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C o n t i n g e n t  f r e q u e n c y effect s i n syntact i c a m b i g u i t y reso lu t io n 

Cornel l  Julian o 

Universit y  o f  Rocheste r 
Departmen t  o f  Psycholog y 

Rochester ,  N Y 1462 7 
Cornel l  @psych.rochester.ed u 

Abstract^ 

We investigated contingent frequency effects in syntactic 
ambiguit y resolutio n i n thre e self-pace d readin g 
experiments .  Experimen t  1  demonstrate d tha t  th e 
frequenc y wit h whic h tha t  occur s a s a  determine r  o r  a 
complementize r  i n differen t  syntacti c environment s 
predict s reader s initia l  parsin g preferences .  Experiment s 
2 an d 3  demonstrate d frequency  an d regularit y effect s fo r 
readin g th e an d tha t  afte r  differen t  type s o f  verb s tha t 
ar e simila r  t o effect s tha t  hav e bee n well-documente d i n 
word recognitio n 

Introductio n 

Although the frequency of occurrence of linguistic 
form s clearl y affect s ho w thos e form s ar e processed , 
ther e ha s bee n relativel y littl e exploratio n o f  frequenc y 
effect s i n syntacti c processing .  However ,  severa l  recen t 
computationa l  an d psycholinguisti c studie s hav e show n 
clea r  effect s o f  frequenc y o n syntacti c ambiguit y 
resolutio n (Hindl e &  Rooth ,  1990 ;  Mitchel l  &  Cuetos , 
1991;  MacDonald ,  1993 ;  Trueswell ,  Tanenhau s &  Kello , 
i n press) .  Thes e studie s sugges t  tha t  th e frequenc y wit h 
whic h structure s occu r  i n differen t  environment s an d th e 
frequenc y o f  lexica l  co-occurrenc e pattern s eac h 
influenc e ambiguit y resolution .  Thes e frequenc y effect s 
have importan t  implication s fo r  understandin g th e 
mechanism s underlyin g syntacti c ambiguit y resolution . 
I n particular ,  the y sugges t  tha t  parsin g preference s tha t 
have bee n attribute d t o structurall y based-decisio n 
principle s (e.g. .  Minima l  Attachment )  ma y instea d b e 
due t o th e frequencie s wit h whic h word s an d structure s 
co-occu r  i n th e language .  A n explanatio n alon g thes e 
line s i s generall y consisten t  wit h constraint-base d 
approache s t o ambiguit y resolutio n (cf. ,  MacDonald , 
1992;  Trueswell ,  Tanenhau s &  Kello ,  i n press ;  Spivey -
Knowlton ,  Trueswel l  &  Tanenhaus ,  i n press) . 

The wor k presente d her e i s a  preliminar y repor t  o n a 
projec t  i n whic h w e hav e bee n usin g th e wor d tha t  t o 
investigat e th e rol e o f  differen t  type s o f  frequenc y i n 
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HD-27206 . 
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Departmen t  o f  Psycholog y 
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syntactic ambiguity resolution. We show that 
preference s t o interpre t  tha t  a s a  complementize r  o r  a s a 
determine r  ar e determine d b y it s frequency  o f  occurrenc e 
i n differen t  syntacti c environments .  Thi s ha s genera l 
implication s fo r  studie s o f  syntacti c ambiguit y 
resolutio n sinc e man y syntacti c ambiguitie s hing e upo n 
categoricall y ambiguou s words .  W e als o demonstrat e a 
frequenc y b y regularit y interactio n involvin g tha t  tha t  i s 
simila r  t o thos e tha t  hav e bee n well-documente d i n wor d 
recognitio n researc h Thi s resul t  support s a n alternativ e 
typ e o f  explanatio n fo r  dat a pattern s tha t  ar e ofte n 
interprete d a s suppor t  fo r  parsin g model s tha t  ignor e 
lexically-specifi c  constraint s i n makin g initia l  syntacti c 
commitment s 

The wor d tha t  ha s severa l  propertie s whic h mak e i t 
usefu l  fo r  explorin g th e rol e o f  frequenc y i n syntacti c 
ambiguit y resolution .  Tha t  i s a  relativel y frequen t 
wor d an d thu s statistic s base d o n eve n a  smal l  corpu s 
ar e likel y t o b e reliable .  Tha t  i s als o multipl y 
ambiguou s a s th e example s i n (1-5 )  illustrate . 

(1) John believed that. (Pronoun) 
(2 )  Joh n believe d tha t  man .  (Determiner/NP-comp ) 
(3 )  Joh n believe d tha t  ma n wa s lying . 

