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Abstrac t 

This paper proposes a new model for human sentence process-
in g whic h make s us e o f  predictabilit y  o f  verb s fro m noun s fo r 
ambiguit y resolution .  Th e mai n clai m i s tha t  ver b distributio n 
give n a  subjec t  nou n an d a n objec t  nou n varie s dependin g o n 
th e animac y o f  th e objec t  noun ,  an d tha t  thi s varianc e influ -
ence s th e G P effec t  i n Japanese .  First ,  w e repor t  experimenta l 
result s showin g th e asymmetr y fo r  th e object-animac y i n th e 
GP effect ,  whic h canno t  b e explaine d i n term s o f  semanti c fit-
ness ,  tha t  i s  essentia l  i n constraint-base d models .  Then ,  w e 
show,  o n th e basi s o f  a  corpu s analysis ,  tha t  th e differenc e o f 
th e object-animac y i s relate d no t  t o semanti c fitness  betwee n 
noun s an d verb s bu t  t o predictabilit y  o f  verb s fro m nouns .  Fi -
nally ,  w e propos e ou r  mode l  o f  disambiguatio n usin g verb -
predictability ,  and ,  base d o n thi s model ,  explai n th e asymmetr y 
fo r  th e object-animac y observe d i n ou r  experiment . 

I n t r o d u c t i o n 

Languag e comprehensio n i s on e o f  th e centra l  issue s i n cog -
nitiv e science .  A  numbe r  o f  model s fo r  huma n sentenc e pro -
cessin g hav e bee n propose d i n psycholinguistic s an d compu -
tationa l  linguistics .  Earlie r  model s i n psycholinguistic s wer e 
motivate d b y observation s o f  huma n preference s i n syntac -
ti c structur e determinatio n (Kimball ,  1973 ;  Frazie r  &  Fodor , 
1978 ;  Frazie r  &  Rayner ,  1982) .  I n recen t  studies ,  m u c h at -
tentio n ha s bee n pai d t o interactiv e models ,  o r  constraint -
base d models ,  whic h mak e us e o f  variou s sort s o f  informa -
tio n from  syntax ,  semantics ,  an d discours e fo r  ambiguit y res -
olutio n (McClelland ,  St .  John ,  &  Taraban ,  1989 ;  M a c D o n -
ald ,  1994 ;  Trueswell ,  Tanenhaus ,  &  Kello ,  1993 ;  Trueswell , 
Tanenhaus ,  &  Garnsey ,  1994) . 

I n a  varian t  o f  constraint-base d models ,  semanti c fitness 
betwee n noun s an d verb s play s a n importan t  rol e i n disam -
biguatin g alternativ e interpretation s o f  a  sentence .  Conside r 
th e followin g exampl e (Trueswel l  e t  al. ,  1994) : 

(1) The defendant examined by the lawyer turned out to be 
unreliable . 

(2) The evidence examined by the lawyer turned out to be 
unreliable . 

Sentences with reduced relative clauses such as (1) and (2) 
ar e temporaril y  ambiguou s a t  th e m o m e n t  o f  th e ver b "exam -
ined "  bein g read ,  sinc e i t  ca n b e interprete d a s th e pas t  tens e 
for m o r  a s th e passiv e participia l  form .  Thi s ambiguit y m a y 
caus e stron g processin g difficulty ,  o r  garden-pat h (GP )  effect , 
when a n ite m inconsisten t  wit h favore d interpretatio n wil l  b e 
read .  I n th e abov e example ,  th e prepositiona l  phras e "b y th e 

lawyer "  i s  inconsisten t  wit h th e pas t  tense/mai n ver b inter -
pretatio n o f  "examined. "  Trueswel l  e t  al .  (1994 )  showe d tha t 
peopl e reveale d G P effect s a t  "b y th e lawyer "  i n (I )  bu t  no t 
i n (2) .  The y explaine d thi s differenc e i n th e followin g way . 
I n (I) ,  th e N P "th e defendant, "  tha t  i s  Animate ,  i s a  typica l 
Agen t  o f  th e ver b "examine. "  Thus ,  peopl e prefe r  th e pas t 
tense/mai n ver b interpretation ,  whic h allow s "th e defendant " 
t o b e th e Agen t  o f  th e verb .  Thi s result s i n a  G P whe n th e 
contradictio n i s foun d a t  "b y th e lawyer. "  O n th e othe r  hand , 
i n (2) ,  th e N P "th e evidence, "  tha t  i s  Inanimate ,  i s  no t  a  typ -
ica l  Agen t  bu t  a  typica l  T h e m e o f  th e ver b "examine. "  Thus , 
peopl e prefe r  th e passiv e participial/reduce d relativ e interpre -
tation ,  whic h allow s "th e evidence "  t o b e th e T h e m e o f  th e 
verb .  Thi s doe s no t  conflic t  wit h "b y th e lawyer. "  Trueswel l 
et  al .  (1994 )  als o foun d tha t  semanti c fitness  betwee n noun s 
and verb s wa s correlate d wit h th e readin g time s o f  th e sen -
tences . 

