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I n d u c i n g a g r a m m a t i c profile s i n n o r m a l s 

Arshavi r  Blackwel l 
Cente r  fo r  Researc h i n Languag e 

Universit y o f  California ,  Sa n Dieg o 
950 0 Oilma n Dr. .  Dept .  052 6 

LaJolla.C A 92093-052 6 
a r s h a v i r @ c r l . u c s d . e d u 

Abstract 

The selective vulnerability of morphology in agrammatic 
aphasi a i s ofte n interprete d a s evidenc e tha t  closed-clas s 
item s resid e i n a  particula r  par t  o f  th e brai n (i.e. ,  Broca' s 
area) ;  thus ,  damag e t o a  par t  o f  th e languag e processo r 
maps ont o behavio r  i n a  transparen t  fashion .  W e propos e 
tha t  th e selectiv e vulnerabilit y  o f  grammatica l  morpheme s 
i n receptiv e processin g ma y b e th e resul t  o f  decrement s i n 
overal l  processin g C2q)acity ,  an d no t  th e resul t  o f  a  selectiv e 
lesion .  W e demonstrat e agrammati c profile s i n health y 
adult s wh o hav e thei r  processin g capacit y diminishe d b y 
engagin g i n a  secondar y tas k durin g testing .  Ou r  result s 
sugges t  tha t  thi s selectiv e profil e doe s no t  necessaril y 
indicat e th e existenc e o f  a  distinc t  sub-syste m specialize d 
fo r  th e implicate d aspect s o f  syntax ,  bu t  rathe r  ma y b e du e 
t o th e vulnerabilit y o f  thes e form s i n th e fac e o f  globa l 
resourc e diminution ,  a t  leas t  i n grammaticalit y judgment . 

Introduction 

M a ny researcher s hav e argue d tha t  th e selectiv e 
vulnerabilit y  o f  particula r  aspect s o f  gramma r  consequen t 
t o brai n damag e directl y reveal s th e functiona l  an d (b y 
extension )  neuroanatomica l  organizatio n o f  language ; 
thus ,  th e mappin g fro m surfac e etiolog y t o underlyin g 
architectur e i s relativel y straightforward .  I f  subject s hav e 
difficult y wit h a  particula r  syntacti c form ,  the n w e ca n 
postulat e tha t  th e cognitiv e syste m ha s som e sor t  o f 
modul e (Fodor ,  1983 )  whic h perform s thi s operation .  I n 
arguin g fo r  th e transparenc y hypothesis ,  Caramazz a 
(1986 )  cite s th e selectivit y o f  certai n neurologica l 
dysfunction s (e.g. ,  Warringto n &  Shallice ,  1984 ;  Hart , 
Bemdt ,  &  Caramazza ,  1985) .  Agrammati c aphasi a ha s 
bee n use d a s suppor t  fo r  a  mode l  o f  brai n functio n 
wherei n Broca' s are a i s  responsibl e fo r  thos e aspect s o f 
grammar  implicate d i n th e agrammati c syndrome . 

