Jed Azetold 72
214 ZH2~E EE&ete A 3 S &5t HAo A

FHAE 83t AxgoldS Fdstes WS APgHoz A dely & A 739
GES AFEst7] witel, o] Al #HAAAA FoAxl "ojEe] uwhel AAZZ wgkshe
FAME Fxd mE AAA FBeE HHAeRE §57% ¢ ok AT IHAE &85
Aol ds FEsy] flailA = di®Fe] o] dlelH7t Bastal, A HAd wepx] ojd
dolHE A& AdAs o g dloly HA F, AT HF-o| uwepa  dlolH
=7 (data handling) ZFge]l Zosh, AT FA7F Gebd wntc}h dA I 204 SE4
AT HS W AFA FEEloE Srh4. olEldt HAeA At Az x| o]
dasieh, WhdHo|, gy o] RES &8st AxgoldE Fdste WS AR

ole_:; Hko glv

s

o

0FE 1 Abe]o] grom W5 Aytstsin, o]59 F3&

L3 ag B PASHE FEA AREURAS 395 ge TN FHoR Tyselg o
A% B AFEATAL Besiel Aol ds AU, AFEE A9 BA Fe obF
gutd BAA FAAAE o ney] el ek Bael Axelelde e HE B4 B
o Azl 288, A 0F/L BT b5l Ak o T AR, ;¥ AT BEF] Hxeto]
Ae T WE BB AREUFAe oha gastsle] ofF Hud A b4 (syntactic
derivation) & WA § F, Q@75 0] i BAA wae] o Aske] Aol AT,
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A3 20215 o ZH =9 HelY olo] mUe P 2 A9
N YE S A B AT

RUlsS 7P A Zgtold g Fatr] wiel FAgs] wmE ARt
Zlgo] Wredte] webA Aot Aghe] FoAol HZHa, H

of d4s Held R Ades Hu ¢ Ausd dddsts HER AR
|t (Linzen 2019). @A7HA] Fo—5AF A (Linzen, Dupoux and Goldberg 2016),
4 (Futrell, Wilcox, Morita and Levy 2018) % HX&FE—-2]&&F(McCoy, Frank and
Linzen 2018)3 #2 o] @A Hyd mdo] FAF & EH¥E& I5d Ay 2&
ANRE E=Fsuch 2y ofA7EA] dHed REdo] AAR AN A TES
shEAle FEEHA We A A gk wistel of4 o W HET HAbrb Hasith

oo
O, o of it
e

X

M i S U AU 0
o 02

I
o1

2.2 A AT

A

L

AG FdE cEAAY Bdo] AT Fxo AR F AP e AS TA=R
aq, SAIFHE AR A A7A] 22 etk S BT th(Futrell et al. 2018,
Linzen, Dupoux and Goldberg 2016, Gulordava, Bojanowsky, Grave, Linzen and Baroni
2018, Marvin and Linzen 2018). £3], Futrell®} Wilcox, Morita, Levy(2018)+=
TEAAT Rdo] A g S 2Az7rA ¥ (human—like) HRAH oz A she=A
A BT A oet ol £3ES AW EdE 3 A Zgoldyt H]ulste]
wAEEtE 53], ()3 #e ASAHA FE/AAFAAE T4 (main  clause/reduced
relative clause ambiguity) &S B7tHA AlEAE SN AY HHo] FALY FRE
g5 & g deA dotr At st

AN

(3) a. The woman brought the sandwich from the kitchen tripped on the carpet.
b. The woman given the sandwich from the kitchen tripped on the carpet.

c. The woman who was brought the sandwich from the kitchen tripped on the carpet.

d. The woman who was given the sandwich from the tripped on the carpet.

(3a)°l A= Zwho| ‘brought the sandwich from the kitchen'® EAMY FRE F4d=2

A7ttt Ctripped’E AEEHAl "ok, BAF FERE oA AdAENoF "k o] g
Q&GS (Bt Zol FAE 7 FAbe] dEZE tE deu (Bo)sk (3d)AH
HAANEAL ‘who was'7F AFHA X AgodAE dojuH @evh ()F 2
2ol A 9 Q3% FY(critical region)<  ‘tripped’?t #L  FA 3 &
79 (disambiguating region)©]t}. Futrell, et al. (2018)& wkek (3a)9 =94 dix
TYolA T FHEERT Axgoldo] Eud, F3AW Kol Hdsde SAMA
Aol o, AbgAH HHAR Addel A E dvhe s Wxgta 7Hg skl
A AR AMEAE ERAAY B Azelold e FoA dlA FHAA Fol A ]l
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A -} o FZu 29 Gy olo] mde g 77 el
AEG5 JE e e ) ol