Th e abov e result s sho w tha t  peopl e utiliz e semanti c fitness 
betwee n noun s an d verb s i n disambiguation .  Suc h a  model , 
however ,  i s difficul t  t o appl y t o processin g o f  head-fina l  lan -
guage s lik e Japanese .  I n Japanese ,  verb s ar e usuall y locate d 
at  th e end s o f  clauses .  I f  w e assum e thos e model s tha t  us e 
lexical-semanti c informatio n o f  verb s fo r  disambiguation ,  i t 
i s conclude d tha t  peopl e d o no t  decid e an y preferenc e a m o n g 
competin g interpretation s unti l  the y encounte r  th e clause -
ends .  Thi s i s  unrealisti c from  th e viewpoin t  o f  th e limite d 
m e m o ry capacit y o f  humans .  Fo r  thi s reason ,  researcher s o n 
Japanes e sentenc e processin g als o assum e tha t  ambiguit y i s 
resolve d o n th e spo t  whil e readin g a  sentenc e (Inou e &  Fodor , 
1995 ;  Mazuk a &  Itoh ,  1995) .  I t  is ,  however ,  stil l  unclea r  wha t 
kind s o f  informatio n ar e essentia l  fo r  resolvin g ambiguit y i n 
Japanese . 

I n thi s paper ,  w e propos e a  n e w mode l  fo r  huma n sentenc e 
processin g whic h make s us e o f  predictabilit y o f  verb s fro m 
noun s fo r  ambiguit y resolution .  Th e mai n clai m i s tha t  ver b 
distributio n give n a  subjec t  nou n an d a n objec t  nou n varie s 
dependin g o n th e animac y o f  th e objec t  noun ,  an d tha t  thi s 
varianc e influence s th e G P effec t  i n Japanese .  First ,  w e re -
por t  experimenta l  result s showin g that ,  i n Japanese ,  th e A n -
imate/Inanimat e asymmetr y i n th e G P effec t  i s  no t  observe d 
fo r  subjec t  noun s bu t  observe d fo r  objec t  nouns .  Thes e result s 
ca n no t  b e explaine d i n term s o f  semanti c fitness,  whic h i s es -
sentia l  i n constraint-base d models .  Second ,  w e show ,  o n th e 
basi s o f  analysi s o f  a  corpus ,  tha t  Animate -  an d Inanimate -
objec t  sentence s ar e differen t  no t  i n semanti c fitness  betwee n 
noun s an d verb s bu t  i n predictabilit y o f  verb s fro m nouns . 
Third ,  w e propos e ou r  mode l  o f  disambiguatio n usin g verb -
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predictability ,  and ,  base d o n thi s model ,  w e accoun t  fo r  th e 
asymmetr y fo r  th e object-animac y observe d i n ou r  experi -
ment .  Th e applicatio n o f  th e mode l  is ,  o f  course ,  no t  limite d 
t o Japanese . 

Experiment 

I n Japanese ,  i t  i s  usua l  tha t  mor e tha n on e N P s preced e a  verb , 
whic h result s i n a  sentenc e lik e "Ni-g a N2- 0 V  ... "  W h e n th e 
ver b i s followe d b y anothe r  NP ,  indicatin g th e presenc e o f  a 
relativ e clause ,  i t  i s  ambiguou s whethe r  "Nj-ga "  an d "N2-0 " 
belon g t o a  singl e claus e o r  tw o separat e clauses ,  i.e. ,  "Ni -
ga "  t o th e mai n claus e an d "N2-0 "  t o th e relativ e clause .  Fo r 
instance ,  i n (3) ,  ther e ar e tw o interpretation s a t  th e moment 
of  th e ver b "sagasita "  bein g read ,  on e tha t  th e N P "syoozyo -
ga "  an d th e N P "hahaoya-o "  ar e incorporate d int o th e singl e 
clause ,  an d th e othe r  tha t  th e N P "hahaoya-o "  i s  incorporate d 
int o th e relativ e claus e heade d b y th e ver b "sagasita "  bu t  th e 
N P "syoozyo-ga "  i s locate d i n th e externa l  clause . 

(3) Syoozyo-ga hahaoya-o sagasita syoonen-o 
girl-Nom-An i  mother-Acc-An i  looke d fo r  boy-Ac c 

mituket a 
foun d 
"Th e gir l  foun d th e bo y w h o looke d fo r  hi s mother. ' 

(4) Hukoo-ga hahaoya-o sagasita 
somethin g bad-Nom-lnan i  mother-Acc-An i  looke d fo r 

syoonen-n i  otozuret a 
boy-Da t  happene d 
'Somethin g ba d happene d t o th e bo y w h o looke d fo r  hi s 
mother. ' 

The prediction of constraint-based models is as follows. 
(3 )  cause s a  stron g G P effec t  a t  th e relativize d N P "syoonen -
o, "  sinc e th e Animat e nou n "syoozyo "  i s a  typica l  subjec t 
(Agent )  o f  th e ver b "sagasita "  and ,  thus ,  peopl e prefe r  th e 
single-claus e interpretation ,  whic h conflict s wit h th e presenc e 
of  th e relativ e clause .  I n contrast ,  (4 )  cause s n o G P effect , 
sinc e th e Inanimat e nou n "hukoo "  hardl y appear s a s a  sub -
jec t  (Agent )  o f  th e ver b "sagasita "  and ,  thus ,  peopl e prefe r 
th e separate-clause s interpretation .  Th e mode l  als o predict s 
tha t  th e G P effec t  i s  correlate d wit h semanti c fitness  amon g 
th e subjec t  noun ,  th e objec t  noun ,  an d th e verb . 

I n thi s experiment ,  w e examine d h o w semanti c fitness, 
controlle d b y th e animac y o f  nouns ,  influence s th e G P effec t 
i n readin g ambiguou s Japanes e sentence s suc h a s (3 )  an d (4 ) 
by mean s o f  a  self-paced-readin g technique . 