Thus ,  th e traditiona l  clinica l  vie w o f  th e syndrom e wa s 
of  a  "centra l  syntacti c deficit "  (Caramazz a &  Zurif ,  1976 ; 
Caplan ,  1981 ;  Caramazz a &  Bemdt ,  1985 )  i n whic h 
syntacti c knowledg e i s lost ,  affectin g bot h productio n an d 
comprehension .  However ,  late r  researc h indicate d tha t 
agrammatic s ca n mak e grammaticalit y judgment s wit h 
above-chanc e accuracy ,  includin g man y o f  th e sam e 
sentenc e type s tha t  presen t  seriou s problem s fo r 
comprehensio n (Linebarger .  Schwartz .  &  Saffran ,  1983 ; 
Wulfeck ,  1987 ;  Shankweiler ,  Crain.  Gorrell .  &  TuUer , 
1989 ;  Wulfec k &  Bates ,  1991) .  Thi s finding  challenge s 
th e centra l  syntacti c defici t  o r  "los s o f  knowledge " 
accoun t  o f  agrammati c symptoms .  Th e proble m i s ver y 
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simple :  H o w ca n a  patien t  w h o ha s los t  hi s  syntacti c 
knowledg e mak e accurat e Judgment s o f  grammaticality , 
th e sin e qu a no n o f  moder n linguisti c theory ? Othe r 
problem s fo r  centra l  agrammatis m com e fro m cas e studie s 
of  patient s w h o displa y expressiv e agrammatis m bu t  n o 
apparen t  comprehensiv e defici t  (Kolk ,  va n Orunsven ,  & 
Ouper ,  1982 ;  Miceli ,  Mazzucchi ,  Menn .  &  Ooodglass , 
1983 ;  Kol k &  va n Orunsven .  1984 ;  Naeser .  Helm -
Estabrooks .  Haas ,  Auerbach ,  &  Levine ,  1984 ; 
Nespoulous ,  Dordain .  Perron .  Ska .  Bub ,  Caplan .  e t  al. , 
1988 ;  MacWhinney ,  OsmSn-S5gi .  &  Slobin ,  1991) ,  a s 
wel l  a s report s o f  individual s an d group s o f  patient s w h o 
displa y receptiv e agrammatis m bu t  n o correspondin g 
expressiv e defici t  (Caramazza ,  Basili ,  Koller .  &  Bemdt , 
1981 ;  Caplan ,  1985 ;  Bates .  Friederici ,  &  Wulfeck ,  1987a ; 
Bates ,  Friederici .  &  Wulfeck .  1987b ;  Smit h &  Bates . 
1987) .  Take n together ,  thes e variou s line s o f  evidenc e 
lea d t o a  mode l  o f  agrammatis m i n whic h impaire d acces s 
and processin g operat e ove r  a  preserve d knowledg e bas e 
(Friederici .  1988 ;  Bates ,  Wulfeck .  &  MacWhinney ,  1991 ; 
Prather ,  Shapiro .  Zurif .  &  Swinney .  1991 ;  Wulfec k & 
Bates .  1991) . 

A numbe r  o f  investigator s hav e offere d a  mor e 
resu-icte d accoun t  o f  agrammatis m calle d th e "closed -
clas s hypothesis "  (Kean .  1979 ;  Bradley .  Garrett .  &  Zurif , 
1980 ;  Zuri f  &  Grodzinsky .  1983 ;  Friederic i  &  Oraetz , 
1984) .  Thi s proposa l  differ s fro m initia l  view s o f 
agrammatis m i n tw o respects .  First ,  th e syndrom e i s 
restricte d t o th e us e o f  closed-clas s form s (inflection s an d 
functio n words) ,  wit h sparin g o f  wor d order .  Thi s 
partitionin g o f  th e gramma r  ca n als o explai n w h y 
agrammati c patient s produc e substitutio n an d omissio n 
error s o n functio n word s an d inflections ,  whil e preservin g 
th e orde r  i n whic h bot h ope n an d closed-clas s item s ar e 
expresse d (tha t  is ,  patient s rarel y mak e error s lik e "Do g 
the "  fo r  "Th e dog" ,  o r  "ing-walk "  fo r  "walking") . 
Second ,  mos t  researcher s workin g withi n thi s framewor k 
hav e adopte d th e assumptio n tha t  knowledg e o f  closed -
clas s element s (i.e .  grammatica l  competence )  i s preserve d 
i n agrammati c patients ;  th e defici t  i s  no w viewe d a s a 
proble m wit h th e acces s an d us e o f  closed-clas s element s 
i n rea l  time  (i.e .  grammatica l  performance—see ,  fo r 
example ,  Friederici .  1988 ;  Garrett ,  1992 ;  Prather .  Shapiro . 
Zuri f  &  Swinney .  1991) .  Bu t  th e assumptio n o f  a 
privilege d an d transparen t  relationshi p betwee n th e 
closed-clas s defici t  an d th e tissue  surroundin g Broca' s 
are a i s preserve d withi n thi s new ,  mor e restricte d accoun t 
of  agrammatism . 
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Yei  ther e ar e caveat s t o hol d i n mind ,  bot h abou t  th e 
data—th e assumptio n o f  th e selectiv e vulnerabilit y  o f 
morphology—an d abou t  th e assumption s t o b e draw n 
fro m thes e data—tha t  damag e t o Broca' s are a i s damag e 
t o th e "closed-clas s box "  o f  th e brain .  Ther e are ,  fo r 
example ,  problem s inheren t  i n assumin g tha t  selectiv e 
vulnerabilit y  o f  morphology—t o whateve r  exten t  i t  hold s 
true—mus t  onl y resul t  fro m selectiv e damag e t o som e 
"closed-clas s box" .  Dat a exis t  whic h poin t  t o a  possibl e 
alternativ e explanation :  tha t  globa l  impairment s ca n resul t 
i n selective ,  specific ,  an d seemingl y modula r  deficits . 

