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Abstrac t 

Different theories of human syntactic parsing make 
conflictin g claim s concernin g th e rol e o f  non-syntacti c 
informatio n (e.g .  semantics ,  rea l  worl d knowledge )  o n 
on-lin e parsing .  W e addres s thi s debat e b y examinin g 
th e effec t  o f  plausibilit y o f  themati c rol e assignment s 
on th e processin g o f  syntacti c ambiguities .  I n a  self -
pace d readin g experiment ,  ambiguou s conditio n readin g 
time s wer e longe r  tha n unambiguou s conditio n time s a t 
th e poin t  o f  syntacti c disambiguatio n onl y whe n 
plausibilit y  cue s ha d supporte d th e incorrec t 
interpretation .  Off-lin e measure s o f  plausibilit y  als o 
predicte d readin g tim e effect s i n regressio n analyses . 
Thes e result s indicat e tha t  plausibilit y  informatio n m a y 
influenc e themati c rol e assignmen t  an d th e initia l 
interpretatio n o f  a  syntacti c ambiguity ,  an d the y argu e 
agains t  parsin g model s i n whic h th e syntacti c 
componen t  i s blin d t o plausibilit y  information . 

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

An important issue in psycholinguistic research 
concern s th e typ e o f  informatio n tha t  th e sentenc e 
processo r  o r  p a r s e r  use s i n decidin g whic h 
interpretation(s )  t o pursu e fo r  a  syntacti c ambiguity . 
Th e mos t  prominen t  positio n o n thi s issu e ha s bee n 
tha t  th e parse r  consult s onl y syntacti c informatio n 
durin g th e initia l  pars e an d i s blin d t o al l  non-syntacti c 
informatio n (Frazier ,  1987 ;  Rayner ,  Carlso n &  Frazier , 
1983 ;  Ferreir a &  Clifton ,  1986) .  Thi s positio n i s 
accompanie d b y tw o othe r  claims :  1 )  tha t  th e parse r  ca n 
pursu e onl y on e interpretatio n a t  a  time ,  an d 2 )  tha t  th e 
parsC T mus t  mak e it s choic e a s soo n a s th e ambiguit y i s 
encountered .  A  parse r  wit h thes e feature s coul d mak e 
m a ny costl y mistakes ,  an d i n orde r  t o increas e th e 
chance s o f  makin g correc t  choices ,  th e parse r  coul d rel y 
on parsin g strategies .  Th e bes t  k n o w n o f  thes e i s 

Minima l  Attachmen t  (Frazier ,  1987) :  Th e parse r 
choose s th e "simplest "  interpretation ,  buildin g onl y th e 
syntacti c (phras e structure )  representatio n wit h th e 
fewes t  nodes .  O n thi s view ,  semanti c and/o r  discours e 
informatio n m a y affec t  th e pars e onl y afte r  th e parse r 
has begu n buildin g a  structure ;  th e semanti c 
informatio n aid s i n reanalysi s whe n th e parser' s firs t 
analysi s fail s  (Rayne r  e t  al. ,  1983 ;  Ferreir a &  Clifton , 
1986) . 

I n thi s paper ,  w e argu e tha t  th e parse r  i s  no t  a s 
limite d i n th e resource s availabl e t o guid e decision s 
abou t  ambiguitie s a s Frazier' s "garde n path "  mode l 
suggests .  W e presen t  evidenc e tha t  som e non-syntacti c 
informatio n ca n guid e th e parse r  i n th e initia l 
interpretatio n o f  syntacti c ambiguities .  Specifically ,  w e 
clai m tha t  lexica l  o r  discours e informatio n affect s 
decision s abou t  themati c role s tha t  ar e assigne d t o nou n 
phrase s i n a  sentence ,  an d tha t  thes e rol e assignment s 
ca n i n tur n affec t  th e choice s th e parse r  make s whe n 
confronte d wit h a  syntacti c ambiguity . 

A themati c rol e i s  a n abstrac t  semanti c relatio n 
betwee n a  ver b an d on e o f  it s  nou n phras e (NP ) 
arguments ;  thes e role s includ e th e Agen t  o f  th e actio n 
describe d b y th e verb ,  th e T h e m e (sometime s calle d 
Patient )  o f  th e action ,  th e Instrumen t  o f  th e action ,  an d 
others .  Fo r  example ,  th e ver b cu t  ha s tw o differen t 
argumen t  structures ;  i t  m a y appea r  wit h th e thre e 
argument s Agent ,  Theme ,  an d Instrument ,  a s i n Mar y 
cut  th e rop e wit h a  knife ,  an d i t  m a y als o omi t  th e 
Instrumen t  role ,  a s i n M a r y cu t  th e rope .  Tanenhau s 
and Carlso n (1989 )  hav e hypothesize d tha t  whe n a  ver b 
i s encountere d i n th e input ,  it s  alternativ e argumen t 
structure s ar e activate d i n parallel ,  an d tentativ e themati c 
rol e assignment s ar e attempte d fo r  th e N P s tha t  hav e 
bee n encountere d t o tha t  point .  Possibl e assignment s 
ar e evaluate d b y comparin g informatio n i n th e noun' s 
lexica l  entr y wit h th e verb' s argumen t  structure .  Fo r 
example .  Agent s mus t  b e animate ,  an d s o a n inanimat e 
N P wil l  no t  b e assigne d a n Agen t  themati c role .  I f  on e 
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argumen t  structur e produce s compatibl e assignment s fo r 
th e NP s encountere d t o tha t  poin t  an d othe r  structure s 
do not ,  the n thi s argumen t  structur e wil l  b e adopte d b y 
th e parser .  Th e parse r  wil l  the n adq) t  a  phras e structur e 
representation  o f  th e inpu t  tha t  i s compatibl e wit h th e 
chose n argumen t  structure . 