(Determiner/S-complement ) 
(4 )  Joh n believe d tha t  Bil l  wa s lying . 

(Complementizer/S-complement ) 
(5 )  Joh n tol d th e ma n tha t  Su e wa s datin g . 

(Relativ e pronoun) . 

Most importantly, the frequency of occurence for 
th e differen t  reading s o f  tha t  varie s a s a  functio n o f 
syntacti c an d lexica l  environment .  A s a  resul t  tha t 
provide s a  usefu l  too l  fo r  investigatin g contingen t 
frequenc y effects .  Fo r  example ,  a n analysi s o f  th e 
Brow n Corpu s reveal s tha t  a t  th e beginnin g o f  a 
sentenc e tha t  i s mos t  ofte n a  pronou n (54%) ,  the n a 
determine r  (35% )  an d finally  a  complementize r  (11%) . 
But  whe n i t  immediatel y follow s a  ver b tha t  i s mos t 
ofte n a  complementize r  (93%) ,  the n a  determine r  (6% ) 
and leas t  frequend y a  pronou n (1%) . 

Our  studie s focuse d o n th e ambiguit y betwee n tha t 
as a  determine r  an d tha t  a s a  complementizer .  Th e first 
experimen t  examine d whethe r  readers '  preference s t o 
pars e tha t  a s a  determine r  o r  a  complementize r  ar e 
contingen t  o n th e syntacti c environmen t  i n whic h i t 
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Tabl e 1 .  Averag e readin g tim e i n millisecond s fo r  eac h score d wor d positio n i n Experimen t  1 . 

Conditio n 

Verb-r/w r 

Mtiai-tha t 

Sg.  Nou n 
PI .  Nou n 

Sg.  Nou n 
PI .  Nou n 

THAT 
tha t 

414 
409 

399 
381 

Adjectiv e 
che ^ 

453 
470 

456 
461 

Noun 

b9t?l(5 ) 

484 
479 

454 
479 

Auxiliar y 

is/ar e 

492 
433 

438 
563 

occurs .  Th e secon d tw o experiment s examine d th e 
interactio n o f  ver b frequenc y an d lexica l  co-occurrenc e i n 
syntacti c ambiguit y resolution . 

E x p e r i m e n t  1 

We conducted a self-paced reading study using sentences 
suc h a s thos e illustrate d i n th e example s i n (6) .  I n eac h 
of  th e fou r  sentenc e conditions ,  tha t  i s  temporaril y 
ambiguou s betwee n a  determine r  an d a  complementizer . 
I t  i s disambiguate d b y th e followin g noun . 

(6) a. The lawyer insisted that experienced diplomat 
woul d b e ver y helpful .  (Det/S-comp ) 

b.  Th e lawye r  insiste d tha t  experience d diplomat s 
woul d b e ver y helpful .  (Comp/S-comp ) 

c.  Tha t  experience d diploma t  woul d b e ver y 
helpfu l  t o th e lawyer .  (Initia l  Det/NP ) 

d.  Tha t  experience d diplomat s woul d b e ver y 
helpfu l  mad e th e lawye r  confident . 

(Initia l  Complementizer/S-comp ) 

When the noun is singular, that is a determiner in an 
N P suc h a s tha t  experience d diplomat... .  W h e n th e 
nou n i s  plural ,  tha t  i s  disambiguate d a s a 
complementize r  tha t  introduce s a  sententia l 
complement ,  a s i n tha t  experience d diplomats... . 
Readin g time s t o th e nou n an d th e immediatel y 
followin g word s ca n b e use d t o determin e whethe r  tha t 
was initiall y  processe d a s a  determine r  o r  a s a 
complementizer .  Lx)n g readin g time s shoul d resul t 
when th e numbe r  o f  th e nou n i s inconsisten t  wit h th e 
reader' s initia l  preference . 

I f  reader s tak e int o accoun t  th e fac t  tha t  tha t  i s 
usuall y a  complementize r  whe n i t  follow s a  ver b 
(contingen t  frequency )  bu t  usuall y a  determine r  whe n i t 
begin s a  sentence ,  the n ther e shoul d b e a n interactio n 
betwee n th e typ e o f  th e sentenc e an d th e numbe r  o f  th e 
noun .  Plura l  noun s shoul d b e rea d faste r  tha n singula r 
noun s fo r  tha t  afte r  a  ver b (6a>6b) ,  wherea s singula r 
noun s shoul d b e rea d faste r  tha n plura l  noun s fo r 
sentenc e initia l  tha t  (6c<6d) .  I n contrast ,  a  dela y 
strateg y (Frazie r  &  Rayner ,  1987 )  o r  a  strateg y base d 
upo n simpl e frequenc y woul d no t  predic t  thi s 
interaction . 

