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Processing Relative Clauses in Mandarin Chinese
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Introduction

« PIChomsky AR IAEIETEEZONA “IER”  (Recursion) f& ARIEFTREIHIZ L, &
NAETE & LB R B 5 R M) (Relative Clause, RC) X AP e F EA LR k&R
JIRIZ5H

o FNPLERRE, 2] URCHACERIIZE SR 2 NRMA 5 5 B8 77 (e.g., Hauser et al., 2002)

o ZHCEE T TG RRNA], EHINTHLE] B AT A . SIS R R Z 15
xR ZA MA] (Subject Relative Clauses, SRCs) FIE1EI R MH) (Object Relative Clauses,
ORCs) M TAXFRYE

« RAZHIET BB R T SRCsHI N AL (e.g., 9EiE: Ford, 1983; Gibson, 1998; fif==
i&: Frazieer, 1987; 7£1&: Holmes & O’Regan, 1981 etc.) > j& 5 LA E1E 5 342

SRCs: The book [that is on the table] belongs to me. RGN EES= 5
ORCs: The book [that I read yesterday] was interesting. [/NLE IR EI 22 ST T .



Table 1. Preferences for Relative-Clause Processing

Language RC position Preference  Task References
Brazilian Postnominal SRC RSVP Gouvea (2003)
Portuguese
Dutch Postnominal  SRC Self-paced reading Frazier (1987) o NS ARG E iR =14
SRC Self-paced reading Mak, Vonk, & Schriefers EI:] L. il E%D EI:] L. I EE‘ EI/J = //j
Eye-movement (2002) S| f = A,
By o RIL T SRCsHIIN AR H
English Postnominal SRC Continuous Lexical Ford (1983)
Decision Task
SRC Self-paced reading King and Just (1991), . “ oy . _
Gibson, Desmet, Grodner, ° M%Ié EE '_%L' J: %‘ ’ YX ITIi';‘ 7\% nﬁ - IEJ HTJ‘ E‘
Watson, & Ko (2005) . . N
SRC Eye-movement Traxler, Morris, & Seely %’SVO ITIi'[: }A? ;FH EIZ' ’D‘ 1§J }El: E‘ E‘J Ta é
monitoring (2002)
ERP King & Kutas, 1995 O ) YA LT SE ST Ok
> F[IK JEN A
French Postnominal SRC phoneme-monitoring  Frauenfelder, Segui, & EI_J KKty & 2 ﬁiﬁ ks E/j I g:{& Hig ﬁéﬁl@:}: Al e
task Mehler (1980) VEHE)T BPOE, PGSR 5 SO T8 T i )
SRC click-monitoring Cohen & Mehler (1996) VA L. I\ = T
SRC Eye-movement Holmes and O’Regan (1981) ¥ jJ LW + 7] L ES
monitoring
German Postnominal SRC Self-paced reading Schriefers, Friederici, and
Kuhn (1995)
SRC ERP Mecklinger, Schriefers N v Y O 5
’ ’ N ﬁ
Steinhauer, & Friederici’s ° 9%?&“3 9%/‘?@ M/':U El/‘J ﬁDIﬁE%KXﬂL
(1995) g e i S IA Sk B e A
Mandarin  Prenominal  ORC Self-paced reading Hsiao & Gibson (2003) ‘*/J\ @ ’ E HIJ El/‘J K gl\_‘L élil % }JF Z_\‘ %&
SRC Self-paced reading Experiment 1 (Lin, 2006) . . T
Japanese Prenominal  SRC Self-paced reading Miyamoto & Nakamura (e g Hsiao & GleOn, 2003 > Lin &
(2003) Y
Korean Prenominal  SRC Self-paced reading Kwon, Polinsky, & BGVGI’, 20069 GleOn & Wua 2013 ) °
Kluender (2004)

Lin & Bever (2006)



Hsiao & Gibson (2003)

o IR HE P ERBE (Self-Paced Reading, SPR)
o SCERA R

(& ZiBiFe]E RO AFUE R T RajE. (ORC)
[eli5 B ZHE O APUEEE T . (SRC)

[[EZBiGe L E A e E RO APUEZRE T-Bj. (ORC+HORC)

Raw Reading Times (msec.)
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NI/VI  VINI de N2 N2+l N2+2 rest

Fig. 1. Plot of mean (standard error) raw RTs per word for the singly-embedded conditions in (2).