Truesweli ,  Tanenhau s &  Gamse y (1992 )  teste d thes e 
claim s i n a  stud y measurin g readin g time s i n sentence s 
containin g "mai n verb/reduce d relative "  ambiguities ,  i n 
whic h i t  i s  temporaril y  ambiguou s whethe r  a  ver b i n 
th e sentenc e i s th e mai n ver b (e.g. ,  examine d i n Th e 
defendan t  examine d th e document )  o r  i s modifyin g a 
nou n i n a  reduce d relativ e claus e (a s i n Th e defendan t 
examine d b y th e lawye r  wa s nervous.) .  Al l  critica l 
sentence s i n th e stud y wer e resolve d wit h th e reduce d 
relativ e interpretation ;  th e ke y manipulatio n wa s th e 
animac y o f  th e subjec t  noun ,  a s i n th e pai r  T h e 
[defendant/evidence ]  examine d b y th e lawye r  turne d ou t 
t o b e unimportant .  Th e nou n defendan t  i s animat e an d 
so coul d b e th e Agen t  o f  examine d (permittin g th e 
simpl e mai n ver b structure ,  i n whic h th e defendan t 
examine d something) ,  bu t  evidenc e i s inanimat e an d 
thu s canno t  receiv e a n Agen t  themati c role ,  thereb y 
eliminatin g th e simpl e mai n ver b interpretatio n a s a 
candidat e fo r  thi s ambiguou s sentence .  I n th e animat e 
{defendant )  condition ,  whic h permit s th e incorrec t  mai n 
ver b interpretation ,  readin g time s wer e longe r  a t  th e 
disambiguatio n (Jb y the... )  compare d t o unambiguou s 
controls .  I n th e inanimat e evidenc e condition ,  however , 
ther e wa s n o ambiguit y effec t  a t  th e disambiguation , 
suggestin g tha t  subject s ha d use d animac y informatio n 
earl y i n th e pars e t o guid e themati c rol e assignmen t 
(assignin g th e T h e m e rol e t o evidence) ,  whic h i n m m 
guide d the m t o th e correc t  interpretatio n o f  th e 
ambiguity . 

The Trueswel i  e t  al .  result s sugges t  tha t  themati c 
rol e assignments ,  rathe r  tha n strategie s lik e Minima l 
Attachment ,  guid e th e parse r  fro m th e outset .  I f  so ,  a n 
obviou s questio n i s h o w th e parse r  evaluate s th e 
possibl e themati c rol e assignment s a s i t  i s  constructin g 
a syntacti c representatio n o f  th e input .  Th e Trueswel i 
et  al .  dat a poin t  t o th e importanc e o f  animacy ,  bu t  othe r 
dat a sugges t  tha t  som e non-syntacti c informatio n (e.g. , 
rea l  worl d knowledg e suc h a s w h o i s likel y t o sen d o r 
receiv e flowers ,  Rayne r  e t  al. ,  1983 )  doe s no t  influenc e 
earl y parsing .  O n e reaso n fo r  thi s differenc e migh t  b e 
tha t  animac y ca n b e represente d i n nouns '  lexica l 
entries ,  independen t  o f  context :  evidenc e i s inherentl y 
inanimat e an d th e Agen t  rol e fo r  an y ver b mus t  b e 
assigne d t o a n animat e noun .  Perhap s th e featur e 
iAnimat e ca n influenc e themati c rol e assignment ,  bu t 
rea l  worl d plausibilit y  information ,  suc h a s th e 
likelihoo d o f  someon e sendin g flowers ,  cannot . 
However ,  th e Rayne r  e t  al .  (1983 )  stimul i  diffe r  fro m 
th e Trueswel i  e t  al .  (1992 )  stimul i  no t  onl y i n th e rea l 
worl d vs .  lexica l  (animacy )  natur e o f  th e information , 
but  als o i n th e timin g o f  th e constraint s an d th e 
ambiguity .  Th e animac y constraint s arriv e a t  th e 

ambiguou s ver b (e.g .  th e conjunctio n o f  evidenc e an d 
examined) ,  bu t  Rayne r  e t  al.' s  rea l  worl d constraint s 
appea r  wel l  afte r  th e ambiguit y i s introduce d an d s o 
migh t  arriv e to o lat e t o influenc e th e initia l  parse .  I f 
we ar e t o examin e furthe r  th e rol e o f  non-syntacti c 
informatio n i n parsing ,  thes e factor s mus t  b e 
unconfounde d s o tha t  a  plausibilit y  cu e i s availabl e a t 
th e poin t  o f  ambiguity . 

Th e stud y belo w manipulate s feature s o f  th e subjec t 
MP i n a  mai n verb/reduce d relativ e ambiguity ,  a s i n 
Trueswel i  e t  al .  (1992) ,  bu t  instea d o f  a  lexica l  featur e 
lik e iAnimate ,  w e manipulat e th e plausibilit y  o f  a 
themati c rol e assignmen t  withi n animat e NPs .  Fo r  th e 
ver b applauded ,  fo r  example ,  musicia n i s mor e plausibl e 
as a  T h e m e tha n a s a n Agent ,  an d audienc e i s a  mor e 
plausibl e Agen t  tha n Theme .  N P s tha t  ar e bette r 
Themes tha n Agent s shoul d b e implausibl e i n th e mai n 
ver b interpretatio n an d wil l  therefor e promot e th e 
reduce d relativ e interpretation ,  wherea s N P s tha t  ar e 
bette r  Agent s tha n Theme s wil l  promot e th e mai n ver b 
interpretation .  W h e n th e disambiguatio n reveal s tha t 
th e reduce d relativ e interpretatio n i s correct ,  reader s 
shoul d hav e difficult y (evidence d b y slowe d readin g 
times )  onl y whe n a  Poo r  T h e m e ha d promote d th e 
incorrec t  interpretation ;  G o o d T h e m e sentence s shoul d 
not  b e problematic .  Thi s patter n o f  result s woul d 
indicat e tha t  rea l  worl d plausibilit y  informatio n ca n 
influenc e themati c rol e assignmen t  an d parsin g an d 
woul d b e difflcul t  fo r  Frazier' s mode l  t o explain .  I f 
plausibilit y  doe s no t  guid e th e parser ,  however ,  thi s 
woul d b e evidenc e tha t  onl y basi c lexica l  informatio n 
lik e animac y ca n influenc e themati c rol e assignment , 
but  tha t  plausibilit y  informatio n cannot . 

