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Abst rac t 

Models of the human sentence processing mechanism have 
traditionall y appeale d t o innat e architectura l  restriction s 
t o explai n observe d pattern s o f  behavior .  Recently ,  a 
number  o f  proposcd s hav e instea d emphasize d th e rol e o f 
linguisti c experienc e i n guidin g sentenc e interpretation , 
suggestin g tha t  variou s frequenc y measure s pla y a  crucia l 
rol e i n ambiguit y resolution .  Wha t  ha s bee n lackin g thu s 
fa r  i s a  detaile d analysi s o f  th e linguisti c an d computa -
tiona l  propertie s tha t  coul d explai n wh y thos e particula r 
aspect s o f  experienc e ar e effectiv e i n shapin g behavior .  I n 
thi s paper ,  w e presen t  a  linguisti c analysi s tha t  reveal s 
restriction s o n th e representationa l  abilit y  o f  th e sentenc e 
processor ,  explainin g it s sensitivit y t o particula r  factor s i n 
th e linguisti c environment .  Th e proposa l  receive s stron g 
suppor t  fro m a  large-scal e corpu s analysis . 

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

Traditiona l  theorie s o f  cognitio n propos e tha t  innat e con -
straint s o n cognitiv e architectur e ar e responsibl e fo r  cru -
cia l  aspect s o f  h u m a n behavior .  Wi t h advance s i n con -
nectionism ,  a n alternativ e vie w hei s arise n whic h instea d 
emphasize s th e rol e o f  experienc e i n shapin g relativel y un -
restricte d cognitiv e mechanisms .  I n thi s view ,  i t  i s th e 
externa l  influence s o n a  cognitiv e mechanism ,  rathe r  tha n 
th e inheren t  restriction s withi n it ,  tha t  determin e h u m a n 
behavior .  Model s o f  th e h u m a n sentenc e processin g mech -
anis m ( H S P M )  hav e largel y falle n withi n th e architectura l 
paradigm ,  attributin g interpretatio n preference s an d pro -
cessin g breakdow n t o built-i n limitation s o n linguisti c  rep -
resentation s o r  computationa l  resource s (e.g. ,  Frazie r  an d 
Fodor ,  1978 ;  Gibson ,  1991 ;  Lewis ,  1993 ;  Marcus ,  1980) . 
However ,  th e contrcistin g experientia l  approac h ha s re -
centl y gaine d prominence ,  proposin g exposur e t o th e lin -
guisti c environmen t  a s a  primar y determinan t  o f  th e be -
havio r  o f  th e H S P M (e.g. ,  MacDonald ,  1994 ;  MacDonald , 
Pearlmutter ,  an d Seidenberg ,  1994 ;  Mitchell ,  Cuetos ,  Cor -
ley ,  an d Brysbaert ,  1995 ;  Spivey-Knowlton ,  Trueswell ,  an d 
Tanenhaus ,  1993 ;  Trueswell ,  1996 ;  Trueswell ,  Tanenhaus , 
and Garnsey ,  1994) .  Specificall y  i n thes e approaches ,  th e 
frequenc y o f  lexica l  features ,  words ,  o r  eve n grammatica l 
constructs ,  play s a  critica l  rol e i n th e sentenc e interpreta -
tio n process ,  guidin g th e resolutio n o f  linguisti c  ambigui -
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tie s b y favorin g thos e aspect s tha t  hav e bee n encountere d 
mor e frequently . 

T h e challeng e thi s vie w face s i s no t  onl y t o demonstrat e 
whic h o f  th e infinit e possibl e frequenc y value s th e H S P M 
i s actuall y sensitiv e to ,  bu t  t o explai n wh y i t  i s  sensitiv e t o 
thos e particula r  feature s o f  th e environment .  W e believ e 
tha t  progres s i n thi s are a relie s o n recognizin g tha t  th e 
generall y accepte d dichotom y betwee n architectura l  an d 
experientia l  model s o f  sentenc e processin g i s a  fals e one . 
I n orde r  t o predic t  whic h aspect s o f  th e environmen t  th e 
H S PM record s an d use s i n processing ,  a n experientia l  the -
or y mus t  m a k e substantiv e assumption s regardin g th e in -
terna l  propertie s o f  th e underlyin g mechanism .  I n short , 
th e interestin g question  i s wha t  representationa l  and/o r 
computationa l  restriction s m a k e th e H S P M sensitiv e t o 
some environmenta l  distinction s an d no t  others ,  return -
in g th e emphasi s onc e mor e t o architectura l  concerns . 

I n thi s paper ,  w e explor e th e underlyin g representa -
tiona l  basi s fo r  th e rol e o f  certai n environmenta l  vari -
able s i n ambiguit y resolution .  W e investigat e th e m a i n 
verb/reduce d relativ e ( M V / R R )  ambiguit y becaus e i t  ha s 
bee n th e focu s o f  a  numbe r  o f  experiment s demonstrat -
in g th e effect s o f  frequencie s i n sentenc e processing .  T h e 
followin g clcissi c "garden-path "  exampl e demonstrate s th e 
sever e processin g difficult y tha t  ca n b e associate d wit h th e 
M V / R R ambiguit y (Bever ,  1970) : 

(1 )  T h e hors e race d pas t  th e bar n fell . 