[e@iF e 21 4515 E ] E 5510 H R DI APUE R % T 2. (SRC+SRC)

o SEIGZERL

B2 RCs: 7ERTHANA FORCSHIRTE &; % RAbbric ‘B
ZJE XA B

X7 RCs: ORCsHIRT B i 25 50 55

LA K

> WNPOE S HARTE S AR, BEAORCsHIIN TS
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Fig. 2. Plot of mean (standard error) raw RTs per word for the doubly-embedded conditions in (3).



Lin & Bever (2006)

fibHHsiao & Gibson (2003) 5256 ¥t
« HLZ RCs: fERFZMIRIC “H” ZHIHIHEL 7> FIRTs B 42 A BEUEBIORCs B A N TR
[ Z#iEelN]E R (NP+VP) vs. [l & S I]E A (VP+NP)
e XJZ RCs: MA#KEORCsH) P4k (serial dependency) ELSRCsHH Lok (central
dependency) HH4FALIH

a.  Subject relative clauses embedded in subject relative clauses
[GAP,] invite [GAP;] conspire judge DE tycoon DE official have bad intentions
e h— — sl
b.  Object relative clauses embedded in object relative clauses
tycoon invite [GAP;] DE judge conspire [Gap,] DE official have bad intentions
, S - J

o SEERATRL R SIAAFERNREO, A RISIERR 1 R] LA 44 1] 1 R I Re AT A1 AME
(i, AR vs. BOEARD) BAESNAETEANME (n, e TR, B



Lin & Bever (2006)

* SLHTF: 2 (SRCsvs. ORCs) *2 (EHiZETE vs. BHITEIE)

o SEERAPRL: ERIANE AAECCHIENIE, R B AL R AR
o SEEETR: fERFAMIRD R A SR HGiE B SRCs BURTs & 2 54

|— :SRC—S-modify - #-ORC—S-modify —#&— SRC—O-modify —*— ORC—O-modify|

1500 il X 2R Bl ia] /& 15 A B ?

1600 -

1400 [

ZHONENESE], g, PR K. AR,

g
g 1200 o - o
2 o0 | = S 1E B 71 (ORC) vs. 15 E % H'E 1 (SRC)
g

800 [ B .

5K = HZ ISE R (ORC) vs.
N W = 9 5R (VP+NP)
400 1 * 1 * - : _
V(src)/N(orc) N(src)/V(orc) DE N Zl:l:%a/] gjﬁ_‘ (SRC)

Figure 1. Reading time of each region within regular relative clauses (Lin, 2006: 131)
(SRC = subject-extracted relative clause, ORC = object-extracted relative clause)



Gibson & Wu (2013)

e [F]¥Lin & Bever (2006) :

o HZER A ISRCsIN TALHAAE A & F1EIH KA T B B a) 1@ e S 2
o B O-modify WHZEFHE, 1 S-modify NI ZEFFHAHE;

&1 E1EIRCs:
(B & ZHE ROMAL (SRC)— VP + NP 3k, AT DIBCE N b A 5
[& 52815 I E RO AHL (ORC) — NP+ VP IT=3k, 25 54 B i v 4]

R T [ 2 5B 2 (SRC) — ‘21517 X EARGAENT NNE], T
WORTER T [FR2 5812020 (ORC) — ‘B’ B oM B EE



Gibson & Wu (2013)

o SEERIRTT: EHTEEGE TR RT3, R G T I B AT

ERETERMERN RS, 85I E (X BE -G8F D . W—88%F (y2) FZ)5,
HUEE MR G ERPLE.