Metho d 

Ratings. To develop a set of stimuli 
manipulatin g plausibility ,  preliminar y rating s wer e 
conducte d o n a  larg e poo l  o f  NP-ver b combination s 
suc h a s prisone r  captured,  studen t  taught ,  audienc e 
applauded ,  musicia n applauded ,  etc .  W e obtaine d 
rating s o f  th e N P a s bot h a  subjec t  (Agen t  rol e 
assigned ,  mai n ver b reading )  an d a s a n objec t  (Them e 
rol e assigned ,  relativ e claus e reading )  o f  a  particula r 
verb .  W e als o obtaine d a  comparativ e preferenc e ratin g 
betwee n thes e tw o readings .  Becaus e rater s wer e directl y 
comparin g th e tw o readings ,  bot h reading s wer e 
conveye d wit h sentenc e fragments ,  a s i n Th e audienc e 
applaude d the.. .  an d Th e audienc e tha t  wa s applaude d b y 
the... ,  fo r  th e subjec t  an d objec t  ratin g respectively . 
Eac h fragmen t  wa s rate d o n a  scal e fro m l=goo d t o 
7=bad ;  subject s wer e instructe d t o bas e thei r  rating s o n 
whethe r  th e fragmen t  m a d e sens e an d describe d 
somethin g tha t  coul d happe n i n rea l  life .  T h e 
comparativ e ratin g wa s als o performe d o n a  7-poin t 
scale ,  wit h 1  correspondin g t o a  ver y stron g subjec t 
preferenc e an d 7  a  ver y stron g objec t  preference .  Fou r 
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ratin g list s wer e prepare d s o tha t  subject s woul d se e a 
give n ver b i n onl y on e pai r  o f  fragments .  Forty-fiv e 
subject s participate d i n th e ratings . 

Materials. Using the pool of rated fragments, 24 
stimulu s item s wer e constructed .  Eac h ite m wa s 
constructe d fro m tw o pair s o f  rate d fragment s tha t  ha d 
containe d th e sam e ambiguou s verb .  Th e M P i n on e 
fragmen t  pai r  ha d receive d a  ver y lo w comparativ e ratin g 
(suc h tha t  th e N P wa s strongl y preferre d a s a n Agent . 
and thu s wa s a  Poo r  Theme ,  e.g .  Th e audienc e 
applaude d the.. .  wa s preferre d t o Th e audienc e tha t  wa s 
applaude d b y the...) ,  an d th e N P i n th e othe r  pai r  ha d 
receive d a  ver y hig h comparativ e ratin g (suc h tha t  thi s 
NP wa s strongl y preferre d a s a  Theme ,  e.g .  musicia n 
applauded) .  Introductor y phrase s an d completion s wer e 
constructe d fo r  eac h item ,  a s wer e unambiguou s 
controls ,  s o tha t  eac h stimulu s ite m coul d appea r  i n 
fou r  version s b y crossin g tw o independen t  variables : 
Ambiguit y (ambiguou s (A )  vs .  unambiguou s (U) )  an d 
Rol e Plausibilit y  (Goo d Them e (GT )  vs .  Poo r  Them e 
(PT) )  a s show n i n Tabl e 1 .  Sixty-on e filler  item s wit h 
a variet y o f  syntacti c structure s wer e als o prepared ,  a s 
wer e y&s/n o comprehensio n question s fo r  al l  items . 

Subjects. Fifty-two MIT students who had not 
participate d i n th e rating s pretes t  wer e pai d fo r  thei r 
participation .  Al l  wer e nativ e speaker s o f  English . 

Procedure. Subjects read the sentences on a CRT 
i n a  Movin g Windo w displa y (Jus t  e t  al. ,  1982 )  i n 
whic h the y presse d a  ke y t o se e eac h wor d o f  th e 
sentence .  A  tria l  bega n wit h a  displa y o f  dashe s 
indicatin g al l  nonspac e character s o f  th e sentence . 
When th e subjec t  presse d a  compute r  termina l  key ,  th e 
first  wor d appeared ,  replacing  it s dashes .  Wit h eac h 
successiv e keypress ,  th e visibl e wor d reverted  t o dashe s 

and th e nex t  wor d appeared .  Pressin g th e ke y afte r  th e 
las t  wor d remove d th e sentenc e an d displaye d a 
comprehensio n question .  Th e subjec t  responde d b y 
pressin g a  ke y labele d "Yes "  o r  "No "  an d di d no t  receiv e 
feedbac k o n accuracy .  Subject s sa w five  practic e items , 
followe d b y th e experimenui l  an d filler  item s i n pseudo -
randomize d order ;  a t  leas t  on e filler  precede d an y 
experimenta l  item . 