M e t h o d 

Thirty two subjects from the University of Rochester 
participate d fo r  cours e credit .  Al l  wer e nativ e speaker s o f 
English . 

Twent y set s o f  fou r  sentence s eac h wer e generate d 
fro m twent y that-adjective-nou n phrases .  Eac h critica l 
tria l  consiste d o f  th e targe t  sentenc e followe d b y a 
sentenc e tha t  wa s a  natura l  continuatio n o f  th e ide a 
expresse d i n th e first.  Fille r  trial s wer e create d i n th e 
same fashion .  Fou r  list s wer e constructe d usin g th e 
twent y targe t  trials ,  whic h wer e pseudo-randoml y 
combine d wit h 4 2 distracto r  trials ,  fo r  a  tota l  o f  6 2 
trial s i n eac h list .  A t  leas t  on e distracto r  appeare d befor e 
eac h experimenta l  trial . 

Stimul i  wer e presente d o n a  colo r  monito r  attache d 
t o a n I B M P C o r  a n I B M compatible .  Th e monito r  wa s 
set  t o displa y 8 0 character s pe r  lin e i n a  movin g 
windo w presentatio n (Just ,  Carpente r  &  Wooley ,  1982) . 
Each tria l  bega n whe n th e subjec t  presse d th e S T A R T 
butto n o n th e respons e box .  Thi s cause d th e entir e tex t 
t o b e displaye d wit h eac h alpha-numeri c characte r 
replace d b y a  dash(- )  bu t  space s an d punctuatio n lef t  th e 
same.  Subject s controlle d th e word-by-wor d 
presentatio n o f  th e stimul i  b y pressin g th e S C R O L L 
butto n o n th e respons e box .  Eac h butto n pres s cause d 
th e nex t  wor d o f  th e tex t  t o appea r  an d th e previou s 
wor d t o b e replace d b y dashes .  Comprehensio n 
question s wer e aske d afte r  a  quarte r  o f  th e trials . 
Subject s wer e give n a  practic e sessio n o f  seve n trial s 
befor e th e actua l  experiment .  Th e experimen t  laste d 
abou t  3 5 minutes . 

Results . 

Only data from subjects who answered 80% or more of 
th e question s correctl y wer e analyzed .  Separat e 
A N O V As wit h fou r  factor s wer e performe d o n readin g 
time s fo r  eac h subjec t  an d item .  Th e factor s wer e 
List(fou r  lists )  o r  Ite m Group(fou r  groups) ,  Sentenc e 
type(ver b followe d b y "that "  o r  initial-that) .  Nou n typ e 
(singula r  o r  plural )  an d Wor d position(that ,  adjective , 
noun ,  verb) .  Tabl e 1  present s th e readin g time s t o th e 
ambiguou s wor d tha t  an d eac h o f  th e thre e word s tha t 
followed . 

Readin g time s t o th e wor d afte r  th e disambiguatin g 
nou n (th e auxiliar y verb )  showe d a  clea r  interactio n 
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betwee n th e numbe r  o f  th e nou n an d th e positio n o f  tha t 
(Fl(l,32)=18.06 ,  MSe=60I7 ,  p<0.01 ;  F2(l,16)=5.86 , 
MSe=10352,  p<0.05) .  Whe n tha t  followe d a  verb , 
readin g time s a t  th e auxiliar y ver b wer e longe r  i n th e 
singula r  nou n conditio n compare d t o th e plura l  nou n 
conditio n (Fl(l,32)=6.24 ,  MSe=9857 .  p<.05 ; 
F2(l,16)=3.04 ,  MSe=11225 ,  p=0.1) .  Thi s indicate s 
tha t  subject s initiall y  too k tha t  t o b e a  complementizer . 
When the y rea d a  singula r  noun ,  lik e hotel ,  th e wor d 
tha t  ha d t o b e reanalyze d a s a  determiner .  Th e opposit e 
patter n occurre d whe n a  sentenc e bega n wit h that . 
Readin g time s followin g th e singula r  nou n wer e faste r 
tha n thos e afte r  th e plura l  nou n (Fl(l,32)=22.28 , 
MSe=12747,  p<0.01 ;  F2(l,16)=19.26 ,  MSe=8211 , 
p<0.01) .  Thi s demonstrate s tha t  subject s initiall y 
assumed tha t  wa s a  determine r  whic h introduce d a n N P 
i n a  mai n clause .  I n th e plura l  nou n condition ,  subject s 
had t o reanalyz e tha t  a s a  complementize r  an d reanalyz e 
th e nou n phras e a s bein g withi n a  sentenc e 
complement .  Thus ,  bot h th e pars e o f  tha t  an d th e 
sentenc e structur e ha d t o b e revise d fo r  a n initia l  that , 
wherea s onl y th e pars e o f  tha t  ha d t o b e correcte d i n 
case s wher e tha t  followe d a  verb .  Thi s provide s a  likel y 
explanatio n fo r  wh y th e magnitud e o f  th e revisio n 
effect s wer e large r  i n th e Initial-tha t  conditio n tha n i n 
th e Verb-tha t  condition . 