Problem s aris e her e becaus e th e ver b race d ca n b e inter -
prete d a s eithe r  a  pas t  tens e m a i n verb ,  o r  a s a  pas t  par -
ticipl e withi n a  reduce d relativ e claus e (i.e. ,  th e hors e [tha t 
was]  race d pas t  th e b a m ) .  Becaus e fel l  i s  th e ma i n ver b o f 
(1) ,  th e reduce d relativ e interpretatio n o f  race d i s require d 
fo r  a  coheren t  analysi s o f  th e complet e sentence .  Bu t  th e 
mai n ver b interpretatio n o f  race d i s s o strongl y preferre d 
tha t  th e sentenc e processo r  break s d o w n a t  th e ver b fell , 
unabl e t o integrat e i t  wit h th e interpretatio n tha t  ha s bee n 
develope d t o tha t  point . 

Over  th e las t  severa l  years ,  th e contras t  i n acceptabilit y 
of  (1 )  wit h sentence s lik e (2 )  an d (3 )  ha s bee n noted : 

(2 )  T h e butte r  melte d i n th e microwav e wa s lumpy . 

(3 )  T h e refere e kicke d i n th e socce r  g a m e wa s angry . 
Althoug h al l  thre e sentence s contai n a n M V / R R ambi -
guity ,  (1 )  i s  completel y unacceptable ,  whil e (2 )  an d (3 ) 
ar e relativel y eas y t o understand .  Proposal s withi n th e 
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experientia l  paradig m hav e claime d tha t  a  crucia l  differ -
enc e i n th e processin g o f  variou s M V / R R example s arise s 
fro m verb-specifi c  frequenc y informatio n tha t  differentiall y 
support s th e R R interpretatio n (MacDonald ,  1994 ;  Mac -

Donald ,  Pearlmutter ,  an d Seidenberg ,  1994 ;  Trueswell , 
1996 ;  Trueswell ,  Tanenhaus ,  an d Garnsey ,  1994) .  How -
ever ,  thes e approache s hav e pursue d a  relativel y shallo w 
leve l  o f  frequenc y analysis—determinin g th e propertie s 
tha t  ar e superficiall y  relate d t o th e differen t  resolution s 
of  th e ambiguit y (e.g. ,  pas t  participl e versu s mai n ver b 
usag e o f  a  verb) ,  an d countin g th e occurrence s o f  word s i n 
thos e uses .  W e observ e tha t  th e ambiguou s verb s i n th e 
exaimple s abov e ar e fro m thre e differen t  lexica l  semanti c 
classes ,  an d instea d hypothesiz e tha t  deepe r  propertie s o f 
thes e ver b classe s ar e th e bcisi s fo r  th e differin g behavio r 
of  th e H S P M i n respons e t o sentence s (1 )  throug h (3) . 

I n suppor t  o f  thi s view ,  w e presen t  acceptabilit y  judg -
ment s an d corpu s dat a demonstratin g tha t  th e frequencie s 
previousl y propose d ci s factor s i n resolvin g th e M V / R R 
ambiguit y d o no t  matc h th e patter n o f  h u m a n preferences . 
T h e dat a furthe r  reveal s consisten t  behavio r  acros s lexica l 
semcinti c ver b classes .  Base d o n a  detaile d linguisti c analy -
si s o f  thes e clcisses ,  w e propos e a  differen t  frequenc y facto r 
as th e crucia l  environmenta l  variable .  Furthermore ,  w e ex -
plai n th e sensitivit y o f  th e H S P M t o thi s particula r  facto r 
i n term s o f  restriction s o n it s representationa l  abilit y  tha t 
follo w fro m th e syntacti c analysis .  W e find  remarkabl y 
stron g corroboratio n i n th e corpu s dat a fo r  thi s proposal . 
Ther e ar e tw o corollar y result s t o thi s finding.  First ,  th e 
environmenta l  facto r  tha t  w e propos e model s th e prefer -
enc e behavio r  wit h a  singl e frequenc y value ,  eliminatin g 
th e nee d fo r  a  comple x mode l  o f  frequenc y combination . 
Second ,  th e featur e whos e coun t  bes t  matche s th e dat a i s 
on e that ,  surprisingly ,  i s  no t  itsel f  a n elemen t  o f  th e a m -
biguou s linguisti c construction ,  an d whos e potentia l  rele -
vanc e i s onl y reveale d b y a  deepe r  analysi s o f  th e lexica l 
an d syntacti c propertie s o f  verbs . 

Verb Classes and Judgment Data 

The sentence s i n (l)-(3 )  abov e us e ambiguou s verb s fro m 
thre e differen t  lexica l  semanti c classe s o f  optionall y tran -
sitiv e verbs .  Sentenc e (1 )  use s a  manne r  o f  motio n verb , 
raced .  I n English ,  thes e verb s for m a  subclas s o f  unerga -
tiv e verb s (Levi n an d Rappapor t  Hovav ,  1995) ,  intransi -
tiv e actio n verb s tha t  m a y appea r  i n a  transitiv e form : 

(4a )  Th e hors e race d pais t  th e barn . 

(4b )  T h e ride r  race d th e hors e peis t  th e barn . 