Result s 

Reading time. Reading times at each word 
positio n wer e trimme d fo r  eac h subject ,  replacin g dat a 
point s mor e tha n 3  S D ove r  th e relevan t  mea n wit h th e 
3 S D cutof f  value ,  affectin g les s tha n 3 % o f  th e data . 
The experimenta l  sentence s wer e divide d int o fou r 
regions  fo r  th e readin g tim e analysis ,  a s show n i n 
Figur e 1 .  Regio n 1  consiste d o f  th e Goo d o r  Poo r 
Theme NP .  Regio n 2  containe d th e ambiguou s verb ,  a s 
wel l  a s tha t  was/wer e i n th e unambiguou s conditions . 
Regio n 3  consiste d o f  th e by-phrase ,  an d Regio n 4 
containe d th e first  tw o word s o f  th e mai n ver b phras e 
(th e disambiguation) .  Th e remainder  o f  th e sentenc e 
was analyze d separately .  Regio n 4  i s considere d th e 
disambiguatio n becaus e th e by-phras e i n Regio n 3  doe s 
not  necessaril y  disambiguat e th e sentence .  Th e 
prepositio n "by "  i s ambiguou s betwee n a n agentiv e 
phras e (whic h woul d disambiguate )  an d a  locativ e (e.g. , 
by th e sea ,  whic h woul d no t  disambiguat e i f  th e 
precedin g ver b ha d a n intransitiv e interpretation ,  a s 
some stimul i  di d have ;  se e MacDonald ,  1992 ;  Pritchett , 
1989) .  Onl y th e las t  wor d o f  Regio n 3  suggest s th e 
correc t  interpretation ,  an d a  locativ e interpretatio n i s 
neve r  rule d ou t 

Tabl e 1-Exampl e sentenc e se t 

The produce r  sai d tha t  th e liv e broadcas t  wen t 
smoothly ,  an d 
Good Them e (GT ) 
Ambig .  th e musicia n {q)plaude d b y th e hos t 

enjoye d th e sho w immensel y fro m star t 
t o finish. 

Unambig .  th e musicia n tha t  wa s applaude d b y th e 
host  enjoye d th e sho w immensel y fro m 
star t  t o finish. 

Poor  Them e (FT ) 
Ambig .  th e audienc e applaude d b y th e hos t 

enjoye d th e sho w immensel y fro m star t 
t o finish. 

Unambig .  th e audienc e tha t  wa s applaude d b y th e 
host  enjoye d th e sho w immensel y fro m 
star t  t o finish. 

oT 50 0 - \ 

450 -

'.• •  GT A 
. i  400 -

..DG-R J 

2 35 0 

1 
NP 

T 
2 3  4 

ambver b by-phras e disamb . 
R e g i o n 

Figur e 1 .  Goo d Them e (GT )  an d Poo r  Them e (PT ) 
Ambiguou s (A )  an d Unambiguou s (U )  readin g time s 
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A n omnibu s A N O V A reveale d th e predicte d 
interactio n o f  Role ,  Ambiguit y an d Regio n [Fi(3,153 ) 

= 5.71 ,  p  =  .001 .  f  2(3,69 )  =  2.87 .  p  <  .05] ,  justifyin g 

examinatio n o f  effect s a t  eac h Regio n separately . 
As expected ,  ther e wer e n o significan t  effect s i n 

Regio n 1 ,  befor e th e ambiguit y wa s introduced .  I n 
Regio n 2 ,  however ,  readin g time s wer e identica l  i n th e 
tw o unambiguou s condition s (40 1 m s an d 39 9 m s fo r 
th e Goo d Them e (GT )  an d Poo r  Them e (PT )  conditions , 
respectively) ,  bu t  ther e wa s a n effec t  o f  Rol e o n th e 
Ambiguou s items .  Th e P T Ambiguou s readin g time s 
wer e relativel y fas t  (38 0 ms) ,  whil e G T Ambiguou s 
time s wer e relativel y slo w (43 2 m s ) ,  a  signiflcan t 
differenc e [/i(51 )  =  -2.58 .  p < .05 ;  /2(23 )  =  -3.14 ,  p < 

.005] .  Thi s resul t  replicate s MacDonald' s (1992 ) 
fmdin g tha t  readin g time s i n a n ambiguou s regio n ar e 
faste r  whe n th e availabl e informatio n promote s a  simpl e 
interpretatio n (here ,  th e P T condition ,  whic h i s 
plausibl e i n th e simpl e mai n ver b interpretation) ,  tha n 
when informatio n promote s a  mor e comple x 
interpretatio n (th e G T conditio n here ,  whic h i s mor e 
plausibl e i n th e reduce d relativ e structur e tha n i n th e 
mai n ver b structure) .  I n othe r  words ,  th e plausibilit y 
infOTmatio n appear s t o b e influencin g readin g time s (an d 
parsing )  a t  th e earlies t  possibl e point ,  an d thu s doe s no t 
î pea r  t o b e limite d t o late r  backtracking . 

Analyse s i n Regio n 3 ,  containin g th e by-phrase , 
reveale d a  Rol e x  Ambiguit y interactio n [Fi(l,51 )  = 

4.28,p < .05 ;  ̂ 2(1,23 )  =  A.\5,p = .05] .  Th e sourc e o f 

thi s interactio n wa s tha t  th e G T Unambiguou s 
conditio n (35 8 ms )  wa s a t  leas t  marginall y faste r  tha n 
th e othe r  thre e condition s (al l  377-38 4 ms) ,  whil e thes e 
latte r  thre e di d no t  diffe r  firom  on e another . 

The analysi s fo r  Regio n 4 ,  containin g th e 
disambiguation ,  als o reveale d a  Rol e x  Ambiguit y 
interacuo n [Fi(l,51 )  =  4.68 ,  p < .05 ;  F2(l,23 )  =  2.22 , 

p = .15] .  Furthe r  analysi s reveale d tha t  i n th e P T 
conditions ,  readin g time s wer e significantl y slowe r  i n 
th e ambiguou s sentence s (48 5 m s )  tha n i n th e 
unambiguou s control s (41 6 m s )  Ui(51 )  =  2.81 ,  p < 

.01 ;  /2(23 )  =  2.58 ,  p  <  .05] ,  bu t  ther e wa s n o effec t  o f 
ambiguit y i n th e G T condition s (40 5 vs .  39 0 m s i n 
ambiguou s an d unambiguou s conditions ,  t' s  <  1) .  I n 
othe r  words ,  subject s ha d n o difficult y whe n plausibilit y 
favore d a  Them e assignmen t  fo r  th e firs t  N P ,  bu t  the y 
wer e slo w whe n a  Poo r  T h e m e ha d promote d th e 
incorrec t  mai n ver b interpretation .  I n addition ,  G T 
Unambiguou s readin g time s wer e marginall y faste r  tha n 
PT Unambiguou s readin g time s [/i(51 )  =  1.90 ,  p  <  .10 ; 

/2(23 )  =  2.10 ,  p < .05] ,  indicatin g a n effec t  o f 

plausibilit y  eve n i n th e absenc e o f  ambiguity . 
Analyse s o f  th e remainin g word s showe d smal l 

effect s o f  Role ,  bu t  neithe r  th e Ambiguit y facto r  no r  it s 
interactio n wit h Rol e wa s robust .  Ther e wa s als o n o 
reliabl e effec t  o f  an y facto r  o n comprehensio n questio n 
accuracy . 