Agrammatism in non-agrammatic patients 

Bate s an d he r  colleague s hav e reporte d evidenc e fo r  tas k 
profile s simila r  t o tha t  o f  agrammatic s i n a  variet y o f  non -
agrammati c patien t  populations ,  usin g th e "sentenc e 
interpretation "  (SI )  task ,  i n whic h subject s ar e give n a 
sentenc e an d instructe d t o indicat e th e agen t  (Bate s e t  al. , 
1987a) .  Th e subject s o f  mai n interes t  ar e Italian -
speakin g Broca's .  anomics .  olde r  neurologica l  patien t 
controls ,  olde r  non-neurologica l  patien t  control s fro m th e 
orthopedi c ward ,  an d younge r  controls . 

Agreemen t  ha d a  ver y stron g effec t  fo r  younge r 
controls .  W h e n th e ver b agree d wit h th e first  nou n only , 
th e firs t  nou n wa s almos t  alway s chose n a s th e actor , 
whil e whe n i t  agree d wit h th e secon d nou n only ,  th e first 
nou n wa s almos t  neve r  chose n a s th e actor .  Th e 
Broca's—a s expected—wer e foun d t o b e impaire d i n thei r 
use o f  morpholog y o n th e S I  task ,  wit h wor d orde r  an d 
semanti c cue s displayin g th e norma l  Italia n profile .  W h e n 
th e ver b agree d wit h th e first  nou n only ,  th e first  nou n wa s 
chose n a s th e acto r  onl y somewha t  abov e chanc e (abou t 
6 7 % ) ,  whil e whe n i t  agree d wit h th e secon d nou n th e first 
nou n wa s chose n onl y somewha t  belo w chanc e (abou t 
3 6 % ) .  W h e n th e Broca' s wer e compare d t o th e anomics , 
th e olde r  neurologica l  controls ,  an d th e olde r  non -
neurologica l  control s i n thre e separat e analyse s o f 
variance ,  i n al l  thre e case s ther e wer e n o significan t 
interaction s wit h th e grou p facto r  an d n o significan t  mai n 
effect s o f  group .  Althoug h th e olde r  patien t  conu-ol s d o 
appea r  t o b e i n betwee n th e Broca' s an d th e younge r 
controls ,  th e grou p effec t  wa s contribute d mainl y b y th e 
younge r  controls .  I n comparin g jus t  th e thre e contro l 
group s (neurological ,  non-neurological ,  an d younger) ,  th e 
grou p X  agreemen t  interactio n su-ongl y favor s th e younge r 
controls .  I n German ,  performin g a  simila r  compariso n o f 
youn g control s an d olde r  non-neurologica l  patient s foun d 
a simila r  grou p x  agreemen t  interactio n favorin g th e 
younge r  controls .  Thus ,  th e olde r  Germa n control s wer e 
lik e th e Germa n Broca' s teste d i n th e sam e study .  Th e 
German Broca's ,  lik e th e Italia n Broca's ,  showe d les s 
relianc e o n agreemen t  morpholog y tha n younge r  conuol s 
i n thei r  languag e (with ,  i n th e Ge rma n case ,  a 
compensator y relianc e upo n wor d order) .  Result s 
showin g simila r  profile s i n comparin g Broca' s an d 
anomic s i n Serbo-Croatia n hav e als o bee n reporte d (Smit h 
& Bates ,  1987) . 