T h e transitiv e for m o f  a n unergativ e (4b )  i s th e causativ e 
counterpar t  o f  th e intransitiv e for m (4a) ,  i n whic h th e sub -
jec t  o f  th e intransitiv e become s th e objec t  o f  th e transitiv e 
(Broussea u an d Ritter ,  1991 ;  Hal e an d Keyser ,  1993 ;  Levi n 
an d Rappapor t  Hovav ,  1995) .  Sentenc e (2 )  use s a n unac -
cusativ e verb ,  melt .  Unaccusative s ar e intransitiv e chang e 
of  stat e verb s whic h als o hav e a  causativ e transitiv e form : 

(5a )  Th e butte r  melte d i n th e pan . 
(5b )  Th e coo k melte d th e butte r  i n th e pan . 

Finally ,  sentenc e (3 )  use s a n object-dro p verb ,  kicked ; 
thes e verb s hav e a  non-causativ e transitive/intransitiv e al -
ternation ,  i n whic h th e objec t  N P i s optional : 

(6a )  Th e playe r  kicke d th e referee . 
(Cb )  Th e playe r  kicked . 
We cruciall y observ e tha t  th e prototypicall y difficul t  re -

duce d relatives—i.e. ,  thos e i n whic h th e ver b induce s a 
ver y stron g M V bias ,  a s i n sentenc e (1)—contai n a  man -
ner  o f  motio n ver b (a n unergative) .  W e investigate d th e 

relativ e difficult y o f  unergative s an d unaccusative s b y ask -
in g naiv e informant s fo r  acceptabilit y  judgment s o n sen -
tence s wit h R R s containin g thes e verbs .  W e foun d tha t 
unergativ e verb s uniforml y le d t o a  sever e garde n pat h i n 
th e R R construction ,  whil e unaccusativ e verb s wer e over -
whelmingl y judge d completel y fine  i n th e R R ,  wit h a  fe w 
response s o f  the m bein g slightl y degrade d (Stevenso n an d 
Merlo ,  1997) .  Althoug h w e di d no t  as k fo r  judgment s o n 
object-dro p verbs ,  ou r  intuitio n wa s tha t  the y ar e readil y 
interpretabl e i n a  R R .  Suppor t  fo r  thi s vie w come s fro m 
experiment s i n MacDonal d (1994 )  includin g object-dro p 
verbs ,  tha t  showe d tha t  R R s ar e relativel y eas y t o under -
stan d give n a  contex t  tha t  i s  no t  strongl y biase d towar d a 
mai n ver b reading .  Thus ,  th e difficult y o f  th e R R interpre -
tatio n pattern s alon g ver b clas s lines ,  wit h unergative s dif -
ficult,  an d unaccusative s an d object-dro p verb s relativel y 
easy. ^ 

Corpus Analysis 

Th e fac t  tha t  acceptabilit y  o f  th e R R clearl y pattern s wit h 
ver b classe s lead s u s t o believ e tha t  th e difficult y  o f  unerga -
tive s i s a  grammatica l  phenomenon .  Tha t  is ,  w e hypothe -
siz e tha t  th e critica l  behaviora l  an d frequenc y difference s 
betwee n th e abov e verb s i n th e M V / R R ambiguit y ar e 
grounde d i n th e differin g lexica l  syntacti c propertie s o f 
th e ver b classes .  I n thi s section ,  w e investigat e whethe r 
th e lexica l  semanti c classificatio n o f  thes e verb s an d thei r 
differin g behavio r  i n th e R R i s reflecte d i n differen t  dis -
tribution s o f  pertinen t  corpu s frequencies .  Specifically ,  w e 
explor e th e followin g hypothesi s acros s th e thre e classe s o f 
verbs : 

Hq:  difference s i n th e difficult y o f  th e R R interpretatio n 
correspon d t o difference s i n th e frequenc y o f  a . 

Thi s hypothesi s wa s teste d fo r  severa l  value s o f  a—th e 
R R constructio n itself ,  transitivity ,  passiv e voice ,  an d pas t 
participl e use .  Thes e propertie s wer e chose n becaus e a 
ver b i n th e R R i s a  passiv e (an d therefor e transitive ) 
pas t  participle .  I t  ha s bee n claime d tha t  th e frequenc y 
of  thes e lexica l  feature s correlate s wit h eas e o f  interpret -
in g a  R R (MacDonald ,  1994 ;  Trueswell ,  1996 ;  Trueswell , 
Tanenhaus ,  an d Garnsey ,  1994) .  Fo r  hypothesi s H q t o b e 
confirmed ,  unergative s mus t  exhibi t  a  significantl y lowe r 

^Relate d proposal s concernin g th e M V / R R ambiguit y hav e 
relie d onl y o n coars e classificatio n o f  verb s a s obligatoril y 
transitiv e o r  no t  (Gibson ,  1991 ;  Pritchett ,  1992) ,  whil e 
our  approac h i s founde d o n a  finer-graine d lexica l  semanti c 
distinction . 
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frequenc y o f  a  compcire d t o unaccusativ e an d object-dro p 
verbs .  Sinc e ther e i s n o shar p contrcis t  i n acceptabilit y  be -
twee n unaccusativ e an d object-dro p verbs ,  suppor t  fo r  th e 
hypothesi s als o require s ther e t o b e littl e t o n o differenc e 
i n a  acros s thes e tw o ver b clcisses . 