Method 

Semantic-fi t  Rating .  W e carrie d ou t  th e semantic-fi t  ratin g 
i n advanc e o f  th e experiment ,  askin g th e typicallit y  o f  th e 
subjec t  relatio n fo r  eac h nouns-Hver b pair .  Ou r  question s wer e 
concerne d wit h subject ,  instea d o f  Agent ,  relation ,  sinc e th e 
subjec t  o f  a  ver b lik e "sagasita "  i s  alway s Agent . 

Sixtee n transitiv e verb s whic h tak e Animat e subject s wer e 
selected ,  on e hal f  o f  the m bein g paire d wit h Animat e object s 
(e.g .  "hahaoya- o sagasit a (looke d fo r  one' s mother)") ,  an d 
th e othe r  hal f  wit h Inanimat e object s (e.g .  "tabako- o sutt a 
(smoke d tobacco)") .  Fo r  eac h o f  thos e object+ver b pairs ,  a 
pai r  wit h Animate-subject ,  whic h satisfie s th e requiremen t  o f 

Tabl e 1 :  Mea n co-occurrenc e rating s betwee n noun s an d 
verb s 

Ani-Subj Inani-Subj 

Obj-hVer b 
-  Ani-Ob j 

Inani-Ob j 

(i V =  16 ) 

(i V =  8 ) 
(T V =  8 ) 

6.4 9 
6.5 3 

6.4 5 

1.6 9 
1.7 9 
1.5 9 

th e verb ,  an d a  pai r  wit h Inanimate-subject ,  whic h doe s not , 
wer e constructed. '  A  tota l  o f  4 5 subject s rate d th e probabil -
it y  o f  co-occurrenc e fo r  thes e subject+object+ver b pair s o n a 
7 point-scal e ( 1 =  ver y uncommon ,  7 = ver y common) .  Th e 
mean rating s wer e significantl y highe r  i n th e Animate-subjec t 
pair s tha n i n th e Inanimate-subjec t  pairs ,  a s i s show n i n Ta -
bl e 1 .  O n e shoul d not e tha t  th e animac y o f  th e objec t  noun s 
di d no t  affec t  an y ratin g scores . 

Subjects. Sixteen students from Osaka University, all na-
tiv e speaker s o f  Japanese . 

Target Sentences and Design. For each of the 32 sub-
ject+object-i-ver b pair s use d i n th e rating ,  a n ambiguou s sen -
tenc e wa s generated .  A s mentione d above ,  hal f  o f  th e am -
biguou s sentence s include d Animat e objects ,  lik e (3 )  o r  (4) , 
and th e othe r  hal f  include d Inanimat e objects ,  lik e (5 )  o r  (6) . 

(5) Gakusei-ga tabako-o sutta yuuzin-o 
student-Nom-An i  tobacco-Acc-lnan i  smoke d friend-Ac c 

tyuuisit a 
warne d 
•̂ Th e studen t  warne d hi s frien d w h o smoke d tobacco. ' 

(6) Genbatu-ga tabako-o 
sever e punishment-Nom-lnan i  tobacco-Acc-lnan i 

sutt a yuuzin-n i  kudasaret a 
smoked friend-Da t  wa s inflicte d 
' A sever e punishmen t  wa s inflicte d o n th e frien d wh o 
smoked tobacco. ' 

Also, 32 unambiguous control sentences were constructed, 
eac h o f  whic h wa s produce d b y reversin g th e orde r  o f  th e 
subjec t  an d th e objec t  o f  th e mai n claus e i n th e correspond -
in g ambiguou s sentence ,  a s "Hahaoya- o sagasit a syoonen -
o syoozyo-g a mituketa. "  Thes e 6 4 sentence s wer e use d fo r 
th e targe t  sentences .  Th e factor s o f  th e experimen t  wer e th e 
subject-animac y (Animat e vs .  Inanimate )  an d th e sentenc e 
typ e (Ambiguou s vs .  Unambiguous) .  1 6 tes t  sentence s fo r 
eac h subjec t  wer e chose n fro m th e targe t  sentence s i n suc h a 
way tha t  th e sam e ver b di d no t  appea r  i n mor e tha n on e o f 
th e fou r  conditions .  A  tota l  o f  th e 1 6 tes t  sentences ,  fou r  pe r 
condition ,  wit h 2 8 distracto r  sentence s wer e presente d t o th e 
subjec t  o n a  C R T . 

Procedure. In this experiment, a moving-window self-
paced-readin g techniqu e wa s used .  Afte r  a  promp t  wa s dis -
played ,  th e first  N P i n th e sentenc e appeared .  Wit h eac h pres s 
of  a  key ,  th e nex t  phras e wa s displaye d a t  th e righ t  positio n o f 

'  Not e tha t  th e objec t  nou n wa s alway s selecte d s o a s t o satisf y 
th e requiremen t  o f  th e verb . 
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Figur e 1 :  M e a n ambiguit y effect s fo r  subjec t  conditio n 

th e previou s phrase .  Afte r  readin g eac h sentence ,  th e subject s 
wer e instructe d t o answe r  a  yes/n o questio n i n orde r  t o induc e 
th e subject s t o pa y attentio n t o th e experimenta l  sentences . 
The readin g time s fo r  al l  individua l  phrase s wer e collected . 