EAF "H(brought)”7} 2291 EF o] Fojxo|x] e EAL FEj(given)’} 22U EAHT}
EUTH(3a vs. 3b). &, TEAAY Rdo] FAle] FHEj welx FAME FRE TES
ojmgttt. shA|RF, FoA o)A & FAE 2<%

orl

FtA Addo] AEE e As
(3p)ek (Bd)E HluYPS szgtoldol ‘who was7b AEEA &S wETh
A s oW o =%7] o 3 W Rdlo] &WEtA AL -5 A main verb) &
g5akAE Eettta etk Hale(2001) 7 Levy(2008)E XE3HeE tho] dtoll A Al
Aol Azl HAAe dFAI BEE AZgoldo] oW AdolgAl Aol dA4E
AW ¢ deA oS mteWAIRy, AAFowm mszofoldyt AbgRe] ¢l7] ARE
HolH & 240w Hlal-A]skA] gokrh

o[ A F-El= A zetol ™yt Abgke] ¢17] AlZHE WAL
Jaeger(2016)= IMEZ]WA(Penn Treebank) =3 oS54 =9
Mazetoldat Jof dojvle] ArjxAe7] AFhe Hlul-iAlEgith. HEF Ei S Eal o
oF 4500k Hgol® FAY s 2 Iy so|th(Marcus, Santorini and Marcinkiewick
1983). 9u]d-o13]% AHeHts A Agdd ¥ 2HES F7] s EAe FAE
AL e & o35S EAL B (POS tagging; Part of Speech tagging)3dlitt.
oA AHzlgh ;'—4/\8 ngor 54 EWAFEHES FEIAT ol A s
9 O 2 A9E 5+ dvh
x o oAz gtoldy A7
o] FEHkZAZEY] AALS HFEAT
5% T (target sentence)> F 32712 AE(set)2 TAEJH, 3] HNEE F94
i (ambiguous sentence) ¥ H]F 9% &7 (unambiguous sentence) = T/JE o] <t}
B &5 (complementizer) ‘thato]l AFEJ= T AL ‘had been invaded S A ¥
oo EFY A A ERE AR ek Bgo] Fast

z}‘ A3E AT 5_72} ?Ji} Linzen¥}
3}

N

4) % =4
a. The men discovered the island had been invaded by the enemy. (Z&A &%)

b. The men discovered that the island had been invaded by the enemy.

(M=o =)

T3 54 3 13 2ol T 5/ FHor Wrdlen, ymA] F9E A9E Fo] 2
, J 4 oslA F9E A SAET 1 A, o4 siA T A
zgtold garh dlow, MzZefoldo] FoldgE 97| Alfte] AojA= FAACR
o)m) gt & ¥ (significant effect)7} AATF(p = .03). T3 HIo|d3} BEFEFF A9
foA <43 F(marginal significant effect)?} UAJTHp = .06). H| =9 Z
Foll A= fFojnst Mzt d girt gIAAT(p > .2), TYA EFolA= Hzxgo

X—]

—
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R 2929 ey olo] mUg $8¢
NS Y G I W AR P o

