An Experimental Investigation of Subject Empty Categories:
Their Real-time Status in a Top-down Parser

Kazuma Kimura

1 Introduction and background

1.1 The syntax of copular and possession
e BE #j7id, HDAAMEE D HIRAE Z 415 (Stabler (1996), Moro (1997))
(1) a. A picture of the wall was the cause of the riot.

b. [BE [[pp a picture of the wall ][pp the cause of the riot ]]

c. [TP[DP A picture of the wall ][sC ti [DP the cause of the riot ]]]

(2) a. The cause of the riot was a picture of the wall.

b. [TP [DP the cause of the riot ][FP ti [SC ti [DP a picture of the wall ]]]]

e HAVE iG] (AT 30) 1, HAAME D HIkE X5 (Freeze (1992),Kayne (1993), Kim (2012),
Myler (2016))

(3) a. John has a brother.
b. [HAVE [pp [pp a brother ][TO [pp John ]]]
c. [[ppJohn i [HAVE [pp [DP a brother ][TO ti ]]]

o 2O DHIFEDIRANTIZ, H DA BTN RLHRDFE T 5 L RE ST Z 7 (Chomsky (1973),
Fiengo (1977), Chomsky (1993))

1.2 The processing cost of empty category

e EC 1%, N[ D SCILHFEREIC ¥ - TUHEH AR 2 D5 % (Bever and McElree (1988), McElree and
Bever (1989), Samar and Berent (1991), Yamaguchi and Ohta (2023))

e Minimalist Grammars (MGs)':

BRI IE AL D R 7 = X I % fREHEm OBl 0 HHE 2 % 3% (Stabler (1996), Stabler (2013))

(4) A grammar G = (V, Cat, Lex, F), where
V is a set,
Cat is a set,
Lex is a set of expressions built from V and Cat,

F is a set of partial functions from tuples of expressions to expressions (X iEHEIE)

1 Z 33, Chomsky (1995) B & U7 DB TRE L T E MR- RZ, by 78y VAR OB RIS
BURETERELEZDDTH S, 7B, ZOEARRIZ, Minimalist TIRE X T X -HGERRRERPIRE HiEE, X
R = X B EmWERIC TR L7223 DISBE S IERDOR A7 v PRIGEREDTFEBIKE G
FTA3HDTIIHRVWZ L ICEEINEW,
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1.3 Purpose
- Z OO HAY ~N
e BE/HAVE #FC & 1 2 JEHH (Subject Empty Category) 232K 7 SCHRIC BT T30 8%
FREIE
e Subject EC DAL X 7 = X 1% top-down MG Tt HEamc 524
e Subject EC DL fi] %, complexity metrics TE &1L
\ 4

2 Previous experimental / computational studies

2.1 The empty category in copular sentences in English
e Samar and Berent (1991): BE Ejii O DIAAICIFES 5 EC DAL E fif & M EE

(5) a.

(6) a.

Terrible fights between good neighbors happen sometimes. (unaccusative)
Hot meals in dining halls are served daily. (passive)
College students in small dorms complain constantly. (unergative)
Careful doctors in hospitals watch patients closely. (transitive)
Terrible fights between good neighbors are rare. (unaccusative analog)
Hot meals in dining halls can be salty. (passive analog)
College students in small dorms are friendly. (unergative analog)
Careful doctors in hospitals are very important. (transitive analog)

(7) EEoFih

8) a.
b.

=& — LIcB U S R RO R #eD
BB HFRDHIBLO EBEFN L LTEENTORSY > 2% > HREICEZ 5
2 DA R 2 7

[DPi [BE[ECiDP]]]  (BE)

[DP [V DP ] (transitive)

RO Z F RV R L THERICH AR 725 (Scheffe’s F (1, 22) =4.64, p < .001
for subjects, F(1, 40) =29.23, p < .0001 for items),
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Table.1 Mean Target Response Times (RTs) for the Four Different Sentence Types

Reference Mean RT | Copular analog Mean RT | Difference RT
Unaccusative 706.5 Unaccusative abracnalog 708.9 -2.4
Passive 689.9 Passive anolog 743.3 -53.4
Intransitive 725.7 Intransitive analog 656.5 69.2
Transitive 707.1 Transitive analog 627.4 79.7

2.2 Control and Raising in Japanese
e Yamaguchi and Ohta (2023): HARGED M IZE T 5 EC O E T % MGE

(9) a. Raising condition
Nakamura-ga ~ senshu  kayobi-ni [Copy kaisha-de  Takahashi-o shikari]
Nakamura-NOM last-week Tuesday-DAT COPY at-an-office Takahashi-ACC scold
sugi-ta.

too-much-PST.