Inducing agrammatism in normals: King and Just 
(1991 )  investigate d th e difference s betwee n high -  an d 

low-verbal-capacit y subject s (assesse d usin g th e readin g 
spa n tas k o f  D a n e m a n &  Carpenter ,  1980 )  i n 
comprehensio n o f  relativ e claus e sentences ,  bot h wit h an d 
withou t  a  concurren t  memor y loa d task .  The y compare d 
subject-relativ e sentences ,  wher e th e subjec t  o f  th e mai n 
claus e i s als o th e subjec t  o f  th e relativ e clause ,  wit h 
object-relativ e sentences ,  wher e th e subjec t  o f  th e mai n 
claus e i s th e objec t  o f  th e relativ e clause .  Object-relativ e 
sentences ,  whic h ar e als o harde r  fo r  aphasics ,  showe d 
greate r  vulnerabilit y  t o a  concurren t  memor y tas k the n di d 
subject-relativ e sentences .  I n addition ,  low-verbal -
capacit y subject s wer e poore r  o n objec t  relative s tha n 
high-verbal-capacit y subjects .  A s Kin g an d Jus t  poin t  out , 
low-spa n subject s ar e no t  globall y les s accurate ,  bu t  the y 
ar e particularl y poo r  o n th e mor e computationall y 
demandin g object-relativ e sentences . 

Miyake ,  Carpenter ,  &  Jus t  (i n press )  performe d a 
simila r  experimen t  i n th e visua l  modality ,  wher e cognitiv e 
stres s wa s induce d b y havin g th e word s presente d a t  a 
"fast "  rat e (12 0 msec^word) .  I f  severit y o f  th e simulate d 
aphasi c defici t  i s  take n t o b e a  conjoin t  functio n o f  spa n 
and rat e o f  presentation ,  th e interactio n o f  severit y o f 
"deficit "  wit h th e complexit y o f  th e sentenc e typ e 
produce s profile s quit e simila r  t o tha t  o f  aphasic s wit h 
simila r  tes t  materials .  Further ,  individua l  groups ,  create d 
by cluste r  analysi s o f  th e data ,  differe d i n way s tha t  coul d 
not  b e accounte d fo r  strictl y a s a  functio n o f  sentenc e 
complexit y an d severit y o f  deficit ,  i n a  manne r  simila r  t o 
aphasic s o n th e analogou s Caplan ,  e t  al .  tas k (Caplan , 
Baker ,  &  Dehaut ,  1985) .  Thus ,  aphasic s m a y no t 
represen t  a  shar p brea k fro m norma l  processing ,  bu t  ma y 
merel y b e a t  th e fa r  en d o f  a  continuu m tha t  include s bot h 
high ,  medium ,  an d lo w norma l  processors . 

Kilbo m (1991 )  investigate d th e effect s o f  a  low-leve l 
nois e mas k o n th e S I  tas k fo r  bot h German -  an d English -
speakin g normals .  I n th e no-nois e condition ,  th e Englis h 
speakers '  agent-choic e strategie s wer e heavil y drive n b y 
wor d order ,  whil e th e Germa n speaker s relie d heavil y o n 
morpholog y an d semantics .  I n th e nois e condition ,  th e 
Englis h speakers '  agent-choic e strategie s wer e unaffected , 
remainin g heavil y drive n b y wor d order .  Th e Germa n 
speakers '  agent-choic e wa s affected ,  a s the y displaye d 
les s us e o f  morpholog y an d mor e relianc e upo n wor d 
orde r  tha n i n th e no-nois e condition ,  simila r  t o th e profile s 
displaye d b y Germa n Broca' s i n th e S I  tas k (Bate s e t  al. , 
1987a ,  se e above) . 

The Current Experiment 

I f  ou r  clai m tha t  receptiv e agrammatis m i s i n som e case s 
due t o th e effect s o f  globa l  stres s an d no t  t o damag e t o 
some particula r  "closed-class "  module ,  the n i t  shoul d b e 
possibl e t o induc e behavio r  consonan t  wit h receptiv e 
agrammatis m i n norma l  subject s b y diminishin g working -
memory capacity .  Agrammatic s ar e mor e sensitiv e t o 
violation s o f  synta x (i.e. ,  i n th e cas e o f  th e grammaticalit y 
judgmen t  task ,  transpositio n errors )  tha n morpholog y (i.e. , 
omissio n an d agreemen t  errors ;  Wulfec k an d Bates , 
1991) .  Thi s sam e differenc e occur s i n thei r  production ,  i n 
tha t  omissio n an d agreemen t  error s ar e c o m m o n i n 
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aphasi c speech ,  whil e wor d orde r  violation s suc h a s "do g 
the "  an d morphem e orde r  violation s suc h a s "ing-walk " 
ar e rar e (Bale s e t  al. ,  1991) .  Thi s symmetr y ma y com e 
abou t  becaus e th e sam e aspect s o f  th e processo r 
implicate d i n th e receptiv e defici t  ar e als o responsibl e fo r 
self-monitoring . 