I n sum ,  thi s experimen t  demonstrate d tha t  readers ' 
initia l  preference s fo r  interpretin g th e lexicall y 
ambiguou s wor d tha t  ar e contingen t  o n th e syntacti c 
environmen t  i n whic h th e wor d occurred ,  wit h th e 
ambiguit y resolve d i n accordanc e wit h th e mos t 
common patter n i n th e language . 

Experiment s 2  an d 3 

It is well-documented that readers and listeners often 
have clea r  preference s fo r  interpretin g locall y ambiguou s 
sentences .  Fo r  example ,  mos t  peopl e woul d complet e a 
fragmen t  suc h a s Th e lawye r  remembere d the.. .  s o tha t 
th e i s par t  o f  a n N P complemen t  o f  th e ver b (e.g. ,  Th e 
lawye r  remembere d th e tria l  thi s morning )  rathe r  tha n a s 
par t  o f  a n N P tha t  i s th e subjec t  o f  a  S-complemen t 
(e.g. .  Th e lawye r  remembere d th e tria l  wa s delayed) . 
These preference s ar e reflecte d i n temporar y readin g 
difficultie s i n sentence s wit h sentenc e complements . 
One explanatio n i s tha t  reader s ar e followin g a 
structurally-base d decisio n principl e a t  th e poin t  o f  th e 
ambiguity .  Howeve r  a n alternativ e i s tha t  thes e 
preference s reflec t  statistica l  pattern s i n th e language , 
e.g. ,  th e followin g a  ver b i s mor e ofte n th e star t  o f  a n 
NP (direc t  object )  complement . 

Reader s als o experienc e difficult y i n readin g a 
sentenc e complemen t  eve n whe n i t  i s  precede d b y a  ver b 
tha t  doe s no t  allo w a n N P complement ,  e.g. ,  insiste d 
(Ferreir a &  Henderson ,  1990) .  Thi s resul t  ha s bee n 
interprete d a s evidenc e tha t  verb-specifi c  syntacti c 
constraint s ar e ignore d i n initia l  parsin g decisions ,  i n 

favo r  o f  genera l  categor y base d parsin g principles . 
However ,  ther e i s a n alternativ e explanatio n base d upo n 
th e typ e o f  frequenc y b y regularit y interaction s foun d i n 
word recognitio n research . 

The generalizatio n tha t  emerge s fro m th e wor d 
recognitio n literatur e i s tha t  ther e i s a  processin g 
penalt y associate d wit h processin g a  lo w frequenc y 
exceptio n wor d bu t  no t  a  hig h frequenc y exception . 

For  example ,  th e mappin g betwee n spellin g an d 
pronunciatio n i n Englis h follow s clea r  patterns , 
althoug h ther e ar e man y exceptions .  Fo r  example ,  th e 
sequenc e C(onsonant)+AV E i s usuall y pronounce d 
wit h a  lon g a  a s i n gave ,  thoug h ther e ar e word s suc h a s 
have ,  whic h violat e th e common patter n o r  "rule" . 
Regula r  word s whic h confor m t o th e mos t  frequen t 
patter n i n th e languag e ar e rea d alou d (named )  mor e 
rapidl y tha n exceptio n word s whic h d o no t  confor m 
t o th e common pattern .  However ,  th e penalt y fo r 
namin g a n exceptio n wor d tha t  violate s th e patter n i s 
modulate d b y it s frequenc y o f  occurrence .  Ther e i s littl e 
or  n o penalt y fo r  hig h frequenc y words ,  wherea s ther e i s 
a larg e penalt y fo r  lo w frequenc y exceptio n words .  Thi s 
frequenc y b y regularit y interactio n ha s bee n replicate d 
numerou s time s an d i t  ha s bee n convincingl y modele d 
by constraint-base d model s o f  wor d recognitio n (e.g. , 
Seidenber g &  McClelland ,  1989) .  Simila r  frequenc y b y 
regularit y interaction s als o occu r  whe n subject s ar e 
time d a s the y generat e th e pas t  tens e o f  regula r  (weak ) 
and irregula r  (strong )  verbs .  I n general ,  subject s ca n 
generat e th e pas t  tens e fo r  a  regula r  ver b mor e rapidl y 
tha n th e pas t  tens e fo r  a n irregula r  verb .  Howeve r  th e 
penalt y fo r  bein g a n exceptio n i s agai n modulate d b y 
frequenc y (Prasada ,  Pinke r  &  Snyder ,  1990 ;  Daughert y 
& Seidenberg ,  1992) . 