Results and Discussion 

Scorin g Region .  A  targe t  sentenc e wa s divide d int o thre e 
scorin g regions :  (i )  th e objec t  N P ("hahaoya-o") ,  (ii )  th e 
ver b i n th e relativ e claus e ("sagasita") ,  an d (iii )  th e disam -
biguatin g N P ("syoonen-o") -  Sinc e ther e wer e n o significan t 
difference s i n readin g time s betwee n th e Animate -  an d th e 
Inanimate-subjec t  sentence s fo r  th e Unambiguou s condition , 
we use d th e ambiguit y effect s (th e readin g time s fo r  th e A m -
biguou s sentence s minu s thos e fo r  th e Unambiguou s ones ) 
fo r  th e followin g analysis .  Figur e 1  show s th e mea n ambigu -
it y effect s fo r  th e thre e scorin g regions .  Thi s dat a wa s use d i n 
th e separat e A N O V As presente d below . 

Th e Objec t  N P .  A t  th e objec t  N P ,  ther e wa s a  significan t 
differenc e o f  th e ambiguit y effect s betwee n th e Animate -  an d 
th e Inanimate-subjec t  sentence s i n bot h o f  th e subjec t  anal -
ysi s an d th e ite m analysi s (Fl(l,15 )  =  5.68 ,  p  <  .05 ; 
f2(l,30 )  =  5.67,/)<.05) . 

Th e Ver b i n th e Relativ e Clause .  N o significan t  differenc e 
was foun d fo r  thi s region . 

Th e Disambiguatin g N P .  Unexpectedly ,  ther e wa s n o sig -
nifican t  differenc e o f  th e ambiguit y effect s betwee n th e 
Animate -  an d th e Inanimate-subjec t  sentence s ( f  1(1,15 )  = 
1.70 ,  p  =  .21 ;  f  2(1,30 )  =  0.92 ,  p  =  .35) .  Th e mea n read -
in g time s fo r  th e Ambiguou s Animate-subjec t  sentence s wer e 
longe r  tha n th e Unambiguou s controls ,  bu t  thi s differenc e wa s 
not  significantl y greate r  tha n tha t  observe d fo r  th e Inanimate -
subjec t  sentences ,  showin g n o clea r  G P effects .  Moreover , 
th e ambiguit y effect s di d no t  correlat e wit h th e ratin g score s 
fo r  th e subject-Hobject-hver b pair s agains t  th e predictio n o f 
constraint-base d model s (Animate :  r  =  0.28 ,  p  — .29 ;  Inan -
imate :  r  =  -0.17 ,  p  =  .53) .  Thes e result s sugges t  tha t 
semanti c fitness  betwee n noun s an d verb s di d no t  necessaril y 
determin e th e degre e o f  th e G P effec t  i n Japanese . 

Post-hoc Analysis 

I n considerin g th e reaso n w h y clea r  G P effect s wer e no t  foun d 
fo r  th e Animate-subjec t  sentences ,  w e nex t  examine d th e ef -
fect s o f  th e animac y o f  th e objec t  nouns .  W h e n th e targe t 
sentence s wer e groupe d i n term s o f  th e object-animacy ,  in -
stea d o f  th e subject-animacy ,  a  margina l  correlatio n Ijetwee n 

Ani-Subj+Ani-Ob j  ̂ -
Ani-Subi+lnani-Ob j 
Inanj-SuDJ+Ani-Ob j  e -

Inani-Subj+lnani-Ob j a 15 0 1-

*= 100 1-

-10 0 
Obj .  N P Ver b i n rel . 

Regio n 

Disambig .  N P 

Figur e 2 :  M e a n ambiguit y effect s fo r  subjec t  x  objec t  condi -
tion s 

th e ratin g score s an d th e ambiguit y effect s wa s foun d fo r  th e 
Animate-objec t  sentence s ( r  =  0.43 ,  p  <  .1) .  Thi s suggeste d 
tha t  th e G P effec t  coul d b e observe d onl y i n th e Animate -
objec t  sentences . 

To se e i f  ou r  predictio n wa s correct ,  w e conducte d a 
post-ho c analysi s fo r  th e readin g time s dat a wit h th e object -
animac y a s a  ne w facto r  Figur e 2  show s th e mea n ambiguit y 
effect s fo r  th e thre e scorin g regions .  Separat e A N O V As wit h 
tw o factor s (th e subject-animac y an d th e object-animacy ) 
wer e performe d o n thi s data . 

The Object NP and the Verb in the Relative Clause. No 
significan t  difference s wer e foun d fo r  thes e regions . 

The Disambiguating NP. There was a significant interac-
tio n betwee n th e subject-animac y an d th e object-animac y i n 
th e subjec t  analysi s bu t  no t  i n th e ite m analysi s ( f  1(1,15 )  = 
11.44 ,  p  <  .01 ;  f  2(1,14 )  =  2.12 ,  p  =  .17) .  I n th e 
subjec t  analysis ,  th e mai n effec t  o f  th e object-animac y wa s 
als o significan t  (F (  1,15 )  =  4.59 ,  p  <  .05) .  Th e effec t  o f 
th e objec t  animac y wa s carrie d b y th e Animate-subjec t  sen -
tences ,  i n whic h th e differenc e betwee n th e Animate -  an d 
th e Inanimate-objec t  sentence s wa s significan t  (F(l ,  15 )  = 
17.48 ,  p  <  .01) .  I n contrast ,  th e Inanimate-subjec t  sen -
tence s showe d n o differenc e betwee n th e Animate -  an d th e 
Inanimate-objec t  conditions . 