I n sum ,  th e readin g tim e dat a sho w a  clea r  differenc e 
betwee n th e ambiguit y effect s fo r  th e G o o d an d Poo r 
T h e me conditions .  I n th e P T condition ,  containin g n o 
helpfu l  plausibilit y  information ,  readin g time s a t  th e 
ambiguou s ver b wer e faste r  tha n i n th e unambiguou s 
condition ,  bu t  the y increase d substantiall y  ove r 
unambiguou s time s a t  th e disambiguation .  Subject s 
appea r  t o pars e thes e sentence s a s th e garde n pat h mode l 
predicts ,  initiall y  interpretin g th e ambiguou s ver b a s th e 
mai n ver b o f  th e sentence ,  an d the n showin g surpris e a t 
th e disambiguation .  B y contrast ,  th e G T Ambiguou s 
conditio n produce d slowe r  readin g time s a t  th e 
ambiguou s verb ,  suggestin g tha t  subject s ar e alread y 
considerin g th e (correct )  relativ e claus e interpretatio n a t 
thi s point .  Later ,  a t  th e disambiguation ,  subject s sho w 
n o significan t  increas e i n readin g time s ove r  th e 
unambiguou s condition .  Thi s patter n suggest s tha t 
eithe r  subject s ar e usin g th e plausibilit y  informatio n t o 
choos e a n interpretatio n wel l  befor e the y reac h th e 
disambiguation ,  or ,  i f  Minima l  Attachmen t  i s actin g 
fu-s t  an d th e plausibilit y  informatio n i s affectin g 
backtrackin g later ,  the n thi s sequenc e o f  event s mus t 
al l  b e takin g plac e ver y early ,  durin g th e readin g o f  th e 
ambiguou s vo- b i n th e G T condition ,  becaus e subject s 
see m t o hav e completel y settle d o n th e correc t 
interpretatio n b y th e disambiguation .  Whil e i t  i s 
conceivabl e tha t  misanalysi s an d reanalysi s ar e bot h 
occurrin g durin g th e readin g o f  a  singl e word ,  th e 
simple r  explanatio n i s tha t  th e plausibilit y  informatio n 
i s guidin g themati c rol e assignmen t  an d parsin g fro m 
th e outset .  Additiona l  evidenc e i s provide d b y th e 
relationshi p betwee n th e readin g tim e an d ratin g data , 
whic h w e conside r  nex t 

Ratings. The reading data demonstrated that the 
sentence s i n th e G T condition s di d no t  sho w th e sam e 
ambiguit y effect s a s thos e i n th e P T conditions ;  th e 
rating s wil l  investigat e whethe r  th e plausibilit y 
constraint s operat e alon g a  continuum .  Th e ambiguou s 
an d unambiguou s readin g time s an d ambiguous -
unambiguou s diff^^nc e score s i n th e fou r  region s wer e 
correlate d wit h th e objec t  rating s w e obtaine d i n ou r 
initia l  normin g procedures .  Th e objec t  rating s wer e 
thos e i n whic h subject s rate d th e goodnes s o f  th e N P a s 
a direc t  objec t  i n unreduce d relativ e claus e fragment s 
suc h a s Th e audienc e tha t  wa s applaude d b y the... .  Th e 
objec t  rating s therefor e reflec t  th e plausibilit y  o f  th e 
eventua l  disambiguatio n o f  th e ambiguit y i n th e 
experimenta l  items . 

Becaus e th e stimul i  wer e selecte d wit h th e ai d o f 
comparativ e rating s (i n whic h subject s indicate d whic h 
interpretatio n wa s mor e plausible) ,  i t  i s  importan t  t o 
examin e th e rang e o f  objec t  rating s a t  eac h leve l  o f  Rol e 
t o b e sur e tfiat  thes e rating s ar e no t  merel y recreatin g 
th e dichotomou s Rol e variable .  Ther e wa s a  smal l  rang e 
of  objec t  rating s i n th e G o o d T h e m e conditio n (1.07 -
2.27 )  an d a  wid e rang e o f  rating s withi n th e Poo r 
T h e me conditio n (1.95-5.27) .  Th e distribution s o f 
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rating s i n th e tw o condition s thu s overlap ,  wit h som e 
Good T h e m e item s havin g poore r  rating s tha n som e 
Poor  T h e m e items .  Give n thi s range ,  correlation s 
betwee n rating s an d readin g time s shoul d b e 
informative .  I t  shoul d als o b e usefu l  t o examin e th e 
correlation s withi n eac h leve l  o f  Role ,  thoug h onl y th e 
stronges t  relationship s coul d b e identified ,  becaus e th e 
rang e o f  rating s an d statistica l  powe r  ar e reduce d whe n 
onl y hal f  o f  th e item s ente r  int o th e analysis . 

