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Abstrac t Introductio n 

T wo experiment s investigatiD g th e tim e cows e o f 

grammaticalit y judgmen t  ar e presented ,  usin g 

sentence s tha t  var y i n erro r  typ e (agreement , 

movement ,  omissio n o f  functio n words) ,  par t  o f 

speec h (auxiliarie s vs .  determiners )  an d locatio n 

(earl y vs .  lat e sentenc e placement) .  Experimen t  1  i s 

a word-by-wor d "gating "  e}q)eriment ,  simila r  t o th e 

word-leve l  gatin g paradig m o f  Grosjea n (1980) . 

Result s sho w tha t  som e erro r  type s elici t  a  Ivoa d 

and variabl e "decisio n region "  instea d o f  a  "decisio n 

point, "  analogou s t o result s fo r  word-leve l  gating . 

Experimen t  2  look s a t  on-lin e judgment s o f  th e 

same stimul i  i n a n R S V P (Rapi d Seria l  Visua l 

Presentation )  paradigm ,  wit h reactio n time s 

measure d fro m sevoa l  differen t  point s withi n eac h 

sentenc e base d o n th e result s o f  Experimen t  1 . 

Qualitativel y differen t  result s ar e obtaine d 

dependin g o n h o w an d wher e th e erro r  poin t  i s 

defined .  Result s ar e discusse d i n term s o f 

interactio n activatio n model s (whic h d o no t  assum e 

a singl e resolutio n point )  an d discret e parsin g 

models . 

Thi s researc h wa s supporte d b y NIH/NIDC D DC00216 -

10. 

For  clos e t o fift y  years ,  grammaticalit y judgment s 

by traine d nativ e speaker s hav e bee n th e metho d o f 

choic e fo r  linguist s workin g withi n th e generativ e 

tradition .  A n d ye t  w e stil l  kno w ver y litd e abou t 

th e cognitiv e processe s tha t  underli e suc h 

judgmoits .  T w o experiment s o n th e tim e cours e o f 

granunalicalityjudgmen t  ar e presente d below .  Tb e 

tw o method s tha t  w e hav e chose n fo r  thes e 

experiment s (word-by-wor d gating ,  an d r^i d seria l 

visua l  presentatio n o r  R S V P )  ar e motivate d b y 

recen t  finding s i n grammaticalit y judgmen t  i n 

aphasi a (Linebarger ,  Schwartz ,  &  Saffran ,  1983 ; 

Shankweiler ,  Grain ,  Gorrell ,  &  TuUer ,  1989 ; 

Wulfec k &  Bates ,  1991 ;  Wulfeck ,  1987) ,  an d b y a 

particula r  interactiv e activatio n mode l  calle d th e 

Competitio n Mode l  (MacWhinne y &  Bates ,  1989) . 

Becaus e dies e model s lea d u s t o expec t  probabilisti c 

change s i n grammaticalit y acros s th e cours e o f  th e 

sentence ,  w e nee d method s tha t  permi t  u s t o 

evaluat e degree s o f  perceive d grammaticalit y o n a 

WOTd-by-wor d basis . 

Experiment 1 
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Subjects :  Subject s wer e tbirty-fiv e colleg e 

student s (fiv e left-handed ;  twenty-tw o femal e an d 

thirtee n male )  w h o participate d i n th e experimen t 

fo r  cours e credit ,  w  fo r  a  paymen t  o f  $7.00 .  Al l 

subject s state d tha t  the y wer e nativ e speaker s o f 

English . 

G r a m m a t i c a l i t y  J u d g m e n t  St imul i : 