Materials and Method 

We chos e a  se t  o f  1 0 verb s fro m eac h clciss ,  base d pri -
maril y o n th e classificatio n o f  verb s i n Levi n (1993) : 
th e unergative s ar e manne r  o f  motio n verb s (jumped , 
rushed ,  marched ,  leaped ,  floated,  raced ,  hurried ,  wan -
dered ,  vaulted ,  paraded) ,  th e unaccusative s ar e verb s 
of  chang e o f  stat e {opened ,  exploded ,  flooded,  dissolved , 
cracked ,  hardened ,  boiled ,  melted ,  fractured ,  solidified) , 
and th e object-dro p verb s ar e unspecifie d objec t  alter -
natio n verb s {played ,  painted ,  kicked ,  carved ,  reaped , 
washed,  danced ,  yelled ,  typed ,  knitted) .  Eac h ver b pre -
sente d th e sam e for m i n th e simpl e pas t  an d i n th e pas t 
participle ,  a s i n th e M V / R R ambiguity .  Thes e verb s wer e 
chose n becaus e the y di d no t  sho w massiv e departure s fro m 
th e intende d ver b sense ;  fo r  example ,  ru n wa s eliminate d 
becaus e i t  occur s mos t  ofte n i n phrase s suc h a s ru n a  meet -
ing ,  wher e i t  i s no t  a  manne r  o f  motio n use .  Al l  verb s ca n 
occu r  i n th e transitiv e an d i n th e passive .  Verb s i n th e 
thre e set s wer e matche d i n frequency ,  an d thei r  logarith -
mic frequenc y varie s betwee n 2  an d 4  inclusive . 

Count s wer e performe d o n th e tagge d versio n o f  th e 
Brown Corpu s an d o n th e portio n o f  th e Wal l  Stree t 
Journa l  distribute d b y th e A C L / D C I  (year s 1987 ,  1988 , 
1989) ,  a  combine d corpu s i n exces s o f  6 5 millio n words . 
Four  pair s o f  count s wer e collected .  First ,  eac h ver b wa s 
counte d i n it s mai n ver b (i.e. ,  simpl e past )  an d peis t  par -
ticipl e uses ,  base d o n th e par t  o f  speec h ta g o f  th e ver b i n 
th e corpora .  Second ,  activ e an d passiv e use s o f  th e verb s 
were counted ;  case s i n whic h usag e coul d no t  b e deter -
mine d b y a  simpl e patter n searc h wer e classifie d b y hand . 
The thir d coun t  als o require d manua l  intervention :  verb s 
were initiall y  classifie d a s transitiv e o r  intransitiv e accord -
in g t o a  se t  o f  regula r  searc h patterns ,  the n individua l  in -
spectio n o f  verb s wa s carrie d ou t  t o correc t  item-specifi c 
errors .  I n th e fourt h count ,  use s o f  th e ver b for m a s mai n 
ver b o r  a s reduce d relativ e wer e collected .  Reduce d rela -
tive s wer e counte d b y han d afte r  extractin g fro m th e cor -
pus al l  occurrence s o f  th e pas t  participl e precede d b y a 
noun . 

Data and Analysis 

Recal l  tha t  th e goa l  i s t o determin e whethe r  difference s i n 
th e count s correspon d t o difference s i n th e eas e o f  inter -
pretin g a  RR .  Sinc e M V / R R preference s follo w ver b clas s 
lines ,  w e teste d fo r  difference s i n th e distributio n o f  th e 
corpu s count s acros s th e ver b classes .  Th e count s withi n 
each ver b clas s wer e pooled ,  an d a  x ^  tes t  wa s use d t o com -
par e eac h pai r  o f  distributions ,  fo r  eac h propert y counted. ^ 

^  Sinc e w e coul d no t  assum e a  norma l  distributio n o f  th e 
underlyin g data ,  th e smal l  sampl e siz e (1 0 verb s pe r  group ) 

Unergativ e 
Unaccusativ e 
Tota l 

"RR M V I  Total s 
7 491 0 
21 332 1 
28 823 1 

4917 
3342 
8259 

>:'(1 )  =  12.508 ;  p = .00040 5 

Unaccusativ e 
Object-dro p 
Tota l 

RR M V 
21 332 1 
202 231 6 
223 563 7 

Total s 
3342 
2518 
5860 

X̂ {1 )  =  212.447 ;  p  <  .00000 1 

Table 1: Frequencies of RR and main verb uses. 

Unergativ e 
Unaccusativ e 
Tota l 

T P M V I  Total s 
647 491 0 
1476 332 1 
2123 823 1 

5557 
4797 
10354 

X (̂l )  =  576.623 ;  p  <  .00000 1 

Unaccusativ e 
Object-dro p 
Tota l 

PP M V 
1476 
1939 
3415 

3321 
2316 
5637 

Total s 
4797 
4255 
9052 

X'(l )  =  209.622 ;  p  <  .00000 1 

Tabl e 2 :  Frequencie s o f  pas t  participl e an d mai n ver b uses . 