ZI7h AT = 007). oldF AuE EuE, Azgelde Awel o] @S
yss d f48 /A7 2 5 dda

E 1 BE £49 @l 79

73 The men discovered (that) the island had been invaded by the enemy.

F9  Fof A} Fo4 Fo4 dlk o4

Frank(2009)+ 7te3t $=gkaAl 74 29 (SRN; simple recurrent network)d ¥ 2~ 35
A EWAE A FEE AHEeteldS ¢7] AIREY Hlal-EAEGIT WY A3 A
(Dundee corpus; Kennedy, Hill and Pynte 2003, Kennedy et al. 2013)+= Alg] ddojs &
ofol A A= FHAE AR L, b5 F4 23 (eye—tracking experiments) 23}
ok @7 3 HoIdH. Frank(2009)= 9H Iy so] #AE htes 4 A9 ¢7] A
3 T A R Aol ds A SHHA, A zetolddt Abghe] ¢ 7] A }er«] RS
AE dolr 1z} &9 tH(Barrett, Agi¢ and Sggaard 2015). ¥4 A3}
2 B Frolmg Fo AudAZE dvka gl rad S8k
015“‘ 2 g Axgold s H]Lﬁ% uj, 532 dojrdn
Ao maetoldol ¢)7] Azt o ZFe ko] AdaAlzE lvhal shglt
za}o]@ﬁr o17] Alzrzke] Aol disted, Kim, Parkd} Seo(2020)°ﬂ"1L <
FEAEol E/\} a9l WFstel] mebA FAMEE A 7 x 1= &
FE3 AZFGo|HdS EY R Lolx H:} Linzen¥} Jaeger(2016)4
= i}%é}‘ﬂ, gl o] SERES e E Arixd ¢7]) A%

, B Al alol A ARRE = G o] erjﬂ AW 5 &85t AL ﬂ'olé

R % FdsHAl A A TG Femg Azetold
URAARE, W zepol g £ 1o A AEodA= Folng a7t § Oiﬂr o] 2] gk
= H A zgtoldo] gkl Fof THFAES] PE e A
X

T

=

o
<

S )
[ e

%
My
el

> R rJ

o m

avy

rr r>

_n

2
2

jaicil
I‘E %0,
o rlr ™

> o

H AFo = Linzend Jaeger(2016)0] A 1287 2] o %01‘1% Aoz =7zxH
7] RS AFEs dolHE Ijr"oh‘} O*Oit"ﬂli A

HEZWA FH 22X F-5

EIEASE= 01%3}04 M zetol dS ALtskal s,

ol

R

r2£
mflm
r—{n
2
>
Jo
i ;
i
o
Mo X
oo |H
o T4
z 2
oE
[jiiod
ol Tl
Ay el
ol
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A E 21 of HZr 29l gy olo]

rge
NI YE

—.f,—)-
FS A

oN

F 2]
1 el

rog 28
H 7,
L

rH

=
gF
} 2} o]

3.1 B¥ F7(target sentence)

53X g2 Linzen® Jaeger(2016)oA4 AR&3k 327] ME(set)olth. 3 AEW F4
T (the men discovered the island had been invaded by the enemy )3} ¥|T % EH('the
men discovered that the island had been invaded by the enemy )& FATIFoH, FAF 2
A, 94 da F9E& A BASGIT 53], FAd wFlA ‘had been invaded &
AeletaA A HAo] aEHE TN A 7S FAT THOE AT

3.2 A dlolg AAZ WY

Linzen¥ Jaeger(2016)°] dHoly &4 WS Hujgh w=w AEAlsiqlvt. ‘;}019]
9}7] AlZH(raw reading times)©] 100ms ©]&Fo] At 3,000ms ©]4Fel woli= A 73k
BE Q7] ANFE dE(skewness)E Eol7] SdlH magte= %%(1og—transform)e
39 th(Baayen and Milin 2010, Frank 2013). 212 W3 PFHkgA|7Ee]
H O 2 HE £3 XTAA(sd; standard deviation)E Blojd gk AASIATE 1 o]z‘froﬂ
of ZoJel waba] ¢}7] ARt s = 7 A7 wWite] 2R WS ¢
i}(remduals)‘:" T (Jaeger 2009). SHWHFEEA= IHA AARERE,

, B EH o]~ md, HE#A 2Yl g E Ry /ﬂﬁa‘l_ol;qo]tq’ nE =
ﬂ(mean centermg) A& O}O:“:]r(Jaeger 2009). zt 79 7] AlZEe] ol
& el A RS A9 EdE E¥(Linear Mixed Effect ModeD)79] &<
2, Z F9E RE EAES9 Nxzgolde Hugs =9 WHeE AR5t
1

e 2T £ vs. v A B 5 MR ozt

O

PR B ol T rXL o

ﬁ\i—hr'ana

5 ZAFSHAI % Linzen3} Jaeger(2016)¢] 712 e)7| A7 doly 9 AEWI R A4S Mz eto]
a & AAEe] FRaAFAA AEAE AP F U

6 ﬁﬂ?ﬂoﬁi} ok 9] AZE AFellA Fo] Bao] sabEe] A ¢7] Albe] 100ms MIRF HEE
3,000ms z7}st 017] AIZEE AT A Al Qg wkdHol, o] A} @rx}égl A5, 71 Alzke] 200ms H|
9 = 2,000ms 293 ¢17] AIRRe B oA Aedit) o]]dt HAHEL 7] Azt o)A (outlier) E Al
Adta, 7] AN7HE BFEXe 7 wE7) 93 vlolE W E (transformation) el a@3HcH(Shin 2019).