"Nakamura scolded Takahashi too much at an office last Tuesday.’

b. Control condition
Nakamura-ga senshu  kayobi-ni [Copy kaisha-de  Takahashi-o shikari]
Nakamura-NOM last-week Tuesday-DAT Copy at-an-office Takahashi-ACC scold

sobire-ta.
fail-to-PST.

"Nakamura failed to schold Takahashi at an office last Tuesday.’

c. Reflexive condition
Nakamura-ga senshu  kayobi-ni kaisha-de  jibunjishin-de  Takahashi-o
Nakamura-NOM last-week Tuesday-DAT at-an-office Takahashi-ACC schold-PST.

shikat-ta.

"Nakamura scolded Takahashi by himself at an office last Tuesday.’

d. Causative condition
Nakamura-ga senshu  kayobi-ni [Copy kaisha-de Yamashita-ni
Nakamura-NOM last-week Tuesday-DAT at-an-office Takahashi-ACC schold

Takahashi-o  shikar] ase-ta.
CAUSE-PST.

’Nakamura made Yamashita scold Takahashi at an office last Tuesday.’
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— EC % &% Control - Raising 514 C, #t AR EDIMEAITH L 2

2.3 Issues

s BN — TET — &

BE / HAVE O#FEMGEICE £ 5 EC I&Z RIS 2§ 2 5> (DHFEERTHEE, 3 i)

QAT 7 — & — SULEFER:
BRI ORZ BN HEEZA T, 228D K5 ITERLT X %5 (top-down MGs 12 &
% ERIb & 4, 5 i)

3 Experiments

3.1 Experiment 1

BE / HAVE 3 O#fiEEHE IS & £ 2 IR O )UBEA DL E %2 H O R — A HiAakd (Self-paced
Reading Task, SPR) % I\ THEES %

3.1.1 Participants
o EERS N
Amazon Mechanical Turk THE L /- HGERIEESEH 24 A

3.1.2 Material

o 1 Z[A 4 /K¥E (Fhar % A7) DRIFK

(10) a. Airline pilots with great experience are rolemodels for aspiring pilots.
b. Airline pilots with great experience have opportunities for career growth.
c. Airline pilots with great experience are involved in this company.

d. Airline pilots with great experience talk friendly in this room.
o 7% 10 MHIBIZ & (B EE 6 ICIE < & S #i—)

Region— 1 2 3 4 5 6 7 8 9 10

BE sentence (=(8a)) Airline pilot with great experience are  role-models  for aspiring pilots.

HAVE sentence (=(8b)) Airline pilot with great experience have opportunities for career growth.

Table.2 R—4"v b XOMHEBEKE

3.1.3 Procedure
o SEEREEN T
PCIBex farm (Zehr and Schwarz (2018)) _b T/

4
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\ 4

likes

] |
L ress progress

Question

the
< Does John like thr man which likes the book?

Press F for Yes, J for No

Figure.] PClbex ETDHOR—AHAGRE

(i) 24 FSC +36 7 4 7 —X% 7 ¥ X ML L EH TR
(i) 1 X OHFEXYI D TH Z ¥ (moving window i), FHE O Fi AR (RT) % &l
(i) BRI 2R R LD &, XOEMZR] S comprehension question ZfENTH 5 5

(11) a. Airline pilots with great experience are role models for aspiring pilots.

b. Do airline pilots have great experience? (Yes)

(12) a. [DPi[BE [ECiDP ]]]

b. [DPi [HAVE [pp DP [P [ECi ]]]]