AN IR E TR AETTER T 88 %, mast—a2—PhEaIE.
N AN E R A R EME— & 4N ? 1200.0 -

AN [BEMYLEM 2SR AR .  (SRC)
MU [EANEEBMERESTAETRE. (ORC)

1000.0 -

800.0 -

° igﬁ%ﬂ:{:% 600.0 1
Y FMIERE R, IAE ORCs [ RTs & & H 44,
200.0 . : : : . .
NIVI  VINT  de N2  N2+1 N2+2  end

Figure 1. Reading times per word in the target sentence. Error bars indicate standard errors of
the mean.



AN LEE S

Anqe] BRI _EARRE IS R AR B I AN FR T 7

- AR Nz ] LTINS E S AN FIR B

- HETARAE B BAR n] R B 3 9w 2R
o el GARITIE) WELR (Memory-based Theory)
« THIHE (2%%it) WHIL (Expectation-based Theory)



Memory-based Theory

o FEARTD: A) TR0 M R R T BT TR ) AR B
* Dependency Locality Theory (DLT; Gibson, 1998)
o BN R B ROAS 3 LS 43 R )
* Storage Costs: T 17t R 58 BIKA7 458 (maintain incomplete dependencies) ;

* Retrieval (or Integration) Costs: F 175K 27 1] fixk N B m)vE S5 R ke 2 2 B ISR AE, 3= ZLi it 2 A ia) 21 5
(R A SRR o =

o TR IEEAALE SRCs I LARE, TPUEAALE ORCs JI LA
o W RHUE P (Macdonald & Christiansen, 2002) :

o PUBEMTE M EARTEFEAAESVO, WAEORCSHF&1%3E AiE P MSRCs A4S, K AEEORCsIN LR #; JiiE
MR, SRCsFFESVOIEFMORCSATE, MAFLESRCsHN T AL,

l I l I

SRCs: The book [that e is on the table] belongs to me. [e S X /INA IR 2= B T
ORCs: The book [that I read e yesterday] was interesting. ["NLE X Re) ][R EH T
J

l |




Expectation-based Theory

o RIS NATTINCA] 7 A AR I ARAT AL G 25 38 B S ADL Ay B 1] A 25 A Y 2 B R TN ), B 25 4y
B, NI AR BT AR )
* Accessibility Theory (Keenan & Comrie, 1977)
o A[FITEF KRCsREB TR AVEN B VSR A, BB T — %740, B, BraiE s fIRCsE A LR
BEE, R FEEMEBFNNEHEZ VI (accessible) , FEEUSNATAK. HT AMIER S U5 18 A7 B 17
U Sy, PTAMCIE R 5 .
 Surprisal Theory (Hale, 2001; Levy, 2008)

o TENATHAT RIEERT, REE R AN HTE S AR BE N TE R ) A R A B 25 3 — e FIRTs, 0 L 3E 5% 1] 1 m] i
M (Predictability)fH5<, & ] LA B 5 (Surprisal = - logP(wlc)) #EATEAAE IR,

e M TFAEEDMAERESD, SRCs B HIIAZR E T ORCs, K FFiEZAE SRCs B0 TALH, WGt
1#1E SRCs Fn TAR#



PRI RS )

« Memory-based Theory fERs 1 H ILIN T A ME A7 &
TOUIN PR e R H IAE AN WAL (AN 9EiEORCsH I EIED
« Memory-based Theory Tl /R Xk R H AL T BRI R AL (An3iBORCsH B0
o SISl AR B IR HE HH BLTE Bl iR A

SRCs: The book [that e is on the table] belongs to me. [e N HIFESZ ST T
ORCs: The book [that | read e yesterday] was interesting. ["NLE el FZEH T .

« Expectation-based Theory fi#EF: | ORCs F1E I A AR R N

* Traxler etal. (2002) &I, HORCsHEiELAF LMW, B EE (inanimate patient) FJORCs
HRZMAEHE (an, FEJIAL) ;5 HORCsHIR N ERE LA mHIN, BiiE4AEZE K ORCsH
MEALER Can, Ak B D) > ERARER A A B R b

o (HWAFAE ZF W EIE T MBS, gt Eiss (Structural Forgetting)



Structural Forgetting in Doubly Nested RCs

Missing VP effects in English (Gibson & Thomas, 1999)
o« 2G4 EL (ORCs + ORCs)