Stimul i  fo r  th e grammaticalit y judgmen t  tas k 

includ e a  tota l  o f  16 8 sentences :  8 4 ungrammatica l 

targe t  sentences .  4 0 grammatica l  contro l  sentence s 

matche d fo r  lengt h an d grammatica l  struaure ,  an d 

4 4 distractor s (2 2 grammatica l  an d 2 2 

ungrammatical) .  Th e desig n o f  th e experimen t  i s 

focuse d o n th e ungrammatica l  targets ,  whic h var y 

i n th e par t  o i  speec h involve d i n th e ernM *  (auxiliar y 

vs .  determiner) ,  th e positio n o f  th e erro r  withi n th e 

sentenc e (eari y  vs .  late) ,  an d th e kin d o f  violatio n 

create d fro m a  c<Hnmo n poo l  o f  grammatica l  type s 

(i.e .  error s o f  omission ,  agreemen t  an d 

tranqx>siti(xi) .  Th e ungrammatica l  targe t  sentence s 

fal l  withi n a  2  x 2  x  3  desig n (wit h erro r  type , 

eiixx '  location ,  an d par t  o f  speed i  a s within-subject s 

variables) .  Fo r  eac h o f  thes e ungranunatica l 

sentences ,  subject s als o se e a  grammatica l  contro l 

sentenc e matche d fo r  lengt h an d grammatica l 

structure .  T o kee p th e lengt h o f  th e experimen t 

withi n reasonabl e bounds ,  som e o f  thes e 

grammatica l  sentence s wer e use d a s control s fo r 

mor e tha n c« e particula r  ungrammatica l  sentence . 

Sentence s wer e randoml y pulle d fro m list s o f 

sentence s o f  differen t  structur e types .  Becaus e 

omission ,  agreonen t  an d transpositio n error s wer e 

al l  create d fro m th e sam e basi c sentenc e types ,  i t 

ca n b e argue d tha t  thes e stimul i  represen t  a  se t  o f 

minima l  contrasts . 

Procedure :  A  tria l  bega n wit h a  " R E A D Y "  cu e 

q}pearin g nea r  th e botto m cente r  (r f  th e screen ,  lli e 

subjec t  presse d th e middl e buttcxi ,  conespondin g t o 

"no t  sure, "  t o brin g th e firs t  wor d o f  th e sentenc e t o 

thesoeen .  Th e sentoic e wa s coiteie d verticall y an d 

starte d a t  th e lef t  sid e o f  th e screen .  Eac h butto n 

pres s brough t  th e nex t  wor d ont o th e screen ,  unti l 

th e entir e sentenc e wa s visible .  Afte r  th e las t  wor d 

^peaie d th e butto n pres s cause d th e nex t  " R E A D Y " 

cu e t o appear .  Th e experimente r  instructe d subject s 

t o decide ,  afte r  eac h wor d appeare d upo n th e screen , 

whethe r  th e sentenc e u p t o tha t  poin t  wa s 

granunatical . 

Scoring :  A  butto n pres s wa s recorde d fo r  ever y 

wor d o f  ever y sentence .  Reactio n tim e t o eac h 

wor d wa s als o recorded .  Th e final  butto n pres s wa s 

evaluate d usin g A *  t o grammat ica l  an d 

ungrammatical s combined .  A '  i s a  non-parametri c 

statisti c use d t o correc t  fo r  respons e bia s (Grier , 

1971 ;  Pollac k &  Norman ,  1964 ;  Grier ,  1971) .  A s 

such ,  i t  i s  simila r  t o d* .  Th e logica l  erro r 

poin t  wa s define d a s th e first  plac e i n th e sentenc e 

wher e a n eno r  coul d logicall y b e detected .  Th e 

decisio n poin t  wa s define d a s th e numbe r  o f 

word s afte r  th e logica l  erro r  poin t  a t  whic h mos t 

enor s wer e detected . 

Summary of results for Experiment 1 

Experiment 1 yielded a great deal of information 

abou t  th e tim e cours e o f  grammaticalit y judgment , 

summarize d briefl y a s follows .  Overall ,  end-of -

sentenc e accurac y wa s ver y hig h i n thi s experiment , 

averagin g aroun d 9 5 % correc t  rejection s fo r 

ungrammatica l  sentence s an d 9 5 % correc t 

acceptance s fo r  thei r  grammatica l  controls .  A n 

analysi s o f  varianc e A '  score s (whic h correct s fo r 

respons e Was )  yielde d ver y fe w difference s amon g 

th e variou s errcM -  types ,  althoug h performanc e wa s 

slightl y wors e overal l  fo r  determine r  omissions , 

especiall y whe n thos e omission s ar e locate d lat e i n 

di e sentence . 