3.1.4 Results
B/0VBEISL (ROT) T 2 fEIE 6, 9 @ RT (ms) % FIHIR SRR E 7 T 2
PEIBZEL: ROI (FHIK 6, 9) @ RT ftAZEL: Bhid X 4 7 (Passive, Intransitive, BE, HAVE)

3.1.5 Discussion
o SRR DN B D AR ZE L -l HEME: (4 i T3

=
=Y
p—

2 f#HTICIZ, R studio (R Core Team (2018)) @ ImeTest 28w 7 — I Z Wz, F— XN H T > THIUES X URE
WL EZ 505 RT & EBRME & REREZ 3%, 2 OEFANICR W T — R KA > M2 SRR L 7z,

5
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Mean Reaction Time

500 -

400~

Table.3 FHIR 6,7 1281 % RT DFILIREMNRET M X 2 0
Estimate  Std. Error tvalue P Value
(Intercept) | -0.02018  0.14424  -0.140  0.8897
BE 0.10859  0.04534  2.395 0.0264 *
HAVE 0.02465  0.04520  0.545 0.5916
Intran 0.04370  0.04528 0.965 0.3460

E7 LR Imer(RT67 ~ BE + HAVE + Intran + (1 | subj) + (1 | item))

Table.4 FHIK 9 12B1F % RT DFPLREMRET M K 20
Estimate  Std. Error tvalue P value
(Intercept) | 0.12855  0.14998 0.857  0.399
BE 0.06765  0.04839 1.398  0.163
HAVE 0.08020  0.04793 1.673  0.095.
Intran -0.01680  0.04837  -0.347  0.729

E7 LR Imer(RT9 ~ BE + HAVE + Intran + (1 | subj) + (1 | item))

Table.5 HEXEARD RT DFRYELREENRE T MIC &L 2 70H7

Estimate  Std. Error tvalue P Value
(Intercept) | 0.084999  0.125717 0.676  0.5043
BE 0.065051 0.034943 1.862 0.0774 .
HAVE 0.009972  0.034905 0.286  0.7781
Intran 0.008141 0.034936  0.233  0.8181

£ 713 Imer(RT ~ BE + HAVE + Intran + (1 | subj) + (1 | item))

Region

interaction(BE, HAVE, Intran, Pass)
- BE

-e- HAVE

—e— Passive (baseline)

Intransi tive

Figure.2 &EFEX A F12BT 25K & O AR

6
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3.2 Experiment 2
FER 1 TORRITIZ T, comprehension question (Z[AI% 5 % % TO KIGKEHE (ms) % 71
— IRPFOALENC X 5 DR DE W2 BEE S 2

3.2.1 Participants
o EERSNAE -
Amazon Mechanical Turk THE% U 7= GERFEREH 24 N

3.2.2 Material

(13) a. College students in small dorms are participants in study groups. (BE)
b. College students in small dorms have access to study resources. (HAVE)
c. College students in small dorms are provided with study resources. (Passive)
d. College students in small dorms may gather for study sessions. (Intransitive)

e. College students in small dorms obtain access to study resource. (Transitive)

3.2.3 Procedure

o SRR /T4

PCIBex farm (Zehr and Schwarz (2018)) T/

() 24 FIWL +36 7 4 57— % 7 ¥ X MU EE THER

(i) 1 X OHEEXY) D THt ¥ (moving window 12), FHER D Ft AKRFRE % 51

(iil) BHA X 2R L=H v, XD EMH %R S comprehension question Z VT3 5 5

(14) a. Airline pilots with great experience are rolemodels for aspiring pilots.

— It was airline pilots with great experience that are role models for aspring pilots. (Yes)

b. Active adults in good health have memberships in fitness clubs.