The contingency tables along with the resulting x^ values 
and significanc e level s ar e show n i n Tabl e 1  throug h Ta -
bl e 4 .  Al l  th e dat a set s sho w th e sam e pattern .  Th e prop -
ertie s relate d t o th e RR—transitivity ,  passiv e voice ,  an d 
past  participl e use ,  a s wel l  a s th e R R constructio n itself — 
wer e les s frequen t  fo r  unergative s tha n fo r  unaccusatives , 
and les s frequen t  fo r  unaccusative s tha n fo r  object-dro p 
verbs .  Th e difference s betwee n th e unergativ e an d unac -
cusativ e distribution s fo r  eac h propert y ar e highl y signifi -
cant ,  a s ar e th e difference s betwee n th e unaccusativ e an d 
object-dro p distributions.' * 

Discussion 

The mos t  strikin g finding  i s  tha t  th e lexica l  semanti c 
classe s o f  th e verb s correspon d t o significan t  an d sizabl e 
difference s i n thei r  distributions .  Thi s importan t  resul t 
confirm s tha t  th e frequenc y distribution s t o whic h th e 
H S PM i s expose d ar e themselve s shape d b y deepe r  lin -
guisti c propertie s o f  words .  However ,  w e als o foun d tha t 
th e hypothese s o f  correspondenc e betwee n frequenc y an d 
ease o f  interpretatio n o f  th e R R i s disconfirmed :  fo r  al l 
properties ,  th e corpu s dat a indicate s a  three-wa y distinc -
tio n betwee n th e ver b classes ,  whil e preferenc e dat a indi -
cate s a  binar y distinction ,  wit h onl y th e unergativ e clas s 

prevente d u s from  usin g a  parametri c test ,  suc h a s a  t-test . 
I n n o cas e wa s th e expecte d frequency  fo r  an y o f  th e cell s les s 
tha n 10 ,  s o i t  wa s unnecessar y t o appl y Fisher' s exac t  test . 

^We als o directl y compare d th e unergativ e an d object -
dro p distributions ,  whic h wer e significantl y different—wit h 
p <  .000001—fo r  eac h propert y counted . 
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Unergativ e 
UNACCI'SATIV E 
Tota l 

Pass Ac t 
139 533 0 
717 393 0 
856 926 0 

Total s 
5469 
4647 
10116 

x'(l )  =  537.049 ;  p < .00000 1 

Unaccusativ e 
Object-dro p 

|_Tota l 

Pass Ac t 
717 393 0 
1339 307 4 
2056 700 4 

Total s 
4647 
4413 
9060 

X'''(l )  =  286.088 ;  p < .00000 1 

Table 3: Frequencies of passive and active uses. 

Unergativ e 
Unaccusativ e 
Tota l 

Tran s Int r 
463 506 5 
2402 235 9 
2865 742 4 

Total s 
5528 
4761 
10289 

X'(l )  =  2251.868 ;  p  <  .00000 1 

Unaccusativ e 
Object-dro p 
Tota l 

Tran s Int r 
2402 235 9 
3355 92 2 
5757 328 1 

Total s 
4761 
4277 
9038 [ 

X (I )  =  762.189 ;  p  <  .00000 1 

Tabl e 4 :  Frequencie s o f  transitiv e an d intransitiv e uses . 

strongly disfavoring the RR. 

Sinc e eac h o f  th e frequencie s cissociate d wit h th e R R ar e 
significantl y les s fo r  unergative s tha n fo r  th e othe r  verbs , 
one migh t  propos e tha t  th e preferenc e dat a simpl y result s 
fro m a  mor e comple x frequenc y mode l  takin g multipl e fac -
tor s int o accoun t  (e.g. ,  a s i n Julian o an d Tanenhaus ,  1994 ; 
Collins ,  1996) ,  o r  fro m a  simpl e threshol d effect .  W e pur -
su e a n alternativ e approac h o f  investigatin g whethe r  ad -
ditiona l  linguisti c informatio n ca n lea d t o a n individua l 
frequenc y measur e tha t  mor e closel y model s th e bimoda l 
patter n o f  observe d preferences . 

Our Linguistic Analysis 

We return to the observation that both unergatives and 
uneiccusative s hav e a  causativ e transitiv e form .  W e note , 
however ,  tha t  the y diffe r  i n thet a rol e assignments .  Thet a 
role s ar e label s tha t  identif y th e semanti c relatio n o f  a n 
argumen t  t o a  verb .  I n a n intransitiv e unergative—a n ac -
tio n verb—th e subjec t  N P i s a n agent ,  an d i n a n intransi -
tiv e unaccusative— a chang e o f  stat e verb—th e subjec t  i s 
a theme .  Th e thet a rol e assignment s t o th e correspondin g 
semanti c argument s o f  th e transitiv e forms—i.e. ,  th e di -
rec t  objects—ar e th e same ,  wit h th e additio n o f  a  causa l 
agen t  a s subjec t  i n bot h cases .  Thi s lead s t o a n unusua l 
situatio n fo r  a  transitiv e unergativ e becaus e i t  assign s tw o 
agen t  thet a roles—th e subjec t  i s th e agen t  o f  causation , 
an d th e objec t  i s  th e agen t  o f  th e actio n expresse d b y th e 
verb .  Fo r  example ,  i n Th e traine r  jumpe d th e lio n throug h 
th e hoop ,  th e traine r  cause s th e lio n t o jump ,  bu t  th e lio n 