(a) * The apartment,, that [the maid,;;, who [the cleaning service, ; had sent over,;;],,. (Missing
VP2)]..c was well-decoratedyp,. (Ungrammatical)

(b) The apartment,;, that [the maid,;, who [the cleaning service,; had sent over,,;],.. was cleaning p,
every week],.. was well-decorated,;,. (Grammatical)

o SLEREER: SR b, SREVP2IAGIEA) T AN LEEA) T2 E S, 1MAKVPIAVP3N
o PR 2 PR
* High Memory Cost Pruning Hypothesis (#7/& DLT, 24 TAEiCAZ FdHd KRB anfa? )
o TR TAEIC LT G, 23 i B AR e A2 07 AR7 e K R A8 101
« NP2z Em R oA, AL AAMTE I3 ENP2 LG TAEICIZE ST, TS EVP2 ) Bk 75
AN A FRAE, REHERZE S



Vasishth et al. (2010): Verb-final Structure Evidence
* VP missing FAEEE S )WL S (Frank et al., 2016)
o HETEFSLIHEN . )i )5 & 458 (Verb-final Structure) 1] BEAEEIE M b 745 > B T 45 VP 7L,

MM VP g s i Al Be k. FE1E MR BRI R 284 T AR, 32l B AR AL 3 A2 s dn 22 014
VP L, AegIEE RS VP2 -> XN Expectation-based theory

Experiment 1 (English SPR) Experiment 3 (German SPR)
8 :
a o —e— gorammatical
—e&— crammatical =5 = ® ungrammatical
-® ungrammatical
. —_
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= E ey
" o
—_— 5 19 N O ¢
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2 1 2
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Lossy-context Surprisal Model (LCS)

* Memory-based Theory : JTCiZMERE AT £ e 18 HH A AE IR VP-missing £ 4215 FH A AFEAE

* Expectation-based Theory: JikMEREE NI A n Bl A S IEAR 7)1 F MR B/ MK
2, WITEMERER A AL B S0 B0 AL

>4 " FH 6= Lossy-context Surprisal Model (Futrell et al., 2020; Futrell & Levy,

2017)

o AW 5. FR#ERISurprisal Theory AN Surprisal > B X T F M H)5E £ HIC LR ALE,
LCSAIA T ICAZZRIER) /IR, AR T Zmiial B4R R B 18 M A ) B R 3
Surprisal = - log P(w|c)
Lossy-context Surprisal = - log P(w|c’) = - log 2. P(w|c) P(c|c’)



LCSHES ke e il AIETE [R5 18 5 H 45 RS IR HAEEE ANy

1000 -

N
1

Rule Probability
S—NPV 1
NP & N 1 -m 500 - 1+

NP — N RC mr
NP — N PP m(l—r)
PP — P NP 1

o B

RC—-CNPV |1-s _500-

(Ungrammatical — Grammatical) RT (ms)

o
1

(Ungrammatical - Grammatical) surprisal (bits)
|

Engllish Ger;nan Engllish Ger.man

Table 1: Toy grammar used to demonstrate verb
forgetting. Nouns are postmodified with proba-

st ) i ) . Figure 1: Differences in reaction times for
bility m; a postmodifier is a relative clause with

ungrammatical continuations minus grammatical

pI'Obability 7‘, and a I'ClatiVC ClauSC iS V'initial With ContinuationS, Compared to noisy Surprisal differ_
probability s. For practical reasons we bound non- ences. RT data comes from self-paced reading ex-
terminal rewrites of NP at 2. periments in Vasishth et al. (2010) in the post-VP

region. The noisy surprisal predictions are pro-
duced withd = .2, m = .5, r = .5 fixed, and
s = .8 for English and s = 0 for German.

Futrell & Levy (2017)



NP-Missing in Mandarin Chinese (Hang et al., 2022)
o POEXNEMRERCSHAAAARL GRS, HRIN NP-missing;

(a) * The apartment,;, that [the maid,;, who [the cleaning service, ,; had sent over;;],,. (Missing
VP2)]... was well-decorated,p,.