— It was inacitive adults in good health that have membership in fitness clubs. (No)

3.2.4 Results
comprehension question D [EIEKER (ms) %, — LIRS €T L THH

(15) BE #hailldftioByE & LT, 7 7 & AKRIHME <, HAVE #hElld & < 725 (FEEIZRW)

3 HAME L ZRLD, A7 74 VEREICBWT, FHIl L2 KGR & 0BT 3 Z 21 X 2 TR R O IR O
EERL, ~RIBPRGET AV ZHEA L.
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Compute backward ., .,
Target sentences § Comprehension question

VP
N If the syntactic structure contains a trace of
DPi v’ . .
l the subject noun, namely subject ECs, then
Y SC the comprehender can find the information
| P of the subject noun by accessing the EC.
BE ' >
ti SC
P
X DP
6e+10
T
T
© 4e+10
£
E T
T +
§ zevro- ==
-
T
1
BE HAVE Velrnge‘l;\pe P Tran

Figure.3 BI5 2 & ORIHUT BT 2 EFEHFAMAND T 7 & R (£ 7 — N — 1 3HFHERRE)

Table.6 —RILIEEREGETNMICE DX —F v b (FEFEHFAN) AT 71 2T % £ TORISKHE D734

Estimate Std. Error tvalue Pr(> |z|)
(Intercept) 38.29 12.19 3.14 0.00168 **
BE -6.99 2.59 -2.70  0.00697 **
HAVE 14.99 10.97 1.37 0.17174
Tran 4.48 5.72 0.78 0.43357

3.3 Summary
(16) a. BE B - HAVE &3 ORI, 4 > 7 4 ~ UL (Experiment 1)« 4 7 5 4 > JILFH
(Experiment 2) i /7 Ci ARFREICEEE L 7=
b. BE 3, #hEE# O, HAVE #5113, HAVGEER OB TH AR R 7z,

c. ZTNZNOEFNENRT BHfEEMENFE L alRElE 2 R2
8
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4 Proposal: The cost of processing EC
4.1 Parsing in a top-down Minimalist Grammar
o My IR UEIIERTET Y V7

(17) a. A car hit John.

b. LCP2
2Cs . 2TP4
|
o A5
/ 5T1o SVPs
AN DP7 CAVAST

N PN A

as ‘cars hitiz  'Johni3

(18) a. outdex (J£I): MMTEEAZ D ) — F % Fisbk o D TBINT 2O 27 v 7
b. index(f5 R): 2D/ — FIZBWT, RTOERE (BE), —B) BT T3R5y S

4.2 The complexity metrics of processing EC

(19) Complexity metrics in offline processing (Graf et al. (2015))
a. Tenure: How long a node is kept in memory?
b. Payload: How many nodes must be kept in memory?

c. Size: How much information is stored in a node?

(20) Size (BEITTEBENIFED R T v T D57, cf Graf et al. (2015))
Given a node n of derivation tree ¢, we write o(n) for the outdex of n. We write Mn for the
mother of n (the node immediately dominating n). We write Fn for the final landing site of 7 in
t, where Mn quantifies as a landing site. Then the Size of » is size(n) = o(Mn) - o(Fn); for the

root node  (which has no mother), size(r) = 0.

4 B{RMIIZIZ, Chesi (2021) 2312t % Python vy r — P TREX N7 N T Y X LR UEFHEICHV 2 EBREZRE
EL, A DIRET % EC 23 2 MEZBIM LT AR T 2 5k%E L %,

9
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Step 1 Step 2 Step 3 Step 4
CP Ccp CP CpP
/N AN AN
C TP C TP C TP
|
T/
Step 5 Step 6 Step 7 Step 8
Ccp Ccp Ccp cp
/N AN N AN
C TP CcC TP C TP C TP
\ | | |
T T T T
N AN N AN
T VP T VP T VP T VP
N N N
pp VvV pP Vv pp VvV
/N AN
a car a car
Step 9 Step 10 Step 11 Step 12
(014 Ccp Ccp cp
/N AN AN AN
C TP C TP C TP C TP
| | | l
T T T T
AN N AN AN
T VP T VP T VP T VP
N /N N S
pp Vv pp VvV DP A% DP A4
AN AN NN VA NN
a car a car car hit John car hit John

Figure.4 Stepwise construction of the derivation tree for A car hit John, with the final scanning
(Pasternak and Graf (2021))