LEXICON: 

klrk|AC.(TM) | 
1 

V l\ . V (N D 
kir k 

1 

/ V 
nr  V V (N n 

1 (IH l 
kic k 

OBJECT 
DROP 

mcUITMl 

y : 
(IH I  1  \ 

B E C O ME 1 | 
+ mcltcd j 

\ 
vr 
V l \ 
V NP 1 ItH I 

IBECOME 
+ iiicltrd i 

INTRANSITIV E 
UNACCUSATIVE 

nirlllAG.TH I 

v__ 
",  / T 
,  ITH I  i X 

IBECOME "  " 
mcllcd|| j  ' j  ' l 

\ 
/ T 

Nf  V (AO|  1  \ 
V NP 1 (IM ) 

Illf U 
ICAUSE 
+ B E C O ME 
*  mehed ] TRANSITIVE 
UNACCUSATIVE 

racclAC I 

VP 
v 
V NP 1 t 
DO ( | 

racc j 

\  ' ^ 
y : 

lAO)  1 

rac e 
IDO + race ) 

INTRANSITIV E 
UNERGATIVE 

CAUSEjAG.PREDj 
vp 
V i \ V VP 
1 IPMDI CAUSE 

s:, ! 
/"' x 

CAUSE w  »• 

racc j  ^ 
TRANSITIVE 
UNERGATIVE 

F igu r e 1 :  Lexica l  entrie s a n d th e c o r r e s p o n d i n g syntacti c 
structure s fo r  variou s ver b types .  AG=agent ;  TH=theme . 

is the agent of the actual jumping. 
We follo w Hal e an d Keyse r  (1993 )  i n assumin g tha t  ver b 

form s ar e create d throug h th e structura l  combinatio n o f 
lexica l  item s wit h abstrac t  verba l  morphemes ,  suc h a s DO, 
B E C O M E,  an d CAUSE;  se e Figur e 1 .  Thet a role s correspon d 
t o particula r  structura l  position s i n th e resultin g lexica l 
entries .  Consequently ,  th e differenc e i n thet a rol e assign -
ment  note d abov e i s evidenc e o f  a  differenc e i n th e under -
lyin g lexica l  structure s o f  unergative s an d unaccusatives . 
I n thi s approach ,  th e agen t  rol e ha s a  distinguishe d sta -
tu s becaus e i t  mus t  b e inserte d int o a  subjec t  positio n i n 
th e syntcix .  Sinc e a n intransitiv e unaccusativ e ver b ha s 
no agen t  role ,  i t  ca n combin e wit h CAUSE i n th e lexicon , 
allowin g th e causa l  agen t  t o b e inserte d int o th e singl e 
subjec t  positio n i n th e syntax .  B y contrast ,  a  transitiv e 
unergativ e mus t  b e forme d b y a  syntacti c proces s i n whic h 
th e abstrac t  verba l  morphem e CAUSE take s th e unerga -
tiv e ver b a s it s complemen t  i n th e syntax .  Thi s create s 
tw o syntacti c subjec t  positions ,  on e i n th e embedde d ver b 
phras e fo r  th e agen t  o f  th e unergativ e verb ,  an d on e i n th e 
mai n ver b phras e fo r  th e agen t  o f  caus e (se e Figur e 1). ^ 

Thi s analysi s ha s importan t  lexica l  an d syntacti c con -
sequences .  A n unaccusativ e ver b hei s tw o distinc t  entrie s 
i n th e lexicon ,  bot h a  transitiv e an d intransitiv e form .  B y 
contrcist ,  a n unergativ e i s underlyingl y intransitiv e only . 
An unergativ e ver b ha s a  singl e (intransitive )  lexica l  entry , 
as it s transitiv e counterpar t  ca n onl y b e forme d throug h 
a syntacti c proces s o f  ver b incorporation .  A n object-dro p 
ver b differ s fro m bot h unergative s an d unaccusative s i n 
having  a  singl e transitiv e lexica l  form ,  wit h it s direc t  ob -
jec t  argumen t  marke d a s optional .  However ,  th e crucia l 
distinctio n amon g th e ver b classe s i s tha t  unergative s hav e 
onl y a n intransitiv e for m i n th e lexicon ,  whil e unaccusativ e 

*Thi s anedysi s o f  th e transitiv e for m o f  unergative s i s sup -
porte d by ,  fo r  example ,  observation s o n thei r  semanti c restric -
tion s (Cruse ,  1972) ,  an d b y cross-linguisti c fact s relate d t o 
causativ e formatio n i n Hebre w (Levi n an d Rappapor t  Hovav , 
1995) .  Fo r  furthe r  detail s an d justificatio n o f  th e analysis ,  se e 
Hal e an d Keyse r  (1993) ,  Stevenso n an d Merl o (1997) . 
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UNERG U N A CC OBJ-DROP 
race[ag ]  melt[th ]  melt[ag,th ]  kick[ag,(th) ] 

Tabl e 5 :  Sampl e lexice J entrie s fo r  verb s o f  eac h vIuhh . 

Uner g 
Unacc 
Tota l 
„•• '  / 1 \  _  1 

Adj  P P 
21 
155 
176 

n ion .  «  ̂  

NON-ADJ P P 
626 

1321 
1947 

nnnnn i 

Tot 
647 
1476 
2123 

and object-dro p verb s bot h hav e a  transitiv e for m i n th e 
lexicon .  Tabl e 5  show s th e lexica l  entrie s fo r  a  sampl e ver b 
i n eac h class . 