Wit h thi s i n mind ,  w e designe d ou r  stimul i  t o tes t  thes e 
same contrasts .  W e presente d subject s wit h auditor y 
sentence s containin g on e o f  thre e differen t  erro r  types : 
TRANSPOSIT ION error s (e.g. ,  "Sh e i s sellin g books "  = > 
"Sh e sellin g *  i s  books") .  O M I S S I O N error s (e.g. ,  "Sh e 
sellin g *  books" )  o r  A G R E E M E NT error s (e.g. ,  "Sh e ar e * 
sellin g books.") .  Thes e stimu h wer e quit e simila r  t o thos e 
use d i n a n earlie r  grammaticalit y judgmen t  stud y 
(Blackwell .  Bates ,  &  Fisher ,  1993 )  wit h normal s i n th e 
visua l  domai n (se e als o th e Wulfec k &  Bates ,  199 1 
auditor y grammaticalit y judgmen t  study) .  O n e grou p 
hear s thes e sentence s i n a  baseline ,  single-tas k condition , 
th e other s ar e expose d t o a  simultaneou s memory-loa d 
task ,  a t  varyin g level s o f  difficulty .  W e predicte d tha t  thi s 
memory-loa d manipulatio n woul d no t  caus e a n equa l 
decremen t  i n accurac y acros s al l  erro r  types ,  bu t  tha t 
error s woul d b e differentiall y  affecte d i n a  profil e tha t 
resemble s th e pattern s o f  vulnerabilit y  displaye d b y 
agrammati c patients .  Specifically ,  agreemen t  error s 
woul d b e mos t  vulnerable ,  followe d b y error s o f  omission , 
wit h th e bes t  performanc e displaye d o n error s o f 
transposition . 

T O SUMMARIZE OU R PREDICTION S FO R 
PERFORMANCE B Y N O R M AL SUBJECTS UNDER 
STRESS:  (1 )  Accurac y t o transpositio n error s wil l  b e les s 
affecte d b y th e stres s manipulatio n tha n wil l  omissio n an d 
agreemen t  errors ;  (2 )  Thi s effec t  wil l  b e focuse d i n error s 
tha t  occu r  earl y i n th e sentence ,  whil e lat e error s wil l 
eithe r  no t  sho w th e effec t  o r  wil l  sho w i t  i n a  dilut e form . 

Subjects: Subjects were 112 U.C. San Diego students 
who participate d i n th e experimen t  fo r  cours e credit .  Al l 
subject s state d tha t  the y wer e nativ e speaker s o f  Englis h 
and right-handed .  Othe r  subject s w h o wer e no t  withi n 
tw o standar d deviation s o f  th e mea n o n th e variou s 
dependen t  variable s wer e dropped . 

Grammaticality Judgment Stimuli: Stimuli for the 
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  structure ,  an d 4 4 distractor s (2 2 grammatica l 
and 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 f  speec h involve d i n th e erro r  (auxiliar y vs . 
determiner) ,  th e positio n o f  th e erro r  withi n th e sentenc e 
(earl y vs .  late) ,  an d th e kin d o f  violatio n create d fro m a 
c o m m on poo l  o f  grammatica l  type s (i.e .  error s o f 
omission ,  agreemen t  an d transposition) .  T h e 
ungrammatica l  targe t  sentence s fal l  withi n a  2  x  2  x  3 
desig n (wit h erro r  type ,  erro r  location ,  an d par t  o f  speec h 
as within-subject s variables) .  Fo r  eac h o f  thes e 
ungrammatica 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 on 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 ,  agreemen t  an d transpositio n error s 
wer e al l  create d from  th e sam e basi c sentenc e types ,  i t  ca n 
be argue d tha t  thes e stimul i  represen t  a  se t  o f  minima l 
contrasts . 