Let' s retur n no w t o th e difficult y tha t  reader s hav e 
wit h sentenc e complements .  Trueswell ,  Tanenhau s & 
Kell o (i n press )  foun d tw o result s tha t  suppor t  a n 
explanatio n base d o n contingen t  frequencies .  First , 
processin g difficult y fo r  sentenc e complement s wit h 
sentence-complemen t  (S-bias )  verb s suc h a s insiste d 
begi n immediatel y a t  th e followin g N P (e.g. ,  insiste d 
th e trial) ,  a s oppose d t o a t  th e disambiguatin g verb ,  a s 
i s th e cas e wit h verb s suc h a s remembered .  Secondly , 
th e magnitud e o f  th e difficult y wa s correlate d wit h 
whethe r  th e ver b wa s typicall y followe d b y th e 
complementize r  tha t  whe n i t  wa s use d i n a  sentenc e 
complemen t  construction ,  a s determine d b y completio n 
norms .  The y labele d thi s a s th e verb' s f/war-preference . 
I f  f/iar-preferenc e i s correlate d wit h ver b frequenc y the n 
thes e result s ca n b e see n a s directl y analogou s t o 
frequenc y effect s i n wor d recognition .  Th e sequenc e 
verb-determine r  typicall y occur s whe n th e determine r 
begin s a n N P complement .  Fo r  verb s tha t  d o no t  allo w 
an N P complemen t  bu t  d o allo w a  sentenc e 
complement ,  th e determine r  begin s a n N P tha t  i s th e 
subjec t  o f  a  sentenc e complement .  Thi s patter n occur s 
frequentl y onl y fo r  verb s tha t  hav e lo w ?/iaf-preferences . 
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Tabl e 2 .  Readin g tim e prediction s a t  th e determine r  an d a t  th e adjectiv e followin g th e verb -

Phras e T v p e Penalt y 

insiste d tha t  (Comp) * Regula r None 

insiste d th e (Pet ,  i n S-Comp ) Exceptio n Correlate d wit h Ver b Freq . 

visite d tha t  (Pet ) L o w Frequenc y Exceptio n Larg e 

visite d th e (Pet ,  i n N P - C o m p ) Regula r None 

*  Prio r  t o th e noun ,  tha t  i s  take n t o b e a  complementize r 

Thus ,  thes e verb s shoul d behav e lik e hig h frequenc y 
exceptions ,  i.e. ,  the y shoul d b e relativel y immun e fro m 
interferenc e effect s du e t o th e regularit y patter n i n th e 
language .  I n contrast ,  verb s wit h hig h r/ia/-preference s 
shoul d behav e lik e lo w frequenc y exceptions .  Thi s 
analysi s make s a  nove l  prediction .  NP-onl y verb s 
lik e visi t  requir e a  followin g tha t  t o b e a  determiner , 
whic h run s counte r  t o th e regula r  patter n i n th e 
language .  I n addition ,  verb s lik e visi t  ar e rarel y 
followe d b y th e wor d that .  Thus ,  sequence s lik e visi t 
tha t  ar e analogou s t o lo w frequenc y exception s an d 
shoul d b e difficul t  t o process .  Ther e shoul d b e stron g 
interferenc e fro m th e fac t  tha t  tha t  i s  typicall y a 
complementizer . 