Thes e result s reveale d tha t  th e processin g difficult y ap -
peare d i n th e Animate-subject-t-Animate-objec t  sentence s lik e 
(3) ,  bu t  no t  i n th e Animate-subject-i-Inanimate-objec t  sen -
tence s lik e (5) .  I n othe r  words ,  ther e wa s Animate/Inanimat e 
asymmetr y fo r  objec t  noun s despit e o f  thei r  irrelevanc e t o th e 
semantic-fi t  score s (6.5 3 vs .  6.45 ,  se e Tabl e 1) .  Thi s a s y m m e -
tr y fo r  th e object-animac y ca n no t  b e explaine d b y constraint -
base d models ,  whic h hav e propose d a  stron g effec t  o f  seman -
ti c fitness.  W e n o w tur n t o investigatin g wha t  account s fo r 
thi s asymmetry . 

A Corpus Analysis 

I n orde r  t o examin e difference s betwee n Animate -  an d 
Inanimate-objec t  sentences ,  w e conducte d a  computational -
linguisti c analysi s usin g a  corpus .  Suc h corpus-base d analy -
si s ha s bee n widel y use d i n recen t  computationa l  studie s o n 
human sentenc e processin g (Gibso n &  Pearlmutter ,  1994 ;  Ju -
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rafsky ,  1996 ;  Resnik ,  1996) . 
As w e showe d i n th e previou s section ,  th e differenc e be -

twee n Animate -  an d Inanimate-objec t  sentence s wa s no t  ob -
serve d i n th e semantic-fi t  scores .  Here ,  w e suppos e tha t  thos e 
tw o type s o f  sentence s ar e differen t  i n predictabilit y  o f  verb s 
when subjec t  an d objec t  noun s ar e given .  T o mak e clea r  wha t 
th e ~predictability '  is ,  conside r  sentenc e (3) .  I n (3) ,  a t  th e 
moment  o f  th e N P "hahaoya-o "  bein g read ,  w e ca n mak e a 
predictio n fo r  th e appearanc e o f  th e followin g ver b base d o n 
th e subjec t  nou n "syoozyo "  an d th e objec t  nou n "hahaoya. "  I f 
th e predicte d verb s fal l  withi n a  smal l  class ,  th e predictabilit y 
i s high ;  otherwise ,  th e predictabilit y  i s low .  Not e tha t  w e ca n 
als o mak e suc h a  predictio n base d o n th e objec t  nou n alone. ^ 

Our  expectatio n i s tha t  Animate-subject+Inanimate-objec t 
pair s lik e "gakusei-g a (student-Nom-AnI )  tabako- o (tobacco -
Acc-lnani), "  wit h whic h (5 )  begins ,  sho w highe r  predictabilit y 
tha n Animate-subject-hAnimate-objec t  pair s lik e "syoozyo-g a 
(girl-Nom-Ani )  hahaoya- o (mother-Acc-Ani), "  wit h whic h (3 ) 
begins .  Mor e precisely ,  w e predic t  tha t  th e differenc e be -
twee n th e SO-predictabilit y  an d th e O-predictabilit y  i s  greate r 
i n Animate-objec t  pair s tha n i n Inanimate-objec t  pairs ,  an d 
thin k tha t  thi s explain s th e asymmetr y fo r  th e object-animac y 
i n th e G P effect . 

I n thi s analysis ,  w e examine d whethe r  suc h a  differenc e i n 
verb-predictabilit y  is ,  i n fact ,  observe d amon g sentence s fro m 
a Japanes e corpus . 

Data 

A tota l  o f  93 6 sentence s matchin g wit h th e followin g con -
dition s wer e extracte d fro m th e E D R co-occurrenc e dictio -
nar y (Japa n Electroni c Dictionar y Researc h Institute ,  1996): ^ 
(i )  th e sentenc e i s o f  th e for m "N-ga/ o N-o/g a V, "  (ii )  th e ver b 
has th e activ e o r  stativ e form ,  (iii )  th e thematic-rol e o f  th e 
objec t  i s Patien t  o r  Theme ,  an d (iv )  th e semanti c clas s o f  th e 
objec t  i s H u m a n o r  Goods . 

Al l  th e noun s an d th e verb s wer e associate d wit h seman -
ti c classe s usin g th e Bunrui-Goi-Hy o thesauru s (Th e Nationa l 
Languag e Researc h Institute ,  1996) .  Fo r  thos e tha t  hav e n o 
entrie s i n th e thesaurus ,  th e classe s fo r  th e synonym s wer e 
used ,  an d fo r  thos e tha t  hav e multipl e entries ,  th e mos t  ap -
propriat e classe s wer e selecte d b y th e firs t  author' s judgment . 
Any sentenc e containin g a t  leas t  on e wor d whos e semanti c 
clas s wa s no t  uniquel y determine d b y th e abov e procedur e 
was exclude d fro m th e data . 

Method 

I n orde r  t o numericall y expres s th e predictability ,  w e use d th e 
entropy ,  a n information-theoreti c concept .  Th e SO-entrop y 
H go o f  th e verb s co-occurrin g wit h subjec t  s  an d objec t  o  i s 
define d a s follows : 

Hs, o =  -  J ]  P{ v I  s ,  o )  log 2 P( r  I  s ,  o ) (I ) 

^Th e predictabilit y  fro m bot h th e subjec t  an d th e objec t  noun s i s 
referre d t o a s th e SO-predictability ,  wherea s th e predictabilit y  fro m 
th e objec t  nou n alon e i s referre d t o a s th e O-predictability . 