The rating/readin g tim e correlation s fo r  th e entir e 
stimulu s se t  ar e show n i n Tabl e 2 .  A s expected , 
correlation s fo r  Regio n 1  (befor e th e ambiguit y wa s 
introduced )  wer e al l  non-signiflcant ,  bu t  i n Regio n 2 
(th e ambiguou s verb) ,  th e negativ e correlatio n wit h 
ambiguou s readin g lime s wa s marginall y significant , 
indicatin g tha t  ambiguou s verb s followin g bette r  Them e 
^4Ps tende d t o b e rea d mor e slowl y tha n whe n th e M P 
was a  les s plausibl e Theme .  I n othe r  words ,  subject s 
rea d th e ambiguou s ver b mor e slowl y whe n plausibilit y 
informatio n provide d som e reaso n t o expec t  a  comple x 
relativ e claus e structure ,  an d the y rea d mor e quickl y 
when plausibilit y  informatio n promote d th e simpl e 
mai n ver b interpretation .  A s mentione d above ,  thi s 
effec t  i s  important ,  a s i t  suggest s tha t  th e plausibilit y 
of  alternat e interpretation s i s affectin g th e initia l 
interpretatio n o f  th e sentence .  Moreover ,  th e 
correlatio n wa s presen t  withi n th e item s i n th e Goo d 
Theme conditio n [ r  =  -.36 ,  p  <  .10] .  Thu s th e bes t  o f 
th e Goo d Them e item s wer e rea d mor e slowl y a t  th e 
ambiguit y tha n wer e slightl y poore r  G o o d T h e m e 
items . 

I n Regio n 3  (th e by-phrase) ,  ambiguou s readin g 
time s wer e unrelate d t o th e ratings ,  bu t  unambiguou s 
readin g time s decrease d a s th e rating s improved .  Thes e 
result s sho w tha t  withi n a  fe w word s afte r  encounterin g 
th e Regio n 2  verb ,  th e languag e processo r  i s sensitiv e 
t o th e anomal y o f  assignin g a  T h e m e rol e t o a  poo r 
T h e me i n a n unambiguou s relativ e clause .  Thes e 
effect s o n unambiguou s reading  time s wer e als o present , 
thoug h smaller ,  withi n th e Poo r  T h e m e item s 
considere d separatel y [ r  =  .26 ,  p  <  .25 ]  an d withi n th e 
Good T h e m e item s [ r  =  .38 ,  p  <  .10] . 

R e g i o n 

Amb 
Un 
A- U 

1 
f̂ p 

-0.1 0 
-0.2 2 
0.0 7 

2 3 
a mb vr b by-phr . 

-0.27 *  -0.0 5 
0.0 7 0.34* * 

-0.2 3 -0.29* * 

4 
disam b 

0.49** * 
0.28* * 
0.26 * 

A - U =  A m b - U n a m b Differenc e score .  Rating s ar e 
l=goo d t o 7=bad ;  positiv e correlation s therefor e indicat e 
tha t  bette r  rating s produc e faste r  readin g time s o r 
smalle r  A - U differences . 
* p <  .10 .  ** p <  .05 .  *** p =  .0005 . 

I n Regio n 4  (th e disambiguation) ,  bot h th e 
ambiguou s an d unambiguou s readin g time s correlate d 
wel l  wit h th e ratings ,  thoug h th e effec t  wa s muc h 
stronge r  fo r  th e ambiguou s items ,  suggestin g tha t 
plausibilit y  account s fo r  som e effect s i n al l  sentence s 
regardless  o f  ambiguity ,  bu t  tha t  i t  ha s a n additiona l 
effec t  o n th e ambiguou s items .  Th e correlatio n betwee n 
th e rating s an d th e differenc e score s indicate s tha t  a s th e 
initia l  N P become s a  bette r  Theme ,  th e ambiguit y effec t 
decrease s a t  th e poin t  o f  disambiguation :  Subject s 
expec t  th e reduce d relativ e structur e whe n th e 
plausibilit y  informatio n favor s it ,  an d no t  whe n 
plausibilit y  promote s a  mai n ver b structure . 

I n sum ,  th e correlation s confir m an d exten d th e 
majo r  effect s i n th e readin g times :  A s th e Regio n 1 
N Ps becom e poore r  Theme s an d s o promot e th e 
incorrec t  simpl e interpretation ,  readin g time s o n th e 
ambiguou s ver b i n Regio n 2  becom e faster ,  an d readin g 
time s i n th e disambiguatin g Regio n 4  becom e slower . 
As mentione d above ,  i t  i s  difficul t  t o ascrib e thes e 
effect s t o backtrackin g an d revision ;  i t  appear s tha t  th e 
earl y plausibilit y  informatio n supportin g a  relative 
claus e encourage s subject s t o adop t  tha t  structur e wel l 
befor e th e definitiv e disambiguatio n i s reached . 
Moreover ,  th e fac t  tha t  meaningfu l  correlation s ca n b e 
foun d withi n th e G o o d an d Poo r  T h e m e item s 
considere d separatel y demonstrate s th e grade d natur e o f 
th e plausibilit y  cue s investigate d here .  I t  i s  no t  onl y 
dichotomou s lexica l  feature s lik e ±Animat e tha t 
influenc e syntacti c parsing :  Ou r  grade d plausibilit y 
effect s als o hav e a  rapi d influenc e o n ambiguit y 
resolution . 

D i s c u s s i o n 

The results of the present experiments are consistent 
wit h th e Trueswel l  e t  al .  (1992 )  finding s bu t  contras t 
wit h th e Rayne r  e t  al .  (1983 )  result s tha t  suggeste d tha t 
plausibilit y  informatio n coul d no t  hel p t o determin e th e 
cours e o f  first-pass  parsing .  Th e difference s acros s 
studie s sugges t  tha t  sufficientl y stron g plausibilit y  cue s 
presen t  a t  th e onse t  o f  a n ambiguit y ca n ai d i n initia l 
syntacti c parsing ,  a s i n th e presen t  experiments ,  bu t 
tha t  weake r  an d late-occurrin g plausibilit y  cue s i n th e 
Rayne r  e t  al .  stud y coul d no t  influenc e earl y processing , 
so tha t  subject s stil l  ha d difficult y i n thos e sentence s a t 
th e disambiguation .  Ou r  wor k i n progres s pursue s 
thes e issue s i n tw o ways :  1 )  manipulatio n o f  th e 
informatio n betwee n th e ambiguit y an d th e 
disambiguatio n (whic h wa s alway s a  by-phras e here ,  cf . 
MacDonald ,  1992 ;  Rayne r  e t  al. .  1983) ,  an d 2 ) 
examinatio n o f  th e rol e o f  workin g memor y capacit y 
(Jus t  &  Carpenter .  1992 )  o n th e abilit y  t o comput e th e 
plausibilit y  informatio n tha t  guide s themati c rol e 
assignmen t  an d ambiguit y resolution. 