Experiment s 2  an d 3  wer e conducte d t o explor e th e 
prediction s tha t  w e hav e outline d above .  Experimen t  2 
investigate d whethe r  reader s woul d hav e difficult y 
processin g tha t  afte r  a  ver b whe n th e ver b require d tha t 
t o b e a  determiner .  I n addition ,  w e include d a  conditio n 
wher e eac h verb-typ e wa s followe d b y th e determine r 
thos e (e.g. .  Th e lawye r  visite d thos e chea p hotels...)t o 
rul e ou t  th e possibilit y  tha t  processin g tha t  woul d b e 
difficul t  becaus e th e contex t  di d no t  introduc e 
appropriat e referentia l  material ,  i.e .  a  referen t  fo r  tha t  t o 
refe r  to .  Those ,  lik e that ,  als o ha s referentia l  properties . 
I f  subject s expec t  a  referen t  the n readin g time s t o th e 
are a afte r  bot h tha t  an d thos e shoul d b e elevated . 

Experimen t  3  replicate d an d extende d th e result s o f 
Trueswel l  e t  a l  (i n press) .  I n orde r  t o explor e th e 
possibilit y  o f  a  frequenc y b y regularit y interaction ,  w e 
include d sentence s i n whic h a  nou n phras e beginnin g 
wit h th e determine r  th e followe d th e ver b (Tabl e 3 ,  (8)) . 
Afte r  a n S-bia s verb ,  lik e insisted ,  th e N P woul d b e th e 
subjec t  o f  a  sentenc e complement .  Afte r  a n NP-onl y 
verb ,  suc h a s visited ,  i t  woul d b e th e objec t  o f  th e verb . 
Th e determine r  th e followin g a  ver b mos t  commonl y 
begin s a n objec t  complemen t  (i.e. ,  N P complement )  i n 
English .  Thus ,  visite d th e follow s th e regula r  pattern , 
wherea s insiste d th e i s th e exception .  Therefore ,  w e 
woul d predic t  a  penalt y fo r  sentence-complemen t  verb s 
followe d b y a  the .  However ,  a s w e pointe d ou t  earlier , 
thi s penalt y i s correlate d wit h a  verb' s r/ia/-preference . 
I t  turn s ou t  tha t  ther e i s a  strong ,  negativ e correlatio n 
betwee n th e r/uaf-preferenc e o f  a n S-bia s ver b an d th e 
verb' s frequency .  Thus ,  hig h frequenc y sentenc e 
complemen t  verb s typicall y ar e no t  followe d b y that , 
wherea s lowe r  frequenc y verb s are .  r/iaf-preferenc e 
effect s ca n b e see n a s a n exampl e o f  a  frequenc y b y 

regularit y interaction .  Fo r  hig h frequenc y S-biase d 
verb s th e sequenc e verb-the ,  wher e th e begin s a 
sentenc e complement ,  wil l  b e a  hig h frequenc y 
exceptio n an d thu s wil l  sho w littl e o r  n o penalt y fo r 
violatin g th e regula r  patter n i n th e language .  I n 
contrast ,  lo w frequenc y sentenc e complemen t  verb s 
wil l  sho w a  penalt y effect .  I n othe r  word s th e exceptio n 
penalt y shoul d b e correlate d wit h r/iar-preferenc e fo r 
individua l  verbs .  Thes e prediction s ar e summarize d i n 
Tabl e 2 . 

We evaluate d thes e prediction s i n tw o self-pace d 
readin g experiment s usin g th e sam e procedur e a s wa s 
use d i n th e firs t  experiment .  Becaus e o f  spac e 
limitation s w e wil l  describ e th e experiment s togethe r 
alon g wit h a n abbreviate d presentatio n o f  th e statistics . 
Al l  o f  th e difference s tha t  w e discus s ar e reliabl e a t 
p<.0 5 unles s note d otherwise .  Twenty-eigh t  subject s 
participate d i n eac h experiment .  Sampl e material s fo r 
eac h experimen t  ar e presente d i n Tabl e 3 . 

Table 3. Sample materials for experiments 2 and 3. 
Experimen t  2 

(7 )  a  Th e lawye r  insiste d tha t  chea p hote l  wa s 
clea n an d comfortable . 

b Th e lawye r  insiste d thos e chea p hotel s wer e 
clea n an d comfortable . 

c Th e lawye r  visite d tha t  chea p hote l  t o sta y 
fo r  th e night . 

d Th e lawye r  visite d thos e chea p hotel s t o 
sta y fo r  th e night . 

Experimen t  3 

(8 )  a  Th e lawye r  insiste d tha t  chea p hote l  wa s 
clea n an d comfortable . 

b Th e lawye r  insiste d th e chea p hote l  wa s 
clea n an d comfortable . 

c Th e lawye r  visite d tha t  chea p hote l  t o sta y 
fo r  th e night . 

d Th e lawye r  visite d th e chea p hote l  t o sta y 
fo r  th e night . 