For  bot h grammatica l  an d ungrammatica l 

stimuli ,  reactio n time s increas e maricedl y o n th e 

las t  wor d o f  th e sentence .  Thi s findin g i s simila r 
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Figur e 1 

Grammaticalit y judgmen t  experiment :  gatin g 

earl y auxiliar y errors ,  b y type :  f)ercen t  choic e 

'Ai -  omissio n 

-  agreemen t 

transpositio n 

T 1  T  1  1  1  r 
first  < 0 % 0  < 2 0 % < 4 0 % < 6 0 % < 8 0 % < 1 0 0 % las t 

percen t  pas t  logica l  erro r  poin t 

t o th e wrap-u p effect s reporte d b y othe r 

investigator s usin g word-by-wor d measure s o f 

reading .  I t  ma y als o b e relate d t o di e {HDtracte d lat e 

positiv e voltag e tha t  i s ofte n reporte d fo r  th e las t 

wor d i n th e sentenc e i n studie s usin g eveat-relaie d 

brai n potentials .  Fo r  error s tha t  ar e locate d lat e i n 

th e sentence ,  thi s mean s tha t  w e ar e face d wit h a 

confoun d betwee n wxBp-n p effect s an d th e increas e 

i n reactio n t ime s associate d wit h 

detection/resolutio n o f  a n error . 

F( v th e mos t  part ,  ther e wer e strikin g parallel s 

betwee n th e decisio n an d reactio n tim e data , 

suggestin g tha t  th e wcwd-by-ww d reacticH i  time s 

obtaine d wit h thi s gatin g techniqu e ca n b e viewe d 

as a n indirec t  inde x o f  th e degre e o f  confidenc e 

associate d wit h grammaticalit y judgment s a t  eac h 

poin t  i n th e sentence ,  a s wel l  as ,  perhaps ,  a 

decisio n proces s i n whic h subject s attemp t  t o 

generat e alternatives .  However ,  th e tw o dat a set s 

di d diverg e i n som e interestin g ways .  O n e exampl e 

i s th e w r ^ u p effec t  summarize d abov e (Le .  a  ris e 

i n reactio n time s a t  th e en d o f  th e sentenc e eve n 

thoug h subject s d o no t  chang e thei r  mind s abou t 

th e grammatica l  statu s o f  thes e items) .  Anotho * 

exampl e come s from  earl y determine r  omissions , 

wher e subject s slo w d o w n markedl y a t  th e zer o 

poin t  (suggestin g tha t  the y ar e questionin g th e 

sentence' s well-formedness )  eve n thoug h tiiey  ar e 

stil l  unwillin g t o conclud e tha t  th e sentenc e i s no t 

well-fmned .  I n general ,  w e ar e convince d tha t  bot h 

source s o f  informatio n (word-by-wor d decision s an d 

reactio n times )  offe r  usefu l  an d complementar y 

informatio n abou t  th e tim e cours e o f 

granunaticalit y judgment . 

Th e twelv e relativel y simpl e erro r  type s tha t 

we hav e manipulate d her e ar e associate d wit h 
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maiî edl y differen t  decisio D functions .  Fo r  scnn e 

erro r  types ,  i t  seem s fai r  t o conclud e tha t  tber e i s a 

singl e decisio n point ,  locate d ver y clos e t o th e 

predetermine d logica l  erro r  poin t  Thi s i s tru e fo r 

earl y auxiliar y agreemen t  error s (se e Bgur e 1) ,  an d 

i t  i s  tru e fo r  mos t  error s locate d lat e i n th e 

sentence—althoug h th e latte r  findin g i s {x-obabl y 

due t o th e uninterestin g fiact  tha t  subject s ar e force d 

t o mak e u p thei r  mind s b y th e presenc e o S a  perio d 

signalin g th e en d o f  th e sentence .  Fo r  al l  th e 

remainin g violatio n types ,  w e hav e t o abando n th e 

punctat e vie w i n fav w o f  somethin g tha t  i s bes t 

describe d a s a  "decisio n zone. "  Severa l  point s 

suppor t  thi s conclusion .  Hrst ,  earl y determine r 

agreemen t  error s (e.g .  " A girl s *..." )  appea r  t o b e 

resolve d ̂ proximatel y on e wra d late r  tha n earl y 

auxiliar y agreemen t  error s (e.g .  "Joh n ar e *  ...") . 