Our  result s t o dat e sugges t  tha t  probabilisti c 
plausibilit y  cue s d o no t  ai d parsin g i n a n all-or-nothin g 
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manner ,  bu t  rathe r  tha t  th e eas e wit h whic h th e pars e i s 
handle d i s  directl y relate d t o th e strengt h o f  th e 
plausibilit y  cue .  Thes e finding s d o no t  len d suppor t  t o 
a two-stag e mode l  lik e th e garde n pat h mode l  (Frazicr , 
1987) ,  i n whic h plausibilit y  informatio n ca n influenc e 
onl y th e secon d stag e o f  analysi s (backtracking) ,  unless , 
as w e hav e noted ,  th e firs t  an d secon d stage s ca n tak e 
plac e durin g th e processin g o f  a  singl e word ,  a 
modificatio n tha t  substantiall y  weaken s suc h models . 
By contrast ,  ou r  result s ar e easil y explaine d b y th e clas s 
of  model s discusse d b y Tanenhau s an d Carlso n (1989) , 
i n whic h th e syntacti c parse r  build s it s  syntacti c 
interpretatio n base d o n th e best-supporte d o f  th e 
availabl e ver b argumen t  structures .  Trueswel l  e t  al . 
(1992 )  showe d tha t  th e "best-supported "  argumen t 
structur e coul d b e influence d b y relevan t  lexica l 
semanti c infomatio n suc h a s nou n animacy ;  th e curren t 
dat a indicat e tha t  plausibilit y  informatio n arisin g fro m 
th e combinatio n o f  nou n an d ver b meaning s ca n als o 
influenc e thi s determination . 

Our  result s ar e als o compatibl e wit h Altman n & 
Steedman' s (1988 )  "weakl y interactive "  mode l  o f 
parsin g i n whic h th e parse r  propose s multipl e structura l 
analyse s i n parallel ,  an d pragmati c factor s determin e 
whic h interpretatio n wil l  b e pursue d b y th e parser . 
What  i s no t  ye t  clea r  fro m an y o f  thi s researc h i s th e 
leve l  o f  representatio n tha t  i s mediatin g th e plausibilit y 
effects :  I t  ma y b e th e discours e representatio n o f  th e 
sentence ,  incorporatin g rea l  worl d knowledge ,  o r  i t  ma y 
be tha t  activatio n o f  a  ric h lexical/semanti c 
representatio n o f  noun s an d verb s lik e audienc e an d 
applaude d i s  sufficien t  t o guid e themati c rol e 
assignments .  A n additiona l  possibilit y  i s  tha t  multipl e 
source s o f  informatio n constrai n themati c rol e 
assignments ,  bu t  ove r  differen t  tim e courses ,  s o tha t 
rapidl y compute d informatio n (e.g .  animacy )  ha s a n 
earlie r  effec t  tha n mor e subtl e informatio n suc h a s th e 
plausibilit y  informatio n investigate d here .  Additiona l 
stud y o f  thi s issue ,  especiall y tha t  focusin g o n th e 
grade d natur e o f  th e cues ,  wil l  hav e importan t 
implication s fo r  theorie s o f  bot h syntacti c parsin g an d 
lexica l  representation . 

Reference s 

Altmann, G. & Steedman. M. 1988. Interaction with 
contex t  durin g huma n sentenc e processing . 
Cognition ,  30,191-238 . 

Ferreira ,  F. ,  &  Clifton ,  C .  1986 .  Th e independenc e o f 
syntacti c processing .  Journa l  o f  M e m o r y an d 
Language ,  25 ,  348-368 . 

Frazier ,  L .  1987 .  Sentenc e processing :  A  tutoria l 
review .  I n M .  Colthear t  (Ed.) ,  Attentio n an d 
performanc e XII :  Th e psycholog y o f  reading . 
Hillsdale ,  NJ :  Erlbaum .  559-586 . 

Just .  M.A .  &  Carpenter ,  P.A .  1992 .  A  capacit y theor y 
of  comprehension :  Individua l  difference s i n workin g 
memory.  Psychologica l  Review ,  99 ,  122-149 . 

Just .  M .  A .  ,  Carpenter ,  P .  A..  &  WooUey ,  J .  D .  1982 . 
Paradigm s an d processe s i n readin g comprehension . 
Journa l  o f  Exp .  Psychology :  General ,  3,228-238 . 

MacDonald .  M .  C .  1992 .  Probabilisti c  constraint s an d 
syntacti c ambiguit y resolution .  Submitted . 

Pritchett .  B .  L .  1988 .  Garde n pat h phenomen a an d th e 
grammatica l  basi s o f  languag e processing .  Language , 
64 ,  539-576 . 

Rayner ,  K. ,  Carlson ,  M. .  &  Frazier ,  L .  1983 .  Th e 
interactio n o f  synta x an d semantic s durin g sentenc e 
processing .  Journa l  o f  Verba l  Learnin g an d Verba l 
Behavior ,  22 ,  358-374 . 

Tanenhaus ,  M .  K. ,  &  Carlson ,  G .  1989 .  Lexica l 
structur e an d languag e comprehension .  I n W . 
Marslen-Wilson ,  (Ed.) ,  Lexica l  Representatio n an d 
Process .  Cambridge ,  M A :  M I T Press . 