Our  proposa l  i s  tha t  th e lexica l  natur e o f  th e transitiv e 
unaccusativ e an d object-dro p verb s i s wha t  make s thos e 
ver b classe s mor e readil y interpretabl e i n th e R R construc -
tion .  Th e reasonin g i s a s follows .  T h e R R entail s th e pas -
siv e us e o f  th e pas t  participl e ei s a  post-nomina l  modifier . 
A relate d passiv e us e o f  th e pas t  participl e i s a s a  prenomi -
nal  cidjectiv e (Levi n an d Rappaport ,  1986) .  Ou r  linguisti c 
analysi s ha s th e perhap s surprisin g resul t  tha t  ther e i s 
no transitiv e unergativ e lexica l  item ,  an d that ,  therefore , 
unergativ e verb s hav e n o passiv e (transitive )  pas t  partici -
pl e i n th e lexicon .  Furthermore ,  th e proces s o f  syntac -
ti c causativizatio n tha t  form s th e transitiv e unergativ e i s 
inapplicabl e i n th e adjectiva l  use ,  a s i t  involve s ver b in -
corporation .  T h e consequenc e i s tha t  th e unergativ e pas t 
participle ,  i n contras t  t o th e othe r  ver b classes ,  canno t  b e 
use d adjectivall y  (cf .  Bresnan ,  1982 ;  Levi n an d Rappaport , 
1986) .  W e sugges t  tha t  th e inabilit y  o f  th e unergativ e pas t 
participl e t o occu r  a s a  prenomina l  adjectiv e make s diffi -
cul t  it s  interpretatio n i n th e simila r  us e a s a  post-nomina l 
modifie r  i n th e R R .  B y contrcist ,  th e prenomina l  adjectiv e 
use o f  th e unaccusativ e an d object-dro p verb s aid s thei r 
interpretatio n i n th e R R . 

Our  conjectur e the n i s tha t  frequenc y o f  adjectiva l  us e 
shoul d correspon d t o eas e o f  interpretabilit y o f  th e R R 
construction ,  ci s bot h involv e th e us e o f  th e pas t  participl e 
as a  nomina l  modifier .  Specifically ,  w e sugges t  th e follow -
in g hypothesis : 

Hq:  Unergativ e pcis t  participle s occu r  significantl y les s of -
te n i n a n adjectiva l  us e tha n unaccusativ e an d object -
dro p pas t  participles ,  whic h ar e no t  significantl y differ -
ent  i n frequency . 

I f  thi s hypothesi s i s  born e out ,  the n th e adjectiva l  us e 
makes th e righ t  cu t  o f  ver b classe s i n relatio n t o th e 
M V / R R preference . 

Materials and Method 

The sam e corpor a wer e use d a s i n th e earlie r  counts .  Non e 
of  th e ver b form s ar e explicitl y  marke d a s adjective s i n 
thes e corpora .  T o determin e th e count s o f  adjectiva l  uses , 
we simpl y divide d th e ver b occurrence s labele d wit h th e 
pas t  participl e par t  o f  speec h ta g int o prenomina l  an d 
othe r  uses . 

Data and Analysis 

We agai n teste d fo r  difference s i n th e distribution s o f  cor -
pus count s acros s ver b clas s lines ,  usin g a  x ^  *est .  T h e 

Unacc 
Obj-dro p 
Tota l 

Adj  P P NoN-AD J P P 
155 
220 
375 

1321 
1719 
3040 

Tot 
1476 
1939 
3415 

x'{l )  =  0.528 ;  p  ̂  .46729 7 (no t  significant ) 

Table 6: Frequencies of adjectival and non-adjectival past 
participl e uses . 

contingenc y table s alon g wit h th e resultin g x ^  value s an d 
significanc e level s ar e show n i n Tabl e 6 .  T h e differenc e 
betwee n unergativ e an d unaccusativ e pas t  participle s i n 
th e adjectiva l  us e wa s highl y significant, ® wit h unergativ e 
adjectiva l  use s fa r  les s frequen t  tha n unaccusativ e adjec -
tiva l  uses .  I n contrcist ,  th e unaccusativ e an d object-dro p 
adjectiv e distribution s ar e no t  significantl y different.' ^ 

Discussion 

T h e hypothesi s i s confirme d tha t  unergativ e pas t  partici -
ple s ar e use d a s a  prenomina l  adjectiv e les s frequentl y 
tha n unaccusativ e an d object-dro p pas t  participles ,  whic h 
ar e no t  distinguishe d i n frequency .  T h e two-wa y distinc -
tio n tha t  emerge s fro m th e dat a i s th e first  groupin g o f 
th e verb s tha t  correspond s t o th e difficult y line s indicate d 
by th e acceptabilit y  judgment s o n th e R R construction , 
i n whic h onl y th e unergative s ar e strongl y dispreferred . 
Our  intuitio n tha t  adjectiva l  an d R R use s ar e related , 
i n tha t  the y ar e bot h nomina l  modifiers ,  i s  clearl y sup -
ported .  Thus ,  ou r  linguisti c analysi s hci s le d t o a n ecisily -
compute d frequenc y factor—th e prenomina l  us e o f  th e 
pas t  participle—tha t  ha s th e potentia l  t o explai n h u m a n 
preference s i n th e M V / R R ambiguity . 