SeoMKl,  eail y auxiliar y omissio n error s star t  t o b e 

perceive d a s ill-f«me d a t  th e logica l  e m x poin t  (se e 

Figur e 1) ,  bu t  man y subject s ar e stil l  unwillin g t o 

make u p thei r  mind s abou t  thes e errra -  type s unti l 

th e ver y las t  wor d i n th e sentence .  Tliinl ,  earl y 

auxiliar y tran̂ x>sitio n error s ar e resolve d i n a t  leas t 

tw o step s (se e Figur e 1) :  rejectio n rate s star t  t o g o 

up a t  th e logica l  erro r  poin t  (wher e omission s an d 

transposition s ar e stil l  equivalent) ,  wit h a  shar p 

increas e a t  th e nex t  wor d (th e displace d auxiliary , 

whic h serve s a s a  secon d cue) .  Still ,  thes e error s d o 

not  reac h asymptot e unti l  abou t  6 0 % pas t  th e 

logica l  erro r  point ,  suggestin g tha t  man y subject s 

ar e unwillin g t o mak e u p thei r  mind s unti l  th e en d 

of  th e sentence .  Finally ,  earl y determine r 

(Hnission s an d transpositicm s ar e stil l  acceptabl e t o 

our  subject s a t  th e logica l  erro r  poin t  However , 

th e reactio n tim e dat a sugges t  tha t  subject s ar e 

alread y doubtfu l  abou t  th e grammatica l  statu s o f 

thes e items . 

When w e pu t  th e dat a o n individua l  variatio n 

togethe r  wit h th e larg e "decisi(H i  zxxtes T observe d 

fo r  som e ite m type s (mos t  notabl y earl y (xnission s 

and transpositions) ,  i t  seem s fai r  t o conclud e tha t 

grammaticalit y judgmen t  i s a  matte r  o f  degree ,  a 

protracte d an d variabl e proces s o f  th e sor t  tha t  i s 

handle d wel l  b y man y interactiv e activatio n models . 

The sam e results  provid e a n interestin g challeng e t o 

universa l  parsin g model s tha t  assum e discret e 

decisio n procedure s applie d fro m lef t  t o righ t  acros s 

th e cours e o f  th e sentence . 

I n th e nex t  experimen t  w e wil l  us e th e result s 

of  Experimen t  1  t o deriv e differen t  definition s o f 

th e poin t  a t  whic h th e erro r  i s  suppose d t o begin . 

As w e shal l  see ,  ou r  interpretatio n o f  simpl e 

reactio n time s withi n a n RSVP paradig m ca n chang e 

markedl y depoidin g o n th e poin t  tha t  w e use . 

Experiment 2 

Subjects: Subjects were thirty-two UCSD 

student s wh o cmnplete d th e experimen t  eithe r  fo r 

cours e credi t  o r  f w a  $ 7 paymen t  On e subjec t  wa s 

toppe d fro m subsequen t  analyse s fo r  havin g A ' 

score s mor e tha n 2. S standar d deviation s fro m th e 

mean.  O f  th e thirty-on e remainin g subjects , 

twenty-fiv e wer e mal e an d tw o wer e left-handed . 

Al l  subject s wer e nativ e q)eaker s o f  English . 

Grammaticalit y Judgmen t  Stimuli :  Th e 

material s wer e th e sam e a s thos e use d i n 

E;q>erimen t  1 . 

Procedure :  A  tria l  consiste d o f  th e following : 

first  the .  wor d "READY "  ̂>peare d nea r  th e bottcH n 

cente r  o f  th e screen ,  fo r  1(X) 0 millisecond s (msecs) . 

Second ,  th e scree n cleared ,  an d a  2(X)0-mse c paus e 

followed .  Third ,  th e sentenc e appeare d i n th e 

middl e cente r  o f  th e screen ,  on e w(»- d a t  a  time . 

Eadi  wor d appeaac d fo r  35 0 msecs ,  widiou t  a  paus e 

betwee n words .  A s soo n a s subject s ha d mad e th e 

grammaticalit y judgment—eve n i f  th e sentenc e wa s 

stil l  running—the y wer e t o pres s th e appropriat e 

button .  Finally ,  a t  th e en d o f  th e sentence ,  th e 

scree n wa s blan k f w 300 0 msecs ,  durin g whic h 
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tim e th e inogra m woul d stil l  accep t  a  butto D press . 