Result s 

The results of Experiment 2 are presented in Table 4. 
As predicted ,  reader s ha d difficult y wit h sentence s tha t 
containe d a n NP-onl y ver b followe d b y tha t  (lo w 
frequenc y exceptio n condition) .  Thi s wa s reflecte d i n 
extremel y lon g readin g time s t o th e determine r  tha t 
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Tabl e 4 .  Averag e readin g time s i n millisecond s fo r  eac h score d wor d positio n (Experimen t  2) . 

Condi t io n 

S-bia s 

N P - o n l y 

tha t 

thos e 

tha t 

thos e 

Ve r b 

insiste d 

494 
497 

visite d 

489 
483 

Determine r 

that/thos e 

462 
466 

that/thos e 

555 
475 

Adjectiv e 

ch?3 p 

548 
543 

chea p 

619 
513 

Noun 
hotel(s ) 

587 
573 

hotel(s ) 

579 
558 

Auxi l iar y 

was/wer e 

524 
486 
to 

478 
486 

Tabl e 5 .  Averag e readin g time s i n millisecond s fo r  eac h score d wor d positio n (Experimen t  3) . 

Condi t io n 

S-bia s 

N P - o n l y 

tha t 

th e 

tha t 

th e 

V e r b 

insiste d 

368 
377 

visite d 

372 
372 

Determine r 

that/th e 

364 
378 

that/th e 

349 
353 

Adjectiv e 

chea p 

382 
372 

chea p 

464 
349 

Noun 
hote l 

453 
400 

hote l 

453 
401 

Auxi l iar y 

was 

416 
368 

12 
386 
374 

compare d t o whe n i t  followe d a n S-bia s ver b 
(Fl(l,24)=8.0 ,  M S e = 1 4 9 2 2 ,  p<0.01 ;  F2(l,16)=6.15 , 
M S e= 13951 ,  p<0.05) .  Th e readin g time s a t  th e nou n 
and th e followin g auxiliar y i n th e S-bia s conditio n 
replicate d th e result s presente d i n Experimen t  1 .  Reader s 
had difficult y i n th e singula r  nou n regio n whe n i t  wa s 
precede d b y a n S-bia s ver b followe d b y that ,  indicatin g 
tha t  the y ha d initiall y  parse d tha t  a s a  complementizer . 
A hin t  o f  thi s difficult y bega n a t  th e noun ,  bu t  i t  di d 
not  becom e reliabl e unti l  th e nex t  word ,  th e auxiliar y 
ver b (Fl( l ,24)=4.03 ,  M S e = 5 0 5 5 ,  p=0 .05 ; 
F2(l,16)=5.16 ,  MSe=2836 ,  p<0.05) .  I n contras t  reader s 
di d no t  hav e difficult y wit h th e singula r  nou n regio n 
followin g a n NP-onl y verb .  Reader s apparentl y use d 
th e informatio n provide d b y th e ver b t o correctl y pars e 
tha t  a s a  determiner .  Also ,  a  compariso n o f  readin g 
time s betwee n th e tha t  an d thos e condition s confirm s 
tha t  processin g difficultie s ar e no t  du e t o th e lac k o f  a n 
appropriat e referentia l  contex t  fo r  that . 

Thes e result s clearl y establis h tha t  reader s ar e rapidl y 
usin g verb-specifi c  information ,  ye t  the y ar e payin g a 
penalt y whe n th e wor d tha t  follow s th e ver b require s a 
pars e tha t  run s agains t  th e regula r  patter n i n th e 
language .  Let' s no w conside r  th e result s o f  Experimen t 
3,  whic h directl y examine d whethe r  thi s exceptio n 
penalt y woul d b e modulate d b y frequency .  Th e result s 
ar e presente d i n Tabl e 5 . 

I n Experimen t  3  subject s agai n ha d difficult y whe n 
tha t  followe d a n NP-onl y ver b ( a lo w frequenc y 
exceptio n phrase )  compare d t o whe n i t  followe d a n S -
bia s verb .  A  larg e differenc e i n readin g tim e occurre d a t 
th e adjecfiv e (Fl(l,24)=9.84 ,  M S e = 9 5 3 5 ,  p<0.01 ; 
F2(  1,16) = 19.25 ,  M S e = 3 4 9 6 ,  p<0.01) .  Thi s effec t  i s 
th e sam e on e tha t  w e sa w i n Experimen t  2  excep t  tha t  i t 
bega n on e wor d earlie r  i n tha t  experiment .  Reader s als o 

had mor e difficult y afte r  a n S-bia s ver b followe d b y th e 
determine r  tha t  compare d t o S-bia s verb s followe d b y 
th e determine r  the .  Thi s wa s expecte d becaus e a s i n 
Experimen t  1 ,  reader s shoul d hav e initiall y  parse d tha t 
as a  complementize r  an d the n ha d t o revis e thei r 
analysi s whe n th e nou n wa s singular . 