However ,  sinc e ou r  clai m i s tha t  unergative s d o no t  hav e 
a transitiv e pas t  participl e tha t  coul d b e use d adjectivally , 
we mus t  questio n w h y unergativ e adjective s occu r  a t  all . 
Interestingly ,  w e foun d tha t  th e unergativ e adjectiva l  use s 
i n th e corpu s wer e restricte d t o onl y 2  verbs :  hurrie d oc -
curre d 2 0 time s prenominally ,  an d rushe d once .  Examina -
tio n reveale d tha t  thes e wer e no t  th e causativ e us e o f  th e 

*Th e differenc e betwee n unergativ e an d object-dro p partici -
ple s wa s als o highl y significant ,  p  <  .000001 . 

^We als o examine d th e frequenc y o f  adjectiva l  use s com -
pare d t o al l  othe r  use s o f  th e ver b form ,  no t  jus t  othe r  pas t 
participl e uses .  Thes e comparison s reveale d a  significan t  three -
way spli t  amon g th e ver b classes .  Althoug h w e performe d thes e 
statistica l  test s fo r  completeness ,  w e d o no t  believ e the y rep* -
resen t  th e righ t  comparison .  W e assum e tha t  frequenc y o f  ad -
jectiva l  use s i s store d wit h th e pas t  participle ,  an d thu s th e 
frequenc y differentia l  tha t  affect s interpretatio n i s th e distribu -
tio n o f  adjectiv e versu s non-adjectiv e pas t  participl e use ,  an d 
not  th e frequenc y o f  adjectiva l  us e versu s al l  othe r  use s o f  th e 
verb . 
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verb .  Recal l  fro m ou r  linguisti c analysi s tlia t  th e causativ e 

for m o f  a n unergativ e ha s a n agentiv e direc t  object ,  corre -
spondin g t o th e agentiv e subjec t  o f  th e intransitiv e form . 
However ,  i n th e prenomina l  use s o f  hurrie d an d rushe d i n 
th e corpus ,  th e modifie d nou n (whic h correspond s t o th e 
direc t  objec t  o f  th e verb )  i s no t  a n agent .  Fo r  example ,  i n 
hurrie d hea d count ,  th e hea d coun t  i s no t  itsel f  a n agen t 
of  th e hurryin g action ;  thi s i s particularl y clea r  whe n w e 
conside r  tha t  hea d coun t  canno t  b e th e subjec t  (agent ) 
of  th e intransitiv e unergative :  *Th e hea d coun t  hurried . 
T h e adjectiva l  use s o f  thes e verb s thu s correspon d t o a 
non-causativ e transitiv e for m tha t  ha s a  patien t  o r  them e 
direc t  objec t  (suc h ci s hea d count) .  Thi s us e doe s no t  hav e 
th e "doubl e agent "  proble m o f  th e causativ e use ,  whic h 
prevent s th e lexicalizatio n o f  th e latter .  Th e non-causativ e 
for m o f  hurr y an d rus h therefor e occur s i n th e lexico n lik e 
cin y othe r  "norma r  transitiv e verb ,  an d i t  i s thi s for m tha t 
i s bein g use d adjectivall y i n th e corpus . 

Conclusions 

Recent work has demonstrated a range of environmental 
factor s tha t  influenc e sentenc e interpretation .  W h a t  ha s 
bee n lackin g thu s fa r  i s  a  detaile d analysi s o f  th e linguis -
ti c  an d computationa l  propertie s tha t  coul d explai n wh y 
thos e particula r  aspect s o f  linguisti c experienc e ar e effec -
tiv e i n shapin g behavior .  I n thi s paper ,  w e hav e shifte d 
th e focu s fro m th e environmen t  itself ,  t o wha t  th e envi -
ronmen t  reveal s abou t  th e restriction s o n knowledg e an d 
processin g tha t  ar e interna l  t o th e H S P M. 

I n investigatin g thi s issue ,  w e focuse d o n th e varyin g ac -
ceptabilit y  o f  th e reduce d relativ e readin g o f  verb s tha t  ex -
hibi t  a  mai n verb/pas t  participl e ambiguity .  Interestingly , 
th e frequenc y o f  linguisti c feature s directl y associate d wit h 
th e reduce d relativ e constructio n d o no t  matc h th e h u m a n 
preferenc e data .  T h e bes t  predicto r  o f  h u m a n judgment s 
of  reduce d relative s i s th e frequenc y wit h whic h th e pas t 
participl e o f  th e ver b i s use d a s a  prenomina l  adjective ;  ou r 
proposa l  i s  tha t  thi s usag e aid s i n th e interpretatio n o f  th e 
ver b a s a  modifie r  withi n th e reduce d relativ e construc -
tion .  T h e propose d explanatio n fo r  th e sensitivit y o f  th e 
H S PM t o thi s particula r  experientia l  feicto r  i s grounde d i n 
independentl y justifie d theoretica l  assumptions .  Specifi -
cally ,  ou r  clai m i s tha t  th e differin g frequenc y distribu -
tion s a m o n g th e verb s aris e fro m underlyin g grammatica l 
difference s betwee n lexica l  semanti c ver b cljisses ,  whic h 
restric t  th e representationa l  abilit y  o f  th e H S P M.  W e con -
clud e that ,  althoug h th e environmen t  shape s ou r  us e o f 
knowledge ,  a n explanator y accoun t  o f  behavio r  require s a 
deepe r  understandin g o f  th e highl y restricte d for m o f  tha t 
knowledge . 
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