The followin g tria l  bega n afte r  anothe r  SOO-msec 

pause .  Bot h th e butto n pres s ("GOOD "  o r  "BAD" ) 

and th e reactio n tim e i n msec s wer e recorde d a t  eac h 

trial .  Fo r  ungrammatica l  sentences ,  reactio n tim e 

was measure d fro m th e logica l  erro r  poin t  o f 

Experimen t  1 .  Fo r  grammatica l  sentences ,  reactio n 

tim e wa s measure d from  sentenc e onse t 

Summary of results for Experiment 2 

The results of Experiment 2 are complementary in 

many respect s t o th e result s observe d i n 

Experimen t  1 .  Overal l  accurac y level s wer e ver y 

hig h o n Experimen t  2 ,  averagin g aroun d 9 3 % 

correc t  rejections  fo r  ungrammatica l  stimul i  an d 

9 1 % correc t  accqitance s to r  grammatica l  controls . 

An analysi s o f  varianc e o n A '  score s (whic h 

correct s fo r  response  bias )  suggest s tha t  accurac y 

level s ar e highe r  overal l  fo r  transpositi w error s 

regardless  o f  locatio n OT  par t  o f  speech .  Th e mos t 

vulnerabl e item s ar e thos e tha t  involv e auxiliar y 

agreemen t  an d determine r  (Nnission .  TbeappaKXi t 

7 5 

percentil e 

disadvantag e fo r  determine r  omission s wa s als o 

foun d i n Experimen t  1 .  Henc e th e relativ e 

vuhierabilit y  o f  detomine r  omission s  ̂ ipear s t o b e 

a robus t  finding . 

I n general ,  th e fastes t  reactio n time s com e 

fro m earl y violation s o f  agreemen t  an d lat e 

violation s o f  omission .  Th e slowes t  reactio n time s 

and th e larges t  decisio n zone s com e from  earl y 

auxiliar y omissions .  Thes e reactio n tim e results 

ar e quit e OHnpatibl e wit h results  fro m Experimen t 

1 o n th e siz e an d sb^> e o f  th e decisio n zon e fo r 

eac h ite m type .  Indeed ,  thes e tw o indice s wer e 

strongl y correlate d (•t-.91) ,  suggestin g tha t  th e 

reactio n tim e result s obtaine d i n Experimen t  2  ar e a 

direc t  reflection  o f  th e siz e o f  th e decisio n zon e fo r 

eac h ite m type . 

I n ou r  view ,  th e singl e mos t  importan t 

conclusio n fro m Experimen t  2  come s from  th e 

fina l  analysi s C(Hiq)arin g reactio n tim e result s unde r 

differen t  definition s o f  th e poin t  a t  whic h a n erro r 

officiall y  begins .  Result s obtaine d wit h th e logica l 

erro r  poin t  wer e compare d wit h fiv e differen t 

decisio n points ,  al l  base d upo n th e decisio n 
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function s observe d i n Experimen t  1  (se e Figur e 2 ; 

means wit h th e sam e lette r  ar e no t  significantl y 

different ,  usin g th e Newman-Keul s post-ho c test) . 

Thes e point s reflec t  variation s i n degre e o f 

consensu s amon g ou r  subject s concenin g th e poin t 

at  whic h th e sentence s coul d n o longe r  b e salvaged , 

fro m 2 5 % t o 90% .  Th e patter n o f  reaction  tim e 

result s tha t  w e obtai n i n Experimen t  2  change s 

markedl y dependin g o n th e poin t  a t  whic h w e star t 

th e reactio n tim e clock .  U p t o th e 5 0 % decisio n 

point ,  agreemen t  error s ar e associate d wit h fas t 

reactio n time s whil e omissicM i  error s  ̂pea r  t o b e 

quit e slow .  Afte r  th e 5 0 % point ,  th e fastes t 

reactio n time s c(Mn e fiXNn  errcM' s o f  omission .  B y 

th e 9 0 % point ,  omission s an d transposition s hav e 

bot h move d ahea d o f  agreemen t  errors .  I n othe r 

words ,  th e patter n o f  reactio n tim e result s i s largel y 

detennine d b y th e poin t  a t  whic h w e star t  th e clock . 