'Th e E D R corpu s i s no t  a  so-calle d balance d corpu s suc h a s th e 
Brow n corpus .  Nevertheless ,  w e use d it ,  sinc e i t  i s  th e onl y publicl y 
availabl e Japanes e corpu s wit h ric h annotations ,  whic h ar e require d 
fo r  our  curren t  purpose . 

Tabl e 2 :  M e a n 0- ,  SO- ,  an d relativ e entropie s fo r  th e pair s i n 

th e E D R corpu s 

Ho Hs o Ho — Ha o 
Ani-Ob j 

Inani-Ob j 
{ N =  52 ) 

{ N =  57 ) 
3.5 3 
2.8 6 

1.1 7 
0.9 6 

2.3 6 
1.9 0 

P( v I  * ,  o )  i s th e conditiona l  probabilit y  o f  th e occurrenc e o f 
th e ver b v  give n th e subjec t  s  an d th e objec t  o ,  define d a s 

P(v\s,o )  = 
E „ / ( « . o , i ; ) ' 

(II ) 

wher e /(a ,  o ,  i )  i s  th e frequenc y o f  th e co-occurrenc e dat a 
"s-g a o- o f "  i n th e corpus . 

T h e SO-entrop y H g o ^  give n b y (I) ,  i s  smal l  w h e n th e dis -
tributio n o f  th e verb s co-occurrin g wit h s  an d o  i s  biased . 
Hence ,  th e smalle r  th e SO-entrop y is ,  th e highe r  th e S O -
predictabilit y  is .  T h e O-entrop y H o o f  th e verb s co-occurrin g 
wit h objec t  o ,  whic h correspond s t o th e O-predictability ,  ca n 
be define d i n a  simila r  way . 

I n ou r  corpus ,  th e frequenc y /  (s ,  o ,  t; )  o f  th e co-occurrenc e 
dat a "s-g a o- o v "  w a s generall y ver y small .  T h e smal l  numbe r 
of  co-occurrenc e dat a yielde d ver y limite d ver b distribution s 
and ,  hence ,  th e obtaine d entropie s wer e withi n a  ver y smal l 
range .  T o avoi d thi s problem ,  w e constructe d co-occurrenc e 
dat a no t  b y usin g lexica l  item s bu t  b y usin g semanti c classes . 
Tha t  is ,  tw o lexica l  item s associate d wit h th e sam e semanti c 
clas s (e.g. ,  "wife "  an d "husband" )  wer e treate d a s th e sam e 
word . 

Analysis I: Sentences in the EDR Corpus 

For  each of the Animate-subject-Hobject pairs in the corpus, 
th e followin g thre e entropie s wer e calculated ;  (i )  th e O -
entrop y H o o f  th e verb s co-occurrin g wit h objec t  o ,  (ii )  th e 
SO-entrop y H g o o f  th e verb s co-occurrin g wit h subjec t  s 
and objec t  o ,  an d (iii )  th e differenc e betwee n H g an d Hs,o , 
th e relative '  entropy .  Tabl e 2  show s th e mean s o f  th e thre e 
entropie s fo r  th e Animate -  an d th e Inanimate-objec t  pairs . 
(Thos e pair s tha t  hav e onl y on e co-occurrenc e dat a i n th e cor -
pus wer e exclude d fro m th e analysis. ) 

Ther e wer e significan t  difference s o f  H o an d H o -  Hs, o 
betwee n th e Animate -  an d th e Inanimate-objec t  pair s (Ho' -
t  =  4.67 ,  p  <  .001 ;  H o -  Hs.o' .  t  =  2.98 ,  p  <  .01) .  Th e en -
tropie s fo r  th e Inanimate-objec t  pair s wer e smalle r  tha n thos e 
fo r  th e Animate-objec t  pairs .  However ,  th e differenc e o f  Hs, o 
was margina l  ( t  =  1.75 ,  p  <  .1) . 

We als o examine d th e co-occurrenc e probabilit y  P{s,o\v ) 
of  subjec t  6  an d objec t  o  give n ver b t' ,  whic h i s though t  t o 
expres s th e semanti c fitness  amon g s ,  o ,  an d v .  However ,  n o 
significan t  differenc e wa s foun d betwee n th e Animate -  an d 
th e Inanimate-objec t  pair s (0.132 9 vs .  0.1328 ,  p  =  .99) . 

Thes e result s showe d tha t  th e differenc e betwee n th e 
Animate -  an d th e Inanimate-objec t  sentence s appeare d no t  i n 
th e co-occurrenc e probabilit y  bu t  i n th e entfopy ,  whic h repre -
sent s th e predictabilit y  o f  verb s fro m nouns . 
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Single-claus e interpretatio n Separate-clause s interpretatio n 

(5 )  [gakusei-g a tabako- o c ]  (gakusei-g a [tabako- o r ]  ... ] 

//., „  <  // . 