M e t h o d 

Th e experimen t  impose s a  secondar y task ,  i n thi s cas e 
keepin g a  serie s o f  digit s i n memory .  Subject s liste n t o a 
sentenc e an d ar e insuucte d t o judg e th e grammaticalit y o f 
th e sentence ,  pressin g th e appropriat e ke y ("good "  o r 
"bad" )  a s soo n a s the y mak e thei r  decision—eve n i f  th e 
sentenc e i s stil l  running .  I n th e digit s condition ,  subject s 
see eithe r  two ,  four ,  o r  si x "target "  digit s o n th e scree n i n 
fron t  o f  the m (onl y on e numbe r  o f  digit s pe r  group , 
throughou t  th e experiment) .  Immediatel y afte r  th e to-be -
memorize d digi t  string ,  a n individua l  sentenc e i s 
presente d auditorily .  Afte r  th e sentenc e i s ove r  an d the y 
hav e mad e thei r  grammaticalit y judgment ,  the y the n se e 
anothe r  serie s o f  digit s (th e sam e numbe r  a s i n th e targe t 
set) ,  an d ar e aske d t o decid e whethe r  thi s strin g i s th e 
"same "  o r  "different "  fro m th e sequenc e presente d befor e 
th e sentence .  I n case s o f  a  mismatch ,  th e pre-sentenc e 
and post-sentenc e digi t  string s onl y diffe r  b y on e number . 
Thus ,  i n th e thre e differen t  digi t  condition s (two ,  fou r  o r 
si x numbers) ,  al l  subject s ar e force d t o kee p unrelate d an d 
arbitrar y materia l  i n memor y whil e the y ar e makin g thei r 
grammaticalit y judgment . 

Digi t  loa d (0,2, 4 o r  6  digits )  wa s treate d a s a  between -
subject s variable .  Th e variou s linguisti c manipulation s 
ar e al l  within-subjec t  variable s (erro r  type—agreement , 
omissio n an d transposition ;  par t  o f  speech—auxiliar y vs . 
determiner ;  locatio n o f  th e error—earl y vs .  lat e i n th e 
sentence) . 

1 0 0 - , 

9 8 -

9 6 -

94 

— earl y 

i  I  mea n 

T T 
transpositio n omissio n agreemen t 

typ e o f  en-o r 

Baselin e grammaticalit y judgmen t  (withou t  digit s task ) 

Figur e 1 

47 



100- 1 

98-

0,96- J 

•c 
9-
< 9 4 J 

9 2 -

90- 1 i l m 

0 2  4 

transpositio n 

0 0 2 4 

agreemen t 

2 4  6 

omissio n 

typ e o f  erro r 

A-prime to early errors: by type and digit load. Bars sharing internal lines of the same orientation 

ar e no t  significantl y different .  Thes e comparison s ar e within-typ e only . 

Figur e 2 

Result s 

Baseline performance pronie (no dual task): Subject 
sensitivit y t o erro r  typ e wa s transpositio n =  omissio n > 
agreemen t  (se e Figure  1) .  Fo r  th e locatio n x  erro r  typ e 
interaction ,  th e patter n wa s transpositio n =  omissio n >  lat e 
agreemen t  >  earl y agreement .  Fo r  th e par t  o f  speec h x 
eno r  typ e interaction ,  th e patter n wa s transpositio n = 
omissio n >  auxiliar y agreemen t  >  determine r  agreement . 
Thus ,  eve n unde r  norma l  condition s w e foun d agreemen t 
error s t o b e particularl y vulnerable ,  especiall y earl y 
agreemen t  an d determine r  agreement . 

Stressed performance profile (dual task): Profiles of 
sensitivit y unde r  cognitiv e stres s wer e m u c h a s predicted : 
transpositio n >  omissio n >  agreement ,  see n i n earl y error s 
onl y (se e Figur e 2) .  Earl y agreemen t  error s showe d a n 
immediat e accurac y dro p a t  2  digits ,  earl y omissio n error s 
at  6  digits ,  an d earl y transpositio n error s showe d a  muc h 
smalle r  dro p tha n omissio n error s a t  6  digits .  I n othe r 
words ,  th e thre e erro r  type s diffe r  i n thei r  degre e o f 
vulnerability ,  a  conclusio n tha t  i s  supporte d b y 
performanc e i n th e baselin e conditio n an d b y th e clea r 
difference s tha t  w e observ e i n th e "breakin g point "  whe n 
eac h ite m typ e i s subjecte d t o stress .  Thi s i s th e mos t 
importan t  findin g i n th e curren t  experiment , 
demonstratin g a  clea r  lin k betwee n th e erro r  profile s 
show n b y agrammati c aphasic s (i n bot h comprehensio n 
and production )  an d th e vulnerabilit y  profil e displaye d b y 