7’“ﬂ°4015‘ Hopol|l A M8 Ea gy} ¥ v participant) ¥ He E FE(item)d HE, o] A
ol Al % (control) 3= E‘roki =% W4 (independent variable)™d HitS o]&3to] 3o o] HolEE
BX5= Wil o]th(Baayen, Davidson and Bates 2008). Clark(1973)0] ¢1o]Z uH & 3} (fixed—effect) &
AgS wo] o7 HE =g wad F, AEdeld o A% AFES HF Edan RYE AHES
W, 9184 M (participant analysis) ¥59F oy g} & 2 (item analysis) = 8 3skA ¥ ATH(Shin 2019).
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A3 o 2525 G oo wEL FEE 2 Ao
NS YE g AR A AT

4. A 234
4.1 Nxo|d uvju

<Y 4>9 <9 5> mos @ ged ma(ZEcht 2 wEvol s ,
30e) B £ PR Azl ds) 248 B eEeln), B wREste vns A
T (region) M2 & Mmeold % EEARG. £ I T£E %
B Tl w5l AN mesh FEchh BdeA wFoH Byt Fo8 YN Hetold
@l 493w @ 5 ggth MEWolss WEDRA RAdNE T B
FI8 2gIA AzZeold gl FThAoR B EWAT Aol7t A SR
mRAAE FoH Buc wFHY BgA Mzelold gol Y e AL AR £
AT} <7 6> Linzenth Jaeger(2016)¢] #7127 ¢17] Aol Ae] ol o
SR 3 golth o] TAEE HAE £ gFel AWHOR AFEE WFYH B
Fo8 Bgel FO Ak Fold @] Azl § Ak BAdoz o sl Hug
SluokstA e, Sl E WA HFe)a BN Azeteldo] B 3] whie] Abgrel olef Ae)
FIHE 993 wel wad, Ao} Add gl o §e 2ol Heid Aeld

O
—é_"l\_]_

=< A

=y

i

A
>

W EW 2 (performance) & U 554 REX e Alghe] olojxlg] A= Aol 4= 9ith
3
w2
7

=

Ao
oo
TR

2oy
Mo ox

Z o
[l

o
lo

WA o BE M

Foi SA (that) 3ol =32d

a9 4. 798 I JojRd AE ol

@ Mzetoldel Umx poel gre girkh
A A o 0%)o] AeA FA BAL 4 g A T A
gold ghe FASA WS Aold FHaT

rf
[t}
m}i ol
[l
e
=
i)
AC)
K
i
[
it
i)
oo
_O\L
o 2
4T
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(a) 22Ch} 27

Yz 47| AT (ms)

=ato]d

ZCHH 2 M

=<
a

-2

(that) Fo|d

$F2Y LHE|

HE}A] 2

HE 2tx| 2 Mzato|H

N

-

o

1
-

Fo| SA (that SOl BHAY Lox]

(b) HEHo] A~ 2=

u
s 4
T
Al
E-3
gl
o 2
il
=)
E
u o
E
YHE
3
Ru
% 2
gl
- 1
5]
|
5 0
oll
-1

a9 5. 79 Py dojmy

400

380

the men discovered (that)

the

island

had

Fof &4

(that) F2ld EFoY uox|

NGO ' 5 :
N e N
o gl i \“/ :
W i ?
i

o

Fo|  SA (that) B4

Zzo)d

BEod uox|

2z =
oIy 2%
HISely B3

been invaded by the

a3 6. 2o Ha ¢7] Azt
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SR L) ZH 28] HeY oo Bde Fge i
AZYH Y& Bhe A A AT

4.2 7948 A8 A3

ol 7t 798 A9 A%

rir

t}

Hlo

3} g,

i

1) A 9 ZHAE 835t Hxgeld EFafRFPo|Mrt Fou|st airt
vEbth sHAIRE Az glo]ld s gl A xgoeld  gho] AAGFEF ¢l7] ARt
7Fskdth (B = —0.051, SE = 0.02, + = —2.341, p < .05).