(3) [syoozyo-ga hahaoya-o i<\ [syoo?yn;g3J.hihaug;0^'] •. • ] 

//s, „  < C H o prune d 

Figure 3: Asymmetry between Animate- and Inanimate-object sentences 

Tabl e 3 :  M e a n 0- ,  SO- ,  an d relativ e entropie s fo r  th e pair s 
use d i n th e experimen t 

H„  H 
s,o 

Hn — H , 
Ani-Ob j  ( N =  7 )  3.0 9 2.6 4 0.4 5 
Inani-Ob j  (j Y =  4 )  2.6 6 2.2 9 0.3 8 

Analysi s II :  Targe t  Sentence s o f  th e Expe r imen t 

The abov e result s onl y indicate d a  qualitativ e differenc e be -
twee n Animate -  an d Inanimate-objec t  sentences .  W e n o w fo -
cus o n th e entropie s fo r  th e 1 6 Animate-subject+objec t  pair s 
use d i n ou r  experiment . 

A m o ng th e 8  pair s wit h Inanimate-objects ,  onl y fou r  ha d 
th e objec t  noun s classifie d a s Good s i n ou r  thesaurus .  Fo r 
thes e 4  Inanimate-objec t  pair s an d 7  ou t  o f  th e 8  Animate -
objec t  pairs ,  th e co-occurrenc e dat a wer e foun d i n th e E D R 
corpus .  (W e use d rud e semanti c classe s fo r  thi s analysis. ) 
Tabl e 3  show s th e mean s o f  th e thre e entropie s fo r  th e 7 
Animate -  an d th e 4  Inanimate-objec t  pairs . 

Althoug h th e amoun t  o f  dat a wa s to o smal l  t o statisticall y 
sho w th e differenc e betwee n th e Animate -  an d th e Inanimate -
objec t  pairs ,  numerically ,  th e tendenc y observe d i n th e anal -
ysi s I  wa s replicated .  Tha t  is ,  th e O -  an d relativ e entropie s 
fo r  th e Inanimate-objec t  pair s wer e smalle r  tha n thos e fo r  th e 
Animate-objec t  pairs . 

Disambiguation with Verb-Predictability 

Followin g th e result s presente d i n th e previou s section , 
we propos e ou r  mode l  o f  disambiguatio n usin g verb -
predictability ,  and ,  base d o n thi s model ,  w e explai n th e asym -
metr y fo r  th e object-animac y observe d i n ou r  experiment . 

The Model 

The propose d mode l  i s base d o n bounded-ranke d paralle l 
model s (Gibson ,  1991) ,  thoug h i t  doe s no t  impl y an y objec -
tio n t o othe r  parsin g architectures .  Th e poin t  her e i s no t  wha t 
architecture ,  paralle l  o r  serial ,  i s adequat e fo r  huma n parsin g 
models ,  bu t  wha t  kin d o f  informatio n i s use d fo r  ambiguit y 
resolutio n i n huma n sentenc e processing . 

I n a  bounded-ranked-paralle l  model ,  al l  possibl e interpre -
tation s ar e compute d i n parallel .  A t  an y moment  whil e 
readin g th e sentence ,  thos e hypothesize d interpretation s ar e 
ranke d accordin g t o certai n metric s brough t  fro m som e re -
sources .  Du e t o th e memor y limitatio n o f  humans ,  onl y thos e 
hypothese s havin g relativel y hig h rankin g score s ar e retaine d 
fo r  th e futur e process ,  th e other s bein g pruned .  Th e criterio n 

fo r  th e prunin g i s simila r  t o on e use d i n th e bea m searc h tech -
niqu e develope d i n th e artificia l  intelligenc e field;  tha t  is ,  ev -
er y hypothesi s fallin g withi n a  certai n percentag e o f  th e mos t 
highly-ranke d hypothesi s i s retaine d (Jurafsky ,  1996) . 

I n ou r  model ,  predictabilit y  o f  verb s fro m noun s i s use d 
fo r  rankin g hypotheses .  Hypothese s wit h hig h predictabilit y 
ar e preferred .  Moreover ,  a  hypothesi s wit h lo w predictabilit y 
i s abandoned ,  whe n th e lownes s o f  th e predictabilit y  exceed s 
a threshold .  I f  th e correc t  interpretatio n o f  th e sentenc e i s 
prune d i n th e mids t  o f  th e sentence ,  th e G P effec t  appears . 

Asymmetry between Animate- and 

Inanimate-Objec t  Sentence s 

The Animate/Inanimat e asymmetr y i n sentence s lik e (3 )  an d 
(5 )  ar e explaine d b y thi s mode l  i n th e followin g wa y (se e Fig -
ur e 3) . 

I n eithe r  case ,  ther e ar e tw o hypothese s a t  th e moment 
of  th e secon d N P ("hahaoya/tabako-o" )  bein g read ,  on e tha t 
th e first  N P ("syoozyo/gakusei-ga" )  an d th e secon d N P ar e 
incorporate d int o th e singl e claus e (th e lef t  colum n i n Fig -
ur e 3) ,  an d th e othe r  tha t  th e secon d N P i s incorporate d int o 
th e relativ e claus e heade d b y th e (unseen )  followin g ver b 
but  th e first  N P i s locate d i n th e externa l  claus e (th e right 
column) .  Fo r  eac h hypothesis ,  th e rankin g scor e i n term s 
of  verb-predictability ,  o r  entropy ,  i s calculated .  Not e that , 
i n ou r  model ,  rankin g o f  th e hypothese s i s don e befor e th e 
ver b ("sagasita/sutta" )  i s  read .  Th e differenc e betwee n th e 
entropie s o f  th e tw o hypotheses ,  whic h i s expresse d b y th e 
relativ e entrop y define d i n th e previou s section ,  woul d b e 
smal l  i n a n Inanimate-objec t  sentenc e lik e (5) ,  bu t  larg e i n a n 
Animate-objec t  sentenc e lik e (3). *  (Th e actua l  value s fo r  (5 ) 
and (3 )  estimate d fro m th e E D R corpu s ar e 0.4 5 an d 0.87 ,  re -
spectively. )  I n th e latte r  case ,  then ,  th e low-ranked ,  separate -
clause s hypothesi s woul d b e prune d du e t o th e memor y limi -
tation ,  leadin g th e sentenc e processo r  t o a  G P sinc e onl y th e 
abandone d hypothesi s i s compatibl e wit h th e res t  o f  th e sen -
tence . 