(b) (b) The apartment,, that [the maid,;, who [the cleaning service,; had sent over,;,],,. was
cleaning », every week],,. was well-decoratedp,.

(c) MPIETE W[ v, T &L [Nly; o H e, VT B AN ey BB T LR Inps 0K
(d) *SABIELE o TI[Ey, T[Ny, B VT RAAM e EE o

« LCS MNEEMERVOE FINP-missing , 48 b N 38 5 307 BORE S v 5 7 3 B O 5 48
T A7 220 B A AR



Interference Theory

Haussler & Bader (2015)

o FENTESAER R ANVAGE RN, AR IRHURE A VP IERB| T A), A AN Y
MA) XTI R ER FEVPAERS, HEENT S AR, MR
M

Bader (2016)

o« FESIET, T ERIANAIRI ARG AEEL, 48 R S RE I VP Y
RN,

» ELETEY, BTN RGARKSIEME, T ER %X 0 VP K
ERNE, HIEA S ES RS,




Thematic Relations Perspectives (Hang et al., 2022)

« DR

o JENTE AL B RRZ — LAY R T Y G R R 2 A fgl}wvd gfbanned
NRZR, BIEM TH 4.
o WIRFTE 4R (NPs) Fizhial (VPs) EEERIhIE A B NP2
METTX R, ARSI TS LR, Bk R T Ak ’heaufhor\
BHN TE R NP3 Pl
the company fired

[np1 The novel] that [np, the horror author] who [yp; the publishing

company] [yp; had recently fired] ---- [yp3 was banned by the local NP1 VP3
library]. the novel \ was banned
« HAHEIGK RG] NP2 VP2

* NP1 (thenovel) — NP3 (was banned by the local library) the author typed

« NP2 (the horror author) — VP1 (had recently fired) NP3 VP1

« NP3 (the publishing company) — VP1 (had recently fired) the company fired




Doubly Nested Relative Clauses in English

* ORC+ORC (nl n2n3 v3v2vl)

The manuscript,; that [the graduate student , [who the new catalog, ; had confused, ;] was
studying ,]... was missing,; a page.

* SRC+ SRC (nl v2n2v3n3vl)
The scientist,; [who admire, , the professor,, [who won , the award, ;]...],.. Wrote,, a paper.
* ORC+ SRC (nl n2v3n3v2vl)

The manuscript,; that [the graduate student , [who won, ; a prize ;] was studying -],.. was
missing,, a page.

* SRC+ORC (nl v2n2n3v3vl)

The scientist,; [who admire, , the professor,, [who the new catalog - had confused :],,.]:.
wrote,,; a paper.



Doubly Nested Relative Clauses in Mandarin Chinese

* ORC+ORC (vl n2 v2 n3 v3 nl)

gk =% b T v1[[/NIn2 E V2 ] [F] Zn3EEv3 1 1 ]/NHnl,
* SRC + SRC (vl v2 v3 n3 n2 nl)

gk =% F T vI[EE T v2[ZWv3/Nn3 1] FE %2 ]/NHnl
* ORC + SRC (vl v2 n2 n3 v3 nl)

gk =% b T v1[[EMv2/Nn2 )] [F] Zn3E & 7 v3]/Nnl .
* SRC +ORC (vl v2 n3 v3 n2 nl)

5k =% b T vI[EE T v2[/NIn3E X v3 ] [E 2=n2 1 ]/NHnl



) A AR R F) [ AT

o WAE I EAFLEORCSHN AL b & SRCsH T AL 32

o« PIE INP-Missing V] A fe FHLCSE R 2
« Huang et al. (2021) 45 R & G R FE°

o HAUEAE:T BN I ROGEIME SRR AT T B
o WHHAT B 2 UPHE RS, i FHRR-LCS Model (Hahn et al., 2022) fdiif1cs, $0-&RTs;

o P IEFINP-Missingiz WAl iERE, M A 58k 2
o U4A] 58 4 Hh 25 A memory-based fllexpectation-based model ?

o POERIRCsHII AN FRM: 5NP-Missing Z [B] o< R ? HABREH S
Gl W EET

H>
G
A
N
<
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