2) FA4 T =AE BEF Azeteld EFEARGS AYF Hede TE
Wmeold Egastuddd B4 z2d4W adsh gewid. wFed Bdud Felx

Al uwl e17] Al7te] ¢ ¥ A_FHJAH(EH~A 2d: g = —0.031, SE = 0.035, ¢ =
—0.898, p = .369; =208} = 3 = —0.055, SE = 0.009, ¢+ = —5.966, p < .001;
HEHo|~ Bdl: B = —0.046, SE = 0.007, + = —6.288, p < .001; HEZX 2d: 3
= —0.042, SE = 0.009, ¢t = —4.471, p < .001; ¢4B¥jE rd: B3 = —0.050, SE =
0.007, t = —6.383, p < .001)

3) Fo4 dla Tol mEMolx, WEHA ohiE meldN B =dW adzl
Jebgtth wEed paud 304 £ae 99 w o od Aol AU Ewolx
2d: B = —-0.030, SE = 0.013, ¢+ = —2.327, p < .05; HEZH 2 B3 = —0.039,
SE = 0.011, ¢+ = —3.584, p < .001; 4 E =»nd: g —0.027, SE = 0.009, ¢t =
~2.840, p < .01). A= BT Hzejold FH7F GEskon], Wrdold ol
A-AFS 917 Aol oY (B = —0.147, SE = 0.056, ¢+ = 2.620, p < .01). A+
deld meol Ay felvuldt aush Jenx feth (Rt wd: g = 0,023, SE =
0.023, ¢ = 0.977, p = .328; WEHo|~ d: B = 0.025, SE 0.023, ¢ = 1.080, p
= 281; HEZX B2d: g = —0.015, SE = 0.015, ¢+ = —0.996, p = .319; 4HE 4
B = 0.018, SE = 0.015, ¢ = 1.240, p = .215).

r_{

il

ChFE Qo] mEEo] Algrel o} Ael WS wA & 5 A A¥E Az, BAA
Aol Bag Fog Ak FHNA I oo mele]Auk Mteto] At g17] Alztol
Fol FREAZ 2 AL FAT 5+ AT

A dojg AFeA Axgroldat ¢17]  AJ{H(reading times)o] ¢ AHAAE
ztertte Ww A7 A A9 (e.g., Monsalve et al. 2012, Smith and Levy 2013),
ol ZFA W2 A7 HAHA Zgow, IHAE D& dojrdy tiekst deds
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A A (linear relation)od| A 222 ASFZ71HA] o
g 7]&o] Hlekqor st A, AFA o]
19k, of A7k Hed do] Edlo] IZHA

Moo i
rl
N
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ol\
i

BN 2 pe o 2 e o
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ol
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rlr
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X
o
o
4
o
°
=
rg
=2
re
2
X
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X
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H oWy w2

A
E g (parse tree)Yt 1018t =] %2 (logical formulas)¥} 2 <lojdhs
vigto® g 9= dlo]El(input data)”7} obd thEFe] w7k HolH (raw data)E
o] olFolzith. aFlek: Eetal HeEde FARIEHA 9 guEA o=
AFs H& ASEE W tH(Radford, Wu, Child, Luan, Amodei, and Sutskever 2019).

AogtatEol Al ‘A Aol F59 -4 WAEFS FAd7r e e
Aol HF53 d¥dE FAE AAslE=th(Lasnik and Lidz 2017). Gulordava et al.
(2018)°llM= A7) wEI(LSTM) EHo] Fol/sAte] A7 UA(long—distance
agreement) S QlsHE gt} Aty WEE 2L ‘the length of the forewings is... 2}
the length of the forewings are... S H|LYPLE W], are°] Tty EHHT 77} £33
w49 gEo] v Frha Z o Sekglth. B3 EHA SR O F/E AN ongo s WY
o] ¥ (implausible) =& ‘the colorless green ideas near the duck (are/*is)... S
AANYE W Hejd B (dF4o] ok "ojgAnh) & 45}, ojds A&
Ao A ] dofdtA Ad glolk wWolo] dSAS SEAFlorA Hud Edd
Aofstyl 2AdS 3t Al & Jdue JAE 2oFu. Linzen¥ Baroni(2020)9] A=
Hejd R AsS st Ao Al d4ds EdE AEshs HHES oA v A &d

[e]
w0, obx Heldel dSshs A% AT Aol AR B AFT S

o

ot 2 ol K %
S T ooxl ot BLooX

2ol of & 2 |
rlomﬂ

X
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