I n general .  Animate-objec t  sentence s revea l  highe r  relativ e 
entropie s tha n Inanimate-objec t  sentences ,  a s show n i n th e 
previou s section .  Thi s implie s tha t  th e possibilit y  o f  bein g 
le d t o G P s woul d als o b e highe r  i n Animate-objec t  sentence s 
tha n i n Inanimate-objec t  sentences .  Thi s i s th e reaso n w h y 
th e asymmetr y fo r  th e object-animac y exists . 

""We assum e tha t  th e entrop y relevan t  t o a  certai n interpretatio n 
i s determine d o n th e basi s o f  al l  th e noun s tha t  ar e hypothesize d t o 
co-occu r  wit h th e followin g verb .  Hence ,  th e rankin g scor e fo r  th e 
first  hypothesi s i s determine d b y th e SO-entropy ,  wherea s tha t  fo r 
th e secon d hypothesi s i s determine d b y th e O-entropy .  Therefore , 
thei r  differenc e i s expresse d b y th e relativ e entropy . 
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C o m p a r i s o n wit h O t h e r  M o d e l s 

The constraint-base d model s (MacDonald ,  1994 ;  Trueswel l 
et  al. ,  1994 )  propose d tha t  semanti c fitnes s betwee n noun s 
and verb s i s essentia l  fo r  disambiguation .  However ,  w e hav e 
so fa r  show n tha t  semanti c fitness  i s no t  adequat e fo r  explain -
in g ou r  experimenta l  results .  Structura l  preference s suc h a s 
th e Minima l  Attachmen t  Principl e (Frazie r  &  Fodor ,  1978 ) 
ar e als o inadequate ,  sinc e ou r  targe t  sentence s di d no t  in -
volv e an y structura l  difference s betwee n th e Animate -  an d th e 
Inanimate-objec t  conditions . 

I n a  computationa l  mode l  o f  lexica l  acces s propose d b y 
Jurafsk y (1996) ,  th e accessibilit y  o f  a  wor d t o b e rea d nex t 
i s though t  t o b e influence d b y th e predictio n fo r  th e appear -
anc e o f  tha t  wor d give n th e structur e constructe d s o far .  Al -
thoug h thi s mode l  seem s t o resembl e ours ,  a n importan t  dif -
ferenc e exists .  Jurafsk y (1996 )  state d that ,  i n disambiguation , 
th e rankin g i s determine d accordin g t o th e "probabilit y  o f  th e 
structur e constructe d s o far. '  Ou r  mode l  clearl y differ s i n th e 
poin t  tha t  th e predictio n fo r  th e appearanc e o f  th e nex t  word ' 
i s als o use d i n disambiguation . 

Concluding Remarks 

The empirica l  evidence s provide d i n thi s pape r  woul d no t  b e 
sufficien t  fo r  defendin g ou r  claims .  Fo r  instance ,  sinc e th e 
E DR corpu s i s no t  mad e u p o f  carefull y  chose n sentences ,  th e 
result s o f  ou r  corpu s analysi s shoul d b e see n a s onl y sugges -
tive .  Supplementa l  analysi s usin g mor e natura l  dat a wil l  b e 
needed .  Also ,  precisel y designe d experiment s t o examin e th e 
correlation s betwee n predictabilit y  an d th e readin g time s wil l 
be indispensable .  Leavin g thes e thing s fo r  th e futur e studies , 
we conclud e thi s pape r  wit h addin g anothe r  psycholinguisti c 
finding  brough t  b y othe r  author s a s indirect ,  bu t  convincing , 
evidenc e fo r  th e propose d model . 

Yamashita-Butle r  (1994 )  showe d that ,  i n readin g Japanes e 
sentences ,  peopl e temporaril y  decid e th e favore d structur e 
when a  sequenc e o f  argument s i s given ,  an d predic t  th e typ e 
of  th e followin g verb .  Sh e showe d i t  b y mean s o f  a  lexi -
cal  decisio n task ,  i n whic h peopl e reveale d longe r  reactio n 
time s fo r  transitiv e verb s afte r  subject-Klirect-object-i-indirect -
objec t  sequence s tha n fo r  dativ e verb s afte r  th e sam e se -
quences .  (Miyamot o (persona l  communication )  obtaine d 
simila r  result s b y a n online ,  self-pace d readin g task. )  Thi s re -
sul t  suggest s that ,  befor e readin g th e verb ,  peopl e abando n in -
terpretation s othe r  tha n th e single-claus e interpretation .  Thi s 
als o canno t  b e explaine d b y th e semanti c fitness.  I f  simila r  re -
sult s ar e foun d b y usin g th e animac y o f  noun s a s conditions , 
the y wil l  for m a  stronge r  evidenc e fo r  ou r  model . 
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