normal s unde r  differen t  degree s o f  cognitiv e overload . 
However ,  w e mus t  als o not e tha t  th e digi t  tas k ha d n o 
effec t  upo n lat e errors .  I t  seem s tha t  th e build-u p o f 
informatio n acros s th e cours e o f  th e sentenc e i s sufficien t 
t o "buffer "  norma l  listener s agains t  th e effect s o f  stress . 

Ther e i s n o evidenc e fo r  a  direc t  trade-of f  betwee n th e 
judgmen t  an d digi t  tasks .  Tha t  is ,  subject s wer e no t 
poore r  a t  agreemen t  an d omissio n error s becaus e (fo r 
some reason )  the y chos e t o d o bette r  a t  th e digi t  tas k fo r 
thos e particula r  ite m types .  Thi s fac t  bolster s ou r 
confidenc e i n us e o f  th e digi t  tas k t o simulat e th e effect s 
of  a  cognitiv e resourc e reduction . 

Al l  o f  ou r  effect s interacte d wit h par t  o f  speech ,  whic h 
means tha t  i t  i s  misleadin g t o tal k abou t  "erro r  types "  a s 
homogeneou s categories .  I n bot h th e baselin e an d dua l 
tas k conditions ,  auxiliar y error s wer e detecte d wit h 
greate r  accurac y tha n determine r  errors ;  thi s differenc e 
interacte d wit h th e selectiv e vulnerabilit y  o f  agreemen t 
error s (i.e. ,  whil e bot h auxiliar y agreemen t  an d determine r 
agreemen t  error s wer e selectivel y vulnerable ,  determine r 
agreemen t  error s showe d a  greate r  vulnerabilit y  tha n 
auxiliar y agreement) . 

Thi s part-of-speec h effec t  wa s als o reflecte d i n 
performanc e o n th e digi t  loa d task ,  wher e subject s wer e 
bette r  a t  holdin g th e digit s i n memor y whe n th e stimul i 
wer e auxiliarie s tha n whe n the y wer e determiners .  Th e 
same superiorit y o f  auxiliarie s ove r  determiner s wa s 
foun d i n th e visua l  domai n fo r  grammaticalit y judgmen t 
(Blackwel l  e t  al. .  1993) .  Wulfec k &  Bate s (1991 )  an d 
Wulfeck ,  Bates ,  an d Capass o (1991 )  hav e als o reporte d 
superiorit y o f  auxiliar y ove r  determine r  error s i n auditor y 

48 



grammaticalit y  judgmen t  i n normals .  Thos e author s 
sugges t  thi s (Ufferenc e m a y b e becaus e sentence-leve l 
error s (i.e. ,  auxiliar y ver b agreement )  m a y b e mor e 
structurall y importan t  tha n phrase-leve l  error s (i.e. , 
agreemen t  o f  th e determine r  wit h it s noun) . 

Why selective vulnerability? 

Thi s researc h add s t o th e growin g bod y o f  evidenc e fo r 
th e selectiv e vulnerabilit y  o f  morphology ,  bot h i n patien t 
population s an d i n normal s unde r  condition s o f 
diminishe d resource s (se e als o Kilborn ,  1991) . 
Resu-iciin g ourselve s t o th e curren t  experimen t  fo r  th e 
moment,  wha t  make s agreemen t  errors—and ,  t o a  lesse r 
extent ,  omissio n errors—comparativel y vuberable ? 