The dat a o f  primar y interes t  ar e th e readin g time s t o 
th e determine r  afte r  th e S-bia s verbs .  Recal l  tha t  w e 
predicte d tha t  readin g time s fo r  th e S-bia s conditio n 
shoul d var y accordin g t o th e verb' s frequenc y whic h i s 
negativel y correlate d wit h it s r/taf-preference .  Thus ,  a 
frequenc y b y regularit y interactio n woul d manifes t  itsel f 
as a  positiv e correlatio n wit h r/iar-preference .  T o facto r 
out  effect s o f  individua l  lexica l  item s w e correlate d that -
preferenc e wit h th e differenc e betwee n readin g time s t o 
th e an d tha t  whe n the y followe d a n S-bia s verb .  Ther e 
was a  stron g correlatio n betwee n th e differenc e i n 
readin g time s an d r/raf-preferenc e (r2=0.82048 , 
F=31.99) .  Th e correlatio n wit h th e lo g frequenc y o f  th e 
ver b wa s als o highl y reliabl e r2=0.70242 ,  F=14.16) . 
Ther e wer e als o reliabl e correlation s a t  th e adjectiv e an d 
fo r  th e determine r  an d th e adjectiv e combined . 

I n orde r  t o se e graphicall y tha t  thes e correlation s 
represen t  a  frequenc y b y regularit y interaction ,  w e 
groupe d th e verb s int o hig h an d lo w frequenc y 
categories .  Figur e 1  plot s th e averag e readin g time s a t 
th e fo r  lo w an d hig h frequenc y verb s o f  eac h type . 
Here ,  NP-onl y verb s represen t  th e c o m m o n patter n an d 
S-bia s verb s represen t  th e exceptio n pattern .  W e se e 
tha t  fo r  th e lo w frequenc y verbs ,  th e wor d th e i s rea d 
faste r  afte r  NP-onl y verb s (regula r  pattern )  tha n fo r  S -
bia s verb s (exceptio n pattern) .  Fo r  hig h frequenc y verb s 
th e readin g time s fo r  th e ar e th e same ,  regardles s o f 
whethe r  th e patter n i s regula r  o r  a n exception . 
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Figur e 1 .  Readin g tim e t o th e wor d th e a s a  functio n o f 
th e frequenc y an d typ e o f  th e precedin g verb . 

General Discussion 

Though the work presented here focused primarily on a 
singl e wor d an d wa s limite d t o investigation s o f  a  fe w 
structures ,  th e result s ar e likel y t o hav e broa d 
implication s fo r  researc h i n sentenc e processing .  Man y 
structura l  ambiguitie s ar e lik e th e sentenc e 
complement/NP-complemen t  ambiguity ,  i n tha t  a 
structura l  ambiguit y hinge s upo n a  lexica l  categor y 
ambiguity .  Experimen t  1  demonstrate s tha t  a  complet e 
accoun t  fo r  parsin g preference s fo r  thes e type s o f 
ambiguitie s wil l  requir e takin g int o accoun t  contingen t 
frequencies .  Likewis e Experimen t  2  demonstrate s tha t 
processin g difficultie s tha t  ar e ofte n interprete d a s du e t o 
loca l  garden-path s an d rapi d reanalysi s ma y b e bette r 
understoo d a s contingen t  frequenc y effect s simila r  t o 
thos e tha t  ar e wel l  establishe d withi n th e wor d 
recognitio n literature .  Processin g difficultie s ar e likel y 
t o b e observe d wheneve r  th e structur e bein g processe d 
run s counte r  t o th e regula r  patter n i n th e language .  I t  i s 
importan t  t o not e tha t  w e ar e no t  proposin g a  se t  o f 
frequency-define d strategie s t o replac e structurall y 
define d decisio n principles .  W e expec t  tha t  contingen t 
frequenc y effect s lik e th e one s tha t  w e hav e identifie d 
wil l  emerg e a s a  natura l  by-produc t  o f  learnin g model s 
wit h a  distribute d representation .  A n investigatio n o f 
thi s hypothesi s i s i n progress . 
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