Trueswell .  J .  C .  Tanenhaus ,  M .  K. ,  &  Garnsey ,  S . 
M.  1992 .  Semanti c influence s o n parsing :  Us e o f 
themati c rol e informatio n i n syntacti c 
disambiguation .  Submitted . 

A c k n o w l e d g m e n t s 

Much of this research was completed while M. 
MacDonal d wa s a t  MIT ,  wher e thi s researc h wa s 
supporte d b y B R S G 2  S0 7 RR07047-2 3 fro m th e 
Nationa l  Institute s o f  Health . 

503 



T h e T i m e Cou rs e o f  M e t a p h o r  C o m p r e h e n s i o n 

Philli p Wolf f  an d Dedr e Centne r 

Departmen t  o f  Psycholog y 
Northwester n Universit y 

202 9 Sherida n Road ,  Evanston .  I L 6020 8 

wolfr@ils.nwu.edu .  gentnet@ils.nwu.ed u 

A b s t r a c t 

This research investigates the process by which people 

understan d metaphors .  W e appl y processin g distinction s 

firom  computationa l  model s o f  analog y t o deriv e 

prediction s fo r  psychologica l  theorie s o f  metaphor .  W e 

distinguis h tw o classe s o f  theories :  thos e tha t  begi n wit h 

a matchin g proces s (e. g Centne r  &  Clement ,  1988 ; 

Ortony ,  1979 )  an d thos e tha t  begi n wit h a  mappin g 

proces s (e.g .  Gluckser g an d Keysar ,  1990) .  I n matchin g 

theories ,  processin g begin s wit h a  compariso n o f  th e 

tw o term s o f  th e metaphor .  I n mappin g theories , 

processin g begin s b y derivin g a n abstractio n fro m th e 

bas e (o r  vehicle )  term ,  whic h i s  the n mappe d t o th e 

targe t  (o r  topic) . 

I n thre e experiments ,  w e recorde d subjects '  tim e t o 

interpre t  metaphors .  Th e metaphor s wer e precede d b y 

eithe r  th e bas e term ,  th e targe t  term ,  o r  nothing .  Th e 

rational e wa s a s follows .  First ,  interpretation s shoul d b e 

faste r  wit h advance d term s tha n without ,  simpl y 

becaus e o f  advance d encoding .  Th e importan t 

predictio n i s tha t  i f  th e initia l  proces s i s mappin g from 

th e base ,  the n seein g th e bas e i n advance d shoul d b e 

mor e facilitativ e tha n seein g th e targe t  i n advanced . 

Matchin g model s predic t  n o differenc e i n interpretatio n 

tim e betwee n bas e an d targe t  priming .  Th e result s 

gena:all y supp(Hie d matching-fixs t  models ,  althoug h 

suppor t  f w mapping-firs t  model s wa s foun d wit h highl y 

conventiona l  metaphors . 

In t roduct ion ' 

How are metaphors understood? For instance, on 

hearin g A  surgeo n i s a  butcher ,  w e ^prehen d th e 

meanin g o f  th e metq)ho r  t o b e somethin g lik e " a 

'This work was supported by NSF grant BNS 87-20301 
and O N R gran t  N00014-89-J127 2 awarde d t o th e secon d 

author . 

surgeo n i s someon e w h o cut s flesh. "  H o w d o w e deriv e 

thi s interpretation ? Mos t  curren t  psychologica l  theorie s 

of  metapho r  describ e th e proces s o f  comprehensio n i n 

onl y ver y genera l  terms .  I n thi s researc h w e appl y 

processin g distinction s mad e i n computationa l  model s 

of  analog y t o specif y an d tes t  broa d classe s o f 

processin g model s i n psychology . 

A p p r o a c h e s t o Processin g 

From computational models of analogy we can 

deriv e thre e genera l  classe s o f  processin g algorithms , 

whic h ca n b e describe d a s matclung ,  mapping ,  an d 

matching-then-mappin g (Centner ,  1989).(Se e Figur e 1. ) 

I n matchin g models ,  th e commonalitie s o f  tw o 

representation s ar e recognize d b y alignin g thei r  part s 

and structure s (Winston ,  1982) .  W e migh t  interpre t  th e 

met^ho r  A  surgeo n i s a  butcher ,  fo r  instance ,  b y notin g 

tha t  bot h cu t  flesh .  Ortony' s (1979 )  salienc e imbalanc e 

theor y o f  metaphor s i s primaril y a  matchin g theory .  I n 

mappin g theories ,  processin g begin s b y accessin g o r 

creatin g fro m th e bas e ter m a  higher-orde r  categor y o r 

abstractio n whic h i s the n use d t o attribut e propertie s t o 

th e targe t  ter m (e.g. ,  Burstein ,  1983 ;  Carbonell ,  1983 ; 

Creiner .  1988 ;  Kedar-Cabelli ,  1985) .  Clucksber g an d 

Keysa r  (1990 )  hav e recentl y propose d a  theor y o f 

metapho r  tha t  fits  int o thi s processin g framewodc 

Accordin g t o thei r  model ,  a  metapho r  lik e M y jo b i s a 

jai l  i s  understoo d b y accessin g o r  derivin g a n 

abstractio n o r  categor y associate d wit h th e bas e term ,  o r 

vehicle ,  jail' ,  thi s abstractio n (e.g. ,  confinin g institution ) 

i s the n applie d t o th e targe t  term ,  o r  topic ,  job .  W e 

wil l  refe r  t o thi s particula r  instantiatio n o f  th e mappin g 

perspectiv e a s Category-mapping . 

Th e thir d kin d o f  processin g ca n b e terme d 

Matching-then-mappin g (Falkenhainer ,  Forbus .  & 

Centner ,  1989 ;  Hofstadter ,  Mitche U &  French ,  1987 ; 

Holyoa k &  Thagard ,  1990) .  Fo r  example ,  i n th e 
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