The Competition Model: One possible explanation 
arise s fro m th e framewor k o f  th e Competitio n Mode l 
(MacWhinne y &  Bates ,  1989) ,  designe d t o explai n 
languag e acquisitio n an d performanc e unde r  real-tim e 
condition s an d i n a  manne r  compatibl e wit h connectionis t 
model s o f  languag e processin g (e.g. .  Elman ,  1990 ;  Elman , 
1991) .  ConsUiict s i n thi s mode l  includ e cu e validity—th e 
usefulnes s o r  informationa l  valu e o f  a  cue—an d cu e cost , 
th e amoun t  o f  resourc e (cognitiv e o r  otherwise )  neede d t o 
use th e cu e (e.g. ,  th e mor e salien t  a  cu e th e les s costly) . 
Th e Competitio n Mode l  predict s tha t  i n norma l 
acquisitio n th e processo r  come s t o tun e itsel f  mor e t o 
thos e cue s whic h hav e highe r  validity .  I n a  languag e suc h 
as English ,  wor d orde r  i s a  nearl y deterministi c cu e t o 
agenthoo d (i.e. ,  i n a  noun-verb-nou n sentenc e subject s 
almos t  invariabl y choos e th e first  nou n a s agent) .  I n 
Italian ,  wor d orde r  i s mor e fre e t o vary ,  whil e verb s carr y 
a greate r  loa d o f  morphologica l  marking ,  an d s o agen t 
choic e i s muc h mor e drive n b y verbal-agreemen t  markin g 
(Bate s &  MacWhinney ,  1989) . 

The Competitio n Mode l  predict s tha t  i n situation s o f 
resourc e diminution—suc h a s i n ou r  experiment ,  an d a s 
in ,  w e claim ,  receptiv e agrammatism—th e vulnerabilit y  o f 
a cu e i s proportiona l  t o it s validit y o r  informatio n content . 
I n a  stric t  wor d orde r  languag e suc h a s English ,  sensitivit y 
wil l  sho w th e patter n transpositio n >  agreement ,  a s w e 
foun d here .  I n a  languag e suc h a s Italian ,  wher e 
agreemen t  morpholog y i s muc h mor e importan t  tha n wor d 
orde r  i n determinin g agenthood ,  w e woul d expec t  th e 
opposit e patter n o f  agreemen t  >  transposition .  Whil e thi s 
profil e i s consisten t  wit h findings  i n Italian ,  i t  i s overlai d 
wit h th e crosslinguisti c findin g tha t  morpholog y i s 
selectivel y vulnerabl e compare d t o wor d order . 

In conclusion 

What  make s thes e particula r  erro r  types—agreemen t 
error s and ,  t o a  lesse r  extent ,  omissio n errors — 
vulnerable ? Doe s i t  hav e t o d o wit h th e for m o f  th e 
informatio n the y carr y (cu e cost )  o r  th e amoun t  o r  typ e o f 
informatio n tha t  the y carry—bot h ar e possibilitie s w e 
hav e suggested—o r  ar e othe r  factor s a t  work ,  suc h a s 
frequenc y o f  appearanc e durin g learning ,  neighborhoo d 
density ,  o r  memor y constraints ? Ther e ar e a  variet y o f 
angle s o f  attac k wit h whic h t o pursu e thes e questions . 

some o f  whic h w e ar e currentl y engage d i n withi n ou r 
laboratory .  Fo r  example ,  on e migh t  carr y ou t  simila r 
investigation s o f  stresse d grammaticalit y judgmen t  acros s 
differen t  languages ,  wher e thes e factor s ar e differen t  (e.g. , 
language s i n whic h agreemen t  carrie s les s informatio n 
tha n i n English ,  o r  wher e agreemen t  cue s ar e mor e 
salient) .  Anothe r  approac h i s t o trai n subject s i n smal l 
artificia l  languag e experiment s wher e thes e factor s ca n b e 
manipulate d directl y (e.g. ,  salienc e o f  a  particula r  cue , 
informatio n carrie d b y tha t  cue) .  Eac h approach ,  o f 
course ,  ha s bot h strength s an d weaknesses .  W e believe , 
however ,  tha t  bot h approache s take n togethe r  shoul d 
provid e sizabl e insigh t  int o th e issue . 

Thus ,  althoug h th e underlyin g etiolog y o f  thi s selectiv e 
vulnerabilit y  remain s t o b e full y mapped ,  w e hav e 
nonetheles s demonstrate d a  definit e proble m wit h th e 
transparenc y assumption :  selectiv e dissociation s needn' t 
alway s reflec t  selectiv e disruption s o f  mental/neura l 
architecture .  Apparen t  damag e t o a  "synta x module "  m a y 
be du e t o th e particula r  vulnerabilit y  o f  thos e aspect s o f 
synta x implicated . 
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