(21) k& A car 2 12E) T 2 FR D WL & frf

SDP - TP4=2

10
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4.3 Analysis

1 1
(22) A CP2 CP2 ¢
’ Se
P | e
4 20 20 RS
)/ C’3 C’3 .
/7 N
/ ~
, /\ /\ ~
2 3 3 3 3 AR
/ Cio TP4 C13 4 °TP4 .
/ A ’ N
,’ , | ’ | N
’ /7 \
2 S LA A
/7 / 7 \
/7 4 \
II /II /\ l”/\ \\
/ \
1 I/ 5 5 II \
/ SR VPe /T ~ SVPs \
! 7 7\ 1 /7 \
! ’ 4 | ] / \
/I '/ 7 ! // |
’ V’7 / ’ 6v/>
/ V7

=<
~
~

~

~
~
~
~
~
~

1
1
\ ]
\ \ ! ; + "Vis 8PPs
\\ \\ |\ | /\ ] 1 | /\
~ ~ \ 1
“~.._ “_BE ®DPy °®DPis ' !
Teeeollllizziizz=a=--- \ + HAVE  9pp, P
\ \ 1
\\\ \\ /\ !
RN 10py;  19DP12

(23) Offline processing
a. BE: (8DP) - (C2) =6 + (\°DP) - (TP3) =7 + (\°DP) - (VPs5) =5

b. HAVE: (}2DP) - (CP2) =10 + (*?DP) - (TP3) =9 + ('2DP) - (VPs) = 6

— EFEAFE, CP, TP, VP TRAI XN 2 REN D 5 72, M OBIHRFE S 5
o AV A VIMBAROERIIE, BROTEIEET 5

FEAIA AT RN, CP, TP, VP TENFNGRAI XN 2 720, 2D (GEFEER) FEnhc &
Z QI £ fuf

ZFRZFN VP, PP BT, LA % 2 DRIFFICEHAAL =20, 7V —F > ' XAE Y ADETf
(e.g. (19b), (19¢)) H3>D> > T 5 AJREME

24) a.

(25) Complexity metrics of online processing (Hale (2001))
PWn=wn|Wl=wl,..Wn—-1=wn-1)

11
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4.4 Issues

(26) a. Subject Empty Category M FFET 2 Z L IC &k 24 7 74 VLA RD, wh A]D X 5 72
ZHOBE L YD X 5I1TH8RR 5 DD

b. A ¥ 74 VAR DOERM (BEFH)

c. fEERAIP ¢ RO —H Y, LhZNORIEDFREE QWA Z KX T DL 5 B>
(FFE4 A Empty Category TH 2 Z L DRIR ?)

5 Conclusion
-

e
-

£2A
i

~
e 5:3E D BE Hiid + HAVE #5 O #iGEMEE 123 £ 5 Subject Empty Category (&, > 7 A
Vo F 74 VIEHRORM KIS

e Top-down parser IZEWT, BEIOTLAE & BEIED X 7 v 8B X S FEELF A ORA
(Iexical content DTEIL?) DOBIRD SUHE A Z ERLT 2 Z & H3A]HE

\ 4
SH%ORE
o SUIEARAE D ML & fif

o JEVHTER 72 BB & EEEH M OBE O R 7 — & X DiE W (Quantifier Raising, cf. Pasternak
and Graf (2021))

12
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AppendixA A top-down Minimalist

(1) a. Which car hit a wall.

b. Merge
T Merge
Merge Merge

/\ /\
which car hit Merge

PN
a wall

(2) a. Merge a and wall, checking =N on a and N on wall.
b. Merge hit and a wall, checking =D on hit and D on a
c. Merge which and car, checking =N on which and N on car
d. Merge hit a wall and which car, checking =D on hit and D on which

e. Merge T and which car hit a wall, checking =V on T and v on hit

e Pasternak and Graf (2021):

(3) Local Difterential (LD)
Given a node n in derivational tree ¢, let o(n) be n’s outdex. Furthermore, let mn denote n’s
mother, and let In and pn denote #’s final LF and PF landing site in #, respectively (where mn
qualifies as both an LF and PF lading site). The Locational Differential (LD) of » is Id(n) = |
o(pn) - o(In)|. For root node r, 1d(r) = 0.

14