Thi s resul t  i s  due ,  i n turn ,  t o ther e bein g n o tru e 

decisio n poin t  fo r  mos t  o f  thes e erro r  types .  I n 

^plyin g punctat e reactio n tim e technique s t o a 

OHitinuou s an d probabilisti c  reality ,  w e ar e force d 

t o mak e arbitrar y decision s tha t  ca n b e quit e 

misleading . 

Conclusion 

The purpose of this study was to investigate the 

tim e cours e o f  grammaticalit y judgmen t  a s a 

performanc e dcnnain .  Ou r  sentence-leve l  gatin g 

results  wer e analogou s i n man y respect s t o 

Grosjean' s jnoneerin g wor k (Grosjean ,  1980 )  o n 

lexica l  gating .  I n particular ,  sc«n e erro r  type s ar e 

associate d wit h a  clear-cu t  "decisic m point, "  whil e 

other s ar e bes t  describe d i n term s o f  a  protracte d 

"decisio n regitn"  wit h ampl e variabilit y  ove r  item s 

and subjects .  Althoug h thes e results  canno t  b e 

used t o rul e ou t  an y particula r  mode l  o f  sentenc e 

comprehensio n an d parsing ,  th e broa d decisio n 

regions  associate d wit h s<Hn e aio t  type s ar e eas y t o 

handl e withi n interactio n activatio n model s o f 

languag e comprehension ,  wher e competin g 

alternative s wa x an d wan e i n strengt h acros s th e 

cours e o f  a  sentenc e unti l  th e syste m settle s dow n 

int o a  singl e pars e (define d a s th e stronges t  patter n 

tha t  remains  whe n th e syste m reache s asyn4>U>te) . 

They ar e difficul t  (thoug h no t  impossible )  t o 

reconcil e wit h lefi-to-righ t  parsin g model s i n whic h 

oxnpetin g alternative s ar e rule d ou t  i n a  stepwis e 

fashion ,  an d the y ar e eve n mor e difficul t  t o 

reconcil e wit h seria l  parsin g model s i n whic h 

competin g alternative s ar e alway s teste d i n a  fixe d 

onler . 

References 

Grier ,  J .  B .  (1971) .  Non-parametri c indexe s fo r 

sensitivit y an d bias :  computin g formulas . 

Psychologica l  BuUetin ,  75(6) ,  424429 . 

Grosjean ,  F .  (1980) .  Spoke n wor d recognitio n 

processe s an d th e gatin g paradig m Perceptio n an d 

Psychophysics ,  28 ,  267-283 . 

Linebarger ,  M. ,  Schwartz ,  M. ,  &  Saffran ,  E . 

(1983) .  Sensitivit y t o grammatica l  structur e i n so -

calle d agranunati c i4)hasics .  Cognition ,  13 ,  361 -

392. 

MacWhinney .  B. ,  &  Bates ,  E .  (Ed.) .  (1989) .  Th e 

Crosslinguisti c Stud y o f  Sentenc e Processing . 

Cambridge :  Cambridg e Univ .  Press . 

Pollack ,  I. ,  &  Norman ,  D .  A .  (1964) .  A  non -

parametri c analysi s o f  signa l  detectio n ê qieriments . 

Psychonomi c Science ,  1,125-126 . 

Shankweiler ,  D. ,  Crain ,  S. ,  Gorrell ,  P. ,  &  Tuller , 

B.  (1989) .  Receptio n o f  languag e i n Broca' s 

i4)hasia .  Languag e an d Cognitiv e Processes ,  4(1) , 

1-33 . 

Wulfeck ,  B. .  &  Bates ,  E .  (1991) .  Differentia l 

sensitivit y  t o errw s o f  agreemen t  an d wor d orde r  i n 

Broca' s  ̂ibasia .  Journa l  o f  Cognitiv e Neuroscience , 

3,  258-272 . 

Wulfeck ,  B .  B .  (1987 )  Sensitivit y t o 

grammaticalit y  i n agrammati c aphasia :  processin g 

of  wor d orde r  an d agreemen t  violations .  Doctora l 

dissertation .  Universit y  o f  California ,  Sa n Diego . 

248 


	cogsci_